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Foreword 
 
 
 
Dear Colleagues 
 
 
 It is my distinct pleasure to welcome you to the 6th Conference of the Serbian 
Biochemical Society, entitled "Biochemistry and Interdisciplinarity: Transcending the 
Limits of Field". It is an honor for me to be selected as the Editor of Proceedings of the 
Conference. I am grateful to the Steering Committee of Serbian Biochemical Society for 
giving me this opportunity to shape the premiere forum in biochemistry in the region. We 
have been tremendously fortunate to have Mihajlo B. Spasić as the first Editor. He 
nurtured this Conference (and Society) through its re-starting years as it grew in quality 
and relevance. Clearly, following in his footsteps is a challenge. 
 
 We have invited Djuro Josić from the University of Rijeka and eight experts from 
four major universities in Serbia to give lectures at the 6th Conference. The visit of our dear 
colleague from Croatia is a part of an initiative for closer collaboration within FEBS3+ 
(Croatia, Hungary, Slovenia, and Serbia) Meeting Programme that was established by 
FEBS in 2010. We have also invited students at the final years of PhD studies to present 
their work in our Proceedings as Abstracts. Official languages at the Conference will be 
Serbian, Croatian, and English. 
 
 I would like to express my gratitude to the members of the Scientific Board who 
suggested lecturers and to all respected colleagues who accepted the invitation. 
 
 
 
 

Editor of the Proceedings 
Ivan Spasojević 

 



�
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It has been reported that treatment of C6 cells with herbal compounds, saicosaponins or 
aloe emodin (AE) induced their commitment to astrocytic lineage 67,68. Saicosaponins are 
triterpenoid compounds isolated from Bupleurum species. AE is an herbal antraquinone 
isolated from roots, barks and leaves of numerous plants used in Chinese traditional 
medicine. Morphological transformation under AE treatment was followed by increased 
expression of GFAP caused by inhibition of ERK1/2. Moreover, it was possible to mimic 
this effect by PD98059, specific ERK inhibitor, confirming once more the relevance of 
MAP kinase signalling pathway in differentiation of C6 glioma. On the other hand, 
treatment of C6 cells with HIV protease inhibitor saquinavir modified by covalent 
attachment of nitric oxide moiety (Saq-NO) forced them to oligodendrocytic lineage 
(Scheme 3) 53. Even after short exposure to Saq-NO cells permanently obtained low 
proliferating phenotype with up-regulated expression of membrane galactocerebroside as a 
marker of mature oligodendrocytes. Differentiation of glioma cells in this circumstance 
was mediated by up-regulated expression of p53 and concordant with previously described 
role of this molecule in neuronal tissue cell maturation.  

Melanoma cell differentiation 

The incidence of melanoma in Europe is rapidly growing and is generally higher in women 
than in men. Also, the highest incidence was noted in Northern and North-Western 
countries. While primary melanoma are curable by surgical excision, metastatic melanoma 
is almost resistant to conventional therapy 69-71. Negligible benefit of currently available 
treatments and high general toxicity indicates the need for novel strategies that are able to 
overcome chemoresistance. A promising approach involves the application of agents that 
can promote the maturation of pluripotent subpopulation in primary tumour as well as 
metastatic foci. Differentiation-based therapy was created on the assumption that specific 
melanoma cells exhibited abnormal pattern of differentiation opening the possibility that 
through reprogramming of cancer cells these agents are able to abrogate the proliferative 
rate and promote the maturation toward adult phenotype. Experiments done at the end of 
last century revealed that treatment of human melanoma with INF- and antileukemic 
compound mezerein triggered the maturation of melanoma phenotype expressed through 
altered morphology, different panel of antigens and upregulated melanogenesis 72.
Unfortunately, differentiation triggered by many experimental agents resulted in just 
transitory change of melanoma phenotype conditioned by the presence of the therapeutic. 
Various agents, either physiological or pharmacological, possess the potential to reprogram 
malignant cells. Some of them are naturally occurring compounds such as saicosaponins, 
anthraquinone, and flavonoids, while the others are synthetic and even chemotherapeutic 
drugs 52,73,74. We and others revealed that mouse melanoma B16 cell line is able to 
transform to phenotype resembling primary melanocyte. As differentiation-inducing agents 
we used different compounds isolated from plants like AE or isoxanthohumol (IXN) 
(Scheme 3) 52,75. Exposure of cells to AE was followed with the loss of proliferative 
properties accompanied with the appearances of dendritic-like prolongation. 
Biochemically, increased activity of tyrosinase, an enzyme crucial for melanin synthesis, 
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discover new targetable biomarkers for neuroendocrine lung carcionoids and enable the 
development of heteromer-receptor-selective drugs or dual drugs able to interact 
simultaneously with both units of a tumour-specific receptor heteromer. A new and more 
effective targeted therapy might be useful for the prevention of the problematic systemic 
metastasis in neuroendocrine lung tumours.  

Figure 3. A2AR-D2R heteromers (red) detected by proximity ligation assay in TC samples. 

Figure 4. A2AR-D2R heteromers (red) detected by proximity ligation assay in AC samples. 
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accumulation of long-living lymphocytes in the lymph nodes, bone marrow, spleen and 
other organs 1. This type of leukemia is a disease of B lymphocytes in the current 
classification of hematological malignancies by World Health Organization. A disease that 
was formerly known as T-CLL, is now classified as T-Prolymphocytic leukemia 2. CLL 
develops due to oncogenic transformation and clonal expansion of a B lymphocytes 
subpopulation, which express surface antigens CD5, CD19 and CD23, and have a reduced 
expression of surface immunoglobulins IgM, IgD, and CD79b 1,3,4. These cells can be 
distinguished by the state of activation, the level of differentiation or cell subset 4.

Epidemiology, pathophysiology and treatment of chronic lymphocytic 
leukemia 

Each year in the United States 15000 new cases of CLL are diagnosed, and about 5000 
patients with CLL dies 5. The average number of patients newly diagnosed with CLL is 4.2 
per 100000 persons per year. The disease is more frequent in older people, so that the 
average number of new patients with CLL is more than 30 per 100,000 persons in the 
population of people older than 80 years. Median age at patients diagnosed with CLL is 
72-years and about 10% of patients are younger than 55 years 6. CLL is the most common 
type of leukemia in adults and about 27% of patients with leukemia are diagnosed CLL 5.
The exact reason for the occurrence of CLL is still unknown. CLL is an acquired disorder 
and familial incidence of the disease is extremely rare 7. There is no correlation between 
the occurrence of CLL and action of etiological agents such as ionizing radiation, chemical 
agents and viral infections 8. Leukemic cells that progressively accumulate in the blood do 
not cause the immediate symptoms of the disease. It has previously been considered that 
CLL arises due to a defective process of programmed cell death in leukemic cells, and not 
due to disturbances in the proliferation of cells 3. However, recent discoveries suggested 
there had been found proliferative niches in the bone marrow and lymph nodes, so CLL 
was actually a disease caused by the disproportion between the proliferation and apoptosis 
of CLL lymphocytes 9.
In the past ten years, it has been shown that the CLL was extremely heterogeneous disease 
4. The cells that occur in CLL are “frozen” in the process of differentiation of B 
cells. However, different genetic mutations occur in the CLL cells of vast majority of 
patients. A common abnormality is a deletion 13q, that occurs in more than 50% of 
patients. In patients who develop disorders associated with 13q14, usually occurs relatively 
benign form of the disease that is most commonly manifested as a stable or slowly 
progressive isolated lymphocytosis 10. In contrast, the patients who develop trisomy of 
chromosome 12, have a progressive illness characterized by atypical lymphocyte 
morphology. This genetic abnormality occurs in about 15% of patients 10.
Deletion of the short arm of chromosome 17 correlated with the rapid progression of the 
disease, brief remission and generally reduced patient survival. 17p13 deletions are 
associated with the loss of function of tumor suppressor genes TP53 and the possibility of 
changing the cells to enter apoptosis 10. Changing the function of the gene due to TP53 17p
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disease progresses and some serious symptoms appear. If the doctor estimates that the 
therapy is required, it is necessary to also consider other factors such as patient’s age, 
general health condition of the patient and the presence of some prognostic factors, such as 
deletions of chromosome 17 or 11, or a high expression level of ZAP-70 and CD38 20.
A large number of new substances for potential use in the treatment of chronic 
lymphocytic leukemia are now in the testing stage. Many of these substances target 
specific parts of cancer cells, while others have a nonspecific mechanism of action. Despite 
the fact that in recent years there has been progress in the treatment of CLL, common 
problems were still present. Thus, by applying the ibrutinib, inhibitor which covalently 
binds to the Bruton’s tyrosine kinase, despite the fact that there is a great response in a 
group of patients with refractory chronic lymphocytic leukemia, 5.3% of patients develop a 
progression of the disease 20. Therefore, it is necessary to find agents that will effectively 
treat chronic lymphocytic leukemia, and with fewer side effects. 
Propolis or bee glue, is a natural substance like wax that bees use to seal up cracks or 
honeycomb. At lower temperatures, propolis is soft and sticky, and at higher temperatures 
becomes firm and brittle. Its color varies from green to red-brown, depending on the plants 
that bees use to produce it, and geographical origin. So far, it has been found over 60 
species of plants from which bees collect propolis21. After some period of time, propolis 
becomes darker and loses its elasticity on the sunlight. It has a distinctive resinous odor 
and slight bitter taste 20,21.
Flavonoids include a wide range of plant pigments that can be found in fruits and 
vegetables. Until now, it has been discovered more than 4000 flavonoids that could be 
further divided into flavonols, flavones, flavanols, flavanones, anthocyanidins, and 
isoflavonoids (95-97, 100). Chrysin (5, 7-Dihydroxyflavone) belongs to the group of 
flavones. All flavonoids have a common chemical structure, and include fused 
rings A and C and in the phenyl ring linked to the carbon atom in the 2nd-position of a C
ring (Figure 1). Chrysin differs from other flavones by the presence of hydroxyl groups on 
the carbon atoms at positions 5 and 7 of A ring (Figure 1) 22.

Figure 1. Common chemical structure of flavones (left) and structural formula of chrysin (right) 22.

Chrysin can be found in propolis and plant extracts of Passiflora caerulea, Passiflora 
incarnata, Oroxylum indicum, Matricaria chamomilla and fungus Pleurotus ostreatus 22-

24. It was also considered as one of the key molecules responsible for the anticancer 
properties of propolis 24. Chrysin exhibited cytotoxic activity and reduced cell proliferation 
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Aging is a natural, complex, and multifactor biologic process. Many of the studies 
conducted on cultured human cells and animals have revealed that aging is associated 
with impairment of bioenergetics’ functions, increased oxidative stress, attenuated 
ability to respond to stresses, and increased risk of contracting cancers and age-
associated diseases 1. The free radical theory of aging 2,3, states that age-related 
degenerative processes are to a large extent the consequence of damage induced by 
free radicals. Several changes can be observed during aging, which include a reduced 
capacity to use oxygen along with impaired cardio-circulatory capacity and 
respiratory adaptation, deterioration of nervous system, and degeneration in muscle 
mass 4. Dietary fats in mammals provide essential fatty acids for membrane synthesis, 
protein modification as well as signaling compounds 5. High dietary polyunsaturated 
fatty acids series (n-3 PUFA) increased erythrocyte membrane susceptibility to 
peroxidation and lipids products in liver or kidney 6, as well as antioxidant enzyme 
activity in blood 7. Erythrocytes despite lacking mitochondria are target for free 
radical exposure, due to the auto-oxidation of hemoglobin under high oxygen 
pressure. Dietary fats greatly modify erythrocyte membrane composition affecting 
their susceptibility to oxidation 8. Fatty acids (FAs) phospholipids in blood or tissue 
could be biomarkers of pathological conditions or aging process.  

Introduction 
The phospholipid class, FAs composition and cholesterol content in biomembranes are 
basic determinants of the physical properties of membranes. They have been shown to 
influence a wide variety of membrane-dependent functions, such as membrane transport, 
enzyme activity and receptor function 9,10. Biological membranes are organized assemblies 
of lipids and proteins with small amount of carbohydrates. Membrane proteins carry out 
the dinamic processes associated with membrane 11.
Changes in phospholipid content is a major marker of atherosclerotic changes 12. Increased 
intake of the long-chain n–3 FAs, eicosapentaenoic acid (EPA), and docosahexaenoic acid 
(DHA) has been recommended by a variety of regulatory bodies to reduce population risk 
for coronary artery disease 13. The FAs profile of the serum phospholipid is related to the 
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average dietary FAs intake during the last 3 to 6 weeks, while the composition of 
erythrocyte phospholipids depends on the dietary fat intake during the preceding months 14. 
The FAs profile in tissues partly reflects not only the dietary fat intake, but also the 
efficiency of FAs metabolism in the body 15. Although mammals are able to synthesize 
saturated FAs from nonfat precursors and unsaturated fatty acids of the n–9 and n–7 series, 
they lack the Δ12 and Δ15 desaturase enzymes (found in most plants) for insertion of a 
double bond at the n–6 or n–3 position. Thus mammalian cells cannot synthesize n–6 or n–
3 PUFAs de novo. The commonly consumed PUFAs are linoleic acid (LA) (18:2, n–6) and 
α-linolenic acid (ALA; 18:3, n–3). Once consumed, these FAs can be converted to longer 
chain, more unsaturated derivatives 9. LA is converted via γ-linolenic (18:3, n–6) and 
dihomo-γ-linolenic (20:3, n–6) acids to arachidonic acid (AA; 20:4, n–6). ALA is 
converted to EPA (20:5, n–3) and DPA (22:5, n–3). EPA and DHA are termed long chain 
n–3 PUFAs. These FAs are found in oily fish and the preparations known as fish oil 16. 
They are involved in regulation of lipid metabolism and processes involved in lipid 
transport and targeting to tissues 17. They are components of membranes of all cells, 
contributing to the fluidity of the membrane and this is believed to play a role in regulation 
of activity of membrane proteins. Also PUFAs are substrates for the synthesis of bioactive 
molecules such as prostaglandins (PG), thromboxanes (TX) and leukotrienes (LT) 18. 
Eicosanoids formed from the n–3 FA are much less potent in causing biological responses, 
including stimulation of cytokine production and inflammatory reactions than those 
formed from the n–6 series 10. The immune and inflammatory cells contain many 
transcription factors including NF kappa B, which regulates the synthesis of cytokines 
interleukin 1 (IL-1), interleukin 2 (IL2), interleukin 6 (IL-6), tumor necrosis factor- α 
(TNF-α) and interferon-β. EPA reduces the production of pro-inflammatory IL-1 and IL-6 
as well as TNF-α and -β in response to an inflammatory stimulus 19. 
When fish oil is provided, EPA is incorporated into cell membrane phospholipids, partly at 
the expense of AA. There is less AA available for eicosanoid synthesis. EPA inhibits the 
oxidation of AA by cyclooxygenase. Fish oil decreases production of PG (e.g. PGE2), TX 
(e.g. TXA2) and LT (e.g. LTB4). PUFAs can potentially reduce platelet aggregation, blood 
clotting, smooth muscle contraction, and leukocyte chemotaxis, and can modulate 
inflamatory cytokine production and immune function 17. Fish oils which are rich in n–3 
PUFAs have been postulated to be beneficial in several disease states including 
atherosclerosis, hypertension and arthritis 18,19. The major n–3 FAs found in fish oil are 
EPA (20:5, n–3) and DHA (22:6, n–3). Fish oils have been shown to reduce hepatic 
lipogenesis and VLDL secretion and increase post-heparin plasma LPL activity. Fish oil 
rich in EPA and DHA inhibits production of PGE2, as well as lymphocyte proliferation 
and production of interferon-γ. Immune function could be improved by PUFAs, and 
among them an n–3 FAs from fish oil EPA possess the most potent immunomodulatory 
activities 20. An increasing number of clinical studies indicate that the consumption of 
ALA has beneficial effects on human health, particularly on cardiovascular diseases. ALA 
consumption has been related to protective effects against cardiac death and nonfatal 
myocardial infarction in prospective and intervention trials 21. The proportion of saturated 
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polyacrylamide gels stained with ethidium bromide. The interpretation of results was 
performed according to the size of obtained restriction fragments (Table 1).

Table 1. Primer sequences, annealing temperatures, restriction enzymes and size of fragments 
generated by FokI, BsmI and ApaI SNPs 

SNP 
(rs number) 

Primers 
Annealing t 

[°C]
Restriction 

endonuclease

Restriction 
fragments

[bp] 

FokI 
rs2228570 

F: 5’-AGCTGGCCCTGGCACTG
ACTCTGCGTCT-3’ 
R: 5'-ATGGAAACACCTTGCTT
CTTCTCCCTC-3' 

60 FokI 
FF  – 265 
Ff   – 265, 196, 69 
ff    – 196, 69 

BsmI
rs1544410 

F:5’-GGACCTGTGGCAACCA 
AGACT-3’ 
R: 5’-CCCGCAAGAAACCTCA
AATA-3’ 

60 BsmI 
(Mva1269I) 

bb  –  654, 76 
Bb  – 730, 654, 76 
BB – 730 

ApaI
rs7975232 

F: 5’-CAGAGCATGGACAGGG
AGCAA-3’ 
R: 5’-GAGACCTCAGCCATGA
GGAGTTGC-3’ 

64 ApaI 

aa– 515, 225 
Aa  – 740, 515, 
225 
AA– 740 

Statistical analysis. The allele and genotype frequencies, determined in patients and 
healthy controls, were compared with the values predicted by the Hardy-Weinberg 
equilibrium using the chi-squared (χ2) test. Differences in genotype and allele frequencies 
between patients and controls were tested using χ2 test or two-tailed Fisher’s test when the 
number of expected cases was small. The differences were considered significant at p < 
0.05. Genetic risks were assessed by calculating odds ratios (OR) with 95% confidence 
intervals (95% CI). Linkage disequilibrium (LD) was calculated using Haploview 4.2 
software package 11.

Results 

The genotype frequency distributions for all studied SNPs are summarized in Table 2. 
Statistically significant difference was observed in the genotype distribution between 
healthy controls and BA patients (p = 0.008), IBD patients (p < 0.001), as well as the 
mixed inflammatory diseases (BA + IBD + RA) group (p = 0.001). No significant 
differences were found in the genotype frequencies when BsmI and ApaI genotypes of 
patients with BA, IBD, RA or mixed inflammatory diseases group (BA + IBD + RA) and 
healthy controls were compared. 
Similar results were obtained by the analysis of allele frequencies distribution (Table 3). 
The allele frequency distributions of the FokI SNP were significantly different between 
patients with BA (p = 0.002), IBD (p = 0.001) and RA (p = 0.041), as well as in the mixed 
inflammatory diseases (BA + IBD + RA) group (p = 0.001), and healthy controls. 
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statistical significance compared to controls was found in Irish and Chinese Han 
populations with IBD 20,21.
The study by Maalej et al. showed significantly higher frequency of FF genotype in 
patients with RA compared to controls in French population 22. Similarly, F allele is more 
frequent in Tunisian RA patients, especially female, compared to controls 23. The meta-
analysis that included only three studies, which examined FokI SNP in RA, also showed an 
association of this polymorphism with RA 24. Stratified meta-analysis by the ethnicity 
revealed a significant association between F allele and RA in Europeans 25. However, 
studies by Ates et al. and Masi et al. did not reveal any association of FokI SNP with RA 
and juvenile idiopathic arthritis 26, 27. On the contrary, even there were no differences in the 
genotype distribution between RA patients and controls, our study showed significantly 
higher prevalence of F allele in healthy subjects compared to the patients with RA, 
suggesting a protective effect of this allele with 1.8 fold lower risk for the RA 
development. 
Contradictory results obtained in the previous studies could partially be the result of 
different ethnic origin of the subjects involved in these studies. Furthermore, higher 
prevalence of homozygous FF genotype in the healthy population could be a result of 
evolutionary adaptation in the human population. This could also be due to the fact that 
shorter VDR protein (424 amino acids), synthesised in the presence of FF genotype, have 
1.7-fold higher activity compared to the protein synthesised in the presence of ff genotype 
(427 amino acids) 8. Moreover, presence of the f allele was shown to be associated with the 
lower VDR expression after exposure to calcitriol 28.
Compared to FokI, BsmI and ApaI SNPs did not show association with the inflammatory 
diseases in this study. No statistically significant differences were observed in the 
genotype and allele distributions between patients and healthy controls in all studied 
groups. However, LD analysis of BsmI and ApaI SNPs showed high LD in BA and IBD 
groups.  
Distribution of BsmI genotype and allele frequencies in BA patients did not show 
significant differences compared to the healthy subjects in our study. These results are in 
accordance with the studies in Chinese population and in Cypriot adolescents 16,29,30.
Maalmi et al. showed significant difference in the genotype distribution in children with 
BA compared to healthy controls and increased risk for BA in the presence of B allele in 
Tunisian children 13, while Poon et al. suggested that b allele is associated with the BA in 
the subjects of French-Canadian origin 31. Saadi et al. showed a significant association of 
ApaI with asthma and increased risk for BA in the carriers of minor ApaI allele in Chinese 
Han population, while other studies, including ours, failed to find the association 16,30,31.
However, our study showed that BsmI and ApaI are in strong LD in asthmatic patients. 
Haplotype analysis revealed 1.6 fold increased risk for asthma in carriers of BA haplotype 
and protective effect of Ba haplotype compared to other BsmI and ApaI haplotypes. The 
studies in Tunisian population showed a protective effect of bAT and bat haplotypes 12,13.
Similarly to results obtained in BA patients, no association of BsmI and ApaI SNPs was 
found in IBD patients in this study. Genotype and allele frequency distributions did not 
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According to some studies, testosterone, estradiol, progesterone and dihydrotestosterone 
(DHT) seem to have significant effect on cholesterol level. Estradiol in particular seems to 
be responsible for keeping good HDL cholesterol elevated, while other hormones, such as 
testosterone and DHT may raise total and LDL cholesterol. In physiological conditions the 
body limits how much hormones the endocrine glands secrete. However, by taking steroids 
as supplements or medicaments, added steroids affect the regulation of biosynthesis of 
cholesterol and its products – bile acids and hormones. 
Great attention is paid to the hormonal status. This is because steroid hormones regulate 
many different physiological processes in humans, through all phases of life. Tissue-
specific enzymes catalyze steroidogenesis, converting cholesterol to the biologically active 
corticosteroid, androgen, and estrogen hormones. Enzymes belonging to cytochrome P450 
enzymes and hydroxysteroid dehydrogenases catalyze adrenal, ovarian, testicular, 
placental and other steroidogenic processes 2.
Primary goals in the current strategy for the treatment of steroid hormone-dependent 
diseases, breast- and prostate-cancer in the first order, is blockade of steroid action and/or 
the reduction of circulating steroid hormones in cancer tissues. In the treatment of 
androgen-dependent tumors, antiandrogens, as well as 17α-hydroxylase/C17,20 lyase 
(CYP17A1) and 5α-reductase inhibitors are the most promising therapeutics 3,4. 
Antiandrogens used for medical treatment of androgen dependent prostate cancer are non-
steroidal molecules. On the other hand, CYP17A1 and 5α-reductase inhibitors used in 
today’s clinical practice are mostly steroidal compounds. Figure 1 shows therapeutics that 
are mostly often used for the treatment of prostate cancer 4.  

Figure 1. Structures of the most often used steroidal inhibitor of 17α-hydroxylase/C17,20 lyase – 
Abiraterone (left), and inhibitor of 5α-reductase – Finasterid (right). 

Having in mind that estrogen hormones are major threat in the development and growth of 
breast tumors, estrogen deprivation remains a key therapeutic approach. Endocrine agents 
are designed to inhibit the production of estrogens or to block its action at the estrogen 
receptor 3,5. For many years, tamoxifen, the nonsteroidal antiestrogen that compete with 
estradiol for estrogen receptor, was the most important therapeutic in the hormonal therapy 
for all stages of postmenopausal patients with estrogen-receptor–positive cancers. 
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Glucose enters cells by insulin dependent Glut-4 transporter. Inside the cell, glucose is 
phosphorylated by glucokinase to glucose-6-phosphate, from which the intracellular 
metabolism of glucose begins. Intracellular enzymes control conversion of glucose-6-
phosphate to the glycerol backbone of triacylglycerols, among other, through modulation 
of the rate-limiting enzyme phosphofructokinase. Hepatic glucose metabolism is limited 
by the capacity of the liver to store glucose as glycogen, regulated by further glucose 
uptake and by the inhibition of glycolysis including allosteric inhibition of 
phosphofructokinase by citrate and ATP.  

Figure 1. Major metabolic pathways and flux of dietary glucose and fructose. P – phosphate. For 
enzymes numbered in circles: 1 – hexokinase/glucokinase or glucose-6-phosphatase, 2 –
 phosphoglucose isomerase, 3 – hexokinase, 4 – fructokinase, 5 – glycogen synthase or 
phosphorylase, 6 – phosphofructokinase, 7 – aldolase, 8 – triose phosphate isomerase, 9 – triose 
kinase, 10 – several enzymes including pyruvate kinase, 11 – pyruvate dehydrogenase complex, 12 –
 lactate dehydrogenase, 13 – ketothiolase and other 3 enzymes, 14 – enzyme group related to citric 
acid cycle, 15 – acetyl CoA carboxylase, 16 – multienzyme complexes, 17 – acyl CoA synthase, 18 –
 glycerol-phosphate acyl transferase and triacylglycerol synthase complex. The dashed-line and 
arrow represents minor pathways or will not occur under a healthy condition or ordinary sugar 
consumption. The compound names in bold represent the major metabolic intermediates or end 
products of glucose or fructose metabolism (reproduced from 27). 

Liver is the main site of fructose metabolism. The majority of fructose in the portal vein is 
taken up by the liver to be converted into glucose, glycogen, lactate and in small amount 
into fatty acids, or to be oxidized within hepatocytes. Fructose enters cells via a Glut-5 
transporter irrespective of energy needs or circulating glucose levels. Once inside the cell, 
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Conclusion

Speciation of V in biological systems deserves a great attention because of its multiple 
metabolic effects. Since the influence of various V species have a different effects in 
various organisms, cognition of their distribution and action in samples are necessary. 
XANES is the synchrotron-based spectroscopic technique which on efficient way 
determines crucial physical chemical features of all forms of accumulated V. It is 
particularly useful in revealing of the participation of various V species which could be 
accumulated in the same organisms. Therefore XANES represent the unique method in 
elucidation of crucial characteristics of V in living systems.  
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Anthriscus sylvestris (L.) Hoffm. (wild chervil) is a plant from Apiaceae family, nowadays 
widespread over the world. It has only a limited use as a food and as a medicinal plant 
(mostly in China, Japan and Korea) and it is not a part of the official medicine. Therefore, 
it is not cultivated and it is considered a noxious and invasive weed. However, the scarce 
reports on its chemical composition confirm the abundance of dibenzobutyrolactone and 
aryltetralin lignans structurally related to Podophyllum lignans, with extremely potent 
antiproliferative, antiinflammatory, fungicidal and insecticidal activity. Thus, A. sylvestris
may represent a promising source of bioactive natural products, that could alleviate the 
unsustainable exploitation of Podophyllum species.  
In this study, root extract of A. sylvestris was fractionated using liquid-liquid extraction, 
flash chromatography and centrifugal partition chromatography, and screened for lignans 
using LC-DAD-MS/MS and NMR, with a final goal of obtaining the neat compounds for 
structural characterization and bioactivity evaluation. 
Air-dried roots of A. sylvestris specimens (492 g) were percolated with methanol (5 
cycles). The raw extract (75.4 g) was purified by liquid-liquid extraction: partitioning in 
water-chloroform system removed bulk polar compounds (60.3 g), while subsequent 
partitioning in acetonitrile-hexane system removed some highly lipophylic components 
(1.50 g), yielding 13.5 g of lignan-enriched extract. 
The enriched extract (8.92 g) was fractionated by automated flash chromatography on 
silica column. The fractions (defined by TLC, and labelled F1–F9) were eluted using 
hexane-acetone gradient. By using LC-DAD-MS and 1H NMR, the presence of lignans in 
F6–F9 was confirmed. The most abundant fraction, F6, was found to consist mostly of 
well-known, major lignans, including yatein, nemerosin and deoxypodophyllotoxin, while 
the fractions F7 and F8 contained a number of unknown structures. 
F6 (2.62 g) was further fractionated by CPC, using HEMWat-00 (hexane/ethyl 
acetate/methanol/water 1:1:1:1) as a solvent system, to obtain fractions F6.1–F6.9. 
Through separation of the dominant components, the fractionation allowed for a more 
comprehensive LC-MS analysis, thus resulting in detection of at least 24 different lignans 
(most of them, for the first time in A. sylvestris). 
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Carbonylation of HSA with methylglyoxal leads to 
release of copper(II) ions and changes in its antioxidant 
capacity 

Ana Z. Penezića*, Jelena M. Aćimovićb, Vesna B. Jovanovićb, Ivan D. Pavićevićb, 
Ljuba M. Mandićb 

a Institute for the Application of Nuclear Energy, INEP, University of Belgrade, Zemun 
b Department of Biochemistry, Faculty of Chemistry, University of Belgrade 

*e-mail: anap@inep.co.rs 

Human serum albumin (HSA), has important physiological functions like regulation of oncotic 
pressure and also serves as a transporter of metal ions, fatty acids, cholesterol, hormones. With 
normal serum concentration between 35 and 50 gL-1, and 70–80% of its Cys34 in sulfhydryl form, 
HSA is the predominant serum protein and a major plasma antioxidant. It contains two binding sites 
for copper ions, one with high affinity, located at the N-terminus (NT).  

The goal of this study was to decipher the effect of HSA modification with methylglyoxal (MG) on 
its ability to bind and sequester Cu2+, which could prove to be useful in better understanding and 
possible treating of pathological states with prominent oxidative/carbonyl stress such as diabetes. 

In this study, we monitored the changes in Cu2+ ion and Cys34-thiol group content, as well as their 
ratios, upon modification of HSA with MG. Also, the conformational changes in HSA molecule were 
monitored by recording fluorescent spectra. Electrophoretic properties of samples were monitored by 
performing SDS and native PAGE. Samples from diabetic patients and controls were also analyzed.  

The ability of HSA to coordinate Cu2+ decreases upon carbonylation of the Cys34-SH group. 
Carbonylation of Cu–HSA complexes caused a decrease in Cys34-SH content and leakage of Cu2+ 
from Cu-HSA complexes. Conformational changes in samples modified with MG were also 
observed. The ratio between the percentage of reduction in the Cys34-SH group content and the 
percentage of release of Cu2+ from complexes is 2.12 ± 0.28. The same ratio (1.96 ± 0.36) was 
obtained upon oxidation of the Cys34-SH group (with no changes in HSA conformation), leading to 
conclusion that the binding/release of Cu2+ by HSA depends mainly on the redox state of the Cys34-
SH group. Samples from diabetic patients had significantly lower contents of Cys34-SH and HSA-
bound Cu2+ (0.457 ± 0.081 mol SH per mol HSA, 10.7 ± 0.01 mmol per mol HSA, resp.) (p < 0.01)  
(0.609 ± 0.027 mol SH per mol HSA; 13.4 ± 0.01 mmol per mol HSA, resp.). Strong correlations 
between the values for HSA-SH and glycated hemoglobin, HbA1c, (R = -0.803, p < 0.01), and 
between the values for the HSA-bound Cu2+ content and HSA-SH content (R = 0.841, p < 0.002) 
were found in the diabetic group. 

Overall, the reaction of HSA carbonylation in vitro (with MG) and in vivo( diabetes), leads to release 
of Cu2+ ions from copper–HSA complexes in an extent which depends mainly on the redox state of 
the Cys34 free thiol group.  
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Detection of DNA damage was done using the comet assay. Medium throughput comet 
assay was done by using the 12-gel comet chamber as described by Janovic et al. 4. 

Results 

HRP showed high efficiency in decolorization of OR2 and AB. In case of OR2 
degradationwas 91% and vitamin C showed negligible effects on decolorization (90%). 
When AB was treated with HRP 72% of dye was decolorized. Interestingly, removal of 
AB in the presence of vitamin C was less efficient, where 7% less dye was removed under 
the same experimental conditions (Figure 1a). 
Treatment with BB had no effects on lymphocytes, while some DNA damage was 
observed in the presence of vitamin C (Figure 1b). DNA damage was 32% and 21% for 
OR2 and AB, respectively. After the HRP treatment, DNA damage hasdecreased in both 
cases, but some percentage of tail DNA was present (Fig. 1c; HRP treated). This could be 
partially mediated by fast decolorization and residual H2O2 in the reaction mixture. 
Nevertheless, when the same decolorization reaction took place in the presence of vitamin 
C, DNA damage was slightly influenced (Figure 1c; HRP treated + vitamin C). These 
results indicate minor pro-oxidant effects of the vitamin C under the experimental 
conditions applied. Similar, but yet more pronounced, effects were observed in the case of 
double azo dye, AB, than the single azo dye OR2. 

Figure 1. Effects of vitamin C (50 μM) on: a) decolorization of dyes by HRP; b) DNA damage in the 
negative controls (PBS – phosphate buffered saline solution, BB – bicarbonate buffer); c) DNA 
damage before and after HRP decolorization. 

Conclusions 

Using the comet assay we have investigated the possible protective effect of vitamin C 
against DNA damage caused by excess or remaining H2O2during or after decolorization of 
azo dyes. The potential of HRP for dye decolorization was showed in terms of reduction of 
genotoxicity potential of dyes tested. Vitamin C showed no effects in protecting DNA 
against potential damage occurring during oxidoreductase reaction.
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Molecular mechanisms of redox status and antitumor 
activity of extracts of invasive plant species (Robinia
pseudoacacia and Amorpha fructicosa) in MRC-5 and 
MDA-MB-231 cell lines  
Jovana Jovankić, Danijela Cvetković, Milena Milutinović, Danijela Nikodijević*, 
Marko Živanović, Filip Grbović, Snežana Marković 

Department for Biology and Ecology, Faculty of Science, University of Kragujevac, Serbia 

*e-mail: dnikodijevic91@gmail.com 

Breast cancer is a complex disease, and is one of the most common malignant diseases in 
female population. In recent years there is a great interest in prevention and treatment of 
malignant diseases by using of drugs derived from nature. An essential aspect in the 
strategy of cancer treatment and design of anticancer drugs is their ability to lead to the 
death of cancer cells and inhibition of their invasive potential.  
The aim of this study is in vitro investigation of antitumor activity of methanol extracts of 
invasive plants Robinia pseudoacacia and Amorpha fructicosa on the basis of molecular 
mechanisms of redox status of immortalized cell lines of healthy lung fibroblasts (MRC-5) 
and breast cancer (MDA-MB-231).  
Evaluation of antitumor effects of tested plant extracts is carried out on the basis of the 
following parameters: cytotoxic activity (determined by MTT assay), antiinvasive potential 
(determined by examining concentration of  MMP-9 1), concentration of reactive species 
(superoxide anion radical, О2

•- by NBT assay, nitrites by Griess method) and concentration 
of reduced glutathione (GSH). The effects of treatment on mRNA expression of HIF-1α 
and iNOS genes were determined by PCR method 2. Methodology of determination of 
cytotoxicity, О2

•-, nitrites and GSH were previously described in brief 3. 
Results showed that methanol extracts significantly reduced viability on MRC-5 and 
MDA-MB-231 cells, but the MRC-5 cells are more sensitive to treatment. According to 
the obtained results cytotoxicity is not significant (IC50 > 500 µg/ml, except for A. 
fructicosa on MRC-5 cells). The basal concentration of MMR-9, as parameter of invasive 
cell potential, in MRC-5 cells was 12.5 times lower than in MDA-MB-231 cells, which 
confirm invasive potential of the cancer cells. A. fruticosa at dose of 100 µg/ml 
significantly increased the level of MMP-9 in the MRC-5 cells, while both extracts 
significantly decreased MMP-9 level in MDA-MB/231 cells (Figure 1), indicating 
antiinvasive potential of treatments in cancer cell line. Investigated extracts did not change, 
or slightly lowered levels of O2

•- in both cell lines, except in treatment with R. 
pseudoacacia in MDA-MB-231 cells, which induced prooxidant effect. Extracts of both 
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Biodegradation of n-alkanes and polycyclic aromatic 
hydrocarbons by Pseudomonas aeruginosa san ai 
Ana Medić1*, Ivanka Karadžić1, Ksenija Stojanović2 

1School of Medicine, University of Belgrade, Belgrade, Serbia  
2Faculty of Chemistry, University of Belgrade, Belgrade, Serbia 

*e-mail: medicana89@gmail.com 

Alkanes and polycyclic aromatic hydrocarbons (PAHs) have been threatening the global 
environment because of their toxicity and low biodegradability. On the other side, the 
ability of Pseudomonas aeruginosa to grow in diverse environments, on different sources 
of carbon implies its potential for remediation of hardly biodegradable hydrocarbons with 
various chain length and structures 1,2. Thus, in this study the Pseudomonas aeruginosa san 
ai, strain isolated from industrial alkaline mineral metal-cutting oil, as its natural habitat 
was investigated for its capability to degrade several n-alkanes and PAHs 3.
Pseudomonas aeruginosa san ai was cultivated for 10 days under aerobic conditions in 
liquid mineral salt medium supplemented with n-alkanes: n- hexadecane and n-nonadecane 
and PAHs: fluorene, phenanthrene and pyrene, respectively as a sole source of carbon and 
energy. The final concentration of carbon source was 2 mg/L. Samples were collected 
every day and analyzed for cell growth and biodegradation efficiency. The residual 
hydrocarbons were extracted and quantified by gas chromatography–mass spectrometry. 
Strain Pseudomonas aeruginosa san ai grew rapidly with n-alkanes, showing degradation 
degree (in 10 days) of 98% and 95%, for n-hexadecane and n-nonadecane, respectively. It 
grew a bit slower when utilizing polycyclic aromatic hydrocarbons, signifying that PAHs 
are much more resistant to biodegradation. In spite of slower growth of culture, 
degradation of PAHs by Pseudomonas aeruginosa san ai was remarkable. Fluorene, 
phenanthrene and pyrene were degraded, respectively, by 100%, 90%, and 30% in10 days. 
Compared to PAHs of three aromatic rings, pyrene which contains four aromatic rings was 
more resistant to biodegradation. 
The obtained results clearly shows that the Pseudomonas aeruginosa san ai can utilize n-
alkanes and polycyclic aromatic hydrocarbons as carbon sources for growth. Undoubtedly, 
this strain is a potential candidate for the environmental bioremediation of hydrocarbon-
contaminated area. 

References
1. Lin M, Hu X, Chen W, Wang H, Wang C. Biodegradation of phenanthrene by Pseudomonas sp.
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In vivo toxicity of naked and coated CeO2 nanoparticles 
Ivana Lj. Milenković1*, Ksenija Radotić1, Jovana Despotović2, Branka Kekez3, Marija 
Lješević3, Aleksandra Nikolić2, Vladimir P. Beškoski3 

1Department for Life Sciences, Institute for Multidisciplinary Research, University of 
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Belgrade, Serbia 
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*e-mail: ivana.milenkovic@imsi.rs 

The use of nanomaterials in various commercial products and industrial processes has 
increased. Although the application of nanoparticles has great importance, some of them 
can be risky to human health and the environment. Cerium oxide nanoparticles CeO2 have 
been extensively investigated due to the excellent oxygen storage capacities on the basis of 
the redox transition between Ce3+ and Ce4+ and formation of oxygen vacancies on their 
surface. The effect of CeO2 on individual organisms and the ecosystem in general are not 
sufficiently explored. 
In this research we used CeO2, naked and coated with three different carbohydrates 
(glucose, pullulan or levan), to studytheir effectin three different model systems. We 
analyzed bioluminescence in gram-negative bacterium Vibrio fischeri, and acute toxicity 
incrustacean Daphnia magna and zebrafish Danio rerio. In all experiments the 
concentration of CeO2 nanoparticles was 200 mg/L. For all used types of nanoparticles, we 
observed bioluminescence inhibitionof around 20%. The mortality rate oftreated D. magna 
was 6.7% for glucose coated CeO2, 9.2% for naked and pullulan coated CeO2 and 18.2% 
for levan coated CeO2. Despite the adherence of nanoparticles aggregates to the outer 
surface of the chorion, no acute toxicity was observed for zebrafish embryos during the 
first 72 h post fertilization. We also did not observe increased level of abnormalities 
among treated embryos during the first 72 h post fertilization. 
In this study, no toxic effects of CeO2 nanoparticles were observed, but the extent of 
uptake of nanoparticles remains to be investigated. The effect of chronic exposure to CeO2

should also be analyzed. 
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Fenitrothion-induced changes of haemato-biochemical 
and oxidative stress parameters in rat blood: Protective 
role of selenium and vitamin C  
Milica G. Paunović1*, Miloš M. Matić1, Marija D. Milošević1, Branka I. Ognjanović1, 
Zorica S. Saičić2 

1Department of Biology and Ecology, Faculty of Science, University of Kragujevac, 
Serbia. 
2Institute for Biological Research "Siniša Stanković", University of Belgrade, Belgrade, 
Serbia 

*e-mail: milicap@kg.ac.rs 

Organophosphate insecticides represent one of the most widely used classes of pesticides 
with high potential for human exposure in both rural and residential environments 1.
Fenitrothion [O,O-dimethyl-O-(3-methyl-4-nitrophenyl) phosphorothioate] (FNT) is a 
broad-spectrum organophosphate insecticide that distresses nervous system by inhibiting 
acetyl cholinesterase activity 1,2. It is employed in agriculture to control insects and mites, 
as well as fly, mosquito and cockroach residual contact spray for farms and public health 
programs 1,3. Fenitrothion residue is found primarily in soil, water and food products and 
can lead to a variety of toxic effects on the immune, hepatobiliary and hematological 
systems 3,4. Red blood cells (RBC) are highly susceptible to oxidative damage due to the 
presence of heme iron, PUFA and oxygen radicals that may initiate the reactions which 
induce oxidative changes 5. Antioxidants such as vitamin E, vitamin C (Vit C), alpha lipoic 
acid, selenium and melatonin possess efficacy in reducing lipid peroxidation in biological 
systems by inhibiting the formation of free radicals 6,7. The aim of this study was to 
investigate the possible protective effects of selenium (Se, 0.5 mg/kg b.w, as Na2SeO3) and 
Vit C (100 mg/kg b.w) on altered hematological, biochemical and oxidative stress 
parameters in the blood of rats treated with FNT (20 mg/kg b.w) for 30 days. Exposure of 
rats to FNT caused changes of some haematological parameters (RBC count, Hb 
concentration and Ht value), suggesting that the FNT induced haematotoxicity. FNT 
reduced serum total protein and albumin, while plasma transaminases (ALT and AST), 
lactate dehydrogenase activities and bilirubin levels increased. FNT induced oxidative 
stress and altered the glutathione redox status (GSH and GSSG), leading to an increased 
concentrations of lactoperoxidase in RBC of rat. Intoxication of rats with FNT was 
followed by decreased activity of antioxidant enzymes (SOD, CAT and GSH-Px). 
Coadministration of selenium and Vit C reduced lipid peroxidation and restored the levels 
of examined haematological, biochemical and oxidative stress parameters, as well as the 
levels of AOS to their near-normal levels when compared to FNT-treated rats.  
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Structural insight into the myotilin-actin interaction 
Vid Puž1*, Friedel Drepper2, Thomas Schwarz3, Julius Kostan3, Miha Pavšič1, Brigita 
Lenarčič1,4,Bettina Warscheid2, Robert Konrat3 and Kristina Djinović-Carugo*,1,3 

1 Department of Biochemistry, Faculty of Chemistry and Chemical Technology, University 
of Ljubljana, Ljubljana, Slovenia 
2 Faculty of Biology and BIOSS Centre for Biological Signalling Studies, University of 
Freiburg, Freiburg, Germany 
3 Department of Structural and Computational Biology, Max F. Perutz Laboratories, 
University of Vienna, Vienna, Austria 
4Department of Biochemistry, Molecular Biology and Structural Biology, Jozef Stefan 
Institute, Ljubljana, Slovenia 

*e-mail: Vid.Puz@fkkt.uni-lj.si 

Although all types of muscle cells use actin and myosin for contraction, only in skeletal 
and cardiac muscle these proteins are organized into sarcomeric units. These units are 
delimited by Z-discs, which are intricate webs of various proteins including α-actinin-2, F-
actin and myotilin.At the focus of ourresearch is protein myotilin. Myotilin is a 
dimer,which consists of two immunoglobulin-like domains flanked by a unique serine-rich 
N-terminus and a short C-terminal tail and is known to interact with F- and G-actin, α-
actinin-2, ZASP, FATZ and filamin C.In order to gain insight into its remarkable 
interaction capabilities we investigated its actin-binding properties from the structural 
point of view. 
First, we determined binding affinities for interaction of different myotilin constructs with 
G-actin using microscale thermophoresis measurements, all showing relatively weak 
binding in the micromolar range. Binding to the F-actin was assessed with actin co-
sedimentation assays, showing that Ig2 domain represents a focal point of interaction and 
Ig1 plays a supplementary role. 
We additionally confirmed the binding of myotilin to G-actin using chemical cross-linking 
coupled with mass-spectrometry (XL-MS), which enabled us to identify amino acid 
residues likely involved in interaction. Furthermore, 15N-HSQC titration NMR experiments 
were performed for the Ig1 domain to further map the binding site on myotilin to the  
strands B, D and E. Similar assignment of Ig2 domain is in progress. Based on our 
gathered experimental data and the literature, we propose a model in which each Ig domain 
of myotilin dimer specifically binds to a single subunit of actin filament. Consequently, 
full-length myotilin, anchored on an actin filament with C-terminal Ig-like domains, is able 
to connect two adjacent α-actinins in the sarcomere with its N-terminus. 



�



(�&���,+��,+���,����������
����
��,��������������,�����
���������������,�����������������������5��+���:���
8��&�
��D��"�&����

8�������	�.�����

��L
�����
�����'�����������������,����!6�����������	�������
���
.�����

6�7��������+��	�"�������6�"�������6����,���

?�%!���@������
�����-���
��!�A�!����
�!�

9������
�����
@������ ��	����������������� ��� ������ ������ ,";�-� ��������������� ���������� 	����� �	������ ����
��		� �����	�����#� ;����������� ����� ,;;�� 89�I-� ���� ��������5������� ����� ,�+;�� 88��-�
������������������
���� ��� 	�&��������	������������	������ ��� ����	�� �������	������� �������
��������� ����� ����#� "���	�� ����� ���	���� ������ �+;� ������� ����� �����	�� ����� ��	����
������	�� ���� ��� �� ��
���� �5��������� ��� 	�&��� ������������ ������ ����	�� ��� ��4��� �����
�������������������������������	����������������#�
��	�&����������	�����������	����5��������
��
������������
�������+;������������������������,$%;��89�>-�������&���		��.6�����	������
��������
�� ��� ����������������� ����� ,�%;�� 88�>� �.6-� ���� 	������ ��
������ ����� ��
����
�������� �.�� ����������� �3F;� ���� �������� ��������� ������ ��

����� ����� ����	��� ��&�� ��
��
���� ��������� ��� ��������E�� �+;� ����� �������� ������ �.6� %2";� ����� ��	��#�  ����
�5��������� ����������� ������ ��� ��� 	������� ��� ���� 	�&���� ��� ��� ������������ ��� ��E����� ���
��������������������������������&������������������������#� ��������������������������������
��� �5������ ���� �������� ��� ���������� ������� ����.������ ������	4.���������� ��������������� ���
�������	��������������������������������������	�&�������������5��#�

�����������������+����
;��	��'���������������������5���,��\�CT�8>9K699�
-������������������������#�;����	�������
������������������� �������������� ,���������� ����.������������	4.�����-#�";�������	��������
����&���&��� ������� ����� ���	����� 	�&��� �������	������ ��������� ����� ���������� ��� @���
��������
������ ����
� ������E�� @�� 89:I#� ����������	� ��
���������� ��� ";�� 	�&�	�� ����
������� ����� ���.���� ;F<A;� ����
� ���� ��5� ��� �����	�� ���� ���������� ,����� ��� ����-� ���
�������� ��� 	�
������������ ���
���������� ����������������#�  ��� ������������ ����������� ���
��
��������������[�9#9>#� ���&�	������������������������������ ��4��P��+�������#�

D�������

������	���� �����������	4�������������	�&�������������������������,$ ;��89�6-�,��[�9#99:-�
	�&�	���������
� ����������������#�"��������������� 	������� ��������������;;�,��[�9#99:-�
��������������	�&�	�����$%;�,��[�9#99:-���%;�,��[�9#99:-������+;�,��[�9#99:-������	������

:>6�
�



��� �������������#�(�	4������������ �	�&����� 	�&�	�� ���;;� ,��\�9#99:-� ��������������������
�����,� ;��88�I-�,��\�9#99:-#�

����	������	4����������������������$%;�,��[�9#9:-������+;�,��[�9#99:-���������������
� ;�,�[9#99:-� 	�&�	����������� ���������	�#�<�� ���������� ������ ���������������� �	�&�����
��	���+;�	�&�	��,��[�9#99:-���������������������������,�[9#99:-#��
(�	4�����������������������.6�,��[�9#99:-�����������������.��,��[�9#99:-������.�S�.6�,��[�
9#99:-������������	�����������
���������������������������#�<�������������������������	����
���������������������������.6�,��[�9#99:-�������������.��,��[�9#99:-������.�S�.6�������,��[�
9#99:-���������
�������������������	4�������������,;F<A;����������������[�9#99:����5���
����������[�9#99:�� �4��P����������-#��������������������������������������������������������������

C��
��������

������	�������
��������	�����&�������������������������������������������	�&����������	������
����� �����&���� ���� ���� ����	��� ��&�� ������ ����� ������ ������	� ������������ ���� ���
��
��������	������	������������������������#�"������������ ��������	�������������������	4.�
��������.���������������	�&����������	������";�������	��������������������5.��������#�

D������
���
:# ����
��@��� ��� �	#���5�� ���� �����������	� ����������� ��	��� ����� ����4��� ����������� ���� ������ �����

������������ ��� �������� �������	������� ���� ���� ��� ������	
	�����	�� ��� ���	�� ����#� %�����
	�������
!��4���$������"�����;�����899CT?C�?6.=#�

8# $5����� ;�� ��� �	#� @������ �������� 	�&��� ����������� �5��������� ��� �� ���� ����	� ��� �.6� ������ �����
���	�����#�1�F������������89:9T8:�:C9.?#�

6# N������;%�������� !��(��4��N;������4�N�#� �����.�����������5������������������������5�������
���������g�.�������������������������������������������#�;��	�%�����	�F����(�����89:8T6?�:899K
::#�

:>I�
�



 ��������������5������
������
�����������+��

��5�+�������
��,���������������	����
���	��������
%���8������&���������������������9&��*�!�&�"�������������&��#��L��&���@�����#��*������&�
*����'��8�����<����&��7��&���&����

5����������	�����������
�������+�.�����

6�7��������+��	�"�������6�"�������6����,�����
98*"�6�#��V!���6��;��$�������
<����������	��������������
����������������!���6�#�����!�����	������������6���!��6����,���
=>�
���+��	�8
�!����+6�7��������+��	�"�������6�"�������6����,���

?�%!���@��������������
A�!������

9������
�����
@�		����������������������	��	����
���������������������.�����������
�����������������������
	��&�	� �������� ������ ���&����� ����� ���� ����������� �����
� ������� ��&�	������#� H�		���
�����	�5��1���������������� ,�
���
������
���-� ��� ����������	�����������
�	�� ��������� ����.

�		��
����&�	�.
�������������,@�		����	��:C6C-#��

������������ �������� ����� �	����� ���� 
�		.�������
� �������� ���� �����4��	�� �5���	��� ���
���������	��������	�
���	�������������	�������	�����������	������		�� ����	���
� ����������	�
�	�������
�������K�
�		��:#�.
����������������������.
�		��
����&�	�������������������		���
�����	�5��1���������������� 8�6#� 
�� ����� ������������� ���� ����������&����� ���� �����	������� ����
�	���� ���������� ���� 
������ ��������#� 
�� ���� ���&����� ������� ��� ����� ���� ��
�	�� ���������
���������������.�������������1����������������&��	�������������������
�		������������I#���
@�		.�������
�����������������	�������������
�����������
����
��>��������������������	���	��
����������������������
�������������4���������������������	����������#�3����������������&��
�����������	����
�		�������������	�������������������������&��������������������������������
������������ ��� ���������� �������� ��� ��	��	�� ��
���� ���� ����
��� ��� ������� �������� ��?#�
+���&���� �������� ��� ����� 
�		�� ���� �������� ��� ��		� ��� ���������&�� ���	����� ��� ��	��	��
��
���������������������
�
�		���&�	�������C#��
 ��� ���� ��� ����� ������ ���� ��� ���������� ����
��� ��� �������������� ������������ ��� 1��
��������� �������� ��� ������� ������
�� 
�		� ����������� ,	���� ����� 8I� ��� @:-� ���� 
�		�
��&�	�������,��&���������@8-#�

8���5�����
������������
"��� ��	��	�� ��
��� ���	������ ���E��� �������� ����� ����
���E��� ��� 	�/���� �����
��� ����
�5������������������������A���&�*�����	#�=#���������
����������	����������	��	����
��������
���������� ����
� �
<F$D� 
��� 6999� �%� 	�/���� ��������
������ ������� ,�����5��
�����&�	��� �;�� 2�;-� �/������� ����� �� /���������� 
�������� ����� ,�����5-#�  ���

:>>�
�



�������������� ����� ���������� ��� �� �����%��Y%;:99� ��		���	��� �����.�5����
�� ��	����
,I.8>9���-�,�����5-#� ���������������������������������������������������������������
���������� 
�	�������� 
	������� ��������� ���������� ���� 5�	���T� ��������������� ��	������
��������� �����	���� ���� ��������T� �������������� ����������� ���� ��
��� �	����	��� 
�	������	��
�������	������������	#��
 ������������������������������������������	����������������
�����
�����������������������
�5��������� ���� ����	��#� 
�� ���������
� 
�		�� ���� ����� ����4��
� ����
�� ��� ��	��	��
�������������� ������������ ���� ������ :I.��	�� ���������� ������	������ ��� �����	�����
��������������� ��
��������	�� ���������� ��������� ��� 
	������� ��������� ���������� �����������
����5�	���� ,�[�9#9>��(����K'������� ����-� ��������� ���������	��	����� ,"�
����:-#� 
�� ����
�����������������������������
�	������	������������	�����������������������������	������#�
��&��������	������
	��������������������������
��������	�������������������������	������@:�
,"�
����:-#�

��
�����-��������� ��� ��	��	�� �������������� ���1�� ��������� ������	� ������ ,�-���������� ������ ������
������� ������
� ,'-�� ���� ��� ���������
� 
�		� ,@:�� 	���� ����� 8I�-� ���� 
�����
� 
�		� ,@8�� ?� ����� ������
�&���������-#A�	������������������������a��$�,����I-#�����������	������������������������		����
���������
�������������������������������������������
���� �4��P������.��������#�

:>��
�



����� �������� ���� �����	���� ���� ���������� ��
��		��
� ������	����� ������ ��
�	���� ���������
���������� ��� ��&���������	� ��
��	�� ����� ���������	� ����
��� ����������� ���� �������� �������
�����
����������	����I�C#�

C��������������
+����������������7������5���
��5�+��������
$5��������� ���� �������������� ��� ����	� �����.����	��	�� �������������� ���� ������� ����
������������������
� �������������������	�����+����������(�		��� :9� ����������&�������
(����4���::#�
�����������������
��������	�����������������������������,��[�9#99:��(���.'�����������-�
������������������	������	�����	�
���������������������&������@:�,"�
����8-#�<������������
��������������������� 
������������:#�.��	�����������������������@:�������������������	#�
��&���������������&�����������������	��������� 
��������������������������������
�8#:.��	��
��
����&�	���������������������	�������,"�
����8-#�

��
�����-���������������������������	�����	��	����������������, 
�-����1�����������������	�������,�-��
��������1�� ��������� ������ ������ ������� ������
� ,'-�� ���� ��� ���������
�
�		� ,@:�� 	���� �����8I�-� ����

�����
�
�		�,@8��?�������������&���������-#A�	������������������������a��$�,����I-#�����������	�������
�����������������		����
����������������������������������������������������
���� �4��P������%
�
�����#�

 ��� �5���������	� ������� ���������� ��� ����� ���4� �		���� ������������ ��� �������������
�����	��� ��� ����� �������� �����
� 
�		� ����������� ���� 
������� ��� ��		� ��� ������
������
� ����
�������� ��� �����&���#�  ��� ����	��� ��������� ��� ����� ������ ��������� ����� .�� ������� ����
������	���� �	���� ��������� �		�������� �������� ����� ���� ������� ��� �&���������� ��� 
�		�
��&�	������#� 
��������� ������	������ ��� ��	��	�� �������������� ���� �������������� ��� ����
��		���		�����������������������������
�		�����������������������
����4���������������	����#��

%
"������
������
 ������������������������������


I699:�����


I69:9����)������������������(�����������$����������
������������ �����	�
���	���&�	��������������3����	������������#�

�

:>?�
�



D������
���
:#  ��4��� 1"�� ��� (������ �(#� @�		� �������� ���� ��������� �	���� ���������� ;� ����� ��� ����&��

������	�����B�%	������
��	�����&�899CT6�>96.I#�
8# @��������;������	���4."	�����3�����
���� �G�&�4�� 
��(����&�*�(��N����*�<#����	�
�����������

������������ ��� .
������ �������� �� ������������ ���	�
���	� ������	� �
���� ��� 1������� ��������#�
���������	�89:IT>=�I?6.C6#�

6#  �G�&�4�� 
�� ��� �	#� +���-����������� 
������� ��&��
����� ���� ��5������ ��� ���� .
������ �������
@�		����	�������������	�5���������
����&����������#������$�����	�89:>TI9�8�C.C?#�

I# ���	���&�*�;������	#����������&�����	�������������	��������	�������&����������	��	�������.
������
�������,(��������������	�������-���������������	����1����������������,%	����
�������-#�;��������.
%	����
������������89:�T:9�6::.88#�

># %����� %'�� "��������� @'�� '����
� @!#� ;�����&�� ������� ��� ������� 
�		�#� $�&����� $�����	�
:=C?T:��:>.8I#�

�# �������;���<	�&���������(�������;�"%��!����."�	���1%��
������3(�#�������K���4���	����������
���� ��������������� ��� ���� ����.������� 
�		� ���� ���� ����� �	���� 8����	���� ��������		���
����#,"�������-#���;���1�����89:8TC6�:8:.�#�

?# +���
�(H������	#�!���-����&���������������
�		���������4�� �����

����� �
��,������ ,!��������-�
	��&��#�%�����	�
���%	��������89:IT:>8�I?>.C>#�

C# @�������� (�� ��� �	#� %��		�5���� ,#�-������
����� ����	������ "����-� �	����� ���� �������������
������	������������
�		������		����
�������������	�������������������
����&����,A��������#-������#�
%	��������89:>T86I�6C.I=#�

=# A���&�*� (�� ��� �	#� ������� �		�������� ����� ������� ��� ���4� 	���� ������� ��� ��	������ ��� �	�&������
������������� ��� &����
���������������!� $������ ������2A.�� ���������� ������
��%;3� ���������#�
%	����%�����	���������89:>T=6�II.>>#�

:9# +������ 1�� (�		��� 
�#� %����	������ ��� ������� ���� ��	��	�� �������������� ����� �	���� ������� ����
/���������&�����������������������������#�;��	���������:=?>T�C�C?.=I#�

::# ������&��� ���(����4���;#� ����������	�(������#�F���;
�� 
�����������	��F�����	���� :==���
��#::.:8#�

:>C�
�



D������������
�������������
+���
�����
b7������������
*�����
���������!
	����II'0������,����5��������
��5�����
�
��������������
������
�����������"�����8��&������?�"����(��V����������������V�"#��J�����<��V�����?���!��
)�\����

58�������	�8
�!����+6������������	�8
�!����+6� �

�����+��������������+6�7��������+��	�
"�������6�"�������6����,���
9#�����!�����	�"��

�!����+6�>�
���+��	�8
�!����+6�7��������+��	�"�������6�"�������6�
���,���
<�����������	�����
�����"�����+6������-�*
���!+��	��
���
��6�"���������6������-���

?�%!���@�!��-����A

�!�,���
����

3������������
�����
���E��������������������5��������������������
���
������������������
������ ����&���� ��� ������� 
����	�� ���� �������	� ����������#�  ����� ���� ��� ������ ������� ���
�������������������������������������
���������,����-���������������������������������
�
������ ,����-� ������������ ���� ����������� ��E����#�������&������������� ��� ���� 4����� ����
�5�����������
������	��������	���#�+���&�����������������������	�������������5����������
��&����������������������������	����������������
���&�	&�������������������
#�����������
����������� ���.���	���� ����� "�
������ ��

���	��!��� ; ��� ==I>�� ,"��;��-�� �� �������
��E������������������������	������������������
����	������ ��������&���������������������
��� ��E���� ��� 	��4��
� ���#� ���������� ������ ���������	�� ��� "��;��� ����� ����������� ���
����	�
������	��
������������
�����	����#�����.�������������
�������������
��������������
����������������������#�'�	�� ������E��������������������������������
����������E���
���.������ ��������� ��� �� �������� ������ ����� ��
��������� �&���5��������� ��� :#8� 
� !�:#� ;�
��5��������F�&��Z�%����Z���������������� ������������������������
���������	������
=�Q� ������	�� ����� ���� ������������� �����#� 3�	�� ����E���� ������� �� ��� ���� �������
���������������������	�������������	���������	����#� ���!��
���������	��������	��������
�����������4�������� ����������������� ��� �������
����	�������	�� 4����������� �����	���������
��		��������(�����	��.(�������/������#�

%
"������
�������
 ���� ���4� ���� ���������� ��� ���� �������� (�������� ��� $���������� �������� ����  �����	�
���	�
��&�	�������� ���)���� 
����� ������� :?89IC� ���� 
�����������	� ������� ���� @������� $�
�������
� ����
���������	�
��,
�@$�-�������������)����
�������������3%SH2@::.98#�

:>=�
�



�



161

Eryngium serbicum as new source of cytotoxic and 
antibacterial agents 
Milena Vukić1*, Ana Obradović2, Miroslava Kacaniova3, Nenad Vuković1, Snežana 
Marković2

1Department of Chemistry, Faculty of Science, University of Kragujevac, Serbia 
2Department of Biology and Ecology, Faculty of Science, University of Kragujevac, 
Serbia. 
3Department of Microbiology, Faculty of Biotechnology and Food Science, Slovak 
University of Agriculture in Nitra, Nitra, Slovakia 

*e-mail: milena.vukic@kg.ac.rs 

The genus Eryngium L. is most complex and largest genus in Apiaceae family. Eryngium
serbicum is endemic perennial herb, localized in the central part of the Balkan Peninsula. 
The species was designated as 'Vulnerable' according to IUCN categorization of the 
vulnerability. Species of this genus are traditionally used in many countries as cultivated, 
edible or medicinal plants 1. In this study, we evaluated cytotoxic and antibacterial activity 
of E. serbicum methanol extracts, derived from aerial (flower, leaf and stem) and root plant 
organs.  
Determination of the cytotoxic effects of  methanol extracts of flower, leave, stem and 
roots obtained from E. serbicum was observed on colon cancer adenocarcinoma cell line 
HCT-116 and SW-480, human breast cancer cell line MDA-MB-231 and healthy human 
lung fibroblast MRC-5 by MTT cell viability assay 2. The cytotoxic effects of extracts 
were expressed by IC50 (inhibitory dose which inhibit 50% growth cells). Obtained results 
of investigation (Table 1) indicated that flower, leaf and stem methanol extracts have the 
significant cytotoxic effects only on tumor cells, while methanol extract of roots showed 
cytotoxicity on tumor and healthy cells. From these results we can conclude that flower, 
leave and stem methanol extracts can be considered as suitable candidates for further 
studies as effective anticancer drug components. 
Antibacterial activity determination was based on a microdilution method 3. Antibiotic 
streptomycin was used as a positive control. Extracts were tested against seven gram 
positive (Bacillus mycoides, Bacillus subtilis, Enterococcus faecalis, Micrococcus luteus,
Micrococcus lysodeikticus, Staphylococcus aureus and Staphylococcus epidermidis) and 
three gram negative bacteria (Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeruginosa), and results obtained are presented as minimal inhibitory concentration (MIC50

values). In general, all tested extracts showed better antibacterial activity on gram positive 
bacteria. For extract obtained from roots and flowers MIC50 values are in range of 15.6–
125 g/mL, while for leaves extracts MIC50 values are in range of 15.6–250 g/mL. 
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Extracts obtained from stems showed MIC50 values in range of 62.5–250 g/mL. Gram 
negative bacteria E. coli was found to be the most resistant on all tested extracts. Flowers, 
leaves and stems methanol extracts had strong potency against gram positive M.
lysodeikticus and M. luteus, while roots extracts showed the highest antibacterial activitie 
on gram positive B. mycoides and Gram negative K. pneumoniae. 
Table 1. In vitro growth inhibitory activity (IC50 µg/mL) of E. serbicum methanol extracts of 
flowers, leaves, stems and roots on HCT-116, SW-480, MDA MB-231 and MRC-5 cell lines after 24 
and 72 h of exposure. Values are presented as mean ± SE from 3 experiment. 

 IC50 (µg/mL) 

Cell lines and extracts 24 h 72 h 

HCT-116   

Flowers 375.39 ± 0.46 17.96 ± 0.43 

Leaves 209.56 ± 0.32 65.44 ±0.50 

Stems ˃500 65.97 ±0.46 

Roots 89.80 ± 0.82 83.99 ± 0.81 

SW-480   

Flowers 54.25 ± 0.46 23.03 ± 0.47 

Leaves > 500 12.96 ± 0.39 

Stems 49.24 ± 0.36 20.25 ± 0.46 

Roots 5.78 ± 0.53 24.76 ± 0.77 

MDA-MB-231   

Flowers 224.03 ± 0.62 54.23 ± 0.63 

Leaves 121.24 ± 0.33 15.93 ± 0.21 

Stems 246.97 ± 0.67 30.81 ± 0.43 

Roots 38.73 ± 0.53 15.14 ± 0.56 

MRC-5   

Flowers ˃500 ˃500 

Leaves ˃500 ˃500 

Stems ˃500 ˃500 

Roots 156.50 ± 0.61 227.20 ± 0.31 

 

Overall, this research provided a strong indication of the potential use of E. serbicum 
different plant organs as cytotoxic and antibacterial agents. 
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Asortiman delatnosti obuhvata širok spektar medicinskih aparata i 
opreme, potrošnog materijala, hemikalija i reagenasa, dijagnostike i 
ostalih rele
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ELTA 90 Medical Science je najmla3i 4lan ELTA 90 grupacije, regionalnog lidera u distribuciji medicinskih 
sredstava, laboratorijske opreme i potrošnog materijala. Sa više od 15 godina iskustva u regionu, ELTA 90 je 
gradila svoju reputaciju uspešne kompanije, kojoj su partneri na prvom mestu. 

Veliki broj renomiranih svetskih kompaniija koje zastupamo svedo4i o našem poslovanju koje se bazira na 

stalnoj edukaciji, unapre3enju kvaliteta i brzine usluge, inovacijama, društvenoj odgovornosti i gra3enju 
poverenja i partnerskih odnosa sa našim klijentima. Profesionalne potrebe i razvoj naših klijenata su bile i 
ostale naš prioritet.  

 
Kompanija Illumina je osnovana 1998. godine u San Dijegu, 
Kalifornija. Trenutno ima preko 6000 zaposlenih i predstavlja 
globalnog lidera u genetici, polju koje povezuje biologiju i 
tehnologiju. Nakon Projekta humanog genoma, kada je prvi 
put odgonetnuta kompletna primarna sekvenca molekula  
DNK i  kada je identifikovano i mapirano preko 20 000 gena, 
���������	
�� ��� 
������ 	�� 
oš ve�u skalu. Ovaj nau4ni proboj 

doprineo je da molekularna  genetika i studije na 4itavom humanom genomu postanu fundamentalan deo 
medicine i brige o zdravlju ljudi. Polje klini4ke molekularne dijagnostike se u poslednjoj deceniji zna4ajno 
proširilo, pre svega zahvaljuju�i razvoju nauke i tehnologije. Tehnologija sekvenciranja nove generacije 
(eng. New Generation Sequencing, NGS) predstavlja novu i revolucionarnu metodu kojom je mogu�e 
analizirati hiljade gena u samo jednom koraku. Kompanija Illumina je pionir u razvoju ove metodologije, a  
nedavno je proslavlljaju�i  svoj 18. ro3�	��	��
������������
�
����aj lidera u ovoj oblasti. Osim dijagnosti4kih 
analiza, koje su postale rutinske na Illumininim aparatima poput MiniSeq-a i MiSeq-a, omogu�avamo 
��������a4ima da idu još dalje. Vo3�	�����
������	��������	�	
��������� bi pronašli odgovore na sva pitanja 
koja intrigiraju nau4nu javnost i javnost uopšte, svakoga dana se razvijamo. Pristup Ilumina grupi ne samo 
da omogu���� razmenu iskustva i znanja, ve� 
���� nau4nicima mogu����� da osete pokreta4ku enegriju 
koju nosi rad na sekvenatorima nove generacije. Omogu�ava im da budu prvi i da pomeraju granice. 
������������������	�
����������������
�������������������	�	�
���
��	���� 

Uz Illuminu, budu�nost je sada. 

Ono što izdvaja Illuminu od drugih proizvo3a4a jeste posebna tehnika sekvenciranja sintezom – SBS 
(Sequencing by synthesis)4ija je osnovna prednost velika osetljivost i smanjenje mogu�nosti greške, kao i 
“Pair-end sequencing”  koji omogu�ava dodatnu proveru sekvenciranja. 

MiniSeq - nova super zvezda Illumine. Sva snaga u malom, pristupa4nom i jednostavnom za upotrebu 
instrumentu najnovije generacije.  

MiSeq –fokus na snazi i neograni4enim mogu�nostima. Ciljano sekvenciranje gena, metagenomika, 
sekvenciranje malih genoma,  ciljana ekspresija gena, sekvenciranje amplikona, HLA tipizacija uz Output do 
15Gb! 

NextSeq 500 - najja4idesktop sekvenator, objedinjuje veliku snagu, 
fleksibilnost i jednostavnost u radu, kako bi Vam osiguraošto 
jednostavniji pristup u izu4avanju kompletnog genoma, epigenoma i 
transkriptoma. 
HiSeq sistemi - neprikosnoveni sistemi prepoznatljive snage, brzine i 
efikasnosti koji su postali prva opcija za sve ve�e geneti4ke centre 
širom sveta. 



Svetog Klimenta 26 
11050 Beograd, Srbija 

Tel: 011/2832650 
e-mail: office@elta90ms.com 

www.elta90ms.com 
 

 

 

 

Kompanija Beckman Coulter je osnovana pre 80 godina, a 
do danas ima  predstavništvo u preko 130 zemalja sveta i 
broji preko 11 800 zaposlenih. Beckman Coulter je predano 
posve�en unapre3ivanju i optimizovanju aparata i 
reagenasa u laboratorijama. Tokom godina razvijeno je 
veliko poverenje izme3u klijenata i ove kompanije, tako da 
se za ime Beckman Coulter pre svega vezuje re4 “kvalitet”. 

Glavni fokus zaposlenih u Beckman Coulter-u je inovacija, pouzdanost i efikasnost, zbog 4ega se njihov 
��
���	��������������������
�����
���������a opravdano pove�ava iz godine u godinu.  

Beckman Coulter Life Sciences  

������	���������"�#��$���	����
����� �	������	�� ��
�����	������	
�����
laboratorije sa najrazli4itijim potrebama širom sveta. Njihovu opremu 
�ete videti na univerzitetima, u vladinom sektoru, u biotehnološkim i 
farmaceutskim kompanijama, bolnicama i komercijalnim 
laboratorijama. Svojim najsavremenijim pristupom Beckman Coulter 
Life Sciences preispituje konvencionalne metode kako bi razvio 
najbolje mogu�e proizvode koji su globalno prepoznati kao izuzetno 
pouzdani, a samim tim su i veoma rado i sa ponosom koriš�eni u 
laboratorijama. 

Iz Beckman Coulter Life Sciences portfolia izdvaja se program za 
proto4nu citometriju, koji je posebno prilago3en jedinstvenim 

��������� ���������4a (CytoFLEX aparat) kao i širok dijapazon 
centrifuga (Allegra, Avanti i Optima serije).  

Beckman Coulter Industry 

Svaki korak u industrijskoj proizvodnji iziskuje precizno merenje, te samim 
�������������	
��������
��������
�������	
��������	�������������
�������
��se 
�������� �� ����
� ���
�	�
��� ������	� �������� �	�����%� 
����� 
��
�	��
integrisane, lake za upotrebu, automatizovane sisteme sa najrazli4itijom 
primenom u kontroli kvaliteta – merenje 4estica, pra�enje njihove distribucije 
i zapremine koje zauzimaju kao i kompletna analiza na �elijskom nivou. Svi 
Beckman Coulter sistemi mogu da se konfigurišu tako da iza3u u susret 
specifi4	��� 
��������� ����� ��
����	��� �� �	������
�� �� 
����
�� �#�����	� 
������
automatizacije za najrazli4itije korake u trgovini. 

Treba izdvojiti Multisizer™ 4 COULTER COUNTER® i Multisizer™ 3 COULTER 
COUNTER® kao najpopularnije broja4e 4estica, kao i LS 13 320 Multi-Wavelength broja44estica koji koristi 
lasersku difrakciju zraka. 
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