
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Reverse-Phase HPLC of Proteins: Effects of Various Bonded Phases
Randolph V. Lewisa; Daryll Dewalda

a Department of Biochemistry, University of Wyoming University Station, Laramie, Wyoming

To cite this Article Lewis, Randolph V. and Dewald, Daryll(1982) 'Reverse-Phase HPLC of Proteins: Effects of Various
Bonded Phases', Journal of Liquid Chromatography & Related Technologies, 5: 7, 1367 — 1374
To link to this Article: DOI: 10.1080/01483918208067595
URL: http://dx.doi.org/10.1080/01483918208067595

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918208067595
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 5(7), 1367-1374 (1982) 

REVERSE-PHASE HPLC OF PROTEINS: EFFECTS OF 
VARIOUS BONDED PHASES 

Randolph V. L e w i s  and Dary l l  DeWald 
Department of Biochemistry 

Universi ty  o f  Wyoming 
Universi ty  S t a t i o n ,  Box 3944 

Laramie, Wyoming 82071 

ABSTRACT 

A v a r i e t y  o f  organic  phases bonded t o  s i l i c a  can be used 
e f f e c t i v e l y  f o r  t he  reverse-phase high performance l i q u i d  
chromatography of l a r g e  proteins .  These inc lude  o c t y l ,  oc t adecy l ,  
cyanopropyl and diphenyl bonded phases. The d i f f e r e n c e s  i n  
r e t e n t i o n  c h a r a c t e r i s t i c s  and s e l e c t i v i t y  among t hese  bonded 
phases i s  demonstrated with several s tandard p ro te ins .  

I” 

The use of reverse-phase high performance l i q u i d  

chromatography (hp lc )  f o r  t he  s e p a r a t i o n  and p u r i f i c a t i o n  o f  

pep t ides  and small  p r o t e i n s  has gained wide acceptance ( 1 ) .  

This  same methodology f o r  l a r g e  p r o t e i n s  has  been used i n  a few 

instances (2,3) and shows promise f o r  much wider use. The b e s t  

reverse-phase chromatography cond i t ions  f o r  l a r g e  p r o t e i n s  u t i l i z e  

l a r g e  Pore s i l i c a  supports  (30-50nm pores)  and slow flow rates 
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1368 LEWIS AND DE WAD 

(2 ,4) .  These are necessary due t o  t h e  s i ze  of t h e  l a r g e r  p r o t e i n s  

and t h e i r  slow d i f f u s i o n  r a t e s .  Although a v a r i e t y  of organic  

bonded phases have been used f o r  t he  i s o l a t i o n  of pep t ides  and 

small  p r o t e i n s  ( 5 , 6 , 7 ) ,  an examination o f  va r ious  o rgan ic  bonded 

phases f o r  t h e  reverse-phase chromatography of l a r g e  p r o t e i n s  has  

not been reported.  I n  t h i s  paper we demonstrate t h a t  o c t y l ,  

octadecyl ,  diphenyl ,  and cyanopropyl bonded phases can be used 

e f f e c t i v e l y  i n  the  reverse-phase hplc of l a r g e  p ro te ins .  I n  

add i t ion ,  t h e  d i f f e r e n c e s  i n  s e l e c t i v i t y  with t h e s e  d i f f e r e n t  

bonded phases i s  described. 

M 

Collagen (M.W. 100,000), 6-lactoglobulin-B (M.W. 35,0001, 

phosphorylase-B (M.W. 94,000),  and human serum albumin 

(M.W. 68,000) were a l l  purchased from Sigma. Pyridine,  formic 

acid,  propanol, and acetone (all from Baker Chemical Co.) were 

d i s t i l l e d  over ninhydrin p r i o r  t o  use. The hplc  system used was a 

Spectra-Physics 8700 equipped with a mixing chamber. The post- 

column fluorescamine d e t e c t i o n  system has been descr ibed 

previously (8) .  The chromatography b u f f e r s  were 0.5M formic a c i d  

brought t o  pH 4.0 with py r id ine  and t h e  same buf fe r  con ta in ing  60% 

(v/v) 1-propanol. A. flow r a t e  o f  0.75mL/min w a s  used f o r  a l l  t h e  

chromatographies. The columns (4.6 X 250mm) were lBakerbondl 

Wide-Pore columns (Baker Chemical Co.) with 33nm pore size. 

Fur the r  de t a i l s  a r e  provided i n  t h e  f i g u r e  legends. 
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REVERSE-PHASE HPLC OF PROTEINS 

RESULTS AND DISCUSSION 

0 
2 1.0- 

8 
B 

0.8-  
0 
3 
A 

W 
0.8-  

E 

The advantage of us ing  33nm 

pore suppor t s  i s  demonstrated 

a 

column g i v e s  better 

1.2 1 
w i  

s e p a r a t i o n  

A 

C 

b 

1369 

pore suppor t s  i n s t e a d  of  10nm 

i n  Fig.  1. The 33nm pore o c t y l  

of  t h e  s t anda rd  p r o t e i n s  and 
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FIGURE 1. Comparison of lOnm and 33nm pore o c t y l  columns. 
Phosphorylase B (10 pg), co l l agen  (35 pg), human serum albumin 
( 7  1-18) and l a c t o g l o b u l i n  B (10 ug) were d i s s o l v e d  i n  1 mL of  
s t a r t i n g  bu f fe r  f o r  i n j e c t i o n .  T h i s  i s  t h e  e l u t i o n  o r d e r  o f  these 
p r o t e i n s  ( i d e n t i f i e d  a-d i n  the f i g u r e ) .  The g r a d i e n t  was 1- 
propanol,  0-24% i n  15 min, 24-48% i n  55 min i n  0.5M formic acid/  
0.4M Panel A is  
a Lichrosorb RP-8 column (101-1 p a r t i c l e s  with 10nm pores ) .  Panel B 
is a "Bakerbond" Wide Pore Octyl column (10 p a r t i c l e s  w i t h  33nm 
pores  1. 

pyr id ine  pH 4.0 w i t h  a flow ra te  of 0.75 mL/min. 
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1370 LEWIS AND DE WALD 

p a r t i a l l y  s e p a r a t e s  t h e  a1 and a2 c h a i n s  o f  c o l l a g e n  which are 

unreso lved  on t h e  10nm pore  o c t y l  column. @-lac toglobul in-B 

e l u t e s  l a te r  from t h e  small po re  column and shows a small s h o u l d e r  

no t  s e e n  on t h e  l a r g e  pore  column, Thus, it a p p e a r s  t h a t  t h i s  

p r o t e i n  is small enough t o  e f f e c t i v e l y  p e n e t r a t e  t h e  smaller 

pores.  Although o t h e r  f a c t o r s  may be  i n f l u e n c i n g  t h e  d i f f e r e n c e s  

between t h e s e  columns none o f  t h e  10nm pore  s u p p o r t s  we have 

t e s t e d  g i v e  r e s o l u t i o n  comparable t o  t h e  33nm pore  suppor t s .  

I n  an  e f f o r t  t o  de t e rmine  t h e  effect  t h a t  t h e  v a r i o u s  bonded 

phases  would have on t h e  e l u t i o n  o f  t h e s e  p r o t e i n s ,  i d e n t i c a l  

amounts of  each  p r o t e i n  were chromatographed on each  of t h e  f o u r  

t y p e s  o f  columns u s i n g  i d e n t i c a l  g r a d i e n t s  (F ig .  2 ) .  From t h i s  

f i g u r e  i t  is  clear t h a t  a l l  f o u r  bonded phases  produce e x c e l l e n t  

r e s o l u t i o n .  The g r a d i e n t  used  was des igned  t o  separate t h e s e  

p r o t e i n s  on t h e  o c t y l  column. The p r o t e i n  e l u t i o n  times f o r  e a c h  

of  t h e  columns i s  shown i n  Table 1. Phosphorylase-B i s  only 

weakly r e t a i n e d  ( abou t  1 min beyond wash through)  on a l l  t h e s e  

columns. The columns a l l  show good r e p r o d u c i b i l i t y  and r e c o v e r i e s  

o f  t h e  p r o t e i n s  ranged from 80-95%. 

The o c t y l  and o c t a d e c y l  columns show v e r y  similar e l u t i o n  

p r o f i l e s  and e l u t i o n  times (F ig .  2A and B, Table  l ) ,  a l though  t h e  

c o l l a g e n  c h a i n s  are s e p a r a t e d  t o  a s l i g h t l y  greater e x t e n t  on t h e  

o c t a d e c y l  suppor t .  T h i s  s i m i l a r i t y  is somewhat s u r p r i s i n g  i n  v iew 

o f  t h e  l a r g e  d i f f e r e n c e  i n  hydrophob ic i ty  between t h e  two bonded 

phases.  Th i s  l e a d s  u s  t o  s u g g e s t  t h a t  t h e  o c t a d e c y l  c h a i n  may b e  
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REVERSE-PHASE HPLC OF PROTEINS 
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FIGURE 2. 
P r o t e i n s  and g r a d i e n t  used were the  same as i n  Fig. 1. The 
columns were a l l  "Bakerbond" Wide Pore columns. a )  Oc ty l ,  
b) Octadecyl,  c )  Diphenyl, and d )  Cymopropyl. Protein e l u t i o n  
o rde r  is t h e  same as Fig. 1. 

E l u t i o n  from d i f f e r e n t  bonded phases. 
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1372 LEWIS AND DE WALD 

TABLE 1 
COLUMN IiUUCUB (Min) 

- PB CL - HSA !As 
Octyl  (10nm) 7 26 .570 .5  31.5 (0.3) 45 (0.3) 
Octy l  7 27128 (0 .3)  34 (0 .4)  41 (0.4) 
Octadecyl  7 27,28 (0 .3)  33 (0.3) 38.5 (0 .4)  
Cyanopropyl 7 29.5 (0.2) 36.5 (0.4) 41 (0.4) 
Diphenyl '  7 32.5 (0.1) 45.3 (0.3) 53.5 (0.4) 

'The times are ave rages  of  a t  least  3 chromatographies  wi th  t h e  
S.E.M. i n  pa ren theses .  
'E.M. 
3t1Bakerbondtt Wide Pore columns (33nm pores  and 1 0 ~  p a r t i c l e s ) .  

A l l  columns were 4.6 x 250nm. 
'The peaks are phosphorylase  B ( P B ) ,  c o l l a g e n  (CL), human serum 
albumin (HSA) , and & l a c t o g l o b u l i n  B (LGB) . 

Merck L ich roso rb  o c t y l  column ( 101.1 p a r t i c l e s ) .  

f o l d i n g  back on i t s e l f  under t h e  aqueous c o n d i t i o n s  employed. 

Another p o s s i b l e  e x p l a n a t i o n  is t h a t  t h e  p r o t e i n s  we used have no 

hydrophobic s i tes  l a r g e  enough t o  d i s c r i m i n a t e  between t h e  two 

d i f f e r e n t  c h a i n  l e n g t h s .  Lower i o n i c  s t r e n g t h s  or d i f f e r e n t  

b u f f e r  sys tems might be  used t o  a c c e n t u a t e  d i f f e r e n c e s  between 

t h e s e  two bonded phases.  

The cyano-propyl column shows a s l i g h t l y  d i f f e r e n t  e l u t i o n  

p r o f i l e  than  t h e  two a l i p h a t i c  carbon c h a i n  bonded phases  

(F ig .  2D). There is no r e s o l u t i o n  o f  t h e  c o l l a g e n  c h a i n s  wi th  

t h i s  bonded phase. However, t h e i r  e l u t i o n  times, as well as t h a t  

of  human serum albumin are la ter  r e l a t i v e  t o  t h e  o c t y l  column (1.5 

and 2.5 min r e s p e c t i v e l y ) .  I n  c o n t r a s t ,  6 - lac toglobul in-B e l u t e s  

a t  t h e  same time from both  bonded phases.  T h i s  s e l e c t i v i t y  

d i f f e r e n c e  between t h e  cyano-propyl column and t h e  a l i p h a t i c  c h a i n  

columns, i n d i c a t e s  t h e s e  d i f f e r e n c e s  can  be  e x p l o i t e d  f o r  p r o t e i n  
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REVERSE-PHASE HPLC OF PROTEINS 1373 

p u r i f i c a t i o n s .  The cyano-propyl bonded phase has  been shown t o  be  

e f f e c t i v e  i n  s e p a r a t i n g  small p r o t e i n s  t h a t  d i f f e r  i n  

g l y c o s y l a t i o n  (9). These l a r g e  po re  cyano-propyl columns may a l s o  

be u s e f u l  i n  t h i s  t ype  of  a p p l i c a t i o n  w i t h  large p r o t e i n s .  

Re ten t ion  times of t h e  s t a n d a r d  p r o t e i n s  on t h e  d ipheny l  

bonded phase are s i g n i f i c a n t l y  d i f f e r e n t  t h a n  w i t h  t h e  o t h e r  t h r e e  

bonded phases  (F ig .  2C). The t h r e e  r e t a i n e d  p r o t e i n s ,  c o l l a g e n ,  

human serum albumin, and 6-lactoglobulin-B, e l u t e  much la te r  from 

t h i s  column, t h e  l a t t e r  two p r o t e i n s  by 11 and 13 min 

r e s p e c t i v e l y .  From t h i s  d a t a  and d a t a  ob ta ined  u s i n g  small po re  

columns wi th  p e p t i d e s  ( 6 )  i t  is c l e a r  t h a t  t h e  d ipheny l  bonded 

phase is i n t e r a c t i n g  wi th  p r o t e i n s  i n  a d i f f e r e n t  manner t h a n  t h e  

s t r a i g h t  c h a i n  bonded phases.  It is l i k e l y  t h a t  t h i s  i n t e rac t ion  

i n v o l v e s  a combina t ion  of  hydrophobic and aromatic s t a c k i n g  

effects. Since i n c r e a s e d  r e t e n t i o n  times are n o t  s e e n  on a phenyl  

column (unpub l i shed  r e s u l t s )  i t  a p p e a r s  t h e  d ipheny l  group is 

r e q u i r e d  t o  o b t a i n  s t a c k i n g  w i t h  aromatic r e s i d u e s  on t h e  

p r o t e i n s .  The smaller effect  seen w i t h  c o l l a g e n  may be  due t o  t h e  

r e l a t i v e l y  low pe rcen tage  of a romat i c  g roups  i n  t h a t  p r o t e i n .  

From t h e  r e s u l t s  o b t a i n e d  i n  t h e s e  s t u d i e s  i t  is e v i d e n t  t h a t  

l a r g e r  p r o t e i n s  (M.W. 50,000) can be  e f f e c t i v e l y  s e p a r a t e d  by 

reverse-phase  hplc.  As has  been demonst ra ted  for p e p t i d e s ,  t h e  

use  of d i f f e r e n t  o r g a n i c  bonded phases  g r e a t l y  fac i l i t a tes  

p u r i f i c a t i o n s  by t a k i n g  advantage  of t h e  d i f f e r e n c e s  i n  

s e l e c t i v i t y  among t h e  bonded phases.  The p rope r  g r a d i e n t  
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1374 LEWIS AND DE WALD 

c o n d i t i o n s  are v e r y  similar f o r  a l l  t h e s e  bonded phases  as was 

demonst ra ted  i n  Fig.  2 where t h e  same g r a d i e n t  was used  f o r  a l l  

f o u r  bonded phases.  Thus i t  is  p o s s i b l e  t o  t a k e  advantage  of t h e  

d i f f e r i n g  e l u t i o n  c h a r a c t e r i s t i c s  and s e l e c t i v i t y  provided  by t h e  

d i f f e r e n t  bonded phases  wi thou t  a g r e a t  d e a l  o f  t r i a l  and e r r o r  t o  

de termine  t h e  a p p r o p r i a t e  b u f f e r  and o r g a n i c  m o d i f i e r  cond i t ions .  
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