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ABSTRACT:
Pseudomonas aeruginosa is a deadly opportunistic pathogen. It causes life-threatening infections in
individuals with compromised immune systems, such as cancer patients undergoing chemotherapy or patients
with cystic fibrosis. This bacterium is naturally resistant to many antimicrobials and with the overuse of
antibiotics has become resistant to those it was once sensitive. Thus, there is a real need for new drugs and
approaches to combat the myriad diseases caused by this pathogen. Computer aided drug design greatly
facilitates the search for new antimicrobials. The various proteins that are essential for the pathogenesis of the
organism can be the successful drug targets to facilitate the drug design processes. In this review we are
discussing the various proteins involved in the pathogenesis of P. aeruginosa and their drugability. The
identification of drug targets for a given human disease, whether it is mainly environmental or genetic in
origin, depends on an understanding of the molecular chain of events that unfold in the disease process.
Anatomic pathology, biochemistry, cellular physiology, and pharmacology constitute the main traditional
approaches towards identifying potential therapeutic targets.
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NEED OF NEW ANTIBACTERIAL DRUGS
Antimicrobial drug resistance constitutes a
major problem all over the world. In fact, today
patients are suffering from multi drug-resistant
infections and are having higher levels of
morbidity and mortality. Most importantly, the
numbers of therapeutic options for serious, lifethreatening bacterial infections are becoming
more limited mainly due to the multi drug
resistance. It is a common misconception that
virtually all bacterial infections can be treated
with the currently available antibacterial drugs.
But in reality untreatable, drug-resistant
bacterial infections do occur and are becoming
increasingly common. Furthermore, deaths due
to bacterial infections are on the rise even in
patients who are infected with bacteria that are
presumably treatable with currently available
drugs [18, 20-21, 51, 54, 56].Many recent
advances, which are in practice of medicine, are
actually at serious risk. Multi drug-resistant
bacteria interfere with the routine surgical
procedures. Clearly, these novel therapies may
become invalid because of untreatable, multi
drug-resistant infections [2]. Therefore, there is
a clear need of new antimicrobials to control

these multi drug resistance infections [9, 33].
PSEUDOMONAS AERUGINOSA
Pseudomonas aeruginosa is a saprophytic
organism that is widespread in nature, especially
in moist environments. It is the most important
pathogen of this genus and has one of the
broadest ranges of infectivity of all
microorganisms, causing disease in plants,
insects, fish, amphibians, reptiles, birds, and
mammals.
PATHOPHYSIOLOGY
P. aeruginosa is an opportunistic pathogen. It
causes infection in immunocompromised
persons. Most cases of P. aeruginosa infections
are marked by lose of integrity of a physical
barrier to infection (eg, skin, mucous membrane)
or the presence of an underlying immune
deficiency
(eg,
neutropenia,
immunosuppression). The minimum nutritional
requirements and its tolerance to wide range of
physical conditions add to its pathogenicity [10 11].
The pathogenesis of pseudomonal infections is
multifactorial and complex. The 3 stages of P.
aeruginosa infection are bacterial attachment and
colonization, local infection, and bloodstream
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dissemination and systemic disease. The
importance of colonization and adherence is
most evident in the context of respiratory tract
infection in patients with cystic fibrosis [13-15,
31]. Production of extracellular proteases
enhances the virulence of this pathogen by
assisting in bacterial adherence and invasion [37,
46, 55, 57].
PSEUDOMONAS AERUGINOSA
INFECTIONS
P. aeruginosa causes life-threatening infections
in individuals with compromised immune
systems, such as cancer patients undergoing
chemotherapy or patients with cystic fibrosis.
Pseudomonas aeruginosa infections can involve
any part of the body- respiratory tract, central
nervous system, cardiovascular system, ear, eye,
gastrointestinal system, urinary tract, skin and
bones and joints [22, 27, 35].
In plants, P. aeruginosa induces symptoms of
soft rot with Arabidopsis thaliana. It is a
powerful
pathogen
with
Arabidopsis.
Pathogenesis in Arabidopsis involves the
following steps: attachment to the leaf surface,
congregation of bacteria at and invasion through
stomata or wounds, colonization of intercellular
spaces, and concomitant disruption of plant cell
wall and membrane structures, basipetal
movement along the vascular parenchyma, and
maceration and rotting of the petiole and central
bud [47].
Given the critical importance of Pseudomonas
aeruginosa as an opportunistic pathogen, it is
necessary to consider novel targets for
therapeutic development. This is especially true
as this bacterium is resistant to many
antimicrobials [33, 48]. The resistance is
mainly due to the low permeability of the
bacterial cellular envelope [31]. Thus, there is a
real need for new drugs and approaches to
control the myriad of diseases caused by this
pathogen [39].
TARGETS FOR DRUG DISCOVERY [36]
Exotoxin A
Exotoxin A is one of the major virulence factor
in P. aeruginosa infections such as septicemia,
corneal infections and lung infections [8, 50]. P.
aeruginosa exotoxin A
enhances
the
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pathogenicity of this bacterium via inhibiting the
production of pro-inflammatory cytokines. This
indicates that Exotoxin A can be a potential
target for the development of a novel antibiotic
against P. aeruginosa.
Exoenzyme S
Exoenzyme S (ExoS) is a 49-kDa ADPribosyltransferase which plays an important role
in P. aeruginosa pathogenesis [23]. Virtually all
pneumonia and cystic fibrosis (CF) pulmonary
Pseudomonas isolates produces P. aeruginosa
virulence factor exoenzyme S [17]. Increased
levels of ExoS correlate with increased
pulmonary damage in animal models and CF
patients [41-44]. Targeting ExoS may
effectively reduce the P. aeruginosa infections.
Flagellin
Flagella P. aeruginosa contain the protein
flagellin as a major structural component.
Flagellin binds to the host cell membrane
glycolipid. Binding to the glycolipid may change
the transport properties of epithelial cells [19,
38]. Also the flagellum of Pseudomonas
aeruginosa is essential for resistance to clearance
by the surfactant protein A which is an
important lung innate immune protein that kills
microbial pathogens by opsonization and
membrane permeabilization [43-44, 61].
Flagellin can be a successful drug target.
Pyocyanin
Pyocyanin is the blue phenazine pigment that is
produced by P. aeruginosa. Pyocyanin slower
the ciliary beat and disrupts the integrity of the
epithelium in vitro. Also it results in slowing of
mucociliary transport in guinea pig trachea in
vivo. Pyocyanin-induced ciliary slowing is
associated with a decrease in both intracellular
cAMP and ATP. Studies revealed that the agents
that raise intracellular cAMP levels inhibit the
effect of pyocyanin on epithelium. This reflects
that inhibition of pyocyanin may prevent the
pathogenesis of p. aeruginosa.
Protease IV
Protease IV, is a 26 kDa serine endoprotease,
secreted by most P. aeruginosa strains causing
microbial keratitis. In association with other
proteases protease IV has a major role in corneal
virulence. The virulence of protease IV in ocular
160
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infection has been attributed to the destruction of
host proteins, including fibrinogen and
components of the immune system [16].
Protease IV also degrades structural proteins
such as elastin, facilitating bacterial adhesion
and infection [53]. This leads to the conclusion
that protease IV can be a suitable target in
controlling P. aeruginosa pathogenesis.
Alkaline protease
Alkaline protease is one of the important
enzymes
in
corneal
opacity
and
neovascularization [32]. Also Pseudomonas
aeruginosa alkaline protease degrades human
gamma interferon and inhibits its bioactivity
[26]. Studies showed that inhibition of this
protein will help in reducing the harmful effects
of P. aeruginosa infections. But since many
virulence factors are involved in the
pathogenesis loss of a single virulence factor
such as alkaline protease does not significantly
affect the ability of P. aeruginosa to cause
disease in the eye. Therefore, any therapeutic
intervention to prevent infection or limit tissue
damage during infection from bacterial
exoproteins should not be targeted towards a
single protease or toxin. Instead combination
therapy which will target more than one
virulence factors will control the infection
effectively [40].
FtsZ protein
FtsZ is the key protein in the cell division
machinery. Polymerization of FtsZ into a
macromolecular structure termed the Z ring is a
key event in bacterial cell division. Its
polymerization into Z ring and the GTPase
activity are essential for the separation of
daughter cells. Agents interfering with FtsZ
polymerization
potently
inhibit
septum
formation and cell division. So this class of
compounds can constitute a new class of
antibiotics [6-7, 34].
Isocitrate lyase (ICL)
The glyoxylate pathway plays an important role
in P. aeruginosa pathogenesis. Isocitrate lyase is
the key enzyme in the glyoxylate pathway. ICL
is essential for aerobic as well as anaerobic
utilization of carbon sources. Studies using
animal model systems of infection show that It
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is required for bacterial persistence [15]. Recent
studies raise the possibility of controlling P.
aeruginosa infections within the CF lung with
the use of drugs that inhibit isocitrate lyase [52].
The apparent absence of this enzyme in humans
makes it an attractive therapeutic target.
LpxC
LpxC [UDP-(3-O-acyl)-N-acetyl glucosamine
deacetylase] is a metalloenzyme that catalyzes
the first step in the lipid A biosynthesis in
bacteria [58]. Lipid A is a component of
lipopolysaccharide which has a critical role in
membrane integrity and host resistance.
Therefore
targeting
the
conserved
lipopolysaccharide biosynthetic enzymes is
attractive for design of novel antibacterial drugs.
In P. aeruginosa LpxC is essential for growth of
the organism. Therefore targeting LpxC is a
good therapeutic approach to cure P. aeruginosa
infections [12, 24, 28-29, 36, 59].
Cytotoxin
Pseudomonas aeruginosa produces a 29 kDa
cytotoxin that causes the formation of pores with
2 nm diameter in the plasma membranes of
many different eukaryotic cells [3-4]. P.
aeruginosa may protect itself from such basic
host defenses through the production of
cytotoxin. P. aeruginosa cytotoxin, previously
named leukocidin, inactivates eukaryotic cells
by forming lesions or pores in the membrane of
target cells of the immune system. This causes
increased plasma membrane permeability to
small molecules and ions [30]. Inhibition of this
may prevent the pathogenesis of p. aeruginosa.
Rhamnolipids
Rhamnolipids act as virulence factors because
they severely affect normal tracheal ciliary
function , inhibit the phagocytic response of
macrophages. Also they act as heat-stable
hemolysins. Swarming motility of P. aeruginosa
is affected by rhamnolipids by a reduction of
surface tension which helps in the surface
conditioning needed for efficient colonization
[1, 25]. Therefore the enzymes involved in the
rhanmolipid biosynthetic pathway (Figure: 1)
can be good targets for drug discovery.
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Glucose-6-phosphate

less [45, 49].
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