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Abstract
Background Antibiotic resistant strains of Pseudomonas aeruginosa are the cause of Gram negative nosocomial
infections especially among the immunosuppressed patients. The bacteria contains las I and las R genes that play
very important roles in the pathogenesis and mechanisms of aggression. These genes can be influenced by the
quorum sensing (QS) system and such mechanism is becoming clinically important worldwide. This study aimed to
investigate the preventive effects of green coffee extract (GCE) on the expression of pathogenesis-related genes, las I
and las R in P. aeruginosa.
Methods A total of fifty fourP. aeruginosa strains were isolated out of 100 clinical samples collected from the infectious wards in
different hospitals (Tehran province) using conventional microscopic and biochemical methods. Susceptibility of the isolates to
different antibiotics, GCE and chlorogenic acid were elucidated. Multiplex polymerase chain reaction (PCR) and real-time PCR
were performed to detect and quantify the expression levels of las I and las R genes. The presence of chlorogenic acid in GCE
was confirmed by HPLC.
Results Antibiotic susceptibility tests revealed multidrug resistance among the clinical isolates of those 40 strains were resistant
to ciprofloxacin (74.07%), 43 to ceftazidime (79.26%), 29 to amikacin (53.7%), 42 to ampicillin (77.77%), 17 to colistin
(31.48%), 40 to gentamicin (74.77%), and 50 to piperacillin (92.59%). PCR outcomes exhibited that the frequency of las I
and las R genes were 100% in resistant and sensitive strains isolated from clinical and standard strains of P. aeruginosa (ATCC
15449). Real-time PCR analyses revealed that GCE significantly prevented the expression of las I and las R genes in
P. aeruginosa. GCE at concentration level as low as 2.5 mg/mL could prevent the expression of lasI and lasR genes in
P. aeruginosa clinical isolates.
Conclusion The presence and expression levels of las I and las R genes in P. aeruginosa isolates were investigated when the
bacteria was exposed to GCE. Our results tend to suggest that genes involved in pathogenesis of: Pseudomonas aeruginosa are
down regulated by quorum sensing effect of chlorogenic acid and therefore GCE could be useful as an adjuvant in combating
multidrug resistance strains of Pseudomonas aeruginosa.
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Introduction

Pseudomonas aeruginosa is an opportunistic pathogen which
causes extremely severe infections in immunocompromised
patients, especially in those who suffer from cancer and
AIDS or individuals with high-degree burns or cystic fibrosis.
Studies have shown that pathogenicity of P. aeruginosa de-
pends on virulence factors such as elastase, alkaline protease,
phospholipase C, exotoxin A, exoenzyme S, pyocyanine,
pyoverdine, hydrogen cyanide, ramnolipid, and several other
factors. The ability P. aeruginosa to form biofilm, is one of its
major properties that contributes to its antibiotic resistance and
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pathogenicity. Most of virulence-associated genes in
P. aeruginosa such as las I and las R are express and regulate
by quorum sensing system [1, 2].

Quorum Sensing (QS) is a cell-to-cell communication
pathway using small molecules (SMs) of single-cell organ-
isms that act through certain communication molecules releas-
ing into the medium and then their binding to the relevant
receptors. Therefore, the cells are able to exchange informa-
tion, directly or indirectly, which affects their genes translation
and transcription. QS is important to control the virulence
factors expressions, resistance to antimicrobial agents and bio-
film formation. Biofilms with high antibiotic resistance are
considered to be a dynamic community of bacteria and a ma-
jor problem in treating infectious diseases. Both las I and las R
play important roles in QS and biofilm formation; hence, pre-
vention of their expression could be a great approach in con-
trolling P. aeruginosa infection [3, 4].

P. aeruginosa contains a QS system consisting of two sets
of genes, las I-las R and rhl I-rhl R. While las I and rhl I direct
the synthesis of acyl-homoserine lactones (acyl-HSL), the las
R and rhl R genes produce transcriptional regulators that stim-
ulate the target virulence genes. This phenomenon has been
detected and described in clinical isolates using molecular
techniques [5–7].

As resistance to current antimicrobial drugs are emerging
and new medicines are becoming scarce to combat the resis-
tant bugs, QS could open a window to assist the human being
to use quorum quenching compounds as adjuvants in antimi-
crobial therapy [8, 9].

Although plants are free of any organized immune system
to fight off aggressive pathogens, unlike humans and mam-
mals, but they have the ability to produce special secondary
metabolites called Bquorum quenching compounds^ to com-
bat external pathogens. Natural and biological compounds
have inspired pharmaceutical industries to design new antibi-
otics for treatment of various infections. Anti-quorum sensing
compounds can be obtained from various natural sources such
as plants and mushrooms. Since co-existence of bacteria with
plants and fungi goes back millions of years ago, it is likely
that different mechanisms have been developed during the co-
evolution to control QS [10–12].

Green coffee is a good source of chlorogenic acid, a phe-
nolic compound from hydroxy-cinnamic acid family. Studies
on green coffee extract (GCE) showed that chlorogenic acid
has antioxidant, anti-inflammatory, anti-cancer, anti- type 2
diabetic, and anti-hypertension activities. Chlorogenic acid
also has a potent cytotoxicity on microorganisms including
bacteria, fungi, molds, viruses, and bacterial biofilms includ-
ing P. aeruginosa biofilms [13, 14]. In addition to green cof-
fee, other plants such as apples, artichoke, betel, burdock,
carrots, eggplants, eucommia, grapes, honeysuckle, kiwi fruit,
pears, plums, potatoes, tea, tobacco leaves, tomato and worm-
wood also contain variable amounts of chlorogenic acid

[14–20]. As P. aeruginosa is a model of pathogenic bacterium
with clinical importance and possess several virulence factors,
this study intended to investigate the preventive effects of
GCE on the expression of pathogenesis-related genes, las I
and las R in P. aeruginosa.

Materials and methods

Bacterial isolation

A total of 100 patients with suspected pseudomonas infection
who were referred or hospitalized at Tehran medical centers
(e.g. Imam Khomeini Hospital), were selected randomly.
Samples were collected and transferred to the Quality
Control laboratories of the Quality Assurance Research
Center of Tehran University of Medical Sciences. The sam-
ples were cultured onMacConkey agar(Merck, Germany) and
cetrimide agar(Merck, Germany). The cultures were incubat-
ed at 37 °C for 24 h until colonies were appeared. To obtain
pure culture, each colony was sub-cultured on the growth
media using the conventional streaking method. Gram-
staining was performed on single colonies and Gram-
negative bacteria were subjected to biochemical assays includ-
ing Oxidative/Fermentative (O/F), oxidase, urease, indole,
methyl red, voges proskauer (VP), simmon citrate, acid pro-
duction of sugars (mannitol, galactose, fructose and glucose),
and growth at 42 °C tests [21].

Coffee extraction

Green coffee beans powder (Coffee arabica L.) were pur-
chased from Bonyan Salamat Kasra Co., Iran. Green coffee
powder (8.0 g) was dissolved in 40 mL boiling distilled water.
The mixture was kept in a boiling water bath for 3–5 min. The
brewed coffee was filtered using Whatman No. 1 filter paper
and was collected in a sterile container [22].

Determination of chlorogenic acid of GCE by HPLC

Chromatography

A stainless steel column L1 (150 × 4.6 mm i.d.) particle
size 5 μm, was used and the column temperature was
maintained at 25 °C. The mobile phase was 0.5% formic
acid in water and methanol (80:20) at a flow rate of
1.2 mL/min. The injection volume was 20 μl and the wave-
length of detector was set at 278 nm.

Standards and samples

To get the standard curve of chlorogenic acid (Sigma),
five different calibration solutions were prepared in
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acetonitrile. The optimum ranges of concentrations were
calculated between 5 to 60 ppm. Linear calibration curves
were acquired by drawing the peak areas of the different
individual compounds [23].

Antibiotic susceptibility profile of isolated
P. aeruginosa strains

The antibiotic susceptibility assay was performed using
standard antibiotic disks (Padtan Teb, Tehran, Iran) to
determine the antibiotic resistance profile of the isolated
P. aeruginosa strains based on Kirby-Bauer method and
CLSI (Clinical and Laboratory Standards Institute) guide-
lines. The experimental antibiotics used included cipro-
floxacin, ceftazidime, amikacin, imipenem, colistin, piper-
acillin, and gentamicin [24].

Minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC)
of GCE

The MIC and MBC levels of lyophilized powder of green
coffee for P. aeruginosa isolates were determined by
micro-broth dilution method using a 96-well microplate.
GCE was prepared in doubling dilution manner at concen-
trations ranging from 0.31–80 mg/mL in test tubes. In the
vertical section of the plate with 8 wells labeled after
Latin letters A to H and aliquots of 100 μL of different
concentrations of GCE were deposited by sterile samplers.
Similar procedure was performed for 9 other columns of
the plate. As a result, the MICs of 10 microbial strains
were examined by using just single plate. Wells contain-
ing only Mueller Hinton broth (MHB) Medium (Merck,
Germany) and those loaded with 100 μL of medium plus
100 μL of bacteria were assumed as controls. Culture of
each P. aeruginosa isolate with concentration of approxi-
mately equal to standard 0.5 McFarland (1.5 × 108 CFU/
mL) was freshly prepared in the physiologic serum.
Aliquots of 0.1 mL of each microbial suspension were
added into the 9.9 mL of MHB medium in test tubes
and were stirred to produce a concentration of 1.5 ×
106 CFU/mL. Contents (100 μL) of each tubes were
added to the A to H wells (rows 1 to 10). Then 100 μL
of the culture medium containing 100 μL of bacteria was
added to the chlorogenic acid (already present in the
wells) and the microplates were stored at 37 °C for 18–
24 h. To determine the MBC, a loop of the wells contain-
ing GCE and the experimental bacteria was removed
without opacity and cultured on a plate containing a
Mueller-Hinton Agar (Merck, Germany), kept at 37 °C
for 18–24 h. The concentration of the antimicrobial agent
that killed the microorganisms or stopped their growth
was determined and recorded as the amount of MBC of

GCE [24]. Ciprofloxacin was used as positive control in
side-by-side comparison with GCE.

Investigation of P. aeruginosa las I and las R genes
with multiplex PCR

The presence of las I and las R genes in the resistant and
sensitive isolate and also that of the standard strain of
P. aeruginosa were checked out using multiplex PCR (Bio
Rad, USA) using specific primers.

The bacterial strains were cultured in a Soybean Casein
Digest Broth Medium, and then the DNAwas extracted using
a commercial kit (Sina Clone kit PR881613C, Iran) according
to the manufacturer’s instruction. The DNA concentration was
measured by spectrophotometer at 260 nm and 280 nm.
Absorption ratio of <1.7 (260 nm to 280 nm) indicates sample
contamination with protein and an absorption ratio of >2 in-
dicates the presence of residual RNA. Genomic DNA was
stored at −20 °C until use.

Multiplex PCR was designed in a final volume of 20 μL
containing 10 μL PCR mastermix, 1 μL of each primer
(10 pmol), 4 μL DNA (250 ng) and 2 μL distilled water.
Sequences of primers and the lengths of the amplification
products are listed in Table 1 (24). Multiplex PCR was per-
formed at initial temperature of 95 °C for 5 min, 35 cycles at
95 °C for 30 s, annealing at 55 °C for 45 s, and extension at
72 °C for 1 min. At the end, the final extension step was
carried out at 72 °C for 10 min [24, 25]. The PCR product
was electrophoresed in 1.2% agaros (Fermentase USA) and
after staining with ethidium bromide and visualized by UV
light illumination (Bio Rad-USA).

Determination of las I and las R gene expression
in the presence of GCE using real-time PCR

Regarding the MIC value of green coffee (2.5 mg/mL), prior
to PCR, 0.625 mg of GCE was added to 10 mL BHI broth,
which was equivalent to the half-McFarland. After 12 h, RNA
was extracted using the following method.

RNA extraction

RNX plus Micro kit (Cinagene RTPL12, Iran) was utilized to
extract RNA from bacterial suspensions (Las I and Las R

Table 1 Primers used for multiplex PCR

Primer Sequence (5′ to 3′) Product size

Las R (F) GCTTCACACGAGAGAACAC 243 bp
Las R (R) TCTGATCTTGCCTCTCAGG

Las I (F) AGGTGTTCTTCAGCATGTAGG 121 bp
Las I (R) GATGGTTATGACGCACTCAGT
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positive bacteria), in the logarithmic growth phase (OD600 =
0.4–0.6). A DNase kit (I) (Cinagene RTPL12,Iran) was
exploited to remove genomic DNA.

Quantitative and qualitative RNA evaluation

The extracted RNAwas evaluated quantitatively and qualita-
tively in order to ensure the accuracy of the experimental
samples is as precise as possible. In the quantitative method,
the RNA absorbance was detected at 260/280 nm. Briefly,
2 μL of the extracted RNA was placed in nanotubes and the
absorbance wad recorded at wavelengths of 260 and 280 nm.
The ratio between these two wavelengths, and the ratio of 260/
230 nm, was also investigated.

Synthesis of cDNA

In a new test tube, 1 μg of RNA, 1 μL of the enzyme
buffer, 1 μL of DNase and 5 μL of RNase inhibitor were
added accordingly. The mixture was diluted to 10 μL
using RNase-free water and placed at 37 °C for 30 min.
Next, 1 μL of 0.5 M Ethylenediaminetetraacetic acid
(EDTA) was added and the tube was kept at 65 °C for
10 min for DNase inactivation. After 10 min, the process
continued by addition of Random Hexamer (0.5 μL) and
Oligo dT (0.5 μL), heated at 65 °C for 5 min. Afterwards,
the samples were kept on ice. 13 μL of the above mixture
was added to each tube and was stored at 25 °C for 5 min,
42 °C for 60 min, and 70 °C for 10 min. The single-
stranded cDNA was stored at −20 °C.

Real-time PCR

PCR was performed in a total volume of 20 μL as follows:
10 μL master mix cyber amplicon (2x), 6 μL diethyl
pyrocarbonate (DEPC) water, 1 μL (10 pmol) of each
primer (Table 1), and 2 μL (500 ng) cDNA. Duplication
was induced in the ABI Step one system (USA) with the
initial denaturation at 95 °C for 1 min, 35 cycles of dena-
turation at 95 °C for 30 s, annealing at 55 °C for 40 s, and
the extension at 72 °C for 60 s. The housekeeping gyrase
gene (16S) was used as the internal control [24, 25].
Specific software was used to calculate the gene expression
level and to plot the corresponding graphs. The expression
level was interpreted by comparing the relative measure-
ment of mRNA expression in comparison with the standard
strain, P. aeruginosa ATCC 15449.

Statistical analysis

Data were the mean of at least three replications and were
analyzed by t-test method in Excel 2010.

Results

Bacteria isolation

Out of 100 clinical samples, 54 strains turned to be
P. aeruginosa using microscopic and biochemical methods.

Antibiotic susceptibility profile of P. aeruginosa
strains

Table 2 depicts the antibiotic susceptibility pattern of the iso-
lated P. aeruginosa strains against ciprofloxacin (5 μg), cef-
tazidime (30 μg), amikacin (30 μg), imipenem (10 μg), colis-
tin (10μg), gentamycin (10 μg) and piperacillin (100μg). The
isolates showed high degrees of resistance to various antimi-
crobial agents. Most of the clinical isolates of P. aeruginosa
(92.59%) were resistant to piperacillin, while only 32.48%
was resistant to clindamycin.

HPLC

The calibration curve of different concentrations of
chlorogenic acid are shown in Fig. 1. The calibration plot
of the analyte was excellent and linear, over the concen-
trations ranging from 5 to 60 ppm, also the correlation
coefficient value was calculated to be 0.998. The Limit
of detection (S/N = 3) and the Limit of quantification
(S/N = 9) were 2.5 and 7.6518 ppm, respectively. The re-
tention times and areas under the curve were approximate-
ly similar in all injections. The standard samples of
chlorogenic acid were detected at concentrations of 5 to
60 ppm. The chromatograms of chlorogenic acid in the
standard solutions (60 ppm), and for Green coffee beans
powder extracts (detected after 12 min of chlorogenic acid
administration) are illustrated in Figs. 2 and 3.

MIC and MBC of GCE

The opacity of the sample wells were compared with the neg-
ative control which contained only the culture media. Both the
MIC and MBC of the GCE against P. aeruginosa were found
to be 2.5 mg/mL. Ciprofloxacin was used as positive control
with the MIC value of 0.04 μg/mL against P. aeruginosa
(ATCC 15449).

Investigation of P. aeruginosa las I and las R genes
with multiplex PCR

The frequency of las I and las R genes in resistant, sensitive
and standard strains was 100% (Table 3 and Fig. 4).
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Determination of las I and las R gene expression
in the presence of GCE using real-time PCR

The data which were obtained from real time PCR were ana-
lyzed by 2–ΔΔCt formula. The las I and las R gene expression
in P. aeruginosawere decreased 0.49 and 0.75 fold after treat-
ment by GCE in comparison with not-treated P. aeruginosa
samples as control (P < 0.05). It is proved that the GCE is able
to decrease the P. aeruginosa biofilm formation by decrease in
las I and las R expression.

Discussion

Clinical isolates of P. aeruginosa are pathogenic microor-
ganisms with substantial interest among hospitalized pa-
tients. Most of the virulence-associated genes of
P. aeruginosa are expressed and regulated by a system
called QS system. It was reported that the pathogenesis
and aggression of P. aeruginosa is highly contributed to
the presence of las I and las R genes. The main point is
that these genes can be influenced by the QS system and
such mechanism is becoming clinically important world-
wide. Antibiotics are defined as chemical compounds to
treat infections. Overuse or inaccurate prescription of an-
tibiotics can lead to resistance in bacteria. Natural prod-
ucts such as coffee and tea are known to possess

antimicrobial effects and can be potential antimicrobial
agents in treatment of infectious diseases [26, 27].

In a study conducted on the anti-QS fluorescence of
Florida plant extracts against P. aeruginosa, the plant ex-
tracts modified the expression level of different genes,
including las R and las I in bacteria, which have been
affected by the QS system. Sepahi et al. showed that the
essential oil of Ferula and Dorema at a concentration of
25 μg/mL could inhibit QS system [28].

Real-time PCR assays were performed to detect the expres-
sion levels of las R and las I genes in P. aeruginosa. The
presence of these genes in the present study was observed in
the entire isolated strains. These results were consistent with
the report examining the existence of las R and las I in the
urinary tract infection isolates of P. aeruginosa [29].

However, this is the first report regarding the expression
statues of the desired genes in the presence of plant extracts
or herbal essential oils. We found that GCE at concentra-
tion of 2.5 mg/mL has the ability to exhibit antimicrobial
effect and can eliminate the most resistant bacteria
P. aeruginosa. The amount of chlorogenic acid of the cof-
fee extract was also measured by HPLC. HPLC quantifi-
cation revealed that the amount of chlorogenic acid in GCE
was 63/24% w/w. Chlorogenic acid is a phenolic com-
pound with significant benefits towards preventing certain
diseases including cardiovascular disease, type 2 diabetes,
alzheimer’s, also demonstrated to have antibacterial and
anti-inflammatory activities. Chlorogenic acid regulates
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Fig. 1 Calibration curve of
standard chlorogenic acid

Table 2 The percentage of antibiotic resistance of the clinical isolates of Pseudomonas aeruginosa

Ciprofloxacin (CIP)
5 μg/disc

Ceftazidime (CAZ)
30 μg/disc

Amikacin (AM)
30 μg/disc

Imipenem (IPM)
10 μg/disc

Colistin (CL)
10 μg/disc

Gentamycin (GM)
10 μg/disc

Piperacillin (PIP)
100 μg/disc

%74.07 %79.62 %53.7 %77.77 %31.48 %74.07 %62.59
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insulin function in humans’ body as can reduce calorie
intake from fat deposits and prevents 45% of fat absorp-
tion, leading to release of G6P, an enzyme responsible for
the blood sugar balance. GCE is one of the main natural
sources of chlorogenic acid which contains about 12 to 5 g
of this compound per gram [30–32].

In a study by Craig et al. the chlorogenic acid content of
five different GCE was quantified with HPLC-UV method,
showing that the GCE had 32.24% to 52.65% w/w
chlorogenic acid [33].

At concentrations of 16–8 μg, Chlorogenic acid was
found to have anti-bacterial effect, besides at concentrations

Fig. 3 Typical chromatogram of Green coffee beans powder extracts. As HPLC analysis showed, GCE contained 63.24% chlorogenic acid and 13.95%
Caffeine

Fig. 2 Typical chromatogram of Chlorogenic acid and Caffeine standard
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16–32 μg possessed antifungal properties on trimethoprim/
sulfamethoxazole resistant Stenotrophomonas maltophilia.
It has also been reported that chlorogenic acid has an excel-
lent anti-biofilm activity at different concentrations in vitro
condition [34].

According to several independent studies, chlorogenic acid
in GTE affected the cell membrane and the enzymatic reac-
tions, besides showed significant antimicrobial effect and
eliminated heavy metals [35].

The level of resistance of the individual clinical iso-
lates to current antibiotics were high. More than 70 %
of the isolates were resistant to most of the antibiotics
except the end stage antibiotic, colistin which showed a
lower resistance of about 30%.

There has been trend to substitute the failed antibiotics with
those conferring sensitive or less resistance when combating
an infectious disease and less attention has been paid to the
intrinsic mechanisms behind the bacterial resistance.

Chlorogenic acid is an antimicrobial agent with quorum
sensing activity with the ability of down regulating the

virulence genes of P. aeruginosa and therefore could be used
as an adjuvant along with synthetic antimicrobial drugs to
combat the resistant nosocomial infections.
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