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BIOLOGICAL SMALL ANGLE X-RAY SCATTERING AT CEITEC-MU

Tomas Klumpler
CEITEC, Masaryk University, Brno, Czech Republic

Biological Small Angle X-ray Scattering (Bio-SAXS) be-
come mature and popular technique for structural studies
of the macromolecules and macromolecular complexes in
solution. Development of the software tools available and
advances of synchrotron and ,home* X-ray sources
brought Bio-SAXS to routine work-flow of number of
structural biologists. Bio-SAXS is used for determination
of the integral structural parameters, shape reconstruction,
determination of the oligomeric and folding state, unravel-
ing the quaternary architecture of the complexes, modeling
of molecular flexibility and more. Bio-SAXS characterizes
macromolecules in solution, i.e. close to their native and bi-
ologically relevant conditions. It is a low-resolution tech-
nique, but in combination with other techniques as X-ray
crystallography, nuclear magnetic resonance, etc., the Bio-
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SAXS becomes powerful tool of the structural analysis of
biological macromolecules.

The Core facility X-ray diffraction and Bio-SAXS of
the CEITEC-MU located in Brno facilitates access to the
state of art “in house” instrumentation for X-ray structural
analysis. Besides the elementary collection of diffraction
or scattering data, the facility offers assistance with data
processing and interpretation. Year and half after the offi-
cial opening of the laboratory the most typical Bio-SAXS
case studies from users community are presented: ab initio
shape reconstruction experiments, oligomeric state deter-
mination and oligomeric equilibrium studies, hybrid
method approaches for quaternary structure model build-
ing of macromolecular complexes and studies of semi-flex-
ible complexes and intrinsically disordered proteins.

THEORETICAL AND EXPERIMENTAL STUDY OF CHARGE TRANSFER THROUGH
DNA: IMPACT OF MERCURY MEDIATED T-Hg-T BASE PAIR

Irena Kratochvilova', Martin Vala?, Martin Weiter?, Ondiej Pav®, Jakub Sebera®,
Vladimir Sychrovsky®

'Institute of Physics, Academy of Sciences of the Czech Republic, v.v.i, Na Slovance 2,
CZ-182 21, Prague 8, Czech Republic
Materials Research Centre, Faculty of Chemistry, Brno University of Technology, Purkyriova 118, CZ-612
00 Brno, Czech Republic
3Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, v.v.i.,
Flemingovo namésti 2, CZ-16610 Prague 6,Czech Republic

DNA-Hg complexes may play an important role in sensing
of DNA defects or in detecting of Hg presence in the envi-
ronment. A fundamental way of characterizing DNA-Hg
complexes is to study the way how the electric charge is
transferred through the molecular chain. The main goal of
this contribution was to investigate the impact of a mercury
metal cation that links two thymine bases in a DNA T-T
mismatched base pair (T-Hg-T) on charge transfer through
the DNA molecule. We compared the charge transfer effi-

ciencies in standard DNA, DNA with mismatched T-T
base pairs and DNA with T-Hg(II)-T base pair. For this
purpose we measured the temperature dependence of
steady-state fluorescence and UV-VIS of the DNA mole-
cules. The experimental results were confronted with the
results obtained employing theoretical DFT methods. Gen-
erally, the efficiency of charge transfer was driven by mer-
cury changing the spatial overlap of bases.
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THE INTERACTIONS OF SOIL NATURAL ORGANIC MATTER (NOM) AND
POLYCYCLIC AROMATIC HYDROCARBON (PAH) WITH BIOLOGICAL
INTERFACES STUDIED BY MD SIMULATIONS

Babak Minofar

Faculty of Science, University of South BohemiaBranisovska 31, Ceske Budejovice, Czech Republic
Institute of Nanobiology and Structural Biology of Academy of Sciences of the Czech Republic
minofar@nh.cas.cz, babakminoofar@gmail.com

Soil is very complex compound which consists of different
components such as mineral surfaces, organic and inor-
ganic ions and natural organic matter thus many factors are
important in adsorption and transportation processes in
soil. Understanding the interactions of different com-
pounds of soil not only needed to be addressed experimen-
tally but also theoretically due to the fast growing the speed
and capabilities of computers and computational methods.
In order words, combined experimental and theoretical
methods are more accurate to solve complex problems in
soil science. One of most important components of soil,
which has strong effect and play important role in the pro-
cess of adsorption of different elements to the plants and
complexation of many metal ions in the environment is
natural organic matter (NOM). NOM and in particular
humic acids, humates, and fulvic acids derived from dead
plant and animal matter by partial decomposition, are pres-
ent in environments and especially in aquatic environ-
ments. They play variety of important roles in soil [1-2] and
their interactions with metal ions, minerals and organic
species are important for environment.

Humic acids are able to interact with both organic and
inorganic substances such as nutrients, metal ions, and hy-
drophobic organic compounds [3, 4]. Moreover, the inter-
actions of humic acids with living surfaces have been
detected by some experimental methods such as adsorption
isotherms, electrophoretic mobility measurements, and
transmission electron microscopy [5]. Humic acids and
humates have heterogeneous and complex structures with
different functional groups such as NH,, COOH, OH, aro-
matic and aliphatic parts in which the non-covalent
intermolecular interactions such van der Waals, charge-
transfer, stacking interactions and hydrogen-bonding are
the most important interactions [6]. Understanding their
structure and interactions with ions and hydrophobic or-
ganic compounds can give us important information about
their biodegradability, toxicity, and transport properties.
NOMs are present in soil and water thus they can interact
with natural macromolecules such peptide, proteins or en-
zymes, so that molecular modeling methods can give use-
ful information about their interactions in molecular level.

In order to understand the solvation structure and inter-
actions of NOMs in aqueous solution we have studied the
solvation structure and surface propensity to the air/aque-
ous solution of building blocks of humic acids and we ob-
served that they have strong surface propensity and
decrease of surface tension [7] of water which is supported

by surface sensitive spectroscopy [8]. Such as vibrational
sum frequency generation spectroscopy.

Garrido et al. studied the structure, conformational
changes and aggregation of Temple- Northeastern - Bir-
mingham (TNB) [9] model of humic acid which was pro-
posed by Sein et al. by molecular modeling approaches and
they revealed water molecules stabilize the system spe-
cially when the model has bigger negative charge and in
higher concentration of humic acid aqueous solution ag-
gregation takes place [10].

High flexibility and presence of different functional
groups such as carboxylic acid, alcoholic, phenolic and hy-
drophobic groups in humic acid make them to be favorable
for interaction with metal ions and hydrophobic organic
compounds. Such interactions make humic acids to be in-
volved in metal ion complex formation and aggregation
which are studied both theoretically and experimentally.
Surface propensity and aggregation to the air/water occur
for humates aqueous solutions in which hydrophobic parts
of humates were moved towards air/water interface and hy-
drophilic parts towards the bulk of aqueous solution thus
decrease of surface tension of such solution solutions was
observed [11].

In order to understand the adsorption process of NOM
on the surface of living organisms in aquatic environments
we studied the interactions of NOM with biomembranes
which is the crucial as weak interactions such as hydrogen
bonding, van der Waals and hydrophobic interactions are
the dominant interactions. As studying the interactions of
biomembrane of living organisms is very complex due to
the fact that they contain different lipids with different
compositions thus study the interaction of model biomem-
brane can bring new insights to understand the process of
adsorption and influence of the surface of biomembrane by
NOM.

Weak interactions which are involved in the adsorption
of NOM on the surface of living organisms can bring infor-
mation to reveal the role of humic substances on the surface
of biomembranes and their key interactions on metal toxic-
ity when binding to the surface of living organisms in
aquatic systems take place [5]. Moreover, studying the in-
teraction of NOM with different biological membrane
brings valuable information about the biodegradation pro-
cess of hydrophobic organic pollutants such as polycyclic
aromatic hydrocarbons (PAH) in aqueous environments
[12].
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This study brings new insights for the adsorption and
interaction of different models of NOM with different
biomembrane such as, 2-dipalmitoyl-sn-glycero-3-phos-
phocholine (DPPC) and 1-palmitoyl -2- oleoyl - sn —
glycero -3 - phosphocholine (POPC) as typical compo-
nents of cell membrane. As both POPC and DPPC mem-
brane have N(CH3)*" groups in their structure thus
electrostatic interaction between the negatively charged
functional groups of the humic substances and the posi-
tively charged groups N(CHs)** of the biomembranes head
groups and hydrophobic interactions between the NOM
and membranes bilayer, and hydrogen bonding between
the negatively charged functional groups of the NOM and
the negatively charged groups of phosphate domain of the
head groups are the most important interaction in the pro-
cess of adsorption of humic substances on the surface of
living surfaces.

To understand such complex phenomena as , we stud-
ied the surface propensity and interaction of TNB model of
NOM with lipid bilayers such as both POPC and DPPC as
by classical molecular dynamics (MD) simulations and re-
vealed that the hydrophbic interaction between organic
molecules and hydrophobic parts of humic acid is one of
the most important factor for interactions and surface pro-
pensity to the air/aqueous solution interface. This study
also has characterized the interactions of NOM with bio-
logical surfaces in order to understand the role of different
functional groups such COOH, OH, aromatic and aliphatic
parts of NOM with biologically relevant compounds.
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ANALYSIS OF LIVING CELL 3D INNER STRUCTURES FROM HIGH-RESOLUTION
BRIGHT-FIELD MICROSCOPY

R. Rychtarikova, T. Nahlik, D. étys

University of South Bohemia in Ceske Budejovice, Faculty of Fisheries and Protection of Waters, South Bo-
hemian Research Center of Aquaculture and Biodiversity of Hydrocenoses, Institute of Complex Systems,
Zamek 136, 373 33 Nové Hrady, Czech Republic
rrychtarikova@frov.jcu.cz

Knowledge of composition of biochemical structures
(from organelles, bio-molecular assembles down to unique
biomolecules) is important for understanding of struc-
tural-functional relationships inside a living cell and recog-
nition its physiological state. The best imaging technique is
provided by a classical microscopic technique without us-
age any contrast methods — bright-field light transmission
microscopy. Provided we use an unlabelled, undyed cell,
we obtain its most real image.

With regards to physical and physico-chemical process,
which occur during passing light through a living cell, we
developed a mathematical approach (Point Divergence
Gain) for segmentation and analysis of three-dimensional
structures down to size of a camera chip (x,y-coordinates)
and scanning z-step from their light diffraction and emis-
sion patterns — object spread functions — as well as tracking
organelles captured in a z-stack of micrographs [1].
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Our results show necessity to consider the technical
limitations of microscopy (i.e., precision of optics, image
registration, size of scanning z-step and a camera pixel,
speed of image acquisition and storage) in future build-
ing-up of a new microscope and relevant software.

1. R.Rychtarikova, T. Nahlik, R. Smaha, J. Urban, D. Stys
Jr., P. Cisat, D. Stys, in ISCS 2014:Interdisciplinary Sym-
posium on Complex Systems (Emergence, Complexity and
Computation 14), edited by A. Sanayei, O.E. Rossler, 1.
Zelinka (Switzerland: Springer), 2014, pp. 261-267.

This work was financially supported by Postdok JU
CZ.1.07/2.3.00/30.0006, by the GAJU 134/2013/Z, and by
the Ministry of Education, Youth and Sports of the Czech
Republic projects CENAKVA (No. CZ.1.05/2.1.00/01.
0024) and CENAKVA II (No. LO1205 under the NPU [

program,).

THE ACTIVATION OF N-GLYCOSIDIC BOND CLEAVAGE OPERATED
BY hOGG1 ENZYME CAN BE SPECIFICALLY CONTROLLED BY
ELECTROPHILICITY/NUCLEOPHILICITY OF THE GLYCOSIDIC

NITROGEN OF NORMAL/DAMAGED NUCLEOSIDES

Jakub Sebera', Lukas Trantirek?, Yoshiyuki Tanaka®, Radim Nencka', Jifi Fukal' and
Vladimir Sychrovsky'*

"Institute of Organic Chemistry and Biochemistry AS CR, v.v.i., Fleming square 2, 166 10 Prague,
Czech Republic
2Central European Institute of Technology — Masaryk University, Kamenice 753/5, 625 00 Brno,
Czech Republic
3Division of Pharmaceutical Chemistry, Tohoku University, Aobayama, Aoba-ku, Sendai, Miyagi, 980-8578,
Japan
*Corresponding author: viadimir.sychrovsky@uochb.cas.cz

The role of lysine 249 (Lys 249) residue of base-excision
repair enzyme hOGGl1 in activation of N-glycosidic bond
cleavage was studied by means of theoretical computations
for 2’-deoxyguanosine (G), 8-0x0-2’-deoxyguanosine
(Ox0G) and N6-(2’-B-D-deoxyribofuranosyl)-2,6- diami-
no-4-hydroxy-5-formamidopyrimidine (FapyG). The in-
teraction sites of Lys 249 involved C1°, N3, and N9 atoms
of nucleosides that can be foreseen from available crystal
structures.

The mechanistic pathway of nucleobase excision in-
volving attack of lone-pair electrons at glycosidic nitrogen
N9 to Ne-ammonium of Lys 249 resulted in specific activa-

tion of normal (G) and damaged (Oxo0G, FapyG) nucleo-
sides owing to distinct electrophilic or nucleophilic charac-
ter of the glycosidic nitrogen of normal and damaged
nucleosides. Other pathways involving interaction of Lys
249 with N3 and C1’ atoms in that regard appeared
unspecific.

The chemical modification of normal G owing to dam-
age resulted in alternation of electronic character of glyco-
sidic nitrogen, strengthening of the C1°-N9 glycosidic
bond and decrease of the aromatic character of five-
membered ring of nucleobase. Particularly the nucleo-
philicity/electrophilicity of N9 seems to control specifi-
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cally proton addition to nucleobase during its excision via
deprotonation of Ne-ammonium of Lys 249. The check-
point mechanism proposed theoretically is coherent with
base-specific enzymatic repair of G, Oxo0G, and FapyG that
was observed experimentally.

The activation operated by attack of lone-pair electrons
at glycosidic nitrogen to Ne-ammonium of Lys 249 was ef-
ficient and specific with respect to normal and damaged
nucleosides owing to electrophilicity (G)/nucleophilicity
(Ox0G, FapyQ) of glycosidic nitrogen and owing to cor-
rupted catalytic core that was obtained specifically only for
the damaged nucleosides. The glycosidic nitrogen of OxoG

L31

and FapyG can donate lone-pair electrons capable of inter-
action with proton of Ne-ammonium of Lys 249 while
highly delocalized lone-pair electrons at N9 of G can’t in-
teract efficiently with Ne-ammonium. The Lys 249 there-
fore seems to be not only key catalytic residue, but also the
residue that is involved in recognition of damaged
nucleobases.

Sebera, Trantirek, Tanaka, Sychrovsky, J. Phys. Chem. B
2012, 116, 12535-12544.

Sebera, Trantirek, Tanaka, Nencka, Fukal, Sychrovsky,
RSC Advances 2014, 4, 83, 44043 — 44051.

USING NON-CRYSTALLOGRAPHIC-SYMMETRY TO SOLVE THE STRUCTURE OF A
PERFECT MEROHEDRAL TWIN CRYSTAL OF AICHI VIRUS (AlV)

C. Sabin & P. Plevka

Laboratory of Structural Virology, CEITEC, Masaryk University
Kamenice 5/ A35, Brno, 625 00, Czech Republic
charles.sabin@ceitec.muni.cz

Aichi virus (AiV) is associated with acute gastro-
enteritis and belongs to the family Picornaviridae of small
(27-30nm in diameter), non-enveloped, positive-stranded
RNA viruses [1-2]. The 2.3 A resolution dataset collected
from a cubic crystal of AiV particles displayed an apparent
symmetry space group of 1432 that truly revealed to be an
123 space group with a perfect merohedral twinning. A ro-
tation-search using icosahedral 5-fold symmetry axes as
probes in GLRF software [3] followed by a transla-
tion-search in the real space group have selected one of the
possible twin orientations to position a capsid protein from
Poliovirus as first template.

A twinning refinement method was used to determine
the ‘real’ reflexion hkl contribution to the ‘twinned’ reflec-
tion ‘hkl’. Thus for each reflexion, calculated twinned in-
tensity L.q(‘hkl’), twin operator (TWOP) and twin fraction
(FRAC(hkI)) were defined such as:

Late(CHKD) = 0.5 Lyo(hkl) + 0.5 L TWOP[RKI])

FRAC(hkI) = Leai(hkl)/Leaic(*hKD)

FRAC(hkI) was then applied to the observed intensity
Iobs(‘hkl’) as first approximation. Cycles of twinning re-
finement associated with real-space averaging of electron
density map using Non-Crystallographic Symmetry were
also required to manually build the model, improve phases
and achieve the structure determination. The AiV capsid
consists of a densely packed icosahedral arrangement of 60
protomers comprised of 3 polypeptides each.

1. Yamashita, T et al (1991) Isolation of cytopathic small
round viruses with BS-C-1 cells from patients with
gastroenteritis. J Infect Dis 164:954-957.

2. Yamashita, T et al (1998) Complete nucleotide sequence
and genetic organization of Aichi virus, a distinct member
of the Picornaviridae associated with acute gastroenteritis
in humans. J Virol 72:8408-8412

3. Tong,T. & Rossmann,M.G (1972) The Locked Rotation
Function. Acta Cryst. A46:783-792.
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MOLECULAR ARCHITECTURE OF ENCAPSULIN NANOCOMPARTMENTS:
AN IRON-SEQUESTERING SHELL THAT PROTECT CELLS FROM OXIDATIVE
STRESS

Juan Fontana', Daniel Nemecek'? Colleen A. McHugh®, Dennis C. Winkler', Naigian Cheng’,
J. Bernard Heymann', Joseph S. Wall*, Egbert Hoiczyk®, and Alasdair C. Stevena’
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2Central European Institute of Technology, Masaryk University, Brno, CZ
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To store iron and regulate its metabolism, cells have devel-
oped ferritin-based organelles: classical ferritins and
bacterioferritins that function in iron storage and Dps pro-
teins that normally function in iron detoxification [1]. Bac-
teria additionally possess other kinds of protein-based
organelles, which allow them to encapsulate enzymes
and/or to sequester toxic or volatile products [2]. Myxoco-
ccus xanthus produces such protein-based particles that ac-
cumulate iron in its encapsulin nanocompartment, which is
composed of the HK97-like shell protein EncA and three
minor proteins, EncB, EncC and EncD [3]. These particles
have dense iron-rich cores. We used cryo-electron micros-
copy and single particle reconstruction techniques to deter-
mine the structure of native encapsulin particles from M.
xanthus and recombinant EncA shells produced in E. coli.
The 3-D reconstruction of native particles shows them to
have the same T=3 icosahedral shell as recombinant parti-
cles but filled with dense trilaminar material, which elec-
tron tomography shows to be composed of 11-19 dense

granules, ~5.5 nm in diameter and not icosahedrally or-
dered. Based on STEM mass measurements, we estimated
that the granules accommodate ~35,000 Fe atoms, as com-
pared to a maximum of ~4,500 iron atoms in ferritin. In ad-
dition to T=3 capsids, recombinant EncA produces smaller
particles, mainly T=1 icosahedra. These observations lead
to a model for iron-sequestering encapsulin nanocompart-
ments in which EncA encapsulates the minor proteins and
EncB and EncC act as mineralizing centers for iron granule
assembly.

1. Andrews, S.C. et al. (2010) Biochim Biophys Acta 1800:
691-705.

2. Kerfeld, C.A. et al. (2010) Annu. Rev. Microbiol. 64:
391-408.

3. McHugh C.A. etal. (2014) EMBO J. 33: 1896-1911.
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