15, I1. 1962

On acid hydrolysis the purified peptide yielded serine,
leucine, isoleucine, methionine, glycine, alanine, phenyl-
alanine, proline, lysine, aspartic and glutamic acids in a
1:1 ratio. The chromatographic and electrophoretic spots
gave the same aminoacid pattern.

The aminoacid sequence was elucidated by chemical and
enzymatic degradation. No splitting of C-terminal residue
was achieved by carboxypeptidase digestion and both the
fluorodinitrobenzene (FDNB} and Edman techniques fail-
ed to reveal a free N terminal residue. Chymotrypsin
split two peptide bonds giving a heptapeptide contain-
ing glutamic and aspartic acids, serine, proline, lysine,
alanine and phenylalanine, a tripeptide composed of iso-
leucine, leucine and glycine and a single residue identified
as methioninamide. Trypsin digestion produced two frag-
ments one of which contained glutamic acid, serine, pro-
line and lysine and the other the remaining seven residues.
‘When the heptapeptide produced by chymotrypsin di-
gestion was submitted to trypsin attack, the same tetra-
peptide as above was obtained together with a tripeptide
composed of alanine, phenylalanine and aspartic acid.

The structure of the two tripeptides produced by chy-
motrypsin and trypsin hydrolysis was made clear by the
FDNB and carboxypeptidase methods and resulted re-
spectively in Asp{OH)-Ala-Phe and Ileu-Gly-Leu.

Under the action of carboxypeptidase, lysine was split
from the tetrapeptide isolated from tryptic digests; but
attempts to break other peptide bonds were unsuccessful,
and even at high concentrations of enzyme only lysine and
an acidic peptide negative to ninhydrin could be isolated.
As for eledoisin, and also for the tetrapeptide, the N-
terminal degradation failed with both the Edman and
FDNB procedures. The relative positions of the proline,
serine and glutamic acid residues were established by
partial acid hydrolysis experiments, and therefore the
structure of the tetrapeptide resulted in Pyr-Pro-Ser-Lys.

Consequently, the sequence of eledoisin was clearly
established as Pyr-Pro-Ser-Lys-Asp(OH)-Ala-Phe-Ileu-
Gly-Leu-Met-NH,. On the basis of digestion with leucin-
aminopeptidase all aminoacids appeared to have the L-
configuration.

Pharmacological actions. Eledoisin is a powerful vaso-
dilator and hypotensive agent in most animal species. In
the dog, the threshold hypotensive dose is 0.5-2 mpg/kg,
by i.v. injection. The pressure fall is proportional, both in
intensity and duration, to the dose of the polypeptide,
and there is no sign of tachyphylaxis. Subcutaneous doses
of 10-150 pg/kg eledoisin produce a pressure fall lasting
6 to 10 h, and with doses of 300 pg/kg sometimes hypo-
tension terminates in death due to heart failure. A per-
sistent, controllable lowering of blood pressure may also
be obtained with i.v. infusion of eledoisin, the threshold
being 5-15 mpg/kg/min.

Eledoisin displays a potent vasodilator action on the
musculo-cutaneous vessels of the dog’s hind leg (threshold
intraarterial dose 0.3-1.5 myg), as well as on the coronary
arteries and probably on the brain vessels. The vessels of

Synthesis of Eledoisin

The structure proposed for Eledoisin! (H-Pyr-Pro-Ser-
Lys-Asp-(OH)-Ala-Phe-Ileu-Gly-Leu-Met-NH,) was con-
firmed in our laboratories by a total synthesis, which
was performed according to the scheme given in the
Figure.

Condensation of p-nitrophenyl N-carbobenzoxy-L-pyro-
glutamate with L-proline gave N-carbobenzoxy-L-pyro-
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the splanchnic area, lung and kidney are less affected by
the polypeptide.

10-20 pg eledoisin are capable of abolishing completely
the hypertensive action of 1000 pg L-noradrenaline; 1-2
pg counteract the hypertensive action of 3-20 uyg angio-
tensin, Weight-for-weight eledoisin is at least 50 times
more potent than acetylcholine, histamine and brady-
kinin in lowering the blood pressure of the dog.

Following subcutaneous doses of 100-300 ug/kg, eledo-
isin is detectable in the blood stream only for 10-15 min,
whereas hypotension lasts for hours.

Like the kinins, eledoisin potently lowers the perme-
ability.of the skin vessels in the guinea-pig and man.

Of the many preparations of extravascular smooth
muscles examined the following proved to be particularly
sensitive to the polypeptide: terminal portion of the rab-
bit large intestine (threshold concentration 0.3-0.6 mug/
ml), guinea-pig ileum (0.3-0.6 mpg/ml), dog duodenum and
large intestine (0.6~3 mpg/ml), and frog stomach (2—-4 mpg/
ml). On the rat duodenum eledoisin displays a purely
stimulant action; the oestrus rat uterus is poorly sensi-
tive to the polypeptide (0.3-1 pg/ml). The powerful action
of eledoisin on the gastro-intestinal smooth muscle beco-
mes apparent also in vivo, when high doses of the polypep-
tide are administered subcutaneously to intact unanaes-
thetized dogs.

High doses of eledoisin stimulate salivary, and probably
also gastrointestinal secretion. This effect, like that on
vascular and extravascular smooth muscle, is atropine-
resistant.

In parallel assays eledoisin may easily be distingnished
from the kinins (bradykinin, wasp kinin)}, from substance
P, and from all other known active tissue products. The
natural polypeptide which so far is most similar to eledo-
isin in its biological properties, especially in its action on
smooth muscles, is substance P. The behaviour of the
kinins is distinctly different.

Rabbit large intestine, guinea-pig ileum and dog blood
pressure are particularly suitable for the quantitative
estimation of crude and pure preparations of eledoisin,
owing to their high sensitivity and the excellent dose/
effect relationship.

Full reports of the experiments and results described in
this paper will be published elsewhere.

Riassunto. Viene descritto il procedimento che ha per-
messol’isolamento ed ilchiarimentodella strutturachimica
dell’eledoisina, I'endecapeptide attivo delle ghiandole sali-
vari posteriori dell’'Eledone. L’eledoisina & dotata di po-
tente azione ipotensiva, particolarmente spiccata nel cane,
e di intensa azione stimolante su alcuni preparati di mus-
coli lisci extravasali, L’eledoisina ¢ facilmente distingui-
bile, mediante saggi paralleli, da tutti gli altri polipeptidi
biogeni finora descritti.

V. ERSPAMER and A. ANASTASI

Istituto di Farmacologia, Universita di Pavma e Laboratori
Ricevche Farmitalia, Milano (Italy), October 16, 7961.

glutamyl-L-proline (549, yield. M.p. 198°. [a]3 = — 109°
in 959, acetic acid. Analysis calculated for C,jH,;,0N,:
C59.8, H56;026.7; N 7.8 Found: C60.2; H 5.5; 0 26.1;
N 8.0), while condensation of N-trityl-L-serine with methyl
e-N-carbobenzoxy-L-lysinate by dicyclohexylearbodii-
mide afforded methyl N-trityl-L-seryl-e-N-carbobenzoxy-
L-lysinate {669 yield. M.p. 102°. [«]3? = — 45° in dime-
thylformamide. Analysis calcnlated for CiH,,0ON;: C
71.3; H 6.6; O 15.4; N 6.7. Found C 71.0; H 6.9 O; 15.5;
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N 6.5) which was detritylated by heating in aqueous acetic
acid to methyl L-seryl-e-N-carbobenzoxy-L-lysinate (79%,
yield. M.p. 80°. [a]¥ = — 8° in dimethylformamide. Ana-
lysis calculated for C,gH,,ON,: C 56.7; H 7.1; O 25.2;
N 11.0. Found: C 56.9; H 7.3; O 25.0; N 10.9). Conden-
sation of the two dipeptides by dicyclohexylcarbodiimide
resulted in methyl N-carbobenzoxy-L-pyroglitamyl-L-
prolyl-L-seryl-se-N-carbobenzoxy-L-lysinate (839, yield.
[0 = — 76° in 95 9%, acetic acid. Analysis calculated for
CyeH 50,3, N: C59.7; H6.3; 0 24.4; N 9.7. Found: C 59.3;
H 6.6; O 24.1; N 9.9), which was hydrogenated to methyl
L-pyroglutamyl-L-prolyl-L-seryl-L-lysinate (759, yield).
This was converted by treatment with tert.-butyl p-nitro-
phenylcarbonate to methyl L-pyroglutamyl-L-prolyl-
L-seryl-e-N-carbo-tert.-butoxy-L-lysinate (689, vyield),
which was transformed to the corresponding hydrazide
(559 yield. M.p. 120° (with. dec.). [x]§ = —64°in metha-
nol. Analysis calculated for C,,H,,O,N, 4+ 1/, H,0:C 51.0;
H 7.4; O 24.1; N 17.4, Found: C 50.3; H 8.0; O 24.4;
N 17.8), and from this to the azide.

The condensation of p-nitro-phenyl N-carbobenzoxy-7-
alaninate with methyl L-phenylalanyl-L-isoleucinate af-
forded methyl N-carbobenzoxy-L-alanyl-L-phenylalanyl-
L-isoleucinate (739, yield. M.p. 152° with transition at
130°. [a]? = — 18° in 959, acetic acid. Analysis calcu-
lated for C,,H;,0O;N,;: C65.2; H7.1; 019.3; N 8.5. Found:
C 64.9; H 7.2; 0 19.6; N 8.6). This was hydrogenated to
methyl L-alanyl-L-phenylalanyl-L-isoleucinate, which
was condensed by dicyclohexyl-carbodiimide with 8-benz-
y1l-N-carbobenzoxy-L-aspartate to methyl N-carbobenz-
oxy-f-benzyl-L-aspartyl-L-alanyl-L-phenylalanyl-L-iso-
leucinate (75% yield. M.p. 136° [a«]¥ = — 24%in 95%
acetic acid. Calculated for C,H,,O4N,: C 65.0; H 6.6;
O 20.5; N 8.0, Found: C 64.5; H 6.8; O 20.3; N 8.3). This
was hydrogenated to methyl L-aspartyl-L-alanyl-L-
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phenylalanyl-L-isoleucinate (929, yield. M.p. 245° with
dec. [ojff = — 15°in 959, acetic acid. Analysis calculated
for CoyH,;,0,Ny: C 57.7; H 7.2; O 23.4; N 11.7. Found:
C 57.2; H 7.5; O 23.7; N 11.7), which was reacted with
tert.-butyl p-nitro-phenyl-carbonate to methyl N-carbo-
tert.-butoxy-L-aspartyl-L-alanyl-L-phenylalanyl-L-iso-
leucinate {80 %, yield. M.p. 120° with dec. [«]8? = — 55%in
methanol. Analysis calculated for C,H,,O.N,: C 58.1;
H7.3;024.9;N9.7. Found: C58.4; H7.5;024.3; N10.2).
Reaction with hydrazine hydrate gave the hydrazide
{789, vield. M.p, 220° with dec.), which was converted to
the azide.

Methyl N-trityl-glycyl-L-leucinate was converted to the
corresponding hydrazide (689, yield. M.p. 189°, [«]1¥ =
— 34°in 959, acetic acid. Analysis calculated for C,,H,,-
O,N,:C73.0; H7.3;07.2; N12.6, Found: C 72.7; H 7.4;
O 7.8; N 12.9). Transformation to the azide and conden-
sation with methyl L-methionate afforded methyl N-tri-
tyl-glycyl-L-leucyl-L-methionate (669, yield. M.p. 73°.
(@] = — 8° in dimethylformamide. Analysis calculated
for C,,H,,0,N,S: C 68.8; H 7.2; O 11.1; N 7.3; S 5.6.
Found: C69.0; H7.3;011.4; N 7.3; §5.3). Amidification
gave N-trityl-glycyl-L-leucyl-L-methioninamide (54 9%,
yield, M.p. 212° [«]¥ = — 4° in dimethylformamide.
Analysis calculated for C;,H,,O4N,5: C68.5; H7.1; O 8.6;
N 10.0; S 5.7. Found: C68.7; H7.2; 08.8; N10.5; $6.1),
which was converted by heating in aqueous acetic acid to
glvcyl-L-leucyl-L-methioninamide {98 %, yield. M.p. 130.°
Analysis calculated for C,,H,,O,N,5: C 49.1; H 8.3; O
15.1; N 17.6; S 10.1. Found: C 49.1; H 86; O 15.7; N
17.6; S 10.1).

This tripeptide was condensed with the above-mention-
ed N-carbo-tert.-butoxy-L-aspartyl-L-alanyl-L-phenyl-
alanyl-L-iscleucine azide to N-carbo-tert.-butoxy-L-asp-
artyl-L-alanyl-L-phenylalanyl-L-isoleucyl-glycyl-L-leu-
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cyl-L-methioninamide (559, yield. M.p. 245° with dec.
[@]® = — 35° in dimethylformamide. Analysis calcutated
for CoHg 0O, N,S: C 55.5; H 7.5; O 20.4; N 13.0; S 3.7.
Found: C 54.7; H 7.7; O 20.1; N 12.8; S 3.8). Treatment
with trifluorocacetic acid gave a quantitative yield of L-
aspartyl-L-alanyl-L-phenylalanyl-L-isoleucyl-glycyl-L-
leucyl-L-methioninamide. This was shown to possess the
same electrophoretical mobilities, the same amino acid
composition and the same behaviour towards chymotryp-
sin, as the larger of the two peptides obtained by the ac-
tion of trypsin on Eledoisin®.

Condensation of this synthetic heptapeptide with the
above-mentioned L-pyroglutamyl-L-prolyl-L-seryl-e-N-
carbo-tert,-butoxy-L-lysine azide afforded L-pyroglut-
amyl-L-prolyl-L-seryl-e-N-carbo-tert.-butoxy-L-lysyl-L-
aspartyl-L-alanyl-L-phenylalanyl-L-isoleucyl-glyeyl-L-
leucyl-L-methioninamide (64 %, yield. M.p. 200° with dec.
[@]® = — 57° in 959, acetic acid. Analysis'calculated for
CsoHg3047N(3S + 21/, H,0: C 53.0; H 7.4; O 23.4; N 13.6;
S2.4.Found: C52.7; H7.6; 023.3; N 13.5; S 2.4). Treat-
ment with trifluoroacetic acid at room temperature for
2h and counter-current distribution in sec-butanolf0.1 N
aqueous ammonia yielded L-pyroglutamyl-L-prolyl-L-
seryl-L-lysyl-L-aspartyl-L-alanyl-L-phenylalanyl-L-iso-
leucyl-glycyl-L-leucyl-L-methioninamide (51 % yield. M.p.
230° with dec. [«]f = — 44° in 95 %, acetic acid. Analysis
calculated for C;,Hg O NS + 14, H,O: C 53.4; H 7.3;
021.7; N 149; S 2,6. Found: C 33.2; H7.9; O 21.4; N

Uber die Fettsiiuren aus Spinatchloroplasten

In Erginzung friither! mitgeteilter Befunde iiber die
Fettsauren aus Chloroplasten von .Antirrhinum wmajus
Sippe 50, der Plastom-Mutante prasinizans von Anfir-
vhinum majus und von Allium porvum konnten nun die
Fettsduren zweier verschiedener Chloroplastenprdparate®
von Spinacia oleracea bestimmt werden.

Das eine der untersuchten Pridparate (S) wurde mit
Hilfe einer hochtourigen Zentrifuge (Sharples) darge-
stellt und bestand zum grossten Teil aus Chloroplasten-
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14.6; S 2.8), which was found to be homogeneous and to
possess the same amino acid composition, the same elec-
trophoretic and chromatographic mobilities, the same
behaviour towards trypsin and chymotrypsin, and the
same biological properties as natural Eledoisin, thus prov-
ing the correctness of the structure proposed by Erspa-
MER and ANasTASIL

Résumé. Le L-pyroglutamyl-L-prolyl-L-séryl-e-N-carbo-
tert.-butoxy-L-lysyl azide et le L-aspartyl-L-alanyl-L-
phénylalanyl-L-isoleucyl-glycyl-L-leucyl-L-méthionin-
amide ont été synthétisés, puis condensés en L-pyroglut-
amyl-L-prolyl-L-séryl-e-N-carbo-tert. butoxy- L-lysyl-L-
aspartyl-L-alanyl-L-phénylalanyl-L-isoleucyl-glycyl-L-
lencyl-L-méthioninamide. Aprés traitement par l'acide
trifluorcacétique, ce dernier a donné l'endécapeptide,
L-pyroglutamyl-L-prolyl- L-séryl-L-lysyl-L-aspartyl-L-
alanyl-L-phénylalanyl-L-isoleucyl-glycyl-L-leucyl-L-mé-
thioninamide, qui s’est montré doué des mémes propriétés
chimiques, physiques et biclogiques que I’élédoisine natu-
relle.

Ep. SaNDRrIN and R. A, BOISSONNAS

Pharmazeutisch-chemische Forschungslaboratorien, SAN-
DOZ AG, Basel (Switzerland), October 16, 1961.

1 V. Erspamer and A, Anastasy, Exper. 18, 58 (1962).

triimmern. Die Moglichkeit der Anwesenheit auch an-
derer Zellelemente kann nicht ausgeschlossen werden. Im
Gegensatz dazu war das andere Praparat (D) iiber einen
Dichtegradienten aus Saccharoseldsungen zentrifugiert
worden und bestand vorwiegend aus gut erhaltenen
Chloroplasten.

1 H. DepucH, Z, Naturforschung 16b, 246 (1961).

2 Fiir die Uberlassung der Chloroplastenpriparate sowie alle Forde-
rung der Arbeit danke ich Herrn Professor Dr. MENkE, Kéln, auf
das herzlichste.

Tab. I. Zusammensetzung der destillierten Fettsduregemische verschiedener Chloroplasten (in % der Gesamtfettsiuren)

Cu Cis Cie Cu Cis Cis Ci Cig Cig

Chloroplastenpriiparate Myristinsdure Palmitinsiure Monoensdure* Triensiure Stearinsdure Olsiure Linolsdure Linolensiure
Spinacia oleracea S 0,4 0,5 17,8 3,8 11,5 1,0 5,4 10,8 48,8
Spinacia oleracea D 0,6 1,3 15,5 5,8 19,5 1,5 3,1 5,0 47,8
Antirrhinum majus — Spur 9,5 1,3 0,2 1,0 1,6 18,1 71,3
Auntirrhinum majus

mut. prasinizans 4,7 Spur 13,8 2,4 — 1,6 1,9 15,0 64,6
Allium porrum 0,4 Spur 19,7 2,1 — 1,0 3,5 29,2 44,1

= Bei der C,,-Monoensaure diirfte es sich in allen Féllen um die kiirzlich erstmals aufgefundene® und in den Blittern von Antirrhinum und
Spinacia® nachgewiesene 4*trans-Hexadecensiure handeln.

Tab. I1. Zusamnmensetzung der destillierten Fettsiuremethylester aus Gesamtlipoiden von Spinacia oleracea

Ciu Cy? Cie Cie Cie Cie Cig Cis _C18 Cis Czn.
Spinat Palmitin- Ad-trans- Trien- Stearin- O1- Linol- Linolen- Tetraen- Arachin-
sdure Monoensaure siure sdure sdure sdure siure siure séure
Chloroplasten 0,5 1,3 15,5 5,8 19,5 1,5 3,1 5,0 47,8 — e
Gesamtblatt 0,2 Spur 12,9 2,6 4,6 Spur 6,6 16,3 56,2 Spur 0,6




