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Abstract: The objective of this study was to test four-dimensional LC-ESI-MS/
/MS chromatography in analysis of complex mixture such as ethanol extracts
of different propolis samples. In total more than 1200 picks were identified and
only for 185 literature conformation was found. The given data represent the
result of tentative identification, and summarized results are given in the text.
Comparing the samples, from different altitudes, 96 components were detected
as characteristic in high altitude samples and 18 in samples collected at low
altitudes. Antimicrobial activity of ethanol extracts of propolis (EEP) and pro-
pylene glycol extracts of propolis (PGEP) were carried out on S. aureus, B.
cereus, M. flavus, L. monocytogenes, P. aeruginosa, S. typhimurium, E. coli
and E. cloacae bacterial strains and compared with broad-spectrum antibiotics,
streptomycin and ampicillin. Anti-quorum sensing activity was performed on
P. aeruginosa by testing the effect of representative propolis extracts on bio-
film formation, twitching and motility activity and production of pyocyanin.
We demonstrated that the majority of explored propolis extracts have greater or
equal minimal inhibitory concentration and minimum bactericidal concentra-
tion values compared to antibiotics, independently of the solvent used for the
extraction. The samples collected from the highest altitude emerged as least
active antimicrobial agents but with the greatest potential as anti-quorum sen-
sing agents.

Keywords: tandem mass spectrometry; parallel accumulation serial fragmentation
ion mobility mass spectrometer; poplar propolis; quorum sensing; P. aeruginosa.
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INTRODUCTION

Propolis is a mixture of a plenty health beneficial components which mani-
fest antibiotic, antipyretic, antiviral, efc. activities. It’s a mixture of plant resins
with bee’s wax. These properties have been known for centuries and are still of
interest for scientific researchers all over the world.! There are a lot of different
types of propolis, typically classified on the basis of geographical origin which is
closely related to the present flora. The poplar propolis is the most represented in
Europe. Its chemical composition is not unique and depends on the altitude were
bees are kept. At altitudes above 500 m the main constituents of propolis resin
are phenolic acids and their acetyl glyceryl esters. At lower altitudes (below 400
m) flavonoids and their derivatives are present.2

The 70 % ethanol (EEP) and propylene glycol (PGEP) extracts of propolis
are most commonly used as auxiliary medicinal products on the prevention of
diseases of the respiratory tract, such as influenza and colds, as well as strength-
ening the immune system.3-# It has been reported that EEP shows strong antibac-
terial activities against gram positive, and gram negative bacteria such as Bacillus
subtilis, Escherichia coli, Rhodobacter sphaeroides,® Helicobacter pylori,©
Streptococcus aureus,’ Lactobacillus plantarum and Pseudomonas spp.8 For this
reason, propolis extracts were in high demand during the CoV 19 pandemic, due
to the presence of quercetin, a potent antiviral agent.” The development of
methods for the analysis of complex mixtures, such as propolis extracts, has
always been a great challenge. According to the literature data, propolis contains
over 300 different organic compounds in a wide range of concentrations and
polarities, from waxes to sugars and from mg/g to pg/g.10 In the case of complex
mixtures, two or more different techniques are combined in order to obtain a
complete picture of the chemical composition of the analyzed sample. HPLC and
HPLC-MS chromatographic techniques, as well as GC and GC-MS, HPTLC,
NMR, etc., were used as the most common techniques in the analysis of ethanol
extracts of propolis.!1=15 However, HPLC-MS has been shown to be the most
suitable for the analysis of polar and medium polar compounds which are res-
ponsible for the vast majority of the therapeutic effects of propolis.!® Over time,
mass spectrometry has advanced considerably and there are a huge number of ion
sources variations, analyzers and detectors that can be used.

For complete screening of complex samples, such as proplis, mass spectro-
meters with an ESI ion source and hybrid analyzers (Q TOF or Orbitrap) are
usually used!® as they can measure the precise mass and perform fragmentation
of the analyzed molecule, also allow reduction of the chromatographic time and
increase the resolution. In this way we can get information about each compo-
nent: retention time, precise mass and isotopic distributions on the basis of which
the molecular formula is obtained, with the pattern of molecule fragmentation.
Comparison of these data with spectral libraries and/or with standards of pure

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



TIMS-TOF PASEF AND ANTIBACTERIAL POTENTIAL OF PROPOLIS 1 207

compounds enables identification of a large number of constituents. Because of
the huge difference in polarity and concentration of individual components, it is
impossible to identify them using single analysis. It is necessary to make modi-
fications, in the sample preparation procedure, with the aim of eliminating the
main components, since their high abundance are making analysis of the trace
components very difficult. It is necessary to concentrate the sample and/or inject
larger volumes which is impossible if the main components are not somehow
removed from the sample. In 2016 Bruker has introduced a new generation of
mass spectrometers with an ion mobility analyzer of a unique design located
behind the ion source and in front of the quadrupoles and time-of-flight (TOF).
Trapped ion mobility spectrometry or TIMS instrument introduces a fourth dim-
ension in the analysis of complex mixtures. The separation of molecules based on
their ion mobility adds additional information during the molecules identification
process. By installing additional segment of analyzing sections to their TIMS cell
design enabled development of parallel accumulation serial fragmentation
(PASEF®) acquisition method.17:18

Herein, for the first time, we present the results obtained using timsTOF
spectrometer, with PASEF technology, for analysis of propolis ethanol extracts.
Furthermore, we have compered antimicrobial properties of two type of poplar
propolis samples (their ethanol and propylene glycol extracts) on selected Gram
positive and Gran-negative bacteria.

EXPERIMENTAL

Ethanol (Meilab, Serbia) and propylene glycol (Meilab, Serbia) extracts of poplar pro-
polis samples collected from different altitude in Serbia (Table I) were prepared using 5 mL of
solvents and 0.5 g of sample.

The samples were kept in the dark for 72 h at room temperature (25 °C) and filtered
through filter paper. The resin content calculation was based on wax residues after extraction
with 70 % ethanol. Propolis ethanol extracts profiling has been done on Bruker Elute LC
system with Bruker Intensity Solo 1.8 C18-2, 2.1 mmx>100 mm. Elution system was H,0 with
0.1 % formic acid (A) and MeCN with 0.1 % formic acid (B). The flow rate was 0.4 mL/min,
and gradient program: 0—1 min, 0-2 % B; 1-10 min, 2-100 % B; 10-12 min, 100 % B. MS
spectra were measured on timsTOF Pro MS system with ESI positive and negative ionization
mode, scan mode with auto MS/MS and PASEF in range of 20-2000 m/z, and internal calib-
ration. For data processing and interpretation Bruker MetaboScope 4.0 software with T-ReX
4D (time aligned region complete extraction) algorithm was used.

Antibacterial activity

The Gram-positive bacteria Staphylococcus aureus (ATCC 6538), Bacillus cereus (clin-
ical isolate), Micrococcus flavus (ATCC 10240) and Listeria monocytogenes (NCTC 7973),
and the Gram-negative bacteria Pseudomonas aeruginosa (ATCC 27853), Salmonella typhi-
murium (ATCC 13311), Escherichia coli (ATCC 35210) and Enterobacter cloacae (human
isolate), were used. The antibacterial assay was carried out by a microdilution method.!® The
bacterial suspensions were adjusted with sterile saline to a concentration of 105 CFU/mL.
Compounds were dissolved in 70 % EtOH and PG solution (100 mg/mL) and immediately
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added in Tryptic Soy broth (TSB) medium (100 pL) with bacterial inoculum (10* CFU per
well). The lowest concentrations without visible growth (at the binocular microscope) were
defined as concentrations that completely inhibited bacterial growth (MIC). The MIC obtained
from the susceptibility testing of various bacteria to tested extracts were determined also by a
colorimetric microbial viability assay based on reduction of INT (p-iodonitrotetrazolium
violet; 2-(4-iodophenyl)-3-(4-nitrphenyl)-5-phenyltetrazolium chloride, Sigma) color and
compared with positive control for each bacterial strains. The MBC were determined by serial
sub-cultivation of 2 pL into microtitre plates containing 100 pL of broth per well and further
incubation for 24 h. The lowest concentration with no visible growth was defined as the MBC,
indicating 99.5 % killing of the original inoculum. The optical density of each well was mea-
sured at a wavelength of 655 nm by microplate manager 4.0 (Bio-Rad Laboratories) and
compared with a blank (broth medium plus diluted extracts) and the positive control. Strepto-
mycin (Sigma P 7794) and ampicillin (Panfarma, Belgrade, Serbia) were used as positive
controls (1 mg/mL in sterile physiological saline). Five percent 70 % EtOh and PG were used
as a negative control.

TABLE 1. Samples location, altitude and resin content calculated on wax residues after
extraction with 70 % ethanol. Samples from high altitude are bolded

Sample Sampling place Altitude, m Resins content, %
1 Varvarin 150 42.50
2 Luke, Ivanjica 550 38.05
3 Irig 200 57.46
4 Vukanja, KrusSevac 500 44.70
5 Vranje 300 33.92
6 Novi Sad 150 66.01
7 Petrovac na Mlavi 300 42.78
8 RuSanj V 200 67.76
9 V. Siljegovac, Krusevac 200 62.73
10 Belegis, Stara Pazova 200 51.26
11 Kovin 100 38.60
12 Banatski Karlovac I 150 57.57
13 Banatski Karlovac II 200 75.76
14 Deliblatska pescara 200 47.28
15 Prijepolje I 450 61.51
16 Prijepolje 11 900 59.06
RESULTS AND DISCUSSION

LC-MS/MS analysis

The chemical composition of six representative samples, three from low
altitude (6, 9 and 12) and three from high altitude (4, 15 and 16), were analyzed
using Brukers tims TOF Pro with PASEF LC-MS/MS system on MetaboScope
4.0 platform for the first time. T-ReX 4D algorithm allowed us to combine ions
belonging to the same compound into one feature, i.e., isotopes, charge states,
adducts or fragments. This non-linear retention time alignment ensure data con-
sistency when chromatographic shifts between LC—MS runs occurre. Also, soft-
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ware facilitates confident compound identification based on accurate mass, iso-
tope pattern match, collisional cross sections (CCS) and convenient MS/MS data
handling. MetaboScape 4.0 automatically identifies a known compound and
characterizes an unknown in details. A fully integrated online data base query in
combination with in silico fragmentation?! for structure assignment and fully
automated MS/MS spectral library queries (e.g., Bruker HMDB Metabolite Lib-
rary and Bruker MetaboBASE® Personal Library) from generated data. Through
the use of data-dependent acquisition (DDA)20 the mass spectrometer constantly
cycles through a full scan acquisition (survey scan) and N MS/MS scans to
ensure a sufficient number of sampling points across a chromatographic peak.
This allows high quality MS/MS spectra regardless to the analyte concentration.
In Table II the results of LC-MS/MS analysis were summarized in different
classes of compounds (for more data see Supplementary material to this paper). It
was obvious that the applied LC-MS/MS system detected an incomparably
higher number of signals than previously reported in the literature. More than
1200 picks were fully characterized, and tentative identification was performed.
The results were compared with literature data to determine if compounds had
been previously detected in propolis. Literature data were found for 185 com-
pounds (see Supplementary material) and most of them are: flavonoids, chal-
cones, phenols, phenolic acids and derivatives as well as terpenes, benzene deri-
vatives, coumarine, saccharides, carboxylic acid, fatty alcohols, aldehyde, acids
and their derivatives. Above 1000 detected signals have been reported for the
first time as components of EEP. Only 96 components were detected in samples
collected from high altitude, while only18 components were detected in samples
collected from low altitude.

Results of antimicrobial tests

Uncontrolled and frequent use of antibiotics led to the emergence of resistant
strains of bacteria, especially in hospital settings such as methicillin-resistant S.
aureus (MRSA), E. coli and P. aeruginosa.?? Great efforts have been made to
solve this problem, by developing new antibiotics and/or testing known natural
products. It seems that good candidates are different types of propolis and its
extracts. A number of studies showed high efficiency of Brazilian propolis against
staphylococci and other pathogenic microorganisms for humans and animals. The
Regueira group reported high activity of Brazilian red propolis against S. aureus,
E. coli and P. aeruginosa.?3 The Wojtyczka and coworkers published the results on
the effect of ethanoic extract of Polish propolis (EEPP) against methicillin-
sensitive S. aureus (MSSA) and methicillin-resistant S. aureus (MRSA) clinical
isolates.2* However, the authors used the propolis from only one location-Kami-
anna (South Poland). The same group of authors also proved the data of high
activity of Polish propolis against biofilm forming S. epidermidis strains,?> and
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TABLE II. LC-MS/MS tentative identification of different classes of compounds in propolis
samples

Total number of compounds

C ds cl
OMPOUNCS c1asses Detected Previously reported

Flavonoids and chalcones 182 53
Fatty alcohols, aldehydes, acids and their derivatives 158 11
Phenols, phenolic acids and derivatives 111 50
Carboxylic acids 108 9
Terpenes 88 25
Esters 55

Benzene derivatives 54 16
Vitamins B and D and their derivatives 31

Carboxamide 17

Pyran and furan derivatives 16 2

Alkene and polyene 15

Coumarine 15 9
Amines 14 1

Prostaglandins 14

Carbohydrates 9 9

Lactones 8

what is from a clinical point of view, probably the most beneficial aspect of pro-
polis. The biofilm form of staphylococci has slightly lower susceptibility then
planktonic cells with much lower differences compared to other antimicrobial
agents, e.g., antibiotics.

In this study, sixteen propolis samples, from different regions of Serbia, were
collected and ethanol and propylene glycol extracts prepared. The antibacterial
activity of all extracts was verified using four G+ bacterial strains S. aureus, B.
cereus, M. flavus and L. monocytogenes, and four G— bacterial strains P. aeru-
ginosa, S. typhimurium, E. coli and E. cloacae. The minimum inhibitory (MIC)
and minimum bactericidal concentration (MBC) were determined and compared
with two controls, broad-spectrum antibiotics streptomycin (protein synthesis inhi-
bitor) and ampicillin (f-lactam antibiotic). The results of MIC and MIB are given in
Tables III-VI. All tested bacterial stream had lower MIC and MIB values for
streptomycin than ampicillin. Therefore, MIC and MIB values of tested extracts,
lower or equal to streptomycin, were considered more active than the control.
Values higher or equal to ampicillin, were considered less active than control.
Values between these two limit values can be considered equivalent to activity of
antibiotics. MIC and MBC for tested EEP and PGEP were different depending on
the sample and bacterial culture (Tables III and V). For E. cloacae and S. typhi-
murium EEP and PGEP have greater or equal activity in comparison to control
antibiotics except for sample 16. PGEP have greater or equal activity for S. aureus
while EEP have greater or equal activity for B. cereus. Both extracts showed the

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



1211

TIMS-TOF PASEF AND ANTIBACTERIAL POTENTIAL OF PROPOLIS

equal or lower activity compared to the controls for L. monocytogenes and M.
flavus. Both extracts have shown almost the same activity for E. cloacae as the
antibiotics. Other bacterial cultures (P. aeruginosa and E. coli) are equally, less or
more sensitive to propolis extracts as the antibiotics, depending on the tested
sample and used extracts. If we compare different samples and the altitude of col-
lections, there is lower sensitivity of the tested bacterial cultures to propolis
samples collected at higher altitudes than at lower ones (Tables III and IV).

TABLE III. Antibacterial activity of EEP (MIC in mg/mL). S.a. — Staphylococcus aureus; B.c.
— Bacillus cereus; M.f. — Micrococcus flavus; L.m. — Listeria monocytogenes; P.a. — Pseudo-
monas aeruginosa; E.c. — Escherichia coli; En.cl. — Enterobacter cloacae; S.t. — Salmonella
typhimurium

C d Bacterium

ompoun Sa.  Bc.  Mf Lm.  Pa  Ec  Enc. St
1 0.25 0.25 0.3 0.25 0.06 125  0.125 0.25
2 0.02 0.3 0.125  0.75 0.2 0.5 0.75  0.125
3 0.5 0.125 0.9 0.9 0.6 0.9 0.9 0.7
4 0.3 0.25 1.25 0.25 0.25 0.3 0.25 0.06
5 0.03 0.06 0.06 025 0.125 0.6 0.7 0.125
6 0.125  0.06 0.03 0.125 0.03 0.25 0.25 0.03
7 0.03 0.03 0.6 0.5 0.06 0.6 0.6 0.05
8 0.4 0.2 0.4 0.4 0.4 0.4 0.4 0.125
9 0.2 0.125 0.5 0.25 0.2 0.5 0.2 0.125
10 0.2 0.2 0.2 0.25 0.06 0.4 0.125 0.2
11 0.02 0.3 0.2 0.3 0.04 0.3 0.5 0.25
12 0.2 0.25 0.3 0.5 0.3 0.3 0.5 0.2
13 0.125 0.125 0.125 0.6 0.5 0.25 0.25 0.25
14 0.06 0.06 0.06 0.125 025 0.125 0.25 0.06
15 0.4 0.4 0.8 0.25 0.8 0.5 0.25 0.4
16 0.8 0.5 0.5 1 0.5 0.5 0.25 0.5
Streptomycin 0.1 0.2 0.05 0.2 0.2 0.3 0.2 0.2
Ampicillin 0.3 0.3 0.3 0.4 0.3 0.4 0.8 0.3

TABLE IV. Antibacterial activity of EEP (MBC in mg/mL). S.a. — Staphylococcus aureus;
B.c. — Bacillus cereus; M.f. — Micrococcus flavus;, L.m. — Listeria monocytogenes; P.a. —
Pseudomonas aeruginosa; E.c. — Escherichia coli; En.cl. — Enterobacter cloacae; S.t. — Sal-
monella typhimurium

C d Bacterium

ompoutt S.a. B.c. Mf  Lm. Pa Ec  Encl S.t.
1 0.5 0.5 1 05 0125 25 0.25 0.5
2 0.03 0.5 0.5 1 0.25 1 1 0.5
3 1 0.25 125 125 125 125 1.25 1
4 0.5 0.5 2.5 1 0.5 0.5 2.5 0.125
5 0.06 0.125 0.125 05 025 1.25 1 0.25
6 0.25 0.125 0.06 025 0.06 0.5 0.5 0.06
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TABLE IV. Continued

C d Bacterium

ompoum Sa. Be  Mf Lm  Pa  Ec  Encl. St
7 0.06 0.06 1.25 1 0.125 1.25 1.25 0.06
8 0.5 0.25 0.5 0.5 0.5 0.5 0.5 0.25
9 0.25 0.25 1 0.5 0.25 1 0.25 0.25
10 0.25 0.25 0.25 05 0125 05 0.25 0.25
11 0.03 0.5 0.25 0.5 0.06 0.5 1 0.5
12 0.25 1 0.5 1 0.5 0.5 1 0.25
13 0.25 0.25 2.5 1.25 1 0.5 0.5 0.5
14 0.125 0.125 0.3 0.25 0.5 0.25 0.5 0.125
15 0.5 0.5 1 0.5 1 1 0.5 0.5
16 1 1 1 6 1 1 0.5 1
Streptomycin 0.2 0.3 0.1 0.3 0.3 0.5 0.3 0.3
Ampicillin 0.4 0.4 0.4 0.5 0.5 0.8 1.25 0.5

The results for MBC are similar to those for MIC, S. aureus, P. aeruginosa
and S. typhimurium were the most sensitive, and M. flavus and L. monocytogenes
the least sensitive to propolis extracts. Ethanol and propylene glycol extracts of
propolis showed no obvious difference in their activity, probably due to the sim-
ilar polarity of used solvents.26

EEPs produced from samples collected in different geographical regions, e.g.,
Albania, Turkey,2’ RussiaZ8 and Brazil have been observed in other studies.2® The
virulence-related factors of P. aeruginosa, such as twitching and motility activity,
biofilm formation and pyocyanin production were tested for ethanol and propylene
glycol extracts of four representative samples (two low and two high altitudes).
Results are presented in Tables VII and VIII and Figs. 1 and 2. Based on the data
shown , sample 16 from the highest altitude, inhibits biofilm formation at low con-
centrations, regardless to the type of extract. Only ethanol extract of sample 5 sho-
wed strong activity, better than streptomycin and similar to ampicillin Table VII.

TABLE V. Antibacterial activity of PGEP (MIC in mg/mL). S.a. — Staphylococcus aureus;
B.c. — Bacillus cereus; M.f. — Micrococcus flavus; L.m. — Listeria monocytogenes;, P.a. —
Pseudomonas aeruginosa; E.c. — Escherichia coli; En.cl. — Enterobacter cloacae; S.t. — Sal-
monella typhimurium

C d Bacterium

ompoutt S.a. Bec. Mf L.m. P.a. E.c. En.cl S.t.
1 0.125 025 0.25 0.5 0.5 0.75 0.125 0.25
2 0.02 0.5 0.25 0.75 0.06 0.06 0.75 0.015
3 0.25 0.5 0.5 0.125 0.5 0.125 0.6 0.004
4 0.6 0.6 0.2 1.25 0.25 1.25 0.25 0.6
5 0.25 0.25 0.3 0.06 0.03 0.25 0.5 0.125
6 0.125 125 1.25 2.5 2.5 1.25 1.25 0.5
7 0.125 025 1.25 0.5 0.25 0.25 0.25 0.25
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TABLE V. Continued

C d Bacterium

ompoun S.a. B.c. Mf L.m. P.a. E.c. En.cl. S.t.
8 0.004 0.5 0.2 0.5 0.015 0.3 0.25 0.008
9 0.025 0.2 0.2 0.2 0.2 0.125 0.2 0.008
10 0.125 0.2 0.2 0.2 0.2 0.25 0.06 0.125
11 0.004 0.2 0.008 0.25 0.012 0.125 0.25 0.006
12 0.125 0.2 0.2 0.25 0.06 0.2 0.125 0.02
13 0.03 0.03 0.03 1.7 0.6 1.7 1.25 0.6
14 0.006 0.3 0.25 0.3 0.2 0.2 0.3 0.008
15 0.012 0.25 0.3 0.75 0.2 0.3 0.5 0.012
16 0.5 1.5 0.3 1 0.25 2 2 1
Streptomycin 0.1 0.2 0.05 0.2 0.2 0.3 0.2 0.2
Ampicillin 0.3 0.3 0.3 04 0.3 0.4 0.8 0.3

TABLE VI. Antibacterial activity of PGEP (MBC in mg/mL). S.a. — Staphylococcus aureus;
B.c. — Bacillus cereus; M.f. — Micrococcus flavus; L.m. — Listeria monocytogenes; P.a. —
Pseudomonas aeruginosa; E.c. — Escherichia coli; En.cl. — Enterobacter cloacae; S.t. — Sal-

monella typhimurium

Bacterium

Compound S.a. Bec. Mf L.m. P.a. E.c. En.cl S.t.
1 0.25 0.5 0.5 1 2.5 1 0.25 0.5
2 0.03 1 0.5 1 0.125 0.125 1 0.03
3 0.5 1 1.25 1.25 1 0.25 1.25 0.008
4 025 025 0.25 2.5 0.5 2.5 1.25 1.25
5 0.5 0.5 0.5 0.125  0.125 0.5 1 0.25
6 0.25 2.5 2.5 5 5 2.5 2.5 1

7 0.25 0.5 2.5 1 0.5 0.5 0.5 0.5
8 0.008 1 0.25 1 0.03 0.5 0.5 0.015
9 0.03 025 025 0.25 0.25 0.25 0.25 0.016
10 025 025 025 0.25 0.25 0.5 0.125 0.25
11 0.008 0.25 0.015 0.5 0.015 0.5 0.5 0.008
12 025 025 0.25 0.5 0.125  0.25 0.25 0.03
13 0.06 0.06 0.06 2.5 1.25 2.5 2.5 1.25
14 0.008 0.5 0.5 0.5 0.25 0.25 0.25 0.15
15 0.016 0.5 0.5 1 0.25 0.5 1 0.016
16 1 2 0.5 0.5 4 4 2
Streptomycin 0.2 0.3 0.1 0.3 0.3 0.5 0.3 0.3
Ampicillin 0.4 0.4 0.4 0.5 0.5 0.8 1.25 0.5

On the other hand, sample 2 completely reduced colony edge protrusions,

regardless to the solvent used for extraction. The same sample reduce pyocyanin
production for 45 % when prepared as PGEP at the similar level as used controls.
Samples SE, 5PG, 8E and 16E were less effective, decreasing pyocyanin
production for 70, 90, 85 and 75 % respectively.
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TABLE VII. Effects of propolis (2E, 2PG; 5E, 5PG; 8E, 8PG; 16E and 16PG) on biofilm
formation of P. aeruginosa (PAO1); biofilm formation values were calculated as: (mean Ay,
treated well/mean Ag,( control well)x100. Values are expressed as means = SE

Biofilm formation, %

Agent

0.5MIC 0.25MIC 0.125MIC
5E 83.55+4.73 - -
5PG 91.43+1.50 91.56+0.97 89.92+0.64
8E 83.94+0.19 88.31£1.83 42.02+0.51
8PG 88.27+2.18 92.2944.73 93.5242.06
2E 94.63+0.51 95.23+2.96 77.19+1.73
2PG 91.20+2.37 91.88+0.94 91.77+3.76
16E 82.47+1.48 15.35+0.51 -
16PG 77.85+1.26 8.65+0.65 -
Ampicilin 14.88+1.14 - -
Streptomicin 86.78+41.72 36.36+1.90 29.42+0.94

TABLE VIII. Twitching and motility activity of representative propolis samples

Colony diameter +  Colony Protrusions Colony edge on

Agent . .
SD, mm color diameter, pm microscope

SE 7.33+£0.58 White 40-136 Slightly reduced protrusion
SPG 8.00+2.08 White 40-80 Partly reduced protrusion
8E 6.33+£0.58 White 24-64 Partly reduced protrusion
8PG 9.33£1.53 Light green 24-80 Partly reduced protrusion
2E 18.67+4.73 Light green - Reduced protrusion
2PG 10.33+1.53 White - Reduced protrusion
16E 6.67+0.58 White 8-40 Partly reduced protrusion
16PG 10.33+0.53 Light green 40-120 Partly reduced protrusion
Streptomycin 7.67+0.58 White 40-120 Slightly reduced protrusion
Ampicillin 8.00+0.00 White 64-160 Slightly reduced protrusion
Control PAOL1 21.0+3.60 Green 80-240 Regular protrusion

Fig. 1. Light microscopy of colony edges of P. aeruginosa in twitching motility, grown in the
presence or absence of propolis at a concentration of 0.5 MIC. The colonies from the bacteria
grown with: 2E (A); 2PG (B); 5E (C); 5PG (D); 8E (E); 8PG (F); 16E (G); 16PG (H);
streptomycin (I); ampicillin (J); P. aeruginosa, control (K); magnification: (A—E)x100.
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Fig. 2. Effects of propolis extracts (2E, 2PG; SE, 5PG; 8E, 8PG; 16E and 16PG) at 0.5MIC
on pyocyanin production by P. aeruginosa (PAO1). The pyocyanin production was estimated
by measuring optical density on 520 nm (ODs,() and 600 nm (ODgq) and calculated by
formula: /= 100(0D520/OD600).
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o o =] 8

Production of pyocian, %

[
o

CONCLUSION

This paper presents the results of four-dimensional LC-ESI-MS/MS chro-
matography analysis of propolis samples collected on different locations and alti-
tudes. More than 1200 picks were tentatively identified and for only 185 literature
conformation have been found. This indicates the great potential of this technique.
The 96 components were obtained only in samples collected from high altitude,
while 18 components were obtained only in samples collected from low altitude.
Antimicrobial activity of EEP and PGEP extracts for some of the most persistent
human Gram-positive and Gram-negative bacteria was equal and/or better com-
pared to broad-spectrum antibiotics used as the control. Comparison of the results,
of antimicrobial activity with the collection altitude of the propolis samples, indi-
cate that the sample collected on the highest altitude has the largest anti- quorum
sensing potential.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/11064, or from the corres-
ponding author on request.
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U3BOJ
MMPUMEHA LC-MS/MS TEXHUKE CA JOHCKOM ITOKPET/bUBOIIRY 3A XEMUJCKY
AHAJIN3Y EKCTPAKATA TIPOITOJIMCA CA AHTUMHUKPOBHUM IIOTEHIIUJAJIOM

VBAHA CO®PEHUR', JOBAHA JbYJUR', KATAPUHA CUMUR’, CTEGAH UBAHOBUR’,

JOBAHA CTAHKOBUR JEPEMUR?, AHA RUPUR’, MAPUHA COKOBUR® 1 BOBAH AHBEJIKOBUR'
1YHueep3umeL_u y Beoipagy — Xemujcku paxyniuein, Ciuygeniucku wipi 12-16, 11000 Beoipag, ZYHusepmmem
y Beoipagy — Unciuutiy i 3a xemujy, wiexHosoiujy u meianypiujy, Lenitap 3a xemujy, Fbeiowesa 12, 11000

Beoipag u SYHusepssumem y Beoipagy - Unciiutayi 3a duosowxa uctupamusara ,Cunuwa Ciiankosuh”,
Bynesap geciiotia Citiepana 142, 11060 Beoipag

LInmp oBOr HCTpaXMBawa je OWI0 TecTHpame 4eTBopopgumeHsuoHanHe LC-ESI-MS/MS
xpoMarorpaduje y aHaIW3M KOMIUIEKCHHX CMeIId, Kao IITO Cy ETAHOJMHW eKCTPaKTH
PasnUYUTHX y30paKa Mpornosuca. YKyIHO je uneHtudrkosano suure of 1200 nukoBa, a camo
3a 185 cMO HauUIU JUTEpaTypHY NOTBpAYy. IIpHKkaszaHH MOJALM IPEICTaBbajy TEHTATHBHY
upeHTU(UKALWjY U CYMUPaHU pe3yJiTaT je nat y Tekcty. [lopehewmeM y3opaka ca pa3muduTUX
HaJIMOPCKUX BUCHHA, 3a 96 jenumemna je yTBpheHo fja ce Hajla3e caMo y Y30pLMMa ca BUCOKE
HaJIMOpPCKe BUCHHEe U 18 caMo y y30purMa NPUKYTIJbeHUM Ha HHKUM HaJMOPCKUM BUCHHAMA.
AHTHDaKTEpHjcKe aKTHBHOCTH ETAHOMHUX M MPONUIEHITIMKOIHUX eKCTpPaKTaTa MpOIoJsinca
(EEP u PGEP, penom) TectupaHe cy Ha S. aureus, B. cereus, M. flavus, L. monocytogenes, P.
aeruginosa, S. typhimurium, E. coli u E. cloacae bakTepHujckuM JTMHHUjaMa U TIopeheHe ca aHTH-
droTHIIMMa IIMPOKOT CIEeKTpa AeloBama, CTPENTOMHLIMHOM M aMIULWINHOM. Anti-quorum
sensing akTUBHOCT je TeCTUpaHa Ha P. deruginosa UCIUTHBameM edeKTa penpe3eHTaTUBHUX
€KCTpakaTa npomnonuca Ha dopmupame dHodHUIMa, TECTOBUMA NMOKPET/HUBOCTH pyda KOJIO-
HHje (twitching u mobility) ¥ Npou3BOAKE NMUOLWAaHMHA. [lokas3anu cMo Aa Hajsehu Opoj,
xopumheHUX eKkcTpakaTa IMPOIoiKca, ©Ma ucre u/unu Mawe MIC u MBC BpemHOCTH, Y Hope-
hewy ca aTudmoTuMa, HE3aBUCHO O pacTBapava KopuimheHOr 3a eKCTpakuujy. Y3opinu
NPUKYTJbEHH Ha BUCOKMM HAJMODCKUM BHCHHaMa Cy Ce I0Ka3ajld Kao HajMamwe aKTHUBHU
aHTUOAKTEePULIUIY ajld UMajy BeUKH anti-quorum sensing noTeHLHjal.

(ITpumsbeHo 13. aBrycra, pesugupano 10. centembpa, npuxsaheno 1. Hoembpa 2021)
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