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LACTONE/FURANONE – CONTAINING FRACTIONS FROM ARNICA MONTANA
INHIBIT AI-2-BASED QUORUM SENSING
ANNA VACHEVA 1*, ANTOANETA TRENDAFILOVA-SLAVKOVA 2, MILKA TODOROVA 2,
RADKA IVANOVA 1, STOYANKA STOITSOVA 1
1

The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences; 2 Institute of Organic Chemistry with
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ABSTRACT
Bacteria communicate with each other using signal molecules, autoinducers, in a process called quorum sensing
(QS). Gram-negative bacteria synthesize and sense two main groups of signals - Autoindicer(s) 1 (AI-1, lactones) and
Autoinducer-2 (AI-2), which are involved in gene regulation. QS-related expression of some virulence factors could be
used as a target for inhibition of pathogens. The medicinal plant Arnica montana contains sesquiterpene lactones for
which we hypothesized that can mask QS signals thus interfering with QS. The present study examines the QS inhibition
potential of the total extract and the sesquiterpene lactones-rich fractions from this plant. A bioreporter-strain system of
Vibrio harveyi was used to compare the effects of the fractions on the QS-regulated bioluminescence. For the
bioluminescent assay V. harveyi ATCC 1116 (a wild type strain, reacting to AI-1 and AI-2) and its QS mutant V.
harveyi ATCC 1117 (a bioreporter strain for АІ-2) were cultivated overnight in marine broth, applied to an opaque 96well plate and placed in a luminimeter. To check for eventual interference of antibacterial action, aliquots of the
samples was placed in a transparent 96-well plate and optical density was measured at 620 nm. Bioluminescence of the
Vibrio strains was slightly suppressed in the presence of Am1 (the total extract), greatly suppressed Am2, and
completely abolished by Am3. Am1 showed stataistically significant suppression of bacterial growth of the two strains,
Am2 stimulated slightly the growth, and Am3 had no effect. The results for the two sesquiterpene-rich fractions from A.
montana - Am2 and Am3, supported their activity as potential QS inhibitors and are promising in this new field of
research.

INTRODUCTION
Quorum sensing (QS) is a mechanism used by bacteria to sense and respond to low-molecular weight
signals related with cell density. Such signals are released by the microorganisms in the environment and
their accumulation beyond a critical amount switches on the action of genes characteristic for the stationary
phase. Gram-negative bacteria synthesize and sense two main groups of signals: species specific acyl
homoserine lactones with different length of the hydrocarbon chain, known also as Autoindicer(s) 1 (AI-1)
and interspecies signal(s) known as Autoinducer-2 (AI-2). AI-2 are furanone derivatives, however to date
their chemical nature and putative structural variation between bacterial species is not completely uncovered
[9].
Among the genes regulated by QS in pathogenic bacteria are those related with a variety of virulence
factors [5]. This opens up the possibility of development of a novel strategy against pathogens: inhibiting
QS-related virulence expression without killing the bacteria thus reducing potential resistance development.
Substances released by plants are one of the targets in the search of QS inhibitors. A QS inhibitor,
brominated furanone, has first been isolated from the red alga Delisea pulchra [6, 7]. Since this substance is
toxic, it has limited potential of application for medical purposes. Recently, attention has been drawn to
searching QS inhibitors in medicinal plants [1, 2, 3, 10, 11].
Arnica montana is well known medicinal plant. Its biological activity is attributed to sesquiterpene
lactones of helenaline and 11,13-dihydrohelenaline type. We have recently identified several sesquiterpene
lactones in A. montana [8]. The aim of the present study is to examine whether these substances have QS
inhibition potential. A bioreporter-strain system of Vibrio harveyi [4] was used to compare the effects of total
extracts and sesquiterpene-rich fractions from A. montana on the QS-regulated bioluminescence.
Materials and methods
Air dried flowers of A. montana were extracted 3-fold with chloroform (CHCl3) for 10 min at 25oC in an
ultrasonic bath. The extracts were combined and the solvent was removed i.v. The residue (Am1, total
extract) was dissolved in 50% aqueous EtOH and washed with petroleum ether. After evaporation of EtOH
the water solution was extracted with CHCl3. The obtained crude lactone fraction (Am2) was treated with
50% aqueous EtOH, precipitated with Pb acetate and the ethanol was removed i.v. from the filtrate. The
residue was extracted with CHCl3 to obtained purified lactone fraction Am3. The total extract Am1 contains
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triterpenoides, sterols, phenolic acids, sesquiterpene lactones and flavonoids. Am2 is rich in sesquiterpene
lactones and flavonoids, and Am3 – in sesquiterpene lactones.
V. harveyi wild type strain ATCC 1116 capable to produce and sense both AI-1 and AI-2, and its QS
mutant V. harveyi ATCC 1117, a AI-2 bioreporter, were used in the study. The strains were cultivated
overnight in marine broth (MB) (Difco) at 30oC, and dissolved 1:1000 in either MB or MB containing 100
μg/ml of the three extracts. The samples were pre-incubated for 18 hours then applied in 150 μl quota into
the wells of a white opaque 96-well plate and placed in a luminimeter with temperature fixed at 30oC.
Bioluminescence was registered hourly at a wavelength of 490 nm. The values were corrected by extraction
of a blank (wells with MB medium alone) and are presented as relative light units (RLU). To check for
eventual interference of antibacterial action, before the start of the reading 150 μl aliquots of the samples
were placed in a transparent 96-well plate and optical density was measured at 620 nm.
Results and discussion
The recorded bioluminescence in the control of V. harveyi 1116 developed in a mode resembling a
growth curve, with exponential followed by stationary phase. A similar course but reaching a much lower
maximum value was observed when the strain grew in the presence of the total extract Am1.
Bioluminescence was greatly suppressed in the presence of Am2 and completely abolished by Am3 (Fig.
1A). The effect of Am1 could at least in part be due to the stataistically significant suppression of bacterial
growth (Fig. 2). This was not the case with the other two substances since, as shown on Fig. 2, Am2
stimulated slightly but statistically significantly the growth of the strain, and Am3 had no effect.
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Fig. 1. Time course of bioluminescence during cultivation of V. harveyi 1116 (A) and V. harveyi 1117 (B) in the absence (control) or
presence of 100 μg/ml extracts of of A. montana. The strains were grown overnight before the start of the measurements. The start of
the measurements is represented as time point ‘0’.

Bioluminescence of V. harveyi 1117 developed more slowly, and a lag-phase part of the curve was
evident (Fig. 1B). This could be explained by a slower growth of this strain as seen in Fig. 2. Otherwise, the
same trends as described for V. harveyi 1116 were registered for this strain as well.
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Fig. 2. Bacterial cell density after overnight growth of the Vibrio
strains in the absence (control) or presence of 100 μg/ml extracts
of of A. montana, corresponding to time point ‘0’ of Fig. 1.
Statistically significant suppression of bacterial growth (**,
P<0.005) is registered in both strains in the presence of Am1,
and statistically significant stimulation (o , P<0.05) – by Am2.
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The total extract from A. montana contains, together with sesquiterpene lactones, also phenolic acids,
flavonoids and triterpenes. This combination of substances suppressed the growth of the two V. harveyi
strains thus interfering with the development of bioluminescence as well. On the other hand, under the
experimental protocol applied the sesquiterpene lactone-rich fractions had no apparent antibacterial activity.
Hence the abolishment of bioluminescence by Am2 and Am3 supported their activity as QS inhibitors. In V.
harveyi 1116 this suppression could reflect interference with both the AI-1 and AI-2 regulatory pathways.
However the effects observed with V. harveyi 1117 indicated the presence of components in both fractions
that inhibit AI-2. This observation is of special concern. AI-2 is an interspecies signal released by both
Gram-positive and Gram-negative bacteria [9]. This indicates that Am2 and Am3 may contain a broadspectrum inhibitor applicable to control virulence genes expression as well.
Acknowledgements: This study was supported by the National Research Fund, Republic of Bulgaria, Contract DO02301. Thanks are due to Dr R. Boteva, National Institute of Radiology and Radiobiology, for kindly providing access to
the luminimeter facility, and to S.O. Stoitsova for doing the measurements.
REFERENCES
1. Adonizio et al (2006) J Ethnopharmacol 105:427-435
2. Adonizio et al (2008) Antimicrob Agents Chemother 52:198-203
3. Al-Hussaini and Mahasneh (2009) Molecules 14:3425-3435
4. Bassler et al (1993) Mol Microbiol 9:773-786
5. De Kievit and Iglewski (2000) Infect Immun 68:4839-4849
6. Givskov et al (1996) J Bacteriol 178:6618-6622
7. Shiner et al (2005) FEMS Microbiol Rev 29:935-947
8. Staneva et al (2011) J Pharmaceut Biomed Analysis 54:94-99
9. Taga and Bassler (2003) PNAS 100:14549-14554
10. Vattem et al (2007) Fitoterapia 78:302-310
11. Zahin et al (2010) Indian J Exp Biol 48:1219-1224

МЛАДЕЖКА НАУЧНА КОНФЕРЕНЦИЯ
“КЛИМЕНТОВИ ДНИ”
22-23, ноември 2011

7

ALTERATIONS IN MOUSE CNS AFTER ACUTE ADMINISTRATION OF LITHIUM
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* corresponding author: dimkad@bas.bg
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ABSTRACT
Background: Lithium has been used as an effective drug in both acute and prophylactic treatment of mania
and manic depressive illness. There is, however, growing evidence that lithium can induce long lasting neurological
sequelae. Animal models have been insufficiently employed to study the neurotoxicity of lithium. Experimental data for
the neurotoxic effect of lithium salts in mice are scarce. The aim of the present investigation is to establish the
morphological changes in the mouse CNS after acute administration of lithium chloride.
Methods: Three-month old male mice were subjected to lithium intoxication. A single toxic but not lethal dose
of lithium chloride (250 mg/kg body weight, 0.2 ml dosing volume in saline) was administered intraperitoneally.
Lithium treated mice were anaesthetized and decapitated 24 h after the administration. Different regions of the CNS
were studied histologically – cerebellum, cerebral cortex, thalamus, medulla oblongata and the cervical part of spinal
cord using haematoxylin-eosine and silver-copper staining for neurodegeneration.
Results: Rapid vacuolization of the brain tissue and subsequent formation of the zones of spongiosis were
found in all studied regions. More intensive compact areas with spongiform changes were found in the thalamic region,
the cerebral cortex and the cervical part of spinal cord. The spongiform changes were observed both in the border and
deeper layers of the cortex. Less intensive vacuolization was registered in the cerebellar cortex. Vacuolization in the
mouse cerebellum was restricted to the places of missing Purkinje cells.
Conclusion: Such histopathological changes are specific for brain tissue degeneration. A species-specific
vulnerability of the mouse CNS could have played a role in the distribution of spongiosis in this model.

INTRODUCTION
Lithium is a widely used pharmacologic agent for acute bipolar disorder, long term prophylaxis of
mania in a bipolar patient, and prevention of “manic overshoot” with an antidepressant in acute depression in
a bipolar patient [7]. However, clinical neurological associations with lithium overdose have been
established and pathologic changes related to lithium toxicity have been observed [8]. Acute lithium
intoxication has several neurological manifestations such as encephalopathy, tremor, ataxia, dyskinesia,
seizures. These symptoms are usually reversible, however, a number of cases of persistent neurological
sequelae have been reported [1]. Animal models have been insufficiently employed to study the
neurotoxicity of lithium [3, 6]. Experimental data for the neurotoxic effect of lithium salts in mice are scarce.
The aim of the present investigation is to establish the morphological changes in the mouse CNS after acute
administration of lithium chloride.
MATERIALS AND METHODS
Three-month old male mice were subjected to lithium intoxication. A single toxic but not lethal dose
of lithium chloride (250 mg/kg body weight, 0.2 ml dosing volume in saline) was administered
intraperitoneally. Lithium treated mice were anaesthetized and decapitated 24 h after the administration.
Different regions of the CNS were studied histologically – cerebellum, cerebral cortex, thalamus, medulla
oblongata and the cervical part of spinal cord using haematoxylin-eosine and silver-copper staining for
neurodegeneration. The silver impregnation was carried out exactly as described by De Olmos and Ingram
[2]. All the sections were studied under Leica DM50008 (New York, USA) microscope.
RESULTS AND DISCUSSION
At the 24th hour after the administration we have found that lithium chloride provokes changes in the
mouse CNS. The silver impregnation technique proved to be more convenient for the visualization of
pathological changes than the classical methods of histology and it allowed localizing precisely the
morphological changes as well as their topographic distribution in the different brain regions.
Rapid vacuolization of the brain tissue and subsequent formation of the zones of spongiosis were
observed in all studied regions. More intensive compact areas with spongiform changes were found in the
thalamic region (Fig. 1) and the cerebral cortex (Fig. 2). The spongiform changes were observed both in the
8
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border and deeper layers of the cortex. The volume of spongiosis vesicles varied from 10 μm to 50 μm.
Spongiform changes with relatively homogeneous distribution were found in the transversal sections of
lithium treated mouse medulla oblongata (Fig. 3), although the vesicles were smaller that those in the cortex.
In the cervical part of spinal cord the number and the volume of spongiform vesicles decreased to show that
the previous vacuolization process was considerably less intensive that in other studied parts of the mouse
CNS. Less intensive vacuolization was registered in the cerebellar cortex (Fig. 4) and it was visible on the
places of Purkinje cells, but the classical picture of spongiosis was missing. In contrast, acute lithium
intoxication in rats has been reported to cause widespread vacuolization in the cerebellar white matter with a
striking loss of Purkinje cells [3]. The mechanism of these remarkably selective pathologic changes
(invariably affecting Purkinje cells) is not well understood. Lithium may act both directly and indirectly on
Purkinje cell calcium homeostasis, resulting in excitotoxic effects [4]. Similar neuropathological findings
have been observed in patients with acute lithium intoxication. It is reported that a permanent cerebellar
syndrome is the most frequent clinical feature. Postmortem studies have revealed severe cerebellar atrophy
of the internal granule and Purkinje cell layers with attendant gliosis and sparing of the surrounding basket
cells, spongiform changes of the white matter and changes in the dentate nucleus [5].
Such histopathological changes are specific for brain tissue degeneration. A species-specific
vulnerability of the mouse CNS could have played a role in the distribution of spongiosis in this model
explaining why more intensive vacuolization out of cerebellum is found. The reversibility of the early
histopathological changes in mouse CNS after lithium administration and their eventual restoration at later
stages remains an open question for further studies employing this model.

Fig. 1. Thalamus after lithium chloride administration, haematoxylin-eosine staining, x400

Fig. 2. Occipital part of the cerebral cortex after lithium chloride administration, silver-copper staining, x400
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Fig. 3. Medulla oblongata after lithium chloride administration, silver-copper staining, x400

Fig. 4. Cerebellar cortex after lithium chloride administration, haematoxylin-eosine staining, x400
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ABSTRACT
The dynamics of bacterial oxidation of ferrous iron by Acidithiobacillus ferrooxidans JCM 3863 in the
presence of single copper and cobalt ions have been investigated in shake flasks with suspended cells cultures in batch.
The oxidation processes have been carried out under the same conditions regarding pH, temperature, agitation and
media contents. The only difference was the addition of Co2+ and Cu2+ in each separate case. The bacteria haven’t been
adapted preliminarily to increasing concentrations of toxic metals. The inhibition of these metals has been investigated
separately. It has been found that the cobalt ions completely inhibit the oxidation process at 2.5 g/l Co2+ and its
inhibitory effect is reversible. In the same time the copper ions completely stop the oxidation at 20.0 g/l Cu2+
irreversibly.

INTRODUCTION
Biological oxidation of ferrous ions by means of Acidithiobacillus ferrooxidans has been referred
firstly in the middle of 20 century [1]. At this moment they have large implementations in many different
biotechnological processes. These bacteria have ability to produce ferric ions in presence of many heavy and
toxic metals. Due to these tolerance characteristics Acidithiobacillus ferrooxidans can be used to solve
certain environmental problems. There are few investigations on heavy and toxic metal resistance of these
bacteria [2-8,10-12]. The mentioned investigations have been carried out with suspended cells cultures of
different strains Acidithiobacillus ferrooxidans. Metals such as Zn, Cd, Hg, As, Co, Cu etc. are most frequent
components of metallurgical waste waters. For this reason it is interesting to know their influences on
bacterial oxidation of ferrous ions. It can give a basis to assess the potentialities to develop biotechnologies
for bioleaching processes of low grade ore and solid wastes as well as for water treatment.
The aim of this work is to investigate the bacterial oxidation of ferrous iron in the presence of cobalt
and copper ions in suspended cells cultures of Acidithiobacillus ferrooxidans JCM 3863 with regard to its
resistance to these toxic agents.
MATERIALS AND METHODS
Microorganisms. The experiments were carried out with the strain Acidithiobacillus ferrooxidans
JCM 3863 from Japan Collection of Microorganisms.
Media. The liquid media used for cultivation of suspended cells of Acidithiobacillus ferrooxidans
JCM 3863 consist of (NH4)2SO4 3,00 g/l, MgSO4.7H2O 0,50 g/l, K2HPO4 0,50 g/l [13] and FeSO4.7H2O 11
g/l (Fe2+ 2 g/l). pH was corrected by 10 N H2SO4 maintaining its value to 1.9±0.1.
Experimental conditions. The experiments were carried out in shake flasks containing 100 ml
medium. The innoculum was 1% (v/v). Flasks were incubated at 28±1°C on a shaker at 210 rpm. Influence
of cobalt and copper ions on the bacterial oxidation was examined by adding different concentrations of each
of the ions as follow: Co2+ in range of 0,5 – 2,5 g/l, Cu2+ 2,5 – 20,0 g/l . As sources of Co2+ ions have been
used a mixture of Co(NO3)2.6H2O and CoSO4.7H2O (proportion 1:1 Co2+ from nitrate/Co2+ from sulfate). It
has been done for keeping the nitrates ions concentrations lower than the threshold of their inhibition limits
of ferrous ion oxidation. As source of Cu2+ it has been used CuSO4.7H2O. Single metal ions have been added
to the medium. The bacteria were not adapted to increasing concentrations of metal ions. All of the
experiments were carried out with different concentrations for each ion in triple.
Analytical methods. Concentrations of ferrous and ferric ions and total iron were determined
spectrophometrically [9].
Dynamics of oxidation activity of At. ferrooxidans JCM 3863. The concentrations of Co2+ and Cu2+
have been in range of 0,5 – 2,5 g/l and 2,5 -20,0 g/l respectively. Average oxidation rates have been
2+
calculated at degree of oxidation of substrate Fe 60% as follows:
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r = (Pt – Po)/t,
(1)
where: r is the average oxidation rate [g/l.h],
Pо – initial concentration of product Fe3+ [g/l],
Рt – concentration of product Fe3+ at the time t [g/l],
t – time from the start of process to achievement of degree of oxidation of Fe2+ 60% [h].
η = (Sо – St).100/Sо or η= (Pt – Po).100/Sо,
(2)
2+
where: η is degree of oxidation of substrate Fe [%],
So – initial concentration of substrate Fe2+ [g/l].
The concentration of product at degree of oxidation of substrate Fe2+ η 60% (0,60) Pt can be
calculated using equation (2). From the curves of dynamics by interpolation and having the value Pt one
calculates the time from the start of oxidation process t needed to achieve η 60%. Having the t and Pt the
average oxidation rate r is determined by equation (1).
Bacterial oxidation without Co2+ and Cu2+ has been used as biological control for dynamics of the
process course. The chemical oxidation without metal ions and bacteria has been used as chemical control.
Dynamics of both bacterial and chemical controls have been obtained under the same conditions as in the
experiments with Co2+ and Cu2+.
Data treatment. All the results have been obtained after data treatment by means of Microsoft Excel
2003 and Origin 6.1.
RESULTS AND DISCUSSION
Influence of Co2+on oxidation activity of At. ferrooxidans JCM 3863. The investigations with
suspended cells of Acidithiobacillus ferrooxidans JCM 3863 show that the cobalt ions exert strong inhibitory
effect (fig. 1 – A). At concentration of Co2+ 2,5 g/l the dynamics of bacterial oxidation is equal to this of
chemical control. At concentration of Co2+ 0,5 g/l there are not significance difference in dynamics of
bacterial oxidation with and without Co2+. The average oxidation rates (at 60% oxidation) are practically the
same (fig. 1 – B, table 1). The average oxidation rate decreases with increasing of Co2+ concentrations and at
2,0 g/l Co2+ it is two times lower then these of biological control (fig. 1 – B, table 1).
Published results show that the level of Co2+ bacterial resistance varies in dependence of the strains
investigated. Thus, the growth of At. ferrooxidans isolated from Sarcheshmeh copper mine (Iran) decreases
at 310 mg/l Co2+ [10]. Rawlings D. [12] using other strain indicates maximum tolerate concentration of 30
g/l. It can be seen a striking difference between the research of these two groups of investigators. This
discrepancy in fact provoked our investigations. Our data are also not in agreement with these results
[10,12]. Analyzing published results and keeping in mind our data it is sure that sensibility of different
strains At. ferrooxidans to Co2+ depends of on the strain.
From the other side it was important to obtain information about the kind of the inhibitory effect of
Co2+ - whether it is reversible or not. Our recent investigations with the biofilm formed by the same
stain At. ferrooxidans JCM 3863 with Cd2+, Zn2+, Ag2+ and Hg2+ [5,6] have shown that only Hg2+

exerts irreversible inhibition. These results initiated following investigations on the nature of the
inhibition effects. For this 10 ml from culture broth with 2,5 g/l Co2+ were took and used as innoculum in

nutrient media without Co2+. Thus, the concentration of Co2+ decreases ten times to 0,25 g/l. The character
of bacterial oxidation dynamics and average oxidation rate (at η 60%) showed that the inhibition is
reversible. The oxidation activity of microorganisms is rehabilitated completely (fig. 2 – B, table 1).
Table 1. Main process parameters and average oxidation rates in presence of Co2+

Co2+ [g/l]
0
0,50
1,00
1,50
2,00
2,50
0,25

12

S0 [g/l]
1,85
1,90
1,90
2,12
2,12
2,0
2,12

P0 [g/l]
0,20
0,05
0,05
0,07
0,07
0,115
0,07

Pt [g/l]
1,31
1,19
1,19
1,34
1,34
0,17
1,34

T [h]
34,87
35,30
50,35
62,20
91,90
239,00
36,30

r [g/l.h]
0,0320
0,0300
0,0230
0,0200
0,0146
0,00023
0,0350

η [%]
60,00
60,00
60,00
60,00
60,00
2,75
60,00
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Fig. 1. Dynamics of ferrous iron oxidation in presence of Co2+ - A; average oxidation rates in presence of Co2+ - B
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Fig. 2. Rehabilitation of At. ferrooxidans JCM 3863 oxidation activity:
A – dynamics of ferrous iron oxidation; B – average oxidation rates

Influence of Cu2+on oxidation activity of At. ferrooxidans JCM 3863. The investigations with
suspended cells of Acidithiobacillus ferrooxidans JCM 3863 show that at concentration of Cu2+ 2,5 g/l there
are not significance difference in dynamics of bacterial oxidation with and without Cu2+. Тhe average
oxidation rate (at 60% oxidation) is some higher than this of biological control (fig. 3 –B, table 2). Increasing
the concentration of Cu2+ the average oxidation rate decreases and at 17,5 g/l Cu2+ it is nearly four times
lower than average oxidation rates of biological control (fig. 3–B, table 2). Copper ions exert inhibitory
effect at 20,0 g/l (fig. 3 - A, table 2)
These results show that the tolerance of At. ferrooxidans JCM 3863 to Cu2+ is higher than to Co2+.
Maximum tolerate concentrations are very different for different strains. Some strains isolated from acid
mine drainage water (Rio Tinto mines, Spain) possess significantly high tolerance to Cu2+ - in range of 10 g/l
[2,3] to 50-55 g/l [7,12]. From other side the collection strain At. ferrooxidans ATCC 19859 keeps its activity
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at 10 g/l Cu2+ [4]. The strain used in our experiments demonstrates middle tolerance to Cu2+. It can accepted
that in difference with investigations of Co2+ our results are in agreement with those of other researchers
[2,3,4].
Regarding the character of inhibition effect of toxic metal ions it can be underlined that for Cu2+ it is
irreversible. This result has been obtained by similar experiment like those with cobalt ions above described.

2,6

0,040

2,4

2+

Cu 2,5 g/l
2+
Cu 5,0 g/l
2+
Cu 7,5 g/l
2+
Cu 10,0 g/l
2+
Cu 12,5 g/l
2+
Cu 15,0 g/l
2+
Cu 17,5 g/l
2+
Cu 20,0 g/l
biological control
chemical control

2,0
1,8

3+

Fe [g/l]

1,6
1,4
1,2
1,0

mean oxidation rate
2+
in presence of Cu
biological control

0,035
0,030
0,025

r [g/l.h]

2,2

0,020
0,015

0,8
0,6

0,010

0,4
0,005

0,2
0,0
0

20

40

60

80

100

120

140

160

180

200

220

240

260

0,000

0

time [h]

2,5

7,5
5,0
10
12,5
2+
Concentration of Cu [g/l]

15,0

Fig. 3. Dynamics of ferrous iron oxidation in presence of Cu2+ - A; average oxidation rates in presence of Cu2+ - B

Table 2. Main process parameters and average oxidation rates in presence of Cu2+

Cu2+ [g/l]
0,00
2,50
5,00
7,50
10,00
12,50
15,00
17,50
20,00

S0 [g/l]
1,85
2,15
2,38
2,38
2,38
2,03
1,90
2,12
2,12

P0 [g/l]
0,20
0,11
0,05
0,08
0,10
0,11
0,05
0,07
0,07

Pt [g/l]
1,31
1,40
1,48
1,51
1,53
1,34
1,19
1,342
0,545

T [h]
34,87
33,83
80,40
94,00
126,50
133,00
124,95
130,30
206,00

r [g/l.h]
0,0320
0,0382
0,0180
0,015
0,0113
0,0091
0,009
0,009
0,0023

η [%]
60,00
60,00
60,00
60,00
60,00
60,00
60,00
60,00
22,4
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ABSTRACT
The involvement of alternative pathway (AP)B of complement activation in the pathogenesis of arthritis
although proven for a long time remained unclear. Zymosan-induced arthritis (ZIA) is an experimental model of
rheumatoid arthritis, which is used to analyze the role of cellular and molecular mediators in the pathogenesis of
inflammatory joint diseases. The ZIA model is produced by intraarticular immunization with zymosan particles, which
are able to activate complement by the alternative pathway and to induce enzyme secretion from macrophages. Cobra
venom factor (CVF) is a peptide fragment of cobra C3 component that is capable of activating the alternative
complement pathway. The aim of the present study was to evaluate the effect of complement depletion on the course of
ZIA. The decomplementation was performed in vitro using CVF. We established that CVF-induced absence of
complement activity at the time of zymosan injection decreased joint swelling. Our results demonstrated that
complement depletion before the initiation of ZIA might have protective effect in regard to chronic synovitis and bone
destruction. At the same time, the repeated complement activation after acute phase of ZIA evidently generated
anaphylotoxins like C5a and C3a. Thus, cell influx into the synovium and bone might be re-activated and bone erosion
could be exacerbated. Success of complement inhibition in the experimental models encourages novel therapeutic
approaches to the treatment of human rheumatoid arthritis.

INTRODUCTION
Cells and cytokines of the innate immune system play important roles in the induction and
perpetuation of inflammation and tissue damage in rheumatoid arthritis. There is strong evidence that both
the classical and the alternative pathways of complement are pathologically activated during rheumatoid
arthritis (RA) as well as in animal models for RA. Complement system is a major component of the innate
and adaptive immune responses, yet complement split products generated through activation of classical,
alternative, and lectin pathways can cause inflammation and tissue destruction [13, 16]. Central to
complement activation are the convertases, enzyme complexes that cleave the substrates C3 and C5 into their
biologically active fragments, C3a, C3b, C5a, and C5b. It appears that anaphylatoxin C5a is the main product
of complement activation responsible for tissue damage in RA although deposition of membrane attack
complex is also important [1, 10, 15] .
Cobra venom factor (CVF) is a peptide fragment of cobra C3 component that is capable of activating
the alternative complement pathway. Unlike C3b, CVF is not cleaved by Factors H and I and thus, it
continues to activate the alternative pathway in an unregulated way. As a result it leads to the depletion of
several proteins necessary for complement function and ends up in total inhibition of complement activity.
Consequently CVF depletes C3, lowers the titres of factor B and decreases C5–9 [5]. Zymosan particles
which are able to activate complement by the alternative pathway and to induce enzyme secretion from
macrophages, are injected into knee joints of mice in order to cause chronic joint inflammation, resembling
human RA.
The aim of the present study was to evaluate the effect of complement depletion on the course of
zymosan-induced arthritis (ZIA). The decomplementation was performed in vitro using CVF. The results
demonstrate that the complement system plays an important role, since complement depletion at the
initiation of ZIA contributed to the amelioration of disease development.
MATERIALS AND METHODS
Mice
Male ICR (CD-2) mice, 8 weeks of age, weighing 20-22 g, were used. The animals were provided
with food and water ad libitum and kept under standard conditions (22±40C; 6/18 h light/dark cycle). All
experiments were conducted in accordance with the Bulgarian National Guidelines for the Care and Use of
Laboratory Animals (Decree No. 14/19.07.2000) and were approved by the Animal Care Committee at the
Institute of Microbiology, Sofia.
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Zymosan-induced arthritis (ZIA)
Mice were injected i.a. with 180 µg zymosan A from Saccharomyces cerevisiae (Z4250, SigmaAldrich, Munich, Germany; 10 µl/paw). Control animals were injected i.a. with 10 µl endotoxin-free PBS
(Cambrex, Verviers, Belgium). Ankle thickness of each animal was measured daily for 30 days starting from
day 1 post injection.
Decomplementation procedure
Cobra venom factor (cobra venom anti-complementary protein; Sigma, St. Louis, MO) was injected
intraperitoneally (i.p.) at the dosage of 1 μg/g body weight 72 h and 48 h before zymosan and in the second
schedule CVF was injected i.p. at the dosage of 1 μg/g body weight 7, 12 and 17 days after zymosan
injection. To evaluate the effect of CVF groups of ICR mice were injected with CVF at the same time points
as the experimental groups, their blood samples were taken before the treatment was started and then prior to
every other new injection of CVF, and assessed for hemolytic AP activity.
Complement assay
Serum alternative pathway (AP) activity in mouse serum was determined by the method of Klerx [9]
1 h after blood collection. Serial dilutions in VSB-EGTA were made and rabbit erythrocytes (2%
suspension) were added as target cells. Haemolysis was measured after 1.5 h at 370 C.
Histological analyses
Dissected ankle joints were fixed in 10% paraformaldehyde/PBS, decalcified in 5% nitric acid for 1
week, dehydrated and embedded in paraffin. Sagital sections (6 μm thickness) were stained with
hematoxylin and eosin (H&E). The degree of injury was graded for infiltration (score 0 - normal; score 1 –
mild infiltration; 2 – moderate infiltration, score 3 – marked infiltration; score 4 - severe infiltration), for
cartilage loss (score 0 – normal intact cartilage; score 1 – minimal loss of proteoglycan with intact cartilage
surface; 2 – moderate loss of proteoglycan; 3 – marked proteoglycan loss and cartilage erosion; score 4 –
severe diffuse loss of proteoglycan) and for cartilage erosion (score 0 – no bone erosion; score 1 –bone
surface intact with reparative tissue; score 2 – deformation and foci of erosion; 4 - erosion, joint margin
osteophytes formation and bone remodeling).
RESULTS AND DISCUSSION
Rheumatoid arthritis is a chronic systemic autoimmune disease affecting mainly the peripheral joints.
It is characterized with formation of destructive pannus tissue and osteoclast activation, leading to erosion of
cartilage and bone [4]. Many investigations suggest that the complement system plays an important role in
the pathogenesis of arthritis [2, 11] The active complement components can mediate tissue injury as it is
shown that C5-derived peptides were recovered from the synovial fluid of patients with inflammatory
arthritides [17]. Haemolytic complement activity was depressed in the synovial fluid of patients with
rheumatoid arthritis [7-8]. Most of the synoviocytes in the hyperplastic areas express receptors for
complement factor C3 and the Fc fragment of IgG [14], and the complement regulatory cell surface protein,
decay-accelerating factor (DAF), is expressed in synovial tissue in chronic joint diseases [12].
In this study we found that nearly full complement inactivation was achieved 48 h after 2 times CVF
injection (Fig. 1). Less effective appeared to be the treatment once than two times treatment.
48 h post CVF 2x
24 h post CVF 2x
48 h post CVF 1x
24 h post CVF 1x
untreated
0

100

200
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400
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600

AP activity (U/ml)

Fig. 1. Effect of different schemes of CVF injection on serum AP activity. Data represent time post treatment from 5 mice per group.
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Zymosan-induced arthritis is an experimental model of rheumatoid arthritis, which is used to analyze
the role of cellular and molecular mediators in the pathogenesis of inflammatory joint disease. The ZIA
model is produced by intraarticular immunization with zymosan particles, which are able to activate
complement by the alternative pathway and to induce enzyme secretion from macrophages [3]. Lower level
or absence of C3 and/or C5 activation by the CP may be possible explanations for the importance of the AP
in ZIA and in many murine models of disease. Decomplementation by cobra venom factor has been

reported to suppress Yersinia-induced reactive arthritis [6].
ZIA
ZIA+CVF (zymosan 48 h post CVF)
ZIA+ CVF (CVF at day 7, 12, 17 post zymosan)

Mean ankle thickness (mm)
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0
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7 11 13 16 17 18 20 27 30

Days post zymosan injection
Fig.2. Effect of different schemes of CVF injection on the development of ZIA.
Data represent time post treatment from 15 mice per group.

We aimed to study how complement activation contributes to initiation of arthritis and to the
development of chronic phase of inflammation. Data in Fig. 2 show that the paw swelling peaked up until
day 7 in ZIA mice, then slowly decreased to day 16 followed by plato till day 30. Pretreatment with CVF
slowed the swelling after day 3 and lead to less exerted ankle thickness. In contrast to that, CVF injection at
day 7 of ZIA provoked an increase of swelling (Fig.2). The repeated CVF treatment at day 12 and day 17
maintained the significantly augmented inflammation.
The visual signs of arthritis coincided with the histological data summarized in Fig. 3. The degree of
cell infiltration in the synovium and bone erosion was decreased when CVF was applied before arthritis
induction. CVF injection during ZIA development remarkably enhanced cell infiltration, loss of cartilage and
bone erosion.
ZIA
ZIA+CVF (zymosan 48 h post CVF)
ZIA+ CVF (CVF at day 7, 12, 17 post zymosan)
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Fig. 3. Effect of different schemes of CVF injection on pathohistological changes in ZIA.
Data represent means ± SD from 2 experiments (n = 10). *p<0.05, **p<0.01 Student’s t test.
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From the present data we can conclude that complement depletion before the initiation of ZIA might
have protective effect in regard to chronic synovitis and bone destruction. At the same time, the repeated
complement activation after acute phase of ZIA evidently generated anaphylotoxins like C5a and C3a. Thus,
cell influx into the synovium and bone might be re-activated and bone erosion could be exacerbated. Success
of complement inhibition in the experimental models described so far encourages novel therapeutic
approaches to the treatment of human RA.
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ABSTRACT
Fungal strains of genus Aspergillus are used for production of industrially important enzymes α-amylase and
xylanase and also for the synthesis of heterologous proteins with biocatalytical properties. The influence of different
organic compounds used in the composition of hybrid matrices for sol-gel immobilization on the growth behaviour of
Aspergillus oryzae PP and Aspergillus awamori K-1 was studied. The experiments were realized using the agar
diffusion method. The samples were incubated at 28oC for 7 days and the influence was defined according to diameters
of the formed single colonies. The results obtained demonstrate the positive effect of most of the tested organic solutions
which can be used as suitable organic compounds in the hybrid matrices for immobilization of the researched strains.

INTRODUCTION
Aspergillus had become one of the best-known and most studied mould groups because of their
prevalence in the natural environment, their ease of cultivation on laboratory media and the economic
importance of several of its species [1]. These features are typical for the strains Aspergillus oryzae and
Aspergillus awamori which are adapted for the degradation of complex plant polymers [2].
Immobilization of microbial cells and biologically active macromolecules such as enzymes is an
important goal in chemical, pharmaceutical and food industries because it offers several advantages
including reuse, ease in product separation, improvement in stability and continuous operation in reactors
[17]. Most widely used method for immobilization of microbial cells and enzymes is bioencapsulation in
polymeric matrices – alginate, cellulose, collagen, gelatin, polyacrylamide gel, polyester, polyurethane,
polystyrene, chitin, chitosan, pectin, silica gels, etc [8, 9, 10, 12, 13, 16]. This method is based on the
entrapment of microbial cells in rigid polymeric network in order to prevent their disintegration into
environment during the utilization of the substrate and premature termination of the biosynthetic process
[11]. The active surface and porosity of the carriers are essential to an effective immobilization and should
also provide optimal mass exchange processes in the system. According to these features a synthetic copolymer containing hydroxiethylmetacrylate and methylmetacrylate was found as a suitable matrix for
immobilization of microbial cells and enzymes [17]. Another synthetic agent polyethylene oxide was used
for immobilization of trypsin [5]. Carrageenan isolated from marine red algae can also be used as a matrix
for immobilization of amylase for pharmaceutical and food industries [14].
Since its inception a decade ago, sol-gel encapsulation has opened up an intriguing new way to
immobilize biological materials. Sol-gel processing is based on the hydrolysis of an ester of silicic or
polysilicic acid or metal alkoxides [7]. This produces a sol of soluble hydroxylated oligomers, followed by
polymerization and phase separation to form a hydrated oxide hydrogel [7]. Inorganic precursors can be
mixed with different organic compounds forming hybrid matrices. Spore suspension of α-galactosidaseproducing strain Humicola lutea 120-5 was successfully immobilized in a hybrid sol-gel matrix, consisting
of tetraethylorthosilicate as a precursor and a mixture of polyethylene glycol and polyvinyl alcohol [15].
There were also used sepharose and lactic acid as organic compounds for bacterial immobilization [3, 4].
Such inorganic-organic hybrids are promising materials for various applications: biocatalysts and as
materials for immobilization of different biomolecules [6].
Here we describe the growth behaviour of Aspergillus oryzae PP and Aspergillus awamori K-1 on
agar nutrient media containing different organic compounds. These experiments aim to identify the most
suitable organic compound which can be used in the hybrid matrices for immobilization of the fungal strains.
MATERIALS AND METHODS
Microorganisms, media and organic solutions
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14-day spore cultures of the fungal strains Aspergillus awamori K-1 and Aspergillus oryzae PP
(Department of Biotechnology, Faculty of Biology, Sofia University “St. Kliment Ohridski”, Bulgaria) were
used in the present study. The cultures of Aspergillus awamori K-1 and Aspergillus oryzae PP were
maintained on potato-dextrose agar (PDA) medium and Sabouro agar respectively at 28oC for 14 days to
obtain dense sporulation. These cultures were used for preparing of spore suspensions with concentration of
106 spores / ml for the purpose of the present study. PDA and Sabouro agar were also used for analysis of the
growth behaviour.
Solutions of several natural isolated and synthetic organic compounds (Department of Silicate
Technology, Faculty of Metallurgy and Material Sciences, University of Chemical Technology and
Metallurgy, Sofia, Bulgaria) were also used in the present study: hydroxiethylmetacrylate (HEMA),
methylmetacrylate (MMA), polyethylene oxide (PEO), polyethylene glycol (PEG), carrageenan (CG), chitin,
chitosan, pectin. Some of the organic compounds were dissolved in distilled water, but chitin and chitosan –
in acetic acid (AA). The concentrations of organic solutions are equal to the concentrations used in the
composition of the hybrid matrices.
An investigation procedure of the influence of the organic solutions
1 ml of the tested organic solution was mixed and homogenized with 25 ml of melted agar medium
in sterile petri dish. The plates were placed at 4oC for 24 hours to induce better diffusion of the organic
compound in the medium. Later the plates were inoculated with 2 μl spore suspensions of the studied strains
with concentration of 106 spores / ml. There were prepared and two control samples for every strain
inoculated with spore suspension with the same volume and concentration. Control 1 consists of only
medium and control 2 consists of medium and acetic acid as a negative control in order to examine its unique
influence on the growth behaviour of the strains. The plates were incubated at 28oC for 7 days.
The influence of every organic compound was defined according to diameters of the formed single
colonies in the plates. Diameters of the colonies were measured at every 24 hours.
RESULTS AND DISCUSSION
The results of the experimental work using the agar diffusion method are presented on Fig. 1:
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Fig. 1. Cultivation of Aspergillus oryzae PP (А) and Aspergillus awamori K-1 (В)
on agar media containing different organic compounds

Formation of single colonies from both strains was reported even at 24-hour of the incubation. There
was no colony formation in the samples containing acetic acid and HEMA during the all experimental
period. In contrast, there was observed a formation of single colonies of both strains in the samples
consisting of MMA with diameters similar to those reported in control 1. This is probably due to the
presence of CH3 groups in the chemical composition of MMA which doesn’t allow the diffusion into the
media.
The formed colonies of the strains Aspergillus oryzae PP (A) and Aspergillus awamori K-1 (B) in
the samples compared with controls are presented on Fig. 2 (A and B, respectively):
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Fig 2. Colony formations of Aspergillus oryzae PP (A) and
Aspergillus awamori K-1 (B) on the 4th day of the experimental period

Growth of the strains Aspergillus oryzae PP and Aspergillus awamori K-1 were reported in the
samples containing natural isolated carrageenan, pectin and chitin. These organic compounds had a positive
impact because colonies had larger diameters compared with controls. Best results obtained in this work
suggest that carrageenan, chitin and pectin can be used as growth promoters of Aspergillus awamori K-1 and
Aspergillus oryzae PP. Maximum values of the diameter of single colonies of Aspergillus oryzae PP were
observed in samples containing chitosan dissolved in acetic acid. There were determined changes in the
morphology of the strain and absence of sporulation. These results showed that chitosan can be assimilated
by the culture as a substrate and induces its rapid growth. This can cause changes in the structure of the
hybrid matrices containing some of the discussed natural isolated organic compounds and separation of the
immobilized biological materials in the environment.
Colony diameters of both strains in the samples containing PEG and PEO were 2-fold larger
compared with controls. According to the results these two organic compounds can’t be assimilated and
cause changes in the immobilization capacity of the hybrid matrices. Therefore PEO and PEG have a
positive effect on growth and development of the researched fungal strains.
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CONCLUSION
Aspergillus oryzae PP and Aspergillus awamori K-1 demonstrate an intensive growth and
development on agar nutrient media in the samples consisting of PEO and PEG. This analysis determines
PEO and PEG from the tested organic compounds as suitable for the synthesis of hybrid matrices for cellimmobilization of the researched strains.
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ABSTRACT
The aim this study is to determine the accumulation of biomass by Trichoderma viride strain in conditions of
impulsive low-intensity electro magnetic field with different intensities. Establishing the effectiveness of impact was
determined by the characterization of biomass – absolutely dry substance (ADS) and soluble protein.

INTRODUCTION
Electromagnetic field (EMF) is a factor present in the life of our planet since its birth.We
know many natural sources, creating electromagnetic energy such as solar radiation reaching us, without
which life on Earth could not exist.
A search for effective plant growth promoters is conducted in order to reduce the quantity of the used
artificial mineral fertilizers.
Research in radiophysics allows to consider alternative methods for increasing the productivity
of crops based on the effects of artificial radiophisical irradiation of biological objects, taking record of
environmental requirements for the limits of the exposure parameters.[2]
Best known are the experiments on irradiation of biological objects (seeds, algae, yeast and bacteria)
with super frequency, microwave and laser radiation. Currently, most experimental evidence is found for the
effectiveness of the impact of microwave radiation on plants, animals and microorganisms.[3] Later it was
found that short-wave radiation in different ranges leads to increased effectiveness of the protective effects of
adverse factors on biological objects. For example, the amount of synthesized kolicine by intestinal bacteria
has increased 2-3 times, fungi of the genus Aspergillus have increased their fibrinolytic activity 2 to 2,5
times, and the synthesis of amylolytic enzyme by Endomycopsis fungi has risen by 50% after an exposure to
short-wave electromagnetic waves. [7]
It is also important that the conducting of many-session irradiations does not affect the processes of
cell division. [6] A statistically reliable effect of intensive accumulation of biomass is obtained during the
experiment, particularly in algae and microorganisms; the effect was time, frequency, and power dependent.
The mechanisms of primary interaction of electromagnetic waves with biological objects have not yet
been deciphered. [1]
On the basis of the obtained experimental literature data it can be assumed that the possitive
effect, having resonant character, is a result from changes in the structure of cell membranes, primarily in
the lipid phase.
A complex work was carried out on the study of the effect of electromagnetic radiation on isolated 7
(seven) strains of phytopathogens. The varying of the doses influence of the electromagnetic field in a certain
pattern leads to a suppression of phytopatogens or their death.
Scientists and specialists of ЗАО „НТЦ МЕТТЕМ” have developed a new device for protection
and enhancement of the growth of crops - "Aeroton", which allows the physiological development of
plants and their resistance to pests and diseases to be improved and accelerated and the result is higher
yields and higher product quality. [1] "Aeroton" formed a special microclimate with low electric field created
by an electrical generator of impulses with a defined periodicity in time and space, with a particular focus on
broadcasting, with concentrated conical antennas.
The proposed method for correction of the functional state of biological objects allows to
obtain positive results.
MATERIALS AND METHODS
The object of this study is strain: Trichoderma viride.
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1. Mandels medium for obtaining of inoculum of strain Trichoderma viride. [5] and conducting of
fermentation. Cultivation is carried out in the conditions of electromagnetic field emitted by the device
”Aeroton” in a 100 ml flask on a shaking apparatus.
2. Disintegration of cell biomass. [4]
Disintegration is performed with a laboratory ballistic disintegrator. Disintegrator characteristics:
volume of the chamber 0,2l maximum revolutions - 1200 rev/min, mode of disintegration – periodic;
polyester pearls with diameter 0,2 - 0,3 mm are used as a ballistic load, concentration of the microbial
suspension ADS - 10%.
3.Spectrophotometric determination of soluble protein.
It is based on the ability of the aromatic amino acids (Tryptophan and Tyrosine) to absorb ultraviolet light.
RESULTS AND DISCUSSION
The examined variants were:
• Variant Antenna - antennas are placed over the cultured flasks.
•Variant Around Antennas- flasks are cultivated around the antennas, i.e. the area of electromagnetic
waves.
• Control - Cultivation under normal conditions without the influence of EMF.
At the end of the process of cultivation an analysis of the cultural liquid was conducted to
establish the amount of fresh biomass by filtration. is determined The absolutely dry substance of the
obtained amount of fresh biomass of each variant is determined.
The accumulation of fresh biomass in the presence and absence of magnetic field is presented
in Table 1 and Figure 1.
Table 1. Quantity of fresh biomass and ADS values after cultivation of strain
Trichoderma viride with and without the influence of EMF (g / 100 ml)

Variant

Fresh biomass
g /100 ml

АDS
g / 100 ml

Antennas ( А )

3,9

0,82

Around Antennas ( AА )

4,62

1,53

Control ( C )

6,095

0,92

a)

b)

Fig. 1. a) b) Quantity of fresh biomass and values of ADS after
cultivation of Trichoderma viride strain with and without the influence of EMF (g / 100 ml)

From the chart it was observed that during the cultivation with and withoutthe presence of EMF, the
control accumulates the greatest amount of fresh biomass, followed by variant Around Antennas and the
least amount of fresh biomass was observed in variant Antennas.
We note that the highest results for ADS were observed in variant Around Antennas - ADS amount is more
than 1,5 times higher than that of the control.
Dependency between amount of fresh biomass and ADS after cultivation of Trichoderma
viride strain with and without the influence of electromagnetic field is presented in Figure 2 and 3.
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Fig.2 а) Variant antenna

b) Variant around antennas

Fig.3 The relation between amount of fresh biomass and ADS

From Figure 2 and 3 the relation between the amount of fresh biomass and ADS, after incubation of
Trichoderma
viride strain with
and
without the
influence
of
electromagnetic
field
is
shown, i.e. variant control has the highest amount of fresh biomass, but the variant around antennas is with
the highest values of ADS. In variant antennas the amount of fresh biomass and ADS are the lowest.
As a result, it can be concluded that the amount of fresh biomass depends on the area of EMF i.e. the direct
influence of EMF (variant antennas) leads to the formation of large amounts of mycelial mass (6,10
g/100ml) but the mycelium is thick and thin. In variant around antennas the yield of fresh biomass is
relatively low (4,62 g / 100ml), and the mycelium is lax but powerful.
The amount of biomass from the Trichoderma viride strain, cultivated in a medium with glucose, is
determined by measurement of soluble protein released after ballistic disintegration.
After the disintegration of Trichoderma viride strain, the fresh desintegrate is measured
spectrophotometrically - wavelength 280nm - to determine the amount of soluble protein.
Amount of soluble protein after incubation of Trichoderma viride strain with and without EMF is
presented in Table 2 and Figure 4.
Table 2 Total amount of soluble protein after
incubation of strain Trichoderma viride in the
presence and absence of magnetic field (mg / ml)

VARIANT

Soluble protein
mg / ml.

Antennas ( А )

8,1

Around Antennas ( AА )

13,6

Control ( C )

8,2

Fig. 4. Total amount of soluble protein after incubation of
strain Trichoderma viride n the presence and absence
of magnetic field (mg / ml)

Figure 4 shows that the amount of soluble protein after incubation of Trichoderma viride strain in the
presence and absence of EMF obtained by the method of ballistic disintegration is the greatest in
variant around Antennas (1,5 times
higher than
the control) and lowest in variant antennas.
The establishing of a direct correlation between ADS and the amount of soluble protein after
incubation of Trichoderma viride strain with and without the influence of electromagnetic fields is
shown inTable 3.
The analyzing of the obtained results and determination of the amount of produced biomass and
released protein after disintegration show that the conditions of cultivation (with and without EMF) have an
influence on both the morphological characteristics and the amount of released protein of the examined
strain.
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Table 3. Correlation between ADS and the amount of soluble protein after incubation of Trichoderma virid strain with and without
the influence of EMF

Soluble protein
mg / ml.

АDS
mg / ml.

Antennas ( А )

8,1

8,2

Around Antennas ( AА )

13,6

15,3

Control ( C )

8,2

9,2

VARIANT

CONCLUSIONS
1. Activation of the growth of the inoculum is possible with the help of a method for the formation
of a vortical electromagnetic field with a given direction without additional mechanical, electrical or
magnetic rotation.
2. The influence of external electromagnetic field on the medium in which the bioobject is located,
even if the field is with low intensity, but necessarily with a particular direction, causes an
essential enough impact on the bioobject, leading to a dislocation in the nucleus of living cells,
and in some cases - to dislocation in the atoms and molecules of the object.
3. During the cultivation of strain of Trichoderma viride under the influence of EMF, the
highest values of ADS were observed in the variants cultivated in the area around the antennsa (15,3 mg /
ml).
4. A correlation is established between the amount of fresh biomass and the values of ADS in
connection with the area of the electromagnetic field.
Acknowledgments: Acknowledge for the assistance of the company Advanced Nutrients.
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ABSTRACT
Ty1 is a mobile genetic element, which is transposed spontaneously with a frequency rate of about 1*10-7
element/generation in yeast Saccharomyces cerevisiae. It was found recently that carcinogens increase ROS levels and
Ty1 transposition, which could be reduced by antioxidants. Honey products have diverse chemical and
pharmacological properties. We examined the antioxidant effects of propolis and CAPE by reducing Ty1 transposition
frequency and ROS levels induced by MMS. It was established that CAPE was 8-times more active than propolis.

INTRODUCTION
Retrotransposons are a class of genetic mobile elements that replicate through an RNA intermediate.
Five families of retrotransposons (Ty1–Ty5) have been identified in the genome of the yeast Saccharomyces
cerevisiae, Ty1 being the most abundant [14, 30]. The frequency of spontaneous retrotransposition of Ty1
elements varies at a rate of 10−6–10−7/element/generation [8]. Certain stress conditions [22, 26, 32, 34, 41]
cause an increase in retrotransposition frequency. Chemical mutagens and carcinogens also activate Ty1
retrotransposition [29, 30].
Many activators of Ty1 mobility are powerful inducers of oxidative stress [12, 35]. Reactive oxygen
species (ROS) play a key role in many physiological and pathogenetic processes [31]. ROS are generated
through both endogenous and exogenous routes. H2O2, O2- and OH· are the best-known ROS [10]. The
majority of endogenous ROS are produced through leakage of superoxide anions (O2−) from the
mitochondrial respiratory chain. Dismutation of O2− (spontaneously or by superoxide dismutases) produces
hydrogen peroxide (H2O2), which, in the presence of metal ions, is partially reduced to generate the hydroxyl
radical (OH·). At increased levels, however, ROS can not be detoxified sufficiently and may have different
deleterious effects on cells [12], a variety of DNA lesions [7]. Oxidative DNA damage may also block
chromosome replication and promote the appearance of chromosomal loss [18].
Recent data [33, 40, 42] indicates that treatment of S. cerevisiae cells with the Ty1-mobility inducer
methylmethane sulphonate (MMS) results in increased levels of ROS.
To minimize the damaging effects of ROS, aerobic cells evolved non-enzymatic and enzymatic
antioxidant defences. The antioxidant activity of natural and synthetic antioxidants is mainly due to their
contain of flavonoids, phenols, α-tocopherol, peroxidase, catalase, peroxidase, vitamins, etc [20]. Honey
products (honey, propolis, royal jelly) have also been reported to exhibit potent antioxidant, antiinflammatory and anti-tumor properties [23, 24].
Propolis is beekeeping resinous and complex product, with a variable physical appearance, collected
and transformed by honey bees, Apis mellifera, from the vegetation they visit [3, 28]. Different propolis
types can present diverse chemical and pharmacological properties including antimicrobial [2], antifungal,
antiviral [15], immunomodulating effects [36], hepatoprotective [4, 5], anti-tumoural [25] and antiinflammatory properties.

Propolis is the most powerful antioxidant bee product. This effect, mainly due to the high
concentration of phenolics [16, 11], measured in ORAC units (Oxygen Radical Absorbance
Capacity), is 4 times higher than that of vitamin E and 25-50 times greater than that of coffee and
red wine [6].
Caffeic Acid Phenethyl Ester (CAPE), lipophilic derivatives of caffeic acid and a phenolic
antioxidant, is one of the most active components extracted from propolis. CAPE is a potent antiinflammatory agent and is known to exhibit anti-mitogenic, anti-bacterial, anti-carcinogenic [17, 19], antiviral and immuno-modulatory properties [1]. CAPE reduces oxidative damage to cell membranes, DNA and
protein fragmantation. Moreover, it selectively induces apoptosis in transformed cell lines [13].
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It is provide evidence for a dependence of carcinogen–induced Ty1 retrotransposition on increased
production of ROS [9] that instigated us to test propolis and CAPE for their ROS scavenging activities by
reducing the frequency of Ty1 retrotransposition in yeast S. cerevisiae.
MATERIALS AND METHODS
Materials
Saccharomyces cerevisiae DG1141ts1 (MATα, ura3, his3Δ200:TymHis3AI, sec53, rho+), used in the
experiments, has the indicator gene His3AI [8], which allows following the Ty1 retrotransposition in the
genome as a whole.
Yeast strain was cultivated in YEPD liquid rich medium at 30°C on a waterbath shaker to exponential
growth phase corresponding to 5–6 × 107 cells/ml. Percentage survival was determined by estimating the
number of viable cells as colony-forming units [37]. Transposants were determined as colonies on SChistidine solid medium after 4 days of incubation at 30°C. All nutritional media were prepared as described
[37], using media components from Difco Chem.Co (USA).
Propolis and CAPE were received from prof. DSc. Bankova VS (Institute of Organic Chemistry with Centre
of Phytochemistry).
The Ty1 transposition assay
Each successful transposition event of the marked Ty1 in strain 551 requires transcription, splicing
the artificial AI intron, reverse transcription and insertion of the resulting Ty1 cDNA into a new location in
the genome, which gives rise to one histidine prototrophic colony on SC-histidine medium [8]. Thus, the
number of His+ transformants is a quantitative measure for the frequency of retrotransposition of the marked
Ty1.
The Ty1 retrotransposition assay was performed as described [30]. Cells were treated with propolis
or CAPE for one hour and then it was added ROS inducer 1.8 mM MMS. Two controls, a positive and a
negative one, were run, too. Treated and control cells were collected, suspended in fresh YEPD medium,
washed twice and then cultivated at 20°C for 24h to complete the initiated Ty1 retrotransposition events.
Appropriate dilutions of cells were plated to determine survivals (on YEPD) and number of transposants (on
SC-histidine). Mean frequencies of retrotransposition were determined [30] and the average values ± SD
from 4 repetitions of each experiment were calculated. Results are also presented as ‘fold increase’ of Ty1
retrotransposition related to the control sample, taken as 1.0. A fold increase ≥ 2.0 is considered a positive
result of the assay [30].
Assay for superoxide anions
We used an assay for superoxide anions (O2-) determination [39] adapted to S. cerevisiae cells [38].
The assay is based on the reduction of tetrazolium dye XTT. A molar extinction coefficient of 2.16 × 104M/s
for XTT at 470 nm has been estimated, which allows determination of the quantity of O2− per alive cell. The
results obtained are presented as pM O2−/cell ± SD (Patent 1460 / 2011 08 10).
RESULTS AND DISCUSSION
We tested the antioxidant activity of propolis by using 1.8mM MMS as an inducer of Ty1 mobility
and O2 formation.
We used different concentrations of propolis (3μg/ml, 2μg/ml, 1.5μg/ml, 1μg/ml, 0.66μg/ml,
0.5μg/ml, 0.33μg/ml). It was established that only 3μg/ml propolis decreased 2.6-fold the frequency of Ty1
mobility and 3.5-fold levels of O2- compared to the positive control (Figure 1).
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Fig. 1: Antioxidant activity of propolis against MMS, measured by reduction of Ty1 transposition (─■─) and ROS levels (----▲----).

Results were plotted on a semilogarithmic scale and it was calculated that 2.2 μg/ml propolis
decreased down to 50% Ty1 transposition and O2- levels, measured in positive control.
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CAPE exhibits strong antioxidant activities [21, 24, 27]. Different concentrations of CAPE (1 μg/ml,
0.66 μg/ml, 0.5 μg/ml, 0.33 μg/ml, 0.16 μg/ml, 0.1 μg/ml, 0.08 μg/ml) and 1.8mM MMS as an inducer of
Ty1 mobility were used. Concentrations of 1 μg/ml and 0.66 μg/ml CAPE decreased Ty1 transposition and
O2- levels 5-fold and 4-fold, respectively. When cells were treated with 0.33 μg/ml CAPE, about 2-fold
decrease of transposition and O2- levels was obtained. It was calculated that 50% inhibition of Ty1
transposition and ROS levels is achieved by 0.28 μg/ml and 0.36 μg/ml CAPE, respectively (Figure 2).
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Fig. 2: Antioxidant activity of CAPE against MMS, measured by reduction of Ty1 transposition (─■─) and ROS levels (----▲----).
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ABSTRACT
We isolated Lactobacillus helveticus strains from Bulgarian yogurt, whey of several kinds of cheeses, plants
and from humane fecal samples. The SDS-PAGE of cell-wall proteins and Ribotyping were applied in order to group
the strains with respect to their sources of isolation giving four distinct clusters. The diversity among the strains within
each cluster increased following the order: yoghurt, cheese, fecal samples and plants. The genetic diversity among
Lactobacillus helveticus strains was estimated by Pulsed Field Gel Electrophoresis (PFGE). The profiles of bacteria
from fecal and plant samples were clearly separated from the rest. It was concluded that the grouping of Lactobacillus
helveticus strains coming from different ecological niches is possible with help of the SDS-PAGE of cell-wall proteins
and Ribotyping.

INTRODUCTION
Lactobacillus helveticus strains differ in many technological properties, such as the rate of lactic acid
production, proteolytic activity, flavor and texture formation. It could be supposed that the ecological niches
where the strains were isolated from could lead to difference in biochemical properties. Hence, it would be
benefit to evaluate the relatedness between these niches and the results after application of some molecular
methods. Because of varied spectra of distribution of Lactobacillus helveticus a number of molecular,
biochemical and phenotypic methods should be used in order to make an attempt to group the strains being
under pressure of specific environmental factors. Various phenotypic and molecular methods are used for
typing and subtyping of bacteria [4, 6]. The discriminatory power of phenotypic methods (biotyping, total and
cell wall fatty acids profiles, SDS-PAGE of cell-wall profiles, SDS-PAGE of whole proteins, multilocus
enzyme electrophoresis) is not sufficient for strain discrimination [3]. Using these methods it is possible
maximum to group the strains and to help for their characterization. Among the molecular methods for L.
helveticus strains discrimination used are RAPD, Ribotyping, PCRribotyping, different RFLP techniques,
PFGE, and ext. [2]. PFGE has been used for genotyping of various Lactobacilli: Lactobacillus helveticus [5],
Lactobacillus bulgaricus, Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus plantarum,
Lactobacillus ramnosus, and ext.
The aim of this study was to reveal whether there is an association between the sources of isolation of
Lactobacillus helveticus strains from one side and the cell wall pattern and riboprofiles from other side.
MATERIALS AND METHODS
Isolation and phenotypic characterization of strains
The yoghurt and nature cheese whey samples after dilution were plated on MRS agar and incubated
at 40 C˚ for 2 days. The plant leaves were collected aseptically and soaked in enrichment broth for
Lactobacilli, afterwards were plated on LBS agar. Lactobacillus strains from fecal samples were isolated in
anaerobic box [1]. After dot blot colony hybridization with species-specific DNA probe for Lactobacillus
helveticus the positive colonies were selected for subsequent work. The colonies were inoculated in MRS
broth overnight at 37 C˚ and used for subsequent analysis. The species belonging of the selected colonies was
confirmed analyzing the whole cell proteins profiles through SDS-PAGE and with help of species specific
PCR primers. The strains were kept in MRS broth at –80 C˚ in the presence of 15 % of glycerol. Working
cultures were prepared by three subsequent overnight transfers into MRS broth at 37 C˚.
SDS-PAGE of cell wall protein profiles
The extraction of cell-wall proteins and the subsequent SDS-PAGE were performed as previuosly
explaned [1]
Ribotyping
The chromosomal DNA was extracted from 10 ml samples of overnight MRS broth cultures. The
washed cells were treated at 37 ˚C with 5 ml muramidase solution (10 mM Tris, pH 8.0, 25 mM EDTA, 100
mM NaCl, 6.7 % sucrose, Lysozyme 10 mg, Mutanolysine 10 μg). After 2 hours 1 ml of 600 mM Tris, pH
9.0 was added. The cells were lysed with 320 μl 20 % SDS. After phenol:chlorophorm (1:1) extraction and
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ethanol precipitation DNA was coiled on a glass rod. The resuspended DNA in TE buffer was subjected to
RNAse treatment followed with phenol, phenol:chlorophorm and chlorophorm purifications. After
isopropanol precipitation the DNA was reconstituted in TE and DNA integrity was assessed by agarose gel
electrophoresis. 2.5 μg of total DNAs were cleaved by EcoR I (10 U) in 20 μl reaction mixtures for 2 h at 37
˚C. 15 μl from the restricted DNAs were loaded onto agarose (1%, w/v) gel. After overnight separation at 40
V, the resolved fragments were blotted on Hybond N+ membrane (Amersham Pharmacia Biotech) under
alkaline conditions according to the instructions of the producer. DNA-DNA hybridization was performed
overnight at 60 C˚ with AlkPhos Direct kit (Amersham Pharmacia Biotech). Color detection was performed
with NBT/BCIP reagent following the recommendations of the supplier. Hybridization probe was 16S rDNA
fragment, received after PCR amplification [2]. The membranes were photographed and analyzed with the
software package GelCompar, version 4.0 (Applied Maths, Kortrjik, Belgium).
RESULTS AND DISCUSSION
Cell-wall protein profiles were compared thorough the Area logic coefficient, because it considers
both the influence of band disposition and the impact of their area. 3 main clusters (PrY, PrCy and PrCw)
revealed analyzing cell-wall proteins through SDS-PAGE, corresponding to strains from yoghurt, yellow hard
and white semi hard cheeses, respectively (Fig. 1). Lactobacillus helveticus strains originated from Bulgarian
homemade yoghurt formed their own cluster - PrY with 71.4% interstrain similarity. The molecular mass of
their S-layer protein was the lowest – 44 kDa. The strains isolated from different kind of cheeses were very
well separated from the plant and yoghurt strains and no so well from humane fecal isolates. The clusters
PrCy and PrCw had 89.1% and 89.4% similarity between the strains. The mass of their S-layer protein was
48 kDa. The cell-wall protein patterns of humane strains didn’t give so differentiated cluster and were closer
to the cheese strains than to the patterns from yoghurt and plants. The plant isolates formed very
differentiated patterns with low interstrain similarity. An interesting and influential distinguishing sign of the
two plant wall protein profiles h13 and h14 was the lack of a S-layer proteins. UPGMA method and Dice
association coefficient were used to analyze the profiles received after Ribotyping and to evaluate the
discrimination between the strains (Fig. 2). Hybridization with 16S rDNA probe yielded four different
clusters with level of similarity between each other below 65% : RbH, RbC, RbY and RbP - from humane
samples, cheeses, yoghurt and plants, respectively. The level of similarity between RbH and RbC was 64%,
and between RbH + RbC and RbY – 60%. The plant strains formed well differentiated group with low
interstrain pattern linkage level. Both clusters RbH and RbC possessed (with one exception) a band with
molecular weight 1.6 kbp. Unlike the profiles from Bulgarian white cheese, these from yellow cheese didn’t
contain a 3.75 kbp band. Only yoghurt patterns contained a triple 2.4 – 2.6 kbp band at the middle of the
membrane. Only the strain h10 was out of this feature showing two bands in this part of the gel. Few strains
isolated from plants formed subgroups showing high enough intrasubgroup homogeneity. RbP1 and RbP2
were highly heterogeneous with linkage level at 12%. Hence, the ribotyping of the strains originated from
plants yielded highly diverse fingerprints. Common feature of the plant profiles is the lack of the three bands
at the low part of the gel, and like the yoghurt patterns – the absence of 1.6 kbp band. The plant riboprofiles
contain only high molecular weight hybridization bands. Nine Lactobacillus helveticus strains originated
from homemade yoghurt, witch is still produced in some village regions in Bulgaria. The starters for this
product are natural and don’t contain industrial strains. The strains isolated from humane fecal samples gave
cell-wall and roboprofiles, which were much closed to the food strains, comparing with the plant strains. This
is observed, may be, because the humane strains have been introduced to the colon through cheese
consumption. The genetic distinction between these strains, evaluated by PFGE, was much higher than in
case of yoghurt and cheese isolates. The wild strains isolated from plant leaves differed at genetic level,
considering riboprofiles, much higher than yoghurt, cheese and humane strains. This is due no only to the fact
that the isolation was done from three very different geographically regions, but in case of plants, the
environmental pressure is much more varied comparing with the rest sources. Because of the wild habitats of
the plant strains environmental factors had been the most selective towards creation of certain biotypes. The
groups of the strains obtained with ribotyping were very well correlated to the theses received with help of
cell-wall protein separation. The clustering with ribotyping confirmed at genetic level the received grouping
analyzing cell-wall proteins profiles. However, in case of the cheese strains the heterogeneity of the cell-wall
profiles was higher than respective ribopatterns. This is due, may be, to the different aspects two methods
represented. The riboprofiles depend on the location of the conserved rRNA genes towards the sites of
restriction. And the cell-wall proteins are important contactors to the environment; thus, they would be more
sensitive to evolutionary changes in the surround conditions. It can be supposed, because of this higher
МЛАДЕЖКА НАУЧНА КОНФЕРЕНЦИЯ
“КЛИМЕНТОВИ ДНИ”
22-23, ноември 2011

31

sensitiveness human and plant cell-wall profiles couldn’t form respective clusters with enough similarity
level.
In the present paper two methodical tools were used in order to make comparison between
Lactobacillus helveticus strains originated from various sources. The SDS-PAGE of cell-wall proteins is a
chemotaxonomic approach, which was able to group the strains according to the ecological niches of
isolation. The cell-wall profiles contain not only the S-layer protein, which is the major band, but very often
also another protein bands with minor intensity. Taking into account only S-layer protein band, it was
possible to separate the yoghurt strains from the rest. The analyzed strains were genetically characterized with
help of ribotyping. The ribotyping succeeded with the strain clustering according to the sources of isolation.
Both SDS-PAGE of cell wall proteins and ribotyping could be used for grouping of Lactobacillus helveticus
strains with respect to their origin. According to the profiles received with help of the three methods, more
suitable strain could be chosen for specific technological properties. The results may suggest that
Lactobacillus helveticus species is consisted from different biotypes, which may be associated with the
ecosystem sources.

Fig. 1 : Clustering of L. helveticus strains according to their cell-wall SDS-PAGE profiles, thorough Area logic coefficient and
UPGMA method. Clusters PrY, PrC1 and PrC2 corresponded to the groups of homemade yoghurt, nature wheys from yellow hard
and white semihard cheeses, respectively.
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Fig. 2 : Grouping of L. helveticus strains based on their Ribo-profiles thorough Dice coefficient and UPGMA method. The clusters
outlined : RbY – yoghurt strain; RbC – cheese strains (RbC1 – white and RbC2 - yellow); RbH – humane strains; RbP – plant strains.
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ABSTRACT
Paraoxonase-1 (PON1) is a lipophilic glycoprotein. It has hydrolase activity and acts as antioxidant. Human
paraoxonase is tightly bound to apolipoprotein A-I of HDL particle, protecting it from oxidative modifications, by
hydrolyzing some phospholipid oxidative and lipid peroxidative products. Low activity is present in smokers and in
patients with different medical conditions associated with increased oxidative stress, such as cardiovascular diseases
(coronary artery disease and hypercholesterolemia), type 2 diabetes, and in subjects with iron-deficiency anemia.
Moreover, it has been shown that serum PON1 activity is diminished in patients with lung, pancreatic, gastric,
gastroesophageal and prostate cancer compared with the healthy controls.
As far as we know, paraoxonase and arylesterase activities in patient with skin malignant melanoma have not
been investigated yet. In this respect the aim of the current pilot study was to assess the serum arylesterase (ArEs) and
paraoxonase (PON) activity of PON1 enzyme in patients with skin malignant melanoma in comparison to healthy
controls.
Our preliminary study involved 41 patients with malignant melanoma (18 males and 23 females) aged between
39 and 83 years (mean of 62.4 ±11 years and median of 62 years), and control group of 61 healthy individuals (16
males and 45 females) aged between 19 and 64 years (mean of 36.6 ±14 years and median of 35 years).
The obtained paraoxonase activity of PON1 enzyme in control group was 116,4 ±69.5 U/l, ranging between
31.9 and 327.0 U/l (median of 87.5 U/l), whereas the PON activity of patients was significantly lower (53.9±30.0 U/l,
range of 8.9 and 140.9, median of 49.4 U/l) (p<0.0001, ANOVA and Fisher’s PLSD). Analogously, the arylesterase
activity of PON1 found in control group was significantly higher than that of patients with skin melanoma (79.6±23.2
kU/l vs. 65.3±19.0 kU/l, p=0,0015, ANOVA test, and Fisher’s PLSD). We observed a statistically significant positive
correlation between both activities of PON1 within the patients’ group (r=0.453, p=0.003), whereas there was no such
correlation in the control group (r=0.04, p=0.758).
Based on our result we suggest that impairment of PON1 activity as a part of the antioxidant defense system is
involved in the pathogenesis of malignant melanoma. However, a larger prospective study is needed to confirm the
possible association of PON1 and melanoma.

INTRODUCTION
Paraoxonase-1 (PON1 (EС 3.1.8.1)) was first detected in 1961 after electrophoresis of human serum
immunoprecipitates of high-density lipoprotein (HDL) [10,33]. PON1 is one of the three isoenzymes (PON1,
PON2 and PON3) forming the family of paraoxonases. These isoenzymes are encoded by tandem genes
located on the long arm of the chromosome 7 [35,38]. PON1 and PON3 are serum enzymes, synthesized in
the liver and associated with HDL particles [14], whereas PON2 is not found in the bloodstream, but it is
expressed in different tissues [45,46]. The PON1 enzyme consists of 354 amino acids and has a molecular
weight of 43kDa. It is Са2+-dependent glycoprotein with lipophilic antioxidant characteristics [18] and
hydrolase (esterase) activity [10]. Acting as paraoxonase and dyazoxonase it hydrolyzes the toxic oxon
metabolites (paraoxon, diazoxon) of the organophosphates like pesticides and neurotoxins (sarin, soman).
Acting as arylesterase it hydrolyzes aromatic esters primly of acetic acid (phenylacetate, thiophenylacetate,
2-naphtylacetate) [3,10,11,19,20,26,31,37]. Recently it has been found that the enzyme has also lactonase
activity and hydrolyzes a variety of aromatic and aliphatic lactones, such as homogentisic acid lactone,
dihydrocoumarin, γ-butyolactone, homocysteine thiolactone etc. PON1 can catalyze the reverse reaction,
lactonization of γ- and δ-hydroxycarboxylic acids, as well. It metabolizes also the lactones of hydroxyl
derivatives of arachidonic and docosahexaenoic acid and some biologically active compounds such as PAF
(platelet-activating factor) and estrogen esters [15,35,42,46].Human paraoxonase (PON) is HDL-associated
enzyme, tightly bound to apolipoprotein A-I (apoA-I), protecting it from oxidative modifications [25,26,40].
PON1 contributes to preserve HDL and LDL against oxidation by hydrolyzing some phospholipid oxidative
products, such as isoprostenoid carboxyl and aldehyde esters, phosphatidylcholine hydroperoxides, and lipid
peroxidaton products, demonstrating phospholipase-A2-like activity [7,10,35,46,47]. Environmental factors,
diet, cigarette smoking, acute inflammation, and pregnancy affect activity and concentration of PON1
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[17,18,26,33,35]. However, human serum PON1 does not show age-related change or gender differences in
activity [18,22]. Low activity is present in smokers [26,32] and in patients with different medical conditions
associated with increased oxidative stress, such as cardiovascular diseases (coronary artery disease and
hypercholesterolemia) [8,18,29], type 2 diabetes [29], and in subjects with iron-deficiency anemia [6].
Moreover, it has been shown that serum PON1 activity is diminished in patients with lung, pancreatic,
gastric, gastroesophageal and prostate cancer [1,2,18,27,41] compared with the healthy controls. As far as we
know, paraoxonase and arylesterase activities and the relationship between them in patients with skin
malignant melanoma have not been investigated yet.
In this respect the aim of the current pilot study was to investigate the serum arylesterase (ArEs) and
paraoxonase (PON) activity of PON1 enzyme in patients with skin malignant melanoma in comparison to
healthy controls.
MATERIAL AND METHODS
Patients and controls
The current study was conducted in the Laboratory of Biochemistry of tumor growth in Department
of Chemistry and Biochemistry, Medical Faculty, Trakia University, Stara Zagora.
Our preliminary study involved 41 patients with malignant melanoma:18 males and 23 females, with
a mean age of 62.4 ±11 years, ranging between 39 and 83 years and median of 62 years. The patients
attended the Oncology Center of Stara Zagora, Bulgaria.
The control group consisted of 61 healthy individuals (16 males and 45 females) aged between 19 and 64
years (mean of 36.6 ±14 years and median of 35 years).
Methods
Peripheral blood was collected from the patients during their routine blood examination, Serum was
separated and kept till the time of assessment at -20oC. The paraoxonase and arylesterase enzyme activities
of PON1 in sera were measured by applying adapted kinetic colorimetric methods according the methods of
Tomas et al as [43].
Paraoxonase activity (PON activity)
The method for assessment of serum activity of PON1 toward the substrate paraoxon (paraoxonase
activity, PON activity) is based on the velocity of hydrolysis of the paraoxon by the PON1 enzyme. The
reaction was conducted for 5 minutes in 37oC. The optical density (OD) of the resulted after the hydrolysis pnitrophenol was measured at 405 nm at two time points: 30 seconds after the initiation of the reaction and at
the 5 min and 30 sec. The concentration of PON1 enzyme in serum was presented as U/l. The paraoxonase
activity (PON activity) of 1 U was defined as 1μmol р-nitrophenol formed per minute. The molar extinction
coefficient of p-nitrophenol is 18053 (mol/l)-1.cm-1 at pH 8.5.
Arylesterase activity (ArEs activity)The method for assessment of activity of PON1 toward the
substrate phenyl acetate (ArEs activity) is based on a spectrophotometrical analysis in UV range (270nm) of
the velocity of hydrolysis of phenyl acetate into phenol and acetic acid recorded at 370C for 3 minutes. The
concentration of PON1 in serum was presented in kU/l (U/ml). The arylesterase activity (ArEs activity) of
1U was defined as 1μmol phenyl acetate hydrolyzed per minute. The molar extinction coefficient of phenol
is 1310 (mol/l)-1.cm-1 at pH 8.0.
Statistical methods
Statistical analyses were performed using StatView v.4.53. for Windows (Abacus Concepts, Inc.).
The ANOVA test was applied for comparing the continuous variables in independent groups. The Student
correlation test was applied for evaluation of the coefficient of correlation between the two enzyme activities
of PON1. Factors with p<0.05 were considered statistically significant.
RESULTS
The obtained paraoxonase activity of PON1 enzyme in control group was 116,4 ±69.5 U/l, ranging
between 31.9 and 327.0 U/l (median of 87.5 U/l), wehereas the PON activity of patients was significantly
lower (53.9±30.0 U/l, range of 8.9 and 140.9, median of 49.4 U/l) (p<0,0001, ANOVA and Fisher’s PLSD)
(Figure 1A).
Due to our measurements and calculations for ArEs activity of PON1 in control group we found a
mean value of 79.6±23.2 kU/l (range of 24.8-156.2 kU/l; median of 76.0 kU/l). These data were significantly
higher than that obtained for the patients with skin melanoma 65.3±19.0 kU/l; range of 18.7-99.1 kU/l;
median of 66.9 kU/l) (p=0,0015, ANOVA test, and Fisher’s PLSD) (Figure 1B).
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Fig. 1. Serum activity of PON1 enzyme. Comparison of paraoxonase (PON) activity between patients and controls (A) and
comparison of arylesterase (ArEs) activity between patients and controls controls (B).

We observed a statistically significant positive correlation between both activities of PON1 within
the patients’ group (n=41) (r=0.453, p=0.003), whereas there was no such correlation in the control group
(r=0.04, p=0.758) (Figure 2).
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Fig. 2. Correlations between the serum paraoxonase and arylesterase activities of PON1 in the group of patients with skin
melanoma (A) and controls (B).

DISCUSSION
Generating of reactive oxygen species (ROS) has its biological importance by implication in cell
proliferation and apoptosis, signal transduction and inflammation, however the elevated generation and/or
inadequate removal of ROS result in oxidative stress [10]. Recent molecular studies have shown that the
increased level of free oxygen radicals and the oxidative stress induced by environmental carcinogen
exposure result in damage of variety of biological molecules and may affect cellular functions causing
various pathological conditions. They may also alter oncogenes and/or tumor suppressor genes leading to
induction of malignant transformation and cancer development and progression [4,10,12,24]. In this respect
it was supposed that the intake of non-enzymatic and enzymatic antioxidants as supplements may reduce
malignant cell proliferation [9,18].
In conditions of oxidative stress from various lipid compounds such as unsaturated phospholipids,
glycolipids, and cholesterol by peroxidative reactions are formed reactive carbonyl compounds (RCCs) –
lipid hydroperoxide (LOOH) and especially lipid hydroperoxide radical (LOO•). These RCCs cause so called
“carbonyl stress” during which cross-linkage and protein adducts are formed altering protein functions and
leading to cell dysfunction, inflammatory response and apoptosis. The end products of lipid peroxidation
have also been considered to play a role in oncogenesis [16,23,36,44]. The oxidation of low-density
lipoproteins (LDLs) leading to lipid hydroperoxide modification, besides the atherosclerosis and
cardiovascular diseases are thought to be responsible for development of oxidative stress-related
carcinogenesis, as well [10,21,23,39].
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Some of the powerful intrinsic antioxidants in serum involved also in detoxification of oxiLDL are
associated with the high-density lipoproteins (HDL). They prevent both enzymatic and nonenzymatic
generation and/or disposal of the reactive oxygen species, and thus act as anticarcinogens [13]. Antioxidant
abilities of HDL are considered to be due to its conjunction with PON1 enzyme activity [7,28].
In our previous study we found that in patients with cutaneous melanoma a systemic oxidative stress
is present which reflects the impaired oxidant/antioxidant balance in the melanoma cells [5]. We suppose
that this impaired redox equilibrium in tumor tissue possibly is due to the enhanced and dysregulated
melanin synthesis, which consumes great amount of glutathione and is a big source of large quantity of
H2O2, increases production of ROS and free radicals.
As far as we know there is only a limited number of studies on serum PON1 activity in cancers with
different origin: pancreatic, gastric and ovarian cancers [1,2,10,18,27,41]. Most of them have shown that the
levels and activity of PON1 are lower in patients than in healthy controls. However the mechanisms of
involvement of serum PON1 in cancer development and progression are still under consideration and remain
unclear.
To the best of our knowledge so far there has been no study concerning PON1 in malignant
melanoma. The results of our current pilot work describing significantly lower levels of PON1 in patients
with cutaneous malignant melanoma compared to the controls are in line with aforementioned studies for
other cancer types. Based on our result we suggest that impairment of PON1 activity as a part of the
antioxidant defense system is involved in the pathogenesis of malignant melanoma.
However, a larger prospective study is needed to confirm the possible association of PON1 and
melanoma.
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ABSTRACT
Streptococcus thermophilus strain Yt3 was isolated from yoghurt starter BY145-18, strongly influenced by
urea in milk. Its urease-deficient spontaneous mutant Yt3uD3-1 showed lack of urease activity. S. thermophilus Yt3 and
its urease negative mutant Yt3uD3-1 were compared for their growth at different fermentation conditions of varying pH
and temperature during the process of pH-controlled fermentation. The optimal pH and temperature resulting in
maximal cell numbers of S. thermophilus Yt3 and its urease-deficient derivative Yt3uD3-1 were determined. A
concentrated culture prepared from the urease-deficient mutant Yt3uD3-1 showed faster acidification rate in milk
medium than the mother strain Yt3. The basic fermentation characteristics for the two bacterial strains determined in
this study permit the large-scale production of concentrated cultures with a high number of viable cells in the bacterial
concentrate.

INTRODUCTION
Streptococcus thermophilus is the most important strain industrially used as a part of starter cultures
for yoghurt and cheese production. The optimal parameters for the preparation of bacterial concentrate and
the acidification rate of the particular strain are substantial technological characteristics of starter culture.
The acidification rate of S. thermophilus strains is related to the rate of lactic acid production by the culture
and is influenced by the urease activity of this microorganism. Urease activity of S. thermophilus leads to a
delay of pH dynamics in milk and cheese due to the ammonia production [1; 2]. To achieve a faster
acidification rate urease-deficient S. thermophilus mutants are used. In all other aspects urease-deficient
strains are expected to be identical to the mother strain.
An urease-deficient strain Yt3uD3-1 was obtained from an industrial S. thermophilus strain Yt3 and
the two cultures were compared for their growth at different fermentation conditions with varying pH and
temperature during the process of pH-controlled fermentations. The comparison of the viability and the
acidification activity of the concentrated parent strain and its urease-deficient derivate was the main
objective of this study.
MATERIALS AND METHODS
Bacterial strains
Strain S. thermophilus Yt3 was isolated from starter culture BY145-18 maintained in the LBB
culture collection (LB Bulgaricum PLC, Sofia, Bulgaria). Strain Yt3uD3-1 is a spontaneous urease-deficient
mutant isolated from S. thermophilus Yt3 as described previously [3].
Preparation of concentrated bacterial cultures
The concentration of bacterial strains was performed in lab-scale (2 L medium) bioreactor New
Brunswick Scientific, USA BIOFLO 2000. The milk-based medium contained skim milk powder, lactose,
whey, yeast extract, peptone from casein, peptone from soya and was sterilized at 1180C for 6 minutes. The
fermentation process was carried out at low oxygen conditions supported by constant flow of N2. Sodium
hydroxide (2M) was used as a neutralizing agent. The agitation was strictly maintained at 150 rpm. The
fermentation was conducted at automatically controlled temperature and pH which were preliminarily set up
at 390C and 430C and pH 5.9, 6.0 and 6.2, respectively.
Acidifying activity of concentrated bacterial cultures
The measurement of the acidifying activity of the concentrated bacterial preparations was carried out
using a pH meter. Sterile 10% reconstituted skim milk, supplemented with 4M urea was inoculated with 5%
culture of Yt3 or Yt3uD3-1 obtained by pH-controlled fermentation. The cultures were incubated at 430C.
pH was continuously measured. The time necessary to reach pH 4,8-4,7 was used to compare the
acidification activity of cultures.
Cell counting, viability assessment
Viable cell counts at the end of the fermentation were determined by the plate count method. Tenfold serial of dilutions of the culture were plated into solid M17 agar and incubated at 370C for 72 hours.
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RESULTS AND DISCUSSION
Fermentation of S.thermophilus Yt3 and spontaneous urease-deficient mutant Yt3uD3-1
The process of obtaining bacterial concentrate of S.thermophilus Yt3 and its spontaneous ureasedeficient mutant Yt3uD3-1 was carried out at different fermentation conditions such as pH and temperature.
Results presenting the basic fermentation characteristics determined for Yt3 and Yt3uD3-1 are shown in
table 1.
Table 1. Fermentation characteristics of S.thermophilus Yt3 and S.thermophilus Yt3uD3-1

strain

Yt3

Yt3uD3-1

pH

t0C

5,9
5,9
6,0
6,0
6,2
6,2
5,9
5,9
6,0
6,0
6,2
6,2

39
43
39
43
39
43
39
43
39
43
39
43

Amount of 2M
NaOH, g/2l
149,91
209,61
157,59
177,31
184,41
219,23
141,48
152,87
165,50
201,05
179,94
208,49

Fermentation
time, hours
5 h 15 min
5 h 0 min
5 h 15 min
4 h 30 min
5h 0 min
4 h 30 min
5 h 30 min
5 h 0 min
6 h 30 min
6 h 0 min
5 h 0 min
4 h 45 min

Number of bacteria, cfu/ml
1,9 x 109
5,3 x 109
2,7 x 109
5,1 x 109
6,3 x 109
5,6 x 109
9,1 x 108
1,4 x 109
2,3 x 109
4,0 x 109
5,7 x 109
4,2 x 109

The results of pH and temperature effects on S. thermophilus growth revealed an optimum
temperature of 390C and pH 6,2 for both of S. thermophilus Yt3 and its urease-deficient strain Yt3uD3-1. At
these fermentation conditions maximal biomass yields of 6,3 x 109 cfu/ml and 5,6 x 109 cfu/m for Yt3 and
Yt3uD3-1, respectively, were obtained. Our results are in good agreement with the conclusions of
Vaningelgem et al. [4], who studied the growth of S. thermophilus in milk-based media as a function of pH
and found the growth optimum at pH 6,2. As shown at table 1, the highest consumption of neutralizing agent
by S. thermophilus Yt3 and its urease-deficient Yt3uD3-1 and maximal cell concentration were reached at
pH6,2 at both tested temperatures in comparison with the growth at the other fermentation conditions. The
time of fermentation was found to be shorter in all of the trials at 430C than the duration of the fermentation
process at 390C. The optimal harvesting time for concentration of the S. thermophilus cultures was achieved
for around 5 hours. The end of the fermentation process was signified by a decrease in NaOH consumption
that indicated the end of the log-phase of bacterial growth. At this point in the fermentation process the cell
concentration was maximal. The impact of pH and temperature on the number of concentrated bacteria cells
is shown on Fig.1
6,10E+09
5,10E+09
4,10E+09

pH 5,9

3,10E+09

pH 6,0
pH 6,2

2,10E+09
1,10E+09
1,00E+08
Yt3 39oC

Yt3 43oC

Yt3uD3-1 39oC Yt3uD3-1 43oC

Fig.1. Impact of pH and temperature on the number of viable concentrated cells
of S.thermophilus Yt3 and urease-deficient mutant Yt3uD3-1

Acidification activity of concentrated mother strain S. thermophilus Yt3 and its ureasedeficient mutant Yt3uD3-1 in milk supplemented with urea
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Significant effect on acidification rate by urea in milk was observed. The pH value of milk medium,
supplemented with 4mM urea and inoculated with concentrated urease-deficient S. thermophilus mutant
Yt3uD3-1 decreased faster than that, inoculated with concentrated culture of S. themophilus Yt3. The results
are shown on Fig.2. The hydrolysis of urea by the parent strain slowed down the pH decrease and the
advantage of the urea-deficient derivative was clearly observed. Somewhat higher rate of acidification for S.
thermophilus Yt3 and its urease-deficient mutant Yt3uD3-1 fermented at pH6,2 and 390C compared to
fermentation temperature of 430C was determined (Figure 2). This can be explained by the higher content of
sodium lactate in the bacterial preparation obtained at 430C resulting from the higher consumption of
neutralizing agent (see Table 1) and the slight inhibitory effect of sodium lactate on the activity of the
obtained bacterial culture.
6,30

Yt3 39oC
Yt3 43oC

6,10

Yt3uD3-1 39oC

5,90

Yt3uD3-1 43oC

pH

5,70
5,50
5,30
5,10
4,90
4,70
0,00

0,25

0,50

0,75

1,00

1,25

1,50

1,75

2,00

2,25

2,50

hours

Fig. 2 Acidification activity of bacterial preparations of the parent strain S. thermophilus Yt3 and its urease-deficient mutant Yt3uD31 obtained in pH-controlled fermentation at pH6,2 and 390C or 430C evaluated in milk supplemented with 4mM urea.

CONCLUSION
Fermentation parameters such as fermentation time, consumption of neutralizing agent, the preset
constant pH value and temperature of fermentation had significant impact on the acidification activity of
bacterial cultures. Optimum pH and temperature for maximum cell number of concentrated cultures S.
thermophilus Yt3 and its urease-deficient derivate Yt3uD3-1 were found to be pH6,2 and 390C. Lower total
NaOH consumption value at the end-point of pH-controlled fermentation resulted in obtaining high-density
bacterial culture with higher acidification activity.
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ABSTRACT
Comparative studies on potential probiotic properties such as in-vitro survival of artificial gastric juice,
tolerance to bile salts and the ability to reduce serum cholesterol were performed with four Bifidobacterium longum
strains. The obtained results showed, that among the tested cultures strain B. longum 1/2 had superior probiotic
properties with respect to survival of the cells in artificial gastric juice with pH 3.0, bile salt tolerance with
concentration 0.3% and ability to reduce cholesterol within 70%. The proven probiotic characteristics of strain B.
longum 1/2, determine the strain as suitable for inclusion in new functional probiotic foods.

INTRODUCTION
The functional foods are one of the newest directions of nutrition science. Depending on their
biological action, the functional foods are classified as: probiotics, prebiotics and symbiotics. Today
probiotics are defined as live microorganisms that when administrated in adequate amounts confer a health
benefit on the host [2]. Probiotics show beneficial effect on the host like improvement of the digestive,
respiratory and immune systems. Microorganisms of Bifidobacterium spp. are often used as probiotics.
Species from Bifidobacterium spp. are Gram positive anaerobic rods with straight, „V” or „Y” shape.
Bifidobacteria species are very important for viable and complicated ecosystem of human intestine [4].
Bifidobacterium longum is one of the most important species in the human gastrointestinal tract [1]. It shows
variety of useful effects. In continuation to our previous studies on technological properties of
Bifidobacterium spp. [3], in this paper we report the results from studies on the potential probiotic properties
of B. longum strains 1/2, 2/14, 11/30 and 6/2.
Objective
Studies on some probiotic properties of B. longum strains from human origin and selection of a strain
with good probiotic potential.
MATERIALS AND METHODS
The bacterial strains used are four strains of Bifidobacterium longum 1/2; 2/14; 11/30 and 6/2 from
human origin maintained in the LBB culture collection of LB Bulgaricum Plc (Sofia, Bulgaria). For the
experiment the strains were transferred 3-5 times in MRS broth with addition of LiCl and L – cysteine.
To examine the probiotic properties of these strains we used the following methods and materials:
1. In vitro method for survival of bifidobacteria in artificial gastric juice: NaCl – 0,2% and pepsin
(1:6000, HiMedia) – 0,64%, adjusted to pH values of 1.5, 2.3 or 3.0;
2. Tolerance to bile salts in modified MRS broth with added of LiCl and L – cysteine and bile salts in
different concentrations - 0,05%, 0,1%, 0,15% and 0,3%;
3. Ability to reduce serum cholesterol in MRSSCHO broth: modified MRS broth with added LiCl
and L – cysteine and 0,3% bile salts and Lipid Cholesterol Rich emulsion (Sigma) to a final
concentration of 100µg/ml);
RESULTS AND DISCUSSION
In vitro method for survival of four strains B. longum in artificial gastric juice
Four strains of B. longum 1/2, 2/14, 11/30 and 6/2 were used for the study. The results showed that
they have good survival in artificial gastric juice. B. longum 1/2 and B. longum 2/14 were characterized with
the highest survival rate (Fig 1). We found that B. longum 1/2 had good survival in gastric juice with pH 1.5
for 2h. The reduction in cell counts was within three powers from 2.4*107 cfu/ml at 0h to 1.5*104 cfu/ml
after 2h. Strain B. longum 2/14 had good survival in gastric juice with pH 3.0 for 2h. The reduction in cell
counts was from 1.95*107 cfu/ml at 0h to 1.3*105 cfu/ml at 2h. Strain B. longum 11/30 showed lower
survival for two hours in pH 2.3 – 1.6*107 cfu/ml at 0h to 6.3*104 cfu/ml at 2h. Strain B. longum 6/2 had the
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lowest survival in gastric juice. The reduction in cell counts at pH 3.0 was from 1.3*107 cfu/ml at 0h to
5.8*104 cfu/ml after 2h.
This experiment showed that all four strains of B. longum had good survival during incubation in
artificial gastric juice (Fig. 1).

Fig.1. Survival of Bifidobacterium longum strains in artificial gastric juice:
A – B. longum 1/2; B - B. longum 2/14; C - B. longum 11/30; D - B. longum 6/2.

Tolerance to bile salts
The results from this experiment are presented in Fig.2. All four B. longum strains demonstrated
good growth in the presence of bile salts at 0.05% concentration. The highest cell counts were obtained for
B. longum 1/2 followed by B. longum 2/14. Differences in the growth rate of the four strains B. longum at
0.3% concentration of bile salts were observed. B. longum 11/30 and B.longum 6/2 reached stationary phase
for 8 hours at 0.3% concentration of bile salts. This was one of the reasons this two strains to enter in the
death phase after 20 hours of cultivation. Strains B. longum 1/2 and B. longum 2/14 showed good adaptation
to high concentrations of bile salts with B. longum 1/2 proving to be the most bile salt (0.3%) tolerant strain
among the tested cultures (Fig. 2).
Ability to reduce serum cholesterol
The results from evaluating the ability to reduce the serum cholesterol by the tested strains are
presented in Fig.3. The highest ability to reduce the serum cholesterol was observed for B.longum 6/2 – 77%
of cholesterol reduction in the growth medium. B. longum 11/30 reduced 73% of cholesterol in the growth
medium. The experiment showed that B. longum 1/2 reduced 70% of cholesterol in the growth medium. The
lowest potential to reduce the serum cholesterol in the growth medium was found for B.longum 2/14 – 65%.
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Fig.2. Tolerance to bile salts of B. longum strains: A – B. longum 1/2; B - B. longum 2/14; C - B. longum 11/30; D - B. longum 6/2.

Fig.3. Reduction of serum cholesterol by Bifidobacterium longum strains
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CONCLUSION
The conducted comparative study showed, that the tested B. longum strains from human origin have
a high potential for application as probiotics. From all examined strains Bifidobacterium longum 1/2 showed
the best properties regarding survival in artificial gastric juice and tolerance to bile salts as well as good
ability to reduce serum cholesterol from growth media.
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ABSTRACT
The specific dynamics of the development of the potentially probiotic strain Lactobacillus helveticus LBRZ5 in
a bioreactor with continuous stirring and in an incubator under static conditions was determined. High concentration
of viable cells (1012cfu/cm3), which proves the possibility for industrial cultivation of the strain, was achieved. The
change in the concentration of active cells and in the titratable acidity of the milk concentrate during storage at
refrigerated temperature 4 ± 20C was traced. It is shown that the resulting lactic acid concentrate retains high
concentration of viable cells at moderate titratable acidity during storage in a refrigerator until the 35th day, allowing
its usage as a probiotic beverage.

INTRODUCTION
Probiotic bacteria are introduced into the gastrointestinal tract in the form of concentrates or in the
composition of functional foods. All the probiotic strains have to be without any genetic modifications. Not
all lactobacilli may be included in the composition of probiotics and probiotic foods, but only those who
have certain properties [9]. One of these properties is the possibility for industrial cultivation with
accumulation of high concentrations of viable cells.
Starter cultures with probiotic properties, which produce biologically active metabolites and improve
the functional characteristics of dairy products and beverages are needed [4]. That is why the study of the
processes of cultivation and accumulation of biomass from lactic acid bacteria strains with probiotic
potential is of great significance. The obtaining of high yields during the cultivation of lactic acid bacteria
depends greatly on the composition of the medium.
A major milestone in the technological process is to ensure optimal conditions for microbial cell
development, that in turn ensures the accumulation of high concentration of active cells. This is achieved by
continuous or batch cultivation of lactic acid bacteria in suitable cultural media [1, 11]. The cultivation in a
bioreactor allows better development of the microbial cells, as well as an opportunity for cultivation of
mixed cultures [2, 3, 6, 8].
Pirt et al. indicated that in periodic cultivation of lactic acid bacteria each microbial species increased
its biomass at a rate that is a function of the chemical and the physical conditions of the medium [7].
Nikolova, 2010 [5] conducted repeated feed-batch cultivation (FB-cultivation) of a strain Lactobacillus
helveticus 50P1 in a medium, containing 6% (w/v) permeate while maintaining pH, and the removal of
biomass from the laboratory reactor was limited by the inclusion of ultrafiltration module when making the
dropings and retained biomass recirculation.
The aim of the present work is to carry out lactic acid fermentation by periodic cultivation in a
bioreactor, while constantly stirring the cultural medium, and to obtain a probiotic liquid concentrate.
MATERIALS AND METHODS
The strain Lactobacillus helveticus LBRZ5 is an isolate of human origin.
Media
MRS-broth (Scharlau).
Sterile skimmed milk with an acidity of 16-18ºT. Composition (g/dm3): 10% skimmed milk powder
(Scharlau). The medium is sterilized for 15 minutes at 118ºC.
Bioreactor and cultivation conditions
The laboratory cultural vessel (Fig.1) is a cylinder with geometric volume of 2 dm3 and displacement
– 1,5 dm3.
The periodic cultivation processes are conducted in MRS-broth or skimmed milk without pH
adjustment. The media are sterilized at 118ºC for 15 min. After cooling to 39-40ºC the prepared medium in
the bioreactor is inoculated with 5% (v/v) inoculum from a fresh 24-hour culture of the studied strain, if the
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used medium is MRS-broth, and with 2,5% (v/v) inoculum if the used medium is skimmed milk. The process
of cultuvation is conducted at 37ºC, stirring speed of 100 rpm, without air supply. During the cultivation pH,
Eh, number of colony-forming units and tirable acidity were examined.
Along with the carried out periodical cultivation with constant stirring (in a bioreactor), static
cultivation (in an incubator) under the same conditions was carried out as well.

Cooling water

Fig. 1. Scheme of the laboratory bioreactor
1 - vessel with geometric volume of 2 dm3; 2-four repulse devises ; 3–thermo-strength Pt100 ; 4–heater ; 5-heat exchanger for cold
water ; 6–turbine stirrer ; 7–pH electrode ; 8–exit for CO2; 9–filter ; 10–peristaltic pump for pH correction ; 11– reagent for pH
correction – 20% KOH; 12–motor ; 13-control links ; 14–control device "Applikon"

Method for determining the number of colony-forming units [cfu/cm3]: After ten-times dillutions of
each sample in 0,5% saline solution, MRS-agar medium (MRS-broth + 2% agar) is inoculated with the
corresponding dillutions. After cultivation at 370C for 48-72 hours the number of colony-forming units is
determined.
Method for detetrmining titrable acidity (TA) [oT]. 10 cm3 of the sample are dilluted in 20 cm3
distilled H2O and the solution is titred with 1,01N NaOH. 10T is the amount of 1,01N NaOH, necessary for
the neutralization of the acids in 100 cm3 of the sample.
RESULTS AND DISCUSSION
The strain Lactobacillus helveticus LBRZ5 is a potentially probiotic strain because it possesses some
probiotic properties (unpublished data).
In a series of experiments the dynamics of accumulation of viable cells of the strain Lactobacillus
helveticus LBRZ5 as well as the change in the titrable acidity of the medium during batch cultivation in a
bioreactor with continuous stirring and at static conditions are examined. Cultivation in both cases is carried
out at a constant temperature of 370C.
In the cultivation of Lactobacillus helveticus LBRZ5 in a laboratory bioreactor with continuous
stirring in MRS-broth the time to obtain high concentration of viable cells compared to the time to obtain
similar concentration at static conditions (Fig. 2a, 2b) is reduced. In the cultivation of this strain in MRSbroth higher concentration (over 1012cfu/cm3) of viable cells is achieved for 6 hours of cultivation in a
bioreactor with continuous stirring, and it is observed at lower titrable acidity (810T) ( Fig. 2a). In the static
cultivation of this strain in the incubator at the same temperature such high concentration of viable cells is
not achieved even up to the 48th hour. The concentration of viable cells at the 48th hour under static
conditions in MRS-broth is 1011cfu/cm3, and it is observed at significantly higher values of titrable acidity –
about 1900T (Fig. 2b).
In the cultivation of the strain Lactobacillus helveticus LBRZ5 in skimmed milk at the 12th hour of
cultivation in a bioreactor with constant stirring, concentration of viable cells over 1011cfu/cm3 at titrable
acidity of 500T is obtained, while similar concentration of viable cells at static conditions is obtained at
higher titrable acidity - 1300T. These studies, both in MRS-broth and in skimmed milk, confirmed the result
of Schiraldi et al., 2003, that in a bioreactor in the presence of oxygen products with high concentration of
viable cells at lower titrable acidity are produced.
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For 12-hour cultivation in a bioreactor in skimmed milk the number of viable cells of the strain
Lactobacillus helveticus LBRZ5 reaches 1012cfu/cm3 at lower titrable acidity – 500T (Fig. 3a), while similar
concentration of viable cells in a bioreactor with constant stirring in MRS-broth is observed at higher titrable
acidity - 780T (Fig. 2a).
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Fig 2. A. Cultivation of the strain Lactobacillus helveticus LBRZ5 in MRS-broth in a bioreactor
B. Static cultuvation of the strain Lactobacillus helveticus LBRZ5 in MRS-broth

Greater biomass increase under static conditions during the development of the strain in skimmed
milk (Fig. 3b) than during its development in MRS-broth is observed. At the 12th hour the number of active
cells in skimmed milk reaches 1011cfu/cm3 (the starting concentration is above 107cfu/cm3), while in MRSbroth for the same duration of cultivation the strain accumulates 1010cfu/cm3 (the starting concentration is
108cfu/cm3).
The change of the oxidation-reduction potential (Eh) of the system is of great interest. The curves,
reflecting the changes in the redox potential of the system during the cultivation of Lactobacillus helveticus
LBRZ5 have a different course depending on the used media. In MRS-broth Eh decreases during the lagphase and the early exponential phase, then it increases during the logarithmic and the stationary phase of
growth and assumes values from +420 mV to +460 mV (Fig. 2a).
In skimmed milk Eh increases during the lag-phase and decreases during the logarithmic growth
phase, assuming the value of +390 mV (Fig. 3a).
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Fig 3. A. Cultivation of the strain Lactobacillus helveticus LBRZ5 in skimmed milk in a bioreactor
B. Static cultivation of the strain Lactobacillus helveticus LBRZ5 in skimmed milk

The concentrate from the bioreactor is stored in a refrigerator at 4 ± 20C for 35 days. The changes in
titrable acidity and in the number of viable cells during storage are traced. The results of these studies are
shown on Fig. 4.
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Fig. 4. Change in the titrable acidity and the concentration of viable cells of the milk concentrate
of the strain Lactobacillus helveticus LBRZ5 during storage

The obtained lactic acid concentrate with this strain during storage at refrigerated temperature
maintains high levels of viable cells at moderate titrable acidity – up to 1020T (Fig. 4) at the 35th day. This
allows its successful application as a probiotic beverage up to the 35th day.
CONCLUSION
It is shown that in the bioreactor better conditions for the proliferation of the strain Lactobacillus
helveticus LBRZ5 are created and a lactic acid concentrate with high concentration of viable cells is obtained
in less time. It is established that the dynamics of the fermentation process depends both on the mode of
cultivation and the type of the fermentation medium.
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ABSTRACT
There is an urgent and unmet need for therapeutic agents targeting selectively disease-associated B
lymphocytes in autoantibody-mediated diseases. These pathological self-reactive B cells in SLE are a logical target for
selected therapeutic intervention. We have hypothesized that it should be possible to suppress selectively the activity of
these B cells obtained from lupus mice by administering to them artificial molecules that cross-links their
immunoglobulin with the inhibitory Fc-gammaIIb and CD22 surface receptors. The hybrid molecules were constructed
by coupling the different self-peptides to a monoclonal anti-Fc-gammaRIIb antibody. These chimeric molecules were
added to cultured spleen cells from sick MRL/lpr mice, resulting in a dose-dependent reduction of the numbers of IgG
autoantibody-producing cells. Our data present evidence that clustering BCR and the inhibitory surface receptors on
autoreactive B lymphocytes selectively suppresses autoantibody production. The use of chimeric antibodies targeting
inhibitory B lymphocyte receptors represents a novel approach for the selective suppression of autoreactive diseaseassociated B cells in autoimmune diseases.

INTRODUCTION
Systemic lupus erythematosus (SLE) is the prototype systemic autoimmune disease, characterized by the
generation of autoantibodies specific for native double-stranded (ds) DNA and for (nucleic acid/protein complexes
[5]. Renal involvement is common and it is a strong predictor of poor outcome. The presently used antiinflammatory and immunosuppressive drugs delay the development of lupus glomerulonephritis, but do not cure the
disease itself. These drugs have serious and sometimes even life-threatening side effects.
Autoreactive DNA-specific B cells in lupus patients are logical targets for therapeutic intervention. They
play a major role as precursors of pathological autoantibody-producing plasma cells and as antigen-presenting cells
that help break T cell tolerance to self molecules [17]. The triggering of their immunoglobulin B cell (BCR)
receptors by the specific antigen ultimately induces gene expression patterns that can promote cell activation, anergy
or apoptosis. Individual cell surface receptors may possess both activating and inhibitory signaling motifs and
depending on ligand specificity and affinity, they may induce inhibitory and/or activating signaling pathways to
calibrate cell responses [2]. Inhibitory co-receptors such as the low affinity receptor for IgG – FcγRIIb, CD22, CD72,
etc., negatively regulate BCR signaling and thus prevent unphysiological overactivation of the B lymphocytes [14].
It has been hypothesized by us [10, 19] as well as by others [25] that the activity of immune cells with predetermined antigen binding specificity could be selectively suppressed by artificial chimeric molecules that crosslink their antigen-binding with inhibitory surface receptors.
The inhibitory FcγRIIb is widely expressed on hematopoietic cells. This receptor is a key negative regulator
of B cell activation [11]. CD22 is a 135 kD type-I transmembrane sialoglycoprotein of the immunoglobulin
superfamily that controls B-cell functions by affecting CD19 and BCR signal transduction, BCR-induced cell death
and survival in the periphery [1, 12, 13 18, 20]. The loss of CD22 function has been shown to be associated with
autoimmunity and it is regarded as a promising target for therapeutic antibodies [6, 23].
The rat anti-mouse FcγRIIb antibody was used as a backbone for the construction of two separate chimeric
molecules by coupling copies of a dsDNA-mimicking peptide (DWEYSVWLSN) [19] (The DNA-like chimera) or
copies of a natural Histone-1 (H1`22–42) peptide [10] (Histon-1 peptide chimera). Cross-linking of the dsDNA or
Histone-1 specific BCRs with the FcγRIIb resulted in the selective silencing of the pathological cells and in
improved survival of the treated lupus-prone animals [10, 19]. Next, we hypothesized that this beneficial effect of the
antibody chimeras would be even stronger if it targets simultaneously both CD22 plus FcγRIIb inhibitory B-cell
receptors [9]. Third chimeric antibody was constructed by coupling copies of a dsDNA-mimicking peptide and of a
CD22-binding STN-peptide to a mouse monoclonal IgG antibody backbone. We report that this artificial tri-specific
antibody induces signaling through both negative receptors, which suppresses selectively the activity of targeted
DNA-specific B lymphocytes. We have proven that, by using these artificial antibodies it is possible to suppress
selectively the activity of disease-associated B lymphocytes and to change the natural course of a spontaneous
autoimmune disease [9, 10, 19].
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Fig. 1. Schematic presentation of the DNA-like chimera, Histone 1 peptide chimera and STN – like chimera respectively [9, 10, 19] A – antigen
peptide that is bound to monoclonal antibody; B – mechanism of suppression

MATERIALS AND METHODS
Antibodies
Purified rat 2.4G2 IgG2b monoclonal antibody specific to the mouse FcγRIIb (CD32), was prepared as
described.The DNA-like (DWEYSVWLSN) and the Histone-1 peptides (STDHPKYSDMIVAAIQAEKNR) were
purchased from Caslo, (Denmark) [10, 19] Mouse monoclonal IgG2a antibody IP-2-11-1 was kindly provided by Dr
Jozsef Prehl, Eotvos University, Budapest, Hungary [9].
Construction of the chimeric molecules
The DNA-like chimera, the Histon-1 peptide chimera and the STN-like chimera were constructed as
described previously [9, 10, 19]. The coupling of the peptides to the antibodies was performed as described [9, 19].
The characterization of the chimeras included Cross blot analysis of FcγIIb [4], ELISpot assays [19], CD22 receptor
phosphorylation [9].
RESULTS AND DISCUSSION
The functional activity of the two building elements of the designed artificial chimeric molecules was
studied. The results showed that the binding sites of the antibody component of the chimera were not modified and
retained their antigen-binding activity after the conjugation process [9].
The comparison between the HPLC curves of the 2.4G2 antibody and of the antibody chimeras prepared
using it showed that the latter was displaced as a result of the coupling of a certain number of peptides [19].
Mass spectral analyses of the 2.4G2-based chimera showed that 14 to 16 peptides were bound per single
IgG molecule [9]. Cross blot assay was performed to study whether the H1`22-42 peptide retains its ability to be bound
by anti- H1`22-42 peptide antibodies after conjugation to the 2.4G2 antibody.

Fig. 2. The H1`22-42 peptide retains its ability after its chemical coupling to the 2.4G2 antibody to be bound by anti- H1`22-42 peptide antibodies.
Samples from the 2.4G2-H1`22-42 chimera (1); Control chimera 1 (2); Control chimera 2 (3); unconjugated 2.4G2 antibody (4) and pure Histone1
(5) were coated on a nitrocellulose membrane and subjected to cross-blotting. The dose-dependent binding of the H1`22-42 epitope-containing
chimeras by the rabbit anti- H1`22-42 serum showed that its B-cell epitope was preserved after the conjugation.[19]

The recognition of the H1`22-42 peptide by the pooled serum from rabbits, repeatedly immunized with the
same peptide in a cross-blot assay confirmed that the H1`22-42 peptides on the surface of the chimeric antibodies
retained their B cell epitope. The latter is available for interaction with Histone 1-specific B lymphocyte receptors.
The same method was used to prove the ability of the conjugated DNA-like peptide, on the surface of both DNAlike and STN-like chimeric molecules, to bind to its B cell epitope.
In another experiment splenocytes from diphtheria toxoid immunized MRL/lpr lupus-prone mice were
cultured for 5 days, and the numbers of anti-dsDNA IgG and IgM, anti-Histone-1 and anti-diphtheria toxoid IgG
antibody-producing cells were counted by the ELISpot technique. Either DNA-chimera, Histone-1 peptide chimera
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or STN-DNA-like chimera added to the medium during the period of cultivation not influence the numbers of
diphtheria toxoid-specific IgG antibody-producing cells (Fig. 3, lower panel). The addition of bacterial LPS to the
cultural medium containing mouse splenocytes did not increase further the numbers of antibody producers, showing
that most B cells with the studied specificities were already activated. The DNA-like chimera, Histone-1 peptide and
STN-DNA-like chimera caused a dose-dependent decrease of the numbers of in vitro differentiated anti-dsDNAIgG, anti-dsDNA IgM and anti-Histone 1 antibody producing cells, respectively (Fig. 3, upper panel). Still more
important for tri-specific antibody chimera is that plasma cells, secreting anti-DNA IgG antibodies were almost
absent. The beneficial effect of the three chimeric molecules is selective as it affects the differentiation of the targeted
pathological B-cells only. The results show that the DNA-like chimera and the STN–DNA-like chimera suppress
selectively dsDNA-specific B lymphocytes and Histone-1 peptide chimera suppress selectively anti-Histone-1
specific B lymphocytes [9, 10, 19].

Fig. 3 The effect of the DNA-like chimera is selective as it affects the
differentiation of the targeted dsDNA-specific only. Spleen cells from
diphtheria toxoid-immunized MRL/lpr mice with lupus were cultured
in medium alone, in the presence of LPS, in the presence of the DNAlike chimera, in the presence of the pure 2.4G2 antibody, or of the
irrelevant chimeras for 5 days. The numbers of plasma cells, producing
anti-dsDNA (upper figure), and anti-diphtheria toxoid IgG antibodies
(lower figure) were determined by the ELISpot technique. * p<0,05;
** p<0.01; Student t-test. [10]

The DNA-like or the Histone-1 peptide chimera used in the study were generated using the rat 2.4G2
monoclonal antibody that binds to mouse FcγRIIb but has some reactivity to mouse FcγRIII, too. It is inevitable that
a portion of the administered molecules interact with untargeted cells. For STN-DNA-like chimera this is also true.
However, overall avidity of the antibody to the FcγRIIb, of the DNA-mimicking or the Histone-1 peptide to the antiDNA immunoglobulin receptor (anti-Histone-1 respectively) and of STN-peptide to the CD22 receptor should be
with higher value, although this could not be expected to be seen in vivo.
The beneficial effects seen from the chimeric molecules lasted until the treated mice started producing
antibodies to the rat immunoglobulin that was part of the chimeras. If antibody chimeras targeting the inhibitory
FcγIIb receptor on selected autoreactive B cells in autoimmune patients are to be used in the future, they should be
constructed using humanized antibodies or Fv antibody fragments binding only to the human FcγIIb receptor
isoform [7, 15, 24].
We constructed the third chimeric molecule STN-DNA-like chimera in which not the F(ab)’2, but the Fcfragment of a mouse antibody was responsible for the FcγIIb-binding in order to avoid the immune response against
rat immunoglobulin part that was seen in the experiments with previous chimeras. The interaction affinity in the
latter case is obviously lower. As the physiological ligand for CD22 is not known, we have used a short glycopeptide
with a free terminal sialic acid as a substitute. Direct proof was needed that the ligands used to target both inhibitory
receptors were indeed able to send intracellular signals through them. This was shown to be the case as the exposure
of spleen cells from sick MRL/lpr mice to the tri-specific antibody chimera induced phosphorylation of both FcγIIb
and CD22 (Fig. 4).

МЛАДЕЖКА НАУЧНА КОНФЕРЕНЦИЯ
“КЛИМЕНТОВИ ДНИ”
22-23, ноември 2011

51

Fig. 4. Exposure of splenocytes from lupus-prone mice to the STNDNA like chimera induces phosphorylation of signalling elements of
FcγIIb and of CD22 receptors. FcγRIIb were immunoprecipitated with
an anti-CD32 antibody and blotted with an anti-phospotyrosine antibody
(A, left panel). The same immunoprecipitate was blotted with an antimouse CD32 antibody (A- right panel). Lane 1 – unstimulated cells;
Lane 2- pevanadate- activated splenocytes; Lane 3- cells treated with the
STN-DNA-like chimera and Lane 4 – FcγIIb-negative IIA1.6 cells,
exposed to the same chimera. CD22 molecules were
immunoprecipitated with an anti-CD22 antibody and blotted with the
same anti-phospotyrosine antibody (B- left panel). The precipitated
CD22 molecules wwere also blotted with a CD22-specific antibody (Bright panel). Lane 1 – unstimulated cells; Lane 2- pevanadate- activated
cells; Lane 3- cells treated with the STN-DNA-like chimera. [9]

The ability of the constructed chimeric molecule to engage the two inhibitory receptors on B cell surface
was tested also by evaluating its ability to compete with monoclonal FcγRIIb- and CD22-specific antibodies for
binding to same targets. The chimeric antibody inhibited in a dose dependent manner the binding of the monoclonal
antibodies to their respective target molecules [9].
Signaling through the CD22 receptor is known to down-regulate the activity of B lymphocytes with IgM
receptors, while FcγIIb silences those with IgG BCRs [16]. Thus, the simultaneous engagement of both inhibitory
receptors on B cells with the same antigen-binding specificity should silence both those with IgM as well as with
IgG antigen-binding receptors. The data reported previously confirm that the targeting of the CD22 receptors on B
cells down-regulates IgM antibody production [21]. The silencing of pathological autoreactive B lymphocytes with
antigen receptors of both isotypes should decrease the numbers of those that switch their BCRs from IgM to IgG and
should bring down the overall numbers of B cells with anti-DNA specificity that differentiate to plasma cells. A
major shortcoming of the B-cell targeting approach described above is that it does not affect pathological
autoantibody-producing plasma cells. Some of these are known to be long-lived and are resistant to all known drugs
[3, 22].
A new experimental therapeutic approach for treating antibody-dependant autoimmune diseases has been
recently described. It is based on the use of the proteasome inhibitor Bortezomib that is able to deplete reversibly
plasma cells and to suppress disease activity in lupus mice [3, 8]. Unfortunately, this drug is highly neurotoxic. It is
reasonable to expect that the simultaneous administration of an agent that specifically targets disease-associated B
cells with a sub-toxic dose of an agent that eliminates antibody-producing plasma cells would control better a flare of
the autoimmune disease than each one of them used alone.
As we have already shown [9, 10, 19], it is possible to selectively suppress in vitro the appearance of IgG
anti-dsDNA antibodies by the administration of a chimeric molecules containing an artificial DNA-mimicking
peptide, Histone-1 peptide, or both DNA-like and STN peptide coupled to the 2.4G2 mAb. The study that was
performed used a natural lupus target antigen and confirms the hypothesis that hybrid antibodies are able to limit
undesirable antibody responses by the same mechanism as IgG-containing immune complexes limit the intensity and
duration of IgG antibody production under physiological conditions.
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ABSTRACT
The aim of the study is to determine the activity of strains T 1-5, T 10-12, T 14-18, V 6-8, V 13 and
Bacillus pasteurii against phytopathogenic bacterium Clavibacter michiganensis subsp. michiganensis. The
antibacterial activity of T 1-5, T 10-12, T 14-18, V 6-8, V 13 and Bacillus pasteurii was tested by the agar
diffusion method.

INTRODUCTION
Clavibacter michiganensis subsp. michiganensis is the most popular phytopathogenic
bacterium that causes one of the most serious diseases on tomatoes and is distributed via seeds,
irrigation water, wounds, residual contamination in soil, etc [1].
The phytopathogenic bacteria infiltrated in plant normally multiply in the intercellular
space. They cause wet wilt by growing tracheabacteriosis, witch leads to obstruction of the vascular
vessels of the plant wilt and its destruction.
This type of disease caused by Clavibacter michiganensis subsp. michiganensis doesn’t have
an evidence of effective therapy. The bacterium is located in the xylem vessels [4] where can cause
lysigenous cavities. Infected vessels contain viscous granular deposits, tyloses and bacterial masses
[5]. The pathogen also produces a toxic glycopeptide which has biological activity. The bacterium
survives for a long time in plant debris, soil and on equipment and glasshouse structures [6].
Fruits may fail to develop and fall, or ripen unevenly. They also show external marbling and
internal bleaching of vascular and surrounding tissue. Infrequently, fruits may show characteristic
"bird's eye" spots. Initially slightly raised and white, these spots develop light-brown roughened
centres surrounded by a flat whitish halo.
Clavibacter michiganensis subsp. michiganensis is the causal agent of Bacterial Canker and
Wilt of Tomato - overwinters in or on seeds but occasionally also in plant refuse in the soil [8]. The
risk of spreading the bacteria to healthy tomato plants is greatest during transplanting, tying, and
suckering or any time when the host may be wounded. Once established, the bacteria may move into
the phloem, pith, and cortex [9].
On cutting stems, petioles and peduncles, particularly at their junctions, a creamy-white,
yellow or reddish-brown discoloration of vascular tissue and pith and cavities within the pith will be
evident. These discolorations are only visible at advanced stages of the disease. At the beginning of its
development, the pathogen causes no change in the vascular tissue.
Since the first report of the disease in the USA in 1910, Clavibacter michiganensis subsp.
michiganensis has spread throughout the world and causes serious losses to both glasshouse and field
tomato crops, either by killing the young plants or disfiguring the fruits. In North Carolina (USA), a
70% reduction in yield has been recorded in some years. Recent experiments carried out in France
have shown a yield loss of 20-30% [7]
Clavibacter michiganensis subsp. michiganensis is an aerobic, non-motile, Gram-positive,
non-sporing, curved rod [2]. This pathogen develops slow-growing, smooth, shining, round, yellow
colonies with entire margins [3]. Prevention, which is based on the antagonistic relationship, is
extremely important.
MATERIALS AND METHODS
For the aim of study was used strain Clavibacter michiganensis subsp. michiganensis kindly
provided by the Department of Microbiology of Sofia University.
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Strains Bacillus sp. T 1-5, T 10-12, T 14-18, V 6-8, 13 and Bacillus pasteurii were isolated
from different soils and were tested for their antibacterial activity.
In order to determine the antimicrobial activity of strains Bacillus sp. was cultivated at 28oC
for 24 h and so was the test bacterium.
After that the developed cultures of 19 strains were centrifuged for 15 minutes at 9 000 rev /
min and were filtered through a membrane filter (0,2µm pore). The resulting cell-free supernatants
(CFS) were used to determine the antibacterial activity of the different Bacillus sp. strains.
Overlay of test strain Clavibacter michiganensis subsp. michiganensis (108 CFU/ml) was
prepared on agar plates. Wells ( 8mm) were made in agar plates and CFS(100 μl/pit) was placed in the
wells and allow to diffuse through the agar for 4 h at 4oC during this period the antibacterial
substances were able to diffuse in the agar with the test organism and than - incubation at 28C for 24h.
After that inhibitory zone were measured as mm sterile zone.
RESULTS
Antibacterial activity of Bacillus sp T 1-5,T 10-12, T14-18, V 6-8, 13 and Bacillus pasteurii
was tested by agar diffusion method. After 24th hour it was detected strong inhibitory effect of some
strains over test bacterium. The results for the activity are presented in Table 1-A and 1-B and Fig 1.
Table1-A. Results of the antibacterial activity after treatment with bacterial strains T1-T18 *

Strain

T1

T2

T3

T4

T5

T10

T11

T12

T14

T15

T16

T17

T18

Inhibitory
zone, mm

NA

+
24

NA

+
26

+
5

+
22

NA

NA

NA

NA

NA

+
5

+
14

Table 1-B. Results of the antibacterial activity after treatment with
bacterial strains V6-V13 and Bacillus pasteurii *

Strain

V6

V7

V8

V9

V13

B.p.

Inhibitory
zone, mm

NA

NA

+
12

NA

NA

NA

*Activity of cells-free supernatants was presented as follows: Bactericidal activity against the test culture +
(in mm sterile zone); NA– No activity;

А

B

C

D

Fig.1. Inhibitory zone against Clavibacter michiganensis subsp. michiganensis (mm)
A- control, T 1, 2, 3, 4, 5; B- control T 1, 2, 3; C- control T 1, 4, 5; D- control, V 6, 7, 8, 9, 12 and Bacillus pasteuarii

It can be observed (Fig. 2-A) that Bacillus strains T 2, 4 and 10 have the greatest activity
against phitopathogenic bacteria among all tested strains (T 2- 24mm, T 4- 26mm and T 1022mm). Less active strains are T 5, 17 and 18 (T 5- 5mm, T 17- 5mm and T 18- 14mm ). The other
strains from first group - T 1, 3, 11, 12, 14, 15, 16 do not show any antibacterial activity against the
phytopatogen Clavibacter michiganensis subsp. michiganensis. For the second group of strains it was
demonstrate (Fig. 2-B) that V8 showed the greatest activity (V 8- 12mm) among strains Bacillus sp. V
6, 7, 8, 9, V 13 and Bacillus pasteurii. But its activity is lower that of straind T2, T4 and t10 and is
comparable with that of T17 and 18.
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A

B
Fig. 2. Diagram of the received results from tests
A- Antibacterial activity of Bacillus strains T 1- T 18 against phitopathogenic bacteria Clavibacter michiganensis
subsp. michiganensis
B- Antibacterial activity of Bacillus strains V 6-V 13 and Bacillus pasteurii against phitopathogenic bacteria
Clavibacter michiganensis subsp. michiganensis

Strains T 2, 4 and 10 were chosen as active against phytopatogen Clavibacter michiganensis
subsp. michiganensis and they are sites for further studies. According to preliminary biochemical and
molecular taxonomical tests these tree strains belong to spices Bacillus subtilis (strains T2 and T4) and
Bacillus licheniformis (strain T10) (unpublished data).
CONCLUSION
From the obtained data it can be concluded that the most active among all tested strains are
Bacillus sp. T 2, T 4 and T 10 against Clavibacter michiganensis subsp. michiganensis.
Studied strains showed high antibacterial activity against phytopathogens may have very wide
application in plant production and agriculture. In crop farming excludes the use of synthetic
chemicals and pesticides; therefore the use of biologically active substances on the basis of
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microorganisms against pathogenic bacteria is essential. Using active strains may reduce losses in
agriculture, which recent data are large-scale [7]. Strains with antibacterial activity against
phytopathogenic bacteria can be used as an agent for the treatment of infectious symptoms in different
plants.
Acknowledgments: Acknowledge for the assistance of the company Advanced Nutrients.
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ABSTRACT
The aim of the study was to elaborate a model system capable to differentiate the role of different types
of polysaccharides in the interaction with neutrophils. Four polysaccharide antigens were included in the study
(lipopolysaccharides O157 and O6, capsular K2 antigen and enterobacterial common antigen ECA). We
designed a model of bacterial cells covered with only one antigen by non-covalently conjugating FITC-labeled
latex spheres with a single type of polysaccharide. These spheres were applied in a phagocytosis test by human
neutrophils. Phagocytosis was performed for 30 min. The results were analysed by flow cytometry and confocal
laser scanning microscopy (CLSM). The results confirm increase of FITC-labeled spheres in samples loaded
with the O157 and O6 antigens. CLSM confirmed internalization of these spheres while those loaded with K2
and ECA were predominantly superficially located on the neutrophils. These results show that the model system
of antigen-loaded latex spheres is applicable for comparative studies of the role of different polysaccharide
antigens in the interactions with the host phagocyte system.

INTRODUCTION
The lipopolysaccharide (LPS) O antigen and neutrophils are the central components in
inflammation processes during infections with Gram-positive bacteria [1, 2]. LPS are a major but not
sole structural component exposed on Gram-negative cells. Complexity of E. coli cellular surfaces is
determined, together with the variety of protein antigens like flagella, pili and OMPs, usually also by a
presence of more than one type of polysaccharide antigens: LPS, capsules, and enterobacterial
common antigen (ECA). These molecules can be expressed at different degree on the surface of
bacteria. Thus variability of individual microorganisms within the population of a given strain can
occur. This has been suggested as an adaptive mechanism allowing the bacteria to either avoid host
effector mechanisms or compete for different niches inside the host [4]. While the lipid A portion of
the LPS represents the pathogen-associated molecular pattern recognized by host effector cells via the
TLR4 receptors, the role of the other polysaccharides is still obscure.
The aim of the present study was to elaborate a model system capable to differentiate the role
of different types of polysaccharides in the interaction with neutrophils. Four polysaccharide antigens
were included in the study (lipopolysaccharides O157 and O6, capsular K2 antigen and ECA). We
designed a model of bacterial cells covered with only one antigen by non-covalently conjugating
fluorescent latex spheres with a single type of polysaccharide. These spheres were applied in a
phagocytosis test by human neutrophils.
MATERIALS AND METHODS
The bacterial strains used for polysaccharide isolation were E. coli O157: H- (A2CK SS,
NCIPD) and E. coli О6:К2аbL:Н1, (Bi7458/41 SS, NCIPD). LPS preparations were isolated by the
hot phenol-water procedure [10] from the phenol phase, and were lyophilized. ECA (kindly provided
by Dr C. De Castro, University of Naples) was purified from the water phase of E. coli O157. The K2
capsule was isolated by the method of [7]. The antigens were dissolved 1 mg/ml in carbonatebicarbonate buffer, pH 9.6. One ml of antigen was mixed with 100μl of FITC-labeled 2μm large latex
spheres (Sigma). Non-covalent conjugation was performed for 48 hours by continuous shaking. The
spheres were pelleted and supernatant was decanted. Binding of the polysaccharides was monitored by
comparing the sugar amounts in initial solutions and the supernatant after conjugation using the
phenol-sulfuric acid method and a glucose standard.
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Human peripheral blood neutrophils were isolated as described earlier [5] and were suspended
in DMEM medium to a concentration of 106 cells per ml. Phagocytosis of the antigen-coated spheres
was performed by mixing 10 5 cells with 10 ml of spheres.
Three samples per variant were processed in parallel. Phagocytosis was performed by
incubation for 48 hours at continuous shaking. Controls comprised spheres not loaded with antigen
(negative control) and spheres loaded with zymosan (positive control). Then the cells were fixed in 2%
PBS-buffered paraformaldehyde. The samples were analysed by flow cytometry. Microscopic samples
were prepared in parallel for CLSM observation.
RESULTS AND DISCUSSION
The main objective of the present study was to develop a model system and evaluate its
applicability to the comparative analysis of the role of polysaccharide antigens.
Latex spheres are a traditional tool for phagocytosis tests. They are used uncoated, or coated
with different antibodies or antigens. This is usually done by non-covalent conjugation. Here we
applied a protocol of coating which is a modification of the method previously described for antibody
coating by [5]. The modification was in much longer duration of the labeling – for 48, and inclusion of
a parallel monitoring test for binding by evaluation the sugars in the supernatant of the peletted coated
spheres in relation with the initial sugar amount. This monitoring test indicated c.a. 70% binding of the
initially included polysaccharides.
In the present protocol a short-term incubation with the coated spheres was included. During
the 30 min of co-incubation, phagocytosis of control spheres (lacking antigen) by the neutrophils was
neglectable (Fig. 1A), and stimulation by the positive zymosan control was low (Fig. 1B).
The two antigens isolated from E. coli O157 had different behavior. Phagocytosis of the
O157-loaded spheres resulted in increased neutrophil fluorescence (Fig. 1C). ECA was a poor
stimulus for engulfment (Fig. 1D).
In the other system, E. coli O6:K2, flow cytometric results showed clear-cut difference: strong
increase of fluorescence after co-incubation of the neutrophils with the O6-loaded spheres (Fig. 1D),
and almost no effect with the K2-coated ones (Fig. 1F).

Fig. 1 Flow cytometric data showing the distribution of fluorescently labeled neutrophils. (A) negative control, unlabeled
spheres; (B) positive control, spheres loaded with zymosan; (C) spheres loaded with O157; (D) spheres loaded with ECA; (E)
spheres loaded with O6; (F) spheres loaded with K2.
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CLSM analysis revealed another aspect of the interaction: While the internalization of the
O157-loaded (Fig. 2A, A1) and O6-loaded spheres were clearly-cut, in most of the other samples
spheres were only superficially located, and ECA is included as an example (Fig. 2B, B1).

Fig. 2 CLSM images of representative neutrophils after phagocytosis of O157 (A, A1) and ECA (B, B1). Images A and B
have been saved from Z-stacks at a level approximately 2 μm inwards from the cell surfaces with a combination of
fluorescence and DIC regimes. Images A1 and B1 are the same pictures but processed to show the green fluorescence signal
only. Scale bars = 4 μm (A, A1) and 2 μm (B, B1).

These results were not unexpected. It is generally accepted that lipid A represents a molecular
pattern of Gram negative bacteria for innate immunity recognition. In accordance with this, the lipid
A-containing O157 and O6 LPS were the better stimulus for engulfment by neutrophils than the ECA
and the K2 capsule. The O6 LPS isolated from the phenol phase evoked a stronger effect compared
with O157.
The LPS structure of Gram-negative bacteria comprises lipid A, a core antigen and an Ospecific antigen composed of one- to many repeating units [4]. The O6-specific antigen is a polymer
with a repeating unit:
-> 4)-β-D-Mann-(1->3)-α-D-GlcNAc-(1->4)- α-D-GalNAc-(1->3)-β-D-Mann-(1-> [3]
Dependent on its length, the polymer changes its hydrophobicity, and only short chains
containing small amounts of repeats and high proportion of lipid A are present in the phenol phase
during hot phenol-water extraction.
The O157-specific antigen is linear polymer composed of repeating tetramer units:
→4) glocose→dideoxy-α-manose→N-acetil-galactose→fucose→(1 [6, 8, 9]
This antigen is hydrophobic and longer sugar chains with more repeats are isolated from the
phenol phase. Thus, the proportion of the phagocytosis-stimulating lipid A is lower, and this coincides
well with its lower potential in the phagocytosis test compared to the O6 antigen isolated from the
phenol phase.
Taken together, the present results show that the model system of antigen-loaded latex spheres
is applicable for comparative studies of the role of different polysaccharide antigens in the interactions
with the host phagocyte system. Further improvement of the model would also include loading of
spheres with more than one antigen, or phagocytosis of spheres loaded with one of the antigens (e.g.
LPS) in the presence of another (e.g., ECA, or capsule).
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ABSTRACT
In infectious diseases polymorphonuclear neutrophils produce diverse cytokines, amongst which are IL4 and IFN-γ. In order to consider the ability of neutrophils to synthesize these molecules with opposing actions
in arthritic conditions, BALB/c and SCID mice were injected intra-articularly with zymosan. Our research
showed that arthritis was less severe in SCID than in BALB/c mice. At day 7 of post injection we were able to
find greatly increased number of Ly6G+CD11b+ neutrophils in synovial fluid of SCID mice. We measured the
intracellular production of IFN-γ, IL-4 and IL-17 in cells by flow cytometry. Neutrophils from arthritic synovial
fluid showed higher IFN-γ production than healthy cells. IFN-γ positive neutrophils were able to synthesize IL-4
and IL-17. The engagement of TLR2 in vitro inhibits IL-4 production and whilst promotes IL-17 synthesis. These
data suggest that neutrophils are a potential source of cytokines in arthritic synovium.

INTRODUCTION
Recently, the role of neutrophils in pathophisiology of various inflammatory conditions has
been reconsidered and their huge potential to contribute directly to initiation and progression of
rheumatoid arthritis (RA), in particular has become a focus of growing interest. It appears that
neutrophils are the most abundant cell type in human synovial aspirates and are concentrated as well at
pannus/cartilage border [15, 18]. Upon activation rheumatoid neutrophils generate toxic oxygen
metabolites [6] and release several proteases from the granules promoting inflammatory and
destructive processes in the cartilage and bone or proteolytic cleavage of cytokines, chemokines and
cell receptors, which are ultimately involved in disease development [16]. Besides antigen
presentation and T cells activation primed neutrophils use different mechanisms for secretion and de
novo synthesis of a large number of cytokines, chemokines, prostaglandins and leukotriens. In mouse
models of infection IFN-γ-positive neutrophils were found in human endometrium [19] also in lung
and spleen [7, 12]. Ethuin et al. reported that human neutrophils can release IFN-γ of a small
preformed pool and can synthesize de novo IFN-γ upon stimulation with IL-12, both alone or in
combination with IL-2, IL-15 or IL-18 [8]. In a model of kidney injury the IL-23/IL-17 axis stimulates
the IL-12/IFN-γ axis that in turn positively regulates neutrophil migration during immune response
[13]. Simultaneous IFN-γ/IL-17 production observed in patients with inflammatory bowel disease
increases synergistically the secretion of chemokines such as a neutrophil chemoatractant IL-8 [1].
Recently it has been evaluated the role of anti-inflammatory IL-4 for neutrophil apoptosis. The
cytokine modulates RNA transcription and synthesis of actin modulating its cytoskeletal activity and
resulting in delayed neutrophil apoptosis [11]. In the present study we have assessed the clinical
course of inflammatory arthritis in SCID and BALB/c mice, the relation of the symptoms to
infiltration of neutrophils in synovium and to their ability to produce pro-inflammatory IFN-γ and IL17 and anti-inflammatory and anti-apoptotic IL-4.
MATERIALS AND METHODS
Mice and arthritis induction. BALB/c and SCID (CB17™ mice) eight week old mice were
purchased from the Charles River Laboratories. All experiments were approved by the Animal Care
Committee at the Institute of Microbiology, Sofia in accordance with the National and International
Guidelines. After anesthesia with sodium pentobarbital (50 mg/kg; i.p.) and buprenorphine (0.1
mg/kg; i.p.) mice were injected at the right knee with 10 µl of zymosan suspension (20 mg/ml in PBS;
Sigma-Aldrich) and at the left knee with sterile 10 µl PBS.
Clinical evaluation of arthritis. The clinical symptoms of arthritis including erythema and
swelling of the knee and paws were monitored daily and evaluated semiquantitatively after the score
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system from 0 (no swelling and erythema) to 4 (erythema and severe swelling of the knee, the whole
foot-step, ankle and the fingers).
Isolation of synovial fluid cells. In some experiments mice were injected at the both knees
with 10 µl of zymosan suspension (20 mg/ml; arthritic group) or with 10 µl PBS (control group).
Synovial fluid was harvested after two washings of knee cavity with 20 µl PBS and was immediately
diluted 1:5 with PBS containing 10 mM EDTA. Synovial cells were pooled from 9 mice (per group),
washed with PBS and counted. Cell viability was monitored with 0.05% Trypan Blue staining. For
flow cytometry, synovial fluid cells were resuspended at 2 × 105/ml in 2% FCS/PBS and were
incubated with appropriately diluted antibodies from BD Pharmingen against mouse Ly6G (FITCconjugated; clone RB6-8C5), CD11b (PE-conjugated; clone M1/70) and CD69 (APC-conjugated,
clone H1.2F3). After 4 times washings with PBS, the samples were analysed by a flow cytometer
(BD™LSR II) using FCS Express™ Diva Software (Beckton and Dickinson).
Activation of synovial neutrophils. Neutrophils (1 × 106/ml) in RPMI containing 10% FCS, 2
mM L-glutamine, 100 U/ml penicillin, 100 µg/ml streptomycin (all from Sigma-Aldrich) and GMCSF (50 ng/ml; Peprotech EC) were stimulated with zymosan (20 μg/ml). After incubation for 24 h at
37ºC, cells were harvested, washed, counted and used for analyses of intracellular cytokines. Cells
were washed with PBS and restimulated with PMA (10 ng/ml; Sigma-Aldrich) and ionomycin (2 μM;
Sigma-Aldrich) in the presence of monensin (2 μM; Beckton Dickinson) for 4 h. Neutrophils were
harvested, washed, fixed and permeabilized (BD Cytofix/CytopermTM kit, Beckton Dickinson). After
incubation with antibodies against IL-4, IFN-γ and IL-17 (Beckton Dickinson) or appropriate isotype
controls (Beckton Dickinson) they were subjected to flow cytometry analyses.
Statistical analyses. Statistical analyses were performed using InStat3.0 and GraphicPad
Prism 5.0 (GraphPad Software Inc., La Jolla, CA, USA). Data are expressed as mean ± SD. The
clinical score data were analyzed using the Mann-Whitney U-test. For other data, the differences in
mean values between groups were analyzed by two-tailed Student’s t test. Differences were considered
significant when p<0.05.
RESULTS AND DISCUSSION
Herein we evaluated the neutrophil ability to produce pro-inflammatory cytokines IFN-γ and
IL-17 in synovium of arthritic mice. In our study a model of zymosan-induced arthritis (ZIA) was
exploited since zymosan is a strong activator of innate immunity. Zymosan as a ligand for Toll
receptor 2 activates NF-kB signaling pathway in neutrophils and monocytes. It also triggers
phagocytosis via dectin 1-dependent mechanism and promotes the generation of reactive-oxygen
species and nitric oxide. In order to eliminate T cells as a source of pro-inflammatory cytokines we
injected SCID mice (with BALB/c background) and BALB/c mice intra-articularly with zymosan. In
BALB/c mice the erythema and swelling of injected hind paws at day 5-7 temporary faded at day 10
and then slightly increased until day 30 suggesting a perpetuation of inflammation (Figure 1). Similar
development of disease was observed in SCID mice until day 13. The clinical score was lower in
SCID mice compared to BALB/c mice at day 30 of arthritis. These data suggest that mature T and B
cells are important in exacerbating and perpetuating the disease. Recently, it has been described a
selective and highly effective cooperation between T cells and B lymphocytes that is responsible for
restoration of pathological homeostasis and development of autoimmune arthritis in SCID mice [2]. It
should be marked that T or B cells transferred in SCID mice can disappear after few weeks without
antigen stimulation of donor cells before or at the time of cell transfer [14, 17] indicating that both
populations need antigen presentation and co-stimulation in order to accelerate arthritic process.
Macrophages and dendritic cells have the highest potential to present antigens to T cells but other cell
types like neutrophils can participate in inflammation delivering pro-inflammatory signals via
secretion of cytokines or mediators of inflammation.
ZIA developed in BALB/c mice with greatly increased number of cells in synovial extract (8.8
± 5.8 ×104 at day 0 vs 15.6 ± 2.4 ×104 at day 7, n=5, p<0.05, Student t test). SCID mice showed lower
number of synovial cells at day 7 than BALB/c mice (15.6 ± 2.4 ×104 in BALB/c group vs 6.9 ± 2.9
×104 in SCID group, n=5, p<0.01, Student t test). However, at day 7 we found in SCID mice
increased percentile of Ly6G+CD11b+ cells in synovial fluid (0.56% ± 0.04 in control naive mice vs
4.92% ± 0.58 in ZIA mice, n=9; p<0.05, Student t test). Synovial Ly6G+ cells expressed CD69, a
marker for activated state (data not shown).
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Fig. 1. Development of arthritis in BALB/c and SCID
mice. Mice were injected intra-articularly with zymosan.
The clinical score was determined every day for 30 days by
two independent observers. Data present mean ± standard
deviation of 3 experiments involving 5 mice per group. *
p<0.05 denotes the statistical difference between BALB/c
and SCID groups analyzed by Mann-Whitney U test.

In order to determine the ability of Ly6G+CD11b+ neutrophils to produce pro-inflammatory
cytokines we collected synovial extracts from both injected paws of each BALB/c mouse. After
washing, the cells from 9 animals were pooled and intracellular production of pro-inflammatory IFNγ, IL-17 and of anti-inflammatory IL-4 was determined by flow cytometry (Figure 2A). For data
analyses neutrophils were stained for Ly6G and CD11b and positive cells were gated, extrapolated and
used for further flow cytometry analyses. Healthy neutrophils had low levels of intracellular IL-4 (0.9
± 0.05 %) and of IFN-γ (2.9 ± 0.8 %). It has been shown that peripheral neutrophils in human have an
intracellular store of IL-4 and IFN-γ [5, 8].

Fig. 2. Intracellular cytokine production in synovial neutrophils from arthritic mice. A. Synovial neutrophils from BALB/c
mice were collected at day 7 of ZIA and intracellular production of IFN-γ was determined by flow cytometry. Data are
representative from one of 2 experiments involving 9 mice per group. B. Arthritic neutrophils were cultured in medium
containing GM-CSF for 24 h in the presence or absence of zymosan. After washing, the cells were collected and restimulated
with PMA and ionomycin for 5 h in the presence of monensim and stained with antibodies against IFN-γ, IL-4 and IL-17.
IFN-γ positive population was gated (F1 gate) and the frequencies of IL-4 and IL-17 positive cells were extrapolated in the
dot-plot graphs according F1 gate. Data are representative from one of 2 experiments involving 9 mice per group.

IL-4 is associated with neutrophil maturation in the periphery and when secreted in the milieu
it delivers anti-apoptotic signals for neutrophils [4, 11 ]. A pro-inflammatory role for IFN-γ was
demonstrated in IFN-γ knockout mice which display less proliferation of myeloid cells in the spleen,
less osteoclast formation, less G6PI-reactive Th cells and lower G6PI-specific immunoglobulin serum
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levels in the early stage (9 day) of G6PI-induced arthritis [9]. We found that synovial Ly6G+CD11b+
cells in ZIA mice have significantly increased ability to produce IFN-γ compared to healthy (naive)
group (Figure 2A). These data indicated that neutrophils can synthesize de novo IFN-γ in
inflammatory conditions. However, we do not know whether this is an intrinsic abnormality of
arthritic neutrophils or whether this is acquired ability of the cells to produce more IFN-γ in the
inflammatory milieu of synovium. In the next experiment, synovial neutrophils from arthritic mice
were cultured for 24 h in the medium containing GM-CSF. GM-CSF is a main survival factor that
keeps gene transcription “semi-active” since it activates factors regulating functional response of
neutrophils and their maturation in bone marrow [3]. In addition, neutrophils were stimulated with
zymosan in vitro (Figure 2B) and intracellular production of IFN-γ, IL-4 and IL-17 was determined by
flow cytometry. We found that around 40% of arthritic neutrophils expressed IFN-γ (Figure 2B, F1
gate) and this percentile was not changed further by engagement of TLR2 (a ligand for zymosan) in
vitro (from 40.5 ± 9.5 % in unstimulated cells vs 57.4 ± 10.6 %, n=2, p=0.85, Studennt t test). We next
determined the ability of IFN-γ producing cells to express anti-inflammatory IL-4 and proinflammatory IL-17. The percentile of cytokine positive cells was restricted during analyses to F1 gate
containing IFN-γ positive neutrophils (Figure 2B). While unstimulated IFN-γ producing cells express
IL-4, the stimulation with zymosan in vitro significantly decreased intracellular level of this antiinflammatory cytokine (20.0 ± 5.0 % in unstimulated group vs 9.5 ± 2.5 % in zymosan-stimulated
group, n=2, p<0.05, Student t test; see representative experiment in Figure 2B). Zymosan increased the
expression of IL-17 in synovial IFN-γ neutrophils (Figure 2B). These data suggested that IL-17
production in synovial neutrophils can be induced upon TLR engagement. It is possible that both TLR
and IL-17R pathways interfere as it has been shown in T cells [10]. Our data showed that neutrophils
can be the source of IL-17, IFN-γ and IL-4 in synovial fluid.
Acknowledgments: This work was supported by an ACIP grant No 05/2011.
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ABSTRACT
Surfactant protein A (SP-A) is the most abundant surfactant protein. SP-A facilitates the surface
tension, regulates surfactant phospholipid synthesis, secretion, and recycling, and counteracts the inhibitory
effects of plasma proteins released during lung injury on surfactant function. The aim of this study was to
investigate SP-A expression in gastral aspirates (GA) of newborn infants that differ on their gestational age, and
in amniotic fluids (AF) from their mothers. Using Western blot analysis we were able to detected SP-A in gastral
aspirates and amniotic fluids. By pending drop method surface characteristics (equilibrium, maximal and
minimal surface tension values) of GA and AF was done. Our results showed that GA and AF can be
successfully use for estimation of lung development during pregnancy and pinpoint the important role of gastral
aspirates for investigation of the specific surfactant proteins presence and a lung maturity in newborns.

INTRODUCTION
The role of the alveolar surfactant (AS) for the development of the human lung is known to be
essential. The AS reaching functional levels in the 34th week of pregnancy and the surfactant therapy is
a fundamental part of the treatment of premature babies suffering from neonatal respiratory distress
syndrome (NRDS) (1).
The alveolar surfactant is a lipoprotein complex synthesized and secreted by alveolar type II
cells that reduces the surface tension at the lung alveolar air–liquid interface (2). AS covers the alveoli
and terminal air spaces as a complex film made of lipids (90% by mass), carbohydrates, and proteins.
Four surfactant associated proteins (SP) have been identified and can be divided into two groups: the
hydrophilic proteins, SP-A and SP-D; and the hydrophobic proteins, SP-B and SP-C (2, 3).
SP-A is a 34–36 kDa protein that facilitates the surface tension lowering properties of
surfactant phospholipids in the alveolus, regulates surfactant phospholipid synthesis, secretion, and
recycling, and counteracts the inhibitory effects of plasma proteins released during lung injury on
surfactant function (4). Recent studies suggest that SP-A is involved in innate immune responses in the
lung via its ability to bind various pathogens including viruses, bacteria, fungi, and particulates such as
pollen grains and mite allergens (5). SP-A is the most abundant of the surfactant proteins (4). Human
SP-A is encoded by two genes, SP-A1 and SP-A2, which are 94% identical in nucleotide sequence and
96% identical in amino acid sequence (6, 7, 8). In the lung alveolus, human SP-A forms trimers that
are thought to be composed of two SP-A1 molecules and one SP-A2 molecules. The native SP-A
protein is made up of six SP-A trimers that form a “flower bouquet” structure (9, 10). Posttranslational modifications of SP-A include cleavage of a signal peptide, hydroxylation of proline
residues, sulfation, acetylation, and glycosylation with N-linked oligosaccharides (4).
SP-A, like SP-D belongs to a family of innate host defence proteins termed collectins because
of a presence of a collagenous and a lectin-like domain (11). Other proteins in this family are mannose
binding protein, the C1q component of complement and the bovine protein conglutinin. Collectins
bind to specific carbohydrates on the surface of bacterial and viral pathogens and act as an opsonin (5).
They also mimic C1q in the activation of the classical complement pathway and can activate
macrophages and other phagocytic cells (5, 12).
SP-A is undetectable in human fetal lung tissue during the early part of the second trimester,
i.e., prior to the differentiation of the alveolar epithelium (4, 13). According to Khoor et al.
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immunoreactive SP-A can be detected in prealveolar-type II cells at 20 week of gestation (14), while
immunoreactive SP-A can be detected in amniotic fluid at 30 to 32 week of gestation (15).
Usually, alveolar lavages are used for measurement of surfactant protein levels and lung
maturity, respectively. Taking of lavage probes is stressful for the infants and development of other
systems for investigation of surfactant protein levels as gastral aspirates and amniotic fluids will be of
great use.
In this study, we investigated presence of SP-A proteins in gastral aspirates and amniotic
fluids of newborns that differ on their gestational age in order to determine the rate of the lung
maturity of the infants. We suppose that the gastral aspirates, in addition of the classical studies of the
amniotic fluids, may be used as useful and informative systems for investigation of SP-A levels, and
rate of the lung maturity in newborn infants.
MATERIALS AND METHODS
Materials
All reagents and chemicals were supplied by Sigma-Aldrich (Sofia, Bulgaria) unless otherwise
indicated. Protein ColorBurst Electrophoresis marker was obtained from Sigma. Antibodies were
obtained as follows: rabbit IgG antibody (H-148) against human SP-A from Santa Cruz. (Sofia,
Bulgaria), HRP-linked anti-rabbit IgG from Enzo Life Science (Sofia, Bulgaria).
Methods
Gastral aspirates and amniotic fluids were collected in the first minutes after birth and
stored at -20°C. The amount of each sample (between 2 and 5 milliliter) is sufficient for biochemical
and physicochemical analysis by laboratory methods used. The biochemical analyses involved (i)
Lowry protein assay (modification of Peterson) (16) for protein concentration determination, (ii) lipid
extraction by Bligh & Dyer method (17) and (iii) Kahovkova & Odavic method for phospholipids
determination (18).
The pending drop method enabled the analysis of the surface behavior of small amounts of
the tested tracheal aspirates. A tensiometer KSV CAM 101 (KSV Instruments Ltd., Finland) was used
for experimental axial-symmetric analysis of a pending drop. The volume of the tested samples was
only 50 microliters. Fifteen minutes were necessary after the formation of a symmetric drop for
adsorption of surface-active molecules of the air-water interface and reaching an equilibrium value of
the surface tension γequilibrium (γ eq) (mN/m). After recording this value the drop was subjected to 10fold compression and decompression (like process of respiration), thus its surface changed 5 times
from 100% to 20%. In dynamic compression-decompression conditions the dynamic surface
parameters were detected – maximal value of the surface tension - at 100% drop surface (γ max)
(mN/m) and minimal value of surface tension - at 20% drop surface (γ min) (mN/m). A camera
connected to the equipment made a series of photos with different speed (from 60 to 300 shots/minute)
and the surface characteristic parameters were determined from the drop form change by in-built
software.
Western blotting
Gastral aspirates and amniotic fluids were dissolved in reducing sample buffer and separated
by 10% SDS-PAGE. Electrophoretically separated proteins were transferred to Nitrocellulose
membrane (AppliChem) by wet western blotting. Non-specific binding was blocked with 10% BSA in
TBS (25 mM Tris-HCl pH 7.4, 150 mM NaCl) for 1 hour. Blots were incubated overnight with human
anti-SP-A-specific rabbit antibody at 4°C followed by incubation with HRP-conjugated anti-rabbit
IgG antibody for 2 hours at room temperature. Bands were detected using Amersham Hyperfilm™ MP
(GE Healthcare).
RESULTS AND DISCUSSION
Biochemical (determination of proteins and phospholipids concentrations) and
physicochemical (determination of surface characteristic values) analyses of GA from newborns and
amniotic fluids.
In the present study analysis of the protein and lipid content in GA and in AF was made. In
addition, the surface characteristics (equilibrium, maximal and minimal surface tension values) by
using the pending drop method in GA from normally and prematurely born children and in AF
samples were determined.
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The results in the case of GA from prematurely born children (24-33 week of gestation) were
summarized in Table 1. It is obvious that in this group different values of the biochemical and
physicochemical parameters observed were detected (see the Table 1).
Table 1. Data of the biochemical and the physicochemical analyses of gastral aspirates from preterm newborns.
№ sample
of GA

Gestation
week

Weight
(grams)

Proteins
(μг/ml)

PLs
(μг/ml)

6548
5036
5037
0489
0448

24
30
30
33
30

640
1600
1550
1800
1450

640
198
315
408
296

451
67.17
34.85
209.13
46.26

Ratio
Proteins/
PLs
1.42
2.95
9.04
5.54
6.40

γ eq
(mN/m)

γ max
(mN/m)

γ min
(mN/m)

39.63
42.50
47.30
37.70
48.48

50.70
51.70
58.30
51
50.90

16.80
7.70
11.80
8
13.60

In addition a comparative analysis of the physicochemical characteristics between gastral
aspirates from healthy, normally born infants and amniotic fluids from their mothers were made
(Table 2). Our results show that the values of the parameters studied in the case of normally born
infants were significantly different in the gastral aspirates and in the respective amniotic fluids.
Unexpectedly, data from Table 1 and Table 2 indicate that there was no dependence in the
studied parameters between the groups of preterm and full-term children (Table 1 and 2), and within
individual groups. Moreover, there is no correlation between the values of the more informative
parameters – equilibrium, minimal and maximal surface tension and gestational age of newborns. It is
seen that only in proportion between concentrations of proteins and phospholipids significantly
decreasing during pregnancy was observed. While in the group of preterm infants Proteins/PLs rate is
higher, in the case of full-term babies this parameter is about and less of 1, probably in result of the
strongly phospholipid secretion in baby’s alveolar surfactant in the end of pregnancy.
Table 2. Data of biochemical and the physicochemical analyses of gastral aspirates
and amniotic fluids from full-term newborns.
№ sample

Gestation
week

Weight
(grams)

0616
5808
0721

40
40
39

3150
3300
3500

Proteins
(μг/ml)
GA
AF
345
360
255
366
345
198

PLs
(μг/ml)
GA
AF
614.05
305
380
340
313.7
258.6

γ eq
(mN/m)
GA
AF
32.8
43.17
40.3
42.15
33.0
44.18

γ max
(mN/m)
GA
AF
39.3
49.2
59.6
55.7
37.2
49.37

γ min
(mN/m)
GA
AF
17.1
17.1
8.16
16.8
7.47
19.52

Western blot analyses of gastral aspirates from newborns and amniotic fluids.
SP-A can be detected at 20 week of gestation in prealveolar-type II cells (12). However, there
is no current evidence of SP-A presence in gastral aspirates of newborns. In order to address this, for
the first time gastral aspirates, and amniotic fluids from prematurely and full-term babies were
analyzed for SP-A expression.
We investigated gastral aspirates and amniotic fluids from three full-term babies (NN 0616,
5808 and 0721). In all of them presence of specific bands for SP-A protein were detected (Figure 1).
The amount of the protein in the samples varied, despite the equal total protein concentration loaded
on every start. There was no correlation between the amount of SP-A protein in gastral aspirates and
amniotic fluids and gestational age of newborns. In baby 0616 the amount of SP-A in gastral aspirate
and amniotic fluid was equal. In baby 5808 SP-A in the gastral aspirate was almost twice more than in
the amniotic fluid, while in baby 0721 we observed the opposite tendency – the amount of SP-A was
twice more in the amniotic fluid, compared to the gastral aspirate. The total amount of the SP-A in GA
and AF from baby 0616 was significantly lower in comparison with other two babies examined.
Interestingly, among full-term babies studied, this baby (0616) was born with smallest body weight
(3150 g), despite this body weight is considered as normal for a new-born.
The amount of SP-A in gastral aspirates from prematurely born babies (NN 6548, 5036, 5037,
0489 and 0448) was also investigated (Figure 2). Normally, SP-A can be detected at 20 week of
gestation (14) and we detected it for the first time in GA (even from baby 6548, born in 24th week with
body weight of 640g only). On the Western blots the amount of SP-A in GA from this baby (N6548)
was no lower than in samples from other prematurely born infants, except baby 0489 (Figure 2).
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Interestingly, from all prematurely born infants, baby 0489 was on biggest gestation age – it was born
on week 33 with body weight of 1800 g.

Fig. 1. Western blot analysis of SP-A expression in gastral aspirates (GA) and amniotic fluids (AF) from full-term babies
with numbers 0616, 5808 and 0721.

Fig. 2. Western blot analysis of SP-A expression in gastral aspirates (GA) from prematurely babies with numbers 6548, 5036,
5037, 0489 and 0448. Gastral aspirate (GA) and amniotic fluid (AF) from full-term baby with number 0721 and tracheal
aspirate (TA) from full-term baby (as a positive control).

Comparison between amounts of SP-A in GA from pretermed and full-termed babies didn’t
reveal any correlation between gestational age of the baby and amount of SP-A. We compared
pretermed babies with full-term baby N0721 (Figure 2). GA from prematurely born babies (NN 6548,
5037 and 0448) showed even bigger amount of SP-A in comparison with GA from full-termed baby
0721.
CONCLUSION
In the present work biochemical and physicochemical analyses of GA from newborns and
amniotic fluids from their mothers were made. For the first time using specific antibody against SP-A
we were able to detect SP-A proteins in amniotic fluids as well as in gastral aspirates in all of the
samples. Our study clearly shows that surfactant protein A is present in gastral aspirates and in
amniotic fluids from pretermed and full-termed babies. The results demonstrate that the gastral
aspirates are appropriate model for investigation of SP-A expression and the rate of lung maturity in
new-born infants.
Acknowledgments: This study was supported by NSF, Ministry of education, youth and science, grants No
D002-107/08 and DDVU 02/10.
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ABSTRACT
Six distinct call types of the marsh frog Pelophylax ridibundus were recorded from three typical
habitats in Bulgaria. We registered mating calls, release calls, distress calls, territorial calls, warning calls and
aggressive calls. For each call type a sonogram and an oscillogram were constructed and the calls were
analyzed. We measured the dominant frequency, number and duration of pulse groups, interval between pulse
groups, period of pulse groups, number of pulses per pulse group and call duration. As we expected, significant
differences in call characteristics between the various call types were found, suggesting the specific functions
they serve in the species communication.

INTRODUCTION
Anuran amphibians are the most highly vocal of the amphibia. Some anurans have relatively
limited repertoires of call types, whereas others have a diverse array of calls used in different social
contexts [2]. Anuran vocalizations are valuable in the determination of species identity and have the
potential to discriminate intraspecific variation. Studying the different call types used in the
communication of certain species is of great importance for understanding their behaviour.
The marsh frog Pelophylax ridibundus Pallas, 1771 is generally an abundant amphibian,
especially in the southern parts of its range, and breeding congregations are often numerous. Given the
widespread distribution, it is of considerable significance that structural and temporal features of the
calls of the marsh frog have been found to vary, to a greater or a lesser extent, among different
populations within the range of the species [2]. In Bulgaria P. ridibundus is widely distributed from
the sea-level to altitudes of 1400 m (as an exception up to 2000 m a.s.l. in Belasitza mountain). It
occurs in all fresh water ponds as well as in ponds with low salinity and often has a twenty-four-hour
activity [7]. Despite its ubiquitous abundance in Bulgaria there are virtually no scientific studies on its
vocal signalization. There have been some studies of the mating call structure in relation to the species
taxonomy in other regions [3, 4, 5], but data on the structure and significance of other call types is
insufficient, in most cases inexistent [6]. In this regard the aim of this paper is to analyze several call
types of the marsh frog P. ridibundus from three typical habitats in Bulgaria. It can be hypothesized
that calls emitted in different situations will have different structural and temporal characteristics,
determined by the functions they serve in the animal’s life.
MATERIALS AND METHODS
Series of calls of the marsh frog Pelophylax ridibundus Pallas, 1771 were recorded from three
localities in central and northern Bulgaria during the breeding season – a canal near the Pancharevo
dam (mating, territorial, aggressive call), a pond near v. Sarntitza (distress call) and a pond near the
Popovo heights (release, warning call). The vocal activity was recorded using a Sharp MD portable
recorder model 702 and an Olympus ME 31 shotgun microphone. The corresponding water
temperature was measured using a digital water-resistant thermometer and the measurements were
recorded with an accuracy of one-tenth of the degree on every observation. The recordings were
analyzed with the computer program SoundRuler 0.9.6.0 [1] and oscillograms and sonograms were
prepared for evaluation. Each call was characterized by several parameters: l. Number and duration of
pulse groups; 2. Interval between pulse groups; 3. Period of pulse groups; 4. Number of pulses per
pulse group; 5. Call duration; 6. Dominant frequency. All durations were measured in milliseconds.
For statistical analyses we used Statistica 8.0 (© StatSoft, Inc. 1984-2007); we conducted simple
descriptive statistics as well as ANOVA model for the dominant frequency of the different call types.
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RESULTS
We registered six distinct call types: mating call, release call, distress call, territorial call,
warning call and aggressive call. Their spectral characteristics are given below (Fig. 1A-E).

Fig. 1: Ooscillograms and sprectrograms of call types encountered in Pelophylax ridibundus: aggressive call (A), distress
call (B), mating call (C), release call (D), territorial call (E) and warning call (F)

The aggressive call (Fig. 1A) had a total duration of 510 ms. It was comprised of only one
pulse group with a total of 15 pulses. Its most characteristic trait was the low dominant frequency –
602.9 Hz – the lowest of all six call types. It was uniform and remained unchanged throughout the call
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duration. Consequently, the maximum, minimum and mean frequencies coincided and the standard
error was 0. The peak amplitude measured was 0.2 Hz. Water and air temperatures were 19.6 °C and
15.9 °C respectively.
The distress call (Fig. 1B) had a total duration of 230 ms. It was comprised of only one pulse
group with a total of 43 pulses. Its dominant frequency varied within a narrow range of 173.3 Hz – the
maximum value was 2670.1 Hz, the minimum – 2497.9 Hz and the mean was 2591.2 Hz. The standard
error was 17.9. The peak amplitude of the call was considerably lower compared to that of the other
calls, reaching just below 0.04 Hz.
The mating call (Fig. 1C) had a total duration of 610 ms, making it the longest of all six call
types. It was also the only one comprised of several pulse groups. The average duration of each of the
seven pulse groups was 65 ms, the interval between two pulse groups was 22 ms and the period of
pulse groups was 87 ms. Each pulse group contained between 16 and 19 pulses. This call had the
highest maximum frequency, measured at 2842.4 Hz; the minimum value was 2497.9 Hz and the
mean – 2623.1 Hz. (range of variation 344.5 Hz). The standard error was 33.6. The peak amplitude
measured was 0.4 Hz. Water and air temperatures were 19.6 °C and 15.9 °C respectively.
The release call (Fig. 1D) had a total duration of 270 ms. It was comprised of one pulse group.
Because of its short duration we had difficulties counting the high number of pulses it contained, but it
is probably around 100. Its dominant frequency varied considerably between the maximum value of
1808.8 Hz and the minimum of 947.5 Hz (range of variation 861.3 Hz), with the mean measured at
1435.5 Hz. The standard error was high – 136.5. The peak amplitude was the highest of all six call
types, measured at little over 0.5 Hz. Water and air temperatures were 22 °C and 21.1 °C respectively.
The territorial call (Fig. 1E) had a total duration of 260 ms. It was comprised of one pulse
group with a total of 40 pulses. The dominant frequency varied within a range of 172.3 Hz – the
maximum value was 1808.8 Hz, the minimum – 1636.5 Hz and the mean was 1693.9 Hz. The standard
error was 36.3. The peak amplitude was measured at 0.3 Hz. Water and air temperatures were 19.6 °C
and 15.9 °C respectively.
The warning call (Fig. 1F) had a total duration of just 50 ms, making it the shortest of all six
call types. It was comprised of one pulse group with a total of 16 pulses. It had the greatest variation in
dominant frequency with the maximum value measured at 2325.6 Hz and the minimum at 602.9 Hz –
a variation of 1722.7 Hz. The mean frequency was 1483.4 Hz and the standard error was very high –
247.7. The peak amplitude was measured at just below 0.4 Hz. Water and air temperatures were 22 °C
and 21.1 °C respectively.
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Fig. 2: A box plot by call types with dominant
frequency as the variable. R- release call, D – distress
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territorial call, M – mating call, SE – standard error,
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The Kruskal-Wallis ANOVA and median test revealed significant differences between the
mean dominant frequencies of all six call types. Multiple comparison of the p-values showed that the
greatest significance was observed in the mating call (50.7), followed closely by the distress call
(48.2). The territorial (23), release (19.3) and warning call (19.2) all had median values, while the
aggressive call had the least significant value (7). A box plot with the variation and mean values of the
dominant frequencies of the different call types was constructed (Fig. 2).
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DISCUSSION
The aggressive call is usually emitted in interactions between two or more males who
compete for the same territory [2]. It is accepted that its function is to convey threat to the adversary.
Our results indicate that the aggressive call was the least variable in dominant frequency and had a
simple temporal structure. It was characterized by its very low frequency and most often was
accompanied with physical struggle between the individuals. It could be assumed that the simple
temporal pattern and the uniform frequency make the message of the aggressive call easy to
understand in intraspecific displays of hostility, which do not require complex call structure. The
distress call is emitted when the animal is seized by predator [2]. In our case the predator was a grass
snake (Natrix natrix). The analysis showed that it was characterized by its relatively high dominant
frequency and the very low amplitude. We hypothesize that it has limited role (if any) in the species’
communications and is more likely that it aims to startle the predator, causing it to release the frog.
The high frequency and the low amplitude probably contribute to this effect, but additional research is
needed before any conclusions might be made. The mating call is the most characteristic signal of the
species, which does not only serve in intraspecific auditory communication, but it also provides
information with which to clarify kinship relations among Anura [3]. The number of pulse groups per
call and number of pulses per pulse group, as well as call duration and dominant frequency were
similar to those previously reported for the species [3, 4, 5, 10]. In this regard our results confirm the
importance of the mating call in future taxonomical researches. In some species it has been noted that
larger males produce louder calls with higher frequency [8], which are more appealing to the female.
In this respect the high dominant frequency (the highest of all six call types) and complex temporal
structure (the only call type with several pulse groups per call) could be used as indicators for the
male’s fitness by the evaluating female. The release calls is produced by both males and females,
which are given when an unreceptive individual (a male frog, a female frog that has already bred or a
frog of a different species) is clasped by a male [2]. In this study the case was of a male-male
interaction between conspecifics. The variable dominant frequency probably serves a role in both
intraspecific and interspecific communications, making the call more universal in its message. It is
accepted that the function of the territorial call is to advertise a male’s position to other males and help
to maintain spacing between calling individuals [8]. The values of the dominant frequency of the
territorial call were between those of the mating and the aggressive calls, which could be explained by
its role - to communicate information and elicit threat simultaneously. As described by other authors,
the warning call is a sound that is emitted by a frog that has been startled or disturbed [2]. In our study
the source of disturbance could not be located, but it might be due to hostile intraspecific relations in
the ponds. We could assume that, similar to the release call, its variable frequency serves a role in its
communications, letting other frogs know that there may be some danger. Additional research is
needed to allow for the better understanding of the species’ communication and the way it varies
between different populations.
REFERENCES
1. Gridi-Papp, M (ed.). 2003 - 2007. SoundRuler: Acoustic Analysis for Research and Teaching.
http://soundruler.sourceforge.net.
2. Narrins et al (2007) Hearing and sound communication in amphibians. Springer Science+Business
Media LLC, New York
3. Schneider and Sinisch (1992) Z. zool. Syst. Evolut.- forsch. 30: 297-315
4. Schneider and Sinisch (1999) Z. zool. Syst. Evolut. Research 37: 57-65
5. Schneider and Sinisch (2001) Bonn zool. Beitr. Bd 50 H.1-2 S. 35-45
6. Sinisch and Frenkler (2010) Zeitschrift für Feldherpetologie 17: 37–48
7. Stojanov et al (2011) Die amphibien und reptilien Bulgariens. Chimaira Buchhandlungsgesellschaft
mbH, Frankfurt
8. Wells (2007) The ecology and behavior of amphibians. The University of Chicago press, Chicago and
London
9. Wilczynski and Brenowitz (1988) Anim Behav 36:1054-1063
10. Wilczynski et al (1993) J Comp Physiol A 172:425438

72

МЛАДЕЖКА НАУЧНА КОНФЕРЕНЦИЯ
“КЛИМЕНТОВИ ДНИ”
22-23, ноември 2011

FIRST DATA ABOUT THE ANAMORPHOSIS IN TWO JULID SPECIES
(DIPLOPODA, JULIDA, JULIDAE) COLLECTED FROM BULGARIA
BOYAN VAGALINSKI
Department of Zoology and Anthropology, Faculty of Biology, Sofia University “St. Kliment Ohridski”
* corresponding author: boyan_vagalinski@excite.com
Key words: anamorphosis, maturity, millipedes, stadium
ABSTRACT
The paper presents the first study on the postembryonic development in 2 common Bulgarian millipede
species of the family Julidae – Cylindroiulus boleti and Megaphyllum bosniense. Data about the course of
anamorphosis is obtained by determining the stadium, reproductive condition, and number of podous and
apodous segments for each of the studied specimens. The results are compared with literature sources for other
closely related species. A rare case of suppressed sexual development was described in a premature male C.
boleti. The late anamorphic stadia in another 4 Megaphyllum species are observed, and then compared to those
in M. bosniense. The relation between body size, number of moults, and life cycle duration in the genus
Megaphyllum are further discussed.

INTRODUCTION
The post-embryonic development in millipedes (Diplopoda) is characterized by a series of
moults, in which new segments and legs are added to the body composition. This process, also known
in other arthropod groups (Protura, Pauropoda, Symphyla and some Chilopoda), is called
anamorphosis. Most millipedes of all orders hatch with four fully developed segments and three pairs
of legs between them. 1-3 apodous segments lie behind them, and become podous in the next moult
[2]. This pattern is repeated during subsequent (sometimes above 20) moults, with a varying number
of increments depending on systematic and individual characteristics. The observation that all apodous
segments become podous in the next stadium, was first made by [6], and was later known as “the law
of anamorphosis”, although not all millipedes conform to it. During the course of anamorphosis the
animals increase their size as well, until they reach maturity, or several stadia later.
The order Julida is much better studied regarding the post-embryonic development. This is
especially true for the largest family within this group, namely the Julidae [5]. Nevertheless, they are
probably the most difficult millipedes to study in this respect. The main complications come from the
fact that unlike other groups in which the number of new segments is fixed for every moult
(Chordeumatida, Polydesmida), in Julidae there is a variable addition of increments between all but
the first 3 stadia. As a result, a frequent overlapping of consecutive stadia occurs, in which a given
number of segments could belong to 2 or even 3 different stadia. A further obstacle is the stadium at
which maturity is achieved, that can vary significantly between individuals of a same species. Besides
the direct counting of segments and leg pairs alternative methods are developed for determination of
stadia in Julida [10], [8], [3].
There are virtually no records for the post-embryonic development of any julid species, based on
material originating from Bulgaria. Segment numbers are seldom found in taxonomic and faunistic
literature related to the country, but are never referred to a certain anamorphic stadium. Furthermore,
only a few species from our fauna has been an object of such specialized research elsewhere. The aim
of the present study is to obtain information about the post-embryonic development in 2 julid species
distributed in Bulgaria, and to compare the results with the literature data about other closely-related
species.
MATERIAL AND METHODS
Specimens examined for this study were loaned from the Non-insect Invertebrates Collection of
NMNHS, or collected by the author in field trips to different regions of Bulgaria during the present
and previous years. The material was identified exclusively by the author. Identifications were made
with a Russian binocular microscope MBC-9. Stadium numbers were determined using the eyerow
method, first developed by Vachon [10], and later confirmed as the most reliable for Julida in general
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[5]. Results are indicated in the text with “S” for stadium, followed by its number for the particular
individual. Number of podous and apodous body segments were counted for each specimen, in order
to obtain information about the course of anamorphosis in each of the species presented. The
following formula is used to express these data:

p+a+T
where p = number of podous rings, a = number of apodous rings, and T = telson (after [5]).
Reproductive status of the animals (juvenile, premature or mature) was determined by the gonopod
stage of development in males, and that of vulvae in females in some cases, when overall body size
and form did not provide immediate evidences. All specimens are preserved in 70% ethanol.
Abbreviations: NMNHS – National Museum of Natural History Sofia; M – mature; PM - premature,
juv. – juvenile(s).
RESULTS AND DISCUSSION
The species listed below are represented unevenly by the number of specimens examined,
according to their abundance in the studied samples. However, most records for all species referred to
the late stages of anamorphosis – from the first sex-recognizable stadia to maturity, known as the
period of stabilization [5]. The few examples of stadia from 1 to 3 found in the material, were not
included in the results, since with the exception of Pachyiulus varius, all Julidae have a constant
number of segments and leg-pairs at that period [5]. The results for the two most thoroughly studied
species in this research – Cylindroiulus boleti (C.L.Koch, 1847) and Megaphyllum bosniense
(Verhoeff, 1897) – are summarized in tables 1 and 2 respectively.
Table 1. Anamorphosis in Cylindroiulus boleti. Range of podous and apodous segments, and reproductive status for stadia
IV onwards is given. Stadia represented by a single individual are marked with an asterisk.

Stadium

Podous segments

Apodous segments

Repruductive status

IV
V
VI
VII
VIII
IX
X
XI
XII
XIII*

17-18
21-24
28-31
30-34
36-40
42-44
41-47
44-47
48-49
49

5, 6, 7
6, 7
5, 6, 7
4, 5, 6
4, 5
2, 3
2
1, 2
1
1

juv.
juv.
PM
PM
PM
M & PM ♂♂, PM ♀♀
M
M, 1 PM. ♂
M
M

A total number of 75 specimens were examined, the majority of which were newly collected by
me during this year’s field trips to Vitosha, Plana and Western Rhodopi Mts. Additional material was
loaned from the NMNHS, mostly collected by P. Beron, S. Andreev and B. Gueorguiev. Although this
number is far from sufficient, for any definite conclusions to be made, some trends can be outlined.
Four other cylindroiulid species were objects of specialized studies by different authors, regarding the
course of anamorphosis: Cylindroiulus caeruleocinctus, C. latestriatus, C. punctatus and C.
vulnerarius [5]. Considering the close range of increments in all moults, the total number of stadia, as
well as the final number of segments C. boleti shows most similarities with C. vulnerarius.
Unfortunately no data about the sexually dimorphic and maturity stadia is available for C. vulnerarius.
Such is present for C. latestriatus and C. punctatus, and when compared to C. boleti, it is evident that
the latter normally matures 1 and even 2 stadia later. No M females were found in S9, which was
indeed the stadium in which M males predominated over the PM males in the studied collections.
There was a single PM male in S11, 45+1+T, which is exceptional not only in Cylindroiulus but in
Julidae in general. The explanation for this could be the unique process of periodomorphosis (see [2]),
known to occur in some Cylindroiulini as well as Ommatoiulini, but the fully undeveloped secondary
sexual characters indicated that this was not the case. The male had a normal number of segments for
this stadium, but was visibly smaller than most mature males in S10 and even S9, that had fewer
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segments. The single apodous segment also indicates an adult animal at the end of its life cycle, but
having a suppressed development due to unsuitable conditions, or some internal anomaly.
The Megaphyllum bosniense material consisted mainly of material from Belasitsa and Plana
Mts., with single samples from other regions throughout the country. The data about this species apply
only to the period of stabilization and subsequent maturation, firstly due to the insufficient number of
early stadia in the samples, and secondly due to the fact that these stadia of Megaphyllum are virtually
impossible to be securely identified to species level.
Table 2. Anamorphosis, period of stabilization in Megaphyllum bosniense. Explanations same as
Tab. 1. The most frequent series of apodous segments for a certain stadium are marked in bold.

Stadium

Podous segments

Apodous segments

Repruductive status

VIII
IX
X
XI
XII
XIII

40-44
44-47
45-50
45-51
48-55
52-55

3, 4, 5
2, 3
1, 2
1
1
1

PM
PM
PM
M & PM ♂♂, PM. ♀
M
M

Megaphyllum bosniense shows a pretty unusual anamorphic development. From the total
number of 118 examines specimens, S8 was invariably the first sexually-dimorphic stadium, which
has no reference analog, though it has to be considered the relatively small number of species studied,
regarding anamorphosis. Only Ophyiulus pilosus and Julus scandinavius come close, S7 being the first
stadium in which sex is recognizable [1, 4]. Mature males emerging first in S11 is a further
unprecedented case in the literature regarding Julidae. Of course this should be treated with caution ,
when referred to the species in general. Nevertheless it seems very probable for the two populations
examined, those from Plana and Belasitsa Mts., since from 16 males in S10, all were PM.
Furthermore, all mature females were either in S12 or S13, thus corresponding to the general
observation, that males mature one stadium earlier than females [5] The “oldest” males were in S12,
while the females – in S13, these likely to be the end of their life cycles. It should be noted that the
specimens from Belasitsa were visibly bigger than those from Plana, and the last two stadia had 2 – 3
more segments. Additional data about the late stadia of another four Megaphyllum species from
Bulgaria were obtained – M. hercules, M. rhodopinum, M. unilineatum, and M. glossulifer, in order to
compare it with the results for the more abundant M. bosniense. Despite the number of only 15 – 20 M
and PM individuals examined per species, an interesting pattern could be spotted. That is the smaller
species do not differ significantly from the bigger ones, in the number of podous and apodous
segments for a particular stadium, neither do they vary much in size. The main difference seem to be
in the maturation stadium. M. hercules, which is almost the size of M. bosniense regarding definitively
grown individuals, shows the same picture as bosniense in terms of mature males and females – S11
and S12 respectively. Two of the females in S12 however had zero apodous segments – such records
are generally rare in literature, and are supposed to indicate the animal’s last stadium [9]. M.
rhodopinum and M. unilineatum, that are smaller than the previous two species, had already mature
males and females in S9 and S10 respectively in the examined material. The smallest - the subalpine
Bulgarian endemic M. glossulifer had M males in S8 and S9, and M females in S9 and S10. It can be
concluded that the small size in this genus (or at least in Megaphyllum s. str., to which these 5 species
belong), is correlated to the smaller number of moults, and thus to a shorter life cycle, and vice versa.
It should be emphasized, that the stadia of a given number correspond to each other between the
studied species, unlike the condition in other julids (e. g. Cylindroiulus), were different species can
show big differences through the course of their anamorphic development. Megaphyllum bicolor
crassiflagellum is the only thoroughly studied Megaphyllum species from the available literature [7].
According to the data, it shows a development somewhat similar to those of M. glossulifer, but with 12 segments fewer in the corresponding stadia.
The present paper is only a small contribution to the present state of knowledge in millipedes’
anamorphosis. More extensive studies, including rearing of individuals, will be needed in order to
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confirm these results. However, this research is another step towards understanding of the
postembryonic development in Diplopoda and in Julidae in particular.
Acknowledgements: This study was partially financed by fund “Scientific researches” of Sofia University,
project No 72/2011.
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ABSTRACT
The paper present four species of mullets (Flathead grey mullet (Mugil cephalus, Linnaeus, 1758),
Golden grey mullet (Liza aurata, Risso, 1810), Leaping mullet (Liza saliens, Risso, 1810) and So-iuy mullet
(Mugil soiuy, Basilewsky, 1855) which are subject to commercial fishing in the Bulgarian’s Black Sea territorial
waters. Catches realized by gillnets are presented as well. Fishing have been carried out both in the Black sea
and in the coastal lakes - Bourgasko, Mandrensko, Varnensko, Beloslavsko, Blatnishko and ShablenskoEzerecko as well. The mullets fish are mainly a catadromous family, excluding a few member species. During
the period of 2004- 2009, catches of mullets in the Black Sea was 89.7%, which represents only 0.7–0.8% of the
total catches in Bulgaria.
The early problems related with the systematic observations on the species ratio of M. cephalus, L. aurata
L. saliens and M. cephalus were begun after 60 years of 20th century and still they are in operation today.
The total stock for the Black Sea is around 15 000 t. The possible number of days to catch on in the
calendar year is approximately 150 t. In 2009 catches of M. cephalus, L. aurata and M. soiuy increases from 2
to 10 times comparing with the previous two years. Nevertheless the trend of increasing catches in the last three
years, in a comparison with ten years periods (1950-1965 and 1999-2009) shows that these catches have been
declined by about 6 times. This indicates a drastic reduction of the stock of this species. The main reasons which
leads to the deterioration of stock mullets fish in the lakes and the Black Sea are the following: pollution by
wastewater; lack of monitoring the state of fishery resources and the intensity of exploitation (overfishing of fish
and non-fish resources of regulated and unregulated fishing); no restocking support natural reproduction of the
resource in terms of intensive fishing.

INTRODUCTION
Four species of mullets (Flathead grey mullet (M. cephalus), Golden grey mullet (L. aurata),
Leaping mullet (L. saliens) and So-iuy mullet (M. soiuy)) are subject to commercial fishing in the
Bulgarian’s Black Sea territorial waters. Fishing has been carried out in the Black sea and in the
coastal lakes. The data of the biology of this species in Bourgasko, Mandrensko, Varna and Beloslav
coastal lakes has been previously reported by Nechaev [11]; Drenski [5]; Konstantinov [8]
Alexandrova [1, 2, 3, 4]; Zashev, Angelov [6] Ivanov [7], Mihaylova-Neykova [10]; Stoyanov [12];
Karapetkova [9].
M. cephalus, L. aurata and M. saliens are distributed in the above mentioned lakes, as well as
they are the main objects of industrial fishing.
MATERIALS AND METHODS
Data related to statistical information were obtained from National Executive Agency of Fishery
and Aquaculture (NAFA). The present article was compiled through bibliographic searches and
analysis of bibliographic resources [7, 13, 14, 15].
RESULTS AND DISCUSSION
The early problems under systematic observations on the species ratio of M. cephalus, L. aurata
and L. saliens were begun after 60th years of 20th century and they are actual even in the recent
years as M. cephalus has an important role in a formation of the catches. According to the
investigations have been carried out by experts from the Institute of Oceanology stock for the Black
Sea is about 15 000t [14]. Possible number of days to catch on in the calendar year is approximately
150t. Figure 1 clearly shows the decreasing trend of catches during the ten years period.
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Catches of Mugil cephalus from the Black Sea
catchment areas (in tonnes)
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Fig. 1. Catches of Flathead grey mullet (Mugil cephalus L.) from the Black Sea catchment areas.

In 2009 catches of M. cephalus, L. aurata and M. soiuy increased from 2 to 10 times
comparing with the previous two years (Table 1).
Table 1. Catches of mullets fish along the Bulgarian Black Sea coast for 2007 – 2009.

Varna Lakes (kg)

Burgas Lakes
(kg)

Black Sea (kg)

Type/Year

2007

2008

2009

2007

2008

2009

2007

2008

2009

Mugil cephalus

48

196

205

10

0

20

1372

9269

10620

Lisa saliens

330

516

305

0

0

0

3257

3667

6874

Lisa aurata

0

17

0

0

0

0

352

2373

3301

Mugil soiuy

147

11

320

0

0

0

272

94

2243

Total catch of
family
Mugilidae

525

740

830

10

0

20

5253 15403 23038

Notwithstanding the trend of increasing catches in the last three years, a comparison of
ten-year periods (1950-1965 and 1999-2009) shows that these catches have declined by about
6 times (Fig. 2). This indicates a drastic reduction of the stock of this species.
Catche s of M ugi l cepha l us L. from the Black Se a
catchm e nt areas (in tonne s)
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Fig. 2. Mean annual catches of M. cephalus for the periods 1950-1965 and 1999-2010.
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The total catches of commercial fishing in the Black Sea and the lakes nearby to the Black sea
decreased over the years [14, 15]. Figure 3 shows huge decreasing over the years.

Fig. 3. Marine catches by years [14, 15].

Catches in the Black Sea is estimated at 89.7% of the total catch of fish in Bulgaria, as mullets
fish accounted for only 0.7–0.8% of it [13, 14, 15].
One of the main reasons leading to the/leads to the deterioration of stock mullets fish and other
aquatic organisms in lakes and the Black Sea are the following:
•
Contamination of lakes by wastewater from factories and processing plants and the
subsequent case of pestilence by poisoning the fish, oxygen deficiency, disease, etc.;
•
Lack of in-depth and comprehensive studies on the ichthyofauna of lakes and the
Bulgarian Black Sea coastal zone as a whole and use their results in the management
of fisheries resources;
•
Lack of monitoring the state of fisheries resources, the intensity of exploitation, and
environmentally-oriented fisheries development;
•
Excessive catches of fish and non-fish resources of regulated and unregulated fishing;
•
Lack of restocking to maintain optimum stocks in reservoirs subject to intensive
fishing, as it is not enough only natural reproduction of the resource.
A necessary conditions for the use of marine resources and in particular mullets fish are all
management measures which are relevant resources to comply with the current state of stocks both,
nationally and regionally. Furthermore, this requires making as in Bulgarian waters and territorial sea
throughout the Black Sea, stock assessments, obtained by application of different analytical methods
which are using long series of statistics on the catches and the fishing effort, size and age structure of
populations, etc.
The dynamics of the catches of the most valuable species in the Bulgarian Black Sea shelf zone
is a decreases comparing with the previous ten years.
Although the relative weight of Bulgarian Black sea fishing is a little comparing with the world
catches of a fish, for the economy of Bulgaria this is one of the most important interests.
Acknowledgments: This work is co-founded by Sofia university “St. Kliment Ohridski”- project “Biology and
population status of Golden grey mullet (Liza aurata) (familu Mugilidae) in the Bulgarian Black sea coast”. The
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ABSTRACT
Thermal ecology of the lowland sand lizard L.a.chersonensis in Bulgaria was investigated for the first
time. Five isolated populations in Sofia plain were selected and all captured animals were measured and
photographed. We compare the thermal characteristics of the different sex and age groups trough analyzing of
three types of temperatures – cloacal - Tb, air – Ta and substrate Ts, collected for every individual and trough
calculating the index of thermoadaptation - It. No differences in Tb and Ta between both sexes and between age
classes have been detected. There were significant differences between females and both juvenile classes in It.
We discuss the specifics of calculated It, which characterizes the thermoadaptation abilities of the lizards. Our
research concentrates on comparison between thermal characteristics of different age and sex classes within
population, since the most other works mainly concentrates on differences between species or populations.

INTRODUCTION
The temperature of the environment has a strong impact on the body temperature of all
ectotherms, including lizards [8, 9]. The thermal characteristic of these animals affect the speed of
metabolism in general and in that way they strongly model the whole behavioral characteristics [6, 7].
The lizards response to changing thermal characteristic of environment in two ways – short term,
including fast behavioral adjustments [6] and long term, connected with evolutionary changes in
behavior and physiology [5, 7].
The present research is focused on one of the most widespread European lizards – the sand
lizard (Lacerta agilis). Researches on its thermal ecology are published mainly from Russia and
adjacent countries [12, 13]. Although the species is intensively studied in different aspects, no papers
concerning the researched from us lowland subspecies L. a. chersonensis were found. In addition there
is no published data on the thermal ecology of the species in Bulgaria, which will be of particular
interest since the country holds the southern border of the species general distribution and the
southernmost distribution for L. a. chersonensis. The subspecies has specific narrow distribution with
north-south orientation [3] In Bulgaria its range is heavily fragmented [11]. Most of the related
publications until the present moment focus on the thermoregulation differences between species [see
4 for review], between different populations within the species [13] or were performed in controlled
thermal gradient [2]. Our research aims to compare the thermal characteristics of different sex and age
classes of the Sand lizard.
MATERIALS AND METODS
The lowland sand lizard L. a. chersonensis forms isolated populations mainly in the western
part of the country. For the present research we had selected 5 of these groups, situated in Sofia plain
near settlements of Sofia, Lozen, Simeonovo, Ravno pole and Petarch. The sites were visited during
the active season between April 2010 – October 2011 and active lizards were captured after spotting.
Every individual was measured and photographed, which helped for identification of its sex and age.
Three types of temperatures were taken with digital thermometer Voltcraft DET1R immediately after
catching: cloacal – Tb, air – Ta and substrate – Ts.
Collected data were processed and analyzed with software Statistica 7.0 [10]. Standard
descriptive statistic parameters were stated: mean, minimal and maximal value, standard error of
mean. Data were tested for normality with Shapiro-Wilk test. We had compared animals from
different sex and age groups by mean of ANOVA, and then proceeded with post hoc Spjotvoll/Stoline
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test for unequal n and LSD test. Index of thermoadaptation (It) [after , It=Tb/0,5(Ta+Ts) have been
calculated for both sexes and age classes.
RESULTS
Data from the descriptive statistics for each class are present in table 1. Tb (overall mean ±
SE.: 28.6 ± 0.47 °C, range: 21.3–34.9, n = 61) correlate with both Ta (rpartial = 0.56, P<0.0001) and Ts
(rpartial = 0.41, P<0.001). No differences in Tb and Ta between both sexes and between age classes have
been detected. Differences in Ts were detected (ANOVA F = 3.07, P = 0.035), but post hoc tests did
not reveal which pairs of comparisons were different. In fact juvenile males showed the lowest mean
value of Ts (LSD test P = 0.005 for comparison with adult females).
There were a significant differences between females and both juvenile classes in It-index
(ANOVA F = 3.20, P = 0.030). Adult females have been with the lowest value of It, respectively the
juveniles from both classes were with the higher (table 1).
Table 1. Descriptive statistics (overall mean plus standard error and range) date for L. a. chersonensis. Sample size (n),
female (f), male (m), adult (ad), juvenile (juv), index of thermoadaptation (It). For temperatures abbreviations see “Material
and methods”.

T and It / age and
sex

f
ad.
n=17
28,47±0,94
22,5 – 34,5

juv.
n=13
29,23±1,06
21,4-33,9

m
ad.
n=21
28,62±0,8
21,3-34,9

juv.
n=10
28,17±1,09
22,2-32,9

Ta

24,47±0,75
19,1 – 30,4

21,82±0,82
17,2 – 27,5

23,2±0,71
17,2 – 29,9

22,27±1,12
17,2 – 27,6

Ts

24,37±0,68
20 – 29,9

22,18±0,97
14,6 – 27,3

22,73±0,76
16,9 – 29,4

20,45±1,15
14,3 – 26,3

It

1,17±0,03
0,98 – 1,38

1,33±0,03
1,13 – 1,48

1,26±0,05
1,02 – 1,77

1,33±0,05
1,04 – 1,59

Tb

Comparing the regression lines slopes of the combinations Tb/Ta and Tb/Ts (not present) for
all classes (Fig. 1), the only one significant difference were found between adult males and juvenile
female (t tests, P < 0.05). Although the regression lines slopes for juveniles for both combinations
were steeper than those for adults, fact hidden by the sample size (n = 61).
age: ad, sex: f Tb = 9.4346+0.7798*Ta
age: ad, sex: m Tb = 18.477+0.4372*Ta
age: j, sex: f Tb = 6.5481+1.0394*Ta
age: j, sex: m Tb = 11.9282+0.7293*Ta
36

sex: f

30
24
18
12
6

Tb

36

sex: m

30
24
18
12
6

6

12

18

24

30

36 6

age: ad

95% CI

12

18

24

30

36

age: j

Ta

Fig. 2. Regression lines between body (Tb) and air (Ta) temperatures for both sexes and
age classes of Lacerta agilis chersonensis.
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DISCUSSION
Lacertids thermoregulate with high precision, accuracy and effectiveness. The main behavioral
mechanisms are the restriction of activity times, microhabitat choice, shuttling between microhabitats
and overt basking [4].
Similar to other reptiles as a whole the studied populations are with higher Tb than Ts and Ta.
Sand lizards from mountain region of Pyrenees [1] have higher Tb than those from the lowlands (this
study only). Nevertheless they are active at a little bit and considerably lower Ts and Ta respectively.
The greater temperature variance of mountain population is in confirmation of their better
thermoadaptability. Available data from other populations from lowland Russia west from Ural Mt.
[12,13] describe a similar picture. Similarly they have greater temperature variance but tend to be
active at higher maximal Ta and Ts. Taking into account the available data we may stat that the
studied populations of L. a. chersonensis are with lowest thermoadadaptability and tend to be quite
stenothermic.
In a similar study [1] found significant differences in regression lines slopes between all
classes. Must be considerate the greater sample size (n = 229) of their study. Juveniles both classes
steeper regression lines slopes in our study seem to be due to the higher rates of thermoregulation of
this age groups.
The already published data for It coming from Russian lowland [12, 13] the index values are
linked and positively correlate with latitude and especially with temperature and humidity. As the high
values of It argue for physiological and behavioral adaptation toward keeping a higher Tb in colder
condition and values close to one further toward keeping a lower Ts when Ta and Ts are higher [12]
Mean values of It provided by these authors vary from 1.21 to the north to 1.02 to the south. We state
higher values except for the adult females.
According to data obtained in this study the lowland subspecies of the Sand lizard in the
territory of the Sofia plain seems to be quite exigent concerning the thermoregulation. Juveniles have
better thermoregulatory mechanisms. In opposite the adult females probably due their higher
reproductive cost has a lowest thermoregulatory ability.
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ABSTRACT
Preliminary studies of algal diversity and morpho-chemical characteristics of oil-polluted soil at a
petroleum base near city of Sofia, Bulgaria were conducted. The soil is Vertisol type and the results from
qualitative and quantitative analyses of hydrocarbons confirmed that diesel fuel was the major oil pollutant. The
microscopic observations revealed the presence of algae, belonging to Cyanophyta, Chlorophyta and
Bacillariophyta. Two cyanobacterial and one green algal strains were isolated and introduced in laboratory
cultures.

INTRODUCTION
The oil pollution, although extremely regretful, goes along with human activity, and due to
lack of knowledge or inevitable circumstances, will happen in the future. The damage continues very
long time and the affected soil loses its fertility. No plants, or very few are able to grow there, and
their growth is extremely suppressed. Undoubtedly, oil products strongly affect not only higher plants
but also microorganisms. Even though, many microorganisms such as bacteria, fungi and algae inhabit
soils and take part in the whole process of exchange of substances.
It is to mention that alive algal strains in soil are very useful. Algae enrich soil with oxygen.
Some bacteria, the aerobic ones, need oxygen to degrade unsaturated hydrocarbons. The algal
suspension naturally contains concomitant bacteria. These bacteria dwell in aerobic environment and
utilize organic substances, entirely coming from algae. The high extracellular enzymatic activity of the
bacteria aids the oxidation of unsaturated hydrocarbons. Their degradation in bacterial cells begins
after that. Furthermore, non-biological oxidative processes take place, where high oxygen
concentration and sunlight contribute the acceleration of pollutants degradation. CO2, released by
bacteria, promotes further development of the algae.
Some algae, such as ubiquitous Chlorella or blue-green Spirulina are rather sensitive to oil.
The studies on hydrocarbons degradation shows that bacteria take part in the process, and some of the
strains are patented [4,12,14]. Such bacteria usually are presented in intensive algal cultures.
Vertisols are a widespread soil type in Bulgaria. They occur mainly in Central and South
Bulgaria. These soils have thick surface humus horizon. The amount of physical clay (<0.01 mm) in
subsurface horizon is between 66.6 % and 69.7 %. The thickness of the humus horizon is about 100
and 110 cm and the total depth of the profile does not exceed 140 - 150 cm. Soil reaction profile (pH)
is between 6.3 to 7.9, or it is slightly acid to neutral. Vertisols have a considerable potential for
agricultural production such as barley, sunflower, wheat, but water management and tillage of the soil
are required to secure sustained production [2,7,15].
The aim of this work is to conduct a preliminary study of algal diversity and pollutants in oilpolluted Vertisol at the petroleum base near Sofia region.
MATERIAL AND METHODS
The soil classification, as well as its morphological description was made according to criteria
for classification and diagnosis of the soils in Bulgaria [15] and Guidelines for Soil Description [8].
The collected soil samples were extracted 3 times with acetone/methylenchlorid/hexane. The
extracts were evaporated in vacuo and estimated gravimetrically, then purified by thin layer
chromatography on silica gel, using hexane as a mobile phase. The gas chromatograph (Hewlett
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Packard 6890 System) equipped with a 5973 mass-selective detector (splitless mode) was used for
analysis of the extracts. Separation was carried out in HP-5MS capillary column (60 m x 0.25 mm I.D,
film thickness, 0.25 µm) and He was used as a carrier gas. The GC program was: initial temperature
60 ºC, hold 1vmin and linear ramp 40 ºC/min to 125 ºC and then ramped at 2 ºC/min to 300 ºC, and
held for 10min.The MS detection was full scan, (m/z) 40 - 750. The ion source was set at 230 ºC and
the ionization voltage was 70 eV. Identification was based on comparing the mass spectra of the
chromatographic peaks to those reported in the NIST08 and Wiley libraries, using authentic standards,
GC retention times and interpretation of mass-fragmentation patterns.
Mineral nutrition medium Z after Zehnder in Staub [19] was added to the collected soil
samples (from the soil surface), placed in erlenmeyer flasks. The samples were incubated in luministat
at 20 ± 2 °С and illumination of 8 000 lx light intensity. After two weeks of exposure intensive algal
growth was detected and different microalgal strains were isolated by the method described by
Andersen and Kawachi [3]. The microscopic observations were done using microscope Olympus
BX51 and photos were taken with Olympus DP71 digital camera.
RESULTS AND DISCUSSION
Four horizons of oil polluted soil, on an area of 10 m2 were studied. After the soil analysis, it
was determined that the soil samples belong to Vertisol. Its classification and chemical properties are
given in tables 1 and 2, respectively.
Table 1. Classification of oil polluted Vertisol from Sofia region

Horizon

Color

(10YR 3 / 1)

Dark

(10YR 4 / 2)
(10YR 3 / 1)
(10YR 4 / 3)

Dark
brown
Dark
Dark
brown

Classification
wet, dense, medium sandy clay, fine roots, large stones, the surface sediment, low
biological activity
wet, dense, medium sandy clay, medium, lack of roots, black spots on the horizon
wet, highly compacted, heavy sandy clay, construction waste
wet, compacted, medium to heavy sandy clay, small carbonate concretions, black
spots in places

Table 2. Chemical properties of oil polluted Vertisol from Sofia region

Horizon and depth
А1 0 - 24 cm
А2 24 - 51 cm
АВ 51 - 95 cm
ВСк 95 - 142 cm
Ск 142 - 200 cm

Hydroscopic moisture, %
6.0
6.5
6.5
6.6
5.9

Humus,
% of the soil
2.8
2.8
2.1
1.7
1.6

рН
7.2
7.2
7.4
7.6
7.9

Total nitrogen,
% of the soil
0.15
0.12
-

Humus content in the plough horizon is 2.8 %, average soil humus. In-depth profile humus
content decreases gradually. Soil reaction profile is 7.2 to 7.9, slightly acid to neutral. Carbonates were
not found. Chemical indicators, presented in the table, are arranged according to the depth research of
our profile and give general information, with a view to making an objective agrochemical assessment
and recommendations for land use. Vertisol has good agrochemical potential and if the hydrocarbon
contamination will be successfully eliminated, agricultural production could be achieve.
Hydrocarbons from native soil were extracted. Other part of the native soil was dried to a
relative air-dry weight at 40 °С for 10 days and the hydrocarbons were also extracted. The extracts
were evaporated in vacuo and estimated gravimetrically. The total hydrocarbons content in each soil
horizon (in native and dried soil) is given in table 3.

МЛАДЕЖКА НАУЧНА КОНФЕРЕНЦИЯ
“КЛИМЕНТОВИ ДНИ”
22-23, ноември 2011

85

Table 3. Hydrocarbon content in three soil horizons of oil-polluted Vertisol from Sofia region

Soil depth
0 - 20 cm
20 - 50 cm
50 - 80 cm

Hydrocarbons, % of the soil
Native soil
Dried soil
4.5
0.4
0.12
0.13
0.07
0.023

Table 3 clearly shows the decrease of hydrocarbons with the increase of depth. Comparing
native with dried soil samples, a reduction of the percentage of hydrocarbons can be clearly seen. The
changes were due to the evaporation process of the lighter fractions which resulted in decreasing of the
pollutant.
According to Decree № 3, about standard permissible concentration of harmful substances in
the soil [6], the limit permissible concentration (LPC) of hydrocarbons in soil is 0.3 g/kg (0.03 %).
The results in table 3 show that even in dried soil, the concentration of hydrocarbons (from surface to
50 cm depth) is higher than the MPC. However, the drying should not be neglected because the light
fractions evaporated and as a result the percent of hydrocarbons decreased which can be of use for the
remediation of such polluted soils.
GC/MS analysis of hydrocarbons of each horizons of depths (0-20, 20-50, 50-80) revealed the
presence of n-alkanes and corresponding branched alkanes. It was found that the branched
hydrocarbons predominate in every soil layer. It is typical for diesel fuels. Cyclic (hopanes) and
aromatic hydrocarbons were also detected in some horizons. For the separation and quantifications of
the hydrocarbons groups fragment ions were used: m/z 85 for the n-alkanes, m/z 191 for hopanes and
m/z 91 for aromatic hydrocarbons. The n-alkanes showed a wide C number range from C11 to C29.
Our first observations revealed the presence of species from the three major algal groups
commonly found in soil - Cyanophyta, Chlorophyta and Bacillariophyta. In the enriched soil sample
we found the following algae: cyanobacteria - Nostoc sp. (Fig. 1b), two different Phormidium species;
green algae - Klebsormidium sp. (Fig. 1a) and Chlamydomonas sp.; two unidentified diatoms. We also
detected a heliozoan, eating algae (Fig. 1c).

Fig. 1. Algae ( a - a diatom and the green alga Klebsormidium sp.; b - Nostoc sp.) living at the surface of oil
polluted Vertisol from Sofia region; c - a heliozoan, eating algae

So far we have successfully isolated three different strains and introduced them in laboratory
cultures, growing well in BG-11 medium [17]. Two of the strains belong to Osicllatoriales
(Cyanobacteria) - thin Phormidium strain (d = 3 - 4 μm) and thicker Phormidium strain (d = 12 μm).
The third strain belongs to Chlamydomonadales (Chlorophyta) - Chlamydonomas sp.
Our results for the algal diversity in the oil polluted soil at petroleum base near Sofia
correspond with the results of Gollerbakh and Shtina [10], Garcia-Pichel et al. [9], Abed et al. [1],
Kireeva et al. [11], Mansour and Shaaban [13] who also pointed as the most common in soil bluegreen (genus Oscillatoria, Phormidium, Nostoc, Anabaena, Cylindrospermum, Calothrix, Scytonema,
Microcoleus), green algae (Chlamydomonas, Chlorococcum, Chlorella, Ankistrodesmus,
Scenedesmus) and diatoms (Navicula, Pinnularia, Nitzschia, Eunotia, Achnanthes). Cyanobacterial
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mats in soil are microbial consortia composed of photosynthetic and non photosynthetic bacteria and
fungi embedded in cyanobacterial mucilage. These mixed microbial consortia are able to degrade
efficiently hydrocarbons [1,18]. The role of cyanobacteria in biodegradation of hydrocarbons as well
as the algae-bacteria interactions is of great interest for many scientists [5,7,16].
Our results could serve as a background for further extensive research of soil remediation
potential, depending on bacteria-algae-soil interactions and the metabolism of these soil inhabitants.
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ABSTRACT
Mapping of the standing water bodies in Bulgaria was conducted in 2010, using remote sensing data
and the results were integrated in GIS environment, using ArcGIS software. Over 11 000 water bodies were
mapped, identified by their open water surface. Satellite images, orthophoto images and topographic maps were
used in the process of digitalization of the water bodies. A general vision of a passport of water bodies has been
proposed, including indicators, divided into five groups – general, morphometric, hydrotechnical, chemical and
physicochemical, and biological. Interactive passports of 52 multipurpose and strategic reservoirs, included in
the State Water Act, have been finalized. They are part of a national database of standing water bodies and
wetlands in Bulgaria, which is in process of preparation by the Remote Sensing Application Center - ReSAC.
Current data of the above mentioned indicators are provided through field measurements and literature reviews,
or by the responsible institutions.

INTRODUCTION
Bulgaria belongs to the group of European countries that are scarce in water resources. This
raises the importance of good monitoring and management of the water bodies. The use of satellite
images is a fast method of identification and localization of their position and size and, in the same
time, provides relevant information for the actual status of the water body (water level, littoral
vegetation, shape, etc.). This information is of a particular importance for the typology and monitoring
of the water bodies in the country.
The first mapping of water bodies in Bulgaria, using remote sensing, was conducted in 2003.
Topographic maps in scale of 1:50 000 and satellite images from Landsat – TM and Landsat – ETM
with spatial resolution 15/30 m from 1989 – 2000 were used. Over 7800 water bodies were mapped
[3], [10]. In the process, different technologies were used – supervised and unsupervised classification
of the images, visual interpretation and digitalization [10]. The mapping was accomplished by ReSAC
for the Le Balkan foundation. The scale and type of satellite images, used for mapping in this case,
facilitate the identification only of the larger water basins. Therefore, in 2009-2010 in ReSAC started a
detailed mapping process of standing water bodies with scale 1:10 000.
MATERIALS AND METHODS
1. Digitalizing or manual localization of water bodies
Mapping of open water surfaces of standing water bodies in scale of 1:10 000 to 1:25 000 in
Bulgaria has been done. Satellite images from SPOT with spatial resolution of 5 m from 2002 to 2006
have been used. Satellite images from Landsat with spatial resolution of 30 m from 2009 have also
been used to distinguish between existing, temporarily dry and non-existent, at present, water bodies.
Topographic maps with scale of 1:50 000 have been used too. An object was mapped as water body if
it was detected either on satellite image or in the topographic map.
The satellite images are geo-referenced in coordinate system Universal Transverse Mercator (UTM),
WGS84 Zone 35N. The topographic maps from National Coordinate System 1970, dividing the
country into four zones – K3, K5, K7 and K9, were also converted into UTM.
In addition, for these parts of the territory of Bulgaria without satellite images from Spot, Ikonos and
QuickBird images from 2006 with spatial resolution of 1m and 0.6m respectively have been used as
well as aerial orthophoto images (from 2006, resolution – 0.5m) [11].
Fifty two reservoirs with special uses (multipurpose reservoirs – for water supply, energy production,
irrigation and flood control) are designated by the state as strategic water bodies with special
88

МЛАДЕЖКА НАУЧНА КОНФЕРЕНЦИЯ
“КЛИМЕНТОВИ ДНИ”
22-23, ноември 2011

monitoring and exploitation regimes. For those reservoirs, orthophoto images with spatial resolution of
0.5m have been used for mapping and obtaining the major morphometric parameters in scale
of 1:10 000.
2. Software
ArcGIS Geographical Information System has been used, which is integrated software for
creating, processing and storage of GIS databases. ArcGIS is developed according to the newest IT
standards and it gives easy to use, scalable and functional solutions that meet business needs of
organizations, both public and private sector.
3. Data gathering and passportization of standing water bodies
A set of parameters characterizing the water bodies and their catchment area are included in
the proposed passport of the water bodies. The parameters (indicators) are generally divided into 5
groups – basic, morphometric, hydrotechnical, chemical and physicochemical, and biological.
Characteristics for the biological quality elements, underlying the assessment of the ecological status
of water bodies, have been included too.
Table 1 presents the major groups of indicators with the parameters included for standing water
body - reservoir type.
Table 1. General vision of a passport of a water body

Basic indicators

Morphometric indicators

Hydrotechnical
indicators

Chemical and
physicochemical
indicators
Average annual air
temperature
Average annual water
temperature
Avrg. pH
Avrg. Oxygen dissolved

Lake/Reservoir name

Maximum lake surface area Dam type

Settlement

Lake surface area

Municipality
District
Nearest downstream
settlement

Coastline perimeter
Lake catchment area

Height above lowest
foundation
Crest length
Crest level

Total catchment area

Total reservoir capacity Avrg. Oxygen saturation

Latitude
Longitude
Elevation
Basin Directorate
Web page of the Basin
Directorate
Ecoregion
Water body ID
according to the Basin
Directorate
Other names
River basin
Catchment area
Hydro power cascade
name
Hydro power site
name
Year of construction
Function
Owner
Designer
Constructor
Protected area under
Protected Areas Act
Protected zone under
Natura 2000

Average catchment area
altitude
Minimum catchment area
altitude
Maximum catchment area
altitude
Maximum width
Average width
Maximum length

Usable storage

Avrg. Dissolved solids

Useless storage

Avrg. Total hardness

Maximum water level

Avrg. Total nitrogen

Maximum operating
water level
Minimum operating
water level
Spillway discharge

Macrophytes:
Invertebrates:
Fish:

Avrg. Ammonium
nitrogen
Avrg. Nitrite nitrogen
Avrg. Total phosphorus

Average depth
Average annual inflow
Average annual outflow

Avrg. Orthophosphates
Avrg. Sulphates
Avrg. Conductivity

Mixing type

Avrg. Total alkalinity
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Phytoplankton:

Avrg. Nitrate nitrogen

Maximum depth

Annual retention time

Biological
indicators
(composition)

Avrg.Transparency by
Secchi
Avrg. Chlorophyll-a
Avrg. Trophic state Index
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RESULTS AND DISCUSSION
Over 11 000 water bodies have been mapped, identified by their open water surface. A
typology has been made and the water bodies divided into five groups according to their surface area:
¾
¾
¾
¾
¾

≤ 0.5 ha, representing 40 % from the total number of water bodies
0.6 ha ÷ 10 ha, representing 52 % from the total number of water bodies
10.1 ha ÷ 100 ha, representing 7 % from the total number of water bodies
100.1 ha ÷ 1000 ha, representing 0.8 % from the total number of water bodies
≥ 1000 ha, representing 0.2 % from the total number of water bodies

Attributive tables were created for the identified objects including the geographical
coordinates and the water bodies’ area. The date on which the water body has been seen for the last
time and the date of the image from which the water body has been digitalized, were also included.
The water bodies’ names, localization, river basin, major abiotic indicators, species composition,
protection status, etc. were also included in the database [9]. The information provided by Inventory of
Bulgarian Wetlands and their Biodiversity refers to approximately 5700 water bodies (reservoirs,
lakes, swamps, fish ponds, marshes, peatlands and wet meadows and other). The online register of
protected areas in Bulgaria, according to the Protected Areas Act, provided unique identification
codes, names, categories, etc, for the water bodies included in the protected areas.
It has to be noted that the number of mapped water bodies considerably exceeds the number of
the water bodies, included in the previous database [9]. Therefore, some of the newly identified water
bodies are still without names. The comparison of the results obtained from the interpretation of
satellite images and from the topographic maps, shows a discrepancy between the two data sets. A lot
of small water bodies can be found only on the satellite images but not on a topographical map with
scale 1:50 000. On the other hand, there are water bodies on the maps, which were not recorded on
recent satellite images.
The basic morphometric indicators in the database are taken by processing and interpretation
of satellite images and their integration into GIS environment. Some parts of the database
(hydrotechnical, chemical and physicochemical, as well as biological parameters) were provided by
the National Electric Company, “Irrigation systems”, the four River Basin Directorates in Bulgaria, the
Executive Environment Agency at the Ministry of Environment and Water, the Bulgarian National
Committee on Large Dams, as well as through the integration with the database of the project
“Trophic state assessment of different types of limnetic water bodies in Bulgaria and distribution of
the biological quality elements – phytoplankton and aquatic macrophytes” (DO 02-341/2008) [1], [2],
[4], [5], [6], [7], [8].
Passports with complete information about general, morphometric and hydrotechnical
indicators for all multipurpose reservoirs have been created. Their catchments were delineated and
their area calculated. In the case of hydro cascades, the individual catchments of the reservoirs and the
total catchment area of the hydro cascade were calculated.
The database is multifunctional and it can be used by different groups of scientists –
cartographers, ecologists, biologists, hydrologists, hydrogeologists and others for decision making.
In the future, a mapping not only of the open water surface, but also of the littoral area (considered as
a wetland), covered with aquatic vegetation, is going to be done.
ReSAC will concentrate its efforts in:
 Preparation of Network database for making additional hydrologic and hydraulic analysis.
• Integration with relevant data on river flows;
• Data regarding the distance to settlement and the type of river sections, between the
water body and the settlement;
• Methodology for linking the database with hydrometric and meteorological data –
from the relevant stations.
 Supplementing of the passports with attributes for risk, disasters and emergency.
 Other tasks according to the requirements of the end user.
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ABSTRACT:
The risk management in the water treatment practice is based on potential risky situation prediction
and creation of algorithms for it overcoming on base of the modeling. The risky situation of untreated textile
wastewater discharge in Samokov Municipal Wastewater Treatment Plant (WWTP) was investigated. This
actual problem was important because the functioning of this plant determines partially the drinking water
quality for Sofia City.
The main pollutants in textile wastewater are: azo dyes; aromatic amines – metabolic products of azo
dye reduction; heavy metals that are included in azo dye structure; surfactants that are used in wet processing
and etc. The effect of the azo dye amaranth (0.083 mM) and ferrous ions (0.18 mM) on the structure and
functioning of the microbial community in the activated sludge from Samokov WWTP was the aim of this study.
An anaerobic batch process in lab for 20 hours has been simulated. The obtained results showed that the
activated sludge decolorized amaranth with high effectiveness (97%). This biological system had high
adaptation diapason to that azo dye. The initial modulation effect (at first four hours) of ferrous ions was
positive and it was related to stimulation of the anaerobic azo reductase activity. However, the combination of
iron and produced aromatic amines at the end of the process inhibited that enzyme activity. In the same time, the
quantity of anaerobic azo resistant microorganisms was increased with 35% in comparison of control data
(without Fe2+). The obtained results from the analogous modeling require scale up and verification before
application in the real wastewater treatment practice for creation of algorithms for overcome of similar risky
situations.

INTRODUCTION
The textile industry consumes a lot of water and chemicals for wet processing of textiles –
resizing, bleaching, dyeing, printing and etc. There are more than 8000 chemical products, associated
with the dyeing process listed in the Colour Index and over 100 000 commercially available exist [12].
These dyes include several structural varieties such as acidic, reactive, basic, disperse, azo, diazo-,
anthraquinone-based and metal-complex dyes. The azo dyes are the most common synthetic
compounds used in the textile industry with more than 60% of all commercial dyes [7]. However,
when discharged in water, they affect aesthetic merit, water transparency, gas solubility. Some of them
are toxic and carcinogenic. The azo dyes are with synthetic origin and have aromatic structure. The
dye removal from wastewater is important for the good ecological status of hydroecosystems because
the azo dyes have a tendency of bioaccumulation [1, 3].
Unfortunately there are a few textile factories in Bulgaria that discharge untreated or partly
treated wastewater in the water receivers. Others factories discharge wastewater into the sewage
wastewater treatment plant (WWTP) accidently. The example for this situation is the factory “Rilski
len”. An activated sludge from Samokov WWTP, Bulgaria was investigated. The water receiver of
this plant is Iskar River before Iskar Dam and Sofia City. The effective functioning of Samokov
WWTP determines partially the drinking water quality for Sofia City. The effect of the azo dye
amaranth (0.083 mM) and ferrous ions (0.18 mM) on the structure and functioning of the microbial
community in the activated sludge from Samokov WWTP was the aim of this study.
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MATERIAL AND METHODS
Experimental design
The risky situation, accidental discharge of untreated or partly treated textile wastewater in
facility sewage and after that in Municipal Wastewater Treatment Plant, was simulated in lab scale.
Activated sludge (AS) samples were collected from Municipal Wastewater Treatment Plant of
Samokov Town (Western Bulgaria) that technological design included anoxic-aerobic reactors. The
first phase of dye biodegradation (azobound reduction) was simulated in this study because this
process is rate limiting. The AS was cultivated in synthetic dye wastewater with 0.083 mM amaranth
under anaerobic conditions. The effect of Fe2+ (0.18 mM) on biodegradation was studied. The duration
of modeling batch process was 20 hours and a detailed microbiological analysis was performed at
start-up (0 hour) and at the end of the process (20th hour). The amaranth concentration, COD values
and anaerobic azo reductase activity were monitored as a function of time during decolorization
process. The reactors were incubated at 28±2 oC in thermostat.
Synthetic textile wastewater
The synthetic textile wastewater contained mineral media, 0.083 mM amaranth and 3%
nutrient solution. The mineral composition of synthetic wastewater contained (in g.l-1): K2HPO4.3H2O
5.6, KH2PO4 3.4, (NH4)2SO4 2.0, MgCl2.6H2O 0.34, MnCl2.4H2O 0.001, FeSO4.7H2O 0.0006,
CaCl2.2H2O 0.026, Na2MoO4.2H2O 0.002. The nutrient solution was additional source of carbon and
hydrogen for co-metabolic biodegradation of amaranth and contained (in g.l-1): peptone 10.0, yeast
extract 5.0 and NaCl 5.0. The heavy metal was added such as FeSO4.7H2O and the final Fe2+
concentration was 0.18 mM.
Analytical methods
Color measurements in clarified samples from synthetic wastewater were performed in UVVIS spectrophotometer (Ultrospec 3000, Pharmacia Biotech Ltd.) against sample from dye-free model
wastewater. The samples were centrifuged at 10 000 g for 10 min for biomass removal. The
absorbance values of supernatants for amaranth (Fluka) were determined at wavelength of 520 nm.
The chemical oxygen demand (COD) in water was analyzed according to a standard procedure [2].
The microbial diversity of activated sludge (AS) was studied by plate count technique [10]. The
microbial count in the AS was determined after ultra-sonic treatment with UD-20 automatic (3x10 sec.
with frequency 22 kHz and vibration amplitude 8 μm) for creation of homogeneous suspension. The
microbial groups related to organic matter transformation (aerobic (AH) and anaerobic (AnH)
heterotrophs) were determined by cultivation on Nutrient Agar (Scharlau, Brit. Pharm.). The anaerobic
azo degraders (AzoDegr) and anaerobic azo resistant (AzoRes) microorganisms were cultivated on
Nutrient Agar with 50 mg.l-1 amaranth. The colonies with media decolorization were determined such
as azo degraders and the colonies around which clean zones didn’t expanded were determined such as
azo resistant microorganisms. The microorganisms participating in transformation of xenobiotic
compounds, bacteria from genera Acinetobacter (Ac), Pseudomonas (Ps) and Aeromonas (Aer), were
studied. The AnH, AzoDegr and AzoRes were incubated for 7 days in anaerobic jars (Merck &Co.,
Inc.) with Anaerocult A (Merck &Co., Inc.) for creation of anaerobic conditions. The petri dishes were
incubated at 28±2 oC. The anaerobic azo reductase activity was measured according to GrekovaVasileva et al. [6]. The microbial biomass for enzyme analyses was harvested according to Feist and
Hegeman [4]. The quantity of biomass for determination of specific enzyme activity was measured as
concentration of cell protein (Pr) by microbiuret method [9].
The effectiveness removal (Eff) for the total organic content (measured as COD) and amaranth were
determined. The following formula for it calculation was used:
Eff =

Ct1 − Ct 2
Ct1

⋅ 100 , %

where Ct1 is concentration of pollutant at the moment t1; Ct2 is concentration of pollutant at the
moment t2.
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RESULTS AND DISCUSSION
The obtained data showed a similar tendency in the dynamic of amaranth concentration for
two experimental variants (Fig. 1). The concentration decreases with 4 mg.l-1 during the first 4 hours.
The amaranth concentration decreased to 1 mg.l-1 at the 20th hour. The lower azo dye concentration at
2nd hour for variant with ferrous ions showed stimulation effect of this heavy metal. That correlated
with higher activity of anaerobic azo reductase (Fig. 1).
The chemical oxygen demand (COD) was used as an indicator for the organic matter content.
This parameter for control variant (without ferrous ions) decreased slightly during the first 4 hours and
reached to the initial value at the 20th hour (Fig. 1a). The significant fluctuations in the dynamics of
COD for variant with ferrous ions were ascertained. Initially, organic matter was decreased with 40
units at 2nd hour. During the next 2 hours COD was increased with 90 units and reached to 420 mg.l-1.
The COD value at the end of the process was decreased to 337 mgO.l-1. The fluctuations of organic
matter concentration for this variant at early hours were related with two possible processes that were
accomplished simultaneously. First, an accumulation of the amaranth and ferrous ions in the activated
sludge biomass at 2nd hour was occurred and a decrease of azo dye concentration in water phase was
registered. Second, the fauna in the activated sludge probably died and gradually released low
concentrations of amaranth. An increase of the COD value at 4th hour was result of this as well as the
flocs desintegrated.

20
time, h

Fig. 1. Dynamics of amaranth concentration (z), COD (c) and anaerobic azo reductase activity (x) for:
a) variant with 50 mg.l-1 amaranth and b) variant with 50 mg.l-1 amaranth and 10 mg.l-1 Fe2+

The added trivial pollutants, peptone and yeast extract, were easy biodegradable substrate for
microorganisms. These compounds were degraded initially. It addition ensured time for adaptation of
the biological system to amaranth. The acclimatization was related to the biomass increase, synthesis
of azo reductase enzyme and it activation (Fig.1). The COD for the two variants during the whole
process varied between 330 and 425 mgO.l-1. At the same time, over 97% from amaranth
concentration was removed (Table 1). The obtained data showed that the anaerobic azo dye reduction
was occurred and the metabolic products, aromatic amines, were accumulated. These compounds
increased the COD values. The absence of oxygen in the experimental reactors was the reason for that
because the biodegradation of the aromatic amines requires aerobic conditions and oxygenase
enzymes. These enzymes catalyze the incorporation of oxygen into the aromatic ring of organic
compounds prior to ring fission [11]. The effectiveness of COD removal was affected by iron. This
parameter was between 2 and 3 times higher in the iron-containing variant than control variant. The
COD effectiveness at the 20th hour was 6% for control variant and 11% for variant with ferrous ions.
The metabolic activity of the activated sludge to trivial organic matter (peptone and yeast extract) in
the presence of iron was stimulated. The similar results for 0.1 mM ferrous ions were reported by Kim
et al. [8].
Table 1. Effectiveness (Eff) of amaranth decolorization and COD removal for two variants

Variant with:
0.083 mM amaranth
0.083 mM amaranth + 0.18 mM Fe2+
94

Eff of amaranth removal, %
2h
4h
20 h
1
8
98
2
2
97

Eff of COD removal, %
2h
4h
20 h
4
10
6
11
-7
11
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The quantity of the investigated microbial groups at the end of the process in comparison with
the start-up was increased (Fig.2). The added biodegradable organic matter for the microbial growth
was the reason. The growth of AH in the presence of iron was suppressed. The quantity of the
anaerobic microorganisms was lower than aerobic. The lower organic matter concentration in
bioreactors was the reason because the anaerobic processes require higher COD values (over 1000
mgO.l-1). The COD values between 300 and 400 mgO.l-1 stimulated the aerobic heterotrophs growth.
The some part of these group bacteria was facultative anaerobe including genera Pseudomonas and
Acinetobacter. The high quantity of these bacterial genera was a proof for the high adaptation potential
of the activated sludge to amaranth removal (Fig 2b).
with amaranth
16x106

2+
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0 hour
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Ps.
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Fig. 2. Microbial groups at start-up (0th hour) and at the end of batch process (20th hour) for variant with 50 mg.l-1 amaranth
and variant with 50 mg.l-1 amaranth and 10 mg.l-1 Fe2+ (MO is microorganisms)

The amount of the anaerobic heterotrophs (AnH) at the end of the process was higher for
variant with iron (8х106 CFU.ml-1) than control variant (7 x106 CFU.ml-1). The anaerobic
azodegraders (0,8x106 CFU.ml-1) in the presence of iron and aromatic amines at 20th hour were
inhibited in comparison with control variant (1,3x106 CFU.ml-1). Meanwhile amaranth resistant
microorganisms reached to 6 x106 CFU.ml-1 in control and to 8x106 CFU.ml-1 for variant with ferrous
ions. The enzyme activity of azodegraders was inhibited in the presence of this heavy metal and the
produced aromatic amines, and it growth were suppressed. The results for anaerobic azoreductase
activity at 20th hour confirmed that (Fig. 1b).
CONCLUSION
The high quantity of bacteria in the activated sludge and its abilities to react to the changes of
the environment showed significant tolerance to toxic substances and high biological stability of the
organisms in it, describing them as reliable textile wastewater detoxification agents. The activated
sludge from Samokov Municipal WWTP almost completely degraded 0.083 mM azo dye. The
amaranth biotransformation was not affected in the presence of 0.18 mM ferrous ions. This heavy
metal concentration stimulated trivial organic matter (peptone and yeast extract) biodegradation. The
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algorithm for overcome of the simulated risky situation included: 1/ the discharged textile wastewater
will be separated in an equalizer basin and a little part of them will be gradual supplied to the
anaerobic bioreactor. A dilution of textile wastewater and a decrease of dye concentration to critical
for the activated sludge will be achieved; 2/ The increase of hydraulic retention time in the anaerobic
biobasin will ensure the initial adaptation and the anaerobic dye reduction; 3/ The wastewater after the
anaerobic bioreactor will direct to an aerobic biobasin. In the last, the accumulated aromatic amines
will be biodegraded and a decrease of COD values of effluent will be achieved. The obtained results
from the analogous modeling require scale up and verification before application in the real
wastewater treatment practice.
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ABSTRACT
In order to assess the response of earthworms to seasonal changes we monitored the changes of
Lumbricidae species in the north-western part of Pirin Mountain in a field during two years. Earthworms were
hand-sorted from five 0.25 × 0.25 × 0.25 m blocks in May 2009, 2010 (spring) and in October 2009, 2010
(autumn), to determine their seasonal dynamics. The abundance of the earthworm species was characterized by
a high number of individuals throughout the autumn sampling.

INTRODUCTION
Earthworms are considered as one of the most important biotic components of the soil. They
participate in mineralization and breakdown of organic matter, in formation of the soil structure and
humus, this provids maintenance of the soil fertility. Earthworms is one of the most investigated
animal groups in the world [8], but unfortunately in Bulgaria the group is poorly known.
Soil fauna is influenced by environmental factors and changes in soil physical and chemical
properties influence their number and local distribution patterns [4, 5, 6, 7]. Earthworms represent a
major group into the soil fauna and seasonal factors play an important role in explaining changes in
size and biomass of their populations [3]. Because earthworm species exhibit different ecological
preferences, the influence of environmental factors on population dynamics differs among earthworms
of different ecological categories [10]. Since the two soil conditions that affect earthworm activity
most are temperature and moisture [3], epigeic earthworms, earthworm species that live and feed in
the litter layer, are probably much more affected by the season than endogeic or anecic species, those
that inhabit permanent or semipermanent burrow systems into the soil [9].
As we mention the earthworm activity is primarily governed by temperature and moisture,
which are changing in the seasonality. Low soil temperature limits the activity. However, maximal
activity usually takes place at moderate temperatures. For most European Lumbricidae, activity peaks
between 10 and 20 °C [2]. When temperatures become too low for activity, earthworms become
dormant. Similarly, when high temperatures are encountered, and depending on the species, a worm
may enter a true diapause state lasting for a fixed period of time, or simply cease activity until
temperatures return to lower levels [2]. In temperate zones with spring and summer rainfall, activity
may close in midsummer due to high soil temperature, even with adequate soil moisture [9]. Soil
moisture is the other primary factor controlling activity. Earthworms are fundamentally aquatic in
body plan, requiring a moist surface for gas exchange. Thus there must be free water present in soil for
them to be active. Earthworms are 65-90 percent water by weight, and depend on hydrostatic pressure
for their ability to burrow [8]. A loss of 10 percent of body water can prevent movement [11]. When
soil moisture begins to fall towards some critical value, earthworms burrow deeper into the soil to find
moisture, or enter a dormancy called quiescence. This state is indistinguishable from the dormant
states induced by high temperatures; the two often occur together.
The present work was undertaken to study the effect of seasonality on the changes of the
number of earthworm species and individuals.
MATERIAL AND METHODS
The invertebrates (Lumbricidae) were collected from a transect of the sampling plot whereby
5 samples 50 m apart in spring (May 2009, 2010) and again in autumn (October 2009, 2010). Worm
extraction from the soil samples was carried out by handsorting of the each of those five different
sample blocks (0.25 m). The worms from each of the soil samples was placed separately in
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polyethylene bags, marked for identify and transported to the laboratory. The collected invertebrates
were cleaned and preserved in 70% ethanol, then checked and the mature earthworms were identified
by Narcis Mesic (1991).
RESULTS AND DISCUSSION
A total 130 earthworms from 5 samples for 2 years were collected. The samples were taken in
spring and autumn, because the earthworms could not be recorded during the summer and the winter
season especially as these were not encountered in any of the sampling from 0-20 cm depth.
Ten species of earthworms belonging to six genus of the Lumbricidae’s family were identified
during the study (all given in Table 1). The genus with the higher number of species is Aporrectodea
(4 species). Only one of the species A. trapesoides present in each sample, for each season and each
year. The number of the species and the number of the earthworm individuals found in the samples
increased from spring to autumn. We established two times higher number of identified species in the
autumn samples than the spring ones, for 2009 the ratio was 4:7 and for 2010 – 3:6. The hightest
number of earthworms (Lumbricidae) was reported at 10.10.2009 (7 species, 20 adults and 40
juveniles), perhaps as a result from the higher soil moisure and the optimal temperature. With a higher
number of individuals were spesies, A.rosea, for the spring sampling and A.caliginosa for the spring
and autumn sampling.
The age structure of the worms is also changed over the time. Only two age classes have been
considered, aclitellates and clitellates. The number of the juvenile earthworms (aclitellates) was more
than two times higher in autumn sampling in each year. In autumn (2009 & 2010), the ratio of adults
to juvenile individuals was: 30:66, while in spring sampling (2009 & 2010) it was 17:17.
As a rule, in annual cycles of the ratios of aclitellates to clitellates the number of adults is
below 50% of the total count for any species [1]. In our case the juveniles were higher in number, so
they were generally predominate in the population, except the spring sampling in 2009.
Changes in the number of species over time seem to be related with the number of mature earthworms,
despite the lack of significance in their numbers between autumn and spring. These results agree with
those of Watanabe and Tsukamoto [12], who found that immature were recorded mainly in autumn,
being affected by both the high and low temperatures in summer and winter, respectively.
Seasonality had an influence on the growth of the earthworms and consequently on the age
structure of the species.
Table 1. The distribution of Lumbricidae family collected during May 2009-October 2010
Date
Genus
Species
number
01.05.2009
Aporrectodea
Aporrectodea caliginosa caliginosa (Savigny, 1826)
6
10.10.2009
4
16.05.2010
3
01.05.2009
Aporrectodea caliginosa trapesoides (Duges 1828)
2
10.10.2009
1
16.05.2010
3
18.10.2010
2
01.05.2009
Aporrectodea rosea interposita (Cern. 1942)
1
10.10.2009
Aporrectodea rosea rosea (Savigny 1826)
3
16.05.2010
1
18.10.2010
4
10.10.2009
Aporrectodea rosea balcanica (Cern.1942)
4
01.05.2009
Allolobophora Allolobophora chlorotica chlorotica (Savigny 1826)
1
10.10.2009
3
10.10.2009
Octolasion
Octolasion lacteum (Orley 1881)
3
18.10.2010
1
10.10.2009
Lumbricus
Lumbricis rubellus (Hoffmeister 1843)
2
18.10.2010
1
10.10.2009
Dendrodrilus
Dendrodrilus rubidus subrubicundus (Eisen 1874)
1
18.10.2010
1
18.10.2010
Eisenia
Eisenia fetida (Savigny 1826)
1
01.05.2009
immature
6
10.10.2009
immature
40
16.5.2010
immature
11
18.10.2010
immature
26
98

МЛАДЕЖКА НАУЧНА КОНФЕРЕНЦИЯ
“КЛИМЕНТОВИ ДНИ”
22-23, ноември 2011

REFERENCES
1. Bisht R., Pandey H., Bharti D., Kaushal B.R., (2003). Tropical Ecology 44(2): 229-234.
2. Edwards, C.A, Lofty J.R. (1977) Biology of Earthworms, 2nd edition. Chapman and Hall, London, U.K
3. Edwards, C.A., Bohlen P.J. (2004) Biology and Ecology of Earthworms, Chapman & Hall, London.
4. Edwards, C.A. (1998) Earthworm Ecology, St Lucie Press, Boca Raton, FL, USA.
5. James S.W. (1991) Soil, nitrogen, phosphorus and organic matter processing by earthworms in tallgrass
prairie. Ecology 72: 2101–2109
6. Lavelle P., Spain A.V. (2003) Soil Science Vol. 168, No. 3 Printed in U.S.A.
7. Lavelle, P., Spain A.V. (2001) Soil Ecology, Kluwer Academic Publishers, The Netherlands.
8. Lee, K. E. (1985) Earthworms—their ecology and relationships with soils and land use. Academic
Press, New York. pp 333–349.
9. Monroy, F., Aira M., Dominguez J., Velando A. (2006) C. R. Biologies 329: 912–915.
10. Rozen A. (1988) Pedobiologia 31: 169–178.
11. Satchell, J.E. (1967) Lumbricidae. In: Soil Biology, Eds. A Burges and F. Raw. Academic Press,
London, pp. 259-232.
12. Watanabe H., Tsukamoto J. (1976) Rev. Ecol. Biol. Sol. 13: 141–146.

МЛАДЕЖКА НАУЧНА КОНФЕРЕНЦИЯ
“КЛИМЕНТОВИ ДНИ”
22-23, ноември 2011

99

DIVERSITY AND SIGNIFICANCE OF MICROBIAL COMMUNITIES IN
SEDIMENTS FROM LAKATNIK AND SVRAZHEN RESERVOIR IN “MIDDLE
ISKAR” CASCADE
S. LINCHEVA*, Y. TODOROVA, Y. TOPALOVA
Sofia University, Faculty of Biology, Department of General and Applied Hydrobiology
*corresponding author: s.lincheva@gmail.com

Keywords: management strategy for purification of water and sediments, microbial communities, selfpurification processes, small dam.
ABSTRACT
European strategy 2020 for creation of a green and low carbon economy, stimulating investors from
Class A (Petrovilla group and European bank for reconstruction and development) to invest in the construction
of 9-mini hydroelectric power plants (MHEPP). These plans are situated in middle part of Iskar River.
Environmental problem in it operation is the accumulating sediments to the reservoirs dam and accomplished in
sediment biodegradation of trivial and toxic pollutants. The conditions in sediments are various - anoxic,
anaerobic and aerobic in the upper layers and in situation when sediments release through the valves. The main
factor for self-purification processes in sediments are microbial communities. Their leading role in the in situ
treatment processes is determined from the functional diversity and the key role of microorganisms in
transformation processes of organic matter.
These studies have been aimed to evaluate the various microbial diversity in the sediments of Lakatnik
and Svrazhen reservoirs during the high flow and low flow seasons. The obtained data are basic for prediction
the magnitude, rate and mechanisms of self-purification processes.
The obtained results showed presence of a stable and abundant microbial consortium in the sediments
of the Lakatnik and Svrazhen dam. Various groups of microorganisms (aerobic and anaerobic heterotrophic,
sulfate-reducing bacteria, family Enterobacteriaceae, g.Pseudomonas, g.Acinetobacter) are indicators for the
accomplishment of intensive biodegradation processes of trivial and toxic pollutants. The data going to be used
to propose a strategy for managing self-purification and treatment of water and sediments in the region of the
cascade.

INTRODUCTION
Despite the interest to solar, wind, geothermal and biomass energy, water is the most widely
used renewable energy source in Bulgaria. Today a large number of economic and environmental
factors allow many of the entrepreneurs to invest in power generation by small and micro hydropower
plants. Reasons for increased investment interest in building plants with capacities up to 10 000 kW
are: the long term of mini hydroelectric power plants (MHEPP) exploitation, lower costs associated
with production, maintenance and security of the investment, аlthough they have a relatively long
payback period.
The project " Middle Iskar" Cascade has been aimed to create 9-mini hydroelectric power
plants run-of Iskar River in section Prokopanik – Gabrovnitsa. Hydropower plant "Svoge" Ltd. is
owned by the Italian company "Petrovilla - Bulgaria" (90%) and Svoge Municipality (10%). The
construction of MHEPPs were associated with the creation of reservoirs. In these reservoirs are
accumulate large amounts of sediment in the operation of hydropower plants. Sediments containing
trivial and toxic organic and inorganic components. Biodegradation processes occurring in sediments
are mainly carried out by microbial communities. For now, these processes are the only form of
treatment, therefore they are extremely essential. Various groups of microorganisms are the evidence
for accomplishment of intensive processes of biodegradation. Studied months (June and September)
are indicative of changes occurring in the waters and sediments of the reservoir sections at high and
low water levels.

100

МЛАДЕЖКА НАУЧНА КОНФЕРЕНЦИЯ
“КЛИМЕНТОВИ ДНИ”
22-23, ноември 2011

MATERIALS AND METHODS
Stations for sampling are situated in functional hydropower plants - Lakatnik and Svrazhen.
Sediments were taken from the central part of the reservoirs by excavator of the Ekman-Berge, length
15 sm.
The study period was divided into two phases:
• sampling in June, 2011 - study of sediments (samples in depth - 0 and 15 sm) during the high
flow seasons
• sampling in September, 2011 - study sediments (samples in depth - 0 and 15 sm) during the
low flow seasons
Samples for microbiological studies were collected in sterile containers, stored ( at 4оС) and processed
within 4 hours. Microbiological analysis have been conducted of sediment samples in depth of 0 and
15 sm. The abundance of selected bacterial groups was measured by use of count-plate technique,
according to the rules of routine microbiological practice. The key microbial groups were analyzed by
use of specific nutrient media ( table 1.)
The following groups of microorganisms were examined: aerobic heterotrophic, anaerobic
heterotrophic microorganisms, sulfate-reducing bacteria, Endo bacteria, g.Pseudomonas
g.Acinetobacter. Table 1 shows the design of microbiological research. The investigated microbial
indicators were chosen by there significance for ecosystem functioning and formation of water quality.
Table 1. Мicrobiological design

Reservoir

Number of samplers
June, 2011- high flow
season, sediments – 0 and
15sm

Lakatnik
and
Svrazhen

September, 2011-low
flow season, sediments –
0 and 15 sm

Studied microorganisms
AH and AnH
Endo bacteria
SR bacteria
g.Pseudomonas
g.Acinetobacter

Culture media
Nutrient agar
Endo agar
Baerik media
GSP agar
DCCA

AH - aerobic heterotrophic, AnH - anaerobic heterotrophic microorganisms, SR - sulfate-reducing bacteria,
GSP – glutamate starch Pseudomonas, DCCA – N,N - Dicyclohexylcarbodimide

The results were processed according to the rules of routine hydro biological practice and
presented in diagram form in this paper. Experiments were carried in specialized laboratory of water
and sediment testing at the Department of General and Applied Hydrobiology of the Faculty of
Biology, Sofia University" St. Kliment Ohridski ".
RESULTS AND DISCUSSION
Studied groups of microorganisms are key players in the implementation of specific ecosystem
response to pollution in the sediments.
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Fig. 1. Quantity of aerobic heterotrophic (AH) in the sediments of the dam Lakatnik and Svrazhen in two studied months
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The obtained results showed that in dam Lakatnik АH are more during the two months on 15
sm. In Svrazhen dam, these microorganisms are in the greatest amount of surface sediments in June.
Changes in the density of heterotrophic microorganisms in both tested depths are less. For the two
dams and two months of 15 sm, АН are about 13 ln CFU / g. This stability in the amount of
microorganisms revealed sustainable conditions in sediments and mild changes in organic loading in
both seasons.
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Fig. 2. Quantity of Endo bacteria in the sediments of the dam Lakatnik and Svrazhen in two studied months

For Endo bacteria, as well as aerobic heterotrophic stability and repeatability of results is
observed at 15 sm for both small dam. For both dams in depth coliforms are more in June, while they
are more on the surface in September. Most Endo bacteria in September of 0 sm is probably due to
less water in the river and their concentration on the surface of sediments. High waters in June, leading
to larger dilution and created unfavorable conditions for attachment of microorganisms to surface
sediments.

Lakatnik 0 sm

Lakatnik 0 sm

Lakatnik 15 sm
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Fig. 3. Quantity of bacteria from g. Pseudomonas и g. Acinetobacter in the sediments of the dam Lakatnik and
Svrazhen in two studied months

For dam Lakatnik amount of bacteria from g. Pseudomonas and g. Acinetobacter is more, in
September - 2011 for both depths. For dam Svrazhen has been established the opposite - both
microorganisms are more in June. For now dam Lakatnik is the first mini hydroelectric power plant
from „Middle Iskar" cascade. It accumulates largest quantities trivial and toxic pollutants in sediments.
The low flow seasons, in September, leading to greater concentration of pollutants, and hence a larger
number bacteria of g. Pseudomonas and g. Acinetobacter in the sediments. Retaining much of the
contaminated sediments in Lakatnik, leads to reduction of the pollutants and microorganisms in the
next dam - Svrazhen. There is a little difference in the amount of bacteria Pseudomonas and
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Acinetobacter in June for two dam. G. Pseudomonas is smaller quantities than g. Acinetobacter,
but generally these organisms change their density much less in June.
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Fig. 4. Quantity of anaerobic heterotrophic (AnH) and sulfate-reducing bacteria (SR) in the sediments of the dam Lakatnik
and Svrazhen in two studied months

Anaerobic heterotrophic in two mini-dams are more in June, at 15 sm depth. This was
expected given that in depth redox potential is lower. Here, as in bacteria Pseudomonas and
Acinetobacter is observed repeatability of results for the two dams in June.
The amount of sulfate-reducing bacteria varied significantly at different depths and during
different seasons. You could say that their density in both reservoirs is sufficient to conducted
intensive processes of sulfate-reduction, which in future will be studied in details.
CONCLUSION
The results demonstrate the presence of abundant microbial consortium in the sediments of
both functional mini hydroelectric power plants. Microorganisms showed - better stability at a depth
of 15 sm and to the season - in June. This is explained by the relatively constant conditions in depth as
well as with - high mechanical strength of the water during high flow season. Most water in the river
could lead to removal of sediment and uniformity of the microorganisms in the two dams. These data
indicate the need for study of the sediments at larger depths. The results put the beginning of a
package of information data, important to develop a strategy for management of the self-purification
and treatment of water and sediments in the region of the cascade. They are indicative of how the
analysis of the key biological factor can focus on building active, management eco – strategy.
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ABSTRACT
First breeding of the reintroduced Griffon vultures in Kresna gorge were presented. After the
continuous import and releasing of birds in the area, a group with variable size inhabits the area throughout the
year. The vultures were constantly monitored on the feeding site and along the favorable for nesting and
roosting sites. During the observations first hatching of egg in 2010 and first young bird in 2011 were
documented. Details on the breeding process were presented and recommendations for the future activities were
made.

INTRODUCTION
The Eurasian griffon vulture (Gyps fulvus) was widely distributed in Bulgaria and the Balkans
until the mid XX century [1, 3] . During the next decades its range widely decreased as a result of
different negative factors. The strongest impact on the populations had persecution of birds of prey,
using of poison baits against predators (wolf and bear) and strong decrease of sheep farming in the
country combined with decrease of wild grazing mammals. In the southwest Bulgaria the last
breeding pairs were documented in 1950’s and the last birds were observed in 1970’s [2].
In order to restore the species status in the region, the Fund for wild flora and fauna (FWFF)
began reintroduction activities in Kresna gorge in partnership with Faculty of biology, University of
Sofia, Pirin National park and GREFA foundation. Acclimatization aviary was build with closely
situated fenced feeding site. In February 2010 a group of 26 Griffon vultures (wild and rehabilitated in
GREFA recuperation centre) were imported from Spain. On 20 February, the aviary was partly
destroyed by the wind and 15 birds escaped. The next releases of vultures were controlled by the
project experts and were related with weather conditions, age and condition of the birds. First results
were published in a previous paper [2]. As a first success, group of birds with variable numbers was
formed in the area
MATERIALS AND METHODS
After constant monitoring activities in the area a considerable amount of data about number of
birds, seasonal dynamics and most favorable sites for feeding and roosting was gathered. We
monitored the condition of the flock and the fluctuations of vultures’ presence in the area.
The monitoring activities include parallel point and track observations, using of camera traps
and photo identification. The released birds were tagged with rings and wing marks in order to assist
their identification in the field (pic.1).
Pic.1 Marking of vultures with rings and wing
marks before releasing
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During the observations we used spotting scope Nikon 30x60 and field binoculars Nikon
10x50, Olympus 10x50 and Minox 10x40. Close observations and photographing of birds were made
by using of artificial hide, constructed near the feeding platform.
We also used information, concerning birds’ presence in the area from local people, mainly
sheppards and hunters.
RESULTS AND DISCUSSION
After the first release of birds, three or four birds demonstrated nesting behavior. Flying
displays, copulations and nest building were observed for one of the pairs. As published in previous
paper [2] and egg was hatched around first days of May, but incubation probably stopped around 20th
of May. In June 2010 the adult male from the pair was poisoned. Female was observed to select a new
partner and the newly formed couple occupied the same nesting niche and began nest building from
December 5th 2010. Copulations were observed 14 times from 5-th of December 2010 to 18-th of
February 2011. Breeding behavior – nest building and copulations intensified in February and
especially between 14.00 and 16.30 h. in sunny days with warmer weather.
An egg was laid on 20-th of February 2011. The selected cliff is about 50 meters high facing
south at altitude of 500 m.a.s.l. The nest niche is at the upper 1/3 of the cliff, facing southwest. The
niche was used for nesting by golden eagle (Aquila chrysaetos) in the past. Just nearby (10 to 15
meters away) is the most used roosting place for most of the released Griffon Vultures in Kresna
Gorge and most of the exogenous birds that are joining the group.
After successful incubation, a Griffon Vulture chick hatched on 18-th of April 2011 – the first
of the new history of the species for last 50-60 years.
We managed to collect limited number of pictures of the young bird because of the very long
distance and height of the nesting niche (pic.2). The presented picture shows the young bird in
advanced stage of development, close to the moment of eventual leaving of the nest.

Pic.2 The young Griffon vulture (left) and one of the
adult birds (right) in the nesting niche

Unfortunately the chick disappeared from the nest around 20-th of June 2011, when was about
60 days old. In that time just for a week the adults started to leave it alone in the nest during the day.
We did not found the reason for disappearing of the juvenile bird, but the adults were alive and seen
around the nest for some ten days more and after that they left the area. Probably the breeding was
compromised by the golden eagle presence in the area, which often caused panic behavior among
vultures (personal unpublished data). We also suspect an eventual human intervention but now
evidences were collected. Other possible reason could be a possible infection of the young bird, but
access to the nesting niche could be provided to confirm that theory.
Despite the loss of the first young bird from Kresna, we think that the first nesting is a
valuable sign for the success of reintroduction activities in the area and expect the forming of new
colony of Griffon vultures in the near future. The main efforts should be concentrated on supporting
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and enlarging the existing group of birds in the area. That task could be achieved trough continuous
import and acclimatization of vultures and intensive artificial feeding. After the group reaches
stability, more pairs could be expected to start breeding.
In addition the presence and nesting of Griffon vultures could attract other endangered
scavenging birds. Such results were already confirmed in Eastern Balkan mountains (Kotel), where
after FWFF reintroduction activities the Egyptian vulture (Neophron percnopterus), listed as
“vulnerable” by IUCN, was observed in the area after almost 50 years of absence [5, 6]. We expect
that the newly formed colony in Kresna gorge will be the start on species restoration in Southwest
Bulgaria after the continuation of reintroduction activities in Zemen gorge and other related area. The
reintroduction activities in that aspect could be used as a strong instrument for supporting of the
regional and national biodiversity.
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Abstract: The study investigated the effect of oil polluted soil on certain plant growth parameters and
photosynthesis in tomato plants Lycopersicum esculentum Mill (cv. Trapezica). The soil samples were collected
from a region of Ilienci (Sofia) where Lukoil Bulgaria has an oil base. The samples were collected from 0 - 20
cm of the topsoil and were mixed with soil contained 10 % turf. The control plants grew in soil without oil. All
the plants were grown for 75 days at controlled conditions. For the growth parameters shoot and root length,
shoot and root weight, FW and DW the mean of values were higher for control and decreased for tomato plants
in polluted soil. The presented data show that the oil contamination caused a significant reduction in the number
of leaves and in the leaf area. With decreasing growth, a reduction in chlorophyll contents and consequently, a
reduction in photosynthetic rate were observed, too. We hope that this study would be useful in developing
means of overcoming these effects in the field practice.

INTRODUCTION
Oil industries play a major role in the economics of oil producing countries. Spills occur at all
stages of production, transportation and handling of the products. This could be a result of pipeline
rupture accidents and dumping of waste oil. Contamination of soil by crude oil spills is a wide spread
environmental problem. Changes in soil properties due to contamination with oil substances can lead
to water and oxygen deficits as well as to shortage of available forms of nitrogen and phosphorus [22].
Contamination of the soil environment can also limit its protective function, upset metabolic activity,
reduce fertility and negatively influence plant production [14, 23, 24].
Oil spills pose a serious risk to the health of wetland system throughout the world. Oil
derivatives on agriculture land generally reduce plant growth [18]. Oil pollution of soils has been
reported to affect physiological processes such as leaf initiation and leaf area expansions [7].
Hydrocarbon contamination may affect plants by retarding seed germination and reducing plant
height, stem density, photosynthetic rate, and biomass, or resulting in complete mortality [4, 5, 11, 13,
17, 19]. Furthermore, [2] had also reported that application of oil to soil does not only result in the
death of plants but also reduces their subsequent re-growth.
Oil in soil makes the soil condition unsatisfactory for plant growth [10], due to the reduction
in the level of available plant nutrient or a rise in toxic levels of certain elements such as iron and zinc
[21].
Tomato, is today one of the most popular garden vegetable in the world. The present study
was undertaken for the purpose of elucidating the effect of natural oil spills on growth and
photosynthesis of tomato plants in the hope that knowledge would be useful in developing means of
overcoming these effects in the field practice.
MATERIALS AND METHODS
Sample collection and plant growth
The soil samples used for this study were collected from a region of Ilienci (Sofia) where
Lukoil Bulgaria has an oil base. The samples were collected from 0 - 20 cm of the topsoil and
transported in clean plastic buckets. To prepare the soil samples for oil pollution 400 g of
contaminated soil was properly mixed with 100 g soil contained 10% turf.
Seeds of Lycopersicum esculentum Mill (cv. Trapezica) were soaked for 10 min in tap water
and then were sowed in 0.5 cm depth, 7 seeds per pot. The tomato plants were divided into two
groups: a) control plants grown in soil contained 10 % turf); b) plants grown in contaminated with oil
derivatives soils.
The plants were cultivated at controlled conditions: relative air humidity – 65%, 25/16°C
day/night temperature, 16/8h photoperiod and 250 µmol m-2s-1 light intensity and were grown for 75
days.
МЛАДЕЖКА НАУЧНА КОНФЕРЕНЦИЯ
“КЛИМЕНТОВИ ДНИ”
22-23, ноември 2011

107

Determination of the actual leaf area was done by electronic leaf area meter (NEO-2, TU,
Sofia, Bulgaria).
Chlorophyll content was determined according to [6].
Gas exchange measurements were performed using a portable photosynthesis system LI 6000
at 830 μmol m-2s-1 PAR.
Statistical analysis
The experiments were repeated three times, with three replications. Values are the means of 9
determinations ± the standard deviation (SD).
RESULTS AND DISCUSSION:
Pollution of the soil with oil derivatives is often observed in municipal soils. Processing and
distribution of petroleum hydrocarbons as well as the use of petroleum products leads to
contamination of soil. This contamination of the soil environment limits its protective function,
unfavourably affect its chemical characteristics, reduce fertility and negatively influence plant
production [23, 24].
Crude oil contamination affected the growth indices of the plant negatively shown by reduced
biomass, plant height and leaf area (Table 1 and Table 2). This was expected as it is already
documented in the literature [3, 8, 12]. The effects however vary with individual plant species and
their physiological responses to contaminants.
The general appearance of plants and changes in their main biometric parameters are the first
sources suggestive of physiological changes in stress conditions. In plants grown on contaminated soil
was observed antocianin colored leaves and leaf stalks, shortened internodes, except that in the initial
stages of development observed changes in chlorotic young leaves. The leaves grown on contaminated
soils drew premature aging and shedding.
The data presented in Table 1 show that crude oil contamination caused a significant reduction
in the weight of both shoots and roots (more than 80 %) in respect to the control plants. The negative
effect on the lengths of observed organs was no so significant.
Table 1: Effect of oil spill on the growth parameters of tomato plants 75 days after sowing

variant

Shoot length
(cm)

Root length
(cm)

Shoot weight
(g)

Root weight
(g)

Fresh weight
(g)

Dry weight
(g)

control plants

14.667±0.578

29.333±6.429

1.474±0.329

2.230±0.265

7.196±1.49

0.993±0.202

treated plants

7.833±2.021

15±8.66

0.257±0.151

0.293±0.276

1.013±0.336

0.156±0.054

Means of 3 experiments ± SD

The reduction in the growth characters of tomato plants exposed to oil could be due to a
reduction in carbon fixation consequent upon oxygen tension. Schwendinger [20] noted that a large
amount of oil in soil damages plants not mainly from toxic effects, but from the formation of
anaerobic and hydrophobic condition that interfere soil-plant-water relationships. Plant nutrition is
based not only on the presence of mineral elements but their availability [9]. Crude oil spills affect
plants adversely by creating conditions which make essential nutrients like nitrogen and oxygen
needed for plant growth unavailable to them. Adam and Duncan [1] reported that this effect could be
due to the oil which acts as a physical barrier preventing or reducing access of the seeds to water and
oxygen.
Oil pollution of soil has been reported to affect physiological processes such as leaf initiation
and leaf area expansion [7]. The presented data confirm this statement (Table 2). The oil
contamination affected the leaf area of the test plant reducing it significantly ( 22 % in respect to the
control). There was a reduction in the number of leaves, too.
Table 2: Effect of oil spill on certain leaf parameters 75 days after sowing

Variant

Leaf area

control plants

129.1±40.661

Leaf weight
(g)
3.5223±1.161

treated plants

28.233±16.81

0.467±0.301

Number of leaves per
plant
9±0
6.333±1.528

Means of 3 experiments ± SD
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Photosynthesis is the major determinant of growth and productivity. The observed reduction
in the biomass of plants could be due to the disruption in the plant photosynthetic rate and hence its
rate of dry matter accumulation. According to [16] the leaf surface area determines in large part the
amount of carbon gained through photosynthesis. Therefore the reduction of the leaf area as was
observed in this study implies that there would be low a photosynthetic efficiency of the plant as much
as solar energy emitted by sun would not be absorbed by plant for photosynthesis (Table 2).
The basic raw for photosynthetic process are the chlorophylls a and b which absorb the solar
energy. The amount of chlorophyll is positively correlated to the primary productivity of plants. With
decreasing growth, a reduction in chlorophylls contents and consequently, a reduction in
photosynthetic rate observed (Table 3).
Table 3: Effect of oil spill on chlorophyll content and photosynthesis 75 days after sowing

Variant

Chl a
(mg/gFW)

Chl b
(mg/gFW)

Chl (a+b)
(mg/gFW)

Photosynthesis
(μmol CO2/ m2 s)

control plants
treated plants

3.82±0.01
2.91±0.00

1.37±0.01
0.9±80.02

5.19±0.02
3.88±0.02

47.7±0.312
25.28±0.278

Means of 3 experiments ± SD

Relative to control the treated plants exhibited lower chlorophyll (a+b) content 75 days after
sowing. The average decrease in this parameter was approximately 75 % of the control. The decrease
of chlorophyll a was about 76 % and of chlorophyll b – 66 % in respect to the control.
In sumamary, we have shown that oil spill from a region of Ilienci has a significant phytotoxic
effect on tomato plants. This negative effect results in decrease growth of plants and in significant
reduction in the photosynthetic rate. We hope that this study would be useful in developing means of
overcoming these effects in the field practice.
Acknowledgements: Funding of this research was provided by the National Science Fund of Bulgaria under contract no
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ABSTRACT
Tripeptidyl peptidase I (TPPI; EC 3.4.14.9) is a lysosomal serine protease cleaving off tripeptides from
the free amino-terminal of oligo- and polypeptides. Genetically determined deficiency of the enzyme leads to the
development of an inherited neurodegenerative disease - late infantile neuronal ceroid lipofuscinosis (LINCL),
connected with mental retardation, disturbances in the motor activity, seizures, progressive visual loss and early
death at puberty. A novel highly specific TPPI fluorogenic substrate – Tyr-Nle-Nle-4-hydrazido-N-hexyl-1,8naphthalimide was synthesized and tested for the enzyme activity localization in tissue sections from different
parts of rat brains in comparison to the already introduced substrate Ala-Ala-Phe-4-hydrazido-N-hexyl-1,8naphthalimide. The application of both substrates gave similar results - a high enzyme activity in cortical
neurons of cerebrum, in Purkinje cells in cerebellum and in the neurons of cerebral nuclei of hypoglossal nerve
in medulla oblongata. The enzyme activity was visualized at the lack of background noise. Thus, the newly
synthesized TPPI substrate equals to the already known substrates for the in situ imaging of the enzyme, but it
has the advantage of not being hydrolyzed by any other protease. This highly selective substrate can find
numerous applications for the diagnosis of LINCL as well as for the studies of neurodegenerative or other
diseases for which TPPI is a marker enzyme.

INTRODUCTION
Tripeptidyl peptidase I (TPPI; EC 3.4.14.9) is a lysosomal serine protease cleaving off
tripeptides from the free amino-terminal of oligo- and polypeptides at low pH values (pH optimum 44.5). The enzyme is encoded by CLN2 gene [5], mutations in which cause the inherited
neurodegenerative disease late infantile neuronal ceroid lipofuscinosis (LINCL), connected with a
profound loss of neurons in the central nervous system (CNS). Clinical symptoms of LINCL are such
as successive mental retardation, disturbances in the motor activity, seizures, progressive visual loss
and early death at puberty [8]. Presently, the diagnosis of LINCL relies on biochemical analyses of
TPPI activity levels in cell lysates of cultivated skin fibroblasts using the substrate Ala-Ala-Phemethylcoumarylamide [6]. Obviously, a specific TPPI substrate suitable for the in situ imaging of the
enzyme would make much more easily both the diagnosis of the disease and its studies in animal
models.
Recently, we synthesized a fluorogenic histochemical TPPI substrate – Ala-Ala-Phe-4hydrazido-N-hexyl-1,8-naphthalimide (Ala-Ala-Phe-HHNI) that proved to be successful for the
visualization of the enzyme in tissue sections of different rat organs [2]. On the other hand, the more
recent analyses of TPPI specificity performed by Tian et al. have shown that the enzyme possesses the
unique ability to hydrolyze tripeptides with the nonproteinogenic amino acid norleucine at P1 and P2
positions [7]. This finding opens new possibilities for the synthesis of highly specific TPPI substrates
to be used for the in situ enzyme studies.
The aim of the present paper is to develop a novel highly specific TPPI substrate – Tyr-NleNle-4-hydrazido-N-hexyl-1,8-naphthalimide (Tyr-Nle-Nle-HHNI) and to test its applicability for the
enzyme localization in tissue sections from different parts of rat brains in comparison to the already
introduced substrate Ala-Ala-Phe-HHNI.
MATERIALS AND METHODS
TPPI substrates Ala-Ala-Phe-HHNI was synthesized as described before [2]. The precise
conditions for the synthesis of Tyr-Nle-Nle-HHNI as well as purification and NMR analyses of this
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substrate will soon be published elsewhere. TPPI specific inhibitor Ala-Ala-Phe-chloromethyl ketone
(Ala-Ala-Phe-CH2Cl) was purchased from Bachem (Switzerland). All the other chemicals were from
Sigma-Aldrich (FRG).
Tissue treatment and incubation media.
Adult Wistar rats (4-5 month-old) of both sexes were decapitated under deep anesthesia.
Cerebrum, cerebellum and medulla oblongata were extracted and fixed in 4 % formaldehyde in 0.1 M
phosphate buffer, pH 7.0 for 20 hours at 4˚C. Then, the brain parts were washed in Holt’s solution (30
% sucrose, 1 % gum arabic) for two days at 4˚C (7-8 changes of the washing solution). After that, they
were frozen in liquid nitrogen and serial sections (10 μm) from cerebral cortex, cerebellar cortex and
medulla oblongata at the level of hypoglossal nerve were prepared on cruocut Reichert-Jung (FRG) at
-28˚C. The sections were mounted on gelatinized glass slides and covered by cold 1 % celloidin (in
acetone / abs. ethanol / diethyl ether 4:3:3) for a minute just prior incubation. All the samples were
incubated in substrate solutions consisting of 0.5 mM substrate (Ala-Ala-Phe-HHNI or Tyr-Nle-NleHHNI) and 3.3 mM piperonal in 0.1 M sodium acetate buffer, pH 4.5 for 20 hours at 37˚C. Then, the
sections were post-fixed in 4 % neutral formalin and embedded in glycerol/jelly.
Control sections were pre-incubated in 1μM inhibitor Ala-Ala-Phe-CH2Cl in 0.1 M acetate
buffer, pH 4.5 for 40 min at room temperature. Then, they were transferred to a full substrate medium,
supplied with 1μM of the same inhibitor, incubated for 18-20 hours and treated as above.
The enzyme reaction in the sections was studied under the fluorescent microscope OPTON
35M (FRG) using green light excitation (λ = 520-580 nm).
RESULTS AND DISCUSSION
The principle of TPPI activity visualization using the newly synthesized substrate Tyr-NleNle-HHNI is presented in Fig. 1. The enzyme cleaves off the hydrazide bond at the carboxyl group of
Nle at P1 position thus releasing 4-hydrazino-N-hexyl-1,8-naphthalimide. This compound has a
fluorescence of a very low intensity upon excitation by a blue light (λ = 420-480 nm). It reacts
immediately with the aromatic aldehyde piperonal to form highly fluorescent hydrazone with spectral
characteristics, different from those of the HHNI. This hydrazone precipitates on the sites of enzyme
activity and marks them by a highly intensive red-orange fluorescence.

Fig. 1. Histochemical principle for the visualization of TPPI activity using the newly synthesized substrate Tyr-Nle-NleHHNI

Immunohistochemical studies of TPPI expression in human and laboratory animal brains
show that the enzyme is abundant in all investigated neuronal types as well as in many types of glial
cells [3, 4]. Any lack or decrease of TPPI activity leads to a coupling of non-degraded autofluorescent
material in the CNS lysosomes causing a profound loss of neurons and the onset of LINCL disease.
Our own studies using non-fluorescent enzyme histochemical substrates also show a high enzyme
activity in brain neurons and glia [1] of normal rats. No fluorescent analyses of TPPI activity
localization in brain have been performed thus far. In the present study we investigate the enzyme
locations using two substrates – the already developed Ala-Ala-Phe-HHNI and the newly synthesized
Tyr-Nle-Nle-HHNI. The application of both substrates gave similar results, i.e. a high enzyme activity
in cortical neurons of cerebrum (Fig. 2), in Purkinje cells in cerebellum (Fig. 3a) and in the neurons of
cerebral nuclei of hypoglossal nerve in medulla oblongata (Fig. 3b). The enzyme activity was
visualized by a granular fluorescent product (corresponding to the lysosomal enzyme localization) at
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the lack of background noise. The inhibitor controls did not show any non-specific fluorescent
precipitates. Surprisingly, TPPI activity imaging was similarly slow (about 20 hours incubation) using
both substrates – the one with only proteinogenic amino acids and the other – containing the
nonproteinogenic amino acid Nle at P1 and P2 positions. Thus, both substrates could be used for the
enzyme studies in the CNS of laboratory rats with equal results.

Fig. 2. TPPI activity in the rat cortical neurons using the substrates Ala-Ala-Phe-HHNI (a) and Tyr-Nle-Nle-HHNI
(b). Originally 400 X

Fig. 3. TPPI activity in Purkinje cells in the cerebellum (a) (GL – granular cells layer) and in the neurons of the cerebral
nuclei of hypoglossal nerve (b). Originally 400 X

Our preliminary attempts to use the above substrates at pH values in the neutral area (pH 77.4) have shown that neither Ala-Ala-Phe-HHNI nor Tyr-Nle-Nle-HHNI could be hydrolyzed by any
other protease in the CNS (unpublished results). This result is in agreement with the well known fact
that no other enzyme could replace TPPI action in the CNS. On the other hand, in some visceral
organs (kidney, spleen) we noticed Ala-Ala-Phe-based substrate degradation in neutral medium to
show that in periphery other proteases exist, which could take TPPI functions (unpublished data). This
finding also complies with the lack of LINCL-connected pathology in visceral organs. Using of TyrNle-Nle-HHNI substrate in neutral conditions however, has not produced any fluorescent precipitates
to prove that this substrate is highly specific for TPPI.
In conclusion, here we present a newly synthesized highly specific TPPI substrate – Tyr-NleNle-HHNI, which equals to the already known enzyme substrates for the in situ imaging of the
enzyme. It can find numerous applications for the diagnosis of LINCL as well as for the studies of
other neurodegenerative or other diseases for which TPPI is a marker enzyme.
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