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On the basis of an analysis of the interrelationship between the structure and biological activity of 
analogs of angiotensin II (1) modified in the first position [1-(aspartic acid)], we came to the conclusion [i] 
that the main structural elements of this position necessary to ensure a high biological activity are CO and 
NH groups with an adjacent position thanks to a covalent bond- for example, [1-asparagine, 5-valine]angio- 
tensin II (If) [2] and [1-(pyroglutamic acid), 5-valine]angiotensin II (Ill) [3, 4 ] -  or a definite conformation 
of the NH2-terminal residue - f o r  example, [1-(aspartic acid), 5-valine]angiotensin II (I) [2]. 
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Apparently,  the biological activity of the analogs is due not to the s tereoelec t ronic  s t ructure  of the 
peptide as a whole but to its signature,* i.e., only the individual sections of the electron cloud of the mole-  
cule with the charges  c h a r a c t e r i s t i c  for their  shape, density, and distribution [5]. According to the pr in-  
ciple of the ambiguity of the cause of an effect [6], compounds with different chemical s t ruc tures  may pos-  
sess  indistinguishable signatures in some situation. 

Consequently, by comparing the NH 2- and COOH-terminal tr ipeptides of angiotensin H (I or II) and 
of [arginine]vasopressin (IV) it is possible to conclude that their s t ructural  elements - the beare r s  of the 
signatures - are  s imilar .  The proposed s t ructural  elements are  surrounded by boxes in the formulas.  The 
a r rows  denote the directions of the peptide linkages (from the NH 2 end to the COOH end). Genera l ly -ac-  
cepted abbreviations for the amino acids and protective groups are  used [7]. The glycine amide in the ninth 

*The signature,  an idea borrowed f rom information theory,  denotes the part  of the charac te r i s t i cs  of an 
object determining its participation in the process  considered [6]. 
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posit ion of the v a s o p r e s s i n  molecule  (IV) a lso  has CO and NH groups;  arginine is "common"  to both hor -  
mones ,  and prol ine and val ine may p e r f o r m  s i m i l a r  functions in spat ial ly direct ing the t e rmina l  dipeptides:  
prol ine thanks to the r igidly fixed C a - N  bond, and valine through the s t e r i c  voluminousness  of the side 
chain. The conformat ions  of peptide chains with proi ine and valine a r e  e x t r e m e l y  s i m i l a r  [8]. 

In o rde r  to study the suggested s imi l a r i ty  of the b e a r e r s  of the s ignatures  of angiotensin and vaso -  
p r e s s in ,  it appeared  to us to be of in te res t  to synthesize  hybrids  of these  two hormones ,  i .e. ,  to obtain c o m -  
pounds with in terchanged amino-ac id  r e s idues .  

The p re sen t  paper  desc r ibes  the synthes is  of [1-carbonylglycinamide,  5-val ine]angiotensin I I -  an 
analog of angiotensin in which the NH2-terminal  amino acid (aspar t ic  acid) has been rep laced  by the COOH- 
t e rmina l  amino acid of v a s o p r e s s i n  (glycine amide) .  

The hybrid  (V) was synthes ized  on the bas is  of the COOH-termina l  heptapeptide of angiotensin II (VI), 
to which the ethyl e s t e r  of N-carbonylglycine  was added [9]. After  the r emova l  of the protec t ive  groups 
by reduction with hydrogen, the resu l t ing  e s t e r  of the octapeptide (VIII) was  conver ted  into the amide  (V) 
by ammono lys i s  in methanol .  

VI. H - Arg(NO~)-+ Val ~ Tyr-+ Val-+Hls ~ Pro-+Phe--OBzl(NO~) 
[ -t-OG=OlyOEt 

VII. EtOGly+-CO~Arg(NO2)-+Val-+Tyr~Val-~Hls~Pro-+Phe-OBzl(NO2) 
I H~/Pd 

VIII. EtO Oly ~- CO~-Arg~ Val-+Tyr--, Val-~Hls-* Pro~ Phe-- OH 
I NH3/MeOH 

V. H2NOly,-CO ~Arg-+ Val~Tyr~Val-~Hls-~Pro~Phe--OH 

The biological  ac t iv i t ies  of the compounds obtained were  t es ted  on nephrec tomized  r a t s .  The values  
of the p r e s s o r  ac t iv i t ies  of the angiotensin analogs synthes ized are  given below. 

Compound 

[1-asparagine ,  5-val ine]angiotensin II (standard) (II) 
[1-(ethyl e s t e r  of carbonyiglyeine) ,  5-val ine]angiotens inII (VIII )  
[1-carbonylglyc inamide ,  5-val ine]angiotensin  II (V) 

Relat ive p r e s s o r  
act ivi ty in r a t s  % 

100 
18 

113 

In spite of the c lose  s imi l a r i ty  of the s t r u c t u r e s  of the amide and e s t e r  bonds [10], the act ivi ty of the 
e s t e r  (VIII) was cons iderably  lower  than the act ivi ty of the s tandard p repa ra t ion  (II). When the e s t e r  group 
was  rep laced  by an amide group,  the act ivi ty of the resu l t ing  hybrid (V) rose  more  than six-fold.  The fact  
that the act ivi ty  exceeded that  of the s tandard  p repa ra t ion  is apparent ly  due to the r e t a rded  inactivat ion 
of the hybrid (V) in the o rgan i sm (action of amino-pep t idase  blocked because  of the absence of a f ree  NH 2- 
t e rmina l  amino group).  The high biological  act ivi ty  of the hybrid (V) supports  the hypothesis  put fo rward  
concerning the s imi l a r i t y  of the e lements  of the s igna tures  of angiotensin and v a s o p r e s s i n  [11]. A f ree  
NH2-terminaI  amino group in the f i r s t  posi t ion of angiotensin II is not n e c e s s a r y  to ensure  high biological 
act ivi ty when a w-amide  group is p resen t .  

The ana lyses  were  p e r f o r m e d  by R. F. P ia tn ie t se .  

E X P  E R I M  E N T A  L 

The expe r imen t s  were  p e r f o r m e d  with amino acids of the L s e r i e s ,  except  for  the giycine.  The me l t -  
ing points were  de te rmined  in open cap i l l a r i e s  without cor rec t ion ;  the angles of optical  rotat ion were  r ead  
on a Jasco  ORD/.UV-5 s p e c t r o p o l a r i m e t e r  at 22°C. The pur i t ies  of the products  were  checked by c h r o m a -  
tography on "slow" paper  of the Leningrad No. 2 paper  mill  in the solvent  s y s t e m s  1) b u t a n - l - o l - a c e t i c  
a c i d - w a t e r  (5 : 1 : 2) [12] and 2) s e c - b u t a n o l - 3 %  ammonia  solution (3 : 1) [13], and a lso  by paper  e l e c t ro -  
phores i s  at 15 V / c m  for  1.5 h. The e lee t rophore t i c  mobl l i t ies  a r e  e x p r e s s e d  as the ra t ios  of the d is tances  
mig ra t ed  by the subs tances  under  invest igat ion and by histidine (EHis). The C, H, and N analyt ical  f igures  
co r responded  to the calcula ted va lues .  

The amino-ac id  composi t ion a f t e r  the hydro lys i s  of the peptide (with 6 N hydrochlor ic  acid at l l0°C 
for  24 h) was analyzed on a Biocal BC-200 automat ic  ana lyze r .  
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p-Ni t robenzyl  Es t e r  of [1-(Ethyl e s t e r  of carbonylglycine) ,  2-ni t roarginine ,  5-val ine]angiotensin II 
(VII). A solution of 1.11 g (1.0 mmole)  of the heptapeptide consist ing of the p-ni t robenzyl  e s t e r  of n i t ro -  
a rg inylva ly l tyrosylva ly lh is t idylpro lyphenyla lanine  (VI) in 2 ml of d imethyl formamide  was t rea ted  with 0.14 
ml (1 .1mmole )o f  the ethyl e s t e r  of carbonylglycine,  and the mixture  was left  at  r oom t e m p e r a t u r e  for  24 h. 
Then 50 ml of wa te r  was added, and the prec ip i ta te  that deposited was f i l tered off with suction, washedwi th  
wate r ,  and dried in vacuum over  phosphorus pentoxide. Yield 1.10 g {90%), mp 180-182°C. After  two c r y s -  
ta l l izat ions f r o m  ethanol,  mp 190-191°C, [~]D -62 .8°  (c 1.05; acet ic  acid), Rf  0.91 (1) and 0.94 (2); com-  
posit ion C~TH?sN15016 • H20. 

[1-(Ethyl e s t e r  of carbonylglycine) ,5-val ine]angiotensin  II (VIII). A solution of 0.25 g (0.2 mmole)  
of the p-n i t robenzyl  e s t e r  of [1-(ethyl e s t e r  of carbonylglycine) ,  2-n i t roargin ine ,  5-val ine]angiotensin II 
(VII) in 10 ml of m e t h a n o l - a c e t i c  a c i d - w a t e r  (10 : 1 : 1) was hydrogenated in the p resence  of pal ladium black 
for  20 h. After  the ca ta lys t  had been removed ,  the f i l t ra te  was evapora ted  to d ryness  and the residue was 
dried in vacuum over  po tass ium hydroxide.  Then it was dissolved in 10 ml of a mixture  of te r t -butanol  and 
a 0.01 M aqueous solution of ammonium aceta te  (1 : 1), and the resul t ing  solution was passed  through a col-  
umn (2×20 cm) containing carboxymethylce l lu lose  in the H + form.  The column was washed with the same 
solvent (90 ml) and then with an aqueous solution of ammonium aceta te  containing a l inear ly  increas ing  con- 
centra t ion gradient  (300 ml of 0.001 M+300 ml of 0.1 M, pH 6.5), 15-ml f rac t ions  being collected.  T h e c o n -  
tents  of t e s t - tubes  8-15 (selected by means  of the i r  absorpt ion at 272 nm) were  combined, par t ly  evapora ted  
in vacuum,  and dried by sublimation at r o o m  t e m p e r a t u r e .  After  repea ted  sublimation drying at 40°C, the 
yield of chromatograph ica l ly  and e lec t rophore t i ca l ly  pure product (VII) was 84 mg (40%). It decomposed 
above 210°C, [~]D -44 .0°  (c 0.5; 50% acet ic  acid), Rf  0.76 (1), 0.81 (2), EHi s 0.40 (1 N acetic  acid). The 
Pauli and Sakaguchi reac t ions  were  posi t ive and the ninhydrin reac t ion  was negative.  

In the wavelength range f rom 240 to 290 am,  ),max 272 nm, kmi n 252 n m ;  C50H71N13012 • 5 H 2 0 .  C H  3 • 

COOH. 

[1-Carbonylglycinamide,  5-val ine]angiotensin II (V). A solution of 50 mg of the ethyl e s t e r  of the 
octapeptide (VIII) in 2 ml of methanol was sa tu ra ted  with ammonia  at 0°C. Then it was left at room t e m -  
pe ra tu re  for 48 h, and the prec ip i ta te  that had deposited was f i l te red  off, washed with cold methanol,  and 
kept in vacuum over  phosphorus pentoxide. Af ter  subl imat ion-dry ing  f rom acet ic  acid, the yie ld  of sub-  
s tance (V) was 25 mg. It decomposed  above 235°C, [~]D -52 .9°  (c 0.34; 50% AcOH), R f 0.53 (1), 0.18 (2), 
EHi s 0.41 (1 N acet ic  acid). It showed the Pauli  and Sakaguchi reac t ions .  Amino-ac ia  analys is :  arginine 
1.10; val ine 1.93; histidine 1.00; glycine 0.90; prol ine 1.17; ty ros ine  0.90; and phenylalanine 1.10. 

S U M M A R Y  

[1-Carbonylglycinamide,  5-val ine]angiotensin I I -  a biologically highly act ive hybrid of angiotensin 
and v a s o p r e s s i n  in which the NH2-terminal  amino acid of angiotensin has been rep laced  by the COOH- te r -  
minal amino acid of v a s o p r e s s i n  - has been synthesized.  
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