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P. aeruginosa Quorum Sensing Sistemi ve
Deneysel Kronik Akciger Enfeksiyonu Modeli

ABSTRACT Opportunistic pathogen Pseudomonas aeruginosa is a model microorganism used in
explaining cell-to-cell signaling system, named Quorum Sensing (QS). In chronic P. aeruginosa in-
fections, bacteria survive in biofilm and defend themselves against host defense mechanisms by
different virulence factors. Three known QS systems, las, rhl and quinolones are basically respon-
sible for the production of virulence factors. Experimental animal models are commonly used in ex-
amining in vitro and in vivo behaviors of the bacteria, and explaining interactions between host,
bacteria and antibacterials. Among these, chronic pulmonary infection model, applied by adminis-
tration of agar-impreagnated bacterial suspensions into trachea, is special because it mimicks the bi-
ofilm, a virulence factor. Comparative studies conducted particulary with QS wild-type and QS
mutant strains, provide important information for understanding the pathogenesis of infection. In
this article, the role of P. aeruginosa QS system in the experimental model of chronic lung infecti-
on is focused.
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OZET Firsatg1 bir patojen olan Pseudomonas aeruginosa, Quorum Sensing (QS) olarak adlandirilan
hiicreden hiicreye iletisim sistemlerini agiklamada model mikroorganizma olarak kullanilmaktadar.
Kronik P. aeruginosa enfeksiyonlarinda bakteri, biyofilm igerisinde yasamini siirdiirmekte ve gesit-
li viriilans faktorlerinin yardimi ile konak savunma sisteminden korunmaktadir. Bu viriilans faktér-
lerinin iretiminden ise temel olarak las, rhl ve kinolon olmak iizere ii¢ QS sistemi sorumlu
tutulmaktadir. Bakterinin in vitro ve in vivo davraniglarinin incelenmesi, bakteri, konak ve anti-
bakteriyeller arasindaki etkilesimin agiklanmasinda hayvan modelleri siklikla kullanilmaktadir. Bu
modeller arasinda bakterinin agar i¢ine emdirilmesi ve trakeaya inokulasyonu ile gerceklestirilen
kronik akciger enfeksiyonu modeli, viriilans faktorlerinden biyofilmi taklit etmesi nedeni ile ayr
bir yere sahiptir. Ozellikle QS vahsi tip ve QS mutant suslar ile yapilan karsilagtirmali galigmalar,
enfeksiyonun patogenezinin anlagilmasinda 6nemli bilgiler sunmaktadir. Bu yazida P. aeruginosa’-
nin QS sistemine ve bu sistem tizerinden bakterinin deneysel kronik akciger infeksiyonu modelin-
deki etkilerine odaklanilacaktir.

Anahtar Kelimeler: Pseudomonas aeruginosa; gogunluk algisi; biyofilmler; modeller, hayvan
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etermining local bacterial density through communication signals,
and accordingly coordinate behaviors is interpreted as Quorum
Sensing (QS). QS systems that are regulated by cell-density-depen-
dent signal molecules, coordinate plasmid conjugation, biofilm formation
and production of various pathogenity factors.! In chronic infections, a
number of pathogenic bacteria, including Pseudomonas aeruginosa, live in
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biofilm (microcolonies surrounded by exopoly-
saccharides) to escape from the host cell response
and survive under the changing environmental
conditions, when attach to biotic and/or abiotic
surfaces. It is noted that bacteria growing in bio-
film may slow down their metabolism depending
on the the oxygen amount at the biofilm base, and
develop resistance to antibiotics more compared to
planctonic bacteria. Biofilm formation increases
mortality and morbidity rates, and economical
costs of treatment; therefore it is among the major
research subjects that should be widely concentra-
ted on.?® Bacteria living as a community are noted
to be more pathogenic to the host. P. aeruginosa
has been used as the model microorganism in the
investigations conducted on biofilm formation,
which is a population-level virulence factor, and
on QS systems.*

P. aeruginosa, with various virulence factors
and emerging antibiotic resistance, is a common in-
fectious agent causing high mortality and morbi-
dity rates.>® In chronic P. aeruginosa infections,
bacteria survive in biofilm to prevent themselves
from host response. Controlling various extracel-
lular virulence factors secreted by P. aeruginosa
and the biofilm production are shown to be regu-
lated by three interrelated QS systems. They are
defined as; las, rhl and quinolone systems.”

The primary system is regulates Las B elastase
production, thus named as las system; and consists
of las I gene (3-oxo-C12-HSL-L, AI synthase gene
responsible of long chain AHL synthesis) and Jas R
gene (encoding “transcriptional activator” protein).
This system regulates biofilm formation and pro-
duction of extracellular virulence factors such as Las
B elastase, Las A protease, and exotoxin A.% The se-
condary QS system, rhl, comprises rhl I gene (C4-
HSL, Al synthase gene, short chain AHL) and rhl R
gene (encoding “transcriptional activator” protein).
This system regulates production of Rhl AB operon
(operon: regulatory DNA region), synthesis of
“rhamnosyltranspherase” enzyme, which is requi-
red in rhamnolipid production, and synthesis of Las
B elastase, Las A protease, pyocyanine, cyanide, and
alkaline protease.’ The other system, AHQ signals
include 2-heptyl-3-hydroxy-4-quinolone (Pseudo-

982

monas Quinolone Signal, PQS) and 2-heptyl-4-qu-
inolone (HHQ).!'> PQS is synthesized via the pgs-
ABCDE operon, which is responsible for generating
multiple Ags, including 2-heptyl-4-quinolone
(HHQ), the immediate PQS precursor. In addition,
PQS signaling plays an important role in P. aerugi-
nosa pathogenesis because it regulates the produc-
tion of diverse virulence factors including elastase,
pyocyanin and LecA lectin, also influences biofilm

formation.!%13

Quorum sensing in P. aeruginosa consists of a
complex network. Although Ias system has been
shown to have a particular role among these cell-
density-dependent signal molecules, hierarchial
mechanisms have also been demonstrated in the
context of both stimulating rhl system and regula-
ting PQS production.'* If the las system fails to
function, QS systems would be re-organized, such
that the secondary system, rhl may substitute the
las system.’® The PQS system is intricately connec-
ted to the AHL systems. The rhl and Ias systems
exert negative and positive regulation mechanisms
on PQS, respectively, while PQS has positive inf-
luences on the rhl system."® Moreover, it has been
recently reported that, in the case of las activation
problem, residual transcriptions of rhll and rhl may
interact with environmental factors and activate
rhlregulator, which may consequently lead to de-
layed activation of las regulator.'®

EXPERIMENTAL ANIMAL MODELS
IN UNDERSTANDING QS SYSTEM

Although there are studies conducted with cell cul-
ture method and examine the importance of the QS
system and various virulence factors that are con-
trolled by the QS system concerning pathogenesis
of P. aeruginosa infections,'” experimental animal
models also have significantly important roles in
examining in vivo behaviors of bacteria, and in ex-
plaining the interaction between bacteria, host and
antibacterials.

Experimental model of chronic pulmonary in-
fection is among the widely preferred models. Na-
sal or intratracheal administration of bacterial
suspension to the animal is the generally used met-
hod to develop pulmonary infection.!®!° However,
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bacteria are directly exposed to the host defense
system in this method, so they can be eradicated
from the body within a short period of time, there-
fore it may not always be an effective method in
the process of generating pulmonary injury.

Agar beads model, which is utilized by Cash et
al.?’ through administrating agar-impregnated bac-
terial suspensions into the trachea, is a higly accep-
ted experimental model used in generating chronic
pulmonary infection with P. aeruginosa. In the ex-
perimental modeling, the purpose of impregnating
bacteria into the agar is, by mimicking the presen-
ce of biofilm, to prevent direct exposure of bacte-
ria to the host defense system, which would allow
bacteria to survive in the airways, hence generate
chronic pulmonary infection. With this model, his-
topathological changes such as goblet cell hyperp-
lasia, focal mnecrosis, acute and chronic
inflammatory cell infiltration and cytokine accu-
mulation, that may be seen in chronic pulmonary
infection caused by P.aeruginosa are specified as
being mimicked.??! These histopathological chan-
ges can also be used in determining lung injury sco-
re, therefore can provide statistical data with regard
to the pulmonary effects of the investigated viru-
lence factors in the comparison of the experimen-
tal groups. Criteria developed by Jerng et al.?? are
commonly used in scoring lung injury severity. Ac-
cordingly, histopathological preparations of lung
tissue stained with hematoxylin-eosin (H&E) stai-
ning are examined under the light microscope, and
capillary congestion, hemorrhage, neutrophil infil-
tration and thickening of the alveolar septum are
evaluated, and the degree of injury is scored bet-
ween 0-4, where 0, no damage, 1; mild damage 2;
moderate damage, 3; severe damage and 4, maxi-
mal damage. Although agar beads method is ideal
in examining the pulmonary effects of biofilm in
the development of pulmonary infections, it is re-
quired to be performed by experienced researchers
because of the implantation difficulties of agar be-
ads and high mortality rates due to mechanical ob-
struction during application.

In understanding the pathogenesis of P. aeru-
giosa infections, comparative studies conducted
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with the QS wild-type strains and the mutated stra-
ins of QS system, in which signal molecule-produ-
cing genes (lasI and rhll) are found to be mutated,
provided significant information. In the chronic
pulmonary infection model developed by Imamu-
ra et al.”® by using QS wild type (PAO1) and three
QS mutant strains (Alasl, Alasl/Arhll, Arhll), it is
stated that the QS mutant strains can be eradicated
from lungs more effectively compared to wild-type
strains, therefore they cause less damage to the
lungs. Wu et al.>* developed P. aeruginosa pnemo-
nia in rats by using PAO1 and mutant PAO JP2
(Alasl/Arhll) strains. In the early stages of infection,
researchers observed considerably faster and stron-
ger immune response against mutant strain, larger
amount of pulmonary IFN-g, and more powerful
response of polymorphonucleer leukocytes as well
as more rapid antibody response, and they conclu-
ded that functional lasl and rhll genes have signi-
ficant roles in the severity of pulmonary infections.
In the study carried out with clinical specimens,
Karatuna and Yagci noted that even though QS had
a key role in the respiratory tract infections caused
by P. aeruginosa, the QS mutant strains having low
sensitivity to antimicrobial agents might also lead
to infection.?> Karaman et al. developed pulmonary
infection model in rats by using PAO1 ve PAO JP2
(Alasl/Arhll) reference laboratory strains with agar
beads method.?® As a result of the quantitative cul-
tivation of bronchoalveolar lavage (BAL) and lung
tissues on the 14th day of the infection, researchers
reported a significant increase in the bacterial co-
unt of the group infected with wild-type strains
compared to the group infected with mutant stra-
ins. In this situation, it can be interpreted as lasl
and rhll mutant strains may be less virulent, there-
fore may be eradicated effectively by the host de-
fense system.

All these data distinctively suggest the impor-
tance of QS system in P. aeruginosa infection, ho-
wever the capability of QS mutant strains to
develop infections indicate the need to conduct
further investigations on this subject. Experimental
animal models are supposed to guide these research
studies.
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