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	Week
	TOPIC

	1. week


	Introduction into biology, structure and functional organization of cells

	2. week


	Biomacromolecules

	3. week


	Biomembranes and basic principles of transport across biomembranes

	4. week


	Cytoskeleton

	5. week


	Cell nucleus, organization and replication of genetic information

	6. week


	Gene expression and its regulation – transcription and posttranscriptional processing

	7. week


	Gene expression and its regulation – translation and posttranslational modifications

	8. week


	Cell signalling I

	9. week


	Cell signalling II

	10. week


	Cell cycle

	11. week


	Cell death

	12. week


	Immune system

	13. week


	Molecular biology of viruses
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The student has a good understanding of the following terms and and is able to answer the following questions, within the range of lectures 

Teaching objectives – Introduction into biology, structure and functional organization of cells

The student is able to: 

· define and use in correct context the following terms: 

light microscopy, fluorescent microscopyelectron microscopy, resolution and magnification of the microscope, evolutionary tree, archea, bacteria, eukaryots, progenote, last universal common ancestor (LUCA), prokaryotic cell, bacterial cell wall, cytoplasmic membrane, bacterial nukleoid, plasmids, photosynthetising bacteria, cyanobacteria, cyanotoxins, eukaryotic cell, nucleus, cytosol, cytoplasm, nucleolus, nuclear membrane, nuclear lamina, nuclear pores, chromatin, centrosome, centriol, cytoskeleton, microtubulus, intermediary filaments, microfilaments (actin filaments), molecular motors, vesicular transport, cell compartmentalization, organelles, peroxisome, endoplasmic reticulum (rough and smooth), mitochondrion, Golgi apparatus (cis and trans face), ribosome (small and large subunit), signal recognition particle (SRP), SRP receptor, secretion pathway, constitutive and regulated secretion, animal cell, lysosome, plant cell, plant cell wall, vacuole, tonoplast, chloroplast, extracellular matrix

· list and explain:

four main functions of a cell defining cell as a basic unit of life, four main types of cellular activity defining cell as a basic unit of a multicellular organism, four main types of biomacromolecules in cells, importance of cell compartmentalization, basic structure and function of cell nucleus, mitochondrion, endoplasmic reticulum, Golgi apparatus, ribosome and chloroplast 

· depict and describe: 

basic evolutionary tree (LUCA, ancient prokaryotes, archea (Archaea), bacteria (Eubacteria), eukaryots (Eukarya; plants, animals and fungi); evolutionary origine of mitochondria and chloroplasts

Teaching objectives – Biomacromolecules


The student is able to: 

· define and use in correct context the following terms and names: 

central dogma of molecular biology, alpha-L-aminoacids, peptide bond, oligopeptide, peptide, protein, N-terminus, C-terminus, structural organization of proteins (primary, secondary, tertiary and quaternary structure), Linus Pauling, alpha helix, beta pleated sheet, beta turn, connecting loops, suprasecondary structure, week interactions ( hydrogen bonds, hydrophobic interactions, electrostatic interactions), disulfide bridges, protein domaine, protein family, leucine zipper, zinc finger, SSB protein, domain structure of steriod hormone receptors, steroid receptor superfamily, hypothalamic-pituitary-peripheral axis, molecular recognition of  dihydrotestosterone by androgen receptor, antibodies , variable antibody domain, protein denaturation and renaturation, molecular chaperons, nucleic acids, nucleotide, nitrogenous bases - purines (adenine, guanine), pyrimidines (cytosine, thymine, uracil), nukleotide, nukleoside, phosphodiester bond, structural organization of nucleic acids (primary, secondary, tertiary), James D Watson, Francis Crick, Rosalind Franklin, conformational types of DNA secondary structure (A-form, B-form, Z-form), linear and cirkular DNA, superhelical structures, major functional classes of RNA (mRNA, tRNA, rRNA, regulatory RNA), topoisomerases, , histones H1, H2A, H2B, H3, H4, nucleosome, beads-on-a-string structure, 30 nm chromatin fiber, nucleoskeleton, chromatin loop, chromatin, chromosome

· list and explain:

protein functions, 21 basic aminoacids and their chemical properties, week and covalent interactions participating in protein structures, protein folding, molecular chaperones, conformation, denaturation –reversible and irreversible, , nebílkovinné součásti bílkovin, hierarchical structural organization of proteins, nucleic acid functions, hierarchical structural organization of nucleic acids 

· depict and describe:

central dogma of molecular biology, Watson-Crick model of DNA

Teaching objectives – Biomembranes and basic principles of transport across biomembranes
The student is able to: 

· define and use in correct context the following terms: 

lipids, phospholipids, triglycerides, glycerole, fatty acids, saturated and unsaturated fatty acids, palmitic acid, stearic acid, oleic acid, phosphatidylcholine, phosphatidylserine, phosphatidylethanolamine, phosphatidylinositol, hydrophobic, hydrophilic, head-and-tail structure of phospholipids, amphipathic, phospholipid bilayer, basic membrane properties – fluidity, asymetry, heterogeneity, semipermeability, lateral phospholipid movement, flip-flop, flippase, asymetric distribution of phosphatidylserine in cytoplasmic membrane, phosphatidylserine dynamics in apoptosis, annexin V, cholesterol, lipid rafts, phagocytosis, endocytosis, receptor-mediated endocytosis, exocytosis, pinocytosis, membrane proteins, transmembrane proteins, single-pass transmembrane proteins, seven-transmembrane (7TM) receptors, anchored membrane proteins, glycosylphosphatidylinositol (GPI) anchor, membrane protein glycosylation, glycocalyx, membrane permeability as a function of size and hydrophobicity of solutes, concentration gradient, simple diffusion, facilitated diffusion, particularity of water transport, aquaporins, active transport, Na+/K+-ATPase, transmembrane ion gradient, transmembrane potential, lysosomal proton pump, primary and secondary active transport, uniport, symport, antiport, ion channel, ligand-activated and voltage-dependent ion channel, ATP binding cassette (ABC) transporters, chemoresistance in cancer, multidrug resistance (MDR) 

· list and explain:  

basic types of phospholipids in biomembranes, classification of solute transport according to the mechanism and energy expenditure, distribution of ions across cytoplasmic membrane, concentration distributions and resulting processes taking place during intestinal glucose absorption, difference between a channel and a transporter 
· depict and describe: 

schematic representation of a membrane as a fluid mosaic
Teaching objectives – Cytoskeleton
The student is able to: 

· define and use in correct context the following terms and names:

cytoskeletal elements of a prokaryotic cell, cytoskeleton, nuclear skeleton (nuclear matrix), Nikolai K. Koltsov, Rudolph Peters, D.B. Slauterback, microtubules, microfilaments, intermediate filaments, microtubule-organizing center (MTOC), basal bodies, cilia, flagellum, centriole, centrosome, mitotic spindle, -tubulin, -tubulin, γ-tubulin, microtubule protofilament, axoneme, motile cilium, 9 + 2 axoneme, primary cilium, 9 + 0 axoneme, microtubular dynamics, dynamic instability, molecular motors, microtubule-associated proteins (MAPs), non-motor MAPs (MAP 1A, MAP 1B, tau), motor-MAPs (dynein, kinesin), microtubule ends, + (plus) end, - (minus) end, GTP-cap, anterograde and retrograde transport, spindle microtubuli – kinetochore, astral and polar spindle microtubuli, spindle poisons (colchicine, vinca alkaloids and taxanes), mitotic spindle as a target of anticancer chemotherapy, actin, α-skeletal muscle actin, α-smooth muscle actin, vascular smooth muscle α-actin, α-cardiac muscle actin, β- and γ-cytoplasmic actins, γ-enteric smooth muscle actin, actin-associated proteins, spectrin, dystrophin, vinculin, ankyrin, α-actinin, fimbrin, gelsolin, filamin, titin, actin dynamics, stress fibres, cortex, lamellipodia, filopodia, cell movement, leading edge, trailing edge, cancer metastasis, actin-associated molecular motors, myosin, tropomyosin, troponin, muscle contraction, sarcoplasmic reticulum Ca2+ release, microvilli, hereditary spherocytosis, Duchenne muscular dystrophy (DMD), keratins, vimentin, desmin, glial fibrillary acidic protein, lamins, nuclear lamina, epidermolysis bullosa simplex, progeria syndrome
· list and explain: 

functions of cytoskeletal system and each of the three basic subsystems, microtubule-, microfilament- intermediate filament-associated proteins and their respective functions, dynamic instability of microtubuli, microfilaments and intermediate filaments, drugs with afinity to microtubuli, three typical microtubuli cellular localizations as functions of a respective cell state, diagnostic utility of intermediate filaments
· depict and describe:

typical distributions of microtubuli, microfilaments and intermediate filaments in an eukaryotic cell, structural organization and crosssection of a protofilament
Teaching objectives – Cell nucleus, organization and replication of genetic information
The student is able to: 

· define and use in correct context the following terms and names: 

cell nucleus, nuclear membrane, nuclear lamina, nuclear pore complex, nucleous, nuclear speckles, Cajal bodies, PML nuclear bodies, chromosome territories, nuclear matrix, chromatin, euchromatin, heterochromatin, histones, histone chemical modifications, histone methylation, histone phosphorylation, histone acetylation, DNA methylation, epigenetic regulation, chromatin condensation and decondensation, DNA replication, semiconservative DNA replication, leading strand, lagging strand, primer, origin of replication (ori), replication bubble, replication fork, Okazaki fragments, DNA-polymerase, proofreading activity, exonuclease, primase, DNA helicase, single-stranded DNA binding (SSDB) proteins, proliferating cell nuclear antigene (PCNA), DNA topoisomerase, Okazaki fragments processing, endonuclease, DNA ligase, end replication problem, telomere, telomerase, senescence, immortalization, stem cells, cancer, polymerase chain reaction (PCR), PCR cycle, denaturation, primer annealing, primer extension, Taq-polymerase, thermal cycler, Kary Mullis 
· list and explain: 

epigenetic regulation mechanisms, successive structural organization levels of DNA, respective genome size and gene numbers in prokaryotes and representative eukaryotes including human 
· depict and describe:

major enzymes working on eukaryotic replication fork, PCR cycle 

Teaching objectives – Gene expression and its regulation – transcription and posttranscriptional processing

The student is able to: 

· define and use in correct context the following terms:

gene expresion, central dogma of molecular biology, organization of genetic information on bacterial chromosome, operone, transcription, translation, promoter, operator, Lac-operone, Lac-repressor, lactose as inductor, Trp operone, Trp-repressor, tryptophan as corepressor, organization of genetic information on eukaryotic chromosomes, split structure of eukaryotic genes, exons, introns, complexity of gene expression of eukaryotic genes, eukaryotic transcription, eukaryotic promoters, enhancers and silencers, eukaryotic transcription factors, transcription in chromatin, histone acetylation and histone methylation, DNA-methylation, histone acetyltransferases, histone deacetylases, histone methyltransferases, DNA methyltransferases, poly(A) signal, poly(A) tail, pre-mRNA, cap, mRNA, splicing, splicing signal sequences, 5'- (donor) splice site, 3'- (acceptor) splice site, branching point, laryat, spliceosome, small nuclear RNA, alternative splicing, calcitonine and calcitonine-gene related peptide, BRCA1, RNA-editing

· list and explain:

principal differences in genome organization in prokaryotes and eukaryotes, principal differences in prokaryotic and eukaryotic gene expression, classification of genes according to biochemical and functional nature of their respective encoded gene products, classification of genes according to the regulation of their expression 

· depict and describe: 

structure of a typical operone, structure of a typical eukaryotic gene, sequence of steps of gene expresssion in eukaryotes and prokaryotes

Teaching objectives – Gene expression and its regulation – translation and posttranslational modifications

The student is able to: 

· define and use in correct context the following terms:

translation, ribosome - small and large subunit - composition in prokaryotes and eukaryotes, rRNA, pre-rRNA, rRNA processing, nucleolus, free ribosomes and endoplasmic reticulum - associated ribosomes, tRNA, mRNA, codon, anticodon, aminoacyl-tRNA, aminoacyl-tRNA-synthetase, nucleotide triplet, genetic code, degenerate genetic code, codon family, initiation codon (AUG), termination codons (STP codons), functional ribosome sites (A-site, P-site, E-site), translation initiation, poly-A-binding protein, cap-binding protein, translation elongation, translation termination, ribosome cycle, polysome (polyribosome), reading frame, open reading frame, frame-shift mutation, overlapping reading frames, posttranscriptional gene regulation, RNAinterference, siRNA, RICS, miRNA, drosha, exportin-5, dicer, duplex miRNA, mirBase, posttranslational modification, glycosylation, methylation, hydroxylation, disulfide bridges, myristoylation, palmitoylation, membrane tethering, glycofosfatidylinositol (GPI) - ankering, protein folding, molecular chaperones, protein sorting, secretion pathway, constitutive and regulated secretion, lysosome biogenesis, proteolytic processing, proopiomelanocortin (PMOC) 

· list and explain:

genetic code, degeneracy of genetic code, 21 proteogenic aminoacids and their properties,  where in the cells are proteins synthetized and what is their subsequent destiny, basic types of posttranslational modifications

· depict and describe: 

possibilities of regulation at each step of expression of a typical human gene 

Teaching objectives –  Cell signalling I

The student is able to: 

· define and use in correct context the following terms: 

cell signalling, signal transduction, local and remote cell signalling, chemical signals, physical signals, mechanical signals, endocrine, paracrine, autocrine and juxtacrine signalling, lipophillic and hydrophillic chemical signals, steroid hormones, steriod hormone receptors, steroid receptor superfamily, signal transduction by steroid hormones, hormone response elements, protein and peptide signals and their receptors, protein kinases and phosphatases, protein tyrosine kinases and protein serine-threonine kinases, protein kinase cascades, receptor tyrosine kinases, phosphotyrosine binding proteins, SH2-domain, cytokines, interferons, cytokine receptors, ligand-induced receptor dimerization, JAK kinase family, STAT transcription factor family, JAK-STAT signalling pathway, transcription factor cascades, immediate reponse genes and delayed response genes, negative feedback, SOCS protein family 

· list and explain:

ways, how cells communicate with each other; classification of signals; classification of chemical signals according to their chemical nature; classification of cell signalling according to the spacial relationship between the cells releasing a signal and the cell responding to it 

· depict and describe: 

a typical signal transduction pathway operating in a human cell

Teaching objectives –  Cell signalling II

The student is able to: 

· define and use in correct context the following terms: 

growth factor, growth factor receptors, epidermal growth factor (EGF), adaptor proteins, SH2 and SH3 domains, small G-protein, activation cycle of small G-proteins, GDP-GTP exchange factors (GEFs), GTPase activating proteins (GAPs), ras-superfamily, mitogene-activated protein kinase (MAPK) cascade, second messengers, 7-transmembrane helix receptors, trimeric G-proteins, adenylate cyclase, cAMP, protein kinase A, cAMP response element, transcription factors of the cAMP response element binding protein (CREB) family, negative feedback loop, phosphodiesterases, inducible cAMP activated repressor (ICER), Ca2+ as a second messenger, Ca2+ ― cAMP interplay, Ca2+-dependent phosphodiesterases, aberrant signalling in cancer, receptor blocking antibodies and kinase inhibitors as anticancer drugs, Cetuximab, KRAS, colorectal carcinoma, vemurafenib, BRAF V600E, maligant melanoma, Ca2+ ― cAMP imbalance, polycystic kidney disease, acquaporins and renal water reabsorption, arginin/vasopressin inhibitors

· list and explain:

EGF - activated signalling pathway and its importance in cancer, Arginin/vasopressin - activated signalling in kidney homeostasis and polycystic kidney disease

· depict and describe: 

possible negative feedback steps in a typical signal transduction pathway operating in a human cell

Teaching objectives –  Cell cycle

The student is able to: 

· define and use in correct context the following terms and names:

cell cycle, Leland H. Hartwell, Paul Nurse, interphase, mitosis (M-phase), prophase, prometaphase, metaphase, anaphase, telophase, DNA replication, S phase, gap-1 (G1) phase, gap-2 (G2) phase, proliferation, stem cells, precursor cells, transit amplifying (TA) cells, differentiation, terminally differentiated cells, G0 phase, mitogenic signalling, cyclin, cyclin-dependent kinase (CDK), cyclin-dependent kinase inhibitor (CDKI), Cip/Kip CDKI family, Ink4 CDKI family, G1 checkpoint (restriction checkpoint), Rb protein family, E2F transcription factor protein family, licencing factors ORC, G2 checkpoint, CDC 25, histone H3 phosphorylation, geminine, DNA damage response pathway, p53, MDM2, ATM, ataxia telangiectasia, ATR, checkpoint kinases, mitotic checkpoint, mitosis promoting factor (complex MPF), anaphase promoting complex (APC/C complex), cohesins, separase, securin, protein ubiquitination, nondisjunction, trisomy

· list and explain:

cell cycle phasese, mitotic phases, principles controlling progress through the cell cycle, cel cycle checkpoints, mammalian cyclins, mammalian cyclin-dependent kinases, mechanisms of CDK activation, mechanisms of CDK inhibition, mitogenic stimuli, pharmacologic cell cycle inhibitors, their mechanism of action and medical applications 

· depict and describe: 

scheme of CDK activation via cyclins, relative protein expression levels of different cyclins throughout cell cycle, DNA damage response pathway

Teaching objectives – Cell death

The student is able to: 

· define and use in correct context the following terms and names:

tissue homeostasis, apoptosis, J.F.R. Kerr, autophagy, necrosis, mitotic catastrophe, anoikis, excitotoxicity, activation-induced cell death, ferroptosis, Wallerian degeneration, pro-apoptotic and anti-apoptotic (survival) faktors, apoptotic bodies, cytoplasmic membrane blebbing, karyorrhexis, phagocytosis, extrinsic and intrinsic apoptotic pathway, caspases, procaspases, initiator and executioner caspases, death receptors, Fas, Fas ligand, death domain, mitochondrial outer membrane permeability, cytochrome C, Bcl-2 family, apoptosome, XIAP, SMAC, caspase-activated DNase, chromatin fragmentation, apoptotic ladder, DNA-damage response pathway, ATM, ATR, checkpoint kinases, Mdm 2, protein P53, Bax, Bad, Puma, Noxa, miRNA34, digit morphogenesis, immune priviledge, systemic lupus erythematosus, apoptosis evasion in cancer
· list and explain:

morphological differences between apoptosis and necrosis, morphological features of cells undergoing apoptosis, biologic factors and conditions leading to apotosis, target proteins of caspases 
· depict and describe: 

apoptotic ladder

Teaching objectives – Immune system

The student is able to: 

· define and use in correct context the following terms and names:

immune defence system, innate and adaptive immunity, humoral and cell-mediated immunity, sels-nonself discrimination, immune tolerance, autoimmunity, immune surveillance, antigene, imunogene, alergene, autoantigene, superantigene, primary and secondary lymphoid tisues, bone marrow, thymus, lymph node, macrophages, phagocytosis, Ijja Mechnikov, pattern recognition receptors, Toll-like receptors, interferons, viral interference, interferon-activated genes, natural killer cells, B-lymphocytes, antibody, immunoglobulin, antibody diversity, Carl Landsrteiner, heavy and light immunoglobulin chain, variable domain, constant domain, antigene binding site, epitope, Fc region, Fab region, somatic recombination, V(D)J recombination, V segments, D segments, J segments, combinatorial diversity, junctional diversity, somatic hypermutation, C segments, antibody class, class switch recombination, IgM, J chain, IgD, IgG, IgE, IgA, T-lymphocytes, T cell receptor (TCR),  T cells,  TCR chain,  TCR chain, V domaine, C domaine, V domaine, C domaine, V(D)J recombination of TCR genes, major histocompatibility complex (MHC), MHC-restriction, antigen presentation,  T cell thymic selection, T(helper) cells, cooperation with B-lyphocytes during antibody secretion, cytotoxic T-lyphocytes (CTL), viral antigene recognition, tumour antigene recognition, natural killer cells, missing-self recognition, innate-adaptive immune cooperation, antibody opsonization, antigene-dependent cellular cytotoxicity (ADCC), interferon-enhanced antigene presentation, complemnent, classic and alternative complement activation pathway

· list and explain: 

classification of immune response types according to the antigene recognition and effector mechanisms, primary and secondary lymphoid organs and processes taking place in them, complement components, mechanisms of diversity of antigene receptors

· depict and describe: 

basic antibody structure, basic T-cell receptor structure, basic structure of HLA class I and class II molecules

Teaching objectives – Molecular biology of viruses

The student is able to: 

· define and use in correct context the following terms and names: 

virus, virion, satellite virus, helper virus, virusoid, viroid, prion, Edvard Jenner, Luis Paster, Peyton Rous, RNA virus, DNA virus, enveloped virus, nonenveloped virus, viral capsid, protomer, capsomere, nucleocapsid, species specificity, bacteriophage, lytic and lysogenic cycle, plant viruses, tobacco mosaic virus, animal viruses, reovirus, parvovirus, retrovirus, accute oncogenic retroviruses, human viruses, poliovirus, polyomavirus, virus SV40, adenovirus typ36, HIV, HTLV, infuenza viruses, hepatitis viruses, papillomaviruses, viral life cycle, adsorption, penetration and uncoating, eclipse phase, viral gene expression, maturation, release, cell lysis, budding, retroviral life cycle, reverse transcriptase, LTR, Gag, Pol, Env, endogenous retroviruses, retroelements, antiviral defense mechanisms, restriction endonucleases, Crispr-Cas, antiviral immunity, interferon, vaccination, viral vectors and enzymes in recombinant DNA technology, cDNA, cloning, gene therapy 
· list and explain: 

general viral structure and function of individual viral components, life cycle of bacteriophages, life cycle of DNA viruse, life cycle of retroviruses, HIV virus entry, natural resistance to HIV infection, HIV treatment strategies, cellular consequences of viral infection 
· depict and describe: 

basic structure of HIV including HIV genome, mechanisms and pathways activated by interferons

