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CALCULATION OF THE EFFECTIVE CHEMICAL SHIELDING ANISOTROPY IN
L-ALANYL-L-ALANINE, CONFORMATIONAL AND CHARGE DEPENDENCE STUDY

Ladislav Benda', Petr Bouf', Milo§ Budésinsky', Norbert Miiller?, Vladimir Sychrovsky'

TInstitute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, Flemingovo
nam. 2, 166 10 Praha 6, Czech Republic
?Institute of Organic Chemistry, Johannes Kepler University, Altenbergerstrale 69, 4040 Linz, Austria,
ladislav.benda@marge.uochb.cas.cz

Biomolecular structure can be determined by the
high-resolution NMR spectroscopy. Theoretical modeling
of NMR parameters via modern quantum chemistry meth-
ods allows accurate predictions of structural parameters
and dynamical behavior of important biomolecular com-
pounds. Recently we determined the structure of the
L-Alanyl-L-alanine di-peptide on the basis of complete as-
signment of isotropic chemical shifts and scalar coupling
constants [1]. Another important NMR parameter, the
cross-correlated relaxation rate, still requires theoretical
modeling, in particular the dependence of the chemical
shielding anisotropy (CSA) on the molecular structure [2,
3].

In this work we correlated the effective CSA calculated
for atoms along the di-peptide backbone with its major
descriptors, the torsion angles ¢, . Further we investigated
the dependence of the effective CSA on total charge of the
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di-peptide, i.e. for its anion, zwitterion, and cation forms
that can be experimentally accessed at different pH. The
geometry was optimized at the BPW91/6-311++G** level
employing the PCM solvent model for all forms of the
di-peptide. The NMR parameters were calculated using the
B3LYP / IGLO-III / PCM approach. The calculated sur-
faces of the effective CSA can be readily utilized for more
accurate interpretation of the cross-correlated relaxation
rates.
1. P.Bouf, M. Bud&insky, V. Spirko, J. Kapitan, J. Sebestik,
V. Sychrovsky, J. Am. Chem. Soc., 127, (2005), 17079.
2. y Sychroxvfsky, N. Miiller, B. Schneider, V. Smrecki, V.
Spirko, J. Sponer, L. Trantirek, J. Am. Chem. Soc., 127,
(2005), 14663.

3. V. Smrecki, N. Miiller, In preparation.

COMPUTATIONAL SIMULATIONS STUDY OF HELIXES 90-92

l. Be$Seova, K. Réblova, J. Sponer

Institute of Biophysics, Academy of Sciences of the Czech Republic, Kralovopolska 135, 612 65 Brno

The Helix 90-92 system is a monomeric part of a 50S large
ribosomal subunit from domain V of 23S rRNA. It is classi-
fied as a 3-way junction family, type C. Helix 92 represents
crucial component of ribosomal peptidyltransferase center.
Its most important part is a hairpin loop known as A-loop.
A-loop directly interacts with aminoacyl-tRNA within the
protein synthesis. These interactions, orienting tRNA
properly and correctly to ribosome, involve Watson—Crick
interactions between rRNA and universally conserved nu-
cleotides 3"-end tRNA (C75). Kinetically slowest step by
the selection of tRNA is the accommodation of aatRNA to
A-site, followed by the release of Tu-factor from aatRNA
and subsequently resulting to the rise of rapid peptide
bond. This accommodation step includes the recognition of
aatRNA by A-loop and the movement of A-site tRNA to
proper position in the active site. Unfortunately, the exact

nature of rearrangements occurring during accommodation
of tRNA into the peptidyltransferase center remains still
unclear.

Nowadays, posttranscriptional modification of this
rRNA system was observed and shows the metylation of
U2552 (2’-O-methyl). Thus the Helix 90-92 simulations
can be divided into two main groups: Systems without and
with methyled residue.

The project is devoted to three major subjects:

« to describe the methylation impact on Helix 92 con-

formation — mainly on U2552-C2556 base pair

* to characterize the overall structural dynamics and

motions of the whole system and 3)to input simu-
lated structures of Helices 90-92 into the context
with the ribosome.

© Krystalograficka spole¢nost
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CRYSTAL STRUCTURE OF RGS3 RGS DOMAIN

Evzen Boura'?, Tomas Obsil'?

"Department of Physical and Macromolecular Chemistry, Faculty of Science, Charles University; 12843
Prague, Czech Republic
?Institute of Physiology, Academy of Sciences of the Czech Republic; 14220 Prague, Czech Republic

RGS3 protein is a member of Regulator of G protein
Signaling (RGS) family. RGS proteins are primarily
known as negative regulators of G protein signalling path-
ways due to their function as GTPase activating proteins
(GAPs) for the o subunit of heterotrimeric G proteins. The
modulation of RGS action remains unclear but includes
post-translational modifications, subcellular localization,
and interactions with protein binding partners e.g. 14-3-3
protein.

The crystal structure of RGS3 RGS domain was deter-
mined at 2.3 A resolution. It crystalized as a dimer con-
nected by S-S bridge. The existence of the dimer was also
proven in solution. The RGS domain is composed of nine
a-helices that fold into two small subdomains. The termi-
nal subdomain contains the N and C termini of the box and
is formed by a1, a2, a3, a8, and a9. Helices a.l and a9 lie
in antiparallel orientation, juxtaposing the N and C termini
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of the box. The larger bundle subdomain, formed by a4,
a5, a6, and a7, is a classic right-handed, antiparallel four-
helix bundle. Helices a7, a8, and a9 form essentially one
continuous helix with two bends. The RGS domain com-
prises of aproximately 130 AA. Thirty of these AA are con-
served within the RGS family. The RGS domain 3D
structure is absolutely conserved within the RGS family.
Our structural study supplies another prove of this fact.

This work was funded by Grant 204/06/0565 of the Grant
Agency of the Czech Republic, by Grant KJB500110601 of
the Grant Agency of the Academy of Sciences of the Czech

Republic, by Research Project MSM0021620835 and Cen-

tre of Neurosciences LC554 of the Ministry of Education,

Youth, and Sports of the Czech Republic, and by Research

Project AV0Z50110509 of the Academy of Sciences of the
Czech Republic.

CRYO-SCANNING ELECTRON MICROSCOPY OF Bordetella pertussis ADENYLATE
CYCLASE TOXIN EMBEDDED IN LIPID VESICLES

L. Bumba', J. Nebesaiova?, P. Sebo’

'Institute of Microbiology, Videnska 1083, 142 20 Praha 4, Czech Republic
“Biological Centre, Czech Academy of Sciences, Branisovska 31, 370 05 Ceske Budejovice, Czech Republic
Email: bumba@biomed.cas.cz

The adenylate cyclase toxin (CyaA, ACT or Hly-AC) of
Bordetella pertussis is a protein with a molecular mass of
200 kDa that belongs to RTX (repeat in toxin) protein fam-
ily of bacterial pore-forming toxins. The CyaA toxin spon-
taneously inserts into eukaryotic membranes and it
translocates its catalytic N-terminal domain into the
cytosol, where catalyzes unregulated conversion of cellular
ATP to cAMP. The C-terminal RTX hemolytic moiety ac-
counts for binding of CyaA to target cells, for translocation
of the adenylate cyclase domain and for making the cell
membrane permeable by cation-selective pores. There are
indirect evidences that CyaA could act either as a monomer
or dimer/oligomer. In order to determine functional unit of

CyaA in lipid bilayer we used high resolution cryo-scan-
ning electron microscopy to visualize CyaA on the surface
of lipid vesicles. CyaA was incubated with the suspension
of liposomes and washed in bicarbonate buffer to remove
non-specifically bound proteins. The CyaA- bound
liposomes were quickly frozen in liquid nitrogen and left to
evaporate in a Gatan Alto 2500 cryo-holder connected to a
Jeol JSM-7401F field emission scanning electron micro-
scope. CyaA molecules were seen as single protrusions
with homogenous distribution on the surface of liposomes.
The protrusions had an approximate diameter of about 15
nm indicating CyaA to be in monomeric form.

© Krystalograficka spole¢nost
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STRUCTURE OF Bombyx mori CHEMOSENSORY PROTEIN 1 IN SOLUTION

S. Jansen', J. Chmelik?, L. Zidek?, P. Padrta? P. Novak?, J.-F. Picimbon’, C. Léfstedt' and
V. Sklenai?

"Lund University, Department of Ecology, SE-22362 Lund, Sweden
2Masaryk University, Faculty of Science, National Centre for Biomolecular Research,
Kotlafska 2, CZ-61137 Brno, Czech Republic, xchmelik@chemi.muni.cz

In insects, two different soluble protein groups have been
identified in the antennal lymph. The first group comprises
the Odorant Binding Proteins (OBPs). These proteins are
approximately 150 residues long and contain six highly
conserved cysteines forming three disulfide bridges. They
are implied in the binding of pheromones and odorant mol-
ecules. The second group is formed by Chemosensory Pro-
teins (CSPs). CSPs are smaller proteins of around 110
amino acids that contain only four cysteines linked by two
disulfide bridges, at different positions than those from
OBPs. Their signature motif is CX4CX;3CX,C.

The first proposed role of CSPs was based on their
tissue localization. They are mainly expressed in
chemosensory sensillae in antennae, legs, proboscis and
other chemosensory organs and they have been attributed a
role in carrying chemosensory or gustatory molecules.
However, no binding to taste or odor molecules has yet
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been demonstrated. On the other hand, binding to
pheromone compounds and fatty acids has been shown in
Mamestra brassicae and in Apis mellifera. Moreover, they
have a role in solubilizing cuticular hydrocarbons in ants.
Thus, the role of CSPs can be extended to carrier proteins
for hydrophobic ligands.

Here we report the determination of the structure of
Bombyx mori CSP1 (BmorCSP1) by NMR. BmorCSP1 is
expressed mainly in antennae and legs and was cloned
from antennal cDNA. The overall fold of BmorCSP1 is
globular and comprises six a-helices. These helices span
residues 10-14, 17-27, 35-49, 57-72, 75-85, and
92-100. The hydrophobic edges of the helices are formed
mostly by leucine and isoleucine residues and therefore
well suited to constitute a binding site for hydrophobic lig-
ands.

COMUTATIONAL STUDY OF RESTRICTION ENDONUCLEASE HINCII

E. Fadrna', J. Fukal', and J. Koé¢a'?

"National Centre of Biomolecular Research, Fac. of Science, Masaryk University, Kamenice 5, 625 00 Brno
Department of Organic Chemistry, Faculty of Science, Masaryk University, Kotlai'ska 2, 611 37 Brno

Restriction endonuclease Hincll cleaves DNA at GTPyPu-
AC sequence. X-ray structure of Hinc II/DNA complex
was determined with the central sequence GTCGAC in
DNA 13mer [1] and in complex with Ca2" ions [2] which
serves as an inhibitor. Magnesium is an essential cofactor
for this enzyme. Cleavage leads to inversion of configura-
tion at the scissille phosphate and results in two DNA frag-
ments with 3’-OH and a 5’-phosphate.

We have examined the stability and/or dynamics of
protein/DNA complex Hincll by computational tools. Al-
though molecular dynamics is not able to follow the reac-
tion mechanism itself, it may serve as a good tool to
describe reaction partners or intermediates. We want to de-
scribe the structure of the complex to provide detailed view
of the active site and relationships in it. The stability of the
ions coordination can be seen from our simulations, as well
as electrostatics around them. We attempt to bring some
ideas about the structure of the active site and possible role
of the ions in it. We have found strong electrostatic poten-
tial around catalytic aminoacids, which is ballanced by

presence of ions. It leads to the idea that B site ion is re-
quired at least to stabilize the reaction environment.

Exploring molecular tunnels brings some explanation
of the ion transport between active sites and bulk solvent.
Although electrostatics can strongly control this process
(and maybe refuse it), this possibility of ion exchange is
still there. However, negative electrostatic potential is con-
centrated around active sites and around DNA (due to
phosphates) and the ions may get inside during the early
stage of folding.

Computational tools can provide a deeper insight into
the structure and dynamics of the protein/DNA complex
active site and can describe experimentally unknown fea-
tures of the complex. Also the role of possible mutations in
DNA or protein can be usefull in evaluation of activity and
prediction of complex dynamics.

1. N.C. Horton, L.F. Dorner & J.J. Perona, Nature Structural
Biology, 9 (2002), 42-47.

2. Ch. Etzkorn & N.C. Horton, Biochemistry, 43 (2004),
13256-13270.
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COMPUTATIONAL STUDY ON RUTHENIUM(Il) COMPLEXES
AND THEIR INTERACTIONS WITH NA BASES

Zdenék Futera, Jaroslav V. Burda

Department of Chemical Physics and Optics, Charles University in Prague, Czech Republic
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Structures = of ruthenium(Il) piano-stool complexes
[(arene)Ru(Il)(en)X] (arene = benzen, p-cymene;

en = ethylendiammine; X = CI, H,O, NA basis) were com-
puted and compared with experimental measured data re-
ported by groups of P. J. Sadler and V. Brabec.
DFT/B3LYP optimizations and MP2/6-31**G++ energy
analysis were performed in both gas phase and COSMO re-
gimes. Bonding energies of individual ligands and stabili-
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zation energy of whole complex were determined together
with charge analyses. NA bases were bound in several po-
sitions and their energies were compared. Reaction profiles
of hydratation reaction and water replacement by purine
bases were examined in supermolecular approach. Both
thermodynamical and kinetical descriptions of these pro-
cesses were obtained. Changes of the average local ioniza-
tion potential along the reaction coordinate were evaluated.

NMR STUDY OF PROTEIN CD69
M. Nalezkova, D. Kavan, L. Goréik, J. Chmelik, L. Zidek, K. Bezouska, V. Sklenar

"National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Czech Republic
2Institute of Microbiology, Academy of Sciences of the Czech Rep., Videnska 1083, Praha 2,
Igorcik@mail.muni.cz

Protein CD69 is transmembrane disulphide-linked
glycoprotein of natural killer cells, which are important in
the immune response to cell-surface displayed antigens.
C13 and N15 labeled sample was prepared for NMR exper-
iments. Resonance frequencies of 74% backbone atoms
and 39% side chains atoms have been assigned. Titration
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experiments with various mono- and oligosaccharides have
been performed. N15 relaxation data have been measured
and used to calculate the rotational diffusion coefficient.
The results showed that the studied protein was present in a
form of a dimer and that it exhibited specific binding
affinity towards several ligands.

LYS™* PARITICIPATES ON THE ATP BINDING TO THE ISOLATED C-TERMINUS
TRPV1

L. Gry€ova, Z. Lansky, E. Friedlova, J. Teisinger

Institute of Physiology, Academy of Sciences of Czech Republic, 142 00 Praha

Transient receptor potential channel vanilloid receptor 1
(TRPV1) is member of TRP ion channel family. TRPV1 is
responsible for a heat and chemical — evocated pain re-
sponses and it could be activated by vide range of chemical
stimuli. Its activity is modulated by intracellular ATP, by
direct interaction with ATP binding domains. Despite
missing experimental evidence of the tertiary structure,
TRPV1 is predicted to be composed of six transmembrane
domains, short hydrophobic stretch that line the pore re-
gion and two cellular terminuses.

In this study, we have tested the ability of the Walker A
motif located on the isolated C-terminus of TRPV1 to bind
ATP. We have identified, using steady state fluorescence
experiments and molecular biology tools, single amino
acid residues that play crucial role in ATP binding to
Walker A domain. We have mutated following amino acids
residues for alanine one at a time: P732A, D733A, G734A,

K735A, D736A, and D737A. Employing TNP-ATP
competition assay and FITC labelling and quenching ex-
periments, we have confirmed the key role of the K735 res-
idue for the binding of the nucleotide. These
experimentally obtained data verify the predictions of the
molecular homology model of the C-tail of TRPV1.This
model has been created using a restraint-based comparative
modelling approach, and the value of Ky, fits within the ex-
perimental error with the value estimated previously (3.3
mM) from electrophysiological experiments [1].

1. Kwak, J., Wang, M. H., Hwang, S. W., Kim, T.-Y., Lee,
S.-Y., and Oh, U., Journal of Neuroscience, 20 (2000)
8298 — 8304.

This work was supported by Grant GAAV 144600110701,
GACR 303/07/0915, project (No. HI4S8), Center for
Neurosciences No. LC554 MSMT CR, and Research Pro-
ject No. AVOZ 50110509.
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STRUCTURE - FUNCTION RELATIONSHIPS OF PROTEIN-DNA INTERACTIONS

Daniela Ham, Daniel Svozil, Bohdan Schneider

Centre for Biomolecules and Complex Molecular Systems, Institute of Organic Chemistry and Biochemistry,
Academy of Sciences of Czech Republic, Fleming Square 2, 166 10 Prague 6, Czech Republic

Despite extensive effort to understand structural features of
protein-DNA complexes governing specific DNA-protein
interactions, neither general, nor simple rules have been
found to date [1, 2]. Understanding of these principles
would serve as a guideline for protein-DNA recognition in
various families of regulatory and other DN A-binding pro-
teins. We have recently reported conformational variability
of DNA based on the analysis of torsion angles in almost
eight thousand dinucleotides from well resolved DNA
x-ray structures [3]. Although double helical A and B con-
formations represent majority of the population, we have
defined many substates that represent A-to-B, B-to-A,
BI-to-BII, and other unusual conformations. Such a de-
tailed conformational characterization allowed us, in the
current work, to ascribe different DNA conformational
substates to four groups of transcription regulatory pro-
teins, three groups of DNA-binding proteins and four
groups of enzymes. The majority of examined DNA-pro-
tein complexes exhibit the BI and BII conformations as the
most populated substates. These conformations are ob-
served for binding with different protein motifs such as he-
lix-turn-helix, helix-loop-helix, leucine zipper and zinc
fingers. Within the BI and BII DNA conformations, no
rules governing specific recognition of DNA sequences by
individual protein structural motifs were observed. This
conclusion confirms the results of the previous study [1]
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that the recognition via certain motifs does not depend on
functional characteristics of protein-DNA complexes. In
contrast to these findings, here we also show that other pro-
teins in DNA-protein complexes bind a substantial number
of A type or A-to-B type of DNA conformations. Analysis
of these interactions suggests that different protein do-
mains, such as TBP-like motif, are more specific for classi-
fication of protein-DNA complexes according to their
function in transcription. Identification of amino acids in-
volved in side chain/base interaction among regulatory and
DNA binding proteins distributed into distinct families is
also being performed to further explore the common and
unique principles responsible for protein-DNA recogni-
tion.

This work was supported by grants LC512 from the Minis-
try of Education of the Czech Republic and NSF grant DBI
0110076 to the NDB.

1. P. Prabakaran et al., Structure, 14 (2006) 1355-1367.

2. C.O. Pabo & L. Nekludova, J. Mol. Biol., 301 (2000)
597-624.

3. B. Schneider & D. Svozil, Acta Cryst. A62 (2006), s133.

RAT NKRP1A AND NKRP1B PROTEINS STUDIED BY VIBRATIONAL
SPECTROSCOPY AND MOLECULAR MODELING

K. Hofbauerova®?2, V. Kopecky Jr.2, O. Vanék®, L. Mihék', R. Ettrich*, K. Bezouska"*

'Institute of Microbiology, Academy of Sciences of the Czech Republic, Videriska 1083, Prague 4,
CZ-14220, Czech Republic
2Institute of Physics, Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, Prague 2,

CZ-12116, Czech Republic

3Department of Biochemistry, Faculty of Science, Charles University, Hlavova 2030, Prague 2, CZ-12840,

Czech Republic
*Laboratory of High Performance Computing, Institute of Physical Biology of USB and Institute of Systems
Biology and Ecology of AS CR, Zéamek 136, Nové Hrady, CZ-37333, Czech Republic,

hofbauer@biomed.cas.cz

Lectin-like receptors of the C-type lectin family are impor-
tant antigens at the surface of immune cells. Natural killer
receptor protein 1 (NKRP1) is a lectin-like receptor of a
natural killer cell, where NKRP1A is an activating and
NKRP1B an inhibitory one. The activating and inhibitory
signals launched by these receptors regulate effector func-
tions of natural killer cells such as killing malignantly

transformed, viral infected, or stressed cells [1]. NKRP1
proteins are unique for their high affinities for the classical
ligands of C-type lectins — carbohydrates. These proteins
prefer to bind linear but not branched oligosaccharides [2].
Binding of complex carbohydrates opens a possible way to
medical applications.

© Krystalograficka spole¢nost
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Therefore, the aim of our study is to characterize struc-
ture of NKRP1 proteins and structural changes upon ligand
binding. To initiate ligand binding studies, we have pre-
pared soluble forms of rat NKRP1A and B proteins by re-
combinant expression of their extracellular domains in E.
coli followed by in vitro refolding. Structure of the proteins
was investigated by infrared, Raman and drop coating de-
position Raman spectroscopy. Homology modeling of the
proteins was provided as well. It was found that the struc-
ture of both proteins is very similar and spectral differences
are caused mainly by a different amino acid composition of
the peptide chains. However, significant differences exist.
The influence of binding of ligands, complex branched oli-
gosaccharides, on the secondary structure as well as on lo-
cal environments was followed by infrared and Raman
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difference spectroscopy. Protein behaviour in solution was
studied by molecular dynamics simulation. Results from
theoretical calculations were critically confronted with ex-
perimental measurements, whereas good agreement was
reached.

1. K. Ilizuka, O. V. Nadienko, B. F. M. Plougastel, et al., Nat.
Immunol., 4, (2003), 801.

2. K. Bezouska, Collect. Czech. Chem. Commun., 69, (2004),
535.

The research was supported by Ministry of Education of
the Czech Republic (Nos. MSM 0021620835, MSM 002162
0808), by the Institutional Research Concept (No. AVOZ
50200510), and by the Grant Agency of the Czech Republic
(No. A5020403).

VIBRATIONAL OPTICAL ACTIVITY SPECTRA SIMULATION FROM CLASSICAL
TRAJECTORIES

Jan Hornicek, Petra Kapralova and Petr Bour

Institute of Organic Chemistry and Biochemistry, Academy of Sciences, Flemingovo nam. 2, 166 10,
Prague 6 and Institute of Chemical Technology, Technicka 5, 166 28, Prague 6, Czech Republic,
bour@uochb.cas.cz

Interpretation of infrared and Raman spectra are often
based on ab-initio methods. These, however, are limited to
relatively small molecules. Therefore, we try to develop
combined QM/MM approaches based on the auto-
correlation functions that can be used for more complicated
systems, like hydrated proteins. At the current stage, we fo-
cus on the calibration of the methodology with respect to
accurate ab-initio data. The results show that the simplified
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calculations can reproduce the spectra if a large number of
MD trajectories are averaged. In the future, we plan to ex-
tend the simulations to larger molecules with usual force
fields (Amber).

The work was supported by the Grant Agency of the Czech
Republic (grants 203/06/0420, 202/07/0732) and by the
Grant Agency of Academy of Sciences (4400550702).

STRUCTURAL CHARACTERIZATION OF HUMAN PROTEIN KINASE CKI EPSILON

P. Houfkova', E. Brumovska', S. Trantirkova', C. Modak?, T. Dolezal' and L. Trantirek’

"Laboratory of Structural Biology, Faculty of Biological Sciences, University of South Bohemia, BraniSovska
31, 370 05 Ceské Budéjovice, Czech Republic
’Developmental Biology Center and Department of Medicine, University of California-Irvine, Irvine, California,
USA, e-mail: meriit@centrum.cz

Casein kinase I epsilon (CKlg) is a human homologue of
Drosophila Disc overgrown (Dco). In case of mutations in
the Dco, mutant larvae (Dco’) fail to arrest growth of
imaginal discs when they reach their normal size and the
discs grow continuously to several times the wild-type fi-
nal size [1]. Moreover a remarkably high frequency of so-
matic mutations was found in CKlein breast cancer [2]. In
this project we would like to identify proteins which form
stable association with CKle under in vivo conditions and
characterize the topology of the CKle complex. These in-
vestigations will provide a molecular basis for understand-

ing of CKle function and for design of drugs modulating
CKlIe activity.

This work was supported by Grant Agency of the Czech Re-
public (301/07/0814).

1. V. A.Jursnich, S. E. Fraser, L. I. Held, J. Ryerse & P.J.
Bryant, Dev. Biol., 140 (1990) 413-29.

2. T.J.Fuja, F. Lin, K. E. Osann & P. J. Bryant, Cancer Res.,
64 (2004) 942-51.
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INFLUENCE OF THE MUTATION TOPOLOGY ON PROPERTIES OF HUMAN
CYSTATHIONINE BETA-SYNTHASE (CBS) POLYPEPTIDE

M. Janosik', K. Jelinek?, P. Melenovska', V. Klatovska', J. Krijt' and V. Kozich'

'Institute of Inherited Metabolic Disorders, First Faculty of Medicine, Charles University, Prague, Ke Karlovu
2, 12000 Prague 2, Czech Republic
Department of Physical and Macromolecular Chemistry, Faculty of Science, Charles University, Prague,
Hlavova 2030, 12843 Prague 2, Czech Republic

Cystathionine beta-synthase, a key enzyme of the methi-
onine cycle, catalyzes condensation of toxic homocysteine
and serine to cystathionine. More than 140 different muta-
tions have been found. However only a small proportion
has been characterized in more detail.

In this study we have classified topology of 27 known
mutations based on the CBS active core structure and the
structure of CBS domains in various proteins. Selected mu-
tations represent disturbances in various protein domains
and cover about one fifth of all mutations found in CBS pa-
tients. Further we expressed all 27 mutants in E.coli and
Chinese hamster ovary cells expression systems. We mea-
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sured the catalytic activity and monitored the degree of as-
sembly by native western blotting. We correlate tetramer
amounts and activity with topology of CBS mutations.

Our data suggest that a substantial proportion of se-
lected mutations have an internal propensity to misfold and
aggregate. The properties of the mutant enzyme is signifi-
cantly affected by the location of the mutation. Mutations
buried in CBS globule cause more severe disturbances of
quaternary enzyme structure and activity than the muta-
tions at the surface of the enzyme.

This work is being supported by the Wellcome Trust grant
070255/203/Z.

HUMAN o4-ACID GLYCOPROTEIN INVESTIGATED BY RAMAN SPECTROSCOPY
AND RAMAN OPTICAL ACTIVITY

V. Kopecky Jr.", K. Hofbauerova®?, R. Ettrich®, J. Kapitan', V. Baumruk'

'Institute of Physics, Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, Prague 2,
CZ-12116, Czech Republic
2Institute of Microbiology, Academy of Sciences of the Czech Republic, Videriska 1083,
Prague 4, CZ-14220, Czech Republic
3Laboratory of High Performance Computing, Institute of Physical Biology of USB and Institute of Systems
Biology and Ecology of AS CR, Zamek 136, Nové Hrady, CZ-37333, Czech Republic
kopecky@karlov.mff.cuni.cz

a-Acid glycoprotein (AGP), also known as orosomucoid,
contains 183 amino acids with 21 possible substitutions in
one polypeptide chain linked by two disulfide bonds. The
content of carbohydrate moiety is slightly above 40% of
the total molecular weight of 41 kDa of the protein. Five
branched carbohydrate units terminated by sialic acid resi-
dues are linked to Asn residues of the peptide chain. It is
known that AGP plays a role under inflammatory or other
pathological conditions and is able to bind basic drugs and
certain steroid hormones [1]. However, the exact role of
AGP as well as its 3D structure is not entirely clear.

A model of 3D structure of AGP has been proposed by
an approach that combines molecular modeling and vibra-
tional spectroscopy [2]. It shows that AGP folds as a sym-
metrical all-f protein dominated by an eight-stranded
antiparallel B-sheet. Binding of progesterone is described
with a coincident transformation of the a-helix above the
binding pocket into antiparallel B-sheet [2]. Here we inves-
tigated ligand binding of AGP followed by three ligands
(natural and artificial) with different physico-chemical pro-
perties, i.e. progesterone, propranolol and warfarin. Raman
difference spectroscopy shows the same pattern upon bind-

ing of all ligands which suggest presence of only one
high-affinity binding site in AGP. The spectral changes re-
flect a presence of Trp'** in the binding site as was pro-
posed by molecular modeling and dynamics simulations.
The ligand release must be connected with a reverse struc-
tural behavior where the carbohydrate moiety in interaction
with membranes could play a role. Therefore, we investi-
gated structure of AGP with respect to carbohydrate moi-
ety and its potential role in ligand binding/release by
Raman optical activity (ROA). It was demonstrated, on the
case of N-acetyl neuraminic acid, that ROA spectra of car-
bohydrates are very useful in interpretations of ROA bands
of glycoproteins.

1. T. Fournier, N. Medjoubi-N, D. Porquet, Biochim. Biophys.
Acta, 1482, (2000), 157.

2. V. Kopecky Jr., R. Ettrich, K. Hofbauerova, V. Baumruk,
Biochem. Biophys. Res. Commun., 300, (2003), 41.

The Grant Agency of the Czech Republic and the Ministry
of Education of the Czech Republic are gratefully acknowl-
edged for support (No. 202/06/P208 and No. MSM
0021620835, respectively).
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TEXT MINING OF ARTICLES IN METABOLOMICS RESEARCH

M. Kovarova', L. Kovarova?, D. Stys"?

'Institute of Physical Biology, University of South Bohemia and Institute of Systems Biology and Ecology
ASCR, Academic and University Center, Zamek 136, 373 33 Nové Hrady, Czech Republic
2Faculty of Mathematics and Physics, Charles University in Prague, Malostranské nam. 25, 118 00 Praha 1,
Czech Republic
SInstitute of Microbiology ASCR, 37981 Trebori, Czech Republic
Email:kovarova@greentech.cz

More than 80% of information is stored in textual form. A
large number of papers appears every day. It is beyond
power of anybody to go through even a part of the pub-
lished works. A use of search machines yields excessive
numbers of results and does not make a problem more sim-
ple. There are additional difficulties in biochemical re-
search such as an abundance of terms with ambiguous
nomenclature, acronyms and abbreviations. That is the rea-
son for a boom of text mining methods in this area. Text
mining methods transfer unstructured textual data into a
structured data matrix, which can be evaluated with data
mining methods.

We have developed a program, which takes a list of
terms we are interested in and searches for occurrence of
them in abstracts or articles from the internet databases or
generally internet sites. The program is based on the algo-
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rithm Aho-Corasick and works as a efficient searching ma-
chine. Running articles through this algorithmus takes
almost the same time for 10 or 5 000 given terms. The pro-
gram goes through the articles and creates a data matrix
from the found terms. At the end it sorts its results and de-
letes useless information.

1. S. Ananiadou, D. B. Kell, J. Tsujii, Trends in Biotechnol-
ogy, 24, 2006, pp. 571-579.

2. D. L. Banville, Drug Discov Today, 11, 2006, pp. 35-42.

3. R.Feldman, J. Sanger, The Text Mining Handbook: Ad-
vanced Approaches in Analyzing Unstructured Data, Cam-
bridge University Press. 2007.

The project was financed by project No. MSM6007665808
of the Ministry of Schools, Youth and Sport of the Czech
Republic.

UNRAVELING THE PROBLEMS OF PROTEIN - SACCHARIDE INTERACTIONS VIA
COMPUTATIONAL CHEMISTRY

Z. K#iz', J. Adam', O. Sulak', M. Wimmerova'?, J. Koéa'®

"National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Kamenice 5, 625 00
Brno
%Institute of Biochemistry, Faculty of Science, Masaryk University, Kamenice 5, 625 00 Brno
3Institute of Chemistry, Faculty of Science, Masaryk University, Kotlafska 2, 611 37 Brno,
zdenek@chemi.muni.cz

Detailed knowledge of interactions between proteins and
small molecules is important for understanding of signifi-
cant processes in organisms. Saccharides and various
glycoconjugates play a significant role in many host-patho-
gen interactions. Lectins are sugar-binding proteins of
non-immunoglobulin nature that agglutinate cells or pre-
cipitate glycoconjugates. Their specificity is usually de-
fined by the monosaccharides or oligosaccharides that are
best at inhibiting the agglutination or precipitation the
lectin causes. Lectins are of interest because of their wide
variety of properties and potential applications (pharma-
cology, immunology, cancer therapy, agriculture ...).
Since host carbohydrates have been known for many
years to constitute specific attachment sites for pathogen
protein receptors, there is a great interest in structure-func-
tion studies of bacterial proteins enabling the pathogen at-
tachment to host glycans. However, only a limited number
of their complexes with receptors have been characterized

by crystallography [1]. The molecular modeling methods
can help in the study of the complexes.

The study will be focused on docking of a set of
monosaccharides into two different lectins originally from
bacteria Pseudomonas aeruginosa (PA-1IL) [2] and
Ralstonia solanacearum (RS-20L) using the Dock v. 6.0
program [3]. The best docked structures (using standard
scoring function) were scored again using AMBER scoring
function with solvation energy based on implicit solvent
model. The same structures were also solvated using TIP3P
water model and MD simulations have been run. The bind-
ing energies were afterwards calculated from the trajecto-
ries. There will be shown the differences in calculated
binding energies by using different scoring functions and
also the effect of solvation energy on the binding energy.

© Krystalograficka spole¢nost



&

Materials Structure, vol. 14, no. 1 (2007)

39

1. Mitchell, E. P., Houles. C., Sudakevitz, D., Wimmerova,
M., Gautier, C., Perez, S., Wu, A.M., Gilboa-Garber, N.,
Imberty, A. Nat. Struct Biol., 9 (2002), 918.

2. Mitchell, E. P., Sabin, Ch., Snajdrova L., Pokornd M.,
Perret, S., Gautier, C., Hofr, C., Gilboa-Garber, N., Koca,
J., Wimmerova, M. Imberty, A. Proteins, 58, (2005), 735.

3. Lang, T. P., Moustakas, D., Brozell, S., Carrascal, N.,
Mukherjee, S., Pegg, S., Raha, K., Shivakumar, D., Rizzo,
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R., Case, D., Shoichet, B., Kuntz, I.: Dock 6.0, University
of California, San Francisco, 2006.

This work has been financially supported by Ministry of
Education (MSM0021622413 and LC06030) and Grant
Agency of Czech Republic (GD204/03/016 and
GA303/06/0570).

MOLECULAR DYNAMICS: MOLECULAR DOCKING SIMULATION OF SUBSTRATES
AND INHIBITORS OF BETA-N-ACETYLHEXOSAMINIDASE OF Aspergillus Oryzae

Natallia Kulik', Peter Palenéar', Michal Kuty’, Viadimir Kien?, Karel Bezouska®® and Riidiger
Ettrich

"Laboratory of High Performance Computing, Institute of Systems Biology and Ecology ASCR and Institute of
Physical Biology USB, Zamek 136, 37333 Nové Hrady, Czech Republic
?Institute of Microbiology, Academy of Sciences of the Czech Republic, Videriska 1083, CZ-14220 Prague 4,
Czech Republic
3Department of Biochemistry, Faculty of Science, Charles University, Albertov 2030, CZ-12840 Prague 2,
Czech Republic

Fungal beta-N-acetylhexosaminidases catalyze the hydro-
lysis of chitobiose into monosaccharides. It plays an impor-
tant role in life cycle of the fungus for formation septa,
germ tubes and fruit bodies. The interesting features of the
enzyme from Aspergillus Orizae are its high catalytic ac-
tivity and good relationship with a wide range of modified
substrates [1]. Recently was examined the tolerance of
beta-N-acetylhexosaminidase to C4- and C6 -modified car-
bohydrates [2]. Our main interest is to examine possible
substrates and inhibitors of the mentioned enzyme.

Models of modified ligands were prepared in Yasara —
p-nitrophenol-2-acetamino-2deoxy-6-sulfo-beta-D-gluco
pyranoside (normal and reduced at sulfo-group) and
p-nitrophenol-2-acetamino-2deoxy-beta-D-glucopyranosi
de. Partial charges and force field parameters were calcu-
lated in Gaussian for the YAMBER?2 force field. The sub-
strates were docked into the active site of the enzyme and
data were collected for 5 ns of molecular dynamics simula-
tion. The temperature was adjusted to 298K. The experi-
ment was carried out in TIP3 water, periodic boundary
conditions were applied and pressure was kept constant to
account for the changes of the structure in solution.

To predict the stability of the complex “substrate-en-
zyme” and to examine the possible inhibition ability of cer-

tain substrates we calculate internal and binding energies
over time and analyze displacement of critical amino acids.
One of the predicted structures shows a similar binding
energy as the natural substrate, with a similar small contri-
bution of estimated solvation contribution to the binding
energy. A structural analysis gives clear theoretical evi-
dence that the substrate might work as a competitive inhibi-
tor. These results will be used by organic chemists to
synthesize this substrate and to verify our results.

The support by grants from the Ministry of Education of
Czech Republic (MSM6007665808, MSM0021620835,
LC06010), the Institutional Research Concept of the Acad-
emy of Science of the Czech Republic (No. AVOZ6087
0520) and the Grant Agency of Czech Republic (203/05/
0172) is acknowledged.

1. P. Fialova, A. T. Carmona, I. Robina, R. Ettrich, Tetrahe-
dron Letters, Vol. 46, Iss. 50, 2005, pp. 8715-8718.

2. P.Fialova, L. Weignerova, J. Rauvolfova, Tetrahedron,
Vol. 60, Iss. 3, 2004, pp. 693-701.
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STRUCTURAL STUDIES ON THE HSDR SUBUNIT OF THE ECOR124I
ENDONUCLEASE FROM E. coli

Mikalai Lapkouski', Santosh Panjikar %, lvana Kuta Smatanova' and Eva Csefalvay'

'Institute of Physical Biology, University of South Bohemia in Ceske Budejovice and ISBE AS CR, Zamek
136, CZ-373 33 Nove Hrady, Czech Republic
2EMBL Hamburg c/o DESY, Notkestral3e 85, 22603 Hamburg, Germany, lapkouski@greentech.cz

Many genetic processes require the action of large protein
machines that act on DNA. We are currently concentrating
on the Type I restriction enzymes which are complex mo-
lecular machines that protect bacteria by cutting invading
viral DNA in an ATP-dependent manner [1]. The complex
is composed of three distinct subunits responsible for
site-specific DNA  sequence recognition (HsdS),
methylation (HsdM) and ATP-dependent DNA trans-
location and cleavage (HsdR).

We are interested in solving the structure of the 119
kDa HsdR subunit of the Type I restriction-modification
enzyme EcoR124I (R.EcoR124I) from E. coli. Solving the
structure will shed the light onto the enzymatic action and
on the protein-DNA interface.
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We have recently crystallized the motor subunit (HsdR)
of the EcoR1241 enzyme and preliminary crystallization
studies showing that crystals belong to the primitive
monoclinic space group P2/P2(1) and with lattice parame-
tersa=86.0A,b=1251A,c=128.8 A, p=108.1°. Na-
tive data were collected to 2.45 A resolution at the X12
synchrotron beamline of the EMBL Hamburg.

1. Louise K. Stanley and Mark D. Szczelkun. Direct and ran-
dom routing of a molecular motor protein at a DNA junc-

tion. Nucleic Acids Res. 2006; 34(16):4387-94.

This research was supported by the Ministry of Education,
Youth and Sports of the Czech Republic(MSM6007665808,
LC06010) and by the Academy of Sciences of the Czech Re-
public (Institutional research concept AVOZ60870520).

SINGLE-CELL FLUORESCENCE SPECTROSCOPY

T. Levitner

Institute of Physical Biology, University of South Bohemia, Zamek 136,CZ-373 33 Nové Hrady,
levitner@greentech.cz

We are developing software for spectrum analysis mea-
sured in single living cell. We want to automatize analysis
of measured data and to accelerate generating of results.

We measure cells of trichodesmia. We are measuring
changes in spectra of one cell selected in the sample. Cell is
irradiated by the blue light and intensity is changed accord-
ing to the protocol. Spectrum is measured by spectrometer
in range from 177 [nm] to 992 [nm] (from IR to UV). Out-
put of measurement is the large table with light intensities
measured on different wavelengths (rows) and time (col-
umns) of measurement. Fluorescent parameters like Fy, Fy,
Fgare calculated of this table. Due the size of this table can-
not be used common available tools like MS Excel or
OpenOffice Calc etc.

Therefore I am developing program in the Matlab envi-
ronment, which allows to process this large data set and to
automatize generating of desired results. Program was
named ‘Sandra’.

Illustrative picture displays table in 3D representation.
This table has size 1044x1630 values. This is repeated
measurement several times during the day. Manual pro-
cessing of one table using MS Excel takes one day in the
case that we use only of part measured spectra and required
spectra is averaged. We are able to do the same and without

restriction which we mentioned in several minutes using
our software Sandra.

Up to now we have solved head parts like reading data
of file, visualization data in 3D and partially plotting of flu-
orescent parameters in depend on wavelength.

The aim of those calculations is to express fluorescent
parameters  like  functions  wavelength  (Fm(R),
Fo(X),Fs(R),...) of measured data. Later we will concentrate
on calculation time delays between excitation light and
emission light of cell, which will allow us to better under-
stand to elementary processes in metabolism of living cell.
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A COST-EFFECTIVE APPROACH FOR AMINO-ACID-TYPE SELECTIVE ISOTOPE
LABELING OF PROTEINS EXPRESSED IN Leishmania tarentolae

Silvie Trantirkova', Jana Matulova', Volker Détsch?, Frank Lohr?, lon Cristea®,

Kirill Alexandov®, Reinhard Breitling®, Julius Luke$

§"®% and Lukas Trantirek'®

"Faculty of Biologica/ Sciences, University of South Bohemia, Ceské Budé&jovice, Czech Republic;
Johann Wolfgang Goethe University, Franfurt am Main, Germany
3Institute for Physiology, Max-Plank Institute, Dortmund, Germany
“Jena Bioscience GmbH, Jena, Germany
®Biology Centre - Institute of Parasitology, Czech Academy of Sciences, Ceské Budéjovice, Czech Republic,
e-mail: matulj0O@bf.jcu.cz

We report a cost effecient approach for preparation of
amino acid type selective (AATS), isotopically labeled
proteins for nuclear magnetic resonance (NMR) spectros-
copy using the Leishmania tarentolae expression system.
The method is based on cultivation of the L. tarentolae in-
ducible expression strain in a rich complex (BHI) medium
supplemented with labeled amino acid(s). In this protocol,
a labeled amino acid is deliberately diluted in the medium
of undefined composition, which leads to a low level
AATS isotope enrichment upon protein over-expression.
Although low level isotope enrichment implies the de-
creased sensitivity of NMR experiment, the use of a rich
complex medium leads to a two to three fold increase of the
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yield of the recombinant protein and, importantly, more
than 10-fold reduction of the overall costs as compared to
the recently established protocol for isotopic labeling using
synthetic media (Niculae et al., 2006). We show that
low-level enrichment does not compromise an NMR ex-
periment and makes preparation of the recombinant pro-
teins over-expressed in L. tarentolae economically viable.
The method is demonstrated for selective labeling of ~27
kDa enhanced green fluorescent protein (EGFP) with
"N-labeled valine.

A. Niculae, P. Bayer, I. Cirstea, T. Bergbrede, R.
Pietrucha, M. Gruen, R. Breitling & K. Alexandrov, Pro-
tein Expr. Purif., 48 (2006) 167-172.

THEORETICAL STUDY OF CISPLATIN INTERACTIONS WITH GLYCINE IN
GAS-PHASE AND IMPLICIT WATER SOLUTION - COSMO

Ludék Michera and Jaroslav V. Burda

Department of Chemical Physics and Optics, Faculty of Mathematics and Physics, Charles University,
Ke Karlovu 3, 121 16 Prague 2, Czech Republic

Interactions of hydrated cisplatin complexes with glycine
were explored. The square-planar cis-[Pt(NH;),(H,0)X]"
complexes ( where X = CI, OH and H,0) were chosen as
models for mono- and dihydrated reactants. Theoretical
calculations using DFT techniques with B3LYP functional
were performed. Both gas-phase and polarizable contin-
uum model (in COSMO version) were employed for the re-

action energies and bonding energies determinations in
approach of isolated molecules as well as supermolecular
complexes. The formations of monodentate complexes by
replacing aqua-ligand with N and O atoms of the amino
acid represent exothermic processes. The formation of che-
late structures is an exothermic reaction for dihydrated
form of reactants.
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NMR STUDY OF A SINGLE-STRANDED DNA BINDING TO THE C-TERMINAL
DOMAIN OF RETROVIRAL PROTEASE

V. Motackova, M. Nalezkova, M. Svec, M. Kozisek, L. Zidek, J. Konvalinka, and V. Sklenar

National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Kotlarska 2, Brno,
611 37, Czech Republic
Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic,
Flemingovo n. 2, Praha 6, 166 10, Czech Republic

Proteases play a crucial role in the retroviral viral infection
but the mechanism of their regulation remains unclear. The
C-terminal domain of the retroviral proteases, rich in
glycines, has been proposed to bind RNA. Biochemical
tests showed that the C-terminal domain binds sin-
gle-stranded oligonucleotides (both RNA and DNA) with-
out inhibiting the proteolytic activity. The N-15 labeled
C-terminal domain of mouse intracisternal A-type particles
endogenous retrovirus (CT) was investigated using NMR.
CT was titrated with a single-stranded DNA 20-mer. The
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titration was monitored in 2D HN-HSQC and 1D proton
spectra. 3D TOCSY-HSQC, NOESY-HSQC, and HNHB
spectra were recorded on the over-titrated sample. The pro-
tocols of the overexpression on minimal media have been
optimized and C-13, N-15 labeled C-terminal domain and
C-13, N-15, H-2 labeled full-length protease samples were
prepared. A set of triple resonance experiments have been
measured. The assignment of the C-terminal region is
presented.

EXCITONIC INTERACTIONS OF PHOTOSYSTEM Il REACTION CENTER STUDIED BY
MOLECULAR MODELING TECHNIQUES

P. Palenéar"? and M. Kuty'?

'Institute of Physical Biology, University of South Bohemia, Zémek 136, 37333 Nové Hrady, Czech Republic
?Institute of Systems Biology and Ecology, Academy of Sciences of the Czech Republic, Zamek 136, 37333
Nové Hrady, Czech Republic, palencar@ufb.jcu.cz

Temperature dependent changes in excitonic interactions
between pigments of photosystem II reaction center (PSII
RC) from Thermosynechococcus elongatus upon reduction
of primary acceptor pheophytin (D1-Pheo) have been stud-
ied by molecular modeling techniques. Six molecular dy-
namics (MD) simulations of so-called dark-adapted and
light-adapted equilibrated PSII RC model in overall dura-
tion of ~20ns provided valuable information about struc-
tural changes in pigment and protein part of PSII RC
complex at atomic level. In order to follow time and spatial
distribution of structural changes in protein environment of
D1-Pheo four protein layers in different distances from
D1-Pheo were selected. Results from conformational anal-
ysis of all protein layers and eight core PSII RC pigments
are presented and discussed. The major structural changes

were detected for protein layers of D1 protein and for PSII
RC pigments of active D1-branch. Absorption spectra cal-
culated on equilibrated dynamic structures of PSII RC
complex developed by performed MD simulations at 298
K and 77 K were in good accordance with experimental
PSII RC absorption spectra [1, 2].

1. F.Vacha, J. P§en¢ik, M. Kuty, M. Durchan and P. Siffel,
Photosynthesis Research, 84, (2005), 297.

2. F.Vacha, M. Durchan and P. Siffel, Biochimica et
Biophysica Acta, 1554, (2002), 147.

This work is supported by grants Institutional research
concept MSM6007665808 of the Ministry of Education of
the Czech Republic and Research Center LC06010 of
Academy of Sciences of the Czech Republic.
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BIOCOMPUTATIONAL PREDICTION OF SMALL NON-CODING RNAS IN
Streptomyces coelicolor

Josef Panek, Jan Bobek, Karel Mikulik and Jifi Vohradsky

Laboratory of Bioinformatics, Institute of Microbiology, Academy of Sciences of the Czech Republic, Prague

A prediction of small non-coding RNAs (ncRNAs,
sRNAs) in gram-positive differentiating bacteria of
Streptomyces is presented. The prediction is based on se-
quence conservation within intergenic regions (IGRs) of S.
coelicolor and S. avermitilis genomes, and predicted termi-
nation factors.

58 novel Streptomyces sRNAs were predicted and
tested for expression. 15 of them have been shown experi-
mentally to be expressed during cell development at stan-
dard conditions.

Among the predicted Streptomyces sRNAs, ml-like,
4.5S-like and spot42-like RNA candidates were identified
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computationally using sequence and / or structural similar-
ity with known sRNAs of different bacteria. The already
known Streptomyces tmRNA was also identified as a posi-
tive control.

As termination factors for computational identification
of the sRNAs, either predicted Rho-independent
terminators or new putative transcription terminators were
used. The new termination factor was proposed as it most
likely terminates m1-like SRNA and other two sSRNAs that
were computationally identified and experimentally
validated with high reliability.

HOW TO DEAL WITH THE MULTI-SCALE DYNAMICAL SYSTEMS: A CASE STUDY -
MODEL FOR PHOTOSYNTHESIS, PHOTOINHIBITION AND PHOTOACCLIMATION

$. Papacek’, S. Celikovsky*, D. Stys"??

'Institute of Physical Biology, University of South Bohemia,
2 Institute of Systems Biology and Ecology CAS, Zamek 136, 373 33 Nové Hrady, Czech Republic
. 3Institute of Microbiology CAS, 379 81 Trebori, Czech Republic.
“UTIA AV CR (Institute of Information Theory and Automation, Academy of Sciences of the Czech Republic),
Prague, Czech Republic, papacek@greentech.cz

The multi-scale modelling and computation became essen-
tial in solution process of multi-scale systems frequently
arising in chemistry and biology. The systems with multi-
ple time-scales are characterised by the wide separation be-
tween the O(¢) time-scale, and the O(1), or even O(¢™"). In
this paper we describe three different ways to solve the
problem of microalgal photosynthesis under periodic inter-
mittent light. The lumped parameter model for photosyn-
thesis, photoinhibition and photoacclimation in microalgae
represents the so-called stiff system, i.e. the dynamical sys-
tem with multiple time-scales. The separation of
time-scales in the system is modeled by a small parameter
€. From a mathematical point of view, the problem in hand
is a system of two ordinary non-linear differential equa-
tions (ODE), and we have assumed that the phase-space
can be decomposed into the slow phase, x;, and the fast
one, x,. Ordinarily, the ODE system is not amenable to ana-
lytical treatments and requires an efficient computational
tool for its solution. However, in our case, i.e. for the

piecewise constant input (light intensity u), is the analytical
solution reachable because we deal with the linear ODEs in
both subintervals of light-dark cycles period: A, - light-off
interval, and 4, - light-on interval. Consequently, we are
able to evaluate the average value of the fast phase x,
(which is reflecting the rate of photosynthesis in microalgal
culture) depending on the period of light-dark cycles # = A,
+ h,. Next, we can analytically compute the solution of the
same ODE system applying two common approaches for
solving the stiff systems: (i) neglecting the fast system dy-
namics, and (ii) neglecting the slow dynamics. Once hav-
ing the exact analytical solution, we can observe the limits
of validity of both approximated solutions. The presented
simulation results based on published data demonstrate the
perfect concordance between the theoretical assumptions
and the numerical results and could serve as the motivation
example for applying the multi-scale method, and at the
same time, to eliminate some frequent errors in treatment of
stiff systems.
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DETERMINATION OF STRUCTURE OF DOUBLE MUTANT T411/T781 OF M-PMV
MATRIX PROTEIN

Jan Prchal', Jifi Vlach', Jan Lipov?, Richard Hrabal', Tomas Ruml/?

"Laboratory of NMR spectroscopy, Institute of Chemical Technology, 166 28 Prague
2Department of Biochemistry and Microbiology, Institute of Chemical Technology, 166 28 Prague

The Mason-Pfizer's Monkey Virus (M-PMV) is a proto-
type of D type retroviruses. In type B and D retroviruses
inmature virus particles pre-assemble in cytoplasma,
whereas in type C retroviruses (HIV) Gag is targeted to the
plasma membrane, where the particle formation occurs.
The N-terminal domain of Gag, the matrix protein (MA),
plays a critical role in determining this morphogenic differ-
ence. Several single- or multi-point mutations of MA have
been described that alter various stages of the M-PMV life
cycle. Our goal is to characterise the influence of mutant
proteins in M-PMV on the molecular level by studying
their structures. The three- dimensional structures of the
wild-type and R55F mutant, a mutant which changes
capsid assembly from D type to C type, are known so far.
In this work we focus on the determination of the three-di-
mensional structure of the double-mutant T411/T78I,
which doesn't affect assembly and transport of immature
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see page 5
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virus particles. However, these particles are unable to bud
through the cytoplasmatic membrane and rather accumu-
late on it. We determined the three-dimensional structure
of the MA mutant using heteronuclear NMR spectroscopy.
For calculation of the structure we used distance restraints
obtained from N and C edited NOESY spectra and residual
dipolar couplings measured in polyakrylamide gel. Com-
parison of the calculated structure and the structure of the
wild-type proteins shows that the mutation altered angles
between protein helices. In contrast to wild-type proteins,
mutated isoleucines 41 and 78 are oriented inside the pro-
tein core where they may interact with a myristic acid
which is linked to the N-terminus. This finding supports a
hypothesis that the phenotypic change of the mutant is
caused by enhanced interaction of the myristic acid with
the protein core, which prevents association of immature
viral particles with the cytoplasmatic membrane.

HIGH-COVERAGE PROTEOMIC IDENTIFICATION OF POST-TRANSLATIONALLY
MODIFIED PROTEINS

Helena Rehulkova, Josef Chmelik, Jitka Zidkova, Pavel Rehulka, Janette Bobalova

Research Centre for Study of Extract Compounds of Barley and Hop Institute of Analytical Chemistry, Acad-
emy of Sciences of the Czech Republic, Vevefi 97, 602 00 Brno, Czech Republic
rehulkova@iach.cz

Proteomics is systematic analysis of proteins for their iden-
tity, quantity and function. It is a very important tool for
study of life processes in cells, tissues or organisms. In con-
trast to a cell’s static genome, the proteome is both complex
and dynamic. Proteome analysis is most commonly accom-
plished by the combination of a proper separation tech-
nique, mass spectrometry and bioinformatics.

Both top-down (combining protein separation with MS
analysis of intact proteins) and bottom-up (MS analysis of
digested proteins) proteomic approaches were used for a
detailed characterization of various proteins with the aim to

obtain the high-coverage of the primary structure including
post-translational modifications. The influence of different
proteomic protocols (differing in separation technique, en-
zyme and digestion procedure) on the extent of coverage of
protein primary structure was studied. The most successful
protocols were in-gel digestion of the alkylated protein
with trypsin and in-solution digestions of the nonalkylated
protein with trypsin or trypsin/chymotrypsin mixture.

The authors thank the project “Research Centre for Study
of Extract Compounds of Barley and Hop “ No. IM0570 for

financial support.
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EXPRESSION, MITOCHONDRIAL LOCALISATION AND ISOLATION OF HUMAN CELL
INDUCED DEATH EFFECTOR - A (CIDEA)

J. Santorova , K. Janouchova and P. Jezek

Dept.756 Membrane Transport Biophysics, Institute of Physiology, Prague, Czech Republic.
E-mail: santor@biomed.cas.cz; janouchova@biomed.cas.cz

CIDEa, CIDED proteins are related to both N terminals of
the heterodimeric DNA fragmentation factor DFF, consist-
ing of the 40-kDa caspase-3-activated nuclease (DFF40 or
CAD), & its 45-kDa inhibitor (DFF45 or ICAD) [1]. The
DFF45&DFF40 complex is cleaved by caspase-3 and re-
leased nuclease then causes apoptotic DNA fragmentation.
CIDE-induced apoptosis is not sensitive to caspase inhibi-
tors but is inhibited by DFF45. The N-domain of CIDEa
binds to the homologous domain on DFF45 opposing its in-
hibitory effect on DFF40. However, mitochondrial local-
ization and CIDEb(a) dimerization is likely required for
induction of apoptosis [2].

In this work we have confirmed mitochondrial localiza-
tion of recombinant human CIDEa in W303 and JB516
yeast strains of S. cerevisiae and of human CIDEa or
CIDEa-fused with a red fluorescent protein (RFP-CIDEa)
in selected culture cells, such as embryonic kidney 293T
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cells, hepatocellular carcinoma HEPG2 cells, and
insulinoma INS1-E cells. The CIDEa import into the inner
membrane was proven by immunodetection of fractionated
mitochondria and its identity was verified by Western blot-
ting and by MALDI-TOF-assisted peptide mapping of the
trypsinized samples of isolated yeast mitochondria.
RFP-CIDExa transfected to cultured cells was co-localized
with mitotrackers and with mitochondrially-targeted green
fluorescent protein. Further we transformed Rosetta Com-
petent cells with His-tag CIDEa and isolated protein on Ni
—NTA agarose column. Pure protein was used for reconsti-
tution and protein-protein interaction studies.

1. Inohara, N., Koseki, T., Chen, S., Wu, X., and Nunez, G.
(1998) EMBO J. 17, 2526-2533.

2. Chen, Z., Guo, K., Toh, S.Y., Zhou, Z., and Li P. (2000) J.
Biol. Chem. 275, 22619-22622.

OPTICAL SPECTROSCOPIC STUDIES OF L-ALANYL-L-ALANINE
J. Sebek'?, B. Gyurcsik®, J. Kapitan?, J. Sebestik® and P. Bouf?

TInstitute of Chemical Technology, Technicka 5, 166 28 Praha
?Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic,
Flemingovo nam. 2, 166 10, Praha
3University of Szeged, P.O.Box 440, H-6701 Szeged, Hungary

Many spectroscopic methods used in analyses of
biomolecules make use of their chirality. For example, the
electronic circular dichroism (ECD) spectroscopy and
Raman optical activity (ROA) are often used for structural
and dynamical studies of peptides and proteins. The inter-
pretation of the spectra is based on ab initio computations,
which cannot be applied directly for bigger molecules.
Therefore, we study the role of geometry fluctuations and
the polar solvent (water) in formation of the spectral shapes
of usual peptide structures on a simple model dipeptide —
L-Alanyl-L-Alanine (Ala-Ala). The solvent is modeled ex-
plicitly as well as by a polarizable continuum dielectric
model (PCM).

Both ECD and ROA spectra of Ala-Ala dipeptide in all
the three ionic forms were simulated using combined quan-

tum mechanics and molecular mechanics (QM/MM) pro-
cedures. Cluster geometries were obtained from MD
simulations (TINKER software, AMBER forcefield).

In the case of ECD, calculated spectral frequencies and
intensities reasonably well correspond to the experiment,
but only when the explicit solvent is used. Also the amide
geometry dispersion has to be included for faithful model-
ing. Preliminary ROA simulations indicate that the Raman
spectroscopy probes the peptide structure more locally,
while the ECD spectra are more sensitive to the solvent.

1. Kapitan, J.; Baumruk, V.; Kopecky, V.; Bout, P., J. Phys.
Chem. A4 2006, 110, 4689-4696.
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CONFORMATIONAL CHANGES OF FoxO4-DNA BINDING DOMAIN UPON BINDING
TO 14-3-3 PROTEIN
J. Silhan'?, E. Boufa'?, T. Obsil'?

"Department of Physical and Macromolecular Chemistry, Faculty of Science, Charles University;
12843 Prague, Czech Republic
%Institute of Physiology, Academy of Sciences of the Czech Republic; 14220 Prague, Czech Republic

14-3-3 proteins are abundant regulatory molecules ex-
pressed among all eukaryotes. Their function is repre-
sented by protien-protein interactions and thus regulation
of the function of the binding partners. Seven isoforms of
14-3-3 proteins have been found in human and over 200
target proteins is currently known to interact with some of
these isoforms (e.g. Cdk2, p21°™!, p275P*!, p53, MDM2,
BAD, A20, TERT, ExoS, Raf-1) [1,2]. 14-3-3 proteins
preferentially bind the conserved motif RXY/FXpSXP in
phosphorylation dependent manner [5]. Phosphorylation-
independent binding has been observed to be important in
several cellular processes [3]. Versatile 14-3-3 proteins ac-
tion is involved in cell signaling events, enzymatic or bind-
ing activity of bound ligands and localization within the
cell. Despite a large number of the X-ray structures of
14-3-3 proteins and their shorted ligands the exact mecha-
nisms of 14-3-3 action remains unclear. It seems to have
distinct ways of action such as hindrance of binding site for
other component of the cell followed by e.g. sequestration,
inhibition of phosphorylation or degradation [4]. On the
other hand 14-3-3 binding of the ligand causes significant
conformation changes that leads to altered function of the
ligand. 14-3-3 proteins are preferentially homodimeric and
thus contain two binding. It is thought that rigid character
of 14-3-3 protein’s structure may facilitate conformation
change and was proposed that 14-3-3 proteins act like mo-
lecular anvil when bind ligand by both binding sites. The
molecular anvil theory says that by the binding of two sites
of ligand by one molecule of 14-3-3 may induce greater
changes of the ligand structure and modify its function (e.g.
enzymatic or binding affinity) [4].

Protein FoxO4 (Afx) is member of the family of
forkhead transcription factors regulating life span and
apoptosis. DNA binding domain (DBD) is responsible for
interaction between FoxO4 and DNA. PKB-induced
phosphorylation of FoxO4 at threonine and serine residues
(28T, 198S) generates two 14-3-3 protein binding sites.
14-3-3/Fox0O4 protein complex is subsequently exported
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from the nucleus via 14-3-3 hindrance of the nuclear local-
ization sequence (NLS) [6]. It is also known than
phosphorylation and further 14-3-3 binding to FoxO4 dis-
rupt FoxO4/DNA complex [7].

To illustrate the molecular anvil theory of 14-3-3 pro-
teins we have investigated conformational changes of
Fox04-DBD caused by 14-3-3 protein binding to one or
both binding sites. We have constructed mutants of 14-3-3
protein without any tryptofan residue and mutants of
FoxO4 containing two tryptofan residues within the DBD.
Fluorescence anisotropy decays of single and double
phosphorylated FoxO4 mutants complexed with 14-3-3
protein were measured to reveal differences of mobility
DBD.

1. G. Tzivion, V. S. Gupta, L. Kaplun, V. Balan, Semin Can-
cer Biol. 16 (2006) 203-13.

2. H. Hermeking, A. Benzinger, Semin Cancer Biol. 16
(2006) 183-92.

3. P.Mhawech, Cell Research, 15 (2005) 228-236.

4. D. Bridgesland G. B. G. Moorhead,, Sci STKE. (2005)
296:rel0.

5. M. B. Yaffe, FEBS Lett. (2002) 513.

6. V. Obsilova, J. Vecer, P. Herman, A. Pabianova, M. Sulc,
J. Teisinger, E. Boura, T. Obsil, Biochemistry, 44 (2005)
11608-11617.

7. T. Obsil, R. Ghirlando, D.E. Anderson, A.B. Hickman, F.
Dyda, Biochemistry, 42 (2003) 15264-15272.

This work was funded by Grant 204/06/0565 of the Grant
Agency of the Czech Republic, by Grant KJB500110601 of
the Grant Agency of the Academy of Sciences of the Czech

Republic, by Research Project MSM0021620835 and Cen-

tre of Neurosciences LC554 of the Ministry of Education,

Youth, and Sports of the Czech Republic, and by Research

Project AV0Z50110509 of the Academy of Sciences of the

Czech Republic.
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MODELLING CONFORMATIONAL CHANGES USING METADYNAMICS IN
ESSENTIAL COORDINATES

V. Spiwok, P. Lipovova, B. Kralova

Department of Biochemistry and Microbiology, Institute of Chemical Technology Prague, Technicka 3,
Prague 6, 166 28, Czech Republic, spiwokv@vscht.cz

Accurate modelling of conformational changes in bio-
macromolecules is fundamental for understanding the role
of protein motions in catalysis, allosteric effect, induced fit,
molecular motors, folding, unfolding, misfolding and
many other processes. However, conformational motions
are often not accessible by means of standard molecular
dynamics simulation because of time-consuming nature of
this method. Moreover, standard molecular dynamics sim-
ulation does not provide any quantitative information
about free energy changes. The recently introduced method
of metadynamics [1] makes possible to explore a free en-
ergy surface of a molecular system in the space of collec-
tive variables. These collective variables are parameters
that determine the progress along the modelled
conformational (or other chemical) change. Parameters
such as distances between two atoms or dihedral angles are
often used as collective variables. The choice of these col-
lective variables is usually intuitive and a matter of experi-
ence. In modelling conformational changes it is often
difficult to find suitable collective variables. Here we pres-
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ent metadynamics in space of essential coordinates ob-
tained by essential dynamics analysis [2] of molecular
dynamics trajectory. Essential dynamics (principle compo-
nent analysis) allows tracing major collective motions in
the dynamics of a bio-macromolecule. The results of
metadynamics in space of essential coordinates applied to
the model molecule (alanine dipeptide, Ace-Ala-Nme) are
presented. These results demonstrate that a combination of
these two methods (essential dynamics and metadynamics)
has great potential in modelling of conformational
changes.

1. A. Laio, M. Parrinello, Proc. Natl. Acad. Sci. U.S.A. 99,
(2002), 12562.

2. A. Amadei, A. B. Linssen, H. J. Berendsen, Proteins. 17,
(1993), 412.

This work was supported by the Academy of Sciences of the
Czech Republic (GAAV KJB 500500512) and the Ministry
of Education, Youth and Sports (MSM 6046137305).

CRYSTALLIZATION STUDY OF THREE MUTANT HALOALKANE DEHALOGENASES
DERIVED FROM DEHALOGENASE DHAA OF Rhodococcus rhodochrous NCIMB
13064

Alena Stsiapanava', Taina Koudelakova®, Lucie Grodecka® Jifi Damborsky®, and
Ivana Kuta Smatanova'?

'Institute of Physical Biology University of South Bohemia Ceske Budejovice, Zamek 136, 373 33 Nove
Hrady, Czech Republic
?Institute of Systems Biology and Ecology Academy of Science of the Czech Republic, Zamek 136, 373 33
Nove Hrady, Czech Republic
31 oschmidt Labs., Faculty of Science, Masaryk University, Kamenice 5/A4, 62500 Brno, Czech Republic

Haloalkane dehalogenases (EC 3.8.1.5) are enzymes that
belong to the o/B-hydrolase fold family. These microbial
enzymes catalyze hydrolytic conversion of halogenated
hydrocarbons to corresponding alcohols [1]. Dehalo-
genation is a key step in aerobic mineralization pathways
of many halogenated compounds that occur as environ-
mental pollutants [2]. Haloalkane dehalogenases are poten-
tially important biocatalysts with both industrial and
bioremediation applications that could be used for indus-
trial biocatalysis or as active compounds of biosensors, re-
spectively [3, 4].

Wild-type DhaA was isolated from bacterium
Rhodococcus rhodochrous NCIMB 13064 [5]. Derived
mutant enzymes DhaA04, DhaA14 and DhaA15 were con-

structed to reveal importance of product transporting path-
ways (tunnels) in DhaA for its enzymatic activity. Our pro-
ject is aimed to produce crystals of haloalkane dehalo-
genases DhaA04, DhaA14 and DhaAl5 purified mutants
(Fig. 1) in efficient quality for diffraction experiments and
finally compare results with known structure of wild-type
DhaA [3].

Standard vapor diffusion technique has been used for
searching and optimization of crystallization conditions.
Crystallization experiments have been performed in
Hampton Research Linbro and Cryschem plates (Hampton
Research, CA, USA) as well as in Emerald BioStructures
CombiClover Crystallization Plate (EBS plate, Emerald
BioStructures, WA, USA) using commercial crystalliza-
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Fig. 1 SDS-PAGE of the Dehalogenases
Lane 1: Marker:
Lane 2: DhaA04
Lane 3: DhaAl4
Lane 4: DhaAl3

tion kits as Crystal Screen Lite and Crystal Screen of
Hampton Research, and Clear Strategy Screen 1 of Molec-
ular Dimensions Limited (MDL, Suffolk, UK). The first
microcrystals of DhaA 15 were obtained from PCT, reagent
B2 of Hampton Research (Fig. 2).

Crystallization experiments with all enzymes are in the
progress.

This work is supported by the Ministry of Education of the
Czech Republic (MSM6007665808 and LC06010) and by
the Academy of Sciences of the Czech Republic (AVOZ608
70520).
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Peter Terpstra: Bacterial degradation of xenobiotic com-
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ties. Environmental Microbiology, 7, 2005, 1868-1882.
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Fig. 2 Crystals of DhaAl3
(70x 5x 5 um)
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Kulakov: The plasmid-located haloalkane dehalogenase
gene from Rhodococcus rhodochrous NCIMB 13064. Mi-
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PHYSICAL AND MATHEMATICAL CHALLENGES IN MOLECULAR AND CELL
BIOLOGY — USERS POINT OF VIEW

D. Stys %3, §. Papacek’

'Institute of Physical Biology, University of South Bohemia
?Institute of Systems Biology and Ecology CAS, Zamek 136, 373 33 Nové Hrady, Czech Republic
3Institute of Microbiology CAS, 379 81 Trebori, Czech Republic
stys@jcu.cz

In the paper will be discussed the origins of physical differ-
ences between the test-tube biochemistry and “living cell
as test tube” and the subsequent necessities of new kind of
mathematics [1]. It will be discussed:

(1) Ratchets in protein-based systems (namely informa-
tion ratchets) [2, 3], the principle that allows the protein to
act as Maxwell’s demon. Machines based on this principle,
seemingly being the perpetuum mobile of second kind, are
widespread in the world of proteins.

(2) Stochastic resonance, the non-trivial principle that
may lead to synchronised switching of noisy systems in-
voked only by low level trigger signal [3, 4] and acting gen-
erally as one of the switching mechanism of Brownian
motors.

(3) The role of intracellular noise in systems of low
number of particles that leads to the differences in reaction
rates and courses [5] and may cause the bifurcations, oscil-
lations and other types of complex behaviour [6], i.e. the
cases not predicted by classical chemical kinetics or
Langevin equation [7].

(4) Macromolecular crowding caused by high concen-
trations of large molecules in the cell (5-30% volume occu-
pancy). This principle, exemplified by two extreme cases
of crowding (influence of macromolecules) and confine-
ment (trapping of large particles in small compartments)
[8], leads to large deviation from ideal behaviour in pro-
tein-protein reactions and may be the leading principle in
chaperone function [9].

(5) Effects of nanoscales, referred in protein word as
non-equilibrium thermodynamics of small systems [10,
11]. At these scales the state of the system is not described
by quantities such as temperature, pressure or chemical po-
tential, therefore we have to define the so-called control pa-
rameters [12]. In effects, we may observe work
fluctuations, transient violations of the second law of ther-
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modynamics and free-energy recovery which are the ele-
ments leading to miraculous efficiency of proteins as
molecular nanomachines.

Popular reviews summarizing the above mentioned
principles may be found in [13, 14, 15 and 16].

We set aside the questions of modularity, evolution and
population dynamics although they are not fully separable
from questions discussed in this paper. Interested learners
are invited to courses of Physical Biology organized annu-
ally as a part of the lifelong education by the Institute of
Physical Biology, University of South Bohemia.
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GENE SYNTENIES CONSERVED ON VERY LARGE GENETIC DISTANCES

P. Divina, J. Paces, and Z. Trachtulec

Center for Applied Genomics, Institute of Molecular Genetics Academy of Sciences of the Czech Republic,
Videnska 1083, 142 20 Prague, Czech Republic
trachtul@biomed.cas.cz

Conserved synteny genes are homologous genes that map
to the same chromosome in two or more genomes. We set
up to characterize the syntenies conserved on very large ge-
netic distances (billions of years). We used orthologous
sets of genes from human, fruit fly Drosophila melano-
gaster, worm C. elegans and yeast S. cerevisiae and com-
puted conserved syntenies for all pairs of organisms. As
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controls, we generated random genomes and counted con-
served syntenies in the same way as for the real sets. We
then identified combinations of chromosomes enriched for
and depleted of conserved syntenies.

This work was supported by a grant No. 301/05/0738 from
the Grant Agency of the Czech Republic.

AUTOMATIC ANALYSIS OF NOSTOC SP. GROWTH

Jan Urban', Jan Vanék'? Dalibor Stys'?

'Institute of Physical Biology, University of South Bohemia, Nove Hrady
2Department of Cybernetics, University of West Bohemia, Nove Hrady
%Institute of Microbiology, ASCR, Trebon

Objectives: Metabolomics is the systematic study of the
unique chemical fingerprints that specific cellular pro-
cesses leave behind. Specifically, the study of their small-
molecule metabolite profiles. The small-molecule profiles
can be monitored by high-sensitive chemical analysing ma-
chines. But the amount of collected data is huge and hard to
analyse by human sense.

Methods: High-Performance Liguid Chromatography
followed by Mass spectrometry was used as a measuring
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tool. In Matlab and C++ enviroment automatic analysing
tools for metabolomic measurements were developed.
Random and Systematic noise filters are presented. A peak
detector based on certainty factor evaluation is introduced
as well. Metabolomic content of measuremt set can be
comparised

Conclusion: Metabolite history of 11-day growth of
cyanobacteria Nostoc sp. was automatically extracted from
measurements and a dendrogram was evaluated.

CO-CRYSTALLIZATION OF WrbA PROTEIN WITH ITS FLAVIN COFACTOR LEADS
TO 3D-STRUCTURE DETERMINATION

J. Wolfova'? J. Brynda™ and I. Kuta Smatanova'?

'Institute of Physical Biology, University of South Bohemia Ceské Budéjovice, Zamek 136,
CZ-373 33 Nové Hrady, Czech Republic
?Institute of Systems Biology and Ecology, Academy of Science of the Czech Republic, Zéamek
136,CZ-373 33 Nové Hrady, Czech Republic
3Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, Flemingovo nam. 2, CZ-16637
Prague 6, Czech Republic, julinka.w@tiscali.cz

The WrbA protein from Escherichia coli belongs to a new
family of multimeric flavoproteins [1,2], that contain flavin
mononucleotide (FMN) as a physiological cofactor. The
proper function of WrbA had been unknown until recently.
According to the latest observations the E. coli WrbA and
its homologues exhibit the NAD(P)H:quinone oxido-
reductase activity, which is proposed to be implicated in
protection mechanisms against oxidative stress [3]. Deter-
mination of crystal structure of the E. coli WrbA is aimed at

proper characterization of the new protein family with re-
spect to its recently revealed oxidoreductase activity.
Recombinant WrbA protein was expressed in E. coli
CY15071(ADE3) cells and purified as described previ-
ously [2]. Due to the loss of FMN cofactor during purifica-
tion, the WrbA apoprotein was crystallized first. Single
crystals for diffraction analysis were obtained after optimi-
zation of crystallization by using additives (Cd-chloride
and Li-citrate) [4], but due to inconvenient diffraction pa-
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rameters the structure couldn’t be solved. Crystallizability
of the WrbA protein improved significantly after binding
of its cofactor, FMN. Yellow, well-formed crystals of
WrbA protein in complex with its flavin cofactor were ob-
tained even from several crystallization conditions. Yield-
ing of diffraction-quality WrbA holoprotein crystals
without additional optimzation steps shows the positive in-
fluence of FMN cofactor on crystallization of WrbA pro-
tein. This effect reflects FMN as a potential stabilizer of the
protein structure. In correspondence to this finding, FMN
binding was shown to stabilize WrbA protein providing it
with increased resistance against proteolytic digestion
(data not shown) and thermal denaturation [5]. Data col-
lected for the WrbA holoprotein crystals by using synchro-
tron radiation were used for 3D-structure determination.
The structure of WrbA in complex with FMN was refined
to2 A.
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This work is supported by the Ministry of Education of the
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Czech Republic (AV0Z60870520). We are grateful to the
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LIPID TRANSFER PROTEINS OF BARLEY
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'Institute of Analytical Chemistry of the Academy of Sciences of the Czech Republic, Vevefi 97, 60200 Brno,
Czech Republic
’Masaryk University, Faculty of Science, NCBR, Kotlafska 2, 61137 Brno, Czech Republic

Nonspecific lipid transfer protein 1 (LTP1) was isolated
from barley seeds and malt. MALDI-TOF mass spectrome-
try in combination with in-solution tryptic digestion re-
vealed that Asp 7 of LTP1 was modified by cis-14-
hydroxy-10,13-dioxo-7-heptadecenoic ester in both sam-
ples. However, no modification was observed when the
protein was digested by the standard proteomic protocol
using SDS-PAGE. It was found that the ester was hydro-
lyzed by the harsh conditions of protein denaturation. In
addition to the lipid modification, glycations of the protein
were identified in the intact LTP1 samples.

A large-scale purification protocol was optimized for
isolation of LTP1 from barley flour, yielding approxi-
mately 20 mg of pure LTP1. The sample was studied by

proton NMR spectroscopy at 600 MHz. In addition to
NOESY and TOCSY spectra recorded at 310 K, a series of
NOESY spectra was measured up to 350 K. Inspection of
the spectra showed that the protein was not denatured in the
temperature range tested. The obtained spectra differed
from the results reported for the non-modified LTP1 in lit-
erature. Assignment of the resonance frequencies is in
progress.

Nonspecific lipid transfer protein 2 (LTP2) was identi-
fied in barley by MALDI-TOF/TOF MS-MS. No modifi-
cation was observed. Therefore, a synthetic gene was
obtained, in order to clone it into a overexpression vector.
This approach should provide an access to large quantities
of isotope-labeled LTP1 for NMR studies.
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THE LENGTH OF ESTERIFYING ALCOHOL DETERMINES THE AGGREGATION
PROPERTIES OF CHLOROSOMAL BACTERIOCHLOROPHYLLS

Anita Zupéanova'?, Juan B. Arellano®, Jakub P$enéik®* and FrantiSek Vacha'?

'Institute of Plant Molecular Biology, Academy of Sciences of the Czech Republic, Branisovska 31,
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Chlorosomes, the main light harvesting complexes of
green photosynthetic bacteria, contain bacteriochlorophyll
(BChl) molecules in the form of self-assembling aggre-
gates. To study the role of esterifying alcohols in BChl ag-
gregation we have prepared a series of bacterio-
chlorophyllide ¢ (BChlide ¢) derivatives differing in the
length of the esterifying alcohol (C1, C4, C8 and C12).
Their aggregation behaviour was studied both in polar
(aqueous buffer) and non-polar (hexane) environments and
the esterifying alcohols were found to play an essential
role. In aqueous buffer, hydrophobic interactions among
esterifying alcohols drive BChlide ¢ derivatives with lon-
ger chains into the formation of dimers, while this interac-
tion is weak for BChlides with shorter esterifying alcohols

and they remain mainly as monomers. All studied BChlide
¢ derivatives form aggregates in hexane, but the process
slows down with longer esterifying alcohol due to compet-
ing hydrophobic interactions with hexane molecules. In ad-
dition, the effect of the length of the solvent molecules
(n-alkanes) was explored for BChl ¢ aggregation. With an
increasing length of n-alkane molecule, the hydrophobic
interaction with the farnesyl chain becomes stronger, lead-
ing to a slower aggregation rate. The results show that the
hydrophobic interaction is the driving force for the aggre-
gation in aqueous environment, while in non-polar solvents
it is the hydrophilic interaction. The data also suggest that
BChl dimers are the building blocks of BChl ¢ aggregates.
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