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MECHANISTIC CONSIDERATIONS ON THE 

GRAPHIC SEPARATION OF PROTEINS 
REVERSED PHASE LIQUID CHROMATO- 

R. S. Blanquet'f, K.  H. Bui+, and 
D. W. Armstrong" 

Department of Chemistry and Biochemistry 
Texas Tech University 

Lubbock, Texas 794094240. 

ABSTRACT 

The e f f e c t  o f  column l e n g t h ,  s t a t i o n a r y  phase chemis t r y ,  f l o w  

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

seven p r o t e i n s  was eva lua ted .  I n  genera l ,  r e s o l u t i o n  i nc reased  

wi th s h o r t e r  columns and h i g h e r  f l o w  r a t e s .  N o n t r a d i t i o n a l  

r e v e r s e  g r a d i e n t s  ( f rom a c e t o n i t r i l e  t o  b u f f e r )  sometimes produced 

b e t t e r  p r o t e i n  separa t i ons  than  t r a d i t i o n a l  reversed phase 

g r a d i e n t s .  Bonded phase c h e m i s t r y  has l i t t l e  e f f e c t  on g r a d i e n t  

* 
Author  t o  whom correspondence should be addressed. 

Washington, D. C. 

Wilmington, DE 

+Cur ren t  Address: 

+Cur ren t  Address: I C I  America, B iomedica l  Research D i v i s i o n ,  

Department o f  B io logy ,  Georgetown U n i v e r s i t y ,  

Copyright 0 1986 by Marcel Dekker, Inc. 

1933 

0148-39 19/86/0909-1933$3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1934 BLANQUET, BUI, AND ARMSTRONG 

p r o t e i n  separa t i ons ,  b u t  s i l i c a  g e l  p r o p e r t i e s  (e.g., s u r f a c e  

area,  p o r e  s i z e ,  e t c . )  d i d .  Bo th  r e t e n t i o n  and r e s o l u t i o n  v a r i e d  

cons ide rab ly  w i t h  t h e  n a t u r e  o f  t h e  g r a d i e n t  used. 

INTRODUCTION 

I n  t h e  l a s t  few years,  s e v e r a l  papers and rev iews have been 

publ ished on t h e  p r a c t i c e ,  t h e o r y  and mechanism o f  p r o t e i n  

separa t i on  b y  reve rsed  phase 1 i q u i d  chromatography (1 -30) and have 

c o n t r i b u t e d  t o  t h e  development o f  a u s e f u l  technique.  Many o f  t h e  

shortcomings, such as  p r o t e i n  d e n a t u r a t i o n ,  have been considered 

as w e l l  (26,  28). Conversely, t h e  t h e o r e t i c a l  and mechan is t i c  

aspects  o f  t h i s  techn ique  a r e  n o t  as advanced o r  w e l l  understood 

( 3 1 ) .  There a r e  severa l  reasons f o r  t h i s  s t a t e  o f  a f f a i r s .  The 

p r e v i o u s l y  d e l i n e a t e d  t h e o r e t i c a l  problems stem from t h e  

mathemat ica l  d i f f i c u l t y  i n  c h a r a c t e r i z i n g  compl ex he t e r o p o l  ymers 

(31 ) .  Exper imenta l  problems and anomalies e x i s t  a s  w e l l .  I n  

p a r t i c u l a r ,  t h e  l a c k  o f  c o n s i s t e n t  r e s u l t s  between analogous 

columns, l a b o r a t o r i e s ,  e t c .  can sometimes b e  more pronounced f o r  

p r o t e i n s  than  f o r  smal l  molecules.  

I n  t h i s  work t h e  e f f e c t  o f  column l e n g t h ,  s t a t i o n a r y  phase 

chemis t r y ,  f l o w  r a t e ,  s o l v e n t  compos i t i on  and g r a d i e n t  c o n t r o l  on 

p r o t e i n  separa t i ons  a r e  examined. I n  some cases o u r  r e s u l t s  a r e  

c o n t r a r y  t o  what has been p r e v i o u s l y  r e p o r t e d  and/or  be l i eved .  

These r e s u l t s  tend  t o  suppor t  t h e  v i e w  t h a t  t h e  reve rsed  phase 

separa t i ons  o f  p r o t e i n s  i s  n o t  w e l l  understood from a mechan is t i c  

s tandpo in t .  However, c o n s i d e r a b l e  p rog ress  i s  b e i n g  made as 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



MECHANISTIC CONSIDERATIONS ON PROTEIN SEPARATION 1935 

r e s e a r c h e r s  become l e s s  c o n s t r a i n e d  by  many o f  t h e  t r a d i t i o n a l  

c h r m a  tograph i c  concepts . 

EXPERIMENTAL 

M a t e r i a l s  

H ighes t  a v a i l a b l e  p u r i t y  r i bonuc lease ,  i n s u l i n ,  cytochrome C, 

lysozyme, b o v i n e  serum albumin, myog lob in  and ovalbumin were 

o b  t a  i n  e d  f r o m  S i g m a .  T r i m e t h y l  c h l  o r o s i l  a n e ,  

n -  b u t y l d  i m e t h y l  c h l  o r o s i  1 ane, n - o c t y l d i m e t h y l  c h l  o r o s i l  ane, 

n -oc tadecy ld ime thy l  c h l o r o s i l  ane and d i p h e n y l d i c h l  o r o s i l  ane were 

ob ta ined  from P e t r a r c h .  F i v e  m i c r o n  average d iamete r  s i l i c a  w i th  

average po re  s i z e s  o f  60 A and 300 A were ob ta ined  f rom Advanced 

Separa t i on  Technologies,  I n c .  (ASTEC) as were t h e  s t a i n l e s s  s t e e l  

columns, f r i t s  and f i t t i n g s .  A l l  columns were s l u r r y  packed 

(13,000 p s i )  by ASTEC. HPLC-grade s o l v e n t s  were o b t a i n e d  from 

F i s h e r  . 

Met hod s 

A l l  bonded phase pack ings were made under i d e n t i c a l  

c o n d i t i o n s .  The s i l i c a  g e l  was d r i e d  o v e r n i g h t  a t  170'C and 

subsequent ly  s l  u r r i e d  i n  anhydrous t o l u e n e .  The r e f 1  ux apparatus 

was f i t t e d  w i t h  a Dean S t a r k  t r a p .  The d e s i r e d  amount o f  a 

s u b s t i t u t e d  c h l o r o s i l a n e  was added and t h e  s l u r r y  was r e f l u x e d  f o r  

t h r e e  hours. The p roduc t  was i s o l a t e d ,  washed and endcapped 

b e f o r e  be ing  packed i n t o  columns. Bo th  i s o c r a t i c  and g r a d i e n t  
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1936 BLANQUET, BUI. AND ARMSTRONG 

separations were done a t  roan temperature w i t h  a Shimadzu Model 

LC-4A 1 i qu id  chromatograph. The v a r i a b l e  wavelength de tec to r  

contained a 13 u1 f l ow  c e l l  and was s e t  a t  280 ran. The aqueous 

phase consisted o f  0.1% t r i f l u o r o a c e t i c  acid (TFA). A l l  p r o t e i n  

so lu t i ons  were 1 pg/ml concentrat ion i n  0.1% TFA. Flow r a t e s  and 

i n j e c t i o n  volumes are  reported i n  the  legends o f  the i nd i v idua l  

f i gu res  and tables.  

RESULTS AND DISCUSSION 

Column leng th  i s  considered an important parameter i n  most 

chromatographic separations. Th is  i s  a lso  t rue  f o r  the RPLC o f  

p ro te ins ,  bu t  n o t  necessar i l y  f o r  the same reasons as i n  

conventional small  molecule separations. Inc reas ing  column l e n g t h  

i s  one poss ib le  way o f  inc reas ing  the number o f  t h e o r e t i c a l  p l a t e s  

f o r  so lu tes  t h a t  can be t rea ted  v i a  conventional LC theory.  

However, qua1 i t a t i v e  r e p o r t s  have ind ica ted  t h a t  shor t  columns 

provide about the  same r e s o l u t i o n  ( f o r  p ro te ins)  as longer columns 

(13,14). The o n l y  d e f i n i t i v e  mechanist ic work i n  t h i s  area was 

done f o r  syn the t ic  polymers and t h i s  cannot be appl ied d i r e c t l y  t o  

p ro te ins  (32). The e f f e c t  o f  column l e n g t h  on the  r e t e n t i o n  and 

r e s o l u t i o n  o f  cytochrome 2 and bovine serum albumin w i t h  g rad ien t  

separat ion i s  shown i n  Table 1. The r e t e n t i o n  o f  the p r o t e i n s  

increased somewhat w i t h  column length.  However, t h e i r  r e s o l u t i o n  

decreased w i t h  column length.  Th is  r e s u l t  was a consequence o f  

lower e f f i c i e n c y  w i t h  longer columns as we l l  as the  f a c t  t h a t  the 

peak t o  peak separat ion i s  f o r  longer columns (Table 1 ) .  It 
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MECHANISTIC CONSIDERATIONS ON PROTEIN SEPARATION 1937 

was found that  the relationship between column length and peak t o  

peak separation could v a r y  w i t h  the proteins studied. In 

comparing the protein resu l t s  t o  those for the gradient separation 

of synthetic polymers (32) there are  s imi la r i t i es  and  differences.  

Specifically,  resolution also decreased for  synthetic polymers 

when longer columns were used (31,32). However, the retention 

times of synthetic polymers did not  s ignif icant ly  increase w i t h  

column length as did those of the proteins (Table 1). I t  i s  

interesting to  consider the minimum and/or optimum length for a 

reversed phase column i n  protein separations. In f ac t ,  i t  i s  not 

the length, per se ,  b u t  the amount of packing that  i s  important. 

There i s  a minimum amount of stationary phase needed t o  immobilize 

the injected protein and prevent "breakthrough" of excess sol Ute 

in the void volume. However, the absolute amount of stationary 

phase needed can vary considerably w i t h  the separation conditions. 

Factors such as the amount and nature of the protein(s) injected,  

mobile phase composition, flow ra t e ,  column geometry, capacity and 

surface area of the stationary phase, s ize  of the stationary phase 

and so on ,  a l l  affect  the minimum amount of packing required. 

Consequently a small amount of packing m i g h t  work well fo r  one 

separation b u t  be inadequate for another. In t h i s  s t u d y ,  columns 

between 3 and 5 an in length and 0 .46  cm diameter gave good 

resolution and no "breakthrough" regardless of the separation 

conditions employed. Shorter columns, par t icular ly  < 2 an, also 

gave excellent resul ts ,  however, protein "breakthrough" was 

d i f f i cu l t  t o  control in many cases. Thus, a good general reversed 
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1938 BLANQUET, BUI, AND ARMSTRONG 

Table 1. E f fec t  o f  column l e n g t h  on separat ion o f  cytochrome C 

and bovine serum a1 bumin (BSA). Column: Astec diphenyl  

300A, Mobile phase: (A) - t r ie thy lamine acetate b u f f e r ,  

pH, 4.0, (B)-n-propanol. Gradient r a t e :  1.5% min”. Flow 

r a t e :  0.5 m l  min”. 

Column leng th  Cyto C (kl) BSA (k2)  a 
( cm) 

R 

5 8.70 14.83 1.70 0.74 

10 10.29 15.83 1.49 0.70 

15 13.33 16.32 1.23 0.65 

20 19.54 22.55 1.15 0.57 

phase column f o r  ana ly t i ca l  p ro te in  separat ions should contain 

s u f f i c i e n t  packing t o  i n t e r a c t  w i t h  a l l  o f  the i n jec ted  so lu te  bu t  

no t  be excessively long so t h a t  r e s o l u t i o n  s u f f e r s .  

An add i t iona l  advantage o f  shor te r  columns f o r  many p r o t e i n  

separations i s  t h a t  the recover ies  are o f t e n  higher and smal ler  

samples can be analyzed. Ex t rus ion  o f  t he  column packings i n  t h i s  

study and treatment w i t h  n inhyd r in  ind ica ted  t h a t  l a r g e  amounts o f  

p ro te in  were i r r e v e r s i b l y  bound t o  the s ta t i ona ry  phase i n  a l l  

cases. Reversed phase TLC o f  the  seven p ro te ins  i n  t h i s  study 

(see Experimental Section) ind ica ted  t h a t  canplete e l u t i o n  could 

on l y  be approached a f t e r  the s ta t i ona ry  phase had been prev ious ly  

coated ( o r  saturated) w i t h  sample. Thus i n  many cases i t  i s  
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MECHANISTIC CONSIDERATIONS ON PROTEIN SEPARATION 1939 

Table 2. E f f e c t  o f  s t a t i o n a r y  phase on p r o t e i n  separa t i on .  Peak: 

2-Ribonuclease A ,  3- Insu l  i n ,  4-Cytochrome 

C, 5-Lysozyme, 6-Bovine serum albumin, 7-Hyoglobin,  

8-Ovalbumin. Flow r a t e :  1.0 m l  min-l. M o b i l e  Phase: 

A -  0.1% TFA i n  water, 8 -  0.1% TFA i n  a c e t o n i t r i l e .  

Gradient :  10-100% a c e t o n i t r i l e  i n  45 minutes.  

S t a t i o n a r y  Phase Peak R e t e n t i o n  Time (min) 
(300A) 

c -1 

c -4 

C-8 

C-18 

D i  phenyl 

13.3 14.0 15.5 18.0 18.5 20.8 27.5 

12.5 14.5 16.3 17.8 20.5 23.3 28.8 

11.0 13.5 15.3 17.0 19.0 22.0 27.0 

13.5 15.0 16.3 17.8 20.3 22.0 30.0 

12.3 14.5 16.0 17.5 19.6 22.5 29.3 

l o g i c a l  t o  use a sma l le r  column i n  which l e s s  sample i s  l o s t  v i a  

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

Given t h e  f a c t  t h a t  most s i l i c a  g e l  based reve rsed  phase 

columns used f o r  p r o t e i n  s e p a r a t i o n s  a r e  coated w i t h  p r o t e i n a t i o u s  

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

s t a t i o n a r y  phase c h e m i s t r y  on  p r o t e i n  separa t i ons .  T a b l e  2 shows 

t h e  e f f e c t  of f i v e  d i f f e r e n t  bonded reve rsed  phase pack ings  ( o n  

i d e n t i c a l  300 A s i l i c a  g e l )  on t h e  r e t e n t i o n  o f  seven d i f f e r e n t  

p r o t e i n s .  It i s  apparent  t h a t  n e i t h e r  t h e  s e l e c t i v i t y  n o r  t h e  
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1940 BLANQUET, BUI, AND ARMSTRONG 

r e t e n t i o n  o f  any p r o t e i n  i s  s i g n i f i c a n t l y  a f fec ted  by  t h e  na tu re  

o f  t h e  bonded phase under these cond i t ions .  

The f l ow  r a t e  has been shown t o  have an e f f e c t  on  the 

separat ion o f  p ro te ins  (10,21). E a r l i e r  i nves t i ga t i ons  suggested 

t h a t  optimal reso lu t i on  of pro te ins  occurs a t  lower f l ow  r a t e s  

(10).  Figure 1 shows the  e f f e c t  o f  f l o w  r a t e  on the separat ion of  

seven p ro te ins  using f i x e d  grad ien t  e l u t i o n .  Contrary t o  what was 

prev ious ly  reported, h igher  f l ow  r a t e s  tended t o  decrease 

r e t e n t i o n  times and increase r e s o l u t i o n  under the cond i t i ons  

ind ica ted  i n  Figure 1. It was apparent from t h i s  p a r t i c u l a r  data 

t h a t  t h e  bes t  separat ion occured a t  t h e  h ighes t  flow r a t e .  

Perhaps the  most i n t e r e s t i n g  mechanist ic aspect o f  p r o t e i n  

separations by reversed phase LC invo lves  the  e f f e c t  o f  so lvent  

compositions and grad ien t  type on re ten t i on .  For the purpose o f  

t h i s  discussion, the  denatured p r o t e i n  peaks (which were o f t e n  

present) w i l l  no t  be considered. Cohen e t  a l .  (28) recen t l y  

considered and discussed the appearance o f  denatured p ro te in  peaks 

i n  reversed phase LC. It i s  we l l  known t h a t  p l o t s  o f  r e t e n t i o n  

( i s o c r a t i c )  versus so lvent  cmpos i  t i o n  have minima f o r  p ro te ins ,  

pept ides and occasional ly,  o the r  compounds (20,31). Typical  p l o t s  

f o r  myoglobin, r ibonuclease and i n s u l i n  are shown i n  F igure  2. 

Several i n t e r e s t i n g  conclusions can be drawn from such p l o t s .  

F i r s t  e l u t i o n  w i l l  on l y  occur i n  c e r t a i n  so lvent  canpos i t ion  

"windows" and these "windows" vary with each p ro te in .  T rad i t i ona l  

LC grad ien ts  begin w i t h  mobi le phases cons is t i ng  o f  a h igh  

percentage o f  aqueous b u f f e r  and increase the volume percent o f  
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Figure I .  E f f e c t  o f  flow ra te  on p r o t e i n  s e p a r a t i o n .  Peak: 

1- impur i t ies ,  2-r ibonuclease A ,  3 - i n s u l i n ,  4-cytochrome c ,  

5-lysozyme, 6-bovine serum albumin, 7 myoglobin, 8-ovalbumin. 

Flow r a t e :  A -  0.5  m l  rnin", B- 1 .0  m l  m i n - l ,  C- 2 .0  m l  min",  0- 

4.0 m l  min-l. Column: Astec C-8 (50 x 4.6 mm), 300A. Mobile 

phase: A = 0.1% TFA i n  water ,  B = 0.1% TFA i n  a c e t o n i t r i l e .  

Gradient: 10-100% i n  45 minutes .  
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1942 BLANQUET, BUI, AND ARMSTRONG 

organic mod i f i e r  w i th  t ime. It i s  apparent from Figure 2 t h a t  

l i t t l e  o r  no p ro te in  e l u t i o n  w i l l  occur w i t h  mobi le phases 

conta in ing  less  than 30% a c e t o n i t r i l e  by volume (on t h i s  

p a r t i c u l a r  column). As the a c e t o n i t r i l e  concent ra t ion  i s  

increased p ro te ins  begin t o  e lu te  and t h e i r  e l u t i o n  order i s  

governed by the  r e l a t i v e  p o s i t i o n  o r  order o f  t he  l e f t  hand s ide  

o f  the curves i n  F igure  2. Thus, according t o  F igure  2, 

r ibonuclease would be expected t o  e l u t e  f i r s t ,  i n s u l i n  second and 

myoglobin l a s t  when running a b u f f e r  t o  a c e t o n i t r i l e  g rad ien t .  It 

i s  a lso  poss ib le  t o  run a non t rad i t i ona l  a c e t o n i t r i l e  t o  b u f f e r  

gradient.  According t o  Figure 2, t h i s  type o f  g rad ien t  would also 

produce a separation. I n  t h i s  case the p ro te in  e l u t i o n  order  

would be governed by t h e  r e l a t i v e  p o s i t i o n  o f  t he  r i g h t  hand 

po r t i on  o f  the  curves i n  Figure 2. Furthermore the e l u t i o n  order  

should be exac t l y  opposi te t h a t  f o r  the t r a d i t i o n a l  g rad ien t  (see 

Figure 2) .  Experimental v e r i f i c a t i o n  o f  t he  reverse i n  r e t e n t i o n  

behaviour f o r  opposi te g rad ien ts  i s  g iven  i n  Table 3. It a lso  

should be noted t h a t  the non t rad i t i ona l  g rad ien t  B ( a c e t o n i t r i l e  

-> b u f f e r )  produced a f a r  super io r  separat ion o f  these p a r t i c u l a r  

p ro te ins ,  The peaks were much sharper and the  separat ion was 

complete i n  almost h a l f  the  t ime. It i s  now thought t h a t  the 

increase i n  r e t e n t i o n  o f  p ro te ins  and pept ides a t  h igh  organic 

mod i f i e r  concentrat ions (F igure  2) i s  a s o l u b i l i t y  based 

phenomenom (31). It should be noted, however, t h a t  t h i s  i s  o n l y  

t r u e  o f  t h e  water s o l u b l e  p r o t e i n s .  I n  t h e  case o f  

l i p o p h i l i c  membrane pro te ins ,  t he  organic mod i f i e r  may very we l l  
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Figure 11. Plots showing the e f f e c t  o f  solvent composition on 

i socrat ic  protein retention f o r :  ribonuclease ( [ I ) ,  insul in  (0) 

and myoglobin ( 0 . )  Column: Astec C-8 (50 x 4 . 6  mm), 60A. 

Buffer: 1% trifluoroacetic acid. 
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Table 3. The e f f e c t  o f  g rad ien t  reversa l  on p r o t e i n  e l u t i o n  

sequence. Gradient A; 5-100% a c e t o n i t r i l e  i n  30 min. 

Gradient B; 90-5% a c e t o n i t r i l e  i n  30 min. Column Astec 

C-8, 60 1 

Pro t e  i n  Retent ion Time (TR) 

Gradient A Gradient B 

R i bon uc l  ease 17.63 13.03 

I n  sul i n  18.26 10.52 

Myogl ob i n  21.43 1.91 

be a good solvent and water o r  b u f f e r  a poor solvent.  Retent ion 

p r o f i l e s  f o r  these p ro te ins  would be expected t o  be very  d i f f e r e n t  

from those descr ibed i n  t h i s  r e p o r t .  

One can manipulate the separat ion o f  p ro te ins  b y  ad jus t i ng  

the grad ien t .  The most obvious way i s  b y  revers ing  the  g rad ien t  

as i n  the previous d iscuss ion  and Table 3. However, one can also 

exercise considerable con t ro l  by op t im iz ing  the r a t e  o f  g rad ien t  

change and the s t a r t i n g  mob i le  phase composition. Table 4 shows 

the e f f e c t  o f  g rad ien t  r a t e  on re ten t i on .  In t h i s  case, t h e  

slower g rad ien t  produced longer r e t e n t i o n  and a b e t t e r  separat ion 

f o r  a l l  seven pro te ins .  Tables 5 and 6 show the  e f f e c t  o f  t he  

s t a r t i n g  mobi le phase canpos i t ion  and p r o t e i n  load ing  on r e t e n t i o n  

and reso lu t ion .  As would be expected from the curves i n  F igure  2, 

s t a r t i n g  the grad ien t  a t  35% a c e t o n i t r i l e  (Table 6)  produces much 
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Tab le  4. E f f e c t  o f  g r a d i e n t  r a t e  on  p r o t e i n  separa t i on .  Peak: 

1 - I m p u r i t i e s ,  2-Ribonuclease A, 3 - I n s u l  i n ,  4-Cytochrome 

C, 5-Lysozyme, 6-Bovine serum albumin, 7-Myoglobin, 

8-Ovalbumin. Gradient :  10-90% A c e t o n i t r i l e .  Flow r a t e :  

4.0 m l  min”. Column: Astec C-8 (50 x 4.6 mm), 300A. 

- 
G r a d i e n t  Time Span 

(min) 
Peak R e t e n t i o n  Time (min) 

8 2.7 3.1 3.4 3.7 4.0 4.4 4.9 5.8 

16 3.1 4.4 5.0 5.7 6.3 7.7 8.1 9.9 

24 3.3 5.9 6.5 7.7 8.5 9.7 11.0 13.7 

Tab le  5. E f f e c t s  o f  p r o t e i n  l o a d i n g  on s e p a r a t i o n  o f  i n s u l i n  and 

r i bonuc lease .  Gradient: 10-90% a c e t o n i t r i l e  i n  30 min.  

Column: Astec C-8, 300A. F low  r a t e :  0.5 m l  min”. 

P r o t e i n  concen t ra t i ons :  1 pg/ml. 

Conc ( p l )  I n s u l i n  (TR) RNase (TR) TR R 

10  15.31 14.37 0.95 0.39 

50 15.10 13.96 1.13 0.40 

100 14.97 13.86 1.11 0.38 

150 14.70 13.56 1.14 0.40 

190 14.87 13.67 1.21 0.38 
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1946 BLANQUET, BUI, AND ARMSTRONG 

Tab le  6. E f f e c t s  o f  p r o t e i n  l o a d i n g  on s e p a r a t i o n  o f  i n s u l i n  and 

r i bonuc lease .  Gradient :  35-70% a c e t o n i t r i l e  i n  30  min. 

Column: Astec C-8, 3004. Flow r a t e :  0.5 m l  min". 

Conc ( p l )  I n s u l i n  I T R )  RNase (TR) TR R 

10 5.39 3.80 1.59 0.42 

50 4.92 3.60 1.30 0.34 

100 4.80 3.77 1.03 0.27 

150 4.76 3.87 0.89 0.23 

200 4. a7 4.02 0.85 0 .23  

lower  r e t e n t i o n  t i m e s  t h a n  an analogous s e p a r a t i o n  s t a r t i n g  a t  10% 

a c e t o n i t r i l e  (Tab le  5 ) .  The s t a r t i n g  s o l v e n t  c a n p o s i t i o n  d i d  not 

a f f e c t  p r o t e i n  r e s o l u t i o n  when sma l l  amounts o f  sample were 

i n j e c t e d .  I n j e c t i o n  o f  l a r g e  samples produced s l i g h t l y  l ower  

r e t e n t i o n  t imes  but 1 i t t l e  change i n  r e s o l u t i o n  f o r  s e p a r a t i o n s  

s t a r t i n g  a t  10% a c e t o n i t r i l e  ( T a b l e  5 ) .  However, when t h e  

g r a d i e n t  was s t a r t e d  a t  35% a c e t o n i t r i l e  ( T a b l e  6 )  t h e  r e s o l u t i o n  

tended t o  decrease w i t h  i n c r e a s i n g  sample s i z e .  

It i s  apparent  t h a t  t h e  reve rsed  phase LC s e p a r a t i o n  o f  

p r o t e i n s  i s  a v e r y  complex phenomenom. Oena tu ra t i on  and sample 

loss f u r t h e r  c a n p l i c a t e  an a l r e a d y  muddled mechan is t i c  p i c t u r e .  

Much o f  modern LC dogma does n o t  a p p l y  t o  t h e  reve rsed  phase 

s e p a r a t i o n  o f  p r o t e i n s  ( 3 1 ) .  R e c e n t l y  d e r i v e d  p o l y m e r  

chromatographic t h e o r y  has  produced a few p o s s i b l e  e x p l a n a t i o n s  
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b u t  i t  a l s o  f a i l s  ( i n  i t s  i d e a l  form) t o  p r e d i c t  and d e s c r i b e  much 

o f  t h e  p r o t e i n  d a t a  ( s u p r a  v i d e ) .  We b e l i e v e  t h a t  t h e  b e s t  f u t u r e  

approach i s  t o  work wi th  s i m p l e r  mo lecu les  ( t h a t  can b e  

m a t h e m a t i c a l l y  modeled) which produce r e t e n t i o n  c u r v e s  analogous 

t o  those  i n  F i g u r e  2. These s t u d i e s  a r e  c u r r e n t l y  underway. 
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