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ll 

Several oifferent hypotheses of casein micelle st ructure 

hav8 been pro pos eQ from the data obt2ined in the investi�utions 

carried out on micelles over the past twenty years. The 
present comparative st udy of c�princ (�oat) and ovine (sheep) 

casein micelle sy:::otems v1ith that of the bovine 1:.'as made i?:l an 

attempt to demonstrate the validi t�r of t;hos c ll;ypothcs cs. 

The casein contents, minero.l levels, o_nd Ca:phosphate 

ratios in the skim milks �aried between species, but no 

significant differences in the Ca:phosphate r�tios in the 

casein micelles or the sera were found. There were major dif-

ferences betv;een the electrophoretic p2tterns of the casein 

saoples from the different sneci es. Both caprine and ovine 

caseins cont�ined two prominent bands in the � -ca sein re gion , 

v1hile ca-orine casein nlso contained ;:1 snmller proportion of its 

casein in more mobile components (ao-caseins) than the bovine. 
�) 

Three major �-caseins were observed in ovine casein, and one 

major a -casein in the mo_jorit;y of the caprine casein samy;les. s 

Bovine, caprine a_nd ovine cuseins, isol ated from the 

whole milks, were separated int o th eir major components by 

ion exchane;e chromatography. The K-, (J-, c-J.nd a -cas eins 
s 

which were isolated accounted for 15;j, 35;� and 50)j , respect-

ively of bovine casein, 10;;, 60'); and 2:;%, respectively of 
capri:te casein and 10�), Lt-5% and 35�;,s, res pect ively of ovine 

cas ein . The caprine and ovine cas cins were identified as 

�-, �- and K-type caseins by their chemical and physical 

characteristics. 

11he bovine, caprine and ovine K-cas eins v:ere readily 

hydrolysed by rennin and were able to stabilize the Ca sensi­

tive as- or ,8-cas eins. Caprine 131- and �
2-cas eins which •.-:ere 

present in equimolar amounts, had nearly identical amino acid 

compositions, and Here similar to the.t of bovine t3-casein A2• 
The ,e1 component, however, contained an additional phosphate 

residue. 

11he temperatm'e dependent Ca sensitivities and the 

temperature dependent polymerization of the cuprine � -ca s eins 

were similar to that of bovine t3-cas ein. Hov1ever, � -casein 



J..lJ.. 

app ear e d  to  as s ociat e more easily than ��-casein , des pi t e  
c 

i t s  higher net negative charge . Visc os ity measurement s 
indicated that the conformation of the two caprine �-caseins 
was s imilar t o  that of b ovJ..ne �-cas ein , b o th at 4°C and at 
25°C .  

The maj or caprine a -cas ein was more s imi lar t o  the s 
minor b ovine as3-cas e in than to bovine as 1 -cas ein. This 
was demons trat ed by their b eb.avi our on gel e l ectrophore s i s  
with Mg b uffers , C a  s ens i tiviti es , amino aci d  compos i t i ons 
a�d m o lecular wei ght s . 

The two ovine �-cas eins were s imilar t o  each other , 
and t o  the caprine and b ovine �-cas eins . The relationship 
b etween the ovine �-cas eins was s imi lar to that of the 
caprine �-cas eins . Two of the thrE.e maj or ovine a -cas eins s 
were i s o l at e d .  Thes e were both s imilar t o  e ach o ther , and 
t o  b ovine as1 -cas ein . 

The proper t i e s  o f  t h e  a -cas eins from the thr e e  s peci e s  s 
were mor e vari ab l e  than tho s e of the f1-cas eins, which in turn 
were more variab l e  than the K-cas e ins . 

The cas ein mice l l es from caprine , ovine and bovine 
milks wer e all highly s o lvat ed and roughly s pherical . Alth ouc;h 
their s i z e  distribut i ons varied , the micel l es were in each 
cas e compos ed of sub-unit s  ab out 1 2  nm in diamet er .  Gel  
chroma tography o f  s ub -mice l l ar cas e in aggregat e s  from the 
three  s peci es indicat ed that they had s imi lar hydrodynamic 
s i z es and appear e d  to b e  in equi l ibrium Hith th eir component 
cas eins . 

The finding that s imilar s ized sub-unit s  ar e ·formed in 
the cas e in micel l es in the milks of the various s p eci es , 
s ugges t s  that the di ffering proport i ons of the vari ous 
component cas eins must compens at e for the differ ences obs erv e d  
in t h e  proper t i e s  o f  t h e  cas eins . I t  appeal'S l ikely that n o t  
enough emphas i s  has b e en given t o  the rol e of �-cas ein in 
micel l e  s truct ur e , and �- and as -cas eins may b e  int er­
changeab l e .  
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GEt\:ERlJJ IN'r:J:-tODUCTION 

Milk is a complex fluid secretedby the mam�ary gland 

of mammals. Its prirao.ry function is to supply the young 

suckling mammal with the nutrients, such as protein, lipid, 

carbohydrate, minerals and wat er that are necessary for growth 

and developllient. Howev �r, the milk of some species has also 

assumed an important rdle in supplying some o.f the nutritional 

requirements of humans. 

The cow ( Bos tnurus and Bos indicus ) is the rr..ost 

important dairy species, and to some extent, depending on 

geographical location, the domestic goat (C&pra hircus), the 

water buffalo ( Bubalus bubalis) and the domestic sheep (Ovis 

aries ) are also important. This thesis is concerned with a 

comparison of the properties of milk from the cow (bovine), 

with milk from the goat (caprine) and sheep Covine) . 

1 . 1  Composition of l'hlk 

A typical composition of normal bovine milk is 

presented in Tab le 1 . 1 .  In addition to the major con-

stituents included in Table 1 .'1 normal milk CC'ntains numerous 

enzymes, watPr-soluble and lipid-soluble vitamins, as well as 

nitrogenous compounds, gases and tra ce elements ( Jenness and 
Fatten, 19 59 ) .  The gross comr�sition of bovine milk can vary 

widelJ anc is dependent on factors such as inherited variation 

( Jenness and :t'atton, 1 999 ) . Other factors include the plane 

of nutrition, specific composition of the feed ration, 

seasonal variations and stage of lactation. Infections of 

the udder, in particular sub-clinical mastitis have one of 

the greatest effects on the gross composition of milk. 

Although few data are available, many or all of the factors 

which may affect the composition of bovine milk are lih.ely to 

affect the composition of milk from other species. 

1.2 The Caseins 

Casein co�prises some 80% of the total protein in 

bovine milk (':rable 1 .1) . These caseins, or phospho-proteins 

combine with calcium, �ag�esium, citrate and inorganic 

phosphate to form large spherical colloidal aggregates known 



'rable 1 .1 

The Compo s ition of 'l';ypical Dovi.11t� Skim �'lilk 

Water 

Milk fat 

Casein 

\·Jhey prot e ins 

Lac t o s e 

Calcium 
l"'agnesium 

Sodium 

Pot ass ium 

Citrat e 
Inorganic phosphate 

Chloride 

pH 6 . 68-6 . 72 ( 25°C)  

'rotal cone .. 

870 g/l 

40 g/1 

25 g/1 

6 . 1  g/1 

45-50 g/1 

34 mmo1/1 

5 mmo1/1 

20 mrno1/l 

41 mmol/l 

9 m.mo1/l 

23 mmol/1 
28 mrnol/l 

as casein mic2ll es , which can range in diamet er from 40 nm to 
300 nm (Nitschm ann, 191�.9). rrhese cas ein mic elles are dispei""'sed 
throughout a s erum phase, and "�arry" more c al c ium phos pha te , 

necessary for growth of the young mammal, than 1'\TOUld othcr',-.rise 

be soluble in the serum. A typical composition of the serur:J. 
and micelle phas es of bovine milk is shown in 'l'able 1 . 2. 

The caseins hav e l o o s ely folded open structures 

�erskovits, 1 966)  and as such are readily accessible to 

proteolytic enzymes, an important feature in their nutriti onal 

role. The whey proteins, lac to s e  and other ionic constituents 

in milk are largely present in the serum phase in which the 

micelles are suspended ( Table 1 o2 ) . 

Casein mic e l l e s  are remarkably stable against the 

effects of temperatur e , di.J 1J.tion and �"'.one entration of milk, 

and y e t  are ro.pidly des tabili ze d  by the action of rennin, a 
prot eas e isolat ed from the abomasum of the calf. These 

properties are important factors in the processing of milk to 

products. 



'l'able 1.2 

Approximate Composition of the Serum and 

Micelle Phases of �ypicul Bovine �kim 

l"Iilk at 20°C 

Serum Micelles 

Sodium 21.4 rnrnol/l 9 mmol/l 

Potassium 42.5 11 28 ll 

Magnesium 3.8 If 16 11 

Calci u..rn 12.6 11 226 11 

Citrate 9.3 11 5 11 

Inorganic phosphate 13.3 11 110 11 

Chloride 31.0 11 ? 
Lactose 5.6 g/1 ? 
Casein ? 250 g/l 

\vhey Proteins 6.7 I! ? 

Note: Data have been calculated (Pearce, 1972) 
using experimental results reported by D�vies 

and White (1960). The figures for the micelle 

phase were found by difference and are less 

�eliable. The micelle rhase has been assumed 

to occupy 1 O% of the skim milk voltune. The 

composition is the same as in Table 1.1. 

The casein in the micelles falls into three major 

classes, �e-casein, B-casein and a -casein, which constitute s 
some 15�, 30% and 50% respectively of the casein in bovine 

3 

milk (Jenness, 1970). These casein fractions have their o1m 

characteristic properties. 

The definitions applied to the various casein 

fractions in milk by the American Dairy Science Association 

are described below si:ace these assume special significance 



in considering the nomenclature of caseins from the milks of 

species other than bovine ( Jenness et al., 1 956 ;  Brunner et 

al., 1 960 ; Thompson et al., 1 965; Hose et al., 1 970) . 

Casein: "A heterogeneous group of phospho-proteins 

precipitated froill skim milk at pH 4 . 6  and 20°0 . "  

a�-Oasein: nrrhat fraction of a--casein precipitated by Oa at 
0 -

0-40°0 ,  and stabilized,by K-casein in the presence of Oa." 

K-Oasein: 11The principal casein upon which rennin acts. It 

is soluble in the presence of 0 . 40 I1 Oa at pH 7 . 0  and 0-4°0, 

and can prevent a -casein from preciritating in the presence s 
of Oa, through the formation of soluble micelle-type 

complexes" ( stabilization). 

(J-Oasein: "That fraction of casein soluble in 3 . 3  l'1 urea, 

L� 

but insoluble in 1 . 7 l'1 urea at pH 4 . 6 .  (J-Oaseins are 

precipitated with calci urn at 3 5°0 ,  but not at LJ-00 ,  and possess 

ultracentrifugal association-dissociation properties at 8 . 5°0 . n 

For the purpose of this thesis, this definition needs 

updating to: "and possess temperature dependent association­

dissociation properties between 4°0 and 3?00 .  t! 

1 . 3 J�:..m of the Investigation 

Knowledge of the fundamental structure of the casein 

micelle is important in understanding the stability of �asein 

micelles during the processing of milk into milk prod�cts, and 

in understanding the role of the casein micelle and the 

caseins in nutrition. 

During the last twenty years there have been numerous 

studies to determine the way in which caseins· associate to 

form casein micelles. These have included an examination of 

the behaviour of natural micelles and also synthetic micelle 

systems ( \,laugh, 1 971) . Although this work has revealed a 

considerable number of the fundamental properties of casein 

micelle systems, a universally accepted model of micelle 

structure has yet to be proposed. 

The caseins of all mammalian species that have been 

examined to date are ti.1ought to exist in the form of casein 

micelles ( Jenness, 1 973 ) .  A study of the micelle systems 



of oth e r sp e c i es should l e a d  to · a greater und erstanding o f  

th e fundam en tal fac tors affec ting th e s truc t ur e  o f  th e bovin e 

c as ein mic ell e , sinc e this is an alogous to examin ing th e 

e f f e c ts of m o di fi ed bovin e c as e ins on the prop erti es o f  

c as ein mic ell es. As a pr e-requis i t e  to an inves t i gation o f  

th e assoc i a t ion o f  th e c as e ins from o ther sp e c i es to form 
' 

c as e in mic ell e �  it is n ec essary to det ermin e th eir ch emic al 

an d physi c al propert i es� Th e rec ent eluc idat i nn o f  th e 

primary structur es o f  th e maj or bovin e c as eins has add ed 

imp etus to inves t i gations ' on th e cas eins of o th e r  speci es .  

A lu1owl e dg e  o f  th e primary s tructur e  and phys i c al 

charac t erist i c s  o f  c as eins from oth er sp ecies w ill h eip in 

trac ing th e patt ern o f  chan g es to th e milk pro t e ins , in 

part i cular the c as eins , durin g evolut ion . Cons equently , 

thos e cas ein s and r e �i ons o f  the c as ein mol ecul es which have 

an important rol e in m i c ell e s truc ture and nutri tion m ay b e  

i d en t i fi e d. To dat e , very l i t tle work has b e en don e on th e 

c as e ins of oth er sp eci es . 

Th e a im o f  th is th esis is to compar e som e o f  th e 

fundam ental prop erti es o f  c aprin e an d ovin e milks with bovin e 

milk . Th e composit ion o f  the milks , and som e o f  th e 

pr op erti e s  of the caprin e , ovin e and bovin e c as e in mic el l es 

ar e compar e d , us ing ele c tron microscopy , ult rac entrifugation , 

vis cometry and g el chromatography. l;ar tic ular emphas is is 

giv en to th e isolat ion and charac t erization o f  th e major 

capr in e and ovine c as e ins , and a compar ison o f  th eir ch emi c al 

ahd physi c al ch arac t eristics with th e bovin e  c as eins . Th es e 

sp ec i es w er e  chosen for investi gation sin c e th ey ar e fairly 

c los ely r elat e d  ruminant sp eci es , ·b elong ing to th e fam ily 

Bov i d a e  in th e order Artiodac tyla ( Sloan e t  al . ,  1 961 ) . 
Cons e quently , a compar� son o f  th eir cas eins should b e  o f  

mor e  value , than say , with thos e o f  th e order Rod en tia . 

Th e th esis work is divided into thre e s e c tions . 

In Part I, th e composi t ions of c aprin e , ovin e and 

bovin e milk ar e d escrib ed . Som e  of th e prop erti es o f  the 

c as ein mic ell es from th es e sp ecies are also d e 8 c rib ed and 

compar ed . 

5 



In �art II , the isolation of the maj or c aprine , ovine 

and bovine c as eins are described .  Some of  their c hemic al 

&nd phys ical characteri s tics are c ompared and contrasted with 

those of other speci es . 

Part Ill  bri efly outlines some of the m odels  o f  case1n 

micell e  structur e which have b e eh propos ed . The results 

obtained in thi s thes i �  ar e d i s c us s e d in the light of their 

application to these models . 

6 



PART I 

A C 01'1J?ARISON OF ClU'RINE,  OVIN E  AND BOVINE l"'ILKS 

.AND THEIR CASEIN l'U CELLES 



.. 

CHAPTEH 2 :  IN TRODUC'.J:I ON 

I n  this chapt er , only pub l ished s tud i e s  which ar e 

dir 8 c t ly r e l evant t o  the work pres ent ed in the f o l lowing thr e e  

chapt ers wi l l  b e  bri e fly r eviewed . Other propert i es o f  

c as e in mic e l l e s , and t h e  various models o f  mic e l l e  s t ruc tur e  

are pr e s ent ed and. dis c us s �d in Chapt er 1 3 .  

2 . 1  C ompos i t i on of Mi lk 

In Chap t er 1 ,  t yp ic al c ompos i t ions of b ovine milk 

( Tab l e  1 . 1 ) ,  m i lk s erum and cas ein mic e l l e s  ( Tab l e  1 . 2 ) wer e 

pr es ent e d .  Ment i on was al s o  made o f  s om e  o f  th e variab l es 

aff e c t ing the c ompo s i t i on o f  b ovine milk o R e f erenc e t o  any 
of the s t andard t exts in dairy chemi s try ( J enne s s  and Pat t on , 

1 959 ;  McK enz i e ,  1 970 ; McK enz i e , 1 971 ) wi l l  pr ovide data on 

th e c ompo s i t i on of b ovin e milk . 1U s 0 , Ro ok and \Jh e e l ock 

( 1 967 ) h ave r evi ewed the l i t erature on the water s o lub l e  

c ons t i tuents in b ovine mi lk . 

Data oa the milks o f  other s p ec i e s i s  more var i ed in 

natur e  and s c at t ered th roughout the l i t eratur e . N e j  im ( 1 963 ) 

det ermined th e prot ein , fat , ash , c al c ium and phosph orus 

c ont ents of ovine mi lk during a s eas onal s t udy . Dj ordj evic 

and C aric ( 1 972 ) exmnined the d i s tr ibut i on of c al c ium in ovine 

m i lk during a s eas onal s t udy . 

Parkash and J enn e s s  ( 1 968 ) have c ompr ehens ive l y  

revi ewed the l i t eratur e  o n  t h e  c ompos i t i on and charac t eris­

t i c s  of c aprine milk . K onar et al . ( 1 9 71 ) c ompar ed the 

c onc entrat i ons o f  wat er s o lub l e  c ons t ituent s o f  b ovin e , 

porc ine ( pi g ) , ovine and c aprine milks . Maj or variati ons 

were obs erved in c i tric ac id , chloride and p o tas s ium ,  with 

s imilar s odium and lac t o s e c ontent s . Mac y  e t  al . ( 1 9 53 ) 

r evi ewed the l i t eratur e  and c ompi l ed dat a on the c ompos i ti on 
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of human c o l o s trum , and matur e  human , c aprine and b ovine milks . 

The c onc entrat i on o f  th e individual c ons t i tuent s in 

milk ar e sub j e c t  to c ons id erab l e  vari at i on , everJ. ·wi thin each 

spec i e s . Thi s  c an be par t ly attribut ed t o  who l e  animal 

effec ts , such as bre e d , s t at e  o f  h ealth , plane o f  nutri t i on 

etc . , but c an a l s o  b e  marke dly aff e c t ed by variat i ons , due t o  

the accurac y of differ ent analyt i c al pro c edur· es . 'rh i s  i s  



i llus trat ed by t h e  range o f  values obtained for the c i tric 

ac id c ont ent of th e s ame mi lk s amp l e s , analys ed using dif­

ferent proc edur es ( vJhit e and Davi es , 1 963 ) , and in the 

result s of  differ ent inv e s t i gations which w er e  tabul at ed by 

I1acy et al . ( 1 9 53 ) for the const ituents of c c aprine , human 

and b ovine mi lks . However , d e t ermining the c onc entrat ion 

of t h e  vari ous c onstitue�t s in c aprine , ovine and bovine 

mi lks us ing the s ame proc edur e , should provide a b e t t er 

b as i s  for c omparison .  

2 . 2  Siz e Dis tribut i on o f  Cas ein Mic elles  

The s i z e  dis trib ut i on o f  c as e in mic e l l es in  mi lk has 

b e en the sub j ec t  of a numb er of inves tigati ons . with the 

exc ept ion of  the rec ent inves t i gati ons ( Lin et al . ,  1 971 ; 

Dewan and Bloomfi eld , 1 973 ; Holt e t  �1 . ,  1 973 ) , thes e 

inves t i gat i ons were c arri ed out by means o f  e l ec tron 

microsc opy ( N i  tschmann , 1 9L�9 ; Kno op and \.Jortmann , 1 960 ; 

Shimmin and H i l l , 1 964 ; .Shimmin and Hill , 1 965 ; Ro s e  and 

C o lvin , 1 966 ; C a lapaj , 1 968 ; C arroll et al . ,  1 968 ; Parry 

and C arro l l , 1 969 ; Sait o , 1 973 ; Schmidt e t  a l . , 1 973 ) . 

El ec tr0n micro s c opy r evealed that c a s ein mic e l l es are 

rough l y  spherical in shape and ar e s t;rongly p o lydispers ed 

(N its chmann , 1 949 ) . The s i z e di stribut i on of c as ein mic e l l es 
ob s erved by N i t s c hmam1. ( 1 949 ) a:Q.d Hose  and Co lv in ( 1 966 ; were 

two or thr e e  t imes low er than the values o f  90- 1 70 nm obt ained 

by mor e rec ent measurem ent s ( Knoop and vJortmann , 1 960 ; 
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Calapaj , 1 968 ; C arro l l  e t  a l . , 1 968 ; Parry and C arro l l , 1 969 ; 

Saito , 1 973 ) . 

Knoop and \·!ortmann ( 1 960 ) , us ing an emb ed.ding 

t echnique , ob tained average mic e l l e  diamet ers for human and 

b ovine �ilk and c aprine c o los trum o f  42 nm , 93 nm and 1 33 nm ,  

resp ective ly. Lat er , C alapaj ( 1 968 ) obt ained an average 

diamet er for human c as e in mic e l l e s  of 65 nm .  Schmidt et a l . 

( 1 973 ) sugges t ed that the mic e l l e s iz es obtained by Knoop and 

\Jortmann ( 1 960 ) may b e  unc ertain s inc e emb e dding of thin 

s e c t i ons in methacrylat e is ac c ompanied by c ons iderab l e  

shrinkage . 



'1 0  

Mos t o f  the t echni que s us ed for det ermining the 

s i z e  dis tribut ion of cas ein mic e l l es on e l ec tron migrographs 

h ave invo lved shadowing o f  th e dri ed sampl e s  of m i lk with 

heavy metals suc h  as platinum ( Cala_paj , 1968 ; C arre l l  et a l . , 

1968 ; l arry and C arr e l l , 1969 ; �aito , 1973). Rec ent ly ,  

Schmidt et a l . ( '1 973 ,  1 974) obt ained values for the average 

l ight-scatt ering diame t er of unfrac t iona t ed c as ein mic e l l e s  
1 

from e l e c tr on micro graphs ( pr epared using a fr e ez e-etching 

t echni que ) and from l i Ght - s c at t ering measur ement s of. 236 nm 

and 450 nm ,  respect ively .  Ac c ording t o  Schmidt e t  al . ( 1974) 
a l i ght - s c at t ering avera g e  diamet er ror cas e in mic e l l e s  from 

e l ec tron micrographs of 236 run is equival ent to a weight­

average value of the di amet er o f  128 nm .  

Lin e t  al . ( 1971) s t udied c entri fuga l ly frac t i onat ed 

mic e l l e s  in s o luti on by m eans o f  ine las t i c  l i ght s c at t erinE . 

'l'hey found so:� of the cas ein mic e l l e s  had diame t ers o f  100-
200 nm , with a mos t  pr obab l e  di am et er of 160 nm ( 1H oomfield 

and Morr , 1973). Holt e t  a l . ( 1973 � us in� the t echnique 

o f  c l ipped digi tal autoc orre lat ion o f  s c at t er e d  las er l i ght , 

found c a s e in mic e l l e  s i z e s  s imi lar t o  thos e found in r e c ent 

e l ec tr0n microsc opic ( Carr e l l  et al . ,  1968 ; Parry and C arre l l , 

1969 ; Gait o , 1973) and ine l as t ic li ght s c at t ering s tudi e s  

( Lin et al . ,  1971) , however th e dis tributi ons w e r e  broader . 

Electron microsc opy o f  c as ein mic e l l es reveal e i  they 

ar e c ompos ed of roughly s pheric al sub-1mits , 10-20 nm in s i z e  

( Shimmin and Hi l l , 196l.j- ; Shimmin and Hi l l , 1965 ; Schmidt 

and Buchh eim , 1970 ; Kno op et a l . , 1973 ; Schmidt et a l . , 

1 973 ; Buchheim and vJ elsch , 1973). Thes e s ub-units ar e 

r e adily evident in e l e c tron micro graphs pr epar ed using the 

fr e e z e - etch t echnique ( Schmidt and Buchh e im , 1970 ; Buchhe im 

and \Ie ls c h , 1973 ; Schmidt et P.l . , 1973) or the thin s ec t i on 

t echnique (Kno op e t  al . ,  1973). Ac c ording t o  Knoop e t  al . ,  

( 1973) cas ein mic e l l es ar e l o o s ely ·c ons truc t ed in th e 

regions in which c alc i·u.m i s  l o c at ed , which they sugges t ed 

ar e the int erstic es  b etween the sub-uni t s . 'l'h e  d i amet er o f  

the sub-unit s  was· 15-2C nm and the width of the " c anals  11 

b etween them were ab out 3 nm . 



2 . 3 Mo l ec u lar ·�Je ip.:ht o f  C as e i n  l'-1 i c  e l l e s  

Fr om t h 0 i r  ine l as t ic l i ght s c at t er in� s t udi e s  o n  

b ovine c as e in m i c e l l e s , I·1orr et a l . ( - 1 973 ) , B l o omf i e l d  and 

Morr ( 1 973 ) , D ewan and D l o omfi e l d  ( 1 973 ) hav e det ermined th e 

m o l e c u l ar w e i ght o f  mic e l l e  frac t i ons . 'rwo frac t i ons 

i s o l a t ed by rat e - z one ul t t a c entri fugat i on , an d r e pr e s ent ing 

sma l l  and large mic e l l e �> w e r e  found to  have m o l ecul ar vJe i ghts 

o f  2 . 3x1 08 and 1 8x1 o8 , r e s p e c t ive l y .  Th e average mo l e c u l ar 

w e i gh t  o f  unfrac t i onat e d  c as e in mic e l l e s was f ound t o  b e  

5 . 20x1 08 • From their l i gh t  s c att ering s tud i e s Schmidt e t  

a l . ( 1 974) ob t a in e d  m o l e c u l ar w e i gh t s  o f  1 1 . 0x1 08 and 

1 . 3x1 08-3 . 6x1 08 for un frac t i ona t e d  and frac t i onat e d  c a s e in 

m i c e l l es , r e s p e c t iv e ly . N i t s c hm ann ( 1 949 ) ob t ained a 

mo l e c ul a r  w e i ght o f  5 . 56x1 08 for c a s e in mic e l l e s , a s s uming a 

m i c e l l e  diam e t er o f  1 53 nm .  Th i s  va l u e  was s omewhat l ower 

than that ob t a i n e d  f or l arge c as e in mic e l l e s b y  Morr et a l . 

( 1 973 ) . 

2 . 4  V o lwninos i ty and o o lvat i on o f  C as e in l'Ii c e l l e s 

The d e gr e e  o f  s o l va t i on and vo lumin o s i ty ( s p ec i f i c  

v o l ume ) o f  c as e in mic e l l e s  a r e  imp o r t ant CD a rac t er i s t i c s )  

s inc e mic e l l es app e ar t o  b e  large por 0us s t ruc tur e s  whi ch 

c ontain a c ons i d erab l e  amo unt o f  wat e r . o o lvu t i on i s  d e fined 

a s  the w e i ght of wat er ( g ) b ountl o r  ass o c i a t ed with 1 t; o f  

pr o t e in ,  vJh i l e  t h e  v o l umin o s i t J  (V) i s  d e f i n e d  a s  t h e  v o l um e  

( ml ) o c c upi e d  b y  1 g o f  dry c as e in mic e l l e  m at eri al . 

The wat e r  c an e i th e r  b e 1 1 t i ghtly b ound 1 1  t o  t h e  c as e in 

in the mic e l l e s , or 1 1 l o os e l y  b o und " , o c c upying the h o l e s  or 

int ers t i c e s in t h e  int e r i o r  of t h e  mic e l l e s , and l o o s e ly 

a s s o c i a t ed wi th t h e  ext er i or surfac e .  Ab o ut 0 . 5  g wat er 

per g d::-y c as e i n  mic e l l e  is " t i ghtly b o und " ( \·laugh , 1 971 ) ,  
whi l e  th e r emainder ( ab out 1 . 5 g wat er p er g o f  dry c as e in 

mic e l l e )  i s  " l o o s e l;y' 1  as s o c i a t e d  vJith the c as e i n  mic e l l e .  

The d e gr e e  o f  s o lvat i on and vo lumino s i t y  o f  c as e i n  

m i c e l l es c an b e  d � t ermined b y  ul trac ent r i fuga t i on o r  v i s ­

c ometry . Th e wat er and pro t e i n  c ont ent o f  m i c e l l e s  

s edim ent ed b y  u l trac entri fugat i on was us e d  b y  Thomps on e t  a l . 

( 1 969a )  t o  d e t e rmine t h e  c as ein-p e l l et s o lvat i o� .  



Voluminos ity and s olvation o f  c as ein mic e l l es were als o  

measured b y  visc ometry ( Uhitnah and Hut z , 1 9 59 ;  Dewan et 

a l . ,  1 973 ) . 

Cas e in-pel l et s o lvat i on values , obtained  b y  ultra­

c entri fuga t i on of b ovine skim milk at 37°C ,  were 1 . 90 g 

1 2  

wat er per g mic el l e  pel let ( Thomps on et al . ,  1 969a ) . C as ein­

pellet  s o lvat i on value� were c orrelated with heat s t ab i l ity 

of  milk by Thomps on et al . ( 1 969a) , more highly s o lvat e d  

c a s e in mic e l l es b e in8 mor e h eat s t able . 

Vis c o s ity measurements result ed in values for the 

volwninos ity and s olvation of b ovine cas e in mic e l l es of 

4 . 37±0 . 27 ml/g mic e l l es and 3 . 67 g wat er per g pro t ein , 

r espectively ( Dewan et  al . , 1 973 ) .  Mic e l l e  s olvat ion as 

measUI· ed by vi sc ometry ( I.Jewan et  al . ,  1 973 ) was c onsiderab ly 

higher than that measured by ultrac entrifugati on ( 'J:lhomp s on 

et al . ,  1 969a ) . 

2 . 5 'I' emperatur e  Den endent Dis s oc iation of C as ein Hie e l l e s  

The structure o f  cas ein mic e l l es c an b e  inves tigat ed 

under c onditi ons of c ontroll ed dis s oc iation.  C as ein mic e l l e s  

may b e  dis s oc iat ed  by  lovJ t emperatur e  ( Dovmey and Hurphy , 

1 970 ) , high pres sur e s  ( Schmidt and Buchheim , 1 970 ) , high 

c onc entrations of  urea (I"'lorr , 1 967a ) , r emoval o f  calcium 

phosphat e by dialys i s  ( Pyne ar d l'lcGann , 1 960 ; M.cGann and 

Fyne , 1 960 ) , gel filtration ( Boul et et al . , 1 970 ; Cream er 

and Berry , 1 97 5 ) , Pyrophosphat e and c itrate ( Morr , 1 967b ) or 

BDTA (Lin et al . ,  1 972 ) . 

The t emperatur e dependent dissociation of  cas ein 

mic elles  has b e en investigated  by ultrac entri fugat i on ( Ros e ,  

1 968 ; Dmvney and Jl1urphy , 1 970 ) or gel chroma t cgraphy 

( Downey and Murphy , 1 970 ; Creamer and Berry , 1 97 5 ) . 

Sullivan et  a l .  ( 1 9 5 5 )  suggested that a - c as e in was 

diss ociat ed from c as e in mic e l l e s  on c o o l ing . This was 

verified by Ros e ( 1 969 ) who showed 8-cas ein c ons t ituted s ome 

557o of the increas e in s erum cas ein , obtained by s toring milk 

overnight at 4°C pri or to c entrifugat i on .  Downey and M.urphy 

( 1 970 ) found the total cas ein in supernatants prepared by 



c entri fugation inc reased from 6;6 t o  '1 596 , on c oo l ing the 
mi lks from 30°C to 5°C . f3 -C a s ein acc ount ed for L�6% o f  this 
increas e ,  whi l e  a - and K-cas eins c ons t i tut ed 30% and 23% , s 
respective ly of this c as ein . 
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Gel chromat ography o f  s ampl e s  of b ovine milk on a 
c o lumn o f  S ephar o s e 2B i:n, s ynthetic :oilk s erum at 2 5°C 
indic ated the pres enc e o f  two peaks ( Dm,mey and 11lurphy , 1 970) . . . � 

The first opaq ue p eak ,  whic h v.;as elut ed at the vo id vo lum e , 
c ont ained the c as e ins , appar ently in mic e l l ar form ( �o l e c ular 
weight >'1 08 ) ,  and a s ec ond peak elut ed at a volume 
c orr esponding to molecular weip�ht 2x'W 5 , c ontained the whey 
prot eins . On decr eas ing the temperature to  5°C , ab out 60/� 
of the (3-c as e in in _ the cas e in mic e l l es was e lut ed with the 
whey prot eins . Chroma t ography of CPF-milk ( c ol l oidal 
phosphat e fr e e  milk) , result e d  in two maj or p e aks , one 
c orrespondinG t o  a mol ecular weight of 2x1 06 , and the o ther 
res emb l ing the p e ak ob s erved with skim milk , which c ont ained 
the whe y  prot eins . 

At 5°C , cas e in mic e l l e s  in normal ffiilk which have b e en 
chromat ographed on S epharos e 2B have ab out 90;-� 0 f  the ir 
as - and K-cas eins , and 40� o f  the (3-c �s e in elut ed at the vo id 
vo lume ( Downey and l'"lurphy , '1 970 ) . Further gel fi l tration of 
this mi c el lar c as e in peak r esulted in furth er di s s ociation , 
unti l  Glrromatography for a fourth time result ed in a frac t i on 
c ontaining 8 . 0 : '1 . 2 : 0 . 8  parts o f  as 1 -- , (3 - and K-c as ein�; ) 
respectively ( Dm,mey , 1 97 3 ) . The materi al in this p eak was 
prec ipitat ed wi th 1 0  mM C aC 12 , whereas normal mi lk is 
unaffe c t e d  by 1 M CaC 12 • 

Creamer and B erry ( '1 97 5 )  examined the ·b ehavi our o f  
s ub -mic e l l ar c as ein aggregat e s  fr e e d  of c ol lo idal c al c ium 
phospha t e  and mos t prot ein b ourd C a , by chromat ography o f  
c as ein mic e l l es c ons ecut iv e ly on c o lumns of S ephadex G-'1 0 and 
S epharo s e  4B . From their r e sult s ,· they c onc l uded that the 
�idual cas eins in c h e  sub-mic ellar c as ein aggregat e s  
�vere i n  equil ibrium with their c onst i  tu�nt c as eins . 



CHAPrER 3 :  

3 . 1 Preparat i on o f  Skim l' lilks 

Sampl e s  o f  b ulk and i ndivi dual b ovine mi lks wer e 
obtain e d  from c o ws o f  the Mas s ey Univer s i t y  N o . 2 twin 
F . . h d J k '  d t ?-Q°C.' c '  � � r1 e s 1 an er an· . S r 1:mm e a ? Uu lng a s cpa�. a v or . 

Samp l e s  o f  indi � i dual or bulk c apr i n c  mi lks w e r e  
obtained from Br i t i s h  S a anen mi lk �1g goat s . Skim m i lk was 
pr epar ed by c entri fugat i on at 800 g for 1 0  min at 30°C , or 
with a c omm erc i al s epar a t o T· ,  d e p ending on t h G  quant i ty of mil�:;: 
ava i l ab l e . 

Ovine m i lk s ampl e s  v.Jere ob t a ined from Romney ewes o f  
the bas s ey Univ ers i ty fl o c k . S ome milk s amp l e s  w e r e  als o 
obtained from o th er bre eds . The milks w e r e  bulked or kept 
as individual s ampl e s  and t h e  mi lks sldmm ed by c sntri fugat i on 
at 800 g for 1 0  min at 30°C . Skim milk was r emoved from 
under the c r e am layer us ing a p i p e t t e .  

Although ther e ar e a nUJilh er o f  c ons t i  t u cnt s \.vh i c h  

c ould have b e en c ompar e d , eraphas is i s  plac e d  o n  tho s e  vihich 
may be import ant t o  the int e grity o f  t h e  c as ein mic el l e s . 

3 . 2  N i trogen Dis tribut i on 

T o t al ni tro g en ( TN ) , non cas ein nitr o g en ( NCN ) , and 
non pro t ein nit roe;en (NPN ) c ont ent s o f  the mi lks were d e t er­

mined by Kj e ldahl diges t i on us ing th e proc e dur e o f  Ro1vland 
( 1 938 ) , as modi fi ed by Aschaff enburg and Dr ewry ( 1 9 59 ) . NCN 

was det ermined in f i l trat e s  o f  skim milk whi c h  had b e en 
ac idifi ed t o  pH 4 . 6 . NPN was measured in 1 2 . 5% trichloro­
ac etic acid ( TC A )  fi ltra t e s  o f  skim milk . C as e in nit r o g en 
( CN )  was d e t e rmin e d  as : 

CN = TN - NCN 

Prot ein was 6 . 38 x nitrogen c onc entrati on 



3 . 3  I norganic Phq s nhat e D e t erminat i on 

Samp l e s  w e r e  d e-pr o t e ini s e d with TC A ( final c onc ent ra­

t i on , 1 2 . 5% w/v ) and t h e i r  pho s phat e c ont ent d e t ermined b y  

the m e th o �  o f  Chen e t  a l . ( 1 956) , i n  whi c h  th e phos phat e  i s  

c onv e r t e d  int o a b lue pho s ph omolybda t e  C Omplex whi c h  \'!aS 

e s t imat ed by ab s orbanc e at f320 nm . Standards were p r e p a r e d  

fr om dri ed A..YJ.a l aR grade p o t as s i 'Jl!l d ihydro gen pho s phat e .  
p 

3 . 4 D e t erm inat i on o f  C a t i on C onc entra t i ons 

Aft er the s kim m i lk was di l ut ed ,  Na and K w e r e  d e t er­

mined b y  flame emi s s i on s p ec t r o s c o py .  Mg was det ermin e d  by 

atomic ab s orpt i on s p e c t r o s c opy us ing a � e i s s  FI1QII s p e c t r o ­

pho t om e t e r  fitt e d  w i th an FA2 f l ame attachm ent and a S ar g ent 

SHL r e c order . An a i r  ac e tyl ene f l ame was us e d .  
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C a  plus l'Ig vms d e t ermined in s ui t ab l y  di lut e d  s amp l e s  

whi c h  were t i trat e d  vJi th ED1J1A us ing c a l c on ind i c at o r  ( Br i t i sh 

Drug Hous es ) . C aC O �  d i s s o lved in di lut e HC l was us e d  a s  a 
:J . 

s t andard . 

3 . 5  C a t i on Ac t ivity 

A s am p l e  o f  skim mi lk was equi l ibra t e d with a p o r t i on 

o f  s tr ong c at i on exchang e r e s in whi c h  had b e en pre- equi l ib ra t e d  

wi th a s o lut i on o f  s al t s  having approxima t e ly the s am e  

ac t i vi t i e s  as th e s o lut i on unc"� er t es t  ( Pear c e  an d  C r e am er , 

1 974 ) . Aft er equi l ibrat i on th e r e s in was washed , dri e d and 

lat er e lut ed with 3 M HC l .  Th e e lu ent was ana lys ed b y  f l am e  

pho t ome try t o  giv e t h e  r e s in c omp o s i t i on .  H enc e ,  b y  us e o f  

c al ibrat ing s o luti ons , t h e  c a t i on a c t ivi t y  rat i o s  w e r e  

c a l c ula t ed , us ing R a s  t h e  r e fer enc e i o n .  From t h e  c o nc entra­

t i on of K ,  the c at i on c onc entra t i on quo t i ent was ob t a in e d : 

e . g . 

wh ere aK , 'YTr and (K ) 
l\. 

and c onc entr a t i on o f  

act ivi t y  ( Pearc e and 

ar e the ac t ivi t y , ac t ivi ty c o e ff i c i ent 

K r e s p e c t ively , and ac is the Ca i on 
a 

Cr eam er , "1 974) . 



3 . 6  C i tric Ac id C ont ent 

C i tric acid was measured in r:L1C A  filtrat es ( 1 2 . 5% \v/v ) 

of  milks us ing the method o f  Mari er and Boul e t  ( 1 958 ) , as 

modi fied by Whi t e and Davi e s  ( 1 963 ) . 

3 . 7 El ec trophor e s i s  

C as ein s amples wer e pr ec ipitated from mi lks with ac id 

and exam ined by f; e l  e l ectrophore s i s  us ing the pro c edur es out­

lined in Chap t er 7 . 6 �  

PHOPEHTI K:>  OF CA8.SIN r·�I CELL-:i:S 

In thi s  s e c. t ion th e pr o c e dur e s  us ed t o  examine th e 

prop ert i e s  of c as e in mic e l l es by electron micros c opy , ultra­

c entri fugat i on ,  vi sc ometry and gel c hromatography are 

describ ed . 

3 . 8 Fr e ez e- etch ��l ee tron 11icrograph� 
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Th es e were prepare d  by t aking mi lk from b eneath the 

cream l ayer , addins glyc erol to  30% v/v , fr e ez ing it ont o a 

spec imen holder us ing l iquid Fre on 22 , cut t ing the fro z en 

dropl et under v a c uum and d epos it ing a layer o f  c arb on-plat inum 

on t o  the l ight ly etched surfac e . Aft er mount ing the 

replicas on to appropriat e grids the;'/ were examined V.Ji th a 

} 'hi l ips 1:1"1 200 e l ectron microsc ope . 

3 . 9 ',.Jhol e Hic e l l e  El ec tron l''licr ographs 

Thes e were prepare d  by 1 00-fold dilut i on of  the milks 

with 0 . 01 1"1 C aC 1 2 • .f:i'urther s amp l es ( 30-fo l d  d i lut i on) were 

al s o  fixed with 2�S ( v/v ) f ormaldehyde s oluti on f or 30 minut es . 

Th es e s olut i ons were sprayed on t o  c oll odion c oat ed c opper 

grids and air dri e d .  Some wer e shadovved with plat inum­

c arb on and they were examined us ing a Philips  EM 200 e l ec tron 

micros c op e . 

Voluminos i ty and Sol vat i on o f  Cas e in !'li c e l l e s  

The vo luminosity and s o lvat i on of c a s e in mic el l e s , 

defined in Chap t er 2 . 4 ,  wer e measured by ul trac entrifugation 



1 '7  I 

and vi s c ome try m e as ur em tmt s on c a pr in e , o vi n e  and b ovin e 

mi lks . Th e w a t e r  n�d pr o t e in c ont ent o f  r e l l e t e d m i c e l l e s 

p r e p a r e d  by u l t r a c ent r i fuga t i o n  o f  m i l k  :; a1:1 p l e s  w e r e  us e d 
t o  d e t erm in e t h e  c as e in-p e l l e t  o o lv a t i on . V i s c o s i t y  

m e a s ur ement s o n  t h e  mi l ks and di lut ed m j  U:::s , r e l a t iv e  t o  

ult r<'lc cntr i fue; e  s e rum \o: e :r e  us e d  t o  d e t e r:n in e t h e  v o lumino s i t ;y , 

nnd h en c e  t h e  s o lvat i on o f  c a s e i n  mi c e l l e s . The c as e in­

p e l l e t  s o lva t i on ( m e as u r e d  by u l trac ent r i fuGat i on )  i s  n o t  

n e c e s s ar i ly t h e  s am e  as t h e  c a s e i n  m ic e l l e  s o lvat i on , 

m e a s ur e d  by v i s c o m e t r y  ( Chapt er r;) . 2 ) . 

3 . 10 S o lvu t i on o f  C a .:':> e in l"'Ii c e l l e s : Ul tr<lc ent r i fun·C:tt i on 

C as e in - p e l l e t  s o lva t i on v;as d e t ermin e d  by ul t ra­
c entr i fuplt i on o f  s k im m i l k  Ui..i inc a pro c e dur e s im i l ar t o  

tha t };r evi o us l y d e s c rib e d  by ·.Inugh ar: i N ob l e  (1 965 ) . 

J e i 3h e d a l i qu o t s  o f  s kim m i l k  wer e c ent r i fu s e d  a t  

30±1 °C in n B c c kmun 80 5 6  r o t or us i n �  a E e c kman L2-65 ultra­
c ent r i fuge f or p e ri o ds of 20 mi n ut e s to 3 hour s  at 3 30 000 g .  
C as e i n-p e l l e t  s o lva t i on w a s  a l s o d e t e�mined u t  4°C and 30°C 

by c entri fugat i on in a Typ e 65  r o t or at 102 000 g f o r  
60 minut es . 

Aft er c en t r i fuga t i on , t h e  s c:r·um vJ a s  c ar e ful ly po ur e d 
o f f  and the t11b e and w e t  p e l l e t  w e i gh e d . A f t er fr e e z e 

dry in � , the t ub e  and p e l l e t wer e again w e i ch e d , the l o s s  o f  

we i fht on drying b e ing t h e  w e i gh t  o f  wat er i n  t h e  p e l l e t . 

C as ein-p e l l e t  s o lva t i on ( g  wa t er p er g dry m i c e l l e  

p e l l e t ) was e s t imat ed fr om : 

c as e in-p e l l e t  s o lvn t i on = 

w 
w 

wher e w\Y , w
d 

and w
t

, ar e the w e i ght s  o f  t ub e  2 nJ w e t  p e l l e t , 

tub e  and dry p e l l e t , and t ub e , r e s p e c t iv e l y . 

The d i s t ribut i on o f  c a t i on s  and in organ i c  p:il o s ph o:::..�us 

b e t w e e n  the s erum and m i c e l l e  phe.s e s  was det ermined by 



<::malys il l t';  t h e  s c r v.ra :tnd s; J i c c l l e  p e:� l l e t s , aft er \'i e i p:he d  
a l iquo V :; o f  t h e  p e l l e t s  lu .t cJ b e en r e -d i s s o lv e c: D  
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rr epara t i  on o f  ;_) : u n.pl e f1  

�;ampl e s  o :f.' f r e s h  S k i r>I  m i lJ�  \� e r e  c ent r i fug e d  a t  1 500 fS 
for 1 5  min a t  30°C . S t r c p t o v en ( 1  d r op/500 m l ) ( G l axo 

r ·  r: 
Lab oratori e s , 1 0 - )  illli t �� ;_ ;t  r: ept om;yc in and 1 0 ::;  m1i t s  p eni c i l l in 
p er tub e ) Has add e d  t o  eo.ch mi ll: s ampl e t o  pr event b a c t e r i a l  

growth . rrhe s :::i q > l e s of 1n i l k  wer e equi l ib r a t e d a t  L!-°C and 
30°C pr ior t o  vi �_: c o s i t ;r  m e a s "Lu' eJ;wn t �'> . b erum us ed t o d i lut e 

the m i lk s Gmp l cs � a s  pr epa r e d  by c ent r i fuging m i lk at 4°C or 

30°0 in a B e c kn:m J-'2-65 u l t r c:tc ent r i fu c:; e  f or " l  h a t  10;� 000 g 

t o  s ediment t h e  c: u ;.:. e in m i c e l le s . ;,.l i q uo t E; o f  m i lk \·ler e 

d i l ut e d  2 ). -' ,  50;J o.n d  7 5, ,  b�;r \v e i p:ht ·, : i t ll L1-°C or 30 °0 ult ra­

c entrifu�e s eru r1 , and t h an equi l ibrat e d  at 4°C or 30°C , prior 
t o  vi s c o s ity m e G r;ur cJ:l cnt s .  

'l1h e c onc en tra t i on o f m i c e l l ar c a s e i n i n  t h e  mi lks vms 
d e t err:1 i n e d fror:J. t h e  'l'� an d LCN c ont ent s o f  tlle  p e l l et ed 

mie e l l e s  \ o'h i e h  H e r e  ob t a i n e (l d urin�:; th e prepara t i on o f  t h e  
ultrae e n t r i fur;e s er a .  1.L1h e r e l a t i v e  d ens i t i N 3  ( re l at ive t o  
wat er ) of milks and u l t rac c:ntr:i_ fu[;e s era w e r e  r.1 e a s ur e d  a t  20°C 

us ing a 10 mJ  o r  2 5  n l  py� n o m e t cr . R e l a t iv e  d e ns i t i e s o f  the 

di lut e d  m i lk s amp l e s  were o b t a ined b y  in t er � o l a t i on of the 

s erum and J';'J i lk vnl u e s . 

I t  was c ons i dered n e e e s s ary t o  c o m p l e t e  a l l  o f  t h e  

m e as ur e m ent s  wi thin 1 2  h o f  t h e  m i lk s amp l e s b e in� e o l l ee t e d .  

C ons equent ly , this r e duc e d  th e nunb er o f  di lut i ons o f  mi lk 

whi e h  c ou l d  b e  us e d  t o d e t er�ine the int r ins i e  vi s e o s i ty o f  

t h e  e a s e in mic e l l es . 

V i s c o s i ty l'le a s ur cments 

The r e l a t iv e vis e o �t i e s o f  m i l k  and d i lut ed mi lk 

s ampl e s , me as ur e d r e l a t i v e  to u l t rae entr i fu g e  s t:rum at 
4 ± 0 . 02°C and 30 ± 0 . 1 °C ,  us ing C annon T-1aiLY).ing b emi hicro 

C api l l ary vi s e omet ers ( C annon I ns trument C o . , :t'ennsyl vannia ) .  

'rh e  type '7 5 and t yp e 50 vi s e om e t ers w e r e  us e d  at 4°C and 30°C , 
respec t ively , g1v1ng fl ow t i m e s  for 1 ml s ampl e s  from 200 t o  

400 s ec . 



Th e s amples o f  mi l k , d i l ut e d  m i l k  and ul trac ent r i f u � e  

s erum w e r e  f i l t er e d  t hr o ugh rn e d  i ma p o r o s i t y  s int e r e d  g l a s s 

fi l t e r s  int o t h e  vi s c om e t er s and e q ui l ib r a t e d  f or 1 0  m i n  a t  

4°C o r  30°C . F l o w  t i m e s  f or e ach s am p l e  V.J e r e  a n  av erar;e o f  

at l e a s t  thr e e  m e a s ur em en t s ,  n o n e  o f  wh i c h  w a s  m o r e  t h an 

1 9  

±0 .. 1 s e c d i ff e r ent fr om t h e  m e .::u l . A f t e r  e a c h  run t h e  

v i s c om e t e r s  w e r e  r ins e d  0 i t h  wa t er , was l t e d  w i t h  c hr om i c  ac i d , 

r in s e d  again �i t h  d e i oni s e d w a t er and ac e t on e , and f ina l ly 

d r i e d  in a s tr e am o f  dry c or:1pr e s s e d a i r . Un l e s s e x t r e m e  

c ar e  w a s  taken i n  t h e  pr eparat i on o f  s amp l es f o r  vi s c o s i t y  

m e a s u:r em en t s ,  r epr o duc. i b l e  r e s ul t s vl e r e  d i f f i c u l t  t o  ob t ain , 

pr e s umab l y  d u e  t o  t h e  pr e s enc e o f  dus t p a r t ic l e s and l a r c e  

f a t  r:; l obul e s . 

T r e a tment o f  Da t a  

'l'h e f l oH time s , re l a t ive d ens i t i e s  and c onc entr a t i ons 

of m i c e l l ar c as e i n w e r e  us e d  to d e t ermine t h e  r e duc e d 

v i s c o s i ty ( � s p/c ) o f  e a ch s amp l e fr om th e expr e s s i on :  

1 
-

c 

wh er e d and d0 ar e the r e l a t ive d ens i t i e s , and t and t
0 

a r e  

the f l m,, t im e s  o f  s amp l e  and u l ·c rac ent r i fug e s erwn ,  

r e s p e c t iv e l y .  

The int rins i c vi s c o s i t y , �] , i s  r e l a t e d  t o  t h e  

r e duc ed vi s c o s i ty b y  t h e  Huggin ' s  equat i on ( Bradbur y , 1 9 70 ) : 

= 

wh e r e  k '  i s  t h e  IIuggin ' s  c ons t ant . The int r ins ic vi s c o s i t i e s 

o f  t h e  c a s e in m i c e l l e s  fr om c aprine , ovin e an� b ovin e  m i l k s  

w er e d e t ermined by l in e ar l e as t s quar es an a l ys i s o f  a p l o t  o f  

r e duc ed v i s c o s i ty v e r s us t h e  c onc entrat i on o f  c a s e i n  in t h e  

mi c e l l e s . 



20 

I f  it is n �� �:J \Jm e d  t L1. �1 t  t h e  c a s c 1 n  m i c e l l e s  ar e r i c;i d , 

non- int erac t in g  G f 'll c r i c a l )X l r t i c l c s in s o lut i on , th en i t  c an 

b e  s h mm that t h e  v o l uni n o : > i t y , V ,  i �> r e la t e d t o  th e iD t r ins i c  
v i s c o s i t y  b y :  

V ::: 

1'h c d er ivu t i on o f  th i f3 � f OI';Lu l a  has b e en d i s c us s e d in s ome 
d e t a i l  by D e wan e t  a l . ( 1 97j ) . 

The d e gr e e  of s o lva t i on o f  c ns e 1n mi c e l l e s C a 1 ) c an 
t h e n  b e d e t e ru i n e d  ·u ;__� :i_ng t l t ·2  a ppr oxi1rw. t i on o f  1J'anford ( 1 96 ... 1 )  
\ih e r e :  

V = 

-
and v 2 i s  t h e  part i u l  s p e c i f i c  v o l u m e  o f  dry c a s e in m i c e l l es 
and v� i s the s p e c i f i c  v c lt�l c o f  pur e wut er , t ak en a s  1 . 00 ml/ 

g .  The p a r t i a l :,; p e c i .fi e  vo l um e  o f  dr·y c as e i n w a s  t ak e n  a s  
0 .  7 m l / g  ( .L''o rd e t e:d . •  , 1 9 5�)) . 

rr er.rn era t ur c  D cr encl er' t } ) i s  s o c  i 0 t i on o f  C n s  e i n  rii c e l l e s 

C a s e i n  m i c e l l e s  w e r e  s e d iment e d  fr om c anrine , ov ine 
and b ovin e m i lk s  b y  c 8ntr i fuca t i on a t  d i f f er ent t emp eratur' c s  
and t h e  s o lub l e  C 8.f.> c i ns pr e �; cnt i n  thc� r_; e  s era v; ere q u ant i ­
t at i v e l y  exam i n e d  by � e l  e l e c t ro ph o r e s i s . 

Skim m i lk s amp l e s  w e r e equi l ib r a t e d  a t  � °C ,  2 0 ° C  or 
3 0 ° C  for 1 h pr i or to c en tr i fuc;a t i on in a B e ckm a n  'l'yp e 6 5  

r o t or a t  1 02 000 g f o r  1 h i n  a B e ckm an L2-65 ul t ra c ent r i fug e . 
Hour m l s am p l e s  o f  s erum \ve r e  r emov e d  and a c i d i f i e d  ( Chapt er 

7 . 1 ) ,  c entr i fu c e d  for 1 5  min at 27 000 g and the s uperna t an t  

r emo ve d and t h e  pr e c i p i t at e ( c as e in ) r ed i s s o lv e d  i n  1 0  m l  
4.  5 l'l ur ea s o l  u t  i on c on t a ini ng 0 . 1 :,.6 ( v/v ) 2·-merc ap t o e thano l . 
� amp l e s  o f  mi lk ( 4  ml for b o vin e c aprin e , and 2 m l  f or ovin e ) 

w e r e pr e c i p i t a t e d w i t h  ac i d  and the c as e ins r e di s s o l v e d  in 
2 5  m l  o f  4 . 5 M ur e a  c on t ainint; 0 . 1 /o  ( v/v·) 2 -merc apt o e thano l . 

A l i q uo t s  ( 0 . 05-0 . 200 m l ) o f  th e s e s m;1p l e s  v1 e r e  e xamin e d  by 

ver t i c al p o lya c r y l ami d e  g e l  e l ec t r ophor e s i s  a t  pH 8 . 4  
(Chapt er 7 . 6 ) . Af t er s t a ining ancl. d e s t a ining t l L e  g e l s , t h e y  



vJ c r c  c ut l on g i  t uc: inu l l y <:1.nrl the pat t c:1·n �J s c anned l..W i nr'; a 

C anako Lod e l  G d ens i t om e t e r . 111h e c onc entra t i on o f  eac h 

s o l ub l e  c D s e i n  pr e G ent in t h e s e r a  \·n s d e t e:e ;'l i n e d  from th e 
p eak a r e r.w  in t h e  dens i t om c t er �)at t e rn s , und th o v·o lum e  o f  
t h e  s ampl e nnalys e d .  Th e c onc entr a t i ons o f  the c as e ins 

r e l a t ive to that in wh o l e c :1s c: in vr c r c  c a l c ul a  L e d  from t h e  

a r e a  und er each Il '-"� [tL . P o  u. l l oHanc e r>  v: cre Jn.c�C.e f or any 

d i f f er en c e s  in dye b in dS.nr�  b c t l·J e cn tlw c as e ins . 

3 . 1 3  

T'h e  ;n i ll;: o..nci Ia i c e l l e  fr a c t i o w:; from t h e  thr e e  s p e c i e s 
w e r e  exaw i n c d  b y  c llr ornn t o l):' �l})hy on a c o lumn o f  J ephar o s  e LJ-B 
( iharmac in ) us inc th e pr o c e du r e  d e s c r i b ed by U r aamer and 
B erry ( 1 9 ? 5 ) . 
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Thr e e  drops o f s tr e p t op en o.nd 1 0 m e;  s oyb ean t ryps in 

inhib i t or ( � i e;ma ) p e r  l i t r e  w e r e  a d d e d t o  s k im � i l k  t o  pr ev ent 

b ac t er i al c ontaminat i on an d p o s s ibl e en z yna t i c  d e gradat i on o f  

t h e  c a s e ins � Mic e l l e  fr a c t i ons � e r e  prepared by c cntrifu�a-
t i on of s k im m i lk in a �ype 65 r o t or at 57 000 g for 30 ru i n  
i n  a B e e- kman L2-6 5 u l  trac cnt r i f uge o t )0°C . T'h c  upp e r  

mob i l e  l ayer o f  smn l l  mic e l l es was r emove d , and in t h e  c a s e  
o f  b ovine and c aprine milks they w e r e  r ec e�t r i fu g e d  at 
1 02 OOC g f o r 30 min at 30

°
0 .  The l ur g e  and sma l l  m i c e l l e  

fra c t i ons were g en t l y  r e d i s u er s ed in wat er t o  Gi v e a pr o t e in 

c onc entrat i on o f  approximat e l y  5% . 

Th e s ampl e s  w e r e c h r o m a t o gro. p h e d  a t  6°C nnd 37°C o n  

a c o lumn ( 2 . 5  c m  x 50 cm. ) c on s i s t inr; o f  an upp er l ayer o f  
L ephad ex G-1 0 ( J'harmac i a )  (;:2 . 5  cm x 1 6  c m ) us ed t o  di s s o c i a t e 

the c as e in mic e l l e s t o  sub -mic e llar c as e in agc;r e gat es , 

f o l l ow e d  b y  c hromo. t o Br aphy on a l o w er l ay er ( 2 . 5 c m  x 23 c m )  

o f  S ephar o s e 4B . 

The c o l umn was equi l ib r a t ed at 6°C o r  37°C wi th 

s everal b e d  volum e s  o f  0 .  025 I·l imid a z o l e - HC l buf f er pH 6 .  7 
c ont a ining 0 . 1  l1 No.C l and 0 . 0 2;j NaN 3 . IJ.'h e pH o f  the buf f er 

was adj us t e d a t  t h e t emp era t ur e us e d  for th e chroma t o gr a phy . 

'I't.e f l o w  r a t e  o f  t h e  c o lumn vJas maint ain e d a t  approximat e ly 



L�O ml/h at 37°C and 1 2  ml/h at 6°C . Fract i onc o f  a-pproxi­

mately 3 g were collected and we i c;hed. 'l'he absorb ance of 

t:2 e fracti ons was me as ured at 280 n.m ,  and us ed in the 

determin ati on of th e el utio� wei e;ht o f  the peak .fr<J.cti ons . 

S ome fracti ons were di luted wi th 9 M ur ea containing 0 . 1� 
( v/v) 2-me rcaptoethanol and the _prote ins examined by poly­

acrylamide ge l e lectropho� e s is ( Chapter 7 . 6 ) . Aft e r  

des t a ining the ge ls, th� prote in patterns were s canned with 

a d ens i tometer,  and the quanti ty of eac h casein d e te rmin e d  

f rom the peak are as. 
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Th e c omp o s it i on o f  c a pr in e , ovin e and b ovine skiD m i lk 

s amp l e s w e r e  exam in e d on s e v er a l  o c c as i ons . Ovine and 

c anrine m i l k  s amp l e s  w er e ob t a i n e d  from 6 and 1 2  ani ma l s , 

r e s -p e c t iv e l y � 1.-.:h i l e  bulk m i l �\: vJ a s  ob t a ined from a pr e ­
d omin ant l y  }l'r i e s i an lwrd' o f  c ovn3 . 'l'h e s e m i ll::s H e r e  ana ly;:; e d 
as s o on a s  p o .s s ib l e  a f�t er c o l l ec t i on an d the maximum t im e  

b et w e en c o l l ec t i on nnd examin a t i on w a s  8 h f o r  e l e c tron 

m i c r o gr aphs . 

4 . 1  N i t r o�cn , I n o rgani c  fbo s phorus an d C i t r i c  �c i d  
C ont ents 

TN , N CI-: and J'll·N c ont en t s in c ayJr in e , ovi n e  and b ovine 

m i l ks wer e d e t ermin e d  b y  K j e l dahl analy s i s ( T ab l e  � . 1 ) .  Th e 
l ev e l s  o f  i n o r p;an i c  ph o s ph c rus and c i t r i c  ac i d  f ound in 1 ? . 51; 
TC A f i l tra t e s o f  o vin e , c apri n e  and bovine milks ar e al s o  

s h o wn in Tab l e  4 . 1 .  TN , NCN an d CN c ont ent s w e r e f a i r l y  

s imilar in c aur in e and b ov in e  m i lks , a l tho ugh b o vin e m i l k  h a d  

a s l i f�ht l y h i gher l ev e l o f  b o th 'l1N and C IJ  ( 'J.l ab l e  4 . 1 ) .  'rh e  

h i c;h er l ev e l  o f  'J.lN in ovine m i l k ,  c omp ar e d wi th b ovine and 

c aprinc m i l k s , i s  c aus e d  a lm o s t; en t i r e l y  by th e h i gh CN 

c ont ent . Pro t e i n  c ont ent s v1 e :r e  2 . 3 ,  L � . 6  and 2 . 8  g c a s e in/ 

1 00 ml mi lk 1n c aprin e , ovine and b o vine m i lks , r e s p ec t i v e l y .  

f1a c y  e t  a l . ( 1 9 5 3 )  c ompi l e d th e r e s u l t s  fr om a numb e r  

o f  s tud i e s  VJ}'J i c h  i nd i c at e d a n  av era g e c ompos i t i o n  f o r  matur e  

c apr in e m i l k  o f  0 .  558,:� TN , 0 . 1 66�� NCN , 0 .  392% CN and 

O . OL+O;-J N PN , va l ue s v;h i ch ar e s l i c;h t l y  hi gh er than t h o s e  in 

T ab l e  1� . 1 . Knowl e s  and \·iatkins ( '1 938 ) , \vho s e r e s u l t s f o r  

c aprine mi l k wer e n o t  inc l u d e d  in t h e  r evi ew b y  I"Ju c y  et a l . 

( 1 9 53 ),  wer e s imi l ar t o  tho s e in T ab l e  4 . 1  1v i th va lues o f  

0 .  5 22;S 'l1N ,  0 .  386;J C N  and 0 .  069� -� N :fN . 

C apr in e  m i l k  f r om Br i t i s h  S aanen g o a t s  i s  kno wn t o  

have a l ow e r  s o l i d s  n o t  fat c ont ent t han o ther b r e eds 

( l�arkas h  and J enne s s , 1 968 ) , v,rhich may part l y  exp l a in t h e  

l ower l ev e l s  o f  n i t r o gen ( T ab l e 4 . 1 ) .  

The n i t r ogen v u l u e s  ob t ai n e d  dur ing a s e as onal s tudy 

o f  b ovine m i l k  ( T ab l e  4 . 1 ) w e r e  s im i l ar t o  t h o s e c ompi l e d b y  



T ab l e  4 . 1  

C omp o s i t i on o f  �ilks 

C aurine 
He an 

T o t a l  nit r o g en 0 . 488 
g/1 00 ml 

Non c as ein ni t r o g en 0 . 1 30 
g/1 00 m l  

Non pr o t ein nit r o g en 0 . 0 51 
g/1 00 ml 

C a s e in n i t r o r;en 0 . 3 57 
e;/1 00 ml 

Inorganic pho s phorus 21 . 8  rnl'1/ l 

C i trat e 6 . 69 
mii/1 

1 .  S t andard devi at i on .  

c D 1 
u • •  

0 . 0 5 5  

0 . 029 

0 . 006 

0 . 0 27 

1 . 3 

Cvi ne -- --
I'l e an --, D 1 0 .  • 

0 . 91 4  0 . 04-4 

0 . 1 89 0 . 008 

0 . 0 58 0 . 002 

0 . 72 5  0 . 03 9  

3 4 . 0 2 . 7  

9 - 77 

Bovi�e 

I'l ean 

0 . 5 61 2 

0 . 1 21
2 

0 . 03 3  2 

') 
0 . 442L 

21 . 7  

9 . 6  

r> D 1 u .  • 

0 . 048 

O . C08 

0 . 006 

0 . 044 

3 . 0  

2 .  R es ul t s  obt ained during a s eas onal s urvey o f  Fri e s i an h erd 

milk by K P e arc e ( 1 973 ) . 

f\� � 



t'lac y e t  a l . ( 1 9 53 ) v!h o  r e1 ) 0 rt ed 0 . 5 50,.� 'rN , 0 . 1 1 05� NCN , 
0 . 440,� CH and 0 . 03 2� G  NPN . rrhe lfl: 'l'; c ont ent o f  c aprine and 

ovine m i ll':s ar e  hir�her , c ompGr e cl with t h e  value of 0 .  0)��; � 

NPN ob tained f o r  bovine m i l k  b y  I"Iac y  e t  a l . ( 1 9 53 ) . 

The r e  was a s im i l a r  c onc ent rat i on o f  inor�ani c 

pho s ph orus in c o.pr ine and bovine m i lks ( 21 . 8  ml"I and 21 . '7 rnl"l , 
r e s p ec t iv e l y ) , c ont ras t e d by t h e  c ons i d erab l y  h i �her l ev e l  o f  

34 . 0  ml-J i n  o v i n e  m i lk ( Tab l e  LJ- . 1). B o s w o r t h  and V a n  S l yk e  

( 1 91 6 )  fou.'l.d 23 .. 2- 2�� . 1  ml'l in o r ganic pno s phorus i n  c a�orine 

m i l k , with o n e  exc ept i on of 34 . 0  mM . Th e s e r e s ul t s  a r e  in 

g o o d  a gr e em ent with tho s e s h own in T ab l e  4 . 1 . 

The c i t r i c  ac i d  c ont ent o f  c aprine , ovin e and b o vi n e  

mi l k s  ( 'I1 ab l e  4 . 1 ) c an b e  c om11ar e d  w i t h  t ho s e o f  K onar et a l . 

( 1 9?1 )  wh o f o 1.md 4 . 2 ,  1 0 . ?  and 1 1 . 4  ml'1 c i t r i c  a c i d/k g  m i lk 

wat e r  in c apr ine , ovine and b ovin e mi lks , r e s p e c t i ve l y .  M a c y  

e t  a l . ( 1 9 53 ) r e p or t e d l ev e l s  o f  c i t ric ac i d  o f  7 . 9  and 1 1 . 7  
mi'l in c aprine and b ov i n e  m i lks , r e s p ec t iv e l y . 1i1 h e  c i t r i c  

ac i d  l ev e l s  i n  T ab l e  4 . 1  f o r  c aprine , ovine and b o vi n e  m i l k s  

a r e  l ow er than th o s e  o f  K onar e t  a l .  ( 1 971 ) .  

However , t h e  c i t r i c  ac i d  c ont e.nt o f  the mi l k s  i s  d i f­

f i c u l t  t o  d e t ermine H i t h  any ac c uracy C�hi t e  and Davi e s , 1 96 7. ) , 

s inc e t h e  r e s u l t s  ob t a ined d e p end on the m e t h o d  us ed , o nd this 
may ha·.-e c on t r ib ut ed to t h e  d i f f e r enc e s  b e tw e en the pr 2 s ent 

r e s ul t s  ( Tab l e  4 . 1 ) and thos e of K onar et al . ( 1 9 71 ) .  

4 . 2 C at i on C onc ent r at i on s  and Ac t i vi t i e s  

rrh e  t o t a l  c at i on c onc entra t i ons in s amp l e s  o f  o v l n e  

and c aprine m i l k  a r e  given in T ab l e  4 . 2  t o g e th er wi t h  s imi l ar 

dat a for bulk fac t ory s upply b ovine mi lk . The N a  l ev e l s  f o r  

t h e  m i d - l ac t a t i onal ovine and c ap r ine m i l k s  w e r e  c omparab l e  

a t  1 1 -1 4 rni-1 . Th e l at e  l ac t a t i on a l  ovin e m i lk and t h e  b ovine 

m i lk were a l s o  c omparab l e  at 1 7- 20 . rrJ'1 ,., K onar e t  a l . ( 1 971 ) 

r ep o r t ed avera g e  values o f  21 . 6 ,  20 . 3  and 1 7 . 8  mrn o l e s/k g  m i lk 

wat e r  for o v in e , c aprine and b ovine milk . Th e s e val u e s  a r e  

appr e c i ab ly hi gh er f o r  ovine and c apr ine m i lk than th e 

pr e s ent r e s u l t s .  



·}' able 4 .  2 

C onc entrati ons and iic t i  vi t i e s o f  C at i ons in ;.:)kimmed Li lk frGIE .t..nimal s  o f  0 evera l Spe c i e s  

N o . of  
s ar:ipl e s  Ja:r:,pl e  \·je eks o f  l''iilk 

Sp ec i es p o o l e d  dat e l2ctation uti 

Bovine h erd milk 
( Pearc e ,  1 97 2 ) 6 . 72 

Ovine 8 5/1 2/7 2 20 6 . 5 2 
1 0 1 2/1 2/72 "'-" C. I 6 . 5'7 

1 1 4/1 2/7 2 21 6 .  ���7 
r 21 / S/73 4 s .  6-1 7 

5 
"'r. j r- ;r-· "" G r , , c. I 'J / ;· / • ,_)'-"t 

r 4/1 0/73 6 6 . 66 0 

C aprine , I 1 5/1 2/71 - 6 . 90 
1 5  1 Lf-/1 2/72 20 6 . 81 
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1l'he K l ev e l s  i n  o vi n e  o.nd b ovine w i lk 1'I e r e . c omparab l e  

a t  _)6-'-�0 mr-I v,rh i l e  i�1 t h e  c ap r i n e  m i l k  i t  vra s  s l i r:;h t ly h i c;h er 

a t  50 m1'1 . H o vJever , L ono.r e t  a l . ( 1 971 ) r ep o r t e cl va l u e s  o f  

50 , 71  and G·1 nun o l  e s /k c;  m i lk \·vat er f o r  }� in ovin e , c o.princ and 

b ovine mi lk r e s p e c t i v e l ;y .  1 �s the value they r e }J o r t e d  for 

b ovin e milk 1·ras h i gh ( H o ok and C am p l inc� , 1 965 , r e port e a .  

1+0 mm o l  e s /lqr, m i l k  vJ a t er ) 'i t  i �  po s s ib l e that th e va l u e s  

r e � or t e d  f o r  ovine and t apr ine m i l k  w e r e  al s o  t o o  h i gh . 

1l'h e e a  c on t ent s 

s im i l ar and n e <..!.I' 30 rnl'J . 
o f  t h e  c aur i n e  and b o vi n e  mi lk w e r e  

. ·' 

H o w ev e r , ovine mi l k  e a  c o�t ent was 

n ear 50 mr1 . Cvin e  ni l k  c on t a i n s  s om e  6; 6 pr o t e i n  wh i l e  b ovine 

and c aprine mi lk c ont a i n  e a .  3 - �� pr o t e i n  ( Tab l e 4 . 1 ) .  Th e 

m i c e l l e  p e l l e t s  f r om o v i n e  m i l k  w e r e  twi c e t h e  w e i �ht o f  

t h o s e  from b o vine or c apr i n e  milks ( Table  4 . 3 ) .  As e a  is 
b ound by c a s e in , i t  i s  l ik e ly that the h i r:h e r  e a  c ont e n t  o f  

ovine mi lk i s  a c ons e qu enc e o f  i t s  h i gh er c as e in c on t e n t . 

The Mg l ev e l s f o l l ow a s im i lar t r end t o  the e a  l eve l s  
b e i n f,  h i e;he s t  i n  t h e  ovine m i l k  ( 6-8 rnl'i ) and l oH e s t  i n  the 

c apr i n e  milk ( 4 . 5 mM) . 

·rh e av e r a r': e Ca c onc ent ra t i on quo t i ent s ( aCa ) / ("Y 2K )  a r e  

s imi l ar f o r  t h e  t hr e e  mi l k s  ( T ab l e  4 . 2 ) . I f  "Yv i s  a s s wn e d  t o  �\. 
b e  0 . 7 8 5  f o r  t h e  thr e e  m i lks , th e av e r a � e  e a  i on ac t ivi t i e s  

ar e 1 . 01 ,  0 . 9 3 and 1 . 0 3  m M  f o r  b o vin e , ovine and c aprine m i l k  

r e s p e c t iv e l y . 

The Mg c onc entra t i on quo t i ent s ar e m o r e var i e d , with 

the b ovine m i lk g iving the l o w e s t  r e s ul t . Th e rat i o  o f  

t o t a l  M g  t o  t o t a l  e a  ( 0 . 1 1 -0 . 1 4 ) i s  l ow e r  t h an t h e  r at i o  o f  

t h e  c onc entra t i on quo t i e nt s  ( 0 . 40-0 . 5 2 ) . Thi s i s  prob ab l y  

c aus e d  b y  t h e  s t r on g er a s s o c i a t i ons b e t w e en c as e in , c i t rat e , 

ph o s ph a t e  and e a  than b e t w e en t he s e  ani ons and Mg 

( P e arc e ,  1 972 ) . 

B o s w o r t h  and Vdn S lyk e ( 1 91 6 ) and K on d o  and l'I o r i  ( 1 9 3 2 )  

( s e e r ev i e w  b y  I'arka s h  and J enne s s ,  1 968 ) ob t a i n e d  l ev e l s  f o r  

C a , Mg , N a  a n d  K i n  c apr i n e  m i l k  o f  28 . 6-40 . 7  mM , 8 . 5-1 5 . 3  mM , 

1 5 . 3-1 8 . 2  mi'l and 42 . 4-53 . 3  rn.M r e s p e c t iv e l y . Th e s e c on­

c ent r a t i ons of Ca and K ar e s im i l ar t o  th o s e  of th e pr e s ent 



s t ud y ( '.L'ab l e  � .  ;� ) ,  \vh c1· c as the H u.r l i er r e s ult s for Lg and 

N a  v1 e r e  c on�.:; i d cr ab ly h i t_o,her . 
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Dj ordj evic cmd C : 1 r i c  ( 1 '/!2 ) Jurir.r; a s eas onal s tuds 

ob t a in ed an avcr a c; e  v ;:; l u e  of ;,'1 . 0 mh C a  in ovine mi l k , \vh i c h  

i s  c omparab l e  t o  th e r e �;ul t s  o l' t h i s  s t u d y  Cl'ab l c  � � . 2) . 

C as ein s ar. 1p l e s  p:I ' epaJ:: e d  from tll e  mi lks o f  t h e  thr e e  

s p e c i e s , c;ave ( li J f e r ent e l e c t r o ;:hore t i c  patt erns ( J:l'i g . L� . 1 ) .  
1'h e  b ovin e c < s e j n s aJil.pl c� c ont D.ined a

8 1 -c as e in B a n d  �3 -c as ein 

B ,  w i th approxima t e ly o c; ua l  s t o i n int enB i t y , and a nuJnb er o f  
m inor b <.:mds • 1l'hc ovin c c a�> e i.n c ont a i n e d  f o'lu, maj ox· b ands 

in t v! p  r e sr,·i o n s  wllich hu v e  b e en c L c s i r:rw t e d  s s  a - and {3-c as e in ' - s 
( B l o an e t  a l . , 1 961 ; U ' C onno r  < iH(l 1?nx , 1 ')73 ) .  1i'he c apr i n e  

c as e in c omponcm U> v: e r e  �> imi l a r l y  l ab e l l e d , o. l  t ho ugh there 
w e r e  m ark ed int ens i ty d i ff er enc e s . A detai l ed analys i s  o f  

t h e  phys i c a l  aud ch e l lli c a l pr o p e:c t i e s  of th e s e pr o t e ins has 

shovm t:1 i s  c la s s ific a t i cn ( iic . lf . 1 ) t o  b e  c orr e c t ( thi s 

thesis , �art li ) .  Tb.c c aprinc , ovine e::nd bo vin e p - c as eins a l l  

hav e  s imi l ar e l e c t r ophor e t i c  m ob i l i t i e s  i n  alka l i n e � e l s . 

I n  c ontras t ,  OJ1d er th e 3 c  c on<J i t i ons th e; order o f  raob i l j . -t-; y  o f  

t h e a - c as e ins ·was b ovin e > ovin n  > c aprln e . I t  i s  
s 

int er e s t ing t o  no t e  t h a t  s o1ne o f  the minor c omp on ent s , 
par t ic u l ar ly tho s e  w i t h  l ower e l e c trophor e t i c  m ob i l i t i c a  than 

the (3-cas eins \ve r e  s im i l ar in the thr e e  s p e c i e s . I t  i s  

evid ent from J:t'i r'; . LJ . 1 th a t t h e  p r o po r t i on and nature o f  t h e 

c as eins vari e s  c ons i d erab l y  with the di f f e r ent s p ec i es . 

4 . 4  E l e c tron Mic rographs o f  I n t a c t �i c e l l es 

'l'ypic a l  e l ec tron mi c r o graphs o f  the p l a t inum shadowed 

mic e l l es o f  b ovine , o vine and c aprine mi lk ar e sh o wn in 

Fi B . 4 . 2 .  I t  i s  c l e ar that th er e ar e more S F a l l  mic e l l es in 

ovine and c aprin e m i l k  t h a n  in b ovine mi lk . A c harac t eri s t ic 

of th e c a pr in e mi lk was th e o c c urr enc e of a f ew l arge m ic e l l e s , 

many o f  the s e  w e r e  l a r g e r  than any b ovin e mi c e l l e s . 

Forma l d ehyde t r e a t e d  mic e l l e s  s h o •,: e d  the s am e  charac t er i s t ic s  



Fig . 4. 1 : 
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a so 
�1 
�52 
a53 as, 
as4 «s2 
a s a 53 

1 1  Ill 

�olyacrylamide gel elec trophores i s  at pH 8 . 4  of 
b ovine ( I ) ,  c aprine ( II )  and ovine ( I II ) cas e ins . 
The bovine c as ein was obtained from a c ow 
homozygous for «s 1 -cnB-� - Cn�- • -CnB . �he bands 
c orresponding to the maj or a - and � -c as eins in 
c aprine and ovine cas eins ar� indicat ed . The 
� -c asein with the higher e l e c trophoretic 
mobility in c aprine and ovine c as eins was 
des i gnated as � 1 -c as ein ,  whil e  the l e s s  mobil e 
c omponent was des ignated as  �2-cas ein .  The 
nomenc l ature of these c as eins is discus s ed in 
Chapter 8 .  The direc tion o f  elec trophoresis 
is indica t ed . 

1 



but th ey app eared t o  b e  a l i t t l e  smal l er . The average s i z e s 

of the  caprine , ovine and b ovine c as ein mic ell es w er e  ab out 

1 1 0  run , despi t e  the different s iz e  di stribut i ons . 

Examinat ion of unshadowed preparat i ons showed that 

the ovine and mos t c apr ine mic e l l e s  wer e s imi l ar t o  the 

b ovine m{c e l l e s , but th�t the l arge c aprine mic e l l es app ear ed 

t o  c ont ain more el ec tnon dens e mat erial than larg e  mic e ll es 

o f o ther s p ec i es .  

El ec tr on micro sc op e  examination o f  b ovin e milk samp l e s  
us ing a numb er o f  proc edures s hov.red tl.1e  average mic e l l e 
diameter in b ovine milk was approximat e ly 1 00 nm ( N i t s c hmann , 

1 9l.j-9 ; E n o o p  and \.Jortmann , 1 960 ;  Parry and Carro l l , 1 969 ;  
Sait o , 1 973 ) , in good agreement with the pres ent inve s t i ga­

t i on . Kno o p  and �r,·ortmann ( 1 960 )  found that the c as e in 

mic e l l es o f  c apr ine milk c olos trum had an average s i z e  o f  

1 3 3 nm . 

4 . 5 El ectron Eic rographs of Fr e e z e-etch R epl i c as 

Typic a l fre ez e- etch e l e c tron micro graphs of bovin e , 

ovine and C e.pr ine mic el l es ar e shown in Fi g . 4 . 3 . I t  c an b e  

s een that th e s e mic e l l es ar e c ompos ed o f  sub-unit s . I t  c an 

al s o  b e  s e en that th e s i :0 es o f  the sub-units of the nic e l l e s  

from the mi lk o f  thes e diff er ent s pec ies  are s imilar a t  ea . 

1 2  n:;n . I'h e s i z es of  the s ub-units in bovin e milk ar e 

s imi lar to  thos e rec ent ly report ed ( Schmidt and Buchheim , 
1 970 ; Buchh eim and \.J e l s c h , 1 973 ) , and s l ight ly small er 

than the s i z e  of 1 5- 20 nm obt ained by Kno o p  et a l. ( 1 973 ) .  

4 . 6  Ultrac entrifugation o f  C as ein Mic e l l es 

Under the c ondi t i ons norm a l l y  us ed for s ediment ing 

b ovine c as e in mic e l l es ( 68 000 g for 45 min ) pri or t o  
m e as uring c h e i r  c a s e in-p e l l e t s o lvat i on ( 'I'homps on et al. , 
1 969 a ) , caprin e and ovine c as e in mic e l l e s  wer e n o t  

c omp l e t e ly s e diment e d . C ons e qu ent ly ,  a s eries  of 

c entri fuge runs o f  diff er ent l ength ·..,rer e c arri ed out . I t  

was foun(l_ that meas ur e d  cas e in-p e l l e t  s o lvat i on decreas ed as 

the run l ength increa� e d. Further runs at higher force s  



Fig . 4 . 2 :  Typic a l  e l e c tron micrographs of  shadowed b ovine , 

ovine and caprine cas ein mic elles  on c o l l odi on 

grids . The milks were dilut ed with d ilut e C aC 12 
s olut i on and the mixture s prayed onto  the grid . 

Bovine Ovine Caprlne 

Bovine Ovine Caprine 

Fig . 4. 3 :  Free z e-etch el ectron micr ographs o f  the mic e l l es 

in b ovine , ovine , and caprine milk . Pho t o graphs 

showing mic elles  of approximat ely s imilar s i z e  

were s el ec te d .  
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(330 000 g for 20-1 80 min) were made and the results are 

presented in Tab le 4 . 3 .  It can be seen that for all milks 

the solvation decreased with increased time o f  centrifugation . 

The wei�hts of the dried pellets did not alter by more than 

5% from the minimu.rn to the maximum time of centrifugation, 

showing that the decrease in solvation was probably caused by 

pel let compression and that little additional  material was 

sedimented. These solvation values were l ower than those 

reported by Thompson et al . (1 969a ) of 1 . 90 g water per g dry 

casein mice l les .  However, they \'<'ere similar to the minimum 

so lvations o�tained by Waugh et al . (1 971 ) for �1 -casein 

and 1 : 1 ratio mixtures of as1 - and P-casein in CaC l 2 
solution. These latter results were essential ly independent 

of field at less than 1 00 000 g .  

'I'ab l e  4 .  3 

Variation of C asein-Pell et Holvation and Dry Pel let 

Weight with Species a n d  Centrifugatiop Time 

Casein-pellet Dry pel let 
Centrifue;ation solvation 

Species time, m in g H20/g dry pel l et 

bovine 20 2 . 1 2  

60 1 . 89 
1 80 1 .  51 

ovine 30 2 . 00 

60 1 o 80 
1 20 1 . 62 

caprine 30 1 . 97 
60 1 . 67 

1 20 1 . 54 

4 . 7  C a  and Phosphate Distribution 

wt . , g/1 00 g 
Bkim milk 

3 . 02  

3 . 22 

3 . 20 

6 . 01 
6 . 09 
5 - 97 

2 . 85 

3 . 00 

3 . 02 

The Ca and phosphate contents of milks and their 

derived casein pel lets and sera are shown in Table 4 . 4. 1l'he 

micel le pel lets from the milk of the three species were 

similar in their Ca and phosphate contents and their ratios 



Tab l e  4 . 4  

Dis tributi on o f  Calcium and Inorganic I;hosphat e Between Iviic e l lar and S erum Phas e s  

· Sp ec i es 

Bovine 

Ovine 

Sampl e  
dat e 

( '1 0/'1 2/7'1 ) 

( 2'1 / 9/73 ) 

C aprine ( 26/ 9/73 ) 

C entri fugat i on 
t ime , m in 

0 ( mi lk )  
20 
60 

'1 80 

0 ( mi lk )  
3 0  
60 

'1 20 

0 (mi lk )  
30 
60 

'1 20 

I1ic e l lar c ontent 
mmo l es/g o f  dry 

pe l l e t s  
C a  Fhos phate 

0 . 7'1 8  
0 . 6'1 3  
0 . 63 5  

0 . 345 
0 . 300 
0 . 299 

0 . 365 
0 . 366 

S erum c ont ent 
mmo l es/l s erum 
C a  Phosphat e 

3'1 . 7  23 . '1  
'1 6 . 2  
1 4 . 5 
1 5 . 0  

60 . 2  
1 6 . 7  
1 6 . 3  

1 2 . 4  
1 1 . 9  
'1 2  . 1  

0 . 700 
0 . 704 
0 . 740 0 . 364 '1 6 . 0  

34 . 8  
1 4 . 0  
1 3 . 6 
1 4 . 0  

0 . 745 
0 . 726 
0 . 758 

0 . 3 76 
0 . 360 
0 . 365 

3 4 . 7 
1 2 . 6  
'1 2 . '1  
1 2 . 0  

23 . 1  
1 0 . 2  
1 0 . 0  
1 0 . 2  

C a : Fhospha t e  
rat i o  

I-1ic e l lar Serum 
1 . 37  

2 . 08 
2 : 0 5  
2 . 1 9  

1 . 9 2  
1 . 93 
2 . 04 

1 . 98 
2 . 02 
2 . 08 

1 . 30 
1 . 22 
1 .  2'1 

1 . 73  
1 . 1 9  
1 . 20 
1 . 1 4  

1 .  50 
1 .  2L� 
1 . 22 
1 . 1 8  

'vJ 
\.>J 



o f  Ca t o  phos phat e .  'rhe rat i o s  of C a  t o  phosphat e  in the 

s er a  wer e a l s o  s imi l ar , but the abs o lut e quant i t i e s  vari ed , 

wi th the ovine milk c ont aining the mos t C a  and the mos t  

phos phat e ,  and the c aprine milk c ontaining the l east . I t  

i s  int ere s t ing t o  no t e  that the milk pH ' s  were 6 . 61 , 6 . 69 

and 6 . 76 ( Tab l e  4 . 2 )  for the ovine , bovine and c aprine mi lks 

us ed to  ob tain the s e  results , sugges ting that p erhaps the 

pH of the m i lk is re la·�ed  to the solub l e  Ca and phospha t e  in 

milk . 

On one occas i on ,  examination o f  ovine ult rac entri fuge 

s erum showed th at it c ontained 1 3 . 6  mi"I Na , 3 5 . 5 mi'-'1 K and 

34 

3 . 93  mM Mg c ompar ed wi th 1 3 . 3 mi"I Na , 3 5 . 1  mi'I K and 7 . 33 ml-1 I"lg 

in mi lk . This indic at ed approximately half o f  the Mg was 

a s s oc iat ed wi th the ovine mic e l l es , whi l e  Na and K were 

l argely in the s erum phas e .  I n  a s ampl e o f  c aprine mi lk , 

the ul trac entrifuge s erum c ontained 3 . 1 3  mM Mg c ompar ed wi th 

4 . 45 mM I1g in the mi lk , indic at ing 307& of the bg was as s oc i a t ed 

with the mic e lles . 

The gr eat er variat i on in Ca : phos phat e rat i o s  among the 

mi lks than in either the s era or the mic el l e  p e l l ets  (' rab l e  

4 . 4 ) was c aus ed by the variat i on in the quantiti es o f  

mic el lar c as �in i n  the mi lks ( Tab l e  4. 3 gives p e l l e t  wei ghts ) .  

As the quantity of cas ein in the milk increas ed the 

C a : phos phat e rat i o  t ended t owards that o f  the mic e l l e  phas e 

( ea .  2 . 0 ) . 

J enness  and Pat t on ( 1 9 59 )  report ed a C a : phosphat e 

r at i o  o f  2 . 1 2 in b ovine c as ein mic ell es . C a : pho s phate rat i os 

obt ained by Bo sworth and Van Slyke ( 1 91 6 )  for mic elles  from 

c aprine milk were mor e variab l e  than thos e in Tab l e  4 . 4 .  This 

variation was probably due t o  the less  accurat e methods o f  

analys is avai lable a t  that t ime . 

4 . 8  Dis c us s i on 

The r esults showed tha t  the bovine , ovine and c aprine 

c a s ein mic e l l es have s imilar s ub-s truc tures , but their s i z e  

dis tributi ons were di ff er ent ( Figs . 4 . 2  and 4 . 3 ) . 



3 5  

I f  tll'e s ub-units are 1 2  run in diameter witl:l a volume of 

9x1 o- 25 m3 and the average micelle is 1 20 nm in diameter 

( Schmidt et al . , 1 973 )  with a volume of 9x1 o-22 m3 , then a 

maximwn o f  about 1 000 sub-units might fit into each micelle 

( as suming no s pace b etween the s ub-units ) .  I f  the average 

cas ein molecule is cons idered to have a molecular ·weight of 
-20 - 26 24 000 , weigh about L�x1 0 g and occupy a volume of 3x1 0 

m3 , then there would b et  about 30 molecules per s ub -unit ( if 

the s ub-units contain only protein ; cf . llaue;h et al . , 1 970 ) . 
I f  an appreciable fraction o f  the measured solvation is 

clos ely as sociated with the protein and included in the micelle 

sub-unit ( or between the s ub-units ) then ther e wou ld be a 

corresponding decrease in the number of c as ei� molecules per 

sub - unit ( or s ub-units per micelle ) .  

The mineral levels in the milks varied from s pecies 

to s pecies ( 'rable 4.2 ) but there were no s ie;nificant dif­

ferences in the cation activities , or the Ca : phos phate 

ratios in either the cas ein pellets or the sera ( Table 4 . 4) . 
The small dif ferences in the casein-pellet solv ations 

( T able 4 . 3 )  may pos sibly be a reflection o f  the differences 

in micelle s ize distribution , b ut they were suffic iently small 

to be cons idered insignificant . The apparent diff erences in 

C a : phosphat e  .ratios of the s kim milk V».'ere an indication o f  

the differing quantities o f  cas ein in the milks , a s  the 

micell e pellets had C a : phos phate ratios of e a .  2 . 0  and the 

sera had ratios of e a. 1 . 2 .  

There were maj or differences between the electro­

phoretic patterns of the cas ein s amples . The caprine cas ein 

contained smaller quan t ities of the more mobile components 

than either the ovine or the bovine cas ein . However , thes e 

differences must compens ate each other , s o  that s imilarly 

sized s ub-units can be formed in the c as ein micelles in the 

milk of each s pecies. 

The s ub-units however , behave differently. The 

caprine sub-units form either large or small micelles ,  ovine 

s ub -units form small micelles and bovine s ub-units form 

micelles with a wide s i z e  distribution . It is unlikely that 

variations in Ca or Mg ion activities could b e  o f  importance 



b e c aus e they are very s im i l ar in t h e  thr e e  m i lk s . I t  s e ems 

l ik e l y  that the ob s erved d i f f e r enc e s  in m i c e l l e s  s i z e  

di s tr ibut i on are r e l a t e d t o  the way in whi c h  t h e  pro t e i ns 

in t h e  vari ous sub -un i t s  r e ac t  \·Ji th eo.ch o th er wh en t h e  s ub ­

uni t s  c o a l e s c e t o  form m ic e l l e s . 
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The t emperature dependent properties of  cas ein mic e lles 
from caprine , ovine and bovine milks were compared by ultra­
c entrifugation , viscosity measurements  and gel chromatography. 

Ultrac entrifugation 
j 

Samples of caprine , ovine and bovine milks were 
c entrifuged at 1 02 000 g for 60 rnin at 4°C ,  20°C or �0°C ,  and 
the cas eins pres ent in the supernata�t s era were precipitat ed 
with ac id and examined by alkaline gel e lectrophoresis  and 
densitometry (Fi gure 5 . 1 ) .  The alkaline gel e lectrophoresis 
patt erns that wer e  obtained are shown in Fig . 5 . 1 . - The  pro­
portions of the " s o lubl e a  cas eins , expressed relative to the-!.r 
c onc entration in milk , are pres ent ed in Table  5 . 1 . 

The results for " s olub l e "  13 -casein in caprine and ovine 
milks include the K-cas eins , s inc e they are difficult t o  
differentiate from the 13-c as eins and other minor components 
under thes e c onditions ( Chapters 9 and 1 0 ) . Furthermore ,  the 
results in Table  5 . 1  for the � -cas eins in b ovine milk may 
include s ome s olub l e  K-c as ein sinc e no c:.ttempt was made to  
differentiate b etween thes e c as eins . 

Tab l e  5 . 1  

T emperatur e  Dependent Diss ociation of 
Cas ein Mic elles1 

% Soluble  Cas ein 

Caprine Bovine 

{3- a -s �- (3 - a -s 

4°C Mic elle  Serum 1 5  1 0  1 6  1 
20°C r'lic ell e Serum 2 trac e 
30°C 1'1ic elle  Serum 3 

Ovine 

(3 -

21 
1 

a -s 

1 .  The proportion of the cas eins in the ultrac entri fuge 
s era were d et enained by gel e lectrophor esis . The gel 
patt erns were scanned \vi th a densitometer and the 
peak areas of  the cas e ins c ompared with thos e from 
the gel patterns for the milks . 



as 

� I 

Fig . 5 . 1 : 

-.. . l · i.• .. 

2 3 4 

--------- -----

5 6 7 

1 r . 

8 9 10 1 1  12 13 

. , 
I 

Gel e l ec trophores is ( pH 8 . 4 )  o f  the cas e ins pres ent in the ultrac entrifuge s era , 
obtained by s edimenting c aprine , ovine and bovine cas e in mic e l l e s  at different 
t emperatures . 1 ,  who l e  c aprine c a s ein ; 5 ,  whol e  ovine c as e in ; 9, whol e  bovine 
cas ein ; 2 , 6 ,  1 0 ,  1 1 , 4°0 s erum � 1  has twic e as much s ampl e  as 1 �; 3 ,  7 ,  1 2 ,  2000 
s erum ; 4 ,  8 ,  1 3 ,  30 °0 s erum . The dire c t i on of elec trophores is is indicat ed . 
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I t  i s  evident ( Fi� . 5.1 , Table  5 . 1 ) ,  that a c ons ider­

ab l e  amount of th e p-c as ein in mi lks from the thr e e  spec i e s  

was s o }.ubl e  a t  4°C .  Only a t rac e of (3- c as ein was s olub l e  at 

20°C in bovine milk , with none evident at 30°C .  C aprine and 

ovine mi lks had 15% and 21 % r e s pectively , of their �-cas ein 

fract i on s o lubl e  at  L�°C ,  c ompared  with 1 0% for b ovine mi lk . 

A numb er of minor c as ein ' c omponents wi th e l e c trophoretic 

mob i l i t i es l e s s  than tl:ie (3-c as eins an d which were s olub le in 
c aprine and ovine milks at 20°C ,  remained s olub l e  in c aprine 

milk at 30°C .  The s olubility of the ovine nnd c aprine 

"p-c as eins" at high t emperature c an largely b e  attribut ed t o  
the minor c as eins evid ent in th e (3-c as ein region .  

O ' Connor and Fox ( 1 973 ) , in a simi lar s tudy , found 1 0% 

and 1%, res pec tively o f  the (3 - and as-cas e ins in b ovine milk 

were s olub l e  at 5°C ,  s imilar t o  the J,-res ent results ( Tabl e  

5 . 1 ) .  Their values for t3-cas e in in c gprine milk a t  5°C and 

20°C were higher than thos e in ·rabl e  5 . 1 , b eing 2570 and 1 0�5 , 

r e spectively .  The proport i on of s olub l e  �-c as ein in ovine 

milk was s imilar at 5°C and 20°C to the result s  in Tab l e  5.1 , 

b eing 1 5';v and 2;b , res  pec ti  vely . Furthermore , 0 ' C  onnor and 

Fo�c ( 1 973 ) obs erved minor c omponents in ovine and caprine 

milks , s imilar to tho s e in Pig . 5 . 1 , that Here s o lubl e  at 5°C 

and 20°C wit h  elec trophore tic  m ob i lities in alkalin e  gels  

l e s s  than the  (3-cas eins . O ' C onnor and Fox ( 1 973 ) des ignated  

thes e c omponents as . "minor (3 -c as eins " ,  s inc e they were not 
r eadily hydrolys ed by r ennin and were s o lub l e  at 5°C and 20°C .  

D e t ails  of a preliminary attempt made in this s tudy t o  
e s t ablish the ident i t y  o f  the s e  cas eins are outl ined in 
Chapt er 1 2 . 2 .  

Voluminosity and Solvat i on of C �s ein Mic el les  

The voluminos it y  and so lvation of c as ein mic e l l e s  from 
c aprine , ovine and bovine milks were measur ed at 4°C and 30°C 

from their intrins ic vis c o s itie s . 

' 

.......... 
IJ.'he  r e lative dens ities  o f  the milks and s era , obtained · ·  

by pycnometry , ar� c ompared with values obtained by Ne j im 

( 1 96 3 )  for ovine milk and thos e r e port ed by Macy et al . (1953 ) 

for c aprine and bovine milks ( Tabl e  5. 2) . The value obt ained -



by N e j  im ( '1 963 ) f o r  the r e l �Jti  ve d ens i t y  o f  ovine milk Has 

c ons i d erably l o\j er tho.n tl1n  t ob t a ined in this s tudy . 

'r ab l e  �) . 2  

He l n t iv e  D e n: J i t i es o f  I'Ji lks and 
U l  t:r:_s.c; �n tri furr; e () era 

/1 " 
()vin e 

I 
C a prir..e 

'1 Bovine c.. 

l'"lilk '1 • ()ll6'1 

30°C S ei'llJ'Il 1 • 027LJ-

1+ oc s e rum 1 . 0 3 22 

I"J i lk '1 . 0 3 663 

'1 . Me as ur e d  at 25°C 
2. Measur e d  a t  20°C 

1 . 03 3 '1  1 . 034 

1 e 0 �04 1 . 0 25 

1 . 0 280 1 . 027 

'1 . 0334 
1 • 0 3 2

1� 

� Value ob t ain ed b y  t e j im ( 1 963 ) at 1 5 °C . 
4. VcJ.lues r e port e d  b y  Hac y et a l . ( '1 9 53 ) . 

Lj.J 

Th e r e duc ed vi s c o s i t i e s o f  the m i lks and d i lut e d m i lk 
frac t i ons ( r E: l a t iv e  t o  u.ltrac entr i fuge s erwn ) v·.r e r e  us e d  t o  
det ermine t h e  i n t r i ns i c  vi s c o s i t i e s  o f  th e c as ein mic e l l e s  at 
4°C and 30°C . The intrins i c  v i s c o s �_ t i e s  o f  the m i c e l l e s from 

c apr in e , ovine and b ovin e  m i lk were ob t a in e d  bj l inear l e a s t  
s quare s  an a lys i s o f  the r e du c e d  vi s c os ity pl o t s , s ome o f  
which are shown i n  Figs . 5 . 2 ,  5 . 3  an d 5 . 4 .  Th e val u e s  

ob t ained for the int rins i c  vi s c o s i t i es , vo lw;1ino s i t i e s , 
Huggin ' s  c ons t an t , k ' , and the c onc en tra t ion o f  cas ein tn the 

mi c e l l es ar e p r e s ent ed in T ab l e  5 . 3 .  

B orne vari at i on in th e int r ins ic visc os i ty ,  and h enc e 

v o lumino s i ty valu e s w e r e  appar ent b e twe en the di fferent 
s amp l e s  of mi lk . It is evid ent from T ab l e  5 . 3  that with 
t wo exc ept i ons there w e r e  no appr ec i ab l e  d i f f e r enc e s  b e tw e en 

the intrins ic vis c os it y  a n d  v o lwninos i ty values a t  4°C and 
30°C for the s am e  s a�p l e  o f  mi lk .  The resul ts  for ovine 
m ilk ( 1 2/ 1 2/72 ) may b e  un:c e l i ab l e  s inc e this was :--r: end o f  

l ac t at i on m i l k  s ampl e wh i c h  c ont a in ed an abnormally hi gh 
c onc entrat i on o f  pr o t e in . 
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Fig . 5 . 2 :  Plots o f  r educ ed vis c o s i ty for caprine cas ein 
mic e l l es agains t c onc entra t i on of mic e l lar c as e in 

at 4°C ( • )  and 30 °C (e) . Ultrac entri fuge s era 

prepared at 4°C and 3 0°C were us ed as referenc e 

s o lvents . 
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Fi g . 5 . 3 :  Plots of reduc ed vis c o s i ty for ovine c as ein 
mic e l l e s  agains t c onc entrat i on of mic e l lar c as ein 
at 4°C (• ) and 30 °C (e) . Ul trac entrifuge s era 
prepare d  at 4°C and 30 °C were us ed as referenc e 

s o lvents .  
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CONCENTRATION (e.10 2gfin1) 

Fig . 5 . 4 :  f lots o f  reduc ed viscos ity for bovine c as ein 

mic ell es agains t c onc entration of mic e llar 

c as ein at 4°C (• )  and 30°C (e ) .  Ultrac entrifuge 

s era prepared at 4°C and 3Q °C were us ed as 

referenc e solvents . 
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Tab l e  5. 3 

I nt rins ic Vis c osit�cs  and Voluminos ities  o f  C aprine , Ovine and 
Bovine Cas e in Mic e l l e s 

I ntrins ic Cas ein 
vis c o s i t y ,  Vo luminc s ity ( V )  Huggin ' s c onc entrat i on 

Dat e [77 ] ml/g ml/g C ons tant ( k ' )  g/ml 

30°C 4°C 30 °C 4°C 30°C 4°C A00 ,..., ./ v 4°C 
Ovine milk 1 /1 2/7 2  6 . 20 - 2 . L�8 - 0 . 9  - 0 . 0474 

1 2/1 2/72 5 . 63 6 . 55 2 . 25 2 . 62 0 . 5  1 . 0 0 . 0 5_94 0 . 0 587 
1 9/ 9/73 7 . 25 7 - 53 2 .. 90 3 . 01 0 . 6  1 . 1 0 . 0453 0 . 0442 
27/ 9/73 6 . 43 6 . 30 2 . 57 2 . 52 0 . 9  1 . 9 0 . 0450 .. 0 . 0400 

4/1 0/73 7 - 73  7 . 1 2  3 . 09 2 . 87 0 . 7  2 . 4  0 . 0456 0 . 0385 
--

Mean 2 . 66 2 . 80 

G aprine milk 25/ 9/73 7 - 3 5  7 . 88 2 . 94 3 . 1 5  0 . 7  2 . 2  0 . 021 4 0 . 01 83 
1 /1 0/73 6 . 53 8 . 90 2 . 61 3 . 56 0 . 6  1 . 2 0 . 0255 0 . 021 2 

1 8/1 0/73 6 . 01 - 2 . 40 - 4 . 4  - 0 . 01 92 
--

Mea:a. 2 . 65 3 - 3 5 

Bovine milk 9/1 0/7 3 - 8 . 40 - 3 . 36 - 1 . 6 - O e 021 6 
1 6/1 0/73 7 - 9 5  7 - 25 2 . 96 2 . 90 1 . 2  4 . 1  0 . 0235 0 . 01 93 

--

Mean 2 . 96 3 . 1 3  

+:­
+:-
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I t  is apparent from th e volumino s ities  o .f . the cas e in 

mic elles  from c aprine , ovine and b ovine milks ( Tabl e  5 . 3 ) , 

that the mic e l l es did not appreciably change th8ir hydro­

dynamic s i z e  as the t emperature was decreas e d  from 30°C t o  

4°C .  Furthermore , there was l e s s  cas e in in t h e  mic e l l e s  a t  

4°C than at 30°C ( Tabl e  5 . 3 ) , c ons is t ent with dis s ociation 

of cas e ins from the mic el l es at low t emperatur e . 

The value of Huggin ' s  c ons tant , k ' , c a lculated from 

the gradi ent of the grap� of reduc ed vis c os ity agains t c on­

c entrati on and the intrins ic  vis c os it� is generally c ons idered 
to be related to the int erac t i on b etween s olut e  mol ecul es  

( Bradbury , 1 970 ) ( Chapt er 3 . 1 1 ) .  At 30°C ,  values of k '  

range from 0 . 6  t o  1 . 2 ,  with one exc eption (' rabl e  5 . 3 ) . At 

4°C ,  values of k '  were c onsi derably higher , and with one 

exc ept ion , range from 1 . 1 to 2 . 4 .  Values o f  k '  at 4°C were 

always great er than thos e at 30°C .  This was due t o  the 

s l ope of the reduc ed vis c o s ity plots ( Fi gs . 5 . 2 ,  5 . 3  and 5 . 4) , 
s inc e the intrins ic vis c os ity values were s imilar at 4°C and 

30°C .  The inc reas e d  value o f  k '  at 4°C ,  c ompar ed with 30°C 
may b e  due to  inc reas ed int erac tion bet1:1een the dis s o c iat ed 

c as eins and �he c as e in mic e l l e s , as well as inc r e as ed inter­
action b etwe en the mic e l l e s . 

From the average voluminosities  o f  the c as ein mic e l l es 

( Tab l e  5 . 3 ) , values were obtained for the s olva t i on of c as ein 

�ic e l l es from c aprine , ovine and bovine milks at  4°C and 

30°C ( Tabl 6  5 . 4) . Thes e c as ein mic e l l e  solva t i on values , 

obtained by vis c os i ty measur ements , are c ompare d  in T ab l e  5 . 4  

with c as e in-pell et s o lvation val ues , obtained by ultra­
c entrifugati on of milk samp l e s  at 30°C ( Tabl e  4 . 3 )  and at 
4°C .  C as ein-pe l l et s o lvati on values were obtained at 4°C by 

c entrifuging milk samples for 1 h at 1 02 000 g .  The 

c entrifugal forc e us ed to s ediment the mic e l l e s  was l e s s  than 

that us e d  at 30°C ( 326 000 g for 20 min t o  1 80 min) . 

The mic e l l e  p ellets obt aine d  at l ow t emperatures  were 

very " s o ft " , c ompare d  to the "hard rubb er-lik e " t extur e of 

the p e l l et s  at 30°C .  C ons equent ly , difficulty was 

experi enc ed in s eparating the mic e l l e  and s. ert,m phas es  o f  

p e ll ets  s ediment ed a t  l ow t emperatures . 



Tc.1b l e  · 5 . 4  

S o lva t i on o f  C a s e i n  M i c e l l e s (g wat e r per g pro t e in) 

Ovine C aprine b o v i n e  

V i s c o s i t y I � e a s ur em en t s  1 

3 0°C 1 . 96 1 . 9 5  2 . 26 

4°C 2 . 1 0  2 . 65 2 . 43 

U l trac ent r i fuga t i on 
') c_ 

3 0°C 2 . 0-1 . 6  1 • 97-1 • 5L� 2 . 1 2-1 . 57 

4°C 2 . 29 2 . 83 3 . 1 6  

7 
D e v.Jan e t  ;{ l .  ( 1 973 ) /  3 . 67 

1_1homp s on e t  a l . ( '1 969 a )
4

. '1 . 60 1 . 90 

1 . S o lvat ion values f or c a s e in m i c e l l e s w e r e  c a l c u l a t e d  

from t h e  avera g e  voluminos i t i e s  i n  T ab l e  5 . 3  us ing 

the expr e s s i on :  

V = 
- 0 v 2 + o'1 v1 ( Chapt er 3 . '1 1 ) 

� C as ein- p e l l e t  s o lvat i on values ( g  wa t er p e r  g dry 

mic e l l e  p e l l e t ) at 30°0 were ob t a in e d  from Tab l e 4 . 3 .  

Values a t  4°C w e r e  obtain ed b y  c ent r i fu ging mi lk 

s ampl e s  for 1 h at 1 0 2 000 g .  

3. 0b tained a t  25°C from vi s c o s 1 ty m e as ur ement s . 

4. C as ein-p e l l et s o lvat ion va l u e s  ob t a i n e d  a t  3 7°0 by 

u l t rac ent r i fugat i on of m i l k  s amp l e s  a t  68 000 g for 

3 5  m in . 
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C as e in mic e l l e s o lva t i on values m e as ur e d  at 4°C from 

v i s c o s i t y  me asur em ent s ( Tab l e  5 . 3 )  were s l i ghtly h i gh er than 

tho s e obt ained a t  30°0 ( T ab l e  5 . 4 ) . C a s e in-p e l l e t  s o lva­

t i o n  va l u e s  ( ob t a i n e d  by u l t rac ent r i fug a t i on )  at 3 0°C w e r e  

s im i lar t o  t ho s e  ob t a in e d  fr o m  vi s c o s i t y  m e a s ur em en t s  a t  

3 0°C .  L i k e w i s e ,  wi th th e p o s s ib l e  exc e p t i on o f  b ovin e m i l k , 

t h e  c a s e in- p e l l e t  s o lvat i on va l ue s  at 4°C wer e s i�i l ar t o  

t h o s e  ob t a i n e d  from vi s c os i ty m e a s ur ement s .  



Th e value o f  c a s e in mic e l l e  s o lvat i on ob tained for 

b ovine mi lk by D ewun e t  al . ( 1 973 ) from vi s c os i ty measur e­

ment s at 25°C ,  wa s c ons iderab l y  h i gher than tho s e  ob tained 

in this  s tudy by ultrac entri fugat i on or vi s c o s i t y  measur e­

m ent s ( Tabl e  5 . 4 ) , and the c as e in-p e l l et s o lvati on obtained 

b y  Thompson et a l . ( 1 969a ) , at  3 7°C .  D ewan e t  a l . ( 1 9 73 ) 

vi er e unab l e  t o  provi de an exp l anat i on for the d i s c r epancy 

b e t w e en the ir r esults  bnd thos e of Thomps on et a l . ( 1 969 a )  • 

. Although the numb er o f  s ampl es  o f  b ovine milk tha t were  

examined in  this s tudy ( 'rab l e  5 . 3 )  were l imi t ed , v o lwnino­

s i t i e s  tha t were ob t ained for th e bovine c as ein mic e l l e s  

were  i n  ac c ordanc e w i t l1 t hos e o f  the o th e r  s p ec i es . 

4'7 

l�rom their intrins ic vi s c o s it y  measur em ent s , L'hi tnah 

and Rutz ( 1 9 59 ) ob t ained a value  for the volum ino�-o i  ty o f  

b ovine c as e in mic e l l es  at 2 5°C o f  2 . 7  ml/g . From this a 

c a s e1n mic e l l e  s o lva t i on value o f  2 . 0  ml/g may b e  c al culat ed , 

whi c h  i s  c l o s e  t o  the  value obtained in Tab l e  5 . 4  for b ovine 

cas e in m ic e l l e s from vis c o s i ty or u l t r a c ent r i fugat i on 

measurements . 

I t  i s  important t o  no t e  that mic e l l e  s o lvat i on , as  

d e t ermined b y  vis c o s i t y  measur eill ents, inc ludes  th e wat er that 

is  o c c luded -.ti th the mic e llar domain . C ons equent l y , one 

would expect  the mic e l l e  s o lvati on m easur e d  after a short 

t im e  of  c entrifugati on may c orres p ond t o  th e vis c o s i t y  

r esults . I n  fact , this  appears to  b e  the c as e ,  with the 

inc r eas ed t im e  o f  c entri fugat i on ( 'I'ab l e  4 . 3 )  pr obably 

r e s u l t ing in more wat er or s erum b eing sque ez e d  out from 

b e twe en the mic e l l es , or the mic e l l e  sub-units . 

Gel  C hr omatography of B ovine , Caprine and Cvine 

Cas e in l1i c e l l e s  

Although b ovine c as e in mic e l l es ar e di s rup t ed b y  

t h e  remova l o f  C a , the individual cas ein mic e l l es r emain 

aggr e gated in sub-mic e l l ar c a s e in aggregat e s ( Cl""' e arner and 

B e rry , 1 975 ) . 1·Jhen frac ti ons o f  large or small  c as e in 

mic e l l es from b ovine milk were c hromat ograph e d , c ons ecutively 

on Sephadex G-1 0 and B epharos e 4B at 37°C ,  i onic s tr ength 

0 . 1 , us inf:'_; pH 6 . 7  buf f er , it was found t ha t  the prot ein v:as 



e lut e d  as a s ing l e  p e ak c on s t i tut ing sub-mic e l l ar c as e in 

aggr e gat es ( Cr e amer and B erry , 1 97 5 ) . 
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Alka l i n e  g e l  e l ec t r o phor e s i s  pat t erns revea l e d  t h e  

r a t i o s  o f  K - t o  �- c as e in i n  frac t i ons o f  c apr ine and ovine 

swal l  c as ein m i c e l l es were hich e r  than tho s e  in m i lk or 

frac t i ons o f  l arge m i c e l l e s . S imi lar r e s u l t s  w e r e  obt a i n e d  

by C r e amer and B erry ( � 97 5 ) for frac t i ons o f  smal l b ovine 

c a s e in mic e l l e s . Vrac t i ons of l arge or sma l l  c as e in 

m ic e l l es, i s o la t ed from c aprine or ovine mi lks by u l tra­

c entr i fu�at i on, w e r e  e l ut e d  as a s ingl e maj or p e ak fr om the 

�) ephadex G-1 0 and ,':J ephar o s e lj-B c o lumn , in the s ame p o s i t i on 

a s  th e b ovine c as e in mic e l l e  frac t i ons . Dup l i cat e analys e s  

r ev ea l ed tho.t frac t i ons e l ut ed from the c o l umn VJhich c on­

t a in e d  the m o s t  prot e i n  had e l ut i on w e i gh t s  of 83 . 8  g ,  83 . 3  g 

and 8 5 . 6  r:; ,  r e s pec t i v e ly for c aprine , ovine and b o vin e 

t� i c e l l e  frac t i ons . The s e  r e s u l t s  sugg e s t ed that the cas e i n  

ac;gr e r.;at es f r o m  the thr e e  s p e c i es h a d  s im i l ar hydr odynumic 

s i z e s . 

Figur e 5 . 5  sh ows the elut i on pat t ern obt ained when a 

frac t i on c ont a ining l ar g e  mic e l l e s  from o v in e m i l k  w a s  

c hromat ograph e d  c ons e c ut ively on t h e  S e phad ex G - 1 0 and 

S epharos e 4B c o l umn in nev.tral b u f f er at 37°C .  1akal in e  g e l  

e l e c t rophor e s i s  and d ens i t ometry o f  s om e  o f  t h e  frac t i ons 

t hat were c o l l e c t ed ( Fi gs . 5 . 5  and 5 . 6 )  reve a l e d  K-c a s e in was 

e l ut ed at the l e ading edge , wh e r e a s  �- and a - c a s e ins were 
s 

d i s t ribut ed a t  a c ons t ant rat i o  thr oush out the s ub -mi c e l l ar 

c as e in aggr e ga t e  p e ak . Simi l ar r es ult s wer e obtained t o  

thos e i n  Hi gs . 5 . 5  and 5 . 6  when frac t i ons o f  c apr ine c a s e in 

m i c e l l e s were c hroma t o graph ed on the c o lumn . K-Ca s e i n  in 

c ap r in e  mic e l l e  frac t i ons c ould only be i d ent i f i e d  by e l ec tro­

phor e s i s  of the c o lumn frac t i ons at ac i d  pH ( Chapt er 9 . 1 ) , 

s inc e at a lkal ine pH K- c a s ein Has obs cur ed b y  the ,s -c a s e ins . 

C ream er and B erry ( 1 97 5 )  s howed that when b ovine 

c as e in mic e l l e frac t i ons were chr omatograph e d  on the S e �hadex 

G - 1 0 and S ephar o s e 4B c o lumn , K- c as ein was e lut ed at the 

l eading edge of th e s ub -m i c e l l ar c as ein aggr e gat e p e ak . 

Hur t h errnore , d ens i t om et er measur em ents r eve a l s d  t h e  r a t i o  

o f  � c as ein t o  t h e  o th e r  c as e ins t o  b e  1 t o  2 . 5  and 1 t o  7 
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Fig . 5 . 5 :  Elution o f  ovine s ub-mic e l l ar cas ein aggregates  

from a Lephadex ·G-1 0-3epharos e 4B c olumn at  3 7°C .  

A samp l e  containin� ovine large cas ein mic e l l es 
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was app l i ed to the column and elut ed  at a flow rat e 

of 40 ml/h with 0 . 025 M imidaz ole-HC l buffer , pH 6 . 7 ,  

containing 0 . 1  t1 N aCl and 0 . 02;;S ( w/v ) NaN
3

, 

fract i ons of  3 ml b eing c o l l ected.  Total prot e in 

was es t imated as 280 nm abs orbanc e ( o ) . 0ome o f  

the frac tions containing protein were examined by 

gel e l ectrophores is ( Fig . 5 . 6 )  and dens itometry . 

« -cas ein (�) , � -cas eins (o) and as-cas eins (O) 
were e s t imat ed by 61 5 nm abs orbanc e of the amido 

black s tained bands of the gel elec trophores is 

patterns ( Fi g . 5 . 6 ) . 
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Fig . 5 . 6 :  Polyacrylamide gel electro phoresis ( pH 8 . 4 )  o f  

frac t i ons obtained b y  g e l  chromato graphy of ovine 

large c as e in mic elles  at 3 7°C ( Fi g . 5 . 5 ) . 

0 .  Ovine large c as ein mic e l l e s  pri or t o  chroma­

t ography . The frac t i ons from Fig . 5 . 5 which w ere 

examined are indic at ed . The arrow indicates the 

direc t i on of el ectrophor e s is . 
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for th e l eading and trailing edge o f  the cas ein aggre gat e  

peak , r e spec t ively of b ovine milk mic ell es (bas ed on 280 nm 

ab s orbanc e ) . 

At 6°C ,  mic e l l e frac t i ons from c aprine , ovine and 

b ovine milks all  have s imi l ar elut i on patt erns when 

chromatographed c ons ecutive ly on a c o lumn of S ephadex G-1 0 

and D epharos e 4B . HOjlever , und er th es e c onditi ons , c ons id er­

ab l e  dis s oc iation of the t as ein aggr e gat e s  b ec am e  app ar ent 

with the appearanc e of a s ec ond prot ein peak which · e lut ed 

later than the cas ein aggr egat e  p eak . Figur e s  5 . 7  and 5 . 8  

sh ow the eluti on patt ern ob tained for small  c aprine mic e l l e s  

a t  6°C ,  and the a lkaline g e l  e l ec t rophor e s i s  patt erns o f  

s ome o f  the s e  frac t i ons , res pec tive ly . A c ons id erab l e  

amount o f  the c aprine �-c as eins and s ome a -cas eins were 
s 

diss oc iated from the c as e in aggregat es at low t emperatur e  and 

elut ed c los e t o  the whey proteins ( Fi g . 5 . 8 ) . 

The sub-mic e l l ar cas ein aggr e gat es from c aprin e , ovine 

and b ovine mic e l l es , a t  6°C ,  had elution w eights of 7 2 . 9  g ,  

7 5 . 2  g and 70 . 5  g ,  resp ectively , thus es s ent ially c on firming 

that the sub-mic e l lar c as ein aggregat es have s imilar hydro·­

dynamic s i z es . I t  should b e  no t ed that a c o lumn v.,rith a 

s l ightly differ ent h eight o f  pack ed gel was us ed , compar ed t �  
that us e d  at 37°C and cons equent ly n o  c ompar i s on was made 

b etwe en the e lution vo lumes at 37°C and 6°C .  Th e p eak lvhich 

elut e d  at the b e giD..ning o f  th e chromat o graphic run ( Fig . 5 . 7 ) 

was di s t inc t ly turb i d .  G e l  elec trophore s i s  o f  al iquo t s  

from th e s e  frac t i ons ( Fig . 5 . 8 )  revealed n o  prot e in was pres ent . 

'I'he ab s orbanc e 280 nm values ( Fig . 5 .  7 )  v.�ere not c orr e c t e d  for 

any turb idity in the frac ti ons . Similar peaks , whi c h  elut ed 

at the void vo lume of the c o lumn were ob s erved by Creamer and 

B erry ( 1 975 ) . 

Chromat ography o f  c aprine , ovine and bovine c as ein 

mic e l l e s  c ons ecut ively on the c olumn of S ephadex G-1 0 and 

S epharos e 4B c aus ed dis s ociation t o  sub -mic el l ar c as ein 

aggr egat es which had s imi l ar hydrodynamic s i z es at b o th 37°C 

and 6°C .  I t  should b e  not ed that C reamer and Berry ( 1 975 ) 

found most of the Ca 1•Jas di s s oc iat e d  from the sub-mi c e l l ar 
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Fig . 5 . 7 :  Elution of  caprine sub-mic ellar cas ein aggregat es obtained from a small  cas ein mic e l l e  � 
frac tion from a 0ephadex G-1 0-0epharos e  4B c olumn at 6°C .  Other experimental detail s  

are the s ame a s  in Fig . 5 . 5 .  



as 

tJ, 
I( '  tJ2 

0 1 7  1 8  20 

� 

24 27 29 31 33 35 38 40 42 

·. 

44 46 

Fig. 5 . 8 :  �olyacrylamide gel elec trophoresis  a t  pH 8 . 4  of frac t i ons obtained by gel chromato­

graphy of c aprine small cas ein mic elles at 6°C (Fig . 5 . 7 ) . 0 ,  c aprine small  c as ein 

mic e l l es . The frac tions in Fig . 5 . 7  which were examined are indic at ed . Th e arrow 

indic ates the direc t i on of el ec trophores is . 
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c a s e in a ��r e Ga t e s , c ons i s t ent with the rem ova l o f  c o l l o i d a l  

c a l c ium pho s phat e and t h e  l o s s  o f  m o s t  o f  t h e  pr o t e in b ound 

C a . 

5 .L-1- D i s c us s i on 

B o t h  u l trac ent r i fvga t i on m e as urent ent s ( Chapt er 5 . 1 ) 

and g: e l  c hromat o grR}Jhy ( Chapt er 5 . 3 )  o f  c as e i 'l.. mic e l l e s  
J 

s h o w e d  that the c a s e in m i c e l l e s ar e por ous s t ruc t ur e s  wh i c h  

al l o w  c as eins , in p ar t ic ul ar p- c a s e ins t o  d is s o c ia t e  at l o w  

t emp eratur e s . 
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The s imi l ar va l u e s  ob t ained for mi c e l l e  s o lva t i on 

( vi s c o s i t y  m e a s ur em en t s ) o r  c a s e i n- p e l l e t  s o l v a t i on ( ul tra­

c en t r i fu gat i o n )  at �-°C and 30 °C ( Chapt er 5 . 2 ) indic a t e d  t h n t  

the b o vine , c apr in e and ovine c as e in mic e l l es ar e highly 

s o lvat ed , a n d  h a v e  s imi l ar s p e c i f i c vo l um e s  d e s pi t e the d i f­

f er en c e s  in th e  natur e o f  t h e  c as e ins . The r ea s o n  f o r  th e 

d i f f e r enc e b e tvv e en the v o lumino s i ty of b ov i n e  c as ein mic e l l e s , 

as ob t a ined in thi s s t udy C l1ab l e  5 . 3 ) and b y  D ewan et a l . , 

( 1 973 ) are n o t  r e ad i l y  appar ent . I t  i s  int er e s t ing t o  no t e , 

h o vJ ev e r , tha.t  ·.vhitnah an d Hutz ( 1 9 59 ) ob t ai n e d  a s imi l ar 

v a l u e  f or t h e  vo lumino s ity o f  b ovine c as e i n  mi c e l l e s  t o  that 

ob t a i n e d  in th i s  s t udy . 

T h e  r e s u l t s  wh i c h have b e en pres ent e d  in Part I o f  

t h i s  t h e s i s  a r e d i s c us s e d fur th e r  in Chapt er 1 3 .  
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CHAPTER 6 :  INTRODUCTION 

The c as eins , part icularly thos e  from b ovine milk , have 
b e en the s ub j ec t o f  int ens ive inves t i gation during the las t 
two decade s . Thi s  has r ec ent ly culminat ed in the eluc idat i on , 
largely by the French group at J ouy- en- Josas , o f  the primary 
s t ruc tur e s  o f  the maj or bovine as 1 - ,  � - and « - c as e ins and 
their genetic  variants ., Thi s was a s t erl ing achi evement 
which has added imp etus to further investigat i ons on the 
phys ical and chemic al propert i es of the b ovin e c as eins . 

Rec ent.Ly , there have b e en a numb er o f  exc e l l ent 
publicat i ons which have rev i ewed the lit eratur e on the 
c a s eins , in particular the b ovine c as eins ( J o l le s , 1 966 ; 

1'-TcK enz i e , 1 967 ; 1'-TcKenz i e , 1 970 ; .rtos e  et al . ,  1 970 ; 
1'1cK enz i e , 1 971 ; Lys t er ,  1 972 ; Merc i �r et al . ,  1 972a ; 

Swaisgo od , 1 973 ) . C ons equent ly , only a bri ef s urvey o f  the 
rel evant l i t erature is  pres ent ed . 

The chapt er i s  divided into two s ec t i ons , the firs t 
r evi ewing s ome o f  the chemic al and phys ical charac t eristics  
o f  bovine c a s e ins whi l e  th e s ec ond s ection briefly revi ews 
the charac t eriz at i on of c as e ins from other spec i es . 

BOVINE C ASEINS 

6 . 1  Hi s t orical 

Cas ein was first i s o l at ed by Brac onner in 1 830 . 
Hammars t en is olat ed and charac t erized ac id c a s e in s ome 50 

years lat er in 1 883 . N early a c entury aft er it was firs t 
i s olat ed , Linderstr�m-Lang and K odarna ( 1 925)  and Linderstrpm­
Lang ( 1 929 ) disc overed c as ein was a het erogene ous 
phosphoprot ein .  

Us e o f  T i s e l ius fre e-b oundary el ectrophoresis by 
Mellander ( 1 93 9 )  result ed in th e s eparat i on of b ovine c as ein 
into thr e e  frac t i ons which h e  called a - , p - and � - , in order 
of their decreas ing mobilit i es at pH 7 . 6 .  Fo l lowing thi s , 
\-iarner ( 1 944) describ ed a m e thod t o  isolate a - and tJ -c as e ins 
by chemi c a l  frac t i onat i on and lat er Hipp et a l . ( 1 952 ) 

isolat ed the a - , �- and � - frac t i ons , ut iliz ing their 



different s �lubilities in ethanol and urea s o lutions . The 
lat t er method is s till  widely us ed t oday for isolat ing c as ein 
fractions . 

One of  the more signific ant advanc es in the chemistry 
of c as eins was an extens ion of  Linderstr�m-Lang ' s  obs ervations 
on s o lubility differenc es  in the pres enc e of Ca  by \.Jaugh and 
vcn llippel  ( 1 956 ) . They us ed s edimented casein mic elles tc  

' 

is o late " first. cyc l e  cas ein " , ( cas ein mic elles , es s entially 
fre ed of C a )  and they then s eparated it into two fract ions : 
Fraction S \.vhich was s oluble in the pres enc e of Ca , and 
Fraction 1-' which was ins oluble  in the pres ence of  C a .  Sub­
s equently , Waugh et al . ( 1 962)  us ed Fraction P to isolate  
a - c as ein ,  while  McK enz i e  and Wake ( 1 961 ) us ed Fraction S to s 
i s o late «-c as ein .  

6 . 2  Identi fication of the Major Cas ein Fractions 

There are three maj or bovine c aseins , as ,1 - ,  {3 - and 
K -cas ein .  The nomP-nc lature and characteristics of thes e 
c as eins have already b e en described briefly ( Chapter 1 . 2 )  
and for a more detai l ed description the reader i s  referred 
to the revi ews by the " Cornruittee  on milk protein nomen­
c lature , .American Dairy Sci enc e Ass oc iation "  ( J enness et al . , 
1 956 ; Brunner et al . ,  1 960 ; Thomps on et al . ,  1 965 ; Ros e  
et  al . � 1 970 ) • 

The maj or a -cas ein fraction , which acc ounts for s 
s ome  50% of  bovine cas ein , c ontains a maj or c omponent , as1 -
c as ein , and s everal minor c omponents , as0- ,  as 2- ,  as3- ,  cxs4-
and as 5-cas eins ( Annan and Mans on , 1 969 ; Ros e et  al . ,  1 970 ) 
( Fig .4 . 1 ) .  

{3-c as ein ,  which c ons t itut es 30% of  the t otal cas ein , 
has a mob i l ity in s tarch and polyacrylamide gel  electro­
phoresis  l ess  than that of as1 -cas ein . ( Fig . 4 . 1 ) ( Ro s e  et 
al . ,  1 970 ) . 

The K -cas ein fraction c ontains s ome 1 5% of  the t otal  
cas ein ( Ro s e  et  al . ,  1 970 ) and has an electrophoretic 
mobility in alkaline polyacrylamide and starch gels which is 
l ess  than f-c as ein ( Fig . 4. 1 ) .  The minor fraction ,  "whole  



�-c a s e in " , i s  c ompos ed o f �- , TS- , R- and S-cas eins , which 
acc ount for 3-7% o f  the total c as ein ( Ro s e  et al . , '1 970 ) . 
Thes e "Y-c a s e ins are now known t o  ari s e  through the degrada­
t i on of � -cas e in by a naturally occ urring milk pro t eas e 
( Gordon et a l . ,  '1 972 ; Yamauc hi and Kaminogawa , '1 972 ) . 

6 . 3 Genetic Variants o f  Bovine C a s eins 

As chaffenburg ( � 96'1 ) was the firs t t o  demons trat e 
g enetic p o l ymOrphism in the (J - c as eins by paper e l ec tro­
phor esis in the pres enc e of ur ea . He found thr e e  variant s 
which he nam G J  A ,  B and C ,  in order of their decreas ing 
mob i lities  at pH 7 . 1 5 . Thes e were th e result of aut o s omal 
e o- dominant a l l e l e s . Lat er , Pet ers on and Kopf l er ( '1 966 ) 
using ac id po lyac rylamide gel e lec trophores is in gels 
c ont aining ur e a  demons trat ed that � - c as ein A was ac tually 
c ompos ed o f  thr ee variants , A1 , A2 , and A3 , in order o f  
their dec reas ing mob i lities ( K i ddy et al . ,  '1 966 ) . 
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Rec ently , other genetic vari ants of � - c as e in have b e en 
ob s erved in th e c as ein from Z ebu c at t l e  ( Bo s  indi cus ) which 
Aschaffenburg et al . ( 1 968a ) d e s i gnat ed as the D and Bz 
variants . Th e Bz variant had an ident ical mob i lity in 
alkaline and ac id gel e l ec trophoresis  to  the B variant 
in Wes t ern bre eds . Examinat i on o f  chymotryptic diges t s  
however , r evealed differenc es  b etwe en thes e variants 
( Thomps on et al . ,  '1 969b ) . A new variant , �-c as e in E ,  has 
been obs erved in I ta lian Pi edmont c attle  ( Vogl ino , 1 972) . 

- The iso lat i on and part ial charac t erizat i on o f  a n ew � -c as ein 
vari ant has b e en desc rib ed ( S eitov et al . ,  1 971 ) although no 
details o f  its e l ec trophor etic mobility are availab l e . The 
r e l ative mob i lities  o f  the genetic variants o f  B -c as e in in 
alkaline and ac id gel  e l ec trophoresis  are shown in Fig . 6 . 1 . 

F o l l o wing the r eport o f  � �cas ein polymorphism , 
Thomps on e t  al . ( 1 962 ) using alkaline gel elec trophoresis , 
obs erved thr e e  variants of as 1 - c a s e in in Wes t ern c at tl e , 
whic h  they designat ed as A ,  B and C ,  in order o f  their 
decreas ing mobiliti es . Sinc e then , Gro s c l aude et al . ( 1 966 ) 
have ident i f i ed a fourth vari ant , as 1 -cas ein D ,  with a 
mobility on alkaline gel e l ec trophores is int ermediat e  



b etv..re en the A and B variants ( Fi g . 6 . 1 ) . Ori ginal ly this 
vari ant was thought to  exist only in th e mi lk of the Fr ench 
Flammande c at tl e , but has now b e en found in other breeds 
( Gro s c laude e t  al . ,  1 973 ) . 

Po lymorphism has not yet b e en ob s erved in the minor 
as -cas eins o f  Wes t ern bre eds ( Hoagland et al . ,  1 971 ) , 
although e a s e in o f  s om!f Red Dani sh c attle  give no as3- and 
as4-cas ein b ands after s t arch gel  el ectrophores is 
( Michalak , 1 967 ) . 

The axi s t enc e o f  two genet i c  variant s o f  K-cas e in 
was established independ ent ly by three lab orat ori es 
( N e el in ,  1 964 ; Schmidt , 1 964 ; Woychik , 1 964) . The s e  were 
d e s i gnat ed as K-c as e;i..n A and B ,  f o llowing th e nomenc lature 
for �1 - and p-c as eins . «-Cas ein wa� res o lved int o defini t e  
z ones by e l ec trophor esis  only a f t er the disulphide l inkages 
were firs t reduc ed to allow c omp l e t e  dis s oc i at i on in ur ea . 
The r e lat ive mob i l i t i es o f  the K-c as ein genet ic variants are 
shown in Fig . 6 . 1 . 

The genetic variation in �-c as ein and in the other 
minor frac t i ons was shm.m to  f o l l ow the var iati ons in 
�-c as ein ( Groves and K iddy , 1 970 ) . 1n light of the rec ent 
findings on the �-cas e ins ( Groves et al . , 1 972 ) , their 
r e l at i onship with a - c as ein is not surpris ing . 

All o f  the genetic polymorphs pr es ent ly charac t eriz ed 
are produc ts o f  a l l e l i c  aut os omal genes inherited  via s impl e  
Mendelian proc es s es wi th no d ominanc e ( Aschaffenburg , 1 968 ; 
Li and Gaunt , 1 972 ; Thomps on , 1 971 ) . 

Of th e �1 -cas eins , the B variant i s  predominant in 
Wes t ern bre eds ( Bos t aurus ) , Ayrshires b e ing homozygous for 
this alle l e , whereas the C variant is predominant in Z ebu 
cat t l e  ( Bos indicus ) ( Aschaff enburg et al . ,  1 968 a ) . as 1 -
C as e in A is a rare genetic vari ant which has only b e en 
obs erved in s ome Holst ein-Fri e s i an , N ew �ealand Fri e s i an 
and Red Danish cattl e  ( Farrell et al . ,  1 971 ) . 

The A1 , A2 and A3 variant s o f  � - c as e in A have b e en 
f ound in mo s t  �est ern bre eds , although the B variant i s  a 
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Fig . 6 . 1 : Diagrammatic repres entat i on of th e relative 

mob i li t i es of the genetic variants of the b ovine 

as1 - ,  � - and «-cas e ins in s tarch gel e l ec trophoresis  

with ur ea and 2-mercaptoethano l .  A , pH 8 . 6 ; 

B ,  pH 3 . 0 .  Only the main b and of «-c as ein i s  

indica t ed a t  pH 8 . 6  • .  Reproduc ed from Grosc laud e 

et al . ( 1973 ) • 



signific ant phenotype  in the Jers ey breed ( Aschaffenburg , 
1 968 ) . Both tc -c as ein variants occur with high frequency in 
all breeds , A predominantly in Hols t eins and B in Jers eys 
( As chaff enburg , 1 968 ) • 

T o  dat e , with the exc eption of the � -casein B z 
variant in Zebu cattl e ,  all the genetic variants have b e en 
the result of  substitut,:Lon of charged amino o.c i d. residues , 
or in the c as e of  as1 -cas ein A ,  a deletion o f  1 3  res idues . 
Changes involving charged . amino ac ids are most readily 
det ected by gel electrophoresis . Substitutions co�ld 
occur involving uncharged res idues , s uch as in the Bz 
variant of �-cas ein ( Aschaffenburg et al � ,  1 968a ; Thompson 
et al . ,  1 969b ) which are not as readily d et ec t ed and have yet 
to be obs erved . Grosclaude et al . ( 1 973 ) est imated that 
one in three  genetic variants in bovine cas ein which are the 
result  o f  point mutations might have substitutions involving 
charged amino ac ids . I t  i s  obvious therefore ,  that a large 
number of genetic variants involving neutral substitutions 
may yet b e  id8ntified . 

K-CJI.SEIN 

6 . 4  I s olation o f  K-Cas ein 

Linderstr�m-Lang ( 1 929 )  postulated the exist enc e of  
«-casein ,  aft er isolat ing and partially charact eriz ing a 

crude c as ein fraction .  I t  \vas later isolated from " first 
cyc l e  cas ein " as an impure frac tion s olubl e  in Ca by waugl} 
and von Hippel ( 1 956 ) . McKenzie and Wake ( 1 961 ) isolat ed 
�<-c as ein by a procedure involving alc ohol fractionation of 
Fraction S, a fract ion from acid c as ein which was s olub l e  in 
Ca . Waugh ( 1 961 ) showed «-cas ein was the only maj or c as ein 
poss essing disulphide bridges .  The s e  were s hovm to occ.ur 
inter-molecularly , resulting in the formation of a s eri es  of  
covalent polymers ranging in size  from 60 000 ( trimer ) t o  
well above 1 50 000 with s20 values of 1 3 . 25 in neutral 

' V/ 
phosphat e buffer ( Swaisgood and Brunner , 1 963 ; Swaisgood 
et al . , 1 964 ; l'1ackinlay and �.fake ,  1 964 ; Talbot  and \.J'augh , 
1 970 ) . 
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Alkaiine gel e l ec trophoresis  in the pres enc e of  ur ea 
of r e duc ed K -c as ein c ontaining a s ingl e genetic variant 
rev e al ed one int ens ely s taining band and approximat ely five 
minor bands v11ith gr eat er mobility ( I'1ackinlay and 1tlake ,  1 964 ; 
Schmidt , 1 964 ; Woychik , 1 964) . Thes e rapidly migrating 
bands , which only acc ount for a proportion of K-cas ein , 
diff er from the slower , more int ens e band in their c arb ohy­
drat e c ont ent ( \Joychik , et al . , 1 966 ; Mackinlay and ·wake , 
1 96 5 ; Schmidt et al . ,  1 966 ) . The maj or c omponent c ont a ins 
no c arb ohydrat e , whi l e  the minor b ands pos s es s  increas ing 
amounts o f  h exo s e  and s i alic ac i d .  Treatment of thes e 
c as e ins with neuraminadas e reduc es the int ens ity o f  thes e 
minor c omponents , c ons i s t ent with the removal of s ialic acid  
from the l eading bands ( Schmidt et al . ,  1 966 ) . Thes e bands 
� l s o  dis appear on treatment with rennet ( Ros e et al . ,  1 970 ; 
Schmidt et al . ,  1 966 ) . The l ac k  of c arb ohydrat e does not 
aff ec t  the mic el l e  s t ab i l i z ing ability of K-c as ein 
( Mackinlay and Wake , 1 965) . 

Ribadeau Dumas et al . ( 1 964) purifi ed "-cas ein b y  
chromat ography o f  whol e  c as ein o n  DEAE-c ellul o s e in buffer 
c ont aining ur e a .  Lat er ,  K-c as e in was is o lat ed by chromato­
graphy on DEAE-c ellul o s e  aft er the disulphid e  groups were 
reduc ed ( Schllildt e t  a l . ,  1 966 ; I'1ackinlay and Vake , 1 965 ; 

Iuj o l l e  et a l . , 1 966 ; Woychik et al . ,  1 966 ) . 

b �  I 

Rec ent ly , Yaguchi and T aras suk ( 1 967 ) and Yaguchi et  
al . ( 1 968 ) describ ed a proc edure for the is olation of 
«�c as ein from milk or cas ein b y  chromatography on Sephadex 
G-1 50 in th e pres enc e of 6 I-1 urea . 0inc e ,:-c as ein is  int er­
mol ecularly linked through its  disulphide b onds , in the 
ab s enc e of 2-merc apt o ethanol it i s  elut e d  as  a peak at the 
void volume of the c o lumn . The s e  proc edures for is o l at ing 
�e -c as eins , ut i l i z ing chromatography on ·DEAE-c el lul os e and 
S ephadex G-1 50 and the proc e dure described by l'TcKenz i e  and 
�ake ( 1 961 ) ,  do not expos e  the prot eins to the ri gorous 
c onditions experi enc ed us ing the urea-sulphuric ac id 
frac tionation method of Zit t l e  and Cus t er ( 1 963 ) . Other 
methods us ed to  i s olate  �e -c a s ein are des crib ed in the 
revi ew by Mackinlay and Wake ( 1 971 ) .  



6 . 5  Phys ical  Propert ies  of K -e as ein 
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"-cas ein is s o lubl e  in s o lutions c ontaining moderat e 

l evels of e a  "V-li th 2 e; atoms b e ing bound to the prot ein 

( Dicks on and Perkins , 1 971 ) .  However , s inc e only 1 phosphat e 
group is pr es ent in K-cas ein ( I-1erc i er et al . ,  1 973 ) , an 

additional binding s i t e  for ea may exist . 

J 
WauGh and hi s c oworkers have large ly b e en resp onsib l e  

for the work 

by K-c as ein . 
mic e l l e-typ e 

on the s tabilization in solution of as1 .-cas ein 

�1 -eas ein and K-cas ein can form s o lub l e  

c ompl exes i n  the pr es en� e o f  e a  ( s tabilizat i on ) , 

under c ondi t i ons where as 1 -cas ein would normally prec ipitat e .  

Although they ori ginal ly beli eved complexes b e tween K-c as e in 

and a81 -cas e in formed s pontaneous ly , with a pr eferred weight 

rat i o  a 1 -c as e in : K -cas ein of 4 in the abs enc e o f  e a  s 0 ( waugh , 1 958 ) , rec ent r e sult s s ugg ested the c ompl ex at 37 e 
wm c ompos ed of a unit weight rat i o  o f  the two prot eins 
( Waugh and Nobl e ,  1 96 5 ; Noble  and Haugh , 1 965 ) . This work 

l ed to  a study of mic e l l e  format i on with as 1 - and K -cas ein in 

the pres enc e and abs enc e of e a . For a des cripti on o f  thi s 

work the reader is r e f erred to  the recent r evi ew by Waugh 
( 1 971 ) .  

6 . 6  - Ac t i on o f  Rennin on K-e as ein 

Addition of r enn et to normal milk at room t emp �rature 

r es ults in rapid c lotting . This is the result of  an 
extremely lab i l e  phenylalanine-methi onine peptide b ond b eing 

c l e aved ( Fi g . 6 . 2 ) , c aus ing a los s of the s t ab i l i z ing ab il ity 
of K-c as ein , and the generat i on o f  para- « - c as e in and macro­

peptide ( Jolles  et al . , 1 963 ; D e lfour et al . , 1 965 ; Jolles , 

1 966 ; Jolles et al . , 1 968 ) . The macropeptide has an 

N-t errninal m ethionine ( Delfour et  al . ,  1 96 5 )  and a c ommon 

e-t erminal s eq uenc e to K-cas ein ( Jolles , 1 966 ) . The sub-

s t itution s it e s  respons ibl e  for the· A and B genetic variants 

o f  K-c as e in exis t  in the macropeptide ( de Koning et al . , 1 966 ; 

Woychik et al . , 1 966 ) , as well as the s ingl e phosphoryl at ed 
res i due ( Fi g . 6 . 2 ) � The macropeptide is also  the site of 

attachment for the c arb ohydrat e r es idues ( Mackinlay and Wak e , 
1 965 ; Mackinlay et a l . , 1 966 ; Fiat et al . ,  1 972 ) . The 



macropeptide frac tion c ontaining carbohydrate ( glyc o­
macropeptide )  is solubl e  in 1 2% TCA,  whereas the fraction 
with no carbohydrate is ins oluble  under thes e c onditions . 

Para- «-cas ein , the N-terminal region of K-cas ein , 
c ontains the cyst eine res idues and on gel el ec trophoresis  
in urea shows a maj or and a minor c ompon ent moving 
towards the c athode . �im et al . ( 1 969 ) established by 
gel  e l ec trophoresis and amino acid analys is that this 
minor band was probab ly d,ue t o  carbalilylati on of the lys ine 
residues after their exposure to c onc entrat ed s olutions of  
ure a .  

6 . 7  Nature o f  the Carbohydrat e Hesidues in K-Cas ein 

The c ?.rbohydrat e res idues attached to K-cas ein have 
b e en the subj ect  of intens ive inves tigations ( s ee  the 
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review by .Mackinlay and \-Jake ,  1 971 ) .  R ec ent ev1denc e ( 'l1ran 
ond Baker , 1 970 ; Fiat et al . ,  1 972 )  indicates  the carbo­
hydrat e  moeity is a trisaccharide unit , a-N-ac etyl-neuraminyl­
( 2 - 6 ) -8 - r�aiact osyl - ( 1 - 3 ,  or 1 - 6)-N-ac etyl-galactosamin e , 
that is  attached to the peptide chain through the hydroxyl 
groups of s erine or threonine ( �iat et al . , 1 968 ) . The 
number of trisaccharide units has b een suggested to  vary 
from ·0 to 5 per mole of protein (Ros e et al . ,  1 970 ) . 

6 . 8 Amino Ac id Composition and Primary Structure of 
K -Cas ein 

Aft er Jolles  et al . ( 1 970 ) describ ed s equenc es account­
ing for half o f  the K-cas ein molecul e ,  Merc i er et al . ( 1 972b ) 
and Brignon e t  al . ( 1 972 )  eluc idated the amino ac id s equenc es  
o f  the  macropeptide and para- K-cas ein , thus c ompleting the 
primary structure of K· · cas ein B ( Fig . 6 . 2 ) . 

K-Cas e in B is a s ingle polypeptide chain c ontaining 
1 69 amino acid  residuec  with a mol ecular weight deduc ed from 
the amino acid  s equenc e of  1 9  023 (I'I erci er et al . ,  1 973 ) . 
woychik et al . ( 1 966 ) obtained a s imilar value for the 
monomer molecular - weight of K-cas ein using s edime�tation 
equilibrium measurements in 5 1'1 guanidine. HCl .  The amino 
ac id c omposition of K-c as ein B deduc ed from its  amino acid 



1 1 0  20 
FyroGlu- Glu- Gln-Asn- Gln- Glu-Gln-Fro-I l e-Arg-Cys - Glu-Lys - Asp- Glu-J�g-Fh e-Phe-S er-Asp-Lys -I l e-Ala-

30 40 
Lys -Tyr-I l e-Pro-I l e -Gln-Tyr-Val-L eu- C er-Arg· -Tyr-Pro-S er-·:ryr- Gly-L eu-Asn-Tyr-Tyr-Gln- Gln-Lys -Pro-

50 60 70 
Val-Al a-L eu-I l e-Asn-Asn-Gln-�h e-L eu-Pr o-Tyr-Pro -Tyr-Tyr-Al a-Lys -Fro -Ala-Ala-Val -.4rg-S er-Pr o-Ala-

80 90 
Gln-I l e-Leu-Gln-Trp� Gln-Val-L eu-S er-Asp-Thr-Val-Pro-Al a-Lys -S er-Cys -Gln-Ala-Gln-Pro-Thr-Thr-M e t-

. 1 00 � 1 1 0  
Al a- Arg-His -Pr o-Ri s -Pro-His -L eu-S er-Fhe-�e t-Ala-I l e -Pro-Pro -Lys -Lys -Asn-Gln-As p·-Lys -Thr- Glu-I l e -

1 20 1 30 * * 1 40  
Pro-Thr-I l e-As n-Thr-I l e -A l a-S er- Gly- Gl u-Pr o-Thr-S er-Thr-Pro -Thr�Glu- Al a-Va ! - G�u- S er - Thr-Val -

kuJ ( vari ant A)  
1 50 1 60 

Ala-Thr-Leu-Glut�J:rs e r-Pro-Glu-Va l-I l e - Glu-S er-Pr o-Pro -Glu-I l e-Asn-Thr-Val- Gln-Val-Thr -S er-Thr­. 
I 

As P ( variant A )  

1 69 
Ala-Va l . OH 

F i g . 6 . 2 :  Primary s truc tur e  o f  b ovine K -c as ein B .  �he enc l o s e d  amino ac i d  r e s idues ar e tho s e 

c orr e s ponding t o  the doub l e  sub s t i tut i on diff erent i a t ing th e A and B gene t i c  vari ant s 

( 1'1erc i er e t  al . ,  1 973 ) . t p ep t i d e  ·bond readily c l e aved by r e11..nin . 

* po s s ib l e  s i t e s  o f  a t tachm ent t o  the p eptide c hain for the trrs ac charide uni t  in the 

glyc op ept i d e  charac t eri z e � by Fiat e t  a l . ( 1 972) . b e e  t ext for further d e t ai l s . 

(} 
V 



s equenc e (Merc i er et al . ,  1 973 ) is : 

As p4 , Asn7 , Thr1 4 , S er1 2 , S erP1 , Glu1 2 , G ln1 4 , 
YyroGlu1 , Pro20 , Gly2 , Ala1 5 , Val1 1 , Cys 2 , 
Met2 , I l e1 3 , Leu8 , Tyr9 , Phe4 , Lys 9 , His 3 , Trp1 , 

J\.rg5 

which i s  in good a�re ement with thos e reported previous ly 
I 

for th e c arbohydrat e-fr e e  maj or c omponent o f  K·- c as ein B 

( Schmid t et al . , 1 966 ; \Joychik et al . , 1 966 ) . 

Para - K -c a s ein ,  the N-terminal region o f  K-c as ein , has 

1 0 5  res idues and a mo l ecular weight of 1 2 269 , deduc e d  from 

the amino ac id s equenc e (.f'1erc i er et al . , 1 973 ) . I t s  amino 

ac id c omposition :  

Asp3 , Asn4 , Thr3 , Ser7 , FyroGlu1 , Glu4 , Gln1 2 , 

Pro1 2 , Gly1 , Ala9 , Cys 2 , Va1 5 , Met1 , I l e6 , Leu7 , 

Tyr9 , lhe4 , Lys6 , His 3 , Trp1 , Arg5 

( Brignon et a l . ,  1 972)  agr e e s  fairly well with previous 

amino ac id c omposit ions (Kalan and \.Joychik , 1 96 5 ;  de Koning 
et al . ,  1 966 ; Kim et al . , 1 969 ) , recalculat e d  where 

nec e s s ary by Swais good ( 1 973 ) to the correct m o l ecular 

weight . The pr e s enc e of the N-terminal pyroglutamyl 

res idue was deduc e d  aft er mass spec trometry o f  the N­

t erminal peptide ( Brignon e t  al . ,  1 972) . The lab i l e  p eptide 

bond c l e aved by rennin is  b etween Fhe1 0 5-Met1 06 • 

Th e B variant of the macropeptide , res idues 1 0 5-1 69 , 

c ontains 64 amino ac id residues and has a mo l ecular wei�ht 
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o f  6754 ( l"lerc i er et al . ,  1 972b ) . The amino a c i d  c omposit ions 

pr evious ly det ermin ed for this frac tion ( de Koning et al . ,  
1 966 ; Hi l l  e t  al . , 1 970 ) ar e in good agr e em ent wi th that 

deduc ed from the amino ac id s equenc e :  

Asp1 , Asn3 , Thr1 1 , S er5 , SerP1 , Glu8 , Gln2 , Pro8 ,, 

Gly1 , Ala6 , Val6 , l"le t1 , I l e7 , Leu1 , Lys 3 
( Merc i er et al . , 1 973 ) . 

G enetic sub s titutions invol.ving the A and B polymorphs 

pr evious ly noted by de Koning et al . ( 1 966 ) and verifi ed by 
Hi l l  et al . ( 1 970 ) are l oc a t ed at Thr/I l e1 36 and Asp/Ala1 48 



( li'ig . 6 .  2 ) . The site  of attachment of  a trisa:_�haride J 
charact eriz ed by Fiat et al . ( � 972 ) and Jolles et al . ( 1 973 ) 

has t entatively been assigned as 'rhr1 31 or Thr1 33 , the 
former being the favoured position iil K-cas e in B .  

'rhe overall hydrophobici t y  o f  K-cas ein B i s  b etween 
that for as1 - and �-casetns at 5 . 37 kJ per residue and is 
charact eris tic of a hydrophobic protein (Merc i er et al . ,  

� 
1 973 ) . The net negative charge at the pH of  native milk 

b'/ 

( about pH 6 . 8 ) is  very c lose  to 3 . 5  for the monomer devoid  
of  sialic ac id . The high c ontent ( 1 � . 8�) and rather 
uniform dist1.-ibution of proline · residues prevent much 
a -helical organization of the molecul e ,  in agreement \vi th 
the previous optical rotat ory dispersion measurements of 
Herskovits ( � 966 ) . Both hydrophobic  and charged amino acid 
residues are distribut ed non-uniform: y along the peptide 
chain ( 1'1erci er et al . , 1 973 ) ( J?i g . 6 . 2 ) , whereas most of  the 
basic res idues are dis tribut ed uniformly in the s ection of  
the chain c orresponding to  para- K-c as ein .  The hydrophobic 
para- K-c as ein c ontains all of  the aromatic residues of  
K-cas e in ,  and als o the two c ysteine residues which are 
locat ed in two hydrophilic regions , one of  thes e being a 
c lust er of  charged res idues ( Fig . 6 . 2 )  . .Merc i er et al . ( .· 1 973 ) 
sugges t ed that even if b oth regions &r e neighbouring through 
folding of the molecul e , the charged nature of  the groups 
surrounding the cys tein e  residues i s  unlikely t o  l ead t o  
favourabl e  conditions for forrr1:::..ng intra-mol ecular bonds . 
Instead , they are likely t o  be  expos ed and abl e  to form inter­
mol ecular disulphide linkages . 

The macropeptide s ection of the K-cas ein polypeptide 
chain has one in four of its res idues as threonine or s erine 
(Merc i er et al . , � 972b ) . Acc ording to Hill and \-lake ( � 969 ) 

this region may b e  responsibl e  for the mic ell e  stabilizing 
properties of �-cas ein . Merci er et al . ( � 973 ) suggest a 
pos sib l e  biological rol e  of  the sugar residues may be  t o  
prevent phosphorylation of  the s e  threonine and s erine 
res idues , s inc e  the K-cas eins which c ontain c arbohydrat e  
appear to  have no . influenc e on mic ell e stability .  
Phosphorylation of thes e res idues would undoub tedly affect  
the properti es o f  K-cas ein ( i . e .  s olubility in Ca , and the 



s tabiliz at i on of as 1 - and �-c as eins ) .  They s ug�es t  that 

this imp l i e s  glyc osylat i on of K -cas e in occurs t o  prot ect  

these  threonine and s eri�e res idues b efore pho s phorylati on 
of  the pro t e in by phosphoryl kinas es . Sub s e quent 

dee;lyc osylati on results in the obs erved mixtur e of pro t eins . 

P-CASEIN 

6 . 9  I s o lati on of  P-C{s ein 

cB · 

f-C as ein was first is olated by chemic al fract i onati on 

of  cas ein ( Warner , 1 944 ; Hipp et al . , 1 952) . Garnier et al . 
( 1 961+ )  pu..Tified �-cas ein -.;.rariants by chromatography of  who l e  

c asein o n  DEAE-c ellul o s e  in buffers c ontaining urea . 

Thomps on and Fepper ( 1 964) a l s o  i s o lated pure �-cas ein A ,  B 
and C genetic variants by chr omatography on DEAE-c ellulos e 

in ur ea o f  fract ions obtained by the method o f  Hipp et  al . 

( 1 952 ) . Inc lus ion of  2-mer c apt o ethanol in the prot ein 

sampl e and in the buffers us ed  for chromatography was found 
t o  r emove the c ontaminating «-cas e ins , o therwi s e normal ly 

ass oc iat ed with the s e  purified P-c as eins ( Thomps on , 1 966 ) . 

The proc edu�es which may b e  us ed for isolat ing �-cas ein have 

b e en describ ed in detail ( McK en z i e , 1 967 ; Thomps on ,  1 971 ) .  

6 . 1 0  Phys ical Propertie.s o f  tJ-Cas eins 

The t emperature dependent po lymerization of bovine 

,6-cas ein vms first obs erved by von Hippel and Haugh ( 1 1) 5 5 )  

and Sul livan et  al . ( 1 955 ) . 

At l ow t emperatur es , � 4°C ,  (3-cas ein exi s t s  in s o luti on 

as a monomer vli th a molecular weight of 24 000 and a 
s edimentat i on c o ef fic i ent , s0

20 , w ,  of  approximat ely 1 . 50 S 

( Svedburg unit ,  1 0-1 3 s ec ) , which i s  virtually independent 

of pro tein c onc entration ( Sull i van et al . 1 955 ; Payens and 

van Markwij k , 1 963 ; N oelken and Reibstein , 1 968 ; Evans et  
al . , 1 971 a ) .  Payens and van l'Iarkwijk ( 1 963 ) measured the 

intrins ic visc os i ty at 4°C of b o7ine � -cas ein in s odium 
barbiturat e  buffer , pH 7 . 5 ,  adj us t ea to an i onic s trength of 
0 . 2  with KCl , and . obtained a value of 23 ml/mg . A s imilar 
value of  23 . 1  ml/g was obtained for the intrins ic  visc o s i ty 
o f  bovine �-cas ein B by N o e lk en and Reibs t ein ( 1 968 ) .  



Furthermore , N o e lken and Reib s t ein ( 1 968 ) found virtually no 
c hange in the intrins ic vis c o s i ty of bovine � -c as ein B in 
going f rom 0 . 02 M EDTA- 0 . 1 4  M N aC l , pH 7 ,  at 2 . 5°C to 0 . 1  M 
phos phat e buffer , pH 7 ,  containing 6 M guanidine . HC l  at  
2 5°C .  Tanford et al . ( 1 967 ) showed us ing vi s c ometry , that 
in 6 1"1 guani dine . HC l  a numb er of pr oteins were random c oi l s , 
p os s es s ing little , if  any s truc ture . C ons eq uent l y ,  the 
results of  N o elken and •Reib s t e in ( 1 968 ) led them to sugges t 
the p-c as ein monomer at low t emp eratura has a c onformati on 
s imi lar to  a random c o i l .  Optical rotatory disp ersion 
p arameters and NI"lH spec tra sugges t  tJ-cas ein pos s es s es l i t t l e  
i f  any s truc ture a t  l o w  temperatur e  (Herskovits , 1 966 ; 
Garnier , 1 966 ;  Evans e t  al . , 1 97 1 b ) .  

�laugh et al . ( 1 970 ) have cons idered that the hi gh 
intrins ic vi s c os i ty of �-cas e in at l o w  t emperature c ould 
r esult from the highly s olvat ed and fl exib l e  N-t erminal 
r egion of the �-cas e in mol ecul e which is very ac idic and 
c ontains a l l  of the organic phos phorus groups ( Fi g . 6 . 3 ) . 
Random c o i l  format i on ,  in the pres enc P- o f  6 M guanidine . HC l , 
would decreas e the c ontributi on of the ac idic p eptide t o  
visc osity , but inc r eas e the c ontributi on of the r emaining 
portion , s o  the net effect c ould b e  smal l . 
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Increas ing the t emperatur e of � - c as e in s olutions ab ove 
4°C results in the formation of large po lymers , c onc urr ent 

· with a decreas e in the optical rotatory di spers i on 
paramet er , a0 ( Garni er , 1 966 ; H erskovit s , 1 966 ; Ev·ans et 
a l . ,  1 971 a ,  b ) , and a red shift in the abs orption maximums of 
the aromatic res idues ( Garni er , 1 966 ) . Thi s i s  indic ative 
of  a change from a more polar to  a l e s s  polar envi ronment for 
thes e res idues . 

At 8 . 5°C ,  and at c onc entrat ions exc eeding ab out 0 . 1 5 g/ 
1 00 ml of  prot ein , polymers o f  �-cas ein are pres ent . A 
rapidly s ediment ing p e ak b ec omes apparent which has a 
s edimentation c o effic i ent very dependent on prot ein c onc entra­
t i on ( Payens and van Markwi j k , 1 963 ) . Simi l ar r esul t s  were 
obtained at 1 3 . 5°C .  The degree  o f  polymeriz at i on of 
6-c a s ein was ab out 22 at  8 . 5°C ,  and ewen higher at 1 3 . 5°C ,  
with a s low rate of  equilibrium exis ting b etween monomers 



and p olymers . Payens and van Harkwi j k  ( 1 963 ) pr opos ed 
tha t  the j3-cas ein p olymer cons i s t e d. of a numb er o f  int er­
linked c oils . Furth ermor e ,  unlike b ovine as 1 -cas e in ,  no 
po lymers of int ermediat e s i z e  were ob s erved , the trans ition 
b eing of th e t yp e : 

where n is the numb er bf  monomers (Payens et al e ,  1 969 ) . 

Garni er ( 1 966 ) as a result of  optical rotat ory dis­
p ers i on and diff erenc e spectro s c opy measurement s ,  propo s e d  
j3-c as ein undergo es a r apid and revers ib l e  endothermic 
trans format i on from state  I at 5°C ,  to  s tate II at LJ-0°C ,  
with a temperature of half trans i t ion of 23 to  24°C .  H e  
als o  sugges ted that j3-cas ein at  both l o H  and high t emp era­
tur es is part ially folded in a l e ft hand ed type poly-L­
pro line II h e lix . Evans et al . ( 1 971 a )  sugge s t ed the 
pres enc e of a s imil ar s truc tur e  to  the poly-L-prol ine II 
h e l ix in 13-c a s e in , as a result of their s tudi es us ing 8 M 

LiB r .  The amino ac id s equenc e of j3-cas ein ( F'ig . 6 . 3 ) has 
5 pairs of pro l ine res idues adj ac ent to one anoth er , a s  well 
as s everal pro line residues in alt ernat ing s equenc e ,  which 
ar e mostly located - in hydrophob ic regions o Swai s good 
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( 1 973 ) c onc luded from this that large regions o f  left handed 
poly-L-pro lin e  II helix were U.D l ik ely , although the exi !=' t enc e 
o f  a s imi lar s truc tur e  c ould 1 1.ot b e  overrul ed.  NIIR s tudi es 
( Evans et al . ,  1 97 1 b ) suggested  that the j3-cas ein p o l)�ers , 
even at 25°C ,  s t i l l  pos s es s ed a high degr e e  of int er- and 
i ntra-chain fl exib i lity.  Spectrophotometric t itrati on of 
j3 - c as ein B at 25°C ind ic ated the 4 tyros ine res idues in the 
mol ecule ar e s t i l l  expos ed to the s o lvent ( Creamer , 1 97 2 ) . 

Fayens et a l . ( 1 969 ) us ing light scattering , showe d  
j3-c a s ein a t  21 °C in neutral s odium phosphat e buffer , 1 =0 . 2 ,  
had a po lymer mol ec ular wei ght of 725 000 , and c ons i s t ed o f  
about 50 monomers . They sugg e s t e d  the as s oc i at i on o f  
�-c as ein c l o s ely res emb l es mic ell e formation in s oap 
s o lutions ( Pay ens , 1 966 ; Payens et al � ,  1 969 ) . This i s  
like ly , cons idering 8 - c as ein has a hydrophi lic N-t erminal 
region of approximately 47 r e s i dues and a largely hydrophob ic 



tail ( Fig . 6 . 3 ) . Sull ivan et al . ( 1 955)  ob taine d an 
intrins ic vis c os ity for p-c asein at 25°C ,  in neutral buffer , 
o f  1 2 . 5  ml/g . C ommon globular prot eins have intrins ic 
vis c o s ities of  3 -4 ml/g ( T anford , 1 961 ) .  C ons equently 
thes e r esults s ugges t the �-cas ein po lymer may be highly 
s o lvat e d  and highly asymmetric . 

The P-c as ein po fymer is s ensitive to C a , a�d i s  
prec ipitated i n  its  pr es enc e a t  low l evels ( Garni er , 1 966 ; 
Thomps on et al . ,  1 969c ; Haugh et al . ,  1 970 ) . \-laugh' et al . 
( 1 970 ) examine d  the b ehavi our of P-c as ein in the pres enc e 
o f  C a  and found s edimentation rat es  were a func t i on o f  both 
t emperature and Ca c onc entrat ion .  In O . OL.J-8 1'1 NaC l  at 37°C 
and pH 6 . 6 ,  the value of  s �0 inc r eased wi th C a  c onc entra-

c:. , w  
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t i on until prec ipi tat i on oc curred at 7 to 7 .  5 mM . Like\vis e ,  
increas ing th e t emperature of the s o lut i on c ontaining 0 . 048 M 

NaC l  and 0 . 0'1 5 M Ca produc ed an increas e in s 20 , w  unt il 
pr ec ipitation occurred near 26 t o  27 °C .  A plat e au in the 
s 20 values b etween 21 °C and 25°C occurred , with the , w  
attainment o f  limiting values of r e duc ed vi s c os ity.  They 
als o sugges t ed the po lymers had attained l imiting average 
values of s i z e ,  shape and s o lvat ion .  

In further studi es o f  thes e " c ore polym ers " ( Hau gh 
e t  al . ,  1 971 ) ,  prec ipitation occurred at a s it e  b ound C a  
l evel o f  5 . 4  g at oms/mol e  and a n e t  charge o f  -6 , independent 
of N aC l  c onc entration at pH 6 . 6  and 37°C .  Dicks on ana 
Perkins ( 1 971 ) in b inding studies us ing 47c a , 
obt aine d  a s imilar value ( 4 . 8  g at omsjmol e ) . There ar e 5 
phos phorylat ed s erine r es idues in b ovine e-cas eins ( Fi g . 6 . 3 )  
( exc ept the C variant ) ,  and hydrogen ion equi l ibria s tudi es 
( Creamer , 1 97 2 )  in the pres enc e o f  C a  are c ons is t ent with 
the b inding of Ca to the s e  phos phos erine groups . Acylat i on 
o f  P-cas ein with increas ing alkyl chain l engths , increas es 
its ab i l ity t o  p o lymeriz e ( Hoagland , 1 968 ; Evans et al . ,  
1 971 b )  whi l e  inc r easing the negative charge on the prot ein by 
c arboxyacylation decreas es this ab i l ity ( Evans e t  al . , 1 971 a ) . 
Removal of the th� e e  C - t erminal hydrophob ic res idues , I l e­
I l e-Val-Oli , from e-c as ein C by carb oxypeptidas e A alt ered 
the  t emperature dependent polymerization of this variant 



( Thomps on et al . , 1 967 ) .  �- Cas ein C t ends to  ass ociat e 
more than the A and B variants ( Thomps on , 1 971 ) ,  although 
their e;eneral b ehavi our is s imilar . 'rhe.s e results a l l  
s erve t o  indic at e  the importanc e o f  hydrophob ic int erac t i ons 
in the aggregat i on of �-cas e in .  

6 . 1 1  J�ino Ac id C ompos ition and S equenc e o f  @-C as ein 
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The c omp l e t e  amlno ac id s equenc e o f  b ovine �-c as e in A2 

has r ec ently b e en eluc idat ed by Hibadeau Dumas et al . ( 1 972) . 
I t  is  a s ingl G p o lypeptide chain c ontaining 209 amino ac i d  
r e s idues with :m amino ac id c ompos i t i on deduc ed from the 
s equenc e of : 

Asp4 , Asn5 , Thr9 , Ser1 1 , S erP5 , Glu1 8 , Gln21 , 
Fro3 5 , Gly5 , Ala5 , Va11 9 , Mete , I l e1 0 , Leu22 , 
Tyr4 , Phe9 , Trp1 , Lys 1 1 , His 5 , Arg4 

The amino ac i d  s equenc e of  P -c as ein A2 and the s it es o f  
genetic substitut i on ar e shown in Fig . 6 . 3  • The mol e c ul ar 
weights previ ous l y  det ermined for the �-cas ein monomer us ing 
phys ical techniques ( Sul livan et al . ,  1 9 55 ; Payens and 
van l"1arkwijk , 1 963 ; N o e lken and Heibst ein , 1 968 ) are in 
exc e l l ent agre ement wi th that c alcul ated from th e s equenc e of  
the A2 vari ant ( 23 983 ) ( Bib adcau Dumas et  a l . ,  1 972 ) . 

The amino ac id c ompos itions pr evious ly determined for 
the diff erent vari ants of �-cas ein ( Pion et al . , 1 965 ; 
Pet ers on et al . ,  1 966 ; Thompson et  al . , 1 969b ) are als o in 
good agre ement with thos e det ermine d  from their amino acid 
s equenc es ( Grosc l aude et al . , 1 972 ) . The variat ion in the 
numb er of s erine res idues in the s e  amino ac i d  c ompositi ons 
has b e en attribut e d  to the extreme ac id l ab i l i ty of the 
pho s phos erine res i dues ( Swa i s good , 1 973 ) . 

Substitut i ons result ing in the different genet ic 
vari ants 
peptides 
C ompared 

were located aft er c omparing their d:i .fferenc e 
with tho s e from � -c as ein A2 ( Gros c laude et a l . , 1 972 ) . 

2 to the A 
found to  result in 
A2/A3 , His/Gln�06 ; 
S er/Arg1 22 ; A /C , 

vari ant , the foll owing substitutions were 
the different genetic variants ( Fi g . 6 . 3 ) : 

A2;A1 , Pro/His 67 ; A2/B , Fro/His67 , and 
SerP/Ser3 5 , Glu/Lys 37 , and Pro/His 67 • 



1 1 0  
H . Arg-Glu-L eu-Glu- Glu-L eu-Asn-Val-Pro-Gly-Glu-I l e -Val-Glu-

73 . 

. 20 "'1 -c a  
.. 

s e ins 

� er-Leu-yer-f er- y er-Glu- Glu- � er-I l e -Thr-Arg-I l e-Asn-LyslLys -
p p p p 

30 40 
I l e- Glu-Lys -Fh e - Glnit:J!Glu�Gln- Gln-Gln-Thr-G lu-Asp-Glu-

S er Lys ( C  variant ) -

50 
L eu-Gln-As p-Lys -I l e-His -Pro-Ph e-Ala-Gln-Thr-Gln-Ber-Leu-Val -

60 
. 

70 
Tyr-Fro-Fhe-Pro- Gly-Fro-I l eiFro�Asn-0 er-L eu-1'ro- Gln-Asn-I l e-

H i s  ( A1 , B and C varian t s ) 

80 
Pro -Pro-L eu-Thr- Gln-Thr-Pro -Val-Val-V al-Fro-Fr o-Ph e-Leu-Gln-

90 1 00 
Fr o- Glu-Va l-Me t - G ly-Val-S er-Lys - Val-Lys -Glu-Ala-Met -Ala-Fro-

H ,  TS . B-c a s e ins • 

.. l 1 1 0  
Lys�Lys Glu-Met-Pro-Ph e-Fro -Lys -Tyr-Pro-Val -Gln-Pro-l'h e -

.. 2 S , '.rS . A  - c as eins 
Gln ( i\.3 var i ant ) 

1 20 1 30 
Thr- G 1 ueG ln-S er-L eu-'l'hr- L eu-'.Vhr-As p-Val-G 1 u-Asn-Leu-H i s  

Arg (B variant ) 
· 

1 40 
L eu-Pro-Pro-Leu-L eu-Leu- Gln-S er-Trp-Met-H i s -Gln-Fro-His -Gln-

1 50 1 60 
• 

Fro-L eu-Pro-Pro-Thr-Va l-I'l e t -Fhe -Pro-Pro-Gln- S er-Va l -Leu-S er-

1 70 
L eu-S er-Gln-S er-Lys -Val-L eu-Fro-Va l-Pro-Glu-Lys -l,la-Va l-Fro -

1 80 1 90 
Tyr-Pro-Gln-Arg-Asp-Met-Pro- I l e -G ln-Al a-fh e-Leu-L eu-Tyr-Gln-

200 209 
Gln-Fro-Val-Leu-Gly-Pro-Va l-Arg-Gly-Pro-Ph e-Fro-I l e-I l e - Va l . OH 

Fi g . 6 . 3 :  Primary s truc ture o f  b ovine p - c as e in A2 

( Rib adeau Dumas e t  a l . ,  1 973 ) . The regi ons 
of the s E:quenc e which c orresp ond to the 'Y - ,  R- , · ·  

S- and TS-cas eins are a l s o  ind ic ated . Enc l o s e d  
amino ac i d  res idu e s  are thos e c o rr esponding t o  
s ub s t i t ut i oLs whi c h  di fferent ia t e  the A1 , A3 , B 
and C genetic vari ants from the A2 variant � 



The amino ac id s equenc e of  the �-c as ein Bz var iant 
o·b s erved in � ebu c at t l e  ( Bos indicus ) C rhomps on et  al . ,  
1 969b ) has not yet b e en det ermined . 

, 2  The five pho sphorus res idues in �-cas e in n ar e 
c oval ent ly l inked t o  s erine r e s idues locat ed in the N­

t erminal region of the mol ec ul e ( Fig . 6 . 3 ) , four o f  thes e 
pho sphorylat ed r e s i du2s b eing in a c lus t er .  Pet ers on et  

� 

al . ( 1 9 58 )  isolat e d  a N-t erminal tryptic peptide c ontaining 
four of thes e  pho s phorylated s erine residues , which was later 
s equenc ed by l'Jans on and Annan ( 1 97'1 ) .  Thes e phos phat e 
groups were shown t o  b e  0- e s t erifi e d  to the hydroxyl groups 
of s erine residues . 

The N-t erminal region o f  �- c as e in A2 , with its four 
phosphos erine residues and glutamyl res idu es ( Fie; . 6 . 3 )  
c ons titut es a highly negativ ely charged z one . The net 
negative c harge of  this N-t erminal region at pH 6 . 6  i s  
approximately 1 2  ( Swais good , '1 973 ) , whi l e  the remainder o f  
t h e  mo l ecul e has a n e t  charge o f  e s s entially z ero . With 
the exc ept i on of the N-t ermina.t end , �-�as ein A2 c ontains a 
high proportion of hydrophob ic residues . Ribadeau Dumas 
et  al . ( 1 97 3 ) . s ugges t ed the molecul e has a rather loo s e  
s truc tur e a t  room t emp eratur e , whi l e  the high c ont ent o f  
hydrophob ic residues and the pres enc e of c lus t ers of such 
groups suggested a more or l e s s  stab l e  s tructure due t o  
hydrophobic int erac tions . 

6 . 1 2  i'-C as e ins 

From the r e s ults of  amino ac i d  analys es , p eptide 
mapping , mo l ecular weight det erminati ons and from s tudi es 
o f  t erminal res idues , Gordon et  al . ( '1 97 2 )  r ec ent ly 
suggested that i'- , R- , S- , and TS-c as eins might be fragtwnts 
of fj-c as e in , a sugges tion verified b y  Ribadeau Dumas et  al . 
( '1 973 ) . Individual milks c ontaining �-c as ein A1 , A2 , A3 , or 
B always c ontained the c orresponding i'-c as ein variants , whic h  
are des i gnat ed in a s imi lar manner ( Groves and Kiddy , 1 970 ) . 
The �-c as eins , R ,  . S and TS-ca s e ins are d erived from the 
C-t erminal half of  �-c as ein ( Fig . 6 . 3 )  ( Groves et al . ,  1 973 ) . 
Previ ous ly TS-A2 and R-c as e in had b e en ob s erved with p-cas ein 



A2 vari ants ; whereas the TS-B and S-c as eins were pres ent with 
,.. ,g-cas ein B ( Groves , 1 969 ) . "Y-Cas e in corr espond ed to r e s i dues 

29- 209 of the B-c as ein s equenc e ( Fi g . 6 . 3 ) , vJhi l e  S- and 'rS-A2 

c as e ins c orresponded to residues 1 06- 209 , and R- and TS-B to  
res idues 1 08- 209 ( Rib adeau Dumas et  al . , 1 972 ; Groves et  al . ,  
1 973 ) . The amino acid sub s t ituti ons which different iated 
the knmm variants of e-cas ein ( Grosc laude et al . , 1 972 ) 
als o  explained the ob s �rved . r e lationship b etwe en the 
polymorph i sm c f  ,g - , "Y- , R- , S- and TS-cas e ins , but not the 
abs e:J.c e of  the "Y-C variant s in milks containing the � -c as ein 
C variant ( Ros e et al . ,  1 970 ) . The s imilarity b etwe en s ome 
produc ts o f  8-cas e in hydrolys is by mi lk prot eas e and th e 
minor c a s e ins was demons trat ed rec ent ly by Yamauchi and 
Kaminogawa ( 1 972 ) . 

6 . 1 3  I s ol ation o f  � 1 -Cas eins 

a -C as e in was firs t i s o lated b y  chemical frac ti onation s 
(��arner , 1 9L.J-4 ; Hipp et al . ,  1 9 52 ) and lat er from " firs t cyc l e " 
s o lub l e  c as ein , obt ained by hi gh speed  c entri fugation o f  skim 
milk at 37°C ( \rlaugh et al . ,  1 962 ) . Thomps on &nd Kiddy ( 1 964) 

des crib e d  a method to purify the A , B and C vari ant s by 
chromato graphy on DEAE-c ellul o s e  o f  a crude as 1 -cas ein frac t i on 
prepa='7 ed b y  the ure a  frac tionat ion method of Hipp et al. ( 1 9 52 ) o 
a 1 - c as e ins were als o  purified from whol e  c as e in by chromato-s 
graphy on DEAE-cel lulos e ( Th.omps on , 1 966 ) . McK enzi e  ( 1 970 , 
1 971 ) has outlined the various proc edur es us e d  to i s o l at e  
�s1 -cas e in in s ome detai l . 

6 . 1 4  Fhys ical Propert i es o f  a -C as eins s 

Bovine as 1 - c as ein in s o lution readily undergo e s  
ass oc i ati on t o  form po lymers . Unlike �-cas ein , polymer 
formation is highly d ependent on i onic strength and pH , and 
i s  virtually independent of t emperatur e .  

S edimentati on s tudi es o n  a8 1 - c as ein B in phosphat e 
buffer , pH 7 ,  ( 1 = 0 . 1 ) and light s c att ering measurements have 
indicated the dep endenc e o f  s 20 values and appar ent mol ecul ar , w . 



weights on protein c onc entration ( I rons et a l . , 1 973 ; 
Schmidt and Payens , 1 972 ; Payens and Schmidt , 1 966 ; 
Schmidt and van 1'1arkvJi j k , 1 968 ; Schmidt , 1 970a , b ;  
Swa i s good and Timashef f , 1 968 ) . The b ehaviour o f  as 1 -
c as ein is typical of  rap idly equi librating as s oc iating 
pro t e in s ys t ems . 

The as s oc iation , o f  as 1 - c as e in B is dep endent on pH 

( Sc hmidt et  a l . ,  1 967 ) and i onic s trength ( Schmidt and van 
Markwij k ,  1 968 ; Schmidt , 1 970a ) , and is virtually 
independent of t emperature ( Schmidt and Payens , 1 97 2 ; 
Irons et al . , 1 973 ) , indicating the importanc e o f  both 
hydrophob ic and e l ec tros tatic int erac tions . Schmidt and 
van �larkwi j k  ( 1 968 ) and Schmidt ( 1 970a)  employed light 
s c att ering to charac t eri z e  the as s oc iation of as 1 -cas ein B 

in pH 6 . 6  imi daz o l e  buffers o f  di f f er ent ionic s tr ength . 
The association o f  a .., -c as ein c an be des crib ed in terms 

S 1 
of c ons ecutive as s oc iat i on s t eps , and at an i onic s tr ength 
o f  0 . 05 it  was found that age;regates up to  tetramer were 
pre s ent . Increas ing th e ionic s trength increas ed the 

/'0 

degree  of  polymeri z at i on . At l ow prot ein c onc entrati ons , 
further dis s o c i ation o f  as1 - c as e in aggregat es occurre d  and at 
infinit e di lut ion , monomers o f  m o l ecular weight 23 000-
24 000 wer e obt ained ( Schmidt and van l"1arkwi j k ,  1 968 ) . Ho  
and Chen ( 1 96 7 ) , by diffusion measurements in 0 . 01 M KC l ,  
pH 7 . 02 ,  have als o sho�n �1 - c as ein is dis s oc i ated to the 
monomer at low ionic s trengths . 

Opti c a l  rotatory dis pers i on paramet ers o f  as 1 -cas ein 
( H erskovits , 1 966 ; Irons et al . , 1 973 ; Ho and Ohen � 1 967 ) 
indica ted as 1 - c as ein in soluti on has only a limi t e d  a�ount 
o f  a -helical s truc ture . NI•m. s tudi e s  at 2 5°0 ( I r ons et al . ,  
1 973 ) indicated  a high d egre e  o f  f l exibility in the as 1 -
c as ein mol ecul e .  Vis c o s ity measurements on � 1 -c as ein B 
indic ated li  t; t l e  c hange in the intrins ic vis c os i ty of  as 1 -

cas ein B b etween 4 . 9°0 and 3 7°0 in 0 . 01 M KC l ,  pH 7 . 02 , with 
values ranging from 1 1 . 8  ml/g to 1 0 . 2  ml/g as  the t emperatur e  
was increas e d  ( Ho and Ohen , 1 967 ) . In 0 . 1  M KO l at pH 7 and 
20°0 ,  when p olyme�s o f  as 1 -cas ein are pres ent t h e  intrins ic 
vis c os ity was 7 . 7  ml/g , where as in 6 M guanidin e . HO l  the 



intrinsic vis c o sity is 1 9 . 2  ml/ g .  I t  i s  int eres t ing t o  

not e that at  pH 1 2 ,  as1 -cas e in C has an intrins ic vis c o s ity 

of 1 9 . 5 ml/g ( Swais good nnd Timasheff , 1 968 ) . The dis­

soc iation of  as1 - c as ein aggr egat es  above about pH 9 has b e en 

attribut ed t o  the increase in the net  negative charge on 

the protein .  

Althour;h a 1 -cas ein i s  not typical o f  L1. nat ive s J 

globular pro t ein , b e ing asymmetric and probab ly highly 

( ( 

s o lva t ed ( Ho and Chen , 1 967 ; Swaisgood and Timasheff , 1 968 ) , 

i t  noneth e l e s s  has a more c ompact  s truc ture  than a random 
c o i l , typif i e d  by proteins in 6 M guanidine .HC l  and in 

par t i c ular has a more c ompac t s truc ture than � -c as e in .  

� 1 - Cas ein C has s imilar pr operties t o  th e B variant , 

exc ept i t  t ends to  a s s oc iat e t o  a greater extent ( Swai s good 

and 'l'imasheff , 1 968 ; Schmidt , 1 970b ) . Thi s  increas ed 

as s oc iat ion has b e en attribut ed t o  the s lightly lower net  

charge on this  variant , as a result  o f  the amino acid  sub ­

s t i tution from glut amic ac id i n  t h e  B vari :'.:lt t o  glyc ine in 

the C variant . Suc c inylation o f  a81 -cas ein B ,  vihich doub l es 

the net negat ive charge at pH 6 . 6 ,  decreas es the ext ent of 

as s oci�tion , whil e  alkJlation o f  the prot ein i�creas ed the 

t endency t o  a s s o c iat e , despi t e  the increas e in charge ( I rons 

et al . , 1 973 ) • 

Ho and Waugh ( 1 965)  us ing infrared spectrosc opy , 
c onc luded that the phosphat e groups in as1 -c asein i-Jere the 

s tronges t Ca b inding s it es . Lat er , Wau�h e t  al . ( 1 970 ) 

obs erved that irrespec t ive of  N aCl c onc entrat i on at  pH 6 . 6 ,  

pro t e in prec ipitation was ini t i a t ed at the s ame l evel  of  
s i t e-bound Ca  and net charge , namely 8 . 0  and -8 

[�ec alcul a t e d  to a mol ecular w e i ght of 23 600 by Swais good 
( 1 973 ) ] . Dicks on and l'erkins ( 1 971 ) us ing L�7c a , estimat ed 
tha t  native as 1 -cas ein b ound 8 . 5  g atom/mole v�h i l e  

dephosphoryla t ed as1 -cas ein b ound 1 . 2 g atom/mol e .  From 

s o lubi lity s tudi es Bingham et al . ( 1 972)  c onc luded that 7 g 
atom/mol e  ar e b ound prior to  pre c i pitation , and an 

additiona l 3 moles during prec ipit a t i on of  the nat ive pro t ein , 

in qualitative agre ement v1 ith the res ults of l i ob l e  and \,laugh 

( 1 96 5 ) . No  evidenc e of signi ficant binding of Ca t o  



' 

dephosphoryl at ed a81 - c a s ein was ob tained , although 2 g at om/ 
mo l e  wer e bound during prec ipitation . Slightly higher 
c onc entrati ons of C aC 1 2 are needed to pr ec ipitat e dephos­
phorylated prot ein us ing identical prot ein c onc entrat ions . 
I t  app ears that addi ti onal s i t e  b inding o f  C a  to  as 1 -cas e in 
do es  occur , though wi th a lowered binding c ons tant , s inc e 
there are 8 pho sphos erine residues in the molecul e . 

Limit ed phys ical  data is  availab l e  on the b ehavi our 
of a 1 - c as e in in s o luti on with C a , s inc e prec ipitation is s ' 
ini t i at ed at low l eve l s . as 1 - c as ein is r eadily pr ecipi tat e d  
by 4- 5 mM CaCl � a t  37 °0 ( Thomps on e t  al . ,  1 969c ; Bingham e t  

L_ 
al . ,  1 972 ; Nob l e  and \·laugh , 1 965 ) . il'he  A variant which has 
a d e l etion of 1 3  residues ( Fig . 6 . 4) behaves in a diff erent 
manner from th e other variants ( Thomps on et al . ,  1 969c ) , with 
pronounc ed s olubility di fferenc es for the A and B variants 
beb,J e en 1 °C and 30°C .  Additional binding of Ca t o  as1 -
cas e in occur s  at  high C aC 1 2 l evels (> 80 mM) , s inc e fre e  
boundary el ectrophor e s i s  show ed t h e  prot e in attains a net 
pos i t ive charge under thes e c onditions ( Bingham et al . ,  1 97 2 ) .  

6 . 1 5 Amino Ac id C ompos iti on and J?rimary Struc tur e of 
as 1 -C as e ins 

Th e p�imary s truc tur e of as 1 -cas ein B 
e luc idat ed b y  Merc i er et  al . ( 1 �71 ) ( Fig . 6 . 4 ) . 

vms rec ently 
The p eptide 

chain �as 1 99 res idues and is  char ac t eri z e d  by the pr es enc e 
of  8 phosphos eryl res i dues , shown by the us e of  alkaline 
phos phatas e to b e  a-phos phoryl ated ( I'1erc i er et al . ' 1 971 ) .  
Like s-cas ein , four of thes e phosphorylat ed res idues are 
located c los e t ogether in the high ly charged region b e tween 
r e s i dues 43 and 70 . Thr e e  regions of  the mo lecul e are 
high ly hydrophob ic , s e�ments 1 -44 , 90-1 1 3  and 1 3 2-1 99 , with 
most of  the aromatic r e s idues b e ing located in this last 
region ( Ribadeau Dumas et  al . ,  1 973 ) . 

The amino acid c ompos it i on o f  as1 - c as e in B ,  det ermined 
from its s equenc e is : Asp7 , Asn8 , Thr5 , Ser8 , S erP8 , Glu24 , 
Gln1 5 , Pro1 7 , Gly9 , Ala9 , Va11 1 , Met 5 , Leu1 7 , Tyr1 0 , Fhe8 , 

Lys 1 4 , I l e1 1 , His 5 , Trp2 , Arg6 • 



1 0  
H . Arg-Pro-Lys -His -Pro-I l e-Lys -His -Gln-Gly-Leu-Pro-Gln{Glu-

2 
Val-Leu-Asn- Glu-Asn-Leu-Leu-J\rg-l·he-Phe-Val-.Ala}l�ro-Ph e-Pro-

30 40 
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Gly- $ er- Glu-B er-Thr-Glu-As p-G lniAla� l"'let-Glu-As p - -I l e-Lys -Gln-l I � 

P P . ThrP ( D  vari ant ) 

60 70 
Met-Glu-Ala-Glu-S er-I l e-S er-S er-S er-Glu-Glu-I l e-Val-Pro-Asn-

1 I I I 
p p p p 

80 
�er-Val-Glu-Gln-Lys -His -I l e-Gln-Lys - Glu-As p-Val-Fro-Ser-Glu-
p

90 1 00 
Arg-Tyr-Leu-Gly-Tyr-Leu-Glu-Gln-Leu-Leu-iiTg-Leu-Lys -Lys -Tyr-

1 1 0  
Lys -Val-Pro-Gln-Leu-Glu-I l e-Val-Pro-Asn-Ser-Ala-Glu-Glu-Arg-

1 
p 

1 20 1 30 
L eu-His-S er-M et-Lys -Glu-Gly-I l e-His-Ala-Gln-Gln-Lys -Glu-Pro-

1 40 
I"let-I l c -Gly-Val-.Asn-Gln-Glu-L eu-Ala-'I'yr-I'he-Tyr-Pro-Glu-Leu-

1 50 ' 1 60 
Phe-Arg-Gln-Phe-Tyr-Gln-Leu-Asp-Al a-Tyr-Fro-Ser-Gly-Ala-'rrp-

1 70 
Tyr-Tyr-Val-Pro-L eu-Gly-Thr-Gln-Tyr-Thr-As p-Ala-Pro-S c�-�he-

1 80 1 90 
Ser-As p-I l e-Pro-Asn-Fro-I l e- Gly-S er-G lu-Asn-Ser4�lu}Lys -Thr-

/ 'J  

Gly ( C vari ant ) 

1 99 
Thr-Met -Pro-Leu-Trp . OH 

Fig . 6 . 4 :  Primary s truc ture o f  bovine as 1 - c as eins ( Hibadeau 

Dumas e t  al . 1 973 ) . Enc l o s ed amino ac id res idues 
are thos e c orre sponding to  mutations which 

differentiate A, C and D gene tic variants from the 

B vari ant . The enc los ed residue s , 1 4-- 26 , r epr e s ent 
th e s equen� e d e l e t ed in the A variant . 



Acc ording t o  th e s equenc e ,  the mo l ecular weight o f  

the monom er i s  23 61 5 and i t s  n e t  negative c harge a t  the pH 

of nat ive mi lk ( ab out 6 . 8 ) i s  very c l o s e t o  22 . Th e 

mo l ecular weight values o f  as 1 -cas e in , d et ermine d  us ing 

phys i c a l  methods ( H e i l s en and Li l l evik , 1 9 57 ; !Vlelnychyn 

and Wo lc o t t , 1 96 5 ; Dri ez en et al . ,  1 962 ; Schmidt and 

Payens , 1 963 ; Schmidt et al . ,  1 967 ; Swais go o d  and 

Tiwash e ff , 1 968) were in the rang e , 1 6  500 t o  29 600 , 

althou�h the more rec ent r es ul t s  o f  N o elken ( 1 967 ) , 24 600 , 

and Garn i er ( 1 967 ) , 24 300, are c lo s er to the value dGduc ed 

from t h e  s equ enc e .  1'h e  amino ac i d  c ompo s i t i ons of th e 

a81 - c as e ins pr evi ous ly d e t ermined b y  Garden e t  al . ,  ( 1 96 5 ) , 

u v  

de K oning and van Rooi j en ( 1 96 5 , 1 967 ) w er e  s imil ar to that 

c alculat e d  from the amino ac i d  s equ enc e ( M erc i er et  al . ,  1 971 ) , 

providing they w er e  rec alcul a t e d  t o  th e c orr e c t  molecul ar 

weight ( Swai s good , 1 973 ) . 

rrh e  genetic variants � B/C , r esult from the sub s t i  t u­

tion , Glu/Gly1 9 2 , wh er eas t h e  B/D variants are the  result o f  

the sub s t i tut i on , Ala/ThrP53 ( Grosc laude et  a l . ,  1 97 2 )  

( Fi g . 6 . 4 ) . as 1 - Ca s e in A ,  when c ompar ed with t h e  B vari ant 

has r e s idues 1 4  t o  26 d e l e t e d  fr om t h e  mo l ecul e ( Gros c l aud e 

et al . ,  1 970 ) , pos s ibly a r es ult of  unequal c r o s s ing- over 

within t h e  as 1 -cas e in l ocus ( Gr osc  laud e et a l . , 1 9 '73 ) .  

Several c h emic a l  and phys i c a l  propert i es of this variant are 

al s o  alt ered ( Th omps on , 1 971 ) .  Th ere ar c two p o lar s e gments 

in as 1 - c a s ein , 4 5-89 and 1 1 4-1 31 , t h e  form er b e ing s i gni ficant 

s inc e it c ontains more than half th e ac idic r e s idues , and in 

part icular , s even of the e i ght pho s phos eryl r e s i dues ( Merc i er 

et al . , 1 971 ) • 

6 . 1 6  r·Iinor a -C as eins s 

H.nnan and I"lans on ( 1 969 ) part i a l ly frac t i onat e d  the 

group o f  a -c as e ins . 'l'hey i s o lat ed pur e a - , a ..., - and S S Q  S I 

ag 5-cas e ins , whil e  a8 3- and a
s4-c as e ins were rr e s ent , t o g e ther 

with a sma l l  amount of a
s 2- c as ein , in anoth er frac t i on . 'l'h e  

C-t erminal s ec uenc e of a -cas e in i s  L eu-Trp . CJH ,  with a .. s o  
m o l ecular wei ght det ermined from th e s e  C-t erminal studi e s  of 

28 000 ( Rib adeau Dumas et  a l . ,  1 973 ) . Annan and I'Tans on 



( 1 969 ) pos tulated th e pr es enc e o f  two chains in as 5-c as e in ,  
a 7 - and a 4-cas eins havins l euc ine and tyros ine res p ec tively S .?  S 
as C-t erminal amino ac i d s . 

Ribadeau Dumas et  al . ( 1 973 ) is olated and part ially 
c harac t eri z ed as 3- and asLt--c as eins , and s uggested a mol ecular 
w e i ght o f  26 000 for the$e proteins , with a C-t erminal 
s ec; uenc e of L eu- 'l';yr . OH ·a Ho a gland et al .. ( 1 971 ) determined 
the amino ac i d  c ompo s ition of a s 5- ,  as 3- and as4- c as eins , and 
sugges t ed that a 5-- c a s e in was a dimer c ons i s ting of a 3- and s s 
as 4- c as eins, the individual cas e ins having a mol ecular weight 
of 33 700 . Gel e l ec trophore s is of as 5-c as ein in the ab s enc e 
o f  2-merc apt o ethanol at alkal ine pH indicat ed a b and with a 
mob i lity s l ightly gr eat er than � -cas ein .  In the pre s enc e o f  
2-mercapt o e thanol this b cmd \''as reduc ed wi th the format i on o f  
two new pro t e in bands , as 3- and as 4-cas ein which had 
mob i liti es near to that of a � -c as ein (Fi g . 4 . 1 ) . Thes e 

S 1 
c a s e ins are differ ent from the oth ers , part icularly in their 
c ystine c ont ent and high lys ine c ont ent ( Ho agl and et al . ,  1 971 ) . 
Th e frac tion ,  as 5-cas ein is more s ens itive to C a  than b ovine 
as 1 -cas eins , b ein g readily prec ipitated in 2 mM C aC1

2 
( T oma 

and Nakai , 1 973 ) . 

6 . 1 7  Homol op;i es I,Ji thin th e Cas eins 

. Merc i 8r et a l . ( 1 971 ) obs erved homology b etween 
r e s idues 1 3 -21 of b ovin e � -ca: ein and res idues 6?-70 o f  b ovine 
as 1 -cas ein ( Fi g . 6 . 5 ) . Lys t er ( 1 973 ) suggests the two 
pro t eins may share a c ommon evolut ionary ori gin , s inc e it  is 
extremely unlikely the s e  homol o gi es have occurre d  b y  chanc e .  
H e  also  found cons iderab l e  homolo gy b etween regions 2 5-39 , 
8-1 6 and 47- 56 from � 1 -cas ein with regions 84-1 00 , 1 48-1 56 
and 34-43 res pectively of � -c as eins ( Fig . 6 . 5 ) . There are two 
repeating s equenc es in the as1 - c as ein mol ecul e , 70-84 and 
1 1 0-1 25 , and 1 8-23 and 96-1 01 ( Merc ier et al . ,  1 971 ; Lyst er , 
1 973 ) . N o  repeating s equenc es which c ould not have occurr ed 
b y  chanc e wer e ob s erved in � -c as ein ( Lys t er , 1 973 ) . 

6 . 1 8  A Pos s ible Mechanism o f  Cas ein lhosphorylat ion 

Phosphorylat i on of prot eins is thought t o  cccur pos t­
rib o s omally , and experiments dealing wit� the effect o f  
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H omo l o g i e s  in t h e  s e q u enc e s  o f  b ovine a /1 - and . S I  
(3 - c a s e ins ob s erved b y  Ribad e a u  Dumas e t  a l . ( '1 973 ) 
and Lys t er ( 1 97 3 ) . A and B denot e r e gi ons fr om 
the s eq uenc es o f  as -1 - and (3 - c as eins , r e s p e c t iv e l y .  
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puromyc in on c as ein biosynthesis in rat and mous e mammary 
gland explants have supported the conc ept that phosphate is 
incorporat ed after c ompl etion of  the protein mol ecul e  
( Turkington and Topper , 1 966 ; Singh et al . ,  1 967 ) . 

C omparis on of the s equen c es of � -cas ein and as 1 -
cas ein led Merci er et n l � ( 1 972a ) to suggest  the s equenc e of  
amino acids aroillld t h e  phosphorylated and phosphat e free  

a 

· hydroxy amino acids provided evidenc e of enzymatic phosphoryla-
tion . All phosphorylated res idues occur in pos ition n with 
relation to a glutamyl or a phosphos eryl residue in position 
n+2 ( :rtibadeau Dumas et al . ,  1 973 ) . rlerc i er et al . ( 1 972a) 
suggested a phosphoryl kinas e may recognis e an anionic 
phosphorylati on site  c orresponding to the tripeptide s equenc e 
Ser/�hr-X-Glu/CerP , where X is any amino acid .  

This hypothesis was verified by  examination of the 
as1 -cas ein D genetic variant where an additional phosphat e 
group is l oc at ed on a threonyl residue ( ThrP53 ) ,  resulting 
from the substitution Ala/'Thr53 , in the tripeptide s equenc e 
-Ala53-Met-Glu55- ( Gros c laude et al . , 1972 ) . Grosc laude et 
al . ( 1 972)  suggest this extra phosphorylated residue may be a 
result of the phosphoryl kinas e rec ognis ing a new phosphoryla­
tion s it e .  0imilarly ,  the lack of o�e phosphat e group on 
Ser3 5  in the B -casein C variant  may be  explained by the dis­
appearanc e of  the phosphorylation s ite  -.S er3 5-Glu--Glu37-
due t o  the amino acid substitution Glu/Lys37 ( Merc ier et al . ,  
1 972a ) . The macropeptide from K-cas ein c ontains s everal 
hydroxyamino acids , which correspond to res idues 1 27 ,  1 35 ,  
1 45 (and subs eq_uently 1 33 and 1 31 ) in K -c as ein that are 
locat ed in sit es which should b e  phosphorylat ed .  Merc ier 
et al . ( 1 972a ) suggested the lack of phosphat e  in thes e 
pot ential phosphorylation sites  may be  due t o  their 
inacc essibility to phosphoryl kinas e .  Such s t eric hindranc e 
may b e  due to  tertiary c onfiguration or to  the presenc e of  
carbohydrat e  moieties  on thes e hydroxyamino acid residues . 

6 . 1 9  Fhylogenetic Relationships o f  the Bovine Cas eins 

The elucidation of the amino acid s equenc es  of the 
bovine cas eins (l"'erc ier et al . , 1 973 ; Ribadeau Durrias et al . , 



'1 973 ) enab l ed Grosc laude et al . ( 1 973 ) t o  draw further 
c onc lusions on their phylogenetic relationships . 

The linkage b etween the as1 -C:;.1. and (3 -Cn loc i was 
discovered by Grosclaude et al . ( '1 964) and by King et al . 
( 1 965) . The linkage of  the K -cas ein locus to  the a8 1 - and 
(J -cas ein loci was demonstrated by Grosclaude et al v ( '1 965 ) and 

Lars en and Thymann ( 1 996 ) . As wel l as c onsidering the 
alleles  of the individual loci , they als o examined the 
"gene comb inations 1 1  or 11 gene c ompl exes 1 1  formed by the c l o s ely 
linked all el es of  the 1 1 c lust ered loc i 1 1 , s inc e thes e gene 
c omplexes appear t o  be  transmit ted from one generation to  
anoth�r . Grosc laude et  al . ( 1 972 ) c ons ider the a 1 -CnB­
(3-CnA "gene complex 1 1 as the original type from wh��h , by 
succ essive mutations either at the a � -Cn or 8 -Cn locus , the S 1 
other gene c ompl exes have be en d.eri ved . The phylogeny of  
the  common as1 -Cn-(3 -Cn gene c omplexes found in b ovine popula­
tions is shown in Fig . 6 . 6 .  

As a result o f  their population surveys on gene 
c ompl exes , Grosc laude et al . ( 1 972 ) su5cest ed that the 
mutation sites corresponding to the more c ommon as1 - and 
p-cas ein variants were very c lose  together on the chromos omal 
DNA ,  clos er than to the K -cas ein mut& cion site . �hey further 
suggest ed the a 1 - and � -cas ein loc i were adj ac ent , and their s .  
mutation s it es were located in their adj ac ent t erminal parts 
( Grosc laude et  al . ,  1 969 ) . L:::.ucidation of  the amino acid  
s equenc es of  the bovine c as eins has led Grosclaude et al . 
( 1 972)  to  propos e  that the initiator end of the � -Cn l ocus 
(N-t erminal ) is adj ac ent to  the as1 -Cn t erminal end ( C­
t erminal ) .  The propos ed model of the organization of the 
as1 -Cn-tJ -Cn-K -Cn 1 1 c lus t er of  genes " is  shovm in :B'ig . 6 . 7  
( Grosclaude et al . ,  1 973 ) . Acc ording t o  Grosc laude e t  al . 
( '1 973 ) this model explains the rare occurrenc e of  recombinant 

C A'1 B C . types b etwe en as1 -cn and (3-Cn , (3-Cn , (3-Cn , S lnc e  the 
distanc es betv1een the c orresponding mutati on sites on the 
chromos omal DNA would be only 73 , 1 28 and '1 43 c odons , 
respectively ( Grosc laude et al . ,  1 973 ) . The K -Cn locus i s  
thought to  b e  further away from the as1 -Cn and fl-Cn loc i , 
s inc e existing gene c omplexes , if  not too rare , appear to  b e  
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Our knowled�e o f  the c a s eins of o ther s p ec i es , at  

l ea s t  up tmt i l  the l a s t thr e e  years was fairly l imit e d , 

e s p e c i a l l y  for s om e  o f  the non-dom e s t i c  s p e c i es , and was 

l argely r e s tri c t e d  to e l ec trophore t i c  &na lys es . Rec ent l y  

how ever , w i t h  t h e  e luc idat i on o f  t h e  primary s truc tur es o f  

t h e  b ovine c as e ins , a t t ent i on has b e �un t o  focus o n  t h e  

c as e ins o f  o ther s p ec i es . Thi s  h a s  resul t ed in a c ons i d er-

ab l e  numb er o f  pub l i c a t i ons, in par t i c ular, on th e ovine and 

human c as e ins . As a pr e-r e qui s it e  t o  an inv e s t i gat i on o f  t h e  

as s oc i at i on o f  the c a s eins from oth er spec i e s  t o  form c as e in 

m i c e l l e s , i t  i s  nec e s s ary t o  d e t ermi n e  th e i r  c hemic al and 

phys i c al pro p ert i e s . 

This � ec t i on i s  divid e d  int o s ub s ec t i ons o n  the 

c as e ins of the maj or s p ec i es ( i . e . c a �r ine , ovine , buffal o ,  

human ) and als o inc ludes s ome o f  the pr e l iminary work on l e s s  

c ommon c as eins . 

6 . 20 C aor i n e  C as e ins 

The firs t e l ec t rophor e t i c  ana lys es o f  the pro t e i ns from 

c apr ine milk us e d  fr e e  b oundary e l e c tror�h o r e s i s  ( Dovey and 

C ampb e ll , 1 9 72 ) and paper e l e c troph o r e s i s  ( �chu l t e  and 

Hul l er ,  1 9 5 5 ; Ho fman , 1 9 58a ; .S l oan et al . , 1 961 ) .  6 l o a n  

et al . ( 1 961 ) examin e d  t h e  e l ec trophor e s i s  pat t erns produc 8<i 

by mammal i an s pec i e s , r epre s ent ing s ome e i ght orders o f  

'rh e r i an mo.J:illla l s . 

Hofman ( 1 9 58a ) i d ent i fi e d  tvvo c as ein frac t i ons , vrh i c h  

he d e s i 5nat e d  as  a- and � - ,  in o r d e r  o f  th e i r  d e c r eas ing 

e l e c trophor et ic mob i l it i es . Us ing the method d eve l o p ed 

by Warner ( 1 944 )  for b cvine c a s ein , H o fman ( 1 9 58b ) was ab l e  

t o  i s o lat e t h e  � - and � - frac t i ons from c aprine c a s ein . The 

a- frac t i on c ontained 1 . 02}0 pho s pho rus whi l e  the �- frac t i on 

c ont ained 0 . 61 )b pho s plwrus , s imi lar t o  their b ovine c ount er­

part s . 

Alkal in e  pol yac rylam i d e  g e l  e l ec trophor es i s  in 4 .  5 I-'i 
ur ea r es o lves c aprine c as ein int o a s eries oS t ands , s ome 

vJi t h  a l ower mob i lity than b ovine a s - c as ein , a nd two 
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prominent bands with a s imilar mob i l i ty to bovine � -c as ein 
( Fig . 4 . 1 ) ( As s enat , 1 967 ; Parkash and J ennes s ,  1 968 ; �ittle  
and Cus t er , 1 966 ) . Macha ( 1 970 ) obs erved polymorphism in 
goat ' s  mi lk by s t arch gel e l ectrophores is , one protein b and 
b e ing di-allelic  and another t etra-allelic . The s e  b ands 
have yet to b e  posi tively identifi e d  and the results sub ­
stantiat ed . Bogdanov et al . ( 1 97 2 )  have ob s erved po ly­
morphism in the caprin� a - c as eins although few d etail s  are s 
availab l e . 

6ittle and Cus t er ( 1 966 ) employing the sulphuric 
ac id-urea extrac tion method developed for b ovine K-c a s ein , 
is olated K-c as e in as a s ingle maj or c omponent from caprine 
cas ein . They c onc luded that in a lkaline gel e l ec trophore s i s  
of who l e  cas ein , the �C-cas ein was obs c ur ed by t h e  two dominant 
bands in the p-cas e in regi on . C aprine K -c a s e in was r eadily 
hydrolys ed by r ennin to  form para- K -cas ein , and was s olub l e  
in C aC l 2 , and abl e  t o  s tab i liz e c aprine as-cas ein and b ovine 
as -c as e in against prec ipit�tion by C aC l 2 ( 6 ittle , 1 966 ; 
Zittle  and Cus t er , 1 966 ) . 6ittle  ( 1 967 ) des crib ed a method 
for s eparating as - and K-c as ein by frac tional prec ipi tation 
vJi th s odium polyphosphate from ac i d  s olut i ons of  bovine or 
c aprine who l e  c a s ein in 2 M urea . 

The sialic  aci d  c ont ent of c aprine K-c as ein ( O . };c ) is 
c ons iderab ly l ower than that of  b ovine K-c as eir_ (> 2 . 0%) 
( Zi tt l e  and Cus t er ,  1 966 ). J ol l e s  et  al . ( 1 964) is o lat ed and 
part ially c haract eri z ed glyc omacropeptides hydro lys ed from 
c aprine cas ein with rennin , and found 2 . 8% s i alic ac id , 
c ompared with 1 0 . 2% s i alic acid in the glyc omacropepti des 
is olat ed from b ovine c as ein .  Levels  of galac t o s amine and 
galac tos e were als o l ower in c aprine glyc omacropept id e s  
c ompared with thos e of  their bovine c ount erparts ( Alais and 
Joll �s , 1 961 ; J o l l es et al . ,  1 964 ) . Sialic ac i d  in the 
c aprine glycomacropeptides was found to b e  a mixture of N­
ac et yl and N- glyc ollyl-neuraminic ac i d , unlike the b ov ine 
glyc omacropeptides which only c ontain N-ac etyl-neuraminic 
ac i d  ( Al ais and Joll�s , 1 961 ; J o l l e s  et al . , 1 964 ; C ab e z as 
et al . ,  1 968 ) . Glutamic acid and valine wer e rel eas e d  from 
the C-t erminal o f  the c aprine macropeptides by the ac t i on of 



c arb oxypept:L das e A ,  whereas the C-t erminal of b ovine K -c as ein , 
and th e mac ropeptides  has rec ent ly b e en shown to b e  Ala-Val . 
OH ( Merc i er e t  al . ,  1 973 ) . 

6 . 21 Ovine C as e ins 

Paper e l ec trophoresis of ovin e cas ein revealed two 
maj or fract i ons which were ana l o gous to the b ovine a- and 
fJ - c as eins ( Sloan et al : ,  1 961 ) .  Genetic polymorphism was 
obs erved in the ovine as - and fj -c as eins of s everal bre e ds by 
s t arch gel el ectrophore s i·s (King , 1 966 ; Tanev , 1 967 ; Tanev , 
1 969 ; Bogdanov et al . ,  1 972 ; El-N egoumy and Burfening , 1 972 ; 
Arave et al . ,  1 973 ) and polyacrylamide gel el ectrophor e s i s  
( As s enat , 1 967 ) . Only two vari ants were ob s erve d  for e ach 
c as ein and the fr equency with which they oc curred in 592 
s amp l es of m�. lk from 6 breeds was very l ow , b eing 0 .  036 for 

a -CnAB and 0 . 1 7  for tJ -Cn1'1.B ( .Arave et al . ,  1 973 ) . Simi lar 
results were found by King ( 1 966 ) , indicating there may b e  
l e s s  variation in the ovine cas e ins than the widespread 
polymorphism evident for b ovine c as eins � 

Alais and J o ll�s ( 1 967 ) i s o lated two maj or K-c as eins 
1r-1hich they s uggested were gene tic  variants and designat e d  them 
as K -c as ein A and B .  The pres enc e of multiple forms of ovine 
K-c as ein has s inc e b e en report e d  by Ribadeau Dumas et al . 
( 1 975 ) . 

Ovine c as e in ,  when treat e d  wi th rennin rel eas es 
glyc omacropept ides c orres ponding to thos e  r e l eas e d  from b ovine 
and c aprine who le c as e ins ( Alais and J olles , 1 961 ; J o l l es et 
al . ,  1 961 ) .  Like the ir c aprine c ount erpart , glutamic ac id 
and valine wer e rel e as ed from the C-t erminal by c arb oxy­
p eptidas e A .  The s ialic ac i d  c ont ent ( 1 . 0%)  of the ovine 
glyc omacropeptides was lower than in either the c aprine or 
b ovine glyc omacropep tides ( Jo l l e s  et al . , 1 961 ; J o l l es et al . ,  
1 964 ) , but like caprine glyc omacropeptides was c ompos ed o f  
N-ac etyl- and N-glyc o l lyl-neuraminic ac id . 

T1erc i er et al . ( 1 968 ) res o lved ovine cas ein into four 
maj or peaks by chromatography on DEAE-c ellulos e in buffers 
c ontaining ure a . Ovine K -cas e in A and B w ere i s o lat ed from 



a c rude fradt ion by chromatography on DEAE-c ellulos e and 

their amino ac id c ompos itions were det ermined ( Alais and 

Joll es , 1 967 ) . The amino acid  c ompositions of ovine K -c as e in 
A and B were s imilar . The maj or differenc e . b etween 

ovine and the b ovine K - c as ein was the great er c ont ent of  

aspartic a c i d  ( Alais and Jolles , 1 967 ; Ribadeau Dumas e t  al . ,  

1 97 5 ) . 1'he  K-cas eins were readily hydro lys ed by rennin and 

c ons i s t ed of b oth maj o:t; and minor c omponents on s tarch gel  
elec trophore s i s  similar to  b ovine K-cas ein .  �he rec overed 
weights of prot ein aft er chromatography on DE�E-c ellulos e 

indic at e  K-c a s e in c ompr i s es approximately 1 5� of  the total 

c as e in ,  whereas  p -c as e in and a - c a s ein c onst i tute 28� and 48% 8 
respec tively . 

Hesmini et  a l . ( 1 967 ) i s o l at ed and parti ally 
charac teriz ec� the ovine K - , �- and a -cas eins . Shalichev and s 
Tanev ( 1 973 ) rec ent ly is ola t ed ovine as-cas ein by chromato-

graphy of a c rude a
s- c as ein frac t i on on Sephadex G-1 50 in 

5 M urea . They obtained an extinc tion c o effic ient 
1 01 

( E1 10 cm at 280 nm) o f  8 . L�5 , and a molecular Height o f  47 500 

for the  pro t ein . They also  det ermined the amin� acid  

c omposition o f  ovine as-cas ein . 

Rec ent ly ,  Fi at et  al . ( 1 970 ) det ermined the s equenc e 

of  a trypt ic peptide of  thirt een r e s idues which c ontains the 

rennin s ens i ti  ve  phenyla l anin e-!:lethione b ond that \·ms readily 

c l e av�.·d in bovine K-cas ein by rennin and found the s equenc e t o  
b e  ident i c al t o  the c orresponding r egion i n  b ovine K - c as ein . 

The N - terminal s equen c e  of 40 residues from th e ovine K-cas ein 

macropept ide  which was determined us ing a s equenc er , has 

indic ated a 73;; homology when c ompared with b ov1ne �< -c as ein 

( Fi g . 6 . 8 ) ( Jo lles et  al . ,  1 973 ) . ·J:here is  probably an 

ins ert ion of two amino ac ids at r e s i dues 27 and 28 o f  the 

ovine glyc omacropeptide , as well  as  s even amino ac id 
sub s t i tuti ons . 

Furthermore , the s equenc e o f  ovine para- �<A- c as e in , 

det ermined by J olles et  al . ( 1 974) , had thirt e en amino ac id  

sub s t itutions when c ompared  wi th that of  b ovine para- K ­
cas ein ( Merc i er et  al . ,  1 973 ) ( Fi g . 6 . 9 ) . 
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Fig . 6 . 8 :  

1 1 0  
Met-Ala-I l e-Pro-Pro-Lys -Lyso�sn Gln-Asp-

1 1 0  
Met-Ala-I le-Pro-Pro-Lys-Lys Asp Gln-As p-

. 20 
Lys -Thr- G l u-I le-FroT'hrt I le-Asn -'.l'hr-I l e-

20 J 
Lys-Thr-Glu-I le-Pr o  Ala I l e-Asn-Thr-I l e-

28 
Ala-Ser- Gly-Glu-Pro-Thr- 0 - 0 -Ser-Thr-

30 
Ala-S er-Ala-Glu-Pro-Thr-Val-Hi s -Ser-Thr-

Pro-ThrJ, 

l t G l u -Ala-V al- G l u-b er-'.l'hr 

Pro-Thr F r o G lu-Ala-Val- Val-Asn-hla 

38 
Val-

40 
Val-

N- t erminal s equenc es of bovine and ovine K-c a s ein 
A glyc omacropept ides ( Jo l l 6 s  et al . ,  1 973 ) . T o  
op�imi z e  h omologous relat ionships , two de l e t i ons 
were sugges t ed t o  oc cur in the b ovine pept i d e . 
0 ;  d e l e t i on .  The enc l o s ed res idues indi c at e the 
differenc es in the s equenc es of  the two p eptides . 

':n 
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Fi g . 6 . 9 :  

1 
l ' yro G l��G ln-Asn-Gln-Glu�ln-Fro 

Gln�G ln-As n-Gln-G l uiGl u- Ar � 

I l e  

I l e  

20 30 
C ys-G 1 u-Lys-As p-G 1 u-i<rc-l'h c-lh er el ,;s p-Lys -I 1 e-A l a  -Lye -Tyr-I 1 e-Fro-I 1 e-G ln-Tyr-

. 20 30 
C y s - G l  u-Ly s - Asp-Glu-Arp;-Ph e-Fhe As fl sp-Lys-I l e-Ala-Lys -'ryr-I l e -Fro-I l e-G ln-·ryr-

40 
V a 1-Leu-Ser-Arg-Tyr-Pro-S er-'I'yr-G ly-L eu- Asn-'l'yr-'l'yr-G ln-G ln 

40 
Val-Leu-:..> er-Ar�-'l'yr-Pro-:c:i er-Tyr-G ly-I,eu-.Asn-'l'yr-'l'yr-G ln-G ln 

50 60 
lro-V a l - :lla-L eu-I l e-:,sn-/,sn-Gln-F he-L eu-Pro- ryr-1 ro-I'yr-

50 60 
lro-V a l - A l a -L eu-I 1 e - t  .. sn-Asn-G ln-Phe-l eu-P ro-Tyr-Fro-'l'yr-

·ryr- A l a-Lys -Proo· l• ;,Ja-Va J-,,r,-c er-P�:-Ala-Glntll Leu-Gln-'l'rp-Gln-Val-LeuG�·:: ,\s p 

'l'yr-Ala-Lys -lJro a l Ala-Val -Arg-Jer-Pro-Ala-Gln 'hr L eu-Gln-Trp-Gln-Val-Leu Pro Asn 

'l'hr-Va l  

,na-Va l 
..._ __ --J 

o o 
.i · ro- A l a-Lys -0 er- Cys - Glnf9-
Fro-Al a-Lys-S er-Cys -Glnm 

1 00 1 0 5! 1 06 
Gln-Pro-'l'hrol'hr r1e t-A la-Arg-Hi s -Pro-His -Pro-Hi s -Leu-ser-Phe-rlet 

. ' . 
1 �0 . 

, . 
1 0 5� 1 06 

Gln-Pro-Thr Al a r·1et-Al a-Arg-Ihs -Pro-Il� s -Fro-H� s -L eu-...., er-Phe-Met 

Amino a c i d  s e quenc e of ovine para- �r - c a s e in ( J o l l es et a l . ,  1 97L� ) , c ompar ed with that of b ovine para- �-c as ein ( l':erc i er et a l . ,  

1 973 ) .  The enc l o s ed r e s idues ind i c a t e  the amino ac i d  s ub s t i t u t i ons . 

ind i c a t e s  the s i t e  of rennin ac t i on .  

>Q 
� 

- -..... 



6 . 22 Buff a l o  C a s e ins 

Aft er the earl i er reports  o f  het erogeneity in buffalo 
cas e in ( As chaffenburg and 8 8n ,  1 963 ; Gangu l i  and Bha l erao , 

1 964 ) , t wo genetic vari ants of  K-cas e in , des i gnat ed as A and 

B ,  were found by s t arch gel e l ec trophores is ( Gangu l i  and 

Ma j umder , 1 968 ) . The B =variant \vas found t o  b e  the mos t 

c ommon with none o f  tl ... ft s amp l e s  examined b e ing homo zye;ous f or 

the A variant ( Gangul i , 1 973 ) . As c haff enburg e t  al . ( 1 9 68b ) 

us ing s tarch g e l  e l ec trophore s i s  obs erved two gen e t i c  vari an t s  

whi c h  they d e s i gnat ed a s  A and B i n  buffal o  t3 - c as e in .  T h e  A 
vari ant was on ly ob s erved in the c a s eins o f  3 c l os ely r e l at ed 

buffalo from a t o t a l  o f  1 0 5  anima l s . Gen e t i c  p o lymorphi s m  

in t h e  buffa l o  c as e ins app ears t o  b e  a rar e oc curr enc e • 

. ibd El-�a l am and Nans on ( 1 967 ) i s o l a t ed buffal o  «-c as ein 

us ing t h e  proc eclure devel oped b y  2 i t t l e  and Cus t er ( 1 963 ) for 

b ovine �:-c a s ein . 'rh e y  found buffa l o  K -cas e in. had a. pho s phorus 

c on t ent of 0 .  36;.:; , hi c;h er than b ovine "-c as e in , and an ext inc ­

t i on c o effic i ent ( E1
1 �/m at 278 run ) o f  1 1 . 0 .  11'h e C-t erminal 

, o  

s equenc e -Ala-Ger-fhr-Va l . OH obtained by diges t i on of buffal o 

�-c as ein H i th c arb o:xyp eptid:J.. s e  A i s  s l i gh t l y  d i f f e r ent from 

that of b ovine �<-c a s e in ( Fi g . 6 . 2 ) . 

Rec ent ly N a gas awa et al . ( 1 973 ) s ep arat ed buffa l o  

c a s e in by chr omat o graphy on DEAE-c e l lulo s e  i n  ur e a  int o 3 

maj or frac t i ons , s im i l ar t o  their b ovine c ount erparts .  

Buffalo P - c a s e in and b ovine B -c as ein have s imilar e l ec tro­

pho r e t ic mob i l it i es in a lkal ine p o lyacryl amide gel s , with 

buf fa l o  a
s

- c a s e in having a lower e l ec trophor e t i c  mob i l i t y  

than b ovine a
s 1

- c as e in and b eing more het eror,en e ous . 

Quant i tative p o lyacrylamide g e l  e l ec trophor e s i s  indi c a t e d  

buf fa l o  c a s e in c ontains 1 1 . 0;j « - , 43 . 4�b (3 - and 45 . 6;� ex -
s 

c as e i n . Th ere app e ars t o  b e  l e s s  s i alic ac i d  in buffal o  

K-c as e in than i n  b ovine «-c as ein . The amino a c i d  c ompo s i­

t i ons o f  the buff a l o  c as e ins wer e fairly s im i J a� t o  their 
b ovine c ount erpart s .  

6 . 23 Human C as e ins 

Some of the e ar l i er reports on the ext ent of r ennin 

ac t i on on human c a s e in were vari ab l e  s ine � glyc o p e pt i d e s  



c ont aining s ialic  ac i d  were found in some but not all c as eins 
( I"Ialpr e s s , 1 962 ; Ala i s  and J o l les , 1 962 ) . Al a i s  and Jolle s  
( 1 970 ) found di fficulty i n  i s o l ating cas e in from human milk , 
obtainin� 0 . 5  g/1 00 ml , in c ontras t to b ovine milk ( 2 . 5  g/ 
1 00 ml ) .  1'1alpr ess  and Hyt t en ( 1 964-) found diff er enc e s  in th e 
c as eins o f  human milk s ampl es , and in the s i alic ac id c ont ent 
of r ennin hydrolys ed c a s eins . 

Nalpr e s s  and S eid-Akhavan ( 1 966 ) i s o lated and charac t er­
i z ed two frac t i ons , as- and K - c as e in from human c a s ein . The 
as-cas e in frac t i on is o l at ed by nalpress and S eid-N�havan ( 1 966 ) 
i s  noH th ought t o  have b e en hum an ('l -c as ein ( Nagas awa e t  al . ,  
1 970 ) . The K - frac tion was ins ens i t ive t o  C aC 12 , b eing 
het ero gene ous in gel el ec trophores i s , with the format i on o f  
s o lub l e  glyc omac ropeptides a f t e r  r ennin degradation ( Alais  
and J o lles , 1 969 ; l"!alpr ess  and ::..i e i d-Lkhavan , 1 966 ; Nagas awa 
et a l . , 1 970 ) . Some c arb ohy6 rat e is at tached to the peptide 
through an 0-glyc os idic l inkage to thre onin e and s erin e , and 
like b ovine K - c a s ein the s t ab i l i z ing power o f  human K-c as ein 
i s  l o s t  aft er r ennin ac t i on ( I'la lpr e s s  and � e i d-Akhavan , 1 966 ) . 
Alais  and J o l l e s  ( 1 969 ) als o  i s o la t e d  two c omponents from 
human c a s eins which they des i gna t ed as "-cas e ins , s inc e they 
wer e r e adi ly hydro lys ed vvith r ennin . Grove s  and Gordon ( 1 970 ) 
i s o l a t ed human " -cas ein and det ermined its  amino ac i d  c ompo­
s it i on .  Toyoda and Yamauchi ( 1 973 ) have als o i s olated  a 
K -c as ein-like fraction from h"t'man c as e in . 

N agas m·1a et al . ( 1 967 ) s e parat ed human c a s ein into 9 

maj or frac t i ons by chromat oEraphy on DE1ili-c e l lul o s e at 1 0°C ,  
in the ab s enc e o f  ur ea . The main c omponent ob s erved in 
po lyacryl amide g e l  e l ec trophor e s i s  had s i x  pro t e in bands 
which mi grat ed in the r egi on of b ovine 6 -c as e in .  The patt erns 
were very het ero geneous , with 1 4-26 protein bards b eing 
obs erved depending on the s ample . No Ca  s ens i t ive frac t i on 
c orre s ponding t o  c oH as -cas ein Has found . 

Human c as e in was s eparat ed into thr e e  frac t i ons by 
chromatography on Sephadex G-1 50 at 1 0°C in the ab s enc e of 
urea ( N agas awa e t  al . , 1 970 ) . In the maj or fract ion , s ix 
prot e ins were ob s erved in alkaline polyacrylamide gels 
whos e bands var i ed in their int ens ity , and which were 



9 5 

des i gnat ed as (3-c as e in A ,  B ,  c , · D ,  E and F ,  in order of 

their decreas ing e l ec trophor e t i c  mob i l iti e s . Human � -c as ein 

B ,  the s ec ond m o s t  mob i l e  c omponent , which was i s olat ed b y  

c hr omat o graphy o f  the maj or frac t i on o n  DEAE-c e l lulos e ,  

r e s emb l ed b ovine (3-c as e in in i t s  C a  s ens it ivity , phos phorus 

c ont ent and amino ac i d  c ompos i t i on ( Nagas awa et al . , 1 970 ) . 

Th e ir results l ed N agas awa e t  al . ( 1 970 ) t o  propo s e  that 

human c as e in was larg e ty c ompos ed o f  a K-c a s e in and a 

,B-c a s ein frac t ion . 11h e  human 13-c as e in frac t ion vvas shown 

by amino ac i d  analy::.> es and pho s phorus e s t imat i on t o  c ont ain 

one pr o t ein pho s phorylated at d i fferent l evels with a 

s imi lar mo l ec ul ar wei ght to b ovine �-c as e in , and c ontaining 

0- 5 phospha t e gr oups per mo l e  of pro t ein ( Groves and Gordon , 

1 970 ; Grove s  and 'l1 0i,m end , 1 97 0 ) . 111h es e results vJ ere 

veri f i e d  by Naga s awa e t  al . ( 1 971 ) in their s tudi es on 

deph.osphoryl at ing hwnan tJ- c a s e in vvi th. ph o s ph opr ot ein pho s ph a­

t as e  from b e ef s p l e en . The diff erent l evels o f  phos phorus 

in the human (3--c a s e ins explains the marked s ens i t ivity t o  

C aC l 2 o f  t h e  pro t e ins c ontaining mor e pho s phoru s ( i . e .  th e 

more mob i l e  c oDponents on g e l  e l ec trophor e s is ) c ompar e d  wi th 

the l e s s  mob i l e  .B - c as e ins (Nagasawa et al . ,  1 970 ) . Rec ent l y , 

N agas awa e t  al . ( 1 972a ) examin e �  th e variat i on in g e l  

e l ec tropho r e s is patt erns of human m i lk 1r1 i th the durat i on and 

t emp eratur e  of s t orage o f  the milk . Hwnan mi lk was found t o  

b e  v ery sus c eptib l e  t o  prot e o l yb is w i t h  a mark e d  inc r eas e in 

h e t erGfeneity of the pro t ein patt ern , even a ft er s t orage o f  

t h e  milk a t  3 7 °C f o r  l e ss  than thr e e  h ours . The s e  obs erva­

t i ons of N a gas awa et a l . ( 1 972a ) may in part exp lain t h e  

h e t erogen e i t y  and d i f f e r enc es obs erved by e ar l i er ·workers 

( :Malpres s ,  1 962 ; 1.1.lais and .J o l les , 1 962 ; I1alpr e s s  and 

Hyt t en ,  1 964 ; N a gas awa et al . , 1 967 ) . 

Vogl ino and Fon z one ( 1 972 ) s howed t hat the r e l at i ve 

int ens i t i e s  o f  the A and D human tJ - c as e in b ands vari e d  and 

sugg e s t e d  that the ,B -c as eins wer e under the c ontro l  o f  two 

all e lic gen e s . 

Some o f  the phys i c a l  c h arac t er i s t i c s  of human � -c as ein 

have b e en examined by T oyoda and Yamauc hi ( 1 97 2 )  v1ho showed 

human tJ-c a s e ins undergo t emperatur e  depend ent p o l ymeri z at i on 



s im i lar t o  that o f  b ovin e � -c as e in , exc ept th e trans i t i on 

s t ar t s  at a h i gh e r  t emp erature than with b ovine �-cas e in .  

6 . 24 Other C as e ins 

Alais and J o l les ( 1 9 70 ) examined human and rabb i t  

c a s e ins by s tarc h  g e l  e l ec t rophore s i s  and s howed they d i d  

no t have th e c harac t er i s t i c  e l ec t r o phor e s i s  patt ern o f  

c as e ins from th e ruminaht s .  Later , four pur e c omponents 

96 

were i s o la t e d  b y  chromato graphy o f  rabbit c as e in on DEAE­

c e l l ul o s e ( 'r e s tud and lhb adeau Dumas � 1 97 3 ) . 0 ome o f  thes e 

c as eins res emb l e d  individual 

part i c u l ar , one frac t i on had 

r e s emb l inG b ovine � -c as ein . 

human a-cas ein . I t  was n o t  

b ovine c �s e ins , and i n  

an amino ac i d  c ompo s i t i on 

H owever , it i s  more s im i l ar t o  

p o s s ib l e  to i s o l a t e  a K - c a s e in-

l ik e fra c t ion in rabb i t  milk , al though a para- K - c a s ein l ike 

frac t i on app ear s  on e l e c trophor e s i s  o f  r ennin treated rabb i t  

vJho l e  c as ein . 

S im i l ar l y , a l though c anine c a s e in was s e parated by 

Dli:/.E-c e l. lul o s e c hroma t o p;raphy int o {J-· and as- c as e in frac t i ons , 

no frac t i on r e s emb l ing �< -c a s ein wa s found ( N a c-;as av.·a e t  a l . , 

1 972b ) . C anine {) - c a s e in r e s emb l e s h1�man .a -c a s ein , at l e a s t  

i n  i t s  amino a c i d  c omp o s i t i on .  

Acryl am i d e  g e l  e l ec t r ophor e s is ( Fe ldman and C er i ani , 

1 970 ; F e l dman and Hohmann , 1 9 71 ) and po.p er e l s � t roph o r e s i s  

( B l o an e t  al . ,  1 9 61 ) o f  rat and mous e c as e ins ha.ve a l s o 

r eveal ed the pr e s enc e o f  c a s ein c omponent s , whi ch have as yet , 

not b e en ful ly c harac t er i z e d . Their immuno e l ec trophor e t i c  

and e l ec tr ophor e t i c  r e l a t i onships s ho 'I'J that th ey ar e s imi l ar . 

Fr e l iminary inves t i gat i ons o n  porc ine cas e ins have 

shown p o l ymorph i sm in the c as e ins ( G errits e t  al . ,  1 969 ; 

Woych i k  and Wond o l owski , 1 969 ; Glasn�k , 1 966 ; I iarkovi c h , 

1 971 ) .  S l o an e t  a l . ( 1 961 ) showed that porc ine ( s o w )  c a s e in 

i s  h e t e ro gene ous . Porc ine as- and K - cas eins c ould b e  int er­

change d with the b ovine c as eins in Ca s t ab i l i t y  t e s t s  and 

had s imi l ar amino ac id c ompo s it i ons t o  their b ovine c ount er­

par t s  ( 0oychik an� Wond o l owski , 1 969 ) . 
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EXPEHif-1 B� rr·1\L 

The m e thods us e d  t o  i s o l a t e  and charac t er i z e  the maj or 

c aprine and ovine c a s e ins , and s om e  b ovine c a s e ins ar e out­

l i n e d  in this chapt er . '11he c a s e ins wer e  charac t eri z ed from 

their e l ec t r o phore t ic mob i l it i es in po lyacryl amid e  ge l s , 

m ol e cular w e i cht s , am ino = ac i d  c ompo s i t i ons , pho s phorus c on­

t en t s , and ext inc t i on G O effic i ents . �he phys i c a l  

charac t eri s t i c s  of t h e  c as eins were c ompar ed by neasuring 

th e i r  s o lub i l i ty in the pres enc e of CaCl2 , s t ab i l i z at i on o f  

th e a - c as c i ns b y  K - e a..s eins , and the t emp eratur e  dependent s 
p o l ymeri z at i on o f  t h e  � - c as e ins . ·�rlh erever po s s ib l e  a l l  

an a lys es w e r e  c arri ed out u s ing c onc entrat ed s t o c k  s o lut i ons 

o f  known pro t ein c onc entrat i on . 

7 . 1  F·rennr,  t i on o f  /,c i d  C a f.J e ins 

B ovine C a s e i n  

R a w  m i l k , ob t a ine d  from individual Fri e s i an c ows 

b e l onging t o  th e Mas s ey Univ er s ity monoz yBous twin h er d , was 

wa.rm ed to )0°C and [.>kirnmed us incs a s epo.r <? t or .  J\c id c a s ein 

was prec i p i t a t ed fr om t h e  skim m i lk by s l owly a d j us t ing the 

pH to L� . 6  v.,ri th 1 h liC l . 1ih e  pr ec i p i t at e  was c o l l ec t ed , 

was h e d  s ev e r a l  t im e s  w i th wat er , and r edi s s o lv e d  at pH 7 b y  

t h e  addi t i on o f  1 M N aOH . C ar e  was t nk en t o  maintain th e 

pH o f  th e s o lut i on b e l ow 8 .  The c a s ein was repr ec ip i t a t ed 

at pH 4 . 6 , washed , fr e e z e dri ed and then s t or e d  at -20°C .  

C aprine C as e i n  

Samp l e s  o f  milk v,'ere ob t aine d  from Bri t i sh Saanen 

goa t s  and skimmed us ing the s am e  proc edur e for b o vine m i lk . 

Ac i d  cas e in was pr e c ipi t at ed at 30°C by adj us t ing the pH t o  

4 . 2 with 1 M HC l .  The cas e in was washed , r ed i s s o lved , 

repr e c ip i t at e d , fr e e z e  dri ed and then s t or e d  at - 20°C .  

Ovine Cas e in 

Ovine m i lk s amp l es wer e  obt a ined by hand m i lking , 

mainly from B order Lei c e s t er-Homney c r o s sb r e e d  ewes b e l onging 

to the .M.a s s ey Univers i ty flock . Th es e milks wer e e i ther 



bulked , or �e pt as  individua l s ampl e s . The milk was warmed 

to 30°C and c entri fuged at 800 g for 1 5  minut e s . bkim milk 

was removed from underneath th e c r e am lnyer and di lut ed v1i th 
an 2qual vo lume o f  wat er prior to pr ec ipitat ing the c as ein at 
pH 4 . 6  with 1 .1'1 HC l .  '11he r emainder of  the pr o c edure was the 

same as that us e d  for the b ovine and c aprine c a s e ins . 

J:olymorph i s m  in C anrine and Ovine C a s e ins 
, 

A numb er o f  c as ein s amp l e s  ( 2 5 caprine and 60 ovine ) 

wer e  examined by po lyacrylamide ge l  e l ec trophor e s is for 

evidenc e of polymorphi sm in the c as eins . C as e in pr ec ipi tat e� 
from 2 ml s amJJ l e s  of  c aprine milk and 1 ml s ampl es of  ovine 

mi lk was dis s o lved in 1 0  ml of 4 . 5  M urea c ont a ining 2-
merc apt o e thanol ( 0 . 1 % ,  v/v ) and 1 0% ( w/v ) s ucros e .  Aliquots 
( 0 . 02 m l )  o f  thes e samp l e s  were examined by po lyacryl amid e  
gel e l ec trophor e s i s  at pH 8 . 4  and in s ome c a s es  b y  alkaline gel 
elec trophor e s i s  in the pres enc e of  Mg ( Chap t er 7 . 6  and 7 . 7 ) . 

7 . 3  Ghroma t o(5raphy of C a s ein on DEAE-C e l lul o s e  

\r,�'ho l e  c aprine , ovine and b ovine cas e ins were s epara t ed 
into their ma j or frac t i ons by chromat o graphy on DEAE- c e l lulos e 
in buf fer c ont ainin g ur ea us ing a proc edur e s imi l ar t o  t hat 

describ ed by ihomps on ( 1 966 ) . 

DEAE-c e l lul o s e  DE- 52 ( \Jhc:.... tman ) was pr ecyc l ed ac c or dine; 

to thG proc edur e outlined in the \·ihatman handb o o k .  'l'h e 

c e llul o s e was washed in 0 . 5  M HC l for 30 min and wash e d  

with deioni z ed u a t e r  o n  a s int ered glass fi l t er until the pH 
of the effluent was 4 .  The pro c edur e was r ep eated us ing 

0 .  5 Ii N aCH and the c e l lulo s e washed with \vat er unt i l  the  pH 
of the effluent was 8 .  Th e DE .. "B- c e l lul os e was washed with 

s everal b ed vo lumes of 0 . 01 M imida z o l e-HC l buffer , pH 7 . 0 ,  

cont aining 4 . 5 .M ur ea and 0 . 1 % ( v/v ) 2-merc apt o ethano l , 

packed into a c o lumn ( 2  cm x 50 cm ) and equi l ibrat ed with 
buffer . C onc entrated s o lut ions o f  urea ( 9  M) ; us ed in the 
prepar a t i on of  buffers , were filt ered through a c o lumn o .f  
DEAE-c e l lulos e and then s t or ed a t  4°C .  

Samp l e s  o f  who l e  c as ein ( 1 - 2 g )  were di s s o lved in 

buffer and chromat ographed on the DEAE-c e l lul o s e  c o lumn , the 



c as eins b eing elut ed at a flow rate of  50 ml/h with a 
linear gradient of  NaC l . Sinc e the conditions used for 
chromatography varied with the nature of the sample , 
specific details  are outlined in the results  s ection .  The 
effluent was c ontinuously monitored at 280 run with a Zeiss  
PMQII spectrophotometer qoupled to a Sargent SRL r ec order . 
Fractions were analys ed by  polyacrylamide di sc  gel electro­
phoresis ( pH 8 . 9 ) , pooi ed , dialys ed and stor ed at -20°C .  
Mos t  of  the c as ein fractions were purified further by  
rechromatography on  DEllli-'c ellulos e or  b y  chromatography 
on CM-cellulos e .  Some crude bovine as1 - and � -cas ein 
fractions that had been prepared by urea frac tionation of 
v1hole  cas ein ( Hipp e t  al . ,  1 952)  were purifi ed by chromato­
graphy on DEAE-c ellulose . 

7 .4 Chromatography of Cas ein on Cf'l-C ellulos e 

Impure c as ein fractions were often rechromatographed 
on a c olumn of 'vJhatman CI1-32 c ation exchange c ellulos e in 
0 . 01 .M: sodium format e buffer ( pH 4 . 0 )  containing urea ( 4 . 5 lvi ) 
and 2-mercapto ethanol ( 0 . 1 56 ,  v/v ) . The c ellulos e was pre­
cyc l ed and packed into a column , using the s ame proc edure 
as that previously described for DEllli-c ellulos e , exc ept the 
CM--cellulose  was washed firs t with 0 . 5 1'1 NaOH and then with 
0 . 5  M HCl .  The conditions us ed for column chromatography 
on CM-32  were s imilar to thos e previous ly described for DEi\.E­

c el lulos e .  

7 � 5  Polyacrylamide Disc Gel El ectrophoresis 

Polyacrylamide dis c  gels were routinely us ed to 
identi fy the caseins pres ent in the column fractions and to 
ass ess  their purity . 

Polyacrylamide disc  gel elec trophoresis  at pH 8 . 9  in 
gels c ontaining 5 .  5 I'-1 urea was b as ed on the method outlined 
by Davis ( 1 964) . The gels consisted of an upper 1 cm layer 
of l arge pore gel us ed t o  conc entrate the protein s ampl e ,  
and 6 cm o.f s eparation gel . Thes e were s et in 5 mm v.Jide 
glass tubes . Stock s olutions were prepared ( Tabl e  7 . 1 )  and 
from thes e ,  three  workiDg solutions were mixed ( Table  7 . 2 ) . 
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Tab l e  7 . 1  

Btock Bolutions 

Bolution Al :QH 8 . 9  Solution B2 :QH 6 . 2 

Tris 3 6 . 6  g Tris 5 . 98 g 
1 M HCl 48 ml 1 l"I HCl 48 m.l 
T:SI·lED 0 . 23 , ml TBI"lED 0 . 46 ml 
\-lat er t o  1 00 ml Wat er to  1 00 ml 

So lut i on c Solution D 

Acrylamide 28 . 0  g Acrylamide 1 0  g 

B i s  0 . 73 5  g Bis 2 . 5  g 
\ .. ]at er to 1 00 ml Hater to 1 00 ml 

Solution E 

Riboflavin 4 mg 
\�at er to  1 00 ml 

Tab l e  2· 2 

Working Solutions 

Smal l 2ore solution 1 Sma l l  por e  s o lut ion 2 

Ammonium p er s u l phat e soluti un 
( 0 . 1 4  g in 1 00 ml of  9 N urea) 

1 part A 
2 parts C 

1 part 9 

Large 2ore 

1 part B 
2 parts D 
1 p art E 

6 parts 9 

I" I m .... ea 

solution 

M urea 

El ectrode buffer 

Tris 3 g 

Glycine 1 1+ . 4  g 

0 . 25 ml bromophenol blue 
( 0 . 1 % ,  v/v) 

Water to 1 l 

1 00 



' 

Th e s eparation gel was made b y  mixing equal part s o f  
smal l  pore s o luti ons 1 and 2 .  'rh e  gel was allowed t o  po ly­
meri z e  and the spac er or large pore gel was then polymeri z ed 
on t o p  o f  thi s . Samples in ur ea s o luti on were appli ed t o  
the g e l  and e l ec trophores ed f o r  1 . 5 h at 1 20 V ,  normal ly 

1 01 

vJi th a curr ent o f  50 mA . ·�hen th e bromoph enol blue dye 
marker r eached th e bottom of the gels , they were removed from 
th e t ub es and s tained \fi th 0 . 1 )b ( w/v ) amide b lack 1 0B in 
7% ( v/v ) ac etic  ac id for 1 -L� h .  Unb ound dye was rem oved by 
e l ec trophor e s i s . 

7 . 6  Po lyacryl amide  Blab Gel  El ectrophores i s  

\.Jhere i t  was nec e s s ary t o  c ompare the e l ec trophor etic 
mob i li ty o f  a numb er of c as eins , thes e were examined by s lab 
polyacrylami ie gel  el ec trophor e s i s . Alkaline or ac i d  gel 
elec trophor e s i s  of caseins was carri 8d out in 5% ( w/v ) p o ly­
acrylamide gel  s l abs c ontaining 6 M ur ea us ing an E-C 
vert i c al gel e l ec trophor es is apparatus ( E-C Apparatus C orpora­
tion , Fhi lade lphi a ) . The method us ed for alkaline gel  
electrophor e s i s  ( Tabl e  7 . 3 )  was s imi lar to  that us ed by 
Thomps on e c  al . ( 1 964) exc ept the pH of the e l ec trode buffer 
was 8 .  LJ. . Aft er the addit i on c �  ammonium p ersu.lpha t e ,  the 
gel was l e ft to p o lymeriz e  for 1 h .  Th e s amp l e s , in ur ea , 
were plac ed in the gel s l o t s  and e l ec trophor e s is then 
c arri eQ out for 4 h or l onger a G  200 V. The gels  were 
st aine1 with 0 . 1 � ( w/v ) amide b l ack 1 0B and the s e  were then 
washed in 35-.J ( v/v ) ac etic acid t o  r emove exc e s s  dye . 

Samples were also  exarained by acid gel  e l ectrophor es is 
in 5;:>o ( w/v ) polyacrylamide gel layers ( r.L'ab l e  7 . 4 ) . ··The 
s amples  were e l ec trophor es ed at 300 V for 6 h and s tained and 

.J 

destained us ing the normal proc edur e . 

7 . 7  Gel El ectrophor esis  in Buff ers C ont aining Mg 

The proc edure us ed for gel e l ectrophoresis  in the 
pr es enc e o f  Mg has previ ous ly b e en describ ed by Waugh e t  al . 
( 1 970 ) . El ec trophor e s i s  in po lyacrylamide g e l s  c ontaining 
Mg and 6 M urea was c arri e d  out us ing the E-C vert ical gel 
e l ec trophores i s  apparatus . The c omposit i on of the gel and 



Cyanogum 41 
'rr i s  

N a2ED'l'A . 2H20 

Boric ac i d  

T:br'IJ�D 

8 r1 ur e a  

"'lat er t o  

C a t a lys t 

Ammonium p er s u l ph a t e  

S t o c k  

'E ab l e  · 7 - 3 
G e l  S o l ut i on 

50 g 

1 0 . 80 g 
0 . 925 g 
5 - 5 g 

1 ml 

7 50 ml 

1 l 

0 . 2  g us e d  t o  p o l ymeri z e  200 ml 
of t'_; e l  s o l u t i on 

E l e c t r o d e  B u f f e r  S o lut i on pH 8 . 4  ( Pe ac o c k  e t  a l . , 1 96 5 )  

T r i s  

N a2.EDT A . 2li 20 
Boric ac i d  ( c rys t a l l ine ) 

\r;at er t o  

1 07 . 9  g 

9 . 2 5 g 
5 5 . 0  g 

1 0  l 

Tab l e  7 . L+ 

A c id G e l  S o l ut i on �H 4) 

C yA.no gum 

G l a c i al ac e t i c  ac i d  

9 l'l ur e a  
TEI"lED 

D e i oni z e d wat er t o  

pa t a lys t 

Amm onium p er s u l pha t e  

1 2  g 
1 2  g 

1 33 m l  

1 m l  

200 m l  

0 . 3  g us ed t o  p o l ym er i z e  
200 ml g e l  s o lut i on 

'1 0 2  I 



Tab l e  7 . 5  

Po lyacryl amide G e l s  C ontaining Mg 

Stock G e l  S o lut ion 

Tris 

Boric ac i d  

I'lagnes ium ac e t at e . 4H 2p 

C yano gum 

8 M ur ea 

TEI'lliD 

wat er t o  

C at a lys t 

lunmonium p ersulpha t e  

Ano d e  Buff er ( l ower r e s ervoir)  

Magn e s ium a c e t a t e . 4H2o 

C athode Buf fer ( upper res ervoir ) 

4 g 
2 g 
0 . 2  g 

1 0  g 
1 50 ml 

0 . 2  m l  

200 ml 

0 . 2  g in 200 ml gel 
s o l ut i on 

4 g/1 

Sodium t etraborat e 4 g/ 1  
adjus t ed t o  pH 8 . 6  w ith 3 �  ( v/v )  ac e t i c  ac i d  
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the e l ectrode buff ers is  given in Tab l e  7 . 5 .  Samp l e s  were 
app l i e d  to the gels and el ec trophor e s i s  carr i ed out for 6 h at 
300 V. 'l'he g e l s  were s t aine d  and des tained as desc rib ed in 
the pr evi ous s ec ti on . 

7 . 8  Pro t e o lyt ic D egradation o f  C a s e ins with Rennet 

Some c o lumn chromatography frac tions were dialys ed 
agains t deioni z ed vmt er ' and di lut e d  with an equa l volume o f  
0 . 2  1111 c itrat e buffer , pH 6 . 5 .  Th es e were incubat ed at  37°0 
and ali quots o f  r ennet ( 0 . 1 0  ml ) (N ;0 Cooperat ive Renn e t  C ompany 
Ltd , El thnm ) that had b e en dilut ed t eu fo ld with buffer were 
added to th e c as e in s o lution and incubated for 1 5  min . The 
r eac t i on was s t opped by di luting th e s ampl es l·li th an equal 
vo lume of 9 1'1 ur e a  c ontaining 2-merc apt oethanol ( 0 . 1 �� ,  v/v ) . 
Al i quots of the s nmples , obtained b e fore and aft er r enn et 
treatment , w er e  examined by h.el e l e c trophor es is t o  ident i fy 
any c as ein frac t i ons which may have b e en hydr o lys ed . 

Es t imat ion o f  Mo l ecular W e i ghts 

Analytical  ultrac entri fugati on using the t echniq ues  of 
s edim entation vel oc ity or s ediment ation equi librium ar e the 
c ommonly us ed proc edur es for det ermining the mol ecular weights 
o f  prot eins . Th e  mol ecul ar w e i ghts  of the bovine c as e ins 
ar e difficult t o  det ermine s ince they r eadi ly aggregat e t o  
form po lymers , i'Jhos e s i z e  may b e  dependent on t amp eratur e , 
pro t e in c onc entration and i onic s tr ength ( s e e  introduc t 1 on for 
further details). 'l'hes e prob l ems c an b e  overcome hoHever , by 
ultrac entrifugat i on of the cas eins in c onc entrat ed guanidine . 
HC l s o lution (No elken , 1 967 ; N o e lk en and Reib s t ein , 1 968 ) . 

In rec ent years a numb er o f  other t echniques involving 
gel  chromato graphy have b e en deve l oped to det ermine the 
mol ecular weights of prot e ins . Gel chromat o graphy of 
native globular prot eins on c o lumns c alibrat ed Hi th gl obular 
pr o t e ins of knovm mol ecular weight has bec om e  a widespr e ad 
t echnique of e s t imat ing mol ecular w e i ghts ( Andr ews , 1 970 ) . 
Other t echniques inc lude g e l  chromato graphy on c o lumns 
c al ibrat ed with prot e ins o f  known mo l ecular weight in the 
pr e s enc e of s odi um dode;cyl sulpha te ( Fi sh , '. 1 9 7 1 )  

-_j . 



c onc en tr-·at e d  s o lut i ons o f  ur ea C .rhomps on and 0 '  Donn e l l , 

1 965 ) o r  guanidine . HC l ( Fish , 1 9 71 ; Bryc e and C r i c ht on , 

1 9 71 ) .  

I n  the pr e s enc e o f  di s s oc i a t ing agent s , and in 

part icular 6 M e;uanidin e . HC l , pr o t e ins whi c h  have t h e ir 

disulphide l inkag e s  r educ ed ar e d enatured t o  random c o i l s  

( Tanfor d , 1 968 ) . Th e::re i s  h owever , s ome evi d enc e o f  the 

c as e ins ( b'vans e t  a l . , 1 971 a )  and s ome o ther pr o t e ins 

( Tanford , 1 968 ) s t i l l p o s s es s in g s ome d e gr e e o f  s truc tur e 

under thes e c ondi t i ons . However , gel  c hroma t o graphy o f  

b ovine c as eins i n  the pr e s enc e o f  7 I'l ur ea and in 6 1'1 
guanidine . HC l  yi e lds m o l e c u l ar w e i ght va l u e s  c l os e t o  th o s e 

e s t imat ed from t h e ir am ino ac i d  �; e<.luenc es . C ons eq uent ly , 

the mo l ec ul ar ''1 e i r;ht s  o f  th e c aprine , b ov i n e  and ovin e 

c as e ins w e r e  det ermined by g e l  c hromat ography in 7 1'1 ur ea 

and in 6 I'I guani d in e . HC l .  

7 .  9 I1o l ec u l a r  \ ! e i c:ht o f  C apr i n c 11'-C as ein 

'l1h e  mol ecular w e i p;ht o f  c ap r i n e  K - c o. s ein was 

e s t imat ed by gel  chromato craphy on a c ohunn of S epha d ex 

G-1 00 ( 2 . 2  c m  x 90 cm ) in 0 . 1  M Tri s -HC l buffer , pH 8 . 0 ,  

c ont aining 7 M ur ea . � eps in ( mo l e c . Nt 3 5  000 ) ( S i gma ) , 

b ovine � -c as ein B ( mo l e c . w t 24 1 00 ) , bovine K - c a s e in B 

( mo l ec . I·Jt 1 9  0 23 ) , haemoe;lob in ( �:io l ec . Wt 1 5  500 ) and b o-v ine 

ribonuc leas e A ( uo l ec . wt 1 3  7�0 ) ( C a lb iochem )  were us e d  a s  

mo l e cul ar we i �ht s t andard s . Th e m o l e c u l a r  w e i ght o f  

�- c a s ein was es t im at ed from th e amino ac i d  s equenc e 

( Rib adeau Dumas e t  a l . ,  1 9 72 ; Gro s c  l aude e t  a l . , 1 97 2 ) . 

Th e m o l ecu lar w e i c:h t o f  bovine .:-cas ein B was t ak8n 

from Merc i er et a l . ( 1 973 ) . Other molecul ar weight s w ere 

t aken from \Jeb er and Os b orn ( 1 969 ) . 1Ti or t o  chroma t o graphy 

a l l  prot eins exc ept � - c as e in B w er e  S-c arb oxymethylated 

( Hirs , 1 967a ) . 'rhe  fl ow rat e o f  th e c o lumn was ma int ained 

at 1 0  ml/h ,  2 . 2  g frac t i ons b e ing c o l l ec t ed and their 

extinc t i ons measur e d  at 230 nm .  I n  each c hroma t o graphic 

run Blue Dextran 2000 ( Pharmac i a )  and f-dinitroph enyl ( DNP) ­

lys ine ( BDH ) wer e inc lud ed t o  enab l e  the dis tr ibut i on c o ­

e f fi c i ent ( K d ) f o r  each pr o t e in t o  b e c a l c ul at e d  a s  d e s c rib e d  



b y  F i s h  ( 1 9 71 ) us in� t h e  f o rmul a : 

wh e r e  V = 
e 

e lut i on 

K d 

w e i ght 
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e -
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pr o t e in 
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0 
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t 

e lut i on 1v e i ght o f  B l u e  D ex tran 2000 ( vo i d  v o lu...Tfi e ) 
e lut i on w e i gh t  o f  a - J)N P- l y£> ine ( V 0 + V

i
, \<Jh e r e  

V .  i s  t h e  int ers t i t i a l  vo lume ) . 
l 

T h e  l o gari thlli o f  th e m o l e c ul ar w e i ght for e a c h  s t andard 

pro t ein was p l o t t e d  agains t the d i s t ribut i on c o e f fi c i en t  

and t h e  m o l e c u l ar w e i gh t  o f  t h e  unkno wn was e s t ima t e d f r om 

t h i s  c urve . 

7 . 1 0  1-'I o l e c u l a r  \-v e L,:h t  An a lys i s  i n  6 r·; Guan i d i n e . HC l  

T h e  m o l e c ul a r  w ei �h t s o f  the b ovine , ovine and c aprine 

c as eins , exc e p t  c aprin e x - c as e in were d e t erm i n e d  by c h r om a t o ­

graphy in 6 t·; gua n i din e . HC l  b u f f er on a c o lumn o f  .S ephar o s e 

6B . rrh e  c o lurm had pr evi ous l y  b e en c al ib r a t e d  with 

S-c urb oxymethylated pr o t e in s  o f  YJlown mo l e c u l ar weir..�ht us ing 
the pr o c e dur e out l in e d  by F i s h  e t  al . ( 1 969 ) . 

A c o lumn ( 2 . 26 c m  x 81+ c m ) o f  � ephar o s e 6B ( Pha rmac i a ) 
w a s  e q ui l ib r a t e d  Hi th s '3Veral b e d. vo lum e s  o f  0 .  02 I"'l 'J:r i s , 

0 . 01 M N a 2EDTt buff er , pH 8 . 2 ,  c on t a in in g  6 M guan i d in e . HC l . 

Th e f l o w  r a t e o f  t h e  c o l umn w a s  m a i n t a in e d  a t  5 . 0- 5 . 2  ml/h 

us ing a Ac c u f l o  pump ( B e c kman Instruments , Spinc o Divi s i on ,  

Fa l o  � l t o ) . Frac t i ons w e r e  c o l l e c t ed at 30 min int e rva l s  

us ing a LKB RadiRac frac t i on c o l l e c t o r . 

C h r omat ography o f  Pro t e ins 

Th e p r o t e ins , w i th t h e  exc e p t i on o f  t h e  � - c as e ins 

w er e  all S-c arb oxym e thyl at ed pri or to c hroma t o gr aphy , us ing 

a s im i l ar p r o c e dur e to Hirs ( 1 967a ) . 'rh e s t andard pro t e ins 

us e d  to c al ib r a t e t h e  mo l ec ul ar I·J e i gh t  c o l umn ar e p r e s ent e d  

i n  Tab l e  7 . 6  . Th e pro t e in s am p l e s  ( 3- 5  mg ) , a - DHP- a l an i n e  

( 0 . 02 mg) and B l u e  D e xtran 2000 ( 1  m g ) wer e d i s s o lv e d  i n  

t;uanidin e . HC l  buff e r  c ont aining 1 05o ( w/v ) suc r o s e .  Th e 



Tab l e  7 . 6  

S t andard rro t e i n s 1 

S o urc e l"Io l e c tl l ar �J e igh t 

'Y - G l ob u l in H-chain (' . u l gma 50 ooo2 
Ova lbumin S i  gm a 43 ooo2 
C hymo t r yp s ino g en A S i gma 2 5  '?002 

'.) 
'Y - G l ob u l i n  L-chain S i gma 23  500'-
Myo g l obin ( equine ) S i c;m a  1 7  2003 
H a emo g l ob in S i  gm a 1 5 5003 

7.: 
Hib onuc l e a s e A Mi l e s  L eravac 1 3  700::;! 

7, 
C y t ochrom e  c ( equine ) S i gma 1 ·1 700? 

1 .  Unl e s s  oth erwi s e  indi c a t e d , b ovine s t an dard pro t e ins 

w e r e  us ed . 

2 .  M o l e c ular w e i gh t s  from � eb er an d C s b orn ( 1 969 ) . 

3 . Mo l ec u l ar w e i �h t s  d e t e rmin ed fr o m  t h e  amino a c i d  

s equenc e s  l i s t e d  b y  Dayh o f f  ( 1 97 2 ) . 

e lu t i on w e i Bh t s  o f  e ac h  pr o t e in were m e a s ur e d , s 1nc e th e s e 

r e s ul t  in m o r e  ac c ur a t e  va l u e s  f o r  t h e d i s tribu t i on c o ­

e f f i c i ent s than th o s e ob t a in e d  from e l ut i on volumes ( F i s h  

' I  U'/ 

e t  a l . , 1 969 ) . Th e abs orpt i on a t  6L�O nm , 280 nm and 365 ru:1 

o f  t h e  frac t i ons was us ed t o  e s t im a t e  the e l ut i on p o s i t i on 

o f  B lu e  D ext ran 2000 , pro t e in o.nd a - DFJl- -?. lanin e , re s p e c  t i  v e l y .  

Th e d i s tribut i on c o e ffic i ent (K d) o f  e a c h  pr o t e in w a s  

c a l c u l a t e d  us ing the expr e s s i on :  

K d  = 

wh e r e  V e = e lut i on w e i gh t  o f  pr o t e i n  

Vt 
= e lu t i on w e i ght o f  a-DNP- a l anine 

V = void vo l um e  c harac t eri z ed by Blue Dextran 2000 
0 

� 
A s t andard c urve was pr e par e d  by p l o t t ing K dJ v e r s u3 

1 ( m o l ec . wt )�- for th e S-c arb oxym e thyl a t e d  pr o t e ins o f  kno vm 

m o l e c u l ar w e i gh t  ( Bryc e and C r i c ht on , 1 971 ) .  
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7 . 1 1  .Amin o 1\.c i d  C ornpo s i  t i ons 

Th e amino ac i d  c ompo s i t i ons of t h e  puri f i ed c aprine 

c as e ins and s om e  b ovine c a s e ins w e r e  d e t ermined aft er hydr o ­

lys ing t h e  prot e ins w i th 6 N HC l .  Dupl i c a t e  s amp l e s o f  e a c h  

p ur i f i e d  pr o t e in ( 3 -4  mg ) w e r e  hydro lys ed in vacuo in 6 11 
HC l at 1 1 0± 1 °C for 24 , 48, and 72 h .  0 amp l e s  were p l a c e d  i n  

t h i c k  wa l l e d  glas s t ub es and fro z en in l iquid n i t r o g en • 
• 

T h e  s amp l e s  were evac uat e d  w i t h  a vac uum o i l  pump and d e ga s s e d 

a s  they t h aw e d . Th i s  proc e s s  was r ep eat e d  s everal t i m e s . 

rrh e  s amp l e  t ub e s w e r e  s e a l e d  a t  a pr e s sur e  o f  l e s s  than 

50 m i c r ons ( M o o r e  and St e in , 1 963 ) . fhe ovine c as eins 

were hydro l ys ed vJi th 6 I1 HC l a ft er t h e  tub e s v: e r e  evac ua t e d  

w i th a w a t er pump and r e p e a t e d l y  flus h ed wi th oxyp;en- fr e e  

n i t r o g en , u s ing a s im i l ar proc e dur e t o  Sp i t z  ( 1 973 ) . 

T h e  hydro lys at e s  w e r e  evapora t e d  t o  dryn e s s  on a 

r o t ary evap oratory , w a s h e d  w i t h  wat er and r edri ed . Th e 

proc e s s  was r e p e a t e d  twic e ,  and th e s ampl e s  s t or ed at -20°C 

p r i or t o  amino ac i d  analys i s . 

Am ino Ac i d  },nalys i s  

� h e  amino ac i d  c omp o s i t i ons o f  the pr o t e in hydro lys a t e s  

w e r e  d e t ermined b y  i on exc h an g e  chrom a t o graphy us inG t h e  

proc edur e o f  Moore and � t e i n  ( 1 963 ) . 

C a s e in hydro l ys at es wer e analys ed us ing th e s ing l e 

c o lumn m e th o do l o gy on a Loc art e I"ilc I V  Am ino Ac i d  <ma l ys er . 

N or l euc ine ( 2 5 nanom o l e s ) was inc lud e d  a s  an int ern a l  

s t andard in eac h  c hr omat o graph i c  run . rl'he ana lys er w a s  

c al ibrat e d  with B e c kman s t andard amino ac i d  c al ibrat i on 

m ixtur e s , c ont a ining 25 nM o f  each amino ac i d . U s ua l l y , 

0 . 1 00 m l  a l i g u o t s  o f  hydr o l ys at e s c on t aining 5-1 00 nanomo l es 

o f  each amino ac i d  w e r e  ana lys ed on a c o lumn o f  L o c art e Lii/49 

c at i on exch ange r e s in , us ing a thr e e  buf f er p r o gram . Th e 

a c idic and neutral amino ac i d s  'vv er e e lut e d  f ir s t  w i th b uf f er s  

1 a n d  2 ,  f o l l o w e d  b y  t h e  b a s i c  amino a c i d s  whi c h  wer e e l ut e d  

w i t h  b uf f e r  3 ( Tab l e  7 . 7 ) . Aft er e lut i on from t h e  i on 

exc hange c o lumn t h e  c onc ent r e3: t i on o f  each amino ac i d  was 

d e t erm i n e d  pho t om e t r i c a l ly a f t er r e a c t ion wi t h  ninhydr in . 



Tab l e  7 .7 

Loc art e Amino Ac id Analys er Program 

Period o f  
C om:2o s i t ion Elut i on �min ) 

Buff er 1 1 0 . 2  N Ng. c itrate pH 3 . 25 50 
Buffer 2 0 . 2  N Na c itrate pH 4 . 20 9 5  

' 
Buffer 3 1 . 0 N Na c itrate pH 6 . 65 1 3 5 
NaOH 0 . 2  N NaOH 30 
Equil ibrat ion 

buffer 0 . 2  N Na c i trate pH 3 . 25 90 

1. Aft er eluting the i on exchange c o lumn for 40 min the 
t emperature was inc reas e d  from 50°C to 60°C .  

The buffer and ninhydrin flow rates  were each maintained at  
30 . 0  ml/h . This program r esulted in a t o t al analys i s  time 
of 6 hours 40 minut es for each sampl e .  

Hydro lysat es o f  c aprine K-c as e in were analys ed us ing 
the two c olumn methodology ( Beckman 1 20C Ins truc tion lVJanua l )  
on a Beckman 1 20C Amino Ac id Jmalys er 4 N orl euc ine ( Pi erc e )  
and a-amino-� -guanidine propionic ac i d  ( Pi erc e )  were us ed as 
int ernal s t andards in the s e  analys es . 

Cys t eine 

Any cys t e ine and c ys t ine pres ent in the c as e ins were 
oxidi z ed with performic ac i d , prior to ac id hydro lys i s  
( Hirs , 1 967b ) . 

1l'rypt ophan 

1 09 

Tryptophan in c aprine K -cas ein was det ermined by amino 
acid analys is aft er acid hydr o lys i s  of the prot ein s amp l e s  
i n  vacuo in the pr e s enc e o f  4% ( v/v) thi o glyc o ll ic ac i d  for 
48 hours at 1 1 0°C .C Matsubara and Sasaki , 1 969 ) . Tryptophan 
in the o ther caprine c a s e ins was det ermined c ol orimetrically 

with p- di�ethyl aminobe�zal dehydel aft er enz ymatic hydr o lys is with 
J:'ronas e ( K o ch Li ght ) as des c rib ed in Froc edur e 1 'vJ 1 by Spi e s  
( 1 967 ) . L-Trypt ophan ( Si gma ) was us ed t o  prepare a 
s t andard curve . 
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The ov1ne c as e ins were hydr o lys ed in 3 M P - t o luene 

sulphonic  ac i d  c ont aining 3 - ( 2-amino ethy l ) indo l e  ( O . Z� v/v ) 
for 24 h at 1 1 0°C ( Liu , 1 972 ) and tryptophan in thes e 

diges t s  was det ermine d  by amino ac id ana l ys i s . L-Tryp t o phan 

( Si gma ) was us ed as  a s tandard . 1l'h e  method o f  J_,iu ( 1 97 2 )  

was us e d  t o  det ermine the trypt ophan c ont ent o f  ovine 
c a s e ins , s inc e t h i s  method was techJ.1.ic a l ly s impl er t han the 
method of 0pi c s  ( 1 967 ) ! Furthermore , only 2 mg pr ot e in 
s amp l e s  w er e  requir ed , c ompared with 1 0- 20 mg us in� t h e  

method o f  Dpi es ( 1 967 ) . 

The molar ratio  of  t yros ine t o  tryptophan in s ome 
c a s e ins v1as det ermined from measur ements made on the prot ein 

in 0 . 1  �1 NaOII a t  280 nm and 291-1-. 4 nm ( B eav en and H o l i day , 

1 9 5 2 ) . 

7 . 1 2  

Phos phorus was det ermined in c as ein s ampl es which had 

b e en di g e s t e d  us ing one  o f  two me thods . It  v-1as det ermine d  

direc t ly in th e hydrolys a t e s  us ed for amino ac i d  ana lys i s , 
or in c as eins ( 1 0-20 mg ) whi c h  had b e en diges t ed with nitric 

and sulphuric ac i ds and oxi di z ed with hydro gen p eroxi d e  us inG 

the H e t  diges t i on proc edur e d escrib ec'l by hcK enz i e  and l'lurphy 
( 1 970 ) . Fhos phorus was det ermined c o lorimetr i c a l ly us ing t h e  
proc edur e describ e d  in Chap t er 3 . 3 .  

l;;xt inc t i on C o effic i ent s 

Th e ext inc t i on c o e ffic i ents o f  th e c as eins were 
det ermine d  at 280 nm in 0 . 1  M phs opha t e  buffer ( pH 7 . 0 ) . 
Aqueous s t ock s o lut i ons o f  the c as e ins whos e  pro t ein c on­
c entrati ons were pr evi ous l y  d e t erm ined by measuring th e i r  dry 
weight ( r'lcK enz i e  and Hurphy , 1 970 ) , w ere d i lut ed with 

pho s pha t e  buffer and their extinc ti ons measured at 280 nm 

and 3 20 nm agains t 0 . 1  � phos phat e buffer . The ext inc t i on 

c o effic i ent at 280 nm o f  a 1 '?S ( w/v ) prot ein s o lution i n  a 
c e l l  with a 1 cm path l ength was d e t ermined aft er c orr e c t i on 

for Rayl e i gh l i ght s c att ering by the expr e s s i on : 

= 

c 

where c 1 s  the pro t e in c onc entrat i on in g/1 00 ml . 
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' 
7 . 1 4  Vi s c o [� i  ty Measur ement s on C aprine and Bovine 

f3- C a s 8 ins 

The i�trins i c  vi s c o s i t y  o f  a pro t e in i s  a m e as ur e  o f  

i t s  c onform a t j_ on i n  s o l ut i on . The intrins ic vi s c o s i t i es o f  

b o vine and c uprinc P - c as eins w e r e  d e t ermin e d  i n  neutral 

buffer at s everal t emp eratures , and at 4°0 in the pr e s enc e 

o f  6 M guanidine . HO l . 

Sto c k  pro t e in s o luti ons w er e  pr epa red by pr e c i p i ta t ing 

c ap:rine {3 1 - and {32- c a s c in·s and b ovine 13 - c a s ein A1 a t  t h e i r  

i s o c l ec t r i c  po int s  and redi s s o lvinB them i n  d e i oni z ed w a t e r  

at pH 7 .  0 \Fi th t h e  nddi t i on o f  s m a l l  g unn t i t i e s o f  0 . 1  M 

N a UH .  'l'h e i l" llr o t e in c onc entra t i ons , det ermined by measuring 

t h e  w e i ght of dry m a t eri a l in al i�uot s t aken from t h e s e 

s o lut ions , \v -: 'r e 1 . 96>�� , 1 . 51 1:: and 1 . 80)� for c aprine 13 1 - and 

� 2-c ns eins a nd b ovin e {3 - c a s e in A1 , r e s p e c t iv e l y .  Th e s e 

s o lut i ons w e r e  di lut ed wi th c onc entrat ed s t o c k  buf f e r  s o  

thc.t  they c on t ai:1 e d  appr oximat e l y 1 , o ( w/v ) pro t e in in 0 . 02 M 
ED'l' i� buffer , pH 7 . 0 , an d 0 . 11 +  h N aC l . 1 1. l t ern ativ e l y , they 

were d i l ut e d wit h  c onc en trat ed s t o c k  buff er so the s o lut i ons 

c ont a ined approxima t e l y  1 �  ( w/v ) pr ot ein 1n 0 . 1  M pho s phate 

buf f er , pH 7 . 0 ,  and 6 n guani dilJ.e . HC l . Heferenc e s o lut i ons 

w e r e  prepa r e �  from the c onc entrat ed s t ock buf f er s o lut i ons 

by di luting th em t o  the s am e  ext ent , by w e i ght , as the 

pro t e in s o lut i ons . 

Guan i din e . HC l  ( Grade 1 )  ( S i gma ) , r ecrys t al l i z ed from 

me thano l (N o z o..ki and 1i' anford , 1 967 ) , was us ed in t h e  

pr eparat i on o f  buff ers . T h e  ab s orpt i on s p e c trum o f  t h e  

guani dine . HC l  that w a s  pur i f i ed b y  t h i s  proc e dur e s ho 1·1e d  i t  

t o  b e  es s en t i a l ly fre e  o f  any c on t am inant s ( N o z ak i  and 

'l'anford , 1 967 ) . 

The r e l a t ive d ens ity ( re l a t ive to wat er ) o f  the 

0 . 02 E EDT A buff er , pH 7 . 0 ,  c on t a ining 0 . 1 4  M NaO l , and 

0 . 1  M ph os pha t e  buffer , pH 7 . 0 ,  c ont aining 6 M guanidine . HO l , 

\ve r e  d e t err.1 i n e d  by pycnom etry at 2 5°0 . iJ.1h e s e  measur ement s 

were r epe at e d with t h e  buff er s o luti ons c ont aining kno wn 

amoun t s o f  pro t e in . I t  was as s umed that the chang e i n  

r e l a tive d en s i ty o f  s o l utions w a s  m inimal b e tw e en 4 ° 0  and 

3 7 °0 . 
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Vi s c o s i t y measur em ent s wer e c arri e d  out at 4°C ,  1 0°C ,  
2 5°C and 37°C in EDTA-NaC l buffer , pil 7 . 0 ,  and at 4°C in 
buffer c ont aininp; 6 I'1 guani dine . HC l , us ing th e  pro c e dur e 

out lined in Chap t e r 3 . 1 1 . I t  was n e c e s s ary t o  f i l t e r  the 

s o l ut i ons through a medi um p o ro s i t y  g l as s s int er ed d i s c  

b efore m e a s uring their r e lat ive v i s c o s i t i es , otherwi s e  

r e produc ib l e  vi s c ome t er tl o w t ime s were difficult t o  ob t a in . 

At 4°C and 1 0°C ,  C ar..no1l l"'lanning S emi l'licro Vi s c orne t e r s , 

t ype 7 5 , v.r ere us e d  a s  th e s e  provided < �  minimum f l o·w t im e  

f o r  wat er o f  appr oximat e l y  1 80 s ec a t  1 0°C .  At the h i �her 

t emp eratur es the typ e 50 vis c omet ers I·Jere us ed w h i c h  provi de d 

a m inimum f l o w  t ime for wat er o f  appr oxima t e ly 380 s e c a t 
25°C . Under th es e c ondi t i on s  t h e  k ine t i c  en ergy c or r e c t i on 

was n e g l i �i b l e  ( Bradbury , 1 9 70 ) . 

Th e v i s c om e t er f l o w  times o f  the referenc e buf f ers and 
c onc entrat e d  pr o t e in s o lu t i ons w e r e  d e t erm ine d . Th e c on­

c entrat e d  pr o t e i n  s o lut i ons w ere s uc c e s s iv e ly d i l ut ed by 

we i ght wi t h  buffer to provi d e  a s eri e s of s amp l e s of di fferent 

pr o t e in c onc ent ra t i ons . Th e f l o w  t im e s  o f  al l o f  t he s e  

s o lu t i on s  w er e  m e a s ur a d  a t  l e a s t  thr e e  times t o  o b t ai n  

r e s u l t s  w i t h  a maximuJn var i a t i on o f  ±0 . 1  s e c . 

Th e s p e c i f i c  vis c o s i ty va l u e s  Jt diff erent pr o t e i n  

c onc ent r a t i ons wer e de t ermined from the expres s i on : 

'� sp 
= 

wh er e �
s p i s  the s p ec i f i c  v i s c o s i t y , and d and d

0 
and t �1d 

t
0

, t h e  r e l a t i v e  d e ns i t i es and vis c om e t er f l ow t ime s , 

r e s p ec t iv e l y o f  th e prot e in s o lut i on and th e r e f er enc e s o lvent . 

Th e d a t a  was f i t t e d  b y l e a s t  s quar es  anal ys i s  t o  t h e  Huggin ' s 

e quat i on ( Bradbury , 1 970 ) : 

� 
c 

= [77] + 

where ['1] i s  the intrins i c  vi s c o s i t y  o f  the prot e:i_n ( ml/ g ) , 

k '  i s  Huggin ' s  c on s t ant and c i s  the c onc entrat i on of  pro t e in 
i n  g/m l . 
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7 . 1 5  S e d i m ent a t i on C o e f f i c i ent s 

S e d iment a t i on c o e ff i c i ents 'vv e r e  m e a s ur e d  in a B e c km an 

Mo d e l  E ana l yt i c a l  ultrac ent r i fuge us inB s ch l i e r en o p t i c s .  

The c apri n e  � -c a s e i n s  were s t udi e d  in EDT A-N aC l  b uf f e r , pH 7 . 0 

u s e d  f o r  v i s c o s i t y  m e asur em ent s .  

S e d imen t a t i on ve l o c i ty exp erim ent s were c arri e d  out 
a 

a t  1 0°C ,  1 L�°C and 2 5°C in a '1 2 mrn d o ub l e  s e c t or ,  s ynth e t i c  
b oundary c e l l  at 56 1 00 r ev/min a f t e r  equi l ib ra t i on o f  the 

pr o t e i n  s o luti ons for at l e as t 1 h pri o r  t o  th e r� . 

� e dimen t a t i on c o ef f i c i en t s  w e r e  c al c u l a t e d  from the 

movement of t h e  maxir:LUm ordina t e  of t h e  s c h l i e r en c urve an d 

w e r e  c orr e c t ed t o  s t undard c ondi t i ons ( s �0 ) .  
c_ , vJ 

7 . 1 6  C a l c i um 0 en s i t ivi"ty o f  C aprin e ,  Ovine and Bovi n e  

C u.s c ins 

The s o l ub i l i t y of c aprin e , ovine and b ovin e � - and 

a - c a s e in s  in the pr e s enc e of C a C 1
2
- was m e as ur e d  us ing t wo 

8 
pr oc e dur e s . 'l'h e  f i r s t  m eth o d , us e d  f o r  c aprine and b ovin e 

c as eins , m e as ur e d  t h e  c onc en t r a t i on o f  s o lub l e  pro t e i n  

r emaining i n  t h e  s u p ernat ant at var i o�s C aC l 2 c onc ent rat i ons , 

o f  s o lut i ons ini t i a l ly c ont ainins 5 mg/m l pro t e in in s o d ium 
c ac o d y l a t e buffer , pH 6 . 8 ,  at 1 °C or 37°C .  Due t o  a l im i t e d  

s upply o f  s om e  ovin e c as eins , i t  w a s  nec e s s ary t o  m e as ur e  

t h e i r  C a  s ens i t ivi t y  us ing a proc e dur e whi c h  r equi r e d  l e s s  

pr o t e in .  Th e C a  s ens i t iv i t y  o f  s o l ut i ons c ont aining 0 . 5 m g/ 
m l  o f  pr o t e in ,  a t  3 7°C was d e t erm in e d  from th e ir turb i d i ty 

i n  th e pr e s enc e o f  vari ous l ev e l s  o f  C aC l 2 • The s e  turb i d i ty 

m e a s ur em en t s  c an only be us e d  to d e t ermine the Ca c onc ent � a t i on 

at Hhi c h  the c a s e i n s  firs t pr e c i p i t a t e and fo rm c o l l o i d a l  

a g gr e Ga t e s , s inc e t urb i d i t y  i s  n o t  n e c e s s ar i l y  r e l a t e d  t o  
pr o t e i n  c onc entrat i on .  

.M e th o d  1 :  S o lut i ons ( 1  m l ) , whi c h  c on t a i n e d  6 . 25 mg/ml 

o f  c a s e i n  in b u f f e r , were e qui l ibra t e d  in 8 c entri fuge t ub e s 

a t  1 °
C or 3 7°C .  Al i qu o t s  o f  C aC 1

2 
s o lut i on s  were t h en a d d e d  

t o  e a c h  t ub e  and r a p i dly mix e d . Eac h t ub e  t h en c on t a i n e d  
5 mg;ml pr o t e in i n  0 . 0 5 1'1 s o dium c ac o dyla t e  b u � f e:r , pH 6 . 8 , 

and 0 . 0 5 M KC l ( I  = 0 . 088 ) . Th e final c onc ent r at i on o f  
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C aC 1
2 

us ed ranged from 0 t o  0 . 02 M C aC l2 at 3 7 °C �  and 0 t o  

0 . 4  l"I C aC l 2 a t  1 °C .  Each s o lut i on was incub a t ed for 30 min , 

c entri fuged at 1 2  000 � for 1 5  rnin m1d a 0 . 5  ml s ampl e of  

the sup ernatant r emoved us inG pipett e s  equi l ibrated a t  1 °C 

or 37 °C ,  and di lut e d  with 2 . 0  ml H �O . The ab s orbanc e at 
L. 

280 nm and 3 20 nm o f  each frac t i on was measur e d  and the 

r e sult s  us ed t o  c ons truc t curves o f  c as e in s o lubi l i t y  versus 

C&Cl2 c onc entrati on . 

Method 2 :  S o lut i ons ( 2 � 0 ml ) ,  which contained 0 . 7 5 mg/ml 

of  pro t e in in buff er , wer e equi l ibrat ed in S p e c t ronic 20 

glas s c uvet tes  at 3 7°C .  Aliquots o f  C aC l �  s o luti ons were 
L 

added s o  the s o lut i ons ( 3 . 0 ml ) c ontained 0 . 5 mg/ml pro t ein 

in 0 . 0 5 I'I s o dium c ac odyl a t e  buffer , pH 6 . 8 ,  and 0 . 0 5  tl N aC l  

( I  = 0 . 088 ) . Th e C aC l 2 c onc entrat i on in the s o luti ons 

ranged from 0 t o  0 . 02 I"l .  Th e s e  s o lut ions were  inc ub a t e d  

for '1 0 min at 37 °C ,  and their ab s orbanc e measur ed at 440 nm , 

th e r e s u l t s  b eing u s e d  to c ons truc t c urves  o f  turbidi t y  

versus C aC 12 c onc entrat i on f o r  t h e  indivi dual c as eins . 

The abi l i ty of c aprine , ov1ne and b ovine � -c a s e ins 

to s tab i l i z e  the as - and t3 - c as eins from the thre e s p e c i e s  

i n  s o lut ion in th e pr es enc e o f  CaC l 2 was als o c ompar e d . 

S ol utions ( 0 . 4  ml ) , c ontaining 5 m g  o f  a - and s 
f)- c as e i ns and 1 mg K -c as e in in 0 .  0'1 l"I s o di urn c c. c o d3rl at e 

buffe:...' , pH 6 . 8 ,  and 0 . 0 5  1"1 N aC l  v; er e  equi l ib rat e d  a t  3 7 °C .  

C onc entra t ed CaC1 2 s o lut i on was added to each tub e  and 

rapidly mixed , giving a final conc entrat i on o f  20 ml'l . Th e s e  

s o luti ons Here inc ubated for '1 5  min a t  3 7°C and imm edi at e ly 

c entri fu�ed at 500 g for 5 min . An aliquot ( 0 . 2  ml ) was 

r emov e d  from each s am p l e  and di l ut ed with '1 .  8 ml of  0 .  05 I"' 
s o dium c i trat e . The ab s orbanc e a t  280 nm of  thes e s o lut i ons 

was c ompar ed wi th the ab s orb anc e o f  the ori ginal a - or s 
� -c as e i n  s olut i ons that did not c ontain CaC12 or K - c a s ein t o  

d e t ermine th e amount o f  s t ab i l i z at i on . 

7 . '1 7  T emperature Depend ent I- olymer i z a t ion o f  {3 -C H s ein 

The increas e in t urb i d i ty of  s o luti ons c ont aining the 

{3 - c as e ins and C aC 1 2 , as the t emp eratur e  was inc r eas ed from 
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·1 0°C t o  40°C : showed the abi l i ty o f  the bovine , c aprine and 

ovine .8 - c as e in s  t o  und ergo t emp erature d ependent polymeri z a­

t i on s inc e bov ine � - c as ein po l�n ers ar e readily pr ecipitated  

in  C aC 12 s o lut i ons . 

So lut ions ( 3  ml ) ,  in Sp e c t ronic 20 c uvettes  c ontained 

1 mg/ml of  pro t e in in 0 . 0 5  f1 s odium c ac odyl at e buffer , pH 6 . 8 ,  

0 . 0 5 M NaC l ( 1= 0 . 1 0 ) an� 20 m� C aC 1 2 a t  ab out 1 0°C .  The 

t emperatur e of the s e  s olutions vJas  increas ed s lov:ly in 

approximat ely 2°C s t e p s , e qui l ibrat ed at that t emperatur e  for 

1 0  min and the turbidity measured a t  550 nm . From th e d at a , 

curves  of turb i di ty versus t emperature Her e c ons truc t e d .  

S om e  m e a s ur e� ent s w er e al s o  ma d e a t  other i onic s trengths and 

pH ' s .  



CHAPTER 8 :  ' C A;_·)EII�  COJ  J C�.i i 'J1I ON 1\N V  I SOLA'l'I llrT Oli' rrHb 
C OHl;Okd·J ·rS 

The s epar a t i on o f  who l e  b ovine ,  c aprine and ovine 

c as e ins int o  th e i r  maj or fra c t i ons by chromatography on 

c o lumns of DEAE- c e l l ul o s c  i s  d e s c rib ed in t h i s  c hapt er . 

'rhe compos i t ion o f  the hl.h o l e  c as eins and the p o lymorphi sm 

evident in a numb er o f  indi v i dua l c asein s amples are also 

di s cus s ed . 

8 . 1  Chromatop;r2.phy o f  ':·}ho l e  B ovine C as e in on DEAE­
C c l lul o s c 

Bovine c as ein , i s o l at e d b y  a c i d  prec ipi t at i on from 
B B B m i lk o f  a C O l\' homozygous for as1 -cn -13 -Cn - K -Cn was 

separated int o  thr e e  maj o r  fr ac t i ons by chromat o graphy on a 

c o lumn o f  DLAE- c e l l ul o s e  at pH 7 . 0  in buffers c on t aining 

4 . 5 M ur ea and 2-mercapt o e than o l  ( 0 . 1 �o , v/v ) ( Fi � . 8 . 1 ) .  

1 1 6  

The fr ac t i ons indi c at e d  � e r e  p o o l ed and their puri t y  exa� in e d  

b y  g e l  e l ec trophor es i s  ut pli 8 . 4  ( J!'i r; . 8 . 2 ) . 

Frac t i on 1 c ontained th e het erogen e ous group o f  

�-c as e ins which w er e  n o t  examined further . 

Frac t � on 2 and 2a c ont ained K-cas ein B and the m inor 

c arb ohydrat e c ont aininG K- c as ein fra c t ions , r e s pec t iv e ly , 

which '.\' ere r eadily hydrolys e d  by r ennin ( Fi g .  9 .  2 ) . 

Frac t i on 3 c ont a ine d pur e � - c asein B .  

Frac t i on L+ c ontained t h e  mino r  as 3- and as1+- c a.s eins 

as vve l l  as s ma l l er quan t i  t i es of the other c aseins . 

Fra c t i on 5 c ont ain e d  a - c as ein B and t h e  a -c asein s 1  s o  
frac t i on . 

8 . 2 C ompo s i t i on of Bovine Casein 

The c omp o s i t i on of whole bovine c asein was determined 

by chromatography of 2 . 00 g s ampl es of ' wet ' casein , c on­

ta ining ab out 0 . 5  g protein on DEAE-cellulose at pH 7 . 0 .  

The peaks which contained protein were pooled into several 

frac t i on s , s im i l ar t o  �ho a e in Fi g . 8 . 1 . Th e s e  frac t i ons were 
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Fig . 8 . 1 : Chromatography of 1 g of who l e  bovine cas ein on DEAE-c e l lulo s e  in 0 . 01 M imidaz o l e-HC l 

buffer , pH 7 . 0 ,  c ontaining 4 . 5 M urea and 2-merc apto ethanol ( 0 . 1% ,  v/v) . The flow rate 

was maintained at 50 ml/h , and 8 ml fract ions were c ol l ec t e d .  The c as eins were e lut ed 

with a 1 l linear gradi ent of 0 . 0 5-0 . 3  M NaC l .  The pooled fract i ons , indicated by the 

bar , were examined by polyacrylamide s lab gel e lectrophores is at pH 8 . 4  ( Fi g . 8 . 2) . 
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Fig . 8 . 2 :  Po lyacrylamide gel e l e c t rophores is ( pH 8 . 4 )  of 

who l e  b ovine c as e in , and the frac t i ons is olated by 

chromatography on DEAE-c ellulose  ( Fi g . 8 . 1 ) .  

t 

Samples : 1 , 8 ,  whol e  b ovine cas ein ; 2 ,  Frac t i on 1 ;  

3 ,  Frac t i on 2 ;  4 ,  Frac t i on 2a ; 5 ,  Frac t i on 3 ;  

6 ,  Frac t i on 4 ;  7 ,  FraG t i on 5 .  The direc t i on o f  

e l ec trophores is i s  indicat ed . 



d i a l y s e d  f o r  two days aga ins t thr e e  chan g e s  o f  5 1 o f  

0 . 02 r-1 N aC l  and th e i r vo l um e s  w e r e  m e asur e d  b e fo r e  b e ing 

fr e e z e  dr i e d . Two 50 ml a l i q u o t s  of 0 . 02 M N aC l  in whi c h  

t h e  c a s e in s  w e r e  d i a lys ed, and 1 0  g o f  ' wet ' c as e in wer e 

I 1 7  

al s o  f r e e z e d r i ed . The p r o t e in c ont ent o f  e ac h  frac t i on 

was e s t imat e d  f r om i t s  dry w e i gh t  aft e r  c orr e c t ing f o r  th e 

s a l t  c ont ent . Aft er gel e l ec tr oph or e s i s  and d ens i t om e try , 

the propor t i on o f  the o th e r  c as e ins in e a c h  c a s e in frac t i on 

w a s  c a l c u l a t ed by a s s umin� t h a t  e a c h  c as e in h a d  the s am e  dye 

b i nding c ons t an t  f o r  ami d o  b l ack 1 0B .  B inc e ,  in m d s t  

c n s e s t h e r e  W 3. S  only a s ma l l  am o unt o f  c ont amina t i on , t h i s  

aD s lmlpt i on shoul d n o t  l e Rd t o  appr e c i ab l e  err o r s  i n  t h e  

r e c over e d  w e i rh t s  o f  e a c h  pr o t e in .  

I t  v:a s  n e c e s s ory t o  mak e  t w o  further a s s umpt i ons : 

1 .  'I'hat c-my c as e in[> p erm anent ly b ound t o  t h e  DEAE- c e l lu l o s e 

w � s  i n  the s am e  pr o p o r t i on f o r  a l l  t h e  c as e i n s . 

2 .  That n o n e  o f  t h e  cas eins wer e pr e f e r ent i a l ly l o s t  thr ough 

the dialys is s a c . 

Th e p erc ent a g e  c omp o s i t i on o f  a s amp l e  o f  b ovin e 

c a s e in i s o l a t e d from t h e  m i l k  o f  a s j ng l e  c ow and b a s e d  on 

t h e  t o t a l  r ec over e d we icht o f  pr o t e in i s  s h o wn in T ab l e 8 . 1 ,  

and c ompar e d  w i t h  th e c ollip o s i t i ons ob tained b y  �ib a d e au 

Dumas ( /1 968 )  un d R o s e  e t  a l . ( 1 969 ) . 

The r e s ul ts pr es ent e d  in T ab l e  8 . 1  ar e s imi l ar t o  

th os e ob t a in e d  b y  Ro s e  e t  al . ( 1 969 ) who us e d  a s im i l ar 

t e c hni qu e , exc e p t  t h ey us e d  t h e  c orr e c t e d  ab s o rb anc e a t  

280 nm o f  e ach frac t i on t o  d e t erm i n e  th e c a s e in c ompo s i t i on .  

The values  ob t a i n e d  for t h e  a - c a s e in frac t i on b y  R o s e e t  al . 
s 

( 1 969 ) and H ib a d e au Dwnas ( 1 968 )  inc lud e d  a l l  t h e  a - c as e ins . 
s 

H i b ad c; an Dumas ( 1 968 ) d e t ermined the c om p o s i t i on o f  

b ovine c as e in b y  m ea s uring t h e  c onc entrat i on o f  each amino 

ac i d  r e l e a s e d  fr om the C - t erminal of th e c as e ins wi th c arb oxy­

p ep t i das e A .  H i s  va l u e s  f o r  B - c a s e i n , l i s t ed in T ab l e  8 . 1  

would inc lud e  t h e  �-c a s eins , s inc e th es e c as e ins hav e  t h e  

s ame C - t �rmina l s equen c e ( G ordon e t  a l . , 1 972 ) . The c omp o s l­

t i on ob t a in e d  by R ib a2. e au Dumas ( 1 968 )  has l o w er va l u e s  for 

« - and a
s

- c a s e i n s  than r e s ul t s  ob t ained in this s tudy and by 

j 
j 
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T ab l e  8 . 1  

C onpo s i t i on o f  B o vine C as ein
1 

C ompr:.' s i  t i on 
� erc ent o f  t o t a l  c as e in 

I"iaj or 
C a s e in 

'Y -c as e in 

K - c a s e ln 

p -c as e in 

a z - + a  4- c a s e in 
S .7  S 

a 1
- + a - c a s e in 

s s o  
Rec overy fac t o r  

Frac t i on 

'1 

2+2a 

3 
4 

5 

Exp e c t ed t o t a l  pro t e in 

I '  

4 . 0  

1 4 . 5  

3 6 . 1  
8 . 0  

3 9 . 6  

92 . 0  
430 me; 

Bos e et a1 . 2 
I I ' ( 1 96 9 )  

1 . 6 2 . 3 - 2 . 8  

1 7 . 0  1 4 . 6-1 L� . 9  

3 6 . 3  31 . 8- 3 3 . 4  
9 . 4  

1-1-0 . 2  L�9 . 2- 50 . 8  

89 . 0  
�30 m g  

-� · , d D 2 -'--a o a  eau uma s  
( 1 968 ) 

1 0 . 6-1 2 . 3  

3 0 . 2- 3 5 . 6  

43 . 5-46 . 8  

1 .  The c omp o s i t i on o f  b ovine c as e in was bas e d  on the t o t al r e c overed 

we i e;ht o f  pro t e in after c hromat o graphy on DEAE- c e l lul o s e .  

2 .  Range o f  values ob tained from thr e e  r e p l � c a t e s . Val u e s  for 

a
s 1

- c as e in a l s o  inc lud e t h e  �inor 

further d e t a i l s . 

a - c a s e lns . 
s 

S e e  t ext for 

___, 
rv 
0 



Ros e e t  al . ( 1 969 ) . Hibadeau Dumas ( 1 968 ) attributed the 

pres enc e of phenyl alanine in the c arboxypeptidas e A digests  

o f  who l e  cas e in t o  the  pr es enc e o f  para- K -c as ein . 

I nc luding para- K -c as e in in his r e s ul ts inc r eas es the K ­

c as e in c ontent up t o  a total o f  ab out 1 6� ,  in much b e t t er 

agre ement wi th the o th er results . 

8 . 3  Chromat o �raphy of Who l e  C aprine Cas ein on DEAE­

C e l lul os e  

1 21 

C aprine c as ein was pr ec ipitat8d from the milk o f  a 

s ingl e Brit i sh Saanen goat at pH 4 . 2 .  A survey o f  c as ein 

is o l a t ed b etwe en pH 4 and pH 5 sho \ved that pH 4 . 2  e;ave the 

b e s t  yi e l d  o f  c a s e in in agr e em ent wi th the results  of  � i t t l e 

and C u s t er ( 1 966 ) . 

Four ma j o r frac ti ons w e r e  is olated b y  chromato graphy 

of c aprine c as e in on DEAE-c e l lul os e  at pH 7 . 0  ( Fig . 8 . 3 ) . 

The frac tions indic a t ed wer e p o o l ed and examined by g e l  

e l e c t r o ph o r e s is a t  pH 8 . 4  ( �ie; . 8 . 4 ) . Th e maj or p eaks in 

the DEAE-c e l lul o s e c hr oma t o �ram of c aprine c as e in overlap t o  

a gr e a t er d e gr e e  than with b ov ine cas ein , c aus inc each frac t i on 

t o  b e  P o r e  h e t erogen e o us . 

The c as e ins in frac t i on 1 have a s imilar elec tro­

phor e t ic mob i l i ty to the �-c as e ins found in bovine cas e in 

( Fi gs . 8 . 1  and 8 . 2 ) . Thi s  frac t i on was not examined further . 

Frac t i ons 2 and 2a w e r e  s h o wn t o  c ontain K-c as ein 

from their s ensitivity to rennin ( Fi g . 9 . 2 ) . K-Cas ein has a 

s im i l ar e l e c trophor e t ic mob i l i t y  at pH 8 . 4  t o  frac ti ons 3 and 

4 ( Fi r; . 8 . L� )  and is obscured in patt erns of v1ho l e  c as ein by 

thes e components . 

Frac t i ons 3 and 4 ( Fi gs . 8 . 3  and 8 . 4 )  c ontained �2-
and �1 -cas e ins , respec t ivel y .  'rhey wer e t entatively 

des i gnat ed as (3-cas eins on the bas is of  the ir e l e c trophoretic  

mobi l i t i es , which ar e s imilar t o  that of  b ovine a - c as e in 

( Fi g . 4 . 1 ) .  Thi s des ignati on as (' -c as eins 1vas c onfirm ed from 

their am�no acid c ompos i t ions ( Chapt er 9 )  and their t empera­

tur e  dependent b ehavi our ( Chap t er 1 1 ) .  Frac t i on 4 was 

invariably c ontamina t ed with s ome of the a -cas eins 1.'1'hich s 
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Fig . 8 . 3 :  Chromatography of  1 g of  who l e  caprine cas ein on DEAE c el lul o s e  at pH 7 . 0 .  Experimental 

details were the s ame as thos e in Fig . 8 . 1 . The fractions indicated were pooled and 

examined by gel electrophoresis  at pH 8 . 4  ( Fi g. 8 . 4 ) . 
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Fig . 8 . 4 : Polyacrylamid e  gel e l e c trophore s i s  at pH 8 . 4  of 

who l e  c aprine c as ein and t h e  frac t i ons is olated by 

chromat o graphy on DE.�-c e l lul os e ( Fi g . 8 . 3 ) . 

S amp l e s : 1 ,  who l e  c aprine cas ein ; 2 ,  Frac t i on 1 ;  
3 ,  Frac t i on 2 ;  4 ,  Frac t i on 2a ; 5 ,  Frac tion 3 ;  

6 ,  Frac t i on 4 ;  7 ,  Frac t i on 5 ;  8 ,  Frac t i on 5a . 

The direction of e l ec t rophores is is indicat e d .  
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hnve a lower mobility than the maj or as-cas ein .  The degree 
of  c ontamination of  (J1 -cas ein with thes e a -cas eins was . s 
usually greater than that indicat ed in Fig . 8 .4 .  

Fract ion 5 ( Figs . 8 . 3  and 8 . 4) c ontained the maj or 
caprine as-cas ein and s ome minor c omponents , t entatively 
designated as as-cas eins: from their electrophoretic 
mobilities c ompared v..ri,th bovine as1 -cas ein ( Fig . 4 . 1 ) .  
There was also  a c ons iderab l e  amount of fJ-cas ein pres ent . 
Only the maj or a -cas ein was characterized further ( s ee  s 
Chapters 9 and 1 1 ) .  Fraction 5a contained the minor 
a0 -cas eins . 

Thes e fractions were dialys ed to  rerr1ove urea and 
b uffer salts , freez e dried and then s t ored at -20°C .  

8 . 4  C omposition o f  Caprine Cas ein 

The c omposit ion of caprine cas ein , determined from 
the recovered weights of the prot ein fractions after 
chromatography of whole cas ein on DE...'I.E-c ellulose  is shown 
in Table  8 .  2 .  1l'he  cas ein was isolated from a s ampl e  of  
milk obtained from a single British Saanen goat . Great er 
variation is  evi dent in the duplicat e chromatographic runs 
( Table  8 . 2 )  than was the case  with b ovine cas ein .  This was 
probably due to overlapping of the protein peaks elut ed from 
the DEAE-c ellulos e col illnn and the increas ed difficul ty in 
c orrectine; the rec overed prot ein weights . Samples of  
cas ein which had b e en stored for l ong periods ( ab out 1 year ) 
at -20°C ,  appeared to  have b een degraded ,  as shown by DEAE­
c ellulos e chromatography . 

I t  is evident from Tab l e  8 . 2  that the K-cas ein c ont ent 
of caprine cas ein was probably l ess  than that 0f b ovine 
cas ein ( Table  8 . 1 ) .  The most notable featur e  o f  caprine 
cas ein was the high content of the (J -cas eins which appeared 
to be pres ent in roughly equimolar amounts ,  c onstituting s ome 
60% of the total cas ein c ompared with 36% in b ovine c as ein .  
There was considerable  het erogeneity in the a -cas ein region . s 
of  caprine c as ein as shown by gel electrophoresis , with the 
total protein c ont ent of  this region b eing approx:!.mately 22% 
of the total cas ein , c ons iderab ly less than that pres ent in 
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irab l e  8 .  2 
' 

C ompo s i t i on of  Caprine Cas ein 

l'1aj or 
c as e in Frac t i on Compo s i t i on 

l.)erc ent o f  total c as ein 
I I I  

"Y-c as e in 1 7 . 2 ' 4 . 7  

K-c as ein 2 7 . 7  1 0 . 7  

(32- c as e in 3 j0 . 8  30 . 0  

�1 -cas ein 4 28 . 1  3 5 - 9  

as -cas ein �a } 26 . 0  1 8 . 8  
minor a - c as ein s 

Rec over eo_ prot e in 85 . 1 /j 96 . 73a 

.Expec t ed t o t al pr ot e in '1 • 000 g 1 . 000 g 



b ovine cas e in ( Tab l e  8 . 1 ) .  The maj or caprine a - c a s e in s 
ac c ount s for ab out 1 5% o f  the t o t a l  c as ein , c ompare d  wi th 

40% for bovine as1 -cas ei n .  

- ! cb 

8 .  5 Chromat op.;raphy o f  \'!h o l e  Ovin e Cas ein on D:EAE-C e l lul o s e 

Ovine c as ein was pr ec i p i t a t e d  from di lut ed s kim milk 

at pH 4 . 6 .  Th e milk us e d  was a c ompos i t e  s amp l e  from s ix 

Hornn ey cro s s  ewes , vJh:U:�h app ear e d  t o  have no di ffer enc es in 

their c as eins as shown by their ge l el ectrophor e s i s  ya t t erns . 

Although i t  would have b e en mor e d e s j rab l e  t o  us e c a s e in 

i s o l at ed fr om an indivi dual milk , prob l ems wer e exp eri enc ed 

wi th the remova l o f  fat from th e c as ein s anpl e s , and unl es s 

that fat was c ompl e t e l y  remov ed , this res ul t e d  in poor 

r e s olution on DEAE-c e l lulos e .  C oupl ed with thi s , the short er 

p eri od of lac t a t i on of th e ewes m e ant only a l imi t e d  numb er of 
s amp l es of milk could be ob t ained . 

The maj or c omponents o f  who l e  ov1ne c as e in wer e 

s epara t e d  by c o lumn chromat o graphy on Dj�_tJ�-c e l l ul o s e (:i.!'i g .  

8 .  5 ) . Th e fra c t ions indic at ed \·: ere  pool e d  and their purity 

exa:c1ined by t;el elec trophore s i s  at pH S . LJ. ( l:rig . 8 . 6 ) . 

Frac t i ons 1 and 2 c ontained minor c a s e ins whi c h  wer e 

n o t  examined furth er . Thes e c a s eins had s imi l ar e l ec tro-

phor etic mob i l i t i es to tho s e  in frac t ion 1 from b ovine and 

c aprine c a s e ins . 

The maj or pr o t e in in frac t i on 3 was shown t o  b e  

K-c as e in s inc e i t  was r eadi ly hyd rolys ed by rennin ( Fi g . 1 0 . 1 ) .  

A minor band w i th a gr eater mob i l i ty than K- c a s e in , which 

was hydrolys e d  by rennin , may c orrespond t o  the c arb ohydrat e 

c ontaining K -c as ein .  Ovine K -c as e in ,  in c ontras t t o  c aprine 

K - c as ein , c an be  c l early d i f f erent iat ed from the 8 - c as eins 

by gel e l e c trophor e s i s  at pH 8 . 4 ( Fi g . 8 . 6 ) , and c ons equent ly 

there c an b e  no c onfus i on b etween them . 

Ovine c as ein c ontains two �-c as ein c ompon ent s , 

( Fr ac t i ons 4 and 5 ,  Fi gs . 8 . 5  and 8 . 6 ) , wh ich were des i gnat ed 

as �2- and e 1 -cas e in r es p ec t ive l y ,  b ec aus e t h e ir e l e c tro­

phor e t i c  mob i l i t i e s  were s imilar t o  that o f  b ovine 8 - c as e in 

( Fig . 4 . 1 ) .  
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Fig . 8 . 5 :  Chromatography o f  1 g o f  ovine c a s ein on 1E1lli- c e l lulos e at pH 7 .  Experimental details 
were the same as  those in Fig . 8 . 1 . The frac tions indicated were pooled and examined 
by polyacrylamide gel e l ec trophoresis  at pH 8 . 4  ( Fi g . 8 . 6 ) . 
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Fig . 8 . 6 : . Gel e l ec trophores is at pH 8 . 4  o f  who l e  ovine 

c as e in and the frac tions is olated by chromato­

graphy on DEAE-c ellulose ( Fi g . 8 . 5 ) . The 

pos itions of the maj or c as eins are indic ated . 

Samp l es : 1 , 8 ,  whol e  ovine c as ein ; 2 ,  

Frac t i on 2 ;  3 ,  Frac t ion 3 ;  4 ,  Frac tion 4 ;  

5 ,  Frac t i on 5 ;  6 ,  Frac t i on 6 ;  7 ,  
Frac t i on 7 .  The direc � i on o f  e l ec trophores is 

is  indic at e d .  
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. Fractions 6 and 7 ( Figs � 8 . 5  and 8 . 6 )  c ontained two 
maj or a -cas ein fractions which were t entatively designat ed s 
as as3- and as2-c as eins , becaus e their electrophoretic 
mcbilities  were s imilar to that of  bovine �1 -cas ein ( Fi g .  
4 . 1 ) .  A number of other minor c omponents with electro­
phoretic mobili ties at pH 8 .  I+ greater or less  than the two 
maj or a -cas eins were also obs erved in thes e fractions . s 
The maj or as-cas eins w'ere difficult to  s eparat e from each 
other and were eluted en DEAE-c ellul o s e  in an inc ompletely 
resolved peak .  The individual ovine caseins were more dif-
ficult to  isolate in p�e form than the caprine and b ovine 
cas eins becaus e of c onsiderab l e  overlapping of the protein 
peaks in the DEAE-c ellulos e chromatogram .  

The charact eristics of thes e c as eins and the 
j ustification for their nomenc lature  as K - , � - or as-cas eins 
are outlined in Chapters 1 0  and 1 1 . 

8 . 6  C omposition of Ovine Cas ein 

The c omposition of ovine cas ein in Table  8 . 3  was 
based on the results of a single experiment using a c omposite  
sample  of  c as ein . Sinc e the  ovine a -cas eins were difficult s 
to  s eparat e  the value for as-cas ein in Table  8 . 3  inc luQes a 
number of minor prot eins in this region.  

Fraction 2 which was not identifi e d ,  contains s ome 
4% of the total c as ein .  The K-cas ein c ontent of  ovine 
cas ein is simil ar to that of caprine cas ein ( Table  8 . 2 ) . 
The � -c as eins exist  in approximat ely equimolar amounts with 
a total c ontent of 44 . 71b of the total cas ein , intermediat e 
between the values for bovine and c aprine cas eins . Gel  
electrophoresis ( Fig . 8 . 6 )  indicat ed that the  maj or as-cas eins 
als o  appeared to exist in approximately equimolar amounts ,  
with a t otal content of  about 35% , again intermediate b et\r.Jeen 
the bovine and c aprine cas e ins . 

This composition ( Table  8 . 3 )  is different from that 
report ed by Alais and Jolles  ( 1 967 ) for ovine c as ein . 
They obt ained a c omposition , bas ed on the rec overed weight of 
prot ein after chromatoEraphy on DEAE-c ellulose  o f :  minor 

" 
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Tab l e  8 . 3 

C ompo s i t i on o f  Ovine Cas ein 

C as ein :Frac t i on C ompos i t i on 

Perc ent o f  t o t a l  c as ein 

I 

'Y - c as e in 1 6 . 9  

X-c as e in 2 4 . 0  

K-c as e in 3 9 . 8  

{j 2- c as ein 4 20 . 8  

1)1 - c as ein 5 23 . 9  

6 } as- c a s e ins 
7 

34 . 6  

Rec overy fac t or 87 . 1  

.t:xp e c t e d  pro t e in w e i gh t  1 . 000 g 



frac tions not retained on the c o lumn , 4�0 ; minor frac t i ons 

elut e d  b e fore p-c as e in , 4% ; K - frac t i on elut ed in the gradi ent , 

1 2% ;  K-frac t i on e lut ed in 0 . 2 5 M NaOH , 1+�b ; tJ- frac t i on ,  28�:6 ; 

as- frac t i on , 48� . 

In thi s  s tudy the DEAE- c e l lulos e c o l umns were not 

washed -vJith 0 . 25 M N aOH aft er each chromat o graphic run . 

C ons equent ly , i f  s om e  K-cas ein was e lut ed with 0 . 25 M N aOH , 
' 

a s  Alais and J o l l es ( '1 967)  foun d , thi s  may inc r e as e the lower 

value of  9 . 8� K-c as ein in Tab l e  8 . 3  t o  a value more . in k e eping 

with their resul t s .  However , th e c ont ent of  as - and 

p-c as eins ar e s t i l l  c ons i derab ly di ff erent to t h e  values in 

T ab l e  8 .  3 .  

8 .  7 l�olymorphisra in the C aprine C as eins 

A numb er o f  individual c as e in s ampl es ( 2 5) , i s o l a t ed 

from the m i l k  of Bri t i sh Saanen goats and a 

s in�l e s ampl e o f  ) .. ngora goat c as ein were examine d  by r:;el 

e l ectroph or e s is at pH 8 . 4  for evi d enc e of  polymorphis� . Some 

of  the r epr es entative gel e l ec trophor etograT!'ls which were  

ob tained are shovm in l"ig . 8 . 7  and the  mob i l i t i es  o f  t h e  

c a s e ins r e lative t o  c aprine p2- c as e in are pr es en t e d  i n  

Tab le 8 . 4 .  

The mos t notab l e  featur e  o f  thes e c aprine c as ein gel  

patt erns was  the pr es enc e o f  two d ominant �-c aa e in bands , 

and only minor amount s of  as - c as ein , unlike that o f  b ovine 

c as ein . In the l im i t ed numb er of c as ein s amp l es examined , 

b o th p-c as e ins were pres ent in roughly equimo l ar amounts and 

did no t app ear to b e  subj ec t  t o  any gene t i c  variat i on 

involving charged amino ac i d  s ub s t ituti ons . A numb er o f  

minor b ands with a l o wer e l ec trophoretic mob i l i ty than the 

p-c as eins were a l s o  evident , partic ularly in Angora goat 

c as e in .  

Th e p-c as e in with the gr e at er el ec trophoretic mob i l ity 

was des i gnat ed as p1 -c as e in and th e s l ower c omponent as  

P2-cas ein . Thi s  nomenc l a t ur e  appea�cs r eas onab l e  s inc e 

Zittl e aLd C us t er ( 1 966 ) , Rib adeau Dumas et a l . ( 1 97 5 )  and 

Mac ha ( 1 970 ) have a l s o  identi fi ed two p-c as eins in c aprine 

c as ein . 



A B S - I  BS- I 

as- 1  B s- u 

Fi g . 8 . 7 :  � olyacrylamide gel e le c trophoresis ( pH 8 .4 )  o f  

s amples  o f  caprine c a s ein . A ,  Angora goat 

c as ein ; BG-I , BS-I I , refer t o  the t wo types 

of gel e l ec trophor e s i s  patt erns that were 

obs erve d  for c as ein from British ba anen goat s . 
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The a -c as eins were c ons iderably more het ero geneous s 
with two or thre e types o f  � l ec trophoresis patt ern b eing 

1 33 

evident ( Fig . 8 . 7 ) . One of thes e c ontains a maj or a - c as ein s 
c omponent wi th s everal minor c omponents ,  whi l e  the other 
t ype , identified in thr e e  s amples , has two s l ower maj or 
b ands of approximat e ly equal int ens i ty which have mob i li t i es 
differ ent from the minor bands in the o ther as -cas ein type . , 
Furthermor e , the c onteht o f  a -cas e in in thes e c as e ins s 
with s ev eral maj o r  as -cas eins app ears to  b e  gre at er than 
t hat in the s amp l es with the s ingl e maj or as - c as ein . I t  
s hould b e  no�ed that mos t o f  the mi lks were obt ained from 
r e lated goats and that 8 s ampl es were from mother-daught er 
pairs . The S aQpl e  of Angora cas ein had a s imilar patt ern 
in the as - c as ein r eg i on t o  that shown by the more het ero­
g eneous of the British Saanen c as eins ( Fig . 8 . 7 ) . 

G e l  e l e c trophoresis o f  1 0  c aprine cas ein s amples  at 
pH 4 did not reveal any s i gnificant diff erenc es  in th e gel 
p att erns . Under the s e  c ondi t i ons K-cas ein is c l early 
e vident , with a mob i l ity int ermedi at e b e tween the � -c as e ins 
and as -cas eins ( Chapt er 9 . 1 ) .  No genetic variation was 
obs erved for K-cas e in .  

Whi l e  po lymorphism was eviden l; in the c aprine c as eins , 
particularly for the as-cas e ins , i t  remains t o  b e  s e en 
wh ether thes e differenc es wer e the res ult of gen etic  
variation . This c an only b e  det ermined by examination of a 
l arge numb er of c as eins from different herds and bre eds , and 
from breeding s tudies . I t  i s  l ik ely however , that genetic 
variants o f  the as - c as eins , and p erhaps the � -cas e ins do 
exist , although no c onc lus i ons c an be drawn from this s t udy . 

Bogdanov et al . ( 1 972 )  ob s erved genetic variat i on in 
t h e  as -cas eins from goats ' milk , but s inc e th eir results are 
not readily availab l e , th ey c annot b e  us efully c ompar ed with 
tho s e  of this s tudy . Macha ( 1 970 ) examined 1 94 s amp l e s  o f  
goats ' milk b y  alkal ine starch g e l  e l ec trophoresis . A 

r e gion which he c a l l ed K ?  vms dial l e l i c  with the oc curr enc e 
,_ 

o f  AB , BB phenotypes . This region c orresponds in e l ec trc-
phoretic mob i lity t o  the maj or a -cas ein ( Tab l e  8 . 4 ) . s 
A l though two bands were obs erved by Macha ( 1 970 ) in the � -
c as e in region , thes e were not s ub j ec t  to  vari ati on . 



Table  8 . 4  

R e lative el ec trophoretic mob i l i t i e s 1 ' 2 of  Some Bovine , 
Caprine and Ovine Cas eins in Alkaline ge l s . 

Cas ein Bovine 

K -

� -

o:s4-
o:s 3 -
as 2-
as 1 -
aso-

0 . 53 
1 . 0 

1 . 49 
1 .  59 
1 . 66 

[1 .  73 1 
1 . 79 

Ovine 

0 . 92 
e2-1 . o 

(),1 -'1 . 0 5 
��- 1 . 1 2  

u 

1 1 . 51 1 
1 1 . 58 1 
1 1  . 64 1 

Caprine 
British Saanen k1.gora 

13
2-1 . 0 1 . 0 

(3 1 -1 .. 06 1 . 06 

1 . 24 1 . 24 
1 . 3 3  1 1 . 34 1  

as 11 . 42 1 1 1 . 40 1 
1 1 . 45 I 

1 . 54 1 .  54 

1 . The mobilities  are expres s ed  relative to p-cas ein 1n 

bovine cas ein and p2--cas ein in ovine and c aprine c as eins , 
s inc e they have similar electrophoretic mobilities and this 
allows for an eas ier comparison b etween the spec i es . 
2 .  The e lectrophoretic mobilities repres enting the 
maj or as-cas eins are enc los ed , l I . 
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8 . 8  Po lymorphism in the Ovine C a s e ins 

Sixty individual ovin.e c as ein s amp l e s  repres ent ing 
Romney , Border Le ic e s t er , rerendal c ,  oouthdo\vn and Drysdal e  
br e eds wer e examined b y  polyacrylamide gel e l ec trophore s i s  
f o r  evidenc e of  polymorphism . 

1 3 5 

Some of  the ty��c al a lkal ine gel el ec trophore s is 
pat t erns that were ob tained ar e shown in Fig . 8 . 8  and the 
e l ec trophor etic mob i l it i es o f  the c as eins r elative t o  ovine 

�-c as ein ar e c ompar ed in Tab l e  8 . 4  with thos e of the b ovine 
and c aprine c a s e ins . Some hetero�eneity was obs erved b etween 
the ovine c a s ein s ampl e s , but the maj or differenc es in the g e l  
elec trophor e s i s  pat t erns were b etween the different br e eds . 

Only one maj or K -cas ein c omponent was obs erved in the 
cas e in s amp l e s  from the vari ous b r e eds ( Fi g . 8 . 8 ) . Alkal ine 
gel  e l ec trophores i s  indicated the pre s enc e o f  two � -c a s eins 
in a l l  but two of the Hom.ney c as ein sampl es ( ffi g . 8 . 8 ) , which 
c ontained an extra b and . Thi s was designat ed as �a- c as ein , 
s inc e it had a gr eat er e l ectrophore t ic mob i lity than �1 -
c as ein . 'rhe 13-c as e in b ands in the e;el elec trophor etograms 
varied in th eir int ens ity b e tween different br e eds of s�eep 
( Fi g . 8 . 8 ) . Mos t  o f  the bre eds o f  s � e ep that were exa.�ined 
ar e in fac t Homney cros sbre eds , wi th the exc eption of the 
Southdown , ·vJhich is a 1 1 pure-br e: ed " . 'rhe Drys dal es  ar e a 
Romney sub-bre e d  and the Bordc.�::.- Le ic ester ar e Border 
Leic es t er-Romney half bre eds . Th e Perendal e originated from 
a Chevi ot-Romney cros s . In all the s amp l e s  examined , 
exc ept tho s e  from the Southdovm and s ome Romney and .Border 
Leic e s t er ewes , wher e the int ens ity of the �-cas ein b ands 
were s imi lar , e1 - c as ein was the mos t  int ens e ,  and there fore 
prob ab ly the maj or c omponent . A decr eas e in the int ens i ty 
of p1 -casein was ob s erved in the two Romney s ampl es -v:hich 
c on tained �a-c as ein . Gel elec trophoresis a t  alkalin e  pH 

in the pres enc e of  Mg c aus ed the mobilities  o f  the �-c as eins 
to decreas e , and to b e c ome s imi l ar so that the two ovine 
$-ca s e ins were not s eparated ( Fi � . 8 . 9 ) . 

Three maj or a -cas e in c omponent s were obs erved in a l l  s 
the ovine c as e ins examined by alkal ine gel e l ec trophoresis . 
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Fig . 8 . 8 :  rolyacrylamide gel electrophores is at pH 8 . 4  of  s amples 

o f  ovine casein from different breeds . 1 ,  Homney cross­

breed ; 2 ,  3 ,  9 ,  1 0 ,  1 1 , Homney ; 4 ,  Bouthdo�m ; 5 ,  

Border Leic ester ; 6 ,  Drysda l e ; 7 ,  8 rerendale . The 

direc tion of elec trophoresis is indicated . 
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Few minor c omponents were evident in the a -c a s e in region .  s . 
The maj or differenc es  between c as ein s amp l es , and in 
particular b etween c as eins from different bre eds of  sheep , 
appeared t o  b e  in the int ens i ty o f  the bands r epres ent ing 
the thr e e  as - c as eins , which were des i gnat ed as a8 1 - ,  as 2- and 
as 3-cas ein in order o f  their decreas ing e l ec trophor etic 
mobilities  at alkal ine pH ( Fi gs . 8 . 8  and 8 . 9 ) . In the 
Drysdale c as eins , as 2-das ein was th e mos t int ens e b and . I n  
th e Border Leic e s t er samples  as 2- and � 3 -cas e ins were pr es ent 
in ab out the s ame c onc entrat i on ( Fi g . 8 . 8 ) . H owever , in one 
Border L e i c e s t er c as e in s ampl e ,  as 2- c as ein was dominant , as 
in the Drys dale s amp l es . In the Per endal e ,  the maj or c orn­
P onents wer e the a � - and a 2-cas eins , whi le S I  S in the i::l outhdown 
breed the as 2- and as 3-cas eins have th e most int ens e bands 
( Fig . 8 . 8 ) . 'rh e Hornney c as e ins were th e most variab l e  with 
either the � 2- and a8 3-cas e ins or the a81 - and as 2-c as eins 
b e ing th e maj or c omponents ( Fi g . 8 . 8 ) . 

Gel  elec trophores is o f  the c as eins at alkaline pH in 
the pr es enc e o f  Mg ( Fig . 8 . 9 )  did not change the int ens it i es 
or relative e l ec t r ophoretic mobi l i t i es o f  the a -cas e ins . 

s 

N o  at t empt was made t o  d�t ermine the frequenc y o f  
polymorphism i n  the ovine c as eins b ec aus e of  the l imi t ed 
numb er o f  s amples examined and the unc ertain r elationsh ip 
exis ting b etween th e s e  cas eins . The variat i on in the 
int ens i t y  of  th e c as e in bands was difficult to obs erve if the 
gels were overloaded with s ampl e .  The 131 - and 132- c as eins 
ar e c l o s e ly relat ed and app ear t o  differ largely in their 
phosphorus c ont ents , � -c as e in being phosphorylat ed t o  a 
gr eater ext ent than p2-cas e in ( Chapt er 1 0 ) . H enc e , fto­
c as ein may c ontain more pho s phorus than th e (31 -cas ein s inc e 
e l ec trophor esis  at alkaline pH in the pres enc e o f  Mg revealed 
only one c omponent in the 13 -cas ein r egion ( Chap t er 
1 0 ) . 

Arave e t  al . ( 1 973 ) examined 592 ovine m i lk s ampl es 
from s ix bre eds or cross es b etween th es e bre eds b y  s t arch 
gel e l ec trophore s i s  and r eveal ed two vari ant c as e in types , 
one � 1 - c as ein and one (3 -cas ein .  The overall fr equenc y o f  
thes e variants was very l ow , b eing 0 . 036 and 0 . 01 7 f o r  a · 1 -. s 
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Fig . 8 . 9 :  Po lyacrylamide gel elec trophoresis at pH 8 . 4  in the 

pr es enc e of Mg of ovine c as e ins is o l at ed from 

dif ferent bre eds of sheep . 

1 , bovine cas e in ;  2 ,  3 ,  Homney ; 4 ,  �outhdown ; 

5 ,  Border L e ic es t er ; 6 ;  Drys da l e ; 

7 ,  8 ,  Per endale . Lxc ept for the b ovine cas ein , 

the s ampl es are the same as tho s e  in Fig . 8 . 8 .  

The dir ec t i on o f  electrophoresis i s  indicat e d . 
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c as ein and �-c as e in , resp ec tively . Arave et al . ( 1 973 ) 
b as ed their fr equenc i es on the as sumpti on that the variant s 
were het ero z ygous in a eo-dominant sys t em . The as -CnAB 

variant ob s erved by Arave e t  al . ( 1 973 ) has two extra b ands 
migrat ing be twe en the thr e e  normal as -cas ein b ands , 
des ignat ed as the A vari ant , and p-cas ein , giving a total 
o f  5 bands ins t ead of  thr e e . The genetic polymorphism 
obs erved by �rave et at . ( 1 973 ) for � -c as e in was ess ent ially 
s imilar to  that ob s erved in this s tudy . They identi f i ed a 
c omponent anal ogous to  p0-c a s e in which was d e s i gnated as the 
A vari ant , whi l e  ,s2-casein , pr es ent :..n all the c as eins 
examined , was des i gnat ed as the B variant . In a samp l e , 
d es igna t e d  as p -Cn"'�B , they found the int ens ity o f  the c om­
ponent o f  int ermediate mob i l ity ( ,s1 -c as ein) was diminished 
or ab s ent . 

K ing ( 1 966 ) in his s t udy of  1 022 individual ovine 
c as ein s amples ob s erved two a-cas e in variants and one fJ -cas e in 
variant . .An a-cas ein variant , des i gnat ed as the " \/el s h "  
variant , was the s ame a s  th e B vari ant des cribed b y  Arave e t  
al . ( 1 973 ) , and had a gene frequency of  0 . 048 . The normal 
s t arch g e l  elec trophoresis  pattern indic ated the pres enc e 
o f  thr e e  a-c as e in bands , s imilar t o  the patt erns in Fi g a 8 . 8  • 

In additi on ,  King ( 1 966 ) obs erved a fourth band in s ome 
c as ein s ampl es that had a greater mo� ility than the usual 
thr e e  a-c as ein bands . Furthermor e ,  he  obs erved s ome varia-
t i on in th e int ens ity of  individual a -c as ein b ands , s imilar 
t o  that evident in Fig . 8 . 8 .  King ( 1 966 ) obs erved variation 
in the pat t erns o f  the fJ -c as e i ns, and obs erved a band s imilar 
t o  that wh ich was d e s i gnat ed as  fJ0- c as ein in this s tudy . 

B o th El-N egaimy and Burfening ( 1 97 2 )  and Bogdanov et 
a l . ( 1 97 2 )  obs erved genetic polymorphism in the ovine cas eins . 
However , the lack o f  data availab l e  for c ompar i s on with the 
r esults  of this study means the typ.e and natur e of the 
p o lymorphism on which they bas ed the ir results  is unl�nown . 

The lack o f  availab l e  inform�tion ,  and th e arb itrary 
d e s ignat i �n of vari ous c as e in c omponents as the A ,  B or C 
variant s bas ed on their e l ec trophoretic mob i l i t i es , helps 
t o  c omplicate  th e already rather c onfus ing nature  o f  poly-

m orphi sm in the ovine c as eins . 
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King ( 1 966 ) sugges t ed the variat i on in ovin e � - c as e ins 

( i . e .  �0- c as ein in Fi g . 8 . 8 ) was due t o  a s impl e  alt erna t ive 
all e l e . 1,Jhil e the natur e of the variati on in the {3 -c as e ins 
will  r equir e further inves t igation , alkaline gel e l e c tro­
phor e s i s  in the pr es enc e o f  Mg do e s  not elimina t e  the p o s ­
s ib i l i ty that �0- and {31 -cas eins may differ in their 
phos phorus c ont ent , s imilar to s1 - and {32-cas eins ( Chapt er 

- '1 0 ) . 

Th e variat i on in the ovine as -cas e ins was mor e ob s c ur e , 

a l though K ing ( 1 966 ) describ ed the " We lsh " variant , only 
ob s erved in Clun l•'or e s t , Welsh I'1ountain and Suffo lk bre eds with 
gene frequenc ies 
the het eroz ygous 
the int ens i t y  o f  
at this t ime . 

o f  0 . 04 ,  0 . 1 0  and 0 . 03, r e spec t ively , as 
f orm o f  a mut ant gen e . The variat i on in 
the as- c as e ins , c annot h owever be exp l ained 

Aschaff enburg and Thomp s on ( 1 967 ) obs erved polymorphism 
in the c aprine as- c a s e ins , although the mode of inheritanc e 
i s  not as s impl e as the b ovine , and i t s  natur e  i s  s t i l l  
o bs cure . 

Th e do�inant featur e of  the ovine and c aprine c a s e ins 
i s  the l imi t ed amount of polymorphism which is evident , as  
s hown by g e l  elec trophor es i s . Cl ear ly , further work on the 
inheritanc e and on the is o lated cas eins and their p eptid.es  
is  ne eded t o  resolve thi s pr o� l em .  
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CHAPTER 9 :  CHAHACTERI L:; AT I ON OF CAPIUNE C ASEINS 

The i s o lat i on and chemi c a l  charac t erization of the 
maj or c aprine c as eins are desc r ib ed in thi s  chapter a '.rhes e 
c as eins , which inc lude the maj or as- ' 131 - , t32- and K-cas eins , 
were charac t eriz ed from th eir elec trophor etic mobilities  in 
po lyacrylamid e  gels , mole'cular weip;hts as det ermined b y  gel  
chromat o graphy , amino ap i d c ompo s itions , phos phorus c ont ents 
and ext inc t i on c o e ffic i ents at 280 nm .  Thes e charac t er i s t i c s  
were als o c ompared with tho s e o f  their b ovine c ount erpart s . 

C APRIN j2:: K-CASEIN 

9 . 1  �urification of  Caprine K-C as ein 

Five maj or frac tions were is olated by chromato�raphy 
o f  who le c aprine cas ein on D};AE-c ellul o s e  ( Figs . 8 . 3 and B . L� ) . 
The maj or c omponent in l�rac t ion 2 was des i gnat ed as K -c as e in ,  
s inc e gel e l e c trophoresis  showed it  was r eadi ly hydrolys ed 
wi th rennet , r esult ing in an almost  c ompl e t e  dis appearanc e o f  
the maj or prot ein bands . Frac t i on·  2 was rechromatographed 
on a c o lumn o f  CH-3 2 c ation exchange c ellul o s e at pH L� . O  in 
0 . 01 M s odium format e buffer c ont aining 4 . 5 lJl ur ea and 2-
m ercapto ethanol ( 0 . 1 �� ,  v/v)  to r emove minor c ontaminants 
( Fi g . 9 . 1 ) .  The pur ity �f c aprine K -cas e in i s o l at ed by this 
proc edur e and the effect of  treatment with rennet ar e 
indicated by e lec trophoresis at pH 8 . 4  and pH 4 (J:i'igs � 9 $ 2  and 
9 . 3 ) . C aprine para- K-c as.e in moved t owards th e anode at 
pH 8 . 4 ,  whereas un�er th e fl ame c ond itions b ovine para- K -c as ein 
migrated toward the cathode( Fi g . 9 . 2 ) . 

C aprine K-cas ein has a gre at er electrophoretic 
m ob i l i ty a t  pH 8 . 4  than bovine K-c as ein B ( Fi g . 9 . 2 ) . 
Caprine K-c as e in vms obscured in e l ec trophoretograrns at pH 8 . 4  
o f  whol e  c aprine cas ein by th e more int ens e bands o f  ,s1 - and 

. 
.82- c as eins. On el ectrophor esis at pH . L� ( Fi g . 9 . 3 ) , c aprine 
«-c a�ein had a mob il i ty int ermediate b etwe en that 
of the B-c as eins and a -cas ein .  'l'he fail ur e  t o  i denti fy s 
c aprine . K-c as e in by alkal ine gel e l ec trophor esis  o f  a s amp l e  
o f  who l e  � as ein, bec aus e it  v-ms obs c ured b y  two maj or c as ein 
c ornponents, has als o b e en report ed by litt l e  and Cus t er ( 1 966 ) . 
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Chromatography of c aprine �e-cas ein on a Cl"I-c ellulos e c olumn ( 2  cm x 50 cm) in 0 . 01 M 
s odium format e  buffer , pH 4. 0 ,  c ontaining 4 . 5 M urea and 2-merc apto ethanol ( 0 . 1 % v/v ) . 

The c olumn was elut ed with a 1 1 l inear gradient from 0-0 . 1 2  M NaC l . The fraction 

containing �e -cas ein ,  indicated by the bar , was pool ed and its  purity examined by 

alkaline and ac id gel e l ectrophoresis ( Figs . 9 . 2  and 9 . 3 ) . 

-
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Fig . 9 . 2 :  

f 

2 3 4 5 

Alkal ine gel elec trophoresis patt erns 
( pH 8 . 4)  of who l e  c aprine cas ein ( 4) , 
puri fied « -cas ein ( 3 ) and the effec t o f  
rennet on this frac tion ( 5 ) , c ompared wi th 
whole bovine c as ein ( 1 )  and purified a-c as ein 
( 2 ) . The direction of e l ec trophoresis is 
indicated . 

Fig . 9 . 3 :  

. --.-- . 

2 3 

Ac id ge l  e l ectrophoresis 
( pH 4)  of whol e  caprine 
cas ein ( 1 ) ,  purified caprine 
·-cas ein ( 2 ) and xhe effec t 
of rennet on this fraction ( 3 ) . 
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Alkaline gel  e l ec trophoresis  indic ated that the 
K-c as ein preparati on obtained by a c omb ination o f  DEAE- and 
CJvl-c ellul o s e chromato graphy VJas fairly pur e ( Fig . 9 . 2 ) . 
However , ac id gel  electrophoresis  r eveal ed that x-c as ein 
c ont ained trac es  of  t wo minor impurities ( Fig . 9 . 3 ) . The 
l evel of  the impuriti es in s ome other pr eparat ions wer e 

! ·-r-,.· 

' , 

- - I 

less  than tho s e  indic ated in Figs . 9 . 2 and 9 . 3 .  The minor 
band with a greater mo�ility than "-c as e in ,  o o s erved by 
alkaline gel  el ec trophores is , may b e  the c arb ohydrat e c on­
taining frac tion of K-cas ein . Alais and Jolles ( 1 961 ) and 
J o l les et al . ( 1 964 ) found the l evel of c arb ohydrat e in the 
glyc omacropeptide fraction of c aprine cas ein to be c onsider­
ab ly l e s s  than in the bovine glyc omacropeptide frac t i on .  They 

ob tained values for the bovine and c aprine glyc omacropeptides 
o f  1 4 . 3% and 3 . 0� s i alic ac id , respec tively . C ons equent ly , 
c aprine K-c as ein should not b e  as het erogen eous as b ovine 
K-cas ein on gel e l ec trophoresis . 

""- I 

9 . 2  Mo lecular Wei5ht of Caprine K -Cas ein 

The mol e c ular weight o f  c aprine K-cas ein w&s estimat ea 
by chromato graphy in buffer c ont aining 7 f-1 urea on a c o lumn 

' ' 

o f  Seph adex G-1 00 which had previ ous lJ b e en c alibrat ed with 
c arb oxymethylat ed prot eins of known molecular v..reight (:F'i g . 9 . 4 ) . · 

C aprine K-c a s ein \'llas e lut ed from the co lumn in a s imil ar 
p o s ition t o  bovine " - c asein . The dis tribution c o effic ient 
obtained for each prot ein was the average of at l east three  
d et ermina tions . The dis tribut i on c o e ffic i ent obt ained for 
c e.prine K-c as ein indic ated a mol ecular we ight of 1 8  400± 500 
which is s imi l ar to the mol e c ular weight of 1 8  500 obt ained 
for bovine K-c as ein by sedimentat ion equi librium in 5 M 
guanidine . HC l  ( \voychik et al . , 1 966 ) . The molec ular weight 
obtained for c apr ine K-cas ein is c l os e to the mol ecular 
weight ( 1 9  023 )  e s t imat ed frow the amino ac id s equenc e o f  
b ovine K-cas ein B ( Merc ier et  al . , 1 973 ) .  

The molecular weights of the o ther cas eins were not 
d e t ermined us ing thi s  method b ec aus e of the high s lope in 
Fig . 9 . 4 ,  indic ating the low s ens itivity of elution weight to 

m o l ecular weight, at mol ecular weight s ab ove 20 000 . I t  
would app ear that under the c ondi tions us ed for chromatography 
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on Sephadex ' G-1 00 ( i . e . buffer c ontainin� 7 M ur ea ) , proteins 
with mol ecular weights above 20 000 are only partly inc luded 
in the gel .  

9 . 3 Amino Ac id C ompo s i t i on of  C aprine K-Cas ein 

The amino acid c ompo sition o f  caprine K -c as e in was 
c alculated from twe lve analys es . 'l'his was d e t eriilined by 
duplicate  analys is  of duplicate s ampl es hyd r o lys ed for 24 ,  
48 and 72 h .  The numb er of  res idues per mo l e  o f  pro t ein 
were initially calculated on the b as i s  that the prot e in had 
a mol ecular w e i ght of 18 LJ.oo and c ontained 8 res idues of 
lys ine . I t  was re fined by as suming the pro t e in had 8 
lys in e res idues , 1 5  as part ic ac id residues , 1 4  alanine 
res idue s , 7 tyr o s ine res idues and 4 phenylalanine res i dues . 
11he r e s ults ::1r e shown in 'Eabl e  9 . 1 , together with the 
report e d  c ompos i t i ons of b ovine ( Merc i er et al . ,  1 973 ) and 
ovine tc-cas eins ( Alais and Jolles , 1 967 ; l?.ib adeau Dumas et 
al . ,  1 97 5 ) . The c ompo s i t i on of  b ovine K-c as e in B was b as ed 
on the amino ac i d  s equenc e det ermined by l''Ierc i 2r et al . ( 1 973 ) . 
With th e exc ept i on o f  s erine , thr e onine , valine and i s o l eucine 
the nwnb er of r e s i dues was taken as th e average of twe lve 
repli c a t es inc l uding thr e e  hydrolys i s  times . fhe mol ecular 
weights c alcnlated from the amino acid c ompo s i t i ons and sho·w'Il 
in Tab l e  9 . 1 , do not t ake into ac c ount the amides pr es ent or 
the sugar res idues b ound to the pro t ein , but inc l ude the 
pho spJV1.t e  res idue s . 

The amino ac id c ompos ition of caprine K -c as e in was 
very s imi lar t o  that of b ovine K-c as ein B ( Merc i er et al . ,  
1 97 3 ) ( Tab l e  9 . 1 ) bas ed on its amino acid s equenc e .  The 
numb er o f  residues  of eight amin o ac ids in the c ompos i t i ons 
of b ovine K-cas e in and c aprine K-cas ein v-rere the s ame , and 
s even amino ac i ds differed by only one res idue . The n�b er 
of residues for isol euc ine and as partic ac id di ffered by thr e e  
and four respec t ively . A c l o s e  s imi larity was als o obs erved 
b etwe en the c ompos itions o f  caprine K-cas ein and ovine 
t:-c as e in ( Alais and J o lles , 1 967 ; Ribadeau Dumas et a l . ,  
1 97 5 ) . The ext inc t ion c o e ffic i ent ( abs orbanc e at 280

.
nm of 

a 1 %  ( w/v) so lut i on , 1 cm in depth ) of c aprine K -c as ein was 
8 . 80 ,  a value in agr e em ent with an analys is of 1 tryptophan , 



Res idue 

Asp 

'i'hr1 

S e r  1 

Glu 

Fro 

Gly 

Ala 
2 Cys 

Val1 

!·le t  

I l e  1 

Leu 

Tyr 

l- h e  

H i s  

Lys 
I<!l� 
lu-g 
Trp3 

Tab l e  9 . 1  

Am ino Acid C ompo s i t i ons o f  C aprine, Ovine and Bovine x-C a s e ins 

(H es idu e s per Mol e of Pro t e i n) 

C aprine •-C a s e i n  
};ean No . of 0ta1·1dard 1-'robaoTe- No . 

Res i dues D evia t i on of .Res i dues 

1 5 . 1 3  

1 3 . 4 

1 2 . 1  

26 . 60 

1 9 . 70 

2 . 20 

1 4 . 06 

2 . 1 1  

1 0 . 9 7 

0 . 98 

9 - 57 

8 . 09 

7 . 1 G  

3 . 99 

3 . 81 

7 . 89 

0 . 26 

1 . 08 

1 . 23 

0 . 53 

0 . 3 3 

0 . 29 

0 . 1 8  

0 . 1 6  

0 . 52 

0 . 27 

0 . 2 5 

0 . 1 6  

0 . 38 

0 . 28 

1 5  

1 3  

1 2  

27 

20 

2 

1 4  

2 

1 1  

1 

1 0  

8 

7 
4 

4 

8 

Bovine x -C a s ein B 

Merc i e r  et a l :- (1 973 ) 

1 1  

1 4  

1 3  

27 

20 

2 

1 5  

2 

1 1  

2 

1 3  

8 

9 

4 

3 

9 

21 

5 

1 

Ovine -11 -C as e in B 

Alais and J o l l e s  (1 967 ) 

1 7  

1 0  

. 1 0-1 2 

25-27 

21 

2 

1 7  

1 - 2 

1 0-1 1 

2- 3 

1 0  

8- 9 
8- 9 

4 
3- 4 

9 

OVine " -Cas ein 

Ribadeau Dumas et a l . 

1 6  

1 2  

1 2  

26-27 

1 9-20 

2 

1 8-1 9 

3 

1 2  

2 

9 

7 

· 8  

4 

4 

8 

Phos phorus res i dues 

4 . 1 3  

0 . 96 

1 . 4 

4 

1 

1 1 

5- 6 

1 - 2 

2 

6 

1 

2 

Mo l ecular wei�ht 
( amino acid c ompos i t i on) 18 291 1 9  023 1 9  1 80 1 9  050 

N o . of res idues 1 63 1 69 1 63-1 74 1 68-1 71 

1 .  Values for s erine and thr eonine were o b t ained b y  extrapo lat ion to z ero t ime . Valin e  and i s o l eucine 

were t aken as the 72 h r e s ult s . 

2 .  r·; easured as cys t e ic a c i d  from duplicate an alys es .  

3 .  'l'ryp tOJ 'lwn I·I:.J.S e s  t imu t ed 1'rom a s ingl e Dnuly.!.;it; where thioglyco l l ic acid wus pres ent during hydrolys i s 

( r·.a tsubara and �a s aki , 1 969 ) .  

� --· � . -- ---· ----� - --· - . .  -- ·• �--

(1 975 ) 
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7 tyros ine and 4 phenylalanine res idues ( Tab l e  9 . '1 ) .  Bovine 

�e-cas ein B which c ont a ins t vv o  mor e tyros ine r e s i dues than 

c aprine .:-cas ein ( 'I'ab l e  9 . '1 ) -has b e en report e d  to have an 

ext inc t i on c o effic i ent of 9 . 6  ( Ta lb o t  and Waugh , 1 970 ) . 

9 .. 4 Discus s i on 

Ab out 1 0% o f  the pro t e in in c aprine c as e in is 

�e-cas ein , which c an be 'r eadi ly i s o l at ed by a c omb ination of 

chromato graphy on DEA:C:- and en-c ellul o s e .  I n  c ontras t , th e 

propor t i on o f  K-c as ein in b ovine c as ein is  ab out 1 5/� . 

" 1 '+0 

The glyc op ep tides  i s o l at ed from ovine and c aprine 

cas e ins do not appe ar to b e  as heterogene ous as tho s e  from 

b ovine c as ein , pre s llilab ly due to th eir lowered c ont ent o f  

sialic ac i d  ( Al ais and J o l l cs , 1 961 ; J o l l es e t  al . ,  '1 964 ) . 
l'h e mo s t  notab l e  f e at ur e  o f  c o.prine and ovine K-c as eins is  

their high as part i c  ac i d  l evel , c ompared wi th b ovine K -c as e in .  

The pho s phorus c ont ent o f  0 . 23% for c aprine �e-c ae e in was 

s imilar t o  th�t for b ovine K - c as ein ( Alais and J o l l es , 1 961 ) ,  
ther e b e ing 1 . 4 r e s i dues of phosphoru3 per m o l e  o f  c aprine 

"-cas e in .  Alais and J o l l � s  ( 1 967 ) r eported a phos phorus 

c ont ent o f  0 . 3 5% and 0 . 40% ( 2 . 1  and 2 . 5  res i dues per mol ecul e ) 
for two ovine "-c as e in frac t i ons which they des i gnat ed as the 

A and B genetic var i ant s . Hib adeau Durnas et al . ( 1 97 5 )  found 

2 r es idues of pho sphorus in ovine K-c as ein . 

The mo lecul ar weight o� 1 8  400 for c aprine K -c as ein , 

obtained by chromato e;raphy in 7 M ur ea on a S ephad ex G-1 00 
c o lumn , vJas in good agr e ement ·with the value o f  1 8  290 
det ermined from the amino acid c omposi tion . This value is 

c lo s e  to the molecular weight of 1 9  023 ob tained for b ovine 

�e-cas e in B ( Merc i er et al . ,  1 973 ) from the amino ac id 

s equenc e .  

The gr eat er mob i l i ty o f  c aprine K-c as ein on gel 

el ectrophoresis at  pH 8 . 4  is  undoub t edly link ed to  its amino 

acid c ompos ition wi th one l es s  lys ine and arginine and four 

more as partic ac i d  r es idues than b ovine K-c as e in ( Tab l e  9 . 1 ) ,  
s inc e the phosphorus c ont ent o f  the two c as e ins is s imil ar 

( Richards on et al . ,  1 973 ) . I t  is likely that much of thi s  



c harge differenc e r e s ides in the para- �< - c as e in r eg i on of 

the K-cas eins , b e c aus e o f  the r e lative e l e c t ro phor e t i c  

m ob i l i t y  o f  c aprine and b ovine para- �< -c as eins i n  a lkaline 

gel e l e c trophor es i s  ( As s enat , 1 967 ) . Under the s e c ondit i ons, 

c aprine para- K-c as e in had the �reat est e l e c trophor et ic 

m ob i lity , f o l lowed by ovine para- �< -c as e in , whi l e  b ovine para­

K -c as e in had a negative �ob i l ity ( moved t o wards t h e  c athode ) .  

C AFHINE 13-CASEINS 

9 . 5  I s o l at i on of C aprine � - and �2-c as e ins 

Two c aprine 13 -c as e ins , d e s i gnat ed as 11, - c as ein 

l l"rac t i on Li- , Fi gs . 8 . 3  and 8 . 4 )  and R2- c a s e in ( Frac t i on 3 ,  

J iigs . 8 . 3  and 8 . 4 )  were i s o lated by chromat ography o f  who l e  

c aprine c as e in on DEAE-c e l lulos e .  Their nomenc l ature was 

di s c us s ed in Chapt er 8 . 7 .  132-C as e in ,  the s l ower c omponent 

on e l ec trophores is at pH 8 . 4  vas e lut ed more r eadi ly from 

the DEAE-c e l lulos e c o lumn than 131 -cas ein ( Fi g . 8 . q- ) . Each 

{3 - c as ein frac t i on 1-vas normally r echromat o graphed on DE.lill-­
c e l lulos e b e fore b eing puri fi ed further by chromato graphy on 

a c o lumn o f  CT'l-c e l lul o s e in 0 . 01 1"1 s odium form&t e b uffer , 

pH L-t- . 0 ,  c ontaining 1+ . 5  I"l ur ea . A typic a l  chromat o gram 

ob tained for {32-cas e in i s  s hown in Fig . 9 . 5 . Rechromat ograr�Y 
on DEAE-c e l lulos e was mor e eff e c tive in r emoving t h e  oth er 

� -cas e in c omp onent , whi l e  chroma t o graphy on CM-c ellul o s e  

r emoved t h e  minor a - c as ein frac t i ons normally found i n  s 
irupu:r e .B -c as e in pr epara t i ons ( Fi g . 8 . 4) . 'rh e  purity of the 

c aprine �-c as eins i s o l at ed us ing this proc edure i s  shovm in 

Fi g . 9 . 6 .  A frac t i on c ontaining crude b ovine 13-c as ein B ,  
i s o lat ed b y  ur ea frac t i onat i on o f  who l e  c as e in ,  was purif i e d  

by chromato graphy o n  DEAE-c e l l ul os e .  T h e  frac t i ons c on­

t aining pure prot ein were p o o l e d  aft er b e ing exam ined by g e l  

e l ec trophores i s . 

G e l  e l ectrophor e s i s  at pH 4 · r evers ed the order of 

m ob i l i t y  of the c aprin e f-c a s e ins s o  that 132- c a s ein b e c am e  

m o r e  mob i l e  than ,e1 - c as ein . In the pres enc e o f  l"'Ig in the 

e l ec trophor e s i s  buffer the mob i l i  t i es of 131 - and 132- c as eins 

decreas e d  and the t wo c omponents merged ( Fi g . 9 . 6 ) . This 

s ugge s t ed that 131 - and f2- c a s e ins differed in the numb er o f  
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Fig . 9 . 5 :  Chromatography o f  crude c aprine � 2-cas ein on CM- c e l lulos e .  A 1 l l inear gradi ent of  

0-0 . 1 5 M N aC l  was us ed to  elut e the  cas eins . The other experimental details are  the 

same as tho s e  in Fig . 9 . 1 . The frac tion indicated was pooled and its purity examined 

by gel el ectrophoresis ( Fig . 9 . 6 ) . � 



pH SA + M g 

. 

: 

'"") 

2 3 4 2 3 4 

FiE . 9 . 6 :  Gel electrophoresis at alkaline pH o f  the c aprine � -caseins and at alkaline pH in 

the pres enc e of Mg . Bamples : 1 ,  c aprine cas ein ; 2 ,  c aprine �2-cas ein ; 

3 ,  c aprine P1 -cas ein ; 4 ,  b ovine c as ein .  The direction o f  electrophoresis is  

indic ated . 
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pho s pha t e  group s  that e ach c ontain e d , s inc e 1"1g a s s oc i a t e s  

s trongly w i t h  t h e  ph o s phat e  gr oup s  o f  th e c as e ins and 

l argely n e utra l i z e s  their c harg e . Thi s  c onc l us i on i s  s up­

p ort ed by t h e  r e s u l t s  from a c i d  g e l  e l ec troph or es i s  vJhich 

s howed that �1 - c as ein c arr i e s  mor e n e gat ive c harg e  than 

e2-cas e in at b o th pH 4- and pH 8 . 6 .  At th es e pH valu e s  th e 

pho s pha t e  groups would c arry s ine;l e and doub l e  n e gative 

c harg e s , r e s p e c t iv e l y . '  

Th e mob i l ity o f  c �prine �2- c as ein on a l k a l ine g e l s  

w a s  s imi l ar t o  tha t o f  bovine � - c a s e in B ( Fi g . 9 . 6 ) u 

9 . 6  r-·I o l e c ul ar \ ! e ight s  o f  C aprin� @ -C as ein� 

The mo l e c ul ar wei gh t s  of the ma j or c aprin e , b ovine 

and ovin e c as e ins , exc ept c aprine K - c a s e in , wer e e s t imat ed 

by chrom a t o graphy on a c o l umn of S epharo s e  6B i n  buffer 

c ontaining 6 M guanidine . HC l . A typic al e l ut i on p a t t ern 

obtain e d  from a c a l ibrat i on run i s  s hown in Fi g . 9 . 7 .  The 

d i s tribut i on c o e f f i c i ents (Kd)  for the s t andar d  c arb o xy­

m ethyl a t e d  pi.' O t e ins and th e c apri n e  and b ovine c as e ins were 

t h e  avera�e of a t  l eas t thr e e  d e t ermina t i ons . 

Th e r e s ul t s  w e r e  an a l ys e d  

us ing t h e  proc e dur e  as d e s crir e d  by Dryc e and 
1 

Cricht on ( 1 97 1 ) .  U s ing this pr o c e dur e , va l u e s  o f  Kd;.- 1..-1e r e  
J_ 

p l ot t ed against ( mo l e c . wt ) 2  for th e s t andard pro t e ins 

( Fig . 9 . 8 )  and thi s c a l ibrat i on c urve was then us e d  t o  

e s timat e th e m o l e c ul ar w e i r-;h t s  o f  th e c as e ins . L in e ar 

l e as t s quar e s  ana lys i s  o f  t h e  data obtained for t h e  s t andard 

p r o t e ins r e su l t e d  in the expr e s s i on :  

1 � 
K d� = 1 . 01 546 - 0 . 001 88 ( mo l ec . wt ) 2  

The mol e c ul ar w e i ght s ob t ain ed for t h e  c aprine and b ovine 

c as eins are s h o vm in Tab l e  9 . 2 ,  a l th ough th es e r e s ul t s  wi l l  

b e  d i s c us s ed i n  t h e ir r e s p ec t iv e  s ec ti ons . 

The value ob tained for b ovin e a 1 - c as e in B ( T ab l e  . s 
9 . 2 ) was n e arly i d ent i c a l t o  the m o l e c ul ar w e i gh t  o f  2 3  61 5 
e s t imat e d  from t h e  amino ac i d  s e quenc e ( M erc i e r  e t  a l . , 1 971 ) .  
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Fig . 9 . 7 :  A typic a l  chromatographic run us ed to c al ibrat e the molecular weight c olumn . The s ampl e ,  
c ontaining '1 mg of b lue dextran 2000 ( '1 ) and 0 . 02 mg a -DNP-alanine ( 5 ) ,  and the 
c arboxymethylat ed prot e ins , � -globulin ( 5 . 25 mg) , c ons i s t ing of the H-chain ( 2 )  and the 
L-chain ( 3 )  and cytochrome C ( 2 . 6 ) mg ( 4) were chromatographe d  on a c olumn ( 2  cm x 90 cm ) 
of S epharos e 6B in 0 . 02 l'1 'l'ris , 0 . 01 r1 .LDTA , pH 8 . 2 ,  buffer c ontaining 6 M guanidine. 
HC l .  The frac t i ons were approximat ely 2 . 5  g ,  and the flow rate was maintained at 

5 . 2  g/h . 

• abs orb anc e at 280 nm . • abs orbanc e at 365 nm . 
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Fig . 9 . 8 :  The molecular wei�ht c a l ibrat i on c urve ob tained by chromatography of S -c arb oxym ethylated 
proteins of known mo lecular weight on a c olumn o f  �epharos e 6B in buffer c ontaining 6 M 
guanidine HC l ( Fig . 9 . 7 ) . The prot e ins used to c a l ibrate the c o lumn were : 
1 ,  cytochrome C ;  2 ,  rib onuc l ea s e  A ;  3 ,  haemoglob in ; 4 ,  myoglobin ; 5 ,  � - �lobulin 
L-chain ; 6 ,  chymotryps inogen A ;  7 ,  ovalbumin ; 8 ,  � -globulin H-chain . The molecular 
weights o f  the s e  prote ins are l i s t ed in T ab l e  7 . 6 .  
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Like1.vi s e ,  the molecular weight obtained for bovine 13-cas ein 
B was c lose t o  the molecular weight of 24 089 estimated from 
the amino ac id s equenc e ( Swaisgood , 1 973 ) . Thes e  r esults 
agree c los ely with tho s e  obtained using other physical 
t echniques that were previously outlined in Chapter 6 . 1 1  
and 6 . 1 5 .  

Table 9 . 2 

Mol ecular WeiBht s  of  Caprine and Bovine 
Cas eins 

Mol ecular Standard1 
weight deviation 

Caprine a -cas ein s 25 700 ±1 500 
Caprine �2-cas ein 23 500 ± 900 
Caprine � 1 -cas ein 25 500 ±1 200 
Bovine ex 1 -cas ein B 24 1 00 ±1 600 s 
Bovine {3-cas ein B 25 1 00 ± 600 
Bovine a 3-cas ein s 25  400 

.---------
1 Given byJ2: . ( x . -x ) 2/n-1 where X .  is e-n l l l 

individual det ermination and X is the mean 
of n determinations . 

1 
The prec is ion of Kd-:;- values for caprine 132-·cas ein was 

about 1 5i.� ,  resulting in an accuracy for the molecular weight 
of  8% . In general , for the other cas eins , the prec ision in 

1 
estimating Kd'J" was approximately 1 /o ,  \vi th an accuracy in 
estimating the molecular weight of about 1 0%. 

Molecular weights of 23 500 and 25 500 were obtained 
for c aprine {32- and {31 -cas eins , respectively ( Table  9 . 2 ) .  
In addition , a s ample  c ontaining both � - and a2-cas eins 
was chromatographed on the molecul ar weight c olumn and the 
fractions c ollected  as b efore . After weighing , each 
fraction vias dialys ed to r emove s alts , and aft er gel 
electrophores is  and dens itometry the ratio of {31 - and a2-
cas ein was found to  b e  c onstant acr�ss the protein peak ;  
This showed that the mol ecular weights o f  thes e proteins were 
not dis t inguishable  w�thin the limits of this technique 



( ± 500 ) . Cons equently , the caprine 1)-cas eins were assumed 
to  have the same molecular weight , namely 24 500 . Us ing 
the t echnique ( described above ) of  gel filtration on the 
molecular weight c olumn and examination of the fractions by 
electrophoresis, enab l ed the peaks of bovine cts1 -I ( the rennin 
degradation produc t of  cts1 -casein B ) , bovine a s1 -cas ein A and 

�1 -cas ein B to be  c l early resolved ( Creamer and Richards on , 
1 974) . Thes e cas eins huve mol ecular weights o f  20 800 , 
22 098 and 23 61 5 for a

s1 -I , cts1 -cas ein A and B ,  respectively .  

9 . 7  Amino Ac id C ompcs itions of the C aprine (3 -C as eins and 
Bovine B-Cas ein B 

The amino acid c ompos itions o f  caprine 131 - and t32-
cas eins and bovine P -�as ein B were determined by analysis  in 
triplicat e of duplic ate s amples hydr0lys ed in vacuo in 
6 M HC l for 24 , 48 and 72 h .  Threonine and s erine results 
obtained from 24 h hydrolysates were increas ed 59.; and 1 0}� 
respectively , t o  allow for decomposition. of  thes e residues 
( Moore and Stein , 1 963 ) . Values for isoleucine and valine 
were 72 h results , as both of thes e amino acids are capab l e  
of  forming acid resistant peptide bonds which result i n  the 
slower releas d of  thes e amino ac ids ( Moore and S t ein , 1 S63 ) . 
Incompl ete  rel eas e of  isoleucine and valine aft er hydrolysis 
for 24 and 48 h was obs erved in this s tudy . 

A typical amino acid  ct�omatogram obtained for c aprine 
f32-cas ein using the Loc arte r'il<: IV  amino ac id and peptide 
analys er is  pres ent ed in Fig . 9 . 9 . 

Molar ratios of  amino ac ids in the c aprine /3-cas eins 
were determined assuming the prot eins each had a molecular 
weight of  24 500 and c ontained 9 aspartic ac id res idues , 
20 l eucine residues , 9 phenylalanine res.idues and 1 2  lys ine 
residues in each molecul e .  The amino acid composition of  
bovine �-c as ein B was bas ed on  9 aspartic acid residues , 5 
glycine res idues , 4 tyrosine residues , 9 phenylalanine 
residues and 1 1  lysine res idues in each molecule of protein .  
Thes e  amino acid c ompositions are c ompared with that of  
bovine t3-cas ein A2 ( estimat ed from its  amino acid s equenc e ;  
�erc ier et al . , 1 972a ) and thos e of the caprine � -c aseins 
( reported by Itibadeau Dumas et al . ,  1 975)  ( Table  9 . 3 ) . 
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The amino ac id c ompos itions o f  caprine �1 - and �2-
c as eins were nearl y  ident ical , di ffering mainly in their 
phosphorus cont ent ( Tabl e  9 . 3 ) . The amino acid c ompo s i t i on 
o f  b ovine (J-c as e in B was very s imilar to  that e s t imat ed from 
the amino ac id s equenc e ( �wai s good , 1 973 ) . I t  is int er e s t ing 
to note  the s l i chtly lower c ont ent of i s o l euc ine , and the 
c orres pondine;ly high er l evel of alanine in the c ompo s i t i on of 
(J-c as e in B ( rl1 ab l e  9 . 3 )  ,� c ompar ed with values obtained by 
o ther workers ( Gwai s go od ,  1 973 ) . If the s e  are real  dif­
ferenc es  they may be the result of a neutral s ub s t it�tion , 
I l e/Ala , which c ould not b e  di fferent iat ed by gel  elec tro­
phor e s i s . I n  fac t , only one c as e  of a neutral s ubs t i tut ion 
has b e en report ed , b e ing that for the  B2 variant of �-c as e in 
from �-; ebu c at t l e ( Thomps on e t  a l . , 1 969b ) . 

The amino ac i d  c ompo s i t i ons of  the c aprine p -c as eins 
are s inilar to  that of b ovine (J-c a s ein A2 ( Tab l e  9 . 3 ) . 

Caprine (J2- c as ein c ompared with b ovj .ne � -cas ein A2 has s even 
amino ac id res idues the s ame , wi th five differin� by one 
residue , thr ee differinf b y  two res idues ani one di ffering 
by thr e e  and four res idues . The amino o.c id  c ompo s ition of 
c aprine (J2-casein det ermined by lhb adea.u iJuma s  et al . ( 1 97 5 )  
differs from !32-cas e in ( this s t udy) in gl utarnic ac id , glyc in e , 
valine and pos s ibly l euc ine ( Tab le 9 . 3 ) . 

Saprine p1 - and e2-cas eins c ont ained 0 . 62/v and G . 67�.J 

trypt ophan , respective l y .  Det erminations on ac id h) �rolys ed 
s ampl es s howed c aprine {31 - and 132-cas eins c ont a::.ned 0 .  78'i·o and 
0 . 67j& pho s phorus , r e s pectively. Assuming a mo l ecular weight 
of 24 500 , 131 - and 132-cas e in th erefore contain 6 . 2  and 5 . 3  

res idues  o f  inorganic pho s phorus per molecule  o f  prot ein , 

respec t ively.  

The  abs orbanc e o f  1 cm s o lut i ons of  �- and a2- c as e in 
( 1 /; , \v/v ) at 260 nm ( c orr ected  for Rayl eigh s c att ering ) were 
4 . 2 and 4 . 5 ,  respectively . Th ese  were s imi lar to  report ed 
values for b o vine (J - c as ein ( 4 . 5-4. 7 )  ( Thompson ,  1 971 ) ,  
s ugge s t ing that the c aprine {3-c a s eins and b ovine a-c as e in 
c ontain the s ame numb er of  tyros ine and tryptophan res idue s . 
The abs orbanc e in 0 . 1  I"I N aOH s o lution at  280 run and 29L� nm 

showed the ratio  of t yrosine t o  t rypt o phan t o  b e  3 . 8  and 3 . 7  



' l bU 

for �1 - and .B2- c aseins , r espec t ivel y .  C o:J?-s equently , 
tryptophan was taken as one res idue per mol ecul e and 
tyros ine as four res idues per mo l ecule , d e s pit e the lower 
values ob tained from the amino ac id compo s it i on crab l e  9 . 3 ) . 

9 . 8  Discus s i on 

The mob il ity in p o lyacryl ami de gel s at pH 8 . 4 of b ovine 
�-c as e in B is s imilar t6 that of  c aprine �2- c as ein , the 
mol ecular weight of the proteins i s  s imilar and henc e the net 
charge i s  prob ab ly s imi l ar . The numb er o f  his t idine 
res idues was � and 6 r e s p ec t ively f or caprine ��- c as ein and 

L 

bovine ,B-cas e in B ,  whereas the numb er of lys ine plus arginine 
res idues was one more for the B variant of b ovine � -c as ein 
(l''l erc i er et al . ,  1972a ) . Cons equently , �2- c as ein ( or 131 -
c as e in ) should have one l e s s  c arb oxyl res i due than b ovine 
.B-c as e in B ,  i . e .  21 aspart ic ac id and glutamic ac id res i dues 
and 31 as paragine plus glutamine res i dues. The b ovine c as ein 
c ontains 26 amide groups ( Grosc laud e et al . ,  1 973 ) and 22 
c arboxyl �roups • As th e only diff er enc e in charged 
residues b e twe en 131 - and e2-cas eins was th e numb er _ of phosphat e  
groups , the relative numb er o f  c arb oxyl and amide groups would 
b e  the s ame for the two c aprine c as eins . 

The amino ac id c ompositions o f  the c aprine � -cas e ins 
were very c l o o e  t o  that pub lishP.d f or bovin e  13 -c as e in A2 

( Tab l e  9 . 3 ) . The sum o f  the lys ine and arginine res idues i s  
c ons t ant a t  1 5 ,  and the s um  of l euc ine , i s o l euc ine and valine 
res idues is s imi l ar at 50 and 51 , respectively for c aprine 
132- and bovine 8-cas ein A2 • The only maj or di fferenc e 

b etween the two c aprine 8-c as eins was their different phosphat e 
levels with 81 - and �2-cas eins c ontaining s ix and f ive 
phosphat e res idues , respectively per molecul e .  

Ribadeau Dumas e t  al . ( 1 975 )  have rec ently i s olat ed two 
c aprin e a -cas eins wi th s imi lar amino ac id c ompos i t i ons ( Tab l e  
9 . 3 ) . They a l s o  differ princ ipally in their phosphorus 
c ont ent , with a2-cas ein and R1 - c as ein having 4 and 5 phos phat e 
groups , respec t ively.  However , r einvestigation of their data 
reveal ed 5 and 6 phos phat e groups , respec t ively for 82- and a1 -
c as e ins ( Ribadeau Dumas , 1 974 , p ers onal communi c ation ) . 
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The diff erent levels of phosphorylati on found in bovine 
�-cas ein are known to b e  the result o f  genetic  variation in 
the s equenc e ( l"Iercier et al . ;  1 972a ) . In c ontras t , human 
�-cas ein , similar in composition and properties  to  its b ovine 
count erpart (Nagasawa et al . ,  1 970 ) , contains s ix �-cas eins 
varying only in their l evel of phosphorylation ( c ontaining 0-5  
phosphat e groups ) ( Groves and Gordon , 1 970 ) . Sinc e such 
proteins have not yet ��en isolat ed in caprine cas ein , the 
same mechanism of multiple  phosphorylation may not occur in 
the synthes is of  the caprine {3-cas eins . An alternative 
possibility , however , is that a gene duplication and a sub­
sequent mutation occurred for one of  thes e proteins such that 
one c as ein c ontains five phosphate residues whils t the other 
contains six .  

CAI-HINE a -CASEIN s 

This s ection describes the isolation and chemical 
charac t erization of the maj or caprine as-cas ein . Caprine 
as-cas ein was initially c ompared with bovine as 1 -c as ein .  
However , wrien the amino ac id compos ition of c aprine as-cas ein 
was det ermined , a c los e analogy was observed with the minor 
bovine as 3- and as4-caseins , particularly in regard to ti1eir 
cyst eine cont ent . Cons equently , the �roperties  of both b ovine 
a -s1 and as3-cas eins were c ompared with caprine as-casein .  

9 . 9 I s o lation of  the as-Cas e.l.ns 

The �aj or caprine as-cas ein ( Fraction 5 ,  Figs . 8 . 3  and 
8 . 4) was isolat ed by chromatoBraphy on DEAE-c ellulose  and 
purifi ed  free  from minor contaminants by rechromatography on 
ON-c ellulos e .  The minor as-cas ein fractions were not 
exawined further . 'rhis proc edure removed mos t of the 
contami�ants having a similar electrophoretic mobility to  
caprine a -cas ein ( Fig . 9 .  "1 0 ) . Caprine a -cas ein has a l ower s s 
electrophoretic mobility at pH 8 . 4  than bovine as 1 -cas ein and 
bovine as 3-cas ein , with a mcb ility c los er to  that of bovine 
as4-cas ein .  

Crude b ovine �1 -cas ein B ,  isolated b y  urea fractiona­
tion of whole  cas ein (Hi pp et al . ,  "1 952) , \,ras further purified 
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Alkaline gel electrophoresis of  purifi ed caprine as-cas ein and purified bovine 
as 3-cas ein in the presenc e ( B )  and abs enc e of Mg ( A) . 1 ,  whol e  
2 ,  purified b ovine a 3-cas ein ; 3 ,  purified caprine a -cas ein ; s s 
cas ein .  

bovine cas ein ;  
4 ,  whole  caprine 
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b y  chromatography on DEAE-c e l l ulos e and the purity examined 
by gel  e l ec trophor e s i s . 

The b rwine as 3 - and as4 -cas eins were i s o lated by 
c hromatography on DEAE-c e l lulo s e  us ing a s imilar proc edure 
t o  that previ ous ly des crib ed b y  Hoagland et al . ( 1 971 ) .  
\�hole  bovine c as ein was initia l l y  frac tionat e d  by chromat o­
graphy on DEAE- c e l lulos e and the frac tions that c ont ained 

• 

b ovine as 3- and as4-c as eins wer e pool ed and dia l ys ed . Thes e  
c as eins were s epara t ed into two fract ions by r echromatography 
on D:S11.E-c e l lulos e and the frac t ions i s olated viere examined by 
g e l  e l e c trophor es is ( lli g . 9 . 1 0 ) . The peak fract ions contain­
ing pur e pro t ein were poo l ed ,  di alys e d  and then s t ored at 
- 20°C . 

i�l tho, ,gh bovine as 3- and as4-cas eins were r e s o lved into 
two distinc t p e aks by chromato craphy , the as4- c as e in frac t i on 
which was pooled app e ared t o  b e  cont amina ted with as 3-cas e in .  
The l evel o f  a8 3 - and as4-cas e ins in whol e b ovine c as ein 
( approximat e ly 1 0�0 of  the total cas ein ) and their s imi l arity 
made them di fficult t o  is olate in large q uant i t i es . 

The amino ac id c ocpos i t i ons of bovine a � - and a 4-- s _.�  s 
c a s e ins have b e en shown t o  b e  n early ldent i c al ( Hoagland e t  
a l . ,  1 971 ) and c ons e qu ently the mor e e a s i l y  i s o l at e d a A ­S ? 
c as ein was us ed for comparison with c aprine as - c as ein . 

El ec trophor e s i s  of  the s e  c as eins in th e pres enc e o f  
M g  ( :B'i g . 9 . 1 0 ) , '.vhich b inds to the phosphorus r e s idues of the 
c as eins and l argely neutral iz es their charge , showed caprine 
as -c as ein and b ovine a A -c as ein maintain their r elative s _) 
mob i l it i es , although th eir . el ec trophoretic mob i l i t i es decr eas e 
markedly r e lative t o  b ovine as 1 -cas ein B .  The r e l at ive 
mob i l i t i e s  of the cas e ins , in part icular c aprine a -cas e in , s 
b ovine a 1 and a 3-c as e ins are shovm in •rabl e  9 . 4  • s s 
Although gel e l ec trophor esis  at pH 8 . 4  showed c aprine a -s 
c as ein and b ovine as 1 - c as e in 
was inc luded in the gel  s ome 
( J!'ig . 9 . 1 0 ) . 

wer e  fairl y  homogene ous, when 
h e t ero geneity becam e  evident 

r1g 



Tab l e  9 . 4  

Rel ative Mob i l i ti e s  o f  C a s ein C omponents in th e 

Pr es enc e and Abs enc e o f  Mg 

C omponent 

Bovine 

as 1 -cas e in 

as 3 -cas e in 

/3-c as ein 

C aprine 

as -cas e in 

�2-cas e in 

Dis t anc e trav e l l ed , mm 

Alkal ine gel Mg gel 

1 06 

98 

65 

89 

62 

58 

31 

41 

29 

3 7  

Rati o  o f  di s tanc es 
trav e l l ed 

0 . 55 

0 . 31 

0 . 63 

0 . 3 2 

0 . 60 

-

0 " ·t-



9 . 1 0  Molec ular Heights of the a -Cas eins s 

The mol ecular weights of the S-c arboxymethyla t ed as­

c as eins were det ermine d  on a c o lumn of  S epharos e  6B in 6 M 
guanidine . HC l  ( Chapt er 9 . 6 ) . Mol ecular weights o f  2 5  700 , 
25 400 and 24 1 00 ,  respec tively , were obtained for c aprine 
a -cas ein , b ovine a 3-cas ein and bovine a 1 -cas e in B s s s 
( Tab l e  9 . 2 ) . The mol etulur weight ob tained for b ovine 

1 65 

as1 - c as ein B was in c l o s e  agreem ent with the value c a lculated 

from the amino ac id s equenc e ( Merc i er et a l . ,  1 972a ) . The 

mol ecular \ve i �ht obtained for b ovine as3- c as ein was c ons ider­
ably l ower than the value of 33 800 report ed by Hoagland et 

al . ( 1 971 ) , for as 3-cas ein , however , it was much c lo s er t o  
the value o f  2 6  000 rec ently reported by Ribadeau Dumas e t  

a l . ( 1 973 ) . 

A sampl e  containing both c aprine as -c as e in and b ovine 

as 3-cas ein v.1as chrornat ographed on the mol ecular weight c o lumn 

and the frac t i ons c o l l e c t ed as b e fore . Aft er weighing , each 

frac t i on was dialys ed to remove the b 1 1ffer s alts , and aft er 
gel e l ectroph or esis  and densitom etry the rat io of c aprine 

o: -cas ein to b ovine a A -c as ein was fo und t o  b e  c onstant acros s  s s �  
the prot ein peak , indic ating the mol ecular we ights of  the 
prot e ins wer e s imi lar . This c onfirmed the resul ts obtained 

when they were chromat o graphed individually . A s imilar 

experiment us ing c anrine a -ca s e in and bovine a 1 - c as e in - - s s 
showed that c aprine a - c a s ein had an appr ec iably �reat er s 
mol ecular weight , thus c onfirming the results ob tained earl i er .  

Figur e  9 . 1 1  s hows the chromatographic patt ern and gel e l e c tro­
phor e s is patt erns ob t ained for thes e two pro t eins . It  c an b e  

s e en that the l eading edge o f  the  peak c ontained pr edominantly 
c aprine �-cas ein , whereas the trai ling edge largely c ontained 
b ovine as1 -c as e in .  This technique i s  espec ially us eful for 

direc t ly c omparing the molecular weights of  two prot eins , 

particularly when one c an be us e d  as a s ens itive mo l ecular 
weight  marker . 

9 . 1 1  1'unino �<lc id Compos i tions o f  the cxs-Cas eins 

The amino ac id c ompositions of c aprine cx8-cas ein and 

bovine as3-cas ein were determine d  using s amples hydrolys ed in 
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Fig. 9.1 1 
Chromatography of a sample containing the major 
caprine OS -casein a nd bovine os1 -casein B on 
the molecular weight column to compare their 
molecu lar weights. The absorbance at 280 n m  

(e) o f  each fraction was measured and those 
contai ning protein were dialysed free of buffer 
salts and exa m i ned by d isc gel electrophoresis 
and densitometry. The proportion of ca prine 
OS -casein (•) and bovi ne os1 -casein B (o) in 
each fraction were calculated from the densito­
meter resu lts and used to correct the absorbance 
at 280 nm of the fractions. The cond itions 
used for chromatography have been out I ined in 
Fig. 9.7. 
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6 1'1 HC l for 24 , 48 and ?2 h .  Mol ar rat i o s  o f  amino ac ids 

in c aprine as- c as ein were initially c alculated on the basis  

that th e prot ein had a molecular weight of  apprcximat e ly 
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25 700 and cont ained 22 r e s i dues of  lys ine . I t  was r e fined 

by as suming that the pro t ein had 1 7  aspartic  acid res idues , 

4 glyc ine res idue s , 1 0  alanine res idues and 1 1  tyros ine 

residues ( Table 9 . 5 ) . 

Mol ar rati os of amino ac ids in bovine as 3-cas ein were 

c alculated  as suming the prot ein had a mol ecular weight o f  
approximat ely 2 5  400 and c ont ained 2 3  lys ine res idues . The 

c ompos i t ion was further r efin ed assuming each mo l e  of prot e in 

c ont ained 23 lys ine residues , 1 9  aspartic res idues , 4 glyc ine 

res idue s , 1 1  tyros ine r e s i dues and 6 arginine res idues . 

The c ompo s i t i ons are c ompared in Tab l e  9 . 5  with tho s e  
for b ovine as1 - c as e in B (flerc i er e t  al . ,  1 9?2a ) and bovine 

as3-cas ein ( Hibadeau Dumns et al . ,  1 9? 5 ; Hoagland et al . ,  

1 971 ) ,  aft er recalc\llati on of Hoagland ' s  data to  give a more � 

�rpropriat e mol ecular weiaht . 

I t  is c l e ar that with the exc eption of proline , and 

pos s ib ly valine , the c ompos iti o� of c aprine a - � as ein is very s 
c los e t o  that of  bovine as 3-c as ein ( this s tudy) , and thos e of 

Ribadeau Dumas et al . ( 1 97 5 )  and Hoagland et al . ( 1 971 ) .  

However , there are large differenc es b etwe en c aprine �- c as ein 

and b0vine as1 -cas e in , notably in the c as e  of threonine , 
glyc ine , l eucine , lys ine and cys t eine residues ( Tabl e  9 . 5 ) . 

All thr e e  proteins , howev er , have ? or 8 phosphate res idues 
and s imilar nwnb ers of aromat i c  res idues . 

The tryptophan c ontent of c aprine as -cas ein was 1 . 82% 

( Tabl e  9 . 5 ) . �hos phorus c ont ents , es timat ed in duplic at e 
s amples o f  hydrolys ates us ed for amino ac id analys es , were 

0 . 92% and 0 . 88'!o for c aprine a -cas ein and b ovine a 3-c as ein , s s 
respec t ively,  c orresponding t o  7 phosphorylat ed residues p er 

mol ecul e of  protein ( Tab l e  9 . 5 ) .  rrevious results had 

shown that a crude frac t i on of caprine a -cas ein c ontained s 
1 . 02% phosphorus (.Hofman , 1 958 b) . Annan and r1ans on ( 1 969 ) 

found 1 . 03>S phosphorus in b ovine a 3- c as e in .  Rec ently , s . 
however , Hibadeau Dumas et al . ( 1 97 5 )  als o r eport ed b ovine 



Tab l e  � 

Amino Acid C omposition of Caprine and Bovine as-Cas eins ( Residues Amino Acid/Mole ITotein) 

Canrine Bovine 
"s-cas e in 

Pres ent results 
a s2

-casein 

!'lean ll o .  l·robable N o .  tlean N o .  l·robable N o .  lloagland e t  al . (1 971 )  
Res idues S . lJ .  Residues Hes idues S . D .  Residues Recalculated Mean 

Asp 1 7 . 20 0 . 46 1 7  1 8 . 60 0 . 44 1 9  1 9 . 7  

Thr 1 4 . 02 1 4  1 4. 40 1 4  1 5 . 5  
Ser 1 3 . 78 1 4  1 6 . 03 1 6  1 7 . 3  
Glu 44 . 75 1 . 20 45 44. 81 0 . 77 45 43 . 2  
Fro 1 7 . 86 0 . 48 1 8  1 2 . 93 0 . 25 1 3  1 1 . 9  
Gly 4 . 1 2  0 . 1 1  4 3 . 96 0 . 09 4 3 . 1  
Ala 9 . 63 0 . 26 1 0  9 . 01 0 . 26 '  9 8 . 5  
Cys 1 . 8 2 2 . 3  2 1 . 1 
Val 1 2 . 42 0 . 33 1 2  1 4 . 36 0 . 29 1 4  1 4 . 4  
I·iet 4 . 31 0 . 1 2  4 4 . 04 0 . 06 4 4 . 2  
I l e  1 0 . 80 0 . 29 1 1  1 0 . 51 0 . 21 1 1  1 1 . 6  
Leu 1 2  . LID 0 . 3 3 1 2  1 3 . 79 0 . 26 1 4  1 3 . 3  
Tyr 1 0 . 90 0 . 29 '1 1 1 1 . 0 5  0 . 22 1 1  1 0 . 7 

1-he 7 - 53 0 . 20 8 6 . 25 0 . 1 3  6 6 . 2  
His 5 . 30 0 . 1 4  5 3 . 71 0 . 09 4 ' 4 . 1  
Lys 21 . 91 0 . 59 22 23 . 07 0 . 40 23 22 . 8  
Arg 6 . 44 0 . 1 7 6 6 . 06 0 . 1 6  6 5 . 7  
Trp 2 . 32 2 - 2 1 . 5 
}hosphorus 7 . 3  7 7 . 0 7 -

·l'o ta l no . _of residues 21 7 21 7 -
J':olec ular v;e i c:lt 

25 9381 
� ( a )  �ino ncid analysis 26 0091 

• · ( b )  � e �haros c 6il c olur.m 25 700 25 400 

1 .  f1olecular weight exc ludes amide e;roups . 

-·"--�--:-----------·- ----��..-��--" .... ._. ....... �--

Hibadeau lmmas 
et a l .  ( 1975)  

No . Resi dues 

1 9 . 2  
1 5 . 1  
1 4 . 1  
44 . 2  
1 0 . 6  

2 . 4  
8 . 8  

1 4 . 5 

3 - 9  
1 0 . 7  
1 3 . 4  
1 1 . 8  

6 . 2  
\ 3 . 0  
26 . 4  

' 5 . 9  
1 . 8 
7 . 1  

,�
5 1 -casein :a 

�erc i er et al . ( 1 972a) 
No • .des idues 

1 5  

5 
1 6  
39 
1 7  

9 
9 
0 

1 1  . 
5 

1 1 
1 7  
1 0  

8 
5 

1 4  
6 
2 
8 

1 99 

23 61 5 
24 1 00 

� 
0'1 
(X) 



�3 - c as ein as havinB 7 phosphorylated r e s idues , in agree­

ment -with the r es ul t s  in Tab l e  9 . 5 ,  and c on s i derab l y  lower 

than the resu l t s  of Annan and r·Ians on ( 1 969 ) . 

The ext inc t i on c o e �fic i ent s ( abs o rbanc e o f  a 1% ( w/v ) 

s o lut i on 1 c m  in depth ) measur e d  in 0 . 1  M phosphat e buffer , 
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pH 7 . 0 , were 1 0 . 1  and 1 0 . 3 ,  r e s p ec t iv e ly for caprine cs-cas e in 

and b ovine a � -c as e in . , B ovine a c -c as ein whi c h  is thought t o  
· s �  · s / -

b e  an equimo l ar mixture o f  as 3- and as4-c as e ins ( H o a gland et 

a l . , 1 971 ) ,  was r eport ed �o have an ext inc t i on c o ef f ic i ent of 

1 0 . 1  ( Toma an d Nakai , 1 97�. 

9 . 1 2  Dis c us s i on 

The pr e s ent s tudy has shotm that the maj or a - c as ein s 
o f  c aprine m i l k  has an amino ac i d  c ompos i t i on and m o l e c ular 

w e i ght c l os e t o  that of the mino r  b ovine prot ein , as 3- c as ein , 

( Tabl e  9 . 5 ) . In c ontras t ,  b ovine �1 -c as ein has a molecular 

weic,ht lower than , and a c omp o s i t i on s ubs t ant ial ly different 

from the maj or c aprine � -cas e in .  I t  should b e  noted that 

b ovine as4- c a u ein has a s imilar c ompos i t i on to as 3- c as ein and 

thes e two pro t eins o c c ur in milk in equil ibrium w i th a
s 5-

c as e in , a dis ulph i d e  b ond ed di� er which may b e  r. omp o s e d  o f  one 

m o l e c u l e  each of a 3 - and a 4- c a s  eins ( Hoagland e t  al . ,  1 971 ; s s 
T oma and N akai , 1 973 ) , but c ould b e  a mixture of 3 pos s ib l e  

disulphide dim ers . 

The mark ed decreas e in the e l ec trophor e t ic mob i l i t i e s  

o f  c aprine a - c a s ein and b ovine a 3 -cas e in i n  the pres enc e s s 
o f  I'Ie; ( Fig . 9 . 1 0 , Tab l e  9 . 4 ) may b e  attr ibut ed to thes e cas eins 
b inding more Ng than b o vine as 1 - c as ein . Bovin e as 1 - c as e in , 

whi c h  has one more pho s phat e  group than c aprine as - c a s e i n  and 

b ovine as3-c as e in was n o t  affec t ed t o  the same ext ent , sugges t ­

ing I'lg may b e  b ound t o  b i nding s it es o ther than the phosphate  

groups . 

Previ ous estim�t es o f  the mo l ecular weight o f  the 

pro t e ins , as 3- ,  as4- and � 5- c as eins have b e en by s edim entation 

in a pr eparative ultrac entri fuge f i t t e d  wi th a s c hl i eren 

optical sys t em ( T oma and Nakai , 1 9 73 ) , by C - t erminal analys i s  

( Annan and I'lans on , 1 969 � Ribadeau Dumas e t  al . ,  1 97 3 ) and 



. from the amino acid composition (Hoagland et  al . ,  1 971 ; 

Hibadeau Dumas et al . ,  1 97 5 ) . Thes e  studies  gave molecular 
weights of 31 800 and 65 750 for as 3- and as 5-cas eins ( '11oma 
and N akai , 1 973 ) , 1 L� 000 or 28 000 for a 3- and a 4-cas eins s s 
( Annan and 1'-Ianson , 1 969 ) 
(Hoagland et al . , 1 ) 71 ) .  

and 33 700 for a ?- - and a 4-cas eins S .)  S 
The pres ent results show the 

molecular weight of bovine as3-cas ein to b e  25 400 ± 1 500 

1 '/U 

by chromatography on Se�haros e 6B in 6 M guanidine . HC l , a 
result which is  significantly loVIer than the values obtained 
by other workers but similar to the molecular weight of  26 000 

obtained by Ribadeau Dumas at al . ( 1 973 ) . However , the 
molecular weights of a 3- and a 5-cas eins det ermined by s - s 
ultrac entrifugat ion were measured at high prot ein conc entra-
tions . I f  the proteins had any t endency to associate this 
would have led to the values r-eport ed . Annan and rlanson 
( 1 969 ) conc luded that the mol ecular weight was 1 4 000 , b ecaus e 
the rel eas e of  amino ac ids , leucine and tyrosine by car-boxy-
peptidas e A was virtually simultaneous , each was the end group 
of a 3- and a 4-cas eins . s s Ribadeau Dumas et al . ( 1 973 ) :JDund 
the C-t erminal s equenc e of  b oth b ovine a ?- - and a 4-cas eins t o  S .?  S 
b e  Leu-Tyr . OH ,  thus doub ling the es timate of  rr:.olecular weight 
of  Annan and l"lans on ( 1 969 ) from 1 4  000 to 28 000 . 

The b ovine a 3- , a 4- and a 5-cas eins all together s s s 
only amount t o  a small proportion of the t otal as-cas eins 
( Annan and I'ianson , 1 969 )  and poss ib ly 1 0:,a ( by weie;ht ) of the 
total b ovine c as ein ( Chapter 8 . 4) . The maj or caprine 2s­
cas ein acc ounts for about 1 5?o of the total caprine c as ein . 
However , there may not b e  a prot ein in the group of c aprine 
cas eins corresponding t o  bovine as1 -cas ein . 

The pos s ibility that caprine a -cas ein exists  as a s 
polymer in caprine milk , throu8h the formation of inter -or 
intra-molecular disulphide linkdges should b e  considered . 
Alkaline gel el ectrophoresis of c aprine c as ein before and 
aft er treatment with 2-mercaptoethanol revealed no differenc es  
in the prot ein patt erns . I t  is interesting to note that 
bovine as 5-cas e in ,  the dimer of as3- and �s 4-cas eins , has a 
mobility :i.n alkaline gel  electrophoresis slightly greater 
than that of  $ -cas ein , whereas as 3- and as4-cas eins have 
mobilities nearly equivalent to as1 -cas ein ( Fig . 9 . 1 0 ) . 



C ons equent ly , i f  c aprine � -c as ein exis t e d  as a dimer in th e s 
abs enc e o f  2-merc apt o ethano l ,  it  would s e em l ikely that s ome 
change in its el ectrophor etic - mobi l ity would have b e en 
obs erved .  



CHAlJTER 1 0 :  C HARAC TEHI �ATI ON CF r.rHE Ei\JOR OVINE C ASEINS 

Five maj or ovine cas eins , �< - , 132-· , 131 , as 2- and a s 3-

cas eins wer e  i s o lated by ch�omat ogravhy of  who l e  c as ein on 

DEAE-cellul o s e .  This  c hapt er des crib es their charact eri z a­

tion and a c omparis on with their respective b ovine and 

c aprine cas e ins . 

1 0 . 1  Ovine �< -C as ein 

Ovine �<-cas e in was isolated by chromatography of 
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whol e  cas ein 0n a c olumn of DEAE-c ellulos e ( Frac t ion 3 ,  
Figs . 8 . 5  and 8 . 6 ) and purified further by chromatography on 

CM-c e llul o s e  at pH 4 . 0 .  It  was ident ified as �< -cas ein from 

its  elec trophoretic mob ility in polyacrylamide gels  at pH 8 . 4 

ancl from its s ensitivity to r ennin ( :B'ie; e 1 0 . 1 ) .  

Gel e l ec trophor es is at pH 8 . 4  showed ovine �<-cas e in 

has a lower mob i l ity than the ovine (3-cas eins and , unlike its 

caprine count erpart , c an b e  r eadi ly identified in patt erns of 

whol e  cas ein . Minor bands with a gr �ater e l ec trophor et ic 

mob i l ity than ovine K -c as ein were obs erved in some 

preparat ions . Thes e prot eins were readily hydro lys ed b y  

rennin and w e r e  probab ly K-C as eins glyc osylat ed a t  different 

l ev el s . 

Alais and J o l les ( 1 961 ) found the l evel of  c arbohydrat e 

in the glyc omacropeptide from uvine c as ein t o  b e  l es s  than that 

from bovine c as ein . They report ed l evels of 1 . 1 %  s ialic ac id 

in the ovine glyc omacropeptide , and 1 4 . 31� and 3 . 0;·; in the 

bovine and c aprine glyc omacropeptides , respectively . 

A mol ecul ar weight of 20 500 was obtained for ovine 

�<-c as ein by c hromatography of the S-c arboxymethylat ed pro t ein 

in 6 I·I guanidine . HC l  buffer on a c olumn of Sephar o s e  6B . 

Thi s  molecular weight was s imilar t o  va lues previous ly report ed 
of 1 9  050 ( Ribadeau Dumas et al . , 1 97 5 )  and 20 000 ( Alais and 
J o l les , 1 967 ) . 

N o  further charac t erist i c s  of  ovine K-c as e in were 

det ermined s inc e the amino acid s equenc es of  ovin e para-JC ­

c as e in ( Jo l le s  et al . ,  1 974) and the partial s equenc e o f  the 
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Fig . 1 0 . 1 : Alkaline gel e l ectrophor e s i s  of who l e  ovine 

c as e in ( 1 , 4 ) , purified ovine « -cas ein ( 3 ) , 

and the effec t o f  rennet on this frac t i on ( 2 ) . 

The dir e c t i on of e l ec trophoresis i s  indic at e d .  
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ovine macropeptide ( Jo l l es et al . ,  1 973 ) have rec ent ly 
b e en det er::nined • 

.Q,YINE fJ -C ASEINS 

1 0 . 2 I s o lat i on of Ovine �-Cas eins 

1 '?4 

Two (3-c as eins ( Frac tions L� and 5 ,  Figs . 8 . 5  and 8 . 6 )  
were s eparat ed from 1.·:hol e c as ein b y  chromat ography on D:EAE­
c el lulos e at pH 7 . 0 .  The s e  cas eins , pre s ent in equimo lar 
amoun t s  were t entatively designat ed as 132- c as ein ( Frac t i on 4 )  
and P1 -cas ein ( Frac t i on 5 ) , s inc e p2-cas e in had a s imi l ar 
elec t rophor etic  mobi l i ty at pH 8 . 4  to b ovine �-cas e in B and 
caprine .62-c as ein . S inc e th ere was a p o or s eparat ion o f  
p eaks from the D:Li\E-c e l lulos e c o lumn a ft P-r chromatography o f  
who l e  ovine c as e in ( Fig . 8 .  5 ) , frac t i ons vver e invariably 
c ont aminat ed with one another and r e �uir ed fur ther pur i fi c a­
t i on .  They wer e r epur i f i ed , init i al ly by rechromat ography 
on c o lumns o f  DEAE-c e l lulos e ,  fo ll owed by c hron1ato graphy 
on CM-c ellul o s e at pH 4 . 0 .  Alkal ine gel e l ec trophor e s i s  
showed that this proc edure yi e l d ed hi e;hly purifi ed (J-c as e ins 
( Fi g . 1 0 . 2 ) , alth0ugh s ome het erogeneity b ec ame evident in the 
pres enc e of  Mg . The ovine {J-c as e ins wer e much �or e di f­
ficult t o  purify than their c aprine coun t erpart s , which in 
turn were more difficult to purify than b ovine (3 -cas ein . 

Ovine p1 -cas ein has a gre at er elec trophcr etic  rr.obi l i  ty 
at pH 8 . 4  than P2-cas e in ( Fig . 1 0 . 2 )  and 1:1as less r eadi ly 
elut ed from DEAE-c e l lulos e ( Fig . 8 . 5 ) . The elec trophoretic 
mob i l i ty o f  b ovine f)-c as e in B at pH 8 . 4  was s imilar to that o f  
ovine P2-cas e in , vlhi l e  t h e  mob i l i  t i es of ovine p1 - and fJ2-
c as e ins were s imilar t o  thos e of caprine �1 - and 

�-cas e ins , r es pec t ively ( Fi g . 4 . 1 ) .  At pH 4 . 0 ,  the 
mob i l i  t i e s  o f  ovine p1 - and fJ2-c as eins wer e r evers e d , s o  
ovine �-c as ein had the gr eater el ectrophoretic mob i l i ty .  
When Mg was inc luded in th e e l ec trophores i s  buff er , the 
mob i l i  t i es of  ovine 131 - and fJ2-c as e ins decreas ed and the two 
c omponent s  m erged ( Fi g . 1 0 . 2 ) . Thi s  sugges t ed that �1 - and 
{J2-c as eins diff ered in the numb er o f  phos phat e gr oups that 
each c ontained ,  sinc e Mg ass oc iat e s  strongly with the 
pho s phat e groups of  the c as eins , and largely neutral i z e s  
their charge . Thi s  c onc lus i on was suppor t ed by the r e sults 

,, 
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Fig . 1 0 . 2 : Alkal ine gel e l ectrophoresis of  the purified ovine � -c as eins in the abs enc e ( A) 

and pres enc e of  t1g ( B ) . 1 ,  whol e  bovine cas ein ; 2 ,  ovine �2-cas ein ; 

3 ,  ovine 81 -cas e in ; 4 ,  who l e  ovine c as ein . The direct ion o f  e l ec trophores is 

is indicated . 

� 
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from ac id gel e l ectrophoresis where the mob i l i t i e s  sugge s t ed 
that p1 -cas ein c arri ed more �egative charge than /52-cas ein at 
pH 4 . 0  and pH 8 . 4 .  The b ehavi our of thes e ovine � -cas eins 
is s imilar to that obs erved for the c a prine �-c as eins 
( Chapt er 9 . 5 ) .  

1 0 . 3  Mol ecular Jeight s ·of Ovine P -Cas eins 

Mol ecular we ight s of 25 000 and 24 900 were obt ained 
for ovine e1 - and P2-c as eins , respec tively , by chromatography 
in 6 r1 guanidine . HC l  on a c al ibrat ed c olumn of Sepharo s e  6B 
( Chapt er 9 . 6 ) . The s e  molecular w e i ght s wer e the average o f  
dup l i c at e  analys es . 

To d e t ermine wh�ther t he mol ecular weights o f  the 
ovine p-cas eins were ac tually higher than that of b ovine 
,e-c as ein a s amp l e  c ont aining both ovine {31 -c as ein and b ovine 
p-c a s e in B was chromato graphed on the mo l ecular wei ght c o lumn . 
Aft er dialys ing each frac t i on ,  gel electrophor es is and 
dens i t ometry showed the ratio o f  ovine .81 - c as ein t o  bovine 
,8-c as ein B was c ons tant across the peak , s ugges t ing that the 
mol ecular weights were s imilar at 24 00-25 000 . Thi s  
veri f i ed the previ ous r esults when the prot eins were 
chr omat ographed individual ly on the m 0lecular weight c o lumn . 

1 0 .. 4 Amino Ac i ci  C ompo s itions o f  the Ovine .8-Cas eins 

The amino ac id c ompos i t i ons of the ovine {31 - and (3 2-
c as eins were det ermined from nine analys e s . Samples o f  
pro t e in which had b e en hydrolys ed with 6 M HC l f o r  24 , 48 and 
72 h were analys ed in triplic at e .  'rhe mo lar rat i os o f  amino 
acids were ini t ially c a lc ulat ed on the bas is tha t the (3-cas eins 
c ontained 8 aspartic ac i d  res idues and had molecular weights 
of 24 000-25 000 . .They wer e r e fined by a s s uming ovine 131 -
and e2-cas eins c ontained 8 aspartic acid , 5 glyc ine , 9 
phenylalanine , 1 2  lys ine and 3 arginine r e s idues per mol e 
o f  prot ein . The amino acid c ompos itions o f  the ovine (31 -
and �-cas eins are pr es ent ed in Tab l e  1 0 . 1 , and c ompared with 
thos e of c aprine .e2-cas e in and b ovine j3-cas ein A2 , and with 
the c ompos i t i on of ovine /3-c as ein ob tained by Re smini et al . 
( 1 967 ) , aft er i t  was r ec a lculat ed assuming a molecular weight 
for the pr ot ein of 24 000 . 



Asp 
Thr1 
Ser1 
Glu 
Fro 
Gly 
Ala 
Val1 
het 
I l e1 
Leu 
•ryr 
lhe 
His 
Lys 
Arg 
'1'rp 
Phosphorus 
.1'-lol ecular weight 

( a )  Amino Ac id 
ana lys is 

(b) S epharos e 6B 
c o lumn 

No . o f  res idues 

Tab l e  1 0 . 1  

Amino Ac id C ompo s i t i ons of the Ovine ft-C as eins (Res idues of Amino Ac id per Mo l e  of Protein) 

Ovine C aprine 

P2-Cas ein /31 -Cas e in P-Cas ein2 /3�-Cas ein 131 -C as ein P2-C a s e in 
Mean !� o .  of 3 !'lean N o . of 

S . D . 3 L�esmini et l"!os Probab l e  !'lo s t  1:-robab l e  
Res idues S . D .  Res idues a l .  ( 1 967 ) N o . of Res idues N o . of :ctes idues Tab l e  9 . 3  

8 . 08 0 . 20 8 . 1 3  0 . 1 9  9 . 8  8 8 9 
1 0 . 6 2  1 0 . 58 1 0 . 9  1 1  1 1  1 2  
1 3 . 78 1 3 . 22 1 3 . 3  1 4- 1 3  1 5 
39 . 02 1 . 4-2 39 . 92 1 . 01 4-4- . 3 39 4-0 4-3 
37 . 27 2 . 86 3 7 . 4-1 1 . 1 4- 31 . 8  37 37 33 

5 . 1 0  0 . 1 0  5 . 1 1  0 . 1 3  5 . 2  5 5 6 
4- . 70 0 . 29 4- . 39 0 . 1 2  6 . 3  5 4- 5 

21 . 88 0 . 52 21 . 69 0 . 57 1 8 . 6  22 22 21 
5 . 30 0 . 26 5 . 1 1  0 . 1 2  5 . 2 5 5 6 
8 . 53 0 . 27 8 . 77 0 . 21 9 . 0 9 9 9 

21 . 27 0 . 4-8 21 . 31 0 . 53 21 . 0  21 21 20 
2 . 97 0 . 07 3 . 00 0 . 08 3 . 9  3 3 4-
9 . 02 0 . 1 9  8 . 90 0 . 21 8 . 2  9 9 9 
4- . 67 0 . 28 4- . 65 0 . 1 3  l� . 4- 5 5 5 

1 1 . 86 0 . 25 1 1 . 57 0 . 30 1 1 . 8  1 2  1 2  1 2  
2 . 99 0 . 1 1  2 . 89 0 . 08 3 . 3  3 3 3 
1 . 1 1 . 1 0 . 8  1 1 1 
4- . 1  · . 4- . 6  - 4- 5 5 

23 773 23 823 24- 360 

�24 900 25 000 

209 208 21 3 

1 .  Threonine and s erine values obtained from 24- h hydro lys ates were 
increased by 5/� and 1 0}� respect ively . I s o l euc ine and val ine were 
72 h resul ts . 

2 .  Hesults o f  llesmini e t  a l .  ( 1 967 ) were rec alculat ed assuming a 
mol ecular weight o f  23 500 , exc luding the phosphat e groups . 

3 .  Standard devi ation . 

Bovine 

tl-C as ein A2 
Ribadeau Dum�; 
et al . ( 1 9 7 3 )  

9 
9 

1 6  
39 
3 5  

5 
5 

1 9  
6 

1 0  
22 

4-
9 
5 

1 1  
4-
1 
5 

23 982 

209 

� 
--.] 
--.] 



The c ompos i t ions of  the ovine �1 - and �2-cas eins were 

very s imilar , with only minor differ enc es b etwe en them ( Tabl e  

1 0 . 1 ) .  The differenc es in the numb er o f  glut amic acid  

res idues were prob ab ly not  s i gnifi c ant , c ons idering their 

standard devi a t i ons . The pro l ine c ontent of  ovine �2- c as ein 

was rather unc ertain , due to  the l arge standard deviati on ,  

hov.rever it  appears unl ikely th er e are any s ie;nifi c ant dif­
ferenc es b etween thes e ·two prote ins ( Tab l e  1 0 . 1 ) .  

Ovine P2- c as ein and b ovine  � -c asein A2 have the s ame 

numb er of glutamic ac id , glyc ine , alanine , phenylalanine , 
his t idine and tryptophan residues . Caprine 132- c as ein and 

ovine P2-c as ein als o have s imi lar c ompos i t i ons C l'abl e  1 0 . 1 ) ,  

vJi th the levels o f  seven amino ac id r esidues the s ame , e i e;ht 
amino ac ids which differ by one res idue and two amino ac ids 

whi·ch di ffer b y  two res idues . Trypt ophan in s amples of  the 

ovine p-c as eins was det ermined direc t ly by amino ac id  analys is 

after the pro t e ins were hydrolys ed for 24 h with 3 M P-t o luene 

sulphonic ac id . The molar rat i os of tryptophan to arginine 

were det ermined by amino ac id analys i s . On the bas is of thr9e 

arginine res idues per mol e ,  the tryptophan c ont ent was 0 . 8�6 
for b oth .B1 - and P2-cas eins . 

I norganic phosphorus , det ermined in ac i d  hydrolys ed 
samp l es o f  the t?-c as eins , was 0 . 59�� and 0 . 53% for ovine p1 - a.nc 

P2-cas cins , respect ively . The abs o rbanc e o f  1 cm s o lutions 

of the P1 - and p2- c as eins ( 1 % w/v ) , pH 7 . 0 ,  at  280 nm 

( c orrec t ed for Rayl eigh s catt ering) were 3 . 9 and 3 . 7 ,  

respec t ivel y .  Bovine and c aprine �-c aseins , which c ontain 
one tryptophan and four tyrosine res idues , have extinc t i on 
c o effici ents of  4 . 2-4 . 7  ( Chapter 9 . 7 ) . The l ower values for 
the extinc t i on c o effi c i ents of the ovine �-cas e ins are 

c ons i s t ent with the ir c ont ent of  one tryptophan and thre e  
tyros in e  residues . 

Discus s i on 

The two ovine p-cas eins are s imilar t o  the two c aprine 

�-c as e ins with almost identical e l e c trophoretic  mob i l i t i es in 

alkaline polyacrylamide gels , mol ec ular weights ,  amino ac id 

compos i t i ons and with a differenc e in phosphorus c ontent b etween 
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the s1 - and p2- c as eins ( Tabl e  1 0 . 1 ) .  The c omposition 

obtained by Resmini et  al . ( 1 967 ) for ovine �-c a s e in i s  c l os e 

t o  tho s e  of  ovine (3
1

- and 132-cas eins \.vhich were ootained in 

this s tudy ( Tab l e  1 0 . 1 ) ,  although s ome  di fferenc es are 
apparent in the aspartic a c i d , glut amic ac id and proline  

c ont ent s . 

The e l e c trophore-t i c  mobili t i e s  at pH 8 . L.� of  the ovine 
and c aprine S2- c as e ins and b ovine (3-cas ein B ar e s imilar , 

and s inc e th ey a l l  have the s ame mol ecular weights , the net 
charges on the pro t e ins are probably s imi l ar . The sum o f  

the lys ine , his tidine and arginine res idues is  the s ame  for 

the ovine and. c aprine t9-cas eins and b ovine (3 -cas ein A2 , and 
c ons e qu ently the s um  o f  the negat ively charged r es idues i s  

probably s imilar o ll'urthermore , the sum o f  i s o l euc ine , valine 

and l euc ine res i dues is s imilar at 49 , 51 and 52 , resp ec t ively , 

for c aprine ,s2- c as ein ,  ovine p2-cas e in and b ovine (3-cas ein A2 

( Tab l e  1 0 . 1 ) .  'I'h e ovine ,s2- and ,s1 -c as eins contain 4 and 5 

res idues of  pho sphorus , respec tivel y  and are s imil ar t o  the  

c orr esponding c aprine ,s-cas eins which c ontain 5 and 6 phosphorus 

res idues . The ovine $ - c as e ins may have a s imi l ar mechanism 

of pho s phorylat i on to that of the c aprine �-c as eins . I t  is 

int ere s t ing to not e that the variat i on obs erved in the 
int ens i ty of the (3- c as ein b ands in s ome ovine c a s e in s amp l es 

( Chapter 8 . 8 )  has not yet b e en obs erved in the c aprine c as e ins . 

OVINE a -CASEINS 
s 

1 0 . 6 I s o lation o f  Ovine  as 2-C as ein and as 3-ca s ein 

Alkaline gel  e l ec trophoresis  of a numb er of individual 

ovine c as ein ( Chapt er 8 . 8 )  r evealed the pres enc e of thr e e  maj or 
c omponents having e l ectrophoretic mob i li t i e s  which wer e  l ower 

than that of b ovine as 1 - c as e in ( Fig . '+ . 1 ) . Two of  the s e as­

c as eins were is olat ed b y  DEAE-c ellul o s e  chromatography o f  

whol e  ovine c as ein and designat ed as as2- and as 3- c as e ins , 

s inc e they c orresp onded  in e lec trophoret ic mob i lity t o  the 

slower c omponents of  the three  a -cas eins . Thes e c omponents s 
( Frac t i ons 6 and 7 ,  Figs . 8 . 5 and 8 . 6 )  were only partially 

s eparat ed by chromatography on DEAE- c e llulos e  and it was 

' 
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Fig . 1 0 . 3 :  Chromatography of ovine as 3-cas ein on DEAE-cellulos e in 0 . 01 M imidaz o le-HC l buffer , 

pH 7 ,  c ontaining urea ( 4 . 5 M)  and 2-mercaptoethanol ( 0 . 1% , v/v) , and us ing a 1 1  gradi ent 

from 0-0 . 1 5 M MgC12 to elut e the cas eins . Other experimental details are s imilar t o  

thos e outlined in Fig . 8 . 1 . The fraction indicated was pool ed and i t s  purity examined 

by alkaline gel electrophoresis  ( Fig. 1 0 . 4) . 
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Fig. 1 0 . 4 :  rolyacrylamide gel el ectrophoresis of  the ovine a8-cas eins at pH 8 . 4  ( A) and at pH 8 . 4  

in the pre s enc e o f  Mg ( B) . 1 , 4 ,  whol e  ovine cas ein ;  2 ,  ovine a s 3-c �s ein ; 

3 ,  ovine as2-c as ein .  
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nec es s ary t o  purify thenJ further by r echromatoc;raphy on 

c olumns of  DEAE-c e l lul o s e  and Cl"1-c e llulos e .  Although 

alkaline gel e l e ctrophore s i s  indic ated the ovine 

were pur e , elec trophor esis  at alkaline pH in the 

Mg r evealed 3�6 c ontamination of  a 3-cas ein with - s 

a - c as e ins s 
pres enc e of  
another 

c as ein c omponent . This c ontaminant b ehaved in a s imilar 

manner to bovine as 3-cas ein and c aprine as- c as ein , s inc e in 
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the pr es en c e  of  Mg , it� elec trophor etic mob ility was reduc ed 

and b e c ame l e s s  than that of the ovine �-c as eins . C ons equently , 
ovine as 3-cas ein was repurified by c hromatography on DEAE­

c ellulos e at nH 7 in buffers c ontaining Mg ( Fig . '1 0 . 3 ) . The 
purity of the ovine a � - and a �- c as eins , as shown by alkaline S e.  S _,  
gel e l ec trophoretic mobilities, are shown in Fi g . '1 0 . 4 .  In the 

pres enc e of 1"1g the mobili  ties  of  as 2- and as 3- c as eins were 

reduc ed ,  but they did not merge t o gether , and s e emed t o  b ehave 

in a s imilar manner to b ovine as 1 -cas ein.  This  would suggest 

the differenc e in net charge on the two ovine as-cas eins is  

not  due to  differenc es in  their phosphorus c ont ent . 

'1 0 . 7  Molecular Weights o f  Ovine a -Cas eins s 

The molecular weights of the o vine as -c as eins were 

det ermined by chromatography on a c al ibrated c o lumn of 
Sepharos e 6B in 6 M guanidine . HC l .  A sample of  pure ovine 
as-cas ein ,  which c ontained as 2- and as 3-c as eins yi elded an 

average molecular weight det ermined from uuplic ate  analys es 
of  24 '1 00 .  In addi t i on ,  a s ampl e which c ontained the ovine 
as-cas e ins and b ovine a81 - c as ein B, was chromat o graphed on the 
molecular weight  c olumn and the frac t i ons examined by gel 
electrophore s i s . The ratio  of  ovine a 2- and a 3-cas eins t o  s s 
b ovine as1 -cas ein B was found to b e  c onst ant across  the peak , 

sugges ting the molecular weights wer e  the s ame within the 

error o f  the method and verifying the resul t s  obtained for 
the individual prot e ins . 

'1 0 . 8  Amino Ac i d  C ompos i ti ons o f  the Ovine a -Cas eins s 

The amino ac id c omposi t i ons of  the ovine as�c as eins 

were det ermined in a s im i l ar manner to that us ed for the 



p -cas eins . They were bas ed on s ingl e s amples o f  protein 
hydro lys e d  for 24 , 48 and 72 h ,  and analys ed in triplic a t e .  
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The amino ac i d  c ompo s i t i ons o f  ovine as 2-cas ein and 
as 3-cas ein were init i al ly bas ed on the suppos i t i on that th e 
prot e ins had a molecular weight of approximat ely 24 000 and 
c ontained 1 7  res idues of aspart ic ac id . The c ompo s it i on o f  
as 2-cas e in was further .refined by assuming i t  c ontained 1 7  
aspartic ac i d , 9 glyc ine , 1 2  alanine , 1 4  lys ine and 6 
arginine r e s idues p er mo l ecul e of prot ein . The c ompo s i t i on 
o f  as 3 -cas e in was r efine d by assuming it c ont ained 1 7  aspart ic 
acid , 1 1  glyc ine , 1 2  alanine , 1 3  lys in e and 6 arginine 
res i dues p er mol ecul e of prot ein . 

The amino ac i d  c ompo s i t i ons o f  the ovine a 2- and a 3-s s 
c as e ins are c ompar e d  wi th tho s e of c aprine as -c as ein and 
b ovine a -cas ein B in Tab l e  1 0 . 2 .  The amino ac id c ompo s i t i uns 

s 1  
o f  ovine as -cas ein d et ernined b y  Resmini e t  al . ( 1 967 ) and 
Shalichev and Tan ev ( 1 973 ) are als o s hown aft er r ecalculat i on 
t o  a more appropri a t e  mol ecular weight . 

The amino ac i d  c ompo s i t i ons o f  the ovine a 2- and a A -s S ? 
cas eins were s imi lar , with minor d i fferenc es in their 
threonin e , s erine , glutamic ac id , glyr. ine , val ine , meth i onine , 
i s o l euc ine , phenyl alanine , lys ine , and perhaps arginine 
c ont ents ( Tab l e  1 0 . 2 ) . The c o�posit i on o f  ovine as 2- c &s ein , 
in parti cular , was c l o s e  t o  t�at obtained by R esmini et al . 
( 1 967 ) . C ons iderab ly mor e differenc es were ob s erved b etween 
the c ompo s ition o f  as 2- c as ein and that of Shalichev and Tan ev 
( 1 973 ) . 

The c ompos i t i ons o f  the ovine as-cas e ins are much more 
s imilar t o  b ovine as 1 - c as e in B than t o  c aprine as -cas ein 
( Tab l e  1 0 . 2 ) . The ovine as -c as eins and b ovine as1 -cas ein B ,  
in parti cular , differ from c aprine a -c as ein in their c ont ent s 
o f  thre onine , glyc ine , c ys t eine , lys ine and l euc ine . The 
tryptophan c ont ent of the ovine a -c as eins was 1 . 7% ,  bas e d  on s 
the molar ratio  o f  tryptophan to  arginine d e t ermined b y  amino 
ac id analys is , as s uming the proteins contained s ix arginine 
res idues p er mo l e .  



.t.s p  
Thr1 
S er1 
Glu 
Fro 
Gly 
Ala 
Cys1 V al. 
het 
I l e1 
L eu 
Tyr2 
.Fhe 
His 
Lys 
1':13 
Arg 
'l'rp 
I-hos phorus 
.!":oleo . weight 

aoi�o acid c ompos i t i on 
S epharos e 6 B Column 

N o.  of Residues 

Tab l e  1 0 . 2  

Amino Acid C ompos itions o f  the Ovine as -Cas eins ( Res idues of Amino Ac i d  ·per .Mo le of Prot e in )  

o5 �-Casein 
!'le n N o .  of 

S . D . 4 Hes idues 

1 7 . 20 0 . 26 
4 . 55 0 . 45 

1 8 . 47 0 . 41 
42 . 29 0 . 48 
22 . 21 0 . 76 
1 0 . 74 0 . 20 
1 2 . 23 0 . 66 

1 0 . 53 0 . 38 
3 . 76 0 . 30 
9 . 96 0 . 22 

1 7 . 66 0 . 42 
8 . 92 0 . 1 8  
6 . 30 0 . 30 
4 . 24 0 . 3 5  

1 3 . 23 0 . 40 

5 - 55 0 . 66 
2 . 1 6  
9 . 3  

24 1 00 

Ovine 

"'s 2-C asein as -Cns ein3 a -Cas ein as�-Cas ein a.,t-Cas e in 
Iiean No . of 

S . D . 4 Resrnini et Shalichev and Fro ab l e  N o .  Pro able N o .  
Hesidues a l .  ( 1 967) Tanev ( 1 973 ) of Residues of Res idues 

1 7 . 20 0 . 31 1 8 . 0  1 8 . 3  1 7  
3 . 64 0 . 04 4 . 6  5 . 1  5 

1 6 . 61 0 . 1 6  1 6 . 4  1 4 . 8  1 8  
38 . 89 0 . 72 39 . 5  39 . 6  42 
22 . 3 5  0 . 47 1 9 . 2  20 . 4  2 2  

9 - 39 0 . 1 6  '1 0 . 0  1 0 . 3  1 1  
1 2 . 23 0 . 29 1 3 . 7 1 4 . 6  1 2  

9 - 72 0 . 20 8 . 6  1 0 . 3  1 1  
4 . 64 0 . 1 1  4 . 5  3 . 2  4 

1 0 . 66 0 . 1 3  1 0 . 0  9 . 7  1 0  
1 7 . 80 0 . 42 1 8 . 0  1 8 . 1  1 8  
1 0 . 48 0 . 23 1 1 . 0  6 . 5 1 0  

6 . 81 0 . 1 3  6 . 6  5 . 6  6 
4 . 1 6  0 . 09 3 - 5  6 . 3  4 

1 4 . 25 0 . 1 6  1 4 . 0  1 9 . 8  1 3  

6 . 44 0 . 33 5 . 4  6 . 5  6 
2 . 1 6  2 . 8  - 2 
8 . 7  - - 9 

24 623 
24 1 00 

21 1 

1 .  Threonine and s erine values obtained from the 24 h analys e s  
were increas ed by 5i� and 1 0';o respec t ively. I s o l eucine and 
valine were 72 h results . 

2 .  See t ex t .  

3 .  'i'he c om pos i t i ons obt :1 ined b y  Resmini et al . ( 1 967 ) and 
uha l i c llev and 'l'nnev ( 1 ')'73 ) were recalculated to a molecular 
I·J e i ch t: of ;• 3 s;oo , excluclinc the phospha t e  groupn . 

4 .  Ltandard d evia t i on .  

1 7  
4 

1 7  
39 
22 

9 
1 2  

1 0  
5 

1 1  
1 8  
1 0  

7 
4 

1 4  

6 
2 
9 

24 353 

207 

Bovine 

a$1 -C as ein B 
R1.badeau Durnas 

et al . ( 1 973 ) 

1 5  
5 

1 6  
39 
1 7  

9 
9 

1 1  
5 

1 1  
1 7  
1 0  

8 
5 

1 4  

6 
2 
8 

23 61 5 
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Caprine 

as-C a s e in 

Tab l e  9 . 4  

1 7 
1 4  
1 4  
45 
1 8  

4 
1 0  

2 
1 2  

4 
1 1  
1 2  
1 1  

7 
5 

22 

6 
2 
7 

26 01 0 

21 6 
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Inorganic phosphorus measured in the ac id hydrolys a t es 
us ed for amino acid analys i s  were 1 .  06% and 1 .  20}� for ovine 
as 2- and as 3- c as eins , re s p ective ly .  The abs orban.c e s  o f  1 '/b 
s o luti ons ( w/v)  at 280 nm ,  pH 7 � 0  ( aft er c orrectin3 for 
Rayl eigh s c at t ering ) were 1 1 . 20 and 1 0 . 9 .  The s e  are high er 
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than the extinc t i on c o effi c i ent for bovine a 1 -cas ein B of 1 0 . 1  s 
( 'rhomps on , 1 971 ) .,  rl.mino· acid an alysis  reveal ed 8 . 92 res idues 
of  tyrosine in ovine as·3-c as ein (' r ab l e  1 0 . 2 ) . The mo l ar rat i o  
of t yrosine : tryptoph an measured i n  0 . 1  M NaOH ( Beo.ven and 
Holiday , 1 9 52 ) -vms 5 . 04 .  · This is equival ent to 1 0  tyros ine 
r e s i dues per mo l e  in as 3-casein .  C ons equent ly , b o th ovine 
a - c as e ins were assumed to have 1 0  tyrosine res idues in each s 
mol e  of prot ein . The higher values for the ext inc t i on 
c o efficient s of  the ovin e a -c as eins c ompar ed with that for s 
bovine as1 -c a s ein whi ch c ontains 2 tryptophan and 1 0  tyr o s ine 
r e s i dues , suge;e s t s  ther e may b e  1 1  tyrosine res idues in the 
ovine as -cas e ins rather than 1 0  r e s i dues . 

1 0 . 9  Discus s i on 

Two maj or a -c as eins , des i gnat ed as a 2- and a 3 -cas ein , s s s 
were i s olated by chromat o �raphy on c o lumns o f  DEAE-c e l lul o s e 
and CM-c e l lulos e .  Al thoue;h this proc edur e was s at is fac t ory 
for the purificat ion of as 2-cas ein , i t  was ne c e s s ary t o  purify 
as 3- c a s ein by chromat ography on DEAE-c ellulos e in the pr e s enc e 
of  I"Ig in order t o  remove an impur i ty which b ehaved in a s imilar 
manner· to bovine as 3-c as e in and the maj or c aprine as -cas ein 
during gel e l e ct rophor e s i s  in the pres enc e and abs enc e of  Mg . 

The amino aci d  c omposi t i ons and mo l ecular weight s of  
the ovine � 2- and as 3-cas eins were simi l ar t o  each other and 
more c los ely r el at ed t o  b ovine as 1 -cas ein B than t o  bovine 
a 3-cas ein or c aprine a -cas ein ( Tabl e  1 0 . 2 ) .  Amino ac id s s 
analys is of  the impure ovine as 3- c as ein frac t i on r evealed the 
contaminant was s imilar t o  b ovine �3 -c as e in .  

The s imilar pho sphorus c ont ents , mol ecular weights 
and b ehavi our on gel  e l e c trophores is in the pres enc e of  Mg 

o f  the ovine a -cas eins s uggest ed they differ in the numb er s . 
of charged amino ac id r e s idues which they c ontain and not in 
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the numb er of phosphorylat ed residues . S inc e a8 2-c a� e in has 
a great er e l ectrophor et i c  mob ility at pH 8 . 4  than as 3-c as e in ,  
despi t e  its  extra lys ine r e s i due , i t  must als o have fewer 
glutamin e  and or as paragine res idue s . Although there ar e a 
numb er o f  differenc e s  in th e c ompositi ons of th e ovine as 2-
and as 3- c as eins , t h e s e  c as eins mus t b e  c ons i d er e d  as b e ing 
more c lo s ely re lat ed to each other than b ovine as 1 -cas e in is 
to P-cas e in ,  or b ovine · a8 1 -cas e in i s  to b ovine as 3-cas e in . 

0halich ev and Tanev ( 1 973 ) i s o lat ed and purif i ed ovine 
as -cas e in by ur ea frac t i onat i on of o vine c as ein and chroma­
tography of a crude as -c as ein frac t i on on S ephadex G-1 50 in 
Tris-c itrat e buffer c ontaining urea . They obtained a 
molecul ar weight o f  47 500 for a -cas e in b y  chromatography on s 
S ephadex G-1 50 in Tri s - c i trat e buffer , pH 7 . 5 ,  in the abs enc e 
of urea . The mol ecular weight c o lumn was pr evi ous ly 
calibrated wi th native gl obular prot e ins . Under thes e c ondi­
tions ovine as-cas ein, s inc e it  has an amin o  acid c ompos i t i on 
c l os e t o  that o f  b ovine as 1 -cas ein , i s  unl ikely to be s imilar 
in mo l ec ular c onformat i on to  the pro t e ins us ed t o  c alibrat e 
the c o lumn . Und er s imi lar c ondi t i ons , depending on the 
prot e in c onc entrat ion , bovine as 1 -cas ein would b e  pr es ent in 
a part icular po lymeri z at i on form , and as a mixtur e  of p o lymers 
( Schmidt , 1 970b ) . I f  one assumes the ovine a -cas eins are s 
as s oc iat ing pr ot e ins this high mol ecular v.; ei [-':ht value i s  not 
surpr i s ing.  

Ovine as 2- and as 3 -cas eins appear to  be  fairly c l o s ely 
rela t e d  to each o ther , and they ar e e ach mor e c los ely r el at e d  
to  bovine as1 -c as e in ,  with their s imi lar amino ac i d  c ompo s i­
tions , mol ecul ar w e i ghts , b ehaviour in alkaline gel e l e ctro­
phore s i s  in the pr es enc e and abs enc e of }1g , than t o  caprine 
as - c as e in .  
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Thi s c hapt er o u t l ine s s om e  o f  t h e  phys i c a l  c harac t e r­

i s t i c s  o f  t h e  c apr in e , ovine and b ovine � - , p- and a
s

- c as e i ns . 

1rh e  t empera t 1.u' e d e p end ent po l ;ym e r i  z e.t i on o f  c apri n e  and 

b ovine f) -c as e ins was inv e s t i ga t e d by ultrac ent r i fuga t i on and 

vi s c om e try . The e ff e c t o f  t emp e ra t ur e  o n  the s o lub i l i t y  o f  

t h e  pro t e in s  in th e pr e s enc e o f  C aC 1 2 w a s  d e t ermin e d  for 

c aprin e , ovin e and b o vine t)-c a s e ins . The s o l ub i l i t i e s  o f  

t h e  a0 - and f)- c as eins fr om th e mi lks o f  t h e  thr e e  s p ec i e s werd 
.:::> 

c ompared i n  the pr e s enc e o f  C aC l 2 , a t  37°0 , and t h e  e ff e c t ive-

n e s s  of t h e  b o vine, c:. aprine and ovine x - c a s eins in s t ab i l i z ing 

t h e s e c a s e i n s  in 20 ml'-1 C aC l 2 \v a s  a s s e s s e d .  

1 1 . 1  U lt rac cntr i fur a t i on 

Th e c a prine f) - c n s eins w e r e  examin e d  in t h e  ana l yt i c a l 

ultrac entr i fug e at var i ous t emp e r a t ur e s  f o r  evi d enc e o f  

t emp era t uT e  d e pendent p o lym er i z a t i on .  A l l  m e a s ur e m en t s  \v er e 

made in 0 . 02 M EDT A b u f f e r , pH 7 . 0 ,  c ont s inin� 0 . 1 4 M N aC l , and ' 

at pro t e in c onc entra t i ons o f  0 . 80% ( w/v ) and 0 . 88% ( w/v ) f o r  

c aprine 1)
1

- and 1)2-- c a s e in ,  r e s p e c t iv e l y . 

At 1 0°C 1 onl y  s ingl e s l ow moving p e aks with s e dim e n t a ­

t i on c o e f f i c i en t s  ( s �0 ) o f  1 .  t 7S and 1 . 1 53 w e r e  ob s erv e d  f o r  
c::. ' w 

c aprir.o. P
1

- and 152- c a s e i ns , r e s p e c t iv e l y  ( Tab l e  1 1 . 1 ) .  At 

1 4
°

C ,  a s in c l e  s l owly s edimen t i ng p e ak was ob s erv e d  f or c apr i n e  

P2- c as e i n  ( T ab l e  1 1 . 1 ) .  

The s e  s e d im en t a t i on c o e f f i c i ent s w e r e  c ons i s t ent w i th 
0 

c apri n e  � - and p
2- c a s e ins b e ing monomers at 1 0  C ,  and a l s o 

a t  1 4
°

C f o r  p2- c as e in , even a t  pr o t ein c onc ent ra t i ons o f  

0 . 80-0 . 885� ( w/v ) C .r ab l e  1 1 . 1 ) .  Evans e t  a l . ( 1 971 b )  o"!) t a i n e d  

a s edimen t a t i on c o e f f i c i ent , s 2
°
0 

( s 20 extrap o l at ed t o  z er o  ' w  ' w  
pro t e in c onc ent ra t i on ) o f  1 . 1 58 for t h e  monomer f o rms o f  

b ovine p- c a s e i n  A a t  3
°

C .  

At 25
°

C ,  ul t r ac entri fug a t i on r ev e a l e d  c apr i n e  p1 - and 

,s2- c as eins c on t a i n e d  rap i dly s e diment ing and s l o H l y  s e dim ent ing 

p e aks ( T ab l e  1 1 . 1 ) ,  indi c at ing the pr e s enc e of an a s s oc i at ing 



Tab l e  1 1 . 1  

1 0°C 

1 4°C 

25°C 

Sedimentation C o e ffic i ents
1 

13
2

-C as e in2 

s 20 monomer s
20 po lymer 

, w  , w  

1 . 1 58 

1 . 248 

1 . 378 

-1 51 c I • >.J 

1 6 . 1 88 

"I r:: ':)3 , ,  / o L  D 

of C e..nrine fi-Cas e ins 

s 

a n · 2 tJ" -vas e ln 
I 

20 ' · ' monomer 
, ' · 

s �0 po lymer 
c. , w -

"'I "' 7'"' 
0 I 0 

2 . 20S 1 0 . 1 88 

1 . S edimentation c o eifi� i ents are in Svedbur g units  ( S ) . 
2 . Th es e measur em ents -v: ere rr:ade  in 0 .  0 2  r; :SD'.t:A buffe:r- , p.H 7 .  0 , 

c ontaining 0 . 1 4  M N aC l , a t  fixed pr o t e in c onc ent ra t i ons o f  

0 .  087� and 0 .  88% for {31 - and 116- c as e ins , r e s p e c t ively.  Th e 

vi s c o s ity o f  t h e  buffer at 25 C ( r e l a tive t o  wa t er )  was us ed 

t o  c onvert appar ent s edimenta t i on c o effic i ents t o  s �0 values . 
c. ' 1;/ 

N o  ac c ount \·:as t aken o f  the eff e c t  of  prot ein c onc entration on 

the vi s c os ity of the  buffer . 

Th e part ial s p ec i fic vo lume o f  c e..prine f
1

- c as ein , e s t imat ed 

from its amino ac id c omp o s i t i on ,  was 0 . 74L� ( 0chacrtm.an , 1 9 57 ) . 

_:,. 
CJ 
():) 
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pr o t e i n  s ys t em .  Th e s ediment at i on c o eff i c i ent for t h e  
rapidly s e diment ing p e ak i n  �- c as e i n  w a s  l e s s  than th a t  f or 
p1 -c as e i n  and may r e f l e c t d i ffer enc e s  in the s i z e  o f  the 
po l ymers C .J: ab l e  1 1 . 1 ) .  At 20° C ,  :t.;vans e t  a l . ( 1 C) '?1 b )  
obs erv e d  b o th s l ow l y  and r api dly s e d im entin� p e aks in the 
ult rac ent r i fug e for b o v i n e  � - c as ein . L . Tha rapi dly s e d i ­
ment ing peak ha d a s 20 va lue o f  1 2 . 6S • 

. ' v.r  

C ons equ ent l y , the c apr ine P - c as e ins , l ik e  t h e i r  
b ovin e c our1t erpart , app e ar t o  und ergo t emp eratur e  d e p end ent 
po lym er i z a t i on from monom e r  to p o lym e r , as t h e  t emp eratur e  
i s  inc r e a s e d  f r o m  1 0 °C t o  25°C .  

1 1 . 2  V i s c o s i ty Me a s ur eo o n t s  on t h e  C apr ine and Bovine 
{1-C u..s e ins 

{3 1 - and (3 -
1 ' 

2 
A a t  t emperatur e s  

The intr ins i c  vis e o s i t i e s  o f  c aprin e 
c as e ins were c ompar e d  w i th b o vin e �-c as e in 
from 4° 0 to 3 7 ° C in neut r a l  buf f er , and i n  
6 M guanidine . HC l  a t  4°C .  

b uf f er c ont aining 

The intrins i c  v i s c o s i t y , [�J , of a pr o t e in ,  previ ous l y  
d e f in e d  i n  C hapt er 7 . 1 4 ,  i s  a m e a s ure o f  th e s p ec i f i c  v o l um &  
( in uni t s  o f  ml/ e; ) o f  th e domain o f  a macr omoJ. ecul e in s o l u­
t i on , and i t s m e a s ur ement c an give informat i on on that 
mac r o m o l ecul e in s o l u t i on ( Tanf or d , 1 961 ) .  

The r educ e d  vi s c o s i ty p l o t s  ob t a i n e d  for c apr:L.l1 e {31 -
an d �-c as eins at 4°C ,  1 0 °C ,  2 5° G and 37°C in neutral buf f e r , 
and a t  4°C i n  t h e  pr e s enc e  o f  6 M guanidine . HC l  a r e  
pr e s ent e d  in F i gs . 1 1 . 1  and 1 1 . 2 . S im i lar r e s u l t s  obtain e d  
f o r  b ovine (3- c as e in A1 a t  4°C and 2 5°C a r e  pres ent e d  in 
Fig . 1 1 . 3 . The intrins i c  vi s c o s i t i e s and the values o f  
Huggin 1 s c ons t ant , k 1 , obtain_; d f o r  c apr i n e  �1 - and f32-
c a s e ins and b ovine (3 - c as ein A 1  are pr e s ent e d  in T ab l e  1 1 . 2 . 

'rhe c urvatur e o f  s om e  o f  the r e duc e d  vi s c o s i ty p l o t s  
ob s erved a t  l ow pro t e in c onc ent r a t i ons h a s  b e en previ ous ly 
no t e d  for b ovine �- c a s e in ( Sul l i van e t  al . ,  1 955 ; van 
H i pp e l and w augh , 1 9 5 5 ; �ay ens and van Markw i j k , 1 963 ) . 
Toyo da and Yamauclli ( 1 97 2 )  als o ob s erved c urva tur e  in 
r educ e d  vis c o s i ty p l o t s  for human �- c a s e in .  'rh e  r e as on f o r  
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the curvatur e  of th e s e  graphs i �; obs c ure . In the pres ent 
s tudy , prot ein was not lost  fr om s o lut i on ,  as measured by 
280 nm abs orb anc e ,  and c ons eq uently i t  was unl ikely to  have 
b e en c aus ed by ads orpti on of pro t ein t o  the wall o f  the 
visc omet er . 

As the t emp erature was increas e d  from 4°C t o  37°C ,  the 
intrins ic vi s c os i t i es o f  bovine and c aprine �-cas eins in 
EDTlt-N aC l b uffer d ecreas ed ( Tab le 1 1 . 2 ) . Thi s was either a 
r es ult o f  a change in the c onformation of the prot ein as  the 
t emperatur e  was incr e as ed , or was due to  a decr eas e in s olva­
t i on of th e prot ein ( �anford , 1 961 ) .  At 4°C ,  the intrins ic 
v i s c o s i t i es of the �-c as eins were all s imilar and only 
incr eas ed s l ightly in . value in going from neutral buffer t o  
one c ont aining 6 I·1 guanidine . HC l  ( Tab l e  1 1 . 2 ) . 

The s e  re sult s sugge s t ed that the c aprine and b ovine 
�-cas eins have a c onf ormat i on in neutral buffer at l ow 
t emperatures  v.Jhich appr oximates  that of a random c oi l , s inc e 
prot eins in 6 1'1 guani dine . HC l  have b e en s hown t o  have c on­
format i ons c los ely r e s emb l ing that of a random c o i l  ( Tanford , 
1 963 ) . N o e lken and neib s t e in ( 1 968 ) obtained s imil ar results 
for b ovine �-cas ein B ( Chapt er 6 . 1 0 ) . 

The intrins ic vis c o s ity of b ovine �-c as e in A1 in 
neutral buffer at 4°C was s imi lar t o  the value o f  23 . 1  �1/g 
obtained for the B variant at 2 . 5°C by N o elken and Reib s t ein 
( 1 968 ) . The intrins ic vi s c o s ity o f  �-c as ein B at 25°C in 
6 I"l guanidine . HC l  was 22 . 2  ml/g , l ower than the value o f  
2 5 . 0  ml/g obtained for the A1 vari ant at 4°C ( Tab le 1 1 . 2 ) .  
I t  i s  int eres ting t o  not e that Toyoda and Yamauchi ( 1 97 2 )  
ob s erved t emperature dependenc e for the intrins ic vis c o s ity 
of human � -cas ein in 6 M guanidine . HC l .  At 4°C and 1 0°C ,  
the in trins ic vis c o s it i es o f  human �-cas ein in 6 M guanidine . 
HC l w er e  2 5 . 2  ml/g and 24 . 8  m l/g respe c t ively , and 21 . 0  ml/g 
at 25°C .  

At 1 0°C ,  the intrins ic vi s c o s ity o f  c aprine �1 -c as e in 
had not changed appreciably from that at 4°C ,  however , the 
value for caprine �2-cas ein had decreas ed to  1 8 . 3  ml/g . 
At 25°C ,  the intrins ic vi s c os it i es o f  b ovine � --cas ein A1 and 

,, 



Tab l e  '1 '1 . 2  

I nt rins i c  Vi s c o s i t i e s o f  C apr ine and Bovine P-C a s e ins 

6 M guani dine . HC l  
4

°C 

0 • 0 2 I· I EDT A 

Bovine 

fJ . ' '1 - c as e 1n A 

[ '7 J ml/g 

2 5 . 0  

c� or-\ 1 . , ,  k..J e LJ • 

'1 . 0 

k ' 2 

'1 . 4 

(3,...,- c a s e i::l 
c ') 

[ 1J J ml/ g S .  E .  c 

2 L!- .  9 '1 . 2 

C a :Jrine 

,..., 

k ' c_ 

'1 . 6 

13'1 - c a s e in 

[ J 1/ c T' '1 1J m g >-J . ;.j • 

2L� . 7 1 . 0 

-0 . '1 4  M N aC l , pH 7 . 0  

4
° C 

1 0 °C 
25 °C 
37°C 

22 . '1  0 . '1 '1 . 4  22 . 2  0 . 3 0 . 8  2-"1 • 6 
- 1 8 . 3  0 . 1  1 . 9 21 . 5 

'1 1 . 5  0 . 9 6 . 2 '1 5 . 7 0 . 3 0 . 9 1 2 . 9  
- 1 3 . 8 0 . 2  4 . 1  1 0 . 8  

1 . S . E . , S t andard error o f  the intrins ic vi s c o s i t i e s . 

2. Huggin ' s  c ons t ant , k ' . 

0 / i . 'T  

0 . 3 
0 . 5 
0 . 5 

k ' 2 

2 . 0  

0 . 3 
1 . 2 
1 . 8 
5 . 0  

-
\i 
+ 



c aprin c �� - and 112- c a s e ins h av e  d e c r e as ed t o  val u e s  o f  

1 � . 5  m l /g ,  � 2 . 9  ml/ g and � 5 . 7  ml/ g ,  r e s pec t i v e l y  ( T ab l e  � � . 2 ) . 

The int rins ic vi s c o s i ty o f  b �vin e �-c a s ein A
� 

a t  2 5°C was in 

g o o d  aGr e em ent w i t h  the value o f  1 2 . 5  ml/g ob t a ined at 2 5°C by 

Sul livan e t  al . ( 1 9 5 5 ) . The d i f f er enc e in intrins ic vi s c os i ty 

o f  c apr i n e p2
- c as o in at 25°C ,  and a l s o at 3 7°C ,  wh en c ompar ed 

\.v ith b o vine (3- c a.s o in A1 e.nd c aprine 111 -c as ein may b e  

. a ttrib u t e d t o  d i f fer enc es in c onformat i on and s o lv at i on a t  

t h e s e t emp eratures . 

The va l u e s  o f  k ' , ruggi n ' s c ons t ant , l i s t ed in T ab l e  

� 1 . 2  ar e s imi l ar t o  values obt ain ed for b ovine p -c a s e in a t  

l ow t emperatur e  b y  N o e lken and R e ib s t e in ( 1 968 ) and Fayens 

and van barkwi j k  ( '1 963 ) . In 6 I1 guanidine . HC l , N o elken and 

Heib s t e in ( 1 968 ) ob t a ined a value for k ' , from b o vine (3-c as ein 

B ,  o f  1 . 0 ,  whi l e  in aqueous neutral buffer a t  low t empera t ur e  

t h e  val ue w a s  al s o  1 . 0 .  Payens and van Markwi j k  ( 1 963 ) 

obtaine d  a valu e for k ' i n  n eutral buffer o f  0 . 93 for b ovine 

p-cas e i n . I n  Tab l e  1 1 . 2  t h e  valu e s  o f  k '  f o r  b ovine (3 - c a s e i n  

at 4°C w e r e  s l i gh t l y  h i g h e r  than t h e  values o b t a ined by 

N o e l k en and :r?. o ib s t e in ( 1 968 ) and h i gher than the h i gh e s t  

values ( 0 . 29 -0 . 9 5 ) found by T anford e t  al . ( 1 967 ) for pr o t eins 

in 6 rvl c;uanidin o .  HC l .  T h e  l im i t e d  d ata ava i l ab l e , and the 

lack o f  ad e qua t e  the ory for k ' , other than f o r  r i gid , non­

s o lva t e d  s ph e r e s  ( JJradbury , 1 970 ) vwulci s ugge s t  l i t t l e  int er­

pr etat i on may b e  p l ac et on the s e  r e sult s . 

·:rh e  Eff ec t o f  'r emu eratur e on the ::S o lub i l i ty o f  th e 

C aprin e ,  Ovine an d Bovine @-C o s eins in t h e  Pr e s enc e 

o f  C aC l 2 

Bovine (3-c as ein i s  known t o  undergo t emp eratur e  d e p en­

dent p o l ymer i z a t i on to f orm l ar g e  po lymers whi c h  r e adily 

pr ec i p i t a t e  in t h e  pr e s enc e of low l evels of C aC l 2 
( G arni er , 

1 966 ; Thomps on et a l . , 1 969c ) . Polymeri z at i on app e ars t o  

b e  d e p endent n o t  only o n  t emperatur e ,  but a l s o on prot e in 

c onc entrat i on . C ons equent ly . us e was made o f  t h e  s ens i t iv i t y  

t o  C a  o f  th e s e p o lymers in making a pr e l iminary c ompar i s on o f  

the t emp era tur e dependent a s s o c i a t i on o f  t h e  � - c a s e ins from 

b ovine , c apr ine and ovine c a s e ins . 
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Th e turbid ity at 550 nm of s olutions c ontaining 1 mg/ml 

protein in s odi um c ac od;ylat e b uffer , pH 6 . 8 ,  and 20 mi'1 CaC l& ' 

was measur ed as the t emperature was increas ed from about 1 4  C 
t o  40°C .  The b ehavi our of  b ovine � -cas e in B and c aprine �1 -
and �2-c as eins were c ompared at ionic strengths ( exc luding 

C a ) of 0 . 05 , 0 . 1 0  and 0 . 1 5  ( Figs . 1 1 . 4 ,  1 1 . 5  and 1 1 . 6) . As 

the ionic s trenBth was increas ed from 0 . 05 to 0 . 1 5 ,  the 

t emperatur e  at which prec ipitation first b ec ame apparent in 

the s olut i ons increas ed quite markedly . The turbi�i ty of 
the �-cas ein s o luti ons reached a maxi mum value at  about 38-

4000 .  C aprine (32- c a s  ein s olutions ·.1ere pos s ib l y  exc ept i onal , 

s inc e a maximwn in t urb idity was not attained within the 
exper imen t a l  t emperature range . Values of th e t ell1pera tur e  
of  hal f  trans i t i on ( the midpoint t emperatur e  between the 

minimum and maximum value of  the turbidity of a (3-cas ein 
s o lution ) obtained for the (3-cas eins ar e pres ent ed in Tab l e  

1 1 . 3 .  

Tab le 1 1 . 3  

Temperatur e of Half Trans i tion Values 

for t h e  � - C a s e ins 

Bovine Cap:rine 

I onic c-cas ein B (31 -ca s e in p2- c as e in 

s t r ength T°C T°C T°C 

0 . 05  23 28 "' 3 3  

0 . 1 0  29 34 � 40 
0 . 1 5  336 37 

At any ionic s trength , turbidity b ec ame apparent in 
s o luti ons of bovine ;S-cas ein at a l ower t emperature  than for 

c aprine p1 - c as ein , which in turn was turbid at a l ower t empera­
tur e  than �-cas ein ( Figs . 1 1 . 4 ,  1 1 . 5  and 1 1 . 6 ) . Increas ing 

the pH to 7 . 1 , or decreasing i t  to 6 . 5 did not s igni fic ant ly 

alter the shape or pos i tion of the t eBperature  turbidity 

curves . Furthermore , the c o l loidal aggregat es redis s olved 

again as the temperature  decreas ed , though the turb idity c urves 

f6l l owed a different path . 
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Lome preliminary measur ements vrere made c omparine; the 

ovine �-cas e ins with bovine {3-cas ein A1 at an i onic s trength 

of 0 . 06 .  'rhes e indicat ed that ovine p2-cas ein s o lut ions 

b ehaved in a s imilar manner to bovine {3-cas ein s olutions wi tll 

c olloidal ae;gregat es being evid ent for both pro t e ins at 26°C .  

Turbidity b ec ame appar ent in ovine ,e1 - c as ein s o luti ons at 
20-21 °0 .  

The s e  r es ults  sug��s t ed that th e ovine and c aprine 

p-cas eins undergo t emperature dependent polym er i z ati·on s imi lar 

to that o f  bovine (3-cas ein , s inc e only th e polymers of 
(3-cas e in app ear t o  be s ensi tive to Ca ( Chapt er 1 1 . 4 ) . 

1 1 . 4  Calc ium � )ens itivity of the C anrin e ,  Ovine and Bovine 

C a s eins 

The s ens i t ivity o f  c aprine , ovine and bovine c as e ins 

to the pr e s enc e of  varying amounts of C aC 1 2 , was measured in 
s odium c ac o dylat e buffer , pH 6 . 8 , c ont aining 5 m(:=l;/ml prot ein 

at b o th 1 °C and 37°C ,  or in s o lut i ons cont a ining 0 . 5  mg/ml 

prot ein at 37°C .  

{3-Cas eins 

At 37°C ,  and an initial protein c onc entrat i�n of 

5 mg/ml , c aprine .e1 -cas e in was mor e s ens itiv e  t o  the pres enc 8 
of C aC l 2 than c aprine 132-casein ( J:i'ig . 1 1 . 7 ) . 'I'he amount of 

s olub l e  c aprine (:?1 -cas ein d ecreas ed rapidly b etween 6 3.nd 8 IIJ11 
CaC 1 2 , c ompar ed with 8 t o  1 0  C aC 12 for c aprine 132-casein .  

At 37°C ,  in 0 . 01 M imida z o l e-HC l buffer , pH 7 . 0 ,  and an 
initial prot ein c onc entration of 1 0  mg/ml , Thomps on et al . 

( 1 969c ) found the amount o f  s o lub l e  bovine �-c as ein C 
decreas ed b etween 5 and 1 0  m1v1 C aC 1 2 , until at 1 0  IIJ11 40�� of  

the prot ein r emained s o lub l e . How ever , val i d  c omparisons 

b etwe en different studies  are di fficult , s inc e the purity of 
the c a s eins and the experimental c onditions have an important 

bearing on the r esult s obtained .  

The s ens i t i  vi ty o f  ovine li, - and 132- c as eins t o  CaC 12 
at 3 7°C ,  at an initial prot ein c onc entrati on of 0 . 5  mg/ml , 

was measured from the i r  initial inc reas e in turbidity with 
increas ing C aC 12 conc entration . Thes e results  ar e pr es ent ed 



6 

0 sr • . � �t- -

E 
'-.. 4 
Cl I 
E 

z 
w 3 
... 0 0::: Q. 

� 2 
al 
;::) 
_, 
0 en 

1 ·-

0 5 1 0 1 5  20 
mM CaC J 2 

Fig . 1 1 . 7 :  C alc ium s ens itivity of c aprine �1 -cas ein (0) and �2-cas ein ( •) at 37°C ,  in 0 . 05 M 
cacodylate buffer , pH 6 . 8 ,  c ontaining 0 . 05 M KC1 ( I  = 0 . 088 ) . The initial prot ein 

c onc entration was 5 mg/ml . 
IV 
B 



1 . 6 

1 .4 

1 . 2  

E 1 .0 
c 

Q 
.. .. 

w 0.8 
(J z 
� � CD 0.6 
-c 

0 .4 

0 . 2 

0 2 4 6 8 10  1 2  14 

mM Ca C I 2 

Fig . 1 1 . 8 :  C alc ium s ens itivity of caprine , ovine and b ovine 

8 -cas eins at 37°C in 0 . 0 5  M c acodylat e buffer , 

pH 6 ._8 , c ontaining 0 . 05 1'1 N aC l  ( I  = 0 . 088 ) . The 

initial protein c onc entration was 0 . 5  mg/ml . 

• ,  caprine 81 -c as ein ; ll. , ovine �1 -cas ein ;  

• ,  ovine e2-cas ein ; • ,  bovine � -c as ein A1 • 

202 

16 



in Fig . 1 1 . 8 , along with s imilar resul t s  obt a ined for c aprine 
p1 -cas e in and b ovine p-cas e in .  Under the s e  c onditi ons , 
ovine �1 -c as ein was more s ens i t ive t o  C aC1 2 than ovine 
p2-cas ein , and had a s imi lar s ens it ivity to c aprine �1 - c as e in 
( Fi g . 1 1 . 8 ) . The s ens i t ivity to C aC l �  of ovine �2-cas ein and 
b ovine � - c as ein A1 was also s imilar , �nd th e prot ein s tart e d  
t o  form c o lloidal aggrega t e

-s· at 7 ml"I C aC1 2 • Sinc e turb idity , . 

� measur ement s are not nec es s arily rel a t ed t o  the amount o f  
prot e in i n  the c o l l o id , th e only c onc lus i ons that may b e  made 
with any accuracy ar e tho s e  regardinf, the initial point o f  
pr ec ipi tation .  

At 1 °C ,  and a t  a prot ein c onc entrat i on o f  5 mg/ml , the 
caprine �-c as eins r emained s o lub l e ,  a t  least up to  0 . 2  M 
C aC 1 2 • Ovine p - cas ein s o lutions c ontainin� 0 . 5  mg/ml o f  
prot ein and 20 mM CaC 12 at 37°C which were init i ally turb i d , 
were c l ear aft er s t anding overnight at 4°C .  

a -C as eins 
s 

The s o lub i lity o f  the maj or c aprin e a -cas e in in th e 
s 

pr es enc e of C ac 1 2 , at a prot ein c onc entration o f  5 mg/ml , was 
c ompar ed with bovine a 1 -c as ein B and on e o f  th e minor b ovine 

s 0 cas e ins , a 3-cas e in .  At 3 7  C ,  caprine a - c as e in was the mos t s s 
s ens i t iv e , fol l owed by b o vine as 3-cas ein , and b ovine as 1 -
c as e in B ( Fic . 1 1 . 9 ) . The result for as 3 -cas e i n was s imi lar 
t o  that previous ly r epor t e d  for b ovine as 5-c as e in ( TomQ and 
Nakai , 1 973 ) , where 20% o f  the ori ginal prot ein ( 1  mg/ml ) was 
shm..,rn to be s o lub l e  in s olutions c ont aining 2 mi"I C aC 1 2 , at 
pH 7 . 5  and 37°C .  Bovine as5-cas e in is thought to b e  a 
disulphide dime r , c ompos ed of equimolar amounts o f  as 3- and 
as 4- c as e ins ( Annan and T1ans on ,  1 969 ; Hoagland et al . ,  1 971 ) .  

The s olub ility c urve for b ovine as 1 -cas e in B ( Fig . 1 1 . 9 )  was 
s imilar to that previ ous ly obt ained at the s ame initial  
prot e in c onc entrati on b y  N oble and v/augh ( 1 96 5 ) , who found 
prec ipitation o f  the pro t e in was initiat e d  c l os e  t o  4 mM 
C aC 1 2 • 

At 1 °C ,  all  the c a s eins were more s o lubl e  in the 
pr es enc e of C aC l2 , b ut the order of s ens i tivity r emained 
the s ame . kt a C aC 12 c onc entrat i on o f  5 mM ,  c aprine 
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a -cas ein was s o lub l e  to 0 . 3  mg/ml , b ovine a 3- c as ein was s s 
s olub l e  t o  1 . 0 mg/ml and b ovine as1

-c as ein B was s o lubl e  t o  
3 . 8  me;/ml . At a C aC 12 c onc entrat ion o f  0 . 2  M ,  c aprine 

C. 'J O  

o- -cas ein was s olub l e  to 2 . � mg/ml , whereas b ovine a 1 -c as e in s s 
B was s olub le t o  0 . 5  mg/ml . Thornps on et al . ( 1 969c ) found 
s imi lar result s for b ovine as1 -c as ein B at ·1 °C ,  and attributed 
the increas ed s o lub ility at hie;h C aC 1 2 c onc entra t i ons to t he 

proteins b ec omins pos i t ively c harged . Caprine as -c as ein 
appear ed to b ind more C a  under th es e c onditions , and thus 
b e c ome mor e s o lub l e  than b ovine as1 -c as ein . 

At 37 °C ,  and an in itial prot ein c onc entrati on of 
0 . 5  mg/ml , the s ens i t ivity to CaC 12 of ovine as 2- and as 3-
c as eins was similar ( J!'ie.; . 1 1 . 1 0 ) , precipitating at 3 m1'1 C aC 12 • 
On the other hand , b ovine a 1 -c as ein B and c aprine a -cas ein s s 
initially prec ipitated at 5 mi1 and 0 . 5  mM CaC 1 2 , respectively , 
in agre ement with the earli er results ( Fig . 1 1 . 9 ) . 

Stab i l i z at ion of t h e  Caprin e ,  Cvine and Bovine 

�s-----'an=d=-,.t:;{3_-...:C...:a...:s�e.;;;;;i.;;;;;n:;..:s;__;l:.;;:. n=-..;;.t.;;;;;h:;..:e;;.......:;}...:'r�e..;;.s...:;e""n:;..;c;.;.;e;;__�o f C aC 1 � 
�e-Cas eins 

The abi lity of the c aprine ,  ovine and bovine K-c as eins 
to s tab i li z e  the individual as - and �-c as eins in s o lut i on in 
the pr es enc e o f  20 lli1 CaC 12 through the formation of mic e l l e  
type c ompl exes w e r e  c ompared . Th e results , pre s ent ed in 
Tab l e  1 1 . 4 ,  s hov.red that at a \-Jeight rati o of  a - or fJ -cas e in :  s 
K-cas ein o f  5 : 1 , all of the K -cas eins c an s t ab i l i z e  the 
proteins in s o lut i on with varying decrees  of  s uc c es s . 

Bovine and ovine «-c as e ins appeared t o  b e  s lightly 
more effec t ive than c aprine K -cas e in in s tabi l i z ing the a -s 
and (:3-c as eins , although ovine �e-cas ein c ould only s tab i l iz e 
47% of b ovine as 3-cas ein in s o lu t i on ( Tab le 1 1 . 4 ) . The 
s omewhat reduc ed e ff ic ienc y of caprine «-cas ein may have b e en 
due t o  a decreas e in stab i l i z ing abil i ty as a r esult o f  s ome 

' 

pretreatment during the purification or s t orage o f  K-cas ein . 
I t  was evident though that the c aprine ,  ovine and bovine 
K-cas eins c an s tab i l i z e  the a - and p-c a s e ins in s oluti on in s 
the pres enc e o f  C aC 12 , s inc e in the abs enc e o f  K-c&s ein ab out 
9 5:1� of the as -c as eins and more than 85to of th e (:3-cas eins wer e 
prec ipitated ( Tab l e  1 1 . 4) .  



Tab l e  1 1 . 4  

Stab il i z at ion1 of  a - and �-C as e ins by the K-Cas eins s 

Bovine as 3-c as e in 
Bovine as 1 -cas ein 
B . . A1 ov1ne f3 -c as e1n 
C aprine a -cas ein s 
Caprine 132-cas ein 
Ovine as 2-cas e1n 
Ovine � 2- c as e in 

Bovine 

88 
9 5  

1 00 
80 

91 
84 
82 

K-C as eins no added K-c as e in 
C aprine Ovine 

Perc ent s o lub l e  tJrot ein2 

88 47 2 
85 97 3 
68 82 1 2  
68 73 3 
82 68 1 5  
60 77 3 
63 76 7 

1. St ab i l i z ation t e s t 3  were p erformed at as- or {3 - c as e in : K -c as ein 
vJe i ght rat i o s  of  5 : 1  in s odium c ac odylate buff er , pH 6 . 8 ,  at 37°C 
in the pr es enc e  of  20 ml'-1 C aC l 2 • The init ial c onc entrati on of 
Q' - or (1-cas ein Has 5 mg/ml . 

s 
2. Thes e values were obtained from the ab s orbanc e of the s o lub l e  

prot e in , aft er c orrection for the amount o f  added K -c as e in , and 
are expre s s ed as a � erc ent �ge of the ab s orbanc e of the as - or � ­
c as ein pri or to addinG C aC l2 • 

--

1\) 
0 
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Nob l e  and ,-Jaugh ( 1 96 5 )  found that at a v-; e i E;h t  r at i o  
o f  b ovine as 1 - c as e in : " -c as ein o f  1 0 :  1 , ab out 95�S o f  the as 1 -
c as e in was s o l ub l e  in 20 rnl'I C aC 1 2 • :..., imi lar r e s ul t s  vv e r e  
obt a ined f o r  as 1 -c a s ein i n  1 0  ml"l C aC 1 2  by 'l1 oma and N a.ka i  ( 1 97 3 ) 
at a as -cas e i n : K-c as ein \.lfe i csht r a t i o  o f  5 : 1 ,  a l t b o ue;h und e r  
the s e c ondi t i ons only 5 5�-- o f  the b o vin e as 5- c as ein was s o lub l e .  
I n  t h e  pres ent s t udy , b ovine as 3 - c as ein was nearly as 
e f f e c t ively s t ab i l i z ed· a s  b ovine a /! - c as e in ( t.L1 ab l e  1 1 . 4 ) . 

S 1 
6 i  t t l e  and C us t er ( 1 966 ) found 80/� o f  the impur e c aprine 
as - c as ein r emain ed s o lub l e  at a c aprine as -c as e in : c aprine 
K-c a s e i n  w e i gh t  r n t i o  of 7 : 1  in 20 ml'"l C aC 1 2 • 

1 1 . 6  Di s c us s i on 

Vi s c o s ity I1 e a s ur em e n t s  

A t  l ow t emp era t ur e s  (�14°C ) ,  c aprine 131 - and �2- c as e ins 
ar e pres ent in s o l ut i on a s  monomer s , as shown b y  u l tra­
c entr i fugat i on ( Chapt er 1 1 . 1 ) .  Simi l ar s tudi e s  have s h o wn 
that monomers o f  bovine jJ-c as e in are a l s o  pr e s ent und er th e s e 
c ondi t i ons ( Payens and v an Markwi j k , 1 963 ; N o e lk en and 
R e ib s t e in , 1 968 ; Evans et a l . ,  1 9 71 a ) . 

At 4°C ,  c aprine {31 - and ,s2- c as eins and b ovine p-c as e in 
A1 have intr ins i c  vi s c o s i t i es i n  EDTA-N aC l buf f e r , pH 7 . 0 ,  
ranging from 21 . 6  t o  2 2 . 2 ml/E; , which inc r eas e d  t o  ab out 
25 ml/g in 6 M guani din e . HC l . N o elken and R e ib s t e in ( 1 968 ) , 
who als o found tha t t h e  int rin s i c  vi s c o s i ty o f  b o vi n e  
{3-c a s ein 1.-.ra s  s i m i l ar in EDTA b uffer a t  4°C ,  and in 6 1'-1 
guani dine . HC l , _ propo s ed tha t  b ovine {3-cas e in B had a random 
s truc t ur e at l ovl t emp er atur e . Sub s e quent ly , \-laugh et a l . 
( 1 970 ) pro p o s ed tha t  the high intrins ic vis c o s i t y  o f  b ovin e 
{3-c a s e in a t  l ow t emp eratur e s  c ould r e s ul t  from t h e h i ghly 
s o lva t e d  and f l exib l e  N - t erminal porti on o f  t h e  {3 - c a s e in 
m o l e c ul e , whi c h  i s  v ery a c i d i c  and c ont ains a l l  o f  the organic 
J2ho s phat e gr o ups . Random c o i l  format i on in t h e  guani dine . 
HC l s o lut i on would r e d uc e  the c ontri but i on o f  th e ac i d i c  
p e p t ide t o  vi s c o s i ty ,  but inc r e a s e  the c ontribut i on o f  the 
r emaining p or t i on .  This s am e  hypoth e s i s  may b e  us e d  t o  
exp l ain the b ehaviour o f  the c aprine {3-c a s e in a t  l ow t emp era­
t ur e , s inc e t h ey a l s o c ontain c ons i d erab l e  amo unt s o f  
pho s phorus ( Chapt er 9 . 7 ) . 



At 25°C ,  the capr ine and b ovine ,8 -c as eins have fairly 
high intrinsic vis c o s i t i es ran�ing from 1 1 . 5  t o  1 5 . 7  ml/g 
( 'rab l e  1 1 . 2 ) .  Even at 3 7°C ,  the in trins ic vis c o s ities  o f  
c aprine p1 - and p2-cas e ins were 1 0 . 8  and 1 3 . 8  ml/� , 
respec tively . Thes e  intrins ic vis c osity values indic a t e  
t h e  c aprine and b ovine p-c as eins , even at 37 °C ,  ar e highly 
s o lvat ed or asymm etric molecul e s , s inc e i t  i s  knovm that th e 
c ommon globular prot eins are neith er highly s o lvat ed nor very 
asymm e tric and that their intrins ic visc o s it i es vary from 
3 . 3  t o  4 . 0  ml/g ( 'l'e..nford , 1 961 ) . C ertainly , nei ther the 
c aprine .6'-c as eins nor b ov ine tJ-cas e in have this  c harac t er­
istic  b ehavi our .  

I t  i s  int ere s t ing t o  not e that human ,8-c as ein which 
a l s o  has a dis organi z e d s truc ture at  l ow t emperature , as 
shown by vi� c o s i ty measurements , opt ical rotatory dispers i on 
and c ircul ar dichroism , d i ff ers from b ovine p-c as ein in its  
t emp erature dependent polymerization behaviour ( 'r oyoda and 
Yamauchi , 1 972 ) . Onl y  monomers of P-c as ein w ere evid ent in 
s ediment ati on patt erns until appr oximat ely 20°C ,  \vhen rapidly 
s edim enting p e aks becam e  appar ent . Eowever , human /3 - c as ein 
i s  not a s ingl e  spec i es but a mixtur e  of s ix prot eins \·Jhich 
have from 0 to 5 phos pha t e  groups ( Groves an.d Gordon , 1 970 ) . 
This would u e  s uffic i ent t o  al t er their individua l phys ical 
proper t i es , s inc e each pr otein has a different s ens i t ivity to  
CaC l �  (N agasawa et al . ,  1 970) 

Polvmeriz a t i on o f  the ,6'-C as eins 

Ultrac entri fugat i on showed t hat monomers of b ovine 
e -c as ein ,  pr es ent at l ow t emp eratur es (� 4°C ) , aggr egat ed t o  
form l arge po lJ�ers a s  the t emperature was inc reas ed ( Fayens 
and van l"larkwi j k , 1 963 ; Evans e t  al . ,  1 971 a ,  b ) . Thomps on 
et al . ( 1 967 ) f ound that removal of the C - t erminal residues , 
-I l e - I l e-Val . OH of b ovine p-c as ein ( Fi g . 6 . 3 ) with c arb oxy­
pept idas e A a l t ered the t emperature dep �ndent as s oc iation 
prop erties o f  b ovine ,8-c as ein , s inc e l e s s  p olymer was formed 
at 8 . 5°C ,  and a t  20°C ,  t han \oli th the untreated bovine tJ-cas ein . 
Creamer and Berry ( 1 974 , pers ona l c ommunic ation )  have 
ver i fi ed by gel chr omatography , that removal of the two 
hydrophobi c  C - t erminal res idu es o f  bovine P-c as ein affec t s  



the equilibr ium b etwe en monomer and polymer , c ompar ed with 
r esul t s  ob t a ined for the untreat ed bovine 13-c as e in • 

.l!'ur the rmore , b e  vine 13- I ,  a rennet d e �rada t i on produc t o f  
� -cas ein ( Cr eomer et  al . ,  1 97 1 ) ,  that has 20 C - t erminal 
res id ues r em oved ( re l i s s i er et al . 1 <)74 ) does n o t  undergo 
t emperatur e de-pendent polymeri z a t i on , as s hovm by gel 
chrom at o p;raphy ( Creamer and B e rry , 1 974 , unpub l ished re sul ts ) .  

Intrins i c  fluoresc enc e meas ur em ent s on the c aprine 
13-c as eins s h owed th a t  they und ergo tb e s ame typ e  of t empera­
tur e  de:p end e11t polymerizat ion fr om monomer to p o lymer as 
b ovine 13-c as e in A1 ( Pe arc e , 1 974 , unr ubl ished r esult s ) .  
However , the t emperature at vJhi ch c aprine 131 -c as ein polym er­
i z ed w a s  l oHer than that for 132-cas ein , despit e the higher 
net negative c harge on 13� -cas ein , w i th its extra phosphorus I 
res idue c ompar ed t o  132-cas ein . 

The pol;yrner form is  in equi l i brium with the monomer 
and if the pos i t i on of the equil i b rium is det ermined by the 
oppos inr; forc es of at trac tion b etv.; e en hydrophobic  r egions on 
the s eparate monom ers , and repul s i on betwe en monomers with a 
net  negative c hurg e , then , b ec aus e the net charge on c aprine 
131 -cas ein i s  gr eat er than �2- c as ein , the at trac t ive fo�c es  
b etween {J1 - c as ein monomers mus t b e  p:reat er than b etwe en the 
{J2-cas ein m onomers . This sugges t s  tha t despi t e  the apparent 
s imilari ty of the c aprine {J1 - and {J2-cas eins , ther e  may b e  
differenc es in the ir s equenc t;s , part icularly in the C-t erminal 
regi on , s inc e this region appe ars to be invo lved in the 
polymer i z a t i on of b ovine 13 - c as e in .  

One or more c ons ervat ive chanv,es in the C -t erminal 
regi on may b e  s uffic i ent t o  affect the t emperature dependent 
polymeri z at ion of thes e cas eins . This su�ges t i on c an only 
b e  ra tified by the det ermina t i on of the C-terminal s equenc es 
of thes e prot eins , in c onj unc t i on ioJi th an inv e s t igat i on of 
their phys ical  prop erties . Furthermor e ,  po s s ib l e  changes 
in the primary s truc ture , par t icularly in a region important 
to the as s oc i at ive properti es of the 13-c as e ins may b e  
s uffic i ent t o  explain t h e  diff erenc es i n  as s oc iative propert­
i es of the �-c as eins from the vari ous s pec i e s . 
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From the few results  for the experiments on ovine 
�-cas eins , it is  likely that the ovine �-cas eins c ould 
behave in a similar manner to that propos ed for the caprine 
�-caseins . 

An important charact eristic o f  the c aprine and bovine 
(j-cas ein monomers is their solub ility in the pres enc e of  
CaC12 • Although l imit ed data are availab le  on  the ovine 
IJ-c as eins they 1-'Iere soluble  in the pr es enc e of CaC 12 at l ow 
temperatm·e  ( 6°C ) , and insoluble  at 37°C ( Chapter '1'1 . 4 ) . 

'rhes e results are c ons istent with a change from monomer t o  
polymer for the ovine �-cas eins . 

At higher t emperatures ( 25°C ) , caprine , ovine and 
bovine fi-cas ein s olutions are s ens itive to C aC 12 ( Chapt er 
'1 '1 . 3 ) , presumably  as a result of the pres enc e of 13-cas e in 
polymers . Ultrac entrifugat ion of the caprine IJ-cas eins at 
25°C and prot ein c onc entrations of 0 . 80-0 . 88% ( w/v) , 
revealed the pres enc e of  13-cas ein polymers . The 
s ensitivities t o  C aC 12 of  the ovine and caprine 132-cas eins 
were s imilar , b oth being precipitated at 37°C in s olut i ons 
containing 0 . 5  or 5 mg/ml of prot ein by the pres enc e of 7 to  
9 mf1 CaC 12 ( Fif,s . -1 '1 . 7 and '1 '1 . 8 ) . Similarly , ovine and 
caprine 111 -cas e ins were more s ens itive than the other 
cas e ins , being prec ipitated at approximat ely 6 mM CaC 12 
( Fi gs . -1 '1 . 7 and '1 '1 . 8 ) . 

As the temperature of  caprine p-cas ein s olutions 
containing 20 mM CaC 12 were increas ed ,  c olloidal a�gregat es 
of c aprine p1 -cas ein were formed at  a lower t emperature than 
were colloidal aggregates  of caprine �2-cas ein ( Chapter '1 1 . 3 ) .  
Thes e c o lloidal aggregates , which were only pres ent at 
temperatures great er than 20-25°C ,  are due to  two independent 
equilibrium reac tions . There is the t emperature dependent 
trans ition from monomer to polymer ,  followed by the trans i­
tion , in the pres enc e of C aC12 , fr

.
om polymer to colloidal 

aggregat e .  Ho and \Jaugh ( 1 965 ) found that the primary Ca 
binding s ites in the cas eins were the phosphos erine res idues . 
At a c onstant i onic s trength and C aC12 c onc entration , it  is 
likely that the trans ition of the c aprine p-cas eins from 
monomer to polymer would not b e  affect ed by the c ons equent 



trans iti on from polymer t o  c olloidal aggregat e .  Hm,Jever , 

increas ing the ionic strene;th from 0 . 05 to 0 . 1 5 increas ed 

the t emperature o.f  half trans ition values for the caprine 

�-cas eins ( Tabl e  1 1 . 3 ) . 'rhis may have b e en due to a 
reduc t i on in the Ca  ac tivi ty in the s o lut ion , and reduc e d  

C a  binding b y  the pro t ein , unt il  hicher t emperatur es were 

r eached , as well as changes in the monomer to polymer 

equilibrium .  

o olub i l i ty o f  the a -Cas eins s 

'11he c aprine , ovine und b ovine a -cas e ins are all 
s 

s ensi t ive t o  CaC 1
2 

at 37°C .  The reas on for the increas ed  

s ensi t ivity of c nprine a -cas ein and bovine a 7- -c as ein is  S S ?  

C:. I C:. 

unc ertain , sinc e they b oth c ont ain 7 phosphorylat ed res idues , 
in c ontras t t o  8 in bovine as 1 - c as ein B ( Tabl e  9 . 4 ) . 

Dicks on and l'erkins ( /1 971 ) ,  13ingham et  al . ( 1 97 2 )  and i.·!augh 

et al . ( 1 971 ) suggested  that b inding s i t es for C a  t o  the  

c arboxyl groups of  aspartic ac id and Blutanic ac id may exi s t , 

in c onjunc t i on with the primary phosr-hat e bind ing s it es ( Ho 

and v-'aur;h , 1 965 ) . Bingham et al . ( 1 972)  found 7 moles o f  
Ca v1ere bom1d p e r  mole o f  b ovine as1 - c as e in , vJhil e  the 

addit i on of a further 3 moles  of Ca resulted in precipit ation , 

althoue;h there are only 8 phospha t e  groups in b ovine a8 1 -
c as ein . Inde ed , the marked decreas e in the electrophor etic 

mobil i t i e s  of b ovine a 3- c as ein and c aprine a -cas ein 
s s 

relative t o  bovine as1 -c as e in B in the pre s enc e of  � ea and 
Mg ( appr oximat ely 5 mM� c ompared with their mobilit i es in 
normal alkaline gel elec trophore s i s  ( Fig . 9 . 1 0 ) and the 
solub i l ity of c aprine as -cas ein at h i gh Ca c onc entrations 

provid es indir e c t  evidenc e that C a  or Mg binding s i t es o ther 

than the phospha t e  groups exi s t  in thes e pro t e ins . 

The ovine os 2- and as 3-�as e ins c ontain 9 phosphat es 
c ompared  to 8 in b ovine �1 -c as e in b ( Tabl e  1 0 . 2 ) , which may 

acc ount for the  increas ed  s ens i tivity of the ovine a -c as eins s 
to  C aC 12 ( Chapt er 1 1 . 4) . Despit e the differenc es in the Ca 

s ens i tivity of  the a -cas eins , they c an all  be  effect ively s 
s tabil i z �d b y  c aprine , ovine and b ovine K -c as eins in the 

pres enc e of CaC 12 , a property which is important to the 

int egrity of  c as ein mic el l es . 



CHAPTEH '1 2 : A C 01'1PARI GON OF THE PROPERTI ES OF CASEINS 

FROM THE MI LK OF SEVERAL SI_;EC I ES 

,::._ I :J 

C er tain chemic al and phys ical  charac t eris t ic s  o f  
c aprine and ovine K - , p - and as -c as eins have b e en c ompared 
with tho s e  o f  the ir b ovine c ount erpart s  in Chapt ers 8 ,  9 ,  '1 0 
and '1 '1 . In this chapt er the charac t eris t i c s  o f  thes e 
cas eins will b e  r e i t er a t e d  and c ompared w i th tho s e  charac t er­
is t i c s  which ar e known for c as eins from buffa l o , rabb i t , dog 
( c anine ) ,  and human mi lks . 

The mi lks of the s p ec i es s o  f&r exa�in ed app ear t o  
c ont ain casein , which pr ec ipitates b etween pH 4 and 5 ,  and 
which i s  pr es ent in the form of c a s e in mic e l l es . One o f  
the s t riking di ff erenc es between the milks from different 
spec i e s  i s  the variation in prot ein c ont ent , and in part i c ul �r , 
the l evels o f' cas ein . For ins tanc e ,  human milk c ont ains O c 5i.J 
cas ein ( Alais and Joll � s , '1 9 70 ).  Caprine , b ovine and ovine 
milks c ontain 2 . 3% ,  2 . 8% and 4 . 6� c as ein , respectively 
( Chapt er 4. '1 ) ,  whil e  rabb i t  milk c ont ains 8 . 55; c as e in ( Alais 
and J o l l�s , 1 970 ) . Marked spec i es differenc es were 
obs erved b o th in the natur e  and het erogeneity of the c as eins , 
as sho\� by e l ec troph�r e s i s  on paper ( Sl o an et  al . ,  '1 96'1 ) ,  
s tarch gels ( J ennes s , '1 973 ) and polyacrylamide gels ( O ' C onno �  
and Fox , '1 973 ) .  The relat i onships b etwe en the cas eins of 
milk from any animal c anno t  be det ermined s o l ely from 
electrophoretic pat t erns , but mus t await i s o l at i on of the 
pro t eins and their chenical  and phys ical charac terization .  
Thos e c as eins for which only electr ophoresis  data i s  avail­
ab l e  wi l 1  not b e  c ons idered here . 

'1 2 . 1  K -Cas eins 

The c as eins i s o lat ed from ovine , c aprine and b ovine 
milk c ontain a K-cas ein frac tion which may b e  readi ly 
isolated by c olumn chr omatography t echniq ues . Thes e 
K-cas e ins were charac t eriz ed from their s ens i t ivity t o  rennin , 
being hydrolys ed at  a s ens i t ive p eptide b ond t o  yi eld para-K ­
c as ein ( As s enat , '1 967 ) , and the s oluble  macropeptide frac t i on 
( Alais and Jolles , '1 96'1 ; Jolle s  e t  al . ,  '1 96'1 ; J ol l es et  
al . ,  1 964) . Frac t i ons c orr esponding t o  b ovine K-cas ein have 



b e en i s o lat ed fr om buffa l o  c a s e in ( N agas awa e t  a l . ,  1 973 ) ,  
porc ine c as ein ( s ow )  ( � oychik and Wond o l ows k i , 1 969 ) and 

human c as e in ( l"'a l pr e s s  and S e i d-Akhavan , 1 966 ; Al a i s  and 

J o l l � s , 1 969 ; N agas awa et a l . , 1 970 ; Gro v e s  and Gordon , 

1 970 ) . 

2'1 4 

Frac ti ons c o rr e s pondinB t o  K - c as e in have not b e en 

i s o l a t ed from c anine c as e in ( do g )  (Nagasawa e t  a l . , 1 97 2b }  

and r abb i t  cas e in ( T es tud and Hiba d e au Dumas , 1 973 ) , a l th ough 

a para- � - c as e in- l ik e  fra c t ion was i d ent i fi ed in r abb i t  c as e in .  

I t  s e ems l ik ely h o v;ev e r , th a t  a l l  mamma l i an mi lks p o s s e s s  a 

frac t i on res emb l inG K- c as e in , or at l e as t c o n t a in a pr o t e in 

c ap ab l e  o f  ful fi l l ing a fQnc t i on s im i l ar t o  that o f  K-c a s e in .  

I n  the s p e c i es s tud i e d  in this th e s is , ,; - c as e i n  a c c ount s 

for 1 0  t o  1 � 6 o f  t h e  t o t a l  c as e in . The K-c a s ein c ont ent o f  

b ovine c as ein ( 1 5ju) i s  higher than tb.at o f  c aprin e ( ab out 

1 0%)  and ovine c as e ins ( 1 0�) . Quant i t at iv e  gel e l e c t r o ­

phor e s i s  indi c a t ed buf f a l o  c as ein c ont ains 1 1 %  K - c a s e in 

(Nagas awa et al . ,  1 973 ) . N o  r e s ul t s  w e r e  avai l ab l e  f o r  t h e  

o t h e r  s p e c i e s . 

Al though Gr oves ancl G oro on ( 1 970 ) have 2:· e p or t e d  a 

pr e l iminary Hmino a c i d  c ompo s i t i on f o r  hw"'D.an K- c a s e in , t h e  

natur e  o f  the s e  c as eins i s  s t ill r ather unc ert ain . Al a i s  

and J o l l e s  ( 1 969 ) have i s o l at e� a t  l e ast t w o  frac t i ons from 

human c as ein whi c h  wer e ana l o gous to b ovine � - c a s ein , and 

Nagas awa et a l . ( 1 970 ) i s o l a t ed a c omp on ent , whi c h  l ik e  

b ovine K-cas ein , y i e l d e d  a s 1;reading z on e  wh en examin e d  b y  

a l k a l in e  gel e l e c tr ophor e s i s  in the ab s enc e o f  2-merc apt o ­

ethano l .  

Two gen e t i c  vari ant s of K-c as ein have b e en ob s e rv e d  

i n  b ovine K-c as e in ( Gr o s c laude e t  a l . ,  1 973 ) and i n  o v i n e  

K- c as e in ( Al ai s  and J o l le s , 1 967 ) . C aprine c as ein app e ar s  

t o  c ont ain one maj or K- c as e in ,  w i t h  no ob s erved genet i c  

var i an t s  ( Chapt e r  8 . 7 ) . S everal d i ffer ent f orms o f  ovine 

K-c a s e in app e ar t o  b e  pr e s ent , d i f f erin� in t h e ir pho s ph orus 

and c arb ohydr a t e c ont ents ( Rib adeau Dumas et a l . ,  1 97 5 ; 
Ala i s  and J o l le s , 1 967 ) . F·olymorphism was not ob s erved in 

buffa l o  K-c as e in b y  Gru1gul i  ( 1 973 ) , a l th o ugh examinat i on o f  
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a numb er o f  buffalo cas e in s ampl e s ( 70 )  ind i c at e d  the 

pr es enc e 

var i ant s 

B var i an t  

o f  two c omponent s which they des i gna t e d  as K-c as e in 

( K -Cn
A 

and K-Cn
B

) ,  
.
th e r e l at i v e  c onc entrat i on o f  th e 

b eing c ons id erab l y  h i gher than that o f  the A 

var ian t . The ac tual r e l a t i onship b e twe en th o s e bvo 

K - c as e ins has y e t  t o  b e  d e t ermin e d . I t  i s  int er e s t ing t o  

not e that A s c h a f f enburg 
·
e t  a l . ( 1 968b ) ob s erve d  that in 

addi t i on to t h e  maj or buf fa l o  K -c as eirl , two l e s s  mob i l e  and 

two m o r e  mob i l e  c omponent s were pr e s ent . Al l f iv e  c ompo­

nent s d i s app ear e d  a ft er t r e atment with rennin . The 

pos s ib i l i ty that the A vari ant obs erv e d  by Gangu l i  ( 1 9 73 ) 
was a K-c as ein frac t ion c ontaining c arb ohydr a t e  c anno t  b e  

d is c ount ed . 

The K -c as ein from t h e  var i ous s p ec i e s  h a v e  var i ab l e  

l ev e l s  o f  c arb ohydrate as s oc iat e d  with the p e p t i d e  chain . 

Bovine K -c a s ein has the h i gh e s t l ev e l  o f  s i a l i c  ac i d  ( 1 . 89%) 

( Tr i p athi and G ehrke , 1 970 ) , wh e r e a s  ovine ( A l a i s  and J o l l � s , 

1 96 7 ) , c aprine ( Zi t t l e  and C us t er ,  1 966 ) and buffa l o  K-c a s eins 

( G angu l i  and l'1a j umder , 1 968 ; N a ga s a,. :a et a l  .. , 1 97 3 ) c ont ain 

0 . 3% ,  0 . 3% and 0 . 6% s i a l i c  ac i d , r espec t iv e l y .  The s i a l ic 

a c i d  c ont ent o f  human c a s e in app ears t o  b e  extrem e l y  

vari ab l e  ( Ma l pr c s s  and Hyt t en , 1 964 ) . 

Th e r e a s on f or vari a t i on in the c arb ohydr a t e and in 

part i c ular s i a l i c  ac id c ont ent s o f  the va r i o us �-c as e ins is 

unc e r t a i n .  Mac kinlay a n d  \.v'ak e ( 1 96 5 )  f ound that the c arb o-

hydrat e r e s idues in K-cas ein have no func t i ona l r o l e  in the 

s t ab i l i z at i on o f  c as e in mic e l l e s . Merc i er e t  a l . ( 1 9 7 3 ) 

sugge s t ed that the c arb ohyd r a t e  r e s i dues may have a 

func t i onal r o l e  in pr ot e c t ing t ho s e  s erine and thr e onine 

r e s idues in «-c as e in whi c h  would o therwi s e  b e  phos phoryl a t e d , 

thus dra s t i c a l ly a l t ering the pr o p er t i e s  o f  t h e  pro t e in .  

I f  t h i s  pr o p o s a l  i s  c orr ec t , then the l e v e l  o f  c arb ohydrat e 

in th e K-c a s e ins may s imply b e  r e l at ed t o  t h e  l evel and 

na t ur e  o f  the d eglyc o s yl at ing enz ym e s  pr e s ent in the mammary 

glands o f  the d i f f erent s p ec i e s . 

Synthe s i s  o f  mi lk prot e ins o c c ur s  in the m ammary 

gl and on the r ib o s omes o.f the endopl asmic r e t i c ul um ( Farr e l l  

e t  a l . ,  1 971 ) .  Fol l owing s yn th e s is , the pr o t e ins m i grat e 



t o  the vic inity of the Golgi apparatus and i ·  i s  in the 

G o l gi region , or in the Golgi vac uo l es that �it i on of 

c arb ohydrat e  and pho sphorylati on of the c as e lll S is b e l i eved 
t o  occur .  

C: ! O 

The �e - c as eins from c aprine , ovine and b ovine cas eins 

appear to h ave molecular . weights c l o s e  to 1 9  000 . For the 

purpos e of c omparis on , . the pub l ished amino ac id c ompos i t i o:c.Ls 
o f  buffalo (Nagas awa e t  al . , 1 973 ) and human K-c as eins 

( Groves and Gordon , 1 970)  were recalculat ed , as s uming a 
mol ecular weight of ab out 1 9 000 . 'l'he amino ac id c ompos i­

t i ons of the H-c as e ins from bovine (Merc i er et a l . , 1 973 ) , 
c aprine ( Ta.b l e  9 . 1 ) , ovine ( .Ribadeau Durnas et al . , 1 975 ) , 

buffalo (N agas awa e t  al . ,  1 973 ) , and human c as e  ins ( Grov es 

and Gordon , 1 970 ) are c ompared in Tab l e  1 2 v 1 . Inc luded are 

the molecul ar weights ( c alculat ed from the amino ac id c ompo­

s i t ion) and the Bi gelow hydrophob icity values ( Bi g elow , 1 96'? ) . 

The c ont ent o f  s erine , glutamic ac id , pro l ine , glyc ine , 
val ine , tyros ine , phenylalanine ,  histi dine , lys ine and 

tryptophan r es idues is  almo s t  invariant with the different 

species  ( Tab l e  1 2 . 1 ) .  However , the c ont ent o f  aspartic 

ac i d , cys t e ine , is o l e �cine and l euc ine res idues vari es qui t e  
c ons iderably . I n  particular , human «-c as ein ha s c ons iderab �-Y 

mor e l eucine and methi onine and c onsiderab ly l e s s  alanine 
and th£ eonine than the K-c as e ins from other s pec i es ( Tab l e  

1 2 . 1 ) .  The average hydrophob icities  o f  the K-cas eins are 

fairly s imilar , ranging from 4 . 72 to 5 . 1 2  kJ/r e s i due . Thes e 

·values are typical of fairly hydrophob ic proteins , and are 
int ermediate  b etwe en values for the �s - and � -cas eins . The 
amino ac id c ompos i t i on of human K-cas ein is c onsiderab ly 

different from thos e of  the ruminants K-c as eins , as might b e  

exp ec t e d .  

Fiat et al . ( 1 970 ) i s o lated a tryptic p eptide from 

ovine �e-cas e in whic h  c ont ained the . r ennin s ens i t ive r egi on , 

and found that it had an ident ical  s equenc e t o  that o f  

r e s idues 9 9  t o  1 1 1  from bovine K-cas ein B ( Fig . 6 . 2 )  ( Merc i er 
et al . ,  1 973 ) . The r ennin s ens itive peptide b ond in b ovine 

«-c as ein i s  located b etween Phe1 0 5-Met1 06 • Furthermore , 

Jo lles et al . ( 1 973 ) det ermined the N-t erminal s equenc e o f  



As p 
Thr 

Ser 

Glu 
I-ro 

Gly 
Ala 

Cys 
Val 
Met 
I l e  

Leu 

•ryr 

Fhe 

His 

Lys 
NH3 
Arg 
Trp 

N o .  of phos phorus 
residues 

N o .  o f  residues 

!'lo l ecular \oJeight 
(c alculated ) 

Average hydrophob icity 
kJ/res idue 
( Bigelovl ,  1 967 ) 

Tab l e  1 2 . 1  

Amino Acid Composit i ons of x -Cus eins from Di fferent Spec i es 
(/�ino acid res idues/mo l e  o f  protein) 

Bovine x-Casein B C aprine 

Merc ier et a l .  �r-Casein 

( 1 973 ) Tab l e  9 . 1  

1 1  1 5  

1 4  1 3  

1 3  1 2  

27 27 
20 20 

2 2 
1 5  1 4  

2 2 

1 1  1 1  

2 1 
1 .3  1 0  

8 8 

9 7 

4 4 

.3 4 

9 8 

21 
5 4 

1 1 

1 1 

1 69 1 6.3 

1 902.3 1 8.300 

5 . 1 2  4 . 82 

Buffalo2 x-Cas ein 

N agas awa et a l .  
( 1 973 ) 

1 2  
1 6  

1 2  

28 
20 

2 
1 5  

1 

1 .3  
2 

1 2  

9 
8 

4 

.3 

8 

4 

1 

1 

1 70 

1 9000 

5 . 0L� 

Ovine x-Cas ein 

Hibadeau Dumas et al . 
( 1 97 5 )  

1 6  
1 2  

1 2  

26-27 
1 9-20 

2 
1 8-1 9 

.3 
1 2  

2 
9 

7 
8 

4 

4 

8 

6 
1 

2 

1 69-1 72 

1 9050 

4 . 72 

1 .  C ompos iti on based on a 24 h ana lys i s , there fore va lues for i s o l euc ine 
and valine may be low . 

2 .  D rt t a  rec a l cula t ed , usmnninr: a mol e c ul a r wciP'ht of ab out 1 9  000 . 

Human1 • 2 K-Cas ein 

Groves and Gordon 
( 1 970 ) 

1 5  
8 

1 1  

29 

21 

3 
1 0  

1 

1 1  

5 
9 

1 4  

8 
4 

4 

8 

8 

1 69 

1 9.300 

5 . 04 

f\) 
� 
--.:1 
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the firs t 40 residues in the macropeptide from ovine « -c as ein 

( Fi g . 6 . 8 ) . The s eq uenc e was s imilar to  that of  the macro­

peptide from b ovine c as ein , with 7 amino ac id  sub s t ituti ons 

and a probab l e  ins ert ion of two residues in the ovine macro­

pept ide . I t  is  int eres ting to not e that 6 of  the 7 s ub sti­
tut ions are favourab le  change s , i . e . point mut ations , and 
the unfavourab l e  subst itut ion from I l e31 in the bovine macro­

peptide to Pro ?-: 3 in the ovine macropeptide has b e en previ ous ly 
:J . 

obs erved ( Dayhoff , 1 972 ) . Rec ent ly , the s equenc e o f  para-

N-cas ein from the A vari ant of ovine K-c as e in was determined 

by J o ll�s et al . ( 1 9 74 )  ( Fig . 6 . 9 ) . I t  has 1 0 5  res idues and 
1 3  amino ac id sub s t itutions when c ompared wi th bovine 

para- K - c as ein . 'I'hes e  s ubs tituti ons are all f avourab l e  point 

mutat i ons ( Dayho ff , 1 972 ) . The mos t notab l e  featur e  is the 

sub s t itution from Arg1 0  in bovine para- .: -c as ein to Cys1 0  in 

ovine para- K - c as ein , in a pos i t i on adj ac ent to one of the 

other c yst eine res idues ( Fig . 6 . 9 ) . With the s e  results and 
obs ervations in mind , i t  i s  there fore hardly s -Qrpris ing that 

the �e-c as eins from the various spec i es ar e c apab l e  of 

s t ab i l i z inf, their Ca s ens itive cas e in frac ti ons , analogous 

t o  b ovine K-c as cin . C aprine K-c as ein c an s t abili z e  c aprine , 

ovine and bovine as- and {3-c as eins ( Chapter 1 1 . 5 ) whil e  human 
�e-c as e in c an s tab iliz e b ovine as 1 -cas ein and the human and 

b ovine p-c as e in frac ti ons in the pres enc e o f  Ca ( Nagas awa et 
al . ,  1 970) . 

I t  s e ems likely that the K-cas eins , particularly thos e 
from c aprine , ovine and bovine c as eins are all c l o s ely 
r e l at ed , and probab ly have a c ommon anc estral prot e in .  This 
c an only be d e t ermined aft er the �e-cas eins from the spec i e s  
have been is o la t ed , an d  their primary s truc tures det eroined . 

1 2 . 2  13-Cas eins 

A maj or c as ein fract i on having an e l e c trophoretic  

mobility in alkaline gel or paper elec trophoresi s  s imilar t o  

that of  bovine p-cas ein has b e en obs erved in a l l  of  the 

mammalian milks so far examined ( Gloan et al . ,  1 961 ; O ' C onnor 

and Fox , 1 973 ; J ennes s ,  1 9'73 ) .  Some of thes e c as e in 

frac t i ons , namely tho s e  from b ovine ( Ribadeau Dumas et  al . ,  
1 973 ) , c aprine ( Chapter 9 ) , ovine (Chapt er 1 0 ;  Resmini et  al . ,  



1 967 ) , buffal o  (Nagasawa et  a l . , 1 973 ) , rabbi t  ( Testud and 

Ribadeau Dumas , 1 973 ) , canine (Nagasawa et al . ,  1 972b )  and 

human c as eins (N agas awa et al . ,  1 970 ; Groves and Gordon , 

1 9'?0 ) have b e en examined in more detail .  

In b ovine c as ein ,  the proport i on of � -c as ein is 30-
3 5% , of the total prot ein , whereas in c aprine and ovine 

cas eins , fJ -c as ein account s for 60/b ( 'rable 8 . 2 )  and. 45% 

respec tively of the total pro t e in ( Table 8 . 3 ) . N agasawa et 

al . ( 1 9 '73 )  found L!-3% ,S-c as e in in buffalo c as e in , whi le  

hum<J.n c as ein appears to  c ons is t  largely of ,S-c as ein fract i ons 

(N agas awa et al . ,  1 970 ) . T e s tud and Hibadeau Dumas ( 1 973 ) 

have is o lated and charac t er i z ed a � -c as ein fra c t i on from 

rabbit c as ein . 

Bovine fJ-cas ein i s  s ub j ect  to  c onsiderab l e  genetic 

variation.  The s e  c los ely relat ed genet ic variants are the 

result of amino ac id sub s t itut i ons , due to s ingl e nuc l eotide 

bas e changes in the trip l e t  c odons of  the mes s enger RNA 
coding for each amino ac id ( Grosc laude et al . , 1 973 ) . 
Simil ar detai l ed s tudi es have not b e en made on the f3-c as eins 

from animals of  the other s p ec i es . 

In  this s tudy , two maj or ,S-cas eins have b e en i s o l ated 
and charac t eri z e d  in c aprine and in ovine c as eins . All 

four {3 -cas e ins had similar molecular weight s , amino ac id 

c ompo s i t ions , and the di fferent mobilities  of the �1 - and 

�- c as eins in alkaline gel  e l ectrophor e s i s  appeared to b e  
due t o  differenc es in their phos phorus c ont ent ( Chapt ers 9 . '? 

and 1 0 . 4) . In c aprine ,s-c as eins , the more mob i l e  c omponent 
in alkaline gel el ec trophores i s  had s ix phosphorylat ed  

residues c ompared with five in  the  s l ow er c omponent . The 

ovine p-cas e ins c ontained five and four phosphorylated 

residues respe c t ively for p1 - and �2-cas eins . The f - c a s e  ins 

in c aprine c as ein do not appear t o  b e  subj e c t  t o  genetic 

variati on to  any ext ent , s inc e only two c omponents have b een 

obs erved by gel  e l ectrophore s i s , both in this s tudy and by 
other workers ( little  and C us t er , 1 966 ; - Macha , 1 9'?0 ; 

Rib adeau Dumas et al . ,  1 975 ) . 

The s ituati on is not as s impl e  with the  ovine ,s - c as e ins , 

and a l though alkaline g e l  e l ec trophoresi s  indi c at ed few  
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di fferenc e s  betwe en c as eins from the same breed of she ep , 

there was s i gnific ant variat i on between the c as e ins from 

different breeds of she ep ( Chap t er 8 . 8 ) . Thi s  was due t o  

changes in the relat ive int ens i ti es o f  the ,s1 - and �2-cas e ir 

b ands in ovine cas e ins , and in two samples of  c as ein , the 

obs ervat ion of an extra band with a greater e l ec trophoretic  

mobi lity at alkal ine pH than ,s1 -cas ein . Thi s  b and , 

designat ed as .e0-cas ein , \vas s imi lar to that ob s erved by 

King ( 1 966 ) , which h e  sugges t ed may be due to a s impl e  

al t ernative allel e .  

c:. c v  

In human p-c as ein there are s ix �-cas e in c omponent s , 
designat ed A ,  B ,  C ,  D ,  E and F ,  in order of their decreas ing 

e l ec trophoretic mob i lities  in alka line gels (Nagas awa et al . ,  
1 970 ) . Thes e .B-c as e ins appear to b e  the sam e  protein 

phosphoryla�ed t o  differ ent l evels ( Groves and Gordon , 1 970 ; 

Nagas awa et al . , 1 971 ) , for examp l e , .B-c as ein A has five 

phosphat e residues whi l e  /3- c as ein F has none . Voglino and 

Fonz one ( 1 972 ) exarnined 80 human cas ein s amples  and found 

that the dominant A and D c omponent s of ,B-cas 8in were variab l e  

i n  int ens ity.  The y  sugges t ed that the synthes is o f  the s e  

/3-c as eins i s  und er the c ontrol o f  a s ingl e l o c us wi th t1vo  

e o-dominant all eles . Aschaft enburg et al . ( '1 968b ) ob s erved 

polymorphisru in b uffalo ,S-c a s e in in 3 out of a t otal o f  1 0 5 
c as ein s amples . 

The /3-cas eins from buffalo (Nagas awa e t  al . ,  1 973 ) 
c aprine and ovine ( this th 8 s is ) , human (Nagas awa et al . , 1 970 ) 
and rabb i t  c as eins ( T es tud and Rib adeau Dumas , 1 973 ) are all  
s o lubl e  in the pre s enc e o f  C aC l2 at low t emperature , yet are 
eas i ly precipitat ed at 30-37°C .  This is indic ative o f  a 

t emperatur e dependent p olymerization of .B-c as e in ,  s inc e only 

the polym ers app ear to be  s ens itive to C a .  Measurem ent s o f  

intrinsic visc osity , analyt ical ultrac entrifugati on or the 
e ffect of t emperatur e  on the turbidity of c alc ium c ontaining 
f.-c as ein s oluti ons indicated c aprine �-c as e ins and probabl y  

ovine .B -c as eins undergo t emperature dep endent po lymeri z at i on 

from monomer to po lymer as the t emperatur e  was increas e d  
from 4°C t o  40°C �hapt er 1 1 ) . �he .e1 -cas eins o f  caprine 

and ovine c as eins , and human p-c as ein A and B ( i . e .  thos e 
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c ontaining more pho s pho�us ) are mor e s ens it ive t o  CaC l2 than 
the equival ent IJ-cas eins with l es s  pho s phorus ( c aprine and 
ovine p2-c as eins , human (3-ca·s e ins C t o  F ) . The human fj ­
c as eins a l s o  undergo t emper·ature d ependent p0lym erization , as 
det ermine d  by ultrac entrifugation ,  optical  r o tat ory dis p ers ion 
and vis c o s i ty measurem ents ( Toyoda and Yamauchi , 1 97 2 ) . The 
t emp erat1..1re at which po lym er format ion b e c omes evident in 
the s e  p-c as eins , c ompar ed with b ovine (3-cas e in app ears to b e  
different , and i s  l ikely t o  b e  relat ed t o  the differenc e s  in 
the primary struc t ures of the human and b ovine (3-cas eins . 

The amino acid  compos i t i ons o f  the {3-cas eins from the 
vari ous s p ecies  are pr es ent ed in ·rab l e  1 2 . 2 .  F or th e 
purpo s e  o f  c omparis on ,  the amino ac id c ompo s i t i ons o f  b uffalo 
and c anine {J-cas e ins \ver e rec alculat e d  assuming a mo l ecular 
weight for th es e pro t eins o f  24 000 , s inc e no mo l ecular 
\'lf ei�h t data VJas avai l ab l e . 

I t  is evident from Tab l e  1 2 . 2  that th es e fj -cas eins 
have s ev eral featur e s  in c ommon , nanely , high l evels o f  
glutamic ac id and pr oline . The swn o f  lys ine , his t i dine 
and arginine in c aprine , ovine , b ovine and buffa l o  c as eins 
is c ons t ant at 20 , with values of 1 9  for human {3-cas ein , 22 
for c anine �-c as e in and 23 for rabb i� (3-cas ein . Furthermore , 
the s um of the hydrophob ic res idues , i s oleuc ine , l euc ine and 
valine is 50 for c aprine p2- c as ein , 51 for bovine fj-c as ein , 
52 for b o th ovine and buffal o  fJ-c as eins , and 58 for human � 
c anin e and rabbi t  /3-c as eins . The incr eas ed c ont ent o f  thes e 
amino ac i ds is r e f l ec t ed in the increas ed hydrophobic ity 
o f  the  human , canine and rabbit (3-cas oins c ompared with 
thos e from the ruminants .  Thes e obs ervati ons , along with 
th e other di ffer enc es in the amino acid c ompos i t i ons , 
particularly the aspartic ac id , s erine , glyc in e , alanine , 
valine , methi onine , i s o l euc ine , tyr o s in e  and arginine 
res idues support s the s uggest ion that the c as e ins from the 
c l o s ely r elat ed ruminant s pecies , inc luding the c ow , goat , 
sheep and buffal o ,  have very s imilar {3-cas eins , v1h i l e  the 
other species have different {3-c as e ins . However , th e 
average hydrophobi c i t i e s  o f  thes e c as e ins ar e c omparab l e  and 
typic a l  of very hydrophob ic prot eins ( Bigelm.v , 1 967 ) . 
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The human p-c as eins appear t o  b e  a group o f  pro t e ins 

with the s ame amino ac id  c ompo sitions , which differ only in 

their phosphorus c ont ent ( Groves and Gordon , 1 970 ) . The 

p os s ibi lity that the ovine and caprine .e1 - and 112-cas eins , 

which als o differ in the ir phosphorus c ont ent ( Tabl e  1 2 . 2 ) � 

are the r es ult of mult ipl e phos phorylation in a s imilar 

manner to that of  the human c as eins c annot be disc ount ed . 

In  c aprine and ovine milks , c as eins other than the p1 - and 

e2-cas eins were s olub l e  at l ow temperature ( 4°C )  ( O ' C onnor 

and Fox , 1 973 ) ( Chapt er 5 . 1 ) .  O ' C onnor and Fox ( 1 973 ) 

des ignat ed thes e c omponen-cs as "minor � - c as eins " ,  s inc e they 
were s olub l e  from 4°C t o  37°C ,  and were not r eadi ly hydrolys ed 

by r ennin . 

Gel electrophores is o f  thes e c as eins , b efore and after 
r ennet treatment , and in the pres enc e of  Mg ( this s tudy) J 
c ould neither dis c ount nor c onfirm the pr emis e that thes e 

c as e ins are "minor 11-c as eins " .  C ons equently , their relat i on-

ship t o  the c aprine and ovine P-c as eins must b e  det ermined 
aft er their isolat i on and c harac teriz ation .  

1 2 . 3  a -C as eins s 

Frac tions analogous in their properti es t o  bovine 

c as e in have been i s olat ed from c aprine and ovine c as e ins 

( this 3 tudy ) , buffalo ( Nagasawa et al . ,  1 973 ) , rabb it 

( T es tud and Rib adeau Dumas 1 973 ) , and c anine c as eins 
( Nagasawa et  al . , 1 972b ) . Although r-·mlpr e s s  and . Seid­
Jlkhavan ( 1 966 ) is olated a fraction from human c as ein whi c h  
they designat ed a s  a - c as ein , Nagasawa et  al . ( 1 970 )  l at er 

s 
showed this to  b e  a p-c as ein frac ti on .  

The proportion o f  a - c as ein in the c as e ins differ s 
widely b etween the vari ous species . Bovine , ovine and 

c aprine as-cas eins are 5076 , 3 5% and 23% , respectively o f  the 

total c a s e in .  In buffalo c as ein , . 46% of the c as ein was 

�-cas e in ,  as shown by quantitative gel electrophor e s i s  
( Nagasawa et  al . ,  1 973 ) . I t  appears that n o  maj or a - c a s ein s 
fract i on exists in human mi lk (Nagasawa et al . , 1 970 ) , 

although Ponz one and Voglino ( 1 972 ) have obs erved polymorphic 
protein bands in human c as ein ,  which they des i gnat ed as as 1 -
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c as eins , bas ed on their electrophoretic mobilities . The 
ident ification of thes e protein bands as as-cas eins has yet 
to b e  verified . The relationship between the A ,  B ,  C and D 
geLetic variants of  bovine as� -cas ein has been previous ly 
discus s ed ( Chapt er 6 ) . Polymorphism has not yet b e en 
obs erved in the oinor as0- ,  "s2- ,  as 3- ,  as'+- and as 5-cas eins 
from the cas e ins of 1.·! e stern catt l e  ( Bos taurus ) or 6ebu c attle  
( Bos indicus ) ( Aschaffenburg , � 968a ; Hoagland et al . ,  1 97� ) .  

N o  genetic polymorphism ho..s been obs erved in buffalo a -s 
c as ein ( Aschaffenburg et . al . , 1 968b ) . Pol;ymorphism of  the 
type  obs erved in bovine "s � -cas ei.n appears to b e  a rare 
occurrenc e in the a -cas eins of  c aDrine and ovine milks s .t 

( Chapt er 8 ) . C ertainly , this is the cas e for ovine cas ein 
(King , 1 966 ; Arave et  al . , 1 973 ) . 

The a - cas eins from bovine , caprine m1d ovine c as eins s 
were all  prec ipitated by l ow l evels of CaC l2 ( Chapt er 1 � . 4 ) , 
yet were all s tabiliz ed by any o f  the r.-cas eins from the 
thr e e  species ( Chapt er � 1 . 5 ) . Woychik and jondol owski ( 1 969 ) 

have shown porc in e as -ce.s ein can b e  stabiliz ed by  porcine or 
b ovine K-cas eins . Littl e  work has been done on the a -s 
c as eins from other s pec i e s , apart from canine (Nagasawa et 
al . ,  1 972b ) m1d rabbit a ·-c as eins ( Testud and Ribadeau Dumas , s 
� 973 ) where �hey have b een shown t o  b e  ins o luble  in l ow l evels 

0 of C aC12 , at 3 7  C .  

The amino ac id c ompositions of the a -cas eins are s 
pres ented in Tab l e  � 2 . 3 .  :f'or the purpos es of  c omparison ,  
a molecular weight o f  24 000 , inc luding the phosphate 
residues , was assumed for buffalo and canine as-cas eins s inc e 
no molecular weight data were avai lable . 

There appears t o  b e  few s imilarities b etween the amino 
acid c ompositions of the as -cas eins of the various speci es . 
The amino acid c ompos itions of b ovine as� -cas ein , buffalo  
as-cas ein an d  ovine as2- and as 3-cas eins appear t o  b e  
b as ically s imil ar , with average hydrophobicities ( Table  1 2 . 3 ) 
that are typical  of hydrophobic proteins . Rabbit a -cas ein s 
res embled bovine as 3-cas ein and caprine as-cas ein in its  
threonine and glycine c ontents . I t  does  not , h owever , 
c ontain cysteine or have a high lysine cont ent , unlike the 



Tab l e....2b2. 

Amino Ac id C ompositions of as -Cas eins from Di fferent Species 
(Residues anino ac id/mole of prot e in) 

Bovine Bovine Buffa lo Caprine Ovine Ovine Rabb i t  C anine 
a s1 -C as ein B cr5 1 -Cas ein a51 -Cas ein a5-Cas ein as 3-Cas ein a 5 2-Cas ein as-C as ein a5-Casein 

•res tud & 
Merc ier et a l .  Nagasa�Ja e t  a l .  Ribadeau Dumas N af!:asawa et al . 

( 1 972a ) 'l'ab l e  9 . 4  ( 1 973 ) Tab l e  9 . 4  Tab l e  1 0 . 3  •rab le 1 0 . 3  ( 1 973 ) ( 1 972b )  

Asp 1 5  1 9 1 7 1 7  1 7  1 7 1 5  1 6  
Thr 5 1 4 " 7 1 4  5 4 1 4  5 
Ser 16 1 6  1 4  1 4  1 8  1 7  1 3  9 

Glu 39 45 39 4 5  42 39 63 45 
l ro 1 7  1 3  1 8  1 8  22 22 1 8  22 

Gly 9 4 1 1  4 1 1  9 3 2 
Ala 9 9 1 0  1 0  1 2  1 2  1 1  1 3  
Cys - 2 - 2 
Val 1 1  1 4  1 2  1 2  1 1  1 0  1 9 1 0  
.r.et 5 4 4 4 4 5 3 2 
I l e  1 1  1 1  1 2  1 1  1 0  1 1  8 1 0  
Leu 1 7  1 4  1 8  1 2  1 8  1 8  3 0  2 5  
Tyr 1 0  1 1  1 0  1 1  1 0  1 0  1 3  7 
Fhe 8 6 8 8 6 7 7 6 
His 5 4 4 5 4 4 3 4 
Lys 1 4  23 1 5  22 1 3  1 4  1 5  4 

NH3 22 

Arg 6 6 5 6 6 6 1 7  1 7 

Trp 2 2 3 2 2 2 - 2 

!; o .  of phos phorus 8 7 7 7 9 9 1 2  7 res idues 
r: o .  res idues 1 99 21 7 207 21 7 21 1 207 252 1 99 
Bi�e l ow hyd rorhobic i t y  [\) 

[\) kJ/res idue 4 . 99 4 . 56 4 . 99 4 . '70 .4. 71 4 . 97 4 . 72 5 . 03 \]1 
l'io lec ular weirrht 2361 5 25940 21+300 2601 0 24623 24353 36800 24000 



a -c aseins from the other s p ec i es ( Tab le 1 2 . 3 ) . 
s 

The 

s imi larity b etween c aprine a -cas ein and the minor bovine s 
a 3-cas e in ,  and b e tween b ovine a 1 -c as ein , buffalo a - c as e in s s s 

and the ovine a -c as ei ns , suggests that c aprine milk i s  the s 
only mi lk o f  the s e  four spec i e s that do es not c ontain a 
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"bovine as 1 -casein" typ e of prot e in .  I t  would be int ere s t ing 

to c ompar e th e amino ac i d  s equenc es of bovine as 3- and as 1 -

c as e ins t o  det ermine whe ther there is a clos e genetic 

relationship b etwe en them� 

1 2 . 4  C onc lus ions 

11'h e  b i o l or;ical func t i on of milk is to supply the young 

s uckling mammal with the nutri ents it requires for rapid 

growth and devel opment . The c as ein mic e l l es and the whey 

prot e ins are an exc e l l ent s ourc e of  prot ein ,  phosphorus and 

c alcium .  In addition ,  a-lactalbumin , the B pro t e in of 

lactos e synthetas e ,  is  inv o lv ed in the biosynthe s is of  lac t o s e  

( Brew , 1 970 ) . The cas e in� from the mi lks of  t h e  other spec i es 

that have b e en i s o lated a l l  c ontained a c onsiderab l e  amount of 
phosphorus . Some of  them , particularly the �-c as eins , appear 

t o  have " lo o s e  s truc tures " typic al of bovine c a s e ins , thereby 

allowing e asy ac c es s  for the pro t e olytic enzymes of  the 

diges t ive trac t . 

Although only a l imi t ed numb er of K -c as e ins have b e en 

examined , they appe ar t o  b e  s imilar in amino ac id c oiTposition 

and in their properties . They have an import ant rol e in 
mic e l l e  stabi l i z at i on ,  which may have limit ed the numb er of 

suc c e s s ful mut ati ons and therefor e changes in pro t ein 
s truc ture which thes e  c as eins have undergone . 

The � - c as eins are ano ther s imilar group o f  prot e ins , 

with minor di fferenc es in their propert i es . All of  the 

�-c as eins so f ar examined ar e s ensitive to C aC 1 2 at 37°C ,  
and are s olub l e  in 20 mM C aC 12 at l ow t emp eratures . Genetic 

variat i on in the �-cas eins of  spec i es other than b ovine 

appears to b e  a rar e event . 

The o.s -c as eins , c ompris ing a large numb er of maj or and 
minor c as e ins , app ear t o  b e  the mos t het erogeneous group of 

cas eins , although gene tic var iat i on other than for b ovine 



as 1 -cas eins als o  appears t o  b e  a fairly rare event . The 
r esul t s  in Tables 1 2 . 1 , 1 2 . 2  and 1 2 . 3  suggest  that in t erms 

-cc:.·; 

o f  pro t e in evo lut i on , the ruminant c as eins form a c l os e gro up , 
with the human c as e ins in particular being much mor e 
distantly relat ed .  The relationships are not dis s imilar from 
the phyl o genetic tr e e  propos ed by Dayhoff ( 1 97 2 )  from the amino 
ac id s equenc es of c ytochrome C and the a and � chains o f  
haemorslob in . 

·.rhe ab ility o f  the mammary gland t o  s ec r e t e  milk has 
b e en trac ed s ome hundr ed thous and years to the age of the 
Therian and monotreme mammals ( Sloan et al . ,  1 961 ) .  I t  
s e ems likely that the milks o f  primi t ive mammals c ontain e d  a 
s ingl e  prot ein which was s olub le in the pr es enc e o f  C a , and 
which c ould be c oae;ulated by r ennin or a s im i l ar pro t e o lyt i c  
enzyme . The charac t eristics  of s uch an anc es tral pr o t e in , 
and the K - , {3 - and as -c as eins from the c a s e ins o f  the pres ent­
day s tudi es , can only be inferred from the charac t eriz at i on 
o f  thes e l atter pr ot eins and a knowl edge of their primary 
struc tur e s . 



PART III 

l"JODELS OF BOVINE CASEIN I1I CELL'E STRUCTURE 

AND THEIR RELATI ONSHI P TO CAPRINE AND 
OVINE CASEIN MI CE�LES . 
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C HAPTER 1 3 :  DI SCUSSI ON 

Several models  h ave been propos ed for the s truc ture 
o f  the b ovine c as e in mic el l e  ( Waugh and N ob l e , 1 96 5 ; Payens , 
1 966 ; Morr , 1 967a ; Ros e ,  1 969 ; Parry and C arro l l , 1 969 ; 
Garnier and Ribadeau Dumas , 1 970 ; \t/augh et al . ,  1 970 ; 
'Waugh , 1 971 ; Fox and Guiney , 1 973 ; Slatt ery and Evard , 
1 973 ) . 

Before c ons i dering s om e  o f  the vari ous models  o f  
c as ein mic e l l e  s truc tur e , and th eir relevanc e t o  c aprine and 
ovine cas ein mic e l l es , i t  i s  as well t o  c ons ider s ome o f  the 
charac t eris t i c s  o f  b ovine c as ein mic el les . 

Ther e ar e a numb er o f  r ec ent revi ews on the models o f  
c as ein mic e l l e  s truc ture that have b e en propos ed ( Ros e , 1 969 ; 
waugh , 1 971 ; Lys t er , 1 972 ; Swa i s go o d , 1 973 ; Thomps on and 
Farrell , 1 973 ; Garnier , 1 973 ) . 

1 3 . 1  Hydrophob ic ,  El ectros tatic and Hydrogen Bonding 

Hydrophobic , electros tatic and hydrogen b onding ar e 
the forc es largely res pons ib l e  for th e maint enanc e of prot ein 
s truc tur e . The natur e o f  thes e int erac t i ons has b e en 
discus s ed b y  Mahl er and C ordes ( 1 967 ) . 

The driving forc e for f0rmat i on o f  hydro phob i c  t onds 
is largely the pos i t ive entrcpy changa ,  r esult ing from the 
lib erati on o f  s o lvent mol ecul es organiz ed ab out the apo l ar 
( hydrophob i c ) residues , that ac c ompani es the trans fer o f  
thes e res i dues from an aqueous to  a nonaqueous envir onm ent . 
C ons equent ly , a mor e stab l e  sys t em may result i f  hydrophob ic 
res idues are in the int eri or of the mo l ec ul e , and no t in 
c ontac t with the lr.J'at er . Hydrophobi c  int erac t i ons are highly 
t emperatur e dep endent , being minima l b el ow 5°C and maximal 
at high er t emperatures . Klotz  ( 1 970 ) point ed o ut that for 
prot eins who s e c rys tallographic s t ruc tur e  is known , many 
apolar s id e  chains do exi s t , ful ly or part ially expos ed t o  
the s o lvent , and th er efore thes e prot eins have r e gi ons which 
s.re availab l e  for int erac t i on with other prot e ins . 



The primary s truc tures o f  K - , � - and as 1 -cas e ins 

( Figs . 6 . 2 ,  6 . 3  and 6 . L� )  have a nmnb er of c lus t ers o f  hydro­

phobic  residue s , and rank among the most hydrophobic  of the 
pro t e ins tabula t ed by Bigelow ( 1 9G7 ) . Dis s o c i at i on o f  
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the p- and K-c as eins, and to  s ome ext ent the as1 -cas ein from 
the b ovine c as ein mic e l l e  at lovJ t emperatures, c an b e  
exp lained in t erms o f  d cic reas ed hydrophob ic bonding , c on­

s is t ent with the knowri propert i es of  {3-c as ein . The s ugges­
tion by Thomps on and Farr ell  ( 1 973 ) that th e cas ein mic el l e  

may b e  part i a l ly s t abi l i z ed by hydrophob ic int erac t i ons s e ems 

likely . 

In e s s enc e ,  the ionic s ide  chains in the prot eins , 

whos e crys tallo c;raphic s truc tur e  i s  known , are expos ed to  
the s o lvent (Klotz , 1 970 ) . The rol e  of int er- and intra­
mol e cular i onic b onds runong as 1 - ,  P- and K-cas eins in the 

s t ab i l ization of  mic e l l e  s tructur e  is difficult to as s es s , 

althouch they may b e  important in the stab i l i z at i on of  as 1 -

cas ein with K-cas ein ( Pepper et a l . , 1 970 ; Hill , 1 970 ) . 

'l'he r o l e  of phophos erine r e s idues in c a l c ium binding 

has b e en demons trat ed by Ho and \laugh ( 1 965 ) , Dicks on and 

Perkins ( 1 971 ) and by BinGham et al . ( 1 972 ) . Although 

dephosphorylated  �1 - c as ein was s ti l l  prec ipita t ed with 
calcium ,  there  was decreas ed s tabi l i z ation with K-c as ein , and 

electron mic r o s c opy revealed larger , but f ewer mic e l l e-type 

s truc tures were pre s ent ( Bingham et al . ,  1 97 2 ) . Henc e ,  the 

format ion of mic e l l e-type struc tur es is not ent ire l y  dependent 
on the forma t i on of c al c ium pho s phat e bonds b etween the 
c as eins ( Thomps on and Farrell ,  1 97 3 ) . 

�fany globular pro t eins are stabili z ed by a high degr e e  

of a-helical , o r  {3-p l eat ed shee t  s tructur e , through hydrogen 

bonds ( Mahl er and C ordes , 1 967 ) . The c as eins appear � o  

poss es s  litt l e  of  thes e s truc tur e s , although the pos s ib i l ity 

of  other typ e s  of  s ec ondary s truc tur e  being pres ent c annot b e  

overl o oked ( H erskovits ,  1 966 ; Garnier , 1 966 ; Evans et al . ,  
1 971 a ;  Irons et al . ,  1 973 ) . 



2 3 1  

1 3 . 2  Rol e  o f  Disulphide Bonds 

D i s ulphide  b onds b e tween c ys t e ine res idu e s  s erve t o  
stab i li z e  the p e ptide chains i n  a pr e formed c onformation 
( Blow and St e i t z , 1 970 ) . \rJoychik et al . ( 1 966 ) demons trat ed 
that r educ ed and alkylat ed «-c as ein s tGb i l i z ed as1 - c as ein 
agains t c a lc iu..m prec ipitat i on as well  as native K-c as ein . 
Toma and Nakai ( 1 973 ) . found tho. t the disulph::..d e  linked d ir:wr , 
as 5-cas ein was no t as readi ly s t ab il i z ed by K-c a s e in ,  as vms 
as1 -cas ein .  

Thomps on and Farr e l l  ( 1 973 ) sugge s t ed that whi l e  the 
disulphide bridges of the cas ein may contribut e to the 
stab i l ity of the mic e l l es , they ar e not the c entral feat ure 
of mic e l l e  forma t i on .  

C o l l o idal C alc ium Phosphat e  

The t o t a l  c alc imn c ont ent o f  b ovine milk i s  ab out 
30 mi'1 ( Tab l e  4. 2 ) , 1-Jhi l e  the Ca i on activi ty quot i ent i s  
1 . 63 mM . The importanc e of c o l l o idal calcium phosphat e in 
mic e l l e  s truc tur e  is \ve l l  document ed (l";c Galm and :Pyne , 1 960 ; 
Fyne and r1c Gann , 1 960 ; Downey and I"Iurphy , 1 970 ; I'lorr et  a} . •  , 

1 971 ) .  C ol l oi dal c al c i um  pho s phat e  appears t o  res emb l e  
tri c al c ium pho s phat e wi th a c alc iu..m : phos phat e  rat i o  o .f  1 : 5 
( \mit e  and Davi es , 1 958 ) , al though this value is s omewhat 
unc ertain ( S e e  Thomps on and Farr e l l , 1 973 ) . 

Fyne and Mc Gann ( 1 960 ) pr epar ed CPF-milk ( c o l lo idal 
phos phat e fre e  mi lk )  by l ower ing th e pH o f  a s amp l e  o f  s kim 

milk to 4 . 9  and dialys ing it at 5°C agains t the original 
mi lk . CPF-mi lk is trans l uc ent c ompared with normal milk , 
and has a greatly increa s e d  vis c o s ity.  Whereas CPF-milks 
are pr ec ipitat e d  with 25 mM C aC 1 2 , addi t i on of CaC 12 up to  
1 M at 30°C ,  has lit t l e  effec t on normal milk . J ennes s  
e t  al . ( 1 966 ) and Lin e t  a l . ( 1 97 2 )  found a marked inc reas e 
in s erum or nonmi c e l l ar c as ein as the c o l l o idal c alc ium 
phos phat e  c ont ents of mi lks or c entrifugally frac t i onat ed 
mic e l l es were r educ ed by the addi t i on of EDTA . Us ing gel 
chromat c graphy Downey and l"Iurphy ( 1 970 ) found that the maj or 
peak in CPF-milk was elut ed at a vo lume c ons i s t ent with a 
.mo le c ular weight of 2x1 06 , whereas normal m i lk mic e l l es had 



mol ecular �eight s in exc ess of 1 08 • Morr e t  al . ( 1 971 ) 

showed by e l e c t ron microsc opy that sub-mic el lar cas e in c om­
plexes in CPF-milk were heterogeneous and irre�ularly shap ed , 
and ranged in s i z e  from 30-50 nm .  R emoval o f  c ol l o idal 
c al c ium ph ospha t e  and pro tein bound Ca from bovine c as ein 
mic e l l es , by c hr omnt or.;raphy on Sepharos e 4B , resul t ed in 
dis s oc iat ion o f  the c a s ein mic e l l es t o  sub -mic ellar c as ein 
aggr egat es which ar e thought t o  b e  in equi lib riwn with th eir 
c omponent c as e ins ( Cr e amer and Berry , 1 97 5 ) . '11he importanc e 
o f  c alcium pho s pha t e  in . the s tab i l izat i on of mic e l l e s  appe ars 
evident , but the me chanism of s t ab i lization is  unknown . 

Propo s ed l'1od els  for l:lovine C as e in I"'ic ell e Struc tur e  

Model s  o f  mic e l l e  struc t ur e  c an b e  c lass i fi e d  int o 
thr e e  groups , the c oa t - c ore models , int ernal s truc tur e  
models , and s ub -uni t  models . 

1 3 . 4  Coat - C or e  Models  

The model propos ed by \.Jaugh and N ob l e  ( 1 965 ) and 
\.Jaugh et al . ( 1 970 ) and revi ewed b y  Hu.uc;h ( 1 971 ) i s  primarily 
bas ed on studi es o f  the c alcium s olub ilities  o f  the cas eins . 
The model des c ribes the format i on of low weight rat i o  
c ompl exes o i  ex 1 - and P-c as ein i n  the ab s enc e o f  calc ium .  s 
Upon addit i on of c alcium ions , t h e  as 1 - o r  p-c as eins b egin 
to av,gregat e t o  a l imiting s i z e  ( the cas e inat e c or e ) . I n  
t h e  pres enc e o f  uni t or l ow weight ratio as 1 : �-c ompl exes , 
prec ipitati on o f  the as1 -cas ein i s  prevent ed by th e format i on 
o f  a monolayer o f  thes e l ow weight ratio as 1

; �:-c ompl exes which 
envel opes the c or e  aggr egates . 

Parry and C arre l l  ( 1 969 ) w ere uns uc c es s ful in 
loc at ing thi s  out er l ayer of K-cas ein us ing ferrit in l ab e l l ed 
ant ib odies and el ec tron micro s c opy , and c onc luded that 
K-cas ein may ac t as  a po int o f  nuc l eation , ab out which the 
c a lc ium ins o l ub l e  c as � ins might c lus t er and be s tabi l i z ed by 
c alc ium pho s phat e .  However , Ash o or et al . ( 1 971 ) 
d emonstrat ed that papain , whic h  had b e en cros s l inked by 
glutaraldehyde int o a large ins o l ub l e  po lym er , c aus e d  
prot e olys i s  o f  a l l  thr e e  maj or c omponents of � as e in . This 
woul d rul e o ut any pr e ferent ial l oc alization o f  � c as ein . 



Int ernal Struc tur e  ��odels 

The s econd clas s of  mod e l s  are bas e d  on the known 

propert i es of the is ol�ted  cas ein components , which in turn 

caus e or direct the format ion o f  the int ernal structure of  

the cas ein micelles . 

Garni er and Rib ad eau Duma:3 ( 1 970) propos ed a model 

which places c ons iderab l e  emphasis on K-cas ein . Trimers o f  

K-cas ein were l inked t o  three  chains of a � - and �-cas eins S I . 
which radiated from the «-cas ein node ( Y- l ike  s tructur e ) . 

Thes e  chains of  a � - and (3 -ca s e ins n:ay b e connect ed vvi th S 1 
other K-nodes to form a loos ely packed network . This  model , 

b as ed on exp eriment s 1vi th carb oxypeptidas e A ( mo l ec.  wt 

34 500) and myoglob in ( mol ec. wt 17 000) ,  favour s  an open 

porous s tructure for cas ein mi� e l l es ( Ribadeau Dumas and 

Garni er , 1 970 ) . 

However , this model impos es  cons iderabl e  res tricti on 

on K-cas ein , and aggregat es o f  «-cas ein l arger than trimer 

have b e en shown t o  exis t ( Talb o t  and 1.-laugh , 1 970) . The 

model ass i gns no defini t e  rol e t o  cas ein int eracti on and 

ignores col l o i dal calcium phosphat e ,  known t o  b e  involved in 

the s t ab i l iz at i on of cas ein mice l l es . 

Ros e ( 1 969 ) us ed the known endothermic polymeriz at i on 

of (3-cas ein as the bas i s  of  his micelle  mode l . In this model , 

13-cas e in monomers s el f  a s s ociat e into chain-l ike polymers t o  
whi ch as 1 -cas ein monom ers are attached, and K-cas ein int eracts 

with the os 1 -cas ein monomers . As the mice l l e  forms , 

col lo i dal calcium phosphat e  is incorporat ed  into the network 
as a s tab i l i z ing agent . 

13 . 6 Sub-unit l"Iodels  

Shimmin and Hil l  ( 1 964) propos ed a s ub-unit model 

bas ed on e l ectron microscopy and predict e d  a diamet er of 
1 0  nm for the sub-uni t s  of the cas ein mice ll e .  

Bas e d  on s tudi e s  o f  the disruption o f  cas ein micel l es 

with oxaiat e and urea , I1orr ( 1 967a) pos t ulated that cas e in 

mic elles  are compos ed o f  numerous , 1 1 loos e ly 1 1 packed , calcium-
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c as einat e c ompl ex units , j oine d. in as s ociat i on by a c omb ina-
ti on of hydr ophob ic b onding , c alc imn and c o l l o idal c alcium 
phosphat e  l inka p;es , b etvreen c as e in phosphos crine and c arb oxyl 
gr oups . l"Iorr ( 1 967a ) sugces t ed each of thes e s ub-units i s  
c ompos ed o f  an inner c ore o f  as - and {1-cas eins , s urrounde d  b y  
an out er l ayer o f  predominant ly as 1 - and K-cas e ins , ac c ording 
to the s ucges t i on of Waugh and N ob l e  ( 1 965)  and Waugh et al . 
( 1 970 ) . 

Bchmidt and .Ouchheim ( 1 970 ) fo1.md dia lys i s  or c ompr es­
s i on of b ovine c as e in mic e l l e s  c aus ed them t o  diss ociate int o  
s ub-unit s  wi th a diamet er of 1 0-1 5 nm ,  as shown from e l ec tron 
micro graphs . They. s ugges t ed that b ovine c as e in mic e l l e s  
were c ompos ed o f  s ub-units which were linked b y  C a  bridges 
b etwe en the phosphat e and c arb oxyl groups to form c as ein 
micell es . 

Slattery and Evard ( 1 973 ) have rec ent ly propo s ed a sub­
U..."'lit mode l  bas ed on their s edimentation and vis c o s ity me asure­
ments o f  mixtures  of  K- , as 1 - ,  and �-cas eins . They propos ed 
that sub-unit s ,  c ontaining 25-30 monomers each , and with a 
diameter o f  ab out 20 nm ,  ar e forme d  in all sys t ems . The s e  
polymers ar e mic e l l e  sub-unit s  in which the TI \)i.1.polar portion 
o f  each monom er i s  orientat e d  radially imvards , whi l e  the 
charged ac idi c peptides of t h e  C a  s ens itive c as e ins and the 
hydrophi l ic , c arb ohyd rat e-c onta�ning portion o f  K -c as ein are 
near th e surfac e .  Asymmetric di s tribut i on of K-cas ein in a 
mic e l l e  s ub -unit r e s ults in hydrophilic  and hydrophob ic areas 
on th e s ub -unit surfac e . Aggregat i on through hydrophob i c  
int erac t i ons f orms a porous mic e l l e , growth o f  whi ch i s  
l imit ed by the eventual c onc entrat i on ,  at t h e  mic el l e  s urfac e , 
o f  sub-unit s  rich in K-c as ein . The model o f  S latt ery and 
Evard ( 1 973 ) ac c ount s for th e des t ab iJ.izat i on o f  the mic e l l e  
b y  dephosphorylation of C a  s ensitive cas eins , o r  b y  high 
c onc entrati ons o f  N aC l  o r  C aC l 2 and for the events as s oc ia t ed 
vlith c lo t t ing by renni.r.. ac t i on .  

Sinc e the r e c ent e l ec tron micrographic s tudi e s  ( Bclunidt 
and Buchh e im , 1 970 ; Kno op e t  al . ,  1 973 ; Schmidt et al . ,  1 973 ; 
Richards on et al . ,  1 974) have shown b ovine c as e in mic e l l es t o  



b e  c om p o s ed o f  s ub -uni t s , only thos e m o d e l s  c ons i s t ent \'li th 

the s ub - unit c onc ept wi l l  b e  c ons i d er e d .  This d i s c ount s the 

e ar l y  Waugh mod e l  ( W augh and N ob l e , 1 965)  und the models of 

Payens ( 1 966 ) , Ho s e  ( 1 969 ) and G arni er and Hib adeau Duma s  

( 1 970 ) . 

1 3 . 7 C aprine and Ovine · C as ein l''lic el l es and their 

R e lati ons hip t o . th e  �ode l s  of ilovine C as e in 

Mic e l l e  S truc tur e 

C apr in e , ovine and b ovine mi lks have mo s t  o f  t h e ir 

c as ein pres ent in the form of c a s e in mic e l l es which a l s o 

c ont ain C a ,  Mg and pho s ph orus . 

Al though the mineral l ev e l s  in th e c a prine , ovine and 

b ovine mi lks var i e d  ( Tab l e  4 . 2 ) , th e r e  w e r e  no s i gni fic ant 

dif f e r enc es in t h e  c at i on ac t ivi t i es , or the C a : pho s pha t e  

rat i o s  i n  e i ther the c as e in p e l l e t s  ( s ediment e d  b y  ultra­

c ent r i fugat i on ) or the s era ( Tab l e  4 . 4 ) . Th e apparent di f­

f e r enc es in the C a : pho s phat es rat i os of the mi lks ( T ab l e  4 . 4) 

were an indi c a t i on o f  the differin� quant i t i es o f  c as ein , as 

the m i c e l l e  p e l l e t s  had C a : pho s pha t e  rat i os of ab out 2 . 0  and 

the s era had rat i o s  of ab out 1 . 2 ( Tab l e  4 . 4 ) . 

B ovine , c aprin e and ovine c as e in mic e l l es ar e h i ghly 

s o lvat e d , with ab out 2 . 0  g wat er p er g pr o t e in , irr e s p e c t i v e  

o f  wh e t h er mic e l l e  s o lvat i ons w e r e  d e t err:1ined b y  vis c ometry 

or u l t r a c entr i fuga t i on (' rab l e  5 . 4) . The vo lum ino s i t i e s  

( s p e c i fi c  volum e s ) o f  c aprine , ovine and b ovine c as e in mic e l l e s  

obt a in e d  from vi s c o s i t y  measur ements ( Chapt er 5 . 2 ) ,  w e r e  

s imi l ar a t  ab out 2 . 8  m l / g  and did n o t  chan g e  s i gni fi c ant ly a s  

th e t emp eratur e vJas r e duc e d  from 3 0°C t o  4 °C ,  d e s pi t e  the 1 2% 

decr e as e in th e l ev e l  o f  mic e l l ar c as ein . U l trac ent r i fuga t i on 

o f  c aprine , ovine and b ovine mi lks at l o w  t em p erat ur e  s h o w e d  

that th e c as eins whic h  di s s oc ia t e d  from t h e  c as ein mic e l l e s  

were pr edominantly $- c a s e ins . 

�hes e re sults ar e c ons i s t ent with the c onc ept o f  

c aprine , ovine and b ovine c as ein mic e l l es a s  b e ing h i ghly 

s o lvat e d , porous s truc tur e s  whi c h  have s im i l ar s p ec i fi c  

vo l um e s , and 1"'1h i c h  r e adi ly allow c as e ins , or s ub -1_1ni t s  t o  

dis s o c i at e  a t  l ow t emperatur es . 



A porous sponge-like s truc ture was propos ed to ac c ount 

for the s truc t ur e  of bovine c as ein mic elles by Ribadeau Dumas 

and Garni er ( 1 970 ) vJho found that c arb oxyp ept idas e A (molec . 

wt 35 700 ) and myo globin ( mo l ec . wt 1 7  200 ) were ab le t o  

p enetrat e t o  the int eri or of th e mic elle . l!'urthermore , Lin 

et al . ( 1 9 7 2 )  found that l ow ering the Ca ion ac t ivity o f  

frac t i onat e d  bovine c as ein mic elles  result ed i n  t h e  rel eas e 

o f  s olub l e  cas eins from the mic e l l es , without alt ering their 
hydrodynamic radi i , as m easur ed by inelas tic l i ght s c at t ering , 
until the C a  ac t ivity reached a criti c al level when the 

micelles abrupt ly dis s oc i at e d . They sugges t ed that the 
removal o f  Ca ini t ially c aus ed dis s oc i ation of weakly b ound 

c as eins from the mic el l e , whi l e  a s i z e-det ermining mic ellar 

framework remained int ac t . 

Elec tron micrographs of c aprine , ovine and b ovine 

c as ein mic e l l e s  indicated they were roughly s ph erical in shape 
with d i amet ers ranging from ab out 35 nm to 3 50 nm ( Chap t er L� . 4) . 
Gel e l ec trophores is of frac t i ons c ontaining smal l and large 

c aprine and 0vine micelles  r evea l ed that the small c as ein 

mj.c elles c ont aine d more K-c as ein than the large mic e lles , 

s imilar t o  result s obtained with frac t ion of large and small 
bovine c as ein mic elles  ( Ro s e  et al . ,  1 969 ; Waugh , 1 971 ; 
Cr eamer et al . ,  1 973 ) .  

El ec tron mic rographs of fr e ez e-etch r eplicas showed 

that c aprine , ovine and bovine c as ein mic ell es ar e c ompos ed 

of  sub-units , ab out 1 2 nm in diam e t er ( Chapt er 4 . 4) . Sub­
unit struc tur e  o f  c as ein mic e l l es was previ ous ly shown from 

elec tron micrographs of b ovine c a s e in mic e l l es ( Shimmin and 

Hill , 1 964 ; Shimmin and Hill , 1 965 ; Calapaj , 1 968 ; Schmidt 

and Buchheim , 1 970 ; Knoop et a l . ,  1 973 ; Schmidt et al . ,  

1 973 ) , e l ec tron mic rographs o f  lac tating rat mammary glands 

( Carr o l l  et al . ,  1 971 ; Buchh eim and \-Jelsch , 1 973 ) and 

el ec tron micrographs of human c as ein mic e l l es ( C alapaj , 1 968 ) • 

.El ectron micrographs have shown that th e c as ein mic elles of 

all the spec i es so far examined ar e c ompos ed o f  sub-uni ts which 

vary in s i z e  from 1 0-20 nm . 

Removal o f  c olloidal c alcium pos phat e fr om c aprine 

and ovine c as ein mic elles  c aus e d  dis s oc iation to sub-mic e llar 



c as e in aggr egat es , s imi l ar to tho s e obtained with b ovine 
c as ein mic e l l e s  by Creamer and Berry ( 1 97 5 ) . The c as e ln 
aggr e gat es from c aprine , ovine and b ovine mic e l l es were 
elut ed from a c o l umn of S epharos e  L�B at 37 °C at the s am e  
posi t i on ,  sugg e s t in� that the stab l e  cas ein aggregat es were 
s imilar in hydrodynamic s i z e  ( Chapter 5 . 3 ) . Dis s oc iat i on 

'- ./ ( 

of c a s ein mic e l l es to ca� ein aggregates by g e l  chromato �raphy 
furth er indicates  the importanc e o f  calc ium phosphat e in 
maint aining mic elle  s truc tur e .  I t  sh ould b e  not ed that under 
thes e c ondi ti ons most of the prot ein bound C a  is a l s o  r em oved 
from the cas ein a ggregat es . 

G e l  c hr omatography and ultrac entri fue;at i on o f  purified 
b ovin e c as e ins s howed that at 30-37°C stab l e  c as ein aggregat es 
with a diame t er of 1 0-20 nm vvere f ormed ( 'vJaugh et al . , 1 970 ; 
:Pepp er , 1 972 ; S l att ery and .Evard , 1 :!73 ; Creamer and B erry , 

1 97 5 ) . Thi s l ends support t o  the SlAb-unit c onc e.pt o f  
mic e l l e  str�c ture . 

Quant i t a t ive c o lumn chromatography and gel  e l e c tro­
phore s i s  of  whol e  c aprin e , ovine and bovine c as e ins showed 
that there w er e  c ons iderab l e  differenc es b etwe en them with 
res p e c t  to  their cont ent of as- and f?-cas eins , and net dw.rg e 
on the c as eins . Ovine mi lk has nea�ly twi c e  th e c onc entra­
tion o f  cas ein ( 4 . 6  g p er 1 00 ml m i lk ) as c aprine or bovine 
milks ( 2 . 3  and 2 . 8 g per 1 00 m1 milk , respectively ) . '..Che 
cas e ins di ffer quite markedly �n th eir c omp o s i t i on , s inc e 
b ovine cas ein c ontains 1 5% �e- , 30% {3 - and 50% a - c as ein , s 
c ompared vJi th 1 05(., K- , 60% {3- and 2 5% as - c as ein in c aprine 
c as e in and 1 0�0 K- ,  45% fJ- and 3 5% a -cas e in in ovine c as ein .  s 
The maj or o-s -cas ein in c aprine c as e in was shO\-m t o  b e  s imilar 
in i t s  prop erti e s  to  th e minor b ovine a8 3-cas ein ( Chapter 9 ) , 

whi c h  as yet , has not b e en as s i gn e d  an important r o l e  in 
b ovine c as ein mic e l l e  s truc ture . Two o f  the ovine as -c as eins 
that have b e en inves t i gat ed , as2- and as 3- c as e ins , were shown 
to  b e  s imilar t o  each o ther , and t o  b ovine as 1 -cas ein 
( Chapt er 1 0 ) . 

The proport i on o f  p-c as eins in the c aprine , ovine end 
b ovine c as e ins varies c ons iderably . The {3-c as eins have 
s imilar chemical pr oper t i es ( Chapt ers 9 and 1 0 ) , although they 
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d i ffer in the ir t emperatur e  depend ent ass oc at i on�dis s o c i at i on 

b ehavi our ( Chap t er 1 1 ) .  �he c aprine , ovine and b ovine K­

c as e ins are also  s imilar in their chemic al propert i es , in 

pa rt icul ar , their ab ility t o  s t ab i l i z e  the a - and (3 -c as eins s 
in the pres enc e of C uC l � . 

c... 

D e s p i t e  the differenc es b etween the individual c as e ins 

from c apr in e , ovin e an� b ovin e  mi lks , they a l l  as s oc iat e t o  

form s ub -units Hi th a s imi lar s i z e , as sho1·m b y  e l ec tron 

mic ro ��raphs , and form cas ein a ggr egates  which have a s im i l ar 

s i z e , as shown by gel c hromat o graphy . Thus , the differenc es 

bet1v e en the caprine , ovine and b ovine c as e ins mus t be s e l f  

c ompens at ing . 

Gel chromat o graphy o f  s ub-mi c e llar c as e in aggrega t e s  

( Chapter 5 . 3 )  sho w e d  th e K-cas eins o f  caprine , ovine and 

b ovine m i lks were e lut e d  at the l e adi ng edge o f  the c as ein 

aggregat e peak , vJh er eas a - and j3 -c as ein were evenly d i s -s 
tributed across the peak . As a result o f  their s tudi e s  on 

b ovine c as ein aggr egat e s � Creamer and Berry ( 1 97 5 )  s ugge s t ed 

that as 1 - and K-c as ein p olymers were larger t han a81 - and 

(3-c as e in polym ers , c ons is t ent with �he ultrac entri fugat i on 

resul t s  obtained for b ovine a
s

/1 -- ,  j3 - and K -c ar-� c in mixtur es by 

Blatt ery and Evard ( 1 973 ) . In l i ght of the results obt ained 

for c aprine and ovine c as e in aggregat es , it would appear that 

their ;� - and a -cas ein polymer::, may als o b e  larger than a -s s 
and p -c as e in polymers and that the c as ein aggre gates are 

probab ly in rapid equi l ib rium with their c ons t ituent c as eins ; 

a s i tuati on s imi lar t o  t ha t  pro p o s e d  for b ovine c as e in 

aggr e gat e s  ( Cr eamer and Berry , 1 975� 

The t emperatur e  dependent e ffects ob s erved for the 

cas e ins in c aprin e , ovine and b ovine milks are unl ikely t o  

b e  very s i gni ficant i n  c as e in mic e l l e  s truc ttrre s inc e re i lk , 

in ful f i l l in� i t s  natural ro l e  is kept at a t emperatur e  o f  

ab out 3 7°C .  'I'h ere ar e moderat e d i ffer enc e s  b etween th e 

caprin e , ovine and b ovine (3-cas e ins , but they all show 

t emperatur e dep endent b ehavi our e ither by t h ems elves as 

shown from ul trac entrifugati on ,  vis c os ity measur em ents and 

Ca s olub i l ity measur em ents ( Chapt er 1 1 ) ,  or with other 

prot e ins as shovm by gel c hromat o graphy o f  s ub -mic e ll ar 



aggregat es (Chapt er 5 e 3 ) , or ultrac entrifuga t i on of c as e i n  
mic e l l es at l o w  t emperature ( Chapt er 5 . 1 ) .  

O ' C onnor 3.nd :B,ox ( 1 973 ) examined the t emp eratur e  
dep endent dis s o c i at i on charac t eri s ti c s  o f  c as e in mic e l l e s  
from b ovine , c aprine , ovin e , c anine , porc ine , e�uine ( mar e s ) 
and as s ' s  milk , as measur e d  by r ennin pro t e o lys i s , ultra­
c entr i fugati on and gel _ filtration . They found that if th e 
canine milk was omi t t ed , the oth er s ix s p ec i es fell  int o t wo 
groups : b ovine , c aprine and ovine mi lks in group 1 and a s s , 
equine and porc ine milks in group 2 .  Although the memb ers 
of group 1 di ffered qua l i t at ivel y ,  all exhib i t e d  c onsi derab l e  
t emp erature dep endent dis s o c i ation o f  mic el lar �-c as ein ( as 
als o shown in this s tudy) , whi l e  tho s e  of group 2 showed very 
low l ev e l s  of B ol ub l e  f3 -cas ein e,t any temp eratur e . This 
sugge s t s  tha � the mos t s t udi ed , yet " c los ely relat e d "  ruminant 
milk �-cas eins may show atypical b eh�vi our and that 
" p- c as eins " do not normally show a t emp eratur e dep endenc e in 
th eir a s s ociat i on-di s s o c i ation b ehaviour . C l early thi s  
c onc ept c an only b e  exaTiined b y  further inves t i gat i on o f  the 
�-c as eins in th e mi lks from non-ruminant s p ec i es . 

tJ -Cas e in most  probab ly assumes an impo:rtant rol e  in 
the s truc tur R of c aprine c as e in mic el l es , s inc e it c ons t i­
tut es ab out 60./.; of the t otal c as ein . Pr esumab ly the maj or 
c aprin0 as -cas e in , which ace our_ ts for about 1 5% o f  the t otal 
c as e i n  and which has markedly different properties  from 
b ovine as 1 -cas ein , although it c an b e  s t ab il i z ed by the 
K-c as eins from the thr e e  s pec ies , probab ly fulfils a s imilar 
ro l e  t o  that o f  b ovine ets 3-cas ein with the �-c as ein part ly 
ful fi l ling the r o l e  o f  as 1 -cas ein . The ovine and b ovine 
c as ein mic elles  s e em to b e  s imi �ar in m o s t  r e s pec t s . 

As a c ons equenc e ,  i t  s e ems likely that in the mode l s  
which have b e en pr opo s ed for b ovine c as e in mic e l l e  s t ruc tur e , 
not enough empha s i s  has b e en ass i gned t o  tJ-cas ein ,  although 
Fox and Guiney ( 1 973 ) and Down ey ( 1 973 ) s ugges t s ome o f  the 
�-c as e in is imp ortant in mic e l l e  s tructure . Sinc e the 
predominant c omponents of human c as ein are K- and f-c as e ins , 
with as 1 -cas ein having yet to  be pos itively i dent ifi ed 
(Nagas a\va et al . , 1 970 ) , i t  i s  l ikely that tJ-c as ein has an 



important r o l e  in the s t ruc t ur e  o f  human c as e in m i c e l l e s . 

Th e  inves t i ga t i ons b y  O ' C onno r  and H ox ( 1 973 ) o f  t h e  m i c e l l e  

syst ems o f  o th e r  s p ec i e s  l e d  th em t o  c ons i d er that 13-c as e in 

had a r o l e  in mic e l l e  s truc t ur e . 

'l'h e c harac t er i s t ic s  whi c h  hav e  b e en d e s c rib e d  f o r  

c aprine and ovine c as e in mic e l l e s  ar e m o s t  c ons i s t ent with 

the s ub - un i t  m o d e l  o f  b ovine c as e in mic e l l e  s truc t ur e  pr o p o s e d  

b y  Morr ( 1 967 a ) , and in p�rt i c u l ar , that propo s e d  b y  S l a t t ery 

and Evarcl ( 1 9 7 3 ) , w i th s ome m o d i f i c a t i ons r e garding · t h e  r o l e  

o f  t h e  c ons t i tuent c as e ins . 

As imp l i e d  by ·Jaugh e t  al . ( 1 970 ) , an a l t erna t i v e  

expl ana t i on m a y  b e  th2t ne i t h e r  t h e  a - or p-c as e ins h ave a s 
part icular l y  s p ec i f i c  ro l e  in m i c e l l e  s truc tur e , unl ike that 

of K-c as ein , and ar e int erc hangab l e  in th e ir ro l e s , dep endiL� 

on the nat u r �  of the c as e ins c ons t i tut ing who l e  c as e in .  Aft er 

a l l , the r o l e  of c as ein mic e l l e s is to provi d e  a s ourc e o f  

nutr i ents f o r  the youn g  mammal , wh i c h  can b e  r ea d i l y  d i g e s t ed 

b y  pro t e o l yt i c  enzyme s .  The s p e c i f i c  s truc tur a l  r equi r er1.ents 

o f  s ec ondary and t er t i ary s t ruc tur e , normally n e c e s s ary for 

an enz j� e  to b e  ac t iv e , ar e n o t  r e quir ed for c as e i n  mic e l l e s . 

C ons eq�ent l y , t h e  m i c e l l e  may b e  form ed from th e n on-s p e c i fi c  

int erac t i on o f  c as e ins , with a d e finit e r o l e  b e ing as s um e d  

f o r  K - c a s e in a l one . 
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