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Description of discipline «cBIOCHEMISTRY»

The discipline "Biochemistry" studies the chemical composition of the living
organisms and environment, as well as the relationships between them.
Comprehensive knowledge of the structure, physical, chemical and biological
properties of chemical and organic compounds, which are a component of the
environment and all living things, their rational complementarity, are essential and
necessary for the further application of the knowledge and skills of biotechnologists
in their professional activities. In the living nature, there is a constant balance
between diversity and stability due to the presence of numerous regulatory
mechanisms and communications, which are based on complex biochemical
transformations. Therefore, the study of biochemical foundations lays the foundation
for understanding the deep processes of interaction between different living
organisms, both among themselves and in ecosystems.

The academic discipline Biochemistry consists in familiarizing students with
the structure, properties of chemical elements and their compounds, the main classes
of bioorganic compounds, their classification, functions and properties, biochemical
mechanisms of adaptation of living organisms and the transformation of exo- and
endogenous compounds. Theoretical aspects of the discipline are reinforced by
students in laboratory classes in order to acquire and consolidate practical skills when
working in a chemical, biochemical, biotechnological laboratory, which will allow
them to plan scientific research and analyse the obtained experimental data in the
future.

Area of knowledge, specialty, academic programme, academic degree

Academic degree «Bachelor»

Specialty 162 «Biotechnology and bioengineering»
Academic program «Biotechnology and bioengineering»
Characteristics of discipline

Type Normative

Total number of hours 180

Number of ECTS credits 4

Number of modules 2

Coursework 50 hours

Form of assessment Exam

Indicators of the discipline
for full-time and part-time forms of university study

Full-time Part-time
Year of study 2 2
Term 4 4
Lectures 45 h 4h
Practical, seminars - -
Labs 60 h 6 h
Self-study 75h 170 h
Number of hours per week for full-time
students 7h




1. The aim, competences and expected learning outcomes of the discipline

The aim of discipline "Biochemistry"” is studying the chemical composition of the
living organisms and environment, as well as the relationships between them.
Comprehensive knowledge of the structure, physical, chemical and biological
properties of chemical and organic compounds, which are a component of the
environment and all living things, their rational complementarity, are essential and
necessary for the further application of the knowledge and skills of biotechnologists
in their professional activities. In the living nature, there is a constant balance
between diversity and stability due to the presence of numerous regulatory
mechanisms and communications, which are based on complex biochemical
transformations. Therefore, the study of biochemical foundations lays the foundation
for understanding the deep processes of interaction between different living
organisms, both among themselves and in ecosystems.

Competencies of the academic discipline:

Competence acquired (IC):
The ability to solve complex specialized tasks and practical problems characterized
by complexity and uncertainty in biotechnology and bioengineering, or in a learning
process involving the application of theories and methods of biotechnology and
bioengineering.

General competence (GC):
KO1. 3paTHicTh 3aCTOCOBYBATH 3HAHHS Y IPAKTUYHUX CUTYALISAX
KO02. 3paTtHicTh 10 NHCHMOBOI Ta YCHOI KOMYHIKalli yKpPaiHCBKOI MOBOIO
(npodeciitHOTO CrpsIMyBaHH)
KO03. 3gaTHicTh CHIIKYBAaTUCA 1HO3EMHOK MOBOIO
KO0S. 3naTHicTh BUNTHUCS 1 OBOJIOAIBATH CYyYaCHUMH 3HAHHSAMU
K09. 3naTHicTh 30epiratv Ta NPUMHOKYBATH MOPalibHi, KyJbTYPHi, HAYKOBI IIIHHOCTI
1 JOCATHEHHS CYCHUIBCTBA HA OCHOBI PO3YMIHHS ICTOpPIi Ta 3aKOHOMIPHOCTEH
PO3BUTKY MPEaMETHOT 00J1acTi, ii MICI y 3arajbHId CHUCTEMI 3HaHb MPO MPHUPOLY 1
CYCIIUJIBCTBO Ta y PO3BUTKY CYCHUIbCTBA, TEXHIKH 1 TEXHOJIOT1H, BUKOPUCTOBYBATH
pi3HI BUIU Ta (OPMHU PyXOBOI aKTUBHOCTI JIJISi aKTUBHOTO BIJIIOYMHKY Ta BEJICHHS
3I0POBOTO CIIOCOOY KHUTTS.

Special (professional, subject) competences (SC):
K12. 3patHicTh BUKOPUCTOBYBAaTH TPYHTOBHI 3HAaHHS 3 XiMii Ta Oiojorii B 00cs3i,
HEOOX1THOMY JUIsl IOCSATHEHHS 1HIIMX PE3yJbTaTiB OCBITHBOT IPOrpPAMHU
K14. 3patnicts mnpaimtoBatd 3 OIOJOTIYHUMHU areHTaMu, BUKOPHUCTOBYBAHUMHU Y
010TEXHOJIOTTYHHUX Tpolecax (MIKpOOpraHi3MH, rpuOH, POCIMHU, TBApUHU, BIPYCH,
OKpeMmi IXHI KOMIIOHEHTH )
K15. 3natHicTh 3AiMCHIOBATH €KCIIEPUMEHTAIbHI JOCTIIKEHHS 3 BIOCKOHAJICHHS
O10JIOTIYHMX areHTiB, Y TOMY YHCJIl BHUKJIMKATH 3MIHH Y CTPYKTYpl CHaJKOBOTO
anapaty Ta QyHKIIOHaJbHINA aKTUBHOCTI 010JIOTTYHUX areHTIB

HonarTkoBi (paxoBi, mpeaMeTHI) KOMIIETEHTHOCTI)
K27. 3patHicTh 70 BHUKOPUCTAHHS CEPOJIOTIYHMX Ta IMYHOJIOTIYHUX TECTIB,
KapTyBaHHS T'€HOMY, METOJIB IMYHOJIarHOCTUKH, TIUIAHYBaHHS 1 oOpraHizaris



J1arHOCTUKHU Ta 17eHTH (KAl MaToNoriil II0A00BOUYEBUX KYJIbTYpP, TEXHOJOTTYHUX
MPOLIECIB pereHepaiii pOCIMHHUX KIITHH, KEpPyBaHHA HHUMHU 3T1IHO CYYacHHX
METO/IIB KOHTPOJIIO TEXHOJIOTIYHUX OTepaliii Ta roTOBOI MPOIYKIIii; MPOEKTYBaHHS
BUPOOHUIITBA 3T THO BUMOT 3aXUCTY HABKOJIHUIIIHBOTO CEPEOBHUIIIA.

Program learning outcomes (PR):
ITPO2. BMmiTu 311HCHIOBATH SKICHUM Ta KUIBKICHHUH aHalli3 peYOBUH HEOPraHIYHOTO,
OpraHiYHOIO Ta 010JIOTIYHOTO MOXOMHKEHHS, BAKOPUCTOBYIOUH BiAMOBITHI METO/IH.
ITPO6. BwmiTi BH3HAuaTH Ta aHaII3yBaTH OCHOBHI (hI13MKO-XIMIUHI BJIACTHUBOCTI
OpTraHIYHUX CIOIYK, IO BXOAATH JIO CKJIaay OloJoriyHuX areHTiB (O1TKH, HyKJIETHOBI
KHCJIOTH, BYTJICBOJIH, JIIITIJTA).
[1P11. Bwmitu 3miiicHIoBaTH 0a30Bi TEHETWYHI Ta ITUTOJIOTIUHI JTOCHIKEHHS 3
BJIOCKOHAJICHHS 1 MiJBUINCHHS O10CHMHTETUYHOI 3aTHOCTI OIlOJIOTIYHWX arceHTIiB 3
ypaxyBaHHSIM TPUHIMITIB 0i00e3mekn, 0103axucTy Ta OioeTHKH (1HIyKOBaHHIA
MyTareHe3 3 BUKOPUCTAHHAM (DI3UYHHMX 1 XIMIYHMX MyTareHHUX (pakTopis, BIAOIp Ta
HAKOIMYCHHS ayKCOTPO(PHUX MYTAHTIB, IEPEHECCHHS TeHETUYHOT iH()OpMAIlii TOIIIO).
[1P12. BuxopucToBylOYd MIKpoOiOdoOriyHi, XiMmiuHi, (i3uyHi, (i3UKO-XIMIYHI Ta
OlOXiMIYHI METOAM, BMITH 3IIHCHIOBATH XIMIYHHH KOHTPOJb (BH3HAYCHHS
KOHIIEHTpAIlli PO3YMHIB JAe31H(PIKyBaIbHUX 3ac00iB, THUTPYBaJbHUX AareHTIB,
KOHIICHTpAIlli KOMITOHCHTIB TOXXHBHOTO CEPEIOBHINA TOIIO), TEXHOJIOTIYHHIA
KOHTPOJIb (KOHIIGHTpAIlii JDKEped BYIJICHIO Ta a30Ty Yy KyJbTypallbHIN piauHi
YIPOJOBK TMPOLECY; KOHIIGHTpAIlii IUJILOBOIO MPOJYKTY); MIKpPOOiOIOTiUuHUI
KOHTPOJIb (BU3HAYCHHS MIKPOOIONIOTIYHOI YHCTOTH ITOKMBHUX CEPEOBHII ITiCIIs
cTepwiizamii,  MIKpoOiOJIOTiYHOT  YHMCTOTH  OIOJIOTIYHOTO  areHTa  TOIIO),
MIKpOO10JIOTIYHOI YMCTOTH Ta CTEPUIBHOCTI O10TEXHOJIOTIYHUX MPOAYKTIB PI3HOTO
MIPU3HAYEHHS.
[1P22. BwmiTu BpaxoByBaTH COIlialbHI, €KOJOTIYHI, €TWYHI, €KOHOMIYHI AaCTEKTH,
BUMOTM OXOpPOHM TMpalll, BUPOOHUYOI caHITapli 1 MOXKEXKHOI Oe3MmeKu il Yac
(dbopMyBaHHS TEXHIYHUX pillleHb. BMITH BUKOPUCTOBYBATH pi3HI BUIU Ta (opMu
PYXOBO1 aKTHUBHOCTI JJisi aKTUBHOTO BIAMOYMHKY Ta BEIEHHS 3JI0POBOTO CIOCOOY
AKUTTHL.
ITP25. BMiTH BHKOPHCTOBYBATH METOJM MIKPOCKOIIYHHUX JOCIHIKCHb, TEXHOJOT1M
MOHOKJIOHAJIbHUX aHTHTII, aHTUTEHIB, IMYHO1arHOCTUKH, 1IeHTU(]IKAIlli aHTUTeHIB
y TKaHWHAX pociuH, 130¢epMeHTiB Ta 3anacHux OinkiB, JJHK-mapkepiB, ocHOBHUX
npuniuniB [1JIP, JIHK-30H11B, MOJNEKYIIpHO-TEHETUYHUX MapKePiB.



2. Program and Structure of the discipline Biochemistry

Number , hours

Modules and topics full-time part-time
numb | tot including total including
er al I pr lab | ind | indep I | pr | lab | ind | indep
1 2 3] 4 5 6 | 7 8 9 10|11 ] 12 | 13 14
Module I. Molecular and chemical composition of living organisms.

Theme 1.1 1 7] 2 2 3 8 8
Introduction  to
the
Biochemistry.
Theme 2.1 23 |1 4 2 4 10 1 9
Modern 0
biochemical
methods.
Theme 3. The| 4 1] 2 4 4 10 1 9
molecular  and 0
chemical
composition  of
living organisms.
Theme 4. Buffer | 5 1] 2 4 4 10 1 9
systems. 0
Theme 5. The 5 1] 2 4 4 9 9
role of water in 0
the life of living
organisms.
Theme 6. The| 6 8| 2 2 4 9 9
molecular  and
supramolecular
organization  of
cells.
Theme 7. 7 1] 4 2 4 9 9
Xenabiotics, 0
bioactivity and
biotransformatio
n
Number for 65 18 20 27 | 65 2 1 62
thematic module
1

Module I1. Bioorganic compounds - structure and properties
Theme 1.0 7 1] 2 4 4 10 1 9
Protein 0
Theme 2. Amino 8 1] 2 4 4 10 1 9
acids 0
Theme 3. 9 1] 2 4 4 10 1 9
Physico- 0
chemical
properties of
proteins and
amino acids
Theme 4. The 9 8| 2 2 4 9 9




levels of
structural
organization of
protein.

Theme 5. Plant 10

proteins.
Nitrogen cycle

Theme 6. 11

Carbohydrates.

11

Theme 7.1 11

Nucleic acids.

10

Theme 8. 12

Structure and
properties of
DNA.

O RO PRFr ok

Theme 9. 13

Structure and
properties of
RNA.

[

Theme 10. 13

Lipids.

o

10

Theme 11. 14-
Biologically 15

active substances
of plants

Theme 12. 15

Antioxidant
system of living
organisms

Number for
thematic module

2

115

27

40

48

115

5 108

Total number

180

45

60

75

180

| 4

6 170

3. Topics of Lectures

Ne Topic Number, hours
1 (Introduction to the Biochemistry 2
2  |Modern biochemical methods 4
3 |The molecular and chemical composition of living organisms 2
4  |Buffer systems 2
5 |Therole of water in the life of living organisms 2
6 [The molecular and supramolecular organization of cells 2
7 [Xenobiotics, bioactivity and biotransformation 4
8 [Protein 2
9 |Amino acids 2
10 |Physical and chemical properties of proteins and amino acids 2
11 [The levels of structural organization of protein 2




12 |Plant proteins. Nitrogen cycle 2

13 |Carbohydrates 2

14 |Nucleic acids 2

15 |Structure and properties of DNA 2

16 [Structure and properties of RNA 2

17 |Lipids 2

18 |Biologically active substances of plants 4

19 |Antioxidant system of living organisms 3

Total 45
4. Topics of Labs

Ne Topic Number,

hours

1 | Safety techniques in a biochemical laboratory. Provision of 2
first aid in case of accidents.

2 | Familiarization with the operation of laboratory devices and 2
equipment (potentiometer, magnetic stirrer, centrifuge,
photoelectrocolorimeter, spectrophotometer)

3 | Preparation of solutions of a given concentration (molar, 4
percentage, etc.)

4 | Preparation of buffer solutions: acid (acetate buffer system 4
(CH3COOH + CH3COONa); hydrophosphate (K,HPO, +
+KH2PO,); bicarbonate (H,COs; + NaHCOs;); hemoglobin
(HHb + KHb); oxyhemoglobin (HHbO, + KHbO,), basic
(ammonia buffer: NH,OH + NH4Cl), phosphate buffer
system, hydrogen carbonate buffer system (H,COs,
N&HCOg).

5 | Determination of pH in buffer solutions, water, soil, 2
biological fluids.

6 | Study of osmotic phenomena in living cells 2

7 | Preparation and research of the properties of colloidal 2
solutions.

8 | Qualitative determination of mineral substances. Ashing 4
methods. Microchemical analysis of ash.

9 | Qualitative reactions of non-protein nitrogenous compounds. 2

10 | Qualitative reactions of nitrates in plant material. 2

11 | Color (qualitative) reactions of proteins and amino acids. 4

12 | Protein precipitation reactions. Physicochemical properties 4
of proteins.

13 | Isolation of proteins from plant material. 2

14 | Determination of the isoelectric point (IP) of proteins. 2

15 | Qualitative reactions of monosaccharides. 2

16 | Qualitative reactions of polysaccharides. Hydrolysis of 2




starch and fiber.

17 | Research of the quantitative content of glucose in plant 2
material

18 | Isolation of nucleoproteins from yeast. 2

19 | Qualitative reactions to the components of nucleoproteins 4
(proteins, monosaccharides (ribose and deoxyribose), purine
bases, phosphoric acid).

20 | Lipid solubility and emulsion formation. 2

21 | Determination of chemical parameters of fats. 2

22 | Determination of the amount of biologically active 2
substances (anthocyanins) in plant material

23 | Determination of the activity of antioxidant enzymes in plant 4
leaves
Total 60

5. Topics of self-study
Ne Topic Number,
hours

1 | The history of the development of biochemistry. The 5
contribution of outstanding domestic and foreign scientists to
the development of biochemistry as a science.

2 | Scientific discoveries in the field of Biochemistry. Nobel 5
laureates.

3 | Methods of isolation and purification, separation of proteins 5
- salting out, electrophoresis, chromatography, Western blot
analysis, PCR, etc.

4 | Technologies for the selection and storage of biological 5
materials (cell suspensions, tissues, blood, etc.).

5 |Source of vegetable proteins. Characteristics of plant 5
proteins and their importance. Amino acid composition of
plant proteins.

6 | The role of amino acids in the protection of agricultural 5
crops from stress.

7 | Biologically active substances of plant origin. Their role in 5
the processes of photosynthesis and respiration.

8 | Phytohormones and their regulatory role. 5

9 | Accumulation of nutrients in plant cells and tissues. 5

10 | Ways of entry of substances into the cell and mechanisms of 5
removal from the cell.

11 | Selective accumulation of chemical and radioactive elements 5
by plant organs and tissues. Consequences.

12 | Structural, biochemical and physiological 5
features/differences of plant and animal cells.

13 | Plant antibiotics - classification, mechanism of action and 5




role.

14 | Molecular biological and biochemical mechanisms of action 5

of chemical carcinogens. Stages, metabolic transformations,

cell penetration, etc.
15 | Plant tumors and their causes. Methods of preventing the 5

development of the tumor process and fighting it.

Total 75

6. Topics of Coursework
Ne Topic Number,
hours

1 | Cellular bioenergetics 2
2 | Bioluminescence and  bioluminescent analysis in

biochemistry 2
3 | Biochemical foundations of immunity 2
4 | Biochemistry of the origin of life on Earth 2
5 | Biochemistry of rational nutrition 2
6 | Study of the accumulation and localization of heavy metals

in the soil-plant system 2
7 | Use of enzymes as analytical reagents 2

8 | Influence of environmental factors on metabolic processes in
the body 2
9 | Coenzymes, their biological role 2

10 | Microelements in wildlife 2
11 | Nanopesticides, their influence on metabolic processes 2
12 | Redox enzymes, their biological role 2
13 | Peculiarities of plant metabolism depending on the

conditions of mineral nutrition 2
14 | Pigments in plant organisms, ways of their synthesis.
15 | Approaches to the study of the primary structure of proteins

and polypeptides. Electrophoresis and chromatography of

proteins 2
16 | Enzymes in food technology 2
17 | Physiological and biochemical adaptations of plants under

different water supply regimes 2
18 | Functional biochemistry of the endoplasmic reticulum 2
19 | Functional biochemistry of mitochondria 2
20 | Biochemical role of chaperone proteins 2
21 | Comparative morphology and biochemistry of apoptosis and

Necrosis 2
22 | Molecular mechanisms of cell death 2
23 | Biochemical aspects of carcinogenesis 2
24 | Artificial membranes: principles of obtaining, use as model

systems for studying the functional properties of ion




channels, active transport systems, receptors 2
25 | Repair of DNA damage. Types of repair 2
Total 50

7. Methods of assessing expected learning outcomes:

- exam;
- module tests;

- essays;

- defense of labs;
- presentations.

8. Teaching methods:
- method of practice-oriented learning;
- method of blended learning;
- method of learning through research;
- method of educational discussions and debates;
- method of teamwork, brainstorming.

9. Results Assessment.
Assessment of knowledge of a higher education applicant is carried out on a
100-point scale and is translated into a national assessment in accordance with the
current "Regulations on exams and credits at NULES of Ukraine"

9.1. Distribution of points

Type of learning activity Learning Assessment
Module 1. Molecular and chemical composition of living organisms
Module test 1. 100
Total for module 1 100
Module 2. Bioorganic compounds - structure and properties
Module test 2. 100
Total for module 2 100
Study work (M1 + M2)/2*0,7 <70
Examination 30
Total per course (Study work + Exam) < 100




9.2. Scale for assessing student’s knowledge

Ra_tlng of a higher education applicant, National system assessment (exam)
points
90-100 excellent
74-89 good
60-73 satisfactory
0-59 unsatisfactory
9.3. Assessment Policy
IHoaituka moxo| Pobotu, siki 37a10ThCA 13 MOPYIICHHSIM TEpMiHIB 0€3
AeAJIafHIB Ta| TOBAXHUX MPUYHMH, OLIHIOIOTHCA HA HUXKYY OLIHKY.
nepecKJIaJaHHs [lepecknaganus MOMYJIB BIIOYBa€ThCS 13 J03BOJY
JEKTOpa  3a  HAsABHOCTI  TMOBWKHHUX  MNPUYHH
(HampuKIIa, JTIKApHIHUI).
IMoaiTuka moxo, CnucyBaHHS TmiJ Yac KOHTPOJBHUX poOIT Ta
aKaJeMiqHoL €K3aMEHIB 3a00poHEHI (B T.4. 13 BUKOPUCTAHHSIM
A00pPOYeCHOCTI MOOUTbHMX JieBaiiciB). CaMOCTIiiHI poOOTH, pedepaTu
MOBMHHI MaTH KOPEKTHI TEKCTOBl NOCHJIAHHA Ha
BUKOPUCTaHy  JIiTepaTypy Ta/abo  eJleKTPOHHI
JoKepena.
IToaiTuka moxo, BiaBigyBaHHS  3aHATH €  OOOB’SI3KOBHM.  3a
BiABiyBaHHS 00’€KTUBHUX  TNPUYUH  (HAOpUKIaA, XBOpooOa,
MDKHApOJHE  CTaOXyBaHHA)  HABYAHHS  MOXKE
BiIOYyBaTUCh 1HAMBIAYalbHO (B OH-JaiiH Qopmi 33
MOTOJIKEHHSIM 13 JIeKaHOM (DaKyJIbTETY).

10. Educational and methodological support:
- electronic educational course of the educational discipline (on the elLearn
educational portal of NUBIP of Ukraine -
https://elearn.nubip.edu.ua/course/view.php?id=3693);
- abstracts of lectures and their presentations (in electronic form);
- textbooks, training aids, workshops;
- methodical materials on the study of the academic discipline for students of higher
education full-time and part-time forms of higher education.

11. Recommended sources of information
1. Lehninger Principles of Biochemistry. D.L. Nelson, M.M Cox. Publisher: W.H.
Freeman (5th Edition), 2009, ISBN-10: 0-7167-7108-X. ISBN-13: 978-0-7167-7108-
1. 1100 p. DOI:10.1007/978-3-662-08289-8.



http://dx.doi.org/10.1007/978-3-662-08289-8

https://www.researchgate.net/publication/48376766_Lehninger_Principles_of Bioch
emistry

2. Fundamentals of Biochemistry A Textbook H.P. GAJERA, S.V. PATEL, B.A.
GOLAKIYA. INTERNATIONAL BOOK DISTRIBUTING CO. First Edition, 2008,
557 p. ISBN: 978-81-8189-165-5

https://labalbaha.wordpress.com/wp-content/uploads/2014/04/fundamentals-of-biochemistry.pdf

3. Biochemistry (4-th Edition). U. Satyanarayana, U. Chakrapani. ELSEVIER. 2014,
2014. 809 p. ISBN: 978-81-312-3601-7

https://recnotes.com/wp-content/uploads/2020/11/Biochemistry-U-Satyanaryan-4th-Edition.pdf

4. Cell biology. Thomas D. Pollard, William C. Earnshaw. Elsevier Sciense, 2002.
804 p.

5. Principles and Techniques of Biochemistry and Molecular Biology (7-th edition).
Edited by KEITH WILSON and JOHN WALKER. CAMBRIDGE UNIVERSITY
PRESS. 2010. 761 p. ISBN 978-0-521-51635-8 (hardback) — ISBN 978-0-521-

73167-6 (pbk.)
https://www.kau.edu.sa/Files/0017514/Subjects/principals%20and%20techiniques%200f%20biochemistry
%20and%20molecular%20biology%207th%20ed%20wilson%20walker.pdf

6. bionoriuna 1 6ioopraniuna ximis. [ligpyunnk y 2 tomax/ JI..I. Ocramuenko, B.K.
Pubansuenko /— K.: BunaBauuo-nomirpadiuauii neHtp «KuUiBChbKHI YHIBEpCHUTET»,
2015.-918 c.

7. bioximis. ITigpyunuk / JI..I. Octanuenko, T.P. Anapiituyk, F0.J[. babentok Ta 1H. /
3a pen. JLI. Ocranuenko — K.: BupgaBHuuo-nomirpadiunmii neHtp «KuiBchbkuid
yHiBepcuteT», 2012. — 796 c.

8. bioximis. Iligpyunuk / Kydepenko M.€., baGentox 1O.J[., Bacuiber O.M.,
Bunorpanosa P.I1., Bouuinpkuii B.M., Kypcekuit M.J[l., Pubanpuenko B.K.,
Hymzesuu b.O. — K.: BIII «KuiBcbkuit yniepcurer», 2002. — 480 c.

9. Monekynsapua Gionoris. Iligpyunuk / CuBono6 A.B. — K: BIIL] «KwuiBchkuii
yHiBepcuteT», 2008. — 384 c.

10. Kyuepenko M.€., babGentox FO.J[., Boiminupkuii B.M. CydacHi meToau
61oximiyHux aochimxenb. K.: ditocomionentp, 2001. — 424 c.

11. Thomas D. Pollard, William C. Earnshaw, Ph. D. Cell biology. — Elseviar Sciense
(USA), 2002. — 804 p.

12. Tapacenko JI.M., Henopana K.C., I'puropenko B.K. @yHnkiionansHa 6i0XiMist. —
Bianung, Hosa kamra, 2007. — 378c.

13. I'y6ebkuii YO 1. bionoriuna ximist. — KuiB-Binnuns:, Hoa kaura, 2007. — 656c¢.
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