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HIGH-PERFORMANCE GEL-PERMEATION CHROMATOGRAPHY 

OF B O V I N E  S K I M  MILK PROTEINS 

G.  P. Dimenna' and H. J .  Sega l l  

Department o f  P h y s i o l o g i c a l  Sciences 
School o f  V e t e r i n a r y  Med ic ine  

U n i v e r s i t y  o f  C a l i f o r n i a  
Davis, C a l i f o r n i a  95616 

ABSTRACT 

The s e p a r a t i o n  o f  bov ine sk im m i l k  p r o t e i n s  by ge l -pe rmea t ion  h i g h  
performance 1 i q u i d  chromatography was examined. Toya-Soda TSK-GEL (Type 
SW) columns were used w i t h  an e l u e n t  o f  .05 M phosphate b u f f e r  (pH 6.80) 
c o n t a i n i n g  .1 M sodium s u l f a t e  a t  . 5  ml/min. Bovine whole m i l k  was 
c e n t r i f u g e d  t o  remove l i p i d s ,  and t h e  r e s u l t a n t  skim m i l k  d i r e c t l y  
i n j e c t e d .  A 2OOOSW column y i e l d e d  t h r e e  p r o t e i n  peaks: 1 = case in ,  IgG 
and BSA; 2 = p - l a c t o g l o b u l i n s  and BSA; and 3 = a - l ac ta lbumin  and BSA. 
3000SW p l u s  2OOOSW column system w i t h  a 30 ~1 i n j e c t i o n  volume y i e l d e d  
f o u r  p r o t e i n  peaks: 
BSA and IgG; 3 = B - l a c t o g l o b u l i n s ;  and 4 = ?illactalbumin. 
2OOOSW column system w i t h  a 10 p l  i n j e c t i o n  volume y i e l d e d  f i v e  p r o t e i n  
peaks: 1 = case in ;  2 = IgG; 3 = BSA; 4 = B - l a c t o g l o b u l i n s ;  and 5 = a- 
l a c t a l b u m i n .  Bo th  t h e  s i n g l e  column and dual  column a p p l i c a t i o n s  y i e l d e d  
t h r e e  nonpro te in  peaks, which were d i a l y z e d  f rom s o l u t i o n .  Thus, a h i g h  
speed a n a l y t i c a l  s e p a r a t i o n  o f  m i l k  p r o t e i n s  was achieved acco rd ing  t o  
mo lecu la r  s i z e ,  b u t  t h i s  a p p l i c a t i o n  i s  h i g h l y  dependent on sample s i z e .  

A 

1 = minor  amounts o f  n - and B-casein; 2 = casein,  
A 3000SW p l u s  

INTRODUCTION 

Gel -permeat ion chromatography (GPC) on Sephadex i s  used t o  separate 

p r o t e i n s  acco rd ing  t o  t h e i r  mo lecu la r  s i z e .  Sephadex i s  n o t  mechan ica l l y  

Send Correspondence t o :  D r .  H. J. Sega l l  
Department o f  P h y s i o l o g i c a l  Sciences 
School o f  V e t e r i n a r y  Med ic ine  
U n i v e r s i t y  o f  C a l i f o r n i a  
Davis ,  C a l i f o r n i a  95616 

'New address:  D i v i s i o n  o f  Drug Metabolism, A. H. Robins Company 
R i  chmond, V i r g i n i a  , 23220. 
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640 DIMENNA AND SEGA1.L 

s t a b l e  under p ressu re  r e s u l t i n g  i n  r e l a t i v e l y  l o w  f l o w  r a t e s  and l e n g t h y  

a n a l y s i s  t ime .  

A number o f  GPC column pack ings  have r e c e n t l y  been developed t h a t  

e x h i b i t  good r e s o l u t i o n  and can be opera ted  under  moderate p ressu re  (1 -4 ) .  

Data on t h e  a p p l i c a b i l i t y  o f  t hese  GPC columns f o r  b i o l o g i c a l  a n a l y s i s  i s  

r a p i d l y  expanding, b u t  many a p p l i c a t i o n s  r e q u i r e  p r o t e i n s  t o  be denatured w i t h  

SDS t o  achieve yood s e p a r a t i o n  ( 5 , 6 ) .  New GPC column pack ings  such as TSK-GEL 

(Type PW), c o n s i s t i n g  o f  microspheres o f  a h y d r o p h i l  i c  po lymer,  have r e c e n t l y  

o f f e r e d  improved r e s o l u t i o n  (7 -9 ) .  

T h i s  s tudy  was under taken t o  e s t a b l i s h  a r a p i d  method t o  separa te  and 

i s o l a t e  m i l k  p r o t e i n s .  Envi ronmenta l  t o x i c a n t s  such as p y r r o l i z i d i n e  a l k a l o i d s  

o r  a f l a t o x i n s  a r e  known contaminants  i n  m i l k  (10-12) .  These t o x i c a n t s  and 

t h e i r  m e t a b o l i t e s  may be c o v a l e n t l y  bound t o  m i l k  p r o t e i n s ,  y e t  no d i r e c t  

h igh-speed a n a l y t i c a l  method has been developed t o  r a p i d l y  separa te  and 

i s o l a t e  m i l k  p r o t e i n s .  

graphy (HPLC) u t i l i z i n g  Toya-Soda TSK-GEL columns f o r  t h e  s e p a r a t i o n  o f  bov ine  

sk im m i l k  p r o t e i n s  i s  d iscussed.  

The a p p l i c a t i o n  o f  h i g h  per formance l i q u i d  chromato- 

EXPERIMENTAL 

Sample P r e p a r a q i n  

Bovine whole m i l k  samples were o b t a i n e d  f r o m  t h e  b u l k  t a n k  a t  t h e  

U n i v e r s i t y  d a i r y  f a c i l i t i e s .  

and 10,000 x g f o r  20 min t o  remove l i p i d s .  

determined i n  an a l i q u o t  o f  t h e  sk im m i l k  (13 ) .  

i n  t h e  sk im m i l k  samples ranged f rom 2 .7  t o  3.5%. 

p r e c i p i t a t i n g  c a s e i n  f rom sk im m i l k  (14 ) .  

Chromatography 

M i l k  was c e n t r i f u g e d  t w i c e  a t  200 x g f o r  10 min 

T o t a l  p r o t e i n  c o n c e n t r a t i o n  was 

The c o n c e n t r a t i o n  o f  p r o t e i n  

Whey was o b t a i n e d  by a c i d -  

The chromatography system c o n s i s t e d  o f  a Waters Assoc ia tes  6000A pump and 

U6K i n j e c t o r ,  Schoe f fe l  770 va r iab le -wave leng th  UV d e t e c t o r  (280 nm), and 

Var ian  A-25 r e c o r d e r .  The f o l l o w i n g  7 .5  x 300 mm columns were used: TSK-125 
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BOVINE SKIM MILK PROTEINS 64 1 

(Toya-Soda 2000SW, 10 p a r t i c l e  s i z e ,  25 nm pore s i z e ,  Bio-Rad, Richmond, 

CA) and MicroPak TSK 3000SW (10 um p a r t i c l e  s i z e ,  150 nm pore  s i ze ,  Var ian,  

Sunnyvale, C A ) .  P r o t e i n  e x c l u s i o n  l i m i t s  a r e  app rox ima te l y  100,000 d a l t o n s  

f o r  t h e  TSK-125 column and >350,000 d a l t o n s  f o r  t h e  TSK 3000SW column (15) .  

The e l u e n t  was 0.05 M phosphate b u f f e r  (pH 6.80)  c o n t a i n i n g  0.1 M sodium 

s u l f a t e .  

column. Ten o r  30 u1 a l i q u o t s  o f  t h e  sk im m i l k  were i n j e c t e d ,  and i n d i v i d u a l  

peaks c o l l e c t e d .  

d e i o n i z e d  wa te r  (1000 d a l t o n  c u t - o f f  membrane, Spect raphor ,  Los Angeles, CA), 

t hen  l y o p h i l i z e d .  

E l e c t r o p h o r e s i s  

The f l o w  r a t e  was 0.5 ml/min w i t h  a backpressure o f  100 p s i  p e r  

The peaks f rom i n d i v i d u a l  runs  were pooled,  d i a l y z e d  a g a i n s t  

The p r o t e i n s  i n  each peak were c h a r a c t e r i z e d  a g a i n s t  m i l k  p r o t e i n  s tandards 

by d i scon t inuous  po lyac ry lam ide  ge l  e l e c t r o p h o r e s i s  ( 1 6 ) .  The ge l  c o n c e n t r a t i o n s  

i n  t h e  s t a c k i n g  and runn ing  g e l s  were 3.5 and 7.5% wi th  7 M urea,  o r  5 and 9% 

w i t h o u t  urea. 

a c e t i c  ac id :methanol  :water  (10:25:65) ,  and des ta ined  i n  g l a c i a l  a c e t i c  

ac id :methanol  :water  (10:25:65) .  

P r o t e i n  Standards 

The g e l s  were s t a i n e d  w i t h  0.05% Coomassie B l u e  i n  g l a c i a l  

P r o t e i n  s tandards,  a - l ac ta lbumin ,  cytochrome-C, pepsin,  O- lactog lobu 

A and B ,  ovalbumin, bov ine  serum albumin (BSA),  and immunoglobul in  G (IgG 

were purchased f r o m  Sigma Chemical Company (S t .  Lou is ,  MO.) .  

RESULTS AN0 DISCUSSION 

i n s  

F i g u r e  1 shows t h e  e l u t i o n  curves o f  v a r i o u s  commercial m i l k  p r o t e i n  

s tandards on t h e  2000SW column. 

B - l a c t o g l o b u l i n s  A and B (d imers,  36,000 d a l t o n s ) ,  a - l a c t a l b u m i n  (14,150 

d a l  t ons )  e l u t e  acco rd ing  t o  t h e i r  mo lecu la r  s i z e ,  and e x h i b i t e d  r e t e n t i o n  

t i n e s  o f  12.1, 12.6, 14.6, 14.9 and 16.1 min. 

u s i n g  b l u e  d e x t r a n  (average MW = 2 x l o 6 )  as  a marker. 

volume (V,) was 10.5 m l  u s i n g  pheny la lan ine  (MW = 165.2) as a marker. 

IgG (161,000 d a l t o n s ) ,  BSA (69,000 d a l t o n s ) ,  

The v o i d  volume (V,) was 5.7 m l  

The t o t a l  column 

The 
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642 DIMENNA AND SEGALL 

Time [minl 

Figure  1. Elu t ion  curves  o f  commercial m i l k  p r o t e i n s  and b l u e  d e x t r a n .  

Column 7 .5  mm x 300 mm Toya-Soda 2000SW; Schoeffe l  model 770 

v a r i a b l e  wavelength uv d e t e c t o r  (280 nm); e l u e n t ,  .05 M P O r  

b u f f e r  (pH 6.80)  c o n t a i n i n g  .I I4 Na,SOs; f low r a t e  of  .5  ml/min. 

Peaks and r e t e n t i o n  t i m e s :  1 = b l u e  dext ran  (11.4 m i n ) ;  2 = 

BSA ( 1 2 . 6  m i n ) ;  3 = IgG (12.1 m i n ) ;  4 = C-lac toglobul in  A (14.6 

m i n ) ;  5 = 8 - l a c t o g l o b u l i n  B (14 .9  m i n ) ;  and 6 = a- lac ta lbumin  

(16.1 m i n ) .  
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BOVINE S K I M  M I L K  P R O T E I N S  64 3 

I I I I I I  

0 5 10 15 20 25 
TIME(rntn)  

F i g u r e  2 .  E l u t i o n  cu rve  o f  skim m i l k .  Cond i t i ons  as i n  F i g u r e  1, 30 

p l  i n j e c t e d .  

e l u t i o n  volumes (V,) o f  BSA and IgG were s i m i l a r ,  though t h e i r  mo lecu la r  

we igh ts  a r e  markedly  d i f f e r e n t .  

reversed-phase suppor t ,  found t h a t  BSA d i d  n o t  chromatograph as e f f i c i e n t l y  

as r i bonuc lease  (13,700 d a l t o n s ) ,  which was a t t r i b u t e d  t o  BSA hav ing  a l o w e r  

d i f f u s i o n  r a t e  and e q u i l i b r a t i n g  more s l o w l y  w i t h  t h e  s t a t i o n a r y  phase. 

However, t h i s  argument may n o t  be v a l i d  w i t h  an aqueous ge l -pe rmea t ion  system. 

F igu re  2 i l l u s t r a t e s  t h e  e l u t i o n  cu rve  o f  sk im  m i l k  o b t a i n e d  w i t h  t h e  

Jones e t  a l .  (17 ) ,  u s i n g  a 10 nrn po re  C8 

2000SW column. 

o f  p r o t e i n  i n  each peak were 70.7, 18.0, 7.0, 0.7, 3.2 and 0.3%. The t o t a l  

recove ry  o f  p r o t e i n  was 91.0%. 

A t o t a l  o f  s i x  peaks were ob ta ined ,  and t h e  pe rcen t  d i s t r i b u t i o n s  

The V t  was 12.5  m l  as compared t o  10.5 m l  f o r  
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64 4 DIMENNA AND SEGALL 

pheny la lan ine .  

Others have found s i m i l a r  a b s o r p t i o n  problems w i t h  l ow  mo lecu la r  we igh t  

compounds on t h e  Toya-Soda (Type SW) and Waters 1-125 gel -permeat ion columns 

(17 ) .  

a g a i n s t  m i l k  p r o t e i n  s tandards i n  t h e  presence o r  absence o f  7 M urea i n  t h e  

ge ls .  Peak 1 con ta ined  t h e  c a s e i n  p r o t e i n s ,  IgG, and BSA; peak 2 c o n t a i n e d  

B - l a c t o g l o b u l i n s ;  peak 3 con ta ined  a - lac ta lbumin ;  peaks 2 and 3 were contami-  

na ted  w i t h  BSA; and peak 3 was contaminated w i t h  B - lac tog lobub in .  No p r o t e i n  

bands were o b t a i n e d  w i t h  peaks 4-6, and these  samples were n o t  f u r t h e r  analyzed.  

A1 though t h e  mo lecu la r  we igh ts  o f  i n d i v i d u a l  case in  p r o t e i n s  a r e  on t h e  o r d e r  

o f  20,000 d a l t o n s  (18) ,  t hey  e l u t e d  w i t h  t h e  Vo .  

m i c e l l a r  form, which i s  s p h e r i c a l  i n  shape and may be on t h e  o r d e r  o f  40-300 

nm i n  d iameter  w i t h  p a r t i c l e  we igh ts  o f  lo6  t o  3 x lo9 d a l t o n s  (14 ) .  

t h e  case in  mice1 l e  i s  p robab ly  remain ing i n t a c t  d u r i n g  t h e  chromatographic  

run .  

m i l k  p r o t e i n s  on Sephadex 6-100, and case in  p r o t e i n s  e l u t e d  e x c l u s i v e l y  i n  t h e  

f i r s t  f r a c t i o n .  

Thus, some m i l k  component(s) had absorbed o n t o  t h e  column. 

The p r o t e i n s  i n  each peak were c h a r a c t e r i z e d  e l e c t r o p h o r e t i c a l l y  

The m i l k  case ins  a r e  i n  a 

There fo re ,  

I n  agreement, H i l l  and Hansen (19) and Morr  e t  a l .  (20 )  separated sk im 

F igu re  3 shows t h e  e l u t i o n  cu rve  o f  whey w i t h  t h e  2000SW column. 

e l u t i o n  p r o f i l e  o f  whey i s  d i r e c t l y  comparable t o  t h a t  o f  sk im  m i l k ,  excep t  

peak 1 i s  a m ino r  component and peaks '2 and 3 a r e  t h e  ma jo r  components o f  t h e  

e l u t i o n  p r o f i l e ;  p r o v i d i n g  f u r t h e r  ev idence t h a t  t h e  case in  m i c e l l e  e l u t e s  

w i t h  t h e  Vo.  Peaks 4-6 c o u l d  be d i a l y z e d  (1000 d a l t o n  c u t - o f f  membrane) o u t  

o f  s o l u t i o n .  

The 

Since case in ,  IgG and BSA e l u t e d  i n  t h e  Vo ,  a dual  column system (3000SW 

p l u s  ZOOOSW), was used t o  i n c r e a s e  t h e  e x c l u s i o n  l i m i t .  

comparison between V e  and p r o t e i n  mo lecu la r  we igh t  w i t h  t h e  3000SW and ZOOOSW 

columns. 

e x c l u s i o n  l i m i t  and r e s o l u t i o n  ove r  t h e  2000SW column a lone.  

we igh t  of p r o t e i n s  c o u l d  be e f f e c t i v e l y  es t ima ted  w i t h  these  gel -permeat ion 

c o l  umns. 

F i g u r e  4 shows t h e  

A d d i t i o n  o f  t h e  3000SW e f f e c t i v e l y  i nc reased  t h e  mo lecu la r  we igh t  

A lso,  mo lecu la r  
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0 5 10 15 20 25 30 

TIME(rnin1 

Figure 3. Elution curve of the  whey f r ac t ion  o f  skim milk. 

a s  in Figure 1, 25 ~1 in jec ted .  

Conditions 

12 13 14 15 16 17 18 19 

E L U T I O N  VOLUME (mi )  

Figure 4 .  Protein molecular weight versus e lu t ion  volume. Columns 

7.5 mm x 300 mm Toya-Soda 3000SW p l u s  2000SW; o the r  conditions 

as  in Figure 1. 
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646 DIMENNA AND SEGALL 

3 

I 

T I M E  ( m i n )  

F i g u r e  5 .  E l u t i o n  cu rve  o f  sk im m i l k .  Cond i t i ons  as i n  F i g u r e  4, 30 111 

i n j e c t e d .  

F igu re  5 shows t h e  e l u t i o n  p r o f i l e  o f  sk im  m i l k  (30  p1 i n j e c t e d )  on t h e  

3000SW p l u s  2000SW columns. A t o t a l  o f  seven peaks were ob ta ined ,  and t h e  

pe rcen t  d i s t r i b u t i o n s  o f  p r o t e i n  i n  each peak were 21.3, 32.8, 22.8, 15.4, 

2.5, 4.7 and 0.5%. The t o t a l  recove ry  o f  p r o t e i n  was 86.0%. Peak 1 con ta ined  

a m ino r  amount o f  as  -and 6-casein;  peak 2 con ta ined  t h e  remainder  o f  case ins ,  

BSA and IgG; peak 3 con ta ined  B - l a c t o g l o b u l i n s  w i t h  con tamina t ion  f rom as -and 

i i -casein;  peak 4 con ta ined  o n l y  a - l ac ta lbumin .  

i n  peak 3 suggests t h a t  t h e  case in  m i c e l l e  i s  n o t  remain ing i n t a c t  d u r i n g  t h e  

chromatographic run .  The 3000SW p l u s  

2000SW column system w i t h  a 30 ~1 i n j e c t i o n  volume d i d  n o t  enhance m i l k  p r o t e i n  

separa t i on ,  s i n c e  BSA and IgG e l u t e d  w i t h  c a s e i n  (peak 2 ) .  

When 10 ~1 of sk im m i l k  was i n j e c t e d  o n t o  t h e  3000SW p l u s  2000SW columns, 

e i g h t  peaks were ob ta ined  as shown i n  F i g u r e  6. 

p r o t e i n  i n  each peak were 26.7, 3.0, 6.7, 27.4, 18.6, 3.3, 14.3 and 0%. 

1 

The presence o f  as -and O-casein 

No p r o t e i n s  were p resen t  i n  peaks 5-7 .  

The pe rcen t  d i s t r i b u t i o n s  o f  
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T I M E  ( r n i n )  

F i g u r e  6.  E l u t i o n  c u r v e  o f  sk im m i l k .  C o n d i t i o n s  as i n  F i g u r e  4, 10 ~1 

i n j e c t e d .  

4 

I I I 
0 10 2 0  30 40 

T I M E  ( m i n )  

F i g u r e  7 .  E l u t i o n  c u r v e  o f  t h e  whey f r a c t i o n  o f  sk im  m i l k .  

as  i n  F i g u r e  4, 30 p1 i n j e c t e d .  

C o n d i t i o n s  
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However, t o t a l  recovery of pro te in  was 5 75%. 

a r e s u l t  of assay e r r o r ,  s ince  only . 3  mg pro te in  was in j ec t ed .  

from t h i s  chromatogram were charac te r ized  by comparing the  r e t en t ion  times 

with standards:  

u-lactalbumin, and 6-8 = nonprotein. 

skim milk sample and an a l iquo t  of whey in j ec t ed ,  peak 1 was a minor component 

of the  chromatogram (Figure 7 ) ,  providing fu r the r  evidence t h a t  the  casein 

pro te ins  e lu ted  with peak 1 (Figure 6). 

The low protein recovery may be 

The  pro te ins  

peak 1 = case in ,  2 = IgG, 3 = BSA, 4 = 0-lactoglobulin,  5 = 

When casein was p rec ip i t a t ed  from the 

The TSK-GEL (Type SW) columns were e f f e c t i v e  i n  separa t ing  pro te ins  

according t o  molecular s i z e  in  a nonpractical (Figure 4 )  and a prac t ica l  

appl ica t ion  (Figure 6 ) .  

highly dependent on sample s i z e ,  as  a 10 u1 versus a 30 ul i n j ec t ion  volume 

resu l ted  in a b e t t e r  separation of casein pro te ins  from whey pro te ins  and IgG 

from BSA. 

However, separation of bovine skim milk pro te ins  was 
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