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PREPARATIVE LIQUID CHROMATOGRAPHIC SEPARATION OF 
AMINO A C I D S  AND PEPTIDES ON AMBERLITE XAD-4 

1 Donald 3. P i e t r z y k ,  W. J. C a h i l l ,  Jr., and J. D.  S todo la  
U n i v e r s i t y  o f  Iowa 

Chemist ry  Department 
Iowa City, Iowa 52242 (U.S.A.) 

ABSTRACT 

Amber1 i t e  XAD-4, a p o l y s t y r e n e - d i v i n y l  benzene copolymic 
reve rsed  phase adsorbent  which has a 750 m2/g s u r f a c e  area and 
508 p o r o s i t y ,  was used as t h e  s t a t i o n a r y  phase f o r  t h e  
p r e p a r a t i v e  1 i q u i d  chromatographic s e p a r a t i o n  o f  amino a c i d s  and 
pep t ides .  
separa ted  on 8.0 and 20.5 mm i . d .  columns, r e s p e c t i v e l y .  Mixed 
s o l v e n t  and a c i d i c  and b a s i c  s o l u t i o n s  wh ich  cannot  be used w i t h  
s i l i c a  and a l k y l - m o d i f i e d  s i l i c a ,  were eva lua ted  as m o b i l e  phases. 
M i x t u r e s  o f  amino ac ids ,  d ias te reomer i c  d i - a n d  t r i - p e p t i d e s ,  
d ias te reomer i c  d i p e p t i d e s  o b t a i n e d  from t h e  r e a c t i o n  o f  t e r t -  
butyloxycarbonyl-L-amino acid-N-hydroxysuccinimide e s t e r s  w i t h  
D,L-amino ac ids ,  and enkepha l i n  pep t ides  were separated.  
and m ino r  sample components were i s o l a t e d .  

M i x t u r e s  o f  > 40 mg and > 100 mg sample l o a d  were 

Major  

INTRODUCTION 

High performance 1 i q u i d  chromatography (LC) has become an 

i n c r e a s i n g l y  powerfu l  a n a l y t i c a l  coo l  f o r  t h e  s e p a r a t i o n  and 

d e t e r m i n a t i o n  o f  amino a c i d s  (AA) ,  AA d e r i v a t i v e s ,  and pep t ides .  

'P resen t  Address : The Upjohn Company 
Con t ro l  7824-41 -1 
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444 PIETRZYK, CAHILL, AND STODOLA 

Successfu l  a n a l y t i c a l  1 i q u i d  chromatography (ALC)  o f  t hese  

compounds has been achieved on a l k y l - m o d i f i e d  s i l i c a s  ( 1 - 4 ) .  

Recent ly ,  i t  has been shown t h a t  many o f  t hese  m i x t u r e s  a r e  

separable on porous, h i g h  s u r f a c e  area p o l y s t y r e n e - d i v i n y l -  

benzene copolymers which a r e  nonpolar  adsorbents  and a r e  u s e f u l  

s t a t i o n a r y  phases f o r  reve rsed  phase chromatography. The most 

u s e f u l  ones a r e  A m b e r l i t e  XAD-2 and - 4  ( 5 )  and Hami l t on  PRP-1 

( 6 ) ;  o n l y  t h e  l a t t e r  i s  commerc ia l l y  a v a i l a b l e  as b u l k  form o r  

prepacked columns. I n  genera l ,  t h e  LC t r e n d s  a r e  s i m i l a r  f o r  

these s t a t i o n a r y  phases, however, t h e  l e v e l  o f  r e t e n t i o n  f o r  a 

g i ven  m o b i l e  phase may d i f f e r  due t o  d i f f e r e n c e  i n  s u r f a c e  area. 

I f  XAD ( 7 )  and PRP-1 ( 6 )  m i c r o p a r t i c l e s  a r e  used e f f i c i e n c i e s  

approaching t h a t  o f  a1 k y l - m o d i f i e d  s i l i c a s  o f  s i m i l a r  p a r t i c l e  

s i z e  a r e  obta ined.  

A majo r  advantage o f  t h e  copolymers ove r  s i l i c a  o r  a l k y l -  

m o d i f i e d  s i l i c a ,  which a r e  t h e  two most used s t a t i o n a r y  phases i n  

PLC, i s  t h a t  t h e  copolymers a r e  s t a b l e  th roughou t  t h e  pH range o f  

1 t o  13.  Thus, s t r o n g l y  a c i d i c  and b a s i c  m o b i l e  phases, which 

o f t e n  a r e  t h e  optimum e l u t i n g  c o n d i t i o n s  f o r  AA and p e p t i d e  

separa t i ons  and cannot  be used w i t h  t h e  s i l i c a  t y p e  s t a t i o n a r y  

phases, a r e  r e a d i l y  used on t h e  copolymers. Other  u s e f u l  f a c t o r s  

i n  PLC a p p l i c a t i o n s  a r e :  1 )  t h e  copolymers have l a r g e  l o a d i n g  

c a p a c i t i e s ,  2 )  e l u t i n g  c o n d i t i o n s  on t h e  copolymers have been 

we1 1 c h a r a c t e r i z e d  (5,6), 3 )  p rep  columns a r e  r e l a t i v e l y  

inexpensive,  and 4 )  e f f i c i e n c i e s  can be i nc reased  i f  r e q u i r e d  

by reduc ing  t h e  copolymer p a r t i c l e  s i z e .  

T h i s  r e p o r t  desc r ibes  t h e  use o f  XAD-4 f o r  t h e  PLC 

separa t i on  o f  AA and pep t ides .  The XAD-4 s u r f a c e  area i s  t h e  

l a r g e s t  and thus i t  p rov ides  t h e  h i g h e s t  l o a d i n g  c a p a c i t y  o f  t h e  

a v a i l a b l e  XADs. 

f l o w  r a t e ,  column d iameter ,  p a r t i c l e  s i z e ,  pack ing d e n s i t y ,  

volume and mass ove r load ,  c a p a c i t y ,  recove ry ,  and e l u t i n g  

c o n d i t i o n s  (8)  i s  d iscussed elsewhere. M i x t u r e s  t h a t  have been 

O p t i m i z a t i o n  o f  XAD-4 column v a r i a b l e s  such as 

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



SEPARATION OF AMINO ACIDS AND PEPTIDES 045 

p u r i f i e d  on prep XAD-4 columns i n c l u d e  o r g a n i c  ac ids ,  bases, and 

po lya romat i cs  ( 8 ) ,  drug m e t a b o l i t e s  (9), and 2 ' : 3 ' - ,  3 ' : 5 ' - c y c l i c  

nuc l  e o t i d e s  (1 0 ) .  

The separa t i ons  desc r ibed  here were chosen t o :  1 )  
i l l u s t r a t e  t h e  range o f  u s e f u l  m o b i l e  phase c o n d i t i o n s  w i t h  an 

emphasis on those t h a t  cannot  be used w i t h  s i l i c a  and a l k y l -  

m o d i f i e d  s i l i c a  and 2 )  i d e n t i f y  t h e  ones which a r e  e s p e c i a l l y  

usefu l  i n  p e p t i d e  chemis t r y .  O f t e n  t h e  success o f  a p e p t i d e  

s y n t h e s i s  i s  determined by development o f  s e p a r a t i o n  

procedures, removal o f  unwanted p e p t i d e  cha ins ,  and /o r  p u r i -  

f i c a t i o n  o f  a s i n g l e  p e p t i d e  f rom t h e  s y n t h e t i c  process.  

MATERIALS 

The AA and pep t ides  were o b t a i n e d  f rom Sigma Chemical Co. 

Several d i p e p t i d e s  were syn thes i zed  by t h e  r e a c t i o n  o f  an  amino 

a c i d  o r  p e p t i d e  w i t h  tert-butyloxycarbonyl-L-amino acid-N-hydroxy- 

succ in im ide  e s t e r  (11) .  Ethanol  (95%) and HPLC grade CH3CN was 

o b t a i n e d  from Matheson, Coleman, and B e l l .  D i s t i l l e d  wa te r  was 

f u r t h e r  t r e a t e d  by passage th rough  a mixed bed i o n  exchanger, 

cha rcoa l ,  and a 0 .2  ym m i l l i p o r e  f i l t e r  d i s k .  S o l v e n t  composi- 

t i o n  i s  expressed as per  c e n t  by volume. A l l  i n o r g a n i c  reagents 

were a n a l y t i c a l  grade and used as r e c e i v e d .  h b e r l i t e  XAD-4 was 

o b t a i n e d  from M a l l  i n c k r o d t  Chemical Works. Procedures f o r  

c l e a n i n g ,  c rush ing ,  s i z i n g ,  and column pack ing t h e  37-44 um 
(325 t o  400 mesh) and 75-105 pm (140 t o  200 mesh) XAD-4 p a r t i c l e s  

a r e  desc r ibed  elsewhere ( 8 ) .  Columns used were 8.0 mm i . d .  

( 3 / 8  i n  0 .d. )  x 25 cm and 20.5 mm i . d .  (1 i n  0.d. )  x 32 cm, 
r e s p e c t i v e l y ,  equipped w i t h  15 ym end f i t t i n g s  (Jones 

Chromatography, I n c  .) . 

I n s t r u m e n t a t i o n  

I n s t r u m e n t a t i o n  used was desc r ibed  p r e v i o u s l y  ( 8 ) .  ALC was 
done on an A l t e x  Grad ien t  LC Model 332 equipped w i t h  a n  A l t e x  210 
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446 PIETRZYK, CAHILL, AND STODOLA 

i n j e c t o r  us ing  e i t h e r  a 8 .0  mm i . d .  x 25 cm, 37-44 pm XAD-4 column 

o r  a 4.1 mm i . d .  x 15 cm, 10  urn Hami l t on  PRP-1 column. 

Procedures 

M i x t u r e s  were prepared from standards u s i n g  water  o r  mixed 

s o l v e n t s  (EtOH-H20) and a c i d  and base o n l y  when necessary except  

f o r  samples ob ta ined  f rom t h e  Boc r e a c t i o n  ( 1 1 ) .  

data (5,6) and separa t i ons  w i t h  a n a l y t i c a l  l e v e l  (pg q u a n t i t i e s )  

samples were used t o  e s t a b l i s h  t h e  e l u t i n g  c o n d i t i o n s  p r i o r  t o  

s c a l e  up of  t h e  procedure t o  a p r e p a r a t i v e  l e v e l .  Cond i t i ons  f o r  

t h e  separa t i ons  a r e  l i s t e d  i n  t h e  F igu res  and/or  d i s c u s s i o n  and 

r e p r e s e n t  an optimum e l u t i n g  c o n d i t i o n  f o r  t h e  amount and t y p e  

o f  m i x t u r e  be ing separated.  

L i t e r a t u r e  LC 

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

Mobi le  Phase Cond i t i ons  

AA and pep t ides  a r e  ampholytes whose i o n i c  form changes from 

c a t i o n ,  t o  z w i t t e r i o n ,  t o  an an ion  as a f u n c t i o n  o f  pH. I f  t h e  

s i d e  c h a i n  groups c o n t a i n  i o n i z a t i o n  s i t e s  these  a l s o  can con- 

t r i b u t e  t o  t h e  o v e r a l l  charge depending on t h e i r  i o n i z a t i o n  

cons tan ts  and t h e  pH. 

R e t e n t i o n  o f  AA and pep t ides  on a n a l y t i c a l  XAD and PRP-1 

columns i s  dependent on t h e  i o n i c  form o f  t h e  sample ( 4 - 6 ) .  
Thus, r e t e n t i o n  i s  h i g h  i n  a c i d i c  and b a s i c  s o l u t i o n  where t h e  

sample i s  a c a t i o n  and anion,  r e s p e c t i v e l y ,  and a t  a minimum a t  

t h e  i s o e l e c t r i c  pH where i t  i s  t h e  z w i t t e r i o n  form. I f  t h e  s i d e  

c h a i n  has an a c i d i c  o r  b a s i c  group t h e  f o r m a t i o n  o f a n  a d d i t i o n a l  

c a t i o n i c  ( a c i d  s o l u t i o n )  o r  a n i o n i c  ( b a s i c  s o l u t i o n )  s i t e  s i g n i f -  

i c a n t l y  reduces t h e  r e t e n t i o n .  I f  a l l  t h e  i o n i z a t i o n  s teps  a r e  

accounted f o r ,  c a p a c i t y  f a c t o r ,  k' , can be q u a n t i t a t i v e l y  r e l a t e d  

t o  m o b i l e  phase pH and i o n i z a t i o n  cons tan ts  o f  t h e  ac id-base 

groups; t h i s  has been e x p e r i m e n t a l l y  v e r i f i e d  f o r  AA and p e p t i d e  
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SEPARATION OF AMINO ACIDS AND PEPTIDES 447 

r e t e n t i o n  on t h e  XAD and PRP-1 copolymers 5 , 6 ) .  S i d e  c h a i n  

p o l a r i t y  w i l l  have a s i g n i f i c a n t  e f f e c t  on  r e t e n t i o n .  Thus, 

r e t e n t i o n  changes i n  t h e  o r d e r  Leu > Val > A la > Gly which 

c o r r e l a t e s  t o  t h e  change i n  h y d r o p h o b i c i t y  f o r  t h e  s i d e  c h a i n  

group; these e f f e c t s  a r e  d i scussed  i n  d e t a i l  e l  sewhere ( 3 - 6 ) .  

These same t r e n d s  were observed when d e t e r m i n i n g  pH e f f e c t s  on  

r e t e n t i o n  o f  AA and pep t ides  a t  l a r g e  mass l o a d i n g s  on  t h e  p rep  

XAD-4 column. Thus, t h e  ALC data (5,6) a r e  an  e x c e l l e n t  gu ide  

f o r  p r e d i c t i n g  m o b i l e  phase c o n d i t i o n s  on  t h e  p rep  XAD-4 column. 

Column s e l e c t i v i t y  ( a )  f o r  a g i ven  p a i r  o f  AA o r  p e p t i d e s  

changes as a f u n c t i o n  o f  pH (5,6). 
o r d e r  can be reve rsed  when s w l t c h i n g  f rom an a c i d i c  t o  b a s i c  

m o b i l e  phase. The ad jus tmen t  o f  m o b i l e  phase pH can t h e n  be 

used t o  make a as  l a r g e  as  p o s s i b l e  and t h u s  p e r m i t  a h i g h e r  

column l o a d i n g .  

which a r e  c o n d i t i o n s  t h a t  canno t  be used w i t h  s i l i c a  o r  a l k y l -  

m o d i f i e d  s i l i c a ,  r a t h e r  than  one w i t h  an i n t e r m e d i a t e  pH 

p rov ides  t h e  optimum a. 

I n  some cases t h e  e l u t i o n  

O f ten  a s t r o n g l y  a c i d i c  or  b a s i c  m o b i l e  phase, 

A d d i t i o n  o f  b u f f e r s ,  a c i d s ,  o r  bases t o  t h e  m o b i l e  phase 

m i g h t  be u n d e s i r a b l e  f o r  c e r t a i n  AA and p e p t i d e  p r e p a r a t i v e  

s e p a r a t i o n s .  R e s o l u t i o n  can o f t e n  s t i l l  be ach ieved  b y  c a r e f u l  

c o n t r o l  o f  t h e  t y p e  and amount o f  o r g a n i c  s o l v e n t  i n  t h e  o r g a n i c  

so l ven t -wa te r  m o b i l e  phase. 

phase can be u s e f u l .  

t o g r a p h i c  bands tend  t o  be broader  and complete r e s o l u t i o n  f o r  

compounds w i t h  c l o s e l y  r e l a t e d  k '  va lues i s  o f t e n  more d i f f i c u l t  

t o  o b t a i n  than  i n  t h e  presence o f  pH c o n t r o l .  The a d d i t i o n  o f  

s a l t s  and/or  c o u n t e r i o n s  t o  t h e  m o b i l e  phase sharpens chroma- 

t o g r a p h i c  peaks on XAD-4 (12 ) ,  b u t  t h e i r  presence a l s o  

comp l i ca tes  r e c o v e r y  o f  t he  AA o r  p e p t i d e .  

pep t ides  on t h e  p rep  XAD-4 column, l i k e  ALC on  XAD-4 ( 4 , 5 ) ,  
i nc reases  as the  p e r c e n t  o r g a n i c  s o l v e n t  i n  t h e  m o b i l e  phase 

decreases. The e f f e c t  on e l u t i n g  power f o l l o w s  t h e  o r d e r  

CH3CN > E t O H  > MeOH. 
a l s o  been e s t a b l i s h e d  (4-7, 1 3 ) .  

Even a c o m p l e t e l y  aqueous m o b i l e  

I n  t h e  absence o f  pH c o n t r o l  , chroma- 

R e t e n t i o n  o f  AA and 

An e l u t r o p i c  o r d e r  f o r  o t h e r  s o l v e n t s  has 
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448 PIETRZYK, CAHILL, AND STODOLA 

In general ,  k '  on the  prep XAD-4 column does not change 
appreciably i f  the AA o r  peptide mass load i s  well below the  
mass overload l i m i t  providing a volume overload i s  n o t  present.  
When comparing d i f f e r e n t  AA and peptides i n  a given mobile phase, 
the  mass overload l i m i t  decreases a s  the  k '  f o r  each increases .  
Furthermore, increasing the  sample load above the  1 imi t 
decreases k ' .  These observations a r e  cons i s t en t  w i t h  those 
observed fo r  the  separation of o ther  samples on the  XAD-4 prep 
column ( 8 ) .  For AA and peptide separations a t  an acceptable 
reso lu t ion  i t  i s  therefore  important t o  consider the  maximum 
amount t o  be loaded, the  k '  a t  th i s  loading l e v e l ,  and the 
mobile phase conditions when attempting t o  e s t ab l i sh  the  op 
separation conditions.  The separations c i t e d  here focus on 
advantages of the  absence and presence o f  pH control in the  
mobile phase pa r t i cu la r ly  a t  pHs where s i l i c a  and a1 kyl-mod 
s i l i c a  cannot be used, use of mixed solvents i n  the mobile 

imum 
the  

f l ed  

phase, separation of c lose ly  r e l a t ed  components, i so l a t ion  of 
minor and major components, and separation of modest t o  gross 
mass overloads. 
mass overload l i m i t  nor was i t  always determined. 
the case  i n  PLC the l i m i t i n g  f ac to r  i s  the  s o l u b i l i t y  of t h e  
sample i n  the  in j ec t ion  volume used and not the  overload l imit .  

Not a l l  separations were done a t  o r  above the  
As i s  o f t en  

PLC of Amino Acids 

Figure 1 i l l u s t r a t e s  P L C  separation of  two AA mixtures 
using an ac id ic  mobile phase where the  weight r a t i o  o f  DL-Dopa, 
L-Tyr, and D-Phe ( t o t a l  weight of about 12 mg) i s  about 1O:l:O.l 
and 0.1 :1 : l o ,  respec t ive ly .  The k '  values f o r  the  mobile phase 
using an ana ly t ica l  load a r e  3.6, 6.4, and >20, respec t ive ly .  
In the  former mixture the  l a s t  two AA a r e  well below the  mass 
overload l i m i t  while the  f i r s t  i s  a t  the mass overload l imi t .  
The opposite i s  t he  case f o r  the l a t t e r  mixture. 
AA a r e  the  most d i f f i c u l t  t o  separa te  ( they  d i f f e r  by a -OH 

group i n  posit ion 3 on the  s ide  chain) and t h e  reso lu t ion  of 

The f i r s t  two 
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SEPARATION OF AMINO ACIDS AND PEPTIDES 449 

Il-Tyr, 0.48 mg/ml 
I 

. . 
2 rnl injection 15 rnin 30 min 

0-Phe, 0 105 mg/ml 

20 rnin 4 0 rnin 
2 rnl iniectton 

FIGURE 1 

PLC o f  an Amino A c i d  M i x t u r e  

A 8.0 mm i . d .  x 250 mm, 37-44 XAD-4 column was used 
w i t h  a 1.25% E t O H  (95%)-98.75% H20, pH = 2 (H3P04 b u f f e r  
o r  0.01M HCl ) ,  0.1M i o n i c  s t r e n g t h  m o b i l e  phase a t  a f l o w  
r a t e  o f  5.6 ml/min. Sample i n j e c t i o n  was 2 m l .  

t h i s  p a i r  can be improved by  decreas ing t h e  % E t O H  i n  t h e  0.01M 

H3P04 m o b i l e  phase; t h i s  a l s o  p e r m i t s  g r e a t e r  l o a d i n g .  I f  t h e  

m o b i l e  phase i s  a t  t h e  z w i t t e r i o n  pH o r  i n  t h e  absence o f  b u f f e r  

o r  s a l t ,  r e s o l u t i o n  i s  s i g n i f i c a n t l y  reduced. A b a s i c  pH i s  

p robab ly  t h e  optimum e l u t i n g  pH (6,  7, 13 )  because o f  t h e  a c i d i c  

s i t e s  on t h e  s i d e  cha ins  o f  DL-Dopa and T y r .  Th i s  c a n ' t  be used 

s i n c e  DL-Dopa r a p i d l y  o x i d i z e s  i n  a s t r o n g l y  b a s i c  s o l u t i o n .  

s tepw ise  e l u t i o n  o f  i nc reased  % E tOH can be used t o  reduce t h e  

s e p a r a t i o n  t i m e  f o r  Phe removal. 

A 

DL-Dopa and Ty r  a r e  n o t  v e r y  s o l u b l e .  The sample l o a d  i n  

F i g u r e  1 was o b t a i n e d  by d i s s o l v i n g  t h e  m i x t u r e  i n  a HC1 

s o l u t i o n .  S ince t h e  sample s o l v e n t  i s  a weaker e l u e n t  t han  t h e  

one used f o r  t h e  separa t i on ,  i t  has l i t t l e  e f f e c t  on peak shapes. 

The m i x t u r e s  i n  F i g u r e  1 a l s o  i l l u s t r a t e  examples o f  t h e  separa- 
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450 PIETRZYK, CAHILL, AND STODOTA 

t ion  o f  a major and a minor sample component. 
DL-Dopa i s  about 88% o f  the sample while the  Phe i s  a t  a 1.6% 
leve l .  In the  other the  DL-Dopa i s  the  minor cons t i tuent  while 
the  Phe i s  t he  major one. 
mixture a t  a r a t i o  of 21:7:0.1 using t o t a l  loading l eve l s  of  7.1 
and 14.2 mg was a l so  ca r r i ed  out on the  8.0 mm i . d .  XAD-4 column 
with a n  ac id i c  mobile phase (8) .  

In one case the  

A separation o f  an Ala-Ile-Tyr 

Figure 2 i l l u s t r a t e s  t h a t  PLC of more c lose ly  re la ted  AA i s  

A t  the  condi- possible and tha t  this can be done a t  h i g h  loads .  
t ions used a n d  a t  an ana ly t ica l  load k ’  values i n  Figure 2A a r e  
“0, 0.5 ,  2.1, and 16, respec t ive ly ,  while i n  Figures 28 and C 
they a r e  -0, 0.36, 1 . 2 ,  and 1 .9 ,  respec t ive ly .  Increasing the  

112 mg DL-Ala 

- B 
44 mg DL-Val 

rng/rnl 
a DL-Ala 9.3 
b. DL-Val 82 

tlu 4 ml injected 

l0.2ml injected 

I4  rn g D-Phe 

/ 
I 

60 min 
- 

5ml injected 

FIGURE 2 

PLC o f  Amino Acid Mixtures on a Large Diameter Column 

A 20.5 mm i . d .  x 320 m m ,  75-105 pm,XAD-4 column was used 
f o r  A ,  B ,  and C .  
used fo r  A while a 0.02M NazHP04 mobile phase was used 
f o r  B and C .  Flow r a t e s  were 22  m l / m i n .  

An aqueous 0.02M H3P04 mobile phase was 
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SEPARATION OF AMINO ACIDS AND PEPTIDES 051 

column d iameter  t o  20.5 mm p e r m i t s  l a r g e r  l o a d i n g .  

l o a d  i s  184, 96.8, and 248 rng i n  F igures 2A, 28, and 2C. 

The t o t a l  

I n  F i g u r e  2A o n l y  t h e  h i g h l y  r e t a i n e d  Phe i s  above t h e  mass 

o v e r l o a d  l i m i t .  T h i s  accounts f o r  i t s  e longa ted  peak shape. 

The Phe e l u t i o n  t i m e  can be reduced and i t s  peak shape improved 

by i n c r e a s i n g  t h e  pH o r  adding more E t O H  t o  t h e  m o b i l e  phase 

s tepw ise  a f t e r  t h e  appearance o f  I l e ,  o r  i n i t i a l l y ,  i f  

r e s o l u t i o n  o f  t h e  f i r s t  t h r e e  AA i s  n o t  des i red .  I t  shou 

noted t h a t  Phe, which i s  about  7.7% o f  t h e  sample, can be 

separated f rom t h e  m i x t u r e  i n  a s i n g l e  pass a t  even much 

1 eve1 s .  

d be 

e a s i l y  

Dwer 

I n  F igures 28 and C a l l  AA a r e  below t h e  mass o v e r l o a d  l i m i t  

even a t  t h e  h i g h e r  sample l o a d i n g .  

b e t t e r  r e s o l u t i o n  i s  due t o  t h e i r  s i m i l a r i t y  i n  k '  va lues .  I t  

shou ld  be noted t h a t  I l e  and Leu a r e  i s o m e r i c  and d i f f e r  f rom Val 

and A l e  by o n l y  one and two s i d e  c h a i n  carbons, r e s p e c t i v e l y .  

Using an a c i d i c  e l u e n t  d i d  n o t  improve r e s o l u t i o n  w h i l e  a more 

b a s i c  e l u e n t  t han  used i n  F igu res  28 and C gave a s l i g h t  

improvement . 

The i n a b i l i t y  t o  o b t a i n  a 

PLC o f  Pep t ide  Diastereomers 

The ALC data f o r  d i p e p t i d e  d iastereomers is  r e a d i l y  

a v a i l a b l e  (4-6, 1 1 ) .  

d i p e p t i d e s  always c o e l u t e  f i r s t  and a r e  f o l l o w e d  by t h e  c o e l u t i o n  

o f  t h e  L-D and D-L d i p e p t i d e s .  

c o n s i d e r i n g  t h e  s p a t i a l  arrangement around t h e  c h i r a l  c e n t e r s .  

A m i x t u r e  o f  d i p e p t i d e  d iastereomers,  made b y  m i x i n g  pure 

L-Leu-L-Tyr (10 mg) and 0-Leu-L-Tyr ( 4  mg), was separated on a 

8.0 mm i . d .  XAD-4 column. A 5:95 95% EtOH-H20 m i x t u r e  w i t h o u t  

pH c o n t r o l  was used as t h e  m o b i l e  phase. 

i s  w e l l  above t h e  mass o v e r l o a d  l i m i t .  S ince  r e t e n t i o n  

( k l L L  
o v e r l o a d  l i m i t  f o r  t h e  column i s  reduced and t h e  peaks t e n d  t o  

For a l l  examples s t u d i e d  t h e  L-L and 0-D 

Th is  o r d e r  has been e x p l a i n e d  by  

T h i s  sample l o a d i n g  

7 and k I L D  13)  i s  h i g h  f o r  t h i s  e l u e n t  t h e  mass 
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452 PIETRZYK, CAHILL, AND STODOLA 

broaden. 
shape a r e  improved. 
reso lu t ion .  However, th is  a l so  increases the separation time 
and lowers the  mass overload l i m i t  pa r t i cu la r ly  f o r  the  second 
component. 

I f  the  sample load i s  reduced reso lu t ion  and peak 
Decreasing the  % E t O H  a l so  increases 

A commercially ava i lab le  DL-Ala-DL-Val sample was a l s o  
separated o n  the  8.0 mm i . d .  XAD-4 column ( 9 ) .  
aqueous mobile phase was used and quan t i t i e s  a s  h i g h  a s  48 mg 
to t a l  dipeptide were separated i n t o  D - D ,  L -L  and D - L ,  L - D  
components i n  a s ing le  pass through the  column. 

An a c i d i c  

The reaction between an AA o r  peptide and the  appropr ia te  
tert-butyloxy-carbonyl-L-amino acid-N-hydroxysucclnimide e s t e r  
i s  o f ten  used i n  peptide synthes is  t o  increase  the  chain length 
by one uni t  (11 ) .  
DL-amino acid i s  the s t a r t i n g  mater ia l .  

This i s  i l l u s t r a t e d  i n  reaction 1 where a 
Since the  Boc reagent 

O Q  NaHC03 CF3C02H 
~OC-NHFH~O-N'J + H~NCHCO~H , v d  r 

I? 0 
R 

B o C-L-A A-OS u DL-Amino Acid 

0 0  0, 0 0 P 
H2NCH?NHCHCOH + H2NCH;NHCHEOH + " O N 3  + CF3tOH + L-AA 

; I $  k k  6 
L,L-Dipep tide L,D-Dipeptide 

introduces a L-amino ac id ,  the  f ina l  mixture should contain a n  
equivalent amount o f  L-L and L-D d ipept ide .  Reaction 1 i s  
useful in peptide synthesis because i t  goes t o  conpletion 
rapidly without l o s s  o f  opt ica l  a c t i v i t y  and many Boc reagents 
a r e  commercially ava i l ab le .  The reaction h a s  even been used f o r  
the determination o f  opt ica l  pur i ty  o f  D,L-amino acids and 
diastereomeric dipeptides (11 ) .  
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SEPARATION OF AMINO ACIDS AND P E P T I D E S  453 

Several Boc reac t ions  where car r ied  ou t  and the products 
separated on the prep XAD-4 column to i l l u s t r a t e  t he  column's 
usefulness i n  peptide synthes is .  
reac t ion  1 i t  i s  necessary t o  separa te  them from each o t h e r ,  
from the  blocking groups and o the r  reagents used i n  the 
synthes is ,  from the  L-amino ac id  introduced from the  Boc reagent 
i f  used i n  excess o r  i f  the  reaction i s  incomplete, and from the  
amino acid o r  peptide r eac t an t  i f  i t  i s  used i n  excess o r  i f  t he  
reaction i s  incomplete. Figure 3 i l l u s t r a t e s  the  PLC f o r  th ree  

To obta in  the  d ipept ides  from 

0 .  byproducts 
b. L-phe-LSer. L-Phe 

0.5 ml injection 0.5 ml injection 

d. byproducts, L-Phe 
e. L-Phe-L-Alo 

L-Phe-D-Alc 

XT 

2 ml injection 5ml injection 

FIGURE 3 

g. byproducts, L-Leu 
h. L-Leu-L-Val 
i. L-Leu-D-Val 

I ml injection 

PLC of Three Different Boc Reaction Mixtures 

The column i n  Figure 1 was used f o r  a l l  t h ree  
separa t ions .  The mobile phases were 100% H20 f o r  A 
( k '  = 1.3  f o r  L-Phe-L-Ser and 2.3 f o r  L-Phe-D-Ser), 
5:95 95% EtOH:H20 fo r  B ( k '  = 1.7  f o r  L-Phe-L-Ala and 
3 . 8  fo r  L-Phe-D-Ser), and 1 : 9  95% EtOH:H20 fo r  C 
( k '  = 1 . 4  f o r  L-Leu-L-Val and 4 . 2  f o r  t-Leu-D-Val) a t  a 
flow r a t e  of 5.6 ml/min. 
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454 PIETRZYK, CAHILL, AND STODOLA 

d i f f e r e n t  m ix tu res  based on r e a c t i o n  1 .  

s tandards v e r i f i e d  t h e  peak d e s i g n a t i o n .  

ALC separa t i ons  w i t h  

I n  F igu re  3A t h e  r e a c t a n t s  were DL-Ser and Boc-L-Phe-OSu 

and a f t e r  workup a 0.5 m l  sample c o n t a i n i n g  1 4  or 56 mg o f  t h e  

d i p e p t i d e s  (assuming 100% convers ion )  was i n j e c t e d  and 

separated.  The L-Phe i s  due t o  t h e  excess Boc-L-Phe-OSu used 

i n  the  r e a c t i o n  and appears i n  t h e  L-Phe-L-Ser peak. 

a t tempt  was made t o  separate t h e  L-Phe-L-Ser f rom t h e  L-Phe, 

however, t h i s  m i x t u r e  has been separated a t  an a n a l y t i c a l  l e v e l  

us ing  pH c o n t r o l  (5 ,6) .  A l ower  % E t O H  w i l l  improve t h e  

s e p a r a t i o n  o f  t h e  d i p e p t i d e s  f rom t h e  by-products  b u t  s i n c e  t h e  

bands tend  t o  broaden due t o  o v e r l o a d i n g  r e s o l u t l o n  o f  t h e  two 

d i p e p t i d e s  i s  n o t  improved, A t  l ower  l o a d i n g  t h e  r e s o l u t i o n  can 

be improved. I n  F i g u r e  38 DL-Ala and Boc-L-Phe-OSu was used i n  

r e a c t i o n  1 ,  A f t e r  workup a 2 and 5 m l  a l i q u o t  c o n t a i n i n g  abou t  

7 and 1 7  mg o f  d i p e p t i d e s ,  r e s p e c t i v e l y ,  (assuming 100% con- 

v e r s i o n )  was i n j e c t e d  and separated.  

ove r load  a b a s e l i n e  s e p a r a t i o n  o f  t h e  d i p e p t i d e s  was ob ta ined .  

Consequently, i t  shou ld  be p o s s i b l e  t o  separa te  t h e  m i x t u r e  on 

t h e  80 mm i . d .  column a t  a gross ove r load .  

sample was ob ta ined  f rom t h e  r e a c t i o n  o f  DL-Val and Boc-L-Leu- 

OSu. A f t e r  workup a 1 m l  a l i q u o t  c o n t a i n i n g  abou t  20 mg o f  

d i p e p t i d e s  (assuming 100% convers ion )  was i n j e c t e d  and 

separated.  R e s o l u t i o n  o f  L-Leu-L-Val f rom t h e  by -p roduc t  peaks 

can be i nc reased  by reduc ing  t h e  E t O H  i n  t h e  m o b i l e  phase, 

however, t h e  r e t e n t i o n  t i m e  and peak broadening o f  t h e  L-Leu-D- 

Val i s  s i g n i f i c a n t l y  i nc reased .  

No 

Even a t  t h e  l a r g e r  mass 

I n  F i g u r e  3C t h e  

The prep separa t i ons  i n  f i g u r e  4 were c a r r i e d  o u t  w i t h  

The i n o r g a n i c  compounds a r e  an aqueous-Et0H mob i l e  phase. 

from t h e  r e a c t i o n  m i x t u r e  and appear i n  t h e  by -p roduc t  peak. 

Thus, recove ry  o f  t h e  pep t ides  f rom a p p r o p r i a t e l y  c o l l e c t e d  

f r a c t i o n s  i s  s i m p l i f i e d .  I f  pH c o n t r o l  i s  used, r e s o l u t i o n  i n  

most cases can be markedly  improved (5 ,6 ) ,  however, t h i s  r e q u i r e s  

an a d d l t i o n a l  s t e p  t o  remove the b u f f e r  s a l t s  f rom t h e  p e p t i d e .  
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SEPARATION OF AMINO A C I D S  AND P E P T I D E S  455 

6.9 rng/rnl 
I. D(L)-Ala-D(L)-Leu-Gly 
1 .  D(L)-Ala-L(D)-Leu-Gly 

I \ dl  

Preparative Separation Fraction Analysts 

FIGURE 4 

PLC o f  a D ias te reomer i c  T r i p e p t i d e  

The p r e p a r a t i v e  s e p a r a t i o n  was done on t h e  column used 
i n  F i g u r e  1 u s i n g  a 5 : 9 5  CH3CN:H2O m o b i l e  phase a t  a f l o w  
r a t e  o f  5.6 ml/min. 
4.1 mm i . d .  x 150 mm, 10  vm PRP-1 column u s i n g  a 3:97 
CH3CN:H20, pH = 6 (phosphate b u f f e r ) ,  0.1M i o n i c  s t r e n g t h  
mob i l e  phase a t  a f l o w  r a t e  o f  1.4 ml /min.  

The f r a c t i o n  a n a l y s i s  was done on a 

nften t h i c  r a n  he a r h i p v p r i  n n  the came XAn-4 rn l i rmn  i i z i n o  a c a l t  -.  "_., "...I --.. I- --.,.-.-- -.. -..- --...- ....- . --._..... - - . . .=  - - - . "  
f r e e  m o b i l e  phase. 

F igu re  4 i l l u s t r a t e s  t h e  PLC s e p a r a t i o n  o f  a commerc ia l l y  

a v a i l a b l e  sample o f  t h e  t r i p e p t i d e ,  DL-Ala-DL-Leu-Gly, on a 

8.0 mm i . d .  XAD-4 column. The L-L and D-D t r i p e p t i d e s  ( k '  = 6.3) 

c o e l u t e  as t h e  f i r s t  peak w h i l e  t h e  L-D and D-L t r i p e p t i d e s  

( k '  = 15 .7)  c o e l u t e  as t h e  second peak. The sample was i n j e c t e d  

as 5 . 9  m l  o f  6.93 mg DL-Ala-DL-Leu-Gly/ml. 

i n g  l e v e l ,  which i s  a gross mass ove r load ,  a b a s e l i n e  s e p a r a t i o n  

i s  obta ined,  because o f  t he  l a r g e  d i f f e r e n c e  i n  k '  va lues .  

l o w e r  l o a d i n g s  r e s o l u t i o n  and peak shapes a r e  even b e t t e r . )  

F r a c t i o n s  were c o l l e c t e d  and these a r e  i n d i c a t e d  by number i n  

t h e  prep chromatogram i n  F i g u r e  4.  P u r i t y  o f  these f r a c t i o n s  

A t  t h i s  40 mg l o a d -  

( A t  
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456 PIETRZYK, CAHILL, AND STODOLA 

was e s t a b l i s h e d  by ALC on a PRP-1 column ( 6 ) .  

l y t i c a l  chromatograms f o r  f r a c t i o n s  l and 3 a r e  shown i n  F i g u r e  

4. The major  peak i s  o f f  s c a l e  and t h e  chromatogram focuses on  

t h e  t r a c e  q u a n t i t y .  By comparing peak h e i g h t s  o r  peak weights ,  

t h e  p u r i t y  o f  t h e  ma jo r  d iastereomer i s  es t ima ted  t o  be g r e a t e r  

t han  99% a f t e r  a s i n g l e  pass th rough  t h e  prep column. 

a t t e m p t  was made t o  r e c y c l e  t h e  peak t o  improve p u r i t y .  

r e s o l u t i o n  i s  so f a v o r a b l e  even a g r e a t e r  mass o v e r l o a d  than  

shown i n  F igu re  4 would be t o l e r a b l e .  A lso,  t h e  o p t i o n  o f  

improv ing peak shape and r e s o l u t i o n  through pH c o n t r o l  o f  t h e  

mob i l e  phase i s  s t i l l  a v a i l a b l e .  

Only t h e  ana- 

No 
Since  

PLC o f  Pept ides 

The enkephal ins a r e  pep t ides  t h a t  have been i s o l a t e d  f rom 

b r a i n  e x t r a c t s  and a r e  r e p o r t e d  t o  be n a t u r a l  o p i a t e  r e c e p t o r  

a g o n i s t s .  F igu re  5 c o n t a i n s  an a n a l y t i c a l  and p r e p a r a t i v e  l e v e l  

chromatogram, where t h e  t o t a l  l o a d  i s  27 mg ( 9  mg o f  each 

p e p t i d e ) ,  f o r  t h e  s e p a r a t i o n  o f  t h r e e  enkepha l i n  pep t ides .  The 

m i x t u r e  was prepared f rom commerc ia l l y  a v a i l a b l e  enkephal i n s .  

S ince r e t e n t i o n  f o r  t h e  t h r e e  enkephal ins i s  h igh ,  k '  va lues  a r e  

4.2, 7.6, and 12.2, r e s p e c t i v e l y ,  t h e  e x t e n t  o f  mass o v e r l o a d  

increases as t h e  p e p t i d e  r e t e n t i o n  i nc reases .  T h i s  accounts f o r  

t h e  i nc reased  broadening o f  t h e  peaks as t h e  r e t e n t i o n  t imes  f o r  

t h e  t h r e e  enkephal ins i nc reases .  

enkephal ins can be i s o l a t e d  i n  h i g h  p u r i t y  and good y i e l d ,  

f r a c t i o n s  o f  t h e  prep-chromatogram were c o l l e c t e d ;  t hese  

f r a c t i o n s  a r e  f d e n t i f i e d  by number i n  F i g u r e  5.  

each f r a c t i o n  was done by ALC. 

key f r a c t i o n s ,  numbers 1, 3, and 6, which correspond t o  each o f  

t h r e e  enkephal ins,  a r e  shown i n  F i g u r e  5. C l e a r l y ,  t h e  separa- 

t i o n  i n  terms o f  y i e l d  and p u r i t y  i s  f a v o r a b l e  i n  a s i r g l e  pass 

through t h e  prep column. 

contaminated f r a c t i o n s  ( f r a c t i o n  2 f o r  t h e  f i r s t  p a i r  o f  

enkephal ins and f r a c t i o n s  4 and 5 f o r  t h e  second p a i r  o f  
enkephal ins)  c o u l d  be r e c y c l e d .  

To demonstrate t h a t  t h e  t h r e e  

A n a l y s i s  o f  

Only t h e  chromatograms f o r  t h e  

To improve enkepha l i n  y i e l d ,  t h e  c ross  
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SEPARATION OF AMINO ACIDS AND PEPTIDES 457 

ENKAPHALINS 
Analytical Separation 

a. Gly-Gly-L-PkL-Lw 
b. L-Tyr-Gly-Gly-L-me-L-Met 

OOlA 
A -  

b C 

Y 20min 40 min 

Froction Anolysis 

frac. 3 froc. 6 

FIGURE 5 

PLC of a Mixture of Enkaphalin Peptides 

The preparative and ana ly t ica l  separation was done on t he  
column used i n  Figure 1 using a 17:83 CH3CN:H20, pH = 2.2 
(H3P04 buf fe r ) ,  0.1M ionic  s t rength  mobile phase a t  a 
flow r a t e  o f  5.6 ml/min. The f r ac t ion  ana lys i s  were done 
on a PRP-1 column (see  Figure 7)  using the  above mobile 
phase a t  a flow r a t e  of 1.4 ml/min. 

Using a mobile phase without pH control would be preferred 
i f  t he  enkephalin i s  t o  be i so l a t ed .  However, s u l t a b l e  resolu- 
t ion  a t  a reasonable loading was not obtained i n  t he  absence o f  
pH con t ro l .  A basic pH will not only decrease the  leve l  of 
re ten t ion  b u t  a l so  i t  will  change the e lu t ion  order t o  
b < c < a .  T h l s  i s  due t o  the influence of  the  addltional 
charge s i t e  on the Tyr t h a t  forms I n  baslc so lu t ion .  
on which peptide i s  being sought the  basic mobile phase m i g h t  be 
prefer red .  

Depending 

Separation of  t he  three  enkephalins i s  rap id ly  achieved a t  
an ana ly t ica l  level even though the  peptldes a r e  very s iml l a r .  
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458 PIETFUYK, CAHILL, AND STODOLA 

For example, t h e  Leu enkepha l i n  and Met enkepha l i n  ( b  and c i n  

F igu re  5 )  a r e  5 - u n i t  pep t ides  t h a t  d i f f e r  o n l y  i n  t h e  f i f t h  u n i t ,  

t he  former con ta ins  L-Leu a t  u n i t - 5  w h i l e  t h e  l a t t e r  c o n t a i n s  

L-Met a t  u n i t - 5 .  The d i f f e r e n c e  i n  p o l a r i t y  between these  

u n i t - 5  s i d e  chains accounts f o r  t h e  e l u t i o n  o f  t h e  me th ion ine  

enkephal in  p r i o r  t o  t h e  Leu enkephal in .  

enkephal in  (a i n  F i g u r e  5 )  i s  a 4 - u n i t  p e p t i d e  and i s  s i m i l a r  t o  

u n i t - 2  t o  u n i t - 5  i n  t h e  Leu enkepha l i n .  The a d d i t i o n a l  s i d e  

cha in  p rov ided  by t h e  T y r  a t  u n i t - 1  i n  t h e  Leu and Met- 

enkephal ins accounts f o r  t h e i r  g r e a t e r  r e t e n t i o n  ove r  t h e  

[des Tyr  ]-Leu enkephal in .  

change i n  chromatographic r e t e n t i o n  w i t h  a modest change i n  

p e p t i d e  s t r u c t u r e  has been observed b e f o r e  ( 3 - 6 ) .  

1 The [des T y r  ]-Leu 

1 The c o r r e l a t i o n  o f  a s i g n i f i c a n t  

The d i p e p t i d e  separa t i ons  shown i n  F i g u r e  6 c l e a r l y  

i l l u s t r a t e  a key advantage o f  a prep XAD-4 column i n  p e p t i d e  

separa t i ons ,  namely i t s  u t i l i t y  w i t h  e i t h e r  a s t r o n g l y  a c i d i c  o r  

bas i c  mob i l e  phase. N e i t h e r  o f  these can be used w i t h  s i l i c a  o r  

a1 k y l - m o d i f i e d  s i l i c a  columns. A lso changing t h e  m o b i l e  phase 

pH f rom an a c i d i c  t o  bas i c  one o f t e n  l eads  t o  an e l u t i o n  o r d e r  

r e v e r s a l .  

I n  t h e  0.01M HC1 mob i l e  phase t h e  k '  va lues  f o r  L-Phe-L-Ser 

and L-Ser-L-Phe a t  an a n a l y t i c a l  l o a d  a r e  1 .O and 3.5, 

r e s p e c t i v e l y ,  w h i l e  i n  t h e  0.01M NaOH m o b i l e  phase r e t e n t i o n  i s  

reve rsed  so t h a t  t h e i r  k '  va lues  a r e  3.1 and 1 .4, r e s p e c t i v e l y .  

The prep chromatograms f o r  t h e  s e p a r a t i o n  o f  these two d i p e p t i d e s  

f o r  t h e  two mob i l e  phases a r e  shown i n  F i g u r e  6. 

I n  F igu re  6A, where t h e  a c i d i c  m o b i l e  phase i s  used, 
L-Phe-L-Ser i s  separated from L-Ser-L-Phe a t  r a t i o s  o f  400: l  and 

1:lOO. The same separa t i ons ,  b u t  w i t h  a reve rsed  e l u t i o n  o r d e r  

due t o  the  bas i c  m o b i l e  phase, a r e  shown i n  F i g u r e  66. I t  i s  

r e a d i l y  seen t h a t  i f  recove ry  o f  L-Phe-L-Ser as t h e  m ino r  com- 

ponent i s  d e s i r e d  t h e  bas i c  m o b i l e  phase i s  best ,  w h i l e  f o r  

recove ry  o f  L-Ser-L-Phe as t h e  m ino r  component t h e  a c i d i c  m o b i l e  
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10 rng 

\O.lrng 

L- Ser- L-Phe 
0.05mg 

kl2rnin-l 

FIGURE 6 

PLC o f  a D i p e p t i d e  M i x t u r e  by a S t r o n g l y  
A c i d i c  and Basic  M o b i l e  Phase 

The column i n  F igu re  1 was used w i t h  a 0.01M HC1 5 : 9  9 5 %  
EtOH:H20 mob i l e  phase i n  A and a 0.01M NaOH 5 : 9 5  95% 
EtOH:H20 mob i l e  phase i n  B. Flow r a t e  was 5.0 ml /min.  

phase i s  bes t .  

t h a t  i s ,  an a c i d i c  m o b i l e  phase f o r  L-Phe-L-Ser and a b a s i c  one 

f o r  L-Ser-L-Phe. The chromatograms i n  F i g u r e  6 suggest t h a t  

l a r g e r  t o t a l  mass l oad ings  c o u l d  s t i l l  be separated.  However, 

t he  l i m i t a t i o n  i s  sample s o l u b i l i t y  i n  t h e  i n j e c t i o n  volume used 

r a t h e r  than  e f f e c t s  due t o  excess ive mass o v e r l o a d i n g .  A l though 

n o t  shown here r e v e r s a l s  i n  e l u t i o n  o r d e r  f o r  o t h e r  p e p t i d e  

m i x t u r e s  a r e  p o s s i b l e  on t h e  prep XAD-4 column. 

For major  component r e c o v e r y  t h e  r e v e r s e  i s  bes t ,  

Summary 

P r e p a r a t i v e  LC columns packed w i t h  37-44 vm XAD-4 p a r t i c l e s  

can be used t o  separate a v a r i e t y  o f  AA and p e p t i d e  m i x t u r e s  a t  
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460 PIETRZYK, CAHILL, AND STOWLA 

l a r g e  mass load ings  f o r  purposes o f  p u r i f i c a t l o n ,  and a r e  v i a b l e  
a l t e r n a t e s  t o  s i l i c a  and a l k y l - m o d i f i e d  s i l i c a  columns. 

p a r t i c u l a r  s i g n l f i c a n c e  i s  t h a t  o n l y  t h e  XAD-4 can be used w i t h  

s t r o n g l y  a c i d i c  and b a s i c  m o b i l e  phases which o f t e n  a r e  t h e  ones 

t h a t  p r o v i d e  t h e  bes t  r e s o l u t i o n  o f  AA and p e p t l d e  m i x t u r e s .  

ac id ,  base, o r  b u f f e r  can then be u s u a l l y  removed from t h e  

i s o l a t e d  AA o r  p e p t i d e  by  pass ing t h e  c o l l e c t e d  f r a c t i o n  th rough  

a XAD-4 column us ing  a mixed s o l v e n t  mob l l e  phase where o n l y  t h e  

AA o r  p e p t i d e  I s  r e t a i n e d .  

O f  

The 

I n  general mass o v e r l o a d i n g  occurs a t  abou t  0.23% and 0.25% 

w t / w t  f o r  t he  8.0 and 20.5 mm i . d .  XAD-4 column, r e s p e c t i v e l y ,  a t  

k '  va lues o f  about 2 .  Usefu l  column e f f i c i e n c i e s  a r e  s t l l l  

ob ta ined  even when k l  > 10 and o f t e n  a t  modest t o  gross ove r loads  

p a r t i c u l a r l y  when k '  f o r  t h e  sample components d i f f e r  appre-  

c i a b l y .  Dependlng on t h e  m o b i l e  phase t h e  37-44 pm XAD-4 

columns a t  p r e p a r a t i v e  mass l o a d i n g s  develop e f f i c l e n c i e s  o f  

about  500 t o  1500 p l a t e s h e t e r .  

ob ta ined  by us ing  s m a l l e r  XAD-4 p a r t i c l e s .  Not a l l  separa t i ons  

can be done a t  o r  above a mass o v e r l o a d  because, as I s  o f t e n  t h e  

case i n  PLC, sample s o l u b i l l t y  i n  t h e  i n j e c t i o n  volume i s  n o t  

h i g h  enough t o  p e r m i t  t h e  l a r g e  ove r load .  

I nc reased  e f f i c i e n c i e s  can be 
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