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TITLE OF THE INVENTION
Glucose-dependent Insulin Secretagogue Polypeptides and their Methods of Use

BACKGROUND OF THE INVENTION

1.  Figld of the Invention

This invention relstes to newly identified polypeptides and the use of such
polypeptides for therapeutic purposes. More particularly, the polypeptides of the
present invention are useful in stinmlating the release of insulin from pancreatic beta
cells in a gluoose-dependent manner, thereby providing a trestment option for those
individugls afflicted with a metabolic disorder sach as Disbetes or impaired glucose
tolerance, s prediabetic stato.

2  Background of the Related Art

Disbetes is characterized by impaived gincose metabolism manifeating itself
among other things by an elevated blood glucose level in the diabetic patient.
Underlying defects lead to a classification of diabetes into two major groups: type 1
lack beta~cells producing insulin in their pancreatic glands, and type 2 diabetes, ar
non-insulin dependent disbetes meitims (NIDDM), which occurs in patients with an
impaired bets-cell fonction and alterations in insolin action.
of type 2 diabetic patients are treated with agents that stimulats beta-cell fimetion or
time almost one-half of type II disbetic subjects lose their response to these agents
and then rst be placed on insnlin therapy. The drugs presently used to treat Typo H

Alphs-ghucosidase inhibitors ( PRECOSE®, VOGLIBOSE™, and
MIGLITOL®) reduce the excursion of postprandial gincose by delaying the
sbsorption of glucose from the gut. These drugs are safe and provide treatment for -
mild to moderately affiected diabetic subjects. However, gastrointestinal side effocts
have been reported in the litersture.

Insulin sensitivers, Insulin sensitizers are drugs thet enhance the body’s
response to insulin, REZULIN™ (troglitazone) activates the PPAR gamma receptor
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and modulates the sctivity of a set of genes that bave not been well described.
Although effiective, this drug can produce liver toxicity. A black box waming on its
label requiring monthly liver function tests for the first eight months of usc and
periodic tests thereaficr has adversely affccted sales. The FDA recently amended the
product Iabeling requiring Warner-Lambert to withdraw its monotherapy indication,
and recommending that initial use should be timited to patients who are not
adequately controlled by other therapy. The now labeling also recommends more

Insulin socrtagogues (sulfonyhmeas and other agonts that act by the ATP-
dependent K+ channel). SFUs are standard therapy for Type II diabetics that have
mild to moderate fasting glycemia. The SFUs have limitations that inclnde a
failure rates. 10 to 20% of initislly treated patients fail to show = significant
treatment effect (primary faiture). Secondary fiilure is demonstrated by an
additional 20-30% loas of treatment effect after six months on an SFU. Insulin
treatment is required in 50% of the SFU respondes after 5-7 years of therapy
(Scheen, AJ., et al, Diabetes Rea, Clin, Pract. 6:533-543 (1989)).

GLUCOPHAGE™ (metfixrmin HCI) is a biguanide that lowers blood gincose
through an vnknown mechanism  Ths drog is effective at lowering blood giucose in
mildly end moderatoly sffocted subjocts snd does not have the side effiects of weight
gain or the potential to induce hypoglycemia, However, GLUCOPHAGE basa
number of side effects inciuding gastrointestinal disturbances and lactioc acidosis.
GLUCQOPHAGQGE is contraindicated in disbetics over the age of 70 and in subjects
with impairment in renal or liver fonction. Finally, GLUCOPHAGE has the ssms
pximary and secondary fallore rates as the SFUs.

Insulin trestment is instituted after diet, exercise and ol medications have
failed to adequately control blood giucose. This treatment has the drawbacks that it
is en injectable, that it can produce hypoglycemin, and that it causes weight gain.

Becanse of the problems with corrent treatments, new therapios to treat Type -
II diabetes are needed. In particular, new treatments to retain normal (glucose-
dependent) insulin secretion are needed. Such now drugs should have the following
characteristics: dependent on glucose for promoting insulin secretion, i.o. produce
insulin secretion only in the presence of elevated blood glucose; low primary and

2
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secondary failure rates; and preserve islet cell fonction. The strategy to develop the
new therapy disclosed herein is based on the cyclic adenosine monophosphate
(cAMP) signaling mechanism and its effects on insulin secretion.

Cyclic AMP is a major regulator of the insulin secretion process. Elevation
of this signaling molecule promotes the closure of the K+ chennels following the
activation of protuin kinase A pathway. Closure of the K+ channels causes cell
depolarization and subsequent opening of Car+- channels, which in torn leads to
exocytosis of insulin gramles. Little if any effects on insalin secretion occurs in the
absence of low glucose concentrations (Weinhans, A, et. al,, Disbetes 47: 1426-1435
(1998)). Secretagogues like pituitery ademylate cyclase activating peptide
('PACAP™) and GLP-1 uss the cAMP system to regnlate insulin secretion in a
giucose-dspendent fashion (Komatsu, M., etal, Disbeica 46: 1928-1938, (1997)).

PACAP is a potent stimulator of ghucose-dependent insulin sccretion from
pancreatic beta-cells. Three different PACAP receptor types (R1, R2, and R3) have
been described (Harmar, A. ct. al, Pharmacol, Reviews 50: 265-270 (1998)). Rl is
located predominately in the NS, whereas R2 and R3 are more widely distributed,
Also, R2 srdd R3 bind VIP with high affinity. R2 is located in the CNS as well as in
liver, lungs and intestina. R3 is located in the CNS, pancreas, skeletal muscle, heart,
kidney, adipose tissue, testis and stomach. Recent work argues that R3 is responsible
for the insulin secretion fram beta oclls (Enaguki, N. et. al, PNAS 91: 2679-2683,
(1994)). This insulinotropic sction of PACAP is medisted by the GTP binding
protein Gs. Accumulation of intracellular cAMP in tum activates the nonselective
cation channels in beta cells increasing [Ca++}i, and promotes exocytosis of insulin-
containing secretory gramules.

PACAP is the newest member of the superfamily of metnbolic,
through the cAMP-mediated signal transduction pathway (Arimurs, Regul, Peptides
37:287-303 (1992)). The bioclogically active poptides are relonsed from the
biosynthetic precursor in two molecular forma, either as a 38-amino acid peptide -
(PACAP-35) and/or as a 27-amino acid peptide (PACAP-27) with an amidated
carboxy! termnini (Arimurs, supra).

The highest concentrutions of the two forms of the peptide are found in the
brain and testis (reviewed in Arimurs, supra). The shorter form of the peptide,

3
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PACAP-27, shows 63% structural homology to vasoactive intestinal polypeptide
(VIP). Howeves, the distribution of

PACAP and VIP in the central nexvous system suggests that these structurally related
peptides have distinct neurotransmitter fimctions (Koves et al, Nemoendocrinology
54:159-169, (1991)).

Recent studies have demonstrated diverse biological effects of PACAP-38,
from a role in reproduction (MoArdle, Endocrinology 135:815-817 (1994)) to ability
to stimulats insulin secretion (Yada et al., J, Biol, Chem. 269:1290-1293 (1994)).

Vasoactive intestinal peptide (VIP) is a 28 amino acid peptide that was first
isolated from hog upper small intestine (Said and Mutt, Scisnce 169: 1217-1218,
1970; U.S. Patent No. 3,879,371). This poptide belongs to a fimnily of structnrally-
glucagon. The biologicel effiects of VIP are mediated by the activation of -
membrsne-bound receptor proteins that are coupled to the intracelluler cAMP
signaling system. These receptors were ariginally known as VIP-R1 and VIP-R2,
however, they were later found to be the same receptors as PACAP-R2 and PACAP-
R3.

To improve the stability of VIP in hamean Inng finid, Bolin et al (Biopoiymers
37: 57-66, (1995)) made a serics of VIP analogs designed to enhance the helical
peopensity of this peptide and reduce protoolytic degradation. Substitutions were
focneed on positions 8, 12, 17, and 25-28 which were implicated to be unimportant
for receptor binding. Moreover, the “GGT™ sequence was tagged onto the C-
terminus of VIP mmteins with the hope of mare effoctively capping the halix.
Finally, to further stabilize the helix, several cyclio snalogs were synthesized (US.
Patentt No. 5,677,419). Although these efforts were not directed towand receptor
salectivity, they ylelded two analogs that have greater than 100-fold PACAP-R3
selectivity (Gourlet et al., Pegtiden 18: 403-408, (1997); Xia et al., L, Pharmacol.
Exp, Ther., 281: 629-633, (1997)).

GLP-1 is relassed from the intestinal L-cell aftior a meal and functions as an *
incretin hormone (j.¢. it potentiates glucose-induced insulin relesss from the
pancroatic beta-cell). It is a 37-amino acid peptide that is differentially axpressed by
the Glucagon gene, depending upon tissuo type. The clinicsl data that support the
beneficial effect of mising cAMP Icvels in B-cells have been collected with GLP-1.

4
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Infusions of GLP-1 in poorly cantrolled Type II diabetics normalized their fasting
blood glucose levels (Gutniak, M., et L, New Eng, J. Med 326:1316-1322, (1992))
and with longer infusions improved the beta cell function to those of normal subjects
(Rachman, J. et al,, Diahotrs 45: 1524-1530, (1996)). A recent report has shown that
GLP-1 improves the beta cells’ ability to respond o glucose in subjects with
impaired glucose tolerance (Byme M., ot al., Disbetes 47: 1259-1265 (1998)). All
of these effects, howover, are short-lived becanse of the short half-lifo of the peptide.
Recently Novo Nordisk has discontirmed clinical trials with GLP-1. This fhilare
reportedly was dus o & very short plasma half-life of the peptide of a few minuies,

EXENDIN 4™ Amylin Pharmaceuficals is canducting Phass I trials with
EXENDIN 4 (AC2993), a 39 amino acld peptide originally identified in Gila
showing a 4 hour duration of efficacy and cfficacy in amimal models when AC2993
is administered subcutancoumaly, orally, and nasally. However, at doses of 0.2 snd
0.3ug/kg, the incidence of headaches, postural hypotension, nauses and vomiting was
significant.

There axists 8 noed for an improved peptide that has the ghicosc-dependent
insulin secretagogue activity of PACAP, GLP-1, or EXENDIN 4, and yet has loss
side-affects.

SUMMARY OF THE INVENTION

This invention provides novel polypeptides that function &1 vivo to stimmlate
insulin release from pancreatic beta cells in a giucose-dependent fashion. These
insulin secretagogne palypeptides are shown to stimulate insolin release in rat islet
cells in vitro, and in vivo. The polypeptides of the present invention provide a now
therapy for patients with metabolic disorders such as decreased endogenons insulin
production, in particular type 2 diabetics, or in patients with impaired gincose
tolerance, a prediabetic state that has a mild alteration in insulin secretion. In
particular, the invention is a polypeptide selected from the group consisting of SEQ -
ID NO:6, SEQ ID NO:8, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:15, SEQ ID
NO:16, SEQ ID NO:18 and SEQ ID NO:32 or a functional equivalent thereaf. The
invention is also directed to 8 method of treating disbetes in a mamma! comprising
administering a therapoutically effiective amount of the insulin secretagogue

5
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polypeptides to said mammal. Also disclosed are methods of making the
polypeptides, both recombinant and synthetic.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the amino scid sequences (SEQ ID NO:6, SEQ ID NO-8, SBQ
ID NO:12, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:18 and
SEQ ID NO:32 ) of the claimed insulin secretagogue polypeptides.

FIG. 2is a sequence alignment of VIP mutants and native polypeptides VIP,
PACAP38, GLP-1, end EXENDIN-4. Conserved residnes are bolded and shaded in
dnkmwhﬂemehwuelhdedinﬁdnw.

FIG. 3 is a restriction map of u typical plasmid containing the GST-poptide
fusion.

FIGS. 4A-4B are graphs showing the effects of GLP-1 or R3P3 on insulin
release from rat islets In vitro.

FIG. 5 is a graph showing the R3P3 peptide effect on glucose disposal.

FIQ. 6 is a bar chart showing the effect of PACAP and related polypeptides
on intestinal water content of Balt/C mice.

FIG. 7 is a bar chart showing that 1 nmole/kg doss of R3P3, R3P12, R3P13,
or GLP-] enhance giucose disposal in the rat by subcutaneous route of

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention provides novel polypeptides that fonction i vivo to stimnlate
insulin release from pancreatic beta cells in a glucose-dependent fashion. The
polypeptides are shown to stinmiate insnlin relcase in mt islet cells in vitro, and in
vivo. The polypeptides of the present invention provide a new therapy for patients
with decressed endogenous insulin production, in particular type 2 disbetics.
& Discussion

PACAP, VIP, GLP-1 and Exendin-4 are polypeptides capable of stimmlating -
insulin release in a glucose-dependent fashion. However, this fact alone does not
guarsniee glucose reduction in vivo, Since PACAP is known to bind to PACAP-R1,
-R2 and -R3 receptors, and VIP is known to bind to PACAP-R2 and -R3, it was
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alignment below shows the primary stractural relationships:

vip 1 HEDAVFTIMY TRLREOMAVE KYLNSILN-NH, a8 (¥ ID
¥D:1)

PACAPIE 1 HSDGIFTDRY HRYRKOQMAVE KYLAAVIGER YEQRVENE-HH, 1318 (4Eg
ID ¥0:2)

aLP-1 1 HARGTFTEDV SSYLEGQAAK EFIANLVEGE-MNN, 30 (eEQ
ID ¥0:3)
Exandin 4 1 E
HO:4)

DI SXOMNERRAVR LFTEMIXNGG PESSGAPPRS-MNE, 39 (8RG ID

(where single-letter abbreviations for amino acids can bo found in Zabay,
Biochemistry 2d ed., 1988, MaoMillan Publishing, New York, p. 33). The
polypeptides of the present invention are most closaly related to VIP in terms of their
primary strocture.

The inventors herein set out to create a new polypeptide that could lead to a
sclective glucose-dependent insulin sccrotagoguo in the hope that sclective activation
would indeed lead to 2 gluocose dependant pathwray to insulin secretion by pencreatic
beta ceHs, with concomitant glucose reduction i vivo. In that light, they first studied
the structures of PACAP27 and VIP in an effort to determine the residues most likely
responsible for receptor selectivity. It is known that PACAP and VIP do not reduce
ghucose in wo, but due to non-specific interactions, gincose releaso is triggered.

Previously, both PACAP and VIP have becn mutagenized extonsively for
various reasons. For instance, serial deletions of PACAP27 and PACAP3$ from
both endy confirmed the importance of both tesmini fhr receptor binding (Gourlet et
al,, Bor, 1. Phacm. 287: 7-11, (1995); Gourlet et al, Regul, Peptides 62: 125-130,
(1996)). Rat brain membrane binding and adenylate cyclase activities of
PACAP27/VIP hybrid muteins implicated the importance of the N-terminal residnes
of PACAP for PACAP-R1 recognition (Ando et sl Biomed, Pegt. Proteins Nuclalp \
Acids 2:41-46, (1996)). Increasing the besicity of Len'’-PACAP27 and Len'’-VIP
by making K15R, K20R, and K21R mutstions and extension of the C-terminus with
“GKR” saquence led to an increase in duration of guinea pig tracheal relsxnt
activity proposed to be dus to protection from heparin binding (Kashimoto et al.,

. Am.NY Acad, Sci., 80S: 505-510, (1996)). Gourlet et al. (Biochim, Biophve. Acta

1314: 267-273, (1996)) demonstrated that the Q16R mutein of VIP and PACAP
possessed gronter affinitics than their respective native polypeptides for PACAP-R2
7
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and R1, respectively. Gourlet et al. (Pegtides 18: 1539-1545, (1997)) developed a
high affinity R2-selective agonist by making the chimeric substituted peptide [K15,
R16, 1.27] VIP(1-7/GRF(8-27). N-texminal acylation and D-Phe? substitution of
this selective agonist led to a potent R2 selective antagonist (Gourlet et al, Peptides
18 1555-1560, (1997)). VIP muteins Y221 and Y22A, but not Y22F, display lower
affinity for PACAP-R3, suggesting the importance of an aromatic group at position
22 for receptor R3 binding but not for receptor R2 binding (Gourlet, Bux, J, Biochom,
348: 95-99, (1998)). Helodesmin and helospectin, VIP-like peptides isolated from
the salivary gland venom of lizards exhibit ~100-fold PACAP-R3 selectivity
(Gourlet, Ann. NY Acad, Sci, 865: 247-252, (1998)). Photoffinity labeting of -
PACAP27 by replacing F6 and Y22 with p-benzoyl-L-phenylalanine (pBz) or K15,
K20, and K21 with pBz; snggested that K15 and F22 are closer o PACAP-R1 than
F6, K20, end K21 (Cao et al,, Eur, J, Biochem, 244: 400-406, (1997); Cao etal.,
Ann. NY Acad, Sci., 865: 82-91, (1998)).

stimulstion of release of insulin in & glucose-dependent manner and cause glucose
reduction in vivo. Those polypeptides bear some similarity to VIP and PACAP. In
particular, a stacked alignment shows the following:

vip 1 BSDAVFIDRY TRLRKDMAVE KYLMSILN-NR, a8 (amg ID
¥O:1)
PACARIG 1 HEDGIFTDSY SRYREKUMAVK EYLAAVLGER YEQRVEMK-ME, 38 (8E)
ID ¥0:2)
RIPL Ac-REDAVFTENY TRLEEQLAAK EYIMDLXEGG T-Nify 31 (amg
ID MO 6)
R} 1 HEDAVFTENY TXLRROQLAAK KYLNDLERGG T 31 (eRQ
- ID ND:8)
P9 1 HEDAVFIDEY TRLEKMAVE EYLNMSIXEGG T 31 (emg
ID ND13) :
R3P10 1 HADAVFTENY TELREQLARK T 31 (smQ
D W:13) 4
RIP12 1 HEDAVFIDMY TRLEEQLARK KYLMDIXKEG T 31 (8RQ
ID NO:1S)
RIF1I 1 HEDAVFIINY TRIEXOLAAK KYLNDIEK-NR, 20 (8EQ
ID BO:16) -
R3IP1S 1 HEDAVFTENY TRELAETDLAAKX XYLNDLEYRGG THAWCERPGWCR 40 (BEQ
ID HO;:18)
R3IPIS 1 HEDAVFTDNY TRLREQLAAX EYLNDIEXKER Y 31 (amg
ID MD:32)

Howuver, tharo is no teaching in the scientific or patent literatare that suggest the
sutprising result tanght herein, namaely, that select modifications to the VIP and
8
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PACAP saquences might lead to & polypeptide with the ability to stimulats insulin
secyetion in a glucose-dependent faghion, and reduce glucose concentration.

Cextain terms used throughout this specification will now be defined, and
others will be defined as introduced.

The term "polynucleotide encoding a polypeptida” encompasses a
polynucleotide which includes onty coding sequence for the polypeptide as well as &
polynuclectide which includes additional coding and/or non-coding sequence.

The present invention forther relstes to polynucleotides which hybridize to
the hersinabove-described sequences if there is at least 70%, prefembly at least 90%,
and more preferably at least 95% identity between the sequences. The present
inveation particalarly relates to polymcleotides encoding polypeptides which
brybridize under stringent conditions to the hereinabove-described polymncieotiden,
As herein used, the term "stringent conditions™ means hybridization will ocour only
if there is at least 95% and preferably ot least 97% identity between the sequences.
The polynncleotides which hybeidize to the hesainabove described polymucleotides in
a prefierred embodiment encods polypeptides which retain substantially the same
biological function or activity as fhe mature polypeptide encoded by the cDNAs.

"Stringent hybridization conditions” refers to an overnight incubation at 42°
C in a solution comprising 50% foxmamide, 5x SSC (750 mM NaCl, 75 mM soditm
citrate), S0 mM sodium phosphate (pH 7.6), 5x Denhardt’s solution, 10% dextran
sulfate, and 20 ug/ml denstured, sheared salmon sperm DNA, followed by washing
the filters in 0.1x SSC at about 65°C.

The terms *fragment,” "derivative” and “analog” when referring to the
polypeptides of FIG. 1, mesns polypeptides which retain essentially the same
biological function or activity as sach palypeptides. Thus, an snalog includes an
allslic variant or s proprotein which can be activated by clesvage of the proprotsin
portion to produce an active matire polypeptide. A fragment is a portion of the
polypeptide which retains suhstantially similer functionsl activity, as shown in the in
vivo models disclosed herdin. A derivative includes all modifications to the
structure and attendant function, o.g., PEGylated polypeptides which have greater
MMMMMMWWMumMm
such as toxicity to an intended target.
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The polypeptides of the present invention may be recombinant polypeptides,
natural polypeptides or synthetic polypeptides, prefirably recombinsnt polypeptides.
The fragment, derivative or analog of the polypeptides of FIG. 1 may be (i) one in
which one or more of the amino atid residues are substituted with a conserved or
non-conserved amino acid residue (prefembly a consarved amino acid residue) and
such subatituted amino acid residue may or may not be one encoded by the genetic
code, or (ii) one in which one or more of the amino acid residues includes a
substitemt group, or (iif) ons in which the mature polypeptide is fused with another
compound, such as a compound to increase the half-life of the polypeptide (fior
example, polyethylenegiycol), or (iv) ono in which the additiona] amino acids are
fused to the mature polypeptide, such as a leader or secretary sequence or 2 sequence
which is employed for purification of the mature polypeptide or a proprotein
sequence, or v) one in which the polypeptide sequence is fused with a larger protein,
i.e. human albumin, a imtibody or Fe, for increased duration of effect. Such
fragments, derivatives and snalogs are deemod to be within the scope of those skilled
in the ert from the teachings herein. '

The polypeptides of the present invention can be composed of amino acids
joined to each other by peptide bonds or modified peptide bonds, i.c., peptide
isosteres, and may contain amino acids other than the 20 gene-encoded amino acids.
The polypeptides may bo modifiad by either natnml processes, such ss
posttransiational processing, de by chemical modification techniques which sre well
known in the art. Such modifications are well described in basic texts and in more
detailed monographs, es well as in a voluminous research Hterature. Modifications
can occur anywhere in & polypeptide, including the peptide backbone, the amino acid
side-chaina and the amino or carboxyl termini. It will be appreciated that the same
type of modification may be present in the same or varying degrees at several sites in
a given polypeptide. Also, a given polypeptide mey contain many types of
modifications. Polypeptides may be branched, for example, as a result of
ubiquitination, and they may be oyclic, with or without branching. Cyclic, branched, -
and branched cyclic polypeptides may result from posttransiation natural processes .
or may be made by synthetic methods. Modifications include scetylation, acylation,
ADP-ribosylation, amidation, covalent attachment of flavin, covalent sttachment of a
heme moiety, covalent sttachment of a mucleotide or nuclactide derivative, covalent

10
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sttachment of a Lipid or lipid derivative, covalent sttachment of phosphotidylinositol,
cross-linking, cyclization, disulfide bond formation, damethylation, formation of

covalent cross-links, formation of cysteine, formation of pyroglutamate, formulation,
mmAMMﬂmdmudammmummnd

D tional Covalent Modification of 'BC.Johnnon.ed.Aﬂdmn
Pmmvmhml-lzam);smun,mwmmm
(1990); Rattan et al, Ann. N. Y, Acad, 8ci, 663:48-62 (1992)).

The polypeptides of the present invention include the polypeptides of Fig .1,
including SEQ ID NOs: 6,8,12,13,15,16,18 and 32, as well as those sequences
include palypeptides which have at least a 90% identity to the polypeptides of Fig. 1,
end moro preferably at least a 95% identity to the polypeptides of Fig. 1, and sill -
more preferably at least a 97% identity to the polypeptides of Fig.1, and also include
pastions of such polypeptides having the same biological sctivity. As known in the
art "similarity” between two polypeptides is determined by comparing the amino acid
sequence and its conserved amino acid substitutes of one polypeptide to the sequence
of a secand polypeptide. &nhmuﬂwmhﬂuhmm‘bedby
Dayhoffin The Aflas of Protoin Scauence and Steactare 5 (1978), end by Argos in
EMBOJ., 8'779-785(1989). quumpln.mmu:hbehnmbmofﬂn
following groups represent conservative changes:

- als, pro, gly, gin, asn, ser, thr;

- €y3, sex, 1y, thr; .
- val, ile, len, met, ala, phe;

- lys, arg, his;

- phe, tyr, trp, his; and

-asp, gy
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The present invention also relates to vectors which include polynucleotides of
the present invention, host cells which are genetically engineered with vectors of the
invention and the production of polypeptides of the invention by recombinant
techniques. Host cells may be genetically engincered (transduced or transformed or
transfected) with the vectors of this invention which may be, for example, a cloning
vector or an expression vector. The vector may be, for example, in the form of a
plasmid, a viral particle, a phage, etc. The engineered host cells can be cultured in
conventional mtrient madia modified as appropriate for activating promoters, ar
selecting tranaformants. The culture conditions, such as temperature, pH and the
like, are thoss proviously used with the host cell selected for expression, and will be
epperent to the ordinarily skilled artisan. The polynncleotide of the present invention
may be employed for producing a polypeptide by recombinant techniques. Thus, for
cxample, the polynucleotide sequonce may be included in any one of a variety of
expression vehicles, in particular vectors or plasmids for expressing & polypeptide.
Such vectors inchude chromosomal, non-chromoscmal and synthetic DNA.
soquences, e.g., derivatives of SV40; bectorial plasmids; phage DNA; yeast
DNA such as vaccinia, adenovirs, fowl pox virus, snd psendorabies. However, any
other vector or plasmid may be nsed as long as they are replicable and visble in the
host.

The appropriate DNA sequence may be inserted into the vector by a variety
of procedures. In general, the DNA sequence is inserted into au appropriate
restriction endormcleass site by procedures known in the art. Such procedures aad
others are deamed to be within the scope of those skilled in the art. The DNA
sequence in ths expressicn vector is operatively linked to an appropriats expression
control sequence(s) (promoter) to direct mRNA synthesis. As representative
examples of such promoters, there may be mentioned: LTR. or SV4( promoter, the K
coli. lac or trp, the phage lambda Py, promoter and other promoters known to cantrol

- expresasion of genes in prokeryotic or enkaryotic cells or their vimses. The.

expression vector also contains a ribosome hinding site for translation initistion and a
amplifying expression. In addition, the expression vectors prefersbly contain a gene
to provide a phenotypic trait for selection of transformed hoat cells such as

12
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dihydrofolate reductsse or neomycin resistance for eukaryotic cell culture, or such as
tetrecycline or ampicillin resistance in E. coli. The vector containing the appropriate
DNA sequence as herein above deacribed, as well as an sppropsiate promoter or
conirol sequence, may be employed to transform an appropriate host to permit the
host to express the protein. As representative examples of sppropriate hosts, there
may bo mentioned: bacterial cells, such as E coli, Salmonella typhimurium,
Streptomyces; fungal cells, such as yeast; insect cells, such as Drosophdla 52 and
Spodoptera S19; animsl cells such as CHO, COS orBowes melanoma; adenoviruses;
plant cells, ctc. The selection of an appropriate host is deemed to be within the scope
of those skilled in the art from the toachings harein.

The present invention also includes recombinant constructs comprising ane or
more of the sequences as broadly described above. The constructs comprise a vectar,
such as a plasmid or viml vector, into which a sequence of the invention has been
insexted, in a forward or reverse orientation. In a preferred aspect of this
example, 2 promoter, operably linked to the sequence. Largs mumbers of suitsble
vectors and promoters are known to those of skill in the sxt, and are commercially
available. The following vectors aro provided by way of example. Bacterial:
PQE70, pQEG0, pQE-9 (Qiagen), pBS, phagescxipt, psiX174, pBlucscript SK,
pBaKS, pNHBs, pNH16a, pNH18a, pNH46a (Strtagens); pTRC99A, pKK223-3,
pKK233-3, pDRS540, PRITS (Pharmacis). Eukeryotic: pWLaeo, pSV2oat, p0G44,
pXT1, pSQ (Stratagens) pSVKS3, pBPV, pMSG, PSVL (Pharmacis). However, any
other plasmid or vector may be used as long as they are replicable and visble in the
bost. Promoter regions can be selocted from any desired gens using
CAT(chloramphenicol transfierass) vectors or ofher vectors with selactable markers,
Two sppropriate vectors aro pKK232-8 and pCM?7. Pasticular named bacterial
pramaters inclade laci, 1acZ, T3, T7, gpt, lambda Py, Py, and trp. Eukaryotic
promoters include CMV immediate early, HEV thymidine kinase, early and late
SV40, LTRs from retrovirus, and mouse metallothionein-I. Salection of the
appropriate vectorand promoter is well within the level of ordinary skill in the art.

The present invention also relates to host cells conteining the above-described
construct, The host coll can be a higher culmryotic cell, such as a mammalian cell, or
& lower evioryotic cell, such as & yeast call, or the host cell can be a prokaryotic cell,

13

/2%

\o\ e o A

o,



668360° 2E8L0h 0O

such as a bacterial cell. Introduction of the construct into the host cell can be
cffected by calcium phosphate transfection, DEAE-Dextran mediated tranafection, or
electroparation (Davis, L., Dibner, M_, Battey, 1., Basic Methods in Molecular
Biology, (1986)). The constructs in host cells can be used in a conventional menner
to produce the gene product encoded by the recombinant sequence. Alternatively,
the polypeptides of the invention can be synthetically produced by conventional
peptide synthesizers,

Mature proteins can be expressed in mammalisn cells, yeast, bacteria, or
other cells under the control of appropriate promoters. Cell-fres transiation systems
can also be employed to produce such proteins using RNAs derived from the DNA
constructs of the present invention. Appropriate cloning and expression vectors for
uso with prokaryotic and euknryotic hosts are described by Sambrook, et al.,
Molecular Cloning: A Leboratory Mamial, Second Bdition, (Cold Spring Hatbor,
N.Y. 1989), the disclosure of which is hereby incorporated by reference.

Transcription of a DNA encoding the polypeptides of the pressat invention
by higher eukaryotes is increased by inserting an enhancer sequance into the vector.
Enhancers are cis-acting clemonts of DNA, usually from about 10 to 300 bp, that act
on a promoter to increase its tanscription. Examples include the SV40 enhancer on
the Iate side of the replication origin (bp 100 to 270), a cytomegalovirus early
promoter enhanoer, & polyoma enhancer on the late side of the replication origin, and
adenoviros enhancers, Generally, recombinant expression vectors will inclnde
origins of replication and selectable markers permitting transformation of the host
cell, e.g., the ampicillin resistance gene of E colf and & cerevirice TRP| gens, and a
promoter derived from a highly-axpressed gene to direct trmscription of &
downstream stroctural sequence. Such promoters can be derived from operons
encoding glycolytic enzymes such as 3-phosphoglycerate kinase (PGK), a factor,
acid phosphatase, or heat shock proteins, among others. The heterologous structural
sequence is assembled in appropriate phase with tranalation, initiation and
termination sequences, and prefirably, a leader sequence capable of directing
secretion of translated protein into the periplasmic space or extracelluler medium.
Optionally, the heterologous sequance can encode a fusion protein inchuding an N-
terminal iderdifioation poptide inparting desired characteristics, .g,, stabilization or
simplified purificetion of expressed recombinant protiuct.

14
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Useful expression vectors for bacterial use are constructed by inserting a
structural DNA sequence encoding a desired protein together with suitable
translation, initistion and termintion signals in opexahle reading phase with a
fimctional promoter. The vector will comprise one or more phenotypic seleciable
markers and an arigin of replication to ensure maintenanoe of the vector and to, if
transformation include E.coli, Bacillus subtilis, Salmonella typhimnrium and verious
specics within tho genora Pseudomonas, Streptomyces, and Staphylococests, although
others roay also be employed as a matter of choice. Useful expression vectors for
bacterial uso can comprise a selectable marksr and bacterial origin of replicstion
well known cloning vector pBR322 (ATCC 37017). Such commercial vectors
include, for example, pKK223-3 (Pharmacia Fine Chemicals, Uppsala, Sweden) and
GEM]1 (Promega Bioteo, Madison, Wis., USA). These pBR322 "backbone” sections
are combined with an appropriate promoter and the stroctural sequence to be
expressed.

After transformation of & sultable host strain and growth of the host strain to
an appropriate cell density, the selected promoter is derepressed by appropriate
means (o.g., tonxperatare shift or chemical induction) and cells are cnltared for an
additional period. Cells are typically harvested by centrifugation, disrupted by
physical or chemical means, and the resulting cruds extract retained for forther
purifieation Microhial cells emnployed in expression of proteins can be disrupied by
disroption, or use of cell lysing agents.

Various mammalian cell culture systems can also be employed to express
recombinant protein. Examples of mammmalian expreasion systems includs the COS-
7 lines of monkey kidney fibroblests, described by Gimzman, Cell 23:175 (1981), and
other ceil lines capable of expressing a compatible vector, for example, the C127,
3T3, CHO, HeLa and BHK cell linos. Mammalian expression vectors will comprise
an origin of replication, a suitahle promoter and enhancer, and also any necessary
tranacriptional termination sequences, and 5 flanking nontranscribed sequences.
DNA sequences derived from the SV40 viral genome, for example, SV40 origin,

180
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early promoter, enhanoer, splice, and polyadenylation sites may be used to provide

The polypeptides of the present invention may be recovered and purified
from recombinant cell caltures by methods used heretofore, including ammonium
sulfate or cthamol precipitation, acid extraction, anion or cation exchange
chromatography, phosphocellulose chromatography, hydrophobic interaction
chromstography, affinity chromatography, hydroxyapatite chromatography and
lectin chromatography. Protein refolding steps can be used, as necessary, in
completing configuration of the mature protein. Finally, high performance liquid
chromatograpty (HPLC) can be employed fir final purification steps.

The polypeptides of the present invention may be a product of chemical
synthetic-procedures, or produced by recombinant techniques from a prokaryotio or
cukaryotic host (for exsmple, by bacterial, yeast, higher plant, insect and mammalisn
cells in culture). Depending upon the host employed in a recombinant production
procedure, the polypeptides of the present invention may be glycosylated with
mammalien or other eukaryotic carbohydrates or may bo non-glycosylated.
Polypoptides of the invention may also include an initial methionine amino acid
residue.

The polypeptides of the present invention, as a result of the ability to
stimulate insalin secretion from pancreatic islet cells in vitro, and by cansing a
decrease in blood giucoss in vivo, may be employed in trestment of Type 2 Diabetes
(non-insulin dependent disbotes mellitus). Also, the polypeptides may bo used to
prevent subjects with impaired gincose tolemnce from proceeding to develop Type I
diabetes. In addition, the polypeptides of the invention may be used for treatment of
asthma (Bolin et al Biopolymer 37:57-66 (1995); US Patent No. 5,677,419)(showing
that polypeptide R3P0 is active in relaxing guines pig tracheal smooth muscle);
asthmatic patients (Morice, A.H., and Sevez, P.S., Peptides 7:279-280 (1986);
Morics, A., et al., The Lancet IT, 1225-1227 (1983)), malo reproduction problems
(Siow, Y., et al., Effects of vasoactive intestinal peptide on humsn sperm motikity,
Arch. Androl. 1999 Jul-Aug; 43(1):67-71); as a anti-apoptosis/nenroprotective agent
(Breoneman D.E., et al., VIP neurotrophism in the central nervous system: muitiple
effectors and identification of a femtomolar-acting neuroprotective peptide, Amn. N.

16
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Y. Acad. Sci. 1998 Dec. 11;865:207-12); cardioprotection during ischemic events (
Kalfin R, et al., Protective role of intracoronary vasoactive intestinal peptide in
ischemic and reperfused myocardium, J. Pharmacol. Exp. Ther. 1954
Feb;268(2):952-8; Das, D.K., ¢t al., Coordinated role of vasoactive intestinal peptide
and nitric axide in cardioprotection, Ann. N. Y. Acad. Sci. 1998 Dec 11;865:297-
308), and finally ss an snfi-ulcer agent (Timcel, et al, The protective effect of
vasoactive intestinal peptide (VIP) on stress-induced gastric ulceration in rats, Ann.
N. Y. Acad Sci. 1998 Dec 11;865:309-22.

The polypeptides of the present invention may be employed in combination
with a suitable pharmaceutical carrier to comprise a phermaceutical composition for
emount of the polypeptide and a pharmaceutically acceptable carrier or excipient.
Such a carrier includes but is not limited to saling, buffered saline, dextrose, water,
of administration. The invention also provides a pharmaceutical pack or kit
comprising one or moro containers filled with one or moro of the ingredients of the
phermaceutical compositionas of the invention, Associsted with such container(s) can
be a notice in the form prescribed by a govemmeninl agency regulating the
mamfacture, use or sale of pharmaceuticals or biological products, which notice
reflocts spproval by the agency of manufecture, use or salo for uman administration.
In addition, the polypeptides of the present invention mxy be employed in

The pharmaceatical compositions may be administered in a convenient
mamner such es by the osal, topical, intravenous, intraperitoneal, inframuseular,
subcutencous, intranasal or intradermal routes. The pharmaceutical compositions are
administered in an amownt which is effisctive for treating and/or prophylaxis of the
specific indicstion. In general, they are administered in an amount of at least about
350ng (0.1nmol)/kg body weight and in most cascs they will be administered in an
amount not in excess of about 35ug (10mmol)/kg body weight per day. In most -
cases, the dosago is from about 0.1 pug/kyg to abont 100 mg/kg body weight daily,
taking imto account the routes of administration, symptoms, ete. These numbers do
not take into account the bicavailability of the poptide in vivo, in which case moro or
less may be required to atirin the effisctive dose required. One of andinary skill in the

17



6683860 2E8L0N60

10

]33

art is able to determine through dosing experiments or other conventional means the
gross amount required to produce an effective dosage.

A polypeptide of the invention may also be employed in accordance with the
present invention by expression of such polypeptide in vivo, which is often referred
10 as "gene therapy.” Thus, for example, cells may be enginoered with a
polynucleotids (DNA or RNA) encoding for the polypeptide ex vivo, the enginecred
colls are then provided to a patient to be treated with the polypeptide. Such methods
are well-known in the art. For example, cells may be angineered by procedures
known in the art by use of a retroviral particle containing RNA encoding for the
polypeptide of the present invention.

Local delivery of the insulin secretagogues using gene thecapy may provido
the therapentic agent to the target area, ie, the pancreas. For imstance a pancreas-
specific promoter was used to creste a beta~cell pancreatic tumor mouse model
(Hanahan, D., Heritable formation of pancreatic beta-coll tumours in transgenic mice
expressing recombinant insolin/simian virus 40 oncogenes, Natirg 315(6015):115-22
(1585)).

Both in vitro and in vivo gene therapy methodologies are contemplated.
Several methods for tranaferring potentially therapeutic genes t0 defined cell
populations are known. See, o.g., Mulligan, "The Basic Science Of Gene Therapy”,
Science, 260: 926-31 (1993). Theso methods include: .

1) Direct gens transfer. See, ¢.g., Wolff et al., "Direct Gene transfer Into
Mouse Muscle In Vivo", Science, 247:1465-68 (1990);

2)I.lpomo-udin:lmm.tnmﬁr.8u,e.g., Caplen at al., "Liposome-
madiated CFTR Gene Transfier To Tho Nasal Epithelium Of Patients With Cystic
Fibrosis", Naturp Med. 3: 39-46 (1995); Crywtal, “The Gens As A Drug”, Nating
Med. 1:15-17 (1995); Gao and Huang, "A Novel Cationic Liposome Reagent For
Efficient Transfection Of Marnmalian Cells®, Biocham, Biophys, Res, Comm.,
179:280-85 (1991);

3) Retrovirus-moedinted DNA tensfer. See, e.g., Kay et al., "In Vivo Gene .
Thempy Of Homophilia B: Sustained Partial Correction In Factor IX-Deficient
Dogs”, Sciencp, 262:117-19 (1993); Anderson, "Humen Gene Therapy”, Scisnce,
256:808-13 (1992).

13
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4) DNA Virus-medisted DNA transfer. Such DNA viruses include
adenoviruses (preferably Ad-2 or Ad-5 based vectors), harpes viruses (preferably
herpes simplex virus based vectors), and parvoviruses (preferably “defective” or non-
vectors, most profersbly AAV-2 based vectors). Ses, e.g., Al et al., "The Use Of
DNA Viruses As Vectors For Gene Therapy”, Gene Thempy, 1:367-84 (1994);
United States Patent 4,797,368, incorporated herein by reference, and United States
Patent 5,139,941, incorporated herein by reference.

The choice of a patticular vector gystem for transferring the gene of interest
will depend on a variety of factors. One important factor is the natnre of the target
in a ommber of gene therapy applications, these vectors arc generally unsuited for
oncogenicity. However, recent developments in the ficld of lentiviral vectors may
circumvent some of these limitations. See Naldinl et al, In vivo gene delivery and
stable transdnction of nondividing cells by a lentiviral vector, Science 272:263-7
(1996).
mentioned may be dexived include, but are not limited to, Moloney Murine
Loukemia Virus, spleen necrosis virus, retroviruses such as Roos Sarcoma Virus,
Harvey Sarcoma Virus, avian leukosis virus, gibbon ape leukemia virns, humnan
irmmunodeficiency virus, adenovirus, Myoloproliferative Sarcoma Virus, end
mammary tumor vires. In one embodiment, the retroviral plasmid vector is decived
from Molonoy Murine Leukemia Virus.

Adenoviruses have the advantage that they have a broad host range, can
infect quiescent or terminally differentiated cells, such as nearons or hopatocytes,
and appear essentially non-oncogenic. See, o.g., Aif et al., npra, p. 367.
Adenoviruses do not appear to integrate into the host genome. Becanse they exist
extrachromosomally, the risk of insertional mutagenesis is groatly reduced. Al ef al,
supra, p. 373.

Adeno-associated viruses exhibit similar advantages as adenoviral-based
vectors. However, AAVs exhibit site-specific integration on homan chromosome 19
(Ali et al, nngwra, p. 377).

19
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In a prefesred embodiment, the DNA encoding the polypeptide insulin
secreingogues of this invention is used in gene therapy for disorders such as diabetes.

According to this embodiment, pene therapy with DNA encoding polypeptide
insulin secretagogues or muteins of this invention is provided to a patient in nesd
thereof, concurrent with, or immediately after diagnosis.

The skilled artisan will appreciate that any suitable gene therapy vector
containing polypeptide insulin secretagogues, DNA or DNA of fragment, derivative
or analog of polypeptide insulin secretagogues msy be used in acoordance with this
embodiment. The techniques for constructing such a vector are known. See, e.g.,
Anderson, W.F., “Human Gene Therapy,” Nature, 392 25-30 (1998); Verma, IM.,
and Somina, N., “Gene Therapy - Promises, Problems, and Prospects,” Nature, 389
239-242 (1998). Introduction of the polypeptide insulin secretagogues DNA-
containing vector to the target site may be accomplished using known techniques.

The vector includes ono or more promoters. Suitable promoters which may
be cmployed include, but are not limited to, the retroviral LTR; the SV40 promoter;
md the human cytomsgaloviras (CMV) promoter described in Miller, etal,
Biotechnigues, 7(9): 980-990 (1989), or any other promoter (e.g., cellular promoters
such as eukaryotic cellular promoters incinding, but not limited to, the histone, pol -
111, and B-actin promoters). Other viral promoters which may be employed include,
but ere not limited to, adenovims promoters, thymidine kinase (TK) promoters, and
B19 parvoviros promoters. The sclection of a suitable promoter will be apparent to
those akilled in the art from the teachings contained herein.

The mucleic acid sequence encoding the polypeptide of the present invention
is under the control of a suitable promoter. Suitahle promoters which may be
employed incinds, but are not timited to, adenoviral promoters, such as the
adenoviral major late promoter; or hetorologous promoters, such as the
cytomegalovirus (CMV) promoter; the respirsiory syncytial virus (RSV) promoter;
inducible promoters, such as the MMT promoter, the metallothionsin promoter; heat
shock promoters; the albumin promoter; the ApoAl promoter; lnznan globin *
promotess; viral thymidinekinase promoters, such as the Herpes Simplex thymidine
kinase promoter; retroviral LTRs (including the modified retroviml LTRs
bereinabove described); the f-actin promoter; and homen growth hormons
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promoters. The promoter also may be the native promoter which controls the gene

The retroviral plasmid vector is employed to transduce packaging cell lines to
form producer cell lines. Examples of packaging cells which maybe transfected
include, but are not limited to, the PESO01, PA317, y-2, w-AM, PA12, T19-14X, VT-
19-17-H2, yCRE, yCRIP, GP+E-86,GP+envAmi2, and DAN cell lines as described
in Miller, Human Gene Therapy, 1: 5-14 (1990), which is incorporated hevein by
reference in its entirety, The vector may transduce the packaging cells through any
mesns known in the art. Such means inchade, but are not limited to, electropocation,
tha use of liposomes, and CaPO, precipitation. In one altemative, the retroviral
plasmid vector may be encapsulated into a liposoms, or couplad to & lipid, and then
administered to a host. The producer cell line generates infections retroviral vector
particles which include the mcleic acid sequence(s) encoding the polypeptides.
Such retroviml vector particles then may be employed, to transduoe enkaryotic calls,
cither in vitro or in vivo. The transduced cukaryotic cells will express the mucleic
acid sequence(s) encoding the polypoptida. Euokaryotic cells which may be
transduced inchude, but are not limited to, embryonic stem cells, embryonic
carcinoma cells, as well as hamatopoietic stem cells, hopatocytes, fibroblasts,

A different approach to gene thampy is “transkaryotic therapy” wherein the
patient’s cells arv treated ox vivo to induce the dormant chromosomal genes to
produce the protein of interest after reintroduction to the patient. Transkaryotic
therapy assumes the individual has a normal complement of genes necessary for
activation. Transkaryotic therapy involves introducing & promoter or other
exogenous regulatory sequence capable of activating the nascent genes, into the
chromosomal DNA of the patients® cells ex vivo, culinring and selecting for active
then mannfacture the protein of interest fior soms significant smount of time, parhaps ‘
for as long as the life of the patient. U.S. Patent Nos. 5,641,670 and 5,733,761
disoloso in detail this concept, and are hereby incorporated by reference in their
entirety.
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In order that this invention may be better understood, the following examples
are set forth. These examples are for the purpose of illustration only, and sre pot to
be constred as limiting the scope of the invention in any mamner. All publications
mentioned herein are incorporated by refexrence in their entirety.

B. Examples.
Protocols and Procedures
1. Protocol for Rat Islet Isolation

Sprague Dawley mits (275-320 g) were used as the source of donor izlets. Bricfly, the
pancreas was filled with 10 ml of cald reconstituted Liberase RI (Bochringer
Manheim), harvested and incubated with additional 5 mi enzyme solufion in water
bath for 30 minntes. Tissue suspension was washed twice with cold 10% FBS/Hanks
buffer (Gibeo), resuspended in 8 ml 25% ficoll (Sigma) and then layered with 5 ml
cach 0of 23%, 20% and 11% ficoll. The islets in the 20% layer after centrifugation
were romoved, washed twice with cold 10% FBS/Hank buffer and resuspended in
10% FBS/RPMI 1640 media (Sigms).

2. Peptide-Induced Elevation of Insulin Levels in Rats.
‘Wistar rats are fasted overnight (17 hrs) end then anestbetized with pemtobarbital (0.1
ml/100 g BW). Glucoso (0.4 g/kg dissolved in 19% buman slbumin-salinc) +/-
peptide (dissolved in 1% homen albumin-saline) is injected intravenoualy into the tail
o ;

‘The rats are eye-bled 1 mimute after the injection and 50-100ul of the plasma are
assayed for insulin lovel with the Linco RIA kit (Linco Reacarch, Inc_, St. Charles,
MO).

3. Effect of Peptides on Intraperitoneal Glucose Tolerance in Rats.

The rats were eye-bled (zego time) and the peptide (in 1% human albumin) was
injected into the tail vein. Five minutes later, 1 g/kg of glucose (in saline) was
injected intraperitoneally, and the rats were cye-bled after 15, 30 and 60 minntes.
Plasma glucose levels were determined using the Technicon Axon autoanalyzer,
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Bayer Diagnosics division of Bayer Corporation, Tarrytown NY, operated using
Method No. SM4-2143F90 “Glucose”.

4. Effect of Peptides on Intestinal Water Retention in Mice.

Male mice were fasted for 24 hours, and their water bottles were taken away for 2 - 3
hours before the start of the experiment. Peptide or saline was injected
subcutancously into conscious mice. The mice were euthanized with CO, 10
minutes after dosing, and the small intestine dissected out and weighed (1). The
intostine was cut open, the water in the lomen absorbed with filter paper, and the
intestine re- weighed (2). The amount of intestinal water (g) = weight (1) - weight
.

5. Peptide Synthesis Methodology.

The following general procedure was followed to synthesize some of the
polypeptides of the invention. Poptide synthesis was.carried out by the FMOCA-
Butyl strategy (Peptide Synthesis Protocols (1994), Volume 35 by Michasl W.
Pexmington & Ben M. Dunn) under continuous flow conditions using Rapp-
Polymere PEG-Polystyrens resins (Rapp-Folymere, Tubiogen, Germany). At the
completion of synthesis, peptides aro cleaved from the resin and do-protected using
TRA/DTT/H;O/Triisopropy! silanc (88/5/5/2). Peptides were precipitated from the
cleavage cocktail using cold dicthy] ether. The procipitate was washed three times
with the cold ether and then dissolved in 5% acetic acid prior to lyophilization.
Peptides were checked by reversed phase chromatography on 2 YMC-Pack ODS-AQ
column (YMC, Inc., Wilmington, NC) on a Waters ALLIANCE® system (Waters
Corporation, Milford, MA) using water/acetonitrile with 3% TFA as a gradient from
0% to 100% acetonitrile, and by MALDI mags spectrometry ona VOYAGER DE™
MALDI Mass Spectrometer, (model 5-2386-00, PerSeptive BioSystems,
Framingham, MA). Matrix buffer (50/50 dH20/acetonitrils with 3% TFA) peptide
sample sdded to Matrix buffer 1/1. Those peptides not meeting the purity criteria of ‘
>95% are purified by reversed phase chromatography on a Waters Delta Prep 4000

HPLC system (Waters Corporation, Milford, MA).

2. Examples
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Example 1. Peptide Cloning

The recombinant expression of VIP has been attempted previously with
mixed results. Simoncsits et al (Bur, J, Biochem, 178: 343-350, (1988)) expressed
Leu'?, G®-VIP or Leu'"Qly™ LysArg*'-VIP as a C-terminal fusion to the N-
terminal put of the £ coli B-galactosidase gene in E coli. The removal of the
methionine at position 17 eliminates a CNBR cleavage site. C-terminal addition of
Gly or Gly-Lys-Arg was designed for potential &z vivo C-terminal amidation by
mammalian PAMase. Upon CNBR. cleavage of the fusion proteins at the methionine
introduced N-terminal to the VIP mutants, free VIP mutants were purified and shawn
to possess similar activities as the native VIP, although the activities were measured
only at saturating concentrations of the poptides. Raingeand et al (Biochimic 78: 14-
25 (1996)) expressed VIP as polymeric C-terminal fusions to ghutathione S-
transferase (GST) in E. colf. The free polymeric ar monomeric VIP peptides were
released upon sequential cléavages by Factor Xa and hydroylsmine. The
requirement for the two-step clexvage led to inefficiency and a mixture of products.
Polymeric or monomeric VIP peptides produced by this method were less active than
the native VIP. An improved version of the construct using only Factor Xa cleavage
yielded & VIP mutant with a seven residus C-terminal extension that was also less
active than the native VIP (Ottavi et al, Biochimic 80: 289-293 (1998)). No
expression of PACAP has been reparted to dste. To establish a robust method for
expressing PACAP, VIP, and their mutants, their genetic codes were cloned C-
terminal to GST with a single Factor Xa recognition site separating the monomeric
peptide and GST. The gene encoding Factor Xa recogsition site fosed to PACAP38,
VIP, and R3P3 has been synthesized by hybedizing two overlapping single-stranded
DNA fragments (70-90mery) containing a Bam HI or Xho I restriction enzyme site
immediately 5° to the DNA sequence of the geno to be cloned, followed by DNA
synthesis of the opposite strands via the large fragment of DNA polymesse I (Life
Technologies, Inc., Guithersburg, MD). The double-stranded product is then
digosted by Bam HI and Xho I and ligated into pGEX-6P-1 (Pharmacia) which has
also boen cleaved by Bam HI and Xho I The DNA sequences of the cloned peptide
genes are listed below.

159
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PACAP38:
ATCGAAGGTCGTCACTCCGATGGTATCTTCACCGACTCCTACTCTCGGTA
CCGCAAGCAGATGGCTGTAAAGAAATATCTGGCTGCAGTCCTAGGCAAA
CGTTACAAGCAACGCGTTAAAAACAAGTAATGA (SEQ ID NO:54)

VIP:
ATCGAAGGTCGTCACTCOGACGCTGTTTTCACCGACAACTACACGCGTCT
GCGTAAACAGATGGCTGTTAAGAAATACCTGAATTCCATCCTGAACTAAT

GA (SEQ ID NO:55)

R3P3: .
ATCGAAGGTCGTCACTCCGATGCTGTITTCACCGAAAACTACACCAAGCT
TCATAAACAGCTGGCAGCTAAGAAATACCTCAACGACCTGAAAAAGGGC

GGTACCTAATGA (SEQ ID NO: 56)

The first 12 nucleotides (underlined) encode the “IEGR” Factor Xa recognition site while
the last 6 (also underlined) represent the two stop codons. When cloned into pGEX-6P-1,
the following protein sequences were expressed as fusions with glutathions S-transferase
(GST):

PACAP38: IRGRHSDGIFTDSYSRYRKQMAVKK YLAAVLGER YKQRVKNK
(SEQIDNO:2)

VIP: IBEGRHSDAVFTDNYTRLRKQMAVKKYLNSILN (SEQ ID NO:1)

R3P3: [EGRHSDAVFTENYTKLREQLAAKKYLNDLKKGGT (SEQ ID

NO:8)

A restriction map of a typical plasmid containing the GST-peptide fusion is shown as
Figure 3.

BL21 cells (Stratagene) transformed with the GST-peptide fusion containing
plasmids were grown at 37°C until ODgy reached 0.6 to 1.0 and induced by 1 mM
IPTG (Life Technologics) for 2 hours at 37°C. 2L of cells were spun at 7,700 g for
15 minutes, weighed, and stored at -20°C for at least 3 hours. The frozen cell pellet
was resuspended in 100 mL ice-cold PBS with 250 ul of protease inhibitor cocktail
(Cat No. P-8465, Sigma Chemical) per gram of cells, sonicated at 3x for 1 minute
with 15 second breaks. Cellular debris were spun down at 10,000 g for 20 minntes.
The suparnatent was mixed with 2 mL of 50% Glutsthione Sepharoso 4B resin

25
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(Pharmacia) on a shaker ovemnight at 4 °C. The resins were spun down at 1,500 g for
15 mimstes, packed into empty Poly-Prep Chromatography Columns (Bio-Rad),
washed with 30 mL PBS followed by 10mL of Factor Xa buffer (1 mM CaCl, 100
mM NaCl, and 50 mM Tris-HC), pH 8.0). The peptides were cleaved off the
column by 60 units of Factor Xa (Pharmacia) in 1 mL of Factor Xa buffer for
overnight at 4 °C and run on C18 HPLC (Beckman System Gold), using 2 2 mL loop
and flow rato of 2 mL/min with the following program: 10 minutes of Buffizr A
(0.1% TFA/H;0), 30 minutes of gradient to Buffer B (0.1% TFA/ACN), 10 minutes
of Buffix A, 10 minutes of gradient, and 10 minutes of Buffer A. Peak fractions (1
mL each) were collected and screened by 10-20% Tricine-SDS gel electrophoresis.
Practions containing the peptides of Table 1 were pooled and dried down. Typical

yields are several nndred micrograms of free peptides per liter of E. coli culture.
Recombinant RIP3 has been tested to have the same activitics as its synthetic version
in vivo,

The following table contains some selected polypeptides made according to
the Peptide Synthesis protocol discussed above, ar recombiantly as described in
Example 2. Recombinant peptides are denoted with a small letter “y” in front of the

Table 1

Peptide No, Sequence %ﬂ!
R3IPD Ac-HSDAVFTENYTRKLRXOQN1eAAKEYLNDLKKGGT-NH2 | 5
R3P1 Ac-BSDAVFTENY TRLREQLARKKYLNDLKKGGT ~RH2 6
 R3P2 Ac-HEDAVFTENY TKLRKQLAAKKY LNDLKKGGT 7T
R3P3 HSDAVFTENY TKLRKQLAAKKYLNDLREGGT 8
R3P4 Ac-HSDAVFTEROCH3 -Wimm- 9

NH2
R3PS HEDAVFTENRYTKLRKQLAAKKYLNDLEK 10
R3PS HSDAVFTDNYYRLREQOMAVEKYNS IKK-NHg 1l
RIPY HSDAVFTDNYTRLREQMAVKKYLNS IKKGGT 12
R3P10 HEDAVFTENYTELRRXOLAARKYLMDLLEGGT 13
R3P11 HSDAVFTDNYTEKLREQLAAKKY LNDILNGGT 14
R3P13 | ESDAVFTDNY TRIZKOLARKKYLHDTRRGQT 15
R3P13 HSDAVFTDNYTRLRKOLAAKKYLNDIKK-MNH2 16
R3P14 HSDAVFTDNYTRLREQMAVEKYLNDLKKGGT 17
RIPLY | HADAVFTENYTKLRKOLAAKKYLNDLKKGGTSWCEPGWCE | 18
R3P20 [ ESDAVFTDNY TRLRKQMARKKYLRD TRKEGT 19

R3IP21
R3P22

HSDAVFTDNYTRLRXOLAVEKKYLNDIKKGGT

HSDAVFTDNYTRLERKQLAAKKYLNSIKKGGT

R3P24
R3P25
R3P26

74
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R3P29 | HSDAVFIDNYTRLRKQLAVKKYLNDIKNGGT 25
| R3P30 HSDAVFTDNYTRLRKQLAAKKY LNSIKEGGT 26
R3P31 HSDAVF TDNY TRLRKQLAAKK YLND IKEGG — ja7
R3032 | HSDAVFIDNYTRLRKQLAAKKYLNDIKKG _ 28
| R3P33 HSDAVFTDNYTRLRKOQLAAKKYLNDIKK 29
R3P34 HSDAVFTDNY TRLRKQLAAKKYLNDIKKQ 30
R3P35 HSDAVF TDNYTRLRKOLAAKKYLND 1 KKBQ 31
| RIP36 | HSDAVFTDNYTRLRRQUAAKRYLNDIKKKRY 32
TR3IPA1 HSDAVFTDNYTRLRKQMAVKRYLNSIKK 33
[TR3P42 HSDAVFTDNY TRLRKQMAVEKKYLNS TKH 34
TR3PA3 HSDAVE TDNY TRLRKQMAVKKYLNSILK 35
rR3P44 | HSDAVFTDNYTELRKQMAVEKYLRSILN —_ 136
| TRIP4S HEDAVFTDNY TRLREQMAVKKYLNSTLN 37
rR3PA6 HEDAVFTDNY TRLRKQLAVEKY LNSILN 38
TRIFAT HSDAVFTDNYTRLRKOMAAKKYLNSILN 39
YR3PA8 HSDAVFTDNY TRLRKQMAVEKY LNDILN a0
TRIPA9 HEDAVFTDNY TRLRKQMAAKKYLNS TN a1
R3PS0 HSDAVFIDNY TRLREQMAAKKYIHBILX 42
TRIP51 | HSDAVETDNYTRLRRQMAAKKYLRSIKE 43
rR3P52 | HSDAVFIDNYTRLRKQMAAKKYLNSIKERRY a4
TRIP5I HEDAVFTDNY TRLRKQMAAKKVINS TR 45
TR3F54 BESDAVFIDNYTRLRRQMAAKKYLNSTKKK 46
TR3PSS HSDA VIO IXNERY 47
TR3PS6 HSDAVFTDNYTRLRKQMAVKR YLNS L KKKRY 48
TR3P57 | HBDAVFTDNY TRLREKQMAVKKYLNSIKKER 49
TR3PS58 HSDAVFTDRY TRLRKQMAVERY NG LKEK 50
TRIF59 HEDAVFTDNY TRIRKQMAVEKYLNS TRNKRY 51
TR3P60 HSDAVFTDNYTRLRKQVAAKKYLOSIEK 52
TRIF6L HSDAVFTDNY TRLRKQLAAKRYLOT IKK 53

Example 3. Insulin secretion by rat islets .

Peptide R3IP3 (0.1-100 nM) stinmlates insulin secretion from isolated rat
islets in a ghucose-dependent fashion. These studies compare the effects on islet cells
of R3P3 peptide and GLP-1.

Rat islots were isolatad and treated with GLP-1 or R3P3 at either 3 or 8 mM
glucose in ths medivm in accordance with the rat islet protocol described above,
under “Protocols and Procedures.” As shown by Figurcs 4A-4B, peptide R3P3
significantly enhances the release of insulin from islets in a concentration-dependent
fashion and thin effect is similar to that of GLP-1, a known insulin secretagogue.
BExample 4. [n vivo insulin ar p response, As shown in Table 2 below,
pqhﬂeﬂﬂmphmnmuhnmmmwﬁ'ﬂmm:lhwnhm
Emax of 1nmol/kg i.v.
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In accordance with Standard Protocol #2 above, overnight fasted Wistar rats
were anegthetized with pentobarital; eye-bled for basal insulin; i.v. injected with
glucose 1 peptide and tail bled after 1 minute. N=12 rats/group. The graph in Figure
5 shows that the polypeptide R3P3 causes an incresse in glncose disposal that
accompanies the increase in insulin secretion. The peptide or vehicle was given i.v.
followed by a glucose load given ip. The plesma ghucose was followed over the
time period indicated. As shown in the graph, R3P3 markedly accelerated the
disposal of blood glucose.

Example 5. Dianhes side cffects.

As described in standard Protocol #5 above, fasted iflice were injected s.c.
with the indicated peptide (5 amol/kg or 22-24 nmol/kg). Five mimites after the
injection, 0.3 ml of water was given p.o. Five min after the water dose, the animals
were suthanized and the water content in the small intestine determiined. As shown
in Figure 6, VIP injections at the two doses cansed a marked incyease in the water
content of the small intestine lumen over the vehicle (salins) control. Importantly at
the highest dose, the R3 peptides caused only a very small increase (i.e. roughly
10%) in comparison to VIP. At the 5 nmol/kg doss, the peptides did not produce any
change in water content in the smail gut.

l||- (Jl'l’l

Hitect ¢

R ) o

PRl SO I e

As described in standard protocol # 4, Wistar rats were fasted overnight and
then anesthetized with Pentobarbital. The rats weze eyo-bled (zero time) and the
peptide (in 1% humen albomin) was injected subcutaneously. Five minutes later, 1
g/kg of glucose (in saline) was injected intraperitoneally, and the rats were eye-bled
after 30 mioutes. Plasme glucose lovels were determined using the Axon
autoanalyzer, and are shown in Figure 7.

Figure 7 shows that plasma glucose elevated to 160 mg/dl above basal
(100mg/dl) in mts treated with vehicle 30 minutes after IPGTT (IP Glucose
Tolerance Test). In ruts injected with peptides R3P3, R3P12 and R3P13, this
elevation of plasma glucoso was significantly reduced, verifying the insulin-
producing cffect. At 1 nmole/ky s.c., the glucose-lowering effiect of cach peptide
was similer to that obsarved with an equivalent dose of GLP-1. ~

girape



668260" 2EB8ZONhE0

10

15

44

Example 7. Glucose-dependent insulin secreting polypeptides.

Table 2 contains a list of the peptides that stimulated release of insulin in vivo
in the IPGTT assay, or Int vifro through the rat islct assay. As shown by the data, the
peptides enhance glucose-mediated insulin release in vivo and in vitro.

Plasma insulin: Duata are expressed as % of plasma insulin one minute after
IVGTT (0.4g/kg glucose) with either saline or 1 nmale/kg peptide in Wistar rats.
Blood was drawn from the eye snd insulin was measured with the rat insulin RIA kit
(Linco Research, Inc., St. Charles, MO).

Islet insulin release: Rat islets were isolated from Sprague-Dawiey rats as
described in “Protocols and Procedures” and treated with either vehicle or specified
peptide (10uM) for 2hrs. Insulin concentration in the medium was messured with
the Linco rat insutin RIA kit. Glucose concentration in the medium was 8mM. The
data are expressed as 3% of [insulin] in 8mM glucose alone.

Table 2

~ Peptide Plasma insalin Talet insulin relesse
(% of basal) (% of basal)

“PACAP 27 320 186
R3P0 ND 264
R3P1 430 250
R3P3 361 275
mR3P3 450 212
R399 "ND — 21

— R3P10 ND 174

— R3P12 302 324

~ RIPI3 465 170

— R3P10 285 ND

~ R3P36 255 ND

"ND: not determined

incorporated by reference. Various modifications and varistions of the described
compositions and methods of the invention will be apparent to those skilled in the art
without departing from the scope and spirit of the invention. Although the invention
hes been described in connection with specific preferred embodiments, it shonld be
understood that the invention as claimed should not be unduly limited to such

specific embodiments. Indeed, various modifications of the shove-described modes
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for carrying out the invention which are obvious to those gkilled in the field of
molecular biclogy or related fields are intended to be within the scope of the
following clai

e
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CLAIMS
We claim:

1. A polypeptide selected from the group consisting of SEQ ID NO:6, SEQ ID
NO:8, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:16, SEQID
NO:18 and SEQ ID NO:32 or a functional equivalent thereof.

2. Apolymeleoﬁdeneodingapolypqﬁdenqmofdaﬁn {, or a degenerute
variant thereof. '

3. A vector comprixing a polymucleotide of claim 2.
4. Abost cell comprising a vector of claim 3.

5. A method for producing a polypeptide comprising:
8) culturing the host cell of ciaim 4 under conditions suitable for the
expression of said polypeptide; and
b) recovering the polypeptide from the host cell culture.

6. A pharmaceutical composition comprising a polypeptide of claim 1 m
combination with & pharmacentically acceptable carrier.

7. A gene therapy composition comprising a polymucleotide of claim 2 in
combination with a therapeutically offective gene therapy vector.

8. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID
NO: 6.

9. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID
NO: 8.

10. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID
NO: 12.



668&860" 2E820h60

- . 15

30

11. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID
NO: 13.

12. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID
NO: 15.

13. The polypeptide of claim 1 wherein said polypeptide is represcnted by SEQ ID
NO: 16.

14. The polypeptide of clsim 1 wherein ssid polypeptids s represcated by SBQ ID
NO: 18. .
~

-

15. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID
NO: 32

16. A method of tresting a metabolic disorder in a mammal comprising
administering a therapeutically effective amount of a peptide selected fram tha group
consisting of SEQ ID NO: §, SEQ ID NO:6, SEQ ID NO:§, SEQ ID NO:12, SEQ ID
NO:13, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:18 and SEQ ID NO:32 to said
mammal.

17. The method of claim 16 wherein said metabolic disarder is type 2 diabetes.

18, The method of claim 16 wherein said therapeutically effective amount ranges
from about 0.1ug/kg to sbout 1mg/kg

19. The method of claim 16 wherein said metabolic disorder is the pre-diabetic state
of impaired ghucose tolerance.

20. A vasoactive intestinal peptide veriant having one of the structiures of Figure 1,
and the functional equivaients thereof.

/77
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21. A method of stimulating insulin release in a glucoso-dependent menner in a
mammal in need thereof by administering to said mammal a polypeptide selected
from the group consisting of the polypeptides of Figure 1.

17+'%
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Abstract

‘This invention provides novel peptides that fanction in vivo to stimuiste
ingulin release from pancreatic beta cells in a glucose-dependent fashion. These
insulin sccretagogue peptides are shown to stimulate insulin release in rat islet cells
in vitro, and in vive. The peptides of the present invention provide a now therapy for
patients with decreased endogenous insulin prodaction, in particular type 2 diabetics.
In particular, the invention is a polypeptide selected from a specific group of
VIP/PACAP-related polypeptides, or functional equivalents thereof. The invention
is also directed to a method of treating a metabolic disease in a mammal comprising
administering a therapeutically offective amount of the insulin secretagogue peptides
to said mammal. Also disclosed are methods of making the peptides, both
recombinant and synthetic. ™~



668260" 2aEB-0hE0

SEQUENCE LISTING

<110> Pan, Clark
Tsutsumi, Manami

<120> Glucosa—-dependant Insulin Secretagogus Polypeptides and
Their Methods of Use

<130> 5053

<140> NOT ASSIGNED
<141> 1959-09-28

<160> 56

—

<170> PatentlIn Ver. 2.0

<210> 1 ™~
<211> 28

<212> PAT

<213> Homo sapiena

<220>
<221> PEPTIDE
<222> (1)..(28) .

<220>

<221> MOD_RES
<222> (28)
<223> AMIDATION

<400> 1
His Ser Asp Ala Val Phe Thr Asp Asa Iyr Thr Arg Lsu Arg Lya Gln
1 5 10 15

Mat Ala Val Lys Lys Tyr Leu Aan Ser Ile Leu Asn
20 25

<210> 2

<211> 38

<212> PRT

<213> Homo sapliens

<220>
<221> PEPTIDE
<222> (1).. (38}
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<220>
<221> MOD RES
<222> (38)
<€223> AMIDATION

<400> 2

3

Hia Ser Asp Gly Ile Phe Thr Asp Ser Tyr Ser Arg Tyr Arg Lys Gln

1 S

10 15

Mat Ala Val Lys Lys Tyr Leu Ala Ala Val Leu Gly Lys Arg Tyr Lys

Gln Arg Val Lys Asn Lye
35

<210> 3

«<211> 30

<212> PRT

<2131> Homo saplens

<220>
<221> PEPFTIDE
<€222> (1}..(30)

<220>

<221> MOD_RES
<222> (30)
<223> AMIDATION

<400> 3 -

25 30

His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Lsu Glu Gly

1 5

<210> 4

<211> 39

<212> PRT

«<213> Homo saplens

<220>
<221> PEPTIDE
«<222> {1)..(39)

<220>

-

10 15

'Gla Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg

25 30
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<221> MOD_RES
<222> (39)
<223> AMIDATION

<400> 4
Hie Gly Glu Gly Thr Phe Thr Ser Asp Leu Ser Lys Gln Mat Glu Glu
1 5 10 15

Glu Ala Val Arg Leu Phe Ile Glu Trp Leu Lys Asm Gly Gly Pro Ser
20 a5 30

Sar Gly Ala Pro Pro Pro Ser
35

<210> §

<211> 31

<212> PRT

<213> Homo saplens

<220>
<221> PEPTIDE
<222> (1)..(31)

<220>

<221> PEPTIDE
<222> {17)
<223> Xaa=Nle

<220>

<221> MOD_RES
<222> (1)

<223> ACETYLATION

<220>

<221> MOD_RES
<222> (31)
<223> AMIDATION

<400> 5
His Sar Asp Ala Val Phe Thr Glu Asn Tyx Thr Lys Leu Arg Lys Gln
1 5 10 15

Xaa Ala Ala Lys Lys Tyr Leu Asn Asp Leu Lys Lys Gly Gly Thr
20 a5 3o

<210> &

AR A
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<211> 31
<212> PRT
<213> Homo sapiens

<220>
<221> PEPTIDE
<222> {1)..(31)

<220>

<221> MOD_RES
<222> (1)

<223> ACETYLATION

<220>
<221> MOD_RES
<222> (31)
<2237 AMIDATION

<400> 6
His Ser Aap Ala Val Phe Thr Glu Asn Tyr Thr Lys Leu Arg Lys Gln
1 5 10 15

Leu Ala Ala Lys Lys Tyr Leu Asn Asp Leu Lys Lys Gly Gly Thr
20 25 0

<210> 7

<211> 31

<212> PRT

<213> Homo sapiens

<220>
<221> PEFTIDE

* <222> (1}..(31)

<220>

<221> MOD_RES
<222> (1)

<223> ACETYLATION

<400> 7
His Ser Asp Ala Val Pha Thr Glu Asn Tyr Thr Lys Leu Arg Lys Gin
1 S 10 15

Leu Ala Ala Lys Lys Tyr Leu Asn Asp Lau Lys"Lys Gly Gly Thx
20 25 3o
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<210> 8

<211> 31

<212> BERT

<213> Homo sapiens

<220>
<221> PEPTIDE
€222> {1}..(31)

<400> 8
His Ser Asp Ala Val Phe Thr Glu Asn Tyr Thr Lys Leu Arg Lys Gln
1 5 10 15

Lau Ala Ala Lys Lys Tyr Leu Asn Asp Leu Lys Lys Gly Gly Thr
20 25 30

<210> 9 ~
<211> 28

<212> PRT

<213> Homo sapiena

<220>
<221> PEPTIDE
<222> (1)..(28)

<220>

<221> PEPTIDE
<222> (9)

<223> Xaa=N-OCH3

<220>

<221> FEPTIDE
<222> {11
€223> Xaa=Nie

<220>

<221> MOD_RES
<222> (1)

«<223> ACETYLATION

<220>

<221> MOD_RES
<222> {28)
<223> AMIDATION

<400> 9
His Ser Aap Ala Val Phe Thr Glu Xaa Tyr Thr Lys Leu Arg Lys Gln
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1 5 10 15

Xaa Ala Ala Lys Lys Tyr Lau Asn Asp Leu Lys Lys
20 25

<210> 10

<211> 28

<212> PRT

<213> Homo sapiens

<220>
<221> PEPTIDE
<222> (1)..(28)

<400> 10
Ais Ser Asp Ala Val Phe Thr Glu Asn Tyr Thr Lys Leu Azg Lys Gln
1 5 10 15

Leu Ala Ala Lys Lys Tyrx Leu Asn Asp Leu Lys Lys
20 25

<210> 11
<211> 27
<212> PRT
<213> Homo sapiens

<220>
<221> PEPTIDE
<222> {1)..(27)

<220>

<221> MOD_RES
<222> (27)
<223> RMIDATION

<400> 11
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

Mat Ala Val Lys Lys Tyr Aan Ser Ile Lys Lys
20 25

<110> 12
<211> 31
<212> PRY

2ty
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<213> Homo sapians

<220>
<221> PEPTIDE
<222> (1)..{31)

<400> 12
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

Met Ala Val Lys Lys Tyr Leu Asn Ser Ile Lys Lys Gly Gly Thr
20 25 30

<219> 13

<211> 31

<212> PRYT

<213> Homo sapiens

<220>
<221> PEPTIDE
<222> {1)..(31)

<400> 13
His Sexr Asp Ala Val Pha Thr Glu Aan Tyr Thr Lys Leu Arg Lys Gln
1l 5 10 15

Leu Ala Ala Lys Lya Iyr Leu Asn Asp Leu Leu Asn Gly Gly Thr
20 25 30

<210> 14

<211> 31

<212> PRT

<213> Homo sapiens

<220>
<221> PEPTIDE
<222> (1)..(31)

<400> 14
His Ser Asp Ala Val Phes Thr Asp Asn Tyr Thr Lys Leu Arg Lys Gln
1 5 10 15

Leu Ala Ala Lys Lys Tyr Lasu Asn Asp Ile Leu Asn Gly Gly Thr
20 25 a0
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<210> 15

<211> a1l

€212> PRT

<213> Homo sapiesns

<220>
<221> PEPTIDE
<222> (1)..(31)

<400> 15
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

_Lau Ala Ala Lys Lys Tyx Leu Asn Asp Ile Lys Lys Gly Gly Thr

20 25 a0

<210> 16

<211> 28

<212> PRT

€213> Homo saplens

<220>
<221> PEPTIDE
<222> (1)..{28)

<220>

<221> MOD_RES
<222> (28)
<223> AMIDATION

<400> 16
Ris Sar Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

Leau Ala Ala Lys Lys Tyr Leu Asn Asp Ile Lys Lys
20 25

<210> 17

<711> 31

<€212> PRT

<213> Bomo sapiens

<220>
<221> PEPTIDE
<222> {(1}..(31)

-
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<400> 17
His Ser Asp Ala Val Pha Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 S 10 15

Met Ala Val Lys Lys Tyr Leu Asn Asp Leu Lys Lys Gly Gly Thr
20 25 a0

<210> 18

<211> 40

<212> PRT

<213> Homo sapians

<220>
<221> PEPTIDE..
<222> {1)..(440}

o,

\
<400> 18
His Sar Asp Ala Val Pha Thr Glu Asn Tyr Thr Lys Leu Arg Lys Gln
1 5 10 15

Leu Ala Ala Lys Lys Tyr Leu Asn Asp Leu Lys Lys Gly Gly Thr Sar
20 25 30

Trp Cys Glu Pro Gly Trp Cys Arg
35 40

<210> 19

<21l1> 3l

<212> PRT

<213> Eomo sapiens

<220>
<221> PEPTIDE
<€222> (1)..(31)

<400> 19 .
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
p L] 10 15

Met Ala Ala Lys Lys Tyr Leu Asn Asp Ile Lys Lys Gly Gly Thr
20 a5 30

<210> 20
<211> 3l
<212> PRY
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<213> Homo sapiens

<220>
<221> PEPTIDE
<222> (1)..{31)

<400> 20
Eis Sexr Asp Ala Val Phe Thr Asp Aan Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

Leu Ala Val Lys Lys Tyr Leu Asn Asp Ile Lys Lys Gly Gly Thr
20 25 30

<210> 21 —

<211> 31

<212> PRT ~
<213> Homo sapiens

<220>
<221> PEPTILE
<222> (l)..{31)

<400> 21
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Lsu Arg Lys Gla
1 5 10 15

Leu Ala Ala Lys Lys Tyr Leu Asn Ser Ile Lys Lys Gly Gly Thr
20 25 30

<210> 22
<211> 31
<212> PRT
<213> Home sapliens

<220>
<221> PEPTIDE
<222> (1)..(31)

<400> 22
His Ser Asp Ala Val Fhe Thr Asp Asn Tyr Thr Arg Leu Axrg Lys Gln
1 5 10 15

Leu Ala Ala Lys Lys Tyr Leu Asn Asp Ile Lys Asn Gly Gly Thr
20 25 30

10
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<210> 23

<211> 31

<212> PRT

<213> Hamo saplens

<220>
<221> PEPTIDE
<222> (1)..(31)

<400> 23
His Ser Asp Ala Val Phea Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

Lau Ala Val Lys Lys Tyr Lau Asn Ser Ile Lys Lys Gly Gly Thr
20 25 3o

<210> 24

<211> 31

<212> FRY

<213> Homo saplans

<220>
<221> PEPTIDE
<222> (1)..(31)

<400> 24
His Ser Asp Ala Val Fhe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

Mat Ala Ala Lys Lys Tyr Leu Asn Ser Ile Lys Lys Gly Gly Thr
20 25 30

<210> 25
<211> 31
<212> PRT
<213> Homo sapiens

<400> 25
Hia Ser Asp Ala Val Phe Thr Asp Asn Tyxr Thr Arg Leu Arg Lys Gln
1 5 10 15

Leu Ala Val Lys Lys Tyr Leu Asn Asp Ile Lys Asn Gly Gly Thr
20 25 30

<210> 26

11

74
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<211> 31
<212> PRT
<213> Homo saplens

<220>
<221> PEPTIDE
<222> (1)..(31)

<400> 26
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 L 10 15

Leu Ala Ala Lys Lys Tyr Lsu Asn Ser Ile Lys Asn Gly Gly Thr
20 25 30

<210> 27

«<211> 30

<212> PRT

<213> Homo saplens

<220>
<221> PEPTIDE
<222> (1)..(30)

<400> 27
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 i0 15

Lau Ala Ala Lys Lys Tyr Leu Asn Asp Ile Lys Lys Gly Gly
20 25 a0

<210> 28

<211> 29

<212> PRT

<213> Homg sapiens

<220>
<221> PEPTIDE
<222> (1)..(29)

<400> 28
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

Lau Ala Ala Lys Lys Tyr Leu Asn Asp Ile Lys Lys Gly
20 25

12
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Kz

<210> 29

<211> 28

<212> PRT

<213> Bomo sapiens

<220>
<221> PEPTIDE
<222> (1)..(28)

<400> 29
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Axg Lau Arg Lys Gln
1l 5 10 15

Leu Ala Ala Lys Lys Tyr Leu Asn Asp Ile Lys Lys
20 25

<210> 30
<211> 29
<212> PRT
<213> Homo sapiens

<220>
<221> PEPTIDE
<222> (1)..(29)

<400> 30
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 13

Leu Ala Ala Lys Lys Tyr Leu Asn Asp Ile Lys Lys Gln
20 25

<210> 31

<211> 30

<212> PRAY

<213> Homo sapiens

<220>
<221> PEPTIDE
<222> (1)..(30)

<400> 31
His Ser Asp Ala Val Phe Thr Asp Aan Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

13
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/3

Leu Ala Ala Lys Lys Tyr Lau Asn Asp Ile Lys Lys Asn Gln
20 25 0

<210> 32

<211> 31

€212> PRT

<213> Homo saplens

<220>
<221> PEPTIDE
<222> [1)..131}

<400> 32
His Sar Asp Ala Val Phe Thr Aap Asn Tyr Thr Arg Leu Arg Lys Gln
1 -] 10 1s

Leu Ala Ala Lys Lys Tyr Leu Asn Asp Ile Lys Lys Lys Arg Tyr
20 25 ki

<210> 33

<211> 28

<212> PRT

<213> Homo saplens

<220>
<221> PEPTIDE
<222> {1)..(28)

<400> 33
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 S 10 15

Mat Ala Val Lys Lys Tyr Lau Asn Ser Ile Lys Lya
20 25

<210> 34

<211> 28

<212> PRT

<213> Homo sapiens

<220>

<221> PEPTIDE
<222> (1)..(28)

14
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/67

<400> 34
His Ser Asp Ala Val Phe Thr Aap Asn Tyr Thr Arg Leu Arg Lys Gln
1 ] 10 15

Met Ala Val Lys Lys Tyr Leu Asn Ser Ile Lys Aan
20 25

<210> 35

<211> 28

<212> PRT

<213> Homo sapiens

<220>
<221> PEPTIDE
<222> (1)..(28) -

<400> 35 ™~
His Sexr Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
i 5 10 15

Mat Ala Val Lys Lys Tyr Leu Asn Ser Ile Leu Lys
T 20 25

<210> 36
<211> 289
<212> PRT
<213> Homo sapiens

<220>
<221> PEPTIDE
<222> (1)..{28)

<400> 36
His Ser Asp Ala Val Pha Thr Asp Aan Tyr Thr Glu Leu Arg Lys Gin
1 5 10 15

Mat Ala Val Lys Lys Tyx Lau Asn Ser Ile Lau Asan
20 25

<210> 17

<211> 28

<212> PRT

<213> Homo sapiena

<220>

15
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<221> PEPTIDE
<€222> (1}..(28)

<400> 37
His Sar Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Glu Gln
1 5 10 15

Met Ala Val Lys Lys Tyr Lau Asn Ser Ile Leu Asn
20 25

<210> 38

<211> 28

<212> BRT

<213> Homo sapiens

<220>
<221> PEPTIDE "
<222> (1)..{28)

<400> 38
His Ser RAsp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 - 5 10 15

Leu Ala Val Lys Ly» Tyr Lau Asn Ser Ile Lau Asn
20 25

<210> 39

<211> 28

<212> PRT

<213> Homo sapiens

<220>
<221> PEPTIDE
<222> {1)..{28)

<400> 39
Ais Sar Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Lau Arg Lys Gln
1 5 10 15

Met Ala Ala Lys Lys Tyr Leu Aan Ser Ile Leu Asn
20 25

<210> 40
<211> 28
<212> PRT

16
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<213> Homo saplens

<220>
<221> PEPTIDE
€222> {1)..(28)

<400> 40
His Ser Asp Als Val Phs Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

Met Ala Val Lysy Lys Tyr Leu Asn Asp Ile Leu RAsn
20 25

<210> 41

<211> 28

<212> PRT

<213> Homo sapiens

<220>
<221> PEPTIDE
<222> (1)..{28)

<400> {1
Eis Ser Asp Ala Val Phe Thr Asp Asn Tyxr Thr Arg Leu Arg Lys Gln
1 5 10 15

Mat Ala Ala Lys Lys Tyr Leu Asn Ser Ils Lys Asn
20 25

<210> 42

<211> 28

<212> PRT

<213> Homo saplens

<220>
<221> PEPTIDE
<222> (1)..(28)

<400> 42
Els Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

Met Alas Ala Lys Lys Tyr Leu Asn Ser Ils Leu Lys
20 25

17
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-

<210> 43

<211> 28

<212> PRT

<213> Homo sapiens

<420>
<221> PEPTIDE
<222> (1)..{28)

<400> 43
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 S 10 15

Met Ala Ala Lys Lys Tyr Lau Asn Sar Ile Lys Ly»s
20 25

<210> 44

<211> 31

<212> PRT

<213> Howmo sapiens

<220>
<221> PEPTIDE
<€222> {1)..(31)

<400> 44
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Glan
1 S 10 15

Mat Ala Ala Lys Lys Tyr Leu Asn Ser Ile Lys Lys Lys Arqg Tyx
20 25 30

<210> 45
<211> 30
<212> PRT
<213> Romo saplens

<220>
<221> PEPTIDE
<222> (1)..{30)

<400> 45
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 14 15

Mat Ala Ala Lys Lys Tyr Leu Asn Ser Ile Lys Lys Lys Arg

18
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<210> 46

<211> 29

<212> PRT

<213> Homo sapiens

<220>
<221> PEPTIDE
<222> {1)..(29)

<400> 46
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln
1 5 10 15

Met Ala Ala Lys Lys Tyr Leu Asn Ser Ile Lys Lys Lys
20 25

<210> 47

<211> 31

<212> PRT

<213> Homo saplisns

<220>
<221> PEPTIDE
<222> {1)..{31)

<400> 47
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lya Gln
1 -1 10 15

Met Ala Ala Lys Lys Tyr Lau Asn Ser Ile Lya Asn Lys Axg Tyr
20 25 30

<210> 48

<211> 31

<212> PRT

<213> Homo saplens

<220>
<221> PEPTIDE
<222> (1)..{31)

<400> 48
His 3er Asp Ala Val FPhe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gln

1%
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1 5 10 15

Mat Ala Val Lys Lys Tyr Leu Asn Ser Ile Lys Lys Lys Arg Tyr
20 25 a0

<210> 49
<211> 30
<212> PRT
<213> Homo sapiana

<220>
<221> PEPTIDE
€222> (1}..(30)

<400> 49
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Lsu Arg Lys Gln
L\ 5 10 15

Mst Ala Val Lys Lys Tyr Lau Asn Ser Ile Lys Lys Lys Arg
20 25 0

<210> 50
<211> 29
<212> PRT
<213> Homo saplians

<220>
<221> PEPTIDE
<222> (1)..(29)

<400> 50
His Ser Asp Ala Val Pha Thr Asp Asn Tyr Thr Arg Lau Arg Lys Gln
1 S 10 15

Met Ala Val Lys Lys Tyxr Leu Asn Ser Ile Lys Lys Lys
’ 20 25

<210> 51
<211i> 31
<212> PRY
<213> Romo sapians

<220>
<221> PEPTIDE
<222> (1)..({31)
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X

<400> 51
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Lsu Arg Lys Gln
1 5 10 15

Met Ala Val Lys Lys Tyr Leu Asn Ser Ile Lys Asn Lys Arg Tyr
20 25 30

<210> 52

<211> 28

<212> PRT

<213> Homo sapisns

<220>
<221> PEPTIDE
<222> (1)..(20)

™~
<400> 52
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Lsu Arg Lys Gin
1 5 10 15

Val Ala Ala Lys Lys Tyr Leu Gln Ser Ile Lys Lys
20 25

<210> 53

<211> 28

<212> PRY

<213> Homo sapiens

<220>
<221> PEPTIDE -
<222> (1)..{(28)

<400> 53

Bis Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Axg Lys Gln
1 5 10 15

Ile Ala Ala Lys Ly’ Tyxr Leu Gln Thr Ile Lya Lys
20 25

«€210> 54

<211> 132

<212> DNA

<213> Artificial Sequence

21
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<220>
<223> Description of Artificial Sequence: Expression
Oligcsner

<400> 54

atcgaaggtc gtcactcocga tggtatcttc accgactcct actcteoggta ccgcaagcag 60
atggctgtaa agaaatatct ggctgecagte ctaggcasac gttacaagca acgcegttaaa 120
aacaagtaat ga 132

<2140> 55

<211> 102

<212> -DHA

<213> Artificial Sequance

<220>
<223> Description of Artificial Sequence: Expression
Oligomer

<400> 535

atcgaaggtc gtcactcega cgetgtttte accgacaact acacgegter gegtasacag 60
atggctgtta agasatacct gaattccate ctgaactaat ga lo2

<€210> 56

<211> 111

<212> DHA

<213> Artificial Sequence

<220>
<221> Description of Artificial Sequence: Expression
Oligomer
<400> 56
atcgaaggtc gtcactcoga tgetgtttte accgaaaact acaccaagct tcgtaaacag 60
ctggcageta agaaatacct caacgacctg aamaagggcg gtacctaatg a 111

22
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R3IF1

RAP3

nps

RiP10
RIP12
R3F13
R3P19
R3IPIE

Ac-ESDAVFTENY TKLAXOLAAK XYLMDLEEGG T-ME3

HHMHPEHPRR

ESDAVFTENY TELRXQUAAK KYLMNDLKEGG T
HSDAVFIDNY TRLRKQMAVE KYLWSIKKGG T
HSDAVFTENY TELRKQLAAX KYLMDLLNGG T
HSDAVFTDNY TRLRKOLAAX KYLMDIKKGG T
ESDAVFTDNY TRLRXQULAAK KYLNDIXK-HN,
HSDAVFTENY TXLRXOLAAK KYLNDLERGG TSWCEPGWCR
HSDAVFTONY TRLRXQLAAKX KYLNDIEKKR Y
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Figure 2



pPGex6P-1/rR3P3

/ 094O07F832 .092899

Figure 3



17§

Effact of PACAP RIF)

Effeet of GLP-1

-3 uil Clamey

== § ol Chusm

09407832 .092899



76

RatlPGTT

L LARS RARI RAAI RALE RALS LALE LELY LA

EEEEEEEE
L o o

-

ap:tu) sa0dm o oUBSd

Figure §

og4nr7a3e 092899



668260 2E3L0h60

Effect of PACAP and Related Peptides on Intestinal Water Content of Balb/C Mice
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REIVINDICACIONES

. Un polipéptido sBeleccionado del grupo que consiste de SEQ ID

NO:6, SEQ ID NO:8, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:15, SEQ
ID NO:16, SEQ ID NO:18 y SEQ ID NO:32 o un equivalente funcional

del mismo.

. Un polinucleétido que codifica una secuencia de polipéptidos de

la reivindicacidén 1 o una variante degenerada del mismo.

. Un vector que comprende un polinucleétido de la reivindicacidén 2.

. Una célula huésped que comprende un vector de la reivindicacién

3.

. Un método para producir un polipéptido que comprende:

a)Cultivar la célula huésped de 1la reivindicacién 4 bajo
condiciones ideales para la expresién de dicho polipéptido; y

b)Recuperar el polipéptido del cultivo de la célula huésped.

. Una composicién farmacéutica que comprende el polipéptido de la

reivindicacién 1 en combinacién con un portador farmacéuticamente

aceptable.

. Una composicién de terapia genética que comprende un polipéptido

de la reivindicacién 2 en combinacién con un vector

terapéuticamente efectivo de la terapia genética.

/80



k.

8. El polipéptido de la reivindicacién 1

esta representado por SEQ ID NO:6.

9. E1 polipéptido de la reivindicacién 1

esta representado por SEQ ID NO:8.

10.E1 polipéptido de la reivindicacién 1

esta representado por SEQ ID NO:12.

11.El polipéptido de la reivindicacién 1

esta representado por SEQ ID NO:13.

12.E1 polipéptido de la reivindicacién 1

esta representado por SEQ ID NO:15.

13.El polipéptido de la reivindicacién 1

esta representado por SEQ ID NO:16.

14.B1 polipéptido de la reivindicacién 1

esta representado por SEQ ID NO:18.

15.E1 polipéptide de la reivindicacién 1

esta representado por SEQ ID NO:32.

donde

donde

donde

donde

donde

dicho

dicho

dicho

dicho

dicho

dicho

dicho

dicho

55

polipéptido

polipéptido

polipéptido

polipéptido

polipéptido

polipéptido

polipéptido

polipéptido

16.Un método para tratar un desorden metabSlico en un mamifero que

comprende la administracién de una cantidad terapéuticamente

/8/
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17.

18.

19.

20

21.

efectiva de un péptido seleccionado del grupo que consiste de SEQ

ID NO:6, SEQ ID NO:8, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:15,

SEQ ID NO:16, SEQ ID NO:18 y SEQ ID NO:32 a dicho mamifero.

El método de la reivindicacifén 16 donde dicho desorden metabélico

es8 la diabetes tipo 2.

El método de 1la reivindicacién 16 donde dicha cantidad

terapéuticamente efectiva varia entre 0.1pg/kg hasta 1 mg/kg.

El método de la reivindicacién 16 donde dicho desorden metabdlico

es el estado prediabético de la tolerancia a 1la glucosa

deteriorada.

.Una variante del péptido vasocactivo intestinal que tiene una de

las estructuras de la figura 1, Yy los equivalentes funcionales

del miemo.

Un método para estimular la liberacién de insulina en una forma
dependiente de glucosa en un mamifero con necesitad de la misma
administrando a dicho mamifero un polipéptido seleccicnado del

grupo que consiste de polipéptidos de la figura .l.
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Pituita j Peptide (P, Receplor 3 (R3) Agonists
and Thelr Pharmacological Methods of Use

Flekd of the Invention

Thiz invention reiates o newly kientifled polypeptides and the use of such
polypeptides for tharapeulic purposes. Mare particularty, the polypeplides of the present
invention are usefil In stimulating the release of Insulin from pancreatic beta cells In &
glucose-dependent manner, thereby providing a treatment option for thosa Individuals
gfficted with a metabolic disorder such as diabates or impaired glucosa tolerance, a
prediabetic state.

Background of the Raelated Art

Diabetes Is characterized by impaired glucose metabolism manifesting RRself among
other things by an elevated biood glucose level in the disbetic patient. Underlying defects
lead to a classification of disbetes info two major groups: type | diabetes, or Insulin
dependent diabetes meliitus (\{DDOM), which arises when patients iack bete-calls producing
insulin [n thelr pancreatic glands, and type 2 diabetes, or non-insulln dependent diabetes
mellitus (NIDDM), which occurs In patients with an impatred beta-cell finction and alterations
in insulin action.

Type | diabelic patients are currently reated with insulin, while the majority of type 2
diabelic patients are treated with agents that stimulate beta-cell funcion or with agents that
enhance the fissue sensitivity of the patients fowards Insulin. Owver time aimost one-half of
wzmmmmmbmmgmmmmmudm
Insulin therapy. The drugs presently used to freal type 2 Diabates Includa:

Alpha-ghucosidase inhibitors (PRECOSE®, VOGLIBOSE™, and MIGLITOL®).
Alpha-giucosidasa inhibitors reduce the excursion of posiprandial glucoss by delaying the
absorpiion of giucose from the gut. These drugs are safe and provide treatment for mild to
moderately effecisd diabelic subjects. However, gastrointoelinal side effects have been
reporied in the iterature.

Insulin sensitirers. Insulin sensitixers are drugs that enhance the body’s response

to insulln. Thiczolidinediones such as REZULIN™ (trogitazone) activate the PPAR gamma_

recapior and modulate the activity of a est of genes that have not been well described.
Athough effective, these drugs have been assoclated whh liver tmdclly. Because of
hepatotoxdeity, REZULIN has bean withdrawn from the market.
Insulin_secretegogues (suffonylureas and other agenfs that act by the ATP-
dependent K+ channel). SFUs are standard therapy for type 2 diabetics that have mild 1o
moderate fasting glycemia. The SFUs have limftations thet include a potential for inducing
hypoglycemia, welght galn, and high primary and secondary falure rates. 10 to 20% of
initally treated patients fal to show a significant trestment effect (primaery faflure).
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Secondary fallure s demonstrated by an additional 20-30% loss of treatment effect after six
months on an SFU. Insufin treatment Is required in 50% of the SFU reaponders after 5-7
years of therapy (Scheen, AL, et al., Diabsies Res. Clin. Pract. 6:533-543 (1989)).

GLUCOPHAGE™ {metformin HCI) I8 a2 biguanide that lowers blood ghicose by
dacreasing hepatic glucose output and Increasing paripheral glucose uptake and utfiization.
The drug ls effective at lowering blood glucose In miidly end moderately affected subjects
and doea not have the side effects of weight gain or the potential to induce hypoglycamia.
However, GLUCOPHAGE has & number of skie effecizs Including gestrointestinal
disturbances and lactic acidosis. GLUCOPHAGE s contraindicated in diabetics over the
age of 70 and In subjects with impairment in renal or liver function. Finally, GLUCOPHAGE
hes the sama primary and sacondery fallure rates aa the SFUa.

Insulin treatment is instiuted after diel, exercies, and oral medications have fafled to
adequately control blood giucose. This treatment ham the drawbacks thet it is an injectable,
that it can producs hypoglycemia, and that f causas waight gain.

Bacause of the problems with cunent treatments, new theraples to treat type 2
diabotes we needed. In parficuler, new treaiments {o relain normal (glucase-depandant)
insulin secretion ere needed. Such new drugs shouki have the following charactaristics:
dependent on glucose for pramaling Insulin secretion, [.e. produce Insulln sacretion only in
tha pressnce of elevated biood giucose; low primary and sacondary falure rates; and
preserve Islet cell function. The setrategy o develop the new therapy disciosed harein ia
hased on tha cyciic adenosine manophoaphate (cAMP) signaling machanism and Rs effects
on Insulin secretion.

Cyclic AMP Is a major regulator of the insulin secretion process. Elavation of this
signaling molacule promotas the closure of the K+ channeis foliowing the activetion of
protain kinase A pathway. Closure of the K+ channels causes cell depolerization and
subsequent opening of Ca++ channals, which in um leads {o axncytosis of insulln granules.
Littie ¥ eny effects on insulin sacretion occurs in the absence of low glucosa cancantrationa
{(Weinhaus, A, et al., Diabetes 47: 1428-1435 (1098)). Secreiagogues ke pitultary
adenyiale cyclase activating peptide (PACAP™) and GLP-1 use the cAMP system to regulate
insufin secretion in a glucose-dependant fashion (Komateu, M., et al., Diabetes 48: 1628-
1938, (1997)).

P@hammmuddwunthmuuﬂmﬁompamﬂc
bets-cafis. Three different PACAP raceptor types (R1, R2, and R3) have been described
(Harmer, A. et al., RPharmacol. Reviews 50: 285-270 (1996)). PACAP displays no receplor
selaciivities, having comparable aclivities and potencies at all three receptiors. R1 Is located
pradominately In the CNS, whereas R2 and R3 are mare widely distributed. R2 is located in
the CNS as well as In liver, lungs and intestine. R3 is located In the CNS, pancreas, skeletal
muscle, heart, iddney, edipose ssue, testis and stomach. Recent work arguas that R3 Is
responsible for the insufin secretion from beta cells (inagaki, N. et al., PNAS 91: 2678-2683,
(1954)). This Insulinotropic action of PACAP Iz madieted by the GTP binding proteln Gs.

/8%
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Accumuiation of intraceliular cAMP In tum activates the nonselective cation channels n beta
cells Increasing [Ca++}l, and promotes exocytosis of insulin-containing sacretory grenules.

PACAP Is the newest member of the superfamily of metabolic, neuroendocrine and
neurciransmitter paptide hormones that eccert their action through the cAMP-medieted signal
transduction pathway (Arimura, Regul. Peplides 37:287-303 (1992)). The blologically active
peptides ara ralsasad from the blosynthatic precursor in two molecular forms, alther as a 38-
amino acld peptide (PAGAP-38) and/or as a 27-amino acld peplide (PACAP-27) with an
amidated carboxyl termini {Arkmura, supra).

Tha higheet concentrations of the two forme of the peptide are found In the brein and
testls (reviewed in Arimura, supra). The shorter form of the pepikie, PACAP-Z7, shows 8%
structural homology o vasoactive Intastingl polypeptide (VIP). However, the distribution of
PACAP and VIP in the cental nervous sysiam suggests that these stucturally related
pepiides have disinct neurotransmitter functions (iKoves et al.. Naurcendocrinalogy 54:158-
160, (1801)).

Recent studies have demonsirated diverss biclogical effects of PACAP-38, from a
role in reproduction (McArdle, Endocrinology 135:815-817 (1854)) to abilly to stimulaie
insulin secretion (Yada et.al., J. Biol. Chem. 268:1200-1283 (1894)).

Vasocactive intesiinal peptide (VIP) Is a 28 amino acid paplide that was firet laolated
from hog upper amafl intastine (Sald and Mult, Sclance 169: 1217-1218, 1970; U.8. Patent
No. 3,879,371). This peptide balongs 1o a famlly of structurally-related, small palypeptides
that includes helodermin, secrulin, the somatostatins, and glucagon. The biological effects
of VIP are mediated by the activation of membrane-bound receptor proteins that are coupled
to the intracellular cAMP signaling system. These receptors were originally known as VIP-
R1 and VIP-R2, however, they were later found to ba the sama receptora as PACAP-R2 and
PACAP-R3. VIP displays comparable aciivities and potencies at PACAP-R2 and PACAP-
Ra.

To improve the stability of VIP In human lung fluid, Bolin et al (Biopolymers 37: 57-
68, (1965)) made 2 sarles of VIP varlents designed to enhance the helical propensity of this
peptide and reduce proteciytic degradation. Substitutions were focusad on positions 8, 12,
17, and 25-28, which were implicated to be unimportant for receptor binding. Moreover, the
"GGT" sequence was tagged onto the C-terminus of VIP mutsins with the hops of more
effactively capping the helix. Finally, to further stabilize the hellx, several cyclic variants

\‘mmws.PMNo.S.WMB). Although thaee efforts were not directad

foward receptor selectivity, they yielded two analogs (designated herein as R3P0 and R3P4)
that have greater then 100-fold PACAP-R3 saleclivity (Gouwrlet et al., Peptides 18: 403-408,
(1897); Xda et al., J. Pharmacol. Exp. Ther., 281: 629-833, (1997)).

GLP-1 s raleasad from the intestinal L-cell after & meal and functions as an incretin
hormona (Le. it potentiates giucose-induced insulin release from the pancreatic beta-cell). it
Is a 37-amino acld paptide that is differentially expressed by the Glucagon gene, depending
upon lissue type. The clinical data that support the beneficial effect of ralsing cAMP levels In

M3
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B-cells have been collacied with GLP-1. Infusions of GLP-1 in poorly eontrolled type 2
disbetics normalized their fasting blood ghucose levels (Guiniak, M., et al., New Eng. J. Med.
326:1316-1322, (1682)) and with longer infusions improved the beta cel function to those of
normal subjects (Rachman, J. et al., Diabstos 45: 1524-1530, (1906)). A recent raport has
shown that GLP-1 improves the fi-calls’ abifily to respond io ghicose In subjects with
impalred glucose tolerance (Byme M., et al., Diabetes 47. 1259-1265 (1888)). All of these
effects, however, are shori-llved bacause of the short half-ifs of the peptide. Recently Novo
Nordisk has discontinuad clinical frials with GLP-1. This fallure reporitedly was due to a very
short plassma half-llfe of the paptide of a few minutes.

EXENDIN 4™, Amyfin Pharmaceuticals Is conduciing Phase | triale with EXENDIN 4
(AC2093), a 39 amino acid peptide originally identified In Glia Monster. Phase I trials have
recantly bagun. Amyiin claims preclinical resuits showing a 4 hour duration of efficacy and
efficacy in animal models when AC2093 Is adminfsterud subcutanaously, orally, and nasally.
Howaver, at doses of 0.2 and 0.3ug/kg, the incidence of headaches, posiural hypotension,
neusaa and vomiing was significant.

Theru axiste a need for an improved peptide that has the ghucosa-depandent insulin
sacretagogua activity of PACAP, GLP-1, or EXENDIN 4, and yat has fawer side-affacts.,

SUMMARY OF THE INVENTION

This invention proviies novel polypeptides that function in vivo as agonists of the
PACAP R3 receptor {(hereafler, R3) and are effective In the trestment of diseanes and
condliions that cen be ameliorated by agents having R3 agonist aclivily. Preferably, the
palypeptides of this invention are selective R3 agonists, having greater potency at R3 than at
R2 and R1. For exxample, but not by way of limitation, thess polypeptides stimulate inaulin
releaso from pancreaiic beta cefls in a glucose-depandent fashion and subsaquent plasma
dumondmﬂo&]hmhmlhmﬂgoguepdypqﬂdsashumbsﬂmdabkﬂh
releass in rat end human isiet cells ;n vito and in vivo. Unlike PACAP-27, these
secrategogue polypeptides also lower biood glucose in vivo more then vehicla control upon
glﬁcnncl.llm.

The polypaptides of the present invention pravide a new tharapy for patients with, for
exampls, melabolle disorders such as those resulting from decreased endogenous insulin
sacration, in particular type 2 diabetics, or for patiants with impaired giucose tolerance, a
prediabetic state that has a miid alteration in nsulln secration.

In particular, one aspect of the invention is a polypeplida selactad from the group
consisting of SEQ ID NOs: 11 through 14, SEQ ID NO: 18, SEQ ID NOs: 21 through 28,
SEQ ID NOs: 32 through 38, SEQ ID NOs: 40 through 53, SEQ ID NOs: 57 through 61, SEQ
ID NOs: 83 through 89, SEQ ID NOs: 102 through 119, SEQ ID NOs: 121 through 137, SEQ
ID NOs: 139 through 177, SEQ ID NQs: 179, 180, SEQ ID NOs: 183 through 202 and
fragments, derivatives and variants thereof that demonstrate at least one biological function
that is substantially the same as the polypeptides of the lieted SEQ ID NOs. (collectively,

q
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“palypeptides of this invention”). Including functionsl equivalents thereof. A preferred
embodiment of this invention is a polypeptide selectad from the group consisting of SEQ ID
NOs. 12, 18, 21-28, 32-35, 41, 43-53, 63, 06, 70-92, 64-89, 102-104, 107, 108, 112119,
121-137, 139, 140, 142-153, 158-174, and 187, end fragments, derivatives, and variants
thersof that demonsirate at least one biclogical funciion that Is substantially the same as the
polypepiides of the listad SEQ ID NOs. A more preferred smbodiment of this invention Is a
polypeptide selected from the group conslsting of SEQ 1D NOs 18, 24, 25, 32, 33, 43-50, 52,
63, 70-87, 62, 98, 99, 104, 107, 112-114, 128-131, 137, 140, 144, 147-151, 156-158, end
161-173, and fragments, derivatives and variants thereof that demonsirate et least one
biological function that is substantially the same as the polypepiides of the listed SEQ ID
NOs. A most preferred embodimant of this invention Is a polypeptide selected from the
group consisting of SEQ 1D NOs 18, 32, 43, 47, 50, 52, 72, 83, 88, and 87, and fragments,
derivatives and variants thereof that demonstrate at least one biological funciion that Is
substantially the same as the polypeplides of the Usted SEQ 1D NO=.

Ancthar embodiment of the Invention is & polynuciedtide that encodes for the
polypeptides of thia invention, and the ettendant vectors and host cells necessary to

- recombinantly express the polypepiides of this iInvantion. Thess polynucieotide sequences

inciude those identifiad as SEQ ID NOs: 204, 207-211, 214-230, end 232-301. Prefered
polynucisctides include those identiied es BEQ. ID. NOs 204, 207-208, 215, 217-230, 232-
234, 237, 239, 242-268, 270-281, and 284-301. More prefarred palynucectides inchude
those identified as SEQ ID NOs 207, 218-224, 228-230, 234, 237, 242-244, 258-2680, 268,
288, 212, 275-270, 284-287, and 289-301. Most prefermed polynucleciiies Include those
identifled as SEQ ID NO 217, 221, and 228.

Antibodies and antibody fragments that salectively bind the polypeptides of this
Invertion are also provided. Such antibodies are useful In detecting the polypeptides of this
invention, and can be kientilled and made by procadures well known In the art, including
thosa enalogous to that describad in Example 17 below.

The Invention Is also directed to a method of treating diabetes and/or other diseases
or conditions affected by the polypeptides of this invention, preferably effectad by the R3
agonist function of the polypeptides of this invantion, In a mammal, comprising administering
a therapautically effective amount of any of the polypeptides of the present invention or any
polypeptide active al R3 such as SEQ ID NO 5 and 9 io salkd mammal.

Also discicsed are methods of making the polypeptides of this invention, both
recombinant and synthetic.

BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 depicts amino acid sequences of polypeptides of SEQ ID NO: 11 through 14,
SEQ ID NO: 18, SEQ ID NOs: 21 through 28, SEQ 1D NOs: 32 through 38, SEQ: ID NOs: 40
through 53, SEQ ID NOs: 57 through 61, SEQ ID NOs: 63 through 89, SEQ ID NOs: 102

/9/
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through 118, SEQ ID NO=: 121 through 137, SEQ ID NOs: 130 through 177, SEQ {D NOs:
178, 180, SEQ ID NOs: 183 through 202 which are claimed polypeptides.

FIG. 2 is a saquence alignment of VIP mutants and native polypeptides VIP,
PACAP38, GLP-1, EXENDIN-4 and examples of R3 saeleclive polypeptides. Conserved
resiiues are bolded and shaded In dark gray while conservative changes are shaded In light
gray.

F1G. 3 s a restriction map of a typical plasmid contalning the GST-peptide fusion.

FIGS. 4A-4B are graphs showing the effects of GLP-1 or RIP3 on Insulin release
from rat Islets in viro.

FIG. 5 Is a graph showing the R3P3 peptide affect on glucose diaposal.

FIG. 8 Is a bar chart showing the effect of PACAP and related polypepides on
intestinal water content of Bal/C mice.

FiG. 7 Is a bar chart showing that 1 nmola/kg dose of R3P3, R3P12, R3P13, or
GLP-1 enhance glucose disposal in the rat by subcutanecus route of administration.

FIG 8 depicts palynuciectide saquances SEQ ID NOs 54 throuph 58 and 203
through 301 that encode for the polypeptides of this invention.

Tho first 8 nuclectides represent the Bam HI resiricion enxyme recognition alte
folowed by the next 12 nucieolides which encode the “IEGR" Factor Xa recognion site,
The Izzt 8 nucleotides represent the Xho | or Eco RI restriction enzyme recognition site
proceded by the 6 nucleotides that encode the two siop codons. The nuclectides between
the Facior Xa site and stop codons encode the amino acid saquance of the comesponding
polypepiide. The nuclectides beiween the two restriction siles are cloned Into the
comesponding restriction sites on the pGEX-8P-1 vecior (Amershm Pharmacia Biotech).
Tha SEQ D NOs are denoted in parenthesls.

AG 9 shows the affact of PACAP-27, VIP and recaplor selective agonists on the
heart rata In consclous doge (zse axampls 15).

FIG. 10 shows dalsction of R3P88 by polyclonal antibodies produced In rabbits
immunized with RAPSE C-tuminus sequence (Ac-CRKQVAAKKYLQSIKNKRY-COOH),
using ELISA

DETAILFD DESCRIPTION OF THE PREFERRED EMBODIMENTS

This Invention provides novel polypeptides, and fragments, derivatives and variants
thereof that demonstralo at least one biclogical function that Is substantially the same as the
polypeptides of Fig. 1 (collactively, polypepticies of this Invention). The polypeptides of this
nvention function in vivo as R3 agonisis or otherwise in the prevention and/or treatment of
such diseases or conditions as diabstes, asthma, hypertension, male reproduction problems
including .humen sperm motilty, cardiovasculer diseases, uicers, and other condiifons
identified herein, or function otherwise as described later hersin. Preferably, the

At
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polypeptides of this Invention will stimulate insulin release from pancrestic beta calls in a
glucnse-dependant fashion.

The polypaplides of this iInvention are R3 agoniats, m.ﬂuynsdeglvem
sgonists with at least 10-fold selectivity for R3 over R2 and/or R1. More preferably, they are
salective R3 agonisis with at lsast 100-foid selactivity for R3 over R2 and/or R1. Most

prefarably, they stimutats insulin release into plasma In a glucose-dependent tashion without
inducing a stesis or incressa in the loval of plasma ghicose that is counterproductive to the
treaiment of, for sxample, typs 2 disbetas. Additionally, it is prefersble for the polypeptides
of this invention to be salective agonists of the R3 receptor, thereby causing, for example, an
increase |n insulin release Inio plasma, while being selactive against other receptora that are
responsible for such disagreesble or dangerous side effects as gashuintestinal water
retention, and/or unwanted cardiovascular effects such es increased heart rate. It has now
been discovered that R3-mediated insulin secretion doss not cause hypogiycemis, R2
aciivation leady o glucosa reiessa into plesma which is counterpraductive io the treatment
of typa 2 disbetas and gastrointestinal waler retsntion, and R1 activafion leads to
cardiovascitsr offects such s ncreased heart rate.

The polypeptiies of this invention provida a new therapy for patients with decreased
endogenous inmudin sacretion or knpalred glucose tolerance In particutar type 2 diabstes.
A Discussion

PACAP, VIP, GLP-1 and Exandin-4 are polypsplides capable of stimulating Insuiin
release In a gircose-dependent fashion. However, this fect elons doas not gueraniee
glucose reducion in vivo. Since PACAP Is known 1o bind to PACAP-R1, -2 and -R3
recepiors, and VIP Is known o bind to PACAP.-R2 and —R3 recepiors, it was thought that
they may have similar conserved siructural featres. The stacking slignment below shows
the primary siructural relationships:

vIP 1 HSDAVFTONY TRLRKOMAVK KYLNSILN-NH;

2 1
PACAP38 1 HSDGIFTDSY SRYRKQMAVK KYLAAVLGKR YKQRVKNK-NH; 38 2
OLP1 1 HAEGTFTSDY SSYLEGQAAK EFIAWLVKGR-NH: 3 23
Exendin4 1 HGEGTFTSDL SKQMEEEAVR LFIEWLKNGG PSSGAPPPS-NH, 39 4

{whare single-jeiter abbreviations for amino acids can be found In Zubay, Blochemisiry 2d
ed., 1888, MacMilan Publishing, New York, p. 33), and are defined below. The polypeptides
of the present invention (Fig. 1) are most closely relatad io VIP In tarms of thair primary
struchure with the exception of SEQ ID NO: 57-61, 66-88, and 178, 177, 179, 180, 183-202
which are more clossly related to PACAP,

The mventors herein have created a new polypeptide that is an R3 agonist,
preforably a selective R3 agonist, and/or that exhibits a seleclive giucose-dependent insulin
secreiagogue affect wherein selective aciivation of the PACAP R3 receptor indeed leads io a
giucose dependent pathway to insulin secretion by pancyesiic beta cells, with concomitant
glucoss reduction i vivo. In that ight, they first studied the structures of PACAP-27 and VIP
in an effort to detarmine the residues most likaly responsible for receptor seleciivity. It is

7
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known that PACAP and VIP do nol reduce giucoss in vivo, but, mther, they stimulate
glucose releasa from the lver. It has been shown thal activation of R2 increases ptasma
glucosa levels in vivo. Previously, both PACAP and VIP have been mutagenized extenaively
for various reasons. For [nstance, serial deletions of PACAP27 and PACAP3S from both
ends confirmed the importance of both terminl for raceptor binding (Gourlet et al., Eur. J.
Pharm. 287: 7-11, (1905); Gourlet ot al., Regul. Peptides 62: 125-130, (1886)). Rat brain
membrane binding and adenylste cyciase activities of PACAP2ZINVIP hylrid muteins
impficaled the imporiance of the N-terminal residues of PACAP for PACAP-R1 recognition
{Ando et al., Blomed. Pept. Proteins Nucleic Acids 2:41-46, (18066)). Increasing the basicily
of Leu"-PACAP27 and Leu'’-VIP by making K15R, K20R, end K21R mutations and
exdansion of the C-terminus with "GKR" sequence led to an increass In duration of guinea
pig tracheal relaxant activity proposed o be dus to protecfion from heparin binding
(Kashimolo et al., Ann. NY Acad. Scl. 805: 505-510, (1968)). Gourist et al. (Blochim.
Bioplwa. Acta 1314: 267-273, (1908)) demonstrated that the Q16R mutein of VIP and
PACAP possessed greater affinities than their respective native polypeptides for PACAP-R2
and R1, respeciively. Gourlet et al. (Peptides 18: 1538-1545, {1807)) developed a high
affinily R2-zalaclive agonist by making the chimeric substiluted peptide [K15, R18, L27]
VIP(1-7)GRF(8-2T). N-tarminal acylstion and D-Phe2 substitution of this selective agoniat
led (o a pofent R2 selective antagonist (Gourlet et al., Peptides 18 1555-1580, (1897)). VIP
mutaing Y221 and Y22A, but not Y22F, display lower affinfty for PACAP-R3, suggesting the
imporiance of en aromatic group at pasition 22 for recaptor R3 binding but not for receptor
R2 binding (Gourlet, Ewr. J. Blochem. 348: 95-99, (1988)). Helodermin and helospectin,
VIP-iks paptides isolated from the sallvary gland venom of Ikzards exhibit ~100-fold PACAP-
R3 selectivity (Gourlet, Ann. NY Acad. Scl. 885: 247-252, (1888)). Photoaffinity labeling of
PACAPZ7 by replacing F8 and Y22 wikh p-benzoyl-L-phenylalanine (pBz) or K15, K20, and
K21 with pBz; suggested that K15 and F22 are coser to PACAP-R1 then F8, K20, and K21
{Cao al al_, Eur. J. Biochem. 244: 400-408, (1007); Cao et al., Ann. NY Acad. Scl., 865: 82-
91, (1968)).

The inventars harain have found several polypeptides that causs the stimulation of
release of insulin In a glucose-dependent manner and cause giucose reduction in vivo.
Those polypaptides beer some simiiarily to VIP and PACAP. In particular, a siacked
afignment shows the following:

SEQ.

ID NO.
viP 1 HSDAVFTONY TRLRKQMAVK KYLNSILN-NH; 28 1
PACAP38 1 HSDGIFTDSY SRYRKQMAVK KYLAAVLGKR YKQRVKNK-NH; 38 2
R3P1 Ac-HSDAVFTENY TKLRKQLAAK KYLNDLKKGG T-NH: ) 6
R3P3 1 HSDAVFTENY TKLRKQLAAK KYLNDLKKGG T 31 8
R3P1Z2 1 HSDAVFTDNY TRLRKQLAAK KYLNDIKKGG T N 15
R3P13 1 HSDAVFTDNY TRLRKQLAAK KYLNDIKK-NH; 2 16
R3P36 1 HSDAVFTDNY TRLRKQLAAK KYLNDIKKKR Y 31 22

R3P66 1 HSDAVFTDNY TRLRKQVAAK KYLQSIKNKR Y N 72
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Howaver, there is no teaching in the sdcientific or petent litaralure that suggests that solect
modifications to the VIP and PACAP sequences lead to a polypeptide with the abllity to
siimulate Insulin secretion in a glucose-dependent fashion, and reduce plasma glucose
concaniration.

Cariain tsrms used throughout this specificstion will now be defined, and others will
be defined as introduced. The single letter abbreviation for a particular amino ecld, s
comesponding amino acid, and three lelter abbreviation are as follows: A, alanine (ala); C,
cysteine (cys); D, aspartic ackl (ssp) E, glutamic acid (giu); F, phenytalanine (phe); G,
giycne (gly); H, histidine (his): |, lsoleucine (lo); K, lycihe (iys) L, feucine (leu) M,
methionine (met); N, asparagine (asn): P, proline (pro); Q, glutamine (gin); R, arginine (arg);
8, serine (ser); T, threonine (thr); V, vaiine (val); W, typtophan (trp); Y, tyrosine (tyr).

The taerm "polynuciaciide encoding a palypeplide™ encompasses a polynuciectide
which includes only coding sequance for the polypepiide as well as a polynudsotide which
includes addiional coding and/or non-coding sequenca. The present Invention further
relates 1o palynudiectidas which hybridize to the hereinabove-describad sequences if there Is
at least shout 70%, preferably at least about 80%, and more preferahbly at least about 86%
identity beiween the sequences. The present invention perticderly relates to
polynuciectides encoding polypeptides which hybridize under siringent conditions to the
hareinabove-described polynucieotides. As herein used, the tarm "siringent conditions®
means "siringent hybriiization conditions” Prefarably, hybridization will occur only if there Is
st jeast about 80% and preferably about 85% through 87% Iidentity between the sequencss.
The polynuciectides which hytridiza to the hereinabove described polynucieotides in a
preferred embodiment encode polypsptides which retain substanflally the same biological
function or activity as the mature polypeptide encoded by the cDNAs.

“Functional equivalent® and "substantially the same blalogical function or aclivity”
each means that degree of biclogical activily that (s within ebout 30% to 100% or more of
that biological aclivity demonstrated by the polypeptide to which it Is belng compared when
the blological aclivity of each polypaptide Is delermined by the same procadure, For
example, & palypeplide that is funciionally equivalent to a polypeptide of Fig. 1 Is one thet,
when tested in tha Cyclic AMP ecintflation proximity sssay of Specific Example 16,
demonsirates accurmulation of cAMP in CHO cell line spresaing the human PACAP/VIP R2
(PACAP R3) receplor.

A polypeptide of this Invention thet Is an R3 agonist la one that demonatmies about
30% -100% or more of maximal PACAP-27 R3 agonist activity when tasted in the protocol of
Example 18. The preferred polypegtides of this invention that are selective agonists for R3
over PACAP R2 and R1 receplors are those polypeptides that demonatrate the ratio of R3
agonist activity to R2 activity of about 10:1 or greater, and more preferably, about 100:1 or
greater, and/or demonstrata the ratio of R3 agonist activity o R1 receptor activity of about
10:1 or greater, and mare preferably, about 100:1 or greater when the polypeplide is tested
In the protocot of Example 18, using cells that express the appropriate receptors.
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"Stringent hybridization conditions™ refers o an ovemight incubation of the two
places of polynucieotides to be hybridized at 42" C in a solution comprising 503 formamide,
Sx S8C (750 mM NaCl, 75 mM sodium ciiraie), 50 mM sodium phosphate (pH 7.6), 5x
Denhardfs eclution, 10% dextran suifate, and 20 pg/mi densatured, sheared saimon sperm
DNA, followad by washing the filiers in 0.ix SSC at about 85°C.

The terms "fragment,” "derivative”, and “variant®, when referring to the polypeptides
of FIG. 1, means fragmants, derivatives, and variants of the polypepiides which retain
substantially the same bilological function or activily as such polypeplides, as described
further balow.

An analog incudes a propolypeptide which includes within it, the amino acld
ssquence of the polypeptide of this invention. The aclive polypapfide of this Invention cam be
claaved from the additional amino acids that complete the propolypeptide molecula by
netural, in vivo processes or by procadures wall inown In the art such as by enzymatic or
chemical deavege. For example, the 28-amino acid netive peptide VIP is naturally
axpressad as a much larger polypeptide which Is then processed iz vivo (o release the 28-
amino acid aciive mature peptide.

A fagment s & portion of the polypeplida which retains substaniially simlar
funclional activity, as shown in the /n vivo models disclosaed hereln as described further
below.

A derivalive inchudes all modifications to the polypeptide which substantially
preserve the functions disciosed herein and incude idiional structure and attendant
function, e.g.. PEGylated polypeptides which have greater halfdlle, fusion palypeptidas
which confer targeling specificily ar an addiional activily such as toxicily to an Inlended
target, @8 described further below.

The polypaptides of the present Invention may be recombinant polypeptides, natural
purified polypeplides or syrthetic polypeptides.

The fragment, desivative, or variant of the polypeptides of the present Invention may
be (i) ons In which one or more of the amino acid reskives are substituted with a corserved
or non-conserved amino ack! residus (preferably a consdrved aming acld residue) and such
subsiiuied amino acid residue may or may not be one ancoded by the genstic code, or (i)
one In which one or more of the amino acid residuss includes a subsiftvent group, or {i} one
in which the meture polypeptide s fused with anather compound, such as a compound to
Increase the haltiife of the poiypeptide (for example, polyethylaneglycal), or (iv) ane in which
the additional amino aclds are fused to the matura palypeptide, such as a leader or secralory
sequence or a sequence which Is amployed for purification of the mature palypeptide or a
propolypeptiie sequence, or v) one in which the polypepiide sequance Is fused with a larger
polypeptide, Le. human albumin, a antibody or Fc, for increased duration of effact. Such
fragments, derivatives, and variants and analogs are deemed to be within the scope of those
skiled in the art from the teachings herein.

10
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Preforably, the derivatives of tha present invention will contain conservative amino
acid substitutions (defined further below) made at one or more predicied, preferably
nonessential amino acid residues. A “nonessentlal” amino acid reskiue s a residue that can
be altered from the wild-lype sequence of a protain without altering the biological activity,
whereas an "essential® amino acid residue Is required for binlogical activity. A “conservalive
amino acid substitulion” is one In which the smino acid residue Is replaced with an emino
acid residue having 8 simiar side chain. Familes of amino acld residues having simliar side
chains have besn definad in the art. These familles include amino acids with basic side
chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid),
tncharged poler side chains (o.p., glycine, asparapgine, glulamine, serine, threonine,
tyroaine, cystaine), nonpolar elde cheins (e.g., alanine, valine, leucine, isolsucine, proline,
phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine, valine,
isoleucing) and aromatic side cheins (e.g., tyrosine, phenylalanine, bryptophan, histidine).
Non conservetiva substitutions would not be mede for conserved amino ecid residues or for
amino acid reskives residing within & consesved protein domalin, such es residuss 19 and 27
where much residues am essential for prolein aciivily such as R3 acivily endlor R3
seleciivily. Fragments, or biologically active portions include palypeplide fragments sultable
for use as a medicament, to generete antbodies, as a research reagent, and tha lke.
Fragmenis include peplides comprising amino acid sequences sufficlantly similar to or
derived from the amino acld sequences of » polypeptide of this Invention and exhiblling at
least one aciivity of that polypaptida, but which Include fewer amino ackis than the fulldength
polypeptides disclosed hersin. Typically, biologicelly active portions comprise a domain ot
motif with at least one activity of the polypeptide. A blologically aciive portion of a
polypeptide can be a peptide which Is, for exampile, 5 or more amino acids in length. Such
blologically sctive portions can be prepared synthetically or by recombinant techniques and
can be eveluated for one or more of the functional activitles of a polypeplide of this invention
by means diaciosed herein and/or well known in the art. )

Variants of the polypeptides of this Invention include polypaptides having an amino
acld sequence sufficiently simiar to the amino acid saquence of tha SEQ ID NOs of Fig. 1 or
a domain thereof. The term “sufficlently aimiar” means a first amino acld sequence that
contelns a suffident or minkmum number of identical or equivalent amino acld rasidues
relative io a second amino acid sequence such that the firat and second amino acid
sequences have a common struchoal domaln and/or common funclional aclivity. For
example, amino acid sequences that contain a common structural domain that (s of least
ebout 45%, preferably about 75% through 88%, identical are defined herein as sufficiently
similar. Preferably, varfants will ba sufficlently similar to the amino acid sequenca of the
preferred polypeptides of this invention. Variants include varlants of polypepiides encoded
by a polynudieoiiie that hybridizes to a polynudiectide of this ivention or a complement
thereof under siringent conditions. Such variania generslly retain the functional activity of
the polypeplides of this inveniion. Libraries of fragments of the polynuciectides can be uaed
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fo generate a varlegated population of frapments for screening and subsequent selection.
For example, a library of fragmenis can be generaied by treating a double-stranded PCR
fragment of a polynuciactide with a nuclease undar conditions wherein nicking occurs only
about once per molecule, denaturing the double-atranded DNA, renaluring the ONA to form
double-stranded DNA which can include sense/antisense palm from different nicked
products, removing single-siranded portions from reformed duplexes by treaiment with S1
nuciesse, and Rgating the resuliing fragpment lbrary inlo an expression vector. By this
method, one can derive an sxpresalon library that encodes N-terminal and inlernal fregmants
of various sizesa of the polypeptide of this Invention.

Variants Include polypeptides that differ in amino acid sequence due to
mutagenesis. Variants that funclion as R3 agonisis can be ideniified by screening
combinatorial Abraries of mutanis, for exampie truncation mutants, of the polypeptides of this
invention for R3 agonist activity.

in one asnbodimant, a variegated lbrary of analogs I ganeruted by combinatorial
mutagenesis at the nucleic acld level and Is encoded by a veriegated gene flbrary. A
varlegated fbrary of veriants can be produced by, for example, enzymatically ligating a
mixiure of synthatic oiigonuciectidas Into gene sequencas such that a degeneraie set of
potentlal variant amino acid sequences is expresshble as Indivickml polypeptides, or,
siternatively, as a set of larger fuslon proteins (for exampie, for phage display) contalning the
set of sequences therein. There are a variely of methods that can be used io produce
Wbraries of potential variants from a degenemte cligonucieotide sequence. Chamical
synthesls of a degenerate gane sequence can be performed In an sutomatc DNA
synthesizer, and the synthetic gene then ligated Info an appropriate exprassion vector. Uso
of a degenerate sat of genes allows for the provision, in one mixture, of all of the sequences
ancoding the desired set of potantial variant sequences. Methods for syntheslkzing
deganerala afigonuciectikies ara known in the art (ase, e.g., Narang (1863) Tetrehadron 38:3;
Rakura of af (1984) Annu. Rev. Blochem. 53:323; itakura &t al (1884) Science 198:1066; ke
ot a/ (1883) Nucielc Ackl Res. 11:477).

Several techniques are known In the art for screening gene products of
combinatorial ¥braries made by polml mutationa or truncation and for screening cDNA
ibraries for gane products having a salacted property. Such techniques ere adaptable for
rapid screening of the gens (braries generated by the combinstorial mutagenesis of R-
agonist polypeptides. The most widely used techniques, which are amenable to high
through-put anatysls for screening large gana Rwarles typically include cloning the gene
ibrary into replicable expreesion vectors, fransforming appropriate cells with tha resulling
Ibrary of vectors and expressing the combinatorial genes under conditions in which
detection of a desired activily faciiltates Isclation of the vector encoding the gene whose
product was defected. Recursive ensemble mutagenesis {(REM), a technique that enhances
the frequency of funcional mutants in the lbraries, can be used in combination with the
scresning assays to identify the desired variants.

12
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The bhwention also provikies chimeric or fusion polypeples. Examples Include
those polypeplides of this invention described In SEQ ID NOs 18 and 172 which are fusions
of tha pancreatic targeting sequencs "SWCEPGWCR™ (Rejotte D., ot 8l {1898) J Cli» invest
102:430-437) with SEQ 1D NOs 8 and 32, respectively. The targeting sequance s designed
to locallze the delivery of the polypeptide to the pancreas to minimize potential side effects.
The polypeptides of this Invention can be composed of amino acids joined lo each other by
peptide bords or modifiad peplide bonds, Le., pepiide lsosleres, and may contaln amino
acids other than the 20 gens-ancoded amino acide. The palypeplides may be modified by
either naturel pracessas, such as postiransiational processing, or by chamical modification
fachniques which are well known in the art.  Such modifications are well described In basic
fexis and in more detaled monographs, as well as [n a voluminous research Rerature,
Modifications can occur anywhere In a polypeptide, including the peptide backbone, the
amino acid side-chains and the amino or carbexyl termini. it will be appreciated that the
sama type of modification may ba present in the same or varying degress ai ssveral altns In
a given polypepiide. Also, a given polypeptide may contain many types of modifications.
Polypepiides may be branched, for example, as a result of ublquitinaion, and they may be
cyciic, with ar without branching. Cycdlic, branched, and branchad cyclic palypeptides may
result from posttransiation nahmsl pmceasss or may bs made by synthetic mathods.
Modifications Inciude acetylstion, acylation, ADP-rhosylation, amidation, covalant
gitachment of fiavin, covalent atiachment of a hame molely, covalant attachment of a
nucisotide or nucleotide derivative, covalent attachment of a lipid or pid desivative, covalent
attachment of phospholidylinosfiol, cross-finking, cyclization, disulfide bond formatian,
demethylation. formation of covalent cross-inks, formation of cysieine, formation of
pyrogiutemats, formulation, gamma-carbouytation, glycosylation, GPl anchar formation,
hydroxylation, lodination, methylation, myristoylation, oxidation, pegylation, proteolytic
RNA modiatad addition of amino ackis to protains such as arginyiation, and ubiquitination.
(See, for Instance, Proteins, Structue and Molecular Properties, 2nd ed., T. E. Creighton,
W.H. Freeman and Company, New York (1983); Posttransiational Covalent Modification of
Proteins, B. C. Johnson, ed., Academic Press, New York, pgs. 1-12 (1983); Seifter et al.,
Meth. Enzymol 182:626-648 (19800); Rattan et al., Ann. N.Y. Aced. Scl. §63:48-82 (1882)).

The polypepiides of the present invention Inciude the polypeptikies of Fig .1, that are
SEQ ID NOs: 11 through 14, SEQ ID NO: 18, SEQ ID NOs: 21 through 28, SEQ ID NOs: 32
through 38, SEQ ID NOs: 40 through 53, SEQ ID NOe: 57 through 81, SEQ ID NOs: 63
through 99, SEQ ID NOs: 102 through 119, SEQ ID NOs: 121 through 137, SEQ ID NOs:
138 through 177, SEQ 1D NOs: 179, 180, BEQ ID NOs: 183 through 202, as well as those
sequences having Iinsubstantal veriations In sequence from them. An “insubatantial
variation” would include any sequence, substitution, or deletion variant that maintains
substantially at least one blological function of the polypeptides of this invention, preferably
3 agonist activity, and more preferably selective R3 agonist activity, and most praferably,
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the inaulin socreting actvity demonstrated herein. These funclional equivalents may
preferably include polypeptidas which have at least about a 80% Identity to the polypeptides
of Fig. 1, and more preferably st least 8 95% Identily to the polypeptides of Fig. 1, and stil
mare preferably at least a 97% kieniity to the polypeptides of Fig.1, and aleo Include portions
of such polypeplides having substantially the same blological ecthvity. However, any
polypeptide having insubstantial variation In amino acid saquence from the polypeptides of
Fig. 1 that demonstrates functional sguivalency as described further herein ls Included in the
dascription of the presant invention.

As known in the art “simiarity” belween two polypeptidas is determined by
comparing the amino acki sequence and its conserved amino acid substiutea of one
polypeptide to the sequence of a sacond polypeptide. Such consarvetive substilutions
Wnciude those described sbove and by Dayhoff in The Allas of Prolein Sequence and
Structure 5 (1978), and by Argoe in EMBO J., 8:778-785 (1889). For example, amino aclds
betonging o one of the following groups reprasent consarvative changes:
-dl.mW-ﬂﬂ.l!ﬂ-lﬂ-“ﬂ
- Cys, ser, tyr, th;

-val, ils, lou, met, afa, phe;
-lys, am, his;

= phe, tyr, trp, his; and

- a8p, ghu.

Tha present invention also relates to vectors which include polynuciectides of the
present inverttion, host cells which are genetically engineered with vectors of the Invantion
and the production of polypeptides of the invention by recombinant techniques. Host cells
may be genstically engineered {transduced or transformed or fransfected) with the veciors of
this invention which may be, for sxample, a cloning vector or an expression vecior. The
vector may be, for example, in the form of a plasmid, a viml perlicle, a phage, eic. The
enginearad host calls can be culhured in conventional nutrient media modified as appropriate
for ectivating promolers, or selecling transformants. The culture condiions, such as
temperature, pH and the fks, e those previously used with the host cell salected for
sopression, and will be apparent to the ordinarly sidiled artisan. The polynucieotide of the
present invention may be employed for producing a polypeplide by recombinant techniques.
Thua, for example, the polynuciectide sequence may ba Included in any one of a varlety of
sxpression vehicles, in particular veciors or plasmids for expressing a polypeptide. Such
veciors Include chromosomal, non-chromosomal and synthelic DNA sequences, eog.,
derivetives of SV40; becterial plasmids; phage DNA; yeest piasmids; veciors derived from
combinations of plsamids and phags DNA, viral DNA such aa vaccinia, adenovirus, fom pax
virus, and pseudorables. However, any other vacior or plasmid mey ba used as long as they
ere replicable and viable In the host.

The approprisie DNA sequence may be insarted into the vecior by a variely of
procedures. In genersl, the DNA sequenca s Inserted into an appropriate restriction
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endonucieass site by procedures known in the art.  Suth procedures and others are deemed
to be within the scope of those skiled in the art. The DNA sequence in the expression
vector is operatively linked to an appropriate expression control sequence(s) (promoater) to
direct mRNA synthesis. As representative examples of such promoters, there may be
mentioned: LTR or SV40 promoter, the E. coll. lac or tp, the phage lambda P, promoter
and other promotars known o confrol expression of genes In prokeryotic or sukaryotic cells
or thelr vinsss. The sxpression vecior also contains a rfbosome binding site for transletion
Initiation end a transcription terminator. The vector may also Include appropriate sequences
for smplifying expression. in addition, the axpression vaciors preferably cantaln a gens to
pravide & phanotypic trait for sslection of transformed host cells such as dihydrofolate
reduciase or neomycin resistance for eukaryotic cell cuthure, or such as tatracyciine or
ampicin reslstanca In E. cofi. The vector contalning the appropriate DNA sequence as
hersin above described, as well as an appropriate promoter or conirol sequence, may be
empioyed to transform an appropriste host to parmit the host to express the protein. As
represantative exampies of appropriate hosts, there may be mentioned: bacterial calis, such
as E cok, Saimonella typhimurium, Streptomyces; fungal calls, such as yesst; insact celly,
such as Drosophlla §2 and Spodopisra Sf8; animal cells such as CHO, COS or Bowes
malanoma; adenoviruses; plant cells, etc. The salection of an appropriate host ls deemed to
be within the scope of those skilied In the art from the teachings herein.

The presant wention siso includes recombinant constructs comprising one or more
of the ssquences as broadly deacribad above. The consiructs compriae a vecior, such as a
plasmid or viral vector, inio which » sequence of the Invention has been inserted, In a
forward or reverse orientation. In a prefermed aspect of this embodiment, the construct
further comprises regulatory sequences, Including, for example, a promotar, operebly linked
o the sequence. Large numbers of suitable vectors and promoters ere known to those of
ﬁlhﬂnutuﬂmmnachlyava!aﬂa. The following vectors are provided by way of
wanple.  Bacterial: pQE70, pQESD, pQE-S (Qiagen). pBS, phspescipl, psiX174,
pBlusscript SK, pBaKS, pNHB8a, pNH16a, pNH18s, pNH46a (Stratagene); pTRCSHGA,
pIXKZ23-3, pKIK233-3, pDRS40, PRITS (Pharmacia). Eukaryolic: pWineo, pSV2rsl, pOG44,
pXT1, pSG (Stretagens) pSVK3, pBPV, pMSG, PSVL (Phammacia). However, any other
plasmki or vector may be used as long as they ara replicable and viable In the host.
Promoler reglons can be selecied from any desired gene using CAT(chioramphenicol
transferasa) vecions or other vectors with selectable markers. Two appropriate vectors are
piKIK232-8 and pCM7. Particular named becterial promoters indude led, facZ, T3, T7, gpt,
lembda Pp, P, and trp. Eukaryotic promoters include CMV immediste early, HSV thymidine
kinase, early and late SV40, LTRs from refrovirus, and mouse metallothlonein-. Selaction of
the appropriate vector and promoter is well within the level of ardinary skill in the art.

The presant invention also relales o host cells containing the above-described
conslruct. The hoat cell can ba a higher eukaryolic call, such a5 a mammalan call, or a
lower aukaryotic cell, such as a yeast cell, or the host call can be a prokaryotic cel, such as
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a bacterial cell. introduction of the construct into the host cell can be effected by calclum
phosphats transfection, DEAE-Daxtran mediated transfaction, or electroporation (Davis, L.,
Dibrer, M., Batisy, |., Basic Methods in Molecular Bidlogy, (1886)). The consiructs in host
calls can be uzad In & conventionsl manner to produce the gena product encoded by the
recombinant sequence. Allematively, the palypeptides of the invention can be synthatically
produced by conventlonal paplide synthastrars.

Mahe proteins can be expressed in mammallan celis, yeast, bacteria, ar other calls
under the conirol of appropriaie proqmotars. CelHree transiation systems can also be
employed to producs such proteins using RNAs darived from thea DNA constructs of the
present invention. Appropriate cloning and expression vectors for use with prokaryotic and
sukaryotic hosts are described by Sambrook, et al., Molecular Cloning: A Laboratory
Manual, Sacond Edition, (Cald Spring Harbor, N.Y., 1888), the disciosure of which Is hereby
incorporated by reference.

Transcription of a DNA encoding the polypeptides of tha present Invantion by higher
sukaryates s increased by insering an enhancer sequence inlo the vecior. Enhancers are
cle-acting slements of DNA, usually fram about 10 to 300 bp, that act on a promoter to
increass lts ranscrigtion. Examples include the SV40 enhancer on the late side of the
replication origin (bp 100 to 270), a cytomegalovirus early promoter enhancar, 8 polyoma
enhancer on the late slde of the mplication origin, and adenovirus enhancers.  Generally,
recombinant expression veciors will include origine of replication and selectable markara
parmiting transformation of the host call, 8.g., the ampidllin realstance gene of E. coll and S.
cerevisize TRP1 gone, and a promoter derivad from e highly-exprossed gene io direct
franscription of a downslream structural sequence. Such promoters can be derived from
operons encoding glycolylic anzymes such as 3-phosphoglycerate kinasa (PGK), a factor,
acid phosphatase, or heat shock prolains, among cthers. The heterclogous structural
sequence ls assembisd in approprigte phase with transiation, inftiation and termination
sequances, and praferably, a leeder sequence capable of directing secretion of transiated
protain Into the peripiasmic space or extracelivlar medium. Optionally, the heterciogous
ssquance can encode a fusion protein incwding an N-lemminal identification peptide
Imperfing desked characleristics, 6.g., stabliization or simplifiad purification of exprassed
recombinant product.

Usoeful enpresalon vectors for bacierial use are constructed by Inserting a structural
DNA sequenca sncoding a desired protein together with auliable translation, Initiation end
terminetion signals In operable reading phese with @ functional promoter. The vecior wil
comgprise one or more phanolypic salectable markers and an origin of replication to ensure
maintenance of the vector and to, ¥ desirable, provide ampiification within the host. Suitable
prokaryolic hosis for fransformation include E.cdll, Bacihm subtiils, Salmonella fyphimurium
and various spacies within the ganera Pssudomonss, Streptomyces, and Staphylococous,
although others may also ba empioyed as a matter of choice. Useful expression veciors for
bacterial use can comprise a selectable marker and baclerial origin of replication derived
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from commercially available plasmids comprising genetic alements of the well known cloning
vacior pBR322 (ATCC 37017). Such commercial veciors inciude, for example, pKK223-3
(Pharmacia Fine Chemicals, Uppsala, Sweden) and GEM1 {Promega Blotec, Madison, Wis.,
USA). These pBR322 "backbang” sections are cambinad with an appropriate promater and
tha siructural saquance to be expressed.

After transformation of a sultable hosi strain and growth of the host strein to an
appropriate cell density, the salected promoter |s dereprassaed by appropriate means {e.g.,
ternperature shift or chemical induction) and calls are culhured for an additional period. Cells
ara fypically harveated by centrifugation, disrupted by physical or chemical means, and the
resulting crude extract reteined for further purification. Microblal cells employed In
expression of proteins can be disrupted by any convenlent method, including freaze-thaw
cyciing, sonication, mechanical dieruption, or use of call lysing egents.

Various mammalan cell culture systems can also ba amployed 0 exprass
recombinant protein. Examples of mammalion expression systems inciude the COS-7 lines
of monkey kidnay fibroblasts, dascribed by Gharman, Call 23:175 (1881), and other call ines
capable of expressing e compaiible vactor, for example, the C127, 3T3, CHO, Hela and
BHK call lines. Mammalian exprossion veciors will comprise an origin of replication, a
sulimble promoler and enhencer, and also any necessary ribosome binding sites,
polyadenylation sfie, splice donor and acceptor skes, transcriptionsl termination sequences,
and § flanking nontranscribed sequences. DNA sequences derived from the SV40 viral
genome, for example, SV40 origin, earty promoter, enhancer, aplice, and polyadenylation
sites may be used o provide the requined non-transcribed genetic elemants.

The polypeptides of the present invention may be recovered and purified from
recombinant cell cultures by methods used herelofore, including ammonium sulfate or
ethanol preciphation, acid exdraction, anion or caton exchange chromatography,
phosphoceliuioss chromatogmphy, hydrophobic interaction chromeatography, affinity
chromatography, hydroxyepatite clz=omatography and lectin chromatography. Prolein
refolding steps can be used, as necessary, in completing configuretion of the mature protein.
Finally, high performence fquid chrometography (HPLC) cen be employed for final
purification steps.

The polypeptides of thia Invention may be a product of chemical synthetic-
procedures, or producad by recombinant techriques from a prokaryolic or aukaryolic host
{for exaniple, by becterks), yesst, higher plant, Insect and mammallan cells in cufture).
Depending upon the host employed in a recombinant production procadure, the palypeptides
of thia Invention may be glycosylated with mammailan or other eukaryotic carbohydrates or
may be non-glycosylated. Polypeptides of thia invention may siso Include an initial
methionine amino acid residue. An isolated or purified polypeptkle of this invention, or
blologically active portion thereof, Is subsiantially free of other celllar matarial, or culture
medium when produced by recombinant techniques, or subsiantialy free of chemical
precursors or other chemicats when chemicelly synthesized. Preferably, an Isclated
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polypeptide of this invention Is subsiantially free of celluler matarial and has lesa than shout
30% (by dry weight) of non-polypepiide, or conteminating, material. When the polypeptide of
this invention or a biologically active portion thereof is recombinantly produced, preferably
cullure madium represents lesa then ebout 30% of the volume of the polypeptide
preparation. When this invention Is produced by chemical synthesis, preferably the
preparations contaln jess than about 30% by dry weight of chemical precuracrs of non-
Invention chemicals.

The polypeptidas of this invention can be convenlantly isciatod as described in the
specific mamples below. A preparalion of purified polypeptide Is at least about 70% pure;
preferably, the preparations are 85% through 99% pure. Purily of the preparationa can ba
assessed by eny means known [n the ast, such as SDS-polyacrylemids gal electrophoresis
and Mass Spec/Liquid Chromatography.

Polynuciectide saquances encoding @ polypeptide of thls nwention can be
synthesized, In whale or In past, using chemical methods well known In the art (see, for
axample, Caruthers of al, Nudl, Ackds Reg. Symp. Sor. 215 — 223, 1680; Hom ef &), Nucl,
Aclds Res, Symp. Ser 225-232, 1680). The polynudiectide that encodes the polypeplide can
then ba clonad into an expression vecior to axpresa the polypeplide.

As will be understood by those of skl In the art, it may be advantagaous fo produce
the polypeptide-ancoding nucisctide saquences possessing non-naturally occurring codona,
For sxample, codons preferred by a particular prokaryotic or eukaryotic host can be selectad
to Increase the rate of polypepiide exprassion or to produce an RNA transcript having
destrable properties, such as a halfife which Is longer than that of a franscript generated
from the naturally ocourring sequence.

The nucleclide sequences disclosed hersin can be engineered using methods
generally known In the st io alter the polypeplide-encoding sequences for & variely of
reasons, including but not imhad to, altarations which modify the closing, pracessing, and/or
expreasion of the polypeptide or mRNA product. DNA shuffiing by random fragmentation
and PCR reassambly of gene fragmanis and synthetic aligonuciectidea can be used to
angineer the nuclectide sequences. For exampile, sile-directad mutagenesis can be used to
Inserl now resfriction sites, alter glycosylation patterns, change codon prefarence, produce
splice vartents, introduce mutations, and so forth.

Aliemnativaly, tha polypeptides of this invention cen be produced using chemical
methods {0 synthesize lis amino acld sequence, such as by direct peptide synthesls uaing
solld-phaze techniques {(ses, for example, Merrifield, J. Am. Chem. Soc. 85, 2148 — 2154,
1983; Roberge of al, Sclence, 269, 202 - 204, 1985). Polypeptide synthesis can be
performed using manual techniques or by automstion. Automaied synthesis can be
achieved, for axample, using Appliad Blosystems 431A Peptide Synthesizer (Perkin Eimer).
Optionally, fragmnents of the polypeplide can be separately syntheslzed and combined using
chamical methods to produce a fullHength molecula.
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The newly synthesiled polypeptide can be substantially purifisd by preparstive high
performance Bquid chromatography (see, for exampla, Cmeighton, PROTEINS:
STRUCTURES AND MOLECULAR PRINCILPLES, WH Freaman and Co., New York, N.Y.,
1983). The composition of a synthatic polypeptide of the present Invention can be confirmed
by amino acld analysis or sequencing by, for exampls, the Edman degradation procedure
(sse, Craighton, suywue). Addiionally, any portion of the amino acld sequence of the
polypeptide can be aitered during direct synthesis and/or combinad uaing chemical methods
with sequences from other proleins to produce a variant polypeptide or a fusion polypeptide.

The polypeplides of the present invention, as a resuit of the ebifity to stimufate
inaufin sacretion from pancreatic lulet cefls in vitro, and by ceusing a decrease In blood
giucose in vivo, may be amployed In treaiment of type 2 Diabetes (non-insulin dependent
diabetes melitus). Also, the polypeplides may be used to provent subjects with Impairad
glucoss tnierance from proceeding to develop type 2 dinbetes. in adkdition, the polypeptides
of the invention may be used for treatment of asthma (Balin et al Blopolymer 37:57-88
(1665)%; US Patent No. 5,677 A19){showing that polypeptide R3P0 is aclive in relaxing guinea
pig tracheal smooth muscia) hypotension induction (VIP induces hypotension, tachycardia,
and facial flushing in asthmatic patients (Morice, A H., and Sever, P.S., Peplides 7:270-280
{1988); Morice, A., et a1, The Lancet i, 1225-1227 {1983)), male reproduction problems
(Slow, Y., et al., Effects of vascactive intestinal peplide on human sperm meotiity, Arch.
Andral. 1999 Jul-Aug: 43(1):67-71); as a anti-apoplosismeurcprotective agent (Brenneman
DE., et al, VIP neurctrophism in the central nervous system: multiple effactore and
identification of a famtomoler-aciing neuroprotacilve paptide, Amn. N. Y. Acad. Sci. 1888
Dec. 11;865:207-12); candioprotection during lschemic events { Kalfin R, et al., Proleciive
role of intracoronary vasoactive intestinal pepdide in lschemic and reperfused myocardium, J.
Phamacol. Exp. Ther. 1984 Feb;268(2)952-8; Das, D.K, et al., Coordinaiad role of
vasoactive (ntesting! peptide and nitric oxide in cardioprotection, Ann. N, Y. Acad. Scl. 1998
Dec 11;865:267-308), and finally es an anti-uicer agant (Tuncal, et &l The protective effect
of vasoactive intestinal peptida (VIP) on siress-induced gaskic uiceration in rats, Ann. N. Y.
Acad, S, 1008 Dec 11;865:300-22.

The polypeptides of the present invention may be employed in combination with a
suitable pharmaceutical carrier to comprise 2 pharmaceutical compoettion for paranteral
administration. Such compositions comprise a therapeutically effecive amount of the
polypeplide and a pharmaceutically acceptable carrier or exciplent. Such a camier Includes
bul b not Emited to saline, buffered saline, dextrose, water, giyceral, ethanal, and
combinations thareof. The formutation shouid sult the mode of administration. The invention
also provides @ pharmaceutical pack or kit comprising one or more containers fllled with one
or mare of the Ingredients of the pharmacautical cimpositions of the invention. Associated
with such container(s) can bs a notice in the form prescribed by a governmental agency
regulating the manufachae, usa or sale of pharmaceuticals or blological products, which
notica reflects approvel by the agency of mamufachure, use or sals for human administration.
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in addition, the polypeptides of the present invention may be employed In conjunciion with
other therepeutic compounds.

The pharmaceutical composiions may be administered in a convenient manner
such aa by the orel, topical, infrevenous, Intrapariionsal, intramuscular, subcutansous,
infranassl or Infradermal routes. The pharmacsutical compositions are administered in an
amount which is effective for treating and/or prophyiaxis of the specific indication. In
general, thay are administered In an amount of at least about 350ng (0.1nmolykg body
weight and in most cases they will be administered in an amount not In excess of about 35ug
(10nmai)kg body weight per day. In most cases, the dosage s from about 0.1 ug/kg to
about 100 mg/kg body weight dally, taking Into eccount the routes of administration,
symploms, eic. These numbers do not take into account the bicavallabiilly of the peptids in
vivo, in which case more or ioss may be used to sitain the effective dose desired. One of
ordinary ski} In the art is sble to datermine through dosing experiments or other conventional
maans the gross amound o be used to produce an effective dosage.

A polypeptide of the invention may sleo be employed In accordance with the presant
invention by expression of such polypeplide in vivo, which is oftsn referred to as "gene
therspy.” Thus, for example, cells may be engineered with a palyruciactide (DNA or RNA)
anooding for the polypeptide ax vivo, the enginesered calls ame then provided to a patient o
be treslec with the palypeptide. Such methods ars welHinown In the art. For exampie, cells
may be sngineered by pracadures known in the art by use of a relraviral particle contalning
RNA ancoding for the palypeptide of the present invention.

Local delivery of the nsulln sacretagogues using gene therapy may provide the
therapautic agent to the target ares, e, the pancreas. For instance e pencreas-specific
promoter was usad o crests a beia-call pancreatic fumor mouse model (Hanahan, D.,
HerRable formation of pancreatic beta-cell tumors in transgenic mice expresaing recombinant
Insulin/simian virus 40 oncogenes, Nahure 315(6015):115-22 (1885)).

Both In vitro end In vivo gene therapy methodologies are contempiated. Several
mathads for transferring patentially therapautic genes to defined cell populations ane known.
See, 6.g., Mulligan, "The Baslc Sclence Of Gene Therapy”, Sclence, 260: 826-31 (1893).
Thess methods Include:

1) Direct gene tranefer. See, 8.9, WOIlf et al., “Direct Genes transfer into Mouse
Muadie In Vivo®, Sclence, 247:1465-88 (1890);

2) Liposome-mediated DNA transfer. See, a.g., Caplen at al, “Liposome-mediated
CFTR Gens Trensfer To The Nasal Epithellum Of Patients With Cystic Fibrosis”, Nature
Med. 3: 39-48 (1985); Crystal, "The Gene As A Drug®, Nahure Med. 1:15-17 (1985); Gao and
Huang, "A Novel Cationlc Liposome Reegent For Eficient Transfection OF Mammalian
Calis®, Blochem. Blophys. Res. Comm:., 178:280-85 {1981):

3) Reirovirus-mediated DNA fransfer. Ses, a.g.. Kay et al., “In Vivo Gana Therapy
Of Hemophifla B: Sustained Partial Correction In Facior DX-Deficient Dogs”, Science,
262:117-19 (193); Andersan, "Humen Gene Therapy”, Science, 256:808-13 (1892),

20

206



10

15

5053P1

4) DNA Virus-mediated DNA transfer. Such DNA virusas Inciude adenovirusas
(preferably Ad-2 or Ad-5 hased vaectors), herpes viruses (prafersbly herpes simplex virus
based veciors), and parvoviruses (preferably "defective” or non-aulonomous pervovisus
based veciors, more preferably adenc-associated virus based veciors, most preferably AAV-
2 basad vectors). See, a.g., All et al., "“The Use Of DNA Virnuses As Vectors For Gane
Therapy", Gene Therapy, 1:367-84 (1094); Unitad Siates Pateni 4,797,388, incorporated
herein by reference, and United States Patent 5,139,041, incorporated herein by reference.

The cholce of a particudar vecior system for transferring the gene of interest wil
depand on a varisly of factors. One important factor is the nahme of the target cell
population. Although retroviral vectors have been extensively studied and used in a numbar
of gene therapy appiications, thess veciors are generally unsultad for infecting non-dividing
cells. In addiion, retroviruses have the potential for oncogeniclly. However, recent
developments In the fleld of lentiviral vectors may circumvent some of these limkations. See
Naidinl et al, In vivo gene delivery and stabie transduction of nondividing cells by @ lentiviral
vecior, Sclonce 272:263-7 (1998).

Retroviruses from which the retroviral plasmid veciors hereinebove mentioned may
be derived includa, but are not limitad t0, Moloney Murine Leukemia Virus, spiean necrosis
virus, retroviruses such aa Rous Sarcoma Virus, Harvey Sarcoma Virus, avian lsukosis
virus, gbbon ope leukemin vius, human Immunodeficiency virus, adenovirus,
Myuloprolferative Sarcoma Virun, and mammary tumor vius. In one ambodiment, the
reiroviral plasmid vector is derived from Molaney Murine Letukemia Virus,

Adenoviruses have the advaniags that they have a broad hast range, can Infact
quiescent or tarminally differentiated cells, such as neurans or hepatocytes, and eppear
egsentially non-oncogenic. See, a.g., All et al, supra, p. 367. Adenoviruses do not eppear
o intsgrate into the host genome. Because they exisl extraclromosomally, the risk of
insertional mutagenesis is greatly reduced. All et al., supra, p. 373.

wmmmmmwmm.

However, AAVs exhibit site-specific Integration on human chromosoms 19 (All et al., suprs,
p. 377}

In a preferred embodiment, the DNA encoding the polypeptide insulin secretagogues
of this invention s used in gens therapy for disorders such as diabetes.

According to this ambodiment, gene therapy with DNA encoding polypeplide insulln
secrelagogues or muleing of this invention is provided to a patlent in nead thereof,
concurrent with, or immediataly aftar diagnosts,

The sklilled arlisan will appreciats that eny sultable gena tharapy vector containing
polypeptide Insulin secretagogues, DNA or DNA of fragment, derivalive or verient of
polypepiide insulin secretagogues may be usad in accordance with this embodiment. The
fechniquea for constructing such a vector are known, See, e.g., Anderson, W.F., "Human
Gene Therapy,” Nature, 352 25-30 (1988); Yorma, |.M., and Somia, N., “Gene Therapy -
Promisce, Problems, and Prospecis,” Natwe, 389 235-242 (1068). Introduction of the
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polypeplide insufin sacretagogues DNA-containing vector fo the target site may be
accomplished using known techniques.

The vector includes one or more promoters. Sulteble promoters which mey be
amployed include, but are not fimiied o, the refroviral LTR; the SV4D promoler; and the
human cytomegalovirus (CMV) promotar described In Miller, et al., Blolachniques, 7(8): B80-
990 (1888), or any other promoter (e.g., cellular promotars such as sukaryotic celhudar
promoters including, but not imited fo, the histone, pol lll, and P-actin promoters). Other
vill promaters which may be employed include, but are not fimlied to, adenovirus
pramoaters, thymkiine kinese (TK) promoters, and B19 pervovirus promoters. The selection
of a sullable promoter wil be apparent fo those skillad in the art from the taschings
coniained herein.

The nucleic acid saquenca encoding the polypeptide of the presant invention s
under the control of a sultebls promoler, Sultable promoters which may bs employsd
include, but are not limfted to, adenoviral promoters, such as the adenoviral major lsle
promoter; or helorologous promoters, such as the cytomegalovirus (CMV) promoter; the
resplutory syncyfial virus (RSV) promater; inducible promoters, such as the MMT promoter,
tha meialiothionain promoter; heal shock promoters; the abumin promoter; the ApaAl
promoter; human giobin promoters; viral thymidinekinase promoters, such as the Herpes
Simpiax thymidine kinase promoter; retroviral LTRs {Including the madified retroviral LTRs
hereinabove described); the f-actin promotar; and human growth hormone promoters. The
promoler alao may be the native promoter which controla the gane encoding the polypeptide.

The retroviral plasmid vector is empioyed fo transduce packaging cell lines to form
producer call lines. Examples of packaging cells which maybe transfected include, but are
not imited to, the PES01, PA317, w-2, y-AM, PA12, T19-14X, VT-18-17-H2, yCRE, yCRIP,
GP+E-88,GPrenvAm12, and DAN call ines as described In Miller, Human Gene Therapy, 1:
5-14 {1980), which s incorporated herein by reference In Rs antirety. Tha vector may
transduce the packaging cells through any means known In the art.  Such means include,
but are not limited o, elsciroporation, the usa of iposomes, and CaPO, precipitation. In one
alternalive, the retroviral plasmid vector may be encapsulated into a liposome, or coupled to
a lipid, and then administered to a host. The producer cell fine generates infectious retroviral
vecior particies which include the nucleic acki saquence(s) encoding the polypeptides. Such
rebroviral vector particlies then may be empioyed, to tranaduce eukeryotic calls, elther in vitro
or in vivo, The trensduced eukaryofic cells will axpress the nuclelc acid sequence(s)
encoding the polypeptide. Eukaryotic celis which may be transduced include, but are not
limited 10, embryonic stem céfls, embryonic carcinoma cells, as well as hematopoletic stem
cella, hepalocytes, fibrobiasts, myoblasts, keratinocytes, endothelial celis, and bronchial
epithellal cells.

A different approach to gene therapy s “transkaryotic thampy® wherein the patlent's
calla are freated ax vivo to induce the dormant chromosomal ganes to produca the protein of
interest after reintroduction to the patient. Transkaryotic therapy assumes the individual has
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s normal complement of genes necessary for activation. Transkaryolic therapy invoives
intraducing a promoter or other exogenous regulatory sequence capable of activating the
nascent genes, into the chromosomal DNA of the patients’ calls ex vivo, cultwing and
selacting for active protein-producing cells, and then reinfroducing the activeted calls inio the
pationt with the intent that thay then bacome fully established. The “pene activated” cells
then manufacture the protein of Interest for soms significant amoaunt of time, perhaps for as
long as the life of the patient. U.S. Patent Nos, 5,841,870 and 5,733,761 disciose In detall
this concept, and are heraby incorporated by reference In their entirety.

in order that this invention may be better understood, the following exampies are sat
forth. These exampies are for the purposs of Hlustretion only, and are not to be consined es
limfting the scops of the invention in any manner. All publicaions mantioned hersin are
incarporated by reference [n thair entirely.

Example 1. Protocol for Rat lslet isclation

Sprague Dewley rats (275-320 g) were used as the saurca of donor Islets. Briefly,
the pancreas was filed with 10 m! of cold reconstitutad Liberase RI (Boshringer Manhaim);
hervested and incubated with ackiltional 5 mi enzyme solution In water bath for 30 minutes.
Tiasus suspension was weashed twice with cold 10% FBS&Hanks buffer (Gibeo),
resuspandad In 8 mi 25% ficoll (Sigma) and then layersd with 5 ml sach of 23%, 20% and
41% ficoll. The islets in the 20% layer after canbifugation wars removed, washed twice with
cold 10% FBS/Mank buffer and resuspended in 10% FBS/RPMI 1840 meadia (Sigma).

Exampie 2. Protocol for Assaying Peplide-induced Elsvalion of Inauiin Levels in Rats.
Wisiar rats are fasted overnight (17 luvs) and than anesthetized with pentobarbilal

(0.1 mi/100 g BW). Giucosa (04 g/kg dlasoived In 1% human albumin-saline) +/~ peptide
(dissoived in 1% human albumin-saline) Is injectad intravenously into the tall vein.

The rete are eye-bled 1 minute after the injection and 50-100ul of the plasma are assayed for
insulin level with the Linco RIA kit (Linco Research, Inc., St Charles, MO). T

Example 3. Protocol for Determining the Effect of Peptides on intreperitoneal Glucose
Tolerance in Rats.

Wisinr rais are fasted overnight and then anesthetized with pentobarbital.
The rats weve sye-bled (zero time) and the peptide ( in 1% human albumin) was injected into
the tall vain. Five minutes kater, 1 p/kg of glucose (in saline) was injectad Intraperitoneally,
and_the rats were eye-blod after 15, 30 and 80 minutes. Plesma glucose levels were
daterminad using the Technicon Axon autnanalyzer, Bayer Diagnosics division of Bayer
Corporation, Tamrytown NY, operated using Method No. SM4-2143F00 "Glucose”.
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Example 4. Protocol for Determining the Effect of Peptkies on (nfestinal Water Retention in
Rats.

Mals rats were fasted for 24 hours, and thelr waler bolties were taikan away for 2 - 3
hours before tha start of the experiment. Peptide or sefine was Injeciad subcutaneously inio
conacious rals. The rats were euthanized with CO; 10 minutes after dosing, and the small
intestine dissected out and weighed (1. The inteatine wae cut open, the water in tha lumen
abscrbed with fiter paper, and the intestine re- weighed (2). The emount of inteatinal water

(0) = waight (1) - weight (2). -

Example 5. Peptide Synihesis Methodology.

The following geneml procedure was followed to syntheelze some of the
polypeptides of the invention. Peptide synthesis was camried out by the FMOCA-Butyl
strategy (Peptide Synthesls Protocols (1984), Valume 35 by Michasl W. Pennington & Ben
M. Dunn) under confinuous flow conditions using Rapp-Polymena PEG-Polystyrene resina
(Rapp-Polymers, Tubingen, Germany). AL the completion of synthesis, peptides are cleaved
from the resin and de-protected using TFA/DTT/HO/Trieopropyl sllene (868/5/5/2). Peptides
were precipitaied from the cleavage cocktall-using cold disthyl sther. Tha pracipitate was
washed three times with the cold ather and then dissoived In 5% acetic ecid prior 1o
vophilization. Peplides ware checked by reversed phase chromatography on @ YMC-Pack
ODS-AQ column (YMC, inc. Wimington, NC) on a Waters ALLIANCE® sysiem (Waters
Comporaiion, Miford, MA) using watanecelonitrie with 3% TFA as a gradient from 0% to
100% acsioniirie, and by MALDI mass specirometry on 8 VOYAGER DE™ MALDI Mass
Specirometer, (model 5-2386-00, PerSeptive BioSystems, Framingham, MA). Matrix buffer
(50/50 dH2O/acstonlirlie with 3% TFA) peptide sample added to Matrix buffer 1/1. Those
peptidezs not meeting the purlly criteria of >95% are puwiified by reversed phose
chromeatogrephy on 8 Waters Deita Prep 4000 HPLC system (Waters Corporation, Miford,
MA).

Exampie 6. Peptide Cloning

The recombinant expression of VIP has been aftemptad previously with mbuad
results. Simoncsits et al (Eur. J. Biochem. 178: 343-350, (1988)) expressed Ley”, Giy™-
VIP or Lau""Gly® Lys™Arg®'-VIP as & C-kerminal fuslon to the N-tarmina! part of the E. col
$-galaciosidase gene in E. coll. The removal of the mathionine at position 17 eliminates a
CNBR clsavage siie. C-ierminal addition of Gly or Gly-Lys~Arg was designed for potential in
vivo C-larminal amidafion by mammalian PAMase. Upon CNBR cleavaga of the fusion
protaina st the methionine introduced N-terminal to the VIP mutants, free VIP mutants were
purified and shown to possess simiiar aciivities as the native VIP, although the activities
were méaswed only at saturaling concenirations of the peplides. Rsingeaud el al
(Blachimie 78: 14-25 (1996)) expreased VIP as polymeric C-terminal fusions to ghstathione
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M(Gsnhéﬂl. The fres polymeric or monomeric VIP pepiides were
relessed upon saquential cleavages by Facior Xa and hydroxylemine. The requiremant for
the two-etep cleevage iad to Inefficiency and a mbdure of products. Polymeric or monomeric
VIP peptides produced by this method were less aciive than the native VIP. An improved
version of the consiruct using only Facior Xa cleavage yielded a VIP mutant with a seven

resicue C-terminal exiansion that was also isss active than the native VIP (Ottavl ot al,

Blochimio 80: 289-283 (1996)). No expression of PACAP has besn reporied fo date. To
watablish a robust method for expressing PACAP, VIP, and thelr mutants, their genatc
podes were clonad C-tarminal to GST with a single Facior Xa recognition alte separating the
monomaric peplide and GST. The gene encoding Facior Xa recagnition sils fused to DNA
soquence of the peplide 1o be produced has been wynthesired by hybridizing two
overiapping single-siranded DNA frapmenis (70-80mers) conteining a Bam H! or Xho |
restricion enzyme site immediately 5 to the DNA sequence of the gane to be clonad,
followed by DONA eynthesis of the opposie strends via the large fragment of DNA
polymerase | (Lle Technologies, Inc., Galthersburg, MD). The DNA sequence chosen for
ench gene was basad on the reverse translation of the designed amino aald sagquance of
aach peplide. in soma cases, the gene encading the peptide s generated by PCR
muingenssis (Picard, V, et al, Nudeic Acids Res 22: 2587-01 (1004). Sambraok, J., Fritach,
E. F., & Manialls, T, {1888) Molecular Cloning: A Laboratory Manusi, 2nd ed., Cold Spring
Harbor Laboratory Press, New York) of a gene already made by the method described
above. The double-stranded product ks then digested by Bam H and Xho | and ligated into
pGEX-6P-1 (Amersham Pharmacia Blotach) which has also besn cleaved by Bam HI and
Xho l. The DNA sequances of the clonad papltide genss are liatad in Figura B,

For exampie, whan DNA sequences of SEQ I3 NOs: B4, 55, and 56 are cloned Inio

pGEX-6P-1, the folowing polypeplide saquences were expressad as fusions with
glutethlone S-transferase (GST):

PACAP38: IEGRHSDGIFTDSYSRYRKOMAVKKYLAAVLGKRYKQRVKNK (SEQ ID NO=2)
VIP: IEGRHSDAVFTONYTRLRIKQMAVKKYLNSILN (SEQ 1D NO:1)
R3P3: IEGRHSDAVFTENYTKLRKQLAAKKYLNDLKKGAT (SEQ ID NO:8)

adenWMMNw-pmnlhnhdﬂnuﬂum

Exampls 7. Peptide Recombinant Expression and Purfiication
BL21 cells (Stutugene) transformed with the GST-pepide fuslon containing

piasmids were grown at 37°C until ODggg reached 0.6 to 1.0 and Induced by 1 mM IPTG (Life
Technologies) for 2 houre at 37°C. 2L of cells ware spun at 7,700 g for 15 minutes, weighad,
and stored at -20°C for at least 3 hours. The frozen cell pellst was resuspended In 100 mL
ice-cold PBS with 250 u of protease inhibitor cocktall (Cat No. P-8465, Sigma Chemical) per
gram of cefis, sonicated at 3x for 1 minute with 15 second breaks, Cellular debris were
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spun down at 10,000 g for 20 minutes. The supematant was mixed with 2 mL of 50%
Glutathione Sephaross 48 resin (Pharmacia) on @ shaker ovemight et 4 °C. The resins were
spun down et 1,500 g for 15 minutes, packed info emply Poly-Prep Chromatography
Columns (Bio-Rad), washed with 30 mL PBS followsd by 10mL of Factor Xa buffer (1 mM
CaCl,, 100 mM NaCl, and 50 mM Tris-HCl, pH 8.0). The paptides were cleaved off the
column by 60 units of Factor Xa (Pharmacia) in 1 mL of Factor Xa buffer for overnight at 4 *C
and run on C18 HPLC (Beckman System Gold), using a 2 mL loop and fiow rate of 2 mL/min
with the following program: 10 minutes of Buffer A (0.1% TFA/H0), 30 minutes of gradiant to
Bufer B (0.1% TFAJACN), 10 mimstes of Buffer A, 10 minutes of gradient, and 10 minutes of
Buffer A. Peak fractions {1 mL each) were collectad and screened by 10-20% Tricine-SDS
gel elecirophoresls., Fraciions containing the peptides of Table 1 were poolsd and dried
down. Typical yields are several hundred micrograms of frea peplidea per ilter of E. coll
cultwa. Recombinant peplides have bsen shown 0 have the same aciiviies as their
synihefic versions.

The following table contains some selected polypeptides made according to the
Pepiide Synihesis protocol discussed above (example 5), or recombinantly as described In
Exampla 7. Peptides produced by the recombinant method are denoted with a small lelber
*r" In front of the pepikis designator. Pepides produced by both recombinant and synthetio
means are noted by asterisks next to thelr Peptide No's. Peptides R3P0 and R3P4 were
reported by Boiln, et al. (Blopolymers 37: 57-06 (1985); US patent 5,677.418).

Table 1

EE e :EQIJ
O:
FR3P0 | AcHSDAVFTENYITKLRKONIBAAKKYLNDLKKGG 1-NHp 5
R3P1 | Ac-HSDAVF TENY TKLRKQLAAKKYLNDLKKGGT-NI 8
"R3P2 | AcHSDAVF TENYTKLRKGLAAKKYUNDLKKGGT 7
R3PS | HSDAVF TENYTKLRKQLAAKKYLNDLKKGGT B_
- RaP4 | Ac-HSDAVFTEN(CHLO-Y) TKLRKQNISAAKKYLNDLKK-NH2 [ @
Lm——  HSOAVFTENY TKLRKQLAAKKYUNDURX |10
R3PS | HSDAVFTDNYTRIRKQMAVKKYLNSIKR-NFR 11
RPT  HSDAVF TONYTRLRKOMAVRKYUNSIKKGGT 12
" RSP10____ | HSDAVFTENYTKLRKQLAARKYLNDLLNGGT - |13
CR3P1T | HEDA ILNGGT 14
RSP HSDAVF TONY TRLRKQLAAKKYLNDIKKGGT 15
- R3P13 HSDA D Ha 16
[ R3P14____| HSDAVF IDNY TRURKGMAVIKIKYLNDLKKGGT 17
R3P19 | 18
TaPm HSDA DIKKGGT 19
| P21 | HSDAVF TDNYTRLRKOLAVKKYLNDIKKGGT 20
RaP22 [ HSDAVF TDNY TRLRKQLAAKKYLNSIKKGG T 2
[ R3P24_____| HSDAVF TDNYTRLRKQLAAKKYLNDIKNGG T 2
R3P25  HSDAVF 1 DNY TRLRKQLAVKKYLNSIKKGGT 23
R3P26 HSDA' i 24
T R3P29___ | HSDAVF TDNYTRLRKQLAVKKYLNDIKNGGT 25
| R3P30____ | HSDAVF TDNYTRLRKQLAAKKYLNSIKNGGT 2%
R3P31 HSDAVF TDNY TRLRKQLAAKKYLNDIKKGG 27
| R3P32____ | HSDAVF1DNYTRLRKQLAAKKYLNDIKKG 28
[ rRaP33° HSDAVFTDNY TRLRKQLAAKKYLNDIKK 29
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 HSDGIFTDS YSRVRKQMAVKKYLAAVKKYLAAVRHG-NH)
| SWCEPGWCRHSDAVFTENY TKILRKQLAAKKYLNDUKKGGT

SDAVFTDONYTRLRKQLAAKKYLNDIEKGGT |

al @) 31 & 3Iﬂ|&ﬁ%lﬂ*8ls.a.=lsﬁt b snslzlswa.awse DD

SDA DILNGGT

T ———

VFTONYTRLRKQLAVKKYLNDILKGGT

HSDGIFTDSYSRYRKQLAAKKYLADVKKGGT

[ HSDGIFTDSYSRYRKQLAAKKYLADVKK

HSDGIFTDSYSRYRKQLAVKKYLAAVKK

HSDGIFTDSYSRYRKQMAVKKYLAAVKK

| HSDAVF TDNY TRLRKGVAAKKYLNSIKK

HSDAVFTDNYTRLRKQMAAKKKYLNSIKNKR

"HBDAVFTONY TRLRKQVAARKYLGSIKNKRY

[ HEDAVFTONY TRLRKQLAARKYLNTIKNKRY

HSDAVFTDNY TRLRKQVAAKKYLNSIKNKRY

g
3

g

e

HSDAVFTDNYTRLRKQVAAKKYLNSIKNKRY

HSDAVFTDNY TRLRKQVAVKKYLQGIKKKR

HSDAVFTDNYTRLRKQVAVKKYLQSIKKK

HSDAVFTDNYTRLRKQVAVKKYLQSIKNKRY

qwq&awmsssmwmwmﬂmnmwmﬂsqmﬁa
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HSDAVF TDNY TRLRKQMAAKKYLNSIKNGR

 HSDAVFTDNYTRLRKQMAAKKYLNSIKNAR

[ HSDAVFTDNYTRURKQMAAKKYLNSIKNIR

HSDAVFTDNYTRLRKQMAAKICYLNSIKNLR

HSDAVETONY TRLRKQMAAKKYLNSIKNMR

HSDAVFTONYTRLRKQMAAKKYLNSIKNNR

HSDAVFTDNYTRLRKQMAAKKYLNSIKNPR
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"iﬁ-’{w ASDAVF TDNY TRLRKQMAAKKYLNSIKNGR 149
[ TRAP147T___| HSDAVF TONY TRLRKQMAAKKYLNSIKNRR 150
~TRAPT48 | HSDAVFTONYTRLRKGMAAKKYLNSIKNER 151
—mg "RSDAVF-TDNYTRLRKQMAAKKYLNSIKNTR :g
W—Wﬁm—nﬁm
Eﬂf_:m | HSDAVFTONY TRLRKQMAAKKYLNSIKNWR 154
RaP152 | HSDAVFTDNYTRLRKQMAAKKYLNSIKNYR 185 _
TR3P153 | HSDAVF IDNY | RLRKQMAAKKYLNSIKNKA 156
R3P155 | HSDAVF TDNYTRLRKQMAAKKYLNSIKNKD 157
[TTR3P156 | HSDAVF TDNY TRLRKQMAAKKKYLNSIKNKE _ 158_
[~R3P157 | HBDAVFTDNY TRLRKQMAAKKYLNSIKNKF _ 150
[ TR3P158 SIKNKH 11%%
58 | HSDAVF TDNY TRLRKQMAAKKYLNSIKNKH _
TRSP160 | HSDAVF TDNY TRLRIKQMAAKKYLNSIKNIK 162
R3P161___| HSDAVFIDNY TRLRKQMAAKKYLNSIKNKK 163
"~ TR3P162___ | HSDAVFTDNY TRLRRQMAAKKYLNSIKNKL 164
183 | HSDAVF TDNY TRLRKQMAAKKYLNSIKNKM 165
1 [ ASDAVFTDNY TRLRKQMAARKYLNSIRNKN 188
TRAP165 | HSDAVFTDNY TRLRKQMAARKYLNSIKNKP 167
RAP108 | HSDAVF TDNY TRLRKGMAAKKYLNSIRNKQ 168
R3IP167 HGDAV Sl 168
TR3P1ED | 1 11%
[ HSDAVFTDNY TRLRKQMAAKKYLNSIKNKYV _
RIPT70 | HSDAVE TDNYTRLRKOMAARKYLNSIKNKW. 72
" rRAP171___ | BSDAVF TDNY TRLRKQMAAKKYLNSIKNKY _ 173
= ot 3 i
PACH: [ESDGIFTDS YSRYRKQMAVKKYLAAVL-NH2 178
PACZ | AKDGIF TDSYSRYRRGMAVRRYLAAVL-NHD 7T
—PACE | NSKGIFTDSYSRYTREMAVRRYLAAVLNH; 7
_W—JP : "HSDKIF TDSYSRYRKQMAVRKYLAAVL-N 179
—PAGS | HEDGRFTDSYARVRKOMAVIRYLAAVLNFZ 1o
PACE: [ HSDGIKTDSYSRYRKQMAVIKKYLAAVL-NHZ 181
PACT: "HSDGIFRDSYSRYRKAMAVKKYLAAVL-NH2 182
PACS: | ASDGIFTKE YSRYRKQMAVIGKYLAAVL-NH 183
PACY: HSDGIF TDKYSRYRRGMAVIGCYLAAVL-NH2 L7 N
—PACTE | HSDGIFTDSRERVRRINAVRRYLAAVL NH; 7
—PACTT | HSDOIFTDEYRAYRKGMAVRRYLAAVL N, 788
—PACIZ | HSDGIF TD5YSEVRKQMAVRKYLAAVL-NH, 187
—PACIX: | HSDGIFIDS YSRKRKQOMAVRKYLAAVL-NHZ 168
PACIE VKKYLAAVL-N 185
[ PACIS: | HSDGIF TDSYSRYREQMAVIKYLAAVL-NF %0
TPACIE: | HSDGIFTDSYSRYRKKMAVRKYLAAVL-NHZ E]]
PACI7: | BSDGIFIDSYSRYRKQRAVKKYLAAVL-NH 182
T PACIS: | HSDGIFIDSYSRYRRQMRVKKYLAAVL-NHZ 193
T PACTS: | HSDGIFTDSYSRYRKQMARKKYLAAVL-NHD 154
PAC20: | HSDGIF TDSYSRYRIKGMAVEKYLAAVL-NHZ 165
-~ PACZI: | §YS VKEYLAAVL 708
PACZ | HSDGIFTDSYSRYRKQMAVKKKLAAVL-NHZ 197
[T PACZY: | HSDGIFTDSYSRYRKGMAVKKYKAAVL-NHD 198
PAC24: | HSDGIF IDSYSRYRKGMAVKKYLKAVL NH2 19
~ PACZ5. | HSDOIFIDSYSRYRKQMAVRKYLAKVL-NH 200 |
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PAC286: HSDGIFTDSYSRYRKQMAVKKYLAAKL-NH2 201
- "HSDGIFTDSYSRYRKQMAVKRYLAAVK-NHZ 202

Example 8. Insulin secrefion by ral_ilats
Peplide R3P3 (0.1-100 nM) stkmuiates insulin secretion from isalaiad rat isiels in a

ghucoss-dependent fashion. Those siudies compare the offects on lslet cells of R3P3
peptide and GLP-1.

Rat isiats were isolated and treated with GLP-t1 or R3P3 at elther 3 or 8 mM glucose
in the madium in accordancs with the rat slet prolocol described above in eample 1. As
shown by Figures 4A-4B, peptide R3P3 significantly enhances the release of insufin from
siets in a concentration-dependent fashion and this effect io similar fo that of GLP-1, a
inown Insulin sacretagogue.

Emmple 9. |n vivo insulin and glucose response.

As shown In Tablee 2 and 3 below, polypeplides that activale the R3 receptor also
potentiate giucose-induced increase in plasma insuiin levels when compared to glucose
sione. This Increase in insulin causes concomitant decresss i piasma glucose.,

in accordance with tha protocal of exampla 2 sbove, ovemight fested Wistar rain
were anestheiinad with pentobarital; Lv. injected with glucose + peptide and aye bled after 1
minute. N=12 rais/group. The graph In Figure 5 shows that the polypeptids R3P3 causes
an increass In glucoss disposal that accompanies the increase in insufin secretion. The
peptide or vehicls was given L.v. followed by a glucoas load given Lp. in accordance with
example 3. The plasma glucoss was followed over the ime period indicated. As shown in
the graph, R3P3 markadly accalerated the dispasal of biood giucoss.

Example 10. Diarthea side effects.

As described In the protocol of exampie 4 above, fasted rats were Injected s.c. with
the indicsied pepiide (5 nmal/kg or 22-24 nmol/kg). Rve minutes after the Injection, 0.3 mi of
water was given p.o. Five min after the water doss, the snimais ware euthanized and the
water content In the amall Infestine detarmined. Aa shown In Figurs 8, VIP injections at the
iwo doses causad @ markad incroase In the waler content of the amall intestine lumen over
the vehicie (seline) control. At the highest dose, the R3 peptides caused only a very small
incresse (Le., roughly 10%) in comparison to VIP. Mhﬁmwﬂlw{mﬂnpeplhndid
not produce eny change in weter content in the smeii gut. The degree of water retention was
usad as an index of R2 activation /n vivo, -

Exampie 11. Effectof on | Glucose Tolerance In Rats

Wisiar reis wera fazied ovamight and than anesthetized with Pentobarbital. The rats
wore oye-bled (zoro time) and the peptide (n 1% human albumin} was Injecitad
subcutanecusly. Five minuies later, 1 g/kp of plucose (in sallne) was Injecied
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intraperftoneally, and the rais were eye-bled afier 30 minutes. Plasma glucose levels were
determined using the Axon autcanalyzer, and are shown in Figure 7.

Figure 7 shows that plasma giucose elevated to 160 mg/dl above basal {(100mg/dl)
in rats trested with vehicle 30 minutes after IPGTT (IP Glucose Tolarance Tesl). In rats
injectad with peptides R3P3, R3P12 and R3P13, this elsvation of plasma ghicose was
significantly reduced, verifying the Insulin-producing effect. At 1 nmale/kg s.c., the giucose-
lowering effect of each peptide was similar {o that observed with an equivalent dose of GLP-
1.

Example 12. Ghucose-dependent insufin secreting polypeplides.

Table 2 contains a list of the peptides that stimulatad release of msulln In vivo In the
IPGTT essay, or In viro through the rat isist assay. As shown by the data, the peptidea
anhance glucose-mediaied ineulin releass in vivo and in vitro.

Plasma inzuln: Data are expressed as % of piasma Insulin one minute afler IVETT
{0.4g/kg giucose) with either saline, 0.1nmol/kg P51, P55, P60 ,PE6 or 1 nmale/kp of the
ather peptides in Wister rats. Blood was drawn from the eye and insufin was measured with
the rat ineulin RIA kit (Linco Research, inc., §t. Charies, MO).

Plasma glucose: Date are expreased as % of vehicis of plasma giucose area under
tha curve after IPGTT (1 g/kg glucoss) sfter treatment with 1 nmolkg dose of the peptide.
PACAP27 has baan reporied to induce insulin secretion but does not affect plasma plucose
levels (Fiipsson , K et al, J. Clin. Endocrin. & Metabolism 82: 3083-3008 (1907)). The
present Invaniors have shown for the first time that this Is becauss the sffects of R2 and R3
on glucose tend to cancel each other out. The R2-selective agonist [K15, R16, L27]VIP(1-
TYGRF(8-27) (Gourlet, P. et al., Peptides 18:1539-45 (1897)), defined as R2P1, Increases
piasma glucose level by 14% while R3-spiactive agonists lowar plasma glucose level by
~20%. Therefore, R3-selectivity appears to be a desimble atiribute for medicaments which
are {o be employed In achieving bioad glucose reduction, for treatment of type 2 diabetes.

fsdat insulin reioase: Rat islets were (solated from Sprague-Dawiey rats e3 described
in example 1 and treated with either vehicle or specifiad paptide (10nM) for 2hrs. Insulin
concentration In the medium was measured with the Linco rat insulin RIA kt. Glucoss
concaniration In the medium was 8mM. The daia sre exprassed as % of [Insulin] in 8mM
glucose alone. No polypeptide-induced increases In insulln concentration wene observed at
3mMglmﬂuqhhmhrdmianvﬂyorMpdypepﬂduamdum
depandent.

3

- B

rAL =



10

15

5053P1 _
‘ -
Table 2
Peptide Plasma Inaulin Plasma Glucoss  Ialel insulin Releass
(% of Basal) I(*dﬂlﬁl) (% of Baeal)
V. 8.c
PACAP 27 k7. 1) 188
R2P1 218 114
R3PO w 264
R3P1 480 3 250
R3P3 81 I{} T2 275
Rarg 21
R3P10 174
R3P12 an2 78 324
R3P13 465 7 170
R3P18 285
RAP38 255 f <] T8
P51 250
P55 200
Peo
R3PEs 388 a2 184
R3P?T7 ash
R3PS0 350
R3P81 202

Bxampie 13. Pharmaceutical composition — [V formulation
A siwrilp injectable formutation is made from 4 mg of a palypeptide of SEQ ID NO: 72
and 1 lier of sterile saiine, using a manufacturing process well known in the art.

BSample 14. Phamacautical composiion ~ IV formutation:
A sterlle injeciable formulstion is mada from 400 mg of a polypeptide of SEQ ID NO
174 and 1 Rtor of sterle saline, using & manufacturing process well known In the art.

Bxample 15: Effect of PACAP27, VIP and PACAP receptor-selactive peptide agonists on
heart rala in conscious dogs

Protocol:

Beagis dogs were put into a sling where they have been frained to stand forup to 3
hours. The cuff of the haart rate monitor was piaced eround the tall of the dog.

Saline was injactad Into the caphalic vein and haert rats monitored every 2 minstes
o establish a beseline. After 10 minutes, pepiide was Injected and heart rate monitorad
every 2 minutes for the next 20 minutes. If heart rate was normal at that ime, a higher dose
was piven and haeart rate monflored for 20 minutes. The area under the caurve (AUC) for the
first 10 minutes of heart reta change Induced by the polypeptide was plotisd as % over
vehicle AUC against polypeplide concentration. PACAP2T and the Ri-aslective agonist
maxadiian (Morg, O.. J. Blol. Chemn. 272:068-970 (1897)) possess simiiar potency In heart
rate increasa. VIP which activates both R2 and R3 but not R1, R2-selective agonist R2P1,
and R3 salactive agonists RIPO, RAP3, R3P18, RIP38, RIPS1, and RIP53 are ot least 10-
fold {ass potent than PACAP2T or maddlian. Thus, the cardiovascular effect of PACAP2T
can be mostly afiribuiad to PACAP-R1 activatlon. Al peptides are full agonisis at thair
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respeciiva receplors with comparable affiniies. R3P0 Is the Roche analog RO 25-1553 that
has been shown to clisplay selectivity for PACAP-R3 of et lanst 100-fold over R and R2
(Gourlet et al, Peptides 18:4030408 (1967)).

Example 16. Cyclic AMP SPA
CHO celle expresaing the PACAP R3 were plated In 96-wal piates (Costar) a1 8 x

1o4umammumhumhuum+mm+dmm(em
BRL), 10% FBS, 100 ug/mi Pan/Strep, 0.3 mg/m! giutamine, 1 mM HEPES, 0.5 mg/ml
Genaticin (Gbco BRL). The media was removed and the plates were washed with PBS.
The cells were Incubsted with a paptide, In Hapes-PBS-BSA with 0.4mp/miSoyhean Trypeln
Inhibitor, 0.5 mg/mi Bacitracin, 100uM IBMX, for 15 min at 37 C. Cyclic AMP In the cell
axirects was quantitated vsing the cAMP SPA direct screening asaay system {Amersham
Pharmacia Biotech Inc, Piscataway, NJ, ). The peptides shown In Table 3 were assayed for
cAMP aciivity.

Tabie 3 reports 7 vitro cAMP SPA results on CHO celis transfaciad with PACAP-R2
or PACARR3. EC50 Is defined a8 the concantration of the polypeptide at which 0% of
maximum PACAPZ7 activity Is achieved. "NA" denoies no detectable activies. “R3
Selectivily” Is derivad from the ratio of EC50 st R2 versus ECS0 at R3. Most of the following
palypeptides are designed bassd on VIP, which has been shown to lack actvity at R1
(Vaudry D. et al., 2000, Pharmecological Reviows, 52 289-324). Thersfore, I Is belloved
that thesa polypeptides do not possess appreciable activily at R1. Pepiides designed based
on VIP include SEQ ID NO: 653, 6285, and 70-175.

Table 3
Pepide SeqIDNO R2EC30,nM R3IECS0,nM R3 Selectivity
viP 1 01 0.08 13
R0 5 >100 04 >250
R3IP1 8 >100 2 >50
RaP2 7 >1000 3 >300
R3P3 8 100 0.75 130
R3PS 10 200 7 30
R3P8 " 2 14 15
R3P9 12 40 2 2
R3AP10 13 3 1 03
R3P11 14 10 3 3
RaP12 15 »>100 05 >200
R3P13 16 163 ] 33
R3P14 17 50 17 3
R3P19 t8 42 14 30
R3P20 19 330 14 230
RaP21 20 17 03 60
R3PZ2 21 38 16 24
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R3P74

R3P100
RaP101
R3P102
R3P103
R3P104
R3P105
R3F108
R3P107
R3P108
RIP109
R3P110
RaP111
rRIP112
R3P113
R3P114
R3P115
RaP116
RaP118
R3P119
R3P120
R3aP121
R3P122
R3IP123
R3P124
R3P125
R3P126

R3P12ZT -

RAP128
RaP128
R3P130
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R3P131
R3P132
R3P133
RIP134
RaP138
R3P137
R3P139
R3P140
R3P141
R3P142
R3P143
R3P144
R3P145
R3P148
R3P147
RaP148
R3P149
R3P150
R3P153
R3P155
R3IP156
RAP157
R3P158
R3P159
R3P160
R3P181
R3P162
R3P163
R3P164
R3P165
R3P168
R3IP167
R3P168
R3P188
R3P1T0
RIP1M
RaP172
R3P173
PAC1
PAC2
PAC3
PACA
PACS
PACS
PAC?
PACB
PAC9
PAC10
PAC11

PAC12 -

PAC13
PAC14
PAC15

134
135
136
137
138
140
142
143
144
145
148
147
148
149
150
151
152
153
158
157
158
158
180
161
162
163
1684
1685
166
167
168
1689
170
1m
172
173
174
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178
177
178
179
180
181
182
183
184
185
186
187
188
189
190
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PAC18 M 0.2 02 1
PAC17 192 025 0.6 18
PAC18 193 o7 11 0.7
PALC19 194 8 04 20
PAC20 195 2 07 0
PAC21 198 25 0.24 10
PAC22 197 2 15 0.1
PAC23 198 170 173 13
PAC24 189 03 02 16
PAC25 200 0.13 0.04 3
PAC26 201 025 0.3 1
PAC27 202 15 11 14

Example 17. Polyclonal antibody production

Synthesls of the peplide Ac-CRKQVAAKKYLOQSIKNKRY COOH was performad on
an Appliad Blosystoms 430A pepiide synthealzer using fmoc chemistry with HBTU activation
of amino acids. The peptide was clsavad using a 84.6% TFA, 4.4% phanal, 4.4% water,
4.4% thioanusol, and 2.2% ethandithiol cockiad. The crudas peptide was purified using a C18
reverss phass column with a 0.1%TFAXCHICN gradient.  Evaluation of purity wee performad
on a PerSeptive V Blosysiems Voyager DE Pro MALDI mass spectrometer. The cysieine
residue was coupled 1o KLH using the Plerca Imject Malelmkie Activeted mciKLH kit and
protocal (Plerce , Rockford, IL). Rabbits were immunized using the following polycional
antiserum immuntzation schedule:
Day 0 - 10 ml preblesd for baseline serum

250ug each peplide in 1 mi emuision of Camplete Freunds Adjuvant,

0.1 mi/sita X 10 sites subcutaneously
Day 14 - Boost 250 pg each peptide in 1 ml amulalon of incompiets Freunds Adjuvant

0.1 mi/site X 10 sitas subcutaneously
Day 21 - 35 ml biesd
Day 35 - Boost 250 ug each peptide in 1 mi amualon of Incomplete Freunds Adjuvant

0.1 mVaite X 10 sites subculansously
Day 42 - 35 ml bised
Day 56 - Boost 250 pg each peptide in 1 mi emuision of incomplete Freunds Adjuvent

0.1 mi/plia X 10 siea subcdanecusly
Day 83 - 35 ml blesd
Day 77 - Boost 250 ug each peptide in 1 ml emulsion of ncompletes Freunds Adjuvant

0.1 mi/site X 10 sites subcutanecusly
Day 84 - Terminal bigad

Anilbodies ware characterired using the following protocol:
Immuion Nl plede (DYNATECH LABORATORIES, INC, Chaniily, Virginia) was
costed with P66 pepiide (0.3-100ng range) in 100w of EIA coating buffer 1.6L of 0.1M
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NaHCO3 + 0.4L of 0.1M Na2CO3 pH9.5) for 3 hours at room temperature (RT). The piate
was bloltad with 100wl of 5% mik TBS Twesn 20 {10mM tris pHB.0, 150mM NaCl, 0.05%
Tween-20 (BIGMA P-1378)) for 1 hour at RT and washed 3 limes with TBS Twesn. R3P88
anttbody was added to the well in 100ul of 5% bloto (TBS- Tween 20 + 5% milk ) for 2 hours
RT folowed by a wash with TBS Tween (repeat wash 5 times). Secondary antibody (BioRed
goat antl abbit Alaline Phosphatase conjugate) was added to the well at 1:1000 diiution in
100uf of 5% bioto for 1 howr. The plate was washed & times with TBS Tween. p-Nitrophenyl
Phoaphste (SIGMA 104-105) 0.5mg/ml of subsirate buffer (1M Diethanolamine, 0.5uM
MgCi2'6H20, pH 8.8 wHCI } In 100ul and incubated st RT forihour to O/N. The plate was
read at OD 405 in SPECTRAmax 250 (Moleculer Devices Corporation, Sunnyvale, CA).

To determing If the antibodies produced In rabbits to the peptide
Ac-CRIOVAAKKYLQSIKNKRY-COOH In accordence with axample 17 recoghize the
pepiida R3PES (SEQ ID NO 72), the enzyme-linked immmoadsarbent essay (ELISA) was
performed. When antibodies recognize a peplide, a signal at OD405 is detected. Figure 10
shows that these antibodies recognize R3P86 but do not interact with homoalagous peptides
PACAP-Z7 ar VIP up to 30up of peptida concentration.

Al publications and pelents mertionad In the above apecification are Incorporated
harsin by reference. Various modifications and variations of the deecribad compositions and
methods of ths invention will be apperent lo those ekilled In the art without departing from the
scope and epkfl of the invention. Although the invention haa been described in connection
with specific prefarred embodiments, it should be undersinod thet the Invention as claimed
should not be unduly limRed to such apecific ambodiments. Indeed, varous modifications of
the above-describad modes for canrying out the Invention which are obvious to those aldlied
in the flaid of molecuiar biology or related fieids are intandad o be within the scope of the
following cleims. Those skiled in the art will recognize, or ba able %o ascertsin using no
more than routine esperimentation, many equivalents to the specific embodiments of the
invantion describad herein. Such equivalents are intended to be encompassed by the

following claima.




We :
A polypeptide selected from the group consisting of SEQ ID NOa:11 through 14, SEQ ID
5 NO:18, SEQ ID NOs: 21 through 28, SEQ ID NO=: 32 through 38, SEQ ID NOe: 40 through
53, SEQ ID NOs: 57 through 61, SEQ ID NOs: 63 through 58, SEQ iD NOs: 102 through
118, SEQ ID NO=: 121 through 137, SEQ ID NOs: 139 through 177, SEQ ID NOs: 179, 180,
SEQ ID NOs: 183 through 202 and fragments, desivalives and variants thereof.
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Abstract

This ivention provides novel peplides that function in vivo io stimulate insulin
felease from pancreafic beia colls in & ghcose-dependent fashion. These hwilln
secretegogue peplides are shown to stimulate insulin release in rat llet calls in vitro, and in
vivo. The peptidea of the presant invention provide a now therapy for patients with
decreasad endogenous insulin sacrefion, in particular type 2 diabetics, In particular, the
invention Is a polypeplide salectad from a specilic group of VIP/PACAP-related palypeptides,
or functional equivalents thereof. The invention is also dinected o a method of treating &
metabollc disesss In a mammal comprising administering a therapautically effective amount
of the Insulin secretegogue peptides to sald mammal. Also disclosed are methods of making
the peptides, both recombinant and synthetic.
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R3P71
R3P72
RaPT3
R3aP74
R3P75
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HSDAVFTDNY TRLRKQMAVKKYLNSIKK-NH,
HSDAVFTDNYTRLRKQMAVKKYLNSIKKGAT
HSDAVFTENYTKLRKQLAAKKYLNDLLNGGT
HSDAVFTDNYTKLRKQLAAKKYLNDILNGGT

HEDAVFTENYTKLRKQLAAKKYLNDLKKGGTSWCEPGWCR

HSDAVFTENYTRLRKQMAVKKYLNSLKK-NH,

HSDGIFTDSYSRYRKQOMAVKKYLSAVRHGGT-NH,
HSDGIFTDSYSRYRKQMAVKKYLAAVKQGGT-NH,
HSDGIFTDISYSRYRKQMAVKKYLAAVKKYLAAVRHG-NH,

HSDAVFTDNYTRLRKQLAAKKYLNDILKGGT
HSDAVFTDNYTRLRKQLAAKKYLNDILNGGT
HSDAVFTDNYTRLRKQLAVKKYLNDILKGGT
HSOGIFTOSYSRYRKQLAAKKYLADVKKGGT
HSDGIFTDSYSRYRKQLAAKICYLADVKK

HSDAVFTDNYTRLRKQVAAKICYLNSIKK
HSDAVFTDNYTRLRKQMAAKKYLNSIKNKR
HSDAVFTDNYTRLRKQVAAKKYLQSIKNKRY
HSDAVFTDNYTRLRKQLAAKKYLNTIKNKRY
HSDAVFTDNYTRLRKQVAAKKYLNSIKNKRY
HSDAVFTDNYTRLRKQMAAKKYLQSIKNKRY
HSODAVFTONYTRLRKQMAAKKYLNTIKNKRY
HSDAVFTDQYTRLRKQMAAKICYLNSIKNKRY
HSDAVFTDQYTRLRKQLAAKICYLNTIKNKRY
HSDAVFTDNYTRLRKQMAAHKYLNSIKNKRY
HSDAVFTDNY TRLRKOMAAKHYLNSIKNKRY
HSDAVF TDQYTRLRKQLAAHKYLNTIKNKRY
HSDAVFTDQYTRLRKQLAAKHYLNTIKNKRY
HSDAVFTONYTRLRKQVAAKKYLQSIKKKR
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R3P130
R3P131
rRap132
RAP133
P14
rRIP136
wRIP137
rR3P138
rR3P139
R3IP140

RAP141

rR3P142
RIP143

§

HSDAVFTDNYTRLRKQVAAKKYLNSIKKKR
HSDAVFTDNYTRLRKQVAAKKYLNSIKNKRY
HSDAVFTDNYTRLRKQVAVKKYLQSIKKKR
HSDAVFTDNYTRLRKQVAVKIKYLQSIKKK
HSDAVFTDNYTRLRKQVAVKKYLQSIKNKRY
HSDAVFTONYTRLRKQVAAKKYLQSIKKRY
HSDAVFTDNYTRLRKQVAAKKYLQSILKKR
HSDAVFTDNYTRLRKQVAAKKYLQSILKK
HSDAVFTONYTRLRKQVAAKKYLQSIKNK
HSDAVFTONYTRLRKQVAVKKYLQSILKKRY
HSDAVFTDNYTRLRKQVAVKKYLQSILKKR
HSDAVFTDNYTRLRKQVAVKKYLQSILKK
HSDAVFTDNYTRLRKQVAVKKYLQSIKNK
HSDAVFTDNYTRLRKQVAAKKYLQSILNKRY
HSDAVFTDNYTRLRKQVAAKKYLQSILNKR

HSDAVFTONYTRLRICQMAAKKYLNSIANKR
HSDAVFTDNYTRLRKQMAAKKYLNSIDNKR
HSDAVFTONYTRLRKQMAAKKYLNSIENKR
HSDAVFTDNYTRLRKQMAAKKYLNSIFNKR
HSDAVFTDNYTRLRKQMAAKKYLNSIGNKR
HSDAVFTDNYTRLRKQMAAKIKYLNSIHNKR
HSDAVFTDNYTRLRKOMAAKKYLNSIINKR
HSDAVFTDNYTRLRKQMAAKKYLNSIMNKR
HSOAVFTONYTRLRKQMAAKKYLNSINNKR
HSDAVFTONYTRLRKOQMAAKKYLNSIPNKR
HSDAVFTDNYTRLRKQMAAKKYLNSIQONKR
HSDAVFTDNYTRLRKQMAAKKYLNSIRNKR
HSDAVFTONYTRLRKQMAAKKYLNSISNKR
HEDAVFTDNYTRLRKQMAAKKYLNSITNKR
HSDAVFTDNYTRLRKQMAAKKYLNSIVNKR
HSDAVFTDNYTRLRKQMAAKKYLNSIWNKR
HSDAVFTDNYTRLRKOMAAKKYLNSIYNKR
HSDAVFTDNYTRLRKQMAAKKYLNSIKNAR
HSDAVFTDNYTRLRKQMAAKKCYLNSIKNDR
HSDAVFTONYTRLRKQMAAKKYLNSIKNER
HSDAVFTDNYTRLRXQMAAKKYLNSIKNFR
HSDAVFTDNYTRLRIKQMAAKKYLNSIKNGR
HSDAVFTONYTRLRKQMAAKKYLNSIKNHR
HSDAVFTDNYTRLRKOMAAKICYLNSIKNIR
HSDAVFTDNYTRLRKQMAAKKYLNSIKNLR
HSDAVFTDNYTRLRKQMAAKKYLNSIKNMR
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R3P144
R3P145
rR3P148
mR3P147
RIP148
R3P149
MR3P150
R3P151
RapP152
MRar153
R3IP155
mR3P156
R3P157
RapP158
R3P159
R3P160
rRaP161
rR3p1a2
R3aP163
RaPis4
rRaP165
Rapite
R3P167
rRaP1as
R3P189
rRaP170
3P
R3M72
R3P173
PAC1:
PAC2:
PAC4:
PACS:
PACSE:
PACS:
PAC10:
PAC11:
PAC1Z
PAC13:
PAC14:
PAC15:
PAC1S:
PACIT:
PAC1S:
PACD:
PAC20:
PAC21:
PAC22:
PAC23:
PAC24:
PAC25:
PAC2E:
PAC2T:
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ESDGIFTDSYSRYRKQMAVKKYLAAVL-NH»
HKDGIFTDSYSRYRKQMAVKKYLAAVL-NH,
HSDKIFTDSYSRYRKQMAVKKYLAAVL-NH;
HSDGKFTDSYSRYRKQMAVKICYLAAVL-NH,
HSDGIFTKSYSRYRKQMAVKKYLAAVL-NH;
HSDGIFTDKYSRYRKQMAVKKYLAAVL-NH,
HSDGIFTDSKSRYRKQMAVIGCYLAAVL-NH,
HSDGIFTDSYKRYRKQMAVKICYLAAVL-NH,
HSDGIFTDSYSEYRKQMAVKKYLAAVL-NH;
HSDGIFTDSYSRKRKQMAVKICYLAAVL-NH,
HSDGIFTDSYSRYEKXQMAVKKYLAAVL-NH;

HSDGIFTDSYSRYRKQMAVKKYLKAVL-NH;
HSDGIFTDSYSRYRKQMAVIKKYLAKVL-NH;
HSDGIFTDSYSRYRKQMAVKKYLAAKL-NH,
HSDGIFTDSYSRYRKQMAVKKYLAAVK-NH,
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rPACAP 27 (SEQ ID NO: 203)
GGATCCATCGAAGGTCGTCACTCCGATGGTATCTTCACCGACTCCTACTCGAGGTACC
GCAAGCAGATGGCTGTAAAGAAATATCTGGCTGCAGTTCTGTAATGACTCGAG

rfPACAP 38 (SEQ ID NO: 54)
GGATCCATCBAAGGTCGTCACTCCGATGGTATCTICACCBACTCCTACTCTCGGTACCG
CAAGCAGATGGCTGTAAAGAAATATCTGGCTGCAGTCCTAGGCAAMCATTACAAGCAAC
GCGTTAAAAACAAGTAATGACTCGAG

VIP (SEQ ID NO: 55)
GGATCCATCGAAGGTCBTCACTCCBACGCTGTTTTCACCBACAACTACACGCGTCTGS
GTAAACAGATGGCTGTTAAGAAATACCTGAATTCCATCCTGAACTAATGACTCGAG

rR3P3 (SEQ ID NO: 56)
GGATCCATCGAAGGTCGTCACTCCGATGCTGTTTTCACCGAAAACTACACCAAGCTTCG
TAAACAGCTGGCAGCTAAGAAATACCTCAACGACCTGAAAAAGGGCGATACCTAATGAC
TCGAG

rR3PY (SEQ ID NO: 204)

GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGE

Wmmrmmmmwmmm
GAG

rR3P12 (SEQ ID NO: 205)
GGAATCCATCGAAGGTCGTCACTCCOACGCTGTTITCACCGACAACTACACGCGTCTGC
GTAAACAGCTGGCTGCTAAGAAATACCTGAACGACATCAAGAAAGGTGOCACCTAATGA
CTCGAG

rR3P33 (SEQ ID NO: 208)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGCTGGCTGCTAAGAAATACCTGAACGACATCAAGAAATAATGAC

fR3P41 (SEQ ID NO: 207)
GGATCCATCGAAGGTCGTCACTCCBACGCTETTTTCACCGACAACTACACGCGTCTRC
GTAAACAGATGGCTGTTAAGAAATACCTGAATTCCATCAAGAAATAATGACTCGAG

IR3P42 (SEQ ID NO: 208)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGG
GTAAACAGATGGCTGTTAAGAAATACCTGAATTCCATCAAGAACTAATGACTCGAG

fR3P43 (SEQ ID NO: 209)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGE
GTAAACAGATGGCTGTTAAGAAATACCTGAATTCCATCCTGAAATAATGACTCGAG

rR3P44 (SEQ ID NO: 210)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGGAACTGC
GTAAACAGATGOCTOTTAAGAAATACCTGAATTCCATCCTAAACTAATGACTCGCAG

rR3PA5 (SEQ ID NO: 211)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTITCACCGACAACTACACGCGTCTGC
GTGAACAGATGGCTGTTAAGAAATACCTGAATTCCATCCTGAACTAATGACTCGAG

rR3P48 (SEQ ID NO: 212)

GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGCTGGCTGTTAAGAAATACCTGAATTCCATCCTGAACTAATGACTCGAG

a8

39
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rR3P47 (SEQ ID NO: 213)
GGATCCATCGAAGGTCGTCACTCCGACACTATTTTCACCBACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAGAAATACCTGAATTCCATCCTGAACTAATGACTCGAG

rR3P48 (SEQ ID NO: 214)
GAATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCAACAACTACACGCGTCTGC
GTAAACAGATGGCTGTTAAGAAATACCTGAATGACATCCTGAACTAATGACTCGAG

tR3P49 (SEQ 10 NO: 215)
GGATCCATCGAAGATCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCATCTGC
GTAAACAGATOGCTGCAAAGAAATACCTBAATTCCATCAAGAACTAATGACTCGAG

rR3PS0 (SEQ ID NO: 218)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAATTCCATCCTGAAATAATGACTCGAG

fR3P51 (SEQ ID NO: 217)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGE
GTAAACAGATGGCTGCAAAGAAATACCTGAATTCCATCAAGAAATAATGACTCGAG

FR3P52 (SEQ ID NO: 218)
GBATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC,
GTAAACAGATGGCTGCAAAGAAATACCTGAATTCCATCAAGAAAAAGCGTTACTAATGA
CTCGAG

rR3PS3 (SEQ ID NO: 219)
GGATCCATCGAAGGTCGTCACTCCGACGCTRTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAATTCCATCAAGAAAAAGCGTTAATGACTC
GAG

rR3P54 (SEQ ID NO: 220)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGE
GTAAACAGATGGCTGCAAAGAAATACCTGAATTCCATCAAGAAAAAGTAATGACTCGAG

rR3P55 (SEQ 1D NO: 221)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAATTCCATCAAGAACAAGCGTTACTAATGA

GTAAACAGATGGCTGTTAAGAAATACCTGAATTCCATCAAGAAAAAGCGTTACTAATGAC

rR3PS7 (SEQ ID NO: 223)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGTTAAGAAATACCTGAATTCCATCAAGAAAAAGCGTTAATGACTC
GAG

rR3PS8 (SEQ ID NO: 224)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGTTAAGAAATACCTGAATTCCATCAAGAAAAAGTAATGACTCGAG

R3P59 (SEQ ID NO: 225)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGTTAAGAAATACCTGAATTCCATCAAGAACAAGCGTTACTAATGAC
TCGAG

19
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rRAPBO (SEQ ID NO: 226) 235

GGATCCATCGAAGGTCGTCACTCCBACGCTGTTTTCACCGACAACTACACGCGCTTAAG
AAAACAGGTTGCTGCAAAGAAATACCTGCAGTCCATCAAGAAATAATGACTCGAG

fR3P61 (SEQ ID NO: 227)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCBACAACTACACGCGCTTAAG
AAAACABATCGCTGCAAAGAAATACCTGCAGACTATCAAGAAATAATGACTCGAG

rR3P82 (SEQ ID NO: 228)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGCTTAAG
AAMCAGGTTGCTGCAAAGAAATACCTGAATTCCATCAAGAAATAATGACTCGAG

R3PS (SEQ ID NO: 220)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTAGACGCGTCTGC
GTAAACAGATGACTGCAAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAA
T7C

riRAP71 (SEQ IO NO: 230)
GOATCCATCGAAGGTCGTCACTCCGACGCTATTTTCACCGACAACTACACGCCTCTGG
GTAAACAGATAGCTGCAAAGAAATACCTGAACTCCATCCTGAACAAGCGTTAATGAGAA
JT1C

R3P66 (SEQ 10 NO: 231)

AAMCAGATGGCTGAGAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAAT
TC

rR3P100 (SEQ ID NO: 233)

R3P101 (SEQ ID NO: 2)4)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTITCACCGACAACTACACGCGCTTAAG
AAAACAGATGGCTGGCAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAAT
TC

fRAP102 (SEQ ID NO: 235)
GGATCCATCGAAGGTCBTCACTCCGACGCTETTITCACCGACAACTACACGCGCTTAAG
AAAACAGATGGCTCACAAGAAATACCTGAACTCCATCAAGAACAAGCG TTAATGAGAAT
TC

rR3P103 (SEQ ID NO: 236)
GGATOGATGGMGGTGGTCM:TOGGAGGCTGTTTTCAOCGAGAACTAGACGOGCTT AAG
AAAACAGATGGCTATCAAGAAATACCTGAACTCCATCAAGAACAAGCGTYTAATGAGAATT
c ——

rR3P104 (SEQ ID NO: 237)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGCTTAAG
AAAACAGATGGCTAAAAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAATT
c
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rRAP105 (SEQ ID NO: 238)

GGATCCATCGAAGGTCGTCACTCCGACGCTGTTT TCACCGACAACTACACGCGCTTAAG
AAMACAGATGGCTCTGAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAAT
TC

rR3P106 (SEQ ID NO: 239)
GGATCCATCGAABGTCGTCACTCCGACGCTETTTTCACCGACAACTACACGCGCTTAAG
AAAACAGATGGCTATGAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAAT
TC

rR3P107 (SEQ ID NO: 240)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGCTTAAG
AAAACAGATGGCTAACAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAAT
TC

rR3P108 (SEQ ID NO: 241)
GGATCCATCGAAGBGTCBTCACTCCGACGCTGTTITCACCGACAACTACACGCGCTTAAG
AAAACAGATGGCTCCGAAGAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAAT
TC

rR3P108 (SEQ ID NO: 242)
GRATCCATCGAAGGTCGTCACTCCGACGCTGTTITCACCGACAACTACACGCACTTAAG
AAAACAGATGGCTCAGAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAAT
TC

rR3P110 (SEQ ID NO: 243)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGCTTAAG
AAAACAGATGGCTCGCAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAAT
TC

rR3P111 (SEQ ID NO: 244)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGCTTAAG
AAAACAGATGGCTTCCAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAAT
TC

rR3P112 (SEQ ID NO: 245)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGCTTAAG
AAAACAGATGGCTACCAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAAT
TC

fR3P113 (SEQ ID NO: 246)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGCTTAAG
WWTMWMTWT

fR3P114 (SEQ ID NO: 247)
GOATCCATCBAAGGTCBTCACTCCGACGCTGTTTTCACCGACAACTACACGCGCTTAAG
TAQAAGAGATGGHTGGAAGAMTAGGTGMCTOCATCAAGMCAAGCGTFMTGAGMT
R3P115 (SEQ ID NO: 248)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGCTTAAG
AMAGAGAC TGGCTTACAAGAAATACCTGAACTCCATCAAGAACAAGCGTTAATGAGAATT

51
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fR3P116 (SEQ ID NO: 249)
GGATCCATCGAAGGTCGTCACTCCBACGCTATTTTCACCGACAACTACACBCBTCTGC
WWWTMMMW

rR3P118 (SEQ ID NO: 250)
GBATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCGACAACAAGCGTTAATGAGAA
TTC

rR3P118 (SEQ ID NO: 251)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCAACAACTACACGCGATCTGC
GTAAACAGATGGCTGCAAGAAATACCTGAACTCCATCGAGAACAAGCOTTAATGAGAA
TTc

rR3P120 (SEQ ID NO: 252)
GGATCCATCGAAGGTCGTCACTCCBACGCTGTTTTCACCAACAACTACACGCGTCTGC
GTAACAGATGGCTGCAAAGAAATACCTGAACTCCATCTTCAACAAGCGTTAATGAGAA
TTC

rR3P121 (S§EQ ID NO: 253)

R3P122 (SEQ ID NO: 254)
GGATCCATCGAAGGTCBTCACTCCGACGCTATTTTCACCGACAACTACACGCGTCTGE
GTAMCAGATGGCTGCAAAGAAATACCTGAACTCCATCCACAACAAGCGTTAATGAGAA
TTC

rRAP123 (SEQ ID NO: 255)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCAACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCATCAACAAGCGTTAATGAGAA
TTC

IRAP124 (SEQ (D NO: 258)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCATGAACAAGCGTTAATGAGAA
TIC

rR3P125 (SEQ ID NO: 257)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTT TCACCGACAACTACACGCGTCTGC
WWTMWMW

rR3P126 (SEQ ID NO: 258)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTITTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCCCGAACAAGCGTTAATGAGAA
TTC

rR3P127 (SEQ ID NO: 258)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCCAGAACAAGCGTTAATGAGAA
TTC

52
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rR3P128 (SEQ 1D NO: 260)
GGATCCATCGAAGGTCATCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAGGAACAAGCGTTAATGAGAA
TTC

rR3P129 (SEQ 1D NO: 261)

GGATCCATCGAAGGTCGTCACTCCGACGCTGTTT TCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAGCAACAAGCGTTAATGAGAA
e

rR3P130 (SEQ ID NO: 262)
GGATCCATCGAAGGTCGTCACTCCGACACTGTTTTCACCGACAACTACACGCATCTGE
GTAAACAGATOGCTGCAAAGAAATACCTGAACTCCATCACGAACAAGCGTTAATGAGAA
TTC

TROP131 (SEQ ID NO: 283)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGS
Wmmrmmmum

rR3P132 (SEQ ID NO: 284)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGE
Wmmccmmmmm

fR3P133 (SEQ ID NO: 265)
GGATCCATCGAAGGTCGTCACTCCGACGCTETTTICACCGACAACTACACGCGTCTGE
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCTACAACAAGCGTTAATGAGAA
e

rR3P134 (SEQ ID NO: 286)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
WWATMWNMT&M

rR3P138 (SEQ ID NO: 267)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTICACCGACAACTACACGCGTCTGC
GTAAACAGATBGCTGCAAAGAAATACCTGAACTCCATCAAGAACGACCGTTAATGAGAA
Trc

rR3P137 (SEQ ID NOC: 268)
GGATCCATCGAAGATCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGE
GTAAACAGATGGCTGCAAGAAATACCTGAACTCCATCAAGAACGAACGTTAATGAGAA
R LY

rR3P138 (SEQ ID NO: 269)
GBATCCATCGAABGTCGTCACTCCGACBCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTOCAAAGAAATACCTGAACTCCATCAAGAACTTCCGTTARNTOAGAA
T™C

rR3P139 (SEQ ID NO: 270)

GGATCCATCGAAGGTCGTCACTCCGACGCTGTTT TCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACGGCCGTTAATGAGAA
T7C )

-
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rR3P140 (SEQ ID NO: 271)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACCACCGTTAATGAGAA
LLL* )

R3P141 (SEQ D NO: 272)
GGATCCATCGAAGGTCGTCACTCCAACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACATCCGTTAATGAGAA
J1C

R3P142 (SEQ ID NO: 273)
GGATCCATCGAAGGTCATCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACCTGCGTTAATGAGAA
e

R3P143 (SEQ ID NO: 274)
GBATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACATGOGTTAATGAGAA
T7C

rR3P144 (SEQ ID NO: 275)
GGATCCATCBAAGATCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCBTCTGE
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACAACCGTTAATGAGAA
TTC

rR3P145 (SEQ ID NO: 276)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACCCGCGTTAATGAGAA
TIC

rR3P146 (SEQ ID NO: 277)
GGATCCATCGAAGGTCGTCACTCCGACGCTATITTCACCGACAACTACACGCGTCTGC
GTAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACCAGCGTTAATGAGAA
TTC

rR3P147 (SEQ ID NO: 278)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTITICACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCOCATCAAGAACCGCCGTTAATOAGAA
TTC

rR3P148 (SEQ ID NO: 278)
smmmmsmmmmmcm
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACAGCCGTTAATGAGAA
TTC

rR3P1408 (SEQ ID NO: 280)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACACCCGTTAATGAGAA
TIC

rR3P150 (SEQ ID NO: 281)

GATCCATCGAAGGTCGTCACTCCGACGCTGT TTTCACCGACAACTACACGCGTCTGCGT
AACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACGTGCGTTAATGAGAATT
c
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rR3P152 (SEQ ID NO: 283)

GGATCCATCGAAGGTCGTCACTCCGACGCTGTTT TCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTOAACTCCATCAAGAACTACCATTAATGAGAA
TTC

riR3P153 (SEQ ID NQ: 284)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAMCAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACAAGGCGTAATGAGAA
TTC

rR3P155 (SEQ ID NO: 285)
GGATCCATCGAAGGTCGTCACTCCGACGCTATTTTCACCGACAACTACACGCATCTGC
GTAAAGAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACAAGGACTAATGAGAA
TG

rR3P158 (SEQ ID NO: 286)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAGAAATACCTGAACTCCATCAAGAACAAGGAGTAA:GAGAA
L™

rR3P157 (SEQ ID NO: 287)
GGATCCATCGAAGGTCGTCACTOCGACGCTOTTT TCACCGACAACTACACGCGTCTGC
GTAAMCAGATCGCTGCAAAGAAATACCTGAACTCCATCAAGAACAAGTTCTAATGAGAA

GTAACAGATGGCTGCAAAGAAATACCTAAACTCCATCAAGAACAAGGCCTAATGAGAA
TTC

rR3P159 (SEQ ID NO: 288)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
WWTMMWMW

fRP160 (SEQ ID NO: 260)
GGATCCATCRAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGE
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACAAGATCTAATGAGAA
e

rRAP161 (SEQ ID NO: 291)
GGATCCATCGAAGGTCATCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGE
% AMCAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGRAACAAGAAGTAATGAGAA

rR3P162 (SEQ ID NO: 292)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACAAGCTGTAATGAGAA
e
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TR3P163 (SEQ ID NO: 293)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
%TSAAGAGATGGCT GCAAAGAAATACCTGAACTCCATCAAGAACAAGATGTAATGAGAA

rR3P1684 (SEQ ID NO: 294)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACAAGAACTAATGAGAA
TTC

rR3P165 (SEQ ID NO: 285)
GAATCCATCGAAGGTCGTCACTCCGACGCTATTTICACCGACAACTACACGCGTCTGE
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACAAGCCGTAATGAGAA
TrC

rR3P166 (SEQ ID NO: 296)
GGATCCATCGAAGGTCATCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTOCAAAGAAATACCTGAACTCCATCAAGAACAAGCAGTAATGAGAA
LLLY

IR3P167 (SEQ ID NO: 207)
GGATCCATCGAAGGTCATCACTCCBACGCTETTTTCACCGACAACTACACGCGTCTGE
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACAAGAGCTAATGAGAA
TTC

rR3P168 (SEQ ID NO: 208)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTITCACCGACAACTACACGCGTCTGE
GTAAACAGATGGCTGCAAMGAAATACCTGAACTCCATCAAGAACAAGACCTAATGAGAA
TTC

rR3P468 (SEQ 1D NO: 256)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTT TCACCGACAACTACACGCGTCTGC
WTGGWGWMTWMWGTGT AATOAGAA

FR3P170 (SEQ ID NO: 300)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGC
GTAAACAGATGGCTGCAAAGAAATACCT GAACTCCATCAAGAACAAGTGGTAATGAGAA
TTC

rR3P171 {SEQ ID NO: 301)
GGATCCATCGAAGGTCGTCACTCCGACGCTGTTTTCACCGACAACTACACGCGTCTGE
GTAAACAGATGGCTGCAAAGAAATACCTGAACTCCATCAAGAACAAGTACTAATGAGAA
TTC
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REIVINDICACION

1. Un polipéptido seleccionado del grupo que consiste de SEQ ID NOS: 11 a 14, SEQ ID NO:18, SEQ ID
NOS: 21 a 26, SEQ ID NOS: 32 2 36, SEQ ID NOS: 40 a 53, SEQ ID NOS: 57 a 61, SEQ ID NOS:63 a
99, SEQ ID NOS:102 a 119, SEQ ID NOS: 121 a 137,SEQ ID NOS: 139 a 177, SEQ ID NOS:179,180,
SEQ ID NOS: 183 a 202 y fragmentos, derivados y variantes de las mismas.
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