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PLAN KONWERSATORIUM

CZWARTEK, 17.09.2015
15.00-17.00 — Rejestracja uczestnikéw
17.00-17.10 — Ceremonia otwarcia
17.10-19.10 — Wyktady Inauguracyjne (WI1, WI2)
Wil

Thierry Langer, University of Vienna, Austria
.Chemical feature-based 3D pharmacophores: current and futures aspects”

Wi2

Janusz Bujnicki, International Institute of Molecular and Cell Biology, Warsaw, Poland;
Adam Mickiewicz University, Poznan, Poland
+~RNA in the spotlight: 3D structure and interactions with small molecule ligands”

19.10 — Koncert

20.00 — Spotkanie towarzyskie

PIATEK, 18.09.2015
9.00-11.00 — Wyktad (W1) (45’)
Komunikaty (K1-K3) (20’)

Prowadzacy sesje — prof. Dariusz Matosiuk,
prof. Jerzy Tiuryn

w1

Wiestaw I. Gruszecki, Maria Curie-Sklodowska University, Lublin, Poland
~Amphotericin B: An old, good antibiotic with very bad reputation”

K1

Sebastian Kmiecik, University of Warsaw, Poland
,Web server tools for modeling of protein structure, its flexibility, aggregation properties and propein-
peptide interactions”

K2

Olga V. Zubkova, Victoria Univerisity of Wellington, New Zealand |
~Heparan sulfate fragments and glycomimetic clusters for therapeutic application”

K3

Matgorzata Kotulska, Wroctaw University of Technology, Poland
LBioinformatical studies of amyloid proteins and their contribution to diseases of civilization”
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11.00-11.30 — Przerwa kawowa

11.30-13.10 — Wyktad (W2) (45°)
Komunikaty (K4) (K5) (20°)

Prowadzacy sesje — prof. Katarzyna Kie¢-Kononowicz,
prof. Jacek Bfazewicz

W2

Adolfo Rivero-Muiller, University of Turku, Finland, Medical University of Lublin, Poland
»,Molecular analysis of a new mutant lutenising hormone beta subunit that results in hypogonadism”

K4

Dariusz Plewczynski, The Jackson Laboratory for Genomic Medicine, Farmington, CT, USA
Warsaw University, Poland
~3D-NOME: an integrated 3 Dimensional NucleOme Modeling Engine for data-driven simulation of
spatial genome organization”

K5

Imin Wushur, UiT-The Arctic University of Norway
LAllosteric modulation of GABAB receptor”

13.10-14.30 — Przerwa obiadowa
14.30-16.30 — Wyktad (W3) (45°)
Komunikaty (K6—K8) (20°)

Prowadzacy sesje — prof. Piotr Formanowicz,
prof. Krzysztof Bielawski

W3

Marek Tchoérzewski, Maria Curie-Sklodowska University, Lublin, Poland
~Eukaryotic ribosomal T-site as modulator of translational machinery”

K6

Marek Bajda, Jagiellonian University Medical College, Cracow, Poland
»Towards a better understanding of neurodegenerative diseases — beta-amyloid and Alzheimer's
disease”

K7

Szymon Wasik, Poznan University of Technology
sInferring bioinformatics models using crowdsourcing game”

K8

Thibaud Freyd, UiT The Arctic University of Norway
JAllosteric modulation of the human GABAg receptor”

16.30-17.00 — Przerwa kawowa

17.00-18.30 — Sesja posterowa
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SOBOTA, 19.09.2015

SEKCJA CHEMII MEDYCZNEJ
9.00-11.00 — Komunikaty (K9-K13) (20°)

Prowadzgcy sesje — dr hab. Jadwiga Handzlik,
prof. Zbigniew Chilmonczyk

K9

Anna Mrozek-Wilczkiewicz, University of Silesia, Katowice, Poland, Silesian Center for Education and
Interdisciplinary Research, University of Silesia, Chorzow, Poland
»,Combination of PDT therapy with iron chelators”

K10

Andrzej Zieba, Medical Univeristy of Silesia, Sosnowiec, Poland
»,New synthesis and in vitro antiproliferative activity of azaphenothiazine derivatives”

K11

Przemystaw Szafranski, Jagiellonian University Medical College, Krakéw, Poland
,New ‘Click chemistry’ solutions: water-soluble ligands for the Huisgen cycloaddition”

K12

Matgorzata Seczkowska, Maria Curie-Sklodowska University, Lublin, Poland
»Study of adsorption kinetic of selected pharmaceuticals on activated carbon”

K13

Dorota G. Piotrowska, Medical University of Lodz, Poland
~,Phosphonylated amonafide conjugates”

11.00-11.30 — Przerwa kawowa
11.30-13.00 — prezentacje posteréw (PP1-PP7) (10’)
sesja posterowa

Prowadzacy sesje — prof. dr hab. Monika Wujec,
dr hab. Pawet Zajdel

PP1

Agnieszka Jankowska, Jagiellonian University, Medical College, Krakow, Poland
~Synthesis of new amide and hydrazide derivatives of 1,3-dimethyl- or 3,7-dimethylpurine-2,6-dione as
PDE?7 inhibitors”

PP2

Aneta Pogorzelska, Medical University of Gdansk, Poland
,New series of 2-(2-alkylthio-4-chloro-5-methylbenzenesulfonyl)-3-(phenylprop-2-
ynylideneamino)guanidine derivatives — synthesis and anticancer activity”
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PP3

Patryk Kasza, Jagiellonian University Medical College, Cracow, Poland Scientific Association of Chemists
at the Jagiellonian University, Cracow, Poland
~Synthesis and evaluation of fluorescent 1,2,3-triazole derivatives of 3'-azido-3'-deoxythymidine (AZT),
using a novel ligand-accelerated [3+2] cycloaddition protocol”

PP4

tukasz Popiofek, Medical University of Lublin, Poland
sDesign, synthesis and in vitro antimicrobial activity of new nalidixic acid — 1,3-thiazolidin-4-one hybrids”

PP5

Sabina Podlewska, Institute of Pharmacology Polish Academy of Sciences, Krakéw, Poland Jagiellonian
University, Krakéw, Poland
,New non-basic ligands of serotonin receptor 5-HTg as a result of virtual screening based on machine-
learning methods”

PP6

[1] Waldemar Tejchman, Pedagogical University of Cracow, Poland
., Isorhodanines as substrates in the Diels-Alder synthesis of new potential biologically active
compounds”

PP7

Ryszard Bugno, Institute of Pharmacology Polish Academy of Sciences, Krakéw, Poland
»,Non-basic 5-HTg receptor ligands”

13.00-14.00 — Przerwa obiadowa
14.00-15.50 — Komunikaty (K14-K18) (20°)

Prowadzacy sesje — prof. Anna Bielawska,
prof. Andrzej Bojarski

K14

Jarostaw Sgczewski, Medical University of Gdansk, Poland
L~Synthesis and structure-activity relationship analysis of 5-HT- receptor antagonists: piperazin-1-yl
substituted unfused heterobiaryls”

K15

Tomasz Siédmiak, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University, Poland
,Kinetic resolution of (R,S)-ibuprofen with the application of lipase from Candida rugosa in free and
immobilized form”

K16

Zdzislaw Chilmonczyk National Medicines Institute, Warszawa, Poland
LParticipation of pre- and postsynaptic of 5-HT;, receptors in mood regulation (modulation of depressive
like behaviours)”

K17

Gniewomir Latacz, Jagiellonian University Medical College, Krakéw, Poland
»In vitro evaluation of metabolic stability of bicyclic imidazole-4-one derivative — the potent and selective
antagonist for the orphan G protein-coupled receptor GPR18”



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
K18

Tomasz Panczyk, Polish Academy of Sciences, Krakéw, Poland
»,Carbon nanotubes as drug delivery systems. Insights from molecular simulations”

16.00-16.30 — Przerwa kawowa
16.30-18.30 —Komunikat (K19) (20’)
prezentacje posteréw (PP8-PP7) (10°)

Prowadzacy sesje — dr hab. Agata Paneth,
prof. Stanistaw Ryng

K19

Ptazinski Wojciech, Polish Academy of Sciences, Cracow, Poland
~Mechanism of the water-assisted ring-opening reaction in hexopyranoses”

PP8

Anna Boguszewska-Czubara, Medical University of Lublin, Poland
~Effects of bergapten on memory processes and oxidative stress”

PP9

Dorota Chetminiak, Nicolaus Copernicus University in Torun, Poland
»~Magnetic nanoparticles coated with modified chitosan rich of long-distanced amino groups — synthesis,
characterization, and lipase immobilization”

PP10

Monika Tomczykowa, Medical University of Biatystok, Poland
,Dipeptide L-Carnosine analogu es”

PP11

Anita Ptazinska, Medical University of Lublin, Poland
» T he influence of the B2-adrenergic receptor genetic polymorphism on the interactions with agonists. A
molecular modeling study”

PP12

ABL&E-JASCO Poland
PP13

Adam Hogendorf, Polish Academy of Sciences, Cracow, Poland
Jagiellonian University, Cracow, Poland
» 1 he development of mGIluR8 PAM agonists”

PP14

Michat Zatuski, Medical College, Jagiellonian University, Krakéw, Poland
sEvaluation of novel N-9-benzyl-disubstituted derivatives of 1,3-dimethylpyrimido[2,1-flpurinediones as
MAO-B inhibitors”
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PP15

Artur Wnorowski, National Institute on Aging, Baltimore, USA
Medical University of Lublin, Poland
»(R,R’)-4-methoxy-1-naphthylfenoterol prevents GPR55 pro-oncogenic signaling in rat C6 glioma cells”

SOBOTA, 19.09.2015
SEKCJA BIOINFORMATYCZNA
9.00-11.00 — Komunikaty (K’9) (K’10) (25’)
Prezentacje posteréw (PP’1-PP’5) (15’)
Prowadzacy sesje — prof. Matgorzata Kotulska
K’9

Marcin Swistak, Faculty of Mathematics Informatics and Mechanics, University of Warsaw, Warsaw,
Poland

»,Comparison of differential expression and coexpression across multiple tissues (skin, fat and LCL) in
twins”

PP"1

Mateusz tgcki, Faculty of Mathematics, Informatics and Mechanics, University of Warsaw, Poland
sIsoStar — the ultimate algorithm for fine isotopic structure calculations”

PP’2
Marta Kulik, Centre of New Technologies, University of Warsaw, Poland, Department of Chemistry,
University of Warsaw, Poland
sEnergetic and structural investigation of aminoglycoside-RNA complexes”
PP’3
Tomasz Ratajczak, Institute of Computing Science, Poznan University of Technology, Poland
»~Robust 3D RNA models comparison with RNAssess”
K’10
Bogumit M. Konopka, Department of Biomedical Engineering, Wroclaw University of Technology, Poland
,Protein Contacts Ontology - a tool for annotation of protein residue-residue contacts”
PP’4

Natalia Széstak, Institute of Computing Science, Poznan University of Technology, Poland,
European Centre of Bioinformatics and Genomics, Poznan University of Technology, Poland
»,New in silico approach to assess RNA secondary structures with non-canonical base pairs”

PP’5

Witold Dyrka, INRIA - Université Bordeaux - CNRS, Team MAGNOME, Talence, France,
Institut de Biochimie et Génétique Cellulaires, CNRS, Bordeaux, France, Wroctaw University of
Technology, Department of Biomedical Engineering, Poland
~Deciphering the language of fungal pathogen recognition receptors”
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11.05-11.30 — Przerwa kawowa

11.30-13.00 — Komunikaty (K’11) (K’12)
prezentacje posteréow (PP’6-PP’7) (15%)
Prowadzacy sesje — dr hab. Dariusz Plewczyniski
K11

Witold Rudnicki, Interdyscyplinary Centre for Mathematical and Computational Modelling, University of
Warsaw, Poland
Department of Bioinformatics, University of Bialystok, Poland
,~Amino acid properties conserved in molecular evolution”

PP’6

Krzysztof Gogolewski, Institute of Informatics, University of Warsaw, Poland
JActivity of NAHR mediating LINE sequences and the distribution of their microhomologies”

K12

Michat Burdukiewicz, Department of Genomics, University of Wroclaw, Poland
,Biogram: a toolkit for n-gram analysis”

PP’7

Michat Startek, Faculty of Mathematics, Informatics and Mechanics, University of Warsaw, Poland
~Reconstructing the chronology of transposable element activity from interruption matrix: a Bayesian
approach”

13.00-14.00 — Przerwa obiadowa
14.00-15.40 — Komunikaty (K’13-K’16) (25)
Prowadzacy sesje — prof. Andrzej Kotliriski
K13
K’14

Julia Herman-Itzycka, Institute of Informatics, University of Warsaw,Poland
sldentification of regulatory sequences in mammalian genomes”

K15

Jakub Rydzewski, Institute of Physics, N. Copernicus University, Torun, Poland
~Memetic Algorithms for Ligand Expulsion from Buried Receptor Docking Site”

K’16

Anita Sokofowska, Wroclaw University of Technology, Department of Biomedical Engineering, Poland
»Cluster analysis of protein contact sites with regard to protein class and topology”
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15.40-16.00 — Przerwa kawowa

16.00-17.30 — Komunikat (K’17) (25’)
prezentacje posterow (PP’8-PP’11) (15%)
Prowadzacy sesje — dr hab. Witold Rudnicki
K17

Jakub Bartoszewicz, Institute of Computing Science, Poznan, Poland,
University of Technology, Institute of Molecular Biology and Biotechnology, Adam Mickiewicz University,
Poland,
Department of Logic and Cognitive Science, Institute of Psychology, Adam Mickiewicz University, Poland
LAmplifying bacterial memory controlled by a synthetic RNA thermometer and a nontoxic inducer”

PP’8

Jarostaw Synak, Institute of Computing Science, Poznan University of Technology, Poland
LApplication of chemical reaction simulation methods in order to verify RNA World hypothesis”

PP’9

Michat J. Dgbrowski,Institute of Computer Science, Polish Academy of Sciences, Poland
,Discovering inerdependencies among features in disease-related genomic data”

PP*10

Anna Tamulewicz, Faculty of Automatic Control, Electronics and Computer Science, Silesian University
of Technology, Gliwice,Poland
Faculty of Biomedical Engineering, Silesian University of Technology, Gliwice, Poland
»Hot Spot identification in protein complex using S transform”

PP’11

Joanna Zyta, Data Mining Group, Institute of Automatic Control, Silesian University of Technology,
Gliwice, Poland
sSearching for radiosensitivity biomarkers by Monte Carlo feature selection and rough sets approach”

19.00 Spotkanie towarzyskie (Hotel Victoria, 11. pietro)
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Wyktady inauguracyjne (WI1, WI2)
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WI1

Chemical feature-based 3D pharmacophores:
current and futures aspects

Thierry Langer

Department of Pharmaceutical Chemistry, University of Vienna
Althanstrasse 14, 1090 Vienna, Austria

Pharmacophore-based compound modelling, virtual screening, and bio-activity profiling has become one of
the most popular in silico techniques for supporting medicinal chemists in their hit finding, hit expansion, hit
to lead, and lead optimization programs. [1]

At Inte:Ligand GmbH, we developed the program LigandScout [2] as an integrated software solution
containing rapid and efficient tools for automatic interpretation of ligand-protein interactions and subsequent
transformation of this information into 3D chemical feature-based pharmacophore models. Additionally,
pattern recognition-based algorithms were developed for ligand-based pharmacophore modelling in the
absence of a target 3D structure, as well as for establishing novel accurate virtual screening procedures.
Recently, also molecular dynamics simulation trajectories have been in the focus of research, in order to
develop pharmacophore ensembles representing the dynamic event of binding. As an extension of this
approach, parallel pharmacophore-based screening has been introduced as an innovative in silico method to
predict the potential biological activities of compounds by screening them with a multitude of pharmacophore
models, and made available as a LigandScout extension workflow node within the KNIME platform. [3]

In the presentation, Prof. Langer will give an overview of the pharmacophore technology developed over the
last decade and will then present the results of several success stories: Examples range from proof of
concept studies employing natural product compounds that were submitted to in silico activity profiling using
a subset of the Inte:Ligand Pharmacophore Database [4] to in silico fragment-based discovery of novel

enzyme inhibitors.

[1] Langer T. Mol. Inf. 29 (2010) 470.

[2] Wolber G., Langer T. J. Chem. Inf. Model. 45 (2005) 160.

[3] KoNstanz Information MinEr, available from KNIME.COM AG, Zurich, Switzerland (http://knime.org).

[4] The Inte:Ligand Pharmacophore Database is available from Inte:Ligand GmbH, Vienna, Austria

(http://www.inteligand.com).



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
WI2

RNA in the spotlight: 3D structure and interactions with small
molecule ligands

Janusz M. Bujnicki

Laboratory of Bioinformatics and Protein Engineering, International Institute of Molecular
and Cell Biology, ul. Ks. Trojdena 4, PL-02-109 Warsaw, Poland
Faculty of Biology, Adam Mickiewicz University, ul. Umultowska 89, PL-61-614 Poznan,
Poland

Computational methods play a pivotal role in the early stages of small molecule drug discovery and are
widely applied in virtual screening, structure optimization and compound activity profiling. Over the past half
century in medicinal chemistry, almost all the attention has been directed to protein ligand binding and
computational tools were created with such targets in mind. However, with growing discoveries of functional
RNAs and their possible applications, RNA macromolecules have gained considerable attention as possible
drug targets. RNAs are involved in a variety of biological processes, in particular transmission of genetic
information, protein synthesis and regulation of gene expression on various levels. Some RNA molecules
catalyze chemical reactions, others sense and communicate responses to cellular signals. The function of
many RNAs is modulated by small ligand molecules. These can be naturally occurring molecules as well as
fully synthetic compounds. This flow of discovery of RNA-ligand interactions was followed by adapting
existing protein-ligand computational docking tools for RNA applications as well as active development of
new RNA-tailored methods. However, due to the different nature of RNA, especially its tendency to use
morphological plasticity (conformational change in ligand binding) the study of RNA-ligand interactions
remains a challenging task. The evolution of “protein-based” drug discovery and related computational
methods offer some clues on possible future directions and developments in modelling RNA-small molecule
ligand interactions.
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Wyktady (W1-W3)
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A4

Amphotericin B: An old, good antibiotic with very bad reputation
Wieslaw |. Gruszecki

Department of Biophysics, Institute of Physics, Maria Curie-Sklodowska University, Lublin,
Poland

Systemic fungal infections are a serious problem of modern medicine owing to growing antibiotic resistance,
pandemic of acquired immune deficiency syndrome and organ transplantations. Amphotericin B is one of the
most effective antibiotics applied to treat deep seated fungal infections. It is a natural product and was
isolated for the first time 60 years ago, from the filamentous bacterium Streptomyces nodosus. The drug is in
use for several decades despite the fact that treatment of patients with application of amphotericin B is
associated with several, severe toxic side effects, including hepatotoxicity and nephrotoxicity and may even
lead to a patient death. Activity of numerous research centers around the world is focused on elaborating
pharmacological formula of amphotericin B, retaining its antibiotic activity but with minimized toxic side
effects. The problem is rather complex, owing to the fact that exact molecular mechanisms responsible for
biological activity of the drug are still not fully understood. During our studies we have arrived to the concept
that it is highly probable that toxicity of amphotericin B is associated with spontaneous self-organization of
the drug, leading to formation of dimeric structures, in the water phase. Such dimeric structures can further
self-associate into the tetrameric forms, in the lipid bilayer environment. Molecular modeling shows that such
tetrameric structures may act as trans-membranous pores affecting physiological ion transport. These

concepts will be presented and discussed during the talk.
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Molecular analysis of a new mutant lutenising hormone beta
subunit that results in hypogonadism

Adolfo Rivero-Miiller*?

!Institute of Biomedicine, Department of Physiology, University of Turku, Turku, Finland
“Department of Biochemistry and Molecular Biology, Medical University of Lublin, Lublin,
Poland

The lutenising hormone (LH) is a heterodimer glycoprotein formed by two subunits: LH beta (LHB) and the
common glycoprotein alpha (CGA) subunit of all glycoproteins (hCG, FSH and TSH). Glycoprotein LH plays
an essential role in the development and maturation of gonads in both sexes. Therefore, inactivation
mutations of LH (LHB) are extremely rare, to-date only 5 of such mutations have ever been described.

Here we report a mutant LHB where the codon for lysine 20 (K20) of the mature peptide is absent (LHB-
K20del). The resulting phenotype of the male patient was hypogonadic, characteristic of lack of LHB function
and thus very low testosterone production, which could be rescued by hCG injections.

The LHB-K20del mutant is retained intracellularly, and even over-expression results in very small amounts of
secreted peptide. Mutagenesis analyses show that K20 can be modified to alanine, arginine or aspargine
without functional consequences to the LH heterodimer. Deletion of either glutamate residues flanking K20
also results in intracellular retention which, together with 3D modelling, shows that this region lays in a loop
that is required for proper folding and further secretion, but surprisingly it seems not to affect LHB

dimerisation with CGA and further activation of its receptor.
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W3

Eukaryotic ribosomal T-site as modulator of translational
machinery

Marek Tchorzewski

Department of Molecular Biology, Maria Curie-Sktodowska University, Lublin, Poland

Protein synthesis is carried out by ribosomal particles, which are regarded as a conveying molecular
machine, where tRNA is passing though the structure, delivering amino acids to the growing polypeptide
chain. This unidirectional passing is ‘catalyzed’ by translational factors, called translational GTPases
(tGTPases), which promote forward reaction at the expenses of GTP hydrolysis and the T-site represents the
landing platform for them. The GTPase associated center (GAC) represents the main element within the T-
site, composed of two constituents: conserved fragment of rRNA - called Sarcin-Ricin Loop (SRL) and also
preserved protein elements consisting of uL11l and uL10; there are domain/species specific elements with
bL12 proteins characteristic only for bacteria and P1 and P2 proteins specific for eukaryotic/archeal cells,
forming distinct lateral protuberance, called stalk. The GAC is responsible for stimulation factor dependent
GTP hydrolysis, regarded as a driving force of translation. Therefore, it is thought that in general the GAC
together with tGTPases provide speed and accuracy for ribosomal action. Thus, the T-site with GAC, being
the vital ribosomal element, appears to be attractive target for regulation of eukaryotic translational
machinery at various steps, including ribosome biogenesis, translation per se and ribosomal quality control

system, and exerting an effect on global cellular metabolism.



VIl Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin

Komunikaty (K1-K19) (K'9-K'17)
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Web server tools for modeling of protein structure, its flexibility,
aggregation properties and protein-peptide interactions

Sebastian Kmiecik, Michal Jamroz, Maciej Blaszczyk, Mateusz Kurcinski, Agata
Szczasiuk, Andrzej Kolinski

Department of Chemistry, University of Warsaw, Poland

Recently, we developed a series of molecular modeling tools for structure-based studies of protein functions
and interactions. The tools are publicly available as web servers that can be easily operated even by non-
specialists: CABS-fold server for protein structure prediction [1]; CABS-flex server for modeling of protein
structure flexibility [2]; Aggrescan3D server for prediction of protein aggregation propensities and rational
design of protein solubility [3]; and CABS-dock server for prediction of peptide binding sites and peptide
docking [4]. These web servers provide predicted 3D models together with accompanying analysis and make
it all available for convenient online visualization. The web servers are freely available from the laboratory

website: http://biocomp.chem.uw.edu.pl/tools

[1] Blaszczyk M., Jamroz M., Kmiecik S. et al. Nucleic Acids Res. 41 (2013) 406.

[2] Jamroz M., Kolinski A., Kmiecik S. Nucleic Acids Res. 41 (2014) 427.

[3] Zambrano R., Jamroz M., Szczasiuk A. et al. Nucleic Acids Res. 2015 doi: 10.1093/nar/gkv359.
[4] Kurcinski M., Jamroz M., Blaszczyk M. et al. Nucleic Acids Res. 2015 doi: 10.1093/nar/gkv456.


http://biocomp.chem.uw.edu.pl/

VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
K2

Heparan sulfate fragments and glycomimetic clusters for
therapeutic applications

Olga V. Zubkova, Peter C. Tyler, R. Schwoérer, Jeremy E. Turnbull

Victoria University of Wellington, The Ferrier Research Institute, New Zealand and Center
for Glycobiology, Institute of Intergrative Biology, University of Liverpool, United Kingdom

Heparan Sulfate (HS), a highly sulfated glycosaminoglycan, plays a crucial role in a range of essential
physiological processes. Functions of HS depend on ionic interactions between negatively charged sulfates
and carboxylate groups with a variety of proteins such as cytokines, growth factors, lipases and proteases.
HS oligosaccharides can mimic or interfere with HS functions in biological systems but exploitation has been
hindered by the complexity of their synthesis. The complex synthesis of HS octa- to dodecasaccharides has
been investigated by a number of groups, including ours (Chem. Eur. J., 2013), but despite many useful
modifications and improved glycosylation protocols, multi-step syntheses of HS targets remain cumbersome
and costly. Polyvalent displays of small specific HS structures on dendritic cores offer more accessible
constructs with potential advantages as therapeutics, but the synthesis of single entity HS polyvalent
compounds has not previously been achieved. We synthesized a novel targeted library of single entity
glycomimetic clusters capped with varied HS saccharides (Angew. Chem Int. Ed., 2015).
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They have the ability to mimic longer natural HS in their inhibition of the Alzheimer’s disease protease BACE-
1. We have identified several single entity HS clusters with low nM IC50 potency. None displayed any
measurable ability to accelerate antithrombin-1l1l mediated inactivation of Factor Xa and had no anticoagulant
activity. Unlike heparin, such synthetic compounds would thus be expected to have no significant side effects
related to anticoagulation. These have also been checked for ex vivo activity in a mouse brain slice assay
which replicates many aspects of the in vivo context, crucially including bioavailability. Using an in vivo
model, we further demonstrated the passage of C14-labeled clusters of HS through the blood-brain barrier.

These novel HS clusters offer a novel framework for the manipulation of HS-protein interactions in general.
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Many neurodegenerative diseases, regarded as diseases of civilization, result from protein fragments
forming clusters, which are labeled amyloids. This occurs when a cell environment fosters the partial
unfolding of protein chains or its fragmentation such that the parts prone to joining with other protein
fragments are exposed. Initially, the resulting molecules form clusters consisting of a few elements, which
are called oligomers. Next, these aggregates grow into protofibrils, whose structures are more regular.
Eventually, long fibrils form. These consist of numerous protein fragments and are characterized by a highly
regular structure resembling a zipper. The mature fibrils are no longer able to connect with other protein
fragments. Such fibrils have been observed in the brains of people suffering from Alzheimer’s disease, and
they are also associated with Parkinson’s disease, amyotrophic lateral sclerosis and Huntington’s disease,
as well as many other diseases, even non-neurodegenerative diseases such as type 2 diabetes and
cataracts. Cells in tissues containing these fibrils exhibit extremely high mortality. Initially, researchers
believed that the fibrils were responsible for cell death. It turned out, however, that the culprits are immature
forms of such aggregates i.e. the oligomers. This is due to the fact that the higher the susceptibility of the
cluster to connect with other molecules, the higher its toxicity for cells, while mature fibrils are not toxic for
cells. Unfortunately, the reasons for this phenomenon are not fully understood.

Aggregation of proteins and peptides can be influenced by various factors, such as protein high
concentration, high temperature, low pH, binding metals. It does not necessarily lead to amyloid formation.
Peptide aggregation can be a reversible process, unless it concerns sequences that are amyloidogenic.
Amyloid beta-sheet aggregate has a specific and highly ordered structure, resembling a zipper (called steric
zipper), which distinguishes them from other protein aggregates of the beta-sheet type. Due to this structure
an amyloid is very durable and resistant to activity of proteolytic enzymes and cannot be dissolved.

There are several hypotheses providing feasible mechanisms for development of fully symptomatic
neurodegenerative diseases. Currently, it is believed that short peptide sequences of amyloidogenic
properties (called hot-spots) can be responsible for aggregation of amyloid proteins. These 4-10 residue long
fragments (typically hexapeptides), have a high propensity for strong interactions that lead to aggregation of
the protein. Previous studies suggested that amyloidogenic fragments may have a regular characteristic, not
only with regard to averaged physicochemical properties of their amino acids, but also the order of amino
acids in the sequence. There have been attempts to predict the sequence of such peptides by computational
modeling. Recent studies indicate that the neurodegenerative processes may also correspond to
incorporation of amyloid oligomers into the cell and organelle membranes, creating weakly cation-selective
ion channels that allow uncontrolled influx of calcium into nerve cells. The excessive influx of calcium into the
cytoplasm leads to disruption of intracellular pathways, membrane depolarization, ATP depletion, and
mitochondrial membrane depolarization with impairment of mitochondrial function.

In the talk we will present the computational methods that recognize peptides which are potentially
amyloidogenic, as well as available databases devoted to amyloids. Research into modeling hypothetical
structures of the amyloid pores will also be discussed along with other hypotheses regarding mechanisms of

the diseases.
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Engine for data-driven simulation of spatial genome organization

Przemystaw Szataj>**, Zzhonghui Tang™*, Michat Pietal’, Paul Michalski*, Oskar Luo®,
Yijun Ruan', Dariusz Plewczynski'*

The Jackson Laboratory for Genomic Medicine, Farmington, CT, USA
Centre of New Technologies, Warsaw University, Warsaw, Poland
3Centre for Innovative Research, Medical University of Bialystok, Biatystok, Poland
“*Hasselt University, Belgium
+Equal contribution

Spatial arrangement of chromosomal folding is an important feature of genome organization inside cell
nucleus, and genomic topology is thought to have critical roles to genome functions such as transcription
regulation. By rendering linearly distant genomic regions to close spatial proximity through mapping of long
range chromatin interactions using 3C-based technologies, some basic principles of spatial genome
organization are starting to emerge. Among the available 3D genome mapping technologies, ChlA-PET is
unique for its ability to generate multiple datasets simultaneously in one experiment including binding sites
and enriched chromatin interactions mediated by specific protein factors of interest as well as non-enriched
interaction data that reflect topological neighborhood of higher-order chromatin association. This multiplicity
nature of ChlA-PET data represents an important advantage in capturing multiple layers of information from
detailed chromatin interactions to higher order topology. Meanwhile, it also imposes a new challenge and
opportunity for multi-scale modeling of 3D genome organization. Here we report the development of an
integrated software platform, 3D-NOME (3 Dimensional NucleOme Modeling Engine) for processing ChlA-
PET data. 3D-NOME includes three components: 1) hierarchical data de-noising, 2) top-down
multidimensional scaling and refinement for rapid structure inference, and 3) web-based visualization tools.
Using ChIA-PET data derived from a human B-lymphocyte cell line (GM12878), we demonstrate that 3D-
NOME can effectively build the 3D models of the human genome at multiple levels, entire nucleome,
individual chromosomes, and specific segments in various megabase and kilobase resolutions. Furthermore,
the web-based visualization tools allow robust presentation of the simulated models for visual examination at
global scale and segmental details. Further refinement of 3D-NOME and application to additional ChlA-PET
and other types of 3D genome mapping data will help to advance our understanding of the human genome

structure and functions.
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Allosteric modulation of GABAB receptor
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Overstimulation of GABAB receptor system could worsen the symptoms of depression [1]. Compound that
binds to GABAB receptor and reduce the overstimulation can be a therapeutic strategy of depression. The
functional GABAB receptor is a dimer that consists of subunit 1a and 2b. The natural substrate GABA binds
to the extracellular part of subunit 1a (orthosteric site), while known allosteric modulators bind into the
transmembrane helical bundle of subunit 2b (allosteric site). Based on a homology model of 2b subunit,
several potential allosteric hits are identified and will be tested on CHO-K1 cell line that stably
overexpressing GABAB receptor. The effects of allosteric binding compounds can be any combination of
positive, neutral or negative modulation of natural substrate GABA’s affinity and efficacy. In our case, the

goal of ongoing experiment is to find negative allosteric modulators as potential antidepressant drugs.
[1] Ghose S. et al. British Journal of Pharmacology. 162(1) (2011) 1.
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Alzheimer's disease is a progressive neurodegenerative disorder that leads not only to memory decline but
also to speech and abstract thinking impairment as well [1]. Developing slowly, it causes problems with the
performance of even the most basic activities and leads to death. In the brain of affected patients the
presence of the senile plaques, composed of 3-amyloid peptide fragments, can be detected. These senile
plaques are responsible, inter alia, for the death of neurons and intercellular signalling disturbances, which
consequently lead to the symptoms of the disease. The multifactorial nature of Alzheimer's disease requires
administration of comprehensively acting drugs in a potential therapy.

Due to the availability of high-performance computers and molecular dynamics software it became possible
to perform simulations that reflect the processes occurring in the brain of patients with Alzheimer's disease
as well as to find novel substances that may stop the adverse effects. B-amyloid is produced from the
precursor protein APP under the influence of two enzymes, known as (B-secretase and y-secretase, and
consequently large units called the senile plaques are being formed [2]. Computer simulations allowed us a
better understanding of the transition process of individual 3-amyloid fragments into larger units as well as
the systematic identification of those structural elements involved in the initiation of that process and
stabilization of the formed deposits [3]. Further analyses enabled to understand how the medicines could
inhibit that process and to design new, more potent substances. The compounds designed in this way were
the subject of further laboratory work. Some of them have been obtained by chemical synthesis, and the first
biological tests confirmed their inhibitory activity in the aggregation process.

Moreover, a homology model of presenilin 1, which is a component of y-secretase enzyme was built and
mutations of this protein that lead to a higher incidence of early-onset Alzheimer's disease were studied. This
type of analysis allowed to understand how the selected mutations influence the development of Alzheimer's
disease. A better understanding of the above-mentioned processes may contribute to the effective therapy of
this disease.

[1] Ghiso J., Frangione B. Adv. Drug Deliv. Rev. 54 (2002) 1539.
[2] Prox J., Rittger A., Saftig P. Exp. Brain Res. 217 (2012) 331.
[3] Bajda M., Filipek S. Comp. Biol. Chem. 56 (2015) 13.
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Inferring bioinformatics models using crowdsourcing game
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First formulation of the crowdsourcing problem, understood as outsourcing work to a large network of people
in the form of an open call, comes from the 18th century [1]. Since that time the concept of crowdsourcing
have been utilized many times, however, the rapid development of this technique started with the
development of the Internet in 1990s. The best examples of its capabilities are services like Wikipedia or
OpenStreetMap. Another interesting application of crowdsourcing concept is an implementation of computer
games which objective is to solve a scientific problem by employing users to play the game, so called
Crowdsourced Serious Game [2]. Such approach has already helped to discover several interesting
biological phenomena using games such as Foldit [3], EteRNA [4] or EyeWire [5].

The main objective of the presented study was to verify if the crowdsourcing approach can be successfully
applied for finding mathematical equations that explains data gathered from the biological experiments.
Moreover, we wanted to compare it with the approach based on artificial intelligence that uses symbolic
regression to find such formulas automatically [6]. To achieve this we designed and implemented the game in
which players tries to design a spaceship representing an equation that models the observed system. The
game was designed keeping in mind that it should be easy to use for people without strong mathematical
background and it was integrated with Facebook to easily reach plenty of players. Moreover, we tried to
make use of the collective intelligence observed in crowdsourced systems [7] by making it possible to
collaborate on a single solution by many players.

The game was tested by playing almost 10000 games by several hundred players and by conducting users
opinion survey. The objective of the test instance was to find the equations modelling HCV infection
observed during one of the clinical studies described by Dahari [8]. Results prove that the proposed solution
has very high potential. The function generated during week long tests was almost as precise as the analytic
solution of the system of differential equations and it explained data better than the solution generated
automatically by the Eureqa — the leading software implementing symbolic regression [9]. Moreover, we
observed benefits from the use of the crowdsourcing technique — the chain of consecutive solutions that

leaded to the best solution was obtained by continues collaboration of several players.

[1] Estelles-Arolas E., Gonzalez-Ladron-de-Guevara F. J Inform Sci. 38 (2012) 189.
[2] Tellioglu U., Xie G.G., Rohrer J.P. et al. CGAMES. (2014) 1.

[3] Cooper S. et al. Foldit players, Nature. 466 (2010) 756.

[4] Lee J. et al. P NATL ACAD SCI USA 111 (2014) 2122.

[5] Helmstaedter M., Briggman K.L., Turaga S.C. et al. Nature. 514 (2014) 394.

[6] Willis M.J. Galesia. 446 (1997) 314.

[7] Galton F. Nature. 75 (1907) 450.

[8] Dahari H., Ribeiro R.M., Perelson A.S. Hepatology. 46 (2007) 16.

[9] Schmidt M., Lipson H. Science. 324 (2009) 81.
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y-aminobutyric acid (GABA) is the most abundant inhibitory neurotransmitter in the central nervous system
(CNS), and dysregulation of the GABAergic system is related to brain disorders. The GABAg receptor is a
heterodimeric class C G-protein coupled receptor (GPCR) consisting of two subunits (gabrl and gabr2).
GPCRs are targets for more than 1/3 of marketed drugs. Most of these drugs are orthosteric drugs. But due
to the conservation of the orthosteric binding site among GPCRs family they may lack selectivity.

Allosteric modulators (AMs) have higher specificity than regular orthosteric drugs and hence may trigger
fewer side effects. For GABAg receptor, the allosteric binding pocket is located in the transmembrane domain
of gabr2 while gabrl contains the extracellular orthosteric binding site. No experimental structures of GABAg
receptor are available, hence by using the technique of homology modeling we have generated several
hundred models of gabr2 subunit using templates from different GPCR families. A database consisting of 74
known allosteric binders and 2536 decoys was generated and used to evaluate the gabr2 models. The
evaluation indicated that the constructed gabr2 models can be used as tools in structure-based virtual ligand

screening for new allosteric GABAg modulators.
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Combination of PDT therapy with iron chelators

Anna Mrozek-Wilczkiewicz"?, Marzena Rams-Baron'?, Katarzyna Malarz®, Robert Musiol?,
Maciej Serda®, Franz-Peter Montforts*, Alicja Ratuszna®?, Jarostaw Polariski®

!Department of Solid State Physics, University of Silesia, Uniwersytecka 4, 40-007,

Katowice, Poland

“Silesian Center for Education and Interdisciplinary Research, University of Silesia, 75

Pulku Piechoty 1A, 41-500, Chorzow, Poland
3Department of Organic Chemistry, University of Silesia, Szkolna 9; Katowice, 40-006,
Poland
*Institute of Organic Chemistry, University of Bremen, Leobener Strasse NW2C, D-28359

Bremen, Germany

We present here the results concerning the combination of two different anticancer therapies. Namely the
exploration of influence of the thiosemicarbazones on photodynamic reaction triggered by photosensitizer.
Iron chelators are a new class of compounds suggested for anticancer therapy. Their mechanism of action is
multitargeted and consist of inhibition of activity of rybonucleotide reductase, generation of reactive oxygen
species and deprivation of iron form cytosol'. Iron is a common factor participates in a variety of important
processes such DNA synthesis, electron transport, oxygen delivery and erythropoiesis. A consequence of
binding describing microelement is inhibition of the cell cycle and arrest cells at the G1/S interface®. In
addition, depletion of iron affects the regulation of important genes such as BNIP3 and NDRG1, which are
crucial for triggering apoptosis of cancer cells. This multi-targeted mechanism of action makes this type of
compounds an especially attractive material for the study of possible application in the anticancer therapy.

In the last few years we combined some active chelators with ALA-PDT therapy and we observed strong
synergistic effect’. In this communication combination with chlorins — porphyrine like compounds is
presented. Reaction of the photosensitizer with oxygen and the light of specific wavelength led to the
production of singlet oxygen and free radicals. These trigger chain reactions in the cell, causing various
types of damage and finally the destruction of the tumour. It is worth noting that specific structure of the
irradiated compound and also construction of the tumour tissue together contribute to the selectivity of the
photodynamic therapy. This method of treatment is one of the least invasive and the safest therapies. In our
approach the drugs incteractions were calculated as combination indexes according to Chou-Talay method.
To elucidated the plausible mechanism of action we measured the level of the reactive oxygen species and

lipids peroxidation after joined therapy.

[1] Kalinowski D.S., Yu Y, Sharpe P.C. et al. J. Med. Chem. 50(15) (2007) 3716.
[2] Richardson D.R., Milnes K. Blood. 89(8) (1997) 3025.
[3] Mrozek-Wilczkiewicz A., Serda M., Musiol R. et al. ACS Med. Chem. Lett. 5(4) (2014) 336.
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A new method of 1,4-thiazine system synthesis was developed consisting of hydrogen atom substitution in
the phenyl ring by thiolate sulphur atom. The mechanism of cyclization reaction was studied. Using the new
method several novel tetracyclic phenothiazine derivatives were synthesized that contain a quinoline moiety
[1-3]. The structure of particular compounds was modified by introducing several different substituents or
functional groups into the quinobenzothiazine system. The new compounds structure was analyzed by 'H
and **C spectroscopy as well as *°N NMR and X-ray.
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Antiproliferative activity mechanism of the compounds (2) was assessed in vitro using four cancer cell lines
(Hctl1l6, SNB-119, MDA-MA-231 and LLC) and doxorubicin as a reference. Most of the studied
phenothiazine derivatives showed activity against all cell lines investigated (0.5 - 19.6 mg/mL concentration
range). A structure-activity relationship was established. The mechanism of antiproliferative activity has been
analyzed.

[1] Zieba A., Latocha M., Sochanik A. Med. Chem. Res. 22 (2013) 4158.
[2] Zieba A., Sochanik A., Szurko A. et al. Cmoch. Eur. J. Med. Chem. 45 (2010) 4733.
[3] Zieba A., Suwinska K. Heterocycles. 68 (2008) 495.
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The copper-catalyzed azide-alkyne cycloaddition (CuAAC) is the World’s most known Click chemistry
reaction[1], which has found a myriad of applications in modern pharmaceutical sciences and chemical
biology[2,3]. However, for a number of cases, this reaction is inefficient in its original form[4,5]. In 2004,
Sharpless presented a solution to this problem: the application of tris-triazolyl amine ligands such as TBTA,
which improve the solubility of copper(l) species and stabilize the +I oxidation state required for CUAACI6].
The application of TBTA allowed to significantly reduce the amounts of copper needed for efficient
cycloaddition and thus it quickly found its place as a basic Click chemistry reagent. However, high lipophilicity
of TBTA made it difficult to separate from reaction the reaction product, using non-chromatographic methods.
The problem of ligand separation and a growing number of applications requiring agueous environment
(such as bioconjugation), gave rise to the need for water-soluble CUAAC ligands. The most notable ligand so
far is THPTA, another member of the tris-triazolyl amine family developed by the Sharpless group[6,7]. At
present it is considered a “gold standard” for ligand-assisted CuAAC in aqueous solutions and for
bioconjugation purposes.

Within this work we present a novel water-soluble ligand, AMTC, which is highly efficient for the copper-
catalyzed cycloaddition of aliphatic azides and alkynes. For a broader view, a comparison with TBTA and

THPTA will be presented, together with general guidelines on catalytic ligand choice.

[1] Kolb H.C., Finn M.G., Sharpless K.B. Angew. Chem. Int. Ed. Engl. 40 (2001) 2004.
[2] Thirumurugan P., Matosiuk D., Jozwiak K. Chem. Rev. 113 (2013) 4905.

[3] Tron G.C., Pirali T., Billington R.A. et al. Med. Res. Rev. 28 (2008) 278.

[4] Liang L., Astruc D. Coord. Chem. Rev. 255 (2011) 2933.

[5] Bock V.D., Hiemstra H., van Maarseveen J.H. Eur. J. Org. Chem. 2006 (2006) 51.
[6] Chan T.R., Hilgraf R., Sharpless K.B. et al. Org. Lett. 6 (2004) 2853.

[7] Hong V., Presolski S.I., Ma C. et al. Angew. Chem. Int. Ed. Engl. 48 (2009) 9879.
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Current data say about the growth of consumption and production of medicines and pharmaceuticals.
Increasing demand for medicines available without prescription, and prescribed by a doctor. The most
commonly used pharmaceuticals are analgesics and anti-inflammatory heart medicines, medicines for colds
and flu, vitamins and mineral supplements. In the era of intensive development of the pharmaceutical
industry we observed significant quantities of pharmaceutical preparations in water and industrial wastewater
and municipal. This in turn created the need to develop technologies to effectively remove or reduce the
concentration of drugs in water and wastewater. A highly effective method of purification of pharmaceutical
fluids is adsorption process using activated carbon as an adsorbent. The course of the adsorption process is
limited by several factors relating to the characteristics of the adsorbent and adsorbate, and the environment
of operation. This process takes place in several stages. Each step of the various substances takes place in

different times. The kinetics of this multistage process will be determined by the slowest phase [1-2].

[1] Liu Q.-S., Zheng T., Wang P. et al. Chem. Eng. J. 157 (2010) 348.
[2] Li K., Li Y., Zheng Z. Journal of Hazardous Materials. 178 (2010) 553.
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Since the discovery of intercalating properties of amonafide 1 [1,2] naphthalimide derivatives are of special
interest. Amonafide 1 as well as some of its derivatives, including mitonafide 2 [3] and UNBS5162 3 [4],
reached clinical trials but showed poor therapeutic indices linked to their metabolisms. On the other hand,

substituted naphthalimides 4 and 5 have been designed and tested as inhibitors of RNA viruses [5].
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As a continuation of our ongoing project concerning the synthesis of various naphthalimide-conjugates we
designed new series of compounds of general formulae 6 and 7 and their antiviral and anticancer properties
were assayed.
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[1] Scheithauer W., Dittrich C., Kornek G. et al. Breast Cancer Res. Treat. 20 (1991) 63.
[2] Costanza M. E., Berry D., Henderson I. C. et al. Clin. Cancer Res. 1 (1995) 699.

[3] Rosell R., Carles J., Abad A. et al. Invest. New Drugs. 10 (1992) 171.

[4] Mahadevan D., Northfelt D. W., Chalasani P. et al. Int. J. Clin. Oncol. 18 (2013) 934.
[5] Mata M. A., Satterl N. Versteeg G. A. et al. Nat. Chem. Biol., 7 (2011) 712.
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Serotonin (5-hydroxytryptamine or 5-HT) is involved in cognitive and behavioral functions. Activation of the 5-
HT- receptor plays a role in smooth muscle relaxation, thermoregulation, circadian rhythm, learning, memory,
and sleep. On the other hand, the 5-HT; antagonism has been linked to diverse antidepressant-like
behavioral effects [1, 2].

Many amino-substituted heterobiaryls are CNS antagonists [2, 3]. More than 1000 such compounds were
synthesized and assayed for binding to different 5-HT receptors in our laboratories. The binding results of a
variety of heterobiaryl antagonists with the 5-HT; receptor, expressed by inhibition constants (K;), are
discussed in this presentation. The representative molecules are shown below for illustration. These agents
were selected to show how a small alteration of the structure has a profound effect on the binding to the 5-

HT- receptor. For example, 4-(furan-3-yl)pyrimidines are much more active than their furan-2-yl analogs.
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[1] Nichols D. E., Nichols C. D. Chem. Rev. 108 (2008) 1614.
[2] Artigas F. ACS Chem. Neurosci. 4 (2013) 5.
[3] Gaul M. D., Zhao B-p. Zhu X. International Patent WO 2009/035671 A1, published March 19, (2009).
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The development of new strategies for synthesis of enantiomerically pure compounds is still an open
challenge in the chemical and pharmaceutical industry. The biotechnology is an alternative approach offering
more environmentally and economically attractive way to obtain bioactive and valuable compounds [1]. Our
study is focused on the kinetic resolution of (R,S)-ibuprofen with the use of free and immobilized form of

lipases from Candida rugosa and the evaluation of their catalytic activity.
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Fig. Characterization and application of superparamagnetic nanoparticles: a) nanoparticles with chitosan and
amphiphilic polymer; b) kinetic resolution of (R,S)-ibuprofen and HPLC chromatogram; ¢) SEM image of
nanoparticles; d) TEM image of nanopatrticles; e) nanoparticles with immobilized lipase attracted by magnet;

Based on the preliminary data of the activity of Candida rugosa lipase, the enzymes with the best parameters
were selected and immobilized onto magnetic particles. After optimizing the immobilization procedures of
biocatalysts onto magnetic material, they were used in the enantioselective esterification of (R,S)-ibuprofen
and allowed to obtain high enantioselectivity of kinetic resolution (E=50.6, ee = 93.5%). Immobilization of the
lipases was carried out on commercial carriers - magnetic beads and carriers synthesized with the use of
chitosan and amphiphilic polymer. Study of catalytic activity of the formed enzymatic systems (immobilized
lipase onto magnetic particles) confirmed the possibility of easy separation from the reaction media and the
ability to reuse them and to apply in subsequent reaction cycles. Received data demonstrated high lipolytic
activity, as well as operational stability of the immobilized lipase from Candida rugosa and also activity
recovery (higher than 80%) [1-3].

[1] Siédmiak T., Ziegler-Borowska M., Marszatt M. P. J. Mol. Catal. B: Enzym. 94 (2013) 7.
[2] Marszatt M.P., Siédmiak T. Catal. Comm. 24 (2012) 80.
[3] Ziegler-Borowska M., Siddmiak T., Chetminiak D. et al. Appl. Surf. Sci. 288 (2014) 641.
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Serotonin (5-HT) is a monoamine neurotransmitter that plays an important role in physiological functions as
sleep, feeding, sexual bahaviour, temperature regulation, pain, and cognition as well as in pathological states
including mood and anxiety disorders, psychosis and pain. The seven 5-HT receptor classes consist of 5-
HT,, 5-HT,, 5-HT3, 5-HT4, 5-HTs, 5-HTe, 5-HT-, which are further subdivided into 14 receptor subfamilies. All
of these receptors - except for 5-HT; receptor which belongs to the family of ionic channels - belong to
superfamily of seven-transmembrane-domain, G protein-coupled receptors (GPCRs). For serotonin GPCRs
three main types of primary coupling to G proteins have been described. The 5-HT5 receptors activates
GilG, proteins, the 5-HT 4 receptors activate G4/Gy;, and the 5-HT,, 5-HTg and 5-HT; activate Gs. The 5-HT;4
receptor is found in presynaptic as well as in postsynaptic part of the serotonergic tract. Presynaptically, the
receptor is the major somatodendritic autoreceptor on the soma and dendrites of serotonergic neurons
where it acts as a "brake" to inhibit the activity of the entire 5-HT system and is thought to delay
antidepressant response. The 5-HT4 heteroreceptors are located on non-serotonergic neurons, primarily in
the limbic areas, such as on the dendrites and soma of glutamatergic pyramidal neurons, and axon terminals
of GABAergic and cholinergic neurons. It is supposed that autoreceptors impact the establishment of
anxiety-like behavior and heteroreceptors affect behavior in the forced swim test, a depression-related test.
Selective inactivation of presynaptic receptors results in antidepressant-like effects in rodents. Increased
transcription of 5-HT,, autoreceptor associates with depression and resistance to chronic SSRI treatment.
Increases postsynaptic signaling (SSRI, TCA, Li, valproate, electroconvultion). Chronic treatment with SSRI
desentizises presynaptic receptors. However, according to clinical data full 5-HT;, blockade neither
enhances nor cancels the antidepressant effect of fluoxetine in MDD patients. Suggesting the involvement of
other 5-HT receptors (e.g., 5-HT, receptor).

In the present paper the influence of the 5-HT;4 receptor ligands on the biochemical pathways and the
implication on depressive like behaviour wil be discussed.
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The orphan G protein-coupled receptors GPR18 and GPR55 have been recently reported as potential
candidates for another cannabinoid CB receptors. GPR18 is highly expressed in the spleen, the thymus,
leukocytes, testes, and the endometrium [1]. In addition, the receptor was shown to be highly expressed in
several cancer cell lines, such as: glioblastoma, astrocytoma, breast cancer, prostate, and ovarian
carcinomas. Therefore GPR18 ligands may be useful novel therapeutics for the treatment of several types of
cancer [2-3].

In our recent study we presented compound CB-5, (2)-2-(3-(4-chlorobenzyloxy)benzylidene)-6,7-dihydro-2H-
imidazo[2,1b][1,3]-thiazin-3(5H)-one, identified as the potent and selective GPR18 antagonist with calculated
by B-arrestin recruitment assay ICsy value = 0.279mM, >36-fold selective vs.CB; and GPR55,14-fold
selective vs.CB, [4]. In the present study we examined CB-5 metabolic stability using in vitro and in silico
methods. For prediction the routes of the metabolic biotransformation as well as the most probably structures
of metabolites we used The MetaSite 4 computational method. The metabolic stability was examined in vitro
by human liver microsomes (HLMs) and rat liver microsomes (RLMs). The in silico results, LC-MS spectra
and the precise ion fragments analysis produced by obtained in vitro metabolites allowed to determine their
most probably structures. For prediction the potential further drug-drug interactions we used the luminescent
CYP3A4 P450-Glo™Assay which allowed to evaluate the influence of CB-5 on cytochrome CYP3A4 activity.
The LC-MS analysis of the reaction mixture after 2h CB-5 incubation with HLMs at 37°C showed the
presence of the metabolites with masses 401,01m/z and 417,03 m/z, whereas after incubation with RLMs
under the same conditions similar metabolites: 401,01m/z, 417,03 m/z and additionally metabolite 403,07
m/z. Additionally, in compare to the strong CYP3A4 inhibitor ketoconazole (ICsq = 0,14 uM), CB-5 may be

considered as a moderate inhibitor with calculate 1Cso = 3.57 uM.

[1] McHugh D. et al. Br. J. Pharmacol.165 (2012) 2414.
[2] Pineiro R. et al. Oncogene. 30 (2011) 142.

[3] Ross R. A. Trends Pharmacol. Sci. 32 (2011) 265.
[4] Rempel V. et al. Med. Chem. Commun. 5 (2014) 63.
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Carbon nanotubes (CNT) are widely studied as drug delivery systems due to their unique physical and
chemical properties. Fabrication of biologically active CNT-drug conjugates utilizes two general strategies:
covalent attachment of functional moieties or non-covalent physical adsorption. Chemical attachment of
drugs takes normally place at the CNTs sidewalls and often such composite systems reveal better
pharmacological activity than drugs alone. Physically adsorbed drug molecules can be located either on the
sidewalls or in the inner cavity of the nanotubes. The latter approach allows for perfect isolation of drugs from
the environment during the transportation stage or storage phase. Whatever architecture of a drug delivery
system it must always realize the drug release at the target site. Many physical, chemical and biochemical
triggering factors are considered for that purpose. Among them a particularly interesting seems to be the pH
change from neutral to acidic one occurring naturally in tumour tissue or inflammation site or application of
safe physical factors like exposition to an external magnetic field.

Selected systems involving the above mentioned triggering factors will be discussed according to results
available from molecular dynamics simulations. That methodology provides insights into molecular
mechanism of structural transformations occurring during the drug release. Therefore, results obtained from
computer simulations might be very useful in designing of smart drug delivery systems without involving time

consuming and probably expensive experimental methods.
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The ring-opening reaction occurring in hexopyranoses is an important focus for carbohydrate chemistry and
biochemistry for many years. However, some basis aspects of its mechanism remain enigmatic. We focus on
the ring-opening reactions of - and [I-glucose molecules (treated as model systems) catalyzed by water.
We apply the computational methods based on the combination of the transition path sampling (TPS)
approach with the molecular dynamics (MD) protocols employing the DFT potentials. Such combination
allows to study the unbiased MD trajectories representing the favourable reaction paths of the process of
interest.

The TPS simulations of the ring-opening, water-catalyzed reaction of [ and [glucose anomers allowed to
elucidate the molecular details of the process. This includes: (i) description of the catalytic role of water; (ii)
identifying the particularly crucial steps of the process; (iii) analysis of the conformational preferences of the
aldehyde residue in the aldehyde form of glucose and its influence on the product of the ring-closing
reaction. The results indicate that the most probable mechanism of the ring-opening reaction involves the
contribution of only one water molecule. In the initial steps of the reaction the water molecule deprotonates
the O1 atom acting as a Brognsted base. Then, after series of proton transfers, the O5 ring oxygen atom
becomes protonated. This protonation is identified as the ‘bottleneck’ of the whole process which triggers the
cleavage of the C5-0O1 bond. According to the additional series of simulations, the orientational preferences
of the aldehyde moiety determine the product of the ring-closing reaction.

The presented computational methodology is of a general nature and can be applied to other molecular
system of biological importance in which the ring-opening reaction plays a significant role.

[1] Plazinski W., Plazinska A., Drach M. Phys. Chem. Chem. Phys. in press. DOI: 10.1039/C5CP03357H.
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While most studies on gene expression focus on single tissues and analyse data gathered from different
non-related subjects, complexity of tissue-specificity still remains elusive. Here we have obtained microarray
expression data from healthy female twins (TwinsUK cohort). The subjects originate from the MuTHER
resource which contains information on well-phenotyped individuals. The samples were gathered from three
tissues: lymphoblastoid cell lines (LCL), skin, and fat (571, 478 and 569 samples respectively). It is the first

skin dataset not only of this size but the first ever available.

In these three datasets we have analysed differential expression finding sets of differentially expressed
genes across tissues. Furthermore, we have performed differential coexpression analysis on each of the
datasets. This analysis enabled us to distinguish clusters of co-regulated genes. Each such module has
been correlated with extensive phenotypic traits showing significant associations. Within the modules

functional gene clusters and groups of genes from the same families (eg. keratins) have been found.
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The accuracy of protein structure prediction methods ca be enhanced by inclusion of the information
regarding residue-residue contacts, that is, pairs of amino acid residues that are in close proximity in three
dimensional space [1-2]. Unfortunately, accuracy and reliability of state-of-the-art residue-residue contact
predictors are low [3], the major problem being the high rate of false positive predictions [4]. This low
performance may be caused by the fact that most methods treat all contacts as equal, based on a simple
geometrical definition, despite that only some of the contacts are real interactions which truly impact the
protein structure. Moreover, the physicochemical phenomena that keep residues together may also be
different. Taking into account these facts may be crucial in order to improve prediction accuracy.
Residue-residue contact prediction methods benefit greatly from available structural data — there are over
100 000 experimentally solved protein structures deposited in the Protein Data Bank [5], each containing
information on approximately 300-500 residue-residue contacts. Currently, there are no tools that would
allow for detailed, high-throughput annotation of available structural data. In this work we present the Protein
Contacts Ontology (PCO). The ontology provides a standardized vocabulary that allows to formally describe
protein residue-residue contacts and their environments.

At the most general level the ontology has three distinct classes: i)'contact_attribute', ii)'residue_attribute’,
iii)'entity’. The part of the ontology related to 'contact_attribute' defines attributes/properties that can be used
to describe protein contact sites e.g. the type of observed physico-chemical interaction. The part related to
'residue_attribute' includes terms that allow to describe amino acid residues. Finally, the terms grouped
under 'entity’ are used to model objects such as protein structural regions, amino acid residues or contact
sites. Following the guidelines provided by OBO consortium (Open Biomedical Ontologies Consortium) [6],
fragments of other ontologies were reused, where possible.

The presented PCO ontology allows precise annotation of available structural data with the focus on inter-
residue contacts. Based on that, a detailed classification of inter-residue contacts can be performed. This will
allow to decompose the residue-residue contact prediction problem into a set of simpler problems of
predicting certain types of contacts. We hypothesize that this will improve the accuracy of predictions

performed by machine learning methods.

[1]Wu S. et al. Structure. 19(8) (2011) 1182.

[2] Michel M. et al. Bioinformatics. 30(17) (2014) 482.

[3] Monastyrskyy B. et al. Proteins. 79 (Suppl 10) (2011) 119.

[4] Konopka B.M. et al. J. Mem Biol. 247(5) (2014) 409.

[5] Berman H.M. et al. Nucleic Acids Research. 28(1) (2000) 235.
[6] Smith B. et al. Nature biotechnology. 25(11) (2007) 1251.
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Motivation:

That amino acid properties are responsible for the way protein molecules evolve is natural and is also
reasonably well supported both by the structure of the genetic code and, to a large extent, by the
experimental measures of the amino acid similarity. Nevertheless, there remains a significant gap between
observed similarity matrices and their reconstructions from amino acid properties.

Methods:

Therefore, we introduce a simple theoretical model of amino acid similarity matrices, which allows splitting
the matrix into two parts — one that depends only on mutabilities of amino acids and another that depends on
pairwise similarities between them. Then the new synthetic amino acid properties are derived from the
pairwise similarities and used to reconstruct similarity matrices covering a wide range of information
entropies.

Results:

Our model allows us to explain up to 94% of the variability in the BLOSUM family of the amino acids
similarity matrices in terms of amino acid properties. The new properties derived from amino acid similarity
matrices correlate highly with properties known to be important for molecular evolution such as
hydrophobicity, size, shape and charge of amino acids.

This result closes the gap in our understanding of the influence of amino acids on evolution at the molecular
level. The methods were applied to the single family of similarity matrices used often in general sequence
homology searches, but it is general and can be used also for more specific matrices. The new synthetic

properties can be used in analyzes of protein sequences in various biological applications.
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N-grams (k-mers) are vectors of n characters derived from input sequences. Originally developed for natural
language processing, they are also widely used in genomics [1], transcriptomics [2] and proteomics [3].
Despite the continuous interest in the sequence analysis, there are only a few tools tailored for comparative
n-gram studies. Moreover, they often do not contain efficient feature-filtering methods, which severely
hampers the application of these methods.

To facilitate comprehensive analysis of n-grams, we created biogram software. Aside from essential
functionalities, like efficient data storage, we also implemented a feature selection method. QuiPT (Quick
Permutation Test) uses several filtering criteria such as information gained to choose significant features. To
speed up the computation and allow precise estimation of small p-values, QuiPT performs an exact test
instead of a large number of permutations.

N-grams may be used only as a data encoding method. In this case, they can be freely combined with any
machine learning technique. As a proof of concept, we prepared a simple predictor of amyloids, short
proteins associated with the number of clinical disorders, for example Alzheimer's or Creutzfeldt-Jakob’s
diseases. Due to the presence of characteristic short sequences of amino acids, called hot-spots, amyloids
can create harmful zipper-like B-structures. In this case, we expect that n-gram analysis, as an addition to
commonly acclaimed methods as FISH Amyloid [4], will shed more light on the putative motifs of hot spots.
The n-gram model of the amyloidogenicity, trained on the data from AmyLoad database, is validated through
simple yet accurate amyloid prediction framework using random forests. The mean AUC in 5-fold
cross-validation was 0.84.

Moreover, n-grams may be also used as an extension of a complex stochastic model. Here we implemented
n-grams as hidden states in a hidden semi-Markov model of signal peptides called signalHsmm. These N-
terminal targeting signals are responsible for targeting of proteins to endomembrane system and their export
outside the cell. After reaching the destination, signal peptides are cut off by the signal peptides. In our
model, the cleavage site is modelled by a set of n-grams reflecting variability of this region. This approach
not only yields the largest AUC value (AUC = 0.98) in comparison to other software, but also allow more
precise prediction of the exact cleavage site. Another advantage of the combined HSMM — n-gram approach
is its flexibility. Our model recognises malaria parasites Plasmodium and their relatives with AUC = 0.92, i.e.
more accurately than popular programs (AUC = 0.84).

biogram is a R package available on CRAN (http://cran.r-project.org/web/packages/biogram/).

[1] Fang Y.C., Lai P.T., Dai H.J. et al. BMC Bioinformatics. 12 (2011) 471.
[2] Wang Y., Liu L., Chen L.et al. PLoS ONE. 9(1) (2014) 84348.

[3] Guo S.H., Deng E.Z., Xu L.Q. et al. Bioinformatics. 30(11) (2014) 1522.
[4] Gasior P., Kotulska M. BMC Bioinformatics. 15 (2014) 54.
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Identifying tissue specific enhancers has been an important field of study in biology for a number of years
now. It is necessary for understanding the differentiation of tissues in higher organisms. Many experimental
technigues have been used to characterize hundreds of functional enhancers, however given the number of
different cell types it is difficult to identify all specific enhancers experimentally. The other option is to find
computational methods for identification of regulatory elements. They usually base on our knowledge of
characteristic features of such DNA fragments, including evolutionary conservation, specific sequence motifs
or epigenetic markers. Despite these important developments, the quality of predictions has been so far
limited and difficult to assess due to the limited knowledge of truly functional sequences in different contexts.

We defined recognition of regulatory sequences as a classification problem of partitioning genomic regions
into two groups: active enhancers and other regions. We used supervised machine learning approach to
distinguish between enhancers active in particular tissue (heart, brain and limb) from VISTA database[1] and
other regions, chosen randomly from the genome but maintaining similar length distribution. We use random
forest algorithm as a classifier and train it on histone modification as well as sequence features. As histone
modifications features we use signal from ChlIP-seq expreriments data published in ENCODE Project[2]
which come from several cell types from Tier 1 (including H1 human embryonic stem cells — Hlhesc) and
Tier 2. As sequence features we use frequencies of 4-mers occurrence in the sequence.

Various variants of feature sets where tested under 10-fold cross-validation, showing that even usage of
sequence features alone enables classifications with AUC between 0.79 to 0.88. Using only histone
modifications from embryonic stem cells (HLhESC) results in AUC from 0.74 for limb up to 0.85 for heart
enhancers. Inclusion of histone modifications data from other cell types slightly improved prediction
(maximally by 0.03 points) with cost of 10-fold increase of feature space. Moreover, combining sequence
features with histone modifications gives improvement in every case but one and results in classifiers with
AUC over 0.9 for heart and brain.

Importance of single features was computed with Boruta package [4] in R, which utilizes random forest
classifiers to compute feature importance relative to a randomized control. Both histone modifications and 4-
mers where among highly important features. Not surprisingly, H3K4mel (from H1hESC), known to be a
marker of regulatory regions, was the most important feature for almost all classifiers, but also some of the 4-
mers were found to be very important. Comparison of important 4-mers showed that some of those are
tissue-specific (were found important only for classifiers for one of the tissues), but did not depend on

included histone modifications.

[1] Visel A., Minovitsky S., Dubchak I. et al. Nucleic Acids Res. 35 (2007) 88.

[2] Bernstein B.E., Birney E. et al. 489 (2012) 57.

[3] Erwin G.D., Oksenberg N., Truty R.M. et al. PLoS Comput Biol. 10 (2014) 1003677.
[4] Kursa M.B., Rudnicki W.R. Journal of Statistical Software. 36 (11) (2010) 1.
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Ligand travel through a protein interior is a fundamental process governing biological signaling and
enzymatic catalysis. At a single molecule level, this process is hard to study experimentally. Moreover, even
in standard molecular dynamics simulations, a complex topology of channels in proteins leads often to
difficulties in modeling ligand escape pathways. We have developed two novel memetic methods for
searching the exit paths and cavity space exploration: Memory Enhanced Random Acceleration (MERA)
Molecular Dynamics and Immune Algorithm (IA). In MERA, a pheromone concept is introduced to optimize
an expulsion force. In IA, hybrid learning protocols are exploited to predict ligand exit paths [1].

The new algorithms are tested on three model protein systems with increasingly buried binding sites: M2
muscarinic GPCR receptor, industrial enzyme nitrile hydratase and heme-protein P450cam. The memetic
methods outperform Simulated Annealing and Random Acceleration Molecular Dynamics [2]. Moreover,
collision statistics and the RMSD values generated during ligand dissociation trajectories for each system
tested, are much lower in IA and MERA, comparing to RAMD. It is worth noting that despite the high
percentage of successful dissociations, IA and MERA do not introduce excessive artifacts in the sampling of
the protein conformations. The proposed algorithms are general and appropriate in all problems where an
accelerated transport of an object through a network of channels is studied.

[1] Rydzewski J., Nowak W. Journal of Chemical Information and Modeling. (2015) submitted.
[2] Ludemann S.K., Lounnas V., Wade R.C. Journal of Molecular Biology. 303.5 (2000) 797.
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Cluster analysis of protein contact sites with regard to protein
class and topology

Anita Sokotowska, Matgorzata Kotulska
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Knowledge of the spatial structure of protein is critical for understanding its function and biological activity.
Protein structure modeling is the main task of the dynamically developing structural bioinformatics. One of
the latest protein modeling approaches is the use of a contact map [1, 2], which provides information about
distances between the amino acids in the protein sequence [3]. The protein spatial structure is determined by
the sequence of amino acids, which have specific physicochemical properties, resulting from the structure of
their molecules. Some studies show a possibility of increasing the accuracy of protein structure prediction by
proper selection of the analyzed amino acids properties [4, 5]. The goal of the reported study was to
investigate, whether in selected protein classes and topologies there is specific physicochemical
characteristics of the amino acids forming contact sites or a particular protein contact site content. For this
purpose, 11 amino acids physicochemical properties, mainly derived from AAindex database, were selected.
The research material was a set of 4180 protein domains, identically described by SCOP and CATH
databases [6, 7]. The algorithms we implemented included unsupervised learning algorithms (K-means
clustering, hierarchical clustering and self-organizing maps) as well as classification algorithms (neural
networks for pattern recognition). The research results showed no evidence of specific physicochemical
characteristics of the protein contact sites. In the second part of the study it has been reported that, on the
basis of the frequency of a contact site for a pair of amino acids, it is possible to distinguish a protein class
(between alpha and beta classes) and certain topologies within one protein class (alpha or beta). Assessing
the study results and assumptions, a few ways of modification and extending of the study methodology were

proposed.

[1] Moult J., Fidelis K., Kryshtafovych A. et al. Proteins. 82 (2013) 1.

[2] Taylor T.J., Bai H., Tai C.H. et al. Proteins. 82 (2014) 84.

[3] Duarte J.M., Sathyapriya R., Stehr H. et al. BMC Bioinformatics. 11 (2010) 283.
[4] Cortés G.A., Aguilar-Ruize J.S. J Integr Bioinform. 8(3) (2011) 181.

[5] Sharma A., Paliwal K.K., Dehzangi A. et al. BMC Bioinformatics. 14 (2013) 233.
[6] Csaba G., Birzele F., Zimmer R. BMC Struct Biol. 9 (2009) 23.

[7] Wozniak P.P., Bachelor's Thesis, Wroctaw University of Technology (2012).
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Amplifying bacterial memory controlled by a synthetic RNA
thermometer and a nontoxic indu cer

Bartoszewicz J."?3 Nowicka M.%?, Krzynowek W.1?, Rzosinska K.>?, Abramowski S.?,
Nuc P.?

!Institute of Computing Science, Poznan University of Technology
%|nstitute of Molecular Biology and Biotechnology, Adam Mickiewicz University
3Department of Logic and Cognitive Science, Institute of Psychology, Adam
Mickiewicz University

Information processing subsystems are crucial for designing reliable and efficient synthetic biological
devices. While growing demand for detection of low-level signals (e.g. traces of heavy metals or other
contaminants) makes systems capable of signal amplification highly desirable, they may also be used to
increase protein expression after induction of a relatively weak promoter dependent on a commercially
available nontoxic inducer, e.g. rhamnose. We have developed a synthetic bacterial memory based on
previously described transctiptors [1, 2, 3], biological analogs of transistors using serine recombinases for
specific DNA edition. Detection of an inducer results in discretization of the input signal and its storage
across hundreds of E. coli generations. As glucose has been shown to inhibit expression in systems
dependent on promoters containing a Crp binding site [4], it was possible to use a promoter that would be
induced by a sugar inducer and strongly repressed by glucose, ensuring tight control over the input signal. In
order to make the system more reliable and less noise-sensitive, the promoter was coupled with a synthetic
RNA thermometer based on a previously described U10 thermometer [5, 6], modified to become compatible
with the BioBrick standard. Secondary structures and free energies of designed candidate thermometers
have been predicted using mfold web server [7, 8]. Resulting promoter forms a biological AND logic gate,
demanding a certain inducer to enable transcription, and a certain temperature to enable translation of a
target recombinase. If those two conditions are satisfied, high expression of an output protein is enabled.

The functioning of the system has been assessed using his-tagged superfolder GFP as a reporter.

[1] Bonnet J. et al. Proc Natl Acad Sci. USA 109(23) (2012) 8884.

[2] Bonnet J. et al. Science. 340(6132) (2013) 599.

[3] Siuti P. et al. Nat Biotechnol. 31(5) (2013) 448.

[4] Luo J., Zhang T., Wu H. Biotechnology Advances. 32(5) (2014) 905.
[5] Neupert J., Karcher D., Bock R. Nucleic Acids Res. 36(19) (2008) 124.
[6] Neupert J., Bock R. Nature Protocols. 4(9) (2009) 1262.

[7] Zuker M. Nucleic Acids Res. 31(13) (2003) 3406.

[8] SantaLucia Jr J. Proc. Natl. Acad. Sci. USA 95 (1998) 1460.



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin

Prezentacje posterow (PP1-PP15) (PP’1-PP’11)



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
PP1

Synthesis of new amide and hydrazide derivatives of 1,3-dimethyl-
or 3,7-dimethylpurine-2,6-dione as PDE7 inhibitors

Grazyna Chfon-Rzepa', Pawet Zmudzki', Agnieszka Jankowska', Maciej Pawfowski",
Artur Swieczek?, Krzysztof Pociecha?, Elzbieta Wyska®

!Department of Medicinal Chemistry, ?Department of Pharmacokinetics and Physical
Pharmacy, Jagiellonian University, Medical College, Medyczna 9, 30-688 Krakow, Poland

Among 11 known families of phosphodiesterases (PDESs) special interest has been focused on PDE7 that is
expressed in immune cells and specifically controls intracellular levels of cAMP. The PDE7 inhibitors which
maintain high levels of intracellular cAMP and exert immunosuppressant and anti-inflammatory effects are
regarded as potential agents for the treatment of many neurological, immune and inflammatory disorders [1-
3].

Taking into account the chemical structures of known PDE7 inhibitors which cover a wide range heterocyclic
systems [4], we designed and synthesized new series of compounds, chemically based around purine

scaffold, containing hydrazide or amide moieties in a 7 (series | and 1ll) or 1 (series Il) of purine-2,6-dione

system.
series | \ //O series |l F§ o series IlI \ o Ry
O O O H
\V\ R \V\ > \V\ H Ry
/N / N / / N/[/\!W( m
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R, = alkoxyl, arylalkylamine
R,, Ry, R, =H, OH, OCH,
n=1lor3;m=0o0rl

For the new compounds their ability to inhibit PDE7A was tested in vitro using PDE-Glo™ Phosphodiesterase
Assay and human recombinant PDE7A expressed in Sf9 cells. The results of this study indicated that some

of the tested compounds inhibited PDE7A at concentration close to that of isobutylmethylxanthine (IBMX).

[1] Redondo M., Zarruk J.G,, et al. Eur. J. Med. Chem. 47 (2012) 175.

[2] Banerje A., Patil S., et al. Bioorg. Med. Chem. Lett. 22 (2012) 6286.

[3] Kadoshima-Yamaoka K., Murakawa M., et al. Immunol. Lett. 122 (2009) 193.

[4] Swain N.A., Gewald R. Phosphodiesterases and their inhibitors, Chapter 11., Viley-VCH Werlag, (2014)
165.
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New series of 2-(2-alkylthio-4-chloro-5-methylbenzenesulfonyl)-
3-(phenylprop-2-ynylideneamino)guanidine derivatives -
synthesis and anticancer activity
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80-416 Gdansk, Poland
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According to the search for new anticancer benzenesulfonamides [1-3], new series of 2-(2-
alkylthiobenzenesulfonyl)-3-(3-phenylprop-2-ynylideneamino)guanidine  derivatives 6-15 have been
synthesized. The final compounds were obtained by reaction of the appropriate 1-amino-2-

benzenesulfonylguanidine 1-5 with 4-phenyl-3-butyn-2-one or phenylpropiolaldehyde diethyl acetal.

R! o EtO R’
[ W= o =0 [
(¢]] S e R? = Me R=H Cl S R2
H
j@[ N H PTSA, EtOH " o N N\N/
Z A N
Me O,/S\\OY NH, reflux e o \\O\r \\
NH, NH,
1-5 6-15

7-R"=Ph, R? = Me

The in vitro cytotoxic activity of the synthesized derivatives was evaluated against three human cancer cell
lines: colon cancer HCT-116, breast cancer MCF-7 and cervical cancer HelLa. All tested compounds have
been shown to exert cytostatic activity. The results indicated that the HCT-116 was the most sensitive cell
line - of the 10 tested derivatives, 9 compounds displayed ICsy value between 8 - 80 uM. The compound 7
was submitted for extended in vitro studies to National Cancer Institute (USA) for an evaluation of activity
against 60 human cancer cell lines. This research have shown the high ability of derivative 7 to inhibit the
growth of 18 cell lines from eight different cancer types (Glsq in the range of 1.84 to 4.99 uM).

[1] Zotnowska B., Stawinski J., Pogorzelska A. et al. Eur. J. Med. Chem. 71 (2014) 135.
[2] Brozewicz K., Stawinski J. Eur. J. Med. Chem. 55 (2012) 384.
[3] Brzozowski Z., Saczewski F., Stawinski J. Eur. J. Med. Chem. 42 (2007) 1218.
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Synthesis and evaluation of fluorescent 1,2,3-triazole derivatives
of 3'-azido-3'-deoxythymidine (AZT), using a novel ligand-
accelerated [3+2] cycloaddition protocol
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3'-azido-3'-deoxythymidine (AZT, Fig. 1), also known as Zidovudine is an FDA-approved nucleoside antiviral
drug which could also be used for the treatment of acquired immunodeficiency syndrome (AIDS).[”
Conjugates or functional hybrids consisting of nucleoside derivatives linked with fluorescence marker by a
1,2,3-tiazole unit have already been reported.*?

Copper-catalyzed azide-alkyne cycloaddition, widely known as the flagship reaction of Click chemistry, is a
powerful tool in organic synthesis due to the ease of application, high yields, modularity and wide scope.[‘”
Unfortunately there are limitations of this cycloaddition, such as redox stability of the copper(l).”” These can
be overcome by the use of copper(l)-stabilizing ligands, which are effective for improving the reaction
outcome.®

The aim of our study was to synthesize fluorescent 1,2,3-triazole derivatives of 3'-azido-3'-deoxythymidine
using a novel ligand accelerated copper(l)-catalyzed azide-alkyne cycloaddition (CUAAC) protocol based on

a water-soluble ligand (AMTC) and perform fluorescence emission studies of the obtained compounds.

N + )\ __cunawe

Fluorescent probe \
CH

N—N

Fluorescent probe

Fig. 1 The main step of obtaining 1,2,3-triazole derivatives of 3'-azido-3'-deoxythymidine.

[1] Wright K. Nature (1986) 283.

[2] Koh M., Park J., An H. et al. Chem. Commun. (Camb, (2011) 7614.

[3] Baraniak D., Kacprzak K., Celewicz L. Bioorg. Med. Chem. Lett. (2011) 723.
[4] Kolb H.C., Finn M.G., Sharpless K.B. Angew. Chem. Int. Ed. (2001) 2004.
[5] Chan T.R., Hilgraf R., Sharpless K.B. et al. Org. Lett. (2004) 2853.

[6] Szafranski P., Kasza P., Cegta M. Tetrahedron Lett. (2015) in review.
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Design, synthesis and in vitro antimicrobial activity of new
nalidixic acid - 1,3-thiazolidin-4-one hybrids
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Quinolones are the first-line therapy that has made a major impact in the field of antimicrobial chemotherapy
[1]. Nalidixic acid (1,8-naphthyridine derivative) was the first synthetic quinolone antibiotic introduced in
1960s by Leisher. It inhibits the DNA gyrase enzyme that is responsible for the initiation and propagation of
DNA synthesis. It showed activity against Gram-negative organisms including most of the enterobacteria and
was mainly used in the treatment of urinary infections [2]. The structure-activity relationship study of nalidixic
acid derivatives suggested that the carboxylic group at C-3 position is essential for biological activity [3].
4-Thiazolidinones contain B-lactam ring with sulfur atom in the ring. Its derivatives interact with MurB enzyme
and inhibit the biosynthesis of the peptidoglycan, polymer essential for cell wall of bacteria. MurB enzyme is
a unique target for antibacterial activity of thiazolidinones [4]. They also have significant activity, like: anti-
inflammatory, antibacterial, antifungal, antitubercular, antiviral, antitumor, anticancer, anticonvulsant, and
antihistaminic activity [5,6].

In the present work, antimicrobial activity associated with both 1,3-thiazolidinones and nalidixic acid moieties
prompted us to synthesize new nalidixic acid derivatives carrying the 1,3-thiazolidin-4-one heterocyclic
system at position 3 with an objective to obtain biheterocycles with enhanced biological activity. New
derivatives were prepared by cyclization reaction of nalidixic acid-base hydrazones with thioglycolic acid.
Obtained compounds were in vitro screened for antimicrobial activity against a panel of strains including

Gram-positive bacteria, Gram-negative bacteria and fungi belonging to Candida spp. [7,8].

[1] King D. E., Malone R., Lilley S. H. Am. Fam. Physician. 6(9) (2000) 2741.

[2] Shen L. L., Pernet A. G. Proc. Natl. Acad. Sci. 85 (1985) 307.

[3] Popiotek L., Gawronska-Grzywacz M. Int. Res. J. Pure Appl. Chem. 7(4) (2015) 191.

[4] Andres C. J., Bronson J. J., D’Andrea S. V. et al. Bioorg. Med. Chem. Lett. 10 (8) (2000) 715.

[5] Jain A. K., Vaidya A., Ravichandran V. et al. Bioorg. Med. Chem. 20 (2012) 3378.

[6] Tripathi A. C., Gupta S. J., Fatima G. N. et al. Eur. J. Med. Chem. 72 (2014) 52.

[7] European Committee for Antimicrobial Susceptibility Testing (EUCAST) Discussion document E. Dis 5.1,
Clin. Microbiol. Infect. 9 (2003), 1.

[8] Clinical and Laboratory Standards Institute (CLSI). Document M27-S4. Wayne, PA, USA, (2012).
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New non-basic ligands of serotonin receptor 5-HTe as a result of
virtual screening based on machine-learning methods
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Virtual screening is one of the most popular techniques in computer-aided drug design with machine learning
methods as representatives of the group of extensively explored methodologies in this field." In the study, a
variation of Support Vector Machines — a Sequential Minimal Optimization algorithm?® was applied in the
search of new 5-HTgR ligands in the ChemBridge and ChemDiv databases. Three different fingerprints were
used for molecules representation and consensus prediction was taken as the final answer. Selected
compounds indicated as active were purchased and their affinity towards four serotonin receptors (5-HTg,
5-HT1a, 5-HT>4, 5-HT;) was examined in in vitro experiments. Two structurally new compounds were found to
be characterized by a significant 5-HTgR activity (119 and 670 nM).

The compounds do not possess positive ionisable group in their structure, therefore they belong to the group
of atypical non-basic 5-HTgR ligands. Although several reports have proven that the presence of a basic
nitrogen atom enabling formation of the interaction of its protonated form and D3.32 is not indispensable for
5-HTsR anchoring,® the fraction of non-basic compounds within known 5-HT¢R ligands is low (about 7%) and
the majority of 5-HT¢R ligands keep fitting the standard pharmacophore model, which requires the
possession of the positive ionisable group.*

One of the hits was selective over the remaining serotonin receptors, whereas for the other, the affinity for
the 5-HT,AR subtype was also marked. Docking and molecular dynamic simulation experiments proved that
the obtained hits fit well in the 5-HTgR binding cavity interacting with the amino acid residues reported as
important for 5-HTgR activity. Moreover, in silico evaluation of ADMET properties indicated their drug-like
character.”

[1] Melville J.L., Burke E.K., Hirst J.D. Comb. Chem. High Throughput Screen. 12 (2009) 332.
[2] Platt C. Technical Report MSR-TR-98-14 (1998) 1.

[3] Ivachtchenko A.V., Dmitriev D.E., Golovina E.S. et al. J. Med. Chem. 53 (2010) 5186.

[4] Lépez-Rodriguez M.L., Benhamu B., de la Fuente T. et al. J. Med. Chem. 48 (2005) 4216.
[5] Smusz S, Kurczab R., Satata G. et al. Bioorg. Med. Chem. Lett. 25 (2015) 1827.
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Isorhodanines as substrates in the Diels-Alder synthesis of new
potential biologically active compounds
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Cycloaddition reactions were described for the first time by Otto Diels and Kurt Alder in 1928.[1] These
reactions are particularly useful for the synthesis of complex cyclic and bicyclic compounds and therefore are
widely applied in organic chemistry. In cycloaddition reactions not only systems composed exclusively of
carbon and hydrogen atoms are used, but also systems including heteroatoms, such as oxygen and sulfur
are engaged.

Among others, particularly interesting groups of diens are 2-thiothiazolidyno-4-on derivatives (rhodanines)
and 4-thiothiazolidyno-2-on derivatives (isorhodanines), having arylidene substituent at C-5 position. The
Diels-Alder reactions involving 5-arylidenorhodanines and 5-arylidenoisorhodanines are a convenient

method of the synthesis of condensed thiazoles having potential biological activity.[2]
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Literature sources indicate that 5- arylidenorhodanines are much less reactive than 5-
arylidenoisorhodanines.[3] Therefore we put our attention on reactions of the second group with dienophiles
such as maleicanhydride, acrolein, dimethylmaleate, and dimethylacetylenedicarboxylate. The reactions
were carried out using microwaves, under solvent-free conditions. The obtained products were purified by

crystallization and their structures were initially confirmed by ES-MS and IR.

[1] Diels O., Alder K. Liebigs Annalen der Chemie. 1 (460) (1928) 98.
[2] Yarovenko V.N., Nikitina A.S., Zayakin E.S. et al. ARKIVOC. (iv) (2008) 103.
[3] Zelisko N., Atamanyuk D., Vasylenko A. et al. Tetrahedron. 70 (2014) 720.
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Recently a progress has been made in finding new non-basic ligands of serotonin receptors — mainly 5-HTg
subtype. Until recently it was believed that only compounds with a basic nitrogen atom can act as aminergic
receptor ligands. The discovery of the non-basic ligands has changed the longstanding views in medicinal
chemistry. This phenomenon has been recently studied and some hypotheses were formulated, * but the
mechanism of non-basic ligands-receptor interaction is still unclear.

As a part of our study on 5-HT¢R the consistent series of indole derivatives has been designed in an attempt
to describe the interactions of non-basic ligands in the binding pocket. Following the examples of literature
ligands with 1-(phenylsulfonyl)-1H-indole fragment and basic nitrogen atom, their counterparts with reduced

and/or removed basicity were synthesized.
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R = 1-methylpiperazinyl, 1-acetylpiperazinyl, 1-(2,2,2-trifluoroethyl)piperazinyl, 1-piperidinyl

The 5-HTg, 5-HT,a, 5-HT; and D, receptor affinities for all the synthesized compounds were assessed in
radioligand binding experiments. The structure-affinity relationships and results of molecular modelling

experiments are discussed.

[1] Ivachtchenko A. V. et al. J. Med. Chem. 54 (2011) 8161.
[2] Van Loevezijn A. et al. J. Med. Chem. 54 (2011) 7030.
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Effects of bergapten on memory processes and oxidative stress
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Bergapten (5-methoxypsoralen, 5-MOP), a furanocoumarin found in many medicinal plants, has been used
in combination with UV radiation in skin photochemotherapy for decades, and also possesses slight
antioxidative activity as evidenced from in vitro studies. Literature data have demonstrated that bergapten,
exerts both anti-proliferative effects and induces pro-apoptotic responses in human breast cancer cells.
Some studies also found that it has anticancer, antidepressant, anticonvulsion, and anti-inflammatory effects.
Bergapten also inhibits the butyrylcholinesterase and acetylcholinesterase activity. These enzymes degrade
ACh, which prevents the formation of senile plaques in Alzheimer's disease

The aim of the present study was to examine the effects of acute administration of bergapten on memory
processes in the passive avoidance (PA) paradigm and anxiety-like behaviors in the elevated plus maze test
(EPM) in Swiss mice. We also assessed the relation of this drug in the level of oxidative stress in brain.
Bergapten was purified by high-performance counter-current chromatography from dichloromethane extract
of the fruits of Heracleum leskovii Grossh. We revealed that acute injections of bergapten at the dose 25, 50
and 100 mg/kg, i.p. improved processes of memory acquisition whereas the doses of 25 and 100 mg/kg
improved processes of memory consolidation in the PA task. Oxidative stress was assessed by
determination of antioxidant enzymes (glutathione peroxidases (GPx), superoxide dismutase (SOD),)
activities as well as of malondialdehyde (MDA) concentration in the whole brain. The results of our research

suggest bergapten to be an interesting therapeutical option in disorders with memory deficits.
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In the last decade, extensive research that has been carried out on nanotechnology resulted in the
development of nanomaterials that have found application in various fields of science, including the
biological and medical sciences. Magnetic nanoparticles based on the magnetite (FesO,) seem to be
currently considered as the most crucial nanomaterials of the future medicine, due to the possibility of
binding of drugs, proteins (enzymes), antibodies, or nucleotides. These nanoparticles have a
superparamagnetic properties, which makes them an excellent contrast agent for applications in medical
diagnostics [1-3].

In this study the synthesis of new three types of chitosan coated nanoparticles rich of long-distanced amino
groups on the surface is presented. All of prepared materials have been used for lipase from Candida rugosa
covalent immobilization via standard procedure [4-6]. Prepared nanoparticles were characterized by
analytical methods and the activity, reusability and the amount of immobilized lipase were determined. The
effect of amount of free amino groups on the surface, surface morphology, particle and pore size, and the
surface area on lipase loading capacity and activity have been investigated.

[1] Gupta A. K., Gupta M. Biomaterials. 26 (2005) 3995.

[2] Chetminiak D., Ziegler-Borowska M., Kaczmarek H. Polimery. 60 (2015) 12.

[3] Ziegler-Borowska M., Chetminiak D., Kaczmarek H. J. Therm. Anal. 119 (2015) 499.
[4] Siédmiak T., Ziegler-Borowska M., Marszatt M.P. J. Mol. Cat. B: Enzym. 94 (2013) 7.
[5] Ziegler-Borowska M., Siédmiak T., Chetminiak D. et al. J. Mol. Cat. B 94 (2013) 7.
[6] Ziegler-Borowska M., Chetminiak D., Siodmiak T. et al. Matter Lett. 132 (2014) 53.
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L-carnosine (B-alanyl-L-histidine) is an endogenous dipeptide present in some mammalian tissues. It is a
natural scavenger of reactive aldehydes generated in the degradative oxidative pathway of endogenous
molecules (sugars, polyunsaturated fatty acids, proteins). It is also a selective scavenger of a,B-unsaturated
aldehydes - the by-products of peroxidation of membrane lipids. Carnosine prevents glycation and oxidation
processes and related to that anti-crosslinking activity. It has been demonstrated that carnosine may be used
as a treatment in neurodegenerative disorders such as Alzheimer's or Parkinson’s diseases, in an
inflammatory diseases, as well as in cardiovascular ischemic damage. It may play a role as a physiological
buffer and a ion-chelating agent. That biologically active peptide can be very easily destroyed by its specific
peptidase — carnosinase, present in human plasma. This fact greatly limits the possibility of therapeutic use
of carnosine. The synthesis of modified carnosine is intended to obtain more stable and bioavailable
derivatives which may have the same therapeutic applications.

The derivatives of carnosine were synthesized by manual SPPS method using Fmoc-based strategy. Two
series of peptide synthesis were carried out. In the first one in P1 L-histidine was present. In the second
series P1 has been substituted by D-histidine. The received modified peptide derivatives of L-carnosine
instead of B—alanine contained in P2: L- and D-alanine, 6-aminohexanoic acid, 5-aminohexanoic acid and 4-
aminohexanoic acid and were obtained as acids and amides 1°. The lipoic, acetyl, palmityl and lauryl
residues were attached to N-terminal end of each of the compounds. The products were characterized using
mass spectroscopy. The resulting compounds are not cytotoxic as checked on selected cell lines. In the next
step will investigate some aspects of synthetized compounds on oxidative stress. We expect that our
dipeptide carnosine derivatives will prove more resistant to carnosinase. This will cause their higher
concentration and prolong the duration of action in a human body. Preserved fairly strong resemblance in
molecular structure to carnosine, raises a presumption that obtained analogues will demonstrate similar
biological activity as carnosine. They can be a potential source of factors that prevent oxidative stress and

reduce its effects which would allow them to be used as therapeutic agent and an active cosmetic ingredient.

[1] Belia F., Olivieri V., Rizzarelli E. et al. Eur. J. Med. Chem. Sci. (2013) 225.

[2] Lanza V., Bellia F., D’Agata R. et al. J. Inorg. Biochem. (2011) 181.

[3] Bakardijev A., Bauer K. Biochemistry (2000) 779.

[4] Hipkiss A.R., Worthington V.C., Himsworth D.T. et al. Biochim. Biophys. Acta. (1998) 46.
[5] Marchis S.D., Modena C., Peretto P. et al. Biochemistry (2000) 824.

[6] Hobart L.J., Seibel I., Yeargans G.S. et al. Life Sci. (2004) 1379.
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B2 adrenergic receptors (B2-AR) participate in the physiologic responses of the lung, including
bronchodilation and bronchoprotection and may also play an important role in the pathophysiology of
asthma. The gene encoding B2-AR (ADRB2) is extremely polymorphic, and the studies fucused on it
improves our understanding of asthma and may possibly lead to new methods of prevention, diagnose and
treatment. Experimental studies revealed that the polymorphisms at codon 16 (B2-AR-16) and codon 27 (B2-
AR-27) of the B2-AR might affect the response to treatment of long and short-acting beta mimetics.

We theoretically examined the role of the residue at position 16 in the native protein ([?>2—ARGlylG

) and its
polymorph (B2-AR®Y*®*%) played in interactions of B2-AR with B2-agonists. The molecular dynamics
enhanced-sampling simulations based on the umbrella sampling (US) protocol allowed to assign the
energetic characteristics to the association/dissociation paths of the agonistic ligand ((R,R)-fenoterol)

entering/leaving the binding cavity of both B2-AR®Y*® and p2-AR®Y*°A",
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Fig. 1. The free energy profiles calculated by using the US simulations for the distance between ligand-
receptor (2).

The results indicate that the main differences between p2-AR®Y*® and B2-AR®Y'®*"Y are connected with the
altered pattern of interactions between ligand and the N-terminus region. Strong, repulsive interactions
between arginine and ligand (both positively charged) affect the overall free energy profile associated with
ligand binding/unbinding, increasing the height of the barrier for the unbinding process. The same repulsive
interactions prevent the formation of the Arg16-ligand hydrogen bond, present in the case of Glyl6-ligand
pair. Other aspects of the ligand-B2-AR interactions (e.g. intermediate, metastable states present on the
binding/unbinding path or the topology of this path) are common for both [32-ARGIylG and BZ-ARG'ylGArg.
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Glutamate is the main excitatory neurotransmitter in the central nervous system, which is essential for
cognitive functions such as memory formation and Iearning.1 Group IlIl metabotropic glutamate receptors
(mGIuR4, mGIuR6, mGIuR7 and mMGIuUR8) are considered promising drug targets for treatment of
neurological disorders e.g. Parkinson’s disease, schizophrenia, major depressive disorder and pain.?
We have synthesized and evaluated chemical scaffold (compounds AH-48, MAH-14 and MAH-15) exhibiting
MGIuUR8 Positive Allosteric Modulator activity along with a strong agonistic component. AH-48 has the
following characteristics:
- activates mGIuR8 as an agonist (ECsy = 2.6 uM),
- acts as a Positive Allosteric Modulator (ECso = 4.3 uM in the presence of 1 uM L-Glu),
- activity of AH-48 with or without presence of L-Glu is completely abolished by

10uM of LY341495,
- AH-48 acts as mGIuRS8 full PAM-agonist in contrast to benchmark compound AZ12216052

which activates the receptor only partially,
- AH-48 activates mGIluR4 and mGIuR?7,
- MAH-14 acts as a mGIuR8 PAM (ECs, = 4.4uM),
- MAH-15 acts as a mGIuR8 PAM (ECso = 5.7uM).
We plan further tests (metabolic stability, genotoxicity, anti-target assays) which will help us establish lead

structure in the study.

[1] McEntee W. J., Crook T. H. Psychopharmacology. 111 (1993) 391.
[2] Hovelsa N., Sotty F., Montezinho L. P. et al. Curr. Neuropharmacol. 10 (2012) 12.
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Parkinson's disease is a neurodegenerative disorder that manifests itself by movement-related symptoms
such as: shaking, rigidity, slowness of movement and difficulty with walking and gait. The PD is currently
second in terms of prevalence of neurodegenerative disease in the world. Available drugs despite the
relatively high efficiency are not without adverse effects and in later stages of the disease often become
insufficient due to the progressive degeneration of dopaminergic neurons and the severity of side effects.
One of the more interesting strategy for finding new drugs for Parkinson's disease is the combination of the
antagonistic activity toward adenosine A1 and A2A receptors, with inhibition of MAO-B. As an example would
be a chlorostirylxanthine, that is adenosine A2A receptors antagonist and MAO-B inhibitor [1,2].

Previous research in the group of annelated xanthines confirmed their activity toward adenosine receptors
and indicated that introduction of benzyl moiety in position N-9 increased affinity for MAO-B. We made an
effort to study a group of N-9 benzyl-substituted 1,3-dimethylpyrimido[2,1-flpurinediones derivatives as
adenosine receptors antagonists and MAO-B inhibitors. The designed compounds were synthesized
according previous described procedure [3,4]. Firstly theophiline was oxidative brominated then N-alkylated.
In the last step third ring was build on to the xanthine core by the condensation with proper benzylamine.

We received the small library of compounds that differ in the substituent in position N-9. The synthesized
compounds were tested for their effect on MAO-B enzyme. Structure activity relationship analysis has shown
higher MAO-B inhibitory activity in the group with halogens subsituents in position ortho and meta of
benzene ring. The most potent compound presents ICsq value 217 nM. Halogens subsitutents in position
ortho and meta seem to be also preferable. 3-bromo-4-fluorobezyl derivatives has ICs, value 346 nM. The
compound with 4-chloro-3-trifluoromethylbenzyl substituent present ICs, value 310 nM.

Drug-like properties (logP, logS, toxicity, drug score) of the obtained compounds were evaluated by the
OSIRIS program|[5].

The results confirm the MOA-B inhibitory activity of obtained compounds. Furthermore, our investigation has

shown the significant effect of benzyl moiety on the MAO-B inhibitory activity.

[1] Fredholm B. B. et al. Pharmacological Reviews. 63(1) (2011) 1.

[2] Koch P. et al. Bioorg. Med. Chem. 21(23) (2013) 7435.

[3] Drabczynska A. et al. Eur. J. Med. Chem. 46 (2011) 3590.

[4] Drabczynska A. et al. Bioorg. Med. Chem. 15 (2007) 6956.

[5] http://www.organic-chemistry.org/prog/peo/ (last accessed: 27.07.2015).
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The bitopic compound (R, R’)-4-methoxy-1-naphthylfenoterol (MNF) elicits growth inhibitory and pro-apoptotic
activities in a number of cell lines from diverse tumor types and in a xenograft model of glioblastoma. Here,
we investigated the contribution of B2-adrenergic receptor (B2-AR) and the recently deorphanized GPR55 in
the anti-tumorigenic effects of MNF in rat C6 glioblastoma cells in vitro. Analysis of cell cycle and apoptosis
detection by flow cytometry, wound-healing scratch test, and immunoblotting techniques were carried out in
response to MNF and various ligands. MNF elicited growth arrest in G1 phase of the cell cycle and promoted
apoptosis, with a maximum effect at 20nM. Serum-inducible cell migration and constitutive activation of AKT
and ERK were dose-dependently inhibited by MNF, with ICsy of 4 nM, 1.22 nM and 1.45 nM, respectively.
Consequently, MNF induced phosphorylation of inhibitory Ser-33 on (-catenin, transcriptional regulator of
protumorigenic genes expression, leading to downregulation of Cyclin D1 and MMP-9. C6 cells remained
sensitive to MNF signaling even after pretreatment with the selective 2-AR antagonist ICI-118,551. We then
investigated MNF’s ability to block GPR55 pro-oncogenic responses and found that the cellular uptake of a
fluorescently-labeled GPR55 agonist and GPR55 ligand-mediated increases in ERK phosphorylation and cell
migration were significantly reduced by MNF. Moreover, GPR55-dependent activation of B-catenin was
abrogated by MNF. These results demonstrate the usefulness of MNF as a novel approach to
chemoprevention of glioblastoma cancer and may offer a potential mechanism for its anticancer action

through modulation of GPR55 function.
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Mass spectrometry has paved way for high-throughput proteomics. Among numerous of its applications one
finds protein identification, quantization, analysis of cross-linking, and other. It is acknowledged, that one of
the most important qualities of these instruments is their power to precisely resolve masses of the introduced
samples [1]. There exists a well established mathematical model theoretically describing the distribution of
mass of a given chemical substance, potentially observable on the instrument. The model takes into account
the presence of isotopes appearing in nature at random. However, direct enumeration of all possible
configurations (pairs [mass, probability]) was problematic for bigger molecules due to memory requirements
[2].

Traditional approaches to solve this problem consisted in averaging pairs within well established clusters in
the mass domain, e.g. [3,4]. Recently, direct calculations of the fine structure configurations was performed
via multidimensional Fourier transform [5] and by pruned transition trees [6]. Reduction in the state space
were possible because the distribution under study is highly concentrated around the mean mass.

With the present approach we use to the full the concentration properties. Similar to [6], we also divide the
problem into two stages. First, we enumerate a representative subset of the marginal configurations, i.e.
masses and probabilities of individual elements forming the molecule. Then, we combine the results via the
prunned exterior product. By doing so, we manage to retrieve almost exactly the minimal set of
configurations with a given probability threshold, i.e. the critical set of configurations for this distribution. Not
only do we save space, but also we provide the end user with configurations that have the highest chance of
appearance in the mass spectrometer itself. We manage to prove the optimality of our method up to a set of

configurations of negligible probability. Our approach is up to 60 times faster than [6].

[1] Miladinovi¢ S.M., Kozhinov A.N., Gorshkov M.V. et al. Anal.Chem. 84(9) (2012) 4042.
[2] Valkenborg D., Mertens |., Lemiére F. et al. Mass.Spec.Reviews. 31(1) (2012) 96.

[3] Dittwald P., Claesen J., Burzykowski T. et al. Anal.Chem. 85 (2013) 1991.

[4] Rockwood A., Haimi P. J.A.S.M.M. 17(3) (2006) 415.

[5] Ipsen A. Anal.Chem. 86(11) (2014) 5316.

[6] Loos M., Gerber C., Corona F. et al. Anal.Chem. 87(11) (2015) 5738.
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Aminoglycoside antibiotics are frequently used against serious infections caused by Gram-negative bacteria.
Unfortunately, bacterial resistance to aminoglycosides is spreading fast. Understanding the interactions
which determine their binding to ribosomal RNA is crucial to design new modifications of these antibiotics.
The main role in the recognition of ligands by nucleic acids is played by electrostatic interactions [1].
Therefore, we performed a detailed energetic analysis of twelve aminoglycosides in complexes with bacterial
decoding site (A-site) [2]. We reconstructed the electron densities of the structures using a pseudoatom
database (University at Buffalo Databank) [3] to calculate the energies of electrostatic interactions with the
Exact Potential Multipole Method [4]. The energies between various aminoglycosides and their binding sites
revealed a significant correlation with experimentally obtained binding free energies. Additionally, a number
of water molecules mediating interactions between antibiotic and RNA allowed us to propose modifications
which would enhance the binding specificity.

We have also investigated the influence of different aminoglycosides on the structure of RNA A-site region
[5]. For this purpose, we used MINT software [6], which enables analysis of three-dimensional full-atom
structures of RNA. We have investigated the hydrogen bond patterns, solvent accessibility, and stacking
energies of the nucleobases. We pointed out some antibiotic-induced RNA structural differences that depend

on the type of bound aminoglycoside.

[1] Wang H., Tor Y. Angew. Chem. 37 (1998) 109.

[2] Kulik M., Goral A.M., Jasinski M. et al. Biophys. J. 108(3) (2015) 655.

[3] Jarzembska K.N., Dominiak P.M. Acta Cryst. A68 (2012) 139.

[4] Volkov A., Koritsanszky T., Coppens P. Chem. Phys. Lett. 391 (2004) 170.

[5] Kulik M., Trylska J. RAIRO-Operations Research. (2015) accepted.

[6] Gérska A., Jasinski M., Trylska J. Nucl. Acids Res. (2015) doi: 10.1093/nar/gkv559.
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Quality evaluation of multiple 3D RNA models against reference structure is a difficult and time consuming
task. To capture subtle differences between alternative structures and reliably rank them, many different
comparison measures need to be calculated and usually manual inspection is also required.

Here we present RNAssess [1], a web server that allows users to assess quality of multiple 3D RNA models
with many integrated measures that can be applied from global and local perspective. Local comparison of
3D RNA structures gives the ability to identify well and poorly predicted regions of molecule. Together with
interactive user interface and embedded structure visualization, RNAssess makes 3D RNA structure
comparison easier and faster. RNAssess is available as a free service open to all users at
http://rnassess.cs.put.poznan.pl

[1] Lukasiak P., Antczak M., Ratajczak T. et al. Nucleic Acids Research. (2015) doi:10.1093/nar/gkv557.
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RNA function depends on its structure, therefore an appropriate recognition of the latter is of great
importance. One particular concern is the assessment of base-base interactions, described as the secondary
structure. It greatly facilitates an interpretation of RNA function and allows for structure analysis on the
tertiary level. The RNA secondary structure can be predicted from sequence using in silico methods often
adjusted with experimental data, or assessed from 3D structure atom coordinates. Computational
approaches consider mostly Watson-Crick and wobble base pairs. Handling of non-canonical interactions,
important for a full description of RNA structure, is still a challenge.

Here we present novel two-step in silico approach to asses RNA secondary structures with non-canonical
base pairs. Its idea is based on predicting the RNA 3D structure from sequence or secondary structure that
describes canonical base pairs only, and next, back-calculating the extended secondary structure from atom
coordinates. We have integrate in a computational pipeline the functionality of two fully automated, high
fidelity methods: RNAComposer for the 3D RNA structure prediction and RNApdbee for base pair annotation.
We have benchmarked our pipeline on 2559 RNAs sequences with the size up to 500 nucleotides obtaining
better accuracy in non-canonical base pair assessment than the compared methods that directly predict RNA

secondary structure.
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The immune system searches for pathogen invasion markers, which include pathogen proteins and host
proteins modified in the course of the invasion. While some pathogen-associated molecular patterns are
relatively invariant, numerous pathogen-specific markers change quickly. Therefore, to win the arms race
with pathogens, host recognition receptors must adapt quickly to varied and modulating markers. To achieve
this goal, the recognition domain of the receptor requires the capacity to recognize diverse possible
pathogen molecule epitopes, and ability to quickly learn new ones. In plants and fungi, which lack an
adaptive immune system, this key role in the immunity is played by the NLR family of receptors, which adapt
to ever-changing pathogen-specific invasion markers thanks to their repeat-based architecture, which can
produce diversity of recognition paratopes through unequal crossing-over and mutation [1]. The unequal
crossing-over is a repeat shuffling process 10,000 to 100,000 times quicker than the standard point mutation,
however it requires (and promotes) high sequence similarity between consecutive repeat units. At the same
time certain positions in the repeats are highly variable under positive diversifying selection; they are
believed to form the actual recognition paratope [2, 3]. Characterizing computationally the language of these
pathogen recognition receptors can provide insight into the molecular mechanisms of immune response and
describe the limits of the pathogen targets that can be recognized. In this work, we modeled generation and
selection of the recognition paratopes as a stochastic string rewriting system with constraints, tuned by
analysis of observed evolutionary processes and validated with regard to a large data set of fungal NLR [3].
First, we cross-checked the unequal crossing-over and mutation model with the existing experimental data.
Second, we analyzed mathematical properties of the model and showed that its convergence to stationary
distribution. Then, we compared real and simulated data. Among others, analyzing the feasible set of
solutions revealed that the model explained the i=i+2 (even-odd) periodicity observed in the repeat number
distribution of a family of receptors. Next, we explored discrepancies between real and simulated data in
order to discover constraints acting on the paratopes. For example, by comparing amino acid content in the
model and original populations, we confirmed that highly variable sites identified on the basis of entropy,
were subject to constraints towards composition typical for binding sites, which was coherent with the
suggested role of recognition paratopes. Finally, we proposed an interactive approach to exploring the
solution space of amino acid repeats by means of 2-d projections and significance tests in sectors of the
space. In a preliminary analysis, we found an overrepresented pattern R-[SYQFW](1,3)-R at one of the
highly variable positions in a family of receptors, which potentially has functional importance. The
methodology developed in this work is general and therefore can be applied to any class of amino acid
repeats generated by unequal crossing-over for which an equivalent high quality data set is available. An
appealing future application of our model would be testing of hypotheses regarding repeat origin or function
encoded as constraints on the string rewriting system.

[1] Paoletti M., Saupe S. J. BioEssays. 31 (2009) 1201.

[2] Paoletti M., Saupe S. J., Clave C. PLoS ONE. 2 (2007) 283.

[3] Dyrka W., Lamacchia M., Durrens P. et al. Gen Biol Evol. 6 (2014) 3137.
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Over 3 bhillions nucleotides constituting human genome, encode every information that organism needs to
live. However, such complex structure is susceptible to various genetic changes including: somatic point
mutations [1] and copy-number variations (CNV) [2]. Most recently we showed that non-allelic homologous
recombination (NAHR) can be mediated by transposable elements that are placed relatively close to one
another [3].

In general, the nature of such genetic disorders can have various phenotypical consequences. On one hand,
there are mutational changes that potentially do not affect an organism's phenotype (e.g. silent point
mutations or duplication of dosage insensitive genes), on the other hand, they can induce cancerogenous
genomic rearrangements (e.g. sequence duplications [4] or multiple mutations of suppressor genes [5].

In our work, we analyse sequences from patients with genomic disorders. Specifically we are interested in
NAHR mediated by transposable elements from the LINE family. We concentrate on discovering the
common motif (microhomology), which characterises the known cases of NAHR events stored in the Baylor
Collage of Medicine databases. Our preliminary results indicate that there is an significant enrichment in
microhomologies in the first 1500 bp (for the sequences of length 60 kbp approx.).

Furthermore, we hypothesise that there is a correlation between the time of activity of particular LINE
families and their susceptibility to induce NAHR events. Interestingly, over 90% of all sequences reported in
the databases belong to one of the L1PA3 or L1PA4 subfamilies. Currently, there is an ongoing research to
verify the hypothesis by formulation of the adequate model of evolution of transposable element's

sequences.

[1] Stankiewicz P., Lupski J. R. Ann. Rev. of Med. 61 (2010) 437.

[2] Sykulski M., Gambin T et al. Jour. of Clin. Bioinf. 3 (2013) 12.

[3] Stankiewicz P., Lupski J. R. Trends in Genetics. 18 (2002) 74.

[4] Dharmadhikari A. V., Gambin T. et al. BMC Med. Gen. 15 (2014) 128.
[5] Sigal A., Rotter, V. Cancer Research. 60 (2000) 6788.
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Poland

Transposable elements are short genomic sequences capable of copying and/or relocating themselves
within the genome in a process called transposition. Their ability to cause genetic disease by inserting
themselves into a gene (causing its disruption) or in its vicinity (causing its misregulation) has caused them
to become the focus of study of both population geneticists [1] and of the medical community [2]. The
abundance of DNA sequence data for multiple organisms, as well as the availability of efficient tools for
mass detection of TEs make it possible to attempt to reconstruct the history of evolution of TEs within
species.

The unique nature of TEs makes it possible to supplement the standard phylogeny-based approach with
another one, based on the TEs ability to insert into one another. From these insertions a so-called
interruption matrix may be reconstructed, and its analysis makes it possible to reconstruct the chronology of
TE activity.

In contrast to the previous approach [4] (which worked by using a heuristic approach to find a good solution
to the Feedback Arc Problem) we propose a Bayesian model of the interruption matrix with added noise, and
use it to recover the chronology of activity of TEs. Unlike the previous approach, our model makes it possible
to take into account the concurrency of activity of certain TE families, creating cycles in the interruption

graph, as well as to estimate the length of each family's activity.

[1] Charlesworth B., Charlesworth D. Genetical Research. 42(01) (1983) 1.

[2] Startek M., Szafranski P., Gambin T. et al. Nucleic acids research. 43(4) (2015) 2188.
[3] Bergman C.M.,Quesneville H. Briefings in bioinformatics. 8(6) (2007) 382.

[4] Giordano J., Ge Y., Gelfand Y. et al. PLOS Computational Biology. (2007) 137.
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verify RNA World hypothesis

Jaroslaw Synak®, Natalia Széstak™*, Szymon Wasik'?, Jacek Blazewicz>??

YInstitute of Computing Science, Poznan University of Technology, Piotrowo 2, 60-965
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%|nstitute of Bioorganic Chemistry, Polish Academy of Sciences, Noskowskiego 12/14, 61-
704 Poznan, Poland
3European Center for Bioinformatics and Genomics, Poznan University of Technology,
Piotrowo 2, 60-965 Poznan, Poland

The RNA World hypothesis [1] is the most popular and well substantiated theory which tries to explain origins
of life on Earth. It is a collaborative effect of work of many scientists who try to guess possible reaction paths
and mechanisms which resulted in life in the form that we know today. Taking into account an enormous
space of possible reactions and an uncertainty of primordial conditions, these attempts require effective
methods of verification and estimation of various possibilities. Such methods should be fast, based on
existing knowledge and, at the same time, as accurate as possible.

This presentation demonstrates a variety of algorithms which can be used to simulate interactions between
molecules on prebiotic Earth [2], based on our three years long experience on simulating such systems. We
underline the accurateness and efficiency of each method. Moreover we present a new approach that treats
RNA chains as regular chemical molecules. RNAs diffuse, react with other RNAs, replicate and are the
subject of mutations. Some variants of the model built on this assumption have been implemented as
computer simulations. Based on these simulations we were able to infer first, biologically significant

conclusions regarding evolutionary dynamics of first living systems and verify already formulated hypothesis.

(3]

[1] Cech T.R. Cold Spring Harb. Perspect. Biol. 4 (2012) 006742.
[2] Takahashi K., Arjunan S.N.V., Tomita M. FEBS Lett. 579 (2005) 1783.
[3] Takeuchi N., Hogeweg P. Phys. Life Rev. 9 (2012) 219.
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Contemporary computational methods discover single variables associated with phenotypes under the
degenerate assumption that biological systems can be characterized by single parameters. This diverges
from the principle that a variety of variables (features) are to define the fate of the living organisms, through
non-linear complexity.

Here we aim to apply a new approach established on classification-based feature selection and rule-based
modeling. Interactions among features are modeled as a network of interdependencies, extracted from the
classification trees, constructed by the MCFS-ID algorithm. The network is given in the form of directed
graph. On a final level, classification rule sets are provided by the ROSETTA system to assign feature values
to specific decision classes.

This approach was successfully used in a number of applications. Here we showed how this combined
approach helped identify interactions and analyzed them in detail. Importantly, our approach is suitable to
analyze heterogeneous data and is likely to support well various studies related to different genomic data,
such as, for instance, immune system or pan-cancer analysis. Our methodology is illustrated here with
examples from the study of immune responses in CD4+ T cells and examples of breast (BRCA) and lung
(LUAD) cancers using data from The Cancer Genome Atlas.

We discovered interdependencies in the human immune system responses to various stimuli of CD4+ T-cells
depending on the racial background. Biologically, generic-function protein-coding genes (i.e. UTS2) point to
function-specific ones (i.e. LYZ). The direction of the significant feature connections followed the time
increment of treatment (i.e. genes measured in the 4th hour point to the ones measured in the 48th one). We
learnt that gene-responses related to bacteria characterized Afro-Americans; to viruses, Caucasians; and to
both characterized Asians. Finally, the refinement to the level of rules showed that the distribution of the
attribute values across the classes suggested that African-Americans and Asians were much more
homogeneous than Caucasians for the selected genes.

In the case of pan-cancer analysis, we detected 603 genes that contribute to classifying/discerning BRCA-
LUAD. Next, the ID-graph showed several genes with plausible roles in BRCA and LUAD. Finally, the rule
nets for decision classes showed detailed interactions between several genes with a possible function in
BRCA and LUAD. This pilot study needs a significant follow up to investigate in detail the hypothesized

interactions, and to validate them.
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Hot spot identification in protein complex using S transform
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Some of amino acid residues — called hot spots — contribute most of the energy into interaction between
proteins. Detection of such residues is important due to the fact that most of the biological processes are
controlled by protein complexes. Experimental method of hot spot identification requires a lot of effort, which
induces need for developing computational methods. One of the computational approach is applying digital
signal processing methods for hot spot prediction. The basis of such algorithms is so-called Resonant
Recognition Model introduced by Veljkowi¢ et al. [1]. According to the model, there is a correlation between
protein function and its spectrum. One of the digital signal processing tool that can be applied for hot spot
residues prediction is S transform [2], which combines properties of Short Time Fourier Transform (STFT)
and wavelet transform (WT). It can be derived as STFT with window width depending on frequency or as WT
with phase correction and provides direct correlation with Fourier spectrum as well as frequency dependent
resolution [3-5]. Properties of S transform makes it useful for biomedical data analysis. Sequence analysis
using S transform gives satisfying results on finding hot spots residues in protein complexes.

Figure shows an example of protein spectrum (human Interleukin-4) obtain with the aid of S transform.

[1] Veljkovi¢ V., Cosi¢ I., Dimitrijevié B.et al. IEEE Trans Biomed Eng. 32(5) (1985) 337.
[2] Stockwell R.G., Mansinha L., Lowe R.P. IEEE Trans Sig Process. 44(4) (1996) 998.
[3] Brown R.A., Frayne R. Conf Proc IEEE Eng Med Biol Soc. (2008) 2586.

[4] Sahu S.S., Panda G. IEEE/ACM Trans Comput Biol Bioinform. 8(5) (2011) 1235.

[5] Kasparek J., Maderankova D., Tkacz E. ITiB. 3 (2014) 327.

Acknowledgement
The study was performed as a part of projects: BKM-526-Ran-3/2014 and BKM-516-Rau-3/2015.



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
PP’'11

Searching for radiosensitivity biomarkers by Monte Carlo feature
selection and rough sets approach
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Aim: We propose a data analysis method based on Monte Carlo feature selection for data pre-filtering and
rough sets classifier for radiosensitivity phenomena biomarkers investigation.

Materials and methods: The population under investigation is composed of 60 patients with a breast
cancer, where from each the lymphocytes were collected before radiotherapy. Patients were divided into two
stratified groups: radioresistant (RR) and radiosensitive (RS). Gene expressions were measured in two
conditions - before and after the low dose irradiation (Microarrays HU Gene 1.0 ST Affymetrix). First step of
the analysis relays on data quality assessment where NUSE and RLE measures [1] were used accompanied
by Microlmage software. Re-annotation of probes was performed and batch effect was removed. Feature
selection analysis was done with usage of Monte Carlo based approach (MCFS) [2]. The intersection of
significant genes between 0Gy and 0.2Gy were used in rough set classification through ROSETTA system
[3] with discretization based on entropy, Johnson rule reduction method and object tracking voter
classification. Independently in silico functional analysis were performed using GSEA-Pre-Ranked method.
Results: Five microarrays with poor quality were removed from analysis which gave 27 investigated controls
and 28 cases. Four batches were recognized and corrected by Combat algorithm. Monte Carlo Feature
Selection was run with 500 permutations on two datasets (0Gy and low dose) which gives 13 significant
genes common for both conditions. Using 5-fold cross-validation accuracy equal to 0.79 was obtained and
AUC from was equal to 0.83. Three rules from eleven were statistically significant after applying
hypergeometric test. One of the gene was discover as significant and validated in literature as a possible
biomarker of radiosensitivity. The independent in silico validation on GSEA, where Relative Importance was
used as rank metrics showed 5 gene sets relevant to investigated phenomena. The most prominent
discovery are gene set related to Reactive Oxygen Species (ROS) and PRKDC gene regulators (p-
value=0.004 and p-value=0.022 respectively). Significant gene found using rough sets was not observed in
significant gene sets found by GSEA.

Conclusions: The procedure based on MCFS and rough sets was used to create a model of breast cancer
patients radiosensitivity. Potential biomarker, relevant to describe radiosensitivity phenomena, was obtained,
but the biological experiment validation is needed. Independently, group of relevant genes in gene set
enrichment analysis was obtained which show high relation to radiation response.

[1] Marczyk M., Krol L., Polanska J. Proceedings of International Work-Conference on Bioinformatics and
Biomedical Engineering 1 (2014) 738.

[2] Draminski M. et al. Bioinformatics. 24(1) (2008) 110.

[3] Ohrn A., Komorowski J., Skoworn A. et al. The Design and Implementation of Knowledge Discovery
Toolkit: The ROSETTA System, In Rough Sets in Knowledge Discovery 1: Methodology and Aplplications, L.
Polkowski and A. Skowron (eds.) Studies in Fuzziness and Soft Computing 18(19) (1998) 376.
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A filtration of cerebrospinal fluid signal based on Gaussian
mixture model decomposition of magnetic resonance diffusion
weighted imaging data
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Polanska J.!

!Silesian University of Technology, Faculty of Automatic Control, Electronics and Computer
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3Department of Radiology, University Hospital Basel, Switzerland;
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Aim: Aim of this work is to propose a cerebrospinal fluid (CSF) filtering method based on Gaussian mixture
model (GMM) decomposition of diffusion weighted imaging only.

Introduction: Magnetic resonance diffusion weighted imaging (DWI) is a popular sequence that is used for
detection of different tissues in examined specimen, basing on information about water molecule
displacement over time. One of possible application is detection of brain tumour tissue. The crucial step of
every analysis is data pre-processing that is mainly devoted to the filtration of CSF signal that has similar
features to the tumour tissue. The standard method is to use T2 FLAIR sequence on which CSF as well as
all fluids are attenuated and visible as pixels of low signal intensity, very easy to detect. However, this special
sequence is not always available what makes CSF filtration a problematic part of the whole analysis.

Data: The data set consists of 370 “non —tumour” images of brain collected on a group of patients from
Cancer Centre and Institute of Oncology in Gliwice. For all 370 cases both sequences: DWI represented as
apparent diffusion coefficient (ADC) together with T2 FLAIR were available.

Material and methods: At first step all images were decomposed into GMM and in the next step k-means
clustering were performed in a set of all obtained Gaussian components. Such an approach allows to
determine two groups for which separate mixture models (using information about components assigned to
the group) were calculated. In a last step, with the use of maximal probability rule, a cut off threshold dividing
brain tissue from CSF was estimated.

In parallel the same 370 images were processed using a standard method for which CSF voxels are labelled
basing on T2FLAIR sequence.

Results: As a result of decomposition into GMM, a set of 793 Gaussian components has been identified.
The k-means clustering results in a two groups containing: 388 and 405 components respectively. The
estimated ADC cut off threshold for CSF was equal to: 1.08* 10°mm?/s. The comparison of CSF detection
performed with the use of proposed methodology together with standard method based on T2FLAIR
sequence, given in Dice similarity coefficient was equal to: 90.7% +/- 0.4 %.

Conclusion: It was proven that CSF filtration performed with diffusion imaging only gives similar result
(almost 91%) as standard method based on T2FLAIR, while it does not require availability of this additional
sequence as well as image registration.
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RECKONER - a new tool for DNA read error correction

Maciej Ditugosz, Sebastian Deorowicz

Institute of Informatics, Silesian University of Technology

DNA sequencing is dominated by next-generation sequencing (NGS) technologies nowadays. Their ability to
produce huge amount of data at moderated cost have enabled various applications in biomedical sciences.
Unfortunately, reads produced by NGS techniques are affected by significant amount of errors. This
drawback causes many problems in reads utilization. Bioinformatical algorithms processing defected reads
produce results with lower quality and often require more computational resources, especially memory
amount.

We present a new algorithm for correction of reads produced by lllumina's sequencers, called RECKONER.
The algorithm is based on correction algorithm BLESS [1] and exploits tool KMC [2] for k-mer counting and
storing a k-mers database. The idea of RECKONER is utilization of both quality indicators of reads obtained
from input FASTQ files and numbers of particular k-mers in the input data. We have introduced a new
method of rating of potential single read corrections to choose the best one. RECKONER is capable to
correct set of reads from eucaryotic organism with genome of length 300 Mbp in less than 1.5 hour on 16-
core CPU with consumption 4 GB of memory.

We have performed evaluation of RECKONER's ability to error detection and correction on both simulated
and real data. Quality of obtained results is similar or better than other correction algorithms. Tests have also
proved positive affect of error correction to performing typical genomic data processes, like de novo
assembly and reassembly.

This work was supported by Silesian University of Technology, 02/020BKM15/0062.

[1] Heo Y., Wu X.L, Chen D., Ma J., Hwu W.M. Bioinformatics. 30 (2014) 1354.
[2] Deorowicz S., Kokot M. Grabowski S., Debudaj-Grabysz A. Bioinformatics. 31 (2015) 1569.
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High-quality DNA de-novo assembly of long heavily repetitive
genome
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The era of NGS had dramatic impact in decreasing of sequencing cost. The NGS experiments brought the
great material to expand our knowledge of the genomes of the number of organisms. However the boom in
sequencing has just began and the main growth in the area is yet to come with the sequencing as a standard
medical procedure in each health care facility.

In this context the most challenging remains processing continuously growing sequencing data using
assembly methods. The main goal of the assembly methods is still to achieve high quality results. This
however obviously stands in opposition to gaining the results in a fast manner. The limitation in the speed of
processors enforces assembly programs to gain the efficiency by parallelization which makes the methods
even more complex.

Another aspect of the assembly problem is the case of repetitive fragments of the genome. The more

genome is repetitive the more advanced technique must be used to detect certain fragments of genome.
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Figure 1. Repetitive genome fragments and their influence on sequenced reads.

Detecting the certain fragments of genome boils down to finding the genome graph forks. It can be perceived

as a process of finding ambiguity points of the genome.
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Figure 2: Detecting a fork in genome graph.

The presentation will concern our approach that tries to overcome mentioned assembly problems.
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BioShell software in structure biology applications
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BioShell project has been started in 2005 as a set of stand-alone programs aimed on simplification of typical
bioinformatics tasks. Since its beginnings it has been focused on focused on biomolecular modelling and
structural bioinformatics. The software provides a wide range of methods to handle, analyse and model
structures of biomolecules, most notably proteins. The most recent version of BioShell includes a few web
applications (i.e. programs operated from a web-browser) devised to visualise various biomolecular features

and utilities for protein structure predictions.
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Molgears - cheminformatic tools for medicinal chemists
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Adamed Sp. z 0.0., Pienkow 149, 05-152 Czosnow k/W-wy

Computational tools are urgently needed to make sense of the wealth of data volumes from modern medical
chemistry. Despite the number of commercial tools it is very difficult to find a free open source software
enabling the efficient analysis of the large chemical, biological and pre-clinical datasets currently being
produced by both academic institutions and pharmaceutical companies during drug discovery process.
Molgears is free, opensource web-based application designed to support drug discovery process. The aim of
the project is to build an open and comprehensive system that helps users to interrogate the wealth of
scientific data stored within the database. It encompasses elements of electronic lab notebooks, sample
management, data acquisition, data processing, reporting and scientific data management. Molgears has,
among others, such functional features as importing/exporting from multiple molecular file formats,
structure/substructure search capabilities, rapports generation, automated/self-programed calculations and
plotting tools for interpretation and analysis of data.

The application is licensed under the BSD License and freely available from GitHub:

https://github.com/admed/molgears.
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Operations on k-mer‘ sets

Marek Kokot, Maciej Dtugosz, Sebastian Deorowicz

Institute of Informatics, Silesian University of Technology

One of the first steps in many bioinformatics applications is k-mer counting. k-mer is a substring of length k.
Histogram of k-mers' counters is used e.g. in reads correctors, genome assemblers, fast multiple sequence
alignment, repeat detection etc. Most often k-mers' database is used to check if k-mer exists (and getting
value of its counter) or listing all k-mers with counters. In some applications such operations are not
sufficient.

We present a tool that provide more operations on k-mers' databases produced by efficient k-mer counting
algorithm KMC [1]. These operations are divided into the following groups. The first group contains
operations that process two input k-mers' databases. In this group there are such operations: intersection
(output database contains only k-mers present in both input databases, counter is equal to smaller one of
both inputs), k-mers subtraction (output contains only k-mers present in first input, but absent in the second
one), counters subtraction (output contains k-mers present in first input, counter is equal to difference
between counter from first input and counter from second input), union (output contains k-mers from both
inputs, for equal k-mers counter is equal to sum of counters). There is also operation that can process more
than two input databases (which can improve performance over processing databases in pairs separately).
The next group of operations are the ones with single input database. In this group there are: converting
database to text format, sorting k-mers in database, producing a histogram of k-mers counts, removing
counters of k-mers, filtering out too rare or too frequent k-mers. The last supported operation takes one input
k-mers' database and set of sequencing reads, as a result it produces set of reads reduced by the ones
which contains not enough k-mers.

The most important operation is the one which process list of k-mers' databases. It can be applied to
algorithms that use sequencing data from couple of individuals (for example from family members) or tissues
(for example diseased and normal). Example of application which use family trio sequencing data is
DIAMUND [2]. The purpose of this algorithm is to discover mutations responsible for some kinds of diseases.
Originally authors perform operation on k-mers' databases in a text form. It could be performed more efficient
with the proposed tool.

[1] Deorowicz S., Kokot M., Grabowski Sz. et al. Bioinformatics. 31 (2015) 1569.
[2] Salzberg S.L., Pertea M., Fahrner J.A. et al. Hum Mutat. 35 (2014) 283.
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Molecular dynamics simulation study of lutein intercalation into
a model lipid membrane

Krzysztof Makuch, Michat Markiewicz, Marta Pasenkiewicz-Gierula
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Carotenoids constitute a large group of plant and bacterial dyes with diverse structures and functions. In
plants, carotenoids take part in protein complex assembly, light absorption in photosynthesis and
photoprotection. They are also components of bacterial photosynthetic complexes, where they act as light
harvesting particles. In the animal cell, carotenoids play a vital role in energy dissipation, protection against
oxidative stress as well as in membrane stabilization. In our study, we focus on one group of carotenoids —
xanthophylls, particularly on lutein and zeaxanthin. They are the only two carotenoids in the human eye,
responsible for light screening [1] and protection against oxidative stress [2].

However, most animals are not able to produce carotenoids on their own and must obtain them through their
diet. Intestinal absorption of lutein and zeaxanthin from food occurs by passive diffusion [3]. After initial
absorption, carotenoid molecules are being transported and stored in various tissues. In our previous study
[4], orientation of the Iutein molecule in the palmitoyl-oleoyl-phosphatidylcholine (POPC) bilayer was
analyzed. In this study, we analyze the process of carotenoid molecules entering the POPC bilayer using
molecular dynamics simulation. We record subsequent steps of the B and € ionone rings of lutein
intercalation into the bilayer/water interface and associated with this process hydrogen bond formation and
lipid rearrangement as well as rearrangement of water molecules around the polyene hydrocarbon chain
when it inserts into the bilayer.

Our results indicate a crucial role of water in lutein intercalation into the bilayer. Initially, water inhibits
entering of the lutein. But, water bridges that form between polar groups of POPC and lutein anchor the ring
in the interface and prevent escaping of the molecule into the water phase. Further intercalation of lutein is
correlated with dehydration of its polyene chain. Once the lutein molecule is fully intercalated, water
stabilizes its position in the bilayer by forming multiple hydrogen bonds with the terminal hydroxyl groups of

the ionone rings.

[1] Junghans A., Sies H., Stahl W., Arch. Biochem. Biophys. 391 (2001) 160.

[2] Sujak A., Gabrielska J., Grudzinski W. et al. Arch Biochem Biophys. 371 (1999) 301.

[3] Parker R.S., FASEB J. 10 (1996) 542.

[4] Pasenkiewicz-Gierula M., Baczynski K., Murzyn K. et al. Acta Biochim Pol. 59 (2012) 115.
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High-throughput technologies opened a new chapter in biomedical research allowing characterization of low-
molecular-weight fractions of the human transcriptome, genome, proteome or metabolome in a relatively
short time. 1D spectra are high-throughput data that in fact are complex histograms of the measured values.
In biological experiments we can find many measurement technologies which produces similar signal shape:
chromatograms, mass spectra or Nuclear Magnetic Resonance spectra. All of them are classified as 1D
spectra and differ mostly in resolution and the degree of complexity. Most important fragments of the
spectrum are signal peaks, which correspond to the compounds contained in the analyzed sample.

In our analysis spectrum is decomposed into a sum of Gaussian bell-shaped curves where a single model
component (or sum of few components) represent a signal peak. Mixture modeling of spectra is an
interesting approach with many potential applications, but existing algorithms do not allow for automatic
analyses of whole spectra containing from hundreds to thousands of peaks. Proposed algorithm for
Gaussian mixture modeling is based on signal partitioning into smaller fragments [1]. The partition is
obtained by using existing peak detection algorithms and introduced idea of ‘splitters’. The obtained
fragments are separately decomposed into Gaussian mixture models by the iterative expectation
maximization (EM) algorithm. Next, the parameters of the segment models and ‘splitters’ are aggregated to
form a whole spectrum Gaussian mixture decomposition. Last step is post-processing of model components.
We verify efficiency of the developed algorithm using different type of datasets. In the first step we use our
algorithm as a tool for improving peak detection in simulated low resolution mass spectra. We present
comparisons of our algorithm to the two peak detection algorithms of high efficiency published in the
literature, MassSpecWavelet (based on continuous wavelet transform) [2] and Cromwell (based on spectra
differentiation) [3]. On a large number of artificially generated datasets we demonstrate the improvements in
peak detection sensitivity achieved by using Gaussian mixture modeling. In the second step of verification of
the methodology we show Gaussian mixture decompositions of three real proteomic datasets. For the high-
resolution Aurum dataset we demonstrate the improvement of the accuracy of estimation of positions of
peaks by using MS-GMM. For other low-resolution datasets we highlight abilities of modeling method to

detect hidden spectral components which represent skewed shapes of spectral signals.

[1] Polanski A., Marczyk M., Pietrowska M. et al. ar xiv. (2015) 1502.01252.
[2] Du P., Kibbe W.A., Lin S.M. Bioinformatics. 22 (2006), 2059.
[3] Coombes K.R., Tsavachidis S., Morris J.S. et al. Proteomics. 5 (2005) 4107.
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Iterative clustering procedure for automated identification of
peptide signature of molecularly heterogeneous tissue regions in
tumor samples
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Introduction: MALDI-IMS is a recently developed technique of molecular imaging, which combines Matrix
Assisted Laser Desorption and lonization (MALDI) spectroscopy with targeting laser shots on a raster of points on
the surface of the analyzed tissue sample. Application of MALDI-IMS in experiments supporting research in cancer
biology leads to generation of datasets of significant complication and massive volumes and retrieval of useful
information is highly dependent of development of appropriate computational tools for processing and analyzing of
this data. Aim: The aim of this study was to develop k-means clustering based MSI data analysis pipeline allowing
for distinguishing different types of tissues or cancer heterogeneous regions basing on their peptide profile.
Material and methods: The set of 9493 spectra with 109,568 mass channels from training head and neck cancer
sample was analyzed. Second dataset of 12962 spectra of the same resolution collected on independent cancer
sample was used for molecular tumor signature validation. Signal preprocessing included: baseline detection and
removal, alignment, normalization and Gaussian Mixture (GM) model based peak identification. Peaks with
relatively low Signal-to-Noise Ratio (SNR) and low variance across all spectra were filtered out. K-means
clustering algorithm was used for detection of molecularly homogeneous regions. The novel data-driven
initialization of clustering algorithm was conducted in the following manner: a linear model for all spectra was built.
Then, the most distant outlying spectrum (with the highest error) was chosen as first cluster center. The next K-1
cluster centers were chosen to maximize their smallest distance to every existing cluster. As a distance metric the
Pearson correlation was used. The percentage change of Dunn’s index less than a priori assumed threshold was
applied as stopping criterion. Due to high similarity between tumor and epithelium peptide signatures, the
clustering was performed in two steps. During the first step, a rough main region estimates were obtained, while
the second step, with clustering performed within each of these regions separately allowed for identification of
heterogeneous subregions. The final stage of developed signal analysis pipeline required performing ANOVA test
supported by Games-Howell pairwise comparisons on every feature to find tumor specific peptide signature. P less
than 2.5e-06 was assumed statistically significant. Cohen’s d metric of relative effect size was used as additional
feature filtration and it was required to be more than 0.8. The obtained tumor molecular signature was validated on
the independent sample. Results: Spectra preprocessing and modeling resulted in dimensionality reduction from
7.91 GB for raw data to 431 MB (6216 peaks) before non-informative feature removal. Filtering of low SNR
features allowed for additional reduction to 3884 peaks (213 MB), while limitation to high variance peaks only left
2113 of them. Measured by Dice index similarity between tumor region defined by pathologist and core tumor
identified by iterative k-means clustering was equal to 67% only, demonstrating extremely high heterogeneity of
tumor tissue. The detailed inspection of subregions obtained within epithelium region revealed identification of
tumor molecular margin (46.4% of spectra) in between healthy epithelium and core tumor. Core tumor specific
signature included 512 upregulated and 74 downregulated peptides, among which 127 and 43 with large or

extremely large effect size. The signature restrictively validated on independent sample B at 93.7% level.

Acknowledgements: The work was partially supported by SUT grant BK/Rau-1/2015 and NCBiR GeCONil project
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Dynamical models in quantitive biology are characterised by much more complex structures and
substantially larger sets of parameters than models used in physics and engineering. Moreover available
experiments usually provide limited set of data, usually corresponding only to fragments of studied systems.
In consequence the reliability of used models is limited and our knowledge of studied processes
misrepresented.

Potential remedy is provided by experimental design techniques. Such tools aim at selection of optimal
experimental setup to maximise missing information about model parameters or model structure. As models
in quantitative biology differ qualitatively from conventional models, experimental design tools need to be
adapted to their specificity.

Here we present a method specifically tailored for multi-parameter models of quantitative biology. Our
framework enables to determine which parameters of a given model can be identified in a given experiment
and predict which experiment should be performed next to maximise the number of identifiable parameters.
Our tool is different from methods developed so far as it is focused in verifying identifiability of individual
parameters in large dynamical models, which contain even hundreds of parameters. We present applicability
of our tool analysing JAK-STAT signalling model. Our method helps to guide experimental design in order to

render such parameters identifiable.
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Duplication clustering problems for unrooted gene trees
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One of the fundamental issues in evolutionary molecular biology is to discover the locations of gene
duplications and multiple gene duplication episodes. We investigate into the gene duplication episode
clustering problem introduced by Guigo [1]. The problem is to find a mapping from a collection of rooted,
binary gene family trees onto theirs corresponding rooted binary species tree in such a way that the total
number of multiple gene duplication episodes is minimized. In the literature there are several approaches
presenting models that specify how gene duplications from evolutionary history of gene families can be
interpreted as one duplication episode. In [2] Bansal and Eulenstein studied existing models and they
provided their own neat model. However, none of the hitherto approaches consider unrooted gene trees.
This restriction limits the applicability, since unrooted gene family trees are frequently inferred by
phylogenetic methods.

For the first time we would like to propose the episode clustering problems where the input gene family
tree(s) are unrooted. We present theoretical properties of that problem for two variants of an input. In
particular, by using the properties of unrooted reconciliation [3,4], we show an efficient linear-time algorithm
that reduces our problem into the episode clustering problems defined for rooted trees. The latter problem
can be solved in linear-time [5]. In consequence, the unrooted episode clustering problem can be solved in
linear time. Furthermore, we discuss properties and propose algorithm for episode clustering problem for

multiple unrooted gene trees.

[1] Guigo R., Muchnik I.B., Smith T.F. Mol Phylogenet Evol. 6(2) (1996) 189.

[2] Bansal M.S., Eulenstein O. Bioinformatics. 24(13) (2008) 132.

[3] Gorecki P., Tiuryn J. Bioinformatics. 23 (2007) 116.

[4] Gérecki P., Eulenstein O., Tiuryn J., IEEE/ACM Trans Comput Biol Bioinform. 10(2) (2013), 522.
[5] Luo C.W., Chen M.C., Chen Y.C., et al. IEEE Trans Comput Biol Bioinform. 8(1) (2011) 260.
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More than a decade ago, an ISOMAP [1] was introduced into machine learning framework, which is aimed at
transforming the feature space into a low-dimensional projection space for the data clustering purposes, but
not only. We coined and designed similar methodology while having the dimensionality of the problem fixed
at 3D, as we deal with real structures of biomolecules in our research. Thus initially, a novel bioinformatics
framework was proposed in the protein 2D-to-3D retrieval [2]. Recently then, we designed a similar, but
much simpler approach within genomic structure retrieval from ChIA-PET [3] experimental 2D interactions
counts, in which literally no 3D biophysical modelling is used [4]. We use the three main statistical
components introduced previously in ISOMAP, which are (1) neighbourhood definition, (2) the proximity
graph distance calculation and (3) the multi-dimensional scaling (MDS) technique [5], which embeds the
points representing residues or genomic segments into their location in Euclidean space. By using this novel
approach enriched with both 2D noise removal and fuzzy T-norms as arithmetic operators’ substitutes, we
can deliver real-scale, fine-grained 3D ensembles of single chromosomes and also, crude 3D model of the
whole nucleus. We thus believe that our approach can be successfully applied to other bio-polymers, like

NcRNAs as this turned out to be both novel and generic 2D-to-3D retrieval protocol.

[1] Tenenbaum J.B., De Silva V., Langford, J.C. Science. 290(5500) (2000) 2319.

[2] (in revision) Pietal, M., Bujnicki, J.M., Kozlowski, L. Bioinformatics. (2015).

[3] Fullwood, M.J., Ruan, Y. J. cell. biochem. 107(1) (2009) 30.

[4] (submitted) Szalaj, P. [JFA] Tang Z. [JFA], Michaliski P. [JFA], Pietal M. [JFA], Luo O., Li, X, Ruan Y.,
Plewczynski D. Genome Biology. (2015).

[5] Kruskal, J.B. Psychometrika. 29(1) (1994) 1.
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Activation of the cell P2X7 receptor by extracellular adenosine 5-triphosphate (ATP) causes rapid flux of Na",
K" and Ca®* ions [1]. Continued activation of P2X7 leads to the formation of large, non-specific pores, which
allow for transport of small organic compounds (e.g. analogs of nucleosides) through the cell membrane [1,
2].

Looking for biomolecular differences between normal and cancer cells we decided to measure the
expression and functionality of P2X7 receptor in K562, A549, HelLa, THP-1 and HEK 293T cell lines. First,
we measured the level of P2X7 mRNA (by real-time RT PCR) and found rather small differences (up to
30%), with the highest and the lowest level in the A549 line and in the THP-1 line, respectively. Then, the
level of the P2X7 protein was determined by a western blot and the differences did correlate with the levels
of mMRNA. We assumed that the channels getting reversibly open/closed by extracellular ATP or Bz-ATP,
might be used to introduce some therapeutic analogs of nucleosides into the cytoplasm. Thus, that
functionality of P2X7R was evaluated by flow cytometry measurements of the uptake of ethidium bromide or
propidium iodide after ATP- and BzATP stimulation of the cells [2]. The process was investigated in different
buffers (NaCl, KCI or Sucrose buffer).

[1] Gadeock S. University of Wollongong Research Online. (2010).
[2] Mentez et al. Am J Physiol Regul Integr Comp Physiol. (2005).
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Molecular dynamics of mammalian blood coagulation factor XI
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Blood coagulation factor XI (FXI) is a protein regarded as an important risk factor of thrombosis and a
medication target in humans. [1] It consists of four N-terminal apple domains (A1, A2, A3 and A4) and one C-
terminal serine protease domain (SP). Two polypeptide chains form homodimer through A4 domains. The

structure of the human dimer was solved by X-ray crystallography and NMR about ten years ago [2,3].

Figure 1. The human A4 dimer variability based on 2F83, 2J8L and 2J8J structures visualised using UCSF

Chimera software (http://www.cgl.ucsf.edu/chimera/).

Comparisons of crystal and NMR structures indicate differences and outline some changes that occur upon
activation of the zymogen to the active enzyme. According to the NMR results human A4 dimer is a dynamic
structure and differs from the crystal structure e.g. in localization of loops connected by an interchain
disulphide bridge between two Cys 321. The A4 dimer structure is rebuilt after FXI activation, contributing to
bringing together the both catalytic SP domains with their active sites, which is crucial for the activation of
factor IX (FIX). The mentioned findings make the dynamics of FXI very interesting scientific problem, worth to
be solved by molecular dynamics (MD) simulations, taking into account evolutionary differences between
mammals. The objective of the current presentation is to elucidate a mechanism of dynamics of dimeric
structures formed by A4 domains through a comparative analysis of modelled structures of mammalian
orthologs. Preliminary 1 ns MD simulations of structural changes resulting from evolutionary differences were

computed by GROMACS 5.0.4 (http://www.gromacs.org/) [4]. Even one nanosecond simulations already

show some evolutionary differences in the dynamics between the models obtained for different mammals.

Longer simulations are obviously planned using appropriate computer clusters.

[1] Buller H.R., Bethune C., Bhanot S., et al. N Engl J Med. 372 (2015) 232.

[2] Papagrigoriou E., McEwan P.A., Walsh P.N., et al. Nat Struct Mol Biol. 13 (2006) 557.
[3] Samuel D., Cheng H., Riley P.W., et al. Proc Natl Acad Sci USA. 104 (2007) 15693.
[4] Hess B., Kutzner C., van der Spoel D., et al.J Chem Theory Comput. 44 (2008) 435.
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ModeLang - controlled natural language for viral infections
modelling
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Politechnika Poznanska

There is a growing need for more advanced solutions for mathematical modelling. Main way of modelling —
systems of differential equations are requiring a lot of time for adopting models for specific purpose and,
which is the case, require to go into deep mathematical definitions. One of the answers is multi-agent
systems modelling, where simulation is based on the interactions between agents. Definition of such models
can be done by User Interface software or specific language, that is prepared for simulation program. There
is a third way which is Controlled Natural Language analysis. Reading the subset of natural language for
preparation of multi agent system allow to speed up preparation of the system and allow self-documentation.
Avoids the need of using User Interface software, but allows still to convert the model stored that way into

more machine-friendly code.
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Motivation

Datasets in molecular biology have number of features reaching several thousands (gene expression,
proteomics) and even millions (SNPs). Identification of the features that truly contribute to the studied
phenomena is a key step, necessary for their understanding. The number of features is so large that only
univariate significance tests for each variable are routinely performed, hence any effects that depend on
interactions of several features may be overlooked.

Solution

We have developed very fast CUDA based engine that allows for exhaustive multidimensional searches of all
combinations of features that may lead to statistically significant relationships between k-tuple of descriptive
variables and a decision variable, with k = {2,3,4,5}. We present the service based on this engine, that aims
at performing feature selection that takes into account joint influence of subsets features in the studied
phenomena for data sets described with very large number of features. The first module is devoted to search
epistatic interactions due to structural variations in genomes, nevertheless, the algorithm is easily extensible
to more general problems and this work is under development.

Results

In the case of 2-dimensional problem with three values per variable, corresponding to the analysis of
epistasis in SNP data computations for 1024 objects and 3 276 800 variables take 4018 s on NVIDIA
GeForce Titan Black GPU. The GPU engine performance is 1.35 *10° model evaluations per sec. With such
performance it is feasible to compute 2-dimensional GWAS analysis for 10 min SNPs on a single GPU card.
Perspectives

The same same computational engine used here for GWAS study can be applied for the general feature
selection for datasets with real-valued and categorical data. The dataset will be discretised randomly and
treated as categorical data with few values. Then the GWAS like statistics will be computed for the
discretised data and compared with the randomised contrast. The procedure will be repeated multiple times

to obtain reliable results. The engine for general feature selection is currently under development in my team.
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Identification of intramolecular interactions is one of the most important aspects in computational three-
dimensionial RNA model building. Particularly non-canonical interactions play a key role in native structure
stabilization, so the ability to predict them, even for imperfect tentative model can help to speed up the whole
modeling process and to increase the quality of final models. In this work | propose a machine learning
method capable to predict both canonical and non-canonical interactions even for incomplete or imperfect
structures. This can be a valuable tool for prediction or validation RNA 3D models.

| constructed a predictor that can identify both canonical and non-canonical base pair interactions within a
given structure. The main advantages of this predictor are:

1) the ability to work with incomplete input structures,

2) the ability to correctly predict base pair type even for imperfect (fuzzy) input atoms coordinates.

The predictor is based on the set of SVM multi-class classifiers and is able to decide to which of 18
recognized pair types a given base pair belongs to. The predictor was trained on the experimental high
quality data set and tested on different (not used for training), imperfect (not ideal atom coordinates) and
incomplete (coarse-grained) structures. The average quality of predictor for tested fuzzy nucleotide pairs is at

the level about 96% of correct recognitions.
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The bottleneck of metastasis formation: insights from a
stochastic model
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Metastasis formation is a complex process in which cancer cells spread from their primary tumor of origin
to distant organs where they initiate new tumors. However, only a tiny fraction of disseminating tumor
cells succeed in establishing a stable colony. There is evidence that while the early steps of this
process, including release to the vascular system and infiltration of the secondary organ are efficient,
the bottleneck is the initial expansion of the founder cell in the new environment. Here, we study this
rate-limiting step of metastasis initiation in a quantitative fashion using a size-dependent branching
process model. Our model adds to a systematic understanding of metastasis formation and may help
defining medical intervention strategies.

Major Findings. We compute the probability of metastatic colony survival and derive critical colony
sizes under plausible initial growth assumptions, where tumor cells benefit from each others company
when exposed to detrimental forces of the alien environment. Using established models of primary tumor
growth together with our metastasis initiation model, we further obtain the probability of metastatic invasion
and median patient survival given the tumor size. These models fit well to epidemiological data collected for
eleven cancers, were validated with independent datasets, and used to predict the impact of treatment delay

on metastasis incidence and survival.
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The deposition of B-amyloid (AB) plaques in the brain (in its paranchymal and cortical parts) is accepted as
the main pathological hallmark of Alzheimer's disease (AD). Up to date, the molecular mechanism is not so
known and clinical treatments are not available to stop or reserve the progression of disease just a few drugs
that could alleviate the symptoms. Thus, early detection of amyloid plaques is of great importance. Currently,
the clinical diagnosis based on the patient history, collateral history from relatives or neurological and
neuropsychological observation. In most cases, these approaches are not sufficient. In spite of this, with the
assistance of molecular imaging agents specifically targeting AR plaques in the brain may lead to the early
diagnosis of AD.

DANIR is one of the promising in vivo fluorescent markers developed due to its high emission at A>650 nm
and its ability to cross the blood-brain barrier, and target Ap deposits. Moreover, DANIR conjugated with AB
fibrils exhibit higher fluorescence enhancement than separately.

Computational simulations were performed to investigate the properties of DANIR molecule as a marker for
AB detection. The ground and excited state properties were calculated by using Density Functional Theory,
DFT and Time-Dependent Density Functional Theory, TD-DFT with the Gaussian09 package. Several
functionals and basis sets were tested, since charge transfer transitions are known to be challenging for TD-
DFT. Results show that the CAM-B3LYP functional in combination with the 6-31+G** basis set provides
values in good accordance with experimental data. The binding site search and refinement of DANIR
interacting with fibril's models was carried out by the Protein Energy Landscape Exploration program. PELE
is a combination of Monte Carlo stochastic approach and protein structure prediction algorithm.

Figure. Structure of interacting DANIR's molecule with B-amyloid fibriles.
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We tried to verify a hypothesis assuming that the canonical genetic code evolved to minimize the effects of
deleterious mutations and translational errors [1, 2]. Therefore, we compared the canonical genetic code with
the best and the worst possible alternatives. However, under the assumption that all hypothetical codes
consist of 64 nucleotide triplets encoding 20 amino acids and stop translation signals, the total number of
possible codes is greater than 1.51x10%. Hence, it seems reasonable to adopt some additional restrictions
on the set of hypothetical genetic codes to reduce the potential search space. In addition, these limitations
allow us to consider various aspects of possible optimality of the canonical genetic code. In this work, we

examined the two models of genetic codes:

1. Canonical block model (CB), which preserves the characteristic codon block structure of the
canonical genetic code. To generate potential genetic codes we just permuted the assignments of
amino acids to the codon blocks.

2. Unrestricted structure model (US). To generate potential codes, we randomly divided 64 codons into

21 non-overlapping sets ensuring, that each of these sets is not empty.

For each of these models, we assumed an objective function, which was the difference in polarity measure of
amino acids substituted by a single point mutation. We calculated such substitution costs separately for three
codon positions. The obtained three functions were used to find the best and the worst possible alternative
codes. It was done by applying a version of SPEA2 algorithm [3], which is widely used as a procedure to
explore search spaces of potential solutions under multiobjective constraints. The results showed that the
canonical genetic code has a tendency to minimize the effects of harmful mutations. The code was closer to
the best solutions than to the worst ones. In the CB model, the canonical code was closer to the best codes
than in the US model because of different restrictions imposed on the models. Nevertheless, we confirmed

the hypothesis about minimization properties of the canonical genetic code.

[1] Knight R.D., Freeland S.J., Landweber L.F. Trends Biochem. Sci. 24 (1999) 241.

[2] Freeland S.J., Wu T., Keulmann N. Orig. Life Evol. Biosph. 33 (2003) 457.

[3] zitzler E., Laumanns M., Thiele L. Proceedings of the EUROGEN2001 Conference, Athens, Greece,
(2001).
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A significant growth in the number of patients with neurodegenerative diseases, such as Alzheimer's or
Parkinson's disease, has been observed recently. Studies show that these diseases are related to the
occurrence of specific, amyloidogenic protein sequence fragments, which are prone to aggregate. The
analysis of these fragments can provide new knowledge about mechanisms of neurodegenerative diseases
development. In the Internet, different websites can be found, which contain sets of amyloidogenic
sequences. However, these sets are typically represented by the plain text, hence difficult to browse or use
for more advanced analysis or modelling.

We present the AmyLoad web portal which gathers amyloidogenic sequence fragments from different
sources, such as WALTZ-DB [1], AmylHex [2], AmylFrag [2], and a great number of publications reporting
such sequences. AmylLoad provides easy way to filter the data, e.g. according to fragment length,
subsequence occurrence, or the protein name. Selected fragments, along with more extended information
and references, can be downloaded in one of several supported file formats. Also, AmyLoad allows users to
add their own sequences, which can be later available in the database. Finally, our portal provides the tools
for analysis of FASTA sequences with regard to the occurrence of amyloidogenic fragments. For this
purpose, different methods, such as FoldAmyloid [3], AGGRESCAN [4], and FISH [5] are implemented. The
AmyLoad website provides more advanced and comfortable ways of studying amyloidogenic sequences.

The website is available at http://comprec-lin.iiar.pwr.edu.pl/amyload/.

[1] Beerten J. et al. Bioinformatics. 31(10) (2015) 1698.

[2] Thompson M.J. et al. Proc Natl Acad Sci U S A. 103(11) (2006) 4074.
[3] Garbuzynskiy S.O. et al. Bioinformatics. 26(3) (2010) 326.

[4] Conchillo-Solé O. et al. BMC Bioinformatics. 8 (2007) 65.

[5] Gasior P., Kotulska M. BMC Bioinformatics. 15 (2014) 54
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Understanding of RNA 3D structure is becoming more and more important, especially nowadays, when the
number of experimentally derived structures is constantly increasing and new methods for structure in silico
modeling are developed. It seems even more crucial if one takes into account the unprecedented lengths
and complexities of newly discovered RNA structures. This induces the necessity of constant improvement of
the methods for structure analysis. To support this issue, we have constructed a library of 3D conformations
which contains representative samples of nucleotides derived from experimentally confirmed RNA structures.
In our routine of library construction, nucleotides are first filtered, preprocessed and transformed into real-
value feature vectors. The data are next clustered to obtain prototypes of the inherent classes including
common substructures. A selection of clustering algorithm and good data representation is crucial for the
scheme. In our approach, each RNA nucleotide is transformed into a vector of torsion angle values. This
trigonometric representation is useful and in some applications more advantageous than a standard
Cartesian coordinate system [1]. Furthermore, a vector of torsion angle values can be easily separated into
subvectors for backbone, ribose and base residue components. We employed such data partitioning and
performed clustering with Median Neural Gas in a hierarchical manner separately for subvectors. The final
cluster centers were selected as representatives of a larger group of similar shapes. When extracted and
properly annotated, these cluster centers became part of a library of 3D RNA conformations.

Hereby, we present the aforementioned routine that resulted in constructing a library of representative 3D
RNA conformations [2]. It was applied for a set of high resolution, experimentally determined RNA structures.
The resulting library was evaluated in domain independent ways as well as from a structural point of view.
The proposed pipeline can be reused for a different set of RNA structures or with another clustering
algorithm to obtain a variety of libraries. Then, another application may apply the knowledge gathered in
such library to assess the quality of a given structure, predict a new three-dimensional model or refine an

existing one.

[1] Zok, T., Popenda, M., Szachniuk, M., Central European Journal of Operations Research. 22(3) (2014)
457.

[2] Zok, T., Antczak, M., Riedel, M. et al. International Journal of Applied Mathematics and Computer
Science. 25(3) (2015).
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Positive allosteric modulator of p opioid receptor disrupts sodium
ion-related receptor inactivation
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Allostery is a source of great complexity of function of biological macromolecules. Allosteric modulators have
great potential for being used as potent and safe drugs. The benefits would include preservation of
physiological spatial and temporal patterns of protein action, limited risk of overdosage, improved receptor
subtype selectivity and, possibly, functional selectivity. The number of known positive and negative allosteric
modulators (PAM and NAM, respectively) of GPCRs is increasing, as well as number of GPCRs targeted by
modulators. One of such new compounds is BMS986122, selective PAM of human u opioid receptor
(MOR) [1]. The modulator exerts complicated action apparently related to extracellular sodium ions
concentration, with pronounced probe dependence [2]. In order to investigate the interplay between full
agonist, modulator, sodium ion and MOR itself we employed molecular docking and molecular dynamics
simulations. A full agonist R-methadone (RME) and BMS986122 were docked to active-state model of MOR
in complex with a G protein [3]. The model has proven to be of high quality — comparison to the recently
solved active-state murine MOR in complex with a camelid antibody [4] shows Ca RMSD value of 2.6 A for
complete structures and 1.91 A for transmembrane bundle. The most promising docking positions were
simulated for 20 ns in raft-like membrane. Stable positions were simulated for additional 30 ns. The best
pose was selected. A set of 400 ns-long simulations of the receptor with RME, RME+sodium ion at Asp 2.50,
as well as RME, sodium ion and BMS986122 were performed. Simulations were run in triplicate, and
additional simulation of the unliganded receptor was performed for reference. Analysis of the results reveals
that Na" disturb intra-receptor transmembrane water chain formation. Presence of BMS986122 reverse this
effect. The allosteric signal is probably transmitted through the 7" transmembrane helix of MOR.

[1] Burford N.T., Clark M.J., Wehrman T.S. et al. Proc. Natl. Acad. Sci. U S A. 110 (2013) 830.
[2] Livingston K.E., Traynor J.R. Proc. Natl. Acad. Sci. U S A. 111 (2014) 18369.

[3] Kaczor A.A., Bartuzi D., Matosiuk D. Lett. Drug Des. Discovery. 11 (2014) 1053.

[4] Huang W., Manglik A., Venkatakrishnan A.J. et al. Nature (2015) doi:10.1038/nature14886.
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Betulin (betulinic alcohol) is a naturally occurring pentacyclic triterpene, which was first isolated in 1788 by
Lowitz through sublimation of white birch bark. Betulin can by modified at C28, C3 and C30 positions into

derivatives, which reveal a wide spectrum of biological activity such as anticancer, antiviral, antibacterial,

antimalarial and anti-inflammatory [1-3].

Betulin R=OH
Betulone R=0

The aim of this study was the synthesis and evaluation of cytotoxic activity of derivatives of betulin and
betulone, which contained alkane, alkene or alkyne groups at the position C28. The starting material, betulin
was isolated from the birch bark with dichloromethane extraction. Treatment of betulin with carboxylic acids
and chloroformates produced esters, which oxidation with pyridinium chlorochromate (PCC) gave derivatives
of betulone. The chemical structure of new derivatives were determined on the basis of their *H, *C-NMR, IR
and MS spectra. The obtained compounds were tested for anticancer activity in vivo against human and
murine cell lines. The described method is experimentally simple and good in the yield and practically, seems

to be available for the obtainment compounds. Resulting derivatives exhibit interesting anticancer activities.

[1] Alakurtti S., Makela T., Koskimies S. et al. Eur. J. Pharm. Sci. 29 (2006) 1.
[2] Drag-Zalesinska M., Wysocka T., Borska S. et al. Biomed. Pharmacother. 72 (2015) 91.
[3] Boryczka S., Bebenek E., Wietrzyk J. et al. Molecules. 18 (2013) 4526.
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MUC1 was ranked by the National Cancer Institute as the most promising candidate tumor antigen with a
high clinical potential. Mucin 1 is also involved in the phenomenon of drug resistance and in the inhibition of
induction of apoptosis. Increased expression of MUC1 induces thyroid cancer cell resistance to cisplatin,
docetaxel and doxorubicin and it induces the resistance to trastuzumab in breast cancer cells. Understanding
the pathways by which new platinum(ll) complex with anti-MUC1 induce cell death can provide information
necessary to target specific cell death pathways in the treatment of breast cancer. In our study the induction
of apoptosis by new platinum complex (Pt12) with anti-MUC1 in human MCF-7 breast cancer cells was
confirmed by several biochemical markers, such as: phosphatidylserine externalization, loss of mitochondrial
membrane potential AYm, and DNA degradation, Bax and caspase -8, -9 levels.

Our experiments carried out with flow cytometry assessment of annexin V binding revealed that Pt12 with
anti-MUCL1 inhibited the proliferation of MCF-7 cells by increasing the number of apoptotic and necrotic cells.
Most apoptotic pathways converge on the mitochondria, inducing the disruption of the mitochondrial
membrane potential. It is an early and already irreversible stage of apoptosis. Exposure to Pt12 with anti-
MUCL1 resulted in a decrease of mitochondrial membrane potential. DNA fragmentation is also associated
with apoptosis. The TUNEL assay was performed after treating MCF-7 cells with compounds for 24 hours. A
highest increase in the percent of TUNEL positive cells was observed after incubation of Pt12 with anti-
MUC1 in comparison to monotherapy (cisplatin) or combined treatment (cisplatin + anti-MUCZ1). The highest
concentration of pro-apoptotic markers (Bax, caspase-8 and caspase-9) was detected after 24 hours of
incubation with Pt12 and anti-MUCL1.

The compounds used in combination induced apoptosis of breast cancer cells via mechanisms dependent

on caspases activation and associated with mitochondrial membrane potential disruption.
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Polynuclear platinum complexes constitute a novel class of prospective anticancer agents that have shown
some peculiar activities as compared with mononuclear platinum compounds [1]. The adducts formed by
multi-nuclear platinum complexes are vastly different from the adducts formed by cisplatin [1, 2]. It has been
suggested that the distortions induced by these complexes are only weakly recognised by DNA repair
proteins. Structurally novel platinum complexes that bind to DNA differently than cisplatin may have distinct
cytotoxicity and side effect profiles. The present study was undertaken to extend our recent findings related

to the antineoplastic activity of novel dinuclear platinum(ll) complexes with berenil and amine ligands [1, 2].
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In this study we examined the impact of the compounds of formula [Pt,L4(berenil),]Cl; where L is 2,4-lutidine
(Pt14), 3,4-lutidine (Pt15) or 3,5-lutidine (Pt16) (Fig. 1) on viability of breast cancer cells using the MTT assay
and inhibition of [3H]thymidine into DNA in both MDA-MB-231 and MCF-7 breast cancer cells. The cellular
responses of human breast cancer cells to dinuclear platinum(ll) complexes has been studied using cisplatin
as a reference. To determine the nature of cell death induced by Pt14 — Pt16 in human MDA-MB-231 and
MCF-7 breast cancer cells, we measured cell death by flow cytometric analysis after annexin V-FITC and
propidium iodide staining. Evaluation of the cytotoxicity of Pt14—Pt16 employing a MTT assay and inhibition
of [*H]thymidine incorporation into DNA in both MDA-MB-231 and MCF-7 breast cancer cells demonstrated

that these compounds were more potent antiproliferative agents than cisplatin.

[1] Bielawski K., Czarnomysy R., Muszynska A. et al. Environ. Toxicol. Pharmacol. 35(2) (2013) 254.
[2] Bielawska A., Poptawska B., Surazynski A. et al. Eur. J. Pharmacol. 643 (2010) 34.
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According to recent preclinical data, antagonism at 5-HT; receptors (5-HT;Rs) may represent a clinically
relevant target for the treatment of depression, negative symptoms of psychosis as well as for the treatment
of memory dysfunction in cognitive disorders [1,2]. Continuing our efforts in development of potent 5-HT;R
antagonists (i.e. PZ-1404) [3,4], we designed a series of N-alkylated arylsulfonamide derivatives of
(aryloxy)ethyl piperidines. Structural modifications, which comprised the introduction of an N-methyl and N-
cyclopropylmethyl moiety at the sulfonamide as well as the diversification of an ortho substituent at the
(aryloxy)ethyl fragment, were aimed to establish the influence of these modifications on 5-HT; receptor

affinity and selectivity over related monoaminergic receptors (i.e., 5-HT 14, 5-HToa, Dy).
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31 PZ-1404 33
K, (5-HT;) = 49 nM K; (5-HT,,) = 17770nM K; (5-HT;) = 9 nM K; (5-HT;,) = 356 nM K;(5-HT;) = 10 nM K; (5-HT44) = 159 nM
K; (5-HT,a) = 1479 nM K; (D) = 230 nM K; (5-HT,4) = 178 nM K; (D5) = 102 nM K; (5-HT,4) = 30 nM K; (D,) = 16 nM
FST (MED) = 1.25 mgikg FST (MED) = 2.5 mg/kg FST (MED) = 1.25 mgikg
NOR (MED) = 1 mg/kg NOR (MED) = 1 mg/kg NOR (MED) = 1 mg/kg

Synthetized compounds were identified as potent and selective 5-HT- receptor antagonists (i.e. 17 and 31)
or multimodal 5-HT/dopamine ligands with significant 5-HT/5-HT,4/D, receptor antagonist properties (i.e. 20
and 33). The most metabolically stable compounds 31 and 33 were further in vivo evaluated in forced swim
test (FST) in mice and novel object recognition (NOR) task in rats, demonstrating distinct antidepressant-like
and pro-cognitive properties (MED = 1.25 mg/kg and 1 mg/kg, i.p, respectively). Further studies in the area
of selective 5-HT, receptor antagonist or mixed 5-HT/dopamine ligands might be beneficial to confirm their

potential application in the treatment of CNS disorders.

[1] Matthys A. et al. Mol. Neurobiol. 230 (2011) 555.
[2] Nikiforuk A. CNS Drugs. 29 (2015) 265.

[3] Zajdel P. et al. Eur. J. Med. Chem. 56 (2012) 348.
[4] Zajdel P. et al. Med. Chem. Comm. 6 (2015) 1272.
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For years, our attention has been focused on the development of long-chain arylpiperazines (LCAPSs) with
the complex terminal part based on a purine moiety. Annulated derivatives of theophylline with an LCAP
moiety demonstrated high affinity towards serotonin 5-HT;, and moderate affinity to 5-HT,, and 5-HT-, and
the dopaminergic D, receptor site. The fusion of an additional heterocyclic ring with the 7,8-double bond of
theophylline was found to produce the most potent compounds for the 5-HT, receptor. The study allowed us
to identify some potent 5-HT.4, 5-HT; and mixed 5-HT,/5-HT; receptor ligands with additional affinity for

dopamine D, receptors [1,2].
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For further exploration of the multimodal strategy for obtaining novel antipsychotic agents, in the current

studies the library of new tricyclic theophylline derivatives with 4-amino-piperidine moiety instead of 1,4-
piperazine was synthesized. Moreover, the phenylacetamide or arylsulfonamide derivatives of them were
prepared, in analogy to PZ-766 [3] and Lu AE51090 [4]. This structural modification was made to provide
compounds with increased affinity for 5-HT,,, 5-HT; and D, receptors. Moreover, compounds were designed
as potential ligands, which may effect on muscarinic (M,) receptors and inhibit of PDE4/PDE10. Muscarinic
receptor expression is decreased in cortical regions of schizophrenia patients, hence, it has been suggested
that M; receptor agonism has a role in the treatment of Alzheimer's disease and cognitive impairment
associated with schizophrenia. Since PDE4/PDE10 have been shown to play distinct roles in processes of
emotion and related learning and memory processes, selective PDE inhibitors, by preventing the breakdown

of cAMP and/or cGMP, modulate mood and related cognitive activity.

[1] Zagdrska A., Pawtowski M., Siwek A. et al. Arch. Pharm. Chem. Life Sci. 346 (2013) 832.
[2] Zagorska A., Kotaczkowski M., Bucki A. et al. Eur. J. Med. Chem. 97 (2015) 142.

[3] Zajdel P., Kurczab R., Grychowska K. et al. Eur. J. Med. Chem. 56 (2012) 348.

[4] Sams A. G., Hentzer M., Mikkelsen G. K. et al. J. Med. Chem. 53 (2010) 6386.
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Natural plant products are an important source of the exploration and development of new anticancer drugs.
Betulin, known for over 200 years, pentacyclic triterpene is isolated from bark of many species of birch.
Betulin 1, having two hydroxyl groups at C-3 and C-28 and an isopropenyl group at C-19, is a very good
starting material for the preparation of new derivatives with a broad spectrum of biological activities, such as
anticancer, antiviral, antimalarial, antibacterial, antiinflammatory, and hepatoprotective [1].

Introduction substituents containing a triple bond into the positions C-3 (R;) and C-28 (R,) of betulin, results
in derivatives with increased cytotoxicity, and provides a starting point for further modification of the

compound [2,3].

In this work we have synthesized new betulin derivatives with moiety containing phosphorus atom at the

C-19 position. The obtained compounds 2 were tested for their antiproliferative in vitro activity.

[1] Alakurtti S., Makela T., Koskimies S., et al. Eur. J. Pharm. Sci. 29 (2006) 1.
[2] Boryczka S., Bebenek E., Wietrzyk J. et al. Molecules 18 (2013) 4526.
[3] Majeed R., Sangwan P.L., Chinthakindi P.K. et al. Eur. J. Med. Chem. 63 (2013) 782.
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Tumors are a growing health problem worldwide. They are one of the major causes of death. World Cancer
Report is reporting that global cancer rates could increase to 27 million new cases in the year 2030. In the
world during the year from cancer die more than 8 million people, where in Poland the number of deaths is
more than 90 thousands per year.[1] The report also reveals that cancer has emerged as a major public
health problem in developing countries, matching its effect in industrialized nations. It is therefore still very
much attention is paid to the search for the new chemotherapeutic agents and the new cancer therapies. The
poor selectivity and very low efficiency of cytostatic drugs currently used in conventional cancer
chemotherapy causes that studies are conducted to find new drugs more effective, more selective to cancer
cells, and with lower side effects. Among the drugs used against cancer are alkylating agents. This is a group
of cytostatics commonly used and best known. Their mechanism of action involves the formation of chemical
bonds with the functional groups of molecules such as DNA or protein. Among many of the agents
isophosphoramide mustard (iPAM) was selected, which is active, cytotoxic metabolite of ifosfamide (IF), a
widely used anticancer alkilating drug.[2] Our reaserch concentrated on the synthesis, the selected chemical
properties, stability, antitumor activity and toxicity of new compounds, potential drugs for anticancer therapy.
The aim of research was to find a potential drug, which is minimally metabolized by liver enzymes, and will
be find more effective, selective to cancer cells. We designed and synthesized such drugs, which contain a
imidazole, benzimidazole or indole coupled with isophosphoramide mustard, a DNA alkylating agent, by

means of urea group:

Drugs should have a good stability under phisiological conditions. Solubility and hydrolytical stability of our
potential drugs was examined. Further studies of the antitumor activity of the obtained compounds are in

progress.

[1] Stewart B.W., Wild C.P. World cancer report 2014, World Health Organization, International Agency for
Research on Cancer. (2014) 16.
[2] Cytarska J., Skowerski K., Jaworski S. et al. Letters in Drug Design & Discovery. 12 (2015) 172.
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Imidazole derivatives are used mainly as antifungal, antibacterial and antiprotozoal agents. As antifungal
drugs, imidazole derivatives inhibit the synthesis of nhormal membrane sterols in fungi [1]. Two of the most
important compounds among antifungal imidazoles are econazole 1 and sulconazole 2 (Fig. 1). Continuing
our investigations on the interactions of biologically important azahetarenes with the environment [2,3], we
focused our attention on the IR, UV and NMR spectral analyses of 1 and 2. The calculated spectra were
correlated with experimental data using the DFT formalism and B3LYP/6-31G(d,p), CAM-B3LYP/6-31G(d,p),
B3LYP/6-311+G(d,p) and PBE1PBE/6-31G(d,p) approaches both in gaseous phase, as well as the CPCM
solvation model and water, methanol and acetonitrile as solvents (for UV calculations we used TD DFT and
LR PCM approach). The PBEO functional revealed a stronger correlation of the IR spectrum with the
corresponding experimental one (1, Fig. 2), i.e. lower values of the relative percentage errors and mean
absolute deviation parameters. The similarity of the estimated UV spectrum of 1 and 2 with the experimental
data depends on the solvent used. However, the calculations in gaseous phase (2, Fig. 3) gave more correct
results and showed the PBEO to be a suitable functional. The NMR calculations also revealed convergence
with the experimental data.
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Nigella sativa Linn. is an annual herb from the Ranunculaceae family, that is commonly known as black seed
or black cumin [1,2]. It exhibits numerous medicinal properties and has been used as a natural remedy for
the prevention and treatment of different diseases and ailments for thousands of years [1]. The source of
active ingredients are the seeds of this plant. They contain fixed oils, proteins, alkaloids, saponin and
essential oil. The seeds and produced from them oil have similar therapeutic values. Both forms possess
anti-inflammatory, antioxidant, antidiabetic and antimicrobial properties [1,2]. Their pharmacological activity
also include protection against nephrotoxicity and hepatotoxicity induced by chemicals. Moreover, they are
known to be effective against several cancer cell lines and have a very low degree of toxicity in normal cells
[1,2].

Our study was conducted to evaluate Nigella sativa seed oil for its cytotoxic activity in human breast cancer
cells. We examined the impact of the tested oil on viability and DNA biosynthesis in MCF-7 and MDA-MB-
231 breast cancer cells. The viability of breast cancer cells was performed using MTT assay. The DNA
biosynthesis was checked by incorporation of [°H]-thymidine into DNA. The viability and [°H]-thymidine
incorporation were analyzed in MCF-7 and MDA-MB-231 breast cancer cells after 24 hours of incubation
with different concentrations of the tested oil.

Performed experiments showed that the Nigella sativa seed oil had cytotoxic effect in MCF-7 and MDA-MB-
231 breast cancer cell lines. The ICsq values in MCF-7 and MDA-MB-231 breast cancer cells were 5.9 mg/ml
and 1.2 mg/ml, respectively. Moreover, the oil of Nigella sativa seed inhibited the DNA biosynthesis in both
cell lines. The tested oil led to higher antiproliferative effect in MDA-MB-231 breast cancer cells in
comparison to MCF-7 cells. The ICsq value in MCF-7 breast cancer cells was 8.2 mg/ml and in MDA-MB-231
cells it was 0.7 mg/ml.

Experimental validation showed that the Nigella sativa seed oil was effective as cytotoxic agent in MCF-7
and MDA-MB-231 breast cancer cells. Our results provide promising directions for cancer chemoprevention

and treatment.

[1] Aftab A., Asif H., Mohd M. et al. Asian Pac. J. Trop. Biomed. 3(5) (2013) 337.
[2] Mankowska D., Bylka W. Herba Polonica 55(1) (2009) 109.
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Fluorescence phenomenon is widely used in chemical and life sciences. As a tool of investigation, it allows
us to gain insight into a world of biological structures and cellular mechanisms. Moreover, fluorescent dyes
are commonly used to imaging of cancer and neurological diseases, as indicators for aminoacids and sugars
or as micro- and macroelements sesnsors [1]. Molecule has to meet a number of conditions to become a
fluorescent dye, whose are not always easy to gain. That is why searching for new, better fluorophores is still
of interest.This work presents synthesis and characterization of over a dozen of novel Schiff bases based on
a quinoline scaffold that exhibit fluorescence properties.

Starting from 2-methylquinoline, we obtained 2-(4-amino-trans-styryl)quinoline, which constituted a starting
material for further Shiff bases synthesis [2]. In result we synthesized thirteen hitherto undescribed
compounds. They exhibit fluorescence properties with emission in green light region and quite large Stokes
shifts (around 100 nm). Moreover, they show positive and negative solvatochromism dependent on change
of dipole moment of molecule in ground and excited state.

TD DFT calculations were carried out with use of two exchange-correlation functionals — B3LYP and CAM-
B3LYP, the latter seems to be a better choice. Examination of biological activity did not implicated any
significant results — in general, all of them turned out to be inactive.

[1] Tsien R.Y. “Fluorescence readouts of biochemistry in live cells and organisms,” in Molecular Imaging:
Principles and practice PMPH-USA (2008) 808.

[2] Cieslik W., Musiol R., Nycz J.E. et al. Bioorg. Med. Chem. 20 (2012) 6960.

[3] Valeur B. Molecular Fluorescence Principles and Applications. Wiley-VCH Verlag GmbH (2001).
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The cisplatin is the most commonly used chemotherapeutic drugs. Despite its success, the clinical
usefulness of cisplatin is limited by its severe side effects such as dose-dependent nephrotoxicity, nausea
and vomiting, ototoxicity, neurotoxicity, and myelosuppression. The need for alternatives to cisplatin has
consequently inspired further work towards the development of novel platinum-based drugs with improved
and or complementary properties. The search for more effective derivatives and selective in action led to
synthesize new lutidine-platinum(ll) complexes of formula: [Pt,L4(berenil),]Cl,, where L is 2,4-lutidine (Pt14),
3,4-2,4-lutidine (Pt15), 2,4-lutidine (Pt16).

The aim of this study was to examine the influence of three to lutidine-platinum(ll) complexes (Pt 14 — Pt 16)
on the mechanism of apoptosis of breast cancer cells MCF-7 and MDA-MB-231. Results showed high
probability that obtained compounds possess antineoplastic activity. Our results confirm that compounds
Pt14 — Pt16 are more potent antiproliferative agents than cisplatin on the breast cancer cells. The evaluation
of the effects of the compounds on the induction of apoptosis have been made using Annexin V-
FITC/propodium iodide stainig procedure. Moreover we investigated the effect of novel compounds on the
mitochondrial potential changes, activation of caspase 3, 8 and 9, and DNA fragmentation. Our results
suggest that apoptosis of cells in the presence of Pt14 — Ptl16 follows the mitochondrial pathway, with the
decrease in mitochondrial membrane potential and activation of caspase 9, as well as by the external
pathway with the significant increase expression caspase 8. The activation of caspase 3 concomitantly with
increase DNA fragmentation confirmed also that apoptosis was the main response of breast cancer cells to
Pt14 — Pt16 treatment. The obtained results in the present study demonstrated the cytotoxic activity of new

lutidine-platinium(Il) complexes can be connected with their ability to induction of apoptosis.

Acknowledgements
This investigation was supported by research Grant N/ST/ZB/15/002/2217 (153-17566 F) from Medical
University of Bialystok, Poland.



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
P35

Lipophilic side chain - influence on the activity of bicyclic
imidazole-4-one derivatives on GPR18 and GPR55

A. Doroz-Plonka*, T. Karcz®, M. Kaleta®, C.T. Schoeder?, V. Rempel?®, C.E.
Miiller, K. Kie¢-Kononowicz*

!Department of Technology and Biotechnology of Drugs, Jagiellonian University Medical
College, Faculty of Pharmacy, 9 Medyczna St., 30-688 Krakow, Poland
’Pharma-Zentrum Bonn, Pharmazeutisches Institut, Pharmazeutisches Chemie I, An der
Immenburg 4, D-53121 Bonn, Germany

GPR18 and GPR55 are the orphan G protein-coupled receptors (GPCRs) that interact with certain
cannabinoid (CB) receptor ligands. GPR18 was reported to be activated by A°-THC and endogenous CB
receptor agonist annandamide [1]. GPR55 has been found to be activated by certain CB receptor ligands,
including plant cannabinoids: A>-THC and cannabidiol as well as CB;R inverse agonist - rimonabant.
Although so far very little is known about (patho-)physiological roles of GPR18; as it is highly expressed in
testes, spleen, endometrium and metastatic melanoma cells, it is thought to may be useful in novel therapy
of endometriosis and cancer. GPR55 antagonists are considered as potential candidates for treatment of
cancer, neuropathic pain and osteoporosis [2]. The development of potent and selective ligands for GPR18
and GPR55 is required to further study the receptors role in health and disease and to explore their potential
as drug targets. In our studies bicyclic imidazole-4-one derivatives were discovered as the first structures
showing antagonistic activity for GPR18 (and GPR55) [3].

In the present investigation, influence of lipophilic side chain of 3-substituted arylidene imidazo-
[2,1-b][1,3]thiazin-3-ones on the activity of this bicyclic scaffold towards GPR18 and GPR55 was examined.
The length of linker connecting (un-)substituted aryl with arylidene part of moieties was changed.
Additionally, oxygen atom was introduced to the linker. It was stated that changes in the character of
lipophilic part of new compounds influenced their activity and selectivity. Compounds showing selectivity

towards GPR18 and GPR55 were found among the new series of structures.

[1] Alexander S.P. Br. J. Pharmacol. 165(8) (2012) 2411.
[2] Shore D.M., Reggio P.H. Front. Pharmacol. 6 (2015) 69.
[3] Rempel V., Atzler K., Behrenswerth A. et al. Med. Chem. Commun. 5 (2014) 632.
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Arylpiperazine moiety is a very popular chemical class present in many biologically active compounds. The
arylpiperazine agents are particularly widespread for serotonin receptor 5-HT;n, 5-HT; and all a;-
adrenoceptors subtypes. The latest lines of evidence indicated their antiarrhythmic and antihypertensive
action [1]. In this context, the search for selective a;-adrenoceptor antagonists has been, and still is, an
important topic in medicinal chemistry [2]. Our previous studies for hydantoin derivatives have shown that, a
role of substituent at 3-position of hydantoin was important for selective interactions with the GPCRs. The
current study is concentrated on newly developed phenylpiperazine derivatives of aromatic methylhydantoin
differing in mutual positions of methyl and phenyl moieties [1]. We moved aromatic moiety at 5-position of
hydantoin [1] to 3-position [3]. It allowed to define the lead structure Cpd 22a with the highest activity for
5HT.s, 5HT; and a;-receptors. It contributed to searching for new a;-adrenoceptor antagonists among
phenylpiperazine derivatives of methylhydantoin. In the present work, further modifications of the lead have
been performed. The aim was to synthesize 14 compounds and study on their a;-adrenoceptor affinity, drug-
likeness, and structure—activity relationship (SAR). All the compounds were obtained as hydrochlorides by
the three-step synthesis, using 5,5-dimethylhydantoin as a starting product.
0

0
; H ‘ W
cl \
N N
N e N cl
cl ~\ ~ R N~
GN W L™
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cl 1-14 o
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R = H, Me, MeO, Cl, F, CN
Fig. 1

The affinity for a;-adrenoceptors were evaluated in radioligand binding assays using [3H]-prazosin as a
selective radioligand. Compounds were evaluated on their “drugability” and toxic effects using OSIRIS
program. The obtained results showed the best pharmacological properties for two compounds possessing

2-methoxyphenylpiperazine moiety with butyl and pentyl linker, respectively.

[1] Handzlik J., Bojarski A.J., Satata G., et al._Eur. J. Med. Chem. 78 (2014) 324.
[2] Handzlik J., Maciag D., Kubacka M et al. Bioorg. Med. Chem. 16 (2008) 5982.

Acknowledgements
The work was partly supported by grants: K/ZDS/005593.



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
P37

Acyclic analogues of guanosine with carbamoyl linker

Iwona E. Glowacka', Andrzej E. Wréblewski*, Dorota G. Piotrowska®

Bioorganic Chemistry laboratory, Faculty of Pharmacy, Medical University of Lodz,
Muszynskiego 1, 90-151 Lodz, Poland

Acyclic phosphonate analogues of nucleosides belong to the important group of medications used in
treatment of viral infections. Adefovir and tenofovir are active against DNA viruses and retroviruses.
Ganciclovir and its prodrug valganciclovir are commonly used for treatment of cytomegalovirus infections.
The specificity of antiviral activity of these compounds strongly depends on structural features of aliphatic
chain installed as a sugar replacer, whereas a choice of nucleobases is mostly limited to adenine, guanine
and 2,6-diaminopurine. Various guanine-containing analogues of nucleosides have been reported as potent
antiviral agents [1-4].

As a continuation of our ongoing project we proposed new acyclic phosphonate nucleoside analogues
containing 2-amino-6-chloropurine and guanine as nucleobases of general formulae 1 and 2 with intension to
study their antiviral and cytostatic properties.
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[1] Holy A, Gunter J., Dvofakova H. et al. J. Med. Chem. 42 (1999) 2064.

[2] Keough D.T., Hockova D., Holy A. et al. J. Med. Chem. 52 (2009) 4391.

[3] Vertuani S., Baldisserotto A., Varani K. et al. Eur. J. Med. Chem. 54 (2012) 202.
[4] Keough D.T., Spagek P., Hockova D. et al. J. Med. Chem. 56 (2013) 2513.
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Alzheimer’s disease (AD), considered to be the most common form of dementia, is an incurable, progressive
neurodegenerative disorder. It affects 4-8% of the elderly population worldwide [1]. The pathophysiology of
AD is complex, multifactorial and not fully understood. Histopathologically it is characterized by the presence
of extracellular senile plaques and intracellular neurofibrillary tangles. The senile plagues are formed by the
accumulation of the amyloid B protein while neurofibrillary tangles are composed of hyperphosphorylated tau
protein. AD is also characterized by massive cell loss, especially of cholinergic neurons in the basal nuclei,
leading to decrease of cholinergic neurotransmission and imbalance between acetylcholinesterase (AChE)
and butyrylcholinesterase (BUChE) activity. As the cholinergic system is mainly affected, the cholinergic
pathway is still one of targets in novel anti-AD agents discovery. Both enzymes remain valuable targets in
anti-AD drug discovery studies [1,2]. Our recent studies led to the identification of potent BUChE inhibitors
among tetra- or pentacyclic derivatives of azaphenothiazines [3]. The aim of the presented study was to
discover novel BUChE inhibitors among novel tricyclic derivatives of dipyridothiazines and tetracyclic
derivatives of quinobenzothiazines using in silico and in vitro screening methods. From an in-house library of
compounds, 120 heterocyclic molecules derived from the azaphenothiazine scaffold were chosen for virtual
screening. Based on results of the docking procedure, 25 derivatives of azaphenothiazine were selected for
biochemical tests using spectrophotometric Ellman’s assay. They represented tricyclic series of
dipyridothiazines, tetracyclic derivatives of 9-fluoroquinobenzothiazine and quinobenzothiazine. Most of the
tested compounds displayed moderate BuChE and weak AChE inhibitory potency at screening

concentrations of 10 [IM. The ICs, values for active BUChE inhibitors were in the low micromolar range.

[1] Lane R.M., Potkin S.G., Enz A. Int J Neuropsychoph. 9 (2006) 101.
[2] Reid G.A., Chilukuri N., Darvesh S. Neuroscience. 234 (2013) 53.
[3] Lodarski K., Jonczyk J., Guzior N. et al. J. Enzym. Inhib. Med. Chem. 30 (2015) 98.
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An important goal of targeted therapy appears to be a transmembrane glycoprotein type | - mucin 1 (MUC1),
which is overexpressed especially in breast cancer. The goal of the study was to check the effect of novel
platinum(ll) complex (Pt12) used with anti-MUC1 on the concentration of selected markers of apoptosis such
as: Bax, caspase-8, -9 and caspase-3 by ELISA technique. The results were compared to treatment with
cisplatin and cisplatin used in combination with anti-MUC1. The highest increase in pro-apoptotic Bax protein
concentration was observed after combined treatment of Pt12 (20 uM) together with anti-MUC1 (10 pg/mL).
The concentration of Bax was 145 ng/mL compared to reference compound cisplatin used with anti-MUCL1 in
the same doses, where the level of Bax was: 140 ng/mL. The increase was almost 3 times stronger in
comparison to control, where cells were untreated. The strongest effect on caspase-9 releasement was
determined after combined treatment with Pt12 (20 yM) and anti-MUC1 (10 pg/mL). The concentration of
caspase-9 was 39 ng/mL. After cisplatin (20 uM) and anti-MUC1 (10 ug/mL) the level of caspase-9 was 29
ng/mL. All compounds increased the concentration of caspase-8 compared to control value, but the highest
statistically significant increase was observed after Pt12 (20 uM) and anti-MUC1 (10 pg/mL), in comparison
with cisplatin (20 yM) and anti-MUC1 (10 ug/mL), where the concentrations were: 1.02 and 0.86 ng/mL,
respectively. Finally, we checked the concentration of caspase-3 in cell lysates after 24 hours of incubation
with drugs used in monotherapy and combination therapy. The strongest statistically significant effect was
observed after Pt12 (20uM) with anti-MUC1 (4.4 ng/mL). Our results proved that combination therapy is
more effective strategy in increasing the levels of pro-apoptotic markers compared to monotherapy.

Our study proved that Pt12 together with anti-MUCL1 strongly induced apoptosis in estrogen negative breast
cancer cell line (MDA-MB-231). The apoptosis may go through extrinsic pathway associated with caspase-8

as well as intrinsic pathway connected with caspase-9 [1].

[1] Gornowicz A., Bielawska A., Czarnomysy R., et al. Moll Cell Biochem 2015 doi: 10.1007/s11010-015-
2486-z.
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Ring-closing metathesis (RCM) has become an efficient tool widely used for the formation of carbon-carbon
double bonds. In particular RCM has a large impact on pharmaceutical industry because the reaction allows
for the formation of medium-to-large size carbocycles and heterocycles from acyclic dienes [1].

As a part of our ongoing project, focused on the identification of compounds with CNS activity based on
a new scaffold consisting in three fused heterocylic rings, we decided to develop a method for obtaining
substituted pyrroline 2. Such compound might be regarded as a key building block in the synthetic pathway

of various 5-HT receptor ligands.
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Herein we report a comparative study of the efficiency of selected RCM catalysts as well as the influence of
solvent and reaction kinetics on the above transformation. Further investigation regarded the impact of
various electrondonating and electronwithdrawing substituents in the phenyl ring.

The elaborated protocol allowed for the preparation of pyrroline 2 and its analogs in the more

environmentally friendly way at the lower energy and money costs.

[1] Dassonneville, B.; Delaude, L.; Demonceau, A. et al. Current Organic Chemistry 17 (2013) 2609.
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The dopaminergic receptors D, as well as a;--adrenoceptors are important GPCRs biological targets
involving in various diseases of central- or peripheral nervous systems. The dopamine D, receptors play an
important role in neurodegenerative diseases, e.g. schizophrenia and Parkinson’s disease as well as they
influence on mood, mindfulness and sleep [1]. The a;-adrenergic receptors play a role in cardiac
hypertrophy, effects on heart contractile function, cardiac rhythm and protection from ischemic injury [2].
Thus, their antagonists can have therapeutic usage as antiarrhythmic drugs. Our previous studies focused on
hydantoin phenylpiperazine dervatives allowed to find the 3-ester compound JH-38 that dispalyed significant
and comparable affinity to both of the GPCRs. The compound has been selected as lead structure for further
chemical modifications. This work is concentrated on the lead modifications to obtain a series of new
compounds with conserved ester moiety at position 3, various substituent at phenylpiperzine phenyl ring and
5-methyl-5-aryl substitution at position 5 of hydantoin (Fig.1).
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Fig. 1

The 4-step synthesis was carried to give the 8 final products (1-8, Fig. 1). The compounds were investigated
on their affinity for the dopamine D,R and a;-AR in the radioligand binding assays. All of the tested
compounds displayed higher activity for a;-AR than that for D,R. The 5-naphthyl substituents were more

profitable than the 5-phenyl ones.

[1] Missale C., Nash S. R., Robinson S.W. et al. Physiological Reviews. 78 (1998) 189.
[2] Handzlik J., Bajda M., Zygmunt M. et al. Bioorg. Med. Chem. 20 (2012) 2290.
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Indole is an exceptionally electron rich fused ring heterocycle. It is among the most widely distributed
scaffolds in nature as well as one of the most important building blocks in medicinal chemistry. The unusually
high abundance of indole nucleus in ligands of different biological activity led to its classification as
‘priviledged structure".!
Our search for selective aminergic GPCR ligands led us to the syntheses of heterocyclic molecules which
can serve as substrates for derivatization, e.g. attachment of basic aminergic moiety, ring closure, reactions
with various nucleophiles. Our efforts to obtain 2-amino-1-(1H-indol-3-yl)ethan-1-ol (1), vyielded a
straightforward method of synthesis of 3-(3-methyloxiran-2-yl)-1H-indole (2) - a very attractive building block
for drug discovery which has not been mentioned in literature till date. This epoxide can be readily opened by
numerous nucleophiles to yield potential GPCR ligands.
The synthesis of appropriate halocarbonyl compounds enables a very HO NH,, o
large chemical space to be covered. Herein we describe our way to
concise method of preparation of 1-bromo-1-(1H-indol-3-yl)propan-2- @E{J\ @(\
one (3) and 1-bromo-3-(1H-indol-3-yl)propan-2-one (4). Despite the NH NH
great versatility of 3 and 4 as starting materials for the total syntheses * 2 Br
of alkaloids and potentially bioactive compounds, the synthesis of 3 has Br,
not been yet described, while the synthesis of 4 involves the use of qbo @E<(O

NH NH

3 4

extremely toxic reagent - diazomethane.?

[1] Evans B. E., Rittle K. E., Bock M. G. et al. J. Med. Chem. 31 (1988) 2235.
[2] Gaspari P., Banerjee T., Malachowski W. P. et al. J. Med. Chem. 49 (2006) 684.
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The selective a;-adrenergic receptor antagonists have important therapeutic perspectives as they are able to
improve the urodynamic parameters and reduces the symptoms of benign prostatic hypertrophy. In this
context, the search for selective a;-adrenoceptor antagonists has been, and still is, an important topic in
medicinal chemistry. Analysis of a number of chemical structures of selective a;-adrenoceptor antagonists
indicates a crucial role for arylpiperazine moiety, which fits in the pharmacophore model. Furthermore,
another hydrophobic/aromatic feature is needed within compounds structure to interact with the o;—
adrenoceptor. In the previous studies we investigated a number of phenylpiperazine derivatives of 5,5-
diphenyllhydantoin with hydroxypropyl linker [1], which possessed two additional aromatic fragments at
position 5. The compounds were selective in respect to dopaminergic and serotonin receptor 5-HT7 but their
affinity for a;-AR was moderate only. Thus, we decided to reduce the number of aromatic moieties and
moved it from position 5 into position 3 of hydantoin. In this context, a series of arylpiperazine derivatives of
3-benzyl-5,5-dimethylhydantoin were synthesized (Fig.1).
CH; g
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Fig. 1
The compounds 1-11 were obtained within three-step synthesis, including microwave-aided synthesis in the
last step, and tested on their affinity for a,--adrenoceptor in radioligand binding assays using [3H]-prazosin as
selective radioligand. Structures-activity analysis indicated that the chemical modifications significantly
improved the affinity for a;-AR of the compounds, in comparison to their 5,5-diphenylhydantoin analogues.
The best activity was found for the 2-methoxyphenylpiperazine derivative. Partly supported by
K/ZDS/005593.

[1] Handzlik J., Maciag D., Kubacka M. et al. Bioorg. Med. Chem. 16 (2008) 5982.
[2] Handzlik J., Bajda M., Zygmunt M. et al. Bioorg. Med. Chem. 20 (2012) 2290.
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Phenothiazines, the oldest synthetic antipsychotic drug, are used in the treatment of schizophrenia and
anxiety. Recent reports describe very promising anticancer and antibacterial activities, also reversal of
multidrug resistance and possibility of treatment of Creutzfeld-Jakob’s, Alzheimer’s and AIDS diseases for
classical and newly synthetised phenothiazines. The most perspective modifications of the phenothiazine
structure can be achieved by substitution of the benzene ring with an azine ring to form azaphenothiazines
[1,2]. We modified the phenothiazine structure with the quinoline moiety in the reactions of pentacyclic
diquinodithiin 1 or 2,2’-dichloro-3,3’-diquinolinyl sulfide 2 with amines and ammonia to pentacyclic

diquinothiazines 3 of significant anticancer and immunosuppressive activities [3].
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Another reactions of diquinodithiin 5 or 2,2’-dichloro-3,3-diquinolinyl sulfide 6 with various o-, m- and p-
substituted anilines led to tetracyclic quinobenzothiazines 7. Substituted 6H-quinobenzothiazines 7 was
alkylated with propargyl bromide in the presence of potassium tert-butoxide in DMF to derivatives 8. 9-
Methylthio-6-propargylquinobenzothiazine was transformed into aminobutynyl derivatives 9 via the Mannich

reaction, using propargylquinobenzothiazine 8, the selected amines and formaldehyde.
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Compounds 4, 8 and 9 were examined for their antiproliferative and anticancer activities. Anticancer
activities were examined against cell lines of leukemia (L-1210) and colon cancer (SV-948). The most active

compounds exhibited anticancer activity comparable to that of cisplatin.

[1] Motohashi N., Kawase M. et al., Curr. Drug Targets. 7 (2006) 1055.
[2] Pluta K., Morak-Mtodawska B., JeleA M. Eur. J. Med. Chem. 46 (2011) 3179.
[3] Pluta K., Jelen M., Morak-Miodawska B. et al. Pharmacol. Reports. 62 (2010) 319.
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Schizophrenia is a mental illness the causes of which are not adequately understood and the
pathomechanism of which is not satisfactorily treated by the currently available antipsychotics. A growing
body of evidence links schizophrenia with excessive stimulation of dopamine D, receptors in the associative
striatum, with a lack of stimulation of dopamine D, receptors in the prefrontal cortex, and with modifications in
prefrontal neuronal connectivity involving glutamate transmission at NMDA receptors.

Virtual screening is nowadays a standard tool in drug discovery used to identify new compounds targeting a
protein of interest. We constructed a homology model of dopamine D, receptor based on dopamine Ds
receptor template (PDB ID: 3PBL, in complex with an antagonist eticlopride). We used induced-fit docking to
obtain complexes of D, receptor with chlorprothixene and olanzapine and used both for structure-based
virtual screening with automated workflow of Schrédinger suite of software. First, the approach was validated
by docking a set of hits and decoys. Next, the Enamine database was screened for new active compounds.
As a result we identified 20 compounds which were subjected to experimental validation.

The affinity of the compounds for the cloned human dopamine D, receptor was evaluated by in vitro ([3H]-
Spiperone) binding assays. The selected compounds were also subjected to evaluation of their affinities for
the cloned human dopamine D; and D3, and serotonin 5-HT;4 and 5-HT,, receptors in vitro radioligand
binding assays. The compounds selected in base of their affinity for D, receptors were evaluated in in vitro
functional assays (inhibition of forskolin-stimulated cAMP production) in order to determine their behavior as
agonists or antagonists of D, receptors. From 20 compounds tested we found 10 D, receptor antagonist
possessing additional affinity to other receptors tested, in particular to 5-HT,, receptors (50% success rate).
The affinity of the compounds ranged from 58 nM to about 1uM. Importantly, we identified the first D,
receptor antagonist without a protonable nitrogen atom which is a key element of the classical

pharmacophore model.
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Tuberculosis remains a serious problem, because of increasing resistance of Mycobacterium tuberculosis to
known medicines [1]. Some benzimidazole derivatives show tuberculostatic activity, which aroused our
interest in their structures and SAR analysis. Crystal structures of the four of them will be presented:
2-(2-cyclohexylethyl)-5,6-dimethyl- (1), 5,6-dimethyl-2-phenethyl- (Il), 2-(3-cyclohexylpropyl)-5,6-dimethyl- (III)
and 5,6-dimethyl-2-(3-phenylpropyl)-1H-benzoimidazole (1V).

[ I Il \Y
Space group Cc P-1 P2i/c Cc
ln=2,R= | a=15.2276(3) = a=8.16859(1) | a=14.2078(4) | a=28.8210(9)
Hoe. o a, b, c[A] b=12.7173(3) = b=11.4832(2) | b=9.9210(3) | b=15.4123(5)
“{N ) n=2,R= | c=0.7501(2) = ¢=30.7638(4) | c=11.5761(4) | c=10.1759(3)
—{ R o7
Ho > N *In =3, R= [ | 0=99.9705(5)
3 H e a, B, v [] B=126.196(1) = P=94.1047(5) | P=104.799(1) | PB=98.247(1)
IV:n=3,R= | y =90.9084(6)
1 4 1 3
0.0270 0.0390 0.0349 0.0365

In the structures |, lll and 1V C(4) chains are formed based on N-H---N hydrogen bonds. In case of structure Il
different system of hydrogen bonds is formed due to presence of water molecules in the crystal.

Fifty one similar compounds (comprising a fragment drawn below) were found in the Cambridge Structural

Database [2] in order to find conformational preferences of benzimidazole derivatives.

H

T e

[1] Rowinska - Zakrzewska ,Gruzlica w praktyce lekarskiej”, Wydawnictwo lekarskie PZWL, Warszawa 2000,

wyd.1.
[2] Allen F. H. Acta Cryst. B58 (2002) 380-388.

Acknowledgements
This work was partially funded by 2001/01/B/NZ4/01187 NCN project.



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
P47

Activity of the 1,3,5-triazine derivatives - potent histamine H4
receptor ligands

Katarzyna Kamiriska®, Matgorzata Wiecek', Matgorzata Zygmunt?, Maristella Adami®,
Katarzyna Kieé-Kononowicz*

!Department of Technology and Biotechnology of Drugs, Jagiellonian University Medical
College, Medyczna 9, 30-688 Cracow, Poland
’Department of Pharmacodynamics, Jagiellonian University Medical College, Medyczna 9,
30-688 Cracow, Poland
3Department of Neuroscience, University of Parma, Via Volturno 39, 43125 Parma , Italy

Expression of the most recently discovered histamine H, receptor (2000/2001) occurs mainly in monocytes,
mast cells, eosinophils and basophils [1], what suggests that H4R is involved in inflammatory processes and
immune responses [2]. Recent studies results indicate also that H4R antagonists have been shown to be
effective in several models of pain [3]. As physiological role of H4R is not clear - new, potent and selective
ligands are required to investigate its action. Among H4R ligands already described in the literature a large
group of triazine derivatives can be found [4,5,6]. This kind of derivatives has been synthesized in our

Department for the past several years.

The aim of this study was to evaluate in vivo activity of five 4-(4-methylpiperazin-1-yl)-1,3,5-triazine
derivatives (KB-4, KB-30, JN-38, TR-11 and TR-40). Compounds were tested in croton oil-induced ear
edema model and ear pruritus model in vivo in mice. Compounds examined in the presented studies were
selected from the library of compounds synthesized in our Department after preliminary screening conducted
in vivo in mice.

The obtained results showed that pre-treatment with KB-4, KB-30 or TR-11 has strong to moderate influence
on ear edema and pruritus. Among the tested compounds, KB-4 and TR-11 seem to have the most
favorable profile, combining a good affinity at the human histamine H, receptor with a high efficacy in the

intact animal. The results in detail will be presented and discussed.

[1] Zampeli E., Tiligada E. Br. J. Pharmacol.157 (2009) 24.

[2] Tiligada E. et al. Expert Opin. Investig. Drugs.18 (2009) 1519.

[3] Hsieh G.C. et al. Pharmacol. Biochem. Behav. 95 (2010) 41.

[4] Kiss R., Reser(i G.M. Expert Opin. Ther. Pat. 22 (2012) 205.

[6] tazewska D., Kie¢-Kononowicz K. Frontiers in Bioscience. 4 (2012) 967.

[6] Schreeb A. et al. Histamine H, Receptor Ligands in Histamine H, receptor: A Novel Drug Target in

Immunomodaulation and Inflamation Stark H. Ed., Versita, (2013) 21.
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The purpose of this study was to synthetize the focused library of 34 new piperazinamides of 3-methyl- and
3,3-dimethyl-(2,5-dioxopyrrolidin-1-yl)propanoic or butanoic acids as potential new hybrid anticonvulsants.
These hybrid molecules join the chemical fragments of well-known antiepileptic drugs (AEDs) such as
ethosuximide, levetiracetam, and lacosamide. Compounds 5-38 were prepared in a coupling reaction of the
2-(2,5-dioxopyrrolidin-1-yl)propanoic (1, 2) or butanoic acids (3, 4) with the appropriately substituted
secondary amines in the presence of the N,N-carbonyldiimidazole reagent. The initial anticonvulsant
screening was performed in mice (i.p.) using the ‘classical’ maximal electroshock (MES) and subcutaneous
pentylenetetrazole (scPTZ) tests as well as in the six-hertz (6 Hz) model of pharmacoresistant limbic
seizures. The acute neurological toxicity was determined applying the chimney test. The broad spectra of
activity across the preclinical seizure models in mice i.p. displayed compounds 7, 15, and 36. The most
favorable anticonvulsant properties demonstrated 15 (EDso MES = 74.8 mg/kg, EDso sScPTZ = 51.6 mg/kg,
EDsy 6 Hz = 16.8 mg/kg) which showed TDs, = 213.3 mg/kg in the chimney test that yielded satisfying
protective indexes (Pl MES = 2.85, Pl PTZ = 4.13, Pl 6 Hz = 12.70) at time point of 0.5 h. As a result, 15
displayed comparable or better safety profile than clinically relevant AEDs: ethosuximide, lacosamide or
valproic acid. In the in vitro assays compound 15 was observed as relatively effective binder to the neuronal
voltage-sensitive sodium and L-type calcium channels. Beyond the anticonvulsant properties 6 compounds

diminished the pain responses in the formalin model of tonic pain in mice.
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Rhodanine derivatives, five-membered heterocyclic molecules containing thiazole nucleus with carbonyl
group on fourth carbon, have broad spectrum of pharmacological activities. Their antidiabetic, antifungal,
antimicrobial, pesticidal and antiapoptotic activity is widely reported [1-6]. Similarly, imidazolidyne-2,4-dione
derivatives (hydantoins), possessing related structure, are well known mainly as anticonvulsants [7]. Recent
articles show also the role of thiohydantoins in detection of some pathological changes Alzheimer’s brains
[8].

Although some of these compounds are already used in the therapy, there is still a need for new xenobiotics

which are characterized by a broad spectrum of pharmacological activity and low toxicity.

S
R ~
1\ /O N /<
N
S

/& o™
=

Fig. 1 The basic chemical formulas of rhodanine and tiohydantoin.
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In order to characterize and compare both the already known as well as new obtained rhodanine and 2-
thiohydantoin derivatives (Fig. 1), we decided to investigate their stability and the interactions of these
compounds with human serum albumin (HSA), the most abundant protein in the blood plasma. The following
compounds were tested: [5-(pyridine-2’-ylethylidene)-rhodaninel]-3-propionic  acid, [5-(pyridine-2’-
ylmethylidene)-rhodaninel]-3-butyric acid, [5-(4’-N,N-dimethylaminobenzylidene)-rhodanine]-3-propionic acid,
[5-(4’-N,N-dimethylaminobenzylidene)-2-thiohydantoin]-3-acetic acid and [5-(4’-N,N—diethylamino-
benzylidene)-rhodanine]-3-acetic acid. Here, we present the results of our investigation carried out using UV-
Vis and emission spectroscopy. Additionally, we present the crystallographic structure and mass
spectrometry spectra of selected compounds. The obtained results show a good stability of the tested

compounds and indicate for a strong interactions with HSA.
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Previously, a series of 5-[(1-substituedpiperidin-4-yl)oxy]-N-methyl-N-propylpentan-1-amines has been
described and characterized as a histamine Hj receptor antagonists [1]. Based on the structure-activity
relationships of piperidin-4-ol derivatives the highest activity was shown for compounds carrying (1-
benzofuran-2-yl)methyl (pA,=8.47) and benzyl moiety (pA,=7.79) (for reference thioperamide pA, = 8.67).
For compounds showing the highest activity two derivatives, where the piperidin-4-ol ring was replaced by
flexible aminepropan-1-ol chain, were obtained. Surprisingly results of activity in both series were obtained..
In the case of derivatives carrying (1-benzofuran-2-yl)methyl substituent, replacement of piperidin-4-ol ring
by aminepropan-1-ol chain resulted in a drastic reduction of activity (pA,=6.23). For compounds bearing
benzyl substituent an inverse relationship was observed - 5-{3-[benzyl(methyl)amino]propoxy}-N-methyl-N-
propylpentan-1-amine (pA,=8.06) has higher activity than its piperidin-4-ol analogue (pA,=7.79).

In this work we tried to explain the reasons of these interesting experimental data by molecular dynamic
simulation of aforementioned ligands in the receptor binding site. We also performed computational docking
studies to examine the binding mode of the these four ligands. The model of the receptor was created by
homology modelling method, placed in the system of lipid membrane and solvent, and optimized by

molecular dynamic simulation. All calculations were performed in Discovery Studio [2].

[1] Maslowska-Lipowicz 1., Walczynski K. Chem. Biol. Drug Des. 83 (2014) 106.
[2] Dassault Systemes BIOVIA, Discovery Studio Modeling Environment, Release 4.5, San Diego: Dassault
Systémes, (2015).

Acknowledgements
Calculations have been carried out using resources provided by Wroclaw Centre for Networking and
Supercomputing (http://wcss.pl), grant No. 313.

This study was supported by a departmental sources of the Medical University of Lodz (grant number
503/3/016-01/503-01).



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
P51

Influence of the substituent(s) at aromatic ring of arylidene
hydantoin and of the length of carbon chain on affinity for 5HTe
serotonin receptor in the group of 3,4-dichlorophenylpiperazine
derivatives

Anna Dela-Kardas', Grzegorz Satata®, Jadwiga Handzlik®, Andrzej J. Bojarski?,
Katarzyna Kieé-Kononowicz'

'Department of Technology and Biotechnology of Drugs, UJ CM, Medyczna 9, 30-688
Krakoéw,Poland
’Department of Medicinal Chemistry Institute of Pharmacology, Polish Academy of
Sciences,
Smetna 12, PL 31-343 Krakow, Poland

Recently serotonin receptors have been the subject of intense research because of their potential role in
many neurological disorders. They are family of G-coupled (excluded 5HT; type), seven transmembrane
receptors which have many subtypes.

One of them are 5HTg receptors which play role in functions like cognitive impairment, emotionality.
Modulation of this type of receptor could be also useful for dementia patients and in AD disease [1, 2]

Studies of these type of receptors have shown that the numerous compounds with affinity to serotonin
receptors contain arylpiperazine moiety.

In our recent studies 3,4-dichlorophenylpiperazine derivatives of arylidene hydantoins were obtained.
Chemical modifications were focused on introduction of one or two- methoxy substituents at arylidene ring of
the lead and different carbon chain (from 3 to 8 atoms of carbons, excluded 4 and 7- carbon chain) between
hydantoin and phenylpiperazine.

The new compounds were obtained within four-step synthesis [3]: (1) Knoevenagel condensation, (2)
Mitsunobu reaction, (3) N-alkylation under microwave irradiation and (4) conversion of the obtained basic
derivatives into the corresponding hydrochloric form.

The new hydantoin derivatives were evaluated on their affinity for 5HT¢ radioligand binding assay. Ki values
in the group of investigated compounds were in the very wide range: 37- 1693nM.

SAR-studies indicated a profitable influence of only one methoxy substituent at arylidene ring. We also

noticed that the compounds with longer carbon chain have shown better affinity for 5SHT¢ serotonin receptors.

[1] Wesotowska A. Pharmacol. Rep. 62 (2010) 564.
[2] Kotaczkowski M., Marcinkowska M., Bucki A. et al. J. Med. Chem. 57 (2014) 4543.
[3] Handzlik J., Maciag D., Kubacka M. et al. Bioorg. Med. Chem.16 (2008) 5982.
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Aromatase, an enzyme belonging to CYP450 family, is responsible for converting androgens to estrogens.
The relationship between concentration of these steroids, pivotal in hormonal homeostasis, can be modified
by aromatase inhibitors [1]. Aromatase inhibitors have various applications and the goal of the
communication is to show the current use and future potentials of these drugs.

Aromatase inhibitors are used in the treatment of estrogen-dependent breast cancer, mainly in
postmenopausal women [1]. Due to the presence of estrogenic receptors in the cancer cells, estrogens play
crucial role in cells proliferation and cancer development. Another disease, strongly dependent on estrogens
synthesis, is endometriosis because of the steroids influence on endometrium growth. Aromatase inhibitors
interfere in the pathological proliferation of endometrium cells and also lessen the pain connected with the
disease [2]. These drugs are indicated for the treatment of polycystic ovary syndrome because they stimulate
ovulation and reduce PGE-2 level [3].

Aromatase inhibitors can be applied in male diseases as well because of their influence on sperm quality [4].
Moreover, the modification of androgens levels by aromatase inhibitors hold therapeutic promise in delayed
pubescence [5] and benign prostate hyperplasia [6]. By decreasing estrogens synthesis, aromatase
inhibitors increase the testosterone level that leads to muscle and body mass development. Thus they can
be used in illegal doping [7].

The recent studies have revealed that aromatase is active in brain where it influences sex orientation [8],
inflammation and other pathological processes [9]. This shows a future potential of aromatase inhibitors in
the treatment of CNS diseases [10].

[1] Grassadonia A., Di Nicola M., Grossi S. et al. Ann. Surg. Oncol. 21(5) (2014) 1575.
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[3] Franik S., Kremer J.A., Nelen W.L. et al. Fertil. Steril. 103(2) (2012) 353.
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The aim of the project has been to design and synthesize compounds analogous to letrozole, a well-known
and currently used in medicine aromatase inhibitor. Selected azoles were N-substituted with 4-cyano or 4-
nitrobenzyl residue in which the nitro group was an equivalent of the letrozole cyano functionality
(compounds 1a-1e).

Attempts undertaken to attach a second 4-nitrophenyl substituent to the above azole derivatives la-1e posed
difficulties. A variety of reaction conditions were used, including different reaction temperatures, solvents and
bases but the applied methods provided the desired products 3a-3e usually in unsatisfactory yields.
However, when 1-chlorobenzotriazole was used as a reagent, one of the isolated in a pure form compounds
was 1-[chloro(4-nitrophenyl)methyl]-3,5-dimethylpyrazole 5c. This compound can be useful in further
syntheses of potential aromatase inhibitors because the chlorine atom can be substituted by a variety of
nucleophiles, including azoles. Considering the fact that the reaction is probably radical in nature, similar
chloroderivatives of benzylazoles la-1e can be obtained using a radical initiator.

R = N02y CN

Het
F Het
Het = 1,2,4-triazole (a)
+ base/solvent O O 2-methylimidazole (b)
R NO, 3,5-dimethylpyrazole (c)
R NO,

benzimidazole (d)
2-trifluoromethylbenzimidazole (e)

1a-1e 2 3a-3e
\4‘ cl
4 =1-chlorobenzotriazole /N\N)\Q\ 5c
me— _I_ R
Me

Acknowledgements
This work has been supported by Poznan University of Medical Sciences, grants no. 502-14-03308417-
10167 (for young scientists) and 88/2015 (SBN UMP).



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
P54

Computional study of a nanocontainer composed of carbon
nanotube and gold nanoparticles covered by pH-clevable
hydrazone linkers

Lukasz Konczak', Tomasz Panczyk®

1Jerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences
ul. Niezapominajek 8, 30-239 Cracow, Poland

This work deals with the hydrazone bond (HZB) hydrolysis, occurring under the acidic conditions, [1] as a
method of controlling the capped/uncapped state of carbon nanotubes (CNT). We consider two systems —
before and after the hydrolysis of HZB. In the first case the gold nanoparticles (GNP) are connected with
CNT tips by some linkers containing the HZB. The second case is the system corresponding to acidic pH,
that is with the HZB cleaved and free GNPs. Structural transformations leading to detachment of GNPs from
the CNT tips or their shift from tips to the sidewalls are thus the key problem analyzed in this study. Potential
energy changes accompanied such transitions are very useful in prediction of the likelihood of considered
states. However, the potential energy minima are often separated by energy barriers which, in fact,
determine the dynamic properties of the system; particularly the likelihood of transitions between energy
minima are affected by those barriers. Because sampling of an energy barrier is normally ineffective in
molecular dynamics simulations, many methods involving biased simulations have been proposed in the
literature. In our particular case two methods seemed to be particularly appropriate, namely umbrella
sampling with the weighted histogram analysis [2,3] or steered molecular dynamics [4,5]. However, their
standard application turned out to be ineffective as well, mainly due to big size and complex structure of the
GNPs and large distances needed for sampling. Therefore, we had to make some adaptations of these
algorithms in order to obtain reliable results with acceptable computational costs.

The most important results obtained in this study concern the free energy profiles associated with the
uncapping process of CNT. We show that spontaneous detachment of GNPs from CNT tips is normally a
very slow process. However, under certain conditions the uncapping might be fast enough when coupled
with simultaneous release of cisplatin from the CNT interior.
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Published data indicate that cholinergic system is involved in antinociceptive effects of opioids. The aim of
our study was to determine whether donepezil and rivastigmine influence the development of tolerance to
antinociceptive effects of morphine. Donepezil is a selective inhibitor of acetylcholinesterase but rivastigmine
is also an inhibitor of butyrylcholinesterase, the enzymes taking part in neuronal acetylcholine degradation.
The experiments were performed in the hot-plate test in mice. Donepezil (0.5, 1 or 3 mg/kg, i.p.) or
rivastigmine (0.03, 0.5 or 1 mg/kg, i.p.) were given 20 min before morphine (5 mg/kg, i.p.) administration,
once daily for 7 days. Thirty min after morphine administration the latency response (in seconds) for the
mouse to lift either of the hind paws or a jump with all four feet off of the hot-plate induced by the thermal
stimulus was measured. On the 8 day of experiment all mice were challenged with morphine (5 mg/kg, i.p.)
and 30 min later their behavior on the hot-plate test was measured (expression). Our results indicated that
donepezil and rivastigmine dose-dependently potentiated the antinociceptive effects of morphine during 7
days administrations. The effects were more pronounced after rivastigmine administration, presumably due
to a broader inhibitory spectrum of this drug. On the 8 day of the experiments the challenge dose of
morphine did not change the behavior in morphine-treated mice as compare to acute morphine injection,
suggesting the development of tolerance to antinociceptive effects of morphine. Our experiments also
demonstrated that co-administration the donepezil and rivastigmine with morphine inhibited the development
of tolerance to antinociceptive effects of morphine measured on the 8 day of experiments after morphine
challenge. Thus, the present study found that stimulation of cholinergic neurotransmission by cholinesterase
inhibitors potentiated antinociceptive effects of morphine and inhibited the development of tolerance to

morphine antinociceptive effects.



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
P56

Crystallographic and theoretical studies on potential interactions
between aromatase and its inhibitors

Joanna Kruk, Joanna Adamus, Andrzej K. Gzella, Jacek Kujawski, Marek K. Bernard

Department of Organic Chemistry, Faculty of Pharmacy, Poznan University of Medical
Sciences, Poznan, Poland

Aromatase is similar in its structure to other enzymes of the CYP450 cytochrome group. The main problem in
the design of new selective antiaromatase agents is to recognize typical interactions between the enzyme
and its potential inhibitors. The atoms involved in binding to the cytochrome iron and the enzyme aminoacids
(usually serine) are pyridinic nitrogen and another nitrogen capable of forming a weak hydrogen bond,
respectively.

Having in hand 4-nitrobenzyl derivatives of some azoles (compounds 1-3, Fig 1), we were able to analyse
possible interactions between the pyridinic nitrogen atom present in the heterocyclic ring as well as the nitro
group and the structural elements of aromatase. The crystallographic structures of compounds 1-3 revealed
that the nitro group can indeed be involved in weak hydrogen bonding (an example is shown in Fig. 2).
Moreover, interesting [1 and T-stacking interactions can be observed especially in the elemental cell of
benzimidazole derivative 3. The experimental studies were supported by theoretical studies using the
Gaussian G09 platform.

Fig. 1

Het
Het = 1: 1,2,4-triazole
2: 2,5-dimethylpyrazole
3: 2-trifluoromethylbenzimidazole %
1-3
NO,
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Search for new antipsychotic medications is required scientific approach, since many patients show
incomplete response to currently available treatment. The most important is finding new drugs with reduced
side effects such as metabolic abnormalities, QTc prolongation, cognitive and motor dysfunctions.

Recently published studies indicate that blockade of 5-HT,Rs displays e.g. an antidepressant-like activity,
anxiolytic-like effect and improvement of reference memory. Hence, design, synthesis and evaluation of new
molecules with high affinity towards 5-HT- receptor is promising strategy for future effective CNS diseases
treatment.

Our previous studies, allowed to obtain series of 14 novel hydantoin derivatives with attractive activity to
above-mentioned receptor (3 nM < Ki < 79 nM). Compounds with the most interesting properties were
chosen for further modifications. This work is continuation of mentioned studies and is focused on evaluation
how presence/absence of aromatic ring(s) in position 5 of hydantoin influences on activity. Within the
research, 9 compounds (5-methyl-5-phenylhydantoin, 5,5-diphenylhydantoin and 5-methyl-5-a-
naphtylhydantoin derivatives were synthesized and evaluated, while synthesis of 6 compounds more is
ongoing (5,5-dimethylhydantoin and 5-methyl-5-B-naphtyl hydantoin derivatives). However, for the time

being, the most favourable, regarding 5-HTRs affinity, seems to be 5-phenyl-5-methylhydantoin moiety.

[1] Nikiforuk A. CNS Drugs. 29 (2015) 265.
[2] Bienkowski P., Dudek D., Samochowiec J. Psychiatr. Pol. 49 (2015) 243.
[3] Handzlik J. et al. Eur. J. Med. Chem. 78 (2014) 324.
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Halogen atoms are one of common features in biologically active compounds and drugs. Incorporation of
halogen atoms into molecule structure changes its steric (volumetric), electrostatic and conformational
properties, lipophilicity (influencing membrane permeability and the oral absorption), and may lead to even
300-fold increase in the affinity for a given biological target [1, 2]. Although, since many years halogen atoms
have been regularly used in drug optimization processes, only recently their role in protein—ligand complexes
has been attributed to formation of specific, direct interactions called halogen bonds.

To date, systematic and comprehensive studies on the role and significance of halogen bonds in family A
GPCRs have not been published. There are also no studies showing the use of the concept of halogen
bonds in the rational design of potential ligands of these receptors.

Herein we report on a systematic molecular modeling approach, i.e. generation of X-SAR sets fetched from
ChEMBL database, molecular docking and hybrid QM/MM calculations, used to study the different role of
halogen atoms in ligand-receptor interaction (i.e. steric hindrances, interaction of positive o-hole with
negatively charged atoms of the protein and interaction of the negative electrostatic potential of fluorine with
positively charged atoms of the protein). The results obtained by application of developed computational

workflow are discussed on the example of 32 adrenergic receptor.

[1] litzsch M.H., Uber S.S., Tankersley K.O. et al. Biochem. Pharmacol. 49 (1995) 1501.
[2] Benjahad A., Guillemont J., Andries K. et al. Bioorg. Med. Chem. Lett. 13 (2003) 4309.
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The selective blockade of 5-HT; serotonin receptor (5-HT;R) may be used for potential treatment of central
nervous system disorders [1]. For instance, studies performed on mice with 5-HTR knock-out and known 5-
HT,R antagonist — SB266970, showed its significant influence on depression mechanism [2]. In our previous
studies, the lead compound MF-8 was found as a potent and selective 5-HT,R ligand (Ki = 3 nM), in respect
to other GPCRs, including: a;-adrenergic (Ki = 181 nM), 5-HT 4 (Ki = 121 nM), 5-HT¢ (Ki = 10790 nM) and D,
(Ki = 715 nM) [3]. Moreover, according to our recent data obtained using in vitro methods, MF-8 seems to be
a safe compound. The cytotoxic effect of MF-8 was seen only at the very high concentrations (above 100
uM). Additionally, MF-8 may not be involved in further potential drug-drug interactions, due to the observed
reduction of CYP 3A4 activity only at the concentrations 210 uM [4].

The aim of this study was to examine in vitro the safety and metabolic stability of the series analogues of
compound MF-8, potent and selective ligands of 5-HT;R. The MetaSite 4 computational method was used
for prediction the routes of the metabolic biotransformation of 5-HT-R ligands in silico. The metabolic stability
was examined in vitro by human liver microsomes (HLMs). The LC-MS spectra and the precise ion
fragments analysis produced by obtained metabolites allowed to determine their most probably structures.
The luminescent CYP3A4 P450-Glo™ Assay was used for prediction of potential further drug-drug
interactions by testing the effects of 5-HT-R ligands on cytochrome CYP3A4 activity. The preliminary toxicity
studies were also performed in human embryonic kidney HEK-293 cells by using colorimetric EZ4U assay.
The only one compound (KKB41) showed similar to MF-8, lack of significant cytotoxicity, whereas other 5-
HT;R ligands showed moderate, dose dependent antiproliferative effect at the concentrations =50 pM.
Almost all compounds were metabolized into two metabolites and inhibited CYP3A4 activity in similar,
moderate level. However, in case of one compound (KKB-16) only the trace amount of one metabolite was

found and no activity against CYP3A4 was determined, indicating its very high metabolic stability.

[1] Nikiforuk A. et al. PloS One. 8.6 (2013) e66695.

[2] Wesotowska A. et al. Neuropharmacolog. 5 (2006) 578.

[3] Handzlik J. et al. Eur J Med Chem. 78 (2014) 324.

[4] Latacz G. et al. V Meeting of the Paul Ehrlich MedChem Euro-PhD Network, 3rd-5th July 2015, Krakéw.

Acknowledgements
Partly supported by K/ZDS/005593 and K/ZDS/004689.



VII Konwersatorium Chemii Medycznej i Bioinformatyki, 17-19.09.2015, Lublin
P60

Synergistic effects of novel derivatives thiosemicarbazones in
combination with photodynamic therapy in human colon cancer

Katarzyna Malarz®, Anna Mrozek-Wilczkiewicz?*, Marzena Rams-Baron®3, Maciej Serda’,
Jarostaw Polanski', Robert Musiof*

'Department of Organic Chemistry, Institute of Chemistry, University of Silesia, Szkolna 9,
40-006 Katowice, Poland
“Department of Solid State Physics, A. Chetkowski Institute of Physics, University of
Silesia, Uniwersytecka 4, 40-007 Katowice, Poland
3Silesian Center for Education and Interdisciplinary Research, 75 Putku Piechoty 1A, 41-
500 Chorzéw, Poland

Photodynamic therapy (PDT) is a promising and developing approach in the treatment of cancer. The basis
of photodynamic therapy is combined action of a photosensitizer, light and molecular oxygen within
malignant tissue. Under these conditions, administration of the photosensitizer (PS) to the tumor and local
exposure to light of a specific wavelength can lead to a series of photochemical reactions and consequently
the generation of singlet oxygen and reactive oxygen species (ROS) [1]. Accumulation of ROS may cause
induction of protein damage, DNA disruption, lipids peroxidation and consequently - triggering of apoptosis.
Currently, the combination therapy is growing approach to increase the overall therapeutic efficacy of PDT.
The basis of the combination therapy is the combination of two or more drugs, that can exert preferably
additive or synergistic effects [2]. In our group, the promising results were obtained when novel
thiosemicarbazones derivatives (TSC) were used in combination with 5-aminolevulinic acid (ALA) which is
precursor in ALA-PDT treatment [3].

Recently we focused deeper on the interactions of novel highly active thiosemicarbazones with known PS -
chlorine and temoporfin (Foscan) in combined PDT. We performed an in vitro assay of cell viability on human
colon cancer cell lines (HCT116 +/+) to examine the dark- and photo-toxicity effects of the drugs (TSC and
PS) alone and in combination, respectively. Accumulation sites for those drugs were evaluated in co-
localization experiments on confocal scanning microscopy. In addition, we measured the production of
singlet oxygen as well as lipids peroxidation by TSC, PS and combination thereof as major factors leading to
the apoptosis induction.

[1] Musiol R., Serda M., Polanski J. Current Pharmaceutical Design. 17 (2011) 3548.
[2] Postiglione 1., Chiaviello A., Palumbo G. Cancers. 3 (2011) 2597.
[3] Mrozek-Wilczkiewicz A., Serda M., Musiol R. et al. ACS Medicinal Chemistry Letters. 5 (2014) 336.
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Ticagrelor (scheme), is a new direct-acting, reversible P2Y,, — adenosine diphosphate receptor blocker, used
in the treatment of cardiovascular diseases, especially in acute coronary syndromes (ACS) [1,2]. The
recommended treatment for ACS to reduce the rate of recurrent ischaemic events and stent thrombosis, is
dual antiplatelet treatment with aspirin and thienopyridines, such as: clopidogrel or prasugrel, which are oral
prodrugs that need to be converted to active metabolites to irreversibly bind to the P2Y,;, receptor.
Unfortunately, about 85% of clopidogrel is hydrolysed to an inactive metabolite. Recently, it has been proved

that ticagrerol has higher biological efficacy than popular clopidogrel [3].
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Scheme. A molecular diagram of ticagrerol.

At the conference we would like to present the crystal structures of ticagrelor and its DMSO solvate. In
addition some other properties of studied molecules, including Hirshfeld surface (HS) analysis with fingerprint

plots (FP), spectroscopic studies FT-IR, NMR and thermal investigation will also be presented.

[1] Hollopeter G., Jantzen H.M., Vincent D. et al. Nature. 409 (2001) 202.
[2] Dorsam R.T., Kunapuli S.P. J. Clin. Invest. 113 (2004) 340.
[3] Storey R.F., Angiolillo D.J., Patil S.B. J. Am. Coll. Cardiol. 56 (2010) 1456.
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Acetylenic derivatives are an important class of compounds, since many of them have anticancer properties.
This class of compounds includes both naturally occurring antitumor drugs, such as gummiferol, repandiol
and enediyne, as well as synthetic ones, such as erlotinib. Natural enediynes, such as calicheamicin,
esperamicin, dynemicin, and namenamicin are the most potent anticancer agents discovered to date. Some
members of this class are three orders of magnitude more potent than other anticancer drugs, but their
clinical use has been limited due to their toxicity and modest selectivity for cancer cells. This has prompted
several research groups to design, synthesize, and test new simplified acetylenic analogs, characterized by
a similar mode of action. Several cyclic and acyclic derivatives, some including pyridine or quinoline units,
have recently been developed [1-4].

Inspired by the biological importance of acetylenic compounds as anticancer agents, we herein reported the
synthesis of novel propargylselenosulfamoyl-quinolines and propargylthiosulfamoyl-quinolines. The title
acetylenic sulfamoylquinolines were synthesized using halogeno-quinolinesulfonyl chlorides as the starting
compounds. Yields in the range 89%—96% were obtained. The ability of all of the synthesized compounds to
inhibit the proliferation of the selected cell lines was determined with the WST-1 assay.

[1] Boryczka S., Wietrzyk J., Nasulewicz A. et al. Pharmazie. 57 (2002) 733.

[2] Boryczka S., Mol W., Milczarek M. et al. Med. Chem. Res. 20 (2011) 1402.

[3] Lo Y.H., Lin I.L., Lin C.F. et al. Bioorg. Med. Chem. 15 (2007) 4528.

[4] Marciniec K., Latocha M., Boryczka S. et al. Med. Chem. Res. 23 (2014) 3468.
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Among the newly synthesized derivatives of 8-methoxy-purine-2,6-diones preliminary pharmacology studies
demonstrate the promising potent anti-inflammatory and analgesic properties superior to the reference drug
[1,2]. Additional studies have confirmed that the substances are safe, devoid of mutagenic potential, showing

a moderate chemopreventive activity.
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The aim of the study was to investigate the metabolic stability and to establish a pathway for the
biotransformation of three selected, novel compounds from the group of derivatives of 8-methoxy-purine-2,6-
diones with defined analgesic and anti-inflammatory activity.

In the studies was used an alternative model of microbial biotransformation [3] utilizing 3 strains
of Cunninghamella filamentous fungi, because this microorganism contains a rich set of enzymes, with
activity similar to the cytochrome P450 enzymes. To monitor the progress of the reaction of biotransformation
and analysis of potential metabolites has been used LC / MS / MS methodology [4].

Among the tested compounds GRM-22 was the most stable in the Cunninghamella model, did not undergo
biotransformation. Two other compounds, GRM-28 and GRM-29, possess less metabolic stablility,
depending on the strain, 1-9%, and 53-87% of parent compounds underwent biotransformation reactions,
respectively. The metabolites, which were formed during the biotransformation of GRM-28 and GRM-29 are

the products of hydroxylation.

[1] Zygmunt M., Chton-Rzepa G., Sapa J. et al. Pharmacol. Rep. 67(1) (2015) 9.

[2] Zygmunt M., Chton-Rzepa G., Wyska E. et al. Acta Pol. Pharm. article in review.
[3] Pekala E., Kubowicz P., tazewska D. Appl. Biochem. Biotechnol. 168 (2012) 1584.
[4] Quinn L., Dempsey R., Casey E. et al. J. Ind. Microbiol. Biotechnol. 42 (2015) 799.
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The blood fibrinolytic system comprises an inactive proenzyme, plasminogen, that can be converted to the
active enzyme, plasmin. Plasmin degrades fibrin into soluble fibrin degradation products, by two
physiological plasminogen activators (PA), the tissue type PA (t-PA) and the urokinase type PA (u-PA). t-PA
mediated plasminogen activation is mainly involved in the dissolution of fibrin in the circulation. Inhibition of
the fibrinolytic system may occur either at the level of the PA, by specific plasminogen activator inhibitors
(PAI), or at the level of plasmin, mainly by alpha 2-antiplasmin.

Aminocaproic acid (also known as Amicar, e-aminocaproic acid, €-Ahx, or 6-aminohexanoic acid) is a a-
deaminated derivative of lysine, which is an effective inhibitor of plasmin that bind that to the binding-lysines
sites of plasmin.

Aminocaproic acid is used to treat excessive postoperative bleeding, especially after procedures in which a
great amount of bleeding is expected, such as cardiac surgery.

A new 15 derivatives of EACA as plasmin inhibitors was described. Compounds were designed by
modifications of known linker tumor of recognition sites -Ala-Phe-Lys-. The target compounds were
synthesized with good yields using a solid phase methodology. The inhibitory amidolytic enzymatic tests
confirmed activity of compounds.
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In 2013, an estimated 9.0 million people developed tuberculosis and 1.5 million died because of it [1].
The main problem in the treatment of this disease proves to be an acquisition of drug resistance by the
Mycobacterium tuberculosis. It became then necessary to search for new, effective tuberculostatics.

We will present the molecular and crystal structures of four new compounds (Scheme) with potential anti-

tuberculostatic activity. Though the chemical structure of the four compounds is very similar, they exibit

significant differences in their biological activity against Mycobacterium strains. This prompted us to
determine the geometry of the molecules (Fig.) with X-ray crystallography method. The determined

structures will be compared with analogous structures contained in the Cambridge Structural Database [2].
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Figure. Overlay of the respective derivatives (gray color for R;=S and black for R;=0)

[1] Global Tuberculosis Report 2014, World Health Organization 2014.
[2] Allen F. H. Acta Cryst. B58 (2002) 380.
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In 2014, we presented preliminary calculation about theoretical studies on mechanisms of energetic
transitions in the molecule of isoxazole derivative. Quantum chemical calculations on the level B3LYP were
performed to answer the question which of two isomers of 3,5-dimethylizoxazolo[5,4-e][1,2,4]-triazepin-4-one
is more stable and what is the transition state between these two forms in different solvents. Activation
energy of transition was established. Gas phase calculations give 70 kcal/mol of activation energy.
Calculations in water (PCM — model, Gaussian 0.9) give decrease of activation energy of the transitions and
A energy activation is on the level of 30kcal/mol. Now we calculated energy of the transitions in isoxazole
complex with cationic and anionic form.

Results achieved in water phase showed that only one of molecules obtained in the experiment is in solution
and biological activity is conned with the one form. Intermediate state in water was established which is a
local minimum being about 30 kcal/mol above the stationary state. Additional calculations with one, two,
three molecules of water showed that same result.

In our research we have checked the influence of cationic and anionic complexes to level of activation
energy of the transitions and we want to definitely described the possibility of coexistence of both forms of
3,5-dimethylizoxazolo[5,4-€][1,2,4]-triazepin-4-one in presented models.
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5-fluorouracil is used to treat many types of cancers, such as: breast, ovarian, colon and gastric ones. Itis a
pyrimidine analogue. It is a proapoptotic agent and it blocks the cell cycle in the S phase.

Sulforaphane (sfn) is a natural isothiocyanate. In vitro studies have proved that sfn potentiates cytotoxicity of
anticancer drugs, for example Oxaliplatin. Anticancer activity of sfn is connected with induction of apoptosis
and the cell cycle arrest.Cell cycle arrests depend on the sfn dose and on the cell line. Sfn mainly blocks the
G2/M phase. One of mechanisms of G2/M cycle arrests is an increase in the p21 protein level. Both 5-
fluorouracil and sfn can influence the p21 level.

The aim of the study was to investigate interactions between 5-fluorouracil and sfn and mechanism of the
cytostatic effect of their combination in the breast cancer cell line MDA-MB-231.The antiproliferative effects
were evaluated by the MTT assay. The types of interaction were determined as described by Chou and
Talalay. The cycle progression was tested with the flow cytometry. The level of cyclin B was estimated by the
western blot analysis. The level of p21 and its were assessed with a confocal microscopy.

Antiproliferative effects of combined treatment were stronger than those of separate treatments (a synergic
effect). 5-fluorouracil and sfn combination increased cell population accumulation in the G2/M phase in
comparison to treatment with sfn only. After 72 hours of incubation with combination of compounds, the level
of cyclin B was lower than after incubation with single compounds. After combined treatment, the level of p21
was increased in comparison to single treatments. p21 is an inhibitor of cyclin dependent kinase and cyclin
dependent kinase-1. Cyclin B1-cyclin—dependent kinase-1 complex was inactivated and the cell cycle did not
enter the mitotic phase.

The results show that combination of 5-fluorouracil with sfn synergically blocks the G2/M of the cell cycle

phase,which is mediated by p21.
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Recent progress in crystallization of the G Protein-Coupled Receptors opens new avenues for structure-
based drug design approaches. Emergence of new crystal templates allows development of more precise
models, and although already published research point out the importance of crystal structure resolution,
quality and selection of proper template (or even using multiple ones)[1], homology modelling remains bread
and butter of structure-based studies.

Homology modelling procedures are inherently connected with the problem of the presence of the template
co-crystalized with the desired type of a ligand. Agonists, as they force active state of the receptor are
significantly less represented in the available crystal structures, and the process of transforming homology
model or even crystal structure into its activated conformation is a challenging task, involving use of either
long term Molecular Dynamics simulations or homology modelling based upon more distant templates.

Here we present a novel method of inducing active conformations of GPCRs with the help of the C-terminal
peptide of G protein as a cofactor restraining simulation system into desired active form. The case study of
non-trivial target, Metabotropic Glutamate Receptor 2, being a class C GPCR, where the conformations
received from simulation runs with and without G peptide probe, is evaluated in retrospective virtual
screening procedure. The results show undoubtful advantage of the former approach, leading to relatively
simple MD procedure and shorter simulation times and providing significantly better results in screening-like

experiments.
[1] Rataj K., Witek J., Mordalski S. et al. J. Chem. Inf. Model. 54 (2014) 1661.
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Protein kinases have become the pharmaceutical industry’s most important class of anticancer drug target. It
has been estimated that approximately 30% of current R&D spend in pharmaceutical companies is focused
on the development of kinase inhibitors. In 2001 imatinib was the first FDA approved treatment, and by April
2015, a total of 28 small molecule kinase inhibitors have been approved [1].

Certain structural features trigger biological effects more often than others [2]. In fact it has been found that
some structures are overrepresented among drug molecules. Quinazoline moiety is an exceptional example
of such features. Its heterocyclic structure has been found as a privileged pattern within many commercially
available drugs. Thus, molecules based on its skeleton are interesting synthetic target.

Within this project we wish to exploit the privileged structure idea and polypharmacology as combination for
alternative drug design and to show how new combinations of those concepts may provide good results in
relatively well explored field. Moreover we utilize a fragment based molecular design approach. In this way,
we're able to engineer and compose diverse collection of target molecules represented by a general
structures as shown on a scheme below. Our preliminary studies show good to excellent anticancer activity

of such substituted quinazolines [3].
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Synthesized compounds will be tested in vitro for their anticancer activity. This will be fulfilled within two

steps. First, we plan to screen our compounds against human colon carcinoma cells. Cytotoxicity assays will
be performed on two cell lines: HCT116-wild type (+/+) and HCT116 with knock-out TP53 gene. In addition,
the therapeutic index will be specified by means of cytotoxicity measures conducted on normal cell line -
fibroblast (NHDF). The next step of studies will consist of in vitro tyrosine kinase assays to evaluate the

impact of those synthesized compounds on tyrosine kinases signalling pathway.

[1] Wu P, Nielsen T. E., Clausen M. H. Trends Pharmacol. Sci. 36 (2015) 422.
[2] Costantino L., Barlocco D. Curr. Med. Chem. 13 (2006) 65.
[3] Mrozek-Wilczkiewicz A., Musiol R., Jampilek J. et al. Bioorg. Med. Chem. 18 (2010) 2664.
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Recently, we have shown that a great number of amides derived from 3,3-disubstituted pyrrolidine-2,5-dione-
acetic acid containing as basic fragment 4-arylpiperazin-1-yl moiety exhibited anticonvulsant activity in the
MES and/or scPTZ. In this series of compounds the most active were 3-methyl-1-[(2-ox0-2-(4-
phenylpiperazin-1-yl)-ethyl]-3-phenyl-pyrrolidine-2,5-dione with an EDsy = 40.87 mg/kg in the scPTZ test and
1-(2-oxo-2-(3-trifluoromethylphenyl-piperazin-1-yl)-ethyl]-3,3-diphenyl-pyrrolidine-2,5-dione  with an EDsy =
20.78 mg/kg in the MES test [1,2]. Therefore, we decided to design and synthesize several analogues of
compounds mentioned above, which are devoid of pyrrolidine-2,5-dione system as a core fragment.

SIRERoweY
O
O’ CHy

R=H, 2-Cl, 3-Cl, 4-Cl, 2-F, 4-F, 2-CH;, 3-CHj
The target compounds were prepared in a coupling reaction of 3-phenyl-butyric or 3,3-diphenyl-propionic
acids with appropriate substituted 4-arylpiperazines in the presence of carbonyldiimidazole reagent.

The anticonvulsant activity was determined in the maximal electroshock (MES), subcutanous
pentylenetetrazole (scPTZ) and in the 6-Hz psychomotor seizure tests in mice after ip administration of
doses 100 and 300 mg/kg. The acute neurological toxicity was determined in the minimal motor impairment

rotorod screen [3].

[1] Obniska J. et al. Eur. J. Med. Chem. (2015) in press.
[2] Obniska J. et al. non published data.
[3] Kupferberg H.J. Epilepsia 30 (suppl.) (1989) 51.
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Xanthines are the large group of natural and synthetic compounds, which present various types of activity.
Depending on the type of substituents, xanthine derivatives are known as bronchodilators, psychostimulants
and cardiac stimulants. Many of the xanthines present antagonist potency towards adenosine receptor
subtypes, therefore their role as neuroprotective, cardioprotective and antiasthmatic agents is widely
suggested and can be developed in the future. It is also reported, that xanthines show antiviral, antitumor
and antimicrobial activity. [1]

Cancer is still the second most common cause of death in Europe in last few years. Since year 2002
incidence and mortality on account of all types of cancer in the World increased rapidly. [2,3]

Among the large group of anticancer drugs only few are used because of their interaction with GPCRs'
signaling pathway. However, an increasing body of evidence that can connect GPCRs ligands and cancer
development and progression has recently emerged. [4]

The National Cancer Institute (NCI) is the part of the United States National Institute of Health. The Institute
was established in 1937 and from that time is addressed for research and training needs for cause,
diagnosis, and treatment of cancer. Developmental Therapeutics Program (DTP) is the drug discovery and
development arm of the NCI. One of the leading DTPs is anti-cancer compound screening program for
identifying novel chemical leads and biological mechanisms of drugs actions. [5]

As the result of our cooperation with NCI, a series of new xanthine derivatives, were accepted for a primary
pharmacological screening in DTP program. Compounds were tested in one concentration (10 pM)
at 60 different human cancer cell lines: prostate, breast, ovarian, colon, renal, central nervous system, non-
small cell lung cancer, melanoma and leukaemia. Evaluated structures exhibit low, moderate or high effect
on cancer cells growth. The most active compounds were selected for screening in cancer cell lines in dose-

dependent manner.

[1] Szymanska E., Mazurkiewicz J., Kie¢-Kononowicz K. Heterocyclic Communications. 19(5) (2015) 297.

[2] http://epp.eurostat.ec.europa.eu/statistics _explained/index.php/Causes _of death_statistics

[3] http://globocan.iarc.fr/Default.aspx
[4] Lappano R., Maggiolini M. Acta Pharmacologica Sinica. 33(3) (2012) 351.
[5] http://dctd.cancer.gov/ProgramPages/dtp/
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Previously we reported the synthesis and biological evaluation of a series of 1-substituted-4-[5-(N-methyl-N-
propylamine)pentyloxy]piperidines [1,2] as non-imidazole histamine Hs-receptor antagonists. It was shown
that the most potent compounds under in vitro screening conditions were among others the: 1-(benzyl)- and
1-[2-benzofuranylmethyl]-4-[5-(N-methyl-N-propylamine)pentyloxy]piperidine  (pA,=7,79 and pA,=8,47,
respectively). For both of the aforementioned compounds replacement of 4-hydroxypiperidine scaffold by a
highly flexible 3-(methylamine)propyloxy chain led to 1-[(N-benzyl-N-methyl)-3-propyloxy]-5-(N-methyl-N-
propyl)pentanediamine with higher (pA,=8.02) and 1-[(N-(2-benzofuranylmethyl)-N-methyl)-3-propyloxy]-5-
(N-methyl-N-propyl)pentanediamine with lower (pA,=6.23) affinity at Hs; receptor than their piperidine
analogues.

These unexpected results prompted us to synthesis and pharmacological evaluated series of 4-
hydroxypiperidine and pentanediamine derivatives in which the aliphatic chain between the piperidine
nitrogen, 3-(methylamine)propyloxy nitrogen and lipophilic residue was elongated from 1 to 3 methylene
groups.

Additionally, we also wanted to explain whether earlier observed tendency is kept or it was an exceptional
case only for short methyl chain.

In the present work, we report the synthesis and preliminary pharmacological investigation (functionally on in
vitro test system using guinea pig jejunum preparations) of new series of 1-(w-phenylalkyl)-, 1-[w-(2
benzofuranyl)alkyl]-4-[5-(N-methyl-N-propylamine)pentyloxy]piperidines and 1-[(N-(w-phenylalkyl)-N-methyl),
1-[(N-(w-(2-benzofuranyl)alkyl)-N-methyl)-3-propyloxy]-5-(N-methyl-N-propyl)pentanediamines as Hs

histamine receptor antagonists.

[1] Mastowska-Lipowicz I., Figlus M., Zuiderveld O.P. et al. Archiv der Pharmazie. 13 341(12) (2008) 762.
[2] Mastowska-Lipowicz I., Walczynski K. Chem. Biol. Drug Des. 83 (2014) 106.
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Derivatives of thiosemicarbazide are a class of small molecules which displayed extensive spectrum of
biological activity. This compounds possess antibacterial [1], antifungal [2] and antitumor [3] properties.
Additionally, some of them have low cytotoxicity against normal cell lines [2] and high cytotoxicity against
cancer cell lines [3].

In this study, we presented synthesis and in vitro evaluation of cytotoxicity of some thiosemicarbazides
(1,3,5,6) and dicarboximides (2,4,7,8). These compounds were obtained by the reaction of selected
dicarboxylic acid anhydrides with 4-subsituted-3-thiosemicarbazides in boiling dry chloroform. Some of the
derivatives (1,2,6,7,8) was obtained and examined for their antimicrobial and antituberculosis activities
before [4]. The structure of all compounds was confirmed by different spectroscopic methods, including H
and "*C NMR and also by elemental analysis.

In order to assess the cytotoxicity of compounds 1-8 the normal animal cell line (Vero - African green monkey
kidney) and human epithelial cell line, FaDu, from a squamous cell carcinoma of the hypopharynx, incubated
for 24 hours, have been used. The compounds were dissolved in DMSO to obtain stock solutions (50
mg/ml). Subsequently, for the use in in vitro tests, those stock solutions were further diluted in growth media
containing 2% of fetal bovine serum. Assessment of cytotoxicity was carried out towards both cell lines in
increasing concentrations of tested substances, ranging from 1.9 to 1000 pg/ml.

Data obtained after performing the MTT test were used to calculate ICsy values which were the measure of
cytotoxicity of tested compounds. All experiments were performed in triplicate.

The ICy, of tested substances ranged from 23.66 — 509.57 ug/ml in Vero and 8.85 — 334.23 ug/ml in FaDu
cell lines. The lowest cytotoxicity towards Vero was observed for compound 1 (509.57 pg/ml) and towards
FaDu for compound 7 (334.23 pg/ml). The highest cytotoxicity was noted for compound 5 in both Vero and
FaDu cell lines (ICso = 23.66 pug/ml and 8.85 pg/ml, respectively).

Further studies will involve the assessment of antiviral activity of compounds 1-8 against Human herpesvirus
1(HSV-1) and Coxsackievirus B3 (CVB3).

[1] Unver Y., Sancak K., Celik F. et al. Eur. J. Med. Chem. 84 (2014) 639.

[2] Bhat M.A., Khan A.A., Khan S. et al. Bioorg. Med. Chem. Lett. 24 (2014) 1299.

[3] Malki A., Elbayaa R.Y. et al. J. Enzyme Inhib. Med. Chem. DOI:10.3109/14756366.2014.971781
[4] Pachuta-Stec A., Kosikowska U., Mazur L. et al. J. Chin. Chem. Soc. 61 (2014) 369.
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Nicotinic acetylcholine receptors (AChRs) are promising molecular targets for the treatment of neurological
disorders including drug addiction, cognitive impairments, depression and anxiety. The objectives of this
study were to determine the anxiolytic activity of 3-furan-2-yl-N-p-tolyl-acrylamide (PAM-2), a positive
allosteric modulator of a7 AChRs, in mice, by the elevated plus maze method, and whether this compound
affects neuronal and organ toxicity.

The in vivo study shows that PAM-2 mediates anxiolytic behavior in male, but not female, mice, after acute
treatment, and this activity lasted for one more day after injection. The chronic treatment (three weeks)
produces higher anxiolytic activity compared to the acute treatment in male, whereas there is no residual
activity after one week of treatment cessation. To determine the mechanism for the observed anxiolytic
activity, PAM-2-induced upregulation of ha7 AChRs was measured in SH-SY5Y cells overexpressing
human(h) a7 AChRs by [’H]-epibatidine binding at different temperatures (24 and 37 °C) and periods (1, 3
and 7 days). PAM-2 did not affect the ha7 AChR level under these experimental.

The toxic activity of PAM-2 was compared to that for PAM-4 (3-furan-2-yl-N-phenylacrylamide) by measuring
the cellular viability of SH-SY5Y-ha7 cells after 1, 3, and 5 days of incubation. For both compounds, no
cellular toxicity was observed up to the concentration of 2.5 uM. The preservative effect of PAM-2 on okadaic
acid(OA)-induced neurotoxicity (model of neuronal death) in SH-SY5Y-ha7 cells was also studied. The
results show that PAM-2 protects the deleterious effects elicited by OA up to concentrations of 2.5 pM.

To determine the organ toxicity of PAM-2, the levels of several enzymes related to liver, kidneys and heart
function were measured. The levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), y-
glutamyltransferase (GGT), lactate dehydrogenase (LDH), creatinine kinase (CK), and bilirubin were
measured in blood serum from mice administrated with different doses of PAM-2 (0, 0.5, 1.0 and 2.0 mg/kg).
No increase in the examined enzymes and bilirubin was observed in response to any dose of PAM-2,
indicating that PAM-2 treatment does not induce toxic effects in important organs.

Our findings suggest that PAM-2 might be a novel therapeutical option for the treatment of anxiety-related

diseases without toxic effects.
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The aim of the study was preliminary evaluation of mutagenic potential of new compounds (I-VII) exhibiting
anticonvulsant activity in vivo in maximum electroshock seizure (MES) test. All tested compounds were
aminoalkanol derivatives containing phenoxyalkyl or phenoxyethoxyethyl scaffold substituted in the aromatic
ring.

The evaluations were performed with the use of bacterial in vitro mutagenicity test (Ames test [1]). It involves
genetically modified species of Salmonella typhimurium, which lack the ability to produce histidine due to a
point mutation. In the presence of mutagen the reverse mutation occurs, resulting in restoration of the ability
to produce histidine and grow on a medium lacking histidine. In the current study two species of Salmonella
typhimurium were used (TA100 and TA98), varying in a type of detected reversed mutations — base-pair
substitution in case of TA100 and frameshifts in case of TA98 [2].

Additionally, in silico methods were used to predict mutagenic potencial of compounds I-VII. The evaluations
were carried out using several programs varying in algorithm of mutagenic properties estimations (e.qg.
Toxtree [3], LAZAR [4]).

All tested compounds I-VII showed no mutagenic potential in the Ames test involving both TA100 and TA98
strains. The outcomes of in silico studies were consistent with in vitro evaluations, which suggests the
usefulness of in silico methods in prediction of mutagenicity in the group of phenoxyalkyl and

phenoxyethoxyethyl derivatives of aminoalkanols.

[1] Maron D., Ames B. Mutat. Res. 113 (1983) 173.

[2] Mortelmans K., Zeiger E. Mutat. Res. 455 (2000) 29.

[3] Sutter A., Amberg A., Boyer S. et al. Regul. Toxicol. Pharmacol. 67 (2013) 39.
[4] Helma C. Mol. Divers. 10 (2006) 147.
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Spirulina platensis, also known as blue-green algae, is filamentous, undifferentiated, non-toxigenic
cyanobacteria largely distributed in nature. This bacteria belongs to Arthrospira genus and it has been taken
as supplement in human and animal food. Early interest in Spirulina was focused in particular on its potential
as a rich source of variety nutrients such as protein, essential fatty acids like gamma-linolenic acid (GLA) and
vitamins, especially vitamin B12 and beta-carotene. Over the last few years, Spirulina has been found to
have many pharmacological properties mainly through its active constituent C-phycocyanin, which exhibit
anti-inflammatory, neuroprotective and immunomodulatory effects. Moreover, extracts from cyanobacteria
have antimutagenic and anticancer activity and can prevent the growth of tumor. Spirulina is also widely used
in cosmetology as a source of compounds with high antioxidant activity.

The aim of the present study was to investigate the effect of the Spirulina extract on cultured human skin
fibroblasts. The proliferation of skin fibroblasts was evaluated by analyzing the viability and DNA biosynthesis
in these cells. The impact of the Spirulina extract on fibroblasts viability was performed using MTT assay.
The DNA biosynthesis was checked by incorporation of [3H]-thymidine into DNA. The viability of cells and
[3H]-thymidine incorporation were analyzed in human skin fibroblasts after 24 hours of incubation with
different concentrations of the tested extract (50, 100, 200 and 400 pg/ml).

The Spirulina platensis extract was found to stimulate proliferation of human skin fibroblast cells at given
concentrations. The addition of the Spirulina extract to the cells culture resulted in significant increase of
fibroblasts viability. At the lowest concentration of tested extract (50 ug/ml), fibroblast cells have shown 121%
of cell viability. Further, increase in extract concentration led to gradual enhance in cell viability. Moreover,
Spirulina platensis extract enhanced the DNA biosynthesis in fibroblast cells. The higher proliferation
corresponded to an increase in concentration of tested extract.

Our study proved that the extract from Spirulina platensis has a beneficial effect on proliferation of human
skin fibroblast cells. The obtained results suggest that Spirulina extract might improve the condition of skin

and use in cosmetology as an ingredient of natural cosmetics.
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Centella asiatica also known as Gotu Kola, belongs to the Apiaceae family, which mainly grows in Asia,
equatorial Africa, central America and in the tropical region of Oceania. Major constituent of the plant, with
reported pharmacological activities, are pentacyclic triterpenes which include: asiaticoside, madecassoside,
asiatic and madecassic acid. Centella asiatica is a medicinal plant which has been used in Chinese
medicine for three thousand years and in folk medicine for hundreds of years. The plant is primarily used for
dermatological conditions, to improve small wounds, burns, scratches, insect bites and even eczema
healing. It is also recommended in the treatment of vein insufficiency, epilepsy, and as an anti-cancer agent
[1,2,3].

The aim of this study was to investigate the mutagenicity and cytotoxicity of Centella asiatica aqueous
extracts against human skin fibroblasts (HSF). Aqueous extract of Centella asiatica and aqueous extract of
its biotechnological modification was studied and compared. Human skin fibroblasts were cultivated in the
suitable conditions: medium (DMEM low glucose medium with antibiotic, 10% concentration of fetal bowine
serum and stable glutamine), at the temperature of 37°C and with an access to 5% CO,. Cells were
cultivated with the addition of both aqueous extracts at five different concentrations: Oug/ml, 10ug/ml,
15ug/ml, 25ug/ml, 50ug/ml, 100ug/ml. A cytotoxicity test was performed by using trypan blue staining. Our
results showed that extracts were non cytotoxic against human skin fibroblasts for all tested concentrations.
The mutagenic potential of Centella asiatica extracts were determined using the Ames test. The method
involved pre-incubation on Salmonella typhimurium TA 100 bacterial strains. The results showed that
aqueous extract of Centella asiatica plant and its biotechnological modification were not mutagenic towards
TA 100 strain for all concentrations studied.

In conclusion, both Centella asiatica aqueous extracts were non cytotoxic against human skin fibroblasts and
non mutagenic on Salmonella typhimurium TA 100 strain, however further tests must be carried out, to say

that the extracts are safe and can be used as ingredients of herbal pharmaceutics and cosmetics.

[11 Krdl D. Postepy Fitoterapii. 2 (2010) 101.
[2] Bylka W., Znajdek-Awizen P., Studzinska-Sroka E. et al. Postep. Derm. Alergol. 1 (2013) 46.
[3] Wu F,, Bian D., Xia Y. et al. Evidence-Based Complementary and Alternative Medicine. (2012) 1.
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Introduction: Doxorubicin (DOX) is one of the most commonly used drugs in cancers therapy. Despite great
efficacy and activity against broad spectrum of neoplasms, its application is limited by several adverse drug
reactions — especially cardiotoxicity, which affect even 11% of patients, treated with approved doses'.
Mechanism of cardiotoxicity is not clear, however it is associated with reduction of DOX to cardiotoxic
metabolite — doxorubicinol®, catalysed by carbonyl reductase 1 (CBR1). Another clinical problem is cancer
cells resistance to doxorubicin, which decreases response to treatment. It is caused by overexpression of
membrane ABC transporters and gluthatione S-transferase 1 (GST) in nucleus®

Piperlongumine (PL) is an amide alkaloid isolated from long piper - Piper longum (Piperaceae). Previous
studies showed that PL is inhibitor of CBR1, GST1 and ABC transporters. PL has also its own cytotoxic
activity, which does not affect normal cells*. Above informations were encouragement to undertake studies
on DOX and PL combination.

Aim: Aim of the study was to investigate a.) influence of DOX and PL combination on cancer cells viability
and motility. b.) changes in kinetics of DOX reduction to doxorubicinol in presence of PL.

Materials and methods: Analyses of DOX and PL combinations cytotoxicity have been performed using LDH
assay in prostate cancer cell lines (DU 145). Combination Index has been used to determine type of
interaction between drugs. Analyses of migration parameters (total length of trajectory, speed movement,
rate of displacement) of individual cells were performed using videomicroscopy, at non-cytotoxic
concentrations of DOX and PL. Influence of PL on DOX metabolism to doxorubicinol has been investigated
in human S9 fraction using LC/MS/MS detection. DOX concentration in incubation mixture was 5 uM.
Results: PL and DOX showed synergistic cytotoxic activity in DU 145 cell lines, with Combination Index less
than 0.3, what indicates strong interaction. Cell motility parameters were significantly (p< 0.05) decreased by
50-70% in combination vs. only DOX or PL treatment. PL significantly (p<0.05) decreased formation of
doxorubicinol, in concentration of 10 uM.

Conclusions: PL and DOX combination exerts synergism in both cytotoxic and anti-invasive activity.
Moreover, PL has ability to decrease formation of cardiotoxic metabolite of DOX — doxorubicinol. Considering
selectivity of PL, which is non-toxic to normal cells, such drugs combination, may leads to increase of

treatment efficacy, with accompanying decrease of cardiotoxicity.

[1] Chatterjee K. et al. Cardiology. 115(2) (2010) 155.

[2] Schaupp C. M. et al. Chem. Biol. Interact. 5(234) (2015) 154.
[3] Goto S. et al. FASEB J. 15(14) (2001) 2702.

[4] Raj L. et al. Nature. 475(7355) (2011) 231.
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Untreated pathologies in the oral cavity can cause diabetes, hypertension, heart disease, and cardiovascular
diseases, sepsis, cancer, allergies, nephritis, gastrointestinal disease. The most dangerous for overall health
are destroying the structures of the tooth bacteria and microorganisms that live in diseased periodontal
tissues. Among the bacteria responsible for the development of dental caries oral streptococci such as
Streptococcus mutans, Streptococcus sanguinis, and Streptococcus mitis dominate. Additionally, the cancer
patients undergoing chemotherapy often suffer from oral complications including e.g. dental caries oral
mucositis.

In our study we synthesized a group of thiosemicarbazide derivatives as substances with potential
antibacterial activity. Taking into account the literature data we introduced the thiourea group which was
thought to be determining for biological activity. Among tested derivatives seven compounds exhibited good
antibacterial activity against microaerobic Gram-positive bacterial strains (MIC 7.81- 31.25 ug /ml). The most
active 4-(2,4-dichlorophenyl)-1-(pyridin-2-yl)carbonylthiosemicarbazide exhibited growth inhibition of
Streptococcus sanguinis with the concentration of 7.81ug/ml. This compound showed activity equal to that of
chlorhexidine (CLX) and its cytotoxicity was lower than for two reference antibacterial agents (CLX and
ethacridine lactate) displaying CCsq values of 8.46 + 3.6 pg/ml and 6.88 + 2.7 ug/ml, respectively.

The results are very promising so we decided to investigate the molecular properties determining
antibacterial activity for this compound. Furthermore, we postulated that the mechanism of antibacterial
activity of the investigating compounds might be connected with the inhibition of bacteria biofilm formation.
The bacteria use the enzyme glucansucrase to build long, sticky chains of sugars called glucans, using the
sugar from human diet. These glucans glue the bacteria to the surfaces of teeth, forming a biofilm that is
difficult to remove. In order to demonstrate that the investigated compounds may inhibit the enzyme
glucansucrase and thus, biofilm formation, we performed molecular docking of the studied compounds to

glucansucrase crystal structure (PDB ID: 3AIC).
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Genotoxicity and mutagenicity are among the toxicological effects that cause the highest concern for
humans; thus, they are the object of intense research activity, as well as of recognized regulatory testing
methods [1]. Both in vivo and in vitro methods have been extensively used for genotoxicity and mutagenicity
testing, moreover, in silico methods have been used in combination with in vitro analysis. In the present
study, mutagenic and genotoxic effects of selected arylsulfonamide derivatives of (aryloxy)alkylamines,
classified as 5HT7 receptor antagonists were evaluated in vitro using the Vibrio harveyi [2] assay and the
SOS/umu-test, respectively. Mutagenicity compounds was also analyzed in silico. Firstly, we performed in
silico mutagenicity screening. It was found that evaluated compounds had no structural alerts and were
predicted to be non-mutagenic. In a subsequent step, the results obtained in silico study were verified in vitro
by conducting an assay with V. harveyi strains. Similarly to the preliminary in silico data, none of the
investigated compounds showed mutagenic activity on V. harveyi BB7, BB7M, BB7X and BB7XM strains, as
the number of revertants never exceeded the critical value of a 2-fold increase in comparison to the negative
control. Additionally, none of the tested samples revealed genotoxic activity in the SOS/umu-test. The IR
value never reached the threshold value of 1.5. The obtained results encourage further studies in eukaryotic
models to confirm the lack of genotoxicity of tested compounds, as some of tested molecules possess
mutagenic and toxic constituents.

[1] Kamath G.H., Rao K.S. Methods Mol. Biol.1044 (2013) 431.
[2] Pekala E., Liana P., Kubowicz P. et al. Mutat. Res. 758 (2013) 18.
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Piperazine derivatives of arylidenoimidazolones are an interesting group of chemical compounds that was
found as modulators of bacterial and/or cancer multidrug resistance (MDR) mechanisms [1, 2]. During the
studies on anti-MDR properties of piperazine imidazolones, we tried to synthesize the 1-aminopropyl-
methylpiperazine derivative 1 (Fig.1 I, Ar: p-Cl-phenyl), by condensation of the S-methylimidazolone with the
suitable amine. Although spectral and elemental analyses suggested that we obtained the desirable product
| (Fig.1), the X-ray analysis confirmed that the compound 1 fitted in the structure Il (Fig.1), which indicated a
rearrangement within imidazolone ring during the synthesis way performed. For wider studies on this
interesting mechanism, we decided to investigate a series of reactions performed in similar conditions, using

S-methyl arylideneimidazolones with different substituents at position 5 and various primary amines as

reactants.
0
o H Ar/\H(
F7 0 S
N  N-R - NH, N
Ar _/ Q__>
| 1 N
Compounds 1-8 R
n=1,2

Ar = (un)substituted phenyl, naphthalene, phenanthrene, anthracene
R = Me, 2-MeOPh
Fig. 1

The synthesis of seven new compounds 2-7 (Fig.1) has been carried out, including the Knoevenagel
condensation, S-methylation and reaction with suitable aminealkylpiperazine derivatives. Crystallographic
studies have been performed, as well. Both structures (I and Il) seem to be interesting target in the search
for anti-MDR or GPCR-agents, respectively. Compounds 2-5 will be investigated on their bacterial efflux
pump inhibitory actions, whereas the phenylpiperazine compounds 6-8 on their affinity for adrenergic and

serotonin receptors, as well.

[1] Handzlik J., Spengler G., Mastek B. et al. Acta Polon. Pharm. 69 (2012) 149.
[2] Matys A., Podlewska S., Witek K. et al. Eur. J. Med. Chem. 101 (2015) 313.
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a;-adrenoceptor blockers are currently the first-line treatment of lower urinary tract symptoms associated
with benign prostatic hyperplasia (BPH). a;-adrenoceptors (aAR) antagonists have high therapeutic efficacy
as they relax prostate smooth muscle and decrease urethral resistance. In contrast, the use of aARs
blockers may promote blood pressure—related side-effects, particularly hypotension. It was shown that
blockade of subtypes A and D of dAR is important in relieving obstructive and storage symptoms, whereas
blockade of subtype B is responsible for side effects[1,2]. Taking that into consideration we are looking for
new, highly selective compounds, targeting both prostate a;, ARs and bladder a;p ARS.

A series of arylsulfonamide derivatives of aryloxyalkilamines was synthesized and evaluated in preliminary
pharmacological tests. We have assessed the affinity to both a; and a, ARs, the selectivity to the subtypes A
and B of aARs, antihypertensive properties and the impact on the pressor response elicited by
catecholamines.

Radioligand binding studies showed that most of the newly synthesized derivatives have significant affinity
for a; ARs (Ki = 19 - 130 nM), therefore they displayed approximately 10-13 fold selectivity to a; ARs versus
a, ARs (Ki ca. 300-800 nM). Subsequently it was demonstrated that all selected compounds have
antagonistic effect on the pressor response elicited by methoxamine in the range of 90-95%, what confirmed
their adrenolytic activity. Furthermore the influence on blood pressure for selected compounds after one-time
i.v. and long-term i.p. administration were assessed. Several derivatives did not significantly decrease
systolic and diastolic blood pressure in normotensive anesthetized rats within a dose range of 2-5 mg/kg i.v.
In comparison, tamsulozin decreased both blood pressure parameters already in a dose of 2 mg/kg i.v.
Selected compounds did not significantly decrease blood pressure in rats in a dose of 10 mg/kg i.p. after
long-term administration as well. In the end the calculated EC 50 values for a;x/a;5 showed that a number of
compounds have preferential activity to the subtype A of a; ARs (in the range of 1.5 - 6 fold).

The obtained results indicate that tested structures are uroselective which may be a result of their
preferential activity within a specific receptor subtypes of a;-adrenoceptor (a;a/a;p). In order to confirm this
hypothesis there is a need to perform further pharmacological studies. The evaluation of urodynamic
parameters in rats with testosterone- induced prostate hyperplasia is the last crucial step of research for the

confirmation of the therapeutic efficacy of new a;-adrenolytics.

[1] Yuan J., Liu Y., Yang Z. et al. Curr. Med. Res. Opin. 29 (2013) 279.
[2] Fu llhase C., Chapple C., Cornu J.N. et al. Eur. Urol. 64 (2013) 228.
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The current generation of substructural fingerprints, bit-string methods of representation of chemical
compounds’ structure, is based on sets of well-designed, pre-defined substructural keys. They are a
commonly used method during virtual screening campaigns, since they are able to reject compounds that do
not possess the vital chemical moieties. However, the methodology is somewhat flawed, since the
fingerprints do not describe the positions of the groups, only their existence. This implies, that two
compounds with dissimilar structures (but similar composition) can be described by almost identical
fingerprints.

In this research we addressed this issue by designing new substructural fingerprint — the Substructural
Connectivity Fingerprint. This new method of compound representation contains additional information about
the interconnectivity of chemical groups within compound. To properly analyze this kind of data, currently
existing methods of machine learning data analysis were employed, and a brand new method, Extreme
Entropy Machines was implemented.

The initial tests conducted on compounds for 9 GPCRs and 5 protein kinases yielded very promising results,
outperforming all currently available fingerprints. The fingerprint and the new method of data analysis will be

expanded and validated in further research.
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Sulfate conjugation is an important pathway in the biotransformation of many endogenous and exogenous
compounds. The mammalian cytosolic enzymes that catalyze sulfonation constitute a superfamily of
sulfotransferases (SULT) that use a broad array of hormones, neurotransmitters, drugs, and carcinogens as
substrates. For the vast number of drugs their physiological effects are terminated by this metabolic pathway.
In the scope of our interest are the drugs that follow a sulfate conjugation reaction at the hydroxyl group and
the structural factors that govern their biotransformation.

One of the structural characteristics that influence the catalytic efficiency of human sulfotransferases is
stereochemistry of the molecule that serves as the sulfuryl acceptor. In the present work, the role of
stereoselectivity of the human sulfotransferases is examined. Inferring from the existing literature,
we gathered a set of compounds with experimentally determined catalytic activities and reported
stereoselectivities. The compounds were subjected to docking to appropriate sulfotransferase isoform(s) to
detect substrate-enzyme interactions that determine the SULT preference.

The basis of substrate stereoselectivities of sulfotransferases may be critically important in determining their

overall roles in metabolism of drugs, carcinogens, and other xenobiotics.
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The previous research from our laboratory have demonstrated diversified anticonvulsant activities among the
differently substituted pyrrolidine-2,5-diones. The most promising were N-Mannich bases with two aromatic
substituents at the position-3 and the phenylpiperazine moiety at the position-1 of imide ring, whereas
derivatives, which contain one aromatic ring at the position-3 of pyrrolidine-2,5-dione were devoid of
anticonvulsant activity [1,2].

Bearing these considerations in mind, as a continuation of studies among variously substituted succinimides,
we have synthesized new series of piperazinamide derivatives of phenyl-2,5-dioxo-pyrrolidine-1-yl-acetic
acid. These compounds have been designed as analogues of previously obtained N-Mannich bases,
consequently, the proposed modifications enable to assess the role of supplementary amide function on an

anticonvulsant properties in this group of derivatives.
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R=H, 2-F, 4-F, 2-Cl, 3-Cl, 4-Cl, 3,4-Cl, 3-CF5
The obtained compounds were evaluated for their anticonvulsant activity in the maximum electroshock
(MES) and subcutaneous pentylenetetrazole seizure tests (scPTZ). Moreover, the acute neurological toxicity
was determined in the minimal motor impairment rotorod screen [3]. The results revealed that the majority of
this type of derivatives exhibited anticonvulsant activity, both in the MES and scPTZ tests.

[1] Obniska J. et al. Arch. Pharm. Chem. Life Sci. 346 (2013) 71.
[2] Kaminski K. et al. Bioorg Med Chem. 21 (2013) 6821.
[3] Kupferberg H.J. Epilepsia 30 (suppl.) (1989) 51.
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Viral infections are a permanent health problem of mankind. More and more often used therapeutic methods
like organ or bone marrow transplantations, when patients are subject to strong immunosuppression, result
in numerous viral infections caused by viruses from the Herpesviridae family. Herpes simplex virus type |
infection can cause several clinical conditions such as keratitis, cutaneous herpes and encephalitis.[1-3]

In order to elaborate novel treatment against Herpes simplex virus and Coxsackie virus compounds 2a-2p
which are 1-aryl-6-arylalkyl-5,6(1H)-dioxo-2,3-dihydroimidazo[1,2-a][1,3,5]triazines were obtained.

New compounds were obtained from appropriate 1-(1-aryl-2-amine-4,5-dihydro-1H-imidazoline)-3-
arylalkylurea and 1,1’-carbonyldiimidazole (CDI) in DMF (Scheme 1). Ten compounds were biologically

tested. CCsq values of the investigated compounds ranged from 54.1to 641.4 ug/mL.

Scheme 1. The synthesis scheme of the investigated compounds.
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[1]Cao T., Xing Y., Yang Y. et al. Exp. Ther. Med. 7 (2014) 280.
[2] Bove D., Lupoli A., Caccavale S. et al. Funct. Neurol. 28 (2013) 83.
[3] Steiner I., Benninger F. Curr. Neurol. Neurosci. Rep. 13 (2013) 414.
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Zinc, as an essential trace element in living organisms, plays an important role in the number of biological
processes, especially within the central nervous system [1]. There is an evidence for the involvement of Zn
ions in depression and so constitutes potential angle of therapy, as emphasized by numerous preclinical and
clinical trials. However, its exact molecular mechanism of action is still not fully understood [2]. Our interests
are focused on its effects mediated by serotonin receptors, which are key players in the etiology of anxiety
and mood disorders [3].

Here we present radioligand binding assays used to characterization of the pharmacological profile of Zn* at
serotonin 5-HTy5 receptor (5-HT14R). The direct influence of Zn** on agonist binding to human 5-HT 4R,
stably expressed in HEK293 cells, was investigated by a set of in vitro radioligand binding methods
(saturation, competition and both association and dissociation kinetic studies) using [3H]8—OH—DPAT, as a
selective agonist tool compound. It has been demonstrated that in addition to previously reported negative
allosteric modulation [4], for both antagonist and agonist binding, Zn** at low concentration may also

potentiate binding of endogenous serotonin to 5-HTAR.

[1] Chasapis C.T., Loutsidou A.C., Spiliopoulou C.A. et al. Arch. Toxicol. 86 (2012) 521.
[2] Dickerman B., Liu J. Topics in Clinical Nutrition. 26 (2011) 257.

[3] Nichols D.E., Nichols C.D. Chem Rev. 108 (2008) 1614.

[4] Barrondo S. Salles J. Neuropharmacology. 56 (2009) 455.
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Non-fluorescent profluorophores 1 treated with secondary aliphatic amines and formaldehyde give rise to the
formation of fluorescent 1,2,4-triazolo[4,3-a]quinolin-2-ium-4-carboxylates (Safirinium Q) which are stable in
aqueous solution, redox-stable, and exhibit: high quantum yields, large Stokes shift, lack of solvatochromism,
remarkable water solubility and adjustable polarity achieved by introduction of alkyl chains of various size.
The above click tandem Mannich — electrophilic amination reaction that proceeds quantitatively at room
temperature yielding a fluorescent product can be used as a versatile platform for fast and highly sensitive
detection and environmental monitoring of formaldehyde and secondary aliphatic amines [1,2].
Consecutively, the Safirinium dyes upon esterification with N-hydroxysuccinimide (NHS) provide amine-
reactive probes useful for fluorescent labeling of amino-acids, lysine-containing peptides and proteins, as

exemplified by labeling of bacterial spores [2].
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Excitation/emission spectra of the dyes can be tuned in the ranges 350-400 nm and 465-515 nm (blue-
green), respectively, by introduction of electron-donating substituents into positions 5, 6, 7 and 8 of the

quinolinium moiety.

[1] Saczewski J., Kedzia A. Polish patent application P.400851.
[2] Saczewski J., Hinc K., Obuchowski M. et al. Chem. Eur. J. 19 (2013) 11531.
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Parkinson’s disease is a neurodegenerative disorder related primary to the progressive degeneration of
dopaminergic neurons, especially in substantia nigra of the brain. It causes a disturbance in the execution of
arbitrary and involuntary movement sequences. One of treatment methods is to use the inhibitors of
dopamine degrading enzyme — monoamine oxidase B (MAO-B) [1-3]. Based on recent studies, two series of

tricyclic xanthenes derivatives with five or six membered annelated ring were designed [2,3].

Table 1. Structures of tricyclic xanthine derivatives | and II.

HsCl HsC
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Inhibitory activity of the synthesized tricyclic xanthine derivatives towards MAO-B enzyme were determined
with the useof commercially available human recombinant enzyme MAO-B expressed in baculovirus infected
insect cells, and Amplex Red monoamino oxidase assay kit (Life Technologies).

Drug-like properties (logP, logS, toxicity, drug score) of the obtained compounds were evaluated by using the
OSIRIS program [4].

The obtained compounds possess submicromolar inhibitory activity. Derivatives with six-membered
annelated ring showed higher activity toward MAO-B enzyme than tricyclic structures with five-membered

ring.

[1] Petzer J.P., Castagnoli N. Jr., Schwarzschild M.A et al. Neurotherapeutics. 6 (2009) 141.
[2] Koch P., Akkari R., Brunschweiger A et al. Bioorg. Med. Chem. 21 (2013) 7435.

[3] Brunschweiger A., Koch P., Schlenk M. et al. ChemMedChem. 9 (2014) 1704.

[4] http://www.organic-chemistry.org/prog/peo/ (last accessed: 27.05.2015).
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In continuation of our long lasting scientific program which aimed at searching of novel anticancer
compounds from among novel series of N-aryl-2-mercaptobenzenesulfonamide derivatives we pay special
attention to pharmacophoric quinazoline moiety that appearing in many chemotherapeutic agents which acts
as tyrosine kinase inhibitors EGFR [1-3].

A series of novel S-substituted N-(quinazolin-2-yl)-2-mercaptobenzenesulfonamides was synthesized by the
reaction of N-(benzenesulfonyl)cyanamide potassium salt with the appropriate 2-amino-
(aceto/benzo)phenones in glacial acetic acid at reflux.

Anticancer activity of dozen compounds obtained were tested in vitro at National Cancer Institute (Bethesda,
the USA) on the panel of 60 human cancers cell lines. The highest sensitivity towards the tested compounds
was found for several cell lines of leukemia, non-small cell lung cancer (NSCLC), melanoma and CNS

cancer cell lines.
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[1] Shallal H.M., Russu W.A. Eur. J. Med. Chem. 46 (2011) 2043.

[2] Kowalczyk A., Szutowicz-Zielihska E., Dziadziuszko R. et al. Onkologia w Praktyce Klinicznej 1 (2005)
217.

[3] Ficker J. Lancet Oncol. 7 (2006) 621.
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Compounds bearing a quinoline moiety are well known due to their broad biological activities. A number of
them have been widely investigated and clinically used as antifungal or antibacterial agents [1,2].
Styrylquinoline derivatives have gained strong attention recently due to their activity as perspective HIV
integrase inhibitors [3]. There are many reports on the synthesis and applications of styryl dyes build on
quinoline [4-6]. Recently, some quinoline-based compounds have been synthesized and reported as potent
antitumor agents [7]. With these in mind we focused our attention on biological activity quinoline analogues
and fluorescent compounds capable of staining cancer cells. Novel styrylquinoline was designed by
combining molecular fragments from known anti-proliferative agents on the diazanaphtalene moiety. Series
of quinoline derivatives were obtained with the use of microwave-assisted synthesis. The lipophilicity of the
compounds was measured by RP-HPLC. All studied compounds were tested for their in vitro antitumor
activity. Cellular proliferation was determined using the MTS assay against the human colon carcinoma (HCT
116) cell lines with wild type p53 (p53+/+) and with a p53 deletion (p53-/-). The most active compounds were
also tested for their cytotoxicity againts normal cells — human fibroblasts (GM 07492). Compounds
localisation in living cell cultures was studied using fluorescence microscopy. Caspase activation (-3 and -7)
was measured using the luminescent Caspase-Glo 3/7 assay in HCT116 cells. Styrylquinoline derivatives
inhibit the proliferation of tumor cells. The subcellular localisation of the compounds, immunodetection of the
protein p53 and activating the caspase cascade suggest the mechanism of action through mitochondrial

pathway to apoptosis in p53 independent manner.

[1] Roth H.J., Fenner H. Arzneistoffe. 3rd Ed. (2000) 51.

[2] Harris C.R., Thorarensen A. Curr. Med. Chem. (2004) 2213.

[3] Polanski J., Zouhiri F., Jeanson L. et al. Journal of Med. Chem. (2002) 4647.

[4] Li Q., Min J., Ahn Y.H. et al. ChemBioChem. (2007) 1679.

[5] Stader ., Bartolini M. et al. ACS Med. Chem. Lett. (2012) 225.

[6] Rams-Baron M., Dulski M., Mrozek-Wilczkiewicz A. et al. PLoS One. (2015) e0131210.
[7] Musiol R., Jampilek J., Kralova K. et al. Bioorg. Med. Chem. (2007) 1280.
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Depression is a serious mental disorder that cripples the lives of hundreds of millions of people. It is
estimated that annual cost associated with depression reaches 800 billion euro (only in Europe).

Most commonly used antidepressant drugs (e.g. Fluoxetine, Sertraline) acts as a selective serotonin
reuptake inhibitors (SSRI) by inhibiting the serotonin transporter (SERT). Unfortunately, these substances
sometime exhibit low efficacy together with many side effects.”

It was revealed, that compounds acting on serotonin receptors (e.g. 5-HT1A, 5-HT6 and 5-HT7) may
possess antidepressant properties.3 This led to the development of an augmentation therapy, where SSRI
treatment is supplemented by, for example, buspirone which is a partial agonist of 5-HT1A receptor."’.
Unfortunately, this method brings with it a possibility of dangerous drug interactions and cumulative side
effects which can be possibly avoided by a fusion of SERT and agonistic/antagonistic activity in one
compound.

Derivatives of N-[2-(dimethylamine)ethyl]-N-(2-phenylethyl)aniline revealed to possess high affinity towards
5-HT6 and 5-HT7 receptors, what more, molecular modeling studies showed their possible high affinity
towards SERT. This led to a conclusion that these compounds may act as substances with dual SERT/5-HT6
and/or 5-HT7 activity.

[1] Gustavsson A. et al. Eur. Neuropsychopharm. 21(10) (2011) 718.
[2] Kirsch I. et al. PLoS Med. 5(2) (2008) e45.

[3] Artigas F. Pharmacol. Ther. 137(1) (2013) 119.

[4] Savitz J. et al. Prog. Neurobiol. 88 (2009) 17.
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Guanidine derivatives are well-known as biological active compounds, both a natural — L-arginine — and
synthetic, guanidino-containing drugs — Metformin, Famotidine, Streptomycin. Guanidine due to pK,=13.6 is
often associated with low bioavailability, but substituted guanidines as orally available Guanfacine can reach
CNS [1], where histamine H; receptor is mostly located. Histamine H; receptor antagonists are considered to
be potential CNS diseases treatment as Alzheimer's disease, ADHD or memory and learning deficits.

In the recent years, 1-substituted and 1,1-disubstituted guanidine derivatives were synthesized in
Department of Synthesis and Technology of Drugs and in vitro tested as histamine Hs receptor antagonists
[2]. The 1,1-disubstituted guanidines showed higher affinity to the investigated receptor reached pA g, value
at the level 8.21-8.49. These results prompted us to synthesize and investigate several novel guanidine

derivatives based on the lead compounds (Figure 1) .

Figure 1. General structure of the lead compounds.

The aim of this study was to modify structure of the lead compound (Figure 1) in search for further increasing
affinity to histamine Hz receptor. Firstly, we have planned to replace the central piperazine ring by piperidine.
Than we focused on some modifications within guanidino group, therefore 1,3-disubstitutedguanidine, 1,1,2-
trisubstitutedguanidines and bis-guanidines were synthesized . All new compounds were tested as histamine
Hs receptor antagonists in vitro in electrically stimulated to the contraction guinea pig ileum [3] and all of

them showed lower affinity compared with the lead compounds.

[1] Kiechel J.R. Br. J. Clin. Pharmacol. 10 (Suppl 1) (1980) 25S.
[2] Staszewski M., Walczyhski K. Arch. Pharm. Chem. Life Sci. 345 (2012) 431.
[3] Vollinga R.C., Zuiderveld O.P., Scheerens et al. Methods Find Exp. Clin. Pharmacol. 14 (1992) 747.
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The high incidence of cancer and the high cost of its treatment are important factors driving the search for
new and effective chemotherapeutic substances with multi-target activity and no toxicity to normal cells.
Tubulin is regarded as one of the main molecular targets in cancer chemotherapies. Tubulin binding agents
interfere with dynamic process of tubulin polymerization leading to abnormal mitotic spindle formation, cell
cycle arrest and apoptotic death of cells [1].

In our previous study on novel inhibitors of tubulin polymerization we found very potent combretastatin A-4
(3’-hydroxy-3,4,4’ 5-tetramethoxy-cis-stilbene, CA-4) thioderivatives. That prompted us to investigate the
structurally similar compounds like chalcones (1,3-diphenylprop-2-en-1-on derivatives) modified by
methylthio substituents. Chalcones as well as CA-4 derivatives are being widely studied due to their
multidirectional mechanism of anticancer action, which involves the antimitotic, antiangiogenic, anti-
estrogenic and pro-apoptotic activities [2].

In the present study, we designed a series of chalcone thioderivatives using virtual screening protocol of
reaction based combinatorial library. In virtual screening, molecular docking to the colchicine binding site of
tubulin (PDB id: 1SAQ) was used. Consensus score and calculations of binding free energy were used to
identify potentially active derivatives. The compounds that have a high scores were synthesized using
Claisen-Schmidt condensation of appropriate benzaldehydes and acetophenones and their antitubulin
activity was studied in vitro with the use of tubulin polymerization assay kit (Cytoskeleton, USA).

The structural similarity to other ligands with the same molecular target as well as relatively simple molecular
structure make chalcones very promising object of modifications which — together with the CADD methods —
create a chance for the development of new, effective chemotherapeutics and for the better understanding of

their interaction with tubulin at the molecular level.

[1] Mikstacka R., Stefanski T., Rézanski J. Cell. Mol. Biol. Lett. 18 (2013) 368.
[2] Ducki S. IDrugs. 10 (2007) 42.
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It is well known that many diseases are accompanied by inflammation and pain. Therefore, the search for
new antinociceptive compounds is an important focus of attention for chemists as well as for
pharmacologists [1,2].

A series of 10 novel urea derivatives has been synthesized and evaluated for their central nervous system
activity. Compounds 3a—3h were prepared in the reaction between the respective 1-alkyl-4-aryl-4,5-dihydro-
1H-imidazol-2-amines la and 1b and appropriate benzyl-, phenethyl-isocyanate or ethyl 4-
isocyanatobenzoate and ethyl isocyanatoacetate 2 in dichloromethane. Derivatives 4c and 4g resulted from
the conversion of 3c and 3g into the respective amides due to action of an aqueous ammonia solution. The
results obtained in this study, based on literature data suggest a possible involvement of serotonin system
and/or the opioid system in the effects of tested compounds, and especially in the effect of compound 3h. The
best activity of compound 3h may be primarily attributed to its favourable ADMET properties, i.e., higher
lipophilicity (related to lower polar surface area and greater molecular surface, volume and mass than for other
compounds) and good blood-brain permeation. This compound has also the greatest polarizability and
ovality. The HOMO and LUMO energies do not seem to be directly related to activity.

Scheme 1. The synthesis scheme of the investigated compounds.

R R
CH, CH, CH, 3a H -CH;CsHs
L il X 3b H -CH,CH,CeHs
N __»H, N __NH N _NH
2 : ! ! . 3c H  -CH,CO0CH
T RN=C=0 . D NH TN N i 2 als
N ! X 7f/ R, — %N [ “~CONHy 34 4  C#;CO0CHs
o 0 32 CHy; -CHyCsHs
3r CHs  -CH2CH:CqHs
33 CHy, -CH,COOCHs
R R R

3h CHs  CgHs COOC:H;
la,1b 2 3a-3h 4c,4g 4c H
4g CHs

[1] Manjiani D., Paul D.B., Kunnumpurath S. et al. Ochsner. J. 14 (2014) 208.
[2] Rzadkowska M., Szacon E., Kaczor A.A. et al. Med. Chem. 10 (2014) 460.
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Our previous investigations focused on the anticancer activity of 2-mercaptobenzenesulfonamide (MBSA)
derivatives has shown that compounds containing five-membered heteroaromatic ring attached in position 5
of MBSA scaffold, exhibit remarkable in vitro anticancer activity [1,2]. Thus, we have undertaken synthesis of
2-(benzylthio)-4-chloro-5-(1,3,4-oxadiazol-2-yl)benzenesulfonamide derivatives substituted in position 5 of
oxadiazole ring. Target compounds were obtained in a multistep reactions from 2,4-dichloro-5-
(carbazoyl)benzenesulfonamide and were characterized with spectroscopic methods: ‘*H NMR, ¥3C NMR, IR,

and elemental analysis.

o] of Cl SCH,Ph

H —_—

_N NH > _NH
N s, T AT T

Several compounds were tested in the National Cancer Institute (Bethesda MD, USA) at single concentration
of 10 uM against panel of 60 human cancer cell lines and at the Department of Biotechnology Intercollegiate
Faculty of Biotechnology UG & MUG in 5-dose test on 3 cell lines: MCF-7 (breast), HCT116 (colon), HeLa
(cervical cancer). Some compounds exhibited moderate ability to inhibit growth of a certain cancer cell lines,

with a selectivity towards leukemia, central nervous system and ovarian cancer.

[1] Brozewicz K., Stawinski J. Eur. J Med. Chem. 55 (2012) 384.
[2] Brozewicz K., Stawinski J. Monatsh Chem. 143 (2012) 975.
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Histamine H3 receptors (H3R) are constitutively active G-protein coupled receptors mostly expressed in
CNS, described as presynaptically located autoreceptors as well as heteroreceptors. Interaction with these
receptors results in modulation of histamine levels as well as that of other neurotransmitters such as ACh,
NA, 5-HT etc. Therefore blockade of these receptors could be useful in the treatment of different CNS
disorders [1,2].

The aim of this work was to obtain N-alkylpiperazine ether derivatives with expected HzR affinity. Novel
compounds were designed basing on our previous results as well as of those described in literature,
according to a blueprint pharmacophore proposed for HzR antagonists (Fig. 1) [3].

In order to determinate protein-ligand interactions and it's possible influence on in vitro activity, a set of
obtained ligands was docked to histamine Hz homology receptor using Hybrid (OEDocking) [4,5,6].

o,
o SR
A
L, "
A

Fig. 1 General scheme of obtained compounds

[1] Stark H. et al. Mini Rev. Med. Chem. 4 (2004) 965.

[2] Cowart M. et al. Mini Rev. Med. Chem. 4 (2004) 979.

[3] Celanire S., Lebon F., Stark H. The Third Histamine Receptor. 5 (2009) 103.

[4] HYBRID version 3.0.1 OpenEye Scientific Software, Santa Fe, NM. http://www.eyesopen.com.
[5] McGann M. J. Chem. Inf. Model. 51 (2011) 578.

[6] McGann M.R. J. Comp.-Aided Mol. Des. 26 (2011) 897.
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Long-Chain Aryl-Piperazines (LCAPs) are well known serotonin receptor ligands used as active agents of

several antidepressant drugs [1]. LCAPs consist of three structural units (Scheme).

Arylpiperazine Spacer Terminal Group

Both arylpiperazine and terminal group have limited conformational freedom. The two units are linked
through a flexible spacer. Our X-ray studies on LCAPs of known affinities to 5-HT(1A) receptor and LCAPs
found in the Cambridge Structural Database [2] enable us to indicate common conformations and their
relationships to their chemical structure.

Protonated LCAPs predominate in the physiological environment and are considered biologically active
forms. Protonation of piperazine ring in LCAPS restricts conformational freedom of the spacer and favours its
extended geometry. Replacement of the methylene units of the spacer by other groups or atoms affects the
affinities of the analogs to serotonin receptors due to changes in their geometries and hydrogen bond
functionalities of the new groups.

We will show that a common conformation of LCAPs does exist and that relative orientation of the terminal

groups critically depends on the number of methylene units in the spacers.

[1] Lépez-Rodriquez M.L., Atala D., Benhamu B. et al. Curr. Med. Chem. 9 (2002) 443.
[2] Allen F. H., Acta Cryst. B58 (2002) 380.
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Glutamate- and GABA-releasing neurons form two basic, excitatory and inhibitory systems responsible for
neurotransmission in the mammalian central nervous system. Fast excitatory synaptic transmission in the
CNS relies almost entirely on the neurotransmitter glutamate and its family of ion ligand-gated channel
receptors (iGIuRs). The family of iGIluRs is divided into three functionally distinct subclasses: NMDA, AMPA
and kainate receptors. Structurally, AMPA-receptors are cation-selective tetrameric heterooligomers formed
by combinations of the highly homologous subunits GluAl-4, while kainate receptors are tetrameric
assemblies of GluK1-5 subunits.

The present project is a continuation of earlier studies on potent and selective competitive AMPA and/or KA
receptors ligands among phenylalanine derivatives [1]. In the process of molecular modelling and docking to
known X-ray structures of the glutamate ionotropic receptors binding sites, a new group of compounds were
designed on the basis of previously described results [1].

Candidates contained in their structure small polar or lipophyllic substituents in 3rd and/or 4th position of the
phenyl ring (Rl, Rz). Some modification into the distal phenyl ring were also introduced.

A series of the most promising compounds with the structure shown on the Figure below was synthesized
and pharmacologically characterized on native NMDA, AMPA, KA receptors. The results of design, synthesis
and pharmacological tests are described. Within the performed research the structure-activity relationship
was studied. The influence of the substitution pattern (R*, RZ) as well as structural modifications at the distal

phenyl ring (X, RS) were investigated.

COOH
H,N
RS R'=H, CI, NO,
" / R2 = H, CI, NO,, NH, OH, OMe
, |l J R®= 3-OH, 4-OH, 2,5-diOH, 3,4-diOH, 3,5-diOH, 3-F-5-OH
R NG X =CH, N

[1] Szymanska E., Pickering D.S., Nielsen B. et al. Bioorg. Med. Chem. 17 (2009) 6390.
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Selol is the original Polish patented discovery. It is an organic selenium compound in which selenium has an
oxidation state of +4. Currently Selol is a subject of intensive research that suggests the possibility of its use
in the therapy of cancer [1,2,3]. Sulforaphane is known for its chemopreventive activity [4]. Numerous studies
also showed that sulforaphane potentiates the cytotoxic effect of doxorubicin and oxaliplatin used in
antitumor therapy [5,6]. The aim of this study was to investigate the type of interactions between Selol and
sulfraphane and mechanism of interaction in HT-29 colon cancer cell line.

The cytotoxic effect of Selol and sulforaphane was assessed after simultaneous and separate
administrations of compunds. Cell number after treatment was analyzed after 72 h incubation by CVDE
assay. The type of interaction was established by the Chou-Talaly method [7]. The mechanism of interaction
was investigated for the strongest antiproliferative effect. The type of cell death was assessed by a confocal
microscopy with AnexinV-FITC/propidium iodide staining. The cycle progression was tested with flow
cytometry-propidium iodide staining.

The study allowed to emerge new beneficial combinations of compounds. Synergistic effect was observed
on HT-29 cell line. Combined administration of Selol and sulforaphane resulted in a stronger cytotoxic effect
than monotherapy. There was observed a significant block in S phase of the cell cycle after Selol and

combined treatments. Simultaneously large amount of apoptotic cells was detected.

[1] Suchocki P., Misiewicz |., Skupinska K. et al. Oncology Rep. 18 (2007) 893.

[2] Falqueiro A.M., Primo F.L., Morais P.C. et al. Journal of Applied Physics. (2011) 07B306.

[3] Falgueiro A.M., Siqueira-Moura M.P., Jardim D.R. et al. Tedesco Journal of Applied Physics. 111 (2012)
07B335.

[4] Cavell B.E., Syed Alwi S.S., Donlevy A. Biochemical Pharmacology. 81 (201) 1327.

[5] Kaminski B.M., Weigert A., Briine B. et al. Cancer Chemotherapy and Pharmacology. 67(5) (2011) 1167.
[6] Kallifatidis G., Labsch S., Rausch V. et al. Molecular Therapy 19 (2010) 188.

[7] Chou T.C., Talalay P. Adv. Enzyme Regul. 22 (1984) 27.
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Research of new compounds with potential antibacterial activity are made mainly in group of heterocyclic
compounds. A number of papers about pyridine derivatives has been published. 1,2,4-Triazoles, 1,3,4-
thiadiazoles and their condensed derivatives constitute an important class of organic compounds with
antimicrobial activities.

Prompted by these findings and in continuation of our efforts in synthesizing various bioactive molecules, we
have combined 4,6-dimethyl-2-thiopyridine with 1,2,4-triazoles and 1,3,4-thiadiazoles as potent antibacterial
compounds.

The synthesis of title compounds started from acetic acid hydrazide containing 2,4-dimethyl-2-thiopyridine.
Thiosemicarbazide derivatives were afforded by the reaction of hydrazide with substituted isothiocyanates.
The cyclization of corresponding thiosemicarbazides in the presence of 2% NaOH resulted in the formation
of compounds containing 1,2,4-triazole ring. On the other hand, the treatment of thiosemicarbazides with
concentr. H,SO, caused the conversion of side chain into 1,3,4-thiadiazole ring. The structures of the new

compounds were elucidated by spectral and elemental analysis. An antibacterial activity of new molecules is
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The newest version of the ChEMBL database, the largest collection of information about the biological
activity of chemical compounds, contains 1626 compounds acting on the 5-HTg receptor (K; or equivalent
equal or less than 100 nM) [1]. Despite the fact that typical 5-HT¢R ligands possess positively polarizable
nitrogen which forms a crucial, charge-assisted interaction with the D3.32 residue, nearly 15% of actives
have low basicity (basic pK, less than 6) [2,3]. To examine binding modes of non-basic 5-HT¢R ligands,
class-specific homology models based on seven different templates were generated utilizing previously
applied methodology [4]. Models characterized by the highest values of the AUROC parameter in virtual
screening experiments were selected for binding mode evaluation. This analysis indicated that the non-basic
ligands bind to the receptor through hydrogen bonding with the D3.32 although the charge assisted
contribution is missing; hydrogen bonds with T5.46 and T7.39 are also widespread. The most common way
of non-basic ligands binding are hydrophobic interactions, among which stackings with aromatic cluster
(W6.48, F6,51 and F6.52) are crucial.

[1] Bento A.P., Gaulton A., Hersey A. et al. Nucleic Acids Res.42 (2014) 1083.

[2] Ivachtchenko A.V., Dmitriev D.E., Golovina E.S. et al. J. Med. Chem. 53 (2010) 5186.

[3] Ivachtchenko A.V., Golovina E. S., Kadieva M.G. et al. Bioorg. Med. Chem. 19 (2011) 1482.
[4] Rataj K., Witek J., Mordalski S. et al. J. Chem. Inf. Model. 54 (2014) 1661.
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Epilepsy concerns 1% of world population, and in spite of large progress in development of new antiepileptic
drugs, still 30% of seizures are considered pharmacoresistant. Therefore, there are still premises for search
of new potential anticonvulsants.

Within the group of aminoalkanol derivatives achieved in our team the most promising so far was R-(-)-2N-
[(2,6-dimethylphenoxy)ethyllaminopropan-1-ol with EDs0=5.34 (3.50-7.40) mg/kg b.w. (MES, mice, i.p.) and

this compound was reference for our further research [1] We also found anticonvulsant activity among N-
[(phenoxyethoxy)ethyllaminoalkanols which are also subject to intellectual protection. [2]

The present research  constitutes nine  new  variously  substituted  phenoxyalkyl or
phenoxyethoxyethylaminoalkanols, their physicochemical properties and evaluation of their anticonvulsant
activity. All achieved compounds were evaluated pharmacologically in maximum electroshock seizure test
(MES), maximum electroshock seizure threshold test (MEST), and pentylenetetrazol test (PTZ), as well for
neurotoxicity in rotarod test and in chimney test. Additionally, analgesic activity was also evaluated at EDsq in
MES (respectively) in the formalin test.

Among the achieved compounds, the most  active in MES  was 1N-[3-(2,4,6-
trimethylphenoxy)propyl]piperidin-3-ol with ED5,=20.87 (12.56-34.69) mg/kg b.w. (MES, mice, i.p.), however,
it proved neurotoxic in the rotarod test (TD5q=81.95 (70.45-95.32) mg/kg b.w. (mice, i.p.). Another active
compound with better safety results was R,S-2N-(2,4-dimethylphenoxy)ethoxyethyllaminopropan-1-ol with
EDs5p=27.11 (22.38-32.83) mg/kg b.w. (MES, mice, i.p.) and TDs=108.91 (101.81-116.50) mg/kg b.w.
(rotarod, mice, i.p.).

[1] Waszkielewicz A.M., Cegta M., Zestawska E. et al. Bioorg. Med. Chem. 23 (2015) 4197.
[2] Waszkielewicz A.M., Gunia A., Marona H. WO 2015020545 A2.
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Histamine (HA) plays a key role in functioning of central and peripheral tissues. It is one of the important
local chemical mediators and neurotransmitters found in human body and acts by four histamine receptors
(H:R — H4R). Antagonists/inverse agonists for HzR are currently in advanced stages of clinical development
for a broad spectrum of neurodegenerative diseases [1, 2].

1-[3-(4-tert-Butylphenoxy)propyl]piperidine (DL-76) is synthesized in our team the histamine H3R antagonist.
The main goal of the presented work was to determine the structures of metabolites of compound DL-76,
with using in silico, in vitro and in vivo methods. For this purpose, two derivatives, which could be treated as
reference compounds of potential metabolites of DL-76 were synthesized. Their structures were chosen
based on the previous DL-76 metabolism studies conducted at the Faculty of Pharmacy in Jagiellonian
University [3]. The compounds were prepared according to the methods described in the literature including
own modifications in some cases.

The study on metabolism in silico was performed by MetaSite4 software. Then, the metabolic stability of DL-
76 was evaluated in vitro using human and rat liver microsomes. Metabolism was also examined in vivo by
analyzing the rat’s plasma and urine after DL-76 intragastric or intravenous administration. The LC / MS / MS
technique was used to identify the structures of obtained in vitro and in vivo metabolites and to compare
them to the synthesized compounds.

In conducted biological assays we confirmed the presence of both synthesized metabolites of DL-76.
Furthermore, we found that the rate and direction of metabolism depends on the investigated species (in

vitro: human/rat) and the route of administration of test compound (in vivo: i.v./ i.g.).

[1] Singh M., Jadhav H.R. Mini Rev. Med. Chem. 13 (2013) 47.
[2] tazewska D., Kie¢-Kononowicz K. Expert Opin. Ther. Pat. 24(1) (2014) 89.
[3] Pekala E. et al. Appl. Biochem. Biotechnol. 168 (2012) 1584.
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Staphylococcus aureus is a dangerous pathogen, able to cause a multitude of human illnesses. It is
predominantly responsible for minor skin and soft tissue infections but also more serious invasive syndromes
such as pneumonia, severe sepsis and endocarditis. Emergence of methicillin-resistant Staphylococcus
aureus (MRSA) is an increasing problem worldwide and accounts for 40-60 % of all nosocomial S. aureus
infections [1]. As the bacteria acquire resistance to practically all antimicrobials introduced into clinical use,
including last-resort antibiotic vancomycin, diseases caused by these resistant strains are usually difficult to
treat. Consequently, due to the limited therapeutic options, its appearance in hospitals has become one of
the most serious public health concerns. Estimates indicate that mortality rate from multidrug-resistant
S.aureus bacteremia, despite improvements in medical care, continues to be 20-30% in the developed world
[2]. To make matters worse, while for a long time MRSA infections were restricted to clinical units, in the
recent decade MRSA strains have emerged in the community in individuals without any history of
hospitalization [3]. Because of a relatively rapid acquisition of antibiotic resistance of MRSA and its
expeditiously spread throughout the world, continuous efforts on discovery of lead compounds as well as
development of alternative therapies to ensure effective antistaphylococcal treatment are highly required.

During the last decade selenium and tellurium-based compounds have attracted reasonable
attention due to their interesting biological effects. As an example, it can be highlighted their strong
antioxidant, immunomodulatory and chemoprotective activity [4]. Moreover, our previous reports indicated
that inorganic tellurite salt is able to significantly enhance the antimicrobial activity of known antibiotics
against highly resistant isolates of S.aureus [5]. In view of these results, we paid our attention to organic
selenium and tellurium-containing molecules to examine if they have similar effect on S.aureus pathogen.
Although none of the organochalcogens show synergistic activity in combination with employed in the study
antibiotics, we discovered that four of the compounds have potent antimicrobial activity against both, the
reference strain Staphylococcus aureus ATTC 25923 and the clinical strain MRSA HEMSA 5 (Fig. 1).
Moreover, our findings revealed that the molecules tested are responsible for generation of cytotoxic reactive
oxygen species (ROS) release by bacteria, which can be related to their antibacterial mechanism of action.
We believe that our findings will contribute to identify new tools for the treatment of highly problematic
infections caused by multidrug-resistant MRSA strains.

1) 4)

2) 3)
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Fig. 1: Structures of the selenium and tellurium compounds employed in the studies.

[1] Ulug M., Ayaz C., Celen M.K. et al. J. Infect. Dev. Ctries. 5(12) (2011) 896.

[2] Tong S.V.C, Chen L.F,, Fowler Jr. V.G. Semin Immunopathol. 34(2) (2012) 185.
[3]. David M.Z., Daum R.S. Clin. Microbiol. Rev. 23(3) (2010) 616.

[4] Cunha R., Gouvea I.E., Juliano L. An. Acad. Bras. Ciénc. 81(3) (2009) 393.

[5] Estevam E.C., Witek K., Faulstich L. et al. Molecules 20(8) (2015) 13894.
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We performed extensive molecular dynamics simulations of the effect of pH on the co-adsorption of organic
dyes with anti-cancer drug doxorubicyn on CNT surface. We considered two different dyes ie. bromothymol
blue (BTB) and neutral red (NR). BTB is a sulfonphthaleine dye whit numerous applications in biological and
medical fields. It is not only sensitive to pH, but is also used in sensor applications for detecting pesticides,
CO2 and ammonia [1]. Due to strong pH-dependent color change near the neutral pH region neutral red
(NR) is used as an intracellular pH indicator. NR is also very useful biological probe and has been widely
used for various purposes in many biological systems [2]. In solution these two dyes exist in two different
protolytic forms. DOX is a member of anthractcline class of chemotherapeutic agents used for the treatment
of many common human cancers [3].

We found that adsorption of the considered dyes and drug on nanotubes surface depends strongly on pH
conditions. Namely, BTB molecules in acidic pH tend to form densly structure attached to the nanotubes
surfaces. DOX molecules incorporate into this structure and avoid adsorption directly on the CNT surfaces.
Change of pH toward more alkaline, that is varying concentration of neutral and deprotonated forms of BTB,
leads to an increase of electrostatic repulsions between BTB molecules, which in turn causes desorption of
almost all BTB and DOX molecules from the CNT surface.

In the case of NR molecules, the situation is different. Namely, in neutral pH we observe partial adsorption of
NR and DOX molecules on the CNT surface, while in acidic pH the NR and DOX molecules preferentially
located in the bulk. Thus, this phenomenon may be utilized (after some fine tuning of system parameters) to

realize the pH controlled drug release in endosomes or tumor tissue.

[1] De Meyer T., Hemelsot K., Van Speybroeck V. et al. Dyes and Pigments. 102 (2014) 241.
[2] Sing M.K., Pal H., Bhasikuttan A.C. et al. Photochemistry and Photobiology 69 (1999) 529.
[3] Skowronek M., Stopa B., Konieczny L. et al. Biopolymers 46 (1998) 267.
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Bacterial multidrug resistance (MDR) is a major clinical and public worldwide health problem.. A high
percentage of hospital-acquired infections are caused by highly resistant bacteria such as methicillin-
resistant Staphylococcus aureus (MRSA) or multidrug-resistant Gram-negative bacteria. [2] Efflux pump
inhibitors are one of the mechanisms that are widely spread among resistant bacteria. A main strategy to
circumvent the MDR is to co-administer efflux pump inhibitors (EPIs), independent compounds which are
able to block efflux action of protein transporters of a drug. The search for new EPIs, which are promising
therapeutic agents is still a main topic of medicinal chemistry.[1] Previous studies indicated that amphiphilic
character of the compounds has a great influence on EPI's activity. Thus, a series of arylpiperazine
derivatives with carboxylic acid at position 3 will be evaluated on their EPI properties in clinical strains of
Gram negative bacteria overproducing efflux pumps and MRSA strains as well. Furthemore, simultaneous
evaluation of ADME/Tox properties of compounds is the following step, which is in great importance in the
way to search for new drugs.

Taking this into account, a series of 12 arylpiperazine hydantoin derivatives with a carboxylic terminate
fragment at position 3 were synthesized as potential EPIs. Elected compounds were investigated on their
EPIs action in MDR Gram negative bacteria. Whole series was evaluated in silico on their “drugability”,
including physicochemical properties (clogP, logS, TPSA) and toxic effects (service OSIRIS). These studies
showed low risk of mutagenic and tumorigenic effects for all compounds. One compound seems to have
toxic effect on reproduction. Noticeable dependence of length of linkers between piperazine and hydantoin
on drug-like score was found. The lowest drug-like score was observed for the derivative with the longest

linker whereas their amphiphilic properties seem to be favorable for bacterial MDR EPIs- action.

[1] Poole K. Clin. Microbiol. Infect. 10 (2004) 12.
[2] Santos Costa S., Viveiros M., Amaral L. et al. Open Microbiol. J. 10 (2013) 59.
[3] http://www.organic-chemistry.org/prog/peo/
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Nonsteroidal anti-inflammatory drugs have a high impact on population and large popularity which can be
ascribed to their availability (most prominent members of this group are available over the counter).
Moreover, they are frequently used in veterinary medicine for domestic animals. These facts together with
the NSAIDs administration in chronic diseases cause their high and still growing disposal. A discharge of
therapeutic agents in effluents from production facilities, hospitals and private households, improper disposal
of unused drugs, and direct discharge of veterinary medicines lead to the contamination of surface water,
ground water and, eventually, drinking water, where they become a potential danger to humans. Moreover,
one need to take into account also their metabolites and the products of degradation and photodegradation
under the various conditions. Various methods of removing pharmaceuticals from wastewater have been
proposed so far: biodegradation, hydrolysis, chemical oxidation or adsorption. Nonetheless, not all of them
allow to get rid of not only the drugs but also their metabolites that can be more harmful than the original
species. In this respect, the particular hopes can be reposed in adsorption.

In this work the several types of functionalized biopolymers (chitosan and collagen) and magnetic
nanoparticles coated with this macromolecules were synthesized as a potential easy separable material able
to interact with NSAIDs and their metabolites. The interactions between prepared materials and NSAIDs take
place on the way of physisorption or/and chemisorption what allows to apply these materials for the removal
of these drugs and their metabolites from water. Additionally, the carbonization of prepared composites
should lead to the carbon porous materials with interesting properties that can also serve as sorbents for
NSAIDs.
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N-Acylsulfonamides constitute a class of organic compounds with various types of pharmacological activities
such as antibacterial inhibitors for tRNA synthetase, antagonists for Angiotensine Il, agents in treatment of
Alzheimer’s disease, and osteoporosis [1]. The particular attention is focused on N-acylsulfonamides as
cyclooxygenase [2], tubulin [3] and cyclin-dependent kinases [4] inhibitors. Searching for innovative low-
molecular chemotherapeutics we designed a series of new N-acylsulfonamides with potential anticancer
activity. Cytotoxic in vitro tests against human breast (MCF-7), colon (HCT-116) and cervical (HeLa) cancer
cell lines were performed at the Department of Biotechnology, UG — MUG. To explain how structural features
influence the biological activities the quantitative structure-activity relationship (QSAR) method was applied.
Metabolic stability study, one of the parameters characterizing pharmacokinetic properties of a molecule, was

performed using pooled human liver microsomes and NADPH.

I\

OO0 o
R' = alkenyl, alkynyl, carbamoyl, aryl, heteroaryl
R2 = alkyl, alkenyl, aryl
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[3] Luo Y., Qiu K-M., Lu X. et al. Bioorg. Med. Chem. 19 (2011) 4730.
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N2-{2-[4-aryl(benzyl)-1-piperazinyl(piperidinyl)]ethyl}pyrrolo[3,4-d]pyridazinones  exhibited  differentiated

analgesic activity in the phenylbenzoquinone induced ‘writhing’ and ‘hot plate’ test in mice and at radioligand
binding assay [1].

R1
O
- @ 4 N AQ/
cl
le
4 v
1b
-0
2c N
1c
H;CO 1 @I O
N—.
O

Gt

1d
2d N

2e c

To explain the observed discrepancy of biological effects within series of pyrrolo[3,4-d]pyridazinone
derivatives the structure/analgesic activity relationship analysis was undertaken. The molecular modeling
studies using DFT and AM1 methods were undertaken to investigate the conformational preferences of
searched derivatives. Moreover, the molecular docking procedure were used to study the interaction of

pyrrolo[3,4-d]pyridazinone ligands with the adrenergic and serotoninergic system.

[1] Malinka W., Redzicka A., Jastrzebska-Wiecek M. et. al. Eur. J. Med. Chem. 46 (2011) 4992—-4999.
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During the course of our investigation of novel urea derivatives with antiproliferative properties [1] we
decided to study their ability to influence survival of different microorganisms. This was dictated by the need
for protection of the natural microbiological flora. Presented compound N-cyclohexyl-2-imino-3-(4-
nitrophenyl)imidazolidine-1-carboxamide showed moderate activity against several clinical strains of Candida
albicans. Its structure was solved by X-ray crystallography which was required for the docking studies to

analyse putative binding with 14-a-sterol demethylase.

Moreover, detailed X-ray analysis of titte compound was performed in order to confirm the synthesis pathway
and identification of its tautomeric form in the solid state. The tautomeric equilibrium or the 2-
iminoimidazolidinecarboxamide system was investigated using theoretical calculations at DFT/B3LYP/6-

311++G(d,p) level in the gas phase and in solutions.

[1] Wrébel T. M., Kietbus M., Kaczor A. A et. al. J. Enzyme Inhib. Med. Chem. (2015) 1-11.
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