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Introduction

Biochemistry is one of the fundamental medico-kgatal subjects which is
very important for general medical education incejamtly on certain physician
speciality. The modern notions about pathogenddisiman diseases are based on
molecular aspects of the development of the paticdb states. Therefore the
detailed comprehension of the essence of diseas@possible without serious
research of biochemistry.

At the same time the modern physician has to kiaptinciples of the
biochemical methods of analysis used to prove thiea theoretical statements of
biochemistry and a number of clinico-diagnosticchiemical methods applied in
practical medicine. For it medical students havgdabthe minimum of manual skills
during a research of biochemistry, eg. measuringolutions and biological liquids,
centrifugation, colorimetry of coloured solutionigtermination of pH, peculiarities
of the technique of enzyme investigations etc. Jiken manual contains the
descriptions of the biochemical methods of analygigh all the skills are required
in.

All material of the manual is divided into 29 less@according to the
curriculum of practical lessons adopted in the aoad The 30th lesson is intended
for the students of stomatological faculty only.

Besides the basic questions for self-preparatidtome tasks and the
examples of the control tests are contained iddseription of each topic of the
manual. It has to facilitate the process of pregpamaof home tasks by the students
and to reduce the elements of stress during stisdesting.

The list of examination questions is printed &t ¢md of the manual
(Appendix). All examination tickets are compileccading to the list. We hope that
it will facilitate a pre-examination training ofustents.

The authors
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WARNING!
(The instruction for student's safe work at the deprtment of Biochemistry)
Caustic bases and acids

Caustic (concentrated) bases and acids can prdaokes of skin, mucous
membranes and eyes. Therefore if you use the caesdes or acids (NaOH, KOH,
H2SO4, HNOg3, trichloracetic acid etc), you should observefti®wing rules:

1. Do not measure solutions of the bases and agidsa mouth pipette. Do it
only with a measuring test tube or a burette.

2. Do not keep a vessel with the base or acid ymareyes.

3. Do not pour water to acid (especially t93@04) when you prepare an acid

solution.

4. If base or acid gets on your skin, mucous mamdor especially eyes
you should bathe the affected place in running mwfatelO - 15 minutes and then
treat this place with the diluted solution of bagimd or ammonia.

Electric equipment and apparatus

Be careful when you work with electric equipmenmatoid an electric shock.
Observe the following rules:

1. Do not touch the naked electric wires.

2. Do not work with unearthed apparatus.

3. Do not pull out an electric wire, when you ®hibff an electric apparatus
from the electric network. Do it only with an electplug.

4. Do not touch a water pipe, a tap, and a heasidgtor when you work with
electric apparatus.

5. If somebody gets an electric shock you shaulmédiately switch off
electric power and only after that help him.

Fire-fighting rules

1. Do not smoke in a laboratory, a corridor, dreotplaces of the department.

2. Be careful when you work with explosive or arfled substances (spirits,
ketones, ethers etc.).

3. If fire begins, you should use a fire-extindn@s or water (only for water
soluble inflamed substances!).
Call the fire-brigade quickly. Its phone numbe0is



The FIRST TERM

LESSON 1
PHYSICO-CHEMICAL METHODS of ANALYSIS in BIOCHEMISTR Y.
ELECTROMETRY.

BIOMEDICAL SIGNIFICANCE

Biological liquids of the body have different vatuef pH (see below). Most of
them have approximately neutral pH, but only thetigajuice is characterized as the
most acidic liquid; pH of other digestive liquidsslightly alkaline. The specific
values of pH are maintained with mineral and orgémiffer systems. Blood has the
most constant level of pH due to the high bufferazaty of its buffer systems.

Average values of pH of the body

Liquid pH

Blood 7.440.05
Urine 5.0-8.0
Saliva 6.4-7.0
Gastric juice 1.2-3.0
Pancreatic juice 7.4-8.3
Bile 6.6-7.6
Small intestine secretion 7.8-8.0
Synovial liquid 7.3-7.4
Perspiration 4.5-7.5
Tear 7.0-7.4

Milk 6.6-6.8

Determination of pH of biological liquids is apgdi for diagnose and
correction of some pathological states accompaoyestid-base state disorders.
Excessive accumulation of kbns resulting in a decrease in pH of biologiaghids
Is calledacidosis, and the opposite phenomenon of excessive acctionut# OH-
lons is marked aalkalosis.

The electrometric method of pH determination aider measure pH of
biological liquids with accuracy of 0.01 units dfip

Work 1. Measurement of pH of biological liquids with pH-meter (ion meter).
THE EQUIPMENT: an ion meter.
PRINCIPLE of METHOD.

The apparatus consists of two electrodes - glag<lalorine-silver, placed in a
researched solution, and electronic mill voltmetdrich scale is graduated in terms
of pX and in mill volts of a potential difference of thkectrode pair.

The glass electrode is a measuring one. Its patetgpends on concentration
(activity) of ions of hydrogen in an analytic satut. The chlorine-silver electrode
has constant potential.



COURSE of WORK.

Plug the apparatus in the electric network. Pitesswitch ¢ets"(“network”),
then the buttonahuonsl/katnonsl” ("anions/cations"), and the next button of rasge
of measurement " -1 -+ 19",

Wash out the apparatus electrodes carefully wihliéd water and wipe them
off with a filter paper. Pour the solution for aysb or a biological liquid into a glass.
The volume of the solution has to be sufficientuggioto completely close the
working surfaces of the electrodes with the layfea bquid.

Read the result on the lower (bottom) scale ofghygaratus in terms of pX (pH).
Choose the necessary range for more precise measuref pH and press the
appropriate button on the right panel of the apgpardRead and write down the result
from the upper (top) scale of the apparatus. Forgdib, mentally divide the distance
between two points (lines) of the upper scale iatbequal parts. Count the amount
of these parts from the left point of the distanpdo the needle position. Thus, the
results may be registered precisely up to the sigd (0.01 pH units).

RESULTS:

CONCLUSIONS:

Work N 2 Measurement ofpH of biological liquids with universal indicator
paper.
Take a piece of indicator paper. Then immerssentall part in a biologic
liquid. Next put the wet piece of indicator paparawhite sheet of paper and quickly
compare its colour with a standard colour scalekaghon the indicator paper case.

RESULTS:

CONCLUSIONS:



LESSON 2
PHYSICO-CHEMICAL METHODS of ANALYSIS in BIOCHEMISTR Y.
PHOTOMETRY.

BIOMEDICAL SIGNIFICANCE

The photoelectrocolorimetric method of analysiveg for determination of
substances concentrations in coloured solution$gdical liquids or tissue extracts.
It may be also used for determination of conceiatnatof colourless substances if
they can be transformed into coloured state wighsiecific reagents. The method is
one of the most widespread in biochemistry andagdirmedicine.

Work N 1. Quantitative determination of iron ions in solution by a
photoelectrocolorimetric method.
The EQUIPMENT: a photoelectrocolorimeter (FEC).
PRINCIPLE of METHOD.
There is a linear dependence between the condentadtsubstance in a solution and
the size of optical density (extinction). This degence is described by the equation:
D =a-l-c,

Where:

D - optical density of a coloured solution

a- the molar coefficient of light absorption,

| - the thickness of a layer of the solution,

c - the molar concentration

The COURSE of WORK.
Construction of a calibrating graph.
Pour 10ml of one of standard solutions with the concentratf iron: 0.1
mg/ml; 0.2 mg/ml; 0.4 mg/ml respectively in thrée @l measuring flasks. Add 1 mi
of salicylic acid in each flask to form the caled complex and lead up the volume
of the liquid in the flasks by distilled water tdadel. Wash the experimental cuvette
of a FEC with the prepared solutions (the thickredssuvettes for the analysis is 10
mm). Measure the optical density of the solutioaiagt water with a
photoelectrocolorimeter (FEC) according to the dpson below. Plot the values of
concentration and optical density of the standahdti®ns on the calibrating graph
axes, and build the calibrating graph.
The ORDER of ANALYSIS with a PHOTOELECTROCOLORIMEREFEC).

1.Warm up FEC with an open cover for 15 minutes.
2. Establish a light filter (green for this anak;$$40 nm).
3. Put the cuvettes into a FEC cuvette compartifteatdistant cuvette, containing
distilled water, is marked as "control". The neanavette contains the solution for
analysis and is marked as "experimental".
4. Establish the lever to the left position.
5. Press the buttodTYCK" ("START-UP").
6. Press the buttonlITO".
7. Close the cover.
8. Press the buttonK1".



9. Move the lever to the right position.
10. Press the button "D5"("OPTICAL DENSITY").
11. Read the result on the window of the apparataswrite it down.
12. Move the lever to the left position.
13. Open the cover.
14. Take out the "experimental” cuvette.
15. Wipe carefully the cuvette compartment of tECFAfter that the apparatus is
ready for the next measurement.
The analysis of a liquid which iron ion concentratbn is unknown (solution of a
task).

Take a bottle containing the liquid for the anaysirite down the number of a
bottle).

Measure out 10 ml of a researched solution in mP&easuring flask, add 1
ml of salicylic acid and lead up the volume of flask contents to a label with
distilled water. Mix it carefully. Measure optiadénsity (D) of the coloured solution
with a FEC and determine the iron ion concentratibthe solution with the
calibrating graph.

It is also possible to determine the concentrabipthe simpler manner, by a
choice of a standard solution, which optical dgnditst) is the closest to the optical
density of a sample for analysis (Dx), and by thlaetson of a proportion:

Dst --------- Cst
DX ---------- Cx
D CALIBRATING GRAPH
04
0,35
0,3
0,25
optical
density 0,15
0,1
0,05
0
0 0,05 0,1 0,15 0,2 0,25 03 0,35 04

Iron concentration mgfml



RESULTS (solution of a task):

CONCLUSIONS:

LESSON 3
STRUCTURE and PROPERTIES of PROTEINS. PRIMARY STRUCTURE of
PROTEINS.

BIOMEDICAL SIGNIFICANCE

Proteins are high molecular mass substances @ogsi 20 kinds of amino
acids joined with each other by peptide bonds. &laee four levels of the structural
organization of the protein molecule. The primaryaure is an unbranched polymer
chain containing the certain amino acid sequenke.pfimary structure of each
protein is absolutely unique. It is encoded foDNA and stored as the nucleotide
sequence of DNA genes. There are many inheritdtbfugjical states caused by the
affection of the primary structures of proteins. (legmoglobinopathies,
enzymopathies and other so calledecular diseases).

The chromatographic method of determination of amino acids may be used
for analysis of the primary structure of proteinsl @eptides. The determination of
free amino acid content in serum, urine, liquor atiter biological liquids is applied
to estimate protein metabolism in the patient'sybod

Work 1. The analysis of chromatograms of protein hglrolysates.
The EQUIPMENT: a FEC, chromatograms of variousgnst, test tubes with an
ethanol solution for extraction.

PRINCIPLE of METHOD.

Amino acid composition of protein hydrolysatesngastigated with the
distributive chromatography on paper. The methdzhised on the ability of
substances to be differently adsorbed on varioasradnts, and to be differently
dissolved in polar and unpolar solvents. In thes@né method chromatographic paper
Is used as an adsorbent. The division of amincsasidarried out by a mixture of
solvents (butanol + ice acetic acid + water atréti® 4:1:5). Thus water is kept by a
paper, whereas the organic solvents move alongaper with certain speed. The
substances (in this case amino acids), which dublsan an organic solvent, move
on the paper together with a solvent. The watarkdelsubstances, occupy
intermediate positions on a chromatogram betwestarsline and a front line of a
solvent. After termination of a division and dryjrige chromatogram is treated by
ninhydrin solution and dry up again. After that stains of the divided amino acids
become visible and accessible to the further catalé and quantitative analysis.

10



COURSE of WORK.
Ready made chromatograms of various proteins ltalbe ainalyzed.
1. Qualitative analysis of chromatograms (iderwificn of amino acids stains) is
carried out by account offRoefficient for each stain:

Rf=Lad/ L fs
Where:
Rf- the coefficient of distribution (see the tabldove,
L aa - the distance from the start line to the cenfréne amino acid stain,

L fs.- the distance from the start line to the fronelof a solvent.

Using tabulated values of f Ror each amino acid it is possible to identify gve
kind of amino acids on the researched chromatogramaccount of Rit is

necessary to measure the distances from theis&iblthe centre of each stain and
the distance from the start line to the front lof& solvent.
The calculated values offRoefficient is compared to the tabulated data and

thus every stain is identified on the chromatogram.

Amino acids R Amino acids R
alanine 0.45 threonine 0.35
arginine 0.20 tryptophan 0.55

aspartic acid (aspartate) 0.24 phenylalanine 0.68
glycine 0.25 methionine 0.55
serine 0.27 cysteine 0.07

glutamic acid (glutamate) 0.30 cystine 0.08
proline 0.43 lysine 0.12
valine 0.60 leucine 0.73

2. Quantitative analysis of chromatograms.

Cut out the coloured stains which belong to cergamno acids with scissors, cut in
these stains slightly as a brush and put themti@dest tubes, containing an ethanol
solution, for extraction of the coloured producloge the test tubes by fuses and put
them in darkness for 30 minutes for complete extvacStir the tubes from time to
time. Then measure the optical density of the aeldliquids by a FEC with a green
light filter (the thickness of cuvettes is 5 mifad out the concentration of each
amino acid on the received sizes of optical der{E@)ywith a calibrating graph.

11



CALIBRATING GRAPH FOR DETERMINATION OF

D AMINO ACIDS CONCENTRATION IN PROTEIN
0.4
0.3
optical
density, ;
0,1
0
0 1 2 3 4 5 B 7T 8 4 M M 12 13 W 15
Amino acids concentration [in microM{mg protein]
RESULTS:

CONCLUSIONS:

Work 2. Biuretic reaction for detection of peptidebond.

PRINCIPLE of METHOD.
The reaction is caused by the presence of peptiddsforming the complexes
with ions of copper salt in the alkaline medium.
Schematically this reaction may be presented as:

"'-NH-(|3H—CO—NH—|CH—CO-NH-CH-CO-NH—CH—CO# —
R]_ RZ R3 R4
Polypeptide

12



OH OH OH OH

+2 NaOH, +Cu(OH)2

| .
— ...=N-CH-C=N-CH-C=N-CH-C=N-CH-C= ...

| | | |
R R R R
|R:
T=I~I—C—H— =N
R Hl-THD 0 CHR

-
H
|

Depending on the length of polypeptide chain, tlateon becomes blue-violet
or pink coloured.

COURSE of WORK.
Add 5 drops of 10 % NaOH and 1-2 drop of 1 % Cy$®10 drops of a protein

solution and mix it. The contents of a test tubgeas to be blue-violet. Carry out
the same reaction with a polypeptide solution andxdure of amino acids. Then

solve a task: analyze the unknown solution (proteatypeptide or mixture of amino
acids) with the biuretic reaction.

RESULTS:

CONCLUSIONS:
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BASIC QUESTIONS:
1. Proteins as the most important macromoleculéiseobody. The variety of proteins
and their functions. Classification of proteins.
2. Biological functions of proteins.
3. Amino acids as structural units of a proteinecale, their structures,
classification, nomenclature. Essential and noe+ggd amino acids.
4. The primary structure of a protein molecule. pbé/peptide chain, peptide bond.
5. Inherited alterations of the primary structuf@mteins. Examples of change in
protein functioning and properties as the resutthafnge in amino acid sequence.
Examples of the task:
Write the formula and call the tetrapeptide, cansgsof the following amino acids:
a) cyclic charged,
b) polar uncharged,
c) heterocyclic uncharged,
d) imino acid.
What charge will this peptide have in a neutral e

LESSON 4
SPATIAL ORGANIZATION of PROTEIN MOLECULE.

BIOMEDICAL SIGNIFICANCE

The spatial arrangement of a protein moleculeunhes the spatial relationships
of neighbouring amino acid residues of a polypaptidain, such as the alpha-helix
or the beta-pleated sheet ( the secondary stryctheespatial relationships of more
distant residues (the tertiary structure), andsthetial relationships between the
individual polypeptide chains in oligomeric andltimaeric proteins (the quaternary
structure). All above kinds of the spatial orgati@a of a protein molecule depend
on its primary structure.

Proteins are typical high molecular mass substahaeing gigantic sizes in
comparison with low molecular mass substances (sisymars, amino acids, fatty
acids, mineral substances etc). Therefore proteinde purified bylialysis. This
principle lies in the basis of operating of trertificial kidney" or hemodialysis
apparatus intended for cleaning of patient's bloooh low molecular weight toxic
end products of metabolism.

Noncovalent bonds of a protein molecule may b&dmalown with some
strong physical agents (high temperature, sonicatidferent kinds of irradiation
etc) and with concentrated mineral and organicsa¢idavy metals and other high
reactive compounds. This phenomenon is cafiesbersible denaturation of
proteins. It is a reason of toxic effects of thagents. The ability of proteins to bind
covalently heavy metals is used as the antitogiattnent principle in ordleavy
metal intoxication.

14



Work 1. Dialysis of proteins.
THE EQUIPMENT: dialysers.
PRINCIPLE of METHOD.

Dialysis is a division of substances with semi-geai#e membranes which have
little pores and are impenetrable for the molecafdsgh-molecular weight
compounds. The molecules of proteins having theifetgnt sizes do not penetrate
across the semi-penetrable membranes, while theaulels of low-molecular weight
substances pass across them freely.

COURSE of WORK.

Pour a solution of protein with an impurity of aieyv-molecular substance
(glucose, chlorides, phosphates, sulfates et¢hemternal dialyser vessel.

Immerse the filled internal vessel in the extenessel (glass) of a dialyser,
containing distilled water, so that the level ofteraafter the immersing would be a
bit higher than the level of a membrane of thermmdkvessel. In 30-60 minutes carry
out the biuretic reaction with the contents of ing¢ and external vessels and
gualitative reaction for a low-molecular substanteéch is in the composition of a
researched solution.
The biuretic reaction: (see the protocol of lesson 3).
Test for chlorides: 1 ml of the researched solution + 1-2 drops of AghlO3.

Test for phosphates1 ml of the researched solution + 1-2 drops ofjmesial mix.
Test for sulfates: 1 ml of the researched solution + 1-2 drop<.%fBaCl».

Test for glucose (the Trommer reaction)1 ml of the researched solution + 0.5 ml
of 10 % NaOH + 5 drops of 1 % CugHeat up a test tube in boiling water for 1-2

minutes.
RESULTS (fill in the table):

B e f o r e d a I y s i1 s
Internal vessel External vesse
Protein
Low-molecular substance
A f t e r d i al y s i s
Protein
Low-molecular substance

CONCLUSIONS:
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Work 2. Detection of the isoelectric point of casai
PRINCIPLE of METHOD.

In the isoelectric point proteins have the leaabisity because of loss of a
charge. Thus molecules of proteins are gettingexgded and form larger particles,
that results in increased turbidity of a solution.

COURSE of WORK.

Measure out 9 ml of a buffer solution with certairaning pH in five tubes.
Add 1 ml of casein solution in each test tube. & contents of the test tubes. In
10-15 minutes estimate a degree of turbidity irtiiddes. Note a test tube with the
greatest degree of turbidity (coagulation).

RESULTS: Fill in the right column of the table:

NoNe of | pHofa |Volume of g Volume of Degree of turbidity
the test| buffer buffer casein | ("-","+" "+4", " ++4")
tubes | solution |solution (ml)] solution

1 3.8 9 1

2 4.4 9 1

3 4.7 9 1

4 5.1 9 1

5 5.7 9 1

CONCLUSIONS:

Work 3. Ways of irreversible precipitation of protein from solutions.
PRINCIPLE of METHOD.
Precipitation of proteins from solutions and biotag liquids can be induced by
the physical and chemical agents causing irreversiénaturation of proteins with a
loss of both factors of stability of the protein lewuile (hydrate coat and an electric
charge) that leads to a protein sedimentation.
COURSE of WORK.

The work is carried out according to the conditispscified in the table:

16



NeNe of|]  Denaturating Order of the work Results

the tesi agents
tubes
1 High temperature 1 ml of a protein solution
(boiling) boiling for 5-10 min.

2 Pb ions (a 1 ml of a protein solution #+
solution of lead 2-3 drops of lead acetat¢
acetate)

3 Concentrated 1 ml of concentrated

mineral acids | HNO3 + 1 ml of a protein

solution (pour slowly and
carefully without mixing)
4 Concentrated | 1 ml of protein + 1 ml of
organic acids 50% trichloracetic acid

CONCLUSIONS:

BASIC QUESTIONS:
1. The conformation of protein molecules (secondeany tertiary structures).
Dependency of protein conformation on the primamnycure.
2. Kinds of intramolecular bonds in proteins. Fatioraof domains and clusters.
Their role in proteins functioning. The role ofékrdimentional organization of a
peptide chain in formation of the enzyme activeteen
3. The quaternary structure of proteins. Coopegatiterations of the protomer
conformation. Examples of the structure and fumstiof the oligomeric proteins
(hemoglobin in comparison with myoglobin), allosteznzymes, polyenzyme
complexes.
4. Biological functions of proteins. Specific inhetions of proteins with ligands.
Kinds of natural ligands and peculiarities of thateractions with proteins
(prosthetic groups, cofactors, protomers, substyétensported substances, allosteric
effectors). Conformation alterations during proteinctions.
5. Factors of protein molecule stability in solao Denaturation of proteins. Use of
denaturating agents in medicine and biochemic#d.tes
6. Physico-chemical properties of proteins. P@oglectric. Molecular weight.
Influence of pH on proteins charge.
Examples of the task:

1. Which of the following bonds takes part in tbenfiation of a-helix structure of a
protein molecule?

a) Hydrophobic (nonpolar bonds)

b) Hydrogen bond (H-bond)

c) Peptide bond

d) lonic

17



2. Choose the name for the peptide:

H O _a_CH
:l 3 3
o H Hoo—
| 2 -:iH: zl aH
HE—C — HH—

[ ||
&

|
H_H a T:IZI
o

d

a) alanyl-cysteyl-serine

b) seryl-cysteyl-alanine

c) alanyl-methionyl-serine

d) seryl-methionyl-alanine
3. Native functional properties of oligomeric prateare realized as a result of
forming:

a) a-helix

b) quaternary structure

C) B-structure

d) tertiary structure
4. Primary structure of protein is:

a) a configuration of a polypeptide chain

b) a result of folding of a polypeptide chain

c) a polymer chain consisting of the certain arao@ sequence

d) a product of polymerization of 20 amino-acids
5. Which of the following amino-acids contains tharoxyl group within its radical?

a) serine

b) lysine

C) histidine

d) leucine
6. Pl of chymotrypsin is 9.5. What direction whig protein move to during
electrophoresis at pH 5.07?

a) to anode

b) to cathode

C) stays on start line

d) to the both directions
7. Which of the following amino-acid residues maynh hydrophobic bond with
each other?

a) Alanine-valine

b) Alanine-serine

c) Alanine-glutamic acid

d) Alanine-lysine
8. Which of the following properties of proteingatue to the presence of amino-
and carboxyl groups in their structure?
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a) Hydrophilia, high permeability across membranes
b) Thermolability, solubility
c) Ability to sedimentation
d) Amphoteric properties, ability to electrophosesi
9. Which of the following amino-acids contains sytiryl group within its radical?
a) arginine
b) alanine
C) cysteine
d) tryptophan
10. What part of the protein structure is termeainidin"?
a) The monomer of oligomeric protein
b) A part of protomer which is repeated in differproteins and fulfills the
same function
c) The unprotein part of the complex proteins
d) The site of the protein molecule consistinghef similar groups and taking
part in the binding function
11. The velocity of protein sedimentation depenas o
a) the size of the molecules and their moleculaghie
b) electric charge of the molecules andoterrature
c) ionic strength of the solution
d) the shape of the molecules
12. Irreversible denaturation may be caused by:
a) addition of strong acids (TCA, HN{D

b) transitory action of acetone
c) transformation to isoelectric state
d) salting out
13. What part of protein structure is called "obu's2
a) The monomer of oligomeric protein
b) The site of the protein molecule consistinghaf similar groups and taking
part in the binding function
c) the catalytic centre of enzyme
d) the unprotein part of the complex proteins
14. What is the average range of molecular weigbingle-chain proteins?
a) 5-7 kdal
b) 150-200 kdal
c) 10-50 kdal
d) 300-400 kdal
15. Which of the following ionic species of glutanaicid would be the prevalent at
pH 10?
a) COO-CH-(CH),-COO
|
NE

b) 'coo-c|:H-(cw)2-coo
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NH,"
c) 'COO|—CH-(CI—,5)2-COOH
NK

d) HCOO-CH-(CH),-COOH
|
NGl

16. With the exception of glycine, all amino-acidand in proteins are:

a) optically inactive

b) L-configuration

c) levorotatory

d) dextrorotatory
17. Which of the followingr-amino-acids is diaminomonocarboxylic?

a) Proline

b) Glutamate

C) Lysine

d) Proline
18. Which of the followingx-amino-acids is formed as a result of post-traiwsiat
modification of its precursor?

a) Isoleucine

b) Threonine

C) y-carboxyglutamate

d) Methionine
19. Quaternary structure of proteins is:

a) a single polypeptide chain that has unique comdition

b) several plypeptide chains joined to the commaoienule

c) a polypeptide chain that hashelix configuration

d) a polypeptide chain that h@sstructure configuration
20. The peptide bonds have a "backbone" of atomaioh of the following
sequences:

a) C-N-N-C

b) C-O-C-N

c) N-C-C-C

d) C-C-N-C
21) Specificity of proteins is due to:

a) peptide bonds between amino-acids

b) amount of amino-acids in the protein

c) amount of protomers in oligomeric proteins

d) amino-acid composition and sequence of amindsaiai the polypeptide
chain

20



LESSON 5
ENZYMES. SPECIFICITY of ACTION.

BIOMEDICAL SIGNIFICANCE

Each enzyme can catalyze only one reaction withsutostrate or a number of
substrates having the similar structure. High dpm#giis one of the most
characteristic properties of enzymes. Clinical enalpgy is the field of medicine
using this property for diagnosis and control & treatment of pathological states. A
great number of diseases are accompanied by thgarehge and death as a result of
hypoxia, ischemia or inflammation. The enzymesefdead cells enter the blood
where they can be determined with the specific tjizive methods.

The phenomenon of absolute specificity of enzymme®ry often used for
guantitative determination of metabolite concemdret in blood and other biological
liquids.

Work 1. The specificity of amylase and sucrase acin.
The EQUIPMENT: a thermostat for 88, a boiling water bath.

PRINCIPLE of METHOD.

In this work the specificity is studied for two gmzes of the hydrolases class
(the subclass of glycosydases) - amylase and sudkasylase catalyses the reaction
of the starch hydrolysis and forms the several «kiofddextrins and then maltose.
Sucrase catalyses the reaction of the sucrose lggtrand forms glucose and
fructose as the products of the reaction. The Trenmeaction is applied to reveal the
products of reactions having free aldehyde or keegnoup.

COURSE of WORK.
The work has to be carried out two students which fill 4 test tubes according to
the following description (look at the table):

NeNe of | Starch Sucrose Amylase | Sucrase| Results of
the test (Saliva 1:10) the
tubes Trommer
reaction
1 10 drops - 5 drops -
2 10 drops - - 5 drops
3 - 10 drops 5 drops -
4 - 10 drops - 5 drops

Put all the test tubes into a thermostat &C3®r 10 min. After that carry out the
Trommer reaction with the contents of each testgub
The Trommer reactiors based on the ability of carbohydrates to rednetals (in

this case C&t)With heating in the boiling water bath Cu (OGHjhe light-blue
sediment) is reduced to CuOH (yellow sediment)taed to CpO (red sediment).
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The order of the reaction.

Add 5 drops of 10% NaOH and 2 drops of 1% Cy3$®the researched solution. Put
the test tubes in the boiling water bath and kbemtthere until the appearance of
yellow or red colour. Do not keep the test tubethewater bath too long and do not
add the excess of Cug®ecause copper oxide -CuO (black sediment), mgskin

positive reaction, can be formed.
RESULTS:

CONCLUSIONS:

Work 2. Quantitative determinaion of glucose in bl@d by a glucose-oxidase
method.
The EQUIPMENT: a FEC, a centrifuge.

PRINCIPLE of METHOD.

The method is based on the specificity of enzgimeose-oxidase. This enzyme
catalyses the reaction of oxidation of glucosénenfgresence of molecular oxygen
with the formation of gluconolactone, which is sfareously hydrolyzed to
gluconic acid.

CH,OH CHp0H Lom
o Fal FuaDH ] _ |_
H H H \/ 2 m & H--OH
—o O HO-C—H
OH H cosooxidase OH H
oH oH OH H- —ioH
OH H OH H-C-OH
Glucose Gluconolactone CHpOH

Gluconic acid

FADBH+ O, — > FAD +H,0,

Thus the equimolar quantity of hydrogen peroxide®b)) is formed. Then

hydrogen peroxide is decomposed by peroxidase. Btonac oxygen released in
peroxidase reaction oxidizes ortho-toluidine. O#tbloiidine is transformed from a
colourless compound to the light-blue or dark ldampound. The colour of the
product depends on the quantity of the atomic oryay®d, hence, on the quantity of
glucose in researched blood. The quantitative detation of glucose is finished by
a measurement of optical density of a sample asahgarison of it with optical
density of a sample containing the standard salugiaylucose.

COURSE of WORK.
Experimental sample.
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1. Measure out 0.4 ml of 5 % Zng@nd 0.4 ml of 0.3 N NaOH in a centrifuge test

tube, containing 0.1 ml of blood and 1.0 ml of gshblogical solution. Mix carefully
the contents of the test tube.

2. In 10 min centrifuge it at 1500 rev/min for 1@nm order to sediment proteins
(the rules of centrifugation see in the instruction near a centrifuge).

3. After centrifugation pouCAREFULLY the supernatant into a clean dry test tube.
4. Take another clean dry test tube and measure mlibf supernatant and add 3 ml
of "Glucose reagent" for the determination of gkeoThis reagent contains glucose-
oxidase, peroxidase and ortho-toluidine.

5. In 15 min determine optical density of the cotzlisolution by a FEC with the red
light-filter against water (670 nm, the thickne$a@uvette is 5 mm).

Standard sample.

Prepare precisely the same as the experimentalsapy take 0.1 ml of a
standard solution of glucose with the concentraidhmM /I instead of blood.
Account

Make the account of the glucose concentration wiichnique, described in the
protocol to the Lesson 2:

Where:

Dst - the value of optical density of the standard solutf glucose,

Dx - the value of optical density of the experimentahgke,

X - the value of glucose concentration in the sarapldood.

Solve the proportion and find the concentratioglatose in the sample of blood.
Compare the found result with the normal value® irmal concentration of
glucose in blood of an adult healthy person chamg#sn the limits of 3.3 - 5.5
mM/I.

RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:
1. The definition of the term "enzymes". The maiiifiedences of enzymes from
inorganic catalysts.
2. The structure of enzymes. Apoenzyme, coenzyrdgersthetic group. Vitamins
and metal ions as cofactors of enzymes (examples).
3. Congenital (primary) enzymopathies. The reasontheir rise.
4. The active centre of an enzyme. Its structuites®f the active centre. Amino-
acids included in the active centre.
5. Theories of substrate-enzyme interaction (Fjdkeshland).
6. The nomenclature and classification of enzynis.description of each class.
The examples of the enzymes of different classes.
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7. The principles of the quantitative determinatdithe enzyme activity.Units of
enzyme activity: catal and international unit (1U).

8. Specificity of the enzyme action. The kindspécificity. The importance of the
property for metabolism.

Examples of the task:
1. Which of the following unprotein componentsightly bound with an apoprotein?
a) Prosthetic group
b) Coenzyme
c) Sodium ion
d) None above
2. What is the name of an enzyme that transfer-tidup?

a) Acyltransferase
b) Aminoacyltransferase
¢) Amidinotransferase
d) Aminotransferase
3. Can enzymes catalyze the reactions which areseiple without an enzyme
thermodynamically?
a) Yes
b) No
c) Can, if these reactions are exergonic
d) Can, if these reactions are endergonic
4. The specific activity of an enzyme is:
a) the amount of enzyme that produces 1 mol ofymbpler second under
standard conditions
b) the amount of an enzyme causing transformatidnmicromol substrate
per minute under standard conditions
c) the activity of an enzyme in relation to a stadpreparation of the enzyme
d) the number of enzyme units per milligram ofygne protein
5. The active centre of an enzyme is being conduduring the formation of:
a) a primary structure (amino-acid sequence obgepr)
b) a secondary structure-pelix, B-structure and amorphous fragments)
C) a tertiary structure of protomeric enzymes anateynary structure of
oligomeric proteins
d) It depends on amino-acids which protein is duim.
6. What does it mearattivation energy"?
a) Average kinetic energy of molecules in the gyste
b) Energy of reactive molecules
c) Energy of an exergonic reaction
d) Additional energy required to reach a transistate.
7. Enzymes, catalyzing the reactions offd@corporation and releasing, are

included into the class of:
a) ligases
b) lyases
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C) isomerases

d) hydrolases
8. What is the name of a protein part of enzymeeculk that interacts with
substrate?

a) Apoenzyme

b) Allosteric centre

c) Active centre

d) Domain
9. What phenomenon of enzyme catalysis occurs umbev temperature (freezing)?

a) Reversible inactivation

b) Irreversible inactivation

c) Activation

d) Sedimentation
10. Enzymes increase the rates of reactions by:

a) increasing in activation energy

b) increasing in the free energy change of theti@a

c) changing in the equilibrium constant of thectamn

d) decreasing in activation energy
11 Enzymes catalyzing the reactions of intramokacuhnsfer of various groups are
included into the class of:

a) hydrolases

b) isomerases

C) transferases

d) oxydoreductases
12. What is meant by the steady-state assumptairutiderlies the Michaelis-
Menten relationship between substrate concentratolreaction velocity?

a) The reaction velocity is linearly related tdstwate concentration

b) The reaction velocity is independent of sultstc@ncentration

c) The rate of breakdown of enzyme-substrate cexnpdjuals the rate of
formation of the complex

d) The rate of formation of produquals the rate of disappearance of

substrate
13. What functional group of glutamate is includiet the active center of an

enzyme?

a)a-carboxyl group

b) a-amino-group

C) y-carboxyl-group

d) y-amino-group
14. What phenomenon of enzyme catalysis occursruntbgh temperature
(boiling)?

a) irreversible denaturation

b) reversible denaturation

C) activation

d) hydrolysis of peptide bonds
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15. Enzymes, catalyzing the reactions of dehydratem, are included into the class
of:
a) hydrolases
b) lyases
c) transferases
d) oxidoreductases
16. What is the curve that describes Michaelis-Memquation?
a) rectangular hyperbola
b) parabola
c) right line
d) sigmoid curve
17. If the substrate concentration in an enzymabgzed reaction is equal to 1/2,K

the initial reaction will be:
a) 0.25 \\hax

b) 0.33 Vnax
C) 0.5 \Ifnax

d) 0.75 Mnax
18. The Michaelis-Menten constantgis:
a) numerically equal to Max
b) the equilibrium constant for the dissociatiore& to E + P
c) increased in value with increasing affinity bétenzyme for its substrate
d) the substrate concentration at 1fA3%
19. Enzymes, catalyzing the synthetic reactionk WIEP utilization, are included
into the class of:
a) oxidoreductases
b) transferases

c) lyases
d) ligases
LESSON 6
STRUCTURE of ENZYMES. VITAMINS as PARTICIPANTS of E NZYME
REACTIONS.

BIOMEDICAL SIGNIFICANCE

Vitamins are the essential components of food lezas a rule they can not be
synthesized in the body. Most of vitamins are thkactors of many complex
enzymes, but some vitamins take part immediateGhemical reactions as co
substrates.

Dietary foodstuffs have to contain sufficient amtsuof vitamins according to
the recommended dietary allowances. Both insufficéad excessive intake of
vitamins lead to the development of metabolic disos termed asypo- or
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hypervitaminoses respectively. Therefore it is very important talnthe distribution
and content of vitamins in various foodstuffs.

Work 1. The detection of an apoenzyme and a coenzgnmn aspartate-
aminotransferase.

PRINCIPLE of METHOD.

In complex enzymes a protein component (apoenzgarepe found out with
the biuretic reaction. An unprotein component, aonhg a derivative of any
vitamin, can be opened with the appropriate qualgaeactions for each vitamin.
The derivative of vitamin B (pyridoxal-phosphate) is the unprotein component of
aspartate-aminotransferase. VitarBig (pyridoxine) and its derivative are colourless,
but get red colour in the presence of iron chlaridee reaction is caused by the
formation of the complex salt, the same as iromplage.

COURSE of WORK.
1. The biuretic reactiorSee the protocol of the Lesson 3.
2. The reaction to vitamiBg. Mix 5 drops of an aspartate-aminotransferaseisaolu
and 1 drop of 5% iron chloride solution. Stir up.
RESULTS:

CONCLUSIONS:

Work 2. Quantitative determination of ascorbic acidin various food-stuffs.
The EQUIPMENT: scales with standard weights, basetor titration.
PRINCIPLE of METHOD.
The method is based on the oxidation of ascorbétlacblue reagent 2,6 -
dichlorphenolindophenol (DCIP). The products o§tleaction are dehydroascorbic
acid and light pink reduced form of DCIP.

O=T
HO—C—I

i o ol
Ho—C + HCl
R e T
H—(|: |
HO-C-H cl
fl:H o 2,6-dicklorphenalindophenal
2 ¢ouinone-like strocture (hlue))
L zcorhic acid

cl
— Y + HO—©=NH—©—OH + Hal

|

a

2 6-dichlorphenolindophenaol
HO—fl:—H ( hyrdroguinone-like structure (light pink))
CH,0H

Dehyrdroascorbic acid
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COURSE of WORK.

Prepare an extract of vitamin C according to tidetésee below). Measure out
the necessary extract volummea flask, add 1 ml of 2 % HCL to the diluted extract
and titrate with 2,6-dichlorphenolindophenol utité appearance of light pink
colour. If the extract contains chlorophyll and lgasen colour, titrate this extract,
comparing its colour with the colour of the samé&aot stored without titration,
because green colour masks light pink colour. im¢hse titrate the content of the
flask until the change of the colour of the titchextract in comparison with a control
sample (without titration).

Researched | Weight | Volume |Volume of| Notes |Vitamin Daily
foodstuff ofa | of water | extract C require-
sample for and water content| ment of
(grams)| extractio | for the (mg%) the
C n analysis foodstuff
D B (grams or
ml)
Infusion of 1 ml of the
dog-rose fruits infusion +
10 ml of
water
Fresh cabbage 59 20 m 10 m to filter
extract
Pickled 10 g 20 ml 10 ml
cabbage
Pickled cabbagg 1 ml of the
juice juice + 5
ml of
water
Lemon pulp 1lg 10 ml 5 ml
Lemon peel 19 10 ml 5 ml
Apple juice 1 ml of the  -.-
juice +5
ml of
water
Nettle 19 10ml | 5mlofthe -.-
extract + 5
ml of
water
Sorrel 19 10ml | 1 mlofthe -.-
extract+ 5
ml of
water
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Dandelion 19 10ml| 5mlofthe -.-
extract + 5
ml of
water
Brown onions 59 20ml| 1mlofthe -.-
extract+ 5
ml of
water
Green onions 19 10 mlj 1 mlofthe -.-
extract+ 5
ml of
water
Apple 59 10ml | 5mlofthg -.-
extract+ 5
Ml of water
Needles 1lg 10ml| 1 mlofthe -.-
extract+ 1(
ml of
water
Potatoes 19 10ml| 1 mlofthe -.-
extract+5
ml of
water
Polyvitamin 1 pill 50 ml | 1 ml of the

(pills) extract +5
ml of
water
Account. 1 ml of 2,6-dichlorphenolindophenol copesds to 0,088 mg of ascorbic
acid (titer of ascorbic acid for 2,6-dichlorphemalophenol).

The account of the ascorbic acid content is cawigdor 100 g of the dense
foodstuff or for 100 ml of the liquid foodstuff (iImg%). For account it is convenient
to use the formula:

X =0.088A-D-100/CB

Where:

X - the content of ascorbic acid in the foodstuifrig/dl),

A - the result of the titration (the volume of 2 igkdorphenolindophenol),

B - the volume of the extract for the titration (wmlthout the account of water

C - the weight of a dense sample (g) or the volufreelmuid sample (ml) of a
product for the analysis,

D - the total volume of an extract (ml),

100- the figure necessary for recalculation of theteat of ascorbic acid in
100 g (ml) of the food-stuff.

Calculate the quantity of the product neefde satisfaction of the daily
requirement of vitamil@ (in grams or ml).
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RESULTS: write down them in the right column of tabéle.

CONCLUSIONS:

Work 3 Quantitative determination of vitamin P in the different sorts of tea.
THE EQUIPMENT: burettes for the titration.
PRINCIPLE of METHOD.

The method is based on the ability of vitarRito be oxidized by potassium
permanganate. Indigocarmine is used as an indidateacts with potassium
permanganate after the complete oxidation of viaii

COURSE of WORK.

Put 100 mg of dry tea in a glass and add 50 mboing water. Extract it for 5
minutes. Measure out 10 ml of extract of tea iother clean and dry glass, add 5 ml
of distilled water of room temperature and 5 dropsdigocarmine. Titrate until the
appearance of yellow colour. This colour has natisappear for 30 sec. Make the
account of the content of vitamin P in the tedhs/formula:

X =16A (mg%)
Where:
X - the content of vitamiR in dry tea (mg%),
A - the result of the titration (volume of potassiparmanganate) (ml).
Then calculate the quantity of dry tea needed#tisfaction of the daily requirement
of vitamin P (in grams).

RESULTS (fill in the table):

NeNe| Sort of tea]  Content of | The quantity of dry tea needed for
vitamin P satisfaction of the daily requirement of
(mg/%) vitamin P (in grams)

=

N

w

CONCLUSIONS:
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BASIC QUESTIONS:
1. Definition of the term "vitamins". Classificatiand nomenclature of vitamins.
2. Biological functions of vitamins. Hyper-, hypard avitomonosises.
3. Lipid-soluble vitamins - A,D,E,F,K. Their metdlmorole.
4. Water-soluble vitamins -8 Bp, B3, Bs, Bg, B12, Bc, C, P, H. Their metabolic

functions.
5. The role of vitamins as cofactors of the enzymes
a) vitamins B and B; as cofactors of oxidoreuctases,

b) vitamins B, Bg, Bc, B12 as cofactors of transferases,
c) vitamin By 2 as a cofactor of isomerases,
d) vitamins B, Bg as cofactors of lyases,

e) vitamins H and K as cofactors of ligases (sgtabes).
. The role of ascorbic acid as a co-substratesiactions of oxidation-reduction.
. Vitamin-like substances: choline, inosine, Sraxdyimethyonine, lipoic acid etc.
. Antivitamins and their metabolic role.
. Use of vitamins in medicine.
Examples of the task:
. The main metabolic function of vitamin B its participation in:

a) carboxylation of a substrate
b) decarboxylation of a substrate
c) dehydratation of a substrate
d) isomerization of a substrate
2. What vitamins are co-factors ofidoreductases?

a) Bz, Bg, B12
b) C, By, B
c)A,D,E F
d) B1, By, H
3. What coenzyme contains vitamip B its structure?

a) Nicotinamide adenine dinucleotide (NAD)
b) Flavine adenine dinucleotide (FAD)
c) Coenzyme A (CoA-SH)
d) Coenzyme Q (ubiquinone)
4. Pyridoxal phosphate is a coenzyme derivatiwatamin:
a) B
b) B3
c) Be

d) B12
5. Vitamins are:

a) essential factors of food

b) nonessential factors of foods

c) essential or nonessential (partly) factors ofifo
d) necessary only for a childhood period

©O© 00 ~NO®

=
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6. The main metabolic function of vitamirpls its participation in:

a) carboxylation of a substrate
b) decarboxylation of a substrate
c) dehydrogenation of a substrate
d) isomerization of a substrate
7. What vitamins are cofactors toansferases?

a) B3, Bg, B12
b) Bs, B, B12
C)B1, Bg, B12
d) B, B3, B
8. What coenzyme contains vitamig B its structure?

a) Nicotinamide adenine dinucleotide (NAD)
b) Flavine adenine dinucleotide (FAD)
c) Coenzyme A (CoA-SH)
d) Coenzyme Q (ubiquinone)
9. Coenzyme A is a co-factor containing one offtlewing vitamins:
a) B
b) B2
c) B3
d) Bs
10. What is the cause of the vitamin deficiency?
a) Inadequate dietary intake
b) Hypodynamia
¢) Surplus nutrition
d) Carbohydrate deficiency
11. The main metabolic function of vitamig i its participation in:

a) carboxylation of a substrate
b) transfer of acyl residues
c) dehydratation of a substrate
d) isomerization of a substrate
12. What vitamins are cofactoo§isomerases?
a) By
b) C
c) B12
d) Bs
13. What coenzyme contains vitamig B its structure?

a) Nicotinamide adenine dinucleotide (NAD)
b) Flavine adenine dinucleotide (FAD)
c) Coenzyme A (CoA-SH)
d) Coenzyme Q (ubiquinone)
14. What cofactor is formed from vitaming Bfolic acid)?

a) Monohydrofolic acid
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b) Dihydrofolic acid

c) Trihydrofolic acid

d) Tetrahydrofolic acid
15. Which of the following characteristics would ¢®en in a patient with a severe
deficiency of thiamine?

a) A decreased level of blood pyruvate and lactate

b) An increased clotting time of blood

c) A decreased level of transketolase activityeih blood cells

d) An increased urinary excretion of xanthurenid d&ollowing a tryptophan
load
16. The main metabolic function of vitamim i its participation in:

a) carboxylation of substrate
b) decarboxylation of substrate
c) dehydrogenation of substrate
d) isomerization of substrate

17. What vitamins are cofactorslghses?
a) By, Bg
b) B1, B2

c) B, B12
d) B3, Bg
18. What coenzyme contains vitamirg B its structure?

a) Nicotinamide adenine dinucleotide (NAD)
b) Flavine adenine dinucleotide (FAD)
c) Coenzyme A (CoA-SH)
d) Pyridoxal phosphate
19. What co-factor is formed from vitamin H (bigtn
a)e-N-biotinyl-lysine enzyme complex
b) &-N-biotinyl arginine enzyme complex
c) y-carboxy-biotinyl glutamate enzyme complex
d) B-hydroxy-biotinyl-serine enzyme complex
20. The increased protein use is accompanied lycapased dietary requirement
for:
a) ascorbic acid (vitamin C)
b) riboflavin (vitamin B)
c) Cobalamin (vitamin B2)
d) Pyridoxine (vitamin ig)
21. The main metabolic function of vitamirg B its participation in:

a) carboxylation of substrate
b) transfer of amino-group
c) dehydrogenation of substrate
d) isomerization of substrate

22. What vitamins are cofactorslajases?
a) Biotin(H), E
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23.

24.

25.

26.

27.

28.

29.

b)C, P
c) Biotin (H), K
d) Bp, K

What vitamin is a participant of the prolinedysine hydroxylation?

a) A
b) B3
c)C
d) B1
Choose the water-soluble vitamins.
a)A, D, B, C
b) By, B3, E, K
c) B1, Bs, Bg, C
d)AD,E,C
The disease pellagra is due to a deficiency of:
a) vitamin By
b) vitamin H (biotin)
C) vitamin B3
d) vitamin B5 (PP, niacin)
The main metabolic function of vitamin is its participation in:

a) transfer of monocarbon groups
b) decarboxylation of substrate
c) dehydratation of substrate
d) transfer of amino-group
What is the chemical name of vitamin C?
a) Folic acid
b) Pantothenic acid
c) Ascorbic acid
d) Pangamic acid
What vitamins are fat-soluble?
a)A, D, B, C
b) K, E, B5, B
c)A, D, E K
d)D,E, B, C

The absorption of light by cells in the retofahe eye results in the conversion

a) 3-carotene to retinal

b) cis-retinal to all-trans-retinal
c) all-trans-retinal to cis-retinal
d) retinol to retinal
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LESSON 7
SPECIFIC REGULATION of ENZYME ACTIVITY.

BIOMEDICAL SIGNIFICANCE

The specific regulation of enzyme activity is cadrout by the substances
regulatory action of which is not universal butedted to certain enzymes. The
pharmacologist has long recognized that substdregsg substrate like structures
may compete with physiological substrates and iadbhe phenomenon of
competitive inhibition. E.g. anticholinesterase sahces (neostigmine) compete with
acetylcholine for including into the enzyme actosnter and reduce the catalytic
activity of the enzyme.

Noncompetetive inhibitors are also applied as drug substances containing
heavy metals inhibit enzyme activity in bacterianmncompetitive type of inhibition,
so they are used as antiseptic drugs. Toxic acfilreavy metals on the human body
cells is due to their ability to bind covalentlytivproteins and enzymes. The last
form unproductive enzyme-inhibitor (El) complex.eTprevention of the complex
formation is possible with chelators (the substaraaable of forming the complex
compounds with metals).

Work 1. Determination of acetylcholinesterase (ACEgctivity of blood by the
Hestrin method. Substrate and competitive inhibitian.
The EQUIPMENT: a FEC.

PRINCIPLE of METHOD

The method is based on the ability of hydroxylanimeteract with
acetylcholine (AC) in alkaline environment. The puatl of this interaction forms the
readily soluble yellow-brown complex with iron chiie in acid environment. The
intensity of its colour is proportional to the adeholine concentration.

The activity of the enzyme is determined as a thfiee between the quantity of
acetylcholine in experimentét) and controlc) test tubes. In the control test tube
acetylcholine does not hydrolyze because of absaein@eetylcholinesterase (blood)
in this test tube.

COURSE of WORK.

The work has to be carried out by a subgroup ofthdents (6 persons). Each
member of the subgroup works with only one tesé tuking the following order of
the work (see the table):
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TYPE of REAGENTS ACE
EXPERIME activity
NT mg AC/per h
NeNe | Dist. | Blood] 0.9% | Pro- | Ace- | Ace- | Phos-
of test] water NaCl | serin | tyl- tyl- | phate
tubes (Phy- | (neo-| cho- | cho- | buf-
siol. | stig- | line | linle | fer
sol.) | mine) | 0.5% | 0.5 %
0.05
%
1. ACE 1c | 1.0 0.1 1.0 2.C
activity
without any
inhibitors 2e | 1.0| 0.1 1.0 2.0
2. 3c | 1.0 0.1 1.0 2.0
Competitive
inhibition
(addition 4e | 1.0| 0.1 0.1 1.0 2.(
proserine
(neostigmine)
)
3. Substrate | 5¢c | 1.0 0.1 1.0 2.0
inhibition
(excess of a
substrate) | 6e | 1.0{ 0.1 1.0| 2.0

Put simultaneously all the test tubes into a thstat (3PC) for 60 min.
After the incubation:
1. Add 0,5 ml of 50 % solution of trichloracetid@&¢TCA) in each test tube for
precipitation of proteins.
2. Filter the contents of the test tubes with agpditter.
3. Measure out 1 ml of the filtrate in another oléast tube and add 2 ml of an
alkaline solution of hydroxylamine.
4. In 2 minutes add 1 ml of hydrochloric acid. Marefully.
5. Then add 1 ml of 0,3 solution of iron chloride. Mix again.
6. Measure the optical density (extinction) of toatents of the test tubes by a FEC
with a green light-filter against water (540 nmckmess of a cuvette is 5 mm).
7. Account of ACE activity:
a) First of all solve the proportion:



as
X=De 5/Dc

Where:
Dc — the optical density of the contents of the aairtest tube,
5 mg- the amount of acetylcholine in the control tebe before and after the
incubation (or in the experimental tube beforeitioeibation),
De — the optical density of the contents of the expental test tube,
X - the quantity ohcetylcholine in the experimental test tube afteriticubation.

Calculate the activityY) of cholinesterase as a difference between the aimou
of acetylcholine before and after the incubatidre uantity of acetylcholine
hydrolyzed during the incubation for an hour):

Y =5mg - X mg.

Use this way of calculation only for the 1-st and the 2-nd sorts of
experiments!
b) For the 3-rd sort of experiments solve another progrtion:

DC -=-cmmmemcennen- 10mg
De ---=memccmmcmnae- X mg
as
X=De 10/Dc

Calculate the activityY) of cholinesterase as a difference between the aimou
of acetylcholine before and after the incubatidre uantity of acetylcholine
hydrolyzed during the incubation for an hour):

Y=10mg- Xmg,
because 1% acetylcholine is used as a substriiessiaexperiment.
RESULTS: include into the right column of the table
CONCLUSIONS:

BASIC QUESTIONS:
1. The basic principles of enzyme kinetics. Thehdmis-Menten equation. The
Michaelis constant (Km) as a measure of substraegree affinity. Kinetic
peculiarities of allosteric enzymes.
2. The ways of the enzyme activity regulation. Migdtions of enzymes: partial
proteolysis, chemical modification, allosteric r&gion. Proenzymes (zymogens).
3. Inhibition of enzyme activity: reversible, irengible, specific, nonspecific.
4. Competitive and noncompetitive kinds of enzyrckevay inhibition.
5. The influence of a substrate concentration oareayme activity. Substrate
inhibition.
6. Isoenzymes. Clinical importance of isoenzymeheination.
7. Use of enzyme inhibitors as drugs in medicine.
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LESSON 8
NONSPECIFIC REGULATION of ENZYME ACTIVITY.

BIOMEDICAL SIGNIFICANCE

Dependency of the enzyme activity on pH is quitpartant as a factor of
nonspecific regulation of the rate of enzyme remstiand body metabolism on the
whole. Certain values of pH are necessary as otteeafonditions for the normal
enzyme activity, because each enzyme has itsppdvoptimum providing maximal
rate of the enzyme reaction. Declension of pH ofdgical liquids from the pH-
optimum point to the both acidic and alkaline dil@ts leads to a decrease in
enzyme activity and to affection of metabolic pssrs. Determination of the pH-
optimum values is quite important for researchihgreyme activityn vitro and for
correction of their activity in disorders of acidde state of the body.

A property of thermolability of enzymes is als@dsn physician's practice.
E.g. artificial cooling of the body (hypothermia)af its separate organs is applied
for carrying out cardiovascular surgical operatiand for organ transplantations.
The decrease of the temperature allows to decpzager expenditure and to store
body or organ vitality for a longer time.

The increase of body temperature (fever) in patjiohl states (e.g. in
infectious diseases) accelerates biochemical mrectiatalyzed by enzymes. Heat-
stress-induced hyperthermia is the specific kinttedtment of some chronic
infectious and cancer diseases.

Work 1. The influence of pH of environment on enzyra activity (determination
of the pH optimum of saliva amylase).
PRINCIPLE of METHOD.

The optimunpH of amylase of human saliva is determined undectmelitions of
the enzyme interaction with starch in the mediuniuhe various values of pH. A
degree of starch splitting is estimated with thieaed products of the reaction
(amylodextrins, rubrodextrins, maltodextrins, mséipfound out with the Lugol
solution.

COURSE of WORK.
Carry out the experiment using the following table:

NeNe of | pH of buffer Volume Volume| Amylase of Results
the solution of buffering | of 0,5% saliva (colour of
test tubes solution starch diluted as reaction
(ml) (ml) 1:30 with

(ml) the Lugol
solution)

1 5.0 1.0 2.0 1.0

2 6,2 1.0 2.0 1.0

3 6.8 1.0 2.0 1.0

4 7.2 1.0 2.0 1.0

5 8.0 1.0 2.0 1.0
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Mix carefully the contents of each of the test sibéer addition of saliva. At
once make a drop test:
-Take 1 drop of the contents of the 3-d tube orPixey dish and add 1 drop of the
Lugol solution.
-If the colour of the reaction is blue, brown odfgou will have to repeat this
reaction once again (maybe several times) afteiniitels interval. It is necessary to
repeat it until the appearance of yellow colour.s@sn as yellow colour appears, add
quickly 1 drop of the Lugol solution in each tagbe, and mix their contents.

Compare attentively the colour of the contentsheftest tubes with each other.
On the basis of the received data characterizgeedef starch hydrolysis depending
onpH of medium.

Detect the pH-optimum of saliva amylase.
RESULTS: (fill in the right column of the table):

CONCLUSIONS:

Work 2. Thermolability of enzymes.

The EQUIPMENT: a thermostat for @8, a boiling water-bath.
PRINCIPLE of METHOD.

Saliva amylase is used for studying the influerficemperature conditions on
the activity of enzymes. Amylase activity is estiethwith the coloured products of
the reaction (amylodextrins, rubrodextrins, maltddes, maltose) found out with
Lugol solution.

COURSE of WORK.

1. Measure out 2 ml of starch in four test tubeg ¢he table below).
2. Measure out 1 ml of saliva diluted 1:10 withtidiesd water in other four test tubes.
3. Put each pair of the test tubes (one - withtsates/starch/, another - with enzyme
/diluted saliva/) in the following temperature cdrahs:

-put the 1-st pair into thawing snovw?(@),

-put the 2-nd pair into a test tube suppomiftdemperature, approximately®D),

-put the 3-d pair into a thermostat 94,

- put the 4-th pair into a boiling water-bat(2C).
4. In 5 minutes join the substrate with the enzymig, quickly and put again all the
test tubes in the corresponding temperature comgiti
5. In 1-2 minutes begin to carry out the drop-teish the Lugol solution on the Petry
dish (see the previous description). For it usecthr@ents of the 2-nd test tube (room
temperature). Repeat the test until the appeam@nesl-brown colour.
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6. Then add 1 drop of the Lugol solution into thst,12-nd, 3-d, and 4-th test tubes
and mix carefully.

(Do not remove the test tubes from the thermostathe boiling water bath and
snow until the Lugol solution addition!).
7. Carry all test tubes in a test tube-support@rdpare attentively the colour of the
contents of the test tubes with each other. Om#ses of the received data determine
a degree of starch hydrolysis that depends on texrype.

NeNe Volume of] Volume of saliva Results of a test
of the test| starch diluted as 1:10 t0C with the Lugol
tubes solution (ml) solution
(ml) (the character
of colour)
1 2.0 1.0 00
2 2.0 1.0 200
3 2.0 1.0 400
4 2.0 1.0 1009

RESULTS (fill in the right column of the table):

CONCLUSIONS:

BASIC QUESTIONS:
1. Biological catalysis. Energy aspects of enzyot®a (initial, transition and final
states, energy of activation).
2. Dependency of enzyme activity on temperaturephhdl emperature and pH as
nonspecific factors of enzyme activity regulation.
3. Specificity of enzyme action. Different kindssecificity. Biological importance
of the specificity.

Examples of the task:
1. Specific inhibition of enzymes occurs underitifeience of:
a) temperature
b) ionic strength
c) pH
d) hormones
2. The site of the competitive inhibitor bindingcalled:
a) the active centre
b) the allosteric centre

40



C) coenzyme
d) a prosthetic group
3. For the activation of a proenzyme it is necessar
a) binding of the activator to the allosteric cent
b) binding the activator to the active centre
c) removal of the peptide blocking the activity ten
d) oxidation of sulfhydryl groups of the active ten
4. The excess of a substrate causes:
a) increase of enzyme activity
b) reversible inhibition of enzyme activity
c) irreversible inhibition of enzyme activity
d) constant velocity of enzyme reaction
5. Which of the following mechanisms of allostegitzymes action is correct?
a) They induce the denaturation of an apoenzyme
b) They block the enzyme active centre
c) They destroy the spatial configuration of theyame active centre
d) They oxidize sulfhydryl groups of the enzymé\accenter
6. What is the inactive form of a proteolytic enza/n
a) Apoenzyme
b) Coenzyme
c) Proenzyme
d) Isoenzyme
7. What is the mechanism of competitive inhibitacgon?
a) They block the enzyme active centre
b) They induce the denaturation of an apoenzyme
c) They alter spatial configuration of an enzyrogve centre
d) They oxidize sulfhydryl groups of an enzyme\actentre
8. Which of the following inhibitors induce irrexgole inhibition of enzymes?
a) Hormones
b) Salts of alkaline metals
c) Salts of heavy metals
d) Excess of a substrate
9. What kind of the inhibition is drawn on the gn&p
W

Ymax} 1

Z

1 -without inhibitor

2 - in the presence of
the inhibitor

[5]

Km km'

a) Allosteric
b) Competitive
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c) Noncompetitive

d) Mixed
10. Isoenzymes are:

a) oligomeric enzymes which have different physibemical properties and
catalyze the same reactions

b) protomeric enzymes which have different physibemical properties and
catalyze the same reactions

c) oligomeric enzymes which have the same physinical properties and
catalyze different reactions

d) protomeric enzymes which catalyze the reactodnsomerization
11. Negative allosteric effector (inhibitor):

a) influences on the active center of the enzynikeaaeelerates the reaction

b) induces the deformation of the active centéh® enzyme and slows down
the reaction c) induces the reversible denaturatfoapoenzyme

d) induces the irreversible denaturation of aposrezy
12. Enzymopathies are diseases which are due toghfficient function of:

a) structural proteins

b) substrates

C) enzymes

d) hormones
13. What kinds of the inhibition occur under thé@t of inhibitors that have the
structural similarity with the substrate?

a) Noncompetitive

b) Competitive

c) Allosteric

d) Mixed
14. The substrate inhibition may be induced by:

a) insufficient concentration of a substrate

b) optimal concentration of a substrate

c) high concentration of a substrate

d) any concentration of a substrate
15. Reversible inhibition of an enzyme is possdsdhe result of:

a) the inheritable disturbance of its primary stve

b) the action of heavy metal salts

C) its contact with an allosteric inhibitor

d) action of high temperature
16. Malonic acid attenuates succinate dehydroggi&i3d) activity because:

a) it is a competitive inhibitor of SDH

b) it is an allosteric inhibitor of SDH

C) a substrate inhibition occurs

d) a feedback inhibition occurs
17. The amount of an enzyme that is present inl @epends on the following
factors:

a) rate of its synthesis only

b) rate of its degradation only
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c) both
d) neither
18. What kind of inhibition is drawn on the graph?

W

Ymax |, 1

VYmax" Lo 2

1-without inhibitor
2 - in the presence of the
inhibitor

[5]

Km=Km'

a) Allosteric

b) Competitive

c) Noncompetitive

d) Mixed
19. Which of the following processes is the exangbleovalent modification of an
enzyme?

a) Association of protomers with formation of diygomeric enzyme

b) Conjugation of a coenzyme with an apoenzyme

c) Phosphorylation of serine OH-groups of an apgeme

d) Binding of allosteric effector to the regulateiye
20. The rate of enzyme reaction 2 in the polyenzgystem

1 2 3
A----- - B-----.C------D  depends on:

a) the rate of the product B formation in the reaci only

b) the rate of the product C utilization in theatsan 3 only

c) both the rate of the product B formation andghauct C utilization

d) concentration of a starting substrate A only
21. The end-product (feedback) inhibition is:

a) inhibition of an allosteric enzyme at the begng of a metabolic sequence
by the end product of the sequence.

b) inhibition of an allosteric enzyme at the eid onetabolic sequence by the

end product of the sequence.
c) inhibition of an allosteric enzyme at the meldf a metabolic sequence by
the end product of the sequence.

d) competitive inhibition of an enzyme at the legng of a metabolic
sequence by the end product of the sequence.

22. Allosteric enzymes are:

a) regulatory oligomeric enzymes whose catabtiivity is modulated by the
noncovalent binding of a specific metabolite (etberat a site other than the
catalytic site (allosteric site).

b) regulatory protomeric enzymes whose catabtitvity is modulated by the
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noncovalent binding of a specific metabolite (etiberat a site other than the
catalytic site (allosteric site).

c) regulatory oligomeric enzymes whose catalgttivity is modulated by the
covalent binding of a specific metabolite (effe¢tarthe catalytic site.

d) enzymes that have multiple forms of an oligamenzyme
23. How are kinetic parameters modified under thapetitive inhibition?

a) Vmax does not change, Km increases

b) Vmax increases, Km does not change

c) Both V max and Km increase

d) Both Vmax and Km decrease
24. Adipose tissue lipase may be as two forms thighdifferent activity: either the
simple protein or the phosphoprotein. Explain tlezhanism of alteration of its
activity.

a) It is subjected to partial proteolysis

b) It is subjected to the allosteric modulation

C) It is subjected to the co-operative transforomat

d) It is subjected to the chemical modificatioh@pphorylation)

LESSON 9
ENERGY METABOLISM. TRICARBOXYLIC ACID CYCLE.

BIOMEDICAL SIGNIFICANCE

The main function of the TCA cycle is integratmee: it is the common
terminal oxidative pathway of tissue carbohydraped and protein metabolism.
Besides the TCA cycle takes part in many specifitainolic processes such as
gluconeogenesis, transamination, deamination, épesis etc. The enzymes of the
TCA cycle are located in the mitochondrial matiike single exclusive enzyme of
the cycle is succinate dehydrogenase (SDH) thaghtly bound tathe inner
mitochondrial membrane.

The appearance of the TCA cycle enzymes in seruynb@aegistered as a
result of severe pathological states accompaniextlbylamage or death. E.g. the
activity of mitochondrial malate dehydrogenase msyene increases in these
diseases. High activity of isocitrate dehydrogerakes place in hepatitis and
obstructive jaundice as a result of hepatocytekodeavn.

Vitamins of B-group (B, B, Bs, Bs) and some vitamin like substances (E.g.
lipoic acid) are cofactors of the number of the TG&le enzymes. Therefore dietary
insufficiency of the substances leads to inhibitbdthe TCA cycle on the whole. The
phosphorylated derivative of vitamin-Bhiamine pyrophosphate - is applied as a
medicine for treatment of myocardium diseases.

There are no genetically damaged enzymes of the @yCke because the
mutations of the genes encoding these enzymedaotutely lethal.
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Work 1. The determination of activity of the Krebscycle dehydrogenases in the
liver.

The EQUIPMENT: a thermostat for @8, porcelain mortars.
PRINCIPLE of METHOD.

The determination of dehydrogenase activity isiedrout by a tetrazolium
method. Dehydrogenases are the enzymes oxidizenggdpropriate substrates. 2,3,5-
triphenyl-tetrazolium chloride (tetrazolium) is dsas a hydrogen acceptor which is
reduced and forms the red coloured product. Themnsity of the colour depends on
the amount of the formed product and consequentiyetlnydrogenase activity.
Pyruvate, isocitrate, 2-oxoglutarate, succinatd,raalate are used as the substrates.
The general chemical equation of the reactionaedalowing:

Substrate + tetrazolium —— Dehydrogenated product + reduced tetrazolium
(colourless) (red coloured)

COURSE of WORK.
1. A liver homogenate is used in this work as as®of the TCA cycle enzymes.
2. Make incubation mixtures for experimental /1d @ontrol /2/ test tubes according
to the table:

NeNe of | Liver Phos- | Substrate | Tetra- | Distilled | Results of the
the homo- phate (ml) zolium | water experiment
test genate | buffer (ml) (ml) (estimate the

tubes (ml) (ml) intensity of
colour as "-",
"+", "++", or
"+++")
1 2 1 0,5 0,5 -
2 2 1 0,5 - 0,5

Mix the contents of the test tubes, and then plaem into a thermostat at%s
and keep for 30 minutes.

After the incubation compare the colour intensityhe experimental and in the
control test tubes containing pyruvate, isocitratexoglutarate, succinate, and
malate as the substrates.

RESULTS: fill in the right column of the table.

CONCLUSIONS
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Work 2. Determination of succinate dehydrogenase #uity in various tissues.
Inhibition of succinate dehydrogenase by oxaloaceta
EQUIPMENT: a thermostat for 98, porcelain mortars.

PRINCIPLE of METHOD.

The determination of dehydrogenase activity bytiarelium method is
described above (see the previous description).

The succinate dehydrogenase reaction is illustiayatie following equation:

COOH

| TDOH

CH

| ’ + FuD GH

+ FaDH
CH2 {or tetrazolinm) 'ﬂH : i
{or reduced tetrazolinm)
COOH
. CO0H
Succinate

COURSE of WORK.
1. Homogenates of the brain, the heart, kidneslivier, a skeletal muscle, the
spleen, the lung are used in the work as a solire@ccinate dehydrogenase.
2. Prepare the incubation mixtures for 3 test twesrding to the table:

NeNe of the Tissue| Phos- | Tissue| Succi-| Tetra- | Oxa- | Distilled | Results of
test tubes homo- | phate | homo-| nate |zolium] loace-| water the
genate] buffer | genate] (ml) (ml) tate (ml) experime
(ml) (ml) (ml) (ml) nt
(estimate
the
intensity
of colour
as"-",
e
"++", or
"+++")
1
(experimentall 05| 25| 05| 05 | 0,5 - -
without
oxaloacetate)
2
(experimentall 05 | 25| 05 | 05| 0,5 | 05 -
with addition
of
oxaloacetate)
3
(control) 05| 25| 05| 05 - - 0,5
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Stir the contents of the test tubes, then placa tihéo a thermostat at 88 and keep
for 45 minutes.
RESULTS: fill the right column of the table.

CONCLUSIONS:

BASIC QUESTIONS:
1. The mechanism of oxidative decarboxylation alpgte. The enzyme
composition of the pyruvate dehydrogenase comfleg.regulation of the pyruvate
dehydrogenase activity.
2. A tricarboxylic acid part of the TCA cycle andzgmes catalyzing this process and
the regulation of their activity.
3. A dicarboxylic acid part of the TCA cycle andzgmes catalyzing this process and
the regulation of their activity.
4. Oxidative decarboxylation of 2-oxoglutarate. Bmzyme composition of 2-
oxoglutarate dehydrogenase complex. The regulafi@ioxoglutarate
dehydrogenase activity.
5. Substrate phosphorylation in the TCA cycle. frieehanism of substrate
phosphorylation. Succinyl CoA as a participantudstrate phosphorylation.
6. Metabolic and energy significance of the TCAleydhe energy yield of the
pyruvate and acetyl CoA oxidation in the TCA cydkegulation of the TCA cycle.

LESSON 10
BIOLOGICAL OXIDATION.

BIOMEDICAL SIGNIFICANCE

Tissue respiration is the main provider of energg body. Hypoxia (decrease in
oxygen distribution to cells) is one of the mostooon reasons of cell death. That is
why recovery of oxygen supply is a key principla@inimation. Application of
oxygen mask can save life of patients with respigaind blood circulation
disorders. Oxygen therapy is used in some disedsesiecessary to remember, that
prolonged oxygen therapy can cause oxygen intomitat

Clinicians should know that there are some substamtibiting tissue
respiration. They are: 1) inhibitors of dehydroganactivity (antituberculous drugs
are competitive inhibitors of NAD-linked dehydrogees, heavy metal ions and
arsenates block SH-groups of dehydrogenases)hjtiors of electron transport
between CoQ and complex | of a respiratory chaamqiturates, rotenone,
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progesterone); 3) inhibitors of complex Il of &p&atory chain (antimysin A); 4)
inhibitors of complex IV (CO, azides, cyanides).

Work 1. The determination of NADH-dehydrogenase aatity in various tissues.
The EQUIPMENT: a thermostat for @8, porcelain mortars.

PRINCIPLE of METHOD.
Principle of the tetrazolium method of the detemation of dehydrogenase activity is
described above (see the lesson 10).

COURSE of WORK.

1. Homogenates of the brain, the heart, kidnesl|ivier, a skeletal muscle, the
spleen, a lung are used in the work as a sourseazinate dehydrogenase.
2. Prepare the incubation mixtures for the expentadg1,2) and control (2) test
tubes according to the table:

NeNe of the Tissue Phos- | NADH, | Tetra- | Distilled | Results of the
test tubes homo- phate (ml) zolium water experiment
genate | buffer (ml) (estimate the
(ml) (ml) intensity of
colour as "-",
"+", "++", or
"+++")
1 0,5 2,5 0,5 0,5 -
2 0,5 2,5 0,5 - 0,5

Mix carefully the contents of the test tubes antitpem into a thermostat at 3&8nd
keep them for 45 minutes.
RESULTS: fill in the right column of the table.

CONCLUSIONS:

Work 2. The determination of redox-potentials of conponents of the electron
transfer chain.
The EQUIPMENT: an ionometer with a platinum reddeetrode.
PRINCIPLE of METHOD.

A potential, got by a noble metal electrode (reetectrode) which is placed
into a redox-system, depends on a ratio of oxidastireduced forms of a substance
and is calleadedox-potential (Ered/ox)-

It may be determined by measuring of a differerfqaotentials(DP) of a

redox electrode and a standard electrode suclelasm@ne-silver electrode having
the constant potentigEst).
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COURSE of WORK.
An ionomer may be used as a potentiometer for ¢erchination of a redox-
potential. The electrode system consists of amlatielectrode (measuring electrode)
and a chlorine-silver electrode (the standardtedde having the constant potential
Est =+0.222y).
The registration of the values of potential diffezes (in mv) is carried out with the
bottom scale of the apparatus. This scale is gtaduato hundreds millivolts.

IONOMETER OPERATING PROCEDURE

1.Switch on the apparatus and warm it for 15 misute
2. Wash out the electrodes with water, dry thenhaipiece of filter paper, and
immerse them into a glass containing a solutieddr-system) for analysis.
3. Press the button "mv" and the button of an wateof measurement " -1 - 19 "
4. Register the value of the difference of potéstiaP) on the bottom scale of the
apparatus and multiply it liy00.
5. If the pointer of the apparatus is deviatedafuhe scale, it is necessary to press
the button 4xnonsl/katronsr” (“anions/cations”) and register the results withgn
6. Calculate the value of redox-potential usinguvakle of DP:

Ered/ox = DP + Est.,
Where:
Est =+0.222 v

The TASK:
1. Determine a normal redox-potential of the fwilog systems:
- NAD/NADH 2,

- CoQ/Co>,
- Ferricytochrome C/Ferrocytochrome C,
- Ferrycytochrome AFerrocytochrome A
2. Distribute these systems according to the asgef the values of their redox-
potentials.
3. Calculate a difference of potentials betweencmponents of a respiratory chain.
4. Calculate the yield of energy /ATP/ in thegessusing the formula:
AG = - n FAE red/ox,

Where

AG -a change of free energy of a redox-system imn,kJ/

n - a number of electrons,

F - the Faraday constant (96.5 kJ/M),

AEred/ox - @ difference of redox-potentials of two redosteyns.

RESULTS (fill in the table):
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Redox-system DP | Ered/ox| AEo/B AG
V) V) V) (xJ)

NAD/NADH

CoQ/CoQH
Ferri/ferro-cytochrome C
Ferri/ferro-cytochrome A

CONCLUSIONS:

BASIC QUESTIONS:
1. The definition of the terms: "oxidation", redioct’, "biological oxidation".
2. Redox-systems. The examples of biological resistems.
3. The ways of oxygen consumption in the body:dage and oxygenase kinds of the
reactions).
4. A substrate oxidation by dehydrogenation. Thacstires of dehydrogenases

coenzymes: NAD, NADH, NADP*, NADPH, FMN, FMNH, FAD, FADHy.

5. NADH and succinate as substrates of a respyratwain. The reactions of their
formation.

6. Flavoproteins. The structure of their prosthgtmup.

7. Ubiquinone (coenzyme Q). Its structure andate m a respiratory chain.

8. An electron transfer system of cytochromes. Sthecture of the cytochrome
prosthetic groups. Electron transfer function dbcjiromes.

9. Functional complexes of a respiratory chainiy themes, composition and role in a
respiratory chain. Inhibitors of the respiratorairhcomplexes.

10. Redox-potential as a quantitative measure efggryield of oxidation-reduction
reactions.

LESSON 11
OXIDATIVE PHOSPORYLATION.

BIOMEDICAL SIGNIFICANCE

Each cell of the body constantly requires ATP. @iy renewing (synthesis
and decomposition) of ATP is about 60 kg. The npathway of the ATP synthesis
Is oxidative phosphorylation. The decrease of th® Aynthesis leads to the
development of low energy state. This state ariseler hypoxia, starvation,
hypovitaminosis etc.

Hypoxia may be developed as a result of oxygercegfty in atmospheric air,
lung ventilation disorders, heart diseases, blegdihock, anemia, intoxications by
hemoglobin-binding toxins and inhibitors of the oathondrial respiratory chain.
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A lot of enzymes containing vitaming,BB,, Bs, Bs take part in the power
metabolism. The deficiency of these vitamins resmliow energy state of the body
tissues.

Oxidative phosphorylation is a vital process, dadlisorders are quite
dangerous for human life.

Work 1. The detection ofATP in various tissues.
EQUIPMENT: a centrifuge, porcelain mortars
PRINCIPLE of METHOD.
ATP will be insoluble if it forms barium salt witarium acetate in an alkaline
medium.
COURSE of WORK.
1. Homogenates of the brain, the heart, kidneslivier, a skeletal muscle, the
spleen, a lung are used in the work as a sourseazinate dehydrogenase.
2. Add 4 ml of 25 % TCA to 4 ml of the tissue hageoate and mix it carefully.
3. In 5 minutes pour the liquid into centrifugetteges and centrifuge for 10 minutes
at 1500 rev/min.
3. Transfer the supernatant liquid into the usualgliass test tubes.
4. Take 5 ml of supernatant liquid into anotheanléest tube , then add 2 drops of
phenolphthalein and 10% NaQbly drops) until the appearance of light-pink colour,
next add 25 % barium acetdt®y drops) up to the complete sedimentation of ATP,
watching that the solution remained alkaline afteraddition of barium acetate.
RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:
1. Oxidative phosphorylation, its differences freabstrate phosphorylation.
2. Coupling of oxidative phosphorylation. The sidé€oupling. The chemiosmotic
mechanism of coupling (Mitchel's theory).
3. Uncoupling. Different kinds of uncouplers. Theahanisms of their action.
4. High energy compounds. The structure and enanqperties of ATP.
5. Regulation of electron and protone transpottiérespiratory chain.

Examples of the task:
1. It is possible for a variety of substrates te axommon pathway for the transfer
of electrons to oxygen because:
a) the substrates are oxidized in the mitochondria
b) many substrates are oxidized by enzymes lin&k@tAD and FAD
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c) the substrates are all oxidizes by the samgneeg
d) the electrons from all substrates are transfieto the common acceptor,
adenosine triphosphate
2. What chemical compound is the universal accutouta energy in an organism?
a) GDP
b) 1,3-bis-phosphoglycerate
c) Succinyl CoA
d) ATP
3. By what enzymes are the reactions of biologialation catalyzed under the
immediate participation of oxygen?
a) By dehydrogenases
b) By oxidases
c) By cytochromes
d) By NAD-linked enzymes
4. Where are the enzymes of oxidative phosphooyldbcated?
a) In the mitochondrial matrix
b) In the endoplasmic reticulum
) In the inner mitochondrial membrane
d) In the outer mitochondrial membrane
5. Choose the Ill complex of a respiratory chain.
a) FMN-linked protein + nonheme FeS-protein
b) cytochromes b,ic+ nhonheme FeS-protein

c) FAD-linked protein + nonheme FeS-protein
d) cytochromes a, s+ Cu-protein

6. The mitochondrial electron transport chainieasrare located:
a) in the inner mitochondrial membrane
b) in the mitochondrial matrix
) in the intermembrane space
d) on the inner surface of the outer mitochondnambrane
7. What is the value of the P:O ratio under the Né#dpendent substrates oxidation?
a) P:0=4
b) P:O=3
c) P:0=2
d) P:0O=1
8. What part of the NAD structure provides the pgmBty of its reversible oxidation-
reduction transformation?
a) Adenine
b) Nicotinamide
c) ribose
d) phosphate
9. Which of the following poisons is an uncoupler?
a) 2,4-dinitrophenol
b) Antimycin A
c) Cyanide

52



d) Rotenone
10. Choose the proton-transporting fragment oftitechondrial respiratory chain.
a) From NADH to oxygen

b) From cytochrome b to cytochrome c
c) From NADH and succinate to coenzyme Q (ubiquinone)

d) From coenzyme Q (ubiguinone) to oxygen
11. All of the following electron carriers are coomgnts of the mitochondrial
electron transport chain EXCEPT:

a) nicotinamide-adenine dinucleotide

b) nicotinamide-adenine dinucleotide phosphate

c) flavine mononucleotide

d) flavine-adenine dinucleotide
12. Show the TCA-cycle substrate that is oxidizgdne FAD-dependent
dehydrogenase.

a) malate

b) isocitrate

c) a-ketoglutarate

d) succinate
13. Choose the inhibitor of the complex Il of ap@atory chain.

a) Oxaloacetate

b) Oligomycin

c) Antimycin A

d) Amytal
14. The process of ATP synthesis coupled to theatixin reactions in a respiratory
chain is called:

a) substrate phosphorylation

b) oxidative phosphorylation

c) photosynthetic phosphorylation

d) transphosphorylation
15. If the ratio P:O was 2.0, which of the followiaubstrates would be used?

a) Malate

b) a-ketoglutarate

C) Succinate

d) Pyruvate
16. Electrons from pyruvate enter the mitochondslattron transport chain at the
level of:

a) coenzyme Q (complex II)

b) NADH-dehydrogenase (complex I)

c) QHp-cytochrome c oxidase (complex Il1)

d) cytochrome c oxidase (complex IY)
17. Why do electrons flow along a respiratory chiaimards oxygen?

a) It depends on the difference of the electranara redox potentials

b) It depends on the arrangement of electronararin the inner membrane of
mitochondria
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c) It depends on high concentration of oxygerharitochondrial matrix

d) It depends on high concentration of NAD anccgate in the
mitochondrial matrix
18. Which of the following cytochromes is watertgdke and can be extracted from
mitochondria?

a) cytochrome ¢

b) cytochrome c
c) cytochrome b
d) cytochrome @

19. What reaction do monooxygenases catalyze?

a) Transfer of H and e to oxygen
b) Incorporation of two oxygen atoms into the sttdite
c) The reaction of the hydrogen peroxide synthesis
d) Incorporation of an oxygen atom into the sidistr
20. What component of the NAD structure takes patthe binding of hydrogen?

ND o)
N /)
N
Nb
ag N N b) N
H
H,C—OH
Ho HC O\(‘ZH HO— P—O0O
He |
) o O d) o

21. The P:O ratio is the best described by whictheffollowing statements?

a) The ratio of adenosine monophosphate to ATBepitan respiring cells

b) The ratio of moles of ADP phosphorylated to @sabf oxygen consumed

c) The ratio of moles of phosphate incorporatdéd ATP to moles of oxygen
consumed d) The ratio of moles of phosphate
incorporated into adenosine diphosphate (ADP) aongatoms of oxygen consumed
22. Complex Il of the respiratory chain is:

a) the fragment where the reduction of ubiquinooeurs

b) the fragment where the reduction of FAD occurs

c) the fragment where the reduction of NAD occurs

d) the fragment where the reduction of cytochranoecurs
23. What is the value of the P:O ratio under mabdatdation?

a) P:0=1

b) P:0=2

c) P:0O=3

d) P:0O=4
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24. What is the NADH-dehydrogenase cofactor?
a) FAD
b) NAD
c) FMN
d) NADP
25. What is the mechanism of the action of uncaspbe oxidative phosphorylation?
a) They inhibit the electron transport along theoohondrial respiratory chain
b) They inhibit ATP-synthase
c) They inhibit ATP/ADP-antiporter (adenine nucléettranslocase)
d) They remove a proton membrane potentighiH*) of the inner
mitochondrial membrane

LESSON 12
BIOCHEMISTRY of HORMONES.

BIOMEDICAL SIGNIFICANCE

Hormones function as regulators of enzyme actwfittarget cells. Both increase
and decrease in hormone production lead to thel@@went of endocrine diseases.
E.g. low production of insulin results in diabetasllitus. Hormone-producing
tumors of adrenal medulla termed as pheochromo@ytma characterized by the
increased blood epinephrine level that is acconguhby high blood pressure, basal
metabolism, blood glucose and fatty acids levetsapearance of glucosuria.

Many hormones are used as drugs for treatmentdufeeime diseases. Besides

a number of medicines can modulate the hormoneracsiome of xanthine
derivatives such as caffeine, theophyllin, or edipig/ inhibit phosphodiesterase and
promote the accumulation of cAMP, but on the cagtrixental (pentoxyfylline)
raises cGMP concentration in the cytosol of thgaacells. The administration of
these medicines enhances the regulatory effetteafAMP and cGMP mediated
hormones respectively.

Work 1. Qualitative reactions for detection of hornones.
1. The detection of insulin with sulfosalicylic ad

PRINCIPLE of METHOD.

The strong organic acids cause the denaturatipnodéins, therefore the
sediment of denaturated protein drops out.
The sedimentation of proteins with sulfosalicylaicais a specific and sensitive
reaction for the protein detection.
COURSE of WORK.

Pour 1 ml of an insulin solution into a test tulnel @add 3-5 drops of sulfosalicylic
acid. In the presence of insulin white sedimenpdrout.
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2. Biuretic reaction for_detection of protein andpolypeptide hormones.
PRINCIPLE of METHOD.

The reaction is caused by the presence of peptiddsforming the complexes
with copper ions in alkaline media. The solutiodiaes blue-violet or pink
coloured that depends on the length of a polydemthain. The chemical essentiality
of the reaction is described above ( see lesson 3).

COURSE of WORK.

Measure out 4-5 drops of ACTH solution (adrendcottopic hormone) into a test
tube, then add 5 drops of 10% NaOH solution antbp df 1% CuSQ. The

occurrence of pink-violet colour is observed.
3. Detection of epinephrine with iron chloride.
PRINCIPLE of METHOD.

Epinephrine (adrenaline, N-methylaminoethanolpytedaol) may be
determined by the reactions characteristic for pgtechols. It forms phenolate-like
compound which has green colour in the presenagemions. Epinephrine is easily
oxidized that also is characteristic for pyrocatdshif to add alkali to an epinephrine
solution or to its complex with iron, red colouradrenochrome will be formed.

COURSE of WORK.
Take 10 drops of 0.1% epinephrine (adrenalinetmolunto a test tube and add 1
drop of 1 % Fe(d solution . Blue-green colour appears. After tidit & drop of 10%

NaOH to the received solution. The colour of tlygild becomes dark-red.
4. Detection of iodine in thyroxine.
PRINCIPLE of METHOD.
Thyroid hormones (thyroxine, triiodothyronine) caintiodine in their structure.
If to hydrolyze this hormones with alkali (boilimg the presence of KHCS),

potassium iodite will be formed, from which iodiisereleased with the addition of
potassium iodate and sulfuric acid.

5KJ + 3HSQO, — 34 + 3KHSO, + 3HO
Free iodine is found out by the colour reactiorveitarch.
J + Starch —  Blue colour
COURSE of WORK.
Add sulfuric acid (4-5 drops) to 1 ml of alkalihgdrolysate of thyroid hormones in
order to create acidic pH, then add 2 drops of $t&ch and 5 drops of 20%

potassium iodated. After that you can see dark dileur.

RESULTS:
Write down the results in the table:
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Result of the reaction

Hormone liquid Precipi- | Biuretic | Pyrocate| iodine
tation | reaction -chol reaction
of reaction
protein

1. Solution of insulin
for injections

2. Solution of ACTH
(or prolactin)

3. Solution of
epinephrine
(adrenaline)

4. Alkaline solution of
thyroid hormones

CONCLUSIONS (classify hormones according to theegmical structures):

Work 2. The study of the insulin, epinephrine, anctortisol influence on the
blood glucose level.
PRINCIPLE of METHOD.

Hormones of adrenal cortex (cortisol), adrenal mladepinephrine) and two
hormones of the pancreas (insulin, glucagon) aeplecific regulators of
carbohydrate metabolism.

For the estimation of influence of these hormameghe blood glucose level it
IS necessary to take blood of an animal beforénjeetion of hormone and in every
30 minutes after an injection of hormone (insulrenaline) or in every 6 hours
(cortisol). Glucose concentration in blood is detieed by a glucose oxidase method
(see lesson 5).

COURSE of WORK:
1. Take 1ml of supernatant liquid for determinatidrglucose (received before or
after the injection of certain hormone) in a tedtet.
2. Take 1 ml of supernatant liquid received frostandard solution of glucose (5,5
mM/L) in another test tube.
3. Add 3 ml of "glucose reagent" for determinated glucose into each test tube
and place all the test tubes at the room temperéburl5 minutes for the
development of colour.
3. In 15 minutes determine the optical densityhefgtolutions by FEC with the red
light-filter against water (670 nm, the thickne$a@uvette is 5 mm). Calculate the
glucose concentration by the equation (see lesson 5
Write down the received results in the table:
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Blood glucose level

insulin

epinephrine

cortisol

befor

30'

60'

90'

120

befor

30'

60'

90'

120

befor

6h

12 h

16 h

24

Plot the results on the graph:
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Blood glucose level (mM/L)

16 —

| | | | time (min/hour)

30/6 60/12 90/18 120/24
CONCLUSIONS:

BASIC QUESTIONS:
1. The meaning of the term “hormone”. The neuroende system of an organism.
Examples of target cells regulated by various horso
2. The chemical classification of hormones. Givamegles of hormones belonging to
peptide or proteins, amino acid derivatives, chelet derivatives. Where are they
formed?
3. Hormones of hypothalamus and hypophysis. Tlogrin regulation of other
hormones production.
4. Hormone synthesis and transport.
5. The mechanism of a hormone action. Kinds of loorerbinding receptors.
6. A membrane mechanism of a hormone action. Theacker of a membrane
receptors. Kinds of messengers, their formatiombynbrane enzymes.
7. Cyclic nucleotides as hormone messengers. Amgbeaof a “cascade” mechanism
of hormone signal transmission.

8. The role of C&*-ions in the mechanism of the hormone regulatotipac

9. Inositol-3-phosphate and diacylglycerols as lmrenmessangers.

10. An intracellular mechanism of the hormoneaactirhe character of intracellular
receptors. The event sequence of intracellulasimagsion of a hormone signal.

11. The peculiarities of insuline action, structafen insuline receptor.

12. Eucosanoids, their synthesis and regulatosy rol
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The examples of the control task:
1. The role of guanidine nucleotide-binding proté&nprotein) in adenylate cyclase
activation is the best described by which of tHefang statements?
a) The G protein, when complexed with guanosimdtsphate (GTP), is able
to activate adenylate cyclase
b) The G protein forms a complex with different imoines, and the hormone-
G protein complex is responsible for activatioradénylate cyclase
c) The complex formation between the G protein ashehylate cyclase is
sufficient to activate the latter
d) Active adenylate cyclase is inactivated by trteation of the GTP form of
the G protein in a reaction catalyzed by the homr@teptor complex
2. Hormones are yielded by
a) all kinds of cells of an organism
b) the cells of hypothalamus only
c) the cells of hypophysis only
d) the cells of endocrines
3. cCAMP concentration in a target cell cytosol degseon
a) the adenylate cyclase activity only
b) the amount of receptor proteins only
c) the phosphodiesterase activity only
d) both adenylate cyclase and phosphodiesteraisdias
4. Which of the following hormones is a storage’dne
a) Insulin
b) epinephrine
) nor-epinephrine
d) glucagon
5. Active proteinkinase catalyses the reaction of
a) a phosphorylation of the target cell proteins
b) the cAMP formation
c) the cGMP formation
d) a phosphorylation of adenylate cyclase
6. Insulin is released from tlftecells of the pancreatic islets when
a) the concentration of amino acids in blood i®Wehormal
b) the concentration of free fatty acids in blosdbelow normal
c) the rate of free fatty acid release from adipgeseie is elevated
d) blood sugar levels are elevated above normal
7. Which of the following hormones is a mobilizinge?
a) Insulin
b) Vasopressin
c) Melanoliberin
d) Glucagon

8. What cell protein binds C4 ions in the target cell cytosol?
a) adenylate cyclase
b) guanylate cyclase
c) calmodulin
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d) calsequestrin
9. Hormones interact with their target cells by
a) the binding to receptors on the outer surfd¢beocell membrane only
b) the binding to intracellular receptors only
c) the binding to the receptors on the outer serts the cell membrane or to
intracellular receptors (it depends on the hormmoperties)
d) the binding to receptors on the endoplasmicuketm membrane
10. Adenylate cyclase catalyses the reaction:
a) ATP- cAMP + PP
b) ATP- AMP+ PP
c) GTP- cGMP+PP
d) GTP- GMP+PP
11. All following statements regarding steroid homas are correct EXCEPT:
a) the synthesis and secretion of aldosteronelignal glomerulosa cells is

modulated by Naand K-

b) cortisol increases the production of glucosteliver, the deposition of
glycogen in the liver, and protein synthesis inlther

c) 1,25-dihydroxy-cholecalcipherol acts on mucasdls of the small intestine

to increase the rate of &habsorption
d) steroid hormones interact with receptors orotiter surface of the plasma
membrane of target cells, and the complex is thersterred to the nucleus,
where it modulates gene expression
12. Guanylate cyclase catalyses the reaction:
a) ATP- cAMP + PP
b) ATP- AMP+ PP
c) GTP- cGMP+PP
13. Which of the following hormones acts by theasdet mechanism?
a) epinephrine
b) cortisol
c) glucagon
d) insulin
14. Which of the following substances are the harexmessengers?
a) CAMP, cGMP, ADP

b) olygoadenylates, ¢a, ATP
c) GTP, cAMP, inositol phosphates

d) cAMP, cGMP, C&*
15. Choose the hormones that have intracellulaptecs.
a) epinephrine, ACTH (corticotropin), estradiol
b) testosterone, thyroxine, cortisol
C) testosterone, thyroxine, glucagon
d) cortisol, estriol, oxytocin
16. All following statements regarding insulin @arect EXCEPT:
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a) it is produced by th@ cells of the islets of Langerhans in the pancreas
b) the active hormone is made up of one B chakelil by disulfide bonds to a
C chain
c) preproinsulin is clipped to form proinsulintime cisterna of the
endoplasmic reticulum
d) proinsulin is converted to insulin in storagesicles in thé cell
17. Phosphodiesterase catalyses the reaction:
a) CAMP+H20- 5'AMP
b) GDP+H20., GMP+Pi
c) ATP- cAMP+PP
d) GTP-cGMP+PP
18. Insulin is synthesized in
a) adrenal cortex
b) adrenal medulla
c) thea-cells of the Langerhans islets
d) thep-cells of the Langerhans islets
19. The G protein is capable to bind
a) CAMP
b) ATP
c) cGMP
d) GTP
20. Hormones that modulate gene expression arfeltbe/ing:
a) nor-epinephrine, serotonin, testosterone, astrad
b) aldosterone, cortisol, testosterone, thyroxine
C) progesterone, insulin, epinephrine, oxytocin
d) estriol, cortisol, vasopressin, glucagon
21. All following statements are true for both ffyrgandp2 catecholamine receptors

EXCEPT:
a) they are linked to adenylate cyclase by thediepr
b) they are located on the outer surface of thenpdamembrane
c) the order of potency for activating the cellp@sse is isoproterenel
norepinephrineepinephrine
d) the catecholamine stimulus is relayed via tlcegased cAMP formation
22. The G protein can catalyze the reaction of
a) the ATP hydrolysis
b) the cAMP synthesis
c) the GTP hydrolysis
d) the cGMP synthesis
23. The cAMP-dependent protein kinase is
a) a tetramer having two kinds of subunita@s)

b) a dimer having two kinds of subunits (RC)
c) an octamer having two kinds of subunitgCR®)

d) a trimer consisting of two R and one C subuffittsC)
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LESSON 13
The BASIC CARBOHYDRATES of an ORGANISM. GLYCOGEN:
STRUCTURE, SYNTHESIS and DECOMPOSITION.

BIOMEDICAL SIGNIFICANCE

The disturbances of dietary carbohydrates digesttennduced by either
deficiency of digestive enzymes or by disorderlidaption of monosaccharides in
the small intestine. The inherited or acquiredaeficy of pancreatic amylase leads
to the disturbance of starch digestion. Dietarydseintolerancemay be inherited or
developed as a result of breast feedihmfants for a long time. The syndrome of
malabsorption of dietary mono- and disaccharidesesof the most widespread
pathological states in babies.

Glucose is the most important carbohydrate of hubwaty. Most of dietary
carbohydrates are digested in the small intestitle tive formation of free glucose;
stored carbohydrate of the liver - glycogen is$farmed into blood glucose; glucose
Is used for the synthesis of all other carbohydratehe body. Glucose is the
universal metabolic fuel for all tissues of the potihe excess of dietary glucose may
be converted into liver and skeletal muscle glycoged adipose tissue neutral fat. A
number of congenital diseases termedlgsogenoses are due to the disturbance of
glycogen metabolism. They appear as a result adidaty or full absence of the
enzymes catalyzing the processes of decomposmidrsynthesis of glycogen. All
varieties of glycogenoses are characterized bgxkessive accumulation of
glycogen in the tissues. 9 types of glycogenosesliatinguished (I-1X).

Work 1. The influence of saliva, gastric juice angbancreatic juice on starch.

The EQUIPMENT: a thermostat for 88, a boiling water bath.
The PRINCIPLE of a METHOD.
Starch is digested in the gastrointestinal tradtiariransformed into the
products which have free hemiacetal hydroxyl (nsdi@lucose).
The Trommer reaction is applied for revealing thedpicts of digestion (see the
Lesson 5).
The COURSE of WORK.
Measure out the following liquids into 4 test tulaesording to the table:

Ne | Solution of] Saliva Gastric | Pancreatic| Results
of the] starch 1:10 juice juice (colour of
test (ml) (ml) (ml) (ml) the
tube Trommer
reaction)
1. 1.0 1.0 - -
2. 1.0 - 1.0 -
3. 1.0 1.0 1.0 -
4, 1.0 - - 2.0
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Put all the tubes into a thermostat a® 3 30 minutes. After the incubation the
contents of each test tube is analyzed to deteqirthducts of the polysaccharide
splitting with the Trommer reaction.

Make a conclusion about the influence of variogesiive juices on starch.
RESULTS: (fill in the right column of the table)

CONCLUSIONS:

Work 2. Isolation of glycogen from the liver of a eplete and hungry animal.
The EQUIPMENT: porcelain mortars.

The PRINCIPLE of a METHOD.
The method is based on glycogen water-solubility stability in slightly acidic
media. Therefore an isolation of glycogen is cdroat by the following manner: a
homogenate of the liver is prepared and glycogextisicted with trichloracetic acid
(TCA). Proteins are denaturated and precipitated®, so they may be easily
removed from a solution by filtration. In the exipeent it is necessary to use the
liver of replete and hungry animals. The liver nimaals is quickly cut to form thin
plates and they are immediately put into a gla$ils avboiling physiological solution
for 10-15 of minutes to inactivate glycogen-phosptase. The further experimental
procedure is carried out with the liver of replatel hungry animals by the same
manner.

The COURSE of WORK.
1. Weight out 0.5 g of the replete and hungry ahlimar. Place each sample in a
porcelain mortar, pour there 3 ml of 5% TCA andmuibit carefully for 10 minutes.
Then add 3 ml of distilled water to the homogenati, and filter through a paper
filter to the clean test tubes.
2. Make the qualitative reaction for the detectdiglycogen in the filtrates:
-pour 1 ml of distilled water in the first test &b
-pour 1 ml of the filtrates received from the livdra replete and a hungry animal in
the second and third test tube respectively.
-add 1-2 drops of the Lugol solution in each tabetand compare the colour of the
test tube contents with each other.
RESULTS:

CONCLUSIONS:
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Work 2. Phosphorolysis of glycogen in the musculdissue.

The EQUIPMENT: porcelain mortars, a thermostat3&iC.
The PRINCIPLE of a METHOD.
Phosphorolysis of glycogen in the muscular tissusairried out according to the
equation:
HsPO,
[Glucoseg) > Gucose-1-phosphat¢Gucoseh-1
glycogen  phosphorylase glycogen
A change in the inorganic phosphate concentrai@measure of phosphorylase
activity and phosphorolysis of glycogen on the vehol

The COURSE of WORK.

1. Pound 300 mg of the tissue in a mortar, and #aeh2 ml of phosphate buffgH
= 7.2 and 2 ml of sodium fluoride (sodium fluorideadded for inhibition of the
further transformations of glucoso-1-phosphate).
2. Transfer the contents of the mortar to a tdst,tthen add there 2 ml of a glycogen
solution. This test tube is marked"a&gperimental”.
3. Pound again 300 mg of the tissue with 2 ml phatpbuffer and 2 ml sodium
fluoride. Transfer the contents of the mortar tother test tube, but do not add
glycogen to this test tube. This test tube is mauds control" (This test tube is used
for the comparison, as the reaction does not deecause of the absence of a
substrate in this test tube).
4. Put the both test tubes into a thermostat aC38r 60 minutes.
5. After the incubation add 2 ml of a glycogen soluin the control test tube to
make the volumes of the contents of the experinhani control test tubes the same.
6. Add 2 ml of 20% trichloracetic acid (TCA) in theth test tubes in order to stop
the reaction and precipitate proteins.
7. In 5 minutes filter the contents of the both tabes through paper filters.
8. Measure out the aliquots (2 ml) of the unprofgirates in the other clean test
tubes.
7. Then add the reagents for the colour reactiatetect phosphoric acid: 2 ml of
molybdic acid, 0.5 ml of hydroquinone, and 4 mhatarbonate-sulfite mixture
(Warning! Add the mixture of carbonate and sulfiteonly by drops and mix the
contents of the test tubes carefully).

In 10 minutes compare the colour intensity of¢betents of the experimental
and control test tubes.
RESULTS:

CONCLUSIONS:
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BASIC QUESTIONS:
1. Common character of carbohydrates. Their claasibn and structure.
2. Proteoglycans and glycoproteins. Glucosamiragigc Classification. The
principle structure of a glucosaminglycan monoriemnctions and distribution or
proteoglycans and glycoproteins in a human body.
3. Digestion of polysaccharides. The digestiveatftd the saliva, pancreatic, and
intestine enzymes on dietary polysaccharides. Dayesble (starch, glycogen) and
non-digestionable polysaccharides (dietary fibekbsorption of carbohydrates in
the intestine. Disorders of carbohydrates digestion
4. Glycogen as the main storage polysaccharidewBys of a glycogen
mobilization: amylolytic and phosphorolytic. Hornamegulation of the process.
5. The glycogen synthesis in the liver. The enengy enzyme provision of the
process. The character of key enzyme of the glycsgathesis. The hormone
regulation of the process.
6. Glycogen diseases, the reasons of their rise.

LESSON 14
GLYCOLYSIS.

BIOMEDICAL SIGNIFICANCE

Glycolysis is a process in which glucose is enzycally decomposed either
into two molecules of pyruvate (in aerobic condispor two molecules of lactate (in
anaerobic conditions). The tissues characterizdudty activity of glycolysis (liver,
skeletal muscle) are functionable in the periodxyfyen deficiency (hypoxia). In
fast-growing malignant tumor cells glycolysis preds with the higher rate than the
TCA cycle, so the formation of pyruvate exceedsiilszation in the TCA cycle,
lactate is accumulated and local increase in gcttivelops. In the myocadium the
glycolytic capacity is limited, so the heart can be tolerant to prolonged hypoxia.
There are a number of diseases due to inheritedficiency of activity of glycolytic
ezymes (eg pyruvate kinase)emolytic anemia develops in these pathological
states.

Work 1. Determination of lactate dehydrogenase aatity in different tissues.
The EQUIPMENT: porcelain mortars, a thermostat3&iC.

The PRINCIPLE of a METHOD.
Dehydrogenase of lactic acid (lactate dehydrogend3id) oxidizes lactic acid and
forms pyruvic acid in the presence of hydrogen pimoe 2,3,5-triphenyltetrazolium
chloride (tetrazolium) which is reduced into a oetbured product. The intensity of
colour depends on the amount of the formed proaodtconsequently on
dehydrogenase activity.
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The COURSE of WORK
The work is carried out by a subgroup of studezash of which determines LDH
activity in certain tissue.
1. Homogenates of the brain, the heart, kidneslivier, a skeletal muscle, the
spleen, a lung are used in the work as a sourseazinate dehydrogenase.
2. The experiment order.
Test tubeNe 1 (experimental).
Measure out 1 ml of sodium lactate, 2 ml of phosphaffer pH = 7.4, 1 ml of
tetrazolium solution, and 1ml of the tissue homagen
Test tubeNe 2 (control).
Measure out 1ml of sodium lactate, 2 ml of phospHatffer pH = 7.4; 1 ml of
distilled water instead of tetrazolium solutiondainml of the tissue homogenate.

Stir the both test tubes and place them into artbstat at 38C for 1 hour.
In an hour compare the intensity of colour inéxperimental and control test tubes
RESULTS:

CONCLUSIONS:

Work 2. Detection of lactic acid in muscular tissue

The PRINCIPLE of a METHOD.
Iron chloride and phenol form iron phenolate whiets dark violet colour. In the
presence of lactic acid the yellow complex substasdormed.

The COURSE of WORK.
Pound a piece of muscular tissue together withdmphosphate buffer (pH = 7.4) in
a mortar. Transfer the received homogenate ingstataibe. Measure out 2-3 ml of a
phenol solution in another test tube and add sedesps of iron chloride until the
appearance of dark violet colour. Next add the sasheme of homogenate (about 5
ml) in this test tube, and then add 10% NaOH bysuntil the appearance of yellow
colour.
RESULTS:

CONCLUSIONS:
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BASIC QUESTIONS
1. Definition of the terms “Glycolysis, glycogenslg”. Biological significance of the
processes.
2. Glucose-6phosphate as the main metabolite afaH@hydrate metabolism, its
formation and different pathways of its metabolism.
3. The sequence of the glycolytic reactions. Theyems, cofactors, substrates and
products of the reactions. Regulation of this pssce
4. The glycolytic oxidoreduction, the significanafthis process.
5. Substrate phosphorylation in the glycolysis.
6. The energy effect of glycolysis and glycogenisly$he energy effect of glucose
oxidation to C® and water.
7. The entry of other carbohydrates into the glyttolpathway.
8. The aerobic and anaerobic glycolysis. Lactath@gnd metabolite of anaerobic
glycolysis.

LESSON 15
The GLUCONEOGENESIS and The PENTOSE PHOSPHATE PATHWAY of
a GLUCOSE TRANSFORMATION .

BIOMEDICAL SIGNIFICANCE

The pentose phosphate pathway produces NARRPH ribose phosphates for
reductive synthesis (synthesis of fatty acids,ostist nucleotides etc), and ¢r
the reactions of carboxylation. It provides a rdotethe use of pentoses and for their
conversion to hexoses and trioses. The inheritédielecy of the pentose phosphate
pathway enzymes is one of the reasons of eryth@edy@molysis.

Gluconeogenesis allows to maintain the optimabdlglucose level when
dietary intake of carbohydrates is insufficienteThechanism of gluconeogenesis
includes the removal of the products of tissue bwitam (e.g. lactate formed in
skeletal muscles and erythrocytes or glycerol fariae a result of stored neutral fat
decomposition) from blood for the synthesis of gkein the liver.

Work 1. Quantitative determination of phosphoenolpyuvate in the liver and
muscles.
The EQUIPMENT: a FEC

The PRINCIPLE of a METHOD.
The method is based on the ability of phosphoemoimte to be oxidized by iodine
in alkaline medium. Inorganic phosphate is released result of this oxidation. The
content of phosphoenolpyruvate is calculated bydgtermination of the amount of
inorganic phosphate released in these conditions.

The COURSE of WORK.
The work is carried out by two students: one ofthevestigates the muscular tissue,
the other - the liver tissue.
1. Preparation of homogenates.

68



Pound carefully 0.5 g of muscle or liver tissueetibgr with 5 ml of 2.5 %
trichloracetic acidTCA). Transfer the homogenate into the test tubespamthem in
ice or snow for 10 minutegMix constantly the contents of the test tubeswith a
glassstick). Then add 5 ml of distilled water in each tesetudnd filter their contents
through a paper filter.
2. The order of the experiment.
Pour 2 ml of filtrated homogenate of the muscléwar into a 10 ml measuring test
tube, add 1 ml of 1 NaOH, and 1 ml of an iodine solution. Mix the camis of the
test tubes and keep them at room temperature foridbtes.
After that pour 2.5 ml of I HCL and then add 2M HCL by drops until the
appearance of dark yellow colour. Next add 2 ndaxfium thiosulfate by drops and
mix constantly until the appearance of light yellosour. Finally add distilled water
up to 10 ml of the total volume of the contentshaf test tube.

Take 2 ml of the received solution in another 10measuring test tube, add
0.5 ml of ammonium molybdate, then 0.5 ml of astodeid, and finally distilled
water up to 10 ml of the total volume of the teste.

In 10 minutes measure the optical density of it samples with FEC
against water. Use the red light-filter. The thieks of a cuvette is 5 mm.
Calculate the amount of phosphoenolpyruvate in tewmad liver tissue with a
calibrating graph.
RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:
1. The glucose biosynthesis (gluconeogenesis)rbieable precursors, the reaction
sequence.
2. The significance and regulation of gluconeogende glucose-lactate cycle (The
Cory cycle).
3. The pentose phosphate pathway of the glucossftranation (pentose cycle,
oxidative pathway of the glucose transformation).
4. The oxidative portion of the pentose cycle @gheations of the reactions).
5. The non-oxidative portion of the pentose cyalghout the formulas).
6. The role of the pentose phosphate pathway.

LESSON 16.
REGULATION of CARBOHYDRATE METABOLISM.

BIOMEDICAL SIGNIFICANCE
There’re two levels of metabolism regulation: neundocrine and metabolic.
The activity of carbohydrate metabolism is under¢bntrol of a variety of hormones
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(ACTH, glucagon, insulin, epinephrine, glucocorttsy thyroid hormones, etc.). A
lot of them act via cAMP and protein kinases. OGmdther hand, concentration of
substrates and products of reactions, oxygen suppigictors concentrations can
influence carbohydrate metabolism. In this caseabwdic regulation take place
mainly via change in ATP, ADP, NAD, NADHand intermediate products
concentrations and is due to allosteric regulagioth chemical modification.

The level of glucose in blood is one of the diagjiwocriteria for estimation of
carbohydrate metabolism in patients. Increase oredse of the blood glucose
content can result in the development of hypo-ymenglycemic coma. A number of
pathological states may be accompanied by deviafitime normal limits of this
parameter, bufiabetes mellitus is the most widespread of them. Oral glucose
tolerance test (OGTT) is applied for the diagno$imtent diabetes mellitus.

Under significant increase in blood glucose comagioin (up to 9-10 mM/L) it may
be detected in urine. This phenomenon is magkecbsuria. The determination of
glucose in urine is also used for the diagnosispangnosis of the course of diabetes
mellitus and its further treatment .

Work 1. Research of a blood glucose level before a@mafter a glucose load. Oral
glucose tolerance test.
The EQUIPMENT: a FEC.

The PRINCIPLE of a METHOD.

It is impossible to get the reliable informatidvoat the state of carbohydrate
metabolism by an unitary determination of the ghecooncentration in blood.
Therefore it is necessary to research the gluomseentration during certain interval
of time after an oral glucose load. Although thal glucose tolerance test (OGTT) is
contraindicated for patients who clearly have diebenellitus, it may be used for
diagnosis of latent diabetes mellitus in patients whe normal blood glucose level
after night fasting. In this test, a nonpregnanigod has fasted overnight drinks 75 g
of glucose (approximately 1 g/kg of body mass)@D g of sucrose (approximately
1.5 g/kg of body mass) in an aqueous solution. 8kemmples are analyzed before the
oral glucose load and at 15, 30, 45, 60, 90, afddia thereafter.

With the received data the diagram is drawn. OX-axis of the diagram time (min)
is pointed, and on Y-axis - glucose concentratiaridood (mM/l). The received
diagram represents glycemic curve after the glutmes®

The COURSE of WORK
A team of 6 students carries out this work.
Experimental samples.
Take a test tube containing a supernatant liquidived before or at certain time
after a glucose load and add 3 ml of "glucose mnatidsee the description of the
glucose oxidase method of determination of bloatgte concentration, the Lesson
5).
In 15 minutes measure the optical density of theads of the test tubeBy) with a
FEC against water. A red light-filter is used foistwork (670 nm).
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Standard sample.

The level of glucose in blood is calculated witk #nalysis of a standard solution. It
Is known that the concentration of glucose in tla@dard solution is 5.5 mM/I.

Take 1ml of the standard solution and add 3 mhef'glucose reagent”. In 15
minutes measure the optical densiDg{) of the standard solution and solve the

proportion:

RESULTS (build a sugar curve):
Blood glucﬁose level (mM/L)

10—

8 L

' ' ' ' ' ! > time (min)
0 15 30 45 0 6 75 90
Compare your graph with the following typical nofraad abnormal graphs (see
below)

Blood glucose level (mM/L)

141~
1 —normal adult

2 — diabetes mellitus
3 -normal child

104

> time (min)

CONCLUSIONS:
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Work 2. Qualitative detection of glucose in urine the Trommer reaction).
The PRINCIPLE of a METHOD.
See Lesson 4, work 1 " Dialysis of proteins".
The COURSE of WORK
Add 5 drops of 10 % solutiond®H to 5 drops of the researched urine, and then add
1-2 drops of 1 % CuSgand heat up the test tube in a boiling water Hatthe

presence of carbohydrates the yellow or red caddsediment develops. Carry out
the work with normal urine and with the urine conitag sugar.
RESULTS:

CONCLUSIONS:

Work 3. Quantitative determination of sugar in urine with Altghausen's method.
The PRINCIPLE of a METHOD.

The method is based on the polymerization of aldekyvhen they react with diluted
alkali. The products of this reaction are calledbéd and are detected with the
reaction of aldol condensation. As a result of ingatldehydes together with the
concentrated alkali are transformed to the browared substances.

The COURSE of WORK.
Carry out this work only with the urine containisggar.
Mix 4 ml of urine and 1 ml 10 % NaOH in a test tube
Heat the test tube in thomiling water bath for 1 min(exactly!).
In 10 minutes compare the developed colour wittaadard colour scale. Choose the
most suitable standard and determine the contesugdr in the urine (in
percentages). If the received colour of a liquidasker than the nearest standard strip
of the scale but weaker than the next standarna, $tre content of sugar will be
calculated as the average size between designatéese strips. If the urine sample
contains sugar more than 4 %, it is necessaryiutedt with water by 2 times and
repeat the analysis with already diluted urinethia case the received amount of
sugar has to be multiplied by 2.
RESULTS:

CONCLUSION:
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BASIC QUESTIONS:
1. The origin of blood glucose.
2. The regulation of the blood glucose concentnatio
3. The role of the liver in maintaining a blood gibge level.
4. The role of the nervous system in the regulatioa blood glucose level.
5. The hormone regulation of a blood glucose |elé role of cyclic AMP.
6. Participation of epinephrine and glucagon inrégulation of carbohydrate
metabolism. Role of fructose-2,6-diphosphate ingdaiction of hormones signal.
7. The influence of glucocorticoids on carbohydragtabolism.
8. The role of insulin in maintaining a blood glsedevel. The insulin receptor
structure. Insulinresistance.
9. The influence of ATP and ADP concentration omriain pathways of
carbohydrate metabolism.
10. Disorders of carbohydrate metabolism (starmatitabetes mellitus, glycogen
diseases).
11. A sugar tolerance. The method of investigatiba sugar tolerance for revealing
the disorders of carbohydrate metabolism.
12. Hypo- and hyperglucosemia, their reasons. Gluiga. Its reasons and
mechanisms.
13. The oral glucose tolerance test (OGTT) antnfmrtance for a diabetes mellitus
diagnosis.

The examples of the control task:
1. Caffeine inhibits 3',5’-cCAMP phosphodiesteraséjch converts cAMP to AMP.
Which of the following effects would be observedédls were treated with caffeine?

a) Decreased activity of liver protein kinase A
b) Decreased activity of muscle protein kinase
c) Increased activity of liver pyruvate kinase
d) Decreased activity of liver glycogen synthase
2. Which of the following bonds is broken down layisa amylase?
a) 1,4-glycoside
b) 1,6-glucoside
C) ester
d) 1,2-glucoside
3. Phosphorylase catalyses the following reaction:
a) UDP'QIUCOSG + (65'1005)'1 - (C6H1005)n-1 + UDP
b) (GH100s)n + H3PO4- glucoso-1-phosphate + {d,,0s)n-;
c) UDP-glucose- UDP-galactose
d) UDP-glucose + fructose UDP-sucrose
4. Glycogen synthase catalyses the following reacti
a) removal of glucose from the point of the btrang of a glycogen molecule
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b) transfer of 6-8 glucose residues from an amybtbsen to the point of the
branching

c) formation of 1,6 glycoside bond in the glycogeolecule

d) formation of 1,4 glycoside bond in the glycogeaolecule
5. Muscle glycogen cannot contribute directly todal glucose levels because:

a) muscle lacks glucose 6-phosphatase

b) muscle contains no glucokinase

c) muscle contains no glycogen phosphorylase

d) muscle glycogen cannot be converted to glu6gsleosphate
6. In a glucose tolerance test, an individual mldasal metabolic state ingests a large
amount of glucose. If this individual is normalistmgestion results in

a) enhanced glycogen synthase activity in the live

b) an increased ratio of phosphorylase A to phospéase B in the liver

C) an increased rate of lactate formation by eciges

d) inhibition of glycogen synthase phosphataswiactn the liver
7. Which of the following substances are needdteacAMP synthesis?

a) Adenylate cyclase and GTP

b) Adenylate cyclase and CTP

c) Guanylate cyclase and ATP

d) Adenylate cyclase and ATP
8. Choose the hormone which inhibits adenylateasel

a) Insulin

b) Epinephrine

c) Glucagon

d) ACTH
9. Synthesis of 1,6-glycoside bonds is catalyzed/bigh of the following enzymes:

a) amylase

b) amylo-1,6-glucosidase

c) “branching” enzyme

d) glycogen synthase
10. Hexokinase catalyses which of the followingctees:

a) Glucose + ATR- glucoso-6-phosphate + ADP

b) Glucoso-1-phosphate + AFPGlucoso-1,6-diphosphate + ADP

) (GH100g)n + H3PO4- glucoso-1-phosphate + {&,,05)n-;

d) Glucoso-6-phosphate Glucose + HPO,
11. An infant with the enlarged liver has a gluc6gghosphatase deficiency. This
infant

a) cannot maintain blood glucose levels eitheglggogenolysis or by
gluconeogenesis

b) can use liver glycogen to maintain blood gléclevels

C) can use muscle glycogen to maintain blood gledevels

d) can convert both alanine and glycerol to gledosmaintain blood glucose
levels
12. Allosteric activator of the cell protein kinase
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a) ATP

b) ADP

c) CAMP

d) AMP
13. Which of the following enzymes catalyzes thetlsgsis of 1,4-glycoside bonds in
a glycogen molecule?

a) 1,4-glycosidase

b) 1,6-glycosidase

c) “Branching” enzyme

d) Glycogen synthase
14. Phosphoglucomutase catalyses which of thewallp reactions:

a) Glucose-1-phosphate Glucoso-6-phosphate

b) Glucose + ATR. Glucose-6-phosphate + ADP

c) Glucoso-6-phosphate glucose + HPO,

d) (GH1Os)n ++HPO, » (CeH1005)n-; +Glucoso-1-phosphate
15. The reaction of the conversion of glucose 1sphate to glucose-6-phosphate is
catalyzed by which of the following enzymes:

a) hexosophosphate isomerase

b) phosphoglucomutase

c) phosphodiesterase

d) phosphatase
16. A 16-year-old patient with Type 1 diabetes mmedlwas admitted to the hospital
with a blood glucose level of 12 mM/L. One houreafan insulin infusion was begun,
her blood glucose level had dropped to 9 mM/L Oower hater, it was 7 mM/L The
patient’s glucose level dropped because insulin

a) stimulated the transport of glucose acrossneethbranes of the liver and
brain b) stimulated the conversion of glucose y@odien and triacylglycerol in the
liver c) inhibited the synthesis of ketone bodiesf blood glucose

d) stimulated glyconeogenesis in the liver
17. Activators of adenylate cyclase are the follgynormones:

a) ACTH, STH, TTH, prostaglandins, insulin

b) epinephrine, glucagon, insulin, STH

c) epinephrine, glucagon, ACTH, STH, TTH

d) ACTH, glucagon, insulin, STH, TTH
18. Which of the following substances are the gtytoesidue donor in the glycogen
synthesis?

a) UDP-glucose

b) CDP-glucose

c) Glucose-6-phosohate

d) Glucosel,6-diphosphate
19. The reversible reaction of the interconversibglucose-1-phosphate and
glucose-6-phosphate is catalyzed by:

a) phosphorylase

b) hexokinase
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c) phosphatase

d) phosphoglucomutase
20. Which of the following hormones induces hypaglsemia?

a) Insulin

b) Epinephrine

c) Glucagon

d) Cortisol
21. Epinephrine and glucagon have the followinga&# on glycogen metabolism in
the liver:

a) the net synthesis of glycogen is increased

b) glycogen phosohorylase is activated while giygosynthase is inactivated

c) both glycogen phosphorylase and glycogen syatlare activated but at

markedly different rates

d) glycogen phosphorylase is inactivated whileegfyen synthase is activated
22. The reaction

Glucose-6-phosphate +bD — Glucose + HPO,

Is catalyzed by:

a) phosphoglucomutase

b) glucose-6-phosphatase

c) phosphorylase

d) phosphodiesterase
23. Transformation of inactive glycogen synthasatb active glycogen synthase |
requires:

a) ATP and glycogen synthase kinase

b) H,O and glycogen synthase phosphatase

c) ATP and glycogen synthase phosphatase

d) HsPO, and glycogen synthase kinase
24. Amylo-1,6-glucosidase (“debranching” enzymedgbyses which of the following
reactions:

a) hydrolysis of 1,4 glycoside bonds oh the glyogolecule

b) synthesis of 1,4 glycoside bonds

c) synthesis of 1,6 glycoside bonds

d) hydrolysis of 1,6-glycoside bonds
25. Choose the main sources of blood glucose.

a) Proteoglycans, glycoproteins, muscle glycogen

b) Muscle glycogen, non-carbohydrate substaneetafle, pyruvate, amino
acids) c) Liver glycogen, food carbohydrates, prgtgcans

d) Liver glycogen, food carbohydrates, non-carlawhie substances (lactate,
pyruvate, amino acids)
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The SECOND TURM

LESSON 16
MAIN LIPIDS of the BODY. LIPID DIGESTION.

BIOMEDICAL SIGNIFICANCE

The disturbances of digestion and absorption ethdy lipids may be due to
many reasons such as inherited or acquired disocdéhe synthesis of pancreatic
lipase, obstruction of bile excretory tract and dlieer reasons leading to the
disturbance of emulsification of dietary lipidsflammmation processes in the small
intestine etc.

Work 1. The determination of lipase activity in duadenal contents.

The EQUIPMENT: an ionometer with a glass electr@dthermostat for 3%.
The PRINCIPLE of a METHOD.

Pancreatic lipase catalyses the consecutive hygisoby neutral fat (triglyceride)

according to the following equation:

0

cd

s
HpC-0-C-Ry HoC-OH HaC-0OH
| o +HpO | o +HO | o
HT-O-C-Rg — s+ FRICODH  + Heuo R, £, BRpCOOH 4 HC-0-CR,
0 . .
& Fatty acid i Fatty acid
H,C-0-C Ry HC-0-CRy fiC-0H
Triglsreeride Diiglyeeride 2-raomoglyceride

The method is based on the electrometric deterramaf pH-gradient formed
because of the change in the concentration of &itys released by a hydrolysis of
emulsified fat with pancreatic lipase.

The COURSE of WORK.
Prepare a reaction mixture in three test tubesc@htrol, 2 and 3 - experimental)
according to the table:

1. 2. 3
Control Experimental Experimental
(without bile (in the presence
acids) of bile acids)

1. Boiled milk 1.5 ml 1.5ml 1.5 ml
(substrate)
2. Distilled water 1.0 ml 1.0 ml 0.5 mi
3. Tris-buffer 0.5 ml 0.5 ml 0.5ml
4. Duodenal contents - 0.5 ml 0.5 ml
5. Bile acids - - 0.5 ml

Measure the pplalue of the control test tube contents beforartbebation and
write down the initial result for all test tubestire table RESULTS (see below).

Put all the tubes into a thermostat and incubamtat the temperature & for 1
hour.
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After the incubation add 1.5 ml of ethyl alcohol in all test tubesifdnibition of the
enzyme action. Add 0.5 ml of duodenal contenthieédontrol test tube.
Then determine the value of pH (pHbf each test tube contents. Write down the

received results in the table and make the accounts

RESULTS:
Control Experiment 1 Experiment 2
(without bile (in presence of
acids) bile acids)
Before incubation pE= pHo= pHo=
After incubation pH= pH1= pH1=
ApHcontr=pHo - | ApH=pHo -pHj1 | ApH=pHo -pH1
pH1 = = =
Lipase activity - ApH-ApHcontr =} ApH-ApHcontr=

Subtract the value afpH of the control from the value afpH calculated for the 1-st
and the 2-nd test tubes.

Find the value of lipase activity with the calibngt graph: plot the received
difference on the calibrating graph to find theabp activity in the 1-st and the 2-nd
tubes. The lipase activity is expressed by thedstahunits. A standard unit is the
amount of the enzyme which produces 1 micromolatty acids per 1 minute in 1
ml of duodenal contents. The normal pancreaticspactivity in duodenal contents is
400-700 un./ml.

CONCLUSIONS:

BASIC QUESTIONS:
1. The main lipids of the body, their structurdassification and functions.
2. Digestion of lipids in the stomach. The sigrafice of the stomach lipase for
children.
3. Digestion of lipids in the intestine. The effettthe pancreatic enzymes (lipase,
phospholipase) on dietary lipids. The role of lbisean emulsifier and activator of the
pancreatic lipase.
4. Absorption of the products of the lipid digestio the intestine. The role of bile.
The disorders of the absorption of lipids.
5. The lipid resynthesis in the enterocytes.
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LESSON 17
LIPID CATABOLISM. KETONE BODIES.

BIOMEDICAL SIGNIFICANCE

Ketone bodies are normal products of lipid metsnolwhich are formed in the
liver and serve as metabolic fuel for many tisquegocardium, kidney, skeletal
muscle etc). Abnormal accumulation of ketone bddyohemia) occurs in the
pathological states characterized by carbohydretfieidncy in the tissues (diabetes
mellitus, starvation, malabsorption of dietary sisga infants, pregnancy toxicoses
etc). Ketonemia is accompanied by tissue acidiboahat leads to the disturbance in
tissue metabolism and appearance of ketone badig#ie ketonuria).

Work 1. The formation and oxidation of ketone bodis in the body tissues.
The EQUIPMENT: porcelain mortars, a thermostat.

The PRINCIPLE of a METHOD.
The synthesis of ketone bodies takes place invbe land their oxidation proceeds
in different tissues, except the liver. Hungry whiats are used as experimental
animals, because the excessive accumulation oh&dtodies takes place after
fasting.
The COURSE of WORK.

1. Preparation of homogenates of the livieindys, heart, skeletal muscle, and
brain.
Pound a sample of each tissue about 2 grams (etteefpver) in cooled mortars (use
snow or ice)Liver isused asawhole organ. Pound the tissue; add gradually 15 ml
of distilled water (50 ml for the livgrFilter the homogenates through a cotton filter
to the previously cooled test plugs.
The liver homogenate serves as a source of ketntiedy while the peripheral
tissues homogenates are used as the sourcesarfayimes oxidizing ketone bodies.
2. The experiment order (see the table below):

NeNe | Type Volume of homogenate (ml) Phos} Con-
of | ofthe| liver | kid- | heart | skele-| brain | phate | di-
the test neys tal buf- tions Re-
test | tube mus- fer of sults
tube cle (ml) | incu-
S ba-
tion
1 | expe-| 1 1 - - - 1 | 450C
ri-
men-
tal
2 |expe-| 1 - 1 - - 1 |450C
ri-
men-
tal
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3 | expe- 1 - - 1 - 1 | 4850C
ri-
men-
tal

4 | expe-| 1 - - - 1 1 | 450C
ri-
men-
tal

5 con- 2 - - - - 1 0oC
trol

Place the test tub@&Ne 1- 4 into a thermostat at 945 for an hour.

Place the control test tubNo(5) in thawing ice (temperatuf@©C). Close the test
tubes by fuses.

After incubation determine visually the contentkefone bodies in the experimental
and control test tubes.

3.. The reaction of detection of ketone bodiest(ameand acetoacetate)

After incubation add 7 drops of the Imbert reagemkture of equal volumes of

10 % sodium nitroprusside and concentrated aceit) an each test tube, mix
carefully, and then pour cautiously about 1 ml 502 of ammoniado not mix and
keep the test tube in the inclined position After that return carefully the test tube
in a vertical position and put it in the test tigopport. You can see a crimson ring on
the border of two liquids if ketone bodies are prasn the liquid.

The intensity of the colour is proportional to #etone bodies concentration in the
incubation mixture.

The intensity of the colour may be marked as (+pt#+++). The absence of a
colour ring is marked as (-). Write down the ré&sul the right column of the table.
CONCLUSIONS:

Work 2. Detection of the ketone bodies in urine.

The PRINCIPLE of a METHOD.
The detection of acetone in urine is based omiggaction with sodium nitroprusside
and formation of the violet coloured product. Thalfative revealing odcetoacetic
acid is based on the formation of complex compaafricbn with the enol form of
acetoacetic acid.

The COURSE of WORK:

1. Express method of definition of acetone in ufinestrade's reaction).
Put small quantity of powder consisting of sodiutnoprusside, ammonia sulfate
and sodium carbonate on a surface of the Petrypiissied on a sheet of white paper.
Then add 2-3 drops of the researched urine. Thenmaxherry colour will appear in
1-2 minutes if acetone is present in the urine. fEsewill be estimated as negative
the change of the urine colour does not occur amqubaitivelf the distinct violet
colour appears in 1-3 minutes.
2. The Legal reaction with sodium nitroprussidetfor detection of acetone .
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Measure out 1 ml of urine in a test tube, thena@ddrops of sodium nitroprusside
solution, next 3-4 drops of 10 % NaOH solution. Tée colour will be formed. Then
add 1-2 drops of 10 % acetic acid. Red cherry caloll appear if acetone is present
in the urine. If acetone is absent in the urind,a@lour will disappear after the
addition of acetic acid.

3. The Gerhardt reaction for the detection of saettic acid.

Add 4-5 drops of iron chloride to 1-2 ml of theeasched urine. The cherry-red
colour will appear, if acetoacetic acid is presarthe urine.

RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:
1. Lipolysis. The hormonal control of this process.
2. Glycerol oxidation to glyceralaldehyde-3-phogph@&TP yield from glycerol
oxidation to carbon dioxide and water.
3. Oxidation of fatty acids. The role of carnitifidhe pathway ofp-oxidation, the
reaction equations, the stoichiometryBedxidation, the net ATP yield.
4. Oxidation of unsaturated fatty acids.
5. Biosynthesis of ketone bodies.
6. The reactions of ketone bodies activation. Ketondies oxidation. The net energy
yield of ketone bodies oxidation.
7. Ketonemia, ketonuria, their reasons.

LESSON 18
LIPID ANABOLISM.

BIOMEDICAL SIGNIFICANCE

In a human body most of lipids are triglyceridekey are the main lipids of
food and adipose tissue. Phospholipids are the amamponents of biological
membranes. Also they have some special functiamsinStance, dipalmitolecithin is
the main phospholipids of lung surfactant. Phosgilositols fulfill messenger
function in hormone signal transduction. Glycospgloimpids form glycocalyx of cell
surfaces. Phospholipids are known to be lipotrgpiastances protecting liver against
fat liver dystrophy. Phosphatidylcholines take pautlood plasma lipoprotein
metabolism. They activate lipoproteinlipase as aslare present in the hydrophilic
shell of lipoproteins.
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Work 1. Quantitative determination of phospholipids concentration in serum.

The PRINSIPLE of a METHOD.

Phospholipids are precipitated by trichloracetiicl dogether with proteins. Then
the sediment is subjected to mineralization andgaoic phosphate can be detected
in the mineralizate. An amount of phospholipidsatculated according to the
phosphoric acid concentration that can be measwedphotoelectroclorimetric
method.

The COURSE of WORK:
Experimental sample.
1. Add 2.5 ml of distilled water into a measuriegtttube containing 0.2 ml of serum,
mix its content carefully;
2. Add 3ml of 10% TCA, stir it with a glass stickdakeep for 2 minutes at room
temperature;
3. Centrifuge the test tube for 10 minutes;
4. Pour out supernatant liquid and make the fuixperiment with the sediment;
5. Add 1ml of 57% of chloric acid and stir its cent carefully with a glass stick;
6. Add 6 ml of distilled water, mix and then filtdre liquid through a paper filter;
7. Add 1 ml of 4% solution of ammonium molybdatehe filtrate, mix carefully and
then add 1 ml of amino-naphthol-sulfonic acid;
8. Increase the volume of the test tube up to 1Bynaldding distilled water;
9. In 10 minutes measure optical density of thatgm with a FEC (red light filter -
670nm; the thickness of a cuvette is 10 mm).

Standard sample.

1. Add 2ml of the standard solution of monopotassphosphate and add 0.8 ml of
57 % chloric acid and stir it carefully with a gdastick;

2. Increase the volume of the test tube up to Bynadding distilled water;

3. Add 1ml of 4% solution of ammonium molybdatexmarefully and then add 1 ml
of amino-naphthol-sulfonic acid;

4. Increase the volume of the tube up to 10 middireg distilled water;

5. In 10 minutes measure optical density of thatgm with a FEC (red light filter -
670nm; the thickness of a quvette is 10 mm).

Calculation.
Calculate the lipid phosphate concentration acogrth the following equation:
o 0.02°100 B
e e e R x 10
Est 0.2 E
Where:

X - lipid phosphate concentration in mg /dl;

E.: - optical density of the standard sample;

Eexp - Optical density of the experimental sample;

0.02 - the amount of phosphorous contained in Zrtilestandard sample (mg);
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0.2 - the volume of serum taken for a experiment.

The normal range of serum phospholipids contenalsd1-14.5 mg/dl or 1.97-4.68
mM/I for adults.

BASIC QUESTIONS:
1. Transport of acetyl CoA from mitochondria toagtasm. Regulation of this
process.
2. The structure of fatty acid synthase complexe fétty acid synthesis, reactions.
Regulation of this process. Elongation of fattydaciDesaturation of fatty acids.
3. Synthesis of triacylglycerols. Synthesis ofdyiglycerols from glucose (a
scheme).
4. Synthesis of phospholipids. Regulation of thecpss. Lipotropic and
antilipotropic substances.
5. Synthesis of cholesterol. Regulation of thiscpss.
6. The role of acetyl CoA in the integration oflmanydrate and lipid metabolism.

LESSON 19
LIPOPROTEINS of BLOOD PLASMA. CHOLESTEROL TRANSPORT .

BIOMEDICAL SIGNIFICANCE

The determination of blood plasma lipoproteingssd for revealing the
familiar disorders of lipid metabolism includingthdyper- and hypolipidemias.
Blood of normal individuals contains three mainsskes of lipoproteins, such as HDL
(high density lipoproteins), LDL (low density lipogeins) and VLDL (very low
density lipoproteins). Chylomicrons are absentloo8 plasma after 12-hr fasting.
They appear in blood just after meal and have békred for the fasting time. Some
pathological states may be accompanied by the ampeaof IDL (intermediate
density lipoproteins)Hyperlipoproteinemia is a phenomenon of increase in certain
lipoprotein content in blood plasma. The develophaémtherosclerosis is due to
increase in VLDL and LDL content in blood plasmatiBof the fractions are termed
atherogenic lipoproteins. HDL fraction is responsible for the excess chielesd
reverse transport to the liver, and this fract®marked aantiatherogenic.

The excess of dietary cholesterol and abnormalatain of its synthesis from
dietary carbohydrates lead to the developmenthwrasclerosis accompanied by
cholesterol deposit under the big blood vessahatand atherosclerotic plugs
forming.

Work 1. Determination - and pre-lipoproteins in blood plasma.
The EQUIPMENT: a FEC
The PRINCIPLE of a METHOD.
The method is based on the ability of heparin tanfthe complex witts- and pref-
lipoproteins which drops out in a sediment afterititeraction with calcium chloride.
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Concentration of- and pe-B-lipoproteins of blood plasma is determined asgreke
of turbidity which is proportional to the concerioa of the lipoproteins..

The COURSE of WORK.
Add 2 ml of 0.05M calcium chloride into a test tube containing Ol2fblood
plasma .
Determine the initial size of optical densifyq/ with a FEC (use a red light-filter and

0.5 cm cuvettes). Pour back the contents of thetten the same test tube. Then
add there 0.04 ml of heparfprecisely, with the special micropipette!) washing
out a pipette with the contents of the test tul3:tiznes .

In 5 minuteqprecisely!) measure the value of optical densibp/ with a FEC.

ACCOUNT:
Calculate the content @§f and preg-lipoproteins in blood plasma by the formula:

(D2-Dyp) - 12
Wherel?2- is the empirical factor for an expression thegfiptein concentration in
g/L.

The normal content of blood plasiffraand preg-lipoproteins is 3.0-7.2 g/L.
RESULTS:

CONCLUSIONS:

Work 2. Quantitative determination of cholesterol n serum.
The EQUIPMENT: a FEC.

The PRINCIPLE of a METHOD.
Cholesterol gives green colour in the presencetf hcetic anhydride and sulfuric
acid (The Ilk method).
The COURSE of WORK.
Add very slowly fVarning! See the instruction for students' safe wdk) 0.1 ml of
serum to 2.1 ml of the Ilk reagent in a test tulith & micropipette or dosator. Stir

the test tube contents 10-12 times and put theubstinto a thermostat at &2 for
20 minutes. Then determine the optical density WHEC. Use a red-light filter (630-
690uMm). The thickness of a cuvette is 5 mm. The colotiynleas to be carried out
against distilled water.

Calculate the concentration of cholesterol in &g with a calibrating graph.
Normal concentration of cholesterol in serum is@8mM/I.

RESULTS:

CONCLUSIONS:
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BASIC QUESTIONS:
1. Resynthesis of neutral fat in enterocytes. Faonaf chylomicrons.
2. The transport blood lipoproteins, specificitytloéir structure, composition, and
function.
3. CM, VLDL, LDL, HDL. Their role in the fat and dfesterol metabolism.
4. Apoproteins, their classification, participatiornthe formation and metabolism of
lipoproteins.
5. Hypercholesterolemia and lipoproteinemias agatbmrs of atherosclerosis
development.

The examples of the control task:
1). Which of the following substances are phosipiaid?
1. Phosphatidylserine 4. Phosphatidylcholine

2. Lecithin 5. Plasmalogen
3. Sphingomyelin 6. Prostaglandin
7. Gatipin
2). Which of the following substances are the dsies of cholesterol?
1. Vitamin Dy 5. Prostaglandins
2. Vitamin A 6. Alpha-tocopherol
3. Bile acids 7. Sex hormones

4. Corticosteroids
3). What is the name of the compound?
O
I
H,C-O-C-(CH)16-CHs
O @)
[] I
HC-O-C-(CH);-CH=CH-(CH,)-CHs
O
O
H.C-O-PQH,

1. Diacylglycerol 4. 3-phosphodiacylglycerol
2. Lysophospholipid 5. Phosphoglycerol
3. Phosphatidic acid
4). Chylomicrons are synthesized in the...
1. liver 4. liver and blood plasma
2. small intestine 5. liver and small intestine
3. blood plasma
5). Metabolism of chylomicrons proceeds with thetipgation of
1. liver triacylglycerol lipase 3. phospholipase
2. lipoprotein lipase 4. diacylglycerol lipase
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6). In VLDL metabolism which of the following metalic processes take part:
1. Hydrolysis of triglycerides with liver triacylgterol lipase
2. Hydrolysis of phospholipids with liver phosphozse
3. Interaction with HDL and formation of IDL
4. Endocytosis of a portion of VLDL remnants (I0h the liver with BE-
receptors
7). Choose the HDL functions.
1. Transport of cholesterol from the liver to trexipheral tissues
2. Reverse transport of cholesterol from the adlkhe extrahepatic tissues to
the liver
3. Transport of endogenous triglycerides
4. “Scavenger” of excessive cholesterol
8). LCAT is activated by

1. apo-G 4. apo-Aand apo-¢

2. apo-E 5. apo- and apo-E

3. apo-Al
9). HDL particles contain

1. apo-B100 5. Maximal amount of protein

2. apo-A 6. Maximal amount of cholesterol

3. apo-B48 7. Excess of triacylglycerides

4. apo-C 8. Average amount of phospholipidaB6-30%.
10). Apo-E

1. is synthesized in the small intestine . id4a marker of VLDL and
LDL

2. is synthesized in the liver 5. activates LCAT

3. is a marker of HDL and CM 6. is@aind for the cell receptors

11). Which of the following apoproteins take parti control of enzymes of
lipoprotein metabolism?

1. Apo-Al 4. Apo-C2
2. Apo-B48 5. Apo-E
3. Apo-B100
12). Choose the triglyceride (neutral fat) functon
1. Structural 5. Transport
2. Power 6. Regulative
3. Storage 7. Protective (defense of hurts)

4. Thermoregulation
13). Which of the following substances belondpile acids?
1.Cholic acid 4. Taurine
2. Chenocholic acid 5. Glycocholic acid
3. Taurocholic acid
14). Choose the substances which are involved@group ominor lipids.
1. Arachidonic acid 4. Vitamin E
2. Dolichols 5. Cholic acid
3. Vitamin A
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15). Metabolism of chylomicrons in blood plasmahsracterized by the following
processes:
1. Hydrolysis of phospholipids
2. Hydrolysis of triglycerides
3. Incorporation of Apo-C into HDL
4. Absorption of CM remnants by HDL
5. Absorption of CM remnants by the liver with Agereceptors
16). Choose the VLDL functions.
1. Transport of cholesterol from the liver to trexipheral tissues
2. Transport of exogenous triglycerides
3. Transport of endogenous triglycerides
4. Transport of cholesterol from the periphersdiies to the liver
17). LCAT (lecithin:cholesterol acyltransferase)
catalyses the reactions of phospholipid hydrislys
catalyses the reaction of esterification of ebtdrol
catalyses the reaction of transfer of an acytites to cholesterol
catalyses the reaction of formation of lysdtaai
catalyses the reaction of protein hydrolysis
Is activated by apo-C
. Is activated by apo-A
18). In blood plasma HDL particles are associategd w
1. lipoprotein lipase
2. triglyceride lipase
3. lecithin:cholesterol acyltransferase
4. phospholipase
19). Which of the following plasma lipoproteins tains the largest particles?

\‘.@Sﬂ:b@!\’!—‘

1. HDL 3. VLDL
2. LDL 4.CM
20). Which of the following factors promote to tiievelopment of atherosclerosis?
1. High level of LDL in blood 4. Low lelvef HDL in blood
2. High level of triglycerides in blood 5. Highvie of VLDL in blood
3. High level of HDL in blood 6. Excesfscholesterol

21). Apoprotein ¢
1. is synthesized in the liver 4. is transferrehfHDL to VLDL and LDL
2. activates LCAT 5. activates lipoprotein lipase
3. is transferred from HDL to CM and VLDL
22). Choose the functions of cholesterol.
1. Power
2. Transport
3. Structural
4. Regulative
5.Serves as a source to the synthesis of thegioaldy active molecules
(vitamins, hormones)
23). Which of the following substances belong thisgosine derivatives?
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1. Sphingomyelin 5. Glycolysis

2. Plasmalogens 6. Lysophospholipids
3. Prostaglandins 7. Gangliosides

4. Cerebrosides

24). What is the name of the compound?
O
Il
HC-O-C-R
[ O
[ Il
HC-O-C-R
[ O
a0/ +
HC-O-P-O-CH-CH,-N=(CH3);
[
OH
1. Cardiolipin 4. Phosphatidylinositol
2. Plasmalogen 5. Phosphatidylcholine
3. Phosphatidic acid
25). Which of the following substances are incogped into the nuclei of lipoprotein
particles?
1. Free fatty acids 4. Cholesterol esters
2. Triglycerides 5. Free cholesterol
3. Phospholipids
26). The density and electrophoretic classificabbhpoproteins allow to separate
the following fractions:

1.CM - B-LP 5.CM - CM
2.VLDL - pre3-LP 6. HDL -a-LP
3. HDL - B-LP 7. LDL - [B-LP
4.LDL - a-LP

27). Chylomicrons contain
1. endogenous triglycerides mainly 5. cholest@abbut 40%)
2. exogenous triglycerides mainly 6. small amaifngrotein
3. apo-Bg 7. large amount of protein
4. apo-A

28). Lipoprotein metabolism proceeds with the pgvétion of
1. liver triglyceride lipase
2. diglyceride lipase
3. lipoprotein lipase
4. phospholipase
29). LDL patrticles are formed in the...
1. liver 4. liver and blood plasma
2. small intestine 5. liver and small intestine
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3. blood plasma
30). The main function of LDL is
1. transport of exogenous triglycerides
2. transport of endogenous triglycerides
3. transport of cholesterol from the liver to fhexipheral tissues
4. transport of phospholipids
5. transport of cholesterol from the peripheisdues to the liver

31). Apo-A
1. is synthesized in the liver 5. is a ligandtfee cell receptors
2. is synthesized in the small intestine 6. iagfarred from CM to HDL

3. activates lipoprotein lipase
4. activates LCAT
32). Choose the functions of apoproteins.
1. Catabolic 5. Storage
2. Structural 6. Secretion
3. Regulative (regulation of enzyme activity) 7gands for the cell receptors
4. Protective
3). Which of the following substances are the hgradip of phospholipids?

1. Inositol 5. Inosine

2. Glycine 6. Ethanolamine
3. Serine 7. Guanine

4. Choline 8. Adenine

34). Choose the statements which describe thetstascof sphingosine derivatives.

1. Cerebrosides consist of the following constitaegphingosine, phosphoric
acid, fatty acid, choline, oligosaccharide.
2. Cerebrosides consist of the following constitaesphingosine, fatty acid
(C,4), hexose.
3. Gangliosides consist of the following constitiseisphingosine, fatty acid,
monosaccharide.
4. Gangliosides consist of the following constitigesphingosine, fatty acid,
oligosaccharide.
5. Sphingomyelins consist of the following consgitts: sphingosine, choline,
fatty acid
35). Choose the functions of chylomicrons.
1. Transport of cholesterol from the liver to trexipheral tissues
2. Transport of exogenous triglycerides
3. Transport of endogenous triglycerides
4. Transport of cholesterol from the periphersdiies to the liver
36). Lipoprotein lipase is activated by

1. apo-G 4. glucagon
2. apo-E 5. epinephrine
3. apo-A 6. norepinephrine

37). VLDL particles are synthesized in the...
1. liver 3. liver and small intiee
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2. small intestine 4. blood plasma
38). LDL patrticles contain

1. apo-B100 4. about 50% of cholesterol
2. apo-B48 5. minimum of protein
3. apo-E 6. maximal amount of triglycerides

39). Utilization of free cholesterol released ie ttDL decomposition includes the
following processes:

1. Cholesterol is converted into cholesterol esters

2. Cholesterol is used to the synthesis of stdrorthones in adrenal cortex

3. Excess of cholesterol activates the synthdsssdogenous cholesterol

4. Excess of cholesterol inhibits the synthesismafogenous cholesterol

5. Cholesterol is incorporated into the structfrbiological membranes
40). Which of the following apoproteins carry ol tfunction of the specific ligands
for the cell receptors?

1. Apo-A 4. Apo-C2
2. Apo-B48 5. Apo-E
3. Apo-B100

41). In the inherited deficiency of lipoproteindige the following phenomena take

place:

. increase of CM content in blood

. increase of LDL content in blood

. increase of HDL content in blood

. increase of triglyceride contents in blood

. iIncrease of cholesterol content in blood

. appearance of a cream-like layer over trangpaerum

42). Human neutral fat is characterized by theofeihg properties:

. liquid consistency at the body temperature

. solid consistency at the body temperature

. low melting temperature’=15"C)

. contains only saturated fatty acids

. contains only unsaturated fatty acid

. contains prevalent amount of oleic acid (ne@@¥o)

. contains prevalent amount of arachidonic acid

43). Phospholipids and sphingolipids carry outftil®wing function
1. Power 4. Protective
2. Transport 5. Storage
3. Structural

44). In blood plasma fatty acids circulate
1. in the content of nuclei of plasma lipoproteartjcies
2. in the content of an outer shell of plasma Iptgin particles
3. in the complex with serum albumin
4. freely without formation of any complexes

45). The outer shell of a lipoprotein particle cons
1. phospholipids oriented to the nucleus of adiptein particle by their
hydrophylic groups

OO0, WNPE
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2. phospholipids oriented to the nucleus of agdiptein particle by their

hydrophobic groups

3. free cholesterol oriented to the nucleus bgi6@H group

4. superficial proteins

5. cholesterol esters

6. integral apoproteins

7. free cholesterol oriented to the nucleus biydrophobic sites
46). Chylomicrons exchange their apoproteins withdther blood plasma
lipoproteins by the following manner:

1. They give apo-A to VLDL 4. They give apo-AHDL
2. They receive apo-C from HDL 5. They receive &pwom LDL
3. They give apo-Bto LDL 6. They receive apo-E from HDL

47). The following factors prohibit from the excegsaccumulation of cholesterol:
inhibition of endogenous synthesis of cholasst
. hyperchylomicronemia
activation of lipoprotein lipase
. inhibition of the formation of BE-receptors
. catalytic action of LCAT
. hyperglucosemia
48). VLDL particles contain
. apo-B48
. apo-B-100
. exogenous triglycerides (about 60%)
. apo-E
. Endogenous triglycerides (about 60%)
. small amount of cholesterol
. protein (50% and more)
49). Metabollsm of LDL includes:
1. hydrolysis of triglycerides by lipoprotein lipas
2. binding of LDL with a plasmatic membrane
3. endocytosis of an LDL-receptor complex
4. formation of cholesterol esters by LCAT
5. hydrolysis of LDL by lysosomal enzymes and acalation of cholesterol in
the cells
6. partial endocytosis with BE-receptors
50). Choose the atherogenic fractions of plasnaphigteins.

OUAWNER

N~Nooabr,wWNER

1.CM and LDL 4. VLDL and LDL

2. CM and VLDL 5. LDL and HDL

3. VLDL and HDL 6. CM and HDL
51). HDL particles are synthesized in:

1. the liver

2. blood plasma
3. the small intestine
4. the liver and blood plasma

91



LESSON 20
MEMBRANE METABOLISM.
LIPID PEROXIDATION (LPO).

BIOMEDICAL SIGNIFICANCE

Biological membranes play very important rolehe structural arrangement of
the cell and in the functioning of the cell andaaellular organelles. The inadequate
activation of lipid peroxidation leads to the dastion of membranes and
disturbances of cell metabolic processes. The ase rate of free radical lipid
peroxidation is one of the key factors of the pg#resis of atherosclerosis,
rheumatoid arthritis, radiolesion, aging etc. Mg@ayhological states are
accompanied by either decrease in antioxidant eagyantivity or deficiency of
antioxidant vitamins (especially E and C).

Work 1. Quantitative determination of malonic dialdehyde in the liver tissue.

The EQUIPMENT: a centrifuge, a thermostat foPG8a boiling water bath, a FEC.

The PRINCIPLE of a METHOD.
The method is based on the determination of maldaidehyde (MDA) as a
parameter characterizing peroxidation of lipiddemthe incubation of tissue
homogenate in the presence of oxygen. In the pcesainpro-oxidants MDA is
determined by the specific colour reaction witthibbarbituric acid (TBA) in an
acidic medium.

The COURSE of WORK

Prepare a mixture of the reagents in three ceggifest tubes according to the table:

REAGENTS the 1-st test | the 2-nd test | the 3-d test
tube tube tube
(experimen- (control) (experimental
tal) with the
addition of
prooxidants)
Tris-buffer 3.4 ml 3.4 ml 1.4 mi
0.15M
Iron sulfate - - 1.0 mi
(FeSQ)
Ascorbic - - 1.0 mi
acid
Trichloracetic acid (TCA) - 1.0 ml -
with
etylenediaminetetraacetic
acid (EDTA)
Liver 1.0 ml 1.0 ml 1.0 mi
homogenate
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Put all the test tubes into a thermostat &C3fbr 15 minutes. After the incubation

stop the reaction in the 1-st and 3-d test tubafiéyddition of 1 ml of TCA with

EDTA. Then centrifuge all the test tubes for10 nb@suat 3000 rev/min.

After the centrifugation transfer all volume of thigpernatant liquid into a clean glass

test tube. Next measure out 4 ml of the superhatand in other clean test tubes,

add 2 ml of the fresh-prepared solution of TBA, atate the test tubes in the boiling

water bath for 15 minutes. After that cool the tabes by cold water and then

determine the values of optical density with a FEEG40 nm (a green light filter).

The thickness of a cuvette is 10 mm. The coloriyne#s to be carried out against

distilled water.

The LPO activity is expressed by the quantity anmmoles oMDA, formed for a

period of the incubation per 1 ml of homogenatee the formula for the calculation:
X = (Dexp - Dconv/e,

Where:

X - the quantity of micromoles®IDA formed for a period of the incubation per 1 ml

of homogenate,

Dexp andDcont - the values of optical density of "experimenttiti “control” test

tubes respectively.

a- the molar coefficient of extinction for maloni@attiehyde in the TBA reaction. It

Is equal to 0.156.

Calculate the LPO activity for the 1-st and 3-d tabes and make a conclusion about

the influence of ions Re" and ascorbate on LPO.
RESULTS:

CONCLUSIONS:

Work 2. Quantitative determination of catalase actvity in blood.
The EQUIPMENT: burettes for titration.
The PRINCIPLE of a METHOD.
Catalase is one of the most active enzymes dbdldg. This enzyme is a
typical hemoprotein accelerating the decomposiibinydrogen peroxide:

HO0, — O + HO

The amount of hydrogen peroxide which has beendsralown by the enzyme for
certain interval of time is a basis of the quatititeadetermination of the catalase
activity in blood. The amount of broken down hydeageroxide is determined as
the difference between the amount of potassium @eganate spent for the titration
of hydrogen peroxide before and after the inculpatio
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The action of catalase in an acidic medium isgdecause the pH-optimum
for this enzyme is 7.4. As in the control sampliusic acid is added before the
addition of hydrogen peroxide, all amount of hydragperoxide in the control glass
remains unsplitted.

Catalase activity is expressed with tleatalase number”.

" Catalase number" is the quantity of milligrams of hydrogen peroxide
which is splitted under the catalytic action of 1 rrcroliter of blood.

The COURSE of WORK.
Take two glasses and fill them in according tottige:

Reagents Glag¥ 1 GlassNe 2
(experimental) (control)
Blood 1 ml 1ml
Distilled water 7 ml 7 ml
Hydrogen peroxide 1% 2 ml -
Sulfuric acid (BHSOy) - 5ml
10%

Both glasses stay for 30 minutes at the room teatpies.
Shake them from time to time
After 30 minutes add into the glasses:
Hydrogen peroxide - 2 ml
Sulfuric acid (BHSOy) 5ml -
10 %
Then titrate the contents of each glass with theation of potassium

permanganate until the appearance of pink coloucwimas not to disappear within
30 sec.
Next calculate the catalase number (CN) by the titem

CN=(A-B)-1.7

Where:
A - Quantity of milliliters of 0.1 NKMnO4 used for the titration of a control sample.

B - Quantity of milliliters of 0.1 NKMnOg4 used for the titration of an experimental

sample.
1.7-is a factor which shows how many mgH3fO2 is contained in 1ml of 0.1N

solutionH202.

The normal values of CN are changed from 10 tariig for adults and 7,5 -
9,9 units for children.
RESULTS:

CONCLUSIONS:

94



BASIC QUESTIONS:
1. Structural organization of the biological menm@&aThe liquido-mosaic crystalline
theory of membrane structure.
. The role of lipids in the membrane organization.
. The common characteristic of the membrane prstei
. The biological functions of membranes.
. Different kinds of transport through the memieran
. Membrane metabolism. LPO. Physiological andgatiical role of LPO.
. Regulation of LPO. Antioxidants and prooxidants.
. Interaction of carbohydrate and lipid metabolism

O~NOOT A~ WN

LESSON 21
DIGESTION of PROTEINS.

BIOMEDICAL SIGNIFICANCE

Many gut diseases are accompanied by disordengdobbhloric acid and
pepsinogen secretion in the stomach. In these logjilcal states the acidity of the
gastric juice may be increased, decreased or égualo. The absence of
hydrochloric acid and pepsin in the gastric jui@ehylia) is frequently observed in
severe atrophic gastritis and malignant tumorfiefstomach. The decreased acidity
of the gastric juice (hypochlorhydria) occurs irpbgcidic gastritis and stomach
cancer. Increased acidity of the juice (hyperchidria) is characteristic of
hyperacidic gastritis and stomach or duodenum ukehylia is very often
complicated by the development of pernicious andra@use of the absence of the
Castle's intrinsic factor (gastromucoprotein) neefde the absorption of vitamin,B

Newborn infants have the low activity of proteoty@inzymes and high
permeability of small intestine mucosa, so somevealietary proteins may be
absorbed without hydrolysis; that is one of thesoeas of dietary allergy.

Work 1. Determination of free, bound, total hydrocHoric acid, and total acidity
of the gastric juice separately and in a common sapte.
The EQUIPMENT: burettes for titration.

The PRINCIPLE of a METHOD.
For the determination of the parameters of theriggsice acidity the method of
titration by 0.1 N NaOH solution in the presencehaf specific indicators
(phenolphthalein anpg-dimethylaminoazobenzene) is used. Acidity of thstgc
juice is estimated withuhits of acidity". One unit of acidity is the quantity of
milliliters of 0.1 N NAOH solution used for neutralization of 100 ml of the
gastric juice.

1. Quantitative determination of total acidity b&étgastric juice
The COURSE of WORK
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Wash up carefully a flask or glass with water, tiagth hydrochloric acid and finally
with water again in order to remove the trace dfism ions adsorbed on the glass
wall.

Measure out 10 ml of the gastric juice in a vesselitration, add 1-2 drops of 0.5%
phenolphthalein (the zone of its colour transities within the limits ofpH = 8.2-
10.0).

Then titrate it by 0,1 N NaOH until the appearaat#he stable light-pink colour.
Before the titration put the flask or glass on eettof white paper.

RESULTS:

2. Quantitative determination of a free hydrocldacid

COURSE of WORK
Measure out 10 ml of the gastric juice in a cldaskf or a glass, add 1-2 drops of
p-dimethylaminoazobenzene (the zone of its colour transition lies within tiaits of
pH =2.9-4.2).
Titrate it by 0.1N NAOH solution until the appeacarof the orange colour. A free
hydrochloric acid is fully neutralized aH = 3.0.
RESULTS:

3. Quantitative determination of free, bound, tbtgdrochloric acid, and total acidity
of the gastric juice in a common sample.
The COURSE of WORK

Determination of the listed kinds of acidity of thastric juice in a common sample is
carried out by a titration with 0.1N NaOH in thepence of the both indicators -
dimethylaminoazobenzene and phenolphthalein.

Measure out 10 ml of the gastric juice into a ol#ask or a glass, add 1-2
drops of dimethylaminoazobenzene and 2 drops afgphthalein.

Titrate the contents of the flask by 0,1N NaOHusoh until the appearance of
the orange colour.
Fix the volume of NaOH used for the titration (fivet level).

Then continue the titration until the appeararfdda® lemon-yellow colour.
Fix once more the volume of NaOH used for thettdrgthe second level).

Finally continue the titration until the appeararmd the stable pink colour. Fix
again the volume NaOH used for the titration (théekl).

The first level is used for a calculation of fieglrochloric acid.

The average value between the second and thdekigts is used for the
calculation of the total amount (free and boungjrbchloric acid.

The third level is used for the calculation olacidity.

The example:
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the first level (orange colour) - 3.2 ml,
the second level (lemon-yellow colour)-4.5 ml,
the third level (pink colour) - 5.5 ml.
Calculation:
1.Free hydrochloric acid.
The value of the first level is multiplied by :10
3.2.10 = 32 units.

2.Total hydrochloric acid

The average value between the second and thietslev
(45+55)/2=5

is multiplied by 10:
5.0. 10 =50 units.

3. Bound hydrochloric acid is calculated as the difference between the valtiestal
and free hydrochloric acid:
50 -32 = 18 units.

4. Total acidity. The value of the third level is multiplied by:10
5.5. 10 = 55 units.

RESULTS: Write the results of titrations in thel&alsee below)

Quantity of ml of 0.1 N Gastric juice with The task Ne....
NaOH used for the normal acidity (gastric juice with
titration unknown acidity)

The first level
The second level
The third level
RESULTS of the CALCWATION
Free HCL
Total HCL
Bound HCL
Total acidity

CONCLUSIONS:

Work 2. Detection of indican in urine.
The PRINCIPLE of a METHOD.
The method is based on the oxidation of indoxylddk blue indigo with

hydrochloric acid in the presence offftdons .
The COURSE of WORK.
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Take 1 ml of urine in a test tube, add the equilme of hydrochloric acid, mix
carefully. Then add 1-2 drops of iron chloride ahdke up for 1-2 minutes. Iron
chloride oxidizes indoxyl to dark blue indigo.

RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:

1. Nitrogen balance of the body. Biological sigrahce of proteins.
2. Common character of digestive enzymes. The @ettids of their action and
activation.
3. Digestion of proteins in the stomach. Biologitaictions of hydrochloric acid of
the gastric juice.
4. Digestion of proteins in the intestine as altesithe action of the pancreatic and
intestine enzymes.
5 Absorption of amino acids in the intestine.
6. Rotting of proteins in the intestine. Detoxioatiof the products of protein rotting
in the liver.
7. Decomposition of nucleoproteins in the intestlBezymes taking part in this
process.

The examples of the control task:
1. All following statements are applied to the diee enzymex-amylase EXCEPT:

a) glycogen and hydrated starch are normal substrat

b) the form ofa-amylase in the human pancreas is the most imgortan
Isoenzyme

c) it catalyses the hydrolysis afl,4-glycosidic linkages except those of
glucose units that serve as branch points

d) glucose is the major productamfamylase action on starch
2. Pancreatic juice contains the following protéiclgnzyme EXCEPT:

a) trypsin

b) chymotrypsin

C) pepsin

d) elastase
3. An emulsification of dietary lipids is carriedtowvith the participation of

a) bile acid salts and phosphatidylcholine

b) bile acid salts and hydrochloric acid

c) phosphatidylcholine and hydrochloric acid

d) pancreatic lipase
4. The major products of the dietary proteins hiygis by pepsin are

a) large peptides
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b) amino acids

c) olygopeptides

d) dipeptides
5. What is the mechanism of the glucose absorpmtitine small intestine?

a) Passive diffusion with a concentration gradient

b) Active , carrier-mediated transport (atransport)

c) Endocytosis with the participation of an entgte membrane

d) Facilitated diffusion with the participation bile acids
6. All following statements regarding the digestafrprotein are correct EXCEPT:

a) pepsinogen is activated by autoactivation (pB)=@r autocatalysis

b) the major products of peptic hydrolysis argéapeptides and some free
amino acids

c) trypsin and chymotrypsin are secreted by thegEas as inactive zymogens

d) most of digested proteins are absorbed inrtestine in the form of
polypeptides
7. Pancreatic lipase cleaves triacylglycerols into

a) glycerol and three fatty acid molecules

b) 1,2-diacylglycerol and a fatty acid molecule

c) 2-monoacylglycerol and two fatty acid molecules

d) glyceraldehyde and three fatty acid molecules
8. The activation of pepsinogen in the gastricgugcarried out by

a) partial hydrolysis

b) phosphorylation

c) attaching of a Féion

d) none above
9. Cholesterol esterase catalyses the reactidreof t

a) cholesterol esters hydrolysis

b) formation of an ester bond with the 3-OH grof@ighe cholesterol
molecule

c) hydrolysis of cholesterol derivatives (vitaninbile acids)

d) non above
10. Which of the following proteolytic enzymes mn¢ained in the gastric juice?

a) trypsin

b) chymotrypsin

C) pepsin

d) elastase
11. A convalescent patient is in the positive &o balance if

a) the amount of nitrogen ingested equals the abmfunitrogen excreted in
the urine, feces and sweat

b) the amount of nitrogen excreted in the urieeef, and sweat is less than
the nitrogen ingested

c) the amount of nitrogen excreted in urine, fea@sl sweat is greater than the
amount of nitrogen ingested

d) the patient is on a protein-free diet
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12. Phospholipaseydrolyzes dietary phospholipids according toghaation:
a) Phospholipid+ kD - phosphatidate + a nitrogen base
b) Phospholipid + FO - 1,2-diacylglycerol + a phosphorylated nitrogen base
¢) Phospholipid + KD - lysophospholipid + a fatty acid
d) None above
13. All digestive enzymes belong to
a) oxidoreductases
b) hydrolases
c) lyases
d) transferases
14. The absorption of end products of the lipidegigpn (free cholesterol, fatty acids,
and 2-monoacylglycerols) is carried out by
a) the passive diffusion
b) the active transport
c) the transport through the membrane canals
d) the cotransport with Naons
15. Choose the combination of essential amino acids
a) Thyrosine, serine, valine
b) Lysine, glycine, thryptophan
c) Phenylalanine, histidine, isoleucine
d) Phenylalanine, histidine, cysteine
16. Which of the following constitute essential amacids; that is, which must be
ingested on a daily basis by humans?
a) leucine, phenylalanine
b) cysteine, serine
c) glycine, arginine
d) valine, alanine
17. What enzymes of the digestive tract are disaidases?
a) Sucrase, amylase, maltase
b) Sucrase, lactase, maltase
C) Sucrase, dipeptidase, maltase
d) Lactase, maltase, amylase
18. What enzymes catalyses the reaction of the RNADNA digestion in the small
intestine?
a) Polypeptidases, nucleotidases
b) Endopeptidases, nucleosidases (nucleoside pbigsases)
c) Exopeptidases, nucleotidases
d) Polynucleotidases, nucleosidases (nucleosidspbiooylases)
19. What is the mechanism of trypsinogen activation
a) Trypsinogen is converted to active trypsin bieavkinase of the intesine at
pH5.2-6.0
and autocatalytic at pH 7.9
b) Trypsinogen is converted to active trypsin bp$in at pH 5.2 - 6.0 and
autocatalytic at pH 7.9
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c) Trypsinogen is converted to active trypsin ggrochloric acid at pH 3.0 -
5.0 and autocatalytic at pH 7.9

d) Trypsinogen is converted to active trypsin byoaatalytic mechanism at
pH 7.9

20. Call the products of the lipid digestion bytgadipase.

a) Glycerol, fatty acids

b) 2-monoacylglycerols, fatty acids

c) 1,2-diacylglycerols, fatty acids

d) 1,3-diacylglycerols, fatty acids

21. Which of the following monosaccharides arertiagor end products of the
digestion of carbohydrates?
a) Glucose, fructose, xylose
b) Glucose, fructose, galactose
c) Galactose, glucose, ribose
d) Deoxyribose, glucose, ribulose
22. Call the products of the lipid digestion by pagatic lipase.
a) 1-monoacylglycerols, fatty acids
b) 2-monoacylglycerols, fatty acids, glycerol
c) 1,2-diacylglycerols, fatty acids
d) 1,3-diacylglycerols, fatty acids
23. Carboxypeptidase catalyses the reaction of
a) protein hydrolysis at the free carboxyl ené ahain
b) polynucleotide hydrolysis at the free 3-OH @f@ chain
c) polypeptide hydrolysis at the free amino ehd ohain
d) polypeptide hydrolysis at the free carboxydl @h a chain

LESSON 22
METABOLISM of AMINO ACIDS.

BIOMEDICAL SIGNIFICANCE

Disorders of amino acid metabolism are divided:int
1. Inherited syndromes (enzymopathies) of amind amtabolism. The absence or
deficiency of the enzymes result in the abnormauawilation of the intermediates of
amino acid metabolism. This accumulation inducesatifiections of the central
nervous system and the development of various sytidromes. The typical
enzymopathies of amino acid metabolism are phetytkeia, alkaptonuria,
albinism, tyrosinosis, Hartnup's disease etc.
2. The disturbances of the synthesis and inactinaif biologically active amines are
the following:
-the disturbance of the synthesis of acetylchahne synapses induces myasthenia
( muscle weakness),
- the disturbance of the synthesis of dopamineairkiRson's disease,
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-hypersecretion of dopamine in temporal lobe oftiteen is characteristic for
schizophrenia.

3. The syndromes accompanied by increase in araimsferase activity in blood.

E.g. in acute and chronic liver diseases the sgant increase of alanine
aminotransferase activity in blood is observedttft®enzyme is tissue specific for
the liver. On the other hand, aspartate aminotesiasé is a tissue specific enzyme for
the heart. Its activity increases in myocardiunasofion.

Work 1. Determination of alanine aminotransferase ativity in serum and tissues
homogenates.
The EQUIPMENT: a FEC, a thermostat.

The PRINCIPLE of a METHOD
The process of transamination can be observed asaanple of a reversible transfer
of an amino group between alanine and 2 -oxogltgafide reaction is catalyzed by
alanine aminotransferase. A product of the readiqgayruvate. The reaction is
stopped with an addition of 2.4 dinitrophenylhydn&z(2,4 DNPH). Pyruvate
hydrazone is accumulated, which forms the specdiour product with 2,4 DNPH in
an alkaline medium. The intensity of its colouclenged from yellow to brown, and
it is proportional to the amount of pyruvic acidrfeed during the incubation.

The COURSE of WORK
1. An experimental sample.
Measure out 1 ml of a mixture of substrates (alrir2 oxoglutarate) in a test tube
containing 0.2 ml of a tissue homogenate or sendnpdace the test tube into a

thermostat at 3XC for 30 minutes.

After the incubation add 1 ml of DNPH to the tesid¢ and keep it at the room
temperature for 20 minutes.

2. A control sample.

Measure out 1 ml of DNPH in a test tube contairfirfyml of a tissue homogenate or
serum and 1 ml of a mixture of substrates (alami@eoxoglutarate). Keep the test
tube at the room temperature for 20 minutes.

3. Determine the concentration of pyruvate in tkgeeimental and control test tubes.
For it add 10 ml of 0.4 N NaOH into the controblaxperimental test tubes. In 5
minutes measure the optical density of the containise both test tubes with a FEC
against water. Use a green light-filter (540nm).

RESULTS:

First of all calculate the difference between takies of the optical density of the
experimental ([ayx) and control ([g) samples:

D = Dex - (Dc)

Then find the value of the pyruvate concentratioih & calibrating graph.
Finally calculate the activity of alanine aminotséerase (AIAT) in blood or tissues.
The AIAT activity in serum is calculated accorditagthe formula:

A = [Pyr]/0.2-88,
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Where:

A - the activity ofAIAT in micromoles / ml for 30 minutes of incubation
[Pyr] - the pyruvate concentration in the sample,

0.2 - the volume of serum (ml),

88 - the factor of recalculation for the translatiaoto the System Sl.

The AIAT activity in tissues is calculated accomio the formula:
A = [Pyr]-DH/0.2:88,

where:
DH - the value of the tissue homogenate dilution.

CONCLUSIONS:

Work 2. Detection of phenylpyruvate in urine (The Feling test).
The PRINCIPLE of a METHOD.
Phenylpyruvic acid forms a blue-green colour comglempound with iron

(Fe3Hions.

The COURSE of WORK.
Add 4-5 drops of 10 % iron chloride to 2 ml of wirBlue-green colour will appear if
the urine contains phenylpyruvate.
RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:
1. Transamination of amino acids: donors and docgpf amino-group, the
characteristics of the enzyme and the biologicglartance of the process. Clinico-
diagnostic significance of the determination ohala- and aspartate
aminotransferase activity in serum.
2. Oxidative deamination of amino acids, the ctiarastics of oxidases of amino
acids. Biological significance of the process.
3. Transdeamination (the inderect transaminatitie) stages of the process, the
characteristics of enzymes, the biological sigatifice.
4. Reductive amination of oxoglutarate, charastierof glutamate dehydrogenase.
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5. Decarboxylation of amino acids and the fororabf the biologically active
amines: histamine, serotonin, GABA. Inactivatiortteé amines, the role of MAO
and DAO. Functions of biologically active amines.
6. Phenylalanine and tyrosine metabolism:

a) the synthesis of epinephrine and norepinee,

b) the transformation of phenylalanine andgine into fumarate and
acetoacetate,

c) the synthesis of melanine,

d) the formation of thyroid hormones.
Enzymopathy of phenylalanine and tyrosine metabolis
7. The peculiarities of sulfur-containing aminocasietabolism and metabolism of
branched chain amino acids.

LESSON 23
END PRODUCTS of PROTEIN METABOLISM.

BIOMEDICAL SIGNIFICANCE

Ammonia formed in protein decomposition is quitei¢dor the human tissues,
especially for CNS. The most frequent reasohyperammoniemia is the
disturbance of functioning of the ornithine cyctegmes. The correct diagnosis of
the hyperammoniemia type is established with tintline cycle metabolites in
blood and in urine. The phenomenon of appearancesafine in urine €reatinuria
— may be found in adult men and it is due to tlstudbance of the creatine
conversion into creatinine. This phenomenon appwaskeletal muscle diseases
such as myopathies, progressive muscle dystrophsgcle convulsions etc.

Creatinine — is the end product of creatine deasmion. The daily urine
excretion of creatinine is very individual and ctamg for each person. It depends on
the individual muscle mass. Creatinine can noeladsorbed from the primary urine
in the kidney, so the determination of the amouimxgreted creatinine is used for
estimation of renal filtration capacity.

The determination of residual nitrogen and itsticms, especially urea, is
quite clinically significant. A number of patholagil states are accompanied by the
increase in residual nitrogen level in blood. Tph&nomenon is termedotemia. It
Is divided into pre-renal, renal and post-renak Ténal and post-renal azotemia are
developed as a result of insufficient renal exorebtf nitrogen-containing substances
although their intake into blood may be absolutelymal. Pre-renal azotemia is due
to the excessive intake of the nitrogen-contaisinigstances into blood because of
enhanced tissue proteolysis occurring in sevetamrhatory processes, wounds,
burns, and starvation.

Work 1. The influence of hemodialysis on the contérof residual nitrogen in

blood.
The EQUIPMENT: a FEC
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The PRINCIPLE of a METHOD.
Hemodialysis is the diffusive cleaning of bloodnjeval of low-molecular weight
nitrogen-containing substances such as urea, cid¢ @eatinine, ammonia salts etc
from blood) with the
semi-permeable membranes. The efficiency of herhmisais estimated according to
the content of residual nitrogen in blood beformbdialysis, during hemodialysis,
and after its termination.
Residual nitrogen is the nitrogen of all unproteubstances of blood which remains
after a precipitation of proteins. For determinatod residual nitrogen of blood it is
necessary:
1. to precipitate blood proteins with trichloracedicid and to filter them.
2. to mineralize the received filtrate (i.e. tomadiown the organic substances with
concentrated sulfuric acid and a catalyst). Thusittbgen-containing organic
substances are transformed to the single univpredlict - ammonia sulfate.
3. to determine the ammonia sulfate content byaaqatectrocolorimetric method.
The interaction of ammonia sulfate with the Nesstagent, which contains the
mercury salt, leads to the appearance of the yeblamge product. The intensity of
its colour is directly proportional to the concextiton of residual nitrogen in the
sample of blood.

The COURSE of WORK.

Add distilled water to 0.8 ml of a mineralizateasf unprotein filtrate of blood up to
approximately a half of volume of a 10 ml measutesf tube.
Pour 0.4 ml of the Nessler reagent into the tdst tmix carefully, and add distilled
water up to the label of total volume 10 ml. Mixcérefully again.
In 10 minutes measure the optical density of tHeured solution with a FEC against
water. Use a dark-blue light-filter (440nm) andriuth cuvettes.
Use a calibrating graph for the calculation of ¢tbatent of residual nitrogen in
blood.
Multiply the result received with the calibratingagh by 10, because the
mineralizate was obtained as a result of burning il of an unprotein filtrate that
corresponds to 0.1 ml of blood.
The content of residual nitrogen in blood is expegsin mM/L.

RESULTS: write down in the table:

CONTENT OF RESIDUAL NITROGEN

(mM/L)
Before
hemodia-| In process of hemodialysis | After hemodialysis
lysis
in an in 3 in5 inaday | in5 days

hour hours hours

105



CONCLUSIONS

Work 2.. Determination of creatinine in urine.
The EQUIPMENT: a FEC
The PRINCIPLE of a METHOD.

Creatinine forms a dark yellow or light brown pratias a result of its reaction
with picric acid in an alkaline medium. The optidainsity of the received product
depends on the urine creatinine concentration.

The COURSE of WORK.
Prepare two samples of the reaction medium:

a) the experimental sample

Measure out 0.5 ml of urine into a measuring flagk total volume of 25 ml.
Then add 0.25 ml of 10% sodium hydroxide, next @&dml of picric acid. Finally
fill the flask with distilled water up to the lab2b ml.

b) the control sample

Measure out 0.5 ml of distilled water (insteadinhe) into a measuring flask
with total volume 25 ml. The further details of gheparations are the same as in the
experimental sample (see above).

The content of the experimental flask has to bercoetried with blue light
filter (400 nm) against the content of the contlask.

CALCULATION: The amount of creatinine is determiheith a calibrating graph.
Plot the determined value of optical density ondhlkbrating graph and find the
creatinine concentration in the urine sample. T$wwe the proportion:
X=[creatinine] (daily diuresis)/0.5
Where:X - the amount of creatinine excreted per day,
daily diuresis - the volume of daily urine,
0.5- the volume of the urine sample.
The normal range of creatinine excretion with uigé&.0 -2.0 gr/day.

RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:
1. The main pathways of the ammonia formation.
2. The main pathways of the temporary detoxicatibammonia.
3. The final detoxication of ammonia. The ornithoyele. The sources of nitrogen in
the urea . The daily excretion of urea. Enzymostif the ornithine cycle.
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4. Residual nitrogen of blood. The clinico-diagmostgnificance of its detection.

5. Synthesis of creatine and creatine phospha&ati@me as the end product of
nitrogen metabolism. The medical significance atioe and creatinine detection in
blood and urine.

6. Formation and metabolism of nitrogen oxide (N®)physiological and
pathological role.

LESSON 24
METABOLISM of NUCLEOTIDES .

BIOMEDICAL SIGNIFICANCE

The disturbances of purine metabolism appear toyperuricemia, that may
be due to either a metabolic (primary) reason ertiher pathological states
(secondary reasons). The metabolic hyperuricemyabeanduced by either
hyperproduction of uric acid or a decrease imtgetion. The hyperproduction of
uric acid is usually a consequence of enzyme defawinected with the nucleotide
synthesis, accelerated erythrocyte hemolysis, esickll anemia etc. The secondary
hyperuricemia is due to some pathological statédond, kidney, diabetes insipidus,
lead intoxication, overdoses of diuretic drugs Elgperuricemia is the main reason
of podagra (gout). Allopurinol is a structural analogue of hypoxan# which is
applied for treatment of podagra because it caibiinkanthine oxidase reaction by
competitive mechanism and reduce the accumulafionoacid in blood and
tissues.

Depositing uric acid salts in the urine excretivagct leads to the development
of urolithiasis and to kidney insufficiencin severe cases of this pathological state.

Work 1. Quantitative determination of uric acid in urine.
The EQUIPMENT: burettes for a titration.

The PRINCIPLE of a METHOD.
The quantitative determination of uric acid is lzhea its ability to reduce tungsten-
phosphate reagent to the product which has dadalour. The amount of the
product is determined by a titration with potassi@rricyanide: 1 ml of potassium
ferricyanide corresponds to 0.66 mg uric acid.

The COURSE of WORK.
1. Measure out 5 ml of urine into a flask, add 2ofrilungsten-phosphate reagent,
then 10 ml of 20 % sodium carbonate, and carefulkythe contents of the flask
which has dark blue colour.
2. Titrate carefully the sample by potassium fgarmde solution (by drops) with a
burette until the appearance of light yellow colour
Make the calculation by the formula:

X = 0.66A-B /5,

Where:
X - the daily excretion of uric acid (mg),
A - the quantity of potassium ferricyanide solutimed for titration (ml),
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B - the quantity of urine excreted for day (ml),

5 - the quantity of titrated urine (ml),

0.66- the quantity of uric acid (mg), that correspota& ml of potassium
ferricyanide.

RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:
1. Hydrolisis of nucleoproteins in the intestine dissues.
2. The purine and pyrimidine nucleotides biosyndbe origin of C- and N-atoms
of a purine and pyrimidine rings and the role epibsphoribosyl-1-pyrophosphate
(PRPP). Regulation of nucleotide synthesis.
3. Biosynthesis of deoxyribonucleotides.
4. Catabolism of purine nucleotides. Physico-chahpcoperties of uric acid.
5. Hyperuricemia and podagra (gout).
6. Catabolism of pyrimidine nucleotides.

LESSON 25
NUCLEIC ACIDS. SYNTHESIS of PROTEINS.

BIOMEDICAL SIGNIFICANCE

Inherited alterations of the primary structure dMresult in either stopping of
the protein synthesis encoded by the affected getiee synthesis of “incorrect”
proteins. Gene mutations may be either useful onfud. The useful mutations
provide more successful adaptation of the orgamasthe alterating conditions of the
environment in the evolution process. Harmful motst lead to the development of
molecular pathology or death of a cell or evendtganism on the whole. E.g. sickle
cell anemia (sicklemia), hemophylia, enzymopatbiasmetabolism of amino acid,
carbohydrate, and lipid belong to typical inheritkseases. About 90% of human
malignant tumors are induced by harmful chemichbksances or physical mutagen
agents. Many antibiotics are used as the speaiiibitors of the processes of DNA
replication, transcription or translation of genetiformation in prokaryotic cells
(bacteria, Protista) for treatment of infectiousedises. In malignantly transformed
eukaryotic cells antibiotics are used for chematpgrof cancer.

Work 1. Quantitative determination of DNA in various tissues.
The EQUIPMENT: a FEC.
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The PRINCIPLE of a METHOD.
The method is based on the determination of theuat@f phosphorus which is
incorporated in the structure of DNA. Free inorggpiosphate is released from
DNA after its mineralization. DNA is previously eatted from 10 mg of certain
tissue (the spleen, liver, pancreas, skeletal myseid then is subjected to
mineralization.
The inorganic phosphorus of the mineralizate igmheined by a colorimetric
method. The colour reaction with ammonium molybdatée presence of any
reducing agents is used in this method. The proafutte reaction has dark blue
colour. The intensity of the colour is directly paotional to the amount of
phosphorus in a test.

The COURSE of WORK.

1. Add the reagents for the colorimetric determoradf inorganic phosphate (0.5 ml
of 2.5% molybdenic acid and 0.5 ml of 10% ascoduid) to the whole volume of
the ready mineralizate from the spleen, liver, paas or muscle.
2. In 10 minutes measure the optical density ottlleured solution with a FEC (the
thickness of cuvettes is 5 mm) with the red lighef (670 nm).
3. Calculate the amount of phosphorus with a cailibg graph built with the data of
determination of optical density of the standarditans of chemically pure KHPQ,.
The value of the result, found with the calibratgrgph, multiply by 10 because
DNA concentration is expressed as mg of phosphpers100 mg of the tissue.
RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:
1. Nucleic acids. The definition of the term. The cleahcomposition of nucleic
acids, differences between DNA and RNA.
2. The primary and secondary structure of DNA. attles as monomers of a
polynucleotide chain. The double helix. Bonds cdidating the double helix
structure of DNA. Complementarity of the nitrogeasbs.
3. The structural organization of DNA in chromosamgéhe chemical composition of
chromatin. Proteins of chromatin. Histones, thissification, common physico-
chemical properties (charge, ability to form oligens). Nucleosomes as the kind of
DNA packing in chromosomes.
4. The primary and spatial structure of RNA. Fuoraail classification of RNA and
the distribution of different kinds of RNA in theltcompartments.
5. Replication of DNA in eukaryotes. Formation loé replication fork. Peculiarities
of the leading and lagging strand replication. Gkafragments. Replication
enzymes: DNA polymerase, DNA ligase.
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6. Eukaryotic transcription of DNA: RNA synthes&tages of transcription. RNA
polymerase.

7. Posttranscriptional processing of nuclear RNécprsors: the cap structure, polyA
tail, removal of introns and join of exons.

8. Translation of MRNA: protein synthesis. Genetide and its properties. Stages of
translation.

9. The recognition of amino acids: formation of agacyl-tRNAs.

10. The eukaryotic ribosomal cycle. Stages of ih@somal cycle: initiation,
elongation, termination. GTP requirement of th@siiimal cycle.

11. Posttranslational processing of proteins: glaptioteolysis, chemical

modification

12. Antibiotics as inhibitors of protein synthesis.

13. Regulation of protein synthesis in eukaryotes @rokaryotes. Induction and
repression of genes expression.

The examples of the control task:

1. Which of the following substances is adenosine?

N
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3 En“ o
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2. This compound is called:

a) uridine

b) cytidine

c) thymidine

d) dioxycitidine
3. According to the Chargaff rules in DNA molecthe amount of adenine is equal
to the amount of the following nitrogenous base{de the suitable formula):
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4. The synthesis of mMRNA occurs during the stdge o
a) translation
b) replication
C) transcription
d) recognition
5. The genetic code refers to the:
a) number of chromosomes in the cells of a species
b) nucleotide sequences that correspond to commamaacids
c) ratios of mendelian inheritance
d) hierarchy of DNA, RNA and protein
6. Which of the g)IIowing nitrogenous bases is eomtd in RNA but not in DNA?
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C____CH, I
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7. This nucleotide is called:
e
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a) guanosine
b) adenosine
c) guanosine monophosphate
d) adenosine monophosphate
8. In RNA hydrogen bonds are arisen between (chtiesduplex formula):

0 )
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9. What is the name of the enzyme that catalyseanfino acid activation under the
protein synthesis?

a) Aminoacyl-tRNA-synthetase

b) Aminoacyl-tRNA-transferase

¢) Aminoacyl-mRNA-synthetase

d) Aminoacyl-mRNA-transferase
10. Which of the following statements about DNAypoérase is correct?

a) It joins together Okasaki fragments to compileéestrand of DNA

b) It functions as a DNA repair enzyme but is myoilved in the DNA
replication processc) Its presence is not necg$sanormal replication

c) It requires a template and a primer to polyneedeoxyribonucleoside
triphosphates
11. What kind of nucleic acids contains an anticedm its structure?

a) tRNA

b) MRNA

c) rRNA

d) DNA
12. What DNA duplex is supported by 3 hydrogenousds?

a) A-T c) A-U

b) G-C d) G-T
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13. DNA contains sequences of bases known as persnatich:

a) are recognized by DNA polymerase

b) occur in the chain just before the messageesemputhat defines the
messenger RNA

c) are single stranded regions of duplex DNA

d) are transcribed into RNA sequences
14. Choose the right definition of the term "codon"

a) A DNA fragment that codes for a specific polyp@e chain

b) A sequence of three adjacent nucleotides irRINA that codes for a
specific amino acid

c) A nucleotide triplet of tRNA that serves foethinding with mRNA in A-
site of a ribosome

d) A nucleotide sequence of mMRNA that codes fgpexcific polypeptide chain
15. Which of the following conditions are necessamny sufficient for DNA
replication?

a) The presence of RNA polymerase and ribonudedsiphosphates

b) The presence of histons and high energy phtspha

c) The presence of a DNA-template, DNA polymerase
deoxyribonucleoside triphosphates

d) The presence of a DNA-template, RNA polymeasd ribonucleoside
triphosphates
16. What compartment of a cell does the amino aciivation and recognition take
place in?

a) In mitochondria

b) In nuclei

c) In ribosomes

d) In cytosol
17. Translation of a synthetic polyribonucleotidmi@ining the repeating sequence
CA A in a cell-free protein synthesizing systemguoed three homopolypeptides:
polyglutamine, polyasparagine, and polythreonihthd codons for glutamate and
asparagine are CAA and AAC, respectively, whickheffollowing triplets is a
codon for threonine?

a) ACA

b) AAC

c) CAA

d) CCA
18. Post-transcriptional processing includes tliewiong events:

a) the formation of the "cap" and polyA-"tail",lgng, and modification of

nitrogenous bases

b) partial proteolysis, chemical modification gbalypeptide chain after the

ribosomal cycle

c) regeneration of ATP, GTP, CTP, and UTP withdative phosphorylation

d) transport of mMRNA from a nucleus to cytosol
19. What reaction does DNA polymerase catalyze?
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a) The template synthesis of complementary polgaticle chain

b) The primer synthesis

c) The binding of 5-'end and 3'-end of the adja€#azaki fragments

d) The hydrolytic removal of 5'-nucleotide from &aki fragments
20. DNA ligase catalyzes the following reaction:

a) the linkage of polynucleotide fragments andftiimation of 3'-5'-
phosphodiester bonds

b) the linkage of mononucleotides and the fornmatb3'-5'-phosphodiester
bonds

c) the temporary linkage of DNA and mRNA

d) the linkage of DNA and histons and the formatd nucleosomes
21. Gene expression is called:

a) recognition

b) translation

c) replication

d) transcription
22. Can nucleic acids form nucleoprotein complexes?

a) No

b) Only RNA

c) Only DNA

d) All kinds of nucleic acids
23. The energy source for the elongation stagbeofibosomal cycle is:

a) ATP

b) GTP

c) CTP

d) UTP
24. Choose the right definition of the term "intton

a) The part of an eukaryotic gene that has nanmdtion function and is
removed by splicing

b) The part of eukaryotic gene that has the arao sequence information
and is retained in the final MRNA

c) The highly repetitive sequence of a DNA molecul

d) The unigue sequence of a DNA molecule
25. Which of the following nitrogenous bases panesthe pyrimidine derivatives?

a) Cytosine and adenine

b) Guanine and thymine

¢) Uracil and cytosine

d) Guanine and uracil
26. Which of the following energy sources is usadaimino acid activation?

a) ATP

b) GTP

c) TTP

d) UTP
27. The site of a mMRNA molecule, that is bound wamhinoacyl-tRNA during the
ribosomal cycle, is called:
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a) cap

b) codon

C) gene

d) anticodon
28. Genetic code contains:

a) 64 codons to encode 20 amino acids

b) 64 coding codons and 3 nonsense codons

c) 61 codons to encode 20 amino acids and 3 neasmdon

d) 63 coding codons and 1 nonsense codon
29. All of the following statements about tRNA moldes are true EXCEPT:

a) they have extensive intrachain hydrogen bonding

b) they contain a number of bases that have beelifisd post-

transcriptionally

c) the amino acid is attached to the 3'-termidah@sine

d) they contain an anticodon triplet of the bastethie 5'-end of the molecule
30. What substances are called|eosides?

a) Nitrogenous bases

b) Nitrogenous bases joined with pentose

c) Nitrogenous bases joined with phosphate

d) Nitrogenous bases joined with pentose and ptaisp
31. What kind of the bond is formed under the mgdf nucleotides and formation
of polynucleotide chain?

a) 3'-5'-phosphodiester bond

b) 5'-5'-phosphodiester bond

C) peptide bond

d) hydrogen bond
32. As a result of transcription in eukaryotesftiiwing molecule is formed:

a) heterogeneous nuclear RNA

b) messenger RNA

c) transfer RNA

d) ribosomal RNA
33. Which of the following nitrogenous bases panesthe purine derivatives?

a) Guanine and uracil

b) Guanine and cytosine

c) Adenine and thymine

d) Adenine and guanine
34. Which of the following statements about chamtination in peptide synthesis is
true?

a) The formation of peptide bonds by the ribosomB&NA complex continues
until a nonsense codon on mRNA is reached

b) The formation of peptide bonds by the ribosomRINA complex
continues until a tRNA with an anticodon for UAAAG, or UGA interacts with the
A-site on the ribosome

c) Peptide bond formation ceases when the ribogeawhes the 5'-end of the
MRNA

115



d) Peptide bond formation continues until the stome dissociates into large
and small subunits
35. Which of the following statements about DNAyoErase is correct?

a) It functions as a DNA repair enzyme but isingblved in the DNA
replication process

b) Its presence is not necessary for normal rafptin

c) It requires a template and a primer to polyaeedeoxyribonucleoside
triphosphates

d) It joins together Okasaki fragments to compthgestrand of DNA
36. DNA contains sequences of nitrogen bases kramypromoters which:

a) are recognized by DNA polymerase

b) occur in the chain just before the messageesemuthat defines the
messenger RNA

c) are single stranded regions of duplex DNA

d) are transcribed into RNA sequences

LESSON 26
BIOCHEMISTRY of BLOOD.

BIOMEDICAL SIGNIFICANCE

Biochemical analysis of blood is the most univeksad of laboratory
examinations in clinical medicine. It is carried aualmost all diseases. The
determination of blood level of the specific metigties is used for estimation of the
effects of regulatory systems controlling the stdteomeostasis and also for
diagnosing of many pathological states.

Work 1. Determination of total blood plasma proteincontent with the biuretic
method.
The EQUIPMENT: a FEC.

The PRINCIPLE of a METHOD.
Proteins react with copper sulfate in an alkalireimm and form the compound that
has pink-violet colour. The intensity of the re@swcolour is directly proportional to
the protein concentration in a liquid. The optidahsity is measured with a FEC.

The COURSE of WORK.

1. Pour 5 ml of the biuretic reagent into the expental test tube containing 0.1 ml
of blood plasma, mix, and keep it at the room tenapee for 30 minutes.
2. Pour 0.1 ml of 0.9% sodium chloride into thetcolrtest tube, add 5 ml of the
biuretic reagent, mix, and keep it at the room terafure for 30 minutes.
3. After that measure the optical density of theezdnental test tubes contents
against the control samplan 10 mm cuvettes. Use a green light-filter (54D-%wm).
4. Determine the concentration of total proteithia sample of blood plasma with a
calibrating graph.
The normal total blood plasma protein content is 6585 g/l
RESULTS:
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CONCLUSIONS:

Work 2. Division of proteins of blood plasma with amethod of paper
electrophoresis.
The PRINCIPLE of a METHOD.
Under the influence of a constant electrical curpgnteins, being negatively charged
in alkaline environment gtH -8.6-8.9, move along the paper, moistened with a
buffer solution, to the anode. The speed of thetedphoresis depends on the size of
electric charge and molecular mass of the protein.
The serum proteins may be divided into 5 fractiwith the paper electrophoresis and
the relative content of each protein fraction maydbtermined.
The normal range of blood plasma proteins:

Albumins--------------- 52-65%
a 1-globuling----------- 2.5-5%
ao- globulins----------- 7-13%
B- globuling------------ 8-14%
v —globulins------------ 12-22%

The COURSE of WORK.
1. Identify 5 protein fractions on the electrofa@y — albuminsa 1, ay-, B-, andy

-globulins.

2. Cut out the stains of the fractions and plaeetim the marked test tubes.

3. Add 5 ml of 0.01 N NaOH into the test tube foe £xtraction of albumins.

4. Add 2.5 ml of the same solution into the tabes for the extraction of each of the
globulin fractions.

4. Shake up all the test tubes and keep them fomiB0tes for the complete
extraction of the coloured compounds.

5. Next measure the optical density of each safipi¢ at 500-560 nm (green light-

filter) against 0.01 N NaOH in cuvettes with theckmess of 5 mm.
6. Calculate the total sum of the values of optisaisity(Dtot) of all the fractions
and adopt it fod 00 %. Then calculate the percentage of the opticalileoteach
protein fraction (and consequently the percentageent of each protein fraction
(X)). Use the formula:

X= DxlOO/Qot
Remember, that the value of optical density for alomins is necessary to

multiply by 2, as this fraction was extracted by tle double volume of NaOH.
RESULTS:
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CONCLUSIONS:

Work 3. Benzidine test for heme group of hemoglobin

The PRINCIPLE of a METHOD.
The reaction is caused by a hemoglobin abilityattalyze the oxidation of benzidine
(colourless substance) with hydrogen peroxide éadidgrk blue coloured product.

The COURSE of WORK.

Add 5 drops of 0.2% alcohol solution of benzidiaé& drops of diluted blood and
then several drops of hydrogen peroxide. The litpeidomes dark blue or green
coloured.
RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:

1. Serum proteins, their functions.
2. The properties of serum proteins:

a) albumin, its role in the organism,

b) globulins, their features.
3. Synthesis of the blood proteins. The diagnasgnoificance of determination of
protein concentration in blood. Pathological dawiad of the normal blood plasma
protein content: hyperproteinemia, hypoproteinerisproteinemia,
paraproteinemia.
4. Hemoglobin as the main protein of erythrocytissmolecular organization.
5. The role of hemoglobin in the transport of caiygcarbon dioxide and H -ions.
The mechanism of regulation of the affinity of heglubin to oxygen.
6. Abnormal varieties of hemoglobin, hemoglobiaibyes.
7. Biosynthesis of heme.
8. Blood plasma enzymes, the diagnostic signifieasfeenzymes activity detection
in blood.

The examples of the control task:
1). What kinds of hemoglobin are contained in thenan erythrocytes?

1.Hb A 4. HbF
2.Hb A 5. HbC
3. HbL 6. HbN
2). Which of the following substances belong todleess of heme proteins?
1. Myoglobin 4. Transferrin

2. Cytochromes 5. Hemoglobin
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3. Catalase 6. Perosgda
3). The dependency between the extent of the herhimgsaturation and ps
graphically characterized by

1. a hyperbola 4. arighel

2. an S-like curve

3. a parabola
4). Choose the post-translational modificationkernoglobin.

1. Glycosylated Hb 5. Caboxyhemoglobin

2. Phosphorylated Hb 6. Sulfated Hb

3. Methemoglobin

4. Complex with glutathione
5). af-subunits of hemoglobin are bound by

1. hydrophobic bonds 3. ionic bonds (salt bridges)

2. disulfide bonds 4. hydrogen bonds
6). The phenomenon péraproteinemia is

1. an appearance of abnormal proteins in blood

2. an increase of the blood protein concentration

3. an appearance of the Bence-Jones protein i bloo

4. a decrease of the blood protein concentration
7). Which of the following oligomeric combinatiorsscharacteristic for the fetal
hemoglobin?

1.ayy Bay-

2. Gsz 4,0,
8). In the synthesis of heme succinyl CoA interaath glycine and is transformed
into

1. y-aminobutyrate 4. oxaloacetate

2. acetoacetate Bsaminopropionate

3. d-aminolevulinate @x-hydroxybutyrate
9). The ability of hemoglobin to bind oxygen depsiod

1. pH 3. pO

2. temperature 4. presence of 2,3-diphosphogiyeer
10). The central cavity of deoxygenated hemoglabintains

1.CO 3. 2,3-diphosphoglycerate

2. bicarbonate 4. Gnion
11). Which of the following oligomeric combinatiose characteristic for HbAl,
HbA2, and Hb F?

1. a,B3; Boy:
2.055, 5(262
3. o\ 61,0,
12). The maintaining of blood osmotic pressureaisied out by
1. N& cathions 3. albumins
2. Cl anions 4. blood concentration aflicynucleotides

13). What is the source of the ferrous ions fergiinthesis of heme?
1. Cytochromes 4. Catalase
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2. Myoglobin 5. Peroxidase
3. Ferritin
14). The fraction ofi;-globulins contains the following proteins:
1. ceruloplasmin 4. thyroxin-binding protein
2. haptoglobin 5. transcortin
3. antitrypsin 6. transferrin
15). Choose the organospecific (marker) enzymdsdonid which may be determined
to diagnose the liver disorders.
1. Lactate dehydrogenase (isoenzymes LDH1 and LDHZ2)
2. Lactate dehydrogenase (isoenzymes LBkt LDH,)
3. Amidinotransferase
4. Alanine aminotransferase
5. Aspartate aminotransferase
6. Creatine kinase
7. Arginase
16). Which of the following properties of hemoglolaind erythrocytes are alterated
in the sickle cell anemia (sicklemia)?
1. Solubility in water decreases
2. An affinity to oxygen increases
3. Deformation of erythrocytes takes place
4. Solubility in water increases
5. An affinity to oxygen decreases
17). Hemoglobin fulfils the following functions:
. transport of oxygen from the lung to the tissues
. transport of oxygen inside the cell to the ntimadria
. accumulation of oxygen in the tissue
. transport of C@from the tissue to the lung
. maintenance of pH of blood (buffer function)
. formation of tissue pigments
18).3-globulins contain the following proteins:
1. transferrin 4. albumins
2. hemopexin 5. immunoglobulins
3. low density lipoproteins (LDL)
19). In the deoxygenated state the iron ion of hesnsguated
1. in the plane of a heme ring
2. 0.06 nm over the plane of a heme ring
3. at any point of a hemoglobin molecule
4. none of the above
20). In the oxygenated state the iron ion of hesrgtuated
1. in the plane of a heme ring
2. 0.06 nm over the plane of a heme ring
3. in any point of a hemoglobin molecule
4. none of the above
21). The ability of hemoglobin to bind oxygen degs on the following factors
1.pH 4. concentration of ATP

O, wWNPE
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2. temperature 5. concentration of ADP
3.pQ 6. pCQ
22). The transport of CArom the tissues to the lung is carried out by:
1. solubilization of CQin blood plasma
2. temporary formation of carbohemoglobin
3. temporary formation of a complex compound witispna albumin
4. temporary formation of blood plasma bicarbonates
5. temporary formation of a complex compound wigmsferrin
23). Hyperproteinemia is developed as a result of
1. diarrhea (the loss of water through the intestin
2. cirrhosis of the liver
3. burn of the body (the loss of water throughgkia)
4. vomiting (the loss of water with the gastucg)
24). Which of the following blood plasma proteine aainly synthesized in the
liver?
1. Albumins f$-globulins
2. a,-globulins 5/-globulins
3. a,-globulins
25). Which of the following blood plasma proteine aynthesized in the spleen and
lymphoid tissue?
1. Albumins £-globulins
2. 04-globulins 5/globulins
3. a,-globulins
26). Which of the following disturbances occur hatassemia?
1. The synthesis ofi or 3 chains of a hemoglobin molecule is affected
2. The cooperativity of an oxygen binding disappear
3. The total blood hemoglobin concentration dea@sas
4. The solubility of hemoglobin decreases
27). Which of the following substances are usech@ne synthesis?

1. alanine 3. acetyl CoA
2. glycine 4. succinyl CoA
3. valine 5. acetoac€iglA

28). The main function of ceruloplasmin is:
1. transport of P& ions
2. transport of CU ions
3. transport of Zfi ions
4. transport of Mg ions
29). The main function of transferrin is:
1. transport of Fé ions
2. transport of CU ions
3. transport of Zfi ions
4. transport of Mg ions
30). Haptoglobin is the blood plasma protein resgaa for transport of:
1. free heme 3. free hemoglobin
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2. free bilirubin 4. free Féons
31). The phenomenon disproteinemia is
1. an appearance of abnormal proteins in blood
2. an increase of the blood protein concentration
3. disturbance of the normal ratio between bloagmpa proteins
4. a decrease of the blood protein concentration
32). Choose the abnormal fragment @Fehain in the structure of HbS
1. val-his-leu-tre-pro-val-glu-lys
2. val-his-leu-tre-pro-glu-glu-lys
3. val-his-leu-ala-pro-glu-glu-lys
4. val-his-leu-tyr -pro-glu -glu-lys

LESSON 27
BIOCHEMISTRY of the LIVER.

BIOMEDICAL SIGNIFICANCE

The liver is the chemical laboratory of the body" that maintains the normal
blood concentrations of many metabolites by comtiglprotein, lipid and
carbohydrate metabolism. One of the most impoftanttions of the liver is the
detoxication of the endogenous biologically active substanoglsexogenous poisons
(xenobiotics). The disturbance of bilirubin detoxication in theer leads to the
development of various pathological states charnaet by the ternjaundice.

Work 1. Quantitative determination of total, direct-reacting and indirect-
reacting bilirubin in serum with the lendrassik method.
The EQUIPMENT: a FEC.

The PRINCIPLE of a METHOD.
Bilirubin is transformed to a soluble form afteethddition of the caffeine reagent to
serum. Bilirubin becomes reactionable and form&-pinlet coloured product in the
presence of the diazoreagents. After the additicgheoFeling reagent the liquid
acquires green colour. The concentrations of Mniirdractions are determined by the
measuring the colour intensity with a photoeleattocmeter.

The COURSE of WORK.
Fill in the test tubes the following reagents (l@ikhe table):
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Ne of Reagents Total Direct-

a test bilirubin reacting Control
tube (A) bilirubin (C)
(B)
1. Serum 0.5 ml 0.5 ml 0.5 ml
2. Caffeine reagent 1.75 ml - 1.75m

3. | Physiological solutio - 1.75 ml 0.25 ml
(0.9% sodium
chloride)

4. Mixture 0.25 ml 0.25 ml -
of diazoreagents

Il n 10 minutes
5. Feling reagent 0.5 0.5 0.5
Then measure the optical density of each sampleaiiEC against water. Use a red
light-filter (670 nm) and 5 mm cuvettes. Subtrd value of optical density of
sampleC (control) from the values of optical density oétsamples A and B
(experimental) correspondingly.
Find the values of concentrations of total anddireacting bilirubin with a
calibrating graph. For determination of the indiredirubin level subtract the value
of direct bilirubin from the total one.

=)

RESULTS:

CONCLUSIONS:

BASIC QUESTIONS:
1. The role of the liver in protein, lipid and calydrate metabolism.
2. The most important mechanisms of detoxicatiopa$oning substances in the
liver.
3. The microsomal oxidation of endogenous toxirgsxanobiotics.
4. The unmicrosomal oxidation of toxic substances.
5. The reactions of conjugation in the liver.
6. The degradation of heme. The formation of diinuand bilirubin glucuronide.
7. The ways of bilirubin and other bile pigmentsretion.
8. The significance of bile pigments determinafiona diagnosis of the liver
diseases, bile duct obstruction, and blood hemalysi
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The examples of the control task:
1). Which of the following functions are carriedtday the liver?

1. Homeostatic 4. Excretory
2. Digestive 5. Antitoxic
3. Storage 6. Contnaeti
2). Bilirubin glucuronide is marked as
1. conjugated bilirubin 4. hentiobbin
2. direct reacting bilirubin 5. chigl®ilirubin
3. indirect reacting bilirubin 6. ungogated bilirubin
3). The maximal blood total bilirubin level in h#a} adults is
1.21.5 mM/L 4. 42.5 microM/L
2. 42.5 microM/L 5. 21.5 microM/L
3. 5.5 microM/L 6. 5.5 mM/L

4). Estimate the results of the analysis:
a) total blood bilirubin---80 microM/L,
b) "direct"/"indirect" ratio-----1:3,
c¢) "di"/"mono" ratio------ 1:10,
d) urine bilirubin------------ present,
e) urine urobilinogen------- present
f) fecal stercobilinogen----traces

1. Normal
2. Higher than normal
3. Less than normal

5). Choose the metabolic pathways which belongtodostatic function of the liver
in carbohydrate metabolism.

1. Synthesis and mobilization of glycogen

2. Gluconeogenesis

3. Synthesis of bile acids

4. Synthesis of urea

5. Glucose-lactate cycle
6). The rapid toxic effects of the endogenous ®@&nd xenobiotics are the

following:
1. Mutagenic effect 4. Tumongreffect
2. Inhibition of enzymes SteXation of pH
3. Effect of denaturation 6. Blockiofithe cell receptors

7). Choose the examples of non-microsomal oxidadfdoxic substances
1. Oxidation of biogenic amines by MAO and DAO
2. Hydroxylation of xenobiotics
3. Decomposition of hydrogen peroxide with catakase peroxidase
4. Synthesis of bilirubin diglucuronide
8). The oxidation of ethanol with alcohol dehydmogge leads to the formation of
1. acetyl CoA 4. NADRDH
2. acetaldehyde 5. pyruvate
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3. free acetate 6. NABPH
9). Bilirubin formed in the reticulo-endothelialstgm (RES) and entered the blood is
called

1. bilirubin glucuronide 6. hemobilinab

2. bilirubin-albumin 7. conjugatedirubin

3. choleic bilirubin 8. ungogated bilirubin
4. direct reacting bilirubin 9. biliverdin

5. indirect reacting bilirubin 10. verdoglobin

10). The sequence of the chemical transformatibbdiubin in the intestine is the
following:

1. bilirubin- stercobilinogen. mesobilinogen. mesobilirubin

2. bilirubin—» mesobilinogen. mesobilirubin- stercobilinogen

3. bilirubin— mesobilirubin- mesobilinogen- stercobilinogen

4. bilirubin— mesobilinogen. stercobilinogen- mesobilirubin
11). Which of the following substances are excrétgthe liver?

1. sterols 4. urea
2. bile acids 5. uric acid
3. bile pigments 6. some of xenobiotics

12). Which of the following reactions are catalyzsdbilirubin
glucuronyltransferase?

1. Bilirubin + UDP-glucuronate Bilirubin monoglucuronide + UDP

2. Bilirubin monoglucuronide + UDP-glucuronat@ilirubin diglucuronide
+UDP

3. Bilirubin + glucuronate. Bilirubin monoglucuronide

4. Bilirubin monoglucuronide + glucuronatdilirubin diglucuronide
13). The normal value of the ratio "direct":"inditébilirubin in blood is
approximately

1.1:10 4.1:3
2.1:1 5.4:1
3.10:1 6.5:1

14). Estimate the results of the analysis:
a) total blood bilirubin---80 microM/L,
b) "direct"/"indirect" ratio-----3:1,
c¢) "di"/"mono" ratio------ 4:1,
d) urine bilirubin------------ present,
e) urine urobilinogen------- absent
f) urine stercobilinogen----absent
g) fecal stercobilinogen----absent

1. Normal

2. Higher than normal

3. Less than normal
15). Choose the metabolic pathways which beloriggdiomeostatic function of the
liver in lipid metabolism.
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1. Gluconeogenesis

2. Synthesis of non-essential fatty acids

3. Synthesis of ketone bodies

4. Synthesis of cholesterol

5. Synthesis of bile acids

6. Pentose cycle
16). The slow toxic effects of the endogenous t®xind xenobiotics are the
following:

1. Mutagenic effect 5. Tumorigenic effect
2. Inhibition of enzymes 6. Alteration of pH
3. Effect of denaturation 7. Blocking of thelcetceptors

4. Teratogenic
17). Which of the following reactions is markedcasjugation?

1. Attachment of oxygen to a toxic substance

2. Attachment of protons and electrons to a todlistance

3. Binding of one or several molecules of endogeroudrophylic residues to
a toxic substance

4. Any reactions of a synthesis
18). Ethanol can be oxidized by

1. alcoholdehydrogenase way only

2. catalase way only

3. microsomal oxidation only

4. all three above presented ways

5. non above presented ways
19). The chemical transformations of bilirubin hetbile excretory system and in the
intestine proceed with

1. the digestive enzymes

2. the bacterial enzymes

3. the both digestive and bacterial enzymes

4. a non enzymatic mechanism
20). Which of the following components are involvatb a microsomal respiratory
chain?

1. Cyctochrome a 5. Flavoprotein
2. NADH, 6. Cytochrome ¢
3. NADPH

4. Cytochrome R,

21). The verdoglobin formation reaction

Is catalyzed by heme oxygenase

requires FADHand Q

requires NADPKHand Q

requires NADH and Q

leads to the formation of GO

. leads to the formation of CO

22). Conjugated bilirubin formed in the hepatocysesecreted into
1. the blood capillaries

kbl atls
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2. the bile capillaries
3. the lymphatic capillaries
23). Jaundice is classified into

1. prehepatic 4. malignant
2. posthepatic 5. hepatic
3. inflammatory 6. inherited

24). Choose the metabolic pathways which belorigptoeostatic function of the
liver in protein metabolism.

1. Synthesis of non-essential fatty acids

2. Synthesis of non-essential amino acids

3. Synthesis of bile acids

4. Synthesis of urea

5. Synthesis of blood plasma proteins

6. Gluconeogenesis
25). The conjugation of bilirubin in the liver rdaggs which of the following
substances?

1. S-adenosyl methionine

2. 3'-phosphoadenosine-5'-phosphosulfate

3. UDP-glucuronate

4. HS-CoA

5. Glutathione-SH
26). What hepatocyte compartments do the oxidataresformations of toxic
substances proceed with?

1. Lysosomes

2. Mitochondria

3. Endoplasmic reticulum

4. Peroxisomes

5. Cytosol

6. Plasmatic membrane
27). The reaction: R-OH + UDP-glucuronate, R-O-glucurunate + UDP is marked
as

1. microsomal oxidation

2. non-microsomal oxidation

3. conjugation

4. microsomal reduction
28). Which of the following endogenous biologicadigtive substances can be
detoxified in the liver?

1. Caffeine 5. Neurotransmitters
2. Methanol 6. Strong oxidizig atge
3. Steroid hormones 7. Vitamin D
4. Bilirubin 8. Free ammonia
29). Stercobilinogen undergoes to the partial regdi®n in the...
1. stomach

2. proximal portion of the small intestine
3. distal portion of the small intestine
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4. proximal portion of the large intestine
5. distal portion of the large intestine

6. gallbladder
30). What is the colour of verdoglobin and bilivier?l
1. Red 3. Green
2. Yellow 4. Light brown
31). What is the colour of bilirubin?
1. Red 3. Green
2. Blue 4. Light no
32). Mesobilinogen undergoes the partial reabsampti the...
1. stomach

2. small intestine

3. large intestine

4. gallbladder
33). The reaction: R-OH + PARR-OSQH +PAP is marked as

1. glucuronate conjugation

2. sulfate conjugation

3. thiolytic break down

4. glutathione conjugation
34). The process of detoxicatication of toxic ¢abses in the liver includes which of
the following two phases?

1. Oxidation, reduction or hydrolysis + conjugatieith hydrophylic
substances

2. Oxidation, reduction or hydrolysis + conjugatieith hydrophobic
substances

3. Oxidation, reduction or hydrolysis + polymeripatof the products and
their excretion with bile

4. Oxidation, reduction or hydrolysis + conjugatwith hydrophylic or
hydrophobic substances
35). Estimate the results of the analysis:

a) total blood bilirubin---80 microM/L,

b) "direct"/"indirect" ratio----- 1:10,

c¢) "di"/"mono" ratio------ 3:1

d) urine bilirubin------------ absent,

e) urine urobilinogen------- present

f) urine stercobilinogen----present

g) fecal stercobilinogen----present

1. Normal
2. Higher than normal
3. Less than normal
36). Which of the following functions belong to acnesomal respiratory chain?
1. Oxidative phosphorylation
2. Hydroxylation of steroid hormones
3. Oxidation of drugs
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4. Oxidation of endogenous toxic substances
5. Oxidation of xenobiotics
6. Generation of a proton membrane potential
37). A reducing microsomal chain consists of
1. NADPH,, flavoprotein, cytochromespcytochrome a
2. NADPH,, flavoprotein, cytochromespcytochrome R,
3. NADH,, flavoprotein, cytochromespcytochrome R
4. NADPH,, flavoprotein, cytochromespcytochrome ¢
38). The reaction: R-OH + GHCOS-CoA- R-O-COCH + HS-CoA is marked as
1. glucuronate conjugation
2. sulfate conjugation
3. acetyl conjugation
4. glutathione conjugation
39). Which of the following substances are xenobstt
1. Caffeine
2. Alcohol
3. Residual pesticides of food
4. Food carbohydrates
5. Dioxins

LESSON 28.
BIOCHEMISTRY of CONNECTIVE and MUSCLE TISSUE.

BIOMEDICAL SIGNIFICANCE

The connective tissue is account for about 50%o0fy mass. It provides the
maintenance of the tissue structure of many orgadssystems of the body by
forming their stroma. The bone tissue is the milezd kind of the connective tissue.
The connective tissue pathological statedl égenoses) are characterized by
generalized affection of the extracellular compdser the connective tissue,
collagen fibers mainly. The typical collagenoses systemic lupus erythematosis
(SLE), rheumatism, sclerodermia, etc. Mucopolysaddoses are the diseases due to
congenital defects of the enzymes hydrolyzing gtaocainoglycans and accompanied
by their pathological accumulation in the connextigsue. Alkaline phosphatase is a
tissue specific enzyme of the bone tissue. It isvdd from the osteoblasts, so the
catalytic action of this enzyme in blood dependshair activity.

Work 1. Quantitative determination of alkaline phogphatase activity in blood.
EQUIPMENT: a FEC, a centrifuge.

The PRINCIPLE OF A METHOD.
PHOSPHATASES are the enzymes which catalyze tretiogeof hydrolytic
releasing of phosphate from its organic esters:

R-O-PQH, + HO — R-OH + HPQ,
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There are 2 types of the enzymes: the acid phospdathich is active at pH
4.4-6.2 and the alkaline phosphatase which hasmadectivity at pH 6.6-10.0.
We use glycerophosphate as a substrate for thexdesgion of alkaline phosphatase
activity. Free inorganic phosphate, released duhegeaction, serves as a measure
of the enzyme activity. The amount of inorganic gjpttate is determined by a
colorimetric method based on the colour reactiai wWie molybdate reagent in the
presence of ascorbic acid as the reducing ageantpfidduct of the reaction has blue
colour, the intensity of the colour is directly postional to the amount of
phosphorus in a sample.
The COURSE OF WORK.
Prepare the reaction mixture according to the Walhg table:

Ne Glycerophosphate Serum Temperature fof
buffer incubation
1 5.0 0.5 37
2 5.0 0.5 Room’t

The test tube 1 (experimental) serves for theroetation of total inorganic
phosphate, including phosphate hydrolyzed by alkgbhosphatase. The test tube 2
(control) is used for the determination of unhygireld inorganic phosphate.

After the incubation add 4.5 ml of 10% TCA intethoth test tubes.
Centrifuge the test tubes at 3000 rev/min for 10.Mhen determine the content of
inorganic phosphate in the both samples of supsmbhaguid. For it:
1.Take 3 ml of an unprotein supernatant liquid i control and experimental test
tubes.

2. Add 1 ml of molybdate reagent and 1 ml of 1%odsic acid in each test tube.
Wait for 15 min.

3. Measure the optical density of the colouredtsmiuwvith a FEC. Use a red light
filter (670 nm).

4. Calculate the difference between the experinhamiz control test tubes and find
the amount of phosphorus with a calibrating grayltiply this value by 200 to
express the result in the Bodansky units (BU).

The normal activity: 2-5 BU (for adults), 5-15 Bt children).

RESULTS:

CONCLUSIONS:

Work 2 *“Determination of creatine kinase activity in serumand muscle tissue
homogenate”.

EQUIPMENT: an ionometer, a thermostat foPG8

The PRINCIPLE of a METHOD.
The method of creatine kinase activity detectionb@ased on the fact that in
alkaline medium creatine kinase reaction resultgli@ase of H
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Creatine + ATP => Creatine phosphdte-r ADP* + H*

Creatine kinase activity can be registered by #teation of change in pH during
the reaction (before and after the incubation).

The COURSE of WORK:
Create incubation medium. Mix 1.5 ml of creatin€) dnl of ATP and 1.0 ml of
buffer solutions with 0.5 ml of skeletal muscle haganate (or serum).
Measure initial pk of the incubation medium.
Put the test tube into the thermostat for 45 mmute
In 45 min measure pHbf incubation medium.
Find ApH = pH, — pH. Then find the value of the enzyme activity with a
calibrating graph.
Creatine kinase activity is expressed in micrograrh$i” released for 45 min
incubation period (it's equal to micromoles of AbD#eased for the same period).
RESULTS:

=

A

CONCLUSIONS (compare creatine kinase activity iuseand muscle
homogenate):

Work 3. Determination of total nitrogen in tooth enamel and dentine.
EQUIPMENT: a FEC

The PRINCIPLE OF A METHOD.
The determination of total nitrogen is carried mueénamel and dentine mineralizate.
Under the mineralization all nitrogen-containindpstances are transformed into
ammonia sulfate. The interaction of ammonia sulath the Nessler reagent result
in the formation of yellow-orange product, optidahsity of which depends on the
concentration of total nitrogen.

The COURSE OF WORK.

Add distilled water to 0.8 ml of a mineralizateasfamel or dentine up to
approximately a half of volume of a 10 ml measutes} tube.
Pour 0.4 ml of the Nessler reagent into the tdst,tix carefully, and add distilled
water up to the label of total volume 10 ml. Mixérefully again.
In 10 minutes measure the optical density of tHeured solution with a FEC against
water. Use a dark-blue light-filter (440 nm)andrmit cuvettes.
Use a calibrating graph for the calculation of tbhatent of residual nitrogen in
enamel and dentine.
RESULTS:
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CONCLUSIONS:

BASIC QUESTIONS:
1. Collagen as an unique fibrous protein, itscitmal characteristic. Biosynthesis of
collagen, characteristics of the stages. The cefldagpes. Diseases caused by the
disturbances of the collagen synthesis.
2. Elastin, its characteristic. The major diffezes between collagen and elastin.
3. Proteoglycans - the main proteins of the grautzktance of connective tissue,
their composition. Glycosaminoglycans, classifaatiThe formation of the
proteoglycan aggregates. Mucopolysaccharidoses.
4. The main myofibrillar proteins of muscle tissaetin, myosin, tropomyosin,
troponin; their role in muscle contraction (accagithe sliding filaments theory).
5. Biochemical mechanism of muscle contraction ra@hakation. The role of calsium
lons and ATP in these processes. The ways of Agéneration in muscular tissue.
6. The peculiarities of myocardium metabolism.
For the stomatological faculty:
1. Chemical composition of mineralized tissues.tAps. The peculiarities of the
structures and properties of different kinds oftéps.
2. The character of the mineral composition ofthia@mponents (enamel, dentin,
cementum).
3. The main bone and tooth proteins. Collagen. ¢a%ing of collagen.
4. Uncollagen proteins of bone tissue (proteogigcglycoproteins, osteocalcin,
osteonectin. The specific bone enzymes.
5. Unprotein organic components of bones and t@dth.role of citrate in bone
metabolism.
6. The biochemical character of pulp.
7. Mineralization of bone and tooth tissue. Thdipigation of collagen, uncollagen
proteins, and GAG in formation of hydroxyapattgstals.
8. Regulatory factors of osteogenesis (mitogensphagens, chemotactic
substances, antagonists of mitogens and morphogens)
9. Hormones controlling the processes of osteogeaesl decomposition of bone
tissue. Parathyroid hormone and calcitonin. Th#luence on metabolism of
calcium and phosphorus.
10. Vitamins of D-group. Provitamins D. The endnersystem of vitamine D and its
role in the maintenance of calcium homeostasis.
11. The influence of a diet on the state of ted@the role of dietary carbohydrates,
proteins, microelements, and vitamins in the negianhce of a normal physiological
state of teeth.
12.Microelements: fluorine and strontium, theirerah mineralization of bone and
tooth tissue. Pathological states due to insufiicgad excessive intake of fluorine
and strontium.
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The examples of the control task:

1). The secondary structure of a collagen molesule

1. a-helix

2. [3-pleated sheets

3. triple helix

4. amorphous structure
2). The extracellular processing of collagen idelsiwhich of the following events?

1. Phosphorylation of procollagen by ATP and prit@ase

2. Removal of the fragments of triple helix fromaNd C terminals with
procollagen amino-terminal and carboxy-terminak@ases

3. Spontaneous formation of regular parallel ari@ynnected by side-to-side
cross-links and end-to-end ionic links

4. Oxidative deamination of lysine residues wytsyl oxidase

5. Glycosylation of a procollagen molecule
3). Tropoelastin is synthesized as

1. an unsoluble fibrillar polypeptide chain

2. a soluble protomer of 70 kDa

3. a preproelastin subjected to the further paptiateolysis

4. a complex oligomeric protein
4). Which of the following substances are glycoseglycans?

1. Glycogen 5. Heparin sulfate
2. Gyaluronic acid 6. Keratan sulfate
3. Glucuronic acid 7. Dermatan sulfate
4. Heparin 8. Chondrogirfate
5). The every third residue of a tropocollagen pefgtide chain is
1. alanine
2. glycine
3. valine
4. proline

6). Preprocollagen is converted into procollagen by
1.the partial hydrolysis with the removal of a sigpeptide
2. the phosphorolytic shortening of a preprocoliagmlecule
3. an association of two molecules of preprocelag
7). Choose the prevalent amino acids of tropocehag
1. Alanine, glycine, tryptophan
2. Glycine, methionine, tyrosine
3. Proline, hydroxyproline, isoleucine
4. Glycine, proline, hydroxyproline
8). The intracellular processing of collagen inésavhich of the following events?

1. Partial hydrolysis of preprocollagen with thenoval of a signal peptide
2. Hydroxylation of proline and lysine residues

3. Use of ascorbic acid as a reducing cosubstrate

4. Glycosylation of hydroxylysine and arginine
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5. Phosphorylation of serine residues
9). Elastin is synthesized as

1. ready made unsoluble fibrillar protein with alezmular mass of 500 kDa

2. a soluble monomer of 70 kDa called tropoelastin

3. a precursor of tropoelastin called protropdeias
10). Spontaneous side-to-side association of t@amgen molecules proceeds with
the formation of

1. covalent aldol-like bonds

2. covalent Schiff's-base-like bonds

3. non-covalent ionic bonds

4. non-covalent hydrogen bonds
11). Proteoglycans consist of

1. positive charged polysaccharidé®d%% of mass) and proteinsh%o of
mass)

2. negative charged polysaccharidé®% of mass) and proteinsB5% of
mass)

3. negative charged polysaccharidé®506 of mass) and proteinsh%o of
mass)

4. positive charged polysaccharide$% of mass) and proteins85% of

mass)

12). All the statements concerning the peculiagigéconnective tissue metabolism
are correct EXCEPT

1. Rate of metabolic transformations of the conmedissue constituents (rate
of their renewing) is lower than in the other tissu

2. Daily excretion of hydroxyproline with urinetightly dependent on age

3. Rate of metabolic transformations of the conmedtssue constituents (rate
of their renewing) is higher than in the otheruss

4. Excessive accumulation of calcium salts takasepin the old human

organism

13). Collagen is

1. a predominant protein of connective tissue

2. a minor protein of connective tissue

3. an oligomeric globular protein

4. a multimeric fibrillar protein
14). The triple helix of a collagen molecule is gapged by

1. hydrogen bonds

2. disulfide bonds

3. ionic bonds

4. phosphodiester bonds
15). Desmosime and isodesmosine are

1. a product of condensation of three lysyl ressdofetropoelastin molecules

2. a product of condensation of four lysyl residaEsopoelastin molecules

3. a product of condensation of three leucine tesf tropoelastin molecules

4. a product of condensation of four lysyl resgloétropoelastin molecules
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16). Choose the right principle structure of at@oglycan monomer.

1. [Uronic acid-O-glucose]

2. [Galactose-O-Glucuronic acid]

3. [Uronic acid (or galactose)-O-Acetylated or (padifated hexosamine]

4. [Uronic acid (or galactose)-O-Acetylated or (apdosphorylated
hexosamine]
17). Proteoglycans are complex proteins consisifrapoproteins and

1. monosaccharides

2. disaccharides

3. oligosaccharides

4. glycosaminoglycans
18). The tropocollagen molecule consists of

1. one polypeptide chain

2. two polypeptide chains

3. three polypeptide chains

4. four polypeptide chains
19). Which of the following bonds is used for ewndend contacts of tropocollagen
molecules?

1. lonic

2. Disulfide

3. Hydrophobic

4. Hydrogen

5. Phosphodiester
20). Choose the correct properties and functionsadfagen.

1. The major protein of bones, ligaments, tendoadjlages, skin, dentine,
cementum

2. The major protein of parenchymal organs

3. Non-extensible rigid protein

4. It is responsible for the structural and mecbh&mctions of connective
tissue

5. Extensible rubber-like protein
21). Extensible rubber-like properties of elastia due to

1. a presence of a carbohydrate unprotein compaméiststructure

2. a presence of a large amountidielixes in its structure

3. a presence of desmosine and isodesmosinesimutgure

4. a presence of a large amounpgdleated sheets in its structure
22). Which of the following functions of connectitissue belong to proteoglycans?

1. Structural (the formation of intracellular majri

2. Storage ( the accumulation of water and minered)

3. Barrier (the formation of histo-hematic barrjers

4. Anticlotting (inhibition of clotting)

5. Regulatory (control of the cell metabolism)
23). The [gly-pro-oxypro] sequence is charactariir which of the following
proteins?
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1. Fibrillin 4. Protegghns

2. Laminin 5. Collagen

3. Elastin 6. Fibratie
24). A myosin molecule contains

1. two identical heavy chains (230 kDa) and ogktlchain (20 kDa)

2. two identical heavy chains (230 kDa), two essg&rdnd two regulatory light

chains (16 and 20 kDa respectively)

3. four identical heavy chains (230 kDa), two efiskrand two regulatory

light chains (16 and 20 kDa respectively)

4. two different heavy chains (230 kDa and 250 k&pectively), two
essential, and two regulatory light chains (16 20d&Da respectively)
25). Troponin |

1. is responsible for the binding of Céons

2. is responsible for the binding of G-actin

3. is responsible for the inhibition of the actmdamyosin interaction

4. is phosphorylated by cAMP-dependent proteim&in
26). The primary signal for the transition of a ledrom the rest state to the
contractive state is

1. the formation of cAMP

2. the formation of hormone-receptor complex

3. an increase of the cell ATP concentration

4. a nervous impulse
27). How many isoenzymes of creatine kinase aredan the brain, skeletal muscle
and myocardium?

1. Two 4. Five
2. Six 5. Seven
3. Four 6. Three

28). Troponin T
1. is responsible for the binding of Caons
2. is a tropomyosin-binding subunit of a troponialecule
3. is responsible for the inhibition of the actimdamyosin interaction
4. is phosphorylated by cAMP-dependent proteindaena
29). A sliding of the filaments during the musctatraction is accompanied by
1. ATP hydrolysis
2. GTP hydrolysis
3. the conformational transformations of myosin
4. alteration of the angle between a head and g dibba myosin molecule
(45))
5. shortening of the sacomer length
30). Choose the specific marker enzymes of thecargbum.
1. Hexokinase 6. Aspartate aminotransferase
2. Creatine kinase (MM) 7. Enolase
3. Creatine kinase (MB) 8. LDOtand LDH
4. Creatine kinase (BB) 9. LQtnd LDH
5. Alanine aminotransferase
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31). Choose the protein which is incorporated thtothick filaments.

1. Actin 4. Tropomyosin
2. Myosin 5. Collagen
3. Troponin 6. Elastin

32). Tropomyosin is
1. a long, thin, stick-like protein of thin filamisn
2. a long, thin, stick-like protein of thick filamts
3. a small globular protein of thin filaments
4. a small globular protein of thick filaments
33). Choose the sarcoplasmic proteins of musdadis
1. Hexokinase, enolase, myoglobin
2. Phosphofructokinase, myosin, actin
3. Myoglobin, lactate dehydrogenase, actin
4. Collagen, actin, myosin
34). What enzyme activity is characteristic for thgosin head?
1. Adenylate cyclase 4. GTP-ase
2. Creatine kinase 5. ATP-ase
35). Troponin C
1. is responsible for a binding of Caons
2. is responsible for a binding of G-actin
3. is responsible for the inhibition of the actimdamyosin interaction
4. is phosphorylated by cAMP-dependent proteimgn
36). Which of the following events are induced hyeavous impulse in the myocyte?
. Depolarization of the plasmatic membrane
. Activation of adenylate cyclase
. Opening of Cd channels
. the formation of cAMP
. Phosphorylation of I-subunit of troponin
. Phosphorylation of T-subunit of troponin
. Binding of C&" ions with C-subunit of troponin
. Binding of C&" ions with I-subunit of troponin
37). Choose the specific peculiarities of myocardimetabolism.
1. Obligatory aerobic type of the metabolism
2. Obligatory anaerobic type of the metabolism
3. Myocardium oxidizes ketone bodies and fatty aicather than glucose
4. Myocardium oxidizes glucose rather than ketooasids and fatty acids
5. The activity of lactate dehydrogenase 4 and@{}.and LDH;) is higher
than of lactate dehydrogenase 1 and 2 (LBRH LDH)
38). Which of the following reactions is catalyzgdadenylate kinase?
1. ATP + glucose. ADP + glucose-6-phosphate
2. ATP + GDR, ADP + GTP
3. ATP - cAMP + PPi
4. ADP + ADP- ATP + AMP
39). The relaxation (a transition to the relaxedestis accompanied by

Oo~NOoO O~ WNE
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. hydrolysis of acetylcholine
. repolarization of the plasmatic membrane
. opening of C4d channels
. closing of C& channels
. phosphorylation of I-subunit of troponin
. dephosphorylation of I-subunit of troponin
. inhibition of the actin and myosin interaction
with tropomyosin
8. activation of CAMP synthesis
9. hydrolysis of CAMP by phosphodiesterase
40). Myosin is
1. a globular oligomeric protein of thin filaments
2. a fibrillar oligomeric protein of thick filamest
3. afibrillar protomeric protein of thick filament
3. a globular multimeric sarcoplasmic protein
41). Which of the following stages of a muscle cadtion is characterized by the
lowest concentration of Cain the sarcoplasm
1. Relaxed (rest) stage
2. Signal stage
3. The stage of the filament sliding
4. Transition to the relaxed stage
42). Actin is
1. a complex fibrillar protein of thick filaments
2. a simple protein of thick filaments
3. a complex protein of thin filaments
4. a simple protein of thin filaments
43). Choose the main ways of an ATP synthesisarskeletal muscle and
myocardium.
1. Reverse hexokinase reaction
2. Substrate phosphorylation
3. Reverse phosphofructokinase reaction
4. Oxidative phosphorylation
5. Reverse adenylate cyclase reaction
6. Creatine kinase reaction
7. Adenylate kinase reaction
44). The relaxed (rest) state of a muscle is chamnaed by
1. an absence of any contacts between actin andimy
2. low concentration of Chions
3. a presence of contacts between actin and myosin
4. high concentration of Caions
45). According tahe sliding filament theory
1. the cross size of a sarcomer increases durengitiscle contraction
2. the cross size of a sarcomer decreases duengulscle contraction
3. the cross size of a sarcomer is not changedgltite muscle contraction
4. the distance between z-membranes of a sarcauezakes

~NOoO ok~ WNERE
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LESSON 29
BIOCHEMISTRY of SALIVA.

BIOMEDICAL SIGNIFICANCE

Normal saliva has approximatetgutral pH (6.6-7.2). The acidic shift of
saliva pH disturbs the process of enamel minen#bzand promotes to the
development ofaries. On the other hand, the alkaline shift of salitalpads to the
formation ofdental calculus and the development pérodontitis. The proteinase
activity of saliva is significantly rised in paroakttis, inflammatory processes of the
oral cavity, and in the appearancedental plaques. The normal range of the saliva
proteinase activity is 1.5-10.0 micromol/min/l. Talenormally high content of
rhodanides in saliva is a typical phenomenon Bonokers. Its reason is the intake of
large amount of cyanides with cigarette smoke. @emare detoxified in the tissues
with rhodanese (thiosulfate-sulfite transferase), converted into rhodanides, and
excreted from the body through the salivary glands.

Work 1. Determination of saliva pH.

The PRINCIPLE of a METHOD.

The colour of indicator paper depends on pH lafuad because the paper is
impregnated with a mixture of different acid-baseicators.
The COURSE of WORK.

Immerse a strip of indicator paper into a samplsabiva. Immediately compare the
colour of the paper with the standard colour soal¢he box. Evaluate the result of
pH measuring in comparison with the normal val&eS-{.5 units of pH).
RESULS:

CONCLUSION:

Work 2 Determination of peptidyl peptide hydrolaseactivity in saliva.
EQUIPMENT: a thermostat, a centrifuge, a FEC.

The PRINCIPLE of a METHOD.
The method is based on the determination of theuatmaf tyrosine and other cyclic
amino acids formed as a result of hydrolysis of bglwbin by saliva proteases. In an
alkaline medium the blue coloured complex prodo€isteraction of the amino
acids with the Folin reagent are formed.
The diagnostic meaning of the analysis is the Walhg: the normal saliva protease
activity is 1.5-10.0 micromol/min/L. The activity peptidyl peptide hydrolase is
increased in inflammatory processes of the oratgawnd as a result of appearance
of dental plaques.

The COURSE of WORK

Carry out the practical work according to the table
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REAGENTS Experiment | Control Standard
al test tube | test tube test tube
Hemoglobin 0.5 mi 0.5 mi -
denaturated
2% (pH 7.5)
Saliva 0.25 ml - -
| NCUBATI ON at3foranhour
TCA 1.25 ml 1.25 ml -
Saliva - 0.25 ml -
CENTRIFUGA AT ON at3000rev/imin
for 20 min
Supernatant (into other 1.0 mi 1.0 ml -
clean and dry test
tubes)
Solution of tyrosine - - 1.0 ml
NaOH 0.5 N 2.0 mi 2.0 ml 2.0 ml
The Folin reagent 0.5 ml 0.5 ml 0.5 ml

In 15 minutes colorimetry the content of the tesiets at red light-filter (670 nm)
against the content of the control test tube (treent of the control test tube has to
be poured into a distant cuvette).

Calculate the activity of enzyme by the equation:

2-0.16 Dexp 1000
KFommmmmm oo micromol/min - L

Dst- 60-0.25
Where:

X - the activity of peptidyl-peptide hydrolase inam@mol/min- L;

0.16- the amount of micromoles of tyrosine in 1 mtlé standard solution of
tyrosine;

0.25- the volume of saliva

2 - the total volume of a sample

Dexp andDst - the values of optical density of experimental atandard test tubes
respectively

1000- the coefficient for a recalculation per 1 L afiga

60 - the time of the incubation in min.

RESULTS:

CONCLUSIONS:
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Work 3. Isolation of mucin from saliva.

The PRINCIPLE of a METHOD
The method is based on the ability of mucin to farsediment in the presence of
acetic acid. The sediment is unsoluble in the exoéscetic acid. The detection of
mucin is based on the phenomenon of a formatiaxwiethylfurfurol which is
transformed into the coloured product after itsdmrsation with alpha-naphthol.

The COURSE of WORK

Measure out 2 ml of your own saliva into each af test tubes. Add 4-5 drops of
concentrated acetic acid to the both test tubes.sédiment of mucin is formed.
One of the test tubes is used for the detectianbtein component in mucin,
another - for the detection of an unprotein (cayhloate) component of the mucin
structure.
1. Detection of a protein component. Carry outthe biuretic reaction with the
sediment of mucin (see Lesson 3, p. 8).
2. Detection of an unprotein (carbohydrate) component. Add 2 drops of 1% alcohol
solution of alpha-naphthol, mix, then add carefdllydrops of concentrated sulfuric
acid Keep the test tube in the inclined position when yoadd sulfuric acid). Do
not mix the content of the test tub8. You can see a red-violet ring on the border of
two liquids.
RESULTS:

CONCLUSIONS:

Work 4. Detection of rhodanides (thiocyanates) inaiva.

The PRINCIPLE of a METHOD
The red coloured complex compound is formed asualtref interaction of CNS-
ions with iron ions.
A content of rhodanides is significantly increagedaliva of smokers that is due to
the absorption of large amount of cyanides.

The COURSE of WORK

Add 2 drops of 2% HCL to 5 drops of saliva. Thed &ddrops of 1% Fe@l Red

colour appears.
RESULTS:

CONCLUSIONS:
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Work 5. Qualitative reaction for saliva amylase.

The PRINCIPLE of a METHOD
The method is based on the specificity of amylaswity. The substrate of amylase
reaction (starch) and the products of the reagtlentrins, maltose) give the specific
colors with iodine (the Lugol solution).

The COURSE of WORK

Put 1 drop of 0.5% solution of starch on a Pettigsh. Then add 1 drop of saliva and
mix the both drops. In 5 min add 1 drop of the Uugmution.
RESULTS:

CONCLUSIONS:

BASIC QUESTIONS
1. Common mouth liquid (mixed saliva) and salivaeparate salivary glands. The
peculiarities of their chemical composition, prdpes, and dependency on the
salivation stimulation. The physiological role afisa.
2. Gingival liquid. The peculiarities of its chezal composition.
Proteins of saliva. Mucin. Immunoglobulins, andestkalivary glycoproteins
3. Salivary enzymes: amylase, lysozyme, peroxidasesphatase, peptidyl-peptide
hydrolase etc. Their origin and physiological meagni
4. Unprotein low-molecular organic components divaaglucose, carbonic acids,
lipids, vitamins etc.
5. Inorganic components of saliva: cathion and memmposition of saliva. Calcium
and phosphorus. Their distribution in stimulated anstimulated saliva.
Thiocyanates of saliva.
6. Active reaction of saliva (pH of saliva). Saly&uffers. The reasons and
significance of acidic shift of salivary pH.
7. Salivary factors in the protection of teeth.gAred pellicle. Its chemical
composition and physiological role.
8. Biochemical aspects of pathogenesis of tootiesar
9. Tooth deposit (plagues) and a tooth stone (kedkuTheir biochemical character
and the role in the pathogenesis of caries anddpatitis.
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Appendix

The EXAMINATION QUESTIONS
on BIOLOGICAL CHEMISTRY.

Proteins, their types and classification. Aminmla@s monomers of a protein
molecule. Their kinds. Simple and complex prote@isemical composition of
nucleoproteins, lipoproteins, glycoproteins, phagpbteins, chromoproteins,
metalloproteins.

The primary structure of proteins. Peptide bortte Thethods of analysis of the
primary structure. Inherent alterations of the amynstructure of proteins. The
examples of the alterations of protein propertiedan alterations of the primary
structure.

The conformation of protein molecules (secondawy trtiary structures).
Dependency of the protein conformation on a prinsnycture. The role of
chaperons in the formation of unique conformatibproteins.

The kinds of intramolecular bonds in proteins. Ttle of three dimentional
organization of a peptide chain in formation of @mzyme active centers.
Conformation alterations during the protein funeoDenaturation of proteins.

The quaternary structure of proteins. Cooperatlierations of the protomer
conformation. The examples of the structure andtfan of the oligomeric proteins
(hemoglobin in comparison with myoglobin), allosteznzymes, polyenzyme
complexes.

Biological functions of proteins. Specific intet@ans of proteins with the ligands.
The kinds of natural ligands and peculiaritiesh&it interactions with the proteins
(prosthetic groups, cofactors, protomers, substyétensported substances, allosteric
effectors).

Enzymes as biological catalysts. The mechaniscataytic action of enzymes.

Specificity of enzyme action. The enzyme cofactdirse dependence of the
velocity of enzyme reactions on substrate and erzyoncentrations, temperature,
and pH. Kinetics of enzyme reactions. The prin@méquantitative determination of
enzyme activity. The units of enzyme activity.

Activation of enzymes. The enzyme inhibitors: msuge, irreversible,
competitive, noncompetitive. The role of enzymemetabolism.

Diversity of enzymes. The enzyme classificati@oenzymes. Inherent (primary)
enzymopathies. The reasons of their rise. The ebem@bd inherent enzymopathies.
Determination of enzyme activities for the diagsasi the diseases (LDH, creatine
kinase, Aspartate aminotransferase).

Regulation of enzyme activity. The enzyme modtfma partial proteolysis,
chemical modification, allosteric regulation. Themples of the metabolic ways
regulated by these mechanisms. Physiologicalfsignice of enzyme activity
regulation.

Nucleoproteins. The primary and secondary streat@iiDNA. Chemical
composition of chromatin.

DNA replication: the mechanism, biological rolefluence of antibiotics. Lesion
of DNA. Mutations and repair of DNA.

143



The primary and secondary structure of RNA. Thmelkiof RNA: the peculiarities
of their structure, size, form, cell location, gndction. Biosynthesis of RNA
(transcription). Post-transcriptional processingnéiNA.

Aminoacyl-tTRA synthesis. Substrate specificityanfinoacyl-tRNA-synthetases.
The structure of ribosomes and polyribosomes. Ritmesfunction and the reaction
sequence under polypeptide chain synthesis. FursctibtRNA and mRNA. The
influence of antibiotics on the translation process

Biochemistry of digestion. The enzymes of digestib carbohydrates, lipids,
proteins, nucleic acids. The enzyme compositiovaoious digestive juices (saliva,
gastric, pancreatic intestinal juices). The mecsrarof action of digestive enzymes.
Absorption of the digestion products.

The notion of catabolism and anabolism and tmearrelation. Endergonic and
exergonic reactions in metabolism. The notionrargy metabolism. ATP and the
other high energy compounds. Basic pathways of pliésphorylation and ATP
utilization.

NAD-linked dehydrogenases. The structure of oxddiand reduced forms of
NAD. The main substrates of NAD-linked dehydrog&sas

NADH dehydrogenase and the electron carriers afaer membrane of
mitochondria.

FAD-linked dehydrogenases: succinate dehydrogenage CoA dehydrogenase.
The further way of electrons in a respiratory chain

Oxidative phosphorylation. P:O ratio. The struatwrganization of a
mitochondrial respiratory chain: the oligoenzymenptexes of a respiratory chain.

Coupling of oxidation to phosphorylation in mitactdria. Uncoupling respiration
to phosphorylation.

Cytochomes, the common character of their strecfline complexes Ill and 1Y of
a respiratory chain, their functions.

Oxidative decarboxylation of pyruvate and thearioxylic acid cycle (the TCA
cycle, the Krebs cycle): the reaction sequencatiogl to a respiratory chain,
regulation.

Pyruvic acid: the ways of the formation and uéition in the body. The
significance of these processes.

Acetyl CoA: the ways of the formation and utilizatiin the body. The significance
of these processes.

The aerobic degradation of glucose: the reaceguence, physiological
significance. The role of aerobic and anaerobiittsy of glucose in a muscle under
the muscle contraction. The role of aerobic spatof glucose in the brain.

The anaerobic splitting of glucose: the reactiemquence, physiological
significance. The role of anaerobic splitting imascle under the muscle contraction.
The further metabolic fate of lactate.

The glucose biosynthesis (gluconeogenesis): thiegiie precursors, reaction
sequence. The significance and regulation of glaogenesis. The glucose-lactate
cycle (the Cory cycle).
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The glycogen synthesis and its degradation &lglucose formation: the reaction
sequence, physiological significance. The regulatibthe phosphorylase activity
and glycogen synthesis. The glycogen metabolisiaribances.

The pentose phosphate pathway of the glucosddramstion (the pentose cycle,
the oxidative pathway of the glucose transformagtidhe role of the pentose
phosphate pathway.

The digestion and absorption of carbohydrates.

Glycoproteins and proteoglycans, their structune fanctions.
Glycosaminoglycans.

Regulation of the blood glucose concentration. digin of blood glucose. The
mechanism of the influence of insulin, glucagorreadline, and cortisol on blood
glucose concentration. Hypo- and hyperglucosern&r teasons. The determination
of the tolerance to glucose for the diabetes mslittiagnosis.

The main lipids of the body, their structure. $Sification of lipids.

Fatty acid oxidation. The sequence of the oxidateactions. The connections of
the fatty acid oxidation to a TCA-cycle and a respry chain. The physiological
significance of the fatty acid oxidation. The ligpebsynthesis in the liver and in
adipose tissue.

Food lipids. The recommended dietary allowancepfdigestion of food lipids,
absorption of the digestion products. Resynthdsneotral fat in intestine cells.

Synthesis and degradation of phospholipids. Témesport blood lipoproteins,
specificity of their structure, composition, anaétion. CM, VLDL, LGL, HDL.
Their role in the fat and cholesterol metabolismpoproteins, their classification,
participation in the construction and metabolisnidproteins. The
lipoproteinemias, their kinds and character.

Storage and mobilization of neutral fat in adiptisgue. Physiological significance
of the fat storage. Transport and utilization afyfacids formed under the lipid
utilization.

Biosynthesis and utilization of ketone bodies.dfeimia and ketonuria, their
reasons .

Cholesteral, its kinds, functions in an organiSime cholesterol synthesis: the
reaction sequence till the formation of mevaloritiathe notion of the further
stages, regulation of the biosynthesis. The rolg@ofproteins in the cholesterol
transport. The integration of the carbohydrataed|ipnd protein metabolism . The
scheme of the glucose transformation to lipids. fidke of the pentose phosphate
pathway of glucose metabolism to the lipid synihes

The role of the basic components (lipids and pmejan the structural organization
and function of membranes. The mechanisms of tahsp substances across a
membrane.

Oxygen toxicity: the formation of reactive oxyggpecies (ROS). Physical and
chemical oxidants (pro-oxidant factors). Membram&abolism. Lipid peroxidation
(LPO). The membrane protection against ROS toxiomcantioxidants, antioxidant
enxymes.
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Transamination of amino acids. The specificitaminotransferases. The
significance of the reactions of transaminatiomnBdeamination of amino acids.
The reaction sequence, enzymes, biological sigmte.

Catabolism of amino acid. The formation and detatkon of ammonia. The urea
biosynthesis, the reaction sequence, summary egu&esidual nitrogen of blood.

The phenylalanine and thyrosine metabolism. Tlyeosine utilization for the
catecholamine, melanin and thyroxine synthesis.ddggadation of thyrosine up to
fumarate and oxaloacetate. The inherent disturlsaoicghenylalanine and thyrosine
metabolism.

Decarboxylation of amino acids and their derivedivThe formation of
biologically active amines with the participatiohenzymes monoaminooxidase
(MAOQO) and diaminooxidase (DAO).

The formation of creatine and creatine phosplidte.role of creatine phosphate
in energy metabolism. Creatine kinase, its isoemzfgrms. A diagnostic
significance of determination of creatine, creatnand creatine kinase activity.

The protein digestion: the specificity of protdatyenzymes. Absorption of the
dietary amino acids. Essential and non-essential@actids.

A purine nucleotides biosynthesis: the origin efa@d N-atoms of a purine ring
and the role of 5’-phosphoribosyl-1-pyrophosph&RP). The catabolism of purine
nucleotides . Hyperuricemia and podagra (gout).

The biosynthesis and catabolism of pyrimidine aatitles. The biosynthesis of
deoxyribonucleotides.

The role of hormones in a system of regulatiometabolism and organ
functions. The classification of hormones accordmtheir chemical structure:
protein and peptide hormones, derivatives of arairids, steroid hormones (gluco-
and mineralocorticoids, androgens, estrogens)c€h&al regulation of the
endocrine system: the role of liberins, statingl @ormones of adenohypophysis.

The mechanism of transference of hormone signalaell.

The most important mechanisms of detoxicationa$gning substances in the
liver: a microsomal oxidation, the reactions of jogjation.

The degradation of heme. the formation of biliruand bilirubin glucuronide.
The ways of the bilirubin and other bile pigmentsretion. The significance of bile
pigments determination for the diagnosis of therligiseases, bile duct obstruction
and blood hemolysis.

The protein fractions of blood plasma. Albumirmafobulin, their fractions and
functions.
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Hemoglobin as the main protein of erythrocytessttucture and functions.
The hemoglobin polymorphism. The hemoglobinopatHsgmthesis of heme.

The most important proteins of myofibrils: myosactin, tropomyosin, troponin.
Their molecular organization and their role in asgular contraction. The chemical
character of the muscular contraction and relaraffi he role of Ca++ ions in the
realization of these processes. The energy praovidi@ muscular contraction. The
specificities of the heart muscle.

The most important proteins of extracellular matcollagen and elastin. Post-
translational modifications of collagen, the forrmoatof fibrillar structures. The
participation of vitamin C in the collagen syntlgesi

Proteoglycans, their structure and functions.

The chemical composition of the brain. Lipids qmadteins of the brain.
Neuropeptides and amino acids of the brain. Ensrgiabolism. The significance of
aerobic split of glucose. The role of glutamicdaiti the brain.
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The EXAMINATION QUESTIONS
on BIOLOGICAL CHEMISTRY for the STUDENTS of
STOMATOLOGICAL FACULTY

Proteins, their types and classification. Amina@a@s monomers of a protein
molecule. Their kinds. Simple and complex prote{@isemical composition of
nucleoproteins, lipoproteins, glycoproteins, phagpbteins, chromoproteins,
metalloproteins.

The primary structure of proteins. Peptide bortte thethods of analysis of the
primary structure. Inherent alterations of the @niynstructure of proteins. The
examples of the alterations of protein propertiedan alterations of the primary
structure.

The conformation of protein molecules (secondawy trtiary structures).
Dependency of the protein conformation on a prinsnycture. The role of
chaperons in the formation of unique conformatibproteins.

The kinds of intramolecular bonds in proteins. Ttle of three dimentional
organization of a peptide chain in formation af #nzyme active centers.
Conformation alterations during the protein funeoDenaturation of proteins.

The quaternary structure of proteins. Cooperatltierations of the protomer
conformation. The examples of the structure andtfan of the oligomeric proteins
(hemoglobin in comparison with myoglobin), allosteznzymes, polyenzyme
complexes.

Biological functions of proteins. Specific intet@ans of proteins with the ligands.
The kinds of natural ligands and peculiaritieshait interactions with the proteins
(prosthetic groups, cofactors, protomers, substrétansported substances, allosteric
effectors).

Enzymes as biological catalysts. The mechaniscatytic action of enzymes.

Specificity of enzyme action. The enzyme cofactdie dependence of the
velocity of enzyme reactions on substrate and mezgoncentrations, temperature,
and pH. Kinetics of enzyme reactions. The prin@gméquantitative determination of
enzyme activity. The units of enzyme activity.

Activation of enzymes. The enzyme inhibitors: msuge, irreversible,
competitive, noncompetitive. The role of enzymemetabolism.

Diversity of enzymes. The enzyme classificati@oeinzymes. Inherent (primary)
enzymopathies. The reasons of their rise. The ebem@bd inherent enzymopathies.
Determination of enzyme activities for the diagsasi the diseases (LDH, creatine
kinase, Aspartate aminotransferase).

Regulation of enzyme activity. The enzyme modtfma partial proteolysis,
chemical modification, allosteric regulation. Themples of the metabolic ways
regulated by these mechanisms. Physiologicalfsignice of enzyme activity
regulation.

Nucleoproteins. The primary and secondary streat@itDNA. Chemical
composition of chromatin.

DNA replication: the mechanism, biological rolefluence of antibiotics. Lesion
of DNA. Mutations and repair of DNA.

148



The primary and secondary structure of RNA. Timelkiof RNA: the peculiarities
of their structure, size, form, cell location, gndction. Biosynthesis of RNA
(transcription). Post-transcriptional processingnéiNA.

Aminoacyl-tTRA synthesis. Substrate specificityanfinoacyl-tRNA-synthetases.
The structure of ribosomes and polyribosomes. Ritmesfunction and the reaction
sequence under polypeptide chain synthesis. FursctibtRNA and mRNA. The
influence of antibiotics on the translation process

Biochemistry of digestion. The enzymes of digestib carbohydrates, lipids,
proteins, nucleic acids. The enzyme compositiovaoious digestive juices (saliva,
gastric, pancreatic intestinal juices). The mecsrarof action of digestive enzymes.
Absorption of the digestion products.

The notion of catabolism and anabolism and tmearrelation. Endergonic and
exergonic reactions in metabolism. The notionrargy metabolism. ATP and the
other high energy compounds. Basic pathways of pliésphorylation and ATP
utilization.

NAD-linked dehydrogenases. The structure of oxddiand reduced forms of
NAD. The main substrates of NAD-linked dehydrog&sas

NADH dehydrogenase and the electron carriers afaer membrane of
mitochondria.

FAD-linked dehydrogenases: succinate dehydrogenage CoA dehydrogenase.
The further way of electrons in a respiratory chain

Oxidative phosphorylation. P:O ratio. The struatwrganization of a
mitochondrial respiratory chain: the oligoenzymenptexes of a respiratory chain.

Coupling of oxidation to phosphorylation in mitactdria. Uncoupling respiration
to phosphorylation.

Cytochomes, the common character of their strecfline complexes Ill and 1Y of
a respiratory chain, their functions.

Oxidative decarboxylation of pyruvate and thearioxylic acid cycle (the TCA
cycle, the Krebs cycle): the reaction sequencatiogl to a respiratory chain,
regulation.

Pyruvic acid: the ways of the formation and uéition in the body. The
significance of these processes.

Acetyl CoA: the ways of the formation and utilizatiin the body. The significance
of these processes.

The aerobic degradation of glucose: the reaceguence, physiological
significance. The role of aerobic and anaerobiittsy of glucose in a muscle under
the muscle contraction. The role of aerobic spatof glucose in the brain.

The anaerobic splitting of glucose: the reactiemquence, physiological
significance. The role of anaerobic splitting imascle under the muscle contraction.
The further metabolic fate of lactate.

The glucose biosynthesis (gluconeogenesis): thiegiie precursors, reaction
sequence. The significance and regulation of glaogenesis. The glucose-lactate
cycle (the Cory cycle).
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The glycogen synthesis and its degradation &lglucose formation: the reaction
sequence, physiological significance. The regulatibthe phosphorylase activity
and glycogen synthesis. The glycogen metabolisiaribances.

The pentose phosphate pathway of the glucosddramstion (the pentose cycle,
the oxidative pathway of the glucose transformagtidhe role of the pentose
phosphate pathway.

The digestion and absorption of carbohydrates.

Glycoproteins and proteoglycans, their structune fanctions.
Glycosaminoglycans.

Regulation of the blood glucose concentration. digin of blood glucose. The
mechanism of the influence of insulin, glucagorreadline, and cortisol on blood
glucose concentration. Hypo- and hyperglucosern&r teasons. The determination
of the tolerance to glucose for the diabetes mslittiagnosis.

The main lipids of the body, their structure. $Sification of lipids.

Fatty acid oxidation. The sequence of the oxidateactions. The connections of
the fatty acid oxidation to a TCA-cycle and a respry chain. The physiological
significance of the fatty acid oxidation. The ligpebsynthesis in the liver and in
adipose tissue.

Food lipids. The recommended dietary allowancepfdigestion of food lipids,
absorption of the digestion products. Resynthdsneotral fat in intestine cells.

Synthesis and degradation of phospholipids. Témesport blood lipoproteins,
specificity of their structure, composition, anaétion. CM, VLDL, LGL, HDL.
Their role in the fat and cholesterol metabolismpoproteins, their classification,
participation in the construction and metabolisnidproteins. The
lipoproteinemias, their kinds and character.

Storage and mobilization of neutral fat in adiptisgue. Physiological significance
of the fat storage. Transport and utilization afyfacids formed under the lipid
utilization.

Biosynthesis and utilization of ketone bodies.dfeimia and ketonuria, their
reasons .

Cholesteral, its kinds, functions in an organiSime cholesterol synthesis: the
reaction sequence till the formation of mevaloritiathe notion of the further
stages, regulation of the biosynthesis. The rolg@ofproteins in the cholesterol
transport. The integration of the carbohydrataed|ipnd protein metabolism . The
scheme of the glucose transformation to lipids. fidke of the pentose phosphate
pathway of glucose metabolism to the lipid synihes

The role of the basic components (lipids and pmejan the structural organization
and function of membranes. The mechanisms of tahsp substances across a
membrane.

Oxygen toxicity: the formation of reactive oxyggpmecies (ROS). Physical and
chemical oxidants (pro-oxidant factors). Membranm&abolism. Lipid peroxidation
(LPO). The membrane protection against ROS toxiomcantioxidants, antioxidant
enxymes.
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Transamination of amino acids. The specificitaminotransferases. The
significance of the reactions of transaminatiomnBdeamination of amino acids.
The reaction sequence, enzymes, biological sigmte.

Catabolism of amino acid. The formation and detatkon of ammonia. The urea
biosynthesis, the reaction sequence, summary egu&esidual nitrogen of blood.
The phenylalanine and thyrosine metabolism. Tlyeosine utilization for the
catecholamine, melanin and thyroxine synthesis.ddggadation of thyrosine up to
fumarate and oxaloacetate. The inherent disturlsaoicghenylalanine and thyrosine

metabolism.

Decarboxylation of amino acids and their derivedivThe formation of
biologically active amines with the participatiohenzymes monoaminooxidase
(MAOQO) and diaminooxidase (DAO).

Metabolism of glycine, arginine and methionineeTormation of creatine and
creatine phosphate. The role of creatine phosphaeergy metabolism. Creatine
kinase, its isoenzyme forms. A diagnostic signiimaof determination of creatine,
creatinine and creatine kinase activity.

The protein digestion: the specificity of protdatyenzymes. Absorption of the
dietary amino acids. Essential and non-essential@actids.

A purine nucleotides biosynthesis: the origin efa@d N-atoms of a purine ring
and the role of 5’-phosphoribosyl-1-pyrophosph&RP). The catabolism of purine
nucleotides . Hyperuricemia and podagra (gout).

The biosynthesis and catabolism of pyrimidine aeatitles. The biosynthesis of
deoxyribonucleotides.

The role of hormones in a system of regulatiometabolism and organ
functions.

The classification of hormones according to thaemical structure: protein and
peptide hormones, derivatives of amino acids, gtédrormones (gluco- and
mineralocorticoids, androgens, estrogens). Theraemrgulation of the endocrine
system: the role of liberins, statins, and hormarfesdenohypophysis.

The mechanism of transference of hormone signalaell.

The most important mechanisms of detoxicationax$gning substances in the
liver: a microsomal oxidation, the reactions of jogation.

The degradation of heme. the formation of biliruand bilirubin glucuronide.
The ways of the bilirubin and other bile pigmentsretion. The significance of bile
pigments determination for the diagnosis of therligiseases, bile duct obstruction
and blood hemolysis.

The protein fractions of blood plasma. Albumirmaobulin, their fractions and
functions. Hemoglobin as the main protein of engtiytes. Its structure and
functions. The hemoglobin polymorphism. The hermabglopathies. Synthesis of
heme.
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The most important proteins of myofibrils: myosagtin, tropomyosin, troponin.
Their molecular organization and their role in aseular contraction. The chemical
character of the muscular contraction and relaraflhe role of Ca++ ions in the
realization of these processes. The energy provdi@ muscular contraction. The
specificities of the heart muscle.

The most important proteins of extracellular matcollagen and elastin. Post-
translational modifications of collagen, the forrmoatof fibrillar structures. The
participation of vitamin C in the collagen syntlgesi

Proteoglycans, their structure and functions.

Chemical composition of mineralized tissues. ApatifThe peculiarities of the
structures and properties of different kinds oftaps.

The character of the mineral composition of tamimponents (enamel, dentin,
cementum).

The main bone and tooth proteins. Collagen. Praugsd collagen.

Uncollagen proteins of bone tissue (proteoglycghsoproteins, osteocalcin,
osteonectin. The specific bone enzymes.

Unprotein organic components of bones and teetl.rdle of citrate in bone
metabolism.

The biochemical character of pulp.

Mineralization of bone and tooth tissue. The garéition of collagen, uncollagen
proteins, and GAG in formation of hydroxyapattgstals.

Regulatory factors of osteogenesis (mitogens, nagehs, chemotactic
substances, antagonists of mitogens and morphaogens)

Hormones controlling the processes of osteogeaesisiecomposition of bone
tissue. Parathyroid hormone and calcitonin. Th#luence on metabolism of
calcium and phosphorus.

Vitamins of D-group. Provitamins D. The endocriystem of vitamine D and its
role in the maintenance of calcium homeostasis.

The influence of a diet on the state of teeth. e of dietary carbohydrates,
proteins, microelements, and vitamins in the nesnahce of a normal physiological
state of teeth.

Undigested carbohydrates of foodstuffs. Substitafeietary sugars.

Microelements: fluorine and strontium, their ralemineralization of bone and
tooth tissue.

Pathological states due to insufficient and exeessitake of fluorine and
strontium.

Common mouth liquid (mixed saliva) and saliva gdamte salivary glands. The
peculiarities of their chemical composition, prdpes, and dependency on the
salivation stimulation. The physiological role afisa.

Gingival liquid. The peculiarities of its chemicamposition.

Proteins of saliva. Mucin. Immunoglobulins, andestkalivary glycoproteins
Salivary enzymes: amylase, lysozyme, per@agdphosphatase, peptidyl-peptide
hydrolase etc. Their origin and physiological meagni
Unprotein low-molecular organic componentsalfva: glucose, carbonic acids,
lipids, vitamins etc.
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Inorganic components of saliva: cathion amdracomposition of saliva.
Calcium and phosphorus. Their distribution in stmbed and unstimulated saliva.
Thiocyanates of saliva.

Active reaction of saliva (pH of saliva). Baly buffers. The reasons and
significance of acidic shift of salivary pH.

Salivary factors in the protection of teetkcquired pellicle. Its chemical
composition and physiological role.

Biochemical aspects of pathogenesis of toatfes.

Tooth deposit (plaques) and a tooth stone (kadguTheir biochemical character
and the role in the pathogenesis of caries anddpatitis.
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