
 

 

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

Synergistic Use of Countercurrent Chromatography and High Performance
Liquid Chromatography for the Purification of Synthetic Peptides
Gerald J. Puttermana; Mary Beth Speara; Fulvio Perinia

a Frederick Cancer Research Facility, Biological Markers Program, National Cancer Institute, Frederick,
Maryland

To cite this Article Putterman, Gerald J. , Spear, Mary Beth and Perini, Fulvio(1984) 'Synergistic Use of Countercurrent
Chromatography and High Performance Liquid Chromatography for the Purification of Synthetic Peptides', Journal of
Liquid Chromatography & Related Technologies, 7: 2, 341 — 350
To link to this Article: DOI: 10.1080/01483918408073971
URL: http://dx.doi.org/10.1080/01483918408073971

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/10.1080/01483918408073971
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 7(2) ,  341-350 (1984)  

SYNERGISTIC USE OF COUNTERCURRENT CHROMATOGRAPHY 
AND HIGH PERFORMANCE L IQUID CHROMATOGRAPHY 
FOR THE PURIFICATION OF SYNTHETIC PEPTIDES 

Gera I d  
B i o l o g  

J. Pu t te rman(1 ) .  Mary B e t h  Spear ,  and F u l  
ca I M a r k e r s  Program, N a t i o n a  I Cancer  I n s t  

F r e d e r i c k  Cancer  Research  F a c i  I i t y  
P.O. Box B. F r e d e r i c k ,  Mary land  21701 

i o  P e r i n i  
t u t e -  

ABSTRACT 

Examples a r e  g i v e n  d e m o n s t r a t i n g  how c o u n t e r c u r r e n t  chroma- 
t o g r a p h y  (CCC) and h i g h  pe r fo rmance  I i q u i d  chromatography  (HPLC) 
can be used t o g e t h e r  t o  p u r i f y  s y n t h e t i c  p e p t i d e s .  
example,  CCC p r o v i d e d  a p r e l i m i n a r y  p u r i f i c a t i o n  o f  Met-Arg-Asp- 
Val-Val-Leu-Phe-Glu-Lys by e n a b l i n g  s e p a r a t i o n  of u l t r a v i o l e t  
a b s o r b i n g ,  n i n h y d r i n - n e g a t i v e  m a t e r i a l  from t h e  d e s i r e d  p e p t i d e .  
F i n a l  p u r i f i c a t i o n  was a c h i e v e d  w i t h  HPLC w i t h o u t  r i s k  o f  h a r m i n g  
t h e  HPLC co lumn.  I n  a second example Tyr -A la -A la -N le-A la-A la  was 
c o m p l e t e l y  p u r i f i e d  by CCC w i t h  t h e  CCC s e p a r a t i o n  r a p i d l y  and 
c o n v e n i e n t l y  m o n i t o r e d  by HPLC. 
t e c h n i q u e  for  t h e  p e p t i d e  c h e m i s t .  

I n  one 

CCC appears  t o  be a v e r y  u s e f u l  

INTRODUCTION (2) 

I n  p r e v i o u s  r e p o r t s  we d e s c r i b e d  t h e  s o l i d  phase s y n t h e s i s  
(3) and p u r i f i c a t i o n  by c o u n t e r c u r r e n t  chromatography  (CCC) 
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342 PUTTERMAN, SPEAR, AND PERINI 

(3.4) of a p e p t i d e  h a v i n g  t h e  sequence: Tyr-Ala-Ala-Nle-Ala-Ala- 
Met-Arg-Asp-Val-Val-Leu-Phe-Glu-Lys. T h i s  p u r i f i e d  p e p t i d e  
was subsequent ly  coupled t o  bov ine serum albumin and t h e  
con juga te  i n j e c t e d  i n t o  r a b b i t s  generated an t i body  t o  t h e  
p e p t i d e  ( 5 ) .  
c o n t a i n s  an t i body  combin ing s i t e s ,  t h e  f o l l o w i n g  p e p t i d e s  were 
prepared by s o l i d  phase s y n t h e s i s :  
Met-Arg-Asp-Val-Val-Leu-Phe-Glu-Lys. T h i s  r e p o r t  d e s c r i b e s  
t h e  p u r i f i c a t i o n  of these  s y n t h e t i c  p e p t i d e s  and i l l u s t r a t e s  
how CCC can be used i n  c o n j u n c t i o n  w i t h  h i g h  performance l i q u i d  
chromatography (HPLC) t o  f a c i  I i t a t e  t h e  f r e q u e n t l y  arduous t a s k  
of p e p t i d e  p u r i f i c a t i o n .  

I n  o r d e r  t o  e s t i m a t e  which p o r t i o n  of t h e  p e p t i d e  

Tyr-Ala-Ala-Nle-Ala-Ala and 

EXPERIMENTAL 

Reagents 
Water used f o r  CCC and HPLC was ob ta ined  by pass ing  o u r  

s tandard l a b o r a t o r y  grade water  th rough  a C r i t i c a l  A p p l i c a t i o n s  
Adsorp t i on  Column (Hydro S e r v i c e s  and Supp l i es .  I n c . ,  Durham, NC) 
which c o n t a i n s  h i g h l y  p u r i f i e d ,  a c t i v a t e d  charcoal  and has a 0 .2  
Am po lyca rbona te  f i l t e r  (Nucleopore Corp, C A I  a t tached  t o  i t s  
o u t l e t .  Butanol  and a c e t o n i t r i l e  were o b t a i n e d  f rom Burd i ck  and 
Jackson L a b o r a t o r i e s  (Muskegon. MI). T r i f  l u o r o a c e t i c  a c i d  (TFA 1 
Sequanal Grade was purchased from P i e r c e  Chemical Co. (Rockford. 
I L ) .  The enzymes D-amino a c i d  ox idase  and leuc ine  aminopeptidase 
(LAP) were purchased f rom Sigma Chemical Co. (S t .  Lou is ,  MO) 
and carboxypept idase A (CPA) was o b t a i n e d  from Boehr inger  
Mannheim ( I n d i a n a p o l i s ,  I N ) .  Other  chemicals  and s o l v e n t s  were 
reagent  grade or b e t t e r .  

Pep t ides  were prepared by a m o d i f i c a t i o n  of t h e  M e r r i f i e l d  
sol id-phase method (6) u s i n g  a Vega (Vega Biochemicals ,  Tucson, 
AZ) Model 96 automated s y n t h e s i z e r .  The benzyl group was used t o  
p r o t e c t  Ser. Asp and Glu;  Arg. T y r  and Lys were p r o t e c t e d  by 
p - t o l u e n e s u l f o n y l .  o-bromobenzyloxycarbonyl and o -ch lo robenzy l -  
oxycarbonyl  groups, r e s p e c t i v e l y .  Carboxy l  t e r m i n a l  res idues  
were coupled t o  t h e  r e s i n  as t h e i r  cesium sa l ts  (7). 
load ob ta ined  was 0 .4  mmoles amino a c i d / g  r e s i n .  
custom-cleaved w i t h  HF by Pen insu la  Labs. 

The average 
Pep t ides  were 

(Belmont CA) .  

Apparatus 

p l a n e t  c e n t r i f u g e  whose des ign  and f u n c t i o n  has been desc r ibed  i n  
CCC was performed w i t h  t h e  new h o r i z o n t a l  f l ow- th rough  c o i l  
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PURIFICATION OF SYNTHETIC PEPTIDES 343 

d e t a i l  e l sewhere  (8). 
f u g e  c o n t a i n s  a p a i r  o f  column h o l d e r s ;  each i s  s u b j e c t e d  t o  a 
s p e c i f i c  mode o f  synch ronous  p l a n e t a r y  m o t i o n  p r o v i d e d  by a s e t  
of g e a r s  and p u l l e y s .  I n  t h i s  work a column mounted on  t h e  g e a r -  
s i d e  h o l d e r  was used. T h i s  g e a r - s i d e  h o l d e r  ( coup led  w i t h  gea rs )  
r o t a t e s  a b o u t  i t s  own a x i s  and s i m u l t a n e o u s l y  r e v o l v e s  a round  t h e  
c e n t r a l  a x i s  o f  t h e  a p p a r a t u s  a t  t h e  same a n g u l a r  v e l o c i t y  and i n  
t h e  same d i r e c t i o n .  The co lumn i s  made o f  PTFE t u b i n g  (2.6 mm 
i n n e r  d i a m e t e r )  and has  a t o t a l  c a p a c i t y  of 260 m l .  

I n  b r i e f ,  t h e  r o t a r y  f rame of t h e  c e n t r i -  

HPLC was pe r fo rmed  w i t h  an A l t e x  Model 312 MP ( A l t e x  I n s t r u -  
ments,  B e r k e l e y ,  C A I  sys tem wh ich  i s  a m i c r o p r o c e s s o r  c o n t r o l l e d ,  
g r a d i e n t  sys tem d e s c r i b e d  i n  d e t a i l  e l sewhere  (9). S e p a r a t i o n s  
were pe r fo rmed  w i t h  0 . 3 9 ~ 3 0  cm pBondapak CJ8 co lumns (Waters 

The p a r t i c l e  s i z e  o f  t h e  column A s s o c i a t e s ,  M i l f o r d ,  M A ) .  
p a c k i n g s  was 10 m i c r o n s .  
Model 970A v a r i a b l e  wave 
( A u s t i n .  TX). To m a i n t a  
p l a c e d  on  t h e  o u t l e t  t u b  

Amino a c i d  a n a l y s e s  

Runs were m o n i t o r e d  a t  206 nm w i t h  a 
e n g t h  d e t e c t o r  from T r a c o r  I n s t r u m e n t s  
n a s t a b l e  b a s e l i n e  a back p r e s s u r e  was 
n g  a s  p r e v i o u s l y  d e s c r i b e d  (9).  

were pe r fo rmed  w i t h  a 
Corp ,  Sunnyva le ,  CA) D-500 amino a c i d  a n a l y z e r  
f l u o r e s c e n c e  d e t e c t o r .  Amino a c i d s  were made 
r e a c t i o n  w i t h  o - p h t h a l a l d e h y d e .  

Durrum (Dionex 
equ ipped  w i t h  a 
I u o r e s c e n t  by 

P r o c e d u r e s  

b u t a n o 1 : a c e t i c  a c i d : w a t e r  (4:1:5 by volume) was used w i t h  t h e  
aqueous, l ower  phase s e r v i n g  a s  t h e  m o b i l e  phase. T h i s  two-phase 
s o l v e n t  sys tem was t h o r o u g h l y  e q u i l i b r a t e d  i n  a s e p a r a t o r y  f u n n e l  
a t  room t e m p e r a t u r e  and s e p a r a t e d  b e f o r e  use .  The column was 
f i l l e d  w i t h  s t a t i o n a r y  phase as  p r e v i o u s l y  d e s c r i b e d  (4) and t h e  
samples  (100 mg) d i s s o l v e d  i n  m o b i l e  phase (10 m l )  were i n j e c t e d  
t h r o u g h  t h e  sample  p o r t  i n t o  t h e  column wh ich  was r o t a t e d  a t  400 
or 500 rpm. F o l l o w i n g  sample  a d d i t i o n ,  t h e  m o b i l e  phase was 
pumped t h r o u g h  t h e  r o t a t i n g  co lumn a t  t h e  d e s i r e d  flow r a t e  u s i n g  
a M i  l t o n  Roy minipump (American S c i e n t i f i c  P r o d u c t s ,  B a l t i m o r e ,  
MD). Column e l u a t e s  were c o n t i n u o u s l y  m o n i t o r e d  w i t h  an LKB (LKB 
I n s t r u m e n t s .  G a i t h e r s b u r g .  MD) U v i c o r d  S d e t e c t o r  a t  280 nm. 

For CCC of b o t h  s y n t h e t i c  p e p t i d e s  t h e  s o l v e n t  sys tem 

F o r  HPLC work a s t o c k  s o l u t i o n  o b t a i n e d  by m i x i n g  10 m l  o f  

S o l v e n t  A was p r e p a r e d  by d i l u t i n g  5 
TFA w i t h  100 m l  of p u r i f i e d  w a t e r  was used t o  p r e p a r e  t h e  
c h r o m a t o g r a p h i c  s o l v e n t s .  
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344 PUTTERMAN, SPEAR, AND PERINI  

m l  o f  t h e  s t o c k  s o l u t i o n  t o  1 l i t e r  w i t h  w a t e r  and s o l v e n t  B was 
p repared  by d i l u t i n g  4.25 m l  of t h e  s t o c k  s o l u t i o n  t o  1 l i t e r  
w i t h  a c e t o n i t r i l e .  

CPA d i g e s t i o n s  were pe r fo rmed  i n  b i c a r b o n a t e  s o l u t i o n  and 
LAP d i g e s t i o n s  were pe r fo rmed  i n  0 .1  M TRIS b u f f e r ,  pH 8.6-.005 M 
MgCI2. O x i d a t i o n s  w i t h  D-amino a c i d  o x i d a s e  were pe r fo rmed  u s i n g  
a m o d i f i c a t i o n  of a p u b l i s h e d  p r o c e d u r e  (10). 

RESULTS AND DISCUSSION 

The p r o f i l e  o b t a i n e d  from CCC f o r  t h e  s y n t h e t i c  n o n a p e p t i d e  
i s  shown i n  F i g u r e  1. T h i n - l a y e r  chromatography  (TLC) of a l i -  
q u o t s  from t h e  CCC f r a c t i o n s  u s i n g  t h e  s o l v e n t  sys tem b u t a n o l :  
p y r  i d  i ne : a c e t  i c a c i d  : w a t e r  (90:60: 18:72 by v o l  ume) i nd i c a t e d  
wh ich  t u b e s  s h o u l d  be p o o l e d  and t h a t  f r a c t i o n s  e l u t i n g  p r i o r  t o  
and l a t e r  t h a n  t h e  p o o l e d  f r a c t i o n  c o n t a i n e d  l i t t l e  n i n h y d r i n -  
p o s i t i v e  m a t e r i a l ,  even though  t h e i r  u t t r a v i o l e t  a b s o r p t i o n  was 
h i g h e r .  
u l t r a v i o l e t  a b s o r b i n g  m a t e r i a l .  HPLC of t h e  p o o l e d  f r a c t i o n  (F ig -  
u r e  2) i n d i c a t e d  t h a t  t h i s  f r a c t i o n  was s t i l l  he te rogeneous .  How- 
e v e r ,  compar i son  of F i g u r e  2 w i t h  F i g u r e  3. w h i c h  i s  an HPLC r u n  
o f  t h e  s y n t h e t i c  s t a r t i n g  m a t e r i a l ,  i n d i c a t e s  t h a t  CCC has  p r o v i d -  
ed a most u s e f u l  p r e l i m i n a r y  p u r i f i c a t i o n  of t h e  p e p t i d e .  F i n a l  
p u r i f i c a t i o n  was a c h i e v e d  w i t h  HPLC by r u n n i n g  i s o c r a t i c a l l y  a t  
15% B w i t h  a flow r a t e  of 0 . 5  ml /m in .  The p u r i f i e d  s y n t h e t i c  
p e p t i d e  was o b t a i n e d  i n  50% y i e l d  and was s u b s e q u e n t l y  shown t o  
c o n t a i n  an  a n t i g e n i c  d e t e r m i n a n t  r e c o g n i z e d  by a n t i b o d y  r a i s e d  t o  
Tyr-Ala-Ala-Nle-Ala-Ala-Met-Arg-Asp-Val-Val-Leu-Phe-Glu-Lys ( 5 ) .  

The s t a t i o n a r y  phase a l s o  c o n t a i n e d  n i n h y d r i n - n e g a t i v e ,  

CCC was used t o  c o m p l e t e l y  p u r i f y  Tyr-Ala-Ala-Nle-Ala-Ala.  
The chromatogram showed two l a r g e ,  p a r t i a l  l y  s e p a r a t e d  peaks .  
A l i q u o t s  were removed from t u b e s  c o m p r i s i n g  each peak b u t  l o c a t e d  
f a r  from t h e  r e g i o n  of o v e r l a p ,  and t h e s e  a l i q u o t s  were e v a p o r a t e d  
t o  d r y n e s s .  TLC u s i n g  t h e  s o l v e n t  sys tem b u t a n o 1 : a c e t i c  a c i d :  
w a t e r  (4:1:5 by volume) i n d i c a t e d  t h a t  each t u b e  c o n t a i n e d  a 
s i n g l e  n i n h y d r i n - p o s i t i v e  p e p t i d e  and t h a t  t h e  p e p t i d e  t h a t  
e l u t e d  l a t e r  i n  CCC a l s o  appeared t o  have a s l i g h t l y  l a r g e r  9. 
Each f r a c t i o n  had t h e  same amino a c i d  c o m p o s i t i o n ,  i . e .  t h e  
expec ted  c o m p o s i t i o n .  A l i q u o t s  o f  t h e s e  p u r i f i e d  p e p t i d e s  were 
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FIGURE 1: 
Leu-Phe-Glu-Lys. r e v o l u t i o n : 5 0 0  rpm; flow r a t e :  15ml /hour;  
f r a c t i o n  volume: 3 m I .  The r e g i o n  u n d e r l i n e d  i n  t h e  f i g u r e  was 
pooled and p u r i f i e d  by HPLC. 

C o u n t e r c u r r e n t  chromatogram of Met-Arg-Asp-Val-Val- 
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F I G U R E  2: HPLC o f  a n  aliquot from the pooled fraction shown in 
Figure 1. The sample was run isocratically at 0% B for 5 min and 
then a linear gradient from 0% B to 60% B in 60 m i n  was employed. 
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FIGURE 3: HPLC of Met-Arg-Asp-Val-Val-Leu-Phe-Glu-Lys (500ug) 
before CCC. Conditions fo r  HPLC are the same as in the legend to 
Figure 2. 
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PURIFICATION OF SYNTHETIC PEPTIDES 347 

t h e n  used t o  develop an HPLC techn ique  for  m o n i t o r i n g  t h e  CCC 
run .  By r u n n i n g  i s o c r a t i c a l l y  a t  10% B a t  a flow r a t e  o f  1 
ml/min. b o t h  peaks c o u l d  be r e a d i l y  separated i n  18 minutes.  
Aliqoots from a p p r o p r i a t e  tubes  c o m p r i s i n g  t h e  CCC run  were then  
analyzed by HPLC. The r e s u l t s  (F igu re  4) c l e a r l y  i n d i c a t e  which 
t u b e s  con ta ined  pure p e p t i d e  and which tubes  con ta ined  m i x t u r e s  
of t h e  two p e p t i d e s .  The f r a c t i o n  which e l u t e d  l a t e r  i n  CCC when 
t h e  o r g a n i c  phase was used as t h e  s t a t i o n a r y  phase, a l s o  appeared 
t o  be more hydrophobic  on HPLC. Based on t h e  da ta  g i ven  i n  
F i g u r e  4, t ubes  101-107 and 115-150 were pooled t o  give F r a c t i o n  
I and F r a c t i o n  I1 r e s p e c t i v e l y .  

P h y s i c a l  and b iochemical  t echn iques  were used t o  charac- 
t e r i z e  t h e  two f r a c t i o n s  and determine which was t h e  d e s i r e d  pep- 
t i d e .  
concluded which was t h e  d e s i r e d  p e p t i d e .  Mass s p e c t r a  d i d  n o t  
show t h e  presence o f  bromine s u g g e s t i n g  t h a t  t h e  h e t e r o g e n e i t y  
was n o t  due t o  incomplete d e b l o c k i n g  of t h e  o-bromobenzyloxy- 
ca rbony l  group used t o  p r o t e c t  t h e  t y r o s y l  res idue  d u r i n g  p e p t i d e  
s y n t h e s i s .  Exopeptidase d i g e s t i o n s  i n d i c a t e d  d i f f e r e n c e s  between 
t h e  tuo f r a c t i o n s .  CPA d i g e s t i o n  of F r a c t i o n  I l i b e r a t e d  b o t h  
a l a n i n e  and no r - l euc ine  w h i l e  CPA d i g e s t i o n  of F r a c t i o n  I1 o n l y  
I i b e r a t e d  a l a n i n e .  LAP d i g e s t i o n  of F r a c t i o n  I I i b e r a t e d  t y r o -  
s i n e ,  a l a n i n e  and no r - l euc ine  i n  a molar  r a t i o  of 1:4:1 w h i l e  LAP 
d i g e s t i o n  of F r a c t i o n  I1 l i b e r a t e d  t y r o s i n e  and a l a n i n e  i n  equal 
molar  r a t i o s  b u t  no r - l euc ine  was absent .  T r e a t i n g  l y o p h i l i z e d  
a c i d  h y d r o l y s a t e s  of each p e p t i d e  w i t h  D-amino a c i d  ox idase  gave 
t y r o s i n e .  a l a n i n e  and n o r - l e u c i n e  i n  a molar r a t i o  of 1 : 4 : 1  fo r  
F r a c t i o n  I w h i l e  a t y r o s i n e  t o  a l a n i n e  molar r a t i o  of 1 : 4  was 
o b t a i n e d  f o r  F r a c t i o n  11. Thus, t h e  d i f f e r e n c e  between F r a c t i o n  
I and F r a c t i o n  I1 was t h a t  F r a c t i o n  I con ta ined  L-Nle and Frac-  
t i o n  I1 con ta ined  D-Nle. 
models of t h e  two hexapept ide isomers shows t h a t  w i t h  F r a c t i o n  
11, t h e  b u t y l  s ide -cha in  (o f  Nle) i s  q u i t e  exposed w h i l e  w i t h  
F r a c t i o n  I t h e  b u t y l  s i d e  cha in  i s  b e t t e r  a b l e  t o  f o l d  back on 
o t h e r  groups i n  t h e  same p e p t i d e .  Thus, model work i n d i c a t e s  
t h a t  F r a c t i o n  I1 would appear more hydrophobic  on CCC and HPLC.) 
S ince  D-amino a c i d  ox idase  t r e a t m e n t  of an a c i d  h y d r o l y s a t e  of 
Tyr-Ala-Ala-Nle-Ala-Ala-Met- Arg-Asp-Val-Val-Leu-Phe-Glu-Lys, 
which had been prepared e a r l i e r  u s i n g  t h e  same s y n t h e t i c  reac- 
t i o n s ,  showed t h a t  t h e  p e p t i d e  con ta ined  no D-Nle. it must be 
concluded t h a t  F r a c t i o n s  I and I1 w e r e  ob ta ined  t h i s  t i m e  because 
o u r  s y n t h e t i c  i n t e r m e d i a t e  (t-butyloxycarbonyl-nor-leucine) was 

Mass s p e c t r a  showed some d i f f e r e n c e s .  b u t  it cou ld  n o t  be 

(A comparison of CPK s p a c e - f i l l i n g  
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90 110 I30 150 

TUBE NUMBER 

FIGURE 4: C o u n t e r c u r r e n t  chromatogram of Tyr-Ala-Ala-Nle-Ala-Ala 
as mon i to red  by HPLC. C o n d i t i o n s  fo r  CCC were: r e v o l u t i o n :  400 
rpm; f l o w  r a t e :  10 ml/hour; f r a c t i o n  volume: 2 m l .  

a racemic m i x t u r e .  F r a c t i o n  I con ta ined  no a n t i g e n i c  de te rm i -  
nan ts  recognized by an t i body  r a i s e d  t o  t h i s  pentadecapept ide (5) .  

In a p r e v i o u s  paper (3.4) i t  uas no ted  t h a t  CCC appears to  
be i d e a l l y  s u i t e d  t o  t h e  p u r i f i c a t i o n  of s y n t h e t i c  p e p t i d e s .  s i n c e  
i t  g i v e s  p e p t i d e  p roduc ts  f r e e  of s a l t s ,  r e s i n  by-products. prod- 
u c t s  of deb lock ing ,  and b locked p e p t i d e s .  T h i s  paper i l l u s t r a t e s  
f u r t h e r  t h a t  CCC can be used e i t h e r  f o r  a p r e l i m i n a r y  p u r i f i c a t i o n  
w i t h  a f i n a l  p u r i f i c a t i o n  by HPLC or t h a t  CCC can be used fo r  com- 
p l e t e  p u r i f i c a t i o n  u i t h  t h e  run  c o n v e n i e n t l y  moni tored by HPLC. 
Thus f a r ,  o n l y  a few s o l v e n t  systems have been used f o r  CCC of pep- 
t i d e s  (3,4,11,12). Hope fu l l y .  o t h e r  l a b o r a t o r i e s  u i  I I employ CCC 
and p r o v i d e  a d d i t i o n a l  s o l v e n t  systems for  t h e  p e p t i d e  chemis t .  
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