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SEPARATION AND PURIFICATION METHODS, 14(1), 97-107 (1985) 

GEL ELECTROPHORETIC SEPARATION OF ANGIOTENSINS I, I1 and 111. 

C. Auzan, J. Menard, P. Corvel and A. Chramhachl 
INSERM, unitd36, 17 rue du Fer-a-Moulin, Paris, France 

lSection of Macromolecular Analysis, Laboratory of Theoretical and 
Physical Biology, National Institute of Child Health and Human 
Development, National Institutes of Health, Bethesda, MD 20205 

SUMMARY 

The hepta-, octa- and decapeptides, angiotensins 111, IT, and 

I with molecular weights 930, 1,045, and 1,295, were separated by 

polycrylamide gel electrophoresis at pH 6.41, positive polarity, 

using gel concentrations ranging from 24 to 40 %T, 2 XCBis. The 

peptides were detected by a conventional protein staining method 

using Coomassie Brilliant Blue R-250 modified by the addition of 

1.25% glutaraldehyde, thus crosslinking the peptides to "pro- 

teins". Separation between the 3 peptides is due nearly entirely 

to net charge rather than to size. Resolution is therefore 

optimal in charge Fractionation methods such as electrofocusing, 

cbromatofocusing, ion exchange chromatography and liquid-liquid 

partition chromatography. 

97 

Copyright 0 1985 by Marcel Dekker, Inc. 0360-2540/&5/ 140 1 -0097$3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



98 

INTRODUCTION 

AUEAN ET AL. 

The need f o r  a s imul taneous d e t e c t i o n  and quant t a t i o n  o f  

t h e  heptn-, o c t a -  and decapeptides, a n g i o t e n s i n s  111, I1  and I 

arose i n  t h e  a n a l y s i s  o f  a pe r fused  k idney  systeml. A l though  

every ma jo r  s e p a r a t i o n  t o o l  has p r e v i o u s l y  heen a p p l i e d  t o  t h e  

i n d i v i d u a l  ang io tens ins  and t h e i r  r a d i o a c t i v e  d e r i v a t i v e s P ,  t h e i r  

j o i n t  a n a l y s i s  p resen ted  a new problem. " Q u a n t i t a t i v e "  p o l y a c r y l ;  

amide ge l  e l e c t r o p h o r e s i s  (PAGE) was a p p l i e d  t b  t h i s  problem i n  

o r d e r  t o  f i n d  t h e  o p t i m a l l y  r e s o l v i n g  pore s i z e  3 f o r  t h e  separa- 

t i o n  o f  t h e  3 pep t ides ,  and determine any m u l t i p l i c i t y  o f  aggrega- 

t i o n  s t a t e s  f o r  each. D iscon t inuous  h u f f e r  systems were a p p l i e d  

t o  render  t h i s  s e p a r a t i o n  independent o f  t h e  degree o f  sample 

d i l u t i o n  ( i n  t h e  p h y s i o l o g i c a l  a p p l i c a t i o n )  and t o  a l l o w  f o r  t h e  

o p t i m i z a t i o n  o f  t h e  pL1 o f  s e p a r a t i o n  hy a conven ien t  procedure, 

u s i n g  s t a c k i n g  gels4. To s o l v e  t h e  problem c o n v e q i e n t l y ,  i t  was 

at tempted t o  f i n d  a s imp le  p rocedure  f o r  t h e  f i x a t i o n  and s t a i n -  

i n g  o f  t h e  dng io tens ins .  

Wh i le  t 9 i s  i n v e s t i g a t i o q  procedecl, t w o  r e p o r t s  5 ~ 6  appeared 

on t h e  "charge separa t i on "  4 o f  t h e  3 a n g i o t e n s i n s  hy h i g h  pe r -  

formance l i q u i d  chromatography. The f i r s t  5 used r e v e r s e  phase 

p a r t i t i o n  chromatography which may be cons ide red  a "charge f r a c -  

t i o n a t i o n "  method s i n c e  t h e  p a r t i  t i o n  c o e f f i c i e n t  between imn is -  

c i b l e  phases i s  l a r g e l y  a f u n c t i o n  o f  mo lecu la r  n e t  charge (neg- 

l e c t i n g  a d s o r p t i o n  o n t o  t h e  column m a t r i x ) .  The second used 

chromatofocus ing on t h e  i o d i n a t e d  ang io tens ins ,  hut  had t o  be 
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ANGIOTENSINS 99 

conducted i n  1 M NaCl on t h e  n a t i v e  p e p t i d e s  t o  overcome ad- 

s o r p t i o n  on to  t h e  column m a t r i x .  Bo th  o f  t hese  methods excel  

from t h e  v iewpo in t  o f  r a p i d  q u a n t i t a t i o n  a t  a min imal  workload, 

t h u s  pre-empt ing t h e  need f o r  zone q u a n t i t a t i o n  by dens i tomet ry  

i n  t h i s  e l e c t r o p h o r e t i c  study. 

MATERIALS AND METHODS 

1 )  Pept ides:  Any io tens ins  I, I 1  and I11 were o b t a i n e d  f rom 

Sigma (Cat. No. A 9402, A 9525 and A 9514) and used w i t h o u t  

f u r t h e r  p u r i f i c a t i o n .  

2 )  Po lyac ry lam ide  gel  e l e c t r o p h o r e s i s  (PAGE ) :  

A)  B u f f e r  system: The pH was op t im ized ,  and independence 

o f  sample volume was secured by conduc t ing  PAGE i n  d i s c o n t i n u o u s  

b u f f e r  systems, u s i n g  s t a c k i n g  g e l s  only4. S i n c e  t h e  a n g i o t e n s i n s  

were known t o  be b a s i c  pep t ides ,  b u f f e r  systems o f  t h e  p o s i t i v e  

p o l a r i t y  were used. The tempera tu re  o f  PAGE was kep t  a t  0-2°C 

t o  secure chemical s t a b i l i t y  and t o  guard a g a i n s t  enzymatic 

h y d r o l y s i s .  Severa l  b u f f e r  systems o f  an o p e r a t i v e  pH o f  3.50 t o  

6.41 w i t h  t r a i l i n g  i o n  n e t  m o b i l i t y  (TINM) va lues r a n g i n g  f rom 

0.050 t o  0.100 were t e s t e d  w i t h  r e g a r d  t o  t h e i r  c a p a c i t y  t o  s tack  

ang io tens ins  I, I 1  and I 1 1  i n  ge l s  o f  5 %T, 15 %CDATD 8 , u s i n g  

methyl green t o  mark t o  stack. The h i g h e s t  pH capable o f  s t a c k i n g  

t h e  3 a n g i o t e n s i n s  was 6.41 (TINM 0.095). The compos i t i on  o f  

t h e  b u f f e r  system i s  g i ven  i n  Tab le  I. 

B) PAGE procedure: The ang io tens ins  I, I 1  and 111 were 

s u b j e c t e d  separa te l y ,  and i n  a m ix tu re ,  t o  p o l y a c r y l a m i d e  gel  
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100 A U U N  ET AL. 

e lec t rophores is  a t  ge l  concent ra t ion  ranging from 20 t o  40 %T, 

2 %cSis, ooc, using c y l i n d r i c a l  gels o f  1.2 m l  volume and 6 mn 

diameter 9 i n  t h e  b u f f e r  system s p e c i f i e d  i n  sec t i on  A. Stacking 

gel volume was 0.5 m l .  Tracking dye was methyl green. 

TASLE I 

4 x concentrated imidazole 4.739 
Stacking Gel per 100 m l ;  7.40 
B u f f e r  ACES 4.459 

4 x concentratedb imidazole 2.589 
Resol v i  ng Gel 
Buffer ACES 7.249 

per 100 m l ;  6.87 

Cat h o l y t  e 1 N KOH 10.0ml 

(Lower Ru f fe r )  ACES 3.649 
per  1; 6.80 

6.70 0.052 

a"0perative" cond i t ions  are  those i n  the  gel a f t e r  passage of t h e  
imidazol  i um/pyridi nium boundary. 

bThe 4 - fo ld  concent ra t ion  al lows f o r  polymerizat lon of a gel by a 
7:2.5:0.5 volume r a t i o  o f  acrylamide stock so1ution:buffer:cata- 
l y s t  mixture. 
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ANGIOTENSINS 101 

Stacking of the 3 peptides was tested in stacking gels (Table 

I) of 1.7 ml and 5 %T, 15 %CDATD, using as a criterion for stacking 

the coincidence of the stained peptide bands and the hypersharp 

zone of methyl green which does not broaden with increasing 

migration distance. 

Staining was carried out by a modification of the procedure 

of Axelsen = G 1 O .  Gels were suspended in 40 ml of fixative (20% 

acetic acid, 1.4% picric acid and, 1.25% glutaraldehyde) for 30 

min. Then 2 ml 0.25% Coomassie Brilliant Blue R-250 was added. 

After 1 h, gels were destained i n  20% acetic acid, using the 

apparatus described previously ll. 

Resolving gels were prepared from a stock solution of 60 %T, 

2 %Cgis, stored at R.T. for a period not exceeding I week. 

Polymerization mixtures were prepared 

appropriate dilution of this stock solution with 2.5 ml resolving 

gel buffer (Table I) and 0.5 ml of 0.3% K-persulfate, 5 x % 

riboflavin. 

water bath), 24, 28, 30, 32, 35, 38 and 40 %T gels were photopoly- 

merized by addition of 6, 5 ,  10, 4, 5 ,  2 and 2 ~1 TEMEDfml gel 

respectively. 

by mixing 7 ml of an 

After a 5 min evacuation by oil pump at O°C (ice- 

RESULTS 

Fig. 1 depicts the Ferguson plots at pH 6.41, O"C, obtained 

from SO pg each of angiotensins I, I1 and 111. The 3 peptides 

are most conveniently resolved on the same gel at 24 %T. However, 
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AUZAN ET AL.  102 

since the Ferguson plots are nearly parallel, the theoretical op- 

timum for their resolution is at 0 %T, i.e, by charge sepa- 

ration methods such as electrofocusing, chromatofocusing, ion 

exchange or partition chromatography. 

DISCUSSION 

It is widely held that polyacrylamide gel electrophoresis is 

inapplicable to oligopeptides with molecular weights of the order 

of 1,000 for 2 reasons: Tnahllity to prepare a gel matrix capable 

of exerting molecular sieving effects on molecular species of 

such small molecular size, and second, inability to fix such 

species, with consequent transient character of staining. 

This study shows clearly that both of these arguments against 

the feasibility of oligopeptide separation are untenable. 

acrylamide gels in the ranges of 24 to 40 %T can he prepared at O0C 

within the optimal polymerization time of about 10 min by conven- 

tional photopolymerization procedures and catalyst concentra- 

tions. Within that concentration range, polyacrylamide is clearly 

restrictive to the peptides as demonstrated by their Ferguson 

plots (Fig. 1). 

migration distance of the peptides divided by the migration 

distance of the imidazolium-pyridinium moving boundary front. 

The Ferguson plot of methyl green (Fig. 2 )  provides the positions 

of this front (see Legends to Figs. 1 and 2 ) .  

Poly- 

It should be noted that Rf values refer to the 

The problem of pept ide f i x a t i o n  p r i o r  t o  s t a i n i n g  has been 

solved by c r o s s l i n k i n g  i n  a genera l ly  app l icab le  fashion. Cross- 
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ANGIOTENSINS 103 

FIGURE 1 

Ferguson p l o t s  of angiotensins I (dashed l i n e ) ,  I 1  ( s o l i d  l i n e )  
and I 1 1  (do t ted  l i n e ) .  pH 6.41, T I N M  0.095, O"C, p o s i t i v e  
p o l a r i t y .  The t rack ing  dye, methyl green, marks t h e  imidazol ium/ 
py r id in ium voving boundary up t o  29 %T. A t  l a r g e r  gel concentra- 
t ions ,  t h e  m ig ra t i on  d is tance o f  methyl green d i v ided  by i t s  R f  
(Fig. 2 )  provides t h e  p o s i t i o n  o f  t h e  moving boundary f r o n t .  

l i n k e d  o l igopept ides  can be v i s u a l i z e d  by t h e  convent ional  p r o t e i n  

s ta in ,  Coomssie B lue  R-250. I t  seems obvious t h a t  pept ide  

s t a i n i n g  w i t h  p r i o r  f i x a t i o n  has advantages o f  r e p r o d u c i b i l i t y  

and reproducible c o l o r  y i e l d  compared t o  time-dependent s t a i n i n g  

procedures e i t h e r  w i thout  f i x a t i o n ,  o r  under f i x a t i o n  cond i t i ons  

o f  quest ionable e f f i c a c y  such as a lcoho l -ace t ic  a c i d  solut ions12. 

Ol igopept ide f i x a t i o n  i n  a n i t r o c e l l u l o s e  m a t r i x  has been repor ted  

prev ious ly l3 ,  bu t  i t  seems no t  c l e a r  a t  t h i s  t ime t o  what degree 
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104 AUZAN ET AL. 
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FIGURE 2 

Panel A: Ferguson p l o t  o f  methyl green under t h e  cond i t ions  
o f  F ig .  1. Panel 6: The imidazol ium/pyr id in ium boundary was 
loca ted  by s l i c i n g  t h e  gels i n t o  1 mm s l i ces ,  us ing  the  e l e c t r o -  
v i b r a t o r  s l i c e r  (Hoefer), suspending t h e  s l i c e s  i n  0.025 M KC1 
and pH analysis on t h e  s l i c e  suspensions. Hal f -c losed symbols: 
30 %T; open symbols: 35 XT; c losed symbols: 49 %T. Squares 
designate the  p o s i t i o n  o f  methyl green, t r i a n g l e s  those o f  t h e  
moving boundary. 

such adsorpt ion onto a m a t r i x  i s  r e l a t e d  ( i nve rse l y )  t o  pept ide  

cha in  length. A s i m i l a r  argument holds w i t h  regard t o  i s o e l e c t r i c  

p r e c i p i t a t i o n  may prov ide  a pseudo-f ixat ion14. But again t h e  

degree o f  i s o e l e c t r i c  p rec ip i t a t i on ,  and t h e  r e l a t i v e  i n s o l u b i -  
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ANGIOTENSINS 105 

l i t y  o f  t he  p rec ip i t a te ,  must vary g r e a t l y  among peptides, com- 

pared t o  t h e  general e f fec t i veness  o f  g lutaraldehyde c ross l i nk ing .  

For  the  purposes of q u a n t i t a t i o n  o f  t h e  3 angiotensins i n  

t h e  mixture, d e n s i t m e t r y  o f  t h e  s ta ined bands appears feas ib le  

but has not been c a r r i e d  out i n  view o f  t he  fact  t h a t  separa t ion  

o f  t h e  3 angiotenslns and q u a n t i t a t i o n  by HPLC ( p a r t i t i o n  chroma- 

rography and chromatofocusing) has become ava i l ab le  wh i l e  t h i s  

study was i n  p rogress5~6.  I t  seems obvious t h a t  f o r  purposes o f  

quan t i t a t i on ,  HPLC i s  t he  l ess  labor ious and f a s t e r  method. 

I n t e r e s t i n g l y ,  t h e  p a r t i t i o n  column a t  pY 3 e lu ted  t h e  angio- 

tens ins  i n  the  order 111, I 1  and I l5 whi le  the  e l u t i o n  from the  

chromatofocusing column as well as the electrophoretic mobility 

at pH 6.41 is in order of isoelectric points (7.11, 7.05 and 

6.56 for iodinated angiotensins 111, I and TI respectively 6). 

This suggests that the partition column, just like the chromato- 

focusing column applied to the native peptides, specifically ad- 

sorbs angiotensin 11. This adsorption may be related to the fact 

that angiotensin I1 possesses a conformation, probably as an 

antiparallel beta-pleated sheet [p. 155 of 16]. 

The nearly parallel Ferguson plots of angiotensins I, I1 and 

I11 show that the optimal gel concentration for their resolution 

occurs at 0 %T. Thus, isoelectric focusing, chromatofocusing, 

isotachophoresis and ion exchange chromatography are the preferred 

methods for their ~eparation~,~. 

cannot employ peptide detection by staining after glutaraldehyde 

fixation since carrier ampholytes - both of the synthetic mixture 
(e.g., Ampholine, LKB) or the simple huffer l7 type - crosslink 

However, isoelectric focusing 
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106 AUZAN ET AL.  

with glutaraldehyde. 

eluent appears suitable for both separation and quantitation 6 .  

Isotachophoresis in the capillary apparatus in conjunction with 

either thermal or W-detection 18, ion exchange chromatography on 

either 1 or 2% crosslinked Dowex-50 or on HPLC columns remain to 

be applied to the angiotensins. 

Chromatofocusing in 1 M NaCl containing 
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