МІНІСТЕРСТВО ОХОРОНИ ЗДОРОВ’Я УКРАЇНИ

ХАРКІВСЬКИЙ НАЦІОНАЛЬНИЙ МЕДИЧНИЙ УНІВЕРСИТЕТ

AMINO ACIDS, PEPTIDES, PROTEINS
Methodical instructions for 1st year students’ self-work 
in Biological and Bioorganic Chemistry 
(module 1)

амінокислоти, пептиди, білки
Методичні вказівки для самостійної роботи студентів 1-го курсу 
з біологічної та біоорганічної хімії

 (модуль 1)

                                                                          Затверджено

                                                                          Вченою радою ХНМУ.
                                                                            Протокол № 10 від 21. 11. 2013

Харків

2014
Amino acids, peptides, proteins: methodical instructions for 1st year students’ self-work in Biological and Bioorganic Chemistry (module 1) / compiled by A.O. Syrovaya, L.G. Shapoval, V.N. Petyunina et al. – Kharkiv: KhNMU, 2014. –  25 p. 

Compiled by: 

A.O. Syrovaya,

L.G. Shapoval,


V.N. Petyunina,

E.R. Grabovetskaya,

S.A. Nakonechnaya,
L.V. Lukyanova
Амінокислоти, пептиди, білки: метод. вказ. для самостійної роботи студентів 1-го курсу з біол. та біоорг. хімії / уклад. Г.О. Сирова, Л.Г. Шаповал,                          В.М. Петюніна та ін. − Харків: ХНМУ, 2014.−  25 с.

Укладачі:

Г.О. Сирова, 

Л.Г. Шаповал, 

В.М. Петюніна, 

Є.Р. Грабовецька, 

С.А. Наконечна, 
Л.В. Лук’янова 
Subject I. AMINO ACIDS
Motivational characteristic of the subject
Amino acids are the simplest compounds in the structure of high-molecular substances, i.e. proteins, the most important compounds for building the tissues of the organism.
Objectives

To study the chemical properties of amino acids associated with their structure and composition.
Training questions
1. To learn the structure, composition and classification of amino acids.

2. To be able to characterize the most important chemical properties of amino acids associated with their structure.

3. To know the methods of qualitative and quantitative determination of amino acids and to be able to make these reactions.

4. To study the most important transformations of amino acids in the organism: transamination, deamination, decarboxylation.

Methodological questions
1.
Heterofunctionality is one of the major signs of amino acids participation in vital functions.
2.
Amphoteric character of amino acids is the display of the law of dialectic materialism of unity and conflict of opposites.
Initial level
1. Acidity and basicity of organic compounds.
2. Hydrogen bond.
3. Nucleophilic substitution reaction in carboxylic group.
4. Formation of acid amides.
5. Basicity and nucleophility of amino group.
6. Oxidation of thiols and reduction of disulfides.
Practical skills
1.
To be able to illustrate the chemical properties of amino acids.
2.
To be able to make qualitative reactions for amino acids.
Test questions
1.
Write the reaction equation of γ-aminovaleric acid with methanol and specific reaction at heating.
2.
Write the reaction equation of production of colamine from the respective amino acid. Name the amino acid.
3.
Write the reaction equation of valine with diluted solutions of sodium hydroxide and hydrochloric acid.
Teaching tasks
Task 1. Give examples of proteogenic amino acids.
Solution. Amino acids are heterofunctional compounds contain carboxylic group and amino group.
                                                         α
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Names of α-amino acids are made by IUPAC nomenclature, but in biochemistry trivial names are often used. In bioorganic chemistry and biochemistry it is accepted to use three- and one- letters abbreviations of trivial names which are used for writing peptides and proteins. According the chemical nature of a radical amino acids are classified as aliphatic, aromatic and heterocyclic.
	Aliphatic amino acids (number of carbon atoms  no more than 6):

	Glycine (Gly) (aminoacetic)
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	Alanine (Ala)
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	Valine (Val)
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	Leucine (Leu)
	
[image: image4.wmf]C

H

C

O

O

H

N

H

2

C

H

C

H

2

(

C

H

3

)

2



	Isoleucine (Ile)
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	The amino acids, containing ОН-group:

	Serine (Ser)
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	Threonine (Thr)
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	The amino acids containing СООН-group:

	Aspartic acid (Asp)
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	Glutamic acid (Glu)
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	Amino acids containing NН2СО-group:

	Asparagine (Asn)
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	Glutamine (Gln)
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	Amino acids containing NН2- group:

	Lysine (Lys)
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	Arginine (Arg)
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	Amino acids containing sulphur:

	Cysteine (Cys)
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	Cystine (Cys)
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	Aromatic amino acids:

	Phenylalanine (Phe)
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	Tyrosine (Tyr)
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	Heterocyclic amino acids:

	Tryptophan (Trp)
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	Histidine (His)
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	Proline (Pro)
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	Hydroxyproline (Hyd)
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Task № 2. Write the equation for interaction of alanine with sodium hydroxide, hydrochloric acid, and copper hydroxide.
Solution. Amphoteric character of α-amino acids is caused by the presence of functional groups of acidic (-COOH) and basic (NH2-) nature. That’s why amino acids form salts both with acids and bases.
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In a water solution α-amino acids exist in the form of bipolar ion. In acidic medium amino acids exists in the form of cation, in basic medium then it is in the form of anion.
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Bipolar ion (zwitterion)
Equilibrium position depends on рН: 
acidic medium  ← рН medium → basic medium
Specific property of amino acids is ability to form complex copper salts of dark blue coloration. Amino group due to lone-electron pair forms coordination bond with an ion of bivalent copper.
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Complexes of amino acids, as well as polyhydric alcohols, have chelate structure.
Task № 3. What products are formed at deamination of tyrosine in vitro and in vivo.
Solution. As a result of deamination excess of α-amino acids is decreased in an organism. Deamination in vivo can be reductive (bacteria, fungi) and oxidative.
The process of reductive deamination occurs without participation of oxygen with the participation of enzymes. As a result α-unsaturated acid (p-oxyphenylakrylic) and ammonia are formed. 
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The process of oxidative deamination occurs with the participation of dehydrogenase enzymes and NAD+ coenzyme. As a result α-oxo acid                                   (p-oxyphenylpyruvic) and ammonia are formed. 
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The process of  deamination by the nitrous acid takes place in vitro. Amino acid is transformed into corresponding hydroxy acid and gaseous nitrogen is liberated:
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This reaction is used for quantitative determination of amino acids (Van Slyke method).
Task № 4. Write the reaction equation for interaction of glycine with formaldehyde.
Solution. At interaction of α-amino acids with aldehydes substituted imines (Shiff’s base) are formed through a formation of carbinolamines.
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Basic amino group is neutralized, and the amino acids content can be determined by means of carboxyl groups titration (Serensen method (formol titration).
Task № 5. What products are obtained in transamination of аspartic and pyruvic acids?

Solution. In living organisms under the influence of enzymes amino acid experience a number of biochemical transformations. Transamination – is the main way of biosynthesis of α-amino acids.
The necessary amino acid-II for an organism is synthesised from α-amino acid-I which are available in an organism in sufficient or superfluous quantity, by carrying over of an amino group from one acid to α-oxoacid.
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The process takes place in the presence of enzymes – transaminases and coenzyme – pyridoxal phosphate (vitamin B6).
Task № 6. Write the scheme of tryptophan decarboxylation reaction. What are the conditions for this reactions in vivo and in vitro?
Solution. The presence of electron-acceptoring group NH2  promotes stabilization of COO--ion. As a result of decarboxylation of acids corresponding amines form.
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Task № 7. Draw the structure of dipeptide Gly-Val. Show peptide bond. Determine its isoelectric point.
Solution. The amino group of one amino acid and carboxylic group of another α-amino acid can get condensed with formation of dipeptide.

The group of the atoms 
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is called a peptide linkage. Dipeptides, as well as amino acids, contain free carboxylic and an amino group. Therefore, on reaction with amino acid molecule, they can form tripeptide, etc. Substances consisting of great number of amino acid residues are called polypeptides. Incorporating among themselves, polypeptides chains form molecules of proteins. Presence of acid and basic groups defines рН of the medium. In this case medium is neutral.
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Task № 8. Give examples of intermolecular dehydration of α, β, γ-amino acids at heating.
Solution. Elimination of one water molecule from two molecules of amino acids is typical for α-amino acids. As a result a diketopiperasine is formed:
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Elimination of ammonia from one molecule of amino acids is typical for               β-amino acids.  As a result an unsaturated carboxylic acid is formed:
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In the case of γ-amino acids intramolecular cyclization occurs and one water eliminates from one molecule of amino acids. As a result a lactam (cyclic amide) is formed:
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                  γ-aminobutyric acid           γ-butyrololaktam
Revision exercises
№ 1
1.
What is the product of decarboxylation of aspartic acid?
2.
What color reaction to proves presence of a benzene ring in amino acid?
3.
What is the ionic form of amino acid valine at physiological рН?
№ 2
1.
What is the product of decarboxylation of α-serine? Give conditions of this reaction in vivo and in vitro.
2.
Give the scheme of deamination of serine and ways of this process in the organism.
3.
Which series of amino acids take part in formation of the proteins in living organisms?
№ 3
1.
What are the products of deamination of aspartic acid in vivo and in vitro?
2.
Give schemes of reactions for valine with diluted solution of NaОН at room temperature and hydrochloric acid.
3.
What is the pH medium in a water solution of methionine?
№ 4
1.
What are the of transamination between α-isoleucine and α-oxoglutaric acid?
2.
Write the reaction equation of interaction of leucine with formaldehyde, НNО2 and acetyl chloride. What is practical importance of these reactions?
3.
What is the pH medium in a water solution of lysine?
№ 5
1.
Write the scheme of tryptophan decarboxylation. Give conditions of this reaction in vivo and in vitro.
2.
Write the projection formula of enantiomers of non-essential amino acids containing aromatic rings, and define their belonging L- and D-series. Which series of amino acids take part in protein biosynthesis?
3.
Define the pH at which phenylalanine exists as dipolar ion.
№ 6
1.
Give the reactions of formation of hydrogen sukfate, a methyl ester, α-oxoacid (deamination) from isoleucine.
2.
Write the reaction equation of lysine decarboxylation.
3.
What is the pH in a water solution of leucine?
№ 7
1.
Which α-amino acid give biogene amine histamine on of decarboxylation obtain?
2.
Write the reaction equation esterefication of alanine with ethalnol. What is the mechanism of this reaction?
3.
Give schemes of reactions of salt formation of valine with diluted solution of alkali, diluted solution of sulfuric acid, and copper sulphate in basic medium.
№ 8
1.
Name the product of decarboxylation of one carboxyl group in aspartic acid.
2.
Write the scheme of reaction of salt formation for glutamic acid.
3.
Write structure and define the pI of aspartic acid.
№ 9
1.
Write schemes of reactions of interaction of lysine with solution of hydrochloric acid, solution of Ba(ОH)2 at heating, and formaldehyde. рН how will be changed last reaction termination and what is its practical signification.
2.
Define the pI of alanine?
3.
Write the reaction equation of histidine decarboxylation.
№ 10
1.
Which amino acid on decarboxylation gives α-aminobutyric acid? Is                      α-aminobutyric acid a biogenic amine?
2.
Write the esterification reaction of asparagine with methanol. What is the mechanism this reaction?
3.
Write structure and define the pI of glycine.
№ 11
1.
What amino acid by deamination may be obtained 3-methylhexan-2-oic acid? Whether there will be this process oxidative?
2.
Define the ISP of valine?
3.
Give the scheme of reaction interaction of phenylalanine with nitrous acid.
№ 12
1.
What α-amino acids may be opened by xanthoprotein reaction?
2.
Name a product decarboxylation one carboxyl group of aspartic acid.
3.
What products obtained at oxidative and reductive deamination tryptophan?
№ 13
1.
Nitrous acid was added to equal volumes of lysine and leucine of same concentration. The amount of  nitrogen  was  greater in one of the tubes. In which test tube was lysine?
2.
What biogenic amine form on decarboxylation?
3.
Write the scheme of transamination reaction tryptophan between glycine and oxaloacetic acid.
№ 14
1.
Which amino acid on decarboxylation gives α-aminobutyric acid? Is                      α-aminobutyric acid a biogenic amine?
2.
Which amino acid on deamination gives pyruvic acid?
3.
Give the scheme of interaction of glutathione (γ-glutamylcysteinylglycine) with lead acetate (II).
№ 15
1.
What is the pH in solution containing products of interaction of phenylalanine with formaldehyde, ethanol, and acetic acid chloride?
2.
Write the scheme of histidine decarboxylation. What are conditions of the reaction?
3.
What is the pH in a water solution of tyrosine?
Subject II. PEPTIDES, PROTEINS
Motivational characteristic of the subject
Proteins are the most significant compounds necessary for building the tissues of the human body.
Objectives

To study the structure and properties of peptides, chemical bases for structural organization of protein molecules as the basis for studying the biological properties of proteins at the molecular level.
Training questions
1.
To be able to write schemes of oligopeptides formation from α-amino acids.
2.
To characterize the chemical properties of oligopeptides with the account of the nature of their constituents (amino acids).
3.
To know the mechanism of peptides hydrolysis.
4.
To understand main methods for determining of primary structure of natural peptides.
5.
To study the principles of synthesis of peptides with the known structure. To know methods of protection and activation of the functional groups.
6.
To know the spatial structure of proteins and main types of interaction determining it.
7.
To know the structure of the main groups of peptides.
Methodological questions
Structure and properties of proteins illustrate dialectics laws.
Initial level
1.
Acids and the bases in organic chemistry.
2.
Chemical properties of carboxyl groups. Mechanism of nucleophilic substitution in trigonal carbon atom.
3.
Chemical properties of the amino group. Basicity and nucleophility of the amino group.
Practical skills
To be able to perform qualitative reactions for protein determination.
Test questions
1.
Draw the structure of tripeptide Gis-Lys-Ser. Show peptide bonds, N- and the C-terminal ends in the molecule. Determine its isoelectric point (acid, basic or neutral).
2.
Write the scheme of dipeptide Val-Gly synthesis using the method of protection and activation of the functional groups.
3.
Give the definition of secondary structure of proteins. Draw schematically  α-helix and β-pleated sheet structures. Which bonds make them stable? Show formation of hydrogen bonds in polypeptide chain Val-Gly-Tyr-Ser-Ala.
Teaching tasks
Task № I. Draw the structure of dipeptide Gly-Ala and determine its isoelectric point.
Solution. At studying of amino acids it was specified that peptides are compounds formed by condensation of two or more same or different molecules α-amino acids:
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In 1891 A. Y. Danilevsky suggested that amino acids in peptides and proteins are joined by peptide bonds. The carboxyl group of one amino acid and amino group of another amino acid are condensed. This type of amide linkages is called peptide linkages:
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As the carbon atom in this group is in sp2-hybridization state all atoms forming peptide linkages are located in one plane.
Depending upon the number of amino acids residues per molecule, the peptides are called olygopeptides and polypeptides. The names of the peptides are made from the names of corresponding amino acids. The amino acids which gives in formation of peptide chain its carboxyl group, receive a suffix -yl: 
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glycylalanine
Usually abbreviations (Gly-Ala) are used for naming peptides.
Each polypeptide chain has a free amino group at one end and the free carboxylic group at the other end. The amino group end is called amino or N-terminal end while the end having free –COOH group is called C-terminal end. 

As in our case the peptide has one amino group and one carboxylic group isoelectric point – will be at рН < 6.
Value of рІ = (рКCOOН + рКNH2) is a characteristic constant of peptides. The isoelectric point of the most of peptides of animal tissue lies within 5,5-7,0 that testifies partial prevalence of acidic amino acids. However in nature there are peptides which рІ lies at extreme values of рН. In particular, рI of pepsin (enzyme of gastric juice) is equal to 1, and that of salmin (the main peptide from milk of a salmon) – nearly 12.
From the given amino acids three more peptides: Gly-Gly, Ala-Gly, Ala-Ala can be received. When a protein or polypeptide is treated with 6 M hydrochloric acid for 24 h, hydrolysis of all the peptide linkages usually takes place, liberating its constituent amino acids as a mixture. Chromatographic separation and quantitative analysis of the resulting mixture can then be used to determine which amino acids comprised the intact polypeptide and their relative amounts. 

To synthesize a peptide with a given structure we need to deactivate (protect) some functional groups and activate the others (technique of activation – protection of functional groups). Functional groups forming peptide bond are to be active (carboxyl group of the first amino acid and amino group of the second one). Besides, carboxyl group of the first amino acid should be activated as carboxylic acids usually react with amine forming salts.

Carboxyl group of  the second amino acid should be protected by esterification:
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Amino group of the first amino acid should be protected by acylation:
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Carboxyl group of the first amino acid should be activated by changing into halide:

[image: image41.wmf]P

C

l

5

C

O

C

H

C

N

H

O

Cl

C

H

3

C

O

C

H

C

N

H

O

O

H

C

H

3

+

+ POCl

3

 + HCl

R

1

R

1


Formation of  peptide bond:
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Protection is to be removed by hydrolysis in the acidic medium. 
Apparently, synthesis of dipeptide under according to this scheme consists of several stages, and for synthesis of polypeptides the number of stages is necessary.
There is a variety of methods available to determine the sequence of amino-acid residues. One method for N-terminal sequence analysis is the Sanger method (or DNFB method), based on the use of 2,4-dinitrofluorobenzene (DNFB) in weak basic medium. DNFB reacts with NH2 – group of N-terminal amino acid. Subsequent hydrolysis of the polypeptide gives a mixture of amino acids in which the N-terminal amino acid is labeled with a 1,4-dinitrophenyl group. After separating this amino acid from the mixture it can be identified by comparison with known standards. This amino acid may be linked to phenyl isothiocyanate C6H5N=C=S (Edman degradation method).
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For determination of the sequences of amino acids partial acidic or enzymatic hydrolysis is also used.
Task №2. Give the scheme of solid-phase synthesis of polypeptide.
Solution. The perspective method of polypeptides synthesis Merifild offered in 1963. Later this method has received the name of solid-phase synthesis of polypeptide. It is conducted on the ion-exchange resin containing CH2Cl groups. At the first stage salt of amino acid with the protected group joins to solid carrier with formation of so-called "anchor bond".
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If protection is removed, synthesis can be conducted further. After formation of peptide necessary length the "anchor" bond is hydrolyzed in the presence of hydrobromic acid and acetic acid:
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              Nowadays three-phase synthesis is performed in an automatic synthesizer. All reactions pass in the programmed sequence in one reactionary chamber in which micropumps give necessary reactants in certain order. In such synthesizer it is possible to attach six amino acid residues to growing polypeptide chain within 24 hours.
Polypeptides are structural components of protein molecules.
Task № 3. Describe types of interaction which can arise in polypeptide chain with following amino acid sequence: Cys-Glu-Gly-Ala-Val-Ser-Lys-Phe-Cys.
Solution. Types of the interactions stabilizing a spatial structure, i.e. secondary, tertiary and quaternary structures of peptides and proteins, are determined first of all by their primary structure.
Any polypeptide chain is constructed of alternating monomeric units α-amino acids connected by peptide groups (primary structure) between which hydrogen bonds are formed. Such bonds are formed between hydrogen atom connected with nitrogen atom, and atom of oxygen carbonyl group:
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Such hydrogen bonds stabilize secondary structure of protein molecule in the form of a helix. Such connections could arise between Glu (1) and Ser (5), Gly (1) and Lys (5), Ala (1) and the Phe (5) in the considered polypeptide chains. As α-helix is formed from one type of links
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Is sizes are constant enough, one coil includes 3,7 amino acid residues, the distance between separate coils is 5,44 A. If α-helix was unique type of secondary structure of proteins they would be rigid, rod-like formations. But as polypeptide chains possess sufficient flexibility, it is necessary to conclude that α- helix makes only separate sites of polypeptide chains. The deviation from α- helix form can be caused by various factors, in particular, by the presence of proline, oxyproline and valine in peptide chains. After formation peptide bonds amide hydrogen is absent in the residues proline and oxyproline and they cannot participate in formation of hydrogen bonds.
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Except the intrachained bonds there are the hydrogen bonds arising between different chains (interchained hydrogen bonds). They stabilize other kind of secondary structure, so-called β-pleated sheet or β-conformation. It arises between antiparallel chains.
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β-conformation is found in β-keratine and silk fibroin. 
Tertiary structure of a protein is total conformation or spatial orderliness of separate sites of polypeptide chains as a whole.
While the secondary structure of a protein is defined by hydrogen bonds, numerous bends of polypeptide chain, giving proteins tertiary structure, depend not only from peptide and hydrogen bonds, but also on other types of interaction, namely electrostatic interactions between carboxyl groups and amino groups which do not participate in formation of peptide bonds: disulfide bonds, in cysteine, hydrophobic interactions.
The principal interactions which stabilize secondary and tertiary structures of peptides and proteins are as follows:
	Covalent
	Noncovalent

	disulfide bonds
	ionic bonds
	hydrogen bonds

	between spatially aproaded cysteine residues
	are formed due to attraction between the oppositely charged groups
	  between peptide groups

	
	
	interchain
-  folded structure
	intrachain
- helix

	stabilize tertiary structure
	stabilize secondary and tertiary structure


For display of biological activity some proteins should form quaternary structures – a macrocomplex consisting of several protein molecules. Thus each protein serves as monomer, and quaternary structure defines degree of association of such monomers in biologically active material.
Task № 4. Give the structure of biologically active nucleoproteins.
Solution. Till now the proteins consisting only from amino acids were considered. These proteins are called simple. The structure of complex proteins, except amino acids, includes non-protein substances, so-called prosthetic groups – carbohydrates, lipids, nucleic acids etc.
The most important in the biological relation to proteins concern nucleotides – cell fission processes, storage and transfer of hereditary properties are connected with them.
In animal organisms there are two types of nucleoproteins: ribonucleoproteins and deoxyribonucleoproteins. Proteins make up about 50 % of weight of nucleoproteins.  Phosphoric acid and amino groups of diamine acids play connecting role in interaction of molecules of DNA and RNA with protein molecules .
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Example of complex proteins (chromoproteins) is hemoglobin. Heme is its non-protein part. The protein part – globin – contains four polypeptide chains. Bond of heme with peptide chain is accompleshed by iron ion which is connected with histidine residue of peptide chains:

[image: image51.wmf]N

H

2

H

C

H

N

N

C

H

2

C

O

O

H

N

N

N

N

Fe


Myoglobin is a chromoprotein  – protein of muscular tissues. Some enzymes –catalase, peroxidase, etc. are also chromoproteins.   Most of chromoproteins contain metal (iron, copper, molybdenum etc.). Metalloproteins play an important role in processes of biological oxidation in tissues.
Glycoproteins contain various derivatives of carbohydrates as prosthetic groups:  D- glycosamine, D-glucaric acid; lipoproteins contain lipids, phosphatids, sterols. Formation of a complex of proteins with lipids promotes solubility of the last and causes their transportation in tissues.
Revision exercises
№ 1
1. Show formation of hydrogen bonds between Ala and corresponding amino-acid residues (write their formulas) in a fragment of a spiral of protein molecule Gly-Ala-Val-Ile-Tyr-Val.
2. Draw the structure of tripeptide His-Trp-Lys and define its isoelectric point.
3. Give an example of formation disulfide bond stabilizing tertiary structure of  protein molecule.
№ 2
1.
What is primary structure of protein?
2.
Draw the structure of tripeptide Gly-Val-Phe and define its isoelectric point.
3.
Show the structure of peptide bond.
№ 3
1. Show the scheme of α-helix.
2. Write a structure of tripeptide γ-Gln-Cys-Glyand define its isoelectric point.

3. Describe hydrofobic interactions in proteins. 
№ 4
1.
Show the scheme of  β–structural site of protein chain.
2.
Write the scheme of  dipeptide Val-Ala synthesis.
3.
Show the interaction of  heme with histidine residue.
№ 5
1. What interactions fixe secondary structure of protein chain?
2. Write the scheme of dipeptide Val-Tyr synthesis.
3. Describe the most convenient conformation of polypeptide chains.
№ 6
1.
What is the number of amino acids residues in one coil of a spiral? Which residues form hydrogen bonds for α-helix formation?
3.
Write the scheme of  tripeptide Gly-Phe-Met formation.
4.
What of bonds stabilize tertiary structure of protein?
№ 7
1.
Give the definition of tertiary structure of proteins.
2.
Write the scheme of  dipeptide Ala-Val synthesis.
3.
Give the characteristic of globular and fibrous proteins.
№ 8
1. Show the structures of α-helix and β-pleated sheets of polypeptide chain. What interactions stabilize them?
2. Draw the structure of tripeptide Val-Ala-Gly and define its isoelectric point.
3. Describe quaternary structure of a protein.
№ 9
1.
Show formation of  hydrogen bonds in polypeptide chains containing Val, Gly, Tyr.
2.
Draw the structure of tripeptide Leu-Glu-Cys.
3.
Explain the mechanism of protein denaturation.
№ 10
1.
What happens when two type Cysteine residues come in contact?
2.
Draw the structure of tripeptide Arg-Ser-Gly and define its isoelectric point.
3.
Show the hydrogen bonds which stabilize α-helix.
№ 11
1.
Present an example of damage of tertiary structure of protein molecule which is stabilized disulfude bonds.
2.
Write the scheme of dipeptide Val-Ser formation.
3.
What is the number of amino acids residues in one coil of a spiral? Which residues form hydrogen bonds for α-helix formation?
№ 12
1.
What happens when two type Alanine residues come in contact?
2.
Draw the structure of tripeptide Thr-Asp-Val.
3.
Explain the mechanism of protein denaturation.
№ 13
1.
What happens when Lysine and Aspartic acid come in contact?
2.
Write the scheme of dipeptide Gly-Tyr formation.
3.
Schematically present the hydrogen bonds defining α-conformation of proteins.
№ 14
1.
Describe secondary structure of a protein. Show the structures of α-helix and β-pleated sheets of polypeptide chain.
2.
Draw the structure of tripeptide Thr-Gly-Ala.
3.
Write the scheme of interaction of АТP with tyrosine. With what end m-RNA will react learnt aminoacyadenilic complex (in the reaction scheme use structure ending nucleotide)?
№ 15
1.
What happens when Lysine  and Glutamic acid residues come in contact?
2.
Write the scheme of dipeptide Gly-Tyr formation.
3.
Write oxidation-reduction reaction between approached residues of Cysteine in polypeptide chain.
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