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Fractionation of the whey proteins and casein of cow’s milk on Sephadex 
DEAE A-50 and A-25 

After casein, the second characteristic group of cow’s milk proteins is the whey 
proteins. In spite of their low proportion of the total amount of cow’s milk proteins 
(about 23 y!), the whey . proteins have important biological significance. Whey 
proteins are modified by their dependence on various factors, e.g., breed of cow, 
kind of fodder and season. Compared with casein, the whey proteins are more labile 
to heat. treatment and hence the extent of their chnngc in composition can be readily 
used for assaying the intensity of the heat treatment received by the milk during 
processing, 

T11c study of the individual casein fractions is important for the characteriza- 
tion of cow’s milk from diffcrcnt breeds. The changes in the composition of the in- 
dividual casein fractions make it possible to follow various factors that affect their 
formation, as for the whey proteins mentioned above The changes in the composition 
of casein or parncasein fractions can also be detected during technological milk 
treatment and in the course of cheese processing. 

Them are reasons why the study of the whey proteins and casein of cow’s milk 
is of widp interest, Various changes in both protein groups can be clearly distin- 
guishcd only when good separation methods are available. Of the methods previously 
used for the separation of both groups of cow’s milk proteins, elcctrophoresis in 
starch or polyacrylamide gels has been successfully applied’. We tried to devise 
another suitable method for obtaining the individual protein fractions in higher 
amounts and to use them for further investigations. 

Mntcr%zCs. Raw milk was supplied by the Laktos Milk Plant, Radlice, near 
Prague, Czcchoslovakin, and Sephadex DEAR A-23 and A-30 were obtained from 
Pharmacia Pine Chemicals, Uppsala, Sweden. Hydrolyzed starch was prepared 
according to ref. 2, and Amide Black IOB was obtained from Merck, Darmstadt, 
GJ?.R. Folin reagent was prepared in our laboratory ~3, Other chemicals used were 
supplied by Lachema, Brno, Czechoslovakia. 

FVo/mratio?t of whey ad cnsoigz. A zo-ml volume of IO $?4 acetic acid was added 
to IOO ml of skimmed milk, After standing the mixture for IO min, 20 ml of I N sodium 
acetate solution were added. Precipitated casein was centrifuged, and the supernatant 
liquid (whey) was retained for further treatment. Casein in the centrifuge bottle was 
washed twice with IOO ml of distilled water and then used for separation purposes. 

Ckro~rtnto,nmq%ic fmctio~tatio~~ of zvhoy jwotoins OH So~ltadox DEAE A-50. For the 
sample preparation, 50 ml of the supernatant liquid obtained after casein centrifuga- 
tion (whey) were concentrated to a volume of 6-8 ml by means of coarse, drysephades 
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(;-zJ~. Concentrated whey was applied to the chroma,tographic lxxl of Sephadcx 
DEAE A-50 for the resolution of tile individual protein fractions. 

The fractionation was carried out as follows. A 12-g amount of Scplx~lesDEAE 
A-JO was allowed to swell in 300 ml of phosphate hffcr of ~1-1 (5.5 containing O,I M 

NaCl and the wollen Scplladcs was pa&cd into a I< q/45 colun~n (Pllarmacia I:inc 
Chemicals, Uppsaln, Sweden). The wllolc volume of concentratccl wlloy was npplied 
to the prepared Scphndcs bed and then subjcctcd to gradient elution with zoo ml of 
0.1 Ad NaCl and zoo ml of 0.7 M N&l, both prcparcd in 0.1 M phosphate buffer of 
pH 6.5. The flow-rate wns 40 ml/h. The clunte fractions were collected at Io-min 
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I. l~roctionntion of wlwp lwotdris on Sq~liaclcx DIME A-50. Bed climcnsion corrcsponcling to 
12 g of dry SelW~tlcs 1315AI?: X-so in a. I< ZS/~I~ column, Grnclicnt clution with zoo ml of O,I M 
NaCl ant1 ZOO ml of 0 -7 N NnCl (both lxq~wccl in 0.1 M plioal~liittc buffcr of 1~1-1 6,s) nt a flow-rate 
of 40 ml/h. T - tr;rnsmittnncc nt 154 nm ; V = clution volume (ml), I = Iiiimu~io~lobulins, Arst 
fraction (IgGr) ; 2 = i~t~ll~unoglobulino, scconcl fraction (IgGz) : 3 = scrum nlbumin aricl a-lactnlbu- 
min (Sk\-t_LA) : 4 = a-lnctnlbi~min (IA) : J = P_lrrctoyloL~ulin, 
bulin, scconcl frrrction (LGa). 

first fraction (LGI) : 6= P_lncloylo- 
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Big. a. Frnctionation of whcv proteins on Scphadcx DBAE A-50. 12xpcrimontnl conclitions nncl 
clesignation of hctions fls in i:ig, 1, In somo instances Irnctions 3 and 4 were not sqnratecl. 
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intervals. The protein content of the eluate was determined by continuous absorption 
measurement ut 254 nm on a UV nnalyzcr (Develdpmcnt Workshop of the Czecho- 
slovnlc Academy of Sciences, Prague, Czechoslovakia) and the fractions were simul- 
tslneously treated with Folin rengenP. 

The elution patterns obtained by the absorption measurements (Figs. 1 and 2) 
were evaluated by the planimetric method cmd the results were compared with those 
obtained by stnrcll clcctrophorcsisl and its densitometric evaluation (Table I). The 
identilication of tile individual fractions after chromntography on Sephades h-50 
w~ls carried out by starch electrophoresisl., 

TABLE I 

SEP,\l~,\TION OF WlIEY l’IZOTI%INS OB COW’S LlI1.X ON sI2l~HAUL~S J>J:r\lc t\-50 

All values aro quotccl m Ix2rccntngcs of the totid content oE whey proteins. 

a Syinbols fbr fmction~: CgG 1 = Rwt frwtion of i~iimuiioglabulinn; 
TyGz = sccontl IriKtioll of i~ilmLi~lo~lobulinu; 

s:\= RCTUI~I albumin : 
a-Lt\ = a-liKW.lbUlllit~; 

/I-LG = /3-lacto~$obulin. 
TV Cs,a= pI;t~limclric UVi~lUiLtiClll of cllroIilnto~raplli0 pnttcnis nftcr qhd2trophotomctric m-w 

suronwntri, 
c C[‘=: planiliwtric OVi~lLl;LtiOll of chroliiiIto~:rilDhic pattcrris dtcr colorirnctric clctcrminntion 

( L;olin rcirgcnt). 
tl J< = clcnsitolnotrlc cvnluntiou iLftcr stiircli clcctropliorcsiu. 

The main advantage of the proposed metllod for the fractionation of whey 
proteins by Sepllades ion-eschnnge chronlntography lies in the fact that immunoglo- 
bulins were separated into two distinct fractions, well resolved by botll detection 
methods (spectropllotometry and colorimctry) . In some instances, the resolution of 
serum albumin and lrtctalbumin wns not so successful by the spectrophotometric 
assessment and the values found for serum albumin were higher than those obtained 
by electrophorcsis, However, these disadvnntages werc avoided in the calorimetric 
protein determination with Polin rcngent. a-Lactalbumin and serum albumin were 
present in one (Fig. 2) or two fractions (Pig, I), We consider that owing to the mised 
sample of cow’s milk, two genetic Wriants of a-lactalbumin could be present. Serum 
albumin was always the component of the first fraction, if separation into two frac- 
tiovs was achieved. By determining the proteins in the eluatc by I?olin reagent, it is 
possible to verify the serum albumin fraction separately as well ELS the supposed 
genetic variants of a-lactnlbumin. 
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To summarize the results obtained, very good agreement was reached betwew 
the Scphades ion-eschange chromatography and starch electrophorcsis in the deter- 
mination of the individual whey protein fractions. In addition, the main advantage 
of the chromatographic method is the resolution of immunoglobulins into two frac- 
tions, whicll has considerable importance for ascertaining the degree of heat treat- 
ment of cow’s milk because the fraction 1gG1 is substantially more sensitive to heat 
treatment than tllc fraction IgG20. Tiw heat denaturation of the IgGr fraction is 
influenced mainly 1)~ the tcmpcraturc reached rather than the duration of the heat 
treatqwnt. 

Cltvor~EntocSvn~lzi~~~(l~~iol,nliotl of cnsci~u on S~f~lmlcx DEAE A-25. For the sample 
preparation, 25 ml of Tris-citrate-urea buffer of p1-I S,G (Tris 0.05 Ad, citric acid 
o.ooG5 ill, urea G 113) were added to 5 g of isolated casein, and the mixture was 
homogenized and allowed to stand overnight. Then 0.5 ml of 2-mcrcaptoethanol was 
added, 30-Go min before the sample was subjected to chromatograpllic separation. 
Just before the separation, the sample of casein was centrifuged and the supernatant 
liquid was used for column application. 

The fractionation was carried out as follows. A 35-g amount of Seplladcs DEAE 
A-25 was allowed to swell in 250 ml of the buffer of pH S,G and the swollen Scphadex 
was packed into a Ii 2445 column. To tile Scphadcs bed, 5 ml of prepared cascin 
sample was applied and tllcn eluted with 400 ml of 0,5 M NaCl in the buffer of pM S,6 
at a flow-rate of So ml/II, The fractions were collected at 5-min intervals and the 
eluate was csamincd simultaneously by continuous recording of the UV absorption 
at 254 nm (Fig, 3). 
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Fig. 3. l~rnction:ttion of cnscin on S~l~hiLclcS TXlZhE A-15. I3ccl clinwnsion corrcsponcli~~g to 35 gof 
clry Scphndcs I.)TL\I5 .+a5 in :L I< 25/45 Plmrmncin column. Mutiou with 400 ml of 0.3 M NnCI in 
~.‘rIs-citrate-urc~r Lwffcr of p1.1 8.6 at u flow-rnto 0r 80 nil/h. 'I'= traIlsl~littirncc at 25.1 IIIII; V= 

clution volunic (nil). 1 =rc-Cnscin; 2 = y-cascin; 3 = /kx~scit~ : 4=ar-cusdn. 

The individual casein fractions were identified by means of starch electropllo- 
resis, and quantitatively determined by the planimetric method from the absorption 
measurement record, The results obtained by this new method were compared with 
those from parallel esperiments with starch clectrophorcsis, Tllc comparison of both 
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mctlx~cls is sl~own in Tal~le II. The separation of cascin fractions achieved on Sephadex 
DIME A-25 is in agreement with that obtained by Row cl ~1,; on DEAE-cellulose, 
but the time recluircd for separation is sulxtantially decreased wlicn the Sepliadcx 
support is used. 

It can bc concluded that the proposed Sepllades ion-exchange chromatography 
method gives almost the same resolution of fractions as electrophoretic starch gel 
separation, with the csception of the separation of the fractions of a8 and a,,-like 
caseins. The separation of these fractions was not as good when using Sephadcx ion- 
eschange chromatography. Nevertheless, the advantage of this method undoubtedly 
lies in the possibility of obtaining casein fractions in high yields that can be used 
for further, more detailed studies, It is, possible that another method for the dcter- 
mination of the proteins prcscnt in the clunte could give a better resolution of frac- 
tions, comparal~le with tlic separation of tlic whey proteins. 
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