772

ACTIVATION OF VASOPRESSIN HORMONOGENS
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Under conditions in vitro the mammalian kidney aminoacylarylamidase splits off the individual
glycine residues from the hormonogens of vasopressin and its analogs of the triglycyl-vasopressin
type (triglycyl[8-lysine]vasopressin, triglycyl[8-ornithine]vasopressin and des-glycineamide tri-
glycyl[8-lysine]vasopressin) generating consequently the hormone or its analogues. The time
course of the reaction was followed by the biological method (pressoric assay) and by determing
the concentrations of the liberated glycine. The generated hormone or its analogues are resistant
to the action of the enzyme used.

Since the preparation of the first synthetic hormonogen Gly-Cys!-oxytocin by du Vig-
neaud! some years have elapsed. The programmed synthesis of the hormonogen
series was performed several years later in both the oxytocin?:* and vasopressin*~®
analogue series. From the aminoacylated analogues so far synthetized and acting as
hormonogens only one, namely triglycyl[8-lysine]vasopressin®, was successfully
applied in medical practice. Pharmacokinetic studies were performed aiming at the
determination of the rate at which triglycyl[8-lysine]vasopressin was ,generated
under conditions in vivo” "°. The model studies performed with isolated enzymes
(aminopeptidases) indicated the possible participation of some enzymes from special
tissues in the liberation of the hormone proper!®. In this paper we present the results
of an in vitro study of the activation of some hormonogens by pig kidney amino-
acylarylamidase'!.

EXPERIMENTAL
Materials

Triglycyl[8-lysine]vasopressin and desglycine amide triglycyl[8-lysine]vasopressin were prepared
as indicated in the paper of Prochiazka and coworkers”, triglycyl[8-ornithine]vasopressin ac-
cording to the paper of Lebl and coworkers' 3, [8-Lysine]vasopressin was synthetized in the De-
partment of Organic Synthesis and purified by free-flow electrophoresis'#. The pig kidney amino-
acylarylamidase was isolated according to the procedure of Pfleiderer and Celliers'®, using
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L-leucine p-nitranilide as substrate, its specific activity was 80 mkat X kg"l at 37°C and pH 7.5.
The remaining tryptic activity ol the enzyme preparation (trypsin was used for the preparation
of enzyme)!! was determined by means of the chromogenic substrate N-benzoyl-p,L-arginine
p-nitrani]ide‘s. Proteins were estimated according to Lowry and coworkers'®. Thin layer sheets
(Silul'ol“) were purchased from the firm Kavalier, Votice.

Methods

Incubation conditions for enzyme and substrate: 40 L of enzyme having the indicated activity
were incubated with 50 uL of 10 mm substrate solution and 10 uL of 0-2m Na-phosphate buffer
pH 7-5 for 30, 60 and 120 min at 37°C. The reaction was stopped by 5 min boiling.

Paper electrophoresis. After the termination of the reaction, the reaction mixture was separated
by paper electrophoresis according to Durrum’ 7 in pyridine-acetic acid buffer, pH 5:7, at a poten-
tial drop of 20 V/cm.

Thin-layer chromatography. The reaction products of enzymic hydrolysis of triglycyl[8-lysine]-
vasopressin and of the other hormonogens were separated by chromatography in a system of 98%
EtOH-H,O0 (7:3, v/v). The amount of glycine liberated from triglycyl[8-lysine]vasopressin
was determined using the Automatic Amino Acid Analyzer (The Development Workshops
CSAV, type 6020).

Biological assay. The pressoric assay performed on pithed rats'® was used for the estimation
of the rate ol conversion of triglycyl[8-lysinejvasopressin to [8-lysinc]vasopressin.

RESULTS AND DISCUSSION

The enzyme preparation used for the activation study of vasopressin hormonogens
was devoid of tryptic activity. It was fully confirmed by both methods applied,
i.e. thin-layer chromatography and electrophoresis, that free glycine was liberated
during the incubation of individual substrates with the enzyme. The liberation
of the glycyl-glycine dipeptide was not observed under the given experimental condi-
tions. In the case of [8»]ysine]vasopressin only a slight decrease of the biologic
potency was found when the hormone was incubated with the enzyme. This con-
firms the generally accepted view that tissue aminopeptidases are unable to split
the cyclic nonapeptide unless the cyclic structure of the hormone is abolished,
e.g. by the reduction of the disulfide bridge.

The rate at which the corresponding hormone was generated from the two hor-
monogens with pressoric activity, namely triglycyl[8-]ysine]vasopressin and tri-
glycyl[8-ornithine]vasopressin, was estimated on the basis of the shortly lasting
change of blood pressure characteristic for the effect of the parent hormone. The
hormogens used are without intrinsic activity in the pressoric assay and the slow
change in-the blood pressure is attributed to the effect of generated hormones!®.
A mixture of hormone and hormonogen injected i.v. results in a biphasic course
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of blood pressure response with two maxima. The amount of hormone generated
was calculated with regard to this finding (Table I).

In the case of triglycyl[8-lysine]vasopressin we compared the rate at which [8-ly-
sine]vasopressin was generated with the amount of liberated glycine (Table 1). The
rate constants were not determined, owing to the complexity of the reaction (three-
substrate consequent reaction with glycine as a product of all three reactions). Never-
theless, we were able to show that after 30 min of reaction, final conversion to
[8-lysine]vasopressin occurred in one out of 25 molecules of substrate attacked
(e.g. tri-, di-, and monoglycyl[8-lysine]vasopressins) and that, after 60 and 120 min
of incubation, the total conversion increased to one out of 14 and 12 molecules
attacked, respectively.

Des-g]ycincainidc triglycyl[8-lysine]vasopressin, an analogue, described only re-
cently had none of the biological activities typical of vasopressin with the exception
of an effect on the stabilization of the memory process!?. We followed the generation
of the parent hormone only on the basis of the chromatographically determined
glycine. As we expected the rate of glycine liberation was consistent with the rate
observed in the case of the above-mentioned hormonogens.

Our results show that the enzyme studied under conditions in vitro can generate
the corresponding hormone or analogue from hormonogens. Owing to the fact that
aminopeptidases are known to be present in many tissues we may expect the generat-
ing process to occur in different organs. After the application of trglycyI[S—lysille]-

TaBLE I

The Generation of [8-Lysine]vasopressin and [8-Ornithine]vasopressin by the Kidney Amino-
acylarylamidase

The amount of [8-lysine] The amount The amount of [8-ornithine]
Time vasopressin generated of liberated vasopressin generated
of incubation from triglycyl[8-lysine] elycine from triglycyl{8-ornithine]
min vasopressin o vasopressin
% %
0 0 0 0
30 04 10 0-3
60 1-0 147 . 0-4
120 1-6 187 09
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vasopressin, the amount of [8-lysine]vasopressin generated was determined by the
biological assay both in urine and blood plasma of cxperinzental animals” ~°.

In one of the recent papers the specificity of enzyme generating the hormone
under physiological conditions was discussed?®. It was shown that the persistence
of disubstituted hormonogens is less than that of monosubstituted analogues. This
could indicate that the hormonogens with the longer substituent are preferentially
hydrolyzed in the dipeptidase mode, and such a reaction is more rapid than when
a single amino acid residue is split off from the monoaminoacylated hormone.
In our reflections on the mode of enzymic generation of hormone from hormono-
gens we shall have to take into account the participation of dipeptidases or even endo-
peptidases in cases when hormonogens with a longer substituting chain are con-
cerned. The question of the possible participation of different hormone-generating
systems could be solved by using suitably labelled hormonogens.
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