
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.1 In chronic infections, a
number of pathogenic bacteria, including Pseudomonas aeruginosa, live in
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AABBSS  TTRRAACCTT  Op por tu nis tic pat ho gen Pse u do mo nas ae ru gi no sa is a mo del mic ro or ga nism used in
exp la i ning cell-to-cell sig na ling system, na med Qu o rum Sen sing (QS). In chro nic P. ae ru gi no sa in-
fec ti ons, bac te ri a sur vi ve in bi o film and de fend them sel ves aga inst host de fen se mec ha nisms by
dif fe rent vi ru len ce fac tors. Thre e known QS systems, las, rhl and qu i no lo nes are ba si cally res pon -
sib le for the pro duc ti on of vi ru len ce fac tors. Ex pe ri men tal ani mal mo dels are com monly used in ex-
a mi ning in vit ro and in vi vo be ha vi ors of the bac te ri a, and exp la i ning in te rac ti ons bet we en host,
bac te ri a and an ti bac te ri als. Among the se, chro nic pul mo nary in fec ti on mo del, app li ed by ad mi nis -
tra ti on of agar-im pre ag na ted bac te ri al sus pen si ons in to trac he a, is spe ci al be ca u se it mi micks the bi -
o film, a vi ru len ce fac tor. Com pa ra ti ve stu di es con duc ted par ti cu lary with QS wild-type and QS
mu tant stra ins, pro vi de im por tant in for ma ti on for un ders tan ding the pat ho ge ne sis of in fec ti on. In
this ar tic le, the ro le of P. ae ru gi no sa QS system in the ex pe ri men tal mo del of chro nic lung in fec ti -
on is fo cu sed.

KKeeyy  WWoorrddss::  Pse u do mo nas ae ru gi no sa; qu o rum sen sing; bi o films; mo dels, ani mal 

ÖÖZZEETT  Fır sat çı bir pa to jen olan Pse u do mo nas ae ru gi no sa, Qu o rum Sen sing (QS) ola rak ad lan dı rı lan
hüc re den hüc re ye ile ti şim sis tem le ri ni açık la ma da mo del mik ro or ga niz ma ola rak kul la nıl mak ta dır.
Kro nik P. ae ru gi no sa en fek si yon la rın da bak te ri, bi yo film içe ri sin de ya şa mı nı sür dür mek te ve çe şit -
li vi rü lans fak tör le ri nin yar dı mı ile ko nak sa vun ma sis te min den ko run mak ta dır. Bu vi rü lans fak tör -
le ri nin üre ti min den ise te mel ola rak las, rhl ve ki no lon ol mak üze re üç QS sis te mi so rum lu
tu tul mak ta dır. Bak te ri nin in vit ro ve in vi vo dav ra nış la rı nın in ce len me si, bak te ri, ko nak ve an ti -
bak te ri yel ler ara sın da ki et ki le şi min açık lan ma sın da hay van mo del le ri sık lık la kul la nıl mak ta dır. Bu
mo del ler ara sın da bak te ri nin agar içi ne em di ril me si ve tra ke a ya ino ku las yo nu ile ger çek leş ti ri len
kro nik ak ci ğer en fek si yo nu mo de li, vi rü lans fak tör le rin den bi yo fil mi tak lit et me si ne de ni ile ay rı
bir ye re sa hip tir. Özel lik le QS vah şi tip ve QS mu tant suş lar ile ya pı lan kar şı laş tır ma lı ça lış ma lar,
en fek si yo nun pa to ge ne zi nin an la şıl ma sın da önem li bil gi ler sun mak ta dır. Bu ya zı da P. ae ru gi no sa’ -
nın QS sis te mi ne ve bu sis tem üze rin den bak te ri nin de ney sel kro nik ak ci ğer in fek si yo nu mo de lin -
de ki et ki le ri ne odak la nı la cak tır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Pse u do mo nas ae ru gi no sa; ço ğun luk al gı sı; bi yo film ler; mo del ler, hay van  

TTuurrkkiiyyee  KKlliinniikklleerrii  JJ  MMeedd  SSccii  22001111;;3311((44))::998811--44

Meral KARAMAN, MD,a

Vahide BAYRAKAL,b

Osman YILMAZ,a

Müge KİRAY, MD,c

H. Alper BAĞRIYANIK, MD,c

İsmail Hakkı BAHAR, MDb

Departments of
aMultidisciplinary,
bMicrobiology,
cHistology-Embryology,
Dokuz Eylül University 
Faculty of Medicine, İzmir

Ge liş Ta ri hi/Re ce i ved: 14.07.2010 
Ka bul Ta ri hi/Ac cep ted: 04.05.2011

Ya zış ma Ad re si/Cor res pon den ce:
Meral KARAMAN, MD
Dokuz Eylül University 
Faculty of Medicine, 
Department of Multidisciplinary, 
İzmir, 
TÜRKİYE/TURKEY
meral.karaman@deu.edu.tr

doi:10.5336/medsci.2010-20215 

Cop yright © 2011 by Tür ki ye Kli nik le ri

BİLİMSEL MEKTUP   



bi o film (mic ro co lo ni es sur ro un ded by exo poly -
sacc ha ri des) to es ca pe from the host cell res pon se
and sur vi ve un der the chan ging en vi ron men tal
con di ti ons, when at tach to bi o tic and/or abi o tic
sur fa ces. It is no ted that bac te ri a gro wing in bi o -
film may slow down the ir me ta bo lism de pen ding
on the the oxy gen amo unt at the bi o film ba se, and
de ve lop re sis tan ce to an ti bi o tics mo re com pa red to
planc to nic bac te ri a. Bi o film for ma ti on in cre a ses
mor ta lity and mor bi dity ra tes, and eco no mi cal
costs of tre at ment; the re fo re it is among the ma jor
re se arch sub jects that sho uld be wi dely con cen tra -
ted on.2,3 Bac te ri a li ving as a com mu nity are no ted
to be mo re pat ho ge nic to the host. P. ae ru gi no sa
has be en used as the mo del mic ro or ga nism in the
investigations con duc ted on bi o film for ma ti on,
which is a po pu la ti on-le vel vi ru len ce fac tor, and
on QS systems.4 

P. ae ru gi no sa, with va ri o us vi ru len ce fac tors
and emer ging an ti bi o tic re sis tan ce, is a com mon in-
fec ti o us agent ca u sing high mor ta lity and mor bi -
dity ra tes.5,6 In chro nic P. ae ru gi no sa in fec ti ons,
bac te ri a sur vi ve in bi o film to pre vent them sel ves
from host res pon se. Con trol ling va ri o us ex tra cel -
lu lar vi ru len ce fac tors sec re ted by P. ae ru gi no sa
and the bi o film pro duc ti on are shown to be re gu -
la ted by thre e in ter re la ted QS systems. They are
de fi ned as; las, rhl and qu i no lo ne systems.7

The pri mary system is re gu la tes Las B elas ta se
pro duc ti on, thus na med as las system; and con sists
of las I ge ne (3-oxo-C12-HSL-L, AI syntha se ge ne
res pon sib le of long cha in AHL synthe sis) and las R
ge ne (en co ding “trans crip ti o nal ac ti va to r” pro te in).
This system re gu la tes bi o film for ma ti on and pro-
duc ti on of ex tra cel lu lar vi ru len ce fac tors such as Las
B elas ta se, Las A pro te a se, and exo to xin A.8 The se -
con dary QS system, rhl, com pri ses rhl I ge ne (C4-
HSL, AI syntha se ge ne, short cha in AHL) and rhl R
ge ne (en co ding “trans crip ti o nal ac ti va tor” pro te in).
This system re gu la tes pro duc ti on of Rhl AB ope ron
(ope ron: re gu la tory DNA re gi on), synthe sis of
“rham nosyl trans phe ra se ” enz yme, which is re qu i -
red in rham no li pid pro duc ti on, and synthe sis of Las
B elas ta se, Las A pro te a se, pyoc ya ni ne, cya ni de, and
al ka li ne pro te a se.9 The ot her system, AHQ sig nals
inc lu de 2-heptyl-3-hydroxy-4-qu i no lo ne (Pse u do -

mo nas Qu i no lo ne Sig nal, PQS) and 2-heptyl-4-qu -
i no lo ne (HHQ).10-12 PQS is synthe si zed vi a the pqs-
ABC DE ope ron, which is res pon sib le for ge ne ra ting
mul tip le Aqs, inc lu ding 2-heptyl-4-qu i no lo ne
(HHQ), the im me di a te PQS pre cur sor. In ad di ti on,
PQS sig na ling plays an im por tant ro le in P. ae ru gi -
no sa pat ho ge ne sis be ca u se it re gu la tes the pro duc -
ti on of di ver se vi ru len ce fac tors inc lu ding elas ta se,
pyoc ya nin and Le cA lec tin, al so inf lu en ces bi o film
for ma ti on.10,13

Qu o rum sen sing in P. ae ru gi no sa con sists of a
comp lex net work. Alt ho ugh las system has be en
shown to ha ve a par ti cu lar ro le among the se cell-
den sity-de pen dent sig nal mo le cu les, hi e rarc hi al
mec ha nisms ha ve al so be en de mons tra ted in the
con text of both sti mu la ting rhl system and re gu la -
ting PQS pro duc ti on.14 If the las system fa ils to
func ti on, QS systems wo uld be re-or ga ni zed, such
that the se con dary system, rhl may subs ti tu te the
las system.10 The PQS system is in tri ca tely con nec -
ted to the AHL systems. The rhl and las systems
exert ne ga ti ve and po si ti ve re gu la ti on mec ha nisms
on PQS, res pec ti vely, whi le PQS has po si ti ve inf -
lu en ces on the rhl system.15 Mo re o ver, it has be en
re cently re por ted that, in the ca se of las ac ti va ti on
prob lem, re si du al trans crip ti ons of rhlI and rhl may
in te ract with en vi ron men tal fac tors and ac ti va te
rhl re gu la tor, which may con se qu ently le ad to de-
la yed ac ti va ti on of las re gu la tor.16

EX PE RI MEN TAL ANI MAL MO DELS 
IN UN DERS TAN DING QS SYSTEM

Alt ho ugh the re are stu di es con duc ted with cell cul-
tu re met hod and exa mi ne the im por tan ce of the QS
system and va ri o us vi ru len ce fac tors that are con-
trol led by the QS system con cer ning pat ho ge ne sis
of P. ae ru gi no sa in fec ti ons,17 ex pe ri men tal ani mal
mo dels al so ha ve sig ni fi cantly im por tant ro les in
exa mi ning in vi vo be ha vi ors of bac te ri a, and in ex-
p la i ning the in te rac ti on bet we en bac te ri a, host and
an ti bac te ri als. 

Ex pe ri men tal mo del of chro nic pul mo nary in-
fec ti on is among the wi dely pre fer red mo dels. Na -
sal or in trat rac he al ad mi nis tra ti on of bac te ri al
sus pen si on to the ani mal is the ge ne rally used met -
hod to de ve lop pul mo nary in fec ti on.18,19 Ho we ver,
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bac te ri a are di rectly ex po sed to the host de fen se
system in this met hod, so they can be era di ca ted
from the body wit hin a short pe ri od of ti me, the re-
fo re it may not al ways be an ef fec ti ve met hod in
the pro cess of ge ne ra ting pul mo nary in jury.

Agar be ads mo del, which is utilized by Cash et
al.20 thro ugh ad mi nis tra ting agar-im preg na ted bac-
te ri al sus pen si ons in to the trac he a, is a higly ac cep -
ted ex pe ri men tal mo del used in ge ne ra ting chro nic
pul mo nary in fec ti on with P. ae ru gi no sa. In the ex-
pe ri men tal mo de ling, the pur po se of im preg na ting
bac te ri a in to the agar is, by mi mic king the pre sen -
ce of bi o film, to pre vent di rect ex po su re of bac te -
ri a to the host de fen se system, which wo uld al low
bac te ri a to sur vi ve in the air ways, hen ce ge ne ra te
chro nic pul mo nary in fec ti on. With this mo del, his -
to pat ho lo gi cal chan ges such as gob let cell hyperp -
la si a, fo cal nec ro sis, acu te and chro nic
inf lam ma tory cell in fil tra ti on and cyto ki ne ac cu -
mu la ti on, that may be se en in chro nic pul mo nary
in fec ti on ca u sed by P.ae ru gi no sa are spe ci fi ed as
be ing mi mic ked.20,21 The se his to pat ho lo gi cal chan -
ges can al so be used in de ter mi ning lung in jury sco -
re, the re fo re can pro vi de sta tis ti cal da ta with re gard
to the pul mo nary ef fects of the in ves ti ga ted vi ru -
len ce fac tors in the com pa ri son of the ex pe ri men -
tal gro ups. Cri te ri a de ve lo ped by Jerng et al.22 are
com monly used in sco ring lung in jury se ve rity. Ac-
cor dingly, his to pat ho lo gi cal pre pa ra ti ons of lung
tis su e sta i ned with he ma toxy lin-eo sin (H&E) sta i -
ning are exa mi ned un der the light mic ros co pe, and
ca pil lary con ges ti on, he morr ha ge, ne ut rop hil in fil -
tra ti on and thic ke ning of the al ve o lar sep tum are
eva lu a ted, and the deg re e of in jury is sco red bet -
we en 0-4, whe re 0, no da ma ge, 1; mild da ma ge 2;
mo de ra te da ma ge, 3; se ve re da ma ge and 4, ma xi -
mal da ma ge. Alt ho ugh agar be ads met hod is ide al
in exa mi ning the pul mo nary ef fects of bi o film in
the de ve lop ment of pul mo nary in fec ti ons, it is re-
qu i red to be per for med by ex pe ri en ced re se arc hers
be ca u se of the imp lan ta ti on dif fi cul ti es of agar be -
ads and high mor ta lity ra tes du e to mec ha ni cal ob-
s truc ti on du ring app li ca ti on.

In un ders tan ding the pat ho ge ne sis of P. ae ru -
gi o sa in fec ti ons, com pa ra ti ve stu di es con duc ted

with the QS wild-type stra ins and the mu ta ted stra -
ins of QS system, in which sig nal mo le cu le-pro du -
cing ge nes (la sI and rhlI) are fo und to be mu ta ted,
pro vi ded sig ni fi cant in for ma ti on. In the chro nic
pul mo nary in fec ti on mo del de ve lo ped by Ima mu -
ra et al.23 by using QS wild type (PA O1) and thre e
QS mu tant stra ins (∆la sI, ∆la sI/∆rhlI, ∆rhlI), it is
sta ted that the QS mu tant stra ins can be era di ca ted
from lungs mo re ef fec ti vely com pa red to wild-type
stra ins, the re fo re they ca u se less da ma ge to the
lungs. Wu et al.24 de ve lo ped  P. ae ru gi no sa pne mo -
ni a in rats by using PA O1 and mu tant PA O JP2
(∆la sI/∆rhlI) stra ins. In the early sta ges of in fec ti on,
re se arc hers ob ser ved con si de rably fas ter and stron -
ger im mu ne res pon se aga inst mu tant stra in, lar ger
amo unt of pul mo nary IFN-g, and mo re po wer ful
res pon se of poly morp ho nuc le er le u kocy tes as well
as mo re ra pid an ti body res pon se, and they conc lu -
ded that func ti o nal la sI and rhlI ge nes ha ve sig ni -
fi cant ro les in the se ve rity of pul mo nary in fec ti ons.
In the study car ri ed out with cli ni cal spe ci mens,
Ka ra tu na and Yagci no ted that even tho ugh QS had
a key ro le in the res pi ra tory tract in fec ti ons ca u sed
by P. ae ru gi no sa, the QS mu tant stra ins ha ving low
sen si ti vity to an ti mic ro bi al agents might al so le ad
to in fec ti on.25 Ka ra man et al. de ve lo ped pul mo nary
in fec ti on mo del in rats by using PA O1 ve PA O JP2
(∆la sI/∆rhlI) re fe ren ce la bo ra tory stra ins with agar
be ads met hod.26 As a re sult of the qu an ti ta ti ve cul-
ti va ti on of bronc ho al ve o lar la va ge (BAL) and lung
tis su es on the 14th day of the in fec ti on, re se arc hers
re por ted a sig ni fi cant in cre a se in the bac te ri al co -
unt of the gro up in fec ted with wild-type stra ins
com pa red to the gro up in fec ted with mu tant stra -
ins. In this si tu a ti on, it can be in ter pre ted as la sI
and rhlI mu tant stra ins may be less vi ru lent, the re-
fo re may be era di ca ted ef fec ti vely by the host de-
fen se system.

All the se da ta dis tinc ti vely sug gest the im por -
tan ce of QS system in P. ae ru gi no sa in fec ti on, ho -
we ver the ca pa bi lity of QS mu tant stra ins to
de ve lop in fec ti ons in di ca te the ne ed to con duct
furt her investigations on this sub ject. Ex pe ri men tal
ani mal mo dels are sup po sed to gu i de the se re se arch
stu di es.
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