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stalar1 ve bagisiklik sistemi
ihcil faktordir. P. aeruginosa

acConkey agar plaklarinda kiiltiirlenen 120
klinik 6rnegi igermektedir. Mo ji iyokimyasal testlere gore tiim 6rneklerde 55 adet
Pseudomonas aeruginosa js espit edilmistir. Bu izolatlarin prevalansi kadin
hastalarda 28 (%50,9) jKemyerke larda 27 (%49,0) olarak tespit edilmis; bakteriyel
enfeksiyon oraninin enWii dugu yas grubu 31 (20-30 yas), bunu sirastyla 12 (31-40 yas),
10 (41-50 yas) ve 2 ( Y 'takip etmistir. Bu ¢alismada mikrotitre plak yontemiyle
biyofilm olusu ) izolattan 10'unun (%18,2) giiclii biyofilm iireticisi oldugu
bulunmustur. Ayri arin 21'inin (%38,2) orta derecede biyofilm {ireticisi oldugu, diger
izolatlarin biyofilm iiretimi agisindan zayif oldugu tespit edilmistir. Cinko oksit
lanima sunulmasindan once, P. aeruginosa'min ¢inko oksit
nin Sonradan eklenmesiyle karsilastirildiginda onemli o6l¢iide daha fazla
olusumu gozlenmistir. Disk diflizyon yontemi kullanilarak yapilan

bulgularina gére Levofloksasin, Ceftazidime, Imipenem, Tobramisin ve Aztreonam
antibiyotikleri sirasiyla %89, %89, %80, %73 ve %71 ile antibiyotiklere kars1 en yiiksek dirence
sahipti. P. aeruginosa izolatlar1 bu ¢alismada kullanilan gii¢lii, orta ve zayif biyofilmdi ve P.
aeruginosa'nin temizlik geni olarak rspL geni kullanilarak PCR teknigi ile tespit edilmistir. Test
edilen P. aeruginosa'nin tiimii klinik olarak rspL genini igermektedir. Sonuglar, son genin gii¢lii
biyofilm {ireten izolatlarin %80'inde bulundugunu, rhll geninin ise tiim gii¢clii biyofilm
izolatlarinda bulundugunu gostermistir. 55 izolattan 10 izolat gii¢lii biyofilm iireticileri olarak
ve 8' her iki lasl genini de (%80) icerirken, tiim bu izolatlarda rhll bulunmustur. Kantitatif PCR
reaksiyon deneyi, her biri iki biyofilm geni igeren, Pseudomonas aeruginosa'nin alti adet
oldukca yetkin biyofilm iireticisi izolatin1 icermektedir. Bu izolatlar, ZnO-np'ye gore degisen

v



alt MIK degerleri ile bilingli olarak segilmistir. Bu ¢alismada, biyofilm genlerinin mRNA
ekspresyonu, bakteriyel biiylime sirasinda her bir numune i¢in minimum inhibit6r
konsantrasyonunun (MIC) altindaki konsantrasyonlar kullanilarak ZnO-np ile tedavi edilen
numuneler ile tedavi edilmeyen numuneler karsilastirilarak kantitatif bir RT-PCR tahlili
yoluyla incelenmistir. Sonuglar, ZnO-np varliginda biyofilm genlerinde Onemli bir asagi
regiilasyon oldugunu ortaya ¢ikarmistir. Sonuglar, ZnO-np tedavisi Oncesinde ve sonrasinda
test edilen tiim izolatlar1 iceren Pearson korelasyon analizi kullanilarak RSPL, lasl ve rhll
genlerinin gen ekspresyonu ile biyofilm olusumu arasinda anlamli bir pozitif korelasyon
oldugunu gostermistir.

Anahtar Kelimeler: Pseudomonas aeruginosa, nanopargacik, ¢inko oksit, viriilgrS\biyofilm.
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Pseudomonas aeruginosa, an opportunistic pa i imary contributor to illness
and death among burn patients and individuals wit [ mune systems. There is a
growing need for the exploration and advance jve therapeutic approaches that
offer fresh avenues to combat P. aeruginosa i ions.” This demand is continuously
increasing, with heightened attention direc rea of research. This study included
One hundred and twenty clinical specigfens collected from patients with different infections
from four hospitals in Baghdad, whic tured on Cetrimide agar, Blood agar, and
MacConkey agar plates for isolation a Ification of P. aeruginosa. According to

morphological and biochemical monas aeruginosa isolates (45.8%) were found
in all samples. The prevale isgfates was 28 (50.9%) in female patients, compared
to 27 (49.0%) in male pat# In table (4-1); the highest rate of bacterial infection
was within the age gro -30 year), followed by 12 (31-40 year), 10 (41-50 year), and 2

(61-70 year) respective sent study, results of biofilm formation by the microtiter
plate method sh ates from 55 isolates (18.2%) were strong biofilm producers.
Also, it was foun (38.2%) isolates were moderate biofilm producers, and the other
isolates (n= were weak to produce the biofilm Prior to the introduction of Zinc oxide

to the post-addition of Zinc oxide nanoparticles. The results of the
antibiotic suscaptibility test, conducted using the disc diffusion method, revealed variations in
istance among all P. aeruginosa isolates included in this study. According to the
findings,of this study, the antibiotics Levofloxacin, Ceftazidime, Imipenem, Tobramycin, and
had the highest resistance to antibiotics: 89%, 89%, 80%, 73%, and 71%
respectively. The isolates of P. aeruginosa were the strong, moderate, and weak biofilm used
in this study and detected by PCR technique using the rspL gene as the housekeeping gene of
P. aeruginosa. All the tested P. aeruginosa clinically contained the rspL gene. The results
showed that the last gene was found in 80% of isolates that produce strong biofilm, while the
rhil gene was found in all potent biofilm isolates. Ten isolates from 55 isolates were potent
biofilm producers, and 8 contained both lasl genes (80%), while rhll was found in all these
isolates. The quantitative PCR reaction experiment involved six highly proficient biofilm
producer isolates of Pseudomonas aeruginosa, each containing two biofilm genes. These
isolates were deliberately selected with varying sub-MIC values to ZnO-np. In this study, the

Vi



MRNA expression of biofilm genes was examined through a quantitative RT-PCR assay,
comparing the samples treated with ZnO-np to those left untreated, using concentrations below
the minimum inhibitory concentration (MIC) for each sample during bacterial growth. The
results revealed a significant down-regulation in biofilm genes in the present of ZnO-np. The
results showed a significant positive correlation between gene expression of RSPL, lasl, and
rhll genes and biofilm formation using Pearson correlation analysis which included all the
tested isolates before and after the treatment with ZnO-np.

Keywords: Pseudomonas aeruginosa, nanoparticles, zinc oxide, virulence, biofilm.
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1. INTRODUCTION

Pseudomonas aeruginosa is recognized as a significant and versatile pathogen,
capable of causing infections in various tissues with varying levels of severity (Lotfpour
and Amini, 2020). It is responsible for a wide range of conditions including wounds,
burns, urinary tract infections, pneumonia, Keratitis, otitis externa, and folliculitis.
Furthermore, P. aeruginosa poses a considerable threat as a hospital-acquired infection
due to its high resistance to antimicrobials and its ability to thrive in nutrie rived
environments, making eradication challenging (Gellatly and Hancock, 2013): S
reports indicate that drug-resistant P. aeruginosa infections arg, ass@giate th

significant increases in mortality rates, morbidity, prolonged hospi heyeed for

chronic treatment, and surgical interventions (Ibraheem . . Pseudomonas

antibiotic resistance, thus rendering antibio effective (Ali et al., 2020).
Antibiotic-resistant (AR) infections hayé~become prevalent worldwide, exacerbated by a
lack of new antibiotic development e pharmaceutical industry across many cultures.
AR P. aeruginosa stands outas a pro causative agent of healthcare-associated

diseases, contributing to gleba Ith concerns as multi-drug-resistant strains continue

most antibiotics (Sa

survive antihi@tigs, i seclusion of inactivating enzymes, expression of efflux

as ade@late protection against the host immune systems and antibiotic agents, which leads
to continuous colonization of the organism. Treating burn wound bacterial pathogens is
a significant challenge, and new methods of reducing death rates associated with bacterial
infections in burn injuries are needed (Shariati et al., 2019). The emergence of resistance
in treatment, which is proved to duplicate the time of hospitalization and total cost of

patient care, is even more troublesome (Jindal et al., 2015).



Many previous studies exhibited the nanoparticles' applications in the medical
field and the treatment of infectious diseases. Higher efficiency was reported on metal
oxide nanoparticles resistant strains, such as zinc oxide (ZnO) and silver. Incredible
antimicrobial activity and a significant reduction in skin infections and inflammatory
function of mice were found in ZnO nanoparticles (Sirelkhatim et al., 2015).

The Pseudomonas aeruginosa problem is very severe in local hospitals in Iragq. The
current study aims to recognize the effect of ZnO nanoparticles on biofilm formation as

a virulence factor of Pseudomonas aeruginosa isolates, to eradicate these factéria by

seeking alternative antimicrobial materials.



2. LITERATURE REVIEW

2.1. Pseudomonas aeruginosa

Pseudomonas aeruginosa is categorized as a lactose-non-fermenting, gram-
negative, non-spore-forming, and motile by one polar flagellum bacillus. The majority of
isolates are catalase and oxidase positive. It can use aerobic respiration as its preferred
mode of metabolism because it is an obligate respiration. However, it can also breathe
anaerobically using nitrate or other alternate electron acceptors; thus, it is the reason why

well as in plant, animal, or human hosts (Noomi, 2018). An opportunisStic patho

Pseudomonas aeruginosa, can infect people with acute or chronic illnesses. It ently

system illnesses (Schubiger et al., 2020). When b ccur, the skin acts as a

natural barrier, safeguarding the body's : this creates an ideal

environment for the proliferation of ,microorga

eudomonas aeruginosa can grow in the laboratory on MacConkey agar
medium, and their colonies are pale due to their inability to ferment lactose sugar and
smell like fermented grapes. On blood agar, colonies appear dark in color and surrounded
by a transparent area, indicating their ability to hemolyze blood (type -Hemolytic) due to
hemolysin production, as well as their ability to grow at 42 °C (Hossain et al., 2013). P.
aeruginosa has the cytochrome oxidase enzyme, a phylogenetic taxonomic feature, and

many members produce pigments. They do not form spores and can produce pigments



that fluoresce, such as pyocyanine (green-blue) and pyoverdin (yellow-green) (Bunyan et
al., 2019). P. aeruginosa creates various virulence factors necessary to bypass the host
immune system and other natural defenses. One of P. aeruginosa's most crucial virulence

factors is the development of biofilms (Pachori et al., 2019).

2.2. Pseudomonas aeruginosa Classification
In 1882, Gessard was first isolated from purulent wounds by Pseudomonas
aeruginosa, after which it became known as Pseudomonas pyocyanin a en as

Pseudomonas aeruginosa, and was called Bacillus pyocyanin (Oliveir

2022). The name of the bacteria, Pseudomonas, originates from the Grgek

meaning false or fake, and the second Greek term refers to copp

bactéries is according to the following graph (Slonc

on DNA sequence, especially Sequence 16S rR

2.3. General Characteristics of Pseud sa

are slightly or directly curve

single or more polar fl

201 the existence of arginine or nitrates as terminal electron accepters, anaerobic

growth from P. aeruginosa bacteria has also been proved possible (Todar, 2008). It grows
well at 37-42°C, not 4°C, and grows at 42°C; it helps to distinguish P. aeruginosa from
another fluorescent pigment-producing Pseudomonas. Some Pseudomonas species can be
grown at 45°C (Fothergill et al., 2007).

2.4. Pseudomonas aeruginosa Pathogenicity



P. aeruginosa is one of the primary nosocomial infections in the hospital setting
(Poole, 2011). In patients with severe medical conditions, it may lead to numerous acute
opportunistic infections (Gellatly and Hancock, 2013).

Infections are more frequent and diverse during hospitalization for those with
Immuno-depression, extreme burns, wounds, chemotherapy, and acquired immune
deficiency syndrome (AIDS). The most at risk are those with immuno-depressed patients
(Park et al., 2014).

P. aeruginosa infections are usually immune to several antibiotics, whiCh can lead

to severe and recurrent infections (Doosti et al., 2013); this leads to se€on

infections and other complications, a longer stay in the hospital, m ionYailure and
premature death in cystic fibrosis patients (Tan et al., 2014). P. apathogen
commonly linked to nosocomial pneumonia, nosocomial urj i ons, surgical
site infections, severe burns, wound infections, extern atigis, and folliculitis
(Gellatly and Hancock, 2013). Either neoplasti otherapy or broader

intravascular clotting, pi and secreted virulence factors, like toxins,

enzymes like protease,

an anide inducing or interacting with the host immune
tion (Rafie et al.,2014).

inosa finds a proper place for colonization, they begin to express

rhamnolipid, phenaz

response to tri i

nP.a

theyvirule genes and eventually activate the infection procedure, followed by
ed praent of virulence factor in the host cells (Rasko and Sperandio, 2010).

The creation of the diversity of pseudomonas different adaptation processes such
as diet and metabolic Pathways in addition to gene expression regulation (Riera et al.,
2011). Pseudomonas' ability to build biofilms. Aeruginosa contributes significantly to its
virulence in the catheter lumen and the lung of cystic fibrosis patients. Pseudomonas
Immune to specific antimicrobial agents, aeruginosa becomes dominant as more
susceptible bacteria in the normal microbiota are eliminated. This resistant is due to the
capacity of biofilms of bacteria that are embedded in the bacteria in the exopolysaccharide

matrix (Salman et al., 2019).



P. aeruginosa provides pathogenesis and establishes quorum sensing multidrug
resistance. The presence of MDR pseudomonas has been reported to date. In essential
hospital terms such as Burn Unit and Special Care Department (SCD), aero xylic strains
are essential in preventing MDR-infected infections (Mahnaie et al., 2020). Longitudinal
studies, including longitudinal methodology, provided details on genetic changes subject
to P. aeruginosa and permitted comparing particular expression genes in various patient
periods (Hussien et al., 2012).

Gene expression changes have been identified in multidrug efflux pumips, quorum

sensing regulators, and alginate biosynthesis mutations (Rezaie et al., 2 :

2.5. P. aeruginosa Infections
2.5.1. Respiratory tract infections

In patients with immunosuppression, chronic ldng ase, and heart failure

causing Pneumonia, aeruginosa is a primary and joi tory tract, and acute

caused by aeruginosa. Mucoid P. aerugino s are common and hard to treat in
patients with cystic fibrosis (Wuerth et

2.5.2. Skin infections

P. aeruginosa is ac

infection

t of antibiotiCs with a wide power threaten the patient's treatment (Nagoba et al.,

2.5.3. Ear infections
P. aeruginosa is a common cause of chronic otitis media and other ear inflammations,

which also can lead to external otitis, including malignant otitis externa (Roland and



Stroman, 2002). Here, the patient develops a hole in the eardrum membrane because of
the entry of the pathogen into the water through the pharyngeal nose or the hole when

bathing or swimming (Cole et al., 2014).

2.5.4. Urinary tract infections (UTI)

Bacteria entering the urinary tract through catheters, instruments, and irrigation solutions
is one of the most frequent P. aeruginosa infections. It is the leading cause of UTI in the
hospital; it is more common in men, particularly during pregnancy and birth. injury
occurs (Cole et al., 2014; Cole and Lee, 2019).

2.5.5. Infections of burns and wounds
Wound infection poses a significant risk for patients with burngfand burn wopnds caused

conditiong that allow bacteria to exist in hospital and community settings (Lister et al.,

2009). 1t can replicate and settle efficiently in the tissues affected, leading to systemic
sepsis and increasing death (Diggle and Whiteley, 2020). Metabolic flexibility and high
genetic characteristics allow this bacteria to adapt to the most artificial and natural
environments worldwide, from medical equipment, animal and plant tissues, water, soil,
and even the ISS (Kim et al., 2013).

A high percentage of these bacteria will occur within 72 hours in a hospital. It

requires an immune suppressive agent, anti-metabolism, and radiation, which help to raise



infections and spread from these bacteria called nosocomial infections in patients with
severe burns and wounds. Using infected surgical equipment promotes the spread of this
organism and direct and indirect communication between patients (Japion et al., 2009).
These P. aeruginosa infections also cause death and morbidity because they establish
antibiotic resistance rapidly and adapt quickly to different environments and cell-related
and extracellular virulence factors (Mitov et al., 2010).

2.7. Virulence Factors of Pseudomonas aeruginosa

P. aeruginosa has several factors of virulence that allow it to cologiz&uwwi e
body of its host organism, leading to illnesses, enzymes, and exotoxi N is
as well a biofilm that defends against phagocytes and environmen%( in and

Akyon, 2017).

It will be necessary to make extracellular enzym

inc g elastases, proteases,
exotoxin A, and hemolysins, which cause cell deat the host's immune
response to the disease, which are the most.

Significant virulence factors include Bjofilfs and
and Y. (Karen et al.,2016).

Pyocyanin is the most criti

I, exoenzymes like S, T, U,

u@rescent pigment (blue soluble in water),
and pyoverdine is fluoresced
which is toxic to host cel i acteria produced a variety of pigments that
inhibited the growth o
yorubin (Lee et al., 2014).

become resistant to P. aeruginosa, making treatment for

extrac8lfular DNA are used for exopolysaccharides (Storz et al., 2012). It holds together
the cell that is required to interact with the cell. It also enables the formation of 3D
structures, providing bacteria with increased access to nutrients and multicellular

livelihood advantages (Sharma et al., 2014).
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Figure 2.1. Pseudomonas aeruginosa virulence factors (G o0 ebal., SM

2.7.1. Biofilm formation

The biofilm consists of colonies of cchagide formed by the P.

aeruginosa, which are surrounded by micro isms (T et al., 2019). The essence

environmental conditions, Biofilm is re
and Ma, 2013).

he fourth stage of release, distribution, and colonization of the cells outside to

new areas (Harper et al., 2014).



Biofilm lifecycle

Plankton Attachment ~ Microcolony Maturation Dispersion
formation

Figure 2.2. Biofilm formation steps (Santos et al., 2018

inflammation, bone inflammation,
etal., 2014).

P. aeru s Hecome a significant and commonly occasional nosocomial

pathoge is org has inherent resistance to many antimicrobial types, resulting in

difficult-t ategiinfections associated with severe disease and mortality (Obritsch et

The pathogen P. aeruginosa presents a significant therapeutic challenge when it
comes to antibiotic treatment due to its prevalence in both nosocomial infections and
community-acquired diseases. Therefore, the careful selection of appropriate antibiotic
dosages is crucial to prevent the development of complications (Lister et al., 2009). P.
aeruginosa is very resistant to numerous different antibiotics intrinsically. In addition,
these bacteria can also quickly develop strong resistance under specific selective pressure

either by transferring the resistance genes horizontally or by mutating the chromosomally
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encoded genes. Bacterial infections are often difficult to treat due to their multidrug
resistance phenotype (De Francesco et al., 2013).

P. aeruginosa has multiple resistances to antibacterial agents because of different
factors, the lowest of which is the low permeability of the cellular bacterial surrounds
genetics. It shows a wide variety of antibiotic resistance mechanisms and a P. aeruginosa's
ability to acquire other resistance genes from other bacteria through the conjugation,
transformation, and transmission of mobile genes (plasmids, transposons, phages) (Tam
etal., 2010).

Several P. aeruginosa resistance infections have been commonl cancer
patients, immunocompromised AIDS, COPD, cystic fibrosis, and ith
diabetes as secondary infections (Hogardt and Heesemann, 20 s, high-
mortality, blood-stream infections, and healthcare costs i everal types
remain effective agents of P. aeruginosa infec )dime, Cefepime,
Carbapenems, Tobramycin, and Amikacin). Man s related to different
groups, like Carbencillin, have become more eruginosa isolates (Black,

2012). Carbapenem classes, on the other hand; havedgood anti-microbial activity, but the

propagation and development of acquifed carbapenem class resistance is a challenge for

control success and therapeutic effo

used extensively in a clinical,ﬂing(l'\jw
/
1

Increased drug efflux

e special imipenem carbapenem classes are
al., 2011).

7 U IR AL ; ' I AL EK K3 KRR TITTTVR
/' Mastpaangsat’ 1) Bt AR NRRS TR ITRY) w ;\
z \
Drug (Antibiolic) —_ 2
AR A f\ }
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e - - - ® ’ &1 = ,,
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Normal drug enleanca \ ] T : l T i 1 R (1 ISR TITT ‘]r,,-f/
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i
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Figure 2.3. Pseudomonas aeruginosa mechanism for antibiotic resistance (Rocha et al.,
2019).
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2.8.1. Carbapenems resistance
Beta-lactam is the most common antibiotic used for carbapenems (meropenem
and imipenem) (Morita et al., 2014). It is an effective agent for treating many
Pseudomonas infections because of its beta-lactamase resistance (Ding et al., 2018). The
mechanisms of carbapenems antibiotics are penicillin-bound protein inhibition, which
rests on the plasma membrane's exterior surface. The bacterial external membrane of
carbapenems antibiotics may pass through the porine canals (OprD) (Ocampo-Sosa et al.,
2012). Pseudomonas. aeruginosa to low-expression carbapenems, especiallygmetal beta-
ps,jin

lactamase and extreme AmpC beta-lactamases, or extreme expression gfflux

outer membrane proteins (OprD) or carbapenemase (Patel and Bon ~20
2.8.2 Extended spectrum beta-lactamase (ESBLS)
Extended-spectrum beta-lactamase in P. aerugings$a e een reported

and is remarkably resistant to various antibioti s penicillins and

Beta-Lactamases (ESBLs). These ESBhs hawve evolved from earlier beta-lactamase
enzymes like TEM, SHV, a XA, wit

ntribute to the multidrug resistance observed in

narrower range of activity in terms of the

gram-negative bactéfia. ESBL enzymes are further categorized into two classes,

namely Class hased on their structural characteristics (Omer et al., 2020).

a e pritfarily’Blactamases from PER, GES, VEB, BEL, and family PME (class A).
i resistance is an increasing clinical problem and a recognized global threat
to pulliehealth.

P. aeruginosa exhibits a particular propensity to resistance development. The
development of P. aeruginosa resistance also limits future treatment choices and is linked

to higher mortality and morbidity rates and increased costs (Kumar et al., 2020).

12



2.8.3. Metallo beta-lactamases (MBLYS)

The synthesis of metallo-beta-lactamase is the prevailing mechanism of
carbapenem resistance. Metallo-beta-lactamase, which belongs to Ambler Class B
enzymes, is capable of hydrolyzing beta-lactam antibiotics, including carbapenems. Beta-
lactamases use serine as an active site so that beta-lactamase inhibitors such as clavulanic
acid or sulbactam eight can be easily degraded. However, MBL-producing Pseudomonas
now appears as a nightmare for doctors. The MBL-producing Pseudomonas is a doctor's
nightmare. In addition, MBL resistance is situated in a highly mobile genetic element,
which allows easy dissemination from patient to patient or from patie
provider. Therefore, preventing MBL Pseudomonas is always bett
(Mukherjee et al., 2020).

2.9. AmpC Cephalosporins

The wild-type strain of P. aeruginosa poss

Jjginosa remains susceptible to carboxypenicillins,

These enzyme substrates are mainly carboxypenicillin and ureidopenicillin and
may sometimes be resistant to BLI. These enzymes exhibit different levels of
susceptibility to cefepime, cefpirome, and aztreonam, but ceftazidime and carbapenem
retain their efficacy against P. aeruginosa strains possessing these types of B-lactamases
(Gémez et al., 2019).
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2.10. Quorum sensing (QS) system

QS Systems found in some bacteria can be defined as a cell-to-cell
communications system for chemical mediation to co-ordinate gene expression and
community group activities. Dr. Peter Greenberg first found QS in the bioluminescent
bacterium Vibrio fischeri 1994 (Yang, 2009). Quorum sensing is significant prevalence
of many different Species in the bacterial realm can be considered as "speaking” systems

that play a significant role in controlling virulence factors (Yin et al., 2012).

An extensive range of virulence factors, including the correspondifig effector

protein such as extracellular phospholipases, proteases, and type 111 secr, s (Exo
U, S, T, and Y) and secreted type Il and Il systems, have b tdentifi rP.
aeruginosa. Moreover, Type IV pili and flagella for adhesion of’the host

acilitate the

it (Chakravarty and Mass¢, 2019). Quorum sensing (QS) is responsible for regulating the

expression of genes associated with mény virulence factors, including those involved in

toxin production such as hydrogen cy: (Fembaum et al., 2012). It also helps regulate
wide-ranging community b

(Rutherford and Bassler

fhg swimming, twitching, and conjugating
Wities rely on the quorum sensing (QS) system,

which involves the thesis? secretion, and detection of molecules called autoinducers

(Al) (Kalia and Pur 201%9)” Quorum sensing enables bacteria to assess the local
population a llegtive decisions based on cell density, thereby coordinating the
behavio the ire bacterial community. These behaviors are usually always
ass@ciate nvolved in bacterial viability, with pathogenicity/virulence (LaSarre
le\2013).

enting bacterial adherence to different surfaces was one strategy for inhibiting

biofilm formation. The surfaces of antimicrobial

Agents, like metallic nanoparticles, can be covered. Quaternary ammonium salt
or other surfactants (e.g., QAS) surfactants (Stone et al., 2020)

The standard QS system includes three components:

‘The signal molécules (AI) or the Acyl homocerin lactones (AHL) Signal

molecules.
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- The Al-producing synthase is capable of activating the receptor through the
transcription of specific genes responsible for Al biosynthesis (genes encoding the
synthase), (Miller and Bassler, 2001).

-The transcriptional regulator and the receptor.

-The QS controls the manifestation of extracellular and cellular associated VVFs by
producing QS signal molecules in response to population density (AHLS).

Includes the homoserine lactone ring that differs from the length of the N-linked
acyl side chains and C3 substitution. The accumulation of AHLs over a thrgShold level
causes its interaction with the LuxR activator family to allow the trapsgrip of the
target genes (Steindler and Venturi, 2007).

In a sparsely populated community, the AHLs (acyl-h actones)
secreted into the surrounding medium become highly dilut on, resulting

in minimal activation of the receptor. However, as the d | cells increases,

the AHLSs reach a threshold level, triggering recept ivati fller and Bassler et al.,
2001).

2.11. Las system

The Lasl gene-producing s
homoserin lactone (3-Ox0-C12-AHL) (
bind DNA multimerically régulate t

s to a synthesis of L-L-3-oxo- dodecanoyl)
nd Iglewski, 2003).This protein can only
ranscript of several genes at high cell density.
LasA (lasA protease)

Expression, protease), toxA (exotoxin A), and lasB (elastase) are

regulated in nela et al., 2010).

2.11.1.
Th I1 ‘gene is responsible for directing the synthesis of N-(butanol)-L-

e fC4-AHL), which interacts with the RhIR regulatory system and activates

pro of target genes (Smith & Iglewski, 2003). The expression of various genes,
including alkaline protease, elastase, cyanide, rhamnolipid, and pyocyanin production, is
regulated by this system (Dekimpe and Deziel, 2009; Karatuna and Yagci, 2010).
Analysis of QS signal molecules may be helpful in various bacterial infections. The
detection and identification of QS signals in molecules can provide insight into the
density and type of population of the infectious pathogen and its virulence components.

Moreover, the new target of developing innovative infection control strategies is the Q of
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S regulation mechanisms (Rasmussen and Givskov, 2006). ldentifying possible drug
target factors to combat P. aeruginosa infection of AHLs is also essential in clinical

environments (Bjarnsholt and Givskov, 2007).

2.12. Nanomaterials
2.12.1. Background
The word "nano" derives from the Greek word "nano," which means "dwarf,"

which indicates about 10-9 nm of stuff measuring one trillionth. Due to the bro tential

applications such as "nanomedicine” and the unique characteristics of varjouSuields the
nanostructures have attracted more attention and provided simple technology to re
and synthesize the nano-sized metal particles (Jeevanandam et al., nomaterials

(NMs) and nanoparticles (NPs) offer potential soluti enviropmental and

factors such as

the nanoscale. Presently,
passes diverse areas, including
wound healing, anti-inflammator
analytical applications (Ali et at., 2020).

atalysis, magnetism, and optical and

2.12.2. The inorganic

This group ifieludeSimagnetic NPs, noble metal NPs, and semi-conductor NPs

(gold and silver NPs Ide and titanium oxide). Inorganic NPs are increasingly
interested beca ffer superior material properties for functional versatility. The

edical agents synthesizing NPs are metallic nPs, e.g., zinc, gold,

C , anium, iron, palladium, fullerenes, and copper. For increasing
ntal impacts, biological approaches and other green summaries must be
deve (Vadlapudi and Kaladhar, 2014). Certain NPs are attractive biological marker

samples because:

BETHER Small size from 1-100 nm.

-The wide volume-ratio surface.

-Trees' Biological and chemical characteristics, especially protein components,
concerning shape and size, and strong affinity to the target.

-The structural robustness despite the granularity of the atom.
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-Enhance or delay aggregation of particles depending on the surface type and
photo-emission improvement.

-High heat, electrical conductance, and enhanced catalytic surface activity
(Sahayaraj and Rajesh, 2011).

2.12.3. Nanomaterials as antimicrobials

Traditional antibiotic medicines reduce their ability to deal with common
infectious diseases and are necessary for many treatments. Antibiotics hav ed the
way for unexpected medical and societal development in all healthcare syst i-
drug resistance among many pathogenic bacteria in the global manket in ed

considerably, resulting in the most frequently ineffective antibioticsgii, comtrolling

2013).
In addition, a nanotechnology is approach the development of new

antibodies known as nano antibiotics which are effiCjént in the treatment of infectious

diseases, and which have many ad ver traditional antibiotics, including lack of
adverse effects, increasing

development of resistance,

unrecognized" cells as a defense treatment for bacteria (Guzman et al., 2012).

2.12.4. Mechanisms for killing bacteria in such NPs include

The production of H202, 02~ and OH™ reactive oxygen (ROS) species. The
bacterial wall membrane cell disorder. DNA synthesis inhibition and activities of
intracellular enzymes. Disrupt energy transduction (Xie et al., 2011). Today many
antibacterial NM and NPs are being produced to fill the gap in antibiotic treatment failure

with the emergence of nanotechnology (Beyth et al., 2015).
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2.12.5. Zinc oxide nanoparticles (ZnO NPs)

ZnO-np, a well-known nanoparticle, belongs to the category of metal oxide
nanoparticles. It is an inorganic compound consisting of zinc oxide, appearing as a white
powder that is nearly insoluble in water. ZnO-np finds diverse applications, including
antimicrobial treatments, wound healing, UV protection, high catalytic and
photochemical functioning. What makes it particularly remarkable is its unique

combination of features such as minimal impact on human and animal cells, bacterial

toxicity, plasma hydrogen stability, and affordability (Xie et al., 2011). The

effects of ZnO-np involve the production of reactive oxygen species, whi

Food and Drug Administrati
ZnO NPs (Zinc
species (ROS) and

cell membrane. Tra

ehyde‘in bacterial cells, leading to lipid peroxidation of the

issionpElectron microscopy images of treated bacterial cells
confirm that
cause DNWA dama d result in membrane leakage. These effects are attributed to the
action of , ch mediates broad-spectrum antibacterial activity against 3-lactam-
-negative food pathogens through oxidative stress, lipid peroxidation,

damage, B-lactamase enzyme inhibition, inactivation of intracellular proteins,

DNA damage, and ultimately, cell death (Krishnamoorthy et al., 2022). Furthermore, the
toxicity mechanism of ZnO NPs varies depending on the medium due to variations in the
species of dissolved Zn (Li et al., 2011). The antimicrobial activity of these nanoparticles
has been shown to reduce bacterial burden, skin infections, inflammation, and improve
the architecture of infected skin in mouse models (Pati et al., 2014).

3. MATERIAL AND METHOD
3.1. Materials
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3.1.1. Instruments and equipments

Instruments and equipment used in this study and their manufacturer and suppliers

are listed in (Table 3.1).

Table 3.1. Instruments used in the study with their company and origin.

Equipment and Instruments

Company /Origin

Autoclave

Gallenkamp /England

Burner

Amal /Turkey

Centrifuge

Densichek Plus

Eppendorf/ Germany A
Biomerieux/France

Disposable Petri dishes

Al-Hani /Lebanon

Distillation GFL/Germany
Deep Freeze -80 Binder / Germany
electrophoresis system cleaver/United Kin

Gel Documentation

cleaver/Unj#éd Kingdo

Incubator

Laminar air flow

Light microscope

Metallic loop

Micropipettes different sizes

Micro spin Centrifuge

Fugene / China

pH meter labjtéch/Korea
Quantus Fluorometer Promega/ USA
Refrigerator TEKA/Spain

Sensitive balance

Mettler/Switzerland

Serial swabs with transport media
Gradient Thermal Cycler
VITEK 2 Compact Instrume

Sterling Ltd /UK

Eppendorf/Germany

BioMerieux/France

Vortex mixer

Velp/Germany

Water bath \ Gel/ Germany

Water distillator Gel/ Germany

Gel tube AN HiLab/India

i Invitrogen/ USA

Denver/ European Union
Eppendorf/Germany
Hirayama/ Japan
ThermoFisher/ USA
Cleaver / UK

Hot plate with Magnetic stirrer Gallenkamp/ England

Ependroff tubes SterillinflUK

Microtiter plate 96 well Bio Basic/ Canda

Shaker incubator GFL/ Germany

3.1.2. Chemicals Materials



Chemicals used in this study and their manufacturer and suppliers are listed in (Table
3.2).

Table 3.2. Chemicals used in the study with their company and origin.

Substances Company (Origin)
Absolute ethyl alcohol (99.9%) Diamond (France)

Agar Himedia (India)

Agarose Cleaver (England)
Crystal violet Himedia(India)
Deionized Distillate water Bioneer (Korea)

DNA marker (100-1000)bp NEB (England)

Ethanol 96% Sigma (USA)

Ethidium Bromide Promega (USA)

Free nuclease water NEB (England)

Glycerol Riedel-Dehaeny (German
LL-37 Peptide Eurogentec (Belgi N
Normal saline Pioneer (Iraq)

Red safe dye

Resazurin dye

SYBR green

TAE Buffer (50x)
TRIzol Reagent

3.1.3. Culture media

Cultures media used in this study<ate listed in (Table 3.3).

is st)iy.

Table 3.3. Culture media

No. Media Company Origin
1 Brain Heart Himedia India
2 Himedia India
3 Himedia India
4 Oxoid England
5 Oxoid England
6 Himedia India
7 Mast England

Tﬁ)tic oy Broth Himedia India
lopd Agar Himedia India
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3.1.4. Antibiotics
Antibiotic discs used in this study are listed in (Table 3.4).

Table 3.4. Antibiotic discs used in this study.

Antibiotics Abbreviations Company (origin)
Levofloxacin LEV
Amikacin AK
Imipenem IMP
Ciprofloxacin CIP
Tobramycin TOB Mast (UK)
Aztreonam ATM
Norfloxacin NOR
Ceftazidime CAZ
Piperacillin PRL
Meropenem MEM
3.1.5. Primers

Primers used in this study are listed in (Table 3.

Table 3.5. Primers utilized in this study (in PCR

fon).

Target gene The nucleotide sequence (5'—3")

ct (bp) The reference

TCG ACG AGATGG AAATCGATG
GCT CGATGC CGATCT JCAG

last
last

Intetal. (2021)

rhll
rhll

Intetal. (2021)

rspL
rspL

D|TM|O| M |D|T

Gong et al., (2014)

3.1.6. Kits
All kits usedtthis y are listed in (Table 3.6).

Table 3.6. Kj d inth dy
No. Kits Company

Origin

1 ic DNA ction Kit iNtron Korea

2 ster Mix NEB England
Qubithfl dsDNA HS Assay Kit ThermoFisher USA
i™JRNA HS Assay Kit ThermoFisher USA

5  LunaUniversal gPCR MasterMix NEB England

6 oScript® First Strand cDNA Synthesis Kit NEB England

3.2. Methods

3.2.1. Culture media
3.2.1.1. Laboratory-prepared culture media
All media listed in Table (3-3) were prepared following the

by the respective manufacturing companies. The constituents were

21
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water (D.W.), and the pH was adjusted to 7.2 + 0.2. The solution was then heated in a
water bath to ensure complete dissolution of all constituents. Sterilization of the media
was achieved by autoclaving at 121°C for 15 minutes at a pressure of 15 pounds per
square inch. After sterilization, the media were transferred to sterile Petri dishes. In cases

where sterility needed to be confirmed, the media were incubated at 37 °C for 24 hours.
3.2.1.2. Cetrimide Agar preparation

One liter of distilled water was used to dissolve 45.3 g of the medium 10 ml
of glycerol was added and cooked to finish the process. Sterilize the item by g
it for 15 minutes at 121 °C. The medium was poured into sterile Petri % g
chilled to about 50°C. The existence of growth indicates a favo on$€. Upon
closer inspection, the usual

Yellow-green to blue tint is visible, signifying prodéction jof pyocyanin. P.

aeruginosa strains generally produce both pyocyani esc

3.2.1.3. Blood agar preparation

The blood agar base was prepared accordi the manufacturing company's

instructions. Then autoclaved at 12 15 pounds/inch2 for 15 minutes, cooled to

sterile distilled water; a vortex mixer was used until well dissolved

ab4oC for one week after preparation.

urn Samples Collection

In order to acquire a moist specimen, the area was first gently cleaned with dry,
sterile gauze to remove contamination. The swab was then gently placed into the
container and transported immediately to the lab for culturing. Between November 2021
and February 2022, burn swab samples were taken at the Al-Yarmook Teaching Hospital,
the AL-Imam Ali Hospital, and the Baghdad Hospital of Medical City.
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Swabs were transported from the hospital laboratory using transport media, cultured on
MacConkey, Blood agar, and Cetrimide agar in the laboratory, then incubated at 37 °C

for 24 hours.

3.2.4. Inoculums preparation
All susceptibility studies' inoculums were created with concentrations according
to McFarland standard tube 0.5 (1.5* 108 CFU/m) to standardize inoculums; this solution

was used.

3.2.5. Bacterial identification

3.2.5.1. Cultural characteristics
Isolates were inoculated on various culture mediums, i ide agar,

MacConkey agar, and Nutrient agar. Suspect colonies ognized visually and

shortly after the isolate w.
instrument (BioMe'rieu
standard of 0.50 to Q63 i lution”of 0.45% sodium chloride.

The time it to prepare the solution and fill the card was never more than one
d using the ID-GNB card with 47 fluorescent biochemical
tests for -negative bacteria. Cards were automatically read every 15 minutes. VT2-

R03.1 of 2 software was used to examine the data. The highly automated

tem detected 39 P. aeruginosa isolates; results were available the same
day (Brogks et al., 2013).

3.2.6. Maintenance and preservation of P. aeruginosa
3.2.6.1. Short term storage

The bacterial isolates were grown in a routine method every two weeks on nutrient
agar and MacConkey agar plates at 37°C for 24 hours, and then the cultured plates were
stored at 4 °C (WHO, 2003).
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3.2.6.2. Medium term storage
Pure bacterial isolates were cultivated on nutrient agar in universal tubes and kept

at 4 °C for three months (Prescott and Harley, 1996).

3.2.6.3. Long term storage

Glycerol (20%) was used to preserve P. aeruginosa. A loop of bacteria culture was
added to 3 ml of brain heart infusion broth, and the mixture was then incubated for 18
hours between 30 and 37 °C. The chosen culture (2 ml) was then stored in affreezer for

up to two years using flasks filled with sterilized glycerol (Rao et al., 20

3.2.7. Antibiotic susceptibility testing

The World Health Organization (WHO) recommen -Bauer method
for susceptibility testing, utilizing 12 different antibigfi re the bacterial
suspension, 1-2 isolated bacterial colonies were se the"original culture and
added to a test tube containing 4 ml of nor sulting suspension was

adjusted to a moderate turbidity level, appro ent to the standard turbidity

solution, corresponding to approximatglx1.5 x 108 /ml. A volume of the bacterial

suspension was carefully and evenl ver the Mueller-Hinton agar medium using
a sterile cotton swab, and it wassallowed r 10 minutes. Subsequently, antimicrobial

discs were firmly placed op thejagar using sterile forceps to ensure contact with the

substance.
The plates w. en d over and left to sit at 37°C for 18 to 24 hours. A metric
ruler was us e inhibition zones that developed around the discs by the

Clinical i ndards Institute (CLSI, 2021).

Ceftazidime (CAZ), Azteronam (ATM), Ciprofloxacin (CIP), Tetracycline (T),
Azithromycin (AZM), Levofloxacin (LEV), Cefepime (FEP), and Piperacillin-
tazobactam. After incubating the agar plates at 37 °C for 24 hours, the inhibition zones
were measured and interpreted using the CLSI breakpoint interpretation criteria, which
determined the percentage of isolates classified as susceptible, intermediate, or resistant
(CLSI, 2021).
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3.2.8. Assessment of biofilm formation

To quantify P. aeruginosa biofilm production, the microtiter plate method was
employed as described by Patel et al. (2016). The isolates were cultured overnight in
Brain Heart Infusion Broth at 37°C. Each isolate was then added to tryptic soy broth
(TSB) containing 1% glucose and thoroughly mixed using a pipette. The suspension of
the bacterial isolate was adjusted to McFarland No. O turbidity.

Triplicate cultures of each isolate, in a volume of 200 ul, were added to sterile 96-

incubated aerobically at 37°C for 24 hours. After incubation, the plates
with distilled water to remove non-adherent bacteria. The adhering

well were fixed with 100% methanol (200 pl) at room temperat
0.1% crystal violet (200 ul) was added to stain the adherent.éells, t tes were left

undisturbed for 15 minutes. After staining, the excess s as remoyéd by washing the

plates with distilled water (2—3 times). The plates room temperature for
approximately 30 minutes.

To remove the stain, 33% acetic acid was ptical density (OD) readings

were measured using an ELISA auto r at a wavelength of 630 nm. The average OD

values of the sterile medium were ca ed apd subtracted from all test values. A cut-
off value (ODc) was deter owed for the classification of isolates as
biofilm producers or n du c: Average OD of negative control + (3 X

gative’control), OD isolate: Average OD of isolate — ODc.

Classification of bac adhnepence is summarized in Table (3-7) based on OD values.

Table 3.7. Classify of bacterial adherence

Mean O ) 4 Biofilm intensity
Non-Biofilm
Weak

Moderate

Strong
*Cut offWalue (ODc) = Average OD of negative control + (3 x standard deviation (SD) of Negative control)

3.2.9. Assay of antibiofilm ZnO-NPs by microtiter plate method

The antibiofilm potential of ZnO-NPs against clinical isolates was characterized
following the method described by Abdelghafar et al. (2022). Briefly, overnight cultures
of bacteria were diluted to a 1:100 ratio in Tryptic Soy Broth (TSB). Aliquots of

approximately 100 uL were added to the wells of a sterile microtiter plate and incubated
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for 48 hours to allow biofilm formation. To assess the biofilm eradication activity of ZnO-
NPs, aliquots of different concentrations (256, 128, and 64 pg/mL, corresponding to 3.1,
1.57, and 0.78 mM, respectively) of ZnO-NPs were added to the plate. Negative and
positive control wells, without bacterial culture and without ZnO-NPs, respectively, were
included for each isolate. The plate was then incubated at 37°C for 24 hours, and the
impact of ZnO-NPs on bacterial biofilm eradication was evaluated as described
previously. Each assay was performed in triplicate, and the percentage of biofilm

inhibition was calculated.

3.2.10. Molecular assay
3.2.10.1. Extraction of genomic DNA
A commercial purification method, the Genomic

A\ Extracti Mini Kit

bacterial methodology (for Gram-negative bact
1. To fill a 1.5 ml micro-centrifuge tube, 1 Ml o
culture (up to 1x109 CFU/ml) was add

overnight suspension bacterial cell

2. Centrifuge cells in a microcentri tupesfor 1 minute at 13,000 rpm. by vortexing or

repeatedly tapping, collected cells were restoged to suspension.

3. G-Buffer solution was at 300 [ and thoroughly inverted- mixed.
4. 1t was incubated at 15 myA.

5. Binding Buffer w en to 250 pl and thoroughly mixed by pipetting (at least

ten times) or

10. Place the G-spinTM column in a clean 1.5ml micro-centrifuge tube (not supplied) and
pour 100 pl of Elution Buffer directly onto the membrane.

11. Incubated at room temperature for 1 min and then centrifuged for 1 min at 13,000
rpm.

12. Until PCR analysis was performed, the DNA was kept in a deep freezer.

3.2.10.2. dsDNA quantitation by qubit 4.0
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The assay is accurate for initial sample concentrations of 10 pg/ to 100 ng/uL and is highly
selective for double-stranded DNA (dsDNA) over RNA. The test is run at room
temperature, and the signal is consistent for three hours. The assay tolerates common
impurities, including salts, free nucleotides, solvents, detergents, or proteins.

1. The Qubit® dsDNHS Reagent was diluted 1:200 in the Qubit® dsDNA HS buffer to
create the Qubit® working solution.

2. The volume of the Qubit® working solution was added to each standard- sized tube
along with 190 uL, followed by 10uL of each standard solution and vortexing.

3. Each tube prepared for the sample was filled with 197 uL of the it orkifig

solution, and then 3 uL of the sample was added one at a time.

4. The mixture has been vortexed and given a 3-minute incubatj erature.
5. In order to create a concentration curve, standard tubes h@ve b into the Qubit
device.

6. Tubes for samples have been added individuall a entration for dsSDNA

in each sample.

3.2.10.3. Primer preparation
Al Qubit DNA-USA Company supplj
picomoles concentrations. Al Qubit

the primers &s lyophilized products of different
A USA company protocol was adopted for
primers preparation by addi
lyophilized primers to g

working solution of these

was carried out under the best PCR conditions, as indicated in

Table 3.8. PCR conditions for rspL gene*.

Stage Temperature Time Cycle No.
:Dn(;tr::'lturation 94°C 5 min. 1
Denaturation 94 °C 45 sec.

Annealing 60 °C 45 sec. 35X
Extension 72 °C 45 sec.

Final Extension 72°C 7 min. 1
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*The exact conditions for other genes lasl and rhll, except the annealing temperature, were 58 °C and 56
°C, respectively.

3.2.10.5. Protocol of Gel Electrophoresis
I- Preparation of 1X TAE Buffer
By adding 200 ml of 50X TAE to 800 ml of deionized distilled water (ddH20),
200 ml of (TAE) buffer 50x (0.08 M Tris, 0.08 M Acetic acid, and 0.02 M EDTA) was
diluted to 10X. This 10X buffer was then reto 1X (working concentration) by adding 100
ml to 900 ml of deionized distilled water (ddH20).
I1-Preparation of Agarose Gel 2%

1. A volumetric cylinder was used to measure 60 microliters

2. Powdered agarose 1.2 gm for (2%) and 1.8 gm for (3%) w.

in a flask

3. 1X TAE buffer has been poured onto agarose

4. The solution was brought to a boil using a i
were melted.

5. The solution was let to cool down to\70 and 4l RedSafe dye was added as
a DNA staining dye.

6. The temperature of the s own to 50 °C.

was poured. For 30 minutes, the solution

re (20-25°C).

3. 6Gel documentation using a high-definition camera was utilized to take pictures

and evaluate the bands after the run.

3.2.11. Gene expression Analysis Using gRT PCR Technique
The evaluation of the gene expression of the two genes was done before and after
the treatment with the drugs to determine the impact of the LL-37 peptide alone and in

combination with Ciprofloxacin on the gene expression of las I and las R linked to biofilm
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formation. The LL-37 peptide alone and combined with Ciprofloxacin were employed at

sub-MIC doses to promote bacterial growth.

3.2.11.1. RNA isolation by TRIzol

1. Bacterial cells were collected in a microcentrifuge tube by centrifuging for 1
minute at 13,000 rpm and repeating this process until a sufficient amount of pellet was
obtained.

2. 0.5 ml of Trizol was used to resuspension the pellet.

3. The nucleoproteins complex must be completely dissociated af S

of incubation.
4. The TRIzol® Reagent used for lysis contained 0.15 ml o rmythat was
added.

5. Incubation for 2—3 minutes.

6. The material was centrifuged at 12,000 . The mixture was
divided into an upper colorless aqueous phase a
7. The RNA-containing aqueous phase, wasitansferred to a fresh tube.
8. The RNA was precipitated dding 0.4

phase.

14. \he supernatant was discarded by micropipette.

e tube was left open for 15 minutes to dry the RNA pellet.
6. The pellet was then re-suspended in 20 pl of RNase-free water and heated to
60 C using a thermomixer for 15 minutes.
17. Total RNA samples are stored at -20C until processed to the downstream

application.

a) RNA Quantitation by Qubit 4.0
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The assay is highly selective for RNA and accurate at concentrations ranging from
10 pg/uL to100 ng/uL. The assay is carried out at room temperature, and the signal
remains stable for three hours. The assay tolerates common contaminants such as salts,
free nucleotides, solvents, detergents, and proteins.

1. The Qubit® RNA HS Reagent was diluted 1:200 in Qubit® RNA HS buffer to
create the Qubit® working solution.

2. A volume of 190 puL of Qubit® working solution was added to each tube
designed to be a standard, followed by 10 uL of each provided standard solufion, which

was vortexed.

3. The Qubit® working solution in 197 puL. was added to ¢ mpigtubd and
then 3 pL of the sample was added individually.

4. All composition was vortexed and incubated at r teniper or 3 mins.
ubeSWwereput into the Qubit

5. In order to create a concentration curve, stan
device.
6. Sample tubes were introduced one at@time to re the RNA concentration

in each tube.

b) Quantitative Real-time PCR As PCR) protocol

The primary step in ougproject divided into two phases: synthesizing cONA
from RNA using specific peimer§yfor la

cDNA.

asR, and 16S rRNA transcripts and proscript

sp med through the steps:

1. Fiv, otal RNA extracted from each sample were added to a new
PCR tubg.
2. cript reaction mix that contains a buffer, dNTPs, and other necessary

igredients @dded to each sample.

LV Enzyme was then added into the reaction as 2ul per sample.

. Two microliter-specific primers and the volume completed up to 20 pul by
adding 1pl.

5. Using a thermocycler, this combination was incubated for 1 hour at 42C before
being heated to 80 °C to inactivate the enzyme. When conducting the second phase, the
guantification of the cDNA product was also carried out using Qubit 4.0. (Relative
quantitative PCR).
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In the second step of this process, samples of bacteria and the control were selected
on the same run, and for each sample, three PCR tubes were used, one for each of the
genes las 1, las R, and 16srRNA, which is regarded as a housekeeping gene in this study.
Based on SyberGreen's fluorescence power, amount detection. The table below (3-9) lists

the reaction mix components and their corresponding quantities.

Table 3.9. Volumes and concentrations of the gPCR reaction mix

Component 20ul reaction
Luna universal gpcr master mix 10ul

Forward primer (10um) 1ul

Reverse primer (10 um) 1ul

Template DNA 5ul
Nuclease-free water 3ul

Quickly spin for PCR tubes to remove the bubbles a
at 2000g, then the program for Real-Time PCR was se

protocol as shown in Table 3.10.

Table 3.10. RT-PCR cycling program

Cycle Step Temperat e Cycles No.
:)nétr:::uration 95°C 60 seconds 1
Denaturation 95 °C ) 15 seconds 40
Annealing 30 seconds -

Extention 30 seconds -

Melt Curve 40 minutes 1

Figst, for each sample, the Ct between the target gene and the reference gene is
computed (for the unknown samples and the calibrator sample).

ACt = Ct target-Ct reference gene

Then the difference between the ACt of the unknown and the ACt of the calibrator
is calculated, giving the AACt value:

AACt = (Ct target-Ct reference) sample-(Ct target-Ct reference) calibrator

The normalized target amount in the sample is then equal to 2-AA¢t, which can be
used to compare expression levels in samples (Schmittgen et al., 2008).
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The samples were analyzed in triplicates and standardized against 16S rRNA gene
expression. The relative changes in mRNA expression levels were determined using the
comparative threshold cycle (CT) method (2-2AC€t), Between the peptide-exposed and

antibiotic-non-exposed P. aeruginosa.

3.2.12. After adding the ZnO-np

Muller Hinton broth tubes were prepared with the appropriate

concentration and incubated at 37°C for 24 hours to monitor the bacteri
media.

1. After growth, RNA extraction was done by the same sieps by th otal
RNA Isolation System Kkit.

2. The same primers, RT master mix, and progra sed as before; add the

ZnO-np.

3.2.13. Statistical Analysis
The Statistical Analysis System- SAS (2018)frogram was used to detect the effect

of different factors on study parametérs. To make a significant comparison between
means, the T-test was used. This stu ed thg Chi-square test to compare percentages

(0.05 and 0.01 probability).
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4. RESULT AND DISCUSSIONS
4.1. Description and Distribution of the Study Samples

The current study included the collection of (120) clinical specimens were
collected from patients suffering from different infections; (31) urine, (21) burn swabs,
(43) wound swabs, (9) blood, (6) sputum, (6) ear swabs and (4) fluids as seen in Figure

(4.1). These specimens were collected from patients admitted to four Baghdad hospitals.

=1n) L_J=10y
45

40

35

45
31
A
30 - ( _
25 A !
0 ‘ X‘ Ear swabs
15 9 & ’A\Yv B Fluids
1 < \»
10

Burns Lrine Wounds Blood Spdtun E& mids
Type of specimens
o

Figure 4.1. Number and prevalence @ specimens collected from patients in the current
study.

a r asYactose non-fermenting with small, pale colonies, as depicted in Figure (4.2).
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Figure 4.2. Colonies of P. aeruginosa on (A) macconkey agar and b ag er
incubation at 37°C for 24 hrs.
inesa
i cul

bromide, a quaternary ammonium Ic’ detergent) (Priyaja et al., 2014). Positive
results for P. aeruginosa aredindicated lonies displaying a yellow-green to blue

coloration, as illustrated iy

Figure 4.3. Colonies of P. aeruginosa on Cetrimide Agar after incubation at 37°C for 24
hrs.

This outcome is comparable to that of the work conducted by AL- Rubaye et al.
(2015), who identified Pseudomonas using cetrimide agar and different media. The

Pseudomonas spp. Colonies on this medium have a mucoid, smooth shape with flat sides

34



and a raised core that has a fruity scent. The growth of P. aeruginosa colonies on Nutrient
agar was characterized by the development of pigments and a distinctive grape-like odor,
with the colonies exhibiting a greenish coloration, consistent with previous studies
(DeBritto et al., 2020). These bacterial colonies displayed Beta-hemolysis () on blood
agar, indicating the production of hemolysin (Salm et al., 2016). They also produced a
blue and green pigment known as pyocyanin, while none of the isolates grown on King
B agar showed pyocyanin production. This difference is attributed to the presence of
adequate concentrations of potassium and magnesium salts in King A me

inhibit the development of fluorescein (Pyoverdin) in King B medium. T,

King B agar is a distinctive feature that differentiates P. aeruginos P.
(Douraghi et al., 2014).

4.2.2. Biochemical Tests

Banerjee et al. (2017). Positive sa
confirmation of the identification of all

the results obtained from VITEK 2 Sys

e Of bacterial infection was within the age group 31(20-30year), followed by

12 (34:4@year), 10(41-50year), and 2(61- 70year), respectively; a significant difference
(P<0.001) in the age was observed, as shown in Table (4.1).

Table 4.1. The frequency of P. aeruginosa according to the gender

Gender Number (%) Chi-square P. Value
Male 27 (49.0%) 3.8 0.147
Female 28 (50.9%)
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Table 4.2. The frequency of P. aeruginosa according to age group.

Group Number Frequency
20-30 31 0.6
31-40 12 0.2
Age (years) 41-50 10 0.2
51-60 0 0
61-70 2 0
Chi-square 53.4
P. Value 0.001
The findings of this study align with Hussein et al. (2012), who repo e
highest incidence of burn-related inflammation occurred among indiyidu g to
30. Similarly, Muhammad et al. (2014) found that the age group of eargrhad the

highest rate of bacterial infections causing wound infectiong/in Baghdad City, with P.

aeruginosa accounting for 53% of the infections (36.05%0). othep study, 105 burn

and Kollef, 2021). Our findings are consistent with those reported by Ahmed
and ed (1995). The findings of the current study are in line with numerous local,
regional, and international studies that have consistently identified P. aeruginosa as the
most commonly isolated bacteria in various clinical contexts. For example, a study
conducted in a hospital in Baghdad by AL-Kaisse et al. (2015) reported that burn injuries
and wounds accounted for over 30% of all swabs, with P. aeruginosa being isolated in
52.5% of cases. Similarly, in India, P. aeruginosa was found in 46% of wound and burn

cases, as reported by Augustine et al. (2015). Patients with burn injuries are particularly
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susceptible to infectious complications, and infections are a leading cause of mortality,
especially beyond the first 72 hours of hospitalization, particularly in tertiary-care burn
intensive care units. Of concern is the prevalence of multidrug-resistant (MDR) Gram-
negative bacteria (GNB) causing hospital-acquired infections in this population. P.
aeruginosa colonization is commonly observed in burn patients, and there is evidence of
patient-to-patient transmission of highly resistant GNB, as highlighted by Ruegsegger et
al. (2022).

4.3. Detection of biofilm formation
This study aimed to quantify the biomass of biofilm attache theqwall e
microtiter plate. The quantification was performed by measuring t t iofilm

formers in each well after removing the planktonic cells and Jfghtly staiging/the surface-

were moderate biofilm producers, and the other j

production of the biofilm.

Table 4.3. Strong biofilm productiop@mong ten P. aeruginosa isolates.

Control (negative) Control (positiye) ) OD of isolate Result
0.118 2 [ 1.81 strong
0.113 8 0.988 strong
0.145 43 1.043 strong
0.108 ; 1.943 strong
0.103 098 0.898 strong
0.109 1.067 0.867 strong
0.112 N\Y 1714 1514 strong
. 1.088 0.888 strong
g 1.247 1.047 strong
0.18 1.039 0.839 Strong
0.1245 (AV.), 0.024771 (SD), 0.198 0.2 (cut off)

According to Kamali et al. (2020), 83.75% of P. aeruginosa isolates exhibited
biofilm phenotypes, with the distribution as follows: 16.25% produced strong biofilm,
33.75% produced moderate biofilm, 33.75% produced weak biofilm, and 16.25% were
identified as non-biofilm producers. Additionally, Mohammad (2013) reported that
68.75% of P. aeruginosa isolates had the ability to produce biofilm. Biofilm formation is
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a common survival strategy for bacteria in challenging environments, allowing them to
form biofilms in water systems and on various abiotic surfaces in natural aquatic
environments and water systems (Bronowskil et al., 2014). The ability of P. aeruginosa
to form biofilms is a significant factor in its virulence and persistence in environments
such as burn wounds, leading to chronic infections (De Almeida Silva et al., 2017).
Previous studies have demonstrated a correlation between multidrug-resistant phenotypes
of P. aeruginosa and their ability to form biofilms (Yekani et al., 2017).

In burn infections, P. aeruginosa can persist due to its abilityfto Secrete

extracellular polymeric substances, including exopolysaccharides, matgig pr s, and

extracellular DNA, which contribute to biofilm formation. Biofil ma confers
multiple antibiotic resistances in P. aeruginosa, presenting a altenge for
conventional single-antibiotic therapeutic approaches (Yi ~ Asadpour's

ignificant presence

of virulence-associated genes in P. aerugin i from burn infections.

more commonly found in biofilm-forpfing and multidfug-resistant phenotypes.

4.4. Inhibitory effect of Zinc gxide na cles on biofilm formation

- A Y g == S o

Biofilm formation before adding ZnO-np, for isolates 11-20

Figure 4.4. Inhibition of biofilm formation by P. aeruginosa by zinc oxide nanoparticles
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Figure 4.5. Antibiofilm activity of zinc oxide nanoparticles4n,P. isolates

sample 0 inBsa isolates in their study.

anee of P. aeruginosa Isolates to Antibiotics
The Modified Kirby-Bauer method, also known as the disk diffusion method, was
employed to evaluate the antibacterial susceptibility of P. aeruginosa isolates to ten
antibiotics. The results of the current study demonstrated significant variations in
antibiotic resistance among all P. aeruginosa isolates, as indicated in Table 4-4. Notably,
the antibiotics Levofloxacin, Ceftazidime, Imipenem, Tobramycin, and Aztreonam
exhibited the highest levels of resistance, with rates of 89%, 89%, 80%, 73%, and 71%

respectively, as determined by this research.
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Table 4.4. The percentages of antibiotic susceptibility of P. aeruginosa isolates against
10 antibiotics.

Antibiotics Abbreviation Resistant (%) Sensitive (%)
Levofloxacin LEV 49 (89) 6 (11)

Amikacin AK 24 (44) 31(56)

Imipenem IMP 44 (80) 11 (20)

Ciprofloxacin CIP 15 (27) 40 (73)

Tobramycin TOB 40 (73) 15 (27)

Aztreonam ATM 39 (71) 16 (29)

Norfloxacin NOR 24 (43) 31(56) N
Ceftazidime CAZ 49 (89) 6(11) |

Piperacillin PRL 15 (27) 40 (7 hﬁ
Meropenem MEM 15 (27) WN(Y

The findings of the present study align with those of

Cefotaxime (78%), Piperacillin (76%), Ciprofl i bramycin (74%),

Gentamicin (65% each). Additionally, in a onducted in four Baghdad
hospitals, P. aeruginosa was isolated : burn swabs, with 100% of the

maintain control over these bacteria and complete patient therapy (Wilson
and ey, 2020).

A study conducted by Al-Shwaikh et al. (2018) utilized the VITEK 2 system to
determine the minimum inhibitory concentration (MIC) values for 69 P. aeruginosa
isolates obtained from patients with wounds and burns in Baghdad. The study reported
resistance rates of 87% for Ticarcillin (8ug/mL), 85.5% for Tazobactam/Piperacillin (8-
l6pg/mL), Piperacillin (<4-16pg/mL), and Ticarcillin/Clavulanic acid (16-46pug/mL),
and 76.8% for Cefepime (2-8ug/mL). The resistance rate for Ciprofloxacin was 1%
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(<0.25-0.5pg/mL), while Ceftazidime had a resistance rate of 63.8% (2-8ug/mL). In a
study conducted on Iranian patients with burn and wound infections, Shilba et al. (2015)
found that Gentamicin had the highest resistance rate at 91.67%, followed by Meropenem
at 66.67%. These findings are largely consistent with the results of the current study.
Regarding Colistin, the current study revealed a resistance rate of 18%, which is similar
to the findings reported by Mohanty et al. (2013).

A study conducted by Nasrin et al. (2022) analyzed 413 P. aeruginosa isolates

obtained from the blood and cerebrospinal fluid of patients from 10 countri€s bétween

resistance rate was observed for ceftazidime,'tobr cin, levofloxacin, cotrimoxazole,

ciprofloxacin, and aztreonam.

4.6. Molecular Detection of rspL Gene uorum Sensing Genes (lasl and rhll)

——— ey tE. GE— e —— R | —
rspl gene: 241bp

Figure 4.6. The amplification of the rspL gene of P. aeruginosa samples was fractionated
on 2% agarose gel electrophoresis stained with Eth. Br. M: 100bp ladder marker. Lanes
1-10 resemble 241bp PCR products.
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PCR technique detected two genes, lasl, and rhll, that seem to be involved in the
clinical quorum sensing of P. aeruginosa. The gel electrophoresis of amplified PCR
product for lasl is shown in figure (4-6) and rhll figure (4-7). The results showed that the
lasl gene was found in 80% of isolates that produce strong biofilm, while the rhll gene

was found in all potent biofilm isolates.

~—
| —

lasligene: 363bp

Figure 4.7. Gel electrophoresig’amplifica ' Of lasl gene of P. aeruginosa samples were
oresis stained with Eth. Br. M: 100bp ladder
products.

e T e I o .

riil gene: 143bp

Figure 4.8. Gel electrophoresis amplification of rhll gene of P. aeruginosa isolates were
fractionated on 2% agarose gel electrophoresis stained with Eth. Br. M: 100bp ladder
marker. Lanes 1-32 resemble—143bp PCR products.
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Ten isolates from 55 isolates were potent biofilm producers, and 8 contained both
lasl genes (80%), while rhll was found in all these isolates, as shown in Table (4.6).

Table 4.5. The existence of last and rhll genes in potent biofilm isolates

Isolate code Lasl rhll
P.1 + +
P.3 + +
P.6 - +
P.12
P.14
P.19
P.22
P.27
P.31
P.33

(P): P. aeruginosa isolate, (+): Present, (-): Absent

rhl systems, as well as stron
virulence genes, slime pr
Another study by Abous

aeruginosa virulenc

Ina Iving 24 P. aeruginosa isolates from a culture collection in

Turkey, preserteg of QS genes (lasl, lasR, rhll, and rhIR) was identified using PCR.

Among th with known biofilm characteristics, 19 showed the presence of lasl,

Il genes, which are associated with biofilm production. These isolates
demonstrated moderately strong and robust biofilm formation (Erdal et al., 2020).

A study conducted in Iran included 140 clinical isolates of P. aeruginosa collected
from hospitals in Tehran and llam. The frequency of QS genes (lasIR, rhlIR) was
examined, and it was found that most of the isolates were capable of producing biofilm
(87.15%), with the majority forming strong biofilms (56.42%). PCR results indicated that
the frequency of lasIR and rhlIR genes was 93.57% and 83.57%, respectively. There was
a significant correlation between biofilm formation and the presence of QS system genes

in the clinical isolates of P. aeruginosa (Hemati et al., 2014)
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4.7. Effect of ZnO-np on Gene Expression of Biofilm Formation Genes

In this step, the primary objective was to measure the gene expression of the
quorum sensing genes (lasl and rhll) in P. aeruginosa isolates and compare the gene
expression in the presence and absence of ZnO nanoparticles (ZnO-np). The aim was to
investigate the effect of ZnO-np on biofilm formation by examining its impact on the

expression of these genes, particularly in potent biofilm-forming strains. Reverse

transcription quantitative PCR (RT-gPCR) was used, which is a method for ifying
gene expression and comparing the expression levels of a specific gene amo t
samples.

During the experiment, the amplification of the target gen orded as Ct

e, which is

biofilm and virul es in P. aeruginosa clinical isolates.
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Table 4.6. Gene expression (fold change) results for lasl before and after being treated
with ZnO-np

Group Ii%?;e leili(LG) * lasl Act AAct F20_Itzirgtg i/l;;n
PI 12.9 15.0 2.2 4.7 0.03
P2 121 9.7 15 0.7 0.61
P3 16.6 146 21 51 002 0203
After P4 15.3 14.2 1.2 2.2 0.21
treated
PS 12.2 125 0.3 25 0.18
P6 20.9 151 58 05 071 _A
Cc1 16.0 135 25 0 1
c2 18.6 16.4 22 0 1
Before C3 18.4 112 72 0
EE%"E?% ) c4 213 17.0 3.4 *‘Xio (())o
cs 15.2 131 2.1 '
C6 212 14.9 6.3 1
T-test (P-value) - - £ 579 * (0 .045l)
* (P<0.05).

*HKG: Housekeeping gene

Table 4.7. Gene expression (fold change) r r rhll Before and after being treated
with ZnO-np.
Isolate RSPL ; v
oo code (e~ AL ML Aet A PRI S

Pl 15,7 9 )5.2 1.4 0.39

P2 7. 54 13 0.42
P3 6 -0.4 0.6 0.68

After P4 255 3.1 06 0.64
465 +0.
treated P 184 6.7 1.4 0.37 0.465=0.06
P6\ 200 -08 18 0.29
16.0 19.9 39 0 1
18.6 228 42 0 1
Before
18.4 17.4 -1 0 1
ed ca 21.3 238 2.5 0 1
1.00 +£0.00
C5 15.3 20.5 53 0 1
C6 21.2 18.6 26 0 1
T-test (P-value) - - - - 0.0471*(0.048)
* (P<0.05).

*HKG: Housekeeping gene

45



The control of virulence factors and pathogenesis in P. aeruginosa through
targeting quorum sensing (QS) has shown promise as an alternative to traditional
antimicrobial therapy. Anti-virulence therapy, such as QS inhibitors, can be effective in
treating microbial diseases as it does not exert pressure on bacterial growth and therefore
reduces the likelihood of microbial resistance.

P. aeruginosa produces various virulence factors that contribute to infection

establishment, spread, and invasion of host tissues. These factors include pyocyanin,

pyoverdin, proteases, elastase, and rhamnolipids. Nanotechnology has been
develop nanoparticles that specifically target QS and virulence factors i

The QS systems Lasl and Rhll regulate the expression of
aeruginosa. Lasl and Rhll synthesize autoinducers C12-AHL a
C12-AHL binds to lasR and induces the expression of
exotoxin, and protease production, as well as activating

AHL binds to rhIR and regulates the expression

pyocyanin production. Disrupting the lasl/R§and rh systems can impede the

expression of virulence factors.

transcription PCR (qRT-PC
nanoparticles. These st

reduce the relative regulatory genes, including lasl, lasR, rhll, rhIR,

pgsA, and pgsR, confyrming therphenotypic findings. Similar findings have been reported

Fu arch is needed to understand the molecular basis and complete
echanism ©f nanoparticle-mediated quorum sensing inhibition. In vivo studies have
been_conducted to investigate the impact of ZnO nanoparticles on P. aeruginosa
pathogenesis. Synergistic antipseudomonal activity has been observed when combining
ZnO nanoparticles with meropenem, along with a reduction in biofilm expression-
regulating genes.
Gold nanoparticles (gold-NPs) and selenium nanoparticles (selenium-NPs) have
also shown significant inhibition of QS-related virulence factors and the suppression of
QS gene expression and toxins in P. aeruginosa. The antimicrobial activity of

nanoparticles is believed to involve the generation of free radicals, induction of oxidative
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stress, and enhanced microbial cell wall penetration. The specific properties of
nanoparticles, including composition, size, surface charge, and shape, play a crucial role
in their antimicrobial activity (Taylor, 2011).

Overall, the use of nanoparticles as quorum sensing inhibitors and their impact on
virulence traits in P. aeruginosa hold promise for the development of novel therapeutic
approaches against Pseudomonas infections.

4.8. Correlation Between Gene Expression of Lasl, and rhll Genes And Biefilm
The effect of ZnO nanoparticles (ZnO-np) on gene expression relate
production, specifically the lasl and rhll genes, was investig se

transcription PCR (RT-PCR). The fold change of each gene was e ess the

influences the gene expression of RS

biofilm formation.

4
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Figure 4.9. Correlation between biofilm formation and gene expression of RSPL gene
(r=0.751, 95%, p=0.0001).
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(r=0.455, 85%, p=0.044).

1\€orrelation between biofilm formation and gene expression of rhll gene

According to Pati et al. (2014), the use of ZnO nanoparticles (ZnO-np) can disrupt

the integrity of bacterial cell membranes and reduce cell surface hydrophobicity. It also

inhibits the transcription of oxidative stress resistance genes in bacteria. Lee et al. (2014)

showed that ZnO-np with a size of 50 nm can effectively inhibit biofilm formation and

the development of virulence factors in P. aeruginosa. Their study demonstrated that

ZnO-np at a concentration of 1 mm could reduce biofilm formation by more than 95% on
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polystyrene surfaces. Additionally, ZnO-np treatment had a significant regulatory effect
on the expression of various virulence genes of P. aeruginosa, as determined by
microarray and qRT-PCR analysis. Garcia-Lara et al. (2015) investigated the impact of
ZnO-np on the development of virulence factors in clinical and environmental strains of
P. aeruginosa and observed that ZnO-np had the potential to inhibit the majority of
virulence factors produced by these strains.

Kaur et al. (2021) conducted a study that demonstrated the significant antibacterial
and anti-biofilm activity of ZnO nanoparticles against P. aeruginosa MTCQ(46/3. The
mode of action of ZnO nanoparticles involved changes in the I rape
permeability, leading to the leakage of nucleic acids from bacterial

In a study by Saleh et al. (2019), gRT-PCR was used to jay inhibitory
effect of ZnO nanoparticles on quorum sensing genes (la ) related to
biofilm production. The results showed a statistica eduction in the
production of quorum sensing genes and virule as rhamnolipids and
pyocyanin in the presence of ZnO nanoparti he findings of the present

also demonstrated the anoparticles to remove pre-formed biofilms
produced by P. aerygino olates/ The study showed that ZnO nanoparticles reduced

the expression of responsible for biofilm formation and virulence factors

nanopartigles ranged from 0.04 to 0.08 mg/mL and 0.12 to 0.24 mg/mL, respectively.

These findings indicate the potential of ZnO nanoparticles as effective agents against

antibiotic-resistant strains of P. aeruginosa.
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5. CONCLUSION AND RECOMMENDATIONS
5.1. Conclusion

1. The effect of ZnO-np on biofilm formation among strong biofilm producer's strains of

P. aeruginosa demonstrated an obvious inhibition of the biofilm formation.

2. This study indicated the role of ZnO-NPs as adjuvant with the active antibiotics against

P. aeruginosa to control infection with this pathogen.

3. It was obvious there was a significant antibiofim effect on the multidr sistant
isolates especially on the strong biofilm producers.
4. The results revealed a significant down-regulation in biofilm geg€s (lasl, rifl) in

the presence of sub-MIC doses of ZnO-np.

5. The results showed a significant positive correlation bgfweemygene expression of, lasl,

rrel@fion analysis which

5.2. Recommendations
1. Study the effect of the combinatiog’betyeen nanoparticles and natural products from
plants on bacterial biofilm.
2. An in vivo experiment co
infections.

3. Using other typesdf na rticles for eradication the biofilm formation and studies its

effect on the gene ex jon 9Frelated biofilm genes.
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