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Curriculum of the discipline
1. Course Description, Aim, Subject Matter and Learning Outcomes

The academic discipline “Biochemistry. Part 2. Biochemistry” studies the molecular foundations
of the functioning of organs and systems of the human body, as well as the patterns by which chemical
processes occurring in the body are transformed into physiological functions. This enables the formation
of students’ systematic knowledge of metabolic processes in the body for their further use in practical
activities, including modeling the functioning of organs and systems and developing algorithms for
supporting and restoring their functions.

The main objective of the academic discipline “Biochemistry. Part 2. Biochemistry” is to develop
in students an understanding of the basic chemical and biochemical processes occurring in a living
organism at the molecular level, as well as the ability to apply physical, chemical, and biological
methods in the analysis and modeling of the functioning of living organisms and biotechnical systems.

To study the discipline Biochemistry, the following skills and knowledge are required:
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— knowledge of the fundamentals of bioorganic chemistry; understanding the relationship
between the structure of biomolecules and their reactivity; ability to predict possible pathways and
conditions of transformation of functional groups in the most important classes of organic compounds
during metabolism; ability to identify biologically important organic compounds based on knowledge of
their chemical properties and basic methods of investigation of organic compounds; ability to analyze
the correspondence between the structure of bioorganic compounds and the physiological functions
they perform in the human body.

Integral competence (EP was put into effect by the Rector's Order NON/434/2024 of June 10, 2024):

IC - The ability to solve complex, specialized problems and practical problems in biomedical engineering
and in the process, which provides the use of specific theories and methods of chemical,
biological and medical engineering, and is characterized by the complexity and non-strict terms

General competencies (EP was put into effect by the Rector's Order NON/434/2024 of June 10,2024):

3K 06 - Ability to search, process, and analyse information from various sources.

Professional competencies (EP was put into effect by the Rector's Order NON/434/2024 of June 10,
2024):

®K 05 - Ability to apply physical, chemical, biological, and mathematical methods in the analysis and
modeling of the functioning of living organisms and biotechnical systems

Programme learning outcomes after completing the course “Biochemistry. Part 2. Biochemistry”
include (EP was put into effect by the Rector's Order NON/434/2024 of June 10, 2024):

MPH 17 Application of knowledge in chemistry and bioengineering to create, synthesize, and apply
artificial biotechnical and biological objects.

MPH 18 Understanding of fundamental-applied, medical-physical, and physico-chemical principles
governing the functioning of biological objects, as well as bioengineering fundamentals of
technologies and equipment for researching human body processes.

2. Prerequisites and postrequisites of the discipline (place in the structural and logical scheme of
education according to the relevant educational program)

The academic discipline “Biochemistry. Part 2. Biochemistry” belongs to the cycle of professional
training and has an interdisciplinary character.

Prerequisites: the course is taught in the 2nd semester of the 1st year of study and is directly
preceded by the discipline “Biochemistry. Part 1. Bioorganic Chemistry”.

Postrequisites: according to the structural and logical scheme of the specialist training program,
the discipline “Biochemistry. Part 2. Biochemistry” is closely related to other professional training

courses, including “Materials Science and Structural Materials”, “Quantitative Physiology”, “Biomaterials
and Biocompatibility”.

3. The content of the discipline

The main sections and topics covered in the course are as follows:

Section 1. Biochemistry of Metabolic Processes
Topic 1.1. Basic concepts of biochemistry. Molecular foundations of vital activity. Biological membranes.



Topic 1.2. Fundamental principles of metabolism. The tricarboxylic acid cycle as the central metabolic
pathway.
Topic 1.3. Molecular foundations of bioenergetics.
Topic 1.4. Carbohydrate metabolism and its regulation.
Topic 1.5. Lipid metabolism and its regulation.
Topic 1.6. Protein metabolism as a central process of living matter. Amino acid metabolism.
Topic 1.7. Nucleotide metabolism and its regulation.
Section 2. Biochemistry of the Human Body
Topic 2.1. Blood biochemistry.
Topic 2.2. Liver biochemistry. Xenobiotic metabolism.
Topic 2.3. Biochemistry of nervous tissue.
Topic 2.4. Biochemistry of excitable tissues.
Topic 2.5. Muscle biochemistry.
Topic 2.6. Biochemistry of hormonal regulation.
Topic 2.7. Molecular aspects of genetic information transfer.
Topic 2.8. Nutritional biochemistry.

4. Training materials and resources

Basic literature:

1. bionoziyHa i Gioop2aHiyHa Ximif : y 2 KH. : NiOpy4YHUK. KH. 2. bionoziyHa ximia / FO.1. Ty6cekud, 1.B.
HixceHkoscoka, M.M.Kopda ma iH. ; 3a ped. I0.l. ybcbKkoeo, I.B. HixceHKoscbkoi. — 3-€ 8ud. — K.:
BCB «MeouyuHa», 2021. - 544 c. 3amosumu 8 bibniomeui Krii:
https://opac.kpi.ua/F/IMXYQDBTRBQYQ35I2FRI53A4V8X94JUA5U8261P765B952CMMR-

16257 ?func=full-set-set&set _number=000077&set _entry=000001&format=999
2. BoesHKo C.l., KanawHikosa /1.€. «bioximia» MemoduyHi pekomeHOayii 014 camocmiliHoi pobomu

cmydeHmie 014 cmydeHmis cneyianbHocmi 163 — «biomeduyHa iHxceHepia» / KIl im. lzopa
CikopcbKozo. — 2021. — 63 c. https://do.ipo.kpi.ua/course/view.php?id=2946
3. 3imeHKoscbKuli, bopuc CemeHosuu. bionoziyHa i 6ioopaaHiyHa ximis : NiOpyYHUK 018 cmydeHmis

MeOuYHUX 3aKaaodis suwoi oceimu / 3a pedakuyieto b.C. 3imeHKoscbKozo, |.B. HixteHKoB8CbKOI,
10. I. Tybcokoeo. — Kuis : BCB "MeouyuHa", 2021-2022. — 2 KHuzu. 3amosumu 8 bibniomevyi KIl:
https://opac.kpi.ua/F/?func=direct&doc number=000636899&local base=KPI101

4. KoHcnekm nekyil 3 sugyeHHA ducyunaiHu «bioximia» 018 cmydeHmis crieuianbHocmi 163 -

biomeduy4Ha iHxceHepis oceimHA npoepama biomeduyHa iHxceHepia / Yknad. [. X. lLmogpens. —
BiHHUuA : BHTY, 2020.-298 C. Pexcum docmyny:
https://bmi.vntu.edu.ua/bioart/program/BC lect.pdf

5. Cropobozamosa, 30a MuxalinieHa. bioximia. Kopomkuli Kypc : Has4anbHuli nocibHuk / 3.M.

Ckopobozamosa, M.A. Cmawkesu4, A.I. MameieHKo ; HauioHanbHa aKademia HayK YKpaiHu,
IHcmumym pizuxko-opaaHiuyHoi ximii i s8yaneximii im. /.M. JlumeuHeHka. — Kuis : biokomno3zum,
2019-2021. - 2 YacmuHu. 3amosumu 8 Gibniomeui Krii:
https://opac.kpi.ua/F/?func=direct&doc number=000608363&Ilocal base=KPI01

Supporting literature:

1. [zepycuHcbKkul, Mukona Edyapdosuy. Ljumobioximia Kposi : Has4anbHuli nocibHuk / M.E.
A3epmuHcokuli, T.B. PubaneueHko, T.b. CuHenvbHuk, B.K. PubasnbyeHKo ; 30 pedakuyieto
PubansyeHka ; MiHicmepcmeo ocgimu i Hayku YkpaiHu, Kuiscbkuli HayioHanbHUl yHisepcumem
imeni T. LlesuyeHka. — Kuis : BlIL "Kuiscokuli yHisepcumem", 2020. — 413 c. 3amosumu 8
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10.

11.

12.

bibniomeui KII: https.//opac.kpi.ua/F/?func=direct&doc_number=000643463&local base=KPI01
Jlucuys, AHOpIli Banepitiosuy. bioximia. [MpakmuKym : Has4yanbHUl rocibHUK 018 cmyodeHmie

bionoziyHux cneuyianbHocmell BUWUX HaAs4YanbHUX 3aknadie / A.B. Jlucuusa. — Cymu
YHigsepcumemcbka  KHuea, 2023. - 239 ¢ 3Bamosumu 8 bibaniomeyi  KIll:
https.//opac.kpi.ua/F/?func=direct&doc_number=000642071&local base=KPI01

JlyHbosa, [aHHa eHHadiisHa. KniHiyHa 6ioximia : 8 mpbox momax : niopyyHuk / I.T. JlyHbo8a,

M. JlinkaH, /1.B. B'loHuubka [ma 31 iHwux] ; 3a 3az2aabHowo pedakuieto JlyHvoeoi, I.I. ;
Minicmepcmeo oxopoHu 300po8'as YkpaiHu, HauioHanbHa medu4yHa akademis nicasounaomHoi
oceimu imeHi 1./1. LLynuka. - /lbsis : BudasHuuymseo " MazHosniu", 2023. — momu. 3amosumu
8 bibniomeui Kril:
https://opac.kpi.ua/F/?func=direct&doc_number=000642559&local base=KPI01

HenbcoH, [etisid Jli, OcHosu bGioximii 3a JleHiHOxepom / [eligio /1. HenbcoH, Matlika M. KoKc ;

[nep. 3 aHen. O. Mamuwescoka ma iH. ; Hayk. ped. nep. C. KomicapeHko ma iH. ; ped. M.
MapmuHsk]. - /lbsie : baK, 2015. - XXIV, 1256 c.

HixceHkoscoka, IpuHa BonodumupieHa. bionoziyHa ximia : mecmosi 3080GHHA 3 MOACHEHHAMU
018 cmyodeHmis ¢hapmauesmuyHo2o gaxkynbmemy / HixceHkoscoKa I.B., Ky3Heyosa O.B. — Kuis :
®0or  JlonamiHa  0.0., 2019. — 312 ¢ 3Bamosumu 8 bibaiomeyi  KIrll:
https://opac.kpi.ua/F/?func=direct&doc_number=000602013&local _base=KPI01

OcuneHko, faHHa AHMoHieHa. OcHosu bioximii m'a3080i dianbHOCMI : HaBYAAbHUL MOCIOHUK 014

cmyoeHmie 8ULUX HOBYAIbHUX 3aKNA0i8 (i3u4yHo20 8uxosaHHaA i cnopmy / I.A. OcuneHko. — Kuie
HauyioHanvHuli yHisepcumem pi3uyHo20 BUX0B8aHHA | crnopmy YKpaiHu "OnimniliceKa

nimepamypa”, 2019.—198c. 3amosumu 8 Gibniomeui Kril:

https.//opac.kpi.ua/F/?func=direct&doc_number=000604897&local base=KPI01

Masnouysbka, Jlapuca ®edopisHa. bionoeiyHa ximia : niOpyYHUK 0OA8 cmyOGeHmis euuwux

HasyanbHUXx 3aKknadie / Masaoubka /1.®., fyoeHko H.B., /lesimiH €.A., LluxaHoscbka M.T. [ma 4
iHwux]. — Cymu : YHigepcumemcobKka KHuea, 2023. — 507 c. 3amosumu e bGibniomeui KIl:
https.//opac.kpi.ua/F/?func=direct&doc_number=000642043&local base=KPI01

Mempos, Cepeili AHamonilioguy. [lamonoziyHa 6Gioximia : niopy4Huk / C.A. [llempos ;

Minicmepcmeo oceimu | Hayku YKpaiHu, Odecbkull HayioHaasvHUl yHisepcumem imeHi |.I.
MeyHukosa. — XepcoH : Ondi-nawc, 2021. — 145 c¢. 3amosumu 6 bibaiomeui KIrl:
https://opac.kpi.ua/F/?func=direct&doc number=000640201&Ilocal base=KPI101

CubipHa, Hamania OnekcaHopieHa. MexaHiamu 6ioximiyHux peakuili : HasyanbHUl Noci6HUK /

asmopu: H.O. CubipHa, I.A. la4ykosa, O.I. Cmacuk, I.B. bpodsak, [ma 6 iHwux] ; 3a pedaKuieto H.O.
CubipHoi ; MiHicmepcmeo ocsimu i HayKu YKpaiHu, /lbsiecbKuli HauyioHanbHUU yHisepcumem
imeHi lsaHa ®paHka. — /i : /IHY imeHi leaHa ®paHka, 2021. — 318 c. 3amosumu 8 bibniomeui
KIl: https://opac.kpi.ua/F/?func=direct&doc number=000642006&local base=KPI01

AsoHeHKo, OnexkcaHOp ®edomosuy. bioximia : niOpy4HUK 08 cmydeHmis 8UU4UX HABYA/bHUX

3aknadie / O.®. AsoHeHKo, b.B. AkoseHko. — Cymu : YHisepcumemcbKa KHuza, 2023. — 379 c.
3amosumu 8 Gibniomeui Kril:
https://opac.kpi.ua/F/?func=direct&doc number=000642533&local base=KPI101

bionoziyHa ximisa : Hasy. nocib. / /1. |. [pebeHuxk ma iH. ; 3a 3a2. ped. /1. |. [pebeHuK. — Cymu :

Cymcokuli  OepxcasHulli  yHisepcumem,  2023. - 380 v Pexcum  docmyny:
https://essuir.sumdu.edu.ua/bitstream/123456789/91540/1/Hrebenik.pdf
loHcokutli A.l., Makcumuyk T.I1. bioximia nduHu. — TepHoninb: YkpmeokHuea, 2001. — 736 c.
Pexcum docmyny: https.//repository.ldufk.edu.ua/handle/34606048/22152
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13. l'ycak, Bikmop Bacunvosuy. bioximis kposi. Kopomkuli kKypc / l'ycak B.B., Abpam O.b. — lsaHo-
®paHkiecek : Mpukaprnamcekull HAYioHanbHUU yHisepcumem imeHi Bacunas CmegaHuKka, 2023. —
127 C. Pexcum docmyny: https.//kbb.pnu.edu.ua/wp-
content/uploads/sites/28/2023/11/biokhimiia_krovi husak abrat.pdf

14. MemooduuyHi 8Kasisku 00 nabopamopHux pobim 3 dAucyunniHu «bioximia» 0na cmyodeHmis

cneyianeHocmi 163 «biomeduyHa iHxeHepia» ecix popm Has4aHHA. — TepHonins: THTY, 2019. —
78 C. Pexcum docmyny:
https://elartu.tntu.edu.ua/bitstream/lib/27942/1/Met vkaz biochem RB 2019.pdf

15. Ximia 6iozeHHUX enemeHmis. /labopamopHuli npakmuKkym [EnekmpoHHuUl pecypc] : Hag4yanbHUl

nocibHUK 011 cmydeHmis crieuiaseHocmi 162 «biomexHonoeii ma 6ioiHxceHepis», 0c8iMHbOI
npozpamu «biomexHonoeii» / Kl im. lzopsa Cikopcokoao ; yknad.: H. b. lony6, /1. C. 3ybueHKo, I. |.
JleemyH. — Kuie : KMl im. leopa Cikopcokozo, 2020. — 52 c¢. Pewum Oocmyny:
https://ela.kpi.ua/handle/123456789/35048

16. Koolman, Jan. Color Atlas of Biochemistry Second edition, revised and enlarged / J. Koolman, K.-

H. Roehm. - Thieme, 2005.—476 p. Pexcum docmyny:
https://www.academia.edu/44166391/Color Atlas of Biochemistry Second edition revised an
d_enlarged

17. CKopobozamosa, 304 MuxatinisHa. bioximis 8 pucyHKax i cxemax. HagyaanbHo-HAOYHUU NOCIOHUK
014 cmyodeHmie ¢hapmauesmuyHozo ¢arynememy / 3.M. Ckopobozamosa, K0./]. TypcyHosa ma
iH. — foHeybK: JoHHMY im. M. lNopsKkozo, 2010. — 225 c.

18. Nelson, David L. Lehninger Principles of Biochemistry. 8th Edition / D.L. Nelson, M.M. Cox —
Macmillan Learning, 2021. — 4381 p. — ISBN 978-1319228002//

19. Walker, Sharon. Biochemistry Demystified / S. Walker, D. McMahon. — The McGraw-Hill
Companies, 2008 — 385 p.

Educational content
5. Methodology for mastering the academic discipline (educational component)

For the study of the discipline, 18 lecture sessions and 18 practical classes are scheduled in each
semester. During the practical classes, a module test is planned.

During the study of the course material, the following teaching methods are applied:

Lectures are conducted using the explanatory and illustrative method, the problem-based learning
method, and interactive methods during lectures, which are used to establish dialogue with the
audience.

Practical classes employ the following methods:

— Reproductive method, through which students consolidate the studied theoretical material
and learn to apply it to specific tasks.

— Partially search-based (heuristic) method, which develops the ability to find correct
approaches and methods for solving problems.

— Interactive method.

— Demonstration and review of software tools and virtual chemical processes.

— Discussion.

Below is the distribution of classroom hours by course topics and the calendar schedule for their
implementation.
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Lectures Practicals
Subject Week of hrs Week of hrs Control measure
semester semester
Topic 1.1. Basic concepts of biochemistry. _Practical
Molecular foundations of vital activity. Biological 1-2 4 1-2 4 Asmgnme{\t (PA)
membranes. Quiz Nel
Topic 1.2. Fundamental principles of metabolism.
The tricarboxylic acid cycle as the central 3 2 3 2 Quiz Ne2
metabolic pathway.
Topic 1.3. Molecular foundations of 4 5 4 5 PA No 2
bioenergetics. Quiz Ne3
Topic 1.4. Carbohydrate metabolism and its )
. 5 2 5 2 Quiz Ne4
regulation.
Topic 1.5. Lipid metabolism and its regulation. 6 2 6 2 Quiz No5
Topic 1.6. Protein metabolism as a central )
. . . . 7 2 7 2 Quiz Ne6
process of living matter. Amino acid metabolism
Topic 1.7. Nucleotide metabolism and its )
. 8 2 8 2 Quiz Ne7
regulation.
Topic 2.1. Blood biochemistry 9-10 4 9-10 4 Quiz Neo8
Topic 2.2. Liver biochemistry. Xenobiotic .
] 11 2 11 2 Quiz Ne9
metabolism
Topic 2.3. Biochemistry of nervous tissue 12-13 4 12-13 4 -
Topic 2.4. Biochemistry of excitable tissues. 14 2 14 2 Quiz N210
Topic 2.5. Muscle biochemistry. 15 2 15 2 PA No 3
Topic 2.6. Biochemistry of hormonal regulation 16 2 16 2 Quiz Ne11
Topic 2.7. Molecular aspects of genetic )
. . 17 2 17 - Quiz Ne12
information transfer
Topic 2.8. Nutritional biochemistry 18 2 18 - --
Module test 17 2 Module test
Essay 14-17 Essay
Final test 18 (2)
Total hrs 36 36

The alignment of teaching and assessment methods is reflected in the rating-based assessment
system, which provides for the assessment of tests and practical assignments, oral questioning during
practical classes, a module test, an essay, and a final pass/fail assessment (credit).

5.1. Lectures

No. Lecture title and main questions to be covered

Section 1. Biochemistry of Metabolic Processes

Topic 1.1

Lecture 1, Part 1: Subject and Objectives of Biochemistry. History of Biochemistry.
e History of biochemistry and the development of biochemistry in Ukraine.

1 e Modern approaches to solving biochemical problems.

e Libraries and databases.

e Computer modeling.

o Applied biochemistry: drug design, pharmacogenetics.




Lecture 1, Part 2: Chemical Composition of Living Organisms.
e Molecular foundations of vital activity.
e Principles of molecular organization and functioning of living systems.
e Biomolecules and cells.
e Chemical composition of living organisms.
e Medico-physical patterns of functioning of biological objects.

Topic 1.1
Lecture 2: Biological Membranes
e Biochemical functions of membranes.
¢ Fluid-mosaic model of biomembranes; membrane lipids.
e Transport of substances across membranes.
o Receptors.
e Creation, synthesis, and application of artificial biotechnical and biological objects.

Topic 1.2: Fundamental Principles of Metabolism. The Tricarboxylic Acid Cycle as the Central
Metabolic Process
Lecture 3, Part 1: Concept of Metabolism
e Catabolism and anabolism.
Levels of regulation of metabolic processes.
Stages of nutrient breakdown and energy release in cells.
ATP as the universal energy “currency” and pathways of its synthesis in the body.
Other macroergic and supra-macroergic compounds.
Lecture 3, Part 2: Common Metabolic Pathways of Substances
¢ Oxidative decarboxylation of pyruvate.
e Structure of the pyruvate dehydrogenase (PDH) multienzyme complex.
e Tricarboxylic acid (Krebs) cycle as the central metabolic process: mechanism, significance,
and energy balance.
Lecture 3, Part 3: Methods for Studying Energy Metabolism
e Energy balance in humans.
e Respiratory calorimeter.
¢ Assessment of energy expenditure using the respiratory quotient.
e Concept of basal metabolism and its calculation.

Translation into English:
Topic 1.3: Molecular Foundations of Bioenergetics
Lecture 4: Oxidative Phosphorylation
e Macroergic compounds and their biological significance.
e Tissue respiration.
e Structure and significance of mitochondria.
e Redox potential and its importance.
e Formation of water and carbon dioxide in tissues through simple and oxidative
decarboxylation.
e Formation of hydrogen peroxide and the role of enzymes in its detoxification.
e Oxidative phosphorylation (Mitchell’s chemiosmotic theory) and the significance of the P/O
ratio.
e Structure of ATP synthase.
o Pathology of biological oxidation: inhibitors of tissue respiration, uncouplers of oxidative
phosphorylation and tissue respiration.
o Methods for studying biological oxidation.

Topic 1.4: Carbohydrate Metabolism and Its Regulation
Lecture 5: Carbohydrate Metabolism and Its Regulation
e Anaerobic carbohydrate metabolism.
e Mechanisms of glycolysis and glycogenolysis: biological significance, energy balance of




these processes, substrate-level phosphorylation, regulation of glycolysis, Pasteur effect.
e Lactate metabolism in tissues.
e Aerobic oxidation of glucose.
e Energy balance of complete aerobic oxidation of carbohydrates to carbon dioxide and
water.
e Pentose phosphate pathway of carbohydrate metabolism: significance and regulation.
¢ Methods for studying carbohydrate metabolism.

Topic 1.5: Lipid Metabolism and Its Regulation
Lecture 6: Lipid Metabolism and Its Regulation
e Lipid metabolism: breakdown of triglycerides in tissues, mobilization of fatty acids from fat

6. depots, and their oxidation.
¢ Biosynthesis of long-chain fatty acids, triglycerides, phospholipids, and cholesterol.
¢ Biotransformation of cholesterol and its biological significance.
¢ Methods for studying lipid metabolism.
Topic 1.6: Protein Metabolism as a Central Process of Living Matter. Amino Acid Metabolism
Lecture 7: Protein Metabolism as a Central Process of Living Matter
e Nitrogen metabolism in nature.
¢ Dynamic state of body proteins.
¢ General pathways of protein metabolism.
2 ¢ General pathways of amino acid catabolism.
' e Ammonia detoxification.
¢ Urea biosynthesis.
¢ Amino acid biosynthesis.
e Amino acid derivatives.
e Biogenic amines.
e Methods for studying protein metabolism.
Topic 1.7: Nucleotide Metabolism and Its Regulation
Lecture 8: Nucleotide Metabolism and Its Regulation
e Structure of nucleotides.
g e General scheme of nucleotide metabolism; digestion of nucleoproteins.
' e Biosynthesis of purine nucleotides and its regulation.
e Catabolism of purine nucleotides.
e Reutilization of purine bases.
e Biosynthesis of pyrimidine nucleotides.
Section 2. Biochemistry of the Human Body
Topic 2.1: Biochemistry of Blood (Part 1)
Lecture 9: Biochemistry of Blood. Part 1: Biochemistry of Blood Cells. Gas Transport
e Blood as a biological fluid and its significance for the organism.
9 e Composition of blood. Functions of blood.
’ e Main physicochemical constants of blood.
e Structural features and metabolism of erythrocytes, leukocytes, and platelets.
e Oxygen transport function of hemoglobin.
e Transport of carbon dioxide by the blood.
Topic 2.1: Biochemistry of Blood (Part 2)
Lecture 10: Blood Plasma and Its Components
e Proteins of blood plasma. Characteristics of the main protein fractions and individual
10. proteins.

e Proteolytic cascade systems of the blood: coagulation system, fibrinolytic system,
complement system, kallikrein-kinin system, and their interconnections.
e Bioengineering solutions for medical applications




11.

Topic 2.2: Biochemistry of the Liver. Xenobiotic Metabolism
Lecture 11: Biochemical Functions of the Liver
e Biochemical functions of the liver: role in carbohydrate metabolism (glycogenic function),
lipid regulation, protein synthesis, urea formation, pigment metabolism, and bile formation.
¢ Role of the liver in bilirubin metabolism.
e Methods for studying liver function.
Xenobiotic Metabolism
¢ Biotransformation of xenobiotics and endotoxins.
¢ Microsomal oxidation and xenobiotic metabolism.
e Pathways of xenobiotic transformation in the body.
e Organization of microsomal electron transport chains.
e Cytochrome P450 and its induction.
¢ Hydroxylation and dealkylation reactions of xenobiotics.
e Conjugation reactions of xenobiotics.
¢ Methods for studying xenobiotic metabolism.

12.

Topic 2.3: Biochemistry of Nervous Tissue (Part 1)
Lecture 12: Features of the Chemical Composition and Metabolism of Nervous Tissue
¢ Concept of excitable tissues.
e Chemical composition of nervous tissue.
e Cerebrospinal fluid.
e Features of nervous tissue metabolism.
¢ Energy metabolism in the brain.
¢ Glutamic acid system.
e GABA shunt.

13.

Topic 2.3: Biochemistry of Nervous Tissue (Part 2)
Lecture 13: Generation and Conduction of Nerve Impulses
e Resting potential.
¢ Generation of the action potential.
e Propagation of the action potential.
e Chemical basis of neurotransmission.
e Neuromodulators and peptides.
e Receptors of nervous tissue and their structure.
e Bioengineering principles of technologies and equipment for studying nervous processes in
the human body.

14.

Topic 2.4: Biochemistry of Muscles
Lecture 14: Biochemistry of Muscles
o Features of the cellular structure and chemical composition of muscles.
e Structure of filaments and myofibrils.
e Molecular mechanisms of muscle fiber contraction.
e Excitation—contraction coupling.
e Contraction of smooth muscles.
e Energy sources of muscle fibers.
e Energy metabolism in cardiac muscle.

15.

Lecture 15: Biochemistry of Connective Tissue
o Features of the cellular structure and chemical composition of connective tissues.
e Components of connective tissue.
e Collagen: structure, synthesis, and types of collagen.
e Elastin: structure and synthesis.
e Glycosaminoglycans and proteoglycans.
o Specialized extracellular matrix proteins.
e Fibronectin.
o Adhesive proteins: laminins, nidogen, integrins.




Anti-adhesive proteins.

Organization of the intercellular matrix in highly specialized structures:
o Bone and dental tissue

Articular cartilage

Intercellular matrix of skin tissues

Basal membranes

Lens

O O O O

16.

Lecture 16: Hormonal Regulation of Metabolism

Physicochemical principles of human body functioning.
Classification of hormones by chemical nature.
Adenylate cyclase and phosphoinositide mechanisms of hormone action.
Hypothalamic hormones.

Pituitary hormones.

Thyroid hormones.

Hormonal control of calcium metabolism.

Pancreatic hormones.

Hormones of the adrenal medulla.

Hormones of the adrenal cortex.

Male and female sex hormones.

17.

Topic 2.7: Molecular Aspects of Genetic Information Transfer
Lecture 17: Template Biosyntheses

Functions of DNA and RNA.

Template biosyntheses.

DNA replication.

DNA repair of errors and damage.

Transcription.

Post-transcriptional RNA modifications (processing).
RNA degradation.

Translation as the mechanism of converting genetic information into phenotypic traits.

Mechanisms of adaptive regulation of gene activity.
Mechanisms of genetic variability.
Pharmacogenetic algorithms.

18.

Topic 2.8: Nutritional Biochemistry
Lecture 18: Nutritional Biochemistry

Human body requirements for nutrients.
Biological value of proteins.

Non-essential and essential amino acids.

Protein requirements and nitrogen balance.
Protein digestion.

Proteolytic enzymes of the gastrointestinal tract.
Role of hydrochloric acid in the stomach.
Absorption of protein hydrolysis products.
Digestive enzymes for carbohydrates and lipids.
Hydrolysis products and their absorption mechanisms.
Methods for studying digestive function.
Water-soluble vitamins.

Fat-soluble vitamins.

5.2.

Practical Classes

Practical Classes cover the topics of the lecture sessions.




Distance Learning Platform:

To facilitate better mastery of the course material during remote learning, email, the “Sikorsky”
distance learning platform (based on Moodle), and the ZOOM platform for online meetings are used.
These tools enable:

e Easier distribution of methodological guidelines, learning materials, literature, and other
resources.

o Feedback to students regarding assignments and the content of the course.

e Checking and assessing completed tasks.

e Monitoring students’ progress in completing the course plan, adherence to deadlines for
submission of learning/individual assignments, and their assessment.

6. Self-study

Self-study includes: preparation for lectures and practical classes; completion and defense of an
essay; preparation for the module test; preparation for the final test assessment, etc.

6.1. Types of Self-study work:

No. Type of Work Assigned for Self-study hrs
1 Review of lecture material and study of topics assigned for independent work 10
2 Preparation for practical classes 18
4 Preparation for the module test 4
5 Completion of an essay 10
6 Preparation for the final test assessment 6

Total 48

6.2. Preparation for Classroom Sessions

Preparation for classroom sessions is carried out according to the course plan, following the
references provided to the Moodle platform, and by completing self-assessment tests available on
Moodle. Students are also encouraged to choose a topic and prepare a short report (5-10 minutes) for
one of the practical classes according to the course plan.

6.3. Module Test
Four hours of independent work are allocated for preparation for the module test.
6.4. Essay

The essay is one of the main forms of semester assessment in this course. It is completed
according to the published requirements. Ten hours of independent work are allocated for preparation
and formatting of the essay. The student must choose and have the essay topic approved by the
instructor no later than the 4th week of the semester. The essay must be submitted to the instructor by
the 14th week. Defense of the essay is scheduled during an additional session between the 15th and
18th weeks.

6.5. Final Test

The Final Test is conducted during the last practical class, after students complete the module test
and defend their individual assignment (essay). Based on the total accumulated rating points for the
semester, the student receives the credit without additional examinations if the total score is at least 60
points. Students who meet all admission requirements for the credit but have rating points between 40




and 59, or wish to improve their result, must take a credit test or interview on the credit questions. Six
hours of independent work are allocated for preparation for the credit. During remote learning, the
credit can be conducted according to the class schedule using the Moodle platform and Zoom for online
meetings.

Policy and control
7. Policy of academic discipline (educational component)

7.1. Incentive Points

Encouragement points
Criterion Weight (Points
Preparation of a report on an additional topic for a practical 1 point
class
Completion of online courses on topics approved by the 5 points
instructors
Preparation of a research paper for participation in a student 10 points
scientific competition
Participation in international or national events/competitions, 10 6anis
or winning a prize in a university competition related to the
course

Writing a scientific article on a topic related to the course 10 points
Writing an abstract on a topic related to the course 3 points

However, according to the regulation https://osvita.kpi.ua/node/37, section 2.7, the total
amount of incentive points cannot exceed 10% of the rating scale.

7.2. Attendance Rules

Attendance at lectures is not mandatory. Attendance at practical classes is recommended, as
these sessions include the completion of quick assessments/tests and the defense of practical
assignments.

The assessment system is designed to reward student activity as well as the completion of tasks
that help develop practical skills and competencies.

7.3. Rules for Completing the Individual Assignment

An essay is a scientific and technical document that contains comprehensive, structured
information on a chosen topic. It involves presenting material based on specially selected literature and
independently conducted research. Students may write an essay only on a topic approved by the
instructor.

General Requirements for the Essay:
e Clarity and logical sequence of the material presentation.
e Persuasiveness of arguments.
e Conciseness and accuracy of formulations, avoiding ambiguity.
e Specificity in presenting results.
e Justification of conclusions.
Structure of the Essay:
1. Title page
2. Table of contents


https://osvita.kpi.ua/node/37

List of abbreviations, symbols, units, and terms (if necessary)
Introduction

Main body of the essay

Conclusions

No v ks Ww

List of references
8. Appendices (if necessary)
Title Page Content:
¢ Name of the university
¢ Name of the faculty
o Name of the department
¢ Name of the specialty
¢ Name of the educational-professional program
e Name of the course
e Essay topic
e Student’s full name, year of study, academic group number, year

The title page is followed by a detailed table of contents, which should highlight: the
introduction, main sections (topics to be covered), subsections (if needed), conclusion, and list of
references. Page numbers for each section should be indicated on the right. Each section starts on a
new page.

The total length of the essay may vary from 10 to 15 pages of main text, depending on the topic
and agreement with the instructor. The essay’s volume is determined by the student’s ability to present
and analyze the information concisely and thoroughly.

Mandatory Requirement: Proper references to information sources. All numbers, facts, scientific
opinions, citations, and formulas must be cited as [2, p. 54] (the first number corresponds to the source
number in the reference list, and the second number indicates the page). Use of chemical formulas,
diagrams, charts, and other visual aids is encouraged.

The reference list must include at least 6 sources and be formatted according to current
academic rules. If information is taken from the Internet, the author, article title, and website address
must be provided, as for printed literature.

Assessment Criteria:

e Logical structure of the essay

e Completeness and depth of topic coverage

e Correct formulation of conclusions

e Proper formatting

o Justification of the student’s own opinion in the conclusion

e Mastery of the topic (assessed during the essay defense)

Deadline for submission: 14th week of the semester.

The essay is not checked for plagiarism, but must comply with principles of academic integrity. If
academic dishonesty is detected, the essay is canceled and not assessed.

Suggested Essay Topics:

e Polyunsaturated fatty acids and their biological role
e Vitamins as coenzyme precursors

e Molecular chaperones

e Prions and prion infections

e Folding-related diseases

e Biological nanomotors



7.4. Policy on Deadlines and Retakes

Missed assessments (e.g., defense of practical assignments) can be made up during the next class,
provided the assignment scheduled for the current session is completed, or during consultations.

Missed quizzes cannot be made up.

Missed module tests can be made up during consultations.

Essays submitted after the deadline are graded with a reduction in the assigned points.

7.5. Procedure for Appealing Assessment Results

Students have the opportunity to raise any questions related to the assessment process and can
expect that these questions will be addressed in accordance with established procedures.

A student has the right to appeal the results of an assessment in accordance with the approved
Appeals Policy at Igor Sikorsky Kyiv Polytechnic Institute (approved by Order No. HOH/128/2021 dated
20.05.2021) — https://osvita.kpi.ua/index.php/node/182

7.6. Distance Learning

Distance learning is conducted through the “Sikorsky” Distance Learning Platform.

Distance learning via additional online courses on specific topics is permitted if agreed with the
students. If only a small number of students wish to take an online course on a particular topic, studying
the material through such courses is allowed, but students must complete all assignments required by
the course.

The list of courses is proposed by the instructor after determining student interest (since the
available course bank is updated almost monthly).

Students must provide a document confirming completion of the online course (if the full course is
completed), or submit completed practical tasks from the online course, and pass an oral interview with
the instructor on the topics covered. Upon successful completion, students may receive grades for the
assessments associated with the studied topics (quick assessments/tests, practical assignments).

Practical assignments are carried out during independent study in distance mode, with the
possibility of consulting the instructor via email or social networks.

7.7. Instruction in a Foreign Language

Instruction in English is provided only for international students.

If students wish, it is permitted to study material using English-language online courses on topics
corresponding to the content of specific lessons.

7.8. University Policy

Academic Integrity

The policy and principles of academic integrity are defined in Section 3 of the Code of Honor of the
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute.” More details:
https://kpi.ua/code.

Standards of Ethical Conduct

he standards of ethical conduct for students and staff are defined in Section 2 of the Code of
Honor of the National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute.” More
details: https://kpi.ua/code.
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8.  Types of Assessment and Rating System

Ongoing assessment is conducted during classroom sessions and aims to evaluate students’
preparedness for the lessons. During practical classes, it includes discussion of theoretical questions as
well as quick assessments/tests during lectures. It also includes the module test and the completion
and defense of the individual assignment (essay).
Scheduled Assessment (Calendar Control):
Scheduled assessment is conducted twice per semester to monitor the current level of fulfilment of
syllabus requirements. There are two possible outcomes:

o Attested (A) — passed

¢ Not Attested (N/A) — not passed

The result depends on the number of points accumulated at the time of the scheduled
assessment. In the rating system (RSO), the minimum number of points required for attestation is
specified for the first and second scheduled assessments.

Criteria First CC (Week 8) Second CC (Week 14)
Date of calendar control 8th week 14th week
Current rating (points) > 13 points* > 24 points*
Module Test - -
Practical Assignments (PA) N N
Nos. 1-2
Practical Assignment No. 3 -
Conditions fora | Quizzes Nos. 1-7 + +
positive result in Quizzes Nos. 8-10 - +
the calendar Quizzes Nos. 11-12 - -
control Participation in Practical N .
Classes Nos. 1-8
Participation in Practical _ N
Classes Nos. 9-14
At least 259
Essay east 25% Submitted
completed

*- Points correspond to the cumulative rating accumulated by the student up to the date of the
calendar control.

Semester Assessment: Final Test (Pass/Fail)
Evaluation of and Assessment Activities

System for Assessing Control Activities:

No. Assessment Activity % (\F/’\Z)E:Lgt:;c Quantity Total
1 Quizes Nos. 1,2,3,4,5,7,9 21 3 7 21
2 Quizes Nos. 6,11, 12 12 4 3 12
3 Quizes Nos. 8, 10 10 5 2 10
4 Practical Assignments Nos. 1, 3 4 2 2 4
5 Practical Assignment No. 2 3 3 1 3
6 Questioning during Practical Classes 10 1 10 10
7 Module Test 20 20 1 20
8 Essay 20 20 1 20

Total 100 100




8.1 Quizzes Nos. 1, 2,3,4,5,7,9
Weight — 3 points.

Planned Tasks: 7 quizzes. Maximum points: 3 points x 7 quizzes = 21 points.

Assessment Criteria:

Grade Description Points
Excellent | Answers are complete and correct (at least 90% of required information) 3 points
Good Answers are sufficiently complete (at least 75% of required information) 2 points
Satisfacto | Answers are incomplete but demonstrate understanding (at least 60% of 15 boints
ry required information) ~ P
Unsatisfac| Answers are absent or incorrect (less than 60% of required information) 0 boints
tory p

8.2 Quizzes Nos. 6, 11, 12

Weight — 4 points.

Planned Tasks: 3 quizzes. Maximum points: 4 points x 3 quizzes = 12 points.

Assessment Criteria:
Grade Description Points
Excellent | Answers are complete and correct (at least 90% of required information) 4 points
Good Answers are sufficiently complete (at least 75% of required information) 3 points
Satisfacto | Answers are incomplete but demonstrate understanding (at least 60% of 5 boints
ry required information) P
Unsatisfac| Answers are absent or incorrect (less than 60% of required information) 0 points
tory P

8.3 Quizzes. Nos. 8, 10

Weight — 5 points.

Planned Tasks: 2 quizzes. Maximum points: 5 points x 2 quizzes = 10 points.

Assessment Criteria:
Grade Description Points
Excellent | Answers are complete and correct (at least 90% of required information) 5 points
Good Answers are sufficiently complete (at least 75% of required information) 4 points
Satisfacto | Answers are incomplete but demonstrate understanding (at least 60% of 3 boints
ry required information) P
Unsatisfac| Answers are absent or incorrect (less than 60% of required information) 0 boints
tory P

8.4 Practical Assignments Nos. 1, 3

Weight — 2 points.

Planned Tasks: 2 assignments. Maximum points: 2 points x 2 PA = 4 points.

Assessment Criteria:
Grade Description Points
Excellent | Answers are complete and correct (at least 90% of required information) 2 points
Good Answers are sufficiently complete (at least 75% of required information) 1,5 points
Satisfacto | Answers are incomplete but demonstrate understanding (at least 60% of 1 boints
ry required information) P
Unsatisfac| Answers are absent or incorrect (less than 60% of required information) 0 points

tory




8.5 Practical Assignment No.2

Weight — 3 points.

Planned Tasks: 1 assignment. Maximum points: 3 points x 1 PA = 3 points.

Assessment Criteria:

Grade Description Points
Excellent | Answers are complete and correct (at least 90% of required information) 3 points
Good Answers are sufficiently complete (at least 75% of required information) 2 points
Satisfacto | Answers are incomplete but demonstrate understanding (at least 60% of 1 points
ry required information) P
Unsatisfac| Answers are absent or incorrect (less than 60% of required information) 0 boints
tory P

8.6 Questioning during Practical Classes

Weight — 1 points.

Planned Tasks: 10 evaluated responses. Maximum points: 1 points x 10 = 10 points.

Assessment Criteria:
Grade Description Points
Excellent | Answers are complete and correct (at least 90% of required information) 1 point
Satisfacto | Answers are incomplete but demonstrate understanding (at least 60% of 0'5 points
ry required information) ~ P
Unsatisfac| Answers are absent or incorrect (less than 60% of required information) 0 boints
tory P

8.7 Module Test

Weight — 20 points.

Assessment Criteria:
Grade Description Points
Excellent | Answers are complete and correct (at least 90% of required information) | 18-20 points
Good Answers are sufficiently complete (at least 75% of required information) | 15-17 points
Satisfacto | Answers are incomplete but demonstrate understanding (at least 60% of 12-14 points
ry required information) P
Unsatisfac| Answers are absent or incorrect (less than 60% of required information) 0 boints
tory P

8.8 Essay

Weight — 20 points.
The essay is evaluated according to the following criteria:

e Logical structure and organization of the plan

e Completeness and depth of topic coverage

e Accuracy and correctness of formulated conclusions

e Proper formatting and presentation

o Justification of the student’s own opinion on the topic in the conclusion

e Mastery of the topic (assessed during the essay defense)

The essay defense is mandatory.




Assessment Criteria:

Grade Description Points

Excellent | The essay is submitted and defended on time; all main requirements are fully 18-20
met (at least 90%); the student demonstrates a strong understanding of the points
topic.

Good The main requirements of the essay are met with minor shortcomings (at least
75%); the student demonstrates a good understanding of the topic. 15-17
Or: The essay is submitted after the deadline; all main requirements are fully )
met (at least 90%); the student demonstrates a good understanding of the points
topic.

Satisfacto | Not all main requirements of the essay are met (at least 60%); the student 12-14

ry demonstrates a general understanding of the topic. points

Unsatisfac| The main requirements of the essay are not met, or the student does not 0

tory demonstrate understanding of the topic. points

To achieve the highest rating, a student must: complete all quizzes and the module test on time;
complete, properly format, and defend the essay on time.

A student may appeal a teacher’s grade by submitting a written complaint to the instructor no
later than the day after being informed of the grade. The appeal will be considered according to the
procedures established by the university.

8.9 Semester Assessment of Students

Conditions for eligibility for semester assessment:
e Accumulation of at least 40 points,
¢ Completion of the module test, and
¢ Completion and defense of the essay with a grade of at least “satisfactory.”

A student passes the course without additional examinations if the total points accumulated are
at least 60.

A student who has earned more than 60 points during the semester but wishes to improve their
result may participate in the credit test or oral questioning on the topics covered in the course. In this
case, the final result is based on the points earned in the credit test or oral questioning.

If the grade from the credit test is lower than the accumulated rating, a “strict” rating policy is
applied: the student’s previous rating (except points for the semester essay) is cancelled, and the final
grade is calculated solely based on the credit test results. This policy encourages students to take
responsibility for their decision to participate in the credit test, critically evaluate their level of
preparation, and carefully prepare for the assessment.

Students who have met all the eligibility requirements for the credit but have a rating score of less
than 60 points must take the Final Test (FT).

The final result is calculated as the sum of the points earned on the credit test and the points for
the essay.

The final test is conducted during the last scheduled class of the course.

The final test is graded out of 100 points and is calculated as the sum of the points for the credit
test and the points for the semester individual assignment (essay). In this case, the grading scale for the
credit test is reduced by the maximum points allocated for the essay (20 points).
https://osvita.kpi.ua/node/37 (p.3.12)
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The Final Test (FT) assignment consists of 3 theoretical questions from different sections of the

course. The maximum total points for the three questions are 80 points.
Based on the grading scale: RD = Rer+ Ressay = 100 points
Rer= RD - Ressay = 80 points
Point distribution for the questions:

1. Credit theoretical questions No. 1 and No. 3 — 27 points each,
2. Credit theoretical question No. 2 — 26 points

Assessment Criteria for Credit Theoretical Questions Nos. 1 and 3:

Grade Description Points

Excellent The answer is correct (at least 90% of the required information). 27-25 points

Good Minor errors are present in the answer (at least 75% of the required 24-21 points
information).

Satisfactory| The answer contains deficiencies and some errors (at least 60% of the 20-16 points
required information).

Unsatisfact | The answer is absent or does not meet the requirements for a 0 points

ory “Satisfactory” grade.

Assessment Criteria for Credit Theoretical Question No. 2:

Grade Description Points

Excellent The answer is correct (at least 90% of the required information). 26-24 points

Good Minor errors are present in the answer (at least 75% of the required 23-20 points
information).

Satisfactory| The answer contains deficiencies and some errors (at least 60% of the 16-19 points
required information).

Unsatisfact | The answer is absent or does not meet the requirements for a 0 points

ory “Satisfactory” grade.

Table of translation of rating points to grades on a university scale:

Points Grade

100-95 Excellent

94-85 Very Good

84-75 Good

74-65 Satisfactory

64-60 Pass

<60 Unsatisfactory

Failure to meet the admission requirements Not admitted

9. Additional information on the discipline (educational component)

Appendix 1. Program learning outcomes (extended form)

In accordance with the Order of the Ministry of Education and Science of Ukraine No. 1204 dated
November 19, 2018 “On approval of the standard of higher education in the specialty 163 Biomedical
Engineering” for the first bachelor's level of higher education”, in Appendix 1 establishes the
correspondence of learning outcomes to competencies in the discipline “Microprocessor Engineering”.

Appendix 2. The list of questions for preparation for module test

The list of questions for preparation for module test, and also for preparation for credit is given in
Appendix 2.



Appendix 3. List of Essay Topics

Instructors may make adjustments to the content modules, the grading system (RSO), and the
assignments for the module test, essays, and short quizzes, taking into account their own teaching
materials and the current circumstances.

Distance Learning

Distance learning through participation in additional online courses on specific topics is allowed
with the agreement of the students. If only a small number of students wish to take an online course on
a specific topic, studying the material through such courses is permitted, but students must complete all
assignments required by the course.

The list of courses is proposed by the instructor after students express their interest (since the
pool of available courses is updated almost monthly).

A student must provide a document confirming completion of the online course (if the full course
is completed) or submit completed laboratory assignments from the online course. Upon successful
completion of an oral interview with the instructor on the covered topics, the student may receive
grades for the course assessment tasks corresponding to the studied topics (short quizzes/test tasks,
laboratory assignments).

Inclusive Education
Permitted

Syllabus of the Academic Discipline:
Compiled by: Associate Professor of the Department of Biomedical Engineering, PhD in Biology, Svitlana Vovianko
Approved by: Department of Biomedical Engineering (No. 16, June 21, 2024)

Agreed by: Methodological Commission of the Faculty of Biomedical Engineering (Protocol No. 9, June 26, 2024)



to:

Appendix 1.

For syllabus of the discipline “ Biochemistry. Part 2. Biochemistry”

Program learning outcomes (extended form)

As a result of studying the academic discipline "Microprocessor Engineering", students will be able

Learning outcomes

Compliance of Learning Outcomes with
Competencies according to the Higher
Education Standard 6

(PRN) General Special
Competencies Competencies
(soft skills) (professional)
IIPH | Application of knowledge in 3K 06 - Ability to search, ®KO5 Ability to apply physical,
17 chemistry and bioengineering to process, and analyse chemical, biological, and
create, synthesize, and apply information from various mathematical methods in the
artificial biotechnical and biological | sources analysis and modeling of the
objects functioning of living organisms
and biotechnical systems
Hli}H Understanding of fundamental- 3K 06 - Ability to search, ®KO5 Ability to apply physical,

applied, medical-physical, and
physico-chemical principles
governing the functioning of
biological objects, as well as
bioengineering fundamentals of
technologies and equipment for
researching human body processes

process, and analyse
information from various
sources

chemical, biological, and
mathematical methods in the
analysis and modeling of the
functioning of living organisms
and biotechnical systems
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18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.

30.
31.
32.
33.
34.
35.

Appendix 2

For syllabus of the discipline “Biochemistry. Part 2. Biochemistry”.

The list of questions for preparation for module test, and for final test

Object of study of biochemistry

Chemical composition of the human body

Name the main aqueous compartments of the human body. Explain how and why their ionic
composition differs.

Characterize the main components of biological membranes. Explain why phospholipids form the
basis of the membrane lipid bilayer.

How is the asymmetry of cell membranes manifested? What is its significance?

Explain the fluid mosaic model of biological membranes (modern concept).

Types of substance transport across membranes. Give examples.

Explain the functions of biomembranes.

Which substances are considered high-energy compounds? Explain their role in energy
metabolism. Give examples.

. List and briefly explain the mechanisms of regulation of metabolic processes.
11.
12.
13.
14.
15.
16.
17.

Explain how enzyme activity is regulated. Give examples.

Explain why the citric acid cycle is considered the central pathway of metabolism. Give examples.
Explain the functioning of the mitochondrial respiratory chain.

Explain the structure and function of ATP synthase.

Explain the role of carbohydrates in the human body.

List the main pathways of glucose metabolism in tissues.

Write the overall biochemical equations for aerobic and anaerobic glycolysis, taking cofactors
into account. Explain the significance of aerobic and anaerobic glycolysis.

Pentose phosphate pathway and pentose phosphate cycle. Chemistry and biological significance.
Concept of gluconeogenesis. Substrates of gluconeogenesis.

How is glucose balance maintained in the human body?

Explain the biological role of lipids.

B-oxidation of fatty acids: localization, energy value, regulation.

Biosynthesis of higher fatty acids: biosynthesis substrates, cofactors, regulation.

Ketone bodies: formation, physiological significance.

Cholesterol and its functions.

What pathways of amino acid transformation in the human body do you know?

Describe the glucose-alanine cycle.

Which toxic substances are formed during amino acid catabolism? How are they detoxified in the
human body?

Purine metabolism: localization, biosynthesis substrates, end products of catabolism,
reutilization.

Pyrimidine metabolism: localization, biosynthesis substrates, end products of catabolism.
Explain the structure of chromatin.

List and briefly characterize the template biosyntheses in living cells.

Explain the structure of the transcription unit.

Briefly describe the stages of protein biosynthesis.

Explain how protein biosynthesis is regulated.



36.
37.
38.
39.

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.

55.
56.

57.

58.

59.
60.

61.

62.
63.
64.
65.
66.
67.
68.
69.
70.

71.

Buffer systems of the blood. Their role in maintaining acid-base balance.

Transport of carbon dioxide by blood.

Structure of hemoglobin. Respiratory function of hemoglobin and factors affecting it.
Biochemistry of erythrocytes: energy supply, antioxidant defense, role of erythrocytes in carbon
dioxide transport.

Briefly characterize the biochemical functions of the liver.

Role of the liver in carbohydrate metabolism.

Role of the liver in lipid metabolism.

Role of the liver in protein metabolism.

What is the regulatory-homeostatic function of the liver? Give examples.

Detoxification functions of the liver.

Biotransformation of xenobiotics and endogenous toxins.

Features of the chemical composition of nervous tissue.

Features of energy metabolism in the brain.

Explain how the resting membrane potential is created and maintained.

Mechanisms of action potential generation.

Explain the mechanism of synaptic transmission and its principles.

Neurotransmitters: classification, functions, formation, inactivation.

Explain the interaction of actin and myosin filaments during muscle contraction.

Explain the mechanism of muscle coupling. How is it carried out differently in smooth, striated,
and cardiac muscles?

Energy supply for muscle work.

What are the features of the amino acid composition of collagen? How does it affect its structure
and properties? What role does ascorbic acid play?

What are the features of the amino acid composition of elastin? How does it affect its structure
and properties?

What functions does hyaluronic acid perform in the human body? What features of its chemical
structure ensure these functions?

Classification of hormones by chemical nature. Give examples.

Explain the mechanism of hormone action through the adenylate cyclase system. Give an
example.

Explain the mechanism of hormone action through the phosphoinositide system. Give an
example.

Mechanism of action of lipophilic hormones.

Structure and biological role of catecholamines.

Structure and biological role of thyroid hormones.

Structure and biological role of pancreatic hormones.

Structure and biological role of steroid hormones.

Biological role of insulin and glucagon.

Explain the concept of vitamins and their classification.

Water-soluble vitamins. General characteristics, role in metabolism.

Fat-soluble vitamins — properties, role in metabolism, manifestations of deficiency and
hypervitaminosis.

Bioantioxidant properties of water- and fat-soluble vitamins.
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Appendix 3.

For syllabus of the discipline “ Biochemistry. Part 2. Biochemistry”

List of Essay Topics

Storage and transmission of information in biological systems
Biochemical mechanisms of metabolic reqgulation
Biochemical functions of membranes

Macroergic compounds and their biological significance
Protein metabolism as a central process of living matter
Nitrogen balance

Biological value of proteins

Plasma proteins

Clinical significance of transaminase activity determination

. Biological role of carbohydrates in the body

. Anaerobic carbohydrate metabolism

. Aerobic glucose oxidation and its significance

. Lipid metabolism

. Metabolic water

. Cholesterol biotransformation and its biological significance
. Water-soluble vitamins and their role in metabolism

. Fat-soluble vitamins and their role in metabolism

. Bioantioxidant properties of water- and fat-soluble vitamins
. Biochemistry of connective tissue

. Biochemistry of bone tissue

. Biochemical functions of the liver

. Chemical basis of mediator processes

. Mechanism of action and biological role of steroid hormones
. Mechanism of action and biological role of protein-peptide hormones
. Mechanism of action and biological role of amino acid—derived hormones
. Biotransformation of xenobiotics and endogenous toxins

. Molecular mechanism of muscle contraction

. Biological nanomotors

. Molecular chaperones

. Prions and prion infections

. Folding diseases

. Voltage-gated ion channels: structure and functions

. Protein digestion

. Biochemistry of cellular recognition

. Mechanisms of signal transduction

. Biochemistry of visual reception

. Regulation of the cell cycle

. Molecular mechanisms of apoptosis

. Oncogenes and tumor suppressor genes, and their role in carcinogenesis
. Chemical carcinogenesis

. G-protein coupled receptors (GPCR) and their role in visual, olfactory, and taste signal perception



42. Antinociceptive system: biochemical basis of pain relief
43. Molecular basis of memory

44. Biochemistry of sleep and wakefulness

45. Biochemistry of the immune response

46. Mitochondrial transport systems

47. Reactive oxygen species: benefits and risks

48. Pharmacogenetic algorithms

Students may also propose their own topic upon agreement with the instructor.



