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In o rde r  to invest igate the inactivation and metabol ism of angiotensin* in living organisms,  and also 
to develop a var iant  of the radioimmunobiological  de terminat ion of this hormone, it was necessa ry  to syn- 
thes ize  the compound labeled with a radioisotope.  The main requ i rements  fo r  a labeled prepara t ion  and for  
the method of its product ion a re  as  follows: in connection with the specif ic  nature of the study of the metab-  
o l ism of angiotensin, the label must  be introduced into the N end of the molecule; the method of prepar ing  
the labeled compound must  be simple and economical  and guarantee  the maximum yield of compound contain- 
ing a radioisotope of high activity; and the product must not differ  substantially in i ts biological action f rom 
the natural  hormone.  

The p r o c e s s e s  of the t r i t ia t ion [1] and iodination (131I) [2, 3] of peptides which are  widely used for  the 
introduction of radioisotopes c lea r ly  do not sat isfy these requi rements .  On tr i t iat ion,  if the t r i t ium is not 
introduced by a special  method [4], the radioact ivi ty is  uniformly dis tr ibuted along the polypeptide chain and 
there  is no possibi l i ty of se lect ive  labeling. In addition, the rapid exchange of t r i t ium with the protons  of 
the surrounding medium complicates  the evaluation of the resul ts  obtained [5, 6]. Iodination mainly affects  
the tyros ine  res idues ,  but the p roper t i e s  and biological  act ivi t ies  of the labeled polypeptides differ  consid- 
erably  f rom those of the natural  compounds [7]. This also applies to the introduction of a radioact ive label 
by th iocarbamoylat ion (35S) with phenyl isothiocyanate [8]. The requi rements  presented  a re  most  near ly  
sat isf ied by the carbon isotope 14C, which pe rmi t s  a radioact ive cen te r  to be fo rmed  in a pa r t i cu la r  par t  of 
the molecule with a re la t ively  high act ivi ty [5, 9, 10]. 

We have shown previously  that [1-hydantoie acid]angiotensin (II) s ter icaUy corresponding to the natu- 
ra l  hormone (its ~-amide) but differing f rom the s t ruc tu re  of the la t te r  by the absence of a f ree  N- te rmina l  
amino group, which has shifted along the skeleton of the molecule,  posses ses  a p r e s s o r  activity of 150% (of 
the natural  hormone) [11]. The p resen t  paper  descr ibes  a method for  the production of (II) and also its radio-  
active analog (HI) by the select ive carbamoylat ion of the amino group of [1-glycine]angiotensin (1) with so- 
dium cyanate according to the scheme 

H,_,N--CH~--CO--Ar g--Val--Tyr-- Val-- Hls-- Pro-- P he-- OH (I) 
L 

NaCNO 
H..,N--CO--NH--CH2-- CO--Arg--Val - Tyr--Val--His-- Pro-- Phe--OH (II) 

Conditions fo r  the carbamoylat ion of amino and other  functional groups have been descr ibed  in detail 
in the l i t e ra tu re  [12-15]. We synthesized substance (II) in a phosphate buffer  (pH 6) with a twofold excess  
of sodium cyanate at room tempera tu re .  It was assumed that under  these conditions the cyanic acid would 

* Here  and below, [5-valine]angiotensin (IX). 
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r eac t  se lec t ive ly  only with the N- t e rmina l  amino group of (I), since the nucleophilicity of the guanidine group 
of arginine at pH 6 is complete ly  suppressed  by protonation [16]; according to Stark [13], the ca rbamoyl  de-  
r iva t ive  of the imidazole  r ing of histidine is ex t r eme ly  unstable in aqueous solution, and in the pH range 
f r o m  6 to 12 it d i s soc ia tes  in a few minutes  with the fo rmat ion  of a histidine residue;  the ca rbamoyla t ion  
of the hydroxy group of tyrosine  at pH 6 takes place f a r  m o r e  slowly than the carbamoyla t ion  of a N - t e r m i -  
nal amino group, whose ra te  of reac t ion  is de te rmined  by the effect ive concentrat ion of its nonprotonated 
f o r m  and by the concentrat ion of undissocia ted cyanic acid [15]. 

Af ter  the complet ion of the react ion,  which took 16 h, the phosphate ions and the excess  of cyanate 
were  el iminated by means  of l~Dt~-10p ion-exchange r e s in  (in the aceta te  form): to split off the ca rbamoyl  
groups f r o m  the ty ros ine  res idues ,  the product  obtained was kept at pH 9 and 30°C for  3 h [15]. The r e s id -  
ual desal t ing was  p e r f o r m e d  on Amber l i t e  IRC-50 [17]. The unchanged substance (I) was separa ted  by ion- 
exchange chromatography  on CM-cel lu lose .  On pape r  chromatography  in two sys t ems ,  and a lso  on pape r  
e l ec t rophores i s ,  compound III) was revea led  with Pau l i ' s  [18] and Ehr l i ch ' s  [19] reagents  and with the phen-  
anthrenequinone reagent  [20] in the f o r m  of a single spot, and was not revea led  with ninhydrin, which shows 
the p resence  in it of f ree  functional groups of arginine and histidine and the absence  of a n O - c a r b a m o y l  group 
in tyros ine  [15]. F r o m  its e lec t rophore t ic  and chromatographic  cha rac t e r i s t i c s ,  (II) was identical with [1-hy 
dantoic acid]angiotensin [11]. The p r e s s o r  act ivi ty of {II) on nephrec tomized  ra t s  [21] was 150% (of that of 
the natural  hormone).  

The radioact ive  {[1-14C]hydantoic acid}angiotensin (III) was  synthesiz.ed by the following route: 

H~N--' ~CO -- N H~ --* Na' ~CNO--. l H -- N='~C = O 1 

[H--N ='~C = O] q-l-~ H,.,N--~ ~CO-- NH - CH~--CO--Ar~--VaI--Tyr--VaI--His - -Pro--  Phe--OH (III) 

By i somer iz ing  [140]urea in n-butanolic  solution in the p r e sence  of an equimolecu la r  amount of sodium 
butoxide [22], we obtained sodium [t4C]eyanate with a yield of 99%; the ea rbamoyla t ion  of (I) with.the [l~C]eya 
nate according to the p rocedure  that we have proposed gave (III) with a yield of 41.5%. The synthetic prod-  
uet (1II) was homogeneous in two chromatographic  s y s t e m s  on pape r  and in pape r  e l ee t rophores i s .  The r a -  
d iochemical  pur i ty  of the (I11) was shown by scanning a pape r  e h r o m a t o g r a m  and an e l e e t r o p h o r e g r a m  oI 
0.0675 nmole of the labeled prepara t ion .  Searming showed only one radioact ive  spot cor responding to the 
labeled compound 0II) (Figs. i and 2). The radioact iv i ty  of compound (III) was de te rmined  by the act ivi ty 
of the initial ~4C-labeled urea .  We used u rea  with a specif ic  act ivi ty of 110 m C i / g  (6.6 mCi /mmole ) .  P rod -  
uet (/II), a f t e r  pur i l ieat ion and f reeze -d ry ing ,  p o s s e s s e d  a specif ic  act ivi ty of 5.04 g Ci /mg,  which e o r r e -  
sponded to a content of peptide m a t e r i a l  in the sample  of 77g0 [23]. 

To develop a var ian t  of the radioimmunological  de terminat ion  of the angiotensin [241 we also synthe-  
s ized a eopo lymer  of polysueeinyl lysine and (I) - (V). F o r  this purpose,  a solution of polylysine hydrobro-  
mide in bora te  bu l le t  was  aeyla ted  with sueeinie anhydride by a modificat ion of the method of Stason e t a l .  
[25], and then in 50% aqueous dioxane solution it was condensed with substance (I) by means  of N-eyelohexyl -  
N ' -  [/~- (4-methylmorpholino)ethyl]  earbodi imide  p-toluenesulfonateo 

The amino-ac id  analys is  and the calculated percen tage  content of the e lements  of (V) ba sedon  it, which 
ag reed  well  with the resu l t s  of the e l emen ta ry  analysis ,  show that one molecule  of (I) was attached on an 
ave rage  to every  second succinylated lysine residue.  Consequently, 68% of the m a s s  of the copo lymer  (V) 
consis ted of [1-glycine]angiotensinconnected by a covalent  bond with the succinylated polylysine,  the mos t  
probable  s t ruc tu re  of the p o l y m e r  chain being as  follows: 

NH 

CH-- (CH~)~--NH--CO--CH~--CH2--COOH 

CO 
I 

NH 
I 

CH--(CH.,)~-- NH-- CO--CHa--CH2--CO--GIy--Arg--VaI~Tyr--Val--  
I - -His--Pro--Phe--OH.AcOH 

CO 
t 

V 
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Fig. 1. Distr ibution of radioact ivi ty when 0.0675 nmole of {[1-14C]hy- 
dantoic acid}angiotensin was subjected to chromatography (system 1). 
The lower par t  of the f igure shows the position of the spot giving a pos-  
itive react ion with Paul i ' s  (1) and Ehr l i ch ' s  (2) reagents .  

Fig. 2. Distr ibution of the radioact ivi ty when 0.0675 nmole of {[1-14C]- 
hydantoic acid}angiotensin was subjected to paper  e lec t rophores i s  (pH 
2.4). The lower par t  of the f igure shows the pos i t ionsof the  spotswith 
a positive reac t ion  to Paul i ' s  (1) and E hr l ich ' s  (2) reagents  re la t ive  to 
that of histidine (II). 

A sample of [1-glycine]angiotensin was given to us by A. P. Pavars  the p r e s s o r  activity was de te r -  
mined by Z. P. Aune, the amino acid analysis  was pe r fo rmed  by R. F. Platnietse ,  and the radioact ivi ty mea-  
su rements  were  pe r fo rmed  by V. M. Berz in ' sh .  

E XPE RIME NTA L 

The work was c a r r i e d  out with [1-glycine]angiotensin [26], 14C-labeled u r e a  with a specific act ivi ty of 
110 mCi /g  (supplied by the All-Union combine "Izotop"), polylysine hydrobromide (mol. wt. 40,000-100,000) 
(Schuchardt, German Federa l  Republic), and N-cyclohexyl-N'-[ /~-(4-methylmorpholino)ethyl]  carbodiimide 
p- toluenesulfonate  (Fluka, Switzerland). The n-butanol was purified as descr ibed in the l i t e ra tu re  [23], with 
additional drying over  potass ium hydride. The melting (decomposition) points were determined in open cap- 
iUar ies  (without correc t ion)  and the angles of rotat ion on a P e r k i n - E l m e r  model 141 po la r imete r .  Descend- 
ing chromatography was pe r fo rmed  on F i l t rak  FN-16 paper  in the sys tems 1) b u t a n - l - o l - a c e t i c  a c i d - w a t e r  
(4: 1: 5) and 2) s ec -bu tano l -3% ammonia  (3: 1). E lec t rophores i s  on F i l t rak  FN-16 paper  was pe r fo rmed  in 
1 M acet ic  acid (pH 2.4), 15.5 V/cm,  1.5 h. The e lec t rophore t ic  mobil i t ies  of the substances were  charac-  
t e r i zed  as  the ra t ios  of the distances t rave led  by the substances to the distance t rave led  by histidine. F o r  
e l emen ta ry  analysis ,  the substances were  dried over  P205. The e l ementa ry  analyses  of the compounds syn- 
thes ized cor responded  to the calculated f igures .  

In the determinat ion of amino acid composit ions (Biocal BC-200 amino acid analyzer) ,  the substances 
were  hydrolyzed with 6 N hydrochlor ic  acid at 105-108°C in tubes sealed under  vacuum fo r  21 h. In column 
chromatography,  the peptides were  detected by scanning the f rac t ions  in an SF-4 spec t rophotometer  at 275 nm, 
and also with Paul i ' s  reagent on paper .  

To determine  specif ic  radioactivi ty,  100 p l  of the substance under  investigation was dissolved in 5 ml 
of B r a y ' s  solution [27], and the 14C activity was measured  in a Packard  Tr i  Carb model 3380 scinti l lation 
s p e c t r o m e t e r  with a counting eff iciency of 68%. The distr ibution of the 14C activity on paper  chromatograms  
and e l ec t rophoreg rams  was de termined  by scanning f ragments  1 x 1.5 cm of the corresponding chromato-  
g rams  and e l ec t rophoreg rams  in 5 ml of Bray ' s  solution on the above-ment ioned spec t romete r .  

The p r e s s o r  activity of the compound was determined by a published method [21] on nephrectomized 
male ra t s  weighing 150-200 g under  urethane narcos i s  (1.25-1.75 g/kg). 

The s tandard used was [1-asparagine,  5-valine]angiotensin {II), whose activity was taken as 100%. 

[1-Hydantoic acid]angiotensin (IT). To a solution of 0.0307 g (26 #moles)  of (I) in 2 ml of water  were  
added 0.004 g (60 pmoles)  of sodium cyanate and 0.2 ml of a 3 M solution of monosodium phosphate (pH 6). 
The course  of the react ion was moni tored by paper  e lec t rophores i s .  After  16 h, substance (I) had been con- 
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verted almost  completely into the carbamoylated product (EHi s 0.60, Pauli-  and Ehrl ich-posi t ive,  ninhydrin- 
negative, spot). Then 25 ml of water  was added, and the mixture was s t i r red  for 45 min with the moderately  
basic t~Dt~-10p ion-exchange res in  (in the acetate form). The mixture was filtered, and the res inwas  washed 
on the fi l ter  with 10 ml of water.  The filtrate was t reated with 1 M sodium acetate solution to pH 9 (0.6 ml) 
and was kept at 30°C for 3 h. Then it was passed through a column (0.9 × 8.5 cm) containing Amberl i te  IRC- 
50 (in the H + form). The column was washed with 300 ml of 0.25% acetic acid, and the peptide was eluted 
with 50% acetic acid. The fract ions containing peptide mater ia l  were evaporated, and the residue was dis- 
solved in 10 ml of 0.25% acetic acid and deposited on a column (1.2 x 6 cm) of CM-cellulose (in the H + form). 
The column was washed with water  and eluted with solutions of ammonium acetate with a l inearly increasing 
concentration. (The mixing vesse ls  contained 300 ml of water  and 300 ml of 0.1 N ammonium acetate.) The 

rate of elution was 1.5 ml/min,  the fract ion volume being 7.4 ml. The f rac t ion  containing the main peak was 
evaporated and f reeze-dr ied  once f rom acetic acid and twice f rom water.  Yield 0.010 g (32%), mp 229-232°C, 
bRf 0.48 (system 1), 0.27 (system 2), EHi s 0.62, [~]~--57.2  ° (c 0.36; 20% acetic acid). C48H68N14Oli. On the 
asis  of the nitrogen analysis,  the calculated content of peptide mater ia l  was 82% [23]. 

In its chromatographic  and electrophoret ic  charac te r i s t i c s  the substance was identical with [1-hydan- 
toic acid]angiotensin [11]. 

Sodium [ltC]Cyanate. To a solution obtained by dissolving 0.035 g (1.52 re.mole) of metallic sodium in 
2 ml of n-butanol at 90°C was added 0.091 g (1.52 mmole) of [ltC]urea, and the mixture was kept at 140°C for  
20 h. The c rys ta l s  that deposited were fi l tered off and were washed on the fi l ter  twice with 2 ml of n-buta-  
nol, twice with 1.5 ml of ethanol, and with 15 ml of ether. Yield 0.098 g (99%). 

{[l-ltC]Hydantoic acid}angiotensin (HI). To a solution of 0.303 g (0.26 mmole) of (i) in i i  ml of water 
were added 0.1 ml of a 3 M solution of monosodium phosphate and a solution of 0.0381 g (0.586 re_mole) of 
sodium [14C]cyanate in 8 ml of water; the pH was kept at 6 ± 0.5 by the addition of 3 M monosodiumphosphate 
(a total of 1.1 ml). After 23 h, 170 rnl of water and 25 ml of ]~Dl~-10p ion-exchange resin (in the acetate 
form) were added and the mixture was stirred for 0.5 h. The solution was passed through a column contain- 
ing 20 ml of ]~Dl~.-10p ion-exchange resin (in the acetate form). The column was eluted with water, and the 
fractions containing the peptide were combined (180 ml), the pH was brought to 9 by the addition of 3 ml of 
a 1 M solution of sodium acetate, and the solution was left at 30°C for 3 h. Then it was deposited on a col- 
umn (1.6 × 18 cm) containing 23 ml of IRC-50 ion-exchange resin (in the H + form). The column was eluted 
with 500 ml of 0.25% acetic acid and then with 50% acetic acid. The fractions containing the peptide were 
combined and evaporated. The residue was dissolved in 5 ml of 0025% acetic acid and deposited on a column 
(2.2 x 16 cm) containing 61ml  of CM-cellulose (inthe tI + form). The column was eluted with 120 ml of 
wa te r  and with ammonium acetate solution having a l inearly r is ing concentration, (The mixing vesse ls  
contained 500 ml of water and 500 ml of 0.1 N ammonium acetate.) The ra te  of elution was 1.2 ml /  
min, and the fraction volume 6 ml. The fractions including the diffuse main peak were t reated with acetic 

acid, evaporated to small  volume, and f reeze-dr ied .  The result ing product was twice f reeze-dr ied  f rom 
water.  Yield 0.139 g (41.5%). The product possessed  a specific activity of 5.04 pCi /mg,  which corresponded 
to a 77% content of peptide mater ia l  [23] in the sample (at a radioactivity of the initial compound of 6 . 6 m C i /  
mole). In its chromatographic and electrophoret ic  charac ter is t ics ,  preparat ion (HI) was identical with [1-hy- 
dantoic acid]angiotensin [11]. The investigation of the distribution of radioactivity on paper chromatograms  
and e lec t rophoregrams showed only one radioactive spot corresponding to labeled compound (III). 

Washing the column with 0.1 N ammonium acetate (after s imi lar  treatment) gave another 0.029 g (9.6%) 
of a substance corresponding in electrophoret ic  mobility (EHi s 0.85) to unchanged (i). 

Polysuccinyllysine (IV). A suspension of 0.163 g (0.78 mmole of lysine residues) of carefully commi-  
nuted polylysine hydrobromide in 21 ml of borate buffer (pH 9.5) was s t i r red  until dissolution was complete 
(45 rain). With constant stirring, 0.72 g (7.2 mmoles) of succinic anhydride was added in separate portions 
to the solution over 2 h. The pH of the solution was kept between 9 and 10 by the addition of a 1 N solution 
of sodium hydroxide. After the end of the reaction (judging f rom the disappearance of the ninhydrin-positive 
reaction), the solution was acidified with 5 N hydrochloric acid to pH 3. The solution together with the pre-  
cipitate that had deposited was dialyzed against distilled water for 40 h. The precipitate was centrifuged off, 
washed with water, and recentrifuged. The result ing polysuccinyllysine was dried in vacuum over PaOs/KOH. 
Yield 0.146 g (82%). (C10H16N204)n. 

Polysuccinyl lysine-[1-glycine]angiotensin (V). A suspension of 0.045 g (0.195 mmole of succinyllysine 
residues) of (IV) in 25 ml of 50% dioxane was treated with 0.021 ml (9.15 mmole) of triethylamine. The poly- 
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(amino acid) swelled strongly and partially dissolved. To this suspension was added 0.15 g (0.128 mmole) 
of (I) and 0.194 g (0.45 mmole) of N-cyclohexyl-N'-[fl-(4-methylmorpholino)ethyl]carbodiimide p-toluenesul- 
fonate, and the mixture was st irred vigorously for 24 h. The precipitate that had deposited was centrifuged 
off and washed with water, and then it was recentrifuged and dried in vacuum over P2Os/KOH. Yield 0.144 g. 
Amino acid composition: Arg 1.00, Gly 0.71, His 1.02, Lys 2.01, Phe 1.03, Pro 0.99, Tyr 0.83, Val 2.07. 
(CsTHosN17017 • AcOH)n. 

SUMMARY 

1. The direct carbamoylation of [1-glycine]angiotensin has given a highly active analog of the natural 
hormone- [1-hydantoic acid]angiotensin. 

2. The synthesis of [1-hydantoic aeid]angiotensin labeled with the 14C isotope in position 1 has been el- 
letted by the proposed method. 

3. A copolymer of polysuccLnyUysine and [1-glycine]angiotensin has been synthesized. 
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