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FOREWORD

Welcome to the new IOCB yearbook.

The yearbook appears after a relatively long time since publication of the previous one in
2013. This doesn't mean, though, that not much has changed during this period to warrant
a new yearbook in the meantime. On the contrary, so many changes were happening that
there was simply no convenient pause in the ongoing dramatic development that would
allow us to sit down and prepare one earlier.

So what has been happening? Clearly, this period was dominated by complete refurbishing
of the IOCB campus, which included construction of a new building for organic synthesis
and a thorough remodeling of the historic building. The progress of this endeavor (funded
almost exclusively by royalty income from Antonin Holy’s patents) was marked by several
grand openings of the newly available spaces, including internationally noticed unveiling of
a bronze bust of Antonin Holy by his former collaborators John C. Martin and Erik De Clercq
in November 2015.

During this period we started no less than nine new junior research groups with leaders from
five different countries, and with three junior group leaders being awarded prestigious and
hard-to-get ERC starting grants on top of that.

As high quality basic research remains our primary objective, we consciously emphasize qual-
ity rather than quantity also in the world of scientific publishing. Our annual “Most significant
IOCB publications” contest is motivating and is taken increasingly seriously.

At the same time we are also constantly on the lookout for opportunities in applied research.
Our subsidiary company IOCB TTO is becoming an effective and well-respected organization
that helps to identify promising projects and manage dedicated targeted research to gener-
ate commercially interesting intellectual property. It is a great news that our major industrial
partner, Gilead Sciences Inc., supports this effort and has just recently renewed its funding
for the third 5-year cycle of Gilead Sciences Research Centre at IOCB Prague.

As far as education goes, we take good care of our PhD students. Expressions like Bootcamp,
PhD Science Club and Summer School became part of our vocabulary. IOCB also offers
financial help to mothers with small children, aiming to convince them that science, work,
and family can all be pursued in parallel.

To better support the research activities we have consolidated and expanded support-
ing functions at IOCB provided by Technical and Economic Administration, Information
Technologies and Services, Human Resources, Communications, Grant Office and Legal
Counsel - all of them now headed by English speaking professionals to reflect the increasingly
international character of our Institute. Taken together, this helps our ambition of becoming
a world-class research institution. As you go through this yearbook, you will be the judges
of how far we have progressed on this bumpy road.

Zdenék Hostomsky
Institute Director
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The Institute of Organic Chemistry and Bio-
chemistry of the Czech Academy of Sci-
ences (IOCB Prague) is a leading scientific
institution in the Czech Republic, recognized
internationally. Its primary mission is basic
research in the fields of chemical biology
and medicinal chemistry, organic and mate-
rial oriented chemistry, chemistry of natural
compounds, biochemistry and molecular bi-
ology, physical chemistry, theoretical chem-
istry, and analytical chemistry.

Today, over 600 employees including 180
students in 45 groups are involved in a broad
spectra of disciplines, which results in more
than 250 publications per year, including pa-
pers in the most cited prestigious journals
such as Nature or Science.

The Institute’s emphasis on interaction be-
tween chemistry and other sciences leads
frequently to medicinal applications. An in-
tegral part of the mission of the Institute is,
therefore, to transfer the scientific results into
assets which help people to live better lives.

Together with the research expertise, a sys-
tem of technology transfer, IP management
and commercialization have intensively been
built-up. Through its subsidiary company
IOCB TTO, the Institute helps scientists to
transform ideas into patents and matches
their research results with interests of com-
mercial partners to bring novel ideas to hu-
man use or technology market.

IOCB has multiple scientific collaborations
worldwide with a number of research and ac-
ademic institutions, e.g. Catholic University

of Leuven, Johns Hopkins University, Heidel-
berg University, University of Queensland,
Max Planck Institute for Biogeochemistry,
California Institute for Biomedical Research,
Helmholtz Zentrum MUnchen. A long term
collaboration of IOCB with Gilead Sciences
company in the field of antiviral drugs - acy-
clic nucleosides phosphonate analogues -
which were invented, synthetized, and de-
veloped in prof. Antonin Holy's lab, continues
currently within the Research Centre estab-
lished in 2006.

During permanent search for new talents
and future scientific leaders, IOCB pioneered
progressive system of Junior groups with tal-
ented young scientists from all around the
world, which is a unique case amongst aca-
demic institutes in the Czech Republic. The
Institute supports each such team by provid-
ing a startup package, fixed salary resources,
an equipped laboratory space and services.
The new team leaders are selected in an in-
ternational competition, following the selec-
tion committee recommendation and with
the help of an International Advisory Board.

All the groups undergo a complex evalu-
ation every five years by the International
Advisory Board, which follows strictly trans-
parent rules based on scientific merit. The
exceptional categories of Distinguished and
Honorary Chair groups are not subject to pe-
riodic evaluation anymore, as their long-term
achievements are outstanding - they repre-
sent an equivalent of a permanent position.
A steadily growing scientific performance of
the Institute proves these strategic changes
were made in the right direction.
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IOCB finishes a complete reconstruction of the campus based on a winning architectural
design by Ivan Srom and Katefina Maskova. The modern eight-floor building dedicated to
Antonin Holy was opened in 2015. This research hub houses dozens of new laboratories and
an advanced computational center besides others. It provides cutting-edge facilities and
technological background for top scientists from around the world. Today, IOCB campus
reaches the highest standards of European scientific institutions.
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ABOUT |OCB
WHERE THE STORY BEGAN...

After World War 1l, a group of chemistry enthusiasts was formed at the Czech
Technical University under the leadership of Professor Frantisek Sorm, who played
a crucial role in founding of the Institute. In 1951, the group moved to the current
premises. The Institute was formally established in 1953 as Institute of Organic
Chemistry under the auspices of The Czechoslovak Academy of Sciences.

Frantisek Sorm (1913-1980) became the In-
stitute’s first director as well as its secretary
general and later a president of the Czecho-
slovak Academy of Sciences. This Czech
chemist was recognized for synthesis of
natural compounds, mainly terpenes and
biologically active components found in
plants. Frantisek Sorm advanced the know!-
edge of sesquiterpenoids and medium-ring
molecules and explained the structure of
different isoprenoid compounds. He initiat-
ed the study of natural peptides, especially
neurohypophyseal hormones and their ana-
logues, some of which were shown to be of

maijor clinical importance. He was involved
in establishing the primary structure of chy-
motrypsin and trypsin and worked also on
insect juvenile hormones. His studies of an-
timetabolites of nucleic acid constituents as
potential cancerostatics or virostatics led to
synthesis and determination of the mecha-
nism of several highly active compounds.

Frantisek Sorm published more than 1 000
papers and his work was frequently cited.
His interest in cross-disciplinary research
draw the future path of the Institute, which
allowed its major achievements.



Antonin Holy (1936-2012) was an outstand-
ing Czech organic chemist recognized for
his work on nucleic acids analogs. He head-
ed a research group focused on nucleic
acids at IOCB and directed the Institute for
eight years. From 1976 on he collaborated on
the development of new antiretroviral drugs
with Erik De Clercq of the Rega Institute for
Medical Research at the Catholic University
of Leuven, Belgium. Antonin Holy held over
60 patents and co-authored 600 scientific
papers. His work has been cited more than
10 000 times. He received many significant
awards and honorary degrees worldwide.

Acyclic nucleoside phosphonates devel-
oped by Antonin Holy and his coworkers
revolutionized the therapy of numerous vi-
ral diseases. The first active pharmaceutical
ingredient to reach the market was cidofovir
under a brand name Vistide®. This remedy
got FDA approval for treatment of cytomeg-
alovirus retinitis in HIV/AIDS patients in 1996.
Cidofovir, however, exerts profound effect
against many other DNA viruses. The second

ANTONIN HOLY AND HIS LEGACY

compound from the series, tenofovir, which
is used as a prodrug for oral administration,
meant a real breakthrough and enabled pro-
longation and essential life improvement of
HIV and HBV patients. The first approved
drug containing this substance was Viread®,
which was originally approved only for treat-
ment of HIV (2001), but showed outstanding
efficiency against hepatitis B virus (HBV) in
HIV/HBV co-infected patients, which led to
its approval also for treatment of HBV infec-
tion (2008). Tenofovir is currently an essential
component of several single pill regimens
such as Truvada® (2004), Atripla® (2006),
Complera® (2011), and Stribild® (2012),
which combine two or more different active
compounds treating HIV/AIDS with syner-
gic effect thus reducing the pill burden for
the patients. Truvada® was recently also ap-
proved as a pre-exposure prophylaxis in risk
population (2012). Last but not least, a third
compound from Antonin Holy’s lab, adefouvir,
was approved in its prodrug form for treat-
ment of chronic hepatitis B under brand
name Hepsera® in 2002.
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BOARD
OF INSTITUTE

The Board of Institute serves as an advisory
authority to the Director and decides on essential
scientific and organizational issues. lts members
are appointed by election.

CHAIRMAN
Lubomir Rulisek, Ph.D., DSc.

VICE-CHAIRMAN
Iva Pichova, Ph.D.

INTERNAL MEMBERS
Ullrich Jahn, Ph.D.
Zlatko Janeba, Ph.D.
Jiri Jirdcek, Ph.D.
Radek Pohl, Ph.D.

EXTERNAL MEMBERS

prof. Jitka Moravcova, Ph.D.

(University of Chemistry and Technology, Prague)
prof. Tomas Obsil, Ph.D.

(Charles University)

doc. Petr Svoboda, Ph.D.

(Institute of Molecular Genetics of the CAS)

SECRETARY
Martin Matousek

INTERNATIONAL
ADVISORY
BOARD

The International Advisory Board was appointed by the
Board of Institute. The main task of the International
Advisory Board is to evaluate the research groups at
IOCB, provide constructive feedback and suggest
future goals and strategies.

CHAIRMAN
Alexander Wlodawer, Ph.D.
(National Cancer Institute, USA)

MEMBERS

Prof. Dr. Karl-Heinz Altmann

(ETH Zurich, Switzerland)

Prof. Dr. Wilhelm Boland

(Max Planck Institute for Chemical Ecology, Germany)
Prof. Cynthia J. Burrows, Ph.D.

(University of Utah, USA)

Prof. Dr. Burkhard Kénig

(Universitat Regensburg, Germany)

Prof. Dr. med. Hans-Georg Krausslich
(Heidelberg University Hospital, Germany)

Prof. Dr. Lanny S. Liebeskind

(Emory University, USA)

Prof. Ing. Dr. Marko D. Mihovilovic

(Technische Universitat Wien, Austria)

Prof. Barry V. L. Potter

(University of Bath, UK)

Prof. Dr. Frank Neese

(Max Planck Institute for Chemical Energy Conversion,
Germany)
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SUPERVISORY
BOARD

The main task of the Supervisory Board is to monitor
the financial and legal matters related to the Institute
administration. Its members have been selected from
Czech Academy of Sciences and business sphere
representatives.

CHAIRMAN
RNDr. Hana Sychrova, DrSc.
(Institute of Physiology of the CAS)

VICE-CHAIRMAN
David Saman, Ph.D.
(I0CB Prague)

MEMBERS

RNDr. Jifi Rakosnik, CSc.

(Institute of Mathematics of the CAS)
prof. Jan Zima, DrSc.

(Academy Council of the CAS)

prof. Ing. Tomas Ruml, CSc.
(University of Chemistry and Technology, Prague)
Ing. Pavel Sebek, CSc.

(Zentiva, a.s.)

doc. Ing. Pavel Mertlik, CSc.
(Skoda Auto University)

SECRETARY
Martin Matousek




VICE-DIRECTORS

JIRI SPICKA
Vice-director for the IOCB Campus Development
jiri.spicka@uochb.cas.cz




EMERITI

Ing. Juraj Harmatha, CSc!
RNDr. Alexander Kasal, DrSc.?
Ing. Vladimir Spirko, DrSc.?

ADJUNCT PROFESSORS

RNDr. lvan Hirsch, CSc.
(Department of Genetics and Microbiology, Faculty of Science, Charles University, Czech Republic)

prof. Dr. Pavel Ko¢ovsky, DSc., FRSE
(Department of Organic Chemistry, Faculty of Science, Charles University, Czech Republic)

prof. RNDr. Martin Kotora, CSc.
(Department of Organic Chemistry, Faculty of Science, Charles University, Czech Republic)

Assoc. Prof. Jifi Srogl, Ph.D.
(Department of Chemical and Biomolecular Engineering, North Carolina State University, USA)

Dr. Ales Svatos
(Research Group Mass Spectrometry / Proteomics, Max Planck Institute for Chemical Ecology, Germany)
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IOCB has always understood that organic
chemistry and biochemistry are not isolat-
ed and self-explaining disciplines, but rather
integral parts of a complicated and much
larger matrix of systems, pathways and inter-
actions. The Institute adopted a philosophy
of embracing a number of different perspec-
tives and approaches in organic chemistry
and biochemistry research including insights
from biology or physics, which better re-
flects the complexity of living systems and
grasps big questions in life sciences. Com-
bination of interdisciplinary knowledge with

cutting-edge technologies is essential for
the IOCB excellent results.

The core of IOCB scientific expertise lies in
a flat structure of the research groups, of
which 17 are senior groups, three are groups
of Distinguished/Honorary Chairs, 13 are
junior groups and ad hoc formed Targeted
research groups. The research groups are
complemented with six research service
groups and four service groups, which sup-
port the basic research by providing cutting-
edge technologies and technical expertise.



IOCB research covers disciplines in three clusters:

CHEM including organic synthesis, medicinal chemistry, natural products chemistry, chemi-
cal biology, materials chemistry, nanochemistry, drug discovery, etc. Research focuses on
development of pharmaceuticals against leukemia and other types of cancer or new drugs
combatting viral diseases such as AIDS, hepatitis and malaria. It investigates general princi-
ples of substances preparation, synthesis of functional molecule switch properties suitable
for preparation of nano-materials and materials for molecular electronics and self-assembly.

PHYS including computational chemistry, gquantum mechanics chemistry, molecular mode-
ling, drug design, molecular spectroscopy, analytical chemistry, separation science, etc. These
disciplines perform organic and bioorganic structure determination by physical methods
and examine the relationship between structure and physical properties. They use quantum
chemistry and molecular simulation to forecast the structure, reactivity, and properties of
organic and bioorganic molecules.

BIO including biochemistry, molecular biology, structural biology, cell biology, neuroscience,
physiology, chemical ecology, diagnostic tools, etc. These study structure and activity of
enzymes (proteases), protein components of viruses and other pathogens (bacteria, yeasts),
design and test inhibitors with potential drug development. They identify peptides with anti-
bacterial activity. They search for substances used for chemical communication of insects; de-
termine pheromones and other semiochemicals with subsequent utilization for pest control.




KEYWORDS / kinase, lipid, phosphatidylinositol 4-phosphate (PI4P), virus, inhibitor

Phosphatidylinositol 4-kinases (Pl4Ks) are enzymes that
generate phosphatidylinositol 4-phosphate (PI14P), a mi-
nor but essential regulatory lipid found in all eukaryotic
cells. PI4P is the single most abundant mono phospho-
inositide that defines the membranes of Golgi and TGN. It
has been reported to play a key role in membrane biogen-
esis, vesicular transport, lipid dynamics, and protein and
lipid sorting in TGN. Importantly, the replication of several
+RNA viruses depends on PI4P. +RNA viruses hijack Pl4Ks
to produce membranous organelles (referred to as “mem-
branous webs” or “replication factories”) highly enriched
in P14P, which facilitate assembly of functional viral replica-
tion machinery. For example, hepatitis C virus (HCV) hijacks

both PI4KA and PI4KB, whereas various members of the
Picornaviridae family, including coxsackieviruses and rhino-
viruses, and those of the Coronaviridae family were shown
to depend on PI4KB.

Recently, we have crystallized several Pl4K enzymes (P14KB,
PI4K2A, PI4K2B); and we have used the structural informa-
tion (in collaboration with Nencka group) to develop highly
potent and isoform selective inhibitors of PI4KB that have
a potential to be used as virostatics. Later, we became in-
terested in a molecular mechanism of PI4KB membrane
recruitment by the Golgi resident ACBD3 protein. Currently,
we are focusing on structural basis of viral hijacking of Pl4Ks.



www.uochb.cz/infochem/boura

SELECTED PAPERS

Klima, M., Toth, D.J., Hexnerova, R., Baumlova, A., Chalupska, D., Tykvart, J., Rezabkova, L., Sengupta, N., Man, P, Dubankova, A., Humpolickova, J.,
Nencka, R., Veverka, V., Balla, T., and Boufa, E. (2016) Structural insights and in vitro reconstitution of membrane targeting and activation of human PI4KB
by the ACBD3 protein. Sci. Rep. 6:23641

Mejdrova, I, Chalupska, D., Kégler, M., Sala, M., Pladkova, P., Baumlova, A., Hiebabecky, H., Prochdzkova, E., Dejmek, M., Guillon, R., Strunin, D., Weber, J.,
Lee, G., Birkus, G., Mertlikova-Kaiserova, H., Boura, E., and Nencka, R. (2015) Highly Selective Phosphatidylinositol 4-Kinase Il beta Inhibitors and Structural
Insight into Their Mode of Action. J. Med. Chem. 568, 3767-3793

Klima, M., Baumlova, A., Chalupska, D., Hrebabecky, H., Dejmek, M., Nencka, R., and Boufa, E. (2015) The high-resolution crystal structure of
phosphatidylinositol 4-kinase Il beta and the crystal structure of phosphatidylinositol 4-kinase Il alpha containing a nucleoside analogue provide

a structural basis for isoform-specific inhibitor design. Acta Crystallogr. Sect. D-Struct. Biol. 71,1555-1563

Baumlova, A., Chalupska, D., Rozycki, B., Jovic, M., Wisniewski, E., Klima, M., Dubankova, A., Kloer, D. P, Nencka, R., Balla, T., and Boura, E. (2014)

The crystal structure of the phosphatidylinositol 4-kinase Il alpha. EMBO Rep. 15,1085-1092

Rozycki, B., and Boufa, E. (2014) Large, dynamic, multi-protein complexes: a challenge for structural biology. J. Phys.-Condes. Matter 26, 11

CURRENT GRANTS

In vitro reconstitution of viral “replication factories’, Project no. 15-21030Y, Czech Science Foundation (GA CR), 2014-2016, Boufa, E.
Sustainability grant to research centers of excellence (NPU 1), Project no. LO1302 (InterBioMed), Ministry of Education,

Youth and Sports (MSMT CR), 2013-2016, Boura, E.

Structural targeting of P14 kinases (StarPl4K), Project no. 333916, European Commission (FP7-PEOPLE-2012-CIG - Marie-Curie Action:
“Career Integration Grants”), 2013-2016, Boufa, E.
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Hana Cahova Group

CHEMICAL BIOLOGY

JUNIOR RESEARCH GROUP / hana.cahova@uochb.cas.cz

Head of the group: Hana Cahovd' / Postdocs: Babek Alibayev
Roberto Benoni, Oldfich Huded&ek? / Ph.D. student: Anna Simonova?



www.uochb.cz/cahova

KEYWORDS / virus, RNA cap, RNA modification
cofactors, MS analysis of RNA

Viruses are a major force that shapes the evolution of both pro-
karyotic and eukaryotic organisms. The mechanism of action
of various viruses has been a primary focus of many studies,
yet, there are surprisingly scarce data on RNA modifications or
RNA conjugates in any type of viruses. Development of vitally
important methods for sensitive analysis of RNA modification
enabling detailed studies of the chemical structure of various
RNA entities began only recently and the methods have never
been applied to viral RNA.

Recent discovery of nicotinamide adenine dinucleotide (NAD)
attached to plasmid encoded RNA molecules responsible for
replication of plasmids in E. coli hints that other episomes such
as herpesvirus, adenovirus (ds DNA viruses) and even other sim-
ple forms of life could also employ RNA molecules with cova-
lently attached coenzymes or other conjugates. The simplicity
of their genomes and well described structure and machinery of
various viruses make them a perfect model system for studying
the role of new RNA conjugates such as NAD-RNA.

The goal of our group is an in-depth study of the chemical
structure of viral RNA molecules (both coding and non-cod-
ing) of mammalian viruses (DNA and RNA) by means of mass
spectrometry (MS) and chemical biology. After detection of any
modification or conjugate, new chemical or chemo-enzymatic
methods will be employed or developed to identify modified
RNA sequences. Once the function of modified RNA has been
elucidated, biogenesis, biodegradation and mechanisms of in-
teraction of viral RNA with host cell targets will be the objective
of further studies.

We believe that our research will comprehensively provide new
insight into the mechanism of action of various viral RNAs in
host cells and will have the potential to employ these findings
in the development of new RNA-based antiviral treatments or
viral infection sensors.

SELECTED PAPERS

Winz, M. L., Cahova, H., Nubel, G, Frindert, J., Hofer, K., and Jaschke, A. (2016)
NAD captureSeq - capturing and sequencing NAD-capped RNA sequences.
Nat. Protocols, in press

Cahova, H., Winz, M. L., Hofer, K., Nubel, G., and Jaschke, A. (2015)

NAD captureSeq indicates NAD as a bacterial cap for a subset

of regulatory RNAs. Nature 519, 374-+

Cahova, H., and Jaschke, A. (2013) Nucleoside-Based Diarylethene
Photoswitches and Their Facile Incorporation into Photoswitchable DNA.
Angew. Chem.-Int. Edit. 52, 3186-3190

CURRENT GRANTS

Junior research grant, Project no. 16-16358Y,
Czech Science Foundation (GA CR), 2016-2018, Cahova, H.
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www.uochb.cz/curtis

KEYWORDS / ribozyme, deoxyribozyme, aptamer, in vitro
selection, functional nucleic acid, biosensor

Following the discovery of catalytic RNA molecules (ribozymes)
in the early 1980s, nucleic acids were shown to be capable of
a variety of interesting functions, including the ability to bind
chemically diverse ligands and to catalyze a wide range of
chemical transformations. DNA and RNA motifs with increas-
ingly sophisticated functions have also been identified, includ-
ing sensors that only produce a signal in the presence of spe-
cific ligands, recombinases that insert themselves into specific
target sequences, and even ribozyme polymerases that can
synthesize smaller catalytic RNA molecules in the presence of
the appropriate template.

Most of these examples were identified using the technique of
in vitro selection, in which multiple cycles of in vitro transcription,
selection, and RT-PCR are performed to isolate rare molecules
with unusual and interesting properties from pools containing
up to 10 random sequences. Our group uses in vitro selec-
tion as well as complementary techniques to learn more about
functional capabilities of both artificial and naturally occurring
DNA and RNA molecules. The research group is interdisciplinary
in character and we are especially interested in students with
backgrounds in molecular biology, biochemistry, chemistry, and
computer science.

SELECTED PAPERS

Svehlova, K., Lawrence, M.S., Bednarové, L., Curtis, E.A. (2016)

Altered biochemical specificity of G-quadruplexes with mutated tetrads.
Nucleic Acids Res., in press.

McDonald, R. I, Guilinger, J. P, Mukherji, S., Curtis, E. A, Lee, W. 1.,

and Liu, D. R. (2014) Electrophilic activity-based RNA probes reveal

a self-alkylating RNA for RNA labeling. Nat. Chem. Biol. 10, 1049-+

Curtis, E. A, and Liu, D. R. (2014) A naturally occurring, noncanonical
GTP aptamer made of simple tandem repeats. RNA Biol. 11, 682-692
Curtis, E. A., and Bartel, D. P. (2013) Synthetic shuffling and in vitro
selection reveal the rugged adaptive fitness landscape of a kinase ribozyme.
RNA-Publ. RNA Soc. 19, 1116-1128

Curtis, E. A., and Liu, D. R. (2013) Discovery of Widespread GTP-Binding
Motifs in Genomic DNA and RNA. Chem. Biol. 20, 521-532
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Robert Hanus Group

CHEMISTRY OF SOCIAL INSECTS

JUNIOR RESEARCH GROUP / robert.hanus@uochb.cas.cz

Head of the group: Robert Hanus' / Scientists: Pavel Jedlicka? Anna JiroSova® Pavlina Kyjakova®* / Postdocs: Ulrich Ernst®
Lucie Pompeiano Vanic¢kova® / Ph.D. student: Klara DolejSova’ / Students: Jan Kfivanek® Marie Pangracova



www.uochb.cz/hanus

KEYWORDS / social insects, termites, insect
chemical defence and communication, biosynthesis,
pheromones, defensive chemicals, strategies of
reproduction, endocrine signalling, ageing and
longevity

Social insects are among the most complex and most
successful forms of life. One of the common character-
istics of social insects is their ability to produce a rich
variety of chemicals implicated in various aspects of so-
cial life, especially communication and defence against
predators and pathogens. Our group is interested in the
chemical diversity, biosynthesis and biological role of en-
docrine and exocrine chemicals used in social regula-
tion, communication and defence in the societies of ter-
mites, with the ultimate goal to unravel the significance
of these chemicals for social organization and ecological
success of termites.

Our research aims in two directions. First, we study the
chemical diversity of defensive chemicals produced by
termite soldiers, search for new and original structures,
their biosynthetic origin and underlying enzymes. We
try to interpret our observations on diverse biosynthetic
pathways and their defensive products in functional,
phylogenetic and evolutionary contexts and in relation
to defensive strategies of different lineages and taxa.

And second, we study the chemical communication, en-
docrine regulation and genetic mechanisms implicated in
division of labour among the fertile individuals (kings and
queens) and the majority of sterile colony members, with
emphasis on how the genetic mechanisms and chemi-
cal stimuli shape the social organization and influence
reproductive dominance, fertility and longevity of the
kings and queens.

Our approaches include a spectrum of methods rang-
ing from analytical chemistry and biochemistry through
biological disciplines, such as ethology, electrophysiol-
ogy and microscopy, to genetic tools allowing us to infer
genetic structures of colonies and populations, charac-
terize transcriptomic profiles of individuals and tissues
and expression of target genes.

SELECTED PAPERS

Fougeyrollas, R., Dolejsova, K., Sillam-Dussés, D., Roy, V., Poteaux, C., Hanus,

R., and Roisin, Y. (2015) Asexual queen succession in the higher termite
Embiratermes neotenicus. Proc. R. Soc. B-Biol. Sci. 282, 20150260

Bagnéres, A.-G., and Hanus, R. Communication and social regulation in termites.
in Aquiloni, L., and Tricarico, E. (2015) Social Recognition in Invertebrates.
Springer, 193-248

Sillam-Dusseés, D., Hanus, R., Poulsen, M., Roy, V., Favier, M.,

and Vasseur-Cognet, M. (2016) The role of the glucose-sensing transcription
factor carbohydrate-response element-binding protein pathway in termite queen
fertility. Open Biology 6, 160080

Dolejsova, K., Krasulova, J., Kutalova, K., and Hanus, R. (2014) Chemical alarm

in the termite Termitogeton planus (Rhinotermitidae). J. Chem. Ecol. 40,1269-1276
JiroSova, A., Majer, P, Jancarik, A., Dolejsova, K., Tykva, R., Sobotnik, J., Jiros, P,
and Hanus, R. (2014) Sphinganine-Like Biogenesis of (E)-1-Nitropentadec-1-ene in
Termite Soldiers of the Genus Prorhinotermes. ChemBioChem 15, 533-536

CURRENT GRANTS
Regulation of reproduction in higher termites (Termitidae), Project no. 580413,
Grant Agency of the Charles University in Prague (GA UK), 2013-2015, Dolejsova, K.
Biogenesis of (E)-1-nitropentadec-1-ene in soldiers of the termite genus
Prorhinotermes, Project no. 13-25137P, Czech Science Foundation (GA CR),
2013-2015, JiroSova, A.

Evolutionary trends in chemical and mechanical defence in the termite

subfamily Termitinae, Project no. 13-25354P, Czech Science Foundation (GA CR),
2013-2015, Kyjakova, P.

Reproductive regulation and fertility signalling in higher termites (Termitidae),
Project no. 14-12774S, Czech Science Foundation (GA CR), 2014-2016, Hanus, R.
Facultative parthenogenesis as a stable element of reproductive strategies

in higher termites, Project no. 358815, Grant Agency of the Charles University
in Prague (GA UK), 2015-2016, Kfivanek, J.

w
O
20
m
wn
m
>
bS]
O
=




Jiri Jiracek Group
CHEMISTRY AND BIOLOGY OF INSULIN
AND INSULIN-LIKE GROWTH FACTORS

SENIOR RESEARCH GROUP / jirijiracek@uochb.cas.cz

Head of the group: Jifi Jirdcek! / Scientists: Michaela Collinsova?, Jan Hajduch, Irena Selicharova?®

Lenka Zakova?*, Jan Picha® / Research assistant: Vaclav Vanéké / Postdocs: Benjamin Fabre’, Jelena Radosavljevi¢

Ph.D. students: Martina Chrudinovaé, Katefina Machackova®, Emilia Kletvikova-Antolikova, Kvétoslava Krizkova, Jana Mladkova
Pavlo Potalitsyn / Students: Petra Haluskova'®, Katefina Hankova, Tereza Halamova, Anna Povalova / Technician: Jitka Vikova"



www.uochb.cz/jiracek

KEYWORDS / insulin, receptor, IGF, diabetes,
growth, analog, peptidomimetics

Our research group is engaged in structure-activity
studies of insulin and insulin-like growth factors 1and
2 (IGFs). These important hormones and growth fac-
tors share similar 3-D structures and cell membrane
receptors; two isoforms of an insulin receptor (IR-A
and IR-B) and a receptor for IGFs (IGF-1R). Insulin and
IGFs cross-bind to these receptors with different af-
finities and trigger distinct but overlapping physiologi-
cal effects; predominantly metabolic for insulin and
predominantly mitogenic for IGFs.

We are interested in all aspects of insulin's and IGFs’
physiology. Our general goal in insulin/IGF research is
understanding of the structural basis for the different
cellular responses, metabolic and mitogenic, gener-
ated by insulin and IGFs, respectively. We develop ana-
logues of insulin and IGFs to study their interaction with
cognate receptors (IR-A, IR-B and IGF-1R).

We are also involved in development of insulin and IGF
mimetics. Our group comprises of biochemists and
organic chemists and combines chemical synthesis
with biochemical approaches. We have a close col-
laboration with structural biologists at the University
of York in UK.

SELECTED PAPERS

Vikova, J., Collinsova, M., Kletvikova, E., Budésinsky, M., Kaplan, V., Zakova, L.,
R., AViRo, R. J. T, Strakova, J., Selicharova, I., Vanék, V.,

Wright, D. W., Watson, C. J., Turkenburg, J. P, Brzozowski, A. M., and Jiracek, J.

(2016) Rational steering of insulin binding specificity by intra-chain chemical

crosslinking. Sci. Rep. 6,19431

Vanék, V., Picha, J., Fabre, B., Budésinsky, M., Lepsik, M., and Jiracek, J.

(2015) The Development of a Versatile Trifunctional Scaffold for Biological

Applications. Eur. J. Org. Chem., 3689-3701

Kosinova, L., Veverka, V., Novotna, P.,, Collinsova, M., Urbanova, M., Moody, N.

R., Turkenburg, J. P, Jird&ek, J., Brzozowski, A. M., and Z&kova, L. (2014) Insight

into the Structural and Biological Relevance of the T/R Transition of the

N-Terminus of the B-Chain in Human Insulin. Biochemistry 53, 3392-3402

Menting, J. G., Whittaker, J., Margetts, M. B., Whitta

Smith, B. J., Watson, C. J., Z&kova, L., Kletvikové, E.,

Steiner, D. F,, Dodson, G. G., Brzozowski, A. M., Weiss, M. A., Ward, C. W., and

Lawrence, M. C. (2013) How insulin engages its primary binding site on the

insulin receptor. Nature 493, 241-U276

Z4&kova, L., Kletvikova, E., Veverka, V., Lepsik, M., Watson, C. J., Turkenburg, J.

P., Jirdcek, J., and Brzozowski, A. M. (2013) Structural Integrity of the B24 Site

in Human Insulin Is Important for Hormone Functionality.

J. Biol. Chem. 288, 10230-10240

CURRENT GRANTS

The role of T- and R-conformations of insulin in binding to the insulin
receptor, Project no. P207/11/P430, Czech Science Foundation (GA CR),
2011-2013, Z4kova, L.

A molecular dissection of the interplay between diabetes and cancer:

an integrated, multidisciplinary approach, Project no. MR/KO00179/1,
Medical Research Council (MRC, U.K.), 2012-2017, Jiracek, J. (co-PI)

and Brzozowski, A.M. (PI)

Preparation and characterization of selective analogues of insulin and
IGF-1/2 and their hybrid analogues for both forms of insulin receptor and
IGF-1 receptor, Project no. 638613, Grant Agency of the Charles University in
Prague (GA UK), 2013-2014, Kfizkova, K.

Insulin mimetics, Project no. 14-17305S, Czech Science Foundation (GA CR),
2014-2016, Jiracek, J.

Towards molecular separation of metabolic and mitogenic effects of insulin
and IGF-2, Project no. 15-19018S, Czech Science Foundation (GA CR),
2014-2017, Zakova, L.
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Jan Konvalinka Group
PROTEASES OF HUMAN PATHOGENS

SENIOR RESEARCH GROUP / jan.konvalinka@uochb.cas.cz

Head of the group: Jan Konvalinka' / Scientists: Pavel Sacha? Milan KoZigeks, Klara Grantz Saskova?

Tatédna Majerova® / Postdocs: Klara Hlouchovéa®, Jana Pokorna’ / Ph.D. students: Michal Navratil, Vaclav Navratil®
Tomas Knedlik®, Frantisek Sedlék, Michal Svoboda'™®, Barbora Vorlova", Monika Siva®?, Kristyna Blazkova®™
Students: Petra Dvorakovéa™, Jan Belza, Alzbéta Baudysova, Vojtéch Dolejs™®, Jakub Hejdanek', Jakub Stanicek
Iva Hrubd, Karolina Janouskova, Elena Karlukova”, Zuzana Kruzikovéa, Anezka Pisackova, Robin Krysttfek®
Jaroslav Kurfirst, Barbora Ptackova, Vjadeslav Tretjadenko, Kristyna Smilauerova / Assistants: Jitka Krémarova'
Technicians: Jana Starkova®, Iva Flaisigova?, Karolina Sramkova??
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www.uochb.cz/konvalinka

KEYWORDS / therapeutic targets, HIV maturation,
glutamate carboxypeptidase Il, DNA damage-inducible protein,
influenza neuraminidase, molecular tools

The main mission of the group of Proteases of Human Pathogens is
to identify, characterize, and exploit enzymes, predominantly pro-
teases, as targets for therapeutic intervention. Along the way, we
also develop novel chemical tools for molecular characterisation of
complex biological processes.

The proteins we work on involve well established and proven thera-
peutic targets, such as HIV protease and the complex process of
HIV processing and maturation or glutamate carboxypeptidase II,
a cancer marker and a neuropeptidase. We also pursue novel path-
ways to combat viral replication, such as protein-protein interaction
of the subunits of influenza polymerase. Finally, we also evaluate
the potential of novel, poorly characterized proteins, such as DNA
damage-inducible protein 1 or 2, as therapeutic targets. For their
structural and functional characterisation, we use a vast array of
methods from X-ray and NMR structure determination and ITC to
recombinant DNA technology, mammalian cell cultures to human
cell xenografts and knock-out mouse models.

For the purpose of analysis of the proteins of interest we recently de-
veloped synthetic antibody like polymer scaffolds containing a spe-
cific ligand of the particular protein (“molecular address”), affinity
anchor (typically biotin moiety), and a visualisation marker (fluo-
rescent probe) attached to a hydrophilic copolymer. This versatile,
easy to assemble scaffold is able to replace a monoclonal antibody
in a number of their in vitro and in vivo applications. Furthermore,
we developed a novel assay for detecting enzymes as diagnostic
markers and identifying enzyme inhibitors in drug development. The
system enables quantification of zeptomolar amounts of enzymes
and high-throughput screening of potential inhibitors.

The group enjoys a number of national and international collabora-
tions, most notably with groups of Hans-Georg Krausslich at the
University of Heidelberg and Barbara Slusher at Johns Hopkins
University in Baltimore.

SELECTED PAPERS

Sacha, P, Knedlik, T., Schimer, J., Tykvart, J., Parolek, J., Navrétil, V., Dvorakova, P, Sedlak, F.,

Ulbrich, K., Strohalm, J., Majer, P., Subr, V., and Konvalinka, J. (2016) iBodies: Modular Synthetic
Antibody Mimetics Based on Hydrophilic Polymers Decorated with Functional Moieties.

Angew. Chem.-Int. Edit. 55, 2356-2360

Machara, A., Lux, V., Kozisek, M., Grantz Saskova, K., Stépanek, O., Kotora, M., Parkan, K.,

Pavova, M., Glass, B., Sehr, P, Lewis, J., Muller, B., Krausslich, H. G., and Konvalinka, J. (2016) Specific
Inhibitors of HIV Capsid Assembly Binding to the C-Terminal Domain of the Capsid Protein:
Evaluation of 2-Arylquinazolines as Potential Antiviral Compounds. J. Med. Chem. 59, 545-558
Schimer, J., Pavova, M., Anders, M., Pachl, P, Sacha, P, Cigler, P, Weber, J., Majer, P., Rezacova, P.,
Krausslich, H. G., Muller, B., and Konvalinka, J. (2015) Triggering HIV polyprotein processing by light
using rapid photodegradation of a tight-binding protease inhibitor. Nat. Commun. 6, 8

Tykvart, J., Bafinka, C., Svoboda, M., Navratil, V., Soucek, R., Hubalek, M., Hradilek, M., Sacha, P,
Lubkowski, J., and Konvalinka, J. (2015) Structural and Biochemical Characterization of a Novel
Aminopeptidase from Human Intestine. J. Biol. Chem. 290, 11321-11336

Sedlak, F, Sacha, P, Blechova, M., Bfezinova, A., Safafik, M., Sebestik, J., and Konvalinka, J. (2013)
Glutamate carboxypeptidase Il does not process amyloid-beta peptide. Faseb J. 27, 2626-2632

CURRENT GRANTS
Design, characterization, and mechanism of action of novel inhibitors of HIV assembly, Project no.
13-195618, Czech Science Foundation (GA CR), 2013-2015, Konvalinka, J.

Novel concepts for the therapeutic targeting of tumor microenvironment in human
glioblastomas, Project no. 15-31379A, Ministry of Health (MZ CR), 2015-2019, Konvalinka, J. (co-Pl)
Macromolecular conjugates for targeted drug delivery, imaging, and isolation of proteins based
on hydrophilic polymers decorated by functional moieties, Project no. 16-02938S, Czech Science
Foundation (GA CR), 2016-2018, Konvalinka, J.

InterBioMed, National Programme for Sustainability | (NPU 1), Project no. LO1302,
Ministry of Education, Youth and Sports (MSMT CR), 2014-2019, Konvalinka, J.
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www.uochb.cz/lazar

KEYWORDS / two-photon polarization microscopy,
linear dichroism, molecular probes, G-proteins,
voltage sensors

The Laboratory of Advanced Optical Microscopy develops
advanced techniques of optical microscopy and uses them to
gain information about mechanisms of molecular processes
taking place in living cells and organisms. The Laboratory has
developed the technique of two-photon polarization micros-
copy (2PPM), which allows sensitive observations of changes
in conformation of membrane proteins. Such conformational
changes can occur, for example, in response to a therapeutic
drug or to changes in cell membrane voltage.

The laboratory is equipped by a state-of-the-art laser scan-
ning confocal/two-photon microscope (Olympus FluoView
1200MPE-1X83) adapted for single- and two-photon polariza-
tion microscopy. The microscope’s versatile design enables
accommodating a wide range of microscopy techniques and
custom-made solutions.

The Laboratory’s multidisciplinary expertise in biochemistry,
molecular and cell biology, biophysics, optics, electronic engi-
neering, computer programming and mathematical modeling
allows tackling of a wide range of difficult scientific questions.

SELECTED PAPERS

Timr, S., Brabec, J., Bondar, A., Ryba, T., Zelezny, M., Lazar, J., and Jungwirth, P. (2015)
Nonlinear Optical Properties of Fluorescent Dyes Allow for Accurate Determination of
Their Molecular Orientations in Phospholipid Membranes. J. Phys. Chem. B119, 9706-9716
Bondar, A., and Lazar, J. (2014) Dissociated G alpha(GTP) and G beta gamma

Protein Subunits Are the Major Activated Form of Heterotrimeric Gi/o Proteins.

J. Biol. Chem. 289, 1271-1281

Timr, S, Bondar, A., Cwiklik, L., Stefl, M., Hof, M., Vazdar, M., Lazar, J., and Jungwirth, P.
(2014) Accurate Determination of the Orientational Distribution of a Fluorescent Molecule
in a Phospholipid Membrane. J. Phys. Chem. B 118, 855-863

Han, Z., Jin, L., Chen, F. Y., Loturco, J. J., Cohen, L. B, Bondar, A., Lazar, J., and Pieribone,

V. A. (2014) Mechanistic Studies of the Genetically Encoded Fluorescent Protein Voltage
Probe ArclLight. PLoS One 9, 21

Lazar, J., Bondar, A., Timr, S., and Firestein, S. J. (2011) Two-photon polarization microscopy
reveals protein structure and function. Nat. Methods 8, 684-690

CURRENT GRANTS

Insights into protein structure from polarization fluoresgence microscopy,
Project no. 13-10799S, Czech Science Foundation (GA CR), 2012-2016, Lazar, J.
Systems biology center (C4Sys), center of gxcellfance, Project no. LM2015055,
Ministry of Education, Youth and Sports (MSMT CR), 2016-2022, Lazar, J.
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Lenka Maletinska Group

PATHOPHYSIOLOGICAL MECHANISMS
OF FOOD INTAKE REGULATION

SENIOR RESEARCH GROUP / lenka.maletinska@uochb.cas.cz

KEYWORDS / obesity, metabolic syndrome, Tau pathology, anorexigenic neuropeptide,
prolactin releasing peptide, lipopeptide, CART peptide, ghrelin antagonist

The research of our group is focused on food intake regu-
lation with the aim to develop new pharmacological inter-
ventions for obesity and related conditions. Our research
has a multidisciplinary character, it involves peptide chem-
istry, biochemistry, physiology, and pharmacology.

Food intake regulating peptides not only affect hunger or
satiety but also energy homeostasis. Recently discovered
anorexigenic - food intake attenuating - neuropeptides,
such as prolactin-releasing peptide (PrRP) and cocaine-
and amphetamine-regulated transcript (CART) peptide,
represent new trends in development of anti-obesity
agents. They target directly the brain areas regulating food
intake, rarely have unwanted side effects but generally do
not cross the blood-brain barrier if administered periph-
erally. Recently, we designed stable lipidized analogs of
PrRP with agonistic effect capable to cross the blood-brain
barrier. Lipidized PrRP analogs had prolonged half-lives in
blood and exerted anti-obesity effects after peripheral

administration in mice and rats with diet induced obesity
and insulin resistance. For CART peptide, known for two
decades, its receptor has not been discovered. However,
we identified its possible signaling pathway JNK-c-Jun in
PC12 cells, where we previously found CART peptide spe-
cific binding sites, potential receptors.

Ghrelin is the only orexigenic peptide of gut origin. Ghrelin
antagonists represent other potential anorexigenic sub-
stances. Ghrelin antagonists containing trisubstituted 1, 2,
4-triazoles accomplished an anorexigenic effect resulting
in attenuated body - preferably adipose tissue - mass in
mice with diet induced obesity.

Type 2 diabetes was shown to be a risk factor for Alzheimer
disease. We found the connection between central insulin
resistance and pathological phosphorylation of tau pro-
tein - the hallmark of Alzheimer disease - in mice with
monosodium glutamate obesity, a model of prediabetes.
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Head of the group: Lenka Maletinska' / Scientists: Jaroslav Kune&? Blanka Zelezna® Martina Holubova*

Andrea Popelova® / Postdoc: Zuzana Majercikova® / Ph.D. students: Veronika Prazienkovéd’, Barbora Mikulaskova®
Jana Zemenova® / Research assistant: Lucie Hruba™ / Students: Barbora Judita Kasperova, Anna Kakonova"
Lucie Satrova™ Barbora Kochmanova™ / Technician: Hedvika Vysusilova™

SELECTED PAPERS

Holubova M., Zemenova J., Mikulaskova B., Panajotova V., Stéhr J., Haluzik M., Kune$ J., Zelezna B., and Maletinska, L. (2016)
Palmitoylated PrRP analog decreases body weight in DIO rats but not in ZDF rats. J. Endocrinol. 229, 85-96

Spolcova, A., Mikulaskova, B., Holubova, M., Nagelova, V., Pirnik, Z., Zemenova, J., Haluzik, M., Zeleznd, B., Galas, M. C.,

and Maletinska, L. (2015) Anorexigenic lipopeptides ameliorate central insulin signaling and attenuate Tau phosphorylation

in hippocampi of mice with monosodium glutamate-induced obesity. J. Alzheimers Dis. 45, 823-835

Maletinska, L., Nagelova, V., Ticha, A., Zemenova, J., Pirnik, Z., Holubova, M., Spolcova, A., Mikulaskova, B., Blechova, M., Sykora, D.,
Lacinova, Z., Haluzik, M., Zelezna, B., and Kunes, J. (2015) Novel lipidized analogs of prolactin-releasing peptide have prolonged
half-lives and exert anti-obesity effects after peripheral administration. Int. J. Obes. 39, 986-993

Nagelova, V., Pirnik, Z., Zelezna, B., and Maletinsk4, L. (2014) CART (cocaine- and amphetamine-regulated transcript) peptide
specific binding sites in PC12 cells have characteristics of CART peptide receptors. Brain Res. 1547, 16-24

Holubova, M., Nagelova, V., Lacinova, Z., Haluzik, M., Sykora, D., Moulin, A., Blayo, A. L., Fehrentz, J. A., Martinez, J., Stofkova, A.,
Juréovicova, J, Zelezna, B., and Maletinska, L. (2014) Triazole GHS-R1a antagonists JMV4208 and JMV3002 attenuate food intake,
body weight, and adipose tissue mass in mice. Mol. Cell. Endocrinol. 393, 120-128

CURRENT GRANTS

Neuroprotective effects of novel analogs of anorexigenic prolactin-releasing peptide (PrRP)jn mouse models

of neurodegeneration and obesity, Project no. 16-00918S, Czech Science Foundation (GA CR), 2016-2018, Maletinsk

Center for development of original drugs (CCOD), Project no. TE01020028, Technology Agency of the Czech Republic (TA CR), 2012-2019, Havlas, Z.
The possible role of stable analogs of prolactin-releasing peptide in experimental models of obesity and hypertension,

Project no. 15-08679S, Czech Science Foundation (GA CR), 2015-2017, Maletinska, L.

Metabonomics of mouse models of obesity and lipoatrophy - studies of meta?olio pathways gerturbations, disease progression

and therapy response, Project no. 13-14105S, Czech Science Foundation (GA CR), 2013-2016, Zelezna, B. (co-Pl)

Effect of different types of antidiabetic interventions on the development of neurodegenerative changes in brain of diabetic mice,
Project no. P303-12-0576, Czech Science Foundation (GA CR), 2012-2014, Maletinska, L.
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Pavlina Maloy

Rezacova Group

STRUCTURAL BIOLOGY

SENIOR RESEARCH GROUP / pavlina.rezacova@uochb.cas.cz

KEYWORDS / X-ray crystallography, biomolecular NMR spectroscopy, rational drug design,
fragment-based drug discovery, transcription regulation, medicinal targets

The main interest of the laboratory lies in structural charac-
terization of proteins and protein-protein complexes having
biological or medicinal interest. We use structural knowl-
edge for understanding and also modulation of biological
roles and functions of proteins and protein-protein com-
plexes. We are interested in the structure of transcription
factors, both prokaryotic and eukaryotic. To understand the
mechanism of carbon catabolite repression in B. subtilis on
a molecular level, we combine X-ray structures with other
techniques to study the binding of small molecules to se-
lected repressors and their modulation. Structural studies
of human transcription factors are focused on proteins in-
teracting with LEDGF/p75, a prominent cellular cofactor for
HIV integration.

In our structure-based drug discovery project, targeting
enzymes from pathogenic organisms as well as human en-
zymes (e.g. carbonic anhydrases), the knowledge of pro-
tein structures provides a platform for the rational design of
specific inhibitors. We also use fragment-based drug dis-
covery techniques for targeting biomedicinally important
protein-protein interactions.

The topic of structural biology of metabolic pathways fo-
cuses on structural characterization of components of im-
portant metabolic pathways which can contribute to devel-
opment of perspective therapeutics for metabolic diseases.
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Head of the group: Pavlina Rezacova' / Scientists: Jifi Brynda?, Vaclav Veverka® / Postdocs: Katefina Cermakova?
Ales Hnizda®, Petr Pachl®, Pavel Srb, Jana Skerlova / Research assistants: Marcela Madlikovag, Blanka Klepetafova®
Irena Sieglova'™® / Technicians: Jitka Kredbova, Kate Tratsiak'? / Ph.D. students: Rozalie Hexnerova'®, Michael Kugler™
Petr Tésina, Lukas Vrzal®™® / Undergraduate students: Vitézslav Brinsa, Vojtéch Duchoslav'’®, Markéta Novakova”
Klara PospiSilova®™®, Anna Soldanova

SELECTED PAPERS

Tesina, P, Cermékova, K., HoFeji, M., Prochazkova, K., Fabry, M., Sharma, S., Christ, F, Demeulemeester, J., Debyser, Z., De Rijck, J., Veverka, V.,

and Rezacova, P. (2015) Multiple cellular proteins interact with LEDGF/p75 through a conserved unstructured consensus motif. Nat. Commun. 6, 14
Cermaékova, K., Tesina, P, Demeulemeester, J., El Ashkar, S., Mereau, H., Schwaller, J., Rezacova, P., Veverka, V., and De Rijck, J. (2014) Validation

and Structural Characterization of the LEDGF/p75-MLL Interface as a New Target for the Treatment of MLL-Dependent Leukemia. Cancer Res. 74, 5139-5151
Skerlova, J., Fabry, M., Hubalek, M., Otwinowski, Z., and Reza¢ova, P. (2014) Structure of the effector-binding domain of deoxyribonucleoside regulator
DeoR from Bacillus subtilis. Febs J. 281, 4280-4292

Pachl, P, Fabry, M., Rosenberg, I, Simak, O., Rezacova, P, and Brynda, J. (2014) Structures of human cytosolic and mitochondrial nucleotidases:
implications for structure-based design of selective inhibitors. Acta Crystallogr. Sect. D-Biol. Crystallogr. 70, 461-470

Brynda, J., Mader, P, Sicha, V., Fabry, M., Poncova, K., Bakardiev, M., Griiner, B., Cigler, P, and Reza&ova, P. (2013) Carborane-Based Carbonic Anhydrase Inhibitors.
Angew. Chem.-Int. Edit. 52,13760-13763

CURRENT GRANTS

Rational drug design using NMR spectroscopy, Project no. LK11205-Navrat, Ministry of Education, Youth and Sports (MSMT CR), 2012-2016, Veverka, V.
Center for development of original drugs (CDOD), Technology Agency of the Czech Republic (TA CR), 2012-2019, Maloy Rezac¢ova, P.

Molecular mechanisms of relapsed acute lymphoblastic leukemia: characterization of hyperactive mutants of cytosolic purine 5"-nucleotidase,

Project no. GA15-06582S, Czech Science Foundation (GA CR), 2015-2017, Hnizda, A.

Support of sustainability of the Institute of Molecular and Translational Medicine, Project no. LO1304, Ministry of Education,

Youth and Sports (MSMT CR), 2014-2019, Maloy Reza&ova, P.

Structural basis for the biological function of LEDGF/p75 and HRP-2, Project no. 16-06357S, Czech Science Foundation (GA CR), 2016-2018, Veverka, V.
Gilead Sciences Research Centre (GSRC-3), 2016-2021, Maloy Reza&ova, P, Veverka, V., Brynda, J.
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KEYWORDS / protease, inhibitor, protein structure, parasite, cancer

Our research focuses on cathepsin proteases involved
in parasitic diseases, cancer, and degenerative diseases.
In blood-feeding parasites, cathepsins function as diges-
tive enzymes responsible for the breakdown of host blood
proteins and represent pharmacological targets.

The major project investigates the blood flukes causing
schistosomiasis, which afflicts more than 250 million peo-
ple worldwide. The research includes identification of schis-
tosome cathepsins, mapping of their structure-function re-
lationships, and rational designing of inhibitor drugs.

The second project is focused on Ixodes ticks that are
vectors of tick-borne encephalitis and borreliosis in
Europe and the US. We investigate digestive cathepsins
and salivary cathepsin inhibitors from ticks as potential
anti-tick vaccines.

Finally, we study human cathepsins associated with cancer
and degenerative diseases. Here we focus on novel bio-
chemical mechanisms of regulation of cathepsin activity
and their exploitation for the development of therapeutic
molecules and strategies.



www.uochb.cz/mares

SELECTED PAPERS
Srp, J., Nussbaumerova, M., Horn, M., and Mares, M. (2016) Digestive Proteolysis in the Colorado Potato Beetle,
Leptinotarsa Decemlineata: Activity-Based Profiling and Imaging of a Multipeptidase Network. Insect Biochem. Mol. Biol. 78, 1-11

Fajtova, P, Stefanié, S., Hradilek, M., Dvorak, J., Vondrasek, J., Jilkova, A., Ulrychova, L., McKerrow, J. H., Caffrey, C. R., Mare$, M., and Horn, M. (2015)

Prolyl Oligopeptidase from the Blood Fluke Schistosoma mansoni: From Functional Analysis to Anti-schistosomal Inhibitors. Plos Neglect. Trop. Dis. 9, 24

Horn, M., Fajtova, P, Arreola, L. R., Ulrychova, L., Bartosova-Sojkova, P, Franta, Z., Protasio, A. V., Opavsky, D., Vondrasek, J., McKerrow, J. H., Mares, M., Caffrey, C.R.,
and Dvoraék, J. (2014) Trypsin- and Chymotrypsin-Like Serine Proteases in Schistosoma mansoni - ‘The Undiscovered Country’. Plos Neglect. Trop. Dis. 8,13

Jilkova, A., Horn, M., Rezacova, P., Maresova, L., Fajtova, P, Brynda, J., Vondrasek, J., McKerrow, J. H., Caffrey, C. R., and Mares, M. (2014) Activation Route of the
Schistosoma mansoni Cathepsin B1 Drug Target: Structural Map with a Glycosaminoglycan Switch. Structure 22, 1786-1798
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During this period the interdisciplinary research of our group was cen-
tered on understanding the role of proteins involved in different steps
of a life cycle of several human pathogens and on host factors that
modulate pathogenesis of diseases.
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In a project focused on retroviruses we investigated the mechanism of
assembly of HIV-1, Mason-Pfizer monkey virus, and mouse mammary
tumor virus immature particles and identified structural motifs and
interactions mediating formation of both immature as well as mature
particles. We also identified the cellular protein which interacts with
HIV-1 protease (PR) and enhances HIV-1PR induced apoptosis. Our new
project is focused on the study of interactions of Hepatitis B virus X
protein with cellular factors and on maturation of precore protein HBe
during the HBV life cycle.

Another target of our group is Mycobacterium tuberculosis (Mtb). We
explored the function of enzymes in regulation of non-replicating
Mtb metabolism. We focused on phosphoenolpyruvate carboxyki-
nase (Pck) that catalyzes reactions in anaplerotic node, distributing
carbon flow in glycolysis, gluconeogenesis, and tricarboxylic cycle,
and identified conditions and cellular interacting proteins that modu-
late its specificity and influence the carbon flow. Our new targets are
phosphofructokinase A and B that are differently expressed during
Mtb infection stages.

In our research of Candida pathogenic yeasts we investigated the
role of secreted aspartic proteases (Sap) in regulation of metabolism
under stress conditions and performed structure-function characteri-
zation of different Sap isoforms. We further characterized fatty acid
desaturases (FAD) of C. parapsilosis and using insect model FADs we
identified the structural motif that determines FAD specificities. Our
new project is focused on identification of carbonic anhydrases in
C. parapsilosis and development of its inhibitors and on the study of
interaction of C. albicans with Pseudomonas aeruginosa.
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The complexity of biological membranes and of chemical
processes occurring in their context are fascinating and
essential for life. Most of the functions of biological mem-
branes are performed or catalysed by proteins integrated
in or associated with membranes, and as much as 25 to
30 % of all protein coding genes in a genome encode
transmembrane proteins. Regulated proteolysis of many
of them controls biological processes as diverse as devel-
opmental and stress signaling, membrane homeostasis
or pathogenicity of microbes. We study the mechanisms
that regulate the biogenesis and quality control of trans-
membrane proteins and devise ways to manipulate them
with a perspective of therapeutic use in disease contexts.
In particular, we study the intramembrane proteases,
which recognise and cleave transmembrane domains of
other membrane proteins within the hydrophobic, lipid
environment. They have been implicated in human diseas-
es, including Alzheimer’s, Parkinson'’s, immune disorders,
cancer, and some infectious diseases. Understanding the

mechanisms, structures, and regulation of these enzymes
can open new ways to fight multiple pathological condi-
tions. We focus on intramembrane proteases of the rhom-
boid family, which control growth factor signaling in flies,
mitochondrial dynamics in yeast or pathogenicity of the
malaria parasite, and on their proteolytically inactive cous-
ins, iRhoms, which regulate membrane protein trafficking.

In our integrative approach we combine membrane bio-
chemistry, enzymology, and structural biology to under-
stand how rhomboid proteases and iRhoms recognise and
select substrates and we employ methods of quantitative
proteomics, cell biology, and genetics to uncover rhom-
boid functions in selected organisms. We are particularly
interested in basic biological aspects of intramembrane
proteolysis relevant for biological signaling, membrane
protein biogenesis and homeostasis, but we also exploit
the acquired mechanistic insight in the development of
specific inhibitors with a therapeutic potential.
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