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The binding propert ies and the activation of adenylate cyclase by the structural analogues 
of neurohypophysial hormones in the rat kidney membrane system were investigated . Certain 
structural modifications of the vasopressin molecule, i.e. absence of the primary amino group, 
removal of the carboxy-terminal part and combinations of the modifications lowered the affinity 
and activating properties of the compounds. A similar effect was observed in the oxy tocin 
series where the absence of the primary amino group decreased the binding and activation 
of the adenylate cyclase. Two modifications improved the binding affinity: the carba substitution 
in both the series of deamino-anal ogues and the introduction of a lipophilic substituent in the 
para-position of the aromatic amino acid in position 2 of the peptide chain. An attempt was made 
to correlate the binding and activating properties with the biological effects. 

Rat kidney medullary membranes were found to be a suitable system for the investigating the 
interactions between vasopressin analogues and hormonally activated adenylate cyclase1 , 2. 

The understanding of the character of binding and activation provides the fundamental data 
on the relation between the structure of an individual peptide and its binding and activating pro
perties. A guideline may thus be obtained for designing new synthetic analogues. 

The previous studies on the rat kidney system 1,3,4, where the best possibility 
exists for the direct correlation of the antidiuretic potencies of the analogues, have 
already revealed a certain relation between the structure and binding/activating 
properties (ref. 3 - 5). In an effort for a more detailed understanding of the structure
-activity relationship, new structural analogues were selected and tested in the above
mentioned membrane system. 
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EXPERIMENT AL 

Materials 

The following syn thetic peptides prepared at the l nstitute o f Orga nic Chemistry and Biochemistr'y, 
Prague were used in the study: [8-lysine]deamino-vasopressin6 •

7
, [8-arginine]deamino-vasopres

s ins, [8-a r'g inine ]deamino- I-carba-vasopressin 9, [8-arginine, 9-dcsglyc inea mide]deamino-vaso
prcssin l O (prepared by the tryptic treatmen t of [8-arginine]deamino-vasoprcss in), [8-lys inc , 9-des
glycineamide]vasopressin 11, N~-glycyl-glycyl-glycy l[8-ornithine]vasopress i nI2, Na-glycy l-glycyl
-glycyl[8-lysine]vasopressin 13.14, Na-glycyl-glycyl-glycyl[7-glyc ine , 8-ornithine]vasoprcss in 15 , N a_ 
-glycyl-g lycyl-glycyl[8- lysinc, 9-desglycineamide]vasopressin 14, deam ino-oxytoc in 16, dcam in o -
-I-carba-oxytocin 17 , dearnino-6-carba-oxytoci n 18, dea mino-dica rba-oxytocin 18, [2-p-e thy lphc . 
nylalanine]oxytoci n 19, [2-p-ethylphenylalanine]dearnin o-6-carba-oxytoc in 20, [2-p-rnethylphcny l 
alani ne ]deami no-6-ca rba -oxyt oc i r/ 0, [2-phcnyla la ni ne ]dea mi no- ()-ca rba-oxy toci n 2 0, [2-0-et hy 1-
ty ros ine ]deami no-6-ca rba-oxytoci n2 0, [2 -IJ-am i nop henylalani ne ]dea 111i no-6-carba-oxytoc in 20, [2-
-p-nitrophenylala ninc]dea111ino-6-carba-oxylocin20

, [2-111elhionine ]deamino-6-oxytoc in21, [2-0-
-methylt yros ine]deamino- l-ca rba-oxytocin22 , [4-glutamic acid]deamino-l -carba-oxytocin 23 , [4-
-i soleucine]deamino-l-carba-oxytocin24 , oxytoc in and [8-1ysine]vasopress in. A sample of [8-a rgi-
nine]deamino-vasopressin was kindly provided by Dr M. Flegel. Mono- a nd di iodo[8-lysine]vaso
pressin were prepared in the Paris laboratory25. 

Tritiated [8-lysine]vasopressin eH-LVP) was prepared according to a described procedure26. 
The labe lled peptide was purified by affinity chromatography using neurop hysin bound to Sc
pilarose 413 (ref27 ). lts specific radioactivity was 8· \ Ci /mmo l (3'14 . lOll Beq / rnmo l). The bio
logica l activity determined in the rat vasopressor assay28 and pig29 and rat 30 adenyla te cyc la se 
systems was identica l with tha t of the unlabelled ma terial. 

Neutral a luminium oxide was obtained from Woelm (Eschewege), Dowex AG 50 X 8 from 
Biorad Lab; sodium dodecyl su lfate from Serlabo, bovine serum albumin fraction (BSA) from 
Pentex , Tris, ATP (disodium salt) from Sigma Chern . Comp., cyclic AMP, creatine kinase 
and phosphocreatine (d isodium salt) from Boehringer, EDTA, ouabain and sod ium az ide from 
Merck. 3H -cycl ic AMP (21 Ci/mmol) from Commisariat it l'Energie Atomique, Saclay, a_32 p _ 

-ATP (20 Ci /mmol) from New England Nuclear. 

Method~ 

The membrane fract ion was prepared from the medullary portions of Wistar rat kidney, according 
to the descr ibed procedure2 ,5. Adenylate cyclase activity was measured by the rate of conversio n 
of o: _32 p _ATP to labelled cyclic AMP (ref4 ). The incubation medium (100 ~I final vo lume) 
contained Tris-HCIIOO~moll - 1 pH 7'4, cycl ic AMP 1 mmoll - I

, MgC I2 75 mmoll - I
, crea

tine phosphate 20 mmoll - 1 , creatine kinase I 00 ~lg per tube (I mg/ml), ouabain 0· 1 mmo I 1- 1, 

sod ium azide 10mmoll - 1 , EDTA 0·25mmoll - l , BSA 0'25mg/ ml and var ious amoun ts 
of [8-lysine]vasopress in or its ana logues. Membranes (40-60 ~g of protein) were preincubated 
for 15 min at 30°C in the medium described above . The reaction was initi ated by the add ilion 
of the substrate ATP (resulting concentration 0·25 mmo l l- 1

) and o: _32 p_ATP of about 0·65 ~Ci, 
the reaction proceeded for 6 min at 30°C a nd was stopped by the addition of s:Jdium dodecyJ 
sulfate (2% final concentration). Labelled cyclic AMP was separated by the method of Salomon 
and coworkers31 with minor modifications. Cyclic AMP recovery was mon itored using 3 H cyclic 
AMP added immediately after stopping the reaction. The dose dependence for adenylate cyclase 
activation by vasopressin and analogues was characterized by Kact (concentration of peptide 
leading to half m aximal activation4, Hill coefficient (II) and by Vrnax = Amax/AmaxLVp% , where 
A max is the maximal increase in enzyme acti vi ty over basal va lue. 
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Binding assay. Binding of 3 H_LVP was measured under experimenta l conditions identical 
with those used for the adenylate cyclase assay, except for the absence Cl_

32 p_ATP in the incuba
tion medium. After 15 min incubation of membranes in the presence of 3 H _LVP, the rraction 
was stopped by the addition of a cold solution (2 ml of Tris-HCI 25 mmoll - 1 pH 7-4, MgCl 2 
0·75 mmoll - I). The membranes containing bound 3 H-L VP, were separated by filtration on Mil
lipore Filters EA WP 1·0 J.lm. The filters were washed three times with 10 ml of a cold Tri s-HCI 
and MgCI ) solution. All determinations were corrected for non-specific binding, i.e. residual 
radioactivity measured in the presence of 5 ~lmoll - l of [8-lysine]vasopressin . The binding curve 
for [8-lysine]vasopress in was determined using increas ing amounts of the labelled peptide. The 
binding constant (Kbind) was calculated as the concentration of the peptide leading to half 
maxima l specific binding. The binding of the peptide was also characterized by Bm3x ' maximal 
binding capacity . The data were obtained from the Scatchard plot of the binding curve32

. 

Proteins were estimated by the method of Lowry and coworkers33
. 

RESULTS 

The system of rat kidney medullary membranes was characterized in each experiment 
by 3H-LVP binding and activation of adenyl ate cyclase. The value K bind = 4-4 ± 0,5-
nanomoles ] - 1 (6 experiments) and maximal specific binding capaci tY (8max) was 

TABLE I 

Activation of adenylate cyclase and binding to the rat kidney membrane system; vasopressin 
analogues 

Peptide 

[8-Lysine ]vasopressin 
[8- Lysine] deamino-vaso presssin 
[8-Lysine, 9-desglycinamide]vasopressin 
[2-(3-Iodotyrosine), 8-lysine]vasopressin 

____ A_de_n_y_la~~I_a_se ___ ~ 

pKA n, Hill Am"xLVP% 

Binding 
pKo 

--~-,-----------

8'35 ± 0·19a 0·86 ± 0·04 100 8·32 ± O'OSn 

8' 10 0·73 75 8·46 
6·74 0 '79 80 6·25 
5'3 0 '96 67 5'59 

[2-(3,4-Diiodotyrosine), 8-lysine]vasopressin 5·1 0·97 55 4·96 
N"-glycyl-glycyl-glycyl-[8-lysine]- 5·77 0·97 97 5·28 

vasopressin 
N"-glycyl-glycy I-glycy 1-[8-c rnithine]- 5·74 0·81 85 5'31 

vasopressin 
[8-Arginine] deamino-vaso pressin 8'68 0·54 95 9·07 
[8-Arginine,9-desglycinamide]deamino- 7·96 0·60 69 7·11 

-vasopressin 
[8-Arginine ]deamino-l-carba-vasopressin 8'64 0 ·67 88 8·28 

a _ Means + SE (11 = 6); b - means + SE (/1 = 9). All other values were means of 2 indivi
dual experimental determinations 
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0·4 ± 0·03 picomoles of 3H-LVP bound per mg of protein. Adeny late cyclase activi
ties meas ured under basal conditions and in the presence of a saturating amount of 
[8-lysineJ vasopressin (5 p moles I- I) were 94 ± 13 and 406 ± 52 picomoles ofcyc
lic AMP (6 min) mg protein respect. (6 experiments). K'CI = 4·8 ± 0·5 nanol11olcs . 
.1- 1 (9 experiments) . The Hill coefficient for adenylate cyclase activation was 
0·86 ± 0·04 (mean ± SE, 6 experiments). Such a system was used for studying 
the effect of structural modifications of a ser ies of synthetic analogues of vaso
pressin and oxytocin. In t he vasopressin ser ies, the absence of the primary amino 
group, carba substitution, aminoacylation of the amino-terminal part, elimina
tion of the carboxy-terminal glycinamide and introducti on of bulky atoms in the 
aromatic moiety of tyrosine were the structural features whose effect on the binding 
and adenylate cyclase activation was studied. In the oxytocin se ries , the effect was 
studied of the absence of the primary amino group, different carba modifications, 
and substitution of the amino acid in position 2 and 4 of oxytocin and its carba 
analogues. The results are summarized in Table I and II. 

The absence of the primary amino group of vasopressin or its acylation with 
a short peptide chain lowered the affinity to the receptor and the activation of adeny-

TABLE II 

Activation of adenylate cyclase and binding to the rat kidney system. Oxytocin analogues 
_._---_ ._._----------- --_ ._. __ ..... _-- ---- -

Adenyla te cyclase 

pK" 11 , Hill 

~ Binding 

AmaxLVP% pKD 
Peptide 

Oxytocin 7- 21 0 -83 86 7-47 
Deamino-oxytocin 7-44 0-71 67 6-99 
[2-p-Ethylpheny lalaninejoxytccin 6-20 1-04 82 6-12 
Deamino- I-carba-oxytocin 7-20 0-71 94 6-29 
Deamino-6-carba-oxytocin 7-43 0-73 99 7-49 
Deamino-dicarba-oxytocin 6-47 I-09 98 6-04 
[2-Phenylalaninejdeamino-6-carba-oxytccin 6-72 1-03 89 6-28 
[2-p -Methylphenylalanine jdeamino-6-carba-oxytocin 7-54 0-62 87 7-80 
[2-p-Ethy I pheny lalanine jdeamino -6-ca rba -c xytocin 7-48 0-72 83 NO 
[2-p-Aminophenylalanine jdeamino-6-carba-cxytc cin 6-72 0 ·79 70 6'62 
[2-p-Nitropheny lalaninejdeamino-6-carba-oxytocin 5-96 0-94 69 6·54 
[2-Methioninejdeamino-6-carba-oxytocin 5-00 0-77 65 5-24 
[2-0-Ethyltyrosine jdeamino -6-carba-oxytocin 5-70 1-15 34 6-39 
[2-0-Methyltyrosine jdeamino-l-carba-oxylOcin 7'39 0-74 77 6·74 
[4-Isoleucine jdeamino- I-carba-cxytocin 5'59 0-99 78 6-73 
[4-Glutamic acidjdeamino-I-carba-oxytccin 4-28 0-87 76 4-31 
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latc cyclase (Fig. 1), whereas the replacement of the disulfide bond by the I-mono
carba bridge had no effect on the binding and only slightly decreased the affinity 
for the enzyme system as compared with [8-arginine ]deamino-vasopressin. The elimi
nation of the carboxy terminal glycinamide pronouncedly decreased the binding 
and activating properties of the analogues studied. Introduction of one or two iodine 
atoms in the ortho position of tyrosine sharply decreased the affinity to both the 
systems on the average by three orders of ten (Fig. 2). In the series of deamino 
vasopressin analogues negative cooperativity was observed. 

In the oxytocin series, the absence of the primary amino group was without effect 
on the binding, while the character of carba bridge played a role in the magnitude 
of binding (Fig. 3). The 6-carba analogue had the same affinity as oxytocin, the other 
two, I-carba and di-carba, had less than 10% of the affinity of deamino-oxytocin 
for binding. The di-carba substitution finds the same expression in activation of ade
nylate cyclase. Both the mono-carba analogues of oxytocin had similar activation 
properties as oxytocin. 

Several analogues 0f deamino-6-carba-oxytocin with modifications in position 2 
were studied (Fig. 4). The elimination of the hydroxy group (2-phenylalanine deriva
tive) decreased the activation by one order often; no change was found when methyl 

100 

c 

so 

8 8 

a 

FIG. I 

Activation of adenylate cyclase (a) and binding (b) to the kidney membrane preparation. A 
Adenylate cyclase activation (normalized to [8-Iysinejvasopressin activation), B log concentration 
of added unlabelled peptide (molarity), C binding of 3H-LVP to membrane, competition with 
unlabelled peptides. For details see Methods . 0 [S-Iysinejvasopressin, _ Na-glycyl-glycyl-glycyl
[8-lysinejvasopressin, 0 [S-Iysine, 9-desglycinamide]vasopressin, (j) [S-Iysine]deamino-vasopressin 
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or ethyl group was introduced instead of hydroxyl. Substitution of the hydroxy 
by ethoxy group decreased the affinity for binding by one order of ten and the 
activating properties by two orders. A ve ry similar modification, the replacement 
of the hydroxy by methoxy group in deamino-l-carba-oxy tocin did not affect the 
binding and act ivating properties. Finally, the introduction of amino or nitro groups 
had small effect on the binding and activati ng proper ties when compared with [2-phe
ny lalan ine ]deamino-6-carba-oxytoci n. 

Two replacements of the amino acid in pos iti on 4 were studi ed: replacement 
of glutamine by lipophilic iso leucine or by glutamic acid. The binding properties 
of the 4-i soleucine derivative were dimini shed by o ne order often whereas the ac ti vat
ing properti es were lowered by two ord ers often. The appearance of the free ca rboxyl 
in position 4 significantly depressed both the bi nding a nd activating propert ies. 

DISCUSSION 

Ample pharmacological data concerning the an tidiuretic potencies of analogues 
of neurohypophysial hormones have already been obtained in experiments with rats. 
The rat kidney medullary membrane system has been proved to be well suited for 
investigating the structure-activi ty rela tion ship of vasopressin analogues at the mo le

cu la r level. 

100 r 
'\ 

100 1\ 
~ 

! ; 

0 

B B 

FIG. 2 

Activation of adeny late cyclase (a) and binding (b) to the kidney membrane preparation. A , B, 
e, the same meaning as in figure I. 0 [8-Lysine)vasopressin, • [2-(3-i odotyrosine), 8-lysine)
vasopressin, 0 [2-(3,S-diodotyrosine), 8-1ysine)vasoprcssin 
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100 

A 

50 

B 

FIG. 3 

Activation of adenylate cyclase (a) and binding (b) to the kidney membrane preparation . A, B, 
e the same meaning as in Fig. I. () Oxytocin, 0 deamino-oxytocin, • deamino-l-carba
-oxytocin, CD deamino-6-carba-oxy tocin, 0 deamino-dicarba-oxytocin 

100 

50 

B B 

FIG.4 

Activation of adenylate cyclase (0) and, binding (b) to the kidney membrane preparation. A, B, e 
the same meaning as in Fig. 1. 0 Deamino-6-carba-oxytocin, () [2-phenylalanine]deamino-6-
-carba-oxytocin, CD [2-0-ethyltyrosine]deamino-6-carba-oxytocin • [2-p-methylphenylalanine]
deamino-6-carba-oxytocin, 0 [2-p-ethylphenylalanine]deamino-6-carba-oxytocin 

Note added if! proof In the left part of Fig. 4 the symbols 0 and CD should be mutually substituted. 

Collection Czechoslovak Chern. Commun. [Vol. 48] [1983] 



Structural Requirements of Oxytocin 3173 

This study was undertaken in order to obtain more detailed information on the 
structure-activity relationship, to gain knowledge of the consequences of the modifica
tion of molecular structure and finally to characterize several groups of analogues 
which have an altered specificity of biological action. 

So far, two important features of the structure and resulting biological activity 
have been examined. For the analogues derived from [S-L-arginine ]deamino-vaso
pressin (carba substitution in position 6 and alteration of amino acid in position S), 
known as very potent antidiuretic agents, no higher affinity of v'nax of activation was 
proved. Their prolonged antidiuretic action is probably due to changed distribution 
and metabolic stability as has already been proposcd 4 ,34 - 37. 

Several analogues of oxytocin and vasopressin which may be structurally characteri
zed by alterations performed in the amino-terminal part - modification of position 1 
and 2 - were found to inhibit the adenylate cyclase activation by [S-lysine J-vaso
pressin (ref.4 ,38). All had low, antidiuretic activi ty4,37,39 ,4o. When they were applied 

in subthreshold doses to anesthetized rats39
, no clear inhibitory effect on the anti

diuretic action of oxytocin or vasopressin was observed . Some of the analogues 
studied are charaeterized by the absence of primary amino group. [S-Arginine ]de
amino-vasopressin and [S-lysine ]deamino-vasopressin had lower affinity and activat
ing prop :o: rties than the natural hormones. Deamino-oxytocin was a weaker act ivator 
of adenylate cyclase than oxytocin. The carba substitution in the cyclic part of the 
molecule is one of the favorab le structural modifications which promotes greater 
metabolic stability of the molecule and provides some molecules even with a higher 
intrinsic activity. 

[S-Arginine ]deamino-6-carba-vasopressin was already studi<::d in the rat kidney 
medullary membrane system3

• Here we present the results obtained with l-carba 
derivative. A certain preference of the receptor for 6-carba modification can be seen 
comparing the data on activation. Antidiuretically superactive vasopressin analogues 
were obtained by deamination in position 1 and stereoplacement in position S 
(ref.4

). Each of the modifications by itself decreased the binding and activating pro
perties. Nevertheless the combination of the two modifications provided [S-D-argi
nine ]deamino-vasopressin, an analogue that had a much higher antidiuretic potency 
than [S-arginine ]vasopressin. Contrary to our expectation, when the 6-carba modifica
tion known to produce analogues with prolonged antidiuretic action 31 was introduced 
into the molecule of [S-D-arginine ]deamino-vasopressin, the activating properties 
of the resultant analogue decreased4

• The presence of carboxy terminal glycinamide 
in vasopressin analogue is known to be necessary for their biologieal activity (with the 
exception of the activity on the CNS). It was therefore not surprising that its absence 
was accompanied by a substantial loss of affinity and activating properties: the des
glycinamide derivative of Na-glycyl-glycyI-glycyl[S-lysine ]vasopressin is practically 
devoid of binding and activating properties. 
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Two analogues of triglycyl[8-lysine ]vasopressin with modifications in position 8, 7 
and 9 were studied, The data obtained with carba analogues 3 indicated that the 
activating properties decreased when arginine was replaced by ornithine, These 
results indicate that the recognition system of the receptor might di stinguish the 
position of amino group in the side chain of the basic amino acid, A decrease of af
finity and activatillg properties was observed when this group was shifted nearer 
to the backbone of the peptide molecule, The ability of triglycyJ[7-glycine, 8-orni
thine ]vasopressin, which is not included in the Tables to compete with 3H-LVP for 
binding d id not differ significantly from the binding properties of two other hormon o
gens, 

In the oxytocin series both the deamination and l-carba and 6-carba substitution 
enhanced the antidiuretic potency of the analogues4 0 as compared with oxytocin, 
The higher antidiuretic potency, especially that of dcamino-6-carba-oxytocin, could 
not be attributed only to stronger binding and activation properties in the kidney 
receptor system. No prolonged antidiuretic activity was observed in the case of the 
monocarba derivatives of oxytocin31 . Deamino-diearba-oxytocin also had the same 
antidiuretic potency as oxytocin, but ten times lower binding and activatirg pro
perties and no indication of prolonged antidiuretic activity. 

Our studies concerning processes occurring at the molecular level in the kidney 
did not provide an explanation of the unexpectedly high antidiuretic response 
of carba analogues of oxytocin. 

A series of deamino-6-carba-oxytocin derivatives that had higher natriuretic 
potency20 was studied. The replacement of the tyrosine hydroxyl by methyl or ethy l' 
group did not influence the natriuretic properties, while its elimination or substitution 
by ethoxy, amino or nitro group significantly lowered the natriuretic activity. The sa
me holds for the binding and activating properties in the kidney [('c{ptor system. 
Both the analogues with the alkyl in place of the hydroxy group have the same or bet
tcr ability than oxytocin or deamino-6-carba-oxytocin to interact with the receptor. 

The methylation of the tyrosine hydroxyl ([2-0-methyltyrosine ]dcamino-l-carba
-oxytocin) led to a decrease of the Amax (the maximum rate of cAMP production 
induced by [8-lysine ]vasopressin) to 77%. The introduction of the ethoxy group 
caused a dl'op to 33% of Amax. The previously reported data4 also give evidence 
of the importance of this kind of modification ; nevertheless, the character and bulki
ness of the groups used fOl modifying the amino acid in position 1 must also be 
taken into consideration. 

While the substitution of the hydroxyl in position 2 of deamino-6-earba-oxytocin 
by either ethyl or methyl group had no effect on the binding and activating properties, 
the replacement of the tyrosine hydroxyl of oxytocin by ethyl group reduced binding 
and activation ten times. The presence of a free carboxyl in side chain of the amino 
acid residue in position 4 practically eliminated the intelaction of the compound 
with the kidney receptor. Our results showed that carba substitution affected the 
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binding and activatillg properties of resultiI1g oxytocin and vasopre ss in analogues 
in the same way. This was not so in the case of other modifications (substitutions 
in positions .2 and 4) when the binding and activatillg properties were depcndcnt 
on the already performed substi tutions in the primaI'y structure of the pep! ide. 
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