
 

 

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

Factors Affecting the Separation of Arginine Vasopressin Peptide
Diastereoisomers by HPLC
Dennis D. Blevinsab; Michael F. Burkeab; Victor J. Hrubyab; Brent R. Larsenab

a Department of Chemistry, University of Arizona Health Sciences Center, Tucson, Arizona b

Department of Anatomy, University of Arizona Health Sciences Center, Tucson, Arizona

To cite this Article Blevins, Dennis D. , Burke, Michael F. , Hruby, Victor J. and Larsen, Brent R.(1980) 'Factors Affecting
the Separation of Arginine Vasopressin Peptide Diastereoisomers by HPLC', Journal of Liquid Chromatography &
Related Technologies, 3: 9, 1299 — 1318
To link to this Article: DOI: 10.1080/01483918008062778
URL: http://dx.doi.org/10.1080/01483918008062778

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/10.1080/01483918008062778
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 3(9), 1299-1318 (1980) 

FACTORS AFFECTING THE SEPARATION OF ARGININE 
VASOPRESSIN PEPTIDE DIASTEREOISOMERS BY HPLC 

Dennis D.  Blevins, Michael F. Burke, V i c t o r  J .  Hruby', 
and Brent R .  Larsent 

'Department of Anatomy 
U n i v e r s i t y  o f  Arizona Heal th  S c i e n c e s  Center 

Tucson, Arizona 55721 

Department o f  Chemistry,  U n i v e r s i t y  of Arizona and 

ABSTRACT 

Experimental  c o n d i t i o n s  and parameters  involved  i n  HPLC 
s e p a r a t i o n s  o f  t h e  p e p t i d e  hormone a r g i n i n e  v a s o p r e s s i n  and some 
o f  i t s  d i a s t e r e o i s o m e r s  on s e v e r a l  r e v e r s e  phase  columns w r e  
i n v e s t i g a t e d .  The e f f e c t s  of  p e r c e n t  carbon loading  on an 
o c t a d e c y l  r e v e r s e  phase  column, carbon c h a i n  l e n g t h  o f  t h e  bonded 
phase ,  c o n c e n t r a t i o n  of  t h e  b u f f e r ,  and o r g a n i c  s o l v e n t  were 
examined. Using t h e  a p p r o p r i a t e  s o l v e n t  sys tems,  a r g i n i n e  
v a s o p r e s s i n  was s e p a r a t e d  from e a c h  o f  i t s  d i a s t e r e o i s o m e r s  wi th  
most s o l v e n t  systems s t u d i e d ,  b u t  t h e  o r d e r  of e l u t i o n  o f  t h e  
d i a s t e r e o i s o m e r s  was dependent on t h e  column employed. Seuara-  
t i o n  of  t h e  n e p t i d e s  was o n l y  p a r t  o f  t h e  g o a l .  .A c o n t i n u i n x  
s t u d y  t o  unders tand  t h e  i n t e r a c t i o n s  o f  t h e  p e p t i d e s  i i i t h  t h e  
s t a t i o n a r y  phase as a f u n c t i o n  o f  s t r u c t u r e  was a l s o  under taken .  
T h i s  l e a d  t o  t h e  conclus ion  t h a t  t h e  c h o i c e  of column as well as 
s o l v e n t  a f f e c t  t h e  s e p a r a t i o n  of p e p t i d e  d i a s t e r e o i s o m e r s  and 
t h a t  b o t h  t h e  e l u t i n g  s t r e n g t h  o f  t h e  mobile phase and t h e  
s t a t i o n a r y  phase  chemical  composi t ion must be  c o n s i d e r e d .  

ISTRODUCTIOS 

There has  been an i n c r e a s i n g  i n t e r e s t  i n  t h e  s e p a r a t i o n  o f  

moderate s i z e  p e p t i d e s  (700-3000 M V )  by h igh  performance l i q u i d  
chromatography (HPLC)  on both  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  

'Author t o  whom r e p r i n t  r e q u e s t s  should  be addressed  a t  t h e  
Department of Chemistry. 
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1300 B L N I N S  ET AL. 

sca l e .  To d a t e ,  HPLC has been used f o r  trace de termina t ion  of 

s p e c i f i c  pept ides  i n  phys io log ica l  f l u i d s  and t h e  p u r i f i c a t i o n  
of syn the t i c  pept ides  f o r  b i o l o g i c a l ,  chemical, and b iophys ica l  

s tud ie s  (1-4). In add i t ion ,  recent  s t u d i e s  i n  our l abora to ry  
i n d i c a t e  t h a t  t h e  h ighly  s e l e c t i v e  i n t e r a c t i o n s  of t h e  pept ides  

with t h e  chromatographic s t a t i o n a r y  phase can be used t o  obta in  
information about t h e  topo log ica l  s t r u c t u r e  o f  t hese  molecules 

( 5 ) .  The syn thes i s  of s e l e c t e d  d ias te reo isomer  analogs of t h e  
n a t u r a l l y  occurr ing  pept ides  has  proven t o  be a va luable  t o o l  i n  

eva lua t ing  t h e  r o l e  played by c e r t a i n  amino ac ids  i n  determining 
t h e  b io log ica l  a c t i v i t y  of a v a r i e t y  o f  hormones ( see  f o r  example, 

4-9) .  

been shown t o  provide unique i n s i g h t  i n t o  t h e  changes in s t r u c -  
t u r e  which occur upon s u b s t i t u t i o n  of a s i n g l e  
the  pept ide  (S ,8). 

Chromatographic s t u d i e s  of t hese  d ias te reo isomers  have 

isomer i n t o  

In t h i s  paper we present  a chromatographic study using 
a rg in ine  vasopressin (Figure I) (AVP) and seve ra l  analogs 
where one amino a c i d  has been changed t o  t h e  D-configuration. 
AVP has a molecular weight of 1084 and i s  one of t h e  neuro- 

hypophyseal hormones found i n  mammals inc luding  man. In pos i -  
t i o n  1 t h e r e  i s  a h a l f - c y s t i n e ,  2 t y r o s i n e ,  3 phenyla lan ine ,  -I 

glutamine, 5 asparagine,  6 h a l f - c y s t i n e ,  7 p r o l i n e ,  8 s r g i n i n e  
and pos i t i on  9 glycinamide. The pept ides  s tud ied  inc lude  t h e  

n a t u r a l l y  occurr ing  a l l  4 conf igura t ion  hormone and t h e  follow- 
ing  pept ides  with s i n g l e  amino ac id  s u b s t i t u t i o n s  with t h e  2- 
conf igura t ion  : 
tyrosine]-AVP (2-D-Tyr) - , [d-g-glutamine]-AVP (4-D-Gln), and 18- 

- D-arginine] -AVP (8-D-Arg) . 

[ 1-hemi-D-cyst i n e ]  -AVP (1 -Hemi - - D-Cys ) , [ 2 -0- 

The experimental parameters and condi t ions  f o r  t h e  r eve r se  
phase HPLC separa t ion  of t h e  pept ide  d ias te reo isomers  examined a r e  
presented. 
supports and so lven t s  on t h e  separa t ion  of t h e  d ias te reo isomers .  

The da ta  obtained provides f u r t h e r  i n s i g h t  i n t o  the  underlying 
physical-chemical processes which Iffect the  sepa ra t ion  of t h e  

We have a l s o  examined t h e  e f f e c t s  of  r e v e r s a  phase 
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ARCININE VASOPRESSIN PEPTLDES 1301 

I 
C-0 CONH2 

I 
/ C H - C - N H - C H - C C - N H - C H ~ C O N H ~  

C H r C H 2  I 
(CH2)3 

I 
NH 
I 
C=NH 

FIGURE 1. S t ruc tu re  of a rg in ine  vasopress in  ( A V P ) .  The numbers 
(1 ,2 ,3 ,  e t c . )  correspond to t h e  res idue  from the  S-terminal h a l f  
cys t ine-1  t o  t h e  C-terminal glycinamide-9. 

d ias te reo isomers ,  and permits us t o  d iscuss  t h e s e  i n  terms o f  t h e  

d i f f e r e n t i a l  topologica l  s t r u c t u r e  of t he  hormones. 

MATERIAL AND METHODS 

Synthesis and Pur i f i ca t ion  of Peptides 

Arginine vasopressin (AVP) and most of t h e  d ias te reo isomers  

of AVP used i n  t h i s  study were synthesized i n  our  labora tory  

by the  s o l i d  phase synthes is  method (10). The s o l i d  phase 

methods were similar t o  those prev ious ly  used i n  ou r  l abora to ry  
f o r  preparing a rg in ine  vasopressin and r e l a t e d  analogs (11,121. 

The compounds were separa ted  from r e l a t e d  d ias te reo isomers  and 

p u r i f i e d  by p a r t i t i o n  chromatography on Sephadex G - 2 5  (11,13) 
using p u r i f i e d  so lven t s  as previous ly  repor ted  (14 ) .  A f i n a l  
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1302 BLEVINS ET AL. 

p u r i f i c a t i o n  on Sephadex G-25 u s i n g  0 .2  N aqueous a c e t i c  a c i d  as 

e l u e n t  s o l v e n t  was always u t i l i z e d .  The s o u r c e s  f o r  t h e  v a r i o u s  

compounds a r e  as f o l l o w s :  (1)  a r g i n i n e  v a s o p r e s s i n  was p r e p a r e d  

and p u r i f i e d  as p r e v i o u s l y  r e p o r t e d  (11) ; (2 )  [2-D- tyros ine ,  S -  

a r g i n i n e l - v a s o p r e s s i n  ( 9 , l l )  ; ( 3 )  [l-hemi-g-[a--H1]cystine, 8- 

a r g i n i n e ]  - v a s o p r e s s i n  (11) ; ( 4 )  [ 8 - g - a r g i n i n e ]  - v a s o p r e s s i n  was a 

generous g i f t  from Dr. Maurice Manning, Department o f  Bio- 

c h e m i s t r y ,  Medical Col lege  of Ohio a t  Toledo;  (5) [4-D-gkutamine, - 
8 - a r g i n i n e ] - v a s o p r e s s i n  was prepared  by D r .  V .  Viswanatha u s i n g  

t h e  s o l i d  phase method, and N-Boc-g-glutamine wi th  d i c y c l o h e x y l -  

carbodi imide  and N-hydroxybenzotr iazole  f o r  coupl ing  t h i s  p r o -  

t e c t e d  amino a c i d  t o  t h e  growing p e p t i d e  c h a i n  (15) .  The genera l  

methodology used f o r  t h e  rest o f  t h e  s y n t h e s i s  fol lowed c l o s e l y  

t h e  procedures  o f  Yamamoto e t  a l .  (111. Following p r e p a r a t i o n  

of  H-Cys(Dbl8)-Tyr(Bz1)-Phe-D-Cln-Asn-Cys (DPIB)-Pro-.Arg(Tos)-Gly-O- 

Res in ,  t h e  p e p t i d e  was c l e a v e d  from t h e  r e s i n  by ammonolysis i n  

anhydrous methanol. The p r o t e c t i n g  groups were removed by sodiu1.i 

i n  l i q u i d  ammonia, t h e  p e p t i d e  o x i d i z e d  by 0 .01  ZJ K3Fe(CS)6, and 

t h e n  p u r i f i e d  by p a r t i t i o n  chromatography on Sephadex G-25 i n  t h e  

u s u a l  manner (11) fol lowed by g e l  f i l t r a t i o n  on Sephades G - 2 5 .  

The p u r i t y  o f  t h e  p e p t i d e s  was e s t a b l i s h e d  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 ,  t h i n  l a y e r  Chromatography i n  t h r e e  o r  f o u r  s o l v e n t  

systems,  o p t i c a l  r o t a t i o n ,  e l e m e n t a l  a n a l y s i s ,  and by  a n a l y t i c a l  

HPLC a n a l y s i s .  The s o l v e n t  systems used for  (TLC) were 1- 

b u t a n o l - a c e t i c  a c i d - w a t e r  ( 4 : 1 : 5 ,  upper  phase o n l y ) ;  l - b u t a n o l -  
acetic a c i d - p y r i d i n e - w a t e r  (15:3:10:1?) ;  l - p e n t a n o l - p y r i d i n e -  

water ( 7 : 7 : 6 ) ;  and e t h y l  a c e t a t e - p y r i d i n e - a c e t i c  a c i d - w a t e r  
( 5 : S : l : j ) .  

7 

Reagents 

The mobile phase used f o r  a l l  HPLC procedures  was composed 

of a t r i e t h y l a m i n e - a c e t i c  a c i d  b u f f e r  (TEA-HOAc) (Solvent  .A) 

combined w i t h  a water m i s c i b l e  o r g a n i c  s o l v e n t  (Solvent  8). 
Solvent  A was p r e p a r e d  by d i l u t i n g  t h e  d e s i r e d  volume o f  acet ic  
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ARGININE VASOPRESSIN PEPTIDES 1303 

ac id  (J. T. Baker, Phi l l ipsburg ,  N J )  i n  950 mL of water and 

t i t r a t i n g  t h e  so lu t ion  t o  a pH of  4.0 us ing  t r ie thylamine  (TEA) 

(Plallinkrodt, S t .  Louis, MO) and then ad jus t ing  t h e  t o t a l  volume 

t o  1 l i t e r .  I t  should be recognized t h a t  t h e  pH values repor ted  

i n  t h i s  work a r e  those of t h e  aqueous bu f fe r  measured before  

addi t ion  of t h e  organic modifier.  

methanol (CH3OH) , a c e t o n i t r i l e  (CH3CN) o r  te t rahydrofuran  (THF) 

(Burdick and Jackson, Muskegon, MI), used without f u r t h e r  

p u r i f i c a t i o n .  The so lvents  were f i l t e r e d  and degassed as 
previously repor ted  (:I. 

The organic po r t ion  was e i t h e r  

Apparatus 

The HPLC equipment used was t h e  same as t h a t  p rev ious ly  

repor ted  (5) except f o r  t he  following. The peaks were monitored 

st 'SO nn using t h e  Nodel 440 absorbance de tec to r  and a l s o  were 

monitored a t  215,nm using a Plodel 450 var i ab le  wavelength 

absorbance de tec to r  (Waters Associates,  Milford,  MA).  The 

columns used i n  t h i s  study are described i n  Table 1. 

TABLE 1 
Column Charac te r i s t i c s  

"0 Carbon Endcapped Column Flow r a t e  
Column (by w t )  U/S) Dimensions ( m L / m i n J  

Spherisorb ODS(a) 5 N 250 x 3 nun i d  2 .0  
u-Bondapak C18(b) 10 Y 300 x 5.9 2 . 0  
LiChrosorb RP- 18 (c) 20 N 250 x 4 .6  2 . 0  
LiChrosorb RP-8(c) 12 N 250 x 2.1  1.0 

(a) Phase Separation Ltd., Queensferry, Clwyd, UK. 
(b) Waters Associates,  Milford, htA. 
(c) E.  N. Laboratories,  Darmstadt, Germany. 
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1304 BLEVINS ET AL. 

Chromatographic S tudy  

The d a t a  was computed and r e p o r t e d  as i n  o u r  p r e v i o u s  work 

(3). Retent ion  measurements w i l l  be  d i s c u s s e d  i n  terms o f  t h e  

c a p a c i t y  f a c t o r ,  k ' ,  and i n  terms o f  t h e  r e l a t i v e  r e t e n t i o n ,  3, 

which i s  t h e  r a t i o  o f  t h e  k' of t h e  p a r t i c u l a r  d i a s t e r e o i s o m e r  

t o  t h a t  o f  t h e  n a t u r a l l y  o c c u r r i n g  AVP.  

The o b j e c t i v e  of t h i s  s t u d y  was t o  see what e f f e c t  changes 

i n  o r g a n i c  modifier, b u f f e r  s t r e n g t h  and s t a t i o n a r y  phase  com- 

p o s i t i o n  would have on t h e  r e l a t i v e  r e t e n t i o n  o f  t h e  d i a s t e r e o -  

isomers  examined. The s t u d y  c o n s i s t e d  o f  t h e  f o l l o w i n g  e x p e r i -  

ments. 

of  AVP w i t h i n  a r a n g e  o f  5 t o  7 ,  t h e  p e p t i d e s  were chromatograph- 

ed u s i n g  t h e  s o l v e n t  systems l i s t e d  i n  Table  2 .  The second 

series o f  exper iments  examined t h e  effect  on a v a l u e s  when t h e  

p e r c e n t  carbon load  o f  t h e  s t a t i o n a r y  phase  was v a r i e d .  

t h e  s o l v e n t  system c o n s t a n t ,  (0 .05 $1 TEA-HOAc combined ',$ith IO", 

THF) , t h e  d i a s t e r e o i s o m e r s  :%'ere a l s o  chromatographed on 3 

LiChrosorb RP-18 and a S p h e r i s o r b  ODS column (Table  1 ) .  F i n a l l y ,  

we wished t o  de te rmine  what effect  t h e  hydrocarbon c h a i n  l e n g t h  

on t h e  s t a t i o n a r y  phase would have on' t h e  v a l u e s .  TIE 

d i a s t e r e o i s o m e r s  were t h e r e f o r e  chromatographed on a LiChrosorb 

RP-8 column u s i n g  a mobile phase  c o n s i s t i n g  o f  0 .05 M TEA-HOAc 

combined wi th  ?oi THF. 

First u s i n g  a u-Bondapak c18 column and h o l d i n g  t h e  k '  

Holdin; 

RESULTS 

The s e r i e s  of experiments  performed were desiq-ned t o  p r o v i d e  

s e p a r a t i o n  o f  t h e  p e p t i d e  d i a s t e r e o i s o m e r s  but  more i n p o r t a n t l y  

t o  a l low us t o  d i f f e r e n t i a t e  between t h e  c o n t r i b u t i o n  o f  t h e  

mobile phase composi t ion v s .  t h a t  o f  t h e  s t a t i o n a r y  phase  com- 

p o s i t i o n  t o  t h e  e l u t i o n  o r d e r  and s e l e c t i v i t y .  The v a r i a t i o n s  

in mobile phase composi t ion which were s t u d i e d  are shown i n  Table  

2 .  We observed t h a t  i n  most c a s e s  s e p a r a t i o n  was o b t a i n e d ,  b u t  

t h e  s e l e c t i v i t y  o f  t h e  system does change as a f u n c t i o n  o f  t h e  

o r g a n i c  m o d i f i e r .  
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ARGININE VASOPRESSIN PEPTIDES 1305 

TABLE 2 
Solvent Conditions on t h e  p-Bondapak C1g Column 

% Organic Phase Conc. o f  Buffer (M) 

CH3OH 25 0.02s 
25 0.050 

CH3CN 12 0.025 
12 0.050 

THF 10 
7 
6 
6 
4 (a) 

0.050 
0.02s 
0.050 
0.075 
0.075 

(a) In j ec t ed  only AVP, [8-g-Arg]-AW, and [4-g-Gln]- 
AVP . 

In order  t o  allow f o r  comparison from so lvent  t o  s o l v e n t ,  

t he  capac i ty  f a c t o r ,  k', f o r  AVP was held r e l a t i v e l y  cons tan t  

f o r  t he  d i f f e r e n t  mobile phases inves t iga t ed .  

i d e n t i f i c a t i o n  each compound was, i n j e c t e d  both i n  a mixture and, 

i f  necessary ,  i nd iv idua l ly  i n  o rde r  t o  confirm t h e  o rde r  o f  
e lu t ion .  

pept ides  with methanol as the  mobile phase organic  modifier 
using t h e  u-Bondapak C18 column a r e  shown i n  Table 3. 

For  purposes of 

The capac i ty  f a c t o r s  and r e l a t i v e  r e t e n t i o n s  for t h e  

The 

TABLE 3 
p-Bondapak C I S  Elution P r o f i l e  with Methanol as t h e  

Organic Modifier 

AVP Analog 

25'0 CH30H 25% CH30H 
0.025 &I TEA-HOAC pH 4 . 0  0.05 M TEA-HOAC pH 4 . 0  

k '  a -- k' a -- 
XVP 5.99 1.00 5.17 1.00 
8-;- Arg 7.07 1.18 6.07 1.17 
4 - g- G In 7 . 2 6  1 . 2 1  6.43 1 . 2 4  
2-g-Tyr 12.23 2.04 10.36 2.00 
1-Hemi-E-Cys 27.84 4.65 25.27 4.89 
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1306 BLEVINS ET AL. 

v a l u e  of  25% CHjOH was used  because  it seemed t o  p r o v i d e  reason-  

a b l e  s e p a r a t i o n  of t h e  p e p t i d e s  wi th  r e s p e c t  t o  time. The o r d e r  
of  e l u t i o n  was found t o  be AVP > 8-Q-Arg 

1-Hemi-g-Cys. I n c r e a s i n g  t h e  acetate c o n c e n t r a t i o n  l e a d s  t o  a 

d e c r e a s e  i n  t h e  r e t e n t i o n  volume o f  a l l  s p e c i e s .  

c a p a c i t y  f a c t o r s  are d e c r e a s e d ,  t h e  r e l a t i v e  r e t e n t i o n s  remain 

e s s e n t i a l l y  unchanged. 

4-B-Gln > 2-0-Tyr 

Even though t h e  

Table  4 shows t h e  c a p a c i t y  f a c t o r s  and r e l a t i v e  r e t e n t i o n s  

o f  t h e  p e p t i d e s  wi th  a c e t o n i t r i l e  as t h e  mobile  phase o r g a n i c  

modifier. 
approximately t h e  same c a p a c i t y  f a c t o r  f o r  AVP a s  d i d  2Sod CHjOII .  

The o r d e r  of e l u t i o n  remained unchanged. Again, an i n c r e a s e  i n  

t h e  acetate c o n c e n t r a t i o n  caused t h e  peaks t o  be e l u t e d  f a s t e r ,  

even though t h e  r e l a t i v e  r e t e n t i o n s  d i d  not  change s i g n i f i c a n t l ? ' .  

The v a l u e  of  12% CH3CU was used  because it provided  

Table  5 shows t h e  c a p a c i t y  f a c t o r s  and t h e  r e l a t i v e  r e t e n -  

t i o n s  of t h e  p e p t i d e  wi th  t e t r a h y d r o f u r a n  as t h e  mobile  phase 

o r g a n i c  m o d i f i e r .  The p e r c e n t a g e  o r g a n i c  m o d i f i e r  was determined  

f o r  reasons  s t a t e d  e a r l i e r .  Again,  t h e  o r d e r  o f  e l u t i o n  remained 

t h e  same. 
o r g a n i c  m o d i f i e r  and i n c r e a s i n g  t h e  b u f f e r  c o n c e n t r a t i o n  i s  shorn 

(Table  5 )  when changing from 7"" THF, 0.025 !I TEA-t lOAc t o  6" .  TIIF, 

0.05 Fl TEA-HOAc. A l l  o f  t h e  p e p t i d e s  e x c e p t  l-Hemi-g-Cys--lVP 

The effects  of d e c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  t h e  

TABLE 4 

Organic  Flodif ier  
u-Bondapak c18 E l u t i o n  P r o f i l e  wi th  . A c e t o n i t r i l e  as t h e  

12% CH3CN 1.2'6 CH3CN 
0.025 >I TEA-HOAC pH 4 . 0  0 .05 $1 T E A - H O k  pH 4 . 0  

a k' 1 -- k '  -- XVP Analog 

AVP 9 .16 1.00 7.01 1.00 
8 -g-Ar g 10.57 1.15 8 . 0 3  1.15 
4-0-Gln 10.57 1.15 8 . 1 3  1.16 
2 -g- Tyr 16.29 1.78 12.36 1.76 
1 -Hemi-g-Cys 42.50 4.64 32.11 4.58 
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ARGININE VASOPRESSIN PEPTIDES 130 7 

TABLE 5 
u-Bondapak c18 Elution Prof i le  with Tetrahydrofuran  as t h e  

Organic  Modif ie r  

7% THF 

HOAc pH 4.0 

k' a 

0.025 M TEA- 

- -  AVP Analog 

AVP 7 .43 1.00 
8-g- Arg 8.29 1.12 
4-D-Gln 9.03 1.22 
2 -E- T y r  16.56 2.23 
I-Hemi-g-Cys 22.29 3.00 

690 THF 
0.05 M TEA- 
HOAc pH 4.0 

k' Q 

7.11 1.00 
7.93 1.12 
5.87 1.25 

15.84 2.23 
23.13 3.25 

-- 

6% THF 
0.075 PI TEA- 
HOAc pH 4 .0  

k' a 

6.73 1.00 
7.54 1 . 1 2  

14.87 2.21 
22.17 3 .29  

- -  

8.44 1 . 2 5  

5 

4 

z 
I- 
2 
W c 
W 

0 

a 3  

z W 

c 
2 
W a 

2 

I 

I -HEMI-D-CYS 

4-D- GLN 
8-D-ARG - 0 AVP 

I I I 

CH CN THF 
3 

CH30H 

FIGURE 2 .  P l o t  o f  r e l a t i v e  r e t e n t i o n  ( a )  vs. o r g a n i c  m o d i f i e r s  
(25% CH30H,  17% CHjCS and 6% THF) on t h e  u-Bondapak c18 column. 
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130 8 BLEVINS ET AL. 

showed a s l i g h t  decrease i n  k1 and t h e i r  re ten t ion  r e l a t i v e  t o  
AVP remained constant. 
an increase i n  i t s  k' as well as i n  i t s  r e l a t i v e  retent ion.  On 
the  other hand, by keeping the  percentage organic modifier 

constant (6%) and increasing the buffer  concentration, the 
capacity factors  decrease, but the  r e l a t i v e  retent ions remain 
essent ia l ly  constant. 

However, the 1-Hemi-g-Cys-AVP showed both 

Figure 2 shows the e f f e c t  of t h e  d i f fe ren t  organic modifiers 
with.the same buffer  concentration. The r e l a t i v e  retent ions of 
the  peptides decrease when comparing CH30H t o  CHsCN, but increase 

2.5 - 

t 

c 

c 
w 

2 
2.0- 

a 
w 

c 

FIGURE 3 .  Plot of r e l a t i v e  retent ion (a) vs.  di f fe ren t  c18 
columns studied (Table 1) with 10% THF as the  mobile phase 
organic modifier (Table 2 ) .  
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ARGININE VASOPRESSIN PEPTIDES 1309 

f o r  some when comparing t o  THF. 
arguments are no t  adequate t o  descr ibe  t h i s  chromatographic 
behavior. 

Clear ly  so lvent  s t r eng th  

In t h e  next series of experiments t h e  diastereoisomers 
were subjec ted  t o  chromatography holding t h e  mobile phase con- 

stant and varying t h e  hydrocarbon composition of t h e  s t a t i o n a r y  
phase. The columns inves t iga t ed  a r e  shown i n  Table 1. The 

e l u t i o n  order  of t h e  diastereoisomers was shown t o  be dependent 
on t h e  amount of c18 hydrocarbon bonded t o  t h e  su r face  of  t h e  
support (Figure 3 ) .  The e lu t ion  order  on t h e  u-Bondapak c18 

(Table 1) column i s  (Figure 3) AVP > 8-g-Arg > 4-g-Gln > 2-g-Tyr 
> I-Hemi-g-Cys. 

8-g-Arg-AVP reve r se  e l u t i o n  order  and on t h e  LiChrosorb RP-18 
column t h e  2-g-Tyr- and 1-Hemi-D-Cys-AVP - r eve r se  e l u t i o n  order .  

w i t h  7% THF and 0.05 M TEA-HOAc pH 4.0 'compared t o  t h e  u-Bondapnk 
c18 column with 7% THF and 0.025 P1 TEA-HOAc pH 4.0 i s  shown i n  
Figure 4. 
8-g-Arg-AVP w a s  reversed. 
t h e  r e l a t i v e  r e t en t ion  of the  c8 column (Figure 4 )  t o  t he  

Spherisorb ODS column (Figure 3 ) ,  no s i g n i f i c a n t  changes a r e  
observed. 

On t h e  Spherisorb ODS c o l m  t h e  4-g-Gln- and 

The e lu t ion  p r o f i l e  of t h e  LiChrosorb RP-8 column (Table 1) 

I t  was observed t h a t  t h e  e lu t ion  order  of 4-g-Gln- and 
If one compares t h e  e l u t i o n  o rde r  and 

Figure 5 shows a typ ica l  chromatogram of t h e  separa t ion  of 

t h e  pept ides  on t h e  u-Bondapak c18 column us ing  6% THF and 0.075 
M TEA-HOAc pH 4.0 a s  t h e  mobile phase. 

separa t ion  of AVP, 8-g-Arg-, and 4-g-Gln-AVP, t h e  percentage THF 

was decreased t o  4% (Table 2 )  and t h e  chromatogram i n  Figure 6 

was obtained. Even though the  r e t en t ion  time was increased ,  t h e  
r e l a t i v e  r e t en t ion  remained unchanged. 

To f u r t h e r  show t h e  

Adjusting t h e  pH t o  6.0 caused a d r a s t i c  i nc rease  i n  r e t en -  

t i on  f o r  a l l  spec ies  and a loss of a l l  r e so lu t ion  (unpublished 
r e s u l t s ) .  
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3 .O 

2.5 

2 

I- 

W 
I- 
w 

w 

b- 
4 
W 

0, 
z 2.0 

a 

1 

a 
I . !  

1.c 

4- D- GLN 

8-0-ARG % - AVP 

FIGURE 4. P l o t  o f  r e l a t i v e  r e t e n t i o n  ( a )  v s .  d i f f e r e n t  hydro-  
carbon cha in  l e n g t h s  comparing t h e  LiChrosorb RP-8  and t h e  
9-Bondapak C19 columns (Table  1) wi th  7@0 THF as t h e  mobile 
phase o r g a n i c  m o d i f i e r .  

DISCUSSION 

Chromatographic systems which u t i  l i t e  a hydrocarbon bonded 

t o  a s o l i d  s i l i c a  suppor t  material as an a d s o r b e n t  are  commonly 
r e f e r r e d  t o  as " r e v e r s e  phase" systems.  Reverse phase  s imply  
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AVP 

W I-HEMI- D-CYS 
V 
t 

i! 
5: m a 

0 10 20 30 

TIME (min) 

FIGURE 5 .  Chromatogram o f  t h e  AVP ana logs  s t u d i e d  on t h e  u- 
Bondapak c18 column wi th  6% THF as t h e  o r g a n i c  m o d i f i e r  and 
0 . 0 7 5  bl TEA-HOAc b u f f e r  as t h e  aqueous p o r t i o n  o f  t h e  mobile  
phase.  

i m p l i e s  t h a t  t h e  e f f e c t i v e  s t a t i o n a r y  phase i s  less p o l a r  t h a n  

t h e  mobile  phase.  In o r d e r  t o  d i s c u s s  t h e  i n t e r a c t i o n s  between 
t h e  s o l u t e  molecules  and t h e  mobile  and s t a t i o n a r y  phases ,which  

are r e s p o n s i b l e  f o r  t h e  chromatographic  s e l e c t i v i t y , i t  is n e c e s -  
s a r y  t o  r e c o g n i z e  t h e  chemical and p h y s i c a l  n a t u r e  o f  t h e  

A V  P 

W 
V z 
4 m a 

m 
5: 
* 

I I I I 
0 10 20 30 

TIME (mini 

FIGURE 6.  Chromatogram o f  AVP, 8-D-Arg-AVP and 4-g-Gln-AVP on 
t h e  u-Bondapak c18 column wi th  4% THF and 0.075 M TEA-HOAc 
b u f f e r  mobile phase .  
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1312 BLEVINS ET AL. 

e f f e c t i v e  s t a t i o n a r y  phase.  

t h e  s o l i d  s u p p o r t  and t h e  bonded hydrocarbon b o t h  o f  which are 
s o l v a t e d  by t h e  components o f  t h e  mobile  phase  as d e p i c t e d  i n  
Figure 7 .  T h e r e f o r e ,  a change i n  t h e  chemical composi t ion  of  

t h e  mobile phase  n o t  o n l y  changes t h e  e l u t i n g  s t r e n g t h  of t h i s  

phase b u t  a l s o  changes t h e  r e t e n t i v e  n a t u r e  o f  t h e  s t a t i o n a r y  
phase.  
s o l v e n t  systems must, t h e r e f o r e ,  be  c o n s i d e r e d  i n  terms o f  
changes o c c u r r i n g  i n  both  p h a s e s  (16,17). 

The s t a t i o n a r y  phase c o n s i s t s  of 

The chromatographic  b e h a v i o r  o f  a compound i n  d i f f e r e n t  

The effects  of changing t h e  b u f f e r  c o n c e n t r a t i o n s  w i t h  
d i f f e r e n t  o r g a n i c  m o d i f i e r s  were i n v e s t i g a t e d .  The ;I-Bondapak 

c18 column (Table  1) was used  f o r  t h i s  s t u d y .  In  a l l  cases it 

was observed t h a t  an increase i n  b u f f e r  c o n c e n t r a t i o n  r e s u l t s  
i n  a d e c r e a s e  i n  t h e  c a p a c i t y  f a c t o r s .  
can be e.xplained by a g r e a t e r  s o l u b i l i t y  o f  t h e  p e p t i d e s  i n  t h e  

mobile phase a t  t h e  h i g h e r  c o n c e n t r a t i o n  of  b u f f e r .  Even thouzh  

k ' s  change, t h e  r e l a t i v e  r e t e n t i o n s  do n o t  change s i , g n i f i c m t  1y. 

T h i s  i n d i c a t e s  t h e r e f o r e  t h a t  t h e  s e l e c t i v i t y  i s  de te rmined  by 

t h e  s t a t i o n a r y  phase .  

The more rapid e l u t i o n  

A O R G A N I C  

0 AQUEOUS 

FIGURE 7 .  
s t a t i o n a r y  phase .  

A p i c t o r i a l  r e p r e s e n t a t i o n  o f  t h e  s o l v a t e d  bonded 
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ARGININE VASOPRESSIN PEPTIDES 1313 

A comparison o f  t h e  r e t e n t i o n  parameters of t hese  species 
as a func t ion  of t h e  d i f f e r e n t  organic  modi f ie rs  with t h e  same 
aqueous bu f fe r  (Figure 2 )  shows t h a t  t h e  abso lu te  r e t e n t i o n  of 
the AVP and i t s  d ias te reo isomers  is  a function of t h e  organic  
nodi f ie r  so lvent  s t r e n g t h  (18). The capac i ty  f a c t o r  f o r  AVP is  
held t o  a value of 5 t o  7 by ad jus t ing  t h e  f r a c t i o n  of organic  

modifier used. However, t he  relative r e t e n t i o n  o f  t h e  d i a s t e r e o -  
isomers is seen t o  vary depending on t h e  choice  of o rgan ic  

modifier.  For example, even though THF i s  considered a s t r o n g e r  
so lvent  than  e i t h e r  CH30H or CH3CN, 2-2-Tyr-AVP has an increase 
i n  i t s  r e l a t i v e  r e t e n t i o n  i n  THF. 

i n t e r p r e t  t h i s  behavior i s  t o  consider t h a t  THF and CH3CN a r e  
more e f f e c t i v e  i n  so lva t ing  t h e  bonded phase than  is CH3OH. 
This so lva t ion  of t h e  su r face  determines t h e  chemical composi- 

t i o n  of t h e  e f f e c t i v e  s t a t i o n a r y  phase. In t e rac t ions  of t h e  
s o l u t e  molecules with t h e  s t a t i o n a r y  phases t h e r e f o r e  will be a 
function of t h e  amount of hydrocarbon bonded t o  t h e  s u r f a c e  and 

the  components of t h e  mobile phase a s soc ia t ed  with both t h e  
s i l i ca  s u b s t r a t e  and t h e  bonded hydrocarbon. 

A more p r e c i s e  way t o  

The next parameter i nves t iga t ed  was t h e  e f f e c t s  of  d i f f e r e n t  

percent  carbon of t h e  bonded phase (Table 1) .  Previous work i n  
our labora tory  has shown t h a t  t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  
in  the  e f f e c t i v e  concent ra t ions  o f  hydrocarbon i n  the  s t a t i o n a r y  
phase of t he  t h r e e  c18 packing ma te r i a l s  (16,17). 
shown i n  Figure 3 demonstrates t h a t  t he  order  of e l u t i o n  as well  

as  t he  r e t e n t i o n  of t h e  d ias te reo isomers  r e l a t i v e  t o  t h e  parent  
compound i s  a func t ion  of  t he  amount of hydrocarbon bonded t o  the  

sur face .  The l i g h t l y  loaded Spherisorb ODS (5b C) provided t h e  
g rea t e s t  d i spe r s ion ,  i . e .  d i f f e rence  i n  r e l a t i v e  r e t e n t i o n  of  

a l l  of t h e  d ias te reo isomers .  
showed an increase  i n  t h e  r e t e n t i o n  of both t h e  2-D-Tyr- and t h e  
I-Hemi-E-Cys-AVP and a decrease i n  t h e  r e t e n t i o n  of the  S-1-Arg- 
AVP. 

Cys-AVP i s  a very s t rong  ind ica t ion  t h a t  t h e  conformations of 

The d a t a  

The u-Bondapak CIS column (10% C) 

The increase  i n  a t t r a c t i o n  of the  2-Q-Tyr- and l-Hemi-1- 
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t h e s e  d i a s t e r e o i s o m e r s  p r o v i d e  a g r e a t e r  exposure o f  l i p o p h i l i c  

m o i e t i e s .  This i n c r e a s e d  exposure  i n t e r a c t s  more s t r o n g l y  tdith 

t h e  s t a t i o n a r y  phase  which h a s  been made more non-polar  by t h e  

i n c r e a s e  i n  t h e  hydrocarbon c o n t e n t .  The d e c r e a s e  i n  t h e  r e l a -  

t i v e  r e t e n t i o n  of t h e  8-g-Arg-AVP implies t h a t  t h i s  d i a s t e r e o -  

isomer becomes more l i k e  t h e  n a t i v e  hormone i n  i t s  a b i l i t y  t o  

i n t e r a c t  w i t h  a non-polar  environment .  

F u r t h e r  i n c r e a s i n g  t h e  hydrocarbon c o n t e n t  of t h e  s t a t i o n a r y  

phase ( s e e  t h e  LiChrosorb RP-18 column (20% C ) ) ,  which a l s o  

i n c r e a s e s  t h e  amount of o r g a n i c  m o d i f i e r  a s s o c i a t e d  w i t h  t h e  

bonded phase ,  p r o v i d e s  an even more non-polar  s t a t i o n a r y  phase. 

These changes r e s u l t  i n  t h e  8-c-Arg-AVP e l u t i n g  even c l o s e r  t o  

t h e  n a t i v e  hormone i n d i c a t i n g  t h a t  t h e  l i p o p h i l i c  p r o p e r t i e s  o f  
t h e  two molecules  are v e r y  s imilar .  The i n c r e a s e  i n  t h e  re la-  

t i v e  r e t e n t i o n  of t h e  2-c-Tyr ana log  can be e x p l a i n e d  on t h e  

b a s i s  t h a t  t h e  a r o m a t i c  groups are more exnosed and t h u s  are !nore 

a v a i l a b l e  €or  i n t e r a c t i o n  w i t h  t h e  l i p o p h i l i c  stationar!: phase. 

T h i s , i n c r e a s e  i n  t h e  l i p o p h i l i c  n a t u r e  i s  c o n s i s t e n t  \uit!i t h e  

Nuclear  Magnetic Resonance (NMR) s t u d i e s  of t h e  conformat iona l  

p r o p e r t i e s  o f  t h e s e  molecules  ( 1 9 , ? 0 ) .  For example, I l l  \:.IR 

s t u d i e s  i n d i c a t e  t h e  a romat ic  r i n g s  of  Tyr-2 and Fhe-5 i n  !i? 

i n t e r a c t  i n t r a m o l e c u l a r l y  ( 1 9 ) ,  whi le  t h e  "C W R  s t u d i e s  I 20  

o f  2-c-Tyr-AVP i n d i c a t e  t h e  i n t e r a c t i o n  i s  d i s r u p t e d ,  making 

t h e  l i p o p h i l i c  s i d e  c h a i n s  a t  p o s i t i o n s  2 and 3 more a c c e s s i b l e  

f o r  i n t e r a c t i o n  wi th  t h e  s t a t i o n a r y  phase  in t h i s  d i a s t e r e o -  

isomer.  

r i v e  t o  XVP i n d i c a t e s  t h a t  by changing t h e  r e l a t i o n s h i p  o f  zhe 

Half-Cys-1 t e r m i n a l  amino groups (which is charged a t  t h e  ?H of  

t h i s  s t u d y )  and t h e  Tyr-2 side c h a i n ,  t h e  l a t t e r  l i p o p l i i l i c  s ide  

cha in  becomes much more a c c e s s i b l e  €or  i n t e r a c t i o n  wi th  t h e  

l i p o p h i l i c  s t a t i o n a r y  phase.  

d ichro ism s t u d i e s  which have sugges ted  t h a t  l o c a l  s t r u c t u r a l  

r i g i d i t y  i n  t h i s  p a r t  o f  t h e  AVP molecule  i s  i n  p a r t  a r e s u l t  

of i n t e r a c t i o n  of t h e  1 and 2 r e s i d u e s  (21 ,22) ,  and W R  

The much longer  r e t e n t i o n  time f o r  l - l l e m i - ~ - ~ . y ~ -  '$!'I' r e l a -  

T h i s  i s  c o n s i s t e n t  w i t h  c i r c u l a r  
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s t u d i e s  (20) which i n d i c a t e s  t h a t  t h i s  s t r u c t u r a l  f e a t u r e  i s  
d i s rup ted  i n  t h e  l-Hemi-E-Cys analog. 
- D-Cys analog is now re t a ined  l e s s  than t h e  2-g-Tyr analog, shows 
how s e n s i t i v e  t h e  i n t e r a c t i o n  o f  t hese  molecules with a non-polar 

phase i s  t o  changes i n  t h i s  pos i t i on .  However, it i s  i n t e r e s t i n g  
t o  note  t h a t  t h e  r e t e n t i o n  time of t h e  1-Hemi-E-Cys analog is not 
a f f ec t ed  by changes i n  t h e  hydrocarbon conten t  of t h e  s t a t i o n a r y  
phase. This i s  undoubtedly due t o  a t r a d e  o f f  between t h e  g rea t -  

er  a t t r a c t i v e  i n t e r a c t i o n  between t h e  more exposed Tyr -2  s i d e  
chain and t h e  r epu l s ive  i n t e r a c t i o n  o f  t h e  charged, and more 
exposed, te rmina l  amino group i n  the  1-Hemi-E-Cys analog, which 

r e s u l t s  i n  an increased  but r e l a t i v e l y  cons tan t  i n t e r a c t i o n  o f  
t h e  molecule with t h e  d i f f e r e n t  s t a t i o n a r y  phases.  

The fact t h a t  t h e  1 -Hemi  

The 4-E-Gln d ias te reo isomer  i s  only s l i g h t l y  a f f e c t e d  by t h e  

increase  i n  t h e  non-polar na tu re  of t h e  s t a t i o n a r y  phase. 
it i s  more s t rong ly  r e t a i n e d  than  the  na t ive  hormone, i ts 

chromatographic behavior does no t  represent  a l a rge  inc rease  in  . 
s e l e c t i v e  i n t e r a c t i o n .  This sugges ts  t h a t  t h e  conformation of 

t h i s  d ias te reo isomers  and of AVP are very similar, as was a l s o  

repor ted  f o r  t h e  4-g-Gln-oxytocin and oxytocin case  (j), 
The next v a r i a b l e  examined was t h e  e f f e c t  of t h e  hydro- 

While 

carbon chain length.  This was done by comparing t h e  e l u t i o n  of  
t he  d ias te reo isomers  from the  p-Bondapak C1g column t o  t h a t  of  

the  LiChrosorb W-8 column (Table 1) .  As seen i n  Figure 4 t h e  
r e l a t i v e  r e t en t ions  o f  t h e  pept ides  a r e  l e s s  on t h e  RP-8 column 

except f o r  8-E-Arg-AL’P. 

a t t r a c t e d  t o  t h e  C8 s t a t i o n a r y  phase than t o  t h e  u-Bondapak C I S  

s t a t i o n a r y  phase. I f  one compares t h e  ODS column (Table 1) t o  
RP-8 column, it i s  observed t h a t  t h e  order  of e l u t i o n  does not 
change and the  r e l a t i v e  r e t e n t i o n s  remain e s s e n t i a l l y  cons t an t .  
This would suggest t h a t  t h e  12% carbon-by-weight i n  the  CB column 
i s  similar t o  t h e  5% carbon-by-weight ODS column. 
column has approximately twice as much hydrocarbon bonded t o  the  

sur face  as does the  ODS column (5% C )  t h e  composition of t h e  

The 8-g-Arg-AL’P is more s t rong ly  

While t h e  C8 
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s t a t iona ry  phases on these  two columns is q u i t e  similar. 
very d i f f e r e n t  r e t e n t i o n  of  t hese  spec ies  on t h e  u-Bondapak Cis 
column (10% C) c l e a r l y  shows t h e  carbon chain length of t h e  
bonded phase along with i t s  sur face  coverage determines t h e  
composition of t h e  s t a t i o n a r y  phase but t h a t  t h e  chain length 

itself does not determine t h e  s p e c i f i c  i n t e r a c t i o n .  

The 

The type o f  information obtained chromatographically i s  
complementary t o  o the r  techniques used for studying topochem- 

i s t r y ,  and g ives  a good ind ica t ion  of t h e  chemical i n t e r a c t i o n s  
poss ib le .  Further s t u d i e s  on a heavi ly  loaded bonded phase 
which can represent  a l i p i d - l i k e  l aye r  needs t o  be performed. 
one is t o  use t h e  chromatographic behavior of t h e  molecule as a 

d iagnos t ic  tool, it w i l l  be necessary t o  have a more complete 

understanding of  t h e  chemical na ture  of  t h e  s t a t i o n a r y  phase.  
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