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INTERACTION OF ZINC-DEPENDENT NUCLEASE FROM S1-P1 FAMILY WITH RNA
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Members of the S1-P1 nuclease family are zinc dependent
phosphoesterases found in plants, fungi, protozoa and
some bacteria. These nucleases have many important roles
in organisms, such as specific apoptotic functions, stress
response to viroid pathogenesis [1], scavenging for nutri-
ents, or symbiont-host interactions [2]. They are often uti-
lized in biochemistry and biotechnology and have potential
medical applications [3]. S1 nuclease from Aspergillus
oryzae is a single—strand specific nuclease with 3’-mono-
nucleotidase activity and 5’-mononucleotides, mono-
nucleosides as well as phosphate ions are its products and
at the same time competitive inhibitors.

From previous studies non-specificity of S1 nuclease to
nucleobases and its ability to remodel its active site is
known [4]. The aim of this work is to analyze the differ-
ences in the binding of DNA and RNA in the S1 nuclease
active site. Our study is based on two new structures at high
resolution of S1 nuclease in complex with uridine and
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cytidin-5’-monophosphate (products of RNA cleavage)
and their comparison with the already known structures of
complexes of S1 nuclease with DNA products. Structural
data are complemented with biophysical techniques in or-
der to explain observed differences in the activity of S1
nuclease against DNA and RNA.

This work was supported by MEYS CR (LM2015043
CIISB) and by the ERDF fund (CZ.02.1.01/0.0/0.0/
16 _013/0001776).
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14-3-3 proteins are a family of highly conserved molecules
which were found in all eukaryotes. They interact with and
regulate the function of hundreds of different proteins by
recognizing specific phosphoserine- or phosphothreonine-
containing motifs. Thus 14-3-3 are involved in many im-
portant physiological processes such as: regulation of cell
cycle, signal transduction, metabolism, gene transcription
or apoptosis. We focused on understanding of the 14-3-3
protein function in the regulation of the neutral trehalase
(Nth1, EC 3.2.1.28) from Saccharomyces cerevisiae. This
enzyme hydrolyses disaccharide trehalose and helps yeasts
to survive different stress conditions. Nthl can be

phosphorylated by PKA and/or CDKI. Its activity is en-
hanced by the yeast 14-3-3 protein (Bmhl) binding [1, 2]
and/or by Ca”" binding within the EF-hand-like motif con-
taining domain [3].

For revealing of the mechanism of the 14-3-3- and
Ca-dependent activation of Nthl, solving the structure of
Nth1 and its complex with 14-3-3 protein we used site-di-
rected mutagenesis, enzyme activity measurements, MST,
H/D exchange coupled to MS, SAXS and protein crystal-
lography.

Our crystal structure of full-length Nthl in complex
with 14-3-3 protein provides a detailed mechanistic insight
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into the role of 14-3-3 proteins in activating Nth1 [4]. We
proved that 14-3-3 protein binding induces a rearrange-
ment of the whole Nth1 molecule and enables the proper
three-dimensional configuration of the pNth1 catalytic and
calcium-binding domains relative to each other. The com-
plex formation stabilizes the intrinsically disordered N-ter-
minal part of Nthl and moreover 14-3-3 protein directly
interacts also with the separate Ca-binding domain of Nth1.
Thus the EF-hand-like motif can function as an intermedi-
ary through which the 14-3-3 protein modulates the struc-
ture and function of the catalytic domain of Nthl. This
process stabilizes the flexible part of Nthl active site, so
called “lid” loop, which completes the active site of pNth1
by providing side-chains important for catalysis and is cru-
cial for the Nthl activation. Our crystal structure of fully
active Nth1 bound to yeast 14-3-3 protein Bmh1 provides
the first high-resolution view of the neutral trehalase from
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eukaryotic organism as well as highlights the ability of
14-3-3 proteins to modulate the tertiary structure of a
multi-domain binding partner.
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Jects, 2013; 1830, 4491 — 4499.
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289, 13948 — 13961.
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Ancestral sequence reconstruction is a powerful approach
allowing the resurrection of ancient enzymes based on se-
quences predicted by a phylogenetic analysis [1]. In this
project, we predicted five ancestral enzymes (AncHL-
D1-5) of haloalkane dehalogenase belonging to subfamily
II and representing the ancestors of the thoroughly charac-
terized dehalogenases DbjA [2], DbeA [3], DhaA [4],
DmxA[5] and DmmAJ[6]. Resurrected enzymes were
overexpressed in Escherichia coli, purified to homogene-
ity, concentrated to 10 mg/ml and used for crystallization
experiments. All crystallization trials were performed by
using the sitting-drop vapor-diffusion method at 23 °C.
The crystals of AncHLD2, AncHLD3 and AncHLDS5
grown during the initial screening, were used for X-ray dif-
fraction data collection and a complete data sets were col-
lected to a resolution of 1.7, 1.3 and 1.8 A resolution,
respectively. Obtained microcrystals of AncHLD1 and
AncHLD#4 are currently optimized by variation of enzyme
concentration, pH and precipitant concentration. The struc-
ture of AncHLD2, AncHLD3 and AncHLDS5 was solved
by molecular replacement using the structure of DbjA
(PDB ID 3AFI) [7] as a search model. Similarly to descen-
dant haloalkane dehalogenase enzymes, ancestral enzymes
consists of two domains, the conserved main domain
formed by eight-stranded B-sheet with B2 lying in an
antiparallel orientation with respect to the direction of the

B-sheet surrounded by 6 a-helices. The second variable
cap domain consists of five a-helices. During refinement
of the crystal structure of AncHLD?2, two chloride anions
were detected in the vicinity of the enzyme active site. The
first chloride anion occupied the product-binding site and
interacts with two conserved halide-stabilizing residues.
The second chloride anion was located about 10 A from the
product-binding site and is buried deep in the protein core.
The second halide-binding site has previously been ob-
served in the structure of DbeA, the closely related descen-
dant counterpart of AncHLD2. Comparison of structures
of ancestral enzymes with structures of descendants ac-
companied by dynamic simulations will provide detailed
insight into their catalytic properties.

1. Skovgaard, M., et al., J. Mol. Biol. 2006, 363, 977-988.
Sato, Y., et al., Acta Cryst. 2007, F63, 294-296.
Chaloupkova, R., et al., Acta Cryst. 2014, D70, 1884-1897.
Lahoda, M., et al. Acta Cryst. 2014, D70, 209-217.
Tratsiak, K., et al. Acta Cryst. 2013, F69, 683-688.

Gehret, J.J., et al. Prot. Sci. 2012, 21, 239-248.

Prokop, Z., et al., Angew. Chem. Int. Ed. Engl. 2010, 49,
6111-6115.
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GRAND THEFT AMONG BACTERIA AND PHAGES:
THE STRUCTURE OF THE GENE TRANSFER AGENT

Pavol Bardy" %, Dominik Hrebik"?, Tibor Fiizik’, Roman Pantuéek’, Jifi Doskafr',
Pavel Plevka®
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Gene transfer agents (GTA), the virus-like particles of cer-
tain alpha-proteo-bacteria, represent the most sophisticated
system of horizontal gene transfer in prokaryotes discov-
ered to date. Here, we report the structure of Rhodobacter
capsulatus GTA.

A novel purification method of GTA was developed,
combining anion-exchange chromatography on metha-
crylate monolith columns with ultracentrifugation in su-
crose gradient. This method resulted in > 95 % pure sample
of full and empty GTA particles with ratio =2:3. Cryo-EM
studies revealed functionally important differences be-
tween GTA and bacteriophages in the capsid geometry.
There are two types of GTA particles. The minor one (1 %
of all particles) possess icosahedral head, with the triangu-
lation number T = 3. The more prevalent one (99 % of all
particles) possess oblate head (icosahedron shortened
along fivefold axis), with the triangulation number for the
center body Q = 3, resulting in the compression value in re-
spect to spherical capsid of dQ = -3. To our knowledge this
is the first structure with negative dQ value ever observed.

The capsid is composed out of major capsid protein
with HK97 fold, decorated with head spikes on the capsid
pentons. The portal and the tail proteins are homologous to
those of phages from the family Siphoviridae. The tail of
GTA contains 6 hexamer rings, with an estimated rise of
38.1 A, the relative twist of the disks is yet undetermined.
The portal, neck, and tail of the full GTA particle contain

P5

internal central density of unknown origin, which is not ob-
servable in the empty particle. Similar structure is not pres-
ent in phages and may play a role in transducing of a signal
to initiate genome-release. This differs from the
conformational changes of baseplate, tail, and neck that
trigger the genome release of phages.

The baseplate of GTA possess C3 symmetry and has
been reconstructed to the resolution of 6.1 C. It is the only
part of GTA structural locus with higher than 50% se-
quence similarity to known phages. Gp12 forms hexamer
disc at the tip of the tail, gp13 forms central hub, and gp15
forms receptor binding trimers connected to the hub. The
tail fiber is encoded in genome locus distinct from that,
which encodes the rest of the baseplate, revealing complex
evolution of the baseplate assembly.

Our results show more distant evolutionary relationship
between GTAs and phages then previously thought, and re-
veal a strategy that enabled bacteria to utilize its parasite for
OWn purposes.

CIISB research infrastructure project — LM2015043,
IT4Innovations National Supercomputing Center —
LM2015070, and the National Grid Infrastructure Meta-
Centrum — LM2015042 funded by by The Ministry of Edu-
cation, Youth and Sports of the Czech Republic are
gratefully acknowledged. This work was supported by
Grant Agency of the Masaryk University (MUNI/A/0824/
2017).

STRUCTURAL STUDY OF STAPHYLOCOCCAL PHAGE phi812K1/420 PROTEINS
BmpA, BmpB and BmpC

Roman Baska, Marta Siborova, Pavel Plevka
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Staphylococcus aureus causes a range of illnesses from mi-
nor skin infections to life-threatening pneumonia, meningi-
tis, and sepsis. Furthermore, many S. aureus strains,
particularly those isolated from hospitals, carry genes for
resistance to antibiotics. Annual medical expenses caused
by S. aureus infections in the EU and US were estimated to
be more than €380 million [1] and $2 billion, respectively.
In 2017, the World Health Organization listed S. aureus
among the twelve most threatening antibiotic-resistant
pathogens for which new treatments are urgently needed.
Phage therapy is an alternative to antibiotics for treatment

of staphylococcal infections. Phage phi812K1/420 infects
95% of Methicilin-sensitive S. aureus strains and at least
75 % of Methiciline-resistant strains [2]. However, before
it can be applied as therapeutics, it is important to know the
detailed structure of the virus particle. Here we show the
current state of structural research of phage phi812K1/420
proteins BmpA, B, and C. BmpA and BmpB are being opti-
mized for expression. BmpC was succesfully crystallyzed
and diffraction data were recently collected. All proteins
are part of the base plate, which is responsible for the at-
tachment of the phage to host cell. The structure determina-

© Krystalograficka spole¢nost



&

Materials Structure, vol. 25, no. 1 (2018)

27

tion of the base plate proteins can reveal important
informations about the infection process. We anticipate our
study to be another step in introduction of staphylococcal
phages as therapeutic agents.

1.  European Centre for Disease Prevention and Control/Euro-
pean Medicines Agency (ECDC/EMEA). Joint technical
report The bacterial challenge: time to react. Stock-
holm:ECDC/EMEA; 2009. Available
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from: http://www.ecdc.europa.eu/en/publications/Publicati
ons/0909_TER The Bacterial Challenge Time to React.
pdf

2. Novagek, J., Siborova, M., Benesik, M., Pantacek, R.,
Doskat, J. and Plevka, P. 2016. Structure and genome de-
livery mechanism of Staphylococcus aureus phage therapy
agent phi812-K1 determined by cryo-electron microscopy.
European Microscopy Congress 2016: Proceedings. 65.
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Haloalkane dehalogenases (HLDs) are microbial enzymes
that have attracted significant interest because of their abil-
ity to catalyze the irreversible hydrolysis of a wide range of
halogenated compounds. These enzymes can be used as
potential applicants in industrial catalysis, in the biore-
mediation and the biosensing of environmental pollutants.
Novel haloalkane dehalogenase DgaA (EC 3.8.1.5, HLDs)
belonging to the superfamily of a/f hydrolases, was iso-
lated from a psychrophilic and moderately halophilic or-
ganism, Glaciecola agarilytica NO2, that was found in
marine sediment collected from the East Sea, Korea. The
purified protein dialyzed against SOmM Tris HCI buffer
(pH 7.5) overnight and stored at 193 K was used for crys-
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tallization experiments in the concentration of 13.6 mg
ml™. Screening for crystallization conditions has been per-
formed by Oryx crystallization robot (Douglas Instru-
ments, Ltd., UK) using sitting drop vapour diffusion
method. Commerecial crystallization screen Index HR2-144
(Hampton Research, USA) was used for screening of
DgaA crystallization conditions. Futher optimization to
find successful crystallization conditions will be starting
point for further research focused on structure determina-
tion and and description of protein function.

The work was supported from GACR 17-24321S, GAJU-
149/2016/P.
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Infection caused by antibiotic-resistant S. aureus strains
are difficult to treat and can induce life-threatening symp-
toms. Because of the slow development of new antibiotics,
alternative treatments are being looked for. One of the
promising approaches is phage therapy employing bacte-
rial viruses (phages) [1, 2]. Phage phi812K1/420 from the
family Myoviridae infects and kills S. aureus cells [3]. The
phage can infect 95 % of S. aureus strains, including those
resistant to antibiotics. Such a wide host range makes the
phage phi812K1/420 a promising agent for phage therapy.

Receptor Binding Protein 1 (RBP1) is located in the
baseplate of the phage phi812K1/420 [4]. At the onset of
infection, RBP1 binds to specific receptor at the surface of
S. aureus and enables attachment of the phage to the bacte-
rial surface. The goal of this project is to determine the
RBP1 structure using X-ray crystallography and cryo-elec-
tron microscopy. Key interactions of RBP1 with S. aureus
cell wall receptors will be studied with biochemical and
biophysical assays, such as glycan array or difference scan-
ning fluorimetry. RBP1 characterization will help to com-
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plete our understanding of the phage infection process and
allow design of phi812 variants targeted against specific
S. aureus strains.

1. A.A. Cisek, I. Dgbrowska, K. P. Gregorczyk, and Z.
Wyzewski, “Phage Therapy in Bacterial Infections Treat-
ment: One Hundred Years After the Discovery of Bacterio-
phages,” Curr. Microbiol., vol. 74, no. 2, pp. 277283,
Feb. 2017.

2. B.K. Chan, S. T. Abedon, and C. Loc-Carrillo, “Phage
cocktails and the future of phage therapy,” Future
Microbiol., vol. 8, no. 6, pp. 769-783, Jun. 2013.
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3. R. Panticek et al., “The Polyvalent Staphylococcal Phage
¢812:Its Host-Range Mutants and Related Phages,” Virol-
ogy, vol. 246, no. 2, pp. 241-252, Jul. 1998.

4. J. Novacek, M. Siborovéa, M. Benesik, R. Panticek, J.
Doskar, and P. Plevka, “Structure and genome release of
Twort-like Myoviridae phage with a double-layered base-
plate,” Proc. Natl. Acad. Sci., vol. 113, no. 33, pp.
9351-9356, Aug. 2016..

STRUCTURAL ALPHABETS FOR CONFORMATIONAL
ANALYSIS OF NUCLEIC ACIDS

Bohdan Schneider, Paulina Bozikova, Jiri éerny
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We present a universal nucleic acids structural alphabet
suitable for conformational analysis of DNA as well as
RNA structures. The underlying local conformational
classes assigned at a level of dinucleotide “step” are char-
acterized by seven torsion angles of the sugar-phosphate
backbone and two torsion angles around two glycosidic
bonds, supplemented by empirically determined parame-
ters. Our previous definition of 44 DNA conformational
classes [1,2] was extended to incorporate also RNA con-
formers.

The conformational classes are built on a subset of
RNA conformers defined previously [3] and classes newly
defined by means of hierarchical clustering of available
structural data. The necessary structural information was
extracted from a sequentially non-redundant set of high
resolution crystal structures containing about 60 and 60
thousands steps for DNA and RNA, respectively. We have

P9

obtained more than 70 conformational classes covering the
combined structural variability of DNA and RNA.

We have found that many of the previously defined
DNA conformational classes are shared among nucleic ac-
ids and are suitable for RNA description. They differ in rel-
ative occurrence, whereas in DNA B-forms prevail and
A-forms are less common, A-forms are the most prevalent
in RNA. The most significant feature of new confor-
mational classes unique for RNA is the high occurrence of
non-stacked steps. In spite of the apparent structural flexi-
bility of RNA, the conformations rarely found in DNA
comprise only about one third of all characterized classes.

1. Schneider et al., Acta Cryst. D 2018, 74, 52-64.
2. Schneider et al., Genes (Basel) 2017, 8, 278.
3. Richardson et al., RNA 2008, 14, 465-481.

STRUCTURE OF PROTEIN FROM NECK OF BACTERIOPHAGE INFECTING
STAPHYLOCOCCUS AUREUS

Barbora Bienkova', Marta Siborova', Pavol Bardy?, Roman Pantuéek? Pavel Plevka'
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Czech Republic;
correspondence should be addressed to pavel.plevka@ceitec.muni.cz

Bacteriophage phi812 is a lytic phage from the family
Mpyoviridae. Phi812 infects most staphylococcal strains in-
cluding those resistant to antibiotics [1]. The structure of
this bacteriophage was previously determined by cryo elec-
tron microscopy [2] but functions of individual proteins re-
main unclear. Here we present our work towards resolving
the structure of protein gp99 that forms the neck region of

phi812. The protein may play a role in a regulation of the
genome release from the virion during infection. Gp99 was
cloned and expressed in E. coli and purified by affinity and
size exclusion chromatography. A suitable crystallization
condition was found and X-ray diffraction data with a reso-
lution of 2.3 A were collected. To solve the phase problem,
a variety of methods had been tried, including molecular
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replacement, heavy atom soaking and co-crystallization,
and seleno-methionine incorporation. The structure of
gp99 will help explain the mechanism of bacterial infection
by bacteriophage. As there is a rising number of antibiotic
resistant bacterial strains causing severe illnesses, phage
therapy has a high potential. For this purpose, detailed
knowledge of bacteria-phage interactions is vital.

1. Panticek, R., Rosypalova, A., Doskat, J., Kailerova, J.,
Ruzickova, V., Borecka, P., Snopkova, S., Horvath, R.,
Gotz, F., Rosypal, S. “The Polyvalent Staphylococcal
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Phage Phi 812: Its Host-Range Mutants and Related
Phages.” Virology., U.S. National Library of Medicine, 5

July 1998, www.ncbi.nlm.nih.gov/pubmed/9657943.

2. Novagek, J., Siborova, M., Benesik, M., Pantacek, R.,
Doskat, J., Plevka, P. “Structure and Genome Release of
Twort-like Myoviridae Phage with a Double-Layered
Baseplate.” Proceedings of the National Academy of Sci-
ences of the United States of America., U.S. National Li-
brary of Medicine, 16 Aug. 2016,
www.ncbi.nlm.nih.gov/pubmed/27469164.

VIRION STRUCTURE AND INHIBITION OF GENOME RELEASE OF
HUMANECHOVIRUS 18

David Buchta, Yevgen Levdansky, Tibor Fiizik, Jana Moravcova, Dominik Hrebik,
Pavel Plevka

Structural Virology, CEITEC Masaryk University, Kamenice 753/5, 62500 Brno, Czech Republic

Echovirus 18 (E18) is one of the most common enteroviru-
ses, which cause aseptic meningitis, leukoencephalitis, and
acute exanthema. No treatments against E18 are available
and its structure is unknown. Here we present a cryo-EM
study of E18 genome release and its inhibition by a
capsid-binding compound. The structure of E18 virion was
determined to the resolution of 3.2 A. We show that bind-
ing of an inhibitor WIN51711 replaces a natural pocket
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factor within capsid protein VP1, but its binding does not
cause any changes in the overall capsid structure relative to
the native virus. However, the compound effectively de-
creases infectivity of the virus, probably by blocking of the
genome release. Structure of so called “A” particle of E18
shows changes in its capsid that enable subsequent genome
release. Similar to other enteroviruses the E18 A-particle
contains pores along twofold symmetry axes.

FUNCTIONAL CHARACTERISATION OF NOVEL CYSTEINE PROTEASE INHIBITOR
FROM FASCIOLA HEPATICA

Michal Busa', Zuzana Matouskova', Pavla Sojkova-Barto$ova? Jifi Vondrasek’,
John Dalton®, Michael Mare$', Sasa Stefani¢*

'Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic,
16610 Prague, Czech Republic
’Institute of Parasitology, Academy of Sciences of the Czech Republic,
37005 Ceske Budejovice, Czech Republic
3School of Biological Sciences, Queen’s University, BT9 7BL Belfast, Northern Ireland
* Institute of Parasitology, University of Zurich, 8057 Zurich, Switzerland,
sasa.stefanic@uzh.ch

Fasciolosis caused by the liver fluke Fasciola hepatica is a
worldwide spread parasitic disease of domestic ruminants
responsible for considerable economic losses in the cattle
industry. In addition, fasciolosis is now recognized as an
emerging human disease. This work is focused on FhCY2,
a member of cystatin superfamily encoded by F. hepatica.
FhCY?2 is expressed from metacercarial to adult stages in
several tissues and also found in F. hepatica excretory-se-
cretory products (ESP). Sequence alignment analysis and
homology modelling revealed that FnCY2 belongs to the
type 1 cystatin (stefin) family, but surprisingly it has also
typical features of mammalian members of the type 2

cystatin family, including two disulfide bridges and a sig-
nal sequence. Recombinant FhCY2 showed a broad inhibi-
tory specificity towards various mammalian cysteine
cathepsins and ESP proteases, including cathepsin L1
(FhCL1), the most abundant ESP protease. FhCL1 was
produced by recombinant expression as a stable active-site
mutant and used for the preparation of FhCL1-FhCY?2
complex for crystallographic analysis. We propose that
FhCY?2 acts as a physiological regulator of endogenous
parasite proteases as well as modulator of the host
proteolytic system, and represents a potential vaccination
target.
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STRUCTURES OF THREE INFECTION CYCLE INTERMEDIATES OF
COXSACKIEVIRUS A6
Carina R Biittner, Radovan Spurny, Tibor Fiizik, Pavel Plevka

CEITEC-MU, Structural Biology, Masaryk University, Brno
corresponding author: carina.buttner@ceitec.muni.cz

Coxsackievirus A6 (CVA6) has recently overtaken
CVAL16 and Enterovirus 71 as the primary causative agent
of epidemics of hand, foot and mouth disease (HFMD) that
usually affects children but occasionally spreads also to ad-
olescents and adults. Millions of self-limiting HFMD cases
and several hundred of deaths are reported each year, pre-
dominantly in the Asian-Pacific region. However, no vac-
cine against CVAG is available, and vaccine development
against CVA16 and EV71 has proven challenging and even
trivalent vaccine candidates fail to cross-protect. Recently
published structural characterizations of CVAG6 [1,2] lack
structural data of the native antigenic, mature virion. Un-
like other picornaviruses, CVAG6 virus particle preparations

P13

yield visibly only expanded and empty capsid conforma-
tions [1, and our observations]. By using a very large
cryo-electron microscopy (cryo-EM) dataset, we were able
to detect a small subset of mature virions during the 3D
classification steps of single particle reconstruction. Here,
we present high-resolution cryo-EM structures of CVA6
infection cycle intermediates, including mature virion, ex-
panded and empty capsids to 3.4, 2.8 and 3.2 A resolution
(at FSC = 0.143), respectively. Structure comparisons,
conformational changes and their implications will be dis-
cussed.

1. Xu, L., et al.,, Nat Commun (2017) 8(1): 505.
2. Chen, ], et al., J Virol (2018) 92(2): e01257-17.

CONFORMATIONAL BIASES OF Tau PROTEIN’S MICROTUBULE BINDING REPEAT
REGIONS

0. Cehlar'?, R. Skrabana'?, M. Novak'

"Institute of Neuroimmunology, Slovak Academy of Sciences, Dubravska cesta 9,
845 10 Bratislava, Slovakia
2Axon Neuroscience R&D Services SE, Dvorakovo Nabrezie 10, 811 02 Bratislava, Slovakia
ondrej.cehlar@savba.sk

Accumulation of intrinsically disordered protein tau in the
form of insoluble aggregates is a common feature of neuro-
degenerative tauopathies. Monoclonal antibody DC8ES is
able to inhibit tau-tau interaction and therefore it holds
promise for the immunotherapy of Alzheimer’s disease.
The active vaccine based on the DCSES epitope peptide
has successfully passed the phase 1 clinical trial [1]. Mini-
mal epitope of DCSES represents amino acid motif
HXPGGG that is present in each of the four microtubule
binding repeats (MTBRs) of tau. However, the affinity of

DCB8ES8 for its MTBR epitopes differs and descends as
follows: MTBR2 > MTBR1 > MTBR3 > MTBR4. These
differences in the antibody affinity for highly homologous
epitopes can be attributed to different conformational bi-
ases of epitope peptides for the bound conformation. The
crystal structure was solved so far only for the complex of
MTBR2 peptide with DCS8ES Fab. We have performed 300
ns long molecular dynamics simulations of 18 amino acids
containing peptides from all four MTBRs in NAMD pro-
gram with CHARMM?36m force field suitable for simula-

InterRepeat Repeat
WEBRR® 2+ OTAPVPMPDLK NVKSKIGSTENLKHOPGGGK
WTBRRZIs VOTINKKLDLS IWOSKCGSONTKHVEGGSS (o
TBRES 206 {féiﬁkpirﬁnis I{HTéE:{é(':js:II_JGNIHHK:?ééGQ e
VEVKSEKLDFK DRVOSKIGSL.ONT THVPGGEN

KKIETHKLTFRENAKAK TDHGAE 391
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FACILITIES AT THE CENTRE OF MOLECULAR STRUCTURE OF BIOCEV

Tatsiana Charnavets, Jan Dohnalek, Jifi Pavlicek, Petr Pompach, Frédéric Vellieux
Institute of Biotechnology CAS, v.v.i., BIOCEV, Prumyslova 595, Vestec, 52542, Czech Republic

The Centre of Molecular Structure (CMS) consists of three
core facilities: 1) Biophysical Measurements; ii) Crystalli-
zation and X-ray Diffraction; iii) Structural Mass spec-
trometry. The CMS thus provides complementary tools for
the studies of the biophysical properties, three-dimensional
structure and structure:function relationships of biological
macromolecules.

The Biophysical Techniques facility offers circular
dichroism spectroscopy (Chirascan Plus CD spectrometer),
spectrophotometry (Specord 50 Plus UV/Vis spectro-
photometer), differential scanning fluorescence (Prome-
theus NT.48), dynamic light scattering (Zetasizer Nano
7S90) and differential scanning calorimetry (Microcal
VP-DSC). These devices are used for the determination of
size, structure and stability of biomolecules, and for the
study of conformational changes and thermodynamics of
temperature transitions. Isothermal titration calorimetry
(Microcal iTC200), microscale thermophoresis (Monolith
NT.115 and NT.LabelFree) and surface plasmon reso-
nance (ProteOn XPR36) allow to characterize protein-pro-
tein interactions and protein-ligand interactions (small
molecule, DNA, RNA, peptides, sugars, lipids...) that can
be measured under close to native conditions.

The Crystallisation and Diffraction facility includes an
ArtRobbins Gryphon dropsetter, which allows to set-up
nanodrop crystallisation plates, and a Formulatrix RI1000
hotel for the storage of crystallization plates and for the au-
tomated, remote-access monitoring of crystallization drop-
lets using visible, polarized and UV light. A glovebox, a
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cold room and a warm room (all equipped with stereo-
microscopes) allow crystallisation and crystal manipula-
tion in different environments (including in oxygen-free
conditions). The Bruker D8 Venture diffractometer
equipped with a liquid metal jet X-ray source (plus its ISX
stage for in situ diffraction) is the core equipment for
diffraction data acquisition.

The Structural Mass Spectrometry facility offers access
to an ultra-high resolution 15T-Solarix XR FT-ICR (Bru-
ker Daltonics), and to a MALDI-TOF Autoflex Speed
(Bruker Daltonics) mass spectrometers. This instrumenta-
tion allows determination of precise mass of biological
macromolecules, characterization of posttranslational
modifications, peptide mass fingerprinting, detection of
small molecule/metabolites and monitoring of protein
structural changes/protein-protein interactions under phys-
iological conditions by hydrogen-deuterium exchange and
chemical cross-linking. An Agilent Technologies 1200
HPLC system coupled to the 15T-SolariX XR mass spec-
trometer is used for the separation of complex peptide
mixtures, proteins and metabolites.

Together with the core facilities of CEITEC, the CMS
is part of Czech Infrastructure for Integrative Structural
Biology (CIISB), national affiliated centre of In-
struct-ERIC (European Integrated Structural Biology In-
frastructure).

This work was supported by the ERDF (BIOCEV:
CZ.1.05/1.1.00/02.0109), MEYS CR (CIISB: LM2015043).

STRUCTURE-FUNCTION ANALYSIS OF DhmeA, A HALOALKANE DEHALOGENASE
OF SUBFAMILY Ill FROM HALOFERAX MEDITERRANEI

K. Chmelova'?, M. Marek'?, T. Shaikh?, J. Novacek®, R. Chaloupkova'?, J. Damborsky

" Loschmidt Laboratories, Dep. Experimental Biology and Research Centre for Toxic Compounds in the Envi-
ronment RECETOX, Fac. of Science, Masaryk Univ., Kamenice 5/A13, Bld. A13, 625 00 Brno, Czech Rep.
2 International Clinical Research Center, St. Anne’s University Hospital Brno, Brno, Czech Republic
3 CEITEC - Central European Institute of Technology, Masaryk University, Kamenice 753/5, Bld. A35, 625
00 Brno, Czech Republic
klaudia.chmelova@gmail.com

Haloalkane dehalogenases (HLDs), which catalyse the
cleavage of the carbon-halogen bond of organohalogen
compounds, are recognized as the key tools in many indus-
trial and biotechnological processes [1]. The HLDs are
composed of two domains a main o/f§ domain containing
catalytic residues and a cap domain. According to phylo-
genetic and structural analyses, HLDs can be divided into
three subfamilies - HLD-I, HLD-II and HLD-III, which

differ in the cap domain architecture and the composition
of their catalytic pentads [2]. Unlike the HLD-I and
HLD-IT members, which structures have been studied by
X-ray crystallography, the structural information on
HLD-III enzymes is missing. A major problem with struc-
tural characterization of HLD-III members is the fact that
these enzymes form polydisperse high-molecular weight
oligomeric states [3, 4], which hampers their structural
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analysis. Here, we report an optimized method for recom-
binant production and purification of DhmeA from the
halophilic archeon Haloferax mediterranei. The strategy
employs a robust recombinant expression in Escherichia
coli together with protein purification through a
poly-histidine affinity tag and size-exclusion chromatogra-
phy. Subsequent biophysical characterization by differen-
tial scanning fluorimetry and dynamic light scattering
revealed that the newly developed purification method sig-
nificantly improved monodispersity of DhmeA. Our find-
ings pave a way for probing DhmeA structure by high-
resolution techniques such as X-ray crystallography and
single-particle cryo-electron microscopy analysis. Cryo-
electron microscopy data was collected and initial 3D
model of DhmeA was inferred. Future work will focus on
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3D structure reconstruction, model building and experi-
mental validation.

1. T.Koudelakova, S. Bidmanova, P. Dvorak, A. Pavelka, R.
Chaloupkova, Z. Prokop, J. Damborsky, Biotechnol. J., 8,
(2013), 32-45.

2. E. Chovancova, J. Kosinski, M. J. Bujnicki, J. Damborsky,
Proteins, 67, (2007), 305-316.

3. A.Jesenska, M. Monincova, T. Koudelakova, K. Hasan, R.
Chaloupkova, Z. Prokop, A. Geerlof, J. Damborsky, Appl.
Environ. Microbiol., 75, (2009), 5157-5160.

4. H.K. Fung, M. S. Gadd, T. A. Drury, S. Cheung, J. M.
Guss, N. V. Coleman, J. M. Matthews, Mol. Microbiol.,
97, (2015), 439-453.

STRUCTURAL STUDIES OF THE MYOVIRIDAE BACTERIOPHAGE 812 PORTAL
COMPLEX

Z. Cienikova, P. Bardy, J. Novacek, P. Plevka

Central European Institute of Technology (CEITEC), Masaryk University, Kamenice 753/5, 625 00 Brno,
Czech Republic
zcienikova@mail.muni.cz

The Twort-like bacteriophage 812 from the Myoviridae
family is a promising therapeutic alternative for treatment
of antibiotics-resistant bacterial infections. We previously
reported high-resolution cryo-electron microscopy recon-
structions of the isometric head and the double-layered tail
of this phage [1]. The portal domain is located in the neck
region at the interface between the head and the tail and
serves as a channel for DNA translocation. I situ cryo-EM
reconstruction of the portal complex from phages after ge-
nome release, obtained at 3.8 A resolution, reveals that the
portal adopts a dodecameric ring-shaped conformation
with an outer diameter of 13 nm. A prominent crown com-
posed of axially stacked C-terminal helices forms a fun-
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nel-like structure opening towards the head interior. In
contrast, a preliminary 6.5 A cryo-EM electron density
map of a recombinant portal complex shows that the latter
assembles predominantly into 13-meric structures with a
diameter of 15 nm and presents conformational differences
in the crown and the stem regions. These differences likely
stem from mis-folding in solution in absence of phage
chaperones, but they could also correspond to structural re-
arrangements experienced by the portal complex during
different stages of phage maturation.

1. Novacek, J. et al., Proc. Natl. Acad. Sci. U. S. A., 2016,
113 (33), 9351-9356.

EXPRESSION, PURIFICATION AND STRUCTURAL ANALYSIS OF RECOMBINANT
CHRONIC BEE PARALYSIS VIRUS RNA-DEPENDENT-RNA-POLYMERASE

Alzbeta Dikunova, Tibor Fiizik, Pavel Plevka

Central European Institute of Technology, Masaryk University, Kamenice 5, 625 00, Brno, Czech Republic,
email: alzbetmail@gmail.com

Colony collapse disorder is a phenomenon, which causes
rapid decline in bee colonies. It is a global problem for bees
and beekeepers. Although the origin and mechanism of this
process is still not know, one of the agents, which cause the
collapses are virus infections. One of these viruses is
chronic bee paralysis virus (CBPV), a positive single
strained RNA virus. We aim to determine the structure of
CBPV RNA-dependent-RNA-polymerase. We used E. coli
bacterial expression system, as well as, baculovirus expres-
sion system in SF'9 cell line, which is more phylogeneti-

cally related to bees, the natural hosts of CBPV. We found
significant differences in solubility of CBPV RNA poly-
merase produced by these expression systems. Partial solu-
bility of recombinant CBPV RNA polymerse produced by
SF9 cell line enabled further experiments leading to the
preparation of pure protein, its crystallization, and subse-
quent structure determination. Knowledge of the structure
of CBPV RNA polymerase may allow development of
anti-viral compounds.
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STRUCTURAL AND FUNCTIONAL CHARACTERISATION OF AICHI VIRUS RNA
DEPENDENT RNA POLYMERASE

Anna Dubankova, Evzen Boura

IOCB, Flemingovo nam. 2., 166 10 Prague 6, Biochemistry and Molecular Biology, Czech Republic
Dubankova@uochb.cas.cz

Aichi virus is a single stranded plus RNA (+ RNA) virus
which causes gastroenteritis in humans. Aichi virus is also
used as a model organism for studying related more viru-
lent viruses like SARS, HCV, West Nile virus, Yellow fe-
ver virus etc. Protein 3D, RNA dependent RNA
polymerase, is a key enzyme for the life cycle of a + RNA
viruses. The 3D enzymes catalyze formation of
phosphodiester bond between RNA nucleotides. The
picornaviral RNA replication is protein 3D activity de-
pendent. The RNA replication is curtail for both viral ge-
nome multiplication and viral protein translation.

+ RNA viruses hijack phosphatidylinositol 4-kinases
(PI4Ks) to generate membranes highly enriched in
phosphatidylinositol 4-phosphate (PI4P). These viral in-
duced membrane structures serves as structural scaffold for
RNA replication and also to protect from innate
intracellular immunity. We studied interaction of 3D
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with PI4P lipid using recombinant 3D from Aichi virus 1
(AiV), Poliovirus 1 (PV), Coxsackievirus b3 (CV) and
Enterovirus 71 (EV). The polymerase activities of 3D en-
zymes were compared by PETE fluorescence assay [1]pol
We also determined the crystal structure of Aichi 3D
at3.8 A resolution. The structure revealed an overall con-
served fold. However, the Aichi 3D has a different N-ter-
minal structure compared to other related picornaviruses
(PV, CV, EV), where the N-terminal residue is buried in a
pocket at the base of fingers domain. Our structure reveals
that Aichi 3D™ can not stabilize itself by a slip of its first
redue in the hydrophobic core of the protein.

1. Campagnola, G., Gong, P., and Peersen, O.B. (2011).
High-throughput screening identification of poliovirus
RNA-dependent RNA polymerase inhibitors. Antiviral
Res. 91, 241-251.

SmSP2: AN ANTI-HEMOSTATIC SERINE PROTEASE SECRETED BY THE BLOOD
FLUKE PATHOGEN, SCHISTOSOMA MANSONI

Adrian Leontovyc'? Lenka Ulrychova', Anthony J. O’Donoghue?,
Lucie Maresova', Pavla Fajtova'? Jiri Vondrasek', Conor R. Caffrey?,
Michael Mares', Martin Horn', Jan Dvorak’

'Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, Flemingovo
nam. 2, Prague, Czech Republic, fajtova@uochb.cas.cz
2First Faculty of Medicine, Charles University in Prague, Katerinska 1660/32, Prague, Czech Republic
3Skaggs School of Pharmacy and Pharmaceutical Sciences, 9500 Gilman Drive, University of California San
Diego, California, USA

Schistosomiasis caused by parasitic blood flukes of the ge-
nus Schistosoma is the second most important parasitic in-
fection after malaria with more than 240 million people
infected. There is an urgent need to identify novel anti-
schistosomal targets for therapeutic interventions. Our
work is focused on S. mansoni serine protease 2 (SmSP2).
It was localized in the tegument and esophageal glands,
ovaries, testes and vitelaria of adult schistosomes by
immunofluorescence microscopy and in situ RNA hybrid-
ization. Enzyme activity measurements and immuno-

blotting identified SmSP2 in the excretory/secretory
products. Recombinant SmSP2 was produced in the Pichia
pastoris expression system and its cleavage specificity was
investigated using combinatorial substrate libraries and 3D
model analysis. SmSP2 was found to activate plasmin, the
key component of the fibrinolytic system, and releases
vasoregulatory kinins from kininogen. Our results suggest
that SmSP2 plays a role in host-parasite interactions and
represents a potential target for novel drug or vaccine inter-
ventions.
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THE BENCHMARK OF *'P NMR PARAMETERS IN PHOSPHATE: A CASE STUDY ON
STRUCTURALLY CONSTRAINED AND FLEXIBLE PHOSPHATE

Jifi Fukal,® Ondfej Pav,” Milo§ Budésinsky,* Jakub Sebera® and Vladimir Sychrovsky®

@Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, v.v.i.,
Flemingovo nameésti 2, 166 10, Praha 6, Czech Republic. Email: jiri.fukal@uochb.cas.cz
bCharles University, Faculty of Mathematics and Physics, Ke Karlovu 3, 121 16, Praha 2, Czech Republic
°Department of Electrotechnology, Electrical Engineering, Czech Technical University, Technicka 2, 166 27,
Praha 6, Czech Republic

A benchmark for structural interpretation of the *'P NMR
shift and the *Jpc NMR spin—spin coupling in the phos-
phate group was obtained by means of theoretical calcula-
tions and NMR measurements in diethylphosphate (DEP)
and 5,5-dimethyl-2-hydroxy-1,3,2-dioxaphosphinane 2-
oxide (cDEP). The NMR parameters were calculated em-
ploying the B3LYP, BP86, BPW91, M06-2X, PBEO, KT2,
KT3, MP2, and HF methods, and the 6-31+G(d), Iglo-n (n
=11, Ill), cc-pVnZ(n=D, T, Q, 5), aug-cc-pVnZ(n=D, T
and Q), and pcS-n and pcJ-n (n=1, 2, 3, 4) bases, including
the solvent effects described with explicit water molecules
and/or the implicit Polarizable Continuum Model (PCM).
The effect of molecular dynamics (MD) on NMR parame-
ters was MD-calculated using the GAFF force field inclu-
sive of explicit hydration with TIP3P water molecules.
Both the optimal geometries and the dynamic behaviors of
the DEP and cDEP phosphates differed notably, which al-
lowed a reliable theoretical benchmark of the *'P NMR pa-
rameters for highly flexible and structurally constrained

phosphate in a one-to-one relationship with the corre-
sponding experiment. The calculated *'P NMR shifts were
referenced employing three different NMR reference
schemes to highlight the effect of the *'P NMR reference
on the accuracy of the calculated *'P NMR shift. The rela-
tive A5 (*'P) NMR shift calculated employing the MD/
B3LYP/Iglo-III/PCM method differed from the experi-
ment by 0.16 ppm while the NMR shifts referenced to
H;PO, and/or PH; deviated from the experiment notably
more, which illustrated the superior applicability of the rel-
ative NMR reference scheme. The “Jp¢ coupling in DEP
and cDEP calculated employing the MD/B3LYP/ Iglo-
III(DSO,PSO,SD)/cc-PV5Z(FC)/PCM method inclusive
of correction due to explicit hydration differed from the ex-
periment by 0.32 Hz and 0.15 Hz, respectively. The NMR
calculations demonstrated that reliable structural interpre-
tation of the 31P NMR parameters in phosphate must in-
volve both the structural and the dynamical components.
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TEST OF GENETIC CODE EVOLUTION HYPOTHESES: REVERSE EVOLUTION OF
SPECIFIC TARGET PROTEINS BY mRNA-DISPLAY TECHNIQUE

Valerio Guido Giacobelli', Kosuke Fujishima? Vyacheslav Tretyachenko', Klara Hlouchova'

1Department of Biochemistry, Faculty of Science, Charles University, Hlavova 2030,
128 00, Prague 2, Czech Republic
2Earth-Life Science Institute, Tokyo Institute of Technology, Tokyo, 1528550, Japan

Although extant proteins consist of 20 different amino ac-
ids, it has been proposed that primordial proteins consisted
of a smaller set of “early” amino acids and that additional
“modern” amino acids have gradually been recruited into
the genetic code [1-3]. This naturally leads to the questions:
can structured and functional proteins be constructed using
the “early” amino-acid alphabet? Can extant proteins be re-
verse-evolved while preserving their structure/function?

To test this, protein databases have been inspected to
select model extant protein candidates with different struc-
tural folds. Our preliminary search contains proteins with
both catalytic and binding/interaction functions.

The selected protein targets were “reverse-evolved” in
vitro into variants where the “modern” amino acid were
randomized by “early” ones. The libraries of randomized
genes were incorporated into a genotype-phenotype link-
age to be compatible with an appropriate library display
(mRNA display [4]) and selection method. The selection of
successful candidates was based on conservation of struc-
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ture and/or function and the most “successful” variants will
be characterized.

This research will inform us of the essentiality of “mod-
ern” amino acids for building protein structure/function
and thus will provide a direct test of the hypotheses about
early proteins. In addition, proteins constructed from a lim-
ited amino acid alphabet are of importance in protein engi-
neering and synthetic biology. Finally, this area touches
upon the very basic link of protein sequence-structure-
function that lies at the core of many biotechnological and
biomedicine problems and has express implications for
construction of artificial biochemistries.

1. Trifonov EN. Gene, 2000, 261:139-151.
2. Higgs PG, Pudritz RE. Astrobiology, 2009, 9: 483—490.

3. Freeland SJ. Vol.1 — Origins and Synthesis of Amino Ac-
ids. Hughes AB ed., Wiley-VCH, 2009, 43-75.

4. Seelig B. Nat. Protoc., 2011, 6(4):540-52.

CRYSTAL STRUCTURE OF HONEYBEE HEXAMERIN 70B PROVIDES INSIGHT INTO
REGULATION OF JUVENILE HORMONE LEVELS IN HAEMOLYMPH OF PUPAE

Maria Gondova', Antonin P¥idal? & Pavel Plevka'

"Structural virology, Central European Institute of Technology, Masaryk University, Kamenice 5,
625 00, Brno, Czech Republic
’Department of Zoology, Fishery, Hydrobiology, and Apidology, Faculty of Agronomy,
Mendel University in Brno, Zemédélska 1, 613 00, Brno, Czech Republic

The most abundant proteins in haemolymph of honey bee
(Apis mellifera) larvae and pupae are hexamerins. These
haemocyanin derived proteins are produced by a larval or-
gan ,fat body* and serve as a source of aminoacids for the
development of pupae that do not consume food. Further-
more, there has been an evidence that hexamerins act as ju-
venile-hormone binding proteins but the mechanism
remained unknown. Here we present a structure of native
hexamerin 70b, isolated from bee pupae, determined to the
resolution of 2.0 A by X-ray crystallography. Hexamerin

70b forms hexamers with 32 symmetry. Each subunit con-
tains an enclosed hydrophobic cavity occupied by one mol-
ecule of putative juvenile hormone. We suggest that the
juvenile hormone can be released only upon proteolytic di-
gestion of hexamerin. Therefore, the hexamerin consump-
tion is linked to release of free juvenile hormone that may
affect development of pupae. This regulation mechanism
might be universally conserved among holometabolous in-
sects.
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CRYSTALLIZATION STUDIES AND PRELIMINARY X-RAY CRYSTALLOGRAPHIC
ANALYSIS OF A NEWLY PREPARED HISTIDINOL-PHOSPHATE PHOSPHATASE Tt82
FROM THERMOCOCCUS ONNURINEUS

Petra Havlickova', Tatyana Prudnikova'?, Jeroen R. Mesters®, Michal Kuty"?,
Marc L. Pusey* and Ivana Kuta Smatanova'?

"University of South Bohemia in Ceske Budejovice, Faculty of Science, Branisovska 1760, 370 05 Ceske
Budejovice, Czech Republic
Academy of Sciences of the Czech Republic, Center for Nanobiology and Structural Biology IMB, Zamek
136, 373 33 Nove Hrady, Czech Republic
3Institute of Biochemistry, University of Liibeck, Ratzeburger Allee 160, 23538 Liibeck, Germany
4iXpressGenes Inc.,601 Genome Way, Huntsville, AL 35810, USA

Dephosphorylation of histidinol-phosphate is the eight
step in the histidine-biosynthetic pathway and is catalyzed
by histidinol-phosphate phosphatase [1]. The main goal of
this research was to optimize crystallization conditions and
obtain suitable monocrystals of a newly prepared and until
now uncharacterized protein Tt82 from Thermococcus
onnurineus, which is considered to be a histidinol-phos-
phate phosphatase. Crystal screening was performed with
crystallization kit Index-HR2-144 (Hampton Research,
USA) using sitting drop vapor diffusion technique at 295
K. The most suitable crystals for diffraction experiment
were grown from the precipitant solution containing 0.2 M
magnesium chloride hexahydrate, 0.1 M Tris pH 8.5 and
25% w/v PEG 3350 (condition No. 85). Native data set was
collected to the resolution of 1.6 A at the BESSY-II syn-
chrotron operated by Joint Berlin MX-Laboratory (Berlin-
Adleshof, Germany). Although attempting to solve the
crystal structure using molecular-replacement method with
homologues (PDB codes 1qyi, 3pib, 3kbb, 2hdo, 3r3h,
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2vvl, 3iru) as search models, all trials using MOLREP [2]
and Phaser [3] resulted in failure. Therefore, heavy atom
derivative crystals were grown from the precipitant solu-
tion No. 85 from Index-HR2-144 (Hampton Research,
USA) adding 1 mM manganese (II) chloride and data set is
about to be collected. Diffraction data will be used for fur-
ther research, mainly for solving the structure by heavy
atom derivatization method.

1. Brilli, M. & Fani, R. (2004). J. Mol. Evol. 58, 225-237.

2. Vagin, A. & Teplyakov, A. (1997). J. Appl. Cryst. 30(6):
1022-1025.

3. McCoy, A. J., Grosse-Kunstleve, R. W., Adams, P. D.,
Winn, M. D., Storoni, L. C., Read, R. J. (2007). J. Appl.
Cryst. 40(4): 658-674.

The work was supported from GACR 17-24321S, GAJU
149/216/P and ERDF No. CZ.02.1.01/0.0/0.0/15_003/
0000441 .

ABBREVIATION PARADISE: THE Taz2 (CBP) TAD (C/EBPp) INTERACTION

Rozalie Hexnerova'?, Maria Miller® and Vaclav Veverka'

'Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, Prague,
hexnerova@uochb.cas.cz
2Faculty of Science, Charles University in Prague, Czech Republic
3Macromolecular Crystallography Laboratory, National Cancer Institute at Frederick, USA

Cyclic-AMP-response element-binding protein (CREB)-
binding protein, (CBP), and its paralog p300 are histone
acetyl transferases playing a critical role in embryonic de-
velopment, cell growth control, division as well as homeo-
stasis. Via its Taz2 domain, they interact with multiple
transcription factors to regulate gene expression. These
transcription factors include CCAAT-enhancer-binding
proteins, the C/EBP family. Through transactivation do-
main (TAD), C/EBPs recruit the co-activators (p300, CBP)

that open up chromatin structure and mediate its
phosphorylation through the recruitment of specific kin-
ases. C/EBP binds to the closed chromatin and acts as a
pioneering factor for initiating tissue-specific gene expres-
sion at several promoters. Here, we present the detailed
structural characterization of the C/EBPJ interaction with
CBP.

This work is supported by the Charles University Grant
Agency (grant No. 227020).
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STRUCTURE AND REPLICATION OF EMILIANIA HUXLEYIVIRUS 86

Miroslav Homola, Carina R. Biittner, and Pavel Plevka

Structural Virology Group, CEITEC Masaryk University, Brno, Czech Republic

The Emiliania huxleyi virus 86 (EhV-86) is a Cocco-
lithovirus from the family Phycodnaviridae. EnV-86 in-
fects marine coccolithophore alga Emiliania huxleyi,
which is found in almost all ocean ecosystems from the
equator to sub-polar regions. E. huxleyi forms massive
blooms, which can cover over 100,000 square kilometers
and are visible from space. The blooms affect not only the
properties of the surface ocean water, but also the global
climate. These algae blooms collapse usually after 5-8
days because of infections by coccolithoviruses, most often
by EhV-86 [1]. This virus is unique among other Phyco-
dnaviruses, because it is enveloped by a lipid membrane.
Thanks to the outer membrane EhV-86 exploits an ani-
mal-like membrane-fusion infection strategy and its prog-
eny virions leave the algal host cell by budding [2].
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We cultivate Emiliania huxleyi in large volumes and in-
fect it with EhV-86. We purified the EhV-86 particles from
the lysed alga culture and are working toward structure de-
termination of EhV-86 by cryo-electron microscopy. To
characterize the life-cycle of EnV-86 inside the alga cell,
we are preparing thin lamellas (under 300 nm thick) of vi-
rus-infected cells using focused ion beam milling. These
lamellas will be investigated by cryo-electron tomography.

1. Paasche, E. A review of the coccolithophorid Emiliania
huxleyi (Prymnesiophyceae), with particular reference to
growth, coccolith formation, and calcification-photosynthe-
sis interactions. Phycologia 40, 503-529 (2002).

2. Mackinder, L. C. M. et al. A unicellular algal virus,
Emiliania huxleyi virus 86, exploits an animal-like infec-
tion strategy. J. Gen. Virol. 90, 2306-2316 (2009).

NOVEL MACROCYCLIC INHIBITORS OF HUMAN CATHEPSIN D

Radka Hobizalova'?, Lenka Pallova’, Jindrich Fanfrlik', Jiri Brynda', Lenka Monincova',
Martin Lepsik', Martin Horn', Pavel Majer', Michael Mares'

'Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Prague, Czech Rep.
2First Faculty of Medicine, Charles University, Prague, Czech Republic

Human cathepsin D (HCD), a lysosomal aspartic pepti-
dase, plays an important role in tumor progression and me-
tastasis. It is an independent marker of poor prognosis in
breast cancer. HCD is overexpressed and hyper-secreted in
cancer cells and is involved in proteolysis of various intra-
and extracellular factors and matrix remodeling. Our work
is focused on the development of HCD inhibitors as novel
tools for HCD regulation. We designed and synthesized a
set of macrocyclic peptidomimetic inhibitors that were
used for analysis of the macrocyclic scaffold and specific-
ity of S1 and S2" subsites. The high resolution crystal struc-
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tures of three macrocyclic inhibitors in complex with HCD
were determined and their binding mode was investigated
using quantum chemical calculations. The work identified
a novel inhibitor scaffold and interaction hot spots that can
be exploited for the rational design of specific inhibitors of
HCD and related aspartic peptidases as potential chemo-
therapeutics.

This work was supported by the project InterBioMed

LO1302 from the Ministry of Education of the Czech Re-
public, and institutional project RVO 61388963.

STRUCTURAL BASIS OF ASK1 INHIBITION BY DJ-1
M. Horvath, O. Petrvalska, K. Psenakova, T. Obsil

Department of Physical and Macromolecular Chemistry, Faculty of Science, Charles University,
Hlavova 8, 12843 Prague 2, Czech Republic,horvath.mm@gmail.com

Human ASK1 (Apoptosis signal-regulating kinase 1) is a
Ser/Thr kinase, belonging to subfamily of mitogen acti-
vated protein kinases (MAPKSs). ASK1 is activated as a re-
sponse to various stress stimuli, further transduces signal
and activates response pathways playing role in apoptosis,

differentiation, survival or immune response [1]. During
normal conditions ASK1 is tightly regulated mostly by its
direct physiological inhibitors 14-3-3 and Thioredoxin [2].
Recent studies, showed that a human protein/ nucleic acid
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deglycase DJ-1 is another important negative regulator of
ASKI.

DIJ-1 is a versatile enzyme playing role as an oxidative
stress sensor, redox-sensitive chaperone, protease and tran-
scription factor, forming dimers when activated. All enzy-
matic activities of DJ-1 lead to protection against oxidative
stress and cell death [3, 4]. There are two models describ-
ing role of DJ-1 as a direct negative regulator of ASKI,
however the exact molecular mechanism is not known [5].

Both, ASK1 and DJ-1 play important role in tissue ho-
meostasis and cellular stress response, thus deregulation of
their activity in human results in various diseases and can-
cer [6-8]. Aim of this study is therefore: to describe regions
of ASK1, DJ-1 and thioredoxin participating in the interac-
tion and to provide a detailed molecular mechanism of
ASKI inhibition. Data obtained in this study can be further
used to design drugs and therapeutic approaches to treat
diseases caused by deregulated ASK1 activity.

1. Takeda K, Noguchi T, Naguro I, Ichijo H. Apoptosis Sig-
nal-Regulating Kinase 1 in Stress and Immune Response.
Annu Rev Pharmacol Toxicol. 2008 Jan 9;48(1):199-225.

2. Rusnak L, Fu H. Regulation of ASK1 signaling by scaf-
fold and adaptor proteins. Adv Biol Regul.
2017;66:23-30.
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3. Caol,LouS, Ying M, Yang B. DJ-1 as a human oncogene
and potential therapeutic target. Biochem Pharmacol.
2015;93(3):241-50.

4. Ariga H, Iguchi-Ariga SMM. Introduction/Overview. In:
Ariga H, Iguchi-Ariga SMM, editors. Singapore: Springer
Singapore; 2017. p. 1-4.

5. Oh SE, Mouradian MM. Regulation of signal transduction
by DJ-1. In: Ariga H, Iguchi-Ariga SMM, editors. Ad-
vances in Experimental Medicine and Biology. Singapore:
Springer Singapore; 2017. p. 97-131.

6. Hayakawa R, Hayakawa T, Takeda K, Ichijo H. Therapeu-
tic targets in the ASK1-dependent stress signaling path-
ways. SEKIYA T, editor. Proc Jpn Acad Ser B Phys Biol
Sci. 2012 Oct 11;88(8):434-53.

7. Antipova D, Bandopadhyay R. Expression of DJ-1 in
neurodegenerative disorders. In: Ariga H, Iguchi-Ariga
SMM, editors. Advances in Experimental Medicine and Bi-
ology. Singapore: Springer Singapore; 2017. p. 25-43.

8. Kawate T, Tsuchiya B, Iwaya K. Expression of DJ-1 in
Cancer Cells: Its Correlation with Clinical Significance. In:
Ariga H, Iguchi-Ariga SMM, editors. Singapore: Springer
Singapore; 2017. p. 45-59.

VACCINIA VIRUS AS VECTOR FOR HUMAN RHINOVIRUS C3 EXPRESSION

Ishemgulova A., Plevka P.
Laboratory of Structural Virology, CEITEC MU, Brno, Czech Republic

Human rhinoviruses (HRVs) belong to the family
Picornaviridae of small, icosahedral, non-enveloped vi-
ruses containing 7.5 kb long positive-stranded RNA
genomes. There are over 300 serologically distinct human
rhinoviruses which are divided to A, B, and C types. In-
fected patients exhibit diseases ranging from mild upper re-
spiratory tract common colds to severe lower respiratory
tract bouts of bronchiolitis, wheeze, and asthma exacerba-
tion. Viruses belonging to human rhinoviruses type C are
more genetically diverse than viruses of A and B types and
are more prone to stimulate asthma reactivity or more viru-
lent. There are no specific treatments for HRV-C infec-
tions. Viruses of the C type use cadherin-related family
member 3 protein as receptor for their cell entry. This re-

ceptor is not expressed in undifferentiated immortalized
cells commonly used for propagation of viruses in tissue
cultures, which complicates cultivation of HRV-Cs. In this
work we plan to use recombinant vaccinia virus for deliv-
ery and expression of HRV-C3 in Hela cells. The recombi-
nant vaccinia virus will contain HRV-C3 genome sequence
and gpt/fluorescence selection marker integrated into vac-
cinia thymidine kinase locus. HRV-C3 will be expressed
under the control of vaccinia early or early/late promoter
combined with tetracycline-dependent operators. HRV-C3
is tagged with HA-tag or BoBS aptamer for further detec-
tion. Expressed and purified HRV-C3 will be used for
structure determination by cryo-electron microscopy.
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EXPLORING DRUGGABLE HOT SPOTS IN SCHISTOSOMA MANSONI CATHEPSIN B1
FOR STRUCTURE-BASED DESIGN OF VINYL SULFONE INHIBITORS

Adela Jilkova', Petra Rubesova', Pavlina Rezacova', Jindrich Fanfrlik', Pavla Fajtova’, Jiri
Brynda', Martin Lepsik', Martin Horn', James H. McKerrow?, Conor R. Caffrey?, and
Michael Mares’

"Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Flemingovo n. 2, Prague,
16610, Czech Republic, jilkova@uochb.cas.cz, rubesova@uochb.cas.cz
2Center for Discovery and Innovation in Parasitic Diseases, Skaggs School of Pharmacy and Pharmaceutical
Sciences, University of California San Diego, 9500 Gilman Drive, La Jolla, CA 92093, USA

Schistosomiasis, caused by parasitic blood flukes of the ge-
nus Schistosoma, afflicts over 200 million people world-
wide. Schistosoma mansoni cathepsin B1 (SmCB1) is a
gut-associated peptidase that digests host blood proteins
and is a drug target for vinyl sulfone inhibitors. We present
a detailed inhibition profiling of SmCB1 with a set of vinyl
sulfone peptidomimetic derivatives. They were screened
against recombinant SmCBI1 and against S. mansoni
schistosomulas. This work provided two inhibitors of
SmCB1 with the ICsy values in the sub-nanomolar range
that are the most effective inhibitors of this enzyme re-
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ported to date. Their high resolution crystal structures in
complex with SmCB1 were determined. Analysis of the in-
hibitor binding mode using quantum chemical calculations
identified novel interaction hot spots that can be exploited
for the rational design of anti-schistosomal chemo-
therapeutics.

This work was supported by the grant LHI15040 and the
project InterBioMed LO1302 from the Ministry of Educa-
tion, Youth and Sports of the Czech Republic and the insti-
tutional project RVO 61388963.

HUMAN PROCASPASE-2 PHOSPHORYLATION AT BOTH S139 AND S164 IS
REQUIRED FOR 14-3-3 BINDING

Dana Kalabova'?, Aneta Smidova'?, Olivia Petrvalska'?, Tomas Obsi

12 and

Veronika Obsilova'

" Department of Structural Biology of Signaling Proteins, Division Biotechnology and Biomedicine Center of
the Academy of Sciences and Charles University in Vestec (BIOCEV), Institute of Physiology, The Czech
Academy of Sciences, Prague 14220, Czech Republic
2 Department of Physical and Macromolecular Chemistry, Faculty of Science, Charles University, Prague
12843, Czech Republic

3 2nd

Faculty of Medicine, Charles University, Prague 15006, Czech Republic

Dana.Kalabova@fgu.cas.cz

Caspase-2 engages the mitochondria-dependent apoptotic
pathway by inducing the release of cytochrome c. Previous
studies in Xenopus laevis oocytes have identified that
phosphorylation of procaspase-2 (proC2) at several resi-
dues under nutrient abundance conditions suppresses its
activation and subsequently blocks the apoptosis through
process involving the binding of the scaffolding protein
14-3-3 [1]. To elucidate the mechanism of the 14-3-3 pro-
tein-mediated inhibition of caspase-2 in human, we used
various biochemical and biophysical approaches to iden-
tify phosphorylated motifs of human proC2 required for
14-3-3 binding. Using fluorescence polarization assay, na-
tive electrophoresis and analytical gel filtration we show
that the 14-3-3:proC2 complex assembling is governed by
both of these binding sites: S139 and S164 [2].
Characterization of proC2 in solution showed its
monomeric status (methods of analytical ultracentrifuga-
tion and small-angle X-ray scattering). By continuing stud-
ies of the 14-3-3:proC2 complex we determined that the

dissociation constant between 14-3-3:proC2 is in a
nanomolar range and the stoichiometry of the interaction is
2:1. Data also indicate that other regions of proC2, in addi-
tion to phosphorylation motifs, may be involved in the in-
teraction with 14-3-3. Limited proteolysis of proC2 alone
and in the complex with 14-3-3 protein by trypsin and
chymotrypsin found out the capability of 14-3-3 to protect
the proC2 N-terminal part against proteolytic degradation.
The circular dichroism spectra measurements detected sig-
nificant changes in the tertiary structure of proC2 after
14-3-3:proC2 complex formation.

1. L.K. Nutt et al., Developmental Cell, 16, (2009), 856-866.

2. D.Kalabova et al., Biochem Biophys Res Commun, 493(2),
(2017), 940-945.

This study was supported by the Czech Science Foundation
(Projects 17-00726S), the Czech Academy of Sciences (Re-
search Projects RVO: 67985823 of the Institute of Physiol-

0gy).
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STRUCTURE-FUNCTIONAL STUDIES OF PROTEIN P4 FROM BACTERIOPHAGE ¢8

Barbora Kascakova', Zdenek Franta',Tatyana Prudnikova"?, Michal Kuty'?, Roman Tuma™?
and Ivana Kuta Smatanova'?

"University of South Bohemia, Faculty of Science, Branisovska 31, CZ-37005 Ceske Budejovice,
Czech Republic
2Academy of Sciences of the Czech Republic, Institute of Nanobiology and Structural Biology GCRC,
Zamek 136, 373 33 Nove Hrady, Czech Republic
SUniversity of Leeds, School of Chemistry, The Astbury Centre for Structural Molecular Biology,
Leeds LS2 9JT, UK

The dsRNA bacteriophages of Cystoviridae family pack-
age their genome into empty capsid — procapsid, which
protects the genome from degradation inside as well as out-
side host cell. The genome packaging is performed by a
molecular motor - P4 proteins, which are components of
procapsid. The P4s possess an NTPase activity that con-
verts the chemical energy from ATP hydrolysis to a me-
chanical movement of packaging ssSRNA precursors into a
procapsid, where the replication and transcription of
dsRNA occurs [1- 3]. The P4s are RNA helicases belong-
ing to the Superfamily 4 of helicases with characteristic
presence of conserved sequence motifs (HI, Hla, H2, H3
and H4) [1- 3]. The RNA helicases cause the distribution of
RNA-protein complexes and carry out RNA unwinding
[2]. The P4 assembles into hexameric ring (Fig.1), which
has on the outer perimeter NTP-binding sites and the nu-
cleic acid binding sites are located in the central channel.
Each P4monomer can be divided into N-terminal, core
NTPase domain with sequence motif and C-terminal do-
main, which is inserted into the central channel of hexamer
and its conformational changes regulate ring stability and
ATPase activity of P4s [1, 3-4]. Here we grow the mono-
crystals of the @8 P4 protein (Fig. 2) in the crystallization
conditions of 100mM sodium acetate (pH 4,6) and 2,2 M
ammonium sulphate. These conditions were suitable
enough to be a good starting point for the next crystalliza-
tion experiments with RNA assembled to P4.

The work is supported from European Regional Develop-
ment Fund-Project “Mechanisms and dynamics of
macromolecular complexes: from single molecules to
cells” (No. CZ.02.1.01/0.0/0.0/15_003/0000441).

1. El Omari K., Meier C., Kainov D., Sutton G., Grimes J.M.,
Poranen M.M., Bamford D.H., Tuma R., Stuart D.I.,
Mancini E.J., Nucleic Acids Res., 2013, 41(20),
9396-9410.

2. Rabhi M., Tuma R., Boudvillain M., RNA Biol., 2010,
7(6), 655-666.

3. Kainov D. E., Tuma R., Mancini E. J., Cell Mol Life Sci
2006, 63, 1095-1105.

Fig. 1. The tertiary structure of P4 hexamer from phage ¢8. The
monomers are distinguished by different colors [Data from PDB:
http://www.rcsb.org/3d-view/4BLQ/1].

Fig. 2. Crystals of protein P4 [5,5mg/ml] from condition
with 100 mM sodium acetate (pH 4,6) and 2,2 M ammo-
nium sulphate

4. Lisal J., Kainov D. E., Lam T. T., Emmett M. R., Wei H.,
Gottlieb P., Marshall A. G., Tuma R., Virology 2006, 351
(1), 73-79.
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INTERFERONS TYPE Il AND THEIR RECEPTORS R1 AND R2 IN FISH SPECIES:
STRUCTURE, FUNCTION AND EVOLUTION

Jifi Zahradnik, Lucie Kolarova, Hana Parizkova, Petr Kolenko, and Bohdan Schneider

Laboratory of Biomolecular Recognition, Institute of Biotechnology of the Czech Academy of Sciences, v. v.
i., BIOCEV, Primyslova 595, CZ-252 42 Vestec, Czech Republic

Study of accessory cytokines and signaling pathways in
fish provide important clues to understanding of evolution
of the antiviral defense system in vertebrates. Interferon
gamma (IFN-y) is one of the key players in the regulation
of immune system of vertebrates especially in response to
viral infections. We studied phylogeny, biophysical and
structural aspects of IFN-y and its receptors in fish species
to fill up the knowledge gap about its evolution and struc-
tural properties in fish species. In this study we determined
the crystal structure of structure of IFN-y from olive floun-
der (Paralichthys olivaceus, PolilFN-y) at 2.3 A resolution.
The overall fold of PolilFN-y is similar to the other known
IFN-y structures but significant differences were observed,
namely the additional a-helix G at the C-terminus and a
different angle between a-helices C and D. By comparing
the known IFN-y and structures of its two receptors R1 and
R2 we suggest a putative structure of the binary and ternary
complexes. Our computational analysis showed that three
functionally tightly linked molecules, IFN-y, IFN-yR1, and
IFN-yR2, have probably underwent distinct evolutionary
events. [FN-y split into two distinct clusters of IFN-y and
IFN-y related proteins. Genes for IFN-y related proteins de-
velop independently in different fish classes. Genes for
IFN-y receptor 1 also revealed the existence of two inde-
pendently evolving receptor types. In contrast, there is no
sign of existence of a second group of IFN-y receptor 2.
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N1-terminus

Cl-terminus

Figure Three-dimensional (3D) structure of the IFN-y dimer
from Paralichthys olivaceus olilFN-y). A crystal structure of
PDB entry 6F1E. The monomer 1 is shown in blue, the monomer
2 in white, the solvent accessible surface is shown in white.

This study was supported by the Czech Science Foundation
grant 16-20507S and by the project New research methods
to BIOCEV (CZ.1.05/2.1.00/19.0390) from the ERDF. It
was conducted at the Institute of Biotechnology CAS with
help of the institutional grant RVO 86652036. We thank
HZB for the allocation of the synchrotron-radiation
beamtime.

WEAK LIGAND BINDING: DATA PROCESSING AND ELECTRON DENSITY
CALCULATION METHODS

P. Kolenko™?, M. Maly"?, J. Duskova’', T. Koval', T. Skalova', L. H. Ostergaard®, J. Dohnalek’

"Institute of Biotechnology CAS, v.v.i., Biocev, 252 50 Vestec, Czech Republic
2Depz‘. of Solid State Physics, FNSPE, CTU, Biehova 7, 115 19 Prague 1, Czech Republic
3Dept. of Agile Protein Screening, Novozymes A/S, Krogshoejvej 36, Bagsvaerd, Denmark

petr.kolenko@ibt.cas.cz

Analysis of interactions between macromolecules and
small molecule ligands represents one of the leading
courses to develop new drugs. A number of libraries con-
taining from tens to thousands of small molecule fragments
have been already used to screen potential binding sites [1].
These observations were later used for the design of a
larger ligand composed of chemically linked fragments
that would be of a biological importance. One of the prob-
lematic issues is weak (or partial) binding of a fragment

that may lead to potential loss of information in calculated
electron density.

We collected a medium resolution test dataset of an
FAD-dependent enzyme that binds a ligand with partial oc-
cupancy. At first, we have analyzed the influence of dif-
fraction limit estimation. After the careful diffraction data
processing, we have tested several methods of electron
density calculation (e.g. composite omit map, feature-en-
hanced map, polder map, ezc.) [2-3]. Comparative analysis
of the calculated electron densities was performed.
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We show that weak reflections may significantly in-
crease the quality of observed electron density for the
ligand, and also an importance of various electron density
calculation approaches in the validation of ligand binding.
We have demonstrated that careful analysis of the data may
lead from initial unobserved ligand binding to final deter-
mination and validation of partial occupancy ligand
binding.

This publication was supported by the ERDF fund
(CZ.02.1.01/0.0/0.0/16_013/0001776) and by the Grant

P35

Agency of the Czech Technical University in Prague, grant
No. SGS16/246/OHK4/3T/14.

1. Congreve, M., Chessari, G., Tisi, D. and Woodhead, A.J.,
J. Med. Chem., 2008, 51, 3661-3680.

2. Adams, P. D. etal., Acta Cryst., 2010, D66, 213-221.
3. Winn, M. D. et al., Acta. Cryst., 2011, D67, 235-242.

STUDY ON SEVERAL PLANT ALDEHYDE DEHYDROGENASES FROM MOSS
PHYSCOMITRELLA PATENS

Radka Kongitikova', Martina Kopeéna', Eva Hajkova', Tereza Libigerova',
Armelle Vigouroux?, Marek Sebela’, Solange Moréra?, David Kopeény"

"Department of Protein Biochemistry and Proteomics, Centre of the Region Hana, Faculty of Science,
Palacky University, Olomouc, Czech Republic
%Institute for Integrative Biology of the Cell, CNRS-CEA-Univ. Paris-Sud, Université Paris-Saclay,
Gif-sur-Yvette, France

Aldehyde dehydrogenases (ALDHSs) represent a super-
family of NAD(P) -dependent enzymes that catalyze oxi-
dation of aldehydes to carboxylic acids. Aldehydes are
known for being highly reactive and toxic at higher con-
centrations and ALDHs play a crucial role in detoxifying
aldehydes produced by various metabolic pathways and
during various stress conditions such as salinity, heat, cold
and drought. At least 13 ALDH distinct families are found
in plants. ALDHs sharing more than 40% sequence identity
belong to the same family. ALDHs share a common fold of
three domains and carry a catalytic cysteine residue. While
certain algae genomes contain up to nine ALDH genes, the
genome of a moss Physcomitrella patens already com-
prises 21 genes sorted in many more families. Therefore,
the moss Physcomitrella represents an important non-vas-
cular plant model to study an evolution of ALDH genes.
Here, we focused on ALDH2, ALDH10 and ALDH12
family members from the moss and compare them with
their orthologues in maize (Zea mays). Plant ALDH2 fam-
ily comprises mitochondrial and cytosolic isoforms split
into ALDH2B and ALDH2C subfamilies, respectively.
While mitochondrial ALDH2 isoforms display acet-
aldehyde activity across the whole plant kingdom, the role
of cytosolic isoforms is much more diverse. They can oxi-
dize various aliphatic and aromatic aldehydes including
benzaldehyde or coniferaldehyde from phenylpropanoid

pathway and many others. The genome of P. patens con-
tains two ALDH?2 genes coding for PpALDH2A (belong-
ing to ALDH2C subfamily) and PpALDH2B from
ALDH2B subfamily. ALDH10 family represents peroxi-
somal aminoaldehyde dehydrogenases also known as
betaine aldehyde dehydrogenases and the family is repre-
sented only by a single ALDH0 gene in moss. Finally, the
ALDH]12 family represents mitochondrial Al-pyrroline-5-
carboxylate hydrogenases (PSCDHs). There is usually a
single ALDH 12 gene in both lower and higher plants. PSC
is an oxidation product of proline. Proline is known to ac-
cumulate in plants during various environmental stresses
including drought, high salinity, high light and other oxida-
tive and biotic stresses. We performed X-ray crystallo-
graphic study combined with site-directed mutagenesis and
enzyme kinetics to analyze active sites and to identify key
residues affecting the substrate or coenzyme preferences of
above mentioned ALDH family members.

This work was supported by the grant 18-07563S from the
Czech Science Foundation, the MOBILITY grant
7AMB17DE009 and the grant LO1204 from the National
Program of Sustainability I by the Ministry of Education,
Youth and Sports, Czech Republic and internal grants
IGA PrF 2017 016 and IGA _PrF 2018 033 from
Palacky University Olomouc.
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STRUCTURAL INSIGHTS INTO THE REGULATION OF CAMKK2 BY CALMODULIN
AND 14-3-3 PROTEIN

Salome Kylarova'?, Katarina Psenakova'?, Olivia Petrvalska"? Dana Kalabova?®,
Veronika ObsilovaZ, Tomas Obsil'?

"Department of Physical and Macromolecular Chemistry, Faculty of Science, Charles University,
Prague 12843, Czech Republic
? Department of Structural Biology of Signaling Proteins, Division Biotechnology and Biomedicine Center of
the Academy of Sciences and Charles University in Vestec (BIOCEV), Institute of Physiology,
The Czech Academy of Sciences, Prague 14220, Czech Republic

Calcium/calmodulin-dependent protein kinase kinase 2
(CaMKK2) is a member of the Ca**/calmodulin-dependent
kinase (CaMK) which is indispensable for cell function,
gene expression and apoptosis activation. Malfunction of
this protein is often associated with neuropathology, geni-
tal carcinogenesis and obesity, all making it a promising
therapeutic target. CaMKK2 is activated via binding Ca>
sensor protein calmodulin (CaM) and inhibited by 14-3-3
protein in a phosphorylation-dependent manner. However,
the precise molecular mechanisms by which these binding
interactions affect CaMKK?2 are still unclear.

To elucidate the structural basis of 14-3-3 and CaM
binding on CaMKK2 we used analytical ultracentrifuga-
tion, small-angle X-ray scattering and methods coupled
with mass spectrometry. Analytical ultracentrifugation
showed that phosphorylated CaMKK?2 and 14-3-3 protein
form a stable complex with 1:2 molar stochiometry. Our
data from SAXS suggest that the complex has an asymmet-
ric shape and CaMKK2 is located outside the central chan-
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nel of the 14-3-3y dimer. Moreover, 14-3-3y appears to
directly interact with several regions of CaMKK2 outside
the 14-3-3 binding motifs, including the kinase domain.
SAXS-based modeling of CaMKK2:CaM complex re-
vealed multiple conformations, where nearly half conform-
ers adopts a compact structure. Simultaneously, hydrogen/
deuterium exchange and chemical crosslinking coupled
with mass spectrometry suggested that CaM also interacts
with the kinase domain of CaMKK2. Direct interaction be-
tween CaM and the kinase domain has been previously de-
scribed only for one related CaMK, Death-associated
protein kinase. Altogether, it seems that catalytic domain
plays an important role in both activatory and inhibitory
interactions. However, these suggestions need to be
supported by high-resolution structure of both complexes.

This study was supported by the Czech Science Foundation
(Projects 16-02739S), the Czech Academy of Sciences (Re-
search Projects RVO: 67985823 of the Institute of Physiol-

0gy).

MOLECULAR MECHANISMS OF DNA INTERSTRAND CROSS-LINK FORMATION

Barbora Landova, Evzen Boura, Jan Silhan

Institute of Organic Chemistry and Biochemistry AS CR, v.v.i., Flemingovo nam. 2., 166 10, Prague 6,
Czech Republic

DNA interstrand cross-links (ICLs) are a common lesion
generated in DNA spontaneously or induced by chemical
agents e.g. chemotherapeutics such as Cisplatin, nitrogen
mustard, psolaren. In ICLs two opposite strands of double
helix are covalently linked blocking DNA replication and
transcription [1]. Presence of ICLs in genomic DNA con-
tributes to aging, neurodegeneration, and cancer. Apurinic/
apyrimidinc (Ap) sites are form of DNA damage occurring
frequently and also spontaneously in genomic DNA. Two
equilibrating forms of Ap site are cyclic hemiacetal and
ring-opened aldehyde. These unstable moieties can easily
undergo amino-catalyzed or spontancous strand cleavage
generating an electrophilic 2,3-didehydro-2,3-dideoxy-
ribose sugar remnant. A ring-opened aldehyde form of Ap
sites can react with nucleophiles, for example adenine resi-
dues on the opposing DNA strand formin ICL with rela-
tively high yields (20%). This can generally at sequences

5¢-ApT/5°-AA  and wunder physiologicaly relevant
conditions [2, 3]. Therefore it is feasible that Ap-ICLs are
generated within the genetic material of living cells. Re-
cently, it has been shown that N-glycosidic bond forming
the ICL is cleaved by Endonuclease VIII-like 3 (NEIL3),
leading to unhooked crosslink in S phase. A critical step is
programmed collapse of replication forks stalled by the
ICL. Replication fork converge on the Ap-ICL, promoting
NEIL3 dependent glycosylase cleavage of the N-glyco-
sidic bond and following the nucleotide insertion across
from the unhooked lesion, leading to strand extension be-
yond the unhooked lesion [4].

The focus of this work is the preparation of Ap-ICL, its
characterization and mechanisms of its formation. In order
to understand the molecular mechanisms of the repair we
employed crystallization of purified Ap-ICL with and
without DNA repair protein. Additionally, we have set up
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mechanistic experiments in vitro to reveal and calculate the
probability of Ap-ICl formation and its stability in vivo. We
characterize how environmental conditions affect these
processes. Our work suggest that Ap-ICL is relatively a
stable lesion in comparison with Ap site itself that is easily
fragmented. Our experiments extended the understanding
of ICL formation, repair and rough estimates of occurrence
of this lesion in vivo.

1. Knipscheer, P., Ridschle, M., Schérer, O.D., Walter, J.C.
(2009) Science (New York, NY) 326: 1698-1701.
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(2015) DNA. Nucleic Acids Research 43: 3434-3441.

3. Price, N.E., Johnson, K.M., Wang, J., Fekry, M.1., Wang,
Y., Gates, K.S. (2014) Journal of the American Chemical
Society 136: 3483-3490.

4. Semlow, D.R., Zhang, J., Budzowska, M., Drohat, A.C.,
Walter, J.C. (2016) Cell, 10.1016/j.cell.2016.09.0081-14.

The project was supported by Project InterBioMed
LO1302 from Ministry of Education of the Czech Republic.

STRUCTURAL STUDIES OF 14-3-3 COMPLEXES WITH PEPTIDES CONTAINING
14-3-3 BINDING MOTIFS OF PROTEIN KINASE CAMKK2

Domenico Lentini Santo', Veronika Obsilova?, Tomas Obsi

|1,2

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

Calcium/calmodulin-dependent protein kinase kinase 2
(CaMKK?2) is a member of the Ca*'/. calmodulin-dependent
kinase (CaMK) family involved in adiposity regulation,
glucose homeostasis and cancer, and is a potential target
for therapeutic intervention. This upstream activator of
CaMKI, CaMKIV and AMP-activated protein kinase is
negatively regulated by phosphorylation, which triggers an
association with the scaffolding protein 14-3-3. Mechanis-
tically, 14-3-3 proteins constrain the conformation, oc-
clude sequence-specific and structural features, promote
protein-protein interactions, or prevent the aggregation of
their binding partners. Studies have shown that CaMKKs
bind to various 14-3-3 protein isoforms and that the con-
served motif containing phosphorylated Ser’* in CaMKK 1
(corresponding to Ser'® in CaMKK2) functions as the pri-
mary 14-3-3 binding site. Furthermore, a second 14-3-3
binding motif containing phosphorylated Ser'” in
CaMKK1 (Ser’"" in CaMKK2) has also been suggested.
Although the putative C-terminal 14-3-3 binding motif (se-
quence RSLpSer’''AP) is a canonical “mode I” 14-3-3
binding site (RXX(pS/pT)XP, wherein pS/pT is
phosphoserine or phosphothreonine and X is any residue),
the N-terminal motif (sequence RKLpS'’LQE) contains a
Gln residue at the position +2 relative to the
phosphorylated residue pSer'”. Bioinformatics survey of
14-3-3 binding sites revealed that Gln is seldom found at
+2 because the Pro residue and, to a lesser extent, Ser, Gly
and Asp also, are frequently found at this position.

To elucidate the structural basis of interactions between
14-3-3 proteins and the 14-3-3 binding motifs of
CaMKK?2, we solved the crystal structures of phospho-

peptides pepS100 (sequence RKLpSLQER) and pepS511
(sequence RSLpSAPGN) bound to 14-3-3C and 14-3-3y,
respectively. The 14-3-3 isoforms were selected based on
quality of the resulting crystals. The crystal structures were
solved by molecular replacement using the structures of
14-3-3¢ (PDB ID: 4FJ3) and 14-3-3y (PDB ID: 2B05) as
search models, and refined at a resolution of 2.68 and 2.84
A, respectively. The final electron densities allowed us to
build seven residues (KLpSLQER) of pepS100 and six res-
idues (RSLpSAP) of pepS511. The crystal structures
showed that both phosphopeptides interact with the
amphipathic groove of 14-3-3 similarly to other 14-3-3
complexes. Nevertheless, in the case of the N-terminal mo-
tif, the interaction between the side-chain of Gln at the po-
sition +2 relative to pSer'” and the phosphate group
appears to change the direction of the polypeptide chain.
Interestingly, the superimposition of this structure with that
of the ternary complex between the phosphopeptide de-
rived from the C-terminus of plant plasma membrane
H'-ATPase, plant 14-3-3C, and fusicoccin showed that the
fusicoccin binding cavity stays empty due to the abrupt
change in the direction of the C-terminal part of pepS100.
Therefore, this protein-protein interaction might be stabi-
lized by small-molecule compounds, as previously re-
ported for other 14-3-3 complexes, which is a potential
strategy to inhibit the CaMKK activity.

This study was supported by the Czech Science Foundation
(Projects 16-02739S) and the Initial Training Network,
funded by the H2020 Marie Curie Actions of the European
Commission under Grant Agreement 675179.
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ELECTRONIC SCULPTING OF AT2R LIGANDS BY WELL-TEMPERED AND FLYING
GAUSSIAN METADYNAMICS

V. Mareska', A. Roeselova?, V. Spiwok', B. Kralova'

"Department of Biochemistry and Microbiology, University of Chemistry and Technology, Prague,
Technicka 3, Prague 6, 16628, Czech Republic
2 Johannes Kepler Gymnasium, Parléfova 2, Prague 6, 16900, Czech Republic

One of the important regulators of aldosterone secretion
and effector controlling blood pressure is angiotensin II. It
acts through two main receptors: AT1R (the angiotensin II
type-1 receptor) and AT2R. Second one, AT2R, is a prom-
ising target for anticancer drugs. Magnani and co-workers
[1] have demonstrated that selectivity towards AT2R (and
not to AT1R) can be enhanced in peptides with large popu-
lation of cis peptide bond preceding proline (Pro7 in angio-
tensin II). Accordingly, the replacement of His6 by
aromatic residues with different propensities can form
CH/m interactions with Pro7. In order to design new angio-
tensin derived AT2R ligands we have carried out molecu-
lar simulations of model peptides Ace-Xxx-Pro-Nme, with
tyrosine, phenylalanine, 4-nitrophenylalanine and O-
phosphotyrosine as Xxx. Cis/trans isomerisation takes
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place in tens to hundreds millisecond time scales, which is
hardly accessible in classical unbiased simulations. There-
fore, we used metadynamics [2] to predict equilibrium pop-
ulations of cis peptide bond. Populations of cis peptide
bond determined by 400 ns well-tempered metadynamics
simulations were predicted as: 17 £ 3 % (exp. 40 %) for ty-
rosine, 35 + 6 % (exp. 25 %) for O-phosphotyrosine, 20 + 4
% (exp. 20 %) for phenylalanine and 14 + 4 % (exp. 5 %)
for 4-nitrophenylalanine, respectively (mean + s.d.) as
Xxx. The accuracy of these results are currently being im-
proved by combination with Flying Gaussian meta-
dynamics, the new method developed by our group.

1. MagnaniF. et al.: ACS Chem. Biol. 2014, 9, 1420-1425.

2. Laio A., Parrinello M.: Proc. Natl. Acad. Sci. USA 2002,
99, 12562-12566.

CONSTRUCTION OF VECTORS ENABLING EUKARYOTIC EXPRESSION OF
ANTIBODY FABS AIMED AT CRYSTALLOGRAPHY OF TAU FILAMENT CORE
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In Alzheimer disease and other tauopathies, tau protein is
the constituent of neurofibrillary tangles [1]. Ultra-
structurally, tau inclusions are made of paired helical fila-
ments (PHFs) and straight filaments [2]. Protein tau
emerges as a promising target for developing disease-mod-
ifying drugs [3]. Precise atomic-level structural informa-
tion of the tau fibrils has been recently elucidated using
cryo electron microscopy [4], but there are remaining unre-
solved questions. Structural study of complexes between
tau protein fragments derived from the PHF core [5] and
monoclonal antibodies specific for a conformation of tau in
PHF core may help to elucidate missing parts of assembled
tau in tauopathies.

Tau protein alone is not forming crystals, but using
binding partners, e.g., monoclonal antibodies, it may be
possible to stabilize distinct (in situ) fold of recombinant
tau and likely crystallize the complex [6]. Fabs of
monoclonal antibodies can thus serve as surrogate tau pro-
tein binding partners to aid tau crystallization. Fabs are tra-
ditionally prepared by papain digestion of intact antibody;
however, these Fabs may be heterogeneous and may con-

tain papain, which can cleave sensitive tau molecule during
co-crystallization. Alternatively, recombinantly-expressed
Fabs can be used. Recombinant Fabs are homogeneous and
pure and therefore more suitable for crystallization. Ex-
pression of such recombinant antibodies requires the
knowledge of the antibody sequence and a suitable cloning
vector.

Aim of this work was to create a new expression vector
yielding a high expression of recombinant Fab in CHO
cells. The vector should have a suitable antibiotic resis-
tance and contain restriction sites for facilitating cloning.
We constructed vector pHu 7 derived from pCMV-BD
vector (Stratagene), expressing recombinant proteins un-
der the CMV promoter with a human immunoglobulin
kappa light chain signal sequence allowing for secretion of
the protein. Subsequently, we have inserted light and heavy
chain of DC8ES, MN423 and DC25 antibody Fab [6,7].
We have verified the expression of the antibodies from the
constructed vectors by a small-scale pilot experiment in
CHO cells.
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Summarizing, we successfully constructed expression
vectors carrying the light and heavy chains of several
monoclonal antibody Fabs. In the next steps we will purify
Fab fragments on a large scale, characterize their quality
for crystallographic experiments and co-crystallize them
with selected variants of tau protein.

1. C. M. Wischik, M. Novak, H. C. Thogersen, P. C. Ed-
wards, M. J. Runswick, R. Jakes, J. E. Walker, C. Milstein,
M. Roth, and A. Klug, Proc. Natl. Acad. Sci. USA, 85,
(1988), 4506-4510.

2. R. A. Crowther, Proc. Natl. Acad. Sci. USA, 88, (1991),
2288-2292.
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4. A. W.P. Fitzpatrick, B. Falcon, S. He, G. A. Murzin, G.
Murshudov, H. J. Garringer, R. A. Crowther, B. Ghetti, M.
Goedert, S. H. W. Scheres, Nature, 547, (2017) 185-190.

5. M. Novak, J. Kabat and C. M. Wischik, The EMBO Jour-
nal, 12, (1993) 365-370.

R. Skrabana, R. Dvorsky, J. Sevcik, M. Novak, Journal of
Structural Biology, 171, (2010), 74-81.

7. E.Kontsekova, N. Zilka, B.Kovacech, R. Skrabana, M.
Novak, Alzheimer Res. Ther., 4, (2014), 45.

CRYO-ELECTRON MICROSCOPY OF MAMMALIAN CELLS

J. Moravcova, J. Novacek, M. Prochazkova, M. Peterek, P. Plevka
CEITEC — Masaryk University, Kamenice 753/5, 62500, Brno, Czech Republic

Until recently, it was not possible, due to technical and
methodological limitations, to study the structures of
macromolecular complexes in living cells. Cryo-EM stud-
ies have been performed on isolated macromolecular com-
plexes and organelles. In contrast cells had to be fixed,
stained by heavy metals, and sectioned for imaging in an
electron microscope. However, current advances in fo-
cused ion beam milling (FIBM) and cryo-electron tomog-
raphy (cryo-ET) permit imaging of macromolecular
complexes in near native state in sections of vitrified cells.
Here we present optimization of FIBM protocol to pre-
pare lamellas from mammalian tissue culture cell lines for
cryo-ET. Cells grown on golden electron microscopy holey
carbon coated grids with Quantifoil® were blotted and vit-
rified in liquid ethane using Vitrobot Mark 4 (Thermo
Fisher Scientific) to prevent formation of crystalline ice.
Subsequently, lamellas were milled using focused beam of
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gallium ions on dual beam scanning electron microscope
Versa 3D (Thermo Fisher Scientific). We strive to prepare
lamellas with maximal thickness of 250 nm so that they are
suitable for imaging in transmission electron microscope
operated at 300 kV. Grids with milled lamellas are then
transferred, in cryogenic conditions, to electron micro-
scope Titan Krios (Thermo Fisher Scientific) for cryo-ET
of selected objects of interest inside the cell.

This research was supported by ERC Grant Agreement
355855 and EMBO Grant Agreement IG 3041 awarded to
Dr. Pavel Plevka. We would like to thank to CEITEC 2020
(LQ1601), with financial support from the Ministry of Edu-
cation, Youth and Sports of the Czech Republic under Na-
tional Sustainability Program II and Czech Infrastructure

for Integrative Structural Biology (LM2015043 funded by

the Ministry of Education, Youth and Sports of the Czech
Republic).

STUDY OF DYNAMICS OF INTRINSICALLY DISORDERED PROTEIN MAP2C USING
NMR RELAXATION
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Intrinsically disordered proteins (IDPs) are macromole-
cules lacking unique 3D structures. In past two decades, it
was revealed that a significant part of eukaryotic genome
consists of IDPs. In spite of the absence of defined struc-
tures, IDPs are necessary for proper function of cells. [1]
One of the largest IDPs studied with atomic reoslution
is Microtubule Associated Protein 2c (MAP2c), that be-
longs to a MAP subfamily expressed in neurons during

neuronal differentiation in the developing nervous system
and can be found mainly in their dendrites [2]. MAP2c reg-
ulates dynamics and structure of microtubules in a
phosphorylation-dependent manner, which is essential for
the correct function of cytoskeleton of neural cells and its
dysfunction may be one of the reasons of the development
of neurodegenerative diseases [3].
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To understand the functions of MAP2c¢, knowledge of
its conformational properties is required. NMR relaxation a
powerful method well suited to provide information about
dynamics of IDPs such as MAP2c. The relaxation study of
MAP2c revealed presence of partially ordered regions that
correlate well with known or proposed binding sites of the
protein.

1. Babu, M. M., van der Lee, R., de Groot, N. S., & Gsponer,
J. (2011). Intrinsically disordered proteins: regulation and
disease. Current Opinion in Structural Biology , 21(3),
432-440.
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tion of the microtubular cytoskeleton by embryonic
microtubule-associated protein 2 (MAP2c). Development,
116(4), 1151-1161.

Valencia, R. G., Walko, G., Janda, L., Novacek, J.,
Mihailovska, E., Reipert, S., Andrd-Morobela, K., &
Wiche, G. (2013). Intermediate filament-associated cyto-

linker plectin Ic destabilizes microtubules in kerati-
nocytes. Molecular Biology of the Cell, 24(6), 768-784.

INTERACTION OF MOMLV AND MMTV MATRIX PROTEINS WITH MEMBRANEOUS
PHOSPHOLIPIDS

Prchal J., Ruml T., Hrabal R.
UCT Prague, Technicka 5, 166 28, Praha 6 Dejvice, Czech Republic

The retroviruses are enveloped viruses, therefore during
the late phase of their life cycle they need to recruit viral
membranous envelope originating from the cytoplasmic
membrane from the host cell. The interaction of viral im-
mature particle with the membrane is facilitated by struc-
tural protein matrix protein (MA). Like all structural
proteins, MA in immature viral particle is a part of Gag
polyprotein and it is cleaved by viral protease after virus
particle leaves host cell. MAs of most retroviruses are
myristoylated and the myristoyl is necessary for the inter-
action with the membrane, since it serves as an anchor of
whole Gag in phospholipid bilayer. The molecule responsi-
ble for the binding of MA to the proper membrane is
phosphatidylinositol-4,5-bisphosphate (PIP), a phospho-
lipid found exclusively in cytoplasmic membrane. It has
been proven for HIV-1, that PIP significantly improves
binding of retroviral MAs on the plasma membrane'.
There are two main types of retroviral virus particle as-
sembly. The B/D type retroviruses assemble the immature
virus particle in the cytoplasm and it is then transported to-
wards the membrane. The C-type Gag proteins are trans-
ported directly towards the plasma membrane and the
formation of immature virus particle occurs on the mem-
brane along with the budding. This type of retrovirus must
also affect the interaction of gag with the membrane, since
in C-type only single molecules interact with the mem-
brane, while in D-type it is whole immature virus particle.
In this work, we used MA of Moloney Murine Leukemia

Virus (MoMLYV) as a C-type retrovirus model and Mouse
Mammary Tumor Virus (MMTV) MA as a model of B/D
type retrovirus. We measured the binding of these MA pro-
teins with liposomes of various phospholipid compositions
and compared the strength of the interaction between these
two proteins and also to compared it with other retroviral
MAs (mainly with HIV-1 as a C-type and Mason-Pfizer
Monkey Virus as a B/D-type).

The proteins were produced in E. coli cells. The
myristoylation was facilitated by co-expression of MAs
with yeast N-myristoyl transferase. The purified proteins
were then used for interaction with artificial liposomes
composed of different lipids and different amounts of PIP.
The unbound protein was subsequently removed from the
liposomes by ultracentrifugation in sucrose gradient and
analyzed by SDS-PAGE.

This work was supported by Czech Science Foundation
grant GA17-242818.

1. Saad,J.S., Miller, J., Tai, J., et al. (2006). Structural basis
for targeting HIV-1 Gag proteins to the plasma membrane
for virus assembly. Proc. Natl. Acad. Sci. U. S. A. 103,
11364-9.

Prchal, J., Srb, P., Hunter, E., et al. (2012). The structure
of myristoylated mason-pfizer monkey virus matrix protein
and the role of phosphatidylinositol-(4,5)-bisphosphate in
its membrane binding. J. Mol. Biol. 423, 427-38.
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ENGINEERED FRAGMENTS OF ANTI-PSMA ANTIBODIES AND THEIR USE IN
IMMUNOTHERAPY OF PROSTATE CANCER

Jakub Ptacek, Zora Novakova, Cyril Bafinka

Laboratory of Structural Biology, Institute of Biotechnology CAS, BIOCEV

Prostate-specific membrane antigen (PSMA) is an excel-
lent biomarker for prostate cancer (PCa) imaging and ther-
apy. In our ongoing efforts targeting PSMA, we have
developed a new monoclonal antibody 5D3 with sub-nano-
molar affinity for human PSMA. Next, we used protein en-
gineering to construct single-chain variable fragment
derivatives of 5D3 (5D3-scFv), optimized expression and
purification protocols and verified their functionality in
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complementary in vitro assays. We are further extending
our experimental approaches by exploiting the 5D3-scFv
in immunological platforms including (i) the design of
bispecific fusions that will engage effector immune cells
(macrophages and T-cells); and (ii) construction of chime-
ric antigen receptors (CARs) to transduce T-cells. Both of
these platforms will be then tested in vitro and in vivo for
immunotherapy of PSMA-expressing tumor cells.

STRUCTURAL AND ELASTIC PROPERTIES OF DNA MUTATION MOTIFS
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Brno, Czech Republic
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Mutations in human genes can be responsible for inherited
genetic disorders and cancer. It has been shown that certain
DNA sequences are more prone to mutate [1]. These sites
are termed hotspots and exhibit a higher mutation fre-
quency than expected by chance. In contrast, DNA se-
quences with lower mutation frequencies than expected by
chance are termed coldspots. Mutation hotspots are usually
derived from a mutation spectrum, which however often
reflects particular population where an effect of a common
ancestor plays a role. To detect coldspots and hotspots un-
affected by population bias we analysed presence of
germline mutations obtained from HGMD database in the
S-nucleotide segments which repeatedly occurring in genes
associated with common inherited disorders [2], particu-
larly in PAH, LDLR, CFTR, F8, and F9 genes.

Using molecular dynamics simulations and free energy
calculations we have analyzed global bending properties of
selected coldspots and hotspots with G/T, G/A and A/C

mismatch base pairs. Coldspots were observed to be inher-
ently more flexible than hotspots. In addition, we observed
that mismatch G/T pair opens more easily towards minor
groove than a canonical G = C base pair in the bent DNA
conformation. This property might be critical for effective
mismatch repair as aberrant DNA recognized by MutSa
protein is noticeably bent and mismatch base pair is dis-
rupted and shifted towards minor groove where it is recog-
nized by conserved amino acids from MutSa.

1. Rogozin, I. B. and Y. I. Pavlov (2003). “Theoretical analy-
sis of mutation hotspots and their DNA sequence context
specificity.” Mutation Research-Reviews in Mutation Re-
search 544(1): 65-85.

2. Krawczak, M., E. V. Ball, et al. (1998). “Neighboring-nu-
cleotide effects on the rates of germ-line single-base-pair
substitution in human genes.” American Journal of Human
Genetics 63(2): 474-488.
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DINUCLEOTIDE HYDRATION SITES

M. Nekardova, L. Biedermannova, J. Cerny, and B. Schneider

Institute of Biotechnology of the Czech Academy of Sciences, v. v. i., BIOCEV, Prumyslova 595, 252 50
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ela.nekardova@gmail.com

Understanding of the biological function of DNA requires
to understand its molecular structure. It is generally known
that DNA is polymer made up of nucleotides that contain a
phosphate group, a sugar group and a nitrogen base. The
recurrent pattern of the sugar group and the phosphate
group constitute the DNA backbone. DNA complexes are
typically comprised of two or more strands. Functional
forms of DNA are stabilized by base pairing, base stacking,
and interactions with solvent. Influence of water molecules
on the structure and function of DNA is an object of numer-
ous researches [1, 2].

Our work is focused on the analysis of the relation be-
tween hydration sites and dinucleotide conformations. We
used the previously published method [1] to identify the
positions and intensities of the hydration sites of the de-
fined dinucleotides conformational classes called N¢tC (Nu-
cleotide Classes) [3]. The bioinformatic analysis is based
on the crystal structures with a resolution better than 2.6 A
with the most frequent resolution being near 2.2 A. The
dinucleotides were classified into the NtC using the proto-
col [3] and further analysed separately for each of the 16
possible dinucleotide sequences. For the calculation of the
average water positions, so called hydration sites [1], we
took into account only the dinucleotides for which our da-
tabase of available dinucleotide structures contains with
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more than 500 waters. The distributions of water molecules
were expressed as pseudo-electron-density maps, and
hydration sites were determined as maxima in the density
map [1, 6]. The results will be presented in the Atlas of
biomolecular hydration, Watlas, based on the recently pub-
lished atlas of amino acid hydration [4, 5]. Here, we present
results for selected NtC classes with the highest occupancy
of water molecules.

1. B. Schneider and H. M. Berman: Biophys J. 69, 2661-2669
(1995).

2. B. Schneider, K. Patel and H. M. Berman: Biophys. J. 75,
2422-2431 (1996).

3. Schneider, B., et al., Acta Crystallographica Section
D-Structural Biology, 74, (2018), 52-64.

4. L. Biedermannova and B. Schneider, Acta Crystallogr D
Biol Crystallogr, 71, (2015), 2192-2202.

5. J. Cerny, B. Schneider, L. Biedermannova: PCCP, 19,
17094 (2017).

5. M. D. Winn et al., Acta Crystallogr D Biol Crystallogr,
D67, (2011), 235-242.
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THE THEORETICAL STUDY OF CHARGE TRANSFER EFFICIENCY THROUGH
DAMAGED DNA DUPLEXES
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We theoretical studied the charge transfer efficiency for
donor-acceptor pairs in DNA duplexes containing dam-
aged nucleosides. The donor was 2-aminopurine (Ap)
while the acceptor was guanine (G), 8-oxoguanine (Oxo0Q)
or 2,6-diamino-4-oxo-5-formamidopyrimidine (FapyG).

The OxoG and FapyG are mutations of normal guanine that
occur owing to interaction of DNA with free radicals. The
human 8-oxoguanine DNA glycosylase 1 (hOGG1) repair
enzyme that performs excision of damaged bases, how-
ever, the exact excision mechanism is currently unknown.
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Recently, we proposed new catalytic scheme for hOGG1
enzyme [1, 2]. In the current study we wanted to find out
whether the base excision by hOGGI1 could be in principle
monitored in real time employing fluorescence spectros-
copy. In our previous studies on charge transfer the calcu-
lated donor — acceptor coupling integrals described
successfully modulation of charge transfer efficiency that
was measured in DNA molecules [2, 3]. In particular, the
coupling integrals described quenching of fluorescence ra-
diation from 2-aminopurine by guanine in relation with the
hole transfer from Ap to G [3, 4]. The calculated coupling
integrals indicated that guanine is better quencher than
Ox0G or FapyG. The results indicated that experimental
detection of damaged nucleosides within DNA duplex em-
ploying fluorescence spectroscopy is possible.
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Polyomaviruses are small, non enveloped, dsDNA viruses.
Their capsids are formed by major capsid protein (VP1)
and two minor capsid proteins (VP2 and VP3). Merkel cell
polyomavirus (MCPyV) is a human pathogen form the
family Polyomaviridae. MCPyV is widespread in humans
and causes rare but aggressive skin tumors - Merkel cell
carcinomas, in immunosuppressed individuals. No vac-
cines or antivirals against MCPyV are known. We deter-
mined the structure of the MCPyV virus like particle
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(VLP) by cryo-electron microscopy and single particle
analysis to the resolution of 3.7 A. Previously, structure of
MCPyV VP1 pentamer, truncated from C and N terminus,
was solved. Our reconstruction of whole VLPs reveals how
pentamers form the capsid through interactions of C- and
N-terminal parts of VP1s. Capsid stability is strengthened
by disulfide bonds between VPIs from two adjacent
pentamers.

THE STUDY OF THE ROLE OF FANCI PHOSPHORYLATION IN FANCD2
MONOUBIQUITYLATION AND DNA CROSSLINK REPAIR
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Institute of Organic Chemistry and Biochemistry AS CR, v.v.i., Flemingovo nam. 2., 166 10, Prague 6,
Czech Republic

Interstrand crosslinks (ICLs) are cytotoxic form of DNA
damage. ICLs precipitate Fanconi anaemia (FA) a rare ge-
netic disease with patients carrying biallelic mutations in
one of some 22 genes (FANC genes). The patients suffer
from developmental defects, small stature, bone marrow
failure and often succumb to cancer. Cell lines derived
from FA patients are hypersensitive to DNA crosslinking
agents, such as Cisplatin. Leading to implication of FANC
genes in ICL repair and further postulation of FA DNA re-
pair pathway [1]. The hallmark of FA dependent ICL repair
is FANCD2 monoubiquitylation, a crucial reaction re-
quired for further ICL excisions by DNA nuclease complex
SLX4-XPF-ERCC1 [2-4]. Additinally, genetic studies
have shown that phosphorylation of FANCI triggers
FANCD?2 monoubiquitylation. In this work we investigate

the role of phosphorylated FANCI in the process of initia-
tion and progression of ICL repair.

To dissect the molecular mechanisms FANCI
phosphorylation, we generated mutants of five known
ATR phosphorylation. These sites were mutated to Asp as
a phosphorylation mimic and Ala as a control. To test the
influence of FANCI phosphorylation we used various
DNA substrates mimicking DNA replication including sin-
gle stranded and double stranded DNA. We have measured
fluorescent anisotropy, gel based DNA binding assays and
kinetics of FANCD2 monoubiquitylation reaction. We
have validated DNA binding of FANCD2 and FANCI in
comparison with FANCD2-FANCI complex. Here
FANCD?2 bound to DNA with lower affinity then FANCI.
Although we did not observe striking differences between
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individual DNA structures, combining the two proteins led
to significant increase of DNA binding affinity. This is in
accordance with the fact that FANCD2 is monoubi-
quitylated on DNA. Although the presence of monoubi-
quitylated FANCD2 has not revealed significant changes
in DNA binding affinities we have observed significant
stimulatory effect of DNA binding using phosphomimetic
mutants of FANCI. Our data bring the evidence that ATR
phosphorylation triggers the FANCI and FANCD2
ubiquitylation by its localisation on DNA.
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The process of programmed cell death, apoptosis, is gener-
ally characterized by distinct morphological characteristics
and energy-dependent biochemical mechanisms. Apop-
tosis is considered a vital component of various processes
including normal cell turnover, proper development and
functioning of the immune system, hormone-dependent at-
rophy, embryonic development and chemical-induced cell
death. Caspases were identified to play a crucial role in
apoptotic pathways. It was described previously that suffi-
cient NADPH level induces phosphorylation of procas-
pase-2 (proC2) and 14-3-3 protein binding preventing
proC2 maturation. The nutrient depletion promotes the
14-3-3 protein release and caspase-2 activation as was de-
scribed previously in Xenopus laevis [1]. Our recent re-
search suggested that two phosphorylation sites are
required for proC2 binding to 14-3-3 [2].

Conformational behavior of phosphorylated proC2 and
its changes upon 14-3-3 protein binding was studied next
by time resolved fluorescence intensity and decay mea-

surements and acrylamide quenching. Four proC2 mutants
containing single tryptophan residue at positions 151, 188,
218 and 426 and wt (containing Trp*®), were prepared to
sample various regions of proC2. Values of mean fluores-
cence lifetimes clearly show the different vicinity in indi-
vidual mutants after 14-3-3 binding with exception of
Trp'® which seems to be buried within the structure of
proC2. Data obtained from fluorescence anisotropy deter-
mined Trp"*' and Trp**® exhibit significantly lower fast lo-
cal motions of Trp upon complex formation, indicating
lower mobility of this region upon 14-3-3 protein binding.
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2. Kalabova D et al., Biochem Biophys Res Commun,
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BIOMOLECULAR SIMULATIONS BY COMBINATION OF FLYING GAUSSIAN METHOD
AND PARALLEL TEMPERING
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Biomolecular simulations can simulate nano- or microsec-
ond time scales. Unfortunately, many biological processes
take place in significantly longer time scales. In order to
make such simulations possible it is necessary to apply en-
hanced sampling methods. In our group we developed a
method called flying Gaussian method [1]. The studied
system is simulated in multiple replicas by this method.
Replicas with similar states of the system (e.g. similar con-
formations) repulse each other forcing the system to sam-
ple various states. Free energy of the simulated system can
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be obtained from sampling and from onergis by which rep-
licas influence each other.

In order to further extend sampling we combined flying
Gaussian method with parallel tempering. Each replica is
simulated at different temperature. Every | ps a exchange
of coordinates is attempted in a pair of replicas. Here we
present the design of the method as well as preliminary re-
sults of its application.

1. Suéur, Z. and Spiwok, V. I. Chem. Theory Comput. 2016,
12(9), 4644-4650.
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Protease inhibitors from the Kunitz family are widely dis-
tributed in plant kingdom. They share a conserved p-trefoil
fold in which variable loops are involved in interactions
with proteases. The majority of the Kunitz inhibitors are
targeting serine proteases using canonical (Laskowski)
mechanism based on a single binding loop with conserved
structure. Here, we present high-resolution crystal struc-
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tures of two potato Kunitz inhibitors in complexes with the
serine protease trypsin. We identified a new, non-canonical
type of a reactive center on these inhibitors that is formed
by two loops. Furthermore, we employed cross-linking
mass spectrometry approach to demonstrate that the
non-canonical reactive site interacts also with chymo-

trypsin.

FLYING GAUSSIAN METHOD: NEW APPLICATIONS

Zoran Suéur, Nikola Daskova, Vojtéch Spiwok

University of Chemistry and Technology Prague, Technicka 5, Prague 6, Czech Republic
spiwokv@yvscht.cz

The time necessary to overcome significant energy barriers
in complex free energy surfaces (FES) can be considered as
amajor drawback in molecular dynamics simulations. This
issue can be tackled by developing enhanced sampling
techniques. Metadynamics is one of those methods and it

has been successfully used for more than 15 years now [1].
In metadynamics, the history-dependent bias potential acts
on preselected collective variables (CV) and by doing so, it
discourages the system from visiting previously sampled
states. The bias potential is defined as a sum of Gaussian
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“hills” (with preselected height and width) which are added
to the system and accumulate during the simulation, forc-
ing the system to visit new areas of FES. Selection of CVs
is of crucial importance primarily in distinguishing impor-
tant states of the studied system.

Flying Gaussian method [2] was inspired by multiple
walkers metadynamics. The system is simulated in multi-
ple walkers (replicas), but the bias potential does not accu-
mulate during the simulation. Instead, with the new value
of CV being calculated for each walker in every micro-
scopic step of the simulation, the position of the “hill” for
each walker is only updated. This means that during the
whole simulation, the number of “hills” is the same as the
number of the walkers. The filling of the free-energy min-
ima is achieved by walkers concentrating in them.

This method was successfully applied to exploration of
CV space of selected biomolecules, showed good perfor-
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mance in the terms of time saving and efficiency in explor-
ing FES. FES were reconstructed using on-the-fly
reweighting, as the bias potential is too dynamic to directly
estimate it. Furthermore, the method was tested for cases
where choice of CVs is particularly difficult, by aligning
the starting replicas to a reference structure and applying
the bias based on the calculations of components of posi-
tion of preselected atoms of the replicas. We also present
preliminary results of using flaying Gaussian method in
docking simulations.
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Modern protein science heavily relies and benefits from the
data generated from experimental characterization of natu-
ral protein sequences. Our study moves beyond the natural
world in attempt to construct and describe the behaviour of
random protein libraries without any evolutionary back-
ground. In order to investigate the structure-forming poten-
tial of random proteins we designed and applied a novel
random library construction and purification methodology.
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Our libraries, although being random in sequence, are cus-
tomized in amino acid content and ratios. This approach al-
lowed us to study the secondary structure content of (i)
natural-like random proteins composed of all 20 amino ac-
ids, library of proteins built from amino acids present in (ii)
prebiotic and (iii) early biotic world and protein library
made from (iv) minimal set of amino acids from the ratio-
nal protein design point of view.

THERMODYNAMIC AND KINETIC STUDY OF 14-3-3C PROTEIN
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14-3-3 proteins are regulatory proteins involved in many
signaling pathways. They play a key role in nervous system
and neurodegeneration [1-3]. The 14-3-3 family of pro-
teins consists of seven isoforms in mammals, which inter-
act with large number of binding partners containing
phosphorylated Serine or Threonine [4]. The X-ray three-
dimensional structure showed dimeric form of 14-3-3.
Each monomer consists of 9 a-helices in an antiparallel ar-
rangement. Dimer interface is stabilized by multiple con-
served hydrophobic interactions (e.g. L12), polar contacts

and by several isoform-specific salt bridges (e.g. K78)
[5-6]. However, dimer dissociation constants as well as
fundamental kinetic rate constants remain unknown.

In order to study thermodynamics and kinetics of
14-3-3C dimer, we prepared a new construct with a single
accessible cysteine at the N terminus of protein. This con-
struct was used in our recently developed assays based on
the Forster resonance energy transfer (FRET) and
self-quenching (SQ) phenomena and in microscale
thermophoresis (MST) methodology. We determined the
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thermodynamic parameter (dissociation constant, K4) and
kinetic parameter represented by life-time of 14-3-3(
dimer. Moreover, we studied the stability of 14-3-3C dimer
under variety of factors.

This work was supported by the research grant from the
Czech Science Foundation, grant no. GA. 15-34684L. The
results of this research have been acquired within CEITEC
2020 (LO1601) project.
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The microtubule dynamics in the neuronal cells is mainly
modulated by two members of the structural MAPs, MAP2
and tau, which play fundamental roles in the development
of dendrites and axons. The MAP2 proteins are present
mainly in the dendrites of neuronal cells, while tau is pres-

ent in axons.

MAP2c is a 49 kDa intrinsically disordered protein
(IDP). IDPs are macromolecules interesting both from bio-
physical and physiological point of view, but difficult to
study by the current biophysical methods. Nuclear mag-
netic resonance (NMR) is a key technique for atomic-reso-
lution studies of IDPs, but its applicability is limited by a
spectral overlap in case of long or highly repetitive
amino-acid sequences. Our group developed high-resolu-

tion NMR methodology that overcomes this limitation and

makes studies of large IDPs possible.

We present an atomic-resolution conformational analy-
sis of MAP2c based on chemical shifts obtained from 5D
NMR experiments, paramagnetic relaxation enhancement
providing information about intramolecular distances, and
small angle x-ray scattering experiments reflecting the
overall size and shape of the MAP2c molecule in solution.
Ensembles of structures of phosphorylated and non-
phosphorylated MAP2c reproducing the experimental
data were selected by the program ASTEROIDS. The en-
sembles were used to evaluate local conformation and
long-range contacts in the MAP2c molecule.
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BLI TECHNOLOGY AS A TOOL FOR BIOMOLECULAR INTERACTIONS

Pall ForteBio Europe
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United Kingdom io-Layer Interferometry (BLI) is a la-
bel-free technology for measuring biomolecular interac-
tions. It is an optical analytical technique that analyzes the
interference pattern of white light reflected from two sur-
faces: a layer of immobilized protein on the biosensor tip,
and an internal reference layer. Any change in the number
of molecules bound to the biosensor tip causes a shift in the
interference pattern that can be measured in real-time.
The binding between a ligand immobilized on the bio-
sensor tip surface and an analyte in solution produces an in-
crease in optical thickness at the biosensor tip, which
results in a wavelength shift, AA, which is a direct measure
of the change in thickness of the biological layer. Interac-
tions are measured in real time, providing the ability to
monitor binding specificity, rates of association and disso-
ciation, or concentration, with precision and accuracy.
Only molecules binding to or dissociating from the bio-
sensor can shift the interference pattern and generate a re-

sponse profile on the Octet® System. Unbound molecules,
changes in the refractive index of the surrounding medium,
or changes in flow rate do not affect the interference pat-
tern. This is a unique characteristic of BLI and extends its
capability to perform in crude samples used in applications
for protein:protein binding, quantitation, affinity, and
kinetics.

The applications include but are not limited to pro-
tein:protein, protein:nucleic acids, protein:small molecules
interactions and the analysis of large molecules such as vi-
rus-like particles. With unparalleled ease of use, the Octet
and Pioneer family of instruments moves your workflow
beyond the limitations of existing label-free methods. You
get comprehensive characterization across a broad range of
applications that are critical for efficient development and
production.
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