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1. Introduction
1.1 General

Pseudomonas genus contains more than 200 species, the majofityvhich are
saprophytes living in the soil and water. They @mam-negative; they produce no spores
being rod-shaped with a polar flagellum. They haweeal capsule. They reproduce easily on

agar plate. They are non-fermenter, traditionablierbacteria.

Among the numerouBseudomonas speciesP. aerugniosa is the most studied and the
most significant one in medical point of view. # @& bacterium that is able to survive and
replicate at a wide range of temperatures. In goeatntities it is capable of producing
exopolysaccharide, which helps adhesion and hangpetsction against bacteria in the host
to a great extent. It is a common nosocomial pahp@ other terms, it is a bacterium that
causes infections in hospitals. Colonies smell $vike linden-trees; their colour is either
greenish due to water-soluble pyoverdin or bluigh tb pyocyanin or perhaps reddish due to
the production of pyorubin pigments. On blood ggate they characteristically cause serious
beta-hemolysisP. aerugniosa causes disorders mainly in immunologically damggggitents.
Certain virulence factors enhance the invasivatghiihile others have a real toxic effect, and
there are some that reduce the effectiveness optbeective mechanism of the infected

personP. aeruginosa has several pili, which intensify the adhesivdigbof the bacterium.

Among the virulence factors &f. aeruginosa, toxin A is significant having the same
mechanism of action as diphtheria toxin besidesclvl@éxoenzyme S, various proteases,
elastases, hemolysins and phospholipase C plalg anrpathomechanism. Due to its Gram-
negative nature it possesses endotoxin which éaseld in large quantities, and develops its

biological effect when SIRS occurs.

Medical intervention againf. aeruginosa is hindered by the high degree of resistance
to antibiotics. It is mainly due to the low permai&p of the outer membrane, to the
production off-lactamase and to the efflux pump mechanism, thrauvgch the bacterium is

able to pump the drugs already passed its memboahe external world.



1.2 The Gram-negative cell wall

The bacterial cell wall serves the purpose of tleelmanical protection of the cell, of
maintaining its shape against the internal osmeptiessure, of keeping away harmful
substances, of supporting intake of food and secrefnd in general, of maintaining contact
with the environment. One of the main componenthefcell wall is peptidoglycan, which is
a chain made up of N-acetylglucosamine and N-atetrdmic acid and the bond evolving
between tetrapeptides attached to the muramicfaods a 3-dimensional mesh-like layer.
The density of cross-linkages determines the stheafjthe structure, which is substantially
thicker in Gram-positive bacteria than in Gram-riegabacteria, and generally it counter-
balances the bigger internal osmotic pressure. d@secof Gram-negative cells the
periplasmatic space is found moving outwards ofciteplasmic membrane that contains far
fewer layers of peptidoglycan than in Gram-positbazteria. The periplasm is essential for
Gram-negative bacteria since dissolved proteinsyraes degrading antibiotics, transferring
molecules and many other proteins and enzymes eimgathe resistance capability of the

bacterium can be found here.

The outer membrane forms the outermost layer ef dbll wall of Gram-negative
bacteria that is constructed of several componefitsis a lipid bilayer; endotoxic
lipopolysaccharides (LPS) and in case of certaiotds&, lipooligosaccharides (LOS) are
embedded into the outer surface. The inmost comypqrenetrating into the outer membrane
of these molecules is Lipid A, which is a toxic qmunent of the endotoxin molecule. It is a
specific phospholipid that is highly similar in easf nearly all Gram-negative bacteria.
Moving outwards from inwards the next componenadipopolysaccharide molecule is the
core that comprises of a separable outer and orer Both are highly conserved consisting
of sugar molecules. The next endotoxin compondatia¢d to the core is the O-side chain.
This provides the major outermost antigen of Gragative bacteria, the O-antigen. It is
constructed of sugar molecules whose types, gyaatid attaching sequence are greatly
varied; therefore, it forms a number of differeeragroups. The diversity of the LPS of

pathogens significantly makes the self-defencéethiost more difficult in case of infections.

There are numerous porin proteins in the outembmane which form a “channel”

through the membrane enabling the transportatiGub$tances to and from the bacterial cell.



In addition to the channel proteins, the outer memé contains a number of other proteins

which are collectively referred to as outer membrproteins (OMP).

2. Aims of Thesis

1. Our aim is to explore the changes occurring inpifteeins and endotoxin of the
bacterium resulting from the changes of temperature

2. Our aim is to study the effect of temperature oe thvasive capability ofP.
aeruginosa into eukaryoticP. aeruginosa.

3. Our aim is to study the effect of clove and cinnanmessential oils on the outer
membrane proteins @&. aeruginosa. The aim is to explore the structural changes of

the bacterium as well as to identify the effecteenponents of the essential oil.

3. Materials and methods

3.1. Bacteria

The bacterium strains used for the experiments Wseadomonas aeruginosa PAO1 and
Pseudomonas aeruginosa ATCC 27853 strains. The referred strains come fiimencollection
of the Department of Medical Microbiology and Imnology, Faculty of Medicine,
University of Pécs.

3.2. Extraction of the outer membrane protein

The P. aeruginosa PAO1 strain was inoculated into 500 ml Mueller-téim broth and then
was put into a shaking incubator for a night. Iretidn took place at three different
temperatures: 25, 37 and 42°C degrees, respectidgyt day the bacterium culture was
centrifuged (4000 g, 60 minutes, 4°C degrees), theth the sediment was suspended in
physiological saline solution. The suspension vagrduged again with the above mentioned
parameters, and this step was repeated once mdyse@uently the samples were taken in 15
ml sonication buffer, and then they were exposesotacation, and centrifuged (6000 g, 15
minutes, 4°C degrees); following that, the supemmatwas discarded for further
ultracentrifugation (100.000 g, 60 minutes, 4°C rdeg). Thereafter, the sediment was
suspended in 5 ml 0,5 ¥M-laurylsarcosin solution, incubated at room terapee for 20



minutes, and then ultra-centrifuged again. The rontembrane proteins were located in the

sediment.

3.3. Endotoxin purification

Bacteria were inoculated into 8 litre Mueller-Hintdroth and then were put into a
shaking incubator for a night (200 rpm). The cudturas centrifuged at 3000 g for 40 minutes
at 4°C. The supernatant was discarded and theseitienent was washed in physiological
saline twice. 150 ml distilled water was addedfte bacteria, and then it was mixed. The
sample was placed in an ultrasonic cleaner forrfutes. Following that, 150 ml 90% phenol
was added to the suspension, and the sample weedpla a 56°C degrees water bath. With
the discontinuance of the phenol-water phase ragiraf the sample became feasible. The
sample was stirred at the above designated tenuperfr 10 minutes, and having cooled it
to 4°C degrees it was centrifuged (3000 g, 40 neisu°C degrees). The water phase was
separated from the phenol phase, and then agaimlL8&tilled water was added, and stirred
at 56°C degrees. The sample was again centrifugibdtie above parameters, and the water
phase was collected to the above then was dialysadlialysis sack for 6 day$he sample
was condensed to a small volume, and was ultraiftegegd (4 hours, 100.000 g, 4°C
degrees), the sediment was suspended in distilidryvand then centrifugation was repeated

for three more times. The final sediment contaithedendotoxin which was freeze-dried.

3.4. Lipid A preparation

5 ml 1% acetic acid was added to 5 mg of the lylig#d endotoxin sample, and incubated at
100°C degrees in a water bath for 1 hour, and thersample was centrifuged (8000 g, 20
minutes, 4°C degrees). Following the centrifugatio® sediment in the tube contained lipid

A. In order to discard the acetic acid the sams lyophilised.

3.5. Polyacrylamide gel electrophoresis

4% stacking and 14% separating polyacrylamide ged wsedand it was run on 120-V
voltage for 60 minutes. Having separated the pmagamples the gel sheets were incubated in
Coomassie Brilliant Blue dye solution for 14 houfsllowing the incubation, the dye not
bound to the protein was removed with a differ@mtgasolution, and then it was analysed

with the help of GE ImageScanner and MagicScan.
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3.6.Determination of protein concentration

In order to determine the protein concentratiothef samples Bio-Rad DC Protein Assay Kit
was used according to the instructions of the ibistor. Using a Fluostar Optima (BMG
Labtech GMBH, Ortenberg, Germany) tool the con@in measuring was conducted on
675 nm.

3.7. Two-dimensional gel electrophoresis

The outer membrane protein samples extracted fh@rbacteria were dissolved in buffer A.

To carry out the experiment 7-cm linear, 3-10 pEdignt gel strips were used. 80 pg protein
was applied onto the gel strips, and then rehydrakéer that, 800 pl mineral oil was added

with pipettes. The samples made up this way wecehated at room temperature for 16
hours, and then isoelectric focusing followed.

Running of the T dimension (isoelectric focusing) was done in §esa

1, 250 V, linear, for 2 hours
2,500 V, linear, for 2 hours
3, 4000 V, rapid, up to 10000 VH

The gels were drained off and kept in a rehydratiogipartment at minus 80°C
degrees for a night, and the next day they werdileigued. Following the equilibration the
strips were placed on the already prepared 12%apofiamide geland after the standard
application of the protein the second dimension esscuted with 120 V voltage, whose

course is in accordance with the details describd¢lde PAGE method.

3.8. Extraction of protein from gel

The extraction of protein from gel was carried with the Shevchenko method.

3.9. MALDI-TOF mass spectrometry

Mass spectrometry measures were performed withuaoflax 11 MALDI-TOF/MS tool
(Bruker Daltonics, Bremen, Germany).



To identify the protein the MASCOT algorithm wagphed (ttp://www.matrixscience.com

and the database search in the Swiss-Prot datébasss Institute of Bioinformatics, Geneva,
Switzerland) was performed with the following paetars:

- carbamide-methyl (methylurea) cysteine as comsiamation,

- methionine oxidation as varying modification,

- mass accuracy in case of MS measure within 3 Da,

- in case of MS-MS within 0.8 Da,

- number of the missing splicing site of the enzythe
3.10. Lab-on-a-chip technique

To carry out the examinations the Agilent 2100 Belgzer was used (Agilent Technologies,
Palo Alto, CA, USA). Measurements and analyses weréormed with the High Sensitive

Protein 250 programme and its Kkit.
3.11. Cell invasion assays

Cell invasion assays were carried out on the oedl A549. The assay was done as described
in Steele-Mortimer. Infectious plate count was.10

3.12. Microscopy analysis of cells

Cell staining was completed based on Mileykovskay®uring the microscopy analysis

Olympus I1X 81 microscope and Hamamatsu Orca camasaused.
3.13.Gas chromatographic analysis

The composition of essential oils was determinedgua gas chromatograph (Agilent 6890N
GC, 5973N)attached to the mass spectrometer. Separation essriped on capillary
column HP-5MS. Identification of the components wasnpleted based on NIST spectral
library and on scientific literature data. In orderidentify the percentage of the components
Fisons GC 8000A gas chromatograph equipped witmedlaonization detector (FID) was
employed. The identification of the componentsha essential oils was carried out on the
basis of retention time and by adding interim séaddwhereas the determination of the
percentage of the components was done with areaatiaation method.



3.14. Tube dilution method to determine the minimalbactericidal concentration of

essential oils

Preparation of 5% essential emulsion: 100 pl egdeotl + 40 pl 10 % polysorbate 80
(aqueous solution) + 1860 ul Mueller-Hinton liquisoth. This was homogenised with
vortex. Then the preparation of the dilution linasacompleted in half-log dilution between 5
and 0,02 % v/v concentrations. Control tubes: aontaining only broth, b — bacterium
suspension, which did not include essential oil lsmono, ¢ — broth containing 0,2 %
polysorbate 80 and bacterium suspension. 10 pul Q@ 1,00 bacterium suspension was
added to each tube. The next step was incubati@Y &C degrees for 24 hours, and then
inoculation followed 10 — 10 pl per tube on Muelinton broth for evaluation. Then
incubation followed at 37 °C degrees for 24 hoarg] the final step was to read the findings

by counting the colony-forming units.

4. Results

4.1. The effect of temperature on bacterial flagath and on outer membrane proteins
4.1.1. Results of the two-dimensional electrophoriss

The P. aeruginosa (PAOL1) cultures were incubated at 3 different terapures (2%,
37°C, 42°C). Proteins were isolated from the cultures, anel shmples were separated by
using 2-dimensional gel electrophoresis. Followthg digestion from gels the following
proteins were identified: in case of the°@slegree sample with the help of MALDI-TOF
mass spectrometer: flagellin, OprF, porin. In cakthe 37°C-degree sample: Opr86, OstA,
OprD, two different kinds of flagellin, OprF, porihypothetical protein PA2318, lipid A 3-O-
deacylase, whereas in case of the’@2legree sample: Opr86, OstA, OprD, three kinds of
flagellin, OprF, porin, hypothetical protein PA231pid A 3-O-deacylase. Out of the three
samples the proteins of the bacterium culturedb&i @egrees showed the least intensity and
the poorest composition. In the two higher tempeeapoints the proteins isolated from the
cultured bacteria were highly similar. In case bftlree samples the porin proteins were
present with various kinds among the outer membpaoteins as it could be expected. The
Opr86 could not be detected from the 25 °C-degrdtire of the strain. Therefore, it was
concluded that lower temperatures have an effecthenouter membrane build-up and by
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doing so it influence the permeability of the meart®. The other channel proteins such as
the OprD or the OprF play a significant role iniseEnce against antibiotics. The OprD
protein was only detected in the bacterium samplétsired at 37 and 42°C degrees while the
OprF was found in the bacteria cultured at all ehdéferent temperatures; however, it was
the most intensive following the incubation at 25f€yrees. The absence of the OstA protein
plays a role in the resistance against organicestdsprimarily when using disinfectants at
hospitals. This protein in the gel pictures coufdydbe found among the outer membrane
proteins expressed during the incubation at 37423@ degrees; therefore, it can be assumed
that P. aeruginosa (PAO1) incubated at 25°C degrees is more sgaditi organic solvents
compared to the other two incubation circumstandés flagellin protein could be found
among the detected proteins in various compositgsintensities; this protein plays a role

in the build-up of bacterial flagellum.

4.2. Analysis of endotoxin samples
4.2.1. Results of the microchip method

The LPS sample isolated after the°@7incubation resulted in significantly more
intensive peaks than the LPS samples producedeabtter two temperatures. The three
samples showed almost the same peak numbers upheo 3%' second of the
experiment/measuring although the difference ieneity among the peaks is remarkable.
However, 35 seconds later the signs of th&C33ample levelled out while those of the @b
and more importantly, those of the°@started to intensify. Better separation of thakge
was visible in case of the samples incubated dtenitemperatures. These results indicate a
significant number of sugar O-side chains in thghbr mass range. The difference in the
composition of the sugar O-side chain can influetivte response of the organism to

infections.

4.2.2. Results of using the ESI-IT-MS method (lipidh)

The lipid A pattern of thé. aeruginosa (PAO1) endotoxin was exposed with the help
of mass spectrometer used in ESI-IT-MS negativenmue. The penta- and hexa-acylated

components not only showed quantitative, but alsditative differences in the lipid A of the
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bacteria cultured at different temperatures. Thepegrtion of hexa-acylated lipid A
components is significantly higher under highergenature circumstances than in case of the
two other temperatures. Comparing the intensitpesfta-acylated components in relation to
one another within one sample it is visible thaist conditions have changed in the three
samplesRelying upon these findings it can be ascertaihatithe culturing temperature have
influenced the lipid A pattern &. aeruginosa (PAO1). The lipopolysaccharide component of
Gram-negative bacteria plays an essential rol@enr¢lationship between the bacterium and
the host cell. The lipid A component defines itgltophobic nature, and the sugar chains
responsible for the hydrophilic character can iefice this relationship. The changes
occurring in these parts have a role in the hydobpiity of the bacterium; consequently, in

its adhesive capability.

4.3. Analysis of the effect of the incubation tempature on the cell invasion capability of
P. aeruginosa (PAO1)

P. aeruginosa (PAOL1) is a bacterium that is able to penetrate human eukarye
cells. The invasion capability of the bacteria sasdied after having cultured them at three
different temperatures - 25°C, 37°C and 42°C in¢ék culture system A549. The results
suggest that the invasive capability Réeudomonas aeruginosa (PAO1) changes under the
effect of the cultivation temperature. Comparedhi® samples cultured at 37 °C the samples
at 25 °C were only able to penetrate into the dell$ess than fifty percenwhereas the
invasion results of the bacteria cultured at 42é@rhed 4 % of those incubated at the ideal
37 °C temperature. There are several reasons ircttange. One of them could be the
expression of the pili and proteins on the celfaxe necessary for bacteria to adhere on the
cells. The other reason could be the mucus excrexé@cellularly, and the formation of
biofilm in case ofPseudomonas strains. The bacterium colonies incubated at tdiferent
temperatures that were used for the analysis shaWences visible to the naked eye in

their colours and morphology.
4.3.1. Microscopic examination of bacterial cell imasion
In order to prove the cell invasion causedPyeruginosa (PAO1L) the cells exposed to

invasion were examined with a microscope. To mhaekltacteria specifically Nonyl Acridine
Orange fluorescent dye was used, which specifigglg attached to the cardiolipin found in



the bacterium membrane. The findings of the miaypgcexamination show the bacteria at

areas equal that of the eukaryote cells.

4.4 The results of the experiments carried out witlessential oils

Experiments were carried out dh aeruginosa PAO1 andP. aeruginosa ATCC 27853
strains. The effect on the vitality of the bacteritand the changes occurring in the
composition of its proteins were analysed. The ehosamples were clove and cinnamon

essential oils.

4.4.1. In case of the PAO1 strainthere were several differences visible in the oute
membrane proteins of the bacterium following thetoa and the treatment with cinnamon
essential oil. The treatment with 0.5-MBC essemiathanged the composition of the protein
to less extent than the one with the 2-MBC dos&dwer, the quantitative differences could
be well seen with the former sample although tloggim pattern and the number of the signs
are almost the same as that of the control sanigdsed on the chip measurement the
treatment with 0.5-MBC contraction cinnamon esséril showed an enhanced intensity of
proteins between 40 and 60 kDa compared to theralosample; furthermore, it also
indicated the absence of the 80.8-kDa protein pteisethe control sample. The treatment
with the higher concentration cinnamon essentibclbanged the composition of the outer
membrane proteins to a greater extent based ochipeneasurement. Having compared the
two measurement findings, the most spectaculagrdifice is the absence of components. The
42.7-kDa protein cannot be detected in the treséedple, and the same applies for the 80.8-
kDa protein of the control sample. Under the effeficthe cinnamon essential oil treatment a
significant deficiency was detected in the greatexrss range as compared to the control
sample. Two proteins giving a stronger sign and divers giving a weaker sign disappeared
completely in the range over 140 kDa due to therdsd oil treatment. The findings of the
microchip method were in agreement with the resafithe PAGE method. A clearly visible
streak was present in the control sample in thatgremass range, which could only be
detected following the treatment with 0.5-MBC cimmn essential oil although with less
intensity. The control sample contained two visitieaks in the greater mass range while the
treated sample contained only one. In addition, dfineak visible in approximately 35-kDa
range showed stronger intensity in case of eaeletlesample than in the control sample. Due

to the 2-MBC treatments its intensity exceededntensity growth induced by the 0.5 MBC.
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The appearance of a firm streak could be obseruedtly over the streak indicating the
smallest mass range. Contrary to the former prpthim intensity of this protein decreased
under the effect of the 2-MBC treatments compacethé treatment with 0.5 MBC, which

shows almost the same appearance as that of th@lcesimple. The streak visible in ca. 25-

kDa range shows conformity with this pattern.

4.4.2. The essential oil treatment also changed tl®mposition of the outer membrane
proteins of the P. aeruginosa 27853 strain.57-kDa protein appeared in the samples only
after the 0.5-MBC cinnamon essential oil treatmddévertheless, the 71-kDa protein
disappeared from the samples due to the treatmBmesmost significant difference occurring
under the effect of the 2-MBC clove essential mhtment was the 38.6-kDa protein with
increased intensity. The streak indicating a proteith smaller mass in the 40-kDa range
exceeds the intensity of the control sample in cdsach treated sample; however, it is more
intensive after the cinnamon essential oil treatsieA streak indicating a protein with a
bigger molecular mass also appeared in the rangehwvas only detected due to the 0.5-
MBC cinnamon essential oil treatment. In the biggerecular mass range there were two
streaks visible in case of the control sample; h@nethe streak indicating the protein with
smaller molecular mass out of the two could notbtected in any of the treated samples.
Outside the marked ranges the gel picture showsttoag protein streak in the ca. 15-kDa
molecular mass range in case of all samples. Thealsshowed almost the same intensity in
the control samples and in those treated with ecmoraessential oil whereas it showed a less

intensive appearance in case of samples incubatkahve essential oll.

3 streaks were cut out of the gels and identifigith whe help of MALDI-TOF. The results
showed the flagellin content of the d1 streaks whith sequence coverage of 21.7 % while the
dihydrolipoamide dehydrogenase enzyme was idedtifiethe 3d2 streak with the sequence

coverage of 10.7 %.
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5. Conclusions, new findings
The following have been proved:

1. The culture temperature influences the pattern emensity of the biochemical

processes dP. aeruginosa.

1.1 With the help of 2-dimensional electrophoresisofieing the outer membrane protein
isolation, a great number of proteins were idesdifiwhich show a diversified picture
under the effect of the three cultivation tempenedu These changes affected such
porin and flagellin proteins that may influence thtality and the virulence of the

bacterium as well as its resistance to antibiotics.

1.2.1t was also demonstrated that the change in terapermay affect the structure of the
endotoxin, which may influence the reactions triggein the host organism since the
composition of the sugar O-side chains can infleethe organism’s response to the
pathogen. The composition of the lipid A layer nmagdify the penetration of certain
substances, even that of antibiotics into the bactecell. It can be concluded that
the culture conditions influence the structurd?oberuginosa and as a consequence,

its activity and pathogenicity as well.

1.3.Having carried out the invasion experiments tenpeeadependent changes were

observed, which could be in relation with the cheirgprotein composition.

2. Essential oils influence the protein composition tfe outer membrane of
Pseudomonas aeruginosa. We have found such prtteinsppeared as a result of the
treatments and some that disappeared. It was grtivat essential oils in the
appropriate concentration not only hinder the ghowt bacteria but are able to Kkill

them as well.
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