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STRUCTURAL CHARACTERIZATION OF PHOSPHATIDYLINOSITOL
4-PHOSPHATE lla

Adriana Baumlova, Evzen Boura, Dominika Chalupska

Institute of Organic Chemistry and Biochemistry AS CR, Flemingovo nam. 2, 166 10 Praha 6

Phosphoinositides are essential regulators of fundamental
cellular processes. Phosphatidylinositol 4-kinases (PI14K)
initiate the canonical phosphoinositide biosynthetic path-
way by phosphorylating D-4 hydroxyl of the inositol head
group. Two types of human PI4K, designated as type Ila
and III, are distinguished. The biological role of PI4K type
IIa is diverse. PI4K Ila generates PtdIns4P pools and thus
modulates biological membrane composition, membrane
trafficking, endocytosis or signal transduction. Moreover,
PI4K Il is involved in Wnt signaling that regulates em-
bryonic and bone development, tumorigenesis, neuro-
genesis and lipid and glucose metabolism. PI4K Ila also
represents the important regulatory molecule of lysosomal
-glucocerebrosidase delivery. Depletion of PI4K Ila re-
sults in Gaucher disease, lysosomal storage disorder
caused by a defect in the degradation of glucosylceramide.
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Significant biological relevance of PI4K Ila, its insuffi-
cient structural characterization and the fact that PI4K Ila
doesn’t share sequence homology with any other crystal-
lized kinase lead us to its structural characterization. In or-
der to increase the solubility of PI4K Ila., the sequence of
T4 lysozyme was fused within this protein. It’s quite com-
mon method used for membrane protein crystallization.
PI4K Ila with T4 lysozyme was expressed in Escherichia
coli and purified using affinity chromatography and size
exclusion chromatography. Obtained protein with high pu-
rity was used for crystallization trials. P14 Ila crystallized
in orthorhomboic space group P 2,22, (a = 79.55 A, b =
78.71 A, c=104.75 A, a.= B =7=90°). Native crystals dif-
fracted to resolution 2.8 A. The phase problem was solved
by MR SAD using SeMet crystals and the T4 lysozyme as a
search model.

HYDRATION OF AMINO ACID RESIDUES IN PROTEINS:
WHAT CAN WE LEARN FROM DATA MINING?

Lada Biedermannova, Bohdan Schneider

Laboratory of Biomolecular Recognition, Institute of Biotechnology, Academy of Sciences of
the Czech Republic, v. v. i., Prague, Czech Republic

In structural biology, water has been for a long time consid-
ered a passive medium. Nevertheless, its complexity and
importance for biological interactions has gradually been
recognized in recent years. It is now accepted that water is a
key determinant of protein structure, dynamics and func-
tion, and that water-protein interaction governs various
processes, including protein folding, enzymatic catalysis,
and molecular recognition. Water does not simply fill up
the available space around proteins, but occupies specific
sites and forms localized clusters, determined by its hydro-
gen bonding capabilities. Distribution of water around pro-
teins was analyzed in several early studies of protein
crystal structure, which revealed its preference for Glu,
Asp and Arg side-chains and main-chain carbonyl group
[1]. However, due to limited number of high resolution
structures, hydration patterns could be investigated for
only a few amino acids, such as serine and threonine, in
these early studies. We therefore decided to make use of the
immense growth of the Protein Data Bank (PDB) [2] in the
recent years and perform a detailed analysis of hydration

patterns for all 20 standard amino acids using high-resolu-
tion protein crystal structures.

We used a set of 3845 PDB entries with resolution
better than 1.8 A, maximum R-factor value of 0.22 and mu-
tual sequence identity of the chains of 50% or less. We
checked the quality of all structures with Molprobity pro-
gram and generated all the crystalograpic neighbours of the
unit cell. The contacts of each amino acid residue with wa-
ters within 3.6 A were then detected. Residue conforma-
tions were clustered separately in each class defined by
residue type, secondary structure (alpha helix/beta sheet)
and chil rotameric state (g+/g-/t) using the quality thresh-
old algorithm. The clusters of residues with the associated
water molecules were then subjected to the method of den-
sity representation [3] in order to identify the most pre-
ferred location of water molecules. Briefly, a fourier
transform technique was used to calculate structure factors
from atom positions, and to convert them to electron densi-
ties. Water peaks were then detected and water positions,
occpancies and B-factor refined using standard crystallo-
graphic procedures.
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The result of our study is a detailed atlas of protein
hydration, containig the most populated positions of waters
around each residue type in various backbone and side
chain conformational states. The analysis of high resolu-
tion crystallographic structures of proteins from the PDB
database thus revealed the spatial distribution of the water
molecules in the first hydration layer of proteins and to
some extent also their dynamic properties, which can be es-
timated from their B-factors, a measure of atom’s vibra-
tions. The hydrated amino acid rotamers obtainded from
our study can be used in many areas of structural biology,
from molecular replacement and crystalographic refine-
ment, to the improvement of accuracy of ab initio protein
structure prediction methods.
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This work was supported by grant from BIOCEV — Bio-
technology and Biomedicine Centre of Academy of Sci-
ences and Charles University in Vestec, project supported
from European Regional Development Fund.
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CALMODULIN AND S100A1 PROTEIN INTERACT WITH THE INTRACELLULAR
TERMINI OF THE TRPM4 CHANNEL

Kristyna Bousova', Michaela Jirku', Ladislav Bumba?, Jiri Vondrasek®, Jan Teisinger’

'Institute of Physiology, Academy of Sciences of the Czech Republic
?Institute of Microbiology, Academy of Sciences of the Czech Republic
3Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech republic

TRPM4 belongs to the large family TRP channels, a group
of non-selective cation permeable channels. This channel
participates in processes ongoing in neurons, cardio-
myocytes, T-cells, etc.. It has been proven link between de-
fects of TRPM4 receptor and progressive familial heart
block type 1B. TRP channels consist of six transmembrane
helices and a pore-forming loop between S5 and S6, with
different lengths of intracellular amino and carboxy ter-
mini. [1, 2] It has been shown that TRPM4 activity could be
modulated by intracellular calcium binding proteins
calmodulin (CaM) and S100A1. [3]

In this study, one CaM/S100A1 binding site was local-
ized in TRPM4 N-terminal region (NT) Ssg3-Ages. Another
CaM/S100A1 binding site was determined in C—terminus
domain (CT) V0s50-S1114. The results from the previous ex-
periments suggest that CaM and S100A1 could bind to the
same or overlapping binding site. [3] Fusion proteins of the
corresponding lengths were expressed in E.coli and puri-
fied by affinity and gel permeation chromatography. Se-
quences of the proteins were verified by Mass

Spectrometry. To characterize CaM/S100A1 binding site
on intracellular termini regions of the TRPM4 surface
plasmon resonance measurements were used. Potential
changes in secondary structure TRPM4/CaM complex
were checked by the circular dichroism. De Novo molecu-
lar models of TRPM4 termini combined with ligand dock-
ing by CaM provides a structural insight into the
TRPM4/CaM binding. Several positively charged residues
were identified to be responsible for binding of CaM and
S100A1 within the mentioned domains. The binding of
both domains to CaM and S100A1 respectively is Ca*"
dependent.

This project was supported by Grants GACR 301/10/1159,
GACR 207/11/0717 and GAUK 842313.

1. Krause M., etal., J. Clin. Invest., 119 (2009), 2737-2744.
2. Nilius B,, et al., J. Biol. Chem., 278 (2003), 30813-20.

3. Holakovska B., et al., J. Biol. Chem., 287 (2012),
16645-55.
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SYNTHESIS AND SPECTROSCOPY OF DERIVATIVES OF THE FLUORESCENT
PROTEIN CHROMOPHORE

Jifi Bufka, Jaroslav Sebestik, and Petr Bour

Institute of Organic Chemistry and Biochemistry, Academy of Sciences Flemingovo nam. 2, 16610 Prague 6

The fluorescent protein is a valuable tool in biological im-
aging techniques. We synthesized several derivatives of
the green fluorescent protein chromophore, in order to un-
derstand spectroscopic properties of this interesting struc-
tural label. They were characterized by 'H NMR, MCD and
Raman spectroscopies. The spectral properties will be used
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to obtain information on the geometry and the electronic
structure. Understanding the spectroscopic and chemical
properties and the chemical modification of the chromo-
phore can lead to better labels, e.g. which would be more
stable or not easily eliminated by the organism.

CRUCIAL ROLE OF SPOIIE DURING BACILLUS SUBTILIS CELL DIFFERENTIATION

Z. Chromikova, K. Muchova, I. Barak

Institute of molecular biology, Slovak academy of sciences, Dubravska cesta 21, 845 51 Bratislava 45,
Slovakia

One of the characteristics of sporulation process in B.
subtilis is asymmetric division of the cell, which leads to
formation of two unequally sized compartments. Despite
the fact that they contain the same genetic information,
these compartments follow separate fates, due to dissimilar
gene expression driven by compartment-specific sigma
factors. While the smaller compartment, the prespore de-
velops into heat-resistant spore, the bigger compartment,
the mother cell nourishes the smaller prespore and finally
lyses.

Proper positioning of the asymmetric septum is cru-
cial for the process of sporulation. It is partially triggered
by sporulation specific protein, SpollE, an exclusive com-
ponent of the sporulation septum. SpollE closely cooper-
ates with tubuline-like protein FtsZ. FtsZ forms higher
organized structures, so called Z-rings, which constitute a
scaffold for assembly of division machinery. During
sporulation, FtsZ forms helical structures emanating from
midcell Z ring towards cell poles. SpollE, which also forms
ring-like structures, most likely stabilizes FtsZ helices at
polar positions, thus polar Z-rings are formed [1].

SpollIE is 827-residue protein, which is thought to
consist of three domains. Its N-terminal domain, which
contains ten transmembrane helices, anchors the protein
into the sporulation septum [2, 3]. The central domain of
SpollE is conserved only among SpollE orthologues. This
domain is thought to be the regulation domain of the pro-
tein. Central domain is considered to be involved in
dimerization of SpollE and it is also responsible for inter-
action of the protein with FtsZ [4]. SpollE C-terminal do-
main is closely related to PP2C domains of eukaryotic
Ser/Thr phosphatases, which regulate the stress response
[5]. This domain is responsible for activation of the first
compartment-specific sigma factor, c', in the prespore.
Activity of 6" is regulated by the means of interactions be-

tween an anti- sigma factor SpollAB and an anti-anti-
sigma factor SpolIAA and SpollE phosphatase, resident in
the sporulation septum. In the predivisional cell and in the
mother cell, 6" is held inactive, in the complex with two
molecules of SpollAB. In the presence of dephospho-
rylated SpollAA, SpollAA -SpollAB complex is prefera-
bly formed thus " is released and active. Since SpolIAA is
phosphorylated by SpolIAB kinase and released from this
complex, SpollE phosphatase activity is critical to main-
tain the level of dephosphorylated SpollAA molecules in
the prespore to keep o' active, and able to promote
prespore-specific gene expression [8,9]. The structures of
the SpollA proteins, respectively their domains, have been
determined, revealing the phosphorylated and
dephosphorylated forms of SpollAA [14,15], as well as the
interactions of SpollAB with c' and SpollAA [9,16]. Pre-
viously, using a random truncation library approach [17], a
set of soluble SpollE fragments was identified. Out of
these fragments, SpollE fragment (590-827) encompass-
ing the PP2C phoshatase domain was over-expressed,
characterized, and its crystal structure was determined
[18].

Multidomain composition of the protein allows its
multiple roles during the process of sporulation. The key
regulator SpollE has at least three major roles in the pro-
cess of sporulation. The first role of SpollE is to stabilize
FtsZ spiral intermediates at polar positions and co-localize
with FtsZ in the forming sporulation septum. The second
role of SpollE lies in its contribution to prespore-specific
" activation, which is an event linked to the completion of
sporulation septum. Consequent compartment specific
gene expression is arranged by the activity of cell-type spe-
cific o factors, which sequentially activate each other in a
cascade-like manner [6]. Dynamic localization studies us-
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ing SpolIE-GFP fusions have shown that after completion
of sporulation septum, SpolIE is released from the septum
and transiently localizes to all membranes in the forespore
compartment. However, after engulfment is initiated,
SpollE relocalizes to the septal site of the membrane, indi-
cating possible role of SpollE in the later stages of
sporulation. It was also shown that SpolIE relocalization to
the engulfing septum is dependent on SpollQ, the protein
which is a part of the channel, connecting prespore and
mother cell compartments. Moreover, immunoprecipi-
tation experiments brought the evidence that SpollE and
SpollQ reside in a membrane complex together [7].

Although three roles of SpollE are described, not all
mechanisms of its actions are fully understood. Moreover,
SpollE assignment in the stage of engulfment is very little
understood. To answer these issues, we gather further in-
formation by screening interactions between SpollE and
proteins taking part in cell division and engulfment by bac-
terial two hybrid system.

This work was supported by Grant 2/0009/13 from the Slo-
vak Academy of Sciences and by a Grant from the Slovak
Research and Development Agency under contract
APVV-00335-10.
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MOLECULAR DYNAMICS CALCULATIONS OF CY3 AND CY5 CYANINE DYES
TERMINALLY ATTACHED TO DNA

Zdenék Chval', Ingrid Romancova,? Ondrej Kroutil," Miroslav Sip’

1Faculty of Health and Social Studies, University of South Bohemia, J. Boreckého 27,
370 11 Ceské Budéjovice, Czech Republic,
2Department of Physics and Biophysics, Faculty of Sciences, University of South Bohemia, BraniSovska 31,
370 05 Ceské Budéjovice, Czech Republic

Cyanine Cy3 and Cys5 are fluorescent dyes with many ap-
plications in nonlinear optics, laser physics and particularly
in biomedical imaging and single-molecule spectroscopy.
In this contribution, the structure and dynamics of
cyanine Cy3 and Cy5 dyes terminally attached to the
5’-end of the CCACTAGTGG oligonucleotide are studied
by molecular dynamics (MD), metadynamics and DFT cal-
culations. Stacking interactions between the distal indole
ring and guanine base are characteristic for the structures of
the most probable conformers and these are in excellent
agreement with the experimental structures for both dyes.'

Essential dynamics showed that there are two main modes
which describe the relative motion of the cyanine dyes with
respect the last GC base pair (Figure 1). Unlike for the Cy3
dye, the Cy5-DNA complex shows similar flexibility but
due to the longer pentamethine chain the binding motifs
with proximal indole ring are not accessible at 298 K.

[1]. Norman, D.G.; Grainger, R.J.; Uhrin, D.; Lilley, D.M.J.
Biochemistry 2000, 39, 6317.

This work is supported by the Czech Science Foundation
(grant no. P208-12-00622).
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Figure 1: Alignment of the structures with respect to the last GC base pair (colored by the atom names). Only
atoms of the indole rings and polymethine linker are shown for all the structures except Al for which the side

chains and linker atoms are represented by lines.

A) Rotational- translational motion of the Cy3 dye with respect to the GC base pair in the direction A1 (blue) »
A2 (red) » A3 (tan) » A4 (green). The change of stacking interactions during the motion: in A1 the distal indole
ring is stacked with G, in A2 the Cy3 dye is almost de-stacked, in A3 and A4 the proximal indole ring is stacked

with C and G, respectively.

B) Two translational motions of the Cy3 dye with respect to the GC base pair in the directions: (1) Al (blue) »
B1 (pink) » B2 (cyan) with partial de-stacking, and (2) A1 (blue)» C (violet) in which G is replaced by C in the

stacking interactions of the distal indole ring of Cy3.
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PURIFICATION AND INITIAL IMAGING OF THE TYPE | DNA
RESTRICTION-MODIFICATION ENZYME ECOR124| BY ELECTRON MICROSCOPY

Ladislav Csefalvay', Daniel Nemecek?, Eva Csefalvay', Rudiger Ettrich’

'Institute of Nanobiology and Structural Biology, Zamek 136, Nove Hrady, CZ
2Central European Institute of Technology—Masaryk University, Kamenice 5, Brno, CZ

Restriction enzymes protect prokaryotic cells from viral in-
fection by recognition and degradation of invading DNA.
These enzymes are typically coupled with specific modifi-
cation enzymes that mark and protect cellular DNA from
degradation by methylation. The type I DNA restric-
tion-modification enzymes unite both functions in a large
multisubunit complex [1, 2]. The prototype enzyme
EcoR124I is composed of one HsdS subunit that binds to a
specific sequence of DNA, two HsdM subunits that are re-
sponsible for methylation of the cellular DNA and two
HsdR subunits that are required for restriction of the
nonmethylated (invading) DNA. Basic quaternary struc-
ture of the whole R,M,S complex has been shown by nega-
tive-stain electron microscopy at low resolution [3].
Although high-resolution structures of the individual sub-
units have been determined by crystallography or molecu-
lar modeling, the current EM structure is insufficient for
accurate fitting of the known atomic models and to uncover
the mechanisms of EcoR124I assembly and function.

We used affinity chromatography and gel filtration to
purify the R,M,S complex. Densitometry quantitative
analysis of SDS-PAGE gels of purified complex indicated
average stoichiometry of 1.6(R):2.0(M):1.1(S) suggesting
that only about a half of the assembled complexes con-
tained both HsdR subunits, likely because of significantly
different binding affinity of the two HsdR subunits to the
M,S subcomplex (Kp; 0.6 nM vs. Kp, 190 nM).

The purified EcoR124] complex was nega-
tively-stained in 2% uranyl acetate and imaged electron mi-
croscopy. Images of the negatively stained complex
showed projections consistent with the previously deter-
mined structure of the EcoR1241 complex in the open con-
formation [3]. The purified complex was also
plunge-frozen in liquid ethane and imaged by cryo-elec-
tron microscopy. Micrographs were collected at 2-4 um
defocus using a FEI Tecnai F20 microscope. The micro-
graphs show distinct particles of the presumed EcoR 1241
complex (~120 A diameter), despite the relatively small
size of the complete R,M,S complex (~450 kDa). Further,
methods of single particle analysis [5] will be used to re-
construct the EcoR124I complex to high resolution that
would then allow reliable fitting of the atomic models of
the individual subunits.

[1] Youell, J. and Firman, K. (2008) Microbiol Mol Biol Rev.,
72, 365.

[2] Janscak, P., Dryden, D.T.F., Firman, K. (1998) Nucleic Ac-
ids Res., 26, 4439.

[3] Kennaway,C.K., et al. (2012) Genes Dev., 26, 92.

[4] Mernagh DR, Janscak P, Firman K, Kneale GG. , Biol
Chem. 1998 379, 497-503.

[S] Frank, J. (2006) “Three-Dimensional Electron Microscopy
of Macromolecular Assemblies”, Edition 2, Oxford Univer-
sity Press, Inc., New York.
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CRYSTALLIZATION AND STRUCTURAL CHARACTERIZATION OF LINB86
HALOALKANE DEHALOGENASE MUTANT

0. Degtjarik™?, I. lermak’?, J. Rezabek®, R. Chaloupkova®, P. Rezacova®*, M. Kuty*?,
J. Damborsky® and I. Kuta Smatanova'?

"University of South Bohemia, Faculty of Science, Braniovska 31, CZ-37005 Ceske Budejovice, Czech Rep
2Acad. Sci. of the Czech Rep., Inst. of Nanobiology and Struct. Biology GCRC, Zamek 136, Nove Hrady
3University of South Bohemia, Faculty of Fisheries and Protection of Waters, Institute of Complex Systems
and CENAKVA, Zamek 136, CZ-373 33 Nove Hrady, Czech Republic
*Inst. of Molecular Genetics of the Acad. Sci. of the Czech Republic, v.v.i., Flemingovo no. 2, 16637 Prague
°Loschmidt Laboratories, Faculty of Science, Masaryk University, Kamenice 5, 62500 Brno, Czech Republic

LinB is a microbial enzyme of the haloalkane dehalogenase
family that catalyze the cleavage of the carbon-halogen
bond in halogenated aliphatic pollutants, resulting in the
formation of a corresponding alcohol, a halide ion and a
proton. Haloalkane dehalogenase LinB isolated from a
bacterium Sphingobium japonicum UT26 has relatively
broad substrate specificity and can be potentially used for
biosensing and biodegradation of environmental pollut-
ants. Different variants of haloalkane dehalogenase LinB
were constructed with a goal to study the effect of muta-
tions on enzyme functions. In LinB86 (W140A + F143L +
L177W + 1211L) variant mutations lead to blocking of the
main tunnel and opening of alternative way for connection
the deeply buried active site with the surrounding solvent.
Crystals of LinB86 were obtained Index (Hampton Re-
search, USA) and Morpheus (Molecular Dimensions Ltd.,
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UK) screens. Full data set was collected on the beamline
ID-29 of ESRF (Grenoble, France) at 2.43 A resolution.
Crystals belong to H-centered trigonal H32 space group.
Matthews coefficient of Vy, = 2.55 A’ Da™! suggests that
the crystals contain two molecules per asymmetric unit,
which corresponds to a solvent content of 51.79%. Crystal
structure of LinB86 was solved by molecular replacement
using the coordinates from LinB32 (L177W) haloalkane
dehalogenase mutant. The structure refinement is currently
in progress.

This research was supported by the GA CR (P207/12/

0775), GAJU (141/2013/P) and ME CR (CZ.1.05/2.1.00/
01.0024).

CRYSTAL STRUCTURE OF PHOSPHOTRANSMITTER AHP2 AND MODELING OF ITS
INTERACTION WITH SENSOR HISTIDINE KINASE CKI1 -
TOWARDS ELUCIDATING MOLECULAR RECOGNITION IN THE MULTISTEP
PHOSPHORELAY SIGNALING IN PLANTS

Oksana Degtjarik"**, Radka Dopitova'*, David Reha’, Sandra Puehringer’, Blanka Pekarova',
Olga Otrusinova', Michal Kuty?, Manfred S. Weiss®, Lukas Zidek', Ivana Kuta Smatanova?,
Lubomir Janda' and Jan Hejatko'

"Central European Institute of Technology (CEITEC), Masaryk University, Brno, Czech Republic
Acad. Sci. of the Czech Republic, Inst. of Nanobiology and Structural Biology GCRC, Nové Hrady, Czech R.
3 Helmholtz-Zentrum Berlin for Materials und Energy BESSY-II, Berlin, Germany

In multistep phosphorelay (MSP) pathway, the His-con-
taining phosphotransmitters (HPt) encoded by AHP genes
in Arabidopsis act as signaling intermediates integrating
signaling inputs from diverse sensor histidine kinases. In
order to identify the molecular determinants of the previ-
ously reported specificity of the interaction between re-
ceiver domain of sensor histidine kinase CKI1 (CKIlgp)
and AHPs at the atomic resolution, we determined the
structure of AHP2 via experimental phasing after lutetium
soaking of AHP2 crystals at 2.53 A resolution. The key res-
idues responsible for the AHP2-CKIlp interaction reveal-
ing strong protein-protein binding were identified via
molecular dynamic simulations for 100 ns. The
AHP2-CKlIl1gp interaction was confirmed via NMR mea-

surements and resulting chemical shifts partially overlap
with the model. Comparison of the AHP2-CKIlrp model
with recently published structure of AHP1-AHKS5gp sug-
gests that the interacting surfaces differ significantly be-
tween both complexes, particularly in the amino acid
residues mediating hydrophilic interactions. Thus, in spite
the vast majority of interacting residues in the AHP pro-
teins is recruited from highly conserved residues, small
structural differences of both AHPs and AHKRps seem to
be sufficient for determination of specific molecular recog-
nition as could be seen by our bioinformatical and struc-
tural comparisons.

Supported by CZ.1.05/1.1.00/02.0068 and P305/11/0756.
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RNA STRUCTURE PREDICTION BY KNOWLEDGE-BASED STATISTICAL
POTENTIALS AND FRAGMENT ASSEMBLY

David Dufour and Marc A. Marti-Renom

National Center for Genomic Analysis (CNAG) and Center for Genomic Regulation (CRG), Barcelona, Spain

New RNA structure prediction tools are needed to fast ob-
taining detailed structural information of new non-coding
RNA sequences. Here we propose to use knowledge-based
statistical potentials and a fragment-based modeling ap-
proach as input to predict RNA structure from sequence.
We have downloaded a dataset composed of all x-ray de-
termined RNA 3D structures from the Protein Data Bank
(PDB). From the initial 1940 files, 3082 different RNA
structures were selected after filtering small sequences
(<20 nucleotides) and structures without base-pairing. The
CD-HIT program was used on those sequences in order to
derive the sequence families, which were 304 after filter-
ing. With this dataset we have calculated several general

P11

statistics as percentage of canonical and non-canonical
base pairs, stacking, sequence length and RMSD resolu-
tion. The SARA method as was used for generating an
all-against-all alignment of the best representative of each
RNA family from our dataset. Those alignments are being
used as an input into the RNADOM program in order to de-
rive a set of conserved RNA fragments. At the same time a
set of structural properties was determined in order to de-
scribe the RNA structure, so the most informative ones will
be checked for conservation against the fragment dataset,
obtaining a series of knowledge-based statistical potentials
from this dataset.

INFLUENCE OF THE SUBSTITUTION EFFECTS IN THE PYRIDINE RING ON THE
REACTIVITY OF THE TRANS-[Pt(NH:),(PYR)CL]* COMPLEX

Olga Dvoraékova,"? and Zdenék Chval’

"Faculty of Health and Social Studies, University of South Bohemia, J. Boreckeho 27,
370 11 Ceské Budéjovice, Czech Republic,
%Institute of Physics and Biophysics, Faculty of Science, University of South Bohemia, BraniSovska 31,
370 05 Ceské Budgjovice, Czech Republic

Platinum anticancer complexes are administered in its in-
active form and the hydrolysis step is needed for their acti-
vation. The activated drug reacts rapidly with DNA or
proteins and the hydrolysis step is the rate determining step
of the whole process. Thus, the modification of the speed of
hydrolysis is one of the ways of a new drug development.

In the present work we have studied the kinetics of the
aquation reaction on the trans-[Pt(NH;),(pyr-X)CI]" com-
plex (X=O0OH’, CI', NO,', NH,, SH, CHj3). All possible po-
sitions ortho-, meta- and para- of the substituent X in the
pyridine ring were considered and reaction energy profiles,
atomic charges, electron densities at bond critical points,
ligand binding energies were calculated. All the structures
along the reaction pathways were fully optimized using
B3LYP/MWB-60(f)/6-31+G* method. Single point ener-

NH, NH
3
L H,0 | _oH, I
N —F;t—CI — N=p > N"= Pt = OH,
* +* I Cl . I
X NH, X NH, X

Figure 1. Reaction mechanism of the aquation reactions.

gies and molecular properties were evaluated by
B3LYP/MWB-60(2fg)/6-311++G(2df,2pd) method.

The substituent ligand influences electron density on
the pyridine ring and thus the electron donating ability of
the heterocyclic nitrogen. The substituent ligand on the
pyridine ring can be ordered according to their ability to
promote the aquation reaction. The largest selectivity of-
fers the ortho- position which offers almost 400 times dif-
ference in the rate of the reaction between the fastest o-NH,
and the slowest 0-Cl ligand: NH, > OH" > SH™ > CH; >
NO,; >H>NO,~CL

This work is supported by the Czech Science Foundation
(grant No. 208/12/0622).

NH,

NH,
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CRYSTALLIZATION AND PRELIMINARY X-RAY DIFFRACTION ANALYSIS OF
NEPENTHESIN-1

Karla Fejfarova", Petr Man?, Hynek Mrazek?, Alan Kadek??, Jarmila Duskova®, Tereza
Skalova®, Petr Kolenko', Tomas Koval', Jan Stransky*®, Jindfich Hasek®, Jan Dohnalek™*

'Institute of Macromolecular Chemistry AS CR, v.v.i., Heyrovského nam. 2/1888, 162 06 Prague 6,
Czech Republic

%Institute of Microbiology AS CR, v.v.i., Videriska 1083, 142 20 Prague 4, Czech Republic
3Faculty of Science, Charles University in Prague, Albertov 6, 128 43 Prague 2, Czech Republic

*Institute of Biotechnology AS CR, v.v.i., Videriska 1083, 142 20 Prague 4, Czech Republic

5Facu/ty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Bfehova 7,
115 19 Prague 1, the Czech Republic
* fejffarova@imc.cas.cz

Carnivorous pitcher plants of the genus Nepenthes secrete
their own aspartic proteases, nepenthesins, to digest prey.
Nepenthesins differ significantly in sequence from other
plant aspartic proteases. This difference, which brings
more cysteine residues into the structure of nepenthesins,
in conjunction with putative N-glycosylation, can contrib-
ute to uniquely high temperature and pH stabilities of these
proteases [1, 2].

In continuation of our previous study of the expression
and biochemical and enzymatic characterization of a re-
combinant form of nepenthesin-1 (rNep-1) from
Nepenthes gracilis [3], we report its crystallization and pre-
liminary X-ray analysis. Crystals of rNep-1 in complex
with the pepstatin A inhibitor have been grown using the
hanging-drop vapour-diffusion technique. Diffraction data
were collected to 2.9 A resolution using synchrotron
radiation at Bessy Il of HZB, Berlin. The crystals belong to
space group P2, with unit-cell parameters a=54.4 A, b=
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86.6 A, c =95.8 A, B =106°. The self-rotation function
combined with solvent-content calculations and Matthews
coefficient suggest presence of two molecules of rNep-1 in
the asymmetric unit.

This work was supported by the Ministry of Education,
Youth and Sports of the Czech Republic (grants No.
EE2.3.30.0029 and No. LG14009), by BIOCEV CZ.1.05/
1.1.00/02.0109 from the European Regional Development
Fund, and by the Grant Agency of the Czech Technical
University in Prague, grant No. SGS13/219/0HK4/3T/14.

[1] K. Takahashi, S. B. P. Athauda, K. Matsumoto et al., Curr.
Protein Pept. Sci., 2005, 6, 513-525.

[2] S.B.P. Athauda, K. Matsumoto, S. Rajapakshe et al.,
Biochem. J., 2004, 381, 295-306.

[3] A.Kadek, V. Tretyachenko, H. Mrazek et al., Protein Expr.
Purif., 2014, 95, 121-128.

AMINOALDEHYDE DEHYDROGENASE ISOENZYMES FROM PISUM SATIVUM
OXIDIZE N-ACYLATED AMINOALDEHYDES

Jan Frommel', David Kopeény', René Lenobel', Miroslav Soural?, Gabriel Demo?,
Marek Sebela’

1Depan‘ment of Protein Biochemistry and Proteomics, Centre of the Region Hana for Biotechnological and
Agricultural Research, Faculty of Science, Palacky University in Olomouc, Czech Republic
’Department of Organic Chemistry, Faculty of Science, Palacky University in Olomouc, Czech Republic
3Central European Institute of Technology and Department of Biochemistry, Faculty of Science, Masaryk
University in Brno, Czech Republic

Plant aminoaldehyde dehydrogenases (AMADHs, EC
1.2.1.19) convert m-aminoaldehydes to w-amino acids.
They play an important role in the catabolism of
polyamines and production of various osmoprotectants.
Plant AMADHSs are usually homodimers with a subunit
molecular mass of 50-70 kDa and show a typical structural
fold of aldehyde dehydrogenases. Their substrate specific-
ity is broad as they oxidize natural ®-aminoaldehydes orig-
inating from polyamines, -trimethylaminoaldehydes,
aliphatic aldehydes as well as benzaldehyde or synthetic ni-
trogen-containing heterocyclic aldehydes. In this work, we

tested N-acylated derivates of 3-aminopropionaldehyde
(APAL) and 4-aminobutyraldehyde (ABAL) as substrates
of two AMADH isozymes 1 and 2 from pea (Pisum
sativum). All N-acyl-m-aminoaldehydes were prepared by
N-acylation of APAL or ABAL using chlorides of carbo-
xylic acids and a heterogeneous catalysis with KF-Celite.
We measured catalytic activity of both isozymes in the oxi-
dation of sixteen different acylated aminoaldehydes com-
prising either a linear or branched acyl chain. All tested
compounds were substrates of the two AMADHs. APAL
derivatives were found better substrates than the corre-
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sponding ABAL derivatives because of the higher relative
reaction rate, lower K, value and higher V/K,, ratio. Differ-
ences between substrates with a different length or branch-
ing of the acyl chain were not as significant as those
between APAL and ABAL derivatives containing the same
acyl chain. The conversion of the substrates was verified
by LC-MS analysis of reaction mixtures. Substrate binding
was evaluated also by molecular docking. In conclusion,
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the presence of a C2-C5 acyl chain bound to the amino
group of the w-aminoaldehydes APAL and ABAL does not
prevent from the enzymatic conversion by plant
AMADHEs.

This work was supported by project no. LO1204 from the
Ministry of Education, Youth and Sports of the Czech Re-
public.

STRUCTURE AND FUNCTION OF THE C-TERMINAL HELICAL DOMAIN OF THE
MOTOR SUBUNIT HSDR FROM THE TYPE | RESTRICTION-MODIFICATION SYSTEM
ECOR124l

Pavel Grinkevich"?, Amanda Li®, Tatsiana Baikova'?, Mikalai Lapkouski', Alena Guzanova®*,
Eva Csefalvay'? Marie Weiserova®, Rudiger Ettrich"?

'Institute of Nanobiology and Structural Biology of GCRC, Academy of Sciences of the Czech Republic,
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2Faculty of Sciences, University of South Bohemia, Czech Republic
3Chemistry Department, Princeton University, Princeton, New Jersey, USA
*Institute of Microbiology, Academy of Sciences of the Czech Republic, Prague, Czech Republic

The published structure of the HsdR subunit of EcoR1241
[1] suggested the motor subunit to be a planar array of four
functionally integrated domains, with the fourth, C-termi-
nal domain being all helical and implied to play a role in
complex assembly and/or DNA binding. However, the last
150 amino acids if this domain are unresolved in the crystal
structure. A single point mutation lead to a new crystal
structure that allowed to trace the backbone of the unre-
solved C-terminal residues, and homology and energetic
modeling was applied to generate an all-atom 3-D model of
wild-type HsdR and complemented by in vivo and in vitro
studies to establish the function of the helical domain. In vi-
tro DNA cleavage assays, gel mobility shift assays and in
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vivo restriction tests were performed on WT and mutant
HsdR with selectively deleted parts of the helical domain.
Our results strongly support the suggested role in subunit
interaction and demonstrate the importance of the C-termi-
nus in complex assembly.

1. Lapkouski M., Panjikar S., Janscak P., Kuta Smatanova .,
Carey J., Ettrich R., Csefalvay E. (2009) Structure of the
motor subunit of type I restriction-modification complex
EcoR124I. Nat Struct Mol Biol. Vol 16, pp. 94-95.

We gratefully acknowledge support from the Czech Sci-
ence Foundation (P207/12/2323). Additionally, Pavel
Grinkevich was supported by the University of South Bohe-
mia, GAJU 141/2013/P.

ASSEMBLY AND MOLECULAR ARCHITECTURE OF THE TSC1-TSC2 COMPLEX

Dipanjan Guha', Jurgen Plitzko?, Mark Nellist}, Daniel Nemecek'?

"Central European Institute of Technology, Masaryk University, Brno, CZ
2Deparl‘ment of Biochemistry, Max Planck Institute, Martinsried, DE
3Department of Clinical Genetics, Erasmus Medical Center, Rotterdam, NL

The TSCI-TSC2 complex plays an important role in the
mechanistic target of rapamycin (mTOR) signalling path-
way that integrates signals from extracellular growth fac-
tors, nutrients, energy deficit or inflammation and
downstream controls cell metabolism and growth [1].
TSC1 is a ~130 kDa hydrophilic protein that shows no se-
quence homology to other known vertebrate proteins and
likely guides and stabilizes the proper assembly of the
TSC1-TSC2 complex [3]. TSC2 is a ~200 kDa protein that
contains a conserved 163 amino acid region close to the
C-terminus that is homologous to GTPase activating pro-
teins (GAPs). The TSC1-TSC2 complex possesses RHEB

GAP activity [4], and conversion of active GTP-bound
RHEB into the inactive GDP-bound form by the complex
downregulates the activity of mTOR complex 1 (TORCI)
[1]. Pathogenic mutations in either 7SC/) or 7SC2 lead to
tuberous sclerosis complex (TSC), an autosomal dominant
disorder characterized by neurological symptoms, skin and
renal abnormalities [2]. Recently, it has been shown that
TSC1 and TSC2 assemble into high molecular weight com-
plexes (>1 MDa) [5,6]. However, the molecular architec-
ture of this complex is unknown. We co-expressed
epitope-tagged TSC1 and TSC2 in HEK 293T cells and im-
aged the affinity purified TSC1-TSC2 complexes by nega-
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tive stain electron microscopy. Micrographs showed small
rings of the complex that had a disk-like appearance. Initial
alignments and classification of ~1000 particles revealed
two kinds of rings: a smaller ring with ~70-A diameter that
seems to be composed of 5 subunits and a larger ~90-A ring
structure that may correspond to a heteroctamer of four
TSCI1 and four TSC2 subunits, according to the estimated
average molecular mass of the complex. Ongoing image
analysis aims to identify the different subunits in the two
respective complexes and provide the structural basis for
their function.
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[1] Laplante M, Sabatini DM (2012) Cell, 149, 274.

[2] Gomez, M., et al. (2013) The tuberous sclerosis complex,
Oxford University Press.

[3] Sun, W., et al. (2013) Nat. Commun., 4, 2135.
[4] Maheshwar, M. M., et al. (1997) Hum.Mol.Genet., 6, 1991.

[5] Hoogeveen-Westerveld, M., et al. (2012) BMC Biochem.,
13, 18.

[6] Menon S., et al. (2014) Cell 156, 771.

PHOTOSYSTEM Il PSBO PROTEIN FROM HIGHER PLANTS

Jifi Heller', Daryna Kulik', Ondiej Sedo?, Zbynék Zdrahal?, Ivana Kuta Smatanova'®and
Jaroslava Kohoutova'

"University of South Bohemia in Ceské Budéjovice, Faculty of Science, Branisovska 31, 37005 Ceské
Budéjovice
2Core Facility — Proteomics, CEITEC, Masaryk University, Kamenice 5,625 00 Brno
3Academy of Sciences of the Czech Republic, Inst. of Nanobiology and Structural Biology GCRC, Zémek
136, 373 33 Nové Hrady

Photosystem II (PSII) is a huge complex of proteins in
thylakoid membranes of algae, higher plants, and
cyanobacteria that conducts light-driven water oxidation
and produces molecular oxygen, electrons and protons.
The splitting of water and release of oxygen appear in the
catalytic centre of PSII — the oxygen-evolving centre
(OEC) that contains manganese-calcium cluster (4:1
Mn:Ca) situated near to the luminal surface of the
transmembrane domain and hemmed by intrinsic and ex-
trinsic components in thylakoid membranes. PsbO
(33kDa), PsbP (23kDa), PsbQ (17 kDa), PsbR (10 kDa) are
extrinsic proteins attached to the luminal side of PSII in
higher plants, which keep stability of water oxidation site
and right ionic environment during oxidation of water. The
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aim of our project is to receive recombinant PsbO proteins
from Spinacia oleracea and Pisum sativum. The isolation
of mRNA from leaves and convertion to cDNA were our
first attempts to obtain the psbO gene. The conditions of
polymerase chain reaction (PCR) were adjusted and DNA
fragments encoding the psbO gene were acquired. Vector
pBluescript II SK(+) was utilized as a cloning vector and
pET-28b(+) vector was employed for overexpression of re-
combinant PsbO/HisPsbO proteins. Purification, crystalli-
zation and structure designation of the recombinant
proteins PsbO/HisPsbO of the oxygen-evolving complex
from Pisum sativum and Spinacia oleracea are under con-
struction.

Supported by GAJU 141/2013/P.

MOVING HILLS - NEW PARALLELIZABLE METADYNAMIC METHOD WITH FIXED
AMOUNT OF BIAS POTENTIAL

Petr HoSek, Vojtéch Spiwok

Department of Biochemistry and Microbiology, Faculty of Food and Biochemical Technology, Institute of
Chemical Technology, 166 28 Prague, Czech Republic
hosekp@vscht.cz

In the last seven years, there has been significant slow-
down in the increase of computational power of single pro-
cessor core. This limitation in molecular simulations was
overcome by parallelization. But parallelization of the mo-
lecular dynamics and so the metadynamics, which we are
focus on, is also limited, because of an increased time spent
for interprocess communication. One way to overcome the
problem is to reduce amount of data, which need to be
transferred between processes. Our contribution to this
problematics is Moving hills method. This method use

multiple parallel simulation, same as Multiple walkers, but
only one bias potential is assign to each parallel and posi-
tion of the potential is updated according immediate state
of the parallel. So the bias hill travels on the energy land-
scape as the current conformation is evolving. Shape of
bias potential summed from all parallels converges as the
system reaching an equilibration. The method was tested
on small molecule and results were compared with other
metadynamic methods. No significant differences in ob-
tained free energy landscape were found.
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This project was supported by COST actions MultiGlyco-
Nano (CM1102, LDI13024) and GLISTEN (CM1207,
LD14133). Access to computing and storage facilities
MetaCentrum (LM2010005) and CERIT-SC (CZ. 1.05/
3.2.00/08.0144) is greatly appreciated. Participation at
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the conference is supported by specific university research
(MSMT No 21/2014).

INTERACTIONS BETWEEN RECEIVER DOMAIN OF CYTOKININ RECEPTOR CKl1gp
AND AHP PROTEIN FROM ARABIDOPSIS THALIANA

Dominik Hrebik, Olga Otrusinova, Blanka Pevkérové, Lubomir Janda, Jan Hejatko,
and Lukas Zidek

National Centre for Biomolecular Research, Faculty of Science and Central European Institute of Technol-
ogy, Masaryk University, Kamenice 5, CZ-62500 Brno, Czech Republic

In our project, we studied the signaling pathway, called
multistep phosphorelay signaling system in the plant
Arabidopsis thaliana. The multistep phosphorelay signal-
ing system has a great influence on many aspects of growth
and development of plants. This signaling system is based
on phosphate transfer between the cytoplasmatic mem-
brane and nucleus. In the plant Arabidopsis thaliana,
histidine kinase is phosphorylated upon signal recognition,
and forwards the phosphate group through histidine
phosphotransfer proteins to a response regulator protein lo-
cated in nucleus, where the response take place. The input
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signal can be light, osmotic changes or hormones. The in-
teractions between the two proteins were studied. The first
protein was CKIlgp (Cytokinin independent 1 - receiver
domain) and the second was protein from the AHP
(Arabidopsis histidine phosphotransfer protein) family,
both involved in the multistep phosphorelay. The interac-
tions between these two proteins were studied by nuclear
magnetic resonance. The proteins were expressed in E.coli
and the protein CKIlgp was labeled by stable isotope '°N.

This work was supported by grant from the Czech Science
Foundation (grant No. P305/11/0756).

CRYSTALLIZATION OF GLYCERALDEHYDE DEHYDROGENASE FROM
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3Chemistry of Biogenic Resources, Straubing Centre of Science, Technische Universitit Miinchen,
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Due to the depletion of natural fossil resources, the devel-
opment of environmentally gentle fuel and chemicals pro-
duction processes is of key importance. One of such
biotechnological approaches is a cell-free process called
Synthetic Cascade Biomanufacturing.

The glyceraldehyde dehydrogenase from Thermo-
plasma acidophilum (TaAIDH) is a part of cell-free system
for production of isobutanol and ethanol from glucose. It
participates in oxidation of D-glyceraldehyde to
D-glycerate in this synthetic pathway. Wild type of
TaAIDH has high substrate selectivity and product toler-
ance but leaves place for optimization. A mutant of
TaAIDH (F34M+Y399C+S405N), which has a 55.7-fold
increased activity of the wild type enzyme, enhanced
NAD" acceptance and a slight solvent tolerance improve-
ment, was obtained by a directed evolution approach.

For further optimization of TaAIDH functioning within
the isobutanol and ethanol synthetic pathway structural in-
formation about the enzyme variant and its complex with

the substrate is required. For this purpose crystallization of
the enzyme by itself and in complex with cofactor or sub-
strate, what will be followed by X-ray diffraction analysis,
is used. Screening of crystallization conditions was per-
formed by means of different crystallization screens using
Gryphon crystallization robot (Art Robbins Instruments,
USA).

Some hits were found in several conditions of
Morpheus screen (Molecular Dimensions Ltd., UK). Re-
sults are well reproducible; crystals grow quite big (0.1 x
0.4 mm) but plane and multilayer. Preliminary diffraction
analysis revealed bad quality of crystals, which diffracted
only to 18-20 A, so further optimization is necessary. For
optimization diverse techniques were consequentially ap-
plied: variation of protein and precipitant concentrations,
different pH of buffer, additive screen, addition of NAD"
and glyceraldehyde and microseeding using Seed Bead
(Hampton Research, USA). Certain improvement of crys-
tals was observed in microseeding experiments.
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CHARACTERIZATION OF THE CALMODULIN AND S100A1 BINDING DOMAINS ON
THE N-TERMINUS OF TRPM1 RECEPTOR

Michaela Jirku', Kristyna Bousova', Ladislav Bumba?, Jiri Vondrasek?®, Jan Teisinger’

'Institute of Physiology, Academy of Sciences of the Czech Republic, v.v.i., Videnska 1083,
142 20 Prague, Czech Republic
?Institute of Microbiology, Academy of Sciences of the Czech Republic, v.v.i., Videnska 1083,
142 20 Prague, Czech Republic
3Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, v.v.i.,
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Transient receptor potential melastatin 1 (TRPM1) belongs
to the TRP family of non-selective cation permeable chan-
nels. TRPM1 is expressed in human melanocytes and bipo-
lar cells in retina and participates in processes connected to
vision. Mutations of TRPM1 gene are associated with con-
genital stationary night blindness in humans. [1, 2]

It is assumed that TRPMI1 channel has six trans-
membrane domains with a pore domain between the fifth
and the sixth segments. Intracellularly located N- and
C-tails are responsible for regulation of TRP channels,
which carry binding sites for signal molecules like
calmodulin (CaM) or S100A1. [3]

In this study two independent CaM /S100A1 binding
sites on the intracellular N-terminus of rat TRPM1 were
characterized. Using bioinformatic approach we identified
Ca’"-dependent CaM /S100A1 binding sites in regions
L242-E344 and A451-N566. Several basic and hydropho-
bic amino acid residues responsible for binding in these re-
gions of TRPM1 to CaM and S100A1 were determined.

Fusion proteins were expressed in E.coli and purified
according to the two-step purification protocol. Amino
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acid sequence was checked by mass spectroscopy. Fluores-
cence anisotropy, surface plasmon resonance and measure-
ment of CD spectra were used to characterize the
interactions between the binding sites of TRPM1 N-termi-
nus and CaM /S100A1. Interactions were modeled using
molecular molecular modeling. Experimental data also in-
dicate that CaM and S100A1 bind to the same or overlap-
ping binding sites.

[1] Zhu M. X., Pflugers Arch 451: 105-15, 2005.
[2] Nakamura M. et al., Mol Vis 16: 425-437, 2010.

[3] Holakovska B. et al., J Biol Chem 287: 16645-16655,
2012.

This project was supported by Grants GACR 301/10/1159,
GACR 207/11/0717 and GACR - Project of Excellence in
the Field of Neuroscience P304/12/G069.

The authors thank Dr. L. Bednarova from the Institute of
Organic Chemistry and Biochemistry of the Academy of
Sciences of the Czech Republic for her assistance with CD
Spectra measurements.
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Phosducin (Pdc), a highly conserved 30 kDa phospho-
protein, regulates visual signal transduction by interacting
with the beta and gamma subunits of the retinal G-protein.
Pdc was also suggested to be involved in transcriptional
control, the regulation of transmission at the photo-
receptor-to-ON-bipolar cell synapse, and the regulation of
the sympathetic activity and blood pressure. The function
of Pdc is regulated by phosphorylation at Ser54 and Ser73
in a process that involves the binding of phosphorylated
Pdc to the regulatory 14-3-3 protein. The 14-3-3 proteins
are highly conserved dimeric molecules that regulate the
function of other proteins through a number of different
mechanisms. The exact role of the 14-3-3 protein in regu-
lating Pdc function is still unclear, but it is entirely possible

that 14-3-3 either sterically occludes and/or affects the
structure of Pdc. Both 14-3-3 binding motifs are located
within the N-terminal domain of Pdc, which participates in
the binding to the beta and gamma subunits of the retinal
G-protein as well as contains the SUMOylation site
Lys-33.

Our previous study revealed that phosphorylated Pdc
and the 14-3-3 protein form a stable complex with 1:2 mo-
lar stoichiometry. Complex formation with 14-3-3 affects
the structure and reduces the flexibility of both the N- and
C-terminal domains of dpPdc, suggesting that dpPdc un-
dergoes a conformational change when binding to 14-3-3.
To further investigate this interaction and mainly the
14-3-3 protein-mediated conformational changes of Pdc,
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we performed structural studies using Bio-NMR, SAXS
and tryptophan fluorescence whose results are presented
here.

[1] R. Gaudet, A. Bohm, P. B. Sigler, Cell 87 (1996), 577-588.

[2] B.Y. Lee, C.D. Thulin, B. M. Willardson, J. Biol. Chem.
279 (2004), 54008-54017.

[3] Ch. Klenk, J. Humrich, U. Quitterer, M. J. Lohse,
J. Biol. Chem. 281 (2006), 8357-8364.

[4] N. Beetz et al, J. Clin. Invest. 119 (2009), 3597-3612.
[5] X.Zhu, Ch. M. Craft, Mol. Vision 4:13 (1998).
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5216-5226.

[7] L. Rezabkova, M. Kacirova, M. Sulc, P. Herman, J. Vecer,
M. Stepanek, V. Obsilova, T. Obsil, Biophys. J. 103
(2012), 1960-1969.
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Plant hormones cytokinins are irreversibly inactivated by
cytokinin oxidase/dehydrogenase (CKO). Adenosine/ade-
nine moiety and corresponding aldehyde are produced in
this metabolic pathway. We focused on two enzyme groups
possibly involved in metabolism of these products. They
include aldehyde dehydrogenases (ALDHs) oxidizing al-
dehydes to corresponding acids and nucleoside N-ribo-
hydrolases (NRHs) catalyzing conversion of adenosine to
adenine. While nucleoside N-ribohydrolases (E.C. 3.2.2.-)
belong to the family of hydrolases catalyzing the cleavage
of the N-glycosidic bond in purine and pyrimidine nucleo-
sides, aldehyde dehydrogenases (ALDHs) are NAD(P)"
-dependent oxidoreductases (EC 1.2.1.-). ALDHs are con-
sidered as general detoxifying enzymes, which eliminate
biogenic and xenobiotic aldehydes to the corresponding
carboxylic acids. Up to date, 13 ALDH families have been
described in plants but only a small number of the enzymes
have been functionally characterized despite the existence
of a large number of coding genes. We analyzed ALDH?2
and ALDH7 families from maize (Zea mays). The ALDH2
family expanded significantly during evolution of terres-
trial plants and the number of family members varies sub-
stantially between species. Maize ALDH2 (ZmALDH?2)
includes six genes coding for mitochondrial and cytosolic

enzymes while ALDH7 family includes only one gene.
Some ALDH?2 family members were originally identified
as genes restoring fertility in plants (called RF2), which
have the ability to suppress the male-sterile phenotype and
restore the production of pollen to plants carrying the dele-
terious mitochondrial genome. Two genes RF2C and RF2F
coding for two ZmALDH2 enzymes and the gene coding
for ZmALDH7 were cloned and expressed in E. coli. The
obtained recombinant proteins were thoroughly character-
ized and their identity was verified by MALDI-TOF pep-
tide mass fingerprinting. All studied ALDHs utilized
NAD" but not NADP™ as a coenzyme. They were crystal-
lized and their crystal structures were solved. They repre-
sent the first structures of plant ALDH2 and ALDH?7
family members. Gene expression analysis using TagMan
probes revealed RF2C as a predominant ALDH?2 gene ex-
pressed in all plant tissues while other ALDH?2 genes are
less abundant and specific to some developmental stages.

This work was supported by grant P501/11/1591 from the
Czech Science Foundation, LO1204 from the Ministry of
Education, Youth and Sports of the Czech Republic and
1GA grant from Faculty of Sciences, Palacky University.
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STRUCTURAL AND CATALYTIC PROPERTIES OF o-L-FUCOSIDASE FROM
PAENIBACILLUS THIAMINOLYTICUS

Terézia Kovalova', Patricie Buchtova', Eva Benesova', Tomas Kova

I?, Petra Lipovova'

"Department of Biochemistry and Microbiology, Institute of Chemical Technology,Prague, Technicka 3,
Prague 6, 166 28, Czech Republic,
?Institute of Macromolecular Chemistry AS CR, v.v.i., Heyrovského nam. 2,
162 06 Prague 6, Czech Republic

a-L-Fucosidase is a glycosidase with ability to catalyze re-
moval of a-L-fucose residues from the non-reducing termi-
nus of glycoconjugates. This enzyme is also able to
catalyze transglycosylation reactions. Fucosylated oligo-
saccharides have an important role in many biological pro-
cesses, they can also be used in pharmaceutical and food
industry. An application of enzymes could facilitate the
process of synthesis of these compounds. Previous studies
have shown that a-L-fucosidase from Paenibacillus
thiaminolyticus may have great potential for synthesis of
glycosylated molecules. Recombinant form of this enzyme
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was prepared. The protein was purified and characterized.
Several sugar acceptors were tested in transglycosylation
reactions. 3D-model of a-L-fucosidase will be prepared.
Crystallization experiments will be carried out provided
that a sufficient quantity and appropriate purity of this en-
zyme is obtained.

The project was supported by COST action MultiGlyco-
Nano (CM1102, LD13024). Participation at the confer-
ence is supported by specific university research (MSMT
No 21/2014).

STUDIES OF SELF-ASSEMBLY PROPERTIES OF BACILLUS SPORE COAT
PROTEINS

Daniela Krajcikova', Wan Qiang? Haiyan Qiao®, Jilin Tang®, Per A. Bullough? and
Imrich Barak'

'Institute of Molecular Biology, Slovak Academy of Sciences, Bratislava, Slovakia
2Krebs Institute for Bimolecular Research, Department of Molecular Biology and Biotechnology, University of
Sheffield, Firth Court, Western Bank, Sheffield, United Kingdom
3State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, Chinese
Academy of Sciences, Changchun, China

When challenged by starvation, Bacillus subtilis produce a
dormant cell type, called a spore. Spores are distinctive by
a unique capability to withstand extreme environmental
conditions. Fundamental importance to spore resistance
but also for its germination is the coat. The coat is
proteinaceous multilayered shell that provides mechanical
integrity and excludes large toxic molecules while allow-
ing small nutrient molecules to access germination recep-
tors beneath the coat. Spore coat is formed by over 70
proteins, ranging in size from about 6 to 70 kDa. The pro-
cess of the coat assembly which is rather poorly under-
stood, represents a central objective of this research. We
have focused on a small group of proteins, called morpho-
genetic which act in controlling the deposition of the vari-
ous coat components around the forming spore, namely
SpolVA, SpoVID, SafA and CotE. We are also interested
in proteins localized directly on the spore surface - in the
outermost part of the coat called crust CotY, CotZ, CotV
and CotW. In our previous work we examined the pro-
tein-protein interactions between these proteins using ge-
netic, biochemical and biophysical methods (Krajcikova et
al., 2009, Mullerova et al. 2009, Qiao et al., 2012, Qiao et

al., 2013). Besides confirming the previously revealed in-
teraction between SpoVID and SafA (Costa et al. 2006) we
showed that there are also direct contacts between the other
key morphogenetic proteins SpoVID-SpolVA, SpoVID-
CotE and SpoVID-SpolVA. Our data imply that due to the
physical association the crucial morphogenetic proteins
can form a basic skeleton where other coat proteins would
be attached. We have also revealed that the crust proteins
CotY, CotZ and CotW, CotV form a protein complex and
most of the proteins have a high tendency to make the
homo-oligomers.

Consequently we investigated the self-assembly
properties of spore coat proteins by electron microscopy.
Currently, there are no structural information about the in-
dividual coat components. In order to gain insights into the
structure of the spore coat of B. subtilis we have prepared a
set of recombinant coat proteins including CotY, CotE,
CotZ, CotV, CotW, SafA and SpoVID and analyzed these
proteins both as single species and in combination. A num-
ber of self-assembled structures including two-dimen-
sional crystals and helical fibers were discovered thus
clearly indicating that coat proteins have an intrinsic ten-
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dency for self-organization into higher order assemblies.
We conclude that these assemblies could play a role in coat
formation.

Costa, T., Isidro, A.L., Moran, Jr. C.P. Henriques A.O. Interac-
tion between Coat Morphogenetic Proteins SafA and
SpoVID. J. Bacteriol. 2006, 188 (22) 7731-7741.

Krajcikova, D., Lukacova, M., Mullerova, D., Cutting,
S.M., Barak, 1., 2009. Searching for Protein-Protein Inter-
actions within the Bacillus subtilis Spore Coat. J. Bacteriol.
191, 3212-3219.

Mullerova, D., Krajcikova, D., Barak, 1., 2009. Interactions be-
tween Bacillus subtilis early spore coat morphogenetic pro-
teins. FEMS Microbiol. Lett. 299, 74-85.
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Qiao, H., Krajcikova, D., Liu, C., Li, Y., Wang, H., Barak,
L., Tang, J., 2012. The interactions of spore-coat
morphogenetic proteins studied by single-molecule recog-
nition force spectroscopy. Chem. Asian J. 7, 725-731.

Qiao H, Krajcikova D, Xing C, Lu B, Hao J, Ke X, Wang H,
Barak I, Tang J.Study of the interactions between the key
spore coat morphogenetic proteins CotE and SpoVID.J
Struct Biol. 2013;181(2):128-35.

This work was supported by the grant Vega 2/0131/14 from
the Slovak Academy of Sciences to DK and by the grant
from the Slovak Research and Development Agency under
the contract APVV-00335-10 to IB.

INTERACTION OF M-PMV MATRIX PROTEIN MUTANTS WITH MEMBRANES

Tomas Kroupa'?, Michal Dolezal'? Jan Prchal®, Richard Hrabal?, Tomas Ruml’

"Department of Biochemistry and Microbiology, Institute of Chemical Technology, Technicka 5,
166 28 Prague 6, Czech Republic, tomas.kroupa@vscht.cz
2| aboratory of NMR Spectroscopy, Institute of Chemical Technology, Technicka 5,
166 28 Prague 6, Czech Republic

Mason-Pfizer monkey virus (M-PMV) is a betaretrovirus
which is used for studies of the late phase of the retroviral
life cycle. Matrix protein is the N-terminal part of the main
structural polyprotein Gag of the virus, which is important
for the transport of immature viral particles to the plasma
membrane and interaction with it. Previously we described
structure determination of two double mutants of the ma-
trix protein, i.e., T41I/T781 and Y28F/Y67F that are defi-
cient in budding. In this work we studied the interaction of
the wild-type matrix protein and the double mutants with
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main cellular phospholipids. For NMR measurements wa-
ter-soluble phospholipids with fatty acid residues with 8
carbons were used instead of insoluble phospholipids with
natural fatty acids. Series of NMR experiments were mea-
sured in which we observed chemical shift changes in 2D
"H-""N HSQC spectra to define interacting residues of the
proteins. For the determination of the equilibrium dissocia-
tion constants Kp of individual interacting pairs we used
chemical shift changes of *'P spectra.

DETECTION OF MOLECULAR CHIRALITY IN LANTHANIDE COMPLEXES BY THE
RAMAN OPTICAL ACTIVITY

Monika Krupova'?, Valery Andrushchenko', and Petr Bouf"'

'Institute of Organic Chemistry and Biochemistry AV CR, Flemingovo nam. 2, Prague, Czech Republic
2Charles University in Prague, Faculty of Sciences, Albertov 6, Prague, Czech Republic

Since conventional structural analysis offers rather limited
means for the chirality detection, a series of lanthanide
tris-(B-diketonates) was developed as effective receptors
for a better chirality sensing in biomolecular substrates.
These lanthanide complexes containing -diketonate lig-
ands are electrically neutral; they can further coordinate
with various small organic molecules such as chiral alco-
hols, amino alcohols or amino acids in organic solvents and
produce a strong chiral signal.

In the current study, interaction of the [Eu(FOD);]
complex with (R)- and (S)- enantiomer of 1-PhenylEthanol
in n-hexane was studied using Raman Optical Activity
(ROA) and ultraviolet circular dichroism (UVCD)
spectroscopies. Since resonance phenomenon in Raman
scattering was observed in the studied systems due to the

correspondence of Europium electronic transition energy
to the laser excitation wavelength, about a 10°-fold en-
hancement if compared to non-resonant vibrational ROA.
This enabled shorter detection times as well as lower sam-
ple concentrations.

The UVCD was used to support the results obtained by
ROA measurements and determine the metal/ligand ratio
in the complexes. Although lanthanide tris-B(-diketonates)
are silent in the UVCD spectra, symmetric UVCD signals
induced around 300 nm were observed for [Eu(FOD);]
upon complexation with (R)- or (S)-1-PhenylEthanol. Fur-
ther experiments with structural variations of lanthanide
tris-(B-diketonate) complexes and theoretical modeling
can further refine the chirality sensing systems for chiral
recognition in biological substrates.
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PROTEIN CRYSTALLIZATION PROJECTS AT THE FACULTY OF SCIENCE OF THE
USB CB

lvana Kuta Smatanova

University of South Bohemia in Ceske Budejovice, Faculty of Science, Branisovska 31, 370 05 Ceske
Budejovice, Czech Republic and Academy of Sciences of the Czech Republic, Institute of Nanobiology and
Structural Biology GCRC, Zamek 136, 373 33 Nove Hrady, Czech Republic

The protein crystallography is one of the methods used to
study the protein structures and to describe their function
and mechanism. The most important and necessary condi-
tion to used protein crystallography is obtaining of
well-diffractable monocrystals. Different crystallization
techniques such as standard, advanced and alternative
methods are used to crystallize soluble and membrane pro-
teins and protein complexes. Research projects are de-
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signed for graduate students and postgraduates who work
on these projects on different levels. Finally developed
methods and obtained crystallization and crystallographic
data are compiled and results are published in scientific
journals.

This research is supported by the GACR (P207/12/0775
and P207/11/0717) and by the AS CR.

STRUCTURAL CHARACTERIZATION OF THE THIOREDOXIN-BINDING DOMAIN OF
PROTEIN KINASE ASK1 AND ITS INTERACTION WITH THIOREDOXIN

Salome Kylarova'?, Dalibor Kosek'?, Katarina Psenakova', Lenka Rezabkova'?,

Petr Herman?, Jaroslav Vecer®, Veronika Obsilova®?, Tomas Obsi

1,2
1"

'Faculty of Science, Charles University in Prague, 12843 Prague, Czech Republic
?Institute of Physiology, Academy of Sciences of Czech Republic, 14220 Prague, Czech Rep.
3Faculty of mathematics and physics, Charles University in Prague, 12116 Prague, Czech Rep.

Apoptosis signal-regulating kinase 1 (ASK1) is a member
of the mitogen-activated protein kinase kinase kinase
(MAP3K) family that activates c-Jun N-terminal kinase
and p38 MAP kinase pathways in response to various stress
stimuli, including oxidative stress, endoplasmic reticulum
stress, and calcium ion influx. The function of ASK1 is as-
sociated with the activation of apoptosis in various cells
and plays a key role in the pathogenesis of multiple dis-
eases including cancer, neurodegeneration and cardiovas-
cular diseases. The kinase activity of ASK1 is regulated by
many factors, including binding of thioredoxin (Trx) and
the 14-3-3 protein that both function as inhibitors of ASK1
[1]. However, the mechanisms by which these binding in-
teractions inhibit ASK1 are still unclear.

To better understand the role of Trx binding in the inhi-
bition of ASK1, we prepared the isolated Trx-binding re-
gion of ASK1 (ASKI1-TBD), performed its structural and
biophysical characterization and studied its interaction
with Trx under both reducing and oxidative conditions.
Data obtained from analytical ultracentrifugation, time-re-
solved fluorescence anisotropy measurements, circular
dichroism and small-angle X-ray scattering suggest that:
(1) ASK1-TBD is a compact monomeric and rigid domain

that under reducing conditions forms with Trx a stable and
well defined complex with 1:1 molar stoichiometry; (2) the
structural integrity of the catalytic Trp-Cys-Gly-Pro-Cys
motif of Trx is essential for its binding to ASK1-TBD; (3)
Trx interacts with the region of ASK1-TBD located in the
vicinity of Cys250; and (4) Trx binding does not induce
significant structural change of ASK1-TBD. In addition, it
seems that the interaction between ASK1-TBD and Trx
does not involve the disulfide bond formation, as has been
suggested in the literature [2,3].
1. Saitoh, M.; Nishitoh, H.; Fujii, M.; Takeda, K.; Tobiume,

K.; Sawada, Y.; Kawabata, M.; Miyazono, K.; Ichijo,

H.: EMBO J. 17, 2596 (1998).

2. Nadeau, P. J.; Charette, S. J.; Toledano, M. B.; Landry, J.:
Mol. Biol. Cell 18,3903 (2007).

3. Nadeau, P. J.; Charette, S. J.; Landry, J.: Mol. Biol. Cell
20, 3628 (2009).

This work was supported by the Czech Science Foundation
(Project 14-10061S), Grant Agency of Charles University
(Projects 793913 and 568912); and Academy of Sciences
of the Czech Republic (Research Projects RVO: 67985823
of the Institute of Physiology).
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KLK2- AND KLK11-BINDING PROTEINS AS NOVEL CLASS OF RECOMBINANT
CAPTURE LIGANDS USEFUL FOR IMPROVED PROSTATE CANCER DIAGNOSTICS

Lucie Mare¢kova, Hana Petrokova and Petr Maly

Laboratory of Ligand Engineering, Institute of Biotechnology AS CR, v. v. i., Videriska 1083, 142 20 Prague,
Czech Republic
lucie.mareckova@img.cas.cz, petr.maly@img.cas.cz

Human kallikrein 2 (KLK2) and kallikrein 11 (KLK11),
members of the kallikrein gene family of trypsin-like serine
proteases, have recently been indicated as novel promising
oncomarkers of the prostate cancer (PC), the second most
common cause of male cancer-related deaths in the West-
ern world. Currently, the only clinically validated diagnos-
tic approach for the PC diagnosis relies on serum level
detection of Prostate Specific Antigen (PSA), known also
as KLLK3, and the assessment of the ratio between total and
free PSA. Yet clinically largely used, the antibody-based
PSA assay fails in prediction of early stages of PC and does
not precisely distinguish between malign form of the PC
and benign prostate hyperplasia. This leads to the identifi-
cation of group of false indicated PC patients that have to
undergo cost-effective and risky prostate tissue biopsy. To
overcome this problem together with limitations of PSA
detection for the early detection of the PC, there is a need to
develop multifactorial ELISA kits or novel biosensors, as
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more complex PC prognosticators, for more accurate pre-
diction of cancer presence, stage and metastasis.

Here we present generation and characterization of
novel binders targeting human KLK?2 (called KLA bind-
ers) and KLK11 (HIP binders) that were selected by ribo-
some display from a high-complex combinatorial library,
derived from an albumin-binding domain (ABD) scaffold.
We demonstrate a preliminary assessment of binding prop-
erties of the most promising KLA and HIP variants and
their thermal stability studies performed by Thermal shift
assay (TSA).

This work was funded by the grant FR-TI4/667 by Ministry
of Industry and Trade of the Czech Republic and supported
by grant from BIOCEYV — Biotechnology and Biomedicine
Centre of Academy of Sciences and Charles University in
Vestec, project supported from European Regional
Development Fund.

THE ROLE OF THE NON-PHARMACOPHORE POCKET OF GLUTAMATE
CARBOXYPEPTIDASE Il IN THE DESIGN OF SMALL-MOLECULE INHIBITORS

Zora Novakova,’ Clifford E. Berkman,? and Cyril Bafinka'

"Laboratory of Structural Biology, Institute of Biotechnology, AS CR, Prague
2Department of Chemistry, Washington State University, USA

Inhibitors targeting human glutamate carboxypeptidase 11
(GCPI) are used in various diagnostic and therapeutic ap-
plications and typically consist of a C-terminal docking
moiety and a functionalized distal moiety linked via a
zinc-binding group. While details of interactions between
GCPII the C-terminal part of an inhibitor are reasonably
well established, there is a limited amount of structural in-
formation related to interactions between GCPII and distal
functionalities. Here we present a comprehensive struc-
tural study aimed at dissecting the impact of
physicochemical characteristics of distal functionalities on
GCPII binding/affinity. To this end we determined crystal

structures of eight complexes between GCPII and
phosphoramidate-based inhibitors featuring an invariant
P1’ glutamate and a variable P1 distal functionality. While
the positioning of the phosphoramidate-glutamate func-
tionality in the GCPII binding site is identical for all com-
pounds tested, there are profound differences in GCPIL
interactions with distal groups and those are reflected in
varied affinities and inhibition modes. Our data unravel a
complexity of different binding modes of inhibitors within
the S1 site of GCPII and can be exploited for the design of
novel GCPII-specific compounds.
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CRYSTAL STRUCTURES OF COMPLEXES OF GCPIl WITH P1’-DIVERSIFIED
UREA-BASED INHIBITORS

Jiri Pavlicek," Jakub Ptacek,' Jiri Cerny,' Youngjoo Byun,** Lubica Skultetyova,’
Martin G. Pomper,? Jacek Lubkowski,* and Cyril Barinka'

'Institute of Biotechnology, Academy of Sciences of the Czech Republic, Videriska 1083,
14220 Prague 4, Czech Republic
’Russell H. Morgan Department of Radiology and Radiological Science, Johns Hopkins Medical Institutions,
1550 Orleans Street, Baltimore, MD 21231
3College of Pharmacy, Korea University, 2511 Sejong-ro, Sejong, 339-700, South Korea
“Center for Cancer Research, Frederick National Laboratory for Cancer Research,
Macromolecular Crystallography Laboratory, Frederick, MD 21702, USA

Urea-based inhibitors of human glutamate carboxy-
peptidase 11 (GCPII) have advanced into clinical trials for
imaging prostate cancer and its metastases. In parallel ef-
forts, agents with increased lipophilicity are designed and
evaluated for targeting GCPII residing in the neuronal
compartment. Here we report the structural and computa-
tional characterization of six complexes between GCPII
and P1’-diversified urea-based inhibitors that have the
C-terminal glutamate replaced by a more hydrophobic
moiety. Our results provide a detailed description of inter-
actions governing the recognition of non-glutamate resi-
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dues in the S1’ pocket of the enzyme. We observed the
flexibility of the S1° pocket, most notably that of Phe209,
Leu428, and Lys699 side chains, as well as the structural
rearrangement of the amino acid segment Leu259 —
Gly263, that allows GCPII to accommodate non-glutamate
moieties at the S1° site. The X-ray structures are comple-
mented by the quantum mechanics calculations that pro-
vide a quantitative insight into the GCPIl/inhibitor
interactions. Presented data can be used for the rational de-
sign of novel glutamate-free GCPII inhibitors with im-
proved physicochemical properties.

ASSEMBLY AND MOLECULAR ARCHITECTURE OF PI4K llo COMPLEXES

Miroslav Peterek'?, Evzen Bouia®, Daniel Némeéek'?

"Central European Institute of Technology, Masaryk University, Brno, CZ
’Department of Biochemistry, Max Planck Institute, Martinsried, DE
3Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Prague, CZ

The phosphatidylinositol 4-kinases (PI4K) catalyze the
production of phosphatidyl inositol phosphates (PIPs) that
regulate membrane associated signal transduction and pro-
tein trafficking in eukaryotic cells [1]. The PI4Ks are also
hijacked by several RNA viruses to generate membranes
enriched in phosphatidylinositide 4-phosphate lipids that
are used as viral replication platforms [2]. Two types of
PI4K’s have been identified in mammalian cells: the type II
kinases (o and B isoforms) that are stably associated with
membranes and the type III kinases (o and 3 isoforms) that
are soluble and remain in cytosol [3]. While type III kinases
share homology to structurally well characterized PI3 kin-
ases the structure of type II kinases is unknown.

We expressed and purified a recombinant PI4K o
kinase and discovered that it can assemble into large multi-
meric complexes. Here, we present the initial structural
analysis of these complexes that were imaged by negative
stain and cryo electron microscopy. Electron micrographs
showed heterogeneous particles of globular shape ranging
from 110 to 310 A in diameter. The particles were sepa-
rated into three groups based on their overall diameter,
aligned and classified in 2D using EMAN package. Most
particles (~70%) appeared as small compact spheres of

~110 A diameter. About 17% particles had an oval shape
with dimensions ~250 x 200 A. Interestingly, about 13% of
the particles formed large rings with ~310 A outer diame-
ter, ~140 A thickness and ~90 A inner hole. While the
small particles likely represent a tight assembly of several
PI4KIIa molecules (54 kDa), the two larger particles ex-
hibit similar architecture as some other membrane binding
proteins — respectively, the intermediate particles appear as
compact assemblies of the human caveolin-3 protein [4]
and the large rings are not dissimilar to assembled ESCRT
proteins at the necks of budding viruses from the cell mem-
brane [5].

[1] Greaham, T.R. and Burd, C.G. (2011) Trends Cell Biol.

21:113-121.

[2] Altan-Bonnet, N. and Balla, T. (2012) Trends Biochem.
Sci. 37:293-302.

[3] Balla, A. and Ball, T. (2006) Trends Cell Biol. 16:351-361.

[4] Whiteley, G., Collins, R.F. and Kitmitto, A. (2012)
J. Biol. Chem. 287:40302-16.

[5] Votteler, J. and Sundquist, W.I. (2013) Cell Host Microbe.
14:232-241.
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CRYSTALLIZATION AND PRELIMINARY DIFFRACTION ANALYSIS OF DHA57,
DHAA80 AND DHAA106 MUTANTS FROM RHODOCOCCUS RHODOCHROUS NCIMB

13064

M. Plevaka', T. Holubeva', P. Rezacova®*, T. Prudnikova', R. Chaloupkova®,
T. Koudelakova®, I. Kuta Smatanova'?
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Czech Republic
2Academy of Sciences of the Czech Republic, Institute of Nanobiology and Structural Biology GCRC, Zamek
136, 373 33 Nove Hrady, Czech Republic
}Institute of Molecular Genetics, Academy of Sciences of the Czech Republic v.v.i., Videnska 1083, 142 20
Prague 4, Czech Republic
*Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Repub-
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®Loschmidt Laboratories, Department of Experimental Biology and Research Centre for Toxic Compounds in

the Environment, Faculty of Science, Masaryk University, Kamenice 5/A13, 625 00 Brno, Czech Republic

Haloalkane dehalogenases catalyze a reaction of great en-
vironmental and biotechnological significance: conversion
of halogenated aliphatic hydrocarbons to their correspond-
ing alcohols. Mutagenesis, focused on the entrance of tun-
nels in DhaA structure, produced protein variants with
significantly improved activity towards 1,2,3-trichlor-
opropane (TCP). The DhaA57, DhaA80 and DhaA106
proteins were constructed in order to determine the 3D
structure of the mutants at atomic resolution to explore the
importance of tunnel’s mutation to the enzymatic activity
to TCP degradation.

The DhaA mutant forms were crystallized using the sit-
ting-drop vapor-diffusion method. Diffraction data for
DhaA57 and DhaA80 proteins were collected at the
MX14.2 beamline operated by the Helmholtz-Zentrum
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Berlin (HZB) at the BESSY II electron storage ring
(Berlin-Adlershof, Germany), data sets for DhaA106 were
collected at the X-ray diffraction station at the X-ray dif-
fraction station at the Institute of Molecular Genetics AS
CR in Prague. Diffraction data sets for DhaA57, DhaA80
and DhaA 106 proteins were gathered to the 1.20 A, 1.45 A
and 1.69 A resolutions, respectively.

The DhaA57 and DhaAS80 crystal structures were
solved characterized and deposited in RCSB protein data
bank under 4F5Z pdb code for DhaA57 and 4F60 pdb code
for DhaA80 protein. Model building and refinement of the
DhaA106 protein is currently in progress.

This work was supported by the Grant Agency of the Czech
Republic (P207/12/0775) and GAJU 141/2013/P.

STRUCTURAL AND FUNCTIONAL CHARACTERIZATION OF RALSTONIA
SOLANACEARUM LECTIN MUTANT

Daniel Pokorny', Josef Houser??, Michaela Wimmerova"?®

'Department of Biochemistry, Faculty of Science, Masaryk University, Brno 611 37, Czech Republic
2National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Brno 611 37,
Czech Republic
3 Central European Institute of Technology, Masaryk University, Brno 625 00, Czech Republic
pokec@mail.muni.cz

Ralstonia solanacearum is a gram-negative plant pathogen
with wide radius of hosts (potato, tomato, banana, ...).
Among other ways it uses carbohydrate-binding proteins
as a strategy to invade a plant. Understanding of this inter-
action can help in prevention or treatment of infections
caused by R. solanacearum.

Sugar binding protein RSL from Ralstonia solana-
cearum was previously characterized in our group [1]. In
this project, we examined a two-point mutant RSL_S15
QH60Q produced in the E.coli host cells. FPLC on the
mannose-agarose column was used to purify the protein,

which was subsequently subjected to in-depth analysis.
Isothermal titration calorimetry was used to assess thermo-
dynamic parameters of protein binding to various ligands.
Protein showed the highest affinity towards fucose-con-
taining saccharides. Also, near-UV CD spectroscopy re-
vealed changes of tryptophan peaks while being titrated
with L-fucose. The protein was crystallized by a hanging
drop technique and crystals were subsequently used to de-
termine the structure using X-ray crystallography. Diffrac-
tion data were collected at high resolution of 1.0 A and
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structure was solved by molecular replacement using the
native protein structure.

At the same time, other mutants of the lectin are studied
in our group. This combined approach enables us to deeper
understand the relationship between lectin sequence-struc-
ture and its binding properties including fine specificity to-
wards various ligands.

[1] N. Kostlanova et al.: The Fucose-binding Lectin from

Ralstonia solanacearum, 2005, THE JOURNAL OF
BIOLOGICAL CHEMISTRY, 27839-27849.
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The research leading to these results obtained financial
contribution from the European Union under the Seventh
Framework Programme by CEITEC (CZ.1.05/1.1.00/02.
0068) project from European Regional Development
Fund, SYLICA (Contract No. 286154 under ‘‘Capacities’’
specific programme), Czech Ministry of Education (LH
13055) and the Czech Science Foundation (GAI3-
254018).

STRUCTURAL ANALYSIS OF A NOVEL HALOALKANE DEHALOGENASE DBEA
FROM BRADYRHIZOBIUM ELKANII USDA94
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A novel enzyme, DbeA, belonging to the family of
haloalkane dehalogenases (EC 3.8.1.5) was isolated from
Bradyrhizobium  elkanii  USDA94. This haloalkane
dehalogenase is closely related to DbjA enzyme from
Bradyrhizobium japonicum USDA110 (71% sequence
identity), but has different biochemical properties. DbeA is
generally less active and has a higher specificity towards
brominated and iodinated compounds than DbjA. The
DbeA protein was crystallised using the sitting-drop

vapour-diffusion method. The crystals of DbeA belong to
the primitive orthorhombic space group P2,2,2,. Crystal
structure of a DbeA enzyme has been solved and refined to
2.2 A resolution. The enzymatic molecular structure of
DbeA was compared with those of known haloalkane
dehalogenases already deposited in Brookhaven Protein
Data Bank.

Supported by GACR 207/12/0775.
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MOLECULAR DYNAMICS COMPARISON OF E. COLI WRBA APOPROTEIN AND
HOLOPROTEIN

David Reha', Balasubramanian Harish®, Dhiraj Sinha', Zdenék Kukacka?, James McSally®,
Olga Ettrichova', Petr Novak? Jannette Carey®, Riidiger Ettrich’

'Institute of Nanobiology and Structural Biology, Global Change Research Center, Academy of Sciences of
the Czech Republic, Zamek 136, 373 33 Nove Hrady, Czech Republic

%Institute of Microbiology, Academy of Sciences of the Czech Republic, Videriska 1083, 142 20 Praha 4,
Czech Republic

3Princeton University, Princeton, New Jersey 08544-1009, USA

WrbA is a novel multimeric flavodoxin-like protein of un-
known function. A recent high-resolution X-ray crystal
structure of E. coli WrbA holoprotein revealed a methio-
nine sulfoxide residue with full occupancy in the
FMN-binding site, a finding that was confirmed by mass
spectrometry. In an effort to evaluate whether methionine
sulfoxide may have a role in WrbA function, the present
analyses were undertaken using molecular dynamics simu-
lations in combination with further mass spectrometry of
the protein. Methionine sulfoxide formation upon reconsti-
tution of purified apoWrbA with oxidized FMN is fast as
judged by kinetic mass spectrometry, being complete in ~5
hours and resulting in complete conversion at the ac-
tive-site methionine with partial conversion at second, het-
erogeneous sites. Analysis of methionine oxidation states
during purification of holoWrbA from bacterial cells re-
veals that methionine is not oxidized prior to reconstitu-
tion, indicating that methionine sulfoxide is unlikely to be
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relevant to the function of WrbA in vivo. Although the sim-
ulation results, the first reported for WrbA, led to no hy-
potheses about the role of methionine sulfoxide that could
be tested experimentally, they elucidate the origins of the
two major differences between apo- and holoWrbA crystal
structures, an alteration of inter-subunit distance and a rota-
tional shift within the tetrameric assembly. Furthermore the
MD results hint the possibility of communication between
binding sites suggesting that FMN binding to WrbA might
be cooperative. Indeed, a ready mechanism for allosteric
signal transmission exists in the fact that each FMN bind-
ing site comprises residues from three of the four WrbA
subunits. However there are no conclusive experimantal
results so far.

We gratefully acknowledge support from the Czech Sci-
ence Foundation (P207/10/1934) and joint Czech - US Na-
tional Science Foundation International Research
Cooperation (OISE08-53423).

PUMP-PROBE MOLECULAR DYNAMICS (PPMD) SIMULATIONS IN GROMACS AND
ITS TESTING ON THE PDZ DOMAIN

Leona Sera, Vojtéch Spiwok

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

Despite the fact that allostery plays a crucial role in the pro-
tein function, this complicated phenomenon is still not
fully understood. Allostery involves gradual changes in the
conformation propagating throughout the molecule on the
timescales from picoseconds to microseconds. Such action
is beyond the capabilities of classical MD. Pump-probe
MD is based on the idea that artificial oscillating forces can
be applied on selected part of the molecule (pump) and re-
sultant signal transmits across the protein. The residues in-
volved in the dissemination can be identified by employing
the Fourier transform (probe). This method was incorpo-
rated into GROMACS programme package and different
settings were tested on the PDZ domain. If the oscillation is
applied on each residue in the separate simulations and all

residues in each simulation are probed, it is possible to cre-
ate the map of allostery, where every residue-residue inter-
connection should appear. Moreover these data can be
statistically analyzed. One PPMD simulation is quite
computationally undemanding, since we plan to establish
the user-friendly scientific web-portal, where all programs
and algorithms would be provided.

This project was supported by COST actions Multi-
GlycoNano (CM1102, LD13024) and GLISTEN (CM1207,
LD14133). Access to computing and storage facilities
MetaCentrum (LM2010005) and CERIT-SC (CZ. 1.05/
3.2.00/08.0144) is greatly appreciated. Participation at
the conference is supported by specific university research
(MSMT No 21/2014).
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INTERDOMAIN COMMUNICATION IN THE ENDONUCLEASE/MOTOR SUBUNIT OF
TYPE | RESTRICTION-MODIFICATION ENZYME ECOR124l

Katsiatyna Shamayeva'?, Dhiraj Sinha'?, Vyas Ramasubramani®, David Reha'?,
Vitali Bialevich'?, Morteza Khabiri', Alena Guzanova®, Marie Weiserova®*, Eva Csevalvay',
Jannette Carey®, Rudiger Ettrich"?

'Institute of Nanobiology and Structural Biology, Global Change Research Center, Academy of Sciences of
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Restriction-modification systems protect bacteria from for-
eign DNA. Type I restriction-modification enzymes are
multifunctional heteromeric complexes with DNA cleav-
age and ATP-dependent DNA translocation activities lo-
cated on endonuclease/motor subunit HsdR. The recent
structure of the first intact motor subunit of the Type I re-
striction enzyme from plasmid EcoR1241 suggested a
mechanism by which stalled translocation triggers DNA
cleavage via a lysine residue on the endonuclease domain
that contacts ATP bound between the two helicase do-
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mains. In the present work molecular dynamics simulations
are used to explore this proposal as the protein samples
conformational space. MD suggests that the Lys-ATP con-
tact alternates with a contact to a nearby loop housing the
conserved QxxxY motif that had been implicated in DNA
cleavage. This model is tested here by using in vivo and in
vitro experiments. The results indicate how local interac-
tions are transduced to domain motions within the
endonuclease/motor subunit.

Supported by GAJU 141/2013/P.

STRUCTURES OF RECEPTORS AND LIGANDS OF MAMMALIAN NK CELLS
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Natural killer cells (NK cells) are large granular lympho-
cytes, a sort of lymphocytes discovered in the early 1970s.
They comprise ca. 10 % of lymphocytes. They are able to
kill virally infected and tumor cells. Unlike T-cells, the ac-
tivity of NK cells is innate, they do not need to have previ-
ous experience with a tumor — they are natural killers.

We solved an X-ray structure of an extracellular
part of mouse Clr-g [1], a ligand for NK receptor
NKR-PIF. The diffraction data of a rod-like crystal were
measured at synchrotron Bessyll of HZB in Berlin and pro-
cessed up to 1.95 A. The protein forms dimer similar to that
of CD69.

The dimer differs slightly from CD69 dimer in mutual
orientation of both monomers. This effect was observed
also for other similar protein dimers and seems to be an ef-

fect of flexibility of the dimers and not a characteristic of
the dimerization mode of the protein.

A model of a complex with its binding partner,
NKR-P1F, was designed based on electrostatic
complementarity of both molecules. In this model, the
complex is not formed in “face to face” mode, as is usually
expected; rather the dimer of NKR-P1F embraces one of
the monomers of Clr-g.

This work was supported by the Czech Science Foundation
(grant No. P302/11/0855), Ministry of Education, Youth
and Sports of the Czech Republic (grants LG14009 and
EE2.3.30.0029) and by the project BIOCEV CZ.1.05/
1.1.00/02.0109 from the ERDF.

[1] Skalova et al., J. of Immunology, 2012, 189 (10),
4881-4889.
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ENHANCEMENT OF LINEAR VS. NON-LINEAR MOTIONS IN PROTEIN FOLDING
Vojtéch Spiwok

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

Time scales of molecular simulations are limited by avail-
able computational resources. To overcome this obstacle,
many enhanced sampling methods have been developed.
Metadynamics method disfavors previously visited states
of the studied system to improve sampling in directions of
selected degrees of freedom. Enhancement of sampling of
linear collective motions of a molecule has been tested in
the framework of metadynamics. However, atomic mo-
tions are not linear. In this project we test enhancement of
non-linear collective motions in the simulation of folding
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of tryptophan cage mini-protein. Several folding-unfolding
transitions were observed in 200 ns simulations, despite the
fact that significantly longer time scales are necessary to
fold this mini-protein in conventional simulations.

This project was supported by COST actions MultiGlyco-
Nano (CM1102, LDI13024) and GLISTEN (CM1207,
LD14133). Access to computing and storage facilities
MetaCentrum (LM2010005) and CERIT-SC (CZ. 1.05/
3.2.00/08.0144) is greatly appreciated.

CRITICAL PARAMETERS FOR S-SAD PHASING - REAL CASE EXPERIENCE

J. Stransky'?, T. Koval®, L. Ostergaard®, J. Duskova', T. Skalova', J. Hasek', P. Kolenko?,
K. Fejfarova®, J. Dohnalek'?
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As X-ray diffraction technologies develop, de novo phas-
ing of protein structures by single-wavelength anomalous
dispersion by sulphur (S-SAD) is simplified and more
common. However, anomalous differences in the sulphur
atomic factors are in the order of errors of measurement,
which makes careful intensity reading and data processing
crucial. The new structure of a small 12 kDa protein with 4
sulphur atoms per molecule was phased with anomalous
data up to 2.3 L but the data did not enable a straightfor-
ward structure solution. Data processing was performed
using XDS [1] and scaling using XSCALE. The sulphur
substructure was determined by SHELXD [2] and phases
were obtained by density modification and autotracing in
SHELXE [2]. Both programmes strongly depend on input
parameters and default values did not lead to the correct
phases. Therefore a systematic search of optimal values of

several parameters was used to find a solution. This method
helped to confirm sulphur substructure and to differentiate
the handedness of the solutions. Moreover, a script for
comfortable conversion of SHELX outputs to MTZ format
was developed, using programmes included in the CCP4
package [3]. The previously unsolvable protein structure
was successfully resolved with the described procedure.

This work was supported by the Grant Agency of the Czech
Technical University in Prague, (SGS13/219/OHK4/3T/
14), the Czech Science Foundation (P302/11/0855), pro-
ject BIOCEV CZ.1.05/1.1.00/02.0109 from the ERDF.

1. W. Kabsch, Acta Cryst., 2010, D66, 125-132.
2. G.M. Sheldrick, Acta Cryst., 2008, A64, 112-122.
3. M. D. Winn et al., Adcta. Cryst., 2011, D67, 235-242.
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EXPLORING FREE ENERGY SURFACE OF OXYTOCIN BY USING WELL-TEMPERED
METADYNAMICS

Zoran Suéur, Vojtech Spiwok

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

Well-tempered metadynamics (WTmetaD) is one of the
enhanced sampling methods for free energy calculations.
[1] In this work it was used to explore the free energy sur-
face of neurohypophysial hormone oxytocin, which led to
defining different stable conformations of this hormone.
The difficulty of choosing the right collective variables
(CVs) in the metadynamics as biased simulations was
avoided by using dimensionality reduction techinuque -
Principal Component Analysis, from the trajectories ob-
tained using unbiased simulations (Molecular dynamics
and Replica Exchange Molecular Dynamics). [2] The
WTmetaD simulations were done in both implicit (30ns
long simulation) and explicit (20ns long simulation) sol-
vent in order to observe their possible impact on the con-
formation of the molecule. After exploring the free energy
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surface of oxytocin three distinctive energy minima were
found and so we assume that it has three stable conformers.

This project was supported by COST actions MultiGlyco-
Nano (CM1102, LDI13024) and GLISTEN (CM1207,
LD14133). Access to computing and storage facilities
MetaCentrum  (LM2010005) and CERIT-SC (CZ.
1.05/3.2.00/08.0144) is greatly appreciated. Participation
at the conference is supported by specific university re-
search (MSMT No 21/2014).

[1] Barducci A, Bussi G, Parrinello M (2008) Well-Tempered
Metadynamics: A Smoothly Converging and Tunable
Free-Energy Method. Phys Rev Lett 100,020603.

[2] Spiwok V, Lipovova P, Kralova B (2007) Metadynamics in
Essential Coordinates: Free Energy Simulation of
Conformational Changes. J Phys Chem B 111, 3073-3076.

CRYSTALLIZATION OF FRPC PROTEIN FROM NEISSERIA MENINGITIDIS
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Neisseria meningitidis is a Gram-negative bacterium that
colonizes the nasopharynx of approximately 10% of popu-
lation without causing any symptoms. However, the bacte-
ria can penetrate across the nasopharyngeal mucosa, gain
access to the bloodstream and pass the blood-brain barrier,
inducing devastating invasive meningococcal diseases
such as septicemia and/or meningitis.

Under conditions of limited iron availability, N.
meningitides was shown to produce RTX1 (repeat in toxin)
family proteins secreted through the type I pathway, the
so-called FrpC-like proteins. These are characterized by
the presence of a variable number of carboxyl-proximal
glycine and aspartaterich repetitions of a nonapeptide RTX
consensus motif (L/I/F)XGGXG(D/N)DX. But the biologi-
cal activity of meningococcal FrpC-like proteins remains
unknown.

It was reported that the FrpC protein undergoes a
unique calcium-dependent autocatalytic processing at an
Asp-Pro peptide bond that is accompanied by formation of
high molecular weight oligomeric species of FrpC that
contain subunits covalently cross-linked through a new

type of isopeptide bond. The results strongly suggest that
FrpC is also processed and cross-linked when meningo-
cocci grow in the calcium-rich environments of the
mucosal secretions of nasopharynx and/or in the plasma
and liquor during invasive infections.

One of the directions to investigate the function of
FrpC protein is to study its structure. And the
“clip-and-link” self-processing activity is one of the crucial
aspects in purification step.

Initial crystallization trials of FrpC protein were per-
formed using the sitting-drop vapour-diffusion at both 4 °C
and 18 °C. The commercial screeening kits Morpheus,
Structure, Pact Premier, MIDAS, PGA Screen and JCSG+
(Molecular Dimensions, Suffolk, England), PEG Suite
(Qiagen sciences, Maryland, USA), Index Screen
(Hampton Research, Aliso Viejo, USA), JCscreen Plus
(Jena Bioscience, Jena, Germany) were tested to determine
initial crystallization conditions using Gryphon high
throughput crystallization robot (Art Robbins Instruments,
USA).

This research is supported by the GACR P207/11/0717.
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DEVELOPMENT OF LACTIC ACID BACTERIUM CAPABLE OF BINDING SHIGA
TOXIN ON THE SURFACE
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Lactic acid bacteria (LAB) have long history of safe usage
in the dairy industry. Because of their important role in hu-
man intestine and potential health-promoting effects, LAB
are considered as promising vectors for the delivery of dif-
ferent recombinant proteins to the human intestine. Infec-
tions with shiga toxin-producing bacteria, like entero-
haemorragic Escherichia coli and Shigella dysenteriae,
represent serious medical problem. Recombinant lactic
acid bacteria could be engineered to bind shiga toxin on
their surface by displaying binding proteins against B sub-
unit of shiga toxin (StxB) on the surface of LAB. Small en-
gineered binding proteins, like designed ankyrin repeat
proteins (DARPins), derivatives of B domain of staphylo-
coccal protein A (affibodies) and derivatives of albu-
min-binding domain (ABD) of streptococcal protein G,
were reported as promising alternatives to antibodies for
many applications.
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In the first part of the present study, we tested the effi-
ciency of the display of binding proteins on the surface of
model LAB Lactococcus lactis. We have prepared and
evaluated all three types of binding proteins (DARPins, B
domain, ABD) on the surface of L. lactis.

In the second part we focused on the expression of re-
combinant StxB and further development of binding pro-
teins against StxB using ABD library (1). We have
prepared functional recombinant Stx1B and Stx2B as tar-
gets for selection of binding proteins. After five cycles of
ribosome display and screening of positive clones with
ELISA, we selected four potential Stx1B binders. Our fu-
ture work will focus on further characterization of selected
binders and their functional display on the surface of LAB.

1. Ahmad et al., Proteins: Struc. Funct. Bioinform. 2012, 80,
774-789.

NMR STUDY OF HALOALKANE DEHALOGENASE DHAA: RESONANCE
ASSIGNMENT AND RELAXATION

V. Zapletal', M. Zachrdla', P. Srb’, L. Zidek', R. Chaloupkova?

'NCBR, Faculty of Science and CEITEC, Masaryk University, Kamenice 5, 62500 Brno, Czech Republic
2| oschmidt Laboratories, Department of Experimental Biology and Research Centre for Toxic Compounds in
the Environment, Faculty of Science, Masaryk University, Kamenice 5/A13, 625 00 Brno,Czech Republic
vojtis@mail.muni.cz

Nuclear magnetic resonance (NMR) is a method well
suited for studies of biomacromolecules at the atomic level.
Wild type haloalkane dehalogenase DhaA, obtained from
the bacterium Rhodococcus rhodochrous, is a 33.5 kDa en-
zyme capable of hydrolytic biodegradation of aliphatic
alogen-hydrocarbons yielding a halide, a proton and a pri-
mary alcohol. The goal of the project was to describe the
molecular motions of DhaA. As the first step, it is neces-
sary to assign the resonance frequencies. The sample for
assignment was uniformly triply labeled with *H, °C and

N isotopes and for relaxation study was doubly labeled
with *H and "N isotopes. The experiments utilizing trans-
verse relaxation-optimized spectroscopy (TROSY) were
performed. The assignment of 222 residues was achieved,
which represents approximately 90 % of the observed
backbone amide peaks in the 'H-""N TROSY spectrum.
TROSY-based Ry, R, and °’N-{'H} steady-state NOE ex-
periments were carried on the 950 MHz US? Bruker spec-
trometer and they were used to provide information on
molecular motions on the fast time scale.
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