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1. Introduction

Bombesin, a peptide with 14 amino acid residues,
was isolated from the skin of an European frog |1]
and has been the subject of many recent investiga-
tions due to its diverse and potent pharmacological
effects on the mammalian gastro-intestinal tract, pan-
creas, and central nervous system (reviewed [2,3]).
We have reported the sequence of a 27 residue por-
cine gastrin-releasing peptide (GRP) with marked
C-terminal homology with bombesin [4]. Subsequent
investigations indicate that natural porcine GRP and
synthetic bombesin on intravenous administration,
share the property of elevating plasma gastro-intestinal-
pancreatic hormone levels [S] and that a synthetic
replicate of GRP and bombesin on intracranial admin-
istration produce similar pharmacological effects [6].
Immunological evidence indicated that the avian pro-
ventriculus was an abundant source of bombesin-like
immunoreactivity [7-9]. We therefore began an
investigation of extracts of the chicken proventriculus
and report here the isolation and amino acid sequence
of a 27 residue chicken proventricular peptide having
marked sequence homology with the porcine GRP
and the amphibian peptides bombesin and alytesin.

2. Experimental

2.1. Purification procedures

Chemicals, materials, details of chromatography
[10], isotachophoretic procedures [11] and the in
vivo guinea pig gall bladder contracting assay [12] have
been described. The criteria for an increase in purity
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of material during isolation was an increase in
potency of gall bladder contracting activity and of
immunoreactive bombesin content [13].

Boiled chicken proventricular tissue (86 kg) was
extracted with 0.5 M acetic acid at 4°C for 16—18 h.
The peptides in the filtrate were adsorbed to alginic
acid, eluted with cold 0.2 M HCI and precipitated by
NaCl at saturation, The precipitate was dissolved in
66% ethanol, the pH adjusted to 7.2 and a precipitate
removed. The soluble peptides were resubmitted to
the alginic acid and NaCl steps. The precipitate
obtained (19.1 g) was extracted into methanol as in
[14]. The acid and neutral soluble fraction (1.2 g)
was chromatographed on a Sephadex G-25 (fine)
column (2.5 X 95 cm}) in 0.2 M acetic acid. The bio-
active fraction emerged at 340—390 ml and weighed
591 mg after lyophilization. This fraction was chro-
matographed on a carboxymethylceliulose column
(5 X 21 cm) equilibrated with 0.02 M ammonium
bicarbonate (pH 8.0) and initially eluted with 3460 ml
of the same buffer. The active peptide was subse-
quently recovered on elution with 0.04 M ammonium
bicarbonate between the elution volumes 4480—5420
ml and weighed 11.4 mg after lyophilization. Final
purification was by reverse phase high-performance
liquid chromatography (HPLC) on a C-18 uBondapak
column (7.8 X 300 mm) as in [4] using the solvent
system 70% 5 mM ammonium acetate--acetic acid
buffer (pH 4.2): 30% ethanol. The active peptide was
eluted at retention time 13 min,

2.2. Structural analysis
C-terminal amide structures were determined by
enzymatic hydrolysis, dansylation, and subsequent
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identification of amides on polyamide layers as in
{15]. N-Terminal amino acids were identified by the
dansyl method and manual sequence analysis was by
the dansyl-Edman procedure [16]. Tryptic digestion
and separation of fragments by high-voltage paper
electrophoresis [16] as well as by silica gel thin-ayer .
chromatography (TLC) [4] were performed as
described. Amino acid compositions were analysed on
a Beckman 121 M analyzer after hydrolysis at 110°C
for 24 h in evacuated tubes containing 6 M HCl with
0.5% phenol. Liquid-phase sequencer degradation in a
Beckman 890 C instrument using a 0.1 M quadrol
peptide program was performed in the presence of
polybrene added together with glycine and degraded
for 2 cycles before peptide application [17]. PTH
amino acids were determined on a Hewlett-Packard
1084B HPLC using an acetonitrite: 0.01 M sodium
acetate (pH 4.5) gradient system [18]. Samples were
also analysed on silica gel with fluorescent indicator
by TLC and subsequent staining with collidine—
ninhydrin [19].

3. Results

3.1. Isolation

The final yield of active peptide was 1.3 mg and
this had an immunoreactive bombesin content of
188 pmol/ug. Isotachophoretic analysis (fig.1b) was
consistent with a high degree of homogeneity as was
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Fig.1. (a) Reverse-phase HPLC of 950 ug of the active frac-
tion from the carboxymethylcellulose chromatography (see
text for details). The bioactive material was collected as
shown by ( 1 ). (b) The isotachophoreticanalysisof 12 ug
of the bioactive material collected from HPLC as shown

in {(a).
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silica gel TLC which demonstrated a single fluores-
cence-, ninhydrin- and chlorine-positive spot which
had a mobility (R = 0.54) slightly greater than secre-
tin (Ry = 0.50).

3.2. End groups, amino acid composition

Analysis by the dansyl method showed that the
N-terminus was alanine and that lysine and tyrosine
were present in the peptide since a-dansyl-alanine,
e-dansyllysine and O-dansyl-tyrosine were demon-
strated with virtually no contamination by other
derivatives. Analysis for C-terminal amides demon-
strated a methionine amide after chymotrypsin incu-
bation, and a leucyl-methionine-amide dipeptide
after thermolysin incubation, showing this to be the
C-terminal structure of the peptide.

Amino acid analysis of the peptide demonstrated
the presence of 26 residues in good integer values
(table 1) after acid hydrolysis (destroying trypto-

Table 1
Amino acid compositions

Residue Intact T, T, T,
peptide
Asx (0 (0) (] 0)
Thr 1.0 (1) 09 (1) (0) 0)
Ser 202y 09 (D G 10
Glx 1.0 (1) 11 {1} (0)
Pro 374 263 11@1) (0)
Gly 4.0 (4) 232 0 19
Ala 29(3) 19(2 0y 1.2
Val 0.9 (1) (0) 0y 1.0 (1)
Met 0.8 (1) ) 0 09 )
ile 1.0 (1) 0y 0.9 0
Leu 31 (3) 20(2) 0 1.1
Tyr 1.0 (1) 0y 1.0(D 0)
Phe 0) 0) ()] €8]
Trp (1 (O] ) (1}
Lys 10 (1) 1.0@ 0 (0)
His 1.9 (2) ) 0 1.9 @)
Arg 1.0 (1) Oy 1.0 0)
Total 27 13 4 10
N-Terminus Ala Ala fle Gly
Electrophoretic
mobility at pH 6.5
in relation to Asp (.25 -0.40 -0.50

The first values indicate molar ratios of acid hydrolysates
(values below 0.1 omitted), values in parentheses the sum
from sequence analysis. Values for the hydrolysis of the
intact peptide are the mean of two determinations
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phan). In addition, the presence of tryptophan was 3.3. Sequence determination
detected by fluorescence on silica gel TLC of the Liquid phase sequencer analysis of 100 nmol pep-
intact peptide as well as in one of the tryptic frag- tide identified residues up to position 25. The repeti-
ments and was confirmed by sequence analysis tive yield in the initial steps was 94% which succes-
(below). Hence the chicken peptide like the porcine sively fell to 88% at cycle 22. The structure of the
GRP is a heptacosapeptide. Consistent with the pres- chicken proventricular peptide (tentatively called
ence of 1 lysine and 1 arginine residue, silica gel chicken GRP due to its similarity to porcine GRP) is
TLC of a tryptic digest of the peptide demonstrated given in fig.2a. All residues except the tryptophan in
3 spots positive to cadmium-ninhydrin; one spot position 21 were confirmed by manual sequence
acquiring a gold colour consistent with the presence analysis performed on the intact peptide, the isolated
of an N-terminal glycine residue. The 3 tryptic pep- tryptic fragments and an unseparated tryptic digest.
tides were isolated by high voltage electrophoresis. The residues in position 26 and 27 were identified by
Their amino acid compositions and N-termini are C-terminal amide analysis as well as by direct man-
given (table 1). T;, having an N-terminal alanine, is the ual sequence analysis. Results of the sequencer analy-
N-terminal peptide. T3, having no arginine or lysine sis, and the different manual sequence analyses, are in
residue, is the C-terminal peptide. Hence, T, is the agreement with the amino acid composition of the
middle peptide. intact peptide as well as with the composition and
2) electrophoretic mobilities of the tryptic fragments.
1 5 10 15
Ala - Pro - Leu - Gln - Pro -~ Gly - Gly ~ Ser - Pro -~ Ala - Leu - Thr - Lys - Ile - Tyr - Pro - Arg -
BT HT HT HT HT HT HT HT HT HT HT HT HT HT HT H H
= T T T T T T T T T TR Tz T T T T
D D D D D D D D D D D D D D D D D
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20 25
Gly — Ser ~ His - Trp - Ala - Val - Gly - His — Leu - Met - NH2
HT H H H HT  HT H H c c
— T T o T T TP T N N
D D D D D D D D D
% '3 i
b) O o= [k} )
B *Q: QR LJG NiQIW A V G H L M

PeRP la PivsvicoleTv|LlalgluyPReNHwWAVEHL M

cere |aplLaovrlealsealfrikiilyerefslawavene o
A v g ¢ iR ool g °
PQGIR L QWAVGELHM

ot

L__l:

Fig.2. (a) Summary of the sequence analysis on the isolated chicken proventricular peptide (CGRP). The positions of the 3 tryptic
fragments (T,, T,, T,) are shown. Residues identified by sequencer degradation are shown by (——); PTH amino acid analysis by
HPLC by (H); and by TLC by (T). Residues identified by manual dansyl-Edman sequence analysis are shown by (D) and by C-ter-
minal amide analysis by C . (b) Comparison of the structures of the chicken (CGRP) and porcine (PGRP) peptides with bombesin
(B) and alytesin (A) using?me letter notation for amino acids. Identical residues in the PGRP and CGRP and with B and A are
boxed with solid lines. Residues identical in B and A but not with CGRP or PGRP are boxed with dotted lines. *Q denotesa
pyroglutamyl residue and © an amidated C-terminus.
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4. Discussion

In 1971, Anastasi et al. reported the sequences of
bombesin and alytesin [1], which differ in only 2 of
their 14 residues. At least in certain biological assay
systems, these peptides have been reported to have
similar biological potencies [20,21]. The porcine
GRP, recently isolated from porcine gastric tissue [4]
and bombesin have 9 identities in their 10 C-terminal
residues (fig.2b). These homologous regions undoubt-
edly account for their similar pharmacological effects
seen on peripheral intravenous [5] and intracranial
[6] administration to mammals.

This study reports the isolation and chemical char-
acterization of an avian proventricular peptide with
similar bioactivity to porcine GRP and bombesin and
which reacts with anti-sera raised against bombesin.
Fig.2b shows the structures of porcine and chicken
GRP as well as bombesin and alytesin aligned at their
C-termini. The chicken and porcine peptides have
identical N- and C-termini, identical tryptic cleavage
points and 18 identities in their 27 residues. Eight of
the 9 amino acid substitutions occur in the N-termi-
nal 14 residues and only one in the C-terminal 13 res-
idues. The sole deviation in the 13 C-terminal residues
occurs at position 19, being an asparagine residue in
the porcine and a serine residue in the chicken pep-
tide. Interestingly, bombesin like the porcine peptide
contains an asparagine residue at this position but
alytesin, like the chicken peptide, has a hydroxyl

3

containing residue (threonine) at this position (fig.2b).

The chicken and porcine peptides have a histidine resi-
due at position 20 while the two amphibian peptides
have a glutamine residue at the equivalent position.
Thus the two non-amphibian peptides show homology
throughout their molecules and both show marked
C-terminal homology with the amphibian peptides
bombesin and alytesin; the C-terminal regions being
reported [20,21] as essential for the recognized bio-
activities. The sequence identities suggest that the
chicken and porcine GRP belong, as non-amphibian
members, to what has been termed the family of
bombesin-like peptides [2]. The well-conserved amino
acid sequence in the region responsible for the bio-
activity of this group of peptides and their diverse but
potent biological activities suggest that they play an
important physiological role in many species.

Acknowledgements
Expert advice by Dr K. Tatemoto on the C-termi-

48

FEBS LETTERS

December 1980

nal amide analysis and excellent technical assistance
by Mrs L. Melin and Ms C. Palmberg is gratefully
acknowledged. This study was supported by grants
from the Medical Research Council of Canada, the
Swedish Medical Research Council, the Swedish
Cancer Society and the Knut and Alice Wallenberg’s
Foundation. T.J. McD. is the recipient of a career
development award from the Ontario Ministry of
Health.

References

[1] Anastasi, A., Erspamer, V. and Bucci, M. (1971)
Experientia 27, 166 —167.

{2] Erspamer, V. (1980) in: Comprehensive Endocrinology
Series — Gastro-intestinal Hormones (Glass, G. B. J. ed)
pp. 343361, Raven Press, New York.

[3] Brown, M. R.and Vale, W. (1979) Trends Neurosci. 2,
95-97.

[4] McDonald, T.J., J6mvall, H., Nilsson, G., Vagne, M.,
Ghatei, M., Bloom, S. R. and Mutt, V. {1979) Biochem.
Biophys. Res. Commun. 90, 227-233.

[5] McDonald, T.J., Ghatei, M., Bloom, §. R., Track,

N. S., Radziuk, J., Dupre, J. and Mutt, V. (1981) in
preparation.

[6] Brown, M. R., Mirki, W, and Rivier, . (1980) Life Sci.
27,125-128.

[7) Erspamer, V., Melchiorri, P., Falconieri-Erspamer, G. and
Negri, L. (1978) Adv. Exp. Med. Biol. 106, 51-69.

[8] Timson, C. M., Polak, J. M., Wharton, J., Ghatei, M. A.,
Bloom, S. R., Usellini, L., Capella, C., Solcia, E.,
Brown, M. R. and Pearse, A. G. E. (1979) Histochemis-
try 61,213--221.

[9] Vaillant, C., Dockray, G. J. and Walsh, J. H. (1979)
Histochemistry 64, 307-314.

[10] McDonald, T. J., Nilsson, G., Vagne, M., Ghatei, M.,
Bloom, S. R. and Mutt, V. (1978) Gut 19, 767-774.

[11] Mutt, V. (1978) in: Gut Hormones (Bloom, S. R. ed)
pp. 2127, Churchill Livingstone, Edinburgh, London,
New York.

[12] Ljungberg, S. (1964) Svensk Farm. Tidskr. 68,
351-354.

[13] Ghatei, M. and Bloom, S. R. (1980) unpublished.

[14] Mutt, V. (1959) Arkiv. Kemi 15, 69--74.

[15] Tatemoto, K. and Mutt, V. (1978) Proc. Natl. Acad.
Sci. USA 75,4115-4119,

{16] Jornvall, H. (1970) Eur. J. Biochem. 14, 521-534.

{17] J6rnvall, H. and Philipson, L. (1980) Eur. §. Biochem.
104, 237--247.

[18] Zimmerman, C. L., Appella, E. and Pisano, J. J. (1977)
Anal. Biochem. 77,569--573.

[19] Inagami, T. and Murakami, K. (1972) Anal. Biochem.
47,501-504.

[20] Melchiorri, P. (1979} in: Gut Hormones (Bloom, S. R.
ed) pp. 534540, Churchill Livingstone, Edinburgh,
London, New York.

f21] Rivier, J. E. and Brown, M. R. (1978) Biochemistry 17,
1766-1771.



