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Abstract. The article considers the possibility of obtaining purified fractions-precursors of bioactive peptides from milk proteins by the
method of preparative electrophoresis. To choose an electrophoretic system, a comparative study has been carried out of four methods of
electrophoresis in polyacrylamide gel that are used to analyse milk proteins (disc-electrophoresis without disaggregating agents, and disc-
electrophoresis in the presence of sodium dodecylsulfate in homogeneous and gradient gel, and electrophoresis in homogeneous gel with
urea). Electrophoresis of the total milk protein has shown that none of these systems allows separating effectively all protein precursors of
bioactive peptides. The next stage was obtaining two main groups of milk proteins — caseins and serum proteins for electrophoretic frac-
tionation. With the help of analytical electrophoresis, it has been established that each of the obtained groups had a typical proteins composi-
tion. Then, the proteins groups obtained were fractionated by preparative electrophoresis using the four electrophoretic systems listed above.
In this case, the casein proteins that differ in the primary structure (ag;-, asp-, B-, and %-caseins) can be effectively separated by preparative
electrophoresis on the basis of a homogeneous gel system in the presence of urea. The composition of this electrophoretic system was sim-
plified. Unlike the analytical variant of a homogeneous polyacrylamide gel system, the toxic 2-mercaptoethanol was excluded, and the urea
concentration was reduced. For the fractionation of serum proteins, a disc-electrophoresis without disaggregating agents can be used as a ba-
sis. It allows obtaining the main precursors of bioactive peptides from milk serum proteins: B-lactoglobulin, a-lactalbumin, serum albumin,
and immunoglobulins. The protein precursors obtained by preparative electrophoresis were used to develop the biotechnology of obtaining
bioactive phosphopeptides and inhibitors of the angiotensin-converting enzyme.
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AHoTanisi. Y po0OTi po3mITHYTO MOXJIMBICTh OTPUMAaHHS OYMINEHUX (pakuiii-monepeqHUKiB 0i0aKTHBHHUX MENTHIIB 3
MPOTETHIB MOJIOKa METOZOM MpenapaTHBHOTO enekTpodopesy. s Bubopy enekTpohopeTHIHOT CHCTEMH MPOBEICHO MOPiB-
HSUTbHE JIOCII/DKEHHSI YOTHPHOX METOJIB eNeKTpodope3y B IOTiaKpWIAMITHOMY Telli, sIKi BUKOPHUCTOBYIOTBCS JUIS aHAII3y
MPOTETHIB MOJIOKA (IHCK-enekTpodope3 Oe3 Ae3arperylounx areHTiB, JUCK-elIeKTpodopes y MPUCYTHOCTI A0JIenMICYIbdaTy
HATPiI0 B OJJHOPITHOMY 1 TpaJieHTHOMY TeJi Ta eJeKTpoope3 B OJAHOPIAHOMY Telli 3 ceuoBHHOMW). Enexrpodopes 3aransHOro
IPOTEiHy MOJIOKA [TOKa3aB, 110 KO/IHA i3 BKA3aHUX CUCTEM HE JI03BOJISE e)EKTHBHO PO3MIIIUTH BCi MPOTETHH-NONEPEJHUKH Oi-
OaKTUBHUX MenTHaiB. HacTynmHuM etarom Oyio BUIICHHS AJIs eNeKTpOo(OPEeTHYHOro GpakiioHyBaHHS ABOX OCHOBHUX IPYI
MPOTEiHIB MOJIOKA — Ka3eiHiB Ta MPOTeHIB CHPOBATKH. AHANITHYIHUM €JIEeKTPO(OPE30M BCTAHOBJICHO, II0 KOXKHA 3 BUAIICHUX
IPYI Majia XapaKTepHU CKJIaa IpoTeiHiB. ani oTpuMaHi Tpyny NPOTEIHIB MpenapaTHBHO GpakiioOHyBaIH 3a JONOMOTOK0 4O~
THUPBOX TEPEeNiYeHHX eNeKTpohopeTHuHuX cucTeM. [IpH 1poMy edeKTHBHE PO3IiICHHs IPOTETHIB Ka3eTHOBOTO KOMILIEKCY, sKi
BIJIPI3HAIOTHCS EPBHHHOIO CTPYKTYPOIO (051~ Osp-, B- 1 ®- Ka3eiHn) Oyi10 JOCATHYTO MpernapaTHBHUM €IeKTPo(hope3oM Ha oc-
HOBI O/THOPIZIHOT CHCTEMH TeIT0 Y TIPUCYTHOCTI ceuoBuHHU. CKiIaz i€l enekTpodopeTnyHoi cuctemu OyB crpolieHuii. I3 oxHo-
piZHOT cHCTEMM MONiaKpWJIAMIZHOTO TeN0, Y TOPIBHSIHHI 3 QHAITHYHUM BapiaHTOM, OYJIO BHKIIOYEHO TOKCHYHHUHA 2-
MEpKaNTOEeTaHOJ | 3MEHIICHO KOHIEHTpALio cedyoBHHH. Jist QpaKkiioHyBaHHS NPOTETHIB CHPOBATKU MOJIOKA B3SITO 32 OCHOBY
JTUCK-eJeKTpodope3 0e3 Ne3arperyrounx areHTiB. BiH J03BOJHMB OTpUMAaTH OCHOBHI IOTEPEIHUKN 010aKTHBHUX IMENTHMIB 3
MIPOTETHIB CHPOBATKH MOJIOKA: -TIAKTOTIIO0YIIiH, 0-IaKTOANE0YMiH, aTbOYMiH CHPOBATKH Ta iMyHOTNI0OymiHN. OTpuMaHi mpe-
MApaTHBHUM EJIEKTPOPOPE30M MPOTETHH-TIONIEPETHUKN BUKOPHCTAHO MPH BIAMPAIIOBaHHI 010TE€XHOJOTI BUALICHHS 0l0aKTH-
BHHX (ocorenTuaiB ta iHriGiTopiB aHri0TEH3UH-MIEPETBOPIOBAIBHOTO (pepPMEHTY.

KurouoBi ciioBa: npenapatuBHuii enektpodopes, poTeiHn MOJIOKa, 010aKTHBHI MENTHIH.
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Introduction. Formulation of the problem

The promising direction of using milk proteins is
obtaining natural biologically active peptides (BAP)
from them and creating products on their basis that can
positively affect the cardiovascular, nervous, immune,
and digestive systems of the organism. The difficulty
of extracting BAP from milk proteins for manufactur-
ing such products is because there are too many of
them (more than 400 different BAP), and they are une-
venly arranged in the primary structure of protein frac-
tions. Also, peptides with similar effect from different
fractions can differ in their primary structure, activity,
and mechanism of influencing the biological function.
In addition, some fractions contain very few sequences
that correspond to the structure of certain BAP. That is
why, to isolate such peptides, it can be helpful to carry
out limited proteolysis not of the total milk protein, but
of the purified fractions — precursors of BAP.

Existing methods of extracting protein fractions
from milk do not provide a sufficient degree of homo-
geneity or are multi-stage and laborious tasks. Often
they can only be used to extract one or a few fractions.
In this regard, it is topical to research the methods of
obtaining and purifying certain milk proteins. One of
such methods can be preparative electrophoresis. The
advantages of electrophoresis are high resolution, one-
stage purification, the reusability of an electrophoretic
system. The obtained results of selecting the electro-
phoretic system can be used to isolate homogeneous
protein precursors of bioactive peptides from milk.

Analysis of recent research and publications

By now, many studies have shown that milk pro-
teins are precursors of biologically active peptides that
can influence various physiological systems of the
body [1-3]. In particular, among the identified ones,
there are agonists and antagonists of opiate receptors
(casomorphins, casoxins, lactorphins), angiotensin
converting enzyme (ACE) inhibitors (casokinins, lac-
tokinins, lactosins), antithrombotic peptides (casoplate-
lins), immunomodulatory peptides, mineral binding
peptides (casophosphopeptides), and peptides that in-
hibit the development of pathogenic microorganisms.
Studies of BAP from milk proteins are actively con-
ducted nowadays, and new activity types are detected.
Thus, in Hans Meisel’s laboratory, anti-inflammatory
peptides were obtained among the proteolytic products
of milk proteins [4]. It was shown that casophospho-
peptides, besides the assimilation of bivalent metal
ions, can inhibit the growth of cancer cells of the glio-
blastoma and human adenocarcinoma [5]. In some cas-
es, it has been proved that BAP from milk proteins can
simultaneously have several different biological ac-
tions. Also, in a number of papers, biological activity is
shown at the level of milk proteins [6]. They affect the
assimilation of nutrients and the appetite, the develop-
ment of the gastrointestinal tract, protect from patho-
genic bacteria and viruses. It should be noted that, de-
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spite a large number of studies in this area, in many
cases, the mechanism of biological action of bioactive
peptides and milk proteins is not finally established
and needs further study.

The existence of so many BAP (more than 300 in
the structure of caseins, and more than 100 in the struc-
ture of milk serum proteins) is not accidental. These
peptides occupy a significant part of the primary struc-
ture of milk proteins (about 50% in B-lactoglobulin,
and more than 70% in caseins) [7]. BAP from milk
proteins are often resistant to proteolytic enzymes in
the digestive tract and blood. In new-borns, and some-
times in adults, BAP can exert biological action not on-
ly in the gastrointestinal tract, but it can also penetrate
the bloodstream. Such properties of natural food pro-
teins, which milk proteins also belong to, have allowed
formulating the concept of an additional function of
natural food proteins. This function offers certain ad-
vantages and plays a positive role at the early stages of
the development of the organism [3].

Though there is a lot of information on BAP made
from milk proteins, their effect and role are not taken
into account in determining the biological value of
dairy products, in particular, hydrolyzates of milk pro-
teins. Also, there have only been a few attempts to use
BAP from milk proteins in creating functional products
and ingredients. These include the mineral-binding in-
gredients “Capolac” (Sweden) and CE90SRR (the
Netherlands), a functional drink that promotes the as-
similation of minerals “Tekkotsu Inryou” (Japan), anti-
hypertensive functional products — “Calpis” (Japan)
and “Evolus” (Finland), inhibitors of the angiotensin-
converting enzyme “TensVida” (the Nether-
lands) [8,9]. One of the reasons for the limited use of
BAP is the absence of effective methods for obtaining
the protein precursors of bioactive peptides from milk.
BAP is obtained from total milk protein, or from two
main groups of milk proteins, which are the casein
complex proteins and serum proteins. Each of these
groups is a complex mixture of proteins, and therefore
obtaining BAP preparations requires the use of com-
plex purification methods, which makes them expen-
sive and ineffective. Another reason that inhibits the
use of BAP is their uneven distribution among milk
proteins. There are no peptides of any kind of biologi-
cal action that would be uniformly represented in all
fractions. The analysis of BAP from casein complex
proteins showed their fractional specificity [3,9]. Thus,
ACE inhibitors and mineral binding peptides are most
often formed from og- and B-caseins. Peptides that af-
fect the secretion of digestive juices and the processes
of blood coagulation are exclusively characteristic of
x-casein. Also, it is mostly opiate receptor antagonists
that are formed from this casein fraction. At the same
time, opiate receptors agonists are formed only from
ase- and B-caseins. The most specific precursor of pep-
tides is agp-casein. Bactericidal, mineral binding pep-
tides and ACE inhibitors can mainly be formed from it.
Taking into account the above-mentioned, it may be af-

Volume 12 Issue 2/ 2018



Bionpoyecu, 6iomexHonozia xapyosux npodykmis / Bioprocesses, biotechnology of food products

firmed that the use of preparations of homogeneous
fractions of milk proteins could greatly simplify ob-
taining specific BAP.

Known methods for industrial obtaining of protein
fractions from milk in most cases do not provide a high
degree of purification (~ 60-70%). This is due to the
fact that such fractions were used to enrich certain
foods or regulate the physical and chemical properties
of food masses [10]. For example, the f-CN-5P protein
was obtained to be used as an emulsifier or foaming
agent in food systems. The -CN-5P and %-CN-1P
fractions were used to create a baby formula based on
cow’s milk, because human milk mainly contains these
factions. The protein fraction »-CN-1P is used to stabi-
lize casein micelles in food systems. In all these cases,
a high degree of purification of protein fractions is not
necessary. Also, a method based on low-temperature
disaggregation of casein micelles was used for prepara-
tive selection of B-CN-5P [11]. The release of B-CN-5P
is due to its high hydrophobicity. Further ultrafiltration
allows separating partially purified f-CN-5P from ag-
gregates of other fractions. Of course, in these cases,
the degree of purification of fractions is low and does
not exceed 70%. According to other authors, the higher
yield of the B-CN-5P fraction can be achieved by using
cold extraction of milk proteins after their processing
by milk-coagulation preparations. However, the prepa-
rations of B-casein obtained by such methods contain a
significant amount of products of proteolysis [2,10].
Enriched »-CN-1P is obtained by extraction from the
micelles after heating them at neutral pH values. The
heating in this case can lead to the formation of com-
plexes with milk serum proteins. Such preparations
with a small degree of purification meet the needs of
food industry, where they are used as viscosity regula-
tors, foaming agents, as stabilizers, emulsifiers, etc.
However, they cannot be used to obtain BAP.

Several industrial and laboratory methods have
been developed to obtain highly purified fractions of
milk serum proteins. Differential precipitation, various
types of filtration and preparative chromatography are
used to purify the proteins [12-14]. By the combination
of ultrafiltration, diafiltration, and limited proteolysis
by trypsin, a-lactalbumin (a-LA) with a high degree of
purification was obtained [15]. Using differential am-
monium sulfate precipitation and ion exchange chro-
matography, a preparation containing about 95% of B-
lactoglobulin (B-LG) was obtained [16]. Such prepara-
tions can be used to produce BAP. However, the sig-
nificant disadvantages of these methods are a long,
multi-staged procedure and, consequently, a high cost
of protein preparations. Also, these methods include
using extreme values of pH and ionic strength, that
may affect the structure and chemical composition of
proteins and BAP derived from them.

In this regard, the method of electrophoresis is at-
tractive for obtaining purified precursors of BAP from
milk proteins. Moreover, it is analytical electrophoresis
that has been chosen to analyse and identify milk pro-
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teins and to be the basis for their modern classifica-
tion [17]. The advantages of electrophoresis include
high resolution, the possibility of one-stage purifica-
tion, and repeated use of the electrophoretic system.

The purpose of the presented work is the selection
of an electrophoretic system for preparative fractiona-
tion and obtaining purified fractions of BAP precursors
from milk proteins.

To achieve this goal, the following main tasks
need to be solved:

- to conduct a comparative analysis of existing ana-
Iytical electrophoretic systems used for fractionation and
analysis of milk proteins;

- to suggest an effective preparative electrophoretic
system for obtaining the main BAP precursors from
milk proteins.

Research Materials and Methods

28

To obtain proteins of casein complex and serum,
fresh skim milk was used. A preparation of total casein
was obtained by re-precipitation at an isoelectric point
with the following inactivation of naturally occurring
proteases of milk. Serum proteins were obtained from
the supernatant after precipitating the caseins and then
purified from low molecular weight compounds by gel
filtration in an appropriate electrophoretic buffer on the
columns with Sephadex G-25 (Pharmacia) [18].

The casein fractions as;-CN-8P and B-CN-5P were
obtained by differential precipitation in the presence of
urea and purified by ion exchange chromatography on
DEAE-cellulose columns (DEAE-52, Serva). The ho-
mogeneous fraction x-CN-1P was obtained by gel fil-
tration on Sephadex G-150 (fine) columns. The milk
serum proteins fractions a-LA and p-LG were obtained
by gel re-filtration on Sephadex G-100 (fine). lon ex-
change chromatography and gel- filtration were carried
out on the columns from a liquid chromatography kit
by the company Reanal [18].

The concentration of milk proteins was determined
spectrophotometrically at the wavelength A = 280 nm.
The absorption coefficients used were: 8.2 for general
casein; 10.0 — for ag;-CN-8P; 4.6 — for B-CN-5P; 9.6
for »-CN-1P; 12.3 — for total protein of milk whey;
20.1 for a-LA, and 9.6 for B-LG [17].

To analyze the composition of milk proteins and to
select an electrophoretic system for obtaining fractions,
we used disc-electrophoresis in the presence of sodium
dodecyl sulphate (SDS) with gradient and homogene-
ous separating polyacrylamide gel (PAG), disc-
electrophoresis in native conditions, and electrophore-
sis with homogeneous PAG in the presence of
urea [19]. Electrophoreses in PAG plates were carried
out on a modified Studier type apparatus made in our
laboratory, and those in PAG columns were carried out
on an apparatus from the Reanal company. The elec-
tropherogrammes were stained and fixed by conven-
tional methods [20]. Quantitative processing of elec-
tropherogrammes was carried out by constructing den-
sitograms using the image reading function imread.
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Results of the research and their discussion

To analyse milk proteins, different electrophoretic
systems are used (disc-electrophoresis in native condi-
tions, disc-electrophoresis in homogeneous or gradient
gel with SDS, electrophoresis in homogeneous gel in
the presence of urea). All considered, electrophoreses
of skimmed milk proteins, casein complex proteins,
and milk serum proteins have been carried out using all
of the systems listed above.

Of the three variants, disc-electrophoresis in native
conditions (Fig. 1(2)) has appeared the most effective.
The main fractions of caseins — as;-CN and B-CN — as
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well as both variants (A and B) of the main protein of
milk serum B-LG, can be identified on the skim milk
proteins electropherogramme. The second important a-
LA serum protein is masked by the wide band of ag;-
CN protein. Other fractions are difficult to identify. It
is also known that in conditions of the native system
for disc-electrophoresis, caseins can form aggregates
with different molecular weights, which complicates
the analysis of electropherogrammes. The two wide-
spread, effective for many proteins, variants of disc-
electrophoresis in the presence of SDS in homogene-
ous and gradient gel turned out to be hardly suitable for
the analysis of milk proteins.
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Fig. 1. Electropherogrammes of milk proteins obtained in the anode system of homogeneous PAG
in the presence of urea (1), and by disc-electrophoresis in native conditions (2). Electropherogramme of ca-
sein complex proteins obtained in the anode system of homogeneous PAG in the presence of urea (3); disc-
electrophoresis in the presence of SDS in gradient PAG (4) and in homogeneous PAG (5); disc-electrophoresis in
native conditions (6). Disc-electrophoresis of milk serum proteins in native conditions (7). Electropherogrammes
1, 3, 4 were obtained on the PAG plates, and 2, 5, 6, 7 — in the PAG columns.

First of all, this is due to an anomalous interaction
of caseins with SDS. That is why, the molecular
weights of individual casein fractions calculated by the
results of this electrophoresis can differ by 5000—
10000 Da from the real ones, and the ag;-CN-8P frac-
tion (M=23615 Da) has a lower electrophoretic mobili-
ty than the B-CN-5P fraction (M=23983 Da). The sec-
ond reason is the close values of the molecular masses
of the main protein fractions of the casein complex,
which leads to their coincidence on the electrophero-
grammes (Fig. 1(4,5)). These systems can be effective-
ly used to analyze individual proteins. Besides, SDS
can cause the denaturation of milk serum proteins that
are not denatured in the native system.

Many of these disadvantages can be avoided if we
use an electrophoretic system with a homogeneous
PAG in the presence of urea. The results of the analysis
of skimmed milk proteins in such system are presented
on an electropherogramme (Fig. 1(1)). The system
makes it possible to identify all major fractions except
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a-LA, which is similar in its electrophoretic mobility to
the og;-CN-8P fraction. Common zones are also
formed by ag,-CN and BSA fractions, as well as by y-
CN and IG fractions. The results obtained indicate that
none of the electrophoretic systems in question can be
equally efficient in separation of all the major milk
proteins at the same time.

The best results have been obtained by the electro-
phoretic analysis of two separate large groups of milk
proteins — caseins and serum proteins. In particular, all
the fractions of caseins can be identified in the anode
electrophoretic system of homogeneous PAG in the
presence of urea (Fig. 1(3)). Systems of this type are
recommended by the International Committee on the
Nomenclature and Methodology of Milk Proteins for
identification of casein complex proteins [17]. Native
disc-electrophoresis is only reliable in obtaining the
as:-CN-8P and B-CN-5P fractions (Fig. 1(6)). Other
electrophoretic fractions on the electropherogramme
can be the result of caseins aggregation [2]. Electro-
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phoresis of milk serum proteins in homogeneous PAG
is ineffective, as wide protein bands are formed. This
can be due to the denaturation effect of urea and the
absence of a concentration effect. The best result for
serum proteins has been shown by disc-electrophoresis
in native conditions (Fig. 1(7)). On the electrophero-
gramme, the main fractions of B-LG (A and B vari-
ants), a-LA, BSA, and IG are clearly separated. Lac-
toferrin in this system is part of the composition of the
protease-peptone fraction (PPF). On the basis of these
electrophoretic studies, it can be concluded that for
preparative fractionation, it is suitable to use separately
the proteins of the casein complex and those of the se-
rum, but not the total milk protein. Moreover, different
electrophoretic systems are appropriate for them.

For the preparatory variant of electrophoresis, a
Studier type apparatus [20] for vertical electrophoresis
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s-CN
051-CN

—_—

shade of grey ,conditional units

- ———
| —
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0

0 100 200 300 400 500 600 700 800

length of electrophoregram, pixels

b

was modified. The changes to the electrophoresis
chamber has allowed a hundredfold increase of the
number of proteins in the sample to be divided. Be-
sides, the composition of electrophoretic systems was
made as simple as possible. From the homogeneous
PAG system, as compared with its analytical variant,
toxic 2-mercaptoethanol was eliminated, and the urea
concentration was reduced. In the system of native
disc-electrophoresis, the concentration of PAG was re-
duced by 0.5%. The results of preparative electro-
phoreses of proteins of the casein complex and milk se-
rum are shown in Fig. 2. An analysis of the elec-
tropherogrammes and densitograms obtained confirms
the high effectiveness of separating the major groups
of milk proteins in these systems. On the electrophero-
grammes, one can identify the zones ®-CN, B-CN-5P,
(ISZ'CN, GSl'CN, IG, (I'LA, and B-LG

 ———

RSA
a-LA

B-LG

shade of grey, conditional units

300 400 500 600 700

length of electrophoregram, pixels

b

Fig. 2 Electropherogramme (1a) and densitogram (1b) of casein complex proteins, obtained by the prepara-
tive variant of electrophoresis in homogeneous PAG. Electropherogramme (2a) and densitogram (2b) of
milk serum proteins, obtained by preparative disc-electrophoresis in native conditions.

All listed protein groups, except a-LA, are hetero-
geneous, but, with the exception of IG, they have the
same primary structure. That is, they can be used as
precursors of definite BAP. It will permit simplifying
the purification scheme of BAP of certain action from
protein precursors. Studies by Japanese scientists who
obtained BAP from total casein using preparative elec-
trophoresis also confirm the advantages of individual
fractions [21].

XapuoBa Hayka i Texuosiorist / Food science and technology

Approbation of the research results

30

The results obtained are implemented in the Milk
Biochemistry Research Laboratory of Ternopil Nation-
al Technical University. The purified fractions of the
protein precursors of biologically active peptides, as
well as bioactive phosphopeptides, have been isolated
from milk. New types of the biological activity for
some phosphopeptide preparations have been discov-
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ered in cooperation with the Institute of Cell Biology - the effective separation of the casein complex pro-
of the National Academy of Sciences of Ukraine [5]. teins of milk can be achieved by preparative electropho-

resis on the basis of a homogeneous PAG system in the

Conclusions presence of ureg;

The obtained research results allow to conclude: - disc-electrophoresis in the native conditions can
- the preparative electrophoretic fractionation of be taken as the basis for the fractionation of the milk se-

milk proteins it is appropriate to conduct separately for UM proteins.
casein complex and milk serum proteins;
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