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Two bands between 460 and 430 cm-? appear consi-
stently in strontium hydroxyapatite. These bands are not
as intense as the other 2 members of »,. The numerical
value of their frequency, however, is close in magnitude
to the difference between vy and »,, suggesting them to
be difference tones12:13,

oz usammenfassung. Es wird iiber eine Methode be-
Tichtet, die es erlaubt, Apatide zu unterscheiden, in denen
anstelle des Calciums Strontium eingetreten ist.

V.M. BHATNAGAR 16

Fisk University, Nashville (Tennessee, USA),
29th March 1967,

Isolation and Structure of Caerulein, an Active
Decapeptide from the Skin of Hyla caerulea®

Methanol extracts of the skin of some South-American
and Australian amphibians contain a polypeptide, or
closely related polypeptides, which displays a potent and
relatively long-lasting hypotensive action in the dog,
Potently stimulates some extravascular smooth muscles
and possesses a remarkable action on several external
Secretions of the digestive tract??.

The polypeptide, called caerulein, has been obtained
for the first time in a pure form from methanol extracts
of the skin of Hyla caerulea, an Australian amphibian.

. In this communication the procedures used for the
isolation of caerulein and the elucidation of its structure
are briefly reported.

Isolation procedure. Crude methanol extracts of the dry
skin of H. caerulea were submitted to a short counter-
Current distribution between petroleum ether and aqueous
809 ethanol and then to a single distribution in a sepa-
Tfatory funnel between 50 ml each of the aqueous and
Solvent phases of the system: chloroform ml 62, methanol
ml 35, and acetic acid 0.5M ml 40. The active material
Was collected in the aqueous phases freed of the fat soluble
Contaminants and of a large part of the pigments.

Further purification of the defatted material was ob-
tal.ned with a counter-current distribution of 80 transfers
using the solvent system # butanol-acetic acid-ethanol-
Water (800:160:160:1280) in which caerulein showed a
distribution coefficient of about 1.6. This step was re-
Peated twice.

The partially purified material was then adsorbed on a
Small column of DEAE Sephadex in the OH~ form and
dutgd with ammonium carbonate solutions of concen-
'Crgtxons increasing from 0.05M to 1 M. Caerulein emerged
With the higher concentration of carbonate while the
bulk of contaminants emerged with the first fractions of
the effluent,

The appropriate samples were finally passed through a
Stmall column of Amberlite CG-50 in the H+ form and
eluted with water. Caerulein emerged unretarded in the
first fractions while the ammonium ion and the small
amounts of less acidic contaminants still present were
Tetained on the resin. The active fractions were pooled
and freeze-dried,

Caerulein purified with the above procedures was homo-
geneous on paper electrophoresis and chromatography
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giving a single biologically active peptide spot which was
negative to ninhydrin and positive to the Ehrlich reagent
for tryptophan, to the «-nitrose-f-naphthol reagent for
tyrosine and to the jodoplatinate reagent for sulphur
amino acids.

On ascending thin-layer chromatography on silica gel
caerulein had an Rf of 0.2 with the solvent system =
butanol-acetic acid-water (4:1:1) and of 0.7 with 80%
aqueous ethanol. On high-voltage electrophoresis the
caerulein spot migrated toward the anode at neutral and
acidic pHs, its position being 0.43 relative to glutamic
acid at pH 5.8 and 0.53 relative to cysteic acid at pH 1.9,

Structure. The results of the experiments summarized
below were consistent with the following structure for
caerulein:

Pyr-Gln-Asp-Tyr(SO,H)-Thr-Gly-Trp-Met-Asp-Phe-NH,

On total acid hydrolysis pure preparations gave 2
moles each of glutamic acid and aspartic acid and 1 mole
each of tyrosine, threonine, glycine, methionine and
phenylalanine. Tryptophan was recovered in a low yield.
On alkaline hydrolysis with N Ba(OH), tryptophan was
obtained in a 1:1 ratio with respect to the other neutral
amino acids and tyrosine was found in the form of a
tyrosine O-sulphate ester.

The sequence of caerulein was deduced by the analysis
of the fragments obtained upon digestion with the en-
zymes chymotrypsin and subtilisin which split the mole-
cule as shown below:

SO.H

|
Pyr-Gln-Asp-Tyr-Thr-Gly-Trp-Met-Asp-Phe-NH,
| Chym-1 1 Chym-2 ]
}—— Sub-1 | | Sub-2 —

Chymotrypsin hydrolysed rapidly a single bond at the
carboxylic side of tryptophan, splitting the molecule into

1 Supported in part by a grant from the Consiglio Nazionale delle
Ricerche, Roma.

2 V. ErsrameEr and A. Anasrast, in Hypotensive Peptides (Eds.
E. G. Erp&s, N. Back, F. Sicurerr and A. F. WiLpE; Springer
Verlag, New York 1966), p. 63.

3 V. ErspAMER, M, Rosecuini, R. EnbEan and A. ANASTASI,
Nature 272, 204 (1966).
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2 fragments which were separated by high-voltage electro-
phoresis at pH 1.9.

The smaller fragment (Chym-2) was soon identified as
the C-terminal tripeptide-amide, total acid hydrolysis
showing that it was composed of 1 mole each of methio-
nine, aspartic acid and phenylalanine and the sequence
being established by degradation with LLAP and by end
group determination with the DNS-Cl and FDNB tech-
niques on both the tripeptide itself and the C-terminal
dipeptide-amide obtained by controlled removal of
methionine with LAP. The state of the g-aspartyl and
C-terminal carboxyl groups was deduced by the results of
degradation with LAP and by qualitative determination
of the net charge of the peptide according to the location
of the spot on the electropherogram at pH 5.8,

The larger chymotryptic fragment (Chym-1) had
anionic character on high-voltage electrophoresis at pH
1.9, was negative to ninhydrin and positive to the trypto-
phan and tyrosine reagents; its acid hydrolysates con-
tained 2 moles of glutamic acid and 1 mole each of
aspartic acid, tyrosine, threonine and glycine while 1
mole of tryptophan was readily liberated upon a short
digestion with carboxypeptidase-A. By submitting Chym-1
to digestion with subtilisin 2 fragments were obtained: a
tetrapeptide containing tyrosine, anionic at pH 1.9
{Sub-1), and a tripeptide containing tryptophan, neutral
at pH 5.8 and basic at pH 1.9 (Sub-2). The sequence
H-Thr-Gly-Trp-OH of Sub-2 was readily obtained by
controlled degradation with CAP-A and LAP and deter-
mination of the N and C-terminal residues by dansylation
and hydrazinolysis, respectively.

Tyrosine was identified as the C-terminal residue of
Sub-1 upon digestion with CAP-A of the fragment pre-
viously heated for a few minutes at 100° in HCIM
{removal of sulphate). The relative positions of the
glutamyl and aspartyl residues were established by partial
acid hydrolysis of Sub-1 with 0.5 acetic acid which
yielded free aspartic acid and tyrosine, and a dipeptide
containing 2 moles of glutamic acid identified as pyro-
glutamyl-glutamine by its electrophoretic behaviour and
by direct comparison with a synthetic sample.

Synthesis of Caerulein

We report the synthesis of a peptide of the formula
H-Pyr-Gln-Asp-Tyr{SO;H)-Thr-Gly-Trp-Met-Asp- Phe-
NH, according to the following scheme. The product was
found to be identical with natural caerulein!2. Condensa-
tion of Boc-Tyr with Z-NHNH, via the mixed anhydride
in THF afforded the protected hydrazide (I} (859, vield;
m.p. 118-120°%; [«]f —1.7°, ¢ 1, DMF. Anal. Calcd. for
CpoH,y)N;Op: € 61.5; H 6.3; N 9.8. Found C 61.3; H 6.3;
N 9.9) which was treated with HClIJAcOH 1.3 N to give
+H,-Tyr-NHNH-Z.Cl- (II) (90% yield; m.p. 100°;
[} + 38°, ¢ 1, AcOH 95%; E,,= 0.80 Glu. 4nal.
Calcd. for Cy;H,yN;O4. HCL: C 55.8; H 5.5; N 11.5. Found
C 55.7; H 5.7; N 11.2), Boc-Asp(OBzl) was condensed,
via the mixed anhydride, with II in THF/DMF in the
presence of one equivalent of TEA to give Boc-Asp(OBzl)-
Tyr-NHNH-Z (IT1) (709, vield ; m.p. 138-140°; [a]} — 21°,
¢ 1, DMF. A#nal. Calced. for CgyHyyN,0,4: C 62.4; H 6.0;
N 8.8. Found C 62.3; H 6.1; N 8.8).
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Synthesis has confirmed the structure of caerulein pro-
posed in this paper$. Natural caerulein was indistinguish-
able from the synthetic peptide in every respect, including
parallel bioassay.

It may be seen that the structure of caerulein shows a
close resemblance to that of the gastrins, especially to
that of the gastrins-II5. In fact, the C-terminal penta-
peptide and the N-terminal pyroglutamyl residue are the
same for the 2 peptides, and similarly both peptides
contain a tyrosinyl residue as sulphate ester.

Quite recently MurT and Jorres® found that the C-
terminal dipeptide, and most probably the C-terminal
pentapeptide of cholecystokinin-pancreozymin, was the
same as that of gastrin. Consequently, it is the same as
that of caerulein.

A full report of the experiments and results described
in this paper will be published elsewhere.

Riassunto. Vengono descritti i procedimenti che hanno
permesso di giungere all’isolamento e al chiarimento della
struttura della caeruleina, decapeptide attivo della pelle
della Hyla caerulea. Vengono messi in luce gli stretti rap-
porti di struttura esistenti fra la caeruleina e le gastrine,
soprattutto le gastrine-1I, e fra la caeruleina e la cole-
cistochinina-pancreozimina.
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Compound I11, after treatment with HCI/AcOH to give
IV (E,, = 0.65 Glu), was condensed with Boc-Gin, via
the mixed anhydride, to afford the protected peptide
Boc-Gln-Asp(OBz])-Tyr-NHNH-Z(V) (859, vield; m.p.
173-175°; [a]fy — 22°, ¢ 1, DMF. Awnal. Caled. for
CaeH, NyOyy. 1/, HO: € 59.1; H 6.1; N 10.9; O 23.8.
Found € 59.0; H6.0; N 10.8; O 23.8).

Z-Pyr was condensed, via the mixed anhydride, with
+H,-Gln-Asp (OBzl)-Tyr-NHNH-Z.Cl~ (VI) (E,, = 0.59

1 A, Anastasi, V. ErspamMeEr and R. Enpean, Experientia 23,
699 {1967).

2 All the amino acids have the vr-configuration. The following
abbreviations are used throughout this paper®: Z, carbobenzyloxy;
Boc, carbo-fer-butyloxy; TEA, tricthylamine; THF, tetrahydro-
furan; DMF, dimethylformamide; DMSO0, dimethylsulfoxyde;
DCEA, dicyclohexylamine; DCCI, dicyclohexylearbodiimide;
ONp, p.nitrophenyl ester; OCP, 2,4, 5-trichlorophenyl ester; Cys
(SOzH, cysteic acid.



