
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 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

Factors Influencing Fast Liquid Chromatography of Proteins and Peptides
with Microbore Technology
Miyako Kawakatsua; Karen M. Goodingb

a M & S Instruments Trading Inc., Osaka, Japan b SynChrom, Inc., Lafayette, Indiana

To cite this Article Kawakatsu, Miyako and Gooding, Karen M.(1993) 'Factors Influencing Fast Liquid Chromatography of
Proteins and Peptides with Microbore Technology', Journal of Liquid Chromatography & Related Technologies, 16: 1, 21
— 32
To link to this Article: DOI: 10.1080/10826079308020894
URL: http://dx.doi.org/10.1080/10826079308020894

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/10.1080/10826079308020894
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 16(1), 21-32 (1993) 

FACTORS INFLUENCING FAST LIQUID 
CHROMATOGRAPHY OF PROTEINS AND 

PEPTIDES WITH MICROBORE TECHNOLOGY 

MIYAKO KAWAKATSUI AND KAREN M. GOODING 
1M & S Instruments Trading Inc. 
12-4 Milatni-Honmachi 2-Chme 
Yodogawa-lar, Osaka 532, Japan 

2SynChmtn, Inc. 
P.O. Bar 310 

Lufqette, Indiana 47902 

ABSTRACT 
M i c r o b o r e  c o l u m n s  ( 1  a n d  2 . 1  mm 1 . 0 . )  were i n v e s t i g a t e d  f o r  

t h e i r  u t i l i t y  i n  f a s t  l i q u i d  c h r o m a t o g r a p h y  o f  p r o t e i n s  a n d  
p e p t i d e s .  Us ing  a se r ies  o f  SynChropak l a r g e  p o r e  r e v e r s e d  p h a s e  
c o l u m n s ,  t h e  e f f e c t s  o f  f l o w r a t e  a n d  g r a d i e n t  on r e s o l u t i o n  o f  
s t a n d a r d  p r o t e i n  a n d  p e p t i d e  m i x t u r e s  were d e t e r m i n e d .  E x c e l l e n t  
r e s o l u t i o n  c o u l d  b e  a c h i e v e d  on  2 . 1  mm I . D .  co lumns  w i t h  a n a l y s i s  
t i m e s  u n d e r  f i v e  m i n u t e s .  

INTRODUCTION 

High  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  h a s  become a method o f  

c h o i c e  f o r  t h e  a n a l y s i s  o f  p r o t e i n s  a n d  p e p t i d e s  i n  m i l l i g r a m  

q u a n t i t i e s  o r  l ess  d u e  t o  i t s  s u p e r i o r  r e s o l u t i o n ,  s e l e c t i v i t y ,  

s e n s i t i v i t y  a n d  s p e e d .  One r e f i n e m e n t  o f  t h e  t e c h n i q u e  i s  t o  u s e  

s y s t e m s  w h i c h  c a n  a c h i e v e  t h e  s e p a r a t i o n s  i n  a f ew m i n u t e s  r a t h e r  

t h a n  t h e  t h i r t y  t o  s i x t y  m i n u t e s  commonly employed .  The p r i n c i p l e  

me thods  f o r  a c h i e v i n g  t h e s e  f a s t  a n a l y s e s  h a v e  b e e n  s h o r t  c o l u m n s  
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22 KAWAKATSU AND O O D I N G  

of 1-3 pm nonporous supports (1,2) and perfusive supports (3). 

Large pore (4000A) supports in 1 mm I.D. columns on a specialized 

system have also been used ( 4 ) .  

0 

This paper will show that small bore columns of 5-10 pm HPLC 

supports can also yield very fast analyses with excellent 

resolution if they are run under optimized conditions. In 

addition to the speed, microbore columns (1 - 2.1 mm I.D.) have 
advantages over standard 4.6 mm I.D. columns in terms of solvent 

consumption and sensitivity. 

MATERIALS 

Chemicals 

Standard proteins, ribonuclease A, cytochrome c, lysozyme, 

transferrin and bovine serum albumin, were purchased from Sigma 

Chemical Company (St. Louis, MO). The peptide standard for 

reversed phase was from SynChrom, Inc. (Lafayette, IN). 

Acetonitrile, HPLC-grade water and trifluoroacetic acid (sequenal 

grade) were purchased from WAKO Pure Chemical Industries, Ltd. 

(Osaka, Japan 1 .  

Apparatus 

Gilson Model 305 HPLC pumps with 5SC heads, Model 805 

manometric module and Model 811B mixer were used. The mixer was 

equipped with a 1.5 ml chamber except for studies with 1 mm I.D. 

columns which employed a 65 p1 chamber. A Gilson Model 116 

detector was used at 210 nm. The detector had a 5 mm light path 

and 12 p 1  cell except for studies with 1 mm I.D. columns which 

used a cell with a 2 mm light path and a 1.6 p1  volume. The 

gradient system was controlled and the detector signals were 

collected and processed using a Gilson Model 715 system 
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MICROBORE TECHNOLOGY 23 

c o n t r o l l e r .  A Rheodyne Model 7125 i n j e c t o r  was u s e d  w i t h  a 1 0 0  I J ~  

s a m p l e  l o o p  ( 0 . 2 5  mm I . D .  s t a i n l e s s  s t e e l )  made i n - h o u s e .  An 

Upchurch (Oak H a r b o r ,  WA) p r e c o l u m n  f i l t e r  (A-318)  w a s  a t t a c h e d  

b e f o r e  t h e  a n a l y t i c a l  co lumns .  

SynChropak RP-8, RP8-1000, RPP-1000 a n d  RPP-4000 co lumns  were 

o b t a i n e d  f r o m  SynChrom, I n c .  ( L a f a y e t t e ,  I N ) .  

METHODS 

S t a n d a r d  p r o t e i n  m i x t u r e s  (1. r i b o n u c l e a s e  A ,  2 .  

c y t o c h r o m e  c ,  3.  l y s o z y m e ,  4 .  t r a n s f e r r i n ,  5.  b o v i n e  s e r u m  

a l b u m i n )  were p r e p a r e d  t o  be  400 n g / p l  f o r  e a c h  p r o t e i n  e x c e p t  

c y t o c h r o m e  c ,  wh ich  w a s  200 n g / p l  a t  i t s  f i n a l  c o n c e n t r a t i o n .  

U n l e s s  s p e c i f i e d ,  6 ~1 o f  t h e  p r o t e i n  s o l u t i o n  w a s  i n j e c t e d .  The 

p e p t i d e  s o l u t i o n  w a s  r e c o n s t i t u t e d  i n  water  t o  be  1 0 0  n g / p l .  

G r a d i e n t s  were r u n  f r o m  0 . 1 %  t r i f l u o r o a c e t i c  acid i n  water t o  

0 . 1 %  t r i f l u o r o a c e t i c  a c i d  i n  5 9 %  a c e t o n i t r i l e .  

T o  p r o p e r l y  compare  r e s o l u t i o n  a t  w i d e l y  v a r y i n g  f l o w r a t e s  o n  

a 2 mm I . D .  co lumn,  t h e  e x t r a  volume o f  t h e  HPLC s y s t e m  was 

e v a l u a t e d .  Tub ing  l i n e s  f r o m  t h e  column i n l e t  t o  t h e  column 

o u t l e t  were d i r e c t l y  c o n n e c t e d  I n  t h e  a b o v e  s y s t e m ,  i n c l u d i n g  t h e  

1 0 0  I J ~  s a m p l e  l o o p  w i t h o u t  a co lumn.  Us ing  0 .5% a c e t o n e  a n d  water 

a s  m o b i l e  p h a s e s ,  t h e  e x t r a  vo lume ,  o r  t h e  p o i n t  t h a t  t h e  l i n e a r  

g r a d i e n t  s t a r t e d ,  w a s  d e t e r m i n e d  t o  be  3 . 5  m l .  

RESULTS AND DISCUSSION 

Column Diameter 

The r e l a t i v e  p e r f o r m a n c e  of 1 mm a n d  2.1 mm I . D .  m i c r o b o r e  

co lumns  f o r  p r o t e i n  m i x t u r e s  w a s  e v a l u a t e d  a t  s i m i l a r  l i n e a r  

v e l o c i t i e s  on SynChropak RPP-4000, a 1 0  p m  r e v e r s e d  p h a s e  s i l i c a  
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24 KAWAKATSU AND GOODING 

I 

COLUMN: 
SynChropak R P P - 4 0 0 0  
50 x I mm I.D. 

300 pl/rnin 

30 - 75% E in 7 min 

I. Ribonuclease A 
2. Cytochrome C 
3. Lysozyrne 
4 .  Transferrin 
5. ESA 

5 

FLOWRATE: 

GRADIENT: 

SAMPLE: 

u 
0 5 10 

TIME (min) 

0 5 10 
TIME (min)  

FIGURE 1. The effect of column diameter on resolution of 
proteins. Column: SynChropak RPP-4000. Gradient: 3 0 - 7 5 % B  in 
7 min. Sample: Protein standards. ( a )  50 x lmm I.D. Flowrate: 
300 pl/min. ( b )  50 x 2.lmm I.D. Flowrate: 1.2ml/min. 
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MICROBORE TECHNOLOGY 25 

EFFECT O F  FLOWRATE ON PEAK WIDTH AND SENSITIVITY -- 

P e a k  Flow Rate RT W i d t h  (1/2) H e i g h t  % Lyz 
N a m e  (mL/min ) ( m i n )  ( sec ) ( m V )  

RNASE A 0.25 24.9 15.5 161.1 55 
0.5 20.5 12.6 93.3 46 
1.0 18.6 14.0 46.9 42 
1.5 17.5 9.8 49.3 64 
3.0 16.4 11.2 20.2 52 

CYT C 0.25 28.6 19.0 114.4 39 
0.5 23.9 14.1 93.8 47 
1.0 21.7 11.9 47.7 43 
1.5 20.9 11.2 32.9 43 
3.0 20.0 11.2 16.4 42 

LY z 0.25 30.2 18.3 293.8 100 
0.5 25. 7 14.8 201.7 100 
1.0 23.5 12.6 111.1 100 
1.5 22.6 13.3 77.0 100 
3.0 21.6 13.3 39.2 100 

TRANS 0.25 32.1 22.5 140.1 48 
0.5 27.8 17.6 88.4 44 
1.0 25.8 14.1 52.2 47 
1.5 25.0 14.0 35.9 47 
3.0 24.3 15.5 19.0 48 

BSA 0.25 33.8 61.8 96.7 33 
0.5 29.5 66.1 51.0 25 
1.0 27.6 33.0 30.9 28 
1.5 26.9 30.9 21.4 28 
3.0 26.3 28.1 11.2 29 

S y n C h r o p a k  RPP-1000 (50mm x 2mm I . D . 1  

s u p p o r t  w i t h  a C - 1 8  l i g a n d  and  4000i pore diameter .  

I . D .  c o l u m n  was r u n  w i t h  s t a n d a r d  HPLC h a r d w a r e  a s  noted  i n  

METHODS. B e c a u s e  o f  t h e  se r ious  e f f e c t s  o f  e x t r a - c o l u m n  v o l u m e  on  

r e s o l u t i o n  f o r  1 mm I . D .  c o l u m n s ,  t h e  s y s t e m  f o r  t h e  1 mm c o l u m n  

u t i l i z e d  a 65 p 1  m i x i n g  c h a m b e r  a n d  a 1.6 u1 detector  c e l l  w i t h  a 

2 mm l i g h t  p a t h .  A s  i s  s e e n  i n  F i g .  1, t h e  r e s o l u t i o n  of t h e  

T h e  2.1 nun 
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26 KAWAKATSU AND GOODING 

I rnl/rnin 

0 - 100% B in 35 rnin 
after 3.5 rnl delay 

Protein Standard 

I I 

3 rnl/rnin 

10 20 30 

F I G U R E  2 .  The e f f e c t  o f  f l o w r a t e  o n  r e s o l u t i o n  o f  p r o t e i n s .  
Column:  S y n C h r o p a k  R P P - 1 0 0 0 ,  5 0  x 2. lmm I.D. G r a d i e n t :  0-100%B i n  
35  min  a f t e r  3 . 5 m l  h o l d .  S a m p l e :  P r o t e i n  s t a n d a r d s .  

p r o t e i n s  was b e t t e r  o n  t h e  2 . 1  mm c o l u m n  d e s p i t e  t h e  u s e  o f  a l o w  

v o l u m e  s y s t e m  f o r  t h e  1 mm c o l u m n .  T h e  s e n s i t i v i t y  w a s  f o u r f o l d  

h i g h e r  o n  t h e  1 mm I . D .  c o l u m n .  N o n e t h e l e s s ,  c o l u m n s  o f  2 . 1  mm 

I.D. were c h o s e n  f o r  t h e  r e m a i n d e r  of t h e  s t u d y  d u e  t o  t h e  ease o f  

t h e i r  o p e r a t i o n  a n d  e x c e l l e n t  r e s o l u t i o n  w i t h  s t a n d a r d  HPLC 

h a r d w a r e .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
5
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



MICROBORE TECHNOJBGY 21 

4 COLUMN: 
S nChra ah R P P 4 0 0 0  I 5fl x 2.Prnrn 1.0. 

FLOWRATE: 
3 ml/rnin h Protein Standard 

SAMPLE: 

TIME (min) 

FIGURE 3. E f f e c t  of f l o w r a t e  w i t h  c o n s t a n t  g r a d i e n t  s l o p e  o n  
r e s o l u t i o n  o f  p r o t e i n s .  Column: SynChropak RPP-4000, 50 x 
2.lmm I.D. F l o w r a t e :  3ml/min. G r a d i e n t :  30-75%B i n  2 . 5  m i n .  
Sample:  P r o t e i n  s t a n d a r d s .  

F l o w r a t e  a n d  G r a d i e n t  

The e f f e c t  of f l o w r a t e  on  r e s o l u t i o n  o f  p r o t e i n s  w a s  examined  

on  a 50  x 2 . 1  nun I.D. column o f  SynChropak RPP-1000, a 7 p m  

r e v e r s e d  p h a s e  s i l i c a  s u p p o r t  w i t h  a C-18 l i g a n d  a n d  lOOOA p o r e s .  

F l o w r a t e s  r a n g i n g  f r o m  0 . 2 5  - 3 . 0  ml/min were u s e d  i n  t h i s  s t u d y .  

B e c a u s e  t h i s  r a n g e  i s  t w e l v e f o l d ,  t h e  l i n e a r  g r a d i e n t  w a s  

i n i t i a t e d  a f t e r  t h e  3.5 m l  volume o f  t h e  m i x e r  a n d  t u b i n g .  T h i s  

d e l a y  r a n g e d  f r o m  1 4  min a t  t h e  lowest  f l o w r a t e  t o  1 . 1 7  min a t  t h e  

h i g h e s t .  A 35-min l i n e a r  g r a d i e n t  w a s  i n i t i a t e d  a f t e r  t h e  3 . 5  m l  

h o l d .  T a b l e  1 shows t h e  e f f e c t  of f l o w r a t e  on  p e a k  w i d t h  f o r  e a c h  

o f  t h e  s t a n d a r d s  w h i l e  F i g .  2 i l l u s t r a t e s  r e p r e s e n t a t i v e  

ch romatograms .  I t  c a n  b e  s e e n  t h a t  t h e  r e s o l u t i o n  i s  p o o r e s t  a t  

t h e  lowest f l o w r a t e ,  250 v l / m i n  ( l i n e a r  v e l o c i t y  o f  1 . 2  mm/s). 

R e s o l u t i o n  improved  w i t h  i n c r e a s e d  l i n e a r  v e l o c i t y  a n d  w a s  s t i l l  
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28 KAWAKATSU AND GOODING 

0 - 20% 8 in 5 min 

1 5-20% B in 5 min 
SAMPLE: 

Peptide Standard 

I I I I I 

2 4 
TIME (rnin) 

FIGURE 4 .  E f f e c t  of g r a d i e n t  on  r e s o l u t i o n  o f  p e p t i d e s .  Column: 
SynChropak RP8-1000, 5 0  x 2.lmm I.D. F l o w r a t e :  3ml/min. Sample:  
P e p t i d e  s t a n d a r d .  

e x c e l l e n t  a t  3 ml/min (14.4 m m / s ) .  D i f f e r e n c e s  i n  r e l a t i v e  area 

are  a t  l eas t  p a r t i a l l y  e x p l a i n e d  by h e t e r o g e n e i t y  o f  some o f  t h e  

p r o t e i n s ,  n o t a b l y  BSA.  

Because  t h e  g r a d i e n t  time was k e p t  c o n s t a n t  i n  t h e  p r e v i o u s  

e x p e r i m e n t s  and  t h e  f l o w r a t e  w a s  v a r i e d ,  t h e  g r a d i e n t  volume w a s  

d i f f e r e n t  i n  e a c h  r u n .  To i n s u r e  t h a t  t h e  e f f e c t s  o f  f l o w r a t e  

were a l s o  v a l i d  w i t h  c o n s t a n t  g r a d i e n t  s l o p e ,  t h e  p r o t e i n  s t a n d a r d  

was r e r u n  on  t h e  column s e e n  i n  F i g .  l b  w i t h  t h e  f l o w r a t e  

i n c r e a s e d  2 . 5 - f o l d  a n d  t h e  g r a d i e n t  volume k e p t  c o n s t a n t  a t  

8 . 4  m l .  F i g .  3 shows t h a t  t h e  r e s o l u t i o n  w a s  m a i n t a i n e d  u n d e r  
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MICROBORE TECHNOLDGY 29 

3 

30-100% B 

V z a 

- 
0 2 4 

TIME (rninl 

FIGURE 5.  E f f e c t  o f  i n i t i a l  c o n d i t i o n s  on  r e s o l u t i o n  o f  p r o t e i n s .  
Column: SynChropak RPP-4000, 50 x 2.lmm I.D. F l o w r a t e :  4 .5ml/min.  
Sample:  P r o t e i n  s t a n d a r d s .  

t h e s e  c o n d i t i o n s  w h i c h  r e d u c e d  t h e  a n a l y s i s  t i m e  t o  less t h a n  f o u r  

m i n u t e s .  The t o t a l  back  p r e s s u r e  o f  t h i s  2 . 1  mm I.D. column a n d  

s y s t e m  i s  u n d e r  2000 p s i  a t  3 ml/min;  t h e r e f o r e ,  t h e s e  h i g h  

f l o w r a t e s  are  r e a s o n a b l e .  

If  optimum r e s o l u t i o n  i s  t o  be  a c h i e v e d  i n  f a s t  HPLC 

a n a l y s e s ,  t h e  g r a d i e n t  mus t  b e  c h o s e n  c a r e f u l l y .  The r e s o l u t i o n  

of t h e  f i v e  p e p t i d e  s t a n d a r d s  s e e n  i n  F i g .  4 i s  b e s t  when the  

i n i t i a l  c o n d i t i o n s  are  weak enough  t o  c a u s e  t o t a l  b i n d i n g  t o  t h e  

s u p p o r t ,  a s  i n  F i g .  4a, r a t h e r  t h a n  when t h e  f i r s t  c o m p o n e n t s  are  

p a r t i a l l y  e l u t e d  u n d e r  t h e  i n i t i a l  c o n d i t i o n s ,  as i n  F i g .  4b.  
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30 KAWAKATSU AND GOODINO 

c : 
s 
n 
L l  
c z 
C 
a 
a 
C 
U a: 
a 

c 

100 ng/ 2 P I  

COLUMN: 
SynChropak RPP-4000 
SOX I mm I.D. 

300 pl /min 

30-75% in 6 rnin 

FLOWRATE: 

GRADIENT: 

4 

Diluted sample 
100 ng/50 P I  

L 
8 

i! 
4 8 

TIME (rnin) 

FIGURE 6 .  E f f e c t  o f  s a m p l e  d i l u t i o n  on  r e s o l u t i o n .  Column: 
SynChropak RPP-4000, 50  x l m m  I . D .  F l o w r a t e :  300  u l / m i n .  
G r a d i e n t :  30-75%B i n  6 min.  Sample:  P r o t e i n  s t a n d a r d s .  

T h i s  e f f e c t  i s  more d r a m a t i c  w i t h  p r o t e i n s .  As s e e n  i n  F i g .  5 ,  

p e a k  s h a p e  a n d  r e s o l u t i o n  i s  b e s t  when i n i t i a l  s o l v e n t  c o n d i t i o n s  

b i n d  a l l  t h e  p r o t e i n s  ( F i g .  5 a ) .  T h e r e  is l i t t l e  d i f f e r e n c e  i f  

t h e  i n i t i a l  c o n d i t i o n s  are e i t h e r  2 0  o r  3 0 % ;  however ,  b e g i n n i n g  

t h e  g r a d i e n t  a t  4 0 %  r e s u l t s  i n  b r o a d  p e a k s  a n d  p o o r  r e s o l u t i o n  

( F i g .  5 b ) .  

I n j e c t i o n  Volume 

The u s e  o f  g r a d i e n t  c o n d i t i o n s  f o r  m i c r o b o r e  c o l u m n s  

m i n i m i z e s  d e l e t e r i o u s  e f f e c t s  c a u s e d  by i n j e c t i o n  volume 01 
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yl i 

COLUMN: 
S nChropak RP-8 
I& x 2 mm I.D. 

FLOWRATE; 
1.2 ml/rnin 

GRADIENTS: 
0 - 75% 8 in I4 min 
75 -100% 8 in 5 min 

0 4 8 12 16 
TIME (min) 

Figure 7.  Fast analysis of tryptic digest. Column: SynChropak 
RP8, 100 x 2.1mm I . D .  Flowrate: 1.2ml/min. Gradient: 0-75%B in 
14min, 75-100%B in 5 min. 

configuration. Fig. 6 illustrates that the resolution of protein 

standards on a 1 mm I . D .  column was not diminished by a 

twenty-five fold increase in volume which was greater than the 

column volume. The lower peak heights for ribonuclease A and 

cytochrome c may be due to low level adsorption of these cationic 

proteins to the glass syringe. 

Complex Mixtures 

The applicability of this technique to more complex mixtures 

was evaluated with a tryptic digest of hemoglobin. A 10 cm column 
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w a s  u s e d  t o  i n c r e a s e  r e s o l u t i o n  f o r  t h i s  a n a l y s i s .  The s u p p o r t  

was SynChropak RP-8, wh ich  h a s  a C-8 l i g a n d  a n d  300A p o r e s .  Mass 

t r a n s f e r  on  t h i s  300A s u p p o r t  d i d  n o t  a p p e a r  t o  be  a p r o b l e m  a t  

t h i s  f l o w r a t e  b e c a u s e  e x c e l l e n t  r e s o l u t i o n  w a s  o b s e r v e d ,  a s  s e e n  

i n  F i g .  7 .  F u r t h e r  s t u d i e s  a r e  o n g o i n g  t o  e v a l u a t e  t h e  r o l e  of 

p o r e  d i a m e t e r  and  l i g a n d  c h a i n  l e n g t h  i n  f a s t  p r o t e i n  HPLC. 

0 

0 

CONCLUSIONS 

F a s t  p r o t e i n  l i q u i d  c h r o m a t o g r a p h y  c a n  b e  a c h i e v e d  w i t h o u t  

r e s t r i c t i v e  h a r d w a r e  c o n s t r a i n t s  by u s i n g  50 x 2.1 mm I . D .  co lumns  

p a c k e d  w i t h  s t a n d a r d  5-10 p m  r e v e r s e d  p h a s e  s u p p o r t s .  F l o w r a t e s  

o f  3 ml/min o r  l i n e a r  v e l o c i t i e s  o f  14.4 m m / s  c a n  y i e l d  

s e p a r a t i o n s  i n  less t h a n  f i v e  m i n u t e s  a t  p r e s s u r e s  u n d e r  2500 p s i  

w i t h o u t  o p e r a t i o n a l  p r o b l e m s .  G r a d i e n t s  s h o u l d  be  fo rmed  w i t h  

i n i t i a l  c o n d i t i o n s  wh ich  t o t a l l y  b i n d  a l l  o f  t h e  c o m p o n e n t s  o f  t h e  

m i x t u r e .  
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