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Compiler/author of the syllabus: professor, doctor of medicine Myasoyedov V.V., ass. professor, candidate of biological science Dzhamieiev V.Y.
lecturer, ass. professor Dzhamieiev V.Y.
Information about the lecturer - researches in the field of education quality, author of 55 scientific works and academic publications.
Contact  number and e-mail of the lecturer 707-73-36, vy.dzhamieiev@knmu.edu.ua
Information about counselling: on-cite and on-line consultations by appointment.
Location of the department of medical biology – building A, 2d floor.
Information about the discipline
1.Description of the discipline
Course: 1st 

Academic semester/academic year - II semester of the 2020-2021 academic year.
Discipline consists of 4 ECTS credits, 14 lecture hours, 16 practical class hours, 90 hours of self-dependent student’s work.
General characteristics of the discipline. The discipline is based on the such previously learned school subjects as “General biology”, “Chemistry”, “Biochemistry”. The discipline studies molecular mechanisms of intercellular signaling and membrane transport; structure of nucleic acids and proteins; types of genes, their structure and expression mechanism; regulation of gene expression in prokaryotes and eukaryotes; methods of genetic engineering and practical using of biotechnology achievements; creation of transgenic organisms, cloning of organisms, gene therapy.
Role and place of the discipline in the system of training specialists. The discipline provides students with basic knowledge on the molecular basis of the functioning of living organisms and directs them to understand the possibility of using this knowledge to develop modern methods of diagnosis, treatment and prevention of diseases, that are carried out at the cellular and molecular level and provide high accuracy of therapy, its individuality and low level of invasiveness.

2. Purpose and objectives of the discipline. The purpose of teaching academic discipline «Molecular Biology in Medicine in Medicine in medicine” is formation of profound knowledge and practical skills in human biology providing the basis for further scientific and practical professional training.
The main objectives of studying the discipline «Molecular Biology in Medicine in Medicine in medicine” are:
–
Explaining the vital activity of the human organism at the molecular and cell level;

–
Explaining the causes of hereditary and multifactorial diseases, based on knowledge of the mechanisms of preservation and implementation of genetic information in living cells;

–
Understanding of modern methods of diagnosis and treatment that have been developed through the achievements of Molecular Biology in Medicine in Medicine.

3. Status of the discipline: elective
Format of the discipline: mixed
4. Teaching methods: verbal (lectures, explanations, giving instructions, talks with students, thematic discussions), visual (illustrating and demonstrating aids, independent observations), practical (doing exercises, solution of situational problems), innovative (role-play, case-method), student’s self-training for understanding and learning new material, performing individual tasks, use of computer programs for academic studies and tests in the discipline.
5. Teaching aids: presentations, animations, computer programs, lecture notes, methodological instructions for practical training, methodological materials providing student’s self-training, records of practical classes.
6. Recommended literature
1. Molecular Biology in Medicine in Medicine of the cell. 6th ed. / B. Alberts, A. Johnson, J. Lewis et al. — N.‑Y.: Garland Science, 2014. — 1464 p.

2. Molecular Cell Biology. 8th ed. / H. Lodish, A. Berk, Kaiser C.A. et al. — N.‑Y.: W.H. Freeman & Co. Ltd, 2016. — 1280 p.

3. Campbell N. A. Biology: a global approach. -11th ed. New York: Pearson Education, 2017 — 1342 p. 

4. Lieberman, Michael A. Biochemistry, Molecular Biology in Medicine in Medicine, and Genetics / M. A. Lieberman, R. Ricer. - 6th ed. – Philadelphia : Wolters Klumer/Lippincott Williams&Wilkins, 2014— 449 p.

5. Cells / Ed by B. Lyuin and others — М.: BINOM. Лаборатория знаний, 2011. — 951 с.
Information sources
1. Testing Center of the Ministry of Health  of Ukraine – Information for preparing students to the licensed examination “Krok-1” http://testcentr.org.ua/
2. OMIM (Online Mendelian Inheritance in Man):  Online Catalogue of Human Genes and Genetic Disorders — http://www.omim.org/

3. Centers for Disease Controls and Prevention — http://www.cdc.gov/
4. The web-site of the medical biology department, Khnmu— http://nauka.knmu.edu.ua/medbio/
7. Discipline pre-requisites and co-requisites: biology, medical chemistry, biological and bioorganic chemistry, histology, cytology and embryology, human anatomy, physiology, pathomorphology, pathophysiology, medical and biological physics, medical informatics, microbiology, virology and immunology, pharmacology, medical genetics, clinical pharmacology, clinical immunology and allergology, social medicine and public health, hygiene and ecology, epidimiology and principles of evidence-based medicine, all range of subjects for professional training.
8. Results of studies.
Integrative final results of training provided by the academic discipline:

Academic discipline «Molecular Biology in Medicine in Medicine in medicine” lays foundation for further formation of the following academic program results:

1. Making  nosological or preliminary clinical diagnosis for a dental disease by standard methods using  data of a patient’s medical  history, data of patient’s examination, knowledge about humans,  their organs and systems.
2. Gathering information about general patient’s condition, making assessment of psychomotor and physical patient’s development and condition of his maxillofacial area organs.
3. Making analysis of epidemiological situation and taking mass and individual, general and local medicinal and non-medicinal measures for preventing dental diseases.

4. Making assessment of the environmental influence on the population health condition within a medical institution using standard techniques.
5. Following the rules of a healthy lifestyle, using methods of self-control and self-regulation.
Results of studies for the discipline: On completion of studying the discipline «Molecular Biology in Medicine in Medicine in medicine” students must know:

· Structure and function of nucleic acids and proteins.

· Structure and functions of biological membranes.

· Molecular mechanisms of intercellular signaling and intracellular signaling.

· Mechanisms of membrane transport.

· Gene classification.

· Organization of prokaryotic and eukaryotic genes.

· Molecular mechanisms and significance of replication, repair, recombination.

· Molecular mechanisms of realization of hereditary information.

· Principles of regulation of prokaryotic and eukaryotic gene expression.

· Influence of genome spatial structure on gene expression activity.

· Mechanisms of epigenetic regulation of genes.

· The epigenetic code as a set of patterns of chemical modifications of histone proteins and methylation of cytosine bases.

· The mechanism of formation of sex chromatin (Barr's body) and its significance for the diagnosis of chromosomal diseases.

· Molecular mechanisms of ontogenesis.

· Molecular mechanisms of fertilization.

· Theories of senescence.

· Classification and molecular mechanisms of mutational variability.

· Modern methods of studying the human genome.

· Molecular mechanisms of action of mutagenic factors and methods of studying mutagenic activity, mechanisms of action of antimutagens.

· Cell cycle and its regulation.

· Molecular mechanisms of cell death (apoptosis, necrosis).

· Molecular mechanisms of tumor development.

· Modern methods of molecular genetic diagnostics and their use in medicine.

· The concept of biotechnology and genetic engineering.

· Principles of creation of transgenic organisms, possibilities of their use in biotechnology and medicine.

· Potential environmental consequences of the use of genetically modified organisms.

· Principles of animal cloning and the importance of the method for biology and medicine.

· Gene therapy: principles, achievements and prospects.
to know how
· to identify (schematically) the primary structure of the protein, the number of amino acids, the molecular weight of the polypeptide by the nucleotide sequence of the gene encoding it;

· to identify changes in protein structure due to gene mutations;

· to determine the types of gene mutations in situational problems solving, and the types of chromosomal and genomic mutations in the analysis of karyotypes;

· to analyze the electrophoregram of DNA and determine the presence of DNA of infectious diseases, mutations in human genes.
Content of the discipline
Structure of the academic discipline
	Titles of  discipline sections and topics 
	Number of hours

	
	Form of studies (full-time and part-time)

	
	total
	У тому числі

	
	
	lec
	prac
	lab
	ind
	self-training

	1
	2
	3
	4
	5
	6
	7

	Section1.Biological charateristics of human life .

	Topic 1. Subject and objectives of Molecular Biology in Medicine in Medicine. Molecular mechanisms of intercellular signaling and membrane transport.
	8
	2
	2
	
	Review of scientific literatures
	4

	Topic 2. Nucleic acids and proteins - molecules that provide functional activity of cells
	14
	2
	2
	
	
	10

	Topic 3. Genes, their types, structure and expression
	12
	2
	2
	
	
	8

	Topic 4. Regulation of gene expression in prokaryotes and eukaryotes
	12
	2
	2
	
	
	8

	Topic 5. Molecular mechanisms of ontogenesis
	14
	2
	 
	
	
	12

	Topic 6. Problems of mutagenesis and molecular mechanisms of hereditary diseases
	10
	 
	 
	
	
	10

	Topic 7. Regulation of the cell cycle. Apoptosis. Fundamentals of oncogenetics
	10
	 
	2
	
	
	8

	Topic 8. Methods of genetic engineering. Nucleic acid research
	12
	2
	2
	
	
	8

	Topic 9. Transgenic organisms. Cloning of organisms. Gene therapy
	16
	2
	2
	
	
	12

	Topic 10. Final practical lesson, test
	2
	 
	2
	
	
	 

	Self-training work: elaboration of educational and scientific literature, writing essays, preparation of a report for a conference, etc.
	10
	 
	 
	
	
	10

	Total in section 1
	120
	14
	16
	
	
	90

	Total in the discipline
	120
	14
	16
	
	
	90


	Lectures
№
	Topics
	Number of hours

	1
	Subject and objectives of Molecular Biology in Medicine in Medicine. Molecular mechanisms of intercellular signaling and membrane transport.
	2

	2
	Nucleic acids and proteins - molecules that provide functional activity of cells
	2

	3
	Genes, their types, structure and expression
	2

	4
	Regulation of gene expression in prokaryotes and eukaryotes
	2

	5
	Molecular mechanisms of ontogenesis
	2

	6
	Methods of genetic engineering. Nucleic acid research
	2

	7
	Transgenic organisms. Cloning of organisms. Gene therapy
	2

	Total  lecture hours 
	14


	Practical classes
№
	Topics
	Number of hours

	1
	2
	3

	1
	Subject and objectives of Molecular Biology in Medicine in Medicine. Molecular mechanisms of intercellular signaling and membrane transport.
	2

	2
	Nucleic acids and proteins - molecules that provide functional activity of cells
	2

	3
	Genes, their types, structure and expression
	2

	4
	Regulation of gene expression in prokaryotes and eukaryotes
	2

	5
	Regulation of the cell cycle. Apoptosis. Fundamentals of oncogenetics
	2

	6
	Methods of genetic engineering. Nucleic acid research
	2

	7
	Transgenic organisms. Cloning of organisms. Gene therapy
	2

	8
	Final practical lesson, test
	2

	Total practical hours
	16


	Self- training
№
	Topics
	Number of hours

	1
	Subject and objectives of Molecular Biology in Medicine in Medicine. Molecular mechanisms of intercellular signaling and membrane transport.
	4

	2
	Nucleic acids and proteins - molecules that provide functional activity of cells
	10

	3
	Genes, their types, structure and expression
	8

	4
	Regulation of gene expression in prokaryotes and eukaryotes
	8

	5
	Molecular mechanisms of ontogenesis
	12

	6
	Problems of mutagenesis and molecular mechanisms of hereditary diseases
	10

	7
	Regulation of the cell cycle. Apoptosis. Fundamentals of oncogenetics
	8

	8
	Methods of genetic engineering. Nucleic acid research
	8

	9
	Transgenic organisms. Cloning of organisms. Gene therapy
	12

	10
	Final practical lesson, test
	4

	
	Self-training work: elaboration of educational and scientific literature, writing essays, preparation of a report for a conference, etc.
	10

	Total self-training hours
	90


Discipline policy and values 
Demands: Students must have profound knowledge of such secondary school subjects as “General biology”, “Chemistry”, “Biochemistry” and be ready to fruitful co-working. 

Academic attendance and behavior: In class students must wear only medical clothing; a 5 minutes’ late student is considered to be absent; on condition of violating the discipline teacher may ask the student leave the classroom. 
Using electronic gadgets is allowed only by teacher’s permission.
Policy of student’s academic honesty and conscientiousness: Violation of student’s academic honesty (cribbing from other students and plagiarism of any kind) involves annulling the grade, reworking to special examination board and holding response according to the order adopted in KhNMU.
Policy regarding the persons with special academic demands: students with special academic demands have to get in touch with a course lecturer for developing individual curriculum. 
Recommendations on successful passing the discipline: take an active part in all types of the class work, try to share 2-3 hours to doing your homework and self-training every day, put questions during the lesson and attend consultations, hand in your papers in time and do all kinds of tests.
Rewards and penalties: Doing individual independent work (writing essays, theses of the report for the conference, articles, etc.) gives a student additional 10 points to his grade; the work which were handed in untimely without serious excuse are assessed 25% lower.
Safety measures: Instructions on accidents prevention are given at the first lesson of the course. Safety regulations are represented on the site of medical biology department http://nauka.knmu.edu.ua/medbio
Information about changes in the syllabus: changes in the syllabus are made according to the regulations established by KhNMU every year; the syllabus approved is placed on the site of medical biology department http://nauka.knmu.edu.ua/medbio and in the distant-learning system of the university.

Policy of assessment
System of assessment and demands:
· types of control -  primary, current, final;
· forms of control: individual, group, general questioning;
· methods of current control: oral questioning, interview, solution of situational problems and other methods of written control, checking the professional skills obtained, testing, oversight;

methods of control: Final control of the discipline is conducted in the form of individual interview and a written test. Final control is conducted by the teacher of the academic group and involves checking the knowledge of all topics in the discipline.
To get an access to final control a student has to attend all classes and complete all the topics.
Control questions on Molecular Biology in Medicine in Medicine
1. Mechanisms of reception and transduction inside a cell of an external signal.

2. Components of the intracellular signaling system.

3. Effector molecules. Significance of chemical modification of proteins in the transduction of intracellular signaling. Signal protein kinases and phosphatases.

4. Fast and slow signal reactions. Cascade signaling mechanisms. Transcription cascade.

5. Structure, biological functions and classification of proteins.

6. Spatial structure and properties of proteins. Significance of protein conformation in specificity of interaction.

7. Synthesis and posttranslational modification of proteins, folding.

8. Proteomics.

9. Prions and prion diseases. Prions of mammals and yeast. Prionization and conformational heredity of proteins. Mechanisms of prionization.

10. Structure, chemical composition and functions of DNA. Organization and types of DNA double helixes.

11. Levels of DNA compaction in prokaryotes and eukaryotes.

12. Chromatin and its molecular organization.

13. Basic principles of organization of genomes of viruses, prokaryotes and eukaryotes.

14. DNA replication in bacteria and eukaryotes.

15. The problem of end-replication. Telomeres and telomerases.

16. Mechanisms of direct and excisive repair of damaged DNA. Postreplication and SOS-repair.

17. Molecular mechanisms of genetic recombination. Break-up hypothesis.

18. Mobile genetic elements.

19. Violation of the mechanisms of DNA replication and repair and genetic recombination as a cause of gene and chromosomal mutations.

20. RNA and its chemical structure. Nucleotide composition of RNA. Atypical nitrogenous RNA bases and their significance.

21. Types of RNA, their structure and functions: transport RNA, ribosomal RNA, small nuclear and small nucleolar RNA, small interfering RNA (microRNA), high molecular weight RNA.

22. Types and characteristics of genetic constructs: monocistronic and polycistronic genes, operons, intermittent genes.

23. Translation (protein synthesis). Activation of amino acids, formation of aminoacyl-tRNA.

24. Molecular organization of the ribosome. Initiation of translation, assembly of translation complex. Elongation (synthesis of a polypeptide chain) and termination of translation.

25. Posttranslational modification of proteins and its significance.

26. Types of regulation of operon genes with the participation of protein transcription factors and low molecular weight regulators.

27. Control of lactose operon expression of E. coli.

28. Control of tryptophan operon expression of E. coli.

29. Topological regulation of bacterial gene expression.

30. Autogenic control of expression of ribosomal proteins of prokaryotes.

31. General features of human gametogenesis.

32. Molecular mechanisms of fertilization.

33. Structural changes in sperm membranes during capacitation. Influence of ginogamones and androgamones on the properties of germ cells.

34. Molecular mechanisms of egg activation during fertilization. Syncariogamy.

35. Regulation of the crushing process, the formation of blastomeres.

36. Totipotency, pluripotency and multipotency of cells.

37. Molecular bases of cell differentiation, histo- and organogenesis. Embryonic induction.

38. Embryonic stem cells.

39. Molecular basis of senescence. Theories of senescence (elevation, telomeric, adaptive-regulatory, etc.).

40. Changes in energy and plastic metabolism during senescence.

41. The influence of heredity on life expectancy.

42. Disorders of DNA repair as senescence factor.

43. Molecular-genetic basis of limited number of mitotic divisions as senescence factor.

44. Changes in the nuclear and mitochondrial genomes during senescence. Diseases of premature senescence.

45. Mutational variability in humans. Molecular mechanisms of gene mutations. Classification of gene mutations.

46. Monogenic hereditary diseases.

47. Molecular and cytological mechanisms of chromosomal aberrations.

48. Mechanisms of genomic mutations.

49. Modern molecular cytogenetic methods for studying human karyotype.

50. Classification of mutations by causes: spontaneous and induced mutations.

51. Mutagenic factors, methods for determining the mutagenic activity of substances. Antimutagenesis. Generative and somatic mutations.

52. Mitotic cycle and its regulation. The role of cyclins and cyclin-dependent kinases in the regulation of the mitotic cycle.

53. Principles of mitogenic signal transmission. The role of growth factors. The role of contact interaction of cells in the regulation of the cell cycle, the importance of integrins and cadherins.

54. Mitotic cycle checkpoints.

55. Apoptosis.

56. Cell proliferation as a characteristic of tumor development.

57. General characteristics of genes involved in carcinogenesis: viral oncogenes, protooncogenes, tumor suppressor genes, mutator genes. Carcinogenic factors.

58. Methods of DNA diagnostics. Indications for DNA diagnostics.

59. FISH method.

60. DNA chips.

61. Molecular genetic research methods in medical jurisprudence.

62. Transgenic organisms. The principle of creation of transgenic organisms.

63. The main directions of application of transgenic organisms in the national economy and medicine.

64. Transgenic bacteria. Recombinant drugs.

65. Transgenic plants. The main areas of use of transgenic plants.

66. Transgenic animals as disease models and bioreactors. Problems of ecological safety.

67. Cell engineering. The concept of cloning. Natural and artificial clones.

68. History of cloning of living organisms. Biological and ethical problems of cloning.

69. Therapeutic cloning and its prospects in medicine.

70. Gene therapy. Principles of gene therapy. Ex vivo and in vivo gene therapy.

71. Viral and non-viral vectors in gene therapy.

72. Prospects and limitations of gene therapy. Gene vaccines.

73. Gene therapy in oncology.

74. CRISPR / Cas9 technology.

List of practical skills and abilities

1. to use microscopy technique;

2. argue the choice of methods of laboratory diagnostics of human diseases;

3. DNA isolation from bacterial and eukaryotic cells;

4. determination of the quantitative content of nucleic acids;

5. increasing the number of DNA fragments by PCR;

6. amplification of bacterial cells on a rich medium;

7. cutting the DNA molecule into fragments by restriction enzymes;

8. separation of DNA fragments by agar electrophoresis;

9. isolation and purification of DNA fragments by adsorption chromatography;

10. identification of certain sequences in DNA by Southern blotting;

11. transformation of DNA into bacterial cells;

12. selection and use of vectors for gene transfer into the genomes of multicellular organisms;

13. cloning of cells on an artificial medium.

Recalculation of the average grade in current activities in the multi-point scale 

is conducted in compliance with “Instruction on assessment of academic activities in the European credit-transfer system of organization of the academic activities” (table 1)
Table 1
Recalculation of the average grade in multi-point scale 
	4-point scale
	120-point scale
	
	4-point scale
	120-point scale

	5,00
	120
	
	3,91-3,94
	94

	4,95-4,99
	119
	
	3,87-3,90
	93

	4,91-4,94
	118
	
	3,83-3,86
	92

	4,87-4,90
	117
	
	3,79-3,82
	91

	4,83-4,86
	116
	
	3,74-3,78
	90

	4,79-4,82
	115
	
	3,70-3,73
	89

	4,75-4,78
	114
	
	3,66-3,69
	88

	4,70-4,74
	113
	
	3,62-3,65
	87

	4,66-4,69
	112
	
	3,58-3,61
	86

	4,62-4,65
	111
	
	3,54-3,57
	85

	4,58-4,61
	110
	
	3,49-3,53
	84

	4,54-4,57
	109
	
	3,45-3,48
	83

	4,50-4,53
	108
	
	3,41-3,44
	82

	4,45-4,49
	107
	
	3,37-3,40
	81

	4,41-4,44
	106
	
	3,33-3,36
	80

	4,37-4,40
	105
	
	3,29-3,32
	79

	4,33-4,36
	104
	
	3,25-3,28
	78

	4,29-4,32
	103
	
	3,21-3,24
	77

	4,25-4,28
	102
	
	3,18-3,20
	76

	4,20-4,24
	101
	
	3,15-3,17
	75

	4,16-4,19
	100
	
	3,13-3,14
	74

	4,12-4,15
	99
	
	3,10-3,12
	73

	4,08-4,11
	98
	
	3,07-3,09
	72

	4,04-4,07
	97
	
	3,04-3,06
	71

	3,99-4,03
	96
	
	3,00-3,03
	70

	3,95-3,98
	95
	
	Less than 3,00
	Insufficient


The overall grade in the discipline equals min 120 to max 200. The grading conformity between 200-point, 4-point national and ECTS scale is given in table 2.
Table 2
Grading conformity scale for 200-point, ECTS and 4-point national grades 
	200 – point scale 
	 ECTS
	4-point national scale

	180–200
	А
	Excellent

	160–179
	В
	Good

	150–159
	С
	Good

	130–149
	D
	Satisfactory

	120–129
	E
	Satisfactory 

	Less than 120
	F, Fx
	Unsatisfactory


· Elimination of academic failures (reworking): missed classes and unsatisfactory grades are reworked according to the order established in the Kharkiv National Medical University regulations.

