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DESCRIPTION

Novel physiological active peptide and its use

Technical Field

The present invention relates to a galanin receptor

activating factor (ligand peptide and the like).

Background Art

A galanin is a physiological active peptide
consisting of 29 amino acid residues found for the first
Cime in a porcine small intestine extract [FEBS Lett., 164,
pp 124-128 (1983)], and has been identified in wvarious
species other than porcine animals, such as mammalian, avian,
reprilian and piscine animals. Those reported for their
amino acid sequences are a human galanin (FEBS Lett., 283,
pp 189-194 (1991)), a bovine galanin (FEBS Lett., 234, pp
400-406 (1988)), a rat galanin (J. Biol. Chem., 262, pp
16755-16758 (1987)), an ovine galanin (Peptides, 12, pp 855-
859 (1991)) and the like, and the 15 amino acid residues
from the N terminal is preserved among the species.

Known porcine galanins are a precursor protein
consisting of 123 amino acid residues (preprogalanin (1-
123); Proc. Natl. Acad. Sci. USA, 83, pp 6287-6291 (1986)),
a precursor which is longer than a galanin by 9 residues at
the N terminal, namely, preprogalanin (24-61) amide, and a
preprogalanin (37-61) amide in which 4 residues at the N

terminal of a galanin are deleted (Peptides, 13, pp 1055-
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1060 (1992)).

Known physiological activities of the galanins are an
acetylcholin release inhibiting effect in a hippocampus
(Brain Research, 709, pp 81-87 (1996)), a feeding center
stimulating effect in a hypothalamus (Obesity Research, 3,
pp 5735-5895 (1995)), a pituitary hormone release
stimulating effect in a pituitary gland (Neuroscience Letter,
75, pp 49-54 (1987); Endocrinology, 134, Pp:529-536 (1994);
Peptides, 7, pp 51-53, (1986)), an insulin secretion
inhibiting effect in a pancreas (Acta Physiol. Scand., 139,
Pp 591-596 (1990)) and the like, each of which is believed

to be exerted via a galanin receptor.

The galanin receptors are classified into three
subtypes (GALR1l, GALR2, GALR3), and the genes are cloned for
GALR1 in humans, rats and mice (Proc. Natl. Acad. Sci. USA,
90, pp 3845-3849 (1993); J. Mol. Neurosci., 6. pp33-41
(1995); FEBS Lett., 411, pp 225-230 (1997)), for GALR2 in
rats (FEBS Lett., 405, pp 285-290 (1997): Mol. Pharmacol.,
52, pp 337-343 (1997); J. Biol. Chem., 272, pp 24612-24616
(1997) and for GALR3 in rats (J. Biol. Chem., 272, pp 31949-
31952 (1997). Each of these three galanin receptors has 7
hydrophobic regions (transmembrane domains) characteristic
Lo a G protein-coupled receptor, and 1s considered to

stimulate an intracellular transmission system via an

activation of a G protein.

A galanin was proven to bind a galanin receptor of
any of these three subtypes. The binding affinity of a

galanin is the highest to GALR1l, and then next highest to
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GALR2 and then GALR3, and the affinity to GALR3 is lower by

about 10 times than to GALRl1 (J. Biol. Chem., 272, 31949-

31952, 1997). A galanin was reported also to induce a cAMP
production inhibition in a GALRl-expressing cell (Proc. Natl.
5 Acad. Sci., USA 90, 3845-3849, 1993), to induce a cCAMP
production inhibition in a GALR2-expressing cell (Mol.
Pharmacol., 52, pp 337-343 (1997)), and to induce an
enhanced inositol-phosphate metabolism and an increased
intracellular calcium ion level (J. Biol. Chem., 272, 24612-
10 24616, 1997).
The only intrinsic agonist to a galanin receptor
identified so far is a galanin. There 1s no report of a
utilization of an activating reaction of an agonist-
dependent G protein (G protein-coupled receptor protein) in
15 a galanin receptor, for example, *’S-labeled guanosine-5'-0-
3-thiotriphosphate ([’°S]1GTPgS) binding increasing reaction
(Methods in Enzymology, 237, pp 3-13 (1994)) or a GTP

hydrolozation-promoting reaction (Methods in Enzymology, 237,

13-26, 1994) for the purpose of searching for a ligand of a

20 galanin receptor.
It is desired to discover a novel intrinsic agonist
which is different from a galanin in the selectivity for

(specificity to) a subtype of the galanin receptors.

25 Disclosure of Invention
We constructed a galanin receptor GALR2Z2-exXxpressing
cell and a galanin receptor GALRl-expressing cell, which

were used to establish a convenient assay for determining
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the agonistic activity to each subtype of the galanin
receptors, i.e., a [’®>S]IGTPYS binding test. When this assay
was used to screen for a GALRZ2 agonist, 1t was successful to
obtain a novel activation factor whose activation effect on
each subtype of the galanin receptors was different from
that of a galanin. Furthermore, we also discovered that it
is possible, based on the findings described above, to
screen for a compound changing binding activity between this
novel activation factor and a galanin receptor.

Thus, the present invention relates to:
(1) A peptide comprising an amino acid sequence identical to
or substantially identical to an amino aclid seguence
represented by SEQ ID NO: 35 and having an ability of
binding to a receptor protein comprising an amino acid
sequence identical to or substantially identical to an amino
acid sequence represented by SEQ ID NO: 1, SEQ ID NO: 2 or
SEQ ID NO: 3, or a precursor thereof, 1ts amide or ester, or
a salt thereof;
(2) A peptide described in Section (1) comprising an amino
acid sequence identical to or substantially identical to an
amino acid sequence represented by SEQ ID NO: 35 and having
an ability of activating a receptor protein comprising an
amino acid sequence identical to or substantially identical
to an amino acid sequence represented by SEQ ID NO: 1, SEQ
ID NO: 2 or SEQ ID NO: 3, or a precursor thereof, 1ts amide
or ester, or a salt thereof;
(3) A peptide comprising an amino acid sequence identical to

or substantially identical to an amino acid sequence
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represented by SEQ ID NO: 36, or a precursor thereof, its

amide or ester, or a salt thereof;

(4) A peptide described in Section (1) or Section (3)
wherein said peptide 1s a peptide comprising an amino acid
sequence identical to or substantially identical to an amino
acid sequence represented by SEQ ID NO: 11, 12, 15, 16 or 43,
Oor a precursor thereof, 1ts amide or ester, or a salt
thereof;

(5) A peptide described in Section (1) or Section (3)
wherein said peptide is a peptide comprising an amino acid
sequence identical to or substantially identical to an amino
aclid sequence represented by SEQ ID NO: 11, 12, 15, 16 or 43

and having a molecular weight of 5000 to 10000, or a

precursor thereof, i1ts amide or ester, or a salt thereof;
(6) A peptide described in Section (1) or Section (3)
wherein sald peptide 1is a peptide comprising an amino acid
sequence identical to or substantially identical to an amino
acid sequence represented by SEQ ID NO: 31, 33 or 34, or a
precursor thereof, its amide or ester, or a salt thereof;
(7) A precursor of a peptide described in Section (1) or
Section (3) wherein said precursor is a peptide comprising
an amino acld sequence lidentical to or substantially
identical to an amino acid sequence represented by SEQ ID
NO: 29, or‘its amide or ester, or a salt thereof;

(8) A precursor of a peptide described in Section (6)
wherein said substantially identical amino acid sequence 1is
an amino acid sequence represented by SEQ ID NO: 30, 37 or

38, or 1ts amide or ester, or a salt thereof;

Py e MR AR IR i 7o S I el s e
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(9) A DNA comprising a DNA comprising a base sequence
encoding a peptide described in Section (1) or Section (3):
(10) A DNA described in Section (9) encoding a peptide
having an amino acid sequence identical to or substantially
identical to an amino acid sequence represented by SEQ ID
NO: 31, 33 or 34;

(11) A DNA described in Section (10) having a base sequence

represented by SEQ ID NO: 32, 39 or 40;
(12) A DNA comprising a DNA comprising a base sequence
encoding a precursor of a peptide described in Section (1)

or Section (3) having an amino acid sequence lidentical to or

substantially identical to an amino acid sequence

represented by SEQ ID NO: 29, 30, 37 or 38;
(13) A DNA described in Section (12) comprising a DNA

comprising a base sequence represented by SEQ ID NO: 27, 28,

41 or 42;

(14) A recombinant wvector comprising a DNA described in
Section (9);

(15) A transformant transformed with a recombinant vector
described in Section (14):;

(16) A method fer producing a peptide described 'in Section
(1) or Section (3) or a precursor.thereof, its amide or
ester, or a salt thereof, which comprises cultivating the

transformant described in Section (15) and producing a

peptide described in Section (1) or Section (3):
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(17) An antibody to a peptide described i1in Section (1) or

Section (3) or a precursor thereof; specifically, an

antibody which specifically binds to a peptide represented

by SEQ ID NO: 44 in an amide form and which is labeled; and
5 a monoclonal antibody specifically binding to a peptide

represented by SEQ ID NO: 33.

(18) A diagnostic agent comprising an antibody described 1n
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Section (17) ;

(19) A pharmaceutical comprising a peptide described 1in

Section (1) or Section (3) or a precursor thereof, 1ts amide

b1

Or ester, oOor a salt therectf;

7

(20) A pharmaceutical described in Section (19) which 1s a
memory function improving agent, an appetite regulating

agent, an uterine function regulating agent, a renal

function regulating agent, a prostatic function regulating

agent, a testicular function regulating agent or a skeletal

muscle function regulating agent;

(21) A method for screening for an agonist or an antagonist
to a receptor protein comprising an amino acid seguence

identical to or substantially identical to an amino acid

sequence represented by SEQ ID NO: 1, 2 or 3 which comprises
using a peptide described in Section (1) or Section (3) or a
precursor thereof, its amide or ester, or a salt thereof.
Specifically, one aspect of the invention relates to a
method for screening for an agonist or an antagonist to a
receptor protein comprising the amino acid sequence
represented by SEQ ID NO: 1, 2 or 3, which comprises:
bringing (1) the peptide as defined in claim 1 or 2, 1ts

=, (2) °°S-labeled guanosine-

amlde or ester, or a salt thereo:
5'-0-3-thiotriphosphate and (3) a test substance with (4) a

cell membrane fraction of a host cell which expresses the

receptor protein, at a temperature of from 0 to 50°C for 20

minutes to 24 hours to obtalin a reaction mixture; filtering

the reaction mixture through a glass filter; counting

radiocactivity of the °°S-labeled guanosine-5'-0-3-

thiotriphosphate remaining on the glass filter; and

comparing the radioactivity with that obtained in the
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absence of the test substance, whereln there 1s a decrease

of the radiocactivity compared with that obtained in the

ﬁ

absence of the test compound, the test compound 1s the

antagonist to the receptor protein;

and,

(22) A compound obtained by a method for screening described

1n Section (21) or a salt thereof.

Brief Description of Drawings

Figure 1 shows the detected results of the galanin

receptor activating effect in a [’°S]GTPyS binding test.

Figure 2 shows the results of [?°S]GTPyS binding

.

test using a GALR-2-expressing cell membrane fraction i1in the

sample fractions obtained 1in Example 2 (2-3).

Figure 3 shows the results of the analysis of a

sample fraction obtained in Example 2 (2-3) using a porcine
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galanin radioimmunoassay kit (Peninsula).

Figure 4 shows the molecular welight of a component

having a GALR2 activating effect ([’°S1GTPYS binding

promoting effect) obtained in Example 2 (2-4) when
determined by a gel filtration HPLC.

Figure 5 shows the molecular weight of a known
peptide in Example 2 (2-4) when determined by a gel

filtration HPLC.

Figure 6 shows the comparison of the amino acid
sequences between an inventive peptide and a galanin

precursor.

Figure 7 shows the results of the antibody titre of a
mouse immunized with an Ala-Pro-Ala-His-Arg-Gly-Arg-Gly-Gly-
Cys(-NH,)-KLH complex determined using HPR-labeled Ala-Pro-
Ala-His-Arg-Gly-Arg-Gly-Gly-Cys-NH,.

Figure 8 shows a representative screening for a
hybridoma after a cell fusion when using a mouse immunized
with an Ala-Pro-Ala-His-Arg-Gly-Arg-Gly-Gly-Cys(-NH,)-KLH
complex.

Figure 9 shows the reactivities of a monoclonal
antibody GR2-1N, produced by using as an immunogen an Ala-
Pro-Ala-His-Arg-Gly-Arg-Gly-Gly-Cys(-NH,)-KLH complex, with
Ala-Pro-Ala-His-Arg-Gly-Arg-Gly-Gly-Cys-NH, (an amide form
of SEQ ID NO: 44), a porcine ligand peptide (1-60) (SEQ ID
NO: 31) and a rat galanin (SEQ ID NO: 61) when determined Dby
a competitive EIA using HPR-labeled Ala-Pro-Ala-His-Arg-Gly-
Arg-Gly-Gly-Cys-NH,.

Figure 10 is a scheme illustrating a procedure for
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preparing a structural gene of a porcine ligand peptide
described in Example 20.

Figure 11 shows a construction of a vector for
expressing a fusion protein described in Example 21.

O Figure 12 shows a construction of a porcine ligand

peptide expressing strain described in Example 21.

Figure 13 shows the results of an SDS-polyacrylamide
gel electrophoresis described in Example 23.

Figure 14 shows the results of the feeding test

10 conducted in Example 24.

Best Mode for Carrying Out the Invention

An expression "substantially identical" referred here

means that the activity of a protein, such as a receptor

15 agonist activity, i.e., an ability of activating a receptor
possessed by a ligand, a ligand receptor binding activity,
1s substantially the same. A substitution, deletion,
addition or insertion of an amino acid may sometimes cause
no substantial change in the physiological and chemical

20 characteristics of a peptide, and, in such case, a protein
undergoing such substitution, deletion, addition or
insertion can be considered to be substantially identical to
a protein undergoing no such substitution, deletion,
additidn or insertion. A substantially identical

20 substituent for an amino acid in a amino acid sequence may
for example be selected from other amino acids in the class
to which said amino acid belongs. A non-polar (hydophobic)

amino acid may for example be alanine, leucine, isoleucine,
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valine, proline, phenylalanine, tryptophan and methionine.

A polar (neutral) amino acid may for example be glycine,
serine, threonine, cysteine, tyrosine, asparagine and
glutamine. A positively-charged (basic) amino acid may for
example be arginine, lysine and histidine. A negatively-
charged (acidic) amino acid may for example be aspartic acid
and glutamic acid.

A peptide according to the invention is a peptide
having an ability of binding to a galanin receptor.
Preferably, it has a galanin receptor activating effect, and
is a ligand peptide other than known galanins. A galanin
receptor is defined below.

A peptide according to the invention may for eXample
be a peptide comprising an amino acid sequence identical to
or substantially identical to an amino acid sequence
represented by SEQ ID NO: 35 (e.g., SEQ ID NO: 13) and
having an ability of binding to a receptor protein
comprising an amino acid sequence identical to or
substantially identical to an amino acid sequence
represented by SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3
(preferably an ability of activating a receptor protein),
typically including:

(I) A peptide comprising an amino acid sequence
identical to or substantially identical to an amino acid
sequence represented by SEQ ID NO: 35 (e.g., SEQ ID NO: 13),
and also comprising an amino acid sequence identical to or
substantially identical to an amino acid sequence

represented by SEQ ID NO: 11, 12, 15, 16 or 43, and having
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an ability of binding to a receptor protein comprising an
amino aclid sequence identical to or substantially identical
to an amino acid sequence represented by SEQ ID NO: 1, SEQ
ID NO: 2 or SEQ ID NO: 3 (preferably an ability of
activating a receptor protein);

(II) A peptide described in Section (I) having a
molecular weight of 5000 to 10000;

(IITI) A peptide described in Section (I) having a
molecular weight of 5000 to 8000;

(IV) A peptide comprising an amino acid sequence
identical to or substantially identical to an amino acid
sequence represented by SEQ ID NO: 17, and having an ability
of binding to a receptor protein comprising an amino acid
sequence 1identical to or substantially identical to an amino
acid sequence represented by SEQ ID NO: 1, SEQ ID NO: 2 or
SEQ ID NO: 3 (preferably an ability of activating a receptor
protein), and also having a molecular weight of 5000 to
10000; and,

(V) A peptide comprising an amino acid sequence
ldentical to or substantially identical to an amino acid
sequence represented by SEQ ID NO: 31, SEQ ID NO: 33 or SEQ
ID NO: 34, and having an ability of binding to a receptor
protein comprising an amino acid sequence identical to or
substantially identical to an amino acid sequence
represented by SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3
(preferably an ability of activating a receptor protein).

Furthermore, a peptide according to the invention

includes:
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(VI) A peptide comprising an amino acid sequence
identical to or substantially identical to an amino acid
sequence represented by SEQ ID NO: 36;

(VII) A peptide described in Section (VI) comprising

O an amino acld sequence identical to or substantially
ldentical to an amino acid sequence represented by SEQ ID
NO: 11, SEQ ID NO: 12, SEQ ID NO: 15, SEQ ID NO: 16 or SEQ
ID NO: 43;

(VIII) A peptide described in Section (VII) having a

10 molecular weight of 5000 to 10000;

(IX) A peptide described in Section (VII) having a
molecular weight of 5000 to 8000;

(X) A peptide comprising an amino acid sequence
identical to or substantially identical to an amino acid

15 sequence represented by SEQ ID NO: 31, SEQ ID NO: 33 or SEQ
ID NO: 34;

(XI) A peptide comprising an amino acid sequence
identical to or substantially identical to an amino acid
sequence represented by SEQ ID NO: 17;

20 (XII) A peptide comprising an amino acid sequence
ldentical to or substantially identical to an amino acid
sequence represented by SEQ ID NO: 35 (e.g., SEQ ID NO: 13),
and also comprising an amino acid sequence identical to or
substantially identical to an amino acid sequence

25 represented by SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 15,
SEQ ID NO: 16 or SEQ ID NO: 43;

(XIII) A peptide described in Sections (X) to (XII)

having a molecular weight of 5000 to 10000.
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A peptide of the invention, a method for producing

the same and a use thereof are detailed below.
While a peptide of the invention may be derived from
an origin which 1is not particularly limited, it may be
3 derived from a tissue (for example pituitary gland, pancreas,
brain, kidneys, liver, reproductive glands, thyroidal gland,
gall bladder, bone marrow, adrenal gland, skin, muscle,
lungs, digestive tracts, blood vessels, heart, testes and
the like) or a cell of a human or a warm-blooded animal (for
10 example guinea pig, rat, mouse as well as porcine, ovine,
bovine and simian animals) or a cell (preferably those
derived from mouse brain, rat brain, porcine brain, bovine
brain, porcine hypothalamus, bovine hypothalamus, porcine

lung, bovine lung, bovine stomach, human hypothalamus,

15 porcine testis, bovine testis, rat testis, human testis or
human lung) or may be a synthetic peptide.
For example, a peptide of the invention may be:
{1l] in addition to a peptide comprising an amino acid
sequence identical to or substantially identical to an amino
20 acid sequence represented by SEQ ID NO: 17, SEQ ID NO: 31,
SEQ ID NO: 33 or SEQ ID NO: 34 (preferably SEQ ID NO: 31,
SEQ ID NO: 33 or SEQ ID NO: 34), a peptide having an
activity whose quality 1s substantially analogous to a
peptide comprising an amino acid sequence having a homology
25 of about 50 to 99.9% (preferably 70 to 99.9%, more
preferably 80 to 99.9%, further preferably 90 to 99.9%, most
preferably 95 to 99.9%) with an amino acid sequence

represented by SEQ ID NO: 17, SEQ ID NO: 31, SEQ ID NO: 33
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or SEQ ID NO: 34 (preferably SEQ ID NO: 31, SEQ ID NO: 33 or

SEQ ID NO: 34) (except for the sequence of a galanin
represented by SEQ ID NO: 7, 8, 9 or 10 or a precursor

thereof).

As "an activity whose quality is substantially
analogous" means an analogous quality in terms of a galanin
receptors GALR1l, GALR2Z2 or GALR3-binding activity, a galanin
receptors GALR1l, GALR2 or GALR3-activating activity, and an
abillity of activating an accompanying signal transmission
cascade, such as arachidonic acid release, intracellular
Ca’’ release, intracellular cAMP production inhibition,
inositol phosphoric acid production (inhibition), cell
membrane potential variation, intracellular protein

phosphorylation, intracellular pH variation and the like.

Accordingly, the quantitative factors of this activity, such

as the potency or the molecular weight, may be different.
Typlical examples of a peptide of the invention are

listed below (except for a galanin having an amino acid

sequence represented by SEQ ID NO: 7, 8, 9 or 10 or a

precursor thereof).

(I) A peptide derived from mouse brain, rat brain,
porcine brain, bovine brain, porcine hypothalamus, bovine
hypothalamus, porcine lung, bovine lung, bovine stomach,
human hypothalamus, porcine testis, bovine testis, rat
testis, human testis or human lung comprising an amino acid
sequence represented by an amino acid sequence identical to
or substantially identical to an amino acid sequence

represented by SEQ ID NO: 17, SEQ ID NO: 31, SEQ ID NO: 33
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or SEQ ID NO: 34 (preferably SEQ ID NO: 31, SEQ ID NO: 33 or
SEQ ID NO: 34) or a partial sequence thereof.

(IT) A peptide comprising an amino acid sequence
formed as a result of the substitution, deletion, addition
or insertion of one or more amino acids in a peptide
comprising an amino acid sequence identical to or
substantially identical to an amino acid sequence
represented by SEQ ID NO: 17, SEQ ID NO: 31, SEQ ID NO: 33
or SEQ ID NO: 34 (preferably SEQ ID NO: 31, SEQ ID NO: 33 or
SEQ ID NO: 34) or a partial sequence thereof can be
exemplified as a peptide comprising a substantially
identical amino acid sequence. For example, a peptide
comprising (1) an amino acid sequence formed as a result of
the deletion of 1 to 7, preferably 1 to 5, more preferably 1
to 3 amilno acids 1in an amino acid sequence represented by
SEQ ID NO: 17, SEQ ID NO: 31, SEQ ID NO: 33 or SEQ ID NO: 34
(preferably SEQ ID NO: 31, SEQ ID NO: 33 or SEQ ID NO: 34)
or a partial sequence thereof, (2) an amino acid sequence
formed as a result of the addition (or insertion) of 1 to 20,
preferably 1 to 15, more preferably 1 to 10 amino acids to
an amino acid sequence represented by SEQ ID NO: 17, SEQ ID
NO: 31, SEQ ID NO: 33 or SEQ ID NO: 34 (preferably SEQ ID
NO: 31, SEQ ID NO: 33 or SEQ ID NO: 34) or a partial
sequence thereof, (3) an amino acid sequence formed as a
result of the substitutibn of 1 to 7, preferably 1 to 5,
more preferably 1 to 3 amino acids 1in an amino acid sequence
represented by SEQ ID NO: 17, SEQ ID NO: 31, SEQ ID NO: 33

or SEQ ID NO: 34 (preferably SEQ ID NO: 31, SEQ ID NO: 33 or
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SEQ ID NO: 34) or a partial sequence thereof with other
amino acids.

"An amino acid whose quality is substantially
analogous” means an amino acid having a homology therewith
ranging from 70 to 99.9%, preferably 80 to 99.9%, more
preferably 90 to 99.9%, most preferably 95 to 99.9%.

The molecular weight of a peptide of the invention,
when determined by a gel filtration chromatography or an
equivalent method, ranges from about 5000 to about 10000
Dalton, preferably about 5000 to about 8000 Dalton, more
preferably about 5500 to about 8000 Dalton, most preferably
about 6000 to about 7000 Dalton.

A peptide referred herein has an N terminal (amino
terminal) on its left end and a C terminal (carboxyl

terminal) on its right end in accordance with a customary

peptide designations.

While a peptide of the invention has a C terminal
which is usually a carboxyl group (-COOH) or a carboxylate

(-COO"), it may also has as a C terminal which i1s an amide
(-CONH,) or an ester (-COOR). R in an ester may for example
be a C, , alkyl group such as methyl, ethyl, n-propyl.
isopropyl and n-butyl, a C,, cycloalkyl group such as
cyclopentyl and cyclohexyl, a C,.,, aryl group such as phenyl
and a-naphthyl, a phenyl-C, ., alkyl such as benzyl, phenethyl
and benzhydryl, or a C,,, aralkyl group such as an a-

naphthyl-C, ,-alkyl such as a-naphthylmethyl, as well as a
pivaloyloxymethyl group employed frequently for the ester

forms for an oral administration.
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When a peptide of the invention has a carboxyl group
or a carboxylate anywhere other than its C terminal, 1t 1s
also regarded as a peptide of the invention if such group 1s
derivatized to an amido or an ester. In such case, the

O ester may be an ester similar to that exemplified above as
an ester at the C terminal.

While a salt of a peptide of the invention may be a
salt with a physiologically acceptable base (e.g., an
alkaline metal) or acid (organic or inorganic acid), a

10 physiologically acceptable acid addition salt is
particularly preferred. Such salt may for example be a salt
with an inorganic acid (e.g., hydrochloric acid, phosphoric
acid, hydrobromic acid, sulfuric acid) or a salt with an
organic acid (e.g., acetic acid, formic acid, propionic acid,

15 fumaric acid, maleic acid, succinic acid, tartaric acid,
citric acid, malic acid, oxalic acid, benzoic acid,
methanesulfonic acid, benzenesulfonic acid).

A peptide of the invention may be produced by a
method for isolating a peptide as purified from a tissue or

20 a cell of a human or a warm-blooded animal, or may be
produced in accordance with a peptide synthesis described
below.

A peptide of the invention may be produced also by
incubating a transformant comprising a DNA encoding this

20 peptide. Such DNA encoding this peptide can be prepared in
accordance with a known cloning method (for example, a
method described in Molecular Cloning, 2nd ed., J.Sambrook

et al., Cold Spring Harbor Lab. Press, 1989).
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Such cloning method may for example be (1) a method
in which a transformant comprising a DNA encoding an
intended peptide is obtained from a cDNA library by a
hybridization using a DNA probe or a DNA primer designed
based on the amino acid sequence of this peptide, or (2) a
method in which a transformant comprising a DNA encoding an
intended peptide is obtained by a PCR using a DNA primer
designed based on the amino acid sequence of this peptide.

For producing a peptide of the invention from a
tissue or a cell of a human or a warm-blooded animal, such
tissue or cell of a human or a warm-blooded animal is
homogenized and extracted with an acid or an alcohol, and
the extract obtained is purified by a combination of salting
out, dialysis, gel filtration and chromatographic methods
such as reverse phase, ion exchange and affinity

chromatographies.

As described above, a peptide of the invention can be
produced (1) in accordance with a peptide synthesis method
known per se, or (2) by cleaving a peptide comprising the
peptide of the invention with a suitable peptidase.

A peptide synthesis method may for example be a solid
phase synthesis or a liquid phase synthesis. Thus, a
partial peptide or an amino acid capable of constituting a
peptide of the invention and the remainder region are
condensed and a protective group,'if any, 1s then removed,
whereby yielding an intended peptide. Known condensation

and deprotection methods are those described in [1] and [2]

shown below.
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[1] M.Bodanszky and M.A. Ondetti, Peptide Synthesis,
Interscience Publishers, New York (1966)

[2] Schroeder and Luebke, The Peptide, Academic Press, New
York (1965)

After a reaction, ordinary purification methods such
as extraction with a solvent, distillation, column
chromatography, liquid chromatography and recrystallization
may be employed in combination to isolated a pure peptide of
the invention. A peptide obtained by the method described
above as a free form can be converted into a suitable salt
by a known method, and the peptide obtained as a salt can be
converted into a free form by a known method.

For an amide form of a peptide of the invention, a
commercially available resin for a peptide synthesis which
1s sultable for an amide formation can be employed. Such
resin may for example be a chloromethyl resin, a
hydroxymethyl resin, a benzhydrylamine resin, an aminomethyl
resin, a 4-benzyloxybenzylalcohol resin, a 4-
methylbenzhydrylamine resin, a PAM resin, a 4-
hydroxymethylmethylphenylacetoamidemethyl resin, a
polyacrylamide resin, a 4-(2',4"'-dimethoxyphenyl-
hydroxymethyl )phenoxy resin, a 4-(2',4'-dimethoxyphenyl-Fmoc
aminoethyl )phenoxy resin and the like. Using any of these
resins, an amino acid whose ca-amino group and side chain
functionality are protected appropriatély 1s condensed in
the order giving the sequence of an intended peptide on the
resin in accordance with a condensation method known per se.

At the end of the reaction, a peptide is cut out from the
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resin at the same time with the deprotection, and then an
intramolecular disulfide bond is formed if necessary,
whereby yielding the intended peptide.

While the condensation of a protected amino acid
described above may be performed using various activating
agent employed in a peptide synthesis, a carbodiimide is
preferred. A carbodiimide may for example be DCC, N,N'-
diisopropylcarbodiimide, N-ethyl-N'-(3-
dimethylaminopropyl)carbodiimide and the like. For the
activation with any of these compounds, a protected amino
aclid may be added together with a racemization inhibitor
(e.g., HOBt, HOOBt, etc) directly to a resin, or an amino
acld which has previously been protected in the form of a
symmetric anhydride, HOBt ester or HOOBt ester is first
activated and then added to a resin. A solvent used for the
activation of a protected amino acilid or for the condensation
with a resin may be selected appropriately from the solvents

which are known to be applicable to a peptide condensation

. reaction. For example, an acid amide such as N,N-

dimethylformamide, N,N-dimethylacetoamide and N-
methylpyrrolidone, a halogenated hydrocarbon such as
methylene chloride and chloroform, an alcohol such as
trifluoroethanol, a sulfoxide such as dimethylsulfoxide, a
tertiary amine such as pyridine, an ether such as dioxane
and tetrahydrofuran, a nitrile such as acetonitrile and
propionitrile, an ester such as methyl acetate and ethyl
acetate and a mixture thereof can be employved. The reaction

temperature is within the range known to be applicable to a
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peptide bond formation, and usually about -20°C to about

50°C. An activated amino acid derivative is used usually in

an amount of about 1.5 to about 4-fold excess. When a
ninhydrin test indicated an insufficient condensation, the
condensation may be repeated without any deprotection to
ensure a complete condensation. When no complete
condensation is achieved even after repetitive condensation
steps, acetic anhydride or acetylimidazol 1is used to
acetylate an unreacted amino acid to avoid any 1nterference
with the subsequent reactions.

A protective group for an amino group in a starting
amino acid may for example be Z, Boc, t-pentyloxycarbonyl,
isobornyloxycarbonyl, 4-methoxybenzyloxycarbonyl, Cl-Z, Br-27,
adamantyloxycarbonyl, trifluorocacetyl, phthaloyl, formyl, 2-
nitrophenvlsulfenyl, diphenylphosphinothioyl, Fmoc and the
like. A protective group for a carboxyl group may for

example be any of those exemplified above as R, such as a
C,. alkyl group, a C,,; cycloalkyl group and a C,,, aralkyl
group, as well as 2-adamantyl, 4-nitrobenzyl, 4-
mehtoxybenzyl, 4-chlorobenzyl, phenacyl group and
benzyloxycarbonyl hydrazide, t-butoxycarbonyl hydrazide,
trityl hydrazide and the like.

The hydroxyl group of serine and threonine can be
protected by an esterification or an etherification. A
group suitable for such esterification may for example be a
lower (C,.) alkanoyl group such as an acetyl group, an aroyl
group such as a benzoyl group, and a group derived from a

carbonate such as a benzyloxycarbonyl group and an
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ethoxycarbonyl group. A group suitable for the
etherification may for example be a benzyl group, a
tetrahydropyranyl group and a t-butyl group.

A protective group for a phenolic hydroxyl group of
tyrosine may for example be Bzl, Cl,-Bzl, 2-nitrobenzyl, Br-
Z, t-butyl and the like.

A protective group for imidazole of histidine may for
example be Tos, 4-mehtoxy-2,3,6-trimethylbenzenesulfonyl,
DNP, benzyloxymethyl, Bum, Boc, Trt, Fmoc and the like.

A starting material whose carboxyl group is activated
may for example be a corresponding acid anhydride, an azide,
an activated ester [an ester with an alcohol (e.g.,
pentachlorophenol, 2,4 ,5-trichlorophenol, 2,4-dinitrophenol,
cyanomethyl alcohol, p-nitrophenol, HONB, N-
hydroxysuccinimide, N-hydroxyphthalimide, HOBt)] and the
like. A starting material whose amino group is activated
may for example be a corresponding phosphoryl amide.

A method for removing (cleaving) a protective group
may for example a catalytic hydrogenation under a hydrogen
flow 1n the presence of a catalyst such as a Pd black or a
Pd/C, an acid treatment with anhydrous hydrogen fluoride,
methanesulfonic acid, trifluoromethanesulfonic acid,
trifluoroacetic acid or a mixture thereof, a base treatment
with diilsopropylethylamine, triethylamine, piperidine,
piperazine and the like, as well as a reduction with sodium
in an aqueous ammonia. The cleavage by an acid treatment

described above is performed usually at a temperature of -

20°C to 40°C, effectively with an addition of a cation
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scavenger such as anisol, phenol, thioanisol, m-cresol, p-
cresol, dimethyl sulfide, 1,4-butanedithiol, 1, 2-
ethanedithiol and the like. A 2,4-dinitrophenyl group used
as a protective group for imidazole of histidine can be
cleaved by a treatment with thiophenol, and a formyl group
used as a protective group for indol of tryptophan can be
cleaved by a treatment with an alkali such as a dilute
sodium hydroxide and a dilute ammonia, in addition to a
deprotection method by an acid treatment in the presence of
l,2-ethanedithiol and 1,4-butandithiol as described above.

The method and the group for protecting a functional
group which should not be involved in the reaction of a
starting material, the deprotection and the activation of a
group to be involved in the reaction may be selected

appropriately from known groups and known means.

Another method for obtaining an amide form of a

peptide of the invention involves amidating an oa-carboxyl

group of the amino acid at the carboxyl terminal, extending
the peptide chain in the direction of the amino group until
a desired length is obtained, forming a peptide having no
protective group of the o-amino group at the N-terminal of
the peptide chain and a peptide (amino acid) having no
protective group of the carboxyl group at the C-terminal,
and then condensing these two peptides in a solvent mixture
described above. The conditions of the condensation are as
described above. After purifying the protected peptide
obtained by the condensation, all protective groups are

cleaved by the methods described above to obtain an intended
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crude peptide. This crude peptide is subjected to wvarious
purification means and a desired fraction 1is lyophilized to
obtain an amide form of the intended peptide.

For an ester form of a peptide of the invention, an
a-carboxyl group of the amino acid at the carboxyl terminal
is condensed with an appropriate alcohol to form an amino
acid ester, and then subjected to a procedure for an amide
form of the peptide to obtain an ester form of the intended
peptide.

A peptide of the invention may be any one provided
that it has an activity similar to that of a peptide
comprising an amino acid sequence identical to or
substantially identical to an amino acid sequence (for
example, GALR1l agonist activity, GALR2Z2 agonist activity or
GALR3 agonist activity, etc.) represented by SEQ ID NO: 17,
SEQ ID NO: 31, SEQ ID NO: 33 or SEQ ID NO: 34 (preferably
SEQ ID NO: 31, SEQ ID NO: 33 or SEQ ID NO: 34) or a partial
sequence thereof. Such peptide may for example be a peptide
having an amino acid sequence formed as a result of the
deletion, addition (insertion) or substitution of 1 to 5
amino acids in an amino acid sequence represented by SEQ ID
NO: 17, SEQ ID NO: 31, SEQ ID NO: 33 or SEQ ID NO: 34
(preferably SEQ ID NO: 31, SEQ ID NO: 33 or SEQ ID NO: 34)
or a partial sequence thereof.

A precursor of a peptide of the invention may be any
peptide which encodes as its partial sequence a ligand
peptide of the invention (except for a galanin having an

amino acid sequence represented by SEQ ID NO: 7, 8, 9 or 10
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or a precursor thereof).

Typically, a precursor of a peptide of the invention
may for example be a peptide (or polypeptide) having an
amino acid sequence identical to or substantially identical
to an amino acid represented by SEQ ID NO: 29.

In this context, "a substantially identical amino
acid sequence” may for example be an amino acid sequence
having a homology of 70 to 99.9%, more preferably 80 to
99.9%, further preferably 90 to 99.9%, most preferably 95 to
99.9% with an amino acid sequence represented by SEQ ID NO:

29.

Furthermore, "a substantially identical amino acid
sequence" may for example (i) an amino acid sequence formed
as a result of the substitution of 1 to 7, preferably 1 to 5,
more preferably 1 to 3 amino acids in an amino acid segquence
represented by SEQ ID NO: 29 with other amino acids, (ii) an
amino acid sequence formed as a result of the deletion of 1
to 7, preferably 1 to 5, more preferably 1 to 3 amino acids
in an amino acid sequence represented by SEQ ID NO: 29,
(iii) an amino acid sequence formed as a result of the
addition (or insertion) of 1 to 7, preferably 1 to 5, more
preferably 1 to 3 amino acids to an amino acid sequence
represented by SEQ ID NO: 29. The position of the
"substitution, deletion, addition (or insertion)" is not
particularly limited as long as it 1is outside of the region
which encodes as its partial sequence a ligand peptide of
the invention.

Typically, a peptide (or polypeptide) comprising an
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amino acid sequence identical to or substantially identical
to an amino acid represented by SEQ ID NO: 29 may for

example Dbe:

(1) a peptide (or polypeptide) comprising an amino acid
sequence identical to or substantially identical to an amino
acid represented by SEQ ID NO: 30;

(2) a peptide (or polypeptide) comprising an amino acid
sequence identical to or substantially identical to an amino
acid represented by SEQ ID NO: 37; or,

(3) a peptide (or polypeptide) comprising an amino acid
sequence identical to or substantially identical to an amino

acid represented by SEQ ID NO: 38.

A peptide of the invention can be used as an antigen
for preparing an anti-ligand peptide antibody. A peptide as
such antigen may be a peptide of the invention described
above, as well as a partial peptide of a peptide of the.
invention described above, such as an N-terminal peptide, a
C-terminal peptide and a middle-positioned peptide.

A partial peptide may be a peptide containing a
single domain of an inventive peptide or a peptide
containing two or more domain at the same time.

Since a partial peptide described above may be
acceptable when it can be used as an antigen for preparing
an anti-ligand peptide antibody, it may also be (i) a
partial peptide formed as a result of the addition (or
insertion) of 1 to several (preferably 1 to 3, more
preferably 1 or 2) other amino acid residues to a partial

peptide such as an N-terminal peptide, a C-terminal peptide
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and a middle-positioned peptide of a peptide of the
invention described above, (ii) a partial peptide formed as
a result of the deletion of 1 to several (preferably 1 to 3,
more preferably 1 or 2) amino acid residues from a partial
O peptide such as an N-terminal peptide, a C-terminal peptide
and a middle-positioned peptide of a peptide of the
invention described above, (iii) a partial peptide formed as
a result of the substitution of 1 to several (preferably 1
to 3, more preferably 1 or 2) constituent amino acid
10 residues in a partial peptide such as an N-terminal peptide,
a C-terminal peptide and a middle-positioned peptide of a
peptide of the invention described above with other amino
acid residues.
Such partial peptide is typically a peptide
15 consisting of an amino acid sequence represented by [1l] Ala
Pro Ala His Arg Gly Arg Gly Gly Cys-NH, (amide form of SEQ
ID NO: 44) employed in Example 9 described below, as well
as:
[2] a peptide consisting of an amino acid sequence
20 represented by SEQ ID NO: 11;
- [3] a peptide consisting of an amino acld sequence
represented by SEQ ID NO: 12;
[4] a peptide consisting of an amino acid sequence
represented by SEQ ID NO: 13;
25 [5] a peptide consisting of an amino acid sequence
rebresented by SEQ ID NO: 15;
[6] a peptide consisting of an amino acld sequence

represented by SEQ ID NO: 16;
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[7] a peptide consisting of an amino acid sequence

represented by SEQ ID NO: 17;

[8] a peptide consisting of an amino acid sequence
represented by SEQ ID NO: 35;

[9] a peptide consisting of an amino acid sequence
represented by SEQ ID NO: 36; and,

[10] a peptide consisting of an amino acid sequence
represented by SEQ ID NO: 43.

A partial peptide referred herein may also have an
amide (-CONH,) or an ester (-COOR) at its C-terminal. An
ester group employed here may for example be one exemplified
in conjunction with a peptide described above. When such
partial peptide has a carboxyl group or a carboxylate
anywhere other than its C terminal, it is also regarded as a
partial peptide of the invention if such group 1is
derivatized to an amido or an ester. In such case, the

ester may be an ester similar to that exemplified above as
an ester at the C terminal.

A partial peptide of an inventive peptide itself may
have an activity which is possessed by the inventive peptide
(for example, a galanin receptor activating effect).

A partial peptide of an inventive peptide itself may
also be a fusion peptide with a protein whose function or
characteristics are well known.

Such fusion protein may typically be a fusion peptide
between a peptide consisting of an amino acid sequence
represented by Ala Pro Ala His Arg'Gly Arg Gly Gly Cys-NH,

(amide form of SEQ ID NO: 44) employed in Example 11
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described below and a Keyhole Limpet Hemocyanin (KLH).

A salt of a partial protein of a peptide of the
invention may be similar to a salt of a peptide described
above.

An amide, ester or salt of a partial peptide of a
peptide of the invention may be produced in accordance with
a synthesis of described above, or by cleaving a peptide of
the invention with a suitable peptidase.

A DNA encoding a peptide of the invention may be any
DNA comprising a DNA comprising a base sequence encoding (I)
a peptide comprising an amino acid sequence identical to or
substantially identical to an amino acid sequence
represented by SEQ ID NO: 35 (e.g., SEQ ID NO: 13) and
having an ability of binding to a receptor protein
comprising an amino acid sequence identical to or
substantially identical to an amino acid sequence
represented by SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3
(preferably an ability of activating a receptor protein), or
(II) a peptide comprising an amino acid sequence identical
to or substantially identical to an amlno acld seqguence
represented by SEQ ID NO: 36.

A DNA comprising a DNA comprisling a base sequence
encoding a peptide of the invention specified above may also
be employed.

Furthermore, a genome DNA, a genome DNA library, a
CDNA derived from a tissue or cell described above, a cDNA
library derived from a tissue or cell described above and a

synthetic DNA may also be employed. A vector used 1in a
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library may be a bacteriophage, a plasmid, a cosmlid or a
phagemid and the like. A direct amplification from an RNA
fraction prepared from a tissue or cell described above may
also be performed by a reverse transcriptase polymerase
chain reaction (hereinafter referred to as RT-PCR).

More typically, those which can be employed are:
(1) a DNA comprising a DNA comprising a base sequence
encoding a peptide comprising an amino aclid sequence
identical to or substantially identical to an amino acid
sequence represented by SEQ ID NO: 31, SEQ ID NO: 33 or SEQ
ID NO: 34, (2) a DNA derived from a mammal capable of beiling
hybridized with a sequence specified in (1) under a
stringent condition, and (3) a DNA which is not capable of
being hybridized with a sequence specified in (1) or (2) due
to a degeneracy of a gene code but encodes a polypeptide
having an identical amino acid sequence. A hybridization
can be performed by a method known per se or an analogous

method. A stringent condition described above may be

established for example at 42°C with 50% formamide, 4 x SSPE

(1 x SSPE=150 mM NaCl, 10mM NaH,PO,"H,0, 1mM EDTA, pH7.4), 5

x Denhart solution and 0.1% SDS.

A DNA comprising a DNA comprising a base sequence
encoding a peptide comprising an amino acid sequence
identical to or substantially identical to an amino acid

sequence represented by SEQ ID NO: 31 may typically be a DNA

- comprising a DNA comprising a base sequence represented by

SEQ ID NO: 32, a DNA comprising a DNA comprising a base

sequence encoding a peptide comprising an amino acid
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sequence identical to or substantially identical to an amino
acid sequence represented by SEQ ID NO: 33 may typically be
a DNA comprising a DNA comprising a base sequence
represented by SEQ ID NO: 39, and a DNA comprising a DNA
comprising a base sequence encoding a peptide comprising an
amino acid sequence identical to or substantially identical
to an amino acid sequence represented by SEQ ID NO: 34 may
typically be a DNA comprising a DNA comprising a base
sequence represented by SEQ ID. NO: 40. Among DNAs encoding
inventive peptides or the partial peptides thereof, a DNA
fragment comprising 6 to 51 (preferably 9 to 30, more
preferably 12 to 30) of partial base sequences is employed
preferably also as a probe for a DNA detection.

A DNA encoding a precursor of a peptide of the
invention may for example be a DNA comprising a DNA
comprising a base sequence encoding a peptide (polypeptide)
comprising an amino acid sequence 1l1dentical to or
substantially identical to an amino acid seguence
represented by SEQ ID NO: 29 (for example, an amino acid
sequence represented by SEQ ID NO: 30, SEQ ID NO: 37 or SEQ
ID NO: 38).

A DNA comprising a DNA comprising a base sequence
encoding a peptide (polypeptide) comprising an amino acid
seguence identical to or substantially identical to an amilno
acid sequence represented by SEQ ID NO: 29 may typically be
a DNA comprising a DNA comprising a base seqguence
represented by SEQ ID NO: 27, a DNA comprising a DNA

comprising a base sequence encoding a peptide comprising an
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amino acid sequence jidentical to or substantially identical
to an amino acid sequence represented by SEQ ID NO: 30 may
typically be a DNA comprising a DNA comprising a base
sequence represented by SEQ ID NO: 28, a DNA comprising a
DNA comprising a base sequence encoding a peptide comprising
an amino acid sequence identical to or substantially
identical to an amino acid sequence represented by SEQ ID
NO: 37 may typically be a DNA comprising a DNA comprising a
base sequence represented by SEQ ID NO: 41, and a DNA
comprising a DNA comprising a base sequence encoding a
peptide comprising an amino acid sequence identical to or
substantially identical to an amino acid sequence
represented by SEQ ID NO: 38 may typically be a DNA
comprising a DNA comprising a base sequence represented by
SEQ ID NO: 42.

A DNA encoding a peptide of the invention or
equivalent can be produced also by the following gene
engineering technology. Such gene engineering technology
may for example be a method described in Molecular Cloning
(2nd ed., J.Sambrook et al., Cold Spring Harbor Lab. Press,
1989). When a commercially available library or kit is
employed, an attached instruction may be followed.

A DNA encoding a peptide of the invention or
equivalent can be screened by a hybridization of a labeled
probe obtained by synthesizing a DNA fragment based on the
amino acid sequence of the peptide or a part thereof with a
genome DNA or a c¢cDNA library.

In a procedure for cloning a DNA encoding entirely a
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peptide of the invention or equivalent, a synthetic DNA
primer having a partial base sequence of a peptide of the
invention is used to perform a PCR known per se to amplify
an intended DNA from a genome DNA or a cDNA library, or a

3 hybridization with a DNA integrated into a suitable vector
which is labeled with a DNA fragment or a synthetic DNA
having a part or all of a peptide of the invention 1s
performed, whereby achieving a screening.

A DNA encoding a cloned peptide of the invention may

10 be used as it is, or after being digested with a restriction
enzyme if necessary or after being bound to a linker. Such
DNA has an ATG as a translation initiation codon on the side
of the 5' terminal and may have a TAA, TGA or TAG as a
translation termination codon on the side of the 3' terminal.

15 Such translation initiation and termination codons may be
added using a suitable synthetic DNA adapter.

An expression vector for a peptide of the invention
may be produced, for example, by (a) cutting an intended DNA
fragment out of a DNA encoding the peptide of the invention,

20 followed by (b) ligating the DNA fragment thus obtained to
the downstream of the promoter in a suitable expression
vector.

A vector may be a E.coli-derived plasmid (e.g.,
pBR322, pBR325, pUCl12, pUCl1l3), a Bacillus subtilis-derived

25 plasmid (e.g., pUB110, pTP5, pCl94), a yeast-derived plasmid
(e.g., pSH19, pSH15), a bacteriophage such as A phage, as
well as an animal virus such as retrovirus, vaccinia virus,

vaculovirus and the like.
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A promoter employed in this invention may be any
promoter which corresponds to and suitable for a host
employed for expressing a gene.

When the host cell to be transformed is an animal

D cell, a promoter which can be employed is an SV 40-derived
promoter, a retrovirus promoter, a metallothioneine promoter,

a heat shock promoter, a cytomegalovirus promoter, an SRQ

promoter and the like. Those preferred are a trp promoter,
a T7 promoter, a lac promoter, a recA promoter, a APL
10 promoter, an lpp promoter and the like when the host cell is

an Escherichia microorganism, an SPOl promoter, an SPO2
promoter, a penP promoter and the like when the host cell 1is
a Bacillus microorganism, and a PHO5S promoter, a PGK
promoter, a GAP promoter, an ADH1 promoter, a GAL promoter

15 and the like when the host cell is an yeast. When the host
cell is an insect cell, those employed preferably are a

polvyhedrin promoter, a pl0 promoter and the like.

In addition to those described above, an expression

vector may also be one optionally containing an enhancer, a

20 splicing signal, a poly-A addition signal, a selection
marker, an SV40 replication origin (hereinafter referred to
as SV40ori) and the like. A selection marker may for
example be a dihydrofolate reductase (hereinafter referred
to as dhfr) gene [methotrexate (MTX) resistant], an

2D ampicillin resistant gene (hereinafter referred to as Amp"),
a neomycin resistant gene (hereinafter referred to as Neo,
G418 resistant) and the like. A selection 1s posslible also

in a thymidine-free medium especially when a DHFR gene 1s
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used as a selection marker in CHO (dhfr ) cells.
If necessary, a signal sequence suitable to a host is

added to the side of the N terminal of a peptide or a part

thereof. Those which can be utilized are a phoA-signal
sequence, an O mpA*signal sequence and the like when a host
cell is an Escherichia microorganism, an invertase-signal
sequence and the like when a host cell is a yeast, an
insulin-signal sequence, an o-amylase*signal seguence, a
subtilicin*signal sequence and the like when a host cell is
a Bacillus microorganism, a mating factor a (MFa)-*signal
sequence, an o-interferon*signal sequence, an antibody

molecule*signal sequence and the like when a host cell is an

animal cell.
Using a vector containing a DNA encoding a peptide
thus constructed, a transformant can be produce.

A host cell may for example be Escherichia and
Bacillus microorganisms, an yeast, an insect or an insect
cell, an animal cell and the like.

An Escherichia microorganism may for example be

Escherichia coli K12*DH1 (Proc. Natl. Acad. Sci., USA,
Vol.60, 160 (1968)), JM103 (Nucleic Acids Research, Vol.9,

309 (1981)), JA221 (Journal of Molecular Biology, Vol.120,
517 (1978)), HB101l (Journal of Molecular Biology, Vol.41l,

459 (1969)), C600 (Genetics, Vol.39, 440 (1954)) and the

like.

A Bacillus microorganism may for example be Bacillus
subtilis MI1l14 (Gene, Vo0l.24, 255 (1983)), 207-21 (Journal

of Biochemistry, Vol.95, 87 (1984)) and the like.
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An yeast may for example be Saccharomyces cerevisiae
AH22, AH22R, NA87-11A, DKD-5D, 20B-12 and the like.

An insect may for example be a larva of a silkworm

(Maeda et al., Nature, Vol.315, 592 (1985)).

O An insect cell, when a virus is AcNPV, may for
example be an armyworm-derived cell line, 1i1.e., a Spodoptera
frugiperda cell (Sf cell), a Trichoplusia ni medium
intestine-derived MGl cell, a Trichoplusia ni egg-derived
High Five™ cell, a Mamestra brassicae-derived cell or an

10 Estigmena acrea-derived cell. When a virus is BmNPV, a
silkworm-derived cell line Bombyx mori N (BmN cell) may be
employed. Such Sf cell may for example be an Sf9 cell (ATCC

CRL1711), an Sf21 cell (all in Vaughn, J.L. et al., in Vitro,

Vol.1l3, 213-217, (1977)).

15 An animal cell may for example be a simian COS-7 cell,
a Vero cell, a Chinese hamster cell CHO, a DHFR gene-
defeciency chinese hamster cell CHO (CHO/dhfr cell), a
mouse L cell, a mouse 3T3 cell, a mouse myeloma cell, a
human HEK 293 cell, a human FL cell, a 293 cell, a Cl27 cell,

20 a BALB3T3 cell, an Sp-2/0 cell and the like.

In order to transform an Escherichia microorganism, a
method described in Proc. Natl. Acad. Sci. USA, Vol.69, 2110
(1972) or in Gene, Vo0l.17, 107 (1982) may for example be
employed.

25 In order to transform a Bacillus microorganism, a
method described in Molecular & General Genetics, Vol.1lé68,
111 (1979) may for example be employed.

In order to transform an yeast, a method described 1n
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Proc. Natl. Acad. Sci. USA, Vol.75, 1929 (1978) may for

example be employed.

In order to transform an insect or an insect cell, a
method described in Bio/Technology, Vol.6, p 47-55 (1988)
O may for example be employed.

In order to transform an animal cell, a method
described in Virology, Vol.52, p 456 (1973) may for example

be employed.

A method for transduclng an expression vector into a
10 cell may for example be a lipofection method (Felgner, P.L.
et al., Proceedings of the National Academy of Sciences of
the United states of America, Vol.84, p 7413 (1987)), a
calcium phosphate method (Graham, F.L. and van der Eb, A.J.
Virology, Vol.52, p 456-467 (1973)), an electroporation

15 method (Nuemann, E. et al., EMBO J., Vol.l, p 841-845

(1982)) and the like.

As described above, a transformant which has been
transformed with an expression vector comprising a DNA
encoding a peptide of the invention can be obtained.

20 In one method for expressing a peptide of the
invention stably using an animal cell, a cell in which an
expression vector transduced into an animal cell described
above is integrated into its chromosome is selected by means
of a clone selection. Typically, a transformant is selected
25 using a selection marker described above as an index. Then
by repeating the clone selection in the animal cell obtained
using such selection marker a reliable animal cell capable

of expressing a peptide of the Invention at a high level can
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be obtained. When a dhfr gene is used as a selection marker,

the MTX level is raised gradually over the period of
incubation to‘select a resistant strain, in which a DNA
encoding an inventive peptide is amplified together with a
dhfr gene, whereby obtaining an animal cell line enabling a
further higher expression.

A transformant described above is incubated under a
condition allowing a DNA encoding a peptide of the invention
to be expressed and then the inventive peptide 1s produced
and accumulated, whereby producing the inventive peptide.

For the incubation of transformant when the host cell
is an Escherichia or Bacillus microorganism, a suitable
culture medium is a liquid medium, which may contain the
components required for the growth of the transformant such
as a carbon source, a nitrogen source, an lnorganic
substance and the like. A carbon source may for example be

glucose, dextrin, a soluble starch, sucrose and the like and
a nitrogen source may for example be an inorganic or organilic
materials such as an ammonjium salt, a nitrate, corn steep
liquor, peptone, casein, a meat extract, a soybean flake, a
potato extract and the like, and a minerals may for example
be calcium chloride, sodium dihydrogen phosphate, magnesium
chloride and the like. Those which may also be added are an
yveast, vitamins, a growth promoting factor and the like.
The pH of a medium is preferably about 5 to 8.

As a culture medium for incubating an Escherichia
microorganism, an M9 medium containing glucose and a

casamino acid [Miller, Journal of Experiments 1n Molecular
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Genetics, 431-433, Cold Spring Harbor Laboratory, New York

1972) is preferred. The medium may contain an agent for

increasing the promoter efficiency such as 3p-indolylacrylic

acid.

When the host cell is an Escherichia microorganism,
the incubation is performed usually for about 3 to 24 hours
at about 15 to 43°C, optionally with aerating and stirring.

When the host cell is a Bacillus microorganism, the

incubation is performed usually for about 6 to 24 hours at

about 30 to 40°C, optionally with aerating and stirring.

For the incubation of transformant when the host cell
is an yeast, a suitable culture medium may for example be a
Burkholder minimum medium (Bostian, K.L., et al., Proc. Natl.
Acad. Sci. USA, Vol.77, 4505 (1980)) or a 0.5% casamino
acid-supplemented SD medium (Bitter, G.A. et al., Proc. Natl.
Acad. Sci. USA, Vol.81, 5330 (1984)) and the like. The pH of
a medium 1is adjusted preferably at about 5 to 8. The
incubation is performed usually for about 24 to 72 hours at
about 20 to 35°C, optionally with aerating and stirring.

For the incubation of transformant when the host cell
1s an insect cell, a suitable culture medium may for example
be a Grace's Insect Medium (Grace, T.C.C., Nature, 195, 788
(1962)) supplemented appropriately, for example, with an
1nactivated 10% bovine serum. The pH of a medium 1is

adjusted preferably at about 6.2 to 6.4. The incubation is

performed usually for about 3 to 5 days at about 27°C,
optionally with aerating and stirring.

For the incubation of transformant when the host cell
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1s an animal cell, a suitable culture medium may for example
be an about 5 to 20% fetal calf serum-supplemented MEM
medium (Science, Vol.122, 501 (1952)), a DMEM medium
(Virology, Vol.8, 396 (1959)), an RPMI 1640 medium (The
Journal of the American Medical Association, Vol.199, 519
(1967)), a 199 medium (Proceeding of the Society for the
Biological Medicine, Vol.73, 1 (1950)) and the like. The pH
is preferably abOut 6 to 8. The incubation is performed
usually for about 15 t 60 hours at about 30°C to 40°C,
optionally with aerating and stirring.

Especially when a CHO (dhfr ) cell and a dhfr gene
are employed as selection markers, a dialyzed fetal carf
serum-supplemented DMEM medium contalilning almost no

thymidine is preferred.

In order to isolate a purified peptide of the

invention from a culture described above, the following

procedure may for example be emplovyed.

For extracting a peptide of the invention from a
cultured bacterial cell or a cell, a cell 1s collected by a
known method after incubation and suspended in a suitable
buffer solution, and then destroyed with a lysozyme and/or a
freezing-melting cycle, and then subjected to a
centrifugation or a filtration, whereby yielding a crude
extract of the peptide. The buffer solution may contain a
protein modifier such as urea and guanidine hydrochloride or
a surfactant such as Triton X-100 (trade mark, hereinafter

referred to as TM).

When a peptide is secreted into a culture medium, a
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supernatant after incubation is separated from a cell by a
method known per se and the supernatant 1s collected.

An 1lncubation supernatant thus obtained or a peptide
contained in an extract may be purified by an appropriate
combination of separation and isolation methods known per se.
Such known separation and isolation methods include a method
utilizing the solubility such as a salting out or a solvent
sedimentation, a method utilizing the difference 1n the
molecular welght such as a dialysis, an ultrafiltration, a
gel filtration and an SDS-polyacrylamide gel electrophoresis,
a method for utilizing the difference 1n the electric charge
such as an ion exchange chromatography, a method utilizing
the specific affinity such as an affinity chromatography, a
method utilizing the difference in the hydrophobicity such
as a reverse phase high performance liquid chromatography, a
method utilizing the difference in the 1isoelectric point
such as an isoelectric focusing and a chromatofocusing and
the like.

When a peptide of the invention thus obtained is in a
free form it can be converted into a salt by a method known
per se or equlvalent, and when i1t 1s obtalned as a salt 1t
can be converted 1into a free form or another salt by a
method known per se or eqguivalent.

By bringing an inventive peptide produced by a
transformant into contact with a sultable protein-modifying
enzyme before or after purification, an optional
modification can be carried out or a peptide can partially

be removed. Such protein-modifying enzyme may for example
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be trypsin, chymotryipsin, arginylendopeptidase,
proteinkinase, glycosidase and the like.

A peptide of the invention thus obtained can be
identified by an enzyme immunoassay usling a speciliftic
antibody.

A DNA encoding a peptide of the invention or a
peptide of the invention can be employed in (1) a synthesis
of a part of or an entire length of a ligand of a galanin
receptor protein, (2) a characterization of a physiological
activity possessed by a peptide of the invention, (3) a
production of a synthetic oligonucleotide probe or a PCR
primer, (4) an acquisition of a DNA encoding a ligand or a
precursor of a G protein-conjugate receptor protein, (5) a
development of a receptor binding assay system usling an
expression system of a recombinant receptor protein and'a
screening for a pharmaceutical candidate compound, (6) an
acquisition of an antibody and an antiserum, (7) a
development of a diagnostic agent using a DNA, RNA, antibody
or antiserum, (8) a development of pharmaceutical such as a
memory function improving agent (intelligence-tropic agent),
an appetite regulating agent, a dlabetes treating agent, a
pituitary gland function improving agent, an uteriline
function regulating agent, a renal function regulating agent,
a prostatic function regulating agent, a testicular function
reqgulating agent or a skeletal muscle function regulating
agent (preferably, a memory function improving agent
(intelligence-tropic agent), an appetite regulating agent,

an uterine function regulating agent, a renal function
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regulating agent, a prostatic function regulating agent, a
testicular function regulating agent or a skeletal muscle
function regulating agent), (9) a gene therapy and the like.

Particularly by using a receptor binding assay system
using an expression system of a recombinant G protein-
conjugate receptor protein described above, a G protein-
conjugate receptor agonist or antagonist specific to a warm-
blooded animal such as a human can be screened and such
agonist or antagonist can be utilized as a prophylactic or
therapeutic agent against various diseases.

Furthermore in conjunction with (8) described above,
since the peptide or a DNA encoding it of the invention can
be recognized as a ligand by a galanin receptor (GALR)
protein expressed 1n hippocampus, hypothalamus, uterus,
kidney, prostate, skeletal muscle, pancreas, testis, spleen,
heart and pituitary gland, it is useful as a safe and less
toxic pharmaceutical, which can be employed for example as a
memory function improving agent (intelligence-tropic agent),
an appetite regulating agent, a diabetes treating agent, a
pituitary gland function improving agent, an uterine
function regulating agent, a renal function reguiating agent,
a prostatic function regqulating agent or a skeletal muscle
function regulating agent (preferably, a memory function
improving agent (intelligence-tropic agent), an appetite
regulating agent, an uterine function regulating agent, a
renal function regulating agent, a prostatic function

regulating agent or a skeletal muscle function regulating

agent) and the like.
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When a peptide of the invention or a DNA encoding it
1s employed as pharmaceutical described above, an ordinary
customary procedure 1is followed. For example, a tablet,
capsule, elixir or microcapsule optionally coated with a
sugar coating or an enteric coating 1is provided for an oral
administration, or an aseptic solution or suspension in
water or other pharmaceutically acceptable liguids for
injection is provided for a parenteral administration. For
example, a compound or its salt is mixed with
physiologically acceptable carrier, flavor, excipient,
vehicle, preservative, stabilizer, binders and the like and
formulated into a pharmaceutically acceptable unit dosage
form. The amount of an active ingredient in such
formulation should be adjusted so that a dose within an
indicated range can be obtained.

When a DNA of the invention is employed, such DNA is
employed customarily as 1t is or after being inserted in a
suitable vector such as a retrovirus vector, an adenovirus
vector, an adenovirus-assoclated virus vector and the like.

An additive to be added to a tablet or a capsule may
for example be a binder such as gelatin, corn starch, gum
tragacanth, gum arabic and the like, an excipient such as
crystalline cellulose, an extender such as corn starch,
gelatin, alginic acid and the like, a lubricant such as
magnesium stearate, a sweetener such as sucrose, lactose or
saccharin, a flavor such as peppermint, ACAMONO oil or
cherry flavor. When a unit dosage form is a capsule, a

liquid carrilier such as an 0il may also be contained in
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addition to the materials listed above. An aseptic
composition for injection may be formulated customarily by
dissolving d} suspending an active ingredient and a
naturally-occurring vegetable o0il such as sesame o0oil or palm
oll in a vehicle such as a water for injection.

A water-based vehicle for injection may for example
be physiological saline, an isotonic solution containing
glucose or other agents (e.g., D-sorbitol, D-mannitol,
sodium chloride and the like), optionally containing a
suitable solubilizing agent such as an alcohol (e.g.,
ethanol), a polyalcohol (e.g., propylene glycol,
polyethylene glycol), a non-ionic surfactant (e.g..
polysorbate 80™, HCO-50). An oil?based vehicle may for
example be sesame oil or soybean oil, optionally containing
a solubilizing agent such as benzyl benzoate, benzyl alcohol

and the like.

A buffer (e.g.., phosphate buffer, sodium acetate
buffer), an analgesic agent (e.g., benzalkonium chloride,
procaine hydrochloride and the like), a stabilizer (e.g.,
human serum albumin, polyethylene glycol and the like), a
preservative (e.g., benzyl alcohol, phenol and the like), an
antioxidant may also be incorporated. A formulation for
injection thus prepared is filled usually in an appropriate
ampoule.

Since a formulation thus obtained is safe and less
toxic, 1t can be administered to a human or a mammal (e.qg.,.
mouse, rat, guinea-pig, rabbit as well as ovine, porcine,

bovine, feline, canine, simian animals and the like).
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A peptide of the invention or a DNA encoding 1t may
generally be administered to an adult (weighing 60 kg)
orally as such peptide at a dose ranging from about 0.1 to
100 mg, preferably about 1.0 to 50 mg, more preferably about
1.0 to 20 mg, although the dose may vary depending on the
conditions. When such peptide is given parenterally (for
example via an intravenous injection), the single daily dose
as a solution for injection in an adult (weighing 60 kg) is
about 0.01 to 30 mg, preferably about 0.1 to 20 mg, more
preferably about 0.1 to 10 mg, although the dose may vary
depending on the subject to be administered, the organ to be
treated, the condition and the administration mode.

Also 1n other species, a corresponding dose can be
obtained by converting the dose per 60 kg body weight
described above to a dose per the body weight of the

respective animal.

In the invention, a galanin receptor i1is a G protein-
coupled receptor protein derived from various tissues (e.g.,
pituitary gland, pancreas, brain, kidney, liver, gonad,
thyroid gland, gallbladder, bone marrow, adrenal gland, skin,
muscle, lung, digestive tract, blood vessel, heart and the
like) and cells of a human or a warm-blooded animal (e.g.,
mammalian warm-blooded animal (e.g., rabbit, ovine and
caprine animals, rat, mouse, guinea-pig as well as bovine,
equine and porcine animals), avian animals (e.g., chicken,
pegion, duck, goose, quail) and the 1like), and each of GALR1,
2 and 3 may be any protein as long as it comprises an amino

acid sequence identical to or substantially identical to the
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amino aclid sequence represented by each of SEQ ID NOs: 1, 2

and 3, respectively. Thus, such receptor protein may be a
protein comprising an amino acid sequence represented by SEQ
ID NO: 1, 2 or 3, as well as a protein having a homology of
about 90 to 99.9% with an amino acid sequence represented by
SEQ ID NO: 1, 2 or 3 and having an activity whose quality is
substantially analogous to a protein comprising an amino
aclid sequence represented by SEQ ID NO: 1, 2 or 3.

The activity exerted by such protein may for example
be a ligand binding activity, a signal transmission activity
and the like. The quality which is substantially analogous
means that the activity is qualitatively analogous.
Accordingly, the quantitative factors of this activity, such
as the potency of a ligand binding activity and a signal

transmission activity or the molecular weight of a receptor

protein may be different.

Furthermore, such receptor protein includes one whose
Met at the N-terminal is protected (for example with a C,_,
alkanoyl group such as formyl and acetyl groups), one whose
glutamine residue at the N-terminal is derivatized to a
pyroglutamic acid, one whose side chain of an amino acid in
molecule is protected (for example with a C, . alkanoyl group
such as formyl and acetyl groups) or a complex protein such
as a glycoprotein having a saccharide chain bound thereto.

A salt of such receptor protein may be one
exemplified as a salt of a peptide described above.

Such receptor protein, its salt or its partial

peptide may be produced by a protein purification method
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known per se from a tissue or a cell of a human or a warm-
blooded animal, or may be produced by a method similar to
that for incubating a transformant comprising a DNA encoding
a peptide described above. A peptide synthesis described
above may also be employed.

A partial peptide of such receptor protein may for
example be a G protein-coupled receptor protein molecule
which 1s protruded out of the cell membrane. Thus, this is
a peptide containing a moiety which is judged to be an
extracellular region (hydrophilic moiety) in a
hydrophobicity plot analysis of a G protein-coupled receptor
protein. A peptide partially containing a hydrophobic
molety may similarly be employed. While a peptide
containing a single domain may be employed, another peptide
containing two or more domains at the same time may also be
employed.

A salt of a partial peptide of such receptor protein
may be one exemplified as a salt of a peptide described
above.

A DNA encoding such galanin receptor protein may be
any protelin comprising a base sequence encoding a galanin
receptor protein comprising an amino acid sequence identical
to or substantially identical to an amino acid sequence of
SEQ ID NO: 1, 2 or 3. Furthermore, a genome DNA, a genome
DNA library, a cDNA derived from a tissue or cell, a cDNA
library derived from a tissue or cell and a synthetic DNA
may also be employed. A vector used in a library may be a

bacteriophage, a plasmid, a cosmid or a phagemid and the

I3 R PR S H T 0T PO FTR U X 341 S TE (VW TSNP 31T {9 S e P ST IN Y TSP R A T Y R SRR BRIRFIEFT PR H 307 PERFCTININ A EN T3 Rt 2O T b e § R o o Nt T S e Y



10

15

20

20

CA 02323503 2000-09-20

49

like. A direct amplification from an RNA fraction prepared
from a tissue or cell may also be performed by an RT-PCR

method known per se.

A DNA encoding a galanin receptor comprising an amino
acid sequence of SEQ ID NOs: 1, 2 and 3 may typically be a
DNA having a base sequence represented by SEQ ID NOs: 4, 5
and 6, respectively.

GALR2Z (galanin receptor type 2) is present in a large
amount 1in hippocampus, hypothalamus, uterus, kidney,
prostate and skeletal muscle, and thus a peptide of the
invention which is an agonist having a GALR2 activating
ability (or an antagonist against GALR2 or a neutralization
antibody against a peptide of the invention) may be employed
as a memory function improving agent, an appetite improving
agent, an uterine, renal, prostatic or skeletal muscle
function improving agent.

GALR1 (galanin receptor type 1) is present in a large
amount in hypothalamus, hippocampus and pancreas, and thus a
peptide of the invention which is an agonist having a GALR1
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