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ABSTRACT 

The r a p i d  and e f f i c i e n t  separa t i on  o f  mu l t i g ram amounts 
o f  unpro tec ted  s y n t h e t i c  pep t ides  on o c t a d e c y l s i l i c a ,  packed 
i n  f l e x i b l e  w a l l e d  po lye thy lene  columns, i s  descr ibed.  The 
mob i l e  phase used was 0.05% t r i f l u o r o a c e t i c  a c i d  w i t h  methanol 
as t h e  o rgan ic  m o d i f i e r .  An advantage o f  t h i s  e l u a n t  system 
was t h a t  t h e  s a l t  f r e e  pep t ide  cou ld  be i s o l a t e d  s imp ly  by 
l y o p h i l i s a t i o n  o f  t h e  sample a f t e r  chromatography. 
f o l l o w i n g  pep t ides  were p u r i f i e d  w i t h  t h i s  system: g l y c y l g l y -  

The 

* Authors t o  whom correspondence shou ld  be addressed. 

+ High Performance L i q u i d  Chromatography o f  Pept ides  and P r o t e i n s  

m. For t h e  p rev ious  paper i n  t h i s  s e r i e s  see Ref. (25) .  
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662 BISHOP ET AL. 

cine ethyl e s t e r ,  glyclyglycylglutamic ac id ,  glycylglycyl l y s ine ,  
pyrogl utamyl hi s t id inylg lyc ine ,  prolyprolyl pro1 ine ,  leucine- 
enkephalin and methionine-enkephalin, in  amounts ranging from 
50mc t o  5gm. 

INTRODUCTION 

The use of peptides f o r  research and c l in i ca l  purposes 
has increased dramatically i n  the  p a s t  f i v e  years ,  pa r t i cu la r ly  
i n  the f i e l d  of neuro-endocrinology where a number of peptide 
mediated processes have been elucidated [1,21. The peptides 
used in these s tud ies  have e i t h e r  been i so la ted  from biolog- 
ical  sources o r  prepared by solut ion or so l id  phase chemical 
synthesis  techniques. 
synthe t ic  and biological sources has presented s ign i f i can t  
problems, as a n  extremely high degree of pur i ty  i s  required 
f o r  biological s tud ies .  Recently ' i on -pa i r '  reversed phase 
HPLC has been used e f f ec t ive ly  in the ana lys i s  of a var ie ty  
of peptides [3-111. This technique uses an aqueous mobile 
phase which contains small amounts of an ionic  modifier which 
can ion-pair  with the analyte  and/or modify the  organic coating 
on the s i l i c a  pa r t i c l e s  of the s t a t iona ry  phase. 
e t i c a l  basis  of the  in te rac t ions  which occur between the 
ana ly te ,  mobile phase and s t a t iona ry  phase a re  now beginning 
t o  be understood more c l ea r ly  [i2-191. 

In a n  ea r ly  study we described the use of r ad ia l ly  
compressed polyethylene car t r idges  containing octadecyls i lane 
bonded s i l i c a  p a r t i c l e s  in the  pur i f ica t ion  of lOgm amounts of 
a model underivatised synthe t ic  peptide ~ 2 0 1 .  In t h i s  case a 
homogeneous product was obtained with an e lu t ion  time of twenty 
minutes using an aqueous solvent  containing a hydrophilic 
ion-pairing reagent [n ] .  
extend t h i s  study and demonstrate t h a t  preparat ive high perform- 
ance l iqu id  chromatography with r ad ia l ly  compressed columns can 
be used t o  purify the following synthe t ic  peptides - the.pro- 

Pur i f ica t ion  of peptides from both 

The theor- 

I t  i s  the purpose o f  t h i s  report  t o  
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SYNTHETIC PEPTIDES ON REVERSED-PHASE SILICA 663 

t e c t e d  d i p e p t i d e  g l y c y l g l y c y l - O E t ,  t h e  t r i p e p t i d e s  g l y c y l g l y c y l -  

g l  utamic ac id ,  g l y c y l g l y c y l  l y s i n e ,  p y r o g l  utamyl h i s t i d i n y l g l y c i n e ,  

and p r o l y l p r o l y l p r o l i n e  and t h e  pentapept ides  Leu-enkephal in 

and Met-enkephal in w i t h  separa t i on  t imes l e s s  than  60min. 

MATERIALS AND METHODS 

Apparatus: A Waters Assoc. ( M i l f o r d ,  Mass., U.S.A.) HPLC 
system was used f o r  t h e  a n a l y t i c a l  separa t i ons .  T h i s  

cons is ted  o f  two M6000A s o l v e n t  d e l i v e r y  u n i t s ,  an M660 

s o l v e n t  programmer and U6K u n i v e r s a l  l i q u i d  chromatograph 
i n j e c t o r ,  coup led  t o  an M450 v a r i a b l e  wavelength UV Spectro- 

photometer and an Omniscr ibe two-channel c h a r t  r e c o r d e r  

(Houston Ins t ruments ,  Aus t i n ,  Texas, U.S.A.). Waters 

pBondapak C18 columns (lourn, 30cm x 4mm, I .D . )  were used f o r  

a l l  analyses. Sample i n j e c t i o n s  were made us ing  a M i c r o l i t e r  

802 sy r inge  (Hami 1 ton ,  Reno, Nev. , U. S .A .  ) . 
The p r e p a r a t i v e  separa t ions  were c a r r i e d  o u t  on a Waters 

Assoc. Prep LC/System 500 ins t rumen t  w i t h  a b u i l t  i n  r e f r a c t i v e  

index d e t e c t o r  connected i n  s e r i e s  w i t h  the  UV spec t rophotometer  

and coupled t o  an Omniscr i  be two-channel reco rde r  (Houston 

Ins t rumen ts ) .  A Waters Assoc. Prep PAK-500 C18 c a r t r i d g e  

(75um mean p a r t i c l e  s i ze ,  30cm x 5.7cm) was used f o r  t h e  
p u r i f i c a t i o n .  Before  use and a f t e r  each chromatographic 

separa t i on  t h e  c a r t r i d g e s  were washed w i t h  4 l i t r e s  o f  methanol 

and t h e  4 l i t r e s  o f  methano1:water (1 : l )  a t  a f l o w  r a t e  o f  

5Oml/min t o  remove any adsorbed contaminants.  

were made u s i n g  a G a s t i g h t  lOlW s y r i n g e  (Hami l ton) .  
For bo th  a n a l y t i c a l  and p r e p a r a t i v e  work s o l v e n t s  were 

f i l t e r e d  us ing  a Pyrex f i l t e r  ho lde r  ( M i l l i p o r e ,  Bedford,  Mass., 

U.S.A.) w h i l e  p e p t i d e  samples were f i l t e r e d  us ing  a Swinney 

F i l t e r  ( M i l l i p o r e ) .  M i l l i p o r e  HA grade, 0.45pm f i l t e r s  were 
used a t  a l l  t imes f o r  s o l v e n t  and sample p r e p a r a t i o n ,  except 

Sample i n j e c t i o n s  
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664 BISHOP ET AL. 

f o r  f i l t r a t i o n  o f  t h e  methanol when a M i l l i p o r e  FH grade f i l t e r  

was used. 
Chemicals-: Water was g l a s s - d i s t i l l e d .  Methanol was drum-grade 

( I C I ,  Wel l ing ton ,  New Zealand) and d i s t i l l e d  be fo re  use. 

f l u o r o a c e t i c  a c i d  (TFA) (Halocarbon Products,  Hackensack, N.J. , 
USA) was a l s o  d i s t i l l e d  be fo re  use. Phosphor ic a c i d  (AR) was 

ob ta ined  from May and Baker. 

by s tandard  s o l u t i o n  techniques which w i l l  be desc r ibed  elsewhere. 

A l l  amino ac ids  were o f  t h e  L - c o n f i g u r a t i o n  except g l y c i n e .  

Methods: A n a l y t i c a l  HPLC was c a r r i e d  o u t  a t  a f l o w  r a t e  of  

1.5ml/min us ing  0.052 TFA i n  water ,  pH 2.3, as mob i l e  phase. 

A l l  chromatography was c a r r i e d  o u t  a t  room temperature (ca.  
22'). Pept ides were d i s s o l v e d  i n  t h e  mob i l e  phase a t  a 

concen t ra t i on  o f  5mg/ml and 1 0 - 2 5 ~ 1  volumes i n j e c t e d  on to  t h e  

columns. S i m i l a r l y ,  25111 a1 i q u o t s  f rom t h e  p r e p a r a t i v e  HPLC 
runs were analysed under i d e n t i c a l  e l u t i o n  c o n d i t i o n s .  

was main ta ined (back pressure  1OOpsi). 

degassed comple te ly  by vacuum a s p i r a t i o n  o r  by a he l i um gas 

purge. The c rude sample was loaded i n  amounts between 50mg 

and l o g  i n  l O m l  o f  t h e  e l u t i n g  s o l v e n t .  Immediately a f t e r  

c o l l e c t i o n  each f r a c t i o n  was n e u t r a l i s e d  t o  pH 7 w i th  ammonium 

hydroxide, concent ra ted  on a r o t o r y  evapora tor  and l y o p h i l i s e d .  

RESULTS 

T r i -  

S y n t h e t i c  pep t ides  were prepared 

For t h e  p r e p a r a t i v e  separa t ions ,  a f l o w - r a t e  of 100ml/min 
The mob i l e  phase was 

F igu re  1 shows t h e  ana lys i s .and  p r e p a r a t i v e  s c a l e  

p u r i f i c a t i o n  o f  a crude sample o f  t h e  e t h y l  e s t e r  o f  g l y c y l -  
g l yc ine ,  a s imp le  d i p e p t i d e  c o n t a i n i n g  a s i n g l e  amide group 

and no s i d e  cha ins .  

pep t ide  on a ~Bondapak CI8 column u s i n g  a mob i l e  phase cons is -  
t i n g  o f  a 0.05% s o l u t i o n  of  t r i f l u o r o a c e t i c  a c i d  (TFA) i n  

water,  w i t h  UV d e t e c t i o n  a t  210nm. 

t i v e l y  show t h e  p u r i f i c a t i o n  of 50 and 200mg o f  t h e  d i p e p t i d e  

P a r t  A shows t h e  a n a l y s i s  o f  50119 o f  t h e  

F i g u r e  1B and 1 C  respec- 
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F igu re  1. 

The p u r i f i c a t i o n  o f  Gly-GlyOEt. I n  p a r t  A a 5Oug sample 
o f  Gly-GlyOEt was analysed on a uBOndapak-C18 column w i t h  0.05% 
TFA as t h e  mob i l e  phase and a f l o w  r a t e  o f  1.5ml/min. I n  p a r t s  
B t o  D t he  p u r i f i c a t i o n  was c a r r i e d  o u t  on a c18 c a r t r i d g e  i n  
t h e  Prep 500 L i q u i d  Chromatograph w i t h  0.05% TFA as t h e  mob i l e  
phase and a f l o w  r a t e  o f  50ml/min. The load ings  were 0.059 
and 0.29 i n  p a r t s  B and C r e s p e c t i v e l y  and t h e  s o l u t e  was 
mon i to red  w i t h  a RI d e t e c t o r .  P a r t  D shows t h e  m o n i t o r i n g  
o f  t h e  e f f l u e n t  f rom t h e  R I  d e t e c t o r  used i n  p a r t  C w i th  an 
UV d e t e c t o r  connected i n  s e r i e s .  
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666 BISHOP ET AL. 

1.5 A 

0 

on the  Prep 500 l iqu id  chromatograph, using a CI8 c a r t r idge .  
The mobile phase was 0.05% t r i f l u o r o a c e t i c  acid in  water,  and 
detect ion was by means of a d i f f e r e n t i a l  refractometer .  The 
flow r a t e  was 50ml/min. Figure 1 D  shows the  same ana lys i s  as 
depicted in Figure 1 C  b u t  with detect ion by means of a UV 

detector  connected in s e r i e s  a f t e r  the  r e f r ac t ive  index 
de tec tor .  
t o  s a l t s  and der iva t ives  of glycine,  while the l a t e r  e lu t ing  
peak ( re ten t ion  time of 4min in pa r t  A and lOmin in  par t  D )  
was the  desired product Gly-GlyOEt, recovered in a 93% y ie ld .  
The ident i ty  o f  t h i s  peak was confirmed by the chromatography 

of an authent ic  sample of the  dipept ide.  

sample of the t r i pep t ide  pyroglutamyl h is t id inylg lyc ine ,  the 

I n  t h i s  separat ion the f i r s t  peak(s)  were a t t r ibu ted  

Figure 2 shows the pur i f ica t ion  of 5gm of a crude synthe t ic  

L 5 8 10 

E 

i1.L 0. 

'On 13 

0 8 16 2G 32 

2 0.1 

0 I 0.50 

I 0 2 4  

Timo (min 1 

Figure 2 .  

The pur i f ica t ion  of Pyr-His-Gly. Par ts  A and C show the  
ana ly t ica l  e lu t ion  p ro f i l e  o f  the  crude mixture and the pur i f ied  
peptide respect ively.  The ana ly t ica l  system and preparat ive 
system were the  same as described in  Figure 1 .  The  loading 
of crude mixture was 59, and the e lu t ion  p r o f i l e  f o r  the  
preparat ive separation i s  shown in  p a r t  B .  
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proposed anorex igen ic  p e p t i d e  

a f t e r  t h e  p u r i f i c a t i o n  ( p a r t s  A and C ) .  The mob i l e  phase in 
each case was 0.05% TFA i n  water.  F i g u r e  2A shows t h e  ana l -  

y t i c a l  

210nm. 

o f  crude p roduc t  on aC18 c a r t r i d g e  w i t h  UV d e t e c t i o n  a t  230nm 

u s i n g  a f l o w  r a t e  o f  100ml/min. F i g u r e  2C shows t h e  a n a l y s i s  

o f  t h e  c o l l e c t e d  f r a c t i o n  which corresponded t o  t h e  r e q u i r e d  

produc t ,  numbered f i v e  on t h e  chromatogram, aga in  w i t h  

d e t e c t i o n  a t  210nm. 

i c a n t  amounts of t h e  r e q u i r e d  p e p t i d e  and c o u l d  r e a d i l y  be 

concent ra ted  and rechromatographed, u s i n g  t h e  r e c y c l e  f a c i l i t y  

t o  improve t h e i r  degree o f  p u r i f i c a t i o n .  F o l l o w i n g  t h i s  

procedure 2gm of t h e  p u r i f i e d  p e p t i d e  was recovered and shown 

t o  be homogeneous by amino a c i d  a n a l y s i s  o f  a h y d r o l y s a t e  and 

by a n a l y t i c a l  HPLC (F igu re  2C). I n  a d d i t i o n  a f t e r  t h r e e  

l y o p h i l i s a t i o n s  t h e  sample was found n o t  t o  have any r e s i d u a l  
TFA, an impor tan t  f a c t o r  s ince  t h e  p e p t i d e  was t o  be used i n  

animal s tud ies .  

[a], w i t h  a n a l y s i s  be fo re  and 

HPLC p r o f i l e  of t h e  crude sample w i t h  d e t e c t i o n  a t  

F i g u r e  2B shows t h e  p r e p a r a t i v e  p u r i f i c a t i o n  o f  5gm 

F r a c t i o n s  4 and 6 a l s o  con ta ined  s i g n i f -  

F i g u r e  3 shows t h e  e l u t i o n  p r o f i l e s  o f  t h e  r e l a t i v e l y  

p o l a r  t r i p e p t i d e  g l y c y l g l y c y l g l u t a m i c  a c i d  us ing  a 0.05% TFA 

i n  water  as t h e  mob i l e  phase. F i g u r e  3A shows t h e  a n a l y s i s  
o f  c rude s y n t h e t i c  p roduc t  on t h e  pBondapak-CI8 column w i t h  

0.05% TFA as mob i l e  phase. F i g u r e  38 and 3C show t h e  a n a l y s i s  

o f  t h e  crude and p u r i f i e d  m a t e r i a l s ,  us ing  t h e  same column 

b u t  w i t h  5mM p e r f l u o r o p r o p i o n i c  a c i d  as t h e  mob i l e  phase. Due 

t o  t h e  p o l a r  n a t u r e  of t h e  pept ide ,  l i t t l e  r e t e n t i o n  was 

ob ta ined  on t h e  reversed phase column and t h e r e f o r e  t h e  c e n t e r  

of t h e  main peak (see F i g u r e  3D) was r e c y c l e d  t o  improve 

r e s o l u t i o n .  Subsequent a n a l y s i s  o f  each f r a c t i o n  by a n a l y t i c a l  

HPLC (see runs  1 t o  7 i n  F i g u r e  3 )  showed t h a t  t h e  c e n t r e  o f  

t h i s  peak ( f r a c t i o n  5 )  was e s s e n t i a l l y  homogeneous. 
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F i g u r e  3. 

The p u r i f i c a t i o n  o f  Gly-Gly-Glu.  P a r t s  A and B show t h e  
a n a l y t i c a l  e l u t i o n  p r o f i l e  o f  t h e  crude m i x t u r e  and P a r t  C t h e  
p r o f i l e  f o r  t h e  p u r i f i e d  pep t ide .  The a n a l y t i c a l  procedure was 
t h e  same as descr ibed i n  F i g u r e  1 except  t h a t  t h e  mob i l e  phase 
used i n  P a r t  A was 0.05% TFA and i n  P a r t s  B and C p e r f l u o r o -  
p r o p i o n i c  a c i d  (5mM).  The p r e p a r a t i v e  r u n  ( l o a d i n g  4gm) i s  
shown i n  P a r t  D and t h e  same c o n d i t i o n s  as F igu re  1 were used. 
The cen t re  o f  t h e  peak was r e c y c l e d  and t h e  e l u t i o n  p r o f i l e  
o f  t h e  recyc led  peak i s  shown a t  a g r e a t e r  OD s e n s i t i v i t y .  
amount o f  m a t e r i a l  i n  t h e  major  f r a c t i o n s  was as f o l l o w s ,  2, 
l . l gm;  5, 1.28gm; 3 and 4, 0.6gm. The a n a l y t i c a l  HPLC o f  t h e  
f r a c t i o n s  i s  shown i n  t h e  bottom p a r t  o f  t h e  f i g u r e  us ing  t h e  
c o n d i t i o n s  as descr ibed i n  F i g u r e  1. 

The 
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SYNTHETIC P E P T I D E S  ON REVERSED-PHASE SILICA 669 

F i g u r e  4 shows t h e  a n a l y s i s  and p u r i f i c a t i o n  o f  HPLC o f  

t h e  t r i p e p t i d e  g l y c y l g l y c y l l y s i n e  u s i n g  0.05% TFA i n  water  as 

e l u a n t .  

and t h e  p u r i f i e d  produc t  r e s p e c t i v e l y .  
analysed a f t e r  f r a c t i o n  3 f rom t h e  p r e p a r a t i v e  r u n  had been 

n e u t r a l i s e d ,  concent ra ted  and l y o p h i l i s e d .  F i g u r e  48 shows 

t h e  UV t r a c e  ob ta ined  d u r i n g  t h e  p r e p a r a t i v e  r u n  of  4gm o f  

t h e  crude sample a t  a f l o w  r a t e  o f  100ml/min. The numbers 

on t h e  chromatogram r e f e r  t o  f r a c t i o n  numbers c o l l e c t e d .  

p r o f i l e s  numbered 1-4 a r e  a n a l y t i c a l  HPLC chromatograms 

ob ta ined  by ana lys ing  t h e  f r a c t i o n s  as they  were c o l l e c t e d  

d u r i n g  t h e  p r e p a r a t i v e  run .  

wi thdrawn and i n j e c t e d  d i r e c t l y  on to  t h e  a n a l y t i c a l  HPLC system 
i n  t h e  same so lven t .  

F i g u r e  4A and 4C show t h e  a n a l y s i s  o f  t h e  crude sample 

The p roduc t  was 

The 

I n  each case a 25111 sample was 

F igu re  5 shows t h e  a n a l y s i s  and p u r i f i c a t i o n  of t h e  tri- 
p e p t i d e  p r o l y l p r o l y l p r o l i n e .  F i g u r e  5A i s  t h e  a n a l y s i s  o f  

0.5mg o f  t h e  crude sample w h i l s t  F i g u r e  5B i s  t h e  p r e p a r a t i v e  

sca le  separa t i on  o f  5gm o f  t h e  crude sample ob ta ined  w i t h  a 
f l o w  r a t e  o f  100ml/min. 

t i o n  was 20% methanol-water,  0.05% TFA. Again t h e  numbers 

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

between f r a c t i o n s  3 and 4 was d i v e r t e d  t o  waste. The numbered 

chromatograms r e l a t e  t o  t h e  c o l l e c t e d  f r a c t i o n s  from t h e  

p r e p a r a t i v e  run ,  and were achieved by d i r e c t  i n j e c t i o n  o f  

a l i q u o t s  f rom t h e  r e l e v a n t  f r a c t i o n ,  p r i o r  t o  n e u t r a l i s a t i o n .  
I d e n t i c a l  c o n d i t i o n s  were used f o r  t h e  a n a l y s i s  o f  b o t h  crude 

and p u r i f i e d  f r a c t i o n s .  The d e s i r e d  p e p t i d e  was i d e n t i f i e d  

i n  t h e  l a s t  e l u t i n g  peak (tR 4min and 22min i n  t h e  a n a l y t i c a l  

and p r e p a r a t i v e  runs r e s p e c t i v e l y )  by q u a n t i t a t i v e  amino a c i d  

a n a l y s i s .  

o f  t h e  pentapept ide  tyrosylglycylglycylphenylalanylmethionine, 
meth ion ine-enkepha l in .  

The mob i l e  phase used i n  t h i s  separa- 

F igu re  6 shows t h e  a n a l y t i c a l  and p r e p a r a t i v e  chromatogram 

I n  t h i s  separa t i on  0.4gm o f  t h e  c rude 
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Retention time 1 min I 

F i g u r e  4. 

The p u r i f i c a t i o n  o f  Gly-Gly-Lys.  P a r t s  A and C show t h e  
a n a l y t i c a l  e l u t i o n  p r o f i l e  o f  t h e  crude m i x t u r e  and t h e  
p u r i f i e d  pep t ide  r e s p e c t i v e l y ,  w h i l e  p a r t  B shows t h e  p r o f i l e  
ob ta ined f o r  t h e  p r e p a r a t i v e  run .  A l l  chromatographic 
c o n d i t i o n s  were t h e  same as descr ibed f o r  F i g u r e  2. 
a n a l y s i s  o f  t h e  f r a c t i o n s  from t h e  p r e p a r a t i v e  r u n  i s  shown 
i n  t h e  bottom F igu re .  
was 4gm. 

The 

The l o a d i n g  f o r  t h e  p r e p a r a t i v e  r u n  

F i g u r e  5. 

The p u r i f i c a t i o n  o f  (Pro)3 .  P a r t  A shows t h e  e l u t i o n  
p r o f i l e  o f  a 0.5mg samples o f  t h e  crude p roduc t  on a 
uBondapak-Cl8 column w i t h  a mob i l e  phase o f  0.05% TFA/H20-20% 
CH30H a t  a f l o w  r a t e  o f  1.5ml/min. 
ponding p r e p a r a t i v e  run  which was c a r r i e d  o u t  on a 5gm sample 
and w i t h  a mob i l e  phase of 0.05% TFA/H20-25% CH30H and a f l o w  
r a t e  o f  100ml/min. 
a n a l y s i s  o f  f r a c t i o n s  from t h e  p r e p a r a t i v e  run .  

P a r t  B shows t h e  co r res -  

The bottom p a r t  o f  t h e  F i g u r e  shows t h e  
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Figure 6. 

chromatographic conditions were as described for Figure 2 except 
that 0.05% TFA/H20-25% CH30H was used as the mobile phase. 
Part A shows the elution profile for the preparative run, Part 
B y  C, D are analytical profiles of the crude mixture and the 
two major fractions from the preparative run. 

The purification of methionine-enkephalin (0.4gm). The 

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



SYNTHETIC PEPTIDES ON REVERSED-PHASE SILICA 673 

sample was loaded i n  281111 of t h e  mob i l e  phase, which was 25% 

methanol-water,  0.05% TFA. 
t h e  p r e p a r a t i v e  separa t i on  c a r r i e d  o u t  a t  100ml/rnin. 

numbers rep resen t  f r a c t i o n s  c o l l e c t e d .  

a n a l y t i c a l  separa t i on  o f  t h e  crude sample. F i g u r e  6 C  i s  t h e  

a n a l y s i s  o f  2 5 ~ 1  o f  f r a c t i o n  4 and F i g u r e  60 t h e  a n a l y s i s  o f  

25111 o f  f r a c t i o n  13. The analyses were c a r r i e d  o u t  immedia te ly  
a f t e r  c o l l e c t i o n  and p r i o r  t o  n e u t r a l i s a t i o n .  Again t h e  

a n a l y s i s  o f  t h e  crude and p u r i f i e d  f r a c t i o n s  were c a r r i e d  

o u t  i n  t h e  same mob i le  phase, namely 25% methanol-water,  

0.05% TFA. 
a l i q u o t  o f  each peak i d e n t i f i e d  t h e  d e s i r e d  pentapept ide  as 

t h e  l a t e  e l u t i n g  peak. 

o f  a crude sample o f  t h e  pentapept ide ,  t y r o s y l g l y c y l g l y c y l -  

F i g u r e  6A rep resen ts  a UV t r a c e  o f  
The 

F i g u r e  68 shows t h e  

Amino a c i d  a n a l y s i s  o f  an a c i d  h y d r o l y s a t e  o f  an 

F igures  7A and 78 show t h e  p r e p a r a t i v e  s c a l e  p u r i f i c a t i o n  

Time ( m i n l  
F igu re  7. 

The p u r i f i c a t i o n  o f  leuc ine-enkepha l in .  The chromatographic 
c o n d i t i o n s  were as descr ibed f o r  F i g u r e  2, except  t h a t  t h e  mob i l e  
phase was 0.01% phosphor ic ac id /H 0-25% CH30H. 

runs  on 2gm o f  crude m i x t u r e .  

P a r t s  A and B 
show t h e  e l u t i o n  p r o f i l e s  ob ta ine  5 f o r  two d u p l i c a t e  p r e p a r a t i v e  
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F i g u r e  8.  

The p u r i f i c a t i o n  o f  leuc ine-enkepha l  i n .  

I 

3 

The chromato- 
g raph ic  c o n d i t i o n s  used were as desc r ibed  i n  F i g u r e  2 except 
t h a t  t h e  mob i le  phase was 0.05% TFA/H20-25% CH30H. P a r t  A 
shows t h e  p r e p a r a t i v e  run ,  w h i l e  p a r t s  B ,  C, D a r e  a n a l y t i c a l  
runs on t h e  crude m i x t u r e  and t h e  two major  f r a c t i o n s  f rom 
the  p r e p a r a t i v e  run .  
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SYNTHETIC PEPTIDES ON REVERSED-PHASE S I L I C A  675 

pheny la lany l l euc ine ,  leuc ine-enkepha l in ,  w i t h  a mob i l e  phase 

c o n s i s t i n g  o f  25% methanol-water,  0.1% phosphor ic ac id .  I n  
these separa t ions  2 g m o f t h e  samnlewas loaded i n  l O m l  of  t h e  

mob i l e  phase. 
and an a l i q u o t  o f  each ana lysedby HPLC i n  20% methanol-water,  

0.1% phosphor ic a c i d  p r i o r  t o  n e u t r a l i s a t i o n ,  c o n c e n t r a t i o n  

and l y o p h i l i s a t i o n .  
F igu re  8A shows t h e  p r e p a r a t i v e  separa t i on  o f  Leu- 

enkepha l in  u s i n g  30% methano l -watery  0.05% TFA as mob i l e  

phase. lgm o f  t h e  crude sample was loaded i n  l O m l  o f  t h e  

mob i l e  phase, and t h e  f l o w  r a t e  ma in ta ined  a t  100ml/min. 

F i g u r e  8B shows t h e  a n a l y s i s  o f  a sample o f  t h e  c rude p roduc t  

w h i l e  F igu res  8C and 8D show a n a l y s i s  o f  f r a c t i o n s  c o l l e c t e d  

d u r i n g  t h e  p r e p a r a t i v e  run  which corresponds t o  t h e  major  

peaks i n  F i g u r e  85. Amino a c i d  a n a l y s i s  s t u d i e s  o f  t h e  

l a t e  e l u t i n g  peak ( r e t e n t i o n  t ime  o f  23min i n  p a r t  A and 

5.3min i n  p a r t s  B t o  D) showed t h a t  t h e  d e s i r e d  pen tapep t ide  

was conta ined i n  t h i s  peak. 

Again t h e  numbered f r a c t i o n s  were c o l l e c t e d  

DISCUSSION 

Recent ly  t h e r e  has been i n c r e a s i n g  i n t e r e s t  i n  t h e  use 

o f  p r e p a r a t i v e  h i g h  performance 1 i q u i d  chromatography f o r  
t h e  i s o l a t i o n  o f  compounds o f  b i o l o g i c a l  o r  s y n t h e t i c  
o r i g i n  [221. It i s  now c l e a r  t h a t  t h e  c a p a c i t y  o f  a p a r t i c u l a r  

column can va ry  cons ide rab ly  f o r  d i f f e r e n t  b i o l o g i c a l  compounds. 
A t  t h i s  s tage o f  development, t h r e e  ca tegor ies  o f  column 

dimensions a r e  used f o r  p e p t i d e  p u r i f i c a t i o n  by HPLC: (1) 
sample s i z e  up t o  lmg, a n a l y t i c a l  columns, e.g. 25 x 0.4cm 

I .D.;  ( 2 )  sample s i z e  between l-lOOmg, semip repara t i ve  columns, 

e.g. 60 x 0.7cm I.D. s t a i n l e s s  s t e e l  columns o r  10 x 0.8cm I .D.  
r a d i a l  compression columns, and ( 3 )  sample s i z e  100mg-lgm and 

upwards, p r e p a r a t i v e  columns, e.g. 30 x 5.7cm I.D. With c u r r e n t  

technology, n e a r l y  a l l  columns a v a i l a b l e  e i t h e r  commerc ia l l y  o r  
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676 BISHOP ET AL. 

packed in-house would f i t  i n  these ranges. 

o f  a n a l y t i c a l  columns f u n c t i o n  most e f f i c i e n t l y  i n  t h e  ;microgram 

t o  low m i l l i g r a m  range. 

duced colums w i t h  g r e a t e r  i n t e r n a l  d iameter  and l e n g t h ,  packed 

w i th  m a t e r i a l s  e s s e n t i a l l y  i d e n t i c a l  t o  those a v a i l a b l e  f o r  

a n a l y t i c a l  chromatography [ 2 3 1 .  Such columns p robab ly  have 

a maximum c a p a c i t y  o f  approx imate ly  100-500mg f o r  s o l u t e s  such 

as pep t ides  which c o n t a i n  a number o f  i o n i s a b l e  groups. F u l l y  

p r e p a r a t i v e  HPLC has e f f e c t i v e l y  extended t h i s  range, as i s  

c l e a r l y  demonstrated i n  t h e  p resen t  r e p o r t  on t h e  r a p i d  and h i g h  
e f f i c i e n c y  p u r i f i c a t i o n  o f  e i g h t  s y n t h e t i c  pep t ides .  

r e s o l u t i o n  ob ta ined  w i t h  t h e  r a d i a l l y  compressed, f l e x i b l e -  

w a l l e d  c a r t r i d g e s  can be seen i n  p r e p a r a t i v e  separa t i ons  shown i n  

F igu res  1 t o  8, where t h e  e l u t i o n  p r o f i l e  o f  t h e  p r e p a r a t i v e  r u n  

i s  s i m i l a r  t o  t h a t  o f  t h e  a n a l y t i c a l  run .  

t h a t  these p r e p a r a t i v e  c a r t r i d g e s  a re  packed w i t h  75pm p a r t i c l e s  

and t h e  a n a l y t i c a l  columns w i t h  lOum p a r t i c l e s .  The improvement 

i n  column e f f i c i e n c y  on r a d i a l  compression o f  f l e x i b l e  c a r t r i d g e s  

has been r e l a t e d  t o  t h e  fo rma t ion  o f  h i g h l y  e f f i c i e n t  chromat- 

ograph ic  beds w i t h o u t  w a l l  e f f e c t s  r z 4 1 .  

As descr ibed i n  a p rev ious  r e p o r t  on t h e  p r e p a r a t i v e  

separa t i on  of a model t e t r a p e p t i d e  ~ 2 1 1 ,  t r i f l u o r o a c e t i c  

a c i d  (TFA) was chosen as t h e  h y d r o p h i l i c  i o n  p a i r i n g  reagent  

on account o f  i t s  v o l a t i l i t y  and t ransparency  a t  t h e  low 

wavelengths r e q u i r e d  t o  mon i to r  e l u t i o n  o f  these so lu tes .  

e f f e c t i v e n e s s  o f  t h i s  v o l a t i l e  i o n i c  m o d i f i e r  can be assessed 

i n  t h e  comparat ive s tudy  shown i n  F igu res  7 and 8 where 

l euc ine -enkepha l i n  i s  p u r i f i e d  w i t h  a mob i l e  phase which 

c o n s i s t s  o f  0.1% phosphor ic a c i d  and 0.05% TFA r e s p e c t i v e l y .  

C l e a r l y  t h e  v o l a t i l e  a c i d  a l l o w s  an e q u a l l y  e f f e c t i v e  separa- 

t i o n  as t h e  i n v o l a t i l e  phosphor ic a c i d .  
TFA a l l ows  t h e  f a c i l e  i s o l a t i o n  o f  t h e  p e p t i d e  by l y o p h i l i s -  

The g r e a t  m a j o r i t y  

Recent ly,  some manufac turers  have i n t r o -  

The good 

I t  shou ld  be remembered 

The 

The v o l a t i l i t y  of  
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SYNTHETIC PEPTIDES ON REVERSED-PHASE S I L I C A  67 7 

a t i o n ,  a f t e r  t h e  pH o f  t h e  sample i s  a d j u s t e d  t o  7 w i t h  

ammonium hydrox ide .  I t  has been ou r  exper ience t h a t  i t  i s  

impor tan t  t o  c a r r y  o u t  t h e  n e u t r a l i s a t i o n  s t e p  as soon as 

p o s s i b l e  a f t e r  c o l l e c t i o n  s ince  some pep t ides  a r e  uns tab le  

when exposed t o  t h e  a c i d i c  aqueous-organic s o l v e n t  m ix tu res  

f o r  extended pe r iods  o f  t ime .  

A t  t h e  h i g h e r  sample l oad ings  used i n  p r e p a r a t i v e  

separa t ions ,  r e f r a c t i v e  index  d e t e c t i o n  can be used t o  m o n i t o r  

t h e  p u r i f i c a t i o n  o f  s. 50mg o f  a s imp le  p e p t i d e  (see F i g u r e  

1). 
F i g u r e  1, t h e  use o f  a UV d e t e c t o r  l i n k e d  i n  s e r i e s  w i t h  t h e  
r e f r a c t o m e t e r  can i d e n t i f y  c e r t a i n  d i f f e r e n c e s  i n  t h e  

chromatogram. I n  a d d i t i o n  UV d e t e c t i o n  i n  t h e  p r e p a r a t i v e  
separa t i on  can be more r e a d i l y  r e l a t e d  t o  t h e  a n a l y t i c a l  

system, where UV d e t e c t i o n  i s  o f t e n  t h e  method o f  cho ice  
due t o  t h e  r e l a t i v e  i n s e n s i t i v i t y  o f  t h e  r e f r a c t o m e t e r  

t o  pept ides .  

F i g u r e  7 shows t h a t  t h e  p r e p a r a t i v e  s e p a r a t i o n  i s  

ex t remely  r e p r o d u c i b l e  as i n  t h i s  F i g u r e  two i d e n t i c a l  

l oad ings  o f  l euc ine -enkepha l i n  gave e x a c t l y  t h e  same e l u t i o n  
p r o f i l e  when chromatographed under t h e  same chromatographic 

c o n d i t i o n s .  S i m i l a r  r e p r o d u c i b i l i t y  was ob ta ined  w i t h  mob i l e  

phases c o n t a i n i n g  e i t h e r  t r i f l u o r o a c e t i c  o r  phosphor ic  a c i d .  
I n  t h e  separa t ions  desc r ibed  i n  t h i s  r e p o r t  t h e  l o a d i n g  l i m i t  

of  t h e  p u r i f i c a t i o n  was n o t  es tab l i shed ,  as t h e  amount o f  
sample a v a i l a b l e  was always l e s s  than t h e  expected maximum 

c a p a c i t y  o f  t h e  c a r t r i d g e .  I n  a p rev ious  s tudy  however, i t  

was found t h a t  lOgm o f  a model t e t r a p e p t i d e  cou ld  be 

chromatographed w i t h o u t  loss of separa t i on  e f f i c i e n c y  [ ~ o I .  
The samples used i n  t h i s  newstudy were d e l i b e r a t e l y  l i m i t e d  

t o  c rude s y n t h e t i c  p roduc ts  t o  t e s t  t h e  r e s o l v i n g  power o f  t h e  

chromatographic techniques. 

Also,  as i s  apparent by comparison o f  p a r t s  C and D o f  

I n  each case i t  was p o s s i b l e  t o  
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demonstrate t h a t  t h e  i s o l a t e d  pure  p e p t i d e  was t h e  major  

component o f  t h e  crude m i x t u r e .  For example, i n  t h e  p u r i f i -  

c a t i o n  o f  Pyr-His-Gly ( F i g u r e  2 ) ,  5gm o f  a crude sample were 

loaded w i t h  2gm o f  pure  p roduc t  be ing  ob ta ined  d e s p i t e  t h e  

f a c t  t h a t  f r a c t i o n  5 was a conserva t i ve  c u t .  I n  o u r  e a r l i e r  

s tudy  i t  was demonstrated t h a t  rechromatography o f  a p u r i f i e d  

t e t r a p e p t i d e  gave e s s e n t i a l l y  q u a n t i t a t i v e  recove ry  r201.  

I n  conc lus ion ,  t h i s  paper as w e l l  as severa l  r e l a t e d  

s t u d i e s  [20,26-29] have shown t h a t  p r e p a r a t i v e  reversed 

phase HPLC, when used i n  c o n j u n c t i o n  w i t h  r a d i a l l y  compressed 

columns i n  t h e  Prep 500 L i q u i d  Chromatograph o r  w i t h  conven- 
t i o n a l  HPLC columns,is a p romis ing  techn ique f o r  t h e  l a r g e  

sca le  p u r i f i c a t i o n  o f  s y n t h e t i c  pep t ides ,  under c o n d i t i o n s  

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

compound i n  e x c e l l e n t  y i e l d .  

phase HPLC methods should g a i n  wide p o p u l a r i t y  f o r  t h e  l a r g e  

sca le  i s o l a t i o n  o f  pep t ides  f rom n a t u r a l  and s y n t h e t i c  sources 

and comp l imen tex i s t i ng  c a p a b i l i t i e s  [30,311 f o r  t h e  

p r e p a r a t i v e  separa t i on  o f  p r o t e c t e d  pep t ides  by l i q u i d - s o l i d  

adso rp t i on  HPLC. 

As a consequence, these reversed 
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