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Learning objectives

Objective of this course is to acquire knowledge about the molecular mechanisms and signaling pathways and their
interactions in the regulation and synchronization of mitochondrial biogenesis. Students should gain the ability in
scientifically based interpretation of the experimental data from the field of regulation of mitochondrial biogenesis.

Learning outcomes

At the end of this course students will be able to understand and describe the general features of the mitochondrial
biogenesis, intracellular signaling properties and methods of network detection, transduction, transmission,
propagation and amplification of information in order to achieve adequate control of mitochondrial biogenesis, as
well as to acquire the capacity for analysis and discussion scientific papers in the field.

Syllabus

Theoretical instruction

Functional morphology of mitochondria and overview of processes that maintain homeostasis of the mitochondria.
Basic characteristics of mitochondrial biogenesis. Mitochondrial genome. Regulatory proteins involved in
transcription of mitochondrial genes. Transcriptional regulators of mitochondrial proteins encoded by nuclear genes:
the key role of NRF-1 and NRF-2. The key role of transcription in the regulatory cascade coactivator of
mitochondrial biogenesis: PPAR coactivator-1 (PGC-1) family. Signaling pathways that activate PGC-1. Network of
signaling pathways and regulatory proteins on the relation mitochondria-nucleus. Molecular events that regulate
mitochondrial biogenesis in extreme conditions (physical and psychological stress, cold, starvation, excessive
physical exertion, illness). Regulation of mitochondrial biogenesis in the metabolic syndrome and aging.

Practical instruction — Students research work

Each student will have an individual project assignment in the research related to the molecular events that regulate
mitochondrial biogenesis. The degree of mitochondrial biogenesis will be determined by monitoring the number of
mitochondria (MitoTrack assay), transcription analysis and analysis of expression and interaction of regulatory
proteins. The various in vivo experimental models that mimic situation in human populations will be used.

Seminars. Short presentation of the specified topics connected with the subject of student’s PhD thesis.
Journal Club. Presentation of the original peer-review scientific paper from the field.
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Weekly teaching load Other:

Lectures: 2 | Exercises: ‘ Other forms of teaching: 3 Student research: 5

Teaching methodology

Theoretical part — Lectures/Consultative discussions. Students research work — participation in the planning and execution of
the experiments and the analysis, interpretation and discussion of the experimental results from the field of molecular events &
signaling pathways in regulation of mitochondrial biogenesis. Seminars - Short presentation of the specified topics connected
with the subject of student’s PhD thesis. Journal Club. Presentation of the original peer-review scientific paper from the field.

Grading method (total number of points 100)

Scientific project problem — up to 30; Seminar — up to 5; Presentation of the original scientific paper (Journal club) — up to 20;
Oral exam —up to 45.
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