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Abstract

It is been mentioned that Pseudomonas aeruginosa, a ubiquitous, gram negative, can infect patients with
Cystic fibrosis. Treatment of infections can often be difficult due to its ability to produce biofilm. It has been
revealed that biofilms are enclosing architecture that would consist of planktonic cells to survive in harsh
environments. Biofilm is usually comprised of Pel, Psl, and Alginate, and many others to make a scaffold
that bacteria can attach and start making microcolonies. The formation of the biofilm and Alginate layer is
shown to be controlled by intricate cell-to-cell communication known as quorum sensing (QS). Finally, in
this report, we have taken the basic principles of what is Paerogenosa, and how it is related to the cystic
fibrosis disease. Also, we have illustrated the formation of biofilms and the regulation of biofilms to the

quorum sensing LasR/Lasl and RhIR/RhlI systems.
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Introduction

It is a fact that Pseudomonas aeruginosa is a
ubiquitous, gram negative opportunistic pathogen. It
is often found in hospitals and medical equipment and
cuase many chest infection (i.e.nosocomial). Treatment
of infections can often be difficult due to its ability to
produce biofilm (12,

It is known that biofilm is a community of
that
extracellular polymeric substances produced by the same

microorganisms can be aggregated within
microorganisms ). This mode of production would be
as one of the protective mechanisms to survive in any
harsh environments and some cells then would disperse
to start producing biofilms under favorite conditions.
It is studied that biofilm could be found in hospitals,

natural, and industrial places 4%,

Biofilms can develop antibiotic resistance up to a
thousandfold higher than planktonic cells. The formation
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of biofilm is shown to be controlled by intricate cell-to-
cell communication known as quorum sensing (QS) ©.

Psudomonas aeruginosa and cystic fibrosis
disease

When admitting CF patients to hospitals, it is found
that they suffer from aggravation of the illness. They
show symptoms of fevers, loss of appetite, night sweats,
weight loss, and they are treated with antibiotic therapy
for a long time >,

To define the multisystem disorder Cystic fibrosis
(CF), it could be said that it is caused by mutations in
the gene encoding the CF transmembrane conductance
regulator that known as cyclic AMP. It is usually
regulate chloride ion channel. Thus when mutated, it

will be mislocalized, or it will loss its action %19,
Biofilm formation as a virulence factor

It is reported that bacteria can adhere to each other
to any desirable surface when exposed to antibiotic
treatments and limited nutrients to survive (D, It is
mentioned earlier that pathogens could resist antibiotics

and any environmental conditions when enclosing
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within biofilm architecture '?) . Many researchers show
preference to study the bacterial metabolism and signals
that are essential in the transition from planktonic cell to
biofilm growth (13,

Exopolysaccharides of biofilm plays a significant
role in pathogens protection and could make a scaffold
barrier for pathogens to attach ('), Three polysaccharides
in P. aeruginosa are responsible for antibiotic resistance
and structure maintenance, such as Psl, Pel, and alginate
(15, Before talking about the alginate layer in detail, we
have to present some of the functions of all EPS involved
in the biofilm production of P. aeruginosa'®.

Biofilm development

In order to understand the physiology change of
Pseudomonas aeruginosa during biofilm, it should be
aware of biofilm stages in terms of motility mechanisms
and regulation of pathogens near the scaffold surface
(figurel), alginate production, and quorum sensing !,

Attachment of bacterial cells on a surface

It is researched that this

exopolysaccharides protein could play a significant

during step,
role in bacterial attachment on the surface where
this protein causes significant changes of substratum
salvation patterns ('® There is a significant difference
between aqueous and solid environments in terms of
the adsorption of organic and inorganic substances on
surfaces wherein the aqueous environment is extremely
rapid and is estimated to be less than 1s (1%,

The Reversible attachment of bacterial cells

This step depends firstly on the interaction of
bacteria and substratum that often described to be weak
according to vdW electrostatic forces and hydrophobic
interactions [DLVO theory]. 7. It is researched that
bacteria could easily be removed in this step by mild

shear forces because they still show Brownian motion
(20)

Irreversible attachment of bacterial cells

To make monolayers of bacterial cells, they use
flagella to bind to the scaffold surface; making the
initial step of microcolonies that form mature biofilm by

3935

twitching motility via TFP and single flagellum ?1:22),
Biofilm Maturation step

In terms of definition, glycocalyx layers are made of
organic and inorganic molecules with bacteria embedded

in aqueous environments %17),

These layers work
professionally as glue material to attach the colonized
bacteria to the surface and can trap nutrients from the
environment such as exogenous DNA, minerals, proteins,
and other desirable materials. The glycocalyx is usually

composed of Pel, Psl, and Alginate exopolysaccharides
(24:17)

Detachment of bacterial cells from the biofilm

Colonized cells at this step could disperse from
biofilm architecture and start colonizing on a new scaffold
because of the death and lysis of the sub-population of
bacterial cells within the mature biofilm ).

Figure 1, a) Schematic representation of a mature
biofilm 2,

Figure 1, b) Biofilm formation ??.
Alginate layer formation

Clinical P. aeruginosa isolated from CF patients
can produce alginate layer as exopolysaccharide and the
overproduction of these layers would turn bacterial cells
from non- to mucoid phenotype 9. There are several
excellent reviews have been revealed that alginate
precursor guanosine diphosphate mannuronic acid can
be synthesized by algD, algA, and algC genes located on
AlgT/U operon (figure 2) ¢% 2%

Polymerization of polymannuronate

When labeling GDP mannuronic acid with 14C for
in vitro experiment of alginate polymerization, alginate
chain extents only in cell envelop with the presence of
Alg8 protein, suggesting that polymerization requires an
association between outer and cytoplasmic membranes.
Also, overexpression of Alg8 protein up to 20 fold
will increase alginate production and would alter the
acetylation and epimerization profile. Another essential
protein required for alginate production is Alg44 that
has PilZ domains (cytoplasmic N-terminal), which
when mutated by point mutation will lose the c-di-
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GMP binding thereby stop alginate production. The
C-terminal periplasmic domain of Alg44 on other hand
resemplesMexA [MexAB-OprM multidrug efflux pump]
(16) These resembling properties could be beneficial to

gene therapy (1430,

Regulations of biofilm formation

A Flurry of research from a molecular biology
perspective showed that gene regulation of any gene
expression of pathogens would be beneficial as gene
therapy instead of antibiotics regimes '), In biofilm
production as mentioned above, array of genes will be
participated in the production, and understanding how
they are work and regulates by c-di GMP, 4-2- Gac A/
Gas S two- Component Systems, Alg C- dependent
enzymatic regulation, and 4-4- Quorum Sensing, it can
be controlled 2% 33,

Regulation of alginate biosynthesis

As mentioned above how to produce alginate by a
collection of genes, they need to be positively and/ or
negatively regulated 3433 2436) Genes involved in this
process are usally found on operon algD- algA PA3540-
PA3551 that is controlled by algD promoter. To triger
inducing and enhancing transcription of this promoter,
AlgT (AlgU or 6??) is used G7 3% and to deregulate
AlgT and convert the strains to mucoid type, mucA
and mucB genes produce inhibitors that inactivate algT
action. Alg R plays a crucial role in regulating algC as it
binds in three positions downstream and [- 479 ; - 457]
bp upstream of the transcription starting point 3% 41,

This property resembles enhancers in eukaryotic cells ¢
37,39 and 40)

Many case report studies revealed that more than
eighty percent of CF patients having P. auroginosa
infections have strains with mutant mucA, stating that
this gene is a key point for mutagenesis and cause mucoid
patterns. Furthermore, algD transcription requires RpoN
(s54) that is observed only in muc23. Besides, response
regulators AlgR, AlgB, AlgZ, IHF, AlgP, and AlgQ
show transcription process of algD controlling ).

Quorum sensing regulation phenomenon

Quorum sensing is known to be the bacterial

intracellular language that can regulate many virulence
factors like bioluminescence, virulence factor expression,
antibiotics,,

sporulation, and biofilm production

depending on cell density and environmental conditions
by the production of autoinducers (Als) (figure 3) “3
49, This phenomenon allows bacteria to communicate
with each other in any hard circumstances to modulate
behaviors of the bacterial population and density 343,

These signaling systems are The LasR/Lasl and
RhIR/RhII systems can regulate the activation of more
than 300 genes by producing acyl-homoserine lactone
(AHL) (figure 4) . The LasI can synthesis PAI1 [N-(3-
lactone (3-oxo-C12-

HSL)], which is a signaling molecule, and LasR plays as

oxo-dodecanoyl)-L-homoserine

a transcriptional regulator 4243,

The PAIl molecule can activate LuxR-type
transcription factor (LasR), and then LasR-PAI1 would
induce the production of LasA protease, LasB eclastase,
exotoxin A, alkaline protease, and the LasRI®?. On other
hand, PAI2 [N-butanoyl-L-homoserine lactone] along
with RhIR regulator enhances the production of many
molecules such as hydrogencyanide, LasB -elastase,
rhamnolipid, pyocyanin, and cytotoxic lectins G,

Positive regulation by the Lux R family member

It is demonstrated that the LuxR family
regulator regulates quorum sensing positively by
encoding an autoinducer-responsive transcriptional
activator. While LuxI encodes a protein required for

autoinducersynthesis4%) |

Conclusion

It is shown in this report the basic principles of
what is P.aerogenosa, and how it is related to the cystic
fibrosis disease. Also, advances in biofilm formation
of P.aerogenosaand regulations with a focus on the
biosynthesis of alginate. Besides, the role of LasR/Lasl
and RhIR/RhII is demonstrated.
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