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Proteins of the casein complex of milk arouse considerable interest as the precursors of biologically
active peptides which are capable of influencing various physiological systems of the body (digestive, nervous,
cardiovascular, and immune). It has been established that various bioactive peptides are unevenly located in
the structure of casein fractions. In this connection, there appeared a need to separate individual fractions of
this protein for studying the pathways of formation and properties of bioactive casein peptides. To minimize
negative effects of the purification procedure, we used the gel filtration on Sefarose 2B to produce native
casein micelles and repeating filtration on Sephadex G-150 to separate individual fractions. As a result, ac-
cording to electrophoretic analysis, casein micelles with a characteristic protein composition were obtained.
Taking into account the similarity of the molecular weight of components for their dividing the repeated gel
filtration was carried out with separating the chromatograms into sectors. The composition of the combined
fractions of each sector was analyzed by electrophoresis. This approach allowed isolating two electropho-
retically homogeneous proteins from native casein micelles — k-CN-1P and p-CN-5P, as well as to obtain a
substantially purified (> 83%) ay,-CN-XP. Isolated caseins without the influence of extreme factors can be

used to study natural bioactive peptides.
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cently actively studied as precursors of bio-

active peptides [1, 2]. Formation of such bio-
active peptides is an additional function of natural
food proteins of milk [3]. More than 300 biologically
active peptides (BAP) which are formed as a result
of casein proteolysis in the gastroenteric tract have
been found to date. These peptides may affect the
cardiovascular (casokinins, casoplatelins), nervous
(antagonists and agonists of opiate receptors), im-
mune (immunomodulators) and digestive (regula-
tors of motility and secretion in the gastroenteric
tract, metal-binding peptides) systems. New kinds
of biological action of casein peptides are discovered
[4, 5]. Casein belongs to heterogeneous proteins and
consists of four basic (ag,-CN, ag,-CN, B-CN and
k-CN) and numerous minor fractions. It has been
established that BAP are distributed unevenly in the
composition of primary structure of various casein
fractions [6].

P roteins of the milk casein complex were re-

Thus, it is necessary to use homogeneous casein
fractions for further investigation of mechanisms of
formation and biological effect of BAP. The available
methods of isolation and purification of caseins are
cumbersome, multistage and long-term ones [7, 8].
Therewith the effect of extreme factors is often used
that may result in ruining the native structure and in
changes of the chemical structure of casein micelles
and separate casein fractions. Phosphoserine groups
of caseins and carbohydrate components of k-CN-1P
fraction are especially sensitive. Such changes can
affect specificity of proteolysis of casein substrates
and, respectively, the possibility of BAP formation
and their activity [7, 9]. In this connection it is neces-
sary to fulfill the task of isolation of homogeneous
casein fractions in conditions which could provide
the maximum preservation of their structure and
chemical composition.

On this basis gel filtration can be a promising
method of casein fractionation. Its advantages in-
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clude a possibility of protein fractionation in a wide
range of pH, ion force and temperatures that allows
re-creating conditions characteristic of milk. Owing
to similarity of values of molecular masses of ca-
seins, the successful isolation of only one electro-
phoretically homogeneous casein fraction (k-CN-1P)
is described in literature; this fraction forms high-
molecular aggregates at the expense of disulphide
bonds [7, 10]. The repeated gel filtration of denatur-
ated acid casein proved to be more efficient [11].
The aim of this work was to isolate homogene-
ous K-CN-1P and B-CN-5P fractions from the native
casein micelles with the use of repeated gel filtration.

Materials and Methods

Fresh defatted cow milk was used to isolate na-
tive casein micelles. Total casein was produced by
reprecipitation in isoelectrical point with following
inactivation of milk proteinase [12]. To identify pro-
teins of casein complex the fractions o -CN-8P and
B-CN-5P were isolated by differential precipitation
with following trimming by ion-exchange column
chromatography with DEAE-cellulose (DEAE-52,
Serva, Germany) [12]. Milk serum proteins were iso-
lated from superprecipitation liquid after precipita-
tion of caseins and purified again from low-molecu-
lar compounds by gel filtration in the corresponding
chromatographic buffer on the columns with Sepha-
dex G-25. Ion exchange chromatography and gel fil-
tration were conducted on the columns from a set
for liquid chromatography of firm Reanal (Hungary).

Concentration of milk serum proteins and ca-
seins was determined with the help of spectropho-
tometer SF-46 (A=280 nm). In so doing the following
absorption coefficients were used: 8.2 — for total ca-
sein; 10.0 — for ay-CN-8P; 4.6 — for f-CN-5P and
12.3 — for total protein of milk serum.

The composition of proteins of casein com-
plex and serum of milk, as well as homogeneity of
certain fractions, were analyzed by the methods of
electrophoresis. Casein was identified using alkaline
buffer system in vertical plates of polyacrylamide
gel (PAG). Disc-electrophoresis for acid and neutral
proteins under non-denaturating conditions was used
for milk serum proteins [13]. Electrophoresis in PAG
plates was conducted by the Studier type apparatus,
and in PAG cylinders — by the apparatus of Reanal
type. Electrophoregrams were stained and fixed
using generally accepted methods. Chromatographic
and electrophoretic buffers and gels were produced
of reagents from Reanal, Sigma and home reagents

of high level purification. Densitometry of the ob-
tained electrophoregrams was performed using the
function of reading-out graphical images imread in
the Matlab system.

Results and Discussion

Gel filtration of milk on the column with Se-
pharose 2B was conducted to isolate casein micelles
in native state. It is known that this kind of sepha-
rose allows fractionating protein molecules and their
aggregates in the range of molecular masses from
7x10* to 40x10°® Da. To provide stability of casein
micelles the gel filtration was carried out in 0.01 M
imidazole buffer (pH 6.7), which included 0.01 M
CaCl,. Calcium salt was introduced to compensate
losses of Ca?* ions by micelles during gel filtration.
Ca?* ions play an important role in forming super-
molecular structures of casein — micelles which may
have the mass from 10° to 10° Da. Gel filtration was
conducted at 18 °C. At lower temperatures the frac-
tion B-CN-5P leaves the composition of micelles [7].
A typical profile of chromatogram of micelle native
casein is observed on the figure 1.1(1). To estab-
lish the limits of the range of fractions the authors
have conducted gel filtration of milk serum proteins
(Fig. 1.1(2)) and B-CN-5P (Fig. 1.1(3)). It is seen on
the chromatogram that milk serum proteins and
B-CN-5P are washed out of the column with volu-
me close to the full column volume. Based on the
results obtained the fractions with casein micelles
marked over the chromatogram (A) were taken. Cor-
rectness of the chosen range is confirmed by electro-
phoretic analysis. The results of electrophoresis of
combined fractions of the range A (electrophoresis
in anode system of homogeneous PAG) have shown
a characteristic electrophoregram for proteins of ca-
sein micelles according to modern classification [14].
The fractions of basic proteins of milk serum are ab-
sent on the electrophoregram (Fig. 1.2). Electropho-
retic analysis of combined fractions of the range B
(Fig. 1.3) shows availability of milk serum proteins
(B-lactoglobulin (B-LG), a-lactalbumine (a-LA), se-
rum albumine (BSA), fraction of immunoglobulines
(IG)), as well as inconsiderable amount of casein
fraction f-CN-5P, which partially leaves the compo-
sition of casein micelles.

As is indicated in literature [7, 10, 12] sephadex
G-150 is the most efficient dextran gel for fractiona-
tion of caseins. The results of gel filtration of mi-
cellar casein on the column with Sephadex G-150
(fine) under the conditions without reducing agents
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Fig. 1. Chromatograms of defatted milk (1.1), milk serum proteins (1.2), and casein fraction [-CN-5P (1.3),
obtained with the help of gel filtration on sepharose 2B. Electrophoregrams of proteins of combined fractions
of the range A (2) and the range B (3) after gel filtration of defatted milk on Sepharose 2B

[12] are shown on Fig. 2.1. Joint chromatographic
fractions marked on chromatogram (I, II and III)
were chosen to study protein content. The results of
electrophoresis in anode system of PAG are shown
on electrophoregram (Fig. 3(2, 3, 4)). The com-
bined chromatographic fraction I includes 1-CN-1P.
Its heterogeneity on the electrophoregram (about 5
bands) is determined by the difference in the number
of oligosaccharide groups [1]. Chromatographic frac-
tion II contains B-CN-5P and traces of a,-CN ca-
sein. The combined fraction III is mainly composed
of a ,-CN-8P casein and inconsiderable amount of
B-CN-5P. Thus, homogeneous (by the initial struc-
ture) casein is contained only in the first fraction.
That is in agreement with the already obtained re-
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sults and is explained by formation of supermolecu-
lar structures (to 6 subunits) by k-CN-1P caseins at
the expense of disulphide bonds [14].

To isolate homogeneous caseins from the frac-
tions II and I1I the authors repeated their gel filtration
on sephadex G-150. The corresponding chromato-
grams are shown on Fig. 2(2) and 2(3). The chroma-
tograms were conventionally divided into sectors A,
B, C, D and E. Protein composition of the combined
fractions of each sector was analyzed by electro-
phoresis (Fig. 3). Sectors A and B contain -CN-5P
casein. According to the data of densitometry the
content of -CN-5P casein in them exceeds 95%.
Sectors C and D consist of a mix of a,-CN-XP and
B-CN-5P fractions in various ratios. Sector C also in-

Fractions

Fractions

Fig. 2. Chromatogram of proteins of native casein micelles obtained with the help of gel filtration on Sepha-
dex G-150 (1). Chromatograms of proteins of combined fractions of the sector Il (2) and sector Il (3) after

repeated gel filtration on Sephadex G-150
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Fig. 3. Electrophoregrams of: casein (1); combined fractions of sectors I (2), 1 (3) and Il (4) after gel filtration
of proteins of native casein micelles on Sephadex G-150; combined sectors A (5), B (6), C (7), D (8) and E (9)
after repeated gel filtration of sectors Il and 11l on Sephadex G-150

cludes a,-CN-XP caseins. Molecules of this casein
have two residues of cystein, but, judging from the
position on the chromatogram, they do not form in-
termolecular disulphide bonds. Fraction a,-CN-XP
has the biggest molecular mass (25 226 Da) among
caseins, however it is eluted between caseins B-CN-
5P (23 983 Da) and a-CN-8P (23 615 Da). Maybe
it is connected with the highest hydrophility of a,-
CN-XP [15] that results in its delay in the column
during gel filtration. The last sector (E) contains o,-
CN-XP (86%) and traces of f-CN-5P casein. By the
data of three gel filtrations used for fractionation of
casein micelles the total output of purified fractions
(sectors I, A, B, and E) was 31 £ 4% (P < 0.05) of the
total content of protein.

The proposed variant of repeated gel filtra-
tion permits isolating three basic proteins (k-CN-
1P, B-CN-5P and a51-CN) from the native casein
micelles. The total output of purified fractions is
31 + 4%. Caseins isolated without using the extreme
factors may be used for studying the ways of for-
mation and properties of native bioactive casein
peptides, i. e., phosphopeptides, casokinins, caso-
morphines, morphiceptin, neocasomorphine (from
B-CN-5P fraction) and casoxines and casoplatelines
(from k-CN-1P fraction).

BUJIIJIEHHS k-CN-1P I B-CN-5P
®PAKIIIN 3 HATUBHHUX
KA3ETHOBUX MIIEJI

B. I IOxano, JI. A. Cmopooic

TepHOMITHCHKUY HAITIOHATHHIH TEXHITHHH
yHiBepcuTeT iMeHi [BaHa [lymros, Ykpaina;
e-mail: biotech@tu.edu.te.ua

[IpoTeinn Ka3eiHOBOrO KOMILJIEKCY MOJIOKA
CTAHOBIISITh 3HAYHUW IHTEpPEC SIK TOMEPETHUKHU
010JIOrYHO aKTUBHUX IMENTHUIIB, 3JaTHUX BILIMBATH
Ha pi3Hi (i310JI0TIYHI CHCTEMHU OpraHi3My (TpaBHY,
HEPBOBY, CEpIIEBO-CYyIHHHY, IMyHHY). BcTaHoBme-
HO, IO Di3HI Ol0AKTUBHI TMENTHAM HEPIBHOMIPHO
po3MilIeHi y CTpPYKTypi KaseiHoBux ¢pakmiil. Y
3B’3KY 3 IHM JJIs MOCHTIKCHHS ILISIXiB YTBO-
peHHS 1 BIACTHBOCTEH OI0OAaKTHBHUX Ka3eiHOBUX
MIENITHU/IIB BUHUKJIA HEOOX1THICTh BUIIJICHHS OKpe-
MUX Ka3eiHOBUX Qpakiiii. [ns wminimizamii He-
TaTUBHOT'O BIUITUBY TPOLEAYPH BHILIICHHS HaMU
Oyiio BUKOpHCTaHO Tenb-(dinmpTpamito Ha cedaposi
2B nmns orpuMaHHS HATUBHHUX Ka3€iHOBHUX MIIlel
1 MOBTOpHY reib-¢inbrpariro Ha cedanexci G-150
IUIST BUIIJICHHS OKPEMHUX Kas3eTHOBHX (paxiriii.
byno omepkano, 3a JaHUMH €IEKTPOPOPETHIHOTO
aHaJjizy, Ka3eTHOBI MiIeNIN 3 XapaKTePHUM CKJIaJ0M
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nporeiniB. BpaxoByroun momiOHICTh MOJEKYISp-
HUX Mac JJIS BUIIJICHHS OKpeMuX (pakuiii, mpose-
JICHO TIOBTOPHY T'eJb-(ibTPaLito 3 MOIiJI0M XpoMa-
TorpamMu Ha cektopu. Cknan o0’eqHaHUX (QpaKiii
KO)KHOT'O CEKTOpY aHalli3yBalud 3a JIOIMOMOTOI0
enekTpodopesy. Takuii miaxiJa J03BOJUB BUILTUTH
JIBa eJIEeKTpo(GOpEeTHYHO TOMOTeHHI MPOTETHN 3 Ha-
TUBHMX Ka3eiHoBuX Mined — K-CN-1P i f-CN-5P,
a TaKoK 3HAYHOK Mipow ouuiieHuin (>83%)
0,-CN-XP. Onepxani 6e3 BIUIMBY €KCTPEMATBHUX
(dakTopiB Ka3eiHM MOXYTh OyTH BHKOPUCTAHI s
JIOCTIJIPKSHHS IIPUPOJHUX OI0aKTUBHUX METITHIIB.

KnmoduoBi cioBa: HaTUBHI Ka3eiHOBI
MITIe)TH, Ka3eTHOBI PpaKilii, reab-(iIpTpartis.

BBIJIEJTEHME k-CN-1P U B-CN-5P
®PAKIIMI C HATUBHUX
KA3EMHOBBIX MUIIEJLI
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IIpoTenHbl Ka3eMHOBOTO KOMILJIEKCa MOJIOKa
MIPEICTABISIOT 3HAYUTENBHBIN HHTEpEC Kak IMpes-
IIECTBEHHUKH OMOJIOTMYECKH aKTUBHBIX MENTHIOB,
CIOCOOHBIX BIHATH HA pazfluyHble (hU3HOIIOTHYe-
CKHME CHCTEMBl OpraHu3ma (MUIIeBapUTEIbHYIO,
HEPBHYIO, CEpJEYHO-COCYANCTYI0, HMMYHHYIO).
YCTaHOBIIEHO, YTO pa3IMYHbIE OMOAKTUBHBIC TIETI-
THJIBI HEPABHOMEPHO pa3MeEIIeHbl B CTPYKTYpE Ka-
3eHMHOBBIX (ppakiuif. B c¢Bsi3u ¢ 3TUM s UCCIEn0-
BaHUS Iy TeH 00pa30BaHMS U CBOHCTB OMOAKTHBHBIX
Ka3eMHOBBIX TENTH/I0B BO3HUKJA HEOOXOIHMOCTH
BBIZICTICHUSI OTAENBHBIX Ka3eMHOBBIX (PaKIni.
Jns MUHUMHU3AaIMK HETaTHBHOTO BIIMSIHUSA TIPO-
LeAyphl BBIJENEHUS HaMH OBLIM HCHOJIB30BaHbI
reibp-huneTpanus Ha cedapose 2B miis momyueHUs
HaTUBHBIX Ka3eWHOBBIX MUIIEIII ¥ TIOBTOPHAS Tellb-
¢$unbprpanus Ha cedanexce G-150 st BhIICICHUS
OTJIENBHBIX Ka3eMHOBBIX (pakuuid. beiino momyye-
HO, 10 JIAHHBIM DJIEKTPOPOPETHUECKOTO aHaJIN3a,
Ka3eMHOBBIE MHIIEIIJIBI, C XapaKTEePHBIM COCTAaBOM
MPOTEUHOB. YYHUTHIBAs CXOJCTBO MOJIEKYJISIPHBIX
Macc, JUIS BbIJICIICHUST OTACTBHBIX (ppakuuii mpose-
JICHA TIOBTOPHAS Telb-(QUIBTpaIs ¢ pa3/ieiecHueM
XpomaTorpaMmbl Ha ceKTopbl. CocTaB 00beAMHEH-
HBIX (pakiui KaXXJJ0ro CeKTopa aHaJIW3UpPOBAIH
C TMOMOINBI0 3JieKTpodopesa. Takod Mmoaxon Imo-
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3BOJIMJI BBIJICNIUTH ABa 3JEKTPOPOPETUUYECKH TO-
MOTCHHBIE MPOTEHHBI C HATHBHBIX Ka3eMHOBBIX
munet — k-CN-1P u B-CN-5P, a Takxke B 3Hauu-
TEJIBHON CTeneHu ouMIIeHHbIH (> 83%) o -CN-XP.
[onyuennble 6e3 BIUSHHS IKCTPEMaTbHBIX (aKTo-
POB KazeuHBI MOTYT OBITh MCIOJIBb30BAHBI JJIS HC-
CJICIOBAHMSI IPUPOJHBIX OMOAKTUBHBIX NETTH/IOB.

KnrmoueBble CcI0OBa: HATUBHBIC Ka3eH-
HOBBIC COCIMHCHUS, KA3eHHOBbIC (DPAKIUHU, Telb-
(bupTpanms.
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