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Biological energy conversion: Saturday, September 9th, morning session 
 
Chairperson: Per Siegbahn 
 
9.00-9.45 O-1: C. Neil Hunter  

Bacterial photosynthesis: from membranes and complexes to crystals and 
structures 

 
9.45-10.05  O-2: Paula Braun  

The aromatic residue, phenylalanine, drives binding of carotenoid in model 
light harvesting complex 

 
10.05-10.35 Coffee break 
 
Chairperson: Gra�yna Stochel 
 
10.35-11.20 O-3: Hugo Scheer  

Rendering linear tetrapyrroles functional antenna pigments: Chromophore 
attachment, non-covalent interactions and folding of biliproteins 

 
11.20-11.50 O-4: Konrad Szaciłowski  

Bioinspired devices based on semiconducting nanosystems 
 

11.50-12.20 O-5: Leszek Fiedor  
Solution structure of bacteriochlorophyll molecule 

12.20-12.40 S-1: Artur Osyczka 
Quinone redox chemistry in biological energy conversion 

 
12.40-13.00 free time for discussions 
 
13.00-14.30 Lunch break 
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Biocatalysis: Saturday, September 9th, afternoon session 
 
Chairperson: Paolo Tortora 
 
14.30-15.15  O-6: Uwe T. Bornscheuer  

Enzymes in organic synthesis – successful examples and current trends 
 
15.15-15.45 O-7: Ewa �yma�czyk-Duda  

Application of biocatalysis for the preparation of optically active 
hydroxyphosphonates 

 
15.45.16.05 O-8: Magdalena Bielak  

Structural studies of allosteric inhibiton of N10formyltetrahydrofolate 
synthetase 

 
16.05-16.35  Cofee break 
 
Chairperson: Uwe T. Bornschaeuer 
 
16.35-17.20 O-9: Paolo Tortora  

Effects of pressure and temperature on the kinetic behaviour of Sulfolobus 
solfataricus carboxypeptidase highlight the role of non-covalent 
interactions in enzyme catalysis 

 
17.20-17.40 O-10: Maciej Szaleniec  

Ethylbenzene Dehydrogenase - Anaerobic hydroxylation of alkilaromatic 
and alkylheterocyclic compounds 

 
17.40-18.00 O-11: Ewa Luchter-Wasylewska  

Regulation of human prostatic acid phosphatase activity 
 
18.00-18.20 O-12: Małgorzata Brzezi�ska-Rodak  

Enantioselectivity of the prochiral carbonyl compound – acetophenone 
bioreduction as an example of the possibility of stereocontrol of the process 

 
19.00  Dinner 



�����������	��
������

����������������������
�����������������	���������  ! 

Modelling: Sunday, September 10th, morning session 
 
Chairperson: Marta Pasenkiewicz-Gierula 
 
9:00-9:45 O-13: Per E. M. Siegbahn  

O-O bond formation In the S4-state of oxygen evolving complex in 
photosystem II 

 
9:45-10:15 O-14: Kristine Pierloot  

High-level ab initio calculations of the energetics of low-lying spin states 
of biologically relevant iron complexes 

 
10:15-10:35 O-15: Mariusz Rado�  

Peculiarities of the electronic structure of cytochrome P450 active site 
(Compound I) – DFT and CASPT2 modeling 

 
10:35-10:55 O-16: Tadeusz Andruniów  

The computer design and characterization of a photomodulable peptide 
 
11:00-11:30 coffee break 
 
Chairperson: Ewa Brocławik 
 
11:30-12:15 O-17: Ernst-Walter Knapp  

Energetics of electron events in photosynthetic reaction centers 
 
12:15-12:45 O-18: Marta Pasenkiewicz-Gierula  

Short distance interactions engaged in the protein binding to a lipid bilayer 
 
12:45-13:05 O-19: Irena Roterman-Konieczna  

Simulation of protein holding process 
 
13:05-13:25 O-20: Sanja Tomi�  

Molecular modelling – help in an experiment on proteins design 

 
13.30-14.30 Lunch break 
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New materials in medicine: Sunday, September 10th, afternoon session 
 
Chairperson: Katarzyna Stadnicka 
 
14.30-15.15  O-21: Stanislaw Slomkowski  

Polymer-inorganic hybrids for medical applications 
 
15.15-15.35  O-22: Júlia Galandová  

Application of polymers at the development of DNA biosensors 
 
15.35-15.55  O-23: Adriana Ferancová  

Chemical information for biology based on electrochemical biosensors 
 
15.55-16.25  O-24: Wojciech Macyk  

The dark side of titania 
 
16.25-16.50  Coffee break 
 
Chairperson: Stanisław Bła�ewicz 
 
16.50-17.35  O-25: Sylwester Gogolewski  

New bioresorbable polymers for tissue repair and regeneration 
 
17.35-17.55  O-26: Martin Hrubý 

Biodegradable thermoresponsive polymers for biomedicinal uses 
 
17.55-18.15 O-27: Katarzyna Kulig  

Lipophilicity as an important parameter in property based drug design 
 
18.30-19.30 Dinner 
 
20.00-22.00  Poster session 
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Bioinorganic chemistry: Monday, September 11th, morning session 
 
Chairperson: Henryk Kozłowski  
 
9.00-9.45  O-28: Roland Sigel  

The catalytic core of group II intron ribozymes: A sink for metal ions 
 
9.45-10.05  O-29: E. Gumienna-Kontecka  

New oxime- and hydroxamate-containing ligands to mimic the bimetallic 
active sites of enzymes 

 
10.05-10.25 O-30: Daniela Valensin  

Copper binding sites in peptides related to neurodegeneration proteins: 
NMR and other spectroscopic studies 

 
10.25-10.45  O-31: Małgorzata Brindell  

Ru(II)-chloro-dmso complexes – metal-based phototherapeutic agents. 
 
10.45-11.15  Coffee break 
 
Chairperson: Roland Sigel 
 
11.15-11.35  O-33: Patrick J. Bednarski  

Towards photoactivatable Pt(IV) complexes as antitumor agents 
 
11.35-11.55 O-34: Eva Freisinger 

Plant metallothioneins - a new variety of an old acquaintance 
 
11.55-12.40  O-35: Henryk Kozłowski  

Metallochemistry of neurodegeneration 
 
13.00-14.30  Lunch break 
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Biospectroscopy: Monday, September 11th, afternoon session 
 
Chairperson: Leonard M. Proniewicz 
 
14.30-15.15 O-36: Jürgen Popp  

Raman spectroscopy - a prospective tool in life sciences 

 
15.15-16.00 O-37: Alexander A. Krasnovsky  

Biophotonics of singlet molecular oxygen 

 
16.00-16.30 Coffee break 
 
Chairperson: Alexander A. Krasnovsky 
 
16.30-17.15 O-38: Gianni Valensin  

A potent application of biological NMR: the study of intermolecular 
interactions 

 
17.15-18.00 O-39: Tad A. Holak 

Monitoring the antagonist-protein and protein-protein interactions with 
NMR spectroscopy 
 

18.00-18.20 P-2: Małgorzata Bara�ska 
Application of Raman spectroscopy for in situ analysis of plant secondary 
metabolites 
 
 

18.30  Departure for excursion and conference dinner 
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Structural biology: Tuesday, September 12th, morning session 
 
Chairperson: Barbara J. Oleksyn 
 
9.30-10.15 O-40:Alexander Wlodawer  

Crystal structure of the antiviral protein griffithsin and its carbohydrate 
complexes 

 
10.15-10.35 O-41: Zoltán Gáspári  

The peptide-like C-terminus of Drosophila dUTPase: characterization by 
residual dipolar couplings and molecular simulations 

 
10.35-11.05 Coffee break 
 
Chairperson: Krzysztof Lewi�ski 
 
11.05-11.50 O-42: Mariusz Jaskolski  

Hydrolysis at the side chain of asparagine 
 
11.50-12.10 O-43: Justyna Kalinowska-Tłu�cik  

Why designed sweeteners can be bitter? 
 

12.10-12.20 Closing remarks 
 
12.30  Lunch and check off 
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P-1 
Annamária Ángyán, Zoltán Gáspári, András Perczel 

Fast estimation of protein folds from NMR distance restraints 
 
P-2 
Małgorzata Bara�ska 
Application of Raman spectroscopy for in situ analysis of plant secondary metabolites 
 
P-3 
F. J. Barros García, A. Bernalte García, F. L. Cumbrera, A. M. Lozano Vila, F. Luna 
Giles, C. Pérez Giraldo, E. Viñuelas Zahínos 
Synthesis, crystal structures and antimicrobial activities of two Cu(II) bond isomers of the 
complex with 2-(3,4-dichlorophenyl)imino-N-(4H-5,6-dihydro-1,3-thiazin-2-yl)thiazo-
lidine (TdTz) 
 
P-4 
T. Borowski , V. Georgiev, P.E.M. Siegbahn. 
DFT studies on the reaction mechanisms of intra- and extradiol dioxygenases 
 
P-5 
András Czajlik, András Perczel 

Computational investigation of β-peptide nanotubes containing antiparallel β-strands 
 
P-6 
Janusz M. D�browski, Robert Walas, Carlos Monteiro, Luis G. Arnaut, Mariette M. 
Pereira, Krystyna Urba�ska, Gra�yna Stochel 
Nonagregated water soluble porphyrin: cellular uptake and photodynamic action 
 
P-7 
Renáta Ovádeková, So�a  Flickyngerová, Ivan Novotný, Vladimír Tvarožek, Adriana 
Ferancová, Ján Labuda 
DNA-modified gold microelectrodes applied to the study of damage to DNA 
 
P-8 
Leon Fuks 
Pt(II) Chloride Complexed by Tetrahydrofurfurylthiourea or Tetrahydrotiophenylthiourea: 
Structural and Biological Features 
 
P-9 
Renáta Ovádeková, So�a Jantová, Silvia Letašiová, Júlia Galandová, Ján Labuda 

Nanostructured DNA biosensors for the detection of berberine effect on DNA from cancer 
cells 
 
P-10 
Sylwia Gaw�da, Gra�yna Stochel, Dariusz Matoga and Konrad Szaciłowski 
Photoelectrochemical behaviour of the TiO2 – folic acid system 
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P-11 
Agata Gawlik-Swatek, Monika Gurbisz, Konrad Szaciłowski, Gra�yna Stochel 
Photoactivated biological activity of iron complexes with thiocarbonyl compounds 
 
P-12 
Magdalena Górny and Ewa Luchter-Wasylewska 
Hydrolysis of phenyl phosphate catalysed by human prostatic acid phosphatase: 
cooperativity in substrate binding and inhibition by L(+)-tartrate 
 
P-13 
Dariusz Mitoraj, Agnieszka Ja�czyk, Wojciech Macyk, Piotr B. Heczko, Horst Kisch, 
Gra�yna Stochel 
Photocatalytic inactivation of selected bacteria and fungi by photosensitised titania 
 
P-14 
Alicja Janik, Anna Chyra, Katarzyna Stadnicka  
Interactions between selected amino acids and chosen antiarrhythmics 
 
P-15 
Beata Jasiewicz, Władysław Boczo� 

New Sparteine Complexes as Model Compounds of Blue Copper Protein Active Sites 
 
P-16 
Agnieszka Kania, Leszek Fiedor, Gra�yna Stochel 
Model studies on coordination of metal centers of biological importance 
 
P-17 
R. Kiss, D. Kovács, A. Perczel, P. Friedrich, P. Tompa 
Local structural preferences of calpastatin, the intrinsically unstructured protein inhibitor of 
calpain  
 
P-18 
Wiesława Zaborska, Barbara Krajewska 
Quinone-induced inhibition of urease. Probing thiol groups of the enzyme involved in the 
process 
 
P-19 
Paweł Wydro, Katarzyna H�c-Wydro, Barbara Krajewska 
Interactions of chitosan with cholesterol and fatty acids as determined in Langmuir 
monolayers: potential for anticholesterolemic therapy 
 
P-20 
Marcin Kurdziel, Krzysztof Murzyn, Tomasz Róg, Marta Pasenkiewicz-Gierula 
Molecular dynamics simulation study of the cholesterol effect on a mono-cis-unsaturated 
phosphatidylcholine bilayer 
 
P-21 
K.Kurpiewska, K.Dziubek, A.Katrusiak, J.Font, M.Ribó, M.Vilanova and K.Lewi�ski 

Crystallographic investigation of structural stability of RNase A at high pressure 
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P-22 
András Láng, Katalin Szilágyi, Péter Gál, Péter Závodszky, András Perczel 
Structural investigation of a modular immunoprotein 
 
P-23 
Krzysztof Lewinski, Magdalena Bielak, Piotr Laidler 
Kinetic and structural studies of inhibition of Arylsulfatase A 
 
P-24 
Roman J. Lichtenecker, Martin L. Ludwiczek, Walther Schmid and Robert Konrat   
Selective Isotope Labeling of Proteins Using Bioorganic Precursor Synthesis 
 
P-25 
Juan J. Lucena, Miguel A. Sierra 
Relation between Fe chelate structure and Fe uptake by dicotyledonous plants 
 
P-26 
Łukasz Orzeł, Konrad Szaciłowski, Leszek Fiedor, Rudi van Eldik, and Gra�yna Stochel 

Catalytic effect of acetate on the transmetalation of chlorophyll a 
 
P-27 
Andrej Perdih, Milan Hodoš�ek, Tom Solmajer 
Targeted molecular dynamics (TMD) simulation studies of binding and conformational 
changes in E. coli MurD 
 

P-28 
Elizabeta Tratar Pirc, Peter Bukovec, Iztok Arcon 
Synthesis and characterization of xanthurenic acid - metal complexes 
 
P-29 
E. Podstawka, A. Kudelski, L. M. Proniewicz 
Influence of aliphatic spacer group on adsorption mechanism of phosphonate derivatives of 
L-phenylalanine. Surface enhanced Raman, Raman, and absorption infrared studies 
 
P-30 
E. Podstawka, A. Kudelski, L. M. Proniewicz  
Comparison of adsorption mechanism of physiologically active phosphonodipeptide 
analogues deposited on colloidal silver and macroscopic silver substrates 
 
P-31 
Anna K. Przybył, Dariusz Kikut-Ligaj, Agnieszka Skolik 
Cytisine derivatives as tools for modeling of the bitter taste molecular mould 
 
P-32 
Wojciech Przybylski, Ryszard Grybo�, Dieter Rehder, Martin Ebel, Krzysztof Lewi�ski, 
Janusz T. Szklarzewicz 

Effect of alkali metal ion and hydrogen bond systems on the thermal stability of bisperoxo 
complexes of vanadium(V) 
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P-33 
Mirta Rub�i�, Marina Cindri�, Ivica 	ilovi� 
Reactions of vanadium(III) with thiosemicarbazones 
 
P-34 
D. Rutkowska-Zbik, M. Witko, A. Drzewiecka-Matuszek, G. Stochel 
DFT Studies on Effect of Central Metal Ions on Properties of Chlorophylls and Porphyrins 
 
P-35 
R. Tokarz-Sobieraj, D. Rutkowska-Zbik, M. Witko 
Theoretical Description of Dioxygen Activation in Porphyrin-Based Biomimetic Systems 
 
P-36 
Sebastián E. Bellú, Silvia I. García, Juan C. González, Sandra R. Signorella,  Luis F. Sala 
Interaction of hipervalent chromium with apple pectin 
 
P-37 
Agnieszka Skórska-Stania, Barbara J. Oleksyn, Jan 
liwi�ski, Gra�yna Stochel, Marek 
Pietraszkiewicz, Konrad Szaciłowski 
Supramolecular interactions between the [Fe(CN)5NO]2− anion and macrocyclic cations 
 
P-38 
I. Stawoska, M. Kastyak, A. Wesełucha-Birczy�ska, M. Riva, P. Tortora, G. Stochel 

Interaction of selected divalent metal ions with Human Ataxin-3 Q36 
 
P-39 
Pál Stráner, Péter Hudáky, Györgyi Váradi, Gábor Tóth, András Perczel  
Environmental and mutagenic effects on the folding of TC5b, a small protein. Enhancing 
the stability of mini protein fold. 
 
P-40 
Konrad Szaciłowski, Wojciech Macyk, Maciej Hebda, Gra�yna Stochel 
From vitamins to logic systems 
 
P-41 
A. Szurko, G. Kramer-Marek, A. Sochanik, M. Widel, P.Kus, Jan Habdas, A. Pasewicz, A. 
Ratuszna 
Liposome-conjugated novel porphyrins for Photodynamic Therapy of Tumors  
 
P-42 
Krunoslav Užarevi�, Marina Cindri�, Tanja Kajfež Novak 

Synthesis of novel pyridopyrimidine derivatives and their complexes with 
dioxomolybdenum(VI) and oxovanadium(IV) 
 
P-43 
Dawid Wodka, Gra�yna Stochel, Konrad Szaciłowski 
Chemistry towards biology: Supramolecular interactions between the [Fe4S3(NO)7]

− anion 
and biomolecules 
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P-44 
Dawid Wodka, Irena Domagała, Gra�yna Stochel, Piotr B. Heczko, Konrad Szaciłowski 
Chemistry against biology: Bactericidal properties of the [Fe4S3(NO)7]

− cluster 
 
P-45 
K. Zaremba, K. Stadnicka, W. Łasocha, A. Pattek-Janczyk 
Tris(kojato)iron(III) and tris(chlorokojato)iron(III) - crystal structure, vibrational spectra 
and DFT studies 
 
P-46 
Jernej Zidar, Elizabeta Tratar Pirc, Franci Merzel, Peter Bukovec 
Predicting the structure of a copper(II) complex with D-glucosamine 
 
P-47 
A. Jabło�ska-Wawrzycka a, B. Barszcz a, K. Stadnicka b, S. Hodorowicz b  

Comparison of Cd(II) and Cu(II) coordination properties towards  
2-hydroxymethylbenzimidazole 
 
P-48 
M. Szczygieł, L. Fiedor, K. Urba�ska 
Efficacy and selectivity of xenobiotic transport. Relevance to chlorophyll-based 
photodynamic therapy 
 
P-49 
Maciaszek B., Kubera M., Arteta B., Machowska A., Sierpniowska A., Urba�ska K 
The effect of antidepresant drugs on growth and some immunological parameters im mice 
bearing melanoma tumors 
 
P-50 
Elzbieta Krasicka-Cydzik, Kazimierz Kowalski, Izabela Głazowska 

Bioactive surface layers formed electrochemically on titanium materials in phosphoric acid 
solution  
 

P-51 
Hamed M. El-Shora  
Studies on the effect of heavy metal pollution on Glycine max seedlings 
 
P-52 
Michael Fischer, G. Kontaxis, Robert Konrat and Walther Schmid  
Synthesis of a Selective Isotope Labeled Methionine Precursor and Incorporation into the 
SH2 Domain from PLC-γ1 
 
P-53 
B.Kubica, S.Skiba, M.Stobi�ski, J.Goła�, M.Tuteja-Krysa, R.Misiak 

The levels of concentration of radionuclides 137Cs and 40K in soil and plant samples from 
Tatra National Park 
 
 



 

 

 



 

��������	
������
������	�
�����
����
����������
���� 

 
 
 
 
 
 
 
 
 
 
 

Lectures 
& 

oral communications 
 
 
 
 



 

 

 



��������������������������������������������������	
����	������
�	���
�����������������������������������������������������

�������������	��������������	��������������� �����!!" 

Bacterial photosynthesis: from membranes and complexes to crystals 
and structures 

 
C. Neil Hunter* 
 
Department of Molecular Biology and Biotechnology, University of Sheffield, S10 2TN, 
United Kingdom. email c.n.hunter@sheffield.ac.uk 
 

Photosynthetic bacteria are ideal model systems for dissecting the mechanisms by 
which solar energy is harvested and utilized by living cells. They are easy to grow, and they 
have a simple photosynthetic apparatus which consists of bacteriochlorophyll-carotenoid-
protein complexes sitting in a membrane bilayer. In order to provide more surface area for 
absorbing and utilising light, membranes of photosynthetic bacteria are invaginated within 
the bacterial cell. Two types of bacteriochlorophyll-carotenoid-protein complex, LH2 and 
LH1, act as collectors and absorbers of light, and this energy passes to a reaction centre (RC) 
complex where the excitation energy is converted to a charge separation, which is conserved 
as a proton gradient across the membrane. Ultimately, this proton gradient is converted to 
ATP, the chemical energy currency of all cells. 

The effectiveness of the LH2, LH1 and RC complexes for harvesting and utilizing solar 
energy depends on their ability to form interconnected macromolecular networks. We used 
atomic force microscopy (AFM) to directly reveal this network within the photosynthetic 
membrane from the bacterium Rhodobacter sphaeroides, under physiological conditions of 
temperature, pressure and pH1. The AFM topographs show the relative positions and 
associations of the photosynthetic complexes, and they also show that the membrane is 
divided into specialized domains. For example, groups of 10–20 molecules of the peripheral 
light-harvesting LH2 complex form light-capture domains that make extensive contacts with 
complexes containing LH1 and RCs. The LH1 complex acts as an intermediary in the 
excitation transfer process by collecting energy from LH2 and then passing it on to the RC. 
The LH1-RC complexes are found together with a polypeptide, PufX, and together the RC-
LH1-PufX complexes form dimers, which associate to form closely packed linear arrays, 
often separated by narrow ‘energy conduits’ of LH2 just two or three complexes wide. The 
arrangements of these photosynthetic complexes revealed by AFM demonstrate the strategy 
employed by these bacteria to harvest, transmit and utilize solar energy. 

In order to correlate the AFM data on membranes with structural data on the individual 
types of complex, bacterial photosynthetic membranes were solubilized in detergent and the 
dimeric RC-LH1-PufX complexes were purified by column chromatography. Following 
slow removal of the detergent the complexes were reconstituted into tubular two-dimensional 
crystals, which were analyzed by cryo-electron microscopy. A projection structure of the 
RC-LH1-PufX dimer was obtained at 8.5� resolution, and this structure is consistent with 
AFM data of the same complex in its native membrane environment2. Similar data were 
obtained for the LH2 complex3. In summary, AFM and EM approaches have revealed the 
structural and organizational basis for the light reactions of photosynthesis in these bacteria. 
 
References: 
1. S. Bahatyrova et al., Nature 2004, 430, 1058. 
2. P. Qian et al., J.Mol. Biol. 2005 349, 948. 
3. T. Walz et al., J.Mol. Biol. 1998, 282, 833. 
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The aromatic residue, phenylalanine, drives binding of carotenoid in 
model light harvesting complex 

 
García-Martín A, Pazur A, Wilhelm B, Robert¥ B, and Braun* P. 
 
Department Biologie I, Botanik, LMU München, Menzingerstr. 67, 80638 München, 
Germany; ¥Section de Biophysique des Fonctions Membranaires, DBJC/CEA and URA 
CNRS 2096, C.E. Saclay 91191 Gif sur Yvette Cedex, France 
*e-mail: paula.braun@lrz.uni-muenchen.de. 
 

A model protein, based on the natural bacterial light harvesting complex, LH2, is used 
to study the factors that drive binding of carotenoids to membrane proteins. The pigment-
binding transmembrane helix of the light harvesting complex (LH2-α from the 
photosynthetic bacterium Rhodobacter sphaeroides) was replaced by an Ala-Leu sequence. 
Replacement of α-phenylalanine at position -12 by leucine results in (1) a significantly 
reduced carotenoid content and (2) the loss of the monomeric bacteriochlorophyll, BChl-
B800. In contrast, functional assembly of the dimeric bacteriochlorophyll, BChl-B850, is not 
altered. Additional replacement of the only other phenylalanine, β-Phe(-8), which is in close 
contact with the carotenoid’s polyene chain, located in the transmembrane helix of the β-
subunit, results in the entire loss of light harvesting active carotenoid from the model 
complex. In LH2 wt sequence context, the double mutation, α-Phe(-12) and β-Phe(-8), does 
not result in the entire loss of light harvesting active carotenoid, but in a significant reduction 
(~50%). These findings show that binding and functional assembly of carotenoid in LH2 is 
dependent on the aromatic residues, α-Phe(-12) and β-Phe(-8). Statistical analysis of the 
carotene binding pockets of the plant photosystem I and II suggests that aromatic residues 
make up a significant part of the carotenoid binding pocket. At some carbons (C1, C17, C8) 
Phe residues make up nearly 40% of the total contacts between carotene and polypeptide. 
This further supports the notion that aromatic residues, in particular, phenylalanines, are key 
factors for the binding of carotenoid to transmembrane proteins. 
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Rendering linear tetrapyrroles functional antenna pigments: Chromo-
phore attachment, non-covalent interactions and folding of biliproteins 
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Biliproteins are functional in photosynthesis and photomorphogenesis. They contain 
linear tetrapyrrole chromophores, covalently linked to the proteins via thioether bonds to 
cysteines. Four types of lyases have been characterized for chromophore attachment: They 
bind autocatalytically to the core-membrane linker, ApcE1 and to phytochromes2-4. PCB adds 
spontaneously to all binding-sites (α84, ß84, ß155) of CPC, but generally to product mixt-
ures4,5. Heterodimeric lyases attach PCB to α845, the phylogenetically related lyases 
(PecE/F)6 catalyze the simultaneous isomerization to the photoactive PVB chromophore of 
α-PEC7-9. Three genes (cpcS, cpcU, cpcV) code for lyases attaching PCB to ß84 of several 
biliproteins7,10, a fourth one (CpcT) for a lyase specific for ß15511. The entire pathway for the 
synthesis of biliprpoteins could be reconstituted in E. coli10,12. 

The properties of covalently bound chromophores are strongly modified by non-
covalent interactions with the native protein, resulting in a 5-10 fold increase in absorption, 
fluorescence increase by 3-4 orders of magnitude, induction of photochemistry in some bili-
proteins. Concepts will be discussed on how these changes are brought about by the protein. 
These changes can be used to monitor the folding and unfolding of the protein. The results 
indicate a sequential folding/unfolding, which is different under equilibrium conditions and 
in kinetic experiments. In the former, the protein first becomes less stiff, then the 
chromophore interactions are weakened, and finally the α-helical protein melts. In kinetic 
experiments, melting of the α-helice precedes the loss of chromophore-protein interactions.  
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Bioinspired devices based on semiconducting nanosystems 
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Processes of energy and information conversion are the most basic phenomena in 
nature. Various molecular and nanoscopic assemblies try to mimic the behaviour of natural 
systems. Light-harvesting antennae,1 photovoltaic cells,2 artificial neuron-like systems3 and 
molecular logic gates4 are the best examples of bioinspired devices performing 
energy/information processing.5 

Surface-modified semiconductor materials are of central importance due to their 
versatility, stability and performance. Especially photoelectrochemical properties of 
nanocrystalline semiconducting systems are promising as platforms for mimicking natural 
energy and information processing. 

The surface of titanium dioxide and other semiconductors can be easily modified with 
organic, organometallic or inorganic chromophores to yield materials suitable for solar 
energy harvesting. This energy can be further utilized for driving chemical reactions 
(photocatalysis), electric energy generation (photovoltaics) or information processing 
(bioelectronics). 

This contribution focuses on several nanocrystalline systems based on titanium dioxide 
and various bioinspired chromophores based on B1 and B9 vitamins. 

TiO2 modified with B1 immobilized via cyanoferrate linker shows strong redox-
controlled photosensitization towards visible light. In contrast, direct immobilization of 
vitamin B9 (folic acid) onto the TiO2 surface results in potential independent 
photosensitization. In both cases, however, photoelectrochemical photocurrent switching 
(PEPS effect) is observed. 

MMCT

 
Tentative scheme for TiO2 photosensitization by thiamine complex 
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Solution Structure of Bacteriochlorophyll Molecule 
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The conformations and high resolution structures of chlorophylls molecules are known 
only on the basis of crystal structures of photosynthetic complexes containing these 
pigments. However, the structural information about free pigments is not available, mainly 
due to the presence of strongly hydrophobic C20 residues of phytol in these compounds, 
causing difficulties with obtaining good quality crystals of chlorophylls. The crystallization 
of chlorophylls was made possible only after the truncation of their molecules, e.g. via 
replacement of the phytyl moiety with smaller residues, but this way, part of the information 
was lost. Still, the crystal structure might not correctly represent the solution structure of free 
pigment. Therefore, in our study, in order to check for the effects of phytyl on the structure 
of the pigment in solution, the spectral properties of intact bacteriochlorophyll a and its 
derivative, bacteriochlorophyllide a, truncated at the C-173 position, were analyzed in detail. 
A comparison of the absorption spectra of the two pigments in a series of solvents revealed 
that the phytyl moiety and the tetrapyrrole macrocycle interact with each other. This is 
apparent from the specific shifts of the QY and QX absorption transitions of BChla, clearly 
correlated with the presence/absence of phytol. These results strongly indicate that the 
seemingly flexible phytyl residue does not assume a randomized position but interacts with 
specific sites on the macrocycle. The long C20 residue of BChla seems to bend over the 
macrocycle and thus interferes with both the ligand binding to the central Mg and the 
formation of hydrogen bond to the C-3 acetyl group.  
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Enzymes in organic synthesis – successful examples and current trends 
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An impressive number of examples has been developed in the past decades for the 
application of enzymes in organic synthesis, with hydrolases as the most frequently used 
biocatalysts.1 

Whereas initially, commercial enzyme preparations have been used 'straight from the 
bottle2, the current trend is to tailor-design the biocatalyst using methods of molecular 
biology and protein engineering. Examples include the functional expression of a 
recombinant pig liver esterase (PLE) isoenzyme in the yeast Pichia pastoris3,4, directed 
evolution5 to design esterase mutants showing altered substrate specificity as well as 
substantially increased enantioselectivity6 and the identification of a sequence motif 
determining activity towards tertiary alcohols7, which could be substantially improved by 
rational design. In addition the identification of protease substrates by phage display will be 
shown.8 

More recently, we turned our interest to catalytic promiscuity.9 First results for the 
creation of epoxide hydrolase activity into an esterase scaffold will be presented too. 
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Application of biocatalysis for the preparation of optically active 
hydroxyphosphonates 
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 Biocatalysis is an effective and in many cases preferable alternative to the standard 
synthesis of optically active forms of fine chemicals. It may be performed using either whole 
cells of desired activity or isolated enzymes. Both methods have their advantages and 
disadvantages but when compared to chemical catalysis they are exquisitely selective and 
highly reactive over a broad range of operating conditions yielding products with unparalled 
chiral (enantio-), positional (regio-), and chemical (chemo-) selectivities. 
 Phosphonates are group of organophosphate compounds which molecules contain 
direct bond between phosphorus and carbon atom. Some of them are mimetics of carboxylic 
acids in which carboxylic group is replaced by phosphonic or related function. Being 
structural analogs of these acids they influence activity of enzymes involved in their 
metabolism exerting biological effect as antibacterials, herbicides or neuromodulators.1 
 As it is well known that usually enantiomers exert different biological effect. We used 
biocatalysis to obtain hydroxyphosphonates in their optically pure form. This particular 
group of phosphonates is not fully explored for their biological activity, though there exist 
reports of their inhibitory effect against renin and HIV protease and polymerase.2,3 
 Three general biocatalytic procedures were used, namely lipolytic microorganisms 
either for enentioselective hydrolysis of acyloxyalkane phosphonates or enantioselective 
acylation of hydroxyphosphonates, baker’s yeast and other fungi for bioreduction of 
ketophosphonates, and bacteria and fungi for hydrolytic oxirane ring opening in substituted 
1,2-epoxyethanephosphonates.4,5,6,7 
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of N10formyltetrahydrofolate synthetase 
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Allosteric inhibition plays a vital role in metabolic regulation. It occurs in oligomeric 

enzymes when the binding of one ligand decreases the affinity for substrate at other active 
sites. 

N10-Formyltetrahydrofolate synthetase (FTHFS) functions as a tetramer, loose dimer of 
tightly bound dimers. FTHFS catalyzes the formylation of tetrahydrofolate (H4folate) in an 
ATP dependent manner. This reaction is an initial step in the reduction of carbon dioxide and 
other one-carbon precursors to acetate (and the reverse reaction). The enzyme, present at 
high levels in the acetogenic and purinolytic bacteria, is involved in a C1 carbon fixation 
process for cellular biosynthesis or in ATP synthesis. 

We have co-crystallized FTHFS from Morella thermoacetica at ca 2.0M ammonium 
sulfate with ATP and formate. Crystals diffracted to resolution of 2.5Å. Structure was solved 
using molecular replacement method with native FTHFS structure (pdb code: 1EG7) as a 
starting model. 

Analysis of electron density maps reveals the presence of a catalytic intermediate – 
formylphosphate  and  an additional molecule of ATP in the active site of an enzyme, what 
explains previously observed substrate inhibition1.  

The adenosine ring of the ATP is stabilized by stacking interactions between Trp412 
and Phe384. There are total of twelve hydrogen bonds to ATP.  Formylphosphate forms 
hydrogen bonds with Arg74, Phe304 and Lys74.   

In FTHFS inhibitory complex the loose interaction corresponds to two-fold 
crystallographic symmetry. Tight dimers are asymmetric and there is only one 
formylphosphate/ATP per dimer. Moreover, asymmetry of the complex correlates with the 
crystal packing generating perfectly ordered system.  

The asymmetry of FTHFS complex with ATP/formylphosphate reveals strong negative 
cooperativity between the tight dimer subunits. Interactions that communicate ligand binding 
in subunit A to subunit B and prevent simultaneous ligand binding in subunit B were 
indicated on the basis of superimposition of complex and native protein structure.  
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Effects of pressure and temperature on the kinetic behaviour of 
Sulfolobus solfataricus carboxypeptidase highlight the role of non-

covalent interactions in enzyme catalysis 
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Sulfolobus solfataricus carboxypeptidase (CPSso), a heat- and pressure-resistant 
enzyme1,2 consisting of four identical subunits with a Mr of about 43000. Thanks to its 
catalytic and structural properties, it represents an ideal tool for investigating the role of the 
individual non-covalent interactions in enzyme catalysis. Actually, it has a broad substrate 
specificity as it can remove any amino acid from short peptides and N-blocked amino acids, 
irrespective of the blocking group, thus acting also as an aminoacylase1. Furthermore, the 
catalytic and kinetic mechanisms of the enzyme have been well-established and were 
confirmed by a 3D model we previously developed3. Here, we report investigations on the 
pressure- and temperature-dependence of the kinetic parameters of CPSso using several 
benzoyl- and 3-(2-furyl)acryloyl-amino acids as substrates. This approach enabled us to 
study these parameters in terms of individual rate constants and establish that the release of 
the free amino acid is the rate-limiting step. However, a straightforward interpretation was 
difficult to obtain within the sole frame of the current views regarding enthalpy and volume 
changes associated with non-covalent interactions4. On the whole, our results show that both 
hydrophobic and energetic interactions (i.e., stacking and van der Waals) are mainly 
involved, but their contribution varies strongly, probably due to changes in the 
conformational state of the enzyme. Likewise, no obvious correlation was observed between 
the thermodynamic parameters related to the temperature dependence of enzyme-substrate 
interaction and those related to the pressure-dependence.  
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and alkylheterocyclic compounds 
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Ethylbenzene dehydrogenase (EBDH) is a key enzyme of the anaerobic metabolism in 
denitrifying bacterium Azoarcus sp. EbN1. It is a novel periplasmic molybdenum/iron-
sulfur/heme protein of 155 kDa, which consists of three subunits (96, 43, and 23 kDa) and is 
oxygen-sensitive in its reduced state. It catalyses the oxygen-independent, stereo specific 
hydroxylation of ethylbenzene to (S)-1-phenylethanol1,2. It is the first known example of 
direct anaerobic oxidation of a non-activated hydrocarbon. Our enzymatic system promises 
potential applications in chemical and pharmaceutical industries due to a fact that: i) pure 
enantiomers of alcohols are of a high value as building blocks for physiologically active 
compounds and ii) EBDH reacts with a relatively wide spectrum of alkyl substituted 
aromatic and heterocyclic compounds,3.  

In order to investigate EBDH activity with potential substrates a spectrophotometric 
activity assay was applied. In the assay the enzyme is reduced by organic substrate and re-
oxidized by ferricenum tetrafluoroborate, which concentration change is followed by UV-
vis. Based on that more than 30 compounds were tested that allowed characterization of 
substrate and inhibitor spectrum of the enzyme. The reaction mixtures were analyzed 
qualitatively with GC-MS technique, which proved that alcohol products are formed in the 
investigated reactions. For quantitative analysis of reaction of ethylbenzene oxidation HPLC 
with diode array detector was used. Moreover standard kinetic measurements were 
supplemented with temperature kinetic study, which yielded activation energies for selected 
substrates and provided optimal reaction temperatures for enzymatic process. Finally an 
electrochemical reactor was constructed which re-oxidizes ferrocene to ferricenum 
tetrafluoroborate sustaining the reaction for several hours, thus allowing high conversion 
factor. 

The experimental research were additionally supported by theoretical modeling of 
substrate electronic parameters, which provided an opportunity for construction of 
Quantitative Structure Activity Relationship (QSAR) equation that describes factors 
influencing reactivity3. In the presentation we will disclose the latest developments on 
biochemistry of EBDH along with clues into the reaction mechanism provided by QSAR 
models. 
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Regulation of human prostatic acid phosphatase activity 
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Human prostatic acid phosphatase (PAP) is an unusual enzyme: it catalyses hydrolysis 
[EC 3.1.3.2] of a broad variety of phosphoesters including phosphoproteins and 
phospholipids. Moreover PAP displays phosphotransferase and protease activities.  

The molecular weight of native homodimeric PAP was found by gel filtration as 100 
kDa. Each monomeric subunit is composed of two domains of various size. Enzyme’s active 
center  is localized between the two domains.  

Hydrolysis of several phosphoesters (phenyl phosphate, 1-naphthyl phosphate, 
phosphotyrosine, o-carboxyphenyl phosphate and 4-methylumbelliferyl phosphate) catalysed 
by human prostatic phosphatase (PAP), has been studied in aqueous solution and in reverse 
micelles.1,2 Initial reaction rate was determined by using previously prepared continuous 
spectrophotometric assays.  

The experimental results were fitted to Hill rate equation:  

hh

h
cat

SK
SEk

v
)]([)(

)]([][

05.0

00
0 +

=  

 where: h - Hill cooperation coefficient, kcat - catalytic constant  (turnover number) 
 and K0.5 - half saturation constant. 

   The kinetics of PAP-catalysed hydrolysis shows positive cooperativity in substrate 
binding; the enzyme-substrate saturation curves are sigmoidal. Thus substrate is homotropic 
positive effector (activator). The degree of cooperativity depends on the nature of ligand 
(substrate) molecule. The cooperativity, for each of the studied substrates, increases with 
enzyme concentration, suggesting that composition of PAP oligomers in solution varies: the 
Hill cooperation coefficient h and the constant K0.5 both increase, but the catalytic constant 
kcat remains constant. The hypothesis was confirmed by studies of PAP tertiary and 
quaternary structure, using air-fuge ultracentrifugation and spectrofluorimetry, over broad 
enzyme concentration. 3 

Regulation of PAP activity thus can be explained by ligand-induced association-
dissociation of the catalytically PAP oligomers: monomer-dimer-tetramer.1-4 Therefore 
classical models of Monod and of Koshland explaining the cooperativity by only tertiary 
protein structure changes do not describe it properly. The models of Frieden, of Nichols and 
of Kurganov dealing with quaternary structure changes may describe them.  
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Enantioselectivity of the prochiral carbonyl compound – acetophenone - 
bioreduction as an example of the possibility of stereocontrol of the 

process 
 
Małgorzata Brzezi�ska- Rodak,* Ewa �yma�czyk- Duda, Barbara Lejczak 
 
Wrocław University of Technology, Faculty of Chemistry, Department of Bioorganic 
Chemistry, Wybrze�e Wyspia�skiego 27, 50- 370 Wrocław, Poland,  
e-mail: malgorzata.brzezinska-rodak@pwr.wroc.pl 
 

Biocatalysis represents an effective and sometimes preferable alternative to the standard 
synthesis of fine chemicals and optically active compounds. Biocatalysts are excellent 
catalysts as they can perform regio- and stereospecific reactions under mild conditions and 
artificial compounds can be accepted as the substrates.  

The asymmetric reduction of ketones to alcohols introduced chirality into a molecule of 
the chemical compound, which can be then transformed into various functionalities to 
synthesis industrially important chemicals1. There are several methods of the control of the 
enantioselectivity of microbial reductions. One of them is the addition of chemical 
compounds which are used as an exogenous source of hydrogen - cofactor regeneration 
system of dehydrogenases or they act as inhibitors of particular enzymes involved in the 
reaction2,3. The other approach allowed to control the stereoselectivity and reductive activity 
of microorganisms via manipulation of the microbial cells mode. In this case immobilization, 
permeabilization or lyophilization3 are the methods of choice.  

We have performed the methods of stereocontrol of the bioreduction of the 
acetophenone to desired enantiomerical form of the corresponding alcohol for different 
whole-cell biocatalysts such as: Rhodotorula sp., Beauveria sp., baker’s yeast, Cladosporium 
sp., Verticillum sp. The product - 1-phenylethyl alcohol – independent on the absolute 
configuration of the stereogenic centre was obtained in particular cases with exellent optical 
pourity and of satisfactory chemical yield. 
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O-O bond formation in the S4-state of the oxygen evolving complex 
in photosystem II 

 
Per E. M. Siegbahn 
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Center for Physics, Astronomy and Biotechnology, SE-106 91, Stockholm, Sweden 
 

Based on recent X-ray structures of the oxygen evolving complex in photosystem II, 
quantum chemical geometry optimizations of several thousands structures have been 
performed in order to elucidate the mechanics of dioxygen formation. The energetically most 
stable structure of the S4-state has been used in the present study to investigate essentially all 
possible ways the O-O bond can be formed in this structure. A key feature, emphasized 
previously, of the S4-state is that an oxygen radical ligand is present rather that a Mn(V)-
state. Previous studies have indicated that this oxygen radical can form an O-O bond by 
attack from a water molecule in the second coordination shell. The present systematic 
investigatio has led us to a new type of mechanism which is significantly favored over the 
previous one. A calculated barrier of 12 kcal/mol was found for this mechanism in 
comparison to the best previous results of 18-20 kcal/mol. A rationalization for why the new 
mechanism is preferred is given, which also gives explanations for why the oxygen evolving 
complex is built the way it is with an Mn3Ca cube connected by µ-oxo bonds and a dangling 
manganese outside the cube. 
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High-level ab initio calculations on the energetics of low-lying spin states 
of biologically relevant iron complexes  

 
Kristine Pierloot  
 
University of Leuven, Department of Chemistry, Celestijnenlaan 200F, B-3001 Leuven, 
Belgium; e-mail: Kristin.Pierloot@chem.kuleuven.be  
 

The identification of of the spin symmetry of the ground and low-lying excited states in 
biologically relevant transition metal coordination compound is an issue of central 
importance for the description of spin transitions occuring during chemical reactions of 
metalloenzymes, e.g. the catalytic cycle of cytochrome P450. Finding a computational 
method which can reliably deal with spin state energies is still a challenge to modern 
theoretical chemistry. Density functional theory, although still the unrivaled method of 
choice for quantum chemical studies of bioinorganic systems, has been been shown to be far 
from infallible vis-a-vis this issue. In this contribution, we will explore the capabilities and 
limitations of CASPT2, i.e. perturbation theory based on a multiconfigurational reference 
function, for the description of the relative energies of low-lying states in a number of iron 
complexes, ranging from simple [FeL6] systems to Fe(II,II) porphyrins. The spin coupling 
between Fe(IV) and the unpaired electron on the surrounding  ligand environment in Cpd I 
will also be discussed. 
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Peculiarities of the electronic structure of cytochrome P450  
active site (compound I) – DFT and CASPT2 modeling 

 
Mariusz Rado�, Ewa Broclawik* 
 
Dept. of Theoretical Chemistry, Jagiellonian University, Ingardena St. 3,Cracow, Poland  
 

Electronic structure of cytochrome p450 compound I (modeled as [Fe(O)(SH)Por] with 
SC  symmetry) was studied by means of  unrestricted DFT (B3LYP, BLYP) and CASSCF 

followed by CASPT2. The study has been prompted by expected open-shall character of the 
prospective ground state candidate with antiferromagnetic electron coupling, hardly covered 
by widely used DFT methodology. Indeed, in agreement with literature1 the lowest lying 
states of each symmetry and spin arise in DFT results from ferro- or antiferromagnetic 
coupling between FeO triplet (2 unpaired electrons) and doublet (1 unpaired electron) 
located either on the porphyrine a2u (so called A2ustates) or on sulfur π lone pair (so called ΠS 
states) at the DFT level. B3LYP gives 2A2u or 4A2u (almost degenerate) as ground state. In 
BLYP 2A2u is also low lying, particularly with polarizable continuum added. However, 
important differences between hybrid and non-hybrid functionals are apparent in many 
aspects: relative energies (especially lack of expected almost-degeneracy between doublets 
and quartets of the same radical character), geometries, bond orders and occupations of 
natural orbitals. This could suggest that BLYP applied to doublets prefers one over three 
unpaired electrons.  

Since DFT results seemed unstable with respect to calculational parameters while 
multiconfiguration character of low lying states was apparent, we employed correlated 
methodology to resolve the doubts. No successful study at this level has been reported in 
literature. Due to size limitations CASSCF active spaces explored by us consisted of 
maximum three Fe d orbitals (3dσ, 3dπ) with their partners on oxygen (2pσ, 2pπ), 4 
porphyrine frontiers (a1u, a2u, eg) and two orbitals on sulfur (πs, σs). Low lying states from 
DFT (2A2u, 

4A2u, 
2ΠS, 

4ΠS) plus 2A1u and 4A1u were computed in CASSCF and CASPT2. For 
any selection CASPT2 resulted in either2A2u or 4A2u (almost degenerate) ground state, in 
agreement with our B3LYP results, literature2 and experimental suggestions3. Computed spin 
densities and spin natural orbitals were consistent with those from DFT and illustrated nicely 
radical character of Cpd I. In spite of technical difficulties due to the problem size, we 
managed to select reasonable set of active orbitals by understanding their physical role in 
various electronic states. Interesting effects of strong dynamic correlation at CASPT2 level 
have been noticed: rotation of the ground state in comparison to CASSCF (where it was ΠS) 
and strong mixing between CASSCF roots in Multi-State CASPT24. Strong influence of 
dynamic correlation could also support good performance of DFT in assigning intricate 
electronic states. 
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The computer design and characterozation 
of a photomodulable peptide 

 
Tadeusz Andruniów 
 
Institute of Physical and Theoretical Chemistry, Wroclaw University of Technology, 50-370 
Wroclaw, Poland and Dipartimento di Chimica, Università di Siena, I-53100 Siena, Italy. E-
mail: andruniow@mml.ch.pwr.wroc.pl  
 

Photocontrol of peptide or protein conformation is of great interest as it can provide 
means for the investigation of complex living systems in situ.1 Conformational changes in 
macromolecules can be achieved by incorporation of photoresponsive molecule, that is 
capable of converting light energy into a permanent change in geometry, into the 
macromolecule backbone. 

 
Fig. 1. Structure of a photomodulable octapeptide. 

 
In this work we report the first state-of-the-art CASPT2//CASSCF/Amber and Car-

Parrinello molecular dynamics (CPMD) mapping of the reaction path of a bio-mimetic 
photochemical switch embedded within a cyclic peptide. 2,3  Reaction path calculations reveal 
that while the switch starts to change immediately after the excited state (S1) population, the 
change of the peptide moiety occurs only after decay to the ground state (S0). Similarly, the 
trajectory analysis indicates that the peptide relaxation occurs entirely on  S0.  
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Energetics of electron events in photosynthetic reaction centers  
 
Ernst-Walter Knapp*1 and Hiroshi Ishikita1,2  
 
1Institute of Chemistry and Biochemistry, Free University of Berlin, 14195 Berlin, Germany;  
e-mail: knapp@chemie.fu-berlin.de; Fax: **49-30-83856921;  
2Department of Chemistry, Pennsylvania State University, PA, 16802 USA;  
 

In photosynthesis light is harvested in antennae and converted in electronic excitation. 
In reaction centers (RC), this energy drives a charge separation process generating 
electrochemical energy, which is used to build up a proton gradient. This energy conversion 
goes along with a chain of electron transfer (ET) and proton uptake processes. We 
characterized the energetics of RC cofactors participating in these ET events and estimated 
their rates using the Dutton ruler [1]. Here, we focus on similarities and differences between 
RC from bacteria, algae and plants considering bacterial RC (bRC), photosystem I (PSI) and 
photosystem II (PSII).  

The redox potentials of the participating cofactors in the RC were calculated by solving 
the Poisson-Boltzmann equation for the complete protein complex accounting for the 
protonation pattern of all amino acids. First the computational machinery is introduced and 
explained in some detail. Subsequently, we consider the ET events between the quinones and 
the iron-sulfur-cluster in PSI and between the quinones in PSII and bRC. In the latter case, 
we demonstrate how reorganization of H-bond pattern can influence the quinone redox 
potentials and thus the corresponding ET events. Next, we like to elucidate the largely 
different oxidation power of the chlorophyll (Chl) dimers in PSII and PSI and of the 
bacteriochlorophyll (BChl) dimer in bRC, which we can understand in terms of specific 
structure and charge pattern differences. Finally, if time allows, a controversial issue on the 
role of the non-heme iron (Fe) in PSII and bRC will be discussed. The non-heme iron 
complex (Fe-complex) in bRC is considered to be redox-inactive while in PSII its redox state 
can be changed. With time resolved FTIR Remy and Gerwert [2] observed in bRC an 
electron appearing at the secondary quinone (QB) before the primary quinone (QA) was 
oxidized suggesting that the electron originates from a different source. We investigated the 
energetics of possible transient oxidation events of the Fe-complex in bRC and find support 
for such an idea.  
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Short-distance interactions engaged in the protein binding to a lipid 
bilayer 

 
Marta Pasenkiewicz-Gierula*, Krzysztof Murzyn, Tomasz Róg 
 
Department of Biophysics, Faculty of Biochemistry, Biophysics and Biotechnology, 
Jagiellonian University, Kraków, Poland mpg@mol.uj.edu.pl 
 

Biological membranes are multi-component systems. Their main structural element is a 
lipid matrix, mostly in the form of a liquid-crystalline bilayer. Other constituents i.e., 
proteins and sterols, either intercalate into or loosely attach to the bilayer. Membrane 
proteins can be classified into two broad categories, integral and peripheral. Most 
biomembranes contain both types of membrane proteins. The lipid matrix is not a passive 
and structureless ‘solvent’ for the membrane proteins. In fact, the membrane lipids play 
active roles in the proteins functioning both by providing an interface with the fluid 
membrane environment and interacting specifically with integral or peripheral proteins.  

The lipid matrix of the animal cell membrane consists mainly of phosphatidyl-choline 
and cholesterol. It has two distinct regions, a polar interface and non-polar core. The bilayer 
constitutes the basic physical barrier, whilst the membrane proteins regulate the permeability 
of this barrier to specific compounds. Integral membrane proteins have at least one segment 
that is embedded in the bilayer, transmembrane proteins span the entire bilayer. An integral 
protein contains mainly residues with hydrophobic side chains that interact with hydrocarbon 
chains of phospholipids in the membrane core but also residues with hydrophilic side chains 
that interact with polar headgroups of phospholipids at the membrane interface. These 
interactions anchor the protein to the membrane. Peripheral membrane proteins do not 
penetrate the membrane and are bound to it by weak molecular attractions. 

In this study, basic interactions anchoring membrane proteins were characterised by 
studying small helical peptides (~25 amino acids) placed in a bilayer of a lipid composition 
representative for the animal cell membrane. The study was carried out using molecular 
modelling methodology. Two computer models were investigated: one represented an 
integral, the other a peripheral membrane protein. In both systems, the animal cell membrane 
was modelled by a palmitoyloleoylphosphatidylcholine-cholesterol (POPC-Chol) bilayer. In 
the first model, the membrane spanning helical fragment of EGF receptor (EGF peptide) was 
inserted vertically to the bilayer surface, in the second, magainin-2 amide (M2a) was located 
on the bilayer surface. Molecular dynamics (MD) simulations of the two systems were 
carried out for 20 ns. During simulations, the peptides retained their helical structure. 

Basic interactions between the peptides and membrane lipids involve intermolecular 
hydrogen (H-) bonds, charge pairs, water bridges and van der Waals (vdW) contacts. These 
interactions were identified by applying geometrical criteria. The EGF peptide, which has 
only one polar residue in its sequence (THR) practically does not interact specifically with 
POPC or Chol. M2a, instead, interacts specifically with POPC and Chol. M2a is linked 
directly to POPC by H-bonds and charge pairs and indirectly via water bridges. Furthermore, 
M2a forms direct H-bonds with Chol, which distorts its helical structure. Non-polar residues 
of both peptides interact with hydrocarbon chains of POPC and Chol via vdW interactions. 
VdW interactions between EGF peptide and lipids are tighter than between M2a and lipids. 
This result is consistent with our intuition, which suggests that peripheral proteins are bound 
to the membrane mainly via polar interactions, whereas, non-polar interactions should 
dominate in the case of integral proteins. 
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Simulation of protein folding process 
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The protein folding process has been recognized experimentally as multi-step process. 
The intermediates (I) between unfolded (U) and native (N) structures can be presented as 
follows:  

U �I1…�Ii   � N 
The model for protein folding process simulation assumes the prrsence of folowing 

steps:  
U � ES � LS � N 

The early-stage (ES) is assumed to be determined only by the polypeptide backbone1,2.  
The late-stage (LS) is assumed to by directed mostly by hydrophobic interaction3,4.  
The model presented introduces the limited conformational sub-space for ES 

intermediate.  
The hydrophobic collapse directs the folding protein molecule to concentrate the 

hydrophobic residues in a central part of molecule and to expose the hydrophilic residues on 
the surface of molecule in the LS stage. The model assumes the presence of external force 
field of hydrophobic character of fuzzy-oil-drop form. It is expressed by three dimensional 
gauss function. The idealized distribution of hydrophobicity (according to gauss function) is 
compared with the empirical one. The optimization procedure minimizes the difference 
between expected and observed hydrophobicity distribution. The size of fuzzy-oil-drop is 
decreased in each step of optimization and followed by energy minimization to avoid the 
possible overlaps. The simulated process of folding becomes of pulsation character (squeeze 
- decreased size of oil drop followed by the relaxation step - energy minimisation step).   

The ideally soluble and non-reactive molecule appears as the result of this simulation.  
Fuzzy-oil-drop model applied to real protein structures (PDB) reveals that the high 

discrepancy between idealized and empirical hydrophobiciy distribution is localized in the 
active site (ligand binding site) of protein. This observation suggets that the presence of 
ligand (or molecule mimicking natural ligand or substrate) is necessary to be present during 
the folding process to influence and mutually adapt protein and ligand molecule.  

The presence of ligand molecule in the folding environment (fuzzy-oil-drop) 
significantly amends the structural form of the folding protein molecule.  
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Molecular modelling – help in an experiment on proteins design 
 
Sanja Tomi�*, Branimir Bertoša,  
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Understanding of protein behaviour and functioning in a living organism is crucial for 
understanding life. To achieve this, the structural and dynamical information about protein 
complexes is valuable and could be further exploit for protein engineering or drug design 
purposes.  

We studied two sets of protein-protein complexes: a) between extracellular 
ribonuclease barnase and its intracellular inhibitor barstar, and b) between the small GTP 
binding Ras proteins and their effectors, protein kinase Raf and RalDGS. Using the 
COMBINE (COMparative BINding Energy) approach1,2 we derived 3D QSAR models of 
predictive value3 and developed a procedure that might be useful for planning experiments 
on protein complexes. This approach is based upon the assumption that the binding free 
energy (
G) can be correlated with a subset of suitably weighted energy components (ui) 
determined from the structures of the two proteins in bound and unbound forms: 

CuwG
i

ii +=∆ �  

Similar study we performed for the complexes between BCL (Burkholderia cepacea 
lipase) and secondary alcohol esters.4,5 Since the binding mode for the slow reaction 
secondary alcohol enantiomer, predicted by molecular modelling differ from the one 
determined experimentally, we accomplished a series of quantum mechanical6 and QM/MM 
studies in order to elucidate possible reaction pathways. For each enantiomer of 1-phenoxy-
2-butanol ester we considered two different binding modes (theoretical and experimental7), 
and modelled chemical transformation of the covalent to the non-covalent protein-substrate 
(either alcohol or ester) complexes.  
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Polymer-inorganic hybrids for medical applications 
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Materials needed for a large variety of medical applications, either as elements of 
diagnostic devices or as elements of implants, often should have a set of properties that are 
difficult to obtain in the case of polymers, metals or ceramics alone. However, the required 
properties in many cases can be achieved by proper combination of materials belonging to 
the mentioned above classes into polymer-metal or polymer-ceramic hybrids. 

In the paper we will report on fabrication of hybrid materials based on polymeric nano- 
and microparticles, the materials developed for production of biosensors. A set of 
fundamental properties of materials for construction of detectors of biosensors includes: (i) 
the ability to immobilize chosen bioreceptors (e.g., enzymes or antibodies) on selected 
surfaces in a way allowing retention of their bioactivity, (ii) suitability for transmission of 
electrical, optical or other signals accompanying interaction of receptors with an analyte, (iii) 
an easy, simple and inexpensive production.  

In our laboratory there were developed methods for controlled synthesis of polymeric 
particles with diameters in a range from ca 100 nm to few micrometers - particles with 
interfacial layer containing reactive hydroxyl, carboxyl or aldehyde groups suitable for 
covalent immobilization of proteins and oligonucleotides.1-3 Syntheses of these particles and 
methods suitable for immobilization of biomacomolecules onto them will be presented. 
Convenient and simple methods for physical adsorption and covalent immobilization of 
particles onto glass, quartz, mica, and onto other substrates have been developed.  

Special attention was concentrated on fabrication 
of hybrids of polymer nanoparticles attached onto 
inorganic substrates creating controlled morphology of 
particle monolayers. Lecture will contain description of 
models of biosensors constructed on the basis of the 
mentioned hybrid materials and of their other 
applications for fabrication of diagnostic devices. There 
will be presented also formation of polyester scaffolds 
for tissue engineering obtained from hybrids of 
polyester micro and nanoparticles and inorganic water 
soluble porogens according to a method developed in 
our laboratory.4 Initial observations of growth of the 
cultures of bone forming cells in these scaffolds will be 
presented. 
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Poly(styrene/polyglycidol) 
microsphere assemblies 

immobilized on mica 
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Application of polymers at the development of DNA biosensors 
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Development of DNA biosensors as a screening chemical devices of the gene- cariers 
damage is a research subject of many scientists. Structural integrity of nucleic acid as 
necessary and unique component of gene expression is influenced by many agents, e.g. UV-
light, chemical radicals, toxins. The extend of damage can be presented by electrochemical 
signals obtained by differential pulse voltammetry (DPV) or cyclic voltammetry (CV). Our 
biosensor is voltametric electrode chemically modified with double stranded 
deoxyribonucleic acid (dsDNA). The nucleic acid layer is indicated using metal-complex 
redox marker, e.g. [Co(phen)3]

3+, as an indicator which can non-specifically interact with the 
DNA chain. The amount of ellectrostatically bound  marker′s molecules corresponds to 
survived unaffected DNA molecules. Cyclic voltametry of the [Fe(CN)6]

3- anionic indicator 
is well used for an electrode surface characterizationl. In this case, the indicator signal 
increases with degradation of DNA. 

Recent experiments have shown that a convenient chemical modification of the 
biosensor transducer surface can enhance the DNA redox signal and thus improve the 
sensitivity of sensor. Our aim is to find new materials for the sensor preparation. One of the 
used modifications was multiwall carbon nanotubes (MWNT)-chitosan (CHIT) film. CHIT is 
a polysaccharide biopolymer which displays good film forming ability and good adhesion. 
CHIT is biocompatible, biodegradable and non–toxic cationic polymer which forms 
polyelectrolyte complex with DNA. The fact that amino groups of CHIT electrostatically 
interact with negatively charged phosphate backbone of DNA provides better DNA 
immobilization. The MWNT (OD 40-60 nm,ID 5-10 nm, lenght 0.5-500 µm, Aldrich) 
enhance the effective sensor area and electric conductivity. Stability of MWNT-CHIT 
mixture is based on the non-covalent association of MWNT with the CHIT chain. 

The MWNT-CHIT composite film improves deposition of MWNT onto sensor surface. 
However the electrochemical signals of [Co(phen)3]

3+ cationic marker doesn′t increase using 
the MWNT-CHIT film due to a repulsion of positive charges. The cyclic voltametry of 
[Fe(CN)6]

3-signals possesses significantly higher at the MWNT-CHIT film in copmarison to 
unmodified carbon paste electrode. 

Another used surface modifier is polypyrrole (PPY).This conductive polymer is able to 
form thin morfologicaly uniform and stable films. Properties of nanotechnology toghether 
with those materials are perspective for preparing DNA, enzymatic or immuno-biosensors. 
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Chemical information for biology based on electrochemical biosensors 
 

Adriana Ferancová*, Ján Labuda  
 
Institute of Analytical Chemistry, Faculty of Chemical and Food Technology, Slovak 
University of Technology in Bratislava, Radlinského 9, 81237 Bratislava, Slovakia, E-mail: 
adriana.ferancova@stuba.sk 

 
Biosensors based on electrochemical detection techniques such as voltammetry/ 

amperometry, potentiometry and conductometry are sensitive and selective devices used for 
many clinical, environmental, food - control applications. They combine the 
chemical/biochemical recognition ability of a biological element with the advantages of 
electroanalytical equipments and methods concerning both high sensitivity as well as low 
cost.  

Biosensors with biocatalytic components such as pure enzymes, cells and tissues are 
widely used as sources of analytical information and durg delivery activation. Immunoassay 
is generaly known as well. Together with conventional biocomponents, new clases of 
biomimetic receptors are developed today. Imprinted polymers and aptamers are of particular 
interest. 

In our laboratory, various voltammetric electrodes chemically modified with metal 
complexation agents, cyclodextrins and double stranded deoxyribonucleic acid (dsDNA) 
have been prepared and used. The preparation of new effective biosensors is based on the 
application of nanomaterials which improve the receptor fixation, enhance the analytical 
signal and allow to introduce new detection schemes. 

Species interacting with the DNA macromolecule and affecting its structure are of 
interest as well. Cyclodextrins and DNA as the sensor receptors allow the investigation of 
association host-guest interactions, DNA oxidative damage as well as DNA protection by 
antioxidants. Regarding this, the DNA biosensors were applied to the investigation of effects 
of various species including drugs, risk chemicals and phytochemicals like flavonoides and 
others. Some in situ generated species were also investigated as DNA degradation agents. 

Hence, these chemical sensors represent an important type of chemical information 
concerning not only the chemical composition but also (bio)chemical reactivity of both 
biological host molecules and chemical guest molecules. This is of great interest for health- 
and environmental sciences. 
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The dark side of Titania1 
 
Wojciech Macyk*, Agnieszka Ja�czyk, Gra�yna Stochel 
Faculty of Chemistry, Jagiellonian University, ul. Ingardena 3, 30-060 Kraków, Poland 
e-mail: macyk@chemia.uj.edu.pl 
 

Titanium dioxide (titania) due to its semiconductor nature is a well known inorganic 
compound showing interesting photocatalytic activity upon ultraviolet light irradiation.2 
Redox properties of photogenerated charges (electrons and holes) are suitable for reactive 
oxygen species (ROS) generation.3 They role in environment, biological systems and in 
medicine may be very valuable – for instance in processes of pollutants photooxidation, 
microorganisms, tumor cells inactivation, etc.3,4 The mechanisms of various reactive oxygen 
species generation will be discussed for various titania-based photocatalysts. 

Beside desired ROS photogeneration there are several applications of titania where its 
photoactivity is unwanted. A broad spectrum of TiO2 use, from paints through toothpastes, 
creams, UV-filters, to drugs production, requires no photoactivity of TiO2. In all these cases 
ROS formation should be diminished. Can photoactivity of titanium dioxide be switched on 
and off depending on application? May titania show its bright or dark side on demand? The 
answer to these questions will be discussed during this presentation. 

 
Depending on titania properties irradiation may lead to ROS generation  

or just recombination processes. 
 

“I am a spirit of no common rate” 
Titania, Act III scene 1, A Midsummer Night’s Dream, W. Shakespeare 

 
Footnotes and references:  
1. Titania – 1) titanium dioxide; 2) the largest moon of Uranus named after Titania, queen 

of fairies, wife of Oberon in W. Shakespeare’s A Midsummer Night’s Dream. 
2. Hoffmann, M. R.; Martin, S. T.; Choi, W.; Bahnemann, D. W. Chem. Rev. 1995, 95, 

69. 
3. Macyk, W.; Franke, A.; Stochel, G. Coord. Chem. Rev. 2005, 249, 2437. 
4. Szaciłowski, K.; Macyk, W.; Drzewiecka-Matuszek, A.; Brindell, M.; Stochel, G. 

Chem. Rev. 2005, 105, 2647. 
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New bioresorbable polymers for tissue repair and regeneration 
 
Sylwester Gogolewski 
 
Polymer Research, AO Research Institute, CH-7270 Davos, Switzerland 
 

Interest for synthetic bioresorbable polymers as candidates for implantable devices goes 
back to the early 1950. Although initially these polymers were used in sutures, their 
applications broadened with time. At present bioresorbable polymers are used in drug 
delivery devices, implants for bone fracture fixations and various constructs for stapling and 
binding soft and hard tissues. Over the last few years there has been increasing interest in the 
use of bioresorbable polymers in the design of structural scaffolds which could be used as 
substitutes for damaged, resected or malfunctioning tissues and internal organs. Optimally, 
such scaffolds implanted in place of missing tissues or organs would initiate their healing 
and/or regeneration. In many cases, however, the regenerative potential of the scaffolds has 
to be intensified by loading them with autogenous and/or synthetic growth factors or by 
applying “tissue engineering” approach involving seeding scaffolds with autogenous or 
transfected cells. 

 The candidate polymers for scaffolds that have been investigated the most 
extensively over the last several years are polyhydroxyacids, primarily polylactides, 
polyglycolide and copolymers of lactides with glycolide, ε-caprolactone and/or trimethylene 
carbonate. Recently, new aliphatic segmented polyurethanes have been attracting increased 
interest. The biologically active environment of the living organisms degrades polyurethanes, 
mainly through hydrolytic chain scission within ester and urethane linkages in the backbone 
chain and oxidative attack within polyether segments - processes which can be facilitated by 
the presence of enzymes and cell peroxides. These processes can be facilitated by 
incorporating labile moieties susceptible to hydrolysis such as polyols of hydroxyacids, 
caprolactone, polysaccharides, aminoacids, short-chain peptides in the polymer chain. 
Polyurethanes can be made hydrophilic, hydrophobic or amphiphilic. Hydrophilic 
polyurethane elastomers are preferred for the preparation of implants to be used in contact 
with blood or as tissue adhesion barriers. Polyurethanes with higher amounts of hydrophobic 
component may be required for cancellous bone graft substitutes and for repair of articular 
cartilage defects. The ratio between the hydrophilic and hydrophobic components in 
amphiphilic polyurethanes plays an important role during the contact of the material surface 
with blood proteins, cells and tissues. 

Experimental biodegradable polyurethanes were used for the preparation of small-
caliber vascular grafts, artificial skin, esophageal and tracheal prostheses, pericardial patches 
and porous membranes for the treatment of periodontitis. Vascular prostheses from these 
polyurethanes induced in animals the growth of functional “neo-arteries” having cellular 
structure, compliance and biological activity similar to those of the natural vessels. An 
“artificial skin” from biodegradable polyurethanes promoted healing of full-thickness skin 
wounds and tubular microporous prostheses facilitated regeneration of resected segments of 
trachea and esophagus in animals and promoted healing of large defects in the sciatic nerve. 
Microporous 3-D scaffolds used as bone substitutes enhanced the regeneration of critical-size 
segmental long bone defects and mono-, bi- and tricortical defects in the ilium. Such defects 
under normal circumstances do not heal in the patient’s lifetime. New applications of 
polyurethanes would be as injectable tissue augmentation materials, cements for the 
treatment of compression fractures of osteoporotic vertebrae, as injectable hydrogels for the 
replacement of calcified nucleus pulposus and as substitutes for degenerated disk. 



����	�������������������������������������������������	
����	������
�	���
��������������������������������������������
 

�������������	��������������	��������������� �����!!! 

Biodegradable thermoresponsive polymers for biomedicinal uses 
 
Martin Hrubý*a, Jan Ku�kab, Ond�ej Lebedab, Hana Mackováa, Michal Babi�a, Ján 
Kozempelb and Karel Ulbrich a 
 
aInstitute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, 
Heyrovský Sq. 2, 162 06 Prague 6, Czech Republic; bNuclear Physics Institute, Academy of 
Sciences of the Czech Republic, 250 68 �ež near Prague, Czech Republic; *corresponding 
author, email: mhruby@centrum.cz 
 

Thermoresponsive, sometimes also called thermosensitive polymers based on poly(N-
isopropylacrylamide), elastin-like peptides and similar systems, which are soluble in aqueous 
media at low (room) temperature and reversibly precipitate above a very narrow temperature 
range (approximately body temperature), are promising candidates for medical and 
pharmaceutical applications. The phenomenon of temperature-dependent phase separation of 
a polymer from aqueous solution is caused by competition of temperature-dependent forces 
driving the polymer to dissolve (due to polymer chain solvation and hydrogen bonding 
between the polymer and water) and hydrophobic interactions driving the polymer to 
separate from the solution. If a comonomer more polar than the monomer forming a polymer 
backbone  is incorporated into polymer chain, the lower critical solubility temperature 
(LCST) of the original polymer increases and vice versa. If a less polar comonomer unit in 
the copolymer undergoes hydrolytic degradation forming more hydrofilic unit, then LCST of 
the polymer increases in the course of hydrolysis.  

Local application of a radionuclide-carrying thermoresponsive polymer with the LCST 
between the room and body temperatures has an important advantage. As the polymer can be 
labelled and applied by injection at a target site in aqueous solutionand precipitates and form 
a depo at the place of application due to the body temperature. The radionuclide carried by 
the polymer thus remains in the application site. The application of such radionuclide-
bearing polymer into a joint damaged by inflammation or arthrosis may decrease pain — 
beneficial effects of local radiotherapy in such cases are well known  — and suppress 
macrophage activity. Another example of use of this system could be intratumoral 
application or local adjuvant radiotherapy after surgical removal of malignant tissues in order 
to prevent relaps caused by residual cancer cells. If there would be a comonomer susceptible 
to hydrolysis in the copolymer backbone that increases the LCST above the body 
temperature on degradation, it should facilitate the removal of the polymer from the 
application site after decay of the radionuclide by dissolution of the originally separated 
phase. To our knowledge, no such system has been described up to date for local 
radiotherapy. We prepared and characterized such a system based on the copolymers of N-
isopropylmethacrylamide in various ratios with 3 different comonomers containing 
hydrophobic moieties of 3 different sizes (C3, C6 and C12) bound by a hydrolytically labile 
hydrazone bond. 125I and 90Y-labellable groups were also introduced into the copolymers. 
The LCST of the copolymers may be adjusted between 13 – 37 °C before and between 44 - 
47 °C after hydrolytic degradation. Complete dissolution of the separated phase during the 
hydrolytic degradation of the copolymer at 37°C was confirmed under model conditions.    

Financial support of the Grant Agency of the Academy of Sciences of the Czech 
Republic (grant # A400480616) and of the of the Research Centers program of the Ministry 
of Education, Youth and Sports (grant # IM 4635608802)  is gratefully acknowledged. 
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Lipophilicity as an important parameter in property based drug design 
 
Katarzyna Kulig,* Krzysztof Wi�ckowski, Paweł Głód, Barbara Malawska 
 
Department of Physicochemical Drug Analysis, Chair of Pharmaceutical Chemistry, 
Jagiellonian University Medical College, Medyczna 9, 30-688 Kraków, Poland 
 

In the modern drug discovery parallel to finding new compounds which are potent and 
selective for target receptor or enzyme the optimalisation of their physicochemical properties 
such as absorbtion, distributution, excretion and toxicity (ADMET) is undertaken1. 

One of the most important physicochemical property of drug-like molecules is their 
lipophilicity, which is a key parameter in predicting and interpretation of permeability across 
the biological barrier. The ability to permeate across the blood brain barrier (BBB) is 
essential for drugs acting on the central nervous system (CNS).Many studies have shown that 
high lipophilicity can be related to poorest aques solubility, high plasma protein binding, and 
can be involved in metabolism and elimination as well. Lipophilicity is also a widely used as 
a parameter in quantitative structure activity relationship (QSAR) studies2. 

Lipophilicity can be determined by various methods among which “shake flask”, the 
classical measurement of partition between water and n-octanol and chromatographic 
reversed-phase techniques are the most frequent used tools. Recently, chromatography using 
immobilized artificial membrane (IAM) as a stationary phase enables determination the 
partition into phospholipids3.  

This work is a part of our physicochemical and biological studies in a group of 
anticounvulsant agents, derivatives of γ-amino- and γ-hydroxybutyric acid (GABA and 
GHB) which are important neurotransmitter in the CNS.4. The aim of our study was 
estimation the lipophilicity of γ-hydroxy- or γ-methoxybutyric acids amides. 
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The relative lipophilicity of the tested compounds was determined experimentally by 
both reverse phase thin layer or high performance liquid chromatography (RP-TLC, RP-
HLPC) methods with mixture of acetonitrile and water as mobile phase. While, their relative 
phospholipophilicity was measured using IAM.PC.DD2 column and mixtures of acetonitrile 
and phosphate buffer pH 5.4. The partition coefficient of investigated derivatives was also 
calculated using computer programmes. 

 
References: 
1. N. Nemati, J.J. Barchi, Inv. Top. In Med. Chem. 2002, 43, 3876. 
2. C. G. Wermuth, J. Med. Chem. 2004, 47, 1303. 
3. A. Taillardat-Bertschinger, P. A. Carrupt, F. Barbato, B. Testa, J. Med. Chem. 2003, 46, 

655. 
4. B. Malawska, K. Kulig, A. �piewak, J.P. Stables, Bioorg. Med. Chem. 2004, 12, 625. 
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The catalytic core of group II intron ribozymes:  
A sink for metal ions 

 
Roland K. O. Sigel 
 
Institute of Inorganic Chemistry, University of Zürich, Winterthurerstrasse 190, 8057 Zürich, 
Switzerland. Email: roland.sigel@aci.unizh.ch 
 

Group II introns are naturally occurring ribozymes in the organellar genes of lower 
eukaryotes and certain bacterial genomes which catalyze their own removal from precursor 
mRNA in a mechanism similar to the one performed by the spliceosome.1 Both systems use 
an internal adenosine 2'-OH as nucleophile in the first splicing step, which subsequently 
leads to the excision of the intron in form of a lariat. All group II introns employ Mg2+ ions 
as an essential cofactor. We have recently solved2 the solution structure of the branch-point 
region of the yeast mitochondrial intron ai5γ by removing the flexible internal loop above the 
bulge, which has been shown to be nonessential for splicing.3 Indeed, this shortened D6-27 
construct is still active in vitro. In this structure, the branch-adenosine is partly stacked 
within the helix, in both the absence and presence of divalent metal ions. Detailed analysis of 
the chemical shift changes upon titration of Mg2+ and observation of specific line broadening 
upon addition of either Mg2+ or the paramagnetic Mn2+ have revealed four metal ions bound 
to this short hairpin. These metal ions show affinities to the RNA in the order of log K = 2 – 
2.5 (except to the 5'-terminal phosphate group, where the affinity is stronger). One Mg2+ ion 
is bound to the major groove of the branch-point thus possibly being involved in catalysis. 
Here, the two flanking GU wobble pairs seem to be mainly involved in metal binding, 
whereas the branch-adenosine itself does not seem to contribute to the coordination. To 
further elucidate the effect of this bound Mg2+ ion on the local conformation around the 
branch-point, we have observed the fluorescence of 2-aminopurine at the branch-point upon 
addition of Mg2+: Unexpectedly, the fluorescence is quenched upon addition of the metal ion 
to D6-27, indicating increased stacking. The wild-type D6 on the other hand shows increased 
fluorescence when Mg2+ is added.4 We are now examining if the length of the helix above 
the branch-A influences the structural effects that a metal ion bound to the branch-site can 
play. Therefore, we have now solved the solution structure of a D6-construct with the 
original length of the upper helix, where two bases are mutated such that the internal loop is 
replaced by a Watson-Crick base paired region (D6zipGC). Such zipped construct have 
previously been shown to be active in branching.3 A detailed comparison based on chemical 
shift mapping, binding affinities and the structural effects upon metal ion binding measured 
by residual dipolar couplings (RDCs) will reveal the structural differences of the branch-
region in the two mentioned constructs. Together with 2-aminopurine fluorescence studies in 
presence of the whole group II intron, this study will shed light on the effect of Mg2+ binding 
to the branch-point in its natural environment. 
 
Financial support by the Swiss National Science Foundation (SNF-Förderungsprofessur to R.K.O.S.) is 
gratefully acknowledged. RDCs have been measured at the NMRFAM, Univ. Wisconsin, Madison. 
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2. M. C. Erat, O. Zerbe, T. Fox, R. K. O. Sigel submitted 2006. 
3. V. Chu, C. Adamidi, Q. Liu, P. Perlman, A. M. Pyle EMBO J. 2001, 20, 6866. 
4. J. C. Schlatterer, S. H. Crayton, N. L. Greenbaum J. Am. Chem. Soc. 2006, 128, 3866. 
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New oxime- and hydroxamate-containing ligands to mimic the bimetallic 
active sites of enzymes 

 
E. Gumienna-Kontecka,1 I.O. Fritsky,*2 O. Kanderal,2 J. Swiatek-Kozlowska3  
 

1 Faculty of Chemistry, University of Wrocław, 53-383 Wrocław, Poland,  
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2 Department of Chemistry, National Taras Shevchenko University, 01033 Kiev, Ukraine. 3 
Department of Basic Medical Sciences, Wrocław Medical University, 14, Kochanowskiego, 
50-383 Wrocław, Poland. 
 

One of the most promising approaches to search novel ligand systems for development 
of highly efficient chelators and for the purposes of bioinorganic modeling lie in rational 
combination of known donor functions with specific characteristics in one ligand molecule. 
The principal aims of our work is: (i) design of novel ligands of different donor and chelating 
capacity, consisting of nitrogen-containing heterocylic rings with the attached hydroxamic 
functions, and (ii) development of novel polynucleative chelating systems having oxime 
groups for creation of new models of bi- and polymetallic active sites of redox enzymes.1 A 
particularly interesting subject concerns the effect of stabilization of trivalent copper and 
nickel in polynuclear coordination compounds as such systems can be used as structural and 
functional models of oxidoreductases. 

We have investigated a family of novel tetradentate open-chain ligands having the 
{2N(oxime, 2N(amide)}2 or {2N(oxime, 2N(hydrazide)} donor sets. The mononuclear Cu2+ 
and Ni2+complexes appeared to be suitable precursors for obtaining the binuclear and 
tetranuclear µ3-(N,O,O)-oximato metallamacrocyclic species (Scheme 1). The mono- and 
polynuclear complexes indicate strong tendency to decrease the Mn+/(n-1)+ redox potentials 
providing very efficient stabilization of trivalent state of the central ion. The hydrazide-
containing ligands exhibit significantly larger stabilization effect than the oxime-containing 
ligands. The mono- and binuclear complexes reveal important structural differences, mostly 
connected with widening of the internal tetranitrogen donor cavity due to the stretch of the 
separation between the oxime oxygen atoms on the second ion co-ordination. The bi- and 
tetranuclear complexes show the noticeable shifts in the values of formal redox potentials 

Ni3+/2+ and Cu3+/2+  as compared to those 
observed in mononuclear complexes. 
The observed changes are explained in 
terms of a fit of the M3+ or M2+ ion to the 
size of the metallamacrocyclic cavity.  
 

   Scheme 1 
 
Acknowledgements. E.G.K. thanks the European Community for the Marie Curie Re-
Integration Grant (MERG-CT-2005-029137). 
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Copper binding sites in peptides related to neurodegeneration proteins: 
NMR and other spectroscopic studies 

 
Daniela Valensin§, Elena Gaggelli§, Henryk Kozlowski‡* and Gianni Valensin§* 

 
§Department of Chemistry, University of Siena, Italy, ‡Faculty of Chemistry, University of 
Wroclaw, Poland, valensindan@unisi.it. *corresponding authors 

 
Prion proteins are responsible for many transmissible spongiform encephalopathies 

affecting both animals and humans. The infectious agent is a conformational isomer (PrPSc) 
of the prion protein (PrPC), a normal cellular component found at high levels in the central 
nervous system. The two isomers are identical in primary structure, but differ in secondary 
structure elements and possess considerably different physicochemical properties.  

Although it is not completely agreed to be relevant for the normal physiological 
function of PrPC, the ability of the prion protein to bind Cu2+ in vitro, as well as in vivo, is 
well documented and it is suggested to play a relevant role in copper homeostasis or in 
copper-based enzymatic activity. It has been shown that the prion protein binds from five to 
six cupric ions into two different regions: 

 
1. PrPC can cooperatively bind four copper ions at its unstructured N-terminal, in 

the so-called “octarepeat region” (residues 60–91); 
2. One or two additional binding sites were recently located in the region 92-126. 

 
In this presentation, an approach exploiting NMR and other techniques will be 

presented that allows to gain relevant structural information on the Cu(II) binding sites in 
many peptide sequences mimicking the Cu(II) binding sites of the prion protein from 
different species, such as human, chicken and fugu. 

 
References: 
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Ru(II)-chloro-dmso complexes – metal-based phototherapeutic agents 
 
Małgorzata Brindell*, Gra�yna Stochel 
 
Faculty of Chemistry, Jagiellonian University, Ingardena 3, 30-060 Krakow, Poland;  
e-mail: brindell@chemia.uj.edu.pl, stochel@chemia.uj.edu.pl 
 

The design of photoactive drugs is a new strategy in chemotherapy that have been 
extensively studied during the last decade.1 Excitation of photoactive molecules can induced 
different types of excitation including, direct activation of pharmaceuticals or their indirect, 
photodynamic action. Light can be used for activation of prodrugs at the target site, for 
example by photo-induced reduction or ligand substitution reaction followed by release of a 
biologically active molecule or binding of metal complex to nucleic acids or protein active 
sites. 

In our study we explore whether the use of light (UVA) can enhance the 
antiproliferative effect of trans- and cis-[RuCl2(DMSO)4] complexes on human (SK-MEL 
188) and mouse (S91) melanoma cell lines.  

Both studied compounds are 
photoactive in aqueous solution and 
undergo gradual photodissociation of 
DMSO and Cl– ligands. The 
photochemical reaction of these 
ruthenium(II) complexes with single-
stranded oligonucleotide d(T2GGT2), 
chosen as a model system for DNA, 
results in the formation of Ru(G-N7)2 
adducts. The thermal reaction of these 
complexes with d(T2GGT2) is also 
observed but in much longer timescale.  

The antiproliferative activity of 
both isomers against melanoma cells is 
significantly enhanced after irradiation 
with UVA light in comparison with 
their activity observed in the dark (see 
figure). A possible explanation of the 
observed photocytotoxic effect will be discussed.2,3  

 
Studies were supported by the State Committee for Scientific Research, Poland, KBN 
(3T09A 028 29).  
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Metallodrugs interactions in bioenvironment 
 
J.V. Burda*, M. Zeizinger and Z. Futera 
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2,Czech Republic, burda@karlov.mff.cuni.cz 
 
Pt(II) complexes 
 Cisplatin (diammine-dichloro-platinum(II) complex) and its analogues are known for 
their high activity in the anticancer treatment. In the first part of our poster we concentrated 
on the physical background of the activation of these drugs in the hydration process of 
replacing chloro-ligards by water molecules. Thermodynamic and kinetic parameters were 
determined for this hydration reaction. Comparing with experimental data it can be seen very 
good agreement of both characteristics. Based on the comparison of the kinetic constants for 
hydration process it can be found why Pd-complexes (cispalladium is Pd analog of cisplatin) 
are not active against the cancer tumors. The process of cisplatin activation can be 
understand purely on the thermodynamical footings as formation of less stable Pt-complexes 
under the LeChatelier-Braun-van Hoff’s principle of chemical equilibrium. 
 Interaction of cisplatin with various model of single-stranded and double-helix DNA 
was also examined thoroughly. Here, not only Pt-bridges between purine bases were 
considered but guanine-cytosine cross-link, too. Influence of the sugar-phosphate backbone 
was explored in the dinucleotide DNA model, as well.  
 
Dinuclear Rh(II) complexes 
 Preference for coordination of diaqua-tetrakis-µ-acetatodirhodium to purine DNA bases 
was examined in the next part of this project. Higher thermodynamic affinity of the Rh-
complex to adenine was found in accord with HSAB principle.  
 
Ru(II)-piano-stool complexes 

Detachment of the chloro-ligand in [Ruthenium(II)(Arene)(en)Cl]+ was studied in 
connection with cisplatin activation. Similarly, transition state for process of the water 
replacement was searched and both thermodynamical and kinetical data for activation and 
interactions with DNA bases were estimated. 
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Towards photoactivatable Pt(IV) complexes as antitumor agents 
 
Patrick J. Bednarskia*, Renate Gruenerta, Fiona S. Mckayb, Peter J. Sadlerb* 
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of Greifswald, Germany  (bednarsk@uni-greifswald.de) 
bSchool of Chemistry, University of Edinburgh, Edinburgh UK (pjs01@staffmail.ed.ac.uk) 

 
We are working on the development of photoactivatable Pt(IV) complexes for use as 

anticancer drugs. By administering a non-reactive, non-toxic Pt(IV) prodrug of a cytotoxic 
Pt(II) antitumor agent such as cisplatin to cancer patients, it is envisioned that the dose-
limiting side-effects of platinum chemotherapeutics can be reduced. Localized activation of 
the light-sensitive prodrug with light would yield cytotoxic species in and around the tumor, 
leaving non-target tissue unaffected. Cancers of the skin, lung, esophagus and bladder, which 
are accessible to light therapy by fiber optics, might be treated effectively in this way. 

The 1st generation of light-activated Pt(IV) complexes were diamine complexes that 
employed iodide as the light-sensitive ligand.1,2 These complexes {e.g. cis, tran-
[Pt(en)I2(OAc)2]} were very sensitive to light and photoactivation led to the platinated of 
both calf thymus DNA and guanine dinucleotides.3 cis, tran-[Pt(en)I2(OAc)2] even showed 
some selectivity in cytotoxicity to cancer cells when exposed to light in vitro. However, 
diiodo-Pt(IV) complexes are also very sensitive to reduction by biological thiols such as 
glutathione.1,4 Thus, activation only at the tumor site would not be achievable in patients 
treated with these complexes. 

The 2nd generation of photoactivatable Pt(IV) complexes uses azide instead of iodide 
as the photosensitive ligand.5 These complexes {e.g., cis, tran-[Pt(en)(N3)2(OH)2]} are also 
photolabile but very stable to thiols such as GSH. Light is necessary for binding of Pt to 
DNA, and the binding rates parallel closely the rates of loss of the Pt(IV) complexes.6 
Importantly, compared to controls without light, the in vitro toxicity of the complexes to 
human cancer cells increases dramatically when light is used in combination with the 
complex. Interestingly, no cross-resistance exists with cisplatin. Furthermore, the cells take 
on a very different morphology following exposure to both light and Pt(IV)-diazide than 
when treated with cisplatin alone.6 This evidence argues for a different mechanism of action 
than cisplatin.  

 
References: 
1. N.A. Kratochwil et al., J. Med. Chem. 1996, 39, 2499. 
2. N.A. Kratochwil et al. Anti-Cancer Drug Design, 1996, 11, 155.  
3. N.A. Kratochwil et al. Angew. Chem., 1999, 38, 1460. 
4. N.A. Kratochwil et al. J. Amer. Chem. Soc., 1998, 120,  8253. 
5. P. Muller et al. Angew. Chem,, 2003, 42, 335. 
6. P.J. Bednarski et al. Chem. Biol., 2006, 13, 61. 
 



������������������������������������������������������	
����	������
�	���
��������������������������������������������
 

�������������	��������������	��������������� �����!!! 

 
 

Plant metallothioneins - a new variety of an old acquaintance 
 
Eva Freisinger* 
 
Institute of Inorganic Chemistry, University of Zürich , 8057 Zürich, Switzerland. 
 

Metals are essential for life, but depending on the concentration and sort of metal ion 
they can also exhibit a considerable amount of toxicity. Metallothionein (MT) is one of the 
fascinating molecules that bind metal ions within the cells. Generally, metallothioneins are a 
family of small metalloproteins with an outstanding high cysteine and d10 metal ion content. 
MTs are thought to be important for the homeostasis of essential metal ions, most notably 
Zn2+ and Cu+, and the detoxification of heavy metals, such as Cd2+ or Hg2+. Additionally, 
participation in the scavenging of reactive oxygen species, especially under stress conditions, 
is discussed. MTs occur in nearly all kingdoms of life, but little is known about the plant 
isoforms.  Their  amino  acid  sequences  differ distinctively from  MTs  of  other  organisms,  
suggesting a significantly different overall three-dimensional structure and metal-thiolate 
cluster formation. One of the proteins under investigation, T. aestivum Ec-1, is a seed specific 
plant MT.1 Like the mammalian isoforms, it is a cysteine-rich protein with low molecular 
weight and the ability to bind d10 metal ions in form of metal-thiolate clusters. Naturally, it is 
found as a ZnII containing species containing six metal ions per protein. Still unaddressed 
remains the nature of the metal-thiolate clusters formed. All three arrangements depicted 
below could be explained purely based on geometrical considerations or even known cluster 
structures: A “super-cluster” combining all three cysteine-rich regions (A), a two-domain 
structure consisting of a smaller two- as well as a larger four-metal ion cluster (B), or even a 
structure consisting of three clusters, each formed by one cysteine-rich segment of the 
protein (C). Even in the absence of three-dimensional structural data we were able to obtain 
strong experimental evidence supporting the nature of the metal-thiolate cluster formed in 
wheat MT. For this, we used a number of spectroscopical methods supplemented by ESI-MS 
data and results from (bio-)chemical reactions.2 Additionally, a spectroscopic investigation 
of the metal binding behavior towards Zn2+ and Cd2+ will be presented 

 
 
 
 
 
 
 (A) (B) (C) 
 

Financial support for this project comes from the SNF (200021-105269/1 to EF) and the 
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Metallochemistry of neurodegeneration 
 
H. Kozłowski,*1 A. Janicka,1 D. Valensin,2 P. Stanczak,1 E. Gaggelli,2 M. Luczkowski,1 and 
G. Valensin2 
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The role of metal ions in neurodegenerative processes seems to be very well established 
although their details are not still well understood.1,2 The most studied systems among 
metallo-proteins involved in neurodegeneration are those involving Cu and prion protein 
PrPc.2 Cu2+ Ion bind PrPc within the N-terminal unstructured region. The major binding sites 
are centered within the octameric repeats in mammals or the hexameric repeats of avian 
species.1,2,3,4,5 Binging of the following Cu2+ ions to this regions of prion protein is easier that 
suggest the existence of cooperative effect. The driving force of this effect is formation of 
complex species with few imidazolole moieties bound to one Cu2+ ion.2,3,4,5,6 The imidazole 
binding only might be also responsible for suggested SOD-like activity. The PrP is able to 
bind additional Cu2+ ion(s) in the neurotoxic region also located within the flexible domain. 
This fragment 106-126 of this protein is widely used in the studies of a neurotoxic activity. 
Metal ions affect the aggregation process of PrP 106-126 fragment. His-111 acts as a binding 
site together with adjacent amide nitrogen donors.7,8 In vicinity of His-111 there is a second 
His residue at position 96 which may be also involved in binding of copper ion, creating 
potentially the powerful metal binding site. Cu2+ can indeed bind effectively two different 
human PrP fragments comprising either His-96 (hPrP92-100) or His-111 (hPrP106-113). The 3D 
structures of the copper complexes have shown that Trp-99 or Met-112 side chains are 
involved in structure stabilization, even if their direct involvement in binding Cu2+ could be 
excluded. Binding affinities of the two fragments have been compared and hPrP106-113 has 
been shown to display a three-four-fold stronger affinity than hPrP92-100. 

 
Acknowledgements. This work is supported by Polish Ministry of Science (grant 1T09A 
00830). 
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Raman Spectroscopy - A Prospective Tool in Life Sciences 
 

P. Rösch1, M. Harz1, M. Krause1, T. Frosch1, U. Neugebauer1, M. Schmitt1, and J. Popp1,2* 
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Raman spectroscopy has emerged in the last years as an extremely powerful method in 
almost all natural science disciplines.1 Especially the field of bio Raman spectroscopy is 
expanding rapidly and a variety of Raman techniques are now available to enhance the 
signals of the intrinsically weak Raman scattering effect and to quench the interfering 
fluorescence. The two most prominent approaches are the resonance Raman effect and the 
surface enhanced Raman scattering (SERS). These two methods can enhance the intensity of 
the intrinsically weak Raman signals by several orders of magnitudes, therefore opening the 
possibility to investigate low concentration samples. During the last couple of years in-vivo 
Raman spectroscopical investigations of biological tissues, cells, etc. became of significant 
importance in the fields of medical, pharmaceutical and biological diagnosis. Therefore it 
must be the task of in-vivo methods to provide information about the cell ingredients of 
living cells without destroying them. With the aid of micro Raman spectroscopy it is possible 
to resolve textures up to the submicron range and to record Raman spectra with such a spatial 
resolution. With this technique Raman spectra of single cells, cell organelles or special 
texture areas can be obtained. In this review we will present various experiments from our 
own lab to show the great capabilities of Raman spectroscopy for life sciences. One focus of 
our work lies in a rapid identification of single microorganisms by means of Raman 
spectroscopy in combination with statistical data evaluation methods (support vector 
machines).2 Currently this approach is being extended to various other applications where 
microorganism contaminations are troublesome e.g. food processing technologies and 
especially medical applications. However not only the identification of microorganism is in 
the focus of the study but rather the investigation of the molecular varieties within the 
various microorganisms (e.g. difference between mutants) which makes an identification 
first possible. Other activities in the bio Raman spectroscopy field deal with the investigation 
of biological tissues i.e. monitoring of active components in plants and especially the 
localization of pharmaceutical relevant substances in tissues.3 Not only the localisation but 
also the investigation of the mode of action of drugs against infectious diseases on a 
molecular level by means of a combination of Raman spectroscopy and quantum chemical 
calculations is performed. These studies are important for the development of new and more 
effective active agents. Bio-Raman-spectroscopy will open pathways to momentous progress 
in the Life Science such as biotechnology, medicine, environmental science, etc. 
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Biophotonics of singlet molecular oxygen 
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 Oxygen molecules are triplet in the ground state. Upon energy absorption, they 
populate relatively low-lying singlet levels. Excited oxygen molecules in the lowest singlet 
(1∆g) state (SO) show rather high chemical reactivity and their formation is one of the most 
efficient mechanisms of photosensitized (photodynamic) oxygenation of biologically 
important compounds and killing of stained living cells. Therefore, SO is included in the 
group of biochemically active reactive oxygen species (ROS). Unlike other ROS, singlet 
oxygen shows properties, which are usual for organic chromofores: SO can be formed by 
direct excitation of oxygen molecules and energy transfer to oxygen from appropriate energy 
donors, SO emits IR light (1270 nm) upon deactivation and transfers energy to appropriate 
energy acceptors. This paper is devoted to the analysis of luminescence and absorption 
spectroscopy corresponding to SO formation and deactivation in air-saturated systems. The 
starting point of our research was the discovery of photosensitized phosphorescence of SO in 
air-saturated pigment solutions1,2. In the present talk, major attention will be paid to: (1) 
technical aspects of detection of weak luminescence in infrared (1270 nm); (2) spectral and 
temporal parameters of photosensitized SO phosphorescence in organic solvents and water 
under steady-state and pulsed laser excitation; (3) influence of SO quenchers and detergents 
on the kinetic parameters of this phosphorescence, (4) the elementary mechanisms of visible 
light emissions caused by summation of energy of two singlet oxygen molecules. The latter 
involves luminescence of singlet oxygen dimols and singlet-oxygen sensitized fluorescence 
of dyes. The SO-sensitized fluorescence of certain phthalocyanines and their derivatives was 
shown to have very high quantum yield upon pulsed laser excitation of a moderate intensity 
therefore, it might be used as an especially effective tool for SO detection and investigation.  
The experimental results of application of the mentioned luminescence phenomena to 
determination of the reactivity of SO towards biologically important compounds will be 
presented and discussed. The efficiencies of SO formation by direct IR excitation of oxygen 
molecules and pigment- photosensitized energy transfer to oxygen from dyes will be 
compared. The results of photochemical measurements of the molar absorption coefficients 
of the O2 

1∆g ← 3Σg
- transition in air-saturated solvents will be discussed. One can refer to 

papers3,4 for the most recent review of our data. 
This work has been supported during several years by the Russian Foundation for Basic 

Research. 
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A potent application of biological NMR: the study of intermolecular 
interactions 
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NMR spectroscopy in solution has evolved into a powerful technique for structure 
determination of proteins and nucleic acids. More recently, a number of NMR-based 
approaches have been developed to monitor and characterize intermolecular interactions. 
These approaches offer unique advantages over other techniques and find their utility in both 
structural biology and drug discovery. 

In this presentation, I will summarize some of the principles underlying NMR-based 
techniques that enable the characterization of intermolecular interactions. Particular 
emphasis will be put on the characterization of protein-protein and protein-ligand 
interactions and their use in lead discovery and optimization. The bottom line in most of 
these experiments is that NMR parameters of either a protein target (or nucleic acid) or a 
ligand are different depending on whether the molecules are isolated in solution or form a 
complex. During the past several years, a number of techniques that are best suited to detect 
these differences have been developed. In essence, most of such techniques can be grouped 
into two main categories: 

• In a “direct” approach, protein NMR observables are directly monitored in the 
presence of a binder (another macromolecule or a small molecule) 

• In the so-called “transferred” techniques, the changes in nuclear spin relaxation of a 
protein or a small molecule are measured in the presence of a substoichiometric amount of 
target. 
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Monitoring the Antagonist-Protein and Protein-Protein Interactions 
with NMR Spectroscopy 
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Protein-protein interactions play a pivotal role in virtually every cellular process. 

Frequently, such interactions are weak and transient. NMR spectroscopy has the unique 
ability to provide information about such interactions.1 We will present a brief overview of 
new NMR methods for the characterization of protein interactions.1 We will also describe the 
application of NMR in the identification and characterization of small molecules for 
inhibition of protein function - a primary objective of rational drug design.2,3 

The various applications of NMR will be illustrated by studies of the proteins involved 
in the p53/retinoblastoma protein (pRb) pathway.2,3 The p53 tumor-suppressor gene is 
frequently deleted or mutated in human malignancies. The retinoblastoma tumor suppressor 
protein (pRb) is a fundamental negative regulator of cell proliferation, and it is now believed 
that the p53/pRb pathway is inactivated effectively in all human cancers. 
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Crystal structure of the antiviral protein griffithsin and its carbohydrate 
complexes 
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Crystal structure of griffithsin, an antiviral lectin from the red alga Griffithisia sp., was 
solved by SAD and refined at 1.3 Å resolution in the free form, and at resolution as high as 
0.94 Å for a number of carbohydrate complexes. A pair of griffithsin molecules forms a 
domain-swapped dimer, in which two β-strands of one molecule complete a β-prism 
consisting of three four-stranded sheets, with an approximate three-fold axis, of another 
molecule (and vice versa). The structure of each monomer bears close resemblance to other 
mannose- and galactose-specific lectins such as jacalin or heltuba, but its dimeric structure is 
unique. The structures of complexes of griffithsin with mannose, glucose, N-
acetylglucosamine, and maltose defined the location of the carbohydrate-binding sites, some 
of which are not present in other lectins. The presence of multiple binding sites may explain 
the high-specificity binding of mannose-containing oligosaccharides to griffithsin. A model 
of a complex with a branched oligosaccharide Man-9 was built with no steric conflicts or 
strained bonds. Griffithsin has been reported to display picomolar activity against HIV-1, 
inhibition over 1000-fold better than previously reported for jacalin and other 
monosaccharide-specific lectins, as well as significant activity against coronaviruses. Our 
structural data elucidated the basis of the remarkable activity of griffithsin against viruses 
that cause diseases such as AIDS and SARS. 
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The peptide-like C-terminus of Drosophila dUTPase: characterization by 
residual dipolar couplings and molecular simulations 
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Homotrimeric dUTPases are essential enzymes responsible for maintaining the 
dUTP/dTTP ratio in the living cell. These proteins have five conserved regions (Motif I-V), 
all of which are involved in the catalytic process. We have previously shown that Motif V, 
located on the flexible C-terminus, undergoes significant conformational changes upon 
ligand binding1. Here we report further characterization of the C-terminal tail of the 
Drosophila enzyme, in which this tail region is even longer than in other species. Detailed 
description of this region is expected to contribute to the understanding of the conformational 
symmetry and cooperativity of the enzyme. We have measured residual dipolar couplings 
from the C-terminal region and compared them to values obtained by different carefully 
designed simulations2. Our results show that combining measurement and simulation is a 
powerful tool to describe flexible parts of biological macromolecules. 
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Hydrolysis at the side chain of asparagine 
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Posttranslational modifications of asparagine include glycosylation and isomerization to 
an isoaspartyl residue. Consequently, specialized enzymes are required for the hydrolysis of 
the Cγ-Nδ β-amide bond in the general scheme of asparagine metabolism. Enzymes with 
simple L-asparaginase activity hydrolyze the β-amide bond of L-asparagine, releasing 
aspartate and ammonia. In gram-negative bacteria, such as E. coli, there are two classic L-
asparaginases. The enzyme from the periplasm (EcAII) is a homotetramer with potent 
antileukemic properties. In plants, L-asparaginases are essential in nitrogen circulation, 
which uses L-asparagine as the main vehicle. There are two types of plant asparaginases, 
with or without potassium dependence. E. coli expresses a protein (EcAIII) with intriguing 
sequence similarity to the plant enzymes. It is structurally unrelated to the classic bacterial 
enzymes but belongs to the family of N-terminal nucleophile (Ntn) hydrolases. Recently, we 
have shown that EcAIII and its counterpart in yellow lupine (LlA) are more active as 
isoaspartyl aminopeptidases. Both reactions release L-aspartate as one of the products. This 
dual activity may be crucial in plant seeds for removal of toxic β-aspartyl protein aberrations 
arising during storage, and for quick release of nitrogen during germination. The crystal 
structure of LlA confirms the classification of K-independent plant L-asparaginases in the 
family of Ntn-hydrolases. The α- and β-subunits that form the mature (αβ)2 heterotetrameric 
enzyme arise from autoproteolytic cleavage of two copies of a precursor protein. In common 
with other Ntn-hydrolases, the (αβ) heterodimer has a sandwich-like fold with two β-sheets 
flanked by two layers of α-helices (αββα). The nucleophilic Thr193 residue, which is 
liberated in the autocatalytic event at the N-terminus of the β-subunit, is part of an active site 
that is similar to that found in EcAIII. A chloride anion complexed in the LlA structure 
marks the position of the α-carboxylate group of the L-aspartyl substrate/product moiety. As 
in EcAIII, a sodium-binding loop with a conserved main-chain coordination scheme is 
necessary for proper positioning of all the components of the active site. Despite sequence 
homology and structural similarity to human and bacterial aspartylglucosaminidases, LlA is 
unable to hydrolyze glycosylated asparagine. Unexpectedly, the structure of the plant-type 
enzymes bears resemblance to threonine aspartase (taspase1), which hydrolyzes the α-
peptide bonds of two Asp-Gly peptides of MLL, a protein implicated in some human 
leukemias.  
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Why designed sweeteners can be bitter? 
 
Justyna Kalinowska–Tłu�cik1, Krystyna Jarzembek2, Barbara J. Oleksyn1, 
Jarosław Pola�ski2  
 
1Faculty of Chemistry, Jagiellonian University, Ingardena 3, 30-060 Kraków, Poland  
2Department of Organic Chemistry, Institute of Chemistry, University of Silesia, PL-40-006 
Katowice, Poland  
corresponding author: e-mail: kalinows@chemia.uj.edu.pl  
 

Designing of new sweet compounds is a sophisticated problem. The taste of many 
sweeteners is far from the taste of sucrose, and they are not completely safe, especially for 
people suffering from some diseases. That is why understanding the way of interactions 
between a glucophore and the sweet taste receptor is very important. 

In this contribution we compare molecular geometry, intra- and intermolecular 
interactions of four derivatives of arylsulphonylalcanoids. The chemical modification was 
predicted and designed by Kohonen self-organising neural network using the technique of 
bioisosteric replacement of the carboxyl group of arylsulphonylalcanoic acids (ASA), known 
as sweet, by the tetrazole group.1  

According to the geometrical model of glucophore postulated by Kier, there are three 
fundamental fragments of a sweet compound, which interacts with a sweet taste receptor2. 
However, the way of interaction of picrophore (the geometry of bitter tasting molecules) 
seems to be similar3. A sweetener/bittener should contain a donor and an acceptor of 
hydrogen bond and a fragment which can be involved in hydrophobic interactions2,3.  

We determined crystal structures of four tetrazole derivatives, bioisosters of ASA 
Unfortunately, during organoleptic tests, all of them appeared to be bitter1,4. However, it is 
not very surprising since the sweet and bitter tastes are strongly related3,5. 

The designed molecules contain donors and acceptors of hydrogen bonds as well as 
aromatic benzene rings, which can be involved in hydrophobic interactions. Oxygens of the 
sulphonyl group do not seem to take part in formation of strong hydrogen bonds. Only the 
intermolecular C-H···O bonds are observed for those putative acceptors. The strongest 
hydrogen bonds, stabilizing the investigated crystal structures, occur between tetrazole 
groups. The system of bonded tetrazoles creates chains along one of the crystal directions. 

A very interesting interaction appears between one oxygen atom of the sulphonyl group 
and the tetrazole ring. In two structures it is an intra- and in two other intermolecular 
interaction. Those interactions have a strong influence on the molecular conformation and 
can be responsible for binding all investigated compounds to the bitter and not to the sweet 
taste receptor. We did not observe interactions between benzen rings. 

Three investigated structures are racemic mixtures. The answer why designed tetrazole 
derivatves are bitter can be also connected with the different tastes of both enantiomers.  
 
References: 
1. J. Pola�ski, K. Jarzembek, V. Łysiak, Acta Poloniae Pharm., 2000, 57, 80.  
2. L.M. Kier, J.Pharm.Sci., 1972, 61,1394 
3. R.S. Shallenberger, Food Chem., 1996, 56, 209 
4. J. Pola�ski, K. Jarzembek, V. Łysiak, data not published 
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Fast estimation of protein folds from NMR distance restraints 
 
Annamária Ángyán, Zoltán Gáspári, András Perczel 

 
Eötvös Loránd University, Institute of Chemistry, Pázmány Péter s. 1/A, 1117 Budapest, 
Hungary 
perczel@chem.elte.hu. 
 

Protein NMR structures are usually determined by computer-intensive simulation 
protocols using the experimentally determined NMR restraints. This process could be speed 
up and assisted by an initial estimation of the fold using NMR data. Here we report an 
approach reminiscent to the PRIDE (Probability of IDEntity) method, that is based on 
comparing the distributions of distances of C-alpha atoms in protein structures1. As NMR 
data consists of H-H distances, we use these instead of C-alpha atoms. Distance distributions 
are compared by a solid statistical test against a filtered database. The improved algorithm 
will be effective to find similarities with the submitted protein from the database and to give 
a first idea from the protein 3D structure. More details on the improvements and results with 
test cases will be shown on the poster.  
 
References: 
1. O. Carugo, S. Pongor, J. Mol. Biol. 2002, 315, 887.  
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Application of Raman spectroscopy for in situ analysis of plant 
secondary metabolites 

 
Małgorzata Bara�ska 
 
Faculty of Chemistry, Jagiellonian University, Ingardena 3, 30-060 Cracow, Poland, e-mail: 
baranska@chemia.uj.edu.pl. 
 

In situ analysis of plant cells and tissues by dispersive Raman spectroscopy with 
excitation in the visible range is often hampered since the samples are destroyed 
photochemically or their fluorescence conceals the Raman spectra completely. However 
when excited in the NIR wavelength range fluorescence-free Raman spectra of living plant 
tissue can be recorded without any special preparation. Also NIR-FT-Raman spectroscopy 
principally allows to identify non-destructively various components in fresh plant material if 
characteristic key bands of the individual analyte can be found in the spectrum. 

In this presentation several examples will be provided to demonstrate the special 
advantage of FT-Raman technique for the study of selected secondary metabolites occurring 
in various medicinal and spice plants.1-6 Compounds like polyacetylenes, carotenoids and 
flavonoids form a large and diverse group of health promoting compounds that occur 
naturally in several plants and the products derived from them. They have been reported to 
decrease the risk of cancer, have antifungal, antibacterial or antioxidant activities.  

The identification of bioactive components can be performed non-destructively directly 
in living plant tissue, without the necessity to isolate the analysed component. Spectroscopy 
combined with microscopy can provide molecular information with high spatial resolution at 
the cellular level. Area mapping technique, which requests the using of horizontal xy stage 
directly connected with the Raman spectrometer, allows the results to be presented as 2-
dimensional spectroscopic maps. They can be directly compared to the corresponding visual 
image of the investigated sample thus provide additionally detailed information regarding the 
semi-quantity distribution of the analyte occurring in a surface layer of the plant sample. 
 
References: 
1. H. Schulz, M. Baranska, H.-H. Belz, P. Rösch, M.A. Strehle, J. Popp, Vib. Spectr., 

2004, 35, 81. 
2. M. Baranska, H. Schulz, R. Siuda, M.A. Strehle, P. Rösch, J. Popp, E. Joubert, M. 

Manley, Biopolymers, 2005, 77, 1. 
3. M. Baranska, H. Schulz, H. Krüger, R. Quilitzsch, Anal. Bioanal. Chem., 2005, 381, 

1241. 
4. M. Baranska, H. Schulz, Analyst, 2005, 130, 855. 
5. M. Baranska, H. Schulz, S. Reitzenstein, U. Uhlemann, M.A. Strehle, H. Krüger, R. 

Quilitzsch, W. Foley, J. Popp, Biopolymers, 2005, 78, 237. 
6. M. Baranska, H. Schulz, L. Christensen, J. Agric. Food Chem., 2006, 54, 3635. 
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Synthesis, crystal structures and antimicrobial activities of two Cu(II) 
bond isomers of the complex with 2-(3,4-dichlorophenyl)imino-N-(4H-

5,6-dihydro-1,3-thiazin-2-yl)thiazolidine (TdTz) 
 
F. J. Barros Garcíaa, A. Bernalte Garcíaa, F. L. Cumbrerab, A. M. Lozano Vilaa, F. Luna 
Gilesa, C. Pérez Giraldoc, E. Viñuelas Zahínosa 
 
a Department of Inorganic Chemistry, Faculty of Science, University of Extremadura, Avda 
de Elvas s/n, 06071 Badajoz, Spain. E-mail: fergaba@unex.es 
b Department of Phisics, Faculty of Science, University of Extremadura. 
c Department of Microbiology, Faculty of Medicine, University of Extremadura. 
 

Compounds with thiazine and thiazolidine are of special interest thanks to their utilities 
in the medical and pharmacological fields1,2. They exhibit antibiotic properties, as it is the 
case of the penicillins3 and cephalosporins4. 

Herein we present the synthesis and structure of two Cu(II) bond isomers of the complex 
obtained by reaction of 2-(3,4-dichlorophenyl)imino-N-(2-thiazin-2-yl)thiazolidine (TdTz)5 
with CuCl2·2H2O. 

The crystal structures were determined by X-ray powder diffractometry. The procedure 
followed to resolve them used direct-space methods with a ‘Monte Carlo/parallel tempering’ 
search algoritm, with a starting configuration obtained by means of molecular mechanics. A 
final refinement of the crystal structures was performed using the Rietveld method. 

Crystal data of the isomer coordinating via N thiazinic: C13H13N3S2Cl4Cu, triclinic, 
space group P-1, a = 15.261(3), b = 9.451(2), c = 17.555(4) Å, α = 108.420(2)º, β = 
111.190(2)º, γ = 112.651(2)º, V = 1848.9(7) Å3, Z = 4, R = 0.065. 

Crystal data of the isomer coordinating via S thiazinic: C13H13N3S2Cl4Cu, monoclinic, 
space group P21/n, a = 18.422(2), b = 8.986(1), c = 11.222(1) Å, β = 104.805(4)º, V = 
1796.0(3) Å3, Z = 4, R = 0.095. 

The environment around the copper(II) atom may be described as a distorted tetrahedral 
through square planar geometry. The metallic atom is coordinated to two chlorine atoms and 
one TdTz ligand that bonds the copper(II) atom via one imino nitrogen atom and one 
thiazinic nitrogen atom (or thiazinic sulfur atom, depending of the isomer). 

The antimicrobial activities of the two complexes were evaluated. The antimicrobial 
activities have been screened in vitro against the organisms Staphylococcus aureus, 
Enterococcus faecalis, Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa. 
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DFT studies on the reaction mechanisms of intra- and extradiol 
dioxygenases 

 
T. Borowski , V. Georgiev, P.E.M. Siegbahn. 
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Department of Physics, Stockholm Center for Physics, Astronomy and 
Biotechnology, Stockholm University, S-106 91, Stockholm, Sweden. 
 

The catalytic reaction mechanisms of three different ring-cleaving dioxygenases have 
recently been studied with the hybrid density functional B3LYP. The enzymes studied are: 
Fe(II)-dependent human homogentisate dioxygenase (HGD), Mn(II)-binding 
homoprotocatechuate 2,3-dioxygenase (MndD), and the Fe(III)-dependent protocatechuate 
dioxygenase (PCD). All these metalloenzymes catalyze the oxidative ring fission where both 
atoms of dioxygen are incorporated into the acyclic products. In these theoretical 
investigations reliable models of the enzyme-substrate complexes (up to 90 atoms) have been 
used to characterize the structures and energetics of intermediates and transition states 
defining the enzymatic reaction path. The comparison of these results, which is presented in 
this poster, provides valuable insights into the similarities and differences between the 
mechanisms utilized by these enzymes, including the factors controlling the type of the 
cleavage reaction, i.e. intra or extradiol. 
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Computational investigation of ββββ-peptide nanotubes containing 
antiparallel ββββ-strands 

 
András Czajlika and András Perczelb* 
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Semi-empirical computations have shown that antiparallel beta-peptides containing at 
least three β-sheets spontaneously fold into nanotubes. In contrast, superstructures with two 
peptide chains do not tend to adopt tubular superstructures. These results were confirmed by 
ab initio (RHF) as well as DFT calculations. Similarly to parallel beta-peptides1, they do not 
prefer to form two-dimensional extended β-layers, as in the case of α-peptides. Furthermore 
we have pointed out, that the same three different types of nanotube structures exist, as in the 
case of parallel beta-peptides. Thus, the tubes twist forming hydrogen bond between the ith 
amino acid of the first strand and the i+1, i+2 or (i+3)th residues of the last strands [(Tl

i+1)k, 

(Tl
i+2)k and (Tl

i+3)k type]. In the case of three stranded model peptides two of the three chains 
are aligned in parallel. Therefore three different (T3

i+3)k, (T
3

i+2)k and (T3
i+1)k tubular structures 

could exist, all of them possess different structural and energetic properties. 
By examining the stability properties of the tubular systems, we found that energetics 

does not depend on the total number of H-bonds only, but also on their geometrical 
properties. Thus, (Tl

i+2)k type structures possess the lowest energy for four stranded, and 
(T3

i+3)k type models for three stranded nanotubes. Furthermore, we have pointed out, that 
with increasing number of strands and amino acid residues per peptide chains the stability of 
the tubular systems also increases. Finally we have concluded that the nanotubes containing 
parallel strands are considerably more stable, than the antiparallel tubular structures. 

 
Reference: 
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Nonagregated water soluble porphyrin: cellular uptake and 
photodynamic action 

 
Janusz M. D�browski,1,2 Robert Walas,1 Carlos Monteiro,3 Luis G. Arnaut,3 
Mariette M. Pereira,3 Krystyna Urba�ska2 and Gra�yna Stochel1 
 
1Faculty of Chemistry, 2Faculty of Biochemistry, Biophysics and Biotechnology,Jagiellonian 
University, Kraków, Poland, 3Department of Chemistry, University of Coimbra, Portugal 
 
Meso–tetrakis(2-chloro-3-sulfonylphenyl)porphyrin 
(TCPPSO3H) is a promising PDT agent It has a 
significant absorption in red, low toxicity in the dark 
and a long triplet state lifetime. Especially the last 
property is critical because the triplet state of the 
photosensitizer is a precursor of the cytotoxic species 
and a high quantum yield of this species can only be 
achieved through a long-lived precursor1-4. The 
cytotoxicity is due to the generation of free radicals or 
of singlet molecular oxygen upon irradiation of the 
photosensitizer. Furthermore, TCPPSO3H does not 
aggregate and is photochemically stable. The 
desirable photophysical properties already mentioned are combined with the controlled 
solubility of the sensitizer in aqueous media and its tendency to accumulate in all tested cell 
lines. 
Time-dependent cellular uptake of TCPPSO3H reached plateau at 120 min and was highest 
for S91, 20% lower for MCF7 and 70% lower for SKMEL 188. The photodynamic effect of 
TCPPSO3H was examined against S91 (mouse melanoma), SKMEL 188 (human melanoma) 
and MCF7 (human breast carcinoma) cell lines upon red light irradiation (cut off < 600 nm)5.  
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DNA-modified gold microelectrodes applied to the study of damage to 
DNA 
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Electrochemical sensors are playing a growing role in various fields where an accurate, 

low cost, fast, on-line measuring system is required. Improvement of existing systems and 
the design of new concept require continual upgrading of all steps of the electroanalytical 
process. The use of electrochemical biosensors is of great importance in electroanalysis. 
Conducting materials and biomaterials based on carbon electrode or gold electrode and 
biological materials (e.g. DNA) are interesting alternatives for the construction of 
electrochemical biosensors. 

Gold thin-film microelectrodes were prepared by RF diode sputtering. The surface of 
microelectrodes was made nanostructured for an attachment of DNA molecules. To achieve 
nanostructured surface of the gold thin-film (thickness of 250 nm) we studied various 
conditions of sputtering process, such as substrate temperature, time of ion etching and bias 
voltage on the substrate. Microroughness of Au surfaces was measured by AFM and the 
maximal value (8 nm) was reached by bias sputtering. These films showed grain structured 
surface of lateral dimensions of the range 100-200 nm. An increase of the substrate 
temperature to 300°C and post-deposition annealing in the vacuum caused the grown of 
separate Au nanoclusters with diameters of 10th nm.  

The biosensors were applied to the investigation of binding interactions of double 
stranded DNA with a range of chemicals, such as quinazoline derivatives with a high 
antimicrobial and anticancer activity, some drugs as well as inorganic and organic risk 
chemicals. A deep DNA degradation by reactive oxygen species formed in situ in the 
presence of potentially toxic compounds was detected and a strong DNA protective effect of 
antioxidants and low concentrations of quinazolines was evaluated. The results were 
validated by using independent standard methods like gel electrophoresis and impedance 
measurements.  
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Pt(II) chloride complexed by tetrahydrofurfurylthiourea or 
tetrahydrotiophenylthiourea: Structural and biological features 
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Various platinum(II) complexes, derivatives of the well known cis-platinum, are 

regarded as the most active species having antitumor properties1. It is generally accepted that 
formation of the platinum complexes with DNA is the crucial feature of their action but 
many other details still remain unclear. In particular, if a Pt-containing drug is introduced 
into blood, several S-donor ligands are available for kinetic and thermodynamic competitive 
complexation. In order to prevent or reduce such complexation and diminish toxic side-
effects, numerous species called “protecting agents” (e.g. thiourea, tu) have been proposed. 
One should also mention, that complexes of Pt with tu have also interesting spectroscopic2, 
magnetic3 and structural4 properties.  

It is well known, that the structure of the investigated platinum(II) complexes strongly 
influences their biological properties. This might be of importance for their interactions with 
numerous biochemical targets, e.g. with DNA. On the basis of our previous studies5 a 
question arises whether the platinum(II) complexes containing differently substituted 
thiourea (tu) molecules, might exhibit a desirable biological activity. The main objective of 
presented contribution is to describe our attempts to modify the (tu) molecule in order to find 
a Pt(II) complex exhibiting the antitumor activity.  

Because of severe difficulties in obtaining crystals suitable for the X-ray diffraction 
investigations, the registered IR spectra accompanied by quantum chemical calculations 
appeared to be the main source of structural information. Author has already shown that 
performed calculations sufficiently well reflect main structural features of the divalent 
platinum complexes formed with thiourea5. The antitumor activity was checked using several 
standard tumor cell lines. Supplementary, antimicrobial studies on the complexes were 
performed on standard ATCC microbial strains used for normal drug control. 
 
The work has been undertaken as the statutory research of the of the Institute of Nuclear Chemistry and Technology 
(Warsaw, Poland) in collaboration with the National Institute of Public Health (Warsaw, Poland). 
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Nanostructured DNA biosensors for the detection of berberine effect on 
DNA from cancer cells 
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DNA-based biosensors belong today already to well known screening devices for 

testing association interactions and structural attack to the deoxyribonucleic acid (DNA)1. 
Among them, DNA modified electrodes are widely used due to the general advantages of 
electrochemical sensors as well as low DNA amounts needed together with a variety of its 
signals. Performance of the DNA modified electrodes can be significantly improved by 
nanostructured chemical modifiers. 

We have investigated the effect of carbon electrode nanostructured modifiers such as 
multi-walled carbon nanotubes (MWNT) in dimethylformamide (DMF), MWNTs in sodium 
dodecyl sulfate (SDS) solution, colloidal gold nanoparticles (GNP) in phosphate buffer 
solution (PBS), GNP/MWNT nanohybrid in aqueous SDS solution, on the response of 
dsDNA deposited on these signal transducers. Voltammetry of dsDNA redox marker 
Co[(phen)3]

3+, the K3[Fe(CN)6] indicator guanine moiety and impedance measurements have 
been performed. This strategy may be superior to those with covalent ways due to its ability 
to maintain original electrical and structural properties of the MWNTs2. It was found that the 
application of MWNTs in SDS solution significantly improves the sensitivity of the DNA 
biosensor.  

Then, we studied the effect of berberine on DNA from cancer (U 937) and non cancer 
cells (keratinocytes). Berberine is an isoquinoline plan alkaloid demonstrating significant 
antimicrobial and anticancer activity. It can also be used as an antidiarrhea, antihypertension, 
antiarrhythmia and intiiflamantory agent3. A very strong effect of berberine on DNA from 
the cancer cells was found using the concentrations of 75, 50, 10 �g mL-1 in the incubation 
medium. Non cancer cells were practically damaged only in 75 �g mL-1 berberine solution 
under. The detection performance obtained offers a great promise for using devices such as 
the nanostructured DNA-based biosensors. 
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Surface-modified semiconductor materials are of central importance for photovoltaic 
cells, optoelectronic switches and sensors. Titanium dioxide is a well known broad-band 
semiconductor widely used in photocatalysis,1 optoelectronic swiches,2 logic gates,3 
photoelectrochemical sensors4 and photovoltaic cells.5 

Photochemical properties of TiO2 surface can be modified with proper organic or 
inorganic chromophores to achieve photosensitization in visible light. In the case of 
modification with electrochemical active compounds light- and potential-induced 
photocurrent switching called PEPS (PhotoElectrochemical Photocurrent Switching) can be 
observed.2  

One of the redox active biomolecule suitable for modification of TiO2 surfaces is folic 
acid also known as vitamin B9. It is cofactor in numerous enzymes and is involved in many 
important biological processes. Folic acid has strong absorption bands extending into visible 
range and can be easily immobilized onto the surface of titanium dioxide nanocrystals. Due 
to the presence of two carboxylate groups folic acid does not require any extra anchoring 
group and undergoes efficient chemisorption on TiO2.  

This presentation shows spectral and photoelectrochemical properties of the folic acid-
titanium dioxide system. An efficient photosensitization of the semiconductor towards 
visible light is a consequence of efficient electron transfer between semiconductor support 
and organic chromophore. 

 

 
Geometry of the folic acid molecule optimized using the mPW1PW91/6-311++g(d,p) method 
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Antibiotic resistance of pathogenic bacteria causes interest in developing alternative 

antibacterial agents. In this research thiocarbonyl compounds and their reactions with sodium 
nitroprusside were investigated. Thiocarbonyl compounds are considered to be interesting 
molecules because of their wide potential biological activity.1 According to literature they 
show antibacterial, antiviral and fungicidal activity,2 some of them are already available on 
market as drugs against chickenpox (Marboran) and tuberculosis (Conteben). 

This study concerns photochemical and thermal reactions between thiourea, 
thiosemicarbazide or thiocarbohydrazide derivatives and sodium nitroprusside. The spectra 
of the photochemical reaction products show strong MLCT transitions thus indicating 
formation of the Fe-S bond. 

Due to blocking of back thermal reaction (see Scheme), the presence of thiocarbonyl 
compound results in higher quantum yield of nitric oxide photogeneration as compared with 
neat nitroprusside. Furthermore, thiocarbonyl-iron complex is believed to show biological 
activity as it decomposes yielding reactive thioureyl radical cations.3  

Research included synthesis of thiocarbonyl derivatives with sugar and terpene moieties 
and its solubilisation in the presence of �-cyclodextrine. The results presented represent 
initial steps towards microbiological tests that could confirm the bactericidal effect of the 
investigated compounds. 

[FeII(CN)5NO]2-

hv, H2O
+ [FeIII(CN)5H2O]2-NO
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phosphatase: cooperativity in substrate binding and inhibition  

by L(+)-tartrate 
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L(+)-tartrate molecule is an anion of trigonal bipyramide structure, analogous to 
transition state of PAP-catalysed reaction. It was believed until now that tartate is a stereo-
specific competitive inhibitor of PAP. The aim of this study was to establish the inhibition 
type after it was found that PAP exhibits the positive cooperativity in substrate binding. 

Human prostatic acid phosphatase (PAP) is an unusual allosteric enzyme: it catalyses 
hydrolysis [EC 3.1.3.2] of a broad variety of phosphoesters including phosphoproteins. 
Moreover PAP is a lipid phosphatase that dephosphorylates signaling molecules as 
phosphatidyl-inositol-4-monophosphate (PIP), phosphatidyl-inositol-4,5-bisphosphate (PIP2) 
and myoinositol-1,4,5-triphosphate (IP3) as well as lysophophatidic acid (LPA). Additionally 
PAP displays phosphotransferase and protease activities.  

 Positive cooperativity in substrate binding, exhibited by human prostatic acid 
phosphatase, was established by us in studies on steady-state kinetics of PAP-catalysed 
hydrolysis. The extent of cooperativity dependent both on the enzyme concentration and on 
the chemical nature of the substrate molecule.1 Ligand-induced concentration-dependent 
dissociation-association of PAP active oligomeric forms (monomer-dimer-tetramer) was 
found as a reason of PAP cooperative properties.2 

Molecule of PAP (of molecular weight 100 kDa) is mostly a stable dimer of identical 
subunits. The monomeric subunit is composed of two domains of various size.3 Enzyme’s 
active center (with nucleophilic histidine residue 12) is localized between the domains.  

Formation of the enzyme-substrate complex occurs firstly as a result of electrostatic 
interactions between the negatively charged phospho group of the substrate and the 
positively charged side chains of Arg11, Arg15, and Arg79 residues of the active center. 
Nucleophilic attack by the imidazole ring of His12 upon the phospho group is accompanied 
by proton donation from the carboxylic acid group of Asp258 to the substrate leaving group. 
This results in formation of the covalent phospho-enzyme intermediate and liberation of the 
alcohol (or phenol) product. Breakdown of the phospho-enzyme occurs by nucleophilic 
attack by water upon the phospho-enzyme intermediate and inorganic phosphate is released. 

The initial hydrolysis rate was estimated by measurement of product absorbance.4 

Kinetic constants were calculated by fitting the experimental results to Hill equation. 
L(+)-tartrate was found to be a nonlinear competitive inhibitor of human prostatic acid 

phosphatase when phenyl phosphate was used as hydrolysis substrate: the values of half 
saturation constants increased but the values of catalytic constants remained constant when 
inhibitor concentration was increased. 
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Photocatalytic inactivation of selected bacteria and fungi 
by photosensitised titania 
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Titanium dioxide is commonly used material in our daily life. It finds applications in a 
variety of paints, cosmetics and foodstuffs. Titania may also photocatalyse decomposition of 
various substances, e.g. dirt, grime, malodorous chemicals, irritants, toxic chemicals, smoke 
residue, bacteria, etc.1 

Photocatalytic action is initiated by the supra-bandgap excitation of TiO2. 
Photogenerated electrons and holes diffuse to the surface and react with species absorbed at 
the TiO2 surface.1,2 Photocatalytic oxidation of a variety of organic compounds has been 
observed.2 Therefore it is not surprising that cellular molecules, such as carbohydrates, 
lipids, proteins and nucleic acids, can be damaged, what in result leads to a cell death. 
Reactive species, like OH•, O2

•−, H2O2, 
1O2 etc. produced upon irradiation of the 

photocatalytic system3,4 are highly toxic towards microorganisms. 
Since 1985, when T. Matsunaga reported photochemical inactivation of Saccharomyces 

cerevisiae,5 the photocatalytic oxidation under UV-irradiation became a promising tool 
allowing detoxification and disinfection. Till now mechanisms of microorganisms 
inactivation have not been explained and understood in details. Up to our knowledge there 
are no reports on these processes induced by visible light in the presence of photosensitised 
TiO2. 

We have tried to apply visible light active titania-based photocatalysts for bacteria and 
fungi killing. The materials showing photocatalytic effect of organic pollutants 
mineralization under visible light irradiation were selected – titanium dioxide doped with 
highly unsaturated organic matter (C/TiO2)

6 and TiO2 modified at surface with platinum(IV) 
chloride complexes.7 For phototoinactivation tests we have selected Escherichia coli, 
Staphylococcus aureus, Enterococcus faecalis (bacteria strains), Candida albicans and 
Aspergillus niger (fungi). The results of these studies will be presented and discussed. 
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1H NMR and 13C NMR was employed to investigate interaction between antiarrhythmics  
(class I and class III) and selected amino acids from ion channel selectivity filters and/or 
receptor sites responsible for drug binding in sodium or potassium channels.  

Some experiments have been performed to reveal the mutual chemical recognition of the 
compounds by co-crystallisation. Quinidine, lidocaine, procainamide and amiodarone were 
chosen (in the form of bases or hydrochlorides) were selected from among the antiarrhythmic 
agents and following amino acids / peptides were used: Ac-Asp-OMe, Ac-Glu-OMe, Ac-
Phe-OMe, Ac-Tyr-OMe, IFM from inactivation loop of sodium channel, H-GFG-OH from 
selectivity filter of potassium channel IKr and Ac-YF-OMe from S5-P-S6 potassium channel. 
Crystallization of the complexes appeared to be very difficult and usually only the crystals of 
pure substrates were obtained.  

To prove if the complexes are present in solutions, NMR spectroscopy has been utilized, 
because this technique can provide direct evidence for the complex formation1. Samples for 
NMR studies were prepared by mixing an antiarrhythmic agents and amino acids / peptides 
in appropriate molar ratios and the behavior of the mixture solutions in CDCl3 was compared 
with the behavior of pure substrates solutions. Significant changes of 1H NMR and 13C NMR 
chemical shifts were observed. The obtained results suggested, for example, a distinct 
intermolecular hydrogen bond interaction of (amiodarone)N+-H···O-H(Tyr) type and much 
weaker interactions of (Phe)N-H···N(lidocaine) type. 
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New sparteine complexes as model compounds of blue copper protein 
active sites 
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Considerable effort has been devoted to the design of model compounds and the 

elucidation of copper binding sites in metalloproteins. A particularly intriguing example is 
the type 1 blue copper protein, which compared with tetragonal copper complexes exhibits 
intense absorption at ~600 nm, distinctive electron spin resonance spectra, and unusually 
high red-ox potentials. These extraordinary properties are known to be related to the copper 
coordination sphere in the type 1 proteins.1 A type 1 copper protein, such as plastocyanin, 
has a single Cu ion bonded in a distorted tetrahedral geometry to two imidazoles (histidine), 
one thiolate (cysteine), and one thioether (methionine).2 Thus model studies on the blue 
copper proteins have mainly focused on the ligand donor systems containing thiolate, 
thioether, and thiocarboxylate groups, while imidazole binding is often simulated by imine 
groups or heterocyclic nitrogen bases. Synthesis and characterization of the tetrahedrally 
distorted Cu(II) compounds with the Cu(II)S2N2 chromophore would be invaluable for better 
understanding the detailed structural/electronic properties of the type 1 copper proteins, 
because a variety of “tetrahedral” geometries exist in their active sites.  

Over the past decades, several studies on copper(II) complexes of the neutral alkaloid  
(-)-sparteine (Fig.1) have been reported3,4 and the copper(II) centers in these complexes 

are always found to have a distorted tetrahedral geometry. 
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Fig. 1 Conformation and atom numbering of sparteine. 

In our laboratory, we attempted to synthesize a new model compounds for the type 1 
copper site by introducing the alkilothiolate, RS-, into the copper(II) sparteine moiety. This 
synthesis was prompted by our previous interest in the copper(II) sparteine and α-
isosparteine complexes.5  
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Metal ions are essential components of many biological systems; a broad range of the 
activities they take part in includes catalytic functions, contribution to redox processes, 
signaling and structural roles.1 Spectroscopic monitoring of interactions of various ligands 
with light metal ions (Mg2+, Zn2+, Ca2+, etc.) of simple electronic configurations is often 
difficult, especially under conditions relevant to biological systems. Therefore, model 
studies on metal centers, related to such systems, are of high interest. In this context, 
metallochlorophylls pose a convenient model system because they are both biological 
ligands and spectroscopic probes of the coordination state of the central metal. 

The synthesis of various metallobacteriochlorophylls provided us with the opportunity 
to investigate coordination interactions of such “difficult” metal ions.2,3 Taking advantage of 
an exceptional sensitivity of the QX transition in bacteriochlorophyll a to the coordination 
state of the central metal allowed us to quantitatively estimate the axial ligand binding 
equilibria and the thermodynamic parameters (∆Ho, ∆So and �Go) of the central Mg-axial 
ligand interactions.4 In the present study our model system was extended to include also Zn-
substituted bacteriochlorophyll a and its interactions with various solvent systems were 
investigated in order to gain insights into the coordination properties of Zn2+ ion. The 
comparison of the coordination properties of Mg2+ and Zn2+ ions reveals features relevant to 
the functioning of these metal centers in the biological systems. 
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Calpastatin is the specific inhibitor of calpain, the intracellular Ca2+-dependent cysteine 
protease1. Calpastatin is composed of five domains, four of which are capable of inhibiting 
one calpain molecule each2. These inhibitory domains contain three short subdomains of 
about 20 amino acids in length (A, B and C), which are important elements of calpain 
recognition. In first approximation calpastatin looks fully disordered, but on closer 
examination its subdomains are transiently ordered, with β-turn preference for B and α-
helical preference for A and C, which becomes much stronger after association with calpain 
in induced folding mechanism. Our aim has been to explore this residual structure and relate 
it to the mode of calpain binding by the inhibitor. Triple-resonance NMR experiments and 
relaxational measurments were carried out, with 15N and 15N 13C labeled calpastatin, to 
characterizing the secondary structure of subdomains A and C of the inhibitor. 

 
 

Figure 1. C-subdomain of calpastatin (helix) bound by calpain3 
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Quinone-induced inhibition of urease. Probing thiol groups of the 
enzyme involved in the process 
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Urease catalyzes the hydrolysis of urea to ammonia and CO2.
1 A variety of ureases are 

found in bacteria, fungi, higher plants, and in soil as a soil enzyme. Medically, bacterial 
ureases are important virulence factors implicated in the pathogenesis of many clinical 
conditions such as pyelonephritis, hepatic coma, peptic ulceration, and the formation of 
infection-induced urinary stones. In agriculture a hydrolysis of fertilizer urea by soil urease, 
if too rapid, results in unproductive volatilization of nitrogen and may cause ammonia 
toxicity or alkaline-induced plant damage. Various urease inhibitors have been studied to be 
used to combat the undesirable effects brought about by urease activity. Among those are 
quinones proposed to be applied in combination with urea fertilizers to control soil urease 
activity to increase the overall efficiency of nitrogen utilization. Although widely screened in 
field tests, quinones have never had their inhibitory mechanism toward urease elucidated.2  

In this work we studied the reaction of four quinones, 1,4-benzoquinone (1,4-BQ), 2,5-
dimethyl-1,4-benzoquinone (2,5-DM-1,4-BQ), tetrachloro-1,4-benzoquinone (TC-1,4-BQ) 
and 1,4-naphtoquinone (1,4-NQ) with jack bean urease. The enzyme was allowed to react 
with different concentrations of the quinones during different incubation times in aerobic 
conditions. Upon incubation the samples had their residual activity assayed and their thiol 
content titrated. The titration, carried out with use of 5,5’-dithiobis(2-nitrobenzoic acid), was 
done to examine the involvement of urease thiol groups in the quinone-induced inhibition.  

The quinones under investigation showed two distinct patterns of behaviour, one by 
1,4-BQ, 2,5-DM-1,4-BQ and TC-1,4-BQ, and the other by 1,4-NQ. The former consisted of 
a concentration-dependent inactivation of urease where the enzyme-inhibitor equilibrium 
was achieved in no longer than 10 min, and of the residual activity of the enzyme being 
linearly correlated with the number of free thiols in urease. This indicates that regardless of 
their reactivities, all enzyme thiols react with the quinones provoking progressive inhibition 
of the enzyme. Chemically, the inhibitor-enzyme reaction here corresponds to two 
mechanisms, i.e. the 1,4-nucleophilic Michael addition of the urease thiols to 1,4-BQ and 
2,5-DM-1,4-BQ, and to the nucleophilic substitution of chlorines by the urease thiols in TC-
1,4-BQ.3 The other pattern of behaviour observed for 1,4-NQ consisted of time- and 
concentration-dependent inactivation of urease with a sigmoidal residual activity-free thiols 
dependence. This suggests that in 1,4-NQ inhibition, in addition to the same 1,4-addition 
typical of 1,4-BQ, operative should be other reactions. These most likely are redox processes 
involving some thiol groups,3 apparently less inhibitory than the 1,4-addition. In terms of 
inhibitory effectiveness the quinones studied formed a series: 1,4-NQ � 2,5-DM-1,4-BQ < 
1,4-BQ < TC-1,4-BQ as expressed by their IC50 values equal to 40 �M, 50 �M, 5.5 �M and 
0.6 �M.  
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Langmuir monolayers: potential for anticholesterolemic therapy 
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Chitosan is an aminopolysaccharide derived from chitin, a biopolymer obtainable at a 
low cost from wastes of seafood processing.1,2 Chitosan possesses distinct chemical and 
biological properties attributable to the presence of multiple amino groups in its molecules. 
First and foremost the groups make chitosan a cationic polyelectrolyte (pKa ≈ 6.5), one of the 
few found in nature. Due to this basicity chitosan is soluble in aqueous acidic media and 
when dissolved possesses high positive charge on –NH3

+ groups, thereby being able to 
adhere to or aggregate with negatively charged molecules. Along with unique biological 
properties that include biocompatibility, biodegradability to harmless products, nontoxicity 
and physiological inertness, chitosan offers an extraordinary potential as a novel biomaterial 
in a broad spectrum of biomedical applications. One such application is as an 
anticholesterolemic agent to be supplied in the diet in obesity therapies.3  

The aim of our study was to investigate the interactions of chitosan with cholesterol and 
fatty acids. The fatty acids studied were both saturated (stearic acid) and unsaturated (oleic, 
linoleic, α-linolenic). The experiments were performed using the Langmuir monolayer 
technique, in which the surface pressure–area per molecule isotherms were recorded for 
monolayers of the investigated lipids spread on pure water and on chitosan solutions of 
different concentration. The subphase pH was fixed to be acidic in order to imitate the 
physiological conditions in the gastric tract. From the isotherm datapoints the Gibbs free 
energies and the compression moduli were determined.4,5 The former were used to estimate 
the magnitude of lipid-chitosan interactions, while the latter to describe the state of lipid 
monolayers. 

It was found that the presence of chitosan in the aqueous subphase strongly influences the 
shape and the position of the surface pressure isotherms of lipids, thus proving that there 
exist attractions between chitosan and lipids molecules. Both the magnitude of these 
attractions and the stability of the formed complexes are strongly dependent on chitosan 
concentration and lipids structures. 
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Experimental and computer simulation results demonstrate differences in the effect of 
cholesterol (Chol) on saturated and mono-cis-unsaturated phosphatidylcholines (PC) in PC-
Chol bilayers. Chol was shown to increase membrane surface density and order of the acyl 
chains in bilayers built of saturated dimyristoyl-PC (DMPC).1,2 In a mono-cis-unsaturated 
palmitoyloleoyl-PC bilayer containing Chol (POPC-Chol) these effects were also observed, 
however to a lesser extent.  

Initial results from molecular dynamics (MD) simulation studies of POPC-Chol 
bilayers suggest that the differences may stem from the preference of the Chol hydroxyl 
group (OH-Chol) to be located higher in the POPC-Chol bilayer interface than in the 
interface of DMPC-Chol membrane.3 Differences in interactions of acyl chains with smooth 
α-face and rough β-face of the Chol ring may also play the role.  

To elucidate the correlation between the Chol structure and its effect on the bilayer as 
well as to study atomic-level interactions between PC and Chol together with the Chol 
dynamics in the bilayer, a large computer model of the POPC-Chol bilayer was built and MD 
simulated. The bilayer consisted of 224 POPC, 64 Chol (22 mol%) and 7820 water 
molecules, constituting a molecular system four times larger than the one previously reported 
in the literature.3 OPLS force filed with united-atom approximation was used in 
parameterization of the POPC and Chol molecules. The hydrogen atoms of water and Chol 
hydroxyl group were modeled explicitly. The length of bonds involving hydrogen atoms was 
constrained with the SHAKE algorithm. Particle-mesh Ewald algorithm was used for 
calculation of long-range electrostatic interactions. For Lennard-Johnes interactions, the 12Å 
cutoff radius was used. Berendsen coupling was employed to maintain the temperature at 
310.0K and the pressure at 1atm. The time step was set at 2fs. The simulation was carried out 
for 70 ns and the last 50-ns fragment of the generated trajectory was used for analyses. A 
pure POPC bilayer was employed as a reference system. 
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The most powerful way to elucidate relations between protein function and 
conformational fluctuations is the determination of three-dimentional structures of relevant 
conformers. Conventional X-ray crystallography combined with high pressure as a 
perturbant is a new technique that could bring interesting structural information about those 
small changes that occur upon substrate or ligand binding or protein-protein interaction.1 

Structural and thermodynamic consequences of substitution introduced in a particular 
position within the hydrophobic core of bovine pancreatic ribonuclease A (RNase A) were 
measured using differential scanning calorimetry and fourth derivative UV and FTIR 
spectroscopy.2,3 In order to explain the influence of mutations on structural changes and their 
importance for overall stability of the molecule, we 
decided to determine the crystal structures of wild type 
and point mutated variants of RNase A with highest 
lost of stability at high pressure and ambient conditions. 
The structure of V47A, V54A, V57A, V81A, I106A 
and V108A variants have been determined at 100 K 
with resolution in the range 1.4 – 1.6 Å.  

We have performed the preliminary X-ray 
diffraction experiments for the RNase A crystal at high 
pressure (Figure 1.) The wt-RNase A crystals were 
mechanically resistant to the pressure up to 21 kbar. 
The diffraction data were collected for wt- RNase A 
crystal at 5 and 7 kbar with resolution up to 2.8 Å and 

for I106A variant at 4.7 kbar with resolution 2.4 Å 
using Nonius KappaCCD diffractometer with sealed Mo 
tube (55kV, 30mA) and Miracol focusing collimator. 
Refinement and structural analysis are in progress.  

Figure 1. Crystal of wt-RNase A 
inside the metal gasket of 
diamond anvill cell (DAC) at 
7kbar.
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C1 is a large multiprotein complex in blood plasma, which is extremely challenging to 

study in vivo. C1 is activated by pathogens, a mechanism governed by intrinsic flexibility of 
C1. Due to its modular organization, C1r, a serine protease of the complex, is a good model 
for NMR structural studies, as the ex situ flexibility of individual modules and module pairs 
can be examined. In our NMR study, we have investigated the structure and flexibility of the 
CCP2 and CCP1–CCP2 modules penultimate to the serine protease domain. Here we present 
a description of intra– and intermodular flexibility of this region. As part of the catalytic 
fragment of C1r, flexibility of these modules is considered to participate in the regulation of 
the catalytic efficacy of the serine protease domain, as observed previously.1 
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Kinetic and structural studies of inhibition of arylsulfatase A 
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Arylsulfatase A (ASA; EC 3.1.6.8) is a lysosomal glycoprotein that catalyzes the first 
step in the degradation of sulfatide (3-O-sulfogalactosyl ceramide), a major constituent of 
myelin sheaths1. Deficiency of ASA activity leads to Metachromatic Leucodystrophy 
(MLD), a fatal lysosomal storage disorder associated with severe neurological symptoms 
such as quadripesis, peripheral neuropathy, seizure, blindness and dementia2.  

Posttranslational protein modification that generates a 2-amino-3-oxopropanoic acid 
(Formylglycine) residue by oxidation of the thiol group of a cysteine is conserved among all 
eukaryotic sulfatases.  

Inhibition of arylsulfatase A activity by phosphate esters has been previously described3 
as caused by transesterification and covalent modification of Formylglicine in the active site.  

Here we report kinetic studies of inhibition of ASA by phosphate ester 
(4-methylumbelliferyle phosphate - MUP) and by fluoride ion. In addition we present crystal 
structure of an inhibition complex ASA-F-. We claim that inorganic ions and phosphate 
analogues of ASA substrates interact with Formylglycine in a different way. 

On the basis of kinetic data, we have found that fluoride inhibits ASA catalytic reaction 
in a mixed competitive - noncompetitive manner, that is in a good agreement with our 
structural analysis. 

Lineweaver-Burk (or Scatchard) plots and calculated kinetic constants (Km, Vmax) for 
reaction inhibited by MUP reveal existence of two kinds of inhibition types, dependent on 
the concentration of the inhibitor compared to the substrate concentration. MUP acts as a 
competitive inhibitor in a low concentration and at the same time, when used in excess, an 
irreversible inhibition occurs. However, on the basis of stability studies of ASA-inhibitor 
complexes, covalent modification in the active site appears to be plastic and dependent on 
MUP concentration and time of desalting. 
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NMR spectroscopy has evolved into a powerful tool for protein structure determination. 
The major limitation of this method is the high spectral complexity with increasing 
molecular mass of the protein. Spectral crowding and line broadening due to fast transverse 
relaxation are responsible for the loss of restraints, making spectra interpretation difficult and 
time consuming.  

To overcome this problem we have developed a novel method for the analysis of 
protein NOEs in solution.1 Our approach is based on chemically synthesized isotope labeled 
precursor compounds for the hydrophobic amino acids leucine, isoleucine and valine. A new 
bioorganic approach enables us to incorporate 12C, 1H and 2H Leu, Ile and Val, containing a 
13C label at the terminal methyl group into proteins.  

As precursors we use the corresponding labeled alpha-ketoacids [4-13C, 4’-CD3] 2-
ketovaleric acid and [4-13C] 2-ketobutyric acid, respectively, which are synthesized in a new 
robust and high yielding synthetic route. The precursor compounds are converted into the 
corresponding amino acids by addition to the minimal-medium of E.coli, as reported 
previously.2 The target-protein is overexpressed, showing high 13C- and 2H- incorporation 
levels at the side chains of leucine, isoleucine and valine. In an otherwise 12C, 1H protein, 
discrimination between protons bound to 12C and 13C (or 15N) can be achieved using standard 
isotope-editing NMR pulse schemes. As an application, we demonstrated 13CH3/

15N NOESY 
editing for the quail lipocalin protein Q83.3 The resulting spectra show reduced complexity 
and facilitate the interpretation of NOE connectivities.  

The synthesis and application of amino acid precursors, showing different labeling 
patterns are currently ongoing in our laboratory. These substances will allow us to selectively 
incorporate 13C and 2H into the protein-backbone and -side chains, respectively. The new 
labeling strategies will, in conjunction with other techniques, contribute to NMR structure 
determination of high molecular mass proteins in future.  
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Iron chelates (Figure 1) derived from ethylenediamine-N,N’bis(2-hydroxyphenyl)acetic 
acids are the choice fertilizers to treat iron clorosis.1 This is a nutritional disorder in plants 
characterized by a significant decrease of chlorophyll in leaves that reduces the yield and 
quality of many crops.2 During the last years our 
research groups have focus on the determination 
of the effect of the chemical structure of the 
chelating agents on the efficacy of the chelates to 
supply Fe to plants. We proposed3 a 
methodology involving analytical determinations 
(titrimetric purity, protonation and stability 
constants, pM) and speciation distribution in 
agronomic conditions that was applied to ligands 
used as fertilizers. o,o-EDDHA and their 
analogues with substitutions on the phenolate 
ring (EDDH4MA, EDDH5MA and EDDHSA) 
present comparable chelating ability. Modifications in the tether linking the two amino 
groups4 affect the chelate stability constants. The higher the distance between the two amino 
groups the lower the corresponding stability constant. Recently,5 the role of the Fe3+-chelates 
as substrates of the FCR (Fe chelate reductasa) enzyme, a part of the Fe uptake mechanism in 
strategy I plants, has been investigated. It was concluded that a high stability of the Fe-
chelate decreases Fe reduction rates in cucumber plants. An extraordinary Fe reduction rate 
and uptake was observed for o,pEDDHA/Fe3+, a less stable isomer than o,oEDDHA/Fe3+ 
able to bind iron using only 5 bonds.6 In another experiment, cucumber plants were grown 
with low concentrations of different chelates. Various Fe nutrition indexes revealed that 
plants had a better Fe supply when treated with relatively weaker chelates, with the exception 
of EDTA/Fe3+. 
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Transmetalation of chlorophyll a (Chla) is a reaction of central magnesium ion 
exchange to any other metal. It may occur spontaneously in biological systems leading 
usually to the loss of photosynthetic activity. Nevertheless, such modification of natural dyes 
is desirable for some purposes like designing of new photosensitizers for photodynamic 
therapy (PDT). Even if Mg2+ is quite unstable in solutions of chlorophyll, transmetalation is 
usually much slower than simple insertion of metal ion into empty tetrapyrrolic ring. There 
are several factors determining the kinetic of such processes, among others coordinative 
properties of both metal cation and counter ions. 

While the formation of Cu-Chla hardly occurs in the reaction of copper(II) acetate with 
chlorophyll, it can be considerably accelerated in the presence of tetrabutylammonium 
acetate. Such effect has been found in acetonitrile but not in methanol pointing to the 
significant role played by the solvent. In order to elucidate this problem we have performed 
the spectroscopic and kinetic studies. The DFT calculations were set against the results of 
EPR and 1H NMR experiments to determine the possible structures of Ac/solvent copper(II) 
complexes. 

  
 

Geometry of the [Cu(ac)2], [Cu(ac)2MeCN], [Cu(ac)2(MeCN)2] and [Cu(ac)3]
− complexes 

optimized using mPW1PW91/6-31++g(d,p) level of theory 
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MurD (UDP-N-acetylmuramoyl-L-alanine:D-glutamate ligase), a three domain bacterial 
protein, catalyses a highly specific incorporation of D-glutamate to the cytoplasmic 
intermediate UDP-N-acetyl-muramoyl-L-alanine (UMA) utilising ATP hydrolysis to ADP 
and Pi. This reaction is part of the biosynthesis of bacterial peptidoglycan. Structural studies 
of E. coli MurD revealed two inactive “open” conformations of the enzyme with distinct 
position of the C-terminal domain.1 It was hypothesized that ATP is required to induce the 
rigid body rotation of the C-terminal domain that brings the enzyme to its “closed” active 
conformation, also determined experimentally.2 Additionally, the ligands binding order for 
the Mur ligase family was established revealing ATP binds first to the enzyme followed by 
the UDP precursor.3 

Two targeted molecular dynamics (TMD) 4 simulations were preformed using 
CHARMM in order to examine the binding process of UMA and ATP and gain insight into 
conformational changes of the enzyme and rotation of the C-terminal domain that occurs 
during the conformational transition of MurD into its active conformation. Two “open” 
conformations of the enzyme 
(PDB code: 1EEH and 1E0D) 
and one “closed” conformation 
(PDB code: 2UAG) served as 
boundary structures in the TMD 
simulation. The TMD results are 
in accordance with the proposed 
binding order of the ligands 
observed experimentally and the 
analysis of the conformational 
transitions of the C-terminal 
domain in both simulations 
indicated that Pro300 is the most 
important residue in the 
conformational transition. 
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Xanthurenic acid is a small biomolecule involved in many biochemical processes. Its 
presence in the body is linked to development of some diseases as senile cataract, malaria, 
tuberculosis, diabetes, etc. Reactivity of xanthurenic acid bound to metal ions can be 
changed.1-3 

Very few references related to complexes of xanthurenic acid with 3d metal ions of the 
4th period of the periodic table can be found in the literature. Xanthurenic acid has been 
shown to coordinate to Cu2+, Ni2+, and Zn2+ in solutions, however the informations about 
solid complexes are very scarce. 1,4 

Synthesis and characterization of complexes between xanthurenic acid and metal ions 
(M = Al3+, Cr3+, Mn3+, Fe3+, Zn2+, Cu2+, Ni2+, Co2+, Fe2+, Mn2+) was investigated. Amorphous 
metal complexes between xanthurenic acid and metal (II) ions have been prepared from 
neutral water solutions. 

The compounds were characterized using IR spectroscopy, thermal and elemental 
analysis and UV-VIS spectroscopy. EXAFS techniques provided information about the first 
coordination sphere around the metal ion.  
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Three phosphonate derivatives of phenylalanine (L -Phe): L-Phe-N-CH(CH2CH(CH3)2)-
PO3H2, L-Phe-N-CH*(CH3)-PO3H2, and L-Phe-N-CH(CH2CH2COOH)-PO3H2, as 
phosphorus analogues of naturally occurred amino carboxylic acids, have received much 
interest due to their biological activity. Because of the tetrahedral structure of the 
phosphonate fragment, they mimic tetrahedral intermediates of hydrolysed esters, amides, 
and peptides. Thus, they often act as inhibitor of esterases, peptidases, and related enzymes 
and metalloenzymes. These phosphonopeptides containing P-terminal group display 
bacteriostatic and herbicidal properties, as well as promising antitumor activity.1 

In this study surface-enhanced Raman scattering (SERS) spectra of L−Phe-N-
CH(CH2CH(CH3)2)-PO3H2, L-Phe-N-CH*(CH3)-PO3H2, and L-Phe-N-CH(CH2CH2COOH)-
PO3H2 derivatives of phenylalanine adsorbed on colloidal silver and silver flat surfaces have 
been measured in order to investigate they adsorbed structures. In addition, Fourier-
transform Raman (FT-RS) and absorption infrared (FT-IR) spectroscopies were used to 
characterize the molecular structures of these compounds. The respective vibrational band 
assignments have been proposed on the ground earlier studies on phosphonodipeptides.2,3 
The analysis of the intensities of the enhanced bands in the SERS spectra depicts that these 
peptides interact with the colloidal and flat silver surfaces through the aromatic ring of the L-
Phe residue that adopts flat or close-to-flat orientation on the surface. Also, we find that the -
PO3

2- groups are involved in the adsorption process. This phenomenon is observed as an 
enhancement of bands of vibrations of the P=O and the O-P-O units around 1280-1240 and 
560-840 cm-1, respectively. In addition, on the colloidal silver adsorption takes place trough 
the nitrogen atom of the imide bond, while in the case of the silver flat surface this 
interaction is not observed. 
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Peptide adsorption and macromolecular interactions at the solid/solution interface play 
important roles in a variety of phenomena of biomedical and biochemical interest. These 
interactions are also believed to be of great significance to the understanding of the in vivo 
behavior of implants. Therefore, there is an urge to develop simple and rapid in vitro 
methods for studying adsorption phenomena at the peptide level. Surface-enhanced Raman 
scattering spectroscopy (SERS) is believed to be one of them. In this technique the 
orientation and the distance of functional groups with respect to the surface are critical for 
enhancement of particular Raman bands. Such interaction with the surface allows obtaining 
unique information about the structure of the adsorbed species. In particular, due to its high 
sensitivity (10-3 – 10-10 M) and selectivity SERS can successfully be used to investigate the 
adsorption process and conformational changes of proteins.  

Here we present comparison of SERS investigations on several phosphonodipeptides 
adsorbed on colloidal and flat silver surfaces: L-Phe-L-Ala-PO3H2 (MD1), L-Phe-L-Val-
PO3H2 (MD2), L-Phe-β-Ala-CH(OH)-PO3H2 (MD3), L-Phe-L-Ala-CH(OH)-PO3H2 (MD4), 
L-Ala-(3,4-dimethoxy)-L-Phe-PO3H2 (MD5), and L-Ala-(3,4-dimethoxy)-(des-CH2)-L-Phe-
PO3H2 (MD6). We show that the Phe ring of MD1 and MD2 adopt a tilted or close-to-flat 
orientation with regard to the colloidal silver surface, while for other dipeptides it accepts a 
perpendicular orientation.1,2 On the other hand, on the macroscopic silver substrates the Phe 
ring adopt perpendicular orientation only for MD3, for MD4 tilted orientation, while in other 
cases almost lying on the surface.3 In addition, we find that the phosphonate (-PO3

2-), amino, 
methane, and dimethoxy groups are involved in the adsorption process of these 
phosphonodipeptides on the both silver surfaces. This phenomenon is clearly seen for the 
PO3

2- group, which in the case of MD3 and MD4 deposited onto colloidal silver interacts 
with the silver through its O-P-O fragment, while the P=O unit is rather remote from the 
surface. The opposite situation is observed for MD1 and MD5, where the P=O fragment 
binds to the surface, while the PO3

2- group of MD2 interacts via P=O as well as O-P-O. In 
the case of MD6 the phosphonate group is rather away from colloidal silver surface.1,2 
However, on the macroscopic silver substrates all investigated here phosphonodipeptides 
interacts with the metal mainly via the P=O fragment.3 
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The molecular mould of bitter taste is a kind of universal molecular form of the bitter 
taste receptor as it imposes a certain specific spatial orientation of the agonist in the receptor. 
To our research we have chosen (-)-cytisine (1), that is a naturally occurring alkaloid 
extracted from seeds of Laburnum anagyroide and other Leguminosae plants. 

(-)-Cytisine (1) had been shown to be an important probe in central nervous system 
research.1 It has been recognized as a nicotinic agonist with its affinity to nAChR higher than 
that to nicotine.2 (-)-Cytisine is a very promising alkaloid for development of new drugs for 
potential treatment of CNS disorders, particularly Alzheimer and Parkinson diseases.1 

Chemoreception of the bitter taste, spectroscopic methods and computer projections of 
N-alkil (3, 8),3 N-amide (4-7),4 and the new N-benzyl (-)-cytisine derivatives (8-13) into the 
molecular mould allow to analyse the correlation between the taste of particular compounds 
and their spatial structure. It had been already proofed on other quinolizidine alkaloids those 
were used in the development of the molecular mould of bitter taste receptor.5 The potential 
agonists (1-13) of the bitter taste receptor have been characterized by the spectroscopic 
methods (MS, 1D and 2D-NMR).  

Using computer projection, the molecular matrix of bitter taste receptor for chosen 
cytisine derivatives was constructed. This resulting molecular mould can allow predict the 
taste of the compounds and their correlation with their spatial structure. It can also be used as 
a tool in computer-aided examination of entire categories of compounds to produce 
molecules having improved flavour values. Knowledge of the dependency between the 
structure of the compounds and their taste can allow syntheses of the bitter compounds that 
can find potential application in food industry or medicine.  
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The number of people suffering from diabetes is distressingly growing. According to 
the World Health Organization, one in 20 deaths is attributable to diabetes. At least 171 
million people worldwide have diabetes, and this figure is likely to more than double by 
2030.1  

Focus of researchers is placed on looking for new, effective, orally administered drugs 
for this disease. Vanadium complexes with metal oxidation states III – V have shown 
insulin-mimetic properties in vitro and in vivo (diabetic animals) experiments. Among them, 
peroxo complexes of vanadium with organic ligands are especially effective. Moreover, they 
are used as models for peroxidases2 and are extensively investigated because of their 
catalytic properties3. In 2004 an extensive review on the biochemistry and biological activity 
of vanadium compounds was published.4  

The peroxo complexes of vanadium with polypyridines have been often used in 
biological and medical experiments. Thus, their behavior in the solid state at elevated 
temperatures is important for understanding their self-decomposition processes and 
establishing optimal storage conditions. 

In this work we present the X-ray structures of M[VO(O2)2(bpy)]�nH2O complexes 
(where: M = Li+ (n=5) , Na+ (n=8), K+ (n=8), Rb+ (n=4)), their thermal stability and IR 
spectra. 

The complex anions have a distorted pentagonal bipyramid geometry with the vanadyl 
oxo group and one bypyridyl nitrogen at the apices, and the peroxo groups and the other bpy 
nitrogen in the pentagonal plane. The crystal structure is stabilized by hydrogen bond 
networks and -stacking of 2,2’-bipyridine rings. 

The processes of dehydration and liberation of oxygen upon heating of complexes are 
affected by the hydrogen bond network and the type of M+ cation. The positions of the 
�(V=O) and �(O–O) bands are also changing according to type of M+.  
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Thiosemicarbazones found wide application in industry and analytical chemistry, while 
some of their derivatives show antiparasital and antiviral properties. In many cases biological 
activity of thiosemicarbazones is related to their chelating properties, since they can be in 
vivo coordinated to metal ions. In the solid state thiosemicarbazones exist in the thione form. 
In solution, however, they tautomerize into the thiol form. Complexation usually takes place 
via sulfur atom and imino nitrogen atom, resulting in the formation of a five-membered 
chelate ring. When an additional donor site D is present in ortho position in such ligands 
D,N,S tricoordination usually takes place.1 

In our recent work we have performed reactions of vanadium(III) acetylacetonate with 
salicyaldehyde-4-phenylthiosemicarbazone (H2L

1) and o-vaniline-4-phenylthiosemi-
carbazone (H2L

2). All reactions were carried under inert atmosphere. Reactions afforded 
thiosemicarbazonato complexes of vanadium(V) of general formula [VO(L)(OCH3)] (A), as 
well as unexpected products of intermolecular cyclization of thiosemicarbazone ligands and 
acetylacetone (B).  

All compounds were characterised by means of IR spectroscopy, X-ray powder 
diffraction and single crystal X-ray diffraction methods. 
 

  

A B 
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Among numerous biologically relevant building blocks, metal ions constitute one of the 
most important elements. They play a key role in a wide range of chemical reactions, 
constituting active centers for such diverse processes as enzymatic catalysis or electron 
transfers. The chemical properties of metal ions strongly depend on their environment, in 
particular on their ligands. One of the most abundant ligands are tetrapyrrolic macrocycles. 
whose most known representatives are porphyrins and chlorophylls, presented schematically 
on Figure 1.  

 

 
Figure 1. Porphyrin (a) and chlorophyll (b) structures. 

 
The aim of the present study is to investigate how the insertion of different metal ions 

(Mg, Zn, Pt) modifies the properties and reactivity of porphyrin and chlorophyll complexes. 
The selection of metals as well as ligands follows from the fact that they may be used in 
photodynamic therapy as sensitizers. 

The investigated systems are studied by means of quantum chemical DFT method 
within both LDA-VWN and GGA-RPBE functionals. Kohn-Sham orbitals are described by 
extended all-electron basis sets of contracted Gaussians for Mg and Zn, whereas for Pt core 
electrons are approximated by pseudo-potentials. For each complex the optimal geometric 
structure is obtained. The electronic structures of complexes are described in terms of 
Mulliken charges and spin densities as well as Mayer bond indices.  
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Molecular oxygen is a stable paramagnetic molecule with two unpaired electrons, 
therefore, its reactions with organic substrates, that are ussually diamagnetic, are spin-
forbidden. Consequently, there is an interest to activate this species so that the oxidation 
reaction is possible. Activation of the molecular oxygen may be caused by bonding it to the 
appropriate center, which can be a transition metal atom in a coordination complex or at the 
surface of a solid. The electronic properties of the bonded molecular oxygen depend on the 
character of bonding defined by the type of metal as well as surrounding ligands. The metal-
bound dioxygen species forms different geometric structures (superoxo or peroxo) and may 
be transformed into other reactive species (hydroperoxo or oxo and dioxo). 

In nature, the activation of molecular oxygen occurs very often on the porphyrin-based 
complexes (e.g. heme). In this respect, metalloporphyrins constitute the particularly 
convenient compounds to mimic the activation of dioxygen species observed in vivo. 

The aim of this theoretical study is to examine the dioxygen activation process with the 
stress put on how this may be affected by the type of the metal that binds dioxygen. In order 
to study the influence of the metal type on the dioxygen activation process, the porphyrin 
complexes of Mn, Mo, and Co, are chosen. The selection of these metals may be explained 
as follows. Manganese porphyrins are very active in epoxidation and hydroxylation of 
hydrocarbons under mild conditions. Two other metals (Mo, Co) are less active in 
homogeneous catalysis, but their compounds are extremely active in heterogeneous systems. 
Therefore, it is of our interest to examine which parameters of the metal ions (its oxidation 
state, electronegativity) are responsible for the catalytic activity of their compounds.  

 In this study, ab-initio quantum chemical Density Functional Theory methods are 
applied within GGA-RPBE functionals, as implemented in StoBe computer code. In this 
approach, the Kohn-Sham orbitals are described by extended all-electron basis sets of 
contracted Gaussians. The obtained results are discussed in terms of geometric and electronic 
parameters of the systems. As such, bond lengths, valence angels, Mayer bond indices, and 
Mulliken charges are chosen.  

As a first step, the dioxygen binding by the above mentioned systems is considered. 
The analysis of the O2 binding energies allowed to define the preference of each of the 
metals to form either superoxo or peroxo structures. Secondly, the interaction of atomic 
hydrogen with O2 molecule in the porphyrin complex is taken into account. The adsorption 
of the hydrogen atom on the O2 molecule leads to the weakening of the O-O bond. The latter 
is cleaved once the second hydrogen atom becomes adsorbed. As a result the water molecule 
is formed. The remaining oxygen atom is doubly bound to the metal ion resulting in the high 
valent oxo complex, which plays a crucial role in enzymatic oxidations. 
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Chromium(VI) is a widespread environmental contaminant and a strong oxidant. In 
addition to being highly toxic, Cr(VI) is mobile, and has a long residence time in surface 
water and groundwater; it poses health risk to humans and animals and impairs the 
development and growth of plants1. Many interactions of hipervalent chromium with low-
mass reductants have been studied but a few with biopolymers.  

Pectins are a group of polysaccharides present in all plant primary cell walls. The 
dominant structural feature of pectin is a linear chain of poly-�-(1�4)-D-galacturonic acid 
with varying degree of methylation of the carboxylic acid residues. This backbone is 
occasionally interrupted by stretches with side chains, which are rich in neutral sugars, 
mainly arabinose, galactose, and rhamnose.  

The objective of this work was to study the ability of pectins to reduce and/or stabilize 
hypervalent chromium in order to ascertain the potential role of this plant component in the 
transport of Cr.  

Kinetics and spectroscopic sudies (UV-vis, EPR) of the reaction of Cr(VI) and apple 
pectin revealed that the reaction proceeded through a mechanism combining CrVI → CrIV 
→ CrII and CrVI → CrIV → CrIII pathways. Intermediacy of CrII in this reaction was 
demonstrated by detection of CrO22+ when working in O2-saturated solutions and low 
[Cr(VI)]. The existence of this species is indicative of the presence of Cr(II) and Cr(IV) 
intermediates2 that can contribute to the oxidative damage in plant cells. Free radicals 
formed in the CrIV → CrIII path were detected by the induced polymerization of 
acrylonitrile. Cr(V) species formed by the Cr(VI) + Cr(II) or Cr(VI) + organic radical 
reactions were characterized by EPR spectroscopy. The Cr(V)-pectin species showed giso 
values around 1.9785 typical of oxo-Cr(V) bound to two carboxilato and two alcoholato 
donor groups. These species were stable for at least 6 hours at pH = 4.66, suggesting that the 
pectin can stabilize this oxidation state of chromium.  

HCOOH was found as one of the oxidation products of apple pectin when treated with 
Cr(VI). The [HCOOH] to [Cr(VI)]0 ratio seems to indicate that the oxidation of the pectin 
probably involve the C6-C5 linkage break of the unmethylated galacturonic acid units 
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Supramolecular interactions between the [Fe(CN)5NO]2− anion 
and macrocyclic cations 
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The role of weak interactions in inorganic chemistry is often underestimated. Chemical 
reactivity is commonly understood as formation or breakage of strong covalent bonds. There 
are, however, weak interactions, that play crucial role in many chemical, biochemical and 
biological processes.1 Hydrogen bonding, salt bridges and π-π stacking are examples of those 
interactions. Also ion-pairing is a low energetic process, which under certain conditions may 
have fundamental influence on reactivity of chemical systems. Cyanocomplexes of transition 
metals are perhaps the best example of the class of compounds, where ion-pairing is 
especially important and constitutes an essential tool modifying their reactivities. 

One of the most studied cyanometallates is the pentacyanonitrosylferrate(II) complex, 
commonly known as nitroprusside. Extensive studies are stimulated by its physiological 
activity as NO donor.2-4 It is postulated that redox activation is essential for NO liberation 
from nitroprusside on enzymatic or nonenzymatic pathway. Furthermore, its thermal and 
photochemical reactivity is strongly controlled by interactions with cations.5-8 

Here we present structural investigations on interactions of the title complex with 
selected macrocyclic cations. In the first crystal structure the building blocks are recognised 
which are connected via nitroprusside anions with formation of infinite chains. The blocks 
consist of two 15-crown-5 macrocycles with Na+ cations in their centers, linked via two 
water molecules and two Na+ cations in the corners of 4-membered rings. In the second 
structure the 30-membered cations together with nitroprusside anions form three-dimensional 
net linked by complicated hydrogen-bonding system. These investigations are supplemented 
with electrochemical and spectroscopic studies of ion-pair formation. 
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Interaction of selected divalent metal ions with human ataxin-3 Q36 
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Among different types of neurodegenerative disorders, related to misfolding as well as 
aggregation of selected proteins, there are polyglutamine diseases (polyGln). They are 
characterize by the presence of an expanded polyGln tract1. Among these there is an ataxia 
type-3, also known as Machado-Joseph disease (MJD) caused by 42 kDa ataxin-3 protein, 
which has an expanded polyGln tract located at the C-terminal part of it. PolyGln tract 
consisting of 15-30 glutamines in the physiological form of ataxin-3, whereas up to 55-84 
glutamines were found in pathological types2. The expansion of the tract is responsible for 
changing of a native α -helical structure to amyloid fibrils rich of β -sheets3. However, in 
recent results, Chai et all suggest that not only expanded but also normal form of the ataxin-3 
may be involved in forming of aggregates4. The explanation of this phenomenon could be the 
fact that not only polyGln tract is responsible for the formation of aggregated forms but also 
other parts of the protein. 

Some metal ions both endo- and exogenous are known as possible pathological factors 
in neurodegenerative disorders5. 

To gain insight into the role of selected divalent endo- and exogenous metal ions on the 
aggregation process as well as on the secondary structure of the protein responsible for ataxia 
type-3, the ataxin-3 with 36 glutamine tract was involved. The results obtained by 
fluorescent as well as Raman spectroscopic studies will be shown and discuss.  
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Environmental and mutagenic effects on the folding of TC5b, a small 
protein. Enhancing the stability of mini protein fold 
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Minimal structural requirements of protein folding and stability of folded peptides are 
nowadays subject of intensive research. The minimum size of such miniproteins is down to 
20 amino acids, however, in most cases the fold of such molecules is very sensitive and 
forms only in strictly given environmental circumstances. Several different fold types were 
recognized for miniproteins, such as betanova, WW, Trp cage.  

A 20 residue sequence (NLYIQWLKDG GPSSG RPPPS) was investigated, that 
spontaneously folds to a “Trp-cage”, a fold containing secondary structures and tertiary 
contacts more typical of a larger molecule. The miniprotein includes an �-helix extending 
from residues 2 through 8, followed by a 3-10-helix (residues 11-14), and a polyproline II 
helix at the C-terminus. 

The folding of the designed miniprotein Tc5b is very sensitive to natural circumstances. 
This feature helps to investigate the direct effect of temperature, pH and mutation to the 
folding process. We have investigated two effects important in the formation of the Trp cage 
beyond the crucial importance of the indole ring of the Trp residue.  

One of them is the relative orientation of the Trp and Tyr rings. Best hydrophobic core 
arrangement is achieved if the two rings are above each other and the angle between their 
plans is small. This is achieved in a mutant where an aspartate was changed to glutamate. 
Other arrangements are also possible, the two rings may be placed above each other but 
having larger angle between their plans, or the phenyl ring might shift from above the indole 
ring and paced beside. 

The other investigated effect is the salt bridge formed between the end of the �-helix 
and the beginning of the polyproline region. The existence and the length of this salt bridge 
influences the stability and placement of the polyproline segment. Increasing the distance 
between the two backbones allows for alternative placement of the polyproline segment 
concerning the �-helix, which allows for better orientation of the phenyl ring of Tyr22. 
Breaking the salt bridge makes multiple simultaneous conformations for the polyproline 
segment available, which in some cases completely destroys the fold. 
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From vitamins to logic systems 
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Biomimetic systems capable of solar light harvesting can be built out of various organic 
and inorganic components.1 A representative group of such systems can be photosensitized 
semiconductors – a kind of hybrid system made of inorganic crystal (TiO2, ZnO, etc.) with 
covalently bound photosensitizer (inorganic complex, organic or bio-molecule). The 
photosensitizer absorbing visible light (antenna) can inject an electron to the conduction 
band of the semiconductor which plays also a role of charge separation fragment and simply 
a mechanical support for the photosensitizer. Between these two main components of this 
simple light harvesting system there is a linker enabling charge transfer in one direction. 

For our studies we have selected a vitamin B1, thiamine chloride, bound to the surface 
of TiO2 through a pentacyanoferrate(II) bridge. Two electron oxidation of thiamine proceeds 
in aqueous solutions at 0.29 V vs. Ag/AgCl and leads to a cyclization product (Scheme).2 
The [Fe(CN)5thiamine]2– unit offers even higher redox potential (ca. 0.37 V vs. Ag/AgCl) 
which determines the photoelectrochemical properties of the photosensitized TiO2. The 
pentacyanoferrate complex binds to TiO2 through the cyanide bridge and forms a new 
surface complex characterized by an MMCT transition (FeII�TiIV). The photosensitization 
can be observed only at low potentials which assure presence of FeII moieties. Photocurrent 
switching between anodic and cathodic can be induced either by photon energy changes or 
by incident light wavelength (the PEPS effect).3-5 Simple molecular modeling together with 
spectroscopic and electrochemical measurements allows elucidation of the mechanism of 
observed photoelectrochemical behavior. 
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Scheme. Electrochemical thiamine oxidation 
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Liposome-conjugated novel porphyrins for photodynamic therapy of 
tumors 
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Photodynamic therapy (PDT) uses the combination of a photosensitising drug and light 

of a suitable wavelength to cause selective damage to the target tissue. In the presence of 
oxygen, PDT causes significant formation of singlet oxygen as well as other reactive oxygen 
species (ROS), which produce severe peroxidation as a major contribution to light-induced 
cell damage and death. First generation of hematoporphyrins, among them Photofrin II is 
most widely used in PDT. Due to some drawbacks in clinical application of this drug various 
studies are currently aimed at searching of new potential photosensitisers. 

Good photosensitiser should have the convenient chemical and photochemical 
properties, such as easy synthesis, purity and photostability. Other desired features concern 
high absorption coefficient in the phototerapeutic window (600-800 nm) and high quantum 
yield of the singlet oxygen. To achieve the best efficacy of PDT, an ideal photosensitiser 
requires also good tissue penetration and low dark toxicity. In addition, subcellular 
distribution of photosensitisers appears to be critical for the enhancement of final eradiation 
efficacy of PDT. In an effort to find a potential agent for PDT we have also undertaken a 
complex studies of synthesis, physico-chemical characterization and evaluation of biological 
activity of some hydrophobic porphyrin derivatives. 

In this context, the present study is focused predominantly on the spectroscopic and 
photophysical properties of some synthetic porphyrins. In this paper we characterised several 
porphyrin derivatives by light absorption, IR and X-ray photoemission spectroscopy (XPS). 
Moreover, flash photolysis was used to measure the singlet oxygen quantum yields 
originated by the triplet states of porphyrins in aerated toluene. 

Biological studies were performed on human melanoma cells (Me45) in culture. The 
dark cytotoxicity and photodynamic efficiency of exploring porphyrins was determined by 
the tetrazolium colorimetric reduction assay (MTS assay), which measures the mitochondrial 
dehydrogenase activity of surviving cells and colony forming ability. Some of a examined 
porphyrin derivatives appeared very efficient photosensitiser for melanoma cells with low 
dark toxicity. 

It is known that the mode of transfer strongly influence subsequent localization of 
photosensitiser in cells and consequently modulate cell death pathway therefore cellular 
distribution and mode of cell death were also explored. Our study with confocal microscopy 
indicated that use of cationic liposomes as a carrier of porphyrins enabled their efficient 
transfer into cells. The mode of cell death was dependent on applied energy of light and time 
of post treatment incubation, shifting the apoptosis towards necrotic death at higher doses 
and longer incubation. 

Preliminary PDT using this liposome-conjugated novel porphyrin suggests that it might 
be a candidate for therapeutic studies. Combination of targeted nanocarriers with such 
“second-generation” photosensitisers would open new routes for PDT. 
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Dehydroacetic acid (dha = 3-acetyl-4-hydroxy-6-methyl-2H-pyran-2-one) is used as 
fungicide1 and in the synthesis of various organic compounds and complexes. Complexes of 
dha with transition metal ions are fungistatic2. 

Reaction of 2-aminopyridine derivatives with dehydroacetic acid3 gives a novel 
pyridopyrimidines, which are obtained by opening of dehydroacetic acid ring. These 
compounds express good chelating properties and were used as polydentate ligands for 
synthesis of new dioxomolybdenum(VI) and oxovanadium(IV) complexes. All compounds 
were characterized by means of chemical analysis, IR spectroscopy, X-ray powder 
diffraction, and some by thermogravimetric analysis and single crystal X-ray diffraction 
method. 
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Chemistry towards biology: 
Supramolecular interactions between the [Fe4S3(NO)7]− anion and 

biomolecules 
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The [Fe4S3(NO)7]
− cluster is one of the simplest models of iron-sulfur cofactors present 

in numerous enzymes.1 Like other [FemSn] clusters the title complex undergoes a series of 
one-electron redox processes. Reduced forms ([Fe4S3(NO)7]

2−, [Fe4S3(NO)7]
3− and 

[Fe4S3(NO)7]
4−) are relatively stable in dry and anaerobic environment, while the oxidized 

form ([Fe4S3(NO)7]
0) is unstable and undergoes rapid decomposition yielding Fe2+, HS− and 

NO.2 Although ionic, the [Fe4S3(NO)7]
− cluster exhibits high lipophilicity which constitutes 

the basis for various supramolecular interactions. Most of salts containing the [Fe4S3(NO)7]
− 

anion is well soluble in organic solvents and the anion itself is easily incorporated into the 
hydrophobic cavity of β- and γ-cyclodextrins.3 

This presentation reports electrochemical investigations on interactions between the 
[Fe4S3(NO)7]

− cluster and various biomolecules or biomimetic systems. These interactions 
result in formation of various supramolecular structures. Elecrochemical data clearly indicate 
formation of 1:1 and 2:1 inclusion complexes with all three cyclodextrins, incorporation of 
the cluster inside spherical and lamellar lipid structures and strong interactions with nucleic 
acids. 

Results of electrochemical investigations are compared with molecular modeling of 
selected systems. 

 

Differential pulse voltammograms (left) and current profiles at selected potentials (right) 
recorded during titration of the [Fe4S3(NO)7]

− cluster with γ-CD. 
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Bactericidal properties of the [Fe4S3(NO)7]− cluster 
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Black Roussin’s salt, NH4[Fe4S3(NO)7] is known for over a century.1 Despite that its 
chemical reactivity was studied in detail only since the second half of 20th century and its 
biological activity, however, still needs in-depth studies. 

The title compound exhibits diverse physiological activity: It is strong photoactive 
vasodilator2, it shows pronounced cytotoxicity against various neoplastic cells3 and is 
effective against various procaryotic4 and eucaryotic5, 6 pathogens. Its moderate toxicity 
against eucaryotic organisms is contrasted with powerful bactericidal activity.  

This work presents activity of the NH4[Fe4S3(NO)7] compound against several strains 
of multiresistant bacteria: Escherichia coli, Staphylococcus aureus, Proteus mirabilis, 
Enterococcus faecalis, Klebsiella pneumoniae, Citrobacter freundii, Serratia marcescens 
and Pseudomonas aeruginosa. Its toxicity is compared with activity against several members 
of Candida family: C. albicans, C. glabrata and C. krusei. 

Detailed analysis of antibacterial activity (including determination of MIC and MBC 
values) are presented together with tentative mechanism of [Fe4S3(NO)7]

− interactions with 
microorganisms. 
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Hydroxypyrones like kojic acid, maltol or ethyl maltol, that occur naturally, are of the 
great interest because of their biological activity. Kojic acid is widely used in cosmetic 
industry due to its melatonin production inhibition1,2 and in food industry as antibrowning 
agent3. Maltol and ethyl maltol are well known as perfume and food additives because of 
their flavour properties4. 2-chloromethyl-5-hydroxy-4H-pyran-4-one, known as chlorokojic 
acid, belongs also to the biologically active hydroxypyrones with antimicrobial and 
antifungal properties5. All mentioned hydroxypyrones form complexes with various metal 
ions like iron, aluminium, and vanadium. Some of them were tested as new agents for the 
diabetes and anaemia therapies6,7. 

Hydroxypyrones coordinate Fe(III) ion by oxygen atoms from hydroxyl (O−) and 
carbonyl groups. Three bidentate ligand molecules joined to the iron cation could form one 
of two possible isomers: fac or mer. Single crystal analysis performed for 
tris(chlorokojato)iron(III) indicated the mer coordination, whereas powder diffraction 
analysis of tris(kojato)iron(III) revealed the presence of fac isomer. The reason of either fac 
or mer structure formation has not been explained. Hence, experimental and DFT studies 
were performed to find possible explanation of this phenomenon. All calculations were 
performed using GAUSSIAN 03 at the B3LYP level with the LANL2DZ basis set. 

The results of total energy calculations revealed the equal probability of two possible 
molecular structure formation. The optimised geometries of fac and mer isomers were 
similar and differed only in first coordination sphere of iron centre, thus the calculated IR 
and Raman spectra of both structures were also very similar. The experimental IR and 
Raman spectra were better reproduced by linear combination of fac and mer theoretical 
spectra, than by each spectrum separately. It seemed that the structure of final complex was 
influenced by interactions with solvent molecules or the kinetic parameters of crystallization 
process. All calculations were performed for single molecules. The future studies of 
interactions of discussed complexes with different solvents may be helpful to find the reason 
of either fac or mer isomers formation. 
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Carbon hydrates are an essential part of living organisms. D-glucosamine is part of 
chitosan, acetylated forms of D-glucosamine are present in hyaluronic acid as well. 1,2 

Aminated forms of carbon hydrates have been implicated in metal ion binding 
processes, metal ion transport; antiviral and antibiotic activity is reported too. 

Binding of copper(II) ions to D-glucosamine depends on the pH value of the reaction 
mixture and the relative ratios between the reacting species. Many D-glucosamine species 
have been reported in the solution, little data exist for solid state. 

From an alcalic solution of D-glucosamine (pH>8) and copper(II) cloride an amorphous 
copper(II) glucosamine complex has been prepared. The copper(II) ion is probably 

coordinately bound to two deprotonated hidroxyl and amino groups from two 
glucosaminemolecules. 

EXAFS analysis showed four neighbouring atoms around the copper(II) ion. In order to 
solve the structure a model was built using the program CHARMM. The model was then 
minimized and compared to our EXAFS data. 3 
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Comparison of Cd(II) and Cu(II) coordination properties towards  
2-hydroxymethylbenzimidazole 
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The use of low molecular weight model compounds of metallobipolymers has proved to 
be very useful and in some cases the only possible to way understand better the sructure and 
function of theirs active sites. The purpose of our work is a comparison of the coordination 
properties of Cd(II) and Cu(II) (Figure 1) towards 2-hydroxymethylbenzimidazole (2-
CH2OHBIm). Cadmium is a toxic transition metal of continuing occupational and 
environmental concern. 1,2 Cadmium is also a potent carcinogen and has been accepted by 
the International Agency for Research on Cancer as a category 1 carcinogen 3 but the 
molecular mechanism of its action remains largely unclear. However it has been suggested 
that cadmium-induced carcinogenesis may involve either direct or indirect interaction of 
Cd2+ with DNA. 4 Indirect interaction of Cd(II) may be associated with oxidative damage to 
DNA, increasing cellular oxidants in the cells and producing free radicals. On the other hand 
copper has been detected in about 20 metalloenzymes, which are all involved in the redox 
chemistry in cellular life so the displacement it by Cd(II) ions can damage redox properties 
of the enzymes.  
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N23
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Figure 1. Molecular structure of [Cu(2-CH2OHBIm)3](NO3)(H2O) 
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Efficacy and selectivity of xenobiotic transport. 
Relevance to chlorophyll-based photodynamic therapy 
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The interactions of xenobiotics with animal organism were investigated with the use of 
two model compounds, Mg- and Zn-substituted chlorophyllides, the metalated analogues of a 
dietary phototoxin pheophorbide. Both model xenobiotics were injected intraperitoneally 
(i.p.) in healthy and tumor-bearing mice and their uptake and distribution were compared. 
The central metal substitution in chlorophyllide markedly affects its in vivo behavior. The 
distribution of Mg-Chlide proceeds along two pathways: major fraction of the pigment is 
quickly excreted into the lumen of small intestine while the remaining part penetrates into 
the internal organs. The latter fraction is cleared from the tissues in less than 48 h. The 
distribution of Zn-Chlide is different: most of the xenobiotic penetrates into the body and 
only traces are excreted, the in vivo lifetime of Zn-Chlide exceeds 96 h. The differences 
between the two model xenobiotics become more pronounced in the tumor-bearing mice and 
point to the presence of a specific transporter dedicated to the transport of Mg-substituted 
chlorophyllide. As the quantitative estimation reveals, the efflux of Mg-Chlide into small 
intestine amounts to 8×1011 molecules/s in healthy mice and to 25×1011 molecules/s in 
tumor-bearing mice. The chlorophyllide-specific transport system can be circumvented via 
the exchange of the metal ion bound in the tetrapyrrole central cavity and therefore this 
putative transporter seems not to be identical with a highly versatile breast cancer resistance 
protein (BCRP), invoked in the transport of pheophorbide. However, as with BCRP, its 
expression in mice seems to be strongly correlated with the presence of tumor. The existence 
and activity of the chlorophyllide transporter has broad implications for chlorophyll-based 
photodynamic therapy. 
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The effect of antidepresant drugs on growth and some immunological 
parameters im mice bearing melanoma tumors 
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At least 25% of hospitalized cancer patients suffer from major depression or adjustment 
disorders with depressed mood. Antidepressants are widely prescribed to treat not only 
depression, but also anxiety and panic disorder or chronic pain in cancer patients. The 
influence of antidepressants, or their combination with chemotherapy on tumour growth is 
unknown. Both antineoplastic, and promoting tumor growth effect of antidepressants can 
have tremendous implications in cancer patient therapy.  

Antidepressants desipramine (tricyclic antidepressant, enhances noradrenergic 
neurotransmission) and fluoxetine (selective serotonin reuptake inhibitor) were given 
intraperitoneally (ip) at a daily dose 10 mg/kg. Mirtazapine, a safe and effective new 
generation antidepressant, which enhances serotoninergic and noradrenergic 
neurotransmission (via an antagonistic action at α2-adrenergic autoreceptors and 
heteroreceptors) was given ip in daily dose 20 mg/kg. 

Isolated spleen cells (4 x 106 cells/ml) were stimulated by optimal and suboptimal 
concentrations of concanavalin A (Con A; 2.5 and 0.6 µg/ml) and lipopolysaccharide (LPS, 5 
µg/ml) and were incubated in 96-well plates at final volume of 0.2 ml for 72 h. Cell 
proliferation was determined by adding 0.5 µCi of [3H]-thymidine per well (ICN, USA; Spa 
6.7 Ci/mmol) at 16 h before the end of the incubation.  

Fluoxetine and desipramine revealed tendency to decrease tumour weight and 
significantly suppressed the proliferative activity of splenocytes, whereas mirtazapine 
administration to DBA mice did not change any of the studied parameters.  
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Bioactive surface layers formed electrochemically on titanium materials 
in phosphoric acid solution  
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Various chemical1-3 and electrochemical4-10 methods applied to activate of metals for 
osseointegration in orthopedic applications11,12 combined mostly different mechanical or 
chemical pre-treatment followed by Ca-P coating. The cathodic treatment4,5 has led to the 
formation of the amorphous film of Ca–P deposits on titanium in a supersaturated calcium 
and phosphate solution. Anodic oxidation6-10 in phosphoric acid electrolytes showed to be the 
most effective in inducing the bioactivity of titanium surfaces demonstrating changes of 
various oxide properties: thickness, surface morphology, pore configuration, crystallinity, 
chemical composition, and surface roughness, as well as the uptake of phosphate by titania, 
which enhanced bone response. Phosphate reactions with titania have been studied13-15 due to 
its relevance in understanding biomineralization processes involved in promoting bone 
growth. The importance of negative electric charges and the role played by phosphates 
groups in activating titanium surfaces was discussed. The paper describes an electrochemical 
method to form thin gel-like layer and activate titanium surface for calcium phosphate 
deposition in SBF solution. This treatment produced two-layer surface film with thin (about 
100nm) gel-like phosphate film over the oxide layer with thickness of about 30nm on the 
titanium surface. The composition and chemistry of electrochemically treated titanium 
surfaces were examined by XPS. The effectiveness of the new treatment was examined by 
comparing the behavior of treated and untreated titanium with EIS spectra recorded during 
immersion in SBF and surface morphology examined using SEM (EDS). A new 
electrochemical method of coating titanium and its implant alloys with bioactive surface 
layer is more efficient and faster than the other in practical use. The study continues to 
support the further investigations of active phosphates for improved orthopedic applications. 
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Studies on the effect of heavy metal pollution on Glycine max seedlings 
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The effect of Cu and Cd at different concentrations on some physiological parameters 
in soybean (Glycine max) was investigated. A gradual decrease in root and shoot elongation 
rate was observed with the increase in Cd and Cu concentration. Loss of cell viability of 
soybean started on the 3rd day of germination in the presence of Cd or Cu. The total 
chlorophyll content and the fresh weight of plants strongly decreased under Cu and Cd 
treatment. A moderate increase in superoxide dismutase (EC 1.15.1.9) activity with a greater 
increase in peroxidase (POX) (EC 1.11.1.7), glutathione reductase (GR) (EC 1.6.4.2) and 
ascorbate peroxidase (APOX) (1.11.1.11) activity was recorded in presence of Cd or Cu. The 
increase in peroxide content was accompanied by a decrease in catalase (EC 1.11.1.6) 
activity. The cellular non-enzymatic antioxidants like glutathione and ascorbate were 
decreased at higher concentrations of each metal particularly in case of Cu. A uniform 
increase in malondialdehyde (MDA) content and membrane injury index was recorded. The 
MDA levels gradually declined with an increase in the concentration of malate, citrate, 
oxalate and succinate. Citrate was the most protective organic acid against peroxidation. The 
ameliorative role of exogenously supplied citrate was confirmed by reduced callose 
accumulation leading to improved plant growth in citrate supplement compared to their 
corresponding controls. Addition of silicon in combination with Cu or Cd alleviated its 
toxicity. So, silicon is beneficial in improving growth of soybean plants under heavy metal 
stress. Pre-treatment of plants with salicylic acid enhanced antioxidant enzyme activities in 
concentration dependent manner and increased the stress tolerance of plants.  
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Synthesis of a Selective Isotope Labeled Methionine Precursor and 
Incorporation into the SH2 Domain from PLC-γγγγ1 
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In the past two decades, nuclear-magnetic-resonance spectroscopy has evolved into one 
of the two accepted methods (along with X-ray crystallography) for determining three-
dimensional structures of proteins. Recently, NMR methods development has focused on 
correlation spectroscopy for side chain methyl groups.1 Methyl groups are of particular 
interest since they occur frequently in the hydrophobic cores of proteins and thus are often 
sensitive reporters for structure and dynamics.2  

Thus, we focused on a large scale preparation of a selectively isotope labeled precursor 
compound for the hydrophobic amino acid methionine. As a probe of side chain dynamics in 
proteins we introduced the isotopic label into the methyl group of methionine. 

As precursor we used the corresponding labeled α-keto acid [4-13C]-methylthio-2-
oxobutanoate. This target compound was prepared in eight steps starting from tert-butyl α-
bromometacrylate3 in 32% overall yield. The isotope label was introduced via inexpensive 
commercially available 13CH3I. 

The α-keto acid synthesized was added to the minimal medium of E. coli bacteria, 
which contained an expression vector for the SH2 domain of PLC-γ1. In the course of the 
biosynthesis pathway of E. coli, [4-13C]-methylthio-2-oxobutanoate was converted into the 
corresponding isotope labeled α-amino acid methionine. Various NMR experiments (13C-1H 
HSQC and 13C-1H NOESY-HSQC) showed complete incorporation of the isotope label into 
the SH2 domain of PLC-γ1.  

Our results have confirmed the existents of an alternative biosynthetic pathway for 
methionine in E. coli, which proceeds over the α-keto acid methylthio-2-oxobutanoate 
instead of homocysteine. The dynamic measurements are currently under investigation and 
will be published in due course. 
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The levels of concentration of radionuclides 137Cs and 40K in soil and 
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From 2001, in Institute of Nuclear Physics PAN, the level of concentration of artificial 
137Cs and natural 40K radionuclides and some heavy metals in soil, moss (Polytrichum 
commune) and bilberry leaves (Vaccinium myrtillus ) samples collected from all main valleys 
localized in the Tatra National Park area has been studied. Described examples of these 
plants are known as good bioindicators for radiocaeasium and some heavy metals 
contamination. The maximum concentration of caesium has been observed in the places of 
the altitude over 1300 m asl and occured usually in the organic surface layers (Ofh) or in the 
illuvial layers (Bhfe). The accumulation of this element in the surface accumulation layers is 
a result of big sorption and cation exchange properties of organic matter. Maximum 
cumulated deposition of 137Cs exceeds 5 times the average for Poland 1,2,3. The changes in the 
caesium activity indicate significant variability. The concentration of radionuclide 137Cs 
dependents mostly of the volumetric density of soil, altitude place from which samples, were 
collected and of deep soil profile. For instance, the caesium concentration determined in 
Tomanowa Pass (1685 m. npm) is 55,8 Bq/kg (417,8 Bq/m2) whereas the 137Cs activity 
measured in Krzy�ne Pass (2112 m npm) is 5111 Bq/kg (8400 Bq/m2). The increase of 137Cs 
activity (which is sorbed by humic compounds) depending on the altitude could have strong 
relation with the development of growing humic and ectohumic horizons. The 137Cs 
concentration level determined in plant samples declines with the sampling altitude and 
undoubtedly it affects on the ectohumic horizons. The potassium ions play crucial role in the 
caesium bioaccumulation and are competitive for the larger and heavier Cs+ ions . 
 
References 
1. B.Kubica, J. W.Mietelski, J.Goła�, S.Skiba, E.Tomankiewicz, P.Gaca, M.Jasi�ska, 

M.Tuteja-Krysa, Pol. J. Environ. Studies, 2002, 11, 537. 
2. B.Kubica, S.Skiba, J.W.Mietelski, J.Goła�, M.Kubica, M.Stobi�ski, M.Tuteja-Krysa, 

E.Tomankiewicz, P.Gaca, Z.Krzan, Pol. J. Environ. Studies 2004, 13, 153. 
3. B. Kubica, M. Skiba, S. Skiba, J. Goła�, M. Kubica, M. Stobi�ski, M. Tuteja-Krysa, J. 

Radioanal. Nucl. Chem, 2005, 266. 
 
This work was partially supported by the State Committee for Scientific Reaserch, Poland 
under grant N30501131/0403 and by the Ko�ciuszko Foundation, an American Center for 
Polish Culture with fundings provided by the Alfred Jurzykowski Foundation. 
 



�����������������������������������������������������������������	�
���	����������������������������������������������������
 

������������
���������������
�����������������������  

 Nanocarbons in biomaterials engineering 
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Application of nanotechnology in various aspects of medicine like diagnostics, 
therapeutics, controlled drug or gene delivery systems, tissue engineering requires specific 
nanodevices and nanomaterials. At present, great attention is focused on development of 
carbon nanoforms leading to potential clinical application. Carbon nanotubes, and bulk 
carbon materials with engineered surface in nanoscale have attracted more and more interest 
as potential compatible components of biomaterials for different domains of medicine1,2,3. 
Fibrous nano-sized materials are considered as components of complex composite 
biomaterials able to promote and stabilize cell attachments in selective way and spreading 
and for regenerating hard tissues4. While benefits of nanotechnology in several technical 
areas are widely discussed in many papers, the potential hazardous effects of its applications 
in different industrial products are also signalized5. The impact of this development 
regarding the potential hazards and risks related to the use of such materials needs develop 
new tools and methodologies to better assessment of this impact on human health. This work 
presents selected examples of application of carbon nanotubes in cell culture and tissue 
engineering. Some aspects of biocompatibility in vivo and in vitro are considered. The 
response of living cells to pure form of carbon nanoparticles and to the surface material 
functionalized with nanosized carbon particles is performed. Possible mechanism of 
migration of carbon nanoparticles in the form of single and multi - wall nanotubes in living 
organism is shown.  Follow – up in vitro studies found that human osteoblast – like cells 
response to carbon nanotubes demonstrated normal cellular growth and morphology, with no 
cytotoxicity effect, whereas in vivo analysis of tissue response to such nano-sized carbon 
forms led to ambiguous results. It was shown that some forms of nanoparticles can easily 
migrate and penetrate through the living system.  
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Accumulation of heavy metals in organic horizons of forest soils may affect soil 
microorganisms and induce changes in the chemical composition of the accumulated organic 
matter. The objectives of this study were to apply near infrared spectroscopy (NIRS) for 
detection of heavy metal effects on the chemical composition of forest soil organic matter 
(SOM) and to test whether NIRS may be used to determine total and exchangeable 
concentrations of Zn and Pb as well as other chemical and microbial parameters in SOM of 
forests polluted with heavy metals. Samples were taken in the Krakowsko-Cz�stochowska 
upland and analyzed for organic C (Corg), total N (Nt), total S (St), total and exchangeable Zn 
and Pb (Znt, Pbt, Znex, Pbex) as well as for basal respiration (BR), microbial biomass (Cmic) 
and Cmic-to-Corg ratio. Spectra of the samples were recorded in the Vis-NIR range (400 – 
2500 nm). To detect heavy metal induced changes in the chemical composition of humus 
principal components (PC1 – PC7) based on the NIR (700 – 2500 nm) spectra of the samples 
were regressed against Znt + Pbt values. A modified partial least squares method with cross-
validation was used to develop calibration models for prediction of chemical and microbial 
parameters of the humus samples from their Vis-NIR spectra. Regression analysis revealed a 
significant but relatively weak relationship between PC3 and PC5 (r = -0.27 and -0.34, 
respectively) and Znt + Pbt values, indicating an effect of heavy metal pollution on the 
spectral properties of the humus and thus on its chemical composition. The microbial 
parameters and Corg-to-Nt ratio were related to more of the PCs, and the relationships were 
stronger (r values up to -0.54). This indicates a relationship between chemical composition of 
humus and its microbial properties. For quantitative estimations the best calibration model 
was obtained for Corg-to-Nt ratio (r = 0.98, a = 1.00, standard error of calibration (SEC) to 
standard deviation in reference data = 0.20, standard deviation to standard error of cross 
validation (RPD) = 2.9). The models for Corg, Nt, and microbial parameters were satisfactory 
but less accurate (RPD = 1.5 – 1.6, SEC-to-SD = 0.37 – 0.47). NIRS failed to accurately 
predict the remaining constituents. In particular, higher concentrations of Znt and Pbt were 
underestimated by NIRS. This suggests that parts of these metals were not related to organic 
compounds and were invisible for NIRS. It was found that NIR spectra of humus are related 
to its chemical composition and that NIRS can be used to predict microbial parameters of 
forest humus in heavy metal polluted areas. The usefulness of NIRS to predict heavy metal 
contents was found to be limited.  
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Reactive oxygen species (ROS; e.g. O2
•–, •OH, H2O2, etc.) and reactive nitric oxide 

species (RNOS; NO, NO−, ONOO−, etc.) are mainly associated with the inflammatory 
response and frequently contribute to the tissue damaging effects of inflammatory reactions. 
In properly functioning organisms they are involved in various pathways of programmed cell 
death (necrosis, apoptosis). On the other hand, excess of the reactive species causes oxidative 
stress, DNA damage and disruption of energy metabolism, calcium homeostasis, and 
mitochondrial disfunction. All of these disturbances can lead to cell death by apoptosis or 
necrosis, depending on the severity of the damage.1, 2 

In the present study we focused on the reactive species photogenerated in the presence of 
two substances which can be of potential use in the anti-tumor treatment: Roussin’s black 
salt (RBS, Fig. 1) and titanium dioxide photosensitized with platinum(IV) complexes. RBS 
is a well-known NO donor which seems to be especially interesting due to its high efficiency 
of photoinduced NO release. Exogenous NO from RBS was shown to be highly toxic to 
human and mouse melanoma cells in a dose-dependent manner.3 Titania can photocatalyse 
decomposition of various substances, e.g. dirt, grime, malodorous chemicals, irritants, toxic 
chemicals, smoke residue, bacteria, etc. There 
are also attempts to apply TiO2 for 
photoinduced neoplastic cells killing. Surface 
modified titanium dioxide was used in tests of 
photokilling of melanoma cells (S91) and 
mouse macrophages (RAW 264.7).4 
Photogeneration of ROS at a surface of 
photocatalyst lead to cellular death. Selected 
ROS were detected by EPR. Photocatalytic 
effect was tested in vitro as well as in model 
systems (micelles). 

Fig. 1. Roussin’s black salt. 
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dostawca aparatury laboratoryjnej i kontrolno-pomiarowej  

dla placówek: naukowo-badawczych, medycznych,  

ochrony �rodowiska i przemysłu. 
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- pipety automatyczne oraz ko�cówki 
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- elektroporatory, mikromanipulatory, mikrodisektory i kapilary 
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- spektrometry absorpcji atomowej 
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- tensjometry firmy Krüss GmbH 
- detektory radioaktywno�ci, cyfrow� analiz� obrazu 
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- komory z przepływem laminarnym firmy STERIL S.p.A. 

- polarymetry i refraktometry firmy Schmidt+Haensch GmbH&Co 
- piece laboratoryjne, zamra�arki -80ºC 
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www.meranco.com 
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