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ABSTRACT 

The a n a l y s i s  o f  r a t  case ins  by h i g h  performance l i q u i d  
chromatography i s  descr ibed.  These procedures have conf i rmed 
t h e  s t r u c t u r a l  s i m i l a r i t y  o f  t h e  po lypep t ide  cha ins  o f  n a t i v e  
and dephosphorylated r a t  El- and Bz-case ins  as w e l l  as t o  
demonstrate t h a t  these two r e l a t e d  p r o t e i n s  a re  s t r u c t u r a l l y  un- 
r e l a t e d  t o t h e  r a t a l - c a s e i n  p r o t e i n .  I n  a d d i t i o n ,  these HPLC 
techn iques  a l l o w  t h e  a n a l y s i s  o f  t h e  phosphory la t i on  p a t t e r n s  
o f  these r a t  caseins f o l l o w i n g  d i g e s t i o n  w i t h  p o t a t o  a c i d  
phosphatase ( E . C .  3 . 1 . 3 . 2 ) .  

INTRODUCTION 

The case ins ,  t h e  major  p r o t e i n  components o f  m i l k ,  a r e  a 

f a m i l y  o f  r e l a t i v e l y  low-molecu la r  we igh t  phosphoproteins wh ich  

i n  m i l k  a re  found assoc ia ted  toge the r  i n  t h e  form o f  p r o t e i n  

* Author t o  whom correspondence shou ld  be addressed 

65 1 

Copyright @ 198 1 by Marcel Ikkker ,  Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



652 HOBBS ET AL. 

m i c e l l e s  [i]. Whole r a t  case in  c o n t a i n  t h r e e  major  case in  

components 1 2 , 3 ] ,  t h e  most abundant component (dez ignated  i n  

t h i s  s tudy  as al-caseinlhas an apparent mo lecu la r  we igh t  o f  

43,000 da l tons  and rep resen ts  over  50% o f  t h e  t o t a l  case in  

p r o t e i n s .  

we igh t  o f  28,000 da l tons  as determined by SDS-gel e l e c t r o -  

phores is ,  can be reso lved  on DEAE-cel lulose i n t o  two compon- 

en ts  i n  approx imate ly  equal amounts (des ignated  B1 and B2). 
I n  a d e t a i l e d  s tudy  on these r a t  caseins,  Hobbs and Smith [21  

have proposed t h a t  t h e  28,000 d a l t o n  r a t  case ins  a r e  probab' ly 

de r i ved  from t h e  same po lypep t ide ,  d i f f e r i n g  o n l y  i n  t h e  

number o f  bound phosphate groups per  mo lecu le ,  and t h a t  bo th  

these r a t  @-caseins a re  u n r e l a t e d  s t r u c t u r a l l y  t o  t h e  43,000 

d a l t o n  r a t  a l -casein.  Recent ly,  we r e p o r t e d  methods 14-61 

f o r  p rob ing  p r o t e i n  homologies based on enzymatic mapping 

ana lys i s ,  us ing  reve rsed  phase h i g h  performance l i q u i d  chrom- 

atography (HPLC). I n  t h i s  paper we w ish  t o  desc r ibe  t h e  

a p p l i c a t i o n  of these methods t o  t h e  a n a l y s i s  of  r a t  a l - ,  B1- 
and &-case ins  which n o t  o n l y  con f i rms  t h e  proposed d i f f e r e n c e s  
between t h e  a1 and B p r o t e i n s  b u t  a l s o  a l l o w s  a d i r e c t  comparison 

o f  t h e  phosphorylated and dephosphorylated r a t  case ins .  

Another ma jor  f r a c t i o n ,  w i t h  an apparent mo lecu la r  

MATERIALS AND METHODS 

R a t  Whole Casein I s o l a t i o n  and F r a c t i o n a t i o n .  

M i l k  was c o l l e c t e d  from female r a t s  o f  t h e  Wis ta r  s t r a i n  

between 9 and 14 days p o s t  partum f o l l o w i n g  a n a e s t h e t i s a t i o n  

w i t h  ketamine hyd roch lo r i de  (50mg/ml, 0.5ml i .p . )  and adminis-  

t r a t i o n  o f  o x y t o c i n  (5  I . U .  i . p . ) .  Whole case in  was prepared 

by c e n t r i f u g a t i o n  a t  20,OOOg f o r  l h  o f  t h e  d i l u t e d  m i l k  (1:2) 
i n  t h e  presence o f  75mM CaC12, t h e  f i n a l  p e l l e t  was d i s s o l v e d  

i n  lOOmM EDTA, pH 7.6, e x h a u s t i v e l y  d i a l y s e d  a g a i n s t  de - ion i sed  

water  and s t o r e d  a t  -20'. The separa t i on  o f  t h e  r a t  case in  
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RAT CASEINS 65 3 

components on DEAE-cel lu lose e s s e n t i a l l y  f o l l o w  procedures 

desc r ibed  171 f o r  bov ine  case in .  I n  b r i e f ,  t h e  c rude r a t  whole 

case in  (100mg) was chromatographed on a DEAE c e l l u l o s e  column 

(30  x lcm) u s i n g  an i n i t i a l  b u f f e r  c o n t a i n i n g  6M urea,  lOmM 

Tris-HC1, pH 8.6, 1mM EDTA and 1mM DTE. The case in  components 

were e l u t e d  w i t h  a l i n e a r  g r a d i e n t  o f  0 t o  220mM NaCl i n  t h e  

same b u f f e r .  Approp r ia te  f r a c t i o n s  were pooled, d i a l y s e d  

a g a i n s t  lOmM NH4HC03, l y o p h i l i s e d  and analysed by SDS-gel 

e l e c t r o p h o r e s i s  us ing  a m o d i f i c a t i o n  of  t h e  procedure  o f  

Laemmli [ E I .  

Casein Dephosphorylat ions.  

The r a t  cdse ins  werc dephosphorylated by a p rocedure  

s i m i l a r  t o  t h a t  o f  Bingham e t  a l .  [91 u s i n g  p o t a t o  a c i d  

phosphatase (E.C. 3.1.3.2).  The case ins  were d i s c o l v e d  i n  a 

b u f f e r  c o n t a i n i n g  50mM imidazole-HC1, pH 7.0, a t  a concent ra -  

t i o n  o f  l-3mg/ml and t h e  p o t a t o  a c i d  phosphatase (60uni ts/mg) 

added a t  an enzymelcasein r a t i o n  o f  1:lOOO. The s o l u t i o n  

was a p p l i e d  t o  a Sephadex 625 column i n  t h e  same b u f f e r  and 

incubated  a t  37' f o r  2.5-3h. The p r o t e i n s  were then  e l u t e d  

and desa l ted  on a second Sephadex G25 column e q u i l i b r a t e d  

i n  lOmM NH4HC03 and l y o p h i l i s e d .  

Enzymatic D i g e s t i o n  o f  Caseins. 

pH 8.5, 1mM DTE u s i n g  an enzyme (lmg/ml i n  1mM HC1) t o  p r o t e i n  

r a t i o  o f  1:lOO. 
a l i q u o t  o f  t r y p s i n  was added, i n c u b a t i o n  con t inued  f o r  a 

f u r t h e r  2h and t h e  samples analysed immedia te ly  by HPLC o r  

f r o z e n  a t  -20'. 

The t r y p s i n  d i g e s t i o n s  were c a r r i e d  o u t  i n  lOOmM NH4HC03 

A f t e r  i n c u b a t i o n  f o r  2h a t  37O, a f u r t h e r  

H igh  Performance L i q u i d  Chromatography. 

p repara t i on ,  which were used i n  t h i s  s tudy ,  a r e  e s s e n t i a l l y  as 

desc r ibed  p r e v i o u s l y  [ 4 - 6 1 .  Waters pBondapak F a t t y  A c i d  

The c o n f i g u r a t i o n  o f  t h e  HPLC equipment, sample and s o l v e n t  
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6% HOBBS ET AL. 

A n a l y s i s  columns (30  x 0.39cm) were used th roughou t ,  a t  a f l o w  

rateZ.Oml/min, w i t h  a l i n e a r  60min g r a d i e n t  genera ted  f rom 

water-16mM H PO t o  50% a c e t o n i t r i l e - 5 0 %  water-16mM H3P04. 

Pept ides  were de tec ted  by t h e i r  abso rbancea t  210nm. 
3 4  

RESULTS AND D I S C U S S I O N  

Compared t o  conven t iona l  techn iques  o f  p e p t i d e  separa t i on  

and a n a l y s i s ,  i t  i s  now p o s s i b l e  t o  o b t a i n  s u p e r i o r  peak 

r e s o l u t i o n  f o r  b o t h  h y d r o p h i l i c  and hydrophob ic  p e p t i d e s  w i t h  

modern reversed-phase HPLC approaches. I n  a d d i t i o n ,  these 

niethods o f f e r  s h o r t  e l u t i o n  t imes and, f r e q u e n t l y ,  exce l  l e n t  

r e c o v e r i e s .  I n  p rev ious  papers [4-6 ,10 ,111  f r om t h i s  l a b o r a -  

t o r y ,  we have e x p l o i t e d  these advantages i n  a v a r i e t y  o f  

s t u d i e s  on t h e  a n a l y s i s  and i s o l a t i o n  o f  pep t ides  f rom syn- 

t h e t i c  and n a t u r a l  sources. An a d d i t i o n a l  a rea ,  where t h e  

p o t e n t i a l  o f  t hese  methods has become i n c r e a s i n g l y  e v i d e n t ,  

i s  t h e i r  use i n  t h e  s e p a r a t i o n  o f  p e p t i d e  f ragments  d e r i v e d  

f rom p r o t e i n s  f o l l o w i n g  enzymatic d i g e s t i o n  thus  a l l o w i n g  

t h e  compara t ive  p r o f i l i n g  o f  d i f f e r e n t  p r o t e i n s ,  e i t h e r  by 

way o f  assessment o f  t h e  homogeneity or  s t r u c t u r e ,  o r  by t h e  

d e t e c t i o n  o f  d i s t i n c t i v e  sequence homologies o f  r e l a t e d  p r o t e i n s .  

A l l  o f  these advantageous f e a t u r e s  were apparent  i n  t h e  HPLC 

a n a l y s i s  o f  t h e  d i f f e r e n t  r a t  case ins .  

T y p i c a l  e l u t i o n  p r o f i l e s  f o r  t h e  2h t r y p t i c  d i g e s t s  of  

t h e  phosphory la ted  and dephosphory la ted  r a t  al-, B1- and B 2 -  
case ins  a r e  shown i n  F igs .  1 - 3  r e s p e c t i v e l y .  No s i g n i f i c a n t  

changes i n  these e l u t i o n  p r o f i l e s  were observed when t h e  t r y p s i n  

d i g e s t i o n  was c a r r i e d  o u t  f o r  4h. 

p r o f i l e s  o f  t h e  t r y p t i c  pep t ides  o f  t h e  dephosphory la ted  forms 

o f  r a t  6 , -case in  ( F i g .  2a) and & - c a s e i n  ( F i g .  3a) c l e a r l y  

show t h e  c l o s e  s i m i l a r i t y  between these two p r o t e i n s ,  w i t h  

n e a r l y  a l l  t h e  cor respond ing  pep t ides  showing c o i n c i d e n t a l  

e l u t i o n  t imes and s i m i l a r  peak area r a t i o s ,  t h e  o n l y  n o t a b l e  

Comparison of t h e  e l u t i o n  
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RAT CASEINS 655 

time ( m i d  

F igu re  1. 

Reversed phase HPLC a n a l y s i s  o f  t h e  t r y p t i c  pep t ides  o f  r a t  
dephosphorylated wl-casein ( a )  and r a t  phosphory la ted  a l -  
case in  ( b )  on a pBondapak F a t t y  Ac id  A n a l y s i s  column 
(30cm x 3.9mm I . D . )  us ing  a l i n e a r  60min g r a d i e n t  f rom water -  
16mM or thophosphor ic  a c i d  t o  50% a c e t o n i t r i l e - 5 0 %  water-16mM 
orghophosphor ic a c i d  a t  a f l o w  r a t e  o f  2.0ml lmin;  temperature 
18 , sample l o a d i n g  (150pg). 

excep t ion  be ing  t h e  p e p t i d e  w i t h  tR = 44.0min, which a l though  

p resen t  i n  bo th  samples, was cons ide rab ly  reduced i n  peak 

area i n  t h e  d i g e s t  o f  t h e  r a t  Bp-casein.  Comparison o f  bo th  

these e l u t i o n  p r o f i l e s  w i t h  t h a t  o f  t h e  2h t r y p t i c  d i g e s t  of  

t h e  dephosphorylated r a t  a l -case in  ( F i g .  l a )  shows t h a t  t h e r e  i s  

l i t t l e  s t r u c t u r a l  s i m i l a r i t y  between t h e  a l -  and a-caseins.  

and dephosphorylated r a t  caseins,  these reversed phase HPLC 

procedures can a l s o  be used t o  o b t a i n  i n f o r m a t i o n  on t h e  

As can a l s o  be seen by comparison o f  t h e  phosphory la ted  
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time( mini 

F igu re  2. 

Reversed phase HPLC a n a l y s i s  o f  t h e  t r y p t i c  pep t ides  o f  r a t  
dephosphorylated B 1  case in  ( a )  and r a t  phosphory la ted  B 1 -  
case in  ( b ) .  Chromatographic c o n d i t i o n s  as i n  F i g u r e  1. 

d i s t r i b u t i o n  o f  phosphate groups w i t h i n  t h e  n a t i v e  case in  

molecules.  Fo r  example, comparison o f  t h e  t r y p t i c  pep t ides  

ob ta ined  from t h e  dephosphorylated and phosphory la ted  forms 

o f  r a t  @ * - c a s e i n  ( F i g .  2a and 2b r e s p e c t i v e l y )  r e v e a l s  

t h a t  t he  enzymatic removal by p o t a t o  a c i d  phosphatase o f  

t h e  phosphate groups a f f e c t s  the  e l u t i o n  t imes o f  o n l y  severa l  

c h a r a c t e r i s t i c  pept ides ,  i . e .  t h e  disappearance of t h e  pep t ides  

w i t h  tR 22.5 and 48mins p resen t  i n  t h e  e l u t i o n  p r o f i l e  o f  t h e  

phosphorylated r a t  B1-casein and t h e  appearance o f  a ma jor  

pep t ide  peak a t  tR 24.5 and severa l  m inor  peaks a t  tR 

15, 18 and 56min. Comparable analyses o f  r a t  & -case in  

show s i m i l a r  changes i n  t h e  e l u t i o n  p r o f i l e s .  It i s  no te-  
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time ( m i n l  

F i g u r e  3. 

Reversed phase HPLC a n a l y s i s  of t h e  t r y p t i c  pep t ides  o f  r a t  
dephosphorylated pp-case in  ( a )  and r a t  phosphory la ted  &- 
case in  ( b ) .  Chromatographic c o n d i t i o n s  as i n  F i g u r e  1. 

wor thy  t h a t  comparison o f  t h e  e l u t i o n  p r o f i l e s  o f  t h e  t r y p t i c  

d i g e s t s  o f  t h e  phosphory la ted  B 1 -  and Bn-caseins a l s o  revea l  

a c l o s e  s i m i l a r i t y  except f o r  t h e  r e g i o n  which e l u t e s  near  t o  

20-24min. Other  s t u d i e s  121 have shown t h a t  r a t  B1-casein 

con ta ins  s i x  phosphate groups and r a t  & -case in  seven phosphate 

gnoups per  molecule.  The e s s e n t i a l l y  i d e n t i c a l  p r o f i l e s  f o r  t h e  
t r y p t i c  maps o f  these two r e l a t e d  case ins  would be i n  accord  w i t h  

t h e  smal l  changes i n  p o l a r i t y  r e s u l t i n g  from these phosphory1.- 

a t i o n  pa t te rns .  

dephosphory la t ion  of  t h e  B-caseins t h e  phosphate groups must be 

con f ined  t o  r e s t r i c t e d  reg ions  of  t h e  p o l y p e p t i d e  cha in ,  as i s  
a l s o  found i n  t h e  major  bov ine  caseins [121 .  Furthermore, most 

Since o n l y  a few pep t ides  were a f f e c t e d  by 
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658 HOBBS ET AL. 

o f  t h e  pept ides  which do n o t  c o n t a i n  phosphate groups e l u t e  l a t e  

i n  t h e  g rad ien t ,  i n d i c a t i v e  o f  nonpo lar  pep t ides .  T h i s  suggests 

t h a t  r a t  caseins con ta in  l a r g e  hydrophobic domains, a cha rac te r -  

i s t i c  a l s o  shown by o t h e r  mammalian case ins  [ i z l .  The s i m i l a r i t y  

between t h e  @-caseins c o n t r a s t s  t h e  numerous changes observed i n  

t h e  e l u t i o n  p r o f i l e  o f  t h e  t r y p t i c  d i g e s t  o f  r a t  a l -case in  

f o l l o w i n g  dephosphory la t ion  ( F i g .  l a ,b ) .  

CONCLUSION 

I n  conc lus ion ,  methods a re  r e p o r t e d  f o r  t he  enzymatic 

mapping by reversed phase HPLC o f  r a t  B1 -  and B2 case ins .  

methods c l e a r l y  c o n f i r m  t h e  c lose  s t r u c t u r a l  s i m i l a r i t y  of t h e  

r a t  @-caseins and t h e i r  unre la tedness  t o  r a t  a l -case in .  

I n  a d d i t i o n  these techniques p e r m i t  an a n a l y s i s  o f  t h e  phos- 

p h o r y l a t i o n  p a t t e r s  o f  these case ins .  

These 
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