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MILESTONES IN IPHYS HISTORY 1354—2024
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IPHYS founded - three Departments: Neuromuscular Physiology (E. Gutmann),
Developmental Physiology and Pathology (J. K¥e¢ek), and Excitability of Central Nervous
System (Z. Servit)

IPHYS journal Physiologia Bohemoslovaca (since 1991 Physiological Research) is published
in English

The Department of Physiology and Pathophysiology of Metabolism is added (O. Poupa)

IPHYS is moved to the new campus of biological institutes of the Czech Academy
of Sciences in Prague - Kré¢

Four Sectors are established: Neurophysiology (T. Radil), Developmental Physiology
(J. Jelinek), Biological and Experimental Models (P. Klir), and Cellular and Molecular
Physiology (J. Housték)

IPHYS under democracy:

The Scientific Council voted for the first time for the director of IPHYS

Twenty-one scientific departments are established

Beginning of the scientometric evaluation of research activities: IPHYS is one of the best
institutes of the Czech Academy of Sciences

H. Illnerova (IPHYS) becomes the President of the Czech Academy of Sciences

Opening of the new building (A2 wing) of IPHYS

The first junior research group established

Opening of OFF-campus laboratories in BIOCEV (European Scientific Centre of Excellence
in Biotechnology and Biomedicine in Vestec)

IPHYS is awarded the prestigious European HR Excellence in Research Award
International Advisory Board of IPHYS is established
Reconstruction of Animal facility

Three research fields: Neuroscience, Cardiovascular Research, and Metabolic
Research

Twenty-one scientific laboratories and one junior research group

General aim: the characterization of basic biological mechanisms to improve the
prevention, diagnosis and treatment of serious non-communicable diseases



10 YEARS OF SCIENGE AT IPHYS 1354—2024 SCIENTISTS INVOLVED

FOR RELATED ARTICLES, SEE PAGE 89

Metabolomics, proteomics, bioinformatics | f]ajka, Kuda, Vrbacky
Molecular physiology of the bone — Tencerova
Therapeutic lithium-induced alteration of rat brain =~ F—— Vosahlikova, Roubalov4, Brejchovd, Svoboda
Metabolism of bioactive lipids | Kuda
I vemBouc ReseARcH Molecular neurobiology  e— Balastik
Unique drugs for obesity, type 2 diabetes and neurodegeneration Kunes, Maletinska
. CARDIOVASCULAR RESEARCH Cardiac ischemic tolerance, systemic hypertension and heart failure ~ EETTTTTTTTT——————— Neckat, Kolat, Hlavackova
3D superresolution microscopy of mitochondria and mtDNA nucleoids Jezek, Dlaskova
. NEUROSCIENCE Circadian rhythms in physiological fUrctions s Sumovd, Sladek
Redox signalling and mitochondrial phospholipase Jezek, Plecita-Hlavata, Jaburek
. INTERDISCIPLINARY RESEARCH Effects of omega 3 fatty acids on health s Kopecky, Flachs, Rossmeisl, Kuda, Janovska, Bardova, Hordakova
Nitric oxide-deficient or angiotensin-dependent hypertension | Kunes, Vanéckova, Zicha
P2X receptors, structure and function | Zemkova, Vavra, Bhattacharya
Morphine-induced alteration of opioid- and TRH-receptors Ujtikova, Roubalova, Svoboda

Mitochondrial diseases - cytochrome c oxidase | Houstgk, Pecina
Structural biology of signalling proteins | Obgilova, Obsil, Kosek
Neuropathic pain and neuroinflammation . ___________________________________________________| Paletek, Spicarova

Influence of lipid-based diets on the progression of Alzheimer’s disease Dolezal, Jakubik, Jani¢kova
Animal models of neuropsychiatric disorders L | Vales, Stuchlik
Bone and skin tissue engineering | Bacakova, Broz
Structure and function of transient receptor potential charme]s Vyklicky Sr., Vlachova, Teisinger
Vascular tissue engineering Bacakova, Filova
Biomathematics - Image analysis |1 Kubinov4, Janacek, Hadraba
Agonist-induced redistribution of trimeric G proteins Svoboda, Novotny, Brejchovd, Vosahlikova
Systemic effects of white adipose tissue metabolism | Kopecky, Flachs, Rossmeisl, Janovska, Bardova
Nitric oxide and glutamate at neuromuscular junction Vyskotil
Mitochondrial diseases - ATP synthase | Houstek, Mracek, Klement, Jedina
Age-related mechanisms of epileptic seizures and epileptogenesis . ________________________________________| Kubova, Jiruska
Muscarinic receptors, allosteric modulators and signalling bias ____________________________________________________________| Tucek, Dolezal, Jakubik, Randakova
GABA, receptors and synaptic transmission Zemkova, Krasek
Circadian rhythms 1n Um0 Illnerovd, Sumova
Genetics of spontaneous hypertension Pravenec
Excitatory synaptic transmission | Vyklicky, Vlachova, Krtisek, Smejkalova, Kotinek
Melatonin receptors and intracellular signalling Vanécek, Zemkova, Balik, Svobodova
Ton and nutrient transport in eukary ot C Cells Kotyk, Horak, Sychrova, Zimmermannova
Epithelial transport and intestinal functions | Capek, Pacha, Kolinsk4, Horakova
Myocardial sensitivity to hypoxia - sex differences | 03tadal, Kolat, Pelouch, Ostadalova
Vascular cell physiology Bacakova, Lisa, Mare$ V
Fatty acid cycling mechanims of mitochondrial uncoupling proteins | Jezek, Jabtirek
Memory, spatial learning Bure$, BureSov4, Fenton, Stuchlik
Computational neuroscience _____________________________________________________________________________________________| Lansky, Kostal, Zapotocky
Catecholamines and Na*/K*-ATPase in the brain ] Svoboda, Teisinger
Developmental neuropharmacology of antiepileptic drugs ________________________________________________________________________________________________________| Mare$ P, Kubova, Velisek
Electrogenic Na‘*/K* pump in skeletal muscle | Vyskotil, Zemkova-Dlouh4, Teissinger, Svoboda
Beta-adrenergic receptors 1 Svoboda
Non-quantal release of acetylcholine and neuromuscular transmission Vyskotil, Zemkova, Dolezal
Altered control of vascular tone in hypertension - __________________________________________________________________________________________________________| Albrecht, Zicha, Kune$, Behuliak, Vanéc¢kova
Ion-selective microelectrodes and K* concentrations in muscle and brain Vyskotil, Hnik, K¥iz
Brown adipose tissue development and its thermogenic function | Hahn, Skala, Housték, Drahota, Kopecky, Svoboda, Jezek, Rossmeisl, Zouhar
Periodization of early postnatal development in therat =~ E— Ostadalova, Babicky, Patizek
Acetylcholine synthesis and release in nervous and non-nervous tisSu e 1 Tudek, Dolezal
Developmental models of epileptic seizures and epile sy 1 Mare$ P, Kubova
Circadian rhythms in brain _________________________________________________________________________________________________________________________| Illnerov4, Vanégek, Sumova
Pain mechanisms Vyklicky Sr, Vlachova, Palecek, Spicarové
Tonotropic glutamate receptors __________________________________________________________________________________________________________| VyKklicky, Vlachova, Kridek, Smejkalova, Hr¢ka Krausova, Balik, Kotinek
Protective and toxic effects of selenium | Ostadalova, Parizek
Chromatographic methods - collagen and elastin studies - ______________________________________________________________________|] Deyl, Macek, Miksik
Mechanisms of age-dependent salt hypertension . ________________________________________________________| Jelinek, Kunes, Zicha, Vanétkova
Cardioprotective effect of chronic hypoxia . ___________________________________________________________________________| Poupa, Ostadal, Pelouch, Kolat, Neckat, Hlavagkova
Cardiotoxicity of catecholamines | Poupa, Ostadal, Faltova
Acetylcholine receptors at neuromuscular junction ] Beranek, Vyskotil
el Gt E:S 1 Hole¢kova, Michl, Baudy$ova, Tolar, Mare$ V
IN U0y 010y Lodin, Mares$ V
Mitochondrial calcium and glycerol-3-phosphate dehydrogenase Drahota, Housték, Mracek
Cardiac development and sensitivity to hypoxia _________________________________________________________________________________________________________________| Poupa, Ostadal, Kolat, Ostadalova
Epilepsy and brain metabolism ______________________________________________________________________________________________________________________| Folbergrova, Kubova, Otahal
Ontogeny of animal behaviour | Lat, Novakova, Sterc, Martinek
Lipid metabolism - Cholesterol transport r_______________________________________________________________________________________ ] Hahn, Koldovsky, Dobiasova, Drahota
Higher brain functions ] Radil, Bohdanecky, Indra, Mates
Clinical and translational epileptology Servit, Mare3 P, Jiruska

Toxic effects of mercury and cadmium
Water and electrolyte metabolism, body fluids, ion transport
Spreading depression
Mechanoreceptors morphology and function
Neurotrophic effects in skeletal muscle
Muscle physiology
Critical periods of development, perinatal programming

Patizek

Kirecek, Jelinek, Dlouhd, Kunes, Zicha

Bures, Buresova, Ktivanek

Zelend, Hnik, Hudlickd, Jirmanova, Soukup, Vejsada

Gutmann, Zak, Vrbova, Beranek, Hnik, Syrovy, Vejsada, Paletek
Gutmann, Hanzlikova, Hnik, Bass, Syrovy, Soukup

Hahn, Kietek, Koldovsky, Housték, Kopecky

1954 1964 1974 1984 1994 2004 2014 2024
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FOREWORD

WELCOME TO THE INSTITUTE
OF PHYSIOLOGY OF THE CZECH
ACADEMY OF SCIENCES

This year, we celebrate 70 years of the Institute of Physiology (IPHYS) of the
Czech (former Czechoslovak) Academy of Sciences (CAS). True to its name,
IPHYS has been systematically dedicated to research in the field of normal and
pathological physiology, with a special focus on biomedical research. Three
main, closely interconnected research directions have gradually crystallized,
which IPHYS continues to pursue today: research in the fields of neuroscience,
cardiovascular physiology, and metabolism.

Over the last seven decades, our society has grown considerably older and
fatter, and obesity rates have tripled. Modern medicine is thus facing new
challenges in the form of an increased onslaught of so-called lifestyle (also
civilization) diseases. The cost of their treatment represents a major burden
on healthcare systems worldwide. The main current goal of IPHYS is to
characterize the causes of these non-communicable diseases associated with
obesity and aging. We are characterizing the basic biological mechanisms
in order to improve the prevention, diagnosis, and treatment of pathological
conditions:

1. affecting the nervous system, such as Alzheimer’s disease, epilepsy, and
chronic pain;
2. linked to obesity, such as cardiovascular disease and diabetes; and

3. inherited diseases, especially those affecting mitochondrial energy me-
tabolism.

Our research is also focused on developmental aspects, reflecting the notion
that susceptibility to lifestyle diseases depends in part on various factors
impacting pregnancy and birth.

IPHYS is well-equipped for biomedical research. The fundamental
reconstruction of our animal facility was finished in the spring of 2024.
IPHYS’s instrumentation provides probably the best opportunities in the
Czech Republic for the whole-body phenotyping of animal models of various
diseases, including analyses of metabolism, body composition, blood
pressure, cardiac functions, and animal behavior. Instruments for various
imaging applications are available thanks to IPHYS'’s involvement in the
CzechBioimaging infrastructure. High-throughput analytical methods are
routinely performed in the service laboratories of Metabolomics (established in
2017) and Proteomics (established in 2020). Bioinformatics is being introduced
to interpret all of these data, however the experience and knowledge of the
researchers are the keys to understanding complex relationships.

We combine experiments on laboratory animals and cell models with clinical
research. This is facilitated by IPHYS's participation in research consortia
supported by the National Recovery Plan (2022-2025), i.e. in the National
Institute for Metabolic and Cardiovascular Disease Research (CarDia; www.
cardia.ikem.cz) and in the National Institute for Neurological Research (NPO-
NEURO-D; www.ninr.cz). Thus, IPHYS collaborates with leading centers of
clinical and academic research in our country, and also numerous partners in
Europe and worldwide. Special partnerships with Czech universities provide
IPHYS with the opportunity to serve as an important place for pre- and
postgraduate education.

This brochure updates the information provided in the previous one, released
in 2020. Of course, in contrast to the existing and continuously updated IPHYS
website (www.fgu.cas.cz), the brochure can only mirror the current situation
at the time of its release, i.e. the summer of 2024.

I am looking forward to continuing to serve as the Director of IPHYS to the
end of my second term (2020 - 2025). I would like to take this opportunity
to extend my appreciation to all of my colleagues, who are responsible for
the friendly and enthusiastic atmosphere at IPHYS that helps to make it an
excellent scientific institution. I believe that the future is bright for IPHYS.

Jan Kopecky
director of IPHYS

IPHYS

IPHYS IS THE LEADING RESEARCH INSTITUTION IN THE FIELD
OF NORMAL AND PATHOLOGICAL PHYSIOLOGY.

Its mission is to improve our fundamental knowledge on the physiological and pathological processes
associated with the function of the nervous system, cardiovascular system, and specific areas of metabo-
lism, and thus pave the way to novel prevention, diagnostic and therapeutic procedures for combating se-
rious human diseases. All these activities emphasize the Institute’s prominent role in biomedical research
in the Czech Republic.

WHAT IS THERE TO KNOW ABOUT IPHYS?

=IPHYS has a more than 70-year tradition (6-7)

=Research at IPHYS includes three main topics:
neuroscience, cardiovascular research, and metabolic research (9—]])

= IPHYS is supervised by the director and the IPHYS Boards (12-14)

=IPHYS consists of 22 scientific laboratories and includes
off-campus laboratories in BIOCEV within an excellent
joint project of six institutes of the CAS and Charles University (15-60)

= Necessary services at IPHYS are provided by 10 service departments,
including the Centre for Preclinical Testing (61-71)

=[PHYS publishes the peer-reviewed journal Physiological Research (89)
= A new facility for research animals was constructed at IPHYS (72—73)

=The European Commission awarded IPHYS the prestigious European
HR Excellence in Research Award protecting also intellectual property of IPHYS (1)

=IPHYS has almost 410 employees with 60 principal investigators (75)

= Most of IPHYS research is conducted within
the framework of national and international collaborations (76-78)

=[PHYS is a member of two European infrastructures Czech Bioimaging and EPTRI (79)
= More than 120 scientific articles are published per year by scientists of IPHYS (80-8)

=[PHYS employs world-renowned experts awarded
major domestic and foreign prizes for their scientific work (82—83)

= Dozens of bachelor’s, master’s and PhD students
are trained at IPHYS in collaboration with universities (84—85)

=Results obtained at IPHYS are actively disseminated
to the scientific community as well as to the general public (35—37)

= More than 75 research topics have been studied at IPHYS since 1954 (83-107)



HISTORY OF IPRYS DIRECTORS OF THE INSTITUTE

Zdenék Servit Arno$t Gutmann
9] (8
a (5 A
Jit'i Kirecek Otakar Poupa
The origin of the current IPHYS is traced back to 1950 when two outstanding personalities, Prof. Zdenék since 2015 Bl MUDr. Jan KOPECKY, DrSc.

Servit (1913-1986) and Prof. Arno$t Gutmann (1910-1977), met at the Department of Neurophysiology

3 - Dr. Lucie KUBIN A, .
within the Central Biological Institutes. In 1952, the Czechoslovak Academy of Sciences (CSAV) was 2010-2015 B RNDr. Lucie KU OVA, CSc

founded. Servit's laboratory (epileptology) and Gutmann's laboratory (neuromuscular function) joined 2003-2010 RNDr. Jaroslav KUNES, DvrSC.

a group interested in critical periods of ontogenetic development headed by Prof. Jiti Kieéek (1923- 1995-2003 B Prof. MUDr. Pavel MARES, DrSc.

2014) to form a section of the new Biological Institute. On the basis of successful research and acceptance 1990-1995 B Prof. MUDr. Bohuslav OSTADAL, DrSc.
at home as well as abroad, IPHYS was officially founded on January 1, 1954 and consisted of these three 1980-1989 A RNDr. Zdenék DRAHOTA, DrSc.

laboratories: In 19?6, a f01'1rth group‘le.d by Prof. OFakar Poupa (1916'—1999), Who sjcudied the ada.ptat.ion 1970-1980 MUDr. Ladislav VYKLI CKY, DrSc.
of the organism to its environment, joined the Institute. The outstanding contribution of these scientists Prof. MUDT. Tit{ KRECEK. DrS

in the fields of neurophysiology, muscle regeneration, heart adaptation to hypoxia and late effects of early 1970 rof. MUDr. Jiti }} » UIOC.
interventions was subsequently enriched by their students and follower scientists at IPHYS. 1954-1969 Prof. MUDr. Zdenék SERVIT, DrSc.



RESEARCH STRATEGY

THE OVERALL RESEARCH STRATEGY AT IPHYS COMBINES COMPLEMENTARY EFFORTS
IN SEVERAL FIELDS. BOTH ANIMAL AND HUMAN STUDIES ARE PERFORMED.

HEART METABOLISM

NS
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MAIN RESEARCH FIELDS

NEUROSCIENCE

Neuroscience research covers studies aimed at understanding basic physiological and pathological
processes related to human neurological and psychiatric diseases. Investigations at the system lev-
el study development and integrative functions of the central nervous system that include cognitive
functions (memory, spatial orientation or learning), chronic and neuropathic pain, and epilepsy. At
the cellular level, circadian rhythms (i.e. processes repeated rhythmically during a 24-hour period)
and pathophysiological mechanisms of drug addictions and side effects are investigated. Studies at
the molecular level are aimed at revealing the biochemical principles of neuron growth and guid-
ance, signal transduction and transmission from one cell to another, structural and functional cor-
relations of neurotransmitter receptor activation and their modulation by biological and pharmaco-
logical compounds. Aspects of neural signalling are studied in vivo, in vitro as well as theoretically
using computer simulations and modelling.

CARDIOVASCULAR RESEARCH

Research in the cardiovascular field is focused on the mechanisms of the development, therapy, and
prevention of serious cardiovascular diseases, such as ischemic heart disease, hypertension, and
chronic heart and kidney failure. Particular attention is paid to the development of cardiac adapta-
tion to oxygen deprivation and to the mechanisms of cardiac protection against ischemic injury.
Studies on the mechanisms of blood pressure regulation, the vascular contraction, and develop-
ment of the conductive system represent a basis for new therapeutic approaches to hypertension
and cardiac arrhythmias. The genetic approach deals with the modifications or defects of selected
genes responsible for cardiovascular diseases. Work is also done on the development of new bio-
materials that may be suitable for vascular and heart valve replacements, based on synthetic and
biological scaffolds seeded with stem cells.

METABOLIC RESEARCH

Studies in this field cover specific aspects of metabolism from the cellular to whole-body level. The
research is focused on characterisation of transport systems in cell membranes, specific signalling
pathways affecting metabolism, the function of mitochondria and the impact of mitochondrial dys-
function on health, interactions between nutrition and the immune system that affect metabolism,
circadian control of metabolism, genetic basis of obesity-related diseases as well as the ontogenic
aspects and the role of ageing in metabolic health.

DISEASES IN FOGUS

HYPERTENSION
ISCHEMIC HEART DISEASE
CHRONIC HEART FAILURE

HEART ARRHYTHMIAS

CHRONIC KIDNEY
FAILURE

ALZHEIMER'S DISEASE
SCHIZOPHRENIA, DEPRESSION
EPILEPSY, AUTISM
DISORDER OF BIORHYTHMS

NEUROPATHIC PAIN, NEURODEGENERATION

"

INBORN COGNITIVE DEFECTS
CHANNELOPATHIES

!

MODELS
METHODS
MECHANISMS

OBESITY AND METABOLIC SYNDROME
DIABETES MELLITUS TYPE 2
INHERITED METABOLIC DISEASES
DISEASES OF THE INTESTINE
CANCER

INFECTIONS BY YEASTS
0STEOPOROSIS

1
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PHYS MANAGEMENT

Director
MUDr. Jan Kopecky, DrSc.

Deputy Director
for Administration
Ing. Petra Jane¢kova

Deputy Director
for Science
MUDr. Jit{ Pale&ek, CSc.

Chairman
Board of IPHYS
RNDr. Ondtej Kuda, Ph.D.

BOARD OF INSTITUTE OF IPHYS

Chairman
RNDr. Ondtej Kuda, Ph.D.

Deputy Chairperson
Prof. PharmDr. Alena Sumov4, DSc.

Internal Members
Mgr. Martin Balastik, Ph.D.
Mgr. Jan Jakubik, Ph.D.
Prof. RNDr. FrantiSek Kolat, CSc.
RNDr. Ivana Vanéckova, DSc.

External Members
Prof. RNDr. Jan Cerny, Ph.D.

Charles University, Prague

Prof. Ing. Martin Fusek, CSc.
Institute of Organic Chemistry and Biochemistry CAS

Prof. MUDr. Pavel Martések, DrSc.
BIOCEV
Secretary
Mgr. Adéla Bockov4, Ph.D.

SUPERVISORY BOARD OF IPHYS

Chairman
RNDr. Zdenék Havlas, DrSc.
Czech Academy of Sciences
Deputy Chairman
RNDr. Jaroslav Kunes, DrSc.
IPHYS
Members
Mgr. Ing. Jindfich Hroch

attorney-at-law

Prof. MUDr. Zuzana Cervinkové, CSc.
Faculty of Medicine of Charles University, Hradec Krdlové

Prof. MUDr. Vojtéch Melenovsky, CSc.

Institute for Clinical and Experimental Medicine, Prague

Secretary
Ing. Petra Janec¢kova

INTERNATIONAL ADVISORY BOARD OF IPHYS

Chairman
Prof. Adam Szewczyk

Head of the Laboratory of Intracellular Ion Channels, Chair of the Scientific Council at Nencki Institute,
Nencki Institute of Experimental Biology, Polish Academy of Sciences, Warsaw, Poland

Members

Prof. Bryndis Birnir, PhD.
Professor at the Department of Medical Cell Biology, University of Uppsala, Sweden

Prof. Dr. Matthias Blither

Director of the Helmholtz Institute for Metabolic, Obesity and Vascular Research, Leipzig, Germany

Prof. Dr. med. Pontus Persson
Director of the Institute of Vegetative Physiology, Editor in Chief of Acta Physiologica, Berlin, Germany

Prof. Marianne Schultzberg, PhD.

Professor of clinical neuroscience, Karolinska Institutet, Sweden
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ORGANIZATIONAL STRUCTURE

INTERNATIONAL
ADVISORY
BOARD

SUPERVISORY
BOARD

OMBUDSMAN

WHISTLERBLOWING
AGENDA

BOARD OF IPHYS DIRECTOR

GOPR
AGENDA

EDITORIAL BOARD
PHYSIOLOGICAL
RESEARCH

OFFICE
OF THE DIRECTOR

BOARD

OF THE DIRECTOR COMMITTEES

DEPUTY DIRECTOR
FOR EDUCATION AND
SCIENCE SUPPORT

DEPUTY DIRECTOR
FOR ADMINISTRATION

DEPUTY DIRECTOR
FOR SCIENCE

SERVICE DEPARTMENT OF SCIENTIFIC
DEPARTMENTS APPLIED RESEARCH LABORATORIES

= Laboratory of Adipose Tissue Biology (1)

= Laboratory of Bioenergetics (17

= Laboratory of Biological Rhythms (20)

= Laboratory of Biomaterials and Tissue Engineering (22)
= Laboratory of Biomathematics (24)

= Laboratory of Cellular Neurophysiology (26

= Laboratory of Computational Neuroscience (2f)

= Laboratory of Developmental Cardiology (30)

= Laboratory of Developmental Epileptology (37)

= Laboratory of Experimental Hypertension (34)

= Laboratory of Genetics of Model Diseases (36

= Laboratory of Membrane Transport |/f)

= Laboratory of Metabolism of Bioactive Lipids (.0}

= Laboratory of Mitochondrial Physiology [\/]

= Laboratory of Molecular Neurobiology (k4

= Laboratory of Molecular Physiology of Bone (46)

= Laboratory of Neurochemistry (4f)

= Laboratory of Neurophysiology of the Memory (30}

= Laboratory of Pain Research (52)

= Laboratory of Structural Biology of Signalling Proteins (54)
= Laboratory of Translational Metabolism (56)

= BIOCEV (58)

= Junior Research Group: Laboratory of Pancreatic Islet Research (60)
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ADIPOSE
TISSUE BIOLOGY

1640 MUDr. Martin Rossmeisl, Ph.D. == martin.rossmeisl@fqu.cas.cz

(e researchers Kristing Bardova =2 Olga Hordkova =1 Petra Janovska
JanKopecky = Petr Zouhar postdoe Gulnaz Koken

Pl students Eiska Haasova w1 Veronika Klenova = Marko Mitrovic

Sakina Poonawala £ saiah Sabinari 722 Sara Stanic 2= s ucents Anna Vavrova
technicians Jitka Ezrova e Karolina Sedova £ Daniela Salkova £ Karla Viagnerova

We study the physiological regulation of metabolism and its disturbances in obesity and related diseases
(ie. VIETABOLIC SYNDROME), focusing mainly on adipose tissue, the liver, skeletal muscle and intes-
tine. In this context, we investigate the effects of drugs, experimental diets and natural substances such
as n-3 polyunsaturated fatty acids of marine origin (0 EGA-35), as well as the metabolic benefits of exer-
cise. Our results emphasize the key role of ADIPOSE TISSUE METABOLISM in the development as well
as treatment of obesity-related diseases. Our advanced methodological repertoire includes gene expres-
sion screening by RNA sequencing, gene transfer by viral vectors, metabolomics, proteomics, histological
analysis, as well as the in vivo phenotyping of energy metabolism, body composition and insulin sensitiv-
ity in mice. By combining experiments in mice and cell models with clinical studies, we aim to apply new
findings in clinical medicine.

CURRENT PROJECTS

= The role of adipose tissue metabolism in the development of obesity and cachexia and in the maintenance
of metabolic health; the role of adipose tissue-derived lipokines in the metabolic effects of exercise
= Mechanisms involved in NAFLD progression and the role of omega-3s in the prevention or treatment of

NAFLD

= Characterization of the effects of novel insulin analogs

= Mechanisms underlying tissue transcriptome changes during perinatal development in humans with
a focus on preterm neonates

= The role of non-shivering thermogenesis in skeletal muscle in thermal and energy homeostasis

BASIC RESEARCH

GLUCOSE HOMEOSTASIS ENERGY METABOLISM
M. Rossmeisl J. Kopecky

\ TRANSLATIONAL RESEARCH /

TRANSLATIONAL MEDICINE

CLINICAL RESEARCH / \ CONTRACT RESEARCH

CLINICAL INDUSTRIAL

PRACTICE PARTNERS

Basic research in the Laboratory is conducted by two Research units with complementary focus, which closely collaborate
and are engaged in translational research carried out jointly with clinical centres as well as industrial partners from the
Czech Republic and Norway.

SELECTED QUTPUTS

= The differential induction of lipid cycling in white fat and fatty acid release from the tissue (Flachs et al. (2017) Int | Obes
41:372-380) correlate with non-shivering thermogenesis in skeletal muscle (Janovska et al. (2023) Mol Metabolism 69:101683)
and a genetically determined propensity to obesity in mice; the muscle phenotype could be imprinted early after birth
(Buresova et al. (2020) Int ] Obes 44:235-244).

= Omega-3s differentially modulate endocannabinoids in the adipose tissue of obese mice and diabetic patients (Rossmeisl et
al. (2018) BBA - Mol Cell Biol Lipids 1863:712-725).

= Metformin inhibits intestinal glucose transport to acutely lower blood glucose (Horakova et al. (2019) Sci Rep 9:6156).

= Dysregulation of adipose tissue metabolism in cardiac patients with cachexia (Janovska et al. (2020) ] Cachexia Sarcopenia
Muscle 11:1614-1627).

= Exercise training induces PAHSA lipokines in adipose tissue of humans (Brezinova et al. (2020) BBA - Mol Cell Biol Lipids
1865:158576).

17
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ANDr. Tomas Mracek, Ph.D. == tomas.mracek@fqu.cas.cz
LUk Alan, Zdenek Dranots, Josef HouStek = Vilma Kaplanova,
Petr Pacing = Alena Pecinova = Katerina Tauchmannova = Marek Vrbacky
Juzana Korandova = Habiba Hayat, Abhishek Chattopadhyay
Michal Knézd == Aleksandra Markovic 22 Guilermo Puertas =1 Maria Jose Saucedo
Barbora Kudrnovskd = Soria Konickova =2 Pavel Sychra
Vladimira Brozkova = Ivana Muricovd

We study the physiology of , cell organelles responsible for most of the energy produc-
tion at the molecular level. We have a long track record in mitochondrial diseases due to deficiencies in
F1Fo ATP synthase. Our laboratory described the first patient with deficiency of nucle-
ar origin back in 1999 and later discovered the disease-causing gene to be . We use animal as
well as cell-derived models to study biochemical changes associated with various mitochondrial disor-
ders. Our research is focused mainly on (1) the assembly of

and supercomplexes and protein factors involved in this process; (2) human diseases caused

by mutations in genes involved in mitochondrial energy provision — ; (3) identifying new
mitochondrial genes that play a causal role in ; (4)
interactions between mitochondrial and nuclear genomes; and (5) the role of haplotypes in the

development of complex metabolic phenotypes.

(A, B) Analysis of subunit composition of ATP synthase. (C) Affinity enrichment of ATP5G interactors. (D) Mitochondrial reticulum (red) in
fibroblasts from patient with mitochondrial disorder. (E) Co-localization of c150rf61 signal with mitochondria in HEK293 cells.

= Markovic et al.: Genetic Complementation of ATP synthase deficiency due to dysfunction of TMEM70 assembly factor in rat
(2022) Biomedicines 10.(2):276.

= Cunatova et al.: Loss of COX4I1 leads to combined respiratory chain deficiency and impaired mitochondrial protein synthe-
sis (2021) Cells 10.(2):369.

= Kovalcikova J. et al.: TMEMY70 facilitates biogenesis of mammalian ATP synthase by promoting subunit ¢ incorporation into
the rotor structure of the enzyme (2019) FASEB ] 33(12):14103-14117.

= Melenovsky et al.: Myocardial iron content and mitochondrial function in human heart failure: a direct tissue analysis (2017)
Eur ] Heart Fail 19(4):522-530.

= Hartmannova et al.: Acadian variant of Fanconi syndrome is caused by mitochondrial respiratory chain complex I deficiency
due to a non-coding mutation in complex I assembly factor NDUFAF6 (2016) Hum Mol Genet 25(18):4062-4079.
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BIOLOGICAL
RHYTHMS

fead Prof. PharmDr. Alena Sumova, DSc. M alena.sumova@fou.cas.cz
key researchers Helena linerova — emeritus, Martin Sladek =

PhD students Tereza Dockal F=2 Miica DrapSin, Dmytro Semenovykh 2
Kateryna Semenovykn £

technicians Pavel Houdek 7= Eva Suchanovd

Our focus of interest is the endogenous time-keeping system, the CIRCADIAN CLOCKS, of mammals,
including humans. The system anticipates regular changes in the environment and temporally regulates
physiological processes, so that they take place at the proper time of day in synchrony with external time
and relative to each other, resulting in tissue-specific BIOLOGICAL RHYTHMS. A failure of this tempo-
ral regulation has a negative impact on HUMAN HEALTH. Using in vivo and in vitro models and diverse
approaches including animal behavior analysis, time-resolved transcriptomics or real-time monitoring of
gene expression in cultured organotypic tissue explants, we study the MOLECULAR MECHANISMS
of the circadian clocks, their development and means of regulation. We also investigate the consequences
of circadian disruption on human health and collaborate on the development of novel chronopharmaco-
logical compounds.

CURRENT PROJECTS

= Ontogenesis of the circadian clock - investigating mechanisms of how the biological rhythms develop,
with focus on the central clock in the suprachiasmatic nucleus of the hypothalamus (SCN)
= Entrainment of the circadian clock - exploring the mechanisms of how the clocks in the SCN, in the cho-

roid plexus, and other peripheral tissues are synchronized with signals from the external environment
and within our body

= Human circadian system - studying the association between the circadian system and health in the
general population and in cohorts of patients suffering from disorders associated with disrupted sleep
patterns

Multilevel circadian organization from the gene levels to studies of human populations. From left: rhythmically expressed genes in mouse
choroid plexus; neurons in hippocampal region CA1 labeled with phosphorylated GSK3b; time-series of PER2 protein levels in suprachias-
matic nuclei from newborn mice visualizing oscillation over 3 days ex vivo; amplitude of PER2 rhythm in individual cells from mouse choroid
plexus ex vivo; polar phase plot of rhythmic metabolites in rat plasma; actogram of locomotor activity of mouse before and after SCN lesion;
correlation between components of social jetlag; word cloud of keywords from our recent publications.

SELECTED QUTPUTS

= Sladek M., Klusacek J., Hamplova D., Sumova A.: Population-representative study reveals cardiovascular and metabolic dis-
ease biomarkers associated with misaligned sleep schedules (2023) Sleep 46(6):zsad037 - The first study showing an associa-
tion between social jetlag, chronotype and cardio-metabolic health in a representative Czech population.

= Liska K., Doc¢kal T., Houdek P., Sladek M., Luzna V., Semenovykh K., Drapsin M., Sumova A.: Lithium affects the circadian
clock in the choroid plexus - A new role for an old mechanism (2023) Biomedicine & Pharmacotherapy 159:114292 - We
showed that lithium affects the circadian clock in the choroid plexus independently of GSK3.

= Greiner P., Houdek P., Sladek M., Sumova A.: Early rhythmicity in the fetal suprachiasmatic nuclei in response to maternal
signals detected by omics approach (2022) PLOS Biology 20(5):e3001637 - Using a unique approach, our results indicate
the importance of a well-functioning maternal biological clock in providing a rhythmic environment during fetal brain
development.

= Honzlovéa P., Novosadova Z., Houdek P., Sladek M., Sumovéa A.: Misaligned feeding schedule elicits divergent circadian re-
organizations in endo- and exocrine pancreas clocks (2022) Cell Mol Life Sci 79(6):318 - The first evidence in rats and mice
that whereas the clock in the endocrine pancreas shifts according to mealtime, the clock in the exocrine pancreas can be
severely impaired by incorrect meal timing.

= Novakova M., Pragko J., Latalova K., Sladek M., Sumové A.: The circadian system of patients with bipolar disorder differs in
episodes of mania and depression (2015) Bipolar Disorders 17:303 - The first evidence for changes in the functional state of
the circadian system during episodes of mania and depression.
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BIOMATERIALS AND
TISSUE ENGINEERING

fead Doc. MUDr. Lucie Bacakova, CSc. Em lucie.bacakova@fgu.cas.cz

key researchers Antonin Broz = Elena Filova = Lubica Starikova, Jana Musilkova =
Irena Viackova (== Lucie Svobodova =1 Yuri Petrenko 2 Olena Rohulska =

Ivana Nemcakova postdocs Marting Travnickova, Julia Toms(

P students Jarmila Knitlova = Marting Doubkova =2 Simon Prazék =2 Antonin Sedldr,
Maring Malic £ Yu-Chieh Wu £ Jarmila Havelkova =22 students Andrea Hejdova,
Adriena Pritasilova technicians Vra Lisd, vana Zajanova

The Laboratory is subdivided into three research groups: VASCULAR TISSUE ENGINEERING, SKIN
TISSUE ENGINEERING and CONNECTIVE TISSUE ENGINEERING (e.g. bone, cartilage). Within
each group, the main tasks are (1) to improve currently-used tissue replacements by introducing cell
and other biological components, (2) to construct completely new replacements on the basis of biomate-
rials and cells, and (3) to create 3D TISSUE MODELS in vitro in order to replace laboratory animals in
modern science according to the 3R principle. Our detached part of the laboratory at BIOCEV in Vestec
near Prague, deals with the creation of tissue models based on SPHEROIDS AND ORGANOIDS, such
as the in vitro model of glioblastoma. We use differentiated cells or STEM CELLS (derived from adipose
tissue, bone marrow and Wharton jelly, or induced pluripotent stem cells) as the cell component of our
constructs. The phenotypic maturation of cells is accelerated by mechanical stimulation in DYNAMIC
BIOREACTORS. We are also developing the 3D BIOPRINTING of various matrices together with cells.

CURRENT PROJECTS

= “Praemium Academiae” - a large project focused on vascular, skin and bone tissue engineering including
creating tissue models

= “CarDia” - a large project focused on vascular tissue engineering based on mainly on biological
decellularized matrices

= “Center for Regenerative Medicine” - a large OP JAK project focused on vascular and skin tissue
engineering and wound healing

= A novel tissue-engineered in vitro model for studying the pathogenesis and treatment of hypertrophic
scars

= New functionalized plasmon-based sensors as tools for cell monitoring and advanced tissue engineering

Examples of vascular tissue engineering (A-D), skin tissue engineering (E, F) and connective tissue engineering (G, H). Porcine pericardium
before (A) and after (B) decellularization, and after recellularization with adipose tissue-derived stem cells and endothelial cells (top view, C)
and with endothelial cells stained in brown (cross-section, D). Vascularized Dermal-epidermal skin construct (E) with detail of capillary-like
structures (F). 3D bioprinter in laminar flow box (G) and samples of 3D-bioprinted collagen matrix with fibroblasts.

SELECTED QUTPUTS

= We created a decellularized and electron beam-irradiated porcine pericardium matrix as a scaffold for human adipose-
derived cells, differentiating vascular smooth muscle cells from adipocytes (Filova E. et al. Recellularized pericardium for
cardiovascular replacements, utility model No. 36181, 2022)

= We created a dermal-epidermal skin construct as a potential skin replacement or skin model in vitro (Bacakova M. et al.
(2019) Int ] Nanomedicine 14:5033), further improved by introducing capillary-like structures based on endothelial cells
and adipose tissue-derived stem cells (Tomsi ], PhD thesis “Interactions of Skin and Stem Cells with Polymer Nanofibers for
Construction of Skin Substitutes®)

= We participated in developing various novel bioactive coatings for metallic bone implants that modulate the adhesion, growth
and osteogenic differentiation of human bone-derived cells, including stem cells (BroZ et al. (2022) Mater Des 224:111373;
Gabor et al. (2022) Mater Des 219:110811; Nemcakova et al. (2022) Sci Rep 12:5264; Vandrovcova et al. (2021) Coatings 11:210).
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| BIOMATHEMATICS

fead RNDr. Jifi Jandcek, Ph.D. Exjiri janacek@fgu cas cz
key researchers Martin Capek = Daniel Haraba = Barbora Radochova
technicians Jitka Cockova =1 David VondraSek == Davide Baselo

The Laboratory conducts research into 3D micro-anatomical aspects of physiological phenomena at the
mesoscopic, microscopic, and ultrastructural level. We are engaged in a range of collaborative projects
across the campus and beyond.

We measure quantitative geometric characteristics of various biological structures based on microscopic
methods (3D SHG, CLLSM, CARS) using original STEREOLOGICAL METHODS, image processing and
virtual reality.

We are currently expanding our focus to include LABEL-FREE IMAGING and imaging methods that
capture physiological events at a microscopic scale (FLIM-FRET, PLIM), and are moving towards the
microscopic imaging of events in vivo, on 3D constructs and organoids under as close to physiological con-
ditions as possible.

CURRENT PROJECTS

= Structural changes in the capillary network of muscles and in connective tissue due to diabetes
= The morphology of Langerhans islets isolated for therapeutic transplantations
= The correlative biomechanics of biomedical materials and tissue

Measurement of capillaries in skeletal muscle. Images from confocal microscope (a). Data are edited using desktop virtual reality with a haptic
device (b). Model (c) is used for the calculation of length, directionality and tortuosity.

SELECTED QUTPUTS

= We visualized the structure and mechanical properties of tissue obtained from relapsed clubfoot during surgery. Label-free
microscopy, AFM and image analysis were done at IPHYS. Vondragek et al. (2023) Microscopy and Microanalysis 29(1): Cover
image of the Journal issue.

= Obese insulin-resistant mice increased capillarization selectively around small predominantly intermediate muscle fibres.
We developed analytical methods and software and we also participated in the conception and design of the study. Umek et
al. (2019) Histochem Cell Biol 152(5):323-331.

= Olejni¢kova V., Satikova B., Sedmera D., Jana&ek J.: Trabecular architecture determines impulse propagation through the
early embryonic mouse heart (2019) Front Physiol 9(8):1876.

= Janadek [., Jirak D.: Variance of the isotropic uniform systematic sampling (2019) Image Anal Stereol 38(3):261-267.
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GELLULAR
NEUROPHYSIOLOGY

neal Prof. MUDr. Ladislav Vyklicky, Drc. 9 adislavyykiicky@fou cas.cz

key researchers Ales Balik = Jirf Cerny, Ivan Dittert = Miloslav Korinek

Jan KriSek 1= Tereza Smejkalova 1= Viktorie Viachova = Lenka Vyklickd,

FrantiSek Vyskogil == Lucie Zimova = Phi students Vera Abramova 222 Fatma Beknit
Mark Dobrovolski, Klevinda i, Gabriela Havrilcakova, Viktor Kuchtiak =2 Romana Markova
Michal Mitro £22 Alexandra Ptakova £ Eni Tomovi =22 Candela Serra Miriam
technicians Miloslava Kuldova

We study the functional and pharmacological properties of ion channels. We use advanced electrophys-
iology methods, primarily the PATCH-CLAMP TECHNIQUE, combined with analytical techniques,
MOLECULAR BIOLOGY, BIOCHEMISTRY, IMMUNOHISTOCHEMISTRY, MICROSCOPY AND
MICROFLUOROMETRIC METHODS. We focus on ionotropic glutamate receptors, specifically the
NMDA receptor subtype, which plays an essential role in normal physiology, but under certain patho-
logical conditions can participate in the development of serious PSYCHIATRIC AND NEUROLOGICAL
DISORDERS. Through the detailed study of NMDA receptor structure, pharmacology, and trafficking, we
aim to identify potential treatments for diseases associated with the dysfunction of the glutamate system.
We also investigate the molecular and biophysical properties and the physiological significance of a spe-
cific subclass of TRP ION CHANNELS that are involved in the detection of noxious thermal, mechanical,
and chemical stimuli.

CURRENT PROJECTS

= A study of structural, functional, and pharmacological consequences of mutations in genes encoding
NMDA receptors associated with neuropsychiatric disorders

= A study of the molecular mechanisms of the positive and negative allosteric modulatory action of ster-
oids at NMDA receptors and the influence of these compounds on synaptic transmission

= [nvestigation of the molecular basis of thermosensitive TRP channel regulation and the role of these
channels in the mechanisms of acute and chronic pain

The study of structure, function, and pathophysiology of ionotropic glutamate receptors and TRP ion channels using molecular biology, patch-
clamp electrophysiology, and behavioral assessment of mouse and zebrafish animal models.

SELECTED QUTPUTS

= In the field of NMDA receptors, we have studied (1) the conformational rearrangement of the NMDA receptor amino-ter-
minal domain during receptor activation, (2) the palmitoylation of NMDA receptors, which controls receptor function and
steroid sensitivity, (3) the potentiation of presynaptic glutamate release by pregnanolone and pregnanolone sulfate, (4) the
modulation of NMDA receptors by novel pregnane-based steroids, which may compensate for the loss-of-function of mu-
tated NMDA receptors found in patients with neuropsychiatric disorders, and (5) the multiple roles of plasma membrane
cholesterol in glutamatergic synaptic transmission. (Vyklicky et al. (2021) Nat Comun 12:2697; Hrcka Krausova et al. (2020) |
Neurosci 40(31):5922-5936; Hirschfeldova et al. (2021) ] Pers Med 11:1250; Korinek et al. (2020) Sci Rep 10:12651; Hubalkova
et al. (2021) ] Neurosci 41:2119-2134; Holubova et al. (2021) Biomolecules 11:1026; Smejkalova et al. (2021) Br ] Pharmacol
178:3888-3904; Stefkova-Mazochové et al. (2022) Br ] Pharmacol 179:65-83; Kysilov et al. (2022) Br ] Pharmacol 179:3970-
3990; Abramova et al. (2023) ACS Chem Neurosci 14:1870-1883).

We have clarified the structural basis underlying TRPAl-channelopathy-associated pain syndrome and discovered that
evolutionarily highly conserved N-terminal structural motifs critically, and each in a different way, contribute to the con-
formational stability of this channel. We have functionally and structurally characterized two regulatory sites through
which TRPA1 interacts with annular and regulatory lipids. Moreover, we have identified Thr264 in the TRPV3 channel to be
a key ERK phosphorylation site that mediates EGFR-induced sensitization signaling pathways involved in regulating skin
homeostasis (Zimova et al. (2020) Front Phys 11:189; Nadezdhin et al. (2021) Nat Struct Mol Biol 28(7):564-572; Sinica et
al. (2021) Physiol Res 70:363-381; Zimova et al. (2022) Biomed Pharmacother 152:113262; Ptakova et al. (2022) ] Cell Physiol
237:3614-3626; Moparthi et al. (2022) Nat Commun 13:6113; Zhang et al. (2022) Nat Commun 13:7483).
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COMPUTATIONAL
NEUROSCIENCE

fead Mr. Lubomir KoStal, Ph.D. &= {ubomir kostal@fou.cas.cz
key researchers Martin Zapotocky 2
PAD students Kristyna Kovacova == Rimjhim Tomar =

The Laboratory of Computational Neuroscience investigates the fundamental MECHANISMS OF INFOR-
MATION REPRESENTATION AND PROCESSING IN THE BRAIN. STOCHASTIC PROCESSES, infor-
mation theory, and statistical estimation theory methods are employed to analyse the NEURONAL CODE.
Of particular interest is the EFFICIENT CODING hypothesis for SENSORY NEURONS and the role of
NOISE and ENERGETIC CONSTRAINTS in the decoding process. The group proposes novel analyti-
cal and numerical modelling techniques to explore the properties and the function of NEURAL ACTIV-
ITY, CONTROL, AND DEVELOPMENT. BIOPHYSICS, nonlinear dynamics, CYBERNETICS, and math-
ematical statistics methods provide the tools for both simulated and experimental data analysis. The group
is also active in the organization of international conferences and workshops (biennial Neural Coding meet-
ings, OCNS workshops).

CURRENT PROJECTS

= The analysis of stochastic neuronal models and estimation of key biophysical parameters under various
stimulus encoding schemes
=The impact of different forms of noise together with metabolic energy consumption and decoding

complexity on neuronal coding efficiency

= The biophysical modelling of neural connectivity and its dependence on the guided growth of axons
during development

= Models and analysis of neural oscillations, both of physiological and pathophysiological origin

Models can range from detailed biophysical models, describing processes that take place in different parts of the
neuron, through models neglecting the space structure of the neuron or the time course of action potentials, to binary
neurons acting as logical units.

SELECTED QUTPUTS

= Barta, Kostal: The effect of inhibition on rate code efficiency indicators (2019) PLoS Comput Biol 15:e1007545.

= Levakova et al.: Moth olfactory receptor neurons adjust their encoding efficiency to temporal statistics of pheromone fluc-
tuations (2018) PLoS Comput Biol 14:e1006586.

= Rajdl et al.: Entropy factor for randomness quantification in neuronal data (2017) Neural Networks 95:57-65.

= Smit et al.: Axon tension regulates fasciculation/defasciculation through the control of axon shaft zippering (2017) eLife
6:€19907.

= Kostal et al.: Performance breakdown in optimal stimulus decoding (2015) ] Neural Eng 12:036012.

= Kostal et al.: Measures of statistical dispersion based on Shannon and Fisher information concepts (2013) Inform Sci
235:214-223.
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DEVELOPMENTAL
CARDIOLOGY

feal RNDr. Markéta Hlavackova, Ph.D. E@ marketa hiavackova@fqu.cas.cz
key researchers Petra Aldnova = FrantiSek Kolar = Kristyna Holzerov

Jan Neckar == Veronka Olejnickova = Bohuslav 0Stadal = Ivana 0Stadalova
postdocs Jaroslav Hrdicka = Daniel Bendk 2 Phi) students Almos Boras
Miloslava Chalupova =22 Barbora Opletalova = students Anezka Seveikova
technicians Anna Jelinkova Jokelova = Miloslava Markova, FrantiSek Papousek

ISCHEMIC HEART DISEASE is a leading cause of mortality globally. Our research delves into the tol-
erance of the heart to injuries stemming from acute OXYGEN DEPRIVATION, encompassing exami-
nations from the molecular level to the entire organism using animal models. Our primary focus lies in
investigating three fundamental aspects: i) understanding the mechanisms that support robust cardiac
tolerance during EARLY ONTOGENY, ii) unveiling the enhanced cardiac tolerance achieved through
adaptations to CHRONIC HYPOXIA, regular exercise training, and other unconventional interven-
tions, and iii) exploring the modifications in cardiac tolerance that manifest in association with vari-
ous PATHOLOGICAL CONDITIONS. Furthermore, our research efforts include an investigation into
the pathogenetic mechanisms at play in the initiation and progression of cardiomyopathy and HEART
FAILURE, spanning various causes. We pay particular attention to the influence of METABOLIC RISK
FACTORS and comorbidities, aiming to pave the way for innovative THERAPEUTIC strategies.

CURRENT PROJECTS

= Molecular mechanisms of increased cardiac tolerance to oxygen deprivation.

= Role of hypoxia-inducible factor-1a in the pathophysiology of cardiovascular diseases.

= Epitranscriptomic regulations in heart development and disease.

= Pathogenetic mechanisms and novel experimental therapy of heart failure of various etiology.
= Development and maintenance of arrhythmogenic substrate in the failing heart.

) n 24 s tLy EA) m Ea ]

Main experimental models and techniques used in the Laboratory of the Developmental Cardiology to study protective mechanisms against
cardiac ischemia/reperfusion injury and heart failure, and the development of cardiac conduction system.

SELECTED QUTPUTS

= Alanova P., Alan L., Opletalova B., Buhuslavova R., Abaffy P., Matéjkova K., Holzerova K., Benadk D., Kaludercic N., Menabo R.,
Di Lisa F., O$tadal B., Kolat F., Pavlinkova G.: HIF-1a limits myocardial infarction by promoting mitophagy in mouse hearts
adapted to chronic hypoxia (2024) Acta Physiologica in press:e14202.

= Benak D., Holzerova K., Hrdli¢ka J., Kolat F., Olsen M., Karelson M., Hlava¢kova M.: Epitranscriptomic regulation in fasting
hearts: implications for cardiac health (2024) RNA biology 21:1-14.

= Olejnickova V., Hamor P.U., Janacek ]., Barto§ M., Zabrodska E., Sankova B., Kvasilova A., Kolesovad H., Sedmera D.:
Development of ventricular trabeculae affects electrical conduction in the early endothermic heart (2024) Developmental
dynamics 253:78-90.

= Bendk D., Kolat F., Zhang L., Devaux Y., Hlavatkova M.: RNA modification m(6)Am: the role in cardiac biology (2023)
Epigenetics 18:2218771.

= Neckar J., Alanova P., Olejni¢kova V., Papousek F., Hejnova L., Silhavy J., Behuliak M., Bencze M., Hrdli¢ka J., Vecka M.,
Jarkovska D., Sviglerova J., Mistrova E., Stengl M., Novotny J., O$t4adal B., Pravenec M., Kolaf F.: Excess ischemic tachyar-
rhythmias trigger protection against myocardial infarction in hypertensive rats (2021) Clinical science 135:2143-2163.

= Ostadal B., Ostadal P.: Sex-based differences in cardiac ischaemic injury and protection: therapeutic implications (2014)
British Journal of Pharmacology 171:541-554.
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CURRENT PROJECTS

Age-specific molecular, cellular and structural mechanisms of ictogenesis, epileptogenesis and epilepsy-
related comorbidities

= The molecular, cellular, structural and functional consequences of early-life seizures

= The long-term impact of early-life exposure to anti-seizure drugs on brain development and underlying
mechanisms

= The developmental pharmacology of classical and potential anti-seizure drugs, age-related differences
in efficacy and adverse effects

DEVELOPMENTAL
EPILEPTOLOGY

feat Doc. PharmDr. Hana Kubova, DrSc. Em hana kubova@fgu.cas.cz

key researchers Jaroslava Folbergrovat = Pavel MareS = Anna Mikulecka
Jakub Otahal = Lenka Roubalova - Sarka Riickova

Pl students Zing Ben Salem, Andrea Grigelova = Jan Svoboda
technicians Blanka Cejkova = Eva Lazkova, Irnka NeSev 1= Helena Havelkovd

Our long-term research goals are (1) to better understand the PATHOPHYSIOLOGY OF EPILEPTIC
SEIZURE, EPILEPSY AND ITS COMORBIDITIES, PARTICULARLY IN THE DEVELOPING BRAIN,
(2) to develop new approaches to the treatment of epilepsy and its psychiatric comorbidities, and (3) to
improve the safety of anti-seizure drugs for the developing brain. To elucidate the molecular, cellular and
network mechanisms involved in epilepsy and to increase the translational potential of new observations,
we make extensive use of various models of provoked seizures and chronic models of acquired epilepsy.
In our research, we utilize modern electrophysiological, molecular, biochemical, pharmacological and
behavioral techniques. Beyond basic research and close collaboration with clinical epilepsy centers, we
work to a limited extent with the pharmaceutical industry to search for age-specific anti-seizure drugs
and to ameliorate the potential adverse side effects of these drugs.

Age-related changes
in GABA,Rp subunit expression

Changes in the expression of GABA , receptor ol and y2 subunit mRNA in developing rats, 7 to 60 days old.

SELECTED OUTPUTS

= The first experimental study on the prophylaxis of post-traumatic epilepsy (Servit (1960) Nature 188:669-670).

= A new extraction procedure that enables the measurement of precise levels of labile brain metabolites in small samples of
brain tissue (Folbergrova et al. (1969) ] Neurochem 16:191-203).

= Age-specific, flexion seizures induced with a systemic administration of NMDA as a model of human infantile spasms (Mare$
et al. (1992) Dev Brain Res 65:185-189).

= Status epilepticus induces neuronal damage in the mediodorsal nucleus of the thalamus as early as at P12 in rats (Kubova
et al. (2001) ] Neurosci 21:3593-3599).

= Postictal potentiation precedes postictal refractoriness during early postnatal development (Mare§ and Kubova (2015)
Epilepsia 56:10-14).

= Transition to seizures, which has been thought to be random, is a relatively complex process that is characterized by the
slow and progressive loss of neuronal network resilience (Chang et al. (2018) Nat Neurosci 21:1742-1752).
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EXPERIMENTAL
HYPERTENSION

fead RNDr. Ivana Vangckova, DSc. I ivanavaneckova@fou.cas.cz

key researchers Sivie Hom = Michaela Kadlecova, Jaroslav Kunes, Hana Reuchova
Lenka Rezadovd, Josef Zicha 2 PhD students Amos Boros =3 Zuzana Smotkovd
students Martina Sabolova == technicians Alena Charvatovd = Zderika Kopeckd =2

Our department studies the mechanisms of BLOOD PRESSURE regulation and END-ORGAN DAMAGE
in RATS with different types of experimental hypertension, chronic kidney and heart disease with special
attention given to the ONTOGENETIC FACTORS involved in these processes. Our research is focused
on studying i) the mechanisms of beneficial effects of EMPAGLIFLOZINS on cardiorenal damage; ii)
the central mechanisms participating in BLOOD PRESSURE REGULATION - with special attention
given to the role of CENTRAL ANGIOTENSIN 11, nitric oxide and reactive oxygen species; iii) changes
in SYMPATHETIC AND PARASYMPATHETIC TONE in the CONTROL OF THE BAROREFLEX; iv)
the role of ENDOTHELIN system in heart failure models; and v) metabolic and cardiovascular effects
of new analogs of NEUROPEPTIDES regulating FOOD INTAKE in rats with a special focus on NEU-
ROINFLAMMATION (in cooperation with the Institute of Organic Chemistry and Biochemistry CAS in
Prague).

CURRENT PROJECTS

= The mechanism of therapeutic effects of gliflozins in heart failure
= The role of the endothelin system in the pathophysiology of chronic heart failure

= The effects of acetylcholinesterase inhibition on the cardiovascular system and cardiac ischemic toler-
ance in spontaneously hypertensive rats

= The possible role of prolactin-releasing peptide analogs in the treatment of obesity and hypertension
with a special focus on neuroinflammation

Cardiac effects

Caloric loss
(total body fat mass)

Metabolic_
effects

Renoprotection Cardioprotection

New antidiabetics — gliflozins (inhibitors of sodium-glucose transporter 2) show many beneficial actions beyond their hypoglycemic effects.
The underlying mechanisms of these additional cardiorenal protective effects are still not well understood, especially in hypertensive
non-diabetic disease. Thus, we are interested in the mechanisms of beneficial effects empagliflozin on end-organ damage and metabolic
parameters in different forms of experimental hypertension.

SELECTED QUTPUTS

= Hojna S., Rauchova H., Malinska H., Markova I., Hiittl M., Papousek F., Behuliak M., Miklankova D., Vatiourkova Z., Neckar
]., Kadlecova M., Kujal P., Zicha J., Vanéckova L.: Antihypertensive and metabolic effects of empagliflozin in Ren-2 transgenic
rats, an experimental non-diabetic model of hypertension (2021) Biomed Pharmacother 144:112246.

= Zicha J., Behuliak M., Vavtinova A., Dobe$ova Z., Kunes$ J., Rauchova H., Vanéc¢kova I.: Cooperation of augmented calcium
sensitization and increased calcium entry contributes to high blood pressure in salt-sensitive Dahl rats (2021) Hypertens
Res 44(9):1067-1078.

= Rez&déova L., Vanétkova 1., Hojna S., Vaviinova A., Valovié¢ P., Rauchova H., Behuliak M., Zicha ].: Both central sympatho-
excitation and peripheral angiotensin II-dependent vasoconstriction contribute to hypertension development in immature
heterozygous Ren-2 transgenic rats (2022) Hypertens Res 45(3):414-423.

= Mrazikov4 L., Hojn4 S., Padesova A., Hrub4 L., Strnadova V., Nepra$ova B., Zelezna B., Kune$ J., Maletinské L.: Palmitoylated
prolactin-releasing peptide treatment had neuroprotective but not anti-obesity effect in fa/fa rats with leptin signaling dis-
turbances (2022) Nutr Diabetes 12(1):26.

= Mréazikova L., Neprasova B., Mengr A., Popelova A., Strnadova V., Hol4 L., Zelezn4 B., Kune$ ]., Maletinsk4 L.: Lipidized
prolactin-releasing peptide as a new potential tool to treat obesity and type 2 diabetes mellitus: preclinical studies in rodent
models (2021) Front Pharmacol 12:779962.

= Kala P., Vatiourkova Z., Skaroupkové P., Kompanowska-Jezierska E., Sadowski J., Walkowska A., Veselka J., Taborsky M.,
Maxové H., Vané¢kova L., Cervenka L.: Endothelin type A receptor blockade increases renoprotection in congestive Heart
failure combined with chronic kidney disease: Studies in 5/6 nephrectomized rats with aorto-caval fistula (2023) Biomed
Pharmacother 158:114157.

= Valovi¢ P., Behuliak M., Vanéc¢kova L., Zicha J.: Impaired vascular g-adrenergic relaxation in spontaneously hypertensive rats:
The differences between conduit and resistance arteries (2023) Eur ] Pharmacol 958:176045.
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 GENETICS
OF MODEL DISEASES

featl Ing. Michal Pravenec, DrSc. 11 michal pravenec@fqu.cas.c
key researchers Petr Mejnek = Jan Sihavy =2 Miroslava Simakova
Alena Musilov4

METABOLIC SYNDROME is a cluster of several risk factors for type 2 diabetes and cardiovascular dis-
ease, including obesity, hypertension, insulin resistance, and dyslipidemia. Genome-wide association
studies in humans only identified a minor proportion of the total heritability of such complex traits so
far. Studies in ANIMAL MODELS OF HUMAN COMPLEX DISEASES can provide a useful alternative.
Experiments with rat models can control for both genetic background and environmental effects as well
as enable the GENETIC MANIPULATION of experimental animals. The SPONTANEOUSLY HYPER-
TENSIVE RAT (SHR) is the most widely used animal model of essential hypertension and associated
metabolic disturbances that are typical for metabolic syndrome. Although it cannot be expected that the
individual predisposing genes themselves will be conserved between rats and humans, it is likely that the
networks and pathways of genes leading to disease susceptibility will be conserved across species.

CURRENT PROJECTS

= Analysis of the hemodynamic mechanisms that initiate salt-sensitive hypertension in hyperaldosteronism
= Analysis of the molecular mechanisms underlying hemodynamic abnormalities that initiate the devel-

opment of hypertension with increased salt intake
=Linkage and correlation analyses of intermediary phenotypes to reveal candidate genes underlying
complex pathophysiological traits in the SHR strain using HXB/BXH recombinant inbred strains

Mean arterial pressure, cardiac output, and systemic vascular resistance (SVR) during the administration of a low-NaCl diet (0.26% NaCl)
and a high-NaCl diet (4% NaCl) in control rats infused with the vehicle and in rats infused with aldosterone.

SELECTED OUTPUTS

= The development of a model system for genetic and correlation analyses of cardiovascular and metabolic disturbances in
spontaneously hypertensive rats (SHRs), HXB/BXH recombinant inbred strains derived from crosses of SHRs with Brown
Norway rats (Hiibner et al.: Integrated transcriptional profiling and linkage analysis for identification of genes underlying
disease (2005) Nat Genet 37:243-253; www.genenetwork.org).

= [dentification of the first blood pressure regulatory QTL at the molecular level in SHRs as a deletion variant of the Cd36
gene (Pravenec et al. (2008) Nat Genet 40:952-954) as well as a number of other QTLs associated with metabolic and car-
diac traits (reviewed by Pravenec et al. (2014) Physiol Res 63:Suppl 1, S1-S8).

= Identification of hemodynamic mechanisms of salt-dependent hypertension in primary aldosteronism (Kurtz et al.:
Hypertension in primary aldosteronism is initiated by salt-induced increases in vascular resistance with reductions in
cardiac output (2023) Hypertension 80:1077-1091).
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1240 RNDr. Hana Sychrova, DrSc. = hana.sychrova@fqu cas cz

ey researchers Michala DuSkova 2 Marie Kodedova, Klara Papouskova e
Olga Zimmermannova 2 stucents Karolina Cernd, Kristing Knopfova =
Viktorie Radova £ Viktorie Stojkova = technicians Pavia Herynkova =2

We study the proteins that transport compounds and signals across cell membranes. These proteins,
called TRANSPORTERS, ensure the uptake of nutrients into cells, the efflux of waste compounds from
cells and communication with the environment. We are not only interested in the molecular characteri-
sation of transporters in terms of their STRUCTURE/FUNCTION, SUBSTRATE SPECIFICITY AND
TRANSPORT MECHANISM, but also in their biogenesis and degradation, posttranslational regula-
tion and their role in EUKARYVOTIC CELL PHYSIOLOGY. We specialise in transporters related to the
INTRACELLULAR pH and CATION HOMEOSTASIS of lower eukaryotes and in TRANSPORTERS OF
HIGHER EUKARYOTES RELATED TO HUMAN DISEASES.

CURRENT PROJECTS

= The molecular characterization of cation transporters - the relationship between their protein struc-
ture, substrate specificity and affinity, transport capacity, biogenesis and organisation within the plas-
ma membrane

= The characterization of non-transporting proteins involved in the maintenance of cation and pH homeo-
stasis via their interaction with transporters

= Yeast as a tool to study transport processes in animal and plant cells

= Lipid composition of cell membranes, their contribution to transporter activity and their role as antifun-
gal-drug targets

Structural and functional characterization of human Na’/H* antiporter NHAZ2 in Saccharomyces cerevisiae. (A) NHA2
was functionally expressed in the plasma membrane of the yeast S. cerevisiae and its activity improved the LiCl and NaCl
tolerance of cells. (B) Several new features of NHAZ that are important for its transport activity were revealed. (C) The spe-
cific NHAZ2 inhibitor phloretin (in yellow) binds in the core of the protein close to the cation-binding site.

SELECTED QUTPUTS

= The involvement of Trkl and Trk2 potassium uptake systems in Ca2* signalling and stress survival has been described
(Zimmermannova et al. (2021) FEMS Yeast Res 21:foab015; Duskova et al. (2021) Microbiology 167:001065).

= New mechanisms in the regulation of Nhal and its role in yeast cell physiology have been elucidated (Albacar et al. (2021) |
Fungi 7(12):1010; Papouskova et al. (2021) Mol Microbiol 15:41-57).

= Structural features contributing to the activity and affinity change of the Trk1 K* importers have been elucidated (Masaryk
and Sychrova (2022) ] Fungi 8:432; Masaryk et al. (2023) Comput Struct Biotech ] 21:2705-2716; Papouskova et al. (2023) Yeast
40:63-83).

= Various types of potential antifungal drugs have been tested in conventional, pathogenic and non-conventional yeast (Csaky
etal. (2020) Yeast 37(1):45-62; Vaitkiené et al. (2020) Front Microbiol 11:2077; Kodedova et al. (2023) Microbiol Res 26:127303).

= New structural features of the human NHAZ2 antiporter have been described (Velazquez et al. (2022) Protein Sci 31:e4460).
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The original laboratory became an independent Laboratory in 2019 within the
Laboratory of Adipose Tissue Biology when Dr. Kuda was awarded the Lumina Quaeruntur 2018 praemi-
um by the Academy Council of the Czech Academy of Sciences to support outstanding promising research-
ers in setting up new scientific teams. The Laboratory focuses on the analysis of

(eicosanoids, docosanoids, endocannabinoids), in particular for identifying the source of the production
of various mediators and their effect on metabolism and immune cells (i.e. adipocytes vs. macrophages).
Currently, the Laboratory is exploring new , fatty acid esters of hydroxy fatty
acids, and lipid-related metabolic using , spatial metabolomics, tran-
scriptomics, and . We combine biochemistry, analytical chemistry, and organic chemistry
with animal physiology, molecular biology, and informatics. The Laboratory has a strong collaboration
with the Laboratory of Adipose Tissue Biology and with the Laboratory of Metabolomics.

(A) Cell culture work. (B) Fixation of cells and staining of lipid droplets. (C) Solid phase extraction of lipid mediators.

= Vondrackova M., Kopczynski D., Hoffmann N., Kuda O.: LORA, Lipid Over-Representation Analysis based on structural infor-
mation (2023) Anal Chem 95(34):12600-12604.

= Brejchova K., Paluchova V., Brezinova M., Cajka T., Balas L., Durand T., Krizova M., Stranak Z., Kuda O.: Triacylglycerols
containing branched palmitic acid ester of hydroxystearic acid (PAHSA) are present in the breast milk and hydrolyzed by
carboxyl ester lipase (2022) Food Chem 388:132983.

= Brejchova K., Radner F.P.W., Balas L., Paluchova V., Cajka T., Chodounska H., Kudova E., Schratter M., Schreiber R., Durand T.,
Zechner R., Kuda O.: Distinct roles of adipose triglyceride lipase and hormone-sensitive lipase in the catabolism of triacylg-
lycerol estolides (2021) PNAS 118(2):e2020999118.

= Lopes M., Brejchova K., Riecan M., Novakova M., Rossmeisl M., Cajka T., Kuda O.: Metabolomics atlas of oral 13C-glucose
tolerance test in mice (2021) Cell Rep 37(2):109833.

= Brejchova K., Balas L., Paluchova V., Brezinova M., Durand T., Kuda O.: Understanding FAHFAs: From structure to metabolic
regulation (2020) Prog Lipid Res 79:101053.
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, being the main source of cellular energy, ATP, and an essential metabolic hub and
source of redox signalling in physiological and pathophysiological processes, are studied in cell and
GMO mice models, likewise the species that essentially ini-
tiate redox signals, e.g. in or , but in
excess negatively impact cell function. Prolonged leads to cell death, but chronic
moderate oxidative stress accompanies including neurodegen-
erations, type 2 diabetes, and pulmonary hypertension. Mitochondria possess their own DNA (mtDNA)
organized with accessory proteins within nucleoids, the biology of which is studied by 3D superresolution
microscopy. “Nanoscopy” is being developed to study mitochondrial morphology in relation
to their functions. Finally, in cancer cells and

are studied as being essential for future

F|B!SEM 3D microscopy: pancreatic f-cell
mitochondrial cristae
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FIB/SEM tomography of mitochondrial cristae (top left), 3D-superresolution microscopy of cristae (top middle), and mitochondrial DNA (top
right), high resolution of cancer cell (bottom left and middle); discovered mechanism of insulin secretion stimulated fatty acids (bottom right).

= Revisited the mechanism of insulin secretion in pancreatic p-cells: Plecitd-Hlavaté et al. Glucose-stimulated insulin se-
cretion fundamentally requires H,0, signaling by NADPH oxidase 4. (2020) Diabetes 69:1341-1354. The article introduces
arevolutionary new concept of ATP plus redox signaling being required for insulin secretion in pancreatic f-cells stimulated
by glucose (H,0, signaling produced by the NADPH oxidase isoform 4, NOX4) or branched-chain keto acids and fatty acids
(H,0, signaling by mitochondria). This discovery will have a great impact on future translational research on antidiabetic
drugs and nutritional guidance to prevent type 2 diabetes.

= Review: Jezek et al.: Contribution of mitochondria to insulin secretion by various secretagogues (2022) Antioxid Redox Signal
36:920-952.

= Clinical study of 2-hydroxyglutarate in breast cancer - Spatkové et al.: Biochemical background in mitochondria affects 2HG
production by IDH2 and ADHFEL1 in breast carcinoma (2021) Cancers 13:1709.

= Mitochondrial phospholipase participates in cardiolipin remodeling - Prtiichova et al.: Antioxidant role and cardiolipin re-
modeling by redox-activated mitochondrial Ca?-independent phospholipase A2y in the brain (2022) Antioxidants 11:198.

= Magnetic resonance imaging of pancreatic islets - Shapoval et al.: Poly(4-styrenesulfonic acid-co-maleic anhydride)-coated
NaGdF4:Yb,Th,Nd nanoparticles with luminescence and magnetic properties for imaging of pancreatic islets and p-cells
(2022) ACS Appl Mater Interfaces 14:18233-18247.

= Multiple mtDNA copies in a single nucleoid - Pavluch et al. Possible frequent multiple mitochondrial DNA copies in a single
nucleoid in HeLa cells (2023) Sci Rep 13:5788.

= Review: JeZek et al.: Mitochondrial cristae morphology reflecting metabolism, superoxide formation, redox homeostasis, and
pathology (2023) Antioxid Redox Signal 39 (10-12):635-683.
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The Laboratory of Molecular Neurobiology studies the regulation of microtubules during BRAIN
DEVELOPMENT and in NEURODEVELOPMENTAL DISORDERS. We focuse on MICROTUBULE-
ASSOCIATED PROTEINS and their role in microtubule dynamics, axon guidance, synapse formation
and refinement. The activity of microtubule-associated proteins is tightly regulated on multiple levels.
We analyze how posttranslational modifications and conformational changes of microtubule-associated
proteins control their function in vitro and in neurons, and what is their impact on brain development
using mouse models. Finally, we test how deregulation of microtubule-associated proteins contributes
to pathogenesis of neurodevelopmental disorders - in particular autism spectrum disorder, epilepsy, or
schizophrenia.

CURRENT PROJECTS

= Analysis of the isoform-specific role of Collapsin response mediator protein 2 in microtubule polymeriza-
tion, axon growth and brain development

= The TRAK protein family in axonal transport and neural development
= Human variants of microtubule-associated proteins and their role in the pathogenesis of epilepsy and
spastic paraplegia

A. Microtubule regulation in neural development and
disease.

B. Axon growth in microfluidic chambers (tyrosinated
tubulin red, detyrosinated tubulin green).

C. Tracing of diolistically-labeled cortical neuron den-
dritic spines.

SELECTED QUTPUTS

= Ziak et al.: CRMP2 mediates Sema3F-dependent axon pruning and dendritic spine remodeling (2020) EMBO Rep 21(3):e48512.

= Maimon et al.: A CRMP4-dependent retrograde axon-to-soma death signal in amyotrophic lateral sclerosis (2021) EMBO ]
40(17):€107586.

= Balastik et al.: Prolyl isomerase Pin1 regulates axon guidance by stabilizing CRMP2A selectively in distal axons (2015) Cell
Rep 13(4):812-828.
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In obesity, the inability of adipose tissue to store excess calories leads to ectopic fat accumulation in the
liver, muscles or cardiovascular system, and causes an impairment of glucose homeostasis. Recent stu-
dies have shown that bones are also affected by obesity, leading to enhanced adipocyte formation in
bone marrow (5MAT). Higher EM AT volume is often associated with bone fragility fractures, an over-
looked complication affecting the quality of life in patients with metabolic complications. However, there
is limited information on the physiological role of 2V AT in relation to bone and whole-body energy
metabolism, and we focus on this topic. Our research projects employ murine and human cellular sys-
tems, mice biomodels, clinical studies and molecular, bioanalytical, and in vivo phenotyping techniques.
The research is conducted as an international collaboration in Europe and the USA. The department was
newly established in 2019, based on a 5-year "Start Up Research Program" financed by IPHYS.

CURRENT PROJECTS

= Studying cellular and molecular changes in the bone marrow microenvironment in relation to bone and

fat metabolism
= Studying the metabolic phenotype of BMAT and its contribution to bone homeostasis and whole-body
energy metabolism using animal models and clinical settings

Representative images of Hexabrix-stained bone marrow adipocytes (BMAds) in the tibia of mice fed with a high-fat diet (HFD) (A) and HFD
supplemented with omega-3 polyunsaturated fatty acids (HFD+F) (B).

SELECTED QUTPUTS

= Betiova A., Ferenéakova M., Bardova K., Funda J., Prochazka J., Spoutil F., Cajka T., Dzubanova M., Balcaen T., Kerckhofs G.,
Willekens W., van Lenthe G.H., Alquicer G., Pecinova A., Mrac¢ek T., Hordkova O., Rossmeisl M., Kopecky ]., Tencerova M.:
Novel thiazolidinedione analog reduces a negative impact on bone and mesenchymal stem cell properties in obese mice
compared to classical thiazolidinediones (2022) Mol Metabol 65:101598.

= Betiova A., Tencerova M.: Obesity-induced changes in bone marrow homeostasis (2020) Front Endocrinol 11:294.

= Tencerova M., Feren¢dkova M., Kassem M.: Bone marrow adipose tissue: Role in bone remodeling and energy metabolism
(2021) Best Pract Res Clin Endocrinol Metabol 35(4):101545.

= Betiova A., Ferenéakova M., Bardova K., Funda J., Prochazka J., Spoutil F., Cajka T., Dzubanova M., Balcaen T., Kerckhofs G.,
Willekens W., van Lenthe G.H., Charyyeva A., Alquicer G., Pecinové A., Mrac¢ek T., Hordkovéa O., Coupeau R., Svarer Hansen M.,
Rossmeisl M., Kopecky J., Tencerova M.: Omega-3 PUFAs prevent bone impairment and bone marrow adiposity in mouse
model of obesity (2023) Commun Biol 6(1):1043.
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| NEUROCHEMISTRY

fead Mgr. Jan Jakubik, Ph.D. i jan jakubik@fgu.cas.cz

key researchers tva DolejSi = Viadimir Dolezal =+ Helena Janickovd =
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Alena Janouskova, Dominik Nelic, Hana Ujcikova, Anna Urushadze,

Alves Barboza, Amanda Rosanna =2 technicians Dana Ungerovd =2

We study the physiology, biochemistry, and pharmacology of CHOLINERGIC NEURONS at the molecular

level. In our studies we mainly employ cell lines, but also we use animal models. Our research is focused

mainly on the following topics:

= The biochemical physiology and pharmacology of cholinergic neurons. The development and differentiation
of cholinergic neurons. The synthesis, storage, and release of ACETYLCHOLINE. Presynaptic regulation
of acetylcholine release.

= Cholinergic mechanisms in the pathogenesis of Alzheimer’s disease. The effects of g-amyloid on acetyl-
choline metabolism and muscarinic transmission.

= The molecular pharmacology of MUSCARINIC RECEPTORS. The allosteric modulation of receptor
activation. The interaction of muscarinic receptors with G-proteins. The modelling of muscarinic receptor
signal transduction.

CURRENT PROJECTS

= Effects of membrane cholesterol on the function of muscarinic receptor with the aim to delineate how
membrane cholesterol binds to a muscarinic receptor and how it slows down their activation
= Signalling bias at muscarinic receptor with the aim to delineate why some muscarinic agonists activate

individual subtypes to a different extent and exhibit signalling bias

= Cholinergic modulation of striatum-based behaviour with the aim to determine how the cholinergic
activation of striatal GABAergic interneurons modulates striatal signalling and striatum-based
behaviour

Upon Ca* entry via voltage-dependent calcium channels (VDCC), acetylcholine (ACh) is released to synapse. Postsynaptically ACh regulates
cAMP synthesis and K flow via M2 receptors. Presynaptically it inhibits its own release via M4 receptors. AC — adenylyl cyclase, AcCoA —
acetyl coenzyme A, ChAT — choline acetyl transferase, ChT — choline transporter, VAChT — vesicular acetylcholine transporter.

SELECTED QUTPUTS

= Urushadze et al.: Timed Sequence Task: A new paradigm to study motor learning and flexibility in mice (2023) eNeuro
10:ENEURO.0145-23.

= Abbondanza et al.: Nicotinic acetylcholine receptors expressed by striatal interneurons inhibit striatal activity and control
striatal-dependent behaviors (2022) ] Neurosci 42:2786-2803.

= Randakova et al.: Fusion with promiscuous Gal6 subunit reveals signaling bias at muscarinic receptors (2021) Int ] Mol Sci
22:10089.

= Randakova et al.: Novel M2-selective, Gi-biased agonists of muscarinic acetylcholine receptors (2020) Br ] Pharmacol
177:2073-2089.

= Jakubik et al.: The operational model of allosteric modulation of pharmacological agonism (2020) Sci Rep 10:14421.

= Janickova et al.: Selective decrease of cholinergic signaling from pedunculopontine and laterodorsal tegmental nuclei has
little impact on cognition but markedly increases susceptibility to stress (2019) FASEB ] 33:7018-7036.

= Randakova et al.: Novel long-acting antagonists of muscarinic ACh receptors (2018) Br ] Pharmacol 175:1731-1743.

= Randakova et al.: Role of membrane cholesterol in differential sensitivity of muscarinic receptor subtypes to persistently-
bound xanomeline (2018) Neuropharmacol 133:129-144.
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Our laboratory explores how we LEARN, REMEMBER, and ACT. We study SPATIAL NAVIGATION,
which is analogous to remembering facts, events, and places. Conditions such as ALZHEIMER'S,
SCHIZOPHRENIA, and other brain issues affect these areas. We don't fully understand these condi-
tions, so current treatments only address symptoms. Lately, we have dived deeper into the science behind
LEARNING AND MEMORY in both HEALTHY and UNHEALTHY BRAINS. To study behavior, we use
cutting-edge tools such as special behavioral tests, light control of neuronal activity, and detailed brain
scans.

CURRENT PROJECTS

= Understanding the hippocampus, an ancient part of human brain which is connected to a number of oth-
er parts, such as the Cornu Ammonis, dentate gyrus, and subicular complex. These parts work togeth-
er in a large network.

= What is Obsessive-Compulsive Disorder (OCD)? OCD is a condition where people have unwanted and
repeated thoughts, feelings, or behaviors. It is similar to having a song stuck in your head, but it is
a thought or action that the affected individual cannnot stop repeating. We are studying it by looking at
certain parts of the brain affected by a substance called quinpirole. Approximately 1-3% of people might
experience OCD in their lifetime.

= Rats and their amazing sense of direction: It is commonly known that rats have a very good sense of
direction. By watching how they navigate, we can learn a great deal about memory and decision-making.

= Studying how humans navigate: We are also curious about how humans find their way around. When
in a new city without a map, how do we find our way. We are studying the tricks our brain uses to navi-
gate and remember places.

= How drugs affect our brain: We are performing in-depth studies on how certain medications impact our
thinking, analogous to how different fuels can improve or impair the performance of a vehicle.

= Using advanced techniques to see inside the brain: We utilise sophisticated tools to see which parts of
the brain are active.

Selected neurobehavioral and molecular methods, setups, and outputs at the Laboratory of Neurophysiology of Memory.

SELECTED QUTPUTS

= Patrono E., Hrtizova K., Svoboda J., Stuchlik A.: The role of optogenetic stimulations of parvalbumin-positive interneurons
in the prefrontal cortex and the ventral hippocampus on an acute MK-801 model of schizophrenia-like cognitive inflexibility
(2023) Schizophr Res 252:198-205. This study discovered the role of GABAergic transmission in an animal model of
psychosis. We are the first to use a complex cognitive task, the attentional set-shifting task. To our knowledge, no one
has used a cognitive behavioral task in rats coupled with the optogenetic stimulation of PV+ interneurons to reverse
cognitive impairments. Moreover, this work shows optogenetics to be a potential method of active exploration in models of
schizophrenia. The entire study was conducted in our laboratory.

= Vojtéchova L., Machacéek T., Kristofikova Z., Stuchlik A., Petrasek T.: Infectious origin of Alzheimer’s disease: Amyloid beta
as a component of brain antimicrobial immunity (2022) PLoS Pathogens 18(11):e1010929. The amyloid cascade hypothesis,
focusing on pathological protein aggregation, did not reveal the underlying cause of Alzheimer's disease. This article reviews
evidence from the current literature that amyloid beta, traditionally considered pathological, also acts as an antimicrobial
peptide that protects the brain from pathogens. We discuss these new findings in terms of the AD infection hypothesis and
offer suggestions for future research. The authors of this article are three members of the laboratory.

= Ziak J., Weissova R., Jetdbkova K., Janikovd M., Maimon R., Petrasek T., Pukajové B., Kleisnerovd M., Wang M., Brill M.S.,
Kasparek P., Zhou X., Alvarez-Bolado G., Sedlaéek R., Misgeld T., Stuchlik A., Perlson E., Balastik M.: CRMP2 mediates Sema3F-
dependent axon pruning and dendritic spine remodeling (2020) EMBO Rep 21(3):e48512. The regulation of axon guidance and
pruning of inappropriate synapses by class 3 semaphorins are critical for neural circuit development. This collaborative paper
demonstrated that CRMP2 Sema3F-dependent synapse pruning and its dysfunction share histological and behavioral features
with neurodevelopmental disorders. Our team were responsible for the behavioral results. The study was a broad collaboration
of several laboratories from the Czech Republic and abroad, including two laboratories from IPHYS.
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The main research interest of the Laboratory is to study the MECHANISMS OF PAIN and to explore
new possibilities for pain treatment, especially of chronic neuropathic states. Our experimental work
is focused on the modulation of nociceptive information at the spinal cord level, which is the first relay
center between the periphery and the higher brain areas. The goal is to study these modulatory mecha-
nisms in order TO IMPROVE THERAPY FOR NEUROPATHIC, INFLAMMATORY, AND CANCER-
RELATED PAIN. The focus is on the role of TRPV1, P2X and other receptors, neuroinflammation and
glial cells in this process. In our research, we mainly use electrophysiological, optogenetic, immunohisto-
chemical, and behavioral methods.

CURRENT PROJECTS

= Mechanisms of chemotherapy-induced and diabetic neuropathic pain
= The role of neuroinflammation in chronic pain conditions

= The modulation of spinal cord synaptic transmission by endocannabinoids and neurosteroids
= The interaction of opioid and TRPV1 receptors with cytokines in analgesia
= The physiology, pharmacology and molecular structure of purinergic P2X receptor-channels
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We studied chemotherapy-induced neuropathic pain using different approaches (1) and showed that the inhibition of PI3K by the specific FDA
approved inhibitor Duvelisib prevented Paclitaxel increased PI3K expression in DRG neurons (2), mechanical allodynia (3) and reduction of
light-evoked inhibitory currents amplitude (4). Experiments targeting neuroinflammation showed that CCL2 prevented the inhibitory/analge-
sic effects of the opioid agonist DAMGO on evoked currents in the spinal cord (5).

SELECTED QUTPUTS

= The inhibition of synaptic transmission by anandamide precursor 20:4-NAPE is mediated by TRPV1 receptors under inflam-
matory conditions (Spicarova et al. (2023) Front Mol Neurosci 16:1188503).

= Neurosteroids as positive and negative allosteric modulators of ligand-gated ion channels: P2X receptor perspective (Sivéev
et al. (2023) Neuropharmacology 234:109542).

= The dual PI3Ky/$ inhibitor duvelisib prevents development of neuropathic pain in model of Paclitaxel-induced peripheral
neuropathy (Adamek et al. (2022) ] Neurosci 42(9):1864-1881).

= The chemokine CCL2 prevents opioid-induced inhibition of nociceptive synaptic transmission in spinal cord dorsal horn
(Heles et al. (2021) ] Neuroinflammation 18:279).

= Losartan attenuates neuroinflammation and neuropathic pain in paclitaxel-induced peripheral neuropathy (Kalynovska et
al. (2020) ] Cell Mol Med 24:7949-7958).

= Mechanical allodynia and enhanced responses to capsaicin are mediated by PI3K in a paclitaxel model of peripheral neu-
ropathy (Adamek et al. (2019) Neuropharmacology 146:163-174).

= Peripheral inflammation affects the modulation of nociceptive synaptic transmission in the spinal cord induced by
N-arachidonoylphosphatidylethanolamine (Nerandzic et al. (2018) British ] Pharmacol 175:2322- 2336).

= The cancer chemotherapeutic Paclitaxel increases human and rodent sensory neuron responses to TRPV1 by activating
TLR4 (Li et al. (2015) ] Neurosci 35:13487-13500).
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Our group is focused on STRUCTURAL BIOLOGY (the relationship between the structure and
function of certain groups of proteins), in particular we are interested in 14-3-3 PROTEINS AND
THEIR COMPLEXES with proteins involved in APOPTOSIS, CANCER and CALCIUM-TRICCERED
SIGNALLING PATHWAYES. 14-3-3 proteins specifically bind to phosphoserine- or phosphothreonine-
containing motifs in a sequence-specific manner. Mechanistically, 14-3-3 proteins act as allosteric
regulators and/or molecular scaffolds that constrain the conformation of the binding partner.
Nonetheless, the underlying molecular mechanisms are only partially identified, mainly due to the lack
of structural data. The methods we currently use include the expression of recombinant proteins and
arange of biophysical methods to characterize INTERMOLECULAR INTERACTIONS and PROTEIN
STRUCTURE, including cryo-EM, protein crystallography, NMR, SAXS and HDX-MS. All these methods
enable us to better understand how the activity and function of protein-protein complexes is regulated.

CURRENT PROJECTS

= The structural biology of 14-3-3 proteins and their complexes
= Mechanistic insight into the regulation of apoptosis signal-regulating kinase 1 (ASK1)
= The role of calcium and 14-3-3 protein binding in the regulation of human ubiquitin ligase Nedd4-2

= The molecular mechanism of the regulation of cyclin-dependent kinase 16 (CDK 16) activity

= The molecular basis of the interaction between FOXO Forkhead transcription factors and tumor suppres-
sor p53

= Biophysical characterization of protein-protein complexes involving protein phosphatase PPM1D (Wip1)

A) B)

c)

(A) SAXS-based structural model of complex between Nedd4-2 and 14-3-3n protein. Black lines indicate intermolecular distance constraints
assessed in chemical cross-linking experiments. The insets show the crystal structures of Nedd4-2 peptides containing the 14-3-3 binding
motifs (PDB 6ZBT and 6ZC9). (B) Up, chemical shift perturbations obtained from 'H-°N HSQC spectra of *N-labeled FOX04 in the presence
of p53 mapped onto the crystal structure of the FOXO4 DBD:DNA complex. Down, fluorescence anisotropy measurements showing that
the complex formation reduces the DNA-binding affinity of p53. (C) SAXS-based structural analysis of pCaMKK1: 14-3-3y complex. Left,
Experimental scattering curve of the complex superimposed with the calculated curve of the best-scoring CORAL AllosMod-FoXS model of
the complex (shown in red). Right, ribbon representation of the best-scoring AllosMod-FoXS model of the complex.

SELECTED QUTPUTS

= Qur findings provided the first structural glimpse into 14-3-3-mediated Nedd4-2 regulation and highlight the potential of the
Nedd4-2:14-3-3 complex as a pharmacological target for Nedd4-2-associated diseases such as hypertension, epilepsy, kidney
disease and cancer (Pohl et al. (2021) Comm Biology 4:899).

= We characterized the interaction between the transcription factors p53 and FOX04. We showed that the interaction be-
tween p53 transactivation domain and the FOX04 Forkhead domain is essential for the overall stability of the p53:FOX04
complex (Mandal et al. (2022) Protein Sci 31:e4287).

= We structurally characterized CaMKK1:14-3-3 and CaMKK2:14-3-3 complexes and provided the structural basis for 14-3-3-
mediated CaMKK1 inhibition (Petrvalska et al. (2023) Protein Sci 32:e4805).



TRANSLATIONAL
METABOLISM

221! Doc. Ing. Tomés Cajka, Ph.D. == tomas cajka@fou.cas.cz

(e researchers Adam eckhardt = Lucie Rudl Kuhava = Veronika Hol3 £ Tomag Novotny
Pl students Stanistava Rakusanova =2

technicians Armenuhi Kirakosjanova

Our research involves applying mass spectrometry-based technologies to perform METABOLOMIC,
LIPIDOMIC AND PROTEOMIC ANALYSIS of various biological samples. This work covers the
development and use of both liquid chromatography-mass spectrometry (LC-MS) and gas chromatography-
mass spectrometry (GC-MS) methods for the in-depth characterization and quantification of polar
metabolites — VI ETAROLOME, simple and complex lipids — .l PID O, various exogenous compounds
such as drugs — =X POSOME, and proteins — PROTEONM I, We also focus on improving data processing,
automated data curation, statistical methods, and the visualization of omics data. We have successfully
integrated LC-MS methods for the untargeted and targeted analysis of simple and complex lipids, polar
metabolites, and exposome compounds (LIMeX) for a wide range of sample types and used them for
studies focused on cardiovascular diseases, type 2 diabetes, lipogenesis, circadian rhythms, and drug
adherence. We have also investigated the proteome related to clubfoot pathogenesis.

CURRENT PROJECTS

= Simple, fast, and robust protocols for metabolomics, lipidomics, and proteomics projects
= New separation methods (LC-MS, GC-MS) for physiological research
= Building LC-MS-based spectral libraries for reliable metabolite annotation

= Creating metabolomics and lipidomics atlases of biofluids and tissues

= Streamlining data processing, data curation, statistical analysis, and visualization of metabolomics
and lipidomics data

= Metabolomics and proteomics for discovering new biomarkers of human health

(A) Processing of complex lipids in biofluids and tissues using MS-DIAL software
(B) Visualization of interactive metabolomics/lipidomics atlas (web application) of 21 mouse tissues and biofluids
in response to the metabolic challenge

SELECTED QUTPUTS

= Rakudanova S., Fiehn 0., Cajka T.: Toward building mass spectrometry-based metabolomics and lipidomics atlases for
biological and clinical research (2023) Trends Anal Chem 158:116825.

= Raku$anové S., Cajka T.: Current analytical methods to monitor type 2 diabetes medication in biological samples (2023)
Trend Anal Chem 158:116831.

= Cajka et al.: Optimization of mobile phase modifiers for fast LC-MS-based untargeted metabolomics and lipidomics
(2023) Int ] Mol Sci 24:1987

= Lopes et al.: Metabolomics atlas of oral 13C-glucose tolerance test in mice (2021) Cell Rep 37:109833
= Tsugawa et al.: A lipidome atlas in MS-DIAL 4 (2020) Nat Biotechnol 38:1159-1163.

= Eckhardt et al.: Novel contribution to clubfoot pathogenesis: The possible role of extracellular matrix proteins (2019)
] Orthopaed Res 37:769-778.
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BIOCEV

EUROPEAN SCIENTIFIC CENTRE OF EXCELLENCE
IN BIOTECHNOLOGY AND BIOMEDICINE

IPHYS is a founding member and partner in BIOCEV. This is a joint project of six institutes of the CAS
(Institute of Biotechnology, Institute of Molecular Genetics, IPHYS, Institute of Microbiology, Institute of
Experimental Medicine, Institute of Macromolecular Chemistry) and two faculties of Charles University in
Prague (Faculty of Science and First Faculty of Medicine). The goal of the project is to establish a European
Centre of Excellence in biomedicine and biotechnology. The new building of the research centre was con-
structed in Vestec, in close vicinity of the IPHYS Kr¢ campus, with financial support from the European
Structural Funds. BIOCEV focuses on detailed study of cellular mechanisms at the molecular level, research
and development of novel therapeutic strategies, early diagnostics, biologically active agents including
chemotherapeutics, protein engineering, and other innovative technologies. Six IPHYS Laboratories par-
ticipate in the BIOCEV project and have their laboratories at this centre since December of 2015.

RESEARCH PROGRAMMES:

The scientific scope of BIOCEV has been divided into five research programmes, each
of them dealing with a number of separate research projects. Particular IPHYS pro-
jects in each programme are listed below. The programmes and projects have been
designed to form a mutually integrated system of synergistic links inside BIOCEV:

1. Functional genomics

2. Cellular biology and virology
Mitochondrial structure and gene expression
(Petr Jezek)
Structure and function of membrane receptors
(Ladislav Vyklicky, Jiti Pale¢ek, Hana Zemkova)

3. Structural biology and protein engineering
Structural biology of signalling proteins
(Veronika Obsilova)

4. Biomaterials and tissue engineering
Bioartificial structures for replacement and regeneration
of damaged tissue
(Lucie Bacakova)

5. Development of diagnostic and therapeutic procedures

AVAILABLE CORE FACILITIES

The implementation of complex projects requires a high-quality methodological
basis concentrated in core facilities. All are open to external users to provide them
with the following research services:

= Czech Centre for Phenogenomics

= Imaging Methods

= Centre of Molecular Structure

= Gene Core - Quantitative and Digital PCR
= OMICS - Proteomics and Genomics

= Cryobank

CONTACT

BIOCEV

Primyslova 595, 252 50 Vestec, Czech Republic
tel: +420 325 873 140

e-mail: biocev@biocev.eu

www.biocev.eu
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JUNIOR RESEARCH GROUP

ANDr. Lydie Plecitd, Ph.. = Iydie plecita@fgu.cas.cz
1 Blanka Holendova
Stepanka Bendkova = Monika Kfivonoskova
Linda Stokicova

constitute the majority of endocrine cells in the .

They serve as glucose sensors and help maintain in the body. Impairment
of their function and quantity leads to the development of diabetes. Glucose homeostasis is regulated by
, which is secreted by p-cells. The main signaling pathways leading to the release of insulin gran-

ules have been described, but many details about the amplification of the pathways depending on the

type of inducer are lacking. Our laboratory focuses on as a key to regulating p-cell
function. We study metabolites derived from glucose catabolism and redox signaling required for efficient
insulin secretion. Its disruption and establishment of are the main triggers of the

in nutritional overload. In addition, p-cells are heterogeneous,
and specific subpopulations are involved in the synchronized response of endocrine islet cells to glucose
stimulation. We investigate the involvement of intracellular redox status in

Metabolomics (32)

Radiometry (63)

Proteomics service laboratory (54)
Economic Department (85)

Animal Facility (86)

Property and Facility Department ()
Office of the Director (68
Information Technology (38)
Library (69)

Physiological Research Journal (69)
Biological controls (10)



METABOLOMICS RADIOMETRY

head Doc. Ing. Toma$ Cajka, Ph.D. i tomas cajka@fou.cas.cz team members Jiff Hricko £, Michaela Paucova =2, Tatyana Kobets, fhead Roman LiSka mm roman liska@fgu.cas.cz team member Karla Bohunova
Michaela Novakova =2, Aleksandra Shumilova

The Department provides fee-based services for LC-MS and GC-MS-based metabolomics and lipidomics
analysis of biofluids (e.g., plasma, serum, urine), tissue (e.g., liver, heart, adipose tissue), and cells, as well as

bioinformatics analysis of generated data sets. The Laboratory is equipped with Vanquish UHPLC System/Q The Department provides services dealing with
Exactive Plus, Vanquish UHPLC System/Orbitrap Exploris 480, Ultimate 3000 RSLC System/QTRAP 5500, all types of work with radioactive materials. In ad-
Agilent 8890 GC/Pegasus BT2 instrumentation, and Agilent Bravo for automated liquid handling. dition, with Computerized Tomography (CT) and
Platforms: Positron Emission Tomography (PET), we can also
= LIMeX workflow (LIpids, Metabolites, and eXposome compounds) for the untargeted analysis of complex provide in vivo anatomical and molecular ima-
lipids, polar metabolites, and exposome compounds (food components and pharmaceutical drugs) ging of small laboratory animals (mice and rats)
= Targeted analysis of specific low-abundant lipid mediators (eicosanoids, endocannabinoids, fatty acid for the quantitative 3D tomographic imaging of
esters of hydroxy fatty acids), metabolites labeled with stable isotopes (fluxomics), or pharmaceutical biodistributed radiotracers, bones, and various
compounds for the ADME studies soft tissues, using the uCT/PET apparatus Albira.

Radioactivity measurements of all kinds of radio-
nuclides in different samples are carried out for
researchers of other Laboratories of IPHYS, as
well as of other Institutes of the CAS in the cam-
pus and BIOCEV. We also provide storage space,
advice, and services in the manipulation of radio-
active materials and the ordering and purchasing
of radioactive preparations.

uCT scan of a shark heart using the contrast agent Lugol

LIMeX workflow for combined untargeted and targeted analysis
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PRUTE[]MIES SERVICE LABORATORY

head ANDr. Marek Vrbacky, Ph.D. i marek vibacky@fou cas.cz
team members (from the left) Elena Shcherbachenko, Rayyan Tarig Khan, Nadiia Prokopets

The proteomics service laboratory, also known
as ProteoLab Kr¢ (PLK), was jointly established
by IPHYS and the Institute of Molecular Genet-
ics of the CAS. It offers mass spectrometry-based
bottom-up proteomic analyses to the research
groups of both institutes, and also to other aca-
demic and non-academic subjects. The pay-per-
sample service includes complete sample prep
from various biological materials (e.g., cell lines,
tissues, immunoprecipitation), untargeted or
targeted LC-MS/MS of the resulting peptides
and basic bioinformatic analysis. Prospective
users should contact the lab to discuss the pro-
ject, including the experimental design and
statistical considerations. The laboratory is
equipped with an Orbitrap Exploris 480 mass
spectro-meter coupled to a nano UHPLC Ulti-
mate 3000 liquid chromatograph.

ECONOMIC
DEPARTMENT

head Katerina Uhrova I katerina unrova@rfgu.cas.cz

team members (bottom, from the left) Paviina Hajkovd, Eva Hamalcikova, Lada Trckova, Lenka Nejedid, Michaela Matickov,
Michaela Troskova (above, from the left) Kamila Kohoutova, Dominika Sulcov, Gabriela Bartejsové, Bela Tobolova, Katerina Rozsypalové,
Jaroslava Kralova, Lucie Nemcova, Tereza Macle, Dagmar Pizenskd, Eva Syrova

The Economic Department is in charge of human resources, payroll and financial accounting, supply and
the stocks, agenda of grants and operating programmes.
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ANIMAL FACILITY

head Ing. Martin Blazka « martin blazks@fgu.cas.cz
team members (bottom, from the left) Katerina Pavekové, llona Berkov, Jana Lejékovd, Hana Vancurova, Hana Ptéckova, Evelina Lavickov
(above, from theleft) Yelizaveta Plisko, Jan Krémer, Nikola Danitovd, Petr Haviena, Pavel Strof, Jana Pernd

The Department provides an enviroment for in vivo research. The used animal models are laboratory
rats, laboratory mice and zebra fish. The animal facility is conventional and the rodents are housed in
open cages.

Provided services:

Breeding of various common and unique strains of laboratory rats and mice. Housing of animals in ex-
periments. All necessary and related services. All procedures correspond to requirements of Act No
246/1992 Coll., on the protection of animals against cruelty, and Decree No 419/2012 Coll., on the protec-
tion of experimental animals. The facility runs under a continuous veterinary supervision.

PROPERTY AND FACILITY
DEPARTMENT

hea Ladislav Kramer m [adislavkramer@fou.cas oz
team members (ottom, from the left) rena Gechova, Agniezska Pefikén, Eva Pilova, Viadimira Trikova, Jana Pechovd
(above, from the eft) Helena Reimerovd, Pavel Suba, lvan Slunécka

The Property and Facility Department provides all services related to the building maintenance and
necessary health and safety rules. It also runs hostel rooms for IPHYS guests.

67



DFFIGE
OF THE
DIRECTOR

fea Ing. Petra Janeckovd « fou@fou.cas.cz

team members (from the left) Diana Moosova, Adéla Bockova,

Petra Kubatova

The Office of the Director provides various
administrative work of IPHYS. It organizes
the events for the public and also the profes-
sionallectures. It ensures the popularization
of the Institute to the media and the public.
It records and manages the Institute’s intel-
lectual property and coordinates activities
of technology transfer.

INFORMATION
TECHNOLOGY
DEPARTMENT

fead Vaclav Paulocik mm vaclav paulock@fqu.cas.cz
team members (from the left) Tom4S Fisera
Nikola Jankov, Ondej Svands, Martin Kantor

Information Technology Department serves
the whole campus with all services in the field
of computer technology and traffic data net-
work. It helps with the purchase, operation,
and maintenance of hardware, data mainte-
nance, and software upgrades.

LIBRARY

head Mgr. Lucie Trajhanova i lucie trajhanova@rfgu.cas.cz
team members (from the left) Zuzana Novakov4, Blanka Liberova

The Library provides access to both tra-
ditional paper-based and electronic re-
sources for the whole campus. It provides
information services based on the latest
information technologies, national and in-
ternational interlibrary loans, access to
printed sources, specialised databases,
and on-line journals. The supply of approx-
imately 80,000 books and journals ranks
the Library as one of the largest libraries of
the scientific institutes of the CAS.

PHYSIOLOGICAL
RESEARCH
JOURNAL

editor-in-chief RNDr. Jaroslav Kunes, DrSc. I jaroslavkunes@fgu.cas.cz
managing editor MUDr. Josef Zicha, DrSc. B3 josef zicha@fau as.cz
team members Edita Balladova, Michal Rizicka

Physiological Research is a scientific journal
of IPHYS published bimonthly, containing ar-
ticles on normal and pathological physiology,
biochemistry, biophysics, pharmacology, and
immunology. It was founded as Physiologia
Bohemoslovaca in 1952. Since 1991, it has
been published under the title Physiological
Research. Its current impact factor is 2.103.
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BIOLOGICAL CONTROLS

hea Ing. Petr Migjnek, Ph.D. mm petrmigjnek@fqu.cas.cz ]
team members (from the left) Renata Ptov4, Lucie Heppnerovd, Svétlana Zufanovd

We provide comprehensive preclinical and toxicological services in accordance with the principles of
Good Laboratory Practice (GLP). We offer various biological and safety studies to our academic and busi-
ness partners so as to fulfill their research and development goals, including studies under GLP regula-
tions and in accordance with the OECD methods. We are an essential part of the newly established Centre
for Preclinical Testing (CPT) within the CAS (www.prekliniky.cz). Our vision is to enable better prospects
for the commercialization of potentially therapeutically effective medicinal products to both institutes
within the CAS and to other customers from the academic sector and the pharmaceutical industry.

Provided services:

= Preclinical in vivo toxicity research testing for safety evaluation of pharmaceutical, biopharmaceutical,
and veterinary products (MTD, DREF, pilot studies).

= General safety drug development studies on small laboratory animals (mice, rats, guinea pigs, rabbits), all
routes of administration, non-GLP and GLP studies.

= Other customized safety tests and studies on rodents.

= Biodistribution studies in small laboratory animals after single/repeated administration (biological part).

PREGLINICAL TESTING OF POTENTIAL
PHARMACEUTICALS

In the period 2017 - 2023, thanks to the involvement of
the IPHYS in the AV21 Strategy and the financial sup-
port received, we were able to develop a programme of
Preclinical testing of potential pharmaceuticals.

The programme reflected the need to use animal
experiments as a key element in the development of
new medicines, including tests and analyses carried
out under GLP (GLP - Good Laboratory Practice) con-
ditions. Laboratory animals are used exclusively for
studies of potentially life-saving drugs and alternative
methods are used where possible.

Tested items:

newly developed potential medicinal substances, hu-
man and veterinary medicinal products, food supple-
ments, medical devices

Test systems:
mouse, rat, guinea pig, rabbit, (mini-pig in collabora-
tion with Pigmod centre).

The Programme resulted in the establishment and
construction of the Preclinical Testing Centre.

Participating institutes:
= Institute of Molecular Genetics CAS, Czech Centre for
Phenogenomics (CCP)

= Institute of Biotechnology CAS

= Institute of Animal Physiology and Genetics CAS,
Pigmod Centre

The Preclinical Testing Centre offers and provides
a range of testing and analysis and relies on long-term
collaboration between institutions. IPHYS holds the
certificate "Decision of SUKL (sukls124283/2016) on
the authorization to conduct GLP toxicological studies.
Studies and testing can be conducted under GLP or non-
GLP regime within the collaborating institutions.

Portfolio of services offered:
Acute toxicity studies,

MTD studies

Repeated substance

treatment studies, DRF studies
PK and ADME

(bio-distribution studies)

GLP / non-GLP
GLP / non-GLP
GLP / non-GLP

Study Proof of Concept (Pharmacology)
In vivo biocompatibility studies (for medical devices)

Toxicology tests - single or repeated administration of
substances

Toxicokinetic testing - repeated, precisely timed blood
draws

Pharmacological tests - testing the effects of sub-
stances

More information:
www.prekliniky.cz
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DEVELOPMENT OF RESEARCH
INFRASTRUCTURE

CONSTRUCTION AND TECHNOLOGICAL ADAPTATION OF THE ANIMAL FACILITY

A basic and necessary condition for research activities in the field of biomedicine is the possibility of working
on laboratory animals. In the 1960s, a central animal facility was built in Building G to produce laboratory ani-
mals and allow experiments on animal models. In order to work with laboratory animals to current standards,
Building G required major refurbishment and the installation of new washing technology for the breeding ves-
sels, as well as technology for the distribution of clean and dirty litter. The challenging structural refurbishment
itself began in January 2020 and, while sustaining operations in partial wings of the menagerie throughout
the refurbishment, was successfully completed with a certificate of occupancy in December 2023. This pro-
vided IPHYS with modern facilities for the breeding and housing of laboratory animals. From 2024, its capacity
will gradually be used for experiments on laboratory mice and rats, mostly unique models of serious diseases.
Modern equipment will enable the characterization of the mechanisms of origin of these diseases and their
whole-body manifestations.

13
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HR EXCELLENGE
IN RESEARCH AWARD

In 2019, the European Commission awarded IPHYS the prestigious European HR Excellence
in Research Award, guaranteed by Euraxess and financially supported by Operational
Programme “Research, Development, and Education”. Hence IPHYS joined an exclusive group
of research institutes and universities that have committed to improving their human resourc-
es strategy in accordance with the principles of the European Charter for Researchers and the
Code of Conduct for the Recruitment of Researchers.

During the implementation phase of the program, IPHYS focused on two main objectives
through the proposed action plan (available on the IPHYS website): (1) the introduction of a
recruitment process in accordance with OTM-R, which brings transparency and objectivity
to the recruitment process, thereby promoting fairness and increasing applicants’ trust, and
(2) the enhancement of career development opportunities for researchers, particularly at the
postdoctoral stage. As part of the program, IPHYS encouraged employees to gain scientific
experience abroad, providing them with better opportunities for independent advancement
in research, including the potential to establish their own research groups. In 2024, the HR
Award will be renewed based on an evaluation of HR processes at IPHYS and an on-site visit by
the European Commission. IPHYS is now preparing a new action plan for the future.

INTELLECTUAL PROPERTY

Significant discoveries achieved at IPHYS are protected by patents and utility models. Also,
IPHYS strived for the effective transfer of research results into practice. Currently, 10 grant-
ed patents or patent portfolios and 12 registered utility models are being managed. In recent
years, scientific teams have preferred to protect technical solutions with utility models because
of the faster and more affordable option to protect their results. Most often, IPHYS protects its
results together with research partners. In addition to other partners from the Czech Academy
of Sciences, there is a clear increase in joint utility models with technical universities. After
the end of the program HR Excellence in Research, IPHYS aims to continue to maintain the
intellectual property protection agenda at the same level using the processes set up during
the program.

IPHYS — 10CB COLLABORATION

IPHYS co-owns the most significant patents or patent portfolios with the Institute of Organic
Chemistry and Biochemistry of the CAS (IOCB). Four valid patent portfolios are currently co-
registered by these two Institutes. The patent portfolio protecting the result of Lipidated
peptides lowering blood glucose levels is one of the most successful research results of both
Institutes. In 2017, the cooperating Institutes signed a research, collaboration, and license
agreement with a leading global healthcare company, which is testing for a potential pharma-
ceutical product.

FUNDS AND EMPLOYEES

IPHYS IS SUCCESSFUL IN ATTRACTING RESEARCH FUNDING AT BOTH THE NATIONAL AND INTERNATIONAL LEVEL.

FINANGING BY
THE TYPE OF
RESOURCES

2023

Grants (43 %)
Institutional (45 %)
Own resources (12 %)

COST
STRUCTURE

2023

Personal costs (57 %)
Other costs (43 %)

PROFESSIONAL
CATEGORY STRUCTURE
OF EMPLOYEES

2023

Scientific positions (199)
Non-scientific positions (122)
Student-doctorand (83)

INVESTMENT
FUNDS

2023

Instrument costs (40 %)
Other investment costs (60 %)
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NATIONAL COLLABORATIVE PROJECTS

MediAim
A TRANSLATIONAL RESEARCH PROJECT

2015—0ngoing

Vision:
Development of new therapeutic agents and strategies
to fight certain non-communicable and viral diseases.

Mission:

We aim to understand the essence of diseases and to
seek out new strategies for treating cardiovascular,
viral, neurodegenerative, and oncologic diseases as
well as diabetes and obesity.

Participating organizations

Institute of Physiology CAS; Institute of Organic
Chemistry and Biochemistry CAS; Institute for
Clinical and Experimental Medicine

The MediAim consortium comprises three distin-
guished Prague-based research institutes specializ-
ing in preclinical and clinical research. Collaboration
focuses on experimental, preclinical, translational,
and clinical research on the nervous and cardiovas-
cular systems with selected aspects of metabolic re-
search.

The primary objectives are (1) the characterization
of common mechanisms of pathogenesis associated
with the occurrence of selected non-communicable
diseases, (2) the improvement of strategies to prevent,
diagnose, and treat these diseases, and (3) the treat-
ment of selected viral diseases. The MediAim project
comprises a unique strong link between experimen-
tal and clinical research in the Czech Republic as it
bridges the gap between basic and translational medi-
cal research by facilitating and bolstering multidisci-
plinary collaboration. The project’s added value lies in
its embrace of full drug development, from initial syn-
thesis to patented drug candidates. Among first real
successes of the research teams involved belong stud-
ies focusing on roles of lipidized peptides in weight
loss, mitigation of the manifestations of diabetes, and
significant slowing of neurodegenerative processes,
currently in the stage of preclinical studies on experi-
mental models with very good therapeutic potential
for type 2 diabetes using new drugs.

More information:
www.mediaim.cz

funded by the participating organizations

% MediAim

CarDia
NATIONAL INSTITUTE FOR METABOLIC
AND CARDIOVASCULAR DISEASE RESEARCH

2022-2025

Vision:

To gain a deeper understanding of the causes of life-
style diseases, to develop new drugs and to make mod-
ern technologies more involved in treatment.

Mission:

We focus on experimental, preclinical, translational
and clinical research in lifestyle diseases - diabetes,
obesity and cardiovascular disease (CVD).

Participating organizations:

Institute of Clinical and Experimental Medicine;
Institute of Physiology CAS; Institute of Organic
Chemistry and Biochemistry CAS; Charles University;
Masaryk University

Originated from the MediAim project, this National
Institute CarDia project is focused on non-communi-
cable diseases, namely CVD, heart failure, type 2 dia-
betes mellitus and obesity, which are the most com-
mon causes of morbidity and mortality in developed
countries worldwide. The prevalence of cardiovascu-
lar disease and related mortality is higher in the Czech
Republic than in most developed EU countries. The
cost of treating these complex multifactorial lifestyle
diseases and their complications places an extreme fi-
nancial burden on the entire healthcare system.

The combined efforts of the excellent and complemen-
tary participants of the CarDia project creates a com-
prehensive national research platform (institute) en-
compassing experimental, preclinical, translational
and clinical research activities in the prevention and
treatment of CVD, its most common risk factors such
as obesity and diabetes, and related chronic compli-
cations. This will ultimately help to prevent and treat
these diseases more effectively by translating the
knowledge gained from experimental research into
new treatments and interventions.

More information:
www.cardia.ikem.cz

“Program for the Support of Excellent Research in Priority
Areas of Public Interest in Healthcare - EXCELES’,

funded by the EU through the Recovery and Resilience
Instrument - Next Generation EU; reg. no. LX22NP05104

Cardia

EPIREC
EPILEPSY RESEARCH CENTRE PRAGUE

2019-ongoing

Vision:
Outstanding epilepsy research — paving the way to
a seizure-free life.

Mission:

We aim to transform the lives of people with epilepsy
through high-quality research rapidly translated into
patient welfare.

Participating organizations:

Institute of Physiology CAS; Second Faculty of
Medicine, Charles University, Prague; Motol University
Hospital, Prague; Faculty of Electrical Engineering,
Czech Technical University, Prague

Epilepsy has been intensely studied for decades, but
we still do not understand its mechanisms. New drugs
are continually being introduced into clinical prac-
tice, but their impact is minimal and the proportion
of patients with severe pharmacoresistant epilepsy
remains unchanged. Hence, new and effective thera-
pies for epilepsy are urgently needed. In epilepsy, the
implementation of disruptive research technologies
such as gene therapy, molecular pharmacology, and
artificial intelligence could significantly change dis-
ease outcomes by improving diagnosis, identifying
new causes and discovering novel treatments. The ul-
timate goal of recently established multidisciplinary
epilepsy research center, EpiReC, is to pave the way
for the development of new strategies to cure most se-
vere and intractable epilepsies in adults and children
and to ensure a rapid laboratory-to-patient journey for
new discoveries.

More information:
www.epirec.cz

Neur-IN
NATIONAL INSTITUTE FOR NEUROLOGICAL RESEARCH

2022-2025

Vision:

To support multidisciplinary research into neurologi-
cal diseases in which neurodegeneration plays a sig-
nificant role.

Mission:

We search the new discoveries about the brain and
nervous system and to use them to reduce the burden
of neurological diseases and improve the quality of
life of the affected population.

Participating organizations

St. Anne’'s University Hospital, Brno; Masaryk
University, Brno; Charles University, Prague; Palacky
University, Olomouc; University of Ostrava, Ostrava;
University of Technology, Brno; Czech Technical
University, Prague; Institute of Physiology CAS,
Prague; Institute of Experimental Medicine CAS,
Prague; Institute of Biotechnology CAS, Prague; Insti-
tute of Scientific Instruments CAS, Brno

Neurological disorders are the most common cause
of disability and the second most common cause of
death. In connection with the aging of the population,
there is also a worldwide increase in the incidence of
neurodegenerative diseases. At the same time, the de-
tails of the causes and development of these diseases
are often unknown and there is no preventive or caus-
ative therapy for them either. The health and econom-
ic impact of neurodegenerative diseases on our soci-
ety will thus be likely increasing. Neur-IN responds
to current needs and, through the integration of the
efforts of top scientists, will contribute to mitigating
the negative effects of neurodegeneration on society
and the economy.

Over 250 preclinical and clinical researchers of eleven
scientific research and clinical centres and universi-
ties are involved in Neur-IN participating in multidis-
ciplinary research of neurodegeneration in a number
of neurological diseases. In addition to the two notori-
ous neurodegenerative diseases with a dramatically
increasing prevalence of Alzheimer’s and Parkinson’s
disease, Neur-IN also focusses on other neurological
diseases in which neurodegeneration plays a signifi-
cant role (for example, neurodevelopmental diseases,
epilepsy, multiple sclerosis).

More information:
WWWw.ninr.cz

“Program for the Support of Excellent Research in Priority
Areas of Public Interest in Healthcare - EXCELES”,

funded by the EU through the Recovery and Resilience
Instrument - Next Generation EU; reg. no LX22NP05107
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COLLABORATIONS

MOST OF IPHYS RESEARCH IS CONDUCTED IN THE FRAMEWORK

OF DOMESTIC AND INTERNATIONAL COLLABORATION.

Among the principal Czech partners of IPHYS belong a number of institutes of the Czech Academy of Sciences,
universities, hospitals, and other research institutions. Also, many research collaborations of individual IPHYS
laboratories all around the world significantly increase the quality of research at IPHYS. The diagram shows only

national and international partnerships based on formal agreements signed between 2019 - 2024.

GERMANY

Charité Universitatsmedizin
Berlin

ITALY

University of Padua

JAPAN

National Institute of Informatics

POLAND

Nencki Institute
of Experimental Biology

SLOVAKIA

Centre of Experimental
Medicine, SAS

SPAN €*

University of Malaga

UNITED KINGDOM

University of Central
Lancashire of Preston

Medical Research Council

UKRAINE
Kharkiv National
Medical University

USA

University of California
University of Arizona

University of Rochester
Medical Center

—> ACADEMY OF SCIENCES

Biology Centre

Institute of Biotechnology

Institute of Physics

Institute of Microbiology

Institute of Experimental Botany

Institute of Experimental Medicine
Institute of Photonics and Electronics

]. Heyrovsky Institute of Physical Chemistry
Institute of Computer Science

Institute of Sociology

Institute of Molecular Genetics

Institute of Macromolecular Chemistry
Institute of Organic Chemistry and Biochemistry
Institute of Scientific Instruments

Institute of Rock Structure and Mechanics

HOSPITALS

University Hospital Hradec Kralové

University Hospital Vinohrady

Motol University Hospital

Bulovka Hospital

General University Hospital in Prague

Institute of Clinical and Experimental Medicine
Institute of Endocrinology

—  UNIVERSITIES

Charles University

Masaryk University

Technical University of Liberec

Palacky University Olomouc

University of Chemistry and Technology
Food Research Institute Prague

Brno University of Technology

Jan Evangelista Purkyné University
Czech Technical University

—  (THERS
I0CB Tech
Central European Institute of Technology
National Tissue Centre
National Institute of Mental Health

EUROPEAN PROJECTS

IPHYS PARTICIPATES IN TWO EUROPEAN INFRASTRUCTURES.

CZECH-BIOIMAGING

NATIONAL RESEARCH INFRASTRUCTURE FOR
BIOLOGICAL AND MEDICAL IMAGING
(MSMT — LM2023050)

Ten partner institutions are involved in the project,
providing open access to 16 leading imaging
facilities in Prague, Vestec, Brno, Ceské Budéjovice
and Olomouc. These core facilities cover all levels of
biomedical imaging - from imaging of biomolecules
and their interactions, structure and processes in
cells and tissues to imaging of organs and whole
organismsin both healthy and pathological conditions.
The purpose of the project is to combine unique
technological equipment for biomedical imaging
accessible in the Czech Republic and to provide open
access to a wide range of imaging technologies and
expertise to national and international scientists from
both the public and private sectors via a unified and
coordinated logistic approach. The strength of the
Czech-Biolmaging is the unique combination of open
access to top available equipment, extensive expertise
in imaging, organisation of annual theoretical and
practical courses and close cooperation with industry.

Scientific coordinator:
Ing. Daniel Hadraba, Ph.D.
(Laboratory of Biomathematics)

[PHYS Bioimaging facility provides service in the areas
of image acquisition and image analysis. The facility
operates nine high-end light microscopy and medical
imaging systems. The facility excels in providing
customised solutions to researches especially in label-
free microscopy, correlative microscopy, multiphoton
microscopy and data analysis. The facility currently
works on its modernisation as being included in follow-
up OP JAK infrastructure project: Modernisation of
the VVI Czech-Biolmaging (CZ.02.01.01/00/23_015/
0008205).

More information:
www.czech-bioimaging.cz

BIOIMAGING

Imaging principles of life

EUROPEAN PEDIATRIC- TRANSLATIONAL RESEARCH
INFRASTRUCTURE AISBL (EPTRI AISBL)

PAN-EUROPEAN ORGANIZATION

Since developing human beings have very specific
needs and there is a serious lack of medicines
designed and developed specifically for children and
the young in the EU and worldwide, the main aims
of the EPTRI consortium are to build a research
infrastructure dedicated to pediatric preclinical
and translational research of new treatments for
children. It focuses on developmental pharmacology,
pediatric drug discovery, organ-on-a-chip, and other
up-to-date fields of medicine dedicated to children.
The work in EPTRI focuses on five domains: Human
Development and Paediatric Medicine Discovery;
Pediatric Biomarkers and Biosamples; Developmental
Pharmacology; Paediatric Medicine Formulations
and Medical Devices; Underpinning Medicine
Development for Paediatric Clinical Studies.

Scientific coordinator:
Prof. RNDr. Ale$ Stuchlik, DSc.
(Laboratory of Neurophysiology of Memory)

IPHYS Laboratories involved in EPTRI: Laboratory
of the Neurophysiology of Memory, Laboratory of
Developmental Epileptology. The project involves
26 partners from 19 EU and associated countries.
IPHYS is included in EPTRI as a top basic and
translational medicine center in the Czech Republic.
EPTRI has obtained support from the President of the
Czech Academy of Sciences, signed Memoranda of
Understanding with top-tier institutes in the Czech
Republic, got status of AISBL, and applies for various
calls from the European Commission.

More information:
www.eptri.eu



PUBLICATIONS 2019—2023
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MOST GITED PAPERS — THE TOP TENS

DATA VALID TO To™ APRIL 2024

Only the publications with the first or corresponding author with the affiliation to IPHYS are listed.

Publications with the highest number of citations over the history of IPHYS:

1.

10.

Dobia$ova M., Frohlich ]. The plasma parameter log (TG/HDL-C) as an atherogenic index: correlation with lipoprotein
particle size and esterification rate in apoB-lipoprotein-depleted plasma (FER(HDL)) (2001) Clinical Biochemistry 34(7):583-
588. No. of citations: 733

Baéakova L., Filova E., Parizek M., Ruml T., Svoréik V. Modulation of cell adhesion, proliferation and differentiation on
materials designed for body implants (2011) Biotechnology Advances 29(6):739-767. No. of citations: 730

Jezek P., Hlavata L. Mitochondria in homeostasis of reactive oxygen species in cell, tissues, and organism (2005)
International Journal of Biochemistry and Cell Biology 37(12):2478-2503. No. of citations: 578

Vanééek J. Cellular mechanisms of melatonin action (1998) Physiological Reviews 78(3): 687-721. No. of citations: 483
Hubner N., Wallace C. A., Zimdahl H., Petretto E., Schulz H., Maciver F., Mueller M., Hummel O., Monti J., Zidek V., Musilova
A., K¥en V., Causton H., Game L., Born G., Schmidt S., Miiller A., Cook S.A., Kurtz T. W., Whittaker J., Pravenec M., Aitman

T. ]. Integrated transcriptional profiling and linkage analysis for identification of genes underlying disease (2005) Nature
Genetics 37(3):243-253. No. of citations: 424

Patizek J., Ostadalova 1. Protective effect of small amounts of selenite in sublimate intoxication (1967) Experientia
23(2):142-143. No. of citations: 404

Vanééek J., Pavlik A., Illnerova H. Hypothalamic melatonin receptor sites revealed by autoradiography (1987) Brain
Research 435(1-2):359-362. No. of citations: 394

Jiruska P., de Curtis M., Jefferys J. G. R., Schevon C. A., Schiff S. J., Schindler K. Synchronization and desynchronization in
epilepsy: controversies and hypotheses (2013) Journal of Physiology 591(4):787-797. No. of citations: 383

Vyskoéil F., Bures J., Kiiz N. Potassium-selective microelectrodes used for measuring extracellular brain potassium during
spreading depression and anoxic depolarization in rats (1972) Brain Research 39(1):255-259. No. of citations: 370

Gutmann E. Neurotrophic Relations (1976) Annual Review of Physiology 38:177-216. No. of citations: 314

Publications with the highest number of citations over the last 10 years:

1.

10.

Baéakova L., Zarubova J., Travni¢kova M., Musilkova J., Pajorova J., Slepi¢ka P., Kasalkova-Slepi¢kova N., Svoréik
V., Kolska Z., Motarjemi H., Molitor M. Stem cells: their source, potency and use in regenerative therapies with focus on
adipose-derived stem cells - a review (2018) Biotechnology Advances 36(4):1111-1126. No. of citations: 303

Baéakova L., PajorovaJ., Baéakova M., Skogberg A., Kallio P, Kolatova K., Svoréik V. Versatile application of nanocellulose:
from industry to skin tissue engineering and wound healing (2019) Nanomaterials 9(2):164. No. of citations: 192

Vyklicky V., Kotinek M., Smejkalova T., Balik A., Krausova B., Kaniakova M., Lichnerova K., éem}? J., Krasek J.,
Dittert I., Horak M., Vyklicky ml. L. Structure, function, and pharmacology of NMDA receptor channels (2014)
Physiological Research 63(Suppl.1):5191-S203. No. of citations: 188

Baéakova L., Vandrovcova M., Kopova L., Jirka I. Applications of zeolites in biotechnology and medicine - a review (2018)
Biomaterials Science 6(5):974-986. No. of citations: 178

Masoodi M., Kuda O., Rossmeisl M., Flachs P., Kopecky J. Lipid signalling in adipose tissue: Connecting inflammation &
metabolism (2015) Biochimica et Biophysica Acta - Molecular and Cell Biology of Lipids 1851(4):503-518. No. of citations: 157

Flachs P., Rossmeisl M., Kopecky J. The effect of n-3 fatty acids on glucose homeostasis and insulin sensitivity (2014)
Physiological Research 63(Suppl.1):593-S118. No. of citations: 126

Kuda O., Brezinova M., Rombaldova M., Slavikova B., Posta M., Beier P, Janovska P., Veleba ]., Kopecky Jr. ]., Kudova
E., Pelikanova T., Kopecky J. Docosahexaenoic Acid-Derived Fatty Acid Esters of Hydroxy Fatty Acids (FAHFAs) With Anti-
inflammatory Properties (2016) Diabetes 65(9):2580-2590. No. of citations: 123

Kopova 1., Strasky J., Harcuba P, Landa M., Jane¢ek M., Baéakova L. Newly developed Ti-Nb-Zr-Ta-Si-Fe biomedical beta
titanium alloys with increased strength and enhanced biokompatibility (2016) Materials Science & Engineering C-Materials
for Biological Applications 60(Mar 1):230-238. No. of citations: 122

Kodedova M., Sychrova H. Changes in the sterol composition of the plasma membrane affect membrane potential, salt
tolerance and the activity of multidrug resistance pumps in Saccharomyces cerevisiae (2015) PLoS ONE 10(9):e0139306.
No. of citations: 116

Jiruska P., Alvarado-Rojas C., Schevon C. A., Staba R., Stacey W., Wendling F., Avoli M. Update on the mechanisms and roles
of high-frequency oscillations in seizures and epileptic disorders (2017) Epilepsia 58(8):1330-1339. No. of citations: 112

fl



SELECTED AWARDS

THE WORLD-RENOWNED IPHYS EXPERTS REGULARLY GAIN RECOGNITION

FOR THEIR SCIENTIFIC WORK AND RECEIVE MAJOR DOMESTIC AND FOREIGN AWARDS. 2023

82

RNDr. Ondtej Kuda, Ph.D.

2022

Ing. Veronika Paltichova

Prof. MUDr. Piemysl Jiruska, Ph.D.
Doc. MUDr. Lucie Batakov4, CSc.
Ing. Michal Pravenec, DrSc. ﬂ

Mgr. Dalibor Kosek, Ph.D.

Prof. RNDr. Franti$ek Vysko¢il, DrSc.

MUDr. Jan Kopecky, DrSc.

2021

RNDr. Petr Jezek, Ph.D.

Mgr. Michaela Tencerové, Ph.D.

Prof. RNDr. Helena Illnerova, DrSc.

2020

MUDr. Josef Zicha, DrSc.
RNDr. Zdenék Drahota, DrSc. ﬂ

Doc. PharmDr. Alena Sumova, DSc. E

2019

Prof. MUDr. Ladislav Vyklicky, DrSc. 1

Prof. RNDr. Franti$ek Kolat, CSc.

RNDr. Jaroslav Kunes, DrSc.

Prize of the Minister of Education for outstanding results in research,
experimental development and innovation

Josef Hlavka Prize

Award of the Minister of Health for Health Research and Development
Praemium Academiae award for outstanding scientific contribution

G.]. Mendel Honorary Field Medal for merit in the biological sciences

Otto Wichterle Prize for the scientific contribution in the field of life sciences
Silver Medal of Charles University

Jan Evangelista Purkinje Honorary Field Medal for merit in the biomedical
sciences

Prize of Minister of Education for an exceptional research findings,
experimental evolution and innovation in the field of natural sciences

3rd prize in the project L'Oréal-UNESCO For Women in Science

Silver Medal of the President of the Senate

Jan Evangelista Purkinje Honorary Field Medal for merit in the biomedical
sciences

Jan Evangelista Purkinje Honorary Field Medal for merit in the biomedical
sciences

Vojtéch Néprstek Honorary Prize Medal for merit in the popularization of
science

Prize of the Minister of Health for an exceptional result in research and
development

Jan Evangelista Purkinje Honorary Field Medal for merit in the biomedical
sciences

G.]. Mendel Honorary Field Medal for merit in the biological sciences

83



8k

STUDENTS AT IPRYS

PHYS PROVIDES TRAINING FOR STUDENTS OF BACHELOR'S, MASTER'S AND DOCTORAL DEGREE PROGRAMMES
IN COOPERATION WITH A NUMBER OF CZECH UNIVERSITIES AND INTERNATIONAL INSTITUTIONS.

THESES DEFENDED SCIENTIFIC FIELDS (PhD)

(2019—2023) (Number of theses)
90 (2019—2023) Analytical Chemistry (1)
80 Animal Physiology (21)
Biochemistry (3)
70 Developmental Biology (3)
60 Microbiology (1)
50 . Bachelor (61) Molecular and Cell Biology, Genetics (4)
40 Master (81) Biochemistry and Pathobiochemistry (11)
30 [ phD (86) Medical Biophysics (2)
20 Neuroscience (5)
Biophysics and Chemical Physics (1)
10 Biomechanics (1)
0 Statistics and Mathematical Modelling (3)

PhD PROGRAMME

Currently, around 80 PhD students are trained at IPHYS. PhD candidates enroll once per year in an open call
with a deadline in March (the specific dates and deadlines are present at the IPHYS website). The candidates
submit an online application form, in which they provide a detailed CV and research interests and choose up to
three IPHYS research groups. The application is then evaluated by the principal investigators and the best can-
didates are selected to join the IPHYS PhD programme.

PhD STUDENTS ACTIVITIES AND BENEFITS

=research in the fields of neuroscience, cardiovascular physiology, and metabolism
=use of up to date physiological, biochemical, and molecular biology methods
= employment with up to the full time salary and benefits
= participation in regular events organized for PhD students
(seminars, physiological methods course, biannual conference of IPHYS PhD students)
=advancement report of the third year PhD students and the internal PhD thesis evaluation
= English language courses
= modern campus with on-site accommodation
= sports facilities
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DUTREAGH ACTIVITIES

IPHYS ORGANIZES NUMBER OF EVENTS DURING ALL THE YEAR.

ACTIVITIES FOR THE PROFESIONAL PUBLIC

Publicly accessible lectures of invited scientists
from fields related to IPHYS research as well as
those of IPHYS employees are organized weekly
and include Bure$'’s lectures being delivered by
first-class invited scientists.

LECTURES FOR PROFESSIONAL PUBLIC

(2019-2023)

Bures's (2)
International (25)
National external (13)
IPHYS (45)

Methodological (13)

ACTIVITIES FOR THE GENERAL PUBLIC

IPHYS research results are regularly presented at various
science festivals organized by the Czech Academy of Sciences.
In addition, several successful popular-science interactive
programmes presenting the physiology of the human body
and IPHYS research topics have been implemented recently.

MEDIA COVERAGE OF IPHYS

(2019-2023)

250

224
200
150 129 . TV and radio
104 109 Press
100 84 .
. Internet
50
0

2019 2020 2021 2022 2023

B“RES'S I.EET”RE SEHIES The lecture series was initiated in 2013 as part

of the celebration of 60" anniversary of the establishment of IPHYS. The
series is named in the honour of Jan Bure$ (1926—2012), an outstanding
neuroscientist (Laboratory of Neurophysiology of Memory), who worked at
IPHYS from its foundation. Invited speakers were Michael Hastings (Great
Britain) and Stefano Schiaffino (Italy) in 2023.

ﬂPEN HUUSE DAY The Laboratories of IPHYS are opened to the public an-
nually in November during the Week of the Czech Academy of Sciences.

PURKINJE CHAMBEH []F PHYS"]I.[]BY An interactive exhibition, which

is presented during Open House Day, explains biological clocks, the func-
tioning of muscles, the significance of heartbeat frequency, and uncovers
many other functions of the human body.

MEM“RY PAHK An interactive workshop with eleven unique psychological
tests of memory and orientation skills, some of them developed at IPHYS
(Laboratory of Neurophysiology of Memory) is offered to the public several
times a year and online on IPHYS website.

WEEK UF THE BHAIN IPHYS researchers participate every year in the Week
of the Brain - a unique cycle of lectures on the newest discoveries and
trends in brain research and neuroscience, which is a part of the world-
wide Brain Awareness Week.

THE HUMAN B[]I]Y IN HEAI.TH ANI] I]ISEASE Joint presentations of IPHYS's

researchers and clinicians presenting collaboration between experts from
basic research and clinical specialists, essential for the development of
novel diagnostic and therapeutic procedures, are organized twice a year.

S[:IENEE EXP" IPHYS participates in the annual Science Expo, a large fes-
tival of the Czech Academy of Sciences (45 000 visitors each year). Annualy
updated exhibition of IPHYS entitled “Research of diseases from a molecule
to the whole body” covers most of IPHYS's research.

ﬂPEN SBIENEE The Czech Academy of Sciences offers student internships
every year within the Open Science project, which allow high-school stu-
dents to access scientific institutes and laboratories and motivate them to
follow a career path in sciences. Students involved in the Open Science pro-
jects at IPHYS regularly achieve prestigious awards at the final Conference
of Open-Science Students.
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RESEARCH TOPIGS STUDIED AT IPRYS
(1354—2024)

*ARTICLES OF IPHYS SCIENTISTS CREATED/PUBLISHED ABROAD

CRITICAL PERIODS OF DEVELOPMENT, PERINATAL PROGRAMMING, LATE EFFECTS OF EARLY INTERVENTIONS (1954-2024)

Hahn, Ki¥eéek, Koldovsky, Housték, Kopecky

Hahn P, Kiecek ], Kieckova . The development of thermoregulation. I. The development of thermoregulatory mechanisms in
young rats. Physiol Bohemoslov 1956;5:283-290.

Novékova V, Faltin ], Flandera V, Hahn P, Koldovsky O. Effect of early and late weaning on learning in adult rats. Nature 1962;193:280.

Kraus M, Kieéek J, Popp M. Development of corticosterone production by adrenal gland in normally and prematurely weaned rats.
Physiol Bohemoslov 1967;16: 120-127.

Hahn P, Koldovsky O. Development of metabolic processes and their adaptation during postnatal life. In: Physiology and Pathology
of Adaptation Mechanisms, ed. E. Bajusz, Pergamon Press, 1969, pp. 48-74.

Kiecéek J. The theory of critical developmental periods and post-natal development of endocrine functions. In: The Biopsychology
of Development, eds E. Tobach et al., Academic Press, New York, 1971, pp. 233-248.

*Hahn P, Kirby L. Immediate and late effects of premature weaning and of feeding a high fat or high carbohydrate diet to weanling
rats. ] Nutr 1973;103: 690-696.

*Coates PM, Brown SA, Sonawane BR, Koldovsky O. Effect of early nutrition on serum cholesterol levels in adult rats challenged
with high fat diet. ] Nutr 1983;113:1046-1050.

*Hahn P. Effect of litter size on plasma cholesterol and insulin and some liver and adipose tissue enzymes in adult rodents. ] Nutr
1984;114: 1231-1234.

*Koldovsky O. Response of the gastrointestinal tract to premature weaning in experimental animals. Pediatrics 1985;75:199-206.

Housték J, Vizek K, Pavelka S, Kopecky J, Krejtova E, Hefmanska E, Cermédkova S. Type II iodothyronine 5'-deiodinase and
uncoupling protein in brown adipose tissue of human newborns. J Clin Endocrinol Metab 1993;77:382-387.

Pavelka S, Kopecky P, Bendlova B, Stolba P, Vitkova I, Vobruba V, Plavka R, Houst&k ], Kopecky J. Tissue metabolism and plasma
levels of thyroid hormones in critically ill very premature infants. Pediatr Res 1997;42:812-818.

Kus V, Prazak T, Brauner P, Hensler M, Kuda O, Flachs P, Janovska P, Medrikova D, Rossmeisl M, Jilkova Z, Stefl B, Pastalkova
E, Drahota Z, Houstek ], Kopecky J]. Induction of muscle thermogenesis by high-fat diet in mice: association with obesity-
resistance. Am J Physiol Endocrinol Metab 2008;295:E356-E367.

MUSCLE PHYSIOLOGY (1954-1979)

Gutmann, Hanzlikova, Hnik, Bass, Syrovy

Hnik P, Jirmanova I, Vyklicky L, Zelend J. Fast and slow muscles of the chick after nerve cross-union. J Physiol 1967;193:309-325.

Syrovy [, Gutmann E. Changes in speed of contraction and ATPase activity in striated muscle during old age. Exp Gerontol 1970;5:31-35.

Gutmann E, Hanzlikova V, Vyskotil F. Age changes in cross striated muscle of the rat. ] Physiol 1971;216:331-343.

Gutmann E, Schiaffino S, Hanzlikov4d V. Mechanism of compensatory hypertrophy in skeletal muscle of the rat. Exp Neurol
1971;31:451-464.

Carlson BM, Gutmann E. Development of contractile properties of minced muscle regenerates in the rat. Exp Neurol 1972;36:239-249.

Bass A, Gutmann E, Hanzlikova V. Biochemical and histochemical changes in energy supply enzyme pattern of muscles of the rat
during old age. Gerontologia 1975;21:31-45.

Gutmann E, Carlson BM. Contractile and histochemical properties of regenerating cross-transplanted fast and slow muscles in
the rat. Pfliigers Arch 1975;353:227-239.

Syrovy I, Gutmann E. Differentiation of myosin in soleus and extensor digitorum longus muscle in different animal species during
development. Pfliigers Arch 1977;369:85-89.

NEUROTROPHIC EFFECTS IN SKELETAL MUSCLE (1954-1993)

Gutmann, Zak, Vrbova, Beranek, Hnik, Syrovy, Vejsada, Paleéek

74k R, Gutmann E, Vrbova G. Quantitative changes of muscle proteins after stimulation of the muscle. Experientia 1957;13:80-81.

Beranek R, Hnik P. Long-term effects of tenotomy on spinal monosynaptic response in the cat. Science 1959;130: 981.

74k R, Gutmann E. Lack of correlation between synthesis of nucleic acids and proteins in denervated muscle. Nature 1960;185:766-767.

Gutmann E, Zak R. Nervous regulation of nucleic acid level in cross-striated muscle. Resynthesis of nucleic acids and proteins in
normal and denervated muscle. Physiol Bohemoslov 1961;10:501-509.

Gutmann E, Sandow A. Caffeine-induced contracture and potentiation of contraction in normal and denervated rat muscle. Life
Sci 1965;4:1149-1156.

Gutmann E, Melichna ], Syrovy I. Contraction properties and ATPase activity in fast and slow muscle of the rat during denervation.
Exp Neurol 1972,;36:488-497.

Carlson BM, Gutmann E. Regneration in free grafts of normal and denervated muscles in the rat: morphology and histochemistry.
Anat Rec 1975;183:47-62.

Carlson BM, Gutmann E. Regeneration in grafts of normal and denervated rat muscles. Contractile properties. Pfliigers Arch
1975;353:215-225.

Gutmann E. Neurotrophic relations. Annu Rev Physiol 1976;38:177-216.

Vejsada R, Hnik P, Navarrete R, Paletek ], Soukup T, Borecka U, Payne R. Motor functions in rat hindlimb muscles following
neonatal sciatic nerve crush. Neuroscience 1991;40:267-275.



*Vejsada R, Sagot Y, Kato AC. Quantitative comparison of the transient rescue effects of neurotrophic factors on axotomized
motoneurons in vivo. Eur | Neurosci 1995;7:1081-1015.

*Vejsada R, Tseng JL, Lindsay RM, Acheson A, Aebischer P, Kato AC. Synergistic but transient rescue effects of BDNF and GDNF on
axotomized neonatal motoneurons. Neuroscience 1998;84:129-139.

MECHANORECEPTORS DEVELOPMENT, MORPHOLOGY AND FUNCTION (1954-2016)

Zelena, Hnik, Hudlick4, Jirmanova, Soukup, Vejsada

Zelend ]. The morphogenetic influence of innervation on the ontogenetic development of muscle spindles. ] Embryol Exp Morphol
1957;5:283-292.

Zelend ]. Development, degeneration and regeneration of receptor organs. Prog Brain Res 1964;13:175-213.

Zelend ], Lubinniska L, Gutmann E. Accumulation of organelles at the ends of interrupted axons. Z Zellforsch Mikrosk Anat
1968;91:200-219.

Hnik P, Hudlicka O, Kucera ], Payne R. Activation of muscle afferents by nonproprioceptive stimuli. Am J Physiol 1969;217:1451-1457.

Jirmanova I, Thesleff S. Ultrastructural study of experimental muscle degeneration and regeneration in the adult rat. Z Zellforsch
Mikrosk Anat 1972;131:77-97.

Zelend ], Soukup T. Development of muscle spindles deprived of fusimotor innervation. Z Zellforsch Mikrosk Anat 1973;144:435-452.

Zelend ], Soukup T. The differentiation of intrafusal fibre types in rat muscle spindles after motor denervation. Cell Tissue Res
1974;153:115-136.

Zelend ]. The development of Pacinian corpuscles. ] Neurocytol 1978;7:71-91.

Hnik P, Vejsada R, Goldspink DF, Kasicki S, Krekule I. Quantitative evaluation of electromyogram activity in rat extensor and flexor
muscles immobilized at different lengths. Exp Neurol 1985;88:515-528.

Soukup T, Pedrosa F, Thornell LE. Influence of neonatal motor denervation on expression of myosin heavy chain isoforms in rat
muscle spindles. Histochemistry 1990;94: 245-256.
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