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Abstract

Background: Quercus gall extracts’ ability to kill pathogens in vitro and even removal of chronic drug-resistant
infections has been reported by several studies. The current investigation is focused on the action of extracts
of Quercus infectoria gall in their sub-inhibitory concentrations on the corresponding bacterial behaviours instead of killing
them.

Methods: The effect of gall extracts on the quorum sensing (QS) associated virulence of multiple drug resistant
Pseudomonas aeruginosa recovered from burns wounds was studied. The influence of different extracts on the
production of bacterial virulence and biofilm, and expression of the genes encoding quorum sensing and exotoxin A
were investigated. Quorum sensing is a crucial regulator of virulence and biofilm development in Pseudomonas
aeruginosa and other medical related microbes.

Results: Experiments to characterise and quantify Q. infectoria gall extracts impact on the quorum sensing networks of
P.aeruginosa revealed that the expression of las, rhl, and exotoxin A (ETA) genes levels including the associated virulence
were reduced by the extracts at their subinhibitory concentrations.

Conclusions: The obtained results indicated that extracts of Q. infectoria galls fight infections either by their
inhibitory constituents, which vigorously eradicate cells or by disruption of the pathogens quorum sensing system
through weakening the virulence and bacterial coordination.
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Background

The beginning of twentieth century brought relief to hu-
man beings from a substantial number of life-threatening
illnesses through the invention of antibiotics. As the
twenty-first century begins, the excessive and undistin-
guished use of antimicrobials has led to the occurrence of
multiple-drug-resistant (MDR) strains [1]. The fact that in-
fectious diseases caused by MDR strains kill 16 million
people every year resulted the necessity for alternative ap-
proaches to fight these MDRs [2, 3]. The promising tactic
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to develop distinctive antipathogenic treatment is through
inhibiting microbial coordination, which is known as
quorum sensing (QS). The QS is a type of communication
between bacterial cells based on the concentration of “auto-
inducers” (Als) which are small mediating molecules pro-
duced during the bacterial growth and regulate the
expression of particular genes [4]. When a concentration
threshold is reached, these Als bind to their cognate recep-
tors to form an Al-receptor complex, which will bind to
the target promoter that leads to regulation of QS genes
particularly those related to virulence [5]. The most studied
intra-species Als are small post-transnationally processed
peptides and N-acyl homoserine lactone (AHL) in Gram-
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positive and Gram-negative bacteria, respectively [3, 6, 7].
Bacterial QS system regulates a wide array of phenotypes
and controls the expression of various sets of genes such as
bioluminescence, pigment production, biofilm formation,
and antibiotic production [8].

The ordinarily adaptive pathogen P. aeruginosa, a
Gram-negative bacterium, causes many nosocomial ac-
quired infections, including infected burns and the genetic
disease cystic fibrosis, especially in immunocompromised
individuals [9].

The two well-studied QS systems in P. aeruginosa are
Las and Rhl, which composed of - 3-oxo-dodecanoyl
homoserine lactone and N-butanoyl homoserine lactone
as Als, and their transcriptional regulators LasR and
RhIR, respectively [10]. QS systems control numerous
virulence factors of P. aeruginosa like production of
ETA, LasA protease, pyocyanin, LasB elastase, alkaline
protease, and biofilm development [11]. Substantial at-
tempts have been made to attain substances that inhibit
the function of QS systems. Halogenated furanones
which extracted from the red algae (Delisea pulchra)
was the first described anti-QS agent. Awkwardly, these
furanones are excessively reactive, and due to their tox-
icity to human, characterisation of novel non-toxic sub-
stances having anti-QS activity is a critical necessity [12].

QS has become an intense target for the improvement
of unique anti-infective means that do not depend on
the use of antimicrobials, and anti-QS substances are
able to proscribe bacterial pathogenicity. The use of nat-
ural products has protracted attention due to increasing
concerns over the safety of synthetic chemicals and
emerging bacterial resistance to antibiotics [13]. Medi-
cinal plants compromise an attractive array of phytochem-
icals with novel potential to control microbial diseases.
This is due to the variety of secondary metabolites extant
in plant extracts, which include phenolics, alkaloids, flavo-
noids, quinones, terpenoids, and poly-acetylenes [14].

The Q. infectoria (Fagaceae), the oak tree is broadly dis-
seminated through the Northern provinces of Iraq, and it is
an essential source of fibers and wood [15]. The galls can be
seen on young branches of the tree as abnormal growth initi-
ated by an increase in the size (hypertrophy) or number
(hyperplasia) of plant cells as a response to the attack of the
gall-wasp Adleria gallaetinctoria. The galls have been shown
numerous medicinal properties such as antifungal, antibac-
terial, antiviral, larvicidal, local anesthetic, antidiabetic, astrin-
gent, and anti-inflammatory effects [16, 17]. The main
chemical contents of the galls have been described are tan-
nins, free gallic acids, synergic, and ellagic acid [18, 19].

Previous researches have reported that Q. infectoria
gall extracts can prevent or eradicate the growth of
many pathogens [20]. So far few studies have assessed
the anti-QS and virulence; in addition, the impact of the
gall extracts on ETA of P. aeruginosa at the expression
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level has not investigated yet. To examine the role of Q.
infectoria gall extracts in the weakening of the virulence
factors of P. aeruginosa through reducing the expression
of genes in the Las and Rhl networks this study was
conducted.

Methods

Plant material and extraction

Galls of Q. infectoria were collected from the oak trees of
Kurdistan in 2016 fall and identified by the Herbarium of
Biology Department College of Science, Salahaddin
University-Erbil, Iraq. Galls were processed by the
methods described previously by Harbome [21]. Briefly,
pulverised plant material (after cleaning and shade drying)
was extracted by sonication using different solvents: ethyl
acetate, n-butanol, ethanol, and water. All solvents used
for the extraction process were used as blanks and con-
trols in all experiments through the study to exclude the
effect of the solvents. To remove the solvents from the
extracts vacuum evaporator was used to attain the crude
extract of each fraction. The extracts stored at -20 °C and
freshly dissolved in 10% dimethyl sulfoxide (DMSO, Merk,
Germany) prior use.

Specimen’s collection and sources

Twenty-five non-duplicate isolates of P. aeruginosa were
collected from burns swabs submitted to be tested for bac-
teriology from hospitalised patients admitted to the West
Emergency Hospital Erbil City, Iraqi Kurdistan. The speci-
mens were taken by a sterile cotton swab from exudates
and ulcers of the burns. The swabs were initially cultured
onto Cetrimide and MacConkey agar media (acumedia,
Neogen, USA) and incubated for 24 h at 37 °C. The indi-
vidual colonies were identified as P. aeruginosa by various
biochemical and conventional diagnostic tests, as de-
scribed previously [22]. To confirm the identification,
Vitek II automated system (bioMérieux Marcy I’Etoile,
France) (Vitek Systems Version: 06.01) was used. To test
their susceptibility, the identified isolates subjected to a
set of antimicrobials (Amikacin, Ceftazidime, Chloram-
phenicol, Ciprofloxacin, Doxycycline, Meropenem, Netil-
micin, and Tobramycin) by disc diffusion method and
Vitek II automated system, then the most resistant isolate
was selected for all experiments in the study. The distinct
isolates were stored in 1ml Tryptic Soy Broth (TSB)
(Oxoid) supplemented with 30% glycerol at —70°C for
further study.

Determination of minimum inhibitory and bactericidal
concentrations (MICs and MBCs)

To determine the MICs for the gall extracts against the
identified multidrug-resistant P. aeruginosa isolates
broth microdilution method was used [23]. Ten pl from
stationary-phase P. aeruginosa cells (equilibrated to
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OD550 0.5) was inoculated in 100 ul Nutrient broth
(NB; Oxoid, UK) in 96-polystyrene microtitre plates
(MTPs) containing a range of extracts concentrations
(1-30 mgml™'). After 24 h incubation, the MICs were
determined as the lowest concentrations with no evident
growth. To assess the MBCs, 100 pl from the wells with
no apparent growth was spread on Nutrient agar (NA;
Oxoid, UK) plates and incubated at 37 °C for 24 h. The
MBCs were detected as the concentration where no
growth was detected on NA. Three biological replicates
were analysed on separate instances. The levels below
the MICs were considered as subinhibitory concentra-
tions (SICs) and were further used in the assessment of
the anti-virulence, anti-biofilm activity, and gene expres-
sion in the isolates of P.aeruginosa.

Growth and viability

The non-growth-inhibitory action of the plant extracts was
confirmed by flask incubation assay [24] to emphasise the
anti-QS potency. 1% from a 24 h culture (equilibrated to 0.5
at 550 nm) of the P. aeruginosa isolate was inoculated into
50 ml of Luria-Bertani (LB) medium containing the SICs of
plant extracts in Erlenmeyer flasks. The inoculated flasks
were incubated at 37 °C with 180 rpm agitation in a rotatory
shaker for 24 h, and the OD550 was monitored at hourly in-
terims. Uninoculated flasks were used as blanks for plants
extracts concentrations, and three biological replicates were
analysed. The impact of extracts on the bacterial viability
was assessed by determining total viable counts (TVCs),
(5% 10° cells ml™ ") bacterial cells at stationary phase were
cultured in Erlenmeyer flasks containing 20 ml NB supple-
mented with the extracts SICs. Cultures were incubated at
37°C and 100rpm for 8h. At 60min intervals, samples
were collected, diluted using Ringer’s solution 0.25% (Oxoid,
UK), cultured on NA plates and incubated at 37 °C for 24 h.
The number of cells surviving treatments was estimated.
Three biological replicates were measured in distinct in-
stances, and the standard errors were calculated.

Azocasein degrading proteolytic activity

To measure the proteolytic activity of the tested pathogen,
azocasein assay was used as described previously by Kessler
et al. [25]. 150 pl of treated (with the SICs of gall extracts)
and untreated cell-free supernatants of P. aeruginosa was
added to tubes containing 1 ml of 0.3% azocasein solution
(Sigma, USA) in 0.05 M Tris-hydrochloric acid and 0.5 mM
CaCl, (pH 7.5). The suspension was incubated for 15 min
at 37 °C. 10% Trichloroacetic acid was used to stop the reac-
tion. The solutions were centrifuged, and the absorbances
at 400 nm were detected.

Protease assay
Briefly, extracts treated and untreated LB agar plates
containing 2% skim milk were inoculated distinctly with
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P. aeruginosa and incubated at 37 °C up to 48 h. A clear
area surrounded the colonies indicated proteolysis of
casein [26].

Pyocyanin assay

For pyocyanin assessment, overnight cultures in LB
broth were standardised to an OD550 of 0.5 and diluted
1:10 in pyocyanin production broth medium (PPB; 2%
peptone, 0.3% MgCl,, 1% K,SO,,). Twenty milliliters of
the diluted culture treated with the SICs of the gall
extracts were grown in PPB at 37 °C for 24 h. The pyocy-
anin was extracted by three ml of chloroform; the
yielded blue-green colour was re-extracted into one ml
0.2 M HCL. The absorbance of the red colour on the top
was estimated at 520 nm. The level of pyocyanin in the
presence and absence of extracts was calculated by
multiplying the absorbances by 17.07 [27].

Motility assays

The described method by Dezeil et al. [28] was per-
formed to measure the swimming and swarming motil-
ities. Fresh cultures of P. aeruginosa initiated from a
single colony were point inoculated onto swimming
medium (1% tryptone, 0.5% NaCl and 0.3% agar) and
swarming agar (1% peptone, 0.5% NaCl, 0.5% agar and
0.5% of filter-sterilized D-glucose) containing SICs of the
gall extracts, and incubated at 30 °C for 24 h. The swim-
ming and swarming migration was measured by follow-
ing the extent zones of the bacterial colony in mm.
Swim and swarm agar plates with no extracts were pre-
served as control.

Biofilm assay

The impact of Q. infectoria gall extracts on the biofilm
development was estimated by a microtiter plate (MTP)
assay [29]. Overnight cultures of the tested bacterium in-
oculated into LB broth containing SICs of the Q. infec-
toria gall extracts in flat bottoms polystyrene MTPs
(Costar/USA) and incubated aerobically in a static con-
dition for 24 h at 37 °C. Wells without extracts concen-
tration used as control. After incubation, the liquid
cultures discarded, the wells were washed three times by
phosphate buffer saline and stained with 1% crystal
violet (CV) solution. The MTP wells then washed with
distilled water, and the biofilm was quantified by eluting
the dye with ethanol. The ability of the tested pathogen
to adhere to abiotic surfaces was detected by measuring
the absorbance at a wavelength of 490 nm by an Elisa
reader (Epson, Biotech, UK).

In situ visualisation of biofilms

To visualise the biofilms, cover glass method was
used as described by Al-Shabib et al. [30]. Briefly, 1%
of the overnight cultures (OD adjusted to 0.4 at 600
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nm) of P. aeruginosa was transferred to 1 ml fresh LB
medium containing coverslips of 1cm? in the pres-
ence and absence of the gall extracts. After overnight
incubation, the coverslips were dipped in distilled
water three times to remove the planktonic cells and
stained with 1% CV. The biofilms were visualised by
the light microscope (MEIJi Techno/ Japan) at a mag-
nification of 40X.

RNA extraction

To measure the expression of the QS (las, and Rhl) and
ETA genes, total RNA was extracted from treated and un-
treated bacterial cells according to the procedure desig-
nated by the manufacturer (Total RNA Purification Kit,
Jena Bioscience, Germany). The remaining genomic DNA
was removed by RNase-free DNase I (Promega, USA).
The purity and the concentration of the extracted RNA
were determined by measuring the absorbance at (260/
280 nm) by Nanodrop spectrophotometer (IMPLEN).

Real-time reverse transcription polymerase chain reaction
(RT-PCR)
The primer sequences used for quantification of QS and
ETA genes were as follows (sense and antisense):lasl, 5°-
ATGATCGTACAAATTGGTCGGC-3" and 5'- GTCA
TGAAACCGCCAGTCG-3’ [31]; lasR, 5'- ATGGCCTT
GGTTGACGGTT-3" and 5'-CAAGATCAGAGAGTAA
TAAGACCCA-3" [32]; rhil, 5'- TTGGTCATGATCGA
ATTGCTC-3" and 5'- ACGGCTGACGACCTCACAC-
3'; rhiR, 5'- CAATGAGGAATGACGGAGGC-3" and
5- GCTTCAGATGAGGCCCAGC-3 [31]; and ETA,
5- GACAACGCCCTCAGCATCACCAGC-3" and 5'-
CGCTGGCCCATTCGCTCCAGCGCT-3’ [33, 34].
One-step quantitative SuPrimeScript RT-PCR kit
with SYBER Green 1 (Genaid, Korea) was used to
measure the relative expression. Real-time PCR was
performed using PCR™* Eco 48 Real-Time PCR
system. The reaction process was accomplished fol-
lowing the manufacturer’s conditions in a 20 pl total
volume as follows: 50°C for 20 min (cDNA synthe-
sis), 95°C for 10 min (initial denaturation), fourty cy-
cles of 95°C for 15s (denaturation), and 60 °C for 60
s (annealing /extension). Results were analysed using
the AACt method, and changes in copy number were
calculated [35]. The difference in transcripts was
considered with respect to control (untreated culture)
using the comparative Ct method. Real-time PCR
amplifications were conducted in triplicate.

High- performance liquid chromatography(HPLC)

The plant fractions were dissolved in their respective sol-
vents (ethyl acetate/ n-butanol/ethanol/ water) and were
filtered by a polyvinylidene fluoride hydrophilic membrane
syringe (0.22 pm, Hinitmoedia), and 10 pL aliquots of the
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filtrate were injected into the LC-MS/MS system. LC-MS/
MS system used for the qualitative and quantitative ana-
lysis of 37 phytochemicals consists of Shimadzu Nexera
model UHPLC coupled to Shimadzu LCMS 8040 model
triple quadruple mass spectrometer. The liquid chromato-
graph composed of LC-30 AD model gradient pump,
DGU-20A3R model degasser, CTO-10ASvp model
column oven, and SIL-30 AC model autosampler. The
chromatographic partition was achieved on an Inertsil
ODS-4 model C;g (100 mm x 2,1 mm, 2 pum) column. The
column temperature kept at 35 °C during the analysis. The
mobile phase comprised of water (A, 10 mM ammonium
formate-0.1% formic acid) and methanol (B). The applied
gradient profile was optimized as 5-20% B (0—10 min),
20% B (10-22 min), 20-50% B (22—36 min), 95% B (36—
40), 5% B (40—50 min). The flow ratio of the mobile phase
was 0.25 ml/min, and the injection volume was 4 pl. The
optimum ESI parameters for the mass spectrometer were
measured as; 350°C interface temperature, 250°C DL
temperature, 400 °C heat block temperature, 3 1/min and
151/min were nebulizer and drying gas (N,) flow rates,
respectively.

Statistical analysis

The assay results were analysed using GraphPad Prism
6.0 software. One-way analysis of variance (ANOVA)
method was used for multiple comparisons.

Results

Inhibition of planktonic P. aeruginosa by galls extracts of
Q. infectoria and growth analysis

The MICs of Q. infectoria gall extracts were detected to
select the SICs to evaluate their influence on the bacter-
ial growth and inhibition of QS-regulated behaviours.
The MICs and the MBCs of the extracts against the clin-
ical isolate of P. aeruginosa (which resisted all antimicro-
bials examined in the present work except Amikacin and
Ciprofloxacin) were determined and the SICs of the ex-
tracts with ethyl acetate (Q-1), n-butanol (Q-2), ethanol
(Q-3), water (Q-4) used throughout the study (Table 1).
Ethanol fraction recorded the least MIC (2.5 mg/ ml)
followed by ethyl acetate (5mg/ml). Growth curves in
Fig. 1 show that the growth proportion and the overall
cell number in cultures treated with the SICs of gall ex-
tracts were not affected significantly when compared to
untreated cells. A slight insignificant drop in the total
bacterial cells was observed in extracts treated cultures
up to 8 h treatment period when compared to untreated
values (Fig. 2).

Q. infectoria gall extracts impact Qs-regulated virulence
factors

The effect of Q. infectoria gall extracts on the QS-
related virulence was investigated. The ability of the
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Table 1 Minimum inhibitory concentrations (MICs), Sub-MICs,
and Minimum Bactericidal Concentrations (MBCs) of Q. infectoria
gall extracts of MDR P. geruginosa isolates (mg/ml)

Gall extracts MIC(mg/ml) SUB-MIC (mg/ml) MBC(mg/ml)
Q-1 5 2.5 10

Q-2 10 5 20

Q-3 25 1 4

Q-4 20 10 25

Q-1 Ethyl acetate, Q-2 n-Butanol, Q-3 Ethanol, Q-4 Aqueous extract

extracted fractions to reduce or prevent the production
of the extracellular proteases in P. aeruginosa was stud-
ied. 7When the bacterium was grown on skim milk
plates supplemented with SICs of the extracts, the
transparent area surrounding the colonies was re-
duced significantly or almost abolished entirely as a
result of casein break down. Untreated cultures re-
vealed a 25 mm halo, while colonies on extracts plates
created smaller (Q-1, Q-3, Q-4) or no halo (Q-2)
(Table 2). A significant decrease was also perceived in
the total protease activity at the tested concentration.
Aqueous and ethyl acetate fractions were more effect-
ive than other fractions and significantly reduced the
production of protease. Moreover, the extracts were
tested to decrease the excretion of QS-dependent
pyocyanin, a toxic blue-green substance exclusively
produced by P. aeruginosa [36]. The data in Table 2
shows the amount of pyocyanin produced by P. aeru-
ginosa grown in PPB supplemented with the SICs of
the extracts; a significant decrease was detected in
the extracts treated cultures. Impact on these distinct
QS-regulated virulence factors suggests that com-
pounds from Quercus galls affect the regulator genes
on the level of expression. This consequence would
specify an underlying coordination of gall extracts
and the P.aeruginosa QS networks.

-
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Fig. 1 Growth curve of P. geruginosa isolates in the presence of Q.
infectoria gall extracts over 24 h; points denote means from three
biological replicas. Q-1: ethyl acetate, Q-2: n-butanol, Q-3: ethanol, Q-
4: aqueous extract
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Fig. 2 TVCs of P. aeruginosa isolates grown in the presence of Q.
infectoria gall extracts over 8 h; points denote the mean from three
biological replicas. Q-1: ethyl acetate, Q-2: n-butanol, Q-3: ethanol, Q-
4: aqueous extract. Q-1: ethyl acetate, Q-2: n-butanol, Q-3: ethanol,
Q-4: aqueous extract

Reduction of biofilm formation in clinical isolates of P.
aeruginosa by Q. infectoria gall extracts without affecting
the planktonic growth

The ability of Q. infectoria gall extracts to decrease or
inhibit the development of biofilm was assessed in MTPs
of 96-wells. A significant reduction in the biofilm was
observed in the studied pathogen when treated with
SICs of 2.5, 1, 10 mg/ml for ethyl acetate, ethanol, and
aqueous extracts, respectively. Notably, the n-butanol
fraction at SICs 5mg/ml inhibited biofilm formation
(Fig. 3a).

The findings of biofilm inhibition consistent positively
with swimming and swarming inhibition, a remarkable re-
duction in both tested motilities was observed mainly in
both aqueous and ethyl acetate fractions (Table 2), as bac-
terial movements have a crucial role in the biofilms
adhesion and maturation. It is desired that potential anti-
virulence or antibiofilm compounds do not prevent bac-
terial growth, as this could prevent bacterial resistance.

The analysis of images of light microscopy showed a
biofilm with dense layer on the untreated cover glasses,
stained and visualised readily under the microscope
whereas extracts treated cover glasses revealed a dimin-
ishing of biofilm in P. aeruginosa isolates (Fig. 3b).

Repression of quorum sensing genes by Q. infectoria gall
extracts

Expression analysis with RT-PCR

To study whether the impact of gall extracts on the P. aer-
uginosa virulence was the outcome of inhibition of QS,
RT real time-PCR was used to monitor the expression of
lasl, lasR, rhll, and rhiR reporter genes. QS networks are
among the most attractive non-lethal targets for anti-
microbial treatment, as their inhibition would reduce the
virulence while conceivably the selection pressure that
conventional antimicrobials exert avoided [37]. In this part
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Table 2 Effect of SICs of Q. infectoria gall extracts on of virulence factors in P. aeruginosa. Data are expressed as mean + SE °Total
protease presented as the absorbance at OD 420, PExoproteases and “motility (swarming and swimming) data are expressed as the
diameter in mm, “Pyocyanin levels were presented as micrograms of pyocyanin produced per microgram of total protein

P. “Total PExoprotease “Pyocyanin IMotility

aeruginosa protease production Swarming Swimming
Untreated 0.706 £0.014 2533+088 5317 £0.044 36.7+3.28 5433+1.202
Q1 0.24 £ 0.0067 0.0000 05440023 85+0.29 16+058
Q-2 0.30£0.0058 17+033 0.60+0.012 14 +0.60 27+023
Q-3 0.31+0.0088 17+0.88 0.55+0.028 15+0.88 23+058
Q-4 0.097 +0.0033 33+088 15+029 6.0+0.58 13+0.88

Q-1 Ethyl acetate, Q-2 n-Butanol, Q-3 Ethanol, Q-4 Aqueous extract

of the work the inability of P. aeruginosa cells to produce
autoinducers and exotoxin A following treatment with
SICs of Q. infectoria gall extracts was tested whether it
would target specific genes ((lasl, lasR, rhil, rhIR and
ETA). The expression of the studied genes was signifi-
cantly decreased in the extracts treated cells, while the

>

e o 9o 2
» (2] (=] (=]
1 1 1 1

o
N
1

Biofilm formation (OD490)

0.0-

Treatments

Fig. 3 a Quantitative measurement of biofilm inhibition in P.
aeruginosa by crystal violet staining and measuring absorbance at
490 nm. Data are presented as mean + SE. b Crystal violet stained
light microscopic images of bacterial biofilms grown in the absence
and presence of SICs of Q. infectoria gall extracts. ¢ untreated, Q-1:
ethyl acetate, Q-2: n-butanol, Q-3: ethanol, Q-4: aqueous extract

bacterial growth was unaffected (Fig. 4). The most signifi-
cant decrease was observed in ethyl acetate fraction, while
the aqueous extract of the galls completely blocked the ex-
pression of all tested genes, this result supported the re-
sults of all virulence inhibition in the current study. The
observed downregulation of genes and signal molecules
combined with impact on virulence factors shows wide-
range effects on QS networks.

The results of HPLC showed the occurrence of fifteen
compounds in the fractions investigated. Two of them of
high abundance that were identified as hyperoside and
astragalin in all fractions, whereas four major peaks were
detected, indicating the abundance in phytochemicals
(Fig. 5 and Table 3).

Discussion

The emergence of MDR organisms has driven researches
for attenuating virulence via quorum sensing modulation
tactics instead of traditional antimicrobial treatments [8].

Infections with P. aeruginosa have become a real con-
cern in nosocomial infections, particularly in immuno-
compromised patients [38]. This pathogen has been
listed among the global priority pathogens by WHO
[39]. Therefore, to develop unique anti-infectives, a vast
number of approaches is currently pursued.

New strategies focus on the effect of plants extracts on
the bacterial virulence, more directly, the impact on
particular virulence genes is of interest research to fight
microbes which resist traditional medications. An effect-
ive approach to regulate the production of bacterial viru-
lence and biofilms is through attenuating bacterial QS
signalling systems by QS-targeted agents. This unique
nonantibiotic treatment can decrease the expression of
pathogenic genes, prevent infections, and consequently,
the risk of bacterial resistance cells are decreased that
has been widely exploited recently [40].

This study characterises Q. infectoria gall extracts’ abil-
ity to restrict bacterial virulence and their interaction
with the bacterial signalling system, using SICs to affect
living bacterial cells systematically. Our strategy exten-
sively differs from the use of bactericidal concentrations
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and illustrates another line of information regarding the
Quercus’s ability to fight infections. The findings of the
present study emphasise that several extracts of Q. infec-
toria galls could decrease or prevent the production of
various virulence factors in the clinical isolates of P. aer-
uginosa. It is significantly sustaining that the studied ex-
tracts affect MDR isolates at lower levels than recorded
for bactericidal concentrations.

To confirm the QS inhibitory, the impact of the galls ex-
tracts was evaluated on the QS- related virulence of P.
aeruginosa. The signalling process in P. aeruginosa de-
pends on the AHLs production which involves the las and
rhl complexes that regulate the virulence factors such as,
pyocyanin, exoproteases, exotoxins and participate in the
development of biofilm [8]. P. aeruginosa produces exo-
proteases which contribute significantly in the bacterial
pathogenesis, destruct the host tissues and improve the
growth and invasiveness of the organism, their synthesis
and secretion is a typical cooperative behaviour regulated
by QS system [41]. Significant reduction of proteases was
indicated in isolates treated with sub-inhibitory concentra-
tions of extracts, particularly aqueous and ethyl acetate ex-
tract. Pyocyanin is the secondary metabolite of P.
aeruginosa, which causes severe toxic effects by degrading
the neutrophil-mediated host defence [42]. The significant
decrease in the production of pyocyanin is appropriate
with a notable reduction in both las and rhl systems

expression. Similar results of proteases and pyocyanin in-
hibition were recorded by Wang et al. [43] who used
honey as natural anti-virulence and QS inhibitor. The ex-
tracts prohibited the secretion of extracellular proteases
differently; ethyl acetate was the most active fraction
which wholly eliminated the exoproteases production.
Exoproteases are known to be regulated by las operon,
which is under the control of lasR and Mvfr systems [28].
Flagella-driven movement is a QS dependent behaviour
that has a vital role in the cell/surface attachment during
the production of biofilms. Reduction in the swimming
and swarming motility is indicative of the reduction in the
flagellar synthesis.

Biofilm is a population of microbes attached to surfaces
and sustained by the secretion of an adhesive and protect-
ive matrix; biofilms are prevalent in nature, medical and
other environments. Due to their inherent tolerance and
resistance to antimicrobials, they have enormous implica-
tions in healthcare-related infections [44]. The biofilms
produced by pathogenic bacteria may cause many health
complaints in human, like cystic fibrosis, prostatitis, and
periodontitis [45]. The cells in the biofilms are known to
be more resistant to antimicrobials, and their extinguish-
ing from infected individuals is often problematic. The
formation of biofilm in P. aeruginosa is controlled by nu-
merous mechanisms, and the main regulating mechanism
is the bacterial signalling system. This study demonstrated
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Fig. 5 Analytical parameters, identification, and quantification of phytochemicals of Q. infectoria gall extracts by LC-MS/MS. a ethyl acetate, b n-
butanol, ¢ ethanol, d aqueous extract, @ LC-MS/MS chromatogram of 15 phytochemical standards. 1) Protocatechuic acid, 2) Chlorogenic acid, 3)
Luteolin-7-glucoside, 4) Rutin, 5) Hesperidin, 6) Hyperoside, 7) Apigetrin, 8) Quercitrin, 9) Astragalin, 10) Quercetin, 11) Luteolin, 12) Apigenin, 13)

that Q. infectoria galls extracts at SICs could diminish bio-
film development and the expression of QS and virulence
genes without influencing the growth. Our findings on the
inhibition of biofilms by natural products find support
from Hayat et al. [46].

As QS inhibition is broadly recognised as an encour-
aging implement for the management of P. aeruginosa
infections, the ability of natural products and non-native

correspondents to block AHL/LuxR type receptor bind-
ing has been more frequently applied and targeted [47].
Quantitative analysis of gene expression showed that Q.
infectoria gall extracts at their SICs could reduce or even
inhibit the expression of studied QS genes differently. A
remarkable downregulation in the expression of both
P.aeruginosa QS (las and rhl) pathways which structure
the AHL network was indicated. This emphasised that
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Table 3 Analytical parameters of LC-MS/MS method for the analysis of 15 phytochemicals

No. Analytes RT? Precursor R RSD % Recovery (%) ue

izc))Q (m/ Intraday Interdays Intraday Interdays

1 Protocatechuic acid 7.00 1534 0.9909 0.0060 0.0060 1.0096 0.9988 0.0215
2 Chlorogenic acid 8.03 3533 0.9910 0.0074 0.0055 0.9941 0.9999 0.0299
3 Luteolin-7-glucoside 13.20 447.0 0.9939 0.0052 0.0037 1.0014 1.0072 0.0086
4 Rutin 13.67 609.1 0.9902 0.0063 0.0070 1.0049 1.0037 0.0136
5 Hesperidin 13.68 611.1 0.9942 0.0081 0.0073 1.0053 0.9994 0.0162
6 Hyperoside 13.69 463.0 0.9905 0.0074 0.0056 1.0039 1.0015 0.0126
7 Apigetrin 14.54 431.0 0.9902 0.0047 0.0067 1.0060 1.0047 0.0132
8 Quercitrin 14.98 447.0 0.9918 0.0079 0.0063 0.9999 1.0002 0.0133
9 Astragalin 15.13 447.0 0.9900 0.0086 0.0077 1.0002 1.0017 0.0153
10 Quercetin 17.10 301.2 0.9962 0.0177 0.0227 1.0010 1.0012 0.0573
" Luteolin 17.78 2852 0.9901 0.0119 0.0079 0.9961 1.0007 0.0188
12 Apigenin 19.20 269.2 0.9910 0.0087 0.0090 0.9985 1.0022 0.0181
13 Pseudohypericin 26.34 5190 0.9908 0.0061 0.0089 1.0033 1.0034 0.0172
14 Hyperforin 2897 5353 0.9901 0.0218 0.0164 1.0076 1.0061 0.0418
15 Hypericin 30.18 503.0 0.9925 0.0093 0.0095 1.0104 1.0034 0.0189

RT Retention time

bPrecursor ion(m/z) Molecular ions of standard compounds

°R2 Correlation coefficient

94RSD Relative standard deviation

€U (%) Percent relative uncertainty at 95% confidence level (k= 2)

the extracts affected the P. aeruginosa virulence by re-
pression the QS systems activity. Our data are consistent
with the results obtained by Adonizio et al. [48]. The
rhiR system is allied to Mvf;; which controls an add-
itional range of bacterial virulence such as, proteases,
biofilm development, and bacterial motility [49].

Some virulence factors enable P. aeruginosa to adhere
and damage tissues for nutrition supply, dissemination,
and to increase the survival rate. Exotoxin A is one of
them, which is an active enzyme refers to the mono-
ADP-ribosyl transferase family and produced by most
clinical strains of P. aeruginosa [50]. No previous studies
have considered the activity of exotoxin A in the pres-
ence of plant extracts substances; it can be demonstrated
from the results that SICs of the extracts were able to
affect the expression of exotoxin A which is considered
the main virulence of pathogenic P. aeruginosa. More-
over, all fractions of the galls reduced or inhibited the
expression of exotoxin A differently; ethanol fraction
was the most active fraction reducing the expression.
What is more, the aqueous fraction completely blocked
the expression which might be due to the water-soluble
compounds besides the higher SICs of the aqueous frac-
tion than the other fractions. This result is somewhat
impressive because it is crucial for the toxin to be at a
sufficient level in the extracellular space for competent
killing [51].Our result of exotoxin A finds support from

Ahmed & Salih [52] who recently found that low levels
of honey could modulate the exotoxin A expression in
P. aeruginosa.

Furthermore, if both QS systems (las and rhl) are
blocked, P.aeruginosa could not be able to reset the pro-
duction of the QS-related virulence factors; this tactic
may competently diminish the production of bacterial
virulence and high decease rates related to P. aeruginosa.
Although the mechanisms of action of the medicinal
plants is a composite problematic, an overall reduction
in the QS system with each of the investigated fractions
was observed. This slightly general effect refers to one of
two descriptions: the first is related to the various chem-
ical substances in the plants, which may cause diverse
impacts on different facets of the QS systems. The other
explanation is that the consequence is probably not dir-
ectly on the las-rhl systems but might be on the other
QS regulators, such as Vfr [53] or GacA [54].

The ability of most plant extracts to combat infections
may be attributed to the secondary metabolite products
they produced. For Q. infectoria, it is evident that our
extracts contain many compounds known for their activ-
ity on microorganisms as hyperoside and quercetin [55].
From the distinct patterns of HPLC of the solvents frac-
tions, it is recommended that the fractions comprise
various active substances and they probably function
with distinct mechanisms. Hence, we do not have
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appropriate data to determine the modes of quorum
quenching, further investigations concerning the impact
of purified active compounds from the galls of Q. infec-
toria are recommended. Therefore it might be possible
to determine therapeutic molecules and develop the re-
sponsible compounds for QS inhibition action.

Conclusions

The current study designated the direct antibacterial ac-
tivities of the Q. infectoria gall extracts against P. aerugi-
nosa, which was confirmed by morphological and
structural investigations. Differential gene expression
was recorded in response to gall extracts exposure,
which exhibited in downregulation of several genes in-
volved in the reduction of quorum sensing, and exotoxin
A production in the test organism. The potential ability
of Quercus’s extract to downregulate the expression of
these genes is considered valuable for the prophylactic
and therapeutic use of medicinal plants. These results af-
ford the first report that galls extracts of Q. infectoria
affect P. aeruginosa with dual mechanisms which involve
the direct growth inhibitory effect and the reduction of
expression of some bacterial virulence-regulator genes.

Abbreviations

AHL: N-Acyl homoserine lactone; Als: Autoinducers; DMSO: Dimethyl
sulfoxide; ETA: Exotoxin A; HPLC: High performance liquid chromatography;
LB: Luria-Bertani; MBC: Minimum bactericidal concentration; MDR: Multidrug-
resistant; MIC: Minimum inhibitory concentration; NA: Nutrient agar;

NB: Nutrient broth; P. aeruginosa: Pseudomonas aeruginosa; PBS: Phosphate
buffer saline; PPB: Pyocyanin production broth; Q. infectoria: Quercus
infectoria; Q-1: Quercus infectoria gall extracted by ethyl acetate; Q-2: Quercus
infectoria gall extracted by n- butanol; Q-3: Quercus infectoria gall extracted
by ethanol; Q-4: Quercus infectoria gall extracted by water; QS: Quorum
sensing; SIC: Sub-inhibitory concentration; TSB: Trypto soy broth; TVC: Total
viable count

Acknowledgments

We would like to thank Mrs. Media Ahmed for reviewing the English
language of the manuscript. The technical assistance of Dr. Mohammad
Yousef is highly appreciated.

Authors’ contributions

FA designed research; AA conducted research, analysed data; and wrote the
paper; FA edited the paper; AA and FA had primary responsibility for final
content. Both authors read and approved the final manuscript.

Funding
This work was supported by the Ministry of Higher Education and Scientific
Research, Kurdistan Region, Irag.

Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
This study was approved by the research ethics committee office in the
College of Science, University of Salahaddin-Erbil (No. 2414/54/7 (B)).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

(2019) 19:177

Page 10 of 11

Received: 19 November 2018 Accepted: 4 July 2019
Published online: 18 July 2019

References

1. Geddes A. Infection in the twenty-first century: predictions and postulates. J
Antimicrob Chemoth. 2000;46:873-7.

2. Bjarnsholt T, Jensen PO, Rasmussen TB, Christophersen L, Calum H,
Hentzer M, et al. Garlic blocks quorum sensing and promotes rapid
clearing of pulmonary Pseudomonas aeruginosa infections. Microbiology.
2005;151:3873-80.

3. Rasmussen TB, Bjarnsholt T, Skindersoe ME, Hentzer M, Kristoffersen P, Kote
M, et al. Screening for quorum-sensing inhibitors (QSI) by use of a novel
genetic system, the QSI selector. J Bacteriol. 2005;187(5):1799-814.

4. Musthafa KS, Ravi AV, Annapoorani A, Packiavathy IS, Pandian SK. Evaluation
of anti-quorum-sensing activity of edible plants and fruits through
inhibition of the N-acyl-homoserine lactone system in Chromobacterium
violaceum and Pseudomonas aeruginosa. Chemotherapy. 2010;56(4):333-9.

5. Bouyahya A, Dakka N, Et-Touys A, Abrini J, Bakri Y. Medicinal plant products
targeting quorum sensing for combating bacterial infections. Asia Pac J
Trop Med. 2017;10(8):729-43.

6. Rasmussen TB, Givskov M. Quorum sensing inhibitors: a bargain of effects.
Microbiology. 2006;152(Pt 4):895-904.

7. Hong KW, Koh CL, Sam CK, Yin WF, Chan KG. Quorum quenching revisited--
from signal decays to signalling confusion. Sensors (Basel). 2012;12(4)4661-96.

8. Yang Q, Scheie AA, Benneche T, Defoirdt T. Specific quorum sensing-
disrupting activity (a QSI) of thiophenones and their therapeutic potential.
Sci Rep. 2015;5:18033.

9. Fu B, WuQ, Dang M, Bai D, Guo Q, Shen L, et al. Inhibition of Pseudomonas
aeruginosa biofilm formation by traditional Chinese medicinal herb Herba
patriniae. BioMed Res Intern. 2017;2017:1-10.

10.  Smith RS, Iglewski BH. P. aeruginosa quorum-sensing systems and virulence.
Curr Opin Microbiol. 2003;6(1):56-60.

11. Antunes LC, Ferreira RB, Buckner MM, Finlay BB. Quorum sensing in bacterial
virulence. Microbiology. 2010;156(Pt 8):2271-82.

12. Jadaun V, Prateeksha P, Singh BR, Paliya BS, Upreti DK, Rao CV, et al. Honey
enhances the anti-quorum sensing activity and anti-biofilm potential of
curcumin. RSC Adv. 2015;5(87):71060-70.

13. Upadhyaya |, Upadhyay A, Kollanoor-Johny A, Darre MJ, Venkitanarayanan K.
Effect of plant derived antimicrobials on Salmonella enteritidis adhesion to
and invasion of primary chicken oviduct epithelial cells in vitro and
virulence gene expression. Intern J Mol Sci. 2013;14(5):10608-25.

14.  Asfour HZ. Anti-quorum sensing natural compounds. J Microscopy
Ultrastruc. 2018,6(1):1-10.

15. Stone GN, Schonrogge K, Atkinson RJ, Bellido D, Pujade-Villar J. The
population biology of oak gall wasps(hymenoptera: Cynipidae). Annu Rev
Entomol. 2002;47:633-68.

16.  Hwang JK Shim JS, Chung JY. Anticariogenic activity of some tropical
medicinal plants against Streptococcus mutans. Fitoterapia. 2004;75(6):596-8.

17. Kaur G, Athar M, Alam MS. Quercus infectoria galls possess antioxidant
activity and abrogates oxidative stress-induced functional alterations in
murine macrophages. Chem Biol Interact. 2008;171(3):272-82.

18. Dar MS, lkram M, Fakouhi T. Pharmacology of Quercus infectoria. J Pharm
Sci. 1976,65(121976):1791-4.

19. lkram M, Nowshad F. Constituents of Quercus infectoria. Planta Med. 1977;
31(3):286-7.

20.  Mohammadi-Sichani M, Vajihe K, Dokhaharani SC. Evaluation of biofilm
removal activity of Quercus infectoria galls against Streptococcus mutans.
Dent Res J. 2016;13:46-51.

21.  Harborne JB. Phytochemical methods a guide to modern techniques of
plant analysis, third ed. London: Chapman & Hall; 1998.

22. Tille PM. Bailey & Scott's diagnostic microbiology. 13th ed. Elsevier/
Mosby: China; 2014.

23, CLSI. Methods for dilution antimicrobial susceptibility tests for Bacteria that
grow aerobically; approved standard-ninth edition CLSI document M07-A9.
Wayne: Clinical and Laboratory Standards Institute; 2012.

24. lIssac ASV, Palani A, Ramaswamy BR, Shunmugiah KP, Arumugam VR.
Antiquorum sensing and antibiofilm potential of Capparis spinosa. Arch
Med Res. 2011;42(8):658-68.

25. Kessler E, Safrin M, Olson JC, Ohman DE. Secreted LasA of Pseudomonas
aeruginosa is a Staphylolytic protease®. J Biol Chem. 1993;268(10):7503-8.



Ahmed and Salih BMC Complementary and Alternative Medicine

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.
39.
40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Chu W, Zhou S, Jiang Y, Zhu W, Zhuang X, Fu J. Effect of traditional Chinese
herbal medicine with Antiquorum sensing activity on Pseudomonas
aeruginosa. Evid-Based Complem Altern Med. 2013,;2013:1-7.

LiH, Li X, Wang Z Fu Y, Ai Q Dong Y, et al. Autoinducer-2 regulates
Pseudomonas aeruginosa PAO1 biofilm formation and virulence production
in a dose-dependent manner. BMC Microbiol. 2015;15:192.

Deziel E, Comeau Y, Villemur R. Initiation of biofilm formation by
Pseudomonas aeruginosa 57RP correlates with emergence of hyperpiliated
and highly adherent phenotypic variants deficient in swimming, swarming,
and twitching motilities. J Bacteriol. 2001;183(4):1195-204.

Limban C, Marutescu L, Chifiriuc MC. Synthesis, spectroscopic properties
and Antipathogenic activity of new Thiourea derivatives. Molecules.
2011;16:7593-607.

Al-Shabib NA, Husain FM, Ahmed F, Khan RA, Ahmad |, Alsharaeh E, et al.
Biogenic synthesis of zinc oxide nanostructures from Nigella sativa seed:
prospective role as food packaging material inhibiting broad-spectrum
quorum sensing and biofilm. Sci Rep. 2016,6:36761.

Schaber JA, Carty NL, McDonald NA, Graham ED, Cheluvappa R, Griswold
JA, et al. Analysis of quorum sensing-deficient clinical isolates of
Pseudomonas aeruginosa. J Med Microbiol. 2004;53:841-53.

Cotar A, Dinu S, Chifiriuc M-C, Banu O, lordache C, Larion C, et al. Screening
of molecular markers of quorum sensing in Pseudomonas aeruginosa strains
isolated from clinical infections. Roum Biotechnol Lett. 2008;13(3):3765-71.
Qin X, Emerson J, Stapp J, Stapp L, Abe P, Burns JL. Use of real-time PCR
with multiple targets to identify Pseudomonas aeruginosa and other
nonfermenting gram-negative bacilli from patients with cystic fibrosis. J Clin
Microbiol. 2003;41(9):4312-7.

Song KP, Chan TK, Ji ZL, Wong SW. Rapid identification of Pseudomonas
aeruginosa from ocular isolates by PCR using exotoxin A-specific primers.
Mol Cell Probes. 2000;14(4):199-204.

Livak KJ, Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2—-AACT method. Methods. 2001;
25(4):402-8.

Hazan R, He J, Xiao G, Dekimpe V, Apidianakis Y, Lesic B, et al. Homeostatic
interplay between bacterial cell-cell signaling and iron in virulence. PLoS
Pathog. 2010,6(3):1-14.

Hentzer M, Wu H, Andersen JB, Riedel K, Rasmussen TB, Bagge N, et al.
Attenuation of Pseudomonas aeruginosa virulence by quorum sensing
inhibitors. EMBO J. 2003;22(15):3803-15.

Bassetti M, Vena A, Croxatto A, Righi E, Guery B. How to manage
Pseudomonas aeruginosa infections. Drugs in Context. 2018;7:1-18.

World Health Organisation: Global priority list of antibiotic-resistant bacteria
to guide research, discovery, and development of new antibiotics. 2017.
Jiang Q, Chen J, Yang C, Yin Y, Yao K. Quorum sensing: a prospective
therapeutic target for bacterial diseases. BioMed Res Intern. 2019,2019:1-15.
Lai BM, Yan HC, Wang MZ, Li N, Shen DS. A common evolutionary pathway
for maintaining quorum sensing in Pseudomonas aeruginosa. J Microbiol.
2018;56(2):83-9.

Fothergill JL, Panagea S, Hart CA, Walshaw MJ, Pitt TL, Winstanley C.
Widespread pyocyanin over-production among isolates of a cystic fibrosis
epidemic strain. BMC Microbiol. 2007;7(45):1-10.

Wang R, Starkey M, Hazan R, Rahme LG. Honey's ability to counter bacterial
infections arises from both bactericidal compounds and QS inhibition. Front
Microbiol. 2012,3:144.

De Vincenti L, Glasenapp Y, Catto C, Villa F, Cappitelli F, Papenbrock J.
Hindering the formation and promoting the dispersion of medical
biofilms: non-lethal effects of seagrass extracts. BMC Complem Altern
Med. 2018;18(1):168.

Costerton JW, Philip S. Stewart, Greenberg EP: bacterial biofilms: a common
cause of persistent infections. Science. 1999;284:1318-22.

Hayat S, Sabri AN, McHugh TD. Chloroform extract of turmeric inhibits
biofilm formation, EPS production and motility in antibiotic resistant
bacteria. J Gen Appl Microbiol. 2017;63(6):325-38.

Mattmann ME, Blackwell HE. Small molecules that modulate quorum
sensing and control virulence in Pseudomonas aeruginosa. J Org Chem.
2010;75(20):6737-46.

Adonizio A, Kong KF, Mathee K. Inhibition of quorum sensing-controlled
virulence factor production in Pseudomonas aeruginosa by South Florida
plant extracts. Antimicrob Agents Ch. 2008;52(1):198-203.

Deziel E, FoL L, Milot S, He J, Mindrinos MN, Tompkins RG, et al. Analysis of
Pseudomonas aeruginosa 4-hydroxy-2alkylquinolines (HAQs) reveals a role

(2019) 19:177

50.

51

52.

53.

54.

55.

Page 11 of 11

for 4-hydroxy-2heptylquinoline in cell-to-cell communication PNAS. Proc
Natl Acad Sci U S A. 2004;101:1339-44.

Liu PV. Extracellular toxins of Pseudomonas aeruginosa. J Infect Dis. 1974;
130:594-59.

Hessler JL, Kreitman RJ. An early step in Pseudomonas exotoxin action is
removal of the terminal lysine residue, which allows binding to the KDEL
receptor. Biochemistry. 1997;36:14577-82.

Ahmed AA, Salih FA. Low concentrations of local honey modulate ETA
expression, and quorum sensing related virulence in drug-resistant
Pseudomonas aeruginosa recovered from infected burn wounds. Iran J Basic
Med Sci. 2019,22:1-8.

Albus AM, Everett C, Pesci R-JLJ, West SEH, Iglewski BH. Vfr controls quorum
sensing in Pseudomonas aeruginosa. J Bacteriol. 1997;179(12):3928-35.
Reimmann C, Beyeler M, Latifi A, Winteler H, Foglino M, Lazdunski A, et al.
The global activator GacA of Pseudomonas aeruginosa PAO positively
controls the production of the autoinducer N-butyryl-homoserine lactone
and the formation of the virulence factors pyocyanin, cyanide, and lipase.
Mol Microbiol. 1997;24(2):309-19.

Evd W, Pretorius JC. Purification and identification of active antibacterial
components in Carpobrotus edulis L. J Ethnopharmacol. 2001;76(2001):87-91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Plant material and extraction
	Specimen’s collection and sources
	Determination of minimum inhibitory and bactericidal concentrations (MICs and MBCs)
	Growth and viability
	Azocasein degrading proteolytic activity
	Protease assay
	Pyocyanin assay
	Motility assays
	Biofilm assay
	In situ visualisation of biofilms
	RNA extraction
	Real-time reverse transcription polymerase chain reaction (RT-PCR)
	High- performance liquid chromatography(HPLC)
	Statistical analysis

	Results
	Inhibition of planktonic P. aeruginosa by galls extracts of Q. infectoria and growth analysis
	Q. infectoria gall extracts impact Qs-regulated virulence factors
	Reduction of biofilm formation in clinical isolates of P. aeruginosa by Q. infectoria gall extracts without affecting the planktonic growth
	Repression of quorum sensing genes by Q. infectoria gall extracts
	Expression analysis with RT-PCR


	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

