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1. The purpose and objectives of training in the discipline (module)

The purpose of the discipline - to study the chemical composition and properties of
substances that make up living systems, their interconversions in the process of metabolism, as
well as the role of metabolic processes in the functioning of various organs and tissues in normal
and pathological conditions.

The objectives of the discipline - 1) to familiarize students with the structure and function
of the most important biological substances of the human body

2) to teach students to master the metabolic processes occurring in cells

3) to acquaint with the possible causes and consequences of violations of metabolic
reactions in the body

4) to teach biochemical methods for diagnosing diseases and monitoring the state of
human health

2. The place of practical training in the structure of the educational program of higher
education

The discipline «bunoxumus / Biochemistry» oTHOCHTCS K 00s13aTeIbHON YacTH y4€OHOTO
rwiana refers to the mandatory part in the curriculum of the educational program of higher
education (hereinafter referred to as the EP of HE) in the field of training / specialty 31.05.03
Cromaronorus, direction (profile) / specialization of the program «Dentistry».

Previous academic disciplines (modules) and (or) practices that form the knowledge,
skills and abilities necessary for training in the discipline (module):

MonexymsipHast Ouonorusi / Molecular Biology

Anaromus / Anatomy

buonorus / Biology

Xumusi / Chemistry

Menununckas ¢usuka / Medical Physics

VYuebHas mnpakTuka (o3HakomuTenbHas npaktuka) / Educational practical training
(introductory practical training)

Hctopus u xynasrypa Uysammu / History and culture of Chuvashia

Uctopus (uctopusi Poccuu, BceoOmas ucropusi) / History (history of Russia, General
History)

Pyccknii s3pik u genoBble koMMmyHukanuu / The Russian Language and Business
Communications

Knowledge, skills and abilities formed as a result of training in a discipline (module) are
necessary when teaching in the following disciplines (modules) and (or) practices:

[TpousBoacTBeHHas TpakTHKa (TpakTHKa oOmeBpadedHoro mpoduis) / On-the-job
training (general medical practice)

[MpousBoacTBeHHAs TpakTHKa (MOJUKIMHUYEeCKas mpaktuka) / On-the-job training
(outpatient practice)

IToaroToBka K ciave u caada rocyaapcTBenHoro sk3amena / Preparation for passing and
passing the state exam

Nudexumonnsie 6onesnu, snuaemuonorus / Infectious Diseases, Epidemiology

Mennnnckas renetnka / Medical Genetics

[Tarodusuonorus / Pathophysiology

Knunnueckast ummynosnorus u asuteproiorus / Clinical Immunology and Allergology

Tomorpaduyeckas anatomusi u omnepatuBHas xupyprus / Topographic Anatomy and
Operative Surgery

Odtusuatpus / Phthisiology



OynkimonanbHas nuarnoctuka / Functional Diagnostics
HpOI/IBBO,I[CTBeHHaH IIpaKTHKa (KJ’II/IHI/IHCCKa}I IIpaKTHKa, IIOMOIIIHUK Bpa4da
amMOyJ1aTOpHO-TIOIMKIMHIYECKOTO yupexaenus) / On-the-job training (clinical practice, assistant

to an outpatient-polyclinic doctor)

3. Planned learning outcomes in the discipline (module), correlated with the planned

learning outcomes

Planned learning outcomes in the discipline (module), correlated with the planned

learning outcomes

Code and name of the
competence

Code and name of the
competence achievement

Descriptors for the indicator of
competence achievement (learning)

OIIK-8 Cnocoben
HUCIIOJIB30BaTh OCHOBHBIC
(U3UKO-XMMHUYECKUE,
MaTEMAaTHYCCKUEC U
CCTCCTBCHHOHAYYHBIC
MMOHATHA U MCTOJbI IIPpH
petieHnn poheCCUOHATTBHBIX
3anay / He/she is able to use
the basic physical-chemical,
mathematical and natural
science concepts and methods
in solving professional
problems

OIIK-8.1 Bnaneer
3HAHUSIMH 00 OCHOBHBIX
(UBUKO-XUMHYECKUX,
MAaTEMAaTHUYCCKHUX U
CCTCCTBCHHOHAYYHBIX
IIOHATHUAX U METOAAaX /
He/she is aware of the basic
physical-chemical,
mathematical and natural
science concepts and
methods

A list of laboratory and instrumental
research methods for assessing the
patient's condition, the main medical
indications for conducting research
and interpreting the results. Basics
of general and medical human
biochemistry; as natural chemical
reactions in cells (metabolism) and
in the body as a whole (poison
exchange);

Identify clinical signs of conditions
requiring urgent medical care.
Interpret clinical analysis data to
make a diagnosis of the disease;
studies of selective optimal
biochemical and other methods for
assessing the patient's condition;
Master the methods of laboratory
and instrumental studies to assess
the patient's condition. Modern
biochemical research methods;

OIIK-8 Cnocoben
HCIIOJIB30BATh OCHOBHBIC
(I)I/I3I/IKO-XI/IMI/ILICCKI/IG,
MATECMATHUYCCKUC U
CCTCCTBCHHOHAYYHBIC
IMOHATHA U MCTOABI IIPpH
pelieHnr mpodeCCHOHATBHBIX
3amay / He/she is able to use
the basic physical-chemical,
mathematical and natural
science concepts and methods
in solving professional
problems

OIIK-8.2 Criocoben
AHAJIU3UPOBATH MMPOLECCHI
OIIMChIBAEMBIC OCHOBHBIMU
(OUBUKO-XUMHUYECKUMHU,
MaTeéMaTHN4YCCKNUMHU U
CCTCCTBCHHOHAYYHBIMU
IIOHATUMHU U MCTOJaMU /
He/she is able to analyze the
processes described by the
basic physicochemical,
mathematical and natural
science concepts and
methods

spatial organization, regulation and
provision of energy to cells and at
the molecular level in the norm and
changes that occur in pathology;
evaluate the significance of
biochemical research methods;
skills of taking biological material
for biochemical research;

OIIK-8 Crocoben
HCTIOJIB30BATh OCHOBHBIE

OIIK-8.3 Cnocoben
NPUHUMATD PELICHHS Ha

ways to correct changes in
metabolism in pathology.




(HU3UKO-XMUMHUYCCKHE, OCHOBE (PH3HKO- competently formulate and plan
MaTeMaTHYECKHUE U XUMUYECKHUX, research tasks in theoretical and
€CTeCTBEHHOHAYYHBIC MaTeMaTHYECKUX U practical biochemistry.
TIOHSITHSI U METOJIbI IPU €CTECTBCHHOHAYYHBIX information about the functioning
penieHrH IpoQeCCHOHATBHBIX [[TOHATUAX U METOIaX / and regulation of basic human
3anau / He/she is able to use |He/she is able to make biochemical processes.

the basic physical-chemical, [decisions based on

mathematical and natural physicochemical,

science concepts and methods [mathematical and natural

in solving professional science concepts and

problems methods

4. Structure, scope and content of the discipline (module)

Educational activities in the discipline (module) are carried out:

- in the form of students' face-to-face work with the teaching staff of the organization and
(or) persons involved by the organization to implement the educational programs on other terms
(hereinafter - contact work);

- in the form of students' independent work.

Face-to-face work can be classroom-based, extramural, as well as it can be conducted in an
electronic information and educational environment (EIEE).

Learning sessions in the discipline (module) and interim assessment of students are
conducted in the form of face-to-face work and in the form of students' independent work.

During learning sessions in the discipline (module) face-to-face work includes: lecture
-type classes, seminar-type classes and (or) group consultations, and (or) individual work of
students with the teaching staff of the organization and (or) persons involved by the organization
to implement the educational programs on other terms (including individual consultations).

Legend:

Lec — lectures, Lab — laboratory work, Pr — practical classes, ICW — individual face-to
-face work, IW — independent work.

4.1. Content of the discipline (module)

Section name The section's content Formed Competence
competences achievement
indicator
Structure and function of|Introduction. Safety
amino acids, peptides,|precautions when working in
proteins and nucleic acids. |biochemical laboratories.

Proteinogenic amino acids.

Physico-chemical properties
of amino acids, peptides,
simple and complex
proteins.

Physico-chemical properties
of DNA and RNA.

Structure and function of|Chemical nature of enzymes,
enzymes and vitamins. active center,




regulation.

Structure and function of|Classification of enzymes.
enzymes and vitamins.

Buramunsr:
JKUPOPACTBOPHUMEIE 51
BOAOPACTBOPUMBIC.

Bioenergetics. Metabolism{Energy exchange.

of carbohydrates.
Metabolic ~ pathways  of
carbohydrate metabolism.
The exchange of
carbohydrates.  Regulation
and pathology of
carbohydrates.

Biomembranes. lipid(Classification  of lipids.

metabolism. Metabolic pathways of lipid
metabolism.
lipid metabolism. regulation
of lipid metabolism.
Structure and functions of
biological membranes.
Pathology of lipid
metabolism.

Exchange of simple and|Exchange of simple proteins.

complex proteins. Nitrogen exchange.

Metabolism of amino acids,
ornithine cycle.

Metabolism of complex
proteins.

Features of the exchange of|Biochemistry  of  blood,
individual ~ tissues  of|kidney and urine formation.
organs.

Biochemistry of teeth.

Biochemistry of hormones.

Individual contact work Individual contact work.

4.2. Scope of the discipline and types of academic work

Labor intensity
Forms of control and types of of the discipline (module)
academic work

3 4 total




1. Face-to-face work: 48 48,3 96,3
_In-clasts Igarnlng in total, 48 48 96
including:
Jlextmonnple 3ausaTHs (JIek) 16 16 32
JlaGopatopusie 3ausaTus (J1ad) 32 32 64
I/IH,I[I/IBI/I,Z[yaJ'IBHa}I KOHTaKTHas 0’ 3 0’ 3
pabora (MKP)
2. Independent work of the 60 237 83.7
student:
3. Intermediate certification
(exam) (9K3aMEH) I
Total: academic hours 108 108 216
credit units 3 3 6
Face-to face work, including in the ©
electronic information and educational | £ Total
No . , environment, academic hours 32 otal,
. The section's (theme's) name S 3|academ
item & c|;
- —|ic hours
Lect. Pr. Lab. ICW |2
Structure and function of amino
acids, peptides, proteins and
nucleic acids.
Introduction. Safety precautions
1 when wprklng in bloqhemlcgl 1 5 8 11
laboratories. Proteinogenic
amino acids.
Physico-chemical properties of
2 |amino acids, peptides, simple and| 2 4 8 14
complex proteins.
Physico-chemical properties of
3 DNA and RNA. 2 4 10 16
Structure and  function of
enzymes and vitamins.
4 Chgmlcal nature o_f enzymes, 22 4 8 14,2
active center, regulation.
5 |Classification of enzymes. 1 4 8 13
6 BurtamuHbI: KHUPOPACTBOPHUMBIC 2 2 8 12
H BOAOPACTBOPUMBIC.
Bioenergetics. Metabolism of
carbohydrates.
7 |Energy exchange. 2 4 4 10
Metabolic pathways of
8 carbohydrate metabolism. 18 4 4 98




The exchange of carbohydrates.

9 |Regulation and pathology of| 2 4 2 8
carbohydrates.
Biomembranes. lipid
metabolism.
Classification of lipids.

10 |Metabolic pathways of lipid| 2 2 1 5
metabolism.

11 I!p!d metabo!lsm. regulation of 2 9 1 5
lipid metabolism.
Structure and functions of

12 |biological membranes.| 2 5 2 9
Pathology of lipid metabolism.
Exchange of simple and complex
proteins.

13 E)_(Change of simple proteins. 5 5 4 12
Nitrogen exchange.

14 MeFab_ollsm of amino acids, 2 9 2 6
ornithine cycle.

15 |Metabolism of complex proteins.| 2 6 3,7 11,7
Features of the exchange of
individual tissues of organs.

16 Bloche_mlstry of_ blood, kidney 2 9 8 12
and urine formation.

17 |Biochemistry of teeth. 1 2 1 4

18 |Biochemistry of hormones. 1 5 1 7
Individual contact work

19 |Individual contact work. 0,3 0,3

Total academic hours 32 64 0,3 |83,7| 216

4.3. Summary of the discipline (module), structured by sections (topics)

Pa3znea 1. Structure and function of amino acids, peptides, proteins and nucleic acids.

Tema 1. Introduction. Safety precautions when working in biochemical laboratories.

Proteinogenic amino acids.

JIexk1noHHOE 3aHsTHE.

Introduction. The place of biochemistry among other biological disciplines. Physico-
chemical methods used in biochemical research. Structure, function and classification of

proteinogenic amino acids.

JlabopaTtopHoe 3anstue. Lab session 1.
Safety rules for working in a biochemical laboratory. Amino acids: classification,
structure, properties and functions. Chemical modification of amino acid radicals. Qualitative

reactions to amino acids and proteins.

Tema 2. Physico-chemical properties of amino acids, peptides, simple and complex proteins.

Jlekumonuoe 3aaarue. Lecture 2

Proteins: classification, structure and functions. Biologically active peptides:




structure and function. Levels of structural organization of proteins: primary, secondary, tertiary.
quaternary. Simple proteins: albumins, histones, protamines. Complex proteins: chromoproteins,
glycoproteins, lipoproteins.

JlabGopaTtopHoe 3anstue. Laboratory lesson 2.3.

Properties of biologically active peptides: glutathione. vasopressin. oxytocin. Levels of
structural organization of proteins. Quaternary structure of proteins on the example of
hemoglobin. Classification of proteins.

Tema 3. Physico-chemical properties of DNA and RNA.

Jleximmonnoe 3ansitue. Lecture 3

Structure and function of nitrogenous bases and nucleotides. Nucleoside triphosphates
and their participation in energy metabolism, formation of active forms, coenzymes, second
messengers. Types of nucleic acids: DNA and RNA. Features of their structural organization.

JlabGopaTopHoe 3ansartue. Lecture 3

Structure and function of nitrogenous bases and nucleotides. Nucleoside triphosphates
and their participation in energy metabolism, formation of active forms, coenzymes, second
messengers. Types of nucleic acids: DNA and RNA. Features of their structural organization.

Pa3znean 2. Structure and function of enzymes and vitamins.
Tema 4. Chemical nature of enzymes, active center, regulation.

Jleknnonuoe 3ausarue. Jleknus 4.

®epmenTel. OcoOeHHOCTH (hepMeHTaTUBHOTO Karanu3a. CrenuduuHOCTh JeHCTBUS
¢depMeHTOB  (aOCONIOTHAsA, CTEpeOXMMHYEcKas, TpyImoBas). 3aBUCUMOCTb CKOPOCTH
(epMEeHTAaTUBHBIX peakuuil oT Temmneparypbl, pH, KoHueHTpauui ¢epMeHTa U cyOcTpara.
[IpocTeie U cloXHBIE (QepMEHTHL. Perymsmus akTUBHOCTH (DEPMEHTOB: H30CTEPUUYECKUE H
aJUIOCTEPUIECKUE MOTU(UKATOPEI.

JIaGoparopHoe 3ansTue. JlaboparopHoe 3aHsTHE 6.

Crpykrypa, Qpu3MKO-XMMHUYECKHE cBOWCTBa (epMeHTOB. KuHeTHnka (epMEeHTaTHBHBIX
peakiuii. KogepMeHThI, KOpaKTOphl ¥ TPOCTETHUECKUE TPYIIBI EPMEHTOB U UX POIIb. MeTo bl
ornpezeNeHus: akTUBHOCTH (DEpMEHTOB.

Tema S. Classification of enzymes.

JleknuonHoe 3anstue. Lecture 5

Classification of enzymes: types and examples of catalyzed reactions. organ-specific
enzymes. localization of enzymes. The use of enzymes in medicine. Enzymodiagnostics, enzyme
therapy, enzymopathology.

JlabopaTtopHoe 3ansrtue. JlabopaTopHoe 3anstue 7,8.

Knaccudukanus (epMeHTOB: OKCHAOPEAYKTa3bl, TpaHc(epasbl, TUAPOJa3bl, JIHA3bI,
nu3omepassl, urasbl. [Ipumepsl pepMeHTaTUBHBIX pEeaKIIUA.

Tema 6. ButamuHBI: :KHPOPacCTBOPUMBbIE U BOIOPACTBOPUMBIE.

JleknnonHoe 3ausarue. JIeknus 6.

Burtamunsbl: knaccudukaius, CTpykTypa, 00pa3oBaHue akTUBHBIX (GOPM U yyacTHE UX B
ouoxumuueckux  peakuuax. KodepmeHTHble  ¢GOpMBI  BHUTaMHHOB.  ABHUTaMHHO3BI,
THIIOBUTAMHUHO3BI, THTIEPBUTAMUHO3BIL. VICIIONIb30BaHHE BUTAMUHOB B MEHIINHE.

JlabopaTtopHoe 3ansrtue. JlabopaTtopnoe 3anstue 9,10.

OOmme mpencraBieHus o BuUTaMUHaX. CTPYKTypbl W OMOJIOTHYECKas pOJb BOJO- H
KHUPOPACTBOPUMBIX BUTAMUHOB. AHTUBUTAMUHBI U BUTAMUHOIIOA00HBIE COETUHEHUSI.

Pa3nea 3. Bioenergetics. Metabolism of carbohydrates.
Tema 7. Energy exchange.



Jlexnmmonnoe 3ansitue. Lecture 6.7.

Metabolism: catabolism and anabolism. Metabolic pathways: central, secondary, cyclic,
helical, amphibolic and anaplerotic. Regulation, localization, interaction, energy supply of
metabolism. Redox reactions. Cellular bioenergetics. Krebs cycle: localization, function,
regulation.

JIaboparopuoe 3anstue. Laboratory lesson 11.12.

Energy exchange. Metabolism. Central, secondary, spiral, amphibolic, anaplerotic
metabolic pathways. Cellular respiration (electron transport chain). Tricarboxylic acid cycle:
localization, enzymatic provision, regulation.

Tema 8. Metabolic pathways of carbohydrate metabolism.

Jleknnmonuoe 3austue. Lecture 7

Carbohydrates: classification, structure and function. Digestion of carbohydrates in the
gastrointestinal tract and the processes of absorption of monosaccharides. Pancreatic amylase:
activation and its role in the breakdown of carbohydrates. Complete oxidation of glucose.
Anaerobic oxidation of glucose. Glycogenesis and glycogenolysis: enzyme provision, regulation.

Jlaboparopuoe 3anstue. Laboratory lesson 13.14.

Structure, classification and functions of carbohydrates. Digestion of carbohydrates in the
gastrointestinal tract and the processes of absorption of monosaccharides. Gluconeogenesis from
amino acids, pyruvic acid, lactic acid and glycerol. Metabolism of glucose, fructose, galactose.

Tema 9. The exchange of carbohydrates. Regulation and pathology of carbohydrates.

Jleknnonuoe 3ausarue. Jleknus &.

Perynsamust yrieBogHoro oOMeHa: MeTa0OJIMYECKHl KOHTPOJIb, HEHpOrymMopaibHasl.
MexaHu3Mm JeicTBUA aipeHaTnHa U TIoKaroHa Ha rmukorendocdopunazy. CBs3b yrieBoJHOTO
obmeHa ¢ 0OMEHOM Jpyrux coeauHeHui. [laTonorus yrieBonHoro oOMeHa: HaclleICTBEHHAS U
npuoOpereHHas. buoxumus caxapHoro nauabera. V3MeHeHHs B YIJIEBOJHOM OOMEHE MpH
caxapHOM JuadeTe.

JlabopaTtopHoe 3ansartue. JlabopaTopHoe 3anstue 15,16.

Ilenro3zodochaTHblil MyTh: JoKanu3auus, QyHKUus, peryisanus. CHHTE3 YpOHOBBIX
KHCIIOT: JIOKamu3amus, GyHKus, peryismus.[laTonorus yrieBognoro ooMeHa (HacjaeICTBEHHbIE
3a0oneBaHus U MpHOOpeTeHHbIe). Poib meyeHu B 0OMeHe yIieBo/I0B.

Pa3znen 4. Biomembranes. lipid metabolism.
Tema 10. Classification of lipids. Metabolic pathways of lipid metabolism.

.HGKI_II/IOHHOC 3aHsaTue. Lecture 9

Lipids: classification, structure and function. Digestion and absorption of lipids in the
gastrointestinal tract (GIT). Bile acids, structure of paired bile acids, properties and their role in
lipid digestion. Fatty acid oxidation: activation in the cytoplasm, transport to mitochondria, and
beta-oxidation to mitochondria. Energy balance of complete oxidation of fatty acids. Transport
forms of lipids: VLDL, LDL, HDL and chylomicrons.

JlabopaTtopHoe 3ansatue. Laboratory lesson 17,18

Structure, classification and functions of lipids. Digestion of lipids in the gastrointestinal
tract and processes of absorption of decay products. Lipolysis of triglycerides. Oxidation of
saturated fatty acids with an even number of carbon atoms: (for example, the oxidation of
palmitate).
Tema 11. lipid metabolism. regulation of lipid metabolism.

Jlexmmonnoe 3ansitue. Lecture 10

Biosynthesis of fatty acids: localization, enzymatic provision, formation of malonyl-
CoA, stages of synthesis, sources of NADPH, bioenergetics of the process. Citrate-shuttle
mechanism of substance transport.



Synthesis of cholesterol and ketone bodies in the liver, ways of their use. Familial
hypercholesterolemia, causes and consequences.

JlabGopaTtopHoe 3anstue. Laboratory lesson 19.20.

Synthesis of triacylglycerides in adipocyte and hepatocyte. Further fate of
triacylglycerides. Synthesis of ketone substances, cholesterol. The role of hormones in the
regulation of lipid metabolism. Peroxidation of membrane lipids, causes and consequences.
Tema 12. Structure and functions of biological membranes. Pathology of lipid metabolism.

Jleknmonnoe 3ausatue. Lecture 11

The structure and function of biological membranes, the role of lipids and proteins in the
functioning of membranes. Transport of substances through membranes: active, passive, uniport,
symport, antiport. Pathology of lipid metabolism (fatty infiltration of the liver, atherosclerosis,
obesity, hereditary diseases), causes and consequences. The use of membrane components in the
synthesis of second messengers, eicosanoids, organic osmolytes.

JlaboparopHoe 3ansTue. Lab 21, 22.

Synthesis of triacylglycerols and glycerophospholipids, features of synthesis in white
adipose tissue and liver. Fatty infiltration of the liver, causes, consequences, lipotropic
compounds. Topography, structure and types of adipose tissue, features of glucose metabolism in
white adipose tissue. Mechanism of thermogenesis in brown adipose tissue.

Paspnen 5. Exchange of simple and complex proteins.
Tema 13. Exchange of simple proteins. Nitrogen exchange.

Jlexmmmonnoe 3anstue. Lecture 12

nitrogen balance. Digestion of proteins in the gastrointestinal tract: biosynthesis of
hydrochloric acid and pepsinogen. Proteases of the pancreas and intestines. Activation of
zymogens in the gastrointestinal tract, the specifics of the action of each of the proteases. Cellular
protein proteolysis. Neutralization of protein decay products in the liver. Amino acid catabolism
strategy. Reactions of deamination, decarboxylation, transamination. Protein decay.

JlabopaTtopHoe 3anstue. Laboratory lesson 23.24.

Protein metabolism and their biological significance. Digestion of proteins in the
gastrointestinal tract and absorption of digestion products into enterocytes. Common pathways of
amino acid catabolism. Proteolysis of proteins in cells, the role of lysosomes and proteosomes.
Ways of using hydrolysis products. Reactions of transamination and deamination, their role in the
metabolism of amino acids and other compounds. Diagnostic value of determining the activity of
transaminases in the blood.

Tema 14. Metabolism of amino acids, ornithine cycle.

Jlexnimonnoe 3aHsaTHe. Lecture 13

Entry of carbon skeletons of amino acids into the Krebs cycle. Metabolism of glutamate.
Glyconeogenesis and lipogenesis from amino acids. Metabolism of sulfur- containing,
dicarboxylic, aromatic, diamine amino acids. Pathologies of their metabolism. regulation of
amino acid metabolism. Temporary neutralization of ammonia. ornithine cycle.

JIaGoparopnoe 3ansTue. Lab 25.26

Pathways for the entry of amino acid carbon skeletons into the Krebs cycle. Non-
proteinogenic amino acids: ornithine and citrulline, their structure and function. alanine
metabolism. Synthesis of alanine from pyruvate and aspartate. Oxidation of alanine to final
products, bioenergetics of the process.

Tema 15. Metabolism of complex proteins.
Jlexnmonuoe 3ansarue. Jlexius 14.
OOMeH HYKJICOTIPOTEUAOB: CHHTE3 U pacnaa HykKJIeoTHA0B. OOMEH reMOINpOTEeH/IOB:



CHHTE3 U pacmaj rema. Ilaromorust oOMeHa HyKJICOTHIOB. ATOJIOTUH OOMEHA TeMOMPOTEU/IOB:
nopdupun. DTanbl peanu3alud TCHETHUECKOH HMH(GOPMALUMM: PEIUIMKAIUS, TPAHCKPHITIHS,
TPAHCIIALNS, TEPMHUHALIHSL.

JlaGopaTtopHoe 3ansartue. JlabopaTopHoe 3ansatue 27,28

OOmen HyxkneonporensioB. CHHTE3 MYPUHOBBIX W TNHUPHUMHUIMHOBBIX HYKJICOTHIOB.
OporoBast anIypus: IPUYMHBI ¥ IpU3HAKU. [ emonporenpl. CHHTE3 TemMa: MpeIeCTBEHHUKH.
nokanu3anus. pepmentHoe obecnieuenue. Pacnan rema: ¢pepmentHoe obecnieuenue. [laronorun
HapyImieHust oOMeHa remonpoTen1oB. JKenTyxa: BUAbI, IPUYHUHBI. TPU3HAKH.

Pasnen 6. Features of the exchange of individual tissues of organs.
Tema 16. Biochemistry of blood, kidney and urine formation.

Jlexunonnoe 3ansrue. Jlexkuus 15.

KpoBb: coctaB u ¢ynkmms. OcobeHHOCTH OETKOBOrO cocrtaBa B KpoBU. OCOOCHHOCTH
MeTabonu3mMa B IpUTpoLUTaX U Jeiikonurtax. KucrnoTHo-menounoe paBHoBecue. bydepHbie
CUCTEMBl KpOBHU. bHoxmMuueckuii aHanw3 KpoBHU. Mcmoib30BaHWE €ro B JHArHOCTHYECKUX
nensax. I'emocras.

JlabopaTtopHoe 3ansrtue. JlabopaTtopnoe 3anstue 29,30.
benku mna3zmel kpoBu: cTpykTypa. pyHkuuu. OcobeHHOCTH MeTabonu3Ma (POpPMEHHBIX
9JIEMEHTaX KPOBH.

Tema 17. Biochemistry of teeth.

JlexunonHoe 3ansrue. Jlekuus 16.

Crpykrypa u @QyHkuus mnodek. MexaHu3smbl 00pa3oBaHHUS MOUHU: KIyOOUYKOBas
¢bubTpanus, peadbcopbuus u cekperus. Oco6eHHOCTH OEIKOBOro, YIieBOJHOIO U JIMIUAHOTO
oOMeHa B IIOYKax.

JlabopaTtopHoe 3anstue. JlabopaTtopHoe 3ansitue 31.

CrpykTypa nouku. OcobeHHOCTH 0OOMEHa B MO3IOBOM U KOPKOBOM BEIIECTBE MOYEK.

Tema 18. Biochemistry of hormones.

JlexumonHoe 3anstue. Jlexnus 16.

I'napoduiibHBIE TOPMOHBI: XUMHUECKas IPUPO/IA, XapaKTep B3aUMOJIEHCTBUSA € KIIETKAaMH
MutieHssMi. JIunopuiabHble TOPMOHBI: XHMHUYECKas MPUPOJA, XapaKTep B3aUMOJICHCTBUS C
KJIETKaMU MUIIEHSAMH. ["OpMOHBI TIOJKETYA0UHOM JKesie3bl (MHCYIMH, TI0KaroH): oopa3zoBaHue,
BIIMSIHME Ha OOMEH BEIECTB, YTUIU3aNus. buoxumus caxapHoro auadera.

JlabopaTtopHoe 3anstue. JlabopaTtopHoe 3ansTue 32.

I'opMOHBI IUTOBUAHOM keme3bl. [ UMmo- ¥ THIepTUPEO03bl, MEXaHU3Mbl BOBHUKHOBEHUS U
TIOCTICICTBHSL.

'opMOHBI MO3rOBOTO CIIOSI U KOPKOBOTO CJOs HAJAMOYCYHUKOB: CHHTE3, BIHUSHHUE HA
oOmeH BCIICCTB, TUIILI PCHCIITOPOB, (1)I/I3I/IOJ'IOFI/I‘-ICCKI/IG pCaKImu. FOpMOHBI HAAITOYCYHUKOB.



5. Educational technologies

To implement the competence-based approach in the study of the discipline (module),
extensive use of active and interactive methods of conducting classes in the educational process is
provided:

The constituent elements of educational technologies are:

-lectures an interactive form of the lesson is also used to present new material;

-laboratory classes

-the use of multimedia tools (projectors) - to improve the quality of perception of the
studied material.

6. Forms of control and types of evaluation materials for the discipline (module)
Intermediate attestation - evaluation of intermediate and final results of training in the discipline
(module).

6.1. Sample list of questions for the credit test

There is no set-off.

6.2. Sample list of questions for the examination

1. Amino acids: classification, structure, general properties, biologic function.

2. Classification of proteins: shape, structure and function. Give examples.

3. The role of proteins in the human body, classification of proteins by complexity, shape
and function.

4. Chemical modification of amino acid radicals in proteins. Write reaction of
phosphorilation of serin.

5. Biologically active peptides: structure and functions.

6. Electron transport chain: structure and biological role. Mitchell's chemiosmotic
hypothesis.

7. Krebs cycle: localization, enzymes and coenzymes, regulation, bioenergetics of the
process. The relationship between the Krebs cycle and the Electron transport chain.

8. Structure, classification and role of carbohydrates in the body.

9. Digestion in the gastrointestinal tract, absorption of hydrolysis products.

10. Glycolysis in conditions of normal oxygen content: localization, stages, reactions,
enzymes and coenzymes, bioenergetics, significance for the body.

11. Gluconeogenesis: substrates, cellular localization, reactions, enzymes and
coenzymes, regulation, significance for the body (consider the reaction of gluconeogenesis from
lactate).

12. Glycogenolysis in the liver: reactions, enzymes, regulation, significance for the body.
The role of the liver in maintaining normal blood glucose levels.

13. Anaerobic glycolysis: localization, stages, reactions, enzymes and coenzymes,
bioenergetics of the process, significance for the body. Features of glycolysis in erythrocytes.

14. Glycolysis in hypoxia: localization, stages, reactions, enzymes and coenzymes,
bioenergetics of the process, significance for the body.

15. The pentose phosphate pathway: localization of the process, reactions, enzymes and
coenzymes, regulation, significance for the body, features in different organs.

16. Hereditary pathologies of carbohydrate metabolism: glycogenoses, fructosuria,
galactosemia, lactose intolerance, etc.

17. Lipids: classification, structure, physico-chemical properties, biological role.
Digestion of lipids in the gastrointestinal tract and the role of bile acids in this process.

18. Transport forms of lipids: formation, structure, classification, role and their
subsequent disposal.

19. B-Oxidation of saturated fatty acids with an even number of carbon atoms (on the
example of palmitate oxidation).



20. Synthesis of triacylglycerols and glycerophospholipids, features of synthesis in white adipose
tissue and liver.

21. Ketone bodies: structure, ketogenesis, utilization. Regulation of ketogenesis.
Ketonemia, ketoacidosis.

22. Cholesterol: structure, biological role. Biosynthesis of cholesterol in liver.
Hypercholesterolemia: causes and consequences.

23. Biosynthesis of fatty acids, localization, stages of synthesis. Citrate shuttle,
malonyl-CoA formation. NADPH sources.

24. Triacylglycerols lipolysis in adipocytes: reactions, enzymes, regulation. Ways to use
free fatty acids.

25. Structure and function of biological membranes. The role of lipids and proteins in
maintaining the function of membranes. Transport of substances through cell membranes, modes
of transport.

26. Formation of secondary messengers and their role in the regulation of metabolism in
the cell. Write the structure of camp, diacylglycerol and Inositol-1,4,5— trisphosphate.

27. Digestion of proteins in the gastrointestinal tract, biosynthesis of hydrochloric acid
and pepsinogen in the stomach. Proteases of the pancreas and intestines. Activation of zymogens
in the gastrointestinal tract, the specifics of the action of each of the proteases.

28. The entrance of amino acids into the Krebs cycle. Draw the scheme.

29. Common ways of amino acid conversion. Examples of reactions. Give the name of
enzymes and the role of these transformations.

30. Transamination of amino acids. Give examples of reactions. Name the reaction
enzymes and the role of transamination of amino acids.

31. Amino acids decarboxylation. Biologically active amines derived from amino acids.
Structure. Function.

32. Metabolism of phenylalanine and tyrosine. Synthesis of hormones and
neurotransmitters (catecholamines, thyroxine, triiodothyronine). Phenylketonuria, albinism,
alkaptonuria.

33. Alanine metabolism. Synthesis of a-alanine from pyruvate and aspartate. Catabolism
of a-alanine to final products. Role of alanine in transport ammonia from skeletal muscles.

34. Glutamate metabolism. Glutamate dehydrogenase reaction, its significance. Synthesis
of glutamine and y-aminobutyric acid from glutamate.

35. Methionine metabolism. Formation of S-adenosyl methionine and its participation in
methylation reactions. Catabolism of methionine to end products, bioenergetics of the process.

36. Syntesis of ammonia in the body. Toxicity of ammonia to brain cells. Temporary and
final neutralization of ammonia in the body. Urea Cycle.

37. Pathologies of amino acid metabolism. Causes and symptoms.

38. Protein biosynthesis: activation, initiation, elongation, termination, posttranslational
modification.

39. Nucleoprotein exchange: purine breakdown. Violation of nucleoprotein metabolism.

40. Chromoprotein metabolism: heme synthesis. Porphyria.

41. Chromoprotein metabolism: heme destruction. Obturation, parenchymal and
hemolytic jaundice.

42. Biochemistry of diabetes mellitus.

43. Draw the sheme of interaction of lipids, proteins, carbohydrates and lipids
metabolism.

44. Pathological components of urine, detection and causes.



45. Buffer systems of blood. Violations of acid-base balance, causes, correction.

46. Blood clotting, external and internal pathways.

47. Pathological changes in the composition of the blood, methods of detection. Usage of
blood test in diagnostic purposes.

48. Blood: composition, function, features of metabolism in erythrocytes and leukocytes.

49. Blood: composition, function, structure. Plasma proteins and function.

50. Kidney biochemistry: urine formation in nephrons (ultrafiltration, reabsorption and
secretion), urine composition in normal and pathological conditions.

51. Metabolism of proteins, carbohydrates and lipids in to the kidneys.

52. Lipophilic hormones: chemical nature, nature of interaction with target cells, features
of cellular response to interaction with certain hormones.

53. Hydrophilic hormones: chemical nature, nature of interaction with target cells,
features of cellular response to interaction with certain hormones.

54. Thyroid hormones: effect on metabolism. Hypo- and hyperthyroidism, mechanisms of
occurrence and consequences.

55. Adrenaline: synthesis, effect on metabolism, types of adrenergic receptors,
physiological reactions.

6.3. Suggested themes of term papers (projects)
Term papers are not provided.

6.4. Suggested themes of term projects
Term papers are not provided.

6.5. Suggested topics of calculation and graphic works
Calculation and graphic works are not provided.

7. Educational, methodological, informational and software support of the discipline
(module)

The electronic catalog and electronic information resources provided by the scientific
library of the FSBEI of HE "I. N. Ulianov Chuvash State University" are available at the link
http://library.chuvsu.ru/

7.1. Regulatory documents, standards and rules

1) Ilpukaz Ne 118 Munzgpaa P® "O BBemeHun B JeiicTBUE CaHMTapHO-
AMUAEMHUOJIOTMYECKUX MpaBuil 1 HopMatuBoB — CanlIuH" ot 03.06.2003 1.

2) Haumonanpueit cranmapt Poccuiickoit ®Denepanuu. MeaunvHCKUe HM3AECTUS JUIS
auarHocTukd  in - vitro. Yacte 1. ABTOMAaTHYECKHE aHAIM3aTOPhl Ui OHOXHMHYEKHX
HCCIIEIOBAaHUM. YTBEPKIEH W BBeleH B JaelctBue lIpukazom denepanbHOro areHTCTBa I10
TEXHUYECKOMY PEryJIupOBaHuI0 U MeTposioruu. [ox m3pganus: 2014

3) IMucemo MunzapaBa P® Ne 011-231/07 "O rocynapcTBEHHOM METPOJOTMYECKOM
KOHTPOJIE Y HAA30PE 3a U3AEIUAMU MEIUIMHCKOro HazHayeHus" ot 29.03.2007 r.

1) Order No. 118 of the Ministry of Health of the Russian Federation "On the introduction
of sanitary and epidemiological rules and regulations - SanPiN" dated 03.06.2003.

2) The National Standard of the Russian Federation. Medical devices for in vitro
diagnostics. Part 1. Automatic analyzers for biochemistry research. Approved and put into effect
by the Order of the Federal Agency for Technical Regulation and Metrology. Year of publication:
2014

3) Letter of the Ministry of Health of the Russian Federation No. 011-231/07 "On state
metrological control and supervision of medical devices™ dated 29.03.2007.



7.2. Recommended basic educational and methodological literature

No item Name

1

7.3. Recommended supplementary educational and methodological literature

No item Name

1

7.4. List of resources of the "'Internet" information and telecommunication network

Ne item Name Link to the resource

1

7.5. Software, professional databases, information and reference systems, electronic
educational resources and electronic library systems

Software, professional databases, information and reference systems provided by the
Informatization Department of the FSBEI of HE "I.N. Ulianov Chuvash State University" are
available for download at the link http://ui.chuvsu.ru //. The Unified Register of Russian programs
for electronic computers and databases, including freely distributed ones, is available at the link
reestr.minsvyaz.ru/reestr /.

7.5.1. Licensed and freely distributed software

Microsoft Windows operating System and/or Unix-like operating system and/or mobile
operating system;

Office software packages:

Microsoft Office and/or LibreOffice

and (or) OpenOffice and (or) analogues;

Browsers, including Yandex.Browser.

List of software:

7.5.2. Lists of professional databases and (or) information reference systems and (or)
electronic library systems and (or) electronic educational resources

8. Material and technical support of the discipline

Classrooms for lecture-type classes in the discipline are equipped with a teacher's
automated workplace consisting of: a personal computer/laptop, multimedia equipment with a
screen and (or) SMART interactive whiteboard/SMART TV.

The premises for students' independent work are equipped with computer equipment
enabling to connect to the Internet and provide access to the electronic information and
educational environment of the FSBEI of HE "I.N. Ulianov Chuvash State University".



Brief description and characteristics of the composition of installations,
Ne item | Lesson type measuring and diagnostic equipment, computer equipment and
experimental automation tools

YyeOHass aymnuropus IUIsl 3aHATHH CEMHUHAPCKOTO THUIA, TEKYIIETO
KOHTPOJISI U TPOMEKYTOUHOM aTTECTAIIHH.

1 O6opynoBanue: yuyeOHas Jocka, yuyeOHass MeOelb, MYJIbTUMEIUIHOE
obopynoBanue (MPOEKTOpP, DJKpPaH, KOMIIBIOTEP), MOHOKYJISIPHBIC
MHKPOCKOTIBI, MUKpockon MUKMEJI-5

VueOHbIe ayIUTOPUH Ul 3aHATHH JEKIMOHHOTO THUIA, CEMHHAPCKOTO
THUIIA.

2 Tex Ob6opynoBanue: yueOHast aocka, ydeOHas MeOesb, MyJIbTUMEIUNHHOE
obopynoBanue (MPOEKTOP, IKpaH, MEPCOHAIBHBIA KOMIBIOTEP WU
HOYTOYK C HEOOXOAMMBIM IPOTPAMMHBIM  OOECIIEYeHUEM IS
TEMAaTUYECKUX WJUTIOCTPAMii ¥ JeMOHCTpalHi, COOTBETCTBYIOIIUX
IHOrnaMMe TUCITATLIWHEL)

9. Means of adapting the discipline teaching to the needs of persons with physical conditions

If necessary, persons with physical conditions can be offered one of the following options
for perceiving information, taking into account their individual psychophysical characteristics:

1) using e-learning and distance learning technologies.

2) using special equipment (enginery) and software in accordance with the students' health
restrictions in the Training Centers for Persons with Disabilities and Physical Conditions
(hereinafter referred to as special needs) available at the university.

In the course of training, if necessary, the following conditions are provided for persons
with visual, hearing and musculoskeletal disorders:

- for persons with visual impairments: educational and methodological materials in
printed form in enlarged font; in the form of an electronic document; in the form of an audio file
(conversion of educational materials into audio format); in printed form in Braille; individual
consultations involving a tactile interpreter; individual assignments and consultations.

- for people with hearing impairments: educational and methodological materials in
printed form; in the form of an electronic document; video materials with subtitles; individual
consultations involving a sign language interpreter; individual assignments and consultations.

- for persons with disorders of the musculoskeletal system: educational and
methodological materials in printed form; in the form of an electronic document; in the form of an
audio file; individual assignments and consultations.

10. Guidelines for students to perform independent work

The purpose of the student's independent work (IW) is to consolidate the theoretical
knowledge gained and to acquire practical skills in using and performing research of algorithms
and data structures when designing application software programs. IW includes independent study
of educational issues, preparation for laboratory classes, performing calculation and graphic work,
preparation for a test and an exam.

The list of questions and tasks for independent work to prepare for laboratory classes is
given in the corresponding methodological instructive regulations in the description of each
laboratory work.




The list of questions and tasks for independent work to carry out calculation and graphic
work is given in the relevant methodological instructive regulations.

Independent work of students is an integral part of the educational process. The purpose of
independent work of students is to master fundamental knowledge, professional skills and skills,
experience in creative, research activities.

The main forms of organizing independent work of students are: classroom independent
work under the guidance and supervision of a teacher (at lectures, laboratory classes, etc. and
consultations); extracurricular independent work under the guidance and supervision of a teacher
(at consultations, during research work), extracurricular independent work - planned educational,
educational research, scientific-research work of students, carried out during extracurricular time
according to the assignment and with the methodical guidance of the teacher, but without his
direct participation.

Students, when performina independent work. should relv mainly on the knowledae.
11. Methodological instructive regulations for students studying the discipline (module)

The purpose of the training is the preparation of a modern competent specialist and the
formation of abilities and skills for continuous self-education and professional improvement,
which involves solving the following tasks:

- high-quality development of theoretical material in the discipline under study,
deepening and expanding theoretical knowledge with a view to their application at the level of
interdisciplinary connections;

- systematization and consolidation of the received theoretical knowledge and practical
skills;

- formation of skills for the search and use of normative, legal, reference and special
literature, as well as other sources of information;

- development of cognitive abilities and activity, creative initiative, independence,
responsibility and organization;

- formation of independent thinking, abilities for self-development, self-education,
self-improvement and self-realization;

- development of research skills;

- formation of the ability to solve practical problems (in professional activities), using the
acquired knowledge, abilities and skills.

11.1. Methodological instructive regulations for preparing for seminar-type classes

To prepare for a seminar-type lesson, the student needs to study the theoretical material on
this topic, remember the basic definitions and terms, and analyze the lecture material. To
consolidate the material covered, the student also needs to do homework in accordance with the
assignment received in the previous laboratory lesson. In case of difficulties in its
implementation, it is recommended to seek help from the teacher at the time allotted for
consultations.

Stages of preparation for a seminar type lesson:

- study of the theoretical material received at the lecture and in the process of independent
work;

- study and analysis of the recommended literature;

- taking notes of what was read during the study of the recommended literature;

- doing homework;

- self-examination on control questions of the topic.

11.2. Methodological instructive regulations for preparing for an examination



The exam aims to assess the development of competencies by students for a certain
course: the theoretical knowledge gained, their strength, the development of logical and creative
thinking, the acquisition of independent work skills, the ability to analyze and synthesize the
knowledge gained and put into practice the solution of practical problems.

The exam is conducted on tickets approved by the head of the department. The
examination ticket includes two questions and a task. The wording of the questions coincides with
the wording of the list of questions brought to the attention of students one month before the
examination session. In the process of preparing for the exam, a pre-examination consultation is
held for all study groups. The result of the exam is expressed as "excellent", "good",
"satisfactory".

In order to clarify the assessment, the examiner may ask several additional questions that
do not go beyond the requirements of the work program of the discipline (module). An additional
question is a question that is not related to the subject matter of the ticket questions. An additional
question, as well as the main questions of the ticket, requires a detailed answer. In addition, the
teacher can ask a number of clarifying and leading questions related to the subject of the main
questions of the exam ticket. The number of clarifying and leading questions is not limited.

A student is allowed to take the exam if he/she has completed in full the tasks provided for
in the work program of the discipline (module). In case of missing any types of training sessions
for good or bad reasons, the student independently performs and submits for verification in
writing the general or individual tasks determined by the teacher. The theoretical course
examination takes place in oral or written form (determined by the teacher) on the basis of a list of
questions that reflect the content of the current work program of the academic discipline. Students
are encouraged to:

- prepare for the exam by carefully reading all the exam questions;

- make a plan for answering each question, highlighting the key points of the material.

The answer must be reasoned. The results of the exam are assessed as "excellent"”, "good",
"satisfactory" or "unsatisfactory".

11.3. Methodological instructive regulations for preparing for a test
Account is not provided.

11.4. Methodological instructive regulations for performing computational and graphical

Settlement and graphic works are not provided.
11.5. Methodological instructive regulations for performing a control work
Control work is not included.
11.6. Methodological instructive regulations for performing a course work (project)

Coursework is not included.
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