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ABSTRACT 

A t e m p e r a t u r e - c o n t r o l l e d  m u l t i - l a y e r  c o i l  p l a n e t  c e n t r i f u g e  r a p i d l y  
y i e l d s  h i g h l y  e f f ic ien t  p r e p a r a t i v e  s e p a r a t i o n s  of p o l a r  compounds.  
C a p a b i l i t y  of t h e  me thod  was d e m o n s t r a t e d  o n  a o n e - s t e p  p u r i f i c a t i o n  of 
c r u d e  s y n t h e t i c  bombes in  w i t h  a two-phase  solvent  s y s t e m  composed of 
n-butanol/dichloroacetic a c i d / w a t e r  (1OO:l:lOO). Under  an e l e v a t e d  
t e m p e r a t u r e  a t  45OC t o  5 O o C ,  t h e  bombes in  p e a k  was e l u t e d  w i t h i n  two 
h o u r s .  R e v e r s e d  p h a s e  HPLC a n a l y s i s  of t h e  bombes in  f rac t ions  showed 
over 98% p u r i t y .  The  method may be  a p p l i c a b l e  t o  many o t h e r  p e p t i d e s  a n d  
p o l a r  compounds.  

INTRODUCTION 

The l a s t  few y e a r s  h a v e  w i t n e s s e d  a r a p i d  d e v e l o p m e n t  of new 

m e t h o d o l o g y  for  c o u n t e r c u r r e n t  c h r o m a t o g r a p h y  (CCC). T h i s  me thod  is 
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2282 KNIGHT ET AL. 

capable of separat ing l a r g e  amounts of substances according t o  t h e i r  

par t i t ion ing  between the s t a t i o n a r y  and the  mobile phases of a two-phase 

solvent  system (1-3). T h i s  process, which u t i l i z e s  an apparatus 

consis t ing of a long continuous c o i l ,  has l e d  t o  the design of the  

horizontal flow-through c o i l  planet centr i fuge ( 4 ) .  More recent ly  the 

instrumentation has been modified t o  a more compact apparatus ,  t h e  

multi-layer c o i l  planet cen t r i fuge ,  which contains  f e a t u r e s  t h a t  allow 

more rapid ro ta t ion  and flow r a t e s  ( 5 ) .  

The present advance i n  CCC technology has come about from the 

discovery of the u n i l a t e r a l  hydrodynamic e q u i l i b r i u m  behavior of 

two-phase solvent  systems within a r o t a t i n g  coaxial or multi-layer c o i l .  

During rapid ro ta t ion  a t  a c r i t i c a l  r a t e ,  the two phases therein separa te  

t o  the opposite ends. In general, the  upper or less dense phase (head 

phase) is d is t r ibu ted  t o  the  head s i d e  and the lower phase ( t a i l  phase) 

goes t o  the  t a i l  end of the  co i l .  Thus  countercurrent chromatography can 

be performed a t  a high centr i fugat ion r a t e  i n  a normal e lu t ion  mode where 

the column is f i l l e d  w i t h  the  head phase and the  other  phase is pumped 

from head t o  t a i l  a t  a rapid flow r a t e .  A great  deal of the  s ta t ionary  

phase is thus retained (80%). Also the  reversed e lu t ion  mode is possible  

whereby the c o i l  is f i l l e d  w i t h  the  t a i l  phase and the head phase is 

pumped from t a i l  t o  head. The rapid cent r i fuga t ion  r a t e  which enhances 

the accelerat ion f i e l d  produces high re ten t ion  of the s t a t i o n a r y  

phase. The multi-layer c o i l  planet centr i fuge possesses great  resolving 

power and high sample capacity. Recently i t  has been observed t h a t  the 

hydrodynamic d i s t r i b u t i o n  of highly viscous solvent  phases i n  the  coi led 

column r e s u l t s  i n  l e s s  re ten t ion  of the s t a t i o n a r y  phase. I t  was l a t e r  

found t h a t  performing the  separat ions under elevated temperature 

prevented loss of the s t a t i o n a r y  phase a t  high flow r a t e s  ( 6 ) .  T h i s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PURIFICATION OF SYNTHETIC BOMBESIN 2203 

modification allowed the  separat ion of peptides e f f i c i e n t l y  a t  elevated 

temperatures ( 7 )  i n  n-butanol solvent  systems. On the multi-layer 

i n s t r u m e n t  separat ions have been achieved i n  30 m i n ,  a s  compared t o  7 h r  

on the flow-through c o i l  planet cen t r i fuge ,  an e a r l i e r  CCC instrument ( 7 ) .  

Wi th  the high-speed CCC possible w i t h  the  multi-layer c o i l  planet  

cen t r i fuge ,  the  l a s t  "disadvantagef' of CCC is surmounted and rapid and 

e f f i c i e n t  preparative separat ions a r e  now possible .  

The multi-layer c o i l  planet cen t r i fuge  was evaluated using 

an n-butanol system f o r  the pur i f ica t ion  i n  one s t e p  of solid-phase 

synthesized bombesin. This peptide, i s o l a t e d  from f rog  s k i n ,  has various 

physiological e f f e c t s  and is found i n  the [mammalian cent ra l  nervous 

system and small c e l l  lung carcinoma ( 8 ) .  Synthet ic  bombesin t h a t  

appeared heterogeneous by HPLC was obtained i n  t h e  synthes is .  The 

peptide was chromatographed on the  instrunlent i n  a solvent  composition 

t h a t  gave a p a r t i t i o n  coef f ic ien t  of 1. The recovered peptide was 

analyzed f o r  puri ty .  

MATERIALS Ah'D XETHODS 

A l l  reagents were ana ly t ica l  grade and so lvents  were a n a l y t i c a l  or 

HPLC grade. Tr i f luoroace t ic  acid was from Halocarbon (Hackensack, N J ) .  

The amino acid der iva t ives  were from Eachem or Peninsula Laboratories 

(Belmont, C A I  and p-methyl benzhydrylamine r e s i n  was from U. S. 

Biochemical Corporation (Cleveland. O H ) .  A standard of bombesin was 

purchased from Bachem (Torrance, C A ) .  

Synthesis 

Bombesin (PCA-Gln-Arg-Leu-Cly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Met- 

NH2) was synthesized i n  a Beckman Model 9908 synthesizer  (Palo Alto, C A )  

s t a r t i n g  w i t h  1 g of Boc Met p-methyl benzhydrylamine r e s i n  w i t h  a 
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2284 KNIGHT ET AL. 

s u b s t i t u t i o n  o f  BOC Met of 0 . 5  mmol/g (9,101. The s y n t h e s i s  p r o c e e d e d  

w i t h  3 X molar e x c e s s  o f  BOC amino a c i d  a n d  t h e  c o u p l i n g  a g e n t ,  

dicyclohexylcarbodiimide (DCC). The s c h e d u l e  o f  s y n t h e s i s  i n v o l v e d  

washing  w i t h  m e t h y l e n e  c h l o r i d e ,  d e p r o t e c t i o n  w i t h  25% t r i f l u o r o a c e t i c  

a c i d  and  1 mg/ml i n d o l e ,  w a s h i n g ,  n e u t r a l i z a t i o n  w i t h  10% t r i e t h y l a m i n e  

i n  m e t h y l e n e  c h l o r i d e ,  w a s h i n g ,  a d d i t i o n  o f  Boc amino a c i d  t h e n  DCC,  

c o u p l i n g  for 2 h r ,  t h e n  washing  w i t h  m e t h y l e n e  c h l o r i d e  a n d  r e p e t i t i o n  o f  

t h e  c y c l e  t h r o u g h  t h e  a m i n o - t e r m i n a l  r e s i d u e  which  was c o u p l e d  twice. 

P y r o g l u t a m i c  a c i d  and  t h e  Boc amino a c i d s ,  i m  T o s y l  H i s ,  X a n t h y d r y l  Gln 

a n d  X a n t h y d r y l  Asn were c o u p l e d  w i t h  DCC i n  d imethyl formamide .  The 

p e p t i d e - r e s i n  was c l e a v e d  by t r e a t m e n t  w i t h  a n h y d r o u s  hydrogen  f l u o r i d e  

a t  O°C f o r  45 min i n  t h e  p r e s e n c e  o f  1 m l  a n i s o l e  and  200 p l  e t h y l  m e t h y l  

s u l f i d e .  The r e s i n  was washed w i t h  e t h y l  a c e t a t e ,  d r i e d  and  e x t r a c t e d  

w i t h  g l a c i a l  a ce t i c  a c i d .  The y i e l d  o f  c r u d e  p r o d u c t  was 260 mg. 

Chromatography on  t h e  M u l t i - l a y e r  C o i l  P l a n e t  C e n t r i f u g e  

The p a r t i t i o n  c o e f f i c i e n t  o f  t h e  p e p t i d e  was d e t e r m i n e d  i n  a number 

o f  s o l v e n t  s y s t e m s  ( T a b l e  1). The c h r o m a t o g r a p h y  r u n s  were p e r f o r m e d  i n  

a t a b l e  t o p  model o f  t h e  m u l t i - l a y e r  c o i l  p l a n e t  c e n t r i f u g e  e q u i p p e d  w i t h  

a t e m p e r a t u r e  c o n t r o l  s y s t e m  ( L a b o r a t o r y  o f  T e c h n i c a l  Development ,  N H L B I ,  

B e t h e s d a ,  M D )  ( F i g .  1). A l i q u o t s  o f  100 t o  120  mg s y n t h e t i c  p e p t i d e  were 

chromatographed  t o  d e t e r m i n e  b e s t  c o n d i t i o n s .  However, t h e  co i l  c o u l d  

h a v e  been l o a d e d  w i t h  a l l  of t h e  sample .  The a p p a r a t u s  had a 

medium-sized c o i l  of 1 . 6  mm i . d .  p o l y t e t r a f l u o r o e t h y l e n e  t u b i n g  w i t h  a 

t o t a l  c a p a c i t y  o f  280 m l .  The column was mounted on  a h o l d e r  4- in  away 

from t h e  c e n t r a l  a x i s  ( B  = 0.5-0 .8 ,  r a t i o  of r a d i u s  o f  t h e  column c o i l  t o  

r a d i u s  of  c e n t r i f u g e ) .  The two-phase  s o l v e n t  s y s t e m  was 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  45OC and t h e  co i l  was f i l l e d  w i t h  t h e  lrpper p h a s e .  

The l o w e r  phase  u s e d  as t h e  m o b i l e  p h a s e  was i n t r o d u c e d  t h r o u g h  t h e  i n n e r  

head end  o f  t h e  coil  from t h e  r e s e r v o i r  k e p t  a t  45OC i n  a water b a t h .  
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PURIFICATION OF SYNTHETIC BOMBBSIN 

TABLE 1 

P a r t i t i o n  C o e f f i c i e n t s  of Bombesin i n  Id-butanol S o l v e n t  Sys tems a t  45OC 

S o l v e n t  Composi t ion Volume R a t i o  P a r t i t i o n  C o e f f i c i e n t *  

n-butanol/dichloroacetic 
a c i d l w a t e r  1 : O : l  0.27 

1: .01:1 1.00 

1: .02:1  1.59 

1:.04:1 2.06 

1:.06:1 2 . 7 8  

n - b u t a n o l / a c e t i c  a c i d /  
water  4 :1 :5  0.19 

* P a r t i t i o n  c o e f f i c i e n t  is d e f i n e d  h e r e  a s  s o l u t e  c o n c e n t r a t i o n  i n  t h e  
nonaqueous phase  d i v i d e d  by t h a t  i n  t h e  aqueous phase .  

The s o l v e n t  was pumped a t  a r a t e  of 150 ml /hr  by a M i l t o n  Roy mini-pump 

( S u n n y v a l e ,  CA). The p l a n e t  c e n t r i f u g e  was r o t a t e d  a t  800 rpm under  a 

c o n t r o l l e d  t e m p e r a t u r e  of 45-5OOC. The e f f l u e n t  p a s s e d  t h r o u g h  a n  LKB 

Uvicord S moni tor  ( C a i t h e r s b u r g ,  M D )  where t h e  a b s o r b a n c e  a t  275 nm w i t h  

0 .5  u n i t s  f u l l - s c a l e  was d e t e c t e d .  F r a c t i o n s  o f  5 m l  o r  2 min were 

c o l l e c t e d .  A f t e r  t h e  chromatography t h e  a b s o r b a n c e  of  t h e  t u b e s  were 

measured manual ly  and t h e  t u b e s  c o n t a i n i n g  t h e  major  peak f r a c t i o n s  were 

pooled  and e x t r a c t e d  3 t i m e s  w i t h  e q u a l  volumes of  anhydrous  e t h y l  e t h e r  

and t h e  r e s u l t i n g  s o l u t i o n  was l y o p h i l i z e d .  

A n a l y s i s  

The p u r i f i e d  p e p t i d e  was a n a l y z e d  f o r  homogenei ty  by h i g h  

per formance  l i q u i d  chromatography (HPLC). Samples  were chromatographed  

on  a pBondapak r e v e r s e d  phase  column ( 0 . 4  x 30 cm, M i l l i p o r e  W a t e r ' s  
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F i g u r e  1 

KNIGHT ET AL 

High-speed CCC a p p a r a t u s  (17.5" x 16" x 18.5") equipped  w i t h  a 
t e m p e r a t u r e  c o n t r o l  sys tem.  The r o t a r y  f r a m e  of t h e  co i l  p l a n e t  
c e n t r i f u g e  h o l d s  a m u l t i l a y e r  c o i l e d  column (upper  s i d e )  and a 
c o u n t e r w e i g h t  (lower s i d e )  a t  a d i s t a n c e  of 10 cm from t h e  
c e n t r a l  a x i s  of t h e  c e n t r i f u g e .  An aluminum g e a r  mounted on  t h e  
column h o l d e r  s h a f t  is  c o u p l e d  t o  a n  i d e n t i c a l  s t a t i o n a r y  gear 
mounted on t h e  c e n t r a l  p i p e  t o  produce  t h e  d e s i r e d  p l a n e t a r y  
mot ion  of t h e  column h o l d e r .  S e v e r a l  e l ec t r i c  h e a t i n g  pads  a r e  
p a s t e d  o n t o  t h e  i n n e r  wall w h i l e  t h e  whole u n i t  is i n s u l a t e d  
w i t h  u r e t h a n e  on  t h e  o u t s i d e .  The column t e m p e r a t u r e  is 
r e g u l a t e d  up t o  6 O o C  w i t h  a t e m p e r a t u r e  c o n t r o l  u n i t .  
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PURIFICATION OF SYNTHETIC BOMBESIN 2281  

Chromatography D i v i s i o n ,  M i l f o r d ,  MA) i n  0.1% p h o s p h o r i c  a c i d  w i t h  a 

g r a d i e n t  of a c e t o n i t r i l e  from 102 t o  30% i n  1 5  min a t  a f l o w  r a t e  of 

2 ml/min. Amino a c i d  a n a l y s i s  was performed on a 6 N h y d r o c h l o r i c  a c i d  

h y d r o l y s a t e .  

RESULTS 

S i n c e  t h e  p e p t i d e  was found t o  have a p a r t i t i o n  c o e f f i c i e n t  of 1 i n  

n - b u t a n o l / l %  d i c h l o r o a c e t i c  a c i d  ( T a b l e  11, t h i s  s o l v e n t  s y s t e m  was used  

f o r  t h e  chromatography.  The aqueous  phase  s o l v e n t  f r o n t  emerged a t  t h e  

1 1 t h  f r a c t i o n .  Dur ing  t h e  r u n  t h e  r e t e n t i o n  of s t a t i o n a r y  p h a s e  was 802 

BOMBESIN .3 
E 
6 
3 .2 

s 
z 

w 
0 z 

CT .1 

m a 
0 

0 10 20 30 40 50 60 70 80 9010011O120 
FRACTIONS 

0 1 2 3 4 

HOURS 

F i g u r e  2 

C o u n t e r c u r r e n t  chromatogram of 120 mg s y n t h e t i c  bombesin. Absorbance a t  
280 nm of t h e  6 m l  f r a c t i o n s  is shown. 
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Figure 3 

( A )  Reversed phase HPLC ana lys i s  of 7.5 ug of t h e  crude synthe t ic  product 
and ( B )  analysis  of 10  p 1  of f r a c t i o n  55 of the  countercurrent 
chromatography. Absorbance t rac ing  a t  280 nm is shown. The dot ted l i n e  
i s  the percent of a c e t o n i t r i l e .  

and no carry-over of upper phase occurred. The recorder t rac ing  of the 

chromatography of 120 mg indicated t h a t  t h e  major mater ia l  e luted between 

f r a c t i o n s  53-58 (F ig .  2 ) .  The absorbance of the f r a c t i o n s  were read 

manually t o  confirm the loca t ion  of the  mater ia l  i n  case the speed of the  

e lu t ion  may have caused a r t i f a c t s .  The absorbance readings of the peak 

d i d  coincide. The K calculated from the e lu t ion  volume of the peptide 

was 1 a s  predicted from the  previous p a r t i t i o n  coef f ic ien t  determination. 

The pH of the pooled f r a c t i o n  containing the aqueous phase of the  solvent  

system was 2.7 and was ra i sed  t o  6.5 a f t e r  3 ex t rac t ions  w i t h  e thy l  e t h e r .  
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PURlFlCATlON OF SYNTHETIC BOMBESIN 2289 

Yield of lyophi l ized powder was 98 mg or 81.6% recovery by weight. I n  

ana ly t ica l  HPLC the peptide appeared homogeneous and over 98% pure (Fig.  

3 ) .  Amino acid ana lys i s  indicated the presence of the amino acid 

residues i n  the  following molar r a t i o s :  H i s ,  0.90; Arg, 0.99; Asp, 

1.07; C l u ,  2.80; C l y ,  1.83; Ala, 1.02; Val, 1 .00;  Met, 0.83; Leu, 2.03. 

DISCUSSION 

The past advances i n  peptide synthes is  made possible by the  

solid-phase chemistry, has resu l ted  i n  the demand f o r  r e l i a b l e  

pur i f ica t ion  methods s u i t a b l e  f o r  the e f f e c t i v e  f r a c t i o n a t i o n  of 

preparat ive amounts of synthe t ic  peptides. A t  present l imi ted  amounts of 

peptides a re  purif ied by tedious procedures of mult iple  i n j e c t i o n s  on 

HPLC columns (11). The r i g i d  q u a l i t i e s  of the  s i l i c a  spheres w i t h  

chemically bonded phases allow good reso lu t ion .  However, t h e  s c a l i n g  u p  

of column chromatography t o  preparat ive amounts has remained a challenge. 

The excel lent  reso lu t ion  i s  s a c r i f i c e d  by the d i f f i c u l t y  of maintaining 

high flow r a t e s  and high pressure. For preparat ive separa t ions ,  on HPLC 

theore t ica l  p la tes  of 100 a r e  operat ional ly  a t t a i n e d .  Column 

methodologies a r e  taxed w i t h  loss  of sample and l imited r e u s a b i l i t y  of 

the supports which a r e  a s i g n i f i c a n t  cost  f a c t o r .  

of countercurrent chromatography as performed i n  the mult i - layer  Coil 

planet centr i fuge is encouraged. 

Thus  a reconsiderat ion 

The dichloroacet ic  acid system used i n  the  experiment proved t o  be a 

v e r s a t i l e  system because a des i rab le  p a r t i t i o n  coef f ic ien t  of 1 could be 

a t ta ined  by ad jus t ing  the  amount of acid.  Despite the f a c t  t h a t  

dichloroacet ic  acid is  not v o l a t i l e  i t  was removed by ex t rac t ion .  

However, care  should be taken t o  avoid e ther  with s i g n i f i c a n t  amounts of 
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p e r o x i d e s  t h a t  may o x i d i z e  t h e  p e p t i d e .  The s y n t h e s i s  r e s u l t e d  i n  50% 

y i e l d  of c r u d e  p e p t i d e .  N e v e r t h e l e s s ,  t h e  p r o d u c t  a p p e a r e d  t o  be 

composed p r i m a r i l y  of  t h e  e x p e c t e d  p e p t i d e  a s  d e t e r m i n e d  by HPLC which is  

a good s y n t h e t i c  r e s u l t  c o n s i d e r i n g  t h a t  no m o n i t o r i n g  o r  r e - c o u p l i n g  was 

done d u r i n g  t h e  a u t o m a t i c  s y n t h e s i s  e x c e p t  f o r  t h e  f i n a l  amino a c i d .  

S i n c e  t h e  purpose  of t h e  e x p e r i m e n t  was t o  p u r i f y  a non-homogeneous 

p r o d u c t ,  h i g h l y  i n v o l v e d  a n a l y t i c  and s y n t h e t i c  maneuvers  were n o t  

performed d u r i n g  t h e  s y n t h e s i s .  The p u r i f i c a t i o n  was e a s i l y  accompl ished  

as t h e  r e s u l t s  p r e s e n t e d  h e r e  i n d i c a t e d .  A l a r g e  amount of t h e  p e p t i d e  

was p u r i f i e d  i n  less t h a n  2 h r  of chromatography.  From t h e  s h a p e  of t h e  

chromatographic  peak t h e  t h e o r e t i c a l  p l a t e s  were c a l c u l a t e d  t o  be o v e r  

500, which is b e t t e r  t h a n  t h a t  a c h i e v e d  w i t h  1 i n c h  HPLC columns. These 

results a l o n g  w i t h  t h o s e  of  other  p e p t i d e s  ( 7 )  h o p e f u l l y  d e m o n s t r a t e  t h e  

promise  of  r e l i a b l e  p r e p a r a t i v e  chromatography t h a t  is p o s s i b l e  w i t h  a 

s i m p l e  i n s t r u m e n t  t h a t  r e q u i r e s  o n l y  s o l v e n t s  and  no  s o l i d  s u p p o r t s .  The 

c h o i c e s  of u s i n g  any  s o l v e n t  sys tem ( 1 2 )  and of e i t h e r  upper  phase  o r  

lower  phase  f o r  e l u t i o n  a l l o w  t h e  development  of  c o n d i t i o n s  f o r  t o t a l  

p u r i f i c a t i o n  of p e p t i d e s  and o t h e r  compounds i n  o n e  r a p i d  s t e p .  
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