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Introduction and scope of the thesis 

Organization of life

The tree of life is made up of three distinct domains: eukaryotes, bacteria, and archaea1,2. The 
eukaryotes represent organisms whose cells are organized into complex structures enclosed 
within membranes. The defining membrane-bound structure that distinguishes them from 
other forms of life is the nucleus containing most of the cell’s genetic material. Eukaryotes 
include animals, plants, fungi and a rich variety of microorganisms known as protists. On the 
contrary, archaea and bacteria are prokaryotes and have no cell nucleus or any other 
organelles within their cells. Archaea are an ancient form of life generally quite similar in size 
and shape to bacteria. They can be differentiated from bacteria based on the sequences of 
ribosomal RNA (rRNA) genes3. The bacteria can be classified as Gram-positive or Gram-
negative bacteria based on differences in their cell wall. Gram-positive bacteria possess a thick 
cell wall containing many layers of peptidoglycan and teichoic acid. In contrast, Gram-negative 
bacteria have a relatively thin cell wall consisting of a few layers of peptidoglycan surrounded 
by a second lipid membrane containing lipopolysaccharides and lipoproteins. 

General characteristics of Pseudomonads  

Pseudomonad means literally 'false unit', deriving from the Greek pseudo ('false') and monas ('a 
single unit'). The term "monad" was used in the early history of microbiology to denote single-
celled organisms. Because of their widespread occurrence in nature, the pseudomonads were 
observed early in the history of microbiology. The family of pseudomonads belongs to the 
order of gamma proteobacteria and includes a Pseudomonas genus. Noteworthy, the term 
'Pseudomonad' includes also members of the genera Burkholderia and Ralstonia. The bacterial 
genus Pseudomonas includes variety of Gram-negative, rod-shaped, and polar-flagella species 
some of which may be animal or plant pathogens, as well as biocontrol, bioremediation, and 
spoilage agents. A well-studied opportunistic human pathogen, Pseudomonas aeruginosa 
(Figure 1), most commonly affects immunocompromised patients, such as those with cystic 
fibrosis or AIDS4,5. Rarely even non-pathogenic species of Pseudomonas can become a problem 
in clinical settings, due to their hemolytic activity6. There are numerous Pseudomonas species 
that can act as plant pathogens, such as the members of the Pseudomonas syringae subgroup, 
with P. syringae the most widespread and best studied7. Certain members of the Pseudomonas
genus have been applied as biocontrol agents to prevent the growth or establishment of crop 
pathogens. The biocontrol properties of Pseudomonas fluorescens strains (CHA0 or Pf-5 for 
example) were applied in protecting the roots of some plant species against parasitic fungi 
such as Fusarium or Pythium, as well as some phytophagous nematodes8,9. Other Pseudomonas
species with biocontrol properties include phenazine-producing Pseudomonas chlororaphis
effective against certain fungal plant pathogens10, and the closely related Pseudomonas
aurantiaca producing di-2,4-diacetylfluoroglucylmethan, a compound active against Gram-
positive bacteria11. Interestingly, some members of the Pseudomonas genus are able to 
metabolize chemical pollutants in the environment and as a result can be used for 
bioremediation. For example, Pseudomonas alcaligenes can degrade polycyclic aromatic 
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hydrocarbons12, Pseudomonas mendocina and Pseudomonas putida utilize toluene13,14, and P.
alcaligenes is also able to use cyanide as a nitrogen source15. Furthermore, many Pseudomonas
can cause food spoilage, such as spoilage of milk and dairy products by Pseudomonas fragi or 
Pseudomonas lundensis16,17.

Figure 1. Electron microscopy micrograph (SEM) of 
Pseudomonas aeruginosa (Photo credit: #232, Janice 
Haney Carr, CDC). 

P. alcaligenes is mostly used as a soil inoculant for bioremediation purposes and it is 
rarely human pathogenic18. In addition, P. alcaligenes presented its industrial potential after it 
was found to secrete an alkaline lipase with excellent properties facilitating the removal of 
fatty stains under modern washing conditions19. It led to further investigation of this strain for 
lipase expression, resulting eventually in industrial lipase production by Genecor International 
(former Gist-brocades) in 1996. The isolation and identification of a microorganism that can 
naturally secrete a product of potential industrial production is one of the vital steps in the 
process of fermentation biotechnology. Some Gram-negative species have the potential and 
capacity to produce and secrete significant amounts of commercially relevant enzymes, such 
as lipases, esterases, cellulases, and phospholipases. Therefore, the use of microbial enzymes 
as biocatalysts is rapidly engaging the academic and industrial interest. Yet, the successful 
enzyme production on industrial scale needs a solid fundamental knowledge about the protein 
to be produced and the expression host. In desire for better understanding, the European 
Community funded projects, such as “Pseudomonads as enzyme factories 1996-2000” and 
“Nanofoldex 2003-2006”, are often carried out. The main goal of these two initiatives was to 
design a Gram-negative secretion host, Pseudomonas, with its periplasm engineered into a 
compartment optimized for the assembly and folding of biocatalysts such as lipases and 
penicillin acylases. P. aeruginosa was used as the model strain thanks to the wealth knowledge 
available on its biochemistry and molecular genetics including the genome sequence. 
Subsequently, the gained knowledge could be transferred to the related industrial strain, P.
alcaligenes.

P. aeruginosa is known for its environmental versatility and excellent adaptability to 
many ecological niches as it grows in soil, marshes and coastal marine habitats, as well as on 
plant and animal tissues. Immunocompromised individuals with cystic fibrosis, AIDS, burn 
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victims, or individuals with cancer are particularly at risk of disease resulting from P. aeruginosa
infection. P. aeruginosa can produce a number of toxic proteins which may cause extensive 
tissue damage and may interfere with the human immune system's defense mechanisms. 
These proteins can enter and kill host cells at or near the site of colonization or they can 
permanently disrupt the cell membranes and connective tissues in various organs. This 
bacterium is also famous for its resistance to many antibiotics. P. aeruginosa is widely studied 
by scientists who are interested in not only its ability to cause disease and resist antibiotics, but 
also its metabolic capability and environmental versatility. The complete sequence availability 
of the large P. aeruginosa PAO1 genome in recent years20 led to new discoveries about this 
bacterium. The 6.3-Mbp genome contains 5570 predicted genes on one chromosome. Analysis 
of the genome sequence has identified genes involved in locomotion, attachment, transport 
and utilization of nutrients, antibiotic efflux, and systems involved in sensing and responding 
to environmental changes. P. aeruginosa secretes a variety of pigments, including pyocyanin 
(blue-green), fluorescein (yellow-green), pyoverdin (yellow-green), and pyorubin (red-brown).

Figure 2. Cell-cell signaling system in Gram-negative bacteria. With increasing cell-density the intracellular 
concentration of signal molecules reaches a threshold level. At that stage signal molecules bind to the 
transcriptional activator and regulate the expression of target genes. The luxI gene encodes an autoinducer 
synthase and the luxR gene encodes a transcriptional activator protein. The autoinducer synthase is responsible 
for the synthesis of an autoinducer molecule, signal molecule.  

Quorum Sensing

Bacterial quorum sensing coordinates certain behaviors based on the local density of the 
bacterial population. This cell-cell communication system, based on producing, releasing, 
detecting, and responding to signal molecules, allows bacteria to establish social interactions 
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and inhabit various ecological niches. It can occur within a single bacterial species as well as 
between diverse species, and it can regulate a range of different processes, essentially serving 
as a simple communication network. A variety of different molecules can be used as signals. In 
Gram-negative bacteria, the diffusible signal molecules are typically acylated homoserine 
lactones (AHLs). Gram-positive bacteria utilize small posttranslationally modified peptides as 
the signaling molecules. Moreover, two essential protein types are involved in quorum sensing 
in Gram-negative bacteria: first, a LuxR-type protein that is a transcriptional regulator and 
second, a LuxI-type protein being the autoinducer synthase (Figure 2). Both type proteins are 
homologous to the Vibrio fischeri LuxR/LuxI system21-23. Generally, at low cell density, AHLs are 
synthesized at a basal level followed by constitutive synthesis and accumulation during the 
bacterial growth. When the AHL concentration reaches a threshold, commonly at high 
bacterial densities, signal molecules interact with a specific transcriptional factor, a LuxR-type  

Figure 3. Schematic presentation of quorum sensing circuit in P. aeruginosa.

protein. In turn, the activated transcriptional regulator binds to the regulatory DNA fragment 
(called a lux-box) leading to transcription activation of certain genes, including those for 
inducer synthesis, for virulence factors activation, or genes essential in adaptation to certain 
environmental niches (Figure 2). The critical threshold concentration of the signaling molecule 
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required for activation is not strictly dependent on high cell densities and depends on the 
prevailing growth environment. This coordinated behavior of bacterial cells can be useful in a 
variety of situations. For instance, the LuxR/LuxI bioluminescence system, in the marine 
bacterium V. fischeri that lives in the photophore (light-producing organ) of the Hawaiian 
bobtail squid, induces at high cell densities, luciferase transcription leading to 
bioluminescence24. In P. aeruginosa, LasI/R and RhlI/R systems control biofilm formation and 
virulence factors production25,26.

One of the most studied quorum sensing bacteria is P. aeruginosa. It utilizes two AHL 
QS systems, the las and rhl systems; in the las system, lasI directs the synthesis of 3-oxo-
C12HSL, which interacts with LasR and activates target promoters27. In the rhl system, the rhlI
gene product directs the synthesis of C4HSL, which interacts with the cognate transcriptional 
regulator RhlR activating the target gene promoters28. These two systems are intimately 
connected by forming a regulatory cascade in which LasR/3-oxo-C12HSL activates the 
expression of rhlR and rhlI29. Notably, each system regulates a regulon that includes an 
overlapping set of genes, regulating the production of multiple virulence factors including 
elastase, exotoxin A, alkaline protease, pyocyanin, rhamnolipids, lectins and biofilms 
formation30. In addition, these two quorum sensing systems are linked through the regulatory 
action of RsaL, VqsR, and QscR proteins and another signaling molecule PQS31-34. Figure 3 
schematically deciphers the quorum sensing circuit in P. aeruginosa.

Figure 4. Bacterial two-component signal transduction system. A simple two-component signal transduction 
system consists of a sensor kinase (histidine kinase) and a response regulator. Activation of the autokinase 
domain by signal sensing via the input domain results in phosphorylation of a specific histidine (H) residue in the 
phosphotransfer subdomain of sensor kinase. The phosphoryl group is then transferred to an aspartate (D) 
residue in the receiver domain of the cognate response regulator protein. The latter step leads to activation of the 
linked output domain and subsequent transcriptional regulation of target genes (TG).  

Environmental regulation via two-component systems 

Most of the bacteria live in unstable environments and their successful survival requires 
adaptive responses to constantly changing conditions. Bacteria use two-component signal 
transduction pathways to sense the external environment and to coordinate cellular events 
according to changing environment. The two-component signaling system comprises a 
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histidine kinase (HK) protein and its partner, a response regulator (RR) protein. The histidine 
protein kinase, which is regulated by environmental stimuli, autophosphorylates at a histidine 
residue, creating a high-energy phosphoryl group that is subsequently transferred to an 
aspartate residue in the response regulator protein (Figure 4). Phosphorylation activates the 
response regulator by inducing a conformational change in the regulatory domain which 
transmits the signal to its target. Most of the known phosphorylated response regulators act as 
transcriptional regulators by stimulation or repression of the transcription of specific genes. 
Histidine kinases are mostly membrane anchored proteins, whereas the response regulators 
are cytoplasmic proteins.

For example, the NtrCB system involved in the regulation of the metabolism of 
nitrogen and the PhoRB system controlling the genes for phosphorous acquisition were among 
the first two-component systems recognized in bacteria35-37. Based on the sequence similarities 
and experimental data, more than 30 two-component systems were identified in E. coli. 
However, the role of many of them remains undefined. Furthermore, screening the P.
aeruginosa genome has led to the identification of the highest number of putative genes 
encoding two-component regulatory systems (55 sensor kinases and 89 response regulators) 
of all bacterial genomes sequenced38, with only a small section well-characterized. Such a high 
number of these systems suggests that P. aeruginosa possesses complex control strategies 
allowing responding to environmental challenges. The GacS/GacA of P. aeruginosa is a global 
regulatory two-component system positively regulating lasR and rhlR gene expression and 
regulating several secondary metabolites essential in virulence39. The environmental signal 
stimulating the histidine sensor kinase GacS is still unknown; also the direct regulation of the 
lasR and rhlR promoters by GacA has not been demonstrated. Recently, another response 
regulator, PprB, has been shown to positively regulate the production of extracellular 
protease, pyocyanin, elastase, and hameolytic activity in P. aeruginosa40. Notably, PprB 
positively regulates the transcription of lasI, rhlI, rhlR, and rsaL to the extent that, in the pprB
knock-out strain, C4HSL and 3-oxo-C12HSL were almost non-detectable41.

The bacterial responses to the environmental changes by signal transduction and gene 
regulation, apart from the action of the two-component systems, include also the activity of 
the RNA polymerase holoenzyme (sigma factors), accessory transcriptional regulators, 
posttranslational regulators, small regulatory RNAs, and small signal molecules42-44. In P.
aeruginosa, as in most bacterial species, the expression of genes is tightly controlled by the so-
called sigma ( ) factors, such as rpoD ( 70), RpoH ( 32), RpoF (FliA or 28), RpoS ( S or 38), 
RpoN (NtrA, 54 or N), AlgU (RpoE or 22), PvdS, and SigX45. Specifically, RpoS was shown to 
be involved in the regulation of the extracellular alignate, pyocyanin, exotoxin A, and in stress 
resistance during exposure to heat, low pH, high osmolarity, ethanol, and hydrogen 
peroxidase46. Also, the alternative sigma factor, RpoN, regulates several metabolic functions 
and is involved in the regulation of virulence in P. aeruginosa47,48. Other regulatory factors 
include posttranscriptional regulatory proteins, such as RsmA in P. aeruginosa. RsmA acts in 
tandem with two small non-coding regulatory RNA molecules, RsmZ and RsmY, to regulate 
the synthesis of several virulence factors49,50.

The versatility in sensing and responding to diverse intracellular and extracellular 
signals by integrating signal transduction pathways, such as two-component systems, presents 
simply the complexity of the bacterial regulatory network.  
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Protein export in Pseudomonas aeruginosa - the type II secretion system 

Gram-negative bacteria own sophisticated systems to export proteins across their cytoplasmic 
and outer membranes.  Few export systems has been distinguished among which, the type I, 
III, and IV systems secrete proteins into the extracellular medium across both membranes51-53.
The type I, also called ATP-binding cassette (ABC) protein exporters, in Gram-negative 
bacteria, secrets toxins, proteases, and lipases54,55. The apparatus consists of three proteins: an 
ATP-binding protein, a membrane fusion protein (MFP), and an integral protein (OMP). The 
type III secretion pathway is unique in the way that the exoproteins can be directly 
translocated into the cytosol of target eukaryotic cells56,57. Secretion of Yersinia extracellular 
proteins (Yops) by Yersinia spp. represents the prototypical type III export pathway consisting 
of 22 proteins. The type IV secretion pathway is homologous to the IncP and IncN bacterial 
conjugation systems and the VirB system of Agrobacterium tumefaciens that facilitates 
translocation of oncogenic T-DNA into plant cells58,59.

In P. aeruginosa, toxins and hydrolytic enzymes, such as elastase, lipase, 
phospholipases or exotoxin A are secreted by the type II secretory pathway via a two-step 
process (Figure 5). These type II-dependent proteins carry an N-terminal signal peptide that is 
cleaved off during translocation across the cytoplasmic membrane. The translocation takes 
place via the Sec pathway60 or alternatively via the Tat pathway (Figure 5)61. Subsequently, in 
the periplasm the mature proteins are recognized by the Xcp machinery of the main terminal 
branch (MTB)62-64. This widely conserved system in Gram-negative bacteria, in P. aeruginosa
consists of 12 components named XcpA and XcpR-Z65. Most of the Xcp proteins are localized in 
the cell envelope66. The XcpA peptidase was shown to be identical to PilD and to be located in 
a cluster of pil genes involved in the biogenesis of type IV pili67. The XcpA peptidase is an 
integral IM protein and is involved in the maturation of pseudopilins XcpT-X68-70. The 
cytoplasmic ATPase, XcpR, has been shown to associate with the inner membrane via the N-
terminal domain of the bitopic inner-membrane component XcpY71. The XcpR and the 
multispanning inner-membrane component XcpS show considerable sequence similarity to 
PilB and PilC, respectively, which are required for the formation of type IV pili72. This suggests
that XcpR and XcpS may play key roles in the assembly of the pilus-like structure formed by the 
pseudopilins. The XcpQ is the integral outer membrane protein that forms a multimeric ring-
shaped structure, composed of 12-15 monomers, to mediate the export of macromolecules, 
such as pili or bacteriophages, to the outer surface73,74. Also, in P. alcaligenes the xcp genes of 
the type II pathway have been identified and shown to be clustered in two divergently 
transcribed operons similar to that in P. aeruginosa75. Interestingly, P. aeruginosa was found to 
possess the hxc gene cluster, homologous to the xcp genes, which serves as a second 
functional type II secretory pathway present only under phosphate-limiting conditions76,77.
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Figure 5. Schematic model of protein secretion via the type II pathway in P. aeruginosa. Exotoxin A (ETA), with a 
Sec-dependent signal peptide (SP), or the phospholipases C (Plc’s), having a twin-arginine (RR) signal peptide, are 
exported across the inner membrane via the Sec and the Tat pathway, respectively. In the periplasm, after 
cleavage of the signal peptides, they are recognized and transported by the Xcp system into the external medium. 
C - cytoplasm; IM - inner membrane; P - periplasm; OM - outer membrane. Different colors in the Sec and Tat 
translocons correspond to different subunits (adapted from Voulhoux et al. 2001). 

As already mentioned, the Sec and Tat systems transport proteins across the inner 
membrane. The Sec pathway is considered to be a universal transport system as it translocates 
the vast majority of the proteins in all living organisms78,79. In bacteria, the system comprises of 
several ubiquitous proteins (SecY, SecE, SecG, YidC, FtsY, Ffh) and several additional proteins 
present only in selected organisms (SecA, SecB, SecD, SecF, YajC)80. SecB is an ATP-
independent chaperone that presents the unfolded preprotein to SecA. SecA directs the export 
of the precursor protein through the SecYEG channel called translocase. Insertion of Sec-
dependent proteins into the membrane is promoted by FtsY, Ffh, and YidC that act in unison 
with the SecYEG complex81-83. Proteins targeted to the Sec system carry signal sequences that 
are characterized by a short, positively charged N-terminal region followed by a hydrophobic 
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core (10 to 15 residues) and a more polar C-terminus containing the signal-peptidase cleavage 
site84. Passage of the precursor over the inner membrane is followed by cleavage of the signal 
sequence by the signal peptidases SPase I (LepB) or SPase II (LspA) at the periplasmic side of 
the inner membrane85. P. aeruginosa possesses the ubiquitous Sec machinery components and 
also SecA, SecB, SecD, SecF, and YajC86. The Tat pathway exports across the inner membrane 
folded proteins with a double-arginine (RR) motif in their signal peptide87,88 and operates in 
parallel to the Sec system. Most of the Tat exported proteins contain redox factors and are 
involved in the adaptation of bacteria to anaerobic or high osmolarity growth conditions89. In 
E. coli, the Tat system comprises the TatA, B, C, and E proteins90 and only TatB and TatC are 
essential for system function91,92. In P. aeruginosa, only TatA, B, and C are present93,94. Two 
extracellular phospholipases from P. aeruginosa, the substrates of the type II system, were
shown to be translocated across the inner membrane in the Tat-dependent manner95. Thus, 
both the Sec and Tat systems can feed the Xcp machinery (Figure 5).

For the protein export exclusively through the outer membrane, Gram-negative 
bacteria employ apart from the main terminal branch (MTB) family (the Xcp and Hcp pathways 
in P. aeruginosa), also the fimbrial usher protein (FUP) family, the autotransporter (AT) family, 
and the two-partner secretion (TPS) family96-98. Noteworthy, in P. aeruginosa all of these 
export pathways can be found. 

Bacterial lipases  

Lipases (EC 3.1.1.3) represent a versatile group of biocatalysts capable of hydrolysis and 
synthesis of esters formed from glycerol and long-chain fatty acids. Lipases carry out reactions 
in aqueous and non-aqueous environment and display high stability in organic solvents. A 
unique property of lipases called interfacial activation, leads to increase in lipase activity when 
the substrate starts to form an emulsion99. These industrially attractive properties of lipases 
led to commercial production of many fungal and bacterial lipases in a variety of 
biotechnological applications100. There are eight different families of lipases. Family I 
comprises the “true” lipases, such as Pseudomonas, Bacillus, and Staphylococcus lipases. The 
lipases of family II, from P. aeruginosa, Streptomyces scabies, Salmonella typhimurium, and 
Aeromonas hydrophila, possess a Gly-Asp-Ser-Leu motif instead of a classical pentapeptide 
Gly-Xaa-Ser-Xaa-Gly motif. Streptomyces and Moraxella species produce the lipases that 
belong to the family III. Family IV includes lipases with a high sequence similarity to the 
mammalian hormone-sensitive lipase. Furthermore, family V groups the enzymes from 
mesophilic bacteria and from cold- and heat-adapted organisms. The smallest esterases (23-26 
kDa) known are grouped in family VI, while the large bacterial esterases in family VII.  

Industrially potent lipases were found in Pseudomonas, Thermomyces, and 
Staphylococcus species101-104. The important applications for lipases include detergents, food 
industry, paper industry, and synthesis of fine chemicals. For example, two detergent 
additives, LumafastTM and LipomaxTM, with lipases from P. mendocina and P. alcaligenes,
respectively, were manufactured by Genecor International in 1995 and 1996. Microbial lipases 
are also used to enrich polyunsaturated fatty acids (PUFAs) from animal and plant lipids, such 
as tuna or borage oil. Subsequently, free PUFAs and their mono- and diglycerides are used in 
production of diverse therapeutics such as anti-inflammatories and thrombolytics105. The pulp 
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and paper industry also utilizes lipases in removing the pitch (combination of triglycerides and 
waxes) from pulp106. Moreover, growing attention is drawn towards lipases as they can 
catalyze a wide variety of chemo-, region-, and stereo-selective transformations. Lipases from 
P. aeruginosa, Pseudomonas cepacia, P. fluorescens, Bacillus subtilis, Alcaligenes sp., Serratia
marcescens, and other microbes have been successfully engaged in synthesis of many chemical 
compounds107-110. In particular, lipases produced by Pseudomonas species are well-suited in 
household detergents, synthesis of fine chemicals, and processing of food and fats. 

Production of lipases by microorganisms has been mostly studied from the industrial 
point of view. Therefore, reasonable effort has been made to find the stimulating lipase 
production growth conditions and media111,112. It was shown that certain lipids113,
polysaccharides, or detergents114 can stimulate lipase production. However, the molecular 
mechanisms governing the regulation of lipase expression are barely known. Lipases are 
extracellular enzymes and must therefore be exported across the bacterial membrane to arrive 
at their final destination. Generally, Pseudomonas lipases (subfamily I.1 and I.2) are secreted via 
the type II pathway and are encoded in the bicistronic operon with their cognate 
intramolecular chaperone, named Lif (lipase specific foldase)115-117. The chaperon foldase is 
essential for achieving a secretion-competent conformation of lipase118. The best 
characterized foldases (Lif), from B. cepacia, Burkholderia glumae and P. aeruginosa, are 
periplasmic proteins anchored to the cytoplasmic membrane by the hydrophobic N-terminal 
domain119. It has been demonstrated that the expression of P. aeruginosa lipase in E. coli was
dependent on the co-expression of the lipase cognate lif foldase gene120. Also, periplasmic 
lipase folding is governed by non-specific chaperons, such as disulfide oxidoreductases 
required for disulfide bonds formation121. In P. aeruginosa, the cytoplasmic lipase is transported 
across the inner membrane via the Sec machinery. In the periplasm, the specific intermolecular 
chaperone Lif and unspecific accessory folding catalysts, such as Dsb-proteins, assist folding of 
lipase into an enzymatically active conformation. Enzymatically active and secretion-
competent lipase is finally transported into the extracellular medium via the Xcp machinery. 
Moreover, the lipase operon lipAB from P. alcaligenes was shown to possess the -24/-12-type 
promoter, dependent on the alternative sigma factor RpoN122. RpoN helps initiating the 
transcription of genes encoding proteins for very diverse functions in a broad range of 
bacteria123,124. Yet, the processes controlled by RpoN are not essential for cell survival. 
Typically, the genes regulated in the RpoN-dependent manner possess an upstream activating 
sequence (UAS), situated 100 base-pairs or more upstream of the transcription initiation site, 
which is recognized by an enhancer-binding protein (EBP)125-127. These unique prokaryotic 
proteins (EBP) mediate open promoter complex formation in a reaction dependent on ATP 
hydrolysis128 and are controlled by their own signal transduction pathway, thereby responding 
to different conditions. The best characterized proteins of this family of regulators are NtrC 
and NifA, which activate genes required for ammonia assimilation and nitrogen fixation, 
respectively129,130. The presence of the unique -24/-12 promoter upstream the P. alcaligenes
lipase gene stimulated further research and led to identification of a two-component system 
involved in lipase expression regulation (described in this thesis).  
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-lactam acylases and AHL acylases

The -lactam acylases and AHL acylases belong to the N-terminal nucleophile (NTN) hydrolase 
family. They are activated autocatalytically and contain an N-terminally located catalytic 
nucleophile at the -subunit, they act on carbon-nitrogen (amide) bonds but they differ in their 
substrate specificities. Their biotechnological potential has been widely used in chemical and 
pharmaceutical industries as well as in bioremediation. 

The -lactam acylases, commonly known as penicillin acylases (EC 3.5.1.11), are 
produced by a variety of microorganisms, such as bacteria, yeast, and fungi. They are widely 
used in industry as they can participate in a variety of reactions such as the hydrolysis of -
lactams into the intermediates (6-APA, 7-ACA, and 7-ADCA) for production of semi-synthetic 
penicillins and cephalosporins. Commonly, -lactam acylases can be classified based on their 
substrate specificities towards -lactam antibiotics131. They fall into the classes of penicillin 
acylases (substrates with aromatic side chains) and cephalosporin acylases (substrates with 
aliphatic side chains). Although the physiological function of penicillin acylases is unclear, it has 
been proposed that they serve as nutrient scavengers of phenylacetylated compounds to 
generate phenylacetic acid (PA) used as a carbon source131-134. Their substrates may include 
diverse esters and amides of PA but also esters and amides of other aromatic and aliphatic 
acids. These natural esters and amides, after their hydrolysis, may be mineralized by central 
catabolic pathways135.

Relatively recently, the interest and attention was drawn towards acylases that are 
capable of hydrolyzing the amide bond of the bacterial AHL signal molecules136-139. These 
enzymes, called AHL acylases, by breaking down the signal molecules may interfere with 
quorum sensing, therefore may also serve as targets for anti-bacterial therapies140. The 
quorum quenching acylases are discussed in more detail in chapter 2 of the thesis. 

Scope of the thesis 

The research described in this thesis was primarily focused on (i) the investigation of the 
molecular mechanism governing the lipase expression in P. alcaligenes, (ii) the search for the 
Pseudomonas secretion system for -lactam acylases, and (iii) the characterization of a 
putative acylase from P. aeruginosa. Chapter 2 provides an overview about the quorum 
quenching acylases from P. aeruginosa. Specifically, this chapter provides comprehensive 
introduction about acylases, such as the quorum sensing interfering acylases (PvdQ, QuiP), 
with their puzzling biological functions and a potential role in developing novel therapies to 
fight bacterial infections. Chapter 3 reveals the existence of a two-component system, LipQ-
LipR, involved in the regulation of the lipase gene expression in P. alcaligenes. Also, it 
demonstrates that lipase expression in P. alcaligenes can be stimulated by the addition of 
certain medium components, such as soybean oil. In chapter 4, additional results show the 
involvement of LipR and RpoN in lipase expression in P. alcaligenes. The direct binding of LipR 
to the lipase promoter is established by gel shift and surface plasmon resonance experiments. 
In chapter 5, an approach for secretion of E. coli penicillin G acylase (PGA) by P. aeruginosa has 
been investigated. The fusion proteins, comprising a Sec- or Tat-specific signal peptide, an 
elastase propeptide, and a mature penicillin G acylase, produced active, however not secreted 
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into the extracellular medium PGA. Our results suggested that PGA processing can, apart from 
the periplasm, also occur in the cytoplasm of P. aeruginosa. Chapter 6 describes cloning, 
expression, and characterization of a putative penicillin acylase, PA1893, from P. aeruginosa.
Our findings support the hypothesis that PA1893 belongs to the quorum sensing-related 
regulon. Finally, chapter 7 integrates the results of the studies described in the thesis and 
presents future perspectives.  
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