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� ASM Conferences

GENERAL INFORMATION
GENERAL SESSIONS 
All general sessions will be held in Grand Ballroom I & II at the Westin Seattle. A name badge is required 
for entry into all sessions. In consideration of  other participants, no children are permitted in the sessions.

POSTER SESSIONS
Poster boards are located in Grand Ballroom III at the Westin Seattle.  Please check your assigned number 
and letter in the abstract index.  The number is the board number, the letter represents whether you are 
assigned to present in the A/Monday session or the B/Tuesday session. The poster room will be open for 
informal viewing during the day on both days, and you are required to stand at your poster during the 
official poster sessions as scheduled. If  you are in the “A” session, the poster room at the Westin Seattle will 
be available for those indicated with the letter A, to mount their posters on Sunday, August 26, beginning at 
3:00 pm.  All A posters must be mounted by no later than 9:00 am on Monday, August 27 and removed 
immediately following the conclusion of  the official A Poster Session on Monday evening.  All B 
posters must be mounted on Tuesday morning, no later than 9:00 am, and removed at the conclusion of  the 
B poster session on Tuesday.
    
Posters are grouped by topic area as follows:
1 – 49  Gene Regulation and Genomics
50 – 75  Cell to Cell Communication
76 – 100 Cell Surfaces
101 – 136 Physiology and Metabolic Diversity
137 – 143 Type II and Type III Secretion
144 – 166 Plant Associated Pseudomonads
167 – 219 P. Aeruginosa Infections and Treatment Options

SOCIAL EVENTS
Welcome Reception, Sunday, August 26, Fifth Avenue Room at the Westin Hotel, 6:00 pm - 7:30 pm
Join your fellow participants for some light hors d’oeuvres and beverages immediately following the 
opening session.  Plan for your stay in Seattle, home to Pike Place Market and The Space Needle.  Pike Place 
Market is Seattle’s historical public market that defines the city.  Stroll through the fresh flowers, fruit and 
vegetable stands and watch the famous “flying fish”.  The Space Needle is Seattle’s most known landmark 
that stands 520 feet above the city with 360 degree views of  Puget Sound, the Olympic Mountains, Mount 
Rainier and the Seattle city skyline.

Conference Closing Banquet, Wednesday, August 29, at Kiana Lodge, 5:30 pm – 11:00pm (included in registration fee)
The closing banquet will begin with a scenic cruise through Puget Sound followed by a delicious dinner at 
Kiana Lodge.  The Lodge is a private six-acre waterfront retreat located approximately one and a half  hours 
from downtown Seattle by boat. Kiana was originally built in the 1930s as a lodge club house for those 
Seattle area residents seeking a summer escape. In 1944, the lodge was purchased by a private party and was 
given the name “Kiana” which means “Garden of  the Gods” in the Suquamish Native American language. 
                                                                         
You will enjoy a private cruise to Kiana Lodge aboard the Royal Argosy, with a DJ onboard. Upon arrival, 
you will be invited to explore the lush setting filled with tall firs, fragrant cedars and colorful flowers. The 
gardens are meticulously cared for by a team of  gardeners year round and certain herbs are picked from the 
garden for the nights’ meal.  A warming appetizer will be provided to enjoy while you explore the grounds. 
After the delicious meal, you will have the opportunity to roast marshmallows over a bonfire on the beach. 
The perfect ending to this evening is the nighttime view of  the glittering Seattle skyline from the water. 
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PARTICIPANT LOUNGE 
The Fifth Avenue Room, location of  the Welcome Reception, will be available to conference participants 
Monday through Thursday as a place to meet while attending the conference.  Renew old acquaintances and 
make new ones when you stop by the lounge.  Enjoy morning breakfasts, mid-morning breaks and an 
opportunity to sit back and relax throughout the conference.

GUESTS
Tickets for guests that wish to attend the opening reception, private group breakfast each morning and the 
closing banquet may be purchased at the registration desk.
  
STUDENT TRAVEL GRANTS
ASM encourages the participation of  graduate students and new postdocs at ASM Conferences.    
To support the cost of  attending the conference, ASM has awarded travel grants of  $500 to each of  the  
following individuals:

Annette Angus 

Christophe Bernard
 
Nelli Boes 

Silvia Ferrara

Marshall Hayes
 

Jill Haynes
 
Sonja Horatzek
 
Ajinder Kaur
 
Jason Koo
 
Frank Koopman

Jesus Lacal
 
V.S.R. Krishna Maddula
 
Ana Misic 
 
Jeremy Owen

Jacek Puchalka

Giordano Rampioni 
 
Jennifer Scarff  
 
Dong-Ho Shin 
 
Masaki Shintani 
 
Kairi Tarassova

GENERAL INFORMATION
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SCIENTIFIC PROGRAM
 
SUNDAY, AUGUST 2�, 2007       
 
3:00 pm - �:00 pm  Registration
 
�:00 pm - �:00 pm                           Welcome Remarks and Keynote Speaker
  
                                                 Pseudomonas aeruginosa in the Real World  
                                               Maynard Olson, University of  Washington
 
�:00 pm - 7:30 pm                           Welcome Reception
 
 
MONDAY, AUGUST 27, 2007       
 
�:00 am - 9:00 am                    Breakfast
Grand Ballroom Foyer
 
9:00 am - 12 noon Session 1 - Signal Transduction and Gene Regulation
Grand Ballroom I - II
 
9:00 am – 9:2� am Regulation of Hfq Binding non-coding RNAs in Pseudomonas	
	 Udo Blaesi, University of  Vienna 
	
9:2� am – 9:�0 am Global and Local Regulators of cupA Fimbrial Gene 
 Expression 
 Simon Dove, Boston Children’s Hospital 
	
9:�0 am – 10:1� am	 Post-Transcriptional Control Mechanisms in Pseudomonas	
	 Dieter Haas, Université de Lausanne 
 
10:1� am – 10:�0 am Transcriptional and Post-Transcriptional Regulatory  
 Mechanisms Control the Expression of Virulence Genes in 
 P.	aeruginosa	
	 Stephen Lory, Harvard Medical School 
 
10:�0 am – 11:00 am  Coffee Break

11:00 am - 11:20 am Shotgun Sequencing of the Pseudomonas	syringae DC3000   
 Transcriptome 
 Melanie J. Filiatrault, USDA-Agricultural Research Service	
 
11:20 am – 11:�0 am RsaL is a Global Regulator Controlling Quorum Sensing 
 Homeostasis and Virulence in Pseudomonas	aeruginosa	
	 Giordano Rampioni, University Roma Tre 
 
11:�0 am – 12:00 pm Universal Stress Proteins and Stringent Response in 
 Pseudomonas	aeruginosa	
	 Nelli Boes, Technical University Braunschweig 
                      
12 noon - 2:00 pm                      Lunch Break (on your own) 
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2:00 pm - �:00 pm                           Session 2 - Pseudomonas and its Hosts 
Grand Ballroom I - II 

2:00 pm – 2:2� pm                     Barriers and Defenses against P.	aeruginosa	
	 Laurence Rahme, Massachusetts General Hospital 
	
2:2� pm – 2:�0 pm	 Pseudomonas	aeruginosa-Candida	albicans Interactions:  
	 A	Model	for		Biofilm	Associated	Virulence 
 Deborah Hogan, Dartmouth Medical School 
	
2:�0 pm  - 3:1�pm		 Microevolution and Population Biology of Pseudomonas	
	 aeruginosa	 	
	 Burkhard Tummler, Medizinische Hochschule Hannover 
	
3:1� pm – 3:�0 pm	 Coronatine, a Phytohormone Mimic, Plays Multiple Roles  
 during Pseudomonas	syringae Pathogenesis of Plants 
 Barbara Kunkel, Washington University 

3:�0 pm – �:00 pm	 Pseudomonas	entomophila-Drosophila	melanogaster:  
 A New Model to Decipher Host/Pathogen Interactions 
	 Isabelle Vallet-Gely, CNRS-CGM 
	
�:00 pm – �:20 pm	 Characterization of a	Pseudomonas	aeruginosa/Zebrafish	 
 Embryo Infection Model Suitable for both Chemical and  
                                                                 Classical Genetic Approaches
	 Anne E. Clatworthy, Massachusetts General Hospital; Harvard Medical School; Broad Institute

�:20 pm – �:�0 pm	 In	vivo	Growth of	Pseudomonas	aeruginosa	Strains PAO1,        
                                                             PA1�, PAK, LESB�� and Selected Mutants in a Rat Model of   
 Chronic Lung Infection
	 Roger C. Levesque, Université  Laval

�:00 pm - 7:00 pm	 Poster Session A
Grand Ballroom III 
	

TUESDAY, AUGUST 2�, 2007

�:00 am – 9:00 am	 Breakfast
Grand Ballroom Foyer

9:00 am - 12 noon Session 3 - Cell-to Cell Communication
Grand Ballroom I - II

9:00 am – 9:2� am	 Swarming Motility
	 Robert Hancock, University of  British Columbia

9:2� am – 9:�0 am	 Integration of Inter- and Intracellular Signaling in 	
	 P.	aeruginosa	via the RNA Binding Protein, RsmA
	 Paul Williams, University of  Nottingham
 

Pseudomonas 2007
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9:�0 am – 10:1� am Plant Factors and other Bacterial Residents Modulate Iron 
	 Availability	on	Leaves	Thereby	Influencing	Quorum-Sensing	
 Controlled Epiphytic Fitness and Virulence in Pseudomonas   
 syringae  
 Steven E. Lindow, UC Berkeley	
 
10:1� am – 10:3� am Coffee Break

10:3� am  - 10:�� am Social Cheating in Pseudomonas	aeruginosa Quorum Sensing 
  Martin Schuster, Oregon State University 
 
10:55	am	–	11:15	am	 Phenazine	Antibiotics:	Role	in	Biofilm	Formation	of	 
 Pseudomonas	chlororaphis (aureofaciens) 30-�� 
 	 V.S.R. Krishna Maddula, University of  Arizona 
 
11:1� am – 11:3� am Cell-Cell Communication in Spatially Structured Microbial   
 Communities: The Privacy of a Microcolony 
 Andreas Dötsch, Helmholtz Centre for Infection Research
 
11:3� am – 11:�� am  Crystal Structure of P.	aeruginosa PilT, The Type IV Pilus 
 Retraction Motor 
 Ana M. Misic, University of  Wisconsin – Madison 
                        
12 noon - 2:00 pm                      Lunch Break (on your own) 
 
2:00 pm - �:00 pm                           Session 4 - Secondary Metabolism
Grand Ballroom I - II
  
2:00 pm – 2:2� pm Diversity and Activity of Pseudomonas Siderophores 
 Pierre Cornelis, Vrije Universiteit Brussel																						 
 
2:2� pm – 2:�0 pm Quinolone-Based Conversations in the P.	aeruginosa	
	 Communication Network 
 Eb Pesci, East Carolina University    																														 
 
2:50	pm	–	3:15	pm	 Plant	Beneficial	Pseudomonas: Activity and Biosynthesis of   
 Cyclic Lipopeptide Surfactants 
 Jos Raaijmakers, University Wageningen	
	
3:1� pm – 3:�0 pm Biosynthesis and Regulation of Phenazine Antimicrobials 
 Linda Thomashow, USDA Pullman	
	
3:�0 pm – �:00 pm	 Evolution and Mode of Action of the Pseudomonas	
	 fluorescens	Secondary Metabolite 2, � Diacetylphloroglucinol 
 John P. Morrissey, University College Cork 
	
�:00 pm – �:20 pm	 Genomics of Secondary Metabolite Production by 
 Pseudomonas	fluorescens Pf-� 
  Joyce E. Loper, USDA 
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�:20 pm – �:�0 pm Characterization of Osmoregulatory Transporters in  
 Pseudomonas	syringae and P.	aeruginosa
 Chiliang Chen, Iowa State University

�:00 pm - 7:00 pm Poster Session B
Grand Ballroom III

  
WEDNESDAY, AUGUST 29, 2007

�:00 am - 9:00 am Breakfast
Grand Ballroom Foyer
 
9:00 am - 12 noon                    Session 5 - Cell Surfaces 
Grand Ballroom I - II
 
9:00 am – 9:2� am  Membrane Proteins Involved in LPS Assembly and 
 Surface Diversity 
 Joseph Lam, University of  Guelph	
 
9:2� am – 9:�0 am Mechanistic Insights into Outer Membrane Vesicle Formation 
 Marvin Whiteley, University of  Texas 
  
9:�0 am – 10:1� am Polysaccharides of Pseudomonas	aeruginosa 
 Daniel Wozniak, Wake Forest University	
 
10:1� am – 10:�0 am Coordinate Regulation of Organelle Assembly at the 
 Pseudomonas	aeruginosa Pole 
 Barbara Kazmierczak, Yale University	
 
10:�0 am – 11:00 am Coffee Break

11:00 am - 11:20 am Gallic Acid Uptake in Pseudomonas	putida: The GalT/GalP  
 Two-Component Transport System 
  Juan Nogales, CSIC 
 
11:20 am  - 11:�0 am  Roles of Intracellular Proteases in the Cell Wall Stress Stimulon   
 in Pseudomonas	aeruginosa PAO1, Which Includes Genes for   
 Alginate Biosynthesis  
	 Lynn F. Wood, Virginia Commonwealth University and McGuire Veterans Affairs Medical Center 
 
11:�0 am – 12:00 noon Both Twitching Motility and Type II Secretion are Affected By        
                                                                 Modulation of Expression Levels of the Minor Pilins from the  
                                                                 Pseudomonas	aeruginosa Type IV Pilus System
  Carmen L. Giltner McMaster University 
	
12 noon - 2:00 pm                      Lunch Break (on your own) 
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2:00 pm - �:30 pm                           Session 6 - Pseudomonas Physiological and 
Grand Ballroom I - II  Metabolic Versatility 
  

2:00 pm – 2:2� pm Biodegradation of Quinolines and Quinolones 
 Susanne Fetzner, Institut für Molekulare Mikrobiologie und Biotechnologie,  
 Westfälische Wilhelms-Universität Münster 
	
2:2� pm – 2:�0 pm	 The cis-trans Isomerase of Unsaturated Fatty Acids in 
 Pseudomonas: A Unique Stress Adaptive System 
 Hermann J. Heipieper, Department of  Bioremediation, Centre for Environmental Research  
 Leipzig-Halle (UFZ) 
	
2:�0 pm – 3:1� pm	 Extracellular Lipase: The Tale of a Biocatalyst from 
 P.	aeruginosa	
	 Karl-Erich Jaeger, Institute of  Molecular Enzyme Technology, Heinrich Heine University Duesseldorf,   
 Research Centre Juelich	
 
3:15	pm		-	3:35	pm	 Auto-Amplification	of	DmpR	Through	Non-Overlapping	
 Divergent Transcription 
 Linda Johansson, Umeå University 

3:35	pm	–	3:55	pm		 Structural	Basis	of	the	Substrate	Specificity	of	Rieske	 
 Non-Heme Iron Oxygenase, Carbazole 1, 9a-Dioxygenase 
	 Hideaki Nojiri, Biotechnology Research Center, The University of  Tokyo 
	
3:�� pm – �:1� pm	 Metabolism of Methyl-Branched Compounds in  
	 P.	aeruginosa:	Identification,	Regulation	of	Expression	and		 	
 Functional Characterization of Proteins Involved in Acyclic               
                                                                 Terpene utilization (Atu) and leucine/isovalerate utilization                 
                                                                 (Liu) Pathway  
																																																																 Dieter Jendrossek, University Stuttgart

�:30 pm - �:30 pm	 One Hour Break to Prepare for Dinner

�:30 pm	 Depart Westin by Bus for Docks
South Tower	
Westlake Avenue Entrance

�:00 pm - 7:30 pm Cruising to Kiana Lodge (Cash Bar and DJ)

7:30	pm	-	9:15	pm		 Dinner	Waterside	with	Bonfire	at	Kiana	Lodge

9:1� pm - 10:�� pm   Cruising Back to Seattle (Cash Bar and DJ/dancing)

10:�� pm - 11:00 pm  Bus Return from Docks to Westin
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THURSDAY, AUGUST 30, 2007

�:00 am - 9:00 am  Breakfast
Grand Ballroom Foyer

9:00 am - 12 noon  Session 7 - Type II and Type III Secretion and Transport
Grand Ballroom I - II

9:00 am – 9:2� am Protein Secretion in Pseudomonas	aeruginosa:		
	 Variations on a Theme
	 Alain Filloux, CNRS

9:2� am – 9:�0 am Type III Secreted Effectors
	 Joanne Engel, University of  California San Francisco

9:�0 am – 10:1� am 	 Transcriptional Regulation of the	P.	aeruginosa	Type III  
 Secretion System
	 Timothy Yahr, University of  Iowa

10:1� am – 10:�0 am Comparing the Collection of Functional Type III Effector		 	
	 Genes Across the	P.	syringae	Species
	 Jeff  Chang, Oregon State University

10:�0 am – 11:00am  Coffee Break

11:00 am - 11:20 am Mechanisms of Paracellular Invasion Through the Airway   
 Epithelium by P.	aeruginosa
	 Alice Prince, Columbia University
 
11:20 am  - 11:�0 am Dissecting Host Signal-Dependent Type III Secretion System                                       
                                                                 Gene Regulation in Pseudomonas	syringae pv. tomato   
 DC3000 
 Marshall L. Hayes, Cornell University 
 
11:�0 am – 12:00 noon An Extracellular Protein of Pseudomonas	aeruginosa Inhibits   
 Endothelial Cell Proliferation, Migration, Invasion, and Tube      
                                                                 Formation, Suggesting a Role in Inhibiting Wound Healing 
                                                                 During Sepsis and its Use as an Angiogenesis Inhibitor 
 Michael L. Vasil, University of  Colorado Health Sciences Center 
	
12 noon Closing Remarks 
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KEYNOTE SPEAKER

PseuDomonAs	AerugInosA IN THE REAL 
WORLD
M. V. Olson; University of Washington, Seattle, WA

Pseudomonas aeruginosa, like most other intensively studied 
bacteria, has been predominately studied in the laboratory. 
Most research has been carried out on a few standard labora-
tory strains such PAO1 and PA14. Hence, much of  our knowl-
edge of  P. aeruginosa biology derives from studies of  colony-
purified isolates of  these reference strains. There have been 
some explorations of  genetic variation among environmental 
and clinical isolates, but such studies have typically been lim-
ited, at least when carried out at single-nucleotide resolution, 
to a few loci. Applications of  large-scale DNA sequencing are 
beginning to change this situation, and we are now on the cusp 
of  a massive expansion of  applications of  these techniques to 
P. aeruginosa and other microorganisms. I will review what is 
now known about the population structure of  P. aeruginosa 
and the potential relevance of  this information to the genetic 
variation that exists among real-world isolates of  P. aeruginosa. 
I will also review the limited whole-genome data that exist 
about the mutational response of  P. aeruginosa to selection in 
one important real-world environment, the airways of  cystic fi-
brosis patients. Finally, I will speculate about the opportunities 
that exist to apply emerging ultra-high-throughput-sequencing 
technologies to studies of  P. aeruginosa in real-world settings.

S1:1
REGULATION BY HFQ-BINDING  
NON-CODING RNAS IN PseuDomonAs	
AerugInosA
U. Bläsi1, E. Sonnleitner1, T. Sorger-Domenigg1, M. Madej2, M. 
Schuster3, P. Stadler4, E. Greenberg3, A. Hüttenhofer2, S. Nikonov5, 
M. Garber5, I. Moll1; 1Max Perutz Laboratories-University of 
Vienna, Vienna, AUSTRIA, 2Medical University of Innsbruck, Inns-
bruck, AUSTRIA, 3University of Washington, Seattle, WA, 4Univer-
sity of Leipzig, Leipzig, GERMANY, 5Institute of Protein Research, 
Pushchino, RUSSIAN FEDERATION

In recent years, it has become evident that small non-coding 
RNAs (ncRNAs) control diverse cellular processes including 
virulence gene expression in several bacterial pathogens by 
acting as post-transcriptional regulators. The RNA chaperone 
Hfq is often required for facilitating the interaction of  ncRNAs 
with their target mRNAs. We have shown that Hfq affects 
the expression of  a number of  PAO1 genes, some of  which 
are associated with virulence, which explained the attenuated 
virulence of  a PAO1hfq- strain. RNomics and bioinformatic 
approaches were applied to reveal Hfq-binding ncRNAs in 
PAO1. These approaches identified novel candidate ncRNAs 
and additionally implicated Hfq in the RsmA/RsmY circuitry, 
which in turn could be reconciled with Hfq-mediated regula-
tion of  quorum sensing. In follow up studies proteome and 
transcriptome analyses were used to reveal target genes for the 
identified ncRNAs. Potential targets for selected ncRNAs will 
be discussed.

S1:2
GLOBAL AND LOCAL REGULATORS OF 
CUPA FIMBRIAL GENE ExPRESSION
S. L. Dove; Children’s Hospital, Boston, MA

The cupA gene cluster of  Pseudomonas aeruginosa encodes com-
ponents and assembly factors of  a putative fimbrial structure 
that enable this opportunistic pathogen to form biofilms 
on abiotic surfaces. In P. aeruginosa the control of  cupA gene 
expression is complex, with the H-NS-like MvaT protein 
functioning to repress phase-variable (ON/OFF) expres-
sion of  the operon. Here we report the identification of  four 
positive regulators of  cupA gene expression, including three 
unusual regulators encoded by the cgrABC genes, and Anr, a 
global regulator of  anaerobic gene expression. We show that 
the cupA genes are expressed in a phase-variable manner under 
anaerobic conditions and find that the cgr genes are essential 
for this expression. We show further that cgr gene expression 
is negatively controlled by MvaT and positively controlled by 
Anr and anaerobiosis. Our findings suggest that anaerobiosis, 
signaled through Anr, stimulates expression of  the cgr genes 
resulting in a concomitant increase in cupA gene expression. 
Finally, we present evidence that the cupA genes are expressed 
by P. aeruginosa growing in the lungs of  a cystic fibrosis (CF) 
patient_conditions in which P. aeruginosa is thought to persist in 
an anaerobic biofilm. Our findings provide mechanistic insight 
into the regulation of  cupA gene expression, identify anaerobi-
osis as an inducer of  phase-variable cupA gene expression, and 
raise the possibility that phase-variable expression of  fimbrial 
genes important for biofilm formation may occur in the CF 
host lung.

S1:3
POST-TRANSCRIPTIONAL CONTROL 
MECHANISMS IN PSEUDOMONADS
D. Haas; University of Lausanne, Lausanne, SWITZERLAND

In fluorescent pseudomonads, as in other bacteria, post-tran-
scriptional regulation can involve small RNAs operating basi-
cally via two mechanisms, at critical checkpoints of  translation 
initiation and mRNA stability. In the first mechanism, which is 
mediated by the Hfq protein, small RNAs undergo base-pair-
ing interactions with target mRNAs, resulting in translational 
repression or activation, depending on the site of  interaction. 
In the second mechanism, small RNAs of  the RsmX/Y/Z 
type competitively bind small RNA-binding proteins of  the 
RsmA/CsrA family, which can function as potent translational 
repressors. Thus, when these small RNAs are synthesized, 
translational repression is relieved and target genes can be 
expressed. We are interested to find out how the small RNAs 
are regulated and how the RsmA protein recognizes its target 
sequences in mRNAs. In Pseudomonas aeruginosa as well as 
in the biocontrol strain P. fluorescens CHA0 the Rsm signal 
transduction pathway is initiated by the GacS/GacA two-com-
ponent system and is antagonized by the RetS sensor. At high 
cell population densities, both bacteria produce chemically 
related signals that induce this pathway. Moreover, environ-
mental factors can modulate the expression of  the small RNAs. 
Mutational analysis has previously shown that the interaction 
between RsmA-like proteins and RsmY RNA involves repeated 
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unpaired GGA motifs in the small RNA. Whereas such motifs 
also appear to be important in target mRNAs, they cannot be 
sufficient to specify recognition by the binding protein. Struc-
tural and genetic data obtained for the untranslated 5’ leader 
of  the P. fluorescens hcnA gene (encoding an HCN synthase 
subunit) have now allowed us to propose a recognition model 
which incorporates primary and secondary structure determi-
nants, located at and upstream of  the ribosome binding site. 
Such determinants can ensure tight Gac/Rsm-dependent post-
transcriptional control of  target mRNAs.

S1:�
TRANSCRIPTIONAL AND 
POST-TRANSCRIPTIONAL REGULATORY 
MECHANISMS CONTROL THE ExPRESSION 
OF VIRULENCE GENES IN P.	AerugInosA
S. Lory,  Department of Microbiology and Molecular Genetics, 
Harvard Medical School, 200 Longwood Avenue, Boston, MA 
 
It has become clear over the past years that bacterial patho-
gens regulate the expression of  virulence genes by utilizing 
complex signaling and regulatory networks.  We have identified 
RetS. a sensor kinase which controls a significant number of  
Pseudomonas aeruginosa pathogenic traits and is involved in 
the regulation of  transition between two virulent modes of  the 
bacterium, one that causes an acute and another that causes 
chronic infection. Genome-wide transcriptional profiling 
indicates that the retS gene is required for expression of  the 
type III secretion system and other virulence factors as well as 
for the repression of  genes responsible for the production of  
exopolysaccharide components of  the P. aeruginosa biofilm 
matrix. These disparate phenotypes are suppressed by several 
transposon insertions in genes encoding the GacS/GacA/
RsmY signal transduction pathway indicating that RetS is the 
top component of  a global environmental sensing network. 
RetS is a pleiotropic regulator of  multiple virulence phenotypes 
that orchestrates the expression of  genes required for acute 
infection and genes associated with chronic persistence. The 
mechanism of  action of  RetS involves regulation of  transcrip-
tion of  the genes for small regulatory RNAs, RsmZ and RsmY, 
antagonists of  a translational repressor RsmA. We have also 
demonstrated that the intracellular levels of  the second mes-
senger cyclic-di-GMP also independently control the synthesis 
of  biofilm and toxigenic factors. This regulatory dinucleotide 
acts through specific receptors and is a regulatory co-fac-
tor for components of  several polysaccharide biosynthetic 
machineries. Therefore, RetS is a central switch that assimilates 
environmental signals resulting in activation and repression of  
genes by a variety of  mechanisms that involve transcription of  
regulatory RNAs, control of  mRNA translation and/or stabil-
ity and second messenger signaling.   

S1:�
SHOTGUN SEQUENCING OF THE  
PseuDomonAs	syrIngAe DC3000  
TRANSCRIPTOME
M. J. Filiatrault, P. A. Bronstein, P. Stodghill, G. A. DeClerck, D. 
J. Schneider, S. Cartinhour; USDA-Agricultural Research Service, 
Ithaca, NY

Pseudomonas syringae pv. tomato strain DC3000 is a bacterial plant 
pathogen capable of  causing disease in tomatoes and Arabi-
dopsis. The genome of  this bacterium has been sequenced, 
however as with other genomes, accurate annotation and de-
termination of  coding vs. non-coding regions has proven to be 
difficult. In order to better characterize the genome and to bet-
ter understand gene regulation of  this pathogen, we employed 
high-throughput pyrosequencing technology to analyze the 
transcriptome of  P. syringae. Total RNA was isolated from bac-
teria grown under iron-limited conditions and ribosomal RNA 
(rRNA) sequences were removed to enrich for mRNA. The 
enriched RNA sample was directly processed and sequenced by 
454 Life Sciences (Branford, CT). Briefly, processing consisted 
of  fragmenting the RNA, converting it to a double-stranded 
cDNA template, amplifying by PCR, and sequencing. Using 
this approach, approximately 26 million bases of  sequence 
were obtained in one sequencing run. BLAST-based compu-
tational methods were developed to filter the large volume of  
sequence data generated. Using these techniques, remaining 
rRNA and repetitive intergenic sequences were identified and 
removed from the data set. The remaining sequences were 
assembled and mapped onto the DC3000 genome. This high-
throughput sequencing approach provided us with both the 5’ 
and 3’ ends of  the transcripts as well as internal sequences en-
abling us to assemble a partial draft transcript map of  P. syringae 
DC3000. Approximately 30% of  the currently annotated open 
reading frames were found to be expressed under the condi-
tions analyzed. In addition, our high-throughput experimental 
analysis of  the transcriptome provided evidence for the expres-
sion of  hypothetical genes and revealed previously unannotated 
genes as well as candidate small RNAs. RT-PCR was used to 
confirm the expression of  a sample of  transcripts detected 
using 454 sequencing. These results demonstrate that pyrose-
quencing is an efficient approach for large-scale validation of  
gene expression and genome annotation. Since this technology 
has not been previously used to evaluate the transcriptome of  
a bacterium, this technique represents a novel approach for 
transcript mapping in bacteria.

S1:�
RSAL IS A GLOBAL REGULATOR  
CONTROLLING QUORUM SENSING  
HOMEOSTASIS AND VIRULENCE IN  
PseuDomonAs	AerugInosA
G. Rampioni1, M. Schuster2, E. P. Greenberg3, I. Bertani4, M. 
Grasso1, V. Venturi4, E. Zennaro1, L. Leoni1;  
1University Roma Tre, Rome, ITALY, 2Oregon State University, Cor-
vallis, OR, 3University of Washington, Seattle, WA, 4International 
Centre for Genetic Engineering and Biotechnology, Trieste, ITALY

The quorum sensing (QS) signalling system of  Pseudomo-
nas aeruginosa controls many important functions, including 
virulence. Although the production of  the QS signal molecule 
3OC12-HSL is positively autoregulated, its concentration 
reaches a steady level long before stationary phase. The RsaL 
protein represses transcription of  the lasI signal synthase gene, 
strongly reducing QS signal production. We show that RsaL 
binds simultaneously with LasR to the rsaL-lasI bidirectional 
promoter thereby preventing the LasR-dependent activation of  
both genes. Moreover, in the rsaL mutant 3OC12-HSL contin-
ues to increase as cultures enter stationary phase. Therefore 
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RsaL governs a homeostatic mechanism that allows P. aeruginosa 
to limit 3OC12-HSL accumulation over a physiologically profit-
able concentration. We also show by transcription profiling 
that beside its role in QS signal homeostasis, RsaL controls 
expression of  about 6% of  the P. aeruginosa genome, includ-
ing many virulence genes. About 130 genes are controlled 
by RsaL independently of  its effect on QS signal molecule 
production, including genes encoding pyocyanin and hydrogen 
cyanide virulence factors and the CupA adhesin, involved in 
biofilm formation. We show that RsaL can repress pyocyanin 
and hydrogen cyanide genes in two ways: directly, by binding 
to their promoters, and indirectly, by hampering their QS-sig-
nal-dependent transcription. In its whole this study highlights 
the importance of  RsaL as a global regulator of  P. aeruginosa 
physiology and virulence.

S1:7
UNIVERSAL STRESS PROTEINS AND  
STRINGENT RESPONSE IN PseuDomonAs	
AerugInosA
N. Boes, A. Steen, K. Schreiber, M. Schobert; Technical University 
Braunschweig, Braunschweig, GERMANY

Universal stress proteins (Usp) have been shown to be essential 
for surviving various stress conditions in Escherichia coli. We 
identified and characterized five Usp-type proteins in Pseudomo-
nas aeruginosa which are produced in response to oxygen 
limitation.  Phenotypic characterization of  the uspK (PA3309) 
and uspN (PA4352) knockout mutants showed that these 
Usp-type proteins are essential for surviving specific and not 
universal stress conditions. UspK supports long term survival 
of  P. aeruginosa during pyruvate fermentation under anaerobic 
conditions, while UspN allows endurance after a break down 
of  the proton motive force, induced by CCCP (carbonylcya-
nide-3-chlorophenylhydrazone). No essential roles in stress 
resistance could be determined for UspL (PA1789), UspM 
(PA4328) and UspO (PA5027) so far.  The expression of  uspK, 
uspL, uspM, uspN and uspO was shown to be regulated by Anr, 
the global oxygen detecting regulator of  the anaerobic metabo-
lism and furthermore by RelA/SpoT the stringent response. 
Using promoter-lacZ fusions we showed that all five usp pro-
moters were induced 4 h after exposure to anaerobiosis in an 
Anr-dependent manner. Additionally, we observed an induction 
of  all five promoters by entering stationary phase. This induc-
tion was proved to be independent of  Anr but under control 
of  the RelA/SpoT conditional stringent response.  Since we 
showed the usp genes to be part of  the RelA/SpoT regulon we 
were interested to identify other members of  this regulon using 
transcriptome analysis. We determined ppGpp levels, as well as 
the presence of  mRNAs of  other RelA/SpoT-dependent genes 
in response to CCCP treatment.

S2:1
BARRIERS AND DEFENSES AGAINST  
PseuDomonAs	AerugInosA
L. Rahme1, Y. Apidianakis1, M. Mindrinos2, W. Xiao2, G. Tegos1, M. 
Papisov1, M. Hamblin1, R. Davis2, R. Tompkins1;  
1MGH, Boston, MA, 2Stanford University, Stanford, CA

The first line of  defense against infection is preventing patho-
gens from crossing an external boundary, such as the insect 
cuticle or vertebrate epithelium. The mechanisms of  building, 
maintaining, and repairing such boundaries are well conserved. 
While several different tissues, including the epithelium and 
blood, participate in the expression and delivery of  innate im-
munity activities, the roles of  other tissues, such as muscle, are 
not understood. Muscle cells are expected to stimulate immune 
components when their integrity has been compromised. We 
are studying the initial stages of  the antagonistic interaction 
between the human pathogen Pseudomonas aeruginosa, a principal 
agent of  deleterious wound infections in immunocompromised 
individuals, and the role of  skeletal muscle in this pathogen’s 
infection. We first identify host components and pathways that 
affect the initiation and progression of  P. aeruginosa infections 
in Drosophila melanogaster at a wound site, and then validate 
the relevance of  the findings for human pathogenesis in a 
murine wound infection model. These studies have identified 
pathogenesis- and defense-specific genes whose expression is 
altered in response to P. aeruginosa infection. They have further 
revealed that P. aeruginosa actively suppresses host induction 
of  antimicrobial peptide and skeletal muscle gene expres-
sion. Functional studies demonstrate that the evolutionarily 
conserved cJun-N-terminal Kinase (JNK) controls skeletal 
muscle gene response to injury and wound site infection by 
P. aeruginosa. The JNK regulatory pathway is activated upon 
injury and functions in diverse biological processes, including 
development, wound healing and cytoskeleton reorganization. 
Downregulation of  skeletal muscle gene expression could indi-
cate a general role for the JNK pathway in muscle cytoskeleton 
homeostasis, similar to the role of  JNK in neuronal cytoskel-
eton maintenance.

S2:2
PseuDomonAs	AerguInosA-CAnDIDA	
AlbICAns INTERACTIONS: A MODEL FOR 
BIOFILM-ASSOCIATED VIRULENCE
D. Hogan, M. J. Wargo, B. Szwergold, Dartmouth Medical School, 
Hanover, NH 

Our work focuses on the study of  the molecular interactions 
between two opportunistic pathogens, the bacterium Pseu-
domonas aeruginosa and the fungus Candida albicans, which are 
frequently found together in different opportunistic infections. 
Many of  the elements of  the P. aeruginosa-C. albicans relation-
ship appears to model other bacterial-fungal and bacterial-host 
relationships. P. aeruginosa attaches to and forms a biofilm on 
filamentous fungal cells. Within the biofilm, P. aeruginosa kills 
the fungus using many of  the same virulence factors, includ-
ing a secreted phospholipase C, that have been implicated in 
P. aeruginosa virulence towards humans. Using a screen for P. 
aeruginosa mutants altered in their interaction with C. albicans, we 
identified a novel regulator, named GbdR, which controls the 
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induction of  the hemolytic phospholipase C, the catabolism of  
glycine betaine, a product of  phosphatidylcholine catabolism, 
and a variety of  other phenotypes that relate to P. aeruginosa-
host interactions. 

S2:3
MICROEVOLUTION AND POPULATION  
BIOLOGY OF PseuDomonAs		
AerugInosA
L. Wiehlmann, N. Cramer, V. Kumar, F. Stanke, B. Tummler; Med-
izinische Hochschule Hannover, Hannover, GERMANY

The population genetics of  Pseudomonas aeruginosa was inves-
tigated by microarray marker genotyping of  the core and 
accessory genome. The typed strains of  diverse habitats and 
geographic origin segregated into two large clusters and numer-
ous clonal complexes with few or no partners. The majority 
of  strains belonged to few dominant clones widespread in 
disease and environmental habitats. Individual clones preferred 
a specific repertoire of  genomic islets and genomic islands. 
Most studied loci of  the core genome were found to be freely 
recombining with each other, but some physically distant loci 
exist in fixed combinations of  genotypes, suggesting that the 
free flow of  genes in the P. aeruginosa population is tolerated for 
most, but not all, loci of  the genome.  The cystic fibrosis lung 
is an atypical niche for P. aeruginosa. Genotyping of  sequential 
airway isolates retrieved from individuals with cystic fibrosis 
over a period of  twenty years since onset of  colonization 
uncovered an inverse relationship between the degree of  adap-
tive radiation of  the bacterial genome and the progression of  
chronic lung disease. Moreover, the P. aeruginosa clade was as-
sociated with the severity and outcome of  pulmonary disease. 
Host genetics also strongly influenced the age of  onset and the 
course of  chronic P. aeruginosa infections in CF as indicated by 
the concordant colonization status of  monozygous CF twins. 
The CFTR mutation genotype and elements of  the innate 
immune system were identified as major genetic modifiers of  
chronic airway infections with P. aeruginosa in the susceptible 
CF host.

S2:�
CORONATINE, A PHYTOHORMONE MIMIC, 
PLAYS MULTIPLE ROLES DURING 
PseuDomonAs	syrIngAe PATHOGENESIS 
OF PLANTS
E. M. Mellgren1, N. Laurie-Berry1, A. J. Demianski1, Y. Ishiga2, C. 
L. Bender2, B. N. Kunkel1; 1Washington University, St. Louis, MO, 
2Oklahoma State University, Stillwater, OK

We are interested in the mechanisms by which plant patho-
gens modulate normal host cell processes to promote tissue 
colonization and disease development. Successful pathogen 
infection involves entry into host tissue, suppression of  general 
antimicrobial host defenses, and growth to high levels in the 
plant. The phytotoxin coronatine (COR), a virulence factor of  
the bacterial plant pathogen Pseudomonas syringae, plays a key role 
in these events. COR biosynthetic (COR-) mutants of  P. syringae 
strain DC3000 do not multiply to high levels or cause dis-
ease on Arabidopsis and tomato. COR is required at multiple 
steps during P. syringae pathogenesis, including: 1) entry into 

host tissue, 2) suppression of  salicylic acid-mediated defenses 
subsequent to entry, and 3) promotion of  disease symptom 
development. COR is a functional analog of  the endogenous 
plant hormone jasmonic acid (JA), most closely resembling the 
active JA amino acid conjugate JA-isoleucine. Molecular and 
genetic studies indicate that COR stimulates JA signaling dur-
ing P. syringae infection, and that an intact JA signaling pathway 
is required for full disease susceptibility in both Arabidopsis 
and tomato. We are interested in further elucidating the roles 
of  COR and JA-mediated processes in P. syringae pathogenesis, 
and are focusing on the AtMyc2/JIN1-mediated branch of  the 
JA signaling pathway required for susceptibility to P. syringae. 
This includes utilizing a combination of  forward and reverse 
genetic approaches to identify and characterize novel JA signal-
ing components and to investigate their roles during pathogen-
esis of  Arabidopsis. We are also investigating the role of  COR 
in modulating auxin levels during infection and how this may 
be involved in pathogenesis.

S2:�
PseuDomonAs		
entomoPhIlA-DrosoPhIlA		
melAnogAster : A NEW MODEL TO  
DECIPHER HOST/PATHOGEN INTERACTIONS
I. Vallet-Gely, N. Vodovar, P. Lielh, F. Boccard, B. Lemaitre; CNRS-
CGM, Gif sur Yvette, FRANCE

Drosophila has been shown to be a valuable model for the 
investigation of  host-pathogen interactions. However, these 
studies have been hampered by the lack of  true Drosophila 
pathogens. In most studies, the bacteria used were directly 
injected into the body cavity of  the insect, bypassing the initial 
steps of  a natural interaction.  We identified a new bacterial 
species, Pseudomonas entomophila that has the capacity to in-
duce the systemic expression of  antimicrobial peptide genes in 
drosophila following ingestion.  In contrast to previously iden-
tified bacteria, P. entomophila is highly pathogenic to drosoph-
ila, as well as to other insects. Its persistence leads to a mas-
sive destruction of  gut cells.  The complete sequence of  the 
Pe genome was determined and compared to the sequenced 
genomes of  four Pseudomonas species. Several features that 
probably contribute to its entomopathogenic properties were 
disclosed. Unexpectedly for an animal pathogen, P. entomophi-
la is devoid of  a type III secretion system and associated toxins 
but rather relies on a number of  potential virulence factors 
such as insecticidal toxins, proteases, lipases, hydrogen cyanide, 
lipopeptides and other secondary metabolites to infect and kill 
insects. Genome-wide random mutagenesis revealed the major 
role of  the two-component system GacS/GacA that could 
regulate most of  the potential virulence factors identified.  Us-
ing a combined genetic approach on both host and pathogen, 
we initiated an analysis of  the contribution of  these multiple 
factors to the infectious process. Our first results showed that 
P. entomophila virulence is multi-factorial with a clear differen-
tiation between factors that trigger the immune response and 
those that promote pathogenicity.
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S2:�
CHARACTERIZATION OF A  
PseuDomonAs	AerugInosA/ ZEBRAFISH 
EMBRYO INFECTION MODEL SUITABLE FOR 
BOTH CHEMICAL AND CLASSICAL GENETIC 
APPROACHES
A. E. Clatworthy, J. S. Lee, D. T. Hung; Massachusetts General 
Hospital; Harvard Medical School; Broad Institute, Boston, MA

Chemical screening in a living, whole organism infection model 
has the potential to identify novel antimicrobial compounds 
that target a wide array of  either host or pathogen cellular 
functions, including pathogen virulence mechanisms, pathogen 
genes essential for viability in the host, or the host response 
itself. However, in order to implement chemical screens in 
a living-whole organism infection model, one must utilize a 
host that is amenable to screening in 96- or 384-well format. 
Additional advantageous features of  a model host are genetic 
tractability, transparency, which facilitates visualization of  the 
infection as it progresses in the living host, and similarity of  
the model host’s immune response with the mammalian im-
mune response. Since the zebrafish (Danio rerio) meets these 
criteria, we investigated whether introduction of  Pseudomo-
nas aeruginosa bacterial cells into zebrafish embryos could 
establish a lethal infection. We find that microinjection of  P. 
aeruginosa (PA14 or PAO1) into the bloodstream of  zebrafish 
embryos establishes a lethal infection that kills embryos 16-48 
hours post infection, unlike microinjection of  similar numbers 
of  either Escherichia coli DH5alpha cells or heat-killed P. ae-
ruginosa cells. At late-stages of  infection in the living embryo, 
fluorescently tagged P. aeruginosa bacteria are seen to stain the 
length of  the embryo, indicating dissemination of  the infec-
tion. Addition of  either imipenem or ciprofloxacin to the em-
bryo water rescued only half  of  P. aeruginosa infected embryos 
from lethal infection compared to untreated embryos while 
addition of  a combination of  both antibiotics rescued 80% 
of  infected embryos from lethal challenge. Similar to plants, 
nematodes, and mice, the quorum sensing regulator, LasR, is 
involved in P. aeruginosa pathogenicity in zebrafish embryos. 
Finally, we find that different, common, laboratory lines of  ze-
brafish embryos have differing susceptibilities to infection with 
P. aeruginosa, suggesting that there are host factor(s) involved 
in the progression to lethal infection as well. The development 
of  a P. aeruginosa infection model in zebrafish embryos es-
tablishes a system in which both classical and chemical genetic 
approaches are feasible, thus facilitating future efforts to both 
identify compounds that attenuate infection and further eluci-
date the molecular basis of  P. aeruginosa pathogenesis.

S2:7
IN VIVO GROWTH OF PseuDomonAs	
AerugInosA STRAINS PAO1, PA1�, PAK, 
LESB�� AND SELECTED MUTANTS IN A RAT 
MODEL OF CHRONIC LUNG INFECTION
I. Kukavica-Ibrulj1, A. Bragonzi2, C. Winstanley3, F. Sanschagrin1, 
G. O’Toole4, R. C. Levesque1; 1Université Laval, Québec, PQ, 
CANADA, 2Institute for Experimental Treatment of CF, Milan, 
ITALY, 3University of Liverpool, Liverpool, UNITED KINGDOM, 
4Dartmouth Medical School, Hanover, NH

Pseudomonas aeruginosa chronic lung infections are the major 
cause of  morbidity and mortality in cystic fibrosis (CF) pa-
tients. For the first time, 3 P. aeruginosa prototype strains PAO1, 
PA14 and PAK were compared with the hypervirulent CF 
isolate Liverpool epidemic strain LESB58 to assess growth in 
vivo and infection kinetics, bacterial persistence when enmeshed 
in agarose beads and their liberation and localisation within 
tissues of  the lung. Studies of  these 4 P. aeruginosa strains in the 
rat lung for 14 days demonstrated chronic infection and similar 
growth rates in vivo. The hypervirulent LESB58 strain persisted 
in the agarose beads in the bronchial lumen while PAO1, PA14 
and PAK strains were found localized in the alveolar region 
where they grew as macrocolonies after day 7 postinfection. 
Bacterial strains were compared for swimming, swarming and 
twitching motility and for the production of  biofilm. The P. 
aeruginosa LESB58 strain grew more slowly in minimal media 
but produced more biofilm than the 3 other strains. The PAK 
strain had reduced twitching motility and increased biofilm 
capacities. A competitive index (CI) analysis was used to com-
pare growth between PA01, PA14 and LESB58 for 7 days in 
the same animal. In vivo growth of  the wild-type to the mutant 
in the same rat was also used to measure in vivo maintenance 
of  PA14 and PAO1 mutants. The PAO1 STM5441 mutant was 
defective in vivo with a CI of  0.1. All PA14 sad mutants had 
low CI values between 10-1000 times lower than the wild-type 
PA14 strain. The PA14sad-36 (CI of  0.005) and PA14sad-210 
(CI of  0.001) mutants were found to be both defective in mo-
tility and in biofilm formation.

S3:1
SWARMING MOTILITY AS A COMPLEx  
ADAPTATION
R. E. Hancock, M. Bains, E. Breidenstein, J. Overhage; UBC, 
Vancouver, BC, CANADA

P. aeruginosa is capable of  three different types of  motility: 
flagellum-mediated swimming in aqueous environments and 
low agar concentrations (<0.3% agar), type IV pilus-mediated 
twitching on solid surfaces or interfaces, and, most recently 
observed, swarming on semi-solid media (0.5-0.7% agar). 
Swarming is a social phenomenon involving the coordinated 
and rapid movement of  bacteria across a semi-solid (viscous) 
surface, and is widespread among flagellated bacteria. With spe-
cific reference to Pseudomonas virulence, the mucous environ-
ment of  the lung, especially in the case of  chronic infections 
of  CF patients, can be considered to be a viscous environment 
that might equate to swarming motility conditions. With this 
in mind we screened our mini-Tn5-luxABCDE transposon 
mutant library of  P. aeruginosa PAO1 for alterations in swarm-
ing motility. More than 3 dozen swarming-negative mutants 
were isolated with expected mutations in the synthesis or func-
tion of  flagellin and type IV pilus, which are typical virulence 
factors on which swarming is dependent, but also alterations 
in regulatory, metabolic, chemosensory and hypothetical genes. 
Many (but not all) of  the swarming-negative mutants also 
showed an impairment in their ability to form simple biofilms. 
We also investigated the gene regulation events associated with 
swarming by performing microarray analysis on bacteria at the 
leading edge of  a swarm zone, compared to bacteria grow-
ing in identical medium under swimming conditions. Analysis 
of  5 independent experiments demonstrated that there were 
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417 genes that were significantly up- (309 genes) or down- 
(108 genes) regulated by more than 2-fold. No fewer than 18 
were predicted or known regulators with 2- to 11-fold altered 
expression, indicating a complex regulatory network, while the 
rho transcription terminator was also 6 fold upregulated. In 
terms of  effector genes, we observed under swarming condi-
tions the up-regulation of  genes for many virulence and cell 
envelope/secreted factors and numerous genes involved in en-
ergy metabolism, nitrogen assimilation, fatty acid biosynthesis, 
transport and phenazine production.  These data are consistent 
with the hypothesis that swarming motility of  P. aeruginosa is 
not just a third kind of  motility, but is part of  an alternative 
growth state and a complex adaptation of  this human patho-
gen to a viscous environment resulting in changes that reflect 
altered virulence and antibiotic resistance and overlap with 
another complex adaptation, namely biofilm formation. Con-
sistent with this notion, swarming P. aeruginosa cells exhibited 
highly elevated resistance to a broad spectrum of  antibiotics 
including ciprofloxacin, gentamicin and polymyxin B, and we 
found many upregulated genes with similar sets of  functions 
to those found altered in our swarming mutants. Specific genes 
responsible for some of  these changes will be discussed.

S3:2
INTEGRATION OF INTER- AND  
INTRACELLULAR SIGNALLING IN  
P.	AerugInosA VIA THE RNA-BINDING 
PROTEIN, RSMA
P. Williams; University of Nottingham, Nottingham, UNITED 
KINGDOM

The 6.3 MB genome of Pseudomonas aeruginosa incorporates 
over 500 regulatory genes which facilitate the extra-ordinary 
adaptability of  P. aeruginosa. Among these, the small RNA-bind-
ing protein RsmA is a post-transcriptional control element that 
mediates extensive changes in secondary metabolite synthesis, 
type III secretion, exoenzyme and lectin production as well as 
biofilm development and swarming motility. RsmA functions 
by binding target mRNAs so modulating their stability and 
translation rates. This function is however antagonised by the 
small untranslated regulatory RNAs, RsmZ and RsmY. To un-
cover both the positive and negative contributions of  RsmA on 
a genome wide basis to the inter- and intra- cellular signalling 
networks of  P. aeruginosa, we have taken two approaches. Firstly, 
to identify the mRNA transcript targets of  RsmA, we reverse 
transcribed the RNAs associated with the purified RsmA pro-
tein and used these to probe a P. aeruginosa microarray. Second-
ly, since P. aeruginosa rsmA mutants are unable to swarm, we ei-
ther introduced a PAO1 parent gene bank or a Tn5 transposon 
into the rsmA mutant and screened for colonies with restored 
swarming motility. Using these strategies, it is clear that RsmA 
interacts with the quorum sensing regulatory circuits involving 
both N-acylhomoserine lactone (AHL) and 2-alkyl-4-quinolone 
(AQ) signalling as well as the extensive post-transcriptional 
intra-cellular signalling pathways which employ cyclic diguanyl-
ate (c-di-GMP) as the cognate signal molecule. Consequently a 
sophisticated global regulatory network operating at both the 
transcriptional and post-transcriptional levels is emerging, the 
contribution of  which to the lifestyle of  P. aeruginosa is only just 
beginning to be unravelled.

S3:3
INTRA- AND INTER-SPECIES CELL-CELL 
COMMUNICATION CONTROL EPIPHYTIC 
FITNESS AND VIRULENCE OF  
PseuDomonAs	syrIngAe TO PLANTS
S. E. Lindow, G. Dulla; University of California, Berkeley, CA

The majority of  cells of  Pseudomonas syringae are found in 
relatively large (>100 cells) cell aggregates on the surface of  
healthy bean leaves, facilitating quorum sensing (QS) via its 
production of  3-oxo-hexanoyl homoserine lactone (AHL) on 
leaves. QS enhances epiphytic fitness, extracellular polysac-
charide production, oxidative stress tolerance, and virulence 
of  P. syringae in later stages of  lesion formation, but suppresses 
swarming motility. The increased numbers of  lesions incited by 
QS mutants after topical applications to bean plants compared 
to wild-type strains was associated with increased rates of  
invasion of  leaves, apparently due to incessant movement of  
cells on plants. Only small numbers of  cells are required to 
constitute a quorum on leaves but the process of  quorum sens-
ing is strongly influenced by water availability on leaves. Cell 
aggregates as small as 10 cells exhibited autoinduction after as 
few as 3 days on dry leaves while the process of  autoinduc-
tion was slower and required more cells on wet leaves appar-
ently due to AHL diffusion. As many as 8% of  the bacterial 
residents of  healthy leaves produced an AHL to which P. 
syringae responded and reduced the numbers and size of  lesions 
incited when co-inoculated onto plants with P. syringae. QS in P. 
syringae is directly related to levels of  ferric iron and about 9% 
of  bacteria on leaves produced iron sequestering compounds 
that inhibited QS and increased lesions size and numbers when 
co-inoculated with P. syringae. Invasion of  leaves by P. syringae 
and disease incidence is suppressed by topical applications of  
iron and stimulated by tannins that bind ferric ions. Several 
regulators that mediate iron-dependent expression of  quorum 
sensing have been found. Thus considerable cross-talk appears 
to occur between P. syringae and other residents on leaves which 
may alter the likelihood of  disease from an existing P. syringae 
population. Pathogen confusion by bacteria that alter signal 
perception by plant pathogens and modulating iron availability 
on plants may be an important new strategy of  disease control.

S3:�
SOCIAL CHEATING IN PseuDomonAs		
AerugInosA QUORUM SENSING
M. Schuster; Oregon State University, Corvallis, OR

In a process termed quorum sensing, bacteria use diffusible 
chemical signals to coordinate cell-density-dependent gene 
expression. In the human pathogen Pseudomonas aeruginosa, 
quorum sensing controls hundreds of  genes, many of  which 
encode extracellular virulence factors. Quorum sensing is 
required for P. aeruginosa virulence in animal models. Curi-
ously, quorum-sensing deficient variants, most of  which carry 
a mutation in the gene encoding the central quorum sensing 
regulator, lasR, are frequently isolated from acute and chronic 
infections. The mechanism for their emergence is not known. 
Here we provide experimental evidence suggesting that these 
lasR mutants are social cheaters which cease production of  
quorum-controlled factors and take advantage of  their pro-
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duction by the group. We found that a subpopulation of  lasR 
mutants arose after about 100 generations of  in vitro evolution 
of  the P. aeruginosa wild-type strain under culture conditions 
that require quorum sensing for growth. Under such condi-
tions, quorum sensing appears to impose a metabolic burden 
on the proliferating bacterial cell, because quorum-controlled 
genes not normally induced until cessation of  growth were 
highly expressed early in growth, and a defined lasR mutant 
showed a growth advantage when co-cultured with the parent 
strain. The emergence of  quorum-sensing deficient variants in 
certain environments is therefore an indicator of  high quorum 
sensing activity of  the bacterial population as a whole. It does 
not necessarily indicate that quorum sensing is not important, 
as has previously been suggested. Thus, novel anti-virulence 
strategies aimed at disrupting bacterial communication may be 
particularly effective in such clinical settings.

S3:�
PHENAZINE ANTIBIOTICS: ROLE IN BIOFILM 
FORMATION OF PseuDomonAs	
ChlororAPhIs (AureofACIens) 30-��
V. Maddula, L. S. Pierson; University of Arizona, Tucson, AZ

Pseudomonas chlororaphis (aureofaciens) 30-84 is a bio-control strain 
effective against take-all disease (Gaeumannomyces graminis var. 
tritici) of  wheat. P. chlororaphis 30-84 produces a number of  sec-
ondary metabolites including phenazine antibiotics. Phenazine 
production is primarily responsible for pathogen inhibition and 
aids in the persistence of  strain 30-84 in the rhizosphere. Phen-
azine biosynthesis is tightly regulated at multiple levels, includ-
ing quorum sensing, two-component positive and two-compo-
nent negative regulation, and post- transcriptional regulation. 
This complex regulation of  phenazine biosynthesis led us to 
hypothesize that phenazines have additional roles in P. chlorora-
phis 30-84.  We previously demonstrated that mutants defective 
in quorum sensing were defective in biofilm formation in strain 
30-84. Additionally, a mutation in the phzB structural gene was 
equally impaired in biofilm formation. Both genetic and bio-
chemical complementation of  the phenazine mutant restored 
biofilm formation to wild-type levels. These results support 
our hypothesis that phenazine antibiotics play at least one ad-
ditional role in P. chlororaphis 30-84 and provide first evidence 
for the role of  phenazines in biofilm formation.  P. chlororaphis 
30-84 produces two major phenazine derivatives i.e., Phenazine 
Carboxylic Acid (PCA), and 2-Hydroxy- Phenazine Carboxylic 
Acid (2-OH-PCA). The Phenazine biosynthetic genes in 30-84 
differ from other Pseudomonads by having phzO, a hydroxylating 
enzyme at end of  the operon. Thus formation of  2-OH-PCA 
is unique to P. chlororaphis 30-84. One question is why P. chloro-
raphis 30-84 produces multiple phenazines and how different 
derivatives effect biofilm formation. We generated mutants of  
strain 30-84: knock-out of  phzO (30-84 O) and a strain that 
over-expressed phzO (30-84 O*) and assayed each strain’s ability 
to form biofilms. In flow cell assays 30-84 O* (produces more 
2-OH-PCA) formed thickest biofilms with early adhesion and 
lower dispersal rates as compared to the wild-type. The 30-84 
O (PCA only) mutant showed more structured and thicker 
biofilms as compared to the wild-type. These results indicate 
that altering the ratios of  phenazines changes biofilm architec-
ture. From these results, we speculate an increasing the ratio 
of  2-OH-PCA improves colonization and persistence of  P. 

chlororaphis 30-84 on plant roots.

S3:�
CELL-CELL COMMUNICATION IN SPATIALLY 
STRUCTURED MICROBIAL COMMUNITIES: 
THE PRIVACY OF A MICROCOLONY
A. Dötsch1, L. Lardon2, B. A. Hense3, S. Häußler1, J. Kreft4; 1Helm-
holtz Centre for Infection Research, Braunschweig, GERMANY, 
2Microbial Ecology Research Group, E&R DTU, Lyngby, DEN-
MARK, 3Institute of Biomathematics and Biometry, GSF - National 
Research Center for Environment and Health, Neuherberg/Munich, 
GERMANY, 4Theoretical Biology, IZMB, University of Bonn, Bonn, 
GERMANY

Bacteria use autoinducers (diffusible signal molecules) to 
regulate their gene expression, including genes involved in the 
production of  exoenzymes, siderophores, antibiotics, biosur-
factants, and virulence factors. Autoinducer (AI) signalling has 
been extensively studied in well-mixed liquid cultures of  single 
species. Under these conditions, AI concentration depends 
primarily on cell density. This is commonly known as Quorum 
Sensing. But, since bacteria only measure AI concentration 
rather than really counting their fellows the question is: Which 
factors actually influence this concentration in a structured, more natural 
environment? N-acyl homoserine lactones (AHL) are common 
AI signals in gram-negative bacteria like Pseudomonas aeruginosa. 
Because of  the limited chemical diversity of  AHLs, identical 
molecules are often used by different species. Thus a second 
question arises: How could signalling be kept ‘private’ (intraspecific) 
in an environment like soil where neighbouring colonies are likely to be 
unrelated?  In this work mathematical modelling is applied to 
demonstrate how AI signalling is influenced by cell density, 
mass transfer and spatial distribution and to evaluate the extent 
of  interspecific cross-talk in a spatially structured environment.  
We developed a simple generic mathematical model of  auto-
inducer signalling. In this model cells are positioned in two-
dimensional space and produce a diffusible AI signal. The AI 
is produced at a low basal rate and at a higher rate when cells 
are induced by high AI concentration. Numerical simulations 
were run on iDynoMicS, a newly developed extensible software 
platform for individual-based modelling of  the dynamics of  
microbial communities.  Our results show that besides cell den-
sity and diffusibility of  AI molecules the spatial distribution of  
cells has a strong impact on the AI concentration that a single 
cell experiences. Within and around cell clusters - naturally 
arising as clonal microcolonies from cell division - the concen-
tration of  AI is much higher than in regions with more loosely 
distributed cells. Due to the combined effect of  clustering and 
positive feedback, cells are synchronously upregulated in mi-
crocolonies and their close vicinity.  In conclusion, intercellular 
communication in structured microbial communities is primar-
ily within rather than between microcolonies and the potential 
for cross-talk between species is reduced if  the bacteria are not 
located randomly but clustered. Clustering and positive feed-
back enable a synchronized response of  microcolonies thereby 
promoting intraspecific cooperative behaviour.
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S3:7
CRYSTAL STRUCTURE OF P.	AerugInosA 
PILT, THE TYPE IV PILUS RETRACTION MOTOR
A. M. Misic, K. T. Forest; University of Wisconsin - Madison, 
Madison, WI

Type IV pili are extracellular appendages present in a wide 
variety of  Gram-negative bacteria including human pathogens, 
soil-dwelling bacteria, and hyperthermophiles. In Pseudomonas 
species, type IV pili participate in many bacterial activities 
such as biofilm formation, cell adhesion, phage uptake, DNA 
uptake, and flagellar-independent surface motility. Many of  
these processes require PilT, a hexameric ATPase which pow-
ers pilus retraction back into the cell. The force generated by 
the retraction of  a single pilus is around 100 pN (Merz et al., 
2000), making the machinery that powers pilus retraction one 
of  the most powerful biological motors known. Although type 
IV pilus genetics have been studied extensively, the molecular 
mechanism by which pilus biogenesis and retraction occur 
remains obscure.  The X-ray crystal structure of  P. aeruginosa 
PilT bound to AMP-PCP (a non-hydrolyzable nucleotide ana-
log) has been solved at 2.6 Å resolution. The PilT monomers 
exhibit extensive interactions between neighboring subunits 
to form an interlocking toroidal hexamer. The tri-partite 
nucleotide binding site is composed of  the N- and C-termi-
nal domains from one monomer and the C-terminal domain 
of  the adjacent monomer. The nucleotide occupancy varies 
among the monomers, indicating PilT may utilize an asynchro-
nous mechanism for pilus retraction. A model will be presented 
linking the binding and/or hydrolysis of  nucleotide to global 
changes in the PilT hexamer structure, and how this may lead 
to pilus retraction.

S�:1
DIVERSITY AND ACTIVITY OF  
PseuDomonAs	SIDEROPHORES
P. E. Cornelis, S. Matthijs; Vrije Universiteit Brussel, Brussels, 
BELGIUM

Like all aerobic bacteria, pseudomonads need to take up iron 
via the secretion of  siderophores which complex iron (III) with 
high affinity. Much progress has been made in the elucidation 
of  siderophore-mediated high-affinity iron uptake by Pseudo-
monas, especially in the case of  the opportunistic pathogen, P. 
aeruginosa. Fluorescent pseudomonads produce the high-affin-
ity peptidic siderophore pyoverdine, but also, in many cases, 
a second siderophore of  lesser affinity for iron. Some of  the 
genes for the biosynthesis and uptake of  these siderophores 
have been identified and the functions of  the encoded proteins 
known. These siderophores (pyochelin, pseudomonine, thio-
quinolobactine, corrugatine, PDTC) have different structures, 
and generally a lower affinity for iron compared to pyoverdine, 
and their production is often repressed by pyoverdine. There-
fore they can not easily be detected unless in a pyoverdine-
negative mutant background. Secondary siderophores often 
bind other metals than iron, a property that confers them an 
antimicrobial or a catalytic activity. The case of  thioquinolobac-
tin is interesting since only this siderophore, but not its stable 
hydrolysis product quinolobactin, has an in vitro antifungal 
activity against some fungi and the oomycete Pythium. In P. flu-

orescens SBW25, we identified a peptidic non-fluorescent sid-
erophore and the genes involved in its biosynthesis and uptake. 
We recently identified the antifungal siderophore produced 
by a strain of  P. fluorescens as being corrugatine, a siderophore 
known to be produced by P. corrugata. Several non-ribosomal 
peptide synthetases are involved in the production of  corruga-
tin. Since pseudomonads are ubiquitous microorganisms, it is 
not surprising to find in their genome a large number of  genes 
encoding receptors for the uptake of  heterologous ferrisid-
erophores or heme reflecting their great adaptability to diverse 
iron sources. The largest number of  genes coding for TonB-
dependent receptors is found in the genome of  P. fluorescens 
Pf5 (43 genes) and the lowest in P. syringae DC3000 (24 genes), 
probably reflecting the diverse ecological niches where these 
bacteria live.

S�:2
QUINOLONE-BASED CONVERSATIONS IN 
THE P.	AerugInosA COMMUNICATION 
NETWORK
E. C. Pesci; East Carolina University, Greenville, NC

Pseudomonas aeruginosa is an opportunistic pathogen that utilizes 
multiple cell to cell signals to monitor and respond to its 
environment. We identified one of  these signals as 2-heptyl-3-
hydroxy-4-quinolone and refer to it as the Pseudomonas Quino-
lone Signal (PQS). PQS has been shown to control numerous 
virulence factors, including LasB elastase and pyocyanin. In 
addition, PQS is produced in the lungs of  infected cystic 
fibrosis patients, and PQS signaling is necessary for P. aerugi-
nosa virulence in multiple models of  infection. Our studies on 
the regulation of  PQS have uncovered a complex series of  
regulatory circuits. The bioactivity of  PQS is dependent on the 
transcriptional activator PqsR (also referred to as MvfR). In the 
presence of  PQS, this protein binds to and induces the tran-
scription of  the pqsABCDE operon, which encodes enzymes 
required for the synthesis of  multiple 4-quinolone compounds, 
including PQS. This creates a positive feedback loop for PQS 
production. This loop is governed through pqsR regulation 
where the las and rhl quorum sensing systems exert positive and 
negative control, respectively. With regard to PQS synthesis, 
the available data indicate that PQS is synthesized through the 
condensation of  a fatty acid and anthranilate, which also serves 
as a precursor for tryptophan. We have found that anthrani-
late for PQS synthesis is supplied from two cellular sources. 
Under conditions in which tryptophan is present, the kynuren-
ine pathway, which is comprised of  three enzymes, converts 
tryptophan into the anthranilate that is used for PQS synthesis. 
Under conditions in which tryptophan is not readily available, 
the PhnAB anthranilate synthase provides anthranilate for PQS 
synthesis. The use of  multiple pathways to ensure a steady 
supply of  anthranilate for the synthesis of  PQS, and other 
4-quinolones, suggests that the production of  these secondary 
metabolites is important to P. aeruginosa. We believe that this is 
another indicator that quinolone signaling will serve as a good 
target for the development of  novel therapeutics designed to 
decrease P. aeruginosa virulence.
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S�:3
PLANT BENEFICIAL PseuDomonAs: 
ACTIVITY AND BIOSYNTHESIS OF CYCLIC 
LIPOPEPTIDE SURFACTANTS
J. M. Raaijmakers; Wageningen University, Wageningen, THE 
NETHERLANDS

Cyclic lipopeptides (CLPs) are versatile molecules with surfac-
tant and antimicrobial activities. CLPs are composed of  a short 
oligopeptide linked to a fatty acid tail. They are produced by 
several Pseudomonas species, including plant pathogenic and sap-
rophytic species, and play an important role in motility and bio-
film formation. For plant pathogenic Pseudomonas species, CLPs 
constitute important virulence factors and pore formation, 
followed by cell lysis, is their main mode of  action. CLPs pro-
duced by Pseudomonas species inhibit the growth and activity of  
a wide range of  human pathogens, including enveloped viruses, 
mycoplasmas and Gram-positive bacteria. This broad-spectrum 
activity also has been exploited for the biological control of  
plant pathogenic fungi and oomycetes by application of  CLP-
producing Pseudomonas strains to seeds and plants. Important 
determinants of  the activity spectrum of  CLPs are the number, 
nature, position and configuration (L or D form) of  the amino 
acids in the macrocyclic ring as well as the type and length of  
the fatty acid tail. CLPs are produced non-ribosomally on large 
peptide synthetases via a thiotemplate process. The nonribo-
somal peptide synthetases (NRPS) possess a modular structure 
and each module is a building block resulting in the stepwise 
incorporation of  one amino acid in the peptide chain. The or-
der and number of  the modules are, in most cases, colinear to 
the amino acid sequence of  the CLP peptide moiety. Both the 
structural organization of  the CLP biosynthetic genes and the 
specific domains and signature sequences within NRPSs will be 
described for both pathogenic and plant beneficial Pseudomonas 
species. The role of  various genes and regulatory mechanisms 
in CLP biosynthesis, including two-component regulation and 
quorum sensing, will be presented. 
 

S�:�
ANTIBIOTIC PRODUCTION BY  
PseuDomonAs: INSIGHTS INTO  
BIOSYNTHESIS, DIVERSITY, AND  
ENVIRONMENTAL CONSEQUENCES 
L  S. Thomashow,1 D. V. Mavrodi,2 O. V. Mavrodi,2 and D. M. 
Weller1, USDA-ARS, Root Disease and Biological Control Research 
Unit, Pullman, WA,1 and Department of Plant Pathology, Washing-
ton State University, Pullman, WA2

Our current understanding of  the biochemistry and environ-
mental consequences of  antibiotic biosynthesis by Pseudomo-
nas is derived largely from studies of  root-associated strains 
inhibitory to plant pathogens. Such strains often produce one 
or more antibiotics including pyoluteorin, pyrrolnitrin, 2,4-
diacetylphloroglucinol (DAPG), and phenazine compounds. 
All phenazine-producing strains carry a conserved seven-gene 
core operon encoding the biosynthesis pathway for phenazine-
1-carboxylic acid (PCA), the end product of  P. fluorescens and a 
precursor for the more highly derivatized phenazines produced 
by species such as P. chlororaphis and P. aeruginosa. Derivatization 

is achieved via the products of  “decorator” genes that may or 
may not be linked to the core operon. Despite the phenazine 
pigment pyocyanin having been reported over 150 years ago, 
only now are molecular and structural biology revealing the 
mechanism of  phenazine biosynthesis, providing insight into 
strategies that may interfere with the synthesis of  this virulence 
factor. In contrast to the phenazines, which are products of  the 
shikimic acid pathway, DAPG is produced via a unique type 
III polyketide mechanism encoded by a four-gene operon that 
includes phlD, the product of  which has homology to plant 
chalcone and stilbene synthases. DAPG-producing strains are 
associated with plants worldwide. Population densities of  about 
105 CFU/g of  root or soil are sufficient to control take-all, an 
important root disease of  cereals. Such population densities are 
present in soils with a long history of  wheat cultivation, and are 
a key component in the natural suppressiveness of  these soils 
to take-all. DAPG-producing strains include numerous distinct 
but closely related genotypes that differ in the aggressiveness 
with which they colonize host crops, revealing preferential 
genotype-by-host interactions apparently independent of  
DAPG production. The PCA and DAPG biosynthesis operons 
have not found together within natural isolates. However, we 
have constructed recombinant strains that synthesize both 
antibiotics and have monitored the stability, persistence, spread, 
and nontarget effects of  the wild-type and recombinant strains 
in the growth chamber and the field. Our results have revealed 
metabolic costs to competitiveness associated with pyramiding 
pathways, unexpected interactions affecting antibiotic produc-
tion, and host effects on the relative competitiveness of  wild-
type and recombinant strains.

S�:�
EVOLUTION AND MODE OF ACTION OF 
THE PseuDomonAs	fluoresCens  
SECONDARY METABOLITE 2,� DI-
ACETYLPHLOROGLUCINOL
J. P. Morrissey1, O. Gleeson1, J. Moynihan1, F. Boyd2, F. O’Gara1; 
1University College Cork, Cork, IRELAND, 2University of Dela-
ware, Newark, DE

Pseudomonads produce many different secondary metabolites 
and while some are known to improve ecological fitness, and 
others are important for host colonisation or virulence, the 
function and evolutionary origins of  many remain undeter-
mined. We are interested in the polyketide 2,4, diacetylphlo-
roglucinol (DAPG) that is produced by some isolates of  P. 
fluorescens. This metabolite is of  particular interest because 
of  its antifungal properties and strains that produce DAPG 
are associated with natural disease-suppressive soils and with 
biological control applications. Although DAPG is widely 
reported to exert a range of  physiological and inhibitory effects 
on fungi, plants and other eukaryotes, the means by which this 
occurs is not known. We employed the yeast Saccharomyces 
cerevisiae as a model eukaryote to investigate the effects of  
DAPG on eukaryotic cells. Using a combination of  phenotypic 
assays, molecular genetics and molecular physiological probes, 
we established that inhibition of  fungal growth is caused by 
impairment of  mitochondrial function, most likely by targeting 
the F1F0 ATPase. Interestingly, we discovered that DAPG also 
has a second non-ininhibitory effect of  modulating specific 
intracellular signal transduction pathways. When considering 
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the possible functions of  DAPG, it is salient that only 1% 
of  strains of  P. fluorescens actually produce this metabolite, 
and a number of  studies have suggested that plants, or even 
plant species or genotypes, may select for this DAPG-positive 
Pseudomonas population. Thus, it may be that production 
of  DAPG is a niche-specific trait that has been evolution-
arily selected in some P. fluorescens strains. We explored the 
evolutionary history of  the DAPG biosynthetic cluster, initially 
taking advantage of  genomic sequence information from 
two producing strains F113 and Pf5, and later expanding our 
study to a geographically diverse collection of  36 strains of  
P. fluorescens. We found that the DAPG biosynthetic cluster 
is ancestral in P. fluorescens and is not a recent horizontal 
acquisition. It appears to have been lost once in the lineage 
that has given rise to the majority of  (DAPG-negative) strains 
of  P. fluorescens. Furthermore, within DAPG-positive strains, 
intragenomic rearrangments have resulted in the DAPG cluster 
being present in at least three distinct genomic loci. These cor-
respond to different phylogenetic clades indicating that these 
rearrangements are also ancient. Interestingly, the best studied 
strains of  P. fluorescens Pf5/CHA0, F113 and SBW25 all 
fall into different phylogenetic clades, perhaps indicating that 
significant functional differences will emerge between these 
strains, and it will be especially interesting to explore how these 
bacteria interact with their plant host.

S�:�
GENOMICS OF SECONDARY METABOLITE 
PRODUCTION BY PseuDomonAs		
fluoresCens PF-� 
J. E. Loper1, I. Paulsen2, D. Bruck1, M. Pechy-Tarr3, M. Mau-
rhofer4, C. Keel3; and H. Gross5,1U.S.Department of Agriculture, 
Agricultural Research Service, Corvallis, Oregon, USA; 2The Insti-
tute for Genomic Research, Rockville, Maryland, USA; 3Department 
of Fundamental Microbiology, University of Lausanne, Lausanne, 
Switzerland; 4Phytopathology/Institute of Integrative Biology, Swiss 
Federal Institute of Technology (ETH), Zurich, Switzerland; and 
5Institute for Pharmaceutical Biology, University of Bonn, Germany

Pseudomonas spp. are prolific producers of  secondary metabo-
lites, and the availability of  genomic sequences for several 
Pseudomonas spp. opens the door for discovery of  novel natural 
products with potential roles in the ecology and plant growth 
promoting properties of  these bacteria.  The rhizosphere 
bacterium Pseudomonas fluorescens Pf-5 is known to produce 
six secondary metabolites: the antibiotics pyoluteorin, pyr-
rolnitrin, and 2,4-diacetylphloroglucinol; two siderophores (a 
pyoverdine of  unknown structure and pyochelin or a related 
compound), and hydrogen cyanide.   The genomic sequence 
of  Pf-5 revealed the presence of  three orphan gene clusters, 
which encode for the biosynthesis of  unknown natural prod-
ucts but contain conserved sequences of  genes encoding for 
non-ribosomal peptide synthases or polyketide synthetases.   
Natural products synthesized from two of  these orphan gene 
clusters have since been identified.  Orfamide A, a novel cyclic 
lipopeptide produced by Pf-5, contributes to swarming motility 
of  Pf-5 and has the capacity to lyse zoospores produced by 
phytopathogenic Phytophthora spp. (Gross et al. 2007).  Several 
analogs of  rhizoxin, a macrocyclic lactone with antifungal 
activity, are synthesized from a large biosynthetic gene cluster 
in the Pf-5 genome.  Linked to the rhizoxin biosynthetic locus 

is a cluster of  genes encoding for an insect toxin related to 
Mcf  (for “makes caterpillars floppy”) produced by Photorhab-
dus luminescens, an inhabitant of  the gut of  entomopathogenic 
nematodes in the genus Heterorhabditis..  If  injected into the 
hemocoel, Pf-5 kills caterpillars of  tobacco hornworms 
(Manduca sexta) whereas an mcf mutant of  Pf-5 is less virulent.   
An oligonucleotide array representing each ORF in the Pf-5 
genome has been developed, and is being utilized to explore 
the influence of  the global regulatory genes rpoS and ptsP on 
transcription of  secondary metabolite biosynthesis and efflux 
genes.  The genomic sequence of  P. fluorescens Pf-5 provides a 
variety of  insights into this organism’s lifestyle in association 
with plants and other organisms in the environment. 

Gross, H., Stockwell, V.O., Henkels, M.D., Nowak-Thompson, 
B., Loper, J.E., and Gerwick, W.H.  2007.  Chem. Biol. 14, 
53–63.

S�:7
CHARACTERIZATION OF  
OSMOREGULATORY TRANSPORTERS IN 
PseuDomonAs	syrIngAe	AND  
P.	AerugInosA
C. Chen, G. A. Beattie; Iowa State University, Ames, IA

Osmoregulatory transporter systems in bacteria may contribute 
to their adaptation to hyperosmolarity by facilitating the uptake 
of  compounds that can serve as, or be converted to, compat-
ible solutes. These transporters can also enhance tolerance to 
low temperature stress. Many bacterial osmoregulatory trans-
porters have been characterized in gram-positive bacteria and 
some in gram-negative bacteria, but none have been character-
ized in pseudomonads. Genomic sequence data suggests that 
pseudomonads have many potential ABC-family osmoregula-
tory transporters, as well as one to three secondary transporters 
in the betaine/choline/carnitine transporter (BCCT) family. We 
have characterized the full complement of  functional osmo-
regulatory transporters in P. syringae pv. tomato DC3000 and are 
using this information to predict which transporters function 
in osmoadaptation in other pseudomonads. As a pathogen and 
epiphyte of  plants, P. syringae has likely evolved mechanisms 
to exploit plant-derived compounds, such as glycine betaine 
and choline, for osmoprotection. We have demonstrated that 
P. syringae is distinct from P. aeruginosa and other species in the 
superior protection it derives from choline over glycine betaine. 
Choline is probably ubiquitous in plants due to the function of  
its precursor phosphatidylcholine as a major membrane lipid, 
whereas glycine betaine production is not as widespread. We 
identified two ABC-type transporters, OpuC and Cho, that 
take up choline and glycine betaine in DC3000, although Cho 
does so primarily for catabolism. We also identified a BCCT 
transporter, BetT, that transports only choline. BetT is the 
primary contributor to the superior choline protection and has 
a much higher uptake capacity for choline under hyperosmotic 
conditions than other known BCCT transporters, supporting 
the possibility that P. syringae has evolved to survive in relatively 
choline-rich habitats. We demonstrated that tandem cystathio-
nine-β-synthase (CBS) domains in the ATP-binding component 
of  OpuC were required for transporter function. The presence 
of  these CBS domains was correlated with osmoregulatory 
function among the putative transporters examined in DC3000, 
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and was found to be predictive of  functional osmoregulatory 
transporters in P. aeruginosa. In specific, a clone encoding the 
predicted P. aeruginosa OpuC functionally complemented a P. sy-
ringae opuC mutant. We also demonstrated functions for two of  
three P. aeruginosa BCCT transporters. These results provide the 
first functional evaluation of  an osmoprotectant transporter 
in a Pseudomonas species and demonstrate the usefulness of  the 
CBS domains as predictors of  osmoregulatory activity. In our 
continuing studies, we are exploring how the substrate specific-
ity and kinetics properties of  these transporters relate to their 
role in P. syringae ecology.

S�:1
MEMBRANE PROTEINS INVOLVED IN LPS 
ASSEMBLY AND SURFACE DIVERSITY
J. S. Lam; University of Guelph, Guelph, ON, CANADA

B-band lipopolysaccharide (LPS) of  Pseudomonas aeruginosa is 
synthesized by a Wzy-dependent pathway involving several 
membrane proteins thought to form a membrane complex. 
These proteins include an O-antigen polymerase (Wzy), O anti-
gen chain-length regulators (Wzz), an flippase (Wzx) and an O 
antigen ligase (WaaL). The presence of  numerous transmem-
brane segments (TMS) poses a technological challenge in the 
purification, expression, and characterization of  these proteins. 
Wzy polymerizes O antigen by forming alpha-glycosidic link-
ages in strain PAO1 (serotype O5). Although O16 has an iden-
tical LPS biosynthetic cluster as O5, the O-units of  O16 have 
beta-glycosidic linkages. This can be explained by the presence 
of  two components in O16 that are derived from D3 phage, 
a small hydrophobic peptide called Iap blocks the activity of  
Wzy-alpha, while Wzy-beta actively polymerizes O16 O anti-
gens to form beta-linkages. Two Wzz proteins are present in 
PAO1, and one of  these is encoded by a gene outside the LPS 
cluster. Each Wzz regulates a particular chain length of  B-band 
LPS, and both Wzz proteins interact with P. aeruginosa LPS. To 
date, due to the unavailability of  substrates and difficulty in 
purifying WaaL, biochemical evidence to prove that it possesses 
ligase activity has been lacking. We have expressed WaaL of  P. 
aeruginosa, which possesses 11 TMS, in the native background 
as an N-terminally histidine-tagged protein. The expressed 
protein was solubilized in mild detergent and purified to >95%. 
A monomer and a dimer of  WaaL have been co-purified and 
identified as WaaL based on apparent molecular mass in SDS-
PAGE gels and results from MALDI-TOF mass spectrometry 
analysis. We developed an in vitro O-ligase assay for WaaL, and 
observed that ATP is required as a cofactor. ATP hydrolysis by 
WaaL follows Michaelis-Menten kinetics. The construction of  
site-directed mutants showed that the structure of  the peri-
plasmic loop region of  WaaL is important for ligase activity. 
Although WaaL of  P. aeruginosa shares 50.83% similarity with 
WaaL of  Escherichia coli, the latter could not be used to cross 
complement P. aeruginosa waaL mutant, reflecting on the differ-
ences in their substrate recognition. In conclusion, this is the 
first time that biochemical evidence has been obtained to show 
that WaaL is an O-antigen ligase. These results set the stage for 
examining the function of  WaaL in relation to other proteins in 
the membrane complex. 

S�:2
MECHANISTIC INSIGHTS INTO OUTER  
MEMBRANE VESICLE FORMATION
M. Whiteley, University of Texas 
 
A large number of  Gram-negative bacteria naturally produce 
extracellular membrane vesicles (MVs). These vesicles are 
derived from the outer membrane (OM) and contain OM and 
periplasmic proteins. MVs are an important component of  
bacterial virulence as they serve as trafficking vehicles for bac-
terial toxins to eukaryotic cells. In addition to trafficking toxins, 
our laboratory recently discovered that the opportunistic 
pathogen Pseudomonas aeruginosa utilizes MVs to traffic the cell-
cell signaling molecule PQS between P. aeruginosa cells. Since 
PQS signaling is important for virulence, MVs are a critical 
component of  P. aeruginosa pathogenicity. Although the roles 
of  MVs in pathogenesis are clear, the molecular mechanism of  
MV formation is not currently understood. Using genetic and 
biophysical techniques, we examined the roles for PQS, lipo-
polysaccharide, and pg-associated outer membrane proteins in 
MV formation. From these studies, a molecular model for MV 
formation in P. aeruginosa is proposed. Due to their role in toxin 
and signal trafficking, understanding how MVs are produced 
will provide new insight into P. aeruginosa signaling and disease. 

S�:3
POLYSACCHARIDES OF PseuDomonAs	
AerugInosA 
L. Ma1, C. Ryder1, M. R. Parsek2, and D. J. Wozniak1, Wake Forest 
University School of Medicine, Winston-Salem, NC 271571; Univer-
sity of Washington School of Medicine, Seattle, WA2

Bacteria often live in surface-associated communities termed 
biofilms, which are the source of  persistent infection and 
resistance to antimicrobial treatment. To maintain the com-
munity structure, bacteria in a biofilm are usually enmeshed 
in an extracellular polymeric matrix, which consists of  nucleic 
acids, proteins, and polysaccharides. Three genetically distinct 
polysaccharides, alginate, Pel, and Psl, contribute to Pseudomonas 
aeruginosa biofilm development.  In the present report, we use 
lectins and immunological reagents that specifically detect these 
polysaccharides, allowing us to visualize the exopolysaccharide 
(EPS) on the bacteria cell surface and in the biofilm matrix. 
Our results indicate that the Psl EPS is anchored on the cell 
surface in a helical pattern and clearly forms a matrix, which 
holds bacteria in the biofilm and on the surface. In a flat mul-
tiple-layer biofilm, Psl EPS is equally distributed in the entire 
biofilm. However, microcolonies reveal peripheral staining of  
Psl EPS with minimal staining of  matrix in the center of  the 
microcolonies. Instead, this area has concentrated dead cells 
and/or extracellular DNA, which fills up the void spaces in the 
lower center of  microcolonies at the stage prior to dispersion.  
In addition, our data show that the Psl EPS matrix and the 
DNA matrix do not overlap, which suggests that these compo-
nents of  the matrix work coordinately to encase bacteria in the 
biofilm. Finally we show that formation of  the Psl EPS matrix 
is independent of  the production of  alginate and Pel, although 
expression of  these polysaccharides appears to be coordinately 
regulated.  Overall, our data indicates that Psl EPS functions as 
a primary scaffold, holding biofilm cells together in the matrix. 
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Moreover, our data along with published literature suggest a 
possible model for how P. aeruginosa may persist in cystic fibro-
sis patients prior to conversion to the mucoid (alginate-produc-
ing) form.

S�:�
COORDINATE REGULATION OF 
ORGANELLE ASSEMBLY AT THE 
PseuDomonAs	AerugInosA POLE
B. I. Kazmierczak; Yale University School of Medicine, New Ha-
ven, CT

Two polar surface structures, flagella and type IV pili, are used 
by P. aeruginosa strains for both motility and attachment. 
Flagella power swimming motility through liquid media and 
swarming motility over semi-solid surfaces, while type IV pili 
are required for twitching motility over solid surfaces. In addi-
tion, the surface expression of  flagella and pili affects biofilm 
establishment, maturation and dissolution. The involvement of  
these two organelles in overlapping but distinct sets of  bacterial 
behaviors suggests that their surface expression must be care-
fully regulated by P. aeruginosa. One regulator of  pilus assem-
bly is FimX, a cyclic-di-GMP phosphodiesterase whose activity 
appears to be allosterically regulated by GTP. Using FimX as 
bait in a yeast two hybrid screen, we demonstrated interactions 
between FimX and several proteins including FlhF, an SRP-like 
protein required for assembly of  polar flagella. Although flhF 
null mutants showed normal twitching motility, we found that 
they failed to repress surface pilus expression during growth 
in liquid media, in contrast to isogenic wild-type bacteria. Like 
FlhF and FimX, all of  the proteins identified in the yeast two 
hybrid screen localize to the bacterial pole, and the deletion 
or overexpression of  each is associated with abnormalities of  
surface pilin expression and twitching motility. Based on these 
phenotypes, we propose a model by which local concentrations 
of  GTP and its metabolites coordinate flagellar and pilus as-
sembly at the pole. 

S�:�
GALLIC ACID UPTAKE IN PseuDomonAs	
PutIDA: THE GALT/GALP  
TWO-COMPONENT TRANSPORT SYSTEM
J. Nogales1, B. Serra2, J. Pingarrón2, J. García1, E. Díaz1; 1Depart-
ment of Molecular Microbiology, Biological Research Centre-CSIC, 
Madrid, SPAIN, 2Department of Analytical Chemistry, Faculty of 
Chemistry, Universidad Complutense de Madrid, Madrid, SPAIN

The gal genes present in the genome of  Pseudomonas putida 
KT2440 allow this bacterium to utilize gallic acid (GA), 3,4,5-
trihydroxybenzoic acid, as sole carbon and energy source 
for growth. However, the wild-type P. putida KT2440 strain 
requires an adaptation process for an efficient GA degrada-
tion. In this work we have studied the molecular basis for this 
adaptation and we have identified that the adapted strain, P. 
putida KTGal, lacks a frameshifting mutation within the galT 
gene of  the wild-type strain. Since galT from P. putida KT-
Gal encodes a protein with significant similarity to aromatic 
permeases of  the MFS superfamily, and this protein is not 
encoded by the mutated galT gene present in the wild-type P. 
putida KT2440 strain, we concluded that the uptake of  GA in 

P. putida is an essential process for the further metabolism of  
this aromatic compound.  To study further the GA uptake in 
P. putida KTGal, we used an electrochemical assay based on a 
Laccase Biosensor. These experiments revealed that GA uptake 
is: i) inducible when the cells grow in the presence of  GA; 
ii) highly specific since only protocatechuate was transported 
from a large list of  GA analogues tested; iii) of  high efficiency 
since the vmax and Km for GA were 7.5 nmoles.min-1.mg-1 
protein and 3 υM, respectively. By using a plasmid, pIZpB, that 
contains the reporter lacZ gene fused to the GA-inducible Pb 
promoter of  the gal cluster, we have engineered bioreporter P. 
putida strain that respond to the presence of  GA in the culture 
medium, being the first GA cellular biosensor so far described. 
Whereas P. putida KTGal (pIZpB) showed a clear induction 
of  the lacZ gene at GA concentrations as low as 5 υM, the 
same response of  the wild-type P. putida KT2440 (pIZpB) 
required ten times higher GA concentrations. Moreover, when 
the galT gene was cloned and expressed in a promiscuous 
plasmid, pIZGalT, it was able to complement the lack of  a 
wild-type galT gene in P. putida KT2440, restoring growth of  
the recombinant strain in GA and giving rise to a significantly 
high uptake rate (33.5 nmoles.min-1.mg protein-1). All these 
data taken together strongly suggest that GalT is an essential 
GA permease in P. putida. Interestingly, agarose plug assays 
revealed that P. putida KTGal shows an inducible chemotaxis 
response towards GA, being this phenomenon dependent on 
the presence of  galT gene. Therefore, the GalT permease is 
also involved in the GA-chemotactic response of  P. putida. 
In the gal cluster there is another gene, galP, that is co-tran-
scribed with galT and whose product is homologous to mem-
bers of  the outer membrane porins family. We have shown 
here that P. putida KTGaldgalP (a galP disrupted mutant 
strain) shows about 50% GA uptake than that observed in the 
parental P. putida KTGal strain. These observations strongly 
suggest that GalP is an outer membrane porin that, although 
not indispensable, participates in an efficient GalT/GalP two-
component GA uptake in P. putida. 

S�:�
ROLES OF INTRACELLULAR PROTEASES IN 
THE CELL WALL STRESS STIMULON IN 
PseuDomonAs	AerugInosA PAO1, 
WHICH INCLUDES GENES FOR ALGINATE 
BIOSYNTHESIS
L. F. Wood, D. E. Ohman; Virginia Commonwealth University and 
McGuire Veterans Affairs Medical Center, Richmond, VA

Using an algD-cat (chloramphenicol acetyltransferase) reporter 
system, we have previously shown that exposure of  P. aeruginosa 
PAO1 to antibiotics affecting peptidoglycan synthesis (e.g., 
D-cycloserine, phosphomycin, tunicamycin, etc.) induces the 
operon for alginate biosynthesis. This effect is dependent upon 
the ECF sigma factor, sigma-22, encoded by algT/algU. Thus, 
cell wall stress may be a signal for the release of  sigma-22 from 
its MucA/anti-sigma factor sequestration (L.F. Wood, et al. 
2006. Mol. Microbiol. 62:412). Microarray analyses and lacZ 
fusions were used to compare the D-cycloserine and phospho-
mycin stimulons, which revealed 167 genes in common, and 
that D-cycloserine generally produced higher levels of  induc-
tion. To determine which genes are first to respond to cell 
wall stress, we compared those induced by D-cycloserine (400 
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ug/ml) following exposures of  15 and 60 min. This revealed 89 
genes up-regulated at both times, which included alginate regu-
lators (algR, algT) and genes with known sigma-22 promoters 
(rpoH, algC). Induction of  algB and amrZ were observed only at 
15 min, and induction of  the algD biosynthetic operon required 
60 min of  exposure. The DegS-like serine protease, encoded by 
algW, is also required for induction of  PalgD in response to cell 
wall stress, and algW overexpression produces a mucoid (ie., al-
ginate-overproducing) phenotype. This suggests that regulated 
intra-membrane proteolysis (RIP) is associated with sigma-22 
activation, similar to the E. coli sigma-E/RseAB/DegS/RseP 
complex, which responds to envelope stress. We hypothesize 
that the AlgW protease cleaves MucA to release sigma-22 in 
response to cell wall stress. Removal of  the PDZ domain in 
AlgW blocked its ability to activate sigma-22, or produce a 
mucoid phenotype in trans, suggesting that a protein-protein in-
teraction is required to activate the proteolytic activity of  AlgW. 
In addition, we demonstrated that an RseP(YaeL)-like protease 
encoded by PA3649 is also required for PalgD-cat activation by 
D-cycloserine. An HtrA-like protease, MucD, also appears to 
be involved in this RIP mechanism, which can be revealed by 
mucD mutation and elevated temperatures.

S�:7
BOTH TWITCHING MOTILITY AND TYPE II 
SECRETION ARE AFFECTED BY 
MODULATION OF ExPRESSION LEVELS OF 
THE MINOR PILINS FROM THE 
PseuDomonAs	AerugInosA TYPE IV 
PILUS SYSTEM
C. L. Giltner1, S. Pillon1, M. Habash2, L. L. Burrows1; 1McMas-
ter University, Hamilton, ON, CANADA, 2University of Guelph, 
Guelph, ON, CANADA

Assembly of  type IV pili (T4P) in Pseudomonas aeruginosa 
requires a number of  proteins including the major pilin (PilA) 
and several structurally related minor pilins encoded by the 
fimT, fimU, pilE, pilV, pilW and pilX genes. The specific 
functions of  these minor pilins in pilus assembly are not clear, 
although they are predicted to be involved in the priming or 
termination of  pilus assembly. This study examined the effect 
of  modulating expression levels of  the minor pilins and of  
site-directed mutagenesis of  key conserved residues. PAO1 
wild type and mutants with transposon insertions in each of  
the minor pilin genes were transformed with the cognate genes 
cloned into a broad-host range arabinose-inducible vector. The 
effects of  titrating protein expression with arabinose on inner 
membrane pilin pools (using Western blot of  whole cell lysates 
with anti-pilin antisera), pilus assembly (using SDS-PAGE of  
sheared surface proteins) and T4P-mediated twitching motil-
ity (using agar sub-surface assay) were measured. Enhancing 
expression of  minor pilins by increasing arabinose concentra-
tions across a range from 0 to 2% was inversely correlated with 
expression of  surface pili and twitching motility without affect-
ing whole cell PilA levels. These effects occurred in both the 
mutant and wild type backgrounds, showing dominant negative 
effects on pilus assembly. The exception was PilX; overexpres-
sion of  this protein did not markedly affect piliation or motil-
ity. Cys residues implicated in formation of  disulfide-bonded 
C-terminal subdomains in PilE, PilV and FimU were mutated 
to Ala and the mutant proteins’ function assayed as above. 

Mutation of  the distal Cys residues in PilE and FimU impaired 
function but did not affect the ability of  PilV to complement 
its cognate mutant. Therefore, PilE and FimU, like PilA, likely 
require C-terminal disulfide loops for function, since mutation 
of  key Cys residues causes loss of  pilus assembly. Furthermore, 
the T4P system has structural similarity to the type II secre-
tion system (T2SS) involved in secretion of  several virulence 
factors. Alteration of  minor pilin expression did not affect 
protease secretion as assessed by casein degradation, with two 
exceptions. Increased expression of  PilX and FimU increased 
casein degradation compared with the wild type, suggesting 
a role of  these minor pilins in the T2SS. Together, these data 
show that with the exception of  PilX, low levels of  minor 
pilin expression in P. aeruginosa are crucial for normal pilus 
assembly, supporting their role in control of  this process. The 
involvement of  PilX and FimU in both T4P and T2S function 
makes them interesting targets for intervention.

S�:1
BIODEGRADATION OF QUINOLINES AND 
QUINOLONES
S. Fetzner; Westfalian Wilhelms-University Muenster, Muenster, 
GERMANY

Pseudomonads exhibit an impressive capability to utilize a 
wide range of  organic compounds. Different pathways have 
been described for the aerobic biodegradation of  quinolines, 
however, the initial step usually is a hydroxylation in ortho or 
para position to the N-heteroatom, catalyzed by a molybdenum 
enzyme. Further steps involve additional hydroxylations, and 
oxygenolytic cleavage of  the aromatic or heterocyclic ring1. 
Pseudomonas putida strain 86, for example, oxidizes quinoline 
to 2(1H)quinolone and 8-hydroxy-2(1H)quinolone, which is 
mineralized via 8-hydroxycoumarin and 3-(2,3-dihydroxyphe
nyl)propionate. The genes involved in quinoline degradation 
are regulated by a quinoline-responsive transcriptional activa-
tor of  the XylS family2. Another P. putida strain, which grows 
on 4(1H)quinolone, forms 3-hydroxy-4(1H)quinolone which 
undergoes 2,4-dioxygenolytic cleavage to carbon monoxide and 
N-formylanthranilate. After hydrolysis of  the amide, anthra-
nilate is further degraded to intermediates of  the Krebs cycle. 
Interestingly, Arthrobacter nitroguajacolicus Rü61a contains an 
analogous, plasmid-encoded pathway for the degradation of  
2-methylquinoline via 2-methyl-4(1H)quinolone and 3-hy-
droxy-2-methyl-4(1H)quinolone3. These catabolic intermedi-
ates are structurally analogous to alkylquinolones produced by 
pseudomonads, such as 2-heptyl-4(1H)quinolone (HHQ), and 
2-heptyl-3-hydroxy-4(1H)quinolone, the Pseudomonas quinolone 
signal (PQS).  PQS and HHQ are important quorum sensing 
signal molecules of  P. aeruginosa; PQS also is an iron chela-
tor4. We observed that the 3-monooxygenase of  the 2-meth-
ylquinoline degradation pathway is able to oxidize HHQ to 
PQS. Moreover, the next enzyme of  the degradation pathway, 
3-hydroxy-2-methyl-4(1H)quinolone 2,4-dioxygenase (Hod), 
cleaves PQS to carbon monoxide and N-octanoylanthranilate, 
which however is not utilized further by the Arthrobacter strain. 
Even if  the activity of  Hod towards PQS is low (KM app 15 µM; 
kcat app 0.1 s-1), quorum quenching studies showed that Hod is 
able to interfere with PQS signalling in P. aeruginosa PAO1. The 
applicability of  Hod as “quorum quenching enzyme” may be 
limited because of  its requirement for O2, but it will be a useful 
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tool for the study of  quorum sensing. 
1 Appl. Microbiol. Biotechnol. 49: 237-250 (1998) 
2 Appl. Environ. Microbiol. 71: 8618-8626 (2005) 
3 J. Bacteriol. 189: 3855-3867 (2007) 
4 Chem. Biol. 14: 87-96 (2007)

S�:2
THE CIS-TRANS ISOMERASE OF 
UNSATURATED FATTY ACIDS IN 
PseuDomonAs: A UNIQUE STRESS 
ADAPTIVE MECHANISM
H. J. Heipieper; UFZ - Helmholtz Centre for Environmental Re-
search, Leipzig, GERMANY

One of  the solvent adaptation mechanisms enabling Pseudo-
monas strains to grow in the presence of  membrane disrupt-
ing compounds is the isomerization of  cis to trans unsaturated 
fatty acids. The extent of  the isomerization apparently cor-
relates with the toxicity and the concentration of  such organic 
compounds within the membrane. The trans fatty acids are 
synthesised by a direct isomerization of  the complementary 
cis configuration of  the double bond without a shift of  the 
position. The conversion of  cis unsaturated fatty acids to trans 
has apparently a function in the adaptation of  the membrane 
fluidity to changing chemical or physical factors of  the cellular 
environment. This adaptive mechanism seems to be an alterna-
tive way to regulate membrane fluidity used by these bacteria in 
cases where growth is inhibited e.g. due to high concentrations 
of  toxic substances.  The cis-trans isomerase activity is consti-
tutively present and located in the periplasm, does not require 
ATP or other cofactors, and works in the absence of  de-novo 
synthesis of  lipids. Its independence from ATP agrees with the 
negative free energy of  the cis-to-trans isomerization reaction. 
The cti gene encodes for an N-terminal hydrophobic amino 
acid signal sequence, which is cleaved off  after the enzyme 
has reached its target - the periplasmic space. Additionally, a 
heme-binding site was found in the predicted Cti polypeptide, 
indicating that the enzyme is a cytochrome c-type protein. Very 
recently, direct evidence was obtained that isomerization does 
not include a transient saturation of  the double bond. Because 
of  its direct dependency on toxicity, the cis-trans isomerisa-
tion can be used as a biomarker for solvent stress or changes 
in other environmental conditions. Next to this application in 
laboratory cultures, another major field of  appears to be the 
measurement of  toxicity and environmental stress during in 
situ bioremediation processes. During bioremediation of  pol-
luted sites, the level of  trans-unsaturated fatty acids might be 
used as a marker to monitor the biodegradation process. 
Heipieper H.J., G. Neumann, S. Cornelissen, and F. 
Meinhardt. 2007. Solvent-tolerant bacteria for biotransfor-
mations in two-phase fermentation systems. Appl. Microbiol. 
Biotechnol. 74:961-973. 
Heipieper H.J., F. Meinhardt, and A. Segura. 2003. The cis 
- trans isomerase of  unsaturated fatty acids in Pseudomonas and 
Vibrio: biochemistry, molecular biology and physiological func-
tion of  an unique stress adaptive mechanism. FEMS Microbiol. 
Lett. 229:1-7. 
von Wallbrunn A., H.H. Richnow, G. Neumann, F. 
Meinhardt, and H.J. Heipieper. 2003. Mechanism of  cis-trans 
isomerization of  unsaturated fatty acids in Pseudomonas putida. J. 
Bacteriol. 185:1730-1733.

S�:3
BIOCATALYSTS FROM PseuDomonAs	
AerugInosA: A TALE OF TWO LIPASES
K. E. Jaeger, F. Rosenau, S. Wilhelm; Heinrich-Heine-University 
Duesseldorf, Juelich, GERMANY

Two decades ago, we reported for the first time the purification 
to electrophoretic homogeneity of  an extracellular lipase from 
Pseudomonas aeruginosa [1]. Later, we demonstrated that the lipase 
gene lipA of  P. aeruginosa is encoded in an operon together with 
a second gene lipH encoding a lipase-specific chaperone (Lif) 
which is anchored to the cytoplasmic membrane facing the 
periplasm. Lif  is required by the lipase to adopt an enzymati-
cally active conformation. We have studied in detail the regula-
tion of  the lipase operon expression as well as the processes 
of  lipase folding and secretion [2]. The creation of  enantiose-
lective enzymes by directed evolution was first demonstrated 
using P. aeruginosa LipA [3]. The enantioselective hydrolysis of  
racemic p-nitrophenyl-2-methyldecanoate was determined as 
the test reaction to evolve from the non-selective wild-type 
enzyme both (S-) and (R-) enantioselective lipase variants. The 
solved crystal structure of  P. aeruginosa lipase [4] enabled us 
to predict the role of  certain amino acid resdues for enanti-
oselectivity using molecular dynamics (QM/MM) simulations. 
These predictions were recently confirmed experimentally [5].  
A second extracellular lipolytic enzyme was identified in a P. 
aeruginosa lipA mutant still showing residual lipolytic activity 
[6]. The esterase EstA belongs to the autotransporter family 
of  proteins anchored by its C-terminal domain to the bacterial 
outer membrane with the N-terminal esterase domain facing 
the extracellular space. A P. aeruginosa estA mutant exhibited 
a pleiotropic phenotype with significantly impaired cellular 
motility, rhamnolipid production, and biofilm formation. The 
autotransporter capacity of  EstA was used to display differ-
ent lipolytic enzymes on the cell-surface of  Escherichia coli [7]. 
Additionally, EstA autodisplay served to construct an ultra-
highthrouput screening system for lipolytic enzymes based on 
fluorescence-activated cell sorting (FACS) [8]. 
References 
[1] Stuer, W, Jaeger, K-E, Winkler, UK (1986) J. Bacteriol. 
168:1070-1074 
[2] Rosenau, F, Tommassen, J, Jaeger, K-E (2004) Chembio-
chem 5: 152-161 
[3] Reetz, MT, Zonta, A, Schimossek, K, Liebeton, K. Jaeger, 
K-E (1997) Angew. Chem. Int. Ed. Engl. 36: 2830-2832 
[4] Nardini, M, Lang, D, Liebeton, K, Jaeger, K-E, Dijkstra, 
BW (2000) J. Biol. Chem. 275: 31219-31225 
[5] Reetz, MT, Puls, M, Carballeira, JD, Vogel, A, Jaeger, K-E, 
Eggert, T, Thiel, W, Bocola, M, Otte, N (2007) Chembiochem. 
8:106-112 
[6] Wilhelm, S, Tommassen, J, Jaeger, K-E (1999) J. Bacteriol. 
181: 6977-6986 
[7] Becker, S, Theile, S, Heppeler, N, Michalczyk, A, Wentzel, 
A, Wilhelm, S, Jaeger, K-E, Kolmar, H (2005) FEBS Lett. 579: 
1177-1182 
[8] Becker S, Michalczyk A, Wilhelm S, Jaeger K-E, Kolmar H 
(2007) Chembiochem. 8:943-949
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S�:�
AUTO-AMPLIFICATION OF DMPR THROUGH 
NON-OVERLAPPING DIVERGENT 
TRANSCRIPTION
L. Johansson, D. Solera, V. Shingler; Umeå University, Umeå, 
SWEDEN

The dmp-system of P. putida CF600 confers the ability to utilize 
mono-methylated phenols and 3,4-dimethylphenol as sole 
carbon and energy sources. This catabolic system is composed 
of  the dmp-operon encoding the pathway enzymes and the 
divergently transcribed dmpR gene. Transcription of  these two 
genetic units occurs from two promoters within the 405 bp 
intergenic region. Transcription of  the dmp-operon is from the 
sigma-54 dependent Po promoter, which is strictly reliant on 
the action of  its specific regulator DmpR. DmpR, when acti-
vated by pathway substrates, promotes transcription from Po 
by binding to distally located upstream activation sites (UASs). 
Divergent transcription of  dmpR, on the other hand, occurs 
from the Pr promoter which, as defined by primer extension 
and deletion analysis, does not overlap the Po promoter or 
the UASs needed for Po activation.  The utilization of  phe-
nolics by strains harbouring the dmp-system is controlled by 
the physiological status of  the cell. Even in the presence of  
(methyl)phenol pathway substrates transcription from the Po 
promoter remains silent during high energy conditions of  ex-
ponential growth in rich media. However, transcription occurs 
abruptly upon nutrient depletion, as for example at the expo-
nential to stationary phase transition (1). This level of  global 
regulatory control is mediated by the nutritional and stress alar-
mone ppGpp and its co-regulator DksA, which have been pro-
posed to ultimately control the levels of  sigma-54-RNA poly-
merase in the cell and thereby Po promoter occupancy (2-4). 
Global regulation via ppGpp/DksA thus couples expression 
of  the specialized catabolic enzymes to the metabolic status 
of  the cell, ensuring that the metabolically expensive catabolic 
enzymes are only produced when more energetically favourable 
compounds are absent.  Recent transcriptional reporter gene 
fusions and Western analysis have revealed that transcription 
from the Pr promoter mirrors the activity of  the Po promoter, 
with both elevated transcription and DmpR levels occurring at 
the exponential to stationary growth transition. Using specific 
mutations of  Po and a sigma-54 null P. putida host, we pres-
ent evidence that elevated transcription from the Pr promoter 
within stationary phase cells is dependent on Po promoter oc-
cupancy by sigma-54-RNA polymerase, and is further elevated 
by DmpR-mediated active transcription from Po. We propose 
that regulation of  Pr activity and thus DmpR levels via Po oc-
cupancy and auto-amplification through Po activity provides a 
positive feed-back loop to reinforce silencing in the presence 
of  alternative carbon sources with robust transcription when 
the dmp-encoded catabolic enzymes are needed. 
(1) Sze et al. (1996) J. Bact. 178: 3727 
(2) Laurie et al. (2003) J. Biol. Chem. 278:1494 
(3) Bernardo et al. (2006) Mol. Microbiol. 60:749 
(4) Szalewska-Palasz et al. (2007) J. Biol. Chem. On-line

S�:�
STRUCTURAL BASIS OF THE SUBSTRATE 
SPECIFICITY OF RIESKE NON-HEME IRON 
OxYGENASE, CARBAZOLE 1,9A-DIOxY-
GENASE
Y. Usami1, T. Horisaki1, Y. Ashikawa1, H. Noguchi1, T. Terada2, Z. 
Fujimoto3, T. Takemura4, H. Yamane1, H. Nojiri1; 1Biotechnology 
Reserach Center, The University of Tokyo, Tokyo, JAPAN, 2Profes-
sional Program for Agricultural Bioinformatics, The University 
of Tokyo, Tokyo, JAPAN, 3Department of Biochemistry, National 
Institute of Agrobiological Sciences, Tsukuba, JAPAN, 4Depart-
ment of Chemistry, Faculty of Science, Tokyo University of Science, 
Tokyo, JAPAN

Carbazole (CAR) 1,9a-dioxygenase (CARDO) is a member 
of  Rieske non-heme iron oxygenase systems consisting of  
terminal oxygenase (Oxy), ferredoxin (Fd), and reductase 
(Red). CARDO can catalyze diverse range of  reactions, such 
as angular dioxygenation (for CAR and structurally related 
compounds), lateral dioxygenation (for polycyclic aromatic 
hydrocarbons and biphenyl), and monooxygenation [for methy-
lene carbon of  fluorene (FN) and sulfide sulfur of  dibenzo-
thiophene (DBT)]. To investigate the CARDO function, we 
have determined the crystal structures of  three components 
and Oxy:Fd electron transfer complex. In addition, we have 
created the Oxy mutants having amino acid replacement in 
substrate-binding pocket, which catalyze different reactions for 
several substrates compared with that of  wild-type (WT).  In 
the present study, to investigate the molecular mechanism of  
the alteration of  substrate specificity in mutant enzymes, we 
determined the crystal structures of  several mutants and WT 
as the complex form with Fd and substrate (I262V:Fd:CAR, 
F275W:Fd:CAR, F275W:Fd:FN, Q282Y:Fd:CAR and WT:Fd:
DBT). In addition, oxygen-bound structures of  above mutants 
and WT were solved by X-ray crystallography or predicted by 
computer simulation. Resultant structures clearly suggested 
that alteration of  the wall around the active site iron resulted 
in the substrate binding in the different manners from that in 
WT. The positions of  the activated oxygen atoms were hardly 
deviated, and activated oxygen atoms are presumed to attack at 
the nearest positions in substrates. Resultantly, the site-directed 
mutants have different regioselectivity in oxygenation reaction 
to form new oxygenation products.  In the case of  DBT-bound 
WT:Fd crystal, although WT CARDO catalyze sulfide sulfur 
monooxygenation for DBT as a major reaction, the binding 
positions were too far to be oxygenated at sulfide sulfur and 
presumed to be suitable for lateral dioxygenation at aromatic 
ring to form cis-dihydrodiols of  DBT (or their dehydration 
products, monohydroxylated DBTs), which are minor products 
of  CARDO reaction for DBT. These results suggested the 
possibility that the main product DBT-5-oxide was produced 
by the non-enzymatic reaction between sulfide sulfur and 
hydrogen peroxide, which are produced by uncoupling in active 
site iron.  In our presentation, we will discuss the role of  amino 
acid residues in substrate-binding pocket based on the reac-
tions, enzyme structures, and kinetic parameters.
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S�:�
METABOLISM OF METHYL-BRANCHED 
COMPOUNDS IN P.	AerugInosA:  
IDENTIFICATION, REGULATION OF  
ExPRESSION AND FUNCTIONAL  
CHARACTERIZATION OF PROTEINS 
INVOLVED IN ACYCLIC TERPENE  
UTILIZATION (ATU) AND 
LEUCINE/ISOVALERATE UTILIZATION (LIU) 
PATHWAY
D. Jendrossek, K. Foerster-Fromme, B. Hoeschle; University Stutt-
gart, Stuttgart, GERMANY

The catabolic pathway of  low molecular compounds with 
methyl-branched carbon skeletons is poorly understood. Citro-
nellol and related acyclic monoterpenes are naturally occurring 
compounds in plants and are commonly used as insect repel-
lents, in the cosmetic and food industry. Citronellol can be used 
as a single source of  carbon and energy only by P. citronellolis 
and a few related pseudomonads such as P. aeruginosa. A path-
way for CL conversion has been investigated only for P. citro-
nellolis almost 50 years ago. This pathway includes (i) oxidation 
of  citronellol to citronellyl-CoA, (ii) carboxylation of  the β-
methyl group to acetate, (iii) lyase reaction releasing acetate and 
7-methyl-3-oxo-6-octenoyl-CoA, (iv) 2 x β-oxidation resulting 
in formation of  2 acetyl-CoA and methylcrotonyl-CoA, and 
(v) conversion of  methylcrotonyl-CoA via leucine/isovalerate 
pathway to acetyl-CoA.  Recently, we identified the atuRA-
BCDEGH gene cluster of  P. aeruginosa and found that it is 
essential for acyclic terpene utilization (Atu) in P. aeruginosa 
and P. citronellolis (1, 2). A second cluster (liuRABCDE) was 
also identified and was necessary for conversion of  methylcro-
tonyl-CoA (3, 4). AtuC/AtuF and LiuB/LiuD were identified 
to encode the subunits of  the key enzymes of  the Atu and Liu 
pathway, geranyl-CoA carboxylase and methylcrotonyl-CoA 
carboxylase. In this overview the biochemical reactions leading 
from citronellol to acetate will be explained and the available 
experimental data will be summarized that atu and liu genes 
apparently encode most of  the postulated functions of  the 
Atu and Liu pathways. These data include comparison of  2D 
proteins gels from cells grown on acyclic terpenes with that 
on succinate and a large number of  insertion mutants with de-
termination of  the phenotypes. It came out that several genes 
outside of  the atu and liu cluster (PA1535, PA1982, PA3028 
and others) were also involved in utilization of  citronellol and 
acyclic proteins. 
(1) Höschle et al. 2005, Microbiology 51:3649-56 
(2) Förster-Fromme et al. 2006, FEMSLE 264:220-5 
(3) Förster-Fromme et al. 2006, AEM 72:3419-28 
(4) Aguilar et al. 2006 AEM 72: 2070-79

S7:1
PROTEIN SECRETION IN PseuDomonAs	
AerugInosA: VARIATION ON A THEME
A. Filloux; CNRS, Marseille cedex 20, FRANCE

The cell envelope of  Gram-negative bacteria is composed of  
two membranes, which are separated by the peptidoglycan-
containing periplasm. Whereas the envelope forms an essential 
barrier against harmful substances, such as drugs, from the 

external medium, it is nevertheless a compartment of  intense 
molecular traffic. Such traffic is for example required to allow 
the liberation of  enzymes and the acquisition of  essential 
nutriments from the external medium. In other cases, protein 
traffic is relevant in the context of  bacteria-host interaction and 
pathogenesis. Several bacterial pathogens are able to deliver 
effectors within host target cells. The effectors subsequently 
subvert the signaling cascade in a way that the bacterium ma-
nipulates the host cell response. Enzymes and effectors have to 
cross the bacterial cell envelope to reach their destination and 
this dedicated process is being defined as protein secretion. 
Numerous studies on the molecular mechanisms of  protein 
secretion have revealed that Gram-negative bacteria evolved 
different secretion machines called type I to type VI. All these 
systems rely on few basic principles, which include the require-
ment for an energized process and a way out generally linked 
with the insertion of  a pore-forming protein in the outer mem-
brane. More strikingly, there are numerous information show-
ing that molecular machines assembling cell surface append-
ages are highly similar with secretion machines. It is obvious 
when one considers type II secretion and type IV pili assembly, 
type III secretion and flagellar assembly or type IV secretion 
and conjugative pili assembly. These observations suggest that 
these systems evolved from each other.  Most of  the secretion 
types are present in Pseudomonas aeruginosa, and the PAO1 
genome analysis revealed that some of  these systems are even 
duplicated. We will review this panel of  secretion systems in 
Pseudomonas species and give some emphasis on the molecu-
lar mechanisms of  the type II system and how it may have 
evolved from the type IV pili assembly system.

S7:2
PseuDomonAs	AerugInosA ExOTOxIN T 
USES REDUNDANT AND FAILSAFE 
MECHANISMS TO INHIBIT WOUND REPAIR
J. N. Engel; Univ. of California, San Francisco, CA

Pseudomonas aeruginosa is an opportunistic pathogen that 
requires pre-exisiting epithelial injury to cause acute infections. 
Wound repair is an active process that requires cell migration 
and cell proliferation. We report that the type III secreted ef-
fector Exotoxin T inhibits both steps in wound healing using 
failsafe and redundant mechanisms . ExoT is a bifunctional 
T3SS effector protein that contains an N-terminal GTPase ac-
tivating protein domain (GAP) and a C-terminal ADP-ribosyl 
transferase (ADPRT) domain. The GAP domain targets Rho 
family GTPases while the ADPRT domain modifies Crk, an 
adaptor protein involved in focal adhesions.  We demonstrate 
that ExoT is both necessary and sufficient to cause apoptosis 
in HeLa cells and that it activates the mitochondrial/cyto-
chrome C-dependent intrinsic pathway. Dominant negative 
mutant forms of  Crk, an adaptor protein that is a substrate 
of  the ADPRT activity of  ExoT, phenocopy the ExoT-medi-
ated apoptosis. These results suggest that ExoT-mediated cell 
death is, at least in part, due to its inhibitory effect on Crk.  We 
further show that ExoT is necessary and sufficient to inhibit 
cytokinesis and that each of  its domains inhibits cytokinesis in 
a kinetically, morphologically, and mechanistically distinct man-
ner that is independent of  its ability to induce apoptosis. The 
GAP-mediated inhibition of  cytokinesis occurs early, likely as 
a consequence of  its inhibitory effect on RhoA. The ADPRT 
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domain inhibits late steps of  cytokinesis by modulating Crk 
activity and blocking Syntaxin-2 localization to the midbody, an 
event essential for completion of  cytokinesis. We demonstrate 
that Crk is required for syntaxin-2 recruitment to the mid-
body and that paxillin is required for both Crk and syntaxin-2 
localization to this compartment during cytokinesis. These 
studies reveal a new role for Crk and paxillin in cytokinesis 
and provide the first example of  a bacterial pathogen targeting 
cytokinesis.

S7:3
TRANSCRIPTIONAL REGULATION OF THE 
PSEUDOMONAS AERUGINOSA TYPE III 
SECRETION SYSTEM
T. Yahr, University of Iowa, Department of Microbiology, Iowa 
City, IA

The Pseudomonas aeruginosa type III secretion system (T3SS) 
is an important virulence determinant that functions by 
translocating effector proteins into eukaryotic host cells.  The 
T3SS consists of  ~40 genes encoding the type III secretion 
and translocation machinery, regulatory factors, effectors, and 
effector-specific chaperones. The core regulator of  T3SS gene 
expression is ExsA, a member of  the AraC/XylS family of  
transcriptional activators.  Work in my laboratory has identi-
fied a set of  interacting proteins (ExsC, ExsD, and ExsE) that 
regulate ExsA-dependent transcriptional activity. Ca2+-limita-
tion indirectly activates T3SS gene expression by converting 
the type III secretion machinery from secretion-incompetent 
to a secretion-competent state.  The mechanism whereby 
Ca2+-limitation stimulates type III secretion is unclear.  What 
is clear is that transcription is intimately coupled to type III 
secretory activity: T3SS gene transcription is repressed when 
the secretion machinery is inactive and derepressed when the 
secretion machinery is active.  Our working model is as fol-
lows:  ExsD functions as an anti-activator by binding to and 
inhibiting ExsA-dependent transcription.  ExsC functions as 
an anti-anti-activator by binding to and inhibiting the negative 
regulatory activity of  ExsD.  Finally, ExsE binds to and inhibits 
ExsC activity.  A key feature of  the cascade is our finding that 
ExsE is secreted/translocated from the bacterial cytoplasm 
under Ca2+-limiting growth conditions or in response to host 
cell contact.  We hypothesize that changes in the intracellular 
concentration of  ExsE govern ExsA transcriptional activity.  
Under Ca2+-replete conditions ExsE preferentially binds ExsC 
allowing for formation of  the repressive ExsD-ExsA complex.  
In response to Ca2+-limition or host cell contact, however, 
secretion or translocation of  ExsE favors formation of  the 
ExsC-ExsD complex thus liberating ExsA to activate transcrip-
tion.  Importantly, the ExsCDE regulatory cascade is the first 
system described for P. aeruginosa that directly links inducers 
of  T3SS gene expression to ExsA-dependent transcription. 
The presentation will summarize data supporting the working 
model and more recent work investigating the mechanism of  
transcriptional activation by ExsA.

S7:�
COMPARING THE COLLECTION OF 
FUNCTIONAL TYPE III EFFECTOR GENES 
ACROSS THE P. SYRINGAE SPECIES
J. H. Chang1, M. Nishimura2, S. Mukhtar2, T. Law2, J. Dangl2; 1Or-
egon State University, Corvallis, OR, 2University of North Carolina, 
Chapel Hill, NC

The phytopathogen Pseudomonas syringae delivers a repertoire 
of  type III effectors directly into host cells. These type III 
effectors are necessary for establishment of  disease; they are 
hypothesized to block host basal defense responses. However 
individual races of  P. syringae are polymorphic in their collection 
of  type III effectors. This is likely a reflection of  their adapta-
tion to host species as well as the possibility that different type 
III effectors can confer identical or similar functions to patho-
gens. As a first step towards understanding the evolution of  
type III effector repertoires, we developed a high-throughput 
screen and identified type III effectors from 15 different strains 
of  P. syringae. Results of  our screen will be discussed.

S7:�
MECHANISMS OF PARACELLULAR 
INVASION THROUGH THE AIRWAY 
EPITHELIUM BY P.	AerugInosA
G. Soong, M. Magargee, J. Chun, A. Prince; Columbia University, 
New York, NY

As a frequent cause of  hospital-associated infection, P. aeuginosa 
not only colonizes the airway lumen but is invasive, resulting in 
bacteremia and sepsis. We postulated that among the many vir-
ulence factors produced by Pseudomonas, the type III secreted 
toxins, previously shown by others to be epidemiologically 
linked with these infections, would facilitate bacterial invasion 
by modulating the barrier function provided by tight junctions 
between adjacent epithelial cells. Using a set of  PAK mutants 
lacking ExoS or ExoSTY, we measured paracellular perme-
ability of  human airway cells grown in a polarized fashion on 
Transwells to fluorescently labeled dextrans of  several molecu-
lar weights as well as to bacteria. We compared the differences 
between mutants and wild type strains and correlated this data 
with invasive infection in a mouse model of  pneumonia. Fol-
lowing a 4 hour pre-incubation with PAK, there was a 30 fold 
increase in permeability to 10,000 MW dextran as compared 
with a media control, no appreciable increase with ΔexoSTY 
and 3 fold increase with the ΔexoS mutant. Quantification of  
bacterial transmigration (cfu/ml) through the monolayer was 
similar to the dextran results. Confocal images of  the monolay-
ers stimulated with PAK demonstrated dramatic effects on the 
actin cytoskeleton, as would be expected due to the GAP and 
ADP ribosylating activity associated with ExoS. The distribu-
tion of  the tight junction protein occludin was also dramatically 
altered by PAK although the epithelial monolayers remained 
intact, as demonstrated by their ability to exclude trypan blue. 
These effects were not apparent in cells stimulated with the 
ΔexoSTY mutant. The biological significance of  these observa-
tions was demonstrated in a mouse model of  pneumonia: inoc-
ulation with PAK was associated with a 50% rate of  pneumo-
nia, 50% bacteremia and 50% mortality; whereas inoculation 
with ΔexoSTY resulted in 9% pneumonia, 9% bacteremia and 
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no mortality. The ΔexoS was similarly less virulent causing 33% 
bacteremia and 33% mortality. These experiments confirm the 
importance of  type III secreted toxins in the pathogenesis of  
invasive P. aeruginosa infection, and demonstrate that ExoS in 
particular, facilitates paracellular invasion.

S7:�
DISSECTING HOST SIGNAL-DEPENDENT TYPE 
III SECRETION SYSTEM GENE REGULATION 
IN PseuDomonAs	syrIngAe PV. TOMATO 
DC3000
M. L. Hayes1, B. M. Swingle2, A. Collmer1; 1Cornell University, 
Ithaca, NY, 2USDA-ARS, Cornell University, Ithaca, NY

Many gram-negative bacterial plant pathogens deliver effec-
tor proteins into host plant cells via the Hrp type III secretion 
system (T3SS). To investigate the biochemical and physical 
factors influencing T3SS gene expression during bacterial 
contact with plant cells and to understand the molecular basis 
of  host-signal processing in greater detail, we have developed 
experimental assays in which strains of  P. syringae pv. tomato 
DC3000 carrying luciferase (Lux)-based T3SS transcriptional 
reporters are either co-incubated with plant suspension cells 
or pressure-infiltrated directly into plant leaves. Using both 
approaches, we have observed that the expression of  effec-
tor genes is strongly induced in a manner dependent upon the 
T3SS regulatory gene HrpL. Within the first few hours of  our 
experiments, HrpL-dependent Lux reporter activity is signifi-
cantly (i.e. up to tenfold) greater than control treatments and 
controls for constitutive expression. We are now applying these 
assays to screen potential T3SS inducers that may be either 
diffusible biochemical products or non-diffusible features of  
host cell walls. One molecule of  interest is myo-inositol (MI), 
a precursor in plant cell wall biosynthesis. DNA microarray 
studies of  DC3000 have revealed that the MI catabolic pathway 
undergoes strong HrpL-dependent upregulation three hours 
after a shift into inducing conditions in vitro. Medium addition 
and drop-out experiments with our Lux reporter system have 
confirmed this response, suggesting that MI may be active in 
the early stages of  bacterial sensing of  the host environment. 
Additional, targeted experimentation using co-incubation, leaf  
infiltration, bacterial deletion mutants and in vivo microscopy 
will further elucidate the role that cell contact and host signals 
such as MI play in T3SS gene regulation.

S7:7
AN ExTRACELLULAR PROTEIN OF 
PSEUDOMONAS AERUGINOSA INHIBITS 
ENDOTHELIAL CELL PROLIFERATION, 
MIGRATION, INVASION, AND TUBE 
FORMATION, SUGGESTING A ROLE IN 
INHIBITING WOUND HEALING DURING 
SEPSIS AND ITS USE AS AN ANGIOGENESIS 
INHIBITOR
M. L. Vasil, M. Stonehouse, A. Vasil; University of Colorado Health 
Sciences Center, Aurora, CO

The cytotoxicity of  an extracellular protein (Type II secreted) 
of  P. aeruginosa on an assortment of  eukaryotic cells was 
examined. This highly purified protein has the highest level of  

cytotoxicity for Human Vascular Endothelial Cells (HUVEC). 
Only picomolar concentrations are necessary to kill HUVEC 
by apoptosis, rather than by necrosis or direct cell lysis. This 
protein also contains an Arginine-Glycine-Aspartic (RGD) mo-
tif, which is associated with binding to integrin receptors. RGD 
peptides block the cytotoxicity of  this protein for HUVEC, but 
scrambled peptides (e.g. DGR) did not. These data suggest that 
this toxic protein requires a specific integrin receptor for its 
cytotoxic effect on these cells. Vascular disease and septicemia 
are commonly observed during P. aeruginosa infections of  im-
munocompromised patients. The pathogenesis of  disseminated 
infections depends on the interaction of  P. aeruginosa with 
blood vessels (i.e. endothelial cells). To transverse the endo-
thelial barrier and invade deeper into tissues, these bacteria 
must adhere to and damage endothelial cells. P. aeruginosa 
establishes a nidus of  infection immediately peripheral to the 
endothelial cells lining the vasculature so that it can penetrate 
the endothelial lining of  the vessels and either seed the blood 
stream or invade into surrounding tissues. Angiogenesis is the 
formation of  new blood vessels from the pre-existing vascula-
ture and is essential for growth of  new blood vessels, wound 
repair, and vascular homeostasis. Angiogenesis is vital to the 
progression of  small, localized neoplasms to larger, growing, 
and potentially metastatic tumors. Endothelial cells are the 
principle cells involved in angiogenesis. The major steps of  
angiogenesis including: endothelial cell migration, invasion, 
proliferation and vessel (tube) formation were experimentally 
addressed in this study. Very low concentrations [picomolar] of  
this protein inhibit all 4 of  these angiogenic steps in vitro, as 
well as vascularization in the chick chorioallantoic membrane 
assay, an in vivo assay for angiogenesis. Collectively, these data 
suggest that this protein is a novel toxin that may not only de-
stroy vascular endothelial cells and inhibit wound healing dur-
ing the pathogenesis of  P. aeruginosa sepsis, it is also a promis-
ing therapeutic where angiogenesis contributes to pathogenesis 
of  other non-infectious diseases (e.g. tumorigenesis and ocular 
macular degeneration.
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GENE REGULATION AND GENOMICS

1A
POST-TRANSCRIPTIONAL REGULATION OF 
THE HCNABC GENES BY THE GAC/RSM 
SYSTEM IN PSEUDOMONAS FLUORESCENS 
CHA0
K. Lapouge1, M. Lindell1, E. Sineva2, K. Starke1, P. Babitzke2, D. 
Haas1; 1University of Lausanne, DMF, Lausanne, SWITZERLAND, 
2The Pennsylvania State University, DBMB, University Park, PA

Pseudomonas fluorescens CHA0 is a rhizosphere bacterium 
that protects plant roots against the action of  pathogenic fungi 
by synthesizing diverse extracellular products such as antibiot-
ics, exoproteases and hydrogen cyanide (HCN) at the end of  
exponential growth. The biosynthesis of  these compounds 
is strictly regulated by the two-component signal transduc-
tion system GacS/GacA. The hydrogen cyanide biosynthetic 
genes hcnABC are indirectly regulated via GacA. At low cell 
density, expression of  the hcnABC genes is repressed at a 
post-transcriptional level by two RNA binding proteins RsmA 
and RsmE. When the cellular density increases, the GacS/
GacA system is activated and induces the expression of  small 
noncoding regulatory RNAs (RsmX, RsmY, RsmZ) which 
sequester RsmA and RsmE, thereby allowing the translation of  
HCN synthase, leading to HCN production. Previous studies 
have shown that point mutations at or near the ribosome bind-
ing site (RBS) of  hcnA mRNA could diminish or abolish GacA 
and RsmA control, suggesting that RsmA as well as RsmE 
may bind to the hcnABC RBS region (Blumer et al. 1999). We 
have now conducted a systematic analysis of  the untranslated 
hcnA leader to identify sequence elements and secondary 
structures that participate in RsmA and/or RsmE interaction. 
Lead(II) cleavage analysis allowed us to identify two stem-loop 
structures in the hcnA leader mRNA that contained potential 
RsmA/RsmE binding sites. Moreover, footprinting studies 
identified two RsmE binding sites, one of  which overlaps the 
hcnA RBS. Mutations were introduced into the hcnA leader 
sequence that altered five potential RsmA/RsmE binding sites. 
beta-Galactosidase assays of  hcnA’-’lacZ translational fusions 
and mobility shift assays demonstrated that the RsmE binding 
site overlapping the hcnA RBS is necessary, but not sufficient, 
for correct Gac/Rsm regulation and that additional upstream 
motifs are involved.  Blumer C., Heeb S., Pessi G. and Haas D. 
1999, Proc. Natl. Acad. Sci. USA 96 : 14073-14078.

2B
A PseuDomonAs	AerugInosA 
TRANSCRIPTION FACTOR THAT SENSES 
FATTY ACID STRUCTURE
Y. Zhang, K. Zhu, M. W. Frank, C. O. Rock; St. Jude Children’s 
Research Hospital, Memphis, TN

Cells regulate their membrane phospholipid biophysical prop-
erties by the coordinated synthesis of  saturated and unsaturat-
ed fatty acids. In bacteria, unsaturated fatty acids are produced 
by the de novo fatty acid biosynthetic pathway anaerobically, or 
by oxidative desaturation of  the existing fatty acids catalyzed 
by desaturases. A transcriptional repressor in Pseudomonas 

aeruginosa, DesT (PA4890), regulates the expression of  an 
acyl-CoA desaturase operon (desCB, PA4889 and PA4888). The 
desCB operon is located adjacent to desT and is transcribed in 
the opposite direction. Quantitative real-time PCR analyses 
demonstrated that desCB expression was strongly and selec-
tively up-regulated in a ΔdesT deletion strain. The binding of  
purified DesT to a high-affinity binding site in the desT-desCB 
promoter region was enhanced by unsaturated acyl-CoAs, 
whereas saturated acyl-CoAs prevented DesT interaction with 
DNA. The biological importance of  this interaction was veri-
fied by the up-regulation of  desCB and desT in cells grown in 
the presence of  stearate and their repression when oleate was 
present. This unique ligand selectivity allows DesT to sense the 
physical properties of  the cellular acyl-CoA pool and modulate 
the expression of  the acyl-CoA Δ9-desaturase system to adjust 
fatty acid desaturation activity according to the composition of  
the exogenous fatty acid pool.

3A
THE ExPRESSION OF PseuDomonAs	
AerugInosA	rmlDbAC OPERON, 
CODING FOR DTDP-L-RHAMNOSE 
BIOSyNThETIc	ENzyMES,	IS	RhLR	AND	σS 
REGULATED
M. Aguirre-Ramírez1, H. García-Arellano1, G. Medina2, G. So-
berón-Chávez1; 1Instituto de Investigaciones Biomedicas, UNAM, 
Mexico, MEXICO, 2Instituto de Investigaciones en Ciencias Veteri-
narias, UABJ, Mexicali, MEXICO

Pseudomonas aeruginosa produces the biosurfactants rhamnolipids 
that are involved virulence, biofilm structure and the use of  
hydrophobic carbon sources. The main types of  rhamnolipids 
produced are mono- or di-rhamnolipid containing one or two 
L-rhamnose molecules, respectively. The enzymes involved in 
mono-rhamnolipid biosynthesis are coded in rhlAB operon. 
The RhlB rhamnosyltransferase uses as substrates dTDP-L-
rhamnose and 3-(hydroxyalkanoyloxy)alkanoic acids (HAAs), 
the RhlA product, to synthesize the mono-rhamnolipid. RhlC, 
or rhamnosyltransferase 2, transfers a second rhamnose moiety 
from dTDP-L-rhamnose to mono-rhamnolipid to produce di-
rhamnolipid (1). It is well known that rhlAB operon is regulated 
by Rhl quorum sensing regulon (2). The rmlBDAC operon 
codes for the biosynthetic enzymes of  dTDP-L-rhamnose 
from glucose-1-phosphate and is thus related to rhamnolip-
ids and lipopolysaccharide synthesis (1). Expression of  the 
rmlBDAC and rhlAB operons in Escherichia coli has shown that 
dTDP-L-rhamnose availability is a limiting factor for rhamno-
lipids production (3). The main goal of  this work is the study 
of  the transcriptional regulation of  the P. aeruginosa rmlBDAC 
operon in relation to factors affecting rhamnolipid production. 
For this purpose we determined the expression of  a rmlB::
lacZ transcriptional fusion under conditions of  high (PPGAS 
medium) or low rhamnolipids (LB medium) production condi-
tions using PAO1 strain and different derived mutants. We 
found a high level of  rmlBDAC expression during exponential 
growth phase and a peak of  induction during stationary phase, 
independently of  the culture media used. The stationary-phase 
induction of  this operon was not detected in rhlR or rpoS 
mutant genetic backgrounds. Primer extension experiments 
demonstrated that rmlBDAC contains two promoters. P1 pro-
moter was expressed in all culture conditions tested and seems 
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to be dependent on σN for its transcription, while P2 promoter 
was regulated by σS factor and RhlR(C4-HSL). RhlR-dependent 
regulation of  the rmlBDAC operon seems to be different from 
rhlAB regulation by the same protein. 
1.- Soberón-Chávez et al. (2005) Appl. Microbiol. Biotechnol. 
68:718-725. 
2.- Medina et al. (2003) J. Bacteriol. 185:5976-5983. 
3.- Cabrera et al. (2006) Appl. Microbiol. Biotechnol. 73:187-
194. 
This project was supported by IN203305 DGAPA-PAPIIT and 
50201 CONACyT.

�B
HIGH-RESOLUTION MAPPING OF PLASMID 
TRANSCRIPTOME IN DIFFERENT HOST 
BACTERIA
M. Miyakoshi1, H. Nishida2, H. Yamane3, H. Nojiri4; 1Department 
of Environmental Life Scinces, Tohoku University, Sendai, JAPAN, 
2Professional Programme for Agricultural Bioinformatics, The Uni-
versity of Tokyo, Tokyo, JAPAN, 3Biotechnology Research Center, 
The University of Tokyo, Tokyo, JAPAN, 4Biotechnology Research 
Center and Professional Programme for Agricultural Bioinformat-
ics, The University of Tokyo, Tokyo, JAPAN

Plasmids are extrachromosomal replicons that lack essential 
genes, and can be transferred horizontally between different 
species and genera. Transcription patterns of  plasmid genes are 
potentially altered under the control of  host-specific transcrip-
tional regulators. We designed a CustomExpress tiling array 
covering the 199,035-bp IncP-7 carbazole catabolic plasmid 
pCAR1 at 9-bp density (Affymetrix, Santa Clara, CA), and the 
transcriptome assigned to pCAR1 was compared between the 
original host strain Pseudomonas resinovorans CA10 and the 
transconjugant P. putida KT2440(pCAR1). Both strains were 
grown to exponential phase with carbazole or succinate as the 
sole carbon source, and total RNA was used for the cDNA 
synthesis. The single-stranded cDNA was synthesized using 
random hexamers, and then was fragmented, labeled, and hy-
bridized to the tiling array. Comparison of  signal intensities for 
each gene on pCAR1 revealed that transcriptome analysis using 
the tiling array was superior to the conventional microarray in 
terms of  sensitivity. The transcriptome of  pCAR1, including 
transcripts across several genes and those only in non-coding 
regions, was comprehensively identified. Many regions on both 
strands of  pCAR1 were transcribed in nearly identical patterns 
between the two strains, but several were differentially tran-
scribed. The carbazole catabolic car and ant operons together 
with their regulatory gene antR were induced at growth with 
carbazole, but the basal transcription level of  the car operon 
in CA10 was slightly higher than that in KT2440(pCAR1). In 
contrast, the transcription levels of  two hypothetical operons, 
ORF100-108 and ORF145-146, were significantly higher in 
KT2440(pCAR1) than in CA10 although the ORF100 and 
ORF145 promoters were not similar, suggesting that these op-
erons were rather repressed in the original host. This work was 
supported by the Program for Promotion of  Basic Research 
Activities for Innovative Biosciences in Japan.

�A
POPULATION STRUCTURE OF 
PseuDomonAs	AerugInosA
L. Wiehlmann1, N. Cramer1, G. Wagner2, T. Köhler3, G. Morales4, 
B. Siebert1, B. Tümmler1; 1Medizinische Hochschule, Hannover, 
GERMANY, 2Clondiag Chip Technologies, Jena, GERMANY, 3Ge-
neva University Hospital, Geneva, SWITZERLAND, 4Microbiology 
Department, Centro Nacional de Biotecnologia, Madrid, SPAIN

The metabolically versatile Gram-negative bacterium Pseudomo-
nas aeruginosa inhabits terrestrial and aquatic as well as animal, 
human and plant host associated environments and is an 
important causative agent of  nosocomial infections, particu-
larly in intensive care units. The population genetics of  P. 
aeruginosa was investigated by a novel approach that is generally 
applicable to the rapid, robust and informative genotyping of  
bacteria. DNA amplified from the bacterial colony by circles 
of  multiplex primer extension, is hybridized onto a microarray 
to yield an electronically portable binary multimarker genotype 
that represents the core genome by single nucleotide polymor-
phisms and the accessory genome by markers of  genomic islets 
and islands, yielding an identification fidelity > 99.8%.  The 
typed P. aeruginosa strains of  diverse habitats and geographic 
origin segregated into two large non-overlapping clusters and 
45 isolated clonal complexes with few or no partners. The 
majority of  strains belonged to few dominant clones wide-
spread in disease and environmental habitats. Interestingly, only 
15 strains covered more than 50% of  all isolates, with the se-
quenced PAO and PA14 strains representing two of  the major 
clones. Isolates from the same habitat were typically unrelated 
in most cases. Nevertheless, we found for each of  these strains 
closely related clonal variants in other samples, sometimes from 
different countries or even continents. Core and accessory 
genome were found to be non-randomly assembled in P. aeru-
ginosa. Individual clones preferred a specific repertoire of  ac-
cessory segments. Even the most promiscuous genomic island 
pKLC102 had integrated preferentially into a subset of  clones. 
Moreover, some physically distant loci of  the core genome 
including oriC showed non-random associations of  genotypes, 
whereas other segments in between were freely recombining. 
Thus, the P. aeruginosa genome is made up of  clone-typical seg-
ments in core and accessory genome and of  blocks in the core 
with unrestricted gene flow in the population.

�B
LONG-TERM EFFECT OF UV-INDUCED 
MUTAGENIC DNA REPAIR ON RELATIVE 
FITNESS IN PSEUDOMONAS CICHORII 
3029�9
M. R. Weigand, G. W. Sundin; Michigan State University, East 
Lansing, MI

Exposure to high energy UV radiation causes direct DNA 
damage in the form of  cyclobutane pyrimidine dimers and 6-4 
photoproducts which produce lesions by disrupting replication 
fork progression. Mutagenic DNA repair (MDR) employs a 
low-fidelity, Y-Family DNA polymerase capable of  replica-
tion over thymine dimers and abasic sites via translesion DNA 
synthesis. In addition to increased UV-resistance, MDR also 
produces a transient increase in mutation rate that may provide 
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a mechanism for cellular adaptation. Using the highly mutable 
strain Pseudomonas cichorii 302959, we have established 
parallel lineages with daily UV treatments to investigate the ef-
fects of  MDR on cellular fitness. We have identified a “fuzzy” 
colony morphotype that emerged reproducibly within the first 
60 generations in all of  our experimental lineages exposed 
to repeated UV radiation. Dilution plating of  cultures over 
the course of  the lineage indicated a stochastic fluctuation in 
“fuzzy” colony abundance relative to the ancestral “round” 
type. During the 500 generation span of  our experiment we 
preserved representative isolates in a non-evolving state. Us-
ing a plasmid encoded catechol dioxygenase marker, we have 
evaluated the changes in relative fitness after 250 and 500 
generations by coculturing representatives from each morpho-
type with the ancestral strain. All lineages showed significant 
changes in relative fitness when compared to the ancestral 
strain. These results suggest that over the relatively short 
period of  500 generations, UV-induced MDR can produce 
significant changes in cellular fitness and phenotypic variation 
in P. cichorii.

7A
RSMA MEDIATED REGULATION OF 
MExEF-OPRN ExPRESSION AND THE TYPE 
THREE SECRETION SYSTEM (TTSS) IN 
P.	AerugInosA PAO1
H. Mulcahy, H. O’Connor, C. Adams, F. O’Gara; BIOMERIT 
Research Centre, Department of Microbiology, University College 
Cork, Cork, IRELAND

RsmA is a post-transcriptional regulatory protein that works 
in tandem with the small non-coding regulatory RNA mol-
ecules, RsmZ and RsmY, to regulate the expression of  several 
P. aeruginosa virulence related genes. The TTSS is one of  the 
main virulence factors of  P. aeruginosa, facilitating the delivery 
of  bacterial exotoxins directly into the host cell. Previous work 
by other groups has highlighted potential crosstalk between 
antibiotic resistance mediated by the MexEF-OprN efflux 
pump and the TTSS (Linares et al 2001). More recently, we 
have shown that the post-transcriptional regulator RsmA is in-
volved in regulating the expression of  both the MexEF-OprN 
efflux pump and the TTSS. This work describes a targeted 
approach to identify the mechanism whereby RsmA mediates 
MexE and ExoS expression. It has been established by three 
independent groups that overexpression of  the MexEF-OprN 
pump may result from sequence variation resulting in activa-
tion of  the transcriptional regulator MexT (Maseda et al, 2000) 
(Kohler et al, 2001) or inactivation of  MexS (PA2491) (Sobel 
et al 2005). To ensure that increased expression of  MexEF-
OprN in an RsmA mutant background (PAZH13) was not 
due to secondary mutations in the MexT or MexS gene, the 
coding regions of  these two genes was sequenced in PAO1 
and PAZH13 (Holloway background). No sequence variation 
in MexT or MexS was identified. However both strains (PAO1 
and PAZH13) have a deletion of  an 8bp insert, which has been 
shown to convert inactive MexT to the active form (Maseda 
et al 2000). This indicates that both PAO1 and PAZH13 
encode an active MexT gene and suggests that an alternative 
mechanism of  positive regulation of  MexEF-OprN is occur-
ring in an RsmA mutant. Reduced levels of  PQS in an RsmA 
mutant strain prompted us to investigate a role for this signal 

in mediating MexEF-OprN and TTSS expression in PAO1. 
In an MvfR (transcriptional regulator of  phnAB and pqsA-E 
genes) and RsmA mutant, expression of  MexE and ExoS were 
significantly increased and decreased, respectively. Translational 
fusions of  MvfR indicated that MvfR translation is signifi-
cantly lower in an RsmA mutant background. This data clearly 
establishes RsmA mediated regulation of  MexEF-OprN and 
the TTSS is indirect most likely through its effect on MvfR. 
Data suggests that regulation is through MvfR itself  and not 
PQS levels as addition of  exogenous PQS to PAO1, PAZH13 
or a MvfR mutant did not effect gene expression of  MexE or 
ExoS. This work identifies for the first time a role for MvfR in 
regulating MexE and ExoS expression. A model is presented 
illustrating the mechanism whereby MvfR regulates MexEF-
OprN and the TTSS in P. aeruginosa.  Linares, J.F., et al., 
(2005) J Bacteriol. Feb;187(4):1384-91; Maseda, H. et al., (2000) 
FEMS Microbiol Lett. Nov 1;192(1):107-12; Kohler, T. (2001) 
J Bacteriol. Sep;183(18):5213-22; Sobel, M.L. (2005) J Bacteriol. 
Feb;187(4):1246-53.

�B
ExPLORING VIRULENCE WITH IN SILICO 
GENOMIC SUBTRACTION: IDENTIFICATION 
OF VIRULONS ENCODING NOVEL 
SECRETED EFFECTOR MOLECULES OF 
BURKHOLDERIA MALLEI AND OTHER 
Ex-PSEUDOMONADS
M. A. Schell1, L. Lipscomb1, W. Nierman2, D. DeShazer3; 1Univ. 
Georgia, Athens, GA, 2The Institute for Genomic Research, 
Rockville, MD, 3US Army Medical Research Institute of Infectious 
Diseases, Frederick, MD

Burkholderia pseudomallei (Bp), and its deletion clone Burk-
holderia mallei (Bm) are two former Pseudomonads that cause 
rare, but potentially fatal human diseases. Although infections 
by these bacteria date back over 100 years, relatively little is 
known about their virulence and pathogenicity mechanisms. 
We used in silico genomic subtraction to generate their viru-
lome, a set of  ~175 putative virulence-related genes shared by 
Bp and Bm, but absent from 5 closely-related, but nonpatho-
genic Burkholderia. Although many of  these appear to be 
clustered in operons, the number of  target genes for analysis 
of  a role in animal virulence is formidable. Therefore, we 
evaluated Galleria mellonella (wax moth larvae) as a surrogate 
host and found that Bm and Bp, but no other closely related 
bacteria, are highly pathogenic on this insect. Furthermore, 
four characterized Bm mutants with reduced virulence in 
hamsters were similarly reduced in virulence on G. mellonella 
larvae. We inactivated promising candidate genes from the viru-
lome and evaluated behavior of  the mutants in insects. Some 
of  these, especially regulatory gene mutants, showed nearly 
complete loss of  virulence. Whole genome expression profiling 
of  Bm strains overexpressing transcriptional regulators from 
the virulome led to the discovery of  several virulons, includ-
ing one encoding a Type VI secretion system required for both 
insect and animal pathogenesis, and one encoding actin-based 
intracellular motility. Additionally, shotgun proteomic analy-
ses of  culture supernatants of  some mutants identified genes 
encoding potentially new secreted effector molecules involved 
in pathogenicity.
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9A
MULTILOCUS SEQUENCE TYPING AND 
PHYLOGENETIC ANALYSES OF MARINE 
PseuDomonAs	AerugInosA
N. H. Khan, K. Kogure; Ocean Research Institute, The University 
of Tokyo, Tokyo, JAPAN

Background. Pseudomonas aeruginosa had been regarded as a 
pathogen widely distributed in either terrestrial or freshwater 
environments. Recently, we succeeded to isolate more than 100 
strains from open ocean. Those oceanic P. aeruginosa harbor 
unique genotypes and have abilities to grow well in seawater 
(1). We hypothesized that oceanic P. aeruginosa strains have the 
unique phylogenetic position among the other strains. The ob-
jective of  this study was to clarify the intraspecies phylogenetic 
relationship among marine and other strains of  various origins. 
Considering the advantages to use database, the MLST was 
chosen for this purpose.  Methods. P. aeruginosa strains isolated 
from the Pacific Ocean and other environments in Japan were 
used. Seven housekeeping genes (acsA, aroE, guaA, mutL, nuoD, 
ppsA and trpE) were sequenced for 35 P. aeruginosa including 17 
from the ocean, according to the standard method (2). Rooted 
and unrooted trees were generated from the combined MLST 
sequence and the gene sequence data using the Neighbor-join-
ing, Maximum-parsimony, UPGMA and Split decomposition 
methods.  Results. Phylogenetic trees made from MLST data 
and concatenated gene sequence data revealed that oceanic P. 
aeruginosa strains have distinct clade, which is significantly dif-
ferent from other P. aeruginosa groups. There are at least three 
groups, which roughly correspond to their geographical origin, 
i.e., terrestrial, coastal and open ocean environments. Conclu-
sion. Oceanic P. aeruginosa strains possess distinct phylogenetic 
position among others. The results strongly suggest that this 
bacterium may have considerable geographical variations that 
are accompanied with genetic differences. This bacterium may 
be of  new strain types among the database demonstrated by 
MLST. Further genome analyses should clarify the extent of  
diversification and origin of  this bacterium on this planet. The 
whole genome analyses of  a marine P. aeruginosa strain are in 
progress in this laboratory. 
(1) Khan NH et al., (2007) Microbial ecol. 53: 173-186. 
(2) Curran B et al., (2004) J. Clin. Microbiol. 42: 5644-5649.

10B
A EUKARYOTIC-TYPE SIGNALING SYSTEM 
OF PseuDomonAs	AerugInosA 
CONTRIBUTES TO STRESS RESISTANCE AND 
INTRACELLULAR SURVIVAL
J. Goldová1, P. Lněnička1, K. Hercik2, P. Branny1; 1Institute of 
Microbiology, Prague, CZECH REPUBLIC, 2National Institutes of 
Health, Bethesda, MD

Recent studies have proven that eukaryotic-type serine/threo-
nine protein kinases and phosphatases are widespread in many 
bacteria, although little is known regarding the cellular pro-
cesses they control.  The genome of P. aeuruginosa comprises 
of  at least three genes encoding putative protein Ser/Thr 
kinases, one of  which, ppkA has been implicated in P. aeruginosa 
virulence.  In this study, we have attempted to establish the role 
of  Ser/Thr protein kinase PpkA and phosphatase PppA of  

P. aeruginosa.  Despite our repeated attempts, single mutants in 
neither ppkA nor pppA could be prepared. However, pppA-
ppkA double mutant strain was viable and had a significantly 
reduced growth rate compared to that of  the parent strain.  To 
determine whether ΔpppA-ppkA strain has an altered sensitivity 
to different stress conditions, we examined its ability to survive 
H2O2-induced oxidative stress as well as its ability to cope 
with an acidic pH in vitro. Mutant strain showed a decreased 
resistance to both stressors indicating that expression of  these 
signalling proteins affects the functions involved in stress resis-
tance. Consistently, when intracellular survival of  P. aeruginosa 
strains in macrophage-mediated bactericidal assay was exam-
ined, pppA-ppkA double mutant showed decreased survival 
rate (3.5 fold) when compared to the WT strain.  To begin to 
address the genetic basis of  these phenotypes, we performed 
the analysis of  global transcription of  the ΔpppA-ppkA mutant 
compared to the PAO1 parent grown in minimal medium at 
similar OD values for both strains. Affymetrix GeneChip tech-
nology was used to profile the transcriptomes of  both strains. 
Comparison of  the hybridization signals of  the two strains led 
to identification of  a total of  83 genes significantly regulated 
(p-value ≤ 0.05) by PpkA (PppA). Among them, 70 were acti-
vated and 13 were repressed. Several functional gene categories 
have been identified that could account for a reduced stress 
response and attenuated survival. The majority of  altered genes 
could be clustered into four regulons: i) response regulator 
PrpB affected genes; ii) stationary phase sigma factor RpoS 
regulon; iii) PQS (pseudomonas quinolone signal) biosynthetic 
pathway; and iv) oxidative stress-responsive genes.  Thus, these 
results revealed that the pppA-ppkA mutation is broadly pleio-
tropic and affects the transcription of  several sets of  important 
genes likely related to the mutant strain phenotype.

11A
PAEIII - A NOVEL PseuDomonAs	
AerugInosA NCRNA AND ITS POTENTIAL 
TARGETS
T. Sorger-Domenigg, B. Eisenhaber, U. Bläsi, I. Moll; University of 
Vienna, Vienna, AUSTRIA

In recent years, it has become evident that small non-coding 
RNAs (ncRNAs) control diverse cellular processes as well as 
virulence gene expression in numerous bacterial pathogens 
including Pseudomonas aeruginosa. The RNA chaperone Hfq is 
needed for stabilization of  these sRNAs and/or for facilitat-
ing the interaction of  ncRNAs with their target mRNAs. We 
have used a bioinformatic approach to reveal new ncRNAs in 
PAO1. The search focussed on ncRNA genes with a length of  
80-300 nt preferably located in intergenic regions proceeded 
by a promoter and followed by a rho-independent termina-
tor. This analysis yielded a number of  candidate ncRNAs, 
including PaeIII. PaeIII is preferentially expressed in stationary 
phase and upon challenge with human non-inactivated human 
serum, conditions that are related to infection. Over-expres-
sion of  paeIII followed by a proteome analysis revealed that 
PaeIII induces synthesis of  ORF PA1202, encoding a putative 
hydrolase with 84% homology to YcaC, which belongs to the 
isochorismatase family. Members of  this family are involved in 
siderophore synthesis in P. aeruginosa. In vitro and in vivo studies 
showed that PaeIII does not affect translation of  PA1202, 
while transcription of  PA1202 was increased upon over-ex-

Pseudomonas 2007



3� ASM Conferences

POSTER ABSTRACTS
pression of  paeIII. Proteomics further revealed two proteins 
PurE and the protein encoded by ORF PA4739, the synthesis 
of  which was repressed in the presence of  PaeIII. In addition, 
bioinformatics disclosed genes encoding several two-compo-
nent regulators, including the hybrid sensor kinase LadS as 
potential targets of  PaeIII.

12B
PYOCHELIN-DEPENDENT TRANSCRIPTIONAL 
REGULATION BY THE ARAC-TYPE 
REGULATOR PCHR
S. Jagdeep, C. Reimmann; University of Lausanne, Lausanne, 
SWITZERLAND

Under iron limitation, Pseudomonas aeruginosa produces the 
siderophore pyochelin. When released into the extracellular en-
vironment, pyochelin complexes ferric ions and delivers them 
to the bacterial cytoplasm via the outer membrane receptor 
FptA and the inner membrane permease FptX. Pyochelin also 
acts as a signalling molecule which induces the expression of  
its biosynthesis and uptake genes by activating the AraC-type 
regulator PchR. In the presence of  pyochelin, PchR binds to 
a conserved sequence element (PchR-box) in the upstream re-
gion of  pyochelin-regulated genes and controls their transcrip-
tion.  While siderophore signalling with AraC-type regulators 
has been described in other bacteria as well, the PchR protein 
of  P. aeruginosa is the first for which there is evidence of  a 
direct interaction with the siderophore. To investigate this 
mechanism in more detail and to characterize the functional 
domains of  PchR involved in pyochelin recognition, potential 
multimerization and transcriptional activation, the pchR gene 
was mutagenized by error-prone PCR. A genetic screen was 
developed on a monocopy basis using a mini-Tn7 construct. 
This yielded a number of  mutations along the lenght of  the 
protein which severely altered the ability of  PchR to activate 
gene expression. Mutations were reconstructed to correlate the 
phenotypes with single amino acid changes and these mutant 
PchR proteins are now being characterized. One particular mu-
tant (PchRP29L) activated gene expression to some extent even 
in the absence of  pyochelin. This mutant protein was purified 
as a fusion with maltose-binding protein. Mobility shift assays 
demonstrated binding of  MBP-PchRP29L to the PchR-box in 
the absence of  pyochelin, while binding of  the wildtype MBP-
PchR was strictly pyochelin-dependent.

13A
USING MULTILOCUS SEQUENCE ANALYSIS 
TO RECONSTRUCT THE EVOLUTIONARY 
HISTORY OF THE GENUS PSEUDOMONAS
D. S. Guttman, P. W. Wang, R. L. Morgan; University of Toronto, 
Toronto, ON, CANADA

The Pseudomonads are arguably one of  the most fascinating 
and ecologically significant bacterial genera, and provoke great 
medical, agricultural, and biotechnological interest. This re-
markably versatile group includes species such as the opportu-
nistic pathogen Pseudomonas aeruginosa, a soil bacterium con-
sidered one of  the top six infectious disease threats to humans; 
the foliar plant pathogen Pseudomonas syringae, which causes 
a variety of  diseases in many important agricultural crops; 

Pseudomonas fluorescens, a common environmental bacterium 
used for a variety of  biocontrol and growth promotion pur-
poses; and Pseudomonas putida, an important biodegradative 
species capable of  eliminating some of  the most challenging 
environmental toxins. The extensive genetic diversity and wide 
variety of  niches inhabited this genus has prompted a number 
of  taxonomic treatments, and given rise to over 80 different 
named species.  We hypothesize that the genus Pseudomonas, 
in fact, comprises a vastly smaller number of  evolutionarily 
distinct lineages, and have used multilocus sequence analysis 
(MLSA) on the entire genus to infer evolutionary relationships. 
MLSA involves the sequencing and phylogenetic analysis of  
multiple housekeeping loci to infer clonal evolutionary relation-
ships among strains from multiple species.  Our preliminary 
analysis of  >400 Pseudomonads using four loci identified 
major clades corresponding to P. syringae, P. viridiflava, P. 
fluorescens, P. putida, P. aeruginosa, and P. stutzeri. A network 
phylogenetic analysis revealed three primary radiations in the 
genus, with P. aeruginosa being quite distinct, significant gene 
flow between P. syringae and P. viridiflava, and moderate gene 
flow between P. fluorescens and P. putida. Phylogenetic and 
population genetic tests indicate that P. aeruginosa has under-
gone a very recent selective sweep, consistent with epidemic 
population dynamics. Surprisingly, P. fluorescens also has 
undergone a selective sweep, although this event appears to be 
quite ancient. Finally, P. syringae is an endemic pathogen that 
has maintained a relatively stable population among its plant 
hosts for a very long time. One feature common to all of  the 
Pseudomonads is that there is very little recombination in the 
core genome, which results in this genus being one of  the most 
highly clonal studied.  In conclusion, there appear to be only 
three primary evolutionary radiations within the genus Pseu-
domonas. This radiation has giving rise to a lineage primarily 
associated with plants, and two lineages found commonly in 
soil, one of  which has acquired the ability to effectively cause 
disease in humans.

1�B
ExPRESSION OF THE PUTATIVE FIMBRIAL 
GENE CLUSTER CuPD IS REGULATED BY 
GENES PRESENT IN THE SAME 
PATHOGENICITY ISLAND IN 
PseuDomonAs	AerugInosA PA1�
A. L. Boechat, G. G. Nicastro, R. L. Baldini; Universidade de São 
Paulo, São Paulo, BRAZIL

The large pathogenicity island PAPI-1 present in Pseudomo-
nas aeruginosa PA14 is a mosaic of  regions conserved among 
several bacteria and regions present only in this strain. The 
region between the DR2 direct repeat sequences contains two 
clusters of  genes transcribed in opposite directions. One of  
them consists of  four genes coding for the proteins belonging 
to two-component phosphorelay systems PvrS, PvrR, RcsC 
and RcsB. The other is composed of  five genes, cupD1-cupD5, 
which codes for a putative chaperone-usher fimbria and is simi-
lar to the cupA cluster involved in biofilm formation in other 
P. aeruginosa strains. Previous work showed that pvrS, pvrR, rcsC, 
rcsB and cupD2 are virulence-related genes. Since these gene 
clusters seem to have been inserted in the island by a single 
recombination event, we hypothesized whether they are func-
tionally related, being the two-component systems involved in 



37

POSTER ABSTRACTS

the regulation of  cupD expression. Transcriptional fusions of  
the cupD putative promoter regions to lacZ showed very low 
beta-galactosidase activity, therefore more sensitive qRT-PCR 
assays were used to measure relative mRNA levels. In an iso-
genic strain lacking rcsB, cupD1 mRNA levels are lower than in 
PA14, suggesting that RcsB, which is a response regulator with 
a HTH DNA-binding domain, controls positively cupD1 tran-
scription. However, no comparable differences were detected 
when using cupD2 or cupD5 specific primers. Furthermore, 
cupD2 and cupD5 mRNA levels are 2 to 5-fold higher in pvrR 
and rcsC mutants and this induction is not observed for cupD1 
in the same strains. This suggests that cupD1 is not co-tran-
scribed with cupD2 and cupD5, which was confirmed by failing 
to identify a transcript encompassing both cupD1 and cupD2 in 
RT-PCR assays. A promoter that is not affected by RcsB but is 
positively regulated via RcsC and PvrR is probably present up-
stream cupD2. The results show that expression of  cupD cluster 
genes is under the control of  the neighboring genes present in 
PAPI-1 and that it is under a complex regulatory network.

1�A
CHANGES IN THE SURFACE-RELATED 
PHENOTYPES AND REDUCED BIOFILM 
FORMATION BY gACs	AND gACA 
MUTATION AND ExPRESSIONAL CONTROL 
OF gACA AND	rPos GENES IN 
PseuDomonAs SP. KL2�
K. Choi1, Y. Veenaragouda1, K. Cho1, J. Yun1, K. Cho2, K. Lee1; 
1Changwon National University, Changwon, REPUBLIC OF KO-
REA, 2Hoseo University, Asan-si, REPUBLIC OF KOREA

Pseudomonas sp. KL28 can grow with alkylphenols such as 
4-n-alkylphenol (C1-C5) and m-cresol and 3-ethylphenol. This 
bacterium has been shown to have a unique catabolic pathway 
encoded on the lap catabolic gene cluster (1). Biodegradation 
of  toxic compounds is influenced by surface-related pheno-
types, as has shown that the rpoS mutant with increased biofilm 
formation can grow with increased concentrations of  m-cresol 
(2). Pseudomonas sp. KL28 forms slightly rough colonies with a 
little spreading when growing on LB medium with 1.5% agar. 
In this study, Tn5 transposon mutants showing smooth and re-
duced spreading on the surface of  LB agar have been selected 
to characterize the regulatory genes involved. Of  around 50 
selected mutants, most such mutants arose by mutation of  gacA 
or gacS gene, a two-component transduction system which is 
known to control the production of  extracellular enzymes and 
secondary metabolites from a broad range of  Gram-negative 
bacteria. This result indicated that the transduction system is 
important for the colony architecture of  strain KL28. The de-
duced amino acids of  gacS and gacA from KL28 show the high-
est identities of  83% and 96%, respectively, to those found in 
P. entomophila L48, an entomopathogenic bacterium. The gacS or 
gacA knock-out mutants had reduced biofilm-forming ability in 
addition to changing to smooth colonies with reduced mobil-
ity on LB agar. The complementary strain with the expression 
of  gacA in a plasmid exhibited the original phenotypes. This 
result indicated that GacA oppositely controls the expression 
of  some phenotypes that are controlled by RpoS. Previously it 
has been shown that mutation of  rpoS in strain KL28 exhib-
ited wrinkle colonies with increased formation of  biofilm (2). 
In addition, the effect of  each regulator on the expression of  

the other regulator has been examined with the transcriptional 
GFP-fusion reporters and it has been found that the expres-
sion of  the rpoS gene is not under the control of  GacA, but the 
expression of  gacA is partially repressed by RpoS. This result 
showed that the regulation cascade between the two global 
regulators are different from those previously reported from 
P. fluorescens, P. syringae, E. coli and P. chlororaphis, where GacA 
positively regulates the expression of  the rpoS gene. 
1. Jeong, J. J., J. H. Kim, C. K. Kim, I. Hwang, and K. Lee. 
2003. 3- and 4-alkylphenol degradation pathway in Pseudomonas 
sp. strain KL28: genetic organization of  the lap gene cluster 
and substrate specificities of  phenol hydroxylase and catechol 
2,3-dioxygenase. Microbiology 149:3265-3277. 
2. Yun, J. I., K. M. Cho, J. K. Kim, S. O. Lee, K. Cho, and K. 
Lee. 2007. Mutation of  rpoS enhances Pseudomonas sp. KL28 
growth at higher concentrations of  m-cresol and changes its 
surface-related phenotypes. FEMS Microbiol. Lett. 269:97-103.

1�B
AN ALKYLPHENOL-INDUCIBLE GENE 
CLUSTER LOCATED UPSTREAM OF 
ALKYLPHENOL CATABOLIC GENE CLUSTER 
IS CONTROLLED BY A LYSR REGULATOR 
AND INDISPENSABLE FOR GROWTH OF 
PseuDomonAs SP. KL2� ON HIGHER LEVEL 
OF ALKYLPHENOLS
K. Lee, K. Choi, J. Jeong, K. Cho, Y. Veenaragouda, M. Cha; 
Changwon National University, Changwon, REPUBLIC OF KO-
REA

In a previous study, we have reported a catabolic pathway of  
n-3- and 4-alkylphenols (C1-C5) from Pseudomonas sp. KL28 and 
the gene cluster encoding enzymes for the catabolism (1). The 
catabolic lap genes are in a 13.2 kb region of  a recombinant 
cosmid of  pJJ2. Because the deletion of  the upper region of  
the lap gene cluster in pJJ2 showed much delayed growth on 
alkylphenols from a recombinant Pseudomonas, we further char-
acterized the upper region of  the lap catabolic cluster in pJJ2 
where it contains ca 12 kb with ten putative ORFs. Homology 
search in databases indicated that six ORFs with the highest 32 
- 90% sequence identities are found in bacteria related to deg-
radation of  aromatic compounds especially with Azoarcus, an 
anaerobic aromatic-degrading bacterium. We designated those 
ORFs as lapR2STUVW. lapR2 encodes a LysR-type transcrip-
tional regulator and is transcribed divergently from the other 
genes. LapS homologs are found in the gene cluster related to 
anaerobic aromatic microbial degradation but with unknown 
function. LapT and LapU contain transmembrane segment(s) 
with unknown function. LapV with putative ten transmem-
brane segments belongs to a family of  drug and solvent efflux 
pumps (2) and LapW to a family of  methyl-accepting chemo-
taxis proteins. These genes were individually mutated with the 
non-terminal tetA (tetracycline resistance protein, class C) gene. 
The lapR2, lapT and lapV mutants could not grow on higher 
levels of  alkylphenols, indicating that those genes are related 
to KL28 resistance to alkylphenols. Mutation of  the lapW gene 
had increased motility with p-cresol. RT-PCR analysis showed 
that the lapSTUVW genes are co-transcribed as an operon. 
From a transcriptional gfp-fusion plasmid it is shown that the 
transcriptional activity of  the lapS promoter is positively regu-
lated by LapR2 in the presence of  alkylphenol. The transcrip-
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tional start in front of  lapS gene was mapped, and a putative 
-10 and -35 new sigma binding site was identified. Further 
upstream, a site proximal to the promoter was identified to 
contain a LysR-type activator-binding motif  and mutation of  
the region resulted in a loss of  inducibility of  the gfp gene from 
the reporter plasmid. Here we first show that the involvement 
of  a LysR regulator in the induction of  a gene cluster related 
to alkylphenol resistance where the genes encoding usual outer 
membrane and periplasmic proteins are not found. 
1. Jeong, J. J., J. H. Kim, C. K. Kim, I. Hwang, and K. Lee. 
2003. 3- and 4-alkylphenol degradation pathway in Pseudomonas 
sp. strain KL28: genetic organization of  the lap gene cluster 
and substrate specificities of  phenol hydroxylase and catechol 
2,3-dioxygenase. Microbiology 149:3265-3277. 
2. Ramos, J. L., E. Duque, M. T. Gallegos, P. Godoy, M. I. 
Ramos-Gonzalez, A. Rojas, W. Teran, and A. Segura. 2002. 
Mechanisms of  solvent tolerance in gram-negative bacteria. 
Annu. Rev. Microbiol. 56:743-68.

17A
WHAT IS PSEUDOMONAS? EVOLUTIONARY 
AND COMPARATIVE ANALYSES OF 
PSEUDOMONAS GENOMES
V. Klepac-Ceraj1, D. Gevers2, P. De Vos3, R. G. Kolter1; 1Harvard 
Medical School, Boston, MA, 2Massachusetts Institute of Technol-
ogy, Cambridge, MA, 3University of Gent, Gent, BELGIUM

Members of  the genus Pseudomonas are typically metabolically 
highly versatile organisms found in many different environ-
ments, including soil, fresh water, salt water, and eukaryotic 
hosts. Using complete or nearly complete published genomes, 
we have taken a comparative genomic approach in order to 
increase our understanding of  what evolutionary events might 
have shaped the genus Pseudomonas to this versatility. Six P. aeru-
ginosa, one P. mendocina, one P. entomophila, two P. fluorescens, four 
P. putida, and three P. syringae genomes were analyzed for their 
core genome composition and whole genome-based phyloge-
netic relatedness. Our preliminary results show a substantial 
gene content variation of  more than 15% among the phyloge-
netically tightly related P. aeruginosa genomes. Strains of  P. putida 
and P. syringae, however, are phylogenetically more diverse but 
do not show a relative higher intraspecific gene content diver-
sity. Further analyses will consist of  reconstructing ancestral 
gene sets and quantification of  the gene flux (i.e. acquisition 
and loss) along the branches of  the Pseudomonas species tree. 
These comparative genomic approaches are useful to provide 
new insights into evolutionary dynamics of  this genus.

1�B
THE	PseuDomonAs	AerugInosA 
AMIDASE OPERON: POSSIBLE ROLE OF THE 
AMI LEADER RNA IN RIBOREGULATION
E. Sonnleitner1, M. Madej2, A. Hüttenhofer2, D. Haas1, U. Bläsi3; 
1University of Lausanne, Lausanne, SWITZERLAND, 2University 
of Innsbruck, Innsbruck, AUSTRIA, 3University of Vienna, Vienna, 
AUSTRIA

The RNA chaperone Hfq is required for small RNA-mediated 
post-transcriptional regulation in several Gram-negative bac-
teria, and it has been shown that inactivation of  the hfq gene 

results in attenuated virulence of  several pathogens including 
PAO1. A transcriptome analysis revealed that the amiE gene as 
well as the other genes of  the amidase operon are up-regulated 
in an hfq- background [1]. The PAO1 AmiE protein, catalyzes 
the synthesis of  short chain aliphatic amides, resulting in the 
corresponding acids and ammonia. Data of  transcriptional 
and translational fusions studies of  amiE with or without the 
5’-leader RNA sequence to lacZ, which were used to anal-
yse Hfq-mediated regulation of  the amidase operon, will be 
presented.  The 5’-leader RNA of  the amidase operon (PhrT), 
which is known to be involved in transcriptional regulation of  
the amidase operon was isolated by means of  RNomics using 
small sized RNAs of  PAO1 that had been co-immunoprecipi-
tated with Hfq. Specific binding of  PhrT to Hfq was verified 
by gel retardation assays. Northern blot experiments further 
showed that the abundance of  PhrT is Hfq-dependent. To 
address the question whether PhrT -in addition to its func-
tion in transcription of  the ami operon- works as a trans-acting 
riboregulator, proteome studies and a DNA microarray analysis 
were performed. The identified probable target genes of  PhrT 
are being reported.

19A
RSAL IS A GLOBAL REGULATOR 
CONTROLLING QUORUM SENSING 
HOMEOSTASIS AND VIRULENCE IN 
PseuDomonAs	AerugInosA
G. Rampioni1, M. Schuster2, E. P. Greenberg3, I. Bertani4, M. 
Grasso1, V. Venturi4, E. Zennaro1, L. Leoni1;  
1University Roma Tre, Rome, ITALY, 2Oregon State University, Cor-
vallis, OR, 3University of Washington, Seattle, WA, 4International 
Centre for Genetic Engineering and Biotechnology, Trieste, ITALY

The quorum sensing (QS) signalling system of  Pseudomo-
nas aeruginosa controls many important functions, including 
virulence. Although the production of  the QS signal molecule 
3OC12-HSL is positively autoregulated, its concentration 
reaches a steady level long before stationary phase. The RsaL 
protein represses transcription of  the lasI signal synthase gene, 
strongly reducing QS signal production. We show that RsaL 
binds simultaneously with LasR to the rsaL-lasI bidirectional 
promoter thereby preventing the LasR-dependent activation of  
both genes. Moreover, in the rsaL mutant 3OC12-HSL contin-
ues to increase as cultures enter stationary phase. Therefore 
RsaL governs a homeostatic mechanism that allows P. aeruginosa 
to limit 3OC12-HSL accumulation over a physiologically profit-
able concentration. We also show by transcription profiling 
that beside its role in QS signal homeostasis, RsaL controls 
expression of  about 6% of  the P. aeruginosa genome, includ-
ing many virulence genes. About 130 genes are controlled 
by RsaL independently of  its effect on QS signal molecule 
production, including genes encoding pyocyanin and hydrogen 
cyanide virulence factors and the CupA adhesin, involved in 
biofilm formation. We show that RsaL can repress pyocyanin 
and hydrogen cyanide genes in two ways: directly, by binding 
to their promoters, and indirectly, by hampering their QS-sig-
nal-dependent transcription. In its whole this study highlights 
the importance of  RsaL as a global regulator of  P. aeruginosa 
physiology and virulence.
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20B
THE PseuDomonAs QUORUM SENSING 
REGULATOR RSAL BELONGS TO A NEW 
SUBFAMILY OF THE TETRA-HELICAL 
SUPERCLASS OF H-T-H PROTEINS
G. Rampioni1, F. Polticelli1, I. Bertani2, K. Righetti1, V. Venturi2, E. 
Zennaro1, L. Leoni1; 1University Roma Tre, Rome, ITALY, 2Interna-
tional Centre for Genetic Engineering and Biotechnology, Trieste, 
ITALY

In the opportunistic human pathogen Pseudomonas aeruginosa 
quorum sensing (QS) is crucial for virulence. The RsaL protein 
directly represses the transcription of  lasI, the synthase gene 
of  the main QS signal molecule. On the basis of  sequence 
homology, RsaL cannot be predicted to belong to any class of  
characterized DNA-binding proteins. In this study, an in silico 
model of  the RsaL structure has been inferred showing that 
RsaL belongs to the tetra-helical superclass of  helix-turn-helix 
proteins. The overall structure of  RsaL is very similar to the 
N-terminal domain of  the lambda cI repressor and to the POU 
specific domain of  the mammalian transcription factor Oct-1 
(Oct-1 POUs). Moreover, residues of  Oct-1 POUs important 
for structural stability and/or DNA binding are conserved in 
the same positions in RsaL and in its homologs found in the 
GenBank. These residues were independently substituted with 
Ala and the activity of  the mutated variants of  RsaL was com-
pared to that of  the wild-type counterpart in vivo, by comple-
mentation assays, and in vitro, by electrophoretic mobility shift 
assays. Results validated the RsaL in silico model and showed 
that residues Arg 20, Gln 38, Ser 42, Arg 43 and Glu 45 are 
important for RsaL function. Our data indicate that RsaL could 
be the founding member of  a new protein family within the 
tetra-helical superclass of  helix-turn-helix proteins. Finally, the 
minimum DNA sequence required for RsaL binding on the 
lasI promoter has been determined and our data support the 
hypothesis that RsaL binds DNA as a dimer.

21A
GENOME SEQUENCE COMPARISON AND 
SUPERINFECTION BETWEEN TWO RELATED 
PseuDomonAs	AerugInosA PHAGES, 
D3112 AND MP22
Y. Heo1, I. Chung1, K. Choi1, G. Lau2, Y. Cho1; 1Sogang University, 
Seoul, REPUBLIC OF KOREA, 2University of Illinois, Urbana, IL

A temperate transposable bacteriophage (MP22) was isolated 
from a Korean clinical isolate of  Pseudomonas aeruginosa. It has 
a coliphage lambda-like morphology and a double-stranded 
DNA genome. We present the complete nucleotide sequence 
and annotation of  the MP22 genome and its characteristics. 
The MP22 genome is 36,409 bp long with a G+C content of  
64.2%. The genome contains 51 proposed ORFs, of  which 
48 ORFs (94%) display synteny and significant nucleotide and 
protein sequence similarity to the corresponding ORFs of  the 
closely related phage, D3112. Three of  the predicted ORFs are 
unique proteins, whose functions are yet to be revealed. The 
phage c repressors exhibit striking dissimilarities and, when 
present as a single gene, did not show cross-immunity. In con-
trast, although an MP22 lysogen could be productively infected 
with D3112, MP22 could not grow on a D3112 lysogen, indi-

cating a role of  other D3112 genes in superinfection exclusion.

22B
AN RPOS-CONTROLLED SMALL RNA IN 
PseuDomonAs	AerugInosA
N. González, S. Heeb, T. Junier, D. Haas; Université de Lausanne, 
Lausanne, SWITZERLAND

In the opportunistic pathogen Pseudomonas aeruginosa, as in other 
prokaryotes, non-translated genes can be found, mainly in the 
intergenic regions, some of  them coding for small regulatory 
RNAs (sRNAs). Two sRNAs in P. aeruginosa PAO1, RsmY 
and RsmZ, act as positive regulators in the global regulatory 
system GacS/GacA. In this system, the response regulator 
GacA positively regulates the quorum sensing machinery and 
the expression of  secondary metabolites and exoenzymes via 
these sRNAs (Kay et al., 2006, J. Bacteriol. 188: 6026-6033). 
Two other sRNAs, PrrF1 and PrrF2, regulate iron homeostasis 
in P. aeruginosa (Wilderman et al., 2004, PNAS 101: 9792-9797). 
Recently, a bioinformatics study on P. aeruginosa identified 17 
unannotated sRNAs (Livny et al., 2006, Nucleic Acids Res. 34: 
3484-3493).  In a systematic survey of  sRNAs in P. aeruginosa 
PAO1, we analyzed 3200 intergenic regions of  >50 bp that are 
conserved among closely related Pseudomonas spp., and have an 
orphan terminator and/or a promoter consensus motif. We 
predicted about 100 candidate loci of  which about 20 were 
found to express an sRNA. Here we report a RpoS- and GacA-
controlled sRNA. The intergenic region 1698 contains a ~100 
bp sequence flanked by an upstream RpoS-binding consensus 
motif  and a rho-independent terminator. The 1698 transcript is 
RpoS-dependent, and as expected, its expression is influenced 
by some stress conditions. The 1698 sRNA is also positively 
regulated by the GacS/GacA regulatory system and the quo-
rum sensing regulator LasR, but apparently has no role in the 
regulation of  the secondary metabolite HCN. The transcript is 
detectable in stationary phase when the promoter is activated, 
and it appears that in the exponential phase an anti-sense 
transcript annihilates the 1698 sRNA expression. A proteomic 
approach has been initiated to uncover the differences between 
a 1698-negative mutant, the wild type and a 1698-overexpress-
ing strain.

23A
MOLECULAR SYSTEMATICS AND GENETIC 
FINGERPRINTING OF PseuDomonAs AND 
OTHER BACTERIA CONTAMINATING FUELS
J. White1, A. J. Weightman1, G. C. Hill2, E. Mahenthiralingam1; 
1Cardiff University, Cardiff, UNITED KINGDOM, 2Echa Microbiol-
ogy Ltd, Cardiff, UNITED KINGDOM

Microbial spoilage of  hydrocarbon fuels is a widespread prob-
lem for the oil industry. The inability to grow contaminants 
and complex taxonomy of  many bacterial species can limit the 
effective identification of  the spoilage organisms by routine 
microbial culture. Molecular techniques provide a rapid and 
effective means to overcome the latter problems. We developed 
a strategy to examine the bacteria associated with fuel spoil-
age that combined cultivation with: (a) genetic fingerprinting 
to identify strains associated with contamination, and (b) 16S 
rRNA gene sequence analysis to facilitate their systematic 
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identification. Strain typing has been widely used to track the 
epidemiology of  human infection, but it has seen limited ap-
plication in the industrial context of  contamination. A total 
of  50 samples of  contaminated fuels from a range of  sources 
were analysed. PCR fingerprinting of  single colonies was 
performed by Random Amplified Polymorphic DNA (RAPD) 
analysis. This enabled the assembly of  a collection of  geneti-
cally unique strains that avoided unnecessary repetitive analysis 
of  the same strain; from an industrial perspective the genetic 
fingerprinting also provided a means to track single strains 
and to identify the source of  contamination. 132 cultivable 
strains were isolated and 16S rRNA gene sequencing of  these 
contaminants demonstrated the following taxonomic distribu-
tion: 76% were Gram negative including 27 Pseudomonas sp., 13 
Alcaligenes sp., 11 Burkholderia cepacia complex sp., 4 Brevundimonas 
sp. and 2 Serratia sp, and 23% were Gram positive including 
Bacillus sp., and Staphylococcus sp. Five of  the B. cepacia complex 
strains were recovered from two diesel fuel storage tanks at 
the same refinery. Genetic typing demonstrated that one tank 
contained a mixture of  4 different strains, while the other tank 
grew just one completely unique strain, hence there was no 
evidence to suggest a common source for B. cepacia complex 
contamination at this refinery. In summary, a combined ap-
proach of  cultivation and molecular analysis of  bacterial fuel 
contamination revealed a diversity of  causative species, with 
members of  Pseudomonadaceae being among the majority. The 
techniques show possibilities for tracing problematic sources 
of  contamination and the development of  rapid identification 
tests to help prevent biofouling. A comparison of  this cultiva-
tion-based strategy with culture-independent molecular analysis 
of  contaminated fuels is currently underway.

2�B
RECIPROCAL CONTROL OF THE 
HISTIDINE-PHOSHOTRANSFER B (HTPB) ON 
THE ExPRESSION OF PseuDomonAs	
AerugInosA VIRULENCE GENES
C. Bordi, I. Ventre, M. Lamy, E. Termine, A. Filloux; CNRS, Mar-
seille, FRANCE

Pseudomonas aeruginosa is an important opportunistic pathogen 
capable of  causing both acute and chronic infections in im-
munocompromised and cystic fibrosis patients. To establish 
infection, evade the host immune system, and activate virulence 
mechanisms in the appropriate context, the pathogenesis of  
P. aeruginosa is strongly dependent on its ability to sense and 
respond to specific host factors. Recent studies indicated that 
signal transduction pathways involving two component systems 
play an important role in the control of  P. aeruginosa virulence. 
In particular, it has been shown by our studies and the labora-
tory of  Steve Lory that the hybrid sensors LadS (Ventre et al 
2006) and RetS (Goodman et al 2004) could be two molecular 
switches which act in an opposite manner. LadS sensor pro-
motes biofilm formation often associated with chronic infec-
tion, and represses the cytotoxic type III secretion machinery 
often associated with acute infection. On the contrary RetS 
sensor promotes the type III secretion machinery and represses 
biofilm formation.  Here we report by using phenotyping and 
transcriptome analysis that the hptB gene, which encodes for 
a Histidine-phoshotransfer (Hpt) protein, is also acting as a 
molecular switch on the acute and chronic infection processes. 

HptB regulatory protein inductes of  the type III machinery 
and it effectors and represses genes involved in biofilm forma-
tion. We also report that like for the RetS sensor, the signalisa-
tion pathway involving the HptB protein was able to control 
the expression of  the small RNA RsmY. Thus, as RetS, HptB 
seems to promote acute infection and to repress chronic infec-
tion. However, even if  the hptB mutant displays strong pheno-
typic similarities with the retS mutant, the overproduction of  
the HptB protein was not sufficient to complement the retS 
mutant phenotypes. This result demonstrates that HptB was 
not epistatic to RetS, suggesting that even though these two 
proteins may be putative cognate partner they are also part of  
additional and parallel signalisation pathways. We have at last 
showed by studying promoter expression of  the pelA and exoS 
genes, that the HptB and RetS signalisation pathways could 
cross talk and work in synergy to control the virulence process.  
In conclusion, this work strongly suggests the presence of  a 
highly complex network of  regulation which rules virulence in 
P. aeruginosa and an optimal adaptation of  the bacterium to the 
host environment.  References 
Ventre I, Goodman AL, Vallet-Gely I, Vasseur P, Soscia C, 
Molin S, Bleves S, Lazdunski A, Lory S, Filloux A. (2006) 
Multiple sensors control reciprocal expression of  Pseudomonas 
aeruginosa regulatory RNA and virulence genes. PNAS 103: 
171-176. 
Goodman AL, Kulasekara B, Rietsch A, Boyd D, Smith RS, 
Lory S. (2004) A signaling network reciprocally regulates genes 
associated with acute infection and chronic persistence in Pseu-
domonas aeruginosa. Dev Cell. 7: 745-754.

2�A
THE GENOME OF PseuDomonAs	
AerugInosA PA7
P. H. Roy1, A. Larouche1, S. Tremblay1, I. Paulsen2; 1Universiteï¿½ 
Laval, Quebec, PQ, CANADA, 2TIGR, Rockville, MD

Pseudomonas aeruginosa PA7 is a non-respiratory human isolate 
from Argentina. In the course of  a study on multiply antibiot-
ic-resistant strains, we sequenced gyrA, gyrB, parC, parE, ampC, 
ampR, and several housekeeping genes and found that PA7 is 
a taxonomic outlier, with only about 95% overall identity to 
other strains. A genome project was proposed on this basis, 
and sequencing of  the 6.6 Mbp genome reveals that PA7 nota-
bly has neither exoS nor exoU and lacks several other virulence 
factors including toxA, exoT, exoY and the entire TTSS region 
corresponding to PA1690-PA1725 of  PAO1. PA7 is sero-
type O12, pilin type IV and pyoverdin type II. There are four 
genetic islands of  55-120 kbp that include antibiotic resistance 
genes, parts of  transposons, prophages, and part of  a PA14-
like PAPI-1 island. Several PA7 genes not present in PAO1 are 
putative orthologues of  other Pseudomonas spp. and Ralstonia 
spp. There are also several gene-sized indels relative to PAO1. 
PA7 appears to be closely related to the known taxonomic out-
lier DSM1128 (ATCC9027). The genome has just been closed 
and annotation is currently under way. Preliminary proteomic 
studies indicate numerous differences with PAO1.
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2�B
INTERACTION BETWEEN THE STRINGENT 
RESPONSE AND THE GACA/S REGULATORY 
SYSTEM IN PseuDomonAs	AerugInosA
S. L. Vogt, K. Duan, M. G. Surette, D. G. Storey; University of 
Calgary, Calgary, AB, CANADA

The ability of  Pseudomonas aeruginosa to regulate gene expression 
in response to external conditions is a major contributor to its 
environmental versatility. Two important regulatory systems 
in P. aeruginosa are the stringent response, which requires the 
enzymes RelA and SpoT and primarily responds to nutritional 
stress, and the GacA/S two-component system, for which the 
inducing signal remains unidentified. Aside from their common 
involvement in regulating virulence in P. aeruginosa, it has been 
speculated that RelA may activate homologues of  GacA and 
GacS in the Gram-negative pathogen Legionella pneumophila. We 
hypothesized that RelA and/or SpoT may also interact with the 
Gac two-component regulatory system in P. aeruginosa, pos-
sibly by modulating the rate of  transcription of  gacA. In this 
investigation, we had two aims: firstly, to examine the activity 
of  a gacA-lux transcriptional reporter in PAO1 wild-type, relA, 
and relA spoT mutant strains in various media, and secondly, 
to identify conditions inducing the expression of  gacA and to 
determine whether RelA and/or SpoT was required for induc-
tion. A spoT insertion mutation was generated within a previ-
ously constructed relA mutant to produce a double mutant 
strain. The genotype of  the double mutant was verified by PCR 
and Southern hybridization. The luciferase reporter plasmid 
pMS402PgacA was then transformed into PAO1 as well as the 
relA and relA spoT mutants. Upon examining activity of  the re-
porter in minimal media, we found a graded response, whereby 
expression of  gacA was maximal in the wild-type strain, de-
creased in the relA mutant, and further reduced in the relA spoT 
double mutant. We identified treatment with trimethoprim as 
one condition inducing expression of  gacA. An intact strin-
gent response system was not required for induction in rich 
media; however, stringent response mutants were incapable of  
achieving maximal expression of  gacA under these conditions. 
In contrast, in minimal media the trimethoprim induction of  
gacA was completely abrogated. These results demonstrate that 
gacA is regulated at the transcriptional level by RelA and SpoT, 
particularly in minimal media where the stringent response 
would be in play. This type of  interaction between global regu-
latory systems may help to explain the remarkable ability of  P. 
aeruginosa to fine-tune gene expression to suit environmental 
conditions.

27A
THE PSEUDOMONAS GENOME DATABASE: 
IMPROVED COMPARATIVE ANALYSES AND 
IDENTIFICATION OF GENES IN PREVIOUSLY 
ANNOTATED INTERGENIC REGIONS.
G. L. Winsor1, B. Khaira1, R. C. Lo1, C. K. Ho1, D. Wu1, M. D. 
Whiteside1, D. Lynn1, R. E. Hancock2, F. S. Brinkman1;  
1Simon Fraser University, Burnaby, BC, CANADA, 2University of 
British Columbia, Vancovuer, BC, CANADA

Since 2001, the Pseudomonas Genome database has been a 
resource for peer-reviewed, continually-updated annotations 

for the Pseudomonas aeruginosa PAO1 reference strain’s genome 
and, more recently, comparative analyses of  several related 
Pseudomonas species. To facilitate better cross-strain and cross-
species genome comparisons, methods were incorporated to 
improve the identification of  orthologs (genes diverged due to 
speciation) and identify genes undergoing unusual selection. 
Analysis of  several completely sequenced Pseudomonas genomes 
revealed that approximately 5% of  ortholog predictions by 
the classic “reciprocal best BLAST hit” method were likely 
incorrect. The analysis of  unusually large intergenic regions in 
P. aeruginosa PAO1 revealed the presence of  at least 20 novel 
non-coding RNA and protein-coding genes that appear to play 
roles in essential processes (according to the lack of  mutations 
in saturation transposon mutagenesis procedures) or microbial 
pathogenesis (according to signature tagged mutagenesis). In 
addition, current versions of  the database incorporate small 
molecule binding site predictions with links to the Small 
Molecule Interaction Database, operon predictions using 
PathoLogic (Pathway Tools software package), and P. aerugi-
nosa PAO1 export signal data added based on computational 
predictions and PhoA fusion studies. The inclusion of  new, 
very accurate protein subcellular localization predictions for 
the deduced proteome from each of  these genomes will aid in 
the identification of  new cell surface or secreted therapeutic 
targets or vaccine candidates. New annotation updates resulting 
from literature review and PseudoCAP submissions from the 
P. aeruginosa research community have increased the number 
of  curated annotations to the P. aeruginosa PAO1 genome to 
1575. Further comparative genomic analyses and visualization 
of  Pseudomonas spp. genomes with other newly-sequenced P. 
aeruginosa strains of  clinical significance will be included in the 
future. This effort should help identify strain-specific features 
which may be exploited to gain a better understanding of  P. 
aeruginosa virulence and antimicrobial resistance. We gratefully 
acknowledge financial support from the Cystic Fibrosis Foun-
dation for database maintenance.

2�B
INVOLVEMENT OF RPOS IN 
STATIONARY-PHASE MUTAGENESIS IN 
PseuDomonAs	PutIDA
K. Tarassova, A. Tover, R. Tegova, M. Kivisaar; Institute of Molecu-
lar and Cell Biology, Tartu University, Tartu, ESTONIA

RNA polymerase subunit RpoS controls the expression of  
genes involved in general stress responses like nutrient starva-
tion and oxidative stress. Also, it is shown that RpoS is involved 
in -1 bp frameshift mutations in E. coli stationary-phase cells 
by controlling positively the cellular amount of  error-prone 
DNA polymerase Pol IV.  We have investigated the involve-
ment of  Pol IV (encoded by dinB gene PP1203) in stationary-
phase mutagenesis in P. putida and found that RpoS does not 
play any role in dinB transcription in this organism (Tegova et 
al 2004). Neither does RpoS affect frequency of  occurrence of  
Pol IV-dependent 1-bp deletions in starving P. putida.  Interest-
ingly, we found that RpoS can negatively affect the frequency 
of  base substitution mutations in starving P. putida population. 
Compared to the wild-type strain, the frequency of  accumulation 
of  this type of  mutants increased about 5 to 7-fold in one-
week-starved rpoS-defective P. putida strain. As it is known that 
RpoS regulates positively cellular processes which are required 
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for protection of  DNA against oxidative damage, we suspected 
that the elevated rate of  base substitution mutations in rpoS-
defective P. putida could be related to increase in accumulation 
of  oxidative DNA damage in starving bacteria. We found that 
the amount of  superoxide increased over 20 times in one-
week-starved rpoS-defective P. putida cells compared to wild-type 
cells. The increased amount of  superoxide is caused by the 
decreased activity of  superoxide radicals detoxifying enzyme 
SodAB. The activity of  SodAB decreased about 6 times in one-
week-strved rpoS-defective P. putida population. The decreased 
activity of  SodAB could be one possible reason for increased 
accumulation of  base substitution mutants in starving rpoS-
defective strain. It is supported to the fact that overexpression 
of  SodAB in rpoS-defective strain decreased the rate of  base 
substitution mutations about 2.5 times.  Thus, we suppose that 
at least partially, the increased mutational frequency in starving 
rpoS-defective P. putida population is caused by decreased activ-
ity of  SodAB and accumulation of  reactive oxygen species.

29A
STUDY OF INVOLVEMENT OF IMUB AND 
DNAE2 IN STATIONARY-PHASE 
MUTAGENESIS IN PseuDomonAs	PutIDA
R. Tegova, A. Tover, L. Koorits, K. Tarassova, M. Tark, M. Kivisaar; 
Institute of Molecular and Cell Biology, Tartu University, Tartu, 
ESTONIA

Several families of  Proteobacteria carry in their genomes a 
gene cluster encoding homologues of  LexA repressor, which 
negatively regulates the transcription of  the operon, cell divi-
tion inhibitor SulA2, homologues of  Y-family DNA poly-
merase Pol IV and alpha subunit of  the DNA polymerase Pol 
III. Biological function of  that operon has been investigated 
only in few studies. It has been shown that homologue of  al-
pha subunit of  the DNA polymerase Pol III, DnaE2 mediates 
SOS mutagenesis in Mycobacterium tuberculosis and contributes 
to the emergence of  drug resistance in vivo. DNA polymer-
ases encoded by this cluster are also responsible for majority 
of  DNA damage-induced mutations in Caulobacter crescentus. 
lexA2-sulA2-imuB-dnaE2 gene cassette was shown to be DNA-
damage induced in P. putida, but its role in mutagenesis has not 
been studied so far.  Here we have investigated involvment 
of  DnaE2 and DNA polymarase Pol IV homologue ImuB 
in stationary-phase mutagenesis in P. putida. Our results show 
that these two proteins have opposite effects on mutagenic 
processes in starvation conditions. ImuB facilitates occurence 
of  base sustitutions and 1-bp deletions in stationary-phase 
population of  P. putida, whereas lack of  DnaE2 increased the 
frequency of  appearance of  base substitution, what means that 
DnaE2 has an anti-mutator effect in starving P. putida cells and 
prevents mutagenesis in those conditions. At the same time 
DnaE2 does not affect occurence of  1-bp deletions. Similar 
antagonistic effect of  ImuB and DnaE2 on mutation frequency 
was also observed in UV-mutagenesis assay. Thus, biological 
effects of  ImuB and DnaE2 on mutagenesis in P. putida differ 
from those described for ImuB and DnaE2 homologues from 
other organisms.

30B
CHARACTERIZATION OF A NOVEL 
VFR-REGULATED CAMP-BINDING PROTEIN 
CBPA (PA�70�) IN PseuDomonAs	
AerugInosA
T. Endoh1, J. N. Engel2; 1University of California San Francisco, 
Department of Medicine, San Francisco, CA, 2University of Califor-
nia San Francisco, Department of Medicine and Microbiology and 
Immunology, San Francisco, CA

Cyclic AMP (cAMP) signaling in P. aeruginosa affects expression 
of  more than 200 genes and plays a crucial role in the co-or-
dinate regulation of  many virulence factors including quorum 
sensing, motility, and secretion, but many intimate details of  
this pathway remain to be elucidated. We hypothesized that 
other cAMP binding proteins in addition to Vfr may regulate 
this cascade.  Blast analysis revealed that the PAO1 genome 
encodes two potential cAMP binding proteins, PA0275 and 
PA4704. C-terminal his-tagged PA4704, but not PA2705, 
bound a cAMP conjugated resin. PA4704 mutant in which the 
cAMP binding domain was altered (R207A, S208A) lost the 
cAMP-binding capability. We designated PA4704 as CbpA for 
cAMP-binding protein. We used comprehensive approaches to 
determine the function of  CbpA. The C-terminus of  CbpA is 
predicted to encode a cAMP-binding domain, but the N-ter-
minus shows no homology to any known protein or motifs. 
Homologs of  CbpA are found in P. fluorescens, Reinekea species, 
and Hahella chejuensis, and the entire CbpA protein shows ho-
mology to cAMP-dependent protein kinase R subunits. Native 
PAGE indicates that CbpA migrates as a 61.1 kDa homodimer. 
Limited proteolysis with trypsin revealed that the protein was 
protected from digestion in the presence of  cAMP but not 
AMP, suggesting a cAMP-induced conformational change. 
A PcbpA-lacZ transcriptional fusion showed Vfr- and calcium-
dependent expression, which is consistent with the published 
microarray data for strain PAK. We identified a putative Vfr 
binding site at 118-bp upstream from cbpA and demonstrated 
that alteration of  the putative Vfr binding site greatly reduced 
PcbpA-lacZ expression. EMSA analysis showed that his-tagged 
Vfr purified from E. coli bound in a cAMP-dependent man-
ner to the Vfr-binding site, but not the mutated version. We 
conclude that CbpA transcription is directly regulated by Vfr 
binding. We have carried out extensive phenotypic analysis of  
cbpA in PA103 and PAO1, including growth rate under various 
conditions, twitching motility, swimming, early biofilm forma-
tion in tube-based assays, cell-culture based cytotoxicity assays, 
and virulence in a mouse model of  acute pneumonia, by com-
paring the in-frame deletion mutants and the wild type strain 
overexpressing CbpA. We observed an early growth rate defect 
in the CbpA-overexpressing strains. We are currently conduct-
ing proteomic and co-purification assays to identify potential 
binding partners.

31A
ROLE OF NUCLEOTIDE ExCISION REPAIR IN 
PseuDomonAs	PutIDA
M. Tark, A. Tover, K. Tarassova, R. Tegova, L. Koorits, M. 
Kivisaar; Tartu University, Institute of Molecular and Cell Biology, 
Tartu, ESTONIA
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Nucleotide excision repair (NER) is a well studied DNA repair 
system in E. coli. NER consists of  UvrABC excinuclease which 
removes various types of  DNA damage in concert with UvrD 
helicase, DNA polymerase I and DNA ligase. Recognition 
of  DNA damage and triggering NER to DNA in E. coli is 
facilitated by two proteins. First, damage is located by UvrA 
and in the following step damage is verified by UvrB. After 
damage verification UvrAB complex binds tightly to DNA and 
initiates repair. The specificity of  NER system is defined by 
the specificity of  its two participants - UvrA and UvrB. After 
removal of  damaged DNA region by UvrBC nuclease and 
UvrD helicase the remaining gap is filled by DNA polymerase 
I.  There are several bacteria that have more complicated NER 
system than E. coli has. Many bacteria included Pseudomonas 
putida, possess two homologues of  DNA damage recognition 
protein UvrA. One of  the UvrA homologues in these species 
is similar to UvrA in E. coli; second ones form a group named 
UvrA2 family proteins.  Role of  UvrA2 family proteins in 
NER is poorly studied. Also the participation of  other DNA 
polymerases than DNA polymerase I in NER is still unknown.  
Our studies in Pseudomonas putida reveal that:  1. Both of  the 
UvrA homologues participate in NER pathway, but in differ-
ent manner. We suggest that UvrA is involved in specific DNA 
damage recognition, whereas UvrA2 may trigger NER system 
to bind undamaged DNA and carry out gratuitous DNA re-
pair, increasing the rate of  spontaneous mutations.  2. Besides 
DNA polymerase I, also DNA polymerase IV could participate 
on filling of  gap after removal of  damaged region.

32B
PSEUDOMONAS 
ENTOMOPHILA-DROSOPHILA 
MELANOGASTER : A NEW MODEL TO 
DECIPHER HOST/PATHOGEN INTERACTIONS
I. Vallet-Gely, N. Vodovar, P. Lielh, F. Boccard, B. Lemaitre; CNRS-
CGM, Gif sur Yvette, FRANCE

Drosophila has been shown to be a valuable model for the 
investigation of  host-pathogen interactions. However, these 
studies have been hampered by the lack of  true Drosophila 
pathogens. In most studies, the bacteria used were directly 
injected into the body cavity of  the insect, bypassing the initial 
steps of  a natural interaction.  We identified a new bacterial 
species, Pseudomonas entomophila that has the capacity to in-
duce the systemic expression of  antimicrobial peptide genes in 
drosophila following ingestion.  In contrast to previously iden-
tified bacteria, P. entomophila is highly pathogenic to drosoph-
ila, as well as to other insects. Its persistence leads to a mas-
sive destruction of  gut cells.  The complete sequence of  the 
Pe genome was determined and compared to the sequenced 
genomes of  four Pseudomonas species. Several features that 
probably contribute to its entomopathogenic properties were 
disclosed. Unexpectedly for an animal pathogen, P. entomophi-
la is devoid of  a type III secretion system and associated toxins 
but rather relies on a number of  potential virulence factors 
such as insecticidal toxins, proteases, lipases, hydrogen cyanide, 
lipopeptides and other secondary metabolites to infect and kill 
insects. Genome-wide random mutagenesis revealed the major 
role of  the two-component system GacS/GacA that could 
regulate most of  the potential virulence factors identified.  Us-
ing a combined genetic approach on both host and pathogen, 

we initiated an analysis of  the contribution of  these multiple 
factors to the infectious process. Our first results showed that 
P. entomophila virulence is multi-factorial with a clear differen-
tiation between factors that trigger the immune response and 
those that promote pathogenicity.

33A
UNIVERSAL STRESS PROTEINS AND 
STRINGENT RESPONSE IN PseuDomonAs	
AerugInosA
N. Boes, A. Steen, K. Schreiber, M. Schobert; Technical University 
Braunschweig, Braunschweig, GERMANY

Universal stress proteins (Usp) have been shown to be essential 
for surviving various stress conditions in Escherichia coli. We 
identified and characterized five Usp-type proteins in Pseudomo-
nas aeruginosa which are produced in response to oxygen limita-
tion.  Phenotypic characterization of  the uspK (PA3309) and 
uspN (PA4352) knockout mutants showed that these Usp-type 
proteins are essential for surviving specific and not universal 
stress conditions. UspK supports long term survival of  P. 
aeruginosa during pyruvate fermentation under anaerobic condi-
tions, while UspN allows endurance after a break down of  the 
proton motive force, induced by CCCP (carbonylcyanide-3-
chlorophenylhydrazone). No essential roles in stress resistance 
could be determined for UspL (PA1789), UspM (PA4328) and 
UspO (PA5027) so far.  The expression of  uspK, uspL, uspM, 
uspN and uspO was shown to be regulated by Anr, the global 
oxygen detecting regulator of  the anaerobic metabolism and 
furthermore by RelA/SpoT the stringent response. Using 
promoter-lacZ fusions we showed that all five usp promoters 
were induced 4 h after exposure to anaerobiosis in an Anr-
dependent manner. Additionally, we observed an induction of  
all five promoters by entering stationary phase. This induction 
was proved to be independent of  Anr but under control of  the 
RelA/SpoT conditional stringent response.  Since we showed 
the usp genes to be part of  the RelA/SpoT regulon we were 
interested to identify other members of  this regulon using 
transcriptome analysis. We determined ppGpp levels, as well as 
the presence of  mRNAs of  other RelA/SpoT-dependent genes 
in response to CCCP treatment.

3�B
THE ROLE OF DINB AND MISMATCH REPAIR 
IN MUTAGENESIS IN PseuDomonAs	
AerugInosA
L. H. Sanders1, A. Rockel2, D. J. Wozniak2, M. D. Sutton1; 1Uni-
versity at Buffalo, Buffalo, NY, 2Wake Forest University School of 
Medicine, Winston-Salem, NC

Recent work has demonstrated a striking correlation between 
hypermutability and the persistence of  P. aeruginosa infec-
tions. Both base substitution and frameshift mutations have 
been detected in P. aeruginosa isolated from CF patients and 
both types of  mutations are presumed to contribute to clonal 
expansion and the pathogenesis of  P. aeruginosa. Thus, an 
understanding of  the mechanisms contributing to mutagen-
esis in P. aeruginosa is important to our overall understanding 
of  the pathogenesis of  this organism. We hypothesize that 
error-prone DNA replication contributes to mutagenesis in P. 
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aeruginosa. As part of  an effort to understand the mechanisms 
of  mutagenesis in P. aeruginosa we have utilized a combina-
tion of  genetic and biochemical approaches to characterize the 
activity and regulation of  the P. aeruginosa DinB protein (Din-
BPa). Our results indicate that DinBPa is a distributive DNA 
polymerase that lacks intrinsic proofreading activity in vitro. 
Modest overexpression of  DinBPa from a plasmid conferred 
a mutator phenotype in both Escherichia coli and P. aerugi-
nosa. An examination of  this mutator phenotype indicated that 
DinBPa has a propensity to promote C A transversions and 
-1 frameshift mutations within poly(dGMP) and poly(dAMP) 
runs. The deletion of  the dinBPa gene sensitized P. aeruginosa 
to nitrofurazone and 4-nitroquinoline-1-oxide, consistent with 
a role for DinBPa in translesion DNA synthesis over N2-fur-
furyl-dG adducts. Using strains that either lacked the dinBPa 
gene, or expressed dinBPa from a plasmid, we determined 
that DinBPa contributes to spontaneous mutagenesis in P. 
aeruginosa strains impaired for mismatch repair (MMR), and is 
required for ceftazidime-induced mutagenesis. In contrast, the 
loss of  DinBPa is required for mitomycin C-induced muta-
genesis. These results not only provide evidence for DinBPa 
contributing to mutagenesis in P. aeruginosa, but also point 
to an interesting relationship between MMR and DinBPa, as 
DinBPa-dependent mutagenesis in P. aerugniosa was observed 
only after inactivation of  MMR. These results suggest that er-
ror-prone replication by specialized DNA pols such as DinBPa 
may contribute to the hypermutable phenotype observed in 
these MMR deficient P. aeruginosa strains and contribute to 
the clonal expansion of  P. aeruginosa infecting CF patients. To 
examine this hypothesis further we are investigating the role of  
DinBPa and MMR in promoting survival and mutagenesis in 
response to oxidative stress.

3�A
HIGH RESOLUTION STRUCTURAL AND 
PHYSICAL CHARACTERIZATION OF ALGH 
FROM PseuDomonAs	AerugInosA, A 
REGULATOR OF SECRETABLE VIRULENCE 
FACTORS AND NUCLEOSIDE DIPHOSPHATE 
KINASE/SUCCINYL-COA SYNTHETASE
J. L. Urbauer, A. B. Cowley, R. J. Bieber Urbauer; The University 
of Georgia, Athens, GA

The AlgH protein from Pseudomonas aeruginosa is the name-
sake for a family of  uncharacterized bacterial proteins nomi-
nally annotated as transcriptional regulators. AlgH and another 
regulatory protein AlgQ are known to coordinately regulate 
the production of  nucleoside diphosphate kinase and succinyl-
CoA synthetase, as well as production or secretion of  several 
secretable virulence factors including alginate, proteases, sid-
erophores and rhamnolipids. The mechanistic origins for regu-
lation by AlgH are unknown. Based on sequence analyses, we 
hypothesized that the three-dimensional fold of  AlgH would 
be novel, perhaps appropriate given its regulatory capabilities, 
and would therefore present novel and specific rational strate-
gies to regulate virulence factor production/secretion. We used 
heteronuclear, multidimensional NMR spectroscopy and other 
spectroscopic and physical methods to determine the structure 
of  AlgH in solution to high resolution and to characterize its 
stability and other physical attributes. In solution, the globular 
AlgH protein is monomeric (20 kDa) and monodisperse even 

at high concentrations, as judged by dynamic light scattering 
and sedimentation equilibrium experiments, but maintains the 
ability to dimerize and form higher order oligomers via inter-
molecular disulfide bonds between its two cysteine residues. 
As suspected, the protein fold is a novel alpha/beta-topology 
consisting of  eight alpha-helices and ten beta-strands. The 
global stability of  AlgH is approximately 4 kcal/mol as judged 
by chemical and thermal denaturation studies, indicating a 
protein of  nominal stability. The global stability determined 
by hydrogen/deuterium exchange measurements, however, is 
much higher (approximately 8 kcal/mol, taking into account 
cis/trans isomerization of  the 14 proline residues), suggesting 
a complex and intriguing mechanism for folding/unfolding. 
Thus, our results demonstrate that the tertiary structure of  
AlgH represents a new/novel protein fold, which suggests 
novel functional attributes. The novel three-dimensional fold 
suggests that the protein could be targeted therapeutically with 
specificity to manage its regulatory functions. The ubiquitious 
nature of  this protein among bacteria suggests similar strate-
gies for other pathogenic species.

3�B
REGULATION OF THE SMALL RNAS RSMY 
AND RSMZ IN PseuDomonAs	
fluoresCens CHA0
B. Humair, C. Valverde, D. Haas; Département de Microbiologie 
Fondamentale, Lausanne, SWITZERLAND

In the plant-beneficial soil bacterium Pseudomonas fluorescens 
CHA0, the GacS/GacA two-component system regulates the 
production of  extracellular enzymes and secondary metabo-
lites, by positively controlling the expression of  three small 
noncoding RNAs, RsmX, RsmY and RsmZ. These riboregu-
lators antagonize the repressive action of  two RNA binding 
proteins (RsmA and RsmE), which bind to target mRNAs near 
the translation initiation sites. As a result, an active GacS/GacA 
system allows the expression of  target mRNAs when the cell 
density is high. Activation of  the rsmY and rsmZ promoters 
requires the response regulator GacA and the two RNA-bind-
ing proteins RsmA and RsmE.  By altering the rsmY promoter 
in an rsmY-lacZ fusion, we show that a palindromic upstream 
activating sequence (UAS) of  18 nucleotides, which is well 
conserved among GacA controlled promoters of  different 
species, is essential for the activation by GacA. Point mutations 
in the rsmY promoter indicate that a linker region between 
the UAS and the -35 site is also essential for the activation of  
the promoter. Furthermore, we demonstrate that temperature 
regulates the expression of  RsmZ. This regulation seems to be 
independent of  the Gac system, as the regulation of  RsmY and 
RsmX was not affected by temperature.

37A
TRANSPOSITION OF TN���2 IN 
PseuDomonAs	PutIDA CELLS IS 
REGULATED BY COMPETITION OF TWO 
GLOBAL PROTEINS, IHF AND FIS
R. Teras1, J. Jakovleva1, M. Kivisaar2; 1Institute of Molecular and 
Cell Biology at University of Tartu, Tartu, ESTONIA, 2Institute of 
Molecular and Cell Biology at University of Tartu and Estonian 
Biocentre, Tartu, ESTONIA
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Transposition of  mobile DNA elements is usually non-specific 
and causes mutations in genome of  bacteria. This is a reason 
why transposition is usually precisely controlled by element- 
and host-encoded global regulators such as IHF, Fis, HU and 
H-NS. Whereas the expression of  global regulators is con-
nected to changes in environment, the transposition activity is 
regulated by physiological state of  bacteria. For instance, IHF, 
one of  the most abundant DNA-binding proteins in station-
ary phase cells of  Escherichia coli and Pseudomonas putida, 
mostly affects transposition when bacteria grow slowly or not 
at all. At the same time, Fis, which expression is shortly up-
regulated after nutritional upshift in E. coli, can have influence 
upon transposition in logarithmically growing cells. 
We have shown that IHF modulates transposition activity of  
Tn4652 by binding to the ends of  the transposon that is neces-
sary for binding of  transposase. Thereby the transposition 
of  Tn4652 is enhanced in stationary phase cells of  P. putida 
(Ilves et al., 2004). In addition, our previous data suggests 
that besides of  transposase and IHF an additional protein can 
bind to the ends of  Tn4652. As this seemed to be a protein 
abundantly present in logarithmically growing cells of  P. putida, 
we suspected that the global regulator Fis might be involved 
in regulation of  transposition.  We predicted several putative 
binding sites for Fis at both ends of  Tn4652 in silico. DNase 
I footprint analysis verified a Fis binding site 130 bp inside the 
left end of  Tn4652. The binding of  Fis to the left end affects 
negatively the binding of  IHF and thereby the binding of  
transposase in vitro. Although the binding sites of  Fis and IHF 
do not overlap, the presence of  Fis weakened the DNA protec-
tion by IHF and transposase in DNase I footprint analysis. 
The inhibition of  transposition of  Tn4652 by Fis was obtained 
also in vivo. The transposition of  Tn4652 was approximately 
100 times lower in Fis over-expressing strain of  P. putida 
compared to wild type bacteria.  Data in current study suggest 
that binding of  Fis to Tn4652 ends causes down regulation of  
transposition. Since Fis is expressed at high level in exponen-
tially growing cells, Tn4652 transposes at low level in the fast 
growing bacteria. In the stationary-phase bacteria, when the 
amount of  Fis has reduced and the amount of  IHF, on the 
contrary, has increased, the negative effect of  Fis is relieved 
and transposition of  Tn4652 is greatly elevated.

3�B
ANALYSIS OF THE QUORUM SENSING 
NETWORK IN PAthogenIC	burkholDerIA
J. J. Varga1, D. Chen1, Y. Yu1, M. A. Schell2, R. L. Ulrich3, W. C. 
Nierman1; 1JCVI, Rockville, MD, 2University of Georgia, Athens, 
GA, 3USAMRIID, Frederick, MD

Burkholderia pseudomallei is a soil-microorganism that can cause 
a lethal infection in humans known as melioidosis. B. mallei, an 
obligate pathogen thought to have evolved from a single strain 
of  B. pseudomallei, causes a chronic disease in horses known 
as glanders. B. mallei is also capable of  causing acute, lethal, 
infections humans. B. thailandensis is a closely related soil-mi-
croorganism which is non-pathogenic. B. pseudomallei contains 
a complex quorum sensing (QS) system consisting of  3 pairs 
of  luxI and luxR homologues, and 2 additional orphan luxR 
genes, while B. mallei contains a derivative complement of  
the QS genes, lacking the luxIR2 pair. B. thailandensis contains 
an identical set of  QS genes as B. pseudomallei, and encodes 

an additional orphan luxR homolog,   An analysis of  the QS 
network has been initiated to identify potential therapeutic 
targets and vaccine candidates for B. mallei and B. pseudomallei 
infections. Initial qRT-PCR analyses of  the transcript levels of  
QS genes in B. thailandensis have been performed that sug-
gest that all 9 QS genes are activated in a density dependant 
fashion. Further assays to test the effect of  exogenous autoin-
ducer showed that while luxI2 transcript levels increased in the 
presence of  C6-, C8-, or C10-acyl-homoserine-lactone (AHL), 
C10-AHL repressed expression of  several luxR homologs. 
Further experiments are underway to optimize the concentra-
tion of  autoinducer and the time of  addition of  autoinducer 
to the culture.  Mutants have been constructed for the luxI and 
luxR homologues in all three species, and the gene expression 
patterns of  these strains will by compared to the expression 
patterns of  strains over-expressing the same genes. Preliminary 
microarray analysis of  B. thailandensis indicates that luxR1 up-
regulates genes related to pili, efflux pumps and metabolism, 
while down-regulating chaperones, flagellar genes and a differ-
ent efflux pump. luxR2 is involved in the up-regulated of  an 
efflux pump and succinate utilization operon, and is involved 
in the down-regulated of  the heat-shock response. Analysis of  
luxR3 showed that it up-regulated heat-shock response, type IV 
pili, and proteases, and that it down-regulates type III secretion, 
ABC transporters and cell surface proteins.  Experiments are in 
progress to begin the analysis of  the luxI and luxR genes in B. 
pseudomallei, and B. mallei, and the remaining luxI and luxR genes 
in B. thailandensis.

39A
RHLR ExPRESSION IN PseuDomonAs	
AerugInosA IS MODULATED BY THE 
PSEUDOMONAS QUINOLONE SIGNAL 
(PQS) VIA PHOB-DEPENDENT PATHWAYS
V. Jensen1, D. Löns1, C. Zaoui1, F. Bredenbruch1, A. Meissner1, G. 
Dieterich1, R. Münch2, S. Häussler1; 1Helmholtz Centre for Infection 
Research, Braunschweig, GERMANY, 2Technical University Braun-
schweig, Braunschweig, GERMANY

The expression of  virulence determinants in Pseudomonas 
aeruginosa is coordinately regulated in response to both the 
social environment - commonly referred to as quorum sensing 
- and to environmental cues. In this study we have dissected 
the various independent regulation levels for pyocyanin pro-
duction which is influenced by the homoserine lactone- and 
Pseudomonas quinolone Signal (PQS)-mediated quorum 
sensing systems as well as by iron and phosphate availability. 
We demonstrated that the phosphate (Pho) regulon is involved 
in the transcriptional activation of  rhlR and the augmentation 
of  PQS and pyocyanin production under phosphate limitation. 
These results highlight the complexity of  secondary metabolite 
production in P. aeruginosa via environmental cues and quorum 
sensing. Using a bioinformatic approach we have identified 237 
putative PHO boxes in the whole P. aeruginosa genome sug-
gesting an interconnection between environmental cues and 
virulence determinants. As a global transcriptional regulator 
PhoB is probably not only phosphorylated via its cognate sen-
sor kinase PhoR but - apart from phosphate starvation - may 
be activated under various other environmental conditions, that 
warrant further studies.

Pseudomonas 2007



�� ASM Conferences

POSTER ABSTRACTS

�0B
PROTEOME AND TRANSCRIPTOME  
ANALYSIS OF THE PseuDomonAs		 	
AerugInosA NITRATE RESPONSE  
REGULATOR NARL
B. Benkert1, K. Schreiber1, N. Quäck1, M. Scheer2, L. Jaensch3, J. 
Buer3, D. Jahn1, M. Schobert1; 1Technical University Braunsch-
weig, Braunschweig, GERMANY, 2Fachhochschule Wolfenbüttel, 
Wolfenbüttel, GERMANY, 3Helmholtz Centre for Infection Research, 
Braunschweig, GERMANY

In the absence of  oxygen Pseudomonas aeruginosa grows either by 
denitrification using nitrate or nitrite or via arginine fermenta-
tion. Pyruvate fermentation was found to sustain anaerobic 
survival when nitrate, nitrite and arginine are absent.  The an-
aerobic regulatory network required for denitrification is con-
trolled by the global anaerobic regulatory protein Anr, which 
controls the expression of  dnr. The NO sensing transcriptional 
regulator Dnr finally induces the expression of  the nir, nor and 
nos genes encoding proteins essential for denitrification. The 
two-component system NarX/NarL is also important for de-
nitrification. NarX is the presumed sensor kinase which detects 
nitrate, while NarL is the cognate response regulator. Expres-
sion of  the narXL operon is under control of  both regulators, 
Anr and Dnr. However, little is known about genes regulated 
by NarXL.  The role of  the nitrate response regulator NarL in 
the denitrification pathway was investigated by proteome and 
transcriptome analysis of  the P. aeruginosa PAO1 and a narL 
knockout mutant PAO9104. Two-dimensional gel electro-
phoresis revealed the differential synthesis of  seven proteins 
while microarray analysis of  the wild type and the narL mutant 
revealed differential expression of  more than 140 genes. As 
expected, narK1K2GHJI expression was positively controlled by 
NarL as well as genes encoding proteins for the molybdenum 
cofactor biosynthesis. Expression of  the arcDABC operon 
encoding proteins essential for arginine fermentation was 
repressed by NarL. However, most genes were expressed in 
response to nitrate indirectly via NarL. The direct influence of  
NarL on narK1K2GHJI and arcDABC expression was further 
confirmed by promoter-lacZ reporter gene fusions.

�1A
STRUCTURE-FUNCTION STUDIES OF THE 
GLOBAL POST-TRANSCRIPTIONAL 
REGULATOR RSMA IN PseuDomonAs	
AerugInosA
S. Heeb, S. A. Kuehne, P. Williams, M. Cámara; University of Not-
tingham, Nottingham, UNITED KINGDOM

The RsmA/CsrA family of  global post-transcriptional regula-
tors are small RNA-binding proteins that appear to be widely 
distributed among the eubacteria. They regulate the expression 
of  a large variety of  genes including those involved in quo-
rum sensing, virulence factor production, motility and biofilm 
formation, by binding to target mRNAs and hence modulating 
their stability and translation rates. Their pleiotropic effects are 
antagonised by small non-coding regulatory RNAs with little 
primary sequence conservation. The RsmA secondary struc-
tures and potential RNA binding domains have been predicted 
from the highly conserved primary sequences. However, the 

actual topology of  the RNA-binding domain and the specificity 
mechanisms are still to be elucidated. The crystal structure of  
RsmA from Yersinia enterocolitica revealed that it is composed of  
a dimeric beta-barrel core from which two C-terminal alpha he-
lices are projected. Using this information we have performed 
structural-functional studies in the Pseudomonas aeruginosa RsmA 
homologue, revealing a novel type of  RNA-binding domain. 
Heterologous complementation of  a P. aeruginosa rsmA mutant 
has been investigated using a variety of rsmA homologues 
from Gram-negative and Gram-positive bacteria with different 
degrees of  conservation. The results from these studies sug-
gest that some domains of  relatively little conservation could 
be playing key roles in target specificity. New approaches are 
also being developed to systematically identify RsmA direct 
target genes at genomic scale in bacterial species that possess 
homologues of  this post-transcriptional regulator. Altogether, 
this knowledge could contribute to the identification of  novel 
targets aimed at enhancing industrially relevant metabolite pro-
duction or the development of  new antimicrobials.

�2B
A TRANSCRIPTIONAL REGULATOR THAT 
COORDINATES THE SWITCH BETWEEN 
MOTILITY AND BIOFILM FORMATION OF 
PseuDomonAs	AerugInosA
J. W. Hickman, C. S. Harwood; University of Washington, Seattle, 
WA

When Pseudomonas aeruginosa switches from a planktonic to a 
biofilm lifestyle, it decreases the expression of  genes involved 
in the assembly of  its flagella and increases the expression 
of  genes for the production of  exopolysaccharides. Here we 
describe a mechanism by which P. aeruginosa coordinates the 
transcription of  flagella genes and the pel exopolysaccharide 
locus. It has been established that the RpoN-dependent tran-
scriptional regulator, FleQ, is the master activator of  flagella 
gene expression, and thus swimming motility. Here we demon-
strate that FleQ also represses transcription of  the pel operon. 
We found in gel mobility shift assays that purified FleQ bound 
directly and specifically to the pel promoter. A truncated FleQ 
lacking its N-terminal domain displayed increased DNA bind-
ing, suggesting that DNA binding by FleQ is controlled, at 
least in part, by its N-terminal domain. We determined that 
FleQ repressed transcription of  two other sets of  genes of  
unknown function, PA2440-41 and PA4624-25, in addition to 
the pel locus. The transcription of  the pel locus, PA2440-41, and 
PA4624-25 has been shown to be increased by high levels of  
the signaling molecule c-di-GMP. Thus FleQ and c-di-GMP 
coordinately regulate the expression of  these genes. Our data 
support a model where FleQ inversely regulates flagella and pel 
gene expression in P. aeruginosa at the level of  transcription.

�3A
IN VIVO IMAGING AND GENETIC ANALYSIS 
LINK BACTERIAL MOTILITY AND SYMBIOSIS 
IN THE ZEBRAFISH GUT
J. F. Rawls1, M. A. Mahowald2, A. L. Goodman2, C. M. Trent1, J. I. 
Gordon2; 1University of North Carolina, Chapel Hill, NC, 2Wash-
ington University, St. Louis, MO
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BACKGROUND: The vertebrate intestine harbors a large and 
diverse community of  microorganisms, collectively known as 
the microbiota. The gut microbiota impacts a range of  host 
processes, including aspects of  innate and adaptive immu-
nity, metabolism of  nutrients and xenobiotics, and intestinal 
epithelial cell proliferation. Remarkably little is known about 
how these microbial consortia are established within the gut, 
how members of  these consortia behave within their dy-
namic ecosystems, or what microbial factors mediate mutually 
beneficial host-microbial interactions. The transparency of  
the zebrafish, coupled with methods for raising these animals 
under germ-free conditions, provide new opportunities to ad-
dress these questions. We have previously shown that coloniza-
tion of  germ-free zebrafish with Pseudomonas aeruginosa results 
in the same nutrient metabolism and innate immune responses 
evoked by a complete microbiota. METHODS: To facilitate 
real-time in vivo microscopic observation of  bacterial behavior 
and community assembly, we colonized germ-free zebrafish 
with P. aeruginosa that constitutively express green fluorescent 
protein. To test the role of  P. aeruginosa genes in the regulation 
of  host responses, we colonized germ-free zebrafish with P. 
aeruginosa strains containing deletions of  virulence and motility 
factors, and monitored host responses by quantitative RT-PCR. 
RESULTS: The zebrafish intestine is initially colonized by a 
small cohort of  bacteria that rapidly increases in size. Individu-
al bacteria displayed a range of  behaviors, including association 
with the intestinal epithelium, incorporation into multicellular 
luminal structures, and rapid swimming motility through the 
lumen. P. aeruginosa strains carrying deletions of  exsA, retS, or 
pilA evoked innate immune and nutrient metabolism responses 
that were not significantly different from the wild-type strain. 
In contrast, strains carrying deletions of  flagellar genes fliC or 
motABCD resulted in strong attenuation of  innate immune 
responses, but not nutrient metabolism responses. CONCLU-
SION: Flagellar function, including swimming motility and 
stimulation of  innate immune responses, is an important 
component of  host-bacterial interactions in this system. These 
results demonstrate the utility of  zebrafish in defining the be-
havior and localization of  bacteria within the living vertebrate 
gut, identifying bacterial genes that affect these processes, and 
assessing the impact of  these genes on host-microbial interac-
tions.

��B
THE CYTOPLASMIC HEME BINDING PROTEIN 
(PHUS) OF PseuDomonAs	AerugInosA 
PLAYS A ROLE IN INTRACELLULAR IRON 
AND HEME HOMEOSTASIS
A. P. Kaur, A. Wilks; University of Maryland, Baltimore, Baltimore, 
MD

Heme uptake from the host is an important iron acquisition 
mechanism employed by pathogenic bacteria for survival and 
virulence. Pseudomonas aeruginosa genome has two distinct Fur-
regulated heme uptake loci, phu (Pseudomonas heme uptake) and 
has (heme assimilation system). Within the phu locus, the phuS 
gene encodes a cytoplasmic heme binding protein that in-vitro 
has been shown to traffic heme to the iron regulated heme 
oxygenase (HemO) potentially for heme degradation and iron 
release. In order to investigate the role of  PhuS in-vivo, a phuS 
transposon insertion mutant was characterized in this study. 

The overall growth rates of  the mutant and wild type MPAOI 
strain were similar, however the timing of  production of  
quorum sensing regulated redox pigment, pyocyanin was dis-
tinctly different in the two strains. Pyocyanin which is normally 
produced late in stationary phase was prematurely produced 
during exit from logarithmic to stationary phase of  growth 
in the mutant. However the addition of  excess hemoglobin 
to the media suppressed the premature pyocyanin produc-
tion, indicating that potentially this phenotype is linked to the 
organism’s ability to efficiently utilize heme. Since a few reports 
have indicated the role of  pyocyanin in iron acquisition and 
based on the suppression of  premature pyocyanin production 
by excess hemoglobin as well as the role of  PhuS in heme-traf-
ficking to HemO, we hypothesized that the overall cellular iron 
homeostasis might be disturbed upon disruption of  phuS. To 
test this hypothesis, global changes in gene expression were 
analyzed by Affymetrix GeneChip® technology. Consistent 
with our hypothesis a large number of  iron-regulated genes 
were differentially expressed in the phuS mutant. As expected 
from the premature pyocyanin production phenotype, a large 
number of  quorum sensing regulated genes were differentially 
expressed. A distinct alteration in the overall cellular metabo-
lism was evident in the form of  downregulation of  a large 
number of  genes involved in amino-acid metabolism, carbon 
compound metabolism and energy metabolism. Surprisingly 
numerous genes involved in anaerobic growth were down-
regulated in the mutant indicating that the mutant is unable to 
switch to anaerobic mode of  growth under conditions when 
the normal cells will switch from aerobic to anaerobic mode of  
growth. Although the total cellular iron levels as determined by 
atomic absorption were identical in the phuS mutant compared 
to the wild-type MPAOI, the total heme levels as determined 
by pyridnine-hemochrome were different in the two strains, 
supporting the microarray results. In summary the current data 
suggests that PhuS might play a critical role in maintaining the 
overall internal iron and heme homeostasis and taken together 
the results presented will reinforce the complex link between 
quorum sensing and iron utilization.

��A
COMPLEx REGULATION OF 
PseuDomonAs	AerugInosA 
UNSATURATED FATTY ACID SYNTHESIS
K. H. Choi, H. P. Schweizer; Colorado State University, Fort Col-
lins, CO

Unsaturated fatty acids (UFA) play essential roles in bacte-
rial physiology by maintaining proper membrane fluidity in 
response to changes in various environmental conditions such 
as temperature, oxygen, toxic compounds, growth, osmotic and 
hydrostatic pressure. Bacteria synthesize UFA via two routes: 
1) the anaerobic pathway is found in many bacteria and uses 
enzymes encoded by fabA and fabB, and enzymes of  the type 
II fatty acid biosynthetic pathway; and 2) by aerobic desatura-
tion of  saturated fatty acids by desaturase enzymes. The latter 
pathway is normally found in Gram-positive bacteria, mycobac-
teria and yeast. These organisms typically lack FabA and FabB 
homologs. Pseudomonas aeruginosa is unique because it uses the 
aerobic and anaerobic pathways. This bacterium encodes two 
aerobic desaturases, DesA and DesB with acyl-lipid and acyl-
CoA desaturase activity, respectively. DesA introduces double 
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bonds into the fatty acyl chains of  phospholipids, while DesB 
acts on the CoA-esterified form of  exogenously provided long 
chain fatty acids. Although the FabAB pathway is not essential 
for aerobic growth, the FabA and FabB proteins are indispens-
able for anaerobic growth because of  the oxygen-dependency 
of  the enzymes of  the aerobic pathway. We previously showed 
that the fabA and fabB genes form an operon whose expres-
sion was up-regulated in biofilm-grown cells and repressed 
by exogenous fatty acids, especially oleic acid. We therefore 
hypothesized that regulation of  transcription of  the fabAB 
operon is complex and governed by mechanisms integrat-
ing metabolic and environmental signals. Utilizing reverse 
transcriptase PCR and lacZ fusion analyses we now show that 
fabAB is co-transcribed with the upstream PA1612-PA1611 
operon, two genes that encode a protein of  unknown function 
and a sensor kinase/response regulator hybrid protein. It is also 
transcribed by a second fatty acid responsive promoter located 
in the PA1611-fabA intergenic region. This region contains a 30 
bp regulatory element which is found only in Pseudomonas spp. 
and is contained within sequences capable of  forming second-
ary structures reminiscent of  riboregulatory elements. Deletion 
of  the 30 bp sequence greatly reduced fabA expression and 
abolished repression by exogenous UFAs. Repeated genetic and 
biochemical attempts involving transposon mutagenesis, DNA 
affinity chromatography and band-shift experiments failed to 
identify fabAB regulatory protein(s) which could possibly act 
on this sequence, although the desBC operon repressor DesT 
was shown to bind immediately upstream. However, desT muta-
tions had no effect on fabAB expression in aerobically grown 
cells. In conclusion, our results support the notion that fabAB 
operon expression is complex and may not simply be governed 
by protein-DNA interactions, but rather by more complex 
regulatory mechanism(s), e.g. involvement of  a riboregulatory 
element.

��B
OLIGOMERIZATION OF MVAT, AN H-NS-LIKE 
PROTEIN IN PseuDomonAs	AerugInosA
S. Castang, S. L. Dove; Division of Infectious Diseases, Children’s 
Hospital Boston, Harvard Medical School, Boston, MA

MvaT is an abundant DNA-binding protein that controls the 
expression of  a large number of  genes in Pseudomonas aerugi-
nosa. This putative transcription regulator has been predicted 
to belong to the H-NS family of  nucleoid-associated proteins, 
members of  which typically function by repressing transcrip-
tion. H-NS consists of  two functionally different domains sep-
arated by a flexible linker. The C-terminal domain is involved 
in DNA-binding while the N-terminal domain and linker are 
required for oligomerization. H-NS binds to the DNA as at 
least a dimer and can polymerize along it. Because the ability 
of  H-NS to form both dimers and tetramers is essential for 
its biological functions we investigated the in vivo quaternary 
structure of  MvaT and mapped the regions responsible for 
these interactions using bacterial two-hybrid assays. We present 
evidence that MvaT can form both dimers and higher order 
oligomers in vivo, and that the N-terminal region of  MvaT is 
required to mediate both dimer and higher order oligomer for-
mation. Our findings also suggest that in apparent contrast to 
the situation with H-NS, the putative linker between the N and 
C-terminal domains of  MvaT is not required for oligomeriza-

tion. We also report the identification of  amino acid residues in 
the N-terminal region of  MvaT that appear to be important for 
higher-order oligomer formation but not for dimerization. We 
discuss both the similarities and differences between MvaT and 
H-NS that are suggested by our findings.

�7A
CHARACTERIZATION OF AN UNORTHODOx 
SENSOR KINASE IN PseuDomonAs	
AerugInosA
C. Zaoui, T. Becker, F. Bredenbruch, D. Löns, S. Häußler; Helm-
holtz Center for Infection Research, Braunschweig, GERMANY

Various classes of  antibiotics trigger a Pseudomonas quinolone 
signal (PQS) dependent self-induced DNA release in Pseudo-
monas aeruginosa. In this study we show that signal transduc-
tion via an unorthodox sensor kinase of  a two-component 
system is crucial for this process. The sensor kinase knock-out 
mutant did not respond to antibiotic stress with an enhanced 
DNA release and the mutation conferred an antibiotic toler-
ant phenotype.  Transcriptome analysis of  the sensor kinase 
mutant supplemented with PQS revealed that most of  the 
genes belonging to the oxidative stress response -that have 
previously been described to be induced in the PAO1 wild 
type under PQS supplementation- were either not regulated or 
down-regulated.  These results point at the involvement of  the 
unorthodox sensor kinase in the sensing of  cellular oxidative 
stress, and thus its participation in the activation of  the oxida-
tive stress response.  In further studies we aim at identifying 
the signal(s) upon which the sensor kinase is activated, and 
currently perform phosphorylation assays in presence of  vari-
ous compounds that might be relevant for the activation of  the 
sensor kinase.

��B
TRANSCRIPTOME PROFILING OF 
PseuDomonAs	AerugInosA ISOLATES 
FROM CYSTIC FIBROSIS LUNGS
L. Yang1, L. Jelsbak1, S. K. Hansen1, H. Ø. Jarmer2, H. K. Johan-
sen3, N. Høiby3, S. Molin1; 1Infection Microbiology Group, Biocen-
trum, Technical University of Denmark, Kgs.Lyngby, DENMARK, 
2Center for Biological Sequence Analysis, Biocentrum, Technical 
University of Denmark, Kgs.Lyngby, DENMARK, 3Copenhagen 
CF Center, Department of Clinical Microbiology, Rigshospitalet, 
Copenhagen, DENMARK

Chronic lung infection by the opportunistic bacterial patho-
gen Pseudomonas aeruginosa in cystic fibrosis (CF) patients is an 
example of  long-term persistent infections, which are normally 
impossible to eradicate despite intensive antibiotic treatment. 
The chronic infections involve considerable genetic adaptation 
of  the pathogens during their coexistence with the host. How-
ever, little is known about the evolutionary strategies patho-
gens employ during their persistence. Here we focused on the 
changes in transcriptome during the adaptation of  P. aeruginosa 
strains in CF patients using Affymetrix GeneChip microar-
rays.  We chose a P. aeruginosa early/late strain pair from a CF 
patient in the Danish CF center, Copenhagen. The early strain 
was isolated one year after the patient was diagnosed to be 
chronically infected. The late strain was isolated 14 years later. 
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Genotyping showed that this patient had a stable infection by a 
non-mocoid clone during the 14 years. This particular clone is 
a transmissible and competitive clone that also persists in many 
other patients in Danish CF center. The two CF strains showed 
2 to 3 folds reduction in growth rate compared to wild type 
PA01. The late isolate grows even slower than the early one. 
To get a better overview of  the expression patterns, we used 
both rich medium (LB) and defined minimal medium (mFAB 
supplemented with casamino acid). The two CF isolates and 
PA01 were grown in these two media aerobically at 37°C. 
Samples for RNA extraction were harvested at OD600=0,5. 
All the experiments were repeated 3 times.  When PA01 and 
early CF isolate are compared, many genes associated with 
antimicrobial susceptibility and LPS modification are up-regu-
lated, while genes related to motility and quorum sensing are 
down-regulated. Some of  these results have been confirmed by 
phenotype analysis. We also found that genes related to amino 
acid metabolism are expressed significantly different between 
late and early CF isolates. This may suggest which genetic 
modifications in metabolic pathways and growth physiology are 
important for persistence in the CF lung.

�9A
GENOME SCALE ANALYSIS OF 
PseuDomonAs	AerugInosA 
METABOLISM
M.A. Oberhardt1, J. Puchalka2, K. Fryer1, V.A.P. Martins dos 
Santos2, J.A. Papin1.  1Department of Biomedical Engineering, Uni-
versity of Virginia, Helmholtz Center for Infection Research (HZI), 
Braunschweig, Germany 
 
Comprehensive stoichiometric reconstructions of microbial metabolism 
have become possible as a result of large genome sequencing and annota-
tion efforts.  Manual reconstruction efforts based on annotated genome 
databases, extensive literature mining, and basic network analysis enable 
the consolidation of existing knowledge on metabolic structure for a given 
organism (1).  Despite the contributions that genome-scale reconstructions 
have made in probing network properties and characterizing microbial me-
tabolism, little has been done to investigate pathogenicity using these mod-
els.  Pseudomonas aeruginosa is an opportunistic pathogen that commonly 
infects immunocompromised patients (2).  P. aeruginosa is well represented 
in scientific literature, has a well-annotated genome, and is studied routinely 
in microbiology laboratories, making it ideal for analysis of genome-scale 
properties and pathogenicity.  We reconstructed the complete metabolic net-
work of Pseudomonas aeruginosa PAO1.  P. aeruginosa contains approxi-
mately 5500 annotated genes, of which around 10% are accounted for in the 
current metabolic network reconstructions (3).  There are approximately 600 
genes, 600 proteins, and 650 reactions in the network.  Several pathways, 
including rhamnolipid synthesis, homoserine lactone (HSL) synthesis, and 
lipopolysaccharide synthesis, were reconstructed primarily based on careful 
literature searches, underscoring the importance of manual annotation and 
reconstruction.  The model was verified against a genome-scale knockout 
set, as well as other datasets from the literature (4).  Specifically interrogated 
are quantitative measures of differential robustness, pathway redundancy, 
and versatility of the P. aeruginosa metabolism. These efforts highlight fea-
tures contributing to pathogenicity and can ultimately help identify potential 
therapeutic targets. 
1. J. L. Reed, B. O. Palsson, J Bacteriol 185, 2692 (May, 2003). 
2. E. Kipnis, T. Sawa, J. Wiener-Kronish, Med Mal Infect 36, 78 
(Feb, 2006). 
3. J. D. Peterson, L. A. Umayam, T. Dickinson, E. K. Hickey, O. 
White, Nucleic Acids Res 29, 123 (Jan 1, 2001). 
4. M. A. Jacobs et al., Proc Natl Acad Sci U S A 100, 14339 (Nov 
25, 2003).

CELL TO CELL COMMUNICATION

�0B
REVISITING THE QUORUM SENSING 
HIERARCHY IN PseuDomonAs 
AerugInosA : THE RHLR 
TRANSCRIPTIONAL REGULATOR ACTIVATES 
SPECIFIC LASR-CONTROLLED FUNCTIONS.
V. Dekimpe, F. Lépine, E. Déziel; INRS Institut Armand Frappier, 
Laval, PQ, CANADA

Pseudomonas aeruginosa modulates the expression of  most of  
its virulence factors via two LuxR/LuxI-type quorum sensing 
systems called las and rhl. Since these two systems are consid-
ered potential targets for the development of  anti-infective 
treatments, they are under intense scrutiny.  The las system, 
based on the transcriptional regulator LasR and its autoinducer 
synthase LasI, is largely considered to sit at the top of  the 
quorum sensing hierarchy, as LasR controls the transcription 
of  the two main components of  the rhl system: rhlR, coding 
for a transcriptional regulator and rhlI, its autoinducer synthase. 
However, some observations have brought us to re-evaluate 
this hierarchy. First, a significant proportion of  clinical P. aeru-
ginosa isolates carries an inactive lasR gene, suggesting that lasR- 
mutants are still involved in P. aeruginosa infection. Moreover, it 
is known that lasR- mutants, which, in contrast to the wild-type, 
do not produce the blue pigment pyocyanin during early stages 
of  growth, eventually show high pyocyanin production at late 
stationary phase, although this phenazine is known to be under 
the control of  quorum sensing. Also, it has been reported that 
lasR- mutants are able to produce rhamnolipids and elastase 
activity under certain conditions, although these phenotypes 
are also LasR-dependant. We therefore investigated further the 
lasR- mutant phenotype and the way virulence factors are regu-
lated in presence or absence of  the LasR regulator.  Pyocyanin, 
acyl-homoserine lactones and rhamnolipids were analyzed by 
liquid chromatography/mass spectrometry and LasA protease, 
LasB elastase by standard protocols, to compare production 
between the wild type strain PA14, lasR-, and lasR- rhlR- mu-
tants and a lasR- mutant overexpressing rhlR. Our results show 
that the rhl system is activated only after an extensive lag 
period in a lasR- mutant, explaining the delayed expression of  
multiple virulence factors such as pyocyanin and rhamnolipids. 
Furthermore, we found that RhlR activates LasR-specific phe-
notypes such as the production of  the autoinducer 3-oxo-C12-
HSL, LasA protease and elastase activity in absence of  LasR. 
These data add another level of  complexity to the P. aeruginosa 
quorum sensing circuitry and should be taken into account 
in the light of  new therapies targeting quorum sensing in this 
bacterium.
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�1A
THE ROLE OF LECA IN THE MATURATION OF 
PseuDomonAs	AerugInosA BIOFILMS
S. A. Crusz, S. P. Diggle, M. Cámara, P. Williams; University of 
Nottingham, Nottingham, UNITED KINGDOM 
 
Chronic respiratory infections with Pseudomonas aeruginosa 
are primarily responsible for the decline in lung function and 
ultimate mortality in cystic fibrosis (CF) patients. In this op-
portunistic pathogen, many virulence determinants, including 
the cytotoxic lectin LecA, are regulated via quorum sensing, 
a cell-to-cell communication system which depends on the 
secretion and uptake of  small diffusible signal molecules. P. 
aeruginosa forms communities termed biofilms in the lungs 
of  cystic fibrosis patients and biofilm formation is quorum-
sensing dependent under certain environmental conditions1. 
As biofilms are virtually impossible to eradicate with conven-
tional antibiotics, there is a need to understand their structure 
and formation in order to identify novel therapeutic targets. 
Work in this laboratory has uncovered a role for LecA in the 
formation of  P. aeruginosa biofilms2. In this current study, 
the contribution of  LecA to biofilm maturation was inves-
tigated using a flow chamber biofilm system. Fluorescently 
labelled wild type and lecA mutant strains were grown on glass 
substrata and biofilm imaging was performed using a confocal 
laser scanning microscope. The confocal data was analysed us-
ing the COMSTAT programme3 to yield a number of  biofilm 
parameters and IMARIS (bitplane) image rendering produced 
a visual representation of  the structures formed. The lecA 
mutant formed smaller volume, thinner biofilms in comparison 
to the wild type. In the presence of  isopropyl-β-D-thiogalac-
toside (IPTG), a hydrophobic galactoside with a strong affinity 
for LecA, wild type and mutant strains formed similar biofilms. 
Further work will evaluate whether LecA deficient/blocked 
biofilms are more susceptible to treatment with antibiotics such 
as tobramycin, which is currently used to treat P. aeruginosa CF 
infections. 
References 
1. Shrout, J.D., Chopp, D.L., Just, C.L., Hentzer, M., Givskov, 
M., Parsek., M.R. (2006) The impact of  quorum sensing and 
swarming motility on Pseudomonas aeruginosa biofilm forma-
tion is nutritionally conditional Mol.Microbiol 62(5): 1264-77. 
2. Diggle, S.P., Stacey, R.E., Dodd, C., Camara, M., Williams, P., 
and Winzer, K. (2006) The galactophilic lectin, LecA, con-
tributes to biofilm development in Pseudomonas aeruginosa 
Environmental Microbiology 8: 1095-1104. 
3. Heydorn, A., Nielsen, A.T., Hentzer, M., Sternberg, M.C., 
Givskov, M., Ersboll, B.K., and Molin, S. (2000) Quantification 
of  biofilm structures by the novel computer program COM-
STAT Microbiology 146: 2395-2407.

�2B
ROLE OF QUORUM SENSING SYSTEM OF 
ADHERENT PseuDomonAs	AerugInosA 
IN ANTIBIOTIC TOLERANCE
S. Kayama, K. Murakami, K. Hirota, T. Ono, Y. Miyake; Tokushima 
University Graduate School, Tokushima, JAPAN

Although we choose the most suitable antibiotics on the 

basis of  minimum inhibitory concentration (MIC), it is often 
difficult to eradicate the pathogen. One of  the reason of  
this phenomenon is “antibiotic tolerance”, which is different 
from antibiotic resistance. Antibiotic tolerance is the ability 
of  bacteria to survive but not grow in the presence of  anti-
biotics. We have previously reported that adherent bacteria 
on a solid surface were tolerant to antibiotics even when they 
did not form biofilm, and the rpoS gene was involved in the 
tolerance to biapenem during the stationary phase 1). And we 
hypothesized that there is a relation between antibiotic toler-
ance and quorum sensing system in the adherent bacteria.  In 
this study, quorum sensing related gene(s) mutant strains were 
constructed by antibiotic resistant gene(s) insersion . ΔlasR ::
Gmr mutant, ΔlasI ::Gmr mutant, ΔrhlR ::Tcr mutant, ΔrhlI ::Tcr 
mutant, ΔlasR ::Gmr and ΔrhlR ::Tcr double mutant, and ΔlasI ::
Gmr and ΔrhlI ::Tcr double mutant strains were constructed. In 
planctonic cells, there was no difference between the MIC and 
the MBC of  biapenem for the wild type and the mutant strains. 
However, the MBC of  adherent cells of  wild type was 128 
times higher than that of  the MIC of  adherent cells, although 
MBC and MIC of  adherent mutant strains were not different. 
We then measured the gene expression of  the lasR, lasI, rhlR 
and rhlI genes. In adherent cells, the expression of  mRNA of  
the lasR gene was 12.1 times higher than that of  planctonic 
cells, and 19.3 times for the lasI gene. Quorum sensing system, 
especially las system, was likely to be activated in adherent cells, 
and plays some role in the antibiotic tolerance of  the adherent 
bacteria.  1) K. Murakami et al, Role for rpoS gene of  Pseudomo-
nas aeruginosa in antibiotic tolerance, FEMS Microbiol. Lett. 242 
(2005) 161-167.

�3A 
TEMPERATURE AND OPRF PORIN AFFECT 
CELL SURFACE PHYSICOCHEMICAL 
PROPERTIES, ADHESIVE AND BIOFILM 
FORMATION CAPACITIES OF	
PseuDomonAs	fluoresCens MF37

G. Hemery1, S. Chevalier2, N. Orange2, M. Bellon-Fontaine3, D. 
Haras1; 1Université de Bretagne Sud, Lorient, FRANCE, 2Université 
de Rouen, Evreux, FRANCE, 3INRA, Massy, FRANCE

Pseudomonads adapt to various ecological niches, mainly by 
forming biofilms, which first requires bacterial adhesion on 
surfaces. Since bacterial adhesion on a surface depends on 
environmental stresses such as temperature, we studied the 
influence of  growth temperature on surface physicochemical 
properties of  Pseudomonas fluorescens MF37, a psychrotrophic 
bacterium, and on its adhesive abilities onto inert surfaces. It 
presented a global hydrophilic character, measured by microbial 
adhesion to solvent (MATS), and showed a cell surface more 
hydrophilic at 28 degrees C (optimal growth temperature) and 
8 degrees C than at 17 degrees C. Moreover, P. fluorescens MF37 
was more adhesive at 17 degrees C and forms thicker bio-
films. This critical temperature thus should be carefully taken 
into account in food safety. Cell surface properties and glass 
colonization are thus influenced by the growth temperature, 
which could be explained by changes in the outer membrane 
components.  Bacterial adhesion is also depending on several 
outer membrane compounds, including porins. As the major 
aspecific porin OprF has been shown to act as a root adhesin 



�1

POSTER ABSTRACTS

in the P. fluorescens strain OE28.3, we studied the effect of  the 
absence of  OprF. The oprF mutant of  P. fluorescens MF37 was 
able to adhere to surfaces, but showed the same physicochemi-
cal and adhesion properties on abiotic surfaces whatever the 
growth temperature. OprF is thus not essential to this adhesion 
process. However, we observed that biofilms formed by the 
oprF mutant were thicker and less dense than P. fluorescens MF37 
biofilms. We suggest that OprF is involved in environmental 
temperature sensing by bacteria and in the structure of  P. fluore-
scens MF37 biofilms.

��B
ISOLATION OF A PseuDomonAs	
fluoresCens MF37 MUTANT POSITIVELY 
AFFECTED IN ADHERENCE AND BIOFILM 
FORMATION
G. Hemery1, S. Beaufils1, S. Chevalier2, A. Merieau2, A. Dufour1, M. 
Bellon-Fontaine3, N. Orange2, D. Haras1;  
1Université de Bretagne Sud, Lorient, FRANCE, 2Université de 
Rouen, Evreux, FRANCE, 3INRA, Massy, FRANCE

Pseudomonads are well known for their striking ability to adapt 
to various ecological niches, mainly by forming biofilms. Pseudo-
monas fluorescens commonly colonise soil, water and plants, and is 
described as a food and milk contaminant. Contamination by P. 
fluorescens is of  particular concern in the food industry, since as 
a psychrotrophic bacterium it has the capacity to secrete a large 
range of  heat-stable proteases and lipases, at low temperature. 
The first step in this biofilm formation adaptative strategy 
concerns the bacterial adhesion onto a surface.  A library of  P. 
fluorescens MF37 mutants has been constructed by random in-
sertion of  Tn5-luxAB minitransposons. Out of  the 17 isolated 
mutants, 13 had decreased adherence properties to poly-vinyl-
choride (PVC) whereas 4 had increased properties. Numerous 
studies deal with mutants impaired in biofilm formation, but 
few report the study of  mutant positively affected by the muta-
tion. Therefore, we studied a hyperadhesive mutant, MF37Tn5-
1 strain, the adherence modification of  which was the most 
marked. We studied MF37Tn5-1 surface physicochemical prop-
erties, and its adhesive and biofilm formation capacities onto 
glass. We observed at 28°C (optimal grow temperature) that its 
adherence onto glass slides was increased by factor of  10, com-
pared to the wildtype strain. Biofilm formation study showed 
that MF37Tn5-1 formed a biofilm twice as thick as P. fluorescens 
MF37. These increasing of  adherence and biofilm formation 
properties were also observed at two other tested temperatures: 
17°C and 8°C. In order to explain the phenotype modifications 
observed in this mutant and to access genes involved in adher-
ence and biofilm formation by Pseudomonas fluorescens MF37, we 
are measuring its surface physicochemical properties and we 
are identifying the locus where the minitransposon Tn5-luxAB 
is inserted on the chromosome.

��A
SWARMING OF PseuDomonAs	
AerugInosA	PAO1 IS A COMPLEx 
ADAPTION RESULTING IN VIRULENCE AND 
ANTIBIOTIC RESISTANCE
J. Overhage, M. Bains, M. D. Brazas, R. E. Hancock; University of 
British Columbia, Vancouver, BC, CANADA

Motility has been strongly implicated in the virulence of  P. 
aeruginosa. It plays an important role in mobilization to and 
colonization of  different environments, attachment of  bacteria 
to surfaces, and biofilm formation. P. aeruginosa is unusual in 
that it is capable of  three different types of  motility: flagel-
lum-mediated swimming in aqueous environments and at low 
agar concentrations (<0.3% [wt/vol]); type IV pilus-mediated 
twitching on solid surfaces or interfaces; and most recently 
observed, swarming on semisold (viscous) media (0.4 to 0.7% 
[wt/vol] agar). Swarming was shown to be dependent on both 
flagella and type IV pili as well as the presence of  rhamnolip-
ids. It can be described as a social phenomenon involving the 
coordinated and rapid movement of  bacteria across a semisold 
surface.  Recently, we have shown that swarming of  P. aeru-
ginosa is a more complex motility mechanism influenced by a 
large number of  cooperating genes. To understand more about 
swarming, we investigated gene regulation events associated 
with swarming by performing microarrays of  bacteria at the 
leading edge of  a swarm zone, compared to bacteria grow-
ing in identical medium under swimming conditions. Analysis 
of  5 independent experiments demonstrated that 417 genes 
were significantly up- or downregulated by more than 2-fold. 
Of  these, 309 were upregulated and 108 downregulated of  
which about half  were hypothetical or conserved hypothetical 
genes. We observed under swarming conditions the up-regu-
lation of  numerous virulence-related genes including exoS, 
exoT, exoY, aprA, lasB, pIV, rhlB, and genes coding for the type 
III secretion system, pyochelin, phenazine, and pyoverdine 
biosynthesis. Furthermore, besides several genes involved in 
energy metabolism, nitrogen assimilation, fatty acid and amino 
acid biosynthesis and transport systems, no fewer than 18 were 
predicted or known regulators, including e.g. lasR and rhlR, with 
2 to 11-fold altered expression, indicating a complex regulatory 
network. Overall, these data indicate that swarming motility of  
P. aeruginosa is part of  an alternative growth state and a complex 
adaptation of  this human pathogen to a viscous environment 
resulting in changes that reflect altered virulence and antibi-
otic resistance and overlap with another complex adaptation, 
biofilm formation. Consistent with this notion, swarming cells 
exhibited highly elevated resistance to antibiotics including 
ciprofloxacin, gentamicin and polymyxin B.

��B
INDOLE AND 7-HYDROxYINDOLE 
ENHANCE PseuDomonAs	AerugInosA 
BIOFILM FORMATION AND ANTIBIOTIC 
SENSITIVITY
J. Lee, T. K. Wood; Department of Chemical Engineering, Texas 
A&M University, College Station, TX

Procaryotes and eucaryotes signal not only themselves but 
also one another; hence, there is competition and interference 
of  cell signals. We have shown indole and hydroxyindoles are 
interspecies biofilm signals for Escherichia coli and pseudomo-
nads and have manipulated biofilm formation in a dual-spe-
cies biofilm of  E. coli and Pseudomonas fluorescens by controlling 
indole concentrations (BMC Microbiol. in revision 2007; Appl. 
Environ. Microbiol. on-line 2007). Indole is secreted in large 
quantities into rich medium by E. coli K-12 in the stationary 
phase (700 µM); therefore, interference of  the signal indole 
may be achieved by converting it to hydroxyindoles and indi-
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goid compounds by non-specific oxygenases of  non-E. coli 
bacteria. Specifically, 7-hydroxyindole (7HI) can be produced 
from indole by toluene o-monooxygenase of  Burkholderia cepacia 
G4. The exogenous addition of  indole and 7HI decreases 
biofilm formation by pathogenic E. coli (O157:H7) without 
cell growth inhibition. We found isatin (i.e., doubly hydroxyl-
ate indole) stimulates EHEC biofilm by increasing motility, by 
reducing indole concentrations, by altering AI-2 transport, and 
by repressing sulfur metabolism. 7HI appears to inhibit biofilm 
formation by EHEC by repressing motility and interacting 
with cysteine metabolism. Here we show the addition of  indole 
and 7HI to P. aeruginosa PAO1 increases its biofilm formation 
without toxicity although this strain does not synthesize these 
compounds. We used DNA microarrays to investigate the ge-
netic basis of  this biofilm enhancement and found that indole 
(1000 µM) induced three porin import genes of  P. aeruginosa, 
oprH, oprF, and oprD. Corroborating this result, 1000 µM indole 
enhanced sensitivity to the antibiotic imipenem through the 
amino acid and antibiotic porin protein OprD; therefore, in-
dole increases antibiotic sensitivity by increasing import. Also, 
indole induced several dehydrogenases (e.g., bkdA1A2B, lpdV, 
icd). 7HI (500 µM) induces fimbrial genes (e.g., pilA, PA2128) 
and a hydrolase gene (PA2419) and represses many genes 
involved in the transport of  small molecules (e.g., PA2329, 
PA3441, PA4206, PA1108, PA4208, PA4654, PA0680, PA1904, 
PA4207, PA2688, PA2092, and PA0166) as well as represses 
(pqsABCDE). In addition, 500 µM 7HI abolished swarm-
ing motility. These results indicate that the interspecies signal 
indole secreted from E. coli influences P. aeruginosa biofilm for-
mation by altering membrane permeability, increasing synthesis 
of  fimbriae, and repressing some aspects of  quorum sensing. 
The whole transcriptome analysis also shows that bacterio-
phage-related genes (e.g., a pyocin gene operon from PA0612 
to PA0648) are repressed in biofilm cells formed on glass wool 
compared to suspension cells, and 21 genes were inversely 
regulated in biofilms compared to 7HI addition. Additionally, 
P. aeruginosa PAO1 degrades readily indole and 7HI.

�7A
CELL-CELL COMMUNICATION IN SPATIALLY 
STRUCTURED MICROBIAL COMMUNITIES: 
THE PRIVACY OF A MICROCOLONY
A. Dötsch1, L. Lardon2, B. A. Hense3, S. Häußler1, J. Kreft4; 1Helm-
holtz Centre for Infection Research, Braunschweig, GERMANY, 
2Microbial Ecology Research Group, E&R DTU, Lyngby, DEN-
MARK, 3Institute of Biomathematics and Biometry, GSF - National 
Research Center for Environment and Health, Neuherberg/Munich, 
GERMANY, 4Theoretical Biology, IZMB, University of Bonn, Bonn, 
GERMANY

Bacteria use autoinducers (diffusible signal molecules) to 
regulate their gene expression, including genes involved in the 
production of  exoenzymes, siderophores, antibiotics, biosur-
factants, and virulence factors. Autoinducer (AI) signalling has 
been extensively studied in well-mixed liquid cultures of  single 
species. Under these conditions, AI concentration depends 
primarily on cell density. This is commonly known as Quorum 
Sensing. But, since bacteria only measure AI concentration 
rather than really counting their fellows the question is: Which 
factors actually influence this concentration in a structured, more natural 
environment? N-acyl homoserine lactones (AHL) are common 

AI signals in gram-negative bacteria like Pseudomonas aeruginosa. 
Because of  the limited chemical diversity of  AHLs, identical 
molecules are often used by different species. Thus a second 
question arises: How could signalling be kept ‘private’ (intraspecific) 
in an environment like soil where neighbouring colonies are likely to be 
unrelated?  In this work mathematical modelling is applied to 
demonstrate how AI signalling is influenced by cell density, 
mass transfer and spatial distribution and to evaluate the extent 
of  interspecific cross-talk in a spatially structured environment.  
We developed a simple generic mathematical model of  auto-
inducer signalling. In this model cells are positioned in two-
dimensional space and produce a diffusible AI signal. The AI 
is produced at a low basal rate and at a higher rate when cells 
are induced by high AI concentration. Numerical simulations 
were run on iDynoMicS, a newly developed extensible software 
platform for individual-based modelling of  the dynamics of  
microbial communities.  Our results show that besides cell den-
sity and diffusibility of  AI molecules the spatial distribution of  
cells has a strong impact on the AI concentration that a single 
cell experiences. Within and around cell clusters - naturally 
arising as clonal microcolonies from cell division - the concen-
tration of  AI is much higher than in regions with more loosely 
distributed cells. Due to the combined effect of  clustering and 
positive feedback, cells are synchronously upregulated in mi-
crocolonies and their close vicinity.  In conclusion, intercellular 
communication in structured microbial communities is primar-
ily within rather than between microcolonies and the potential 
for cross-talk between species is reduced if  the bacteria are not 
located randomly but clustered. Clustering and positive feed-
back enable a synchronized response of  microcolonies thereby 
promoting intraspecific cooperative behaviour.

��B
SCREENING OF MEDICINAL PLANTS FROM 
INDIAN SUBCONTINENT FOR QUORUM 
SENSING INHIBITORS OF PseuDomonAs	
AerugInosA
V. Huerta1, S. Bryant2, K. Mihalik1, S. Crixell1, D. Vattem1; 1Texas 
State University, San Marcos, TX, 2University of Texas Health Sci-
ence Center, San Antonio, TX

Background: Inhibition of  quorum sensing (QS), a cell density 
dependent regulation of  bacterial virulent gene expression by 
autoinducers (AI) is an attractive strategy for the discovery 
of  novel antimicrobials and overcome antibiotic resistance. 
Pseudomonas aerogenosa (PAO1), an opportunistic pathogen 
in immune compromised patients is under the regulation of  
the LasR-RhlR system for its QS mediated development of  
virulence. Natural products have recently become a promis-
ing source for deriving molecules that can potentially inhibit 
quorum sensing. Medicinal plants used in traditional Indian 
Medicine (Ayurveda) used for several centuries to treat com-
mon ailements, are well known for their antimicrobial effects 
on a variety of  human pathogens. However, few studies have 
investigated its QS related antivirulent activities. Our objec-
tive was to screen for the QS inhibitory properties of  16 high 
quality ayurvedic medicinal plants derived from Indian sub-
continent, understand their mechanism of  action and investi-
gate their effect on the expression of  QS regulated virulence 
factors in PAO1. Methods: QS inhibition (QSI) of  sub-lethal 
concentrations (SLC) of  ayurvedic plant extracts was measured 
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in violacein producing Chromobacterium violaceum (O26, 
31532) bioassay model. Effect of  these extracts on PAO1 
virulent factors pyocyanin, elastase, and total protease were 
quantified by standard protocols. Results: Results indicated that 
all GT extracts reduced violacein production by 30-50 %. The 
results from modified screening assay suggested the primary 
mechanism of  QSI was a combination of  (1) reduction in 
AI formation and (2) inhibition of  AI activity. The extracts 
reduced pyocyanin synthesis, with 3 extracts completely inhibit-
ing its formation and secretion. The 3 extracts also completely 
inhibited the expression of  elastase. The specific activity of  
total proteases secreted by PA-O1 was lower than the control 
for all the extracts that had quorum sensing inhibition activ-
ity. Conclusion: We observed that the extracts from ayruvedic 
plants inhibit QS related virulent processes in PA-O1 primarily 
by inhibiting synthesis of  AI and by interfering with their activ-
ity. Further research into the exact mechanism of  action can 
lead to better understanding and discovery of  new category of  
drugs and strategies for the management of  PAO1 infections 
and minimize development of  antimicrobial resistance.

�9A
INFLUENCE OF ENVIRONMENTAL 
FACTORS ON THE PRODUCTION OF 
QUORUM SENSING SIGNALLING 
MOLECULES AND VIRULENCE FACTORS OF 
PseuDomonAs	AerugInosA PAO1
J. Dubern, N. Halliday, C. Ortori, D. Barrett, K. Hardie, M. Cá-
mara, P. Williams; Institute of Infection, Immunity, and Inflamma-
tion, Nottingham, UNITED KINGDOM

The opportunistic pathogen Pseudomonas aeruginosa produces a 
number of  quorum sensing signal molecules (QSSM) including 
two major N-acyl-L-homoserine lactones (AHLs): (N-oxodo-
decanoyl)-L-homoserine lactone (3-oxo-C12-HSL) and N-bu-
tanoyl-L-homoserine lactone (C4-HSL), synthesised via LasI 
and RhlI respectively. In addition it also makes over 20 differ-
ent types of  4-quinolone molecules (4-Qs), being 2-heptyl-3-
hydroxyquinolone (PQS) the best characterised. The synthesis 
and bioactivity of  PQS has been shown to be controlled via the 
las and rhl quorum sensing systems.  QSSMs are derived from 
the intermediates of  relatively few biochemical pathways - in 
particular, fatty acid biosynthesis and the activated methyl cycle 
(AMC). Acyl-ACPs are required for the biosynthesis of  both 
AHLs and 4-Qs and the AMC provides precursors for AHL 
(i.e. S-adenosylmethionine (SAM)) biosynthesis. In addition, 
4-Qs biosynthesis requires anthranylate.  Despite knowledge 
that production of  QSSMs is directly linked to the availability 
of  starting molecules generated through the assimilation of  
nutrients by the cell, the metabolic control of  QSSM syn-
thesis is still poorly understood, particularly as a function of  
growth environment, growth rate and population density.  To 
understand how the metabolic state of  a bacterial cell, under 
different growth environments, impacts on QS and vice versa, 
P. aeruginosa was cultured in continuous culture using a range 
of  chemically defined media under controlled temperature and 
oxygenation. Using different growth limiting substrates, the 
effects of  growth rate, cell population density, and substrate 
availability on bacterial metabolite pools and QSSM synthesis 
was investigated. In this study AHLs and 4-Qs, as well as me-
tabolites of  the AMC, de novo synthesis of  sulphur amino acids, 

and related pathways (SAM, SAH, methionine, homocysteine, 
homoserine), were profiled and quantified using LC-MS during 
steady state stage of  growth. This was also correlated with the 
production of  virulence determinants.

�0B
INVOLVEMENT OF THE KYNURENINE 
PATHWAY IN PseuDomonAs	QUINOLONE 
SIGNAL PRODUCTION
J. M. Farrow, E. C. Pesci; East Carolina University, Greenville, 
NC

The opportunistic pathogen P. aeruginosa uses multiple cell-
to-cell signal molecules to coordinate the expression of  many 
genes and virulence factors. One of  these signals, 2-heptyl-3-
hydroxyl-4-quinolone [Pseudomonas quinolone signal (PQS)], is 
synthesized from the precursor anthranilate. P. aeruginosa pos-
sesses several pathways for producing anthranilate, including 
an anthranilate synthase encoded by the phnA and phnB genes, 
which are adjacent to the PQS biosythetic operon, and the 
kynurenine (kyn) pathway, which is responsible for the aerobic 
degradation of  tryptophan. We set out to learn how P. aerugi-
nosa produces the anthranilate that feeds into the PQS synthetic 
pathway. Our data show that P. aeruginosa was able to convert 
radioactive tryptophan into PQS, and mutants in the kynA, 
kynB, or kynU genes lost this phenotype. We also found that the 
kyn mutants had attenuated PQS production in rich media, but 
PQS production could be restored by supplementing cultures 
with anthranilate or kyn pathway metabolites. When grown in a 
minimal salts media the kyn mutants produced a wild type level 
of  PQS, but a phnA mutant was attenuated in PQS produc-
tion. The addition of  tryptophan to the media restored PQS 
production by the phnA mutant and increased PQS production 
by the wild type, but did not affect PQS production by a kynA 
mutant. To gain further insight into the role of  the kynurenine 
pathway in PQS synthesis, we began to study the regulation 
of  genes in the kyn pathway. Analysis of  kynA, kynB, and kynU 
genes indicated that kynB and kynU are transcribed as an op-
eron, and that kynA is monocistronic operon. Experiments us-
ing lacZ transcriptional fusions indicated that the transcription 
of  kynA and kynB is increased in the presence of  kynurenine, 
an intermediate in the degradation of  tryptophan to anthrani-
late. These data demonstrate that when tryptophan is available, 
degradation of  tryptophan through the kynurenine pathway is 
an important source of  anthranilate for PQS production, and 
provide new insight into the metabolic pathways involved in 
the production of  this signaling molecule.

�1A
PA2��3 REGULATES BIOFILM FORMATION 
THROUGH THE Psl OPERON IN 
PseuDomonAs	AerugInosA	PAO1	
C. Attila, T. K. Wood; Texas A&M University, College Station, TX

Pseudomonas aeruginosa is an opportunistic pathogen that causes 
diseases in animals, humans, and plants. Eighty percent of  
bacterial infections are found in biofilms, and P. aeruginosa is 
notorious for biofilm infections; hence, it has been studied 
as a model organism for biofilm formation. Previously, we 
identified virulence genes using a poplar tree model as well as 
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elucidated the response of  the tree to the pathogenic bacterium 
Pseudomonas aeruginosa PAO1 (Microb. Biotechnol. 2007, in revi-
sion). Poplar tree roots were used to discern the genes involved 
in the pathogenic response to P. aeruginosa PAO1 (first report 
of  the whole genome response in the plant rhizosphere). Dif-
ferential gene expression shows that with a 2-fold cutoff  ratio, 
419 genes were repressed and 185 genes were activated by 
growth of  PAO1 on poplar tree roots. Using a 4-fold cutoff, 
the pathogenic bacterium also induced 753 and repressed 1,017 
genes of  the poplar tree including leucine-rich repeat recep-
tor protein kinases, pathogenesis-related proteins 5 and 10, 
S-adenosyl methionine synthase, and jacalin-domain protein. 
By studying several PAO1 genes identified by the DNA mi-
croarrays that were tentatively related to rhizosphere virulence, 
an uncharacterized putative hemolysin repressor was identi-
fied, PA2463, that upon deletion, resulted in greater virulence 
as evidenced by two-fold greater tree wilting and four-fold 
elevated hemolysis (this mutant remained as competitive as the 
wild-type strain in the rhizosphere); hence, PA2463 encodes 
an important repressor of  virulence. Also induced by 2.8-
fold in the poplar rhizosphere was PA2663 which encodes an 
uncharacterized putative membrane protein that upon deletion 
caused 20-fold lower biofilm formation in LB medium. Here, 
we investigate the role of  PA2663 gene in biofilm formation 
through additional microarray studies of  the isogenic PA2663 
mutant vs. the wild-type in biofilms formed on glass wool. 
Fifty-two genes were repressed with a fold change higher than 
sixty. We identified that the psl operon and one multidrug ef-
flux pump (mexE-mexF-oprN) are regulated in a manner that 
involves the PA2663 gene. Biofilm formation was restored by 
complementing the PA2663 mutant (presence of  the PA2663 
gene in the plasmid was confirmed by sequencing). Further-
more, the PA2663 mutant shows 13-fold more sensitivity to 
chloramphenicol and 4-fold more sensitivity to imipenem com-
pared to the wild-type strain which confirms that PA2663 gene 
regulates the mexE-mexF-oprN efflux pump. We also show that 
a mutation in PA2663 results in increased swarming motility. 
Hence, we propose that the PA2663 protein regulates the psl 
operon to control biofilm formation in P. aeruginosa.

�2B
THE METASTABILITY OF KATA IS CRITICAL 
FOR PEROxIDE RESISTANCE IN BIOFILM 
STATE OF PseuDomonAs	AerugInosA 
PA1�.
D. Shin, Y. Choi, Y. Cho; Sogang University, Seoul, REPUBLIC OF 
KOREA

Pseudomonas aeroginosa is a ubiquitous environmental bacte-
rium, whose major catalase (KatA) is extracellularly present 
and required for full virulence as well as peroxide resistance 
in planktonic and biofilm states. Here, we characterized the 
function of  KatA (PA-KatA) by comparing the evolutionarily 
related (i.e. clade 3) catalases from Bacillus subtilis (BS-KatA) 
and Streptomyces coelicolor (SC-CatA). We switched the coding 
region of  PA-KatA by BS-KatA and SC-CatA and expressed 
the catalases under the potential katA-regulatory elements in 
P. aeruginosa PA14 katA mutant. The activities of  BS-KatA and 
SC-CatA were about 60% and 20%, respectively, compared to 
the PA-KatA activity. Both catalases were not present extracel-
lularly as assessed by activity staining and Western blot. These 

differences might be attributed to their relative instability which 
was verified by prolonged incubation at 37°C. The introduction 
of  BS-KatA into PA14 katA mutant restored its in vitro and 
in vivo phenotypes such as susceptibilities on plates containing 
H2O2 or KCl and virulence-attenuation in mouse acute infec-
tion and Drosophila models. However, the peroxide susceptibil-
ity of  katA mutant in biofilm growth state was not rescued 
by BS-KatA. These results suggest that the P. aeruginosa KatA 
is highly stable compared to the other clade 3 catalases from 
Gram-positives and that its metastability and/or extracelluar 
presence may contribute to the peroxide resistance of  P. aerugi-
nosa biofilm and presumably the chronic infections.

�3A
PQS AND ANAEROBIOSIS IN 
PseuDomonAs	AerugInosA
C. E. Raine, S. P. Diggle, P. Williams, M. Camara; University of 
Nottingham, Nottingham, UNITED KINGDOM

Two distinct classes of  quorum sensing signal molecules, 
N-acylhomoserine lactones (AHLs) and 2-alkyl-4-quinolones 
(AHQs) regulate diverse exoproduct virulence determinants in 
Pseudomonas aeruginosa. These molecules represent integral 
components of  the quorum sensing circuitry in this organism. 
2-heptyl-3-hydroxy-4(1H)-quinolone (PQS regulates the pro-
duction of  a number of  virulence determinants and secondary 
metabolites including pyocyanin, elastase, rhamnolipids and the 
galactophilic lectin, LecA. During a recent microarray study, 
we found that PQS down-regulated the expression of  34 genes 
and intriguingly many of  these genes are involved in dissimila-
tory nitrate reduction.  To investigate the relationship between 
PQS and anaerobiosis, we (1) analysed the AHQ profiles of  P. 
aeruginosa PAO1 under strict anaerobic growth conditions in 
the presence of  nitrate and (2), examined the effect of  PQS 
on key genes involved in nitrate reduction.  During anaerobio-
sis, we found that AHQ production, specifically PQS and its 
immediate precursor 2-heptyl-4(1H)-quinolone (HHQ) was re-
pressed. Analysis of  a pqsA promoter fusion in PAO1 showed 
a significant reduction in the expression of  the pqsA gene, 
providing an explanation for the reduction in AHQ levels. 
Furthermore, expression of  the PQS-dependent gene lecA was 
abolished under anaerobic growth.  To examine more directly 
the influence of  PQS on genes involved in anaerobic growth, 
we constructed transcriptional fusions to the norC, nirQ and 
nosR promoters and introduced them into both PAO1 and the 
pqsA mutant. Gene expression was followed under aerobic 
and anaerobic conditions in the presence and absence of  PQS 
and nitrate. We found that the fusions were activated under 
anaerobic conditions in the presence of  nitrate but they were 
repressed by the addition of  PQS under anaerobic condi-
tions.  Taken together this suggests that during the switch from 
aerobic to anaerobic growth, production of  AHQs is repressed 
which relieves the PQS-mediated repression of  genes involved 
in dissimilatory nitrate reduction.
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��B
CHARACTERIZATION OF THE fqsm	GENE 
(FITNESS AND QUORUM SENSING 
MODULATOR) IN PseuDomonAs	
AerugInosA	AND P.	syrIngAe
S. Tarighi, P. E. Cornelis; Vrije Universiteit Brussel, Brussels, 
BELGIUM

Pseudomonas aeruginosa is a wide-host-range gram negative op-
portunistic pathogen. P. aeruginosa produces many virulence 
factors the production of  which is under control of  quorum 
sensing. Several genes were found in P. aeruginosa which can 
affect quorum sensing. Unlike P. aeruginosa, P. syringae is a plant 
pathogen with around fifty pathovars and the quorum sens-
ing circuitry is not well known in this species. The PA4204 
gene encodes a periplasmic protein with a COG2706 domain 
corresponding to a 3-carboxy-cis, cis-muconate lactonizing 
enzyme (CMLE). Homologues are present in the genomes of  
all fluorescent pseudomonads, including in P. syringae where it is 
the predicted product of  Psyr_1712. A PA4204 mutant grows 
slowly in LB and CAA (Casamino acid) media after a long lag-
phase (6h) and formed small colonies on plates. Pseudo-rever-
tants appeared frequently, as larger colonies. The PA4204 mu-
tant could not swarm or twitch and it has reduced swimming 
capacity while the revertants could swim, twitch and swarm 
almost like the wild-type. Virulence factors such as pyoverdine 
and elastase were produced in lower amount by the mutant 
and there was almost no production of  pyocyanin. Analysis of  
signal molecules revealed that the production of  C4-HSL was 
greatly reduced in the PA4204 mutant while the production of  
3-oxo-C12-HSL was reduced, but to a lesser extent. Production 
of  PQS was however not affected. Complementation with the 
wild-type gene restored pyocyanin production to the PA4204 
mutant while a mutant with a histidine to alanine substitution 
at position 181 (predicted CMLE active site) could not. Intro-
duction in trans of  the Psyr_1712 gene also restored pyocyanin 
production, confirming that the products of  the two genes are 
homologues. Interestingly, the PA4204 mutant could elicit rapid 
hypersensitive reaction on tobacco which was faster and stron-
ger than the wild-type. In the Psyr_1712 mutant pyoverdine 
production and swarming motility were higher comparing to 
the wild-type. Production of  3-oxo-C6-HSL was also strongly 
reduced in the Psyr_1712 mutant. Quantitative real time PCR 
showed that the expression of  Psyr_1712 is under control of  
quorum sensing. The P. syringae Psyr_1712 mutant showed 
intermediate virulence in bean pods, intermediary between 
the wild-type and a ahlI negative mutant (quorum sensing-
negative), which produces larger lesions. The HR reaction on 
tobacco in the case of  Psyr_1712 mutant was similar to the 
wild-type while the ahlI mutant could elicit stronger and faster 
HR. Since PA4204 and Psyr_1712 could modulate fitness and 
quorum sensing in these bacteria we suggest the name of  fqsM 
(fitness and quorum sensing modulator).

��A
PSEUDOMONAS AERUGINOSA UTILIZES 
PHENAZINES AS SIGNALS TO CONTROL 
COLONY MORPHOLOGY
L. E. Dietrich, T. K. Teal, A. Price-Whelan, D. K. Newman; Califor-
nia Institute of Technology, Pasadena, CA

A wide variety of  bacteria produce and excrete redox-ac-
tive compounds, long believed to serve the sole purpose of  
combatting the growth of  competing organisms. We recently 
found that the phenazine pyocyanin from P. aeruginosa acts 
as a quorum sensing signal, upregulating six genes previously 
identified as the SoxR regulon. The P. aeruginosa SoxR regulon 
differs significantly from the well-studied SoxR/S response in 
E. coli, in which SoxR induces expression of  just one gene, 
soxS, which is itself  a transcription factor that upregulates 
genes implicated in tolerance to the reactive oxygen species 
superoxide. Intrigued by the possibility that pseudomonads 
represent an exception to the SoxR/S paradigm, we screened 
all available bacterial genomes for the pres-ence of  soxboxes, 
highly conserved promoter elements that specifically recruit 
the SoxR protein. We found that the E. coli-type SoxR regulon 
is unique to enterics. As for the SoxR regulon identified in P. 
aeruginosa, the soxbox genes in the majority of  SoxR-contain-
ing bacteria fall into two main categories, efflux pumps and 
redox enzymes. Is this organization specifically adapted to 
respond to endogenous antibiotics, such as phenazines? We 
broadened the scope of  our study by addressing this question 
in the genetically tractable Gram-positive actinomycete Strep-
tomyces coelilcor, which produces actinorhodin antibiotics. 
Using quantitative RT-PCR we demonstrated that upregulation 
of  genes in the predicted S. coelicolor SoxR regulon coincide 
with the production of  these compounds, but is lost in an 
actinorhodin-null mutant. These findings suggest that SoxR 
and its regulon mediate a specific response to redox-active 
pigments that is conserved among Gram-positive and -negative 
bacteria, while the SoxR regulon in enterics is uniquely adapted 
to deal with superoxide stress.  These observations lead us to 
further investigate the physiological effects these compounds 
might exert through SoxR and possibly other transcription 
factors. In P. aeruginosa, a mutation in the SoxR-controlled 
efflux pump mexGHI-opmD has previously been reported to 
be defective in the maturation of  a flowcell biofilm, suggesting 
a physiological role for phenazine-mediated signaling. Here we 
report that a phenazine-null mutant shows a severe phenotype 
in another biofilm model, the colony morphology assay. While 
wild-type cells form smooth colonies in this assay, the absence 
of  phenazines in P.aeruginosa caused the cells to aggregate into 
visually strik-ing, wrinkled morphologies. Intriguingly, we also 
found for S. coelicolor that in the absence of  actinorhodin the 
colonies took on a wrinkled morphology. We postulate that re-
dox-active pigments from highly divergent bacterial species are 
not merely virulence factors or antibiotics, but specific signals 
influencing the development of  bacterial communities.

��B
PHENAZINE ANTIBIOTICS: ROLE IN BIOFILM 
FORMATION OF PseuDomonAs	
ChlororAPhIs (AureofACIens) 30-��
V. Maddula, L. S. Pierson; University of Arizona, Tucson, AZ

Pseudomonas chlororaphis (aureofaciens) 30-84 is a bio-control strain 
effective against take-all disease (Gaeumannomyces graminis var. 
tritici) of  wheat. P. chlororaphis 30-84 produces a number of  sec-
ondary metabolites including phenazine antibiotics. Phenazine 
production is primarily responsible for pathogen inhibition and 
aids in the persistence of  strain 30-84 in the rhizosphere. Phen-
azine biosynthesis is tightly regulated at multiple levels, includ-
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ing quorum sensing, two-component positive and two-compo-
nent negative regulation, and post- transcriptional regulation. 
This complex regulation of  phenazine biosynthesis led us to 
hypothesize that phenazines have additional roles in P. chlorora-
phis 30-84.  We previously demonstrated that mutants defective 
in quorum sensing were defective in biofilm formation in strain 
30-84. Additionally, a mutation in the phzB structural gene was 
equally impaired in biofilm formation. Both genetic and bio-
chemical complementation of  the phenazine mutant restored 
biofilm formation to wild-type levels. These results support 
our hypothesis that phenazine antibiotics play at least one ad-
ditional role in P. chlororaphis 30-84 and provide first evidence 
for the role of  phenazines in biofilm formation.  P. chlororaphis 
30-84 produces two major phenazine derivatives i.e., Phenazine 
Carboxylic Acid (PCA), and 2-Hydroxy- Phenazine Carboxylic 
Acid (2-OH-PCA). The Phenazine biosynthetic genes in 30-84 
differ from other Pseudomonads by having phzO, a hydroxylating 
enzyme at end of  the operon. Thus formation of  2-OH-PCA 
is unique to P. chlororaphis 30-84. One question is why P. chloro-
raphis 30-84 produces multiple phenazines and how different 
derivatives effect biofilm formation. We generated mutants of  
strain 30-84: knock-out of  phzO (30-84 O) and a strain that 
over-expressed phzO (30-84 O*) and assayed each strain’s ability 
to form biofilms. In flow cell assays 30-84 O* (produces more 
2-OH-PCA) formed thickest biofilms with early adhesion and 
lower dispersal rates as compared to the wild-type. The 30-84 
O (PCA only) mutant showed more structured and thicker 
biofilms as compared to the wild-type. These results indicate 
that altering the ratios of  phenazines changes biofilm architec-
ture. From these results, we speculate an increasing the ratio 
of  2-OH-PCA improves colonization and persistence of  P. 
chlororaphis 30-84 on plant roots.

�7A
PSEUDOMONAS AERUGINOSA USES 
QUORUM SENSING-CONTROLLED 
FUNCTIONS TO COMPETE WITH OTHER 
BACTERIAL SPECIES.
D. An1, M. Hibbing2, A. Hinz1, C. Manoil1, C. Fuqua2, M. Parsek1; 
1University of Washington, Seattle, WA, 2Indiana University, Bloom-
ington, IN

Quorum sensing (QS) is an extracellular signaling event that 
regulates various functions in many bacterial species. In the op-
portunistic pathogen Pseudomonas aeruginosa, quorum sens-
ing regulates a battery of  virulence factors which have been 
shown to be important for disease pathogenesis. However, P. 
aeruginosa is also a ubiquitous environmental bacterium, which 
predominantly lives in mixed species communities in nature. 
We hypothesized that QS may provide a crucial function for 
P. aeruginosa in the environment, and that this function may 
involve interactions in multi-species environmental communi-
ties. Using wild-type and QS mutant strains we found that P. 
aeruginosa used QS to compete with a variety of  bacterial 
species in defined liquid binary cocultures, including Agrobac-
terium tumefaciens, Pantoea stewartii, Vibrio cholerae, Bacillus 
subtilis and Staphylococcus aureus. In addition, we demonstrat-
ed that three of  the five species could be killed synergistically 
by P. aeruginosa QS-controlled secreted poisons, resembling 
the functions of  clinically administered antimicrobial cocktails. 
We also found QS-regulated functions were important for P. 

aeruginosa’s ability to compete with other species in in-vitro 
biofilms. To further expand the results to more ecologically 
relevant systems, we studied P. aeruginosa competition with 
lake and soil microbial communities. QS-regulated functions 
effectively inhibited the growth of  microbial species in the vi-
cinity of  P. aeruginosa colonies and prevented their attachment 
onto established P. aeruginosa niches. These findings reveal an 
important role for QS in bacterial interspecies interactions in 
mixed species communities in nature.

��B
SOCIAL CHEATING IN PseuDomonAs	
AerugInosA QUORUM SENSING
M. Schuster; Oregon State University, Corvallis, OR

In a process termed quorum sensing, bacteria use diffusible 
chemical signals to coordinate cell-density-dependent gene 
expression. In the human pathogen Pseudomonas aeruginosa, 
quorum sensing controls hundreds of  genes, many of  which 
encode extracellular virulence factors. Quorum sensing is 
required for P. aeruginosa virulence in animal models. Curi-
ously, quorum-sensing deficient variants, most of  which carry 
a mutation in the gene encoding the central quorum sensing 
regulator, lasR, are frequently isolated from acute and chronic 
infections. The mechanism for their emergence is not known. 
Here we provide experimental evidence suggesting that these 
lasR mutants are social cheaters which cease production of  
quorum-controlled factors and take advantage of  their pro-
duction by the group. We found that a subpopulation of  lasR 
mutants arose after about 100 generations of  in vitro evolution 
of  the P. aeruginosa wild-type strain under culture conditions 
that require quorum sensing for growth. Under such condi-
tions, quorum sensing appears to impose a metabolic burden 
on the proliferating bacterial cell, because quorum-controlled 
genes not normally induced until cessation of  growth were 
highly expressed early in growth, and a defined lasR mutant 
showed a growth advantage when co-cultured with the parent 
strain. The emergence of  quorum-sensing deficient variants in 
certain environments is therefore an indicator of  high quorum 
sensing activity of  the bacterial population as a whole. It does 
not necessarily indicate that quorum sensing is not important, 
as has previously been suggested. Thus, novel anti-virulence 
strategies aimed at disrupting bacterial communication may be 
particularly effective in such clinical settings.

�9A
RELATIONSHIPS BETWEEN GROWTH MODES 
AND GENE ExPRESSION IN PseuDomonAs	
AerugInosA
H. Mikkelsen1, M. E. Skindersoe2, K. S. Lilley1, M. Givskov2, M. 
Welch1; 1University of Cambridge, Cambridge, UNITED KING-
DOM, 2Technical University of Denmark, Lyngby, DENMARK

Pseudomonas aeruginosa is an opportunistic human patho-
gen that causes chronic infections in immunocompromised 
individuals. These infections are notoriously hard to treat, 
partly due to the high intrinsic resistance of  the bacterium to 
clinically used antibiotics, and partly due to the formation of  
antibiotic-tolerant biofilms. Bacteria are known to exhibit dif-
ferent levels of  tolerance to antimicrobials, depending on the 
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growth conditions. Furthermore, it is generally believed that 
biofilm cells are similar to planktonic cells in stationary phase, 
and that low metabolic activity and starvation are major con-
tributors to the observed tolerance to antimicrobials. However, 
our 2D-DiGE proteomic study of  biofilms in a continuous 
flow system shows that they resemble exponentially growing 
cells rather than stationary phase cells. This study also shows 
that colonies on agar plates have protein profiles that are much 
more similar to planktonic cells in their respective growth phas-
es than to biofilms. A transcriptomic study on the same system 
shows slightly different relationships between biofilms, colonies 
and planktonic cells than does the proteomic study. However, 
it supports the conclusion that biofilms are very different from 
planktonic cells in stationary phase. This raises some interest-
ing questions about the relationship between growth modes 
and antibiotic resistance in P. aeruginosa.

70B
THE GACA/GACS AND RETS RESPONSE 
REGULATORS CONTROL PA01 DISPERSION 
ON SWARMING PLATES
T. S. Murray, B. Kazmierczak; Yale University, New Haven, CT

P.aeruginosa swarming is defined as a flagellar-based form 
of  motility that occurs on semi-solid surfaces in response to 
specific nutritional cues. The role of  type four pili (TFP) in 
swarming appears to be strain-dependent, with both dimin-
ished and increased swarming being reported in mutants 
lacking TFP. We generated a PA01 mutant lacking both flagella 
and TFP (?fliC?pilA). This double mutant lacked flagella and 
fimbriae when examined by electron microscopy but still dis-
played surface spreading on 0.5% M8 swarming plates supple-
mented with glucose and glutamate. A random transposon 
mutagenesis library was generated in the ?fliC?pilA background 
and 1800 mutants were screened for changes in surface spread-
ing behavior. Tn5 insertions mapping to either gacA or gacS 
gave a hyper-dispersion phenotype, while an insertion into 
retS prevented dispersion. Preliminary analysis suggested that 
these phenotypes are correlated with changes in the levels of  
the small regulatory RNA rsmZ, but not rsmY. Transcription 
of  rhlA, rhlB and rhlC did not appear to differ among these 
strains, and all produced rhamnolipids. However, marked 
changes were seen in pslD transcript levels, as measured by 
quantitative RT-PCR: hyper-dispersing mutants had low pslD 
levels, while the retS::Tn5 mutant had increased pslD tran-
script levels and showed increased Congo Red staining. Our 
results demonstrate that PA01 can undergo surface spreading 
on swarming plates in the absence of  TFP and flagella and 
support a model in which this dispersion is inversely related to 
GacA/GacS-dependent exopolysaccharide production.

71A
BIOFILMS OF P. AERUGINOSA PRODUCE A 
DIFFERENT SPECTRUM OF SECRETED 
PRODUCTS COMPARED WITH THEIR 
PLANKTONIC COUNTERPARTS
M. Welch; Cambridge University, Cambridge, UNITED KING-
DOM

We recently used quantitative 2D-fluorescence difference 

gel electrophoresis (2D-DiGE) to compare the global pro-
teomic profiles of  colonies, biofilms and planktonic cells of  
P. aeruginosa. Our data suggest that colonies and planktonic 
cells grow and mature in a similar way, while biofilms of  the 
same organism exhibit a distinctly different proteome [Mik-
kelsen et al, J. Bacteriol. vol 189, pp 2411-2416 (2007)]. We have 
now extended this work by showing that biofilms (grown in a 
continuous flow set-up) secrete a very different spectrum of  
extracellular protein products compared with their planktonic 
counterparts. Many proteins are modulated (often by >10 fold) 
in the biofilm secretome compared with cells grown in liquid 
culture, and this differential secretion begins shortly after estab-
lishment of  the biofilm. Some of  the modulated proteins have 
been identified by MS-based micro-sequencing. These include 
several known virulence factors as well as a number of  previ-
ously hypothetical proteins, and these will be discussed. Our 
data suggest that biofilms are not simply passive reservoirs of  
cells, but instead, might play an active role in determining the 
progress of  chronic infections by elaborating a niche-specific 
sub-set of  virulence factors.

72B
SIGNAL-MEDIATED COMMUNICATION 
BETWEEN CANDIDA ALBICANS AND 
PseuDomonAs	AerugInosA
J. P. Morrissey1, F. O’Gara1, C. Munroe2, N. Gow2, G. McAlester1; 
1University College Cork, Cork, IRELAND, 2University of Aber-
deen, Aberdeen, UNITED KINGDOM

Microbes sense and respond to their environment by using 
signaling and signal transduction pathways to direct phenotypic 
changes. Pseudomonas aeruginosa is known to be particularly 
responsive and has a large number of  two component regula-
tory systems to carry out this function. This bacterium also 
secretes various cell-cell signaling molecules that facilitate co-
ordinated population responses to environmental cues. Some 
of  these autoinducing signals also affect non-bacterial cells, 
with the effects of  N-acyl homoserine lactones (HSLs) of  par-
ticular interest. It is known for some time that some HSLs af-
fect the immune response during infection, and more recently 
it has been shown that C12 HSLs can inhibit the morphologi-
cal switch of  Candida albicans from yeast to filamentous form. 
This transition is crucial for the virulence of  C. albicans and 
thus this interaction may have significant implications for some 
disease states, in particular cystic fibrosis where coinfection of  
the lung is often reported. Using a collection of  clinical isolates 
of  P. aeruginosa, we explored signal-mediated interactions 
between the bacterium and yeast. Looking first at HSL produc-
tion, we found differences in types, levels and timing of  HSL 
molecules produced by different clinical isolates of  P aerugino-
sa. This corresponded quite well to effects on morphology, as 
strains producing higher levels of  HSLs generally had a greater 
inhibitory effect on C. albicans yeast-hyphal transition. To 
further explore this, we carried out transcriptome experiments 
where global gene expression in C. albicans was monitored 
after treatment with sterile supernatants from different isolates 
of  P. aeruginosa. Surprisingly the supernatants produced by the 
different strains induced (109) and repressed (126) a large num-
ber of  common genes, despite the differential morphological 
effects on C. albicans. Some of  these genes are associated with 
stress response e.g. drug efflux, whereas others are limited to 
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specific functions such as cell surface proteins. Analysis of  the 
effects of  the supernatants that inhibit the yeast-hyphal transi-
tion are consistent with inhibition occurring in the cAMP-PKA 
signal transduction pathways. We are currently exploring these 
data further using time course RT-PCR and targeted mutants. 
It thus appears that signal transduction pathways in the yeast C. 
albicans are targeted by bacterial secreted signals with signifi-
cant consequences for the yeast life-cycle.

73A
THE METABOLIC IMPACT OF QUORUM 
SENSING ON THE HUMAN PATHOGEN 
PseuDomonAs	AerugInosA
P. W. Davenport, J. L. Griffin, M. Welch; University of Cambridge, 
Cambridge, UNITED KINGDOM

Quorum sensing (QS) systems are used by bacteria to modulate 
gene expression in response to local population density. In this 
study we have investigated QS in Pseudomonas aeruginosa 
(PA), an opportunistic bacteria implicated in many hospital-
acquired infections, using metabolomics. At least three QS 
systems (the rhl, las and PQS systems) operate in PA and are 
believed to be integral to pathogenicity, perhaps by orches-
trating a coordinated up-regulation of  virulence factors once 
a threshold population density has been reached, so as to 
overwhelm the host while minimising prior immune activa-
tion. Such transitions to virulence are expected to be associated 
with significant changes in metabolism.  Using batch-cultures 
of  PA in defined minimal media we investigated differences in 
metabolism between wild-type PA and mutants inactivated in 
either the las, rhl or PQS QS signalling systems. High resolu-
tion 1D 1H NMR spectroscopy was used in conjunction with 
univariate and multivariate statistics to profile early stationary 
phase metabolism (when QS is active) by investigating changes 
in the culture media (metabolic footprints).  The three QS 
mutants could be reliably distinguished from each other and 
the QS status of  samples could be predicted from their NMR 
spectra. PQS mutants appeared to have a footprint intermedi-
ate between wild-type and the other QS mutants. Differences 
responsible for the separation of  wild-type PA and QS mutants 
map to several branches of  primary metabolism, suggest-
ing that QS does in fact have a significant impact upon PA 
metabolism. Increases in alanine, glycine, isoleucine, sarcosine 
and tyrosine were observed in all three QS mutants relative to 
wild-type PA01, whereas decreases were observed for fatty ac-
ids and glutamine. Approximately 40% of  significantly changed 
1H NMR resonances were not assigned to metabolites: 2D 
NMR spectroscopy is being used to assign these. A further 
study focusing on the las system, looked at changes in both the 
intracellular (bacterial pellet) metabolome and the metabolic 
footprint. GC-MS and 1H-NMR spectroscopy were used to 
provide a more comprehensive analysis of  metabolic changes.  
In conclusion, our analysis indicates that the three QS systems 
regulate largely similar changes to PA metabolism, although dif-
ferences were also revealed.

7�B
INTER-STRAIN VARIATIONS IN 
PseuDomonAs	AerugInosA QUORUM 
REGULONS: CORRELATING QUORUM 
SENSING DIVERSITY WITH 
MICROEVOLUTION
S. Chugani; University of Washington, Seattle, WA

Bacteria employ a mechanism of  cell-cell communication called 
quorum sensing to coordinately regulate gene expression in 
response to alterations in population density. Quorum-sensing 
systems similar to the archetypical LuxI/R system of  Vibrio 
fischeri have been found in over 50 bacterial species where they 
function as regulators of  a wide range of  phenotypes. Inter-
species differences in quorum-regulons are often a reflection 
of  the diverse habitats that the bacteria occupy and quorum-
controlled phenotypes often play a crucial role in niche-per-
sistence. Notable examples include luminescence in the squid 
symbiont Vibrio fischeri and nodulation in the plant symbiont 
Mesorhizobium tianshanense. An intriguing extension of  the well-
acknowledged species-specific differences in quorum regulons 
is the possibility of  strain-specific differences in quorum regu-
lons of  bacteria within a species. We hypothesized that strains 
within a species share a core set of  quorum-controlled genes 
and that there exist, in addition, strain-variable quorum-regulat-
ed elements, which are perhaps reflective of  the prevailing eco-
logical factors. To begin to explore this possibility we compared 
under identical experimental conditions, the quorum-regulons 
of  two Pseudomonas aeruginosa strains, PA14 and PAO1. Al-
though sharing all known elements of  the P. aeruginosa quorum-
sensing regulatory circuit, PA14 is a more virulent pathogen 
than PAO1. A comparison of  LasR or RhlR-activated genes in 
the two strains revealed a shared set of  278 genes and a strain-
specific set of  131 genes in PA14 and 103 genes in PAO1. A 
similar comparison of  quorum-repressed genes revealed a 
shared set of  42 genes and a strain-specific set of  83 genes in 
PA14 and 86 genes in PAO1. An interesting finding was a set 
of  9 genes that was quorum-activated in PA14 but quorum-
repressed in PAO1. This set includes the entire iron-responsive 
pyochelin cluster of  genes. Also included in the differentially 
regulated quorum-regulon of  each strain were several known 
and putative transcriptional regulators and two-component 
systems, suggesting the existence of  differentially regulated 
subregulons, each with its unique regulator. This finding alludes 
to the possibility of  a strain-specific fine-tuning of  the quorum 
response by differential integration of  environmental signals. 
Our findings suggest that a comprehensive examination of  the 
quorum regulons of  P. aeruginosa strains from diverse habitats 
will likely highlight common and niche-specific signatures and 
may yet reveal a role for quorum sensing in niche-specialization 
and possibly ongoing microevolution.

7�A
COOPERATION AND CONFLICT IN 
QUORUM SENSING BACTERIAL 
POPULATIONS
S. P. Diggle1, A. S. Griffin2, S. A. West2; 1University of Nottingham, 
Nottingham, UNITED KINGDOM, 2University of Edinburgh, Edin-
burgh, UNITED KINGDOM



�9

POSTER ABSTRACTS

There has recently been an explosion of  interest in how 
bacteria communicate by releasing and sensing small diffus-
ible signal molecules. It is generally assumed that the function 
of  this process, termed quorum sensing (QS), is to coordinate 
cooperative behaviours at the population level. However, the 
cooperative nature of  QS has been questioned by some, and 
evolutionary theory predicts that the evolutionary stability of  
QS could be threatened by cheats who exploit the cooperation 
of  others. Using a combination of  QS mutants, synthetic QS 
signals and a defined growth medium where QS is required for 
survival, we empirically examine the social nature of  QS in the 
opportunistic pathogen Pseudomonas aeruginosa. We show 
that whilst QS can provide a benefit at the group level, it can 
also be exploited by cheats who avoid the cost of: (a) produc-
ing the QS signal, or (b) performing the cooperative behaviour 
that is coordinated by QS. Furthermore, as predicted by social 
evolution theory, the relative fitness of  cheats is frequency 
dependent, with cheats doing better when they are rarer. Our 
results show a key role for high relatedness between interacting 
bacterial cells (kin selection) in maintaining the evolutionary 
stability of  QS, and an explanation for why cheats can spread 
in clinical infections. More generally, we demonstrate that 
communication in bacterial populations suffers from the same 
problem of  reliability that has been the focus of  considerable 
attention in animals.

CELL SURFACES

7�B
THE ROLE OF THE CELL ENVELOPE OF 
PseuDomonAs	AerugInosA AND EFFLUx 
MECHANISMS IN TOLERANCE TO TEA TREE 
OIL AND SOME OF ITS COMPONENT 
TERPENES
C. J. Papadopoulos, C. F. Carson, B. J. Chang, T. V. Riley; The 
University of Western Australia, Crawley, AUSTRALIA

Melaleuca alternifolia (tea tree) oil (TTO) is an established broad 
spectrum topical antimicrobial agent comprised of  aromatic 
terpene hydrocarbons. A common colonizer of  burns and 
wound infections, Pseudomonas aeruginosa is substantially less sus-
ceptible than most bacterial species to TTO, with MICs ranging 
from 1 - 8%, compared with <0.5% for other Gram negative 
bacteria. The outer membrane of  Gram negative organisms is 
considered the principle defense against antimicrobial agents, 
and is known to protect P. aeruginosa from the antimicrobial 
action of  TTO and its components. However, the specific 
components of  the outer membrane that are important for this 
protection, such as porins or constituents of  the lipopolysac-
charide (LPS) layer, have not been determined. Resistance to 
other antimicrobials in P. aeruginosa also often involves efflux 
systems, however this has not been examined for essential oils 
or their components. The aim of  this work was to elucidate the 
relationship between these components of  the cell envelope 
and the reduced susceptibility of  P. aeruginosa to TTO.  A series 
of  well characterized rough mutants of  P. aeruginosa, with 
variations in production of  the LPS core and A-band and/or 
B-band O-antigens, was obtained, as well as a collection of  ef-
flux pump mutants. The susceptibility of  both mutant types to 

TTO and its major components was examined using time-kill 
assays and by determining minimum inhibitory concentrations. 
Complementation of  mutants deficient in MexAB-OprM was 
achieved by transforming with pRSP17 (pRK415::mexAB-
oprM).  In rough mutants, the absence of  LPS O-antigen side 
chains did not affect susceptibility, however when the core was 
truncated the organism became significantly more susceptible 
to TTO and the components terpinen-4-ol, alpha-terpineol 
and cineole. In time-kill assays, normally sub-inhibitory levels 
of  TTO or terpinen-4-ol resulted in the death of  greater than 
99% of  PAO1rmlC cells after 45 min and 2 h, respectively. The 
TTO MICs of  ΔMexAB-OprM efflux mutants were from 4 to 
≥8 times lower than their respective parental strains. MICs for 
the components terpinen-4-ol, cineole and alpha-terpineol were 
also decreased in these mutants. Time-kill assays demonstrated 
substantially increased killing rates in some efflux deficient mu-
tants compared to isogenic parental strains. Sub-MIC concen-
trations of  the oil killed 90% of  MexAB-OprM mutant cells 
after 30 min, compared with negligible death in the parent cells. 
Complementation studies showed that addition of  the MexAB-
OprM operon restored the TTO and terpinen-4-ol suscepti-
bility to that of  parental strains.  This work indicates that the 
MexAB-OprM efflux operon is involved in the tolerance of  P. 
aeruginosa to TTO and some components. A complete LPS core 
is also required to protect P. aeruginosa from the antimicrobial 
activity of  TTO and its components.

77A
MOLECULAR GENETIC CHARACTERISATION 
OF PseuDomonAs	AerugInosA TYPE I 
SIGNAL PEPTIDASE HOMOLOGUES - LEPB 
AND PA1303
R. D. Waite, M. A. Curtis; ICMS, Barts & the London, London, 
UNITED KINGDOM

The genome of  Pseudomonas aeruginosa PA01 contains two Type 
I signal peptidase (SPase) homologues, LepB and PA1303. It is 
well documented that Type I SPases cleave signal peptides from 
proteins translocated across biological membranes and hence 
play a vital role in cellular physiology, but they are unstudied 
in this important opportunistic pathogen. LepB and PA1303 
share only 43.2 % identity (58.9 % similarity) and both were 
found to be conserved amongst different P. aeruginosa isolates. 
However, only LepB appears to be highly homologous to 
Type I SPases of  other Pseudomonads. Attempts to obtain a 
chromosomal lepB deletion mutant were unsuccessful unless 
a plasmid harbouring lepB was present in trans, suggesting that 
LepB is essential for viability. In addition, LepB complemented 
an E. coli temperature sensitive Type I SPase mutation, and 
hence confirmed the role of  LepB as a Type I SPase. Further 
examination of  our previously published transcriptomic dataset 
revealed that lepB was expressed under all biofilm and plank-
tonic conditions investigated whilst expression of  PA1303 is 
either low or undetectable under any growth condition. Our 
results suggest that LepB is the primary Type I SPase of  P. 
aeruginosa, and would be excellent target for an antimicrobial 
strategy based upon protease inhibition. In contrast, PA1303 
chromosomal deletion mutants were readily obtained. These 
mutants displayed increased swarming and swimming motility 
and increased rhamnolipid and elastolytic activity together with 
a very different protein secretion profile when compared to 
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the isogenic parent organism PAO1. The role of  PA1303 is the 
focus of  further investigation.

7�B
FUNCTION AND ExPRESSION OF GENES 
INVOLVED IN TYPE IVB PILUS ASSEMBLY IN 
PseuDomonAs	AerugInosA
C. S. Bernard, A. Filloux, S. de Bentzmann; CNRS-IBSM-
UPR9027, Marseille cedex 20, FRANCE

Pseudomonas aeruginosa biofilm formation requires a large num-
ber of  macromolecular systems which act in a sequential and 
synergic way. Flagellum and type IVa pili have been described 
as two major systems involved in the first steps of  P. aeruginosa 
adhesion. Sequencing of  the P. aeruginosa genome allowed the 
identification of  new clusters of  genes involved in biofilm 
formation. Our study aimed at characterizing one of  them, the 
flp-rcp-tad locus (PA4294-4295 and PA4297-PA4306) composed 
of  12 genes that encodes a macromolecular machinery dedi-
cated to type IVb pilus assembly. The associated pilin subunit 
is a member of  a specific type IVb subclass, the Flp prepilin 
subfamily, which has been characterized in Actinobacillus actino-
mycetemcomitans, and showed to oligomerize in long bundled pili 
at the bacterial cell surface. In P. aeruginosa, the pilin subunit Flp 
is assembled in a single pilus through a dedicated machinery 
including the ATPase TadA and the secretin RcpA. The system 
is characterized by the presence of  the prepilin peptidase 
FppA which belongs to the aspartic acid protease family and 
is a C-terminal truncated version of  PilD, the prepilin pepti-
dase responsible for type IVa prepilin and type II pseudopilins 
processing. FppA is responsible for the maturation of  the Flp 
prepilin and is therefore required for the assembly of  the Flp 
pili. The P. aeruginosa type IVb pili are not retractile and do not 
confer any motility but are involved in formation of  micro-
colonies and in the initial steps of  biofilm formation. Several 
other genes share homologies with genes of  known function 
allowing to predict their putative roles in the Rcp-Tad machin-
ery: tadB and tadC encode PilC-like proteins, tadF encodes a 
pseudopilin while no function has been yet ascribed for rcpC, 
tadZ, tadD, PA4298 and tadG. As the characterization of  this 
locus was undertaken using overexpression of  the flp gene, we 
further demonstrated that flp chromosomal expression occurs 
at the late stage of  the stationary phase under aerobic growth 
conditions. Two additional genes, PA4293 and PA4296 localize 
in the vicinity of  the flp-rcp-tad cluster and encode a two-com-
ponent system (TCS) PprA-PprB (sensor and regulator respec-
tively) already described as a master regulator of  the quorum 
sensing. We therefore investigated whether this TCS controls 
the expression of  genes of  the flp-rcp-tad locus. Overproduction 
of  PprB increases significantly the transcription of  the rcp-tad 
operon but has no effect on flp gene transcription and leads to 
posttranslational modifications of  Flp pilin illustrated by a shift 
in Flp pilin electrophoretic motility.  As the first gene of  the 
rcp-tad operon encodes for RcpC, a protein containing a β-clip 
domain, we are currently investigating whether RcpC is in-
volved in some posttranslational modifications of  Flp pilin and 
whether these modifications alter the Flp-dependent biofilm 
phenotype.  supported by VLM

79A
FUNCTIONALITY AND SPECIFICITY OF 
CHAPERONE-USHER MACHINERIES CUPB 
AND CUPC IN P.	AerugInosA
S. Ruer, A. Filloux, S. de Bentzmann; CNRS, Marseille, FRANCE

Pap and Fim heteropolymeric fibers assembled through the 
chaperone-usher pathway have been demonstrated to play a key 
role in pathogenesis of  uropathogenic Escherichia coli strains.  
In Pseudomonas aeruginosa, three gene clusters (cupA, cupB, and 
cupC) encoding chaperone-usher pathway components have 
been identified in the genome sequence of  the PAO1 strain. 
The Cup systems differ from the Pap or Fim systems, since 
they obviously lack numbers of  genes encoding fimbrial 
subunits. The cup gene clusters do not contain genes encoding 
tip components, but possess only one major fimbrial subunit 
(MFS) and a putative adhesin for cupA and cupB clusters. It is 
likely that CupA, CupB are heteropolymeric fibers whereas 
CupC are homopolymeric fibers. The CupA4 and CupB6 
adhesins may play a key role in recognition of  sugar moieties 
present onto biotic surface such as mucosa. These 3 clusters 
are poorly expressed in laboratory condition, but the cupB and 
cupC clusters are identically regulated by a three-component 
system, RocSRA, homologous to BvgSRA from Bordetella pertus-
sis. Thus, the rocS1 sensor overexproduction led to cupB and 
cupC cluster derepression.  In this study, we demontrate that 
Roc1-dependent induction of  the cupB and cupC genes resulted 
in a high level of  biofilm formation. The contribution of  each 
CupB and CupC systems in adhesive phenotype is investigated 
in wild-type, cupB, cupC and cupBcupC mutant strains. Both 
systems contribute to bacterial clustering during microcolony 
formation and are therefore involved in early steps of  bio-
film development. Detailed analysis of  the observed biofilm 
phenotypes suggests that the CupC system appears to have 
the more significant contribution, at least in the absence of  
appendages such as type IVa pili and flagella. If  the CupB and 
CupC systems are involved in the architecture of  the bacte-
rial community during biofilm formation, it is a possibility 
that they act through the assembly of  fimbrial structures that 
favor cell-cell interaction. This is suppported by the fact that 
this phenotype is associated with the assembly of  cell surface 
fimbriae peritrichously distributed at the bacterial cell surface 
visualized by electron microscopy. Finally, using cupB, cupC and 
cupBcupC mutant strains, we observe that assembly of  their 
own MFS, CupB1 and CupC1, can only occur through their 
dedicated outer membrane usher protein and that CupB3 and 
CupC3 cannot be exchanged.  The redundancy of  the chaper-
one-usher systems in the P. aeruginosa genome, combined with 
a complex regulatory network tightly controlling their expres-
sion, highlights the diversity of  organelles that the bacterium 
can expose at its surface while encountering different environ-
ments or supports.
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�0B
ROLES OF INTRACELLULAR PROTEASES IN 
THE CELL WALL STRESS STIMULON IN 
PseuDomonAs	AerugInosA PAO1, 
WHICH INCLUDES GENES FOR ALGINATE 
BIOSYNTHESIS
L. F. Wood, D. E. Ohman; Virginia Commonwealth University and 
McGuire Veterans Affairs Medical Center, Richmond, VA

Using an algD-cat (chloramphenicol acetyltransferase) reporter 
system, we have previously shown that exposure of  P. aeruginosa 
PAO1 to antibiotics affecting peptidoglycan synthesis (e.g., 
D-cycloserine, phosphomycin, tunicamycin, etc.) induces the 
operon for alginate biosynthesis. This effect is dependent upon 
the ECF sigma factor, sigma-22, encoded by algT/algU. Thus, 
cell wall stress may be a signal for the release of  sigma-22 from 
its MucA/anti-sigma factor sequestration (L.F. Wood, et al. 
2006. Mol. Microbiol. 62:412). Microarray analyses and lacZ 
fusions were used to compare the D-cycloserine and phospho-
mycin stimulons, which revealed 167 genes in common, and 
that D-cycloserine generally produced higher levels of  induc-
tion. To determine which genes are first to respond to cell 
wall stress, we compared those induced by D-cycloserine (400 
ug/ml) following exposures of  15 and 60 min. This revealed 89 
genes up-regulated at both times, which included alginate regu-
lators (algR, algT) and genes with known sigma-22 promoters 
(rpoH, algC). Induction of  algB and amrZ were observed only at 
15 min, and induction of  the algD biosynthetic operon required 
60 min of  exposure. The DegS-like serine protease, encoded by 
algW, is also required for induction of  PalgD in response to cell 
wall stress, and algW overexpression produces a mucoid (ie., al-
ginate-overproducing) phenotype. This suggests that regulated 
intra-membrane proteolysis (RIP) is associated with sigma-22 
activation, similar to the E. coli sigma-E/RseAB/DegS/RseP 
complex, which responds to envelope stress. We hypothesize 
that the AlgW protease cleaves MucA to release sigma-22 in 
response to cell wall stress. Removal of  the PDZ domain in 
AlgW blocked its ability to activate sigma-22, or produce a 
mucoid phenotype in trans, suggesting that a protein-protein in-
teraction is required to activate the proteolytic activity of  AlgW. 
In addition, we demonstrated that an RseP(YaeL)-like protease 
encoded by PA3649 is also required for PalgD-cat activation by 
D-cycloserine. An HtrA-like protease, MucD, also appears to 
be involved in this RIP mechanism, which can be revealed by 
mucD mutation and elevated temperatures.

�1A
PseuDomonAs	AerugInosA TYPE I PY-
OVERDINE RECEPTORS ARE USED BY
PYOCIN S2
S. Denayer, S. Matthijs, P. E. Cornelis; Vrije Universiteit Brussel, 
Brussels, BELGIUM

Pseudomonas aeruginosa produces the high-affinity peptidic sid-
erophore pyoverdine (PVD). Three different PVDs can be pro-
duced by P. aeruginosa and the sequences of  the corresponding 
three PVD receptors are known, allowing via multiplex PCR, 
to determine the PVD specificity of  a given strain. Soluble 
pyocins (S-type) are Pseudomonas aeruginosa bacteriocins that kill 
P. aeruginosa strains having a specific receptor. The genes coding 

for pyocin Sa and the immunity protein were cloned and ex-
pressed in E. coli. Sequence analysis revealed that Sa is identical 
to pyocin S2. Eighty one strains of  P. aeruginosa were tested for 
their sensitivity to pyocins S1, S2 and S3 and their ferripyover-
dine receptor typed by multiplex PCR. No strain was found 
to be sensitive to S2 and S3, suggesting that the receptors for 
these two pyocins cannot co-exist in one strain. All S3-sensi-
tive strains had the type II ferripyoverdine receptor, confirming 
previous reports. On the other hand, some strains were sensi-
tive to S1 and S2 or to S1 and S3, meaning that S1 does not 
recognize a pyoverdine receptor. All S2-sensitive strains had 
the type I fpvA gene, but not all type I fpvA strains were sensi-
tive to S2. The majority of  S2-resistant-fpvAI strains had the 
S1/S2 immunity gene, but six were negative for the immunity 
gene. Comparison of  fpvAI sequences of  these strains revealed 
a valine to isoleucine substitution at position 46 of  FpvAI. A 
fpvA mutant of  the pyocin S2 sensitive strain O9 is resistant to 
the bacteriocin and sensitivity could be conferred by comple-
mentation with fpvA. Both fpvAI genes were introduced into a 
P. aeruginosa 7NSK2 mutant lacking fpvAII and the alternative 
type I pyoverdine receptor gene, fpvB. Both receptors conferred 
type I pyoverdine utilization, and rendered this strain sensi-
tive to S2 pyocin. Interestingly, it was also found that type I 
pyoverdine could signal type II pyoverdine production via the 
FpvAI receptor.

�2B
IRON-CONTAINING, PERIPLASMIC 
INCLUSION BODIES OF PseuDomonAs	
AerugInosA: A ROLE IN IRON EFFLUx
P. W. Royt; George Mason University, Fairfax, VA

In high iron-containing environments, bacteria must regulate 
intracellular iron concentration to prevent iron toxicity with 
subsequent cell death. Iron levels could be controlled by stor-
ing excess iron in depots like bacterioferritin, by terminating 
iron uptake, and/or by releasing iron from the cell, i.e., iron 
efflux. The purpose of  this research was to determine if  iron 
efflux occurs from Pseudomonas aeruginosa ATCC strain 
15692 when grown in environments replete with iron. Early 
results showed that when grown in iron-rich trypticase soy 
broth (TSB), the amount of  iron in 109 cells increased during 
early logarithmic phase of  growth, but then decreased as loga-
rithmic phase continued. This decrease was accompanied by 
an increase in visually observable iron-containing periplasmic 
inclusion bodies on the surface of  cell pellets. Measurement of  
iron in the spent media of  growing cells revealed that during 
the logarithmic phase of  growth, iron was depleted from the 
medium, indicating that at least one reason for the decreased 
intracellular level of  iron was lack of  iron availability. To 
determine if  iron efflux occurred during growth in high iron-
containing media, cells were grown in TSB containing 55FeCl3. 
A second culture was grown without radiolabeled iron. During 
mid-logarithmic phase, the radiolabeled cells were transferred 
to the spent media of  the nonradiolabeled culture, and 55Fe in 
the medium determined. It was shown that radiolabeled iron 
did leave the cells. To determine if  the inclusion bodes were 
being released from the cells during growth, inclusion bodies 
were collected throughout the logarithmic phase of  growth 
and compared with total cell iron. It was shown that inclusion 
bodies are constantly being released from the cells as total cell 
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iron increased during early logarithmic phase, as well as when 
total cell iron decreased in late logarithmic phase. These results 
indicate that iron efflux does occur from iron-rich P. aerugino-
sa, and that the inclusion bodies serve as vehicles of  iron efflux 
from the cells, and as such, ward off  iron toxicity. Therefore, 
the decrease in cellular iron seen in the iron-rich cells is due to 
depletion of  exogenous iron in the media as well as efflux of  
iron from the cells.

�3A
ANALYSIS OF PseuDomonAs	
AerugInosA O-ANTIGEN CHAIN LENGTH 
REGULATION
E. Kintz1, A. DiGiandomenico2, J. B. Goldberg1; 1University of 
Virginia, Charlottesville, VA, 2Vanderbilt, Nashville, TN

Pseudomonas aeruginosa, a Gram-negative bacterial pathogen, 
is a leading cause of  nosocomial infections. An important viru-
lence factor for P. aeurginosa is its lipopolysaccharide (LPS), 
which is located in the outer portion of  the outer membrane 
and can thus interact with the environment. The LPS of  P. 
aeruginosa contains three parts: the lipid A portion anchored in 
the outer membrane, a core oligosaccahride, and the O-anti-
gen, which extends out from the cell. It has been shown that 
the length of  the O-antigen side chain, which is determined 
by the number of  O-antigen units added to the core oligo-
saccharide, is important for virulence; bacteria with shorter 
O-antigen chain lengths are more susceptible to clearance by 
innate immune defenses. The genes necessary for production 
of  O-antigen are contained within one locus of  P. aeruginosa, 
and this locus contains the wzz gene encoding the O-antigen 
chain-length regulator. Several Gram-negative bacteria con-
tain a second wzz gene elsewhere in their genome; this has 
recently been shown to be the case in P. aeruginosa strain 
PAO1 as well. We have identified a second wzz gene (PA0938) 
in P. aeruginosa serogroup O11 strain PA103 and have used 
allelic exchange to create strains with mutations in the wzz 
and PA0938 genes. The LPS isolated from these mutants was 
compared to that from the wild-type strain and was analyzed by 
SDS-PAGE followed by Western blot using antibody specific 
for the serogroup O11 LPS. It was found the wzz mutant 
lacked long O-antigen while the PA0938 mutant lacked very 
long length O-antigen, indicating each regulator is responsible 
for preferentially producing these respective chain lengths. A 
double mutant exhibited the presence of  both long and very 
long O-antigens, but it lacked the modality present in wild-
type PA103. We cloned the wild-type genes, wzz and PA0938, 
separately in trans on a low copy number vector. Interestingly, 
transfer of  these cloned genes to the P. aeruginosa mutants did 
not reproduce a wild-type O-antigen chain length expression 
pattern. Instead, the length of  the O-antigen seemed deter-
mined by the regulator present on the recombinant plasmid at 
the expense of  the O-antigen lengths produced by the chromo-
somally encoded regulator. These results suggest the control of  
O-antigen chain length is mediated by the ratio of  the levels of  
the wzz and PA0938 regulators present in the cell.

��B
TONB IS IMPORTANT FOR 
PYOVERDINE-MEDIATED SIGNALLING IN 
PseuDomonAs	AerugInosA
M. J. Shirley, I. L. Lamont; University of Otago, Dunedin, NEW 
ZEALAND

During growth in iron-limited conditions Pseudomonas aeruginosa 
produces and secretes low molecular weight iron-scaveng-
ing organic compounds known as siderophores. The major 
siderophore produced by P. aeruginosa is pyoverdine. Besides its 
role in iron acquisition, pyoverdine has an important role as a 
signalling molecule and is required for induction of  maximal 
synthesis of  several virulence factors including pyoverdine 
itself. Ferri-pyoverdine is transported into the cell via an outer 
membrane receptor protein, FpvA. FpvA is also involved in 
both the transport of  iron (via ferri-pyoverdine) and the signal 
transduction pathway. Moreover, these transport and signalling 
roles of  FpvA are separate and discrete functions. Transport of  
ferri-pyoverdine via FpvA is an energy-dependent process, and 
the energy required for transport is believed to be provided by 
the TonB protein. TonB is an energy-transducing protein that 
couples the energy of  the cytoplasmic membrane to a variety 
of  outer membrane receptors required for the import of  ferri-
siderophores and other molecules. tonB mutants of  P. aeruginosa 
are unable to transport ferri-pyoverdine or to grow in iron-re-
stricted medium. The objective of  this study was to determine 
whether the TonB protein was also required for the signalling 
function of  FpvA. The TonB protein interacts with TonB-
dependent receptors via a protein motif  known as the TonB 
Box. In this study, we mutated the TonB Box of  FpvA. This 
mutation was predicted to abolish TonB-dependent functions 
of  FpvA without affecting other TonB-dependent functions of  
the cell. SDS-PAGE and Western analysis confirmed that the 
mutated protein was expressed and present in the outer mem-
brane of  the cells. Unlike a strain expressing wild-type FpvA, 
a strain expressing the mutated FpvA was unable to grow in 
the presence of  the iron-chelating compound EDDA, indicat-
ing that the ferri-pyoverdine transport function of  the recep-
tor was abolished. Using a LacZ-based reporter system it was 
shown that the TonB Box mutation also severely reduced the 
signalling function of  FpvA. In summary, it appears that TonB 
is important for both the transport and signalling functions of  
the ferri-pyoverdine receptor FpvA.

��A
INSIGHT INTO TYPE IV PILI BIOGENESIS IN 
PseuDomonAs	AerugInosA: 
STRUCTURAL-FUNCTIONAL 
CHARACTERIZATION OF PILF
J. Koo1, S. Y. Ku1, L. Sampaleanu2, L. L. Burrows3, P. L. Howell2; 
1University of Toronto, Toronto, ON, CANADA, 2Hospital for Sick 
Children, Toronto, ON, CANADA, 3McMaster University, Hamilton, 
ON, CANADA

Background: The increasing prevalence of  antibiotic resis-
tance in the clinical environment necessitates a better under-
standing of  bacterial pathogenesis. Pseudomonas aeruginosa is an 
opportunistic Gram-negative pathogen notorious for develop-
ing resistance to antibiotics and for causing chronic infection 
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and inflammation in the lungs of  cystic fibrosis (CF) patients. 
Currently, neither infection control nor application of  antibi-
otics is effective at preventing the damage caused to the CF 
lung, which remains the leading cause of  mortality in these 
individuals. Type IV pili (T4P) in P. aeruginosa are potential drug 
targets, as they act as virulence factors that initiate infection by 
mediating twitching motility, cell-cell interactions and biofilm 
formation. PilF, a predicted periplasmic lipoprotein that is 
essential for T4P biogenesis, is hypothesized to promote oligo-
merization of  the secretin PilQ, an outer membrane protein 
that forms the dodecameric pore through which the pilus is ex-
tended and retracted. Objective: To characterize PilF’s role in 
the T4P system using a structure-function approach. Methods: 
The structure of  PilF was determined by X-ray crystallography 
using selenomethionyl incorporation and the single wave-
length anomalous diffraction technique. Effects of  mutating 
pilF on pilus assembly were tested using twitching assays and 
by comparison of  whole cell and surface pilin levels. Results: 
The structure of  PilF was refined to 2.0Å resolution with an 
R and Rfree of  20.9 and 24.8%, respectively. PilF is predomi-
nantly α-helical with 6 tetratricopeptide (TPR) protein-protein 
interaction motifs arranged in a bi-layered crescent shape. The 
TPR motifs in PilF suggest that the 30Å-wide concave central 
groove binds its partner protein although participation of  the 
exterior convex surface in this process cannot be ruled out. 
Analysis of  a pilF mutant showed loss of  PilQ multimerization 
in conjunction with surface expression of  T4P and twitching 
motility. Complementation of  the pilF mutant restores wildtype 
T4P assembly and function. Identification of  PilF’s interact-
ing partner(s) in P. aeruginosa by affinity co-purification is in 
progress and once the interacting surface of  PilF has been 
fully mapped, small molecules or peptides will be designed to 
disrupt T4P biogenesis, Conclusion: Our structural and func-
tional data support the hypothesis that PilF interacts with PilQ 
in the T4P scaffold.

��B
PURIFICATION AND CHARACTERIZATION 
OF ALGJ, A PERIPLASMIC PROTEIN 
REQUIRED FOR PseuDomonAs	
AerugInosA ALGINATE O-ACETYLATION
K. Dawson1, C. Horvatin2, M. J. Franklin3, P. L. Howell2; 1Univer-
sity of Toronto, Toronto, ON, CANADA, 2Hospital for Sick Children, 
Toronto, ON, CANADA, 3Montana State University, Bozeman, MT

Background: The exopolysaccharide alginate is a major viru-
lence factor in Pseudomonas aeruginosa infections in cystic fibrosis 
(CF) patients, where it encapsulates the bacteria in a biofilm, 
protecting them from host defence mechanisms and making 
them more tolerant to antibiotics. The finding that O-acetyla-
tion of  alginate is necessary for the formation of  microcolo-
nies in the early stages of  biofilm development, and that it 
prevents complement and opsonic antibody-mediated phago-
cytosis suggests that inhibition of  alginate O-acetylation will 
provide a novel therapeutic strategy for the treatment of  these 
infections. Three proteins are required for alginate O-acetyla-
tion: AlgI is proposed to transport the acetyl group across 
the inner membrane to AlgJ/AlgF in the periplasm, where 
AlgJ and/or AlgF transfer the acetate onto the mannuronate 
residues. Objective: To gain insight into the role AlgJ plays 
in O-acetylation, we are undertaking its functional and struc-

tural characterization. Methods: AlgJ is predicted to have an 
uncleaved N-terminal signal sequence that forms a single trans-
membrane helix. An expression vector has been produced con-
taining the AlgJ gene lacking this helix, with the Escherichia coli 
periplasmic localization sequence pelB, and a C-terminal His6 
tag. The protein derived from this gene was over-expressed in 
E. coli, extracted from the periplasm, and purified to homoge-
neity using nickel affinity chromatography. Results: A non-
denaturing gel blotted with anti-AlgJ antibody shows a ladder 
of  bands, suggesting that the protein forms multimers. Limited 
proteolysis using trypsin and chymotrypsin has identified a 
protease resistant core between residues 79 and 384. A protein 
lacking the first 78 residues, Δ78AlgJ, has been expressed and 
purified to homogeneity. Characterization of  Δ78AlgJ using 
CD spectroscopy shows that it is folded, and predominantly 
α-helical with a melting point of  53°C. Multimerization of  
Δ78AlgJ has been observed on a non-denaturing gel and by 
gel filtration chromatography. The multimerization does not 
appear to be an equilibrium, since the multimer composition 
of  each fraction obtained by gel filtration chromatography re-
mains constant over several days. Crystallization trials are under 
way, with initial crystal hits currently being optimized. Conclu-
sions: Preliminary results suggest that AlgJ is oligomeric with 
a protease resistant stable core. Further characterization and 
crystallization studies are in progress.

�7A
ASSESSING THE ROLE OF FIMV IN THE 
ASSEMBLY OF PseuDomonAs	
AerugInosA TYPE � PILI
H. Wehbi, L. L. Burrows; McMaster University, Hamilton, ON, 
CANADA

Type 4 pili (T4P) are polar protein appendages involved in 
bacterial attachment to surfaces and in twitching motility. Pseu-
domonas aeruginosa devotes ~1% of  its genome to the assembly, 
regulation, and function of  T4P. The pilus is formed of  thou-
sands of  copies of  the pilin subunit. Other proteins of  known 
function include PilD, a peptidase required for processing of  
the pilin into its mature form, and the ATPases PilB, PilT, and 
PilU essential for pilus extension and retraction. Most proteins 
identified as essential for T4P function are not well charac-
terized. These include FimV, a ~ 100 kDa inner-membrane 
protein. In this work, we address the specific role of  FimV in 
the function of  T4P. An unmarked insertional fimV mutant of  
PAK was constructed. The mutant was complemented in trans 
with wild type fimV and truncations thereof. The mutant lacked 
twitching, and had undetectable levels of  surface pili as deter-
mined by SDS-PAGE of  sheared surface protein preparations. 
However, the mutant retained phage susceptibility, consistent 
with the presence of  residual surface pili that are still able to 
retract. Such retraction can be inhibited by introducing a muta-
tion in pilT, encoding the ATPase essential for pilus retraction. 
A fimV-pilT double mutant had recoverable surface pili, al-
though the levels were markedly reduced compared to the pilT 
single mutant. The expression levels of  several T4P proteins 
essential for pilus assembly were compared in the wild type 
and fimV mutant using Western blots. Expression levels of  
inner membrane pools of  PilA, as well as PilM/N/O/T were 
reduced in the fimV mutant as compared to wild type PAK, 
implying potential interactions of  FimV with these proteins. A 
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decrease in protease secretion was also noted, suggesting FimV 
is required also for the T4P-related Type II secretion system. 
FimV is predicted to have one transmembane (TM) segment, 
an N-terminal periplasmic peptidoglycan (PG) binding module, 
and a 48 kDa C-terminal cytoplasmic domain. Complementa-
tion of  the fimV mutant for twitching motility showed that 
FimVΔC (lacking the entire cytoplasmic domain beyond the 
TM) was functional, while further deletion of  the TM resulted 
in loss of  function. Binding of  FimV to PG was assessed by 
probing isolated PG sacculi for the presence of  attached FimV 
using Western blot analysis. FimV can be detected in sacculi 
purified by prolonged boiling in 4% SDS, implying a potentially 
covalent FimV/PG interaction. We suggest that FimV acts as 
an anchor, linking the T4P (and possibly also the T2S) system 
to the peptidoglycan layer.

��B
A NOVEL SYSTEM OF TYPE IV PILIN 
GLYCOSYLATION
J. V. Kus1, S. Voisin2, S. Houliston3, F. St. Michael3, D. Watson3, L. 
Tessier3, D. G. Cvitkovitch1, J. R. Brisson3, J. Kelly3, L. L. Burrows4; 
1University of Toronto, Toronto, ON, CANADA, 2University of Mas-
sachusetts, Worcester, MA, 3National Research Council, Institute for 
Biological Sciences, Ottawa, ON, CANADA, 4McMaster University, 
Hamilton, ON, CANADA

Introduction: Many of  the prokaryotic glycoproteins identi-
fied to date are associated with the cell surface, implying roles 
in attachment, pathogenesis and evasion of  immune responses. 
The essential virulence factors type IV pili (T4P) are long 
protein fibres used for twitching motility and attachment by 
many bacteria. We have demonstrated that the group 4 T4P of  
Pseudomonas aeruginosa (e.g. strain Pa5196) are glycosylated with 
homo-oligosaccharides of  the rare Mycobacteria-like α-1,5-
linked D-arabinofuranose (D-Araf) at multiple positions. The 
elucidation of  the specific sites of  modification and identifi-
cation of  a probable glycosyltransferase (GT) are described. 
Hypothesis: 1) Due to the sequence similarity of  the group 4 
T4P to the Neisseria gonorrhoeae MS11 pilin we predict the glyco-
sylation pattern to be more similar to this strain than to that of  
P. aeruginosa strain 1244 pilins, which are modified with its cog-
nate O-antigen. 2) We also hypothesize that the GT is encoded 
by the tfpW gene directly downstream of  pilA. Methods: A 
combination of  site-directed mutagenesis (SDM), mass spec-
trometry (MS) and electron-transfer dissociation (ETD)-MS 
were used to determine the location and number of  glycans 
per residue that modify PilA. Both genetics and bioinformatics 
were used to identify the gene encoding the GT. Results: Ini-
tial characterization of  the protein demonstrated that two tryp-
tic peptides (T4 and T5) contain sites of  glycosylation. SDM 
and ETD-MS revealed that both Thr64 and Thr66 of  peptide 
T4 are sites of  glycosylation, sites that map to a loop region 
of  the protein similar to the glycosylation site of  N. gonorrhoeae 
PilE. ETD-MS demonstrated that there are at least three sugar 
residues present on each site. Identification of  the specific 
site(s) of  modification of  the T5 peptide is underway. Bioin-
formatic analysis indicates that the gene directly downstream 
of  pilA, tfpW, encodes a novel GT. A tfpW- mutant produced 
T4P that have a reduced mass compared to the wild-type strain 
and fail to react with an anti-arabinose antibody, demonstrating 
TfpW has a role in the glycosylation of  PilA with D-Araf. Con-

clusion: The T4P of  Pa5196 are modified with a rare glycan, 
and in a novel manner compared to previously described T4P. 
The surface location of  the glycans suggests that they may play 
a role in attachment, however they may also play a structural 
role supporting pilus formation, as loss of  the glycan results in 
fewer surface pili.

�9A
PURIFICATION AND CHARACTERIZATION 
OF THE PILOTIN PILP FROM PseuDomonAs	
AerugInosA TYPE � PILI.
S. D. Tammam1, P. Sundaram1, A. Chong2, L. Sampaleanu2, J. 
Forman-Kay2, L. L. Burrows3, P. L. Howell2; 1University of Toronto, 
Toronto, ON, CANADA, 2Hospital for Sick Children, Toronto, ON, 
CANADA, 3McMaster University, Hamilton, ON, CANADA

Background: Pseudomonas aeruginosa are ubiquitous Gram-nega-
tive pathogens that cause medical device infections as well as 
severe systemic infections in immunocompromised individuals. 
Type IV pili (T4P) have been identified as a major virulence 
factor in Pseudomonas, and have also been implicated in twitch-
ing motility, natural competence, and phage sensitivity. These 
molecular machines can be divided into ~ four components: 
an inner membrane complex, periplasmic accessory proteins, 
an outer membrane pore forming complex, and the pilus itself. 
There are many functionally related components between T4P 
and the secretion machinery from the Type 2, 3, and 4 secre-
tion systems (T2SS, T3SS, and T4SS); in particular, the outer 
membrane secretin pore and an accessory pilotin protein are 
common. In P. aeruginosa T4P, the pilotin has been identified as 
PilP and the secretin as PilQ. The pilot protein has been impli-
cated in the correct localization, stability, and multimerization 
of  the secretin pore, and in T2SS, T3SS, and T4SS the pilotin 
was found to interact with the C-terminus of  the secretin. 
Recently, the E.coli bundle-forming pilus pilotin (BfpG) was 
found to interact with the N-terminal region of  the secretin 
(BfpB), in contrast to the traditionally observed interaction 
between the pilotin and the C-terminal region of  the secretin. 
Methods: A stable folded domain of  PilP (residues 72-174, 
Δ71) was identified by N-terminal sequencing. The Δ71 protein 
was characterized by circular dichroism and crystallization 
screening performed. NMR experiments on 15N-labelled Δ71 
in the presence and absence of  a synthetic peptide of  the C-
terminal tail of  PilQ (residues 702-714) have also been carried 
out. Results: CD and 15N-NMR spectroscopy reveal that Δ71 
is well ordered with a secondary structure that is primarily 
β-sheet. No peak shifts or broadening were observed for Δ71 
when the PilQ peptide was titrated into the protein solution. 
Crystallization screens have produced multiple crystal “hits” in 
conditions containing phosphate at a pH of  6.9. Conclusions: 
Consistent with currently available pilotin structures, CD and 
NMR spectroscopy show that the Δ71 fragment of  PilP is 
stable and primarily β-sheet. The structure determination of  
the Δ71 fragment using NMR spectroscopy is in progress. 
Our preliminary NMR results do not indicate an interaction be-
tween Δ71 and the C-terminal tail of  PilQ. Our results suggest 
that the pilotin/secretin proteins in T4P do not interact using 
the same mechanisms found in T2SS, T3SS, or T4SS and sug-
gest a means to sub-classify the secretins based on their mode 
of  interaction with their cognate pilotin.
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CHEMOTAxIS TO S-TRIAZINES AND 
PYRIMIDINES BY PseuDomonAs AND 
ESCHERICHIA COLI
X. Liu, R. E. Parales; University of California, Davis, CA

Atrazine is a man-made s-triazine compound used world wide 
as an herbicide. Atrazine was first synthesized only 55 years 
ago, but in that short period of  time bacterial strains have 
evolved the ability to degrade atrazine. Pseudomonas sp. strain 
ADP utilizes atrazine as its sole nitrogen source, mineralizing 
it in the process. We have been investigating the chemotactic 
response of  this strain towards atrazine and related s-triazines 
in an effort to determine whether the strain has evolved a 
new chemotactic ability. Using quantitative capillary assays, 
we demonstrated that atrazine and the atrazine degradation 
intermediates N-isopropylammelide and cyanuric acid are 
chemoattractants for strain ADP. The chemotactic response to 
these s-triazines was constitutively expressed and the atrazine 
catabolic plasmid was not required, indicating that atrazine che-
motaxis and degradation are not genetically linked. Two other 
Pseudomonas strains, P. putida F1 and P. putida PRS2000, 
neither of  which is able to utilize atrazine, were shown to be 
attracted to s-triazines. These results suggest that s-triazines 
may be detected by a chromosomally-encoded chemoreceptor 
common to all three strains. The three strains were also tested 
for chemotaxis to pyrimidines as they are the closest natural 
structural analogs to s-triazines. All three Pseudomonas strains 
responded to pyrimidines. Based on this result, we proposed 
that s-triazines are recognized by a pyrimidine chemoreceptor. 
To test this hypothesis, we first studied E. coli chemotaxis to 
pyrimidines and s-triazines because the five methyl-accept-
ing chemotaxis proteins (MCPs: Tar, Tsr, Trg, Tap, and Aer) 
in E. coli have been characterized in detail. Wild-type E. coli 
was attracted to all three pyrimidines and some s-triazines. A 
Tap- mutant showed no response to pyrimidines or s-triazines, 
indicating that Tap, which is the MCP required for dipeptide 
chemotaxis, is also necessary for chemotaxis to pyrimidines 
and s-triazines. We constructed chimeric MCPs (Tapsr and 
Tsrap), in which the periplasmic and cytoplasmic domains of  
Tap and Tsr were switched. Tapsr and Tsrap were individually 
expressed in an E. coli MCP deletion mutant and chemotaxis 
was analyzed. Tapsr mediated chemotaxis towards dipeptides, 
pyrimidines, and cyanuric acid. These results indicate that the 
periplasmic domain of  Tap is responsible for detecting py-
rimidines and s-triazines, and the Tsr signaling domain confers 
Tapsr with the ability to mediate efficient chemotaxis. We are 
working to identify the s-triazine chemoreceptor in pseudo-
monads and will test whether the same chemoreceptor is also 
responsible for pyrimidine chemotaxis.

91A
BOTH TWITCHING MOTILITY AND TYPE II 
SECRETION ARE AFFECTED BY 
MODULATION OF ExPRESSION LEVELS OF 
THE MINOR PILINS FROM THE 
PseuDomonAs	AerugInosA TYPE IV 
PILUS SYSTEM
C. L. Giltner1, S. Pillon1, M. Habash2, L. L. Burrows1; 1McMas-
ter University, Hamilton, ON, CANADA, 2University of Guelph, 
Guelph, ON, CANADA

Assembly of  type IV pili (T4P) in Pseudomonas aeruginosa 
requires a number of  proteins including the major pilin (PilA) 
and several structurally related minor pilins encoded by the 
fimT, fimU, pilE, pilV, pilW and pilX genes. The specific 
functions of  these minor pilins in pilus assembly are not clear, 
although they are predicted to be involved in the priming or 
termination of  pilus assembly. This study examined the effect 
of  modulating expression levels of  the minor pilins and of  
site-directed mutagenesis of  key conserved residues. PAO1 
wild type and mutants with transposon insertions in each of  
the minor pilin genes were transformed with the cognate genes 
cloned into a broad-host range arabinose-inducible vector. The 
effects of  titrating protein expression with arabinose on inner 
membrane pilin pools (using Western blot of  whole cell lysates 
with anti-pilin antisera), pilus assembly (using SDS-PAGE of  
sheared surface proteins) and T4P-mediated twitching motil-
ity (using agar sub-surface assay) were measured. Enhancing 
expression of  minor pilins by increasing arabinose concentra-
tions across a range from 0 to 2% was inversely correlated with 
expression of  surface pili and twitching motility without affect-
ing whole cell PilA levels. These effects occurred in both the 
mutant and wild type backgrounds, showing dominant negative 
effects on pilus assembly. The exception was PilX; overexpres-
sion of  this protein did not markedly affect piliation or motil-
ity. Cys residues implicated in formation of  disulfide-bonded 
C-terminal subdomains in PilE, PilV and FimU were mutated 
to Ala and the mutant proteins’ function assayed as above. 
Mutation of  the distal Cys residues in PilE and FimU impaired 
function but did not affect the ability of  PilV to complement 
its cognate mutant. Therefore, PilE and FimU, like PilA, likely 
require C-terminal disulfide loops for function, since mutation 
of  key Cys residues causes loss of  pilus assembly. Furthermore, 
the T4P system has structural similarity to the type II secre-
tion system (T2SS) involved in secretion of  several virulence 
factors. Alteration of  minor pilin expression did not affect 
protease secretion as assessed by casein degradation, with two 
exceptions. Increased expression of  PilX and FimU increased 
casein degradation compared with the wild type, suggesting 
a role of  these minor pilins in the T2SS. Together, these data 
show that with the exception of  PilX, low levels of  minor 
pilin expression in P. aeruginosa are crucial for normal pilus 
assembly, supporting their role in control of  this process. The 
involvement of  PilX and FimU in both T4P and T2S function 
makes them interesting targets for intervention.
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92B
PILIN GLYCOSYLATION BY PseuDomonAs	
AerugInosA	12�� TAKES PLACE IN THE 
PERIPLASM.
M. Qutyan, P. Castric; Duquesne Univ., Pittsburgh, PA

Pseudomonas aeruginosa 1244 pilin has a single lipopolysac-
charide O-antigen repeating unit which is covalently attached 
to the beta-carbon of  the serine residue found at this protein’s 
carboxy-terminus. The pilin glycosylation reaction is mediated 
by PilO, a 51,003 Da protein composed of  461 amino acids. 
Analysis of  the PilO primary structure predicted a total of  12 
transmembrane regions with 9 making up 196 (74%) of  the 
first 266 residues. The remainder, residues 267 through 461, 
is less hydrophobic with approximately 66% of  this region 
predicted to extend into either the cytoplasm or the periplasm. 
These predictions suggested that this region contained the 
PilO catalytic domain, an interpretation that was supported by 
mutational analysis. Previous work using a MalE/PilO fusion 
indicated that PilO was located in the cytoplasmic membrane. 
The current study was conducted to determine whether the 
regions required for pilin glycosylation activity were located in 
the cytoplasm or the periplasm. In order to determine topology 
of  the putative catalytic region, phoA or lacZ genes were fused 
in frame with cloned MalE/PilO at predicted non-membrane 
portions of  this segment of  PilO. Expression of  these fusions 
was determined by Western blot using reporter-specific antisera 
as probe. Reporter enzyme analysis of  whole cells revealed 
a clear and distinctive pattern of  reaction in which 9 of  11 
PhoA fusions produced high activity, indicating a periplasmic 
location, while the other two were nonfunctional. The PhoA 
portion of  the fusions lacking activity was substituted with 
LacZ. The resulting fusions produced LacZ activity suggest-
ing that they were located in the cytoplasm. Analysis of  these 
results produced a topological organization that only partly 
agreed with that predicted for this region. A total of  4, rather 
than 3, transmembrane segments were assigned to the putative 
catalytic region of  PilO. These results provided evidence that 
the non-transmembrane regions shown by mutational analysis 
to be necessary for pilin glycosylation were located in the peri-
plasm. Altogether, these results give support for the conclusion 
that pilin glycosylation occurs in the periplasm and indicate 
that the O-antigen repeating unit must be transported to this 
compartment before glycan attachment can take place.

93A
PILM, AN ESSENTIAL ACTIN-LIKE PROTEIN IN 
THE TYPE IV PILUS MACHINERY IN 
PseuDomonAs	AerugInosA
M. Ayers1, P. L. Howell2, L. L. Burrows1; 1McMaster University, 
Hamilton, ON, CANADA, 2Hospital for Sick Children, Toronto, ON, 
CANADA

Type IV pili (T4P) are polar protein appendages which Pseu-
domonas aeruginosa use to bind to and move across biotic and 
abiotic surfaces. Surface translocation, or twitching motility, 
occurs through the alternate extension and retraction of  T4P 
with the energy provided by three ATPases: PilB (extension) 
and PilT and PilU (retraction). Previous studies with yellow 
fluorescent protein (YFP) fusions have shown that PilB and 

PilT are bipolar while PilU is unipolar, found at the piliated end 
of  the cell. There are numerous proteins within the T4P ma-
chinery whose specific function remains unknown. One such 
protein, PilM, is encoded at the start of  a five gene cluster with 
pilN, pilO, pilP, and pilQ. We hypothesize that the products of  
this cluster form a permanent cell envelope-spanning complex 
that supports T4P extension and retraction. PilM continues 
to be expressed in the absence of  PilA, and was shown via 
Western analyses to be regulated independently of  pilin and 
pilus expression. A pilM mutant was created that lacked sur-
face-recoverable pili and was unable to twitch, while internal 
pilin pools remained at wildtype levels. The absence of  PilM 
resulted in reduced PilN and PilO levels, which were restored 
upon complementation of  the pilM mutant, implying a pos-
sible interaction between these proteins. Introduction of  YFP-
tagged PilT and PilU ATPases into the pilM mutant, but not 
pilN or pilO mutants, resulted in degradation of  the fusions, 
suggesting that PilM is required for ATPase integrity. Phyre al-
gorithms predict PilM to be an actin-like protein with structural 
similarities to FtsA and MreB, both of  which bind nucleotides. 
The sequence of  PilM was threaded onto its closest structural 
homologue, FtsA, and residues predicted to interact with nucle-
otide were identified and targeted for site-directed mutagenesis. 
Mutated constructs were unable to complement a pilM mutant 
background due to loss of  protein stability. Together, these 
data suggest that PilM is an essential component of  the type 
IV pilus machinery that is required for the integrity of  both 
cytoplasmic and cell-envelope proteins, and that PilM requires 
an interaction with nucleotides for stability.

9�B
IDENTIFICATION OF GENES INVOLVED IN 
LPS BIOSYNTHESIS USING BACTERIOPHAGES
J. Garbe1, T. Mima2, H. P. Schweizer2, J. S. Lam3, M. Schobert1; 
1Technical University Braunschweig, Braunschweig, GERMANY, 
2Colorado State University, Fort Collins, CO, 3University of 
Guelph, Guelph, ON, CANADA

The opportunistic human pathogen Pseudomonas aeruginosa 
typically causes diseases only in patients with weakened im-
mune system and is responsible for acute chronic infections in 
patients with cystic fibrosis. The intrinsic antibiotic tolerance 
of  P. aeruginosa is caused by several factors including efflux 
pumps and an impermeable outer membrane. The lipopolysac-
charid (LPS) is a major constituent of  the outer membrane and 
an important virulence factor. Since the LPS is exposed to the 
external milieu it could be a target for antibiotics or substances 
which increase permeability of  the outer membrane and there-
fore enhance antibiotic effectiveness.  To identify P. aeruginosa 
genes involved in LPS biosynthesis and modification, we 
screened a transposon mutant library with an LPS specific lytic 
bacteriophage. We isolated and characterized an LPS specific P. 
aeruginosa bacteriophage (JG004) from a sewage plant. A P. aeru-
ginosa transposon library was used to screen for mutants which 
are resistant to infection by JG004. Altogether we isolated and 
characterized 23 transposon mutants which are defective in 
genes essential for phage infection. Eighteen of  these genes 
were found to be involved in the biosynthesis and modification 
of  LPS. Among them are six mutants defect in hypothetical 
genes not known to be involved in LPS biosynthesis. Eight mu-
tants were isolated which are defect in genes encoding negative 
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regulators of  the multiresistance efflux system mexAB-oprM. 
We currently investigate the link between LPS modification and 
expression of  the mexAB-oprM system.

9�A
RIFAB (PA1��0-PA1��1) IS AN SMR EFFLUx 
PUMP AND MAJOR CONTRIBUTOR TO 
MULTIDRUG RESISTANCE IN 
PseuDomonAs	AerugInosA
D. M. Daigle1, K. Poole2, C. R. Dean1; 1Infectious Diseases, 
Novartis Institutes for Biomedical Research, Cambridge, MA, 
2Department of Microbiology and Immunology, Queen’s University, 
Kingston, ON, CANADA

A transcriptional profiling study focused on identifying genes 
responsive to antibiotic treatments in Pseudomonas aeruginosa 
PAO1 indicated the potential involvement of  a Small Mul-
tidrug Resistance (SMR) efflux pump encoded by PA1540-
PA1541 in antibiotic resistance. Confirmation was obtained 
when a mutant lacking PA1540-PA1541 displayed increased 
susceptibility to a broad range of  antibiotics including tetracy-
cline, streptomycin, amikacin, chloramphenicol, ciprofloxacin, 
trimethoprim, phosphomycin, rifampicin and, interestingly, 
several cell wall targeting antibiotics. This indicates that SMR 
pumps, which have historically been regarded as less impor-
tant antibiotic resistance determinants, can in some instances 
confer significant resistance to a broad range of  antibiotics. 
The role of  PA1540-PA1541 in resistance to cell wall inhibi-
tors was intriguing, considering the lack of  an outer membrane 
channel associated with SMR family members. To examine the 
possibility that PA1540-PA1541-mediated resistance might be 
enhanced by interaction with resistance-nodulation-cell division 
(RND) family members possessing a tripartite architecture, 
the gene encoding the MexAB and MexXY outer membrane 
channel component OprM was inactivated in the PA1540-
PA1541 mutant background. Interestingly, we noted a 1000-
fold increase in susceptibility to vancomycin (MIC 2 μg/ml 
from 2048 μg/ml) in this double knockout, whereas loss of  
PA1540-PA1541 or OprM alone did not alter susceptibility. 
This suggested that both pumps can efflux vancomycin and 
both need to be lost to see sensitivity. In addition, there was a 
significant change in cell shape to filamentous and elongated 
cells observed with loss of  both pumps that did not manifest 
with loss of  either one separately, suggesting the possibility 
that both may function together in a physiological process 
related to, for example, cell wall synthesis/turnover. Support 
of  vancomycin efflux was obtained by observed potentia-
tion of  vancomycin activity (512-fold decrease in MIC) by the 
efflux pump inhibitor phenylalanine arginine β-naphtylamide 
(PAβN), in wild-type PAO1. PA1540-PA1541 was also shown 
to efflux rifampicin, an antibiotic of  particular interest because 
it is not extruded by the broad-range RND family efflux system 
MexAB-OprM. Rifampicin activity was potentiated 2000-fold 
(MIC 16 to 0.008 μg/ml) by PAβN in wild type PAO1, 1000-
fold (MIC 16 to 0.016 μg/ml) in a strain lacking OprM, but not 
in a strain lacking PA1540-PA1541 (MIC 4 μg/ml), demon-
strating not only PAβN inhibition of  an SMR efflux pump, 
but also that PA1540-PA1541 alone is the major contributor 
to intrinsic rifampicin resistance in P. aeruginosa. We therefore 
propose the nomenclature of  RifAB for this efflux pump. This 
work highlights the contribution of  non-RND efflux systems 

to multidrug resistance in Pseudomonas aeruginosa.

9�B
CHPA SIGNALING COORDINATES TYPE 
IV PILUS ExTENSION AND RETRACTION IN 
PseuDomonAs	AerugInosA
J. J. Bertrand, J. N. Engel; University of California, San Fran-
cisco, CA

Virulence of  the opportunistic pathogen Pseudomonas aeruginosa 
involves the coordinate expression of  a wide range of  viru-
lence factors including type IV pili (Tfp), which, are required 
for colonization of  host tissues and for a type of  flagella-
independent surface translocation termed twitching motility 
(TM). This motility is propelled by the coordinated extension, 
tethering, and retraction of  Tfp. Biogenesis, assembly, and 
function of  Tfp requires more than 40 genes. Regulation of  
Tfp function is complex, and involves multiple two-component 
signaling systems and a putative chemosensory system, the Chp 
system. The core components of  this system include a histidine 
kinase, chpA, and two cheY-like response regulators, pilG and 
pilH. It remains unclear how components of  the Chp system 
interface with the Tfp motor proteins, pilB, pIlT, and pilU, 
which are presumed ATPases that power the extension (pilB) 
and retraction (pilT, pilU) of  Tfp. To address this question we 
constructed in-frame deletion mutants in PA01 removing each 
of  these genes and tested them for TM, pilin production, and 
surface piliation. These properties were also examined in every 
combination of  double mutant background. Together, our 
genetic analysis suggests that ChpA signals to PilG and PilH, 
allowing them to interact with PilB and PilT/PilU, respectively, 
to drive pilus extension and retraction. Point mutations in the 
phospho-acceptor sites of  both pilG and pilH have phenotypes 
similar to their respective null mutants, which further suggests 
that ChpA-mediated control through these molecules likely oc-
curs through phosphorylation, and that this is important in the 
regulation of  pilus extension and retraction. We are currently 
testing catalytic mutants of  ChpA, as well as examining protein 
components for direct interactions to more fully confirm our 
working hypothesis. We expect that this work will yield impor-
tant insights into the mechanistic details of  twitching motility 
control.

97A
OUTER MEMBRANE MODIFICATIONS OF 
PseuDomonAs	fluoresCens MF37 IN 
RESPONSE TO HYPEROSMOLARITY
M. Nicodème1, A. Bazire2, G. Hémery2, L. Fito-Boncompte1, T. 
Meylheuc3, N. Orange1, M. Feuilloley1, D. Haras2, A. Dufour2, 
S. Chevalier1; 1Laboratoire de microbiologie du froid, Evreux, 
FRANCE, 2Laboratoire de biotechnologie et chimie marines, Lori-
ent, FRANCE, 3Unité de recherches en bioadhésion et hygiène des 
matériaux, Massy, FRANCE

Pseudomonas are well known for their striking ability to adapt 
to various ecological niches, including environments that are 
submitted to major osmotic modifications, like sea water, 
marine hosts, soils or even human during cystic fibrosis for 
example (Spiers et al., 2000). Aside from the accumulation of  
osmoprotectants, very little is known about the osmo-adapta-
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tive processes in Pseudomonas species. Due to their location at 
the outmost area of  the cell, outer membrane proteins (Omps) 
and lipoproteins, are therefore likely to play a key role in the 
adaptation of  the bacteria to changes to osmotic conditions. 
In the present study, we describe the effect of  hyperosmolarity 
on the outer membrane of  P. fluorescens strain MF37, using a 
multifunctional approach, including outer membrane pro-
teome mapping, mass spectrometry sequencing, qRT-PCR and 
phenotypes screening.  We first analyzed the effect of  various 
NaCl concentrations (0, 0.33, 0.5, 0.67 M) on the growth of  
P. fluorescens MF37 in minimal medium containing citrate as 
sole carbon source (MMC). Growth was significantly slower in 
the presence of  increasing NaCl concentrations, whereas the 
time to enter into the exponential phase was longer. Never-
theless, the final cell densities were similar whatever the NaCl 
concentration. We chose to study the effect of  0.5 M NaCl 
for subsequent experiments because it had a marked effect 
on growth without preventing it. Omps were extracted from 
cells cultured in MMC containing or not 0.5 M NaCl, and 
then analyzed by SDS-PAGE and 2-DE. The 19 NaCl-altered 
bands and/or spots selected on SDS-PAGE and 2-DE gels, 
then identified by mass spectrometry, were due to 13 different 
proteins. We classified them into four groups on the basis of  
their nature or function: porins (OprF, OprG, OpdP, OprE), 
lipoproteins (OprI, OprL), surface-associated proteins (GroEL, 
FliC), and Omp-like proteins with unknown function. When 
comparing the NaCl effects on proteins and on mRNAs, we 
observed good correlations in most of  the cases, showing that 
the expression of  genes for Omps is generally regulated in 
a growth-dependent manner in case of  hyperosmotic stress. 
The NaCl-induced changes in the protein composition of  OM 
suggested that properties of  the latter are deeply modified, 
which could lead to modifications of  OM-related phenotypes. 
In order to verify this assessment, we examined whether NaCl 
altered two such phenotypes: cell morphology and sensitivity 
to antibiotics. We also studied the swimming ability, since the 
observed down-regulation of  FliC in NaCl-containing medium 
should impair motility. In conclusion, the outer membrane pro-
teome of  P. fluorescens MF37 changes significantly in response 
to high salt variation exposure. Many porins and lipoproteins 
may act in an integrative network to control the maintenance 
of  the cell shape, of  the fluidity and also of  the permeability 
of  the OM.

9�B
MEMBRANE PROTEINS INVOLVED IN LPS 
ASSEMBLY AND SURFACE DIVERSITY
J. S. Lam; University of Guelph, Guelph, ON, CANADA

B-band lipopolysaccharide (LPS) of  Pseudomonas aeruginosa is 
synthesized by a Wzy-dependent pathway involving several 
membrane proteins thought to form a membrane complex. 
These proteins include an O-antigen polymerase (Wzy), O anti-
gen chain-length regulators (Wzz), an flippase (Wzx) and an O 
antigen ligase (WaaL). The presence of  numerous transmem-
brane segments (TMS) poses a technological challenge in the 
purification, expression, and characterization of  these proteins. 
Wzy polymerizes O antigen by forming alpha-glycosidic link-
ages in strain PAO1 (serotype O5). Although O16 has an iden-
tical LPS biosynthetic cluster as O5, the O-units of  O16 have 
beta-glycosidic linkages. This can be explained by the presence 

of  two components in O16 that are derived from D3 phage, 
a small hydrophobic peptide called Iap blocks the activity of  
Wzy-alpha, while Wzy-beta actively polymerizes O16 O anti-
gens to form beta-linkages. Two Wzz proteins are present in 
PAO1, and one of  these is encoded by a gene outside the LPS 
cluster. Each Wzz regulates a particular chain length of  B-band 
LPS, and both Wzz proteins interact with P. aeruginosa LPS. To 
date, due to the unavailability of  substrates and difficulty in 
purifying WaaL, biochemical evidence to prove that it possesses 
ligase activity has been lacking. We have expressed WaaL of  P. 
aeruginosa, which possesses 11 TMS, in the native background 
as an N-terminally histidine-tagged protein. The expressed 
protein was solubilized in mild detergent and purified to >95%. 
A monomer and a dimer of  WaaL have been co-purified and 
identified as WaaL based on apparent molecular mass in SDS-
PAGE gels and results from MALDI-TOF mass spectrometry 
analysis. We developed an in vitro O-ligase assay for WaaL, and 
observed that ATP is required as a cofactor. ATP hydrolysis by 
WaaL follows Michaelis-Menten kinetics. The construction of  
site-directed mutants showed that the structure of  the peri-
plasmic loop region of  WaaL is important for ligase activity. 
Although WaaL of  P. aeruginosa shares 50.83% similarity with 
WaaL of  Escherichia coli, the latter could not be used to cross 
complement P. aeruginosa waaL mutant, reflecting on the differ-
ences in their substrate recognition. In conclusion, this is the 
first time that biochemical evidence has been obtained to show 
that WaaL is an O-antigen ligase. These results set the stage for 
examining the function of  WaaL in relation to other proteins in 
the membrane complex.

99A
ABSOLUTE QUANTIFICATION OF 
RESISTANCE NODULATION AND DIVISION 
(RND) EFFLUx PUMPS FOR 
HIGH-THROUGHPUT GLOBAL PROFILING IN 
P.	AerugInosA
N. J. Bond; Universtiy of Cambridge, CAMBRIDGE, UNITED 
KINGDOM

The Resistance Nodulation and Division (RND) family of  
efflux pumps have long been shown to confer resistance to P. 
aeruginosa against a broad spectrum of  antibiotics, and more 
recently their role in bacterial pathogenicity and virulence has 
been implicated. The current genome annotation indicates 12 
operons, comprising 34 proteins, are encoded in the P. aerugi-
nosa genome. However, to date, we have lacked the methodol-
ogy that enables rapid and specific profiling of  RND family 
members at the protein level either at steady state or following 
an environmental stimulus. We have applied QconCAT, a newly 
introduced technology, which uses liquid chromatography 
tandem mass spectrometry (LC-MS/MS) to simultaneously 
allow absolute quantification of  all members of  the RND 
family. Moreover this approach is applicable to all strains of  P. 
aeruginosa (including PAO1, PA14 and the recently-sequenced 
epidemic strain, LES). LC/LC-MS/MS was used to explore 
the sub-proteomes of  the inner and outer membrane of  PAO1 
allowing the identification of  diagnostic peptides for three 
of  the four clinically relevant RND operons. We designed a 
1600bp artificial gene that encodes both experimentally-veri-
fied and predicted signature peptides for 31 RND proteins. 
This 60kDa synthetic protein is 13C-labeled and upon typtic 
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digestion liberates internal standards for each RND member 
enabling its subsequent quantification by LC-MS/MS. Mul-
tiple reaction monitoring (MRM) MS methods were designed 
enabling the simultaneous specific quantitation of  all peptide 
surrogates in 5 minutes. QconCAT generates absolute (there-
fore transferable) datasets, and permits a sensitive, inexpensive 
and high-throughput approach to monitoring expression and 
defining the stoichiometry of  the functional entities within the 
cell - proteins. Conventional proteomic analyses have difficulty 
profiling low abundant and inherently challenging membrane 
proteins which has impeded characterising the function and 
expression of  RND proteins globally in P aeruginosa. We have 
applied QconCAT to circumvent the limitations of  existing 
proteomic approaches which allows the global monitoring 
of  RND pumps that vary according to growth mode, growth 
phase and following the exposure to specific clinically relevant 
antibiotics.

100B
CRYSTAL STRUCTURE OF P.	AerugInosA 
PILT, THE TYPE IV PILUS RETRACTION MOTOR
A. M. Misic, K. T. Forest; University of Wisconsin - Madison, 
Madison, WI

Type IV pili are extracellular appendages present in a wide 
variety of  Gram-negative bacteria including human pathogens, 
soil-dwelling bacteria, and hyperthermophiles. In Pseudomonas 
species, type IV pili participate in many bacterial activities 
such as biofilm formation, cell adhesion, phage uptake, DNA 
uptake, and flagellar-independent surface motility. Many of  
these processes require PilT, a hexameric ATPase which pow-
ers pilus retraction back into the cell. The force generated by 
the retraction of  a single pilus is around 100 pN (Merz et al., 
2000), making the machinery that powers pilus retraction one 
of  the most powerful biological motors known. Although type 
IV pilus genetics have been studied extensively, the molecular 
mechanism by which pilus biogenesis and retraction occur 
remains obscure.  The X-ray crystal structure of  P. aeruginosa 
PilT bound to AMP-PCP (a non-hydrolyzable nucleotide ana-
log) has been solved at 2.6 Å resolution. The PilT monomers 
exhibit extensive interactions between neighboring subunits 
to form an interlocking toroidal hexamer. The tri-partite 
nucleotide binding site is composed of  the N- and C-termi-
nal domains from one monomer and the C-terminal domain 
of  the adjacent monomer. The nucleotide occupancy varies 
among the monomers, indicating PilT may utilize an asynchro-
nous mechanism for pilus retraction. A model will be presented 
linking the binding and/or hydrolysis of  nucleotide to global 
changes in the PilT hexamer structure, and how this may lead 
to pilus retraction.

PHYSIOLOGY AND METABOLIC DIVERSITY

101A
RECBCD PATHWAY OF DNA REPAIR IS 
ESSENTIAL FOR THE ANTARCTIC 
PseuDomonAs	syrIngAe LZ�W DURING 
GROWTH AT LOW TEMPERATURE
T. L. Pavankumar, A. K. Satapathy, M. K. Ray; Centre For Cellular 
and Molecular Biology, Hyderabad, INDIA

The Antarctic psychrotrophic bacterium Pseudomonas syringae 
Lz4W, which grows between 0 - 30oC has been used as a model 
system to understand the low temperature adapted biology of  
microorganisms. We report here that the RecBCD pathway 
plays an important role in the psychrotrophic P. syringae during 
growth at a very low temperature (0-4oC).  Importance of  the 
RecBCD pathway first came to our notice when we screened a 
transposon-induced cold-sensitive mutant library of  P. syringae 
Lz4W and discovered that recD mutants of  the bacterium 
do not grow at 4oC but grow normally at 22oC (Regha et al, 
2005). Unlike the mesophilic Escherichia coli, the recD inactivated 
P. syringae strain (CS1) was found sensitive to DNA damag-
ing agent like UV mitomycin C and accumulated damaged 
DNA at 4o. This suggested that low temperature probably 
causes more DNA damage, the metabolism of  which requires 
RecD.  From the individual knockout of  the recC, recB, recD 
genes and recCBD operon of  P. syringae, we now show that the 
whole RecBCD complex dependent pathway is required for 
the growth of  P. syringae at low temperature. The ΔrecC, ΔrecB, 
ΔrecD and ΔrecCBD strains were severely growth defective at 4º 
and sensitive to DNA damaging agents like UV and mitomycin 
C. Pulse field gel electrophoresis (PFGE) analysis of  DNA 
from the wild type and mutants revealed that mutants accumu-
late relatively more amount of  linear chromosomal DNA at 
4o, suggesting that DNA double strand breaks (DSBs) occurs 
predominantly at the lower temperature during growth. The 
smaller DNA fragments (~25 to 50 kbp) were also observed 
in the mutants. Complementing the wild type genes (recC, recB, 
recD) individually or the whole recCBD operon in trans into their 
respective mutants rescued them from cold, UV and mytomy-
cin C sensitivity. Interestingly, the E. coli recCBD in trans also 
could complement the cold-, UV-, and mitomycin C- sensitive 
phenotype of  the ΔrecCBD strain of  P. syringae.  Genetic and 
biochemical characterization of  helicase and ATPase mutants 
of  RecD P. syringae were also examined for their ability to support 
the growth of  the recD-null mutant of  P. syringae. Remarkably, 
the ATP hydrolyzing property not the helicase (DNA unwind-
ing) activity of  RecD is essential for the growth at low temper-
ature. Analyses of  the biochemical properties of  the wild type 
and different mutant RecD based RecBCD complexes indicate 
that the processivity of  the enzyme is drastically affected in the 
RecBCD-ATPase defective mutant but not in the RecBCD-helicase 
defective mutant. All together, our results for the first time 
demonstrate that RecBCD dependent DNA metabolism (DNA 
repair and/or damaged DNA degradation) is essential for the 
growth of  the Antarctic P. syringae Lz4W at low temperature.  
Reference: Regha et al (2005) Genetics 170: 1473-1484.
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102B
MOLECULAR CHARACTERIZATION OF FPRB 
(FERREDOxIN-NADP+ REDUCTASE) IN 
PseuDomonAs	PutIDA	KT2��0
Y. Lee, J. Yeom, W. Park; Korea University, Seoul, REPUBLIC OF 
KOREA

The fpr gene, which encodes a ferredoxin-NADP+ reductase, is 
known to participate in the reversible redox reactions between 
NADP+/NADPH and electron carriers, such as ferredoxin or 
flavodoxin. The role of  Fpr and its regulatory protein, FinR, 
in Pseudomonas putida KT2440, on the oxidative and osmotic 
stress responses have previously been characterized [Lee at al. 
(2006). Biochemical. Biophys. Res. Commun. 339, 1246-1254]. In 
the genome of  P. putida KT2440, another Fpr homolog (FprB) 
has 35.3% amino acid identity with that of  Fpr. The fprB gene 
was cloned and expressed in Escherichia coli. The diaphorase 
activity assay was conducted using purified FprB to identify the 
function of  FprB. In contrast to the fpr gene, the induction of  
the fprB is not affected by oxidative stress agents, such as para-
quat, menadione, H2O2 and t-butyl hydroperoxide. However, 
a higher level of  the fprB induction was observed only under 
osmotic stress. Targeted disruption of  the fprB by homologous 
recombination resulted in a growth defect under high osmotic 
conditions. Recovery of  oxidatively damaged aconitase activity 
of  the fprB mutant was faster than that of  the fpr mutant, but 
slower than that of  the wild type. This data suggests that the 
catalytic function of  FprB might have been evolved to com-
pensate for the function of  Fpr in P. putida KT2440

103A
OVERExPRESSING ANTIOxIDANT ENZYMES 
ENHANCES NAPHTHALENE 
BIODEGRADATION IN PseuDomonAs SP. 
STRAIN AS1
Y. Kang, W. Park; Korea University, Seoul, REPUBLIC OF KOREA

We tested the hypothesis that during metabolism of  naphtha-
lene and other substrates by Pseudomonas sp. strain As1 oxidative 
stress arises and can be reduced by antioxidant enzymes. Our 
approach was to prepare plasmid constructs that conferred 
expression of  two single antioxidant enzymes [Fpr (ferredoxin-
NADP+ reductase) and SOD (superoxide dismutase)] and 
the pair of  enzymes, SOD plus AhpC (alkyl hydroperoxide 
reductase). The fpr, sodA, and ahpC genes were placed under the 
transcriptional control of  both the constitutive lac promoter 
and their respective native promoters. Both high performance 
liquid chromatography (HPLC) and growth-rate analyses 
showed that naphthalene metabolism was enhanced in the 
recombinant strains. All antioxidant-overexpressing recombi-
nant strains, with the exception of  one with an up-regulated 
sodA gene due to the lac promoter [strain As1(sodA)], exhibited 
resistance to the superoxide generating agent, paraquat. The 
growth of  strain As1(sodA) was inhibited by paraquat, but this 
growth defect was significantly overcome by the simultaneous 
overproduction of  ahpC, which is a known hydrogen peroxide 
scavenger. After paraquat-induced oxidative damage of  the FeS 
enzyme, aconitase, recovery of  enzyme activity was enhanced 
in the recombinant strains. Reporter strains to monitor oxida-
tive stress in strain As1 were prepared by fusing gfp (green 

fluorescent protein) to the fpr promoter. Growth on salicylate 
and naphthalene boosted the gfp fluorescent signal 30- and 
20-fold, respectively. Using these same oxidative stress report-
ers, overexpression of  fpr and sodA were found to significantly 
reduce paraquat-induced stress. Taken together, these data 
demonstrate that the overproduction of  fpr or sodA contrib-
utes to oxidative tolerance during naphthalene degradation; 
however, elevated SOD activity may trigger the generation of  
excess hydrogen peroxide, resulting in cell death.

10�B
UTILIZATION OF HISTIDINE AS NITROGEN 
SOURCE IS REGULATED BY TWO 
TWO-COMPONENT SYSTEMS (CBRAB AND 
NTRBC) IN PSEUDOMONAS FLUORESCENS 
SBW2�
X. Zhang, P. B. Rainey; University of Auckland, Auckland, NEW 
ZEALAND

The hut locus of  Pseudomonas fluorescens SBW25 confers the 
ability to utilize histidine as a sole source of  carbon, nitrogen 
or both carbon and nitrogen. Genetic analysis using a com-
bination of  site-directed mutagenesis and chromosomally 
integrated lacZ fusions showed that the hut locus is comprised 
of  13 genes organized in three transcriptional units: hutF, 
hutCD and ten genes from hutU to hutG. The hut operons are 
negatively regulated by the HutC repressor with urocanate (the 
first intermediate of  the histidine degradation pathway) as the 
physiological inducer. Expression of  hut requires derepression 
(of  HutC) and also requires activation by additional positive 
regulation factors. When histidine is utilized as a sole source of  
carbon or a sole source of  carbon and nitrogen, the hut operon 
is transcribed by a sigma-54 type promoter and regulated by 
the two-component system of  CbrAB. However, when histi-
dine is utilized as the sole nitrogen source, the hut operon is 
transcribed by a sigma-70 type promoter and both CbrAB and 
NtrBC are involved in the hut activation: the single gene dele-
tion mutants delta-cbrB and delta-ntrC grow normally on histi-
dine as the sole nitrogen, whereas the double deletion mutant 
“delta-cbrB delta-ntrC” is incapable of  growing on histidine. 
The regulatory roles of  CbrAB and NtrBC in global carbon 
and nitrogen metabolism of  this organism were demonstrated 
by the Biolog Phenotype MicroArrays analysis (PM1 to PM3).

10�A
METABOLISM OF METHYL-BRANCHED 
COMPOUNDS IN P.	AerugInosA:
IDENTIFICATION, REGULATION OF 
ExPRESSION AND FUNCTIONAL 
CHARACTERIZATION OF PROTEINS 
INVOLVED IN ACYCLIC TERPENE 
UTILIZATION (ATU) AND 
LEUCINE/ISOVALERATE UTILIZATION (LIU) 
PATHWAY
D. Jendrossek, K. Förster-Fromme, B. Hoeschle; University Stutt-
gart, Stuttgart, GERMANY

The catabolic pathway of  low molecular compounds with 
methyl-branched carbon skeletons is poorly understood. Citro-
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nellol and related acyclic monoterpenes are naturally occurring 
compounds in plants and are commonly used as insect repel-
lents, in the cosmetic and food industry. Citronellol can be used 
as a single source of  carbon and energy only by P. citronellolis 
and a few related pseudomonads such as P. aeruginosa. A path-
way for CL conversion has been investigated only for P. citro-
nellolis almost 50 years ago. This pathway includes (i) oxidation 
of  citronellol to citronellyl-CoA, (ii) carboxylation of  the β-
methyl group to acetate, (iii) lyase reaction releasing acetate and 
7-methyl-3-oxo-6-octenoyl-CoA, (iv) 2 x β-oxidation resulting 
in formation of  2 acetyl-CoA and methylcrotonyl-CoA, and 
(v) conversion of  methylcrotonyl-CoA via leucine/isovalerate 
pathway to acetyl-CoA.  Recently, we identified the atuRA-
BCDEGH gene cluster of  P. aeruginosa and found that it is 
essential for acyclic terpene utilization (Atu) in P. aeruginosa 
and P. citronellolis (1, 2). A second cluster (liuRABCDE) was 
also identified and was necessary for conversion of  methylcro-
tonyl-CoA (3, 4). AtuC/AtuF and LiuB/LiuD were identified 
to encode the subunits of  the key enzymes of  the Atu and Liu 
pathway, geranyl-CoA carboxylase and methylcrotonyl-CoA 
carboxylase. In this overview the biochemical reactions leading 
from citronellol to acetate will be explained and the available 
experimental data will be summarized that atu and liu genes 
apparently encode most of  the postulated functions of  the 
Atu and Liu pathways. These data include comparison of  2D 
proteins gels from cells grown on acyclic terpenes with that 
on succinate and a large number of  insertion mutants with de-
termination of  the phenotypes. It came out that several genes 
outside of  the atu and liu cluster (PA1535, PA1982, PA3028 
and others) were also involved in utilization of  citronellol and 
acyclic proteins. 
(1) Höschle et al. 2005, Microbiology 51:3649-56 
(2) Förster-Fromme et al. 2006, FEMSLE 264:220-5 
(3) Förster-Fromme et al. 2006, AEM 72:3419-28 
(4) Aguilar et al. 2006 AEM 72: 2070-79

10�B
FUNCTIONAL IDENTIFICATION OF LIUA, 
ATUD, AND PA1�3� AS ISOVALERYL-COA 
DH, CITRONELLYL-COA DEHYDROGENASE 
AND CITRONELLYL-COA DH ISOENZYME 
AND THEIR ROLES IN LIU AND ATU 
PATHWAY IN	P.	AerugInosA
K. Förster-Fromme, B. Hoeschle, A. Chattopadhyay, D. Jendross-
ek; University Stuttgart, Stuttgart, GERMANY

Citronellol (CL) and related acyclic monoterpenes are natu-
rally occurring compounds in plants and are commonly used 
as insect repellents, in the cosmetic and food industry. Some 
monoterpenes influence cell cycle functions of  human cells 
and attempts to treat cancer cells with monoterpenes have been 
initiated. The molecular basis for these astonishing effects is 
unknown. One reason lies in the lack of  knowledge on the 
biochemical reactions by which acyclic monoterpenes are ca-
tabolized in organisms.  A pathway for CL conversion has been 
investigated only for P. citronellolis almost 50 years ago and 
recently in P. aeruginosa. This pathway includes (i) oxidation of  
CL to citronellyl-CoA, (ii) carboxylation of  the β-methyl group 
to acetate, (iii) lyase cleavage releasing acetate, (iv) 2 x β-oxida-
tion, and (v) conversion of  methylcrotonyl-CoA via leucine/
isovalerate pathway to acetyl-CoA. Recently, two gene clusters 

of  P. aeruginosa PAO1 were identified (atuRABCDEFGH and 
liuRABCDE) that are involved in acyclic terpene utilization 
(Atu) and in leucine/isovalerate utilization (Liu) (1, 2). Terpene-
specific expression of  most gene products of  both clusters 
was verified by a proteomics-based approach (3) and the key 
enzymes of  both pathways (geranyl-CoA carboxylase, AtuC/
AtuF and methylcrotonyl-CoA carboxylase, LiuB/LiuD) were 
identified. Interestingly, both clusters each contain one puta-
tive acyl-CoA DH (AtuD and LiuA) and 2D-analysis showed 
that the PA1535 gene product (also a putative acyl-CoA DH) 
is specifically expressed in CL-grown cells. Insertion mutants 
in each one of  the three genes reduced growth on CL and/or 
on isovalerate, respectively. Expression of  the three genes in 
E. coli revealed strong citronellyl-CoA DH but low isovaleryl-
CoA DH activity for AtuD and PA1535 and isovaleryl-CoA 
DH and low citronellyl-CoA DH activity for LiuA. The results 
clearly show that AtuD and PA1535 gene products represent 
citronellyl-CoA DHs and that LiuD is an isovaleryl-CoA DH. 
We suggest to rename AtuD in AtuD1 and to nam PA1535 as 
AtuD2. 
(1) Diaz-Perez et al. 2004, AEM 70:5102-10 
(2) Höschle et al. 2005, Microbiology 51:3649-56 
(3) Förster-Fromme et al. 2006, AEM 72:3419-28

107A
BEHAVIOR OF INCP-7 PLASMID PCAR1 IN 
ENVIRONMENTAL SAMPLES, WHICH 
CARRIES GENES INVOLVED IN CARBAZOLE 
DEGRADATION
M. Shintani1, N. Fukushima2, M. Tezuka2, H. Yamane1, H. Nojiri1; 
1Biotechnology Research Center, The University of Tokyo, Tokyo, 
JAPAN, 2Department of Applied Chemistry, Saitama Institute of 
Technology, Saitama, JAPAN

Carbazole degradative plasmid pCAR1 belongs to an in-
compatibility (Inc) P-7 group, and it has transferability into 
other genus Pseudomonas bacteria. Recently, some other IncP-7 
plasmids were reported, which was involved in the degrada-
tion for toluene, xylene, or naphthalene, suggesting that this 
group plasmid would have important role as a ‘vehicle’ of  the 
degradative genes in nature. However, we had not enough 
information about the behavior of  InP-7 plasmid in environ-
ment in comparison with those of  other degradative plasmids 
belonging to IncP-1 or IncP-9. The objective of  this study was 
to monitor the conjugative transfer of  pCAR1 in the envi-
ronmental samples. First of  all, we introduced the reporter 
system using red fluorescent protein (rfp) gene, and monitored 
the plasmid transfer in model environmental sample. The rfp 
gene inserted into the plasmid was located downstream of  
a modified lac promoter, and did not express in donor cells 
because of  a chromosomally gene lacIq encoded the repressor 
(LacI). When the plasmid was transferred to other bacteria, it 
was derepressed and red fluorescent transconjugant cells could 
be detected (Haagensen et al., FEMS Microbiol. Ecol. 42, 261-
268, 2002). To compare the behaviors between pCAR1 and 
other Inc group plasmids, we adopted pB10 (IncP-1beta) and 
R388 (IncW) as reference plasmids, and rfp gene system was 
also introduced into the respective plasmid. As for the donor 
of  these plasmids, P. putida SM1443 carrying chromosomal lacI 
gene derived from strain KT2440 was used. After 106 CFU/ml 
of  each donor was inoculated into river water samples from 
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Arakawa River in Tokyo, Japan, the transfer of  the plasmid was 
monitored for a month. As a result, transconjugants of  each 
plasmid were detected within 11 days after inoculation. Inter-
estingly, the number of  transconjugants of  pCAR1 increased 
about 1,000-fold in the presence of  carbazole. Most of  them 
belonged to genus Pseudomonas, however, we found genus Steno-
trophomonas bacterium carrying pCAR1. This is the first report 
that IncP-7 plasmid was able to transfer into non-Pseudomonas 
bacterium. Now we performing the monitor of  the plas-
mid behavior in the soil samples. The part of  this study was 
supported by the Program for Promotion of  Basic Research 
Activities for Innovative Biosciences in Japan and a Grant-in-
Aid (Hazardous Chemicals) from the Ministry of  Agriculture, 
Forestry and Fisheries of  Japan.

10�B
IDENTIFICATION OF AMINO ACIDS 
INVOLVED IN RECOGNITION OF 
CHLOROAROMATIC EFFECTORS OF THE 
LYSR-TYPE TRANSCRIPTIONAL REGULATOR 
TFDT FROM THE CHLOROCATECHOL 
ortho-CLEAVAGE GENES OF 
burkholDerIA SP. NK�
G. Lang1, N. Ogawa2; 1National Institute for Agro-Environmental 
Sciences, Tsukuba, JAPAN, 2Shizuoka University, Shizuoka, JAPAN

The chlorocatechol ortho-cleavage pathway plays a central 
role in the microbial degradation of  chlorinated aromatic 
compounds by degrading chlorocatechols converted from 
various chlorinated aromatics. The expression of  the chloro-
catechol genes are activated by the LysR-type transcriptional 
regulators (LTTRs). While the regulatory mechanism of  the 
expression of  the chlorocatechol degradative genes has been 
characterized mainly with the interaction of  the LTTR and 
the promoter, there has been no report of  the mechanism of  
effector recognition by the LTTRs that regulate the chloro-
catechol ortho-cleavage pathway genes. TfdT is an LTTR that 
activates the transcription of  the chlorocatechol ortho-cleavage 
genes tfdCDEF of  the chlorobenzoate-degrading bacterium 
Burkholderia sp. NK8 and recognizes 3- and 2-chlorobenzoates 
as effective inducers. To identify amino acids involved in the ef-
fector recognition by TfdT, we constructed a screening system 
using a PCR-based random mutagenesis to generate tfdT genes 
with altered effector recognition property. Eight TfdT mutants 
containing a single-amino-acid substitution at positions, Lys-
129, Arg-199, Val-226, Val-246, and Pro-267, were identified 
by their altered effector recognition specificities, exhibiting en-
hanced responses to 2-chlorobenzoate, 2-aminobenzoate, and 
2,6-dichlorobenzoate. While the wild-type TfdT most preferred 
3-chlorobenzoate, all the TfdT mutants preferred the effectors 
with a substituent in C-2 of  the benzoate ring. In particular, the 
Lys-129-Met mutant showed an increased affinity for 2-chlo-
robenzoate and 2,6-dichlorobenzoate, and the Arg-199-Gln 
mutant showed an increased affinity for 2-chlorobenzoate and 
2-aminobenzoate. A homology model of  TfdT was built on the 
basis of  the crystal structure of  the related regulator CbnR. In 
the homology model of  wild-type TfdT, residues correspond-
ing to the mutation sites of  isolated TfdT mutants were located 
at the interface between the domains regulatory domains I and 
II, suggesting that the effector recognition pocket was located 

in the interdomain region.

109A
KEY DETERMINANTS OF ABIOTIC STRESS 
RESPONSE IN PseuDomonAs	PutIDA
S. Frank, C. Weinel, M. Weinel, O. Reva, B. Tümmler; Medical 
School Hannover, Hannover, GERMANY

The soil bacterium Pseudomonas putida is used as a biocontrol 
agent in plants and for bioremediation of  polluted habitats. P. 
putida preferentially colonizes the rhizosphere of  plants where 
it is exposed to steep gradients of  pH, solute and nutrient 
concentrations. Hence the bacterium has to cope with water 
stress and acidic stress the latter one predominantly caused by 
organic acids. The stress is highest at sites of  maximal nutrient 
supply which are also sites of  its applications in biotechnology.  
Screening of  a P. putida KT2440 transposon library uncovered 
a small number of  non-redundant genes that were found to be 
essential to cope with cold, urea, sodium benzoate and mineral 
acid stress. In total we identified 32 genes in 22 operons to be 
indispensable for growth during exposure to one or the other 
abiotic stresses. Stress is sensed by the outer membrane pro-
teins OmlA and FepA and the inner membrane constituents 
PtsP, PhoPQ and CbrAB. The metabolic response is regulated 
by the cyo operon, the RelA/SpoT modulon, PcnB and VacB 
that control mRNA stability and BipA that exerts transcript-
specific translational control. The adaptation of  the membrane 
barrier, the uptake of  phosphate, the maintenance of  intra-
cellular pH and redox status and the translational control of  
metabolism are the indispensable key mechanisms of  the P. 
putida stress response. In a recently started project on the sys-
tems biology of  P. putida, we compare the profiles of  wild type 
strain and isogenic mutants at various stressor intensities in the 
transcriptome, proteome and metabolome to identify the key 
pathways of  abiotic stress response operating in P. putida. This 
information can be exploited to reprogram P. putida catalysis at 
low temperatures and to optimize aromatic catabolic pathways 
for the production of  metabolites and enzymes that are of  
biotechnological interest.

110B
CHARACTERIZATION OF THE trAD GENE 
CLUSTER INVOLVED IN THE CONJUGATIVE 
TRANSFER OF NAPHTHALENE-CATABOLIC 
PLASMID NAH7
R. Miyazaki, Y. Ohtsubo, Y. Nagata, M. Tsuda; Tohoku University, 
Sendai, JAPAN

Most bacterial plasmids are transmissible to other bacterial 
strains by conjugation, and consequent horizontal gene transfer 
has contributed to the rapid acquisition of  various phenotypes 
such as pathogenicity, antibiotic resistance, and degradation of  
novel chemical compounds. All of  self-transmissible plasmids 
from gram-negative bacteria carry the common gene clusters 
involved in the DNA transfer and replication (Dtr) and the 
mating-pair formation (Mpf) systems, whose functions have 
been well-characterized in various plasmids. However, some 
ORFs whose functions have remained unknown are located 
adjacent to such common gene clusters, and we hypothesized 
that these genes play (a) significant role(s) in conjugation. We 
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focused on three such uncharacterized genes, traD, orf16, and 
orf15, in a naphthalene-catabolic plasmid NAH7 that is an 
endogenous plasmid from Pseudomonoas putida G7 and belongs 
to the IncP-9 incompatibility group. These genes form a cluster 
(designated traD cluster) adjacent to the origin of  transfer 
(oriT), and their homologues with the same synteny have been 
conserved in other broad-host-range plasmids such as R388 
(IncW), R46 (IncN), and R751 (IncP-1β). Our transcriptional 
reporter assay showed that the basal expression level of  traD 
cluster is higher than those of  both Dtr and Mpf  clusters, 
which are usually repressed at low levels. Our mating experi-
ments indicated that disruption of  traD and orf15, but not orf16, 
led to the decrease in the transfer frequencies of  their NAH7 
derivatives from G7 to P. putida KT2440. In contrast, all the 
three mutants exhibited the reduced transfer frequencies from 
G7 to Escherichia coli strains. These results suggest that the 
traD and orf15 products are generally required for the efficient 
transfer of  NAH7, while the orf16 product specifically exerts as 
a key protein for the transfer over the bacterial taxa. Computer 
analysis predicted that the traD, orf16, and orf15 products are an 
oriT-bending protein, an ATPase, and a membrane anchor pro-
tein, respectively. These products were successfully purified as 
His-tagged proteins, and biochemical analysis of  these proteins 
is now in progress and will be presented at this meeting.

111A
IMPROVEMENT OF 3HA-MCL PRODUCTION 
FROM PseuDomonAs	PutIDA
L. Wang, D. Jendrossek; University Stuttgart, Stuttgart, GERMANY

Pseudomonas putida GP01 cells that had accumulated medi-
um-chain-length polyhydroxyalkanoates (PHA-MCL) secreted 
3-hydroxyoctanoate and 3-hydroxyhexanoate when incubated 
in alkaline buffers. The release of  acids strongly decreased the 
pH resulting in less efficient secretion of  3HA-MCL at neutral 
pH. To increase the yield of  secreted MCL-hydroxyalkano-
ates experiments at constant pH in a pH stat apparatus were 
performed (1). High acid releasing rates were recorded for the 
wild type GP01 between pH 8 and 11 with best yield at pH ≈ 
9.2 (≈ 0.79 mmol acid h-1 g-1 cellular dry weight). Production 
of  3HA-MCL increased with increasing cell densities. A PHA 
depolymerase negative mutant GPo500 secreted acids at con-
siderably lower rates (0.18 mmol acid h-1 g-1 cdw). Determina-
tion of  dissolved oxygen during acid release indicated different 
respiratoric activity in wild type (low) and mutant (high). Acid 
release of  mutant but not of  the wild type could be enhanced 
by aeration. Determination of  PHA content of  cells after 
alkaline incubation showed that the wild type had lost most of  
its accumulated PHA while the PHA content of  the depoly-
merase mutant was not significantly reduced. Considerable 
amounts of  3HA-MCL were secreted by the wild type but only 
little 3HA-MCL were found for the depolymerase mutant. In 
summary, 3HA-MCL can be more efficiently produced from 
PHA-accumulated cells at constant high pH than by incubation 
without pH control. High PHA depolymerase activity enabled 
the wild type to compensate for the high external pH by secre-
tion of  PHA hydrolysis products while production of  protons 
at aerobic conditions presumably was responsible for the major 
portion of  the observed acid releasing rates in the depolymer-
ase mutant. 
(1) Gebauer, B. and Jendrossek, D. 2006. AEM 72:6094-6100

112B
PQSA IS REQUIRED FOR THE BIOSYNTHESIS 
OF 2,�-DIHYDROxYQUINOLINE (DHQ), A 
NEW METABOLITE PRODUCED BY
PseuDomonAs	AerugInosA	
F. Lepine1, V. Dekimpe1, B. Lesic2, S. Milot1, L. G. Rahme2, E. 
Deziel1; 1INRS-Institut Armand-Frappier, Laval, PQ, CANADA, 
2Massachusetts General Hospital, Boston, MA

4-hydroxy-2-alkylquinolines (HAQs) are a family of  com-
pounds produced by Pseudomonas aeruginosa. At least two HAQs, 
namely 4-hydroxy-2-heptylquinoline (HHQ) and 3,4-dihydroxy-
2-heptylquinoline (PQS), have been shown to act as co-induc-
ers of  MvfR, a LysR-type transcriptional regulator that controls 
the expression of  a large number of  virulence factors in this 
bacterium. Little is known about the biosynthesis of  HAQs, 
aside the fact that inactivation of  the pqsABCD genes prevents 
HAQ synthesis and that anthranilic acid (AA) is the precursor 
of  all HAQs. Most AA is produced by PhnAB, which is under 
the control of  MvfR, and by TrpEG, which is mainly involved 
in the synthesis of  tryptophan. PqsA presents amino acid 
sequence homologies with various carbonyl CoA ligases. We 
analysed, using Liquid chromatography/Mass Spectrometry, 
the supernatant of  P. aeruginosa cultures. Upon feeding deute-
rium-labelled AA to cultures we found that, along with all the 
HAQs, another compound incorporates the labels. In contrast 
to HAQs, this compound cannot be extracted from the culture 
medium with ethyl acetate. Using MS/MS analysis we were 
able to identify it as 2,4-dihydroxyquinoline (DHQ). A study of  
the DHQ production kinetic showed that it is produced up to 
25 mg/l in TSB medium. Feeding AA carrying a 13C label on 
the acid group showed that this atom is also incorporated into 
DHQ. This shows that all the carbons of  AA are incorporated 
into DHQ. We demonstrated, by feeding deuterium-labelled 
HHQ or PQS, that DHQ is not a degradation product of  these 
HAQs. Among the pqsABCD genes, only a mutation of  pqsA 
prevents the production of  DHQ. We also demonstrated that 
an anthranilic acid analogue inhibitor of  PqsA also prevents 
the production of  DHQ. Because DHQ lacks the alkyl chain 
present in all HAQs we conclude that PqsA is involved in 
the activation of  the carbonyl function of  AA and not in the 
formation of  the alkyl chain of  HAQs. Using a phnAB-trpE- 
double mutant, we were also able to demonstrate that there is a 
third source of  AA used to produced DHQ, probably though 
degradation of  tryptophan, apparently via the kynurenine path-
way. DHQ is also produced by Bulkholderia thailandensis which 
also contains an operon analogous to pqsABCDE and is also 
known to produce HAQs.

113A
SOLVENT TOLERANT PseuDomonAs	
PutIDA S12 AS A PLATFORM FOR THE 
PRODUCTION OF CHEMICALS FROM 
RENEWABLE FEEDSTOCK
N. Wierckx; TNO, Delft, THE NETHERLANDS

In our laboratory, the solvent tolerant bacterium Pseudomonas 
putida S12 is developed as a platform organism for the pro-
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duction of  chemicals from renewable feedstock. Its extreme 
solvent tolerance make this organism especially suited for the 
production of  toxic chemicals such as substituted aromatics. 
In demonstrator cases, phenol and t-cinnamate (1, 2) were 
produced from glucose and glycerol. Various mutant strains 
were obtained which showed greatly improved production 
characteristics.  The transcriptomes of  the optimized phenol 
producer P. putida S12TPL3 and the parent strain were com-
pared to gain insight into the genetic basis of  the improved 
production, using P. putida KT2440-based gene chips (3). 
Transcription changes were found for genes involved in L-tyr 
and L-phe biosynthesis, as well as connected side branches. 
These results pointed to an increased metabolic flux towards 
L-tyr, in full agreement with the improved phenol production. 
Leads for further targeted improvement of  this strain were 
obtained that are currently tested.  Our research also focuses 
on extending the range of  renewable substrates that can be 
utilized. If  substrates such as lignocellulose hydrolysates are to 
be converted efficiently, the pentose fraction should be utilized. 
By introducing xylose utilization genes from Escherichia coli and 
subsequent laboratory evolution, a P. putida S12 was obtained 
that efficiently utilizes xylose as the sole C-source. Methanol 
utilization is also studied. Methanol can be obtained from 
biomass via gasification and is a clean substrate in contrast to 
lignocellulose hydrolysates. It has considerable advantages for 
the down stream processing of  water-soluble products. 
An example of  a novel product is p-hydroxybenzoate, an in-
dustrially relevant compound that is used, e.g., to produce liquid 
crystal polymers (LCP’s). The optimized phenol producer 
S12TPL3 was modified to enable p-hydroxybenzoate produc-
tion via L-tyr. The gene encoding p-hydroxybenzoate hydroxy-
lase (pobA) was knocked out to prevent product degradation. 
The strain thus constructed accumulates p-hydroxybenzoate 
with a yield of  11 % (C-mol product / C-mol glycerol). 
These lines of  research should ultimately culminate into a 
whole cell biocatalyst that produces a compound of  choice 
from a renewable of  choice, and can be swiftly optimized 
through an integrated genomics approach. 
1) Nijkamp et al. (2005) Appl. Micobiol Biotechnol. 69, 170-
177. 
2) Wierckx et al. (2005) Appl. Environ. Microbiol. 71, 8221-
8227. 
3) Ballerstedt et al.(2007) Appl. Microbiol. Biotechnol., DOI 
10.1007/s00253-007-0914-z.

11�B
ELECTROACTIVITY OF PseuDomonAs	
AerugInosA: AN OPPORTUNITY FOR 
EARLY DETECTION
A. De Almeida1, M. Délia2, A. Bergel2, M. Bergé1, C. Roques1; 1Uni-
versité Paul Sabatier, Toulouse, FRANCE, 2Laboratoire de Génie 
Chimique CNRS, Toulouse, FRANCE

Pseudomonas aeruginosa commonly develops as biofilm in hospital 
and industrial water supply networks. Growth under biofilm 
form protects the bacterium against detergents, disinfectants 
and antibiotics. Given the risk of  nosocomial infection, detec-
tion of  the contamination since the first step of  growth is 
essential. Recently, it has been demonstrated that some biofilms 
from environments rich in organic matter can transfer elec-
trons directly to electrodes and thus produce current. Such bio-

films are qualified of  electroactive and can easily be detected by 
electrochemical device. The present work focuses on the ability 
of  P. aeruginosa to catalyse O2 electrochemical reduction.  The 
method used was cyclic voltammetry. It consists in performing 
a potential scan on a bacterial suspension. If  components are 
oxidized or reduced during this scan, current waves appear on 
the voltammogram. Experiments were monitored by a Princ-
eton Applied Research potentiostat connected to a 0.07cm² 
rod in glassy carbon as the working electrode, a platinum wire 
as the counter electrode and a saturated calomel electrode as a 
reference. A first voltammogram was run on phosphate buffer 
(0.1M, pH 7) as a control. A second test was performed im-
mediately after the addition of  centrifuged culture resuspended 
into buffer. Finally, the suspension was stirred for one hour and 
the test was performed again.  In the presence of  P. aeruginosa 
PA01 a displacement of  the O2 reduction wave was observed 
after one hour of  stirring. This contact duration between P. 
aeruginosa and the electrode is needed to observe the reduction 
catalysis. It was verified that the filtrate of  the suspension had 
no activity. The presence of  bacteria is absolutely necessary for 
the catalysis and cell adhesion seems involved. This strain ap-
pears able to use the electrode as an electron donor to catalyze 
O2 reduction.  Then other strains were tested, either other P. 
aeruginosa strains (including clinical isolates) or related species 
as Pseudomonas fluorescens, Burkholderia cepacia, and Brevundimonas 
diminuta. In all cases, catalyzed O2 reduction wave was ob-
served. At last, other families of  bacteria were tested. Entero-
bacter cloacae needed a longer contact time (6h) to show similar 
activity whereas Staphylococcus aureus and Escherichia coli displayed 
no activity even after several hours of  contact. Direct electron 
transfer with an electrode seems to be a property recurrent 
within a single specie but not universal.  Cyclic voltammetry 
demonstrated for the first time that P. aeruginosa was able to use 
an electrode as the electron donor to catalyze O2 reduction. 
We assume that the phenomenon results from the activity of  
membrane-bound proteins because of  the similarity of  results 
obtained with free enzymes in literature. Such a finding may 
lead to the design of  an electrochemical sensor to detect con-
tamination by P. aeruginosa biofilms in water supply networks.

11�A
ENGINEERING PseuDomonAs	PutIDA	S12	
TOWARDS UTILIZATION OF METHANOL AS A 
SOLE CARBON SOURCE
F. W. Koopman, H. Ruijssenaars, J. Wery; TNO, Delft, THE 
NETHERLANDS

The solvent-tolerant Pseudomonas putida S12 is used as a plat-
form for the bioconversion of  renewable feedstock, such as 
glucose and glycerol, into substituted aromatic compounds 
(1-3). In the framework of  extending the array of  renewable 
substrates for P. putida S12, this study focuses on engineer-
ing the strain to utilize methanol, which can be obtained from 
biomass via gasification. When utilized as carbon source in 
bacteria, methanol is oxidized to formaldehyde by methanol 
dehydrogenase. The formaldehyde thus produced is very toxic, 
due to its high reactivity with proteins and nucleic acids. It is 
therefore essential that formaldehyde is efficiently fixed.  To 
achieve methanol oxidation in P. putida S12, the NAD+ depen-
dent methanol dehydrogenase (Mdh) of  Bacillus methanolicus C1 
(4) was introduced. Although Mdh was actively expressed (1.2 
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U / g protein), no growth was observed on methanol as sole 
carbon source, suggesting no (complete) pathway for formal-
dehyde fixation was present. Therefore, the key enzymes of  
the ribulose monophosphate pathway were introduced into 
P. putida S12 to fix formaldehyde via coupling to ribulose-5-
phosphate. The genes encoding these enzymes, hexulose-6-
phosphate synthase (Hps) and phosphohexuloisomerase (Phi), 
were obtained from the thermotolerant methylotroph Bacillus 
brevis S1 (5). Both enzymes were expressed as active proteins 
with a net activity of  6784 U / g protein in cell extract.  P. 
putida S12 expressing Hps and Phi was capable of  growing 
in C-limited chemostats on a mixture of  formaldehyde and 
glucose up to a ratio of  9 : 1 (i.e., 60% of  the substrate carbon 
originated from formaldehyde). In contrast, wild-type strain 
S12 grew only up to a ratio of  6 : 1. Furthermore, at this ratio 
the Yx/s of  the wild-type strain S12 was 33%, while the Yx/s of  
the transformant strain was 43%. This indicates that hps and 
phi assisted formaldehyde assimilation in strain S12, however, 
formaldehyde could not be used as a sole carbon source. This 
implies that ribulose-5-phosphate was not recycled; probable 
missing links are currently investigated in a P. putida S12 strain 
that simultaneously expresses Mdh, Hps and Phi. 
References: 
1. Wierckx, N. J. et al., 2005. Appl Environ Microbiol 71: 8221-
7. 
2. Nijkamp, K. et al., 2005. Appl Microbiol Biotechnol 69: 170-
7. 
3. Nijkamp, K. et al., 2007. Appl Microbiol Biotechnol.74: 617-
24 
4. Arfman, N. et al., 1989. Arch Microbiol 152: 280-8. 
5. Yurimoto, H. et al., 2002. FEMS Microbiol Lett 214: 189-93. 
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11�B
BIO-PRODUCTION OF 
P-HYDROxYBENZOATE FROM RENEWABLE 
FEEDSTOCK BY SOLVENT TOLERANT 
PseuDomonAs	PutIDA S12
S. Verhoef, H. Ruijssenaars, J. Wery; TNO, Delft, THE NETHER-
LANDS

The substituted aromatic p-hydroxybenzoate is an important 
fine chemical that is used in the synthesis of  liquid crystal 
polymers and parabens. We investigate the production of  this 
compound from renewables as an alternative to the chemi-
cal production from fossil feedstock. p-Hydroxybenzoate can 
be produced from renewables via the central intermediate 
chorismate as described for Escherichia coli (2). With Pseudomonas 
putida S12, we follow a different approach, i.e., production via 
the aromatic amino acid L-tyrosine. This approach requires 
the introduction of  phenylalanine ammonia lyase (Pal), which 
converts L-tyrosine into p-coumarate. The p-coumarate thus 
formed is further converted by endogenous enzymes into 
p-hydroxybenzoate.  A p-hydroxybenzoate accumulating strain 
was constructed by introducing PAL into a previously ob-
tained mutant of  P. putida S12 with an enhanced flux towards 

L-tyrosine (3). In addition, the gene encoding p-hydroxybenzo-
ate hydroxylase (pobA) was inactivated to prevent p-hydroxy-
benzoate degradation. The resulting strain, P. putida S12palB1, 
accumulated p-hydroxybenzoate with a yield of  11 % (C-mol 
C-mol-1) in shake flask cultures. In a glycerol-limited fed-batch 
fermentation, a final p-hydroxybenzoate concentration of  1.8 g 
l-1 was obtained with a yield of  8.5 % (C-mol C-mol-1).  When 
L-tyrosine was added to a steady-state C-limited chemostat 
culture of P. putida S12palB1, a 2-fold increase of  the specific 
production rate (qp) was observed. This implied that L-tyrosine 
availability limits the production of  p-hydroxybenzoate under 
these conditions. When p-coumarate was added, qp was in-
creased by a factor 4.5. This implied that Pal activity will be the 
bottleneck for p-hydroxybenzoate production when sufficient 
L-tyrosine is available. Currently, leads from proteomics as well 
as transcriptomics experiments with P. putida KT2440-based 
gene chips (1) are investigated to further optimize L-tyrosine 
availability in strain S12palB1 in a targeted fashion. A mutant 
PAL with improved performance is constructed in parallel us-
ing directed evolution approaches. 
References: 
1. Ballerstedt, H. et al., 2007. Appl Microbiol Biotechnol. 
2. Barker, J. L. and J. W. Frost, 2001. Biotechnol Bioeng 76:376-
90. 
3. Wierckx, N. J. et al., 2005. Appl Environ Microbiol 71:8221-
7. 
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117A
ExPRESSION-CLONING AND 
INVESTIGATION OF ATUB, ATUE, ATUR AND 
PA19�2 FOR FUNCTIONAL ROLES IN 
ACYCLIC TERPENE UTILIZATION (ATU) 
PATHWAY OF P.	AerugInosA
K. Förster-Fromme, N. Randel, B. Handke, D. Jendrossek; Univer-
sity Stuttgart, Stuttgart, GERMANY

The catabolic pathway of  low molecular compounds with 
methyl-branched carbon sceletons is poorly understood. 
Citronellol and related acyclic monoterpenes are naturally oc-
curring compounds in plants and are commonly used as insect 
repellents, in the cosmetic and food industry. Citronellol can be 
used as a single source of  carbon and energy only by P. citro-
nellolis and a few related pseudomonads such as P. aeruginosa. 
Recently, we identified the atuRABCDEGH gene cluster of  P. 
aeruginosa and found that it is essential for acyclic terpene uti-
lization (Atu) (1, 2). AtuC and AtuF were identified to encode 
the two subunits of  the key enzyme of  the Atu pathway, gera-
nyl-CoA carboxylase and for AtuD citronellyl-CoA dehydroge-
nase activity (citronellyl-CoA desaturase) could be demonstrat-
ed (see poster #). We assume that the other atu genes could 
encode most of  the postulated remaining functions of  the Atu 
pathway. Comparison of  2D proteins gels from cells grown on 
acyclic terpenes and on succinate revealed that most postulated 
Atu proteins and PA1982 and PA1535 gene products were spe-
cifically expressed in citronellate-grown cells. In this contribu-

Pseudomonas 2007



7� ASM Conferences

POSTER ABSTRACTS
tion the gene products of  two putative oxidoreductases (AtuB, 
PA1982), a putative hydratase/isomerase (AtuE) and a putative 
regulator gene (AtuR) were expression-cloned (E. coli) and 
biochemically investigated. The functions of  the proteins in 
metabolism of  acyclic terpenes will be discussed. 
(1) Höschle et al. 2005, Microbiology 51:3649-56 
(2) Förster-Fromme et al. 2006, AEM 72:3419-28

11�B
MOLECULAR CHARACTERIZATION OF THE 
STYS HISTIDINE KINASE, THE KEY 
REGULATORY ELEMENT OF THE 
PseuDomonAs	fluoresCens ST STYRENE 
CATABOLIC PATHWAY
L. Leoni, G. Rampioni, C. Micolonghi, F. Massai, P. Ascenzi, E. 
Zennaro; University Roma Tre, Rome, ITALY

In Pseudomonas fluorescens ST, the promoter of  the styrene 
catabolic operon, PstyA, is induced by styrene and repressed by 
the addition of  preferred carbon sources. PstyA is regulated by 
the StyS/StyR two-component system and by the IHF protein. 
Our data indicate a direct relationship between the levels of  the 
phosphorylated response regulator StyR (StyR-P) and carbon 
catabolite repression control of  PstyA. StyR-P binds, with dif-
ferent affinity, three distinct sites on the PstyA promoter, one 
of  which overlaps the IHF-binding site. In our model PstyA is 
repressed when the cellular levels of  StyR-P are high enough 
to occupy all the sites displacing IHF from the promoter. Con-
versely, upon a decrease of  StyR-P levels, only the high-affinity 
site is occupied, allowing binding of  IHF and PstyA activa-
tion. The levels of  StyR-P are determined by StyS, an hybrid 
kinase consisting of  several functional domains, including two 
putative input domains. We purified the entire StyS and parts 
of  this protein to study the phosphorelay mechanism underly-
ing StyR activation. We found that the StyS protein was able to 
autophosphorylate and transfer the phosphate to StyR in vitro. 
In the presence of  styrene the phosphorylation rate decreased, 
while the dephosphorylation rate was not changed. The N-ter-
minal half  of  StyS was able of  autophosphorylating but could 
not dephosphorylate in vitro. Also in this case, styrene de-
creased the phosphorylation rate. Thus, the deleted C-terminal 
part of  StyS could be involved in dephosphorylation while the 
N-terminal input domain could be involved in styrene sensing.

119A
STRUCTURAL INVESTIGATION OF ELECTRON 
TRANSFER IN BATIE CLASS IIA, IIB, AND III 
RIESKE NON-HEME IRON OxYGENASES
J. Katsuki1, K. Inoue1, Y. Ashikawa1, T. Umeda1, Y. Usami1, H. No-
guchi1, Z. Fujimoto2, M. Urata1, H. Yamane1, H. Nojiri1;  
1The University of Tokyo, Tokyo, JAPAN, 2Department of Biochem-
istry, National Institute of Agrobiological Sciences, Tsukuba, JAPAN

Carbazole is an N-heterocyclic aromatic compound derived 
from creosote, crude oil, and shale oil. Various carbazole 
degraders have carbazole 1,9a-dioxygenase (CARDO) that 
catalyzes a dihydroxylation as the initial reaction for carbazole. 
CARDO consists of  three components: the terminal oxygen-
ase CARDO-O (TO), the ferredoxin CARDO-F (Fd) and the 
ferredoxin reductase CARDO-R (R). CARDO is a member 

of  the Rieske non-heme iron oxygenase system (ROS) that 
have been classified into five groups, IA, IB, IIA, IIB, and III, 
based on their number of  constituents and the nature of  their 
redox centers. The Sphingomonas sp. KA1 CARDO is classified 
into the class IIA ROS, while the well-studied CARDOs from 
Pseudomonas resinovorans CA10, Janthinobacterium sp. J3, and No-
cardioides aromaticivorans IC177 are classified into classes III, III, 
and IIB, respectively. These CARDOs possess diverse types of  
electron-transfer components, although rather high similarity 
(>45% identity at the amino-acid sequence level) was observed 
among respective TOs. Therefore, such CARDOs are excellent 
model systems for studying the structure-function relation-
ships in electron transfer mechanism of  ROSs. In this study, 
we investigated the interchangeability of  electron transfer 
components by measuring the carbazole-oxygenating activities 
of  CARDO reconstituted in vitro. The results clearly indicated 
that each TO recognized strictly its specific electron donor 
Fd, while electron transfer from R to different class Fd were 
frequently occurred. Previously, we have already determined 
the crystal structure of  the electron transfer complex between 
TO and Fd in class III CARDO (Ashikawa et al., Structure, 14, 
1779-1789, 2006). To obtain the further information on the 
class-specific electron transfer from Fd to TO, we also deter-
mined the crystal structures of  the class IIA and IIB CARDO 
components. Crystallization was performed using the hanging-
drop vapor-diffusion method. The X-ray diffraction data sets 
of  class IIA TO, IIB TO and IIB Fd were collected to 2.1, 2.3, 
and 2.0 Å resolution, respectively. The overall structures of  two 
TOs were similar to the class III TO, but the distinct differenc-
es were also observed in probable area to contact with respec-
tive Fd molecules. In case of  class IIB system, the intercom-
ponent electrostatic or hydrophobic interactions, which may 
be involved the specific binding between the electron transfer 
counterparts, could be predicted based on the crystal structures 
of  TO and Fd in the free states.

120B
HOW DOES PseuDomonAs	AerugInosA 
PAO1 DEAL WITH COPPER STARVATION?
E. Frangipani, D. Haas; University of Lausanne, Lausanne, SWIT-
ZERLAND

Copper is an essential micronutrient required for the survival 
of  prokaryotes and eukaryotes. The biological functions of  
copper are very closely related to its properties as a transition 
metal and its participation in many biological redox reactions. 
However, the same redox properties are also responsible for 
its cytotoxicity when it accumulates in the cytoplasm, leading 
to the production of  free radicals, which will cause cellular 
damage. To date, most research has focused on the toxicity of  
copper and little is known about the effect of  copper starva-
tion on cell physiology. We have found that cellular respiration 
of  Pseudomonas aeruginosa is affected by copper bioavailability, as 
copper is an essential cofactor of  many cytochrome oxidases 
involved in the respiratory chain of  this organism.  To get fur-
ther insight into the physiological response of  P. aeruginosa to 
copper starvation, we have recently performed DNA microar-
rays. This analysis revealed that only a few genes were up-regu-
lated by copper starvation. On the other hand, 132 genes were 
down-regulated by the lack of  copper, the majority of  them 
being involved in iron uptake and metabolism. The expression 
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of  the two P. aeruginosa siderophores, pyoverdine and pyochelin, 
is mainly regulated by the alternative sigma factor PvdS and the 
transcriptional regulator PchR, respectively. In the absence of  
copper, pvdS’-‘lacZ and pchR’-‘lacZ fusions showed decreased 
expression, by comparison with copper replete conditions, 
confirming the transcriptome data.  These results show that 
copper and iron trafficking may be co-regulated processes in 
P. aeruginosa, in agreement with observations made in other 
prokaryotic and eukaryotic organisms.

122B
AUTO-AMPLIFICATION OF DMPR THROUGH 
NON-OVERLAPPING DIVERGENT  
TRANSCRIPTION
L. Johansson, D. Solera, V. Shingler; Umeå University, Umeå, 
SWEDEN

The dmp-system of P. putida CF600 confers the ability to utilize 
mono-methylated phenols and 3,4-dimethylphenol as sole 
carbon and energy sources. This catabolic system is composed 
of  the dmp-operon encoding the pathway enzymes and the 
divergently transcribed dmpR gene. Transcription of  these two 
genetic units occurs from two promoters within the 405 bp 
intergenic region. Transcription of  the dmp-operon is from the 
sigma-54 dependent Po promoter, which is strictly reliant on 
the action of  its specific regulator DmpR. DmpR, when acti-
vated by pathway substrates, promotes transcription from Po 
by binding to distally located upstream activation sites (UASs). 
Divergent transcription of  dmpR, on the other hand, occurs 
from the Pr promoter which, as defined by primer extension 
and deletion analysis, does not overlap the Po promoter or 
the UASs needed for Po activation.  The utilization of  phe-
nolics by strains harbouring the dmp-system is controlled by 
the physiological status of  the cell. Even in the presence of  
(methyl)phenol pathway substrates transcription from the Po 
promoter remains silent during high energy conditions of  ex-
ponential growth in rich media. However, transcription occurs 
abruptly upon nutrient depletion, as for example at the expo-
nential to stationary phase transition (1). This level of  global 
regulatory control is mediated by the nutritional and stress alar-
mone ppGpp and its co-regulator DksA, which have been pro-
posed to ultimately control the levels of  sigma-54-RNA poly-
merase in the cell and thereby Po promoter occupancy (2-4). 
Global regulation via ppGpp/DksA thus couples expression 
of  the specialized catabolic enzymes to the metabolic status 
of  the cell, ensuring that the metabolically expensive catabolic 
enzymes are only produced when more energetically favourable 
compounds are absent.  Recent transcriptional reporter gene 
fusions and Western analysis have revealed that transcription 
from the Pr promoter mirrors the activity of  the Po promoter, 
with both elevated transcription and DmpR levels occurring at 
the exponential to stationary growth transition. Using specific 
mutations of  Po and a sigma-54 null P. putida host, we pres-
ent evidence that elevated transcription from the Pr promoter 
within stationary phase cells is dependent on Po promoter oc-
cupancy by sigma-54-RNA polymerase, and is further elevated 
by DmpR-mediated active transcription from Po. We propose 
that regulation of  Pr activity and thus DmpR levels via Po oc-
cupancy and auto-amplification through Po activity provides a 
positive feed-back loop to reinforce silencing in the presence 
of  alternative carbon sources with robust transcription when 

the dmp-encoded catabolic enzymes are needed. 
(1) Sze et al. (1996) J. Bact. 178: 3727 
(2) Laurie et al. (2003) J. Biol. Chem. 278:1494 
(3) Bernardo et al. (2006) Mol. Microbiol. 60:749 
(4) Szalewska-Palasz et al. (2007) J. Biol. Chem. On-line

123A
FERR, A PUTATIVE MARR-LIKE REGULATOR 
OF GENES FOR FERULIC ACID CATABOLISM 
IN PseuDomonAs	fluoresCens STRAIN 
BF13
A. Ficca1, C. Calisti2, L. Leoni3, M. De Donato3, F. Luziatelli2, E. 
Zennaro3, M. Ruzzi2; 1DISA - University of Tuscia, Viterbo, ITALY, 
2DABAC - University of Tuscia, Viterbo, ITALY, 3Dept. Biology, 
University “Roma Tre, Rome, ITALY

Ferulic acid (4-hydroxy-3-methoxy-cinnamic acid) is the most 
abundant phenylpropenoic acid in plant cell walls and may 
serve as a precursor substrate for the synthesis of  valuable 
compounds, such as vanillin. Several reports have documented 
the ability of  Pseudomonas species to degrade ferulic acid, but 
the regulatory mechanisms controlling expression of  the genes 
responsible for the early stages of  ferulic acid catabolism are 
not yet known. In this report, we describe the isolation of  a 
new regulatory gene (ferR), which affects degradation of  ferulic 
acid in Pseudomonas fluorescens strain BF13. This gene is located 
upstream of  the gene cluster essential for conversion of  ferulic 
to vanillic acid. Transcriptional studies, using lacZ as a reporter 
gene, showed that two overlapping and divergent promoters, 
designated Preg and Pfer, are responsible for the expression of  
ferR and of  the catabolic operon. The deduced amino acid 
sequence of  FerR is homologous to that of  several members 
of  the MarR family of  transcriptional regulators. Deletion of  
ferR gene led to an increase in transcription from Pfer promoter 
in the absence of  the inducer substrate (ferulic or p-coumaric 
acid). Addition of  ferulic acid to wild-type and ferR-deficient 
cells resulted in activation of  transcription from Pfer promoter, 
indicating that the transcriptional response to ferulic acid is 
mediated by a different regulator. Deletion analysis from the 5’ 
end of  both promoters and DNase I protection assay local-
ized sequences essential for promoter activity and for FerR 
binding. Purified FerR bounds specifically to two regions of  
Pfer promoter, designated site I (a high-affinity site) and site II 
(a low-affinity site) respectively. The sequence of  the two FerR 
binding sites do not share obvious homology but both contain 
an inverted repeat with the same pyrimidine-purine pattern 
(Py2-Pu2-Py2-Pu2) and differ from each other by the extent of  
the intervening DNA spacer (3-5 bp). The data presented here 
identify FerR as a negative regulator of  the ferulic catabolic 
genes in P. fluorescens strain BF13.

12�B
OSMOPROTECTIVE GENES IN 
PseuDomonAs	AerugInosA
A. Aspedon1, K. Palmer2, M. Whiteley2; 1Southwestern Oklahoma 
State University, Weatherford, OK, 2University of Texas, Austin, TX

Pseudomonas aeruginosa is well adapted for survival in the en-
vironment at large but is also an opportunistic pathogen of  
humans. The osmotic stress encountered during growth in the 
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environment or in vivo may affect the expression of  genes, i.e. 
osmoprotective genes, that are important for survival in either 
location. In previous work, results from DNA microarrays 
prepared from osmotically-stressed cells showed up-regulation 
of  the alternative sigma factor gene algU, and a putative operon 
(PA3459-PA3460-PA3461) that is likely to encode enzymes 
involved in the synthesis of  the osmoprotectant N-acetylglu-
taminylglutamine amide (NAGGN). Growth rate experiments 
in a minimal medium containing 0.5 M NaCl showed that 
only two genes in the putative PA3459-61 operon are essential 
for osmoadaptation; mutants harboring an aacC1 disruption 
in either PA3459 or PA3460 were impaired for growth under 
osmotic stress. However, a mutant carrying a similar disruption 
in PA3461 grew as well as the wild-type, suggesting that the 
putative peptidase encoded in PA3461 may serve to hydrolyze 
NAGGN after the osmotic stress has been lifted. A compari-
son of  transcriptional profile data from osmotically-shocked 
wild-type and algU mutant cells showed that twenty-three 
osmoadaptive genes, including PA3459-61 and the regulatory 
genes algB and algR, are positively-regulated by AlgU. Under 
osmotic stress, an algU mutant showed a growth phenotype 
similar to that seen with the PA3459 and PA3460 mutants, a re-
sult consistent with AlgU being required for expression of  the 
PA3459-61 operon. Moreover, algU algB and algU algR double 
mutants did not exhibit a growth phenotype significantly dif-
ferent from the algU mutant. These results suggest that while 
AlgB and AlgR may regulate the expression of  osmoadaptive 
genes, they have very little or no role in regulating osmoprotec-
tive gene expression under the conditions tested.

12�A
PYOCYANIN ALTERS REDOx HOMEOSTASIS 
AND CARBON FLUx THROUGH CENTRAL 
METABOLIC PATHWAYS IN PseuDomonAs	
AerugInosA PA1�
A. Price-Whelan, L. E. Dietrich, D. K. Newman; California Insti-
tute of Technology, Pasadena, CA

The opportunistic pathogen Pseudomonas aeruginosa produc-
es colorful, redox-active antibiotics called phenazines. Excre-
tion of  pyocyanin (PYO), the best-studied natural phenazine, 
is responsible for the bluish tint of  sputum and pus associated 
with P. aeruginosa infections in humans. Although the toxic-
ity of  PYO for other bacteria, as well as its role in eukaryotic 
infection, has been studied extensively, the physiological rel-
evance of  PYO metabolism for the producing organism is not 
well understood. PYO reduction by P. aeruginosa PA14 is read-
ily observed in standing liquid cultures that have consumed all 
of  the oxygen in the medium. We investigated the physiologi-
cal consequences of  PYO reduction by assaying intracellular 
concentrations of  NADH and NAD+ in the wild type strain 
and a mutant defective in phenazine production. We found 
that the mutant accumulated more NADH in stationary phase 
relative to the wild type. This increased accumulation correlated 
with a decrease in oxygen availability and was relieved by the 
addition of  nitrate. PYO addition to a phenazine-null mutant 
also decreased intracellular NADH levels, suggesting that PYO 
reduction facilitates redox balancing in the absence of  other 
electron acceptors. Analysis of  extracellular organic acids re-
vealed that PYO stimulated stationary-phase pyruvate excretion 
in P. aeruginosa PA14, indicating that PYO may also regulate 

the intracellular redox state by decreasing carbon flux through 
central metabolic pathways.

12�B
BEHAVIOR OF INCP-7 CARBAZOLE 
DEGRADATIVE PLASMID PCAR1 IN 
DIFFERENT PSEUDOMONADS: P.	PutIDA 
KT2��0, P.	AerugInosA PAO1, AND P.	
fluoresCens PF0-1
Y. Takahashi, M. Shintani, L. Li, H. Yamane, H. Nojiri; The Univer-
sity of Tokyo, Tokyo, JAPAN

We have investigated carbazole degradation by bacteria, and 
isolated carbazole degradative plasmid pCAR1 from Pseudo-
monas resinovorans CA10. The 199,035-bp entire nucleotide 
sequence of  this plasmid has already been determined (Maeda 
et al., J. Mol. Biol., 326, 21-33, 2003). It has also revealed that 
pCAR1 belongs to an incompatibility (Inc) P-7 group and is 
self-transmissible plasmid, whose conjugal recipient range is at 
least genus Pseudomonas (Shintani et al., Appl. Environ. Microbiol., 
72, 3206-3216, 2006). Transcriptome analyses followed by mo-
lecular genetic investigation using Pseudomonas putida KT2440 
harboring pCAR1 suggested pCAR1 constitute the crosstalk 
with host chromosome via both plasmid-borne and chromo-
somal elements (Miyakoshi et al., submitted). Because plasmid 
is fundamentally dependant on the chromosomal factors, it is 
reasonable that the behaviors of  plasmid may vary with the 
hosts. To compare the pCAR1 function in various host strains, 
we obtained additional Pseudomonas strains having pCAR1 and 
compared their behaviors.  First of  all, pCAR1 was transferred 
to P. aeruginosa PAO1 and P. fluorescens Pf0-1, whose genome 
sequences are available, by filter mating. The pCAR1-harbor-
ing three strains (KT2440, PAO1, and Pf0-1) grew at different 
speed when cultured with carbazole as a sole source of  carbon 
and energy. Especially, the growth ability and speed of  Pf0-1 
harboring pCAR1 were rather unstable, and, in the case that we 
could detect the growth, it was much slower than those of  oth-
ers. To reveal the reason of  this unstable growth, we checked 
the carbazole-degrading ability, the presences of  plasmid itself, 
and the presence of  carbazole degradative car gene cluster of  
the cells by Southern hybridization analysis after the growth on 
carbazole-containing solid mineral medium. As a result, only 
about 5-15% cells had both the carbazole-degrading ability and 
plasmid, while the other cells didn’t have any plasmid and car 
gene clusters. These results suggested the instability of  pCAR1 
in Pf0-1 cells, although we have not detected the plasmid loss 
(or deficiency of  carbazole-degrading capacity) in KT2440 and 
PAO1 host background. We are now determining the effect of  
growth condition (e.g. media) on plasmid stability. Microarray 
analyses of  the host cells with/without pCAR1 will also be 
reported. This study was supported by the Program for Pro-
motion of  Basic Research Activities for Innovative Biosciences 
(PROBRAIN) in Japan.
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127A
NEW GRATUITOUSLY ACTIVATED 
BIOCATALYSTS FOR THE PRODUCTION OF 
EPOxIDES BY STYRENE MONOOxYGENASE 
FROM PseuDomonAs	fluoresCens	ST
P. Di Gennaro1, S. Ferrara1, G. Bestetti1, G. Sello2, D. Solera2, 
E. Galli2, F. Renzi2, G. Bertoni2; 1University of Milano-Bicocca, 
Milano, ITALY, 2University of Milano, Milano, ITALY

Biocatalytic processes take advantage of  peculiar enzymatic 
activities isolated from bacteria as those belonging to Pseudo-
monas genus. Studies are also needed to obtain good yields in a 
suitable system of  expression and biotransformation. On this 
purpose we developed several biocatalysts able to gratuitously 
activate the expression of  a styrene monooxygenase (SMO) 
in a growth phase-dependent manner to convert styrene in 
styrene oxide. The genomic region coding for the two subunits 
of  styrene monooxygensase (styA and styB genes) have been 
PCR amplified from the styrene degrading bacteria Pseudomo-
nas fluorescens ST. The Pseudomonas sp. OX1 Ptou promoter has 
been cloned in the pKGB4N vector with its regulatory gene 
touR and the SMO coding sequences (styA and styB) have been 
cloned downstream the promoter. The construct has been 
transferred in Pseudomonas putida PaW340, thus obtaining the 
recombinant strain P. putida PaW340 (pKGT-SMOTouR). We 
also constructed a similar system by cloning the Po promoter 
of  P. putida CF600 instead of  the Ptou promoter of  Pseudomonas 
sp. OX1, giving rise to the recombinant strain P. putida PaW340 
(pKGPO-SMOTouR). Moreover, different recombinant strains 
have been developed with the touR regolatory gene located 
on the chromosome of  P. putida PaW340. All recombinant 
strains activate the heterologous protein expression in a growth 
phase-dependent manner at the end of  the exponential phase 
as shown by SDS PAGE analysis. The enzymatic activities 
have been measured in presence of  styrene by bioconvertion 
experiments after the phase-dependent induction. Results 
showed good yields (700 mg/L) of  epoxide compared to the 
production (1 g/L) of  the system expressed in E. coli JM109. 
These data demonstrate the feasibility of  gratuitous activation 
phenomenon in the biocatalytic processes.

12�B
METABOLIC COMPARISON OF THE 
In-sIlICo PHENOTYPE-GENOTYPE 
RELATIONSHIP OF PseuDomonAs	PutIDA 
AND PseuDomonAs	AerugInosA
J. Puchalka1, M. A. Oberhardt2, K. Fryer2, P. Bielecki1, K. N. Tim-
mis1, J. A. Papin2, V. A. Martins dos Santos1;  
1Helmholtz Center for Infection Research, Braunschweig, GER-
MANY, 2University of Virginia, Charlottsville, VA

The relationship between the genotype and the phenotype is 
complex, highly non-linear and cannot be predicted from sim-
ply cataloging and assigning gene functions to genes found in a 
genome. Comprehensive understanding of  cellular metabolism 
requires placing the function of  every gene in the context of  
its role in attaining the set goals of  a cellular function (Edwards 
& Palsson, 2001). This demands the integrated consideration 
of  many interacting components.  We report here on an in silico 
representation of  Pseudomonas putida (a versatile soil bacterium 

of  biotechnological importance) and Pseudomonas aeruginosa 
(a threatening pathogen) describes their metabolic capacities 
within the scope of  their environmental constraints. Using 
annotated genome sequence data, biochemical information 
and strain-specific knowledge, we analyzed (and we expect 
to be able to interpret extensively and ultimately predict) the 
cellular behavior of  these micro-organisms under a range of  
conditions relevant for both human health and environmental 
applications. This has been done using flux balance analysis for 
the entire metabolic networks of  these bacteria, as well as by 
determining the extreme pathways for relevant subsets of  the 
networks. The networks comprise between 600 and 800 reac-
tions representing between 550 and 650 genes, which is about 
10 to 12% of  the genome of  these bacteria. Preliminary results 
show that the number of  extreme pathways that represent the 
metabolic potential of  P. aeruginosa is 2 to 6 times higher than 
those for P. putida, although the former has only two more 
reactions than the latter. This may reflect a higher flexibility of  
the central metabolism of  P. aeruginosa as compared to P. putida. 
This is clearly a emergent property of  the system that could 
not be predicted solely on basis of  the linear comparison of  
gene lists. The construction of  comprehensive metabolic maps 
provides a framework to study the consequences of  altera-
tions in the genotype and to gain insight into the phenotype-
genotype relation. Ultimately, this analysis defines the entire 
metabolic space of  the possible flux distributions and meta-
bolic interactions within the network. A direct comparison of  
this “phenotypic space” for both bacteria will possibly help in 
identifying “orphan genes”, evolutionary features and genetic 
plasticity. The use of  such models to choose the most informa-
tive knockouts and ultimately, to rationally design experiments 
relevant for the elucidation of  the behavior of  these bacteria 
in polluted environments or within the scope of  their relation-
ships with an infected host will be discussed.  Edwards JS, Pals-
son BO. 2000. The Escherichia coli MG1655 in silico metabolic 
genotype: its definition, characteristics and capabilities. Proc. 
Natl. Acad. Sci. USA, 97:5528-5533

129A
NOVEL DEGRADATION PATHWAY OF 
METHYLSUBSTITUTED SALICYLATES IN  
PseuDomonAs REINEKEI MT1
M. A. MarÃn, B. Camara, D. H. Pieper; Helmholtz Centre for 
Infection Research, Braunschweig, GERMANY

The bacterial degradation of  methylcatechols as central inter-
mediates of  methylaromatic metabolism commonly proceeds 
by meta-cleavage pathways. Channeling of  methylcatechols into 
the ortho-cleavage pathway usually results in the formation 
of  methylsubstituted muconolactones as dead-end products. 
Only C. necator JMP134 and R. rhodochrous N75 have thus 
far been described to be capable to mineralize 4-methylcatechol 
via ortho-cleavage and only in C. necator some of  the key 
genes have been identified.  Pseudomonas reinekei MT1 has 
previously been described to degrade 4- and 5-chlorosalicy-
late by an ortho-cleavage pathway. This strain is able to grow 
also on 4- and 5-methylsalicylate as sole carbon source and in 
contrast to C. necator JMP134, it degrades those exclusively via 
4-methylcatechol followed by ortho-cleavage. Recently, a gene 
cluster encoding salicylate 1-hydroxylase, together with catechol 
1,2-dioxygenase and muconate cycloisomerase was identified in 
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this MT1. As 4-methylcatechol and 3-methylmuconate were the 
preferred substrates of  last mentioned enzymes, the function 
of  this gene cluster was assumed to channel methylsubstituted 
salicylates into a catechol ortho-cleavage pathway.  Using a 
fosmid library of  MT1 genomic DNA, we were able to identify 
an additional gene cluster involved in the degradation of  
methylaromatics. This cluster resembles the mml gene cluster 
of  JMP134 by encoding a 4-methylmuconolactone methyli-
somerase and methylmuconolactone isomerase and comprises 
genes encoding a putative two-component, 3-oxoadipate 
succinyl-CoA transferase. However, the presence of  additional 
genes with similarity to those involved in the metabolism of  
thioesters, which are absent in the JMP134 gene cluster, indi-
cates that metabolism of  intermediate 4-methyl-3-oxoadipate 
enol-lactone proceeds via the CoA derivative.

130B
THE SIGMA��-DEPENDENT ACTIVATOR SFNR 
IS INVOLVED IN THE ExPRESSION OF THE 
SULFATE-STARVATION-INDUCED GENE, 
sfnA
H. Habe1, A. Kouzuma2, T. Endoh2, T. Omori3, H. Yamane2, H. 
Nojiri2; 1National Institute of Advanced Industrial Science and 
Technology, Tsukuba, Ibaraki, JAPAN, 2The University of Tokyo, 
Tokyo, JAPAN, 3Shibaura Institute of Technology, Tokyo, JAPAN

Sulfur is an essential element for bacterial growth and is nor-
mally acquired through the assimilation of  inorganic sulfate. 
However, in soil environments, sulfate may not be freely avail-
able because inorganic sulfate constitutes less than 5% of  the 
total sulfur in these environments. Thus, several soil bacterial 
species have evolved the ability to use a wide variety of  organo-
sulfur compounds, and both the genes and enzymes involved 
in the use of  such compounds have been studied in detail. 
Also, we have been studied the dimethyl sulfide (DMS) utiliza-
tion by Pseudomonas putida strain DS1 at molecular level. DS1 
desulfurizes DMS via dimethyl sulfoxide (DMSO), dimethyl 
sulfone (DMSO2), and methanesulfonate, and the σ54-depen-
dent transcriptional regulator, SfnR, is essential for the use of  
DMSO2. SfnR binds three SfnR-binding sites (sites 1, 2, and 3) 
within an intergenic region of  the divergently transcribed sfnAB 
and sfnFG gene clusters. We investigated the transcriptional 
regulation of  the sfnAB operon. Reverse transcription PCR 
analysis revealed that the sfnAB gene cluster, which is similar to 
homologues of  the acyl-CoA dehydrogenase family, was tran-
scribed as an operon, and its expression was regulated by SfnR 
under conditions of  sulfate starvation. Deletion analyses using 
LacZ as a reporter demonstrated that the region up to at least 
-138 bp from the transcription start point of  sfnA (containing 
sites 2 and 3) was necessary for the expression of  the sfnAB 
operon. A growth test of  the sfnA-disrupted mutant revealed 
the possibility that sfnA may be involved in the use of  methyl 
mercaptan as a sulfur source. 

131A
TOWARDS THE FUNCTION OF THE 
BACTERIAL PHYTOCHROME OF 
PseuDomonAs	AerugInosA
K. Barkovits, A. Harms, C. Benkartek, N. Frankenberg-Dinkel; 
Ruhr-University Bochum, Bochum, GERMANY

Phytochromes are photochromic biliproteins that sense light 
in the red-/far-red region of  the visible light spectrum. They 
were first described in higher plants where they regulate several 
aspects of  light dependent development. Recently, they have 
also been discovered in fungi, cyanobacteria and other pro-
karyotes. The existence of  these putative photoreceptor sensor 
kinases in non-phototrophic bacteria is enigmatic and their 
function is widely unknown. Biochemical analyses have estab-
lished that the bphOP operon from the opportunistic pathogen 
Pseudomonas aeruginosa codes for the two necessary phytochrome 
components: BphO, a heme oxygenase which produces the 
linear tetrapyrrole chromophore biliverdin IXα and bphP 
which encodes the apo-phytochrome. All biochemical data are 
indicative of  a real photoreceptor that is able to respond to red 
and far-red light. In order to elucidate the biological function 
of  this potential light sensor bphO and bphP chromosomal 
knock out mutants were generated and analyzed. Although 
both mutations had no effect on the growth behaviour of  P. 
aeruginosa, an rpoS-like phenotype with increased production of  
pyocyanin and increased heat sensitivity was observed. These 
observations are supported by reporter gene assays showing a 
cell-density and rpoS-dependent transcription of  the bphOP op-
eron. A putative involvement of  the quorum sensing regulators 
LasR and/or RhlR in bphOP expression is under investigation 
as bioinformatics analyses predicted highly conserved binding 
sites for these transcriptional regulators in the promoter region 
of  bphO. What role BphP might play in the stationary phase 
of  P. aeruginosa is currently addressed using transcriptomic and 
proteomic analyses.

132B
CAFFEINE TO TRIMETHYLURIC ACID IS 
CATALYZED BY A QUINONE-DEPENDENT 
DEHYDROGENASE, NOT AN OxIDASE
C. Yu, Y. Kale, S. Gopishetty, M. Louie, M. Subramanian; The Uni-
versity of Iowa, Iowa City, IA

Pseudomonas sp. CBB1 was isolated from soil using caffeine as 
sole source of  carbon and nitrogen. Utilization of  caffeine 
was not suppressed by nitrogen supplements in the growth 
media, such as soytone and yeast nitrogen base. Trimethyluric 
acid (TMU) was detected as the initial metabolite of  caffeine 
degradation in growth media, resting cells and crude extract of  
CBB1. Resting cells also degraded TMU in a time-dependent 
manner. The enzyme activity for the conversion of  caffeine 
to TMU was assayed by reduction of  nitro blue tetrazolium 
(NBT) to dark blue formazan. The enzyme activity was highly 
caffeine-specific. Partially purified enzyme, devoid of  TMU 
degradation activity, showed stoichiometric formation of  the 
product only in the presence of  caffeine and NBT. NBT could 
be replaced by quinone Q0, DCPIP, or DCPIP plus PMS. 
Cytochrome c was reduced only in the presence of  Q0, again 
with concomitant formation of  TMU. NAD+ or NADP+ were 
not used as an electron acceptor. Hydrogen peroxide could not 
be detected in any assay system coupled to TMU formation. 
Using H2

18O, it was shown that ‘oxygen’ in TMU quantitatively 
originated from water. Purification of  the enzyme could be fol-
lowed by caffeine-dependent staining of  native PAGE, which 
is very specific. Xanthine did not yield any stained band in the 
gel. Highly purified enzyme on SDS-PAGE, showed 3 subunits 
of  80,000, 34,000 and 20,000 Da. The molecular weight of  the 
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native protein was estimated at 158,000. This work has estab-
lished that Pseudomonas sp. CBB1 uses a novel quinone-depen-
dent dehydrogenase, NOT an oxidase as reported in literature, 
to oxidize caffeine to TMU.

133A
NEGATIVE ROLE OF THE RESPONSE 
REGULATOR PPRA OF	PseuDomonAs	
PutIDA KT2��0 IN THE TOL uPPer OPERON 
REGULATION
E. Vitale, A. Milani, F. Renzi, E. Galli, E. Rescalli, G. Bertoni; 
Dept. of Biomolecular Sciences and Biotechnology, University of 
Milan, Milan, ITALY

The complete degradation of  toluene and m-/p-xylene by 
Pseudomonas putida harbouring the TOL plasmid pWW0 is 
accomplished via the coordinated induction of  the plasmid-
borne upper and lower operons by a cascade process triggered 
in the presence of  the pathway substrates (1). The sensor 
of  the presence of  pathway substrates is XylR, an enhancer 
binding protein which activates consequently two σ54-depen-
dent promoters: the Pu promoter of  the upper operon and the 
Ps1 promoter of  the xylS gene encoding for the activator of  
the lower operon XylS. In addition to this specific response 
to aromatic substrates, the TOL system relies on additional 
co-regulatory devices (mostly unknown) in order to modulate 
its expression under environmental stresses (2, 3) or to adjust 
aromatics degradation to nutritional surroundings (2, 4). With 
the aim of  identifying novel co-regulators of  the TOL system, 
we tested by electrophoretic mobility shift assays the assembly 
of  complexes between the Pu promoter DNA and host factors 
in crude protein extracts of  P. putida KT2440. This approach 
indicated that the Pu enhancer region, usually bound by XylR, 
could also form a complex with a host protein factor. Follow-
ing purification by affinity to the Pu enhancer and MALDI-
TOF analysis, this host factor was shown to correspond to 
a protein, named PprA by TIGR automatic annotation of  
KT2440 genome, which is the ortholog of  the two-compo-
nent response regulator AlgR of  P. aeruginosa (5). Knock-out 
inactivation of  pprA gene resulted in up-regulation of  Pu pro-
moter while PprA expression from a plasmid vector strongly 
repressed Pu activity. This negative regulatory role was also 
verified both in vitro with purified components and in an E. 
coli reporter system. To our knowledge, negative regulation by 
a two-component response regulator has no precedent in σ54-
dependent transcription. Furthermore, the overlap of  the PprA 
binding site with the Pu enhancer region strongly suggests a 
direct interplay with XylR as repressive mechanism.

13�B
INFLUENCE OF PSEUDOMONAS 
AERUGINOSA ON INDUSTRIAL METAL 
OxIDE NANOPARTICLE AGGREGATE 
FORMATION
A. C. Neal1, W. H. Suh1, R. E. Mielke2, J. H. Priester1, G. D. Stucky1, 
P. A. Holden1; 1UCSB, Santa Barbara, CA, 2Center for Life Detec-
tion, Jet Propulsion Laboratory, Pasadena, CA

Many nanostructured materials are incorporated into everyday 
items from facial cosmetics to batteries. Here lies the impor-

tance of  understanding the environmental impact coming from 
nanoparticulate waste. Sub-100 nm nanoparticles can have 
unique chemical, electronic, magnetic, and physical properties 
due to their size and high surface area. In addition to these 
characteristics, nanoparticles can have diverse surface chemis-
try and physics which can lead to various types of  aggregate 
formation. These new physicochemical properties allow metal 
oxide nanoparticles to have novel interactions with biologi-
cal organisms and have substantial impact on their biological 
processes.  Pseudomonas aeruginosa is a gram negative bacterium 
that is an opportunistic human pathogen and important to 
biodegradation. P. aeruginosa can survive in many different 
environmental conditions and habitats that can range from soil, 
marshes, coastal marine habitats, mammals and plants, as well 
as on surfaces of  rocks and soil in the form of  biofilms. P. aeru-
ginosa causes increased septicaemia in burn victims and imuno 
compromised individuals. P. aeruginosa is also a major cause of  
increased prevalence and mortality in cystic fibrosis patients. In 
recent years, rates of  infection by P. aeruginosa have increased 
due to the organism’s resistance to many antibiotics and lack 
of  competition with other bacteria. Due to its virulence, 
adaptability and antibacterial resistance, P. aeruginosa infections 
are nearly impossible to eradicate. The diversity, vigor, and 
virulence of  P. aeruginosa make it a likely candidate to come in 
contact with bioavailable metal oxide nanomaterials and have 
an impact on human and environmental health.  Here, we 
characterized four metal oxide nanoparticles; lithium titanate, 
titanium dioxide (anatase), lanthanum oxide carbonate, and 
yttrium zirconate (crystallite size less than 100 nm) supplied by 
industry and studied their biological effects on planktonic and 
biofilm cultures of  P. aeruginosa. Size, morphology, and crystal-
lite analyses were done by TEM, SEM, and XRD. Several areas 
of  biological activity were studied; impact of  growth in dark 
and light conditions, ESEM visual characterization of  physical 
interaction with particles, as well as indicators of  virulence. We 
have found novel correlations between P.aeruginosa and metal 
oxide aggregate formations. These studies may have an impact 
on metal oxide nanoparticle waste management and handling 
protocols.

13�A
UNDERSTANDING A COMPLEx PROMOTER: 
THREE BINDING SITES FOR TODT AT THE toD 
PATHWAY OPERON PROMOTER
J. Lacal1, M. E. GUAZZARONI1, A. Busch2, T. Krell2, J. L. Ramos2; 
1ESTACIÓN EXPERIMENTAL DEL ZAIDÍN, GRANADA, SPAIN, 
2ESTACIÓN EXPERIMENTAL DEL ZAIDÍN, Granada, SPAIN

The TodS/TodT two-component system regulates the expres-
sion of  the genes involved in the degradation of  toluene via 
the toluene dioxygenase (TOD) pathway in Pseudomonas putida 
DOT-T1E. Toluene binding at the sensor kinase TodS increas-
es it autophosphorylation rate which in turn increase trans-
phosphorylation of  its cognate TodT. Phosphorylated TodT 
was shown to be the positive regulator for the transcription of  
TOD pathway genes from the promoter PtodX. Here we present 
a study of  the interaction of  TodT with PtodX by in vitro and in 
vivo approaches.  DNAase I footprint analyses of  the promo-
tor revealed the presence of  three TodT binding sites, which 
were termed box 1-3. Two binding sites, centered at positions 
-85 and -106 with respect to the transcription start site, were 
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16-bp pseudopalindromes, whereas the third box at position 
-57 was a half  palindrome. Significant sequence conservation 
was observed between these three boxes.  To investigate the 
physiological relevance of  these three boxes β-galactosidase 
measurements were carried out. PtodX::´lacZ fusions containing 
point mutations in each of  the three boxes, preventing TodT 
from binding at this site, were constructed and compared to 
the wild type construct. For all constructs, the basal level of  
activity in the absence of  toluene was very low. In the presence 
of  toluene the increase in gene expression in cells harbouring 
the mutant plasmids was significantly lower than the activity 
observed with the wild type plasmid. We concluded that TodT 
- binding at the three boxes has a stimulating effect on PtodX 
transcription.  Isothermal titration calorimetry has been used 
to study the thermodynamics of  TodT binding to each of  the 
three boxes. To this end TodT was titrated with 20-bp DNA 
duplexes containing each of  the three binding sites. Binding 
was driven by favourable entropy changes and dissociation con-
stants were in the lower micromolar range. Most interestingly, 
there was a direct correlation between the affinity of  TodT for 
a site and the reduction in beta galactosidase activity of  the 
corresponding mutant as compared to the wild type promotor.  
Our previous studies have shown that IHF binds also to PtodX 
and we present a model of  the molecular interactions between 
DNA, TodT, IHF and RNA polymerase leading to promotor 
activation.

13�B
CHARACTERIZATION OF TRANSCRIPTIONAL 
ACTIVATOR HBPR PROTEIN BELONGING TO 
THE xYLR FAMILY AND ISOLATION OF 
NOVEL MEMBERS OF THE SAME FAMILY 
FROM THE CONTAMINATED SOIL SAMPLES 
FROM INDIA
C. Vogne1, H. Kumari2, P. Sharma2, S. Beggah1, R. Lal.2  and JR. van 
der Meer1. 1 Department of Fundamental Microbiology. University 
of Lausanne. Switzerland. 2 Department of Zoology. University of 
Delhi. India

Proteins belonging to the XylR family have a modular structure consisting 
of an amino-terminal signal-perception A-domain linked to a central activa-
tor C-domain that is conserved within this family, and a carboxy-terminal 
D-domain containing the HTH DNA binding motif. The interaction between 
the A-domain and aromatic compound may lead to a conformational change 
in the protein, which thereby becomes competent as a transcriptional activa-
tor through the C-domain localized ATPase activity. The activated protein 
is supposed to bind to specific DNA promoters to activate the expression of 
the genes involved in the degradation pathway of the aromatic compound. 
The aim of the study is to understand the mechanism of action of proteins of 
this family with particular emphasis on HbpR, the transcriptional regulator 
responsible for activation of 2-hydroxybiphenyl degradation in Pseudomo-
nas azelaica.  Site directed mutagenesis in the A-domain of HbpR is being 
used to modify the substrate specificities of the protein. As HbpR protein is 
the only purifiable protein amongst this family, purified wild type and mu-
tated proteins have been used for gel shift and glutaraldehyde cross-linking 
experiments to understand the changes in the activity of the protein. Atomic 
force microscopy has also been used to see the interaction of the protein on 
the DNA binding site.  At the same time, we aim to isolate novel members 
of this family of proteins from soil samples from a few contaminated sites in 
India, using a metagenomic approach, in which conserved primers targeting 
the C-domain part of the gene are used to produce a library of fragments, 
upon which inverse specific PCR is applied to recover the full XylR-type 
gene. 

TYPE II AND TYPE III SECRETION

137A
TRYPTOPHAN CATABOLITES INHIBIT THE 
ExPRESSION OF THE PseuDomonAs	
AerugInosA TYPE III SECRETION SYSTEM 
DURING THE STATIONARY PHASE
D. K. Shen1, D. Filopon1, S. Boullanger2, N. Brogly3, K. Faure3, B. 
Guery3, B. Polack1, B. Toussaint1; 1GREPI. TIMC-IMAG, UMR5525 
CNRS/Université Joseph Fourier DBPC/Enzymologie, CHU-
Grenoble BP217, 38043, Grenoble, FRANCE, 2Service Spectromé-
trie de Masse, CERMAV-CNRS, BP53, 38041, Grenoble, FRANCE, 
3EA 2689, Faculté de Médecine de Lille, Université de Lille II, 
59045, Lille, FRANCE

The opportunistic pathogen Pseudomonas aeruginosa is 
responsible for a wide range of  acute and chronic infections. 
The type III secretion system (TTSS) is described as a very 
important virulence factor for acute human infections but 
less necessary for maintaining chronic infections where TTSS 
expression level is down-regulated. We have observed that the 
TTSS expression in vitro is cell density-dependent in a man-
ner that does not need known quorum sensing (QS) signals. 
Furthermore, the addition of  stationary phase culture super-
natants can inhibit the TTSS expression of  exponential phase 
growing strains. Here we report the characterization of  the 
signal(s), produced in the stationary phase culture supernatants 
and able to repress the TTSS expression both in vitro and in 
vivo. Analysis of  transposon insertion mutants showed that 
the production of  such TTSS-inhibiting signal(s) might depend 
on tryptophan, which is the precursor of  indole-3-acetic acid 
(IAA), kynurenine and Pseudomonas quinolone signal (PQS). 
Available tryptophan-derived molecules were tested for their 
roles in the regulation of  the TTSS expression. At millimolar 
concentration, IAA and one of  IAA-like compound, 1-naph-
thalacetic acid (NAA) do inhibit the TTSS expression and the 
type III effectors secretion; otherwise, 3-hydroxy-kynurenine 
can also inhibit the TTSS expression. Liquid chromatography-
mass spectrometry analysis showed that a molecule with a mass 
of  224.2, identical to that of  NAA and of  3-hydroxy-kynuren-
ine, is present in the stationary phase culture supernatants from 
the wild-type CHA but not from the mutant with the deletion 
of  trpA, gene involved in the biosynthesis of  tryptophan. 
These observations suggest that tryptophan catabolites are 
involved in the regulation of  the TTSS expression in the transi-
tion from a low cell density state to a high cell density state.

13�B
NEW PATATIN-LIKE LIPOMODULINS IN THE 
OPPORTUNISTIC PATHOGEN 
PseuDomonAs	AerugInosA?
R. Salacha, A. Hachani, A. Filloux, S. Bleves; CNRS, Marseille 
cedex 20, FRANCE

Patatins are known as storage glycoproteins from potatoes, 
and may be activated upon environmental stress or pathogenic 
infection (Hirschlberg et al., 2001). Patatin possess acyl trans-
ferase, esterase, and lipid acyl transferase activities, including 
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phospholipase activity (Shewry, 2003). Patatins are indeed ho-
mologous to the human cytosolic phospholipase A2.  The first 
bacterial patatin has been recently described. It is the cytotoxin 
ExoU, responsible for epithelial cell death, which is injected 
by the type three secretion system (T3SS) of  Pseudomonas 
aeruginosa strain PA103 (Sato and Franck, 2004). The presence 
of  genes coding for patatin-like proteins has been detected 
in several genomes of  symbiotic (Mesorhizobium meliloti) or 
pathogenic bacteria (Legionnella pneumophila), suggesting the 
importance of  such domains in the bacteria-host interaction 
(Banerij and Flieger, 2004). These proteins could constitute 
a new family of  lipolytic toxins, which could be called lipo-
modulins.  The genome of  the P. aeruginosa PAO1 strain has 
been completely sequenced (Stover et al., 2000), and the T3SS 
effector ExoU is not present. Nevertheless, we found 4 genes 
encoding putative lipomodulins and we hypothesized that one 
of  them could replace ExoU in the PAO1 background. The 4 
blocks described in lipomodulins coding genes by Banerji and 
Flieger were conserved, especially the hydrolase motif, and the 
active site aspartic acid. This poster will present data on the 
secretion, the implication in P. aeruginosa pathogenicity and in 
vitro activity of  those 4 lipotoxins candidates. 
Banerji and Flieger (2004) Microbiology 150:522 
Hirschlberg et al. (2001) Eur J Biochem 268:5037 
Sato and Franck (2004) Mol Microbiol 53:1279 
Shewry (2003) Ann Bot 91:755

139A
PseuDomonAs	AerugInosA INDUCES 
MEMBRANE BLEBBING IN MULTIPLE 
EPITHELIAL CELL TYPES UTILIZED AS A NICHE 
FOR INTRACELLULAR REPLICATION AND 
MOTILITY
A. A. Angus, A. D. Ackerman, S. M. Fleiszig; UC Berkeley, Berke-
ley, CA

Background: Pseudomonas aeruginosa in known to be internal-
ized by epithelial cells yet little is known about bacterial or 
host-cell factors which determine the fate of  intracellular bac-
teria. In this study we investigated the role of  the Type Three 
Secretion System (T3SS) of  P. aeruginosa following bacterial 
internalization by several epithelial cell types. Methods: Intra-
cellular viability was quantified by extended antibiotic survival 
assays (4 and 8 hours post-infection) using various epithelial 
cell lines inoculated with 106 cfu/ml of  invasive P. aeruginosa 
PAO1 or isogenic mutants lacking T3SS components. Phase 
contrast microscopy was performed to study the relationship 
between sub-cellular localization of  bacteria and intracellular 
fate. Results: Wild type P. aeruginosa induced plasma membrane 
blebbing within hTCEpi (human telomerase-immortalized 
corneal epithelial cells), Calu-3 and A549 airway epithelial cell 
lines. Bacteria were found localized to blebs and utilizing real-
time detectable flagellar based motility. To study the role of  the 
T3SS in bleb formation, all three cell types were infected with 
T3SS mutants lacking an intact needle apparatus (ΔpscC). For 
hTCEpi and A549 cells, mutants lost the capacity to induce 
membrane blebbing and instead localized within paranuclear 
vacuoles. In contrast, for Calu-3 cells both wild type and T3SS 
mutants induced blebs and localized to them, indicating that 
for these cells the T3SS was not involved in blebbing. To ad-
dress if  the T3SS was involved in intracellular viability, mutants 

lacking the T3SS needle apparatus (ΔpscC) all known effector 
proteins (ΔΔΔexoSTY) and the translocon apparatus (ΔpopB) 
were studied in hTCEpi cells. Quantification of  viable intracel-
lular bacteria revealed that the ΔpscC mutant failed to replicate 
and were killed later in infection. The effector mutants also lost 
viability intracellularly. Surprisingly the translocation deficient 
mutants retained the ability to survive and replicated intracel-
lularly yet were localized to paranuclear vacuoles similar to the 
needle mutant. Conclusions: P. aeruginosa requires components 
of  the T3SS for survival and replication within epithelial cells 
after invasion. Microscopic analysis revealed that wild type P. 
aeruginosa replicates in spacious membrane blebs of  infected 
cells, while in some epithelial cells types T3SS mutants are 
trapped inside paranuclear vacuoles. Our model of  intracellular 
survival for Pseudomonas aeruginosa includes a pathway that is 
dependent on the T3SS via two distinct mechanisms; evasion 
of  intracellular trafficking to vacuoles (needle and translocon 
dependent) and adaptation within vacuoles for bacterial sur-
vival and replication (effector dependent).

1�0B
CONTROL OF TYPE III-SECRETED EFFECTOR 
TRANSLOCATION IN P.	AerugInosA
M. Cisz, P. Lee, A. Rietsch; Case Western Reserve University, 
Cleveland, OH

Pseudomonas aeruginosa has the ability to deliver protein 
toxins (effectors) directly into the cytoplasm of  a targeted host 
cell by virtue of  its type III secretion apparatus. Secretion by 
the type III secretion machinery is tightly controlled and can be 
triggered in vitro by removal of  calcium from the medium, or 
cell-contact. In P. aeruginosa expression of  all type III secre-
tion genes (both structural components of  the apparatus and 
effectors) is up-regulated when secretion is triggered. By using 
a GFP reporter of  exoS expression (the gene for the type III 
effector ExoS), this induction of  gene expression can be used 
as a proxy for visualizing triggering of  secretion on cell-con-
tact. We have used this reporter system to study triggering of  
type III secretion on cell-contact. Interestingly, we were able 
to determine that triggering of  secretion is, in fact, negatively 
impacted by the action of  the type III secreted effector ExoS. 
Evidence will be presented that translocation of  ExoS is indeed 
self-limiting and that this control depends on the enzymatic 
activities of  ExoS. The block in secretion imposed by ExoS 
appears to occur at a stage post-insertion of  the pore-forming 
translocator proteins. These results suggest that the transloca-
tion pore is, in fact, gated and that a host-factor is involved in 
controlling translocation. Either enzymatic activity of  ExoS 
can block secretion, suggesting that the host-factor involved 
in this control is part of  the RhoA signaling pathway. Further-
more, evidence will be presented that secretion of  translocator 
proteins is, in fact only poorly (if  at all) controlled by calcium, 
demonstrating a clear secretion hierarchy for P. aeruginosa and 
allowing us to propose a preliminary model of  the series of  
events that start with adhesion to the host-cell and end with the 
type III secretion needle docked to the translocation pore and 
actively secreting effectors.

Pseudomonas 2007
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1�1A
TYPE III SECRETION NEEDLE AND ITS TIP 
COMPLEx : CHARACTERIZATION OF THE 
PSCF-PCRV INTERACTION
C. Gebus, E. Faudry, V. Forge, J. Poirel, S. Plé, I. Attrée; CEA 
Grenoble, iRTSV (institut de Recherche en Technologie et Sciences 
pour le Vivant), Grenoble, FRANCE

The type III secretion system (T3SS) is a key virulence fac-
tor of  Pseudomonas acute infections. This multimolecular 
complex allows Exo toxins to cross bacteria and host cell 
membranes. It is conserved among gram negative pathogens 
and its assembly and structure is intensively investigated. Our 
present work focuses on the assembly of  the T3SS needle of  
Pseudomonas aeruginosa. This forms a needle, constituted of  
a single protein, PscF, polymerized into a hollow tube which 
allows the passage of  partially folded proteins (Pastor et al., 
2005). This structure is overhung by a complex composed of  
the protein PcrV. This protein is known as V antigen because 
passive and active immunization against it protects animals 
from bacterial infection. We are investigating its assembly on 
the top of  the needle by studying the interaction between PscF 
and PcrV.  The two proteins were copurified after being simul-
taneously overproduced in E. coli. The coexpression strategy 
was chosen because recombinant proteins produced separately 
do not spontaneously interact. A complex was isolated after 
three purification steps : a nickel affinity column retained 6His-
tagged-PscF and PcrV. The complex was then copurified by 
size exclusion chromatography followed by anion exchange.  
Each protein was also purified separately, pH denaturated to 
a molten globule state and refolded together. This treatment 
mimics the in vivo conformational changes of  the two proteins 
during secretion. Samples were examined by size exclusion 
chromatography showing interaction between the partners.  
Based on structural knowledge of  the needle subunit (Deane 
et al., 2006) and of  PcrV we generated F and V mutants by site 
directed mutagenesis in order to evaluate residues’ implication 
in the interaction. Mutants were tested for their cytotoxicity 
against macrophages in a T3SS dependent infection model. It 
allowed us to pin point the PscF D76, and P47/Q54 as essen-
tial residues for cytotoxicity which could play a role in the F-V 
interaction. Studies on the PcrV residues are on the way and 
will be presented.  Since sequence alignments and 3D structural 
data show similarities between both PscF and PcrV C terminal 
a helices we hypothesized that they could mediate F-V interac-
tion. We showed, using a deleted mutant, that PcrV C terminal 
domain is essential for the interaction with PscF both in vitro 
by observing disruption of  F-V complex and in vivo by mea-
suring loss of  the mutant’s cytotoxicity against macrophages.  
We are now evaluating the interchangeability of  C terminal 
helices. Polymerization assays are conducted with F1-66V258-
295 and interaction assays of  V1-258F66-86 and PscF are 
tested and the first results will be exposed.  Characterization of  
the F-V interaction would possibly lead to drug development 
against Pseudomonas infection by finding ways of  disrupting 
complex formation. 
 
 

1�2B
TYPE II PROTEIN SECRETION IN 
PseuDomonAs	AerugInosA: 
STRUCTURAL CHARACTERIZATION OF THE 
PSEUDOPILINS
S. Alphonse1, E. Durand2, C. Bernard1, A. Filloux3, R. Voulhoux3; 
1AFMB CNRS, Marseille, FRANCE, 2UCL/Birkbeck, London, 
UNITED KINGDOM, 3LISM CNRS, Marseille, FRANCE

Most toxins and hydrolytic enzymes secreted by Pseudomonas 
aeruginosa are using the type II secretion (T2S) system, a mac-
romolecular complex assembled in the bacterial cell envelope. 
The T2S system, also called Xcp Secreton, shares similarities 
with another macromolecular complex, the type 4 pili (T4P) 
assembly system. T4P are long fibrillar and adhesive structures 
present on the cell surface of  various gram-negative bacteria. 
Five Xcp proteins, XcpT-X, possess characteristics similar to 
the type 4 pilin subunit (PilA), and have been called pseudopil-
ins. Interestingly, we have shown that, when overproduced, the 
majorT2S pseudopilin XcpT is assembled by the Xcp secreton 
into a fibrillar structure that we called the type II pseudopilus. 
We propose that assembly/disassembly of  this pseudopilus 
might provide the dynamic of  the secretion process. The other 
four pseudopilins, XcpU-X, did not show such behavior upon 
overproduction suggesting striking common features between 
T2S and T4P. In the T4P system, PilA forms the pilus, whereas 
the role of  the minor pilins such as PilE,V-X/FimU,T is still 
unclear. Our project aims to understand the structure-function 
relationship between the five pseudopilins and the compari-
son with the pilins of  the T4P system.  We have individually 
overexpressed and purified the hydrophilic C-terminal domains 
of  XcpT-X. We have obtained by NMR spectroscopy consis-
tent data with XcpT revealing a correctly folded monomeric 
protein in solution for which the 3D structure determination 
is under progress.  In addition to the structural investigation, 
we study the network of  protein-protein interactions between 
XcpT and the four minor pseudopilins by NMR chemical shift 
perturbation. We probed specific interaction by following varia-
tions in the 15N-HSQC spectrum of  XcpT upon addition of  
increased concentration of  each purified pseudopilins.  Finally, 
in order to understand how XcpT and the other pseudopilins 
might interact we used electron microscopy to analyze at high 
resolution the architecture of  the XcpT pseudopilus. We have 
chosen a sensitive method to detect for example whether the 
incorporation into the pseudopilus of  minor pilins such as 
XcpU might occur at low frequency but with regular spacing.  
In conclusion, the type II secretion machine, even though well 
characterized at the molecular level, is still an enigma and it re-
mains unclear how it functions. We are convinced that the core 
of  the mechanism is lying on the function of  the pseudopilins 
and the pseudopilus. The characterization of  their structure, 
their dynamic of  assembly and the relationship with T4P pilins 
should provide a significant breakthrough in this understand-
ing.
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1�3A
IN VITRO RENATURATION OF AN ACTIVE 
ELASTASE BY ITS INTRAMOLECULAR 
CHAPERONE
E. Boice1, E. Kessler2, D. E. Ohman1; 1Medical College of Virginia 
Campus of Virginia Commonwealth University and Veterans Affairs 
Medical Ctr., Richmond, VA, 2Tel-Aviv University, Sheba Medical 
Center, Tel-Hashomer, ISRAEL

Pseudomonas aeruginosa secretes several proteases associated 
with pathogenesis, but the most abundant and active protease 
among them is elastase, a metalloendopeptidase of  the thermo-
lysin family (M4). Elastase is encoded by lasB and is secreted 
into the medium by the Xcp type-II secretion apparatus. 
Elastase is first synthesized as a preproenzyme, with a signal 
peptide, a central 18-kDa propeptide. and a 33-kDa mature 
domain. The propeptide functions as an intramolecular chaper-
one and is required for the secretion and activity of  elastase. In 
vivo studies show that the propeptide as a separate protein will 
still permit efficient secretion of  an active protease. To further 
understand the mechanisms involved in the propeptide-medi-
ated folding of  elastase, in vitro studies were performed on the 
ability of  purified recombinant propeptide to fold a denatured 
form of  wild-type elastase. Propeptide was produced from a 
pET vector in E. coli BL21(DE3) and included a His tag on 
the carboxy terminal. The propeptide was purified from cell 
lysates by affinity Ni-chromatography. Elastase was over-pro-
duced by a lasB mutant of  strain PAO1 (i.e., PDO240), with 
lasB expressed from a plasmid under an IPTG-inducible tac 
promoter. Elastase was purified from the supernatant by 60% 
ammonium sulphate and ion exchange chromatography. Puri-
fied propeptide and elastase were then denatured individually in 
a guanidine-HCl / glycine buffer, and then renatured together 
by dialysis treatment. The samples were treated with trypsin 
to release the propeptide from elastase, and elastolytic activ-
ity was analyzed by elastin congo red and azocasein assays. To 
better understand the protein-protein interactions between the 
propeptide and mature domain, we are testing mutant propep-
tides on the ability to properly fold elastase, which included 
an N-terminal 13 amino acid tag. The results show that both 
wild-type propeptide and C-terminal tagged propeptide were 
capable of  refolding a denatured elastase into an active enzyme. 
This suggests that a C-terminal extension did not prevent the 
propeptide from refolding its mature enzyme. Other experi-
ments are in progress, using site-directed mutagenesis of  the 
propeptide, to determine the role of  conserved residues in the 
propeptides of  other thermolysin-like neutral proteases and 
their role in folding and secretion.

PLANT ASSOCIATED PSEUDOMONADS

1��B
THE EFFECT OF PSEUDOMONAS STRAINS 
ON MORFOLOGICAL,PHYSIOLOGICAL 
AND YIELD ON TRITICUM AESTIVUM
S. Valed Saravi; Azad University, sari, IRAN (ISLAMIC REPUBLIC 
OF)

The molecular interaction basis of  Plant growth 
promoting rhizobacteria ( PGPR ) and plant is very 
complex . We have studied molecular aspects of  
Pseudomonas putida1 , P. putida2 , P. fluorescens and their 
interactions on wheat morphology , physiology and 
yield . NPK was other treatment . Interaction effects 
of  plant and PGPR on N , Fe , Chl, Car , Pro , GB 
content and nitrate reductase activity was measured 
in comparison with control .

1��A
CHARACTERISATION AND MANIPULATION 
OF NON RIBOSOMAL PEPTIDE SYNTHETASES
J. G. Owen, D. F. Ackerley; Victoria University, Wellington, NEW 
ZEALAND

Non ribosomal peptide synthetases (NRPSs) are large multi-
modular enzyme complexes that synthesize small peptide 
molecules of  diverse structure and biological activity from 
amino acid precursors. The modular design of  NRPS enzymes 
allows rearrangement of  these enzymes at a genetic level to 
bring about specific changes in the structure and function of  
their products. However, such modifications often result in a 
drastically reduced product yield. This project aims to de-
velop more effective approaches for rearrangement of  NRPS 
modules, using synthesis of  the yellow green siderophore 
pyoverdine in fluorescent pseudomonads as a model system. 
As a first step toward development of  this model we have 
characterised the pyoverdine NRPSs of  Pseudomonas syringae pv 
phaseolicola 1448a. We have constructed knockout strains for 
each of  the five putative pyoverdine NRPS genes of  P. syringae 
and have demonstrated that these strains lack fluorescence and 
are impaired in iron uptake. The pyoverdine deficient strains 
are able to secrete a second siderophore, achromobactin and 
are still able to cause lesions in a pathogenicity assay. A double 
knockout strain deficient in both pyoverdine and achromobac-
tin has also been constructed; this strain has further reduced 
iron uptake. We have also optimised systems for over expres-
sion and purification of  NRPS Adenylation (A) domains from 
P. syringae using either Escherichia coli or Pseudomonas putida as an 
expression strain. Over expression of  domains in E. coli grown 
at 18oC in the presence of  2.5mM betaine and 1M sorbitol 
has been shown give the highest yield of  soluble recombinant 
protein for each of  the seven pyoverdine NRPS A domains 
studied. This system will be used to purify milligram amounts 
of  each of  these domains, enabling the amino acid specific-
ity of  each to be assessed by radioactive ATP exchange assay. 
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Once the substrate specificity of  each domain has been con-
firmed we will proceed with NRPS manipulation experiments. 
These experiments will employ a directed evolution strategy to 
complement a pyoverdine deficient Pseudomonas aeruginosa strain 
previously constructed by our laboratory with hybrid aerugino-
sa/syringae NRPS modules. Restoration of  pyoverdine fluores-
cence in the mutant strain will provide a screen for functional 
hybrid modules.

1��B
FUNCTIONAL GENOMIC APPROACHES 
TO ELUCIDATE NOVEL TRANSCRIPTIONAL 
REGULATORS WITH A ROLE IN 
PSEUDOMONAS-PLANT INTERACTIONS
J. M. Haynes, G. L. Mark-Byrne, F. O’Gara; BIOMERIT Research 
Centre, Department of Microbiology, University College Cork, 
Cork, IRELAND

There is increasing pressure to reduce the widespread use of  
chemical inputs in agriculture due to growing concerns for 
environmental protection and human health. One alternative 
is the use of  microorganisms such as Pseudomonas that can 
stimulate plant growth and are antagonistic to plant pathogens. 
However, complex interactions in the rhizosphere can limit 
development of  such alternative strategies. Molecular signal-
ling between microbes and their eukaryotic hosts can influence 
both beneficial and pathogenic interactions in the rhizosphere, 
however, little is known about the influence of  plant-derived 
signals on bacterial gene expression and function. To address 
this, a transcriptome profiling study was conducted to investi-
gate the effects of  plant root exudates on global gene expres-
sion in the model organism Pseudomonas aeruginosa PA01 
using Affymetrix™ Genechips® (Mark et al 2005). Exudates 
from two different sugarbeet varieties were selected. Field-
based studies have shown that these varieties select for geneti-
cally and phenotypically distinct resident culturable fluorescent 
pseudomonad populations in the rhizosphere. This study 
identified subsets of  genes that were similarly and differentially 
regulated in response to the exudates. We hypothesise that 
genes with similar alterations in expression in response to both 
root exudates may function in colonisation and competitive 
ability of  Pseudomonas in the rhizosphere, while those with 
differentially altered expression may play a role in plant variety-
specific responses.  One set of  differentially regulated genes 
that was identified encode for probable transcriptional regula-
tors. These genes have been analysed for roles in rhizosphere 
colonisation and a number of  associated phenotypes through 
the use of  strains carrying an insertional mutation in the genes. 
We have identified a gene which influences the degree of  host 
preference during competitive colonisation by Pseudomonas. 
Furthermore, phenotypic analysis has demonstrated that a 
strain with a disruption in this gene is less able to survive under 
conditions of  oxidative stress when compared to the wild type. 
Proteomic analysis has identified a number of  targets regulated 
by this regulatory gene, which indicate a role in modulating a 
response to oxidative stress in Pseudomonas aeruginosa. Mo-
lecular-based investigations into the regulatory role this novel 
gene plays in plant-microbe interactions in the rhizosphere and, 
in particular the plant variety-specific response, is currently 
underway. Furthermore, a homologous gene has been identi-
fied in Pseudomonas fluorescens and extension of  the model 

study to include this plant growth promoting rhizobacteria is 
being investigated. 
Mark, G. L., et al., (2005) Proc Natl Acad Sci USA 102:17454-
17459

1�7A
INVESTIGATION OF THE ROLE OF A NOVEL 
ECF SIGMA FACTOR IN BACTERIAL 
COMPETITION IN THE RHIZOSPHERE DURING 
PSEUDOMONAS-PLANT INTERACTIONS
C. H. Higgins, G. L. Mark-Byrne, F. O’Gara; BIOMERIT Research 
Centre, Department of Microbiology, University College Cork, 
Cork, IRELAND

Conventional agriculture relies on a high input of  chemicals 
such as pesticides and fertilisers to produce consistent high 
crop yields. There is increasing pressure to reduce the addi-
tion of  chemicals into the soil, due to mounting concerns for 
environmental protection and human health. One alternative 
is low-input sustainable approaches such as the use of  plant 
growth promoting bacteria. In this technology limitations still 
exist such as inconsistent metabolite production by bacte-
ria and competition in the rhizosphere. Molecular signalling 
between microbes and their eukaryotic hosts plays a signifi-
cant role in the establishment of  beneficial interactions and 
in pathogenesis. It is accepted that plant-derived extracellular 
signals can influence bacterial behaviour in the rhizosphere 
however, little is known about the effects these signals have on 
bacterial gene expression patterns.  The strategy adopted was 
to investigate the role of  root exudates from two plant varieties 
(Beta vulgaris Celt (BVC) and Roberta (BVR)) on the transcrip-
tome of  P.aeruginosa PA01 using Affymetrix™ Genechips® 
(Mark et al 2005). Field-based studies have shown that these 
two sugarbeet varieties select for genetically and phenotypi-
cally distinct resident culturable pseudomonad populations in 
the rhizosphere. Genes with altered expression in response to 
the plant root exudates were characterised as being similarly or 
differentially regulated.  A subset of  differentially altered genes 
was selected for further study. Of  particular interest was a gene 
encoding a dicitrate transport protein (FecA). In P.aeruginosa 
fecA is located in a gene cluster that is thought to play a role 
in low affinity iron uptake. Genes upstream of  fecA include 
a putative ECF sigma factor and a probable transmembrane 
sensor. Bioinformatic analysis identified homology of  this gene 
cluster to genes encoding for a citrate dependent iron uptake 
system in E.coli (Visca et al 2002; Braun & Braun, 2002). In 
P.aeruginosa, disruption of  the gene encoding the putative ECF 
sigma factor reduced the ability of  the mutant to compete with 
the wild-type in the rhizosphere of  BVC and BVR, grown in a 
gnotobiotic plant trial. Proteomic analysis has identified targets 
regulated by this putative ECF sigma factor. Further molecu-
lar analysis is currently underway to identify the molecular 
mechanisms underpinning the role of  this ECF sigma factor in 
plant-microbe interactions in the rhizosphere. 
Mark, G.L., et al., (2005) Proc Natl Acad Sci USA 102:17454-
17459 
Visca, P., et al., (2002) Mol Microbiol 45:1177-1190 
Braun, V. & Braun, M. (2002) FEBS Lett 529: 78-85
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1��B
IDENTIFICATION OF A NOVEL LYSR-TYPE 
REGULATOR, PTRA, REQUIRED FOR 
PSEUDOMONAS CHLORORAPHIS PA23 
BIOCONTROL
C. Selin, R. Habibian, S. Athukorala, D. Fernando, T. de Kievit; 
University of Manitoba, Winnipeg, MB, CANADA

Pseudomonas chlororaphis strain PA23 is a biocontrol agent 
capable of  suppressing disease caused by the fungal patho-
gen Sclerotinia sclerotiorum. This bacterium produces the 
diffusible antibiotics phenazine-1-carboxylic acid, 2-hydroxy-
phenazine and pyrrolnitrin together with a number of  other 
metabolites believed to contribute to biocontrol. Employing 
transposon mutagenesis, we isolated a mutant (PA23-443) that 
no longer inhibited fungal growth. Sequence analysis revealed 
the Tn had interrupted a LysR-type transcriptional regulatory 
gene, which we designated ptrA (Pseudomonas transcriptional 
regulator). Characterization of  PA23-443 showed a deficiency 
in antibiotic production, reduced protease and autoinducer 
activity as well as aberrant biofilm formation. PtrA regulation 
occurs at the level of  transcription as phzA-lacZ (phenazine) 
and prnA-lacZ (pyrrolnitrin) transcriptional fusions were 
poorly expressed in a ptrA-deficient background. PtrA was also 
found to positively regulate psrA, rpoS, and phzR; thus it might 
indirectly control antifungal metabolite production through 
these other regulators. In addition to being positively autoregu-
lated, GacS controls expression of  ptrA. A second link to the 
Gac system was revealed with the discovery that PA23-443 is 
complemented by gacS in trans. In greenhouse assays, the ptrA 
mutant could not suppress Sclerotinia stem rot of  canola, high-
lighting the importance of  this novel transcriptional regulator 
in PA23 biocontrol.

1�9A
IDENTIFICATION, PATHOGENICITY, AND 
CLONAL DIVERSITY OF BURKHOLDERIA 
CEPACIA COMPLEx STRAINS ISOLATED 
FROM THE RHIZOSPHERE OF ONION AND 
ORGANIC SOILS
J. L. Jacobs, A. C. Fasi, A. Ramette, R. Hammerschmidt, G. W. 
Sundin; Michigan State University, East Lansing, MI

Burkholderia cepacia complex (Bcc) strains are genetically 
related but phenotypically diverse. Bcc strains are important 
opportunistic pathogens in patients with Cystic Fibrosis as well 
as pathogens of  onion and colonizers of  the rhizosphere of  
many plant species. Our objective in this study was to iden-
tify the Bcc species causing onion disease and to examine the 
relationship of  these strains with known clinical and environ-
mental reference strains. Genotypic identification and pathoge-
nicity characterization were performed on Burkholderia cepacia 
complex (Bcc) strains isolated from the rhizosphere of  onion 
and organic soils. A total of  3,798 putative Bcc isolates were 
recovered on PCAT and TB-T semi-selective media during the 
2004 growing season from six commercial onion fields located 
in two counties in Michigan. Putative Bcc isolates were identi-
fied as Bcc by hybridization to a 16S rDNA probe followed 
by duplex PCR using primers targeted to the 16S rDNA and 
recA sequences. A total of  1,290 rhizosphere (980) and soil 

(310) strains were assigned to the species B. cepacia (160), B. 
cenocepacia (480), B. ambifaria (623), and B. pyrrocinia (27), 
by means of  recA (RFLP) analysis. Bcc strains were character-
ized for pathogenicity in an onion bulb scale assay. The onion 
pathogenicity assay revealed symptoms of  watersoaking, mac-
eration and/or necrosis. The extent of  onion bulb scale mac-
eration was rated on a scale of  0-3, with 0 = 0% maceration, 1 
= 1-33% macerated area, 2 = 34-66% macerated area, and 3 = 
67-100% macerated area. The majority of  strains identified as 
B. cepacia (85%), B. cenocepacia (90%), and B. ambifaria (76%) 
exhibited an onion maceration rating of  2 to 3, indicating 
that all of  these species have the potential to cause sour skin 
rot disease of  onion. In addition, B. cepacia, B. cenocepacia, 
and B. ambifaria were isolated from naturally diseased onions 
exhibiting soft rot symptoms typical of  sour skin disease, first 
described by W. H. Burkholder in 1950. This is the first report 
of  B. cenocepacia and B. ambifaria causing sour skin disease in 
onion in the USA. A phylogenetic analysis of  recA sequences 
from representative Bcc type and panel strains along with 
strains collected in this study revealed that the B. cenocepacia 
strains associated with onion grouped within the III-B lineage 
and are most closely related to strain AU1054, a strain isolated 
from a CF patient. This study revealed that the onion rhizo-
sphere is a natural habitat and a potential environmental source 
of  B. cenocepacia. Further genetic variation studies are being 
conducted to compare B. cenocepacia strains associated with 
onion and those of  clinical origin.

1�0B
ARBITRARY PCR FOR RAPID MAPPING OF 
TN� INSERTIONS IN PYOVERDINE GENES OF 
PseuDomonAs	fluoresCens	PF-�
S. Hartney1, J. Loper2; 1Oregon State University, Corvallis, OR, 
2USDA-ARS/Oregon State University, Corvallis, OR

A collection of  13 transposon mutants deficient in pyoverdine 
production was analyzed using an arbitrary polymerase chain 
reaction (PCR) approach to map the sites of  Tn5 insertions in 
the genome of  Pseudomonas fluorescens Pf-5. The arbitrary PCR 
method involved two rounds of  reactions, with the first using 
one degenerate primer and one primer specific for Tn5. The 
degenerate primer was designed to contain a seven nucleotide 
sequence on the 3’ end that occurs commonly in the pyover-
dine biosynthetic region of  Pf-5. The 182-kb region encom-
passing the three pyoverdine gene clusters in the Pf-5 genome 
(Paulsen et al. 2005) was evaluated using the compseq software 
program (European Molecular Biology Open Software Suite) 
to identify a seven nucleotide sequence that occurs 350 times 
(at an average interval of  approximately 600 bp) in this region. 
The random primer was composed (from 3’ to 5’) of  these 
seven nucleotides, 10 random nucleotides, and a previously-
described 20-nucleotide sequence (Das et al. 2005). For the 
second round of  PCR, nested primers were used to amplify 
PCR products from the first round. To date, the Tn5 insertions 
of  nine mutants have been mapped. Five Tn5 insertions are 
in three non-ribosomal peptide synthetase genes: three are in 
PFL_4189 (76% identical to pvdL of  P. aeruginosa PA01); one is 
in PFL_4094 (58% identical to pvdD); and one is in PFL_4093 
(58% identical to pvdI). Three insertions are in PFL_2902, 
which is 55% identical to pvdQ of  P. aeruginosa PA01. Whereas 
pvdQ is located in a pyoverdine gene cluster in P. aeruginosa 
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PA01, PFL_2902 is not clustered with other known pyover-
dine biosynthesis genes in the Pf-5 genome. One of  the Tn5 
insertions resulting in loss of  pyoverdine production by Pf-5 
was localized to a gene not previously known to be involved in 
pyoverdine biosynthesis by Pseudomonas spp. Characterization 
of  this mutant is a subject of  ongoing studies. Arbitrary PCR 
provided an efficient approach to map sites of  Tn5 insertions 
in the genome of  P. fluorescens Pf-5. 
Das et al. 2005. J. Microbiol. Methods 63 :89-94 
Paulsen et al. 2005. Nat. Biotechnol. 23 :873-878

1�1A
EFFECTS OF RSMA ON PHYTOTOxIN 
PRODUCTION BY PseuDomonAs	
syrIngAe PATHOVARS
H. Kong1, C. D. Patterson2, D. P. Roberts2, S. Heeb3, S. Kuehne3, 
J. Lydon2; 1FDA, Laboratory of Method Development , Center 
for Biologics Evaluation and Research, Rockville, MD, 2USDA/
ARS/Sustainable Agricultural Systems Laboratory, Beltsville, MD, 
3Institute of Infection, Immunity and Inflammation, University Park, 
University of Nottingham, Nottingham, UNITED KINGDOM

Posttranscriptional control is known to contribute to the regu-
lation of  secondary metabolism and virulence determinants in 
certain Gram-negative bacteria. A common component in such 
posttranscriptional control is the Rsm (regulator of  secondary 
metabolites) system, which plays a critical role in gene expres-
sion and has a profound effect on bacterial metabolism and 
behavior in many prokaryotic species. Here we report on the 
effect of  RsmA on secondary product production by several 
plant pathogenic Pseudomonas syringae pathovars. Pseudomonas 
syringae pathovars were transformed with pRsmA, a pME6032 
derived construct for the overexpression of  rsmA and/or with 
pSK61, a pME6031 derivative for the constitutive expression 
of  rsmA. Control strains were transformed with the respective 
empty plasmids. Bioassays were used to determine tabtoxin, 
phaseolotoxin, syringomycin, and tagetitoxin production. 
The overexpression of  rsmA resulted in the total inhibition 
of  tabtoxin production by P. syringae pv. coronafaciens Pc27, 
phaseolotoxin production by P. syringae pv. phaseolicola NPS3121, 
syringomycin production by P. syringae pv. syringae B301D, and 
tagetitoxin production by P. syringae pv. tagetis EB037. The same 
effects on toxin production by NPS3121, B301D, and EB037 
were obtained when rsmA was constitutively expressed from 
pSK61. However, some residual tabtoxin was produced by 
Pc27 and P. syringae BR2R. The results demonstrate that rsmA 
plays a significant role in the regulation of  phytotoxin produc-
tion in these P. syringae pathovars. The effects of  rsmA on other 
pathogenicity and virulence factors of  these pathogens are 
being examined.

1�2B
EVOLUTION AND MODE OF ACTION OF 
THE PseuDomonAs	fluoresCens 
SECONDARY METABOLITE 2,� 
DIACETYLPHLOROGLUCINOL
J. P. Morrissey1, O. Gleeson1, J. Moynihan1, F. Boyd2, F. O’Gara1; 
1University College Cork, Cork, IRELAND, 2University of Dela-
ware, Newark, DE

Pseudomonads produce many different secondary metabolites 
and while some are known to improve ecological fitness, and 
others are important for host colonisation or virulence, the 
function and evolutionary origins of  many remain undeter-
mined. We are interested in the polyketide 2,4, diacetylphlo-
roglucinol (DAPG) that is produced by some isolates of  P. 
fluorescens. This metabolite is of  particular interest because 
of  its antifungal properties and strains that produce DAPG 
are associated with natural disease-suppressive soils and with 
biological control applications. Although DAPG is widely 
reported to exert a range of  physiological and inhibitory effects 
on fungi, plants and other eukaryotes, the means by which this 
occurs is not known. We employed the yeast Saccharomyces 
cerevisiae as a model eukaryote to investigate the effects of  
DAPG on eukaryotic cells. Using a combination of  phenotypic 
assays, molecular genetics and molecular physiological probes, 
we established that inhibition of  fungal growth is caused by 
impairment of  mitochondrial function, most likely by targeting 
the F1F0 ATPase. Interestingly, we discovered that DAPG also 
has a second non-ininhibitory effect of  modulating specific 
intracellular signal transduction pathways. When considering 
the possible functions of  DAPG, it is salient that only 1% 
of  strains of  P. fluorescens actually produce this metabolite, 
and a number of  studies have suggested that plants, or even 
plant species or genotypes, may select for this DAPG-positive 
Pseudomonas population. Thus, it may be that production 
of  DAPG is a niche-specific trait that has been evolution-
arily selected in some P. fluorescens strains. We explored the 
evolutionary history of  the DAPG biosynthetic cluster, initially 
taking advantage of  genomic sequence information from 
two producing strains F113 and Pf5, and later expanding our 
study to a geographically diverse collection of  36 strains of  
P. fluorescens. We found that the DAPG biosynthetic cluster 
is ancestral in P. fluorescens and is not a recent horizontal 
acquisition. It appears to have been lost once in the lineage 
that has given rise to the majority of  (DAPG-negative) strains 
of  P. fluorescens. Furthermore, within DAPG-positive strains, 
intragenomic rearrangments have resulted in the DAPG cluster 
being present in at least three distinct genomic loci. These cor-
respond to different phylogenetic clades indicating that these 
rearrangements are also ancient. Interestingly, the best studied 
strains of  P. fluorescens Pf5/CHA0, F113 and SBW25 all 
fall into different phylogenetic clades, perhaps indicating that 
significant functional differences will emerge between these 
strains, and it will be especially interesting to explore how these 
bacteria interact with their plant host.

1�3A
QUANTIFICATION OF 
2,�-DIACETYLPHLOROGLUCINOL 
PRODUCING PseuDomonAs	
fluoresCens IN THE PLANT RHIZOSPHERE 
BY REAL-TIME PCR
O. V. Mavrodi1, D. V. Mavrodi1, L. S. Thomashow2, D. M. Weller2; 
1Washington State University, Pullman, WA, 2USDA-ARS, Pullman, 
WA

A real-time PCR SYBR green assay was developed to quan-
tify populations of  2,4-DAPG-producing (phlD+) Pseudo-
monas fluorescens in soil and the rhizosphere. Primers were 
designed to specifically amplify the phlD gene from four 
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different genotypes (A, B, D, and I) of  phlD+ P. fluorescens 
and PCR conditions were optimized. Standard curves relat-
ing the threshold cycles (Ct) and copies of  phlD gene were 
generated for P. fluorescens strains Pf-5 (genotype A), Q2-87 
(genotype B), Q8r1-96 (genotype D), FTAD1r34 (genotype D) 
and FTAD1r36 (genotype I) with dilution series of  purified 
genomic DNA and with genomic DNA extracted from washes 
of  wheat roots spiked with each bacteria. The detection limit 
of  the optimized real-time PCR assay was 60-600 fg (8-80 
CFU) for genomic DNA isolated from pure cultures of  P. fluo-
rescens, and 600 fg - 6.0 pg (80-800 CFU) for bacterial DNA 
extracted from plant root washes, which corresponds to log 4-5 
phlD+ CFU/rhizosphere. The real-time PCR assay was applied 
for quantification of  phlD+ pseudomonads in the wheat rhizo-
sphere, and regression analysis of  population densities detected 
by both the phlD-specific PCR-based dilution endpoint assay 
and real-time PCR indicated a significant linear relationship (P 
= 0.0016, r2=0.2).

1��B
PseuDomonAs	AerugInosA CATION 
TRANSPORTER PA�021 REGULATES ITS 
VIRULENCE TO BARLEY
A. Ueda, T. K. Wood; Department of Chemical Engineering, Col-
lege station, TX

Plant growth is often inhibited by pathogenic bacterial infec-
tion. The human pathogen, Pseudomonas aeruginosa PAO1, can 
also colonize plant surfaces and cause disease symptoms in 
plants. Although P. aeruginosa is frequently used for pathogenic 
research, discovering pathogenic genes with animal models can 
be expensive, time consuming, and tedious, and animal models 
often do not fully resemble all aspects of  human disease caused 
by bacteria like P. aeruginosa. On the other hand, the interaction 
of  bacteria with plants is often similar to the interactions of  
bacteria with eukaryotes, so it is reasonable that plant models 
may provide a fast, inexpensive, and high-throughput method 
for discovering bacterial virulence factors (Cell. Microbiol. 7, 
315-324, 2005). Here, we identified some putative cation trans-
porters in P. aeruginosa based annotations in the Pseudomonas 
Genome Database and using the BLASTP algorithm, and then 
investigated them as possible virulent factors for barley. We 
utilized a novel barley germination assay we developed during 
our investigation of  the whole genome response of  P. aeru-
ginosa PAO1 in the poplar tree rhizosphere (Microb. Biotechnol. 
in revision, 2007). PAO1 severely suppressed barley germina-
tion, indicating that this strain is a pathogen for barley. On 
the other hand, transposon mutations in three putative cation 
transporter genes, PA1207 (glutathione-regulated K+ efflux 
system), PA5021 (Na+/H+ antiporter), and PA2647 (multigene-
type Na+/H+ antiporter), and one known Na+/H+ antiporter 
gene, PA1820 (nhaB), reduced barley virulence by 4.5-fold, 
3.8-fold, 2.6-fold, and 2.7-fold, respectively. Note the transpo-
son insertions in these mutants were verified by PCR. Among 
these mutants, the PA5021 mutant showed poor growth in 
the presence of  400 mM NaCl or 400 mM KCl, whereas 800 
mM sorbitol did not inhibit the growth of  PA5021 mutant. 
These results indicate that growth of  the PA5021 mutant is 
susceptible to high salinity due to an ion-specific effect, but 
not susceptible to osmotic stress. Hence, PA5021 may encode 
Na+ and/or K+ transporter in P. aeruginosa. Furthermore, the 

PA5021 mutant forms 77% less biofilms in LB medium at 
30°C, and produces less pigment. To assess the early responses 
of  barley in the presence of  the pathogenic bacterium (PAO1) 
or its less pathogenic PA5021 mutant, we examining the barley 
transcriptome after 12 hours of  infection using the Affymetrix 
barley GeneChip which contains 22,500 probe sets.

1��A
ROLE OF SSH�3, �1, ��, AND 127 LOCI IN 
ROOT COLONIZATION BY PseuDomonAs	
fluoresCens Q�R1-9�
D. V. Mavrodi1, V. S. Brok-Volchanskaya2, O. V. Mavrodi1, L. S. 
Thomashow3; 1Washington State University, Pullman, WA, 2G. K. 
Skryabin Institute of Biochemistry and Physiology of Microorgan-
isms, Pushchino, RUSSIAN FEDERATION, 3USDA-ARS, Pullman, 
WA

The goal of  our research is to elucidate the molecular basis of  
the interactions between the host plant and beneficial rhizo-
sphere-inhabiting 2,4-diacetylphloroglucinol (DAPG)-produc-
ing Pseudomonas bacteria. Certain DAPG-producing strains 
of  P. fluorescens colonize plant roots and suppress soilborne 
plant pathogens more effectively than others from which 
they are otherwise phenotypically almost indistinguishable. 
Previously, we employed subtractive hybridization to clone 32 
independent genetic loci present in the superior colonizer P. 
fluorescens Q8r1-96 but not in the less rhizosphere-competent 
strain Q2-87 (Mavrodi et al., 2002). In this study, four of  the 
Q8r1-96-specific loci, designated as ssh53, 61, 85, and 127, 
were sequenced, analyzed and subjected to gene replacement 
mutagenesis. As a result, we recovered mutants in ssh53, 85, 
and 127 genes, while the ssh61 locus, which encodes a puta-
tive transcription regulator of  the AsnC family and a putative 
threonine synthase, could not be mutated, thus suggesting that 
these genes are essential for P. fluorescens Q8r1-96. Sequence 
analyses also revealed that ssh61 and ssh85 represent cases of  
metabolic redundancy and encode paralogs of  amino acid bio-
synthetic enzymes. Loci ssh85 and ssh53 form parts of  a large 
gene cluster for cell surface lipopolysaccharide biosynthesis and 
may have been acquired via horizontal transfer from the op-
portunistic human pathogen P. aeruginosa. The ssh53, 85, and 
127 mutants were characterized phenotypically for 2,4-DAPG 
production, colony morphology, exoprotease and siderophore 
production, carbon and nitrogen utilization, and the ability 
to colonize the rhizosphere of  wheat grown in a natural soil. 
Results of  greenhouse experiments revealed that ssh85 and 
ssh127 are not essential for survival of  P. fluorescens Q8r1-96 
on wheat roots in non-sterile soil. However, one of  the ssh53 
mutants was less competitive than Q8r1-96 in the wheat rhizo-
sphere when introduced into the soil in mixed inoculation with 
the parental strain.
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1��B
FLUORESCENT REPORTER-BASED 
MONITORING OF THE MOLECULAR 
INTERACTION BETWEEN SELECTED PLANTS 
CULTIVARS AND BENEFICIAL 
ROOT-COLONISING PSEUDOMONADS
M. Pechy-Tarr1, L. Rochat1, P. de Werra2, M. Maurhofer2, C. Keel1; 
1University of Lausanne, Lausanne, SWITZERLAND, 2ETHZ, Zur-
ich, SWITZERLAND

The application of  growth-promoting bacteria to plant roots is 
a promising strategy for stabilising crop productivity and health 
under low-input agricultural conditions. Our study focuses 
on the molecular mechanisms of  beneficial interactions of  
root-colonising, disease-suppressive pseudomonads with cereal 
cultivars. We examine to which extent and under which envi-
ronmental conditions select cereal genotypes may improve the 
expression of  relevant plant-beneficial traits in these bacteria, 
in particular efficient root colonisation and antifungal activ-
ity. The overall aim is to select for bacterium-cereal combina-
tions that optimally sustain plant health and vigour, in terms 
of  growth promotion and resistance to root and leaf  diseases 
under low-input conditions. We are focusing on Pseudomonas 
fluorescens strains that are representative of  two major genotypic 
groups of  beneficial pseudomonads naturally present in many 
agricultural soils, one producing multiple antifungal com-
pounds, including diacetylphloroglucinol, pyoluteorin, and pyr-
rolnitrin, and the other producing diacetylphloroglucinol only. 
We have developed a dual-colour reporter strategy that makes 
use of  variants of  the fluorescent proteins GFP and mCherry 
and fluorescence-activated cell sorting for monitoring expres-
sion of  biosynthetic genes for these compounds on plant roots. 
mCherry was used as an internal marker for growth and GFP 
simultaneously as a reporter for antimicrobial gene expression 
within the same bacterial strain. Using this approach, we have 
begun to record gene expression and bacterial root colonisa-
tion levels in the rhizosphere of  a selection of  wheat, spelt and 
triticale cultivars. First results indicate varietal differences that 
are most pronounced between wheat and spelt cultivars and 
are favoured under low-nutrient conditions. To check whether 
a leaf  pathogen attack on a select cereal cultivar may further 
influence antifungal gene expression by P. fluorescens on roots, 
we have developed a pathosystem in which wheat plants are 
infected with the rust fungus Puccinia.

1�7A
PROBING FOR SMALL MOLECULES THAT 
COMPROMISE PSEUDOMONAS SYRINGAE 
VIRULENCE ON ARABIDOPSIS
D. Desveaux, K. Schreiber; University of Toronto, Toronto, ON, 
CANADA

The interactions between plants and their pathogens involve 
a complex array of  molecular events that remain to be fully 
elucidated. We have developed a high-throughput screen in 
order to identify small molecules that reduce the susceptibility 
of  Arabidopsis to infection by the bacterial pathogen Pseudo-
monas syringae. This assay is based on a macroscopic screening 
phenotype and has the potential to identify chemicals with dif-
ferent modes of  action. A number of  compounds have yielded 

positive results in this screen, and the preliminary functional 
characterization of  these chemicals will be discussed.

1��B
INVESTIGATION OF PseuDomonAs 
SPECIES DF�1 BIOCONTROL ACTIVITY
C. Berry, D. Fernando, P. Loewen, T. de Kievit; University of Mani-
toba, Winnipeg, MB, CANADA

Sclerotinia sclerotiorum is an economically important plant patho-
gen that infects over 400 species, including canola (Brassica 
napus L.). Pseudomonas species DF41, which was isolated from 
canola root tips, consistently demonstrates inhibition of  S. 
sclerotiorum in vitro and in greenhouse assays. To investigate 
mechanisms underlying DF41 biocontrol, transposon muta-
genesis was employed. Initial screening of  the Tn library for 
altered antifungal activity and secondary metabolite production 
identified two interesting mutants. Sequence analysis of  the 
first mutant lacking antifungal activity, DF41-1278, revealed 
disruption of  a gene involved in cyclic lipopeptide (CLP) 
biosynthesis. CLP molecules constitute a diverse class of  
compounds with a range of  biological properties including an-
tagonistic activity towards pathogenic fungi, enveloped viruses, 
Gram-positive bacteria, and mycoplasmas. The second mutant, 
DF41-469, was different from the first in that it demonstrated 
reduced exoenzyme production as well a loss of  antifungal 
activity. In DF41-469, the Tn had inserted into a gene encoding 
GacS, which forms part of  the GacA/GacS global regulatory 
system. In greenhouse assays, the gacS and CLP mutants were 
unable to protect canola from S. sclerotiorum infection, con-
firming the importance of  these factors in DF41 biocontrol. 
Studies of  other Pseudomonas species have revealed that the Gac 
system controls a complex hierarchy of  regulatory elements 
including quorum sensing and the stationary-phase sigma 
factor RpoS. Genes encoding RpoS and a newly-identified quo-
rum-sensing system, designated PcoR/I, were isolated and null 
mutants generated. Our findings indicate that CLP production 
and biocontrol activity in DF41 is controlled by a multi-tiered 
cascade of  global regulators, involving GacS, quorum sensing 
and RpoS.

1�9A
PYOVERDINE AND BEYOND: PVDS 
DEPENDENT GENE REGULATION IN 
PseuDomonAs	syrIngAe
B. Swingle1, D. Thete2, M. Moll1, C. R. Myers3, D. J. Schneider1, S. 
Cartinhour1; 1USDA-ARS, Ithaca, NY, 2Department of Plant Pathol-
ogy, Cornell University, Ithaca, NY, 3Cornell Theory Center, Cornell 
University, Ithaca, NY

The extracytoplasmic function (ECF) sigma factor PvdS 
regulates the expression of  genes in Pseudomonas aeruginosa 
encoding virulence factors and the biosynthesis and transport 
of  pyoverdine, a siderophore involved in iron acquisition. The 
production of  pyoverdine is a distinctive trait of  the fluores-
cent pseudomonads and the regulation of  the genes associ-
ated with its biosynthesis and uptake is likely to be conserved 
among this group of  bacteria. We have conducted a global 
search to identify genes regulated by PvdS in Pseudomonas 
syringae pv. tomato DC3000 (DC3000). To accomplish this 
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goal we constructed a model of  the PvdS regulated promoter 
motif  (PvdS-box) by computational analysis of  PvdS-regulated 
promoter regions obtained by screening a DC3000 genomic 
DNA promoter trap library. Scanning the DC3000 genome 
with the PvdS-box model identified 22 high-scoring matches to 
the motif. The validity of  these predictions was verified using 
promoter-reporter fusion assays and/or quantitative real time 
(qRT)-PCR. We found that the majority of  genes linked with 
the motif  were pyoverdine related; however, there was also an 
interesting subset of  genes (~35%) that were not recogniz-
able as being involved with pyoverdine or iron metabolism. In 
addition to its utility in predicting PvdS-regulated genes, the 
PvdS-box model also suggests the identity of  specific bases 
involved in the functional interaction of  PvdS with its cognate 
promoters. We tested this idea using two independent methods. 
First, the location of  the transcription start point downstream 
of  the PvdS-box was identified using 5’-RACE. This analysis 
showed, for 7 regions tested, that the PvdS-dependent tran-
script initiated between 5 and 11 bp downstream of  the motif. 
This result showed that the conserved domains of  the motif  
are correctly spaced relative to the transcription start point to 
function as the -10 and -35 promoter elements. Second, we 
used a PvdS-dependent promoter-reporter fusion construct to 
examine the effect of  nucleotide substitutions within the PvdS-
box. This analysis revealed that mutagenesis of  conserved 
nucleotides within the motif  interferes with the promoter 
function. Collectively these analyses provide strong evidence 
that the PvdS-box motif  identified functional elements of  
DC3000 PvdS-dependent promoters. Finally, comparisons of  
the DC3000 PvdS-box and the existing motifs associated with 
PvdS regulation in P. aeruginosa (eg. IS-box-16(n)-CGT) show 
that they share considerable sequence similarity, consistent with 
the idea that PvdS regulation is conserved among the fluores-
cent pseudomonads. However, our data suggests that there is 
a functional hierarchy between the -10 and -35 domains of  the 
motif  at the nucleotide level.

1�0B
CHARACTERIZATION OF 
OSMOREGULATORY TRANSPORTERS IN 
PseuDomonAs	syrIngAe	AND 
P.	AerugInosA
C. Chen, G. A. Beattie; Iowa State University, Ames, IA

Osmoregulatory transporter systems in bacteria may contribute 
to their adaptation to hyperosmolarity by facilitating the uptake 
of  compounds that can serve as, or be converted to, compat-
ible solutes. These transporters can also enhance tolerance to 
low temperature stress. Many bacterial osmoregulatory trans-
porters have been characterized in gram-positive bacteria and 
some in gram-negative bacteria, but none have been character-
ized in pseudomonads. Genomic sequence data suggests that 
pseudomonads have many potential ABC-family osmoregula-
tory transporters, as well as one to three secondary transporters 
in the betaine/choline/carnitine transporter (BCCT) family. We 
have characterized the full complement of  functional osmo-
regulatory transporters in P. syringae pv. tomato DC3000 and are 
using this information to predict which transporters function 
in osmoadaptation in other pseudomonads. As a pathogen and 
epiphyte of  plants, P. syringae has likely evolved mechanisms 
to exploit plant-derived compounds, such as glycine betaine 

and choline, for osmoprotection. We have demonstrated that 
P. syringae is distinct from P. aeruginosa and other species in the 
superior protection it derives from choline over glycine betaine. 
Choline is probably ubiquitous in plants due to the function of  
its precursor phosphatidylcholine as a major membrane lipid, 
whereas glycine betaine production is not as widespread. We 
identified two ABC-type transporters, OpuC and Cho, that 
take up choline and glycine betaine in DC3000, although Cho 
does so primarily for catabolism. We also identified a BCCT 
transporter, BetT, that transports only choline. BetT is the 
primary contributor to the superior choline protection and has 
a much higher uptake capacity for choline under hyperosmotic 
conditions than other known BCCT transporters, supporting 
the possibility that P. syringae has evolved to survive in relatively 
choline-rich habitats. We demonstrated that tandem cystathio-
nine-β-synthase (CBS) domains in the ATP-binding component 
of  OpuC were required for transporter function. The presence 
of  these CBS domains was correlated with osmoregulatory 
function among the putative transporters examined in DC3000, 
and was found to be predictive of  functional osmoregulatory 
transporters in P. aeruginosa. In specific, a clone encoding the 
predicted P. aeruginosa OpuC functionally complemented a P. sy-
ringae opuC mutant. We also demonstrated functions for two of  
three P. aeruginosa BCCT transporters. These results provide the 
first functional evaluation of  an osmoprotectant transporter 
in a Pseudomonas species and demonstrate the usefulness of  the 
CBS domains as predictors of  osmoregulatory activity. In our 
continuing studies, we are exploring how the substrate specific-
ity and kinetics properties of  these transporters relate to their 
role in P. syringae ecology.

1�1A
SHOTGUN SEQUENCING OF THE 
PseuDomonAs	syrIngAe DC3000 
TRANSCRIPTOME
M. J. Filiatrault, P. A. Bronstein, P. Stodghill, G. A. DeClerck, D. 
J. Schneider, S. Cartinhour; USDA-Agricultural Research Service, 
Ithaca, NY

Pseudomonas syringae pv. tomato strain DC3000 is a bacterial plant 
pathogen capable of  causing disease in tomatoes and Arabi-
dopsis. The genome of  this bacterium has been sequenced, 
however as with other genomes, accurate annotation and de-
termination of  coding vs. non-coding regions has proven to be 
difficult. In order to better characterize the genome and to bet-
ter understand gene regulation of  this pathogen, we employed 
high-throughput pyrosequencing technology to analyze the 
transcriptome of  P. syringae. Total RNA was isolated from bac-
teria grown under iron-limited conditions and ribosomal RNA 
(rRNA) sequences were removed to enrich for mRNA. The 
enriched RNA sample was directly processed and sequenced by 
454 Life Sciences (Branford, CT). Briefly, processing consisted 
of  fragmenting the RNA, converting it to a double-stranded 
cDNA template, amplifying by PCR, and sequencing. Using 
this approach, approximately 26 million bases of  sequence 
were obtained in one sequencing run. BLAST-based compu-
tational methods were developed to filter the large volume of  
sequence data generated. Using these techniques, remaining 
rRNA and repetitive intergenic sequences were identified and 
removed from the data set. The remaining sequences were 
assembled and mapped onto the DC3000 genome. This high-
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throughput sequencing approach provided us with both the 5’ 
and 3’ ends of  the transcripts as well as internal sequences en-
abling us to assemble a partial draft transcript map of  P. syringae 
DC3000. Approximately 30% of  the currently annotated open 
reading frames were found to be expressed under the condi-
tions analyzed. In addition, our high-throughput experimental 
analysis of  the transcriptome provided evidence for the expres-
sion of  hypothetical genes and revealed previously unannotated 
genes as well as candidate small RNAs. RT-PCR was used to 
confirm the expression of  a sample of  transcripts detected 
using 454 sequencing. These results demonstrate that pyrose-
quencing is an efficient approach for large-scale validation of  
gene expression and genome annotation. Since this technology 
has not been previously used to evaluate the transcriptome of  
a bacterium, this technique represents a novel approach for 
transcript mapping in bacteria.

1�2B
ABSOLUTE MRNA QUANTIFICATION OF 
PseuDomonAs	fluoresCens PF-� BY 
QRT-PCR USING UNIVERSAL RNA 
CONTROLS
Z. L. Liu, P. J. Slininger; USDA-ARS, Peoria, IL

Real time quantitative RT-PCR is considered as standard for 
gene expression and mRNA estimate. As a calibration stan-
dard, a conserved control gene such as house keeping genes 
is commonly used for data normalization and analysis. A 
significant problem has been observed with increased applica-
tions, however, that many so called housekeeping genes are not 
consistently performed as a control reference under different 
conditions. Recently, we developed universal external RNA 
controls that can be applied to both microarray and qRT-PCR 
and allowed comparison of  expression data from different 
platforms. This set of  universal RNA controls is a robust stan-
dard and has been applied to yeast and other fungi for absolute 
mRNA quantification successfully. However, limited informa-
tion is available for bacterial applications. In this study, we 
investigate its utilization for Pseudomonas fluorescens Pf-5, a plant 
disease biocontrol agent, in response to different culture condi-
tions for desiccation tolerance studies. Four control genes from 
cattle and soybean and were used. Primers and probes were 
designed for both SYBR Green and TaqMan probes based 
chemistry. The universal controls performed consistently with 
a highly fitted linear regression (R2=0.99) for cycle numbers as 
a function of  log (mRNA) over conditions independent form 
culture conditions, strain sources, and different cell treatments. 
We demonstrate that this universal control provides reliable 
and consistent reference for absolute mRNA quantification of  
P. fluorescens Pf-5. 
 

1�3A
GENOMICS-BASED IDENTIFICATION OF 
VIRULENCE GENES IN PseuDomonAs	
syrIngAe USING MOTIF-BASED SEARCHES 
AND GENOME COMPARISON, AND 
COMMUNICATION OF ONGOING 
FINDINGS VIA THE PSEUDOMONAS-PLANT 
INTERACTION (PPI) WEBSITE
M. Lindeberg, A. Collmer; Cornell University, Ithaca, NY

The availability of  complete genome sequences for three P. sy-
ringae pathovars (P. s. pv. tomato DC3000, P. s. pv. phaseolicola 
1448A, and P. s. pv. syringae B728a) provides unprecedented 
opportunities to explore factors contributing to virulence 
and host-association in these plant pathogenic bacteria using 
motif-based searches and genome comparison. Identification 
of  genes and regulatory elements through association with 
conserved sequence motifs is exemplified by identification of  
~50 and ~30 genes for T3SS-dependent Hop effector proteins 
in Pst DC3000 and Psp 1448A, respectively, on the basis of  
their proximity to conserved “hrp box” regulatory motifs and 
the presence of  T3SS-targeting patterns at the N-termini of  
encoded proteins. These analyses have also led to a compre-
hensive catalog of  the hrpL regulons of  all three pathovars. 
An alternate approach involves identification of  virulence and 
host-association genes through association with horizontally 
transferred and other “non-core” regions within the genome. 
Over 70 such regions were identified in Pst DC3000 on the 
basis of  compositional variation in the nucleotide sequence, 
breaks in genome synteny relative to other P. syringae se-
quences, and differences in the representation of  individual 
genes among 100 other sequenced bacterial genomes. Further 
characterization of  the ~30 of  these regions containing one 
or more members of  the hrp regulon reveals a high incidence 
of  pseudogenes, mobile genetic elements and genes unique to 
the P. syringae pathovars, with several regions being apparent 
“hot-spots” for repeated insertion of  hrp-regulated and other 
virulence-associated genes. As ongoing analyses reveal new 
feaures and functions, timely incorporation of  these findings 
into the genome annotation and communication of  changes to 
the research community is absolutely essential if  the annota-
tion records are to retain their usefulness. To this end, the 
Pseudomonas-Plant Interaction (PPI) website (http://pseu-
domonas-syringae.org) provides a portal for communication 
of  annotation updates (over 400 made since original sequence 
deposition) to Genbank and other databases, as well as tutorials 
and links to relevant tools for genome visualization and analy-
sis. Annotation enhancements described on the site include a 
nomenclatural system and database specific to Hop effector 
proteins as well as a description of  the ongoing development 
and assignment of  Gene Ontology terms for plant-associated 
microbes.
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1��B
GLOBAL TRANSCRIPTIONAL RESPONSES 
OF PseuDomonAs	syrIngAe DC3000 
TO CHANGES IN IRON BIOAVAILABILITY IN 
VITRO
P. A. Bronstein1, M. J. Filiatrault1, B. Kim2, M. Moll1, M. Rutzke1, 
M. L. Shuler2, D. J. Schneider1, S. Cartinhour1;  
1USDA-ARS, Ithaca, NY, 2Cornell University, Ithaca, NY

Pseudomonas syringae pv. tomato DC3000 (DC3000) is a model 
bacterial pathogen of  tomato and Arabidopsis thaliana. Under-
standing the environmental conditions and genetic mecha-
nisms that control the expression of  virulence-related genes 
is a central for understanding how this phytopathogen causes 
disease. In this study we examined the transcriptional changes 
of  DC3000 grown in iron-limited and iron-replete minimal 
media. We found that iron is a limiting reagent in minimal 
media, which supports expression of  known virulence factors 
in DC3000. Additionally, we found by qRT-PCR that the ad-
dition of  iron to the media resulted in increased expression 
of  many virulence-related genes, including type III secretion 
system and phytotoxin biosynthetic pathways. To examine 
the global regulatory effects that iron exerts on DC3000, we 
monitored changes in transcription in a shift from iron-limited 
to iron-replete growth conditions. In order to focus the analysis 
on the effects of  iron and minimize other growth effects, we 
optimized culture conditions for batch growth in a bioreactor 
system to tightly monitor and/or control temperature, pH, and 
dissolved O2. In these experiments either iron citrate or so-
dium citrate was added to logarithmically growing cultures of  
DC3000 in iron-limited minimal media and samples were taken 
at 30 minutes and four hours after the addition of  the supple-
ments. Iron levels in the media and the bacterial pellets from 
each time point were measured by inductively-coupled plasma 
emission spectrometry (ICP-ES). RNA was isolated from the 
cultures, processed, and analyzed using Affymetrix-style oligo 
arrays from NimbleGen. In addition, intracellular iron levels 
were correlated to the transcriptional activity of  these cultures. 
The microarray analysis confirmed the iron-dependent expres-
sion of  siderophores, putative TonB-dependent siderophore 
receptors, virulence-related genes as well as identified differ-
ential expression of  several ECF-type sigma factors, two-com-
ponent regulatory systems and a number of  uncharacterized 
genes. From this study we conclude that iron in an important 
mediator of  gene expression in the plant pathogen P. syringae 
pv. tomato DC3000.

1��A
THE PLANT SIGNAL SALICYLIC ACID SHUTS 
DOWN ExPRESSION OF THE vIr REGULON 
AND ACTIVATES QUORMONE-QUENCHING 
GENES IN AgrobACterIum.
Z. Yuan, E. W. Nester; University of Washington, Seattle, WA

Agrobacterium tumefaciens is capable of  transferring oncogenic 
T-DNA into plants which leads to the formation of  crown 
gall tumors. This transfer requires that the virulence genes (vir 
regulon) be induced by plant secreted phenolic signals such as 
acetosyringone under acidic conditions. Salicylic acid (SA) is 
a key signal in regulating plant defense against pathogens. A 

recent study has shown that in Pseudomonas aeuruginosa PA14 SA 
down-regulates fitness and the formation of  virulence factors, 
and affects attachment and biofilm formation. Here we show 
that SA can directly shut down the transcription of  Agrobacte-
rium virulence genes. SA specifically inhibited the transcription 
of  the Agrobacterium virA/G two-component regulatory system 
which tightly controls the transcription of  the vir regulon in-
cluding the repABC operon on the Ti plasmid. We provide evi-
dence suggesting that SA attenuates the function of  the VirA 
kinase domain. Moreover, independent of  its effect on the vir 
regulon, SA upregulates the attKLM operon which functions in 
degrading the bacterial quormone N-acyl homoserine lactone. 
Plants defective in SA accumulation were more susceptible to 
Agrobacterium infection, whereas plants over-producing SA were 
relatively recalcitrant to tumor formation. Our results illustrate 
that SA, besides its well-known function in regulating plant 
defense genes, can also interfere directly with several aspects of  
the Agrobacterium infection process.

1��B
CHARACTERIZATION OF THE 
PseuDomonAs GENUS OF BACTERIA FOR 
PLANT-PARASITIC NEMATODE CONTROL
H. Aly, J. Kamalay, and C. G. Taylor Donald Danforth Plant Science Cen-
ter, St. Louis, MO 

Plant-parasitic nematodes are among the most destructive plant pests, caus-
ing substantial economic losses to agronomic crops worldwide.  Current 
methods of bacterial-biocontrol of plant-parasitic nematodes have met with 
limited success in part due to limited knowledge about mechanisms of 
biocontrol and biotic factors important to rhizosphere persistence.  Using a 
C. elegans bioassay we have screened over 10,000 bacterial isolates from 
a variety of sources (water, soil, plants) and identified over 60 different 
isolates of Pseudomonas that interfere with nematode growth and devel-
opment.  A third of these strains exhibit activity in plate and soil assays 
against root-knot and soybean cyst nematodes.  We have characterized the 
nematode-active Pseudomonas isolates for exoprotease activity, sidero-
phore production, motility, polysaccharide production, fluorescence, and 
production of small biocontrol molecules (DAPG, phenazine, pyrrolnitrin 
pyoluteorin and hydrogen cyanide) to determine if commonalities exist 
among the plant-parasitic nematode lethal strains.  Using a transposon 
knockout strategy, we identified several C. elegans non-lethal isolates for 
Pseudomonas strain 15G2.  Sequence analysis of the transposon-tagged 
genes in non-lethal 15G2, identified genes involved in HCN production and 
regulation.  Testing of the non-lethal transposon tagged isolates for HCN 
production showed significant reduction in HCN production.  Additionally, 
in vitro root-knot nematode tests showed limited or no activity against RKN 
while the wild-type Pseudomonas 15G2 strain showed lethality to both RKN 
and C. elegans nematodes.  These data indicate that HCN is potentially an 
important compound with activity against RKN as well as C. elegans and 
demonstrates that C. elegans is a useful model system for studying plant-
parasitic nematode control using Pseudomonas.
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P. AERUGINOSA INFECTIONS AND 
TREATMENT OPTIONS

1�7A
DEVELOPMENT AND CHARACTERIZATION 
OF ANTIMICROBIAL CECROPIN-MELLITIN 
HYBRID PEPTIDE, CM1�
H. Sato, J. B. Feix; Medical College of Wisconsin, Milwaukee, WI

Background: Antimicrobial peptides (AMPs) exist ubiquitous-
ly as an innate defense system in a broad range of  host species, 
including insects, amphibians, and mammals. Association of  
AMPs (12 to 50 amino acids) with bacterial cells is followed by 
disruption of  cytoplasmic membranes, leading to cell death. 
Another type of  antibacterial mechanism involves changes in 
synthesis and function of  intracellular targets, such as cell walls, 
nucleic acids, and proteins. In addition, some cationic AMPs 
play a role in modulation of  host innate immunity. Thus devel-
opment of  novel AMPs and investigation of  their antimicro-
bial mechanisms may lead to candidates for therapeutic agents 
against microbial infections, including those caused by tradi-
tional antibiotic-resistant bacterial species such as Pseudomonas 
aeruginosa, and for modulation of  the immune response. In this 
study we have examined the antibiotic efficacy and character-
istics of  a 15-amino acid chimeric peptide of  cecropin and 
mellitin (CM15) and its derivative peptides on various bacterial 
species, including nosocomial infection-causing strains. Meth-
ods: CM15 and derivatives were synthesized using Fmoc-based 
solid-phase methods. Microbial cell killing was measured with 
96-well broth-dilution (MIC) and CFU assays. Cytotoxicity to 
eukaryotic cells was determined by hemolysis and MTT cell 
proliferation assays. Electron paramagnetic resonance (EPR) 
was used to analyze peptide structure and membrane binding. 
Results: The MICs of  wild-type CM15 for E. coli, P. aeruginosa, 
S. aureus, S. epidermidis, and K. pneumoniae were 2 µM or less. 
Substitution of  amino acids in CM15 with cysteine, one residue 
at a time, did not increase its antiibacterial activity. However 
several derivatives constructed to modify the distribution of  
cationic charges in the α-helical structure of  CM15 retained 
antibacterial activity comparable to the wild type and had 
reduced cytotoxicity to red blood cells and macrophage cell 
lines. Conclusions: CM15 and its derivatives exhibit potent 
antibacterial activity against a broad range of  bacterial species, 
including drug-resistant strains. Analogs have been identified 
that retain strong antimicrobial activity but have significantly 
reduced toxicity. Identification of  CM15 analogs with high 
activity and decreased toxicity is a first step in the development 
of  improved antibiotic peptides.

1��B
DIFFERENCES IN GENOTYPE, SEROTYPE 
AND PATHOGENICITY BETWEEN CLINICAL 
AND MARINE ISOLATES OF PseuDomonAs	
AerugInosA
H. Shinomiya1, L. Nonaka1, N. H. Khan2, K. Kogure2, Y. Ishii3, Y. 
Asano1, S. Suzuki1; 1Ehime University, Matsuyama, JAPAN, 2Uni-
versity of Tokyo, Tokyo, JAPAN, 3Toho University, Tokyo, JAPAN

Porin protein OprP of  Pseudomonas aeruginosa has been 
detected in seawater throughout the world’s oceans (1, 2), and 
this bacterium has recently been isolated from ocean waters, 
suggesting this species inhabits ubiquitously in the marine 
environment (3, 4). The ocean isolates form an independent 
genotype cluster from clinical, river and animal-origin isolates 
(4). It is of  interest whether ocean isolates are pathogenic from 
the viewpoint of  medical issues and microbial ecology. In this 
study, to clarify the pathogenic properties of  marine isolates, 
we examined the possession of  6 pathogenic genes and mortal-
ity of  the isolates to mice. Twenty-eight isolates, including 18 
from marine environments (10 from the open ocean and 8 
from coastal aquaculture area) and 10 from clinical sources, 
were used in the present study.  Genotyping was performed 
by pulsed-field gel electrophoresis (PFGE) for all isolates, and 
the results showed that open ocean isolates were composed 
of  a few genotypes, being different from the other isolates. 
The serotypes of  ocean isolates were also very restricted while 
those of  other isolates showed more variation. Results of  gene 
detection showed that all marine isolates possessed quorum 
sensing genes, lasl, lasR, and rhlR, and type III secretion genes 
pcrV and exoT, as well as clinical isolates. But exoS was not 
detected from all ocean isolates. This possibly indicates that 
the ocean isolates lack exoS. A previous study (5) reported that 
exoS is commonly present in soil isolates. Our results were 
different from the soil isolates, suggesting that the marine type 
is quite different from other environmental inhabitants. In an 
experimental infection study, open ocean strain 1176 showed a 
42% lethal effect (5/12), whereas standard strain PAO1 showed 
83% (10/12). This suggests that the marine type is pathogenic, 
although it was weaker than the clinical type. Growth and ad-
aptation properties of  P. aeruginosa in the marine environment 
will be further characterized in the near future. 
(1) Geochim. Cosmochim Acta, 59, 2643 (1995) 
(2) Mar. Ecol. Progr. Ser., 158, 1 (1997) 
(3) Microbial Ecol., 47, 41 (2003) 
(4) Microbial Ecol., 53, 173 (2007) 
(5) Infect. Immun., 69, 2198 (2005)

1�9A
PREVENTION OF PseuDomonAs	
AerugInosA INFECTIONS: IDENTIFICATION 
AND CHARACTERIZATION OF AN 
IMMUNOMODULATORY COMPOUND 
FROM P. AERUGINOSA
M. Kesarwani1, K. Padfield1, E. Deziel2, J. Goverman1, Q. Zhang1, 
F. Lepine2, L. G. Rahme1; 1Massachusettes General Hospital, Bos-
ton, MA, 2INRS Institut Amand-Frappier, Laval, PQ, CANADA

Pseudomonas aeruginosa continues to escape treatment and 
eradication as it readily develops resistance to multiple antibi-
otics and therefore it is imperative to identify new preventive 
and therapeutic strategies for P. aeruginosa treatment. Our goal 
is to develop therapies to halt or limit P. aeruginosa infection. 
Since bacterial-host interactions are mediated by large sets of  
bacterial virulence factors that modulated immune response, 
we hypothesized that the immunomodulatory activity of  these 
compounds can be used to prime host defense to prevent 
or limit bacterial infections. We have identified a molecule 
naturally produced by Pseudomonas that prevents the lethal-
ity caused by its own infection. Injection of  this compound to 
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mice 4 days prior to infection with P. aeruginosa in a burn and 
infection mouse model showed 90% survival compared to 10% 
survival of  untreated mice. The protection is long lasting and 
confers resistance to infection upto 30 days post treatment. 
Additionally, pretreatment of  mice with the compound causes 
delayed development of  inflammation in neonatal mouse lung 
infection model. The protection conferred by the compound 
is specific as analogs of  the compound did not show similar 
protection. Whole genome expression profile showed that it 
can modulate immune system, as it up-regulates expression of  
genes involved in immune response, hematological systems 
development, and cell-cell signaling. Moreover, this molecule 
down-regulates inflammatory response genes in the burn and 
infected mice. It is not toxic to eukaryotic cell therefore, offers 
an alternative strategy for management of  Pseudomonas infec-
tion.

170B
NEW OxA-102, AN ExTENDED-SPECTRUM 
VARIANT OF OxA-2 BETA-LACTAMASE, 
IDENTIFIED IN A CLINICAL STRAIN OF 
PseuDomonAs	AerugInosA
A. E. Laudy1, R. Wolinowska1, J. Patzer2, S. Tyski1; 1Medical Uni-
versity of Warsaw, Warsaw, POLAND, 2Children’s Memorial Health 
Institute, Warsaw, POLAND

Objectives: The OXA beta-lactamases are frequently observed 
in clinical isolates of  P. aeruginosa. This group of  enzymes is 
entirely resistant to inhibition or is poorly inhibited by clavu-
lanic acid, except OXA-18. Up to now three OXA-2 deriva-
tives (OXA-15, OXA-32 and OXA-34) have been described 
among OXA-type ESBLs. Most of  the oxa genes are located on 
class 1 integrons.  In this study we analyzed gene blaOXA-102 and 
characterized the activity of  a new extended-spectrum variant 
of  OXA-2 beta-lactamase.  Methods: The presence of  class 
1 integron and genes coding OXA-type enzymes within P. ae-
ruginosa strains and E. coli transformants was detected by PCR. 
Gene cassettes were identified by sequencing the obtained 
amplicons. In cloning experiments the pBCKS(+) plasmid was 
used. E. coli XL1-Blue MRF carrying recombinant plasmid was 
selected on chloramphenicol-containing agar. The presence 
of  ESBL in P. aeruginosa strains and E. coli transformants was 
screened by a double discs test with inhibitors: clavulanic acid, 
sulbactam, tazobactam and imipenem. The MICs of  antibiotics 
were determined by the CLSI agar dilution method. 
Results: In one strain from Warsaw hospital a new extended-
spectrum variant of  OXA-2 beta-lactamase (named OXA-
102) was found. The gene blaOXA-102 encoding new ESBL was 
present on class 1 integron. Complete nucleotide sequence was 
obtained (NCBI GenBank Acc. No EF552405). In OXA-
102, comparing to OXA-2, one amino acid substitution was 
observed (Gly162Ser). This clinical isolate producing OXA-102 
exhibited an inhibitor-sensitive phenotype. The new gene bla-
OXA-102 was cloned and its expression in E. coli was performed. 
Several recombinant E. coli pBCKS(+) strains were obtained on 
chloramphenicol-containing agar plates. One of  them, which 
also grown on ampicillin agar plate was deeply analyzed. The 
activity of  this E. coli transformant to ceftazidime was inhibited 
by clavulanic acid, sulbactam and imipenem. Comparing to 
OXA-2, the new enzyme, has wider cephalosporinase activity 
- hydrolyzes ceftazidime.  Conclusion: The new extended-

spectrum variant of  OXA-2 beta-lactamase (named OXA-102) 
encoded by integron-located gene was identified in P. aeruginosa 
clinical isolate. The substitution Gly162Ser in OXA-2 variant 
led to susceptibility of  new beta-lactamase to inhibition by 
clavulanic acid, sulbactam and imipenem. Moreover, OXA-102 
is a new extended-spectrum beta-lactamase which hydrolyzes 
ceftazidime.  This study was supported by Ministry of  Science 
and Higher Education Scientific Grant # 2PO5D01830.

171A
MOLECULAR EPIDEMIOLOGY OF THE 
LONGITUDINAL COURSE OF THE 
PseuDomonAs	AerugInosA INFECTION 
IN CYSTIC FIBROSIS
N. Cramer1, S. Horatzek1, L. Wiehlmann1, G. Wagner2, O. Ciofu3, 
N. Hoiby3, B. Tuemmler1; 1Hannover Medical School, Hannover, 
GERMANY, 2Clondiag Chip Technologies, Jena, GERMANY, 3Rig-
shospitalet, Copenhagen, DENMARK

Sequential Pseudomonas aeruginosa isolates from cystic fibrosis 
(CF) patients treated at two large CF clinics were collected 
since the onset of  colonisation over a period of  20 years and 
then genotyped by a high-throughput DNA chip that allows 
the identification of  the P.aeruginosa genotype by SNP-typing 
and the repertoire of  the accessory genome.  The distribu-
tion of  the clones from CF lungs was compared with the 
global population structure of  P.aeruginosa.  1. Whereas in one 
CF clinic a convergence of  strains towards two uncommon 
clones was observed, the distribution of  clones in the other CF 
clinic matched that of  the global population. In other words 
dominant clones in the global population were also frequently 
isolated from CF lungs.  2. The extent of  adaptive radiation 
positively correlates with a milder clinical course.  3. Severity 
of  the chronic P.aeruginosa infections in CF lungs could be dif-
ferentiated by clade, i.e. the clinical virulence differed by clade.  
These findings suggest that the stratification of  P.aeruginosa 
strains by clade and clone is a useful adjunct for bacteriological 
diagnostics of  CF specimens.

172B
A LUCIFERASE TAGGING SYSTEM FOR 
INVESTIGATING P.	AerugInosA INFECTION 
AND GENE ExPRESSION IN REAL TIME In 
vItro AND In	vIvo
H. Mulcahy1, C. U. Riedel2, P. G. Casey2, E. P. O’Grady1, J. 
O’Callaghan1, C. Hill2, C. Adams1, C. G. Gahan3, F. O’Gara1;  
1BIOMERIT Research Centre, Department of Microbiology, Uni-
versity College Cork, Cork, IRELAND, 2Alimentary Pharmabiotic 
Centre, Department of Microbiology, University College Cork, 
Cork, IRELAND, 3Alimentary Pharmabiotic Centre, Department of 
Microbiology and School of Pharmacy, University College Cork, 
Cork, IRELAND

Pseudomonas aeruginosa is an important opportunistic patho-
gen, capable of  causing both acute and chronic infection. The 
pathogenicity of  P. aeruginosa is attributable to the produc-
tion of  numerous virulence factors, the regulation of  which is 
tightly controlled. Although a number of  factors are recognised 
as playing a role in colonisation, little is known regarding the 
mechanisms responsible for the co-ordinated regulation and 
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expression of  genes involved in infection. Animal models of  
infection provide remarkable insights into the infection process 
and allow in-depth evaluation of  the role of  particular bacte-
rial genes, via knockout mutants and expression analysis, in 
establishing infection in vivo. This work describes the use of  
a luciferase based vector, p16Slux, which integrates into the 
chromosome of  P. aeruginosa and drives the expression of  lux-
ABCDE (Qazi et al 2001) from a synthetic promoter (Phelp) 
(Riedel et al 2007). The use of  luminescently labelled bacteria 
allows better visualisation and tracking of  the infection process 
in living animals, non-invasively and in real-time. Integration of  
p16Slux in the chromosome of  P. aeruginosa (PA01::p16Slux) 
is stable for up to 50 generations of  growth in the absence of  
antibiotic selection and had no effect on growth, swarming 
or colonisation ability in a mouse model of  acute pneumonia. 
These experiements demonstrate that luminescent labelling of  
P. aeruginosa generates highly luminescent bacteria visible in 
the lungs and other organs of  live, anethesised, acutely infected 
mice 18 hours post intra-nasal infection.  Additionally deriva-
tives of  p16Slux, which utilise a Tn7 based integration system 
are described. These vectors allow for constitutive expression 
of  LuxABCDE under the control of  Phelp or promoters of  
genes of  interest to be translationally fused to luxABCDE. 
This data clearly establishes the effectiveness of  p16Slux, 
and derivatives thereof, as a reporter system for the real-time 
non-invasive evaluation of  gene expression, infection ability 
or colonisation of  P. aeruginosa strains in animal and other in 
vivo and in vitro infection models. 
Qazi, S.N. (2001) Infect Immun. 2001 Nov;69(11):7074-82. 
Riedel, C.U.(2007) Appl Environ Microbiol. 2007 Mar 9

173A
STM BARCODING MUTANTS FOR 
EVOLUTION AND GENETIC ADAPATION 
OF THE P.	AerugInosA HYPERVIRULENT 
LESB�� STRAIN IN THE RAT MODEL OF 
CHRONIC LUNG INFECTION
F. Sanschagrin1, C. Paradis-Bleau1, N. R. Thomson2, C. Winstan-
ley3, R. C. Levesque1; 1Université Laval, Québec, PQ, CANADA, 
2Wellcome Trust Sanger Institute, Hinxton, UNITED KINGDOM, 
3University of Liverpool, Liverpool, UNITED KINGDOM

Pseudomonas aeruginosa is a model bacterium for studying op-
portunistic pathogens that can adapt to any hostile environ-
ment and survive alien conditions such as in the lung. The 
factors needed for acute infection are generally well understand 
whereas those needed to live long term within the host in 
chronic infection mode are unknown. The PCR-based STM 
was used for high throughput screening of  a collection of  
10,000 P. aeruginosa LESB58 mutants in a rat model of  chronic 
respiratory infection. After 7 days postinfection 250 LESB58 
STM mutants were retained as attenuated in lung infection. 
Mutants were divided into 2 classes on the basis of  a null or 
barely detectable PCR product suggesting either a highly or 
moderately attenuated phenotype. Mapping the insertion points 
of  Tn5tet and Tn5tetGFP in 60 LESB58 highly attenuated 
mutants led to identification of  genes found in a previous STM 
of  PAO1, genes unique to PAO1 and LESB58-specific genes 
for in vivo maintenance. DNA sequencing revealed insertions 
in most known gene classes used to characterize sequenced 
bacterial genomes. We noted that 30% of  STM mutants identi-

fied to date had insertions in hypothetical proteins and in sev-
eral surface proteins. We identified insertions in genes coding 
for proteins implicated in motility, attachment, alginate, iron 
uptake, secretion and transport such as in CupA3, FtsX, FliR, 
in 4 transcriptional regulators, in 7 OMP-permease-transport-
ers, PscH Type III, PhuR iron uptake, PschE, pyochelin OruR, 
GloA, TolA, MucB, a prophage tail protein, ArgS, an homo-
logue of  integrase, RecB and in phage-related proteins. These 
include insertions within novel phage-related gene clusters (lo-
cated in the LESB58 genome between the equivalent of  strain 
PAO1 ORFs PA4138/PA4139 and PA3663/3664. Finally, 
we identified many genes, the activity of  which in respiratory 
infection was not fully appreciated.

17�B
ELUCIDATING MECHANISMS OF 
RESISTANCE BY PseuDomonAs	
AerugInosA TO THE CATIONIC PEPTIDE, 
COLISTIN
J. Cummins1, C. Baysse2, F. Reen1, F. O’Gara1; 1University College 
Cork, Cork, IRELAND, 2Rennes University, Rennes, FRANCE

Pseudomonas aeruginosa, a Gram-negative opportunistic pathogen, 
is one of  the main causes of  nosocomial infections, infecting 
individuals with severe burns, AIDS, and cancer. P. aeruginosa 
is known to cause increased morbidity in individuals suffering 
from cystic fibrosis (CF) and more recently has also received 
attention due to its resistance to a wide variety of  conventional 
antibiotics resulting from an intrinsically impermeable outer 
membrane and multi drug resistance efflux pumps (Nikaido, 
1998). This has lead to an increased interest for cationic antimi-
crobial peptides (CAMPs) as potential therapeutic molecules. 
CAMPs are ubiquitous in nature, and are key components of  
the innate immune response. They are the first lines of  defence 
against infecting microbes (Zhang et al., 2004) and are known 
to interact with the outer membrane through binding to lipid 
A acyl chains of  the LPS, increasing membrane permeability. 
Some P. aeruginosa and Staphylococcus aureus CF isolates produce 
a variant LPS that renders the bacterial cells less susceptible 
to CAMPs (Guo et al., 1998; Ernst, 1999) and the existence 
of  several CAMP resistance mechanisms is likely, although 
many of  these remain to be identified, placing constraints on 
current therapies.  In an attempt to understand the interaction 
between CAMPs and bacteria, and therefore, identify factors 
involved in emergence of  resistance, we utilized DNA microar-
ray technology to investigate the influence of  sub-inhibitory 
concentrations of  colistin on the transcriptome of  P. aeruginosa. 
Our results indicate that sub-inhibitory concentrations of  
colistin result in transcriptional changes in several functional 
classes of  genes; these global changes involve biofilm forma-
tion, transport, virulence and defense response. The array 
data was validated and confirmed both by semi-quantitative 
RT-PCR and phenotypic assay. In a complementary approach, 
a Tn5 mutant bank was exposed to a high concentration of  
colistin and tolerant mutants were selected and identified by 
inverse PCR. Functional characterization of  these genes, which 
include transcriptional regulators and a two-component system, 
is currently under investigation. This study provides evidence 
of  previously undescribed mechanisms by which colistin exerts 
its antimicrobial activity, identifying the precise targets affected, 
and by which bacteria may evade this activity via activation/re-
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pression of  gene expression. This knowledge will also facilitate 
the development of  more efficient antimicrobial peptides or 
synergistic compounds to counteract the acquired resistance to 
colistin by P. aeruginosa. 
Nikaido, H., 1998. Current Opinions in Microbiology 5: 516-23 
Zhang et al, 2004. Expert Opin. Investig. Drugs, 13(2): 97-106 
Guo L, et al 1998 Cell, 95(2): 189-98 
Ernst et al, 1999. Science, 286(5444): 1561-5

17�A
CHARACTERIZATION OF 
BACTERIOPHAGE-RELATED GENE CLUSTERS 
IN THE GENOME OF A CYSTIC FIBROSIS 
EPIDEMIC STRAIN OF PseuDomonAs	
AerugInosA
J. L. Fothergill1, C. A. Hart1, M. J. Walshaw1, N. R. Thomson2, T. L. 
Pitt3, C. Winstanley1; 1University of Liverpool, Liverpool, UNITED 
KINGDOM, 2Wellcome Trust Sanger Institute, Cambridge, UNITED 
KINGDOM, 3Health Protection Agency, London, UNITED KING-
DOM

The transmissible Liverpool Epidemic Strain (LES) of  P. 
aeruginosa has been associated with causing greater morbidity 
of  CF patients, superinfection and the infection of  non-CF 
parents of  a CF patient. It is possible that genes carried in the 
accessory genome of  this strain may play an important role in 
its unusual characteristics. Using data from the ongoing LES 
genome sequencing project, we have identified four prophage-
related gene clusters. These include a cluster resembling the 
genome of  the transposable bacteriophage D3112. A second 
prophage-related gene cluster partially matched the genome 
of  bacteriophage D3, but with major rearrangements in gene 
order. The other two prophage-related gene clusters were 
novel to the LES.  Using PCR assays, it was possible to screen 
for the presence of  these gene clusters amongst a panel of  26 
LES isolates and 19 non-LES strains. In addition, we screened 
for the presence of  active bacteriophages by analyzing DNase 
I-treated, filtered supernatants from overnight cultures. The 
D3112-like gene cluster was present in the genomes of  all LES 
isolates tested but was found in only two non-LES strains. 
D3112 sequences could be detected in filtered, DNase I-treated 
supernatants of  25 of  the 26 LES isolates. The D3-like gene 
cluster was identified in the genomes of  only eight of  the 26 
LES isolates. In the same eight isolates, D3-like sequences 
could also be detected in filtered, DNase I-treated superna-
tants.  Sequences from the novel LES1 phage-related gene clus-
ter were amplified from the genome of  23/26 LES isolates and 
in the supernates of  18/23 isolates. The second novel phage-
related gene cluster, LES6, was found in the genomes of  all 26 
LES isolates. However, it was only detected in the supernates 
of  12.  It is well documented that bacteriophages can carry 
genes that aid the virulence of  bacteria. The presence of  these 
four bacteriophage gene clusters in the LES could contribute 
to its success as a widespread epidemic strain in the UK.  This 
work was undertaken under the framework of  the UK CF Mi-
crobiology Consortium, an initiative funded by the Big Lottery 
Fund in association with the Cystic Fibrosis Trust.

17�B
COMPARATIVE ANALYSIS OF 
PseuDomonAs	AerugInosA STRAINS, 
ALTERED IN THEIR ABILITY TO CAUSE ACUTE 
INFECTION, IN RESPONSE TO BRONCHIAL 
EPITHELIAL CELLS
J. O’Callaghan1, H. Mulcahy1, P. G. Casey2, C. Baysse1, E. P. 
O’Grady1, C. Hill2, C. Adams1, C. G. Gahan3, F. O’Gara1;  
1BIOMERIT Research Centre, Department of Microbiology, Uni-
versity College Cork, Cork, IRELAND, 2Alimentary Pharmabiotic 
Centre, Department of Microbiology, University College Cork, 
Cork, IRELAND, 3Alimentary Pharmabiotic Centre, Department of 
Microbiology and School of Pharmacy, University College Cork, 
Cork, IRELAND

Pseudomonas aeruginosa is a highly adaptable organism 
capable of  colonizing a wide variety of  niches. It is known 
that P. aeruginosa exerts tight regulatory control over gene and 
protein expression in order to counteract epithelial defense 
mechanisms to facilitate the establishment of  infection. Re-
cently, we have shown that the post-transcriptional regulator 
RsmA plays a role in controlling a number of  traits associated 
with the acute stage of  P. aeruginosa infection. These include 
RsmA-mediated regulation of  the type III secretion with 
subsequent effects on invasion of  and cytotoxicity towards hu-
man airway epithelial cells in an in vitro infection model. Here, 
novel data will be presented demonstrating the importance of  
RsmA in colonization and dissemination in vivo in a mouse 
model of  acute pneumonia. To further characterize the global 
effects of  RsmA during the initial interaction of  P. aeruginosa 
with host tissues, comparative proteomic analysis was carried 
out on PAO1 and an isogenic rsmA mutant strain (PAZH13). 
Total protein profiles were generated from PAO1 and PAZH13 
after 1.5 h interaction with human airway epithelial cells in 
order to specifically identify proteins with significantly altered 
expression during infection of  bronchial epithelial cells. Rigor-
ous statistical analysis was performed to identify differentially 
expressed proteins on samples isolated from two independent 
biological experiments, which included three technical repli-
cates. This enabled the classification of  differentially regulated 
proteins as follows: (1) PAO1 compared to PAO1 in the pres-
ence of  epithelial cells; (2) PAZH13 compared to PAZH13 
in the presence of  epithelial cells; (3) and PAO1 compared to 
PAZH13 in the (4) absence and (5) presence of  epithelial cells. 
Differentially regulated proteins included those involved in 
stress response (e.g. HtpG, heat shock protein), those involved 
in iron-scavenging (eg. PvdO and PvdF, pyoverdine synthesis) 
and outer membrane porins (e.g. OprD). A functional genom-
ics approach is currently being employed using mutant strains 
in the established in vitro infection model. Screening of  the 
selected mutants will enable the identification of  genes that 
play a novel role during bacterial-epithelial cell interactions.
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177A
EARLY INTERACTION BETWEEN 
PseuDomonAs	AerugInosA AND 
POLARIZED HUMAN BRONCHIAL EPITHELIAL 
CELLS
A. Lo, M. Bains, S. Gellatly, C. Cosseau, R. E. Hancock; University 
of British Columbia, Vancouver, BC, CANADA

Pseudomonas is the most common cause of  chronic lung infec-
tions leading to death in cystic fibrosis patients. Interaction 
between pathogens and the host is a very complex process 
and successful adaptation requires tight control of  virulence 
factor expression. The aim of  our project was to look for early 
changes in global gene expression in response to attachment to 
epithelial cells. P. aeruginosa PAO1 was incubated with polarized 
HBE cells at a MOI of  50 for 4 hours and bacteria attached to 
epithelial cells (interacting) were collected separately from those 
in the supernatant (non-interacting). To minimize media effects 
observed by others, iron and phosphate were supplemented at 
appropriate levels to avoid expression changes occurring due 
to limitation of  these nutrients, as confirmed in our microarray 
experiments. Analysis of  5 independent experiments demon-
strated that 88 genes were significantly up- or down-regulated 
during attachment. Among these, 45 genes, including genes 
involved in pilus biosynthesis (pilA, pilR) and type three secre-
tion system (exsA), were down regulated in the interacting 
bacteria and 43 genes, including flgD, were up regulated. These 
up regulated genes included fimbrial subunit cupB6, which 
is located in the same operon as cupB1, a possible non-pilin 
adhesin as confirmed in an adherence assay (cupB1 mutants had 
approx. 65% adherence c.f. wild type to A549 cells). A cyto-
toxicity (LDH release) assay demonstrated that exsA and pilA 
mutants were less capable of  killing HBE epithelial cells than 
wild type. These results suggest that, under these interaction 
assay conditions, there is an advantage provided by regulating 
certain virulent factors for successful adaptation. Furthermore, 
non-pilin adhesins might have a significant role in attachment 
when pilA, a crucial adhesion factor, is down regulated after the 
initial contact. These array results are currently being con-
firmed by real-time PCR. Looking at the impacts on host cells, 
we could demonstrate that Pseudomonas and its flagella could 
up regulate immune responses in epithelial cells and this could 
be suppressed by commensal bacteria decreasing IL6, IL8, and 
GROa production.

17�B
AN “ADHESIVE CHIP” APPLICABLE TO 
ADHESOME STUDY DURING 
PseuDomonAs	AerugInosA BIOFILM 
FORMATION AND INFECTION IN CF
C. S. Bernard, C. Bordi, E. Termine, A. Filloux, S. de Bentzmann; 
CNRS-IBSM-UPR9027, Marseille cedex 20, FRANCE

Pseudomonas aeruginosa lung infection is the major cause of  mor-
bidity and mortality in patients with cystic fibrosis (CF) which 
usually begins in childhood and is responsible for respiratory 
failure and death in most CF patients. P. aeruginosa surface-as-
sociated community called biofilm facilitates both bacterial 
colonization and survival in CF airways. The identification and 
the definition of  a sequential expression of  P. aeruginosa genes 

involved in biofilm development (adhesome) are important fea-
tures to prevent biofilm formation during CF disease. Increas-
ing genomic data are available to identify new macromolecular 
systems that play a role in P. aeruginosa biofilm formation. These 
different systems are present in multicopies on the published 
genomes and are probably acting in a synergistic way during the 
critical stages of  biofilm development. There are also consid-
erable sets of  data describing their controlled expression by 
complex regulatory networks during biofilm development.  To 
have a global view of  the expression of  these systems during 
the different stages of  CF infection as well as during the tem-
poral in vitro biofilm development, we engineered a dedicated 
microarray. This “Adhesive Chip” contains genes encoding 
structural elements of  the different macromolecular systems 
involved in adhesion and biofilm development: fimbriae as-
sembled by chaperone-usher systems (Cup), pili assembled by 
type IVa and IVb machineries, flagellum, exopolysaccharide 
(EPS) matrices (alginate, Pel, Psl, …), lectins, adhesive mol-
ecules secreted by type Va (autotransporters), type Vb (Two-
Partner secretion systems) and type I secretion systems. This 
corresponds to 126 genes identified in the PAO1, PA14 and 
PAK strains. Using PCR, 108 genes were amplified from a P. 
aeruginosa PAO1 gene collection cloned into an entry vector of  
the Gateway system and 18 were PCR-amplified from genomic 
DNA. Each PCR product possesses an oligonucleotide tag that 
serves as an internal control for DNA spotting and for further 
normalization. Before miniaturization, this “Adhesive Chip” 
has been validated by a comparison of  the expression level of  
these genes in PAO1 and the retS derivative strain. The cDNA 
synthesized using random primers and radiolabelled dCTP 
was hybridized with target spots onto nylon membrane and 
further transcriptome analysis revealed that our transcriptional 
profiles were superimposable to those obtained with pange-
nomic microarrays.  Characterizing the adhesome of  freshly 
and sequentially isolated CF strains will help to determine how 
the clinical outcome of  CF patients and the temporal evolution 
of  their capacity to form a biofilm are linked. We hypothesized 
these informations will lead to improve the prognosis and the 
care of  CF patients but also to prevent biofilm formation dur-
ing CF disease. 
This work was supported by the French Cystic Fibrosis Funda-
tion VLM.

179A
ISCR-MEDIATED REGULATION OF KATA 
ACTIVITY IS REQUIRED FOR PEROxIDE 
RESISTANCE AND VIRULENCE OF 
PseuDomonAs	AerugInosA PA1�
Y. Choi, D. Shin, Y. Cho; Sogang University, Seoul, REPUBLIC OF 
KOREA

Pseudomonas aeroginosa is an opportunistic human pathogen, 
whose major catalase (KatA) is critical for the resistance to 
peroxide and osmotic stresses as well as for the full virulence in 
both Drosophila and mouse. We have isolated the iscR (PA3815) 
gene encoding the iron-sulfur cluster assembly regulator as one 
of  the genes required for peroxide resistance. IscR was also 
important in paraquat resistance, but not involved in osmopro-
tection. As the katA mutant, the iscR mutant was virulence-at-
tenuated in Drosophila and mouse peritonitis models. The iscR 
mutant displayed the reduced KatA activity at posttranscrip-
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tional level, and the hyper-susceptibility to peroxide and para-
quat was restored by extra copy of  katA as well as iscR. These 
results suggest that the appropriate regulation of  iron sulfur 
cluster assembly governed by IscR is curcial for the functional 
expression of  KatA and subsequent response to oxidative chal-
lenge as well as virulence of  P. aeruginosa.

1�0B
ROLE OF CELL TO CELL SIGNALLING IN 
VIRULENCE OF PseuDomonAs	
AerugInosA IN MURINE MODEL OF 
ExPERIMENTAL PYELONEPHRITIS
R. Mittal, S. Sharma, S. Chhibber, K. Harjai; Panjab University, 
Chandigarh, INDIA

Quorum sensing signals have been proposed to play most 
important role in the pathogenesis of  respiratory tract and 
burn wound infections caused by Pseudomonas aeruginosa. This 
pathogen has been reported to monitor its cell density as well 
as expression of  virulence determinants by quorum sensing 
signal mechanisms operative through autoinducers. However 
no reports are available in literature where role of  these signals 
have been studied in relation to P. aeruginosa induced pyelone-
phritis. The present investigation was planned to study role 
of  quorum sensing molecules in experimental pyelonephritis 
employing standard parent strain (PAO1) possessing functional 
quorum sensing systems (both las and rhl) and its isogenic mu-
tant strains, single mutant deficient in production of  lasI and 
double mutant deficient in production of  both lasR and rhlR. It 
was observed that quorum deficient mutant strains were signifi-
cantly less virulent as compared to quorum sensing producer 
parent strain during the course of  infection assessed in terms 
of  renal bacterial load, neutrophil recruitment, malionaldehyde 
production and alteration in renal pathology. The present study 
brings out that cell to cell signaling plays most significant role 
in development of  pyelonephritis caused by P. aeruginosa.

1�1A
DISRUPTION OF A MULTIGENE-TYPE NA+/H+ 
ANTIPORTER (SHA) CAUSES THE DEFECT IN 
THE ExPRESSION OF VIRULENCE GENES IN 
PseuDomonAs	AerugInosA
S. Kosono, K. Haga, T. Kudo; Riken, Wako, Saitama, JAPAN

The P. aeruginosa Sha is a multigene-type Na+/H+ anti-
porter encoded by a cluster of  shaAB and CDEFG (PA1054 
to PA1059, respectively). We previously reported that the Sha 
antiporter is responsible for a major homeostatic capacity 
of  sodium ion (Na+) and is involved in the virulence of  P. 
aeruginosa (1). We here determined the effect of  disruption of  
the Sha antiporter on gene expression in the transition phase 
of  growth, focusing on virulence genes. A mutant of  shaAB 
(PA1054) shows a NaCl-sensitive growth and a decreased 
ability in Na+ extrusion because of  the loss of  the Sha func-
tion (1). We performed lacZ reporter assay and western blot 
analysis and revealed that in the shaAB mutant, induction of  
the stationary sigma factor RpoS was inhibited by the presence 
of  0.3 M NaCl in LB-based conditions, while the level of  the 
vegetative sigma factor RpoD was not affected. The NaCl ad-
dition at the timing of  transition from vegetative to stationary 

phase also blocked the induction of  RpoS, but no more inhibi-
tion was observed by the addition at 2 h after the transition. 
Activation of  quorum sensing (QS), both Las and Rhl systems, 
was also blocked by the presence of  0.3 M NaCl in the shaAB 
mutant. Consistently, elastase activity and pyocianin produc-
tion, which depend on Las and Rhl systems, respectively, were 
decreased in the mutant in the presence of  NaCl. Biofilm 
formation of  the mutant was also affected by the presence of  
NaCl. Microarray analysis revealed that the transcription of  
many virulence genes, most of  which are RpoS and/or QS-
dependent, was decreased in the shaAB mutant in a NaCl-de-
pendent manner. These results suggest that disruption of  the 
Sha antiporter in combined with NaCl will prevent the gene 
expression in the stationary phase including virulence genes. 
We consider that the attenuated virulence of  the shaAB mutant 
is partially because of  the NaCl-dependent inhibition of  the 
expression of  virulence genes. The possibility is suggested that 
fine control of  cytoplasmic Na+ level may be important for 
transition into the stationary phase in P. aeruginosa, as in the 
case of  Bacillus subtilis (2). 
1. Kosono, S. et al. (2005) J Bacteriol 187, 5242-5248. 
2. Kosono, S. et al. (2000) J Bacteriol 182, 898-904.

1�2B
THE PseuDomonAs	AerugInosA	
PIGMENT PYOCYANIN INHIBITS THE DUAL 
OxIDASE-MEDIATED ANTIMICROBIAL 
DEFENSE SYSTEM IN HUMAN AIRWAYS
B. Rada; National Institutes of Health, Rockville, MD

Human airways are protected against air-borne pathogens by 
numerous antimicrobial systems. One is the Dual oxidase/
Thiocyanate/Lactoperoxidase system (Duox/SCN-/LPO). 
LPO in the airway liquid interface uses hydrogen peroxide to 
convert SCN- anions into potent antimicrobial hypothyocanite 
anions (OSCN-). This system has been recognized on mucosal 
surfaces for decades, but the source of  H2O2 was unclear. Our 
laboratory suggested Dual oxidases (Duox1 and Duox2), two 
plasma membrane NADPH oxidases detected in mature muco-
sal epithelial cells, to be H2O2-secreting enzymes that support 
mucosal LPO activity. Recently, others showed that Duox-de-
rived H2O2 along with LPO can kill microbes on primary lung 
epithelial cells of  mammalian origin, including human. This 
system is effective against Pseudomonas aeruginosa (PA), a typical 
pathogen in chronic pulmonary infections and cystic fibrosis. 
Pycoyanin, one of  the bacterium’s virulence factors attracted 
our attention, since it is a pro-oxidant that can reduce cellular 
NAD(P)H levels while producing intracellular superoxide. We 
studied the effects of  pyocyanin on Duox activities and the 
function of  the Duox/SCN-/LPO system. Using the human 
lung carcinoma cell line NCI-H292 as a model, we showed 
time- and dose-dependent Duox expression and hydrogen 
peroxide formation induced by three different cytokines: IL-4, 
IL-13 and IFN-gamma. Pyocyanin isolated from wild-type 
PA inhibited up-regulation of  Duox by these cytokines. Both 
Duox protein levels and H2O2 production were inhibited in a 
dose-dependent manner. Experiments in which pyocyanin was 
added during Duox activation revealed a concentration-depen-
dent inhibition of  extracellular H2O2 production by cytokine-
induced NCI cells, which occurred with simultaneous increases 
in intracellular superoxide production. Other experiments using 
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primary human bronchial airway epithelial cells (hBAEC) also 
showed strong inhibition of  either ATP- or ionomycin-induced 
H2O2 production by pyocyanin. Wild-type PA was efficiently 
killed by the Duox/SCN-/LPO system in hBAECs in our 
hands, while addition of  purified pyocyanin blocked this kill-
ing even at very low concentrations. Our data suggest a novel 
role for pyocyanin in the survival of  Pseudomonas aeruginosa in 
human airways. Pyocyanin interacts with the efficient Duox/
SCN-/LPO innate immune system by consuming intracellular 
NAD(P)H in epithelial cells and by inhibiting induction of  
Duox-expression by both Th1 and Th2 cytokines.

1�3A
POLYCISTRONIC MRNAS FROM FUSED 
GENE CASSETTES BLAGES-1/AACA� AND 
BLAGES-�/AACA� INSERTED IN CLASS 1 
INTEGRONS FROM PseuDomonAs	
AerugInosA CLINICAL ISOLATES FROM 
BRAZIL
É. L. Fonseca, A. P. Vicente; Fundação Oswaldo Cruz, Rio de 
Janeiro, BRAZIL

Pseudomonas aeruginosa is an opportunistic pathogen associ-
ated with nosocomial infections. Class 1 integrons are capable 
of  inserting, excising and rearranging gene cassettes by site-
specific recombination. These structures have a promoter re-
gion (Pc) which controls expression of  gene cassettes inserted 
in integron. Gene cassettes are promotorless units, generally 
coding for antibiotic resistance enzymes, associated with a 
recombination site (attC) that allows independent mobilization, 
and acts as transcription terminator. Fused gene cassettes are 
uncommon and are characterized by a shortened attC linking 
the two units. In our recent publication, class 1 integrons car-
ried by clinical P. aeruginosa (PS1, PS26 and PS37) isolated in 
2001 from different patients and hospitals placed in a Brazilian 
Northeast state were fully characterized. Sequencing revealed 
an integron harboring a new orf  (orf126) followed by the fused 
cassettes blaGES-1/aacA4 (PS1 and PS26) and another with 
the fused blaGES-5/aacA4 (PS37), both GES genes associ-
ated with a truncated attC of  only 19-bp long. The aim of  this 
study was to verify if  the fused cassettes blaGES-1/aacA4 and 
blaGES-5/aacA4 present in class 1 integrons from clinical P. 
aeruginosa are expressed by Pc as unique transcripts. RT-PCR 
reactions were performed targeting integrase gene and fused 
cassettes. As controls, adjacent non-fused cassettes (aacA4-bla-
OXA-2) inserted in an integron from PS298 were tested for the 
presence of  mono and polycistronic mRNAs. All isolates were 
positive for integrase, indicating these integrons are functional. 
PS1, 26 and 37 were positive for the fused cassettes blaGES/
aacA4 (~900 bp) suggesting the presence of  a unique tran-
script. PS298 showed RT-PCR positive results for blaOXA-2 
and aacA4 separately but not for a polycistronic mRNA. These 
findings altogether is a clue that attC site acts as a transcription 
terminator, and showed the importance of  a complete version 
to play this role. The translation of  these mRNAs was not ac-
cessed in this study, however the presence of  an ESBL and an 
aminoglycoside genes been transcribed together brings about 
the possible emergence of  multiresistant bacterial isolates in 
a one-step fashion. In conclusion, this study was the first to 
detect a polycistronic mRNA arising from fused resistance 
cassettes, generated by truncated blaGES attC sites, inserted in 

class 1 integrons.

1��B
PQSE, A KEY PseuDomonAs	AerugInosA 
VIRULENCE FACTOR DOES NOT REQUIRE 
PQS OR OTHER HAQS TO FUNCTION
G. Xiao1, R. Hazan1, J. He1, G. Apidianakis1, L. François2, S. 
Milot2, E. Déziel2, L. G. Rahme1; 1Massachusetts General Hospital, 
Boston, MA, 2INRS-Institut Armand-Frappier, Laval, PQ, CANADA

Pseudomonas aeruginosa is an opportunistic, multi-drug resis-
tant, pathogen that in addition to humans infects other hosts, 
including plants and insects. This pathogen is the principle 
agent of  sepsis in burn patients; of  persistent drug-refractile 
lung infections; and of  mortality in cystic fibrosis (CF) patients 
and other immunocompromised individuals.  The transcrip-
tional regulator MvfR plays a critical role in P. aeruginosa 
pathogenicity via its target genes in the pqs operon. The pqs 
operon contains 5 genes, where pqsA-D are responsible for the 
production of  about 50 4-hydroxy-2-alkylquinolines (HAQs). 
Two of  them, the Pseudomonas quinolone signal (PQS) and its 
precursor HHQ, were found to act as MvfR ligands required 
of  its activation that results in the positive activation of  a 
large arsenal of  virulence factors including, hydrogen cyanide, 
pyocyanin, lectins, elastase and various other proteases.  pqsE 
is the last gene of  the pqs operon, and although is co-regu-
lated with pqsA-D genes it is not involved in the synthesis of  
HAQs. PqsE is predicted to encode a putative hydrolase that 
belongs to the β-lactamase super-family; and pqsE mutants 
are highly attenuated in virulence in yeast, flies and mice. 
Comprehensive transcriptome analysis of  a pqsE deletion and 
pqsE over-expression in an mvfR background shows that most 
MvfR-regulated genes depend on PqsE function, including 
genes encoding for pyocyanin biosynthesis, virulence factors, 
and oxidative stress response. Furthermore, over-expression of  
pqsE in mvfR or pqsA backgrounds results in the production 
of  pyocyanin, indicating that PqsE does not require HAQs 
for proper function. We have ruled out the possibility that 
PqsE participates in the biosynthesis of  pyocyanin by showing 
that pyocyanin could be produced by over expression of  the 
phz operon (pyocyanin production genes) in a pqsE mutant 
background. We have also found that PqsE indirectly regulates 
the expression of  antioxidant enzymes through the pyocyanin 
generated H2O2 and O2, with the former in turn to regulate 
the expression of  the highly pqsE-regulated genes, mexGHI-
OpmD, encoding a putative efflux pump. These results reveal 
a key role for PqsE in the regulation of  the MvfR regulon-de-
pendent genes and provide novel insights into the mechanism 
of  regulation of  pyocyanin and mexGHI-OpmD, and its rela-
tion to oxidative stress response, suggesting novel therapeutic 
targets to limit bacterial pathogenicity.

1��A
ANAEROBIC METABOLISM GENE DELETION 
INCREASES THE TOLERANCE VERSUS 
TOBRAMYCIN TREATMENT IN 
ExPERIMENTAL PSEUDOMONAL 
PNEUMONIA
D. Croisier, B. Martha, M. Foissac, A. Larribeau, L. Piroth, P. Cha-
vanet; University Hospital, EA 562, DIJON, FRANCE
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The anaerobic metabolism in Pseudomonas aeruginosa (PA) is 
known as an important factor of  resistance to aminoglycosides. 
Some in vitro studies have shown an increased susceptibility to 
tobramycin (TM) in PA lacking anaerobic metabolism.  Objec-
tives: To test if  a lack in the anaerobic metabolism is associated 
with a more pronounced efficacy of  a TM treatment in a PA 
experimental pneumonia.  Methods: Pneumonia was induced 
in immunocompetent rabbits either by the PAO1 strain or its 
isogenic anr - mutant. A two day-treatment with once a day TM 
was humanized by using computer controlled infusion.  Re-
sults: MIC were 1 mg/l for both strains. TM Cmax and Cmin 
were in mean 30mg/l and 1 mg/l, respectively. The pulmonar 
pathology and bacterial content were the same in controls 
without treatment (8.35 ± 0.47 CFU/g for anr- and 8.14 ± 0.18 
CFU/g for PAO1). The bacterial concentrations in lungs after 
TM treatment were 7.9 ± 0.36 CFU/g for anr- and 5.9 ± 0.21 
CFU/g (p<0.01) for PAO1. Since the results were significantly 
influenced by the inoculum level, a multivariate analysis was 
performed in order to adjust the results on this parameter. 
The estimates (p<0.01) were as follows: anr- = 0.88 ± 0.18; 
TM = -0.86 ± 0.13.  Conclusions: The efficacy of  TM on the 
pneumonia induced by PAO1 is weak but significant. Surpris-
ingly, the deletion of  anr increases the tolerance of  PA after a 
TM treatment in vivo. Perhaps the pathological situation results 
in a microaerobic environment that allows PA to survive rather 
than grow. However, the inoculum effect seems to be the main 
factor relative to TM efficacy. These levels of  bacterial concen-
tration are close to those observed in human bronchopulmonar 
PA infections. The anr gene doesn’t seem to exhibit alone a 
real impact on the PA persistence in vivo when exposed to TM. 
Further studies are warranted to identify which mechanisms are 
relevant in vivo to explain PA resistance.

1��B
EPIDEMIOLOGY OF 
COLISTIN-ONLY-SENSITIVE (COS) 
PSEUDOMONAS AERUGINOSA STRAINS 
FROM BRAZIL USING THE MULTILOCUS 
SEQUENCE TYPING (MLST)
É. L. Fonseca, F. S. Freitas, A. P. Vicente; Fundação Oswaldo 
Cruz, Rio de Janeiro, BRAZIL

Pseudomonas aeruginosa has a great biochemical and ecologi-
cal versatility. SPM-1 is a metallo-b-lactamase that confers 
resistance to carbapenems. This gene has been identified only 
in a P. aeruginosa clone dispersed through different Brazil-
ian regions. Multilocus sequence typing (MLST) is a univer-
sal, unambiguous and reproducible technique that accurately 
discriminates bacterial lineages allowing comparison between 
laboratories. The aim of  this study was to use MLST for typing 
colistin-only-sensitive (COS) P. aeruginosa isolates from Brazil, 
including SPM-1 harboring strains. Twenty-three strains were 
recovered between 2001 and 2006 from different patients and 
hospitals in Maranhão and Rio de Janeiro, two distinct Brazilian 
geographic regions. Seven loci (acsA, aroE, guaA, mutL, nuoD, 
ppsA, trpE) were used for MLST analysis as proposed. These 
genes were amplified by PCR, directly sequenced and submit 
to the P. aeruginosa MLST database to determine the sequence 
type (ST) and allelic profile http://pubmlst.org/paeruginosa). 
The ST of  an isolate is established considering the group of  
alleles found for acsA/aroE/guaA/mutL/nuoD/ppsA/trpE. 

Previous PFGE analysis determined the clonal structure of  
isolates harboring SPM-1and it was confirmed by MLST 
analysis. The colistin-only-sensitive (COS) P. aeruginosa strains 
belong to two STs. The SPM-1 clone has the allelic profile 
39,X,9,11,27,5,2. This profile is found in strains from Mara-
nhão and Rio de Janeiro. Other COS strains from Maranhão 
presented the profile 17,5,12,3,14,4,7 which corresponds to ST 
244. Interestingly, this same ST was found in an isolate from 
United Kingdom, and also forming a clonal complex with ST 
145 and ST 336. This clone presented a class 1 integron with 
the gene cassette array aacA4-blaOXA-2-orfD. SPM-1 clone 
presented a rare allelic profile. The clonality revealed between 
SPM-1 strains from Maranhão and Rio de Janeiro showed 
the amazing capacity of  dispersion and transmission of  this 
lineage. In our study, PFGE and MLST demonstrated the same 
resolution power in establishing relatedness between isolates. 
Here, we showed the efficacy of  MLST as a typing method that 
allows, easily, the comparison of  isolates. This was the first P. 
aeruginosa epidemiological study applying MLST performed in 
South America.

1�7A
IN VIVO EFFICACY OF HUMANIZED 
INTERMITTENT VERSUS CONTINUOUS 
CEFTAZIDIME IN COMBINATION WITH 
TOBRAMYCIN IN AN ExPERIMENTAL 
PSEUDOMONAL PNEUMONIA
D. Croisier, B. Martha, A. Larribeau, L. Piroth, P. Chavanet;  
University Hospital - EA 562, DIJON, FRANCE.

Ceftazidime (CAZ) and tobramycin (TM) are believed syn-
ergistic for pseudomonal infections. However, the mode of  
infusion of  CAZ is still debated.  Objectives: to investigate the 
efficacy of  CAZ (intermittent versus continuous infusion) and 
TM either alone or in combination.  Methods: experimental 
pneumonia was induced in immunocompetent rabbits by the 
Pseudomonas aeruginosa PA14 strain. The two-day treatments 
were humanized by using computer controlled infusions that 
mimick : intermittent CAZ (iCAZ, 2g tid), continuous CAZ 
(cCAZ, 4g qd) and TM (10 mg/kg qd).  Results: MIC were 1 
mg/l and 4 mg/l for TM and CAZ, respectively. Cmax-Cmin 
were 80-2.6 mg/l and 30-0.5 mg/l for pCAZ and TM respec-
tively. The cCAZ serum levels were 31 ± 8 mg/l. AUC was 
410 for both CAZ treatments. Bacterial efficacy was as follows: 
Monotherapy: control : 9 ± 0.6 CFU/g, TM: 8 ± 0.5 CFU/g, 
iCAZ: 7.8 ± 1.4 CFU/g, cCAZ: 8 ± 0.4 CFU/g; in combina-
tion with TM: iCAZ: 8 ± 0.5 CFU/g, cCAZ: 7.2 ± 0.3 CFU/g 
(p<0.05). In spleen CFU/g (% of  sterile), monotherapy: con-
trol: 4 ± 1.6 CFU/g (0), TM: 1.7 ± 1.2 CFU/g (60), iCAZ: 3.5 
± 0.5 CFU/g (16), cCAZ: 1.5 ± 0.6 CFU/g (75) ; in combina-
tion with TM : iCAZ: 2.1 ± 0.6 CFU/g (50), cCAZ : 1.2 ±0.3 
CFU/g (82) (p<0.05). T>MIC were 62% vs 99% for iCAZ 
and cCAZ, respectively. No mutants were found in surviving 
bacteria.  Conclusions: CAZ (either alone or in combination 
with TM) is more effective when continuously administered, 
especially for both the sterilization of  septicemia. An in vivo 
synergy is observed with the association CAZ-TM, which can 
be explained by the longer T>MIC of  cCAZ. These findings 
suggest that a 4g continuous CAZ treatment could be appro-
priated in patients with PA infections, especially by controlling 
septicemia and probably failure rate and mortality.
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1��B
SCREENING OF P.	AerugInosA MUTANT 
LIBRARIES FOR POTENTIAL CATIONIC 
ANTIMICROBIAL PEPTIDE TARGETS
J. D. Hale, K. Hilpert, R. E. Hancock; Univeristy of British Colum-
bia, Vancouver, BC, CANADA

Pseudomonas aeruginosa is a medically important pathogen that 
lives ubiquitously in the environment. The onset of  antibiotic 
resistant variants of  P. aeruginosa identified in clinical settings 
suggests other antimicrobial options should be investigated. 
Cationic Antimicrobial Peptides (CAPs) are small amphipa-
thic positively charged peptides that are produced by all living 
eukaryotic organisms and exhibit either immunomodula-
tory or anti-microbial properties. CAPs have been shown to 
have an inhibitory spectrum that includes both gram classes 
of  bacteria, viruses, fungi and parasites making this class of  
antibiotic an attractive alternative to currently used therapies. 
While the majority of  CAPs affect killing through the disrup-
tion of  membrane integrity within a bacterial cell it has been 
shown that other alternative intracellular targets may also exist. 
Previously our laboratory designed synthetic CAPs based on a 
linearized variant of  the naturally occurring bovine neutrophil 
CAP bactenecin. To investigate what P. aeruginosa proteins/
pathways these CAPs may be targeting we chose active syn-
thetic CAP variants and used them to screen two P. aeruginosa 
mutant libraries (PA01, mini-Tn5::luxCDABE n=10000 and 
PA14, comprehensive mutant library, n=6000) at 2<X MIC in 
an agar based system. We were looking for mutants expressing 
a resistant phenotype which could be indicative of  potential 
target sites for these CAPs. A number of  mutants were identi-
fied against each CAP with CAP E6 having the most mutants 
against PA01 and E2 against PA14. Resistant mutants identified 
included ccpR (encoding the cytochrome C551 peroxidase) as 
well as many genes with putative roles (such as iron transport 
and efflux proteins) or as-yet unidentified genes. Furthermore, 
some (of  the uncharacterized) mutants appeared to be cross 
resistant to other CAPS suggesting that this may be a com-
mon target site. In summary, our results suggest that CAPs can 
probably act on many protein targets within a cell and could 
prove as effective alternative therapies in treating P. aeruginosa 
infections.

1�9A
FLUOROQUINOLONES AND 
AMINOGLYCOSIDES USE LEADS TO THE 
EMERGENCE OF MULTI-DRUG RESISTANT 
MExxY/OPRM-OVERPRODUCING 
PseuDomonAs	AerugInosA
D. Hocquet1, A. Muler2, K. Blanc1, P. Plésiat1, D. Monnet2, D. 
Talon1, X. Bertrand1; 1CHU Jean Minjoz, Besancon, FRANCE, 
2Statens Serum Institut, Copenhagen, DENMARK

Objectives: Overproduction of  the MexXY-OprM efflux pump 
in P. aeruginosa (PA) results in increased resistance to major 
anti-pseudomonal compounds such as aminoglycosides (AGs), 
fluoroquinolones (FQs) and cefepime (FEP). This mechanism 
is very prevalent (up to 40%) among clinical isolates. However, 
the conditions that favor the emergence of  MexXY-OprM-
overproducing mutants (PA/XY+) in the hospital setting re-

main unclear. We therefore analysed the temporal relationship 
between the prevalence of  PA/XY+ and antibiotic use, and 
then compared the results to in vitro selection experiments.  
Methods: The monthly incidence of  PA/XY+ per 1000 pa-
tient-days was determined between 2001 and 2005 (3,800 iso-
lates) from our laboratory susceptibility database (% of  isolates 
with a low-level resistance to all the tested AGs). We conducted 
time-series analysis of  monthly incidence of  PA/XY+ and 
monthly consumption of  every antibiotic classes in our hos-
pital. In parallel, the ability of  each antibiotics available in our 
hospital (n=32) at 1 or 2 MICs to select for PA/XY+ mutants 
was determined in vitro with reference strain PAO1 and with 7 
wild-type clinical strains. Detection of  PA/XY+ was done by 
replicating resistant clones on MH plates containing gentamicin 
(5 mg/L) or FEP (5 mg/L). The PA/XY+ in vitro mutants 
were further characterized phenotypically (resistance phenotype 
and its 2 weeks-stability) and genotypically (mexY expression 
quantification by RT-PCR and sequencing of  regulator gene 
mexZ).  Results: The adjusted Linear Transfer Function model 
showed a significant relationship between the AGs and the 
FQs use series and the PA/XY+ series. Conversely, a nega-
tive correlation was found between the non-antipseudomoal 
cephalosporins or antipseudomonal penicillins use series and 
PA/XY+ series. There was no correlation between the FEP 
use, which is very low in our hospital (<0.5 DDD/100 PD), 
and PA/XY+ series. Overall, the model explained 70.1 % of  
the variability of  the resistance series. In vitro, PA/XY+ were 
readily selected from both PAO1 and clinical strains by all 
the tested FQs (n=3), AGs (n=3) and FEP at a frequency of  
3 x 10-8 to 9 x 10-7.  Conclusion: Our results first show that 
time-series analysis is an efficient tool for the survey of  a given 
resistance mechanism. This study indicates that PA/XY+ are 
mostly selected by AGs and FQs in the hospital setting. This 
provides good evidence that MexXY-OprM overproduction 
confers significant in vivo resistance to AG and FQ. PK/PD 
simulations and clinical studies have shown that the broad-
spectrum resistance of  these mutants could reduce the efficacy 
of  therapies involving substrates of  the MexXY-OprM efflux 
pump (i.e. FEP, AGs and FQs). Clinicians and microbiologists 
must be aware of  this hidden multi-drug resistance readily se-
lected in P. aeruginosa by common antibiotics (FQs and AGs).

190B
ENGINEERED R-TYPE PYOCINS AS BROAD 
SPECTRUM THERAPEUTICS FOR 
PseuDomonAs
D. Scholl, D. Gebhart, S. Williams; AvidBiotics, South San Fran-
cisco, CA

R-type pyocins are narrow spectra, high molecular weight, 
phage tail-like bacteriocins produced by some Pseudomonas 
strains that kill mainly other Pseudomonas strains. The high po-
tency of  pyocins (single-hit-kinetics) suggests that they could 
be developed into antimicrobial therapeutics. Natural pyocins, 
however, do not have a spectrum broad enough to be com-
mercially viable; the broadest spectrum pyocin, R5, kills only 
about 70% of  clinical isolates. The spectra determinant of  the 
pyocins resides primarily in the tail fiber protein that binds to 
specific structures on the surface of  sensitive bacteria. PS17 is 
a Pseudomonas specific phage, which has a tail structure simi-
lar to R-type pyocins and has a host range that encompasses 
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strains that are resistant to all known pyocins. By fusing the 
C-terminal target binding domain of  the PS17 tail fiber to the 
N-terminal baseplate-binding domain of  R2 pyocin tail fiber , 
we were able to generate a recombinant pyocin with a unique 
spectrum of  surface binding and bactericidal activity, different 
from that of  any natural pyocin. This recombinant pyocin, to-
gether with R5, can now cover >90% of  a collection of  clinical 
isolates of  Pseudomonas aeruginosa. Using this approach we have 
also shown that it is possible to generate recombinant R-type 
pyocins to target other gram-negative bacteria including E. coli 
and Y. pestis.

191A
CHARACTERIZATION OF A NOVEL 
DICARBOxYLATE SYMPORTER OF 
PseuDomonAs	AerugInosA 
UP-REGULATED DURING LONGTERM 
SURVIVAL IN THE CYSTIC FIBROSIS LUNG
C. Henke1, J. Heesemann1, M. Hogardt2; 1Max von Pettenkofer-In-
stitut, Munich, GERMANY, 2Max von Pettenkofer-Institut, München, 
GERMANY

P. aeruginosa persistence in the cystic fibrosis (CF) lung has 
been associated to its specific adaptation to the CF lung envi-
ronment, metabolic versatility and growth in biofilm-like mi-
crocolonies. The characterization of  CF lung-adapted mutator 
isolates of  P. aeruginosa from different CF patients revealed a 
significant up-regulation of  the gene PA0119 whose predicted 
product was associated with the amino acid/dicarboxylate 
uptake.  P. aeruginosa CF isolates are often auxotroph for 
different amino acids and CF secretions typically contain high 
amino acid levels, that both suggested an important contribu-
tion of  the amino acid metabolism to P. aeruginosa CF lung 
survival. RT-PCR analyses and Reportergene analysis revealed 
that PA0119, PA0120 and PA0121 together were located in the 
same operon. The predicted PA0119 protein is 67% identical to 
DctA, a C4-dicarboxylate Na+/H+ symporter of  Rhizobium 
meliloti. PAO120 and PA0121 both encode putative GntR-
like transcriptional regulators. To determine the regulation of  
this operon under varying conditions the upstream region of  
PA0119 was cloned into a lacZ reporter plasmid. LacZ activ-
ity was measured in M9 medium supplemented with various 
amino acids/dicarboxylates. The highest reporter activity was 
observed in early to late stationary phase and when cells grow 
on fumarate, α-ketoglutaric acid, aspartate or succinate. Inac-
tivation of  PA0120 by homologeous recombination resulted 
in an increased PA0119-lacZ reporter activity, suggesting a 
negative regulation on the PA0119-PA0121 operon. PA0119 
reporter assays using P. aeruginosa rpoS-mutant, rhlI-mutant 
and rhlR-mutant yielded decreased promotor activity as com-
pared to wildtype PA01 indicating a RpoS & Quorum Sensing 
dependent regulation of  the PA0119-PA0121 operon. These 
data show that PA0119-PA0121 encodes a novel dicarboxylate 
transport system of  P. aeruginosa that probably acts in particu-
lar during stationary growth phase and biofilm formation.

192B
MExxY(OPRM)-DEPENDENT 
AMINOGLYCOSIDE HYPERSUSCEPTIBILITY 
OF MExCD-OPRJ OVERPRODUCING 
MUTANTS OF PseuDomonAs	
AerugInosA
k. Jeannot1, T. KÃ¶hler2, P. PlÃ©siat1; 1University, Besancon, 
FRANCE, 2University, Geneve, SWITZERLAND

Stable overexpression of  the RND efflux system MexCD-OprJ 
following mutations in the regulatory gene nfxB usually results 
in moderate resistance to fourth-generation cephalosporins 
(cefepime, cefpirome), fluoroquinolones, macrolides, tetracy-
clines, and chloramphenicol in P. aeruginosa. Previous in vitro 
studies have reported that nfxB mutants from reference strain 
PAO1 are concomitantly more susceptible to some B-lactam 
antibiotics (eg., ticarcillin, aztreonam, imipenem) and to ami-
noglycosides (AGs) than their wild-type parent. However, little 
is know about the phenotypic features and the conditions of  
emergence of  this type of  efflux mutants in the clinical setting. 
Of  44 strains selected in our hospital for dual resistance to ce-
fepime and ciprofloxacin, four were found by RT-PCR to over-
express the mexC gene significantly (from 21.6- to 74.9-times 
more than in PAO1). These isolates were involved in acute or 
chronic infections. Sequencing experiments showed that all 
the four strains harbored deletions (from 2 to 17 nucleotides) 
in the nfxB repressor gene. As expected, complementation of  
these isolates with an intact, plasmid-born nfxB gene restored 
wild-type susceptibility levels to the MexCD-OprJ substrates 
cefepime, ciprofloxacin, and chloramphenicol. In addition, the 
recombinant nfxB increased the MICs of  ticarcillin, aztreonam, 
imipenem, and AGs up to wild-type levels both in the clini-
cal strains and a nfxB-defective PAO1 mutant (named EryR). 
Interestingly, the transcomplementation had no effect on the 
susceptibility to Ags of  a deltamexXY derivative of  EryR 
(named FK06), suggesting that the efflux pump MexXY-OprM 
might be inactive in the nfxB mutants. RT-PCR experiments 
demonstrated that operon mexXY was still inducible by AGs in 
these mutants. Furthermore, complementation of  EryR with a 
plasmid-born oprM gene failed to restore wild-type resistance 
to AGs. Altogether these results strongly suggest that nfxB 
mutants are hypersusceptible to AGs because of  impaired 
functioning of  the MexXY-OprM pump. A lack of  activity of  
MexAB-OprM also seems to account for their higher suscep-
tibility to B-lactams ticarcillin and aztreonam. The emergence 
of  MexCD-OprJ overproducing mutants in our patients was 
associated with treatments using fluoroquinolones and/or 
macrolides.

193A
EFFICACY OF A PseuDomonAs	
AerugInosA VACCINE IN 
IMMUNOCOMPROMISED MICE
J. M. Scarff, J. B. Goldberg; University of Virginia, Charlottesville, 
VA

Immunocompromised patients are highly susceptible to 
infection by Pseudomonas aeruginosa. Our laboratory previ-
ously showed that intranasal administration of  an attenuated 
Salmonella strain expressing the P. aeruginosa lipopolysaccha-
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ride O antigen was effective in clearing bacteria and prevent-
ing mortality in wild type mice after intranasal challenge. We 
were interested in investigating the efficacy of  this vaccine 
strategy in immunocompromised mice. Mice were made im-
munocompromised by intraperitoneal treatment with either 
cyclophosphamide (Cy, 3 doses of  3.0 mg every other day) or 
an RB6-8C5 antibody (1 dose 0.2 mg). Cy is a chemotherapy 
agent and removes rapidly dividing cells, rendering the mice 
leukopenic, while the antibody, RB6-8C5, selectively targets 
neutrophils for removal by its specificity for a molecule on the 
neutrophil surface. Mice treated with Cy or the RB6-8C5 anti-
body were rendered leukopenic or neutropenic, respectively, for 
5-7 days as detected by a decrease in white blood cell counts. 
These immunocompromised mice were more susceptible to 
P. aeruginosa pneumonia than their non-treated counterparts, 
with an LD50 several logs lower than that in wild type mice. 
We investigated active vaccination strategies in these mice to 
determine if  there was any change in susceptibility to intranasal 
infection. Mice were vaccinated and then treated with either Cy 
or the RB6-8C5 antibody. After challenge, these mice showed 
decreased susceptibility, characterized by increased survival and 
decreased bacterial load compared to immunocompromised 
non-immune mice. These Cy or RB6-8C5-treated mice were 
still more susceptible to pneumonia than non-treated mice 
despite the presence of  similar levels of  O antigen-specific 
antibodies as control mice at the time of  infection. To deter-
mine whether passive vaccination would provide protection, 
RB6-8C5-treated mice were administered vaccine or vector 
antisera at the time of  infection. The mice that received vac-
cine sera had increased survival and decreased bacterial load 
compared to mice that received vector or no sera. These results 
show that both active and passive vaccination strategies in im-
munocompromised mice decreased susceptibility of  these mice 
to P. aeruginosa pneumonia, resulting in increased survival and 
decreased bacterial loads.

19�B
SELECTION OF lAsr MUTANTS IN CF 
ADAPTED PseuDomonAs	AerugInosA 
ISOLATES CONFER GROWTH ADVANTAGE
H. D. Kulasekara, D. D’Argenio, M. Wu, H. Nguyen, S. I. Miller; 
University of Washington, Seattle, WA

Cystic fibrosis is a life-shortening genetic disease. Despite ad-
vances in antibiotic and nutritional therapies, persistent bacteri-
al infection and inflammation in the airways of  people with CF 
lead to tissue destruction, and ultimately to respiratory failure. 
P. aeruginosa infections can be detected in CF patient airways as 
early as 6 months of  age, and respiratory cultures are positive 
for P. aeruginosa in greater than 80% of  patients by early adult-
hood. A distinguishing feature of CF P. aeruginosa infections is 
the establishment of  clonal lineages that persist for many years, 
well into the adult lives of  many CF patients. As P. aeruginosa is 
an environmental organism that only infects opportunistically, 
the CF airway is an uncommon niche for this pathogen. The 
long-term adaptation of  bacteria in environments that they 
rarely occupy is mostly driven by genetic mutations, such that 
bacterial populations are selected within such environments 
that contain mutations that are conditionally beneficial to the 
pathogen. It has been shown previously that most mutations 
occurring in CF adapted P. aeruginosa isolates lead to loss of  

function in gene products involved in virulence. Mutations 
inactivating the quorum sensing regulator LasR are among the 
commonest mutations that were detected in both parentally 
derived longitudinal isolate lineages as well as a cross sectional 
clinical isolate collection. Quorum sensing has been shown 
to regulate the formation of  adherent bacterial aggregates 
(biofilms) and aid in the secretion of  a variety of  proteins, both 
activities thought to play a role Pseudomonas pathogenesis in CF 
airways. However, the high prevalence of  inactivating muta-
tions in LasR among CF-adapted P. aeruginosa isolates suggests 
the presence of  strong selective pressure against functions 
controlled by this regulator. Microarray expression profil-
ing indicated that P. aeruginosa strains that have acquired lasR 
mutations show changes in gene expression similar to that of  
the lasR mutant of  PA01. Phenotypic arrays (Biolog) showed 
that spontaneous and engineered lasR mutant strains possess 
an enhanced ability to utilize a variety of  carbon, nitrogen and 
sulfur sources. Isotope coded affinity tag (ICAT)-based protein 
profiling showed that CbrB, a σ54-dependent enhancer-binding 
protein, is more abundant in lasR mutants. CbrB is known to 
be required to transport and assimilate many carbon and nitro-
gen sources. Overexpression of  CbrB in wild-type P. aeruginosa 
conferred a growth advantage with specific nutrient sources. 
While lasR mutants are also readily selected and isolated in rich 
media such as LB agar, the likelihood of  selecting lasR mutants 
was strongly affected by the specific nutrient conditions used 
for growth. These results suggest that the nutritional composi-
tion of  CF airway secretions selects for lasR mutant P. aeruginosa 
with a resulting growth advantage.

19�A
MODIFICATION OF MITOCHONDRIAL 
THIOLS AND ALTERATION OF REDOx 
SENSITIVE SIGNALING PATHWAYS IN 
HUMAN LUNG EPITHELIAL CELLS BY 
PSEUDOMONAS PYOCYANIN
I. M. Ahmad1, M. Y. Abdalla1, J. D. Earwood2, B. E. Britigan2; 
1Hashemite University, Zarqa, JORDAN, 2University of Cincinnati, 
Cincinnati, OH

Pyocyanin is a redox-active compound produced by Pseudo-
monas aeruginosa. Pyocyanin undergoes cell-mediated aerobic 
redox cycling, resulting in generation of  reactive oxygen species 
(ROS), which contributes to lung epithelial damage/dysfunc-
tion. Previous work has shown that intracellular redox cy-
cling of  pyocyanin can occur in mitochondria and leads to a 
decrease in cellular ATP and inhibition of  both mitochondrial 
and cytosolic aconitase activity. The effect of  pyocyanin on 
mitochondrial thiols and oxidant-sensitive signaling pathways 
has not been well studied. Therefore, we studied the effect of  
pyocyanin on cellular and mitochondrial thioredoxin (Trx) and 
glutathione in the human bronchial epithelial (HBE) and the 
A549 human type II alveolar epithelial cell types. In addition 
we examined their possible role in regulation of  redox-regulat-
ed transcription factors. A pyocyanin concentration-dependent 
increase in A549 and HBE cells oxidized cytosolic Trx (Trx-1) 
levels was seen; up to 184% and 74%, respectively, at 25 μM 
and a further increase was seen with higher concentrations. 
An increase in oxidized mitochondrial Trx (Trx -2) was also 
detected in HT-29 cells. Exposure of  both A549 and HBE cells 
to 25 μM pyocyanin (24 h) resulted in no significant changes in 
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the total mitochondrial glutathione (GSH) levels in A549 cells, 
but a significant (P<0.05) increase up to (>2 fold) in HBE cells. 
However, there was a significant (P<0.05) increase in oxidized 
GSH (GSSG) (≥2 fold) in both cell types. A number of  redox 
sensitive transcription factors are regulated in part by Trx and 
GSH. Pyocyanin exposure altered oxidant-sensitive transcrip-
tion factors. Low pyocyanin concentrations decreased AP-1 
and NF-κB DNA binding activity below basal levels. Higher 
pyocyanin concentrations actually increased activity above 
baseline. Our results show that pyocyanin significantly disrupts 
the mitochondrial thiol systems, which could be a key site of  
pyocyanin mediated cellular toxicity. Alterations in thiols could 
also alter cellular functions via modification of  redox sensitive 
signaling pathways.

19�B
THE PseuDomonAs	AerugInosA 
QUINOLINE ANTIBIOTIC HQNO SELECTS 
ANTIBIOTIC-RESISTANT stAPhyloCoCCus	
Aureus SMALL-COLONY VARIANTS
L. R. Hoffman1, E. DÃ©ziel2, D. A. D’Argenio1, F. LÃ©pine2, 
J. Emerson1, S. McNamara1, R. L. Gibson1, B. W. Ramsey1, S. I. 
Miller1; 1Univ. of Washington, Seattle, WA, 2INRS-Institut Armand-
Frappier, Laval, PQ, CANADA

Introduction: Many human infections with the opportunistic 
pathogen Pseudomonas aeruginosa are polymicrobial. For example, 
P. aeruginosa is frequently co-isolated with Staphylococcus aureus 
from infections of  prostheses, catheters, skin, eyes, endotra-
cheal tubes, and the respiratory tract. S. aureus is the bacterium 
isolated most commonly from the airways of  young children 
with cystic fibrosis (CF), while this gram-positive pathogen 
is supplanted in later years by P. aeruginosa. This observation 
has been explained by the fact that P. aeruginosa produces an 
antibiotic, 4-hydroxy-2-heptylquinoline-N-oxide (HQNO), 
that inhibits the growth of  a variety of  gram-positive bacteria, 
including S. aureus, by inhibiting cytochrome-mediated electron 
transport. However, electron transport is required for bacteria 
to actively accumulate some antibiotics, such as aminoglyco-
sides. The aminoglycoside tobramycin is among the antibiotics 
used most frequently to treat P. aeruginosa infections. There-
fore, in polymicrobial infections including P. aeruginosa and S. 
aureus, HQNO produced by P. aeruginosa may generate appar-
ently paradoxical effects in S. aureus: inhibition of  S. aureus 
growth, while simultaneously protecting S. aureus from killing 
by aminoglycosides. Prolonged exposure to either HQNO or 
aminoglycosides (or both) would also be predicted to select 
for mutant S. aureus with electron transport defects, known as 
small-colony variants (SCVs), which may thus be resistant to 
both types of  antibiotic. We used co-culture models with S. 
aureus and P. aeruginosa to investigate the interactions between 
these two pathogens and the aminoglycoside tobramycin.  Hy-
potheses: HQNO (produced by P. aeruginosa) and tobramycin 
each select for antibiotic-resistant S. aureus SCVs.  Methods:
S. aureus was cultured with P. aeruginosa or HQNO in liquid and 
on agar culture media. Resulting cells were characterized using 
standard methods.  Results: S. aureus SCVs deficient in aerobic 
electron transport were selected by either HQNO (whether in 
pure form or produced during co-culture with P. aeruginosa) or 
tobramycin. When combined, the two antibiotics acted syner-
gistically to select S. aureus SCVs, suggesting that they work via 

separate mechanisms. The resulting SCVs were resistant to the 
antibiotic activity of  both HQNO and tobramycin. Further-
more, we detected HQNO in the sputum of  CF patients in-
fected with P. aeruginosa (but not in that of  uninfected patients). 
Conclusions: Since S. aureus SCVs are known to commonly 
and persistently infect CF patients, these results suggest that 
the interaction between S. aureus, P. aeruginosa, and tobramycin 
observed in our in vitro models occurs in CF airways. Further-
more, as SCVs are frequently undetected by routine clinical 
laboratory techniques, we propose that the role of  S. aureus 
may be underestimated in CF due to the presence of  the P. 
aeruginosa quinoline HQNO.

197A
QUORUM-SENSING ANTAGONISTIC 
ACTIVITIES OF AZITHROMYCIN IN 
PseuDomonAs	AerugInosA	PAO1: 
A GLOBAL APPROACH
Y. Nalca; Helmholtz Centre for Infection Research, Braunschweig, 
GERMANY

The administration of  macrolides such as azithromycin for 
chronic pulmonary infection of  cystic fibrosis patients has been 
reported to be of  benefit. Although the mechanisms of  action 
remain obscure, anti-inflammatory effects as well as interfer-
ence of  the macrolide with Pseudomonas aeruginosa virulence 
factor production have been suggested to contribute to an im-
proved clinical outcome. In this study we used a systematic ap-
proach and analyzed the impact of  azithromycin on the global 
transcriptional pattern and the protein expression profile of  
P. aeruginosa PAO1 cultures versus those in untreated controls.  
The most remarkable result of  this study is the finding that 
azithromycin exhibited extensive quorum-sensing antagonistic 
activities. In accordance with the inhibition of  the quorum-
sensing systems, virulence factor production was diminished 
and the oxidative stress response was impaired, whereas the 
type III secretion system was strongly induced. Moreover, P. 
aeruginosa motility was reduced, which probably accounts for 
the previously observed impaired biofilm formation capabilities 
of  azithromycin-treated cultures.  The impact of  azithromycin 
on quorum-sensing-dependent virulence factor production, 
biofilm formation, and oxidative stress resistance in P. aeruginosa 
holds great promise for macrolide therapy in cystic fibrosis. 
Future studies should concentrate on the molecular mecha-
nisms of  azithromycin interference. Preliminary experiments 
indicate that azithromycin affects siderophore production. We 
hypothesize that an imbalance in the P. aeruginosa iron homeo-
stasis significantly contributes to the observed quorum-sensing 
antagonistic activities.

19�B
INCIDENCE AND ANTIBIOTIC SENSITIVITY 
PATTERN OF PSEUDOMONAS SPECIES 
ISOLATED FROM CLINICAL SAMPLES 
REPORTED AT NIH. ISLAMABAD, PAKISTAN
M. S. Nil; Quaid-i-Azam university,Pakistan, Faisalabad/ISLAM-
ABAD, PAKISTAN

Resistance to antibiotics is becoming a major problem world-
wide. Because of  indiscriminate use of  antibiotics Common 
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bacteria becoming resistant to antibiotics.. Pseudomonas 
species are opportunistic pathogens and cause diseases in im-
munocompromised patients. Diseases caused by these species 
are skin infections among burn victims’ wounds, ulcers, urinary 
tract infections, respiratory infections, cystic fibrosis, external 
and internal ear infections, septicemia, bactermia and melioi-
dosis.The present study was designed to determine incidence 
of  Pseudomonas species in different clinical samples among 
human population visiting at the National Institute of  health, 
Islamabad. Results of  the present study can determine the 
antibiotic sensitivity pattern of  the isolates; it would be helpful 
in the efforts to design suitable therapeutic measures to combat 
the bacteria. The experiment was carried out at the Bacteriol-
ogy Laboratory of  NIH, Islamabad. Total 100 samples (25, 
urine), (25, throat), (25, sputum), (25, pus) were collected. 
Incidence and the sensitivity pattern of  following antibiotics 
(Tobramycin, Amikacin, Norfloxacin, Co-trimoxazole, Car-
benicillin and Gentamicin) were used to study isolates collected 
from different clinical samples. The incidence of  Pseudomonas 
sp was found highest in pus samples (44%), while in urine and 
sputum, incidence was (32%) and (8%) respectively. No inci-
dence was shown by throat samples. Amikacin was found the 
most sensitive antibiotic against isolates, while Co-trimoxazole 
was observed highly resistant. It is proposed that the solu-
tions to the problem of  antibiotic resistance will be found only 
through fundamental research that will probably use biotech-
nology as a tool.

199A
CIPROFLOxACIN TREATMENT OF 
PseuDomonAs	AerugInosA: 
CHARACTERIZING RESPONSE AND 
RESISTANCE USING 2-D DIGE
H. G. Stickland, M. Welch; University of Cambridge, Cambridge, 
UNITED KINGDOM

Instances of  bacterial resistance to the billion-dollar drug 
ciprofloxacin are still on the increase. Much transcriptomic 
data has been collected on the bacterial response to cipro-
floxacin treatment. We have complemented this research with 
proteomic data using 2-Dimensional Fluorescence Difference 
in-Gel Electrophoresis (2D-DiGE) to investigate the response 
of  Pseudomonas aeruginosa to the presence of  ciprofloxacin. 
Treatment with two different sub-inhibitory concentrations 
results in a concentration-dependent increase in the number 
of  proteins modulated, as identified using multivariate statisti-
cal analysis. Additionally we have characterized the proteomes 
of  two clinically relevant spontaneous ciprofloxacin-resistance 
phenotypes: drug target site alteration and multi-drug efflux 
pump upregulation. The proteome of  a target site mutant 
shows negligible variance from that of  untreated wild type 
confirming that the response to ciprofloxacin is a direct result 
of  gyrase inhibition. In contrast, the efflux pump regulator 
mutant shows global proteomic variance, connoting the funda-
mental role of  these pumps in cellular function. This combined 
approach provides insight into the mechanisms by which P. 
aeruginosa responds to the drug and initializes such survival 
and resistance phenotypes.

200B
ANAEROBIC METABOLISM OF 
PseuDomonAs	AerugInosA UNDER 
SIMULATED RESPIRATORY CONDITIONS
S. Thoma1, M. Hogardt2, U. Römling3, M. Schobert1; 1Technical 
University Braunschweig, Braunschweig, GERMANY, 2Max von 
Pettenkofer-Institut, Munich, GERMANY, 3Karolinska Institutet, 
Stockholm, SWEDEN

Pseudomonas aeruginosa causes persistent lung infections in the 
cystic fibrosis (CF) lung and is highly resistant to many anti-
biotics. P. aeruginosa forms biofilm-like microcolonies within 
mucus-plaques and generates a local microaerobic to anaero-
bic environment. Biofilm growth and oxygen limitation both 
contribute to high antibiotic tolerance of  this pathogen. To 
investigate biofilm growth typically used models are steady-
state cultures where cells are attached to a surface and cultured 
under continuous flow. But these models neglect the fact 
that bacteria in the CF-lung attach to each other and sputum 
components.  To investigate persistent infection and antibiotic 
tolerance under in vitro conditions we used a biofilm-model that 
simulates respiratory conditions in the CF-lung. An artificial 
sputum medium (ASM) was used to mimic the CF-lung habitat 
and to promote typical microcolony formation of  P. aeruginosa. 
Our research focus is the anaerobic metabolism and genes 
which are involved in anaerobic survival of  P. aeruginosa in the 
CF-lung as well as genes essential for microcolony-formation. 
Different P. aeruginosa mutants were analyzed under aerobic 
and anaerobic conditions in ASM. Mutants defective in global 
anaerobic transcriptional regulators such as Anr, Dnr and 
NarXL and mutants defective in different anaerobic energy 
metabolic pathways as denitrification, arginine and pyruvate 
fermentation were tested to elucidate the impact of  anaerobic 
energy metabolism. A comprehensive transcriptome-, metabo-
lome- and proteome analysis was carried out to characterize 
the physiology of  P. aeruginosa in ASM leading to increased 
antibiotic tolerance.

201A
In	vIvo GENOME-WIDE ExPRESSION 
PROFILING OF PseuDomonAs	
AerugInosA INFECTING BURN WOUNDS
P. Bielecki1, J. Glik2, J. Puchalka1, M. Kawecki2, M. Nowak2, K. N. 
Timmis1, V. Martins dos Santos1; 1Helmholtz Centre for Infection 
Research, Braunschweig, GERMANY, 2Centrum Leczenia Oparzen, 
Siemianowice Slaskie, POLAND

Pseudomonas aeruginosa is a major opportunistic pathogen causing 
nosocomial infections in immunocompromised patients such 
as burn wound victims. It is also the main threat for cystic 
fibrosis patients. Data on the molecular mechanisms underlying 
infection by P. aeruginosa have been derived from numerous in 
vitro and a few ex vivo studies, but in vivo data are so far lack-
ing, mainly due technical hindrances. To gain insights into the 
combinatorial pathogenecity of  this threatening pathogen upon 
infection, we measured in vivo gene expression profiles of  P. 
aeruginosa during burn wound infections. Samples were col-
lected from patients from a burn care hospital. The expression 
profiles from clinical samples were compared with controls, 
which were the P. aeruginosa strains isolated from the patient’s 
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wounds exudates grown both as planktonic cultures and as 
biofilms. Two different clinical strains from two patients with 
a pure P. aeruginosa infection were combined to one data set. 
We observed 63 genes induced and 23 repressed specifically 
in the burn wound environment as compared to the station-
ary phase and biofilm control. Among other, genes involved in 
quorum sensing systems, energy metabolism as well as genes 
responsible for motility and attachment were significantly down 
regulated. Conversely, numerous genes coding for iron acquisi-
tion systems such as the pyoverdine synthesis pathway and 
haem acquisition proteins were up-regulated. We found as well 
a number of  up and down regulated genes encoding conserved 
hypothetical membrane proteins and transport systems that 
may be promising candidates for further functional analysis and 
testing in a diverse array of  disease models. Microarray results 
were validated with quantitative real time PCR. The global 
analysis of  our data indicates that the infection picture is much 
more complex than that obtained through in vitro or ex vivo 
measurements.

202B
ZEBRAFISH AS INFECTION MODEL FOR 
PseuDomonAs	AerugInosA
M. Mooij, A. van der Sar, M. Llamas, W. Bitter; VU University 
medical center, Amsterdam, THE NETHERLANDS

Pseudomonas aeruginosa has been reported to cause 
disease in plants, insects, and a variety of  vertebrates. The plant 
Arabidopsis thaliana and the soil nematode Caenorhabditis elegans 
have both been used to identify virulence-related genes of  this 
pathogen. Strains harboring mutations in most of  these genes 
were also attenuated in virulence when analyzed in a murine 
infection model, supporting the utility of  other models than 
mammalian systems. In the last years, zebrafish (Danio rerio) has 
been recognized as a useful infection model to study bacterial 
infections in real time. Fish pathogens like Mycobacterium mari-
num, Vibrio angluillarum, Edwardsiella tarda, Salmonella arizonae, 
and Streptococcus iniae have been demonstrated to infect zebraf-
ish. But also human pathogens such as, Salmonella typhimurium, 
Bacillus subtillis and Streptococcus pyogenes are known to infect 
zebrafish.  In this study we investigated the pathogenesis of  P. 
aeruginosa in zebrafish. For in vivo monitoring of  this pathogen, 
we used P. aeruginosa expressing the DsRed variant mCherry. 
First we exposed zebrafish embryos to ~ 109 CFU/ml P. aeru-
ginosa strain PAO1 by static immersion. Red fluorescence was 
observed in the intestines and faeces of  the embryos. However, 
none of  the embryos died suggesting that the bacteria had 
colonized the fish rather than infected the fish. When zebrafish 
embryos were infected by micro-injection with a low dose of  
PAO1 (~200 CFU), mortality rates up to 60% (5 days post in-
fection) were observed. A high dose of  PAO1 (~2000 CFU) is 
lethal for the embryos within 1-2 days. Subsequently, we tested 
P. aeruginosa mutants affected in genes known to be essential 
for virulence, including the quorum sensing lasIR genes, the 
response regulator gacA, the xcp type II secretion system genes, 
or the type III secreted exoenzymes exoS, exoT and exoY. Our 
preliminary data show that the virulence of  all these mutants is 
not attenuated in the embryos, which indicates that P. aeruginosa 
infections in zebrafish are quite different from those in mice, 
worms and plants. The nature of  this difference is not known 
and will be studied in the future. Currently we are also studying 

zebrafish gene expression upon P. aeruginosa infection, to gain 
more inside into the host response to this pathogen.

203A
EFFECTS OF CHITOSAN AND CHITOSAN 
ARGININE ON PLANKTONIC AND BIOFILM 
PseuDomonAs	AerugInosA
A. Parker1, A. Phang1, S. Baker2, W. Wiesmann3, P. M. Orwin1; 
1California State University, San Bernardino, San Bernardino, 
CA, 2Biostar West, Inc and Harvey Mudd College, Claremont, CA, 
3Biostar West, Inc, Claremont, CA

The polymer chitosan, the partially deacetylated derivative of  
the shrimp shell constituent chitin, has previously been identi-
fied and studied as an antimicrobial agent. Previous studies 
of  its efficacy have been plagued by difficulties with solubility 
and repeatability. We have quantified the antimicrobial activ-
ity of  chitosan and of  a proprietary functionalized derivative 
chitosan-arginine (CR) through a 96 well microtiter plate based 
recovery assay. We validated our assay using parallel viable 
plate counts and Live/Dead staining experiments. In results 
published elsewhere, we’ve shown that dissolved chitosan has 
antimicrobial effects, particularly on gram-negative microor-
ganisms. These effects were quite strong even at pH 6.0, with a 
relatively low level of  associated positive charge. The strongest 
and most rapid activity was against P. aeruginosa PAO1. Chito-
san-arginine has strong antimicrobial activity primarily against 
gram-positive organisms, including a methicillin resistant 
Staphylococcus aureus (MRSA) strain. However, CR was also active 
against P. aeruginosa, although not against other gram negative 
organisms tested. We used variations on this assay to examine 
the activity of  Chitosan and CR against P. aeruginosa PAO1, 
along with several clinical isolates and ATCC collection strains. 
We have explored the activity of  Chitosan and CR alone and in 
combination with antibiotics, against both the planktonic and 
biofilm states of  these microorganisms. We observe an unusual 
activity against P. aeruginosa by CR that depends on the test 
organisms being present at high density. This unusual activity 
pattern was observed in all of  the strains tested. We used sev-
eral different biofilm activity assays to examine the effects of  
Chitosan or CR alone or synergistically with various clinically 
relevant antibiotics. Our preliminary results with some antibiot-
ics show that synergistic effects may make combination therapy 
an effective tool against clinically recalcitrant P. aeruginosa in 
various settings.

20�B
LOW-LEVEL AMINOGLYCOSIDE 
RESISTANCE IN PseuDomonAs	
AerugInosA: NOVEL GENETIC 
DETERMINANTS AND THE SELECTION OF A 
HYPERMUTATOR PHENOTYPE
K. N. Schurek, A. K. Marr, L. Semenec, R. E. Hancock; University 
of British Columbia, Vancouver, BC, CANADA

Aminoglycosides are widely used for treatment of  Pseudomonas 
aeruginosa lung infections in cystic fibrosis patients. Repeated 
exposure of  colonizing isolates in these patients to aminogly-
cosides generally leads to increased resistance over time. This 
development of  resistance may due to a number of  mutations 
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and adaptations accumulating within the organism, however 
this gradual development of  low-level aminoglycoside resis-
tance is poorly understood. The aim of  this study is to identify 
potential mechanisms leading to small increases in aminoglyco-
side resistance. 9,408 transposon mutants from the P. aeruginosa 
mini-Tn5-luxCDABE mutant library were screened on an agar 
based replica system for ≥ 2-fold increases in MIC to gentami-
cin over wildtype. Similarly, 5,850 mutants from the Harvard 
PA14 non-redundant library were screened for ≥ 2-fold in-
creases in MIC to tobramycin. 41 gentamicin resistant mutants 
were assessed for a hypermutator phenotype by determining 
mutational frequency to rifampicin. Hypermutators are identi-
fied as having greater than 20-fold increase in mutation fre-
quency compared to wildtype. 185 resistant mutants were iden-
tified in the gentamicin screen and 349 resistant mutants were 
identified in the tobramycin screen. Of  the 185 mutants identi-
fied during the gentamicin screen 118 of  the mutations were 
unmapped. Both libraries identified a large number of  genes 
involved in energetic processes, most notably 14 cytochrome 
genes as well as the entire nuo operon. Other areas of  overlap 
included genes wzt and wzm which encode subunits of  an LPS 
efflux transporter and the genes mutL and mutS. The mutL and 
mutS mutants were confirmed as hypermutators with mutation-
al frequencies of  1.92 x 10-5 and 1.27 x 10-5 respectively, each 
>1,500-fold increase over wildtype. 5 additional mutants were 
identified as having between 21-fold to 29-fold increases in 
mutational frequency compared to wildtype. A variety of  genes 
were identified as contributing to resistance leading to 2-fold 
increases in the MIC to either gentamicin or tobramycin. The 
finding that mutations in the cytochrome genes led to increased 
aminoglycoside resistance is consistent with previous stud-
ies which have associated deficiencies in cytochrome C552 and 
cytochrome d with aminoglycoside resistance. This also corre-
sponds to the mechanism of  aminoglycoside entry into the cell. 
Nonetheless, the number of  potential genes involved in ener-
getic processes identified in this study is of  great significance as 
this provides a large pool of  genes which may potentially lead 
to resistance. The potential for aminoglycosides to select for a 
hypermutator phenotype is of  major significance as selection in 
vivo may lead to a population of  isolates more suited to adapt 
to antibiotic stress within the lung.

20�A
DESFERRIOxAMINE-GALLIUM IS AN 
EFFECTIVE ANTI-PseuDomonAs BIOFILM 
AGENT THAT REDUCES DAMAGE FROM 
CORNEA INFECTIONS
E. Banin1, A. Lozinski2, K. M. Brady3, E. Berenshtein4, P. W. Butter-
field5, M. Chevion4, E. P. Greenberg5, E. Banin2; 1Bar-Ilan Univer-
sity, Ramat Gan, ISRAEL, 2Hadassah-Hebrew University Medical 
Center, Jerusalem, ISRAEL, 3University of Iowa, Iowa City, IA, 
4Hebrew University of Jerusalem, Jerusalem, ISRAEL, 5University 
of Washington, Seattle, WA

The opportunistic pathogen Pseudomonas aeruginosa causes infec-
tions that are difficult to treat by antibiotic therapy. This bacte-
rium can cause biofilm infections where it shows tolerance to 
antibiotics. Recent work has demonstrated that Ga(NO3)3 is an 
effective antimicrobial and antibiofilm agent. Here we report 
the use of  a novel metallo-complex, desferrioxamine-gallium 
(DFO-Ga) that targets P. aeruginosa iron metabolism. This 

complex kills free-living bacteria and blocks biofilm formation. 
A combination of  DFO-Ga and the anti-Pseudomonas antibi-
otic gentamicin causes massive killing of  P. aeruginosa cells in 
mature biofilms. In a rabbit corneal infection, topical addition 
of  DFO-Ga together with gentamicin decreases both infiltrate 
and final scar size by about 50% compared to topical applica-
tion of  the antibiotic alone. The use of  DFO-Ga as a Trojan 
horse delivery system to interfere with iron metabolism shows 
promise as a treatment for P. aeruginosa infections.

20�B
PHENOTYPIC CHARACTERIZATION OF 
PseuDomonAs	AerugInosA URINARY 
ISOLATES
P. Tielen1, M. Narten1, N. Rosner1, L. Wiehlmann2, M. Hogardt3, 
M. Schobert1, D. Jahn1; 1Technical University of Braunschweig, 
Braunschweig, GERMANY, 2Hannover Medical School, Hannover, 
GERMANY, 3Max von Pettenkofer-Institute of Hygiene and Medical 
Microbiology, München, GERMANY

Pseudomonas aeruginosa is an opportunistic human pathogen, 
which causes severe infections mainly of  the lower respiratory 
tract, conjunctivitis and urinary tract infections in immunocom-
promised hosts. This bacterium has been reported in 35 per 
cent cases of  catheterized patients of  complicated urinary tract 
infections where it is difficult to manage.  The virulence of  P. 
aeruginosa is related to the production of  a number of  extracel-
lular products including the enzymes alkaline protease, elastase, 
phospholipase C, hemolysin, exotoxin A and exoenzyme S, 
the extracellular polysaccharide alginate and the siderophores 
pyocyanin, pyoverdin and pyochelin. Furthermore, the ability 
to colonize the urinary tract plays an important role during the 
infection process. The adherence of  the bacterium surfaces de-
pends on the hydrophobicity of  the cell surfaces and surface-
associated structures like lipopolysaccharides (LPS), flagella and 
type IV pili.  A total of  30 P. aeruginosa isolates were obtained 
from patients with urinary tract infections and their phenotypic 
characters relating to virulence were analysed. The results of  
the phenotypic characterisation were correlated using SNP chip 
typing.  Moreover, we developed in vitro model systems which 
simulate the conditions during infections and started with 
proteome analysis using 2D gel electrophoresis. Data from our 
proteome investigations in response to changes of  oxygen ten-
sion, growth phase and host related parameters are compared 
using the databases PRODORIC and SYSTOMONAS (www.
systomonas.de) to allow conclusions about the physiology and 
the regulatory networks which play a role during urinary tract 
infection by P. aeruginosa.

207A
EVOLUTION OF PseuDomonAs	
AerugInosA	IN THE CYSTIC FIBROSIS 
LUNG ENVIRONMENT
C. Chandler1, A. Warren1, F. Taddei2, A. Ferroni2, F. Rosenzweig1; 
1University of Montana, Missoula, MT, 2Laboratoire de Microbiolo-
gie, Hôpital Necker-Enfants Malades & Universite Rene Descartes, 
Paris, FRANCE

In the CF lung, Pseudomonas aeruginosa encounters multiple 
selective pressures including hyperosmolarity, low iron concen-
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tration, antibiotics and immune system surveillance. To persist 
as a chronic infection, this organism must undergo adaptive 
evolution. Pseudomonas’ extreme adaptability may arise in part 
from the activity of  transiently favored “mutator” strains. Such 
strains can be expected to produce not only large numbers of  
deleterious mutations, but also occasional favorable variants.  
We hypothesize that mutators increase the amount of  standing 
genetic variation available for natural selection by “hitchhiking” 
on favorable phenotypes. We also hypothesize that beneficial 
phenotypes primarily spread via vertical gene transmission 
within a patient. To address these hypotheses, we are study-
ing 51 isolates from sixteen CF patients treated at the Hôpital 
Necker-Enfants Malades in Paris, France. 38 of  our isolates are 
resistant to three or more commonly-used antibiotics; 13 are 
mucoid on PIA agar; and 30 qualify as mutators (spontaneous 
mutation rate to RifR ≥2x10-8), with 10 isolates awaiting fluctua-
tion tests.  We examined these strains using Rep-PCR and Pulse 
Field Gel Electrophoresis (PFGE) to identify large-scale ge-
nomic change within each longitudinal series. We constructed 
dendrograms from genomic fingerprint data using Bionumerics 
software; these suggest that founder and terminal clones are 
more closely related to isolates within series than to founder and 
terminal clones among series. Further, isolates within series show 
greater relatedness than isolates among series. These observa-
tions indicate that successful colonization is not associated 
with a specific banding pattern, and that chronic Pseudomonas 
infections do not converge on particular genome architectures. 
We also observed that when a “mutator” arises within a non-
mutator lineage, large-scale genome changes ensue. Within 
certain lineages, mutator-associated changes reappear in non-
mutators, suggesting either reversion of  mutator phenotypes 
or lateral gene transfer of  favorable genotypes from mutators 
to non-mutators.  Currently, we are using DNA microarrays 
to examine smaller-scale genomic changes. These genetic and 
phenotypic data will be corroborated with patient histories to 
illuminate the role that mutators play in facilitating adaptation, 
as well as the relative contributions of  vertical versus horizontal 
gene transfer to the adaptive process.

20�B
CHARACTERIZATION OF A 
PseuDomonAs	AerugInosA/ ZEBRAFISH 
EMBRYO INFECTION MODEL SUITABLE FOR 
BOTH CHEMICAL AND CLASSICAL GENETIC 
APPROACHES
A. E. Clatworthy, J. S. Lee, D. T. Hung; Massachusetts General 
Hospital; Harvard Medical School; Broad Institute, Boston, MA

Chemical screening in a living, whole organism infection model 
has the potential to identify novel antimicrobial compounds 
that target a wide array of  either host or pathogen cellular 
functions, including pathogen virulence mechanisms, pathogen 
genes essential for viability in the host, or the host response 
itself. However, in order to implement chemical screens in 
a living-whole organism infection model, one must utilize a 
host that is amenable to screening in 96- or 384-well format. 
Additional advantageous features of  a model host are genetic 
tractability, transparency, which facilitates visualization of  the 
infection as it progresses in the living host, and similarity of  
the model host’s immune response with the mammalian im-
mune response. Since the zebrafish (Danio rerio) meets these 

criteria, we investigated whether introduction of  Pseudomo-
nas aeruginosa bacterial cells into zebrafish embryos could 
establish a lethal infection. We find that microinjection of  P. 
aeruginosa (PA14 or PAO1) into the bloodstream of  zebrafish 
embryos establishes a lethal infection that kills embryos 16-48 
hours post infection, unlike microinjection of  similar numbers 
of  either Escherichia coli DH5alpha cells or heat-killed P. ae-
ruginosa cells. At late-stages of  infection in the living embryo, 
fluorescently tagged P. aeruginosa bacteria are seen to stain the 
length of  the embryo, indicating dissemination of  the infec-
tion. Addition of  either imipenem or ciprofloxacin to the em-
bryo water rescued only half  of  P. aeruginosa infected embryos 
from lethal infection compared to untreated embryos while 
addition of  a combination of  both antibiotics rescued 80% 
of  infected embryos from lethal challenge. Similar to plants, 
nematodes, and mice, the quorum sensing regulator, LasR, is 
involved in P. aeruginosa pathogenicity in zebrafish embryos. 
Finally, we find that different, common, laboratory lines of  ze-
brafish embryos have differing susceptibilities to infection with 
P. aeruginosa, suggesting that there are host factor(s) involved 
in the progression to lethal infection as well. The development 
of  a P. aeruginosa infection model in zebrafish embryos es-
tablishes a system in which both classical and chemical genetic 
approaches are feasible, thus facilitating future efforts to both 
identify compounds that attenuate infection and further eluci-
date the molecular basis of  P. aeruginosa pathogenesis.

209A
RIBOSOME PROTECTION PREVENTS 
AZITHROMYCIN MEDIATED 
QUORUM-SENSING MODULATION AND 
STATIONARY PHASE KILLING OF 
PseuDomonAs	AerugInosA
T. Köhler1, J. C. Dumas1, C. van Delden2; 1University of Geneva, 
Geneva, SWITZERLAND, 2University Hospital Geneva, Geneva, 
SWITZERLAND

In Pseudomonas aeruginosa azithromycin has been shown to 
reduce virulence factor production, to retard biofilm formation 
and to exhibit bactericidal effects on stationary phase cells. We 
analyzed in this study whether these azithromycin-mediated ef-
fects require the interaction with the ribosome. We blocked the 
access of  azithromycin to the ribosome in P. aeruginosa PAO1, 
by expressing the 23S rRNA methylase ErmBP from Clostrid-
ium perfringens. Ribosome protection prevented the azithromy-
cin-mediated reduction of  elastase and rhamnolipid produc-
tion, as well as the inhibition of  swarming motility. Ribosome 
protection also prevented the killing of  stationary phase cells, 
suggesting that the cell-killing effect of  azithromycin does 
not result solely from membrane destabilization. We further 
show that rhamnolipids are involved in the cell killing, prob-
ably by increasing the uptake of  the hydrophobic azithromycin 
molecule. These results have important implications for the 
treatment with azithromycin of  patients chronically colonized 
by P. aeruginosa and might explain the variability in the efficacy 
of  azithromycin treatments.
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210B
GENE ISLAND INTEGRATION MODULATES 
PseuDomonAs	AerugInosA MODE OF 
INFECTION
G. Singh1, M. Baek1, A. Rubio-Mills1, Y. Sawa1, J. Cheng2, Z. Peng2, 
J. Bristow2, J. Wiener-Kronish1, S. Lynch1; 1University of California 
San Francisco, San Francisco, CA, 2DOE Joint Genome Institute, 
Walnut Creek, CA

As many as 12 genomic islands, known to integrate primar-
ily at tRNA genes in the Pseudomonas aeruginosa chromosome, 
have been isolated to date. These islands are thought to confer 
a competitive advantage on this species, however no clinical 
relevance has been attached to any of  these accessory genetic 
elements. Five P. aeruginosa strains isolated from temporal endo-
trachael aspirates obtained from a single patient with worsen-
ing ventilator-associated pneumonia (VAP) were examined in 
this study. All strains were clonal as determined by multi locus 
sequence typing and pulsed field gel electrophoresis. To de-
termine if  gene island integration contributed to development 
of  VAP in these patient isolates, a screen of  potential integra-
tion hotspots was carried out. The latter 3 isolates exhibited 
evidence of  an integration event at a tRNAlys site (PA0976.1); 
integration coincided with a decline in patient health. Virulence 
phenotyping of  each of  these 5 strains demonstrated that the 
initial two (non-integrated) strains exhibited high levels of  
elastase and pyoverdin production and no type III cytotoxin 
secretion. In contrast the latter 3 isolates demonstrated little 
or no elastase and pyoverdin production, but secreted type 
III cytotoxins, suggesting that the primary mode of  virulence 
had shifted from chronic to acute infection coincident with 
the integration event in the latter isolates. Pyoverdin produc-
tion is directly regulated by the quorum-sensing molecule, 
Pseudomonas Quinolone Signal (PQS), therefore analysis of  
PQS production by Q-PCR and thin layer chromatography 
was performed. The initial two strains expressed and produced 
substantial amounts of  this signal while the latter 3 did not, 
suggesting that PQS concentration may control the mode of  
virulence of  these strains. To determine if  PQS concentra-
tions affected cytotoxin secretion, all 5 strains were cultured in 
cytotoxin-inducing medium in the presence or absence of  ex-
ogenously added PQS. In the presence of  high concentrations 
of  this signal molecule, the latter 3 strains no longer secreted 
type III cytotoxins, confirming a regulatory role for PQS in 
cytotoxin secretion. Thus, an integration event at the tRNAlys 
site, coincident with a change in PQS production appears to 
have shifted the mode of  P. aeruginosa virulence from one of  
chronic to acute infection, This suggests that island integration 
may confer a competitive advantage on this species by modu-
lating virulence gene expression in the host. Current efforts are 
focused on determining the effect of  gene island integration 
on global gene expression of  P. aeruginosa to determine if  this 
event is directly linked to altered PQS production by this strain.

211A
DEVELOPMENT OF A LOW DOSE NASAL 
INFECTION MODEL WITH PSEUDOMONAS 
AERUGINOSA IN MICE
F. Woelbeling, B. Gewecke, I. Glass, B. Tuemmler, U. Baumann; 
Hanover Medical School, Hannover, GERMANY

Strategies that prevent chronic Pseudomonas aeruginosa infection 
in Cystic Fibrosis patients are desirable. Vaccination would be 
a sensible approach. A meaningful animal infection model that 
represents protection at the airway mucosa surface, however, 
is still lacking, since present models tend to mimic chronic or 
lethal airway infection with high doses of  P. aeruginosa. In order 
to better represent the course at the onset of  the P. aeruginosa 
airway infection in vivo we pursue a model of  low dose na-
sal inoculation and longitudinal investigation of  physiologic 
parameters.  In a first experiment we infected n=12 C57BL/6 
mice nasally with planctonic PA14 bacteria at 10^3 CFU. We 
assessed body weight, temperature and respirational parameters 
including respiratory rate, tidal volume and midtidal expiratory 
flow (EF_50) over a period of  72 hours post infection (p.i.) 
using body plethysmography.  Following P. aeruginosa airway 
infection body weight dropped by a mean of  10% after 24 
hours p.i. with recovery over 7 days. The body temperature 
dropped to a mean of  27°C within 4 hours p.i. with a recovery 
time of  24 hours.  Mean respiratory rate dropped from 302 
breaths per minute (bpm)(standard error of  the mean (SEM): 
6,35) to 133 bpm (SEM: 4,88) after 4 hours p.i. with a recovery 
after 24 hours p.i.. Tidal volume dropped from 207 µl (SEM: 
6,61) to 95 µl (SEM: 4,59) within 12 hours with a recovery time 
of  more than 72 hours. EF_50 value dropped from 3216,77 
µl/sec (SEM: 100,82) to 737,77 µl/sec (SEM: 161,21) within 12 
hours with a recovery time of  more than 72 hours.  In sum-
mary the nasal P. aeruginosa airway infection model using doses 
several orders of  magnitude below LD50 exhibits considerable 
pathophysiology as obtained by lung function studies last-
ing more than 72 hours. We conclude that this model holds 
promise for assessment of  airway pathology more close to the 
clinical situation. Future work is directed towards refining the 
model for use in mucosal vaccination studies with an OprF-
OprI fusion protein vaccine developed in our laboratory.

212B
STICKY PseuDomonAs	AerugIosA	
COLONIES ISOLATED FROM CF PATIENTS 
ARE SIMILAR TO BIOFILM-DERIVED STICKY 
STRAINS
M. Starkey1, J. Hickman2, T. Starner3, M. Kirisits4, C. Harwood2, M. 
Parsek2; 1Massachusetts General Hospital, Boston, MA, 2Univer-
sity of Washington, Seattle, WA, 3University of Iowa, Iowa City, IA, 
4University of Texas, Austin, TX

Pseudomonas aeruginosa is responsible for chronic infections in 
the airways of  people afflicted with cystic fibrosis, where the 
bacteria have been shown to exist as biofilms. Various colony 
morphology variants have been isolated from biofilms as well 
as from CF sputum samples. One class of  variants described 
as sticky (ST) or small colony variant (SCV) is characterized by 
small, rough colonies, auto-aggregation in liquid culture, and 
hyper-adherence. We demonstrate that ST variants isolated 
from the CF lung are similar to ST isolates from laboratory-
grown biofilms. Gene expression profiles for both clinical and 
biofilm ST isolates are comparable, and EPS loci pel and psl 
are both important for biofilm formation and ST phenotype. 
The nearly ubiquitous bacterial signaling molecule c-di-GMP 
is shown to be an important factor for both lab and clinical 
strains. All ST isolates tested can be reverted to smooth types 
when a c-di-GMP-degrading phosphodiesterase is over-ex-
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pressed. Furthermore, both clinical and biofilm sticky stains 
elicit a less severe immune response from airway epithelial cells, 
suggesting that the ST variant may be well-suited for survival in 
the CF lung.

213A
A GENETIC APPROACH TO 
UNDERSTANDING THE MULTIDRUG 
RESISTANCE IN PseuDomonAs
AerugInosA	
S. Mark, D. Ren; Syracuse University, Syracuse, NY

Pseudomonas aeruginosa is an opportunistic Gram-negative bacte-
rial pathogen. The infections from this organism are often 
persistent due to its resistance to multiple antibiotics. In this 
study, we attempted to identify the genes responsible for in-
trinsic multidrug resistance at genome-wide scale by creating a 
Tn5 transposon mutant library and screening for mutants that 
are more susceptible to tobramycin than the wild-type PAO1. 
The sites of  mutations were identified by inverse PCR. To date, 
900 mutants have been screened and 45 were found to exhibit 
increased susceptibility to tobramycin. The genes responsible 
for the increase in tobramycin sensitivity have been identified 
for 7 of  the 45 mutants, including the genes that encode an 
insulin-cleaving metalloproteinase outer membrane protein, 
phospholipase C, a putative amino acid ABC transporter and 
ATP-binding protein, a probable permease of  the ABC trans-
porter, a probable glutathione S-transferase, a probable metal-
lopeptidase, and a hypothetical protein, respectively. In further 
work we will screen more mutants and investigate the roles of  
the key genes in biofilm formation and antibiotic resistance.

21�B
GENES INVOLVED IN RESISTANCE AND 
SENSITIVITY IN PseuDomonAs	
AerugInosA	TO CIPROFLOxACIN
E. B. Breidenstein, M. D. Brazas, R. E. Hancock; University of 
British Columbia, Vancouver, BC, CANADA

Background: In patients with cystic fibrosis (CF) P. aerugi-
nosa causes chronic lung infections that, once established, are 
impossible to eradicate, due to the high natural resistance of  
this bacterium to common antibiotics. Ciprofloxacin remains a 
useful antibiotic for P. aeruginosa infections in CF patients. The 
goal of  this study was to identify novel genes that are involved 
in determining ciprofloxacin susceptibility and resistance. 
Methods: Agar screens were done with mutants from the 
PA14 and PA01 miniTn5-luxCDABE mutant libraries, screen-
ing for supersusceptibility (0.025ug/ml) and resistance (0.2ug/
ml) to ciprofloxacin. Positive mutants were then confirmed us-
ing the broth microdilution technique, and for mutants known 
to be involved in swimming and swarming a motility assay was 
performed. Results: Among the 5,850 mutants in the PA14 li-
brary, 187 mutants were found to be either resistant or sensitive 
to ciprofloxacin on the agar screen. With the broth microdilu-
tion method, it was confirmed that genes involved in chemo-
taxis, secretion factors, transcriptional regulators, membrane 
proteins and genes that are involved in DNA recombination 
and replication had an effect on ciprofloxacin susceptibility. 
They appeared either to be sensitive or resistant to ciprofloxa-

cin. Furthermore many hypothetical proteins were determined. 
The sensor fleS of  the two-component system fleSR from the 
PA01 library was found to be more susceptible to ciprofloxa-
cin and showed an interesting phenotype in the motility assay. 
Complementation of  fleS restored the wild type phenotype. 
Conclusions: We could confirm that the target of  ciprofloxa-
cin was the DNA recombination and replication machinery, 
since many of  the genes involved in DNA replication were 
supersusceptible to ciprofloxacin. There appeared to also be a 
new role for sensors, like fleS, in ciprofloxacin susceptibility.

21�A
INHIBITORS OF PATHOGEN INTER 
CELLULAR SIGNALS AS SELECTIVE 
ANTI-INFECTIVE COMPOUNDS
B. Lesic1, F. LÃ©pine2, E. DÃ©ziel2, J. Zhang3, Q. Zhang1, K. 
Padfield1, M. Castonguay2, S. Milot2, S. Stachel1, A. A. Tzika1, R. 
G. Tompkins1, L. G. Rahme1; 1Massachusetts General Hospital/
Harvard Medical School, Boston, MA, 2Institut Armand Frappier, 
Laval, PQ, CANADA, 3Harvard University/Bauer Center for Ge-
nomics Research, Cambridge, MA

Long-term antibiotic use generates pan-resistant super patho-
gens. To combat infections by these organisms requires new 
anti-infective compounds that selectively disrupt virulence 
pathways, and not cell viability. A candidate target pathway is 
quorum sensing (QS), which many bacterial pathogens use to 
coordinately regulate virulence determinants. The Pseudomo-
nas aeruginosa MvfR-dependent QS regulatory pathway con-
trols the expression of  key virulence genes; and is activated via 
the extracellular signals, 4-hydroxy-2-heptylquinoline (HHQ), 
and 3,4-dihydroxy-2-heptylquinoline (PQS), whose syntheses 
depend on anthranilic acid (AA), the primary 4-hydroxy-2-al-
kylquinolines (HAQs) precursor. Here we identify halogenated 
AA analogs that specifically inhibit HAQs biosynthesis, and 
disrupt MvfR-dependent gene expression. These compounds 
restrict P. aeruginosa mortality and systemic dissemination 
in mice, without perturbing bacterial viability, or generating 
resistance; and inhibit osmoprotection, a wide-spread bacterial 
function. These compounds provide a starting point for the 
design and development of  selective anti-infectives that restrict 
human-P. aeruginosa pathogenesis, and possibly other clinically 
significant pathogens.

21�B
PSRA IS INVOLVED IN VIRULENCE AND 
ANTIMICROBIAL PEPTIDE 
RESISTANCE-RELATED PHENOTYPES IN 
PseuDomonAs	AerugInosA
W. J. Gooderham, M. Bains, R. E. Hancock; University of British 
Columbia, Vancouver, BC, CANADA

Pseudomonas aeruginosa is an important opportunistic pathogen 
that is responsible for chronic cystic fibrosis lung infections. 
These and other severe P. aeruginosa infections in immunocom-
promised patients can be extremely difficult to treat owing to 
high intrinsic antibiotic resistance and a repertoire of  virulence 
factors. Additionally, understanding how some infections be-
come progressively recalcitrant to antimicrobial therapy is key. 
One model is based on adaptive antibiotic resistance, where the 
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unusually large number of  P. aeruginosa genomic regulatory sys-
tems that confer environmental (soil, water) and host (plants, 
animals) versatility also provide P. aeruginosa with the capability 
to adapt and survive otherwise lethal doses of  antibiotics. Us-
ing microarray analysis to address this, the psrA gene (encoding 
a transcriptional regulator) was found to be up-regulated in re-
sponse to sub-inhibitory antimicrobial peptide exposure. Newly 
identified antimicrobial peptide-regulated genes and genes 
previously known to confer resistance were significantly regu-
lated in this array. A PA01 psrA transposon mutant displayed 
intrinsic sensitivity (killing curves) towards polymyxin B, a last 
resort antimicrobial used against multidrug-resistant infections. 
This mutant also displayed significant decreases in both biofilm 
formation and swarming motility relative to wild-type. Pheno-
types held when the mutation was transformed into a different 
strain background. Complementation of  mutant phenotypes 
and psrA microarray data will be discussed. Determining how 
PsrA mediates this link between P. aeruginosa virulence and anti-
biotic resistance will eventually help provide improved under-
standing about infections and treatment strategies.

217A
TWO-PRONGED SURVIVAL STRATEGY FOR 
THE MAJOR CYSTIC FIBROSIS PATHOGEN, 
PseuDomonAs	AerugInosA, LACKING 
THE CAPACITY TO DEGRADE NITRIC OxIDE 
DURING ANAEROBIC RESPIRATION
D. J. Hassett; University of Cincinnati College of Medicine, Cin-
cinnati, OH

The important opportunistic pathogen, Pseudomonas aeruginosa 
(PA), is known to undergo anaerobic respiration within the 
thick mucus lining the airways of  cystic fibrosis patients. An-
aerobic respiration in PA requires nitrate (NO3

-), nitrite (NO2
-), 

or nitrous oxide (N2O) as terminal electron acceptors. The 
reduction of  NO3

- occurs via two routes, through an assimila-
tory pathway, where NO3

- is reduced to NH3 and subsequently 
used as a nitrogen source, or by a dissimilatory pathway, where 
NO3

- is reduced to N2 by respiration. Dissimilatory NO3
- re-

duction occurs only under anaerobic conditions and involves a 
sequential reduction of  NO3

- to N2, with intermediates that in-
clude NO2

-, nitric oxide (NO) and N2O. Protection from nitric 
oxide (NO) gas, a toxic byproduct of  anaerobic respiration in 
PA, is normally mediated by NO reductase (NOR), the norCB 
gene product. In this work, we found that a norCB mutant, that 
accumulated ~13.6 μM NO, paradoxically survived anaerobic 
growth. The mechanism underlying this metabolic paradox was 
elucidated. Transcription of  genes encoding nitrate and nitrite 
reductases, the enzymes responsible for NO production, was 
reduced >50-fold in the norCB mutant. This was found to be 
due to a compromisation of  the [4Fe-4S]2+ cluster in the global 
anaerobic regulator ANR by physiological NO levels, resulting 
in conversion to a [2Fe-2S]2+ ANR protein that is unable to 
bind to its cognate promoter DNA sequences. Remarkably, two 
O2-dependent dioxygenases, homogentisate-1,2-dioxygenase 
(HmgA) and 4-hydroxyphenylpyruvate dioxygenase (Hpd), 
were derepressed in the norCB mutant in an ANR-dependent 
fashion. Electron paramagnetic resonance studies showed that 
purified HmgA and Hpd bound NO avidly, and helped protect 
the norCB mutant during anaerobic biofilm growth. These data 
suggest that protection of  a P. aeruginosa norCB mutant against 

anaerobic NO toxicity occurs by both control of  the supply 
of  NO and reassignment of  metabolic enzymes to the task of  
NO sequestration.

219A

THE SECOND MESSENGER BIS-(3’-�’)-CY-
CLIC-GMP AND ITS PILZ 
DOMAIN-CONTAINING RECEPTOR ALG�� 
ARE REQUIRED FOR ALGINATE 
BIOSYNTHESIS IN PseuDomonAs	
AerugInosA 
M. Merighi1, V.T. Lee1, M. Hyodo2, Y. Hayakawa2, and S. Lory1

, Department 
of Microbiology and Molecular Genetics, Harvard Medical School, Boston, 
Massachusetts, USA1; Graduate School of Information Science/Human 
Informatics and CREST/JST, Nagoya University, Nagoya, Japan2

The bacterial second messenger c-di-GMP regulates the 
expression of various virulence determinants in a wide range 
of pathogens. A novel class of c-di-GMP receptors, proteins 
with the so called PilZ domain, has been recently described. 
We have identified in the Pseudomonas aeruginosa ge-
nome eight genes encoding for proteins with the PilZ   and 
demonstrated binding of c-di-GMP to all but one of these 
proteins in a direct ligand binding assay.  One protein with 
the PilZ domain, Alg44, is involved in biosynthesis of the 
extracellular polysaccharide alginate. We have shown that 
increasing c-di-GMP levels by overexpression of a highly 
active diguanylate cyclase, or hydrolysis of c-diGMP by a 
phosphodiesterase enhanced or reduced formation of alginate 
in mucoid strains, respectively. We have engineered substitu-
tions in several charged or polar conserved residues of the 
the PilZ domain of Alg44  and have determined  that they 
resulted in simultaneous loss of c-di-GMP binding in vitro as 
well as alginate production in P. aeruginosa. An Alg44-His6 
fusion was also shown to localize in the membrane frac-
tion of P. aeruginosa independently from its ability to bind 
c-di-GMP. The exact mechanistic role of Alg44 is unknown, 
but it appears to be an essential component of the alginate 
biosynthetic apparatus, perhaps controlling polymerization or 
transport of the polysaccharide upon binding of c-di-GMP.   
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