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Vrsta predmeta / Course type

Univerzitetna koda predmeta / University course code: ‘

‘ izbirni/elective

. . . Lab. vaje . Samost. delo
Predavanja Seminar Sem. vaje Teren. vaje . .
. . Laboratory . Individ. ECTS
Lectures Seminar Tutorial Field work
work work
30 | 15 | 30 | 15 210 || 10

Nosilec predmeta / Lecturer: \Aleé Fajmut

slovenski/Slovenian

Jeziki / Predavanja /
Languages: Lectures:
Vaje / Tutorial:

slovenski/Slovenian

Pogoji za vkljuditev v delo oz. za opravljanje
studijskih obveznosti:

Prerequisits:

LJih ni.

‘ ‘None.

Vsebina:

Content (Syllabus outline):

METODOLOGIJA RAZISKOVANJA V SISTEMSKI
BIOLOGUI

(eksperimentalne bioloske, biokemijske in
biofiziklane metode raziskovanja, fizikalni in
matematicni principi in metode, ra¢unalniska
orodja za matemati¢no modeliranje, baze
podatkov (genoma, genskih ekspresij, struktur
proteinov, celicnih modelov))

DETERMINISTICNO MODELIRANJE BIOLOSKIH
SISTEMOV

(zahtevnejsa biokemijska in encimska kinetika,
kompleksne metaboli¢ne mreze,

METHODOLOGY OF RESEARCH IN SYSTEMS
BIOLOGY

(experimental biological, biochemical and
biophysical methods of research, physical and
mathematical principles and methods,
computer tools for mathematical modeling,
databases (genome, gene expressions, protein
structures, cell models))

DETERMINISTIC MODELING OF BIOLOGICAL
SYSTEMS

(complex biochemical and enzymatic kinetics,
complex metabolic networks, sensitivity




senzitivnostna analiza, struktura, funkcija in
dinamika signalizacije ter medceli¢ne in
znotrajcelicne komunikacije, napredni
vecshrambni fiziolosko podprti
farmakokineti¢ni modeli, kompleksne oscilacije
v bioloskih sistemih, stabilnostna analiza,
celostni modeli, sistemski pristopi k
modeliranju, sklopitve celic in mehanizmov na
razli¢nih skalah in ravneh)

STOHASTICNO MODELIRANJE BIOLOSKIH
SISTEMOV

(Gillespijev in drugi algoritmi, primerjava
makroskopskih hitrostnih konstant in tistih,
pridobljenih s stohasti¢nimi modeli, primeri
stohasti¢nih modelov v bioloskih sistemih)

V okviru seminarja Student izbere eno izmed
razpisanih tem za projektno nalogo, ki ima
obliko krajsega strokovnega prispevka. Student
po izdelavi in pregledu naloge pripravi
predstavitev pred kolegi.

Vsebina seminarskih in laboratorijskih vaj:

- delo z racunalniskimi orodji, kot so npr.
Mathematica, MatLab, Madonna, Gepasi,
PLAS, Model Maker, Virtual Cell...

- delo z racunalniskimi podatkovnimi bazami in
orodji na svetovnem spletu kot so npr.
BRENDA, Swiss-Prot, TrEMBL, UniProt...

- modeliranje izbranih bioloskih sistemov

- reSevanje matemati¢nih modelov in
vizualizacija rezultatov s pomocjo rac¢unalniskih
orodij

- nadgradnja in povezovanje obstojecih
modelov

analysis, structure, function and dynamics of
signaling and intercellular and intracellular
communication, advanced multi-store
physiologically supported pharmacokinetic
models, complex oscillations in biological
systems, stability analysis, integrated models,
systems approach to modeling, coupling of cells
and mechanisms on different scales and levels)

STOHASTIC MODELING OF BIOLOGICAL
SYSTEMS

(Gillespie’s and other algorithms, comparison
of macroscopic rate constants and those
obtained with stochastic models, examples of
stochastic models in biological systems)

The seminar is intended for the presentations
of student projects, which should have the
form of a shorter professional paper. After
preparing and reviewing the project, the
student prepares a presentation in front of
colleagues.

Contents of tutorials and laboratory work:

- working with computer tools such as
Mathematica, MatLab, Madonna, Gepasi, PLAS,
Model Maker, Virtual Cell ...

- working with computer databases and tools
on the Internet, such as BRENDA, Swiss-Prot,
TrEMBL, UniProt ...

- modeling of selected biological systems

- solving mathematical models and visualizing
results using computer tools

- upgrading and linking the existing models

Temeljni literatura in viri / Readings:

Klipp E., Herwig R., Kowald A., Wierling C., Lehrach H. Systems Biology in Practice, Wiley-VCH,

Weinheim 2005

Kitano H. Foundations of Systems Biology, MIT Press, Cambridge 2001
Voit E.O. Computational Analysis of Biochemical Systems: A Practical Guide for Biochemists and
Molecular Biologists, Cambridge University Press, New York 2000




Ignalls B.P. Mathematical modeling in systems biology, An introduction, MIT Press, 2013,

Cambridge

Sauro H. M. Enzyme kinetics for systems biology, Ambrosius Publishing, 2011, Seattle

Cilji in kompetence:

Objectives and competences:

Student je po uspesno opravljenem izpitu
zmozen:

- razumeti obravnavane zahtevnejSe teoreti¢ne
biofizikalne koncepte in metode modeliranja
zivih sistemov od ravni medmolekularnih
interakcij do ravni delovanja celice, tkiva in
organizma

- identificiranja in obravnave izbranih
kompleksnejsih problemov v bio-znanostih ter
pristopa k iskanju njihovih reSitev s pomocjo
metod teoreti¢nega biofizikalnega modeliranja
- strokovnega sodelovanja, komunikacije ter
prenosa znanj na podrocju naravoslovnih
interdisciplinarnih ved

After passing the exam, the student is able:

- to understand the discussed complex
theoretical biophysical concepts and methods
of modeling of living systems from the level of
intermolecular interactions to the level of the
cell, tissue and organism functioning

- to identify and treat the selected complex
problems in bio-sciences and to find strategies
for their solutions with methods of theoretical
biophysical modeling

- of professional cooperation, communication
and transfer of knowledge in the field of
interdisciplinary natural sciences

Predvideni studijski rezultati:

Intended learning outcomes:

Znanje in razumevanje:

Po zakljucku predmeta je Student zmozen:

- kvalitativno in kvantitativno (s fizikalno-
matemati¢nimi odvisnostmi) opisati
obravnavane zahtevnejse teoretic¢ne
biofizikalne koncepte

- aplicirati te koncepte na konkretnih primerih
kompleksnejsih modelov bioloskih sistemov

- pridobiti podatke o parametrih modelov z
analizo meritev v ¢lankih ali iz podatkovnih baz
- analiti¢no ali z ra¢unalniskimi orodji resiti
konkretne kompleksne obstoje¢e modele
bioloskih sistemov, z njimi napovedati
rezultate, jih interpretirati, primerjati in
nadgraditi

- na podlagi rezultatov matemati¢nega
modeliranja oblikovati in napovedovati
enostavnejSe hipoteze

Knowledge and Understanding:

Upon completion of the course, the student is
able:

- to qualitatively and quantitatively (with
physical and mathematical dependencies)
describe selected complex theoretical
biophysical concepts

- to apply these concepts on selected examples
of complex models of biological systems

- to acquire data on model parameters by
analyzing measurements in articles or from
databases

- to analytically or with help of computer tools
to solve selected complex existing models of
biological systems, predict the results, to
compare them and interpret them

- to predict simpler hypotheses on the basis of
the results of mathematical modeling




Prenesljive/kljucne spretnosti in drugi atributi: | | Transferable/Key Skills and other attributes:
- sposobnost napredne uporabe racunalniskih - the ability to use advanced computer
orodij za modeliranje, za analiti¢no in modeling tools, as well as tools for analytical
numeri¢no racunanje ter analizo podatkov and numerical computation and data analysis
- sposobnost napredne analize izmerjenih - ability of advanced analysis of measured data
podatkov iz znanstvenih objav in zavedanje o from scientific publications and awareness of
njihovem pomenu za modeliranje bioloskih their importance for modeling of biological
sistemov systems
- zavedanje o pomenu in koristnosti - awareness of the importance and usefulness
biofizikalnih teoreti¢nih pristopov k obravnavi of biophysical theoretical approaches for the
bioloskih sistemov za razvoj novih treatment of biological systems accounting for
eksperimentov the development of new experiments
Metode poucevanja in uc¢enja: Learning and teaching methods:
Predavanja podkrepljena s simulacijami Lectures, supported by simulations
Seminar; pisne in ustne predstavitve projektnih| |Seminar; oral and written presentations of
nalog iz izbrane teme projects from selected topics
Seminarske in laboratorijske vaje (delo z Tutorials and laboratory work (work with
racunalnikom). computer)

Delez (v %) /
Nacini ocenjevanja: Weight (in %) Assessment:
Ustni izpit iz vsebin predavanj in vaj 50 Oral exam from the topics of lectures

and tutorials

Projektna naloga (pisni izdelek in 50 Project (written paper and presentation)

predstavitev)
Written and presented project is

lzdelana in predstavljena projektna required for the approach to the final
naloga je pogoj za pristop h konénemu examination.
preverjanju.

Reference nosilca / Lecturer's references:

1. DOBOVISEK, Andrej, MARKOVIC, Rene, BRUMEN, Milan, FAJIMUT, Ale$. The maximum entropy
production and maximum Shannon information entropy in enzyme kinetics. Physica. A, Statistical
mechanics and its applications, ISSN 0378-4371. [Print ed.], 2018, vol. 496, str. 220-232, doi:
10.1016/j.physa.2017.12.111. [COBISS.SI-ID 23601416],

2. DOBOVISEK, Andrej, VITAS, Marko, BRUMEN, Milan, FAIMUT, Ales. Energy conservation and
maximal entropy production in enzyme reactions. Biosystems, ISSN 0303-2647. [Print ed.], 2017,
vol. 158, str. 47-56, doi: 10.1016/j.biosystems.2017.06.001. [COBISS.SI-ID 23218696]

3. FAIMUT, Ale§, EMERSIC, Tadej, DOBOVISEK, Andrej, ANTIC, Natasa, SCHAFER, Dirk, BRUMEN,
Milan. Dynamic model of eicosanoid production with special reference to non-steroidal anti-
inflammatory drug-triggered hypersensitivity. IET systems biology, ISSN 1751-8849. [Print ed.],
2015, vol. 9, iss. 5, str. 204-215, doi: 10.1049/iet-syb.2014.0037. [COBISS.SI-ID 21404168]




4. GOSAK, Marko, MARKOVIC, Rene, FAIMUT, Ale§, MARHL, Marko, HAWLINA, Marko, ANDJELIC,
Sofija. The analysis of intracellular and intercellular calcium signaling in human anterior lens
capsule epithelial cells with regard to different types and stages of the cataract. PloS one, ISSN
1932-6203, 2015, vol. 10, iss. 12. http://dx.doi.org/10.1371/journal.pone.0143781, doi:
10.1371/journal.pone.0143781. [COBISS.SI-ID 2645676]




