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LESSON 1. COMMON PATHWAY OF AMINO ACIDS. DEAMINATION.
MAIN












TOPICS:

Importance of proteins in the human nutrition. Estimated protein requirements and intakes
in human, protein turnover, physiological protein minimum. Essential and nonessential
amino acids.
Nitrogen balance and it’s biomedical importance.
Digestion of proteins in gastrointestinal tract. Proteases of gastrointestinal tract, pH optimum, specificity, products.
Intestinal putrefaction and fermentation.
Absorption of amino acids, types of transport, -glutamyl cycle, its importance.
Pool of amino acids in cells, common scheme of degradation of amino acids.
Oxidative deamination: conditions of proceeding, L-amino acid oxidases and D-amino
acid oxidation, coenzyme, scheme of reaction, products.
Glutamate dehydrogenase: scheme of reaction, structure, coenzymes, regulation by ratio
of ATP, GTP/ADP, GDP.
Transamination of amino acids, scheme of procees. Enzymes, substrates, coenzyme.
Mechanism of reaction of transamination. Biorole of transamination. Clinical importance
of estimating of transaminases (aminotransferases).
Indirect deamination of amino acids: common scheme, enzymes, coenzymes, substrates,
role of glutamate and aspartate.
Toxicity of ammonia, the path of detoxication and modes of utilization of ammonia. Synthesis and degradation of glutamine. Utilization of amide group of glutamine for synthesis
of urea, of aminium salts, of purine nucleotides.
Essay: Synthesis and biological role of glutamine.

PROTEIN NUTRITION.
1.

Study the requirement of protein in the diet (p. 5, p.7, p.11-13, p.15, p. 570).

2. Note:
The requirement of protein is not only quantitative: the qualitative aspect is also important (p.
570).
1.

“Biological value” of proteins dependents of:
A. The presence of 20 amino acids.
B. The amino acids composition.
C. The sequence of amino acids.
D. The presence of “essential” amino acids.
E. Possibility of digestion in gastrointestinal tract.

2.

Biorole of amino acids are determined of their utilization in the synthesis of :
A. Heme
B. Proteins.
C. Biogenic amines and hormones.
D. Fatty acids and fats.
E. Glucose.

3.

Match the letters with the figures:
A. Grow old.
B. Adult, normal nutrition.
C. Long severe diseases.
D. Time of grow up.
E. Starvation.

1. Positive nitrogen balance.
2. Negative nitrogen balance.
3. Nitrogen equilibrium.
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PROTEIN DIGESTION.
1. Study the digestion of dietary protein by proteases (p. 573-575).
Proteins and polypeptides are not absorbed intact but must first be hydrolyzed to free amino
acids. Digestion of dietary proteins is carried out by proteases (proteolytic enzymes), wich are
found in gastric and pancreatic juices and on the intestinal cell surface.
2.

Note:
Functions of hydrochloric acid in gastric juice:
 it kills microorganisms;
 it denatures proteins;
 it provides environment for the action of pepsin.
 it converts inactive pepsinogen into active pepsin by precursor cleavage.

3.

Memorize:
 the enzymes that digest proteins are produced as inactive precursors (zymogens);
 all peptidases may be divided into endopeptidases and exopeptidases depending of
cleaved peptide bond;
 peptidases are characterized different specificity, cleaving certain peptide bonds
(p.573-575, fig. 37.5).
4.

5.

Match a line:
1. Trypsin.
2. Pepsin.
3. Aminopeptidase.
4. Chymotrypsin.
5. Carboxypeptidase.

A. Endopeptidases.
B. Exopeptidases.

Note:
Biological value of digestion of proteins:
 It prevents the undesirable effects of the introduction of the foreign proteins.
 It is the source of amino acids for synthesis of owner proteins.
 It is the source of essential amino acids.
 It is the source of amino acids for synthesis of nitrogen containing compounds.
 It converts the proteins to amino acids, which are absorbed in gastrointestinal tract.

6. Match the letters with the figures:
A. Pepsin.
1. Belong to the class of hydrolases.
2. Hydrolyze peptide bonds in which the carboxyl group is provided by
B. Chymotrypsin.
an aromatic A.A.
3. Hydrolyze peptide bonds in which the carboxyl group is provided by
C. Both.
hydrophobic A.A.
D. None.
4. Belong to exopeptidases.
ABSORPTION OF AMINO ACIDS.
1.

Study the absorption of the end products of protein digestion (p. 575-579, fig. 37.6).

2.

Note - glutamyl cycle (p. 577, fig.37.7).

3.

The third active process for amino acids transport involves:
A. Basic amino acids.
B. Neutral amino acids.
C. Acidic amino acids.
D. Sulphur containing amino acids.
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4.

If one amino acid is fed in excess, the absorption of another is:
A. Slightly accelerated.
B. Moderately accelerated.
C. Highly accelerated.
D. Retarded.

5.

Glutathione is a:
A. Dipeptide.
B. Tripeptide.
C. Polypeptide.
D. None of the above.

6.

Indicate the followings as “true” or “false”:
A. Aromatic amino acids form glutathione.
B. D-amino acids are absorbed by simple diffusion.
C. Sometimes the whole protein is absorbed into the blood.

INTESTINAL PUTREFACTION AND FERMENTATION.
1. Note:
1. The residue of the food after absorption in the small intestine passes into the large intestine.
Water is also absorbed there and the residue becomes solid. During this period, the activity
of the bacteria takes place. The bacteria produces various gases, such as CO2, methane, hydrogen, nitrogen and H2S as well as acetic acid, lactic acid and butyric acid by fermentation and putrefaction.
2. Intestinal bacteria cause the decarboxylation of many amino acids into their amines such
ashistidinehistamine, tyrosinetyramine, arginineagmatine, lysinecadaverine.
Many of these amines are powerful vasopressor substances.
3. By a series of reactions, tryptophan forms indole and methylindole (skatole) which are responsible for the odour of the feaces.
4. Ethyl and methyl mercaptan and H2S are formed from cysteine by a series of transformations.
5 The portal circulation is removed from the blood by the liver under normal conditions. In
liver diseases, the concentration of ammonia in the peripheral blood rises to toxic levels.
Intestinal bacteria putrefy nitrogenous substances to form ammonia which is absorbed into
Neomycin by its anti-bacterial action. This reduces the quantity of ammonia transported
from the large intestine to the blood.
2. Memorize:
In man, intestinal bacteria synthesize certain vitamins, particularly vitamin К and possibly
certain members of the B-complex.
CELLULAR POOL OF AMINO ACIDS.
1. Note:
Metabolic Pool: The amino acids from the blood diffuse in the body fluids and reach all the
tissue cells, where they are taken up by tissues using the active transportation process. At the
same time, most of the tissue proteins undergo disintegration constantly and release their amino acids content, which enters the circulation. This is an endogenous source of amino acids.
These constantly mix with the exogenous amino acids derived from food and this mixture of
amino acids which is drawn upon from both anabolic and catabolic reactions, constitutes a
hypothetical reservoir of amino acids called the metabolic pool of amino acids. The metabolic
pool of amino acids can be compared to the currency of protein metabolism from where, the
amino acids can be withdrawn for synthetic purposes. At the same time the amino acids
formed by the breakdown of body proteins are discharged into the pool (fig. 1)
6
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Fig. 1 Pool of amino acids.
OXIDATIVE DEAMINATION.
1. Study oxidative deamination of amino acids.
Oxidative Deamination: After absorption from the intestines, a large amount of amino acids
reach the liver where they lose their amino groups.
This process described as oxidative deamination is accompanied by oxidation and is catalysed
by specific amino acid oxidases or more appropriately, dehydrogenases present in liver and
kidneys. The D-amino acid oxidase and L-amino acid oxidase act on D-amino acids and Lamino acids respectively. L-Glutamic acid dehydrogenase acts on glutamic acid. The first two
are flavoproteins containing FAD and FMN as coenzymes. They are less active and are present in tissues in very small amounts.
The process of oxidative deamination takes place in two stages. The first stage is oxidation or
in other words dehydrogenation. This is followed by the second stage, hydrolysis, when ammonia and keto acid are liberated. The net reaction may be described as the transformation of
an amino acid to the corresponding keto acid with the liberation of NH3.
The reaction, which is catalysed by the specific amino acid oxidase with FMN as coenzyme,
may be represented as:
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The imino acid, which is formed as an intermediate, is unstable and spontaneously undergoes
hydrolysis to form the keto acid, liberating ammonia.
O

R

C

C

NH

O

+H2O

R

OH

C
O

+NH3

C
OH

The reduced FMN (FMNH2) is reoxidised spontaneously by oxygen. H2O2 is formed.
FMN H2 +

H2O2 + FMN

H2O2 is decomposed by the catalase present in cells. The overall reaction of oxidative deamination by amino acid oxidases may be written as:
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Oxidative deamination of glutamic acid is catalysed by gluta-mate dehydrogenase, which has
NAD as coenzyme. The reduced NAD is oxidised via the oxidative chain by the nicotinamide
linked dehydrogenase.
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By oxidative deamination, amino acids are split to form -ketoacids and ammonia. Keto acids
are metabolites of carbohydrate metabolism and are oxidised in TCA cycle to yield energy.
Ammonia, which is highly toxic, may be converted to urea or detoxified to glutamine.
2.
3.
4.

Note: oxidative deamination of glutamate (p. 584, fig. 38.7).
Fill in the following blanks:
A. Glutamate is synthesized in animals by ….in the presence of the coenzyme … .
Oxidative conversion of many amino acids to their corresponding -keto acids occurs in mammalian:
A. Liver and kidney.
B. Adipose tissue.
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C. Pancreas.
D. Intestine.
5.

The activity of mammalian L-amino acid oxidase, an FMN-flavoproteins, is quite:
A. Slow.
B. Rapid.
C. Both of the above.
D. None of the above.

TRANSAMINATION
1.

Study transamination of amino acids (p. 583-584, fig. 38.3, 38.4).

2.

Note:

The transamination is the major process for removing nitrogen from amino acids. The nitrogen is transferred as an amino group from the original amino acid to -ketoglutarate, forming
glutamate, while the original amino acid is converted to its corresponding -keto acid.
3.

The transaminase activity needs the coenzyme:
A. ATP.
B. B6 –PO3H2.
C. FAD.
D. NAD+.

4.

Transamination is a:
A. Irreversible process.
B. Reversible process.
C. Both of the above.
D. None of the above

5.

Most amino acids are substrates for transamination except:
A. Alanine.
B. Threonine.
C. Serine.
D. Valine.

6.

Fill up the corresponding amino acids formed by transamination of each of the following a-keto acids;
A. -ketoglutaric acid.

1.

B. p-hydroxy phenyl pyruvic acid.

2.

C. -keto isovalerate.

3.

D. phenyl pyruvic acid.

4.

E. - keto isocaproate.

5.

7. Memorize:
Because these reactions are readily reversible, they can be used to remove nitrogen from amino acids or to transfer nitrogen to -keto acids to form amino acids. Thus, they are involved
both in amino acid degradation and in amino acids synthesis.
INDIRECT DEAMINATION OF AMINO ACIDS.
1. Study indirect deamination of amino acids (p. 586, fig. 38.9, p. 590, fig. 38.13).

9
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2. Note:
When amino acids are degraded and urea is formed, glutamate collects nitrogen from other
amino acids by transamination reactions. Some of this nitrogen is released as ammonia by the
glutamate dehydrogenase reaction, but much larger amounts of ammonia is produced from the
other sources shown in Figure 38.5.
3. The metabolism of protein is integrated with that of carbohydrate and fat through:
A. Oxaloacetate.
B. Citrate.
C. Isocitrate.
D. Malate.
TOXICITY OF AMMONIA, THE PAPH OF DETOXICATION AND MODES OF
UTILIZATION OF AMMONIA.
1. Study role of glutamate in the metabolism of amino acids nitrogen (p. 586-587, fig.
38.9).
2. Note:
Glutamate collects nitrogen from other amino acids by transamination reactions. Some of this
nitrogen is released as ammonia by the glutamate dehydrogenase reaction, but much larger
amounts of ammonia are produced from the other sources (fig. 38. 5).
3.

The major mechanism of the removal of ammonia in the brain is:
A. Glutamine formation.
B. Urea formation.
C. Uric acid production.
D. Creatinine formation.
E. All of the above.

4.

The major mechanism of removal of ammonia in liver is:
A. Glutamine formation
B. Urea formation
C. Uric acid formation
D. Creatinine formation
E. All of the above.

5.

The major mechanism of the removal of ammonia from the kidneys is:
A. Ammonia formation.
B. Urea formation.
C. Uric acid formation.
D. Creatinine formation.
E. All of the above.

6.

The major source of nitrogen in urinary urea is:
A. Glutamine.
B. Citrulline
C. Purine breakdown
D. Amino acid deamination and transamination
E. Ammonia synthesised in distal tubles of kidneys.

7.

Uremia occurs in:
A. Cirrhosis of the liver.
B. Nephritis.
C. Diabetes Mellitus.
D. Coronary thrombosis

Homework: Study lesson 2.
10
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LESSON 2. COMMON PATH WAY OF METABOLISM OF AMINO ACIDS.
SYNTHESIS OF UREA. DECARBOXYLATION. BIOGENIC AMINES.











MAIN TOPICS:
Residual nitrogen, composition. Utilization of ammonia in the urea cycle and excretion in
the urine (reactions, compartmentation of the urea cycle enzymes, regulation, amount of
urea excreted per day in the urine.
Genetic defects of urea cycle enzymes, symptoms (hyperammonemia, episodic encephalopathies).
Decarboxylation of amino acids (scheme of reaction, enzymes, coenzymes). Properties of
structure of biogenic amines.
Formation of biogenic amines: putrescine, spermine, spermidine, cadaverine, γ- aminobutyric acid (GABA), histamine, serotonin, catecholamine. S-adenosylmethionine (SAM) as
the primary donor of methyl groups during biosynthesis of creatine, epinephrine, phosphatidylcholine and methylation of DNA and propyl groups during biosynthesis of spermine
and spermidine.
Detoxycation of biogenic amines: oxidative deamination monoamines and diamines, mutilation. Mono- and diaminooxidases, scheme of reaction, properties MAO. Inhibitors of
MAO.
Catabolism of phenylalanine and tyrosine. Genetic defects of catabolism of phenylalanine
and tyrosine.
Fate of carbon skeletons of amino acids. Ketogenic and glucogenic amino acids.
Determination of urea concentration in blood serum.
Test of phenylpyruvic acid in urine.

1. Note:
Non-protein nitrogen (NPN): These are nitrogen containing compounds, that do not get precipitated by protein precipitating agents like tungstic acid, picric acid, etc. They are either the
end products or the intermediaries formed during the metabolismof proteins, amino acids and
nucleoproteins.The Amb p.467
2. Study reactions of the urea cycle (p.587-590, fig. 38.10).
3. Note:
Regulation of the urea cycle (p. 589, fig.38.11):
 regulation by substrate availability (“feed-forward” regulation).
 allosteric activation of carbamoyl phosphate synthetase I (CPS I) by N-acetyl glutamate(NAG).
 induction of urea cycle enzymes.
4. Note:
The biosynthesis of urea occurs mainly in the liver.1 mol.of urea is synthesized from 1 mol.
of ammonia, 1 mol. of carbon dioxide, 3 mols. of ATP (2 of which are converted to ADP and
Pi and 1 to AMP and PPi), 5 enzymes catalyzing the reactions and 6 amino acids involved in
the reaction. One amino acid, N-acetyl-glutamate, serves as an enzyme activator. The remaining 5 amino acids aspartate, arginine, ornithine, citrulline and arginosuccinic acid – all function as carriers of atoms which ultimately become urea. Aspartate and arginine occur in protein while ornithine, citrulline, arginosuccinate do not.
5. Memorize:
The daily output of urea through urine is 20 to 30 grams. A smaller quantity is excreted in the
sweat. The quantity of urea excreted is proportional to the total protein metabolism. The excretion of urea is decreased in certain liver diseases. In severe acidosis, the output of urea is
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decreased. In nephritis, when the ability of the kidneys to excrete urea is severely impaired,
the concentration of urea in the blood is increased (uremia).
6. In human and other ureotelic organisms, the end product of amino acid nitrogen
metabolism is:
A. Bile acids.
B. Ketone bodies.
C. Urea.
D. Barium sulphate
7. The end product of amino acid nitrogen metabolism in uricotelic organisms is:
A. Bilirubin.
B. Urea.
C. Uric acid.
D. Biliverdin.
8. Carbamoyl phosphate synthetase structure is markedly changed in presence of:
A. N-Acetyl glutamate.
B. N-Acetyl aspartate.
C. Neuraminic acid.
D. Oxalate.
9. The diosynthesis of urea occurs in the liver:
A. Cytosol.
B. Mitochondria.
C. Microsomes.
D. Nuclei.
10. 1 mol. of urea is synthesized at the expense of the mols. of ATP:
A. 2.
B. 3.
C. 4.
D. 5.
11. Urea biosynthesis occurs mainly in the liver involving thee number of amino acids:
A. 3.
B. 4.
C. 5.
D. 6.
12. The normal daily output of urea through urine in grams:
A. 10 to 20.
B. 15 to 25.
C. 20 to 30.
D. 25 to 35.
13. In severe acidosis, thee output of urea is:
A. Decreased.
B. Slightly increased.
C. Highly increased.
D. Moderately increased.
14. Uremia occurs in:
A. Cirrhosis.
B. Nephritis.
C. Diabetes mellitus.
D. Coronary thrombosis.
15. Arginine is converted to

by arginase with the removal of
12
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16. Indicate the following as “true” or “false”:
 Arginine is an aromatic amino acid.
 In ammoniotelic organisms, uric acid is the end product of amino acid nitrogen metabolism.
 The amino acids ornithine and citrulline occurs in protein.
GENETIC DEFECTS OF UREA CYCLE.
1.

Study the genetic defects of urea cycle (p. 588, p. 594).

2. Remember:
All disorders of urea synthesis cause ammonia intoxication. Clinical symptoms in urea cycle
disorders are vomiting in infancy, avoidance of high protein foods, irritability, lethargy and
mental retardation. Significant improvement has been observed on a low-protein diet and
much of the brain damage is prevented. The daily food intake should be given in frequent
small feedings to avoid sudden increases in blood ammonia levels. Uses of antibiotics to decrease the absorption of ammonia formed by bacterial decomposition in the intestine.
3.

Note: clinical notes (p. 588-589)

4.

Match the following:
A. Plant urease.
B. Ammonia intoxication.
C. Uses of antibiotics.
D. In hyperammonemia type II.

1. Patients suffer from a deficiency of ornithine transcarbamoylase.
2. Are to decrease the absorption of ammonia formed
by bacterial decomposition in the intestine.
3. Is caused by all disorders of urea synthesis.
4. Splits urea into ammonia and carbon dioxide at the
optimum temperature and pressure.

DECARBOXYLATION OF AMINO ACIDS.
1.

Study decarboxylation of amino acids (p. 636-639).

2. Note:
Many amino acids are decarboxylated by reactions that require pyridoxal phosphate. These
reactions produce amines that often serve as neurotransmitters and hormones.
3.

Fill in the following blanks:
 DOPA is converted to dopamine by a
 5-hydroxytryptophan on
produces
platelets.

with
as coenzyme.
, a vasoconstrictor and is stored in

FORMATION OF BIOGENIC AMINES.
1.

Study synthesis and biorole of: putrescine, spermine and spermidine (p. 624, p. 636),
creatine (p. 625-626, fig. 41.1), catecholamines (p. 638-640, fig. 41.22, p. 659, p. 675,
fig. 43.7), GABA (p.623, p. 636-637, fig. 41.20, p.639), histamine (p. 623, p. 636), serotonin (p. 623-624, p. 637-638, p. 659).

2.

Note: the role of S-adenosylmethionine (active methionine p. 619-620).
Active methionine which contains adenine, attached to methionine through sulphur, acts
as the methyl donor in transmethylation reaction. The S-methyl linkage in active methionine is a high energy bond. This increases the free energy, chemical reactivity and lability
of the methyl group. Methionine donates its terminal methyl group for methylation of
some compounds.

3.

Fill in the following blanks:
 Epinephrine is formed from norepinephrine by
13
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 Serotonin on acetylation and
produces the hormone
.
 Methionine is first activated by
forming S-adenosylmethionine which is also
termed as
.
 Creatinine is formed largely in the
by the irreversible and nonenzymic removal
of water from
.
 The synthesis of creatine is completed in the liver by the methylation of
in which
methionine is the methyl donor.
 In the methylation of creatine
and
are required.
 The activation of methionine occurs requiring ATP,
and
as well as methionine activating enzyme.
4. Match the following:
A. Methionine.
B. 5-hydroxytryptamine.
C. Creatine synthesis.
D. Excessive creatinuria.

1. May occur in febrile and wasting diseases, diabetes
mellitus, congenital muscle dystrophies.
2. Is participated by glycine, arginine and methionine.
3. Is involved in the detoxification of nicotinic acid for the
formation of the excretory product trigonelline.
4. A stimulant of the central nervous system and also promotes peristalsis.

DETOXICATION OF BIOGENIC AMINES.
1.

Study the oxidative deamination of biogenic amines (p. 337-338, p. 639-641, fig.
41.24, p. 706).

2.

Note:

The oxidative deamination is catalyzed by monoamine oxidase (MAO), which is present in
the cytosol of the presynaptic terminal, adjacent glial cells, erythrocytes and other tissues.
MAO oxidatively deaminates neurotransmitters, forming aldehydes. Further oxidation occurs
through an aldehyde dehydrogenase. In addition, the hydroxyl group can be methylated by
SAM in a reaction creates an –O-CH (methoxy) group. These reactions can occur in almost
any order and any combination, so that a wade range of urinary excretion products exists for
these combinations. MAO also inactivates serotonin.
METABOLISM OF PHENYLALANINE AND TYROSINE.
1.

Study metabolism of phenylalanine and tyrosine (p. 606-608, fig. 39.16, p. 638-639).

2.

Study clinical notes (p. 606-609).

3. Remember:
Classic phenylketonuria (PKU) is caused by mutations in the gene located on chromosome 12
which encodes the enzyme phenylalanine hydroxylase (PAH). This enzyme normally catalyzes the hydroxylation of phenylalanine to tyrosine, the rate-limiting step in the major pathway
by which phenylalanine is catabolized.
4.

Fill in the following blanks:
 Phenylalanine is converted to tyrosine by
with the incorporation of the one
atom of oxygen the para position of phenylalanine and the other atom is reduced
forming water, the reducing power supplied by
is immediately provided as
tetrahydrobiopterine.
 P-hydroxyphenylpyruvate hydroxylase converts P-hydroxyphenylpyruvate to
with cofactor
.

14
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 Homogentisate oxidase, an
metalloprotein of mammalian liver, forms
maleylacetoacetate; the reaction is inhibited by a
agent that binds uron.

, the black pigment present in the skin, hair and retina of the eye, is formed
from phenylalanine in the
present in the skin.
 The hydroxylation of dopamine forms norepinephrin in the presence of
and
molecular
.
 Alkaptonuria is characterized by the excretion of
in the urine owing to the lack
of
.
 In alkaptonuria, the urine is
due to the oxidation of
in air.
 In later life, the accumulation of dark pigment in cartilages and tendons gives rise to
the condition known as
which is accompanied by
changes.
FATE OF CARBON SKELETONS OF AMINO ACIDS.
1.

Study the fate of carbon skeletons of amino acids (p. 597-612).

2. Note:
Amino acids are considered to be glucogenic if their carbon skeletons can be converted to
glucose, and ketogenic if their carbon skeletons can be converted to acetyl CoA or acetoacetate. Some amino acids contain carbons that produce glucose and other carbons that produce
acetyl CoA or acetoacetate. These amino acids are both glucogenic and ketogenic.
Two of the essential amino acids (lysine and leucine) are strictly ketogenic. They do not produce glucose.
3.

Fill in the following blanks:
 Leucine on catabolism yields
and
.
 Both valine and isoleucine on catabolism produce

.

LABORATORY MANUAL
DETERMINATION OF UREA CONCENTRATION IN THE BLOOD SERUM.
The method is based on the property of urea to form a red-coloured compound when reacted
with diacetylmonooxime in the presence of thiosemicarbazide and iron salts in a strongly acid
medium. The intensity of red coloration is presumed to be proportional to the concentration of
urea in the sample analysed.
Procedure:
Reagent
Control
Standard
Sample
1. Distilled water
0,1 ml
2. Serum
0,1 ml
3. Standard urea solution
0,1 ml
4. Reagent
2 ml
2 ml
2 ml
Mix the contents thoroughly with shaking. Place a piece of aluminium foil on top of each test
tube and roll the foil down to form an end-cap. Place the three test tubes in a boiling water
bath exactly for 10 minutes; at the end of this time cool them under a stream of running tap
water. Take measurement of the absorbance for standard and sample solutions against control
solution on a photometer at 540-560 nm (green light filter) using 0.5 cm thick cells.
Note: the developing coloration is unstable; for this reason, the measurement should be taken
within 15 minutes.
Calculation. The concentration of urea x (mmol/l) in blood serum is calculated from the formula
X=Asample/Ast•16.65
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where Asample is the absorbance of sample solution measured against control solution; Ast is
the absorbance of standard solution measured against control solution; and 16.65 is the concentration of urea in standard solution, mmol/l.
TEST FOR PHENYLPYRUVIC ACID IN URINE.
The method is based on the reaction of the enolic form of phenylpyruvic acid with iron chloride FeCl3 yielding a complex compound of green-blue color.
Procedure. Pour 0.5 ml of urine sample from a healthy person into a test tube; into another
test tube, pour an equal volume of urine taken from a patient. Add 5 drops of iron (III) chloride solution to both test tubes and note the development of characteristic coloration.
This color reaction involves the formation of a variety of FeCl3-complexed compounds whose
colors differ in shade. A sufficiently high urinary concentration of phenylpyruvic acid leads to
the development of green-blue or deep-green coloration which fades out within 5-10 minutes.
Homework:
Study lesson 3.
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LESSON 3. METABOLISM OF HEME.
MAIN










TOPICS:

Synthesis of heme.
Regulation of synthesis of heme: regulation of -ALA synthase and -ALA dehydrotase
Defects of synthesis of heme. Porphyrias.
Degradation of hemoglobin. Bile pigments.
Jaundices: symptoms, treatment.
Exchange of iron: importance of iron in organism, source of iron, absorbtion; transport in
blood; role of ceruloplasmin; ferritin, transferrin.
Determination of bilirubin and it’s fraction in blood serum.
Spectral analysis of hemoglobin and its derivatives.
Production of hydrochloral hemine crystals

SYNTHESIS OF HEME.
1.

Study the scheme of synthesis of heme (p. 627-628, fig. 41.3; 41.4; 41.5).

2.

Note: regulation of heme synthesis (p. 629, fig. 41.5).

3.

Note: source of iron (p. 627-628, fig. 41.6).

4. Write the correct answer letter for the following:
Hemoglobin contains the namber of gram atoms of iron per mole in the ferrous state:
A. 1.
B. 2.
C. 3.
D. 4.
The porphyrins are cyclic compounds formed through methylene bridges by the linkages of
pyrrol rings number:
A. 4.
B. 3.
C. 2.
D. 1.
The porphyrins are found in nature in which the various side chains are substituted for the
hydrogen atoms number:
A. 2.
B. 4.
C. 6.
D. 8.
Heme is synthesized by the incorporation of ferrous ion (Fe ++) into protoporhyrin III being
catalyzed by the enzyme:
A. Ferroxidase.
B. Ferroreductase.
C. Ferrochelatese.
D. None of the above.
Indicate the followings as “true” or “false”:
 The condensation of active succinate and glycine is catalyzed by the enzyme aminolevulinic acid synthase.
 Two mols of -aminolevulinic acid condense to form porphobilinogen catalyzed by
the enzyme aminolevulinic acid
 Methemoglobin can carry oxygen in blood.
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 Histidine contained in hemoglobin exerts its buffering action through it’s basic imidazole ring for which hemoglobin plays an important role in regulating the acid-base
balance of blood.
 Iron in the ferrous state is incorporated into protoporphyrin to form heme.
DEFECTS OF THE SYNTHESIS OF HEME. PORPHYRIAS.
1.

Study the defects of the synthesis of heme (p. 628, fig. 41.5).

2.

Indicate the followings as “true” or “false”:
 Porphyrias are of two types –congenital and acquired.
 Erythropoietic porphyria causes highly increased excretion of uroporphyrin I and, to
a lesser extent, coproporphyrin I in both urine and feces.
 Erythropoietic coproporphyria shows large amounts of coproporphyrin II in the
erythrocytes.
 Acute intermittent porphyria causes periodic attacks of abdominal pain which is associated with fever and leukocytosis.

3.

Fill in the following statements:
 The condition by which the excretion of both coproporphyrin and uroporphyrin increases is said to be
.
 Erythropoietic porphyria has got tendency to
and defective
.
 Increased serum PBI and hypercholestemia occur in acute
porphyria.
 In erythropoietic porphyria, there is increased
and
in the circulating
erythrocytes, plasma and the feces.
 Acute intermittent porphyria.is due to a marked increase of hepatic
.
 In porphyria variegata there is increased hepatic
.
 Hereditary coproporphyria causes increased urinary output of _________ and
__________ during acute attacks.
 Acquired porphyria is caused by severe
diseases and ingestion of certain_______.
 In acquired porphyria, there is increased excretion of
in urine.
 Porphyria cutanea tarda shows frequent rise in serum
in._________.

DEGRADATION OF HEMOGLOBIN.
1.

Study degradation of heme (p. 629-630, fig. 41.7, 41.8).

2. Note:
In the liver, bilirubin is conjugated to glucuronic acid. The bilirubin diglucuronide that is
formed is soluble and is secreted into the bile (p.449).
a. Uridine diphosphate (UDP)-glucuronyl transferase catalyzes this reaction.
b. Deficiencies
(1) Crigler-Najjar syndrome is due to a deficiency in this enzyme and results in severe jaundice.
(2) Neonatal jaundice is a temporary condition caused by production of insufficient levels of
UDP-glucuronyl transferase by the infant. This is typically treated by phototherapy. The
products from the irradiation of bilirubin are more soluble than bilirubin and can be excreted by the liver into the bile without conjugation with glucuronic acid.
c. Classification of bilirubin.
(1) Direct bilirubin refers to conjugated bilirubin.
(2) Indirect bilirubin refers to free, unconjugated bilirubin.
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3.

Match the following:

A. Catabolism of hemoglobin means

1. Formed by the oxidation of hemoglobin by oxygen in presence of ascorbic acid is said to be choleglobin.

B. When hemoglobin is catabolized in
the body

2.In the reticuloendothelial cells of the liver, spleen
and bonemarrow.

C.The porphyrin portion is broken
down mainly

3. Conversion of hemoglobin to bile pigments and
metabolism of bile pigments.

D. The green conjugated protein

4. The iron enters ferritin “pool” for reuse.

4. Match the following:
A. Bilirubin , the chief pigment inhuman bile
B. Normal serum bilirubin level
C. L-stercobilinogen
D. L-stercobilin

1. Is the reduction product of bilirubin.
2. Is formed by the reduction of biliverdin by the
enzyme bilirubin reductase requiring NAD+ or
NADP+.
3. Is an orange yellow pigment which gives the
normal colour of the feces and is strongly levorotatory.
4. 0,1 to 1,5 mg per cent.

5. Remember:
Jaundice is a condition in which the blood contains excessive amounts of bilirubin and related
compounds. Bilirubin and related compounds are deposited in the skin and mucous membranes, which gives affected patients a yellowish hue.
a. Prehepatic jaundice is caused by diseases or intoxications that cause abnormally high levels of red blood cell destruction and excessive release of hemoglobin, which overwhelms
the body’s capacity to degrade heme.
b. Hepatic jaundice is caused by disorders in the liver (e.g., hepatitis, cirrhosis) that prevent
uptake of bilirubin or the conjugation of bilirubin to glucuronate.
c. Posthepatic jaundice is caused by conditions or physical obstructions that prevent the bile
from reaching the intestinal tract (p. 446, 498, 583, 624, 644-645).
6. Match the following:
A. Jaundice occurs when
B. Crigler-Najjar syndrome. Type II
C. Gilbert’s disease
D. Crigler-Najjar syndrome. Type I

7. Match the following:
A. In hepatic jaundice
B. In hemolytic jaundice
C. In obstructive jaundice
D. Unconjugated hyperbilirubinemia

1. Is caused by the milder defect in the bilirubin conjugated system.
2. Is caused by the defect in the hepatic clearance of
bilirubin.
3. Is owing to a primary metabolic defect in the conjugation of bilirubin.
4. The concentration of bile pigment in blood is more
and diffuses into the tissues producing a yellow pigmentation.
1. Results from liver dysfunction caused by chloroform, CCl4, hepatitis virus and cirrhosis.
2. Urobilinogen increased and bilirubin present in
urine and urobilinogen decreased in feces.
3. Urobilinogen increased and bilirubin absent in urine
and urobilinogen increased in feces.
4. Urobilinogen absent in urine and urobilinogen trace
to absent in feces.
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METABOLISM OF IRON
1.

Study the metabolism of iron (p.627-630, fig.41.6, p.234-235).

2.

Match the proteins and their properties:
A. Apoferritin
B. Ceruloplasmin
C. Ferritin
D. Transferrin

1. Glycoprotein containing carbohydrate
2. 24 identical protomers
3. Ferroxidase
4. In the mucosal cells

3.

Choose the correct couples of protein – function
A. Ceruloplasmin
1. Storage of iron
B. Ferritin
2. Transport of iron
C. Transferrin
3. Conversion of ferrous ion to ferric ion

4.

Point in which form protein contains iron:
A. Transferrin
1. Fe2+ → Fe3+
B. Ferritin
2. Fe3+
C. Ceruloplasmin
3. (FeO•OH)8(FeO•OPO3H2)

5. Indicate the followings as “True” or “False”:
A. The total iron content of the normal adult is about 4 to 5 grams
B. About 60 to 70 per cent of the total iron is present in Hb
C. Iron is not involved in the cellular respiration
D. A defect of hemoglobin synthesis in anemia is commonly found in copper deficiency
E. Transferrin is a specific iron binding protein.
F. Transferrin is not present in intestines and also in liver.
G. Ceruloplasmin is a copper binding plasma protein
H. Only the reticulocytes can utilize the ferric ion bound to transferrin,
I. Although reticulocytes and mature erythrocytes can take up unbound ferric ion.
J. Iron deficiency anemia is not prevalent among children and adolescent girls.
6. Note:
that in connection with constant iron losses regular absorption is the main mechanism contributing to the present of stable supply of iron in the organism
7. The most frequent causes of iron deficiency anemia are the followings: All of following statements are true EXCEPT
A. Systematic bleeding
B. Operation on gastro-intestinal tract
C. Pregnancy
D. Congeniatal deficiency of transferrin
E. Hereditary defect of methemoglobin reductase
8. Note translational regulation of ferritin and transferrin receptor synthesis (fig.15.23,
p.234).The rate of synthesis of the transferrin receptor ________when iron levels are
_____________
A.Increases
B.Decreases
C.Low
D.Higher
9. Match the letter and the number:
A. Iron deficiency state
B. Iron deficiency anemia
C. Both
D. None of the above

1.Reduction of the Hb contents
2.Level of ferritin is decreased, Hb-is normal
3.Flush
4.Weakness
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10. Fill in the table:
Table 2
Factors effecting iron absorption
Factors
High phosphate diet
Vitamin C
Gastric acidity
Achlorhydria
Copper degiciency
Oxalates

Decrease

Increase

11. Choose the correct answer:
Iron metabolism is disturbed mainly by the following causes:
A. Decreased formation of hemoglobin
B. Decrease in circulating hemoglobin
C. Abnormalities in the serum iron concentration
D. Abnormal deposition of iron-containing pigment in the tissues
E. All of the above
F. None of the above
12. Remember :
The disorders of iron metabolism are:
1. Siderosis;
2. Hemochromatosis.
1. Siderosis: When excessive amounts of iron are released in or introduced into the
body beyond the capacity for its utilization, the excess is deposited in the various tissues,
mainly in the liver. This may occur due to repeated blood transfusions, excessive breakdown
of erythrocytes in hemolytic types of anemia and inadequate synthesis of hemoglobin as in
pernicious anemia.
2. Hemochromatosis. Hemochromatosis is a rare disease in which large amounts of
iron are deposited in the tissues, especially liver, pancreas, spleen and skin, producing various
disorders. Accumulation of iron in liver, pancreas and skin produces hepatic cirrhosis, bronze
diabetes and bronze-state pigmentation respectively.
13. Choose the correct answer:
The causes of hemochromatosis may be:
A. Increased absorbtion of iron in the intestin
B. Decreased absorbtion of iron in the intestin
C. Intensive lactation
D. Friquent and massive blood transfusion
E. Decreased secretion of gastric juice
F. Increased secretion of gastric juice
G. All of the above
LABORATORY MANUAL
DETERMINATION OF BILIRUBIN AND ITS FRACTIONS IN BLOOD SERUM
The method is based on the property of the bound and dissociated forms of free bilirubin to
develope, when allowed to react with diazophenylsulphonic acid, a compound azobilirubin
coloured green. The free bilirubin is converted to a soluble dissociated state by caffeine reagent; owing to this, the overall bilirubin is determined in the sample analysed. The free bilirubin concentration is determined by a difference between the overall and bound bilirubins.
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Determination of overall bilirubin
Procedure.
Reagents
Control
Sample
1. Blood serum
0,2 ml
0,2 ml
2. Reagent I
0,2 ml
0,2 ml
3. Reagent IV
0,05 ml
4. Reagent III
1 ml
1 ml
5. Distilled water
0,05 ml
Mix thoroughly the contents, wait 15 minutes
6. Reagent II
1 ml
1 ml
Mix the contents, wait 5 minutes and measure the absorbance for sample against control on a
photocolorimeter at 590 nm (green light filter) using 0,5cm thick cells.
Calculation:
Asample 325 (mkM).
Norm of overall bilirubin is 20,5 mkMol/l;
Determination of bound bilirubin
Procedure.
Reagents
Control
Sample
1. Blood serum
0,4 ml
0,4 ml
2. Reagent I
0,4 ml
0,4 ml
3. Reagent IV
0,1 ml
4. Solution of 0,9% NaCl
2 ml
2 ml
5. Distilled water
0,1 ml
Mix the contents, wait 5 minutes and measure the absorbance for sample against control on a
photocolorimeter at 540 nm (green light filter) using 0,5cm thick cells.
Calculation:
Asample284 (mkM)
Norm of bound bilirubin 5.1 mkMol/l.
Presentation of results. Perform the calculations indicated above to determine the concentrations of overall bilirubin and its fractions in blood serum and record the results in a report
sheet. Suggest an explanation for the eventual deviation of these indices from the norm for the
blood serum sample examined.
Practical applications. In norm, the concentration of overall bilirubin in blood serum falls
within the range of 8.0-20.0 mkMol/litre; of this, the nonconjugated (free) bilirubin accounts
for 75% (6.0-15.0 (mkMo]/litre) and conjugated (bound) bilirubin, for 25% (2.0-5.0
mkMol/litre). In the clinic, the quantitative testing for bilirubin is carried out for the differential diagnosis of jaundices. The icteric discoloration of the skin is manifested at the blood bilirubin level above 27 mkMol/litre. In suprahepatic jaundices (hemolytic anaemia and icterus
of the newborn), the content of free bilirubin in blood is increased; in hepatogenous jaundices
that occur as a direct consequence of impaired cells of the liver, the concentration of bound
bilirubin is seen to increase, while in subhepatic jaundices among which the mechanical jaundice is included, an increase in the concentration of both free and, especially, bound bilirubins
is observed.
PRODUCTION OF HYDROCHLORAL HEMINE CRYSTALS
Principle: Hemine is different from heme by Fe3+connected with atom Cl.
Hemine is a product of the reaction between blood and reagent containing acetic acid and
NaCl.
Practical procedures:
Place a drop of blood on a ground slide and make blood smear. Dry it carefully. Apply 2-3
22

Meta bolism of a mino acids . Deto xicat ion. Anti ox idant de fenc e s ystem.

drops of NaCl solution in acetic acid and close it with a cover glass. Heat the smear by means
of paper wicks till boiling. Cool it down. Examine it microscopically. Crystals of hydrochloral
hemine are presented as brown robs. Draw their plot into your pad.
SPECTRAL ANALYSIS OF HEMOGLOBIN AND ITS DERIVATIVES.
Principle: Hemoglobin and its derivatives have an ability of light waves of different length
absorption and give specific spectrum.
Practical procedures:
Step 1 Prepare 3 test-tubes as shown in table below:
Pipette
Test tube 1
Test tube 2
Test tube 3
(HbO2)
(Hb)
(MetHb)
Distilled water
2 ml
2 ml
2 ml
Blood
1 drop
1 drop
1 drop
Reagent of Stocks
(ammonium solution of
5-8 drops
_
_
ferrous tartrate)
Solution
_
_
5-8 drops
K3[Fe(CN)6],5%
Step 2.Place each test-tube in front of spectroscope and look at it.
Spectrum of absorption of HbO2: There are two black strips in the yellow-green part of the
spectrum
Spectrum of absorption of Hb: Ferrous ion of Stocks reagent is oxygenated by oxygen, which
is deducted out of HbO2. There is one wide black strip in the yellow-green part of the spectrum Hb.
Spectrum of absorption of MetHb: Ferrous ion in heme is oxygenated to ferric ion and Hb
turns into MetHb. There are two black strips in the yellow-green part of the spectrum and one
in the red part of the spectrum. Our eyes can’t see two black strips in the violet part of the
spectrum.
Investigation of hemoglobin spectrum and its derivatives absorption are of great importance
for diagnosis of some diseases (in forensic medicine and in occupation diseases).
Draw these spectra in your copy book.
Homework:
Study lesson 4.
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LESSON 4. TOXIC COMPOUNDS, XENOBIOTIC AND THEIR DETOXICATION.
THE ENZYMES OF DETOXICATION AND ANTIOXIDANT DEFENSE.
MAIN TOPICS:
Reactive oxygen species (ROS): singlet oxygen, superoxide, hydrogen peroxide, peroxinitrite. ROS formation via enzymatic and non-enzymatic reactions. Physiological functions of ROS. Mechanisms of ROS cytotoxicity.
 Antioxidant defence system. Enzymatic and non-enzymatic antioxidants.
 The pathways of human biotransformation of pharmaceuticals and environmental xenobiotics.
 Phase I of detoxication. Metabolic role of microsomal cytochrom P450-dependent
monooxygenase system.
 Phase II of detoxication. Types of conjugation reactions. Reactive metabolites involved in
formation of xenobiotic conjugates (adenosine 3’-phosphate 5’-phosphosulfate [PAPS],
UDP-glucuronic acid, glutathione [GSH]). Importance of metallothionein for heavy metal
detoxication.
 Chemical cancerogenesis. Characteristic features of the cancerogenic compounds. Tumor
promotion by organic and non-organic nitrates.
 Human metabolism of ethanol.
Study Chapter 21 dedicated features of oxygen metabolism and oxygen toxicity
(pp. 327 – 340) and Chapter 17 about the oncogenes and the molecular biology of cancer
(pp. 259 – 270).


REACTIVE OXYGEN SPECIES (ROS)
1. Note: many phisiological processes entail formation of multiple types of radical and nonradical reactive oxygene-containing compounds called reactive oxygen species (ROS).
It’s emphasized that certain ROS are both toxic and bioactive molecules. For example,
H2O2 and superoxide are involved in regulation of biological response on infectious, environmental or cancerogenic factors and act as trigger for apoptosis (programmable cell
death). The excess amounts of any ROS exhibit obvious cytotoxicity nonetheless (Fig.
2).
2.

Choose the most exact definition of a free radical:
A. Toxic metabolite that is generated by oxygen-containing organic compounds
B. Reactive compound that contains one or several oxygen atom(s)
C. Compound containing one unpaired electron
D. Compound consisting of hydrogen and oxygen atoms

3.

Note correlations between names and equations of the following reactions:
A. Superoxide generation
1. H2O2 + Cl– + H+ → HOCl + H2O
B. NADPH-oxidase reaction
2. ·O2– + H2O2 → O2 + ·OH + OH–
C. Myeloperoxidase reaction
3. Fe2+ + H2O2 → Fe3+ + ·OH + OH–
D. Fenton reaction
4. O2 + e– → ·O2–
E. Haber – Weiss reaction
5. ·O2– + NO → ONOO–
F. Peroxinitrite generation
6. 2 O2 + NADPH → 2 ·O2– + NADP + H+

4.

Note the reactive oxygen species which can be produced in the human body?
A. Ozone
B. Superoxide anion radical
C. Carbon dioxide
D. Hydroxyl radical
E. Sulphur dioxide
F. Alkoxy radical
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5.

Note compounds are preliminary targets for ROS-dependent damage in the human body?
A. Amino acids
B. Proteins
C. Biogenic amines
D. Nucleic acids
E. Urea
F. Cations of alkalic metals
G. Lipids

6.

Choose lipids that are degradable by ROS in physiological conditions:
A. Cholesterol
B. Dipalmitoyl phospatidylethanolamine
C. 1-Palmitoyl 2-linoloyl phospatidylcholine
D. 1,3-Dipalmitoyl 2-oleyl glycerol
E. Arachidonic acid
F. Methyl stearate

7.

What kind of reactive oxygen species is especially dangerous for genom?
A. Lipid peroxyl radical
B. Hydrogen peroxide
C. Singlet oxygen
D. Hydroxyl radical
E. Superoxide anion radical
F. Alkoxi radical

ANTIOXIDANT DEFENCE SYSTEM
1. Note that three strategies ensure a minimization of cellular and tissue oxidative damages
happened due to ROS action:
 Decrease of ROS concentration (by diminution of ROS production rate and rising of
ROS elimination rate)
 Decrease of concentration of intermediate and end products of the free radical oxidation (by elevation of level of antioxidant defence system activity)
 Attenuation of the outcome of ROS operation (via repair of oxidative damages and
disposal of irreversive damaged and unusable molecules and structures)
Intricacy of free radical oxidation and multiplicity of its pathways can explain why organism needs at least several different lines of defence. The following summary scheme
shows basic mechanisms of ROS generation and the defence against oxidative damage.
Fig. 2 Formation of ROS.
Abbreviation on the figure:
CAT – catalase; GPX – glutathione peroxidase; GR – glutathione reductase; MPO –
myeloperoxidase; P450 –
cytochrome P450; RE – endoplasmic reticulum; SOD –
superoxide oxidase.
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2.

Point correspondence between sentences from names and characteristic properties of the
following antioxidants?
A. α-Tocopherol
1. is intrinsic enzymatic antioxidant
B. Superoxide dismutase 2. needs for lipid hydroperoxide elimination
C. Glutathione
3. scavenges free radical by interaction radicals with double bonds
D. β-Carotene
4. is the main antioxidant of cellular membranes

3. Point correspondence between enzyme name and equation of catalyzed reaction:
A. Superoxide dismutase
1. Dehydroascorbate + 2 GSH → Ascorbate + GSSG
B. Glutathione peroxidase
2. GSSG + NADPH + H+ → 2 GSH + NADP+
C. Glutathione reductase
3. 2 ·O2– + 2 H+ → H2O2 + O2
D. Catalase
4. ROOH + 2 GSH → ROH + GSSG + 2 H2O
E. Dehydroascorbate reductase 5. Glc-6-P + NADP+ → 6-Phosphoguconate + NADPH + H+
F. Glucose-6-phosphate dehy- 6. H2O2 → 2 H2O + O2
drogenase
4.

Which of the following compounds directly defend cellular membranes against lipid
peroxidation?
A. Superoxide dismutase
B. Tocopherols
C. Uric acid
D. Ascorbic acid
E. Glutathione peroxidase
F. Glutathione reductase
G. Catalase
H. β-Carotene

5.

Which kinds of following antioxidants control intracellular ROS level?
A. Superoxide dismutase
B. Tocopherols
C. Uric acid
D. Ascorbic acid
E. Glutathione peroxidase
F. Glutathione reductase
G. Catalase
H. β-Carotene

6.

Choose diseases that develop as a result of ROS hyperproduction or inadequate antioxidant defence:
A. Cataracta
B. Familial hypercholesterolemia
C. Diabetic angiopathy
D. Galactosemia
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Biotransformation of xenobiotics
METABOLISM

ABSORPTION

Phase I
Drug metabolite with
modified activity

ELIMINATION
Phase II

Conjugate

Drug
Inactive drug
metabolite

Conjugate

Lipophilic

1.

Fig. 3 Phase I and
phase II reactions
in drug biodisposition. Phase II
reactions may also
precede phase I
reactions.

Hydrophilic

Phase I of detoxication
Note: enzymes of phase I of detoxication catalyze degradation of different chemical
compounds. Monooxygenases (see fig.21-9), oxidases and esterases are main types of the
mentioned enzymes.

2.

Point correspondence between sentences from different columns:
A. Esterase
1. needs presence of NAD(P)H
B. Microsomal monooxygenase
2. degrades catecholamines
C. Cytochrom P450
3. is hydrolase
D. Momoamine oxidase
4. is involved in xenobiotic hydroxylation

3.

Choose correct characteristics of the human cytochrome P450:
A. It is hemoprotein
B. It is flavoprotein
C. It catalyzes redox reactions
D. It is localized in mitochondria only
E. It is protein with transport function

4.

Why can high intensity of microsomal hydroxylation be deleterious?
A. Microsomal hydroxylation leads to deficiency of the flavin coenzymes
B. Tissue oxygen metabolism is disturbed by microsomal hydroxylation
C. Microsomal hydroxylation stimulates ROS generation
D. Microsomal hydroxylation can convert xenobiotic to more toxic compounds
E. Microsomal hydroxylation inhibits production of ATP

5.

Which pharmaceutical is transform to cytotoxic product by microsomal monooxygenases?
A. Ibuprofen
B. Nitroglycerine
C. Acetaminophen
D. Ciprofloxacine
E. Penicilline

1.

2.

Phase II of detoxication
Note: enzymes of phase II of detoxication produce complex conjugates (Fig. 4). The
same reactions are catalyzed by distinct transferases. Following scheme of the mercapturic pathways shows possibility of a concerted action of different types of detoxicating
enzymes.
What effects are the results of conjugating enzymes function? Rationalize of own answer.
A. For decrease of toxicity of xenobiotics
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B. For diminution of ATP outgoing
C. For elevation of oxygen consumption
D. For improvement of intracellular metabolism
E. For improvement of xenobiotic excretion
3.

Which features does glutathione have?
A. Glutathione consists of sulfur, carbon and oxygen
B. Glutathione is protein
C. Glutathione enters into the composition of glutathione S-transferase
D. Glutathione is lipophilic compound
E. Glutathione contains a glutamic acid residue
F. Glutathione is easy oxidized compound
Fig. 4 Phase II of detoxication. Abbreviation on the figure: GST
– glutathione Stransferase; γGT – γglutamate transpeptidase.

4.

Which of following compounds are involved in detoxication of nitrogen-containing
products of putrefaction? Write its structural formula and name of enzyme that catalyzes
the corresponding reaction.
A. S-Adenosylmethionine
B. Adenosine 3’-phosphate 5’-phosphosulfate (PAPS)
C. Cysteine
D. Cholesterol
E. Taurine
F. Glutathione

5.

Except non-conjugating agents from the following list:
A. UDP-glucuronic acid
B. Glutathione
C. Glycine
D. Alanine
E. S-Adenosylmethionine
F. S-Adenosylhomocysteine
G. Adenosine 3’-phosphate 5’-phosphosulfate (PAPS)
H. UDP-glucose
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1.

2.

3.

4.

5.

Chemical cancerogenesis
Note: tumor promotion and cancer progression are often due to disturbances of regulation of intracellular metabolism and cell cycle especially. Excess amount of ROS and altered biotransformation status play significant role in cancerogenesis. Moreover, the enzymes of detoxication occasionally produce cancerogenes from non-active xenobiotics.
Certain biotransformated xenobiotic (include pharmaceuticals) don’t exhibit cancerogenic effect but can enhance effect of other cancerogenes. Examples of the same compounds
are generated due to biotransformation of acetaminophen or nicotine.
Which of following compounds are cancerogenous?
A. Glucose 6-phosphate
B. Organic nitrosamines
C. Selenium
D. Soluble salt of lead
E. Benzopyrenes
F. Alifatic chlorosubstituted hydrocarbons
G. Aromatic amines
How do tumor cells produce ATP chiefly?
A. Via aerobic degradation of glucose
B. Via glycolysis pathway
C. Via pehtose phosphate pathway
D. Via β-oxidation of fatty acids
Choose correct characteristics of tumor cells:
A. Decreased oxygen consumption
B. Elevated oxygen consumption
C. High level of differentiation
D. Immortality
E. Loosing of endoplasmic reticulum
Enumerate possible causes of cancer development:
A. Viral transformation
B. Disturbation of glucose metabolism regulation
C. Elevation of fatty acid input
D. Ionizing radiation exposure
E. Nitrite-containing diet
F. Smoking
G. Carbohydrate-rich diet

HUMAN METABOLISM OF ETHANOL
1. Which of following enzymes play important role in ethanol metabolism
A. Alanine aminotransferase
B. Aldehyde dehydrogenase
C. Succinate dehydrogenase
D. Thiolase
E. Alcohol dehydrogenase
F. Glutathione S-transferase
G. Microsomal monooxygenase
H. Carbonyl reductase
2. Explain why excess activity of ketogenesis accompanies chronic consumption of ethanol?
LABORATORY MANUAL
Measurement of blood catalase activity
Principle of method: Catalase transmutes hydrogen peroxide into water and molecular oxygen. Hydrogen peroxide is able to interact with molybdate. Yellow product is formed in this
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reaction is used for the evaluation of hydrogen peroxide amounts that have been eliminated by
catalase.
Techniques of assay:
Components
Blank mixture
Sample mixture
Erythrocyte hemolysate, 0.2 ml
–
+
Hydrogen peroxide, 0.03 %, 3 ml
+
+
Incubate the mixtures at 37 ºC for 10 min
Ammonium molybdate, 4 %, 1.5 ml
+
+
Measure the absorbance of blank and sample mixtures versus water at wavelength
400 nm (Ab and AS). Calculate index ΔA as difference between Ab and AS (ΔA = Ab – AS).
Thereafter calculate the catalase activity according to following equation:
Catalase activity (mg H2O2 / μl blood) = 87.58×ΔA + 13.02
The normal range of blood catalase activity 22.7–34.7 mg H2O2 / μl blood. The minor βthalassemia bring to marked increase of the blood catalase activity. Mild increase of that activity is observed at the β-thalassemia (two cases from seven). Iron-deficit anemia and acatalasemia alias Takahar’s disease is characterized a decrease of blood catalase activity.
Detection of peroxidase activity
Principle of method: Peroxidase oxidizes broad range of organic compounds by hydrogen
peroxide. Pyrogallol is one of good substrate of peroxidase. Water extract of horseradish rhizome is used as peroxidase source.
Techniques of assay: Before an assay an aliquote of the horseradish extract must be boiled
for inactivation of peroxidase.
Components
1st tube 2d tube 3d tube 4th tube
Crude horseradish extract, 2 ml
–
+
+
–
Boiled horseradish extract, 2 ml
–
–
–
+
Solution of pyrogallol, 0,5 ml
+
+
+
+
Water, 2 ml
+
–
–
–
H2O2, 1 %, 2 drops
+
–
+
+
Rigorously mix components in the tubes. Record color for every mixtures. Explain what
this means.
Detection of 17-ketosteroids in urine
Cytochrom P450-dependent oxidation of steroid hormones leads to formation of 17ketosteroids.
Principle of method: 17-Ketosteroids react with 1,3-dinitrobenzene in alkalic solution. Violet-coloured product is formed.
Techniques of assay: Mix 4–5 drops of urine and the same volume of 2 % solution of 1,3dinitrobenzene in ethanol. Add 2–3 drops of concentrated solution of KOH. Rigorously mix at
once. Observe colour changes of the mixture.
Homework: repeat the themes “Common pathway of amino acids.”, “Detoxication. Antioxidant defence system”.
Prepare for colloquium
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LESSON 5. COLLOQUIUM: METABOLISM OF AMINO ACIDS AND REACTIVE
OXYGEN SPECIES (ROS). DETOXICATION.
MAIN
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

THE ORETICAL TOP ICS FOR RE VISION:

Proteins of cell membranes: integral and peripheral. Functions of proteins.
Properties of cell membranes (fluidity, asymmetry, selective permeability).
Mechanism of transport of compounds across the membranes: simple diffusion facilitated
diffusion, simport and antiport. Transport of compounds down a chemical gradient or
down an electrical gradient.
Mechanism of transport of compounds across the membranes: primary active transport
(Na+, K+-ATPase, Ca++-ATPase), simport and antiport, secondary active transport. Endocytosis and exocytosis.
Reactive oxygen species. Mechanism of damage action of ROS on membranes. Formation of products lipid peroxidation. Role of lipid peroxidation in functions of membranes and formation of pathological changes in organism.
Importance of proteins in the human nutrition. Estimated protein requirements and intakes in human. Nitrogen balance and its biomedical importance. Protein turnover, physiological protein minimum. Essential and nonessential amino acids.
Digestion of proteins in gastrointestinal tract. Proteases of gastrointestinal tract, pH optimum, specificity, products. Intestinal putrefaction and fermentation. Absorption of
amino acids, types of transport, -glutamyl cycle, its importance.
Pool of amino acids in cells, common scheme of degradation of amino acids. Ketogenic
and glucogenic amino acids.
Deamination of amino acids: direct and indirect. Scheme of reactions, enzymes, coenzymes, biological role.
Decarboxylation of amino acids (scheme of reaction, enzymes, coenzymes). Properties of
structure of biogenic amines. Formation of biogenic amines: putrescine, spermine, spermidine, cadaverine, γ- aminobutyric acid (GABA), histamine, serotonin, catecholamine.
S-adenosylmethionine (SAM) as the primary donor of methyl groups during biosynthesis
of creatine, epinephrine, phosphatidylcholine and methylation of DNA and propyl groups
during biosynthesis of spermine and spermidine.
Detoxycation of biogenic amines: oxidative deamination monoamines and diamines,
metilation. Mono- and diaminooxidases, scheme of reaction, properties MAO. Inhibitors
of MAO.
Toxicity of ammonia, the path of detoxication and modes of utilization of ammonia. Synthesis and degradation of glutamine. Utilization of amide group of glutamine for synthesis of urea, of ammonium salts, of nucleotides.
Catabolism of phenylalanine and tyrosine. Genetic defects of catabolism of phenylalanine and tyrosine.
Synthesis of heme. Localization and regulation. Defects of synthesis of heme.
Porphyrias.
Degradation of hemoglobin. Bile pigments. Jaundice.
Formation of reactive oxygen species (superoxide anion, hydrogen peroxide, hydroxide
radical, singlet oxygen, peroxinitrite). Biological role.
Antioxidant defense system. Enzymatic and non-enzymatic antioxidants.
Phase I of detoxication. Metabolic role of microsomal cytochrom P450-dependent
monooxygenase system.
Phase II of detoxication. Types of conjugation reactions. Reactive metabolites involved
in formation of xenobiotic conjugates (adenosine 3’-phosphate 5’-phosphosulfate
[PAPS], UDP-glucuronic acid, glutathione [GSH]). Importance of metallothionein for
heavy metal detoxication.

31

Meta bolism of a mino acids . Deto xicat ion. Anti ox idant de fenc e s ystem.

21. Chemical cancerogenesis. Characteristic features of the cancerogenic compounds. Tumor
promotion by organic and non-organic nitrates.
22. Human metabolism of ethanol.
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LESSON 6. METABOLISM PURINE AND PYRIMIDINE BASE. STRUCTURE OF
NUCLEIC ACIDS.
TEST IN WRITTEN FORM:
The structural formula of nitrogenous bases, nucleosides and nucleotides.
Write the fragments of DNA and RNA.




MAIN TOPICS:
Chemical composition of DNA and RNA. Nitrogenus bases of nucleic acids (purine and pyrimidine). Ribonucleotides and deoxyribonucleotides.The structure and nomenclature.
Synthesis of the purine nucleotides. Sources of the various atoms of the purine bases. Salvage
of bases. Regulation.
Synthesis of the pyrimidines. Sources of the various atoms of pyrimidines. Salvage of bases.
Regulation. Orotic aciduria.
Scheme of the synthesis of deoxyribonucleosides. Regulation.
Scheme of degradation of nucleic acids. Enzymes, substrates, products.
Degradation of the purine nucleotides. Hyperuricemia. Gout.
Degradation of the pyrimidines.
DNA and RNA. Similarity and differences of composition, primary structure, functions, cells
localization.
Secondary structure of DNA (model of Watson and Crick). Bonds wich are resposible for stability of the molecule.
Specialized forms of RNA. Characterictics of primary, secondary and tertiary structure of
RNA. Structure and biological role of ribosomes.
Determination of uric acid concentration in blood serum.













STRUCTURE OF NITROGENOUS BASES, NUCLEOSIDES AND NUCLEOTIDES.
Remember the structure of purine and pyrimidine nitrogenous bases, nucleosides, nucleotides (p.151-152)
1.
Note: nucleotides are the monomeric units of the nucleic acids: DNA and RNA. Each nucleotide contains a heterocyclic nitrogenous base (purine or pyrimidine), sugar (ribose or deoxyribose, and phosphate.
Both DNA and RNA contain the same purine bases: adenine (A) and guanine (G). Both
DNA and RNA contain the pyrimidine cytosine (C), but they differ in the second pyrimidine
base; DNA contains thymine (T) whereas RNA contains uracil (U).
The addition of a pentose sugar to a base by N-glycoside linkages produces a nucleoside.
The ribonucleosides of A, G, C, T and U are named adenosine, guanosine, cytidine, thymidine,
and uridine respectively. If the sugar is ribose, a ribonucleoside is produced; if the sugar is 2deoxyribose a deoxyribonucleoside is produced.
When the phosphate group is attached by an ester linkage to the 5'-OH of the pentose such
a compound is called a nucleoside 5'-phosphate or a 5'-nucleotide.
SYNTHESIS OF THE PURINE NUCLEOTIDES.
1.

Study the scheme of purine biosynthesis (p. 632, fig. 41.10 A).

2.

Note: origin of the atoms of the purine base (p. 632, fig. 41.10 B).

3. Remember:
The purine ring is built on a molecule of PRPP. There are several sources of ribose-5 phosphate.
a. Glucose metabolism.
b. Nucleoside degradation generates ribose-1- phosphate, which can be converted to ribose-5
phosphate.
33

Biosynt hesis of nucleic acid s a nd pr ot eins. Reg u lati on bio synthes is.

PRPP is required in:
a. The de novo synthesis of purine and pyrimidine nucleotides.
b. The salvage pathways for purine nucleotides.
c. The biosynthesis of nucleotide coenzymes.
4.

Note:

De novo synthesis of purine nucleotides is regulated by feedback inhibition (Fig. 5).
a. Both of the enzymes that catalyze the first two steps of IMP synthesis – PRPP synthetase and
PRPP amidotransferase –are inhibited by IMP, GMP and AMP.
b. PRPP amidotransferase has two allosteric sites: one for IMP and GMP, and one for AMP. If
both sites are occupied, then inhibition is synergistic.
c. Inhibition. The synthesis of adenylosuccinate from IMP is inhibited by AMP, and the synthesis of XMP is inhibited by GMP.
Ribose-5-phosphate

PRPP

5-Phosphoribosylamine

GTP

IMP

ATP

GDP

ADP

XMP

Adenylosuccinate

AMP

GMP

Fig. 5 Regulation of synthesis of purine nucleotides.
5.

Note: salvage of bases (p. 636, fig. 41.18 and 41.19).
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Hypoxanthine

Guanine

+
PRPP

+
PRPP
HGPRT

IMP

XMP

GMP

AMP
APRT
Adenine
+
PRPP
Fig. 6 Salvage pathways for purine nucleotides.
6. Write the correct letter for the following questions:
The N atoms at the positions 3 and 9 of purine base are derived from theamide nitrogen of:
A. Glutamate.
B. Glutamine.
C. Asparagine.
D. Aspartate.
The carbon atoms at the positions 4 and 5 and the N atom at position 7 of the purine base are supplied from:
A. Valine.
B. Alanine.
C. Glycine.
D. Serine.
SYNTHESIS OF THE PYRIMIDINES.
1.

Study the scheme of pyrimidines biosynthesis (p. 633-635, fig. 41.16 A).

2.

Note: origin of the atoms of the pyrimidine ring (p. 635, fig. 41.16 B).

3. Remember:
The pyrimidine ring, unlike the purine ring, is not built on a molecule of PRPP. Instead, the pyrimidine ring is formed, and then it reaacts with PRPP to form the nucleotide.
4. Note:
Regulation of pyrimidine synthesis. The enzyme that catalyzed the synthesis of carbamoyl phosphate (carbamoyl phosphate synthetase II) is a single polypeptide called CAD, wich also contains
the enzyme aspartate carbamoyl transferase and dihydroorotase. UTP inhibits the carbamoyl
phosphate synthetase II activity of this multienzyme polypeptide. The enzyme that catalyze the
last two steps of the synthesis of UMP-orotate phosphoribosyltransferase and orotidine 5’- monophosphate (OMP) decarboxylase, also are linked in a single polypeptide. UMP and CMP inhibit
the activity of this multienzyme.
GTP feedback inhibits CTP synthetase.
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5. Remember:
The defect of orotate phosphoribosyltransferase leads to orotic aciduria (p. 635, p. 636, fig.41.17).
6. Note: salvage pathways for pyrimidine nucleotides are not significant in mammals as are
those for purine nucleotides.
7. Write the correct letter for the following:
The carbon atoms at the positions 4, 5 and 6 and the N atom at the positions 3 of pyrimidine base
are derived from:
A. Glutamic acid.
B. Aspartic acid.
C. Glycine.
D. Serine.
8.
1.

Fill in the following blanks:
The synthesis of pyrimidine starts with the formation of carbamoyl phosphate from
,
and CO2being catalyzed by carbamoyl phosphate synthetase present
in the cytosol of the cell.
2. Dihydroorotic acid on dehydrogenetion by dihydroorotate dehydrogenase utilizing ________
as coenzyme is converted into
.
SYNTHESIS OF DEOXYRIBONUCLEOSIDES.
1.

Study the synthesis of deoxyribonucleotides (p. 633, fig. 41.14).

2. Note:
Deoxyribonucleotides are found in DNA. The cellular levels of deoxyribonucleotides are ordinarily low, and they increase at the time of DNA replication.
DEGRADATION OF NUCLEIC ACIDS.
1.

Study the scheme of the degradation of nucleic acids.
NUCLEIC ACIDS

Nucleases

Fig. 7 The brief scheme of
intracellular degradation of
nucleic acids in human body.

NUCLEOTIDES
Nucleotidases
H3PO4
NUCLEOSIDES
Nucleoside phosphorylase

(DEOXY)
RIBOSE-1-PHOSPHATE
PURINE AND PYRIMIDINE BASES
DEGRADATION OF THE PURINE NUCLEOTIDES.
1.

Study the reactions of the degradation of the purine nucleotides (p. 633-634, fig. 41.15).

2. Note:
The final product of purine degradation is uric acid. It is ionized in the body to form urate. Urate
is not very soluble in an aqueous environment. Gout is caused by the precipitation of sodium urate
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crystals in the joints and kidneys. Sodium urate crystals precipitate because the serum levels of
urate exceed its solubility limit. Elevated uric acid levels may be due to one of severel disorders.
a. In some patients, PRPP synthetase is abnormal and is not responsive to feedback inhibition by
purine nucleoside diphosphates.
b. A partial deficiency of hypoxanthine-guanine phosphoribosyltransferase (HGPRT) leads to
increased cellular levels of PRPP, which) leads to increased de novo synthesis of purines. This
partial deficiency does not cause any of the neurologic symptoms of Lesch-Nyhan syndrome.
Inflammation and erosion of the joints occur when leukocytes engulf the deposited crystals and
consequently rupture, releasing lysosomal enzymes. Sodium urate crystals in the urinary tract impair renal function.
Allopurinol, which blocks the production of uric acid, is an important drug in the treatment of
gout.
(1) Allopurinol is oxidized by xanthine oxidase to oxypurinol.
(2) Oxypurinol binds tightly to xanthine oxidase, inhibiting it’s ability to oxidize xanthine or hypoxanthine. This is an example of suicide inhibition.
(3) HGPRT salvages the hypoxanthine whose levels increased upon inhibition of uric acid formation. This leads to a decrease in PRPP levels and thus to a decrease in the de novo purine
synthesis.
Colchicine is an antiinflammatory drug that may be used to treat an acute gout attack. It inhibits
leukocyte movement by affecting microtubule formation.
3.

Note: Lesch-Nyhan syndrome is caused by a defective hypoxanthine-guanine phosphoribosyltransferase (p. 637, clinical note).

4. Write the correct letter for the followings:
The end product of purine catabolism in other mammals except man:
A. Uric acid.
B. Allantoin.
C. Ammonia.
D. Creatinine.
The healthy adult man typical range of excretion value of total uric acid expressed as milligrams
per 24 hrs is:
A. 100-300.
B. 200-400.
C. 300-500.
D. 400-600.
5.

Fill in the blanks of the following questions:
A. Xanthine is oxidized to uric acid by
.
B. Xanthine oxidase is inhibited by
for which uric acid can not be formed.
C. The chief end product of purine catabolism in man
.
D. Blood uric acid level also
in hemolytic anemia and thalassemia.
E. Sodium urate crystals are deposited in the soft tissues and these urate deposits are referred to as
.

DEGRADATION OF PYRIMIDINE BASES.
1.

Study the degradation of the pyrimidines (p. 635-636).

2. Note:
The products of pyrimidine degradation are excreted in the urine or converted to CO 2, H2O and
NH3 (which forms urea). They do not cause any problems for the body, in contrast to urate, which
is produced from the purines and can precipitate, causing gout.
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3.

Fill in the following blanks:
A. The main site of the catabolism of pyrimidines
.
B. The major end products of cytosine, uracil and thymine are
ly.

and

respective-

PRIMARY STRUCTURE OF DNA AND RNA
Consider the structure of nucleic acids
1.

Memorize: DNA and RNA are polymers of nucleotides or nucleoside monophosphates –5NMR. Nucleotides are linked together by 3', 5’ - phosphodiester bonds between the 3'-OH
group on the sugar of one nucleotide through a phosphate molecule to the 5'-OH on the sugar
of another nucleotide. The sugar - phosphate linkages form a “backbone” of DNA and RNA.
The terminal nucleotide of one end usually has a free 3- hydroxyl group on its sugar moiety
(3'end) and the other end has a free phosphate group attached to the 5' position of the sugar
(5'end).
2.

Study that the sequence of nucleotides in the polynucleotide chains of DNA or RNA is called
the primary structure of the nucleic acids.
3. Fig. 8 DNA strand
5' end
NH2
a) Name the nucleotides that form
the oligonucleotide given in
N
ON
fig.1.
O P Ob)
Indicate the 5'- phosphate and
N
N
O CH2
3'-OH ends of the oligonucleotide.
O
A
O
H
H
c) Match the following linkages
H
H N
NH
with the appropriate letters in
O
H
fig.1
D O P ON
NH2
N
1.
N-glycoside
O CH2
2.
3, 5- phosphodiester
NH2
O
3.
5-phosphoester
H
H
N
4.
3- phosphoester
H
H
O
H
C
d) What nucleic acid generates this
N
O
oligonucleotide on hydrolysis?
O P OO
O
CH2 O
H
H
NH
H
H
O
H
N
O
O P OB
O
CH2 O
H
H
H
H
OH H
3' end

4.

Write the formula of the dinucleotide A-U and compare the composition of its constituent
nucleotides:
A. UMP
1. Purine base
B. AMP
2. Pyrimidine base
C. Both
3. Ribose
D. None.
4. Pyrophosphate
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SECONDARY STRUCTURE OF DNA AND RNA.
Study the secondary structure of DNA (p. 153 - 155)
1.

1.

2.

Memorize: double helix is the predominant conformation of DNA and is now referred to as
B-form DNA or secondary structure of DNA. It consists of two polymers, or strands, of
DNA paired to each other and coiled around a common axis in a righthanded manner. Each
strand has an opposite polarity to the other or antiparallel. That is, where one sugerphosphate backbone has a 5' to 3' direction, the adjacent, paired strand is oriented oppositely
in a 3' to 5' direction. The two DNA strands of the double helix are held together by complementary base pairing: adenine pairs with thymine through two hydrogen bonds (A=T),
and guanine pairs with cytosine through three hydrogen bonds (G=C). The stability of the
double helix owes much to the van der Waals interactions of the bases that lie perpendicular
to the helix axis, which is composed of deoxyribose-phosphate chains. Double helix of DNA
much likes a spiral staircase in which there are 10 base pairs for each complete turn of the
helix.
Which one of the following statements is true of the double helix DNA?
A. The planes of the bases lie parallel to the helix axis.
B. The chains have a backbone of linked glycosides.
C. The 3' -OH groups of each chain are at opposite ends of the molecule.
D. The duplex structure is stabilized only by hydrogen bonds between bases.
E. The two chains have an identical base sequence.
Here is a fragment of DNA chain: .… -A-G-C-T-T-A-G-C-C-.....
A. Write the nucleotide sequence of a complementary DNA chain.
B. Indicate its 5 and 3 ends.
LABORATORY MANUAL

DETERMINATION OF URIC ACID CONCENTRATION IN BLOOD SERUM
The method is based on the fact that uric acid reduces the phospho-tungstic reagent (Folin's reagent) yielding coloured products whose coloration intensity is presumed to be proportional to the
uric acid concentration.
Procedure:
Reagents
Control
Standard
Sample
solution
1. Distilled water
4 ml
2. Blood serum
0,5 ml
Mix
3. Solution of H2SO4 (0,35 M)
0,25 ml
4. Solution of tungstic sodium
0,25 ml
Mix, centrifuge the mixture at 3000 rpm for 5 min.
5. Centrifugate
2 ml
6. Standard solution of uric acid
2 ml
7. Distilled water
2 ml
8. Solution of sodium carbonate
1 ml
1 ml
1 ml
9. Phospho-tungstic reagent
0,5 ml
0,5 ml
0,5 ml
Mix, wait 30 minutes and measure the absorbance for sample and standard solutions against distilled water on a photocolorimeter at 510-560 nm (green light filter) using 1cm thick cells.
Calculation is carried out by the equation:
C=Asample/A standard 3010
where C is the concentration of uric acid in blood serum, mkmol/litre; A sample is the absorbance
measured for sample solution; A standard is the absorbance measured for standard solution; 30
mkmol - is the mass of uric acid contained in standard solution, used for reaction; 10 - is the scaling factor for conversion to per litre blood serum.
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Norm for male – 240-500 mkmol/l; for female – 160 –400 mkmol/l.
Presentation of results. Calculate the concentration of uric acid in blood serum by making use of
the measured absorbance values and record the result in a report sheet. Compare the found uric
acid concentration to the norm. Suggest an explanation for the difference (if any) between these
two indices from the standpoint of disturbed purine metabolism.
Homework:
Study lesson 7.
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LESSON 7. STRUCTURE OF DNA AND RNA. NUCLEOPROTEINS. SYNTHESIS OF
DNA (REPLICATION). REPARATION OF DNA.
 The peculiarity of formation of nucleoproteins. DNA-binding proteins: helix-spire (round)helix; lucines zip-fasteners; Zn-fingers; histones.
 Role of histones in the formation of tertiary structure of DNA. Chromatin. Chromosomes.
Covalent modifications of histones and their role in regulation structure and activity of chromatin.
 Replication of DNA. Definition of the process. Principles of replication ( complementary,
antiparallel, semiconservatism, unipolarity, bidirectionality, coordination of replication and
cell cycle). Stages of replication.
 Replication in prokaryotes. Initiation. Enzymes and proteins which participate in formation of
replication fork: helicase, topoisomerase, single-strand binding proteins, primase.
 Elongation and termination. Kinds and functions of DNA polymerases. Leading and lagging
strands, Okazaki fragments. Function of DNA ligase.
 Replication in eukaryotes. Points of origin for replication. Eukaryotic DNA polymerases.
 Replication of the ends of chromosomes. Telomeres. Action of telomerase.
 Mechanism replication of various viruses. Retrovirus. Reversal transcriptase.
 Damage and repair of DNA. Types of damage. Molecular mutations.
Mechanisms of repair. Enzymes wich take part in this process. Defects in DNA repair systems and hereditary diseases.
 Hydrolysis of deoxyribonucleoproteins and definition of DNP components in hydrolysate.
TERTIARY STRUCTURE OF DNA AND RNA.
Study the secondary and tertiary structure of DNA (p. 153 - 160)
1.

2.

Note, that eukaryotic DNA interacts with an equal weight of small, basic proteins known as
histones which contain a large amount of arginine and lysine. It allows to package DNA into
a more compacted tertiary structure. During mitosis, DNA is packaged in structures called
chromosomes, but during interphase, when DNA needs to be accessible to the transcription
and replication enzymes, it is packaged less densely in a structure known as chromatin.
When chromatin is extracted from cells, it has the appearance of beads on a string. These
beads are known as nucleosomes: two molecules of each of four histone classes (H2A, H2B,
H3 and H4) form a core around which approximately 140 base pairs of double-stranded DNA
are wound.
All of the following statements regarding nucleosomes are true EXCEPT
A. The bead-like structures are made of core histones around which DNA is wrapped.
B. The bead-like structures are linked by a DNA chain.
C. Each bead-like structure contains two molecules of histones: HI, H2a, H2b, H3, H4.
D. Approximately 140 base pairs of DNA are wound around each nucleosome.
E. The primary structure of the histones is similar in all cell types and in all eucaryotes.

Study the secondary and tertiary structure of RNA.
I.Mark: The three major types of RNA are messenger RNA (mRNA), ribosomal RNA
(rRNA), and transfer RNA (tRNA) (p.160-164).
All RNA is single-stranded. RNA strands may loop back on themselves, and bases in the portions of the strand that run in opposite direction can pair, guanine with cytosine and adenine with
uracil forming secondary structure (fig. 11.33, 11.35A).
Some RNAs serve structural roles, while some interact with specific proteins and few have catalytic functions requiring that they be able to form some very complex tertiary structures (fig.
11.31, n.35B).
Remember the functions of mRNA, tRNA and rRNA in the process of protein synthesis.
3. All of the following statements about RNA are true EXCEPT
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A. The sugar group of ribonucleotides has an OH group at the 2 position.
B. In RNA helices, A can base pair with U through two hydrogen bonds.
C. In RNA helices, G can base pair with C through three hydrogen bonds.
D. The mole fraction of A equals the mole fraction of U.
E. Ribonucleotides are linked by phosphodiester bonds between the 3-OH on the sugar of
one ribonucleotide through a phosphate to the 5'-OH on the sugar of another ribonucleotide.
4.

Compare the secondary structures of DNA and RNA.
A. DNA
1. Hydrogen bonds are formed between nitrogen bases.
B. RNA
2. Hydrogen bonds are formed between C and T and between A and G
C. Both
3. Its molecule consists of one polynucleotide chain
D. None
4. The chains in its molecule are antiparallel.

5.

Match the figures with the letters. The nucleic acids in the cell may be:
A. DNA
1. Adaptors of amino acids to mRNA codons.
B. mRNA
2. Structural components of ribosomes.
C. tRNA
3. Templates for protein synthesis.
D. rRNA
4. Carriers of genetic information.
5. Templates for RNA synthesis.

6.

Complete the sentences using the corresponding nucleic acids:
A. Histones take part in the arrangement of ..... in the cell.
B. The molecules of ..... contain modified nucleotides and an anticodon.
C. The 18S ... molds the 40S subunit of ribosome.
D. The "cap" at the 5'-end of ... plays a role in initiation of translation.
E. …contain the CCA sequence whereby they bind with amino acids.

1. DNA
2. mRNA
3. tRNA
4. rRNA

SYNTHESIS OF DNA (REPLICATION, REPAIR).
Study the synthesis of DNA in eukaryotes (p. 171-173)
1.

2.

3.

Memorize: DNA replication occurs only in S phase of the cell cycle and provides the information inherited by daughter cells. During replication, each of the two parental strands of
DNA serves a template for the synthesis of a complementary strand. In the cause of the M
phase each daughter cell receives one intact parental strand and one newly synthesized
strand, replication is semiconservative.
Remember that DNA polymerases α and δ replicate chromosomal DNA, DNA polymerase β
and έ repair DNA, and DNA polymerase γ replicates mitochondrial DNA. Look at fig. 12.8,
12.9 and note that DNA replication occurs at many chromosomal origins. Synthesis is bidirectional from each point of origin, DNA polymerase α synthesizes the lagging strand,
via Okazaki fragments, and DNA polymerase β synthesizes the leading strand, RNA primers are synthesized by DNA polymerases α which carries a primase subunit. Look at fig.
12.5 and 12.6 and learn the function of DNA ligase.
Answer the question. Which of the following statements concerning Okazaki fragments is
true?
A. They are produced by restricting nucleases.
B. They are synthesized on the leading strand during replication.
C. They are regions of DNA that do not code for the amino acids in a protein.
D. They are relatively short polydeoxyribonucleotides with a few ribonucleotide residues at
the 5’ end.
E. They are the products of the action of DNA ligase.

Study DNA repair (p.173-176).
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1.

Note that errors that occur during replication could lead to mutations. Many of them are corrected by enzymes associated with the complex at the replication fork. Repair mechanisms
correct DNA damage, usually by removing and replacing the damaged region (fig. 12.12,
12.13, p.l75). Remember enzymes involved in DNA repair.

2.

Arrange the following enzymes in accordance with the processes they catalyze.
A. Glycosidase
1. Replication
B. Exonucleases
2. Repair
C. Helicase
3. Both
D. Topoisomerase
4. None
E. DNA polymerase α
F. DNA polymerase β
G. DNA ligase

3.

Choose the enzymes written above with the correct description of its action.
A. Topoisomerase
1. Can relieves the supercoiling produced by
unwinding of the parental duplex
B. DNA ligase
2. Can joins Okazaki fragments
C. Special RNAses (f.e. RNAse H) 3. Can removes the RNA primers
D. DNA polymerase α
4. Can produces RNA primers
E. DNA polymerase β
5. Can elongate leading chain
F. Helicase
6. Can unwise double helix of DNA

4.

Match the figures with the letters:
A. dNTPs incorporation into the polynucleotide chain.
B. Elimination of DNA errors
C. Synthesis of new DNA molecules
D. Synthesis of templates for translation.

1. Replication
2. Repair
3. Both
4. None

EFFECTS OF MUTATIONS: POINT, INSERTION, DELETION.
EXAMPLES OF HEREDITARY DISEASES.
Study the types of mutations (table 14.2, p. 203 )
1.

Estimate the possible changes in the protein structure, protein polymorphism in some examples of hereditary diseases (p. 203-204).Read the clinical cases of Michael Sichel, Annie
Myck, Jay Sakz ( p. 200,203-205,212 ).
Mind that mutations are chemical or physical changes in the genetic material of a cell or organism, which lead to a change in the genetic information.

2. Select the appropriate characteristics for different kinds of mutations.
A. Missens-mutation
1. Synthesized protein has one amino acid alteration
B. Nonsens-mutation
2. Protein coded by the mutated gene is shorter than normal for some amino acids
C. Insertion with frame-shift
3. Synthesized protein has accidental amino acid sequence in the part that codes after the point mutation.
D. Deletion without frame-shift
E. Silence mutation
3.

Choose the correct answers. Causes of protein polymorphisms are
A. Changes in the base sequence of DNA
B. Gene amplification
C. Genetic variation
D. Recombinations
E. Increase in the activity of DNA polymerase α and β
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4.

Choose the correct answers. HbA and HbS:
A. Are the products of the allel genes
B. Have similar spatial structure
C. Interact with the same ligand
D. Have many differences in amino acid composition
E. Are the result of missens mutation
LABORATORY MANUAL.

Hydrolysis of deoxyribonucleoproteins and definition of DNP components in hydrolysate.
Yeast cells contain a lot of nucleoproteins. Peptides, nitrogenous bases, pentoses and phosphatic acid are formed by acid catalyzed hydrolysis of yeast. The end products of hydrolysis may
be detected by qualitative reactions.
Practical procedures:
Expose the dry yeast (0,5 g) to a wide tube with reverse condenser. Add 10 ml of 10% sulfate
acid. Place the tube into boiling water for 1 hour then cool the tube and determine compounds of
DNP.
1. Peptides Biuret test.
Place test sample (0,5 ml) into the tube, add 10 drops of 10% solution sodium hydroxide and
2 drops of 1% solution of copper sulfate. Write down the results and conclusion.
2.”Silver” test on purine nitrogenous bases.
Place test sample (1ml) into the tube, add 10 drops of solution ammonium (for alkaline media) and 20 drops of 2% solution silver in ammonia. Incubate them for 5 min at room temperature
to let the color develop. Write down the results and conclusion.
3. Qualitative pentose reaction (reaction of Trommer).
Place tested sample (1ml) into the tube, add 10 drops of 10% solution sodium hydroxide and
5 drops of 7% solution copper sulfate. Heat the upper part of mixture till boiling (carefully), boil
for 1 min. Write your results and conclusion.
4. “Molybdenum” test on phosphatic acid.
Place tested sample (10 drops) into the tube, add 20 drops of molybdic reagent and boil to
the appearance of yellow color. Cool the tube. The yellow precipitate must appear on the bottom
of the tube. Write your results and conclusion.
Write the scheme of DNP hydrolysis down into pad.
Essay for lesson 7.
1. International programe “Human genome project”.
2. Gene Therapy.
3. Polymerase chain reaction – method of studing of genome and laboratory diagnostic.
Homework:
Study lesson 8.
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LESSON 8. SYNTHESIS OF RNA (TRANSCRIPTION). PROTEIN SYNTHESIS.
INHIBITORS OF THE DNA, RNA AND PROTEIN SYNTHESIS.




















MAIN TOPICS:
Gene as functional unit of DNA.The human genome.Features of organization genome in eukaryotes (enhancers, silencers, cis-elements). Structure of gene in eukaryotes. Mosaic of structural genes in eukaryotes ( introns and exons). 3 kinds of eukaryotic genes. Features of organization genome in prokaryotes. Structure of operon.
Transcription. Definition. Principles of transcription (complementarity, antiparallelity, semiconservatism, unipolarity, RNA polymerases can initiate the synthesis of new strands, asymmetricity). Stages of transcription. Transcription in prokaryotes. Сharacteristic оf transcriptional apparatus: substrats, template (coding strand and template strand), expense of energy,
enzymes. Structure of RNA polymerase: role of subunits (α2 ββ'σ). Structure of promoter
(Pribnov box). Initiation of this process.
Elongation and termination of transcription (ρ – dependent and ρ- independent termination)
Transcription in eukaryotes: 3 types of RNA polymerases (I, II, III). Structure of promoter.
Ваsal factors of transcription. Role of TFIID and TFIIH factors in initiation of transcription.
Structure of regulatory DNA binding proteins ( gene- specific transcription factors).
Processing of the primary transcript RNA. Capping of 5' – end, addition of a poly (A) tail,
splicing of pre-mRNA. Spliceosome. Role of snRNA in the removal of introns and splicing
splicing of exons.
Synthesis of protein. Translation. The genetic code, features in eukaryotes. Basic components
of complex, wich takes part in synthesis of proteins: amino acids, tRNA, ribosomes, source
of energy, factors, enzymes.
Structure and functions of ribosomes. Binding sites of ribosomes: peptidyl (P) and aminoacyl
(A) sites.
tRNA as adaptor molecule. Aminoacyl-tRNA biosynthesis. Aminoacyl-tRNA synthetases.
The high specificity of aminoacyl-tRNA synthetases to substrate.
Synthesis of polypeptide on ribosome. Formation of initiation complex in prokaryotes. ShineDalgarno sequence. Elongation: formation of peptide bond. Peptidyltransferase activity of
rRNA. Translocation. Termination of translation. Role of protein factors on each stage..
Peculiarity of protein synthesis in eukaryotes.
Posttranslational processing of proteins: limited proteolysis, formation of disulfide bridges,
addition of prosthetic groups, covalent modification (glycosylation, methylation, phosphorylation, acetylation).
The formation of spatial conformation (folding)of proteins. Enzymes of folding (disulfide
isomerase and peptidilprolil isomerase). The participation of heat shock proteins in this process. Classification of chaperones. Folding of proteins with participation of chaperonine system. Prionic proteins. Deseases as results of folding disordes.
The process of translation on the ribosome. Elongation and termination. The peculiarities of
synthesis and processing of secretory proteins (collagen and insulin).
Turnover of proteins. The ubiquitin-proteasome pathway.
Inhibitors of DNA and RNA synthesis. Antibiotics in chemotherapy, antiviral drugs.
Inhibitors of protein synthesis. The influence of antibiotics and toxins on protein synthesis.
Interferons.

GENETIC CODE, FEATURES.
Study the features of the genetic code (p.200 - 202).
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1.

Memorize: The genetic message encoded in DNA is first transcribed into mRNA, and the
nucleotide sequence of the mRNA then determines the amino acid sequence of the protein in
the form of a genetic code. The portion of mRNA that specifies the amino acid sequence of
the protein is read in codons, which are sets of three nucleotides. The triplet codons are read
in 5' to 3'direction. The code is read sequentially, without spacer bases, from a fixed starting
point. Because mRNA is composed of four bases and each codon is three bases, there are 4 or
64 possible codon sequences. 61 codons specify 20 amino acids. The remaining three codons - UAA, UAG and UGA - are called stop codons. These codons facilitate the termination of translation. Pay attention to the main features of genetic code: unambiguous, degeneracy, colinearity, nonoverlapping and universality.

2.

Match the following statements and properties of the genetic code:
A. Degeneracy
1. A given codon designates only one amino acid
B. Unambiguous
2. The genetic code is the same for all examined species
C. Universality
of plants, animals and people
D. Colinearity
3. More than 1 codon can specify the same amino acid.
E. Nonoverlapping

3.

Choose the correct answer. Degeneracy of the genetic code means that:
A. A given base triplet can code for more than one amino acid
B. There is no punctuation in the code sequences
C. The third base in a codon is not important in coding
D. Each amino acid can be coded for by more than one base triplet
E. Codons are not ambiguous

4.

Estimate the validity of the following statement:
The product of a gene is the peptide specified by the base sequence of the exon regions of
the, gene because introns sequences are transcribed and then spliced out.
5.

What property of the genetic code has been written in statement 4?
A. Degeneracy
B. Unambiguous
C. Universality
D. Colinearity
E. Nonoverlapping

RNA SYNTHESIS AND PROCESSING.
Study RNA synthesis (transcription) and processing (p. 181-187).
1.

Note: RNA polymerases copy a DNA template in the 3' to 5' direction and synthesize an
RNA strand in the 5' to 3' direction (fig. 13.1). RNA polymerases can initiate the synthesis of
new strands. Look at table 13.1, p. 183 and remember that eukariotic RNA is transcribed in
the nucleus by three different RNA polymerases produced precursors of mRNA, rRNA and
tRNA.

2.

The following statements about RNA polymerases are true EXCEPT
A. Initiate the synthesis of new RNA chains.
B. Copy DNA template in the 3' to 5'direction.
C. Perform the splicing of the precursors of mRNA, rRNA and tRNA
D. Associate with promoters of genes.
E. All human RNAs are synthesized by a single RNA polymerase.

Study post-transcriptional modification of RNA (188-193).
1.

Memorize that RNA primary transcripts are modified and trimmed to produce the mature
RNAs, which travel to the cytoplasm to participate in translation. The processing occurs pri46
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marily within the nucleus. The processing includes capping (fig. 13.11), nucleolyc and ligation reactions (fig. 13.13, 13.15, 13.22), terminal additions of nucleotides (fig. 13.12) and
nucleoside modification (p. 193).
2.

Choose the most complete answer: during the processing:
A. The "cap" is bonded with the 5'-end of mRNA precursors.
B. RNA precursors turn into mature molecules that are involved in protein synthesis
C. Intrones are excised
D. Some nitrogen bases undergo methylation
E. The poly (A) fragment is added to the 3-end of mRNA.

3.

Fill in the table:

№ Process

Replication

Repair

Transcription

1 Template
2 Substrate
3 Energy sources
4 Direction of elongation of newly synthesized chain
5 Characteristics of the reaction product:
A. Complementary and identical to the template
B. Complementary but not identical to the template
FORMATION OF AMINOACYL-tRNA, AMINOACYL-tRNA SYNTHETASES
Study the formation of aminoacyl-tRNA (fig. 14.5, p. 204 - 205).
1. Note: In a ribosome, the message is carried by mRNA and is read or translated to produce a
protein. The linkage between the message with protein is made by tRNAs which are known
as adaptor molecules. Each tRNA has an attachment site for a specific aminoacid and a
three-base nucleotide sequence - anticodon - that recognizes a specific codon on them RNA
(Fig. 9).

Fig. 9 Function of the tRNA as adaptor molecule.

Aminoacyl- tRNA synthetases are enzymes that activate amino acids and attach them to their
appropriate tRNA: a-carboxyl group of amino acids are joined to the 2' or 3' hydroxyl group of the
3' terminal adenosine of tRNA. The sum reaction of this step is expressed as:
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O
H2N

OH + ATP + tRNA-3`-OH

CH C

R

The structure of aminoacyl-tRNAs can be written by such way as in fig.10 and the scheme of
met-tRNA in fig.11.
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Fig. 10 Structure of the aminoacyl-tRNA.

Fig. 11 Structure of aminoacyl –tRNA.

The tRNA synthetases are very specific in their attachment of the correct amino acid to the
correct tRNA, because the codon recognition is entirely due to the tRNA and not the attached
amino acid. The fidelity of protein synthesis depends largely on the high specificity of tRNA
synthetases.
The tRNA anticodon base pair with their complementary codons in the mRNA in the ribosome in an antiparallel fashion. The first two bases of mRNA codon and last two bases of tRNA
anticodon base pair by normal fashion (G - C, A - U), but the third base of the codon with the first
base of the anticodon follows less rigid requirements. This allows some tRNA to base pair with
more than one codon (wobble hypothesis).
2.

Answer the following questions:
1) What kinds of RNAs are used as adaptor molecules in the protein synthesis?
2) Choose the statements that correctly characterize this type of RNAs:
A. No template is required for their synthesis
B. Have a template (mRNA) recognition site – anticodon
C. Have an attachment site for a specific amino acid
D. Carry amino acids to the ribosomal side of protein synthesis
E. The carboxyl group of amino acids are esterified to the 3'- or 2'-OH group of the 3 terminal ribose ofRNA.

3.

Look at fig. 14.5 and name the aminoacyl-tRNA synthetase, which catalyzes the formation
of the alanyl-tRNA.

4.

Write the reaction of alanyl-tRNA synthesis using the formulas of amino acid and scheme of
tRNA and mark the bond between tRNA and alanine.

PROCESS OF TRANSLATION ON THE RIBOSOME. INITIATION, ELONGATION
AND TERMINATION.
Study the mechanism of protein synthesis on eukaryotic ribosome (p. 205 - 209).
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1.

Mind that translation of the mRNA commences near its 5' terminal with the formation of the
corresponding amino terminal of the protein molecule. The message is read from 5' to 3',
concluding with the formation of the carboxyl terminal of the protein. Protein synthesis occurs in three stages: initiation, elongation, and termination.
a) Initiation of translation (fig. 14.8, p. 206) begins with the formation of a 40S initiation complex, which contains the following: a strand of mRNA, at least 10 eukaryotic initiation factors
(elFs), 40S ribosomal subunit, initiator Met-tRNAi Met, GTP and ATP. The 40S ribosomal
subunit binds near the 5' end of the mRNA and scans the mRNA in the 3' direction (ATP hydrolysis may be essential for this scanning process) until it finds the first AUG codon (initiation codon). Other elFs bind, GTP is hydrolyzed, the large ribosomal subunit (60 S) binds
and initiation factors are released. The rapid association of the 40S and 60S subunit forms
the 80S ribosome. Two binding sites for tRNA, known as P (peptidyl) and A (aminoacyi)
sites, are present on the ribosome. At this stage Met-tRNAi Met binds at the P site of the ribosome, ready for elongation cycle to commence.
b) Elongation (fig. 14.10, p.208), a cyclic process, involves several steps:
 Binding of aminoacyl-tRNA to the A site with the use of GTP and elongation factors
eEF lα and eEF 1βγ (eEF= eukaryotic elongation factor).
 Peptide bond formation is catalyzed by peptidyltransferase (fig.3.5), which is not protein but 28S rRNA of the large ribosomal (60S) subunit. The tRNA in the A site now
contains the growing polypeptide chain, and the tRNA in the P site is uncharged.
 Translocation moves the mRNA and its base-paired tRNA with respect to the ribosome
toward the 3'-end. As the result the uncharged tRNA quickly releases from the P site. The
newly formed peptidyl-tRNA at the A site moves into the empty P site and the next codon of the mRNA occupies the A site. This process involves another elongation factor
EF2 and GTP which is hydrolyzed to GDP during translocation.
c) Termination of translation proceeds when terminating codon of mRNA (UUA, UAG, UGA)
appears in the A site. Releasing factors (eRF) are capable of recognizing that a termination
signal resides in the A site, they in conjunction with GTP and the peptidyltransferase promote
to hydrolyze the bond between the peptide chain and tRNA, releasing the protein and tRNA,
and to dissociate 80 S ribosome into its 40S and 60S subunits.
Fig. 12 Formation of a peptide bond.
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2.

Choose the correct statements. In protein biosynthesis:
A. Each amino acid recognizes its own codon by a direct interaction with the mRNA template.
B. The formation of peptide bonds by ribosomal messenger RNA complex continues until a
stop codon on mRNA is reached.
C. Peptide bond formation ceases when the ribosome reaches the 5' end of the mRNA.
D. A given codon and its anticodon must have identical base sequences in order for them to
be proper base.
E. Each amino acid is added in its proper place to a growing peptide chain through the
"adaptor" function of tRNA.

3.

Add the components, which are required for receiving complete cell-free protein synthesizing system:
1) ATP and GTP;
2) Amino acids (20);
3) Ribosomes;
4) 4Mg2+.
5) Factors of initiation; elongation and termination;
6) >20 tRNA;
7) ?;
8) ?

4.

Match the function of 7 and 8 components in protein synthesis:
A. Enzyme catalyzes the formation of peptide bonds
B. The sources of energy
C. Substrates for mRNA synthesis
D. Enzymes activate amino acids and attach them to tRNA
E. Template of protein synthesis.

5.

The figure below shows the structure of the non-transcribed strand of the DNA:
5'.............-CCACTATAAAG........GCCATGGGGGTA.........3'

A.
B.
C.
D.
E.
F.

Write down the sequence of the complementary DNA strand.
Underline the TATA box.
Write the sequence of the nucleotides of the mRNA coding the underlining part of DNA.
Underline the start codon for the protein.
Write the amino acids sequence of this fragment of protein.
Using fig. 14.1 draw scheme of incorporating amino acid coded by GUA triplet in the
growing polypeptide chain, in your copy-book.

POSTTRANSLATIONAL PROCESSING OF PROTEINS
Study Posttranslational processing of proteins.
1.

Study the unit "Posttranslational processing of protein on p. 209-210 and answer the question:

2.

What proteins bind to a nascent polypeptide and mediate the folding process?

3.

Choose appropriate alteration of amino acids residues in the nascent polypeptide chain and
fill in table:
Posttranslational alterations of polypeptide chains
Amino acid radicals

Posttranslational alteration

N-terminal met
Cys
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Pro
Lys
Ser, Thr, Tyr
INHIBITORS OF DNA, RNA AND PROTEIN SYNTHESIS
Study some inhibitors of DNA, RNA and protein synthesis.
1.

Note that the cessation of DNA, RNA or protein synthesis causes the death of cells.
Inhibitors of the template synthesis are used as drugs in the treatment of various neoplasms or
bacterial infections. For these purposes antibiotics are often used.
a) Antibiotics are drugs in chemotherapy. Successful treatment of tumors with drugs depends upon the greater sensitivity of neoplastic cells to the treatment than that of normal cells.
Proliferating cells, such as neoplastic cells, are generally more sensitive to these agents than are
quiescent cells, because they are more penetrative and have usually high activity of DNA and
RNA synthesis. In this case cells that normally proliferate rapidly: hair follicle cells, cells of the
hematopoietic system and cells, that line the gut, are also damaged by such drugs.
b) Antibiotics are antibacterial drugs. On the other hand many antibiotics selectively inhibit protein synthesis in bacteria. The bacterial ribosome is smaller (70S with 50S and 30S subunits) than 80S mammalian ribosome and has a different complement of RNA and protein molecules. Many antibiotics interact with the proteins of prokaryotic ribosomes and thus inhibit protein
synthesis. This results in growth arrest or death of the bacterium. Such antibiotics do not interact
with components of eukaryotic ribosome and thus are not toxic to eukaryotes.
Some antibiotics (puromycin for example) inhibit protein synthesis on all ribosomes but the
others only on eukaryotic cells (cycloheximide). They are not clinically useful but important in
scientific purposes.
c) Poisons, toxins and interferons are inhibitors of the template biosynthesis For example: -amanitin, a compound driven from the mushroom Amanita phalloides, inhibits eukaryotic
RNA polymerases; diphtheria toxin, an exotoxin of Corynebacterium diphtheriae infected with
specific lysogenic phage, catalyzes the ADP-ribosylation of eEF-2 in mammalian cells. This modification inactivates eEF-2 and inhibits mammalian protein synthesis. In the human organism interferons possess a high antiviral effect. They inhibit synthesis of the proteins in cells that have
been infected by a virus. They:
- inhibit synthesis of the proteins required for viral replication;
- stimulate synthesis of an enzyme that produces an oligonucleotide (2'-5'-oligo(A))that activates a ribonuclease. This RNase degrades mRNA and in such a way inhibits protein synthesis.
2.

Look at table 2 and choose the correct couples. Drug used for:
A. - antibacterial treatment;
B. - chemotherapy.
Drugs as inhibitors of template biosynthesis
№
Drugs
Mode of action
binds to DNA by intercalation (insertion between adjacent base pairs)
1 Doxorubicin
Binds to the 30S ribosomal subunit and inhibits binding of aminoacyl-tRNA
2 Tetracycline
Causes chromosomal breaks, fragmentation
3 Bleomycin
Produces metaphase arrest during mitosis
4 Vinblastine
5 Erythromycin Binds to the 50S ribosomal subunit and prevents translocation
3.

Which of the following statements about inhibitors of protein synthesis is correct
A. Erythromycin inhibits DNA synthesis causing chromosomal breaks.
B. Diphtheria toxin inactivates the eukaryotic elongation factor eEF-2.
C. α-Amanitin inhibits eukaryotic RNA polymerases.
D. Doxorubicin binds to the 30S subunit and distorts its structure.
E. Bleomycin inhibits DNA synthesis causing fragmentation of molecule.
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Essey for lesson 8:
The inhibitors of protein synthesis. An effect of antibiotics and toxins on this process.
Homework:
Study lesson 9.
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LESSON 9. REGULATION OF GENE EXPRESSION. POLYMORPHISM OF THE
PROTEINS. USE OF RECOMBINANT DNA TECHNIQUES IN MEDICINE.






MAIN TOPICS:
Regulation of gene expression in prokaryotes. Hypothesis of operon. Lac-inducible operon.
His-repressible operon.
Regulation of gene expression in prokaryotes by stimulation of RNA polymerase binding, by
sigma factors, by attenuation of transcription.
Regulation of gene expression in eukaryotes at multiple levels.
Mechanism of action of hormones wich act through secondary messenger cAMP.
Mechanism of action of steroid hormones on genetic apparatus.
Regulation biosynthesis of proteins at the level of translation and the stability of mRNA. Alternative splicing and RNA editing.
Degradation of proteins in eukaryotic cells. The role of ubiquetine, lysosomes, authophagosomes, endosomes, secondary lysosomes, peroxisomes.
Hereditary diseases as a result of genetic desturbances (biochemical aspects).
International programme “Human genome project”.
Gene therapy.
Polymerase chain reaction – method of studing genome and laboratory diagnostics.



Use of recombinant DNA techniques in medicine.









HYPOTHESIS OF OPERON: LAC- INDUCIBLE AND TRP REPRESSIBLE
OPERONS.
Study the regulation of gene expression in prokaryotes (p. 215 - 222).
1.

-

-

Memorize. Prokaryotes regulate expression of genes mainly at the transcriptional level
through genetic units known as operons. An operon consists of a set of genes that produce a
series of proteins under the control of a single promoter. Regulatory proteins bind to the promoter and facilitate or inhibit the binding of RNA polymerase. There are the following kinds
of genes:
Inducible genes. Some proteins are called to be inducible because they are produced in significant amounts when a specific inducing substance (inducer) is present. For example, the
production of the enzymes, which use lactose, is induced by the presence of its substrate, lactose, in the medium (Fig. 3.6, 15.4, p.218 and 15.6, p.219).
Repressible genes. Operons regulated by repression are expressed until small molecules
known as corepressors enter the cell. The corepressor binds to the repressor protein. The repressor - corepressor complex then binds to the operator and prevents binding of RNApolymerase. The structural genes no longer produce proteins (Fig. 15.7, p.218).
Constitutive genes refer to prokaryotic genes whose expression is not regulated.
The products of these genes are produced at a constant, often low rate and their expression is
said to be constitutive.
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Fig. 13 The mechanism of
repression and derepression
of the lactose operon. When
no inducer is present (A), the
i gene products that are
synthesized constitutively
form a repressor molecule
which binds at the operator
locus to prevent the binding
of RNA polymerrase at the
promoter locus and thus to
prevent the subsequent transcription of the Z, Y and A
structural genes .When inducer is present (B), the constitutively expressed i gene
forms repressor molecules
that are inactivated by the
inducer and cannot bind to
the operator locus.

2.

Choose one of the following statements, which best describes an operon:
A. An unregulated gene system
B. A coordinatedly regulated gene system
C. A gene that produces mRNA coding one protein
D. A constitutively expressed gene system
E. The region of DNA to which a repressor binds causing the inhibition of transcription.

3.

Indicate the order of changes that take place during the process of regulation of trp operon:
A. When the concentration of trp is very low, represser is inactive
B. RNA polymerase cannot bind to the promoter region
C. Trp- represser complex binds to the operator
D. Transcription of the structural genes does not occur
E. Trp binds to the represser and it becomes active

4.

Compare the regulation of lac and trp operons. Match the figures with the letters:
A.lac-operon
1. Repressers control operons by inhibiting the binding of RNA polymerase
B. trp-operon
2. When the concentration of lactose is high, the repressor binds to
the operator
C. Both
3. When the concentration of trp is high, represser- trp complex binds
to the operator
D. None
4. When lactose is absent, transcription of the structural genes does
not occur

MECHANISMS FOR REGULATION OF GENE EXPRESSION IN EUKARYOTIC
CELLS.
Study the main mechanisms of regulating protein synthesis in eukaryotic cells (p.226-235).
1.
–

Note that regulation of types and quantities of proteins that are present in eukaryotic cells
occurs at a number of different levels:
Alterations in the numbers or structures of genes (gene loss, gene amplification, fig 15.14,
gene rearrangement, fig. 15.15, p. 227);
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–
–
–
–

At the level of transcription (condensation of chromatin, fig. 15.16, activation of specific
genes, fig. 15.17, p.229);
At the level of posttranscriptional modification (during processing of the primary transcript,
fig. 15.20, p. 231, transport of mRNA from the nucleus to the cytoplasm);
At the level of translation (with the help of the initiation factors for translation, fig. 15.24,
p.235 or regulatory proteins, which bind to the mRNA, fig. 15.23, p.234);
At the level of posttranslational maturation by proteolytic degradation.

2. Answer the following question:
Some genes that normally exist in a low copy number are able to undergo selective gene amplification. For example, metallothionein is a low molecular weight protein that binds heavy metals
such as copper, mercury, zinc, and cadmium.
The binding of heavy metals to metallothionein protects cells from heavy metal toxicity. In response to increasing amounts of heavy metals, cells amplify their metallothionein genes.
What kind of template synthesis will be increased in this case?
3. Regulation at the level of transcription.
A typical nucleus contains chromatin that is condensed (heterochromatin) and chromatin that is
diffused (euchromatin). The genes in heterochromatin are inactive, while those in euchromatin
produce mRNA. Specific genes are activated by inducers. The inducers, such as steroid hormones,
enter the cells and bind to the receptor proteins (Fig. 15.17.). The hormone-receptor complex
binds to a response element on DNA: enhancers or silencers and activates (if it binds to enhancer) or, in some cases, inactivates (if it binds to silencer) gene transcription. Look at fig. 15.18. and
answer the following question:
What differs the activation of sets of genes by single inducer in eukaryotes from the process that
regulates bacterial operons?
Study fig. 13.8, p. 186 and remember the regions of DNA molecule that are recognized. by RNA
polymerase a and proteins that regulate the frequency of transcription..
Note that enhancers and silencers differ from promoters in that their sequences are dissimilar and
they may be located thousands of base pairs from the startpoint of transcription. They are tissueor species – specific.
3. Choose the correct statements
Enhancer:
A. Is a segment of DNA
B. Is required for the transcription of gene at a basal level
C. Activates transcription of gene irrespective of their relative position in DNA
D. Has no polarity
E. Is nonspecific for tissue or species.
5. Regulation at the level of posttranscriptional modification. Study fig. 15.20, p.231 and fig.
15.21, p.233 and pay attention that the use of alternative splicing and polyadenylation sites
causes different proteins to be produced from the same gene.
6. The regulation of gene expression in eukaryotic cells may be accomplished by:
A. The binding of trans-elements to the response -elements within the DNA sequence
B. Alternative splicing
C. Gene amplification
D. Condensation of chromatin
E. Activation of sets of genes by a single inducer.
USE OF RECOMBINANT DNA TECHNIQUES IN MEDICINE.
Study recombinant DNA technology, which increases our knowledge of gene expression and
cause of many diseases.
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1.

Note that recombinant DNA technology leads to new approaches for the diagnosis and
treatment of many diseases. Read chapter 16 ( p. 239-258 ) and remember that DNA must be
isolated from the appropriate source and adequate amounts must be available for study to
recognize normal or pathological genetic variations. These include:
 The use of restriction endonucleases that permit the dissection of huge DNA molecules into
defined fragments (p.241,242).
 The development of cloning technigues, polymerase chain reaction (PCR) provides the
mechanisms for amplification of specific nucleotide sequences.
Gel electrophoresis, blotting into nitrocellulose paper and the preparation of labeled probes,
which hybridize to the appropriate target DNA sequences have allowed the identification and manipulation of nucleotide sequences of interest. These experimental approaches have permitted the
identification of nucleotide sequences in DNA that are responsible for certain genetic diseases
such as: growth hormone deficiency, sickle cell anemia, a- and p- thalassemia, phenylketonuria
and some others. A profoundly simple concept has been established: mutant genes cause the production of defective or deficient proteins resulting in impaired function and ultimately clinical
disease.
2. Choose the one best answer.
The components of PCR are a DNA template, dNTP and heat-stable DNA polymerase. These
components are mixed and placed into a thermal cycler, which will cycle repeatedly at the temperature of 55C°. 72C° and 92C°for various periods of incubation.
What is the major function of the 92C° temperature?
A. It is the optimal temperature for DNA polymerization
B. To increase the specificity of the binding of the primers
C. To denature the DNA strands
D. To drive the polymerase reaction to completion
E. To reanneal newly synthesized DNA strands.
Essey for lesson 9:
1.
2.

The translocation V, D, J - segments of gene immunoglobulins (Ig) is source of variety specificity genes.
Use of recombinant DNA techniques in medicine.

Homework: prepare to colloquium.
Textbook: “Basic Medical Biochemistry", D.B. Marks et al. Lecture.
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LESSON 10. COLLOQUIUM: BIOSYNTHESIS OF NUCLEIC ACIDS AND PROTEINS.
REGULATION OF BIOSYNTHESIS.
MAIN

THE ORETICAL TOP ICS FOR RE VISION:

1. Chemical composition of DNA and RNA. Nitrogenus bases of nucleic acids (purine
and pyrimidine). Ribonucleotides and deoxyribonucleotides.The structure and nomenclature.
2. Synthesis of the purine nucleotides. Sources of the various atoms of the purine bases.
Salvage of bases. Regulation.
3. Synthesis of the pyrimidines. Sources of the various atoms of pyrimidines. Salvage of
bases. Regulation. Orotic aciduria.
4. Scheme of the synthesis of deoxyribonucleosides. Regulation.
5. Scheme of degradation of nucleic acids. Enzymes, substrates, products.
6. Degradation of the purine nucleotides. Hyperuricemia. Gout.
7. Degradation of the pyrimidines.
8. DNA and RNA. Similarity and differences of composition, primary structure, functions, cells localization.
9. Secondary structure of DNA (model of Watson and Crick). Bonds wich are resposible
for stability of the molecule.
10. Specialized forms of RNA. Characterictics of primary, secondary and tertiary structure of RNA. Structure and biological role of ribosomes.
11. The peculiarity of formation of nucleoproteins. DNA-binding proteins: helix-spire
(round)-helix; lucines zip-fasteners; Zn-fingers; histones.
12. Role of histones in the formation of tertiary structure of DNA. Chromatin. Chromosomes. Covalent modifications of histones and their role in regulation structure and
activity of chromatin.
13. Replication of DNA. Definition of the process. Principles of replication ( complementary, antiparallel, semiconservatism, unipolarity, bidirectionality, coordination of replication and cell cycle). Stages of replication.
14. Replication in prokaryotes. Initiation. Enzymes and proteins which participate in formation of replication fork: helicase, topoisomerase, single-strand binding proteins,
primase.
15. Elongation and termination. Kinds and functions of DNA polymerases. Leading and
lagging strands, Okazaki fragments. Function of DNA ligase.
16. Replication in eukaryotes. Points of origin for replication. Eukaryotic DNA polymerases.
17. Replication of the ends of chromosomes. Telomeres. Action of telomerase.
18. Mechanism replication of various viruses. Retrovirus. Reversal transcriptase.
19. Damage and repair of DNA. Types of damage. Molecular mutations.
20. Mechanisms of repair. Enzymes wich take part in this process. Defects in DNA repair
systems and hereditary diseases.
21. Gene as functional unit of DNA.The human genome.Features of organization genome
in eukaryotes (enhancers, silencers, cis-elements). Structure of gene in eukaryotes.
Mosaic of structural genes in eukaryotes ( introns and exons). 3 kinds of eukaryotic
genes. Features of organization genome in prokaryotes. Structure of operon.
22. Transcription. Definition. Principles of transcription (complementarity, antiparallelity,
semiconservatism, unipolarity, RNA polymerases can initiate the synthesis of new
strands, asymmetricity). Stages of transcription. Transcription in prokaryotes. Сharacteristic оf transcriptional apparatus: substrats, template (coding strand and template
strand), expense of energy, enzymes. Structure of RNA polymerase: role of subunits
(α2 ββ'σ). Structure of promoter (Pribnov box). Initiation of this process.
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23. Elongation and termination of transcription (ρ – dependent and ρ- independent termination)
24. Transcription in eukaryotes: 3 types of RNA polymerases (I, II, III). Structure of
promoter. Ваsal factors of transcription. Role of TFIID and TFIIH factors in initiation of transcription. Structure of regulatory DNA binding proteins ( gene- specific
transcription factors).
25. Processing of the primary transcript RNA. Capping of 5' – end, addition of a poly (A)
tail, splicing of pre-mRNA. Spliceosome. Role of snRNA in the removal of introns
and splicing splicing of exons.
26. Synthesis of protein. Translation. The genetic code, features in eukaryotes. Basic
components of complex, wich takes part in synthesis of proteins: amino acids,
tRNA, ribosomes, source of energy, factors, enzymes.
27. Structure and functions of ribosomes. Binding sites of ribosomes: peptidyl (P) and
aminoacyl (A) sites.
28. tRNA as adaptor molecule. Aminoacyl-tRNA biosynthesis. Aminoacyl-tRNA synthetases. The high specificity of aminoacyl-tRNA synthetases to substrate.
29. Synthesis of polypeptide on ribosome. Formation of initiation complex in prokaryotes. Shine-Dalgarno sequence. Elongation: formation of peptide bond. Peptidyltransferase activity of rRNA. Translocation. Termination of translation. Role of protein
factors on each stage..
30. Peculiarity of protein synthesis in eukaryotes.
31. Posttranslational processing of proteins: limited proteolysis, formation of disulfide
bridges, addition of prosthetic groups, covalent modification (glycosylation, methylation, phosphorylation, acetylation).
32. The formation of spatial conformation (folding)of proteins. Enzymes of folding (disulfide isomerase and peptidilprolil isomerase). The participation of heat shock proteins in this process. Classification of chaperones. Folding of proteins with participation of chaperonine system. Prionic proteins. Deseases as results of folding disordes.
33. The process of translation on the ribosome. Elongation and termination. The peculiarities of synthesis and processing of secretory proteins (collagen and insulin).
34. Turnover of proteins. The ubiquitin-proteasome pathway.
35. Inhibitors of DNA and RNA synthesis. Antibiotics in chemotherapy, antiviral drugs.
36. Inhibitors of protein synthesis. The influence of antibiotics and toxins on protein synthesis. Interferons.
37. Regulation of gene expression in prokaryotes. Hypothesis of operon. Lac-inducible
operon.
38. His-repressible operon.
39. Regulation of gene expression in prokaryotes by stimulation of RNA polymerase
binding, by sigma factors, by attenuation of transcription.
40. Regulation of gene expression in eukaryotes at multiple levels.
41. Mechanism of action of hormones wich act through secondary messenger cAMP.
42. Mechanism of action of steroid hormones on genetic apparatus.
43. Regulation biosynthesis of proteins at the level of translation and the stability of
mRNA. Alternative splicing and RNA editing.
44. Degradation of proteins in eukaryotic cells. The role of ubiquetine, lysosomes, authophagosomes, endosomes, secondary lysosomes, peroxisomes.
45. Hereditary diseases as a result of genetic desturbances (biochemical aspects).
46. International programme “Human genome project”.
47. Gene therapy.
48. Polymerase chain reaction – method of studing genome and laboratory diagnostics.
49. Use of recombinant DNA techniques in medicine.
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Home work:
Study lesson 11.
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LESSON












11. СOMMUNICATION BETWEEN CELLS. MECHANISM OF
TRANSMISSION OF SIGNAL BY HORMONES.
Study communication between cells: endocrine, paracrine and autocrine.
Role of hormones in regulation of metabolism. Interrelationships of nervous and endocrine systems in regulation of metabolism. Hormones as primary messengers in transmission of information.
Regulation of synthesis and secretion of hormones. Feet back mechanism.
Target cells and receptors of hormones:
a) receptors on the outer surface of the cell (receptors associated with G proteins and
receptors with tyrosine kinase activity);
b) intracellular receptors.
Regulation of receptors activity (phosphorilation and down- regulation).
Mechanism of transmission of signal by hormones. Mechanism of signal
transduction by receptors of hormones. G proteins.
cAMP and cGMP as second messengers. Activation of protein kinase and phosphorilation
proteins. Metabolic effect.
Phosphatidylinositol bisphosphate (PIP2) cycle as mechanism of communication between
the cells. Inositol 1,4,5-trisphosphate (IP3) and DAG - second messengers in transmission
of signal.
Ions of Ca++ as second messenger. Regulation of level of Ca++ in cytosol. Biological role
of Ca++, calmodulin, Ca++ canals.
Mechanism of action of steroid hormones.
Classification of hormones.

СOMMUNICATION BETWEEN CELLS.
1.

Study the communication between cells: endocrine, paracrine and autocrine (p. 667669, fig. 43.1).

2.

Note:
endocrine hormones are synthesized by endocrine glands and transported by the blood to
their target cells;
paracrine hormones are synthesized near their target cells;
autocrine hormones affect the cells that synthesize them.
ROLE OF HORMONES IN REGULATION OF METABOLISM. HORMONES AS
PRIMARY MESSENGERS IN TRANSMISSION OF INFORMATION.
1.

Study role of hormones in regulation of metabolism (p.689-702).

2.

Note: hormones coordinate metabolism in the body. They are substances that carry information from sensor cells, which sense changes in the environment, to target cells,
which respond to changes.

REGULATION OF SYNTHESIS AND SECRETION OF HORMONES.
1. Study regulation of synthesis and secretion of hormones. Feet back mechanism. (p. 673679, Fig. 43.4, Fig. 43.5, Fig. 43.6, Fig. 43.7, Fig. 43.8, Fig. 43.9, p. 668).
2. Note:
Most polypeptide hormones are each encoded by a singl gene. However, in some cases, a
group of peptide hormones are encoded together on one gene which produces a single polypeptoide. For example, proopiomelanocortin (POMC), a gene product of the anterior pituitary
corticotrophic cells, is cleaved to form eight different peptides, at least some of which act as
hormones.
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3. Regulation of hormone levels in the blood. The half-life of most hormones in the blood
is relatively short. For example, if radioactively labeled insulin is injected into an animal,
one can determine that within 30 min half the hormone has disappeared from the blood.
A. What is the importance of the relatively rapid inactivation of circulating hormones?
B. In view of this rapid inactivation, how can the circulating hormone level be kept
constant under normal conditions?
C. In what ways can the organism make possible rapid changes in the level of circulating hormones?
TARGET CELLS AND RECEPTORS OF HORMONES.
1. Study general mechanism of hormone action (p. 679-688).
2. Note:
The specificity of hormone-target tissue interaction is determined by the presence of cellular
receptors located either on the plasma membrane of cells or in the cytosol and nucleus. Hormones from different classes elicit their effects on target cells in different ways.
3. Water-soluble versus lipid-soluble hormones. On the basis of their physical properties,
hormones fall into one of two categories: those that are very soluble in water but relatively
insoluble in lipids (e.g., epinephrine) and those that are relatively insoluble in water but
highly soluble in lipids (e.g., steroid hormones). In their role as regulators of cellular activity, most water-soluble hormones do not penetrate into the interior of their target cells.
The lipid-soluble hormones, by contrast, do penetrate into their target cells and ultimately
act in the nucleus. What is the correlation between solubility, the location of receptors,
and the mode of action of the two classes of hormones?
4. Note: the structure of cell membrane hormone receptor (p. 680, fig. 43.11).
5. Remember: The number of receptors on a cell is controlled by a process known as downregulation (p.680, fig. 43.17).
6. Which of the following is true of receptor subtypes?
A. Subtypes of a specific receptor bind to different hormones.
B. Subtypes of a specific receptor all elicit the same effect
C. Subtypes of a specific receptor may elicit different effects
D. No receptor subtypes have been identified
E. Receptor subtypes for hydrophilic hormone do not exist.
MECHANISM OF TRANSMISSION OF SIGNAL BY HORMONES. G PROTEINS.
1.

Study mechanism of signal transduction by receptors of hormones. G proteins (p.
385-386, fig. 24.16).

2. Note:
G proteins mediate the effects of many hormones. G proteins are associated with hormone
receptors on the cytosolic side of the cell membrane.
Nomenclature. The G protein is so named because it binds guanine nucleotides. Either guanosine triphosphate (GTP) or guanosine diphosphate (GDP) may be bound to the G protein.
Structure. G proteins consist of three subunits: ,  and . The  subunit binds GTP or GDP.
The  and  subunits do not bind nucleotides, they bind to the  subunit.
a. The hormone-receptor complex catalyzes the exchange of GDP for GTP by the
G protein. The receptor alone does not catalyze this exchange.
b. When GDP is exchanged for GTP on the  subunit, G-GTP dissociates from G. G-GTP
is the active form.
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Types. The effect of the active form (G-GTP) depends on the specific type of G protein.
There are several different types of G proteins: Gs stimulates the enzyme adenylate cyclase,
Gi inhibits the enzyme adenylate cyclase, and Gq stimulates the enzyme phospholipase C.
Function. The G subunit of all G proteins is a GTPase. It slowly hydrolyzes its bound GTP
to GDP and thereby returns to its inactive, GDP-bound state. G then reassociates with G
where it remains until it is reactivated by a hormone-receptor complex.
G-protein-linked receptors. There are more than 100 different types of G-protein-linked
receptors. Although quite varied in the hormones with which they interact and the response
that they elicit, their overall structure is similar. Each is made of a single polypeptide that
crosses back and forth through the plasma membrane seven times. The amino-terminal end is
in contact with the extracellular space, where it can bind to the appropriate hormone. The carboxyl-terminal end is within the cytoplasm, where it can elicit an intracellular response.
3.

The role of Gs protein in the activation of adenylate cyclase is best described by which of
the following statements?
A. Gs protein forms a complex with hormone, and the hormone-Gs protein complex activates adenylate cyclase
B. Activation of receptor by hormone relieves the inhibition of adenylate cyclase by Gs
protein
C. The Gs protein activates adenylate cyclase in a reaction that is driven by the hydrolysis of guanosine triphosphate (GTP) to guanosine diphosphate (GDP)
D. The G subunit of Gs protein exchanges GDP for GTP, dissociates from the G subunits, and activates adenylate cyclase

cAMP AND cGMP AS SECOND MESSENDGERS.
1. Study signal transduction involving cAMP and cGMP (p.680-681, fig. 43.13, p. 382384. fig. 24. 13, 414-415. fig. 26.7, 562-563. fig. 36.8, p. 724-725, p. 642).
2. Note: second messengers are a group of compounds that relay information from certain
types of hormone- receptor complexes to molecules within the cell, where they elicit a response.
3. Note: cAMP and cGMP effect cellular function by activating of protein kinases, which
through phosphorilation activate specific cellular proteins.
4. Remember:
Cholera toxin is an enzyme produced by the bacterium Vibrio cholerae.
Cholera toxin modifies the  subunit of Gs, which blocks the hydrolysis of GTP to GDP. This
prevents the inactivation of Gs. The result is a persistently high level of cAMP, which causes
the epithelial cells of the intestine to transport sodium ions and water into intestinal lumen.
This results in severe diarrhea.
5. Note: Hormone receptor can be linked to Gi proteins. The  and  subunits of Gi and Gs
proteins are identical.The  subunits differ.
The active G–GTP subunit of Gi protein result in inhibition of adenylate cyclase.
An example of a hormone that inhibits adenylate cyclase is epinephrine at the 2 receptor
subtype.
Pertussis toxin is an enzyme that modifies the  subunit of Gi. The modification prevents Gi
from exchanging GDP to GTP. Therefore, the modified Gi protein is enable to block the activation of adenylate cyclase. Pertussis toxin is produced by Bordetella pertusssis, the bacterium that causes whooping cough.
6. Metabolic Differences in Muscle and Liver in a "Fight or Flight" Situation During a "fight
or flight" situation, the release of epinephrine promotes glycogen breakdown in the liver,
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heart, and skeletal muscle. The end product of glycogen breakdown in the liver is glucose.
In contrast, the end product in skeletal muscle is pyruvate.
(a) Why are different products of glycogen breakdown observed in the two tissues?
(b)What is the advantage to the organism during a "fight or flight" condition of having
these specific glycogen breakdown routes?
7. Action of aminophylline Aminophylline, a purine derivative resembling theophylline of
tea, is often administered together with epinephrine to individuals with acute asthma.
What is the purpose and biochemical basis for this treatment?
8.

Which one of the following statements about cyclic adenosine monophosphate (cAMP)
is true?
A. High levels of cAMP that result from activation of G proteins by hormones are normally prolonged
B. cAMP is formed by phospholipase C- and adenylate cyclase
C. Levels of cAMP quickly decline because it is hydrolyzed by cyclic nucleotide phosphodiesterase (PDEase)
D. cAMP phosphorylates proteins in the cell

9.

The mechanisms through which the products of the erbB oncogene, cholera toxin, and
the phorbol esters exert deleterious effects on an organism illustrate which critically important characteristic of hormone-receptor systems?
A. The appropriate inactivation of the hormonal signal is necessary for normal cell function
B. Hormone-receptor complexes must form and be internalized for proper cell signaling
C. Second messengers must be generated for cells to respond to hormones
D. Gene expression must ultimately be altered for cells to respond to hormones
E. Covalent modification is not involved in normal cell signaling

10. Which one of the following inhibits adenylate cyclase?
A. Phosphodiesterase
B. Gq
C. Cyclic adenosine monophosphate (cAMP)
D. Gi
E. Cholera toxin
PHOSPHATIDYLINOSITOL BISPHOSPHATE CYCLE.
1. Study phosphatidylinositol bisphosphate (PIP2) cycle as mechanism of communication
between the cells (p. 680-682, fig. 43.12, p. 383, fig. 24.13).
2. Note:
Hormone receptors can be linked to Gq proteins. When activated, Gq proteins stimulate phospholipase C. Phospholipase C is a membrane-bound enzyme that hydrolyzes phosphatidylinositol 4,5-bisphosphate (PIP2), which is a membrane phospholipid. Products of hydrolysis
include inositol 1,4,5-triphosphate (IP3) and diacylglycerol (DAG), both of which are second
messengers. In many cells, IP3 and DAG work together to activate protein kinase C.
a. IP3, a water-soluble molecule, diffuses into the cytosol and causes the release of calcium
ions from intracellular stores. IP3 is rapidly inactivated by dephosphorylation.
b. DAG, a lipid-soluble molecule, diffuses laterally in the membrane and activates protein
kinase C, which is calcium-dependent. DAG is rapidly inactivated by hydrolysis.
c. Phorbol esters mimic the effects of DAG. They are tumor promoters. Although they do
not cause tumors to form, they induce proliferation of cells. Unlike DAG, phorbol esters
are not rapidly hydrolyzed. This results in prolonged activation of protein kinase C, which
causes cell proliferation.
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Example. A hormone that activates phospholipase C- is epinephrine at the 1-adrenergic
receptor subtype.
3. Phospholipase C is best described by which one of the following actions?
A. It exists as a membrane phospholipid
B. It diffuses into the cytosol and causes the release of calcium ions from intracellular
stores
C. It hydrolyzes phosphatidylinositol 4,5-bisphosphate (PIP2) to inositol 1,4,5triphosphate (IP3) and diacylglycerol (DAG), which are both second messengers
D. It directly activates protein kinase C
E. It dephosphorylates IP3.
HORMONE RECEPTORS MAY BE TRANSMEMBRANE ENZYMES.
Transmembrane enzymes have distinct domains with separate functions. The extracellular domain binds to the hormone; the cytoplasmic domain has enzymatic activity that is stimulated when hormone binds to the extracellular domain.
1.

One type of receptor is a transmembrane tyrosine kinase, which when activated, phosphorylates tyrosine residues.
a. The receptor first phosphorylates itself (autophosphorylation). Autophosphorylation
usually occurs when two receptors come together, or dimerize, upon hormone binding. Each receptor then phosphorylates the other. Autophosphorylated receptors are
more active in phosphorylating other proteins.
b. Hormone receptors that are transmembrane tyrosine kinases include receptors for
many growth factors such as epidermal growth factor (EGF) and platelet-derived
growth factor (PDGF).
c. Insulin receptors are also tyrosine kinases (Fig. 1). They are tetrameric in structure,
and their two intracellular catalytic domains phosphorylate each other
d. The oncogene erbB codes for an altered form of the EGF receptor.






The insulin receptor is a dimer with two
different types of subunits. It spans the membrane.



Tyr
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The -subunits are tyrosine kinases. When
insulin binds, the subunits phosphorylate
themselves at tyrosine residues.



O Tyr
O Tyr


Tyr
Tyr

O P
O
P

Other protein kinases

The subunits also phosphorylate other protein
kinases at tyrosine residues. These kinases produce the cellular responses.

Other protein kinases-O-P

Fig. 14 The insuline receptor.
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The erbB protein lacks the hormone-binding domain of the EGF receptor and is always activated. Its unregulated activity leads to unregulated growth and oncogenesis.
Downstream activation by tyrosine kinases. A large number of proteins are activated by
tyrosine kinases that have been activated by phosphorylation.
a. These proteins have in common two domains, SH2 and SH3 (Src homology domains).
The SH2 domain is responsible for recognition and binding to phosphorylated tyrosine.
The SH3 domain probably plays a role in binding to other proteins to be activated.
b. The proteins that bind to activated tyrosine kinases and are activated by phosphorylation
are functionally diverse. For example:
(1) Signal transduction and activators of transcription (STATs) dimerize upon phosphorylation and translocate to the nucleus where they activate the transcription of
particular genes.
(2) Phospholipase C- is activated by the EGF receptor but functions the same as phospholipase C-.
(3) Ras and related proteins are a family of membrane-bound (cytoplasmic side) monomeric GTPases that are activated like G proteins when GDP is exchanged for GTP
and inactivated upon GTP hydrolysis. Activated Ras may then induce cell proliferation or differentiation through activation of phosphorylation cascades.
2.

Transmembrane guanylate cyclase. The receptor for at least one hormone, atrial natriuretic peptide, is a transmembrane guanylate cyclase. When this receptor is activated,
it catalyzes the formation of cyclic guanosine monophosphate (cGMP) from GTP. cGMP
activates cGMP-dependent protein kinase.

3.

Ion channel-linked receptors (transmitter-gated ion channels). This is a very important
class of receptors involved in neurotransmission. They are located at neural synapses and
upon interaction with the appropriate neu retransmitters they open or close ion channels.

4.

Which one of the following statements best describes the mechanism of action of insulin
on target cells?
A. Insulin binds to cytoplasmic receptor molecules and is transferred as a hormonereceptor complex to the nucleus, where it acts to modulate gene expression
B. Insulin binds to a receptor molecule on the outer surface of the plasma membrane,
and the hormone-receptor complex activates adenylate cyclase through the Gs protein
C. Insulin binds to a transmembrane receptor at the outer surface of the plasma membrane, which activates the tyrosine kinase that is the cytosolic domain of the receptor
D. Insulin enters the cell and causes the release of calcium ions from intracellular stores

5.

Which one of the following dimerizes upon phosphorylation by tyrosine kinase and then
translocates to the nucleus and directly activates the expression of particular genes?
A. erbB
B. STATs
C. Ras
D. Steroid hormone receptor
E. Guanylate cyclase

IONES OF Ca++ AS SECOND MESSENGER.
1.

Study biological role of Ca++, calmodulin, Ca++ canals(p. 416-419, fig. 26.8, p. 682,
fig. 43.14, p. 725-730).

2. Note:
Ca++- calmodulin associates as a subunit with a number of enzymes and modifies their activities. For example, it binds to inactive phosphorylase kinase, thereby partially activating their
activities.
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MECHANISM OF ACTION OF STEROID HORMONES.
1. Study mechanism of action of hormones that act on receptors within the cell (p. 680688, fig. 43.18).
2. Note:
LIPOPHILIC HORMONES are carried through the bloodstream by plasma proteins. They
enter the cell by diffusion through the cell membrane. Inside the cell, they interact with intracellular receptors. As a result of this interaction, a structural change occurs in the receptor,
and the hormone-receptor complex induces a cellular response.
Duration of action. Lipophilic hormones are slower to act and have a longer duration of action than hydrophilic hormones. Their duration of action ranges from hours to days.
Receptors for lipophilic hormones are proteins that consist of separate domains: One domain is responsible for binding to a specific sequence of DNA, and one domain binds to the
specific hormone.
In the absence of the hormone, some receptors do not bind to their specific DNA sequences; only the hormone-receptor complex binds. Other receptors already may be bound to the
DNA but only adopt an activating conformation when the hormone binds.
The specific DNA sequence that binds to a hormone-receptor complex is called the hormone
response element (HRE). For example, the glucocorticoid response element (GRE) is the
DNA sequence to which the glucocorticoid hormone-receptor complex binds.
Result. Binding the hormone-receptor complex to its response element results in the stimulation of transcription of specific genes. The specific genes that are transcribed depend on the
target cell, presumably because other cell-type-specific proteins are also reguired for stimulation of transcription.
Exsamples. The lipophilic hormones that have intracellular receptors include steroid hormones, thyroid hormones, retinoids and vitamin D3.
CLASSIFICATION OF HORMONES.
1. Study classification of hormones by chemical structure (p. 671-688).
2. Note:
A. Classification of hormones by chemical structure
Hormones can be any of the following substances:
a. Proteins or peptides (e.g., insulin, glucagon), which are synthesized as larger precursors
that undergo processing and secretion.
b. Amino acid derivatives (e.g., catecholamines, thyroid hormones)
c. Fatty acid derivatives (e.g., eicosanoids)
d. Cholesterol derivatives (e.g., steroids)
e. Gases (e.g., nitric oxide)
B. Classification by water solubility. Except for the gas nitric oxide, which acts as a hormone-like signaling molecule, all hormones fall into two classes of water solubility: hydrophilic and lipophilic. Hormones from different classes elicit their effects on target cells in different ways.
1. Hydrophilic hormones bind to a receptor molecule on the outer surface of the cell,
with the concomitant initiation of a reaction within the cell that modifies cell function.
2. Lipophilic hormones bind to intracellular receptors, with subsequent modulation of
gene expression by the hormone-receptor complex. The initial hormone-receptor interaction
may occur in the cytoplasm with subsequent transfer to the nucleus, or it may occur initially
in the nucleus.
3. Hydrophilic hormones are best described by which one of the following statements? They:
A. Include the thyroid and steroid hormones
B. Bind to cell-surface receptors, which transmit a signal to the interior of the cell
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C. Enter the cell, bind to intracellular receptors, and in a complex with the receptor, alter gene expression
D. Bind irreversibly to their receptors
E. Bind to G proteins in the cell membrane
4. Which one of the following hormones would have the longest duration of action?
A. Thyroxine
B. Insulin
C. Glucagon
D. Epinephrine
E. Epidermal growth factor (EGF)
Homework:
Study lesson 11.
1. Study synthesis and secretion of peptide hormones (p. 673).
2. Study action of hormones that regulate fuel metabolism (p. 703-716).
3. Study the synthesis and secretion of hormones derived from single amino acids (p.673675, p. 705-707, p. 712-714).
4. Study the synthesis and secretion of steroid hormones (p. 675-679, p. 707-709).
5. Study regulation of sodium and water balance (p. 719-795).
6. Study hormones that influence calcium metabolism (p.725-731).
7. Study hormones that affect growth (p. 733-738).
8. Study sex steroids (p. 738-745).
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LESSON 12. HORMONES.













MAIN TOPICS:
Synthesis and secretion of peptide hormones.
Hormones that regulate fuel metabolism. Physiological effects of insulin and counterregulatory (contrainsular) hormones. Their role in maintenance of homeostasis.
The role of insulin and glucagon in regulation fuel metabolism during the fed state, fasting
state and during starvation. Metabolic abnormalities in diabetes mellitus.
Synthesis and secretion of hormones derived from single amino acids. Thyroid hormones.
Metabolic abnormalities of hypo- and hyperthyroidism. Endemic goiter.
Synthesis and secretion of steroid hormones. Metabolic abnormalities of hypo- and hyperfunction. Cushing’s disease.
Hormones involved in regulating sodium and water balance. Structure and function of
antidiuretic hormone and aldosterone. Renin-angiotensin aldosterone system (RAAS).
Angiotensin-converting enzyme. Biochemical mechanisms of rise of hypertension, oedema and dehydration.
Action of hormones that regulate calcium balance (parathyroid hormone, calcitonin and
calcitriol). Structure, synthesis and mechanism of action.
Growth hormone, structure and function.
Sex steroids, structure and function.
Colour reactions for adrenalin.
Colour reactions for protein-peptide hormones.

SYNTHESIS AND SECRETION OF PEPTIDE HORMONES
1.

Study synthesis and secretion of peptide hormones (p. 673).

2. Note:
Polypeptide hormones are synthesized like other proteins from amino acids (p.673, fig. 43.4).
Most of polypeptide hormones are first translated from mRNA as inactive precursors and then
cleaved to form smaller, biologically active peptides. Some polypeptide hormones are encoded by a single gene; in some cases, a group of peptide hormones are encoded together on one
gene, which produces a single polyprotein.
3.

Function of prohormones. What are the possible advantages in the synthesis of hormones as prohormones or preprohormones?

HORMONES THAT REGULATE FUEL METABOLISM.
1. Study action of insulin, glucagon, epinphrine, norepinphrine, cortisol, somatostatin
(p. 703-716).
2. Note:
Insulin is the major anabolic hormone. It promotes the storage of nutrients as glycogen in liver and muscle, and as triacylglycerols in adipose tissue. It also stimulates the synthesis of proteins in tissues such as muscle.
Glucagon, epinphrine, norepinphrine, cortisol, somatostatin are “counterregulatory” hormones. The term “counterregulatory” means that it’s actions are generally opposed to insulin
(contrainsular).
3.

Match the corresponding couples:
A. Insulin
1. It is synthesized as a prehormone
B. Glucagon 2. It is activated by partial cleavage
C. Both
3. It is secretion is stimulated by gut hormones
D. None
4. Its secretion is inhibited by a hormone release in response to stress, trauma, vigorous exercise
68

Communicat ion b etwee n cel ls.End ocrin e sys tem.Bi ochem istr y
o f b lo od.

4.

Choose the correct statements about the effects of insulin
A. Induction or repression of specific genes
B. Stimulation of general protein synthesis
C. Stimulation of glucose transport
D. Phosphorylation of proteins
E. All of the above.

5.

Low insulin/glucagon ratio results in
A. Phosphorylation of pyruvate dehydrogenase
B. Inactivation of pyruvate dehydrogenase
C. Induced synthesis of phosphoenolpyruvate carboxykinase
D. Induced synthesis of glucokinase
E. Decreased blood glucose level

6.

One of the enzymes is activated by glucagon. It is
A. Phosphodiesterase
B. Pancreatic lipase
C. Glycogen synthase
D. Phosphorylase kinase
E. Lipoprotein lipase

THE ROLE OF INSULIN AND GLUCAGON IN REGULATION OF FUEL
METABOLISM. METABOLIC ABNORMALITIES IN DIABETES MELLITUS.
1.

Study the role of insulin and glucagon in regulation fuel metabolism during the
fed (absorptive) state, fasting state and during starvation (p. 21-34, 373-388,
471-486).

2. Note:
Adaptations during starvation.
Protein. After an overnight fast, gluconeogenesis is already providing glucose from amino
acids. Gluconeogenesis from amino acids increases during the first 3 days of starvation and
then declines as the body adjusts its metabolism to use ketone bodies as a primary fuel source.
The decline in the use of protein as a metabolic fuel is essential for prolonged survival, because the protein represents the "fabric" and "enzymatic machinery" of the body and can be
depleted only to a certain extent.
Fatty acids. Gluconeogenesis from amino acids declines as starvation continues because free
fatty acids mobilized under conditions of low plasma insulin levels are oxidized preferentially. The mobilization of free fatty acids is unchecked and lasts as long as the reserves of triacylglycerols allow.
Ketone bodies. The high levels of acetyl CoA in the liver drive the formation of ketone bodies, which are produced at the maximum rate as early as the third day of starvation. Ketone
bodies are readily used by cardiac and skeletal muscle as fuel and by the brain when the
plasma levels of ketone bodies are high enough.
3. Remember:
There are two types of diabetes.
1. Insulin-dependent diabetes mellitus (1DDM; type I) is caused by an inability of the
body to produce insulin.
a. This is brought about by the destruction of the insulin-producing beta cells of the pancreatic islets.
b. The onset of this disease is often abrupt and occurs before the age of 40. It is sometimes
referred to as juvenile-onset diabetes.
2. Non-insulin-dependent diabetes mellitus (NIDDM; type 11) is caused by a deficiency or
defect in insulin receptors, or by defects in insulin-responsive cells.
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a. The body is still able to produce insulin when affected by this disorder.
b. The onset of this disease often occurs after the age of 40. Patients are usually overweight
and have a family history of diabetes. It is sometimes referred to as adult-onset diabetes.
4. Note:
Metabolic abnormalities in IDDM. Because insulin production is impaired, the level of insulin
is always very low, relative to that of glucagon, regardless of the level of glucose in the blood.
As such, the metabolic profile of the body is very similar to that of starvation, despite the
presence of an abundance of metabolic fuel.
1. Glucose uptake by tissues is impaired, despite the fact that glucose is being released by
the liver.
2. Glycolysis is depressed.
3. Gluconeogenesis is stimulated.
4. Lipolysis of triacylglycerols is stimulated.
5. Synthesis of fatty acids and triacylglycerols is depressed.
6. Fatty acid oxidation is increased.
7. Glycogen stores are depleted.
8. Ketone bodies are synthesized in the liver and used as fuel by other tissues.
9. Proteins are degraded, and the amino acids are used as fuel.
10. Levels of glucose, fatty acids, and ketone bodies in the blood become very high.
11. Excess glucose leads to glycosylation of hemoglobin and other proteins.
Clinical manifestations of untreated diabetes include:
1. Hyperglycemia (i.e., high levels of glucose in the blood)
2. Increased urinary output
3. Dehydration and electrolyte imbalance from increased output of urine
4. Acidosis from high levels of ketone bodies in the blood. Acetoacetate and -hydroxybutyrate are acids that cannot be excreted by the lungs, and this disrupts the acidbase balance by lowering pH. This can lead to coma and death if not corrected.
5. Neuropathy due to sorbitol accumulation in Schwann cells and subsequent cell damage.
6. Renal failure.
7. Retinopathy and blindness.
5.

Which of the following liver enzymes becomes less active when a diabetic person in ketoacidosis is treated with insulin?
A. Fructose 1,6-bisphosphatase
B. Pyruvate kinase
C. Pyruvate dehydrogenase
D. Phosphofructokinase 1 (PFK1)
E. All the above
6. Excessive Amounts of Insulin Secretion: Hyper-insulinism Certain malignant
tumors of the pancreas cause excessive production of insulin by the  cells. Affected
individuals exhibit shaking and trembling, weakness and fatigue, sweating, and hunger. If this condition is prolonged, brain damage occurs.
a. What is the effect of hyperinsulinism on the metabolism of carbohydrate, amino acids, and lipids by the liver?
b. What are the causes of the observed symptoms? Suggest why this condition, if prolonged, leads to brain damage.
THYROID HORMONES.
1. Study synthesis and secretion of thyroid hormones (p. 673-674, fig. 43.5, 43.6, p. 712716, fig. 45.6).
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2. Note:
The receptors for thyroid hormones have three major domains: the ligand binding, the DNA
binding and protein binding. The receptors in the cytosol or nucleus of the cell can be downregulated (p. 685-688, fig. 43.19).
3. Note:
The thyroid hormones modulate cellular energy production and utilization at several steps
involving energy transformations. Some of the effects of thyroid hormones arise from an increased transcription of the genes for the enzyme/protein involved. For example, there is an
increased synthesis of mitochondrial proteins; all the enzymes in the TCA cycle and the proteins of oxidative phosphorylation are increased in amount. An excess of thyroid hormones
can also affect the efficiency of ATP production; less ATP is produced for a given O 2 consumption.
4. Remember:
In areas of the world the soil is deficient in iodide, hypothyroidism is prevalent. The thyroid
gland enlarges (form a goiter) in an attempt to produce more thyroid hormones.
5. Classify the main steps of thyroid hormone synthesis in correct order:
A. The transport of iodide from the blood into the thyroid acinar
B. The iodination of tyrosyl residues on the protein
C. The coupling of residues of monoiodo- and diiodotyrosine
D. The oxidation of iodide
E. Proteolytic cleavage of thyroglobulin
6. All of the following statements about thyroid hormones are correct, EXCEPT:
A. They are synthesized from tyrosine
B. TSH stimulates the thyroid hormone synthesis
C. In hypothyroidism the blood level of TSH is decreased
D. A deficiency of thyroid hormones causes cold intolerance
E. Thyroid hormones inhibit the TSH synthesis
7. A dietary deficiency of iodine would:
A. Directly affect the synthesis of thyroglobulin on ribosomes
B. Result in increased secretion of TSH
C. Result in decreased production of TRH
D. Result in increased heat production
E. All of the above
SYNTHESIS AND SECRETION OF STEROID HORMONES.
1.

Study the main steps of adrenal cortical steroid synthesis (p. 675-679, fig.43.8,).

2.

Note:
Steroid hormones are derived from cholesterol.
a) cholesterol is converted to pregnenolone by removing of 6 carbons from the side chain
of cholesterol;
b) pregnenolone which has 21 carbons is converted to progesterone by 3-hydroxysteroid dehydrogenase;
c) other steroid hormones are produced from progesterone by monooxygenases;
d) major biologically important products of adrenal cortical steroid synthesis are the glucocorticoid cortisol, and the mineralocorticoid aldosterone;
e) the adrenal cortex also produces androgens- androstenedione and dehydroepiandrosterone. These compounds probably owe their androgenic activity to peripheral conversion
to testosterone. In females the adrenal cortex is an important source of androgens, but in
adult males this source is insignificant compared with testosterone made by the testes.
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3. Note:
That cortisol is an important hormone with effects on many tissues in the body. It plays a major role in metabolism by promoting protein breakdown in muscle and connective tissue and
release of glycerol and free fatty acids from adipose tissues. Natural or synthetic steroids with
cortisol-like effects are called glucocorticoids. Such compounds can act as anti-inflammatory
or immunosuppressive agents. Synthetic glucocorticoids have found therapeutic applications
in a wide range of clinical situations, e.g. asthma and connective tissue disorders.
5.
a.
b.
c.
d.
6.

Remember:
adrenal cortex cells have many LDL receptors on their surface;
the rate of biosynthesis of cortisol and other adrenal steroids is dependent on stimulation
of adrenal cortical cells by ACTH;
ACTH is a peptide hormone. Its synthesis in the corticotropic cells of the anterior pituitary is stimulated by CRH (p.694, fig 44.6) from hypothalamus and inhibited by cortisol
(p.707, fig.45.2).
ACTH is produced by cleavage of proopiomelanocortin (fig.44.9, p.698). Pay attention to
the formation of -LPH and -endorphin and their physiological functions.
Memorize: Cortisol biosynthesis from pregnenolone involves the action of specific reductase, isomerase and three separate hydroxylase enzymes. Inherited defects of all these
enzymes have been characterized.

7.

Read the clinical case of Vera Leizd, (p.672), clinical notes (p.678), clinical comments and biochemical comments (p.686).
Note that congenital adrenal hyperplasia is the result of an inherited enzyme defect in corticosteroid biosynthesis.
8.

All of the following statements about corticoid hormones are correct except:
A. They are synthesized from cholesterol
B. They are all glucocorticoids
C. ACTH stimulates their synthesis
D. Cortisol inhibits both CRH and ACTH production
E. Adrenal cortex also produces androgens

9.

Match the characteristic with the appropriate steroid hormone:
A. Cortisol
1. Action mediated by a second messenger
B. Aldosterone 2. Receptors that have a DNA binding domain
C. Both
3. Associated with induction of phosphoenolpyruvate carboxykinase
D. None
4. Secreted in response to angiotensin

HORMONES
BALANCE.

INVOLVED

IN

REGULATING

OF

SODIUM

AND

WATER

1. Study regulation of sodium and water balance (p. 719-795, fig. 46.1, 46.2, 46.3, 46.4,
46.5).
2. Remember:
In a 70 kg person, about 42 liters of water are present in the body. 28 liters reside in the intracellular space and 14 liters are extracellular ones which are partitioned into the intravascular
and interstitial compartments (3,5 and 10-11 liters of fluid correspondingly).
Sodium and its anions are the principal osmotically active solutes of the extracellular fluid
and account for 95% of the osmotic pressure of the plasma and interstitial fluid.
Acute changes in the amount of water or solutes in the body compartments are potentially
lifethreatening. There are homeostatic mechanisms, which maintain the water and solute concentrations within very narrow limits.
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3. Note:
The hypothalamus produces antidiuretic hormone (ADH) originally named vasopressin
because of its ability to increase blood pressure when administered in the pharmacological
amounts. ADH travels through nerve axons to the posterior pituitary gland where it is stored
complexed with a neurophysin and released into the blood in response to the appropriate
stimulation. There are two types of ADH receptors: V1 and V2.V2 receptors are found only on
the surface of renal epithelial cells via which ADH stimulates the resorption of water by kidney tubules. All extrarenal ADH receptors are the V1 type. Binding of ADH to the V1 receptor
causes activation of phospholipase C, which results in the generation of IP3 and diacylglycerol. This results in an increase of intracellular Ca2, activation of protein kinase C, vasoconstriction and increased peripheral vascular resistance.
4. Which one of the following statements about the effect of ADH is incorrect.
ADH:
A. Is stimulated by increased osmolality of plasma
B. Increases the reabsorption of water from the distal renal tubules
C. Stimulates proteinkinase A
D. Causes increased expression of the gene for aquaporin 2
E. Is stimulated by hemodilution
5. Note:
The regulation of blood pressure and electrolyte metabolism (p.721, fig.46.2, p.723, fig. 46.3).
Angiotensinogen, an 2-globulin produced in the liver, is the substrate for renin, an enzyme
produced in the juxtaglomerular cells of the renal afferent arteriole. The position of these
cells makes them particularly sensitive to blood pressure changes. Renal baroreceptors are
sensitive to changes of Na+ and CL  concentration in the renal tubular fluid.
Any combination of factors decreases fluid volume: dehydration, decreased blood pressure,
fluid or blood loss or decreased NaCL concentration stimulate renin release. In case of ECF
volume overexpansion the activity of RAAS should be suppressed decrease in renin secretion  angiotensin II and aldosterone levels in blood decreased vasodilation and increased
sodium and water excretion into urine.
6.

Explain the function of angiotensin-converting enzyme (ACE) and answer the following question.
In what cases are ACE inhibitors used as drugs?

7.

Choose the appropriate statements about aldosterone. Aldosterone:
A. Is synthesized in the zona glomerulosa of the adrenal cortex
B. Has cholesterol as the precursor
C. Requires four cytochrome P450 enzymes for its biosynthesis
D. Production is stimulated by serum Na+ and Cl levels
E. All the above

8.

Choose the correct couples:
A. Only aldosterone
B. Only angiotensm II
C. Both
D. None

1. Causes a potent vasoconstrictor action
2. Binds to plasma membrane receptors of the target cells
3. Causes sodium and water reabsorption
4 Inhibits renin secretion
5. Promotes the secretion of K +, H+and NH4+

9. Note:
Atrial natriuretic peptide (ANP) is a 28 amino acid peptide with a single cysteine-cysteine
disulfide bridge. It is synthesized and stored as a preprohormone by cardiocytes. Major factors, which regulate the secretion of ANP, are the increased blood volume and central venous
pressure. Other stimuli include high blood pressure, increased serum osmolality, increased
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heart rate, increased levels of catecholamines in the blood and glucocorticoids. Primary target
tissues for ANP action are kidney and peripheral arteries (p.724, fig. 46.5).
10. Choose the correct statements. ANP:
A. Binds to the plasma membrane receptors of the target tissues
B. Causes the activation of phospholipase C
C. Causes the activation of guanylate cyclase
D. Increases sodium and water excretion
E. Inhibits renin, aldosterone and ADH production and secretion
11. Study disorders of water and sodium balance: diabetes insipidus, aldosteronism and
Addison's disease.
Note:
1. Abnormalities of ADH secretion or action lead to diabetes insipidus which is characterized by the excretion of large volumes of dilute urine. Primary diabetes insipidus, an insufficient amount of the hormone, is usually due to the destruction of the hypothalamichypophysial tract from a basal skull fracture, tumor, or infection, but it can be hereditary. In
hereditary nephrogenic diabetes insipidus, ADH is secreted normally but the target cell is
incapable of responding, presumably because of a receptor defect.
2. Note that small adenomas of glomerulosa cells result in primary aldosteronism, the classic manifestations of which include hypertension, hypokalemia, hypernatremia and alkalosis. Patients with primary aldosteronism do not have evidence of glucocorticoid hormone
excess, plasma renin and angiotensin II levels are suppressed.
3. Read the clinical case of Rena Lischemia p. 719,723, 728 and remember that renal artery
stenosis, with the attendant decrease in perfusion pressure, can lead to hyperplasia and hyperfunction of the juxtaglomerular cells and cause elevated levels of renin and angiotensin II
This action results in secondary aldosteronism which resembles the primary form, except for
the elevated renin and angiotensin II levels.
4. The deficiency of adrenocortical steroids is known as Addison's disease. The mineralocorticoid deficiency leads to a net loss of sodium ions and water into the urine with a reciprocal
retention of potassium ions (hyperkalemia) and hydrogen ions (mild metabolic acidosis). The
subsequent contraction of the effective plasma volume may lead to a reduction in blood pressure. If volume loss is profound insufficient perfusion of vital tissues such as brain could lead
to loss of consciousness.
12. Match the figures with the letters:
A. Diabetes insipidus
1. Deficiency of hormones controls water and sodium balance
B. Addison's disease
2. Destruction of adrenal cortex
C. Both
3. Excretion of large volume of the dilute urine
D. None
4. Hypertension and metabolic alkalosis
13. Choose the correct couples:
A. Glucagon
1. Polypeptide
B. TSH
2. Steroid
C. Thyroxine
3. Derived from tyrosine
D. Aldosterone
4. Glycoprotein
14. Addison's disease is followed by:
A. Deficiency of adrenocortical steroids
B. Loss of sodium ions and water into the urine
C. Hypokalemia
D. Reduction in blood pressure
E. All the above
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ACTION OF HORMONES THAT REGULATE CALCIUM BALANCE.
1.

Study the hormones that influence calcium metabolism (p. 725-731, fig. 46.6, 46.7,
46.8, 46.9).

2. Note:
There is approximately 1 kg of calcium in the human body. Ninety-nine per cent of this
amount is located in bone, where it combines with phosphate to form the hydroxyapatite,
structural component of the skeleton. Plasma calcium exists in three forms:
 complexed with organic acids
 protein-bound
 ionized.
3. Note:
The ionized calcium which is maintained at concentrations 1.1 - 1.3 mmol/L, is the biologically active fraction. It is involved in the blood coagulation, secretory processes, neuromuscular excitability, membrane integrity and plasma - membrane transport, enzyme reactions, the
release of hormones and neurotransmitters, and the intracellular action of a number of hormones. Parathyroid hormone (PTH), calcitonin and 1,25-Dihydroxycholecalciferol (1,25
DHC) are the major regulators of Ca2+ metabolism.
4.

What reactions occur in the synthesis of calcitriol from 7- dehydrocholesterol:
A. The steroid ring structure remains intact
B. Cholesterol is an intermediate
C. Ultraviolet light is required
D. Three hydroxylations occur
E. All reactions occur in liver

5.

Note that the major action of calcitriol is to stimulate the synthesis of some proteins
involved in Ca2+ absorption by intestinal epithelial cells. It acts synergistically with
PTH in bone resorption and promotes reabsorption of Ca2+ by renal tubular cells.

6.

Choose the correct couples.
1. Conversion of 7-dehydrocholesterol to vitamin D in nonenzymatic
A. Kidney
photolysis reaction
B. Skin
2. Production 1,25 (OH)2D3 in monooxygenase reaction that requires
NADPH and O2
C. Liver
3. Induction of calcium-binding proteins synthesis
D. Brain
E. Intestine

7.

Compare the effects and mechanism of action of CT and calcitriol and match the
correct couples:
1. cAMP is the intracellular messenger of action
A. Only CT
B. Only calcitriol 2. The primary targets of action are genes
C. Both
3. Changes ionized calcium levels in the blood
D. None
4. Decreases

8. Remember:
1. Insufficient amounts of PTH result in hypoparathyroidism. It is accompanied by decreased concentration of serum ionized calcium (hypocalcemia) and elevated serum phosphate levels. Symptoms include neuromuscular irritability which causes muscle cramps and
tetany. Severe, acute hypocalcemia results in tetanic paralysis of the respiratory muscles,
laryngospasm, severe convulsions, and death. The usual cause of hypoparathyroidism is an
accidental removal or damage of the glands during neck surgery or the results from autoimmune destruction of the glands.
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2. Rickets is a childhood disorder characterized by low plasma calcium and phosphorus levels
and by poorly mineralized bone with associated skeletal deformities. Rickets is most common
due to vitamin D-deficiency. It may be the result of an inherited defect in the conversion of
25 OH-D3 to calcitriol or of the missense mutation in one of the zinc fingers of the DNAbinding domain of receptor which is accompanied by the loss of its functional activity. Vitamin D-deficiency in the adult results in osteomalacia. Mineralization of osteoclasts to form
bone is impaired, and such undermineralized bone is structurally weak.
3. Hyperparathyroidism (hypercalcemia), the excessive secretion of PTH enhances the
physiologic effects of this peptide on the gut, the skeleton, and the kidney tubules. The percentage of dietary calcium absorbed into circulation is increased, calcium ions are released
from the bone and enter the blood more rapidly, and the renal tubules reabsorb more calcium
than usual from the luminal urine, all leading to hypercalcemia .The chronic hypercalcemia
is associated with vague generalized musculoskeletal pain, fatigue, and eventually, slowed
mentation. The osteolytic effect of excessive PTH action may lead to the demineralization of
the skeleton (osteoporosis) and fracture. Chronic renal filtration of the blood rich in calcium
leads to saturation of the tubular fluid with calcium salts; as a consequence, renal calculi (kidney stones) may occur.
9.

Choose the correct answer. Rickets may be caused by:
A. Deficiency of vitamin D in fuel
B. Defect in the conversion of vitamin D3 to calcitriol
C. Malabsorption of vitamin D in the intestine
D. Chronic renal failure
E. All the above

10. All of the following statements about symptoms of hyperparathyroidism are correct
EXCEPT:
A. The concentration of calcium in serum is elevated
B. The concentration of phosphate in serum is elevated
C. Generalized demineralization of the skeleton
D. Skeletal abnormalities
E. Renal colic caused by kidney stones
LABORATORY MANUAL
In clinico-biochemical laboratories and in pharmacy, methods of qualitative and quantitative
analysis are used for determination of hormones (including hormonoids) and mediators in
biological materials and drugs. In addition, compositional variations of hormonal-mediatory
compounds can be followed by examining the disturbances of metabolic processes controllable by these compounds.
Colour reactions for insulin.
1. Biuret test.
Principle:
This test is positive for all compounds containing more than one peptide linkage.
Procedure:
To 5 drops of insulin solution add 5 drops of 40% NaOH solution and 1 or 2 drops of
1%CuSo4 solution.
Presentation of results. Record the experimental results.
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2. Sulphur reaction.
Principle:
Sulphur of sulphur containing amino acids reacts with the sodium hydroxide forming sodium
sulphide. A black or brown precipitate of lead sulphide is formed as a result of the reaction
between sodium sulphide and lead acetate. This lead sulphide is insoluble in dilute HCl.
Procedure:
Boil 1 ml of insulin solution with 1 ml of 40% NaOH for 1 minute. Add a drop of lead acetate solution. A black or brown precipitate is formed which is insoluble in the dilute HCl.
Presentation of results. Record the experimental results.
In the summary, indicate the presence of corresponding groups and amino acids in the hormonal preparations analysed.
3. Colour reactions for adrenalin.
1. Iron (III) chloride test for adrenalin. The test is based on the property of adrenalin
pyrocatecholic grouping to ligate the Fe3+ ion of iron chloride yielding a complex compound
of emerald-green colour.
Procedure: Transfer 10 drops of adrenalin solution to a test tube and add 1 drop of iron (III)
chloride solution. Note the appearance of characteristic coloration.
2. Diazo Benzene Sulphonic Acid Test for Adrenalin. The test is based on the fact that
adrenalin reacts with diazo benzene sulphonic acid to form a red-coloured compound.
Procedure: To prepare diazo benzene sulphonic acid, transfer 3 drops of sulphanilic acid
solution to a test tube and add 3 drops of sodium nitrite solution, mix with shaking. Add 5
drops of adrenalin solution and 3 drops of sodium carbonate solution and mix the contents
with shaking. Observe the development of characteristic coloration.
3. Identification of Adrenalin by Its Fluorescent Oxidized Derivative.
The method is based on the fact that adrenalin is converted to adrenochrome undergoes oxidation in an alkaline medium. Adrenochrome exhibits a yellow-green fluorescence.
Procedure: Transfer 10 drops of distilled water to the test tube, add 6 drops of 10% sodium
hydroxide solution and 6 drops of adrenalin. Stir the contents. Let the test tube stand for 5
minutes to allow adrenalin to oxidize to adrenochrome, which exhibits a yellow-green fluorescence.
Homework:
Study lesson 12.
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LESSON 13. BIOCHEMISTRY OF BLOOD.











MAIN TOPICS:
Development, structure and metabolism of erythrocytes.
Production and neutralization of reactive oxygen species in erythrocyte
Transport of oxygen and CO2:- Influence Рo2;
Cooperative effect; allosteric regulation of affinity of hemoglobin for oxygen (the Bohr
effect, 2,3-bisphosphoglycerate);
Pathways of CO2 transport, the mechanism of CO2 transport
Fetal hemoglobin and its physiological significance. Polymorphic forms of human hemoglobin.
Hemoglobinophaties . Anemic hypoxia
Protein fractions of blood: definition of "fraction"; origins, methods of fractionation; distribution of protein fractions of blood in norm; the basic properties of protein fractions of
blood; examples of individual protein of each fraction, value.
The diagnostic value of estimation of protein fractions of blood The enzymodiagnostic:
secretary enzymes, excretary enzymes, indicated enzymes
- Enzymes, isoenzymes, isoforms of enzymes.
- The mechanisms of change of enzymes activity level in blood.
- The concept of norm, "grey zone ", threshold of acceptance of the clinical decision.
- The clinical value of the biochemical blood analysis.
The clotting of blood. The conversion of fibrinogen to fibrin by thrombin
- The intrinsic and extrinsic pathways of blood clotting.
- The role of vitamin K in clotting of blood
The basic mechanisms of fibrinolysis
Estimation of serum aspartate aminotransferase and alanine aminotransferase
Assay of erythrocyte enzymophaty ( activity G-6-PDH determination)
by Bernshtein.

NORMAL BLOOD
1. Remember:
Blood is a fluid tissue composed of different types of cells - erythrocytes = the red blood
cells (RBC), leucocytes = the white blood cells (WBC) and platelets suspended in a liquid
medium called plasma. It circulates in a closed system of blood vessels. The red colour of
blood is due to hemoglobin which presents in the RBC.
2.

Study the functions of blood.
Functions of blood :
1. Blood transports oxygen from the lungs to the tissues and CO 2 ffrroom
m the tissues to the
lungs.
2. It transports absorbed food materials to the tissues.
3. It transports metabolic waste products to the kidneys, lungs, skin and intestines for removal.
4. In association with the kidneys and lungs it maintains the acid – base equilibrium of the
body by its efficient buffering action.
5. It maintains the steady osmotic pressure inside the tissues and fluids of the body being
assisted by the kidneys and the skin.
6. The plasma proteins assist in the body water exchange from the tissues to blood and vice
versa.
7. It maintains the body temperature at a constant level during its circulation.
8. It transports hormones from the site of the production to different tissues.
9. By clotting it protects body from hemorrhage.
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10. The WBC form defence against microorganisms.
11. It transports metabolites from one tissue to another e.g. lactic acid formed in muscles is
transported to liver and so on.
12. Other substances of blood combat toxic agents; they are antitoxins, agglutinins, precipitins.
3. Choose the correct answer:
Cellular fraction of blood in volume per cent is :
A. 40
B. 45
C. 50
D. 55
4. Choose the correct answer:
Plasma fraction of blood in volume per cent is
A. 40
B. 45
C. 50
D. 55
5. Choose the correct answer:
The diffusible constituent of plasma
A. Urea
B. Vitamins
C. Hormones
D. All of the above.
6. Choose the correct answer:
The catabolic products of diffusible constituent of plasma
A. Uric acid
B. Creatinine
C. Both of the above
D. None of the above
FEATURES OF THE ERYTHROCYTES METABOLISM
1. Remember:
the features of metabolism of erythrocytes (p.87, fig.16,p.88.8.1, p.144-145).
As a result of differentiation erythrocytes lose nuclei, ribosomes, mitochondria, and endoplasmic reticulum, therefore the metabolism of erythrocytes is simplified and directed on:
1. Preservation of the erythrocyte membrane from oxidations by reactive oxygen species;
2. Prevention of oxidation of iron Fe 2 + ion methemoglobin;
3. Production АТP by pathway of anaerobic glycolysis
The enzymes taken part in metabolism are synthesized at a stage of erythrocytes maturation.
Erythrocytes viability is provided basically by two metabolic processes: anaerobic glycolysis
for which it is spent 90 % consumed glucose erythrocytes and the pentose phosphate pathway
by oxidation in which participates 10 % of glucose.
2. Fill in the following blank:
Glycolysis supplies erythrocyte ________for ________________
A. 2,3-diphosphoglycerate
1.Regeneration Hb from metHb
B. ATP
2.Work of ion pump
C. NADH
3.Regulation of affinity of hemoglobin for oxygen
3.

Repeat schematic diagram of the proposed mode of the erythrocyte membrane skeleton
binding to the plasma membrane (lesson 22).
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4.

Study structures of the blood group substances (fig.30.15,465).

5.

Match the number and the letters. The nature of antigenic determinants on the surface of
the RBC:
A.Type A
1. Galactose at the nonreducing end
B.Type B.
2. N-acetylgalactosamine
C.Type AB
3. None of the above
D.Type O
4. All of the above

6.

Note production and neutralization of reactive oxygen species in erythrocyte (fig.28.7,
p.442; fig.28.8, p.443).

7.

Specify the correct order of stages of process of erythrocyte protection from hemolysis.
Use the following components for it:
A. Glutathione peroxidase
B. D-glucose–6-phosphate dehydrogenase
C. Glutathione reductase
D. Methemoglobin reductase
E. NADPH
F. GS-SG
G. GSH
H. MetHb→Hb

8.

Specify the correct order of stages of the formation of Heinz bodies in erythrocytes
A. Heinz bodies are formed
B. Nonenzymatic oxidation of Hb to metHb
C. Glutathione defense system cannot realize it function
D. Deficiency of D-glucose–6-phosphate dehydrogenase
E. Deficiency of sufficient amount of NADPH
F. H2O2, ROS lead to cross-linked hemoglobin
G. Hemolysis occurs
H. Production of ROS and H2O2 (by superoxide dismutase)

9. Choose the correct couple:
Coenzyme of glutation reductase is ___________,which is formed in_________
A.NADH
1.Glycolysis
B.NADPH
2.Pentose phosphate pathway
C.NAD
3.Methemoglobin reductase reaction
10. Choose the correct statement:
D-glucose –6-phosphate dehydrogenase protects erythrocyte from hemolysis because it:
A. Produces ATP, that is necessary for ion pump work
B. Provides coenzyme for glutathione peroxidase
C. Provides coenzyme for glutathione reductase
D. Provides coenzyme for methemoglobin reductase
11. Indicate the followings as “True” or “False”:
A. 80 per cent of the red blood cell copper is presented as superoxide dismutase.
B. Erythrocytes contain enzymes of TCA cycle
C. Erythrocytes contain enzyme catalase
D. Erythrocytes contain enzyme D-glucose –6-phosphate dehydrogenase
E. Erythrocytes persist about 120 days.
F. Erythrocytes contain enzyme methemoglobin reductase
G. Erythrocytes contain enzymes of β-oxidation of fatty acid
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TRANSPORT OF OXIGEN AND CARBON DIOXIDE
1. Repeat the transport of oxygen ( p.89-91, fig.8.21, 8.24)
2. Study the transport of CO2 (p.92)
3. Remember :
CO2 is carried to cells and to the plasma by the blood. It exists in three forms. The three main
fractions are:
1. A small amount of carbonic acid.
2. The “carbamino-bound” CO2 which is transported in combination with proteins ( mainly
hemoglobin). The “carbamino-bound” CO2 is important in the exchange of this gas because of the high reaction rate.
3. That is carried as bicarbonate in combination with cations sodium or potassium.
4.

Answer the questions :
In what direction does this reaction proceed
CO2

Hb-NH2 ←—→ Hb-NH-COOH
a) in tissue capillaries
b) in lung capillaries
5.

Fill in the following blanks:
A. Carbonic anhydrase catalyzes the formation of H2CO3 from ________and
__________
B. The __________acid is then buffered by the intracellular buffers (phosphate and
hemoglobin) combining with ______________
C. ___________ion also returns to the plasma and exchanges with chloride which shifts
into the cell when the tension of CO2 increases .in the blood.
D. When the CO2 tension is reduced, __________leaves the cell and enters the plasma.

FETAL HEMOGLOBIN AND ITS PHYSIOLOGICAL
POLYMORPHIC FORMS OF HUMAN HEMOGLOBIN

SIGNIFICANCE.

1. Study polymorphic forms of Hb (p.88, 8.1), HbF (p.91)
2. Answer the questions :
a) Where is the affinity of Hb for O2 more in case of HbA or HbF?
b) What is the difference between the agents that affect O2 binding by HbA and HbF?
c) What advantage does HbF have during intrauterine period?
3. Fill in the following blanks:
A. Fetal hemoglobin takes up ______ more readily at low oxygen tension and releases
________more readily than adult hemoglobin (A).
B. Hemoglobin F is gradually replaced by _________ during the first 6 months of extrauterine life.
C. Hb F is more resistant to denaturation by __________ and is more susceptible to
conversion to methemoglobin by ________
D. Some of the abnormal hemoglobins are easily differentiated by their electrophoretic
mobilities and have given rise to the concept of _______.
E. Methemoglobin is present in normal ________about _____ per cent of the total hemoglobin.
HEMOGLOBINOPHATIES. ANEMIC HYPOXIA
1. Note:
Hemoglobinophaty -is the result of replacements of amino acids as the consequence of genes
coding chains mutation of globin (it is known from above 150). Read clinical note p.87, fig.
8.16
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2. Remember:
Anemia - is the pathological condition caused by reduction of the contents of hemoglobin or
amount of the RBC per unit of blood volume or infringement of their functions and in this
connection conducting to the development of oxygen starvation of fabrics.
3.

Match the letter and the number: (p.200, 443, 614, 622, 628,629,630,631)
Anemia
Example
A.Hemolytic
1.Cobalamin deficiency
2.D-glucose –6-phosphate dehydrogenase deficiency
B.Hypochromic microcytic
3.Iron deficiency
4.Sickle cell anemia
C.Megaloblastic
5.Folate deficiency
6.Pyridoxine deficiency

4. Memorize:
that anemias can be classified into three basic groups.
There are three main causes of anemia:
I.
Loss of blood from the circulation, i.e. external or internal hemorrhage.
II.
Reduced production of erythrocytes and hemoglobin – dyshaemopoiesis (irondeficiency, vit B 12, folic acid deficiency, scarce conditions, albuminous starvation);
III.
Owing to hemolysis, i. e.incresed destruction of R.B.C. (hemoglobinophaties, enzymopathies as result of defects of G-6-PDH, pyruvate kinase, etc. enzymes).
5.

Match the correct statements about anemias below:
A. Sickle cell anemia
1.Replacement “his” in a pocket of heme
B.Methemoglobinemia
2.Large deletions in the – ß-globin gene
C.Thalassemia
3. Replacement “glu” in 6th position of ß- globin

6.

Discuss the information (p.14, 15,18, 145, 215, 236, 630, q-a 41.2, 631, 633) Fill in
the table in your copy book
Table 1
Anemias and its characteristic
Anemia
Cause
Characteristic

7.

All of following statements about biochemical consequences of anemia are true
EXCEPT :
A. Decrease of synthesis АТP by an erobic way;
B. Inhibition of oxidation processes by high concentration NАDН+Н
C. Production of active forms of oxygen is strengthed and cells are ruined.
D. Increase of synthesis АТP by aerobic way
The development of methemoglobinemia may be due to the following factors:
A. Acidic poisoning
B. Lower partial pressure of oxygen
C. Hereditary defect of methemoglobin reductase
D. CO poisoning
E. All of the above
F. None of the above

8.

PROTEIN FRACTIONS OF BLOOD
1.

Repeat the fractionation of blood serum proteins (lesson 1,2)

2. Choose the correct answer:
The human plasma proteins are a mixture of
A. Simple proteins
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B. Glycoproteins
C. Lipoproteins
D. All of the above
3. Choose the correct answer:
The plasma proteins are separated by
A. Salt precipitation
B. Electrophoresis
C. Immunoelectrophoresis
D. All of the above
4. Read the clinical note at p. 87 and pay attention to the application of paper electrophoresis for diagnosis of sickle cell anemia.
5. Choose the correct answer: Retinol is transported to the blood as retinol attached to
A. α 1-globulin
B. α2-globulin
C. ß-globulin
D. -globulin
6. Study the table “Transport of metabolites, drugs, vitamins by blood serum proteins”
Table 1
Protein(fractions)
Name of protein
Transport
metabolites of drugs, vitamins
Albumin
Albumin
Ca,2+ fatty acids
Penicillin
Bilirubin
Sulphanilamide
Aldosterone
Salicylate
α 1-globulins
Retinol- binding
Retinol
T4-binding
Thyroxine
Hydrocortisone
Transcortin
Cortisol
Vitamin B12
Transcobalamin
α2-globulins
Ceruloplasmin
Cu2+, Cu+
Lipoprotein
Cholesterol,
Vitamins D,K,E
phospholipids
ß-globulins
Transferrin
Fe3+
7.

Indicate the followings as “True” or “False”:
A. α 1-globulins are several complex proteins containing carbohydrates and lipids.
B. -globulins are formed in the liver
C. In normal individuals, the plasma proteins vary from 60 to 85 g/l
D. Albumin has a molecular weight of about 69 000 and is synthesized in the liver.
E. Albumin plays an important role in the exchange of water between tissue and blood.
F. Bilirubin is associated with -globulins.
G. Albumin is largely involved in the nutritive functions of the plasma proteins owing to
its high concentration.
H. -globulins are immunoglobulins having antibody activity.

8.

Study the table “Changes in the concentration of blood serum proteins in various pathologies".
Table 2
Protein (fractions)
Pathologies associated with changes in the ratios of blood
serum proteins (  - increase,  - decrease)
-globulin
 Chronic inflammations, liver cirrhosis, myelosis
ß-globulin
 Nephroses, atherosclerosis
α2-globulin
 Tumors(carcinoma, sarcoma), liver disorders
 Respiratory diseases (in newborns)
albumin
 Nephrosis,liver cirrhosis
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9. Choose the correct answer:
The serum albumin concentration decreases in:
A. Severe protein deficiency.
B. Liver diseases.
C. Nephritis.
D. All of the above
10. Match of the following: Type of disproteinemia
A. Decrease of albumin and increase of
1. Dehydratation
-globulin fractions
B. Decrease of albumin ,α2-globulin,
2. Hepatitis
increase of ß-globulin and -globulin
C. Increase of albumin and moderate
3. Inflamatory process
decrease of all globulin fractions
ENZYMODIAGNOSTIC
1.

Repeat Enzymes, isoenzymes , isoforms of enzymes ( p.124, fig. 9,33, lesson 5).

2. Remember :
that isoenzymes of CK MB exist in two isoforms (2.1 and 2.2) and CK MM in 3 isoforms
(3.1, 3.2, 3.3) as a result of posttranslational processing of proteins.
3.

Read the clinical note at p.85 and clinical comment at p.97

4.

Match of the following:
A.Secretary enzyme

1.Choline esterase
2.Aspartate transaminase
3.-glutamyl transferase
4.Alanine transaminase
5.Alkaline phosphatase
6.Factor XIII

B.Excretary enzyme
C.Indicated enzyme
5. Choose the correct answer:
Isoenzymes are:
A. Phisically distinct forms of the same enzyme
B. Catalyse the same reaction
C. Have different mobility on electrophoresis
D. All of the above.

6. Choose the correct answer:
In the case of liver diseases especially with liver cells damage, the enzyme of diagnostic interest is:
A. Aspartate transaminase
B. Alanine transaminase
C. Creatine kinase
D. -glutamyl transferase
E. Alkaline phosphatase
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7.

Study: “The mechanisms of change of the level of enzymes activity in blood”.

Table 3
Increase of activity
1) Increase of synthesis
Alkaline phosphatase (deficiency of vitaminA)
2) Increase of penetration of membrans
Creatine kinase (muscular dystrophy)
3) Necrosis of cells
CK, AST, aldolase
4) Decrease of excretion
Alkaline phosphatase (obturation of bile entrances)
Decrease of activity
1) Decrease of amount of producing enzyme Pepsinogen (gastroectomia) Cholinesterase
cells
(cirrhosis)
2) Election scarcity of synthesis
Ceruloplasmin (Wilson’s disease)
3) Increase of excretion
Ceruloplasmin (nephros)
4) Inhibition of enzyme activity
Trypsin ( by antitrypsin)
8. Choose the correct answer:
In the case of myocardial infarction, the enzyme which rises more slowly is:
A. Creatine kinase
B. Aspartate transaminase
C. Lactate dehydrogenase
D. All of the above.
E. None of the above.
9. Choose the correct answer:
In the case of myocardial infarction, the first enzyme to increase in activity is:
A. Creatine kinase
B. Aspartate transaminase
C. Lactate dehydrogenase
D. All of the above.
E. None of the above.
10. Choose the correct answer: (p.584)
In the case of acute viral hepatits, there is a rapid rise in the level of:
A. Alanine transaminase (GOT)
B. Aspartate transaminase (GPT)
C. Serum bilirubin
D. Alkaline phosphatase
E. Acid phosphatase
11. Match of the following:
A.Aspartate transaminase (GPT)
B.-glutamyl transferase
C.Alkaline phosphatase is elevated
D.Serum CK level is increased
E.Transaminases level is increased
F.LDH is liberated to the blood stream

1.Has cytosol and mitochondrial forms
2.In acute viral hepatitis
3.Is induced by ethanol
4.During myocardial injury
5.In viral and alcoholic hepatitis
6.In muscle trauma, polymyositis

CLINICAL VALUE OF THE BIOCHEMICAL ANALYSIS OF BLOOD
1.

Two blood samples containing protein have been brought from the biochemical laboratory. One has a protein concentration of 30 g/l, the other has 100g/l. They belong to two
patients (a child with extensive burns and a male patient with hypoacidic gastritis and
pancreatitis). State which sample belongs to which patient, giving your explanations.

2.

Fill in the table “Clinical value of the biochemical analysis of blood”, including constituents of plasma proteins, enzymes, lipids, carbohydrates, vitamins, catabolic products,
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bile pigments. Give the normal concentration of constituents that have been studied in the
course of biochemistry.
Table 4
Constituents present in normal blood
Reference range
Clinical value
3.

Match the corresponding normal values of blood with its various constituents:
A. 2,3 – 8,7 mmol/l
1. Iron
B. 50-150 mcg per 100 ml
2. Glucose
C. 65-85 g/l
3. Blood urea
D. 4 - 8 g/l
4. Total protein
E. 3,9 – 6,5 mmol/l
5. Total lipids
F. 3,3 – 5,5 mmol/l
6. Total cholesterol
G. 8,55-20,52 mcmol/l
7. AST
H. 10-35 IU
8. ALT
I. 10-30 IU
9. Bilirubin

4.

On examination in the clinic the increase of activity of LDH1, CK, AST/ALT>2, was
found out in the blood of patient A. The increase of activity of LDH4,5 ,GDH, ornitincarbamoil transferase, AST/ALT<1 was found out in the blood of patient B. What organ is
damaged?

5.

The child suffered from an infectious disease. What changes can be seen in protein
fractions of the blood?

6.

Read the clinical note at p.583-585 (Jean AnnTonich, Teresa Livermore) and clinical
comment at p.590

СLOTTING OF BLOOD
1.

Study Blood coagulation cascade (p.107, fig 9.11, 125-127, fig.9.34, 9.35, 9.36).Note
the role of vitamin K in blood coagulation (p.125).

2.

Сompare and contrast the intrinsic and extrinsic pathway of blood clotting. What is
meant by cascade?

3.

Name
a. the blood-clotting factors that are serine proteases.
b. a divalent cation indispensable for blood coagulation

4.

Answer the following questions :
a) Which factors require Ca2+ for their action?
b) Which factors contain -carboxyglutamate?
c) Which factor has transglutaminase activity?
5. Choose the correct answer:
Vitamin K regulates the synthesis of blood clotting factors
A. VII
B. IX
C. X
D. All of the above
6.

Outline the steps in blood clotting.

FIBRINOLYSIS
1.

Study fibrinolysis (p.125, 128).

2.

Read the clinical comment p.124.

3.

Fill in the following blanks:
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1) Plasmin normally exists in __________in the inactive form___________.
2) Antithrombin III has a major_________activity and has some_________activity.
3) The common deficiency of factor __________produces a disease known as hemophilia A.
4) Thrombin converts factor XIII to__________ which is a ________.
5) Prothrombin is a single chain ________with a molecular weight of _______.
6) The initial fibrin clot is _________ and held together only by fibrin_______.
7) Fibrinogen is a soluble plasma ________.
8) The white thrombus is composed of _________ and _______and is poor in
_________.
9) Stop of bleeding is said to be _________.
10) Blood platelets contain a ________ protein which is involved in the process of clot
_______.
LABORATORY MANUAL
ASSAY OF ERYTHROCYTE ENZYMOPHATY ( ACTIVITY G-6-PDH
DETERMINATION) BY BERNSHTEIN.
Principle of method: NADPH2 is formed by the presence of D-Glucose-6-phosphate dehydrogenase (G-6-PDH, EC 1.1.1.49)-the enzyme of pentose phosphate pathway. Dichlorophenolindophenol is discoloured by NADPH2 in 15-20 min.
Further discoloration of reaction mixture shows for about G-6-PDH deficiency in erythrocytes.
Practical procedure :
Pipette
Test tube
Distilled water
1 ml
Blood
0,02 ml
Hemolysis
Reagent № 1 (solution of 2,6-Dichlorophenolindophenol in
0,5 ml
TrisHCl, pH 8,0 and solution of Phenazine methosulfate 8:1)
Reagent № 2 (solution of NADP
0,1 ml
and solution of G-6-PDH 1:1)
Leave a test tube for 15-20 min at room temperature and then estimate a change of mixture
colouration.
Write down the conclusion in your copy book
Incomplete discoloration in 30 min is equal to decrease of G-6-PDH
Absence of discoloration by this time is due to sharp fall of enzyme activity. Deficiency of G6-PDH activity manifests as acute hemolytic anemia. Persons with the defects are liable to
develop anemia when are treated with oxidant drugs such as antimalarials, antipyretics
sulphonamides and analgesics.
ESTIMATION OF SERUM ASPARTATE AMINOTRANSFERASE AND ALANINE
AMINOTRANSFERASE
Principle: Aspartate aminotransferase (L- aspartate: 2-oxoglutarate aminotransferase, AST,
GPT, E.C. 2.6.1.1.) catalyses the reaction of L-aspartate and 2-oxoglutarate and transform
them into L-glutamate and oxaloacetate. Oxaloacetate is then converted to pyruvate.
Alanine aminotransferase (L-alanine: 2-oxoglutarate aminotransferase, ALT, GOT, E.C.
2.6.1.2) catalyses the reaction of L-alanine and 2-oxoglutarate and transform them into Lglutamate and pyruvate. The determination is based on the absorbance reading of hydrazones
of 2-oxoglutarate and pyruvate in an alkaline medium. The absorbance of pyruvic acid
hydrazones formed is being higher.
Reagents.
1. Standart solution sodium pyruvate 2 mmol/l for the calibration graph
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2.
3.
4.

2,4-dinitrophenylhydrazine solution of 1 mmol/l in 1 mol/l of HCL
Sodium hydroxide 0,4 mol/l
Substrate AST: phosphate buffer 0.1 mol/l, L- aspartate 0.2 mol/l ,2-oxoglutarate
2mmol/l
5. Substrate ALT : phosphate buffer 0.1 mol/l, DL-alfa-alanine 0.2 mol/l, 2oxoglutarate 2mmol/l
Procedure.
Wavelenght
(500-530) nm
Cuvette
1 cm
Temperature
(37 0±0.1) C0
Reagent 4 (5) have to be temperated before the analysis up to (370±0.1) C
Pipette (ml)
Sample
Control solution
Reagent 4 (or 5)
0.5
0.5
Physiological solution
0.1
0
Preincubate for 3 min at 37 C
Serum
0.1
Incubate for exactly 60 min at 370 C
Reagent 2
0.5
0.5
Stir and let stand for 20 min at temperature of (+15 to +250) C
Reagent 3 (Solution of NaOH)
4,0
4,0
Stir and after 10 min read the absorbance of sample against control solution (A)
Calculation:
Using the absorbance of the sample AST (or ALT) read out its AST
catalytic ( or ALT catalytic) concentration from the graph.
Reference values
AST 0,06-0,14 mckat/l (10 –35 IU)
ALT 0,06-0,14 mckat/l (10 – 30 IU)
The upper limit 0,42 mckat/l
If the catalytic concentration exceeds 0,56 mckat/l repeat the determination using serum
diluted with phisiological solution (result * dilution).
Optical density

0,14
0,28
0,42
0,56
mckat/L
Higher content of ketone bodies (diabetic patient samples) might cause higher catalytic
concentration of AST and ALT. In these cases it is necessary to subtract the absorbance of the
serum control solution (blank) from the absorbance of sample (A). The serum blank is prepared in the same way as the sample, the only difference being in the addition of serum after
Reagent 2. Hemolysis causes higher AST and ALT catalytic concentration. Traces of detergents cause lower AST and ALT concentrations.
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Essay for lesson 12:
1. Enzymodiagnostic of myocardium diseases and diseases of liver.
2. Hemophilia.
Home work: repeat the themes «Hormones», «Biochemistry of blood ».
Prepare for the colloquium.

89

Communicat ion b etwee n cel ls.End ocrin e sys tem.Bi ochem istr y
o f b lo od.

LESSON 14. COLLOQUIUM СOMMUNICATION BETWEEN CELLS. ENDOCRINE
SYSTEM. BIOCHEMISTRY OF BLOOD.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.
23.
24.
25.

MAIN THE ORETICAL TOP ICS FOR RE VISION:
Main systems of communications between cells: endocrine, paracrine and autocrine.
Role of hormones in regulation of metabolism. Interrelationships of nervous and endocrine systems in regulation of metabolism. Hormones as primary messengers in transmission of information.
Regulation of synthesis and secretion of hormones. Feet back mechanism.
Target cells and receptors of hormones: receptors on the outer surface of the cell (receptors associated with G proteins and receptors with tyrosine kinase activity) and intracellular receptors. Regulation of receptors activity (phosphorilation and down- regulation).
Mechanism of transmission of signal by hormones. Mechanism of signal transduction by
receptors of hormones. G proteins. cAMP and cGMP as second messengers. Activation
of protein kinases and phosphorilation proteins. Metabolic effect.
Phosphatidylinositol bisphosphate (PIP2) cycle as mechanism of communication between
the cells. Inositol 1,4,5-trisphosphate (IP3) and DAG - second messengers in transmission
of signal.
Ions of Ca++ as second messenger. Regulation of level of Ca++ in cytosol. Biological role
of Ca++, calmodulin, Ca++ canals.
Mechanism of action of steroid hormones.
Categorized of hormones by site of synthesis, by chemical structure, by water solubility,
by biological functions. Nomenclature of hormones.
Hormones of hypothalamus. Chemical structure. Biological role.
Hormones of anterior lobe of pituitary. Chemical structure. Biological role. Metabolic
abnormalities of hypo- and hyperfunction.
Hormones of posterior lobe of pituitary. Chemical structure. Biological role. Metabolic
abnormalities of hypo- and hyperfunction.
Hormones that regulate fuel metabolism. Physiological effects of insulin and counterregulatory (contrainsular) hormones. Their role in maintenance of homeostasis.
The role of insulin and glucagon in regulation fuel metabolism during the fed state, fasting state and during starvation. Metabolic abnormalities in diabetes mellitus.
Synthesis and secretion of hormones derived from single amino acids. Thyroid hormones. Metabolic abnormalities of hypo- and hyperthyroidism. Endemic goiter.
Synthesis and secretion of steroid hormones. Metabolic abnormalities of hypo- and hyperfunction. Cushing’s disease.
Hormones involved in regulating sodium and water balance. Structure and function of
antidiuretic hormone and aldosterone. Renin-angiotensin aldosterone system (RAAS).
Angiotensin-converting enzyme. Biochemical mechanisms of rise of hypertension, oedema and dehydration.
Action of hormones that regulate calcium balance (parathyroid hormone and calcitonin).
Chemical structure. Biological role. Metabolic abnormalities of hypo- and hyperfunction.
Calcitriol. Structure, synthesis and mechanism of action. Reasons and clinical disorders
of rickets.
Hormones of adrenal medulla. Synthesis and secretion. Chemical structure. Biological
role. Metabolic abnormalities of hypo- and hyperfunction.
Sex steroids, structure and function.
Histamine. Synthesis. Chemical structure. Biological role.
Serotonin. Synthesis. Chemical structure. Biological role.
Biological active peptides: bradykinin, neuropeptides, atrial natriuretic peptide. Chemical
structure. Biological role.
Eicosanoids. Synthesis. Chemical structure. Biological role.
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26. Development, structure and metabolism of erythrocytes.
27. Production and neutralization of reactive oxygen species in erythrocytes.
28. Transport of oxygen:
 influence Рo2 (cooperative effect);
 allosteric regulation of affinity of hemoglobin for oxygen (the Bohr effect, 2,3bisphosphoglycerate);
29. Pathways of CO2 transport, the mechanism of CO2 transport.
30. Fetal hemoglobin and its physiological significance. Polymorphic forms of human hemoglobin.
31. Hemoglobinophaties. Anemic hypoxia
32. Protein fractions of blood. The diagnostic value of estimation of protein fractions of
blood.
33. The enzymodiagnostic: secretary enzymes, excretary enzymes, indicated enzymes. Enzymes, isoenzymes, isoforms of enzymes. The mechanisms of change of enzymes activity level in blood.
34. The enzymodiagnostic of myocardial infarction and liver diseases.
35. The clotting of blood. The conversion of fibrinogen to fibrin by thrombin.
36. The intrinsic and extrinsic pathways of blood clotting. The role of vitamin K in clotting
of blood
37. The basic mechanisms of fibrinolysis.
38. Disorders of the clotting of blood: hemophilia.
Home work:
Study lesson 15.
1. Significance of extracellular matrix for organism (p. 457-468).
2. Collagen: features of aminoacid composition, structure, biosynthesis and maturing. Polymorphism of collagen: fibreformation, associated with fibres, microfibred, “anchored”
types of collagen (p. 94-96, 461-462).
3. Elastin: structure and functions.
4. Glycosaminoglycans: structure and functions (hyaluronic acid, chondroitin sulphates,
heparin). Proteoglycans.
5. Adhesive proteins of extracellular matrix: fibronectin and laminin, their structure and
functions. Their role in intercellular interactions and development of tumours.
6. The structural organization of extracellular matrix.
7. Proteoglycans of umbilical rope hydrolysis and the analysis of products of hydrolysis.
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LESSON 15 BIOCHEMISTRY OF EXTRACELLULAR MATRIX
MAIN TOPICS:
 Significance of extracellular matrix for organism.
 Collagen: features of aminoacid composition, structure, biosynthesis and maturing .
 Polymorphism of collagen: fibreformation, associated with fibres, microfibred, "anchored” types of collagen.
 Elastin: structure and functions.
 Glycosaminoglycans: structure and functions (hyaluronic acid, chondroitin sulphates,
heparin). Proteoglycans.
 Adhesive proteins of extracellular matrix: fibronectin and laminin, their structure and
functions. Their role in intercellular interactions and development of tumours.
 The structural organization of extracellular matrix
 Proteoglycans of umbilical rope hydrolysis and the analysis of products of hydrolysis.
Memorize:
Extracellular matrix is constructed by collagen, elastin, proteoglycans, adhesive proteins (fibrobectin, laminin). In matrix alongside with insoluble threadlike structures cells- chondrocytes and fibroblasts, macrofages and corpulent cells are shipped. The connective tissue is
characterized by big intervals between cells and high contents of extracellular substance.
COLLAGEN: FEATURES OF AMINOACID COMPOSITION, STRUCTURE,
BIOSYNTHESIS AND MATURING.
1.

Repeat collagen (p.94-95, fig.8.30.), note hydroxylation of proline and lysine residues in
collagen (fig.8.31.), formation of cross-links in collagen (p.96, fig.8.32.).Describe the
structure of collagen. Describe its pathway of biosynthesis.

2.

Note the role of vitamin C in hydroxylation of proline and lysine residues in collagen
(p.95) and consequences of vitamin C deficiency (16f).

3.

Choose the correct amino acid sequences into collagen:
A. -Gly-Ala-ValB. –Lys-Arg-ProC. –Gly-Hydroxypro- ProD. - Hudroxypro-Glu-Asp-

4.

Specify the correct order of stages of collagen biosynthesis and formation of collagenic fibres (example, 3-5, etc.).
1) Assemble into collagen-fibrils
2) Hydroxylation of proline and lysine
3) Formation of procollagen
4) Addition of galactosyl-glucose to hydroxylysine residues
5) The C- and N- terminal peptide is removed by proteases.
6) Formation of collagenic fibres
7) Synthesis of procollagen polypeptide chain
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Fig. 15. Collagen biosynthesis.
5. Note:
Collagen undergoes very complex posttranslational modifications, involving many enzymes,
cofactors and vitamins. Transcription of α1 and α2 (1) genes occurs within the nucleus (1).
The product, collagen m-RNA, is shown at site (2) being translated on ribosomes within the
endoplasmic reticulum. Hydroxylation (3) and glycosylation (4) are posttranslational events
which require enzymes and are nessesary for pro-α chain aggregation (5) to form procollagen
(tropocollagen). The procollagen molecule is relayed to the Golge system (6) to the surface of
the cell, where cleavage of the N and C-terminal propeptides (7) results in formation of the
mature collagen molecule. These molecules self-aggregate, with enzymatic mediation of the
formation of intra intermolecular crosslinking (8), leading to a macromolecule with substantial tensile strength, called a fibril (9). The relationship between the amino acid sequence and
the final macromolecular fibril is shown (10).
6. Choose the correct answers:
High durability of collagenic fibres is caused:
A. By lots of strong covalent bonds between tropocollagen molecules
B. Formation of a threefold helix from polypeptide chains
C. Interaction of proteoglycans with collagenic fibers.
D. Hydrophobic bonds between tropocollagen molecules.
E. Shift of tropocollagen molecules in 1/4 relation to each other.
POLYMORPHISM OF COLLAGEN.
1.

Memorize:
there are 19 types of collagen which differ from each other by the primary structure of
protein, functions and localization in organism.
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2.

Compare their structures and functions. Look at the table below.
Group of collagens

Type of
collagen

Fibreformation

I
II
III
V and XI
Associated with IX, XII,
fibres
XIV, XVI
Component
of IV
basal membrane
Microfibred

VI

Component
of VII
"anchored” fibril
3.

Characteristic

Table 1
Localization

Shift of tropocollagen molecules Bone,tendon,dentin
in 1/4 relation to each other
Cartilage
Liver, hepar, vessel
Extracellular matrix
These types of collagen don’t form fibril, but are associated
with them; contain collagen and non-collagen domains.
The spiral parts of polypeptide It is produced by muscuGly-X-Y are interrupted by short lar, nerve, fatty cells
nonspiral segments
2 molecules unite in antiparallel It is located between fidimer. Tetramer is formed by brils of collagen I,II, III
dimers.
types
Fibrils are formed by dimers, It is located on the subepwhich are connected with each ithelial layer
other “side to side”

In collagen of which type are spiral parts of polypeptide interrupted by short non spiral
segments?

Fig. 156 Organization of collagen IY type
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Fig. 17 The structure of type II collagen fibers and type IX collagen, which is associated with
them

Fig. 18 Organization of collagen YII type
4.

Choose the reasons of infringement of biosynthesis of collagen and formation of collagenic fibres :
A. Mutations in collagen genes
B. Defects of enzymes participating in posttranslational modifications.
C. Hypovitaminoses (vit C, PP, B6)
D. Low contents of coenzymes (Fe2+, Cu 2+)
E. Hyperparathireoidism

5.

Math the letter and the number:
A. Collagen II type
1. Fibreforming
B. Collagen IY type
2. Associated with fibres
C. Both
3. Main component of basal membrane
D. None of the above
4. Hydroxyproline is in it composition

6.

Choose the correct statements: biosynthesis of collagen is different from biosynthesis
of other proteins because:
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7.

A. Molecule of collagen has the longest polypeptide chain
B. The formation of the polypeptide chain is result of multistage splising of mPNA
C. Gen coding pro-α- chain engages a great area of DNA
D. There are many different enzymes and cofactors in posttranslation reactions.
Collagen cannot form α-helix or β-layer because in its composition there are many amino
acids:
A. Glycine
B. Alanine
C. Valine
D. Proline

ELASTIN: STRUCTURE AND FUNCTIONS
1. Study the table: Structure and functions of collagen and elastin.
Table 2
COLLAGEN

ELASTIN

Function

Rupture of durability. High tensile
strength, without stretch.
Amino acid com- 30% Gly, 20% Pro, Oxypro, 10%
position
Ala,1% Oxylys, 40% ect

High strain and quick restoration
initial form after the load removal
30% Gly, 21% Ala ,Hydrophobic
AA (13% Val, 10%Leu), Lys10%,
1% Oxypro
Primary structure
19 types of collagen, in each Tropoelastin -about 800 amino acid
3 polypeptide chains (identical or residues M.w.72 000
2- identical,1-different ;about
1000 amino acid residues)
Secondary struc- Special type of left helix (3 amino Elastin consists of tropoelastin
ture
acid residues on one turn)
Molecules cross-linked to give twoTertiary structure
Right triple collagen superhelix - dimensional or three dimensional
elasticity. In addition to desmosine
tropocollagen
residues, elastin contains other
kinds of cross-linkages, such as
lysinonorleucine
2.

Name the tissues with high contents of elastin:
A. Bones
B. Cervical ligament
C. Achilles tendon
D. Aorta’s wall
E. Articularis
3. Choose the correct answer:
Elastin is characterized by such positions:
A. It is a fibrous protein
B. It is capable of reverse stretching
C. It settles down on walls of large vessels, providing their elastic properties
D. It prevails in structures of large tendons
E. It provides a mesh structure of elastin
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Fig. 19. Connection of elastin
molecules by covalent bonds in
net

4.

Math the letter and the number:
A. Collagen
1. Structural protein of extracellular matrix
B. Elastin
2. With high contents of hydrophobic amino acids
C. Both
3. Main component of extracellular matrix, bones
D. None of the above
4. With high contents of Asp, Glu residues

5.

Look at the formula of desmosine and answer : which amino acid forms desmosine:
A. Hydroxyproline
B. Methionine
C. Arginine
D. Lysine
E. Leucine

1.

Math the letter and the number:
A. Elastin tension on physical exertion
B. Elastin spontaneous contraction after removal of physical exertion

2.

1.Entropia of system doesn’t change
2. Entropia of system increases
3. Entropia of system decreases

Note:
The activity of lysine aminooxidase is decreased by the deficiency of copper and vitamin
B6, due to desmosin is not synthesised.
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3. Answer the question:
Why do the walls of the aorta have a low raptural durability when there is a deficiency of
copper and vitamin B6 in food?
4.

Study “Comparison of some biological collagen and elastin functions”

Role in wound healing process
COLLAGEN Synthesis of collagen fibres increases in
the field of injuries healing. They grow,
but their structures are irregular.
Collagen causes thrombocyte adhesion
and aggregation. This leads to protective film formation on the injury surface.
ELASTIN

Practically doesn’t take part in wound
healing

Table 3
Changes on aging
The number of transversal bonds in
collagen are increased, accessibility of
collagenes action is decreased, regidity
of tendones and joints is increased.
The correlation: proteoglycan/fibres
decreases, according to amount of conjugated water decreases and tissue
turgor decreases.
Changes are the same as in collagen

5. Fill in the following blanks:
On aging the skin becomes wrinkled and dry due to of the correlation of ______/ ________
decreasing in the connective tissue. This leads to the considerable decrease of connection
__________and the decrease of tissue and skin turgor.
6.

Answer the question:
What properties of collagen metabolism lead to injures healing?
A. Increase of collagenase synthesis
B. Collagen ability induces aggregation of thrombocytes
C. Depression of prolypheration of collagen synthesizing cells
D. None of the above
E. All of the above

7.

Choose the correct couples The causes of collagen structure changes:
A Decrease of lysyloxidase activity
1.Mutations in DNA of fibroblasts
B.Change of primary structure
2.Deficiency of Cu 2+
C.Absence of lysyloxidase
3.Deficiency of vitamin A
D. Decrease of proline hydroxylase activity 4.Deficiency of vitamin C

8. Remember:
 Degradation of collagen starts under the influence of collagenase enzyme which splits
molecule of collagen to fragments (1/4 and ¾ from common length of molecule). After
this collagen becomes accessible to the action of lysosomal proteases.
 The increased activity of collagenase leads to some diseases and destruction of extracellular matrix.
 Some types of patogenic bacteria are able to work out high active collagenase.
9.

Read about elastin degradation in hypercortisolemia p.708

10. Indicate the following as “True” or “False”:
Collagenase produced by pathogenic bacteria is a factor in the penetration into the human
body because it damages the structure of extracellular matrix.
11. Excretion of oxyproline in urine is decreased with age because:
A. The number of transversal collagen bonds with age is increased
B. Its sollubility desreases
C. Its accessibility of collagenase action decreases
D. All of the above
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12. Why is the collagen catabolism process indicated by the amount of oxyproline in daily
urine?
GLYCOSAMINOGLYCANS. PROTEOGLYCANS.
1.

Study structure and function of glycosaminoglycans (p.458-462)

2.

Write the structural formulae of repeating disaccharides of hyaluronic acid, chondroitin sulphate , heparin (p. 459)

3.

Fill in the table: structure and role of some glycosaminoglycans.

Polymer
Hyaluronic acid
Chondroitin sulphate
Heparin
4.

Monosaccharide units

Type of bonds

Table 4
Roles

Proteoglycans: give their definition, study their synthesis (p.460)

5.

Look at fig. 30.3, 30.4, 30.6, 30.7, 30.8 and remember the structure of proteoglycan aggregate (“Bottle-brush” structure).
6. Choose the correct answers:
Proteoglycan complexes are amortizators in matrix because of:
1) The same charges of sulfated proteoglycan chains cause them to repel.
2) Proteoglycans are hydratated.
3) Water connected by glycosaminoglycans forms the gel limiting diffusion and permeability.
4) On increasing external pressure molecules are approximated, squeezing out water
from intermolecular intervals, when the pressure is limited they come back to their
initial position.
5) Glycosaminoglycans as polyvalent anions are capable of connecting plenty of ions of
sodium.
7.

Remember proteoglycan composition and insulin function and explain:
A. Why does the rate of proteoglycan synthesis decrease in insulin dependent tissues in
patients with mellitus diabetes?
B. Why are patients with mellitus diabetes succeptible to infectious disease and slow
healing of wounds?

ADHESIVE PROTEINS OF THE EXTRACELLULAR MATRIX: FIBRONECTIN
AND LAMININ
1. Study the structure and function of adhesive proteins:
Function
Structure

Table 5
Fibronectin
Laminin
Polyfunctional multidomains glycoproteins
2 polypeptide chains connected by 3 polypeptide chains (A, B1, B2) are
disulfide bonds. Each chain contains connected by disulfide bonds.
7-8 domains for connection of colla- The molecule has a cross form with 3
gen, cells, hyaluronic acid, heparin, one-chain branches and 1three-chains
integrins
branch. Each chain contains some
domains for the connection of collagen IY type, cells, integrins, fibronectin
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2. Remember:
the attachment of cells to the extracellular meshwork involves several families of proteins.
The extracellular domains of certain integral membrane
proteins (integrins) contain binding sites for another family of adhesive proteins (including
fibronectin and laminin), that bind to proteoglycans. It is likely that this complex system of
proteins binding serves not merely to anchor cells to the extraxellular matrix, but also to direct
the migration of cells in developing tissue along path determined by the organization of the
extracellular matrix.
3.

Choose the correct statements which describe the composition and structure of fibronectin
1) It is lipoprotein
2) It is glycoprotein
3) It has a domain structure
4) It is metalloprotein
5) It has some centres of linkage (polyvalent protein).

Fig. 20 Laminin
4.

Remember:
At the base of malignant tumours sharp adhesive weakness are found between malignant
tissue cells (approximately in 10 times).
5.

Indicate the following as “True” or “False”:
One of the factors, leading to metastasize of malignant tumor is the decrease of the
amount of fibronectin cells on the surface because fibronectin is a substance that maintanes
intercellular interaction.
LABORATORY MANUAL
PROTEOGLYCANS OF UMBILICAL ROPE HYDROLYSIS AND THE ANALYSIS OF
PRODUCTS OF HYDROLYSIS.
Practical procedures of hydrolysis
To bit of umbilical rope add 15 ml of 10% solution of NaOH into wide test tube with backward fridge and put it into boiling water for 30 min
Analysis of products of hydrolysis.
Detect the proteins by biuret test, H2SO4 by reaction with a solution of CaCl2 and carbohydrates by Molisch’s test.
Principle of Molisch’s test: Alcoholic α-naphthol forms furfural and furfural derivatives,
such as hydroxymethylfurfural, by the concentrated sulphuric acid acting on the sugar. This
compound forms a reddish-violet coloured ring at the junction of two liquids.
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Practical procedures:
Prepare 3 test-tubes as shown in the table below:
Pipette
Hydrolysate
Biuret reagent
Solution of CaCl2
Solution of α-naphthol
in alcohol, 5%
H2SO4 concent .

Test-tube 1
(biuret test)
1 ml
0,5 ml
_

Test-tube 2
(detection of H2SO4 )
1 ml
_
2 drops

_

_

_

_

Test-tube 3
(Molisch’s test)
1 ml
_
_
15 drops
Mix thoroughly
20 drops by the side of
the test tube slanting the
tube. Then erect the test
tube slowly

If the reaction is positive we can see:
 violet colour in the test tube 1,
 the sediment of CaSO4 in the test tube 2,
 the formation of reddish-violet ring at the junction of two liquids in the test tube 3
Write down the scheme of proteoglycans of umbilical rope hydrolysis.
Write down the results and your conclusion.
Home work:
Study lesson 16.
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LE S S O N 16. BI O CHE M IS TR Y O F M US CLE S . BI O CH EM IS T RY O F
NE RV O US S Y S TEM
MAIN TOPICS:
The molecular structure of myofibrils (the sarcomere as the functional unit, A-, I- bands,
H-zone, M- and Z-lines). The composition of thin and thick filaments.
 The major proteins of myofibrils: myosin, actin, actomyosin, tropomyosin, troponin protein structural particularities and functions. Sarcoplasmic proteins (myoglobin). Extractive substances of muscle.
 Biochemical mechanisms of muscle contraction and release. The sliding filament crossbridge model (Hugh Huxley model). The skeletal muscle contraction and release. The
smooth muscle contraction and release. Features of the cardiac muscle contraction.
 The role of the sodium, potassium and calcium ions in regulation of the muscle contraction
 Energy sources for muscle contraction. Adenylyl kinase; the creatine phosphate shuttle
conception.
 The myelinated nerves membrane: features of the composition and structure.
 Energy generation in the nervous tissue: the role of the aerobic glucose catabolism.
 Biochemistry of nerve impulses generation and propagation.
 The major neurotransmitting systems. Molecular mechanism of nerve impulses relation
across synapses.
Study Chapter 58 in The HARPER’S BIOCHEMISTRY


MOLECULAR STRUCTURE OF MYOFIBRILS (THE SARCOMERE AS THE
FUNCTIONAL UNIT. A-, I- BANDS, H-ZONE, M- AND Z-LINES). THE
COMPOSITION OF THIN AND THICK FILAMENTS.
1. Note that striated muscle is composed of multinucleated muscle fiber cells surrounded by
electrically excitable plasma membrane, the sarcolemma. Muscle fiber cells consist of
many myofibrils arranged in parallel, embedded in intracellular fluid termed sarcoplasm.
The sarcoplasm contains glycogen, ATP, phosphocreatine and enzymes of glycolysis.
2.

Fill gaps with the correct definition:

3.

Which one of the following does not change length during muscle contraction?
A. The A band
B. The I band
C. The H zone
D. The sarcomere
E. The myofibril

4.

The primary component(s) of thin filaments include which one of the following?
A. Actin
B. Myosin
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C. Tropomyosin and myosin
D. Actin, tropomyosin and troponin
Myosin and M protein
THE MAJOR PROTEINS OF MYOFIBRILS.
1. Note that the major proteins of myofibrils are myosin, actin, tropomyosin, and troponin.
There is a number of accessory proteins. Titin allows muscle to spring back. Nebulin
regulates assembly and length of actin filaments. ά–Actin stabilizes actin filaments.
Desmin binds myofibrils and attaches them to the plasmalemma.
2. Choose correct definitions from the list below:
1.Myosin
A. Forms thick filaments
2.F-Actin
B. Consist of 3 subunits
3. Actomyosin
C. Consists of two heavy and 4 light chains
4. Tropomyosin
D. Forms thick filaments
5. Troponin
E. Is a part of thin filaments
F. Is formed in process of muscle contraction
G. Consists of 3 subunits
3. Describe functions of the troponin subunits:
C- _________________________________
I- __________________________________
T- __________________________________
BIOCHEMICAL MECHANISMS OF MUSCLE CONTRACTION AND RELEASE.
THE SLIDING FILAMENT CROSS-BRIDGE MODEL (HUGH HUXLEY MODEL).
THE SKELETAL MUSCLE CONTRACTION AND RELEASE. THE SMOOTH
MUSCLE CONTRACTION AND RELEASE. FEATURES OF THE CARDIAC
MUSCLE CONTRACTION.
(See MARKS page 280)
1. Note. When muscle contracts, there is no changes in the length of the thick and thin filaments, but the H zones and I bands shorten. Thus, the arrays of interdigitating filaments
must slide past one another during contraction. Cross bridges that link thick and thin filaments at certain stages in the contraction cycle generate and sustain the tension. The
tension developed during muscle contraction is proportionate to the filament overlap and
number of cross-bridges. Each cross-bridge head is connected to the thick filament via
flexible fibrous segment that can bend outward from the thick filament. This flexible
segment facilitates contact of the head with the thin filament when necessary but also
sufficiently pliant to be accommodated in the interfilament spacing.
2. Put the events in the correct order.
Muscle contraction is stimulated:
1) Molecule of ATP binds to S-1 head
2) Actin becomes accessible and S-1 head of myosin binds it
3) Actin is released
4) The actin-myosin-ADP-Pi complex is formed
5) Myosin reverts to low energy state
6) ADP is released
7) The S-1 head hydrolyses the ATP
3.

Fill in the table with correct definitions
Features
Skeletal muscle
Striated or nonstriated ?
Striated
Syncytial or no ?
No syncytium
T tubules development ?
Small
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SR development and
Ca2+ pump rate ?
Containing of receptors ?
Contraction initiation ?

Developed
acts rapidly
Lacks many
Nerve impulse

Importance of ECF Ca2+ ?
Presence of the troponin system ?
Caldesmon involved ?
Cycling rate ?
ECF – extracellular fluid
4.

Not important
Present

Present
Relatively rapid
A variety
Intrincic
Rhytmicity
Important
Present

Rudimentary
Slow
A variety
Nerve impulse,
Hormones …
Important
Lacks

Not involved
Very rapid

Not involved
Relatively rapid

Important
Slow

Choose the correct inhibitor of F actin-myosin interaction
1. Striated muscle
A. Phosphorilated myosin p-light chain
2. Smooth muscle
B. TpA
C. TpI
D. Unhosphorilated myosin p-light chain

THE ROLE OF SODIUM, POTASSIUM AND CALCIUM IONS IN REGULATION
OF MUSCLE CONTRACTION
1. Note
The cations of muscle (potassium, sodium, magnesium and calcium) are the same as in extracellular fluids excepting potassium which predominates in muscle.
The anions are phosphate, chloride and small amounts of sulphates.
A good amount of potassium is incorporated into the tissue during dosition of glycogen in the
muscle and synthesis of protein. Muscle weakness is a sign of potassium deficiency. Muscle
calcium and magnesium act as activators or ingibitors of intramuscular enzyme systems
2. Inside the sarcoplasmic reticulum Ca2+ is bound to ______________
3. In resting myocytes a low level of free Ca2+ is maintained by:
A. ____________________
B. ____________________
ENERGY SOURCES FOR MUSCLE CONTRACTION. ADENYLYL KINASE; THE
CREATINE PHOSPHATE SHUTTLE CONCEPTION.
See MARKS page 285, HARPER’S BIOCHEMISTRY p. 133-134
1. Note. The creatine phosphate shuttle of heart and skeletal muscle. The shuttle allows rapid
transport of high-energy phosphate from the mitochondrial matrix into the cytosol. (CKa, creatine kinase concerned with large requirements for ATP, eg, muscular contraction; СКc, creatine kinase for maintaining equilibrium between creatine and creatine phosphate and
ATP/ADP; CKg, creatine kinase coupling glycolysis to creatine phosphate synthesis; CKm,
mitochondrial creatine kinase mediating creatine phosphate production from ATP formed in
oxidative phosphorylation; P, pore protein in outer mitochondrial membrane.)
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2.

The ATP concentration in muscle tissue is about 8 mM. During strenuous activity each
gram of muscle tissue uses ATP at the rate of 300 mol/min for contraction.
A. How long would the reserve of ATP last during 100 meter dash?
B. The phosphocreatine level in muscle is about 40 nM. How does this help extend the
reserve of muscle ATP.
C. Given the size of the reserve ATP pool, how can a person run a marathon?

3.

During strenuous activity, muscle tissue demands vast quantities of ATP compared with
resting tissue. In rabbit leg muscle or turkey flight muscle, this ATP is produced almost
exclusively by lactate fermentation. ATP is produced in the payoff phase of glycolysis by
two enzymatic reactions, promoted by phosphoglycerate kinase and pyruvate kinase.
Suppose skeletal muscle were devoid of lactate dehydrohenase. Could it carry out strenuous physical activity; that is, could it generate ATP at a high rate by glycolisis? Explain.

4.

The concentration of glucose in human blood plasma is maintained at about at about
5mM. The concentration of free glucose inside muscle cell is much lower.
Why is the concentration so low in the cell? What happens to the glucose upon entry into
the cell?

5.

The Vmax of the enzyme glycogen phosphorylase from skeletal muscle is much larger
than the Vmax of the same enzyme from liver tissue.
A. What is the physiological function of glycogen phosphorylase in skeletal muscle? In
liver tissue?
B. Why does the Vmax of the muscle enzyme need to be larger than that of the liver enzyme?

6.

Glycogen phosphorylase catalyzes the removal of glucose from glycogen. Given that
ΔG0' for this reaction is 3.1 kJ/mol, calculate the ratio of [Pi] to [glucose-1-phosphate]
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when this reaction is at equilibrium. (Hint: The removal of glucose units from glycogen
does not change the glycogen concentration.) The measured ratio of [Pi] to [glucose-1phosphate] in muscle cells under physiological conditions is more than 100 to 1.
What does this indicate about the direction of metabolite flow through the glycogen
phosphorylase reaction? Why are the equilibrium and physiological ratios different?
What is the possible significance of this difference?
7.

In muscle tissue, the rate of conversion of glycogen to glucose-6-phosphate is determined
by the ratio of phosphorylase a (active) to phosphorylase b (less active).
Determine what happens to the rate of glycogen breakdown if a muscle preparation containing glycogen phosphorylase is treated with
A. phosphorylase b kinase and ATP;
B. phosphorylase a phosphatase;
C. epinephrine.

8.

The intracellular use of glucose and glycogen is tightly regulated at four points. In order
to compare the regulation of glycolysis when oxygen is plentiful and when it is depleted,
consider the utilization of glucose and glycogen by rabbit leg muscle in two physiological settings: a resting rabbit, whose leg-muscle ATP demands are low, and a rabbit who
has just sighted its mortal enemy, the coyote, and dashes into its burrow at full speed.
For each setting, determine the relative levels (high, intermediate, or low) of AMP, ATP,
citrate, and acetyl-CoA, and how these levels affect the flow of metabolites through glycolysis by regulating specific enzymes. In periods of stress, rabbit leg muscle produces
much of its ATP by anaerobic glycolysis (lactate fermentation) and very little by oxidation of acetyl-CoA derived from fat breakdown.

9.

Unlike the rabbit with its short dash, migratory birds require energy for extended periods
of time. For example, ducks generally fly several thousand miles during their annual migration. The flight muscles of migratory birds have a high oxidative capacity and obtain
the necessary ATP through the oxidation of acetyl-CoA (obtained from fats) via the citric
acid cycle.
Compare the regulation of muscle glycolysis during short-term intense activity, as in the
fleeing rabbit, and during extended activity, as in the migrating duck. Why must the regulation in these two settings be different?

10. A sedentary adult consumes about 0.05 L of O2 during a 10 s period. A sprinter, running
a 100 m race, consumes about lL of O2 during the same time period. After finishing the
race, the sprinter will continue to breathe at an elevated but declining rate for some
minutes, consuming an extra 4L ofO2 above the amount consumed by the sedentary individual.
A. Why do the O2 needs increase dramatically during the sprint?
B. Why do the O2 demands remain high after the sprint is completed?
11. Muscle fibers can be classified into two types.
Type I fibers (red) – slow twitch, oxidative, containing myoglobin and mitochondria.
Type II fibers (white) – fast twitch, lacking myoglobin and few mitochondria (IIA – oxidative,
IIB – glycolytic).
12. Choose four correct definitions from the right column for each type of fibers:
1. Type I fibers
A. Increases in athletes training for sprints
2. Type II fibers
B. Increases in athletes training for marathons
C. Short duration of contraction
D. Prolonged duration of contraction
E. Low energy utilization
F. High energy utilization
G. Low level of ATPase activity
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H. High level of ATPase activity
13. The number of iron atoms present in myoglobin is:
A. 1
B. 2
C. 3
D. 4
E. None of the above
14. The number of peptide chain present in myoglobin is:
A. 1
B. 2
C. 3
D. 4
E. None of the above
15. The number of amino acids present in peptide chain of myoglobin is:
A. 141
B. 146
C. 153
D. 176
E. 216
16. Isoenzymes of CPK are:
A. 1
B. 2
C. 3
D. 4
E. 5
17. The source of energy in contracting muscles is:
A. Adenosine triphosphate
B. Creatine phosphate
C. Creatinine phosphate
D. Actomyosine
E. Actin
18. Muscle glycogen cannot give rise to blood glucose because it lacks the enzyme:
A. Phospholipase
B. Branching enzyme
C. Glucose-6-phosphatase
D. Glucosinase
E. Debranching enzyme
19. Ketone bodies cannot be utilized by:
A. Liver
B. Muscles
C. Kidney
D. Brain
E. None of the above
THE MYELINATED NERVES MEMBRANE: FEATURES OF THE COMPOSITION
AND STRUCTURE.
1. Note. A specialized set of Shwann cells arranged in a linear manner all around the axolemma forms myelin sheath. Each membrane is composed of two layers of lipid substances sandwiched between layers of protein and they form the myelin sheath of the nerve fi-
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bre. The sphingomyelin is an excellent insulator that prevents almost all flow of ions outside the nerve fibre.
2.

Find the correct definition from the list below:

1.
2.
3.
4.
5.
6.
3.

A. Neuron body (pericaryon)
B. Axon
C. Dendrites
D. Nodes of Ranvier
E. Endings
F. Myelin sheath
Find the correct definition from the list below:

1.
2.
3.
4.
5.
6
7.
8.
9
10.

A. Lipid
B. Cholesterol
C. Myelin
D. Cerebroside
E.Sphingomyelin
F. Axis of fiber
G. Axon
H. Protein (outer layer)
I. Phosphatidylserine
J. Protein (inner layer)

See MARKS page 503
4.

Cerebrocides are:
A. Sphingosine, fatty acid, galactose
B. Sphingosine, fatty acid, phosphoric acid, galactose
C. Sphingosine, fatty acid, phosphoric acid, glucose
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D. Sphingosine, fatty acid, glucose
E. Sphingosine, fatty acid, lactose
5.

Sphingomyelins are:
A. Sphingosine, fatty acid, phosphoric acid, choline
B. Glycerol, fatty acid, phosphoric acid, choline
C. Glycerol, fatty acid, phosphoric acid, srine
D. Sphingosine, fatty acid, phosphoric acid, glycerol
E. Sphingosine, glycerol, phosphoric acid

ENERGY GENERATION IN THE NERVOUS TISSUE: THE ROLE OF THE
AEROBIC GLUCOSE CATABOLISM.
1. Note. The nerve tissue utilizes carbohydrates almost exclusively for the energy purposes.
Lactic acid and pyruvic acid are formed under anaerobic conditions as the result of carbohydrate metabolism and these acids disappear very slowly in the presence of oxygen.
A minute supply of blood glucose is especially important to the nervous system because
of the less glycogen storage in the nerve tissue.
2.

Individuals with thiamine deficiency display a number of characteristic neurological
signs: loss of reflexes anxiety and mental confusion. Suggest a reason why thiamine deficiency is manifested by changes in brain function.

3.

Glutamic acid is the only amino acid metabolized by brain.(MARKS p. 586-589, 636-637, 659-660)
Fill the gaps in the next sentences.
A. Glutamic acid is the precursor of _____________________________
B. Glutamic acid is the major acceptor of _________________________

BIOCHEMISTRY OF NERVE IMPULSES GENERATION AND PROPAGATION.
1. Note. Nerve impulse may be defined as an electro chemical change which is transmitted by
nerve fibers. The chemical changes in the nerve fibers are concerned with the recovery processes which follow the activity.
THE MAJOR NEUROTRANSMITTING SYSTEMS. MOLECULAR MECHANISM
OF NERVE IMPULSES RELATION ACROSS SYNAPSES.
1. Note. The successive neurons are separated from one another by a narrow slit called as
synaptic cleft. The junction between one neurone and the next is called as a synapse.
Synapse consists of a presynaptic terminal and a part of perikaryon which are separated
by a synaptic cleft having an average width of about 200 Ầ
Fig. 21. A motor neuron together with the group of muscle fibers which is innervated is
called a motor unit.

109

Special b iochem istry .

2.

The major neurotransmitting systems are _____________ and _____________

3.

Choose neurotransmitters from the list below
A. Adrenaline
B. Dopamine
C. Progesterone
D. Serotonin
E. Histamine
F. Cortisol
G. GABA
H. Ca2+
I. NO

4. Choose the correct answer from the right column
1. The precursor of the serotonin
A. Arginine
2. The precursor of the nitric oxide
B. Tyrosine
C. Tryptophan
D. Glycine
E. Glutamate
Homework:
Study lesson 17.
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LESSON 17: BIOCHEMICAL BASIS OF A RATIONAL NUTRITION. VITAMINS
MAIN TOPICS:
1. Biochemical composition of a saliva. Importance of a saliva for clinical biochemistry.
2. Digestion in a stomach. Biochemical composition of gastric juice. The mechanism of
hydrochloric acid secretion. Pepsin as the basic proteolytic enzyme of a stomach. A biochemical basis of protection of cells mucous a stomach from aggressive action of gastric
juice. Laboratory researches of gastric juice.
3. Digestion of proteins, of lipids, of carbohydrates in small intestine. Biochemical features
of pancreatic, liver, intestinal secrets. Proteases of intestine their activation and specificity.
4. The mechanisms of food molecules absorption from intestines in blood and their
transport to peripheral organs.
5. The Basic components of food. Proteins. Lipids. Carbohydrates. Food fibers. Daily needs
(requirements). Essential components. Internal reserves of fuels.
6. Water- and fat-soluble vitamins. Biochemical role of vitamins. The nomenclature of vitamins. Hypo-, Hyper- and avitaminoses, the reasons of occurrence. Vitamin resistant
conditions.
7. Vitamins В1, В2, В6, В12, C, PP, a folic acid, biotin. Chemical structure. Activation.
Structure of coenzymes. Biochemical pathways, that they take part.
8. Fat-soluble vitamins: vitamins A, Е, Д and K. Their participation in metabolic pathways.
9. Basic macroelements. Sodium, potassium, calcium, magnesium, chlorides and phosphates. A biological role. Regulation of them level in blood.
10. The Basic microelements. Importance of iron, zinc, selenium fluorine, iodine and copper
in a feed. The regional pathologies connected to lack of microellements.
11. Requirement of an organism for energy and food molecules. Basal metabolic rate
(BMR). Procedures of calculation. The factors influencing on BMR. Obesity and cachexia.
12. Regulation of an exchange of energy carriers at a normal rhythm of a feeding and at starvation.
13. The Biochemical basis of the balanced diet concept. Dietetic therapy as an effective way
of influence on a metabolism.
See Marks textbook pp.3-35, 393-407, 491-501, 573-581.
See Manuals and lectures are devoted to metabolism of proteins, carbohydrates and lipids.
DIGESTION AND ABSORPTION OF NUTRIENTS
Saliva biochemistry
Note. Saliva is the mixed secretion from four different glands, the parotid, sub-maxillary, sublingual and buccal glands. It contains 99.3 - 99.7 per cent water and is a colorless viscid fluid
with neutral reaction (pH range 6.9-7.1). It is secreted from the mouth by psychic and reflex
stimulation. Thus sight, smell and thought of food or mechanical acts like chewing stimulates
salivary secretion. Some chemical compounds, salts and acids like acetic acid can also stimulate the taste buds and initiate salivary secretion.
The constituents of saliva are proteins, inorganic salts and non-protein nitrogenous (NPN)
compounds. The proteins comprise albumin, globulin, mucins and the enzyme ptyalin (salivary amylase). Salivary mucin is a mucoprotein containing 45 per cent carbohydrate. Mucin
because of its high viscosity acts as a lubricant in the mouth and helps the processes of chewing (mastication) and swallowing (deglutition). The zinc-containing protein “gusten” of saliva
is implicated in getting the taste. The NPN compounds present in the saliva are urea and uric
acid and small quantities of amino acids which arise from the blood. K+, phosphate and chlo-
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ride are present in saliva in greater amounts than Na+, Ca++ and sulphate. In certain conditions, calcium phosphate and calcium carbonate together may form insoluble tartar on teeth.
Increased acidity and the presence of oxalate may give rise to salivary calculi which is due to
calcium oxalate.
Saliva has many functions. It moistens and lubricates the food and helps in chewing and swallowing. It keeps the mouth moist, cleanses it, and keeps the taste producing food materials in
a soluble form so that the taste buds can sense them. Apart from these, saliva starts the digestion of starchy foods by virtue of the action of the -amylase enzyme which converts starch to
dextrins and small amounts of maltose. Na + and Cl- ions enhance the salivary amylase activity
and solubilisation of starchy foods.
1. Mark the correct answer. -amylase cleavages
a. 11 glicosidic bonds
b. 14 glicosidic bonds at end saccharine residues
c. 16 glicosidic bonds
d. 14 glicosidic bonds
e. 14 glicosidic bonds
f. All of the above
2. Complete the following sentence: mucin is a
a. Carbohydrate
b. Simple protein
c. Mucoprotein
d. Nucleoprotein
e. Steroid
Digestion of stomach and intestine. Absorbtion.
Parietal cell
CO2

CO2 + H2O
Carbonic
anhydrase

Canaliculi

H2CO3
HCO3¯
Cl

B

HCO3¯

H2O

H+

Cl

Cl¯
OH¯

H+
K+

Cl¯
A

Fig. 22. The mechanism of hydrochloric acid secretion.
3. Study Fig.1 and find limited step of HCl production.
a. Carboanhydrase reaction
b. Bicarbonate-chloride transport
c. Transport of CO2
d. H+/K+ ATPase
4. Mark correct sentences
a. Pepsin is exoprotease
b. Pepsin is endoprotease
c. Pepsin hydrolyses casein
d. Pepsin hydrolyses elastine
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e. Pepsinogen is activated by the autocatalytic removal of 44 N-terminal amino acid at
low pH
f. Pepsinogen is activated by the enteropeptidase (enterokinase)
5. Fill in the table “Properties of Proteolytic Enzymes”
Action Site (IntesEnzyme
Optimum pH
tine/Stomach)
Chymotrypsin
Elastase
Pepsin
Trypsin
Aminopeptidase
Carboxypeptidase

Stomach
Bile
Pancreatic
Enzymes

Calcium
Iron

Fat

Monosaccharides

Fat soluble vitamins

Water soluble
vitamins

Protein

Substrate Specificity

Fig. 23. The sites of intestinal absorption. Calcium,
magnesium, and iron are
preferentially
absorbed
from proximal small intestine. The hatched segment
indicates that vitamin B12
and bile salts are actively
absorbed by specialized
transport mechanisms that
are found in the distal ileum.

Water

Electrolytes

Magnesium

Vitamin B12

Bile salts
Water
Electrolytes
Colon

Short Chain
Fatty Acids

6. Which answer best describes the content of pancreatic secretion?
a. -amilase
b. Lipases
c. Trypsin
d. Trypsinogen
e. HCO3f. HCl
g. Mucin
7. Exam Fig.2. What nutrients are actively absorbed by specialized transport mechanisms
that are found in the distal ileum?
a. Iron
b. Water
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c.
d.
e.
f.
g.
h.

Bile salt
Vitamin B12
Vitamin D
Amino acids
Fat
Glucose

8. Exam Fig.3. Note the compounds absorbed in the colon. Give examples of short chain
fatty acids (SCFA)___________________________________.
9. Read the section devoted to value carbohydrates and fats in this manual and name the
sources from which SCFA are synthesized____________________________.
H+ + SCFA¯

LU M EN
SCFA¯

H+

SCFA H

H C O 3¯
SCFA¯

N a+
SCFA ¯ + H+

C O 2 + H 2O  H + + H C O 3¯

P R O X IM A L
C O L O N IC
E P IT H E L IU M

O X ID A T IO N

ENERGY +
C O 2 + H 2O

SC FA¯

NUCLEUS

Na
H

K+

+

+

N a+
C A P IL L A R Y

Fig. 24. Simplified model of absorption and metabolism of short-chain fatty acids (SCFA) in
the proximal colonic epithelium of composite animal species. SCFA¯ is the dissociated form;
SCFAH is the undissociated form.
Biochemical basis of a rational nutrition
No medical history is complete without enquiring about the patient's food and drink intake.
What people eat is one of the major environmental influences that affects health and can
sooner or later contribute to disease. Lack of food or of essential nutrients in food also leads
to disease. The word nutrition comes from the Latin “nutrire” which means to breast feed or
nurse and from the time of Hippocrates diet has been a primary part of the management of
sick people. Modern physicians can in addition use purified nutrients and parenteral formulas
and they advise healthy people about prudent eating to suit the individual.
Memorise
Main nutrients are:
1. Proteins
2. Lipids
3. Carbohydrates
4. Vitamins and vitamin-like substances
5. Macroelements
6. Microelements
7. Water
Memorise
NUTRIENT REQUIREMENTS IN HUMANS
The Recommended Dietary Allowance (RDA) is an estimate of the amount of a nutrient required to meet the needs of 95% of the U.S. population. The RDA is not the minimal re114
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quirement for healthy individuals; rather, it is intentionally set to provide a margin of safety
for most individuals.
A. Factors that influence the RDA
1. Age: The RDA for a number of nutrients varies from infancy to adulthood. For example,
adults require about 0.8 g of protein per kg of body weight, whereas infants need over 2.0 g
per kg body weight per day.
2. Sex: Dietary allowances for men are approximately 20% greater than those for women,
reflecting the generally larger body mass of men. The allowance for iron is an exception, because women must replace iron lost during menstruation.
3. Other factors: The recommended allowances for most nutrients are increased about 20% to
30% above normal in pregnant and lactating women. Patients with injury or illness also show
an increased requirement for some nutrients.
B. Adequacy of RDA
The RDAs are designed to prevent the well recognized deficiency syndromes, such as rickets
and scurvy. However, recent studies suggest that maintenance of optimal health and prevention of chronic disease may require certain nutrients in amounts greater than the RDA. For
example, daily intake of 100 International Units (IU) of vitamin E (approximately 33 mg tocopherol, or approximately 300% of RDA) significantly reduces the risk of coronary artery
disease. However, many Americans fail even to obtain 15 IU vitamin E from food. The health
professional must either convince individuals to eat vastly increased quantities of fruits and
vegetables, or recommend vitamin supplements. These observations have led an increasing
number of health professionals to question the relevance of the current RDA. If the goal of the
RDAs is to optimize health, it appears the recommendation for some micronutrients has to be
increased.
9. Which one of the following statements is correct?
A. The Recommended Dietary Allowance is the minimal nutrient requirement for individuals.
B. Protein requirements per kilogram of body weight are constant throughout life.
C. Alcohol, like fat, provides 9 kcal/g.
D. Thermic effect of food is the heat produced by the body during the digestion and absorption of food.
E. The basal metabolic rate typically accounts for 10% to 20% of the energy expenditure in a sedentary individual.
10. Fill in the table
Macronutrients (RDA>100mg per day)

Micronutrients(RDA<100mg per day)

Memorise
Energy content of food. The energy content of food is calculated from the heat released by the
total combustion of food in a calorimeter. It is expressed in kilo-calories (kcal or Cal). The
standard conversion factors for determining the metabolic caloric value of fat, protein, and
carbohydrate.
Daily energy expenditure
Memorise
Assuming light activity levels typical for most Americans, the recommended energy intake
for a 70 kg adult man is approximately 2900 kcal and for a 50 kg adult woman is about 2100
kcal. Unlike other allowances, the RDA for energy is not intentionally overestimated, but
closely approximates the optimal energy intake consistent with good health.
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11. Calculate your own BMR. Determine your daily energy expenditure, considering the
amount of time you spend in each type of activity (see Marks textbook Table 1.4). Compare
this value to one obtained by multiplying your BMR by the appropriate factor.
12. Calculate your BMI. Compare your BMI with ideal value. Make the conclusion
The proteins requirement
Memorise
Humans have no dietary requirement for protein, per se; rather, the protein in food provides
essential amino acids. Ten of the 20 amino acids needed for the synthesis of body proteins are
essential—that is, they cannot be synthesized in humans at an adequate rate. Of these ten,
eight are essential at all times, whereas two (arginine and histidine) are required only during
periods of rapid tissue growth characteristic of childhood or recovery from illness.
Biologic value of proteins: The biologic value of a dietary protein is a measure of its quality—that is, its ability to provide the essential amino acids required for tissue maintenance.
Biologic values are measured on a relative scale, with whole egg protein or egg albumin
scored at 100.Proteins from animal sources:
Proteins from animal sources (meat, poultry, milk, fish) have a high biologic value because
they contain all the essential amino acids in proportions similar to those required for synthesis
of human tissue proteins. [Note: Gelatin prepared from animal collagen is an exception; it has
a low biologic value due to deficiencies in several essential amino acids.]
Proteins from plant sources: Proteins from wheat, corn, rice, and beans have a lower biologic
value than animal proteins. However, proteins from different plant sources may be combined
in such a way that the result is equivalent in nutritional value to animal protein. For example,
wheat (lysine-deficient but methionine-rich) may be combined with kidney beans (methionine-poor but lysine-rich) to produce a complete protein of improved biologic value. Thus,
eating foods with different limiting amino acids at the same meal (or at least during the same
day) can result in a dietary combination with a higher biologic value than either of the component proteins. [Note: Animal proteins can also complement the biologic value of plant proteins, such as cereal and milk.]
Memorise
Nitrogen balance. If the total daily nitrogen losses in urine, skin, and feces are equal to the
total daily nitrogen intake, the subject is said to be in nitrogen balance, as a healthy, adequately fed adult should be.
1. Positive nitrogen balance. If nitrogen losses are less than intake, the subject is in positive
nitrogen balance, as healthy, growing children and convalescing adults should be.
2. Negative nitrogen balance. If nitrogen losses are greater than intake, the subject is in negative nitrogen balance, as occurs in people with diseases involving tissue wasting or in those
undergoing starvation. Prolonged periods of negative balance are dangerous and can be fatal.
13. Which one of the following is a purely ketogenic essential amino acid?
a. Leucine
b. Cysteine
c. Tyrosine
d. Histidine
e. Proline
14. Fill in the table the nine essential amino acids and their structural formulas
Name
Structural formula

116

Special b iochem istry .

Requirement for protein in humans: The amount of dietary protein required in the diet varies
with its biologic value. The greater the proportion of animal protein included in the diet, the
less protein is required. Recommended Dietary Allowance (PDA) for protein is computed in
terms of proteins of mixed biologic value at 0.8 g/kg of body weight for adults or about 56 g
of protein for a 70-kg individual
Consumption of excess protein: There is no physiologic advantage to the consumption of
more protein than the RDA. Protein consumed in excess of the body's needs is deaminated
and the resulting carbon skeletons metabolized to provide energy or acetyl CoA for fatty acid
synthesis.
The protein-sparing effect of carbohydrate: The dietary protein requirement is influenced by
the carbohydrate content of the diet. When intake of carbohydrate is low, amino acids are deaminated to provide carbon skeletons for the synthesis of glucose for use as a fuel by the central nervous system. If carbohydrate intake is less than 150 g/day, substantial amounts of protein are metabolized to provide precursors for gluconeogenesis. Therefore, carbohydrate is
considered to be "protein-sparing", because it allows amino acids to be used for repair and
maintenance of tissue protein rather than for gluconeogenesis.
Memorise PROTEIN-CALORIE MALNUTRITION
In the developed countries, protein-calorie malnutrition is seen most frequently in hospital
patients with chronic illness or in individuals who suffer from major trauma, severe infection,
or the effects of major surgery. Such highly catabolic patients frequently require intravenous
administration of nutrients. In underdeveloped countries, an inadequate intake of protein
and/or energy may be observed. Affected individuals show a variety of symptoms, including a
depressed immune system with a reduced ability to resist infection. Death from secondary
infection is common. Two extreme forms of malnutrition are kwashiorkor and marasmus.
A. Kwashiorkor
Kwashiorkor is caused by inadequate intake of protein in the presence of adequate intake of
calories. Kwashiorkor is frequently seen in children after weaning at about one year of age,
when their diet consists predominantly of carbohydrates. Typical symptoms include edema,
skin lesions, depigmented hair, anorexia, enlarged fatty liver, and decreased plasma albumin
concentration. Edema results from the lack of adequate plasma proteins to maintain the distribution of water between blood and tissues. A child with kwashiorkor frequently shows a deceptively plump belly due to edema.
B. Marasmus
Marasmus, also known as protein-calorie malnutrition, results from chronic deficiency of calories and can occur in the presence of adequate intake of protein. Marasmus usually occurs in
children under 1 year of age when the mother's breast milk is supplemented with thin watery
gruels of native cereals, which are usually deficient in protein and calories. Typical symptoms
include arrested growth, extreme muscle wasting (emaciation), weakness, and anemia. Victims of marasmus do not show the edema or changes in plasma proteins observed in kwashiorkor.
15. Kwashiorkor disease is :
a. Caused by malnutrition
b. Due to poor protein intake
c. Common among infants of South Africa
d. Results in edema, diarrhoea
e. All of the above.
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The carbohydrates requirement
Carbohydrates in the diet are classified as either monosaccharides and disaccharides (simple
sugars), polysaccharides (complex sugars), or fiber.
Monosaccharides: Glucose and fructose are the principal monosaccharides found in food.
Glucose is abundant in fruits, sweet corn, corn syrup, and honey. Free fructose is found together with free glucose and sucrose in honey and fruits.
Disaccharides: The most abundant disaccharides are sucrose (glucose + fructose), lactose
(glucose + galactose), and maltose (glucose + glucose). Sucrose is ordinary "table sugar" and
is abundant in molasses and maple syrup. Lactose is the principal sugar found in milk. Maltose is a product of enzymic digestion of polysaccharides. It is found in significant quantities
in beer and malt liquors. Americans consume about 80 Ib of sugar (excluding lactose) per
person each year, which represents about 11 % of the daily caloric intake.
Polysaccharides: Complex carbohydrates are polysaccharides, most often polymers of glucose, and do not have a sweet taste. Starch is an example of a complex carbohydrate that is
found in abundance in plants. Common sources include wheat and other grains, potatoes,
dried peas and beans, and vegetables.
Fiber: Dietary fiber consists of nondigestible carbohydrates, including cellulose, lignin, and
pectin. Dietary fiber provides no energy but has several beneficial effects. First, it adds bulk
to the diet. Fiber can absorb 10 to 15 times its own weight in water, drawing fluid into the
lumen of the intestine and increasing bowel motility. Second, the binding properties of fiber
can result in decreased absorption of toxic compounds, including certain carcinogens. Also,
fiber in the diet decreases the risk for constipation, hemorrhoids, diverticulosis, and colon
cancer. However, dietary fiber can bind trace elements (for example, Zn2+) and decrease the
absorption of fat-soluble vitamins. Thus, supplementation of the diet with excess fiber is not
recommended; rather, moderately increased amounts of fiber (20 to 35 g/day) should be obtained naturally from whole-grain cereals and breads, fruits, vegetables, and legumes. ShortChain Fatty Acids SCFAs (Fig.24) are fermentation end products of bacterial polysaccharidase degradation of dietary fiber in the colon. Dietary fiber is the substrate precursor of
SCFAs that increases colonocyte proliferation.
Requirements for carbohydrate: Carbohydrate is not an essential nutrient, because the carbon
skeletons of amino acids can be converted into glucose. However, the absence of dietary carbohydrate leads to ketone body production and degradation of body protein, whose constituent amino acids provide carbon skeletons for gluconeogenesis.
Simple sugars and disease: There is no direct evidence that the consumption of simple sugars
is harmful. Contrary to folklore, diets high in sucrose do not lead to diabetes or hypoglycemia.
Also contrary to popular belief, carbohydrates are not inherently fattening. They yield 4
kcal/g (the same as protein and less than half that of fat), and result in fat synthesis only when
consumed in excess of the body's energy needs. However, it is well established that the incidence of dental caries shows a strong correlation with the amount of sucrose consumed.
16. All of the following are observed in high-fiber diets EXCEPT:
a. reduced incidence of constipation.
b. decrease in blood cholesterol.
c. increased frequency of hyperglycemia.
d. decreased Zn2+ absorption.
e. increased bowel motility.
f. increases colonocyte proliferation.
The lipids requirement
The most important class of dietary fats from an energy perspective is triacylglycerol, constituting more than 90% of total dietary lipid. These compounds also supply the essential fatty
acids required by the body. In addition, dietary fat can increase the palatability of food, producing a feeling of satiety. The presence of fat in the diet is also required for the absorption of
fat-soluble vitamins.
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Fats from plant sources: Triacylglycerols obtained from plants generally contain more
unsaturated fatty acids than those from animals. Coconut oil and palm oil are exceptions,
consisting primarily of saturated fatty acids. Unsaturated fatty acids found in dietary lipids
may be monounsaturated or polyunsaturated and, in general, are liquid at room temperature. Corn oil and soybean oil are examples of fats rich in polyunsaturated fatty acids,
whereas olive oil and canola oil are examples of fats rich in monounsaturated fatty acids.
[Note: Margarine is almost always made from pure vegetable oil but is subjected to varying degrees of hydrogenation or saturation to make it more solid and stable as a spread.]
Fats from animal sources: Triacylglycerols obtained from animals generally contain a
higher proportion of saturated fatty acids than that found in plants, with the exception of
fish, whose fatty acids are largely unsaturated.
New Lipid Sources in Nutrition. Scientific research over the past decade has provided
exciting developments in the field of alternative lipid sources for use in enteral or parenteral nutrition. Historically, the use of fat in nutrition support had focused on providing a
calorically dense (9 kcal/g) and isotonic fuel source, as well as supplying the essential fatty acid, linoleic acid. Lipids have important biochemical, structural, and regulatory functions, in addition to being a calorically dense nutrient substrate. It is now clear that fat
sources are used differently depending on the underlying disease; that the source of fat
may actually modulate the inflammatory response to stress and disease; and that fat can be
easily overused in nutrition support, which in some cases may be detrimental to recovery.
Predominantly, lipids in enteral and tube feedings are supplied as vegetable oils with primarily long chain fatty acids (LCFAs) (14 to 24 carbons). Specialized enteral formulas
developed for patients with digestive or absorptive problems include medium-chain triglycerides (MCTs, 6 to 12 carbons), and short-chain fatty acids (SCFAs, which have carbon lengths of two to four). Several commercially available tube-feeding formulas are enriched in MCT oil. More recently, a group of polyunsaturated fatty acids called omega-3
has become an ingredient in specialized formulas designed to enhance immune and metabolic function in the stressed, critically ill patient. This section will focus on some of the
newer fat sources, namely, omega-3 fatty acids and structured lipids, and will provide an
overview on the use of MCT oil in nutrition support.
Clinical Use of MCTs. MCTs are derived from the fractionation of coconut oil and consist
of triglycerides containing 6 to 12 carbons, predominantly C8 (octanoic) and C10 (decanoic). They have been in use since the 1950s as treatment for patients with disorders of lipid absorption. Pure MCT oil provides no essential fatty acids and has a caloric density of
8.3 calories/g. Data on possible immunosuppressive effects of high linoleic vegetable oilbased parenteral lipid emulsions are conflicting at present; however, alternative lipid
sources are being investigated. The use of MCTs in enteral feedings is advantageous for
many reasons. MCTs are more water soluble than LCTs and are rapidly hydrolyzed in the
intestinal lumen. MCTs do not require pancreatic lipase or bile to be digested or absorbed,
and they are transported into the blood through the portal system, bypassing the lymphatic
system. Compared with equimolar concentrations of LCTs infused intraduodenally, MCTs
resulted in accelerated small-bowel transit time, and this effect may account for some of
the GI symptoms that can occur with large amounts of MCTs. MCTs also do not require
carnitine for transport into the cell mitochondria; they enter mitochondria directly and are
rapidly oxidized as a fuel source. MCTs are not stored in adipose tissue, nor do they accumulate in the liver.
Requirements for essential fatty acids: Dietary fat provides the essential fatty acids (EFA),
linoleic and linolenic acids. Arachidonic acid becomes essential if there is an insufficient
amount of linoleic acid, from which it is synthesized, in the diet. The EFAs are required
for fluidity of membrane structure and for synthesis of eicosanoids. [Note: A deficiency of
essential fatty acids is characterized by scaly dermatitis, hair loss, and poor wound healing. Because EFAs are widely distributed in nature, a deficiency is rare. Synthetic diets
should include about 2% of calories as linoleic acid.]
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Dietary goals: Dietary goals designed to decrease diet-related chronic disease in the U.S.
population have been developed by various academic groups and government agencies. A
reduction in fat consumption to 30% of total calories is recommended, particularly decreasing saturated fats; cholesterol consumption should be cut in half from the current average intake of 600 mg/day, to 300 mg/day. [Note: The dietary goals for the macronutrients are expressed as percent of caloric intake. Percent of total calories from a particular
nutrient is calculated from the calories provided by that component divided by the total
calories present in the food.]
An example: One 1 cup serving of 1 % "low fat" milk contains approximately 8 g protein, 11
g carbohydrate and 2.6 g fat. The total calories are, therefore, (8 g protein)(4 kcal/g protein) +
(11 g carbohydrate)(4 kcal/g carbohydrate) + (2.6 g fat-)(9 kcal/g fat) = 32 kcal from protein
+ 44 kcal from carbohydrate + 23.4 kcal from fat = 94 kcal/cup. The percent calories from fat
is 23.4 kcal from fat/94 kcal total = 25% of calories from fat. [Note: Despite the fact that milk
is only 1% fat by weight, fat provides one quarter of the total calories.]
1.

Which one of the following dietary components most strongly influences the risk of coronary artery disease?
a. Saturated fat
b. Polyunsaturated fat
c. Monounsaturated fat
d. Trans fatty acids

2.

Given the information that a 70-kg man is consuming a daily average of 275 g of carbohydrate, 75 g of protein, and 65 g of lipid, one can draw which conclusion?
a. Total energy intake per day is approximately 3000 kcal.
b. About 20% of the calories are derived from lipid.
c. The diet does not contain a sufficient amount of dietary fiber.
d. The proportions of carbohydrate, protein, and lipid in the diet conform to the recommendations of academic groups and government agencies.
e. The individual is in nitrogen balance.

3.

All of the following are widely accepted dietary recommendations EXCEPT:
a. Limit consumption of polyunsaturated fats to 10% or less of total calories.
b. Decrease consumption of saturated fats.
c. Increase consumption of polyunsaturated fats.
d. Increase fiber consumption to 20 to 30 g per day.
e. Decrease consumption of total fats to less than 50% of total calories.

4.

Which one of the following contains the highest percent of monounsaturated fat?
a. Corn oil
b. Soybean oil
c. Olive oil
d. Palm oil
e. Coconut oil

5. To fill in the table «Dietary recommendations the patient ».
The laboratory data (blood)
Recommendations
TAG and  chylomicrons
TAG and VLD
residual nitrogen
level serum iron
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Regulation of an exchange of energy carriers at a normal rhythm of a feeding and at
starvation
Memorise
ADAPTATIONS DURING STARVATION
Protein. After an overnight fast, gluconeogenesis is already providing glucose from amino
acids. Gluconeogenesis from amino acids increases during the first 3 days of starvation and
then declines as the body adjusts its metabolism to use ketone bodies as a primary fuel source.
The decline in the use of protein as a metabolic fuel is essential for prolonged survival, because the protein represents the "fabric" and "enzymatic machinery" of the body and can be
depleted only to a certain extent.
Fatty acids. Gluconeogenesis from amino acids declines as starvation continues because free
fatty acids mobilized under conditions of low plasma insulin levels are oxidized preferentially. The mobilization of free fatty acids is unchecked and lasts as long as the reserves of triacylglycerols allow.
Ketone bodies. The high levels of acetyl CoA in the liver drive the formation of ketone bodies, which are produced at the maximum rate as early as the third day of starvation. Ketone
bodies are readily used by cardiac and skeletal muscle as fuel and by the brain when the
plasma levels of ketone bodies are high enough.
1. Mark correct answer. The postprandial state is characterized by
A
high blood levels of glucose and low levels of insulin
B
high blood levels of glucose and high levels of insulin
C
high blood levels of free fatty acids and low levels of glucagon
D
high blood levels of free fatty acids and high levels of glucagon
E
high blood levels of insulin and glucagon
Micronutrience: Vitamins, vitamin-like substances, microelements
Memorise
FUNCTIONS OF MICRONUTRIENTS
Micronutrients can be classified as having two main types of function. First, they are required
for optimal enzyme activity. Thus many trace elements are essential as activators of particular
enzyme systems (e.g., zinc or manganese) or indeed may be part of the prosthetic group of
particular enzymes (e.g., selenium or molybdenum). Similarly, most vitamins are, or are part
of, coenzymes, which are essential for enzyme activity (e.g., the coenzymes of the electron
transport chain). Second, certain mi-cronutrients are involved directly in metabolic or regulatory activities. Thus vitamin E and vitamin A (and -carotene) take part directly in antioxidant
activities, whereas vitamin D, vitamin A, and zinc (as "zinc fingers") are involved directly in
controlling DNA transcription.
The functions of these micronutrients can also be classified into those involved in control of
metabolism (as cofactors or coenzymes), those involved in control of DNA transcription, and
those taking part in free radical scavenging systems. There is, however, no simple system for
classifying the increasingly wide range of reactions in which micronutrients are directly involved.
Vitamins and essential minerals are required for normal growth, development, and maintenance of health.
 They cannot be synthesized by human tissues but must be included in the diet.
 When intake in the diet is below the needed level, deficiency symptoms appear. The time
of onset of symptoms depends on the size and the daily flux of body reserves.
Sources
 All vitamins and essential minerals can be supplied by foods, but no single food is a rich
source of all vitamins.
 Some vitamins also can be synthesized by intestinal microorganisms, but these microorganisms may not provide humans with the total requirement.
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Classification. Vitamins are classified as water soluble or fat soluble.
1. Water-soluble vitamins include B vitamins, folic acid, niacin, pantothenic acid, biotin,
and vitamin C.
2. Fat-soluble vitamins include vitamins A, D, E, and K.
1.

Vitamins are :
a. Organic compounds
b. Required in small amounts
c. Essential for normal growth, maintenance and reproduction
d. Not degraded for energy purposes
e. All of the above

2.

The fat soluble vitamin is :
a. Vitamin D
b. Vitamin E
c. Vitamin С
d. Vitamin A
e. All of the above
Deficiency. Most vitamin and mineral deficiencies present a variety of nonspecific symptoms
(e.g., anemia, dermatologic problems, neurologic disorders), which are not easily attributed to
a specific vitamin and are not easily distinguished from many other types of metabolic disorders. In the United States and in developed countries, vitamin deficiencies are relatively rare.
Causes of deficiency include:
1. Inadequate dietary intake
2. Inadequate absorption, which may result from:
a. Biliary obstruction (lack of bile leads to decreased absorption of the fat-soluble
vitamins)
b. Intestinal diseases or disorders
c. Pernicious anemia, owing to lack of the intrinsic factor
3. Inadequate use, which may result from:
a. Lack of a transport protein for a particular vitamin in the serum
b. Failure to convert a vitamin to its activated (i.e., coenzyme) form
4. Increased requirements. In some instances, an increased caloric requirement can unmask
a borderline vitamin deficiency. Increased requirements occur during:
a. Growth
b. Pregnancy
c. Lactation
d. Wound healing and convalescence
5. Increased excretion (e.g., blood loss, diarrhea)
6. Drug-induced deficiency, such as:
a. Loss of microbial vitamin synthesis in the intestine because of antibiotic therapy
b. Alcoholism may increase certain vitamin requirements.
c. Drug-nutrient interactions may increase certain vitamin requirements.
7. Enzyme deficiency
3. Discuss Case 1
A 6-month-old male infant is admitted to the hospital in a coma. The infant was normal at
birth, but his condition has steadily deteriorated, and he is now lethargic and unable to control
his head. His weight and head circumference are well below normal. Urinalysis reveals high
levels of methylmalonic acid and compounds related to methionine metabolism. His serum
level of vitamin B12 is 20 pg/ml (normal range = 150-1000 pg/ml). The infant's mother states
that she is a strict vegetarian who has eaten no animal products, including milk and eggs, for
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the past 8 years, and she has taken no vitamin supplements. The infant is being exclusively
breast-fed.
• What is the diagnosis?
• What is the treatment?
• What is the basis for abnormal urinalysis results?
4. Discuss Case 2
A 50-year-old man exhibits a photosensitive rash, abdominal pain, and diarrhea. He is also
experiencing problems with short-term memory and mild impairment of cognitive function.
His past medical history reveals a diagnosis several years ago of Crohn's disease. Serum levels of folate and vitamin B12 are normal.
What is the diagnosis?
What is the treatment?
What is the significance of the history of Crohn's disease?
5. Fill in the table «Sources of vitamins and displays of their deficiency».
Fat-soluble vitamins
Natural sources
Displays of deficiency
1
2
3
4
Water-soluble vitamins
Natural sources
Displays of deficiency
1
2
3
4
5
6
7
8
9
Mark correct answer
1. The provitamin form of Vitamin A is :
a. Retinol
b. Retinal
c. Carotenes
d. Xanthine
e. None of the above
2. Which form of carotene give rise to two molecules of vitamin A:
a. -carotene
b. -carotene
c. All of the above
d. None of the above
3. Of the water soluble vitamins,.........cannot be synthesized by plants :
a. Cobalamin
b. Biotin
c. Folic acid
d. Pantothenic acid
e. Ascorbic acid
4. Normal human liver can store several years supply of:
a. Cobalamin
b. Biotin
c. Folic acid
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d. Pantothenic acid
e. Ascorbic acid
5. All the water soluble vitamins except..........serve as coenzymes or cofactors in enzymatic
reactions :
a. Thiamine
b. Pyridoxine
c. Nicotinic acid
d. Folic acid
e. Ascorbic acid
6. Which of the following if taken excessively can accumulate in body and cause toxicity :
a. Vitamin B2
b. Vitamin B6
c. Vitamin С
d. Vitamin D
e. Vitamin B12
7. Which of the following statements regarding riboflavin is incorrect :
a. It consists of a heterocyclic structure to which is attached Ribitol
b. Riboflavin is a colored and fluorescent pigment
c. It is synthesized by almost all plants
d. Free riboflavin crosses the placentas
e. Riboflavin is excreted in urine
8. New-borns infants with hyperbilirubinemia treated with phototherapy may develop deficiency of :
a. Ascorbic acid
b. Riboflavin
c. Vitamin A
d. Vitamin D
e. None of the above
9. Nicotine of tobacco is structurally related to :
a. Niacin
b. Pyridoxine
c. Riboflavin
d. Cobalamin
e. Folic acid
10. The daily recommended intake of Vitamin D is :
a. 200IU
b. 400 IU
c. 600 IU
d. 1000 IU
e. 25000 IU
11. The daily recommended intake of Vitamin A is :
a. 500 IU
b. 2500 IU
c. 5000IU
d. 10000 IU
e. 25000 IU
12. Hypervitaminosis A may result if the daily intake exceeds:
a. 500 IU
b. 2500 IU
c. 5030 IU
d. 10000 IU
e. 50000 IU
13. Antirachitic vitamin is :
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a. Vitamin A
b. Vitamin D
c. Vitamin E
d. Vitamin К
e. None of the above
14. The active form of Vitamin D is :
a. 25 cholecalciferol
b. 1,25 dihydroxycholecalciferol
c. 24,25 dihydroxycholecalciferol
d. All of the above
e. None of the above
15. The formation of 25 cholecalciferol, active form of Vitamin D takes place in:
a. Liver
b. Kidney
c. Intestines
d. Pancreas
e. None of the above
16. The formation of 1,25 dihydroxycholecalciferol takes place in :
a. Liver
b. Kidney
c. Intestines
d. Pancreas
e. None of the above
17. The antisterility Vitamin is :
a. Vitamin A
b. Vitamin D
c. Vitamin E
d. Vitamin К
e. None of the above.
18. Biological antioxidant is a function of :
a. Vitamin A
b. Vitamin D
c. Vitamin E
d. Vitamin К
e. None of the above
19. Which of the following vitamin is present in enzyme phosphorylase :
a. Thiamine
b. Pyridoxine
c. Niacin
d. Pantothenic acid
e. Riboflavin
20. Coenzyme A contains:
a. Pantothenic acid
b. Niacin
c. Riboflavin
d. Thiamine
e. Pyridoxine
21. L-Amino acids needs for absorption :
a. Thiamine
b. Pyridoxal
c. Riboflavin
d. Vitamin B12
e. Folic acid
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22. Transamination reactions require the cofactor :
a. Transaminase
b. Pyridoxal phosphate
c. Thiamine pyrophosphate
d. Biotin
e. Folic acid
23. Which of the followings vitamins are the components of respiratory chain :
a. Niacinamide
b. Riboflavin
c. Ubiquinone
d. Ascorbic acid
e. All of the above
24. Which vitamin protects against the destruction of vitamin A by oxidation :
a. Vitamin С
b. Vitamin E
c. Vitamin К
d. Vitamin B12
e. Vitamin D
25. The one carbon moiety is :
a. —CH3 (methyl)
b. —CH2OH (hydroxy methyl)
c. —CHO(formyl)
d. —CH=NH (formimino group)
e. All of the above
26. Match the following vitamins with their deficiency disease :
1. Retinol
A. Hemorrhagic disease
2. Ergocalciferol
B. Sterility in rats
3. -Tocopherol
C. Osteomalacia
4. Phylloquinone
D. Xerophthalmia
27. Match the following vitamins with the deficiency disease :
1. L-Ascorbic acid
A. Cheilosis, photophobia
2. Vitamin B1
B. Anemia, achromotrichia
3. Vitamin B2
C. Dermatitis, alopecia
4. Vitamin B6
D. Cheilosis, glossitis
5. Vitamin B12
E. Macrocytic and megaloblastic anemias
6. Niacin
F. Scurvy
7. Biotin
G. Beriberi
8. Pantothenic acid
H. Pernicious anemia
9. Folic acid
I. Pellagra, diarrhea
28. Match the following Vitamins with the type of reactions catalyzed by them:
1. Thiamine
A. Methyl, methylene group transfer
2. Riboflavin
B. Acetyl group transfer
3. Pyridoxine
C. Carbon dioxide fixation
4. Biotin
D. Hydrogen group transfer
5. Folic acid
E. Alkyl group transfer
6. Cyanocobalamin
F. Aldehyde group transfer
7. Lipoic acid
G. Amino group transfer
29. Match the following excretory produces with the corresponding vitamins :
1. Formimino glutamic acid
A. Vitamin B12
2. Pyruvic acid
B. Folic acid
3. Xanthurenic acid
C. Thiamine
4. Homogentisic acid
D. Ascorbic acid
5. Methylmalonic acid
E. Vitamin B6
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30. For each vitamin listed below, select the metabolic process with which it is most likely to
be associated.
1. Degradation of amino acids
A. Pyridoxine (vitamin B6)
2. Synthesis of DNA
B. Folic acid
3. Calcium metabolism
C. Cholecalciferol (vitamin D3)
4. Electron transport
D. Niacin
5. Vision
E. Ascorbic acid (vitamin C)
6. Blood clotting
F. Vitamin A
7. Collagen formation
G. Vitamin K
31. Case. A 50-year-old man presents with impaired cognitive abilities and peripheral neuropathy. He is a chronic alcoholic and has not been eating well for several weeks.
(A). In which one of the following vitamins is this patient most likely deficient?
a.
Thiamme (vitamin B1)
b. Cobalamin (vitamin B12)
c.
Biotin
d. Vitamin K
(B). What is the most likely diagnosis for the patient's neuologic problems?
a.
Pernicious anemia
b.
Menkes' syndrome
c.
Wernicke-Korsakoff syndrome
d.
Scurvy
e.
Multiple carboxylase deficiency
32. Which one of the following must be modified to serve as a cofactor for enzymes?
A
Copper
B
Biotin
C
Zinc
D
Pantothenic acid
E
Ascorbic acid
MINERALS
Nutritional requirements. Minerals may be categorized based on the extent to which they
are required (Table).
1. Macrominerals are required in amounts greater than 100 mg per day.
2. Microminerals (trace elements) are required in amounts less than 100 mg per day.
TABLE Essential Minerals
Mineral
Primary Functions
Diseases Caused by Deficiency
Macrominerals
Calcium
Component of bone; nerve and muscle regula- Rickets, osteoporosis
tion
Chloride
Electrolyte balance; gastric fluid
Magnesium
Component of bone; enzyme cofactor
Manganese
Enzyme cofactor
Phosphorus
Component of bone and metabolites
Potassium
Electrolyte balance; nerve and muscle regulation
Sodium
Electrolyte balance; nerve and muscle regulation
Microminerals
Chromium
Present in glucose tolerance factor
Cobalt
Component of vitamin B12
Copper
Enzyme cofactor
Menkes' syndrome
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Iodine
Component of thyroid hormones
Goiter, hypothyroidism
Iron
Component of heme; enzyme cofactor
Anemia
Molybdenum
Enzyme cofactor
Selenium
Present in glutathione peroxidase
Zinc
Enzyme cofactor
Functions. The functions of specific minerals are summarized in Table.
Deficiencies of most minerals are relatively rare and the symptoms are not well defined.
Some of the better understood mineral deficiencies include the following.
1. Calcium deficiency may cause rickets in children and contribute to osteoporosis in adults.
2. Copper. Menkes' syndrome is caused by an inability to absorb copper from the intestine.
3. Iodine
a. Inadequate dietary intake may cause an enlargement of the thyroid gland (goiter).
b. Chronic deficiency leads to hypothyroidism, which is caused by insufficient production of thyroid hormones. In children, this causes cretinism.
4. Iron deficiency may cause anemia because iron is a component of hemoglobin.
5. Zinc deficiency has been associated with poor wound healing.
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EXAMINATION QUESTIONS IN BIOCHEMISTRY
1. Biosynthesis of DNA (replication). Substrates, energy sources, a template, enzymes and
proteins factors of replication. Stages of replication.
2. Damage and reparation of DNA, the enzymes participating in this process. Recombination of DNA as a source of genetic variability.
3. Transcription: synthesis of RNA. The basic stages of transcription.
4. Processing (maturation) of primary transcript. Ribozymes as an example catalytic activity of nucleic acids, a biological role.
5. Regulation of gene expression. Operones. Induction and repression. Catabolite repression, cАМP receptor protein (CRP) or catabolite activator protein (CAP).
6. Mechanisms for regulating gene expression in eukaryotic cells. Hormonal regulation of a
transcription. The mechanism of action of steroid hormones at the genetic level.
7. Assembly polypeptide chain on a ribosome. The characteristic of stages initiation, elongation and termination. Peptidyltransferase activity rRNA.
8. Posttranslational processing (maturing) of initial polypeptide chains (partial cleavage,
connection of nonprotein components, modification of amino acids) on an example of
maturing of collagen and insulin.
9. Formation of spatial conformation (tertiary and quaternary structures) of proteins. The
role of chaperones in this process. Features of synthesis and processing of secreted proteins.
10. Signal transduction by hormones which bind to receptors in the plasme membrane. Adenylatecyclase system and phosphatidylinositol 4,5- bisphosphate system of signal transduction.
11. Endergonic and exergonic reactions in an alive cell. High energy phosphate compounds.
Dehydration of the substrate and oxidation of hydrogen as the basic energy source for
synthesis ATP.
12. The structure of mitochondria and the structural organization of a respiratory chain.
NAD+ -dependent and flavin dependent dehydrogenases. Complexes of a respiratory
chain: NADH-dehydrogenase, the cytochrome b-c1 complex, cytochrome oxidase.
13. Oxidative phosphorylation, Р/О ratio. Transmembrane electrochemical potential as the
intermediate energy form in oxidative phosphorylation.
14. Regulation of the electron transport chain (the respiratory control). Uncoupling of tissue
respiration and oxidative phosphoryilation. Thermoregulation function of tissue respiration. Thermogenesis in a brown adipose tissue.
15. Catabolism of the basic food substances in a cell - carbohydrates, fats, amino acids. Concept about specific and common pathways of catabolism. The oxidative decarboxylation
of the pyruvic acid : the characteristic of the process. The pyruvate dehydrogenase complex.
16. Trycarboxylic acid cycle: a sequence of reactions and the characteristic of enzymes. A
role of a cycle in a metabolism.
17. Trycarboxylic acid cycle, summary of the process. Integration of a cycle with the electron transport chain. Regulation of the trycarboxylic acid cycle. Anabolic and anaplerotic
functions of the trycarboxylic acid cycle.
18. Aerobic oxidation of glucose. Reactions of the glycolytic oxidoreduction; the substrate
level phosphorylation. Widespreading and physiological role of the unaerobic oxidation
of glucose.
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19. Biosynthesis of glucose from amino acids (gluconeogenesis), glycerol and a lactic acid;
regulation of the gluconeogenesis. Biotin, a role in a metabolism. Interrelation of the glycolysis in muscles and gluconeogenesis in a liver (Cori cycle).
20. Pentose phosphate pathway of glucose transformation, the scheme. Oxidative phase of
the pentose phosphate pathway (up to formation of ribulose 5-phosphate). Widespreading
and biological role.
21. Glycogen, the biological importance. Biosynthesis and mobilization of glycogen. Regulation of the formation and degradation of glycogen.
22. Blood glucose level as gomeostatic parameter. A role of insulin, glucagon, adrenaline,
adenylate cyclase and phosphatidylinositol bisphosphate signal transduction systems in
the regulation of glucose level.
23. Hereditary infringements of the monosaccarides and disaccarides metabolic pathways:
galactosemia, intolerance of fructose and lactose. Glycogen storage diseases.
24. The structure, nomenclature and biological functions of eicosanoids. Fatty acids (ω-3 and
ω-6) - precursors of eicosanoids. Biosynthesis of the prostaglandins and leucotrienes.
Eicosanoids synthesis inhibitors as drugs (medical products).
25. Dietary lipids, their digestion. Absorption of the digested products. Infringements of digestion and absorption. Recombination of triacylglycerols in a wall of intestines. Chylomicrons formation and transport of dietary lipids. The role of the lipoproteinlipase.
26. Blood lipoproteins, classification, features of a structure. A role of each type of lipoproteins in transport of various kinds of lipids. Lecithin-cholesterol-acyltranferase, a biological role. Diagnostic significance of blood lipoproteins determination.
27. Storage and mobilization of fats in an adipose tissue, a physiological role of the processes. Impotence of insulin, adrenaline and glucagon in regulation of the lipid metabolism.
28. Steroid metabolism. The scheme of cholesterol biosynthesis. Mevalonic acid formation is
key reaction in the cholesterol metabolism. β-Hydroxy-β-methylglutaric acid-CoA reductase and regulation of its biosynthesis and activity. Role of cholesterol in cholic acids biosynthesis. Excretion of cholesterol and cholic acids.
29. Protein digestion. The major enzymes for gastrointestinal protein and peptide degradation. Structure, properties, specificity and activation mechanisms of the same enzymes.
30. Amino acid transamination. Aminotrasferases and their structure and properties. Role of
vitamin B6 in amino acid transamination. Biological implication of amino acid transamination. Clinical significance of serum aminotransferases activity determination.
31. Amino acid oxidative deamination and metabolic role of one. The types of amino acid
oxidative deamination.
32. Main metabolic sources of ammonia formation. Main pathways of ammonia elimination.
Ammonia detoxication via glutamine and asparagine biosynthesis. Further transformation of glutamine. Structure, properties and activity regulation of kidney glutaminase.
Acidification compensation by glutamine decomposition in kidney.
33. Mechanism of hepatic urea biosynthesis (urea cycle). Clinical significance of urea biosynthesis disturbances and serum urea measurement. Serum urea assay.
34. Metabolism of phenylalanine and tyrosine. Diseases eventuated from hereditary breakdowns of phenylalanine/tyrosine metabolism. Detection, evaluation and treatment of
phenylketonuria, alcaptonuria and albinism.
35. Digestion and tissular degradation of nucleic acids. Endo- and exonucleases. Purine nucleotide catabolism. Disturbances and misregulation of purine nucleotide metabolism.
Genesis, detection and treatment of gout.
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36. Scheme of the purine nucleotide biosynthesis with emphasis on role of phosphoribosylpyrophosphate. Inosine monophosphate (IMP) is common precursor of adenosine
monophosphate (AMP) and guanosine monophosphate (GMP).
37. Biosynthesis and degradation of pyrimidine nucleotides. Genesis of orotaciduria.
38. Deoxiribonucleotide biosynthesis. Role of folic acid and folate reductase for the same
metabolic pathway. Beneficial effects of deoxiribonucleotide biosynthesis inhibitors in
tumor treatment.
39. Signal molecules and their endocrine, paracrine and autocrine action. Role of hormone
effects in regulation of metabolism. Biosynthesis and secretion of hormones are regulated
on principle of biofeedback.
40. Hormone target cells. Signal transduction via membrane and intracellular receptors.
Types of membrane receptors. Structure and function of G proteins.
41. Second messengers. Signal transduction via cyclic nucleotides (cAMP or cGMP). Activation of proteinkinases and phosphorylation of effector proteins.
42. Signal transduction via phosphatidylinositol pathway. Inositol 1,4,5-triphosphate, inositol
1,3,4-triphosphate and diacylglycerol acted as second messengers in the same pathway.
Mechanisms of transducing action of calcium. Structure, properties and function of calmodulin.
43. Mechanism of steroid hormone action. Structure and biosynthesis of corticosteroids.
Glucocorticoid effects on metabolism of fuel and proteins. Metabolic disturbances
caused by decreased or increased secretory activity of adrenal cortex.
44. Chemical structure and metabolic effects of hypothalamic and adenohypophysial hormones.
45. Regulation of water and electrolyte homeostasis. Molecular structure, sources anf effects
of aldosterone and vasopressin. Renin-angiotensin regulatory system. Biochemical
mechanisms of renal hypertension and edema.
46. Hormones that regulate calcium and phosphates balance (parathyroid hormone, calcitonin, calcitriol). Calcitriol. The structure, biosynthesis and the mechanism of action. The
reasons and manifestations of a rickets, hypo- and hyperparathyroidism.
47. Insulin, biosynthesis. A role of insulin and contrainsular hormones (adrenaline and glucagon) in regulation of a metabolism. Change of the hormonal status and metabolic abnormalities under a diabetes. Diabetic coma.
48. Hormones of a thyroid gland. Synthesis of thyroxine, its influence on a metabolism. Metabolic abnormalities under hypo- and hyperthyroidism. The reasons and manifestations
of endemic thyroid gland enlarges (forms a goiter).
49. Metabolism endogenic compounds and xenobiotics: reactions microsomal oxidations and
reactions conjugation with glutathione, glucuronic acid and the sulfur acids.
50. Catabolism of heme. Bilirubin detoxication, "direct" and "indirect" bilirubin. Jaundices:
prehepatic, hepatic, posthepatic. Diagnostic value of determination of bilirubin and its
derivatives in blood and urine.
51. Drug biotransformation. Influence of drugs on the enzymes participating in neutralization
xenobiotics.
52. Human hemoglobins, structure. Transport of oxygen and carbon dioxide. Fetal hemoglobin its physiological value. Hemoglobinopathias.
53. Heme biosynthesis and its regulation. Infringements of synthesis гема (porfirias). An
iron metabolism: absorption, transport, storage.
54. Serum proteins. biomedical importance of the basic fractions of serum proteins, value of
their determination for diagnostics of diseases.
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55. Enzymes of blood plasma and serum. Clinical application. Quantitative determination of
aminotransferase activity (GOT, GPT).
56. Blood clotting. Stages of clot formation. Intrinsic and extrinsic pathways of coagulation.
Importance of vitamin K.
57. Structure and functions of glycosaminoglycans (hyaluronic acid, chondroitin sulfate,
heparan sulfate). Structure of proteoglycans. Biomedical importance.
58. The structural organization intercellular matrix. Adhesive proteins intercellular matrix:
structure and functions fibronectin and laminin.
59. Molecular structure sarcomere. Proteins of the myofilaments: actin, myosin, tropomyosin, troponin.
60. Biochemical mechanisms of contraction and relaxation in striatum and smooth muscles.
A role of Ca++ and other ions in regulation of muscular contraction.
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