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Hrubá Skála and Rock town 


Chateau Hrubá Skála is built on the sandstone rocks at the place of the original gothic castle 
 from the 14th century, reconstructed into a renaissance chateau, then in the middle of the 19th 
 century again re-gothicised. Nowadays a private hotel.  


Hrubá Skála is the starting point for visits to the area of the Hrubá Skála rock town. This area 
 was proclaimed Natural Preserve at the occasion of The Earth Day in 1998. One of the most 
 popular tracks is The Golden Trail of the Bohemian Paradise which is full of fine view points. 


The most popular one is Mariánská vyhlídka, showing the panorama of the Hrubá Skála 
 Chateau and the Trosky Castle. 


Walking trip to Trosky or Valdštejn is planned on Thursday afternoon. Valdštejn (cca 2,5 
 km from Chateau Hrubá Skála), considered to be the oldest castle in the Bohemian Paradise, 
 was established approximately around 1260 by Jaroslav of Hruštice from the Markvartic 
 family who were the ancestors of the lords of Valdštejn. The Valdštejn family owned the 
 castle until about 1380 and the following owners, the lords of Vartenberk, until the break-out 
 of the Hussite wars.  


Trosky Castle was founded by the knight Cenek of Vartenberg at the end of the 14th century 
 as a beautiful and impregnable residence. After Cenek's death the castle became the property 
 of the king Wenceslas IV. The castle several times changed the owner and by the end of the 
 Thirty-year War burnt up. The observation platform offers a grand view not only of the Czech 
 Paradise area, but also of more distant mountain ranges, even of Prague landmarks. 


Hrubá Skála 


Trosky 
Valdštejn 
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Travel Information 


Below are printed departures some buses and trains from Turnov to Prague. All these buses 
 and trains departure from Turnov train station, buses arrive to Prague Černý most (terminal 
 station of Metro B line) and trains to Prague Main station (center of the city, direct bus line to 
 the airport). Chatea Hrubá Skála is located about 7 km far from Turnov and you can get there 
 by train from village Sedmihorky or Hrubá Skála. Please ask organizators for more 
 information or check the time tables on web page http://www.idos.cz 


Bus/Train Departure  Arrival 


Bus 7:00 8:20 


Bus 8:25 9:55 


Bus 9:20 10:45 


Bus 10:05 11:20 


Train 10:44 12:38 


Train 12:44 14:38 


Bus 13:55 15:15 


Bus 14:35 15:55 


Train 14:44 16:38 


Bus 15:15 16:35 


Train 16:44 18:38 


Bus 17:35 18:55 
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Scientific Program 


Monday 


10:00 – 16:00  registration 
 15:00 – 15:20  opening 
 chairlady  J. S. Murray 


15:20 – 15:50  L. Skála  Heisenberg Uncertainty Relations Can Be Replaced 
 by Stronger Ones 


15:50 – 16:40  M. Olivucci  Towards a Computational Photobiology 
 coffee break 


17:00 – 17:50  W. A. Lester  Selected Directions in Quantum Monte Carlo 
 17:50 – 18:40  J. Vaníček  Using Feynman Path Integrals to Describe Nuclear 


Quantum Effects 


18:50 L. Benda  Piano Concert – C. Franck, M. Bruch, 
 P. Hindemith 


20:00  reception 
 Tuesday 


chairman  M. Šíp 


9:00 – 9:45  W. A. Sokalski  Modeling Interactions in Catalytic Sites 


9:45 – 10:30  R. Ettrich  Molecular Mechanism of Allostery in Hexameric E. 


Coli Arginine Repressor 
 coffee break 


10:50 – 11:35  T. Clark  The Interplay Between DNA and Regulatory 
 Proteins 


11:35 – 12:20  F. J. Luque  Ligand-Receptor Interaction: From First-Principles 
 to Application in Drug Discovery 


lunch 
 chairman  J. Urban 


14:20 – 14:50  S. Fairchild  Computational Characterisation of Human Serum 
 Paraoxonase's Binding Mechanisms for the VX 
 Nerve Agent 


14:50 – 15:20  E. Hajjar  Probing the Molecular Mechanism of Antibiotics 
 Diffusion Through Bacterial Porins 


15:20 – 15:50  B. Minofar  Molecular Dynamics Study of the Effect of Organic 
 Solvent on Structure and Activity of Haloalkane 
 Dehalogenase 


coffee break 


16:20 – 16:45  P. Kulhánek  Computational Study of MutH Recognition and 
 Catalysis 


16:45 – 17:10  C. Baldauf  Shear-Induced Unfolding Activates von Willebrand 
 Factor A-type Domains 


17:10 – 17:30  R. Meier  ParaDocks – A Framework for Molecular Docking 
 with Population-Based Metaheuristics 


17:30 – 17:50  L. Olivieri  Study of Protein-Ligand Interaction Mechanism: 


Example of FKBP12 with a Nanomolar Affiinity 
 dinner 


20:00  poster session  P01-P34 
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 Wednesday 


chairman  M. Olivucci 


9:00 – 9:45  P. Bouř  Molecular Dynamics and Environment in 
 Simulations of Molecular Spectra 


9:45 – 10:30  M. Hall  Modelling Metalloenzymes: Hydrogenases 
 coffee break 


10:50 – 11:35  E. Broclawik  Activity of Iron Sites in Enzymes: Spin States and 
 Electron Density Deformation 


11:35 – 12:20  C. Lim  Physico-chemical Priciples Governing Biological 
 Processes 


lunch 
 chairman  P. Mach 


14:20 – 14:50  J. S. Murray  Non-Hydrogen Bonding Intramolecular 


Interactions: Important Yet Often Unrecognized 
 14:50 – 15:20  T. Andruniów  TD-DFT Calculation on Photodissociation of Co-C 


Bond in Cobalamin 


15:20 – 15:50  S. Kamerlin  Accelerated QM/MM Free Energy Calculations: 


Theory and Applications 
 coffee break 


16:20 – 16:45  D. Řeha  Implementation of Molecular Mechanics 
 Polarization in QM/MM Calculation 
 16:45 – 17:10  Z. Flisak  Phenoxyimine Complexes as Precursors of 


Coordinative Olefin Polymerization Catalysts: A 
 DFT Study 


17:10 – 17:30  D. Rinaldo  QM/MM methods: From Understanding 


Metalloprotein's Reactivity Toward Improving the 
 Drug Design Process. 


17:30 – 17:50  F. Chen  Spectral Responses of 3'-Substitutions in 
 Dideoxythymidine Nucleosides. 


dinner 


19:30 – 21:00  D. Rinaldo  A short workshop/demo for an interested 
 Jaguar/QSite audience. 


Thursday 


chairman  S. Roszczak 


9:00 – 9:45  S. Zaric  Classification of Amino Acids Based on Their 
 Propensities Towards a Particular Secondary 
 Structure 


9:45 – 10:30  R. Lindh  The Emission Modulation of the 


Chemiluminiscence in the Luciferin-Luciferase 
 System 


coffee break 


10:50 – 11:35  T. Mančal  Role of Coherence in Relaxation of Excitation 
 Energy in Molecular Complexes 


11:35 – 12:20  D. Sundholm  Coupled-Cluster and Density Functional Theory 
 Studies of Excited-State Potential Energy Surfaces 
 of Polyenes and Protonated Schiff Bases 


lunch 


14:00  trip  “Rocky Town” 
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 Friday 


chairman  M. Straka 


9:00 – 9:45  P. Politzer  The Average Local Ionization Energy: A 
 Fundamental and Multi-Faceted Property 


9:45 – 10:30  A. Toro-Labbé  Elucidating the Mechanism of Complex Chemical 
 Reactions through the Use of the Reaction 


Electronic Flux 
 coffee break 


10:50 – 11:35  T. A. Wesolowski  Orbital-Free Effective Embedding Potential: The 
 Basis for a Family of Computational Methods for 
 Modeling Electronic Structure in Condensed Phase 
 11:35 – 12:20  A. Michalak  ETS-NOCV – A Combined Charge and Energy 


Decomposition Scheme for Bond Analysis 
 lunch 


chairlady  S. Zaric 


14:20 – 14:50  S. Záliš  Electron Transfer Reactions in Proteins Labeled 
 with ReI(CO)3(a-diimine)(imidazole) 


14:50 – 15:20  T. Dudev  Determinants of K+ vs Na+ Selectivity in 
 Potassium and Sodium Ion Channels from 
 DFT/CDM Calculations 


15:20 – 15:50  A. Robertazzi  Copper-1,10-Phenanthroline Complexes Binding to 
 DNA: Structural Predictions from Molecular 
 Simulations 


coffee break 


16:20 – 16:45  M. F. Lucas  Haemoglobin: Can We Understand a Bit More? 


16:45 – 17:10  M. Johansson  A Vibrational Electron-Shovel Mechanism for 
 Charge Transfer Between Haems a and a3 


17:10 – 17:30  L. Johannissen  H-Tunnelling in Enzymes: The Role of Promoting 
 Vibrations and Barrier Compression 


17:30 – 17:50  J. Pang  Computational Study of Enzyme Catalysed H-
 tunnelling Reactions 


17:50 – 18:10  A. M. Ferrari  DFT  Periodic Study of the Conformational 
 Behaviour of Glycine Helical Homopolypeptide 
 dinner 


20:00  poster session  P01-P34 
 Saturday 


chairman  W. A. Sokalski 


9:00 – 9:45  N. Gresh  Polarizable Water Molecules in Ligand-
 Macromolecule Recognition 


9:45 – 10:30  J. Leszczynski  Challenges in Modeling Properties of 
 Nanomaterials 


coffee break 


10:50 – 11:35  P. Cysewski  Many-body Contributions to Base-Base Interactions 
 in B-DNA d(XpY) Dinucleotide Steps 


11:35 – 12:10  V. Sychrovský  Probing the Molecular Flexibility with NMR 
 Spectroscopy 


12:10 – 12:20  closing remarks 
lunch 
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Poster Presentations 


Poster session takes place in the “Medieval Pub” near the Lecture Hall on Tuesday and Friday 
 evening. 


Poster/Abstr. No.  Name  Poster Title 


 P01  3  L. Benda  Theoretical Modeling of the Metal Ion 
 Effects on NMR Parameters in Nucleic 
 Acid Backbone 


P02  4  T. Borowski  Glycosylasparaginase – Insight into 
 Reaction Mechanims of Modelling Studies 
 P03  7  E. Broniatowska  Electron and Geometric Effects in a Ligand 


Molecule in Different Protein Environment 
 P04  8  M. Chawla  Structural Analysis and Ab Initio Quantum 
 Chemical Studies of Protonated Base Pairs 
 in RNA 


P05  10  E. Chudyk  Catalytic Activity of Fatic Acid Amine 
 Hydrolase: Non-empirical Analysis of 
 Differential Transition State Stabilization 
 P06  13  P. Czelen  The Post-SCF Quantum Chemistry Study 


on the Structural and Energetic 


Heterogeneities of Canonical and Oxidized 
 Basepairs Found in Telomeric Complexes 
 P07  15  E. Dyguda-Kazimierowicz  Molecular Basis of Phenylalanine 


Ammonia-lyase Inhibition: Ab Initio 
 Prediction of the Binding Affinity 


P08  16  A. Dzielendziak  Analysis of Atypical Protonation States in 
 Enzyme Active Sites via Theory of 
 Intermolecular Interactions 


P09  21  Z. Futera, J. V. Burda  Interaction of “Piano-Stool” Ruthenium 
 Complexes with DNA; QM/MM Study 
 P10  25  J. Hladyszowski, P. Ordon  Analytic Evaluation of Hellmann – 


Feynman Forces 


P11  26  P. Jayapal  Modeling the DNA-Protein Interactions: 


MD Simulation Studies 


P12  27  Z. N. Jiroušková  Solvation Energy Calculations Based on 
 Electronegativity Equalization Method's 
 (EEM) Charges, Internal Coordinate 
 Mechanics's (ICM) Charges and Charges 
 Based on Partition Coefficients 


P13  30  P. Kadlubanski, S. Roszak  Designing New Materials for the Hydrogen 
 Storage 


P14  32  P. Kedzierski  Model of Transition State Stabilization by 
Aminoacid-tRNA Synthethases 
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P15  33  W. Kolodziejczyk  Probing the Role of P=O Stretching Mode 
 Enhancement in Nerve-Agent Sensors: 


Simulation of the Adsorption of 


Nerveagents on the Model MgO and CaO 
 Surfaces 


P16  34  K. Kopec-Harding  Atomistic Insight from Computational 
 Simulation into How Enzymes Catalyse 
 Tunnelling  Reactions 


P17  40  P. Lipkowski  Structural Variability and the Nature of 
 Intermolecular Interactions in Watson-
 Crick Guanine-Cytosine Base Pairs 
 P18  43  P. Mach, J. Urban  Interaction of DNA Model Compounds 


With Low Energy Electrons 


P19  44  T. McGrory  Probing Enzyme Catalysis Using High 
 Pressure Molecular Dynamics 


P20  47  M. Melichercik  Allosteric Mechanism for Hexameric E. 


Coli Arginine Repressor Based on 
 Competition Between Resident Arginine 
 Residues and L-Arginine Ligands 
 P21  51  A. Nowakovska  The Structural, Ionization and Optical 


Properties of Oligomers Building 
 Fragments of Conducting Polymers 


P22  55  Z. Pokladek  Modelling of Intermolecular Interactions of 
 Amino Acids with Phosphonic or 


Carboxylic Unic 


P23  61  M. Skorsepa  In Silico Study of Interactions Between 
 VEGFR2 and Inhibitors Based on Triazole 
 Linkers 


P24  62  D. Slepienczuk  DFT Calculations of Structural Properties 
 of B12-retro-riboswitches 


P25  64  S. Standara  Understanding the NMR Chemical Shift for 
 6-halopurines: Role of Structure, Solvent 
 and Relativistic Effects 


P26  65  M. Straka  Computational Studies of NMR Parameters 
 in Endohedral Fullerenes. The role of Intra-
 Molecular Dynamics 


P27  68  B. Szefczyk  Molecular Dynamics Simulations of Mouse 
 Ferrochelatase Variants 


P28  69  B. Szefler  Environment Imposed Alternations of 
 Aromatic Character of Canonical 


Nucleobases and Aromatic Amino Acids 
 P29  70  S. Taubert  Assessing Aromaticity Using the Gauge 


Including Magnetically Induced Currents 
(GIMIC)-Method 
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 P30 73 Z. Vokáčová  Structural Interpretation of J-Coupling 


Constants Calculated in Guanosine and 
 Deoxy-Guanosine 


P31  74  E. Walczak  Structural Parameters of Zoanthus Yellow 
 Fluorescent Protein Chromophore in Terms 
 of Molecular Dynamics Methodology 
 P32  76  L. Wolanski  MCQDPT2//CASSCF Calculations for 


zFP538 Protein Chromophore – Structure 
 and Spectral Properties in vacuo 


P33  79  A. Zawada  Evaluation of DFT Methods for the 
 Calculations of the Interaction-Induced 
 Electric Properties of Molecular Complexes
 P34  80  T. Zimmermann  Path Integral Evaluation of Equilibrium 


Isotope Effects 
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Jaguar/QSite Workshop 


Workshop for an interested Jaguar/QSite audience will be given by Dr. D. Rinaldo on 
 Wednesday evening in Lecture Hall. 


Content of the workshop: 


¾  How to use Jaguar efficiently, for which tasks, and limitations. 


¾  How to use Jaguar in Parallel: Setup, optimal number of processors. 


¾  Pure QM tasks with Jaguar: Building molecules with Maestro, Methods/basis sets 
 available, optimization, single point calculations, transition state search, frequency 
 calculations, pKa calculations). 


¾  Biomolecules and QM/MM: Protein Preparation, Choosing optimally the QM and MM 
 regions, choosing how to treat the QM/MM interface, running calculations. 


¾  Analysis of the results using Maestro. 


¾  How to run calculations: Using Maestro/Job control, running batch jobs, creating batch 
 scripts to run calculations using different settings. 


¾  Tips and tricks to solve issues regarding SCF convergence, Geometry optimization, how 
to treat metals, using your known basis sets etc…
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Book of Abstracts 


(all contributions are presented in alphabetical order)
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TD-DFT C
ALCULATIONS ON P
HOTODISSOCIATION
 OF C
O-C
 BOND IN C
OBALAMINS

T.Andruniów 


Molecular Modelling and Quantum Chemistry Group, Institute of Physical and Theoretical Chemistry, 
 Wroclaw University of Technology, Wyb. Wyspianskiego 27, 50-370 Wroclaw, Poland 


It has been demonstrated that under nonenzymatic conditions, the cleavage of Co-C bond in 
 cobalamins can be induced either thermally or photochemically. While the thermally induced 
 scission probes only the lowest electronic state, photocleavage involves manifold of low-lying 
 excited states. 


In the present work, the mechanism of photolysis has been explored by means of 
timedependent denisty functional theory (TD-DFT). Precisely, the detailed picture of low-
lying excited states as well as their changes along the elongated Co-C coordinate was 
investigated to shed some light on relevant excited states involved in the photolytic cleavage 
of the Co-C bond. 



(15)2  Talk  C. Baldauf


15



S
HEAR-I
NDUCED U
NFOLDING A
CTIVATES
 VON W
ILLEBRAND F
ACTOR A-
TYPE D
OMAINS

Carsten Baldauf1, Reinhard Schneppenheim2, Tobias Obser2, Antje Pieconka3, Sonja 
 Schneppenheim3, Ulrich Budde3, Wolfram Stacklies1, Jing Zhou1, and Frauke Gräter1


1CAS-MPG Partner Institute for Computational Biology, SIBS, CAS, Shanghai, P.R. China and EML 
 Research, Heidelberg, Germany, 2Department of Pediatric Hematology and Oncology, University 


Medical Center Hamburg-Eppendorf, Germany, and 3Coagulation Lab, AescuLabor Hamburg, 
 Hamburg, Germany. 


The von Willebrand factor (VWF) is a shear-flow sensitive multimeric protein of the blood 
 plasma. Under normal flow conditions VWF is in a globular state, it unfolds at high shear 
 rates and is activated for adhesion at the blood vessel wall [1]. This elongation of multimeric 
 VWF results in a force pulling along the VWF length axis. Based on a model of the VWF A 
 domain organization, we performed force probe molecular dynamics simulations. We reveal 
 the basis of two force-sensing VWF functions, and test the results by experiments: 


Our results indicate a competition between VWF A2 domain and glycoprotein Ib (GPIb) for 
 the same binding site of the VWF A1 domain. When the stretching force along VWF reaches 
 a critical point, the A1 A2 interaction is lost. The domains remain connected by a linker that 
 gives space for GPIb to bind to the A1 domain. We thus suggest a force-dependent platelet 
 binding to VWF as mediated by GPIb, which is experimentally testable and represents an 
 alternative mechanism to recently published studies [2]. 


We show how proteolysis of the VWF is activated under shear conditions. The specific 
 proteolytic site is buried in the VWF A2 domain [3]. At extreme forces as present in high 
 molecular weight VWF multimers, the A2 domain C terminus unfolds until the ADAMTS13 
 cleavage site is uncovered. Introducing a disulfide bond by mutagensis prevents VWF 
 cleavage [4]. This explains the size regulation of VWF by ADAMTS13: larger multimers 
 involve higher pulling forces and therefore higher unfolding rates under shear flow. Larger 
 VWF is cleaved faster, preventing blood clots and thrombosis. 


Acknowledgements: CB is grateful for a Feodor Lynen Fellowship by the Alexander von Humboldt 
 foundation. 


[1]   Schneider, S. W.; Nuschele, S.; Wixforth, A.; Gorzelanny, C.; Alexander-Katz, A.; Netz, R. R.; 


Schneider, M. F. Proc. Natl. Acad. Sci. U. S. A. 2007, 19 (104), 7899–7903. 


[2]   Lou, J. Z.; Zhu, C. Proc. Natl. Acad. Sci. U. S. A. 2008, 37 (105), 13847–13852; Chen, Z. Z.; Lou, 
 J. H.; Zhu, C.; Schulten, K. Biophys. J. 2008, 3 (95), 1303–1313. 


[3]   Zhang, X. H.; Halvorsen, K.; Zhang, C. Z.; Wong, W. P.; Springer, T. A. Science 2009, 5932 (324), 
 1330–1334; Zhang, Q.; Zhou, Y. F.; Zhang, C. Z.; Zhang, X.; Lu, C.; Springer, T. A. Proc. Natl. Acad. 


Sci. U. S. A. 2009, 23 (106), 9226–9231; Sutherland, J. J.; O’Brien, L. A.; Lillicrap, D.; Weaver, 
 D. F. J. Mol. Model. 2004, 4 (10), 259–270. 


[4]   Baldauf, C.; Schneppenheim, R.; Stacklies, W.; Obser, T.; Pieconka, A.; Schneppenheim, S.; Budde, 
U.; Gräter, F. arXiv:0904.3951v1 [physics.bio-ph], 2009. 
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T
HEORETICAL M
ODELING OF THE M
ETAL I
ON E
FFECTS ON NMR  P
ARAMETERS IN N
UCLEIC A
CID B
ACKBONE

Ladislav Benda1,2, Bohdan Schneider3, Vladimír Sychrovský1


1Institute of Organic Chemistry and Biochemistry AS CR, Flemingovo nám. 2, 16610 Praha 6, Czech Republic, 


2Faculty of Mathematics and Physics, Charles University Prague, Ke Karlovu 3, 12116 Praha 2, Czech Republic, 


3Institute of Biotechnology AS CR, Vídeňská 1083, 14220 Praha 4, Czech Republic 


The negatively charged phosphate group of nucleic acid backbone interconnecting two (2-
 deoxy)ribose units represents one of the most important solvation sites in nucleic acids. An 
 impressive amount of work has been done on characterizing the structure of the solvation 
 shell of canonical DNA as well as of other backbone patterns found in RNA. Surprisingly 
 localized water occurrences due to the direct contact (H-bond) with phosphate group have 
 been observed in the structures obtained from X-ray diffraction. The presence of 
 physiological monovalent and divalent cations in the phosphate first solvation shell was also 
 confirmed [1]. 


The X-ray identification of biologically essential Na+ and Mg2+ metal ions is not a 
 straightforward task since these ions and the water molecule possess the same number of 
 electrons. In many cases, the methods of molecular spectroscopy can be used for the metal ion 
 recognition [2-4]. We investigated the possibility of characterizing the specific interactions of 
 metal cations with phosphate group by NMR spectroscopy. On the basis of ab-initio 
 calculations of chemical shielding tensors and indirect spin-spin coupling constants we 
 propose several options for monitoring the nucleic acid metalation. The molecule on Figure 1 
 is an example of molecular model used for calculation of NMR parameters. 


Acknowledgements: Support from grant No. IAA400550701 is acknowledged. 


[1]   Schneider, B.; Kabeláč, M. J. Am. Chem. Soc. 1998, 120, 161. 


[2]   Tanaka,Y.; Taira, K. Chem. Commun. 2005, 2069. 


[3]   Halle, B.; Denisov V. P. Proc. Natl. Acad. Sci. USA 2000, 97, 629. 


[4]  Morrissey, S.R.; Horton, T. E.; De Rose, V. J. J. Am. Chem. Soc. 2000, 122, 3473. 
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G
LYCOSYLASPARAGINASE - I
NSIGHTS INTO R
EACTION M
ECHANISM FROM


M
ODELLING S
TUDIES
 Tomasz Borowski1, Marcin Krol2

1Institute of Catalysis and Surface Chemistry, PAS, ul Niezapominajek 8, 30-239 Krakow, Poland, 


2Department of Bioinformatics and Telemedicine, Medical College, Jagiellonian University, ul Sw. 


Lazarza 16, 31-530, Krakow 


Glycosylasparaginase (GA) is an amidase involved in degradation of Asn-linked 
 glycoproteins. It belongs to an enzyme superfamily called N-terminal nucleophile hydrolases, 
 since to catalyze its reaction it uses a processed N-terminal group (threonine) as both 
 polarizing base and a nucleophile. GA can effectively hydrolyze a variety of glycoasparagines 
 that contain L-asparagine, including its natural substrate N4-(β-N-acetylglucosoaminyl-L-
 asparagine (NAcGlc-Asn) (see Figure). 


What makes GA an interesting subject of modelling studies is the fact that several key 
 questions about the mechanism of GA hydrolysis still remain to be answered. Moreover there 
 is a possibility that GA, in its native or engineered form, could be a useful anticancer drug (a 
 substitute for bacterial asparaginase)[1]. 


Several crystal structures are currently available, including a structure of a Michaelis complex 
 for a slowly reacting mutant of GA [2]. Side directed mutagenesis studies have provided 
 important insights into the reaction mechanism [3]. For example, substitution of the catalytic 
 threonine by serine or cysteine dramatically reduces hydrolase activity (kcat is reduced by one 
 to five orders of magnitude), suggesting that precise positioning of the hydroxyl group in the 
 Michaelis complex is critical for GA catalysis. Besides the N-terminal Thr, the active site also 
 hosts another threonine group (Thr170), which is properly placed to mediate interaction 
 between the amino and hydroxyl groups of the catalytically active N-terminal residue. 


Substitution of Thr170 by Ala reduces kcat by four orders of magnitude. 


The aim of this project it to provide a detailed description of the GA reaction mechanism as 
 well as explanation of the kinetic data available for WT and mutated forms of GA. To this 
 purpose, classical molecular dynamics simulations are performed in order to equilibrate the 
 structures and also to calculate potential of mean force (PMF) profiles for conformational 
 changes of the nucleophilic residues. MD trajectories are clustered and the centre of the 
 largest cluster is selected for investigations of reaction mechanism. Active site models 
 comprising 160-180 atoms are used to investigate the reaction paths with B3LYP method. We 
 kindly invite you to the poster for further information concerning GA and this work. 


Fig. 1: GA active site and 
 the hydrolysis reaction 


[1]   Kelo, E.; Noronkoski, T.; Mononen, I. Leukemia 2009, 1–4. 


[2]   Wang, Y.; Guo, H.-C.J. Mol. Biol. 2007, 366, 82–92. 


[3]   Liu, Y.; Guan, C.; Aronson, N. Jr. J. Biol. Chem. 1998, 273, 9688–9694.
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Many spectroscopical techniques, such as nuclear magnetic resonance (NMR), vibrational absorption 
 (IR), Raman scattering or ultraviolet absorption, can be significantly enhanced by independent 
 simulations of some of the measured parameters. Typically, quantum chemical methods are used for 
 prediction of molecular spectroscopic properties. These methods can be quite precise and latest 
 computational tools, such as the density functional theory (DFT) or multi-level procedures can handle 
 relatively large systems. This allows us to treat molecules not only in vacuum and equilibrium 
 geometry, but also with inclusion of finer effects caused by molecular motion and molecular 
 environment. Obviously, many approximations still have to be made, depending on the size and nature 
 of studied systems, as well as on particular parameter that needs to be computed. 


For example, if we wanted to simulate spectroscopic properties of solvated amide groups in peptide, 
 we could use a relatively simple atomic partial charge model for the vibrational properties [1], while 
 this approximation appeared quite inadequate for the electronic spectra [2]. For NMR, the solvent 
 influences very much the chemical shift, while it has a limited effect on indirect spin-spin coupling 
 constants [3, 4]. 


To explore some aspect of the molecular motion, we concentrated on anharmonic interactions 
 and vibrational averaging of NMR spectral properties [4]. Such an averaging significantly 
 improved some calculated results, depending on the precision of the equilibrium values. In 
 explicit solvent models many solvent configurations must be averaged (Figure 1). The 
 inclusion of the environmental and dynamic factors thus complicates the computations, but 
 also brings a new information about the solute-solvent interactions and makes the simulations 
 more realistic. 


Figure 1: Probability of the water (red-oxygen, blue-hydrogen) distribution around alanine zwitterion 
 as obtained by the Car-Parrinello molecular dynamics and used for the averaging of NMR parameters.


Acknowledgements: Support from GACR (202/07/0732), and GA AV (A400550702) is acknowledged. 


[1] Bouř, P.; Keiderling, T. A. J. Chem. Phys. 2003, 119, 11253. 


[2]  Šebek, J.; Kejík, Z.; Bouř, P. J. Phys. Chem. A 2006, 110, 4702. 


[3] Dračínský, M.; Kaminský, J.; Bouř, P. J. Phys. Chem. 2009, 130, 094106. 


[4] Dračínský, M.; Kaminský, J.; Bouř, P. J. Phys. Chem. B 2009, in print DOI: 10.1021/jp9034198.  
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Versatility of spin states of iron core embedded in various ligand environments poses a 
 serious challenge to quantum chemical methodologies. At the same time this property seems 
 to be intrinsic for intricate patterns of spin allowed/forbidden enzymatic pathways executed in 
 biological systems. Therefore modeling of iron-catalyzed enzymatic reactions inevitably 
 involves careful balancing the compromise between computational efficiency and high-level 
 reliability of computational tools. In this presentation we will address few examples of 
 DFT/CASPT2 calculations for iron sites interacting with demanding biological ligands like O, 
 O2 and NO. 


Enzymatic iron sites activated by molecular oxygen to form Fe=O (iron-oxo) form are 
 responsible for a variety of oxidation reactions. In the first part we wish to adress the 
 following query: what is quantum methodological reliability in describing radical character in 
 the ground state active form of CYP450 (Cpd I), located either on the porphyrine ring, or on a 
 lone pair of the axial S from cysteine, which is crucial for predicting and understanding 
 cytochrome reactivity. In the same spirit we will briefly mention the query of O2, CO and NO 
 binding to the hemes (benchmarking DFT versus CASPT2 calculations). 


In the second part we will address the coordination of nitric oxide (NO) to iron(II), receiving 
 both experimental and theoretical interest, partially for its biological importance, but also for 
 the complicated electronic structure of the resulting {FeNO}7 complexes. Here we will 
 discuss fiveand six-coordinate heme–NO models (S = ½ experimental spin state), a spin-
 crossover (S = ½→3/2) Fe(salen)NO complex and two other non-heme complexes (with the 
 S = 3/2 ground state). Theoretical calculations of these properties are very challenging, 
 especially that the reliability of DFT is in question. There are important controversies about 
 the electronic structure of the {FeNO}7 complexes where the interaction with a noninnocent 
 NO ligand puts spin populations and effective oxidation states on Fe and NO under debate. 


CAS SCF  BP86  B3LYP 


S=1/2  qSFe   0.96 qSNO    0.03  qSFe       0.95  qSNO      0.06  qSFe     2.05 qSNO    -0.99
 A  S=3/2      3.42       -0.59      3.34       -0.69      3.83       -1.19
 S=1/2  0.66 0.33      0.59      0.40      0.20       0.80
 B  S=3/2  3.41 -0.57      3.23       -0.51 3.87 -1.20


Mulliken spin populations for spin states of Fe(Por)NO (A) and FePNH3NO (B) 


Acknowledgements: Support from Polish MNiSWgrant N N301 09 3036 is acknowledged. 


[1]   Broclawik, E,; Radon, M. J. Chem. Theory Comput. 2007 3, 728-734. 


[2]   Radon, M.; Pierloot, K. J. Phys. Chem. A 2008 112, 11824 
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Proteins manifest their biological function via interaction with small non-protein molecules 
 called ligands. In many cases the electron structure of ligand molecules changes after binding 
 to protein in reference to the electron structure of isolated ligand. However, there are also 
 such ligands for which the electron structure of the molecule bound to protein resembles that 
 of isolated molecule. The main purpose of this work is to study the changes which undergo in 
 the electron structure after creating the complex with protein on the example of the (1R)-1-(2- 
 thienylacetylamino)-1-(3-carboxyphenyl)methylboronic acid molecule (sm2). 


Molecule sm2 is a boronic inhibitor of b-lactamase [1], the enzyme hydrolizing the b-lactam 
 ring. The b-lactamases are important in antibacteria therapy because the presence of these 
 enzymes casues the resistance to b-lactam antibiotics like i.e. penicylins. 


The structures of all the complexes (protein with sm2) were extracted from the Protein Data 
 Bank (PDB) [2]. The calculations were lead for four protein-ligand molecular systems 
 available in the PDB: 1mxo, 1nxy, 1pi5, 1ym1. The electronic structure for isolated sm2 was 
 taken from the ligand database [3] whereas for sm2 bound with protein directly from PDB. 


The geometry of sm2 molecules bound with proteins is different according to root means 
 sqare deviation (RMSD) ranging from almost 0 value to 2.26. The Muliken and electrostatic 
 potential fitting partial atomic charges were calculated for the isolated and complexed 
 electronic structures of sm2. Comparing the data for isolated sm2 with protein bound sm2 
 allows the investigation of the electron charge flow. The biggest differences in electron 
 charge are mainly observed for both rings and on the oxygen atom coming from the carboxyl 
 group for these two methods. The maps of electron densities for isolated and complexed sm2 
 were compared as well. 


The detailed analysis of electron and geometric changes would help reveal the mechanism of 
 the interaction between boronic inhibitors and b-lactamases which is still unclear [4]. 


Acknowledgements: Calculations were performed at the Cracow Academic Computer Centre Cyfronet 
 AGH. 


[1]   Yang, W.; Gao, X.; Wang, B. Med. Res. Rev. 2003, 23 (3), 346–368. 


[2]   www.pdb.org 


[3]   Broniatowska, E.; Stepien, A.; Roterman, I. Bio-Algorithms and Med-Systems 2006, 2 (4), 21-24. 


[4]   Chen, Y.; Shoichet, B.; Bonnet, R. J. Am. Chem. Soc. 2005, 127 (15), 5423-5434. 
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Protonated base pairs constitute an important class of RNA base pairing systems, several of 
 which nucleate higher order structures and participate in tertiary interactions joining distant 
 regions in RNA structures. These base pairs are involved in the formation of functionally 
 important regions of RNA such as ribozyme cleavage sites, protein recognition sites, and 
 rRNA motifs. Our earlier report [1] on Hartree Fock level quantum chemical studies on the 
 geometries and interaction energies of a few protonated base pairs, in crystal contexts and gas 
 phase optimized geometries, shows that these base pairs have high interaction energies and 
 display stable geometries. Here we report results of higher level ab initio studies on an 
 extended set of protonated base pairs. The structures of 18 systems, with one of the bases 
 being protonated, were optimized at B3LYP/cc-pVTZ level and their interaction energies 
 were calculated at MP2/aug-cc-pVDZ level. To mimic the solvent effect COSMO 
 calculations have also been carried out on some the systems. The interaction patterns of 
 protonated base pairs are highly diverse, with gas-phase optimized interaction energies in the 
 range from -24 to -49 kcal/mol. The interaction energy values, for all base pairs studied, were 
 found to be dominated by the HF term. This suggests that, in contrast with observations on 
 nonprotonated base pairs, interaction energies of protonated base pairs have higher 
 electrostatic contribution with noticeably reduced electron correlation component. As is also 
 indicated by Mulliken population analysis, Morokuma decomposition analysis of interaction 
 energies shows charge transfer as one of the dominant components in these base pair systems. 


An example of protonated base pair. + sign indicates protonation at Watson-Crick edge 
[1]   Bhattacharyya, D.; Korripella, S.C.; Mitra, A.; Rajendran, V.B.; Sinha, B. J. Biosci. 2007, 32, 809–825. 
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2’, 3’-dideoxythymidine nucleoside analogues [Fig.1 (a)], such as azido-thymidine (AZT), are 
 important reverse transcriptase (RT) inhibitors of human immunodeficiency virus (HIV). It is 
 suggested that the inhibitory properties are relevant to the substituents at the 2’ or 3’ positions 
 on the sugar ring, and also are closely related to their electronic structures. It has been 
 demonstrated that it is possible to accurately produce molecular spectra of nucleosides [1] 


using density functional theory (DFT). The challenge becomes how to appropriately interpret 
 the results. The present study reveals the responses of electronic structures and spectra of 2’, 
 3’-dideoxythymidine nucleoside derivatives to the substituent R on the 3’ position. Molecular 
 spectra, such as X-ray photoelectron spectroscopy (XPS) and ultraviolet photoelectron 
 spectroscopy (UPS) [Fig.1 (b)] are simulated in both inner shell and valence shell, through 
 chemical shifts (in core shell) and orbital alternations (in valence shell). The structures and 
 properties will be demonstrated through a recently developed 3D-PDF technique. (Adobe 
 Acrobat 8 is needed to view 3D pictures.) 


Figure 1: Structure and UPS of 2’,3’-dideoxythymidine nucleoside analogues with 3D orbital 
 pictures. 3D pictures can be activated by clicking in the PDF file. 


Acknowledgements: F Chen would like to thank Faculty of ICT for a Postgraduate Research Award and 
 APAC National Facility to provide excellent support. 


[1]   Selvam, L.; Vasilyev, V.; Wang, F. J. Phys. Chem. B 2009 http://pubs.acs.org/doi/abs/ 10.1021/jp901678 
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 Fatty acid amide hydrolase (FAAH), an enzyme first discovered during the research on 
 marijuana influence on a human brain, deactivates neurotransmitters responsible for 
 numerous symptoms present in nervous system diseases. One of its substrates is oleamide, the 
 activity of which is associated with sleep-inducing, antianxiety effects, inflammatory and pain 
 states, and others. Because of such a crucial role in living organisms, a more detailed 
 knowledge of the molecular basis of FAAH-catalyzed oleamide hydrolysis is required to 
 allow for a rational control over the latter. 


In this contribution, the factors determining FAAH catalytic activity are analyzed within the 
 framework of Differential Transition State Stabilization (DTSS) theory [1]. Following the 
 DTSS approach, the stronger binding of an enzyme with transition state relative to reactants 
 results in the lowering of activation energy barrier and in the overall reaction rate increase. 


The differential transition state stabilization energy could further be partitioned according to 
 variationperturbation scheme [2] into the electrostatic, exchange, delocalization and 
 correlation contributions. Thus, both the catalytically important active site residues and the 
 physical nature of the preferential transition state binding can be determined, providing a 
 detailed insight into the enzyme catalytic mechanism, especially useful when planning the 
 mutagenesis experiments and/or for the rational inhibitor design. Finally, the approximate, yet 
 well-founded models can be constructed, guiding the prediction of an influence of enzyme 
 mutations on the enzymatic activity. Wherever electrostatic effects are dominant, these results 
 could be generalized in the form of catalytic fields [1,3]. 


DTSS analysis of the first step of the FAAH-catalyzed oleamide hydrolysis was performed 
 based on the mechanism proposed in Ref. 4. In addition to the reactive conformation of an 
 enzyme-substrate complex, three conformations described as unreactive [4] were also 
 considered. Remarkably, the height of the respective reaction barriers coincides with the 
 amount of DTSS energy calculated herein. These results along with the catalytic contribution 
 of particular FAAH residues will be discussed. 


[1]   Sokalski, W. A. J. Mol. Catalysis 1985, 30, 395-410. 


[2]   Sokalski, W. A.; Roszak, S.; Pecul. K. Chem. Phys. Lett. 1988, 153, 153-159. 


[3]   Szefczyk, B.; Mulholland, A. J.; Ranaghan, K. E.; Sokalski, W. A. J. Am. Chem. Soc. 004, 126,  
  16148-16159. 


[4]   Lodola, A.; et al. Biophys. J. 2007, 92, L20-L22. 
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Biological processes are often controlled by regulatory proteins that complex to DNA in order 
 to prevent or promote expression of proteins. These regulation systems must meet stringent 
 requirements as they must be insensitive to environmental variation and must be highly 
 selective for the correct DNA-sequence.  


 In this lecture, two regulatory systems will be discussed. The first is the tetracycline repressor 
 protein, TetR, a system that is switched by a small molecule (tetracycline antibiotics) and that 
 regulates expression of an efflux pump to remove tetracyclines from bacterial cells. The 
 second is a C-protein that regulates the expression of the two enzymes necessary for the 
 restriction-modification (RM) system that protects bacteria from foreign DNA (e.g. from 
 phages). 


Molecular dynamics calculations show that the characteristics of these two systems are very 
different, but that in both cases a dynamic view of the molecular ensemble is necessary in 
order to understand regulation mechanisms, specificity of binding etc.  The signal-
transduction protein TetR is itself very flexible, whereas the C-protein is quite rigid. In the 
case of the C-protein, its unique binding characteristics can be traced back to its effect on the 
DNA structure and flexibility. 
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 The non-additivities of base-base interactions in all ten possible model dinucleotide steps 
 were analyzed on MP2/aug-cc-pvDZ quantum chemistry level. The conformations of four 
 nucleobases exactly matching to ones occurring in B-DNA crystals were prepared according 
 to procedure successfully applied for polymorphism-related heterogeneities of guanine 
 stacking in B- and ADNA forms1, characteristics of inter- and intra-strand stacking 
 interactions in d(CpG) and d(GpC) steps found in B-DNA, A-DNA and Z-DNA crystals2, 
 description of energetic heterogeneities in canonical and oxidized central guanine triad of B-
 DNA telomeric fragments3 and quantification of all possible intra-strand stacking interactions 
 between nucleobases4. In most of 162 analyzed tetramers, which were schematically 
 presented in Fig.1 both three- and four-body contributions are negligible except of d(GpG) 
 steps. Interestingly, even then these contributions always are of opposite signs and in all cases 
 the sum of all non-additive part of intermolecular interactions do not exceed 2.6 kcal/mol. 


This stands for less than 4% of the overall binding energy of dinucleotide steps. Besides, there 
 is observed linear relationships between values of the total binding energy obtained in the 
 tetramer basis set and estimated energy with assumption of pairwise additivities in dimer 
 basis sets. For all analyzed dinucleotides steps there are also linear correlations between 
 amount of non-additive contributions and pairs interactions. Based on these relationships, 
 three distinct classes of dinucleotide steps were identified. The explanation of this fact is 
 related to differences in electrostatic contribution to the total binding energy of four 
 nucleobases. 


5'-X1


3'-Y2


3'-X'4


5'-Y'3


5'-X1/Y2-3' 5'-X1|Y'3-5' 3'-Y2|X'4-3' 5'-Y'3/X'4-3'


3'-Y2-Y'3-5'
 5'-X1-X'4-3'


Figure 1: The schematic representation of intermolecular interactions in model d(XpY) 
 dinucleotide steps. There are three distinct types of contacts, namely intra-strand stacking 
 (5’-X1/Y2-3’, 5’-Y’3/X’4-3’), inter-strand stacking (5’-X1|Y’3-5’, 3’-Y2|X’4-3’) and hydrogen 


bonding (5’-X1-X’4-3’, 3’-Y2-Y’3-5’), where X,Y denotes one of four nucleobases 
 and X’,Y’ stands for corresponding complementary base. 


Acknowledgements: The results were partly obtained based on computational grants from PCSS (Poznań 
 Supercomputing and Networking Centre, Poland). 


[1]   Cysewski, P. J. Mol. Struct. THEOCHEM, 2008, 865, 36. 


[2]   Cysewski, P. J.Mol. Mod., 2009, 15, 597. 


[3]   Cysewski, P. Czeleń, P. J.Mol.Mod., 2009, 15 607. 


[4]   Cysewski, P. New J. Chem. 2009, DOI:10.1039/b909327c. 
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Telomers play a crucial role in keeping genomic stability. It has been proven that this 
 structures are very sensitive to oxidative damages [1]. Presence of 8-oxo-guanine lesions in 
 telomeric sequence have profound influence on binding process [1]. Significantly reduced 
 affinity of TRF1 to oxidized telomers may be imposed by structural, energetic and 
 electrostatic alterations of modified strand [2]. 


In this work set of structures of central telomeric fragment (d(GpXpG), where X={G or 
 8oxoG}) was generated in 2ns molecular dynamic (AMBER) run and assessment of 
 intermolecular interaction energies were performed on DF-MP2/aug-cc-pvDZ level according 
 to previously presented method [2,3]. The impact of 8oxo-guanine on the structure of GG 
 dimers was characterized by analysis of distribution of base pair and base step parameters [4]. 


We have observed significant impact of TRF1 ligands on structural and energetic properties 
 of central telomeric triad. Largest effects ware noticed for structures containing 8-oxo-
 guanine. Figure 1. shows that interactions between protein and DNA can drastically changed 
 values of IIE and base step parameters. For example the twist values have distinct 
 distributions for free and complexed telomeric fragments and corresponding IIE populations 
 also have bimodal character. Similar features were identified also for other structural 
 parameters characterizing canonical, oxidized telomeric fragments in free form and attached 
 to TRF1. 


Figure 1: The mutual dependence of  
 intermolecular interaction energy and 
 twist for 8oxoG3/G4 dimers founded in 
 S2 (free oxidized) and S4 (in complex 
 with TRF1 and oxidizeed) struc-
 tures .The contours colours correspond to 
 magnitude of population of stacked 
 dimers. 


[1]   Opresko, P.L.; Fan, J.;Danzy1, S.; David, M.; Wilson, D.M. III; Bohr, V.A. (2005) Nucleic Acids Res 
 33:1230–1239 


[2]   Cysewski, P.; Czeleń P. (2007) J Mol Model 13:739–750 
 [3]   Cysewski, P. Czeleń, P. (2009) J.Mol.Model 15 607. 


[4]  Dickerson, R.E.; Bansal, M.; Calladine, C.R.; Diekmann, S.; Hunter, W.N.; Kennard, O.; Lavery, R.; Nelson, 
 H.C.M.; Olson,W.K.; Saenger, W.; Shakked, Z.; Sklenar, H.; Soumpasis, D.M.; Tung, Ch.S.; Wang, A.H.J.; 


Zhurkin, V.B.; (1989) Nucleic Acids Res. 17:1797–1803
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Ion channels are indispensable component of the nervous system and play crucial role in 
 regulating the cardiac, skeletal and smooth muscle contraction. Among those, the monovalent 
 ion channels (conducting K+ or Na+) are of particular importance since they control the action 
 potential of a number of excitable cells by polarizing/depolarizing the cell membrane. 


Selective potassium or sodium channels are characterized with a remarkable ability to 
 discriminate quite efficiently between cations with the same charge and similar ionic radii 
 favoring the native ion. Although the molecular basis for this striking ion selectivity has been 
 a subject of extensive investigations using both experimental and theoretical methods, the 
 following outstanding questions remain: (a) To what extent is the permeating ion hydration 
 number important for the K+/Na+ competition? (b) Is the chemical type and number of 
 coordinating groups lining the pore critical for the selectivity process? (c) Apart from 
 providing cation-ligating groups, do the channel walls play any other role in the selectivity 
 process? Here, by combining density functional theory (DFT) with continuum dielectric 
 method (CDM) calculations, we evaluate the free energies of K+ → Na+ exchange reaction, 


∆G(K+→Na+), in both the gas phase and protein environment: 


[Na(aq)]+ + [K+-channel] → [Na+-channel] + [K(aq)]+   (1) 
where [Na(aq)]+ and [K(aq)]+ stand for the hydrated sodium and potassium cations, 
respectively, whereas [Na+-channel] and [K+-channel] denote the respective sodium and 
potassium-bound ion channels. We systematically study the effect of different factors, such as 
the number, type and protonation state of ligating groups, cation hydration number, pore 
dielectric constant, and rigidity of the selectivity filter, on ∆G(K+→Na+). Their role in 
governing the ion channel selectivity is assessed. 
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Phenylalanine ammonia-lyase (PAL) is a crucial plant enzyme redirecting the carbon flow 
 from primary metabolism to the synthesis of phenylpropanoid compounds involved in 
 mechanical support, signaling and protection against biotic and abiotic stress. Accordingly, 
 PAL has been extensively studied as a possible control site of desirable product accumulation 
 and potential target for herbicides. 


Despite the abundant experimental data regarding structure-activity relationships of PAL 
 inhibitors, there exists no experimental or theoretical evidence explaining the molecular basis 
 of PAL inhibition. To gain insight into the mode of PAL inhibitors binding, the in silico 
 docking of 11 parsley PAL inhibitors with known experimental binding affinity [1] was 
 performed, followed by a detailed analysis of the ab initio binding energy. These results show 
 an energetic preference for the axial binding conformation of 2-aminoindane-2-phosphonic 
 acid and its derivatives, in agreement with the observation that only axial placement of 
 inhibitor phosphonic group allows for a specific interaction with PAL active site [2]. 


The physical nature of an inhibitor binding was revealed by means of the variation-
 perturbation interaction energy partitioning into the electrostatic, exchange, delocalization and 
 correlation components [3]. Significant correlation with experimental inhibitory activity was 
 found between the interaction energy at gradually decreasing levels of theory (MP2, SCF) 
 down to the first order Heitler-London term. Three PAL active site residues responsible for 
 the observed inhibitory activity were identified leading to a minimal active site representation. 


Further approximation yielded a valid model of the ligand activity based exclusively on the 
 molecular electrostatic potential of the inhibitors generated at the closest atomic contacts with 
 five PAL atoms. 


Computational protocol applied herein illustrates how a systematic analysis of both the 
 physical nature of interactions and binding contribution of receptor site residues allows for a 
 rational derivation of simple yet sufficiently accurate models of inhibitory activity. Such 
 models, employing the first principles of quantum mechanics (in contrast to, e.g., QSAR 
 approach) provide a rapid and straightforward estimation of the binding affinity without using 
 any empirical parametrization. 


Acknowledgements: This work was partially funded by the L’Or´eal Poland-Unesco For Women in 
 Science Fellowship. 


[1]   Amrhein, N.; Miziak, P.; Zon, J. to be published. 


[2]   Zon, J.; Szefczyk, B.; Sawka-Dobrowolska, W.; Gancarz, R.; Kucharska-Zon, M.; Latajka, R.; Amrhein, 
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Aminoacids constituting enzyme active sites may experience significant pKa shifts reaching 
 sometimes 5 units, which may lead to atypical protonation states. Unexpected proton 
 positions resulting from interactions with neighbouring residues as well as docked reactants or 
 inhibitors can be rarely confirmed via neutron diffraction experiments [1-2] and available 
 structures from X-ray diffraction can not be conclusive. Such non standard protonation i.e., a 
 protonated acid or deprotonated base) may occur in the active site of the selected enzymes 
 (HIV-1 protease) strongly influencing the catalytic mechanisms of analyzed protein. 


Czodrowski et al. [2] reported that DMP-323 induces a protonation change of the catalytic 
 dyad: from the apo state with one of the two aspartates protonated to a doubleprotonated state 
 with both aspartates uncharged. Two different form of the enzyme: one with typical 
 protonation states of active site residues (ASP-25 and ASP-125) and second with atypical 
 protonation states have been analyzed here within variation-perturbation partitioning of 
 interaction energy [3]. Analogously different protonation states of TYR159 in D-alanyl-
 Dalanine peptidase interacting with RE1 ligand have been studied in this work indicating 
 preferred TYR 159 deprotonation [4]. 
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Molecular dynamics simulations with ArgRC, the ~50 kDa C-terminal hexamerization and L-
 arginine-binding domain of E. coli arginine repressor, reveal the proteins range of motions 
 with and without bound L-arg. Simulations starting from the nearly identical apo- and holo-
 ArgRC X-ray crystal structures evolve distinctly during 20 ns. The two trimers of apoArgRC 
 rotate freely with respect to one another between two limiting ensembles, one essentially like 
 the starting state derived from the crystal structure and the other rotated in one direction by a 
 mean of ~13 degrees. Simulations with holoArgRC having six L-arg ligands bound reveal 
 essentially no rotational motion. The crystal-like ensemble of apoArgRC states is visited 
 much less frequently than the rotated ensemble, consistent with bond occupancies and 
 entropies in the two ensembles that likewise imply the crystal traps a high-energy state. 


Detailed analysis of the trajectories reveals that the motion of apoArgRC is unidirectional 
 because the single arginine residue of each polypeptide chain faces one side of the L-arg-
 binding pocket and extends its sidechain into the pocket, mimicking the ligand. Simulations 
 with the apoArgRC hexamer after adding six L-arg ligands confirm that, as in holoArgRC, 
 rotational dynamics are suppressed and the most populated states are more crystal-like. 


Simulations with incremental additions of individual L-arg ligands reveal that a single bound 
 L-arg is sufficient to suppress rotation and favor a more crystal-like ensemble. The proposed 
 mechanism is corroborated by recent crystals of Mycobacterium tuberculosis ArgR, which 
 present an arginine sidechain on the opposite side of the pocket and which trap a state that is 
 rotated in the opposite direction. The results enable structure-based interpretation of the 
 multiphasic thermodynamic profile of L-arg binding and predict its long-range structural 
 consequences in intact ArgR. 
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intent MSM6383917201. Support from the Ministry of Education, Youth and Sports of the Czech Republic 
(MSM6007665808, LC06010), Academy of Sciences of the Czech Republic (AVOZ60870520), Grant 
Agency of the Czech Republic (203/08/0114 to R.E), and joint Czech - US National Science Foundation 
International Research Cooperation (INT03-09049 and ME09016) is acknowledged. 
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Human serum paraoxonase (HuPON1) is a potential bioscavenger of organophosphorus nerve 
 agents (OPNAs) such as VX. While the enzyme has inherent activity towards OPNAs, the 
 ezymatic rates are not sufficient to make HuPON1 an effective OPNA countermeasure. 


Recent studies have shown that computational engineering can improve an enzyme’s activity 
 by multiple orders of magnitude towards a given substrate. For HuPON1, such increases 
 could make the enzyme an effective countermeasure against the VX nerve agent. 


Here we present two key pieces of information required for engineering HuPON1 to have 
 increased VX hydrolase activity. First, we characterize HuPON1’s tertiary structure using two 
 computational methods (I-TASSER and MODELLER) combined with energy minimization 
 and molecular dynamics (MD) simulations. Second, based on the predicted structures, we 
 determine how VX binds to HuPON1 using three docking packages (DOCK, AutoDock, and 
 OpenEye) combined with MD and steered MD. 


The resulting bound conformations indicate various aspects of how VX binds to HuPON1. All 
 four predicted bound conformations indicate that VX’s lone oxygen atom forms a strong 
 interaction with HuPON1’s active site calcium. Additionally, VX’s phosphosulfur (P-S) bond 
 is found to have multiple favorable orientations within HuPON1’s active site. However, none 
 of these orientations places the H115/H134 histidine dyad in a position to coordinate a water-
 based SN2 attack on VX’s P-S bond. Instead, the results show that residue D269 is better 
 aligned for accepting a proton from the attacking water molecule. Together, these findings 
 support recent experimental studies that show H115 and H134 are not required for HuPON1 
 activity on all substrates. Additionally, we find that residue D183 is a likely proton donor to 
 VX’s sulfur atom given D183’s location within the active site and its predicted pKa value. 


Altogether, the study provides valuable information required for further enhancing HuPON1’s 
 VX hydrolase activity. 


(a) (b) 
 Fig. 1: Figure (a) illustrates the VX binding mode determined through steered molecular 


dynamics. Figure (b) highlights key HuPON1 residues involved in VX binding. 
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