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To date, dozens of biologically active peptides formed during proteolysis of casein fractions have been
discovered. The use of these peptides is closely related to the necessity of their rapid identification. The aim
of this work was the development of an electrophoresis system for rapid identification of individual fractions
in serial studies and the separation of the milk casein complex. Considering the abnormal nature of the
interaction of caseins with the sodium dodecyl sulfate and similar values of their molecular masses, the anode
electrophoresis system in a homogeneous polyacrylamide gel was taken as a basis. Caseins, in this system,
are separated according to their charge and located on the electrophoregram in accordance with the modern
classification. Urea was used as a disaggregating agent in gel. It was shown that the use of Studier type
apparatus for electrophoresis with changeable dimensions of electrophoretic chamber significantly reduces
(to 45 min) the time for identification of casein fractions. This method may be useful for rapid identification of

casein fractions, as well as for rapid analysis of natural milk and milk products.

Key words: casein, electrophoresis, identification of protein fractions, milk cows.

geneous complex nature [1], which is caused

by: 1) the differences in the primary structure
of the four main fractions (o,-CN, a ,-CN, B-CN
and k-CN); 2) limited proteolysis of B-CN during
milk synthesis by a natural protease, plasmin (EC
3.4.21.7), forming three polypeptides y' — [ — CN —
1P(f29 —209)], y*— [B — CN — 1P(f106 — 209)], y* —
[B — CN — 1P(f108 — 209)], that were incorrectly
attributed to the individual casein fractions, 3) the
differences in the amount of phosphorylated serine
residues, resultant from which there are two groups
of milk casein: ag - and a -CN (based on the prima-
ry structure of oy -CN) and a,-, a,-, o,- and -
CN (based on the primary structure of a,,-CN) and,
finally, 4) the differences in structure and number of
oligosaccharide groups in k-CN. All of the described
above causes the existence of one main phosphopro-
tein (k-CN) and nine minor phosphoglycoproteins.
Moreover, at a time they can range from 3 to 5 in the
milk from one animal.

The problem of identification of casein fractions
is closely related to study of their main function, that
is, providing the mammalian with protein nutrition
in the postnatal period. To date, several dozens of
bioactive peptides have been isolated from different

P roteins of milk casein complex have a hetero-
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casein fractions [3]. Some of them are already used
as supplements and functional ingredients.

To identify the proteins of the casein complex,
electrophoretic techniques are often used [4-6].
However, the most common electrophoresis systems
for protein analysis in polyacrylamide gel (PAGE)
with sodium dodecyl sulfate (SDS) have proved to
be ineffective. This is caused by the abnormal in-
teraction of casein fractions with SDS, as well as by
the similar molecular mass values of the individual
fractions of o - and o,-casein groups [1]. Anode
systems for electrophoresis in the presence of urea
allow identifying casein fractions in accordance
with the modern classification [7]. However, these
systems are not designed for rapid analyses of the
large number of samples and their main disadvan-
tage is the long duration of the analysis.

The aim of this work was to develop electro-
phoresis systems for the rapid identification of the
protein fractions of the milk casein complex.

Materials and Methods

In our experiments we used preparations of to-
tal casein isolated from fresh skimmed milk cows
by isoelectric point precipitation followed by inac-
tivation of natural proteases [6]. Individual casein
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Fig. 1. Electrophoregram and densitogram of the sample of total milk casein

fractions were isolated by preparative electrophore-
sis as described [9]. Dry whey protein concentrate
("KSB") was provided by Buchatsky cheese factory
(Ukraine). Soy protein isolate (Ukraine) was also
used.

Protein concentrations were determined using
a spectrophotometer SF-46 (A = 280 nm). Previously
determined absorption coefficients for different ca-
sein fractions (D™, ): 10.0 - for a -casein; 4.6 - for
B-casein; 9.6 - for k-casein and 8.2 - for total casein
were used [1].

Fractional composition of total casein and ho-
mogeneity of its fractions were analyzed by vertical
polyacrylamide gel electrophoresis in Studier ap-
paratus. We used an alkaline buffer gel system as
described previously [7]. Electrophoregrams were
fixed and stained using standard methods. Electro-
phoretic buffers and gels were prepared using rea-
gents (Reanal, Hungary and Sigma, USA). All other
reagents were of domestic production (chemical and
high purification). Densitograms of the electrofore-
grams of total casein and its fractions were created
using image reader of MatLab imread, as described
[10].

Results and Discussion

Previously described PAGE anode system in
the presence of urea [7] was taken as the basis for
the method for rapid identification of proteins of
casein complex. This system proved to be success-
ful in the composition analysis of milk proteins,
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the study pathways of bioactive peptides formation
from milk casein, and modeling of enzymatic casein
coagulation during milk nutrition. The homogene-
ous PAGE anodic system for casein analysis is also
recommended by Committee on Nomenclature and
Classification of milk proteins [1]. The result of the
electrophoresis of total milk casein in this system is
shown in Fig. 1.

It can be seen on the electrophoregram the
characteristic distribution of all known casein frac-
tions in accordance with the international classifica-
tion. It is possible to identify more than 13 fractions.
In milk from various animals, the number of casein
fractions can range from 13 to 15, depending on the
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Fig. 2. Gel slab after preparative electrophoresis of
the proteins of milk casein complex
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Fig. 3. A — electrophoregram of total casein (1) and its fractions: aSI-CN (2), -CN (3) and x-CN (4).
B — electrophoregram of total casein (1), whey proteins (2) and soybean proteins (3)

number of k-caseins which differ in the content of
negatively charged oligosaccharide groups.

Previously isolated homogeneous a -, B-, and
k-caseins were used as markers for the casein iden-
tification. Isolation was performed by preparative
electrophoresis [9]. The staining gel slab after pre-
parative electrophoresis of the proteins of milk ca-
sein complex is shown in Fig. 2.

The obtained samples of total casein and its
main fractions were used for the further study. To
develop methods for rapid caseins identification, the
apparatus for vertical polyacrylamide gel electro-
phoresis (Studier type) was made in the Laboratory
of Milk Protein Biochemistry (TNTU). The design
of the apparatus allows changing the geometric di-
mensions of the chamber and the number of samples
for simultaneous analyses. The improved former de-
sign provides a high-quality electrophoresis. Thus it
guarantees the absence of such a defect as a "veil"
when the samples fall between the gel slab and the
chamber wall. The deformation of the protein bands
in the edge tracks is also decreased.

While optimizing the electrophoresis sys-
tems [7] the following changes have been made:
pH of buffers for the gel as well as for the studied
samples and the electrode buffer was increased up
to 8.3; PAG concentration was reduced to 3.3%;
B-mercaptoethanol was removed from the buffer
for the gel and the protein samples; electrophoresis
chamber dimensions were reduced. The absence
of B-mercaptoethanol does not affect the quality of
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separation, since minor fractions containing cysteine
residues (k- and o,,-casein) move in one band. Be-
fore analysis, protein samples were dissolved in
buffer which was identical in composition to the gel
buffer and contained 20% sucrose. Protein samples
0.5% for the total casein and 0.1% for casein frac-
tions were pipetted into the wells underneath the
buffer. The criteria for establishing the duration of
the electrophoresis (30 min.) was a minimal sepa-
ration of a -, B-, a - and k-casein fractions, which
was controlled by densitograms. Staining with inten-
sive shaking carried out for 1.5 min is sufficient. The
main casein fractions can already be identified 10-15
minutes after the standard gel washing. High-quality
electrophoregram for quantitative analysis can be
obtained after 90 minutes. Electrophoretic distain-
ing can be used if necessary to reduce the time of
the analysis. The best result of rapid electropho-
retic identification of total casein and its fractions is
shown in Fig. 3, 4.

It is also important that the whey and soybean
proteins, often used to substitute casein, differ in
electrophoretic mobility in the proposed electropho-
resis system. Electrophoregram of total casein, whey
proteins and soybean proteins is shown in Fig. 3, B.

Thus, the proposed anodic electrophoresis sys-
tem in a homogeneous PAG in the presence of urea
can be used for rapid analysis and identification of
the proteins of the milk casein complex, in particular
during their isolation and purification.
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Ha croromui Bimomo Irijia HU3Ka Ol0JOTIYHO
AKTHBHUX TENTHIB, SKi YTBOPIOIOTHCS B MPOIECi
MPOTEONi3y pi3HUX KazeTHOBUX ¢pakiiid. Bukopu-
CTaHHS IBOTO MPOTETHOBOIO KOMIIJIEKCY, BPaxo-
BYIOUHM CKJIQJHY T'€TepPOTeHHY IPHPOAY Ka3eiHiB,
TICHO TIOB’S13aHE 3 HEOOX1HICTIO HOTO ONEPaTHBHOT
imeHTUdiKamii. Y 3B’SI3Ky 3 UM METOI pOOOTH
Oy70 CTBOpEHHS EJIEKTPOPOPETUYHOI CHUCTEMHU
JUTSL IIBUJKOT iMeHTH]iKaIii okpeMux (pakimii mif
qac CepifHMUX IOCIIKeHb Ka3eiHOBOIO KOMILIEK-
cy. BpaxoByloun aHOMaJIbHHI XapakTep B3a€MOIIT
Ka3eiHiB 3 MOAeIIICyIb(paToM HATpiro Ta OMU3BKi
3HAYCHHS I[XHIX MOJEKYJISIpHUX Mac, 3a OCHO-
By Oyia B3siTa aHOJHA CHCTEMa eJeKTpodopesy B
OJTHOPITHOMY TOJTIaKpHUJIAMITHOMY Telni. Y Takiit
CUCTeMi Ka3eiHW PO3IINSIOThCA 3a IXHIMHU 3aps-
JaM{ Ta PO3TAIIOBYIOTHhCS Ha eJeKTpodoperpami
BIIMIOBIHO cydacHid knacudikamii. Sk mezarpe-
TYIOUHI areHT JI0 CKJIaly TeNI0 IOAEThCS CEUOBH-
Ha. Ha OCHOBI NMpoBeneHNWX MOCITIIKEHb Ha BHIO-
TOBJIGHOMY B j1abopatopii mpunani Tuny Cramiepa
31 3MiHHOIO (OpPMOIO eNeKTpodOopeTHIHOI Kame-
pU BCTAaHOBIIEHO YMOBH IIBUIKOI imeHTH(iKaIii
kazeiHoBux Qpakiiid. Ilpu mpomy Oyno 3miHEHO
CKJIQJ] TeJII0 i CKOPOYEHO TEPMiH, IIO JIO3BOJIUIIO
BXKe 3a 45 XB imeHTU]iIKyBaTH OCHOBHI (pakiii
kazeiniB. Meroq Moxke OyTH KOPHCHHM s
orepaTuBHOI i1eHTH(iKaIil Gpakimiil ka3einy Ta 3a
eKCIpec-aHalli3y HaTypajJbHOCTI MOJOKa i MOJIOY-
HUX MPOAYKTIB. Y Takiii CHCTEMi THIIOBa €IEKTPO-
(hoperpama ka3eiHy iCTOTHO BiApi3HAETHCS BiJI Ti€l,
110 XapaKTepHa JIJIs TpoTeiHiB 000iB coi.

KnmouoBi cmoBa: kazeiH, enekTpodo-
pes, ienTudikamis NpoTeiHOBUX (paKIliid, MOJIOKO
KOpIB.
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Ha ceropssiiuHuii 1eHb U3BECTHO MHOXECTBO
OMOJIOrMYECKU aKTUBHBIX MENTHI0B, 00pa3yOIIHX-
Csl B IIpoLECCEe MPOTEOIN3a PA3JIMYHBIX Ka3eHHO-
BbIX (pakiuil. Mcnonas3oBaHue 3T0ro NpoTenHOBO-
I'0 KOMIIJIEKCA, YUUTBIBAsI CJIOKHYIO T€TEPOrCHHY IO
MIPUPOAY Ka3eHHA, TECHO CBS3aHO C HEOOXOAMMO-
CTBIO €r0 ONepaTUBHOM naeHTuUKanuu. B cBs3u ¢
ATUM TIeNBbI0 PabOTHI OBLTO co3anHue AMeKTpodope-
TUYECKOM CHCTEMBI AJis ObICTPON MACHTU(PUKAIINH
IIPOTEUHOBBIX (PAKIMA MPH CEPUHHBIX HCCIIENO-
BAaHUSX Ka3eMHOBOI'O KOMILJICKCA MOJIOKA. YUHTHI-
Bas aHOMAaJIbHBIM XapakTep B3aUMOICHCTBHS Ka-
3eMHa ¢ JoAeuuicyinb(aToM HaTpus U OJIM3KHE
3HAUYEHUS UX MOJIEKYJISIPHBIX Macc, 38 OCHOBY B3sTa
aHOZIHAs cHucTeMa 3JIeKTpodope3a B OJHOPOIHOM
MOJIMaKpUIaMUIHOM renie. B Takoii cucreme kaseu-
HBI Pa3JeIIsIIOTCS 110 UX 3apsAJaM M pacloyiararoTcs
Ha 3JeKTpodoperpaMme B COOTBETCTBUU C COBpe-
MeHHOW kiaccudukamueir. B xadectBe nmezarperu-
PYIOLIEro areHTa B COCTaB el 400aBIseTCs JUIIb
MoueBHHA. Ha 0OCHOBE MPOBEICHHBIX HCCIIECA0BAHUH
Ha M3rOTOBJICHHOM B Ja0opaTtopuu mpubope THa
Cramuepa ¢ m3MeHsieMoil (opMmoi amekTpodope-
TUYECKOM KaMepbl MOHO0OpaHbl yCIOBHUSI OBICTPOM
uACHTUGUKAIUN  Ka3eMHOBBIX (pakuunit. [lpu
3TOM OBIJI U3MEHEH COCTaB I'eJisl U COKPAILEH CPOK
OIIpeJiesICHHs], YTO TO3BOJIMIIO yXe uepe3 45 MuH
UACHTU(HUIMPOBATh OCHOBHBIC (PpakLuy Ka3zeuHa.
MeTton MOXET OBITH MOJIE3HBIM JJIsi OIEPaTHBHOM
UACHTUGUKALIN Ka3eMHOBBIX (PPAKIIMM IIPU UX BbI-
JeJICHUH, UCCICIOBAaHUH, a TaKXe IPH JKCIpecc-
aHalM3e HAaTypaJbHOCTH MOJIOKA M MOJIOYHBIX
IPOAYKTOB. B 1aHHOI cucTeMe TUIINYHAS 3JIEKTPO-
(operpamma Ka3ernHa 3HAUUTEIBHO OTIMYAETCS OT
aneKTpodoperpaMm MPOTEeHHOB O0OOB CON.

KnrmoueBble CJI0Ba: Ka3euH, 3IeKTPodo-
pe3, naeHTU(UKAIHSA POTEHHOBBIX (hpaKLuii, MO-
JIOKO KOPOB.
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