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ABSTRACT 

The semi -prepara t ive  separa t i on  o f  u n d e r i v a t i s e d  p e p t i d e  
m ix tu res  f rom t h e  t r y p t i c  d i g e s t i o n  o f  t h y r o i d  and p i t u i t a r y  
p r o t e i n s  has been accomplished on a lOdp s p h e r i c a l  oc tadecy l -  
s i l i c a  s t a t i o n a r y  phase, Rad ia l  Pak A/C18, packed i n t o  f l e x i b l e -  
w a l l e d  po lye thy lene  c a r t r i d g e s  (10 x 0.8cm). Wi th  v o l a t i l e  
i o n i c  m o d i f i e r s ,  such as ammonium b icarbonato ,  e x c e l l e n t  
r e s o l u t i o n  and pep t ide  recove r ies  were ob ta ined  w- i th  t h i s  suppor t  

t High P e r f o r m a S L i q u i d  Chromatography o f  Amino Acids,  Pept ides  
and P r o t e i n s  m. For t h e  p rev ious  paper i n  the ser ies seeref. [411 
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1726 HEARN, GREGO, AND BISHOP 

under g r a d i e n t  e l u t i o n  c o n d i t i o n s .  Compared t o  t h e  'capped' 
a l k y l s i l i c a s  o f  h i g h  carbon l o a d i n g  per  gram packing, t h i s  
o c t a d e c y l s i l i c a  suppor t  e x h i b i t s  s i g n i f i c a n t  d i f f e r e n c e s  i n  
s s l e c t i v i t y  c o n s i s t e n t  w i t h  t h e  g r e a t e r  involvement o f  
s i l a n o p h i l i c  i n t e r a c t i o n s  between t h e  i o n i s e d  pep t ides  and t h e  
s t a t i o n a r y  phase. 
sample load ings  e q u i v a l e n t  t o  10-500nmole pep t ide (s )  pe r  
i n j e c t i o n  can be r o u t i n e l y  used. 
phobic po lypept ides  and smal l  p r o t e i n s  were a l s o  achieved 
us ing  sha l low g rad ien ts  o f  t h e  o rgan ic  s o l v e n t  m o d i f i e r .  

Wi th  t h e  a v a i l a b l e  f l e x i b l e - w a l l e d  c a r t r i d g e s  

Good recove r ies  o f  hydro- 

INTRODUCTION 

Reversed phase h i g h  performance l i q u i d  chromatography 

(RP-HPLC) has gained wide p o p u l a r i t y  over  t h e  p a s t  severa l  
years  f o r  t h e  s t r u c t u r a l  mapping o f  po l ypep t ides  and p r o t e i n s  

and, i n  p a r t i c u l a r ,  f o r  t h e  a n a l y s i s  and m ic ro -p repara t i ve  

separa t i on  o f  enzymatic d i g e s t s  [i-s]. Compared t o  convent iona l  

open column i o n  exchange and ge l  permeat ion chromatographic 
techniques, RF-HPLC methods e x h i b i t s  s u p e r i o r  peak r e s o l u t i o n  

f o r  complex m ix tu res  o f  h y d r o p h i l i c  and hydrophobic pept ides .  

These fea tu res  a r e  a l s o  assoc ia ted  w i t h  s h o r t  a n a l y s i s  t imes 

and, usua l l y ,  good recove r ies .  Most m ic rop repara t i ve  procedures 

have been based on convent iuna l  s t a i n l e s s  s t e e l  a n a l y t i c a l  

columns, e.g. 25 x 0.4cm I.D., packed w i t h  5- o r  10-midp o c t y l -  

o r  o c t a d e c y l - s i l i c a s .  Depending on t h e  comp lex i t y  o f  t h e  

separa t ion ,  t h e  sample c a p a c i t y  o f  these a n a l y t i c a l  columns i s  

f r e q u e n t l y  l e s s  than lmg. I n  p rev ious  s t u d i e s  we have 
descr ibed [ 6 , 7 1  t h e  use o f  r a d i a l l y  compressed po lye thy lene  
c a r t r i d g e s  (30 x 5.7cm I .D.)  c o n t a i n i n g  a 75um dp oc tadecy l -  

s i l i c a  suppor t  i n  t h e  p u r i f i c a t i o n  o f  1-lOgm amounts o f  
unpro tec ted  pept ides .  

has been employed f o r  t h e  semi -prepara t ive  separa t i on  o f  t h e  

t r y p t i c  pept ides  o f  severa l  p r o t e i n s ,  i n c l u d i n g  t h y r o g l o b u l i n s  
and human growth hormone, us ing  a r e l a t e d  10um dp oc tadecy l -  
s i l i c a  sorbent,  packed i n t o  f l e x i b l e - w a l l e d  po lye thy lene  c a r t -  
r i d g e s  of dimensions (10 x 0.8cm, I . D . )  and v o l a t i l e  mob i l e  

I n  t h e  p resen t  i-epGrt a s i m i l a r  approach 
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SEMI-PREPARATIVE SEPARATION OF PEPTIDES 1727 

phases. 

n a t i v e  and r a d i o - i o d i n a t e d  pep t ide  and p o l y p e p t i d e  hormones i s  

a l s o  descr ibed. 

A p p l i c a t i o n  o f  these procedures t o  t h e  separa t i on  o f  

MATERIALS AND METHODS 

Chemicals and Reagents. 

ammonium su lpha te  were e i t h e r  ARISTAR o r  AnalaR grade reagents 

f rom B.D.H. (Poole, U.K.). Tr ie thy lam ine ,  a l s o  f rom B.D.H. , 
water  and a c e t o n i t r i l e  were p u r i f i e d  u s i n g  e s t a b l i s h e d  

procedures [8-101. 

human t h y r o i d s  by t h e  method o f  Sa lva to re  e t  a l .  [ i l l  and 

f r a c t i o n a t e d  on Sepharose CL-46 us ing  a 150mM NaC1-lOmM T r i s -  

HC1, pH 8.0, b u f f e r  f o l l o w e d  by a f f i n i t y  chromatography u s i n g  

e s t a b l i s h e d  procedures [12,131. Guinea p i g  t h y r o g l o b u l i n  19s 

i o d o p r o t e i n  was i s o l a t e d  f rom an a l b i n o  i n b r e d  s t r a i n  us ing  t h e  

procedure o f  Haeber l i  e t  a l .  [ U I .  Human growth hormone was 
prepared by t h e  method o f  Chapman e t  a l .  1151 based on t h e  

procedure o f  Lumley Jones e t  a l .  [161. The ov ine  t h y r o t r o p h i n  

was i s o l a t e d  from an ov ine  p i t u i t a r y  e x t r a c t  by s a l t  f r a c t i o n -  
a t i o n  , l e c t i n  a f f i n i t y  chromatography, i o n  exchange chromato- 

graphy and ge l  permeat ion HPLC as descr ibed elsewhere [171.  

Lysozyme (grade 1 )  was a commercial sample f rom Sigma Chem. Co. 

( S t  Lou is ,  Mo. U.S.A.). The source o f  some o f  t h e  pep t ides  
and po lypep t ides  has been g i ven  p r e v i o u s l y  [183 , t h e  remainder 

were commercial samples, p u r i f i e d  i n  t h i s  l a b o r a t o r y ,  f rom 
Sigma ( S t  Louis,  Mo., U.S.A.), Bachem (Torrance, Ca., U.S.A.), 

Calbiochem (La J o l l a ,  Ca., U.S.A.) o r  Vega Biochem (Tuscon, 
A r i z .  , U.S.A.). 

Phosphoric ac id ,  f o r m i c  ac id ,  ammonium b icarbonate  and 

Human t h y r o g l o b u l i n  19s i o d o p r o t e i n  was e x t r a c t e d  f rom 

T r y p t i c  d i g e s t i o n  o f  t h e  p r o t e i n s  was c a r r i e d  o u t  us ing  

TPCK-treated t r y p s i n  f o l l o w i n g  t h e  procedure o f  Chernof f  and 
L i u  [191. Rad io - iod ina t i on  o f  t h e  p r o t e i n s  was performed us ing  
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1728 HEARN, GREGO, AND BISHOP 

a mod i f i ed  l ac tope rox idase  procedure based on t h e  method o f  
T h o r e l l  and Johansson [ZOI . Guinea p i g  t h y r o g l o b u l i n  19s- 

i o d o p r o t e i n  was l a b e l l e d  -- i n  v i v o  w i th  1251 and i s o l a t e d  by 
es tab l i shed  procedures [141 . 
Apparatus . 

l i q u i d  chromatography system was used which i n c l u d e d  a M660 

s o l v e n t  programmer, two M6000A s o l v e n t  d e l i v e r y  systems, a 
U6K un ive rsa l  i n j e c t o r ,  coupled v i a  a RCM-module, t o  a M450 

v a r i a b l e  wavelength UV d e t e c t o r  and a Rikadenki  dual  channel 

reco rde r .  The Radial-Pak A (CI8) c a r t r i d g e s  (10  x 0.8cm and 
10 x 0.5cm) were ob ta ined from Waters Assoc. and washed 

e x t e n s i v e l y  w i th  methanol (c 500ml) p r i o r  t o  use. A l i q u o t s  
o f  column e f f l u e n t s  c o n t a i n i n g  r a d i o - a c t i v e  pep t ides  were 

counted i n  a Packard T r i  Carb Gamma S c i n t i l l a t i o n  Counter. 

Sample i n j e c t i o n s  were made w i t h  Pressure Lok l i q u i d  sy r inges ,  

s e r i e s  B l l O  f rom P r e c i s i o n  Sampling (Baton Rouge, La. , U.S.A.) 
The pH measurements were performed w i t h  a Radiometer PH.M64 

Research pH meter, equipped w i t h  a combina t ion  g lass  e l e c t r o d e  

Exper imental .  

A l l  chromatograms were c a r r i e d  o u t  a t  ambiei i t  temperature 
(- ca 18'). Bu lk  so l ven ts  and mob i le  phases were degassed by 

son ica t i on .  Fo l l ow ing  a change i n  mob i l e  phase c o n d i t i o n s ,  
a l l  columns were e q u i l i b r a t e d  t o  i n i t i a l  o r  new e l u t i o n  

c o n d i t i o n s  f o r  a t  l e a s t  30min. Flow r a t e s  v e r e  main ta ined 

between l .Oml /mm and 4.0ml/min. D e t e c t i o n  o f  t h e  pep t ides  was 
a t  210nm o r  a t  h ighe r  wavelengths depending on t h e  o p t i c a l  

t ransparency o f  t h e  mob i l e  phase. The tr iethylammonium 

phosphate and fo rmate  b u f f e r s  were prepared a t  d i f f e r e n t  

concent ra t ions  over t h e  range 15-150mM by t i t r a t i n g  t h e  
approp r ia te  a c i d  w i t h  f r e s h l y  d i s t i l l e d  t r i e t h y l a m i n e  u n t i l  
pH 3.5 was ob ta ined.  A l l  pep t i des  and t r y p t i c  d i g e s t s  were 

A Waters Assoc. ( M i l f o r d ,  Mass. , U.S.A.) h i g h  performance 
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SEMI-PREPARATIVE SEPARATION OF PEPTIDES 1729 

made up i n  t h e  mob i le  phase cor respond ing  t o  i n i t i a l  e q u i l i b r a -  

t i o n  cond i t i ons .  

RESULTS AND DISCUSSION 

The composite e f f e c t s  due t o  non-po la r  and p o l a r  group 

s e l e c t i v i t i e s  i n  p z p t i d e  separd t i on  on a l k y l s i l i c a s  have been 

much discussed o f  l a t e  [2 ,4 ,21-231.  Although t h e  predominant 
mechanism o f  r e t e n t i o i i  under these RP-HPLC c o n d i t i o n s  i s  t h e  

hydrophobic expu ls ion  o f  t h e  p e p t i d i c  s o l u t e s  f rom t h e  p o l a r  
mob i l e  phase t o  t h e  l e s s  p o l a r  sorbent ,  p o l a r  e f f e c t 5  due t o  
unreactedand access ib le  s i l a n o l  groups can a l s o  i n f l u e n c e  

r e t e n t i o n  behaviolrr.  For example, severa l  s t u d i e s  [21-241 

have demonstrated t h a t  bo th  so lvophob ic  and s i l a n o p h i l i c  

processes a r e  i n v o l v e d  i n  t h e  r e t e n t i o n  o f  pep t ides  w i t h  most 

commerc ia l l y  a v a i l a b i e  types  o f  reversed phase s i l i c a s ,  even 
supports o f  h i g h  su r face  coverage and carbon load ing .  Under 

i n a p p r o p r i a t e  e l u t i o n  c o n d i t i o n s ,  these competing d i s t r i b u t i o n  

processes can r e s u l t  i n  l ow  s o l u t e  recove r ies  and poor r e s o l -  
u t i o n  due, i n  p a r t ,  t o  undes i rab le  peak broadening. Other 

column and extra-column e f f e c t s  a re  a l s o  known t o  i n f l u e n c e  

chromatographic e f f i c i e n c i e s .  Even i n  w e l l  packed columns, 
' w a l l  I and assoc ia ted  non-uni form f low phenomena can l e a d  t o  

s i g n i f i c a n t  zone d i s p e r s i o n  e f f e c t s  f o r  p e p t i d i c  s o l u t e s .  

Theory p r e d i c t s  [25-281 t h a t  r a d i a l  compression o f  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 c r e a t e  an e f f i c i e n t  and homogeneous 

chromatographic bed i n  which these d i s p e r s i o n  e f f e c t s  a re  
l a r g e l y  circumvented. Due t o  t h e i r  f avou rab le  column charac- 
t e r i s t i c s ,  e.g. wide diameter,  s h o r t  columns, r e l a t i v e l y  h i g h  

f l o w  r a t e s  and sample l oad ings  a re  a l s o  p o s s i b l e  w i t h  these 

c a r t r i d g e s  w i t h o u t  a s i g n i f i c a n t  l o s s  o f  r e s o l u t i o n .  

s t u d i e s  [ 6 , 7 1 ,  we have employed t h i s  approach i n  t h e  p u r i f i c a t i o n  

o f  mu l t i - g ram amounts o f  s y n t h e t i c  pep t ides  us ing  p r e p a r a t i v e  
reversed phase columns w i t h  sample c a p a c i t i e s  g r e a t e r  than 

I n  r e c e n t  
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1730 HEARN, GREGO, AND BISHOP 

l g m / i n j e c t i o n .  As i s  e v i d e n t  f rom t h e  i n v e s t i g a t i o n s  r e p o r t e d  

i n  t h e  present  arid o the r  r e c e n t  s tud ies [291 ,  t h e  cor respond ing  

a n a l y t i c a l  system, now a v a i l a b l e  commerc ia l l y  i n  t h e  form o f  

Rad ia l  Pak A/C18 columns, is s u i t e d  t o  h i g h  e f f i c i e n c y  semi- 

p r e p a r a t i v e  separa t ions  o f  complex m ix tu res  o f  pep t ides .  

A c i d i c  amine phosphate b u f f e r s  have r e c e n t l y  gained 

p o p u l a r i t y  i n  a n a l y t i c a l  RP-HPLC o f  pep t ides  and p r o t e i n s .  Low 

concent ra t ions ,  u s u a l l y  i n  t h e  r e y i o i i  o f  5-20mM, o f  these 
b u f f e r s  have been added t o  mob i l e  phases o f  h igh - in te rmed ia te  

water conten t  i n  o rde r  t o  mask p o l a r  group i n t e r a c t i o n s  a t  

t h e  su r face  o f  t h e  chemica l l y  bonded a l k y l s i l i c a  s t a t i o n a r y  
phase. 

b u f f e r  components, mob i le  phases which c o n t a i n  amine phosphates, 
formates o r  t r i f l u o r o a c e t a t e s  g e n e r a l l y  g i v e  r i s e  [z,4,21-23,301 

t o  reduced r e t e n t i o n  t imes and improved peak shapes f o r  smal l  

pept ides  when chromatographed on such convent iona l  reversed 

phase s i l i c a  supports as pBondapak c18 o r  L iChrosorb  RP-18. 

With t h e  Radial  Pak A/C18 suppor t ,  i t  was found necessary t o  
use cons ide rab ly  h ighe r  concen t ra t i ons  o f  these b u f f e r  combin- 

a t i o n s  t o  avo id  excess ive  band spreading. 

column e f f i c i e n c i e s  cou ld  be achieved w i th ,  f o r  example, 150mM 

tr iethylammonium phosphate i nco rpo ra ted  i n t o  t h e  mob i l e  phase 

(F ig .  la), mob i le  phases c o n t a i n i n g  lower  concen t ra t i ons  o f  t h e  
a c i d i c  t r i e t h y l a m i n e  b u f f e r s  r e s u l t e d  i n  l n f e r i o r  chromatographic 

Compared t o  the  corresponding e l u e n t s  which l a c k  these 

Al though s a t i s f a c t o r y  

performance. The decreased r e s o l u t i o n  observed w 

c o n t a i n i n g  iow concen t ra t i ons  o f  t h e  a c i d i c  amine 
most n o t i c a b l e  w i t h  bas i c  pep t ides  and p a r t i c u l a r  

pept ides  c o n t a i n i n g  a N- te rmina l  a r g i n i n e  res idue  

observa t ions  a r e  ccns isbent  w i t h  t h e  r e p o r t e d  [zi 

t h  e luen ts  

b u f f e r s  was 
y w i t h  

These 
su r face  

c h a r a c t e r i s t i c s  o f  th i .s  t o t a l l y  porous , spher i ca l  , reversed 
phase support  and p a r a l l e l  e a r l i e r  exper iences [2,21,221 on 
convenient procedures t o  mask s i l a n o p h i l i c  i n t e r a c t i o n s .  

o rde r  t o  o b t a i n  op t ima l  chromatographic r e p r o d u c i b i l i t y ,  i t  was 
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Figure 1. (A) 
insulin ( l ) ,  angiotensin I (2) and trityrosine (3) ( =  ca 20pg 
each). Chromatographic conditions: column, Radial PakT/C18; 
flow rate, 2ml/min; gradient elution beginning with 150mM 
triethylammonium phosphate, pH 2.6 with a linear 30min. increase 
of the modifying mobile phase 50% acetonitrile-50%-water- 
150mM triethylammonium phosphate. ( B )  Chromatogram of bovine 
insulin (1) obtained under 30min. linear gradient elution 
conditions on the same Radial Pak A/C18 column. 
Eml/min; mobile phase, aqueous lOOmM ammonium sulphate (pH3.0) 
tp 50% acetonitrile-50% water-100mM ammonium sulphate (pH3.0). 

Gradient elution profile of a mixture of bovine 

Flow rate, 
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1732 HEARN, GREGO, AND BISHOP 

a l s o  found necessary t o  c o n d i t i o n  the  so rben t  by means o f  an 

ex tens i ve  wash w i t h  e i t h e r  methanol o r  another a l coho l  f o l l o w e d  

by e l u t i o n  w i t h  t h e  approp r ia te  mob i le  phase c o n t a i n i n g  t h e  

a c i d i c  amine b u f f e r  f o r  200 column volumes. As most commer- 

c i a l  o rgan ic  amines a r e  e i t h e r  o f  low p u r i t y  o r  l ow  v o l a t i l i t y ,  

t r i e t h y l a m i n e  has proved t o  be t h e  reagent  o f  cho ice .  However, 

even w i t h  t r i e t h y l a m i n e  i t  i s  e s s e n t i a l  f o r  semiprepara t ive  and 

a n a l y t i c a l  separa t ions  t o  ensure t h a t  assoc ia ted  contaminants, 

which i n t e r f e r e  w i t h  h i g h  s e n s i t i v i t y  UV o r  F luoromet r ic  detec- 
t i o n ,  a re  removed by d i s t i l l a t i o n  procedures, f o l l o w e d  by 

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

approp r ia te  concen t ra t i on  o f  t h e  a c i d i c  t r iethylammonium b u f f e r  

through an o c t a d e c y l s i l i c a  suppor t  p r i o r  t o  use. 
Ammonium su lphate ,  a t  concen t ra t i ons  up t o  100mM, was 

a l s o  found e f f e c t i v e  as an i o n i c  m o d i f i e r  w i t h  t h e  Radial  Pak 

A/CI8 support .  
s o l v e n t  con ten t ,  pept fdes  show d i f f e r e n t  s e l e c t i v i t i e s  w i t h  

t h i s  reagent compared t o  t r iethylammonium phosphate b u f f e r  

systems. Typ ica l  o f  these s e l e c t i v i t y  d i f f e r e n c e s  a re  t h e  

e l u t i o n  p r o f i l e s  f o r  bov ine  i n s u l i n  compared i n  F igs .  l a  and l b .  

The major  l i m i t a t i o n  o f  a c i d i c  amine phosphate o r  su lpha te  
buffers i n  p r e p a r a t i v e  RP-HPLC i s  t h e  n e c e s s i t y  t o  subsequent ly 

remove the  b u f f e r  components. 

can be achieved by c l a s s i c a l  open column g e l  permeation, h i g h  
performance ge l  permeation and RP-HPLC techniques us ing  v o l a t i l e  
e l  uents,  these subsequent s teps  may be undes i rab le  and cou ld  

w e l l  l ead  t o  lower  recover ies .  V o l a t i l e  amine formate,  a c e t a t e  

and t r i f l o u r o a c e t i c  b u f f e r s  have been employed [1,2,6,7,301 iii 

p r e p a r a t i v e  and semi -prepara t ive  RP-HPLC separa t ions  of pept ides .  

P r i o r  p u r i f i c a t i o n  o f  t he  b u f f e r  reagents  i s  i n v a r i a b l y  a 
p rudent  p recau t ion .  

a l t e r n a t i v e  d e s p i t e  i t s  l i m i t a t i o n s  as an i o n i c  m o d i f i e r  of 

pep t ide  s e l e c t i v i t y  due t o  t h e  r e s t r i c t i o n  t h i s  reagent  p laces  

With mob i l e  phases o f  s i m i l a r  pH and o rgan ic  

Al though t h i s  d e s a l t i n g  s tep  

Ammonium b ica rbona te  o f f e r s  a conven ien t  
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Y 
16 

1c I- I 

fraction number 

F igu re  2. Separa t ion  o f  ~ ~ ~ ~ I l - l a b e l l e d  a-, 8- and y-endorphin 
on a Radial  Pak A/C18 column under g r a d i e n t  e l u t i o n  c o n d i t i o n s .  
Chromatographic cond i t i ons :  f l o w  r a t e ,  4ml/min; mob i l e  phase 
A, aqueous lOOmM ammonium b icarbonate ;  mob i l e  phase B, 65% 
a c e t o n i t r i l e - 3 5 %  water-100mM ammonium b icarbonate .  
e l u t i o n  commenced w i t h  20% B w i t h  a 30min. l i n e a r  i nc rease  up 
t o  100% B. 

The g r a d i e n t  

on t h e  opera t iona l  pH range o f  t h e  mob i l e  phase. 

pep t ides  can be recovered d i r e c t l y  by l y o p h i l i s a t i o n  f rom hydro- 

o rgan ic  s o l v e n t  e luen ts  c o n t a i n i n g  t h i s  reagent .  
t i v e  separa t ions  of  pep t ides  on convent iona l  oc tadecy l  s i l  i c a  

suppor ts  have been descr ibed [1,2,4,321 us ing  ammonium b i c a r -  
bonate-based mob i l e  phases. As i s  e v i d e n t  f rom t h e  s t u d i e s  

i l l u s t r a t e d  i n  Figs.2-7, s i m i l a r  e l u e n t s  can be employed f o r  

t h e  separa t i on  of pept ides ,  i n c l u d i n g  r a d i o - i o d i n a t e d  p o l y -  

pep t ides  and hydrophobic t r y p t i c  pep t ides ,  on t h e  Rad ia l  Pak 

A/C18 support .  

F igu re  2 shows the  separa t i on  o f  [ 1 2 5 i ] - l a b e l l e d  a- ,  B- 
and y-endorphin.  

Des i rab l y ,  

M ic roprepara-  

The recovery  o f  r a d i o a c t i v i t y  f o r  each o f  
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fraction number 

-4- Fiqure 3. 
[I2511 -label led ovine thyrotrophin preparation chromatographed 
on a Radial Pak A/C18 column. Chromatographic conditions: 
flow rate, 2ml/min; a 30min. linear gradient was generated 
from aqueous lOOmM ammonium bicarbonate to 50% acetonitrile- 
50% water-100mM ammonium bicarbonate. Also shown is the 
elution profile and recovery of concanaval in A-purified ovine 
thyrotrophin (500~9) chromatographed under the same conditions. 

Gradient elution profile of a partially purified 

these labelled peptides was greater than 97% using a linear 
30min acetonitrile gradient at a flow rate of 4ml/min. 
Similarly, high recoveries were obtained for a crude [ 1 1 -  
labelled ovine thyrotrophin preparation (Fig.3) (99% recovery) 
and for an in vivo labelled guinea pig thyroglobulin 19s 
iodoprotein complete tryptic digest (85% recovery). Also 
shown in Fig. 3 is the elution profile and recovery of a 500pg 
loading of Concanavalin A purified ovine thyrotrophin (ca- 
4uU/ug bioactivity based on a U.S.P. bovine thyrotraphin 
standard) chromatographed under the same elution conditions. 

1 2 5  
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The h i g h  recove ry  o f  t h i s  g l y c o p r o t e i n  hormone f rom t h e  Rad ia l  
Pak A/C18 column p a r a l l e l s  s i m i l a r  r e s u l t s  [171 ob ta ined  w i t h  

a 5001 pore  diameter o c t a d e c y l s i l  i c a  suppor t  and suggest t h a t  

r e l a t i v e l y  hydrophobic p r o t e i n s  w i t h  mo lecu la r  we igh ts  a t  

l e a s t  up t o  30,000 may be success fu l  separated on a semi- 

p r e p a r a t i v e  bas i s  us ing  these r a d i a l l y  compressed columns 

and mob i l e  phases of s u i t a b l e  e l u t r o p i c i t y .  

f avou rab le  s o l v e n t  c h a r a c t e r i s t i c s  and p e p t i d e  s o l u b i l i t y  
parameter dependencies ~2,231, a c e t o n i t r i l e  and 2-propanol 
appear t o  be t h e  two common o rgan ic  m o d i f i e r s  b e s t  s u i t e d  t o  

p o l y p e p t i d e l p r o t e i n  separa t i on  on Rad ia l  Pak A/C18 supports.  

The a p p l i c a t i o n  of a n a l y t i c a l  RP-HPLC t o  p e p t i d e  mapping 

o f  p r o t e i n s  has generated much va luab le  i n f o r m a t i o n  on t h e  
p r imary  s t r u c t u r e  o f  a l a r g e  v a r i e t y  of  p r o t e i n s  o f  c u r r e n t  

i n t e r e s t  i n  mo lecu la r  b io logy .  Fo l l ow ing  our  e a r l i e r  r e p o r t s  

on t h e  development o f  e l u t i o n  s t r a t e g i e s  [1,2,18,33,34] f o r  
t h e  m ic rop repara t i ve  RP-HPLC separa t ions  o f  enzymat ic d i g e s t s  

o f  p r o t e i n s ,  we have extended t h i s  micromethodology t o  

haemoglobin v a r i a n t s  1351 , p r o t e i n  hormones [i,361 and o t h e r  

p r o t e i n s  w i t h  i n t r i n s i c  b i o l o g i c a l  a c t i v i t y  [37,38] u s i n g  i n  

severa l  cases as l i t t l e  as lOOpmole o f  p r o t e i n  d i g e s t .  I n  

severa l  ins tances  where t h e  pa ren t  p r o t e i n  was a v a i l a b l e  on 

t h e  nanomole sca le ,  semi -prepara t ive  RP-HPLC would have been 
most u s e f u l .  

Becau,se o f  t h e i r  

F ig .  4 shows t h e  e l u t i o n  p r o f i l e s  ob ta ined a f t e r  a p p l i c a -  

t i o n  o f  t h e  18h and 20h t r y p t i c  d i g e s t  o f  c h i c k  lysozyme t o  a 
Rad ia l  Pak A/CI8 column and e l u t i o n  w i t h  l i n e a r  water-aceto- 

n i t r i l e -100mM ammonium b icarbonate  g rad ien t .  
chromatographic c o n d i t i o n s  e x c e l l e n t  r e s o l u t i o n  and pep t ide  

recove r ies  were obtained. 
t h e  cor respond ing  low pH phosphate based e l u e n t  gave s i g n i f -  

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

0-50% 2-propanol g r a d i e n t  w i t h  lOOmM ammonium b ica rbona te  

Under these 

Cons is ten t  w i t h  t h e  e a r l i e r  r e s u l t s ,  

As can be seen f rom F ig .  5, a 

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



1736 HEARN, GREGO, AND BISHOP 

0 0  

s 
R 

/ A  

0 2& (8 72 96 120 144 168 192 
Time (mind 

Figure 4. 
lysozyme on a Radial Pak A/C18 column. 
chromatogram f o r  the  18h. d iges t  e luted a t  a flow r a t e  of 
1.5ml/min with a l i nea r  3 h .  gradient generated from aqueous- 
lOOmM ammonium bicarbonate t o  50% ace toni t r i le -50% water- 

lOOmM ammonium bicarbonate,  sample s i ze ,  1400pg. 
shown the chromatogram for the 20h. d iges t  (sample size 21OOvg) 
eluted under  s imi la r  conditions except t h a t  a biphasic 5h. 
gradient  was employed. 

Separation o f  t he  t r y p t i c  peptides of chick 
In ( A )  i s  shown the  

In ( B )  i s  
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Time ( m i n d  

F i g u r e  5. 
o f  c h i c k  lysozyme chromatographed on a Rad ia l  Pak A/C18 column 
us ing  a 5h. l i n e a r  g r a d i e n t  generated from aqueous 190mM 
ammonium b icarbonate  t o  50% propan-2-01-50% water-100mM 
ammonium b icarbonate  a t  a f l o w  r a t e  o f  1.5ml/min. Sample s i z e  
21001.19 i n  1501.11. 

Grad ien t  e l u t i o n  p r o f i l e  f o r  t h e  t r y p t i c  pep t ides  

p resen t  r e s u l t e d  i n  more r a p i d  e l u t i o n  o f  t h e  l e s s  p o l a r  

lysozyme t r y p t i c  pept ides  b u t  reduced e f f i c i e n c i e s  compared 

t o  a c e t o n i t r i l e  g rad ien ts .  These r e s u l t s  a re  t y p i c a l  f o r  

these two s o l v e n t  m o d i f i e r s  and r e f l e c t  r e l a t i v e  d i f f e r e n c e s  
i n  t h e i r  e l u t r o p i c i t i e s  and s o l u t e  d i f f u s i o n  r a t e s  [231 .  

F i g .  6a i l l u s t r a t e s  t h e  e l u t i o n  p r o f i l e  ob ta ined  f o r  

t h e  6h C r y p t i c  d i g e s t  o f  human growth hormone e l u t e d  under 
ammonium b i c a r b o n a t e - a c e t o n i t r i l e  g r a d i e n t  c o n d i t i o n s .  I n  

F ig .  6b i s  shown t h e  corresponding chromatogram ob ta ined  f o r  
t h e  same t r y p t i c  d i g e s t  on an a n a l y t i c a l  VBondapak C18 column 

e l u t e d  w i t h  a l ow  pH phosphate-based mob i l e  phase. As a n t i c -  
i p a t e d  t h e  Rad ia l  Pak A/Cls column gave b e t t e r  column perform- 

ances w i t h  l a r g e r  sampling l oad ings  f o r  t h e  human growth 
hormone enzymatic d i g e s t s .  A p p l i c a t i o n  o f  these methods has 
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Figure 6. Separation o f  the t r y p t i c  pept ides o f  human growth 
hormone on ( A )  t h e  Radial Pak A / C  column w i t h  the  e l u t i o n  
condi t ions g iven i n  the legend t o l f i g .  4 A ,  and (B) on the  
pBondapak C 1 8  a n a l y t i c a l  column w i t h  a 60min. l i n e a r  g rad ien t  
generated from water-15mM orthophosphoric a c i d  t o  50% aceto- 
n i t r i l e - 5 0 %  water-15mM orthophosphoric acid,  f l o w  r a t e ,  
2ml /mi n . 
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permi t ted the amino a c i d  sequence o f  t he  20K human growth 

hormone v a r i a n t  t o  be confirmed i n  t h i s  l abo ra to ry  [361. 

t he  Radial Pak A/C18 column t o  reso lve  p a r t i c u l a r l y  complex 

pept ide mixtures on a semi-preparat ive scale. 

t he  e l u t i o n  p r o f i l e s  o f  t he  20h t r y p t i c  d igests  o f  human ( A )  
and guinea p i g  ( B )  t h y r o g l o b u l i n  19s iodoprote ins a re  shown. 
Compared t o  previous pept ide mapping techniques used i n  the 
study o f  these two macroglobulins [391 these rap id,  h igh 

r e s o l u t i o n  RP-HPLC separat ions are c l e a r l y  super ior .  Using 
s i m i l a r  chromatographic techniques, we have been ab le  t o  
reso lve  [MI m i l l i g r a m  q u a n t i t i e s  o f  [ 1 2 5 ~ ] - l a b e l l e d  pept ides 

from jn- lw o r  i n  v i t r o  i od ina ted  thy rog lobu l i ns  f rom several  

species. Despi te t h e  repor ted [14,401 s i m i l a r i t i e s  i n  amino 
a c i d  composition f o r  human and guinea p i g  t h y r o g l o b u l i n  19s 
iodoprote ins,  s i g n i f i c a n t  sequence and cleavage s i t e  d i f f e rences  
are ev ident  f rom a comparison o f  the chromatograms shown i n  
Fig.7.  
amino a c i d  sequence o f  t he  subuni ts o f  these microheterogeneous 

macroglobulins due, i n  p a r t ,  t o  the poor r e s o l u t i o n  o f  t he  
enzymatic o r  t he  CNBr-fragments o f  these p ro te ins  obtained 
w i t h  c l a s s i c a l  open column gel  permeation o r  ion-exchange 

techniques. For example, on Sephadex G75 columns, the  same 
t r y p t i c  d iges t  as used f o r  the RP-HPLC separat ion shown i n  

Fig.  7A i s  resolved i n t o  o n l y  n ine d i s c r e t e  f r a c t i o n s  [381. 

I n  summary, h igh e f f i c i e n c y  separat ions o f  complex 
pept ide and polypept ide mixtures can be achieved us ing the  
Radial Pak A/C18 support packed i n t o  f l e x i b l e - w a l l e d  poly-  
e thy lene ca r t r i dges .  

t h i s  non-polar sorbent e x h i b i t s  d i f f e r e n t  s e l e c t i v i t i e s  f o r  
pept ides i n c l u d i n g  the angiotensins,  i n s u l i n s  and endorphins 

when compared t o  convent ional  o c t a d e c y l s i l i c a  supports such 
as WBondapak CI8, LiChrosorb RP-18 o r  Hypers i l  ODs. 

F ig.  7 demonstrates f u r t h e r  the general a p p l i c a b i l i t y  o f  

I n  t h i s  f i gu re ,  

A t  t h i s  stage, l i t t l e  i n fo rma t ion  i s  a v a i l a b l e  on thc  

From the a v a i l a b l e  chromatographic data, 

A f u r t h e r  
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Figure 7. 
of human thyroglobullin 19s iodoprotein (A) and guinea pfg 
thyroglobul in 19s iodoprotein (B) chromatographed on Radial 
Pak A/C18 columns at a flow rate of 1.5ml/min. 
gradient was employed in each case using the mobile phase 
conditions given in the legend to Fig. 4. 

Gradient elution profiles for the tryptic peptides 

A linear 5h. 
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d i s t i n c t i o n  can be made w i t h  these o t h e r  types  o f  bonded 
reversed phase s i l i c a s  i n  so f a r  t h a t  hydrophobic pep t ides  

t e n d  t o  be e l u t e d  from t h e  Rad ia l  Pak A/CI8 suppor t  w i t h  
mob i l e  phases o f  lower o rgan ic  s o l v e n t  con ten t .  
phases c o n t a i n i n g  v o l a t i l e  b u f f e r s  such as t r iethylammonium 
fo rmate  o r  ammonium b icarbonate ,  good s e l e c t i v i t y  and r e c o v e r i e s  

were ob ta ined.  
separa t i on  o f  l a r g e r  po l ypep t ides  o r  complex m i x t u r e s  d e r i v e d  

f rom t h e  enzymatic d i g e s t i o n  o f  p r o t e i n s .  
r a t e s  can be used w i t h  these f l e x i b l e - w a l l e d  columns than i s  
t h e  case w i th  s t a i n l e s s  s t e e l  columns, r e - e q u i l i b r a t i o n  t imes 

were s i g n i f i c a n t l y  sho r te r .  No s i g n i f i c a n t  l o s s  o f  r e s o l u t i o n  

was no ted  w i th  t h e  Radial  Pak A/CI8 support ,  packed i n t o  

10 x 0.8cm c a r t r i d g e s ,  f o r  sample l oad ings  between one and two 
o rde rs  o f  magnitude g r e a t e r  than those t y p i c a l  f o r  s tandard  

(25  x 0.4cm) s t a i n l e s s  s t e e l  HPLC columns. For  example, t h e  

semi -prepara t ive  c a p a b i l i t y  o f  t h e  rad ia l l y -compressed 

chromatographic system p e r m i t t e d  10-100nmoles pe r  i n j e c t i o n  
o f  t h e  t h y r o g l o b u l i n  t r y p t i c  d i g e s t s  t o  be separated w i t h  
e x c e l l e n t  r e s o l u t i o n  and recovery  i n  ca 6h. 

Wi th  i i i ob i le  

Shal low g r a d i e n t s  were p r e f e r r e d  f o r  t h e  

Because h i g h e r  f l o w  
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