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Ph.D. Programme
Plant Anatomy and Physiology

“Plant physiology is everywhere around you.“

The aim of the program is to prepare top young  
scientists in the fields of contemporary physiology 
and experimental biology of plants. 

Topics of Ph.D. study range from internal structure 
and function of plant cells to tissues and organs, 
individual plants and their populations. 

The topics include physiological processes, such as 
e.g. photosynthesis, transpiration, nutrient uptake and 
utilization, growth and development, stress and 
ecological physiology of plants including mycorrhiza 
and plant responses to extreme environments. 
Interdisciplinary approach is applied including anatomy, 
biochemistry, biophysics, molecular biology, genetics, 
biotechnologies, and ‚omics‘.

Department 
of Experimental 
Biology
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Analytical Geochemist

Department of Chemistry 
Department of Geological Sciences

The study is based on independent creative activity 
and research of experimental character under the 
guidance of a supervisor.

The graduate will be master in knowledge of the rock 
environment and analytical methods. He will realize the 
links between geosciences and analytical chemistry.

The study is designed so that the graduate is prepared 
not only for scientific research activities but also for the 
fulfilment of tasks of geological practice and generally 
for employment in the industry.

Department 
of Chemistry
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PhD degree program in Biochemistry

The goal of studies is to prepare highly-qualified 
specialists for further working in the field of biochemistry. 
Modern instrumentation and experienced personnel 
at the Department of Biochemistry create opportunities 
for student to be involved in numerous research 
activities concerning metabolic and regulatory processes 
in bacteria, fungi and higher plants as well as various 
biochemical aspects of human pathogenesis. 

The palette of possibilities is broadened through 
our long-term educational cooperation with other 
research institutions, such as Veterinary Research 
Institute (molecular toxicology, vaccine development) 
and Institute of  Biophysics (DNA-protein interaction).

Department
of Biochemistry
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Biomolecular Chemistry 
and Bioinformatics

The Biomolecular chemistry and bioinformatics study 
programme provides students with in-depth knowledge 
of the structure of biologically important bio(macro)
molecules (proteins, nucleic acids, oligosaccharides, 
etc.) and the relationships between their structure and 
biological function.

The technical facilities allow students regular use  
of the most modern methods, both experimental 
(nuclear magnetic resonance, x-ray diffraction, 
cryo-electron microscopy, methods in biomolecular 
interactions studies, methods of molecular biology) 
and computational (quantum chemistry, molecular 
mechanics and dynamics, bioinformatics, chemoinformatics).

National Centre
for Biomolecular
Research

SARS-CoV-2 spike protein Capsid of HIV-1 virus Tunnels in cytochrome 450 protein
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Chemistry

The doctoral study program of Chemistry aims at 
training highly skilled specialists in five specialization 
fields of study: 

• analytical

• inorganic

• physical

• materials

• organic chemistry

Training of doctoral students is carried out at the 
Department of Chemistry, Faculty of Science and is 
based on scientific research and independent creative 
activity in selected fields and areas of research 
or development. 

Department 
of Chemistry
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Are you fascinated by the diversity of life?
Gain high-quality education in the field of 
Botany, Ecology, Hydrobiology, 
Parasitology and Zoology.

Ecological and Evolutionary Biology is a doctoral 
programme with a broad thematic scope, mainly 
focussing on biosystematics, taxonomy, ecology, 
palaeoecology, evolutionary ecology, evolutionary biology, 
ethology, and diversity of organisms on the level of 
individual species, populations, communities, and floras 
and faunas of various areas. 

Special attention is paid to the study of interactions 
between organisms and their environment, and the 
study of interspecific interactions, e.g. parasite-host 
or predator-prey. 

The broad scope of the programme is divided into five 
specializations mentioned above, defined both by the 
taxa studied and the methods used.

Department
of Botany
and Zoology
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Department of Geography
PhD Study Physical Geography

“Explore the nature in wide context“

The program aims to prepare specialists in specific 
disciplines of physical geography:

• Meteorology and climatology

• Hydrology, limnology and glaciology

• Geomorphology, pedology and pedogeography

• Landscape ecology and biogeography

• Palaeogeography and palaeoclimatology 

Study offers geographical synthesis of partial  
disciplines of physical geography through  
summarizing topics of landscape ecology,  
environmental geography, natural hazards  
and impacts of environmental climate change.

Students can apply the qualifications especially  
in academic workplaces, research and departmental  
institutions, or also in the private sector.

Department
of Geography 
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Geology 

“Understand our planet Earth!“

The Doctoral Study Program Geology is a broadly 
scoped program across multiple fields of geological 
sciences with a high number of PhD students and  
supervisors. It is divided into the following five  
specializations, in accord with the topics of student’s 
doctoral research:

• Dynamic geology, tectonics and physics of the Earth

• Stratigraphy, paleontology, sedimentology

• Mineralogy, petrology and economic geology

• Geochemistry and hydrogeology

• Applied and environmental geology

The Ph.D. graduates will find positions mainly in basic 
or applied research, e.g. at universities, research  
institutes such as the Academy of Sciences CR, Czech 
Geological Survey, museums.

Department
of Geological
Sciences
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GENOMICS and PROTEOMICS

Our program covers wide topics of genome structures and 
functions in different living systems. Their structural ele-
ments build of nucleoprotein complexes. More  
generally, topics concern analysis of proteomes and  
characterization of particular proteins. 

Our students acquire knowledge and skills in  
biological disciplines (like genomics, genetics,  
molecular biology, microbiology, etc.), in biochemistry 
and proteomics (like structural biochemistry, functional 
proteomics) and in biophysics.

Our students are supervised by top experts in their 
fields of expertise. You can search the topics and  
supervisors by using the QR code below.

National Centre
for Biomolecular
Research
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Department of Geography
PhD Study Cartography, Geoinformatics
and Remote Sensing

“Map and model the geospace“

The program Cartography, geoinformatics,  
and remote sensing aims to prepare specialists  
in given geographical disciplines including scientific 
and language skills.

Objectives:

• Modern methods of cartographical visualization

• Historical, cognitive, virtual and 3D cartography

• Advanced satellite image classification and 
 machine learning

Students can apply the acquired qualifications  
especially in academic workplaces, research and  
departmental institutions, or also in the private sector.

Department
of Geography 
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Mathematics and Statistics 

Research in Mathematics and Statistics has long 
and rich history in Brno. The expertise of the  
Department of Mathematics and Statistics covers 
a broad range of topics in Analysis, Algebra, Geometry, 
Mathematical Modelling and Statistics. It is particularly 
strong in the areas of:

• Categories and ordered sets, number theory, 
 semigroup theory

• Geometric structures, geometric complex 
 analysis, algebraic topology

• Theory of differential and difference equations, 
 calculus of variations and optimal control

• Mathematical modeling, statistics and data 
 analysis, applications in biology and medicine

The Department enjoys strong international  
environment for research.

Department
of Mathematics
and Statistic
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Molecular and Cell Biology 
and Genetics

Are you excited by the universe of a living cell? How 
molecules are coordinated to control cell behavior 
and development? Why disruption of this harmony can 
cause diseases? What is the role of genes and heredity 
in this process? Would you like to assist in research  
of cancer? Are you attracted by genetic information? 
Are you tempted to read it, change it or clone it?  
Do you prefer working with viruses, bacterial, plant,  
animal or human cells? 

We got them all!

We offer well-equipped laboratories and a team  
of experienced scientists and teachers willing to 
guide you into the intoxicating world of science  
and discoveries.

Department 
of Experimental 
Biology
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Microbiology Ph.D. programme

“Life on the Earth is not possible without microbes“.

The programme’s goal is to develop students into top 
specialists in microbiology of prokaryotic and  
eucaryotic cells. The individual laboratories of the  
Microbiology programme cover the following research 
areas in which doctoral students are also trained:

• Microorganisms and healthy human population

• Biodiversity of Antarctic habitats

• Antibiotic resistance within bacteria

• Zoonosis and emergent viral infections

• Taxonomy and diversity of prokaryotes

• Polyphasic classification of prokaryotes

• Food-safety and fast proof of pathogens

• Methanogenic archaea – detection and application

• Synthetic biology

Department 
of Experimental 
Biology
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Department of Geography
PhD Study Social Geography 
and Regional Development

“Men in society – Society in Space”

The study program Social Geography and Regional 
Development (SGRD) focuses on the study of spatiality 
of social life.

 Objectives:

• Comprehensive view alowing the interpretation 
 of social, economic, environmental, political and 
 cultural processes. 

• Understanding of the sensitivity to scale of studied 
 phenomena and processes, i.e. the interest 
 in interpreting processes taking place at different
 hierarchical levels.

Students can apply the acquired qualifications  
especially in academic workplaces, research and  
departmental institutions, or also in the private sector.

Department
of Geography 
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LIFE SCIENCES
• Bio-omics
• Structural Biology

Multidisciplinary PhD study programme focused  
on the study of living systems at different levels. 

Thanks to access to state-of-the-art infrastructure, 
students can efficiently combine various biochemical, 
bioanalytical, and visualization instrumental techniques 
with solving biological problems. 

Students are members of the selected research 
groups at Central European Institute of Technology  
– CEITEC, which is recognized for excellent research 
and international environment. 

Part of CEITEC PhD School
Follow us at: www.ls-phd.muni.cz 



www.sci.muni.cz

Environmental Health Sciences
Get Ph.D. degree at RECETOX 

YOUR SPECIALIZATION – YOUR CHOICE:

• Environmental chemistry and toxicology

• Computational biology, bioinformatics and modelling

OUTSTANDING CONDITIONS:

• Competitive full-time salary support for 4-years

• Interdisciplinary topics and tailored study plan

• Excellent scientists and friendly community 

• State-of-the-art research infrastructure

• Support for international mobility and internships

• Advanced courses developing the transferable skills

Learn more at RECETOX.MUNI.CZ

|RECETOX
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Glycobiochemistry

CEITEC Masaryk University

Research areas

• Carbohydrate-binding proteins involved

in host-pathogen interactions

• Human glycosyltransferases and their role 

in cancerogenesis

• Glycosyltransferases participating 

in mycobacterial cell wall synthesis

• Protein engineering of lectins

• Biomolecular interactions

Main objectives

• To study the therapeutic aspects 

of recognition and adhesion phenomena              

in host-pathogen interactions

• Investigations of the structures and 

interactions of biomacromolecules and their 

relations to the functions of living systems, 

disease and therapy

Content of research

Our research focusses on structure-function studies of proteins which

participate in (oligo)saccharide syntheses (glycosyltransferases), or

specific recognition (lectins). Carbohydrates are essential for life and,

in addition to their conventional role as structural and energy storage

components, they play crucial roles in many recognition events.

One of the groups of proteins we are interested in are lectins from human

opportunistic pathogens, such as Pseudomonas aeruginosa, Burkholderia

cepacia complex, Aspergillus fumigatus, etc. These organisms are usually widely

spread around the population and are not dangerous to healthy individuals. On the

other hand, they become highly virulent in contact with immunocompromised

patients. Infections developed are associated with high morbidity and mortality in

the infected people.

We are identifying new potential lectin targets using bioinformatics tools, and

they are prepared in recombinant form using molecular biology approaches. The

complementary techniques of binding experiments, isothermal titration

microcalorimetry, surface plasmon resonance and high resolution X-ray

crystallography are used to decipher the binding of lectins from pathogens to their

host carbohydrates.

Functions of carbohydrates

In addition to their well 

known role as an energy 

source, sugars also play     

a structural role and they 

are involved in the 

molecular recognition 

in/between cells and 

organisms.

Did you know that antigens 

of ABO blood group system 

are actually sugars?

The information encoded in 

the sugar structures on the 

surfaces of the cells („sugar 

code“) could be read by 

antibodies or by specialized 

proteins – lectins.

Pathogens can use lectins

for recognition and binding 

to the host cells.

ABO structures Microbial lectins

prof. Michaela Wimmerová, Ph.D.

Research Group Leader

https://www.ceitec.eu/glyco

E-mail: michaela.wimmerova@ceitec.cz

Structure-function correlation of protein/carbohydrate interaction 

forms the basis for the rational design of carbohydrate-based drugs 

directed against adhesion and virulence…

REVENGE IS SWEET!



PhD Topic – CEITEC PhD school – Life Sciences
Investigating pre-mRNA alternative splicing during 

the embryonic thermoresponse in Arabidopsis
Transcript variants generated by alternative splicing (AS) of a precursor
mRNA transcript expand the cellular protein catalog for the plant response to
various stresses without the requirement of de novo transcription. AS is a
molecular strategy taken by plants under temperature stress to limit the
adverse effects of high temperatures and to adjust their growth and physiology
during the stress period. Heat Shock Proteins (HSP) and Heat Shock Factors
(HSF) are among the targets of temperature-induced AS. Our lab
investigates how high temperatures affect embryo morphogenesis and
seed development.

We identified that AS regulators are upregulated in seeds of plants grown at
high temperatures. The project will investigate the implications of AS in
the morphogenic alterations of Arabidopsis embryos when developing at
high temperatures. The proposed experimental approaches include profiling
of AS events in high-temperature seeds. Specific candidates whose
transcripts are targeted by AS at high temperatures, and known for their
involvement in embryo morphogenesis, will be functionally characterized:
expression analysis (microscopy), phenotyping (genetics), ectopic expression
(cloning, generation of transgenics), etc.

Laloum, T., Martín, G. & Duque, P. Alternative Splicing Control of Abiotic Stress 
Responses. Trends in Plant Science 23, 140–150 (2018). 

More info on our group page
http://boisivonlab.ceitec.cz

Hélène Robert Boisivon
helene.robert.boisivon@ceitec.muni.cz

Twitter @R_Boisivonlab

http://boisivonlab.ceitec.cz/
mailto:helene.robert.boisivon@ceitec.muni.cz


PhD Topic – CEITEC PhD school – Life Sciences
Role of the AUXIN RESPONSE FACTOR5 and 

miRNAs in embryogenic transition in Arabidopsis 
Somatic embryogenesis is the plant's unique developmental capacity to
switch on an embryonic developmental program in somatic cells. The
somatic embryogenesis process is also a valuable working model to decipher
the molecular mechanisms that determine the capacity of somatic cells to
reprogram into embryonic cells. The plant hormone auxin is one key
regulator and inducer of the process. And the AUXIN RESPONSE FACTOR5
plays a fundamental role in regulating many aspects of the somatic
embryogenesis response. ARF5 may regulate the expression of auxin
biosynthetic YUCCA enzymes and post-transcriptional modulators such
as miRNA390s.

The project will include the functional analysis of the MIR390 genes during
the embryogenic transition and the analysis of the functional
relationship between ARF5 and selected YUCCAs. The proposed
experimental approaches include the preparation of molecular reporters and
various other constructs (cloning and generation of transgenics), the
preparation of CRISPR-based mutants and their phenotypic analysis
(genetics, tissue culture), and the analysis of expression (microscopy, RT-
qPCR), among others.
The Ph.D. topic is part of a bilateral collaborative project with the Polish
research team led by Dr. Barbara Wójcikowska in the lab of Prof. Gaj at the
University of Silesia in Katowice.

More info on our group page
http://boisivonlab.ceitec.cz

Hélène Robert Boisivon
helene.robert.boisivon@ceitec.muni.cz

Twitter @R_Boisivonlab

http://boisivonlab.ceitec.cz/
mailto:helene.robert.boisivon@ceitec.muni.cz
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Drugs deserve the same attention as other pollutants. An increasing portion of pharmaceuticals as contaminants of emerging 
concern in poorly treated wastewaters or sludge (López-Pacheco et al., 2019), which are currently often used for fertilization 
or irrigation of agricultural soils in arid areas, represent a serious problem not only because of environmental contamination

but even concerning the production and quality of crops. From this point of view, the root system of plants is the primary 
target of contamination, and its changes can impact the crop yield.

The present study evaluated the effect of increasing treatment of non-steroidal anti-inflammatory drug naproxen on the 
roots of Pisum sativum (morphological, anatomical and biochemical changes) .

Our results prove that plant are able to take up drugs. Enhanced formation of ROS, lipid peroxidation, loss of the plasma 
membrane integrity, and changes in antioxidant and redox systems modulated the pea root growth and structure in response 
to increasing NPX treatment. Furthermore, the documentation of anatomical and morphological changes to which no 
appropriate attention has been devoted yet, shows, that the alterations on subcellular level especially under high treatments
express to the level of tissues and organs.

Morphological-anatomical study of roots of 
plants growing in environment contaminated 

with pharmaceuticals

Section of Experimental plant biology
Laboratory of persistent organic pollutants

https://www.sci.muni.cz/ebr 

Mgr. Lucie Svobodníková, svobodnikova@mail.muni.cz
doc. RNDr. Marie Kummerová, CSc.
RNDr. Štěpán Zezulka, PhD.

0 mg/L NPX

10 mg/L NPX

López-Pacheco, I.Y., et al., 2019. Sci. Total. Environ. 690, 1068-1088.
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Tomáš ŘEZNÍK, Jakub HRÁDEK, Radim ŠTAMPACH, Lukáš HERMAN, 

Šimon LEITGEB, Tomáš PAVELKA, Kateřina TROJANOVÁ, 
Martina KLOCOVÁ, Filip LEITNER, Alexandra JELEŇOVÁ, Lucie HASÍKOVÁ 

Crop yield is probably the most important measure of a farmer's 
performance, as it embodies the result of all the efforts and 
invested resources in the development of plants on fields. 
Therefore, knowledge of precise spatial patterns in yield is 
crucial for its estimation and prediction. We work with yield data 
from 2 sources – multispectral satellite imagery and data from 
yield monitors mounted directly on field harvesters
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Optimization algorithm currently takes the form of pseudo-
code. However, writing works classically, other functions are 
called from the main function, which perform various actions. 
The function currently addresses the observance of contour 
lines to reduce erosion, turns on headlands, definition of 
boundaries, division of fields, return after work, etc. The whole 
work process is schematically drawn in UML diagrams.

The fields were also investigated in terms of morphometric 
characteristics. These were compared with the yield potential 
- characteristics and indices were created from remote 
sensing images.

Landscape memory is often a neglected part of research. It 
cannot be ruled out in the case of data for precision agriculture. 
This aspect is explored mainly through remote sensing and 
photogrammetry. A large amount of data is processed in the 
research.

One of the important functions of the optimized algorithm is to 
reduce the load exerted on the soil by the machine. The biggest 
source of load is the rotation of the machine around obstacles 
and at the boundaries of fields. With the help of geoinformation 
technologies and new agronomic practices, the problem of 
excessive soil compaction can be solved. 

3D �������������



We use comprehensive methodological approaches including bioinformatic in silico analyses, biophysical methods for

in vitro experiments (such gel-shift analyses, CD spectroscopy, fluorescent anisotropy, atomic force microscopy,

fluorescent and confocal microscopy) and advanced molecular biology techniques (including cloning, bacterial and yeast

expression systems, yeast isogenic expression system, human cell lines, etc.). We have an advantage of using in house

developed software for local DNA structure search in whole genomes.

Selected publications:

Proteins interactions 

with DNA 

focus on local DNA 
structures

Assoc. Prof. Brázda’s group is situated at the Institute of Biophysics of the Czech Academy of Sciences in

Brno. In our laboratory we use bioinformatical, biophysical and molecular biology approaches to study

local DNA structures (such as cruciform, G-quadruplexes and i-motifs) and their interaction with various

proteins. These include proteins involved in cell cycle regulation (p53) or in defense mechanisms against viral

infections (IFI16) and cancer related transcription factors. The three-dimensional molecular structure of DNA

can be dramatically affected by nucleotide changes, which can cause differences in protein-binding affinity and

basic biological processes. As such, it is not surprising that many proteins have been shown to exhibit

structure-specific binding properties. Contemporary we have developed easily accessible web tools for

analyses of inverted repeats and G-quadruplexes in genomes.

A deeper understanding of the processes related to the formation and function of alternative DNA structures is

an important component to consider in the post-genomic era.

Assoc. Prof. Václav Brázda, Ph.D.

vaclav@ibp.cz

O. Porubiaková, N. Bohálová, A. Inga, N. Vadovičová, J. Coufal, M. Fojta, 

V. Brázda, The Influence of Quadruplex Structure in Proximity to P53 

Target Sequences on the Transactivation Potential of P53 Alpha 

Isoforms, IJMS. 21 (2020) 127. 

V. Brazda, M. Fojta, R.P. Bowater, Structures and stability of simple 

DNA repeats from bacteria, Biochem J. 477 (2020) 325–339. 

V. Brázda, M. Bartas, J. Lýsek, J. Coufal, M. Fojta, Global analysis of 

inverted repeat sequences in human gene promoters reveals their 

non-random distribution and association with specific biological 

pathways, Genomics. 112 (2020) 2772–2777. 

M. Bartas, V. Brázda, J. Červeň, P. Pečinka, Characterization of p53 

Family Homologs in Evolutionary Remote Branches of Holozoa, 

IJMS. 21 (2020) 6. 

M. Bartas, V. Brázda, N. Bohálová, A. Cantara, A. Volná, T. Stachurová, K. 

Malachová, E.B. Jagelská, O. Porubiaková, J. Červeň, P. Pečinka, In-

Depth Bioinformatic Analyses of Nidovirales Including Human SARS-

CoV-2, SARS-CoV, MERS-CoV Viruses Suggest Important Roles of 

Non-canonical Nucleic Acid Structures in Their Lifecycles, Front. 

Microbiol. 11 (2020). 

V. Brázda, J. Kolomazník, J. Lýsek, M. Bartas, M. Fojta, J. Šťastný, J.-L. 

Mergny, G4Hunter web application: a web server for G-quadruplex 

prediction, Bioinformatics. 35 (2019) 3493–3495.

V. Brázda, M. Fojta, The Rich World of p53 DNA Binding Targets: The 

Role of DNA Structure, IJMS. 20 (2019) 5605. 

M. Bartas, M. Čutová, V. Brázda, P. Kaura, J. Št’astnỳ, J. Kolomazník, J. 

Coufal, P. Goswami, J. Červeň, P. Pečinka, The Presence and 

Localization of G-Quadruplex Forming Sequences in the Domain of 

Bacteria, Molecules. 24 (2019) 1711.

J. Cechová, J. Lýsek, M. Bartas, V. Brázda, Complex analyses of 

inverted repeats in mitochondrial genomes revealed their 

importance and variability, Bioinformatics. 34 (2018) 1081–1085. 

M. Bartas, V. Brázda, V. Karlický, J. Červeň, P. Pečinka, Bioinformatics 

analyses and in vitro evidence for five and six stacked G-quadruplex 

forming sequences, Biochimie. 150 (2018) 70–75. 

V. Brazda, J. Čechová, M. Battistin, J. Coufal, E.B. Jagelská, I. Raimondi, 

A. Inga, The structure formed by inverted repeats in p53 response 

elements determines the transactivation activity of p53 protein, 

Biochem. Biophys. Res. Commun. 483 (2017) 516–521.

L. Haronikova, J. Coufal, I. Kejnovska, E.B. Jagelska, M. Fojta, P. 

Dvorakova, P. Muller, B. Vojtesek, V. Brazda, IFI16 Preferentially Binds 

to DNA with Quadruplex Structure and Enhances DNA Quadruplex 

Formation, PLOS ONE. 11 (2016). 



Structure and Dynamics of Nucleic 

Acids and Proteins 

Head of the lab: Prof. RNDr. Jiří Šponer, DrSc. 

• E-mail: sponer@ncbr.muni.cz  

• Affiliation: BFÚ AVČR (Brno), CATRIN UPOL 

(Olomouc), MUNI (Brno) 

• +24 000 citations,  H-index 78, 

• Among the most cited Czech scientists  

 

What do we study?  
• Function and chemical 

evolution of RNA and DNA 

• Origin of life (prebiotic 

chemistry) 

• RNA structural dynamics, 

folding and catalysis 

• Protein-RNA complexes 

• B-DNA, DNA/RNA hybrids, 

and non-canonical structures 

(G-quadruplexes and Holliday 

Junctions) 

• Chemically modified RNAs 

• Method development 

 

 

How do we study?  
• State-of-the-art 

computational methods:  

• Classical molecular dynamics 

(MD) simulations 

• Quantum Chemical (QM) and 

QM/MM methods  

• Extensive collaborations with 

experimental laboratories 

(NMR, X-Ray, high-energy 

lasers, MALDI, biochemical 

techniques) 

 
 

 

 

Equipment 
• Modern and regularly upgraded 

computer clusters 

• 3000 CPU cores, 137 GPU 

cards, 250 TB disk arrays 

 

 
 

 

 

We offer you… 
• Workplace for Bc. / Mgr. / PhD. Thesis 

• Cutting-edge computational methods 

and equipment 

• Friendly and inclusive environment of a 

well-established research team 

• Chance for international collaboration 

and networking 

• Competitive salary and performance 

bonuses 

• Excellent start for your scientific career 

(possibility of multiple first-author 

publications in standard 4-year PhD.) 

• Full-time home office during pandemics 

We ask for… 
• Dedication and hard work 

Origin of Life 
Creation of the first chemical life, 

the first RNA, on the Earth (or 

anywhere else in the Universe) 

four billions of years ago from 

the simplest anorganic 

molecules. Be the one to show 

how it all began! 

 

 

 

 

 

 

 

 

 
Method development 

Derivation of parameters for 

MD simulations (force fields) 

via high-level QM 

calculations. The world-wide 

used force fields for RNA and 

DNA simulations (OL3 and 

OL15) were developed in our 

team. Further refinements are 

necessary to improve 

performance of MD 

simulations. Let’s get it right 

once and for all! 

G-quadruplexes 
Extremely versatile and 

mysterious molecules. How 

can a biopolymer with 20-

30 residues fold on 

timescale  of hours to 

weeks? Apply to our 

world-leading group and 

find out all that and 

more! 

 

 

 

 

Protein-RNA 
The role of structural dynamics, 

flexibility and disorder. How can one 

protein read different RNA targets? 

How can reactivity be separated from 

affinity? Join our team and you could 

be the one to uncover all that is 

missing in structural experiments. 

 

 

PhD students and alumni: 

• Dr. Miroslav Krepl (PhD. 2013-2017) – 35 publications, H-index 15, 

Wichterle award, French Embassy award, silver medal of MUNI 

• Dr. Petr Stadlbauer (PhD. 2013-2017) – 26 publications, H-index 16, 

Wichterle award, Dean’s award 

• Pavlína Pokorná (PhD. 2018-now) – 7 publications, H-index 3, Brno 

PhD. Talent 

 



MUNI
SCI

Laboratory 
Of Recombination 
And DNA Repair

MED.MUNI.CZ/LORDGabriela Pavlíková  |  pavlikova@med.muni.cz

Lumír Krejčí  
Group

focuses on role of Homologous recombination in DSB  
repair and processing of stalled replication forks and its  
relationship with genome instability and development of 
several diseases including variety of cancers and ageing

• well established laboratory with international membership
• more than 80 papers in excellent journals (Nature, Cell, Mol Cell, NAR, Cell Reports, etc.)

• unique collaboration with UK-based pharma company

We 
Offer

PhD 
candidate  
should 

• fully founded position and career development plan
• projects, which contribute to a rapidly advancing, very competitive field
• possibility of international stays at numerous collaborating laboratories

• apply with MSc in molecular biology, biochemistry or similar field
•  demonstrate essential training in a range of molecular biology techniques relevant  

to basic research
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PROBABILISTIC VALIDATION OF PRODUCTION FLOWS

Kadir Emir, David Kruml, Jan Paseka and Iveta Selingerová
Department of Mathematics and Statistics, Masaryk University

Goal
We create a probability based software simulating mass production. It will assist a master
to plan manufacturing. We do not optimize.

Production flow
The production flow propagates as a certain 2-dimensional manifold through a 3-
dimensional mass-space-time. The dimensions are:
•Mass N is a number of processed units.

• Space l expresses how the flow progress through a production network.

•Time t has its usual physical meaning.
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Each point (N, l, t) of the flow expresses the statement: “Nth unit passed node l at time
t.” The production can be put into an enveloping cuboid starting at vertex “nothing done,
input node, time zero”and finishing at vertex“all done, output node, last item just finished”.
Proportions of the cuboid could be associated with economic value of the production —
more mass means better, more space means more added value, thus also better, more time
means worse. Hence, value v could be näıvely expressed as

v =
Nl

t
.

The flow can be studied by perpendicular cuts:

• A space-time cut represents a motion of one unit through the path.

• A time-mass cut represents a signal at one node, i. e. a function which expresses a
number of units passed in time.

• A space-mass cut represents a snapshot of overall progress at one moment.

Stochastic signals
Here, we would like to describe a probabilistic extension of the above model in the sense
that any flow parameters could be considered as random variables. In this case, the
resulting flow should not be imagined as a surface anymore but as a “fuzzy cloud” inside
the space-time-mass – i.e., representing the density of possible runs of a given plan.
One can consider the flow as a collection of random walks or an analog of two-dimensional
distribution. In this formalism, the marginal distributions along time and the marginal
distributions along mass share quantiles. For a quantile Qp we should rather speak about
the complementary quantile Q1−p because of the orientation of the time and mass axes.

time

mass

Q1
4

Q1
2

Q3
4

Q
1 4

Q
1 2

Q
3 4

The “cloud” in the above figure is drawn by multiple runs of a probabilistic process. The
first, second, and third quartile is depicted by a cyan, blue, and magenta lines, respectively
(From the mass point of view, the order is reversed).
We know that random effects are often dependent. For instance, an error of one process
can affect the behavior of other processes or waste in series due to inappropriate machine
setting. However, we suppose that many types of dependencies vanish when the random
effects are resolved to elementary ones and positioned to appropriate segments in the model
hierarchy.

Aggregation of random effects
Our simplified method is based on quantiles’ and moments’ properties. Since the resulting
calculus is approximate on inputs and outputs, it can contribute to “fuzzified” probability
theory. The aggregation can be either serial or parallel. For example, in the former case,
we can sum the effects of more processes on one product, or more products worked in one
process. In the latter case, we can add output streams of more processes (machines). We
distinguish two main tasks:

Summation of independent random variables. A particular case is that we sum multi-
ple identical copies of a variable.

Change of coordinates. We need to model a dependent variable “orthogonal” to a given
variable. A typical situation is a relation between time and processed material — we
know when a given quantity is processed, and we need to know how many products are
made at a given time.

Combining the two tasks allows to aggregate parallel effects (because the orthogonal vari-
ables are in a serial position) or estimate stock development.
It is well known that mean, variance, and the third central moment are additive, i. e.
the sum of independent variables is parametrized by sums of the moments. Thus these
moments are promising characteristics for the simplified summation of random variables.
We believe that they can model the actual probability distributions with accuracy sufficient
for many practical applications.
On the other hand, the two variables mentioned in the task “change of coordinates” share
quantiles — at any point, we can speak about slower or faster runs, and such meaning is
the same for both “views”.

time

mass

Point (t, N) in the above picture represents a state that mass N is produced at time t.
It is equivalent to say that some run of the process is slower because it produces less in
the same time or takes more time to produce the same mass. Thus we can model the
vertical (mass, black) distribution from development of quantiles of the horizontal (time,
gray) distribution.

Experiments
We have performed several tests to verify the method. Some selected natural examples of
distributions X and Y were generated, each comprising 1000 observations. The quantile
function for the sum X+Y (empirical) is compared with the one obtained from our method
(estimated). For all of the experiments, the logistic and the normal distribution were used
as the reference distributions and compared.
The choice of reference distribution between normal and logistic has a marginal effect
in all of the performed experiments. Likewise, in other today’s applications, the logistic
distribution can be preferred by many users for a simpler analytic description and a more
straightforward generalization.
The presented method provides perfect results if the summed distributions X, Y are normal,
logistic, or perhaps just symmetric, which is not surprising.
When we applied the Monte Carlo simulation on the example with 1000 runs in each
sample, most of samples also approved the reliability at least 90% but there was a few of
runs which did not reach it. In contrast, our method behaves deterministically and provides
stable answers (even that they can be sometimes wrong).
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Goal
We create a software simulating mass production. It will assist a master to plan manufac-
turing. We do not optimize.

Factory

inventory machine 1 buffer machine 2 shipping

control centre

material flow information flow

A factory is expressed as a dagger compact category:
objects — nodes, morphisms — devices (machines, stacks, etc.),
composition — serial grouping, tensor — parallel grouping, dagger — flow reversal.

A
C

B
= (B ⊗ C) ◦ A

Material is preserved — an analogy with quantum information.

Signals
A production flow is a collection of signals (time functions) in all nodes. Signals are
assumed to be periodic. We express them as words over {x, o} where x represents a pass
of a produced item and o is a unit gape.

x = o = xo2 = o(xo2)2xo6 =

Flows can be multivalued — then we add more letters to the alphabet. In a probabilistic
model, letters are considered as random variables.
Devices perform as relations on the space of signals:

s s′
D (s, s′) ∈ D

Tensor is formal — union of relations with disjoint domains.
Dagger is the inverse of relations.

Machines
Machines typically perform as deterministic devices. The input and output signals depend
only on process parameters (delay, period, batch size) and a production schedule.

• delay

• cycle time

change-over • → •

• cycle time

• delay

batch sizeinput

output

Stacks
Stacks are passive and “highly non-deterministic”. They are characterized by capacities
and initial stocks. A stack must not be overdrawn nor overfilled during operational time.
Current stock is a sum of initial stock, number of incoming items (integral of the input
signal), and a negative number of outgoing items (integral of the output signal).

+
∫ t

0 . . .

−
∫ t

0 . . .

=

0

C

initial stock

input signal

output signal

current stock

Composition of devices
Composition of two stacks is a stack, capacities and stocks are summed up.
Composition of two machines is a machine with common restrictions.
Composition of a machine and a stack is difficult. We do not wish to solve it with a full
generality. Instead, we use a concrete schedule of production, construct signals by machines,
and validate them on stacks. By above observations, every network can be made to one
with alternating stacks and machines.

= = = ?

Simulation algorithm

Technologies

• ABC
• AB
• AA
• ABA
• ABA
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Network design

Parameters

• A cycle 3, delay 8
• B cycle 5, delay 5
• A 1st working cycle 4, delay 9
• A 2nd working cycle 8, delay 15
• → • A change-over 50
• 1st → 2nd A change-over 20

Stocks and capacities

• ` → A 100/200 • ` → A 150/200
• A→ B 20/50 • A→ A 0/100
• B → a 40/160 • A→ a 0/100 A B
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Concretized network
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Schedule (Gantt chart)
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ValidationResults

• All tests passed⇒ the plan is ok.

• New values of stocks are pre-
dicted, in particular how many
items will be produced.

• If some test fails, then we know
precisely where, when, and why.

• In a probabilistic model, we get a
probability of success (instead of
the yes/no answer).
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and MPO ČR CZ.01.1.02/0.0/0.0/15 019/0001370 is gratefully acknowledged.

References
Kruml D., Paseka J., 2018. Categoric simulation of production flows. Proceedings of the
17th International Conference on Modeling and Applied Simulation, pp. 68–75. 17-19
September 2018, Budapest (Hungary).



Qualitative properties of differential
and difference equations

by PhD students of mathematical analysis J. Jekl, I. Dř́ımalová

Derivatives and differences
It turns out that observing the rate of change of something can be a potent tool. This principle is included in
many laws of physics, economy, chemistry, biology and others. It may be because we do not live in a world that
stands still as in fact it moves along. Derivatives describe continuous changes of state, and differences represent
discrete ones. Hence, we study equations containing functions/sequences and their derivatives/differences.

Example
The atmosphere is a liquid which behaviour is predicted mainly based on four laws of physics. Three of them
include differential equations with respect to time and space, where we predict changes of several quantities (e.g.,
temperature). However, we do not know their solutions thus we approximate them and study their qualitative
properties.

Deterministic chaos
Deterministic chaos, which appears in some differential equations,
makes weather forecasts uncertain. Moreover, this uncertainty can only
be lessened but cannot be eliminated. For this and other reasons, it is
often helpful to know the qualitative properties of differential and
difference equations even when we do not know their solutions.
For example, we do not need to know the exact forces affecting a
bridge. On the other hand, it is great to see whether it will fall down
and what happens if some parameters change. Find for yourself how
oscillation destroyed a bridge in Tacoma.

Figure: Direction field of
wind. Compare it with
diagrams from biol-
ogy/chemistry/et cetera.
K. Jeklová et al.
Interannual var. of air
temp., 2020.

Figure: Part of a
bifurcation diagram of
the logistic map (chaos
included). Source: own.

Mathematical analysis team
In mathematical analysis, we can ask many questions, and often, the answer would be: Maybe. Open questions are
still waiting to be solved. Our team consists of about ten researchers and about five PhD students. Their research
revolves around equations; nevertheless, there are many distinctive equations and aspects to find about them.
The following part describes the current research of two contemporary students.

Iva Dř́ımalová
First part of my research covered in [A] deals with a
special matrix Sturm–Liouville differential equation
and its natural counterpart from the discrete theory,
a difference equation. The form of both matrix
equations allows to derive more general results than
in the recent literature. After we focused our
attention on both discrete and continuous case, it
was natural to move to a study of the unifying and
the extending concept of those cases, the time
scales. Time scale calculus is a powerful concept
which allows us to study a known results from new
perspective, which we did e.g. in [B], where we built
a new concept of antiprincipal solutions of dynamic
symplectic systems at infinity. We continue this
investigation and we have a lot of fun unifying and
extending the known discrete and continuous theory.
References

[A] I. Dř́ımalová: Sturm-Liouville matrix equations with singular leading coefficient,

Advanced Master’s thesis, https://is.muni.cz/auth/th/pxqw2/

[B] I. Dř́ımalová, R. Šimon Hilscher: Antiprincipal solutions at infinity for symplectic

systems on time scales, Electr. J. Qual. Theory Differ. Equ. (2020), no. 44, 1–32

Jan Jekl
We deal mainly with a subset of linear difference
equations in the form

k∑
i=0

(−4)i
(
r [i ]
n 4iyn−i

)
= 0, n ∈ Z, (1)

and some of its generalizations. In [1], we consider a
generalization of a special case of (1). Certain
positive solutions are obtained, and conditions, when
they exist, are given. In both [2] and [3], we work
with (1) when it is disconjugated and critical. In [2] a
special attention is paid to (1) when k = 1 and
k = 2. We discover certain behaviour of coefficients
r

[i ]
n when (1) is critical. In [3], we work with the fact

that critical equations are special in the way that
some changes to coefficients r

[i ]
n will result in a

qualitative change of solutions of (1).
References

[1] J. Jekl: Linear even order homogenous difference equation with delay in coefficient,

Electr. J. Qual. Theory Differ. Equ. (2020), no. 45, 1–19.

[2] J. Jekl: Properties of critical and subcritical second order self-adjoint linear equations,

Math. Slovaca, accepted.

[3] J. Jekl: Special cases of critical linear difference equations, submitted.

Mathematical analysis team and their contacts:
https://www.math.muni.cz/organizacni-struktura/matematicka-analyza.html

PhD students and their contacts:
http://www.math.muni.cz/organizacni-struktura/matematicka-analyza/doktorandima.html



Research team in non-linear dynamics with applications

Our recently formed young team of master, doctoral and postdoctoral students around

RNDr. Lenka Přibylová, Ph.D. and RNDr. Veronika Eclerová, Ph.D. deals with applications of 

nonlinear dynamics in various fields - biochemistry, neuroscience, ecology, epidemiology, etc.

The team developed semi-analytical and numerical methods for computing bifurcation 

manifolds that separate areas with qualitatively different dynamics and are thus related to 

significant parameter boundaries; transitions between regions with different dynamics (due to 

changes of parameters, changes in system structure or changes of initial conditions) cause 

typical nonlinear phenomena as extinction, synchronization, hysteresis, bistability phenomena, 

transient dynamics, chaos, etc. The latest research of the team is concerning oscillations, 

quasiperiodic and aperiodic dynamics related to periodic forcing and coupling with applications

to Josephson junctions (superconducting) and neuronal dynamics (synchronizations of

neurons). Potential applications are also in analysis of seasonal effects to epidemic waves or

biochemistry and circadian rhythms.

RNDr. Lenka Přibylová, Ph.D. and RNDr. Veronika Eclerová, Ph.D.: 

Left: modeling the COVID-19 epidemic in the Czech Republic; the

team as a member of European forecast hub of ECDC is submitting 

weekly forecasts at https://covid19forecasthub.eu/ 

Right: torus breaking through a heteroclinic orbit trajectory in the 

system that models a Josephson junction

Contact to the team: https://www.math.muni.cz/  

Lenka Přibylová, email: pribylova@math.muni.cz

Veronika Eclerová, email: eclerova@math.muni.cz

Mgr. Jan Ševčík: synchronization 1:3 in 

forced Van der Pol system with respect to 

the parameter of the forcing frequency

Mgr. Jan Ševčík: bistability of

nontrivial attractors near 1:3 resonance 

in forced Van der Pol system

Mgr. Jakub Záthurecký: chaotic dynamics and frequency locking 

in one system of four coupled neurons, chimera-like behavior

mailto:pribylova@math.muni.cz
mailto:eclerova@math.muni.cz


The pandemic of COVID-19 disease showed how important is the knowledge of

biomacromolecular structures when a new pathogen suddenly becomes a global health

threat. Biomolecular chemistry and bioinformatics contribute to understanding which

molecules play a key role in pathogenesis and how such molecules interact with potential

drugs at the atomic level, which is a path to the development of new therapies.

The Biomolecular chemistry and bioinformatics study programme provides students with

in-depth knowledge of the structure of biologically important bio(macro)molecules

(proteins, nucleic acids, oligosaccharides, etc.) and the relationships between their

structure and biological function. Students are trained in methods of carrying out and

applying research on the 3-D structure and function of bio(macro)molecules. The technical

facilities allow students regular use of the most modern methods, both experimental

(nuclear magnetic resonance, x-ray diffraction, cryo-electron microscopy, methods in

biomolecular interactions studies, methods of molecular biology) and computational

(quantum chemistry, molecular mechanics and dynamics, bioinformatics,

chemoinformatics).

Emphasis is placed on independent work by students in the context of implementing

research projects, including the ability to communicate and present results in the English

language. Students also learn to make use of information available in literature and

electronic databases. The range of specialized lectures allows students to deepen their

theoretical knowledge.

Study covers the following research areas: Computational chemistry and

chemoinformatics; Structural bioinformatics; Structural analysis using nuclear magnetic

resonance, x-ray diffraction and cryo-electron microscopy; Glycobiochemistry; Interaction

of proteins with cell membrane; Structural virology; Structure and dynamics of nucleic

acids; Structural biology of gene regulation; Non-coding genome; RNA quality control;

Recombination and DNA repair; DNA sequence analysis; Next-generation sequencing.

www.sci.muni.cz/en/studies/doctoral-degree-study-programme/24039

SARS-CoV-2 

spike protein

Capsid of 

HIV-1 virus

Tunnels in 

cytochrome 

450 protein

https://www.sci.muni.cz/en/studies/doctoral-degree-study-programme/24039


Laboratory of Functional Genomics and Proteomics (FGP), National Centre for Biomolecular 

Research (NCBR), Faculty of Science, Masaryk University, Brno, CZ

POSITIONS

IN PLANT GENOMICS AND PROTEOMICS

PhD POSITIONS

IN PLANT GENOMICS AND PROTEOMICS

Topic: Proteins involved in the regulation of telomerase and 

telomeric repeats

Description of the topic
Selected candidates will have an opportunity to join a project dealing with a hot topic in the
field of plant telomeres and telomerase. Telomerase and telomerase-associated proteins are
involved in the protection of physical ends of the chromosomes and help to overcome the
end-replication problem. We have recently identified genuine TRs across land plants. This
opened a possibility to investigate plant telomere and telomerase evolution, structure and
localisation and elucidate various functions of telomerase-associated proteins. Interestingly,
telomerase-associated protein not only help with telomerase assembly, trafficking,
processivity and recruitment to telomeres but they may even regulate gene transcription. The
research aims to elucidate the roles of candidate proteins involved in telomerase biogenesis
in plants.

prof. Jiří Fajkus
fajkus@sci.muni.cz

Petra Procházková Schrumpfová, Ph.D.
schpetra@mail.muni.cz

About the Workplace
We are looking for highly motivated graduates to join the Laboratory of Functional Genomics
and Proteomics (FGP). The laboratory is well equipped by instrumentation for molecular
biology and biochemistry. The research group will benefit from close collaboration with IEB,
AV CR, Prague and from the international partnerships with the IBENS, Paris, France or EMBL,
Heidelberg, Germany. In our research we tightly cooperate with the Central European
Institute of Technology (CEITEC) core facilities providing genomic and proteomic services such
as cellular imaging, bioinformatics, structural biology, NGS, mass spectrometry, and plant
cultivation under well-defined conditions, together with highly professional staff prepared to
consult the experimental set-up or perform specific tasks on a service base. Involvement in
supervision of undergraduate students is expected.



• Environmental exposures interplay 

with biological processes encoded in 

the human genome and play a pivotal 

role in human diseases

• Cerebral organoids are a suitable 

model system to study biological 

processes in the human brain tissue

• „omics“ technologies allow the 

study of biological processes, 

identification of new health and 

disease biomarkers

Contact person: PharmDr. Zdeněk Spáčil, Ph.D.

spacil@recetox.muni.cz

www.recetox.muni.cz

Introduction: Methods:

Our research focus:
• Alzheimer´s disease (AD) is a progressive neurodegenerative disorder and the

most common cause for dementia, affecting more than 50 million people

worldwide with an increasing incidence

• The hallmarks of AD are toxic oligomers and insoluble amyloid-β (Aβ) plaques

(extracellular space), and neurofibrillary tangles formed by hyperphosphorylated

Tau protein (neurons)

• Early-onset familial AD (10% of cases) – mutation in the genes for APP,

PSEN1, and PSEN2

• Late-onset sporadic AD (90% of cases) – multifactorial disorder triggered by

genetic and environmental risk factors interplay. The main risk factor is the

APOE4 allele

• The cause of AD pathogenesis is unknown, and no cure is available

• The complexity of the human brain → lack of suitable models and research

tools to reveal the detailed pathogenesis

• Cerebral organoids (COs) generated from induced pluripotent stem cells

(iPSCs) - promising 3D in vitro model mimicking brain development to study

neurodegenerative diseases

• Functional characterization of a single cerebral organoid to study brain

development, aging, and pathogenesis of AD to discover novel biomarkers of AD

Sample 

preparation Liquid chromatography coupled with Mass spectrometry

SRM (Selected Reaction Monitoring)

Clinical samples

Animal models

In vitro models

HRAM exploratory metabolomics

http://www.recetox.muni.cz/


Art i f ic ia l  Intel l igence in  Protein Engineering
We are seeking for PhD applicants in the AI in Protein Engineering team of Loschmidt
Laboratories. We apply data-intensive machine learning methods to various types of protein
data and explore supervised, unsupervised, and semi-supervised approaches to decipher
patterns in experimental measurements, protein sequences, structures, and computer
simulations. We conduct research in enzymology and protein engineering to fight acute
stroke, cancer and Alzheimer’s disease.

WEB: loschmidt.chemi.muni.cz

MOVIE: www.youtube.com

PROFILE OF A CANDIDATE:

• M.Sc. in Computer Science, Applied Mathematics, Bioinformatics or related fields 
• Experience with Python libraries for Machine Learning
• Willingness to learn and develop new methods and emerging techniques
• Excellent command of English

NEXT STEPS:

• For research-related questions, contact Stas Mazurenko at mazurenko@mail.muni.cz
• To apply, send your motivation letter and CV to Sarka Nevolova at nevolova@sci.muni.cz

SELECTED PAPERS:

• Mazurenko et al. Machine Learning in Enzyme Engineering. ACS Catalysis. 2020
• Hon et al. SoluProt: Prediction of Soluble Protein Expression in E.coli. Bioinformatics. 2021
• Planas-Iglesias et al. Computational Design of Enzymes for Biotechnological Applications. 

Biotechnology Advances. 2021

Insert your own photos     or pictures

https://loschmidt.chemi.muni.cz/peg/
http://www.youtube.com/watch?v=FJa9ov-gofM
mailto:mazurenko@mail.muni.cz
mailto:nevolova@sci.muni.cz
https://loschmidt.chemi.muni.cz/peg/publications/machine-learning-in-enzyme-engineering/
https://loschmidt.chemi.muni.cz/peg/publications/soluprot-prediction-of-soluble-protein-expression-in-escherichia-coli/
https://loschmidt.chemi.muni.cz/peg/publications/computational-design-of-enzymes-for-biotechnological-applications/


Explore and Engineer Enzyme Activity  

DESCRIPTION:

• Molecular cloning and gene assembly, protein manufacturing and characterization
• Protein-ligand and/or protein-protein complex structure determination
• Structure-based protein and enzyme design
• Work in a friendly, inspiring and highly collaborative environment

We are seeking for a highly motivated Molecular Biologist and/or Biochemist at
Loschmidt Laboratories, Masaryk University, Brno, Czech Republic. We conduct research
in enzymology and protein engineering to fight acute stroke, cancer and Alzheimer’s
disease.

WEB: loschmidt.chemi.muni.cz/peg/
MOVIE: www.youtube.com/watch?v=FJa9ov-gofM&t=122s

PROFILE OF CANDIDATE:

• M.Sc. in molecular biology, cell biology, biochemistry, biophysics or computer biosciences
• Experience with molecular biology methods, protein biochemistry, structural biology tools
• Willingness to learn structural biology methods and emerging protein technologies
• Ability to develop new concepts; goal-oriented and problem-solving skills
• Good proficiency in English

APPLICATIONS MUST INCLUDE:

• Structured Curriculum Vitae and motivation letter
• Send your application to Sarka Nevolova at nevolova@sci.muni.cz

SELECTED PAPERS:

• Nature Comm. 12: 3616, 2021 Chem. Sci. 11: 11162, 2020
• J. Am. Chem. Soc. 140: 17999, 2018 ACS Catalysis 10: 1210, 2020

• .

• .

Insert your own photos     or pictures



Protein Engineering in Neurology

DESCRIPTION:

▪ Protein design and characterization

▪ High multidisciplinarity including AI

▪ Inspiring and collaborative environment

We are looking for motivated students from natural sciences and medicine

programs for INTERDISCIPLINARY BIOMEDICAL RESEARCH (e.g., explore the

mechanism of Alzheimer's disease, development of new thrombolytics for the

treatment of acute stroke).

LABORATORY INFO: loschmidt.chemi.muni.cz/peg/

PROMO MOVIE: www.youtube.com/watch?v=FJa9ov-gofM&t=122s

PROFILE OF CANDIDATE:

▪ Desire to explore and discover, willingness to learn

▪ Collaborative, goal-oriented and creative personality

▪ M.Sc. in life sciences or medicine

HOW TO APPLY?
Send your Curriculum Vitae and motivation letter to nevolova@sci.muni.cz.

REFERENCE PUBLICATIONS:

▪ Comp. Struct. Biotech. J. 17 (2019): 917

▪ ACS Catalysis 10 (2020): 1210

▪ Nature Comm. 12 (2021): 3616



In si l ico Studies of Proteins

DESCRIPTION:

• Molecular modelling (molecular dynamic simulations, quantum chemistry, virtual
screening, molecular mechanics)

• Bioinformatics (complex workflows for analysis and engineering of proteins)
• Development of tools (architecture design and implementation)
• Work in a friendly, inspiring and highly collaborative environment

We are seeking highly motivated students interested in Molecular Modelling and
Bioinformatics at Loschmidt Laboratories, Masaryk University, Brno, Czech Republic. We
are developing novel tools for protein analysis and engineering and conduct theoretical
research in enzymology to fight acute stroke, cancer, and Alzheimer’s disease.

WEB: loschmidt.chemi.muni.cz/peg/
MOVIE: www.youtube.com/watch?v=FJa9ov-gofM&t=122s
BIOINFORMATICS TOOLS: loschmidt.chemi.muni.cz/portal/

PROFILE OF CANDIDATE:

• M.Sc. in Biochemistry, Biophysics, Molecular Biology, Informatics and related programs
• Experience with molecular modelling, bioinformatics, Linux, programming (Python, Java)
• Willingness to learn new concepts, methods, and emerging techniques
• Good proficiency in English; goal-oriented and problem-solving skills

APPLICATIONS MUST INCLUDE:

• Structured Curriculum Vitae and motivation letter
• Send your application to Sarka Nevolova at nevolova@sci.muni.cz

SELECTED PAPERS:

• Nature Comm. 12: 3616, 2021 Chem. 7: 1066-1079, 2021
• J. Am. Chem. Soc. 140: 17999, 2018 Nucleic Acids Res. 48: W104–W109, 2020

• .

• .

loschmidt.chemi.muni.cz/peg/
http://www.youtube.com/watch?v=FJa9ov-gofM&t=122s
https://loschmidt.chemi.muni.cz/portal/


Geometry, Topology and Geometric Analysis – the more 
theoretic part of the team

The research interests cover several traditional areas driven by potential applications in
Mathematical Physics, computational topology and more. Currently Andrei Dikarev and Igor
Ernst study holonomies of geometric objects (supervised by Anton Galaev), Hassanzadeh Babak
and Radosław Kycia are interested in geometric properties of differential operators (supervised by
Josef Šilhan), Petr Liczman is interested in geometric complex analysis (supervised by Martin
Kolář), Radek Suchánek works on the border of Geometry and Mathematical Physics, while
Martin Doležal works on problems in geometric control theory (both supervised by Jan Slovák),
Mária Šimková works on problems in algebraic topology (supervised by Martin Čadek), and
Dominik Trnka is devoted to modern algebraic methods in Geometry (supervised by Martin
Markl).

Contact to the team: https://www.math.muni.cz/  
Team-Leader Martin Kolář, email: mkolar@math.muni.cz

Examples of recent publications by the students:



Geometry of the Diffusion Tensor Imaging in Brain Research 
project within Geometry, Topology and Geometric Analysis

Temesgen Tsegaye Bihonegn and Avinash Bansal (together with recent graduate Sumit Kaushik,
all supervised by Jan Slovák) employ geometric approach to standard problems in tensor imaging.
Although the segmentation of grey and white matter in the brain, as well as fiber tracking, is based
on standard algorithms, successful implementation needs very good understanding of appropriate
similarity measures on the tensor spaces, their stochastic properties, algebraic and geometric
relations between tensor approximations of various orders, etc. We also employ the Riemannian
geodesics for appropriate metrics for fiber tracking.

Contact to the team: https://www.math.muni.cz/  
Project leader Temsegen Tsegaye Bihonegn, email: temesgent275@gmail.com

Examples of recent publications: 

Fiber tracking in real noisy image of Corpus 
Callosum, using three different metrics: 

First row: Structural image of the phantom, 
normalized vector image. Second row: Two 
closely merging fibers, segmentation image 
revealing the number of fibers in voxels: 



https://www.recetox.muni.cz/hear

Research group – Pavel Čupr: Exposure and Health Risk Assessment

EXPOSOME approach

"EXPOSOME" approach as a tool for 

assessing the health outcomes in 

human population

Main objective:

Clarification of possible 

influences of all the most 

important exposure 

parameters of Exposome in a 

lifetime to human health

Pavel Čupr 

Keywords:

EXPOSOME – cohort study / population study 

(human blood/urine/mother milk samples), Biostatistics, HBM, Health outcomes

DNA damage in vivo, DNA methylation, DNA repair, Epigenetic biomarkers and Biomarkers of effects

Firefighters – the most dangerous chemicals, PFAS; 

Chemical Mixture Assessment (new statistical approaches)

Pesticide Exposure Assessment (internal/external) 

Toxicokinetic models for exposure assessment 

GIS spatial and temporal analysis of external exposure 

Collaboration:

Utrecht University, Norwegian University of Life Sciences, 

IS Global Barcelona, University College London. 

Research group: 
Exposure 
and Health Risk 
Assessment

DNA repair

pavel.cupr@recetox.muni.cz

https://www.recetox.muni.cz/hear

