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Small rodents such as striped filed mouse (Apodemus agrar-
ius), yellow-necked mouse (Apodemus flavicollis) and bank 
vole (Myodes glareolus) are known to be reservoirs for several 
genospecies of  Borrelia spirochetes in Europe. The group 
of  Borrelia sp. that can cause Lyme borreliosis now con-
sists of  at least 19 genospecies (i.e. LB group) and several 
of  these have been detected on European continent. The 
knowledge of  genetic diversity of  agents causing borrelio-
sis is still poor.
From September till November 2014, 196 specimens of  
rodents belonging to three different species (A. agrarius, 
A. flavicollis, M. glareolus) were captured in four locations 
representing recreation area of  Wrocław (Mokry Dwór and 
Osobowice) and surroundings (Ruda Milicka, Sulistrowice). 
Samples of  blood and spleen were taken and DNA isola-
tion was conducted using commercial kits. Nested PCR re-
actions were performed to estimate prevalence of  LB spi-
rochetes among captured rodents. As markers, fragments 
of  flaB, ospA and 23S genes, were used. Based on literature 
data sets of   primers were applied. Positive samples were 
sequenced and identification of  genospecies and molecular 
analysis were performed, as well as comparison of  sensitiv-
ity and application of  markers used for detection of  Borrelia 
burgodorferi in reservoir hosts tissues.
Key words: Borrelia burgdorferi, rodents, vector-borne pathogens
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Łódź – a city with 650-year history which was in the past a 
great industrial center of  the country instead of  being ad-
mired, more often forces us to focus on progressive dete-
rioration and disturbing technical conditions of  its cultural 
heritage. Excessive moisture and high salinity commonly 
affecting monuments in Łódź have resulted in the develop-
ment of  halophilic microorganisms that contributed to its 
destruction. The importance of  the problem is escalated by 
inestimable loss of  our local heritage. Hence, a need to im-
plement effective methods for the identification and char-
acterization of  halophilic microorganisms arises to fight 
against their development as a step prior to proper ren-
ovation strategies. In this study we focused our attention 
on the search of  halophilic microorganisms in deteriorated 
historic buildings in Łódź.
Samples (n=14) from different materials (brick and paint 
coatings) derived from the surrounding walls showing the 
salt efflorescence phenomenon, were taken from exter-
nal and internal locations within the historic buildings in 
Łódź, Poland and pooled both for cultivation and molec-
ular analysis. All samples were inoculated on culture me-
dia supplemented with different salt concentration (NaCl, 
MgSO4; 0–30%) and showing different pH range (1–12). 
The DNA were amplified with PCR primers which flanked 
the 16S rRNA gene. To determine taxonomic position, 
gene sequencing was carried out. The obtained nucleotide 
sequences were compared with the National Centre of  Bio-
technology Information database.
The concentration of  halophilic microorganisms ranged 
between 4.8×102–1.3×105 cfu/ml. The most abundant 
species were Halobacillus sp., Marinococcus sp., Virgibacillus 
sp. and Staphylococcus sp. (96–99% similarity) with white to 
orange and pink pigmentation (optimal salinity 5–15%, op-
timal pH 5–8). The results of  the study suggested that salt 
deposits formed within historic buildings in Łódź offer a 
suitable habitat for specialized halophilic microorganisms, 
which are responsible for aesthetical changes as well as 
cracking, powdering and material loss.
Keywords: halophilic microorganisms, biodeterioration, historic build-
ings
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Bacteria have evolved many mechanisms that allow them to 
survive in adverse environmental conditions. One of  these 
mechanisms is the formation of  persister cells. Persister 
cells represent a small number of  bacterial populations. In 
contrast to antibiotic-resistant bacteria persisters are phe-
notypic variants of  wild type cells and become sensitive 
to antibiotics again after transfer to a fresh medium. They 
arise in response to nutrient depletion, oxidative stress or 
heat shock. Formation of  persisters can also be induced 
by certain antibiotics. It is suggested that high tolerance to 
antibiotics is due to the inhibition of  vital processes which 
are the targets of  antibiotics. Another phenotype of  anti-
biotic tolerant cells are L-forms which are, at least partially, 
deprived of  their cell wall. The formation of  L-forms is 
induced by exposure of  bacteria to cell wall degrading fac-
tors (for example lysozyme) or cell wall synthesis inhibitors, 
including β-lactam antibiotics. L-forms can be resistant to 
antibiotics that inhibit cell wall synthesis.
The aim of  the project is answer the question whether per-
sister cells can arise from L-forms. This hypothesis can be 
supported by the fact that both persisters and L-forms are 
able to tolerate β-lactams and restore their antibiotic sensi-
tivity after transfer to fresh medium. Moreover, it is known 
that L-forms overexpress genes, including the toxin-anti-
toxin module MazEF, phage shock and DNA repair/SOS 
response pathways, which are also induced in persisters. 
Both types of  cells are formed in response to depletion 
of  nutrients in the environment and other types of  stress.
Our preliminary studies demonstrated that lysozyme can 
induce formation of  persister cells in E. coli cultures. 
These results allow us to conclude that during reversion 
of  L-forms to normal rod-shaped cells the bacteria can ac-
quire tolerance not only to β-lactams, but to other classes 
of  antibiotics.
Key words: L-forms, lysozyme, persister, Escherichia coli
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The Black Sea is unique marine ecosystem with high micro-
bial biotechnology potential. The microbial communities 
are the integral part of  the ecosystem and play the key role 
in all biological processes occurring in it. The data on the 
Black Sea bacterial diversity is mainly obtained by cultural 
methods. However few prokaryotes are capable of  cultiva-
tion and it’s known about candidate phyla without cultured 
representatives.  The aim of  research was to investigate the 
Black Sea biodiversity by metagenomics 16S rRNA analysis. 
Provided study is a complex investigation of  the seawater 
microbiota based on isolation of  environmental DNA from 
marine biome and further sequencing. Marine water was 
collected and filtered during July 2014 from 6 sites along the 
seacoast in Odessa region. Total DNA was isolated from 
filters. Primer design followed Kozich et al. (2013) with dual 
indexing, Read1, Read2, Index1 primers and 16S V4 vari-
able DNA region specific primer. PCR reactions were per-
formed to obtain a 16S clone library that was quality con-
trolled, purified and quantified. Sequencing was performed 
on Illumina MiSeq platform. QIIME workflow (Capor-
oso et al., 2010) was used for computer analysis of  data.                                                                                                                        
The 16S rRNA gene sequencing and bioinformatics anal-
ysis showed dense Bacterial community among samples. 
Obtained sequences were identified up to genus level. 
Taxonomic phylum Proteobacteria was the most abundant 
among Bacterial Domain. The composition of  Alphapro-
teobacteria, Betaproteobacteria, Gammaproteobacteria, 
Epsilonproteobacteria and Deltaproteobacteria classes var-
ied depending on the source of  sample. Sequences of  Cy-
anobacteria, Bacteroidetes, Actinobacteria, Planctomycets 
and Verrucomicrobia phyla were identified in high amounts 
as well. The members of  Fusobacteria, Tenеricutes and 
Firmicutes phyla were less represented in samples.  The re-
sults of  research identified members of  candidate divisions 
such as SR1, OD1, OP3, OP8, ТМ6, TM7 and others. 
Some of  the determined bacterial species were described 
for other parts of  World Ocean in similar metagenomics 
investigations.
Key words: 16S rRNA analysis, metagenomics, marine microbiota, Black 
Sea
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Vlora Bay, located in the southern part of  Albanian coast 
is a busy tourist destination. Local beaches are not only the 
main attraction for visitors, but also for residents. Since this 
area has no sophisticated sewage system it may be contami-
nated by discharge of  untreated sewage generated from 
rapid urban developments. Animals, like pets or birds can 
be another reason for  recreational water pollution. A total 
of  5 sampling points along Vlora Bay beaches (Radhimë, 
Plazhi i Ri, Akademia e Marinës, Plazhi i Vjetër, Kabinat, 
Nartë) were selected and monitored during the period of  
January 2014 to August 2014. Samples were evaluated for 
faecal coliforms (FC) and faecal streptococci (FS). Aka-
demia e Marinës beach had the highest incidence of  fae-
cal indicators  (FC and FS), respectively 100% of  samples, 
followed by Plazhi i Ri (27.3% and 45.5%), mainly during 
summer. Whereas, Plazhi i Vjetër, Kabinat, Radhima and 
Narta beach were in compliance with the Guidelines, as 
faecal indicators concentations remaind well below the 
standards. High concentration of  faecal indicators, espe-
cially during summer in some of  these beaches emphasizes 
the vitality of  periodically monitoring of  these areas in or-
der to prevent bathers health risk.
Key words: recreational water pollution, faecal indicators, Vlora Bay
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The fungus Apophysomyces variabilis (order Mucorales) is a 
thermotolerant species that can cause significant infec-
tions in immunocompetent patients. This fungal pathogen 
causes zygomycosis, which have a worldwide distribution, 
in humans and animals. Apophysomyces variabilis, clinical and 
environmental strains, can be isolated from soil, decaying 
vegetation and contaminant environment.
The study area, Sugözü Beaches, is located at the north of  
Iskenderun Bay. Iskenderun Bay has become an important 
center for marine transportation and has the large number 
of  industries. Also, Sugözü Beaches are one of  the most 
important nesting beaches for endangered green turtle in 
Mediterranean basin. In this study, sand and unhatched 
eggs which contains dead embryo were taken from the 
nests randomly in four sub-sections (Akkum, Sugözü, 
Botaş, Hollanda) of  Sugözü Beaches from June to Septem-
ber of  2014. A total of  22 sand samples were collected 
inside of  the different nests aseptically, and then were 
inoculated on Saboroud Dextrose Agar medium. Fungal 
DNA isolation kit was used and samples were analyzed by 
using partial 18S rRNA gene; complete internal transcribed 
spacer region 1, 5.8S rDNA gene and internal transcribed 
spacer region 2 for Real-Time PCR. The sequences can be 
compared to the GenBank database by using the NCBI 
BLAST serve. The isolate of  Apophysomyces variabilis was 
compared with all strains of  Apophysomyces spp. Fungi was 
identified as A. variabilis (100% sequence similarity with 
sequence of  type strain  R-4746 [JN980700.1]) by morpho-
logical and molecular analysis. This is the first ecological 
report of  Apophysomyces variabilis from endangered green 
turtle nests. The presence of  this fungus in the nests might 
be explained in two ways: i) This species could be a new 
pathogen for green turtles ii) This species could be a new 
bioindicator of  marine pollution for this region.
Key words: Apophysomyces variabilis, Chelonia mydas, fungal pathogens
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The increasing resistance of  microorganisms to antibiotics 
is actually one of  the most important problems of  medi-
cine, the more that it is no longer only the clinical strains. 
Increasingly, drug-resistant bacteria are isolated from the 
environment outside the hospital (water, soil, air), posing a 
serious threat to the health of  humans and animals.
The aim of  the paper was to estimate the incidence of  re-
sistant strains of  Escherichia coli in the waters of  the two 
Lesser Poland rivers: Raba and Prądnik.
Samples were taken at 20 testing points – 10 for each of  
the river along its course. Microbiological water analyzes 
were performed by membrane filtration method. After the 
incubation randomly chosen Escherichia coli strains were 
isolated. After confirming the systematic assignment of  
isolates (API20E) the antibiotic resistance tests were per-
formed using the disc diffusion method based on the rec-
ommendations of  EUCAST and KORLD. The following 
antibiotics were tested: Ampicillin, Ampicillin/Sulbactam, 
Aztreonam, Cefamandole, Cefepime, Cefuroxime Sodium, 
Cephalothin, Cephazolin, Fosfomycin + Glucose-6-Phos-
phate, Gentamicin, Imipenem, Meropenem, Nitrofuranto-
in, Norfloxacin, Ofloxacin, Piperacillin, Sulfamethoxazole/
Trimethoprim, Tetracycline and Ticarcillin.
Escherichia coli were present in all tested water samples. 
Full susceptibility testing of  isolates was performed for 67 
strains – 30 came from the river Prądnik and 37 from the 
river Raba. Over 60% of  tested strains were resistant to at 
least one of  the tested antibiotics (60% of  isolates from 
Prądnik and 62.2% from Raba), 26.9% showed relative re-
sistance to 5 or more antibiotics and 4.5% were suscepti-
ble to 10 and more tested compounds. The greatest strains 
resistance was observed in the case of  ampicillin (53.7%) 
and minimum (<3%) for imipenem, meropenem and fos-
fomycin.
The presence of  antibiotic-resistant bacteria in water in-
dicates faecal pollution and constant flow of  people or 
livestock feces. Among the studied strains dominates re-
sistance to antibiotics commonly used in therapy. Bacterio-
logically contaminated river water may be a potential source 
of  antibiotic-resistant E. coli strains.
Key words: water, Escheriachia coli, antibiotic-resistant bacteria
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BiologTM system combine the microbial identification, 
functional diversity of  microbial communities and phe-
notype microarray testing approaches. The correlation be-
tween genotypes with phenotypes, determination of  meta-
bolic and chemical sensitivity properties of  cells, discover 
new targets for antimicrobial compounds, optimize growth 
and culture conditions in bioprocess development can be 
evaluated by the system.
The scope of  the study was to apply Biolog system to 
identify and characterize Serratia strain isolated from the 
surface of  black plastic pieces which constitute the flu-
idized bed filter (onsite wastewater technology, OSWT). 
Over the last four decades, S. marcescens has emerged as a 
human pathogen, it is involved in hospital-acquired infec-
tions (HAIs), particularly catheter-associated bacteremia, 
urinary tract infections and wound infections an important 
healthcare-associated pathogen. Most S. marcescens strains 
are resistant to several antibiotics because of  the presence 
of  R-factors, which are a type of  plasmid that carry one or 
more genes that encode resistance; all are considered in-
trinsically resistant to ampicillin, macrolides, and first-gen-
eration cephalosporins (such as cephalexin). The prelimi-
nary isolation of  the strain was done in the medium with 
tetracycline in 16 mg/l concentration. To characterize 
of  isolated strain the following Biolog methods were ap-
plied: (1) EcoPlates microplates for evaluation of  physi-
ological profiling, (2) GEN III OmniLog® ID System for 
identification of  isolate, and (3) phenotypic microarrays 
(PM) technology for evaluation of  sensitivity to antibiot-
ics (PM11 and PM12). Results were recorded using the 
OmniLog® and companion computer software. Serratia 
strain was identified as  Serratia marcescens ss marcescens with 
similar index 0.569. PM analysis showed a gain of  phe-
notype (resistance or positive growth) of  the strain to 34 
antibiotics. The loss of  phenotype (sensitivity or negative 
growth) was only observed for 4 antibiotics: lomefloxacin 
(0.4 µg/ml), enoxacin (0.9 µg/ml), nalidixic acid (18 µg/
ml), paromomycin (25 µg/ml). PM technology allows phe-
notypic testing to become a simple analysis on gene expres-
sion and allows to directly observe the consequence of  a 
genetic change.
Key words: small wastewater facilities, Biolog system, Serratia spp., anti-
biotic resistance
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During the last decade, the biosynthesis of  metal nano-
particles (MeNPs) has emerged and is being developed as 
an alternative environmentally benign procedure. The bio-
logical methods of  nanoparticle synthesis belong to new 
green generation processes, which are eco-friendly and are 
designed as credible alternative to chemical and physical 
methods often called “green-synthesis” or “green chemis-
try” procedures. Recognizing the importance of  developing 
eco-friendly and biological methods of  nanoparticles syn-
thesis, scientists have recently started looking into research 
relating to the synthesis of  metallic nanoparticles with 
the use of  biosurfactants as aggregation and stabilization 
agents. Different commercial or bacteria produced biosur-
factants have been examined as stabilizer and modifier in 
the synthesis of  metallic nanoparticles. Various strains of  
Bacillus produce a broad spectrum of  biosurfactants mainly 
lipopeptides from surfactin, iturin and fengicin family.
It is aimed in the present work to investigate the produc-
tion of  silver nanoparticles synthesized in culture super-
natants of  Bacillus subtillis T-1 producing surfactin and 
Escherichia coli, no-biosurfactant producer. The production 
and properties of  Ag-NPs have been verified by UV-Vis 
and TEM techniques. The formation of  silver nanoparti-
cles from silver nitrate by the supernatants of  Bacillus subtilis 
T-1 and E. coli cultured on LB medium was investigated. 
The appearance of  yellowish-brown color in the reaction 
vessels suggested the formation of  silver nanoparticles. 
The UV-vis spectra were recorded as a function of  reaction 
time of  the culture supernatants with silver nitrate. The na-
noparticles exhibited an absorption peak around 450–500 
nm after 24 h of  the incubation. TEM images of  studied  
Ag-NPs solutions produced in supernatants of  Bacillus sub-
tilis showed the presence of  nanoparticles with broad range 
of  sizes. Whereas, in the supernatant from the culture of  
E. coli the small amount of  aggregated Ag-NPs was ob-
served.
Key words: silver nanoparticles (Ag-NPs), biosynthesis, biosurfactants, 
Bacillus subtilis, E. coli
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In the summer increased tourist traffic can be observed on 
the beach. Cleanliness of  water is a very important factor 
in deciding on a holiday destination. Maintenance of  sea-
shore facilities and assurance of  safety is the responsibility 
of  owners and local authorities. National Sanitary Inspec-
torate is obliged to inspect the bathing waters and monitor 
the sanitary-technical and epidemiological risks. The water 
was analyzed for the presence of  coliform bacteria, fae-
cal streptococci and Salmonella. Microbiological pollution 
can lead to closure of  bathing waters on health grounds. 
Fungi also play an important part in the pollution, as they 
are highly adaptable to new environments and have low nu-
trient demand. Fungi can cause mycosis, a fungal infection 
that is easily transmitted to humans and animals indirectly 
or directly through contact.
The aim of  the research was to assess of  the microbiologi-
cal pollution in the selected public beaches on e.g. bathing 
Klukom in Choszczno, Miedwie in Zieleniewo near Star-
gard Szczeciński and Głębokie in Szczecin.
The research aim was to compare the amount of  micro-
organisms before and after the summer season. Samples 
of  water and sand were taken from three selected guarded 
beaches and then tested for the presence of  mould fun-
gi (Martin glucose-peptone medium), keratinolytic fungi 
(Omeliański medium) and dermatophytes (Agar Sabourau-
da with chloramfenikol, Scharlau substrate).
The results showed that the public bathing area in exam-
ined localities was microbiologically polluted. The amount 
of  mould fungi, keratinolytic fungi and dermatophytes in 
the three locations varied at different times of  the season. 
Mostly, higher amounts of  fungi were observed in the 
sand sampled from the beaches than in the bathing wa-
ters. Moreover, definitely there were more microorganisms 
detected in the second research period, that is after the 
summer season, which may have been caused by increased 
tourist traffic and more conducive environment for fungi 
growth. The findings indicate that the biggest amount of  
microorganisms could be found on the beach and in the 
waters of  Miedwie bathing site, whereas Klukom bathing 
waters and beach area had the smallest presence of  fungi.
Key words: fungi, city beaches, sanitary contamination
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The genus Paracoccus (Alphaproteobacteria) consists of  bacte-
ria isolated from various natural and polluted environments 
(e.g. soil, marine sediments, seawater, biofilters, activated 
sludge or human tissues). Representatives of  the genus show 
significant metabolic versatility and can switch between dif-
ferent growth modes (e.g. heterotrophy vs. chemolithoaut-
otrophy, aerobic respiration vs. nitrate respiration). About 
half  of  the known Paracoccus spp. strains are described as 
methylotrophs, organisms utilizing C1 compounds (re-
duced carbon compounds containing no carbon-carbon 
bonds) as a sole carbon and energy source. The knowledge 
about methylotrophy in the genus is mostly restricted to 
the type strain, P. denitrificans Pd1222. P. denitrificans exempli-
fies so-called autotrophic methylotrophs, assimilating CO2 
derived from the oxidation of  C1 compounds (methanol 
and methylamine) via the Calvin cycle. Analysis of  genome 
sequences of  more than thirty other representatives of  this 
genus shows large variation among the strains in terms of  
methylotrophy metabolism. Intriguingly, the divergence 
concerns not only the range of  oxidized C1 substrates 
(many strains are able to oxidize trimethylamine, dimethyl-
amine, N,N-dimethylformamide or formamide), but also 
the  central assimilatory C1 metabolism (the serine cycle 
instead of  the Calvin cycle). Comparative genomics of  
strains encoding the serine cycle enzymes (P. aminophilus 
JCM 7686, P. aminovorans JCM 7685 and Paracoccus sp. N5), 
revealed the existence of  a large methylotrophy genetic is-
land located within extrachromosomal replicons, suggest-
ing that C1 metabolic network in this group of  bacteria 
was shaped by horizontal gene transfer. The homologous 
islands are found in the chromosomes of  numerous marine 
bacteria of  the Roseobacter clade, which may be the origin of  
the set of  genes in certain Paracoccus spp. strains. Since the 
island contains genetic information which is sufficient to 
implement methylotrophy in non-methylotrophs, it may be 
an important factor in horizontal spread of  the methylot-
rophy capability in the environment.
Keywords: methylotrophy, Paracoccus sp., serine cycle
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Extreme halophilic bacteria are adapted to live at in vari-
ous high salt locations and therefore have some interests at 
biotechnological area. In this study, we aimed that extreme 
halophilic bacteria isolation from Tuz lake. An extreme ha-
lophilic bacteria were isolated from different water and soil 
samples from Tuz Lake and identified biochemically and 
genetically. For isolation of  halophilic bacteria that was col-
lected from soil and water samples, standart saline medium 
were used. Mobility and morphological features of   isolates 
were identified by biochemical tests as identity after it were 
approved by the molecular characterization by 16s rRNA 
analysis. The obtained results, Gram-negative, red pigment 
producing bacteria that were determined Halobacterium sa-
linarum  was  isolated in the presence of  30% NaCl  from 
lake. These isolates were showed catalase positive and ox-
idase activity. They were also able to hydrolyze casein and 
gelatin. This study showed the prevalence of  isolated eco-
systems, such as halophilic Halobacterium salinarum species in 
the Central Anatolia from Turkey Tuz lake.
Key words: halophilic bacteria, Halobacterium salinarum, Turkey Salt Lake
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The rodents from diverse habitats of  Lower Silesia were ex-
amined for occurrence of  vector-borne pathogens of  pub-
lic health significance. For the detection of  Babesia microti, 
Bartonella sp., Borrelia burgdorferi s.l. and Anaplasma phagocy-
tophilum/Candidatus Neoehrlichia mikurensis, blood and spleen 
samples were obtained from rodent specimens represented 
by Apodemus agrarius, Apodemus flavicollis and Myodes glareolus. 
The trappings of  animals were conducted on sites locat-
ed in suburban, recreation and natural reserve areas. PCR 
methods, conventional and nested-PCR, were used for the 
detection of  DNA of  examined pathogens in rodents’ tis-
sues. The choice of  genetic markers (18S, flaB, gltA, msp2, 
16S genes) and primers was based on the literature data 
and our preliminary results. Selected PCR positive products 
were sequenced and used for confirmation of  obtained re-
sults as well as for molecular identification. For molecular 
analysis own sequences and homological sequences previ-
ously deposited in GenBank were used. Additionally, eco-
logical analysis were performed. The relationship between 
infection rate and kind of  examined tissue, host species, 
trapping sites and co-occurrence of  other vector-borne 
pathogen was analyzed. Results of  our molecular screening 
showed the presence of  all studied VBP in tissues of  reser-
voir hosts from Lower Silesia.
Key words: vector-borne pathogens, rodents
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Anaplasma phagocytophilum is a gram-negative, obligate intra-
cellular bacterium from the family Anaplasmataceae in the 
order Rickettsiales. It infects neutrophils and causes gran-
ulocytic anaplasmosis in humans and animals. The disease 
in humans was first recorded in 1994 from the USA. Since 
1995 cases of  infection were reported also from Europe. 
The bacterium is maintained in natural foci by enzootic 
cycles between vector ticks of  Ixodes ricinus complex and 
wild animals. For the epidemiological purposes there is a 
need to quick and accurate detection of  pathogens in ticks, 
humans and animals by using molecular techniques. One 
of  the frequently used genetic marker for the detection of  
A. phagocytophilum by PCR assay is a fragment of  msp2 gene. 
The msp2 gene has high intraspecific variability and in con-
sequence, major surface protein 2 (MSP2) exhibit high anti-
genic variation. The aim of  this study was to compare spec-
ificity and sensitivity of  conventional nested PCR method 
with real-time PCR for detection of  A. phagocytophilum in 
material from animals.
The study material consisted of  DNA isolated from tissues 
of  wild rodents. Small mammals were captured in 2014 
from areas located in south-western Poland (Lower Silesia) 
and belonged to three species: Apodemus agrarius, Apodemus 
flavicollis and Myodes glareolus. In order to identify DNA of  
A. phagocytophilum, fragment of  msp2 gene was used for am-
plification with outer pair of  primers (msp2-3F, msp2-3R) 
and inner designed pair of  primers. For evaluation of  the 
nested PCR method, a real-time PCR was designed based 
on different part of  msp2 gene. The fragment of  msp2 gene 
used to design primers and probe for real-time PCR in 
these study, was not previously available in the known PCR 
and real-time PCR methods from literature.
Key words: PCR, real-time PCR, Anaplasma phagocytophilum, rodents, msp2 
gene
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Effective symbiosis between rhizobia and legumes requires 
several bacterial symbiotic genes, including nitrogen-fixa-
tion (nif) ones determining reduction of  N2 into ammo-
nium and nodulation (nod) genes which encode Nod factors 
triggering nodule formation. In this study, we have focused 
on the phylogeny of  Astragalus glycyphyllos symbionts com-
mon nodA and nodC genes which encode N-acyltransferase 
determining the type of  N-acyl substitution on the oligo-
saccharide backbone of  Nod factor and N-acetylglucosa-
minyltransferase responsible for the first step in Nod fac-
tor assembly, respectively. Phylogenetic analyses of  nodAC 
gene sequences of  A. glycyphyllos rhizobia and those of  ref-
erence bacteria, available in the public databases, revealed 
that nodAC genes of  A. glycyphyllos nodulators and those 
of  the Mesorhizobium species symbiovar biserrulae exhibit the 
highest sequence identity (91–92%) and on nodAC gene 
phylogram these bacteria clustered together in monophy-
letic clade pointing to their common evolutionary history. 
These results allowed to classify A. glycyphyllos symbionts 
to the symbiovar biserrulae to which Mesorhizobium ciceri, 
Mesorhizobium australicum, and Mesorhizobium opportunistum 
bacteria belong. The considerable sequence conservation 
of  studied symbiotic genes of  A. glycyphyllos nodule isolates 
(>95%) shows that nodAC loci might have evolved under 
strong host constraints.
Key words: rhizobia, legume symbiosis, nodAC genes phylogeny, sym-
biovar
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Wetlands and particularly peatlands are the main natu-
ral source of  methane. This emission is the result of  the 
balance between methanogenesis and methanotrophic 
processes and is actively affected by the wetland plants 
composition which can influence on CH4 production, con-
sumption and transport in the soil. Studies on this phe-
nomenon indicated a significant role of  methanotrophic 
bacteria play a in CH4 emissions, both those free-living in 
the rhizosphere attached to the root surface in the form of  
a biofilm (rhyzoplane) and those living inside host tissues 
(endophytes) colonizing both the underground and the 
aboveground parts of  plants (mainly Sphagnum spp.). The 
mechanism of  associations of  methanotrophs with peat 
forming vascular plants is poorly recognized and currently 
is the subject of  studies of  many researchers throughout 
the world.
We tested methanotrophic bacteria associated with Carex 
sp. and Eriophorum sp. originating from Moszne peatland 
(East Poland). Methanotrophic bacteria were isolated from 
plants by adding sterile fragments of  each part of  plant 
(roots, and stems) to agar mineral medium (NMS) and 
incubated with methane atmosphere (10% CH4). Single 
colonies were streaked on new NMS agar media and after 
incubation transferred to liquid NMS medium. Bacterial 
growth dynamics were studied by optical density – OD600 
and methane consumption. Changes of  methane levels 
were controlled during incubation by gas chromatogra-
phy technique. Characterization of  methanothrophs was 
made by Fluorescence In Situ Hybridization (FISH) with 
Mg705, Mg84 for type I methanothrophs and Ma450 for 
type II methanothrophs. Identification of  endophytes was 
performed after DNA isolation and 16 SrRNA and mmoX 
genes amplification.
Our study confirmed the presence of  both types of  metha-
notrophic bacteria (type I and II) with the predominance 
of  type I methanothrophs. Among cultivable methano-
trophs were different strains of  the genus Methylomonas and 
numerous uncultured bacteria.
Key words: methanotrophs, peatland, methane
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tract of farming animals
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The aim of  the study was to determine the degree of  adhe-
sion and hydrophobicity (%) of  some strains of  lactic acid 
bacteria with proven antagonistic properties against patho-
genic bacteria. Research on the adhesiveness was subjected 
to the strains isolated from pigs and calves, and research of  
the hydrophobicity to the strains isolated from pigs, calves 
and chickens. Studies of  adhesion properties and hydro-
phobicity were performed on the lactic acid bacteria strains 
obtained from the upper and lower gastrointestinal tract of  
calves, piglets, and chickens. Strains isolated from animals 
have shown antibacterial activity against pathogenic strains 
of  Clostridium perfringens and Escherichia coli. Adhesiveness 
obtained strains was examined in relation to the porcine 
mucin and bovine. The study was also conducted to deter-
mine the existence of  a correlation between adhesion and 
hydrophobicity. The analyzes showed that the tested strains  
showed a degree of  adhesion in the range of  32.00–40.00% 
for strains obtained from calves and 34.00–40.00% for 
strains obtained from pigs. The hydrophobicity of  tested 
bacteria was in the range of  31.00–44.00% for strains ob-
tained from pigs, 26.00–42.00% for strains obtained from 
calves and 31.00–41.00% for strains bacteria obtained from 
chickens.
The positive correlation between hydrophobicity and ad-
hesion was observed only in the case of  bacteria isolated 
from gastrointestinal tract of  pigs, however, in the case 
of  the strains isolated from calves no correlation was de-
tected. It was found, that the bacteria strains belonging to 
the same species differ in hydrophobicity properties and 
the adhesiveness of  lactic acid bacteria is strain-dependent. 
The best adhesion abilities to mucin showed Enterococcus 
faecalis strains isolated from calves. Taking into account 
pig isolates, the best adhesion showed the strain Leuconostoc 
mesenteroides. Among tested strains the highest hydropho-
bicity, measured in relation to hexadecane, characterized a 
strain Leuconostoc mesenteroides isolated from piglets, a strain 
of  Weissella thailandensis isolated from chickens and a strain 
Lactobacillus reuteri isolated from calves.
Key words:  lactic acid bacteria, adhesion, hydrophobicity
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Cyanobactria inhabit almost all ecological niches. They also 
developed unique metabolic pathways leading to the pro-
duction of  compounds with a unique chemical structure 
and diverse biological activities. In most cases, the ecologi-
cal function of  the metabolites is unknown. In recent years, 
intensive research into the biosynthesis, chemical structure 
and biological activity of  secondary metabolites produced 
by cyanobacteria has been intensified. In the cases of  Nostoc 
genus, mainly the species from freshwater and terrestrial 
environments were analyzed.
The aim of  present work was to explore the potential of  
the Baltic strain of  Nostoc cf. edaphicum CCNP1411 to pro-
duce peptides which modify the activity of  key metabolic 
enzymes. In addition, the antimicrobial activity of  the com-
pounds against five strains of  heterotrophic bacteria was 
tested.
Our studies showed that Nostoc cf. edaphicum CCNP 1411 is 
a producer of  many analogues of  non-ribosomal peptides 
classified to cyanopeptolins and nostocyclopeptides. The 
chemical structures of  the compounds were elucidated us-
ing LC-MS/MS. Among the compounds, some inhibitors 
of  proteolytic enzymes (chymotrypsin, trypsin, thrombin 
and carboxypeptidase-A) and protein phosphatase inhibi-
tors were identified. In antimicrobial tests, the metabolites 
produced by CCNP1411 strongly inhibited the growth of  
Enterobacter cloacae PP-VR 3073.
The results of  our studies indicated that Nostoc cf. edaphi-
cum CCNP 1411 isolated from the Baltic Sea is a prolific 
source of  bioactive metabolites. However, further studies 
are needed to recognize their ecological significance and/
or potential biotechnological application.
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The influence of cadmium ions on growth 
and survival of Rhizobium leguminosarum 
bv. trifolii strain Rt24.2 and its derivatives
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Heavy metals negatively influence growth, morphology, 
and physiology of  symbiotic bacteria, commonly called 
rhizobia. Some metals such as cadmium could be toxic even 
in low concentrations and, accumulated inside cells, often 
leads to DNA fragmentation, disruption of  S-S bonds in 
proteins, and inhibition of  cell divisions.
In this study, the influence of  cadmium ions on growth 
and survival of  Rhizobium leguminosarum bv. trifolii wild-type 
strain Rt24.2, mutants defective in exopolysaccharide (EPS) 
synthesis (Rt2472 and Rt5819), and derivatives overpro-
ducing this polymer (Rt24.2(pBA1) and Rt24.2(pBR1)) was 
established. The growth of  the tested strains was evaluated 
by the measurement of  optical density after addition of  
different concentrations of  cadmium (0.005–0.015 mM). 
Moreover, a wide range of  cadmium concentrations (0.01 
mM–50 mM) was used to determine the survival of  bacte-
rial cells. Also, the influence of  the ions of  this metal on 
EPS production and biofilm formation was examined. The 
analyzed strains showed different growth responses to cad-
mium. The growth of  the wild-type strain was not inhibited 
even by the highest concentration of  the metal used (0.015 
mM). In contrast, the growth of  the EPS-non-producing 
Rt5819 strain was inhibited by 0.01 mM concentration of  
cadmium ions. Addition of  cadmium to the other tested 
strains caused a delay of  cell divisions by 24 h, 48 h, or 
72 h, depending on the concentration of  the metal used. 
After the delay, the bacterial growth achieved a similar level 
as that in the control medium.
The study of  the bacterial viability showed no significant 
differences in the numbers of  dead cells within the range 
of  cadmium concentrations used between the tested strains, 
which differed in the amounts of  synthesized EPS. These 
data indicate that EPS plays a significant role in protection 
of  rhizobia and suggest existence of  additional defense 
mechanisms against cadmium stress unrelated to EPS.
Key words: Rhizobium leguminosarum, cadmium ions, bacterial growth, ex-
opolysaccharide
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Rhizobia comprise a group of  gram-negative soil bacteria, 
which exist in the rhizosphere as motile free-living organ-
isms or live inside specific root organs of  legumes, called 
nodules, where they reduce atmospheric dinitrogen to am-
monium. Rhizobium leguminosarum bv. trifolii produces differ-
ent types of  polysaccharides. Among these, extracellular 
polysaccharide is produced by this bacterium in the larg-
est amounts and plays a significant protective role against 
stress conditions. The synthesis of  this polymer is posi-
tively regulated by rosR encoding a global transcriptional 
regulator, which contains a C2H2-type zinc finger motif. 
The RosR protein also influences other cellular processes 
in this bacterium such as motility, envelope biogenesis, and 
membrane functioning. This was evidenced by a phenotype 
of  the Rt2472 strain with a mutation in the rosR gene. This 
strain produces 3-fold less EPS, is less motile and more 
sensitive to several surface detergents, and shows changes 
in the profiles of  extracellular and membrane proteins in 
relation to the wild-type strain Rt24.2.
In this research, a comparative transcriptome analysis of  
the wild-type Rt24.2 and the rosR mutant Rt2472 strains 
was performed. Using genome-wide transcriptome pro-
files, genes differentially expressed in these strains were 
examined. Our analysis revealed significant changes in 
the expression of  1254 genes between the mutant and the 
wild-type strain. Among these, 794 genes were upregulated, 
whereas 460 genes were downregulated in the rosR mutant 
background, indicating that RosR negatively influences 
expression of  a majority of  these genes. The RosR regu-
lon contains genes belonging to several functional groups 
(COGs); however, the largest numbers of  these are in-
volved in transcription, transport and metabolism of  amino 
acids and carbohydrates, cell motility, and signaling. These 
results indicate that RosR is an important global regulator 
influencing many cellular processes in R. leguminosarum.
Key words: Rhizobium leguminosarum, transcriptome analysis, rosR gene
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Temperature is one of  the most determining factors for 
disease outbreak and may act as a signal that activates ex-
pression of  specific pathogenicity-related factors during 
infection. Several studies have reported thermoregulation 
of  gene expression in plant pathogenic bacteria, but little 
is known about the influence of  temperature on second-
ary metabolism and host-adaptive processes in pectinolytic 
bacteria.
Pectinolytic bacteria: Pectobacterium spp. and Dickeya spp.  
are the causative agents of  blackleg and soft rot disease 
of  potato leading to significant economic losses in agricul-
ture worldwide. During the last decade new Dickeya species 
named  D. solani has been isolated in many European coun-
tries. D. solani is more virulent and aggressive than other 
Dickeya spp. and Pectobacterium spp. isolated from potato in 
Europe so far. Aggressiveness of  D. solani appears to in-
crease at high temperatures.
D. solani  strain IFB0099 was randomly mutagenized us-
ing a mini-Tn5 transposon. This transposon carries  a pro-
moterless gusA reporter gene coding for β-glucuronidase, 
and is therefore suitable for identification of  promoter 
fusions preferentially expressing the reporter gene (gusA) 
at low (18°C) and high (37°C) temperatures. Out of  8000 
transposon mutants: 45 mutants showed an increased re-
porter gene expression at 37°C, and 9 – at 18°C. Among 
the mutants with increased gusA expression at 37°C, inser-
tions were found in genes encoding pectate lyase A, phos-
pholipase C, regulatory protein PecM. Among the mutants 
induced at 18°C the insertions disrupted genes encoding 
protein with properties similarities to a  mechano-sensitive 
ion channel family protein MscS and membrane proteins. 
No significant difference in cell growth rate,  hypersensi-
tive response in tobacco, protease, cellulase and pectinase 
activities between the wild-type strain and any of  the tested 
mutants was observed. Three mutants were identified as 
biofilm-defective mutants and four of  tested mutants ex-
hibited a reduced virulence in a potato tuber and chicory 
leaves virulence test.
Key words: plant pathogen, transposon mutagenesis, thermoregulation
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The changes in climate are recently observed in Arctic ma-
rine ecosystems. In these terms the bacterial communities 
can be influenced to unknown extent.
Two Arctic fjords: Hornsund (77°N, 16°E) and Kongsf-
jorden (79°N, 12°E) are localized on the western coast of  
Spitsbergen. Both are influenced by warm Atlantic waters, 
however in Hornsund also cold Arctic waters inflow from 
Barents Sea is observed. Water samples were collected 
in July and August 2013 during polar cruise of  r/v Oce-
ania along transects in both fjords. Total bacteria number 
(TBN), biomass, mean cell size and cells morphology were 
determined with use of  DAPI (4’,6-diamidino-2-phenylin-
dole) dye and direct count method. Vertical distribution of  
bacterial abundances and biomass was investigated in rela-
tion to physical parameters in the water columns.
Bacteria were not homogeneously distributed through the 
layers, higher TBN values occurred around picnocline. 
Bacterial concentrations were almost two times higher in 
Hornsund than in Kongsfjorden. Hydrological data shows 
increased influence of  warm Atlantic waters on both fjords 
during summer 2013. The exact impact of  this phenom-
enon is unknown, however we speculate that among many 
possible interactions, such as: glacial meltwater and par-
ticulate inorganic matter concentration, stratification due 
to temperature and salinity, the main factor that regulates 
bacterial communities is the nutrients availability. This may 
be caused by inflow of  nourishment substances form bird 
colonies, which are approximately two times more numer-
ous in Hornsund than Kongsfjorden. Also increased con-
centrations of  organic and inorganic matter were present in 
Hornsund. To compare structure and composition of  bac-
terial communities of  these two fjords we plan to perform 
PCR-DGGE and 16S rRNA gene sequencing (MiSeq, Ilu-
mina).
Key words: Spitsbergen, Hornsund, Kongsfjorden, bacterial abundance, 
bacterial biomass
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We previously demonstrated that the NZP2213 strain of  
Mesorhizobium loti remained viable within free-living amoeba 
Acanthamoeba castellanii at least during the first 24 h of  infec-
tion and it was able to self-release from amoeba cells. We 
also showed that environmental conditions influenced the 
association and internalization of  bacteria by amoebae, the 
uptake of  bacteria was mediated by the mannose-depend-
ent receptor, and the protein tyrosine kinase participated 
in phagocytosis of  the bacteria by Acanthamoeba castellanii.
The aim of  the present study was to determine the effect 
of  bacterial LPS (O-PS) in rhizobia-amoeba interactions 
using defined Tn5 mutants, Mlo-13 and 2213.1, which 
showed higher and impaired effectiveness in symbiosis 
with Lotus corniculatus, respectively, derived from the pa-
rental strain. Results from co-cultivation, viable counts, an 
antibiotic protection assay, showed that: (1) the degree of  
association with amoeba cells is the highest for the parental 
strain, (2) the uptake of  the 2213 strain and Mlo-13 during 
the first 3 h of  co-culture is at the same level, but (3) after 
4h-co-cultivation the recovery of  living bacterial cells was 
much higher for the mutant Mlo-13 than the wild strain, 
(4) there was no recovery of  viable cells of  mutant 2213.1 
ineffective in Lotus corniculatus symbiosis, from amoebae in 
all the tested incubation times of  co-cultivation. The inhi-
bition phagolysosome fusion assay using NH4Cl, followed 
by staining of  infected amoeba cells together with plaque 
assay, indicated that the 2213.1 mutant was actively uptaken 
in phagocytosis but digested in the endocytic degradation 
pathway. Contrarily, the wild strain was partly digested and 
the Mlo-13 strain was not.
The above results indicate that LPS of  the wild strain is 
mainly responsible for the receptor-dependent uptake of  
rhizobia, while whether bacteria are digested or remain vi-
able inside amoebae depends on the LPS hydrophobicity.
Key words: endosymbiosis, Acanthamoeba castellanii, lipopolysaccharide, 
Mesorhizobium loti
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Biocementation, due microbial carbonate precipitation, 
is convenient technique in soil mechanical improvement. 
Urease lead to calcium carbonate precipitation by urea hy-
drolysis and alkalization. However, environment pollution 
(e.g. petroleum, heavy metals) negatively affect on enzymat-
ic activity of  ureolytic microorganisms.
The aim of  this work was determine ureolytic activity of  
bacteria isolated from polluted (by petroleum or metals: U, 
Cu, S, and Fe) soil samples (obtained from Rajskie, Kowary 
and “Colourful Lakelets” in Rudawski Landscape Park) in 
presence of  heavy metals (Cu, Zn and Mn) and petroleum 
derivatives (kerosene, leaded petrol and heater oil). Bacteria 
were cultivated on solid microbiological medium supple-
mented with soil extract (3 days in +25°C). To investigate 
ureolytic activity, isolated bacterial strains were incubated 
in saline + urea (for activity screening with phenol red; 
for quantitative determination without phenol red) sup-
plemented with petroleum derivatives (up to 20% of  kero-
sene, leaded petrol and heater oil) or heavy metals (up to 
100 mM of  copper sulphate, zinc sulphate and manganese 
sulphate). The change of  the medium color (due alkaliza-
tion) was measure using spectrophotometer. Amount of  
ammonia ions was determined in phenol-nitroprusside as-
say.
From among 25 isolated bacterial strains, 7 isolates were 
able to urea hydrolysis in presence of  petroleum derivatives 
or heavy metals. Ureolytic activity was diverse and depend-
ent on added compound. From among petroleum deriva-
tives, only leaded petrol, in 20% concentration, completely 
inhibit ureolytic activity. All investigated heavy metals sig-
nificant inhibit urea hydrolysis. Bacteria able to decomposi-
tion of  urea may be useful in biocementation in environ-
ment contaminated especially by petrol derivatives.
Key words: biocementation, urease, soil bacteria
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One of  the alternative methods of  outfighting pathogens 
is using the antibacterial features of  silver nanoparticles 
(AgNPs). They possess high biological activity and they’re 
efficient against wide spectrum of  microorganisms. De-
partment of  Microbiology at the University of  Wroclaw, 
is carrying out the research on the resistance of  Gram-
negative bacteria to nanoparticles, connected with outer 
membrane proteins (OMP) patterns. The tested strains 
– Klebsiella pneumoniae 626 and Enterobacteraerogenes 323  – 
were subject to sublethal doses of  silver nanocomposites. 
They showed reduced susceptibility to its antimicrobial ac-
tion after prolonged-exposure to AgNPs with a few dif-
ferences: mainly in size, silver’s content, oxidation state or 
its immobilization on inorganic solids. OMP of  studied 
strains were extracted according to Murphy and Bartos 
methods with our own minor modifications and then the 
two-dimensional electrophoresis (2-DE) was performed. 
The protein quantification was performed with the BCA 
Protein Assay Kit. Electrophoregram’s analysis showed dif-
ferences in protein profiles between variants and wild types 
of  each strain – disappearance, amount changes or synthe-
sis of  new OMPs. These modifications are a morphologi-
cal marker used to determine the influence of  each silver 
nanoform with physico-chemical differences on bacterial 
sensitivity to silver nanoforms.
Key words: outer membrane proteins (OMP), gram-negative bacteria, sil-
ver nanoforms, nanoparticles
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Chicken gastrointestinal track is inhabited by various bacte-
ria, fungi and archaea. Lactobacillus spp. are members of  the 
chicken intestinal micro biota. Campylobacter spp, pathogen-
ic for humans, is also a normal inhabitant of  the chicken 
gut. The composition of  the chicken bacterial community 
can be affected by several factors such as diet, age, antibi-
otic administration and infection with pathogens. The aim 
of  the study was to evaluate the influence of  the different 
rearing system, especially, the  dietary treatment of  chick-
ens on Lactobacillus species colonizing their gut. Chicken 
stool samples were collected from privately owned “back-
yard” flocks and from commercial broiler chicken flocks. 
Chicken stool samples were streaked onto selective MRS 
(de Man, Rogosa, and Sharpe) agar and incubated within 
an anaerobic atmosphere overnight at 37°C. Pure cultures 
were obtained. The strains were further  characterized  by 
morphological and microscopic observations.  Belonging 
to the Lactobacillus  genus  was  confirmed by molecular 
analysis (amplification of intergenic chromosomal DNA 
region between the 16S rDNA and 23S rDNA). To de-
termine  the species of  the isolates the 16S rDNA genes 
were amplified and  PCR products were sequenced. The 
nucleotide sequence of  the PCR products  were  analyzed 
using BLAST against the nucleotide database at the NCBI 
website.
So far a total 50 Lactobacillus strains were isolated from pri-
vately own chickens. The most abundant Lactobacillus spe-
cies are L. salivarius, L. reuteri and L. plantarum. In the future 
we intend to evaluate their adhesion and potential probiotic 
properties as well as their  anti-Campylobacter activity of  iso-
lated strains.
Key words: chicken gastrointestinal track, Lactobacillus, 16S rDNA, Campy-
lobacter
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Surfactants are compounds commonly used, both in the 
household and in different branches of  industry, primar-
ily in the process of  cleaning and disinfection. They have 
a several positive features, where the most important is to 
reduce the surface tension of  water, what facilitates the 
cleaning of  various types of  surfaces. In the present work 
two compounds were used as biocides: hexamethylene-1,6-
bis-(N,N-dimethyl-N-dodecylammonium bromide) be-
longs to the gemini surfactant, and its single analogue – 
dodecyl(trimethyl)ammonium bromide (DTAB).  Two fold 
dilution method was used to determine the minimum con-
centration of  compounds (MIC) which inhibit the develop 
of  bacteria: St. epidermidis (ATCC 12228 and environmen-
tal strain), Ps. aeruginosa (ATCC 85327 and environmental 
strain), and Brochothrix thermosphacta (ATCC 11509 and en-
vironmental strain). The viability of  cells in liquid cultures 
in TSB medium (Merck, Germany) with addition of  these 
substances in concentrations ¼ MIC  and MIC were also 
determined.
The obtained results show that DTAB inhibits the growth 
of  bacteria in the concentration 0.126–1.01 microM/mL, 
and gemini surfactant is active in 0.0018–0.0145 microM/
mL. Both compounds in MIC value reduced the number 
of  cells of  all strains of  more than 5 log. Decrease the con-
centration of  both single and double surfactant to 1/4 MIC 
caused inhibition of  cell growth of  all the strains for 4–8 
hours. After this time, further cell growth continued up to 
the level of  107–108 cfu/ml after 48 hours.
It was found that gemini surfactant is active in more than 
17–140-fold lower concentrations than its monomeric 
analog. Bacteria strains isolated from natural environment 
are less sensitive on testing biocides than collecting strains. 
The use of  too low concentration of  biocides can limit the 
growth of  bacteria, but often only for a short period of  
time. Later microorganisms can adapt to adverse environ-
mental conditions and begin to produce defense mecha-
nisms.
Key words: gemini surfactants, antibacterial activity, Brochothrix, Pseu-
domonas
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The most powerful antiphytopathogenic activity poses bac-
teria of  the same ecological niche as pathogen. The aim of  
the research was to elaborate biopreparation for plant pro-
tection active against phytopathogenic bacteria and insect 
pests based on the bacilli strains.
Active antagonistic strain Bacillus megaterium ONU500 was 
isolated from the fermented mustard leaves – traditional 
Vietnamese meal. Species identification was carried out 
using morpho-tinctorial properties, API and fatty acid gas 
chromatography (MIDI-Sherlock automatically identifica-
tion system).
Antagonistic activity investigation was carried out in vitro 
(agar-holes method) and in vivo. During the research in vitro 
and in vivo there were used 18 strains of  phytopathogenic 
bacteria from the species Erwinia carotovora and Rhizobium 
tumefaciens as indicators and as infecting agents respectively. 
In vitro minimal inhibition zone diameter was 20 mm. Ex-
periments in vivo on potato tubers and carrot discs showed 
inhibition effect of  the culture B. megaterium ONU500 in 
100% of  cases. It was shown also statistically significant 
increase of  germinative capacity on 10% and of  root-
top mass (87–91%) after the tomato seeds soaking in 1% 
B. megaterium ONU500 culture suspension.
Using methods of  multifactor mathematical analysis culture 
medium was optimized. Cultivation of  the strain B. mega-
terium ONU500 in this medium during in vitro experiments 
resulted in the increasing of  inhibition zones size from 50–
70% depending from the indicator strain sensitivity.
For the strain B. megaterium ONU500 entomocidic activ-
ity against Bradysia pilistriata was also shown. Maximal en-
tomocidic activity (100% lethality) was shown during the 
three-time suspension treatment. Biopreparation based on 
the strain B. megaterium ONU500 posses antagonistic activ-
ity against causative agents of  soft rot and bacterial cancer, 
against insect pests and also stimulate tomato seeds germi-
nation and seedlings formation.
Key words: Bacillus, biocontrol, phytopathogens
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In the past decade molecular techniques have provided a 
means for detecting the presence of  virtually any type of  
bacteria in environmental samples, independent by to them 
the ability of  culture in the laboratory. Most of  these meth-
ods requires the isolation of  bacterial DNA. However, iso-
lation of  bacterial DNA is very often problematic of  even 
impossible. The solution of  this problem is use a set of  
direct PCR kit, which is designed to direct DNA amplifica-
tion from the different plant samples without any DNA 
prior isolation.
In our study methanotrophic endophytes inhabiting three 
types of  Sphagnum species: S. magellanicum, S. fallax, S. flexuo-
sum were tested. In the first step of  preparation the surface 
of  plant material was sterilized to eliminate the assistance 
of  epiphytic microorganisms, after that was lysed, blended 
and centrifuged to precipitate the debris of  big particles. As 
negative control the fragment of  plant not blende was used. 
Detection of  methanotrophic bacteria was performed with 
genetic marker – pmoA gene. Next, cloning of  PCR product 
obtained was carried.
A positive result of  pmoA gene detection was obtained for 
all tested Sphagnum endophytes. Molecular analysis of  the 
pmoA gene sequences were done directly in the plant mate-
rial. The presence of  Methylobacter sp. belonging to groups 
A1, A2, Methylomonas sp. – group B and constituting an in-
dependent line A3 were confirmed.
This advantage of  this method is the lack of  need for iso-
lating DNA, the possibility of  in situ biodiversity studies, as 
well as reduced costs of  reagents.
Key words: endophytic bacteria, methane, methanotrophs
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Synthetic anionic surfactants such as linear alkyl sulfates, 
e.g. sodium dodecyl sulfate (SDS), are extensively used as 
components of  a variety of  household and industrial de-
tergent formulations. Significant quantities of  surfactants 
and their derivatives released in the environment after use 
may exert harmful effects such as the remobilisation of  
organic pollutants and the inhibition of  biological activ-
ity. The problem of  surfactant pollution is especially severe 
in the arctic environments, where the rate of  biodegrada-
tion is low due to temperature effect. Here we describe the 
ability of  the psychrotolerant arctic strain Psychrobacter sp. 
DAB_AL62B to degrade and metabolize biocidal SDS.
The strain, isolated from ornithogenic deposits in Spitsber-
gen (Svalbard Archipelago, Norway), was found to harbour 
a 34.5-kb plasmid, pP62BP1, which carries i.a. a pheno-
typic module, named SLF. It consists of  four open reading 
frames (slfCHSL) encoding catabolic enzymes participating 
in the alkyl sulfates metabolism, and a gene (slfR) for tran-
scriptional regulator of  AraC/XylS family.
Even though SDS at the concentration as low as 0.17 mM 
exerts a bacteriostatic effect on several tested Psychrobacter 
spp. strains, the pP62BP1-containing strain is capable of  
the complete SDS degradation in these conditions. The 
crucial enzyme of  the SLF module, the alkyl sulfatase SlfS, 
was also found to hydrolyze its homologues of  8, 10, and 
16 carbon atoms in the aliphatic chain. The molecular anal-
ysis of  SLF module revealed that the slfCHSL genes form 
an operon, whose activity is determined by the SlfR protein 
acting as a negative transcriptional regulator.
To the best of  our knowledge, the studied genetic module 
is the first compact plasmid-borne alkyl sulfate degradation 
module known and analyzed to date.
Key words: alkyl sulfate, Psychrobacter spp., plasmid
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The pathogenicity of  entomopathogenic nematodes 
(EPNs) is largely due to the presence of  bacteria. Many 
species of  bacteria creates a non-specific mutualistic rela-
tionships with EPN. These bacteria have not yet been ful-
ly described. The studied nematode strains were isolated 
from soil samples obtained from different regions of  Po-
land. The bacteria isolated from EPNs were passaged on 
Trypticase Soy Agar and next examined by biochemical 
methods (ureolytic activity), genetic tests (16S rRNA gene 
sequencing) and infrared spectroscopy (IR). The ureolytic 
activity was tested on Christensen medium using the plate 
method. The IR spectra was measured using Attenuated 
Total Reflection Fourier Transform Infrared Spectroscopy 
technique (ATR/FT-IR). The first derivatives of  the bacte-
rial IR spectra were used for Principal Component Analysis 
(PCA). A total number of  20 bacterial strains were isolat-
ed. These bacteria are members of  six different species. 
Pseudomonas sp. accounted for the greatest number of  the 
isolated microorganisms (8 out of  20). The IR spectrum 
range 1200–750 cm–1 was selected for bacterial differen-
tiation. Analysis of  the IR window suggests that the test-
ed bacteria are divided into two distinct clusters. Cluster 
I includes Acinetobacter sp., Delftia sp., Pseudochrobactrum sp. 
and some of  Pseudomonas sp. strains. Cluster II includes 
Achromobacter sp., Enterobacter sp. and other Pseudomonas sp. 
strains. Cluster I is very consistent. In contrast, cluster II is 
highly incoherent. Six isolates exhibited ureolytic activity. 
The strongly ureolytic bacteria occupy very similar posi-
tions in PCA. The wave numbers strongly correlated with 
this biochemical characteristic were: 1108 cm–1, 1109 cm–1, 
1221 cm–1, 1286 cm–1 and 1440 cm–1. Spectroscopic stud-
ies and mathematical analysis enabled the classification of  
bacterial strains into ureolytic and non-ureolytic group.
Key words: entomopathogenic nematodes, infrared spectroscopy
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Microsporidia are obligate intracellular parasites significant 
for public health, especially for immunocompromised pa-
tients as cause of  opportunistic infections. Enterocytozoon 
bieneusi, Encephalitozoon intestinalis, E. cuniculi and E. hellem 
are the most common species among 14 microsporidian 
identified, by now, as human pathogens. Considerable ge-
netic diversity within E. bieneusi has been found with over 
100 genotypes identified based on the ITS nucleotide se-
quences. Microsporidia infect a wide range of  vertebrate 
host, including domestic, livestock and wild animals and 
humans. The epidemiology, ecology and clinical impact 
of  microsporidian infection in animals in human is poorly 
understood. The main objective of  the present study was 
to determine the occurrence of  Enterocytozoon bieneusi and 
Encephalitozoon spp. in wild rodents and birds. Fecal and 
spleen samples of  wild living rodents (Apodemus spp., Myo-
des glareolus) and fecal samples of  rooks (Corvus frugilegus) 
were collected for surveys form areas located in Lower 
Silesia, Poland. PCR amplification was performed on set 
of  nested primers amplifying the ITS region of  the rRNA 
gene of  E. bieneusi and Encephalitozoon spp. Genetic markers 
and primers were chosen based on the literature data. Se-
lected PCR positive products were purified and sequenced. 
BLAST searches were conducted in order to elucidate any 
homologies with previously deposited sequences in Gen-
Bank. Several samples showed high similarity to described 
sequences of  pathogenic microsporidia.
Key words: microsporidia, zoonotic reservoir, wildlife
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In this study species distribution and antimicrobial suscep-
tibility of  cultivated Pseudomonas spp. was studied in influent 
(INF), effluent (EFF) and marine outfall (MOut) of  waste-
water treatment plant (WWTP). The susceptibility was test-
ed against 8 antimicrobial classes, active against Pseudomo-
nas spp.: aminoglycosides, carbapenems, broad-spectrum 
cephalosporins from the 3rd and 4th generation, extend-
ed-spectrum penicillins, as well as their combination with 
the β-lactamase inhibitors, monobactams, fluoroquinolo-
nes, and polymyxins. Among identified species, resistance 
to all antimicrobials but colistin was shown by P. putida, 
the predominant species in all sampling points. In other 
species resistance was observed mainly against ceftazidime, 
ticarcillin, ticarcillin-clavulanate and aztreonam, although 
some isolates of  P. aeruginosa, P. fluorescens, P. pseudoalcaligenes 
and P. protogens showed multidrug-resistance (MDR) phe-
notype. Among P. putida resistance to β-lactams and to 
fluoroquinolones as well as multidrug resistance become 
more prevalent after wastewater treatment, but resistance 
rate decreased in marine water samples and some phe-
notypes were lost. Obtained data, however, suggests that 
Pseudomonas spp. are equipped or are able to acquire a wide 
range of  antibiotic resistance mechanisms, thus should be 
monitored as possible vectors of  resistance dissemination.
Key words: Pseudomonas spp., species distribution, antimicrobial suscepti-
bility, wastewater, marine outfall
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Listeria monocytogenes is the main causal agent of  listeriosis, 
a well-documented food-borne illness. Although the inci-
dence of  listeriosis is low, it is a major public health con-
cern worldwide because L. monocytogenes is capable of  caus-
ing severe infections.
The aim of  the study was to characterize strains of  L. mono-
cytogenes isolated from meat products collected under of-
ficial control and monitoring in Poland and to determine 
the susceptibility of  L. monocytogenes  isolates to various an-
timicrobial agents. The samples were tested for the pres-
ence of  L. monocytogenes by the laboratories of  Sanitary and 
Epidemiological Stations, according to the procedure PN 
EN ISO 11290-1:1999+A1:2005. The isolates were sent to 
the National Reference Laboratory for L. monoctytogenes for 
confirmation and further analysis. L. monocytogenes molecu-
lar serotyping was perform using multiplex PCR. L. monocy-
togenes isolates were screened for susceptibility to a panel of  
antimicrobials on Mueller-Hinton agar  by a disc diffusion 
method described in the CLSI.
A total of  72 L. monocytogenes isolates from food samples: 41 
– sausages, 27 – delicatessen with meat and 4- meat samples 
were examined. Fifty-five (76%) of  L. monocytogenes isolates 
were resistant to ampicillin and 3 (4%) isolates to amoxycil-
lin/clavulanic acid. All L. monoctytogenes isolates were sensi-
tive to gentamicin, chloramphenicol, ciprofloxacin, mero-
penem, sulphamethoxazole-trimethoprim, erythromycin 
and tetracycline. No multiple resistance was observed in 
L. monocytogenes.
Serotyping of  L. monocytogenes strains by multiplex PCR 
showed the highest incidence of  serotype 1/2a-3a serotype 
(IIa) – 53% of  all isolates, 19% was defined as serotype 
1/2c-3c (IIc), 14% as 1/2b-3b-7 (IIb) and 8% as 4ab-4b-
4d-4e (molecular group: IVb). Any isolate of  serotype 4a-
4c (molecular group IVa) was not found.
The results of  the present study indicate that L. monocy-
togenes isolated from meat products most often represented 
molecular group IIa and were sensitive to common anti-
biotics (except ampicillin and amoxycillin/clavulanic acid).
Key words: Listeria monocytogenes, meat products, antimicrobial resistance

  Poster Presentations 135

8–10 July 2015, University of Gdansk, Poland



VI.P.35

The occurrence and characteristic 
of Escherichia coli O157 in retail 
food in Poland in 2010–2012
Elżbieta Maćkiw, Magdalena Modzelewska, 
Łukasz Mąka, Jacek Postupolski

Department of Food Safety, National Reference Laboratory for E. coli, 
National Institute of Public Health – National Institute of Hygiene, 
Chocimska 24, 00-791 Warsaw, Poland
e-mail: emackiw@pzh.gov.pl; mmodzelewska@pzh.gov.pl

Shiga toxin-producing Escherichia coli (STEC) is a zoonot-
ic food- and waterborne pathogen that is a serious public 
health concern because of  its propensity to cause outbreaks, 
hemorrhagic colitis, and the potentially fatal hemolytic-ure-
mic syndrome (HUS). The O157:H7 serotype of  entero-
hemorrhagic STEC is the most common and is well rec-
ognized for its high virulence in human populations. Meat 
and vegetables have been implicated in outbreaks of  E. coli 
O157:H7 in most parts of  the world.
 In 2010–2012 official  control studies were carried in Po-
land to detect the presence E. coli O157 in food samples. A 
total of  4096 food samples were collected, including 3596 
samples of  meat and 500 samples of  vegetables. E. coli 
O157 were isolated from 178 samples. To the National 
Reference Laboratory for E. coli 14 strains were sent for 
confirmation. These strains were subjected to further stud-
ies. Analysis by PCR was used to detect the presence of  the 
verotoxin genes (stx1, stx2), the attaching and effacing gene 
(eaeA). Antibiotic susceptibility was assessed using the disk 
diffusion method on Mueller-Hinton agar according to the 
criteria defined by the CLSI.
None of  the isolates E. coli  O157 possessed the genes en-
coding stx1 and stx2. Of  the 14 isolates 9 contained the 
eaeA genes. Four (27%) of  E. coli O157 isolates were resis-
tant to ampicillin, one (7%) to sulfonamides, five (36%) to 
strepomicin and tetracycline, two (14%) thrimetoprime. All 
E. coli O157 isolates were sensitive to aztreonam, amoxycil-
lin/clavulanic acid, cefepim, cefoxitin, ceftriaxone, chlor-
amphenicol, ciprofloxacin, ertrapenem, gentamicin, imi-
penem, nalidixic acid. Two isolates were resistant to one 
antimicrobial agent, two isolates were resistant to two anti-
biotics and four isolates resistant to three antibiotics.
Key words: Escherichia coli O157, meat, vegetables, antibiotic resistance
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Metagenomics offers a potential tool for molecular research 
of  genomes of  non – cultured microbial communities with 
the goal of  better understanding of  the microbial ecology 
as well as answering the increasing biotechnological de-
mands for novel enzymes and biomolecules (Schmeisser et 
al., 2007).
Nowadays, plasmids are a very attractive target for metag-
enomics research. As an extrachromosomal mobile genetic 
elements, they have the ability of  carrying different genes 
such as these encoding antibiotic (Cummings et al., 2011) or 
heavy metal resistance and they represent a wide resource 
that enable poorly adapted bacteria to survive and gain new 
functions (Wright 2007; Schlüter et al., 2007).
The aim of  this research is to devise an effective meth-
od for extraction and purification of  plasmid DNA from 
samples originating from different aquatics environments 
that will be followed by NGS (New Generation Sequenc-
ing). Samples from aquatic environments are a very specif-
ic and difficult for plasmid DNA isolation because of  the 
dispersion of  microorganisms as well as the capacity of  
the sample needed. Samples used in this project were col-
lected from the municipal wastewater, municipal river and 
unpolluted lake. During study we plan to check whether the 
type of  environment may influence the diversity of  genes 
encoding antibiotic and heavy metal resistance genes. Using 
this knowledge we plan to determine the biodiversity and 
the potential for spreading and transfer horizontally genetic 
information among unrelated species of  bacteria.
Obtained sequences of  plasmid DNA will be analysed to 
find genes encoding antibiotic and heavy metal resistance. 
They will be subsequently compared to sequences depos-
ited in databases in attempt to find replication origins of  
sequenced plasmids. In the future, this information may be 
used for construction of  new plasmids with potential use 
in molecular biology and biotechnology.
Key words: metagenomics, plasmids DNA, aquatic environments
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Microbiological quality of atmospheric 
air in the center of Bydgoszcz
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Air pollution has become a major cause of  concern in the 
world. Since the self-cleaning ability of  the air is limited, 
it is necessary to monitor air quality and to take measures 
against excessive air pollution.
This study evaluates microbial air quality in the center of  
Bydgoszcz. Air sampling by impaction was conducted at 
four sampling sites in a seasonal cycle.
The results indicate the dominance of  mold fungi (77%). 
Heterotrophic mesophilic bacteria were the second most 
numerous (19%). Mannitol-positive staphylococci, actino-
mycetes and Pseudomonas fluorescsens accounted for a small 
percentage of  the total number of  microorganisms (2%, 
1%, and 1%, respectively). The following genera contribut-
ed to the population of  mold fungi: Cladosporium spp (73%), 
Penicilium (11%), Fusarium (9%), Alternaria (6%), Aspergillus 
(1%).
According to Polish Standard air contamination with mi-
croorganisms belonging to all investigated groups did not 
exceed limit values. The number of  the investigated micro-
organisms varied seasonally and depended on the sampling 
site.
Key words:  microbial air contamination, mold fungi, heterotrophic bac-
teria, actinomycetes
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The Rhizobium-legume symbioses vary in both specificity 
of  the host range and the diversity of  bacterial species nod-
ulating a given host plant. Trifolium rubens is rare ornamental 
legume plant, which is nodulated by Rhizobium spp. Up to 
now, the symbiotic interactions of  T. rubens and microsym-
bionts that nodulate this plant were not studied. The main 
objective of  this study was to determine the taxonomic 
status of  T. rubens microsymbionts. The genomic diversity 
of  64 nodule isolates was determined by plasmid content 
analysis, ERIC-PCR and BOX-PCR. The selected, diverse 
strains were further genetically characterized by study 16S 
rDNA sequence polymorphism and multilocus sequence 
analysis (MLSA) some of  the housekeeping and symbiotic 
genes. The subsequent phylogenic analyses showed that 
most of  the T. rubens nodule isolates belong are closely re-
lated to R. leguminosarum species and are able to nodulate 
efficiently, besides T. rubens, different varieties of  Trifolium 
pratense. Vicia sp. (vetch) was not nodulated by the sampled 
rhizobia. Unexpectedly, from among studied microsymbi-
onts, the individual strains closely related to R. galegae and 
R. skiernievicense species were found. The metabolic profiles 
of  the selected microsymbionts showed differences in the 
use of  carbon and energy sources. Currently, further ex-
periments are conducted to study the host range specificity 
of  T. rubens microsymbionts.
Key words: Trifolium rubens, microsymbionts, phylogeny, metabolic pat-
tern

  Poster Presentations 137

8–10 July 2015, University of Gdansk, Poland



VI.P.39

Quantitative variability in microbial 
community in constructed wetlands 
purifying wastewater containing 
pharmaceutical substances
Monika Nowrotek, Aleksandra Ziembińska-Buczyńska,  
Korneliusz Miksch

Environmental Biotechnology Department, The Silesian University 
of Technology, Akademicka 2, 44-100 Gliwice, Poland; Center of 
Biotechnology, The Silesian University of Technology, Krzywoustego 8, 
44-100, Gliwice, Poland
e-mail: monika.nowrotek@polsl.pl

Pharmaceutical substances and their residues are present 
in an increased amount in the environment. Therefore, at-
tempts are being performed to remove them by using dif-
ferent processes. It turns out, that due to their refractive 
character, pharmaceuticals are not removed by conven-
tional wastewater treatment system with activated sludge, 
because they are not biodegradable, indicated that the apply 
wastewater treatment system are insufficient. It occurs, the 
greatest problem relates to anti-inflammatory drugs (often 
available without a prescription) and antibiotics. Among 
these processes the techniques based on natural phenome-
na that occur in wetland ecosystems, called a technical scale 
constructed wetlands become more and more important. 
The information about a relatively high efficiency of  these 
methods of  degrading pharmaceutical compounds appears 
in the recent literature. Bacteria adhere to the filler mate-
rial in the wetland (plant roots – if  they are present, and 
solid particles) and create biofilm. This biofilm structure is 
responsible for the majority of  the fundamental transfor-
mations and degradation of  contaminants that are found 
in the wastewater. Any kind of  pollution has a potential 
impact on the structure of  the bacterial communities, in-
volved in wastewater treatment processes. Changes in the 
structure of  the community can reduce the effectiveness 
of  the purification process or even inhibited it completely. 
Tool recognized as extremely useful in studies of  the struc-
ture of  bacterial community is PCR-DGGE (Polymerase 
Chain Reaction – Denaturing Gradient Gel Electrophore-
sis). In the study we attempted to determine the effect of  
pharmaceuticals dispensed in the wastewater supply con-
structed wetland – diclofenac and sulfamethoxazole for 
the entire structure of  the bacterial community, and am-
monia oxidizing bacteria (AOB), which are considered to 
be crucial in leading the process of  nitrification. The study 
showed that presence of  the plants and pharmaceuticals in 
medium influences the genotypic structure of  the commu-
nity, changing dominant genotype and the level of  diversity 
in microbial community compared with the period, where 
no pharmaceutical was dosed.
Key words: microbial community, PCR-DGGE, pharmaceuticals sub-
stances, constructed wetlands
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Natural environments are organized in well balanced eco-
systems where organisms from all domains of  life coex-
ist. This delicate balance of  any ecosystem is maintained 
thanks to the multiple and diverse interactions between 
inhabitants. Microorganisms are the most abundant group 
of  organisms that inhabits the largest number of  environ-
ments. Despite their number, microorganisms have been 
largely overlooked in descriptions of  ecosystems. Recently, 
rapid progress in metagenomics revealed richness of  mi-
crobial species associated with specific environments and 
organisms. Microbiome analysis revealed its specificity 
towards the host in vertebrates, where studies have been 
conducted in laboratory conditions or on clinical samples. 
Research on animal-associated microbiome in natural envi-
ronments is more complicated due to lack of  control and 
numerous variables that can affect the outcome of  stud-
ies, which in turn often argue between species-specific and 
general microbiome of  studied animals.
Here we present data supporting the hypothesis of  spe-
cies-specific microbiome in freshwater ostracods (Crus-
tacea: Ostracoda), which have been raised from dry mud 
collected from a salt pan in the Kalahari Basin (southern 
Africa), and subsequently cultured together in a semi self-
sustaining culture under laboratory conditions. We have 
utilized high resolution melt (HRM) analysis to estimate 
differences between Sclerocypris sarsii and Potamocypris mas-
tigophora microbiome. Results indicate that both ostracods 
inhabiting the same, artificial water tank with the original 
sediment harbour distinct composition of  bacterial species. 
HRM results have been backed by cloning and sequenc-
ing the library of  16S PCR amplicons created on samples 
from corresponding species. Our results suggest possible 
interactions between specific bacteria and ostracod species, 
which can have further biological implications.
Key words: microbiome, HRM, ostracods
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Biomineralization is a widespread phenomenon, occurring 
in different natural environments such as soil, sedimenta-
ry and metamorphic rocks, freshwater, oceans and saline 
lakes. Microbial induced calcium carbonate precipitation is 
one of  the biomineralization types closely dependent on 
the parameters of  the microenvironment. Minerals are pre-
cipitated as a product of  the interaction between environ-
mental and biological activity and the system has very little 
control via microbial cells. Moreover, any changes in the 
microenvironment will have an effect on the biominerals 
precipitated.
The aim of  this study is to determine the influence of  abi-
otic factors such as the pH value of  the culture medium, 
temperature, type of  substrate, and the calcium concentra-
tion on the calcite precipitation process.
The studies were conducted on six environmental strains 
isolated from building materials and historical ob-
jects: Bacillus atrophaeus, B. muralis, B. mycoides, B. subtilis, 
B. weihenstephanensis and Arthrobacter sulfureus. The cultiva-
tion of  bacteria were carried out in liquid medium at 28°C 
for 5 days with continuous aeration at 150 rpm. At an in-
terval, from 24 hours up to 5 days, the biomass of  bacteria, 
the concentration of  calcium ions and the growth of  crys-
tals were measured. The crystals’ morphology and struc-
ture were determined using a scanning electron microscope 
with EDS for microanalysis.
Our results showed that the pH value, source, and concen-
tration of  calcium ions influenced the structure, morphol-
ogy and amount of  precipitated calcium carbonate. The 
calcium acetate was the most preferred calcium source and 
the pH value of  culture media above 8.0 was the most ap-
propriate for the biomineralization process. Moreover, the 
structure, morphology and size of  biocrystals depended 
not only on the environmental conditions, but also on the 
features of  the bacterial strain.
Key words: microbial induced mineralization, calcite, abiotic factors

VI.P.42

Metabolic biodiversity of Coprinus 
comatus using Biolog System
Anna Pawlik1, Marek Siwulski2, Magdalena Frąc3,  
Grzegorz Janusz1

1Department of Biochemistry, Maria Curie-Skłodowska University, 
Akademicka 19, 20-033 Lublin, Poland; 2Department of  Vegetable 
Crops, Poznań University of Life Sciences, Dąbrowskiego 159, 60-594 
Poznań, Poland; 3Department of Plant and Soil System, Laboratory of 
Molecular and Environmental Microbiology, Institute of Agrophysics 
PAS, Doświadczalna 4, 20-290 Lublin, Poland
e-mail: gjanusz@poczta.umcs.lublin.pl

Coprinus comatus, the shaggy mane mushroom, is cultivated 
as delicious and highly nutritious edible species by Chinese 
people in recent years. Beside its culinary value C. comatus is 
considered as medicinal mushroom because of  its antioxi-
dant, antitumor, antidiabetic, immunomodulating, hypolip-
idemic, antibacterial, and antinematode properties.
Although the genus Coprinus include many species of  ed-
ible and medicinal mushrooms, these mushrooms are often 
poorly characterized or intractable to genetic analysis, and 
there are many gaps to be filled in the current knowledge 
on their taxonomy and biology.
Bearing in mind that metabolic features are becoming in-
creasingly important in fungal taxonomic studies, the aim 
of  the present work was to determine the intraspecific di-
versity of  Coprinus comatus using biochemical profiling tools. 
In addition, we investigated the usefulness of  these meth-
ods for establishing the metabolic relationships between 
C. comatus strains.
Biolog FF MicroPlates were applied to obtain data on uti-
lization of  95 carbon sources and mycelial growth. The 
analysis allowed comparison of  functional diversity of  the 
fungal strains and revealed a broad variability within the an-
alyzed Coprinus species based on substrate utilization pro-
files. Significant differences have been shown in substrate 
richness values. There is no clear correlation in metabolic 
preferences of  the analysed strains to a particular group of  
substrates. However, most fungal strains were easily capa-
ble of  carbohydrates and amino acids utilization. All the 
isolates were grouped into two major clusters at a 100% 
similarity level, which then were arranged in subclusters. 
In general, the strains from group A comprise all slowly 
metabolizing strains that used fewer substrates (2–7), than 
the isolates from group B.
The Biolog experiments have demonstrated to be a good 
profiling technology for studying the diversity in shaggy 
manes due to metabolic differences and proved all the 
C. comatus strains might be considered individually.
Key words: Biolog, fungal diversity, Coprinus comatus, shaggy mane mush-
room
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Cyanobacteria of  the Lyngbya genus (Oscillatoriales) live in 
marine, fresh and brackish environments worldwide. They 
are well-known producers of  bioactive metabolites, includ-
ing toxins and potential pharmaceuticals. In the cases of  
the Baltic species from Lyngbya  genus, no reports on the 
production of  bioactive metabolites or their diversity have 
been published.
The aim of  the present work was to characterized the 
structure of  peptides produced by four Baltic isolates 
(CCNP 1314, 1315, 1316, 1324) classified to Lyngbya aestu-
arii.  For the purpose of  the study, liquid chromatography 
combined with tandem mass spectrometry (LC-MS/MS) 
was used. The structures of  Lyngbya metabolites were char-
acterized on the basis of  their fragmentation spectra. The 
LC-MS/MS analyses revealed high metabolic similarity 
of  the strains CCNP 1315 and CCNP 1316 and different 
metabolite profile of  CCNP 1314. In three Lyngbya strains 
(CCNP 1315, 1316 and 1324) different variants of  linear 
cyanobactins were detected. These compounds belong to 
ribosomally produced peptides and are characterized by a 
prenylated N-terminus and methylated C-terminus.
Although the gene clusters responsible for the production 
of  the cyclic cyanobactins have been found in the genomes 
of  10% of  the analyzed cyanobacterial taxa, so far, the 
presence of  the linear structures of  the peptides has been 
reported only from Microcystis aeruginosa. In our work, for 
the first time the production of  the peptides by Lyngbya was 
demonstrated. Most of  the identified cyanobactins repre-
sent novel structures of  the compounds.
Key words: Lyngbya, metabolites, linear cyanobactins, ribosomally, pep-
tides
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Nowadays, the usage of  silver in the form of  nanoparti-
cles (AgNPs) is widespread and affects almost all indus-
trial branches. The high susceptibility of  moulds to silver 
nanoparticles is surprising, considering their known resist-
ance to various disinfectants. The lack of  published stud-
ies on the mechanisms of  this sensitivity leans to the at-
tempts of  their knowledge and explanation. Hence, the 
aim of  the study was to determine the influence of  AgNPs 
on the growth and metabolism of  moulds. The AgNPs in-
fluence on fungi biomass was determined by gravimetric 
analysis, organic acids production by HPLC and extracel-
lular enzymes by API Zym test. The silver nanoparticles 
preparation (10–80 nm, 90 ppm) was obtained by chemical 
method of  AgNO3 reduction by sodium citrate, with PVP 
as an anti-aggregation factor. It was added to culture medi-
um in the minimal inhibitory concentration (MIC) of  each 
strain. Studies were performed using pure culture collec-
tion strains: A. niger, P. chrysogenum. The presence of  AgNPs 
in the medium decreases the mould biomass by 45–50% 
after 14 days of  incubation, reduces the growth rate and ac-
celerates the entry into the stationary phase by 7 days. The 
AgNPs changes extracellular enzymes production (alkaline 
and acid phosphatase, esterase, phosphohydrolase, α- and 
β-galactosidase, α- and β-glucosidase). Silver nanoparticles 
reduces the organic acid production: oxalic by 65–76%, cit-
ric by 21–83%, malic by 17–32% and succinic by 24–87%. 
It was proven that the application of  silver nanoparticles 
may inhibit the growth and metabolic activity of  moulds.
Key words: silver nanoparticles, moulds, metabolism
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The aim of  this study was the characteristics of  biochemical 
properties of  fungi isolated from environments with low or 
variable temperature. The SF-P2 (BIOLOG) microplates 
were used to determine the metabolic profile of  strains in 
two temperatures 6 and 28ºC. Wells of  microplates contain 
95 sources of  carbon and water as a control. The carbon 
sources are grouped into carbohydrates, polymers, carbox-
ylic and keto acids, amino acids, amines/amides, and other. 
The fungi grow in wells containing carbon sources that it 
can utilize, forming turbidity in those wells as compared to 
the reference well.
The biological material consisted of  strains of  Alternaria 
alternata, Alternaria brassicae, and Pleospora papaveracea isolated 
from food low temperature storage rooms, frozen dump-
lings malt, and historical brick and wooden surfaces, more-
over Thelebolus microsporus, Geomyces sp., Phoma sclerotioides, 
Leptosphaeria sydowii isolated from Antarctic soil. A total of  
14 strains were examined.
It was demonstrated the differences in the biochemical ac-
tivity, depending on the origin of  strains and incubation 
temperature. At a temperature of  6°C the higher activity 
in substrates utilization noted for Antarctic strains, par-
ticularly for Thelebolus microsporus G2 and Geomyces sp. G6. 
For other strains utilization of  carbohydrate and polymers 
was observed. Among the Antarctic strains only Thelebolus 
microsporus G2 and Geomyces sp. G2 are able to growth at 
28°C, but their biochemical activity in this temperature was 
very low. The activity of  strains isolated from low and vari-
able temperatures was higher in 28°C. The most number 
of  substrates was utilized by Alternaria brassicae. The other 
strains mainly metabolized carbohydrates, amino acids and 
polymers. Cluster analysis of  the results obtained at a tem-
perature of  6°C allowed to distinguish two main groups 
of  fungi according to their origin of  isolation. The strains 
from Antarctic soil consisted of  one group. Obtained re-
sults provided that the Antarctic strains are psychrophiles.
Key words: fungi, BIOLOG microplates, low temperature
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Aflatoxins are secondary metabolites produced by fungi, 
particularly Aspergillus flavus and Aspergillus parasiticus, which 
were found as contaminant in a wide variety of  food matri-
ces. The consumption of  food with high level of  aflatoxins 
can cause acute and chronic adverse effects on health which 
include immunosuppresion hepatic disorder and cancer.
Ochratoxin A (OTA) is a secondary metabolite that is pro-
duced by some species of  Aspergillus and Penicillium. OTA is 
commonly found in cereals, coffee, spices and dried fruits 
and is classified as a potential Group 2B carcinogen by the 
International Agency for Research on Cancer.
Several factors affect mycotoxin occurrence, the most im-
portant being plant genotype, fungus strain and environ-
mental conditions.
A total of  49 spice samples were collected from different 
stores of  Eastern Poland. The analysis was conducted using 
an enzyme-linked immunosorbent assay (ELISA) method, 
Ridascreen Total Aflatoxin and Ridascreen Ochratoxin A 
(R-Biopharm).
The analysis showed that 100% of  samples were contam-
inated with OTA and  a low level of  total aflatoxins con-
tamination was found in the samples. The average concen-
tration for total aflatoxins was 21.78 µg/kg, far above the 
maximum threshold admitted by European legislation (10 
µg/kg for total aflatoxins). The highest incidence of  OTA 
was found in allspice and it amounted 194.77 µg/kg. More-
over, 60% spice samples contaminated by OTA exceeded 
the threshold admitted by the European Regulation.
Key words: mycotoxins, spices
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Quaternary ammonium salts (QAS) have been widely used 
in disinfection of  water, surfaces and instruments, textile, 
leather and food industry because of  their relatively low 
toxicity, broad antimicrobial spectrum, non-volality and 
chemical stability. Due to these advantages QAS are also 
used in the restoration and could be applied on historical 
material.
The aim of  the research was to determine the sensitivity 
of  six environmental bacterial and fungal strains to bioc-
ides containing quaternary ammonium salts. In the study 
sensitivity to two biocides of  bacteria Pseudomonas fluorescens, 
Staphylococcus equorum, Bacillus cereus and moulds Chaetomium 
globosum, Penicillium citreonigrum, Cladosporium cladosporoides, 
all isolated from historical wood were tested. The biocides 
were obtained commercially and marked as A (didecyldi-
methylammonium chloride <5.0%, alkyldimethylammo-
nium oxide <5.0%) and B (didecyldimethylammonium 
chloride >9.5%, citric acid 2.0%, propiconazole 0.5%, 
2-(methoksymethylethoxy)propanol 0.5%). In order to 
assess the tested strains sensitivity, microorganisms were 
inoculated (bacteria – 108 CFU/ml; moulds spores – 107 
spores/ml) on the wood samples (50 mm×20 mm×10 mm) 
and incubated for up to 28 days in a climatic chamber at 
28°C and 80% relative humidity. Afterwards, biocides were 
applied in triplicate at an interval of  24 hours, at concentra-
tions 1.5%, 3%, 6%, v/v (biocide A) and 10%, 20%, 30%, 
v/v (biocide B). Antimicrobial activity was determined by 
imprinting wood samples on TSA medium (Merck) for 
bacteria, and on MEA (Merck) for moulds.
Both tested biocides showed high antimicrobial activity 
against Staphylococcus eqourum and Bacillus cereus, at the lowest 
concentrations tested after a single application. Whereas, 
Pseudomonas fluorescens was less sensitive and requires the use 
of  higher concentrations of  both biocides. For all strains 
of  moulds the biocides showed low antifungal activity in 
the tested concentrations.
Key words: antimicrobial activity, biocides, quaternary ammonium salts
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Both clinical and environmental Candida strains, especially 
in structure of  biofilm, may cause significant health prob-
lems. Processes of  colonization of  biotic and abiotic sur-
faces and biofilm formation depends inter alia on hydro-
phobic properties of  Candida spp.
The aim of  the research was to determine the effective-
ness of  chosen essential oils in reduction of  hydrophobic 
properties of  environmental C. rugosa, C. famata and C. kru-
sei isolates. Collection strain C. albicans ATCC 10231 was 
used for comparison. Cell surface hydrophobicity (CSH) 
was determined by the microbial adhesion to hydrocarbon 
test (MATH) to p-xylene in PBS buffer. The results were 
presented as hydrophobicity index IH, i.e. the percentage 
of  cells in the xylene layer (adhered cells). Within the study, 
thyme (Thymus vulgaris L.), clove (Syzygium aromaticum Merill 
& Perry) and tea tree (Melaleuca alternifolia Cheel) oils were 
used. Essential oils (EOs) were applied in their MIC con-
centrations (0.031–0.25%, v/v) specific for the particular 
strain and oil.
CSH values of  strains tested were high and ranged from 
76.4% to 91.2%, with the highest value for C. rugosa. Statis-
tically significant decrease of  hydrophobicity indexes was 
observed after application of  tea tree oil for C. krusei, clove 
oil – C. albicans, and all EOs tested – C. rugosa. Only in the 
case of  C. famata isolate EOs used solely did not affect its 
hydrophobic properties. To determine the interactions of  
EOs, their mixtures (1:1, 1:2 and 2:1, v/v) were applied. 
The essential oils’ mixtures combination reduced hydro-
phobicity of  C. rugosa and C. albicans. For the other two 
strains hydrophobic properties were significantly decreased 
only in the presence of  thyme and clove oils (1:1) – C. kru-
sei, and tea tree and thyme oils (1:1, 2:1) – C. famata. The 
interactions indexes of  EOs in combinations indicate their 
additive or indifferent effect.
Key words: Candida spp., hydrophobic properties, essential oils
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Sulphate-reducing bacteria were isolated from selected oil-
field waters in the Flysch Carpathians of  south-eastern Po-
land. Organisms were incubated using the microcosms meth-
od with application of  two media: minimal medium and 
modified Postgate C medium with yeast extract or triso-
dium citrate or monocyclic hydrocarbons from the BTEX 
group (benzene, toluene, ethylbenzene, and xylene) as the 
sole carbon source. Activity of  sulphidogenic microorgan-
ism communities was noted only on the Postgate C me-
dium. Beside active sulphate reduction – max. 70%, c. 74% 
biodegradation of  organic compounds was also observed 
in the cultures. The highest content of  sulphate reducing 
bacteria (SRB) in the COD (c. 83%) was noted in cultures, 
in which trisodium citrate and yeast extract were applied as 
the sole carbon source.
Molecular analysis indicated not only the presence of  SRB 
such as Desulfobacterium autothrophicum, Desulfovibrio desulfuri-
cans, but also other microorganisms e.g. Geobacter metalliredu-
cens. All these taxa are obligatory or facultative anaerobes, 
with metabolism linked mostly with elemental sulphur 
and/or its oxidized forms, as well as iron.
Analysis of  the mineral composition of  the residues con-
firmed the presence of  mineral phases which are typical 
for reducing environments. Among these minerals were re-
corded elemental sulphur and carbonates (calcite and rare 
vaterite) that can result from biochemical reactions per-
formed by microorganisms. Based on the obtained results, 
it is concluded that the physical and chemical properties of  
the oilfield waters are favourable for the growth and devel-
opment of  sulphidogenic microorganism assemblages and 
mineral-forming processes conducted by them.
Key words: sulphate-reducing bacteria, oilfield waters, carbonates, bio-
genic minerals
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In the recent years the increasing bacterial contamination 
of  the coastal seawaters and the beach sand has become a 
potentially global problem limiting their recreational func-
tions for millions of  domestic and foreign tourists. Along 
with fecal bacteria, also potentially pathogenic bacteria 
which normal habitat is not the marine environment are 
introduced to the seawaters and the beach sand The ac-
cumulation of  those pathogenic bacteria in the seawater 
and the beach sand poses a hazard to bathers for whom an 
infective dose of  pathogen colonises a suitable growth site 
in the body and leads to a disease.
The occurrence and the distribution of  potentially hu-
man pathogenic bacteria such as Aeromonas, Pseudomonas 
aeruginosa, Staphylococcus and Vibrio – like organisms and 
fungi Candida albicans in the sand of  the recreational marine 
beach were studied. The research was carried on the sandy 
sea beach in Ustka, one of  the most popular resorts in the 
central coast of  the Baltic Sea. The dry and the wet sand 
and the seawater samples were collected once per month at 
the Eastern Beach and the Western Beach The samples of  
sand were obtained from two sites along a profile perpen-
dicular to the shoreline. The wet sand was collected from a 
site situated at the waterline and the dry sand was collected 
from a site located a sheltered place among the dunes. Sand 
core samples were divided into two sections: 0–5 cm and 
10–15 cm.
The highest mean number among these four studied 
groups of  bacteria constituted Aeromonas – like organisms 
and the lowest Staphylococcus – like organisms. The dry sand 
was inhabited by the highest number of  all studied poten-
tially pathogenic microorganisms.
Within a year, the number of  the studied microorganisms 
inhabiting the sand showed considerable monthly changes. 
There were differences in the abundance of  potentially 
pathogenic bacteria between the surface and the subsur-
face sand layers with a clear trend for the decrease in the 
number of  the studied bacteria within the deeper layers of  
the sand.
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The aim of  study was to determine effect of  creosote oil 
fumes on activity of  some soil enzymes involved in carbon 
cycle: dehydrogenases (EC 1.1.1.x), catalase (EC 1.11.1.6), 
o-diphenol oxidase (EC 1.10.3.1), lipase (3.1.1.3), β-gluco-
sidase (EC 3.2.1.21); in phosphorus cycle: alkaline phos-
phomonoesterase (EC 3.1.3.1), acid phosphomonoesterase 
(EC 3.1.3.2), phosphodiesterase (EC 3.1.4.1), phospho-
triesterase (EC 3.1.8.1), inorganic pyrophosphatase (EC 
3.6.1.1); and in nitrogen cycle: urease (EC 3.5.1.5), proteas-
es (EC 3.4.4.x) and nitrate reductase (EC 1.6.6.1).
Creosote oil is a product of  coal tar distillation. It is an 
efficient and toxic wood preservation chemical, which con-
sists of  hundreds of  organic compounds, most of  which 
are detrimental to the environment. Soil enzymatic activi-
ties are recognized as a more sensitive bioindicator used for 
measuring the effect of  soil pollution on microbial com-
munity.
The experiment was carried out on loamy sand and sandy 
loam with organic carbon content of  8.7 and 10.9 g· kg–1. 
The soil samples were placed with ground wooden railway 
sleepers impregnated with creosote oil in exsiccators for 
21 days. The references were soil samples without impact 
of  creosote oil fumes. After 21 days soil enzyme activities 
in control soils and in soils treated with creosote oil fumes 
were measured spectrophotometrically.
Obtain results shown a decrease effect of  creosote oil 
fumes on activity of  all measured enzymes involved in 
nitrogen cycle in both soil types. The inhibitions of  en-
zymes involved in phosphorus cycle caused by creosote oil 
fumes were observed only in sandy loam. Among enzymes 
involved in carbon cycle, the dehydrogenase, lipase and cat-
alase activities were increased, and o-diphenol activity was 
decreased in both soil types treated with creosote oil fumes.
Key words: creosote oil, enzymatic activity, fumes, soil
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Acidothermophilic bacteria Alicyclobacillus sp. are recog-
nized as a threat for fruit processing industry as their pres-
ence in fruit based products (juices and juice concentrates) 
is more frequently observed. Alicyclobacilli are aerobic 
sporulating bacteria which spores withstand unfavorable 
conditions (elevated temperature and high acidity) what 
causes difficulties in their removal from industrial environ-
ments in food industry. Although their general characteris-
tics and biochemical properties have been widely studied, 
the ability of  Alicyclobacillus sp. to establish biofilm in indus-
trial installations still remain unexplored.
This study considers Alicyclobacillus sp. biofilm formation 
capability on glass surface.
Three environmental isolates previously identified as Alicy-
clobacillus sp. and Alicyclobacillus acidoterrestris DSM 3922 ref-
erence strain have been inoculated into liquid BAT medium 
containing glass slides and incubated in 45°C for 4, 24, 48, 
72 hours with and without agitation. After incubation peri-
od the number of  biofilm-associated cells was determined 
by swab technique both for rinsed and untreated glass sur-
faces and quantified by count plate method.
All tested bacterial strains expressed ability to colonize 
glass surface even after 4 hours of  incubation. It was found 
that agitation accelerated biofilm formation. The average 
range of  biofilm production reached 3.0–3.7 log CFU/cm2. 
The mature biofilms were formed after 48 hours of  incu-
bation and their levels did not considerably change within 
the time.
The study proved Alicyclobacillus sp. attachment capability 
onto glass surface showing that 2 days of  incubation in 
favorable conditions is sufficient enough to form biofilm 
structure. There were any statistically important differences 
between the tested strains observed.
Key words: Alicyclobacillus sp., biofilm, glass surface
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Aeromonas spp. are ubiquitous water-borne bacteria respon-
sible for economic losses in fish farming plants. The com-
mon carp and the rainbow trout are popular food fish in 
Poland and should be considered as a source of  Aeromonas 
contaminations. We asked whether virulence factors asso-
ciated with human diseases such as toxins and extracellular 
enzymes are widespread among Aeromonas isolated from 
cultured fish, as well as what the profile and the structur-
al diversity of  lipopolysaccharide (LPS), the main immu-
nodominant glycolipid of  the outer membrane of  these 
gram-negative bacteria, is.
SDS-PAGE analysis of  LPS showed that a majority of  
the isolates synthesized O-antigen containing S-form 
LPS. Neutral and amino-6-deoxyhexoses, hexoses, amino-
hexoses, two isomers of  heptose and Kdo were revealed 
as the main components of  the carbohydrate portion of  
the endotoxin. PCR-based detection of  virulence genes for 
cytotoxic enterotoxin (act), aerolysin/haemolysin (aerA), 
cytotonic enterotoxins (ast, alt), serine protease (ser), and 
glycerophospholipid:cholesterol acetyltransferase (gcaT) 
was performed. The studies demonstrated that all strains 
harboured at least two of  four toxin genes. The aerA and act 
were the most frequently found toxin genes among all the 
isolates. PCR amplification was also attempted for a 330-
bp region of  alt and a 440-bp region of  ast; it revealed that 
about 30% of  the isolates harboured these genes. Primers 
for the amplification of  the 350-bp and 240-bp regions of  
the ser and the gcaT genes, respectively, yielded PCR prod-
ucts of  extracellular enzymes from approx. 60% to 100% 
of  isolates.
Both surface molecules, such as LPS, and extracellularly se-
creted toxins and enzymes are the main factors associated 
with Aeromonas pathogenicity. The distribution profile of  
virulence-related genes among the isolates from the cul-
tured fish confirms that Aeromonas are genetically hetero-
geneous. Moreover, when they harbor aerolysin/hemolysin 
genes together with structural attributes such as O-antigen 
containing LPS molecules, they can be considered potential 
foodborne pathogens.
Key words: Aeromonas, virulence factors, PCR
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The aim of  the study was to determine the effect of  soil 
contamination with petrol and diesel oil on soil microorgan-
isms abundance (MA) and its biological activity, expressed 
by respiration activity (RA), dehydrogenase (DHA) and cat-
alase (CAT) activities. Microbial identification was realized 
with use of  molecular methods. Soil material for investiga-
tion was extracted from the surface (0–20 cm), subsurface 
(20–40 cm) and subsoil (40–60 cm) layers of  agricultural 
exploited Mollic Gleysol. Under laboratory conditions to soil 
samples enrichment with petroleum substances (petrol and 
diesel) in the following doses: 0, 1, 3, 5, 10, 15 g/10 g fresh 
soil were added and incubation was performed (7 d, 20°C). 
RA was determined as a concentration of  CO2 in the head 
space (GC Varian). Microorganisms abundance by Koch 
platelet method on agar (BTL) was realized. DNA was ex-
tracted by Sambrook and Russell method (with own mod-
ification) and primers 27f/1492r were used for microbial 
identification Enzymes activities were tested with the use 
of  2.3.5-TTC as a substrate and by back-titrating residual 
H2O2 with KMnO4 for DHA and CAT, respectively.
Our results demonstrated that between tested petroleum 
substances – petrol is more harmful for soil biology than 
diesel, what was confirmed by notification of  lower values 
(by c.a. 70%) of  each biological factors (RA, DHA, CAT, 
MA) treated with petrol in relation to diesel contamination. 
The most sensitive on petroleum contamination seemed to 
be RA and DHA. As a major autochthonic bacteria being 
present in soil contaminated with petrol oil species belong-
ing to the genera Rhodococcus sp., R. erythropolis, R. qingshengi 
and R. globerulus were noted, whereas in combination treat-
ed with diesel oil besides representatives of  Rhodococcus 
genera also Staphylococcus sp., and S. haemolyticus have been 
identified.
Key words: petroleum substances, soil microbial activities, microorgan-
isms identification
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Enterococci are a natural component of  the intestinal flora 
of  many organisms, including humans and birds. As op-
portunistic pathogens, can cause fatal infections of  the 
urinary tract and endocarditis in humans, while in poultry 
joint disease, sepsis and falls in the first week of  life. Abuse 
of  antibiotics in human and veterinary medicine has led to 
the development of  multidrug resistant strains.
The aim of  this study was to determine the antimicrobials 
susceptibility and genetic mechanism of  resistance in col-
lected strains, as well the ability of  enterococci to biofilm 
formation.
The research covered 112 Enterococcus strains – 56 isolated 
from humans and 56 from turkeys. Samples were collected 
as rectal or cloacal swabs. Among the investigated isolates 
E. faecalis was detected in 53.6% (turkey strains) and in 
44.6% (human strains). E. faecium was identified in 41.1%  
and in 7.1% of  turkey and human isolates, respectively. Re-
sistance to more than 4 antimicrobials (tetracycline, eryth-
romycin, ciprofloxacin and vancomycin) showed 33.9% of  
all analyzed strains. Simultaneous resistance to tetracycline 
and erythromycin occurred in 83% of  the human and tur-
key strains, otherwise 70.5% of  all strains showed resist-
ance to ciprofloxacin. Our study revealed, that 51.8% of  
turkey and 58.9% of  human strains were resistant to van-
comycin.
Tetracycline resistance gene – tetM was detected in 83% 
of  all analyzed strains, while tetO gene was found in 53.6% 
of  human and only in 8.9% of  turkey strains. Vancomycin 
resistance gene (vanA) was detected in 7 strains (6 isolated 
from turkeys and 1 from human). ErmB gene (resistance 
to macrolide) was detected in 55.4% of  all isolates (67.9% 
of  turkey and 42.9% of  human strains), and ermA gene 
was detected in 16.1% of  turkey and in 3.6% of  human 
isolates. All the strains had the ability to biofilm formation. 
A stronger biofilm was formed by strains isolated from hu-
mans than birds. It is also noted that multidrug resistance 
strains had a tendency to form more intensive biofilms.
Key words: Enterococcus, resistance genes, multidrug resistance, biofilm
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In the developing countries Campylobacter jejuni and Campy-
lobacter coli are the most common causative agents of  bacte-
rial gastroenteritis worldwide. Natural host of  Campylobacter 
is mainly poultry. Contaminated, undercooked meat can 
lead to human infections. As a results, there may occur fa-
tal complications such as Guillain-Barré syndrome.  The 
over-use of  antimicrobials in animal production causes an 
increases in bacterial resistance. This poses a problem in 
antibiotic treatment in humans with gastroenteritis caused 
also by another bacteria.
The aim of  this study was to compare the antimicrobial 
resistance phenotypes and resistance genes in Campylobac-
ter spp. isolated from slaughter poultry [n=45] in Poland. 
Campylobacter jejuni [n=41] and Campylobacter coli [n=4] iso-
lates were identified by multiplex PCR and MALDI-TOF 
Biotyper. There was 100% identity of  the results in both 
methods. Minimum inhibitory concentration (MIC) of  test-
ed strains [n=45] was determined by broth microdilution 
susceptibility method. In order to investigate the genetic 
basis of  resistance to erythromycin (mutation in position 
2075 domain V 23S rRNA)  and ciprofloxacin (mutation 
in gyrA gene) Polymerase Chain Reaction – Restriction 
Fragment Length Polymorphism (PCR-RFLP) were used. 
Polymerase chain reaction (PCR) was used to detect genes 
such as: tetO (tetracycline), aadE (streptomycin), bla-OXA61 
(ampicillin) and cmeB (multi-drug efflux pump).
In this study all strains had mutation in gyrA gene and no 
mutation in position 2075 domain V 23S rRNA. Among 
45 isolates tetO gene was detected in 36%, bla-OXA61 gene 
in 29% and cmeB gene in 7% strains. All strains were resist-
ant to ciprofloxacin, 86.7% to nalidixic acid and 64.4% to 
tetracycline. All strains were susceptible to azithromycin, 
erythromycin, gentamycin, florfenicol, telithromycin and 
clindamycin. This study showed a frequent occurrence of  
fluoroquinolone resistance and the presence of  selected 
resistance mutation in Campylobacter jejuni and Campylobacter 
coli.
Key words: Campylobacter, antimicrobials resistance, poultry
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Killer properties of  yeasts were first described and inves-
tigated on the strain Saccharomyces cerevisiae in 1964. Since 
then, almost 100 species of  yeast belonging to more than 
20 genera (including Hansenula, Candida, Torulopsis, Williop-
sis, Pichia, Debaromyces, Ustilago) were known and their num-
ber is still growing. Killer yeast is capable of  secretion of  
the protein or glycoprotein known as killer toxin. These 
proteins kill sensitive cells of  yeast, bacteria or fungi. Cur-
rently, more than 11 different killer toxins are known. The 
mechanism, temperature and pH of  action depend on the 
type of  toxins and the sensitive strain. Synthesis of  kill-
er toxins is associated with the presence of  intracellular 
particles of  different virus groups. Depending on the ca-
pabilities of  the strain to secrete toxins and sensitivity to 
toxins,  strains are singled out as killer yeast, neutral and 
sensitive. Killer yeasts are usually obtained from various 
natural habitats, ranging from fermentation environments, 
soil, through various types of  fruits, vegetables and flowers. 
Under natural conditions killer systems play a major role 
in the ecology of  yeasts and constitute one of  the most 
important mechanisms of  competition between the strains 
in a particular niche. Potential use of  killer yeast and / or 
toxins produced by them is mainly related to the neutraliza-
tion of  pathogenic or infectious microorganisms in given 
environment, inter alia, in brewing, winemaking or bakery. 
In a study yeast isolates from different natural habitats have 
been used. They were subjected to screening in terms of  
killer toxin secretion using the plate method. If  the inocu-
lated strain was surrounded by bluish coloured cells and a 
clear zone <1 mm or only surrounded by a blue zone, the 
reaction was recorded as “w” (weak killer reaction). If  the 
inoculated strain was surrounded by bluish coloured cells 
and a clear zone ≥1 mm, it was designated  as “+” (positive 
killer reaction).
Key words: killer yeast, toxin killer, natural environments
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Institute of Fermentation Technology and Microbiology, Department 
of Biotechnology and Food Sciences, Lodz University of Technology, 
Łódź, Poland
e-mail: julia.zabielska@dokt.p.lodz.pl

Biofilms are highly organized microbial communities ex-
pressing high resistance to disinfectants and other external 
environmental factors. Medical equipment such as stents 
and catheters can be colonized by a variety of  bacteria in-
cluding opportunistic pathogens dangerous for patients 
with lowered immune system. A variety of  polymers and 
copolymers are developed for medical equipment to mini-
mize a bacterial biofilm formation.
The aim of  the research was to evaluate the biofilm forma-
tion on the suction catheters by environmental Pseudomonas 
aeruginosa strains.
Catheters made of  polyvinyl chloride and styrene-acron-
itrile copolymer which were cut into 1 cm pieces and in-
troduced into TSB liquid medium (Merck) were inoculated 
with four different environmental strains of  Pseudomonas 
aeruginosa and Pseudomonas aeruginosa ATTC 15542 reference 
strain (approximately 108 CFU/ml). After incubation with-
out agitation in 30°C for 24 h catheters were rinsed with 
PBS buffer for removing the loosely adhered cells. After-
wards catheters were put in sterile tubs with saline solution 
and sonicated for 30 sec (60 Hz) to disperse the cells. Col-
ony forming units considered as biofilm-creating were ob-
tained by the count plate method on TSA medium (Merck).
All the tested Pseudomonas aeruginosa strains expressed a 
strong ability to create the biofilm on the examined cath-
eters. The biofilm formation by two environmental isolates 
and the reference strain were estimated at the level of  2.2–
6.0×106 CFU/cm2. The other isolates reached the level of  
biofilm production of  5.3–5.5×106 CFU/cm2.
The research proved that both Pseudomonas aeruginosa envi-
ronmental and reference strains are capable of  colonizing 
polyvinyl chloride and styrene-acronitrile copolymer sur-
faces with a high efficiency.
Key words: biofilm, Pseudomonas aeruginosa, environmental strains
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Cellulolytic bacteria from digestive 
tract of Svalbard reindeer (Rangifer 
tarandus platyrhynchus)
Sylwia Zielińska1, Dorota Kidawa2, Lech Stempniewicz2,  
Marcin Łoś1, Joanna Łoś1

1Department of Molecular Biology, University of Gdansk, Wita Stwosza 
59, 80-308 Gdańsk, Poland; 2Department of Vertebrate Ecology and 
Zoology, University of Gdansk, Wita Stwosza 59, 80-308 Gdańsk, Poland
e-mail: sylwia.zielinska@biol.ug.edu.pl

Reindeers have a circumpolar distribution, with seven sub-
species occupying different boreal and arctic regions. The 
Svalbard reindeer is a small subspecies of  Rangifer tarandus 
endemic to Svalbard archipelago. A majority of  reindeers 
living today are domesticated or semi-domesticated. As ru-
minants, they depend on symbiotic rumen microorganisms 
for the digestion of  fibrous plant material. To cope with a 
high variety of  vascular plants, mosses and lichens, reindeer 
rumen consists of  highly complex and unique symbiotic 
microbial community, mostly bacteria. The composition of  
bacterial communities appears to be influenced by the host 
age and condition as well as available plants and seasonal 
factors not yet understood.
The microbiome of  the rumen is responsible for the break-
down of  plant fiber. Fibrolytic bacteria degrade fibrous 
material, which allows nutrition by utilization of  plant 
fiber. A wide variety of  enzymes expressed by bacteria, be-
longing to the phyla Firmicutes and Bacteroidetes contribute 
to fibre digestion, metabolizing different carbohydrates in-
cluding celluloses. Those two phyla are the most abundant 
bacteria among reported reindeer populations. Fibrobacter 
succinogenes, Ruminococcus albus and Ruminococcus flavefaciens are 
presently recognized as the major cellulolytic bacterial spe-
cies found in the rumen and are important in degradation 
of  dietary fiber. Interestingly, Svalbard reindeers are known 
for their high rumen concentration of  cellulolytic bacteria. 
In the faecal samples collected by us in Hornsund, R. flavece-
faciens and F. succinogenes were the most commonly isolated 
cellulolytic rumen bacteria, while in rumen samples from 
different Svalbard reindeer population and from Norwe-
gian reindeers those bacteria were not reported. Unfortu-
nately, those results cannot be directly compared as they 
were obtained with the use of  different methodological 
approaches.
Digestion of  plant fiber is the basis of  the mutualism 
between specialised microbes and vertebrate herbivores, 
which in case of  reindeers results in unique and complex 
bacterial flora. This kind of   relationship merits deepen in-
vestigation.
Key words: faecal bacterial community, 16S rRNA New Generation Se-
quencing, Arctic, reindeer, fibrolytic bacteria
Acknowledgements: Collection of  the reindeer samples was possible 
due to financial support from National Science Center based on the deci-
sion (DEC-2011/01/N/NZ8/04569). All fieldwork has been performed 
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supported by National Science Center, Poland (grant no. 2011/01/D/
NZ2/04817).
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