
 

 

 
 

 

 

2nd symposium on 

“Novel Frontiers in Physiology and 

Pharmacology  

of the Cholinergic System” 
 

 

Organizing institution: 

Department of pharmacology and toxicology 

Faculty of Pharmacy 

Comenius University 
 

 
 

 

4 – 6 October 2012  

The High Tatras 

 



 

 

“Novel Frontiers in Physiology and Pharmacology 

of  the Cholinergic System” 

 
 

1 
 

SUMMARY 

 

The objective of the symposium is to discuss the latest discoveries and 

progress in the field of physiology and pharmacology of the cholinergic 

system, presented by young researchers, postgraduate students and 

undergraduate students. 

                    Anna Hrabovska 

 

 

REVIEWERS:  Anna Hrabovska 

Eric Krejci 

Jan Kyselovic  

 

 

Editor:    Peter Musil 

Issued by:   Faculty of Pharmacy  

Comenius University in Bratislava; 2011 
 

MAIN FINANCIAL SUPPORT 

 

 



 

 

“Novel Frontiers in Physiology and Pharmacology 

of  the Cholinergic System” 

 
 

2 
 

INTERNATIONAL ADVISORY BOARD 

Hrabovska, Anna  
Department of pharmacology and toxicology,  

Faculty of Pharmacy, Comenius University, Bratislava, Slovakia 

Krejci, Eric  
Centre d’Etude de la sensorimotricité, CNRS UMR 8194,  

Université Paris Descartes, Paris, France       

Kyselovic, Jan (Slovakia) 
Dean of Faculty of Pharmacy,  

Comenius University, Bratislava, Slovakia 

Musil, Peter (Slovakia) 

Department of pharmacology and toxicology,  

Faculty of Pharmacy, Comenius University, Bratislava, Slovakia 

 

PRESENTERS 

Dingova, Dominika 

Kucera, Matej 

Mlynarova, Jana 

 

 

Mrvova, Katarina 

Piváčková Lenka 

Riapošova Lucia 

Dept. of Pharmacol and Toxicol, Faculty of Pharmacy, Comenius University, Bratislava, 

Slovakia;  

 

All contributions were presented in form of an oral presentation followed 

by discussion. There was no time limit for presentations or discussion.  



 

 

“Novel Frontiers in Physiology and Pharmacology 

of  the Cholinergic System” 

 
 

3 
 

PREFACE 

In early October, we participated in the second symposium, in continuation of the 

first symposium. The symposium was very helpful for discussions during the 

sessions and during the free time that we spent in a “new” region of High Tatras. 

We have tracked the progress made over this past year by the PhD programs; all 

focused on the cholinergic function in heart. Dominika Dingova is finishing the 

required improvement of sensitivity and selectivity to analyze the cholinesterase 

molecular forms and reveals where the enzymes are localized. This study will help 

Matej Kucera to propose new hypothesis to explain the change in heart function he 

had observed in the mouse strains with partial deficit in cholinesterase. These mice 

should have locally new dynamic of acetylcholine that may affect the activation of 

nicotinic receptor. A complementary approach is developed by Katarina Mrvova, 

who analyzes the functional alteration in nicotinic receptor knockout mice. This 

project requires the acquisition of a new experimental skill. This evolution is 

remarkable after the characterization of novel monoclonal antibodies directed 

against mouse butyrylcholinesterase. Lenka Pivackova has presented interesting 

observation in aorta physiology, in which cholinergic system is obviously involved.  

Lucia Riaposova a Dimitra Chatzi start a new project and Lucia has presented the 

strategy they want to use to obtain antibodies against dymeclin, a poorly 

characterized protein. 

The symposium was lovely organized. We hope to meet for scientific discussion at 

the third symposium again and we hope to see even more participants.  

Bratislava, October 23
th

 2012 

 

Eric Krejci 
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THE ELLMAN'S REAGENT: DOES IT PLAY SOME SECRET ROLE IN MEASURING 

CHOLINESTERASE ACTIVITY? 

DOMINIKA DINGOVÁ
1
, ERIC KREJCI

2
, ANNA HRABOVSKÁ

1
 

1
Dpt. of pharmacology and toxicology, Faculty of Pharmacy, Comenius university, Odbojarov 10, 83232 Bratislava, 

Slovakia 
2
CNRS UMR 8194, Université Paris Descartes, Paris, France 

Introduction: Cholinesterases are key enzymes in neurobiology, toxicology and pharmacology. 

Measuring cholinesterase activity includes a lot of different methods. Among all these methods, Ellman's 

assay has a unique place with about 12000 citations up to date. Ellman's reagent interacts with free 

sulfhydryl groups, which are available as a result of substrate hydrolysis by cholinesterase and in such a 

way it is possible to measure its activity. Procedure is very simple, cheap, fast and, because of these 

advantages, very favorite in scientific circles. However, it has a few limit factors as well.  

The aim of this project was to minimize the limiting factors concerning stability of Ellman's reagent. 

During study of cholinesterases with Ellman's assay, we observed unexpected effect of Ellman's reagent 

on activity of cholinesterases. 

Method: Stability of 0.5 mM Ellman's reagent was tested in presence of phosphate and HEPES buffers at 

pH = 7 – 8.5 at 412 nm. Modified Ellman's assay was performed by stopping the hydrolysis of 1mM 

butyrylthiocholine iodide catalyzed by butyrylcholinesterase (10mg/ml, dilution 1:15000) with 0.3 mM 

neostigmine sulphate every 5 minutes and addition of 0.5mM Ellman's reagent afterwards. Effect of 

Ellman's reagent (0.1-30 mM) on cholinesterase activity was studied fluorometrically (ex. 385, em. 485) 

with 1mM indoxylacetate as substrate and colorimetrically with 1mM butyrylthiocholine at 412nm. 

Isothermal titration calorimetry was used to study the interaction between butyrylcholinesterase (10mg/ml, 

dilution 1:5000) and 0.5mM Ellman's reagent. To characterize the orientation of Ellman's reagent to 

butyrylcholinesterase, docking has been used. 

Results: Ellman's reagent is much more stable in presence of HEPES buffer than in phosphate buffer. In 

modified Ellman's assay, we discovered higher activity of butyrylcholinesterase than in standard Ellman's 

assay. We observed that with increasing amount of reagent, activity of butyrylcholinesterase decreases. 

This has been confirmed in fluorometrical and colorimetrical assays. Isothermal titration calorimetry and 

docking have shown interactions between reagent and butyrylcholinesterase. We saw no such effect on 

acetylcholinesterase activity. 

Conclusion: Based on our results, Ellman's reagent inhibits the activity of butyrylcholinesterase. The 

modified method avoids this unexpected inhibition effect. 

Supported by APVV grant SK-FR-0031-09, SK-FR-0048-11, VEGA 1/1139/12, FaF UK/44/2012.  
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STIMULATION OF CARDIAC FUNCTION BY BETA-1 AGONIST IN MICE WITH THE 

ABSENCE OF VARIOUS MOLECULAR FORMS OF CHOLINESTERASES  

MATEJ KUČERA, KATARÍNA MRVOVÁ, ANNA HRABOVSKÁ. 

 Dpt. of Pharmacol and Toxicol, Faculty of Pharmacy, Comenius University, Bratislava, Slovakia  

Introduction: Heart function is controlled by many mechanisms including nervous system. Neuronal 

regulation of heart is represented by sympathetic and parasympathetic nervous systems. Both of these 

systems have ganglionic cholinergic synapse. Thus cholinergic system including cholinesterases has 

significant role in regulation of the heart functions. For example organophosphate poisoning caused 

decreased of heart rate by inhibition of cholinesterases in sympathetic and parasympathetic cholinergic 

synapses and cholinesterases on cardiomyocytes. In mammalian heart, both cholinesterases 

acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) are present, together with their anchoring 

proteins, collagen Q (ColQ) and proline-rich membrane anchor (PRiMA). To these days, the precise role 

of cholinesterases in physiology and pathology of heart is unknown. 

The aim of this project was to study heart function in mice with the absence of individual molecular 

forms of cholinesterases by stimulation of heart function by beta-1 agonist dobutamine. 

Method: We used wild type mice, mice with absence of acetylcholinesterase in muscle (Del i1RR-/-), 

mice with deletion of butyrylcholinesterase (BCHE-/-) and mice without cholinesterases anchored by 

PRiMA protein (PRiMA-/-) in this project. Mice were anesthetized with 2, 5% AVERTINE. After 15-

minute equilibration period,  standard three lead ECG was recorded. Afterwards, right Arteria carotis was 

catheterized by thin polyethylene tube connected to the detector. We measured arterial blood pressure, 

catheter was then inserted into the left ventricle and left ventricle pressure was measured. Thereafter, other 

catheter was inserted into the left Vena jugularis. By this catheter, cumulative dose of beta-1 agonist 

dobutamine was applied directly in the mice heart by infusion pump. Heart frequency, systolic and 

diastolic pressure and dynamic of contraction and relaxation were recorded. 

Results: ECG measurement showed no differences between genotypes in all followed parameters. As for 

arterial and left ventricular blood pressures, basal parameters were similar in all studied genotypes with 

exception for BChE -/- mouse. BChE-/- mice had lower arterial systolic and systolic-diastolic blood 

pressure than wild types however, blood pressure in left ventricle was unchanged. Application of 

dobutamine caused increase of heart rate and very mild increase of systolic left ventricle pressure in all 

genotypes. PRiMA -/- mouse responded by significantly higher increase of heart rate than wild type and 

BChE -/- mouse. Del i1RR-/- mice had slightly lower course of heart rate than other genotypes. Systolic 

left ventricle pressure and left ventricle developed pressure show difference between BChE-/-, Del i1RR-

/- and wild types but only in values at the end of dobutamine application. Speed of contraction and speed 

of relaxation showed no difference between genotypes. 
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Conclusion: Our results suggest an important role of BChE of large arteries in the regulation of blood 

pressure. PRiMA-/- mice are more sensitive to the adrenergic heart stimulation. Cholinergic system seems 

to be important for the modulation of the adrenergic stimulation of heart.  

Supported by FaF UK/49/2012, APVV SK-FR-0031-09, SK-FR-0048-11, SK-CZ-0028-09 and VEGA 

1/1139/12 2012-2014. 
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THE EFFECT OF NEOSTIGMINE ON ISOLATED HEART PARAMETERS IN THE ABSENCE 

OF VARIOUS MOLECULAR FORMS OF CHOLINESTERASES 

MATEJ KUČERA, KATARÍNA MRVOVÁ, ERIC KREJCI, ANNA HRABOVSKÁ.  

Dpt. of Pharmacol and Toxicol, Faculty of Pharmacy, Comenius University, Bratislava, Slovakia  

Introduction: Research of cholinergic system in heart was up to these days in the shadow of the 

sympathetic system research. Recently, information about the importance of this system in physiology and 

pathology of heart has begun to emerge. Hence study of cholinesterases, key enzymes of cholinergic 

transmission, in heart has been gaining in significance. Both cholinesterases, acetylcholinesterase (AChE) 

and butyrylcholinesterase (BChE) are present in heart tissue together with their anchoring proteins, 

collagen Q (ColQ) and proline-rich membrane anchor (PRiMA). Their exact role in heart is not clear so 

far but it seems that cholinergic system in heart has other functions than just parasympathetic innervations. 

The aim of this project was to study contribution of different forms of cholinesterases on heart physiology 

by means of cholinergic stimulation of isolated heart in different mice genotypes.  

Method: Wild type mice, mice with deletion of anchored molecular forms of cholinesterases (Del E 5+6-

/-), mice with absence of butyrylcholinesterase (BChE-/-) and mice with deletion of gene for anchoring 

protein PRiMA (PRiMA-/-) were used in these experiment. Mice hearts were isolated from decapitated 

mice and then perfused by Langendorff method. Left ventricular pressure was measured by a water-filled 

balloon introduced in the left ventricle. From recorded left ventricle pressure curve, information about 

heart rate, systolic and diastolic pressures and speed of heart contraction and relaxation were obtained. 

After a 20-minute equilibration period, physiological parameters were recorded. After that, 3uM 

neostigmine was applied during 25-minute period. 

Results: We found no differences in physiological parameters of isolated heart between genotypes. 

Surprisingly, 3 μM neostigmine application showed significant differences between wild types, BChE-/- 

and Del E 5+6-/- mice in the heart frequency.After 3 μM neostigmine application, heart rate significantly 

decreased during10 minutes and remained low during further application in the wild type hearts. BChE-/- 

hearts had greater reduction of the heart rate comparing to the wild type mice. In contrast, Del E 5+6-/- 

hearts had no effect to the 3uM neostigmine application, thus heart rate remained unchanged. PRiMA -/- 

hearts had approximately same course of heart rate as wild types. Systolic and diastolic left ventricle 

pressure showed no differences between genotypes as well as speed of contraction and relaxation. 

Conclusion: Effect of neostigmine on heart frequency is caused by inhibition of anchored molecular 

forms of AChE. It is confirmed by no effect of neostigmine on heart rate in Del E5+6 -/- hearts.  Hearts 

with the absence of BChE had different progress of heart frequency than other genotypes. This indicate 

possible role of BChE in heart rate control.  

Supported by FaF UK/49/2012, APVV SK-FR-0048-11 and VEGA 1/1139/12 2012-2014. 
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THE EFFECT OF ABSENCE DIFFERENT NICOTINIC RECEPTOR SUBUNITS  ON  HEART 

PARAMETERS IN MOUSE. 

KATARÍNA MRVOVÁ, MATEJ KUČERA, ANNA HRABOVSKÁ 

Dpt. of pharmacol and toxicol, Faculty of Pharmacy, Comenius University, Bratislava 

Introduction: Neuronal control of the heart is mediated through the parasympathetic and sympathetic 

systems. At the level of their ganglionic synapse, acetylcholine is released from the presynaptic nerve 

terminals and it binds to nicotinic receptors on the postsynaptic membrane. Neuronal nicotinic receptors 

can be formed by various combinations of heterologous or homologous subunits, α (2-9) and β (2-4) 

subunits. Despite of a lot of studies, physiological role of nicotinic receptors of different composition in 

the heart is still unclear.  

The aim of this study was to examine the role of α7 and β4 nicotinic receptor subunits in heart physiology 

using genetical and pharmacological approach.  

Methods: In all experiments α7- and β4- knockout mice and wild-type mice were used. In in vivo 

measurements, mice were anesthetized and arteria carotis was catheterized. Heart parameters were 

measured in arteria carotis and in the left ventricle. The left vena jugularis was cannulated for intravenous 

application of cumulative dose of β-1 agonist dobutamine. In in vitro experiments, mice were decapitated 

and isolated hearts were perfused by Langendorff’s method. Physiological parameters were recorded in 

the left ventricle. Then, inhibitor of cholinesterase neostigmine (3 µmol) was applied. In all experiments, 

heart frequency, systolic and diastolic pressure and speed of contraction and relaxation were recorded. 

Results: In vivo experiments: β4 -/- mice had higher heart rate and lower diastolic blood pressure in the 

left ventricle than the wild types. We observed no differences between α7 -/- mice and wild-type mice. 

After application of dobutamine, heart rate and systolic blood pressure increased in α7 -/- mice and wild-

type mice, but β4-/- mice did not respond to the tested substance.  In vitro experiments, β4 -/- mice had 

significantly lower systolic blood pressure and higher speed of left ventricle relaxation than wild type 

mice. We did not observe any changes in basic heart parameters for α7 -/- mice. Heart of β4-/-mice was 

more sensitive to the application of neostigmine represented by steeper decrease of the heart rate 

comparing to the wild type, while heart of α7 -/- mice did not react to the inhibition of cholinesterase at 

all. 

Conclusions: Our results did not confirm a role of α7 nicotinic receptor subunit in heart physiology. 

However, adaptation mechanisms could not be ruled out at this stage. More experiments are required. The 

lack of β4 subunit in mouse leads to the changes in heart physiology, as observed in in vitro and in vivo 

experiments. This subunit seems to be of high importance for regulation of basic heart functions.  

Supported by APVV grants SK-CZ-0028-09, SK-FR-0031-09, UK/469/2012, SK-FR-0048-11, VEGA 

1/1139/12.  
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NEW MONOCLONAL ANTIBODIES AGAINST MOUSE BUTYRYLCHOLINESTERASE 

KATARÍNA MRVOVÁ, LUCIA OBŢEROVÁ, JÁN LAUKO, MILADA PAULOVOVÁ, ANNA 

HRABOVSKÁ 

Dpt. of pharmacol and toxicol, Faculty of Pharmacy, Comenius University, Bratislava 

Introduction: Antibodies are very important tools in many biochemical methods, used in diagnostics, 

therapy of diseases and in research. However, as butyrylcholinesterase (BChE) is a problematic antigen, 

only anti-human and anti-monkey antibodies were successfully generated in the past. For preparation of 

anti-mouse antibodies we introduced a novel immunization strategy. It was based on the immunization of 

BChE-/- knockout mice with this recombinant enzyme.
1
 New monoclonal anti-mouse antibodies resolve 

many problem in studying BChE. 

The aim of this project was to characterize different properties of anti-mouse BChE antibodies (4H1 and 

4C9) and to determine conditions for their use in different methods.  

Methods: ELISA assay was used for characterization of avidity, selectivity, cross reactivity and inter-

species reactivity of anti-mouse antibodies. Each well of Nunc-Immuno F96 Maxi-Sorp plates was coated 

with 1 μg of affinity pure goat anti-mouse IgG. Plates were blocked with 0.1% BSA. Monoclonal antibody 

dilutions and plasma dilution were determined experimentally. BChE activity in plasma was measured by 

Ellman´s method with 1 mM butyrylthiocholine.
2
 In Western blot, recombinant BChE, human, mouse, rat 

and dog plasma were analyzed under reduced/denatured, non-reduced/denatured or native (non-

reduced/non-denatured) conditions.  

Results: 1. Characterization of new anti-mouse BChE antibodies: Anti-mouse BChE antibodies were 

selective for BChE and they did not recognize acetylcholinesterase. Avidity of antibodies was determined 

from the non-linear fitting of saturation curve with the Kd values 0.318 nM for 4H1 and 0,1 μM for 4C9. 

The minimal detection limit was 20 nl of mouse plasma for 4H1 and 50 nl of mouse plasma for 4C9. Both 

antibodies were able to bind BChE from tissue extracts of liver, brain, heart and tibilalis muscle. In ELISA 

assay, both antibodies recognized rat BChE. 4H1 but not 4C9 recognized dog enzyme. None cross-reacted 

with BChE in human plasma. In Western blot no bands for human, dog or rat were present. Very strong 

signal was observed for mouse plasma, however we detected controverted signal in the plasma of BChE-/- 

mouse. 

2. Design of novel methods employing the antibodies:  We plan to use the antibodies in order to study 

presence of mixed oligomers in mouse tissues. This approach is based on “purification” of oligomers in 

ELISA by affinity towards BChE and further measurement of AChE activity in the captures protein. 

Moreover, we plan to quantify captured protein by double sandwich assay, in which one antibody (4C9) 

will be used to capture the protein and the other one (biotinylated 4H1) for detection.  
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Conclusion: Presented anti-mouse BChE antibodies are selective, efficient and sensitive. Theyienable a 

simple and efficient way to work with “pure” enzyme in ELISA assay. The application of our method 

could be used to study possible existence of mixed acetylcholinesterase/BChE oligomers in mouse tissues.  

1
Hrabovska A. et al. PLoS One, 2010, 5, e12892. 

2
Ellman G L et al. Biochemical Pharmacology 7:88-95, 1961 

Supported by APVV grants SK-CZ-0028-09, SK-FR-0031-09, UK/469/2012,SK-FR-0048-11, VEGA 

1/1139/12.  

 

 

 



 

 

“Novel Frontiers in Physiology and Pharmacology 

of  the Cholinergic System” 

 
 

11 
 

RELATION OF SPECIFIC TRANSCRIPTION FACTORS EXPRESSION IN EPICARDIAL 

ADIPOSE TISSUE AND MYOCARDIUM - GWAS 

JANA MLYNÁROVÁ
1
, GABRIEL DÓKA

1
, MICHAL HULMAN

2
, VLADAN HUDEC

2
, PETER 

MUSIL
1
, EVA GONÇALVESOVÁ

2
, JÁN KYSELOVIČ

1 

1
Dpt. of pharmacology and toxicology, Faculty of Pharmacy, Comenius University, Odbojarov 10,  832 32 

Bratislava
 

2
The National Institute of Cardiovascular Diseases in Bratislava 

Introduction: Cardiac hypertrophy and dilatation are characteristic changes in heart failure. Calcineurin 

(CALN) and nuclear factor of activated T-cells (NFAT3) are implicated in the process of cardiac 

hypertrophy and in adipogenesis and adipocyte differentiation. During heart failure fetal gene 

reprogramming occurs. Hand1 (eHAND) is a transcription factor imlicated in heart development. 

Epicardial adipose tissue is located on the surface of myocardium. There exist no layer separating 

epicardial adipose tissue and myocardium. Therefore, an interaction between these two tissues is expected.    

The aim: The aim of this work is to observe the expression of CALN, NFAT3 and HAND1 transcription 

factors in epicardial adipose tissue and myocardium and look for correlations of these factors between 

epicardial adipose tissue and myocardium, as a part of GWAS. 

Materials and Methods: The mRNA expression of CALN and NFAT3 genes were analysed using PCR 

method from samples of epicardial adipose tissue and myocardium of 20 patients with end-stage heart 

failure undergoing heart transplantation. The samples were collected at the beginning of the operation in 

the National institute of cardiovascular diseases in Bratislava. 18 men and 2 women with average age of 

48 years were included in this work. Spearman correlation coefficient was used to study correlations 

between gene expressions.   

Results: CALN, NFAT3 and HAND1 mRNA expression was analysed in epicardial adipose tissue and 

myocardium. We found no correlation between CALN expression in epicardial adipose tissue and 

myocardium. There was no such correlation between NFAT3 and HAND1 mRNA expression. Our results 

show a significant correlation between the expression of HAND1 in myocardium with the expression of 

NFAT3 in epicardial adipose tissue (rs=0,5008, p<0,01). 

Conclusion: In this study, we analysed the mRNA expression of transcription factors imlicated in cardiac 

hypertrophy CALN and NFAT3 and a transcription factor implicated in heart development HAND1. We 

found no correlations between the expression of CALN and NFAT3 in epicardial adipose tissue and 

myocardium. There was a significant correlation between the expression of HAND1 gene in the 

myocardium and NFAT3 gene in epicardial adipose tissue.   

Supported by UK/473/2012, VEGA 1/0786/11 
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ENDOTHELIAL DYSFUNCTION AND EXPRESSION OF CHOSEN CHOLINERGIC SYSTEM 

COMPONENTS IN AORTA FROM WISTAR AND SHR RATS WITH EXPERIMENTAL 

DIABETES 

LENKA PIVÁČKOVÁ, BEÁTA GAJDÁČOVÁ, LUCIA MENŠÍKOVÁ, MATEJ KUČERA, PETER 

KŘENEK 

Dpt. of pharmacology and toxicology, Faculty of Pharmacy, Comenius University, Bratislava 

Introduction: Endothelial dysfunction is a pathological state characterized by increased tendency to 

vasoconstriction, inflammation and thrombogenesis. It also accompanies diabetes mellitus and is present 

in spontaneously hypertensive rat (SHR), a well established genetic model of hypertension. Trigonella 

foenum-graecum (TFG) seeds are reported to have hypoglycemic, hypocholesterolemic and 

hyperinsulinemic properties and therefore could improve vascular function. Endothelial dysfunction is 

often attributed to changes in NO signalling, but possible role of cholinergic system has not been 

investigated.  

The aims of our experiment were to investigate the hypothesis, that endothelial dysfunction observed in 

diabetes and/or SHR rats could be connected to changes in expression of cholinergic system components 

and to evaluate possible protective effects of Trigonella foenum-graecum on endothelial function.  

Methods: Experimental diabetes was induced in Wistar (WIS) and SHR male rats by 3 doses of 

streptozotocin (STZ) 25mg/kg i.p. administered in 24 h intervals. Control groups received vehiculum. 2 

weeks after STZ treatment, half of rats in every group were fed by chow diet enriched with TFG seeds 

(5%) for 4 weeks. Vascular reactivity of isolated thoracic aorta was evaluated by contraction induced by 

KCl or norepinephrine followed by cumulative sodium nitroprusside (with L-NAME pretreatment) or 

acetylcholine relaxation. We designed mRNA specific primers for acetylcholinesterase (AchE), 

butyrylcholinesterase (BchE), M3 receptor (chrm3), proline-rich membrane anchor (PRiMA1) and 

collagen tail 1 (ColQ1) suitable for qRT-PCR, which were then validated and used for qRT-PCR analysis 

of gene expression in aorta. 

Results: Diabetic WIS rats exhibited an endothelial dysfunction observed as a decrease in acetylcholine 

relaxation that could be abolished by TFG treatment. SHR rats had decreased contractile response to KCl 

and NA in comparison to WIS. They also exhibited enhanced relaxation at lower doses of acetylcholine, 

but higher doses caused endothelium-dependent contraction. NPS relaxation did not differ among 

experimental groups. All designed primers were target-specific and showed linear calibration curves. 

Diabetes induction and/or treatment with TFG did not have any effect on expression of investigated genes, 

but we observed significant differences between SHR and WIS rats in 2 genes. SHR had significantly 

lower expression of BchE and higher expression of ColQ1 in comparison to WIS rats. We did not find any 

significant correlation between function parameters and expression of cholinergic system components. 
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Conclusions: Experimental streptozotocin-induced diabetes and TFG treatment influenced vascular 

reactivity, but did not change expression of chosen cholinergic system components. Observed differences 

in BchE and ColQ1 mRNA expression between WIS and SHR rats could contribute to altered vascular 

reactivity observed in this rat strain. 

Supported by UK/449/2012. 
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MOLECULAR CLONING AND EXPRESSION OF DYM GENE – PRODUCTION OF 

DYMECLIN PROTEIN 

LUCIA RIAPOŠOVÁ, DIMITRA CHATZI, ANNA HRABOVSKÁ 

Department of Pharmacology and Toxicology, Faculty of Pharmacy, Comenius University, Bratislava 

Introduction:  The Dymeclin gene (DYM) is located on chromosome 18q12.1. It is composed of 17 

exons and encodes the Dymeclin protein.  The protein is most abundantly expressed in brain, cartilage and 

bones.  Mutations in the DYM gene give rise to two rare types of spondylo-epi-metaphyseal dysplasia: 

Dyggve-Melchior-Clausen syndrome (DMC) and Smith-McCort dysplasia (SMC). DMC is a progressive 

osteochondroplasia characterised by bone abnormalities, dwarfism, microcephaly, facial dysmorphism and 

variable degree of mental retardation. Smith-McCort dysplasia is an allelic variant of DMC which presents 

similarly to DMC but without mental impairment.  Despite the fact that it is known that the mutations in 

Dymeclin gene cause these two types of disorders, the exact structure or function of Dymeclin protein has 

not been discovered yet. Since only so little is known about the Dymeclin’s characteristics and its 

function, our preparation and further analysis of this protein could help uncover its function in the body. 

The aim of this project is to produce the Dymeclin protein. 

Methods:  The DYM gene cloned into pEGFP-C2 was a gift from Dr. Vincent El Ghouzzi, INSERM 

U676, Hopital Robert Debre, Paris, France. Strep-tag II sequence was introduced to N-terminus of DYM 

gene sequence by PCR using Phusion High Fidelity DNA polymerase. Purified PCR products were 

digested with restriction endonucleases XhoI and BamHI in order to prepare the DNA for the subcloning 

into pKLAC2 – the plasmid vector of Kluyveromyces lactis protein expression kit. Protein will be 

expressed in soluble form and purified by affinity chromatography using Streptactin sepharose.  

Results: We optimised the PCR conditions and managed to successfully amplify the Dymeclin gene 

sequence. We used the double restriction digestion to prepare the DYM gene and the plasmid vector for 

ligation.  

Conclusion: We found optimal conditions for amplification of Dymeclin gene with Strep-tag II primers, 

the most important variables being DNA concentration and number of cycles. In further steps, we aim to 

prepare and purify the Dymeclin protein expressed in K. lactis. 

Supported by APVV grant SK-FR-0048-11, UK/469/2012 and VEGA 1/1139/12.  

 






