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Abstract. The work considers the isolation of homogeneous precursor proteins of biologically active peptides from milk whey
by gel filtration, in conditions that maximally ensure the preservation of their structure, composition, and properties. Considering the
range of molecular masses of the main precursor proteins, the sephadex G-100 was selected for the gel filtration. As a result of the
gel filtration of milk whey on a column with this sephadex, three peaks have been obtained, one of which was asymmetric and di-
vided into two sectors. In total, four sectors from the three peaks have been received. Further, an electrophoretic analysis in the poly-
acrylamide gel of the proteins composition of all sectors was carried out. Sector A (the first peak) included immunoglobulins, lac-
toferrin, serum albumin. Sectors B and C (the second peak) consisted of B-lactoglobulin and a-lactalbumin in different ratios. The
components of sector D (the third peak) had a small molecular weight and did not contain proteins. The next stage of the work was
obtaining homogeneous lactoproteins. To this end, another gel filtration of the combined fractions of sectors A, B, and C was per-
formed. Each of the chromatographic peaks obtained was divided into three ranges for the analysis of the proteins composition.
Analytical electrophoresis of the combined chromatographic fractions of each range has shown that in six ranges out of nine, homo-
geneous precursor proteins of bioactive peptides were present. As a result of this repeated gel filtration on sephadex G-100, two ho-
mogeneous fractions (B-lactoglobulin, immunoglobulins) were obtained, which together, based on the results of the three gel filtra-
tions, composed 59% of the whole milk whey protein. The processing of electrophoregrams, with the use of the image reading func-
tion imread, has shown high homogeneity of the fractions obtained (immunoglobulins > 90%, and B-lactoglobulin >94%). These
fractions were used to develop a biotechnology for obtaining and studying bioactive antihypertensive and bactericidal peptides from
milk whey proteins.
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AHoTanist. Y poOOTi ZOCTiHKEHO BUALIECHHS TOMOTEHHHX TPOTEIHIB-TIONEPEAHHKIB O10IOTTYHO aKTUBHUX TIETITHIIB 3 CHPOBa-
TKH MOJIOKA, 3 BUKOPHCTAHHAM TeNb-(DiIbTpaltii, B yMOBaX, sIKi MAKCUMAJIBHO 3a0€3Meuy0Th 30epekeHHs IXHbOI CTPYKTYpH, CKIIa-
Oy 1 BmacTHBOCTEH. BpaXoByrouM [jama3oH MOJICKYJSIPHHX Mac OCHOBHHX IPOTEiHIB-TIONEPEIHMKIB, JUIS TPOBEACHHS TIeib-
¢impTparii Oymo BuOpaHo cedanexc G-100. B pesynbrarti renb-hinpTpallii cupoBaTKi MOJIOKa, Ha KOJIOHIII 3 UM ce(aieKcoM OyI1o
OTPHMAHO TP KM, 3 IKMX OAWH aCHMETPHYHHIT OyJI0 pO3IiJIEHO Ha JiBa CEKTOPH. BCchoro oTpiuMaHO YOTHPH CEKTOPH 3 TPBHOX IIi-
kiB. Jlaii Oyi10 IpoBeIeHO eNeKTpo(hOPETHIHHIT aHaJIi3 B MOJIaKpUIIaMITHOMY Telli IPOTETHOBOro CKaxy BCix cekTopiB. Cextop A
(mepuumii TiK) BKJIIOYaB iMyHOIJI00yIiHH, JakTodepuH, anpOymin cupoBatku. Cextopu B i C (mpyrwmii mik) ckiapamucs 3 -
JIAaKTOTIOOYIMiHY 1 0-JTaKkTabOyMiHy B Pi3HUX CHiBBiZHOIIEHHsIX. KoMroHneHTH cexropy D (TpeTiii mik) Maiy Many MOJICKYJISIpHY
Macy 1 He MicTiiM mpoteiHiB. HacTymHum erariom po0otu Oyiio BHIUIEHHS TOMOTEHHHX MPOTEiHIB cupoBaTku. s mporo OyIio
MPOBEICHO TIOBTOPHY Trefb-(inbTpaitito 06’ equanux ¢pakuiii cekropis A, B i C. Koxen 3 orpumannx xpoMarorpadivqHux mikis
JUTS aHaTI3y TIPOTETHOBOTO CKIIaIy OyJIo MOALIEHO Ha TPH Aiarna3oHd. AHATITHYHUHN eneKTpodopes 00’ €qHaHUX XpoMaTorpadiaHux
(paxuiii KOXKHOTO Jiarma3oHy MOKa3aB, IO B MIECTH i3 JIEB’ATH Jialla30HiB Oy TOMOTEHHI MPOTETHU-TIONEPETHUKH O10aKTUBHUX
nenTuziB. B pe3ynbTaTi IpoBeieHOT TAKUM YHHOM TIOBTOPHOI renb-(dinbTparii Ha cedanexci G-100 Oyio oTprMaHo ABI FOMOTeHHI
¢paxkuii (B-makrornoOyiH, iMyHOTIOOYTiHN), SIKI Pa30M 3a pe3yIbTaTaMU TPHOX relb-(QinpTpaniii craHoBmM 59% Bijx BChOro Mpo-
TEiHy MOJIOYHOI cupoBatku. OO6poOKa enekrpodoperpaM 3 BUKOPUCTAHHAM (GYHKIIii 3YUTYBaHHS rpadivHux 300paxens imread mo-
Ka3aJla BUCOKUI CTYIiHb TOMOTCHHOCTI OTpUMaHuX (pakiiit (iMyHornoOymniau >90% i B-makrornoOymnin >94%). Lli dpaxuii Oymu
BUKOPHUCTAaHI I PO3pOOKK 010TEXHOJIOTI] BUAUIEHHS 1 JOCTiKEHHSI 010aKTHBHHUX aHTHUTINEPTEH3UBHUX 1 OAKTEPHUIIIHUX TEeNTHU-
B 3 MPOTETHIB CHPOBATKH MOJIOKA.

Koro4ogi ciioBa : renp-ineTparis, mpoTeiHu CHpOBATKHA MOJIOKA, 010aKTHBHI TTEITHIH.
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Introduction. Formulation of the problem intestinal tract enzymes are also biologically active to-

. . . . wards different physiological systems of the body. By

Proteins of milk whey are characterized by different o, more than a hundred bioactive peptides (BAP) from

types of biological activity. In recent years it has been es-  mijk whey proteins have been discovered. They have a
tablished that the products of their proteolysis by gastro-
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positive effect on the immune, nervous, digestive, and
cardiovascular systems. To obtain such peptides and cre-
ate functional foods with a certain biological effect, it is
necessary to use certain purified fractions of milk whey
proteins. The existing methods of obtaining are either
very complex and time-taking or do not provide proper
purification. Often they are associated with using ex-
treme factors that cause changes in the structure and
chemical composition of lactoproteins.

Considering significant differences in the molecular
masses of milk whey proteins, a promising method for
their obtaining is gel filtration. This method allows frac-
tionating in wide ranges of pH, ionic strength, and tem-
perature, thus making it possible to reproduce the native
conditions and retain the structure and chemical compo-
sition of proteins to the greatest possible extent. The re-
sults obtained by gel filtration can be used to isolate ho-
mogeneous precursor proteins of BAP from milk whey.

Analysis of recent research and publications

It has been established that, unlike caseins, milk whey
proteins, besides their function of providing the body with
amino acids, are characterized by different types of biologi-
cal activity. These include immune protection (immuno-
globulins); regulation of lactose synthesis in the mammary
gland, transport of calcium ions, immunomodulatory and
anti-carcinogenic action (o-lactalbumin); transport of fatty
acids and retinol, antioxidant action (3-lactoglobulin); iron
ions binding, antimicrobial and antioxidant action (lactofer-
rin) [1]. Besides, further studies have shown that the main
milk whey proteins B-lactoglobulin (B-LG), a-lactaloumin
(0-LA), serum albumin (BSA), lactoferrin (LF), and immu-
noglobulin (1G) are precursors of bioactive peptides. A lot of
amino acid residues of the primary structure of B-LG
(>50%) and a-LA (>39%) are part of different BAP [2,3].
Among BAP obtained from milk whey proteins, such pep-
tides have been found as inhibitors of the angiotensin-
converting enzyme (ACE), intestinal motility regulators,
peptides with opioid, antimicrobial, immunomodulatory,
and hypocholesterolemic effect, appetite regulators, and oth-
ers [4,5].

Most bioactive peptides during proteolysis can be
formed from the B-LG fraction. These include LGDT-1
(bactericidal action), B-lactosine B (ACE inhibitor), -
lactokinin (ACE inhibitor), and others. Some BAP from
B-LG exhibit two or more different biological activi-
ties [6]. Thus, B-lactorfin is both an ACE inhibitor and an
opiate agonist, and B-lactotensin regulates intestinal mo-
tility and can inhibit ACE activity. Among the BAP from
a-LA, there are bactericidal, antihypertensive, and im-
munomodulatory peptides, but no peptides with hypo-
cholesterolemic action and peptides that affect intestinal
motility [2,3]. The highest specificity is that of lactoferrin
BAP. With a few exceptions (lactofericin B), most lac-
toferrin BAP have bactericidal effects. Lactoferricin B is
multifunctional. Besides being bactericidal, it is also im-
munomodulatory in action, affects the development of
cancer cells, induces apoptosis in human cancer cells
(THP-1) and inhibits the development of metastases from
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melanoma and lymphoma cells in mice [7]. From the se-
rum albumin fraction, only two bioactive peptides — al-
butensin and serofin — have been obtained, which togeth-
er amount less than 3% of the primary structure of BSA
[2]. Albutensin belongs to multifunctional BAP. It is also
an inhibits ACE and stimulates the intestine contraction.
Serofin acts as a p-type opioid receptor agonist.

This information indicates that there are quite a lot
(over one hundred) of BAP, with different biological ef-
fects, that can be formed from milk whey precursor pro-
teins. Among them, by the type of biological action, lac-
tokinins are characterized most completely [8]. These
peptides can inhibit ACE activity. The high activity of
this enzyme is one of the causes of arterial hypertension,
which is a major risk factor for the development of cardi-
ovascular disease. ACE inhibitors are important in the
treatment and prevention of hypertension. Lactokinins
can penetrate the bloodstream and have an antihyperten-
sive effect (but with a significant part of the lactokinins
broken down by the proteases of the intestinal and blood
epithelium and losing their activity). Another mechanism
of vasodilatation by lactokinins is stimulating peripheral
opioid receptors of the gastrointestinal tract [9]. In this
case, BAP no longer need to penetrate the bloodstream.
Several products based on antihypertensive peptides
from milk whey proteins have been developed for hyper-
tensive people. The most famous of them is Bio Zate of
Davisco Company (USA). Its regular use allows lower-
ing blood pressure by 8 mm Hg [10].

Lactorfins from lactoproteins belong to atypical opioid
peptides [11]. Their action is similar to that of endogenous
ligands, and its mechanism still lacks a full explanation. It
has been shown that lactorfins can effect on the intestinal
transport of electrolytes, inhibit intestinal peristalsis, act as
analgesics, and influence the emotional state [12]. Im-
munomodulatory peptides (mainly from a-LA) effect on the
activation of lymphocytes, antibody synthesis, the activity of
natural Killer cells, the regulation of the cytokines synthesis.
These peptides are also able to increase the immunity of the
cells of gastrointestinal mucosa and reduce allergic reac-
tions [11]. A lot of antimicrobial peptides (mainly from LF
and o-LA) are found among milk whey proteins [3,13].
These peptides can inhibit the development of many types
of pathogenic microorganisms. It is important that lactic acid
bacteria are resistant to their action. Several mechanisms of
bactericidal and fungicidal action of antimicrobial peptides
are suggested: destruction of the bacteria cell membrane;
formation of additional ion channels in the membranes; re-
lease of lipopolysaccharides from the cell walls of Gram-
positive bacteria; change in the ultrastructure of microscopic
fungi [14]. Such promising types of the biological action of
BAP as their effect on oxidation-reduction, lipid metabo-
lism, appetite regulation, cytomudulatory and anti-
carcinogenic action are still being studied [15,16].

Up today, despite a lot of information about the use-
ful effects of BAP from milk proteins, just a few com-
mercial functional products or ingredients have been
produced on their basis. First of all, it is because the
mechanisms of this additional function of milk whey pro-
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teins need to be further studied in detail, and besides, ac-
cessible methods for obtaining BAP and their precursor
proteins need to be developed. Taking into account the
large number of different BAP, as well as the specific
features of their distribution among the primary struc-
tures of milk whey proteins, it is necessary to isolate sep-
arate homogeneous precursor proteins. Also, in the pro-
cess of obtaining and purifying the proteins fractions, it is
necessary to minimize changes in their structure and
chemical composition.

Existing methods for obtaining individual purified pro-
teins from milk whey are complex, multi-stage, and unsuit-
able for scaling up and applying in industrial production [17-
19]. It can result in denaturation of lactoproteins. In this re-
gard, gel filtration can be a promising fractionation method.
Itis rarely used to obtain nutrients, but its use for the biolog-
ically active compounds can be quite reasonable. Gel filtra-
tion does not belong to high-resolution methods, but it has
significant advantages [20]. These are the least possible
damage to the molecules during fractionation, and the pos-
sibility of fractionation in wide ranges of pH, temperature,
and ion composition. Thus, conditions are provided for the
preservation of the structure and chemical composition of
proteins. The properties of milk whey proteins, unlike those
of caseins, allow effective gel filtration for their fractiona-
tion. These are: a big difference in the molecular weights —
IG (>150000 Da), LF (76110 Da), BSA (66399 Da), B-LG
(18363 Da) and o-LA (14178 Da); the typical globular
structure of molecules; good solubility and no tendency ag-
gregation in physiological conditions [6]. Gel filtration has
been successfully used to isolate simultaneously native ca-
sein micelles, total lactoprotein, and low-molecular compo-
nents of the proteose-peptone fraction. However, it is not ef-
fective enough to obtain purified individual proteins from
milk whey [16]. To make gel filtration more effective, re-
peated separation is used, as well as separation of chromato-
graphic peaks into sectors. This approach has allowed ob-
taining purified fractions of caseins, which are very similar
in their molecular masses [21].

The purpose of our work is obtaining homogeneous
precursors of bioactive peptides from milk whey proteins
by gel filtration.

To achieve this goal, the following tasks must be
solved:

— obtaining milk whey proteins after isoelectric pre-
cipitation of caseins;

— repeat gel filtration to isolate purified precursor
proteins of BAP;

— analysis of the composition of proteins from
chromatographic fractions and the individual sectors of
chromatographic peaks.

and transferred to the appropriate electrophoresis buffer
by gel filtration on Sephadex G-25 (Pharmacia) [22].

The concentration of milk whey proteins was deter-
mined spectrophotometrically at the wavelength
A=280 nm. To calculate the concentration, the previously

established absorption coefficients were used (Dir):

12.3 for the total milk whey protein; 19.6 for B-LG, and
20.1 for o-LA [6]. Gel filtration of skimmed milk and
milk whey proteins was performed on the dextran gels
(the “Pharmacia” company) on the columns from a liquid
chromatography kit (the “Reanal” company). The size of
the column was 1.5 cmx70 cm, the volume of the col-
umn was 120 ml, the volume of the fractions was 4 ml.

To analyze the protein composition of chromatographic
fractions and evaluate the homogeneity of milk whey pro-
teins in the selected sectors of chromatographic peaks, disc-
electrophoresis in the native conditions was used [23]. Elec-
trophoresis in polyacrylamide gel (PAG) plates was per-
formed on a modified apparatus of the Studier type, and in
PAG columns, on the apparatus of the “Reanal” company.
The gels were coloured and fixed by traditional meth-
ods [24]. Quantitative processing of electrophoregrams was
carried out by constructing the densitograms with the image
reading function imread [25].

Results of the research and their discussion

Research materials and methods

Milk whey proteins were isolated from fresh
skimmed milk by precipitating casein complex proteins
at an isoelectric point. In some cases, for analytical pur-
poses, milk whey proteins, after isoelectric precipitation
of caseins, were purified from low molecular compounds
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The analysis of the molecular masses of the major
BAP precursors from milk whey proteins has shown that
their values are within the range 14000 to
161000 Da [16]. This fractionation range can be provided
by two types of dextran gels: G-100 (5000-150000 Da)
and G-150 (5000-300000 Da) [20]. Sephadex G-100 was
chosen for the first gel filtration of milk whey, because it
provides better separation in the range of low molecular
weights (<50000 Da). This range includes the two major
precursors of BAP — B-LG and a-LA [6].

The results of milk whey gel filtration on Sephadex G-
100 are shown in Fig. 1 (1). On the chromatogram, there are
three peaks, the second of which is asymmetric and obvi-
ously consists of two. The first peak is eluted with a volume
close to the free volume of the column (high molecular frac-
tions of proteins), and the third — with a volume equal to the
total volume of the column (low molecular components).
Due to the shape of the second peak; it was divided into two
parts to determine the protein composition. As a result, the
chromatographic fractions of the four sectors, which were
marked on the chromatogram: A, B, C, and D, were com-
bined for the analysis. The combined fractions were lyophil-
ically dried and analysed by disc disc-electrophoresis. As a
control, a preparation of total milk whey protein was used. It
was obtained after the precipitation of casein from skimmed
milk and separation of low molecular components by gel fil-
tration on the sephadex G-25. The proteins concentration in
the samples of milk whey and its fractions for the electro-
phoresis was set 0.5% by spectrophotometry with the use of
appropriate absorption coefficients at the wavelength
A=280 nm.
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The results of the electrophoresis are shown in
Fig. 1 (2). The characteristic separation of the control
preparation of milk proteins in this electrophoretic sys-
tem (track 1) can be seen in the electrophoregram.

The first chromatographic fraction (sector A) con-
sists of high molecular weight IG, and besides, contains
LF and BSA. The combined fractions of sectors B and C
include B-LG and o-LA in different ratios. Components

3 4

of sector D consist of proteose-peptone fraction (PPF)
compounds that are not fixed in the PAG. It should be
noted here that during gel filtration of milk whey, pro-
teins, along with their fractionation, are also purified
from low molecular components. At the same time, this
low molecular fraction is a valuable source of many natu-
ral BAP of milk [26]. Consequently, the first gel filtration
has resulted in obtaining no homogeneous lactoprotein.
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Fig. 1. Chromatogram (1) of milk whey proteins obtained as a result of gel filtration on Sephadex G-100. Elec-

trophoregram (2) of the total milk whey protein (2.1) and the combined fractions of sector A (2.2),
sector B (2.3), sector C (2.4), and sector D (2.5).
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Fig. 2. Chromatogram (1) of the second gel filtration of the combined fractions of sector A on Sephadex G-100.
Electrophoregram (2) of total milk whey protein (2.4)
and combined fractions in ranges | (2.3), 11 (2.2), and 111 (2.1).

For the second gel filtration, samples of the com-
bined fractions of sectors A, B, and C were taken. The
results of gel filtration of the proteins of the sector A
fractions are shown in Fig. 2 (1). To analyse the protein
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75

composition, the chromatographic peak obtained was di-
vided into three ranges (I, Il, and I11). The combined frac-
tions of these ranges were analysed by disc-electrophore-
sis (Fig. 2.2). In range |, only the immunoglobulins with
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the highest molecular weight (IG M and I1G A) were de-
tected. Range Il includes all immunoglobulins and, be-
sides, the LF fraction. Range Il includes, additionally,
the BSA fraction.

By the results of the disc-electrophoresis, all the three
ranges (I, 11, 111) of the second gel filtration of the combined
sector B fractions consist of homogeneous B-LG (Fig. 3).
The degree of homogeneity was determined by the area of

=

0.9 A

0.8 A

0.7 A

Absorbance at 280 nm

0.6

the peaks on the densitogram, as described earlier [25]. For
B-LG, the homogeneity was more than 94%.

The chromatogram of the second gel filtration of the
sector C proteins and the character of selecting samples for
electrophoretic analysis are shown in Fig. 4.1. As seen in the
electrophoregram (Fig. 4.2), range | of this chromatographic
peak includes homogeneous B-LG too, and range |1, besides
B-LG, contains traces of a-LA. Range Il1 includes a mixture
of a-LA and B-LG (Fig. 4.2).
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Fig. 3. Chromatogram (1) of the second gel filtration of the combined sector B fractions 0}1 Sephadex G-100.
Electrophoregram (2) of the total milk whey protein (2.1) and the combined fractions of ranges I (2.2),
11 (2.3), and 111 (2.4).
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Fig. 4. Chromatogram (1) of the repeated gel filtration of the combined sector C fractions on Sephadex G-100.
Electrophoregram (2) of the total milk whey protein (2.1) and the combined fractions of ranges | (2.2), 11 (2.3),
and 111 (2.4).

Thus, as a result of the first gel filtration of milk
whey, three chromatographic peaks have been obtained,
none of which, even after dividing into four sectors (A,
B, C, and D), has any homogeneous protein fractions.
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The second gel filtration, with ranges of chromatographic

peaks isolated, has allowed obtaining electrophoretically

homogeneous IG and B-LG fractions. Processing the

electrophoregrams with the image reading function im-
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read has shown high homogeneity of the IG (>90%) and
B-LG (>94%) fractions obtained.

According to the results of the three repeated gel fil-
trations, 59% of proteins in the composition of homoge-
neous fractions have been isolated. An important thing is
that the main precursor of the BAP, B-LG [2], has been
obtained. In order to separate homogeneous a-LA, in the
future, it may be practical to use sephadexes G-50 or G-
75 for the repeated gel filtration of sector C fractions.
Another approach may consist in a second gel filtration
in a weak acid medium (pH<5.5), where B-LG molecules

of bioactive peptides, in particular, antihypertensive and
bactericidal ones.

Conclusion

As a result of the research, the following conclusions
can be made:

— gel filtration on the Sephadex G-100 can be used
to isolate the precursor proteins of natural bioactive pep-
tides from milk whey;

— it is practical to carry out the second gel filtration

form octamers [6].

proteins fractions obtained are used in the laboratory of
milk biochemistry of the Ternopil Ivan Puluj National
Technical University for limited proteolysis as precursors

with dividing chromatographic peaks into sectors to in-
crease the separation efficiency of milk whey proteins;

— by the second gel filtration on Sephadex G-100
two electrophoretically homogeneous fractions have
been obtained, which make up 59% of the total protein of
milk whey.

Validation of the research results. The milk whey
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