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THE TRAINING AND EDUCATIONAL GOAL, TASKS,
MOTIVATION TO STUDY THE TOPIC

Training purpose:

— formation of students' basic professional competence for solving diagnostic, research
and other tasks of professional activity based on knowledge about physico-chemistry of bi-
opolymers and their solutions;

— familiarization with the various methods for determining the isoelectric point of pro-
teins.

Educational goal:

— to develop your personal, spiritual potential;

— to form the qualities of a patriot and a citizen who is ready to actively participate in
the economic, industrial, socio-cultural and social life of the country;

— learn to observe academic and labor discipline, the norms of medical ethics and de-
ontology;

— to realize the social significance of their future professional activities.

Tasks:

As a result of the training session, the student should

know:

— general characteristic of high molecular compounds (HMC);

— the concept of biopolymers and synthetic HMC, their use in medicine;

— methods of obtaining HMC, specific examples;

— theoretical bases of the HMC dissolution process;

— comparative characteristics of the properties of HMC solutions and colloidal
solutions;

— theoretical bases of HMC swelling and factors influencing swelling;

— the concept of polyelectrolytes and proteins as amphoteric polyelectrolytes;

— the concept of the isoelectric point of the protein and methods of its determination;

— theoretical basis of electrophoresis of HMC solutions and its application;

be able to:

— compare the degree of swelling and the degree of protein coagulation at different pH
values, knowing its isoelectric point;

— determine in what form (cationic or anionic) a protein with a known isoelectric point
value will exist if placed in a solution with a certain pH value;

— indicate the direction of protein movement during electrophoresis in a solution with
a certain pH value;

— find out the isoelectric point of enzymes, determine the pH values at which a mixture
of enzymes can be separated by electrophoresis;

pOSSess:

— skills to determine the degree of swelling of polymers, as well as to determine the isoe-
lectric point of proteins.

Motivation to study the topic:

High-molecular compounds (HMC, polymers) are substances whose macromolecules
consist of a large number of monomeric units with a high molecular mass from few thousand
to several million.

Proteins, nucleic acids, polysaccharides, as well as an increasing number of synthetic
polymers, are high-molecular compounds.
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Synthetic polymers are widely used in medicine for the production of prostheses,
vessels, joints, heart valves, eye lenses, various tissues. Synthetic polymer fibers are used as
suture material in surgical practice. Special polymers have been created, from which blood
transfusion equipment is made.

HMC of wildlife are called biological or biopolymers. These are proteins,
carbohydrates, nucleic acids, complex peptides. Biopolymers are formed during biosynthesis
in cells and are the most important components of all living organisms. Gels and jellies
include muscle fibers, cartilage, cellular and other membranes and membranes in the body.
The study of the structure and properties of biopolymers is necessary for the knowledge of
the most important biological processes — the basis of life. Familiarity with the nature of the
phenomena of swelling and gelatinization contributes to a better understanding of many
physiological processes: inflammation, edema formation, tissue regeneration, etc.

Many HMC have physiological activity and are used as substitutes for blood plasma
(polyvinyl alcohol), in the treatment of burns (polyvinylbutyl ether), as prolongators of the
action of drugs (cellulose derivatives, polyethylene glycols, polyacids, etc.), to stabilize
medicinal colloids, suspensions and emulsions.

The main task is to study the physico-chemical properties of these compounds that are
important in the activity of a doctor.

NECESSARY EQUIPMENT

1. Methodological manual for students on the topic "Physico-chemistry of biopolymers
and their solutions".

2. Training tables:

a) Periodic Table of chemical elements by D.I. Mendeleev;

b) table of solubility of acids, bases and salts.

3. Reference materials of basic physico-chemical constants.

4. Chemical reagents and equipment necessary for laboratory work.

CONTROL QUESTIONS ON THE TOPIC OF THE CLASS
1. General characteristic of high molecular compounds (HMC) and their classification.
2. Polymers’ solutions.
3. Polyelectrolytes. Isoelectric point and methods of its determination.

COURSE OF THE CLASS

The theoretical part

The theoretical part

1. GENERAL CHARACTERISTIC OF HIGH MOLECULAR WEIGHT
COMPOUNDS (HMC) AND THEIR CLASSIFICATION

High molecular compounds (HMC) are substances having a high molecular mass
from few thousand to several million. The length of HMC macromolecules in the elongated
state is about 1,000 nm.

Classification of high molecular compounds:

1. According to their origin:
= natural (biopolymers) are substances of plant and animal origin: proteins, nucleic

acids, polysaccharides (starch, cellulose, dextrans), natural rubbers;
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= synthetic — polyethylene, dacron, polystyrene, nylon, etc. — are products of polymer-
ization and polycondensation reactions.

Polymerization reactions:

a) polyethylene: nCH2 = CH2 — [-CH2-CH2z-]a
Polyethylene is applied in medicine to prepare films, tubes and bottles.

b) teflon: nCF, = CF, — [-CF>—CF2—]n
Teflon is applied to prepare cooking utensils, electrical insulation, and also blood vessels and
heart’s vents for transplantation.
Polycondensation reactions: nylon is a polycondensation product of adipic acid and hexa-
methylenediamine:
NHOOC—(CH.)s—COOH + nH2N—(CH2)e—NH2 —
— [-CO—(CH2)s—CO-NH—(CH2)e—NH-]n + nH20

2. According to the configuration of macromolecules (Table 1):

Table 1 — Classification of high-molecular compounds according to the configuration of
macromolecules

Type of configuration Representation of configuration Examples of HMC

= linear (long threadlike VAVAV A VA gelatin, cellulose, natural rubber
straight molecules)

amylopectin of starch,
glycogen

= three-dimension gj\é phenol formaldehyde resins

= branched-chain

= cross-linked vulcanized rubber

3. According to the values of molar masses:

= monodisperse are polymer systems whose molecules have the same molar mass (he-
moglobin and other proteins);

= polydisperse are polymer systems whose molecules have different molar masses
(DNA, rubbers).

The molar mass for such polymers can be determined as:
n,xM,+n,xM, +...
n,+n,+..

M =

M1 and M2 are molar masses of polydisperse polymer molecules;
ny and n2 are the numbers of molecules with molar masses My and M, respectively.



4. According to elemental composition:

» homochain: polymer chains consist only of carbon atoms; they are obtained by
polymerization reactions (teflon);

= heterochain: contain not only carbon in the chain, but also heteroatoms (N, S, etc.);
they are obtained by polycondensation reactions (nylon).

HMC molecules have a number of specific properties, among which the most important
are: the flexibility of chains, the presence of strong intermolecular bonds [1-3].

2. POLYMERS’ SOLUTIONS

Polymers can form true and colloidal solutions. True solutions are formed when a polar
polymer dissolves in a polar solvent (protein in water) or when a nonpolar polymer dissolves
in a nonpolar solvent (rubber in benzene).

The first step of the polymer’s dissolution process is swelling.

Swelling is the spontaneous irreversible diffusion of solvent molecules into the poly-
mer phase. Polymer’s molecules do not diffuse into the solvent due to their low mobility
caused by high molar mass and strong intermolecular forces.

Swelling leads to an increase in the volume and mass of the polymer. The degree of
swelling (o) can be calculated as:

V-V m-m

a= OXlOO or o= OX].OO
VO mO
Vo is an initial volume of a polymer, ml; Mo is an initial mass of a polymer, g;
V is a volume of a polymer after swelling; m is a mass of a polymer after swelling.

There are two types of swelling: limited and unlimited.

Limited swelling leads to the formation of gels (for example, gelatin in cold water). Gel
Is a state of matter intermediate between solids and liquids.

Unlimited swelling leads to the formation of true solutions that are stable systems (for
example, gelatin in hot water).

Swelling is an important physiological process. The tissues of the skin, brain and eyes
are able to swell. The degree of swelling may change as a result of inflammation or injury.
Aging reduces the degree of swelling of tissues.

Swelling is affected by different factors:

a) nature of macromolecules and nature of solvents: «Like dissolves likey;

b) configuration of chains: linear and branched polymers exhibit higher degree of
swelling than three-dimension and cross-linked compounds;

¢) acidity of a medium (for amphiprotic polyelectrolytes only);

d) temperature: the higher the temperature, the greater the degree of swelling, as in-
crease in temperature leads to increase in the rate of diffusion of solvents into the polymer;

e) presence of electrolytes; they may affect the solubility of polymers in two different
ways:

1) salting-in effect is an increase in solubility under the influence of electrolytes;

2) salting-out effect is a decrease in solubility under the influence of electrolytes [1-3].



3. POLYELECTROLYTES. ISOELECTRIC POINT AND METHODS OF ITS
DETERMINATION

Polyelectrolytes are polymers containing ionizable groups. They are divided into three
categories: acidic, basic and amphiprionic.

Acidic polyelectrolytes contain ionizable groups that are proton donors:

— COOH == -COO +H"
—SO3H =— —-SO53 + H*
Basic polyelectrolytes contain ionizable groups that are proton acceptors:
—NH; + H" == — NH3"

Amphiprotic polyelectrolytes (polyampholytes) contain both acidic and basic ionizable
groups. The bright example of such polyelectrolytes are proteins. The simplified form of the
protein can be represented as NH> — R — COOH.

An important feature of proteins and some other biopolymers is that their total charge
depends on the pH of medium. Under physiological conditions, proteins exist in the form of
dipole ions NH3*—-R—-COOQO-, the net electric charge of their molecules is zero. In acidic
environments, protons attach to basic groups, and the total charge is positive (cationic form).
In basic media, the total charge is negative as a result of the loss of protons (protein turn
into anionic form). The acid-base equilibrium in protein solutions is shown in Figure 1.

H,N - R — COOH
f

"H3;N - R - COO™

H,N-R-COO~ 'H3;N-R-COOH

anionic form cationic form

Figure 1 — The acid-base equilibrium in proteins solutions

Proteins exhibit their specific properties in the isoelectric state, which is characterized
by the zero net electric charge of macromolecule:

NH3*-R-COO-

Isoelectric point (IEP, pl) is the pH value at which protein is in an isoelectric state
(the total charge of the macromolecule is zero). Isoelectric point is an important character-
istic of each protein.

In isoelectric state a protein molecule coils about itself in a spiral manner to form a
helix (a-helix configuration). When the pH of the solution is greater than pl or lower than
pl, the protein molecule becomes linear due to repulsion of charged functional groups (NH3*
in acid solutions and COO™ in base solutions) (Fig. 2).



Y NHS ' )NH,
PCO0 PCoo-
NH;" NH;

COOH CPCDO‘
pH < pl pl pH > pl
linear a-helix linear
configuration configuration configuration

Figure 2 — Configuration of protein molecule in solutions with the difference pH values

The unique configuration of a protein molecule in an isoelectric state determines its
specific physical and chemical properties. The specific physical properties of proteins in the
isoelectric state are:

= minimum degree of swelling;

= maximum degree of coagulation;

= zero electrophoretic mobility.

Methods of experimental determination of pl of proteins:

1. By measuring the degree of swelling of proteins in solutions with different acidity
(Fig. 3):

Degree of swelling

> pH
pl ¥

Figure 3 — Degree of swelling of protein in solutions with the different pH values

2. By measuring the degree of protein’s coagulation in solutions with different acidity

(Fig. 4):
pll

Figure 4 — Degree of coagulation of protein in solutions with the different pH values

»

h

Degree of coagulation

»pH

3. By measuring the electrophoretic mobility of proteins (u) in solutions with different
acidity.

Electrophoresis is the migration of charged molecules in a solution in response to an
electric field. In the isoelectric state, the electrophoresis mobility is zero (u = 0), since the
total electric charge of the macromolecule is zero. Positive signs of electrophoresis mobility
indicate the movement of charged macromolecules to the cathode, and negative signs of



electrophoresis mobility indicate the movement of charged macromolecules to the anode.
The curve of electrophoretic mobility of proteins is shown in Figure 5:

To cathode
u,
mm
min pl

0 LpH

Figure 5 — The curve of protein’s electrophoretic mobility

To anode

Electrophoresis is used not only to determine pl of proteins, but also to separate their
mixtures into fractions [1-3].

The practical part
Safety instructions before laboratory work.
LABORATORY WORK

Test 1. Determining of rubber swelling percent in various solvents
Weigh four rings of rubber and put them in sample bottles filled with various solvents:
a) water; b) benzene; c) turpentine oil; d) hexane. After 30 minutes, take the rings out of the

solutions and weigh them again. Write down the initial and final masses of rubber in Table 1.
Calculate the degree of swelling of rubber according to the formula:

m—m,
o =
mO
mo — initial mass of a rubber, g;
m — mass of a rubber after swelling.

Table 2— Swelling of rubber

No Solvent Initial mass of Mass of rubber after | Degree of swelling,
) rubber (mo), g swelling (m), g a

1.

2.

Make a conclusion about how the polarity of the solvent affects the degree of swelling
of the rubber.

Test 2. Determination of the isoelectric point of the protein

Take 5 tubes and pour 1 ml of acetate buffer (CH;COOH + CH3COONa) into each
with the following pH values: 3,8; 4,1; 4,7; 5,3; 6,2.



Add 0.5 ml of 1 % albumin solution and 1 ml of acetone (use analytical pipettes) into
each test tube. Stir the prepared solutions and determine turbidity in each test tube giving
marks from O up to 5. Write the obtained data into the Table 2.

Table 3 — Determination of the isoelectric point of the protein

pH 3.8 4.1 4.7 5.3 6.2
Degree of turbidity

The highest turbidity corresponds to the maximum coagulation of the protein and its
isoelectric point.

Control over the assimilation of the topic
It is conducted in the form of an oral conversation with students.

METHODOLOGICAL RECOMMENDATIONS FOR THE ORGANIZATION
AND PERFORMING OF INDEPENDENT WORK OF STUDENT (IWS)
The time allotted for independent work can be used by students for:
— preparation for laboratory classes;
— taking notes of educational literature;
— performing tasks for self-control of knowledge;
— preparation of thematic reports, abstracts, presentations.

The main methods of organizing independent work:

— studying topics and problems that are not covered in the classroom;
— writing an abstract and making a presentation;

— performing tasks for self-control of knowledge.

List of tasks of IWS:

1. The initial mass of a rubber was 10 g. After swelling in benzene, its mass became
equal 22 g, and after swelling in toluene — 41.4 g. In what solution is the degree of swelling

of rubber is higher?
Answer: in toluene

2. In which solvent — water, alcohol, benzene or physiological solution — does the gel-
atin show the highest degree of swelling? Explain your answer.

3. pl of gelatin is 4.7. Gelatin was dissolved in a solution with protons (H*) concentra-
tion 1000 times higher than that in pure water. What electric charge (positive or negative)
will gain gelatin’s molecules in this solution?

Answer: positive

4. In what pH range is it better to separate proteins by electrophoresis, if their isoelec-
tric points are 4.8 and 7.9, respectively. Explain your answer.
Answer: at pH from 4.8 to 7.9 inclusive

The control of the IWS is carried out in the form of:
— evaluation of an oral answer to a question, message, report or presentation;



— individual conversation.

LIST OF SOURCES USED

1. Medical chemistry : textbook for students of higher education establishments — med.
univ., inst. and acad. / V.O. Kalibabchuk, V.I. Halynska, L.l. Hryshchenko et al. ; ed. by
V.0. Kalibabchuk. — 6th ed., corr. — Kyiv : AUS Medicine Publishing, 2018. — P. 168-183.

2. OCHOBBI XMMHH JIII MHOCTPAHHBIX CTyJAeHTOB = Essential chemistry for foreign
students : yae6HO-MeToanueckoe mocobue / C. B. Tkaués [u np.]. — 5-¢ u3ag. — MuHCK :
BI'MY, 2018. — 168 c. — Pexxum nmocryma: http://rep.bsmu.by:8080/handle/BSMU/21054.

3. Ob6mas xumus : y4ed. mocodue isi CTyICeHTOB JiedeOHOTo (haKyIpTeTa, 00ydaro-
IIMXCs Ha aHTJIMHACKOM si3bIke. B 1Byx wactsx. Hacte 2. = General Chemistry : Educational
guidance for students medical department in English medium. In two parts. Part 2. — B. A. ®u-
munmnosa, A. B. JIeicenkoBa, JI. B. Uepnsitesa. — ['omens : YO «I'oMenbCKril roCy1apCTBEH-
HBII METUIUHCKU I YHUBEPCUTETY, 2013. — 180 C. — URI:
http://elib.gsmu.by/handle/GomSMU/109309.

4. JTabopatopHbie pabOTHI U JOMAIITHUE 3aAaHus 110 001ien xumun = Laboratory works
and home tasks in general chemistry : npaktukym / M-Bo 31paBooxpanenusi Pecr. bena-
pycs, benopyc. roc. mea. yH-T, kad. obmen xumuu ; B. B. Xpycranés [u ap.]. — 5-e uza. —
Munck : BI'MY, 2020. — 162 c¢. — Pexum pmpocryma: http://rep.bsmu.by:8080/han-
dle/BSMU/30369.

5. KommmokBuym 1o obmeii xumuu = Colloquium in General Chemistry : coopauk
3amanuii / M-Bo 3apaBooxpanenus Pecn. benapycs, benopyc. roc. men. yH-T, kad. oOuiei
xumun ; B. B. Xpycranés [u gp.]. — Munck : bBI'MY, 2020. — 48 c. — Pexum nocryna:
http://rep.bsmu.by:8080/handle/BSMU/28702.
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