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Pseudomonas aeruginosa is an opportunistic pathogen that can cause severe
hospital-acquired infections, especially in immunocompromised hosts. P.aeruginosa is
important for its resistance to antibiotics. Pathogenic microorganisms have to face hostile
environments while colonizing and infecting their hosts. Unfortunately, they can cope
with it and have evolved a number of complex secretion systems, which direct virulence
factors either at the bacterial cell surface into the environmental extra cellular milieu or
into the host cell cytosol. The Gram-negative opportunistic human pathogen Pseudomonas
aeruginosa possesses abroad panel of secretion systems. Five of the six secretion machines
characterized in Gram-negative bacteria are at P. aeruginosa disposal, sometimes in
several copies. All these machines are dedicated to the specific secretion of exoproteins,
which display various activities useful for bacterial adaptation to the environment or
for bacterial pathogenicity. In this study inhibitory effects of Satureja khuzestanica extract,
an endemic plant of Iran, on the expression level of T2SS, and T3SS genes in P. aeruginosa
were investigated. For this purpose, MIC was determined for P. aeruginosa. Then, bacteria
were treated with S. khuzistanica extract. T2SS, T3SS and gyrA genes expression in
treated and non-treated bacteria, before and after treatment was evaluated using RT-PCR
technique. Surprisingly, the expression level of T2SS and T3SS genes was decreased in
the presence of S. Khuzestanica. However, the expression of gyrAgene that was used as an
internal control was not altered before and after treatment with this herb. Based on the
results; S. Khuzestanica could play a, major role in lowering the P. aeruginosa resistance
to drugs, by reducing T2SS, T3SS genes expression. According to results of current research
we hope in future be used it to the clinic with a wider range as a complementary therapy
and also for surgery operation or ointment.
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Pseudomonas aeruginosa is a ubiquitous
Gram negative pathogen widespread throughout
the environment that it leads to cause of
opportunistic infections in humans1. In normal
hosts, with an intact epithelial barrier, P. aeruginosa
rarely causes disease. However, in the setting of

epithelial damage, as is seen in immuno-
compromised and hospitalized patients,
P. aeruginosa is a common cause of nosocomial
infections. Most of these are acute infections,
including sepsis, ventilator-associated pneumonia,
and infections in post operative wound and burn
patients. P. aeruginosa also, chronically colonizes
Cystic Fibrosis (CF) patients leading to severe
pulmonary damage and death. Despite treatment
with appropriate antibiotics, mortality remains as
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high as 40% in acute infections and multi-drug
resistant isolates are increasingly reported. P.
aeruginosa has a large a number of secreted,
virulence factors that rely on specialized export
systems including the type I, II, III, V, and the
recently discovered type VI secretion systems2-3.

In P. aeruginosa, the Xcp(extracellular
protein) T2SS is encoded by  a set of 11 genes
organized in two divergent operons, xcpP to Q and
xcpR to Z, whereas a12th gene, xcpA/pilD, is located
out-side of the 2xcp operons4. This interaction
between the GspC(XcpP) and the GspD(XcpQ)
components seems to be crucial and confers
specificity to the secretion system5. Interestingly,
two other genes, xphA and xqhA, homologous to
xcpP and xcpQ, respectively, have been identified6.

One could note that secretins are found
in two different secretion pathways, the T2SS and
theT3SS. Once the needle is assembled, the various
exoproteins are transported through this channel.
Obviously, this is performed in a kinetic and ordered
manner. The translocators PopB, PopD, and PcrV
may be the first proteins transported to form a pore
within the eukaryotic cell membrane, in the
continuity of the PscF needle. PopB and PopD
have hydrophobic domains, which allow their
insertion into the eukaryotic cell membranes. PcrV
is localized at the tip of the needle, where this
scaffold protein may facilitate the assembly of the
translocation pore7.

Satureja khuzestanica, from Lamiaceae
family is an Iranian endemic plant, famous for its
medical uses as an analgesic and antiseptic in folk
medicine8. It is mostly found in western and
southern part of Iran9. Recently, antiviral,
antibacterial, antifungal, and antiprotozoal effects
were investigated from various species of Satureja9-

10. However, the possible effect of Satureja
khuzestanica on decreasing the resistance of
P.aerogenase against antibiotics and the
mechanisms involved have not yet been studies.
The antibacterial activity of the S. khuzistanica’
soil might be due to main phenolic components,
Carvacrol and Thymol11. Carvacrol is also found in
Thyme, However, its high ratio in S. khuzistanica
has discriminated this plant from other herbs with
antimicrobial effects12-13. In view of this and with
regard to the antimicrobial effect of S. khuzistanica
against p.aerogenase and also resistance of this
strain to variety of antibiotics, this study aimed to

test this hypothesis that S. khuzistanica extract
may alter the expression of T2SS, T3SS genes,and
thus may lead to a lower susceptibility of this strain
to antibiotics.

MATERIALS   AND  METHODS

Plant extraction procedure
S. khuzistanica were collected in

Khoramabad, Iran in 2013 Iran. Essential oil was
prepared by steam distillation of the aerial parts of
the plant. Oil after drying with sodium sulfate was
kept at 4 °C until use in GC injection system. For
this study; the microbial strains were collected from
Baqiyatallah hospital. Susceptibility testing of
antibiotics were performed. The resistant strains
were subjected to S. khuzistanica extract. To
evaluate the antimicrobial effects of S. khuzistanica
essential oil, diffusion method (disk diffusion) was
used according CLSI 2013. Dimethylsulfoxide
(DMSO) was used to dissolve the essential oil and
then diluted to the concentration 0.1 µl/ml. Culture
carried out by a sterile swab and the resulting
suspension was cultured for 24 h and then
inoculated onto Mueller Hinton agar blank discs
(Merck, Germany) with a diameter of 6 mm;
containing 30 µl of the essential oil was placed on
Muller Hinton agar medium. After 24 h of incubation
at 37 °C, zones of growth inhibition were measured.
The experiment was repeated 3 times. Disks
containing 30 µl of dimethyl sulfoxide were used
as a negative control. Determination of MIC carried
out as microdilution according to CLSI. The
standard antibiotic discs of Furazolidone (100mcg/
disc), Erythromycin (15mcg/disc), PolymyxinB
(30mcg/disc), Ceftazidime(30mcg/disc) were
prepared to evaluate the antimicrobial susceptibility
from padtanteb, Tehran, Iran. Specific primers for
T2SS, T3SS and gyrA genes (Table 1) were
designed using Genscript software (GenScript Real-
time PCR (TaqMan) Primer Design). After
determination of MIC for each strain, the strain of
interest was subjected to the determined MIC
concentration. Then, the RNA was isolated from
bacteria exposed to the herbal extract (cases) and
those lacking S. khuzistanica in their media
(controls) according to the manufacturere’s
protocol (Cinnagen). For both samples, cDNA was
synthesized and the alterations in the expression
level of T2SS, T3SS and gyrA genes were identified
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by RT-PCR method (Cinnagen) with the following
conditions: 3 minutes at 95°C (1 cycle), 30 seconds
at 95 °C (35 cycles), 30 seconds at 54 °C (35 cycles),
1 minute at 72 °C (35 cycles) and 10 minutes at
72°C for final extension. A housekeeping gene,
gyrA, was used as an internal control.

RESULTS AND  DISCUSSION

The essential oil of S. khuzistanica was
active against P.aerogenase in with range from
MIC=0.31µg/ml which remarkably was exhibited
higher activity relative to the referent antibiotics.

In this study, antimicrobial susceptibility
of Pseudomonas aeruginosa to different
antibiotics was determined and results as mean
inhibition zone for a variety of antibiotics are given
in Table 2.

The results of RT-PCR before and after
bacteria treatment  revealed that the expression of
T2SS and T3SS genes were remarkably reduced in
the presence of S. khuzistanica extract (Figure1),
while these two genes were highly expressed
before the exposure of bacteria with this herb.

As expected, expression of gyrA gene
was relatively constant in samples and controls.
Expression of the gyrA gene served as an internal
control to ensure that equal amounts of RNA were
used in all RT-PCRs.

Pseudomonas aeruginosa treatment is

difficult with existing antibiotics, but may in
addition develop resistance after unsuccessful
treatment. Thus, it is considered as an increasing
threat to the community. The intrinsic antibiotic
resistance of Pseudomonas aeruginosa may be
associated with the limited permeability of
bacteria’s outer membrane14. The use of medicinal
and herbal plant to treat infectious diseases is
common in many countries15. Satureja
khuzestanica has been used as a medicinal herb
since the ancient times. Carvacrol is one of the
major compounds in this plant, which is easily
dissolved in ethanol. Moreover, antioxidant and
antibacterial properties of this plant could be
attributed to the presence of this agent16. Numerous
studies have been published on S. khuzistanica
extract16-17. Amanlou et al. used S.khuzestanica
extract for treatment of mild aphthousulcers16.
Antifungal18 and antimicrobial19 effects of S.
khuzistanica leaf extract had been also
demonstrated. In a study carried out by Amiri et
al. the impact of S. khuzistanica extract on some
bacteria, causing hospital infections, was
investigated. They showed a strong inhibitory
effect for this plant against common nosocomial
bacteria20.

In a study carried out by Kim et al in 1995,
anti-bacterial effects and MIC and MBC
measurement of carvacrol on Salmonella
typhimurium and strain resistant to its Rifampicin

Table 1. The list of Primers used in RT-PCR and their sequences

Primer Sequence size

PrimerF popB GGATCAGTGCAATAGCTTCG 120bp
PrimerR popB GTACCGACTGGGAGACCACT 120bp
PrimerF xcp Q CAGAAAGCGGAGATTCTGGT 70bp
PrimerR xcp Q CTTCGCTGTTGGTGGTGTAG 70bp
PrimerF gyrA GGTCTGGGCATAGAGGTTGT 121bp
PrimerR  gyrA GAAGATCGAGGGTATTTCCG 121bp

Table 2. Mean inhibition zone of clinical strain of
Pseudomonas aeruginosa against various antibiotics (Mean± SE.)

Antibiotic Mean inhibition Antibiotic Mean inhibition
zone(mm)±SE zone(mm) ±SE

Furazolidone 0.00 ± 0.00 Ceftriaxone 17.66 ± 0.33
Erythromycin 10.66 ± 0.66 Gentamicin 13.33 ± 0.88
Ceftazidime 6.33 ± 3.17 Ampicillin 13.00 ± 0.57
Polymyxin B 11.66 ± 0.88 Imipenem 22.66 ± 0.33
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in Triptic Soy agar medium (using paper disks
smeared with given concentrations of carvacrol
and defining the zone to prevent growth) and in
Triptic Soy agar by measuring growth turbidity
using spectrophotometer at a wave length of
540nm then cultured on Triptic Soy agar were
examined. They showed that carvacrol had strong
antibacterial effects on two studied Strain with
MIC:250µg/ml. Our research suggested that
carvacrol has antimicrobial properties and its mean
controlling concentration on Pseudomonas
aeruginosa was MIC: 0.31µg/ml also it showed
that this research was consistent with other
researche21.

Eunkyung Kim study showed that
carvacrol had liver anti-fat property in highly-fed
mice. This research suggested that carvacrol can
reduce gene expression of LXR±, Leptin, FAS, and
SREBP1c and on the other hand it can increase
SIRT1 gene expression. These genes are involved
in fatty acids metabolism and the results of this
study show that carvacrol regulates expression of
genes involved in lipids metabolism. Our study’s
results also indicate that Satureja khuzestanica
Essence, especially its carvacrol are involved in
expression of antibiotic-resistant genes in
Pseudomonas aeruginosa, reducing its expression
to a great extent. In the present study, we showed
that Satureja khuzestanica Essence is able to
control antibiotic-resistant genes in prokaryotes22.

Inhibition significantly decreased MICs
for both antibiotic-susceptible and resistant
bacteria, and resulted in a decreased frequency of

mutant P. aeruginosa bacteria that were highly
resistant to fluoroquinolones. In accordance with
this study, our results also showed that inhibiting
the T2SS , T3SS by S. khuzistanica caused a
decreased level of MICs for resistant P. aeruginosa
bacteria. In the current study, RT- Technique was
applied because it is a rapid and highly applicable
technique for evaluating the expression profile of
the target gene(s) and provides qualitative or semi
quantitative information of mRNA levels. However,
further studies are required to quantify the
expression of the studied genes and identifying
similar medicinal herbs that can block secretory
system and thus extend the life of existing
antibacterial drugs could be beneficial. In summary,
our data suggest that medicinal plant extracts,
particularly of Satureja khuzestanica, may provide
suitable compounds for clinical utility as inhibitors
of secretory system for P. aeruginosa strain.
According to results of current research we hope
in future be used it to the clinic with a wider range
as a complementary therapy. Additional clinical
research and trials are necessary to completely
confirm the above results for medical purposes.
Thus it can be deduced the natural products have
antimicrobial power higher even than synthetic and
semi-synthetic antibiotics.

REFERENCES

1. Hauser A, Cobb E, Bodi M, Mariscal D, Valles
J, Engel J, Rello J: Impact of Pseudomonas
aeruginosa type III secretion on clinical

Line1 &2 are related to  xcpQ after and before treatment with S. khuzestanica consequently.Line3&4
related to house keeping gene gyrA before & after with S. khuzestanica consequently. Line5&6 are
related to  popB after and before treatment with S. khuzestanica consequently.

Fig. 1. Results of RT PCR for genes T2ss and T3ss



J PURE APPL MICROBIO, 9(1), MARCH 2015.

495BABAN et al.:  THE STUDY OF Satureja khuzestanica ESSENCE

outcomes in patients with ventilator-associated
pneumonia. Crit Care Med, 2002; 30: 521-528.

2. Lau GW, Hassett DJ, Britigan BE: Modulation
of lung epithelial functions by Pseudomonas
aeruginosa. Trends Microbiol 2005, 13:389-
397.

3. Filloux A, Hachani A, Bleves S: The bacterial
type VI secretion machine: yet another player
for protein transport across membranes.
Microbiology 2008, 154:1570-1583.

4. Ruer, S., Stender, S., Filloux, A., deBentzmann
,S., Assembly of fimbrial structures in
Pseudomonas aeruginosa: functionality and
specificity of  chaperone-usher machineries. J.
Bacteriol, 2007; 189, 3547–3555.

5. Gerard -Vincent, M., Robert, V., Ball, G., Bleves,
S., Michel, G.P., Lazdunski, A., Filloux ,A.,
Identification of XcpPdomains that confer
functionality and specificity to the
Pseudomonas aeruginosa type II secretion
apparatus. Mol.Microbiol, 2002; 44,1651–1665.

6. Michel , G.P., Durand, E., Filloux, A., XphA/
XqhA, a novel GspCD subunit for type II
secretion in Pseudomonas aeruginosa. J.
Bacteriol, 2007; 189, 3776–3783.

7. Mueller, C.A., Broz, P., Müller, S.A., Ringler,
P., Erne-Brand, F., Sorg, I.,   Kuhn, M., Engel,
A., Cornelis, G.  R., The V-antigen of  Yersinia
forms a distinct structure at the tip of injectisome
needles. Science, 2005; 310, 674–676.

8. Scully, C., M. Gorsky, and F. Lozada-Nur, The
diagnosis and management of recurrent aphthous
stomatitis: a consensus approach. J Am Dent
Assoc, 2003; 134(2): p. 200-7.

9. VanBaren, C., et al. Triterpenic acids and
flavonoids from Saturejaparvifolia. Evaluation
of their antiprotozoal activity. Z Naturforsch
C, 61(3-4): 2006; p. 189-92.

10. Tampieri, M.P., et al., The inhibition of Candida
albicans by selected essential oils and their major
components. Mycopathologia, 2005; 159(3): p.
339-45.

11. Deans, S.G. and S. K.P., Antibacterial activity
of summer savory (Sature jahortensis L)

essential oil and its constituents. J. Hortic. Sci.,
1989; 64: p. 205-210.

12. Dorman H.J.D and S.G. Deans, Antimicrobial
agents from plants:antibacterial activity of plant
volatile oils. J Appl. Microbiol., 2000; 88: p.
308-316.

13. Lambert R.J.W., et al., A study of the minimum
inhibitory concentration and mode of action of
oregano essential oil, thymol and carvacrol. J
Appl Microbiol, 2001; 91: p. 453-462.

14. Nikaido, H., Prevention of drug access to
bacterial targets: permeability barriers and active
efflux. Science, 1994; 264(5157): p. 382-8.

15. Ankli, A., et al., Yucatec Mayan medicinal plants:
evaluation based on indigenous uses. Journal of
Ethnopharmacology, 2002; 79(1): p. 43-52.

16. Amanlou M, et al., Efficacy of Satureja
khuzistanica extract and its essential oil
preparations in the management of recurrent
aphthous stomatitis. DARU, 2007; 15(4): p. 231-
235.

17. Zibaei, M., et al ., Scolicidal Effects of
Oleaeuropaea and Satureja khuzestanica
Extracts on Protoscolices of Hydatid Cysts.

18. B, S.-N., et al., Antifungal activity of
Saturejakhuzestanica (Jamzad) leaves extracts.
Jundishapur Journal of Microbiology, 2010;
3(1): p. 36-40.

19. Abbasi A, et al., The Study of Inhibitory Effects
of Satureja khuzestanica against MDR Isolates
of Pseudomonas aeruginosa. Int. J.Curr.
Microbiol. App. Sci, 2014; 3(2): p. 614-618.

20. Amiri M, et al., Study of antibacterial effects of
Satureja essence against some common
nosocomial pathogenic bacteria. Int.J.Curr.
Microbiol.App.Sci, 2013; 2(7): p. 249-254  .

21. J.M. Kim, MR. Marshall, J.A. Cornell, J.F.
Preston III and C.I. Wei., Journal of Food Science
2006.

22. Eunkyung Kim, Youngshim Choi, Jihee Jang,
and Taesun Park., Journal of Evidence-Based
Complementary and Alternative Medicine, 2013;
290104.


