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ABSTRACT

In order for a protein to perform its biological function, its molecule must have
a certain spatial configuration. There are four basic levels of organization of protein
molecules - there are primary, secondary, tertiary and quaternary structures. Often,
hydrogen bonds appear in one polypeptide chain between adjacent amino acid
residues. The spatial structure of a protein determines its physicochemical properties
and biological functions.
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AHHOTALUSA

Il mo2co umoobwl O6enoK Moe BbINONHAMb C80H0 OUONO2UUECKYI0 (DYHKYUIO, €20
MONEKYNA OONHCHA UMENb ONpPeOeNleHHy0 NPOCMPAHCMEEHHYI0 KOHDUIYpayuro.
Pasznuuarom yemovlpe OCHOBHbIX YPOG6HA oOpcarusayuu benKosvix MOJEKYIl —
NepeuUYHyIo, BMOPUYHYIO, MPEMUUHYI0 U Yem8epmuyHylo cmpykmypol. Yacmo
B8000POOHbIE CB53U BO3HUKAIOM 8 OOHOU NOJUNENMUOHOU Yenu MexHcdy COCeOHUMU
AMUHOKUCTIONMHbBIMU ocmamkKkamul. HpocmpchmeeHHaﬂ cmpykmypa benxa
onpedensem e20 U3UKO-XUMUUECKUe CBOUCMBA U buoiocudecKkue QyHKyuu.

Knwueswie cnosa: 6enok, oenamypayusi, 6000pOOHAsL C8A3b.

INTRODUCTION

Protein molecules contain many amino acid residues (up to several thousand),
proteins are disordered biopolymers. They differ in the number, composition and
sequence of amino acid units. In addition, each protein has a unique sequence of
amino acids. In order for a protein to perform its biological function, its molecule
must have a certain spatial configuration. There are four basic levels of organization
of protein molecules - primary, secondary, tertiary and quaternary structures

The primary structure of a protein

is a fixed sequence of amino acid 5 @ ® o 5 ©

residues in a linear polypeptide chain. & © © ® © © ® © ©

Each protein has a unique primary H @ H ™ H @&
primary structure

structure. Its presence is due to the
presence of strong peptide bonds between amino acid residues. All subsequent, more
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complex structures are formed on the basis of primary structures. Therefore, a change
in the primary structure leads to a change in the shape of the K- ey
molecule, the properties and functions of the protein. . ®gi§ @
The secondary structure of the protein is formed due to ?%gf?,,;i;@i
the formation of a large number of hydrogen bonds between o : > §$®
the hydrogen atoms of the NH groups and the oxygen atoms "%'»;‘2,2"
of the CO groups of various amino acid residues. Despite the - =

fact that these bonds are weaker than covalent bonds, their - secondary structire(a)
number ensures the stability of the secondary structure.

Often, hydrogen bonds occur in a single polypeptide chain between adjacent
amino acid residues, causing the chain to twist into a so-called a-helix.

Only a few proteins have a secondary structure that
@y S MO S LD »

is represented by only an a-helix or a B-fold. @mg @@@@9 g@
In the structure of many proteins, some sections '

have an a-helix shape, while others have a B-fold. The a- @é%@g“@gw @g o

helix and B-structure sections of the protein molecule can Secondary Strucmre(b)

interact with each other and form ordered structures
(ensembles).

The formation of the tertiary structure is provided by
hydrogen, ion and other bonds that appear between different
atomic groups of the protein molecule. In an aqueous
environment, the protein molecule is arranged in a special
way in space and has a compact shape. In this case,
hydrophobic amino acid radicals sink into the protein
molecule and attract each other - this attraction is called
hydrophobic interaction. The hydrophilic regions of the polypeptide, on the other
hand, are located on the surface and interact with water molecules. The tertiary
structure of each protein has a special, unique spatial configuration.

Many proteins are able to perform their
biological functions with tertiary structure. But for

some proteins, this requires the combination of two or
more molecules with a tertiary structure into a single

complex. This is how the quaternary structure of the .

protein appears. The molecules that make it up can be

the same or different. They are connected to each
other due to various types of non-covalent bonds -
hydrogen, ionic, hydrophobic interactions, etc.

quaternary structure
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According to the shape of the molecules, two groups of proteins are
distinguished - fibrillar and globular.

DISCUSSION AND RESULTS

Many proteins are soluble in water, but there are also insoluble ones, globular
proteins are mostly soluble in water, while fibrils are generally insoluble in water.

Proteins are sensitive to external influences: changes in the chemical
composition of the environment, temperature and other factors lead to changes in
their structure and properties. High and low temperatures, strong acids and alkalis,
heavy metal ions, ultraviolet radiation, and radiation influence destroy bonds that
stabilize the spatial configuration of proteins. Due to the breaking of hydrogen, ion,
and other bonds, the protein can permanently lose its quaternary, tertiary, and even
secondary structure. The process of breaking the natural structure of a protein under
the influence of external factors without breaking its primary structure is called
denaturation. The spatial structure of the protein determines its physicochemical
properties and biological functions. Therefore, denaturation leads not only to changes
in the size and shape of protein molecules, but also to its properties such as solubility.
On its surface, non-polar hydrophobic groups located inside the molecule appear, and
the protein becomes less hydrophilic. It is important that as a result of denaturation,
proteins lose their ability to perform their functions. The degree of protein
denaturation depends on the strength of the influence of various factors on it: the
stronger their influence, the deeper the denaturation. In some cases, it becomes
irreversible. However, if the factor that caused the denaturation is not affected for a
long time, after its effect ends, the protein can restore its natural structure, properties
and functions. This phenomenon is called renaturation. The spatial configuration of a
protein is determined by its basic structure, that is, the sequence of amino acid
residues. If the effect on the protein is too severe and leads to the breaking of the
peptide bonds, it will be impossible for the protein molecule to return to its original
structure. Denaturation of proteins can also occur with the addition of heavy metal
ions to them.

Radicals of a number of amino acids that make up a protein molecule include
basic and acidic functional groups. Thus, with an increase in acidity (that is, with an
increase in the concentration of hydrogen ions), the dissociation of carboxyl groups in
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the radicals of acidic amino acids is suppressed. At the same time, amino acids of
basic amino acids bind an excess of H* ions. Due to this, at a certain pH value, the
protein molecule receives a positive charge. A decrease in the acidity of the
environment increases the dissociation of "“COOH groups. In this case, additional
hydrogen ions are released and the charge of the protein molecule becomes negative.
Thus, proteins are able to maintain the pH level of the medium at a certain level.

At a certain pH value, the number of positively and negatively charged groups in
a protein molecule is the same, and its total electric charge is zero. This pH value is
called the isoelectric point of the protein. Each protein has its own isoelectric point,
which is determined by the composition of amino acids. The isoelectric points of
proteins dominated by acidic amino acid residues are in the pH < 7 region, and those
dominated by basic amino acids are in the pH > 7 range. The more the pH value of
the medium differs from the isoelectric point, the greater the charge of the protein.
Therefore, there is an electrostatic repulsion between protein molecules that prevents
them from sticking together (aggregation). At the isoelectric point, repulsive forces
are minimal. Therefore, proteins are not the most stable in solution, their molecules
easily stick together and precipitate.
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