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(57) ABSTRACT 

The present invention is directed to polynucleotides, 
polypeptides and peptide fragments thereof, and uses thereof 
for a novel cDNA sequence which has homology to motilin. 
Tissue distribution of the mRNA for the novel polypeptide 
is Specific to the Stomach, Small intestine and pancreas. The 
present invention further includes agonists, antagonists, 
antibodies, host cells expressing the cDNA encoding the 
novel motilin homologs and methods for increasing gastric 
motility using the novel molecules. 
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ANTIBODIES TO MOTILIN HOMOLOGS 

REFERENCE TO RELATED APPLICATIONS 

0001. This application is a continuation of application 
Ser. No. 09/794,987, filed Feb. 27, 2001 now allowed, which 
is a divisional of application Ser. No. 09/046,479, filed Mar. 
23, 1998, now U.S. Pat. No. 6,291,653, which claims the 
benefit under 35 U.S.C. S 119(e) of provisional application 
60/041,102, filed on Mar. 24, 1997. 

BACKGROUND OF THE INVENTION 

0002 Many of the regulatory peptides that are important 
in maintaining nutritional homeostasis are found in the 
gastrointestinal environment. These peptides may be Syn 
thesized in the digestive System and act locally, but can also 
be identified in the brain as well. In addition, the reverse is 
also found, i.e., peptides are Synthesized in the brain, but 
found to regulate cells in the gastrointestinal tract. This 
phenomena has been called the “brain-gut axis' and is 
important for Signaling Satiety, regulating body temperature 
and other physiological processes that require feedback 
between the brain and gut. 
0003. The gut peptide hormones include gastrin, chole 
cystokinin (CCK), Secretin, gastric inhibitory peptide (GIP), 
vasoactive intestinal polypeptide (VIP), motilin, Somatosta 
tin, pancreatic peptide (PP), Substance P and neuropeptide Y 
(NPY), and use several different mechanisms of action. For 
example, gastrin, motilin and CCK function as endocrine 
and neurocrine-type hormones. Others, Such as gastrin and 
GIP, are thought to act exclusively in an endocrine fashion. 
Other modes of action include a combination of endocrine, 
neurocrine and paracrine action (Somatostatin); exclusively 
neurocrine action (NPY); and a combination of neurocrine 
and paracrine actions (VIP and Substance P). Most of the gut 
hormone actions are mediated by membrane-bound recep 
tors and activate Second messenger Systems. For a review of 
gut peptides See, Mulvihill et al., in Basic and Clinical 
Endocrinology, pp. 551-570, 4th edition Greenspan F. S. and 
Baxter, J. D. editorS., Appleton & Lange: Norwalk, Conn., 
1994. 

0004. Many of these gut peptides are synthesized as 
inactive precursor molecules that require multiple peptide 
cleavages to be activated. The family known as the “gluca 
gon-Secretin' family which includes VIP, gastrin, Secretin, 
motilin, glucagon and galanin exemplifies peptides regu 
lated by multiple cleavages and post-translational modifica 
tions. 

0005 Motilin is a 22 amino acid peptide found in gut 
tissue of mammalian species (Domschke, W., Digestive 
Diseases 22(5):454-461, 1977). The DNA and amino acid 
Sequences for porcine prepromotilin have been identified 
(U.S. Pat. No. 5,006,469). Motilin has been identified as a 
factor capable of increasing gastric motility, affecting the 
Secretory function of the Stomach by Stimulating pepsin 
secretion (Brown et al., Canadian J. of Physiol. Pharmacol. 
49:399-405, 1971), and recent evidence suggests a role in 
myoelectric regulation of Stomach and Small intestine. 
Cyclic increases of motilin have been correlated with phase 
III of the interdigestive myoelectric complex and the hunger 
contraction of the duodenum (Chey et al., in Gut Hormones, 
(eds.) Bloom, S. R., pp. 355-358, Edinburgh, Churchill 
Livingstone, 1978; Lee et al, Am. J. Digestive Diseases, 
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23:789-795, 1978; and Itoh et al., Am. J. Digestive Diseases, 
23:929-935, 1978). Motilin and analogues of motilin have 
been demonstrated to produce contraction of gastrointestinal 
Smooth muscle, but not other types of Smooth muscle cells 
(Strunz et al., Gastroenterology 68:1485-1491, 1975). 
0006 The present invention is directed to a novel 
Secreted protein with homology to motilin, found to be 
transcribed in the gastrointestinal System. The discovery of 
this novel peptide is important for further elucidation of how 
the body maintains its nutritional homeostasis and develop 
ment of therapeutics to intervene in those processes, as well 
as other uses that will be apparent from the teachings 
therein. 

SUMMARY OF THE INVENTION 

0007 Within one aspect, the present invention provides 
an isolated polynucleotide molecule encoding a polypeptide 
Selected from the group consisting of: (a) polynucleotide 
molecules comprising a nucleotide Sequence as shown in 
SEQ ID NO: 1 from nucleotide 70 to nucleotide 111; (b) 
allelic variants of (a); (c) orthologs of (a) and (b); and (d) 
degenerate nucleotide Sequences of (a), (b) or (c). 
0008. Within another aspect, the present invention pro 
vides an isolated polypeptide Selected from the group con 
sisting of: (a) polypeptide molecules comprising an amino 
acid sequence as shown in SEQ ID NO: 2 from residue 24 
to residue 37; (b) allelic variants of (a); and (c) orthologs of 
(a) or (b). 
0009. In another aspect, the present invention provides an 
expression vector comprising the following operably linked 
elements: a transcription promoter; a DNA segment Selected 
from the group consisting of: (a) polynucleotide molecules 
comprising a nucleotide sequence as shown in SEQ ID NO: 
1 from nucleotide 70 to nucleotide 111; (b) allelic variants 
of (a); (c) orthologs of (a) or (b); and (d) degenerate 
nucleotide Sequences of (a), (b) or (c); a transcription 
terminator. 

0010. In another aspect, the present invention provides a 
cultured cell into which has been introduced an expression 
vector comprising the following operably linked elements: a 
transcription promoter; a DNA segment Selected from the 
group consisting of: (a) polynucleotide molecules compris 
ing a nucleotide sequence as shown in SEQ ID NO: 1 from 
nucleotide 70 to nucleotide 111; (b) allelic variants of (a); (c) 
orthologs of (a) or (b); and (d) degenerate nucleotide 
Sequences of (a), (b) or (c); a transcription terminator, 
wherein Said cell expresses the polypeptide encoded by the 
DNA segment. 
0011. In another aspect, the present invention provides a 
pharmaceutical composition comprising purified polypep 
tide Selected from the group consisting of: (a) polypeptide 
molecules comprising an amino acid Sequence as shown in 
SEQ ID NO: 2 from residue 24 to residue 37; (b) allelic 
variants of (a); and (c) orthologs of (a) or (b), in combination 
with a pharmaceutically acceptable vehicle. 
0012. In another aspect, the present invention provides an 
antibody that binds to an epitope of a polypeptide Selected 
from the group consisting of: (a) polypeptide molecules 
comprising an amino acid Sequence as shown in SEQ ID 
NO: 2 from residue 24 to residue 117; (b) allelic variants of 
(a); and (c) orthologs of (a) or (b). 
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0013 In another aspect, the present invention provides a 
method of producing a Zsig33 polypeptide comprising: 
culturing a cell into which has been introduced an expres 
Sion vector comprising the following operably linked ele 
ments: a transcription promoter, a DNA segment Selected 
from the group consisting of: (a) polynucleotide molecules 
comprising a nucleotide sequence as shown in SEQ ID NO: 
1 from nucleotide 70 to nucleotide 111; (b) allelic variants 
of (a); (c) orthologs of (a) or (b); and (d) degenerate 
nucleotide Sequences of (a), (b) or (c); a transcription 
terminator, whereby Said cell expresses a polypeptide 
encoded by the DNA segment; and recovering the polypep 
tide. 

0.014. In another aspect, the present invention provides a 
method of Stimulating gastric motility comprising adminis 
tering to a mammal in need thereof, an amount of a 
composition comprising an isolated polypeptide Selected 
from the group consisting of: (a) polypeptide molecules 
comprising an amino acid Sequence as shown in SEQ ID 
NO: 2 from residue 24 to residue 37; (b) allelic variants of 
(a); and (c) orthologs of (a) or (b); in a pharmaceutically 
acceptable vehicle, Sufficient to increase transit time or 
gastric emptying of an ingested Substance. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.015 Prior to describing the present invention in detail, 
it may be helpful to define certain terms used herein: 
0016. The term “ortholog” denotes a polypeptide or pro 
tein obtained from one species that is the functional coun 
terpart of a polypeptide or protein from a different species. 
Sequence differences among orthologs are the result of 
Speciation. 
0017 “Paralogs' are distinct but structurally related pro 
teins made by an organism. Paralogs are believed to arise 
through gene duplication. For example, C-globin, B-globin, 
and myoglobin are paralogs of each other. 
0018. The term “allelic variant” denotes any of two or 
more alternative forms of a gene occupying the same 
chromosomal locus. Allelic variation arises naturally 
through mutation, and may result in phenotypic polymor 
phism within populations. Gene mutations can be silent (no 
change in the encoded polypeptide) or may encode polypep 
tides having altered amino acid Sequence. The term allelic 
variant is also used herein to denote a protein encoded by an 
allelic variant of a gene. 
0019. The term “expression vector” denotes a DNA mol 
ecule, linear or circular, that comprises a Segment encoding 
a polypeptide of interest operably linked to additional Seg 
ments that provide for its transcription. Such additional 
Segments may include promoter and terminator Sequences, 
and may optionally include one or more origins of replica 
tion, one or more Selectable markers, an enhancer, a poly 
adenylation Signal, and the like. Expression vectors are 
generally derived from plasmid or viral DNA, or may 
contain elements of both. 

0020. The term "isolated”, when applied to a polynucle 
otide molecule, denotes that the polynucleotide has been 
removed from its natural genetic milieu and is thus free of 
other eXtraneous or unwanted coding Sequences, and is in a 
form Suitable for use within genetically engineered protein 
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production Systems. Such isolated molecules are those that 
are Separated from their natural environment and include 
cDNA and genomic clones. Isolated DNA molecules of the 
present invention are free of other genes with which they are 
ordinarily associated, but may include naturally occurring 5' 
and 3' untranslated regions Such as promoters and termina 
tors. The identification of associated regions will be evident 
to one of ordinary skill in the art (see for example, Dynan 
and Tijan, Nature 316:774-78, 1985). When applied to a 
protein, the term "isolated indicates that the protein is 
found in a condition other than its native environment, Such 
as apart from blood and animal tissue. In a preferred form, 
the isolated protein is Substantially free of other proteins, 
particularly other proteins of animal origin. It is preferred to 
provide the protein in a highly purified form, i.e., greater 
than 95% pure, more preferably greater than 99% pure. 
0021. The term “operably linked', when referring to 
DNA segments, denotes that the Segments are arranged So 
that they function in concert for their intended purposes, e.g. 
transcription initiates in the promoter and proceeds through 
the coding Segment to the terminator. 
0022. The term “polynucleotide' denotes a single- or 
double-stranded polymer of deoxyribonucleotide or ribo 
nucleotide bases read from the 5' to the 3' end. Polynucle 
otides include RNA and DNA, and may be isolated from 
natural Sources, Synthesized in vitro, or prepared from a 
combination of natural and Synthetic molecules. 
0023 The term “complements of polynucleotide mol 
ecules' denotes polynucleotide molecules having a comple 
mentary base Sequence and reverse orientation as compared 
to a reference Sequence. For example, the Sequence 5' 
ATGCACGGG 3' is complementary to 5'CCCGTGCAT3'. 
0024. The term “degenerate nucleotide sequence” 
denotes a Sequence of nucleotides that includes one or more 
degenerate codons (as compared to a reference polynucle 
otide molecule that encodes a polypeptide). Degenerate 
codons contain different triplets of nucleotides, but encode 
the same amino acid residue (i.e., GAU and GAC triplets 
each encode Asp). 
0025 The term “promoter” denotes a portion of a gene 
containing DNA sequences that provide for the binding of 
RNA polymerase and initiation of transcription. Promoter 
Sequences are commonly, but not always, found in the 5' 
non-coding regions of genes. 

0026. The term “secretory signal sequence” denotes a 
DNA sequence that encodes a polypeptide (a "secretory 
peptide’) that, as a component of a larger polypeptide, 
directs the larger polypeptide through a Secretory pathway of 
a cell in which it is Synthesized. The larger peptide is 
commonly cleaved to remove the Secretory peptide during 
transit through the Secretory pathway. 

0027. The term “receptor” denotes a cell-associated pro 
tein that binds to a bioactive molecule (i.e., a ligand) and 
mediates the effect of the ligand on the cell. Membrane 
bound receptors are characterized by a multi-domain Struc 
ture comprising an extracellular ligand-binding domain and 
an intracellular effector domain that is typically involved in 
Signal transduction. Binding of ligand to receptor results in 
a conformational change in the receptor that causes an 
interaction between the effector domain and other mol 
ecule(s) in the cell. This interaction in turn leads to an 
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alteration in the metabolism of the cell. Metabolic events 
that are linked to receptor-ligand interactions include gene 
transcription, phosphorylation, dephosphorylation, 
increases in cyclic AMP production, mobilization of cellular 
calcium, mobilization of membrane lipids, cell adhesion, 
hydrolysis of inositol lipids and hydrolysis of phospholipids. 
Most nuclear receptorS also exhibit a multi-domain Struc 
ture, including an amino-terminal, transactivating domain, a 
DNA binding domain and a ligand binding domain. In 
general, receptors can be membrane bound, cytosolic or 
nuclear; monomeric (e.g., thyroid stimulating hormone 
receptor, beta-adrenergic receptor) or multimeric (e.g., 
PDGF receptor, growth hormone receptor, IL-3 receptor, 
GM-CSF receptor, G-CSF receptor, erythropoietin receptor 
and IL-6 receptor). 
0028. The term “complement/anti-complement pair” 
denotes non-identical moieties that form a non-covalently 
asSociated, Stable pair under appropriate conditions. For 
instance, biotin and avidin (or Streptavidin) are prototypical 
members of a complement/anti-complement pair. Other 
exemplary complement/anti-complement pairs include 
receptor/ligand pairs, antibody/antigen (or hapten or 
epitope) pairs, Sense/antisense polynucleotide pairs, and the 
like. Where Subsequent dissociation of the complement/anti 
complement pair is desirable, the complement/anti-comple 
ment pair preferably has a binding affinity of <10 M'. 
0029 All references cited herein are incorporated by 
reference in their entirety. 
0030 The present invention is based in part upon the 
discovery of a novel human DNA sequence that encodes a 
novel Secreted polypeptide having homology to motilin, of 
which the closest homolog is porcine motilin (shown in SEQ 
ID NOs: 3 and 4). Motilin is member of a family of 
polypeptides that regulate the gastrointestinal physiology. 
The family of polypeptides important in gastrointestinal 
regulation to which motilin belongs includes glucagon, 
gastrin, galanin, and vasoactive intestinal peptide (VIP). 
These polypeptides are Synthesized in a precursor form that 
requires multiple Steps of processing to the active form. 
Particularly relevant to the polypeptide of the present inven 
tion are motilin, VIP and galanin, where processing involves 
removal of Signal Sequence, followed by cleavage of one or 
more accessory peptides to release the active peptide. The 
resulting active peptide is generally Small (10-30 amino 
acids) and may require further post-translational modifica 
tions, Such as amidation, Sulfation or pyrrolidan carbonylic 
acid modification of glutamic residues. 
0.031 Analysis of the tissue distribution of the mRNA 
corresponding to this novel DNA showed that expression 
was highest in Stomach, followed by apparent but decreased 
expression levels in Small intestine and pancreas. The EST 
is also present in lung cDNA libraries. The polypeptide has 
been designated ZSig33. 

0.032 The novel Zsig33 polynucleotides and polypeptides 
of the present invention were initially identified by querying 
an EST database for Sequences possessing a putative Secre 
tion signal. An EST sequence was discovered and predicted 
to be related to the motilin family. The EST sequence was 
derived from a fetal pancreatic library. 
0033. The novel polypeptide encoded by the full length 
cDNA is 117 amino acids. The predicted Signal Sequence is 

May 19, 2005 

23 amino acid residues (amino acid residues 1 to 23 of SEQ 
ID NO: 2). The active peptide was predicted to be 18 amino 
acid residues (amino acid residues 24 to 41 of SEQ ID NO: 
2), with a C-terminal cleavage after amino acid residue 41 
of SEQ ID NO: 2 (Ser). However, many of the gut-brain 
peptides require multiple cleavages. For example, progastrin 
peptide is 101 amino acids, and is cleaved at the N-terminus 
resulting in Sequentially Smaller peptides (G34, G17 and 
G14) (Sugano et al., J. Biol. Chem. 260: 11724-11729, 
1985). Other peptides that require multiple processing Steps 
include glucagon, for which C-terminal cleavages result in 
glucagon-like peptide 1 and glucagon-like peptide 2 and 
galanin, in which processing involves cleavage of a C-ter 
minal peptide known as GMAP. Therefore, an additional 
peptide based on cleavage after amino acid 37 of SEQ ID 
NO: 2 (Gln) was synthesized and resulted in a 14 amino acid 
peptide with biological activity (from amino acid residue 24 
(Gly) to amino acid residue 37 (Gln) of SEQ ID NO: 2). 
0034) The C-terminal peptide (amino acid 42 to 117 of 
SEQ ID NO: 2) may have some specialized activity as well. 
Processing of the active peptide for motilin (shown in SEQ 
ID NO: 4) results in a release of a C-terminal peptide of 70 
amino acids, amino acid residue 50 (Ser) to amino acid 
residue 119 (LyS), known as motilin-associated peptide 
(MAP). Adelman et al., (U.S. Pat. No. 5,006,469) have 
postulated that MAP plays a role in regulation of digestion, 
appetite and nutrient absorption. 
0035. The highly conserved amino acids in the polypep 
tide Zsig33 can be used as a tool to identify new family 
members. For instance, reverse transcription-polymerase 
chain reaction (RT-PCR) can be used to amplify sequences 
encoding the conserved motif from RNA obtained from a 
variety of tissue Sources. Two Such conserved domains have 
been identified using Sequences from the present invention. 
The first domain is found at amino acid residues 31 to 36 of 
SEQ ID NO: 2, wherein the motif identified is Glu X Gln 
Arg X Gln, wherein X is any amino acid residue (shown in 
SEQ ID NO: 6), and the second domain is found at amino 
acid residues 78 to 84 of SEQ ID NO: 2, wherein the motif 
identified is Ala Pro X Asp X Gly Ile, wherein X is any 
amino acid residue (shown in SEQ ID NO: 7). In particular, 
highly degenerate primerS designed from these Sequences 
are useful for this purpose. 
0036 Those skilled in the art will readily recognize that, 
in View of the degeneracy of the genetic code, considerable 
Sequence variation is possible among these polynucleotide 
molecules encoding SEQ ID NO:2, including all RNA 
Sequences by Substituting U for T. Thus, ZSig33 polypeptide 
encoding polynucleotides and their RNA equivalents are 
contemplated by the present invention. Table 1 sets forth the 
one-letter codes used to denote degenerate nucleotide posi 
tions. “Resolutions” are the nucleotides denoted by a code 
letter. “Complement” indicates the code for the complemen 
tary nucleotide(s). For example, the code Y denotes either C 
or T, and its complement R denotes A or G, A being 
complementary to T, and G being complementary to C. 

TABLE 1. 

Nucleotide Resolution Nucleotide Complement 

A. A. T T 

C C G G 
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TABLE 1-continued 

Nucleotide Resolution Nucleotide Complement 

G G C C 

T T A. A. 

R AG Y CT 

Y CT R AG 

M AC K G|T 

K G|T M AC 

S CG S CG 

W AT W AT 

H ACT D A GT 

B CGT W ACG 

W ACG B CGT 

D A GT H ACT 

N AC GT N AC GT 

0037. The degenerate codons encompassing all possible 
codons for a given amino acid are set forth in Table 2. 

TABLE 2 

One 
Amino Letter Degenerate 
Acid Code Codons Codon 

Cys C TGC TGT TGY 

Ser S AGC AGT CA TCC TCG TCT WSN 

Thr T ACA ACC ACG ACT ACN 

Pro P CCA CCC CCG CCT CCN 

Ala A. GCA GCC GCG GCT GCN 

Gly G GGA. GGC. GGG GGT GGN 

Asn N AAC AAT AAY 

Asp D GAC GAT GAY 

Glu E GAA GAG GAR 

Glin Q CAA. CAG CAR 

His H CAC CAT CAY 

Arg R AGA AGG CGA CGC CGG CGT MGN 

Lys K AAA AAG AAR 

Met M ATG ATG 

Ile I ATA ATC ATT ATH 

Telu L CTA CTC CTG CTT, TTA TTG YTN 

Wall W GTA GTC GTG GTT GTN 

Phe F TTC TTT TTY 
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TABLE 2-continued 

One 
Amino Letter Degenerate 
Acid Code Codons Codon 

Tyr Y TAC TAT TAY 

Trp W TGG TGG 

Ter TAA TAG TGA TRR 

Asn Asp B RAY 

Glu Gln A. SAR 

Any X NNN 

0038. One of ordinary skill in the art will appreciate that 
Some ambiguity is introduced in determining a degenerate 
codon, representative of all possible codons encoding each 
amino acid. For example, the degenerate codon for Serine 
(WSN) can, in Some circumstances, encode arginine (AGR), 
and the degenerate codon for arginine (MGN) can, in Some 
circumstances, encode Serine (AGY). A similar relationship 
exists between codons encoding phenylalanine and leucine. 
Thus, Some polynucleotides encompassed by the degenerate 
Sequence may encode variant amino acid Sequences, but one 
of ordinary skill in the art can easily identify Such variant 
Sequences by reference to the amino acid sequence of SEQ 
ID NO:2. Variant sequences can be readily tested for func 
tionality as described herein. 

0039. Within preferred embodiments of the invention the 
isolated polynucleotides will hybridize to similar sized 
regions of SEQ ID NO: 1, or a sequence complementary 
thereto, under Stringent conditions. In general, Stringent 
conditions are selected to be about 5 C. lower than the 
thermal melting point (T) for the specific sequence at a 
defined ionic strength and pH. The T is the temperature 
(under defined ionic strength and pH) at which 50% of the 
target Sequence hybridizes to a perfectly matched probe. 
Typical Stringent conditions are those in which the Salt 
concentration is at least about 0.02 M at pH 7 and the 
temperature is at least about 60° C. 
0040 AS previously noted, the isolated polynucleotides 
of the present invention include DNA and RNA. Methods 
for isolating DNA and RNA are well known in the art. It is 
generally preferred to isolate RNA from Stomach, although 
DNA can also be prepared using RNA from other tissues or 
isolated as genomic DNA. Total RNA can be prepared using 
guanidine HCl extraction followed by isolation by centrifu 
gation in a CsCl gradient (Chirgwin et al., Biochemistry 
18:52-94, 1979). Poly(A)" RNA is prepared from total RNA 
using the method of Aviv and Leder (Proc. Natl. Acad. Sci. 
USA 69: 1408-1412, 1972). Complementary DNA (cDNA) is 
prepared from poly(A)" RNA using known methods. Poly 
nucleotides encoding Zsig33 polypeptides are then identified 
and isolated by, for example, hybridization or PCR. 

0041. The present invention further provides counterpart 
polypeptides and polynucleotides from other Species 
(orthologs). Of particular interest are Zsig33 polypeptides 
from other mammalian species, including murine, rat, por 
cine, Ovine, bovine, canine, feline, equine and other primate 
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proteins. Orthologs of the human proteins can be cloned 
using information and compositions provided by the present 
invention in combination with conventional cloning tech 
niques. For example, a cDNA can be cloned using mRNA 
obtained from a tissue or cell type that expresses the protein. 
Suitable sources of mRNA can be identified by probing 
Northern blots with probes designed from the sequences 
disclosed herein. A library is then prepared from mRNA of 
a positive tissue of cell line. A Zsig33 ortholog-encoding 
cDNA can then be isolated by a variety of methods, such as 

A R N D 

A. 4 

R 5 
N -2 O 6 
D -2 -2 1 6 
C 0 -3 -3 -3 
O 1 O O 
E O O 2 
G O -2 O -1 
H -2 0 1 -1 
I -1 -3 -3 -3 
L -1 -2 -3 -4 
K - 2 O -1 
M -1 -1 -2 -3 
F -2 -3 -3 -3 
P -1 -2 -2 -1 
S -1 1 0 
T O -1 O -1 
W -3 -3 - 4 -4 
Y -2 -2 -2 -3 
V 0 -3 -3 -3 

by probing with a complete or partial human cDNA or with 
one or more Sets of degenerate probes based on the disclosed 
Sequences. A cDNA can also be cloned using the polymerase 
chain reaction, or PCR (Mullis, U.S. Pat. No. 4,683.202), 
using primerS designed from the Sequences disclosed herein. 
Within an additional method, the cDNA library can be used 
to transform or transfect host cells, and expression of the 
cDNA of interest can be detected with an antibody to Zsig33 
Similar techniques can also be applied to the isolation of 
genomic clones. 
0.042 Those skilled in the art will recognize that the 
sequences disclosed in SEQ ID NO: 1, and polypeptide 
encoded thereby, represent a single allele of the human 
Zsig33 gene and polypeptide, and that allelic variation and 
alternative Splicing are expected to occur. Allelic variants 
can be cloned by probing cDNA or genomic libraries from 
different individuals according to Standard procedures. 
Allelic variants of the DNA sequence shown in SEQID NO: 
1, including those containing Silent mutations and those in 
which mutations result in amino acid Sequence changes, are 
within the Scope of the present invention, as are proteins 
which are the product of allelic variation of SEQ ID NO: 2. 
0043. The present invention also provides isolated Zsig33 
polypeptides that are Substantially homologous to the 
polypeptides of SEQID NO: 2 and their orthologs. The term 
“Substantially homologous is used herein to denote 
polypeptides having 50%, preferably 60%, more preferably 
at least 80%, Sequence identity to the Sequences shown in 
SEQ ID NO: 2 or their orthologs. Such polypeptides will 
more preferably be at least 90% identical, and most prefer 
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ably 95% or more identical to SEQ ID NO: 2 or its 
orthologS. Percent Sequence identity is determined by con 
ventional methods. See, for example, Altschul et al., Bull. 
Math. Bio. 48: 603-616, 1986 and Henikoff and Henikoff, 
Proc. Natl. Acad. Sci. USA 89:10915-10919, 1992. Briefly, 
two amino acid Sequences are aligned to optimize the 
alignment Scores using a gap opening penalty of 10, a gap 
extension penalty of 1, and the “bloSum 62 Scoring matrix 
of Henikoff and Henikoff (ibid.) as shown in Table 3 (amino 
acids are indicated by the standard one-letter codes). 

TABLE 3 

C O E G H I L K M F P S T W Y V 

9 
-3 5 
-4 2 5 
-3 -2 -2 6 

-1 -1 -1 -2 -2 -1 -1 -1 -1 -2 -1 1 5 
-2 -2 -3 -2 -2 -3 -2 -3 -1 1 - 4 -3 -2 11 
-2 -1 -2 -3 2 -1 -1 -2 -1 3 -3 -2 -2 2 7 
-1 -2 -2 -3 -3 3 1 -2 1 -1 -2 -2 0 -3 -1 4 

0044) The percent identity is then calculated as: 

Total number of identical matches 
x 100 length of the longer sequence plus the 

number of gaps introduced into the longer 
sequence in order to align the two sequences 

0045 Sequence identity of polynucleotide molecules is 
determined by Similar methods using a ratio as disclosed 
above. 

0046) Substantially homologous proteins and polypep 
tides are characterized as having one or more amino acid 
Substitutions, deletions or additions. These changes are 
preferably of a minor nature, that is conservative amino acid 
substitutions (see Table 4) and other substitutions that do not 
Significantly affect the folding or activity of the protein or 
polypeptide; Small deletions, typically of one to about 30 
amino acids, and Small amino- or carboxyl-terminal exten 
Sions, Such as an amino-terminal methionine residue, a Small 
linker peptide of up to about 20-25 residues, or a Small 
extension that facilitates purification (an affinity tag), Such as 
a poly-histidine tract, protein A (Nilsson et al., EMBO J. 
4:1075, 1985; Nilsson et al., Methods Enzymol. 198:3, 
1991), glutathione S transferase (Smith and Johnson, Gene 
67:31, 1988), maltose binding protein (Kellerman and Fer 
enci, Methods Enzymol. 90:459-463, 1982; Guan et al., 
Gene 67:21-30, 1987), thioredoxin, ubiquitin, cellulose 
binding protein, T7 polymerase, or other antigenic epitope 
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or binding domain. See, in general Ford et al., Protein 
Expression and Purification 2: 95-107, 1991, which is 
incorporated herein by reference. DNAS encoding affinity 
tags are available from commercial Suppliers (e.g., Pharma 
cia Biotech, Piscataway, N.J.; New England Biolabs, Bev 
erly, Mass.). 

TABLE 4 

Conservative amino acid substitutions 

Basic: arginine 
lysine 
histidine 

Acidic: glutamic acid 
aspartic acid 

Polar: glutamine 
asparagine 
leucine 
isoleucine 
valine 
phenylalanine 
tryptophan 
tyrosine 
glycine 
alanine 
serine 
threonine 
methionine 

Hydrophobic: 

Aromatic: 

Small: 

0047. In addition to the 20 standard amino acids, non 
Standard amino acids (such as 4-hydroxyproline, 6-N-me 
thyl lysine, 2-aminoisobutyric acid, isovaline and C.-methyl 
Serine) may be Substituted for amino acid residues of Zsig33. 
A limited number of non-conservative amino acids, amino 
acids that are not encoded by the genetic code, and unnatural 
amino acids may be Substituted for Zsig33 amino acid 
residues. "Unnatural amino acids” have been modified after 
protein Synthesis, and/or have a chemical Structure in their 
Side chain(s) different from that of the Standard amino acids. 
Unnatural amino acids can be chemically Synthesized, or 
preferably, are commercially available, and include pipe 
colic acid, thiazolidine carboxylic acid, dehydroproline, 3 
and 4-methylproline, and 3,3-dimethylproline. 

0.048 Essential amino acids in the Zsig33 polypeptides of 
the present invention can be identified according to proce 
dures known in the art, Such as Site-directed mutagenesis or 
alanine-Scanning mutagenesis (Cunningham and Wells, Sci 
ence 244: 1081-1085, 1989). In the latter technique, single 
alanine mutations are introduced at every residue in the 
molecule, and the resultant mutant molecules are tested for 
biological activity (e.g., stimulation of gastrointestinal cell 
contractility, modulation of nutrient uptake and/or Secretion 
of digestive enzymes) to identify amino acid residues that 
are critical to the activity of the molecule. See also, Hilton 
et al., J. Biol. Chem. 271:4699-4708, 1996. Sites of ligand 
receptor interaction can also be determined by physical 
analysis of Structure, as determined by Such techniques as 
nuclear magnetic resonance, crystallography, electrons dif 
fraction or photoaffinity labeling, in conjunction with muta 
tion of putative contact site amino acids. See, for example, 
de Vos et al., Science 255:306–312, 1992; Smith et al., J. 
Mol. Biol. 224:899-904, 1992; Wlodaver et al., FEBS Lett. 
309:59-64, 1992. The identities of essential amino acids can 
also be inferred from analysis of homologies with related 
members of the glucagon-Secretin family of gut-brain pep 
tide hormones. 
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0049 Multiple amino acid substitutions can be made and 
tested using known methods of mutagenesis and Screening, 
such as those disclosed by Reidhaar-Olson and Sauer (Sci 
ence 241:53-57, 1988) or Bowie and Sauer (Proc. Natl. 
Acad. Sci. USA 86:2152-2156, 1989). Briefly, these authors 
disclose methods for Simultaneously randomizing two or 
more positions in a polypeptide, Selecting for functional 
polypeptide, and then Sequencing the mutagenized polypep 
tides to determine the spectrum of allowable substitutions at 
each position. Other methods that can be used include phage 
display (e.g., Lowman et al., Biochem. 30:10832-10837, 
1991; Ladner et al., U.S. Pat. No. 5,223,409; Huse, WIPO 
Publication WO92/06204) and region-directed mutagenesis 
(Derbyshire et al., Gene 46:145, 1986; Ner et al., DNA 
7:127, 1988). 
0050 Mutagenesis methods as disclosed above can be 
combined with high-throughput, automated Screening meth 
ods to detect activity of cloned, mutagenized polypeptides in 
host cells. Mutagenized DNA molecules that encode active 
polypeptides (e.g., stimulation of gastrointestinal cell con 
tractility, modulation of nutrient uptake and/or Secretion of 
digestive enzymes) can be recovered from the host cells and 
rapidly Sequenced using modern equipment. These methods 
allow the rapid determination of the importance of indi 
vidual amino acid residues in a polypeptide of interest, and 
can be applied to polypeptides of unknown Structure. 

0051. Using the methods discussed above, one of ordi 
nary skill in the art can identify and/or prepare a variety of 
polypeptides that are Substantially homologous to residues 
24 to 37 of SEO ID NO: 2 or allelic variants thereof and 
retain properties of the wild-type protein. Such polypeptides 
may also include additional polypeptide Segments as gen 
erally disclosed above. 

0052 The polypeptides of the present invention, includ 
ing full-length proteins and fragments thereof, can be pro 
duced in genetically engineered host cells according to 
conventional techniques. Suitable host cells are those cell 
types that can be transformed or transfected with exogenous 
DNA and grown in culture, and include bacteria, fungal 
cells, and cultured higher eukaryotic cells. Eukaryotic cells, 
particularly cultured cells of multicellular organisms, are 
preferred. Techniques for manipulating cloned DNA mol 
ecules and introducing exogenous DNA into a variety of 
host cells are disclosed by Sambrook et al., Molecular 
Cloning. A Laboratory Manual, 2nd ed., Cold Spring Har 
bor Laboratory Press, Cold Spring Harbor, N.Y., 1989, and 
Ausubel et al. (eds.), Current Protocols in Molecular Biol 
ogy, John Wiley and Sons, Inc., NY, 1987, which are 
incorporated herein by reference. 
0053. In general, a DNA sequence encoding a Zsig33 
polypeptide of the present invention is operably linked to 
other genetic elements required for its expression, generally 
including a transcription promoter and terminator within an 
expression vector. The vector will also commonly contain 
one or more Selectable markers and one or more origins of 
replication, although those skilled in the art will recognize 
that within certain Systems Selectable markers may be pro 
Vided on Separate vectors, and replication of the exogenous 
DNA may be provided by integration into the host cell 
genome. Selection of promoters, terminators, Selectable 
markers, vectors and other elements is a matter of routine 
design within the level of ordinary skill in the art. Many such 
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elements are described in the literature and are available 
through commercial Suppliers. 
0054) To direct a Zsig33 polypeptide into the secretory 
pathway of a host cell, a Secretory signal sequence (also 
known as a leader Sequence, prepro Sequence or pre 
Sequence) is provided in the expression vector. The Secretory 
Signal Sequence may be that of the ZSig33 polypeptide, or 
may be derived from another Secreted protein (e.g., t-PA) or 
Synthesized de novo. The Secretory signal Sequence is joined 
to the ZSig33 DNA sequence in the correct reading frame. 
Secretory Signal Sequences are commonly positioned 5' to 
the DNA sequence encoding the propeptide of interest, 
although certain Signal Sequences may be positioned else 
where in the DNA sequence of interest (see, e.g., Welch et 
al., U.S. Pat. No. 5,037,743; Holland et al., U.S. Pat. No. 
5,143,830). 
0.055 Cultured mammalian cells are also preferred hosts 
within the present invention. Methods for introducing eXog 
enous DNA into mammalian host cells include calcium 
phosphate-mediated transfection (Wigler et al., Cell 14:725, 
1978; Corsaro and Pearson, Somatic Cell Genetics 7:603, 
1981: Graham and Van der Eb, Virology 52:456, 1973), 
electroporation (Neumann et al., EMBO J. 1:841-845, 
1982), DEAE-dextran mediated transfection (Ausubel et al., 
eds., Current Protocols in Molecular Biology, John Wiley 
and Sons, Inc., NY, 1987), liposome-mediated transfection 
(Hawley-Nelson et al., Focus 15:73, 1993; Ciccarone et al., 
Focus 15:80, 1993), and viral vectors (A. Miller and G. 
Rosman, BioTechniques 7: 980-90, 1989; Q. Wang and M. 
Finer, Nature Med. 2:714-16, 1996), which are incorporated 
herein by reference. The production of recombinant 
polypeptides in cultured mammalian cells is disclosed, for 
example, by Levinson et al., U.S. Pat. No. 4,713,339; Hagen 
et al., U.S. Pat. No. 4,784,950; Palmiter et al., U.S. Pat. No. 
4.579,821; and Ringold, U.S. Pat. No. 4,656,134, which are 
incorporated herein by reference. Preferred cultured mam 
malian cells include the COS-1 (ATCC No. CRL 1650), 
COS-7 (ATCC No. CRL 1651), BHK570 (ATCC No. CRL 
10314), 293 (ATCC No. CRL 1573; Graham et al., J. Gen. 
Virol. 36:59-72, 1977) and Chinese hamster ovary (e.g. 
CHO-K1; ATCC No. CCL 61) cell lines. Additional suitable 
cell lines are known in the art and available from public 
depositories Such as the American Type Culture Collection, 
Rockville, Md. In general, Strong transcription promoters 
are preferred, Such as promoters from SV-40 or cytomega 
lovirus. See, e.g., U.S. Pat. No. 4,956,288. Other suitable 
promoters include those from metallothionein genes (U.S. 
Pat. Nos. 4,579,821 and 4,601,978, which are incorporated 
herein by reference) and the adenovirus major late promoter. 
0056 Drug selection is generally used to select for cul 
tured mammalian cells into which foreign DNA has been 
inserted. Such cells are commonly referred to as “transfec 
tants”. Cells that have been cultured in the presence of the 
Selective agent and are able to pass the gene of interest to 
their progeny are referred to as “stable transfectants. A 
preferred Selectable marker is a gene encoding resistance to 
the antibiotic neomycin. Selection is carried out in the 
presence of a neomycin-type drug, Such as G-418 or the like. 
Selection Systems may also be used to increase the expres 
Sion level of the gene of interest, a process referred to as 
“amplification.” Amplification is carried out by culturing 
transfectants in the presence of a low level of the Selective 
agent and then increasing the amount of Selective agent to 
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select for cells that produce high levels of the products of the 
introduced genes. A preferred amplifiable Selectable marker 
is dihydrofolate reductase, which conferS resistance to meth 
otrexate. Other drug resistance genes (e.g., hygromycin 
resistance, multi-drug resistance, puromycin acetyltrans 
ferase) can also be used. Alternative markers that introduce 
an altered phenotype, Such as green fluorescent protein, or 
cell surface proteins such as CD4, CD8, Class I MHC, 
placental alkaline phosphatase may be used to Sort trans 
fected cells from untransfected cells by such means as FACS 
Sorting or magnetic bead Separation technology. 
0057. Other higher eukaryotic cells can also be used as 
hosts, including plant cells, insect cells and avian cells. The 
use of Agrobacterium rhizogenes as a vector for expressing 
genes in plant cells has been reviewed by Sinkar et al., J. 
BioSci. (Bangalore) 11:47-58, 1987. Transformation of 
insect cells and production of foreign polypeptides therein is 
disclosed by Guarino et al., U.S. Pat. No. 5,162,222 and 
WIPO publication WO 94/06463. Insect cells can be 
infected with recombinant baculovirus, commonly derived 
from Autographa Californica nuclear polyhedrosis virus 
(AcNPV). DNA encoding the Zsig33 polypeptide is inserted 
into the baculoviral genome in place of the AcNPV poly 
hedrin gene coding Sequence by one of two methods. The 
first is the traditional method of homologous DNA recom 
bination between wild-type AcNPV and a transfer vector 
containing the Zsig33 flanked by AcNPV sequences. Suit 
able insect cells, e.g. SF9 cells, are infected with wild-type 
AcNPV and transfected with a transfer vector comprising a 
Zsig33 polynucleotide operably linked to an AcNPV poly 
hedrin gene promoter, terminator, and flanking Sequences. 
See, King, L. A. and Possee, R. D., The Baculovirus Expres 
Sion System. A Laboratory Guide, London, Chapman & 
Hall; O'Reilly, D. R. et al., Baculovirus Expression Vectors. 
A Laboratory Manual, New York, Oxford University Press., 
1994; and, Richardson, C. D., Ed., Baculovirus Expression 
Protocols. Methods in Molecular Biology, Totowa, N.J., 
Humana Press, 1995. Natural recombination within an insect 
cell will result in a recombinant baculovirus which contains 
Zsig33 driven by the polyhedrin promoter. Recombinant 
Viral Stocks are made by methods commonly used in the art. 
0058. The second method of making recombinant bacu 
lovirus utilizes a transposon-based System described by 
Luckow (Luckow, V. A., et al., J Virol 67:4566-79, 1993). 
This system is sold in the Bac-to-Bac kit (Life Technologies, 
Rockville, Md.). This system utilizes a transfer vector, 
pFastBac1TM (Life Technologies) containing a TnT transpo 
Son to move the DNA encoding the ZSig33 polypeptide into 
a baculovirus genome maintained in E. coli as a large 
plasmid called a “bacmid.” The pFastBac1TM transfer vector 
utilizes the AcNPV polyhedrin promoter to drive the expres 
Sion of the gene of interest, in this case ZSig33. However, 
pFastBac1TM can be modified to a considerable degree. The 
polyhedrin promoter can be removed and substituted with 
the baculovirus basic protein promoter (also known as Peor, 
p6.9 or MP promoter) which is expressed earlier in the 
baculovirus infection, and has been shown to be advanta 
geous for expressing Secreted proteins. See, Hill-Perkins, M. 
S. and Possee, R. D., J Gen Virol 71:971-6, 1990; Bonning, 
B. C. et al., J Gen Virol 75:1551-6, 1994; and, Chazenbalk, 
G. D., and Rapoport, B., J Biol Chem 270:1543-9, 1995. In 
Such transfer vector constructs, a short or long version of the 
basic protein promoter can be used. Moreover, transfer 
vectors can be constructed which replace the native ZSig33 
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Secretory Signal Sequences with Secretory Signal Sequences 
derived from insect proteins. For example, a Secretory Signal 
Sequence from Ecdysteroid Glucosyltransferase (EGT), 
honey bee Melittin (Invitrogen, Carlsbad, Calif.), or bacu 
lovirus gp67 (PharMingen, San Diego, Calif.) can be used in 
constructs to replace the native ZSig33 Secretory Signal 
Sequence. In addition, transfer vectors can include an in 
frame fusion with DNA encoding an epitope tag at the C- or 
N-terminus of the expressed ZSig33 polypeptide, for 
example, a Glu-Glu epitope tag (Grussenmeyer, T. et al., 
Proc Natl Acad. Sci. 82:7952-4, 1985). Using a technique 
known in the art, a transfer vector containing ZSig33 is 
transformed into E. Coli, and Screened for bacmids which 
contain an interrupted lac7 gene indicative of recombinant 
baculovirus. The bacmid DNA containing the recombinant 
baculovirus genome is isolated, using common techniques, 
and used to transfect Spodoptera frugiperda cells, e.g. Sf9 
cells. Recombinant Virus that expresses Zsig33 is Subse 
quently produced. Recombinant Viral Stocks are made by 
methods commonly used the art. 
0059. The recombinant virus is used to infect host cells, 
typically a cell line derived from the fall armyworm, 
Spodoptera frugiperda. See, in general, Glick and Pasternak, 
Molecular Biotechnology. Principles and Applications of 
Recombinant DNA, ASM Press, Washington, D.C., 1994. 
Another suitable cell line is the High FiveOTM cell line 
(Invitrogen) derived from Trichoplusia ni (U.S. Pat. No. 
5,300,435). Commercially available serum-free media are 
used to grow and maintain the cells. Suitable media are 
Sf900 IITM (Life Technologies) or ESF 921TM (Expression 
Systems) for the Sf9 cells; and Ex-cell0405TM (JRH Bio 
sciences, Lenexa, Kans) or Express FiveOTM (Life Tech 
nologies) for the T. nicells. The cells are grown up from an 
inoculation density of approximately 2-5x10 cells to a 
density of 1-2x10 cells at which time a recombinant viral 
stock is added at a multiplicity of infection (MOI) of 0.1 to 
10, more typically near 3. The recombinant virus-infected 
cells typically produce the recombinant ZSig33 polypeptide 
at 12-72 hours post-infection and Secrete it with varying 
efficiency into the medium. The culture is usually harvested 
48 hours post-infection. Centrifugation is used to Separate 
the cells from the medium (Supernatant). The Supernatant 
containing the ZSig33 polypeptide is filtered through 
micropore filters, usually 0.45 um pore size. Procedures 
used are generally described in available laboratory manuals 
(King, L. A. and Possee, R. D., ibid.; O'Reilly, D. R. et al., 
ibid.; Richardson, C. D., ibid.). Subsequent purification of 
the ZSig33 polypeptide from the Supernatant can be achieved 
using methods described herein. 
0060) Fungal cells, including yeast cells, and particularly 
cells of the genera Saccharomyces and Pichia, can also be 
used within the present invention, Such as for producing 
Zsig33 fragments or polypeptide fusions. Methods for trans 
forming yeast cells with exogenous DNA and producing 
recombinant polypeptides therefrom are disclosed by, for 
example, Kawasaki, U.S. Pat. No. 4,599.311; Kawasaki et 
al., U.S. Pat. No. 4,931,373; Brake, U.S. Pat. No. 4,870,008; 
Welch et al., U.S. Pat. No. 5,037,743; and Murray et al., U.S. 
Pat. No. 4,845,075, which are incorporated herein by refer 
ence. Transformed cells are Selected by phenotype deter 
mined by the Selectable marker, commonly drug resistance 
or the ability to grow in the absence of a particular nutrient 
(e.g., leucine). A preferred vector System for use in yeast is 
the POT1 vector system disclosed by Kawasaki et al. (U.S. 
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Pat. No. 4,931,373), which allows transformed cells to be 
Selected by growth in glucose-containing media. Suitable 
promoters and terminators for use in yeast include those 
from glycolytic enzyme genes (see, e.g., Kawasaki, U.S. Pat. 
No. 4,599,311; Kingsman et al., U.S. Pat. No. 4,615,974; 
and Bitter, U.S. Pat. No. 4,977,092, which are incorporated 
herein by reference) and alcohol dehydrogenase genes. See 
also U.S. Pat. Nos. 4,990,446; 5,063,154; 5,139,936 and 
4,661,454, which are incorporated herein by reference. 
Transformation Systems for other yeasts, including 
Hansenula polymorpha, Schizosaccharomyces pombe, 
Kluyveromyces lactis, Kluyveromyces fragilis, Ustilago 
maydis, Pichia pastoris, Pichia guillermondii, Pichia 
methanolica and Candida maltosa are known in the art. See, 
for example, Gleeson et al., J. Gen. Microbiol. 132:3459 
3465, 1986 and Cregg, U.S. Pat. No. 4,882,279. Aspergillus 
cells may be utilized according to the methods of McKnight 
et al., U.S. Pat. No. 4,935,349, which is incorporated herein 
by reference. Methods for transforming Acremonium 
chrysogenium are disclosed by Sumino et al., U.S. Pat. No. 
5,162,228, which is incorporated herein by reference. Meth 
ods for transforming Neurospora are disclosed by Lambow 
itz, U.S. Pat. No. 4,486,533, which is incorporated herein by 
reference. 

0061 Transformed or transfected host cells are cultured 
according to conventional procedures in a culture medium 
containing nutrients and other components required for the 
growth of the chosen host cells. A variety of Suitable media, 
including defined media and complex media, are known in 
the art and generally include a carbon Source, a nitrogen 
Source, essential amino acids, Vitamins and minerals. Media 
may also contain Such components as growth factors or 
Serum, as required. The growth medium will generally Select 
for cells containing the exogenously added DNA by, for 
example, drug Selection or deficiency in an essential nutrient 
which is complemented by the Selectable marker carried on 
the expression vector or co-transfected into the host cell. P 
methanolica cells are cultured in a medium comprising 
adequate Sources of carbon, nitrogen and trace nutrients at a 
temperature of about 25 C. to 35 C. Liquid cultures are 
provided with Sufficient aeration by conventional means, 
Such as Shaking of Small flaskS or Sparging of fermentors. A 
preferred culture medium for P. methanolica is YEPD (2% 
D-glucose, 2% Bacto TM Peptone (Difco Laboratories, 
Detroit, Mich.), 1% Bacto TM yeast extract (Difco Laborato 
ries), 0.004% adenine and 0.006% L-leucine). 
0062 Expressed recombinant Zsig33 polypeptides can be 
purified using fractionation and/or conventional purification 
methods and media. Ammonium Sulfate precipitation and 
acid or chaotrope extraction may be used for fractionation of 
Samples. Exemplary purification Steps may include 
hydroxyapatite, Size exclusion, FPLC and reverse-phase 
high performance liquid chromatography. Suitable anion 
eXchange media include derivatized dextrans, agarose, cel 
lulose, polyacrylamide, Specialty Silicas, and the like. PEI, 
DEAE, QAE and Q derivatives are preferred, with DEAE 
Fast-Flow Sepharose (Pharmacia, Piscataway, N.J.) being 
particularly preferred. Exemplary chromatographic media 
include those media derivatized with phenyl, butyl, or octyl 
groups, Such as Phenyl-Sepharose FF (Pharmacia), Toyope 
arl butyl 650 (Toso Haas, Montgomeryville, Pa.), Octyl 
Sepharose (Pharmacia) and the like; or polyacrylic resins, 
such as Amberchrom CG 71 (Toso Haas) and the like. 
Suitable Solid Supports include glass beads, Silica-based 
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resins, cellulosic resins, agarose beads, croSS-linked agarose 
beads, polystyrene beads, croSS-linked polyacrylamide res 
ins and the like that are insoluble under the conditions in 
which they are to be used. These supports may be modified 
with reactive groups that allow attachment of proteins by 
amino groups, carboxyl groups, Sulfhydryl groups, hydroxyl 
groupS and/or carbohydrate moieties. Examples of coupling 
chemistries include cyanogen bromide activation, N-hy 
droxySuccinimide activation, epoxide activation, Sulfhydryl 
activation, hydrazide activation, and carboxyl and amino 
derivatives for carbodiimide coupling chemistries. These 
and other solid media are well known and widely used in the 
art, and are available from commercial Suppliers. Methods 
for binding receptor polypeptides to Support media are well 
known in the art. Selection of a particular method is a matter 
of routine design and is determined in part by the properties 
of the chosen Support. See, for example, Affinity Chroma 
tography: Principles & Methods, Pharmacia LKB Biotech 
nology, Uppsala, Sweden, 1988. 

0.063. The polypeptides of the present invention can be 
isolated by exploitation of small size and low pl. For 
example, polypeptides of the present invention can be bound 
to anionic exchanges at low pH values. Other methods of 
purification include purification of glycosylated proteins by 
lectin affinity chromatography and ion exchange chroma 
tography (Methods in Enzymol, Vol. 182, “Guide to Protein 
Purification”, M. Deutscher, (ed.), Acad. Press, San Diego, 
1990, pp. 529-39). Alternatively, a fusion of the polypeptide 
of interest and an affinity tag (e.g., polyhistidine, maltose 
binding protein, an immunoglobulin domain) may be con 
Structed to facilitate purification. 

0064) Protein refolding (and optionally reoxidation) pro 
cedures may be advantageously used. It is preferred to purify 
the protein to >80% purity, more preferably to >90% purity, 
even more preferably >95%, and particularly preferred is a 
pharmaceutically pure State, that is greater than 99.9% pure 
with respect to contaminating macromolecules, particularly 
other proteins and nucleic acids, and free of infectious and 
pyrogenic agents. Preferably, a purified protein is Substan 
tially free of other proteins, particularly other proteins of 
animal origin. 

0065 Zsig33 polypeptides or fragments thereof may also 
be prepared through chemical Synthesis. Zsig33 polypeptides 
may be monomers or multimers, glycosylated or non-gly 
cosylated; pegylated or non-pegylated; amidated or non 
amidated; Sulfated or non-Sulfated; and may or may not 
include an initial methionine amino acid residue. For 
example, ZSig33 polypeptides can also be Synthesized by 
exclusive Solid phase Synthesis, partial Solid phase methods, 
fragment condensation or classical Solution Synthesis. The 
polypeptides are preferably prepared by Solid phase peptide 
synthesis, for example as described by Merrifield, J. Am. 
Chem. Soc. 85:2149, 1963. The synthesis is carried out with 
amino acids that are protected at the alpha-amino terminus. 
Trifunctional amino acids with labile Side-chains are also 
protected with Suitable groups to prevent undesired chemical 
reactions from occurring during the assembly of the 
polypeptides. The alpha-amino protecting group is Selec 
tively removed to allow Subsequent reaction to take place at 
the amino-terminus. The conditions for the removal of the 
alpha-amino protecting group do not remove the Side-chain 
protecting groups. 

May 19, 2005 

0066. The alpha-amino protecting groups are those 
known to be useful in the art of Stepwise polypeptide 
Synthesis. Included are acyl type protecting groups (e.g., 
formyl, trifluoroacetyl, acetyl), aryl type protecting groups 
(e.g., biotinyl), aromatic urethane type protecting groups 
e.g., benzyloxycarbonyl (Cbz), Substituted benzyloxycar 
bonyl and 9-fluorenylmethyloxy-carbonyl (Fmoc), ali 
phatic urethane protecting groups e.g., t-butyloxycarbonyl 
(tBoc), isopropyloxycarbonyl, cyclohexloxycarbonyl and 
alkyl type protecting groups (e.g., benzyl, triphenylmethyl). 
The preferred protecting groups are tBoc and Fmoc. 

0067. The side-chain protecting groups selected must 
remain intact during coupling and not be removed during the 
deprotection of the amino-terminus protecting group or 
during coupling conditions. The Side-chain protecting 
groups must also be removable upon the completion of 
Synthesis using reaction conditions that will not alter the 
finished polypeptide. In tBoc chemistry, the Side-chain pro 
tecting groups for trifunctional amino acids are mostly 
benzyl based. In Fmoc chemistry, they are mostly tert-butyl 
or trityl based. 
0068. In teoc chemistry, the preferred side-chain protect 
ing groups are tosyl for arginine, cyclohexyl for aspartic 
acid, 4-methylbenzyl (and acetamidomethyl) for cysteine, 
benzyl for glutamic acid, Serine and threonine, benzyloxym 
ethyl (and dinitrophenyl) for histidine, 2-Cl-benzyloxycar 
bonyl for lysine, formyl for tryptophan and 2-bromobenzyl 
for tyrosine. In Fmoc chemistry, the preferred side-chain 
protecting groups are 2,2,5,7,8-pentamethylchroman-6-sul 
fonyl (Pmc) or 2,2,4,6,7-pentamethyldihydrobenzofuran-5- 
Sulfonyl (Pbf) for arginine, trityl for asparagine, cysteine, 
glutamine and histidine, tert-butyl for aspartic acid, glutamic 
acid, Serine, threonine and tyrosine, tBoc for lysine and 
tryptophan. 

0069. For the synthesis of phosphopeptides, either direct 
or post-assembly incorporation of the phosphate group is 
used. In the direct incorporation Strategy, the phosphate 
group on Serine, threonine or tyrosine may be protected by 
methyl, benzyl, or tert-butyl in Fmoc chemistry or by 
methyl, benzyl or phenyl in tBoc chemistry. Direct incor 
poration of phosphotyrosine without phosphate protection 
can also be used in Fmoc chemistry. In the post-assembly 
incorporation Strategy, the unprotected hydroxyl groups of 
Serine, threonine or tyrosine are derivatized on Solid phase 
with di-tert-butyl-, dibenzyl- or dimethyl-N,N'-diisopropy 
lphosphoramidite and then oxidized by tert-butylhydroper 
oxide. 

0070 Solid phase synthesis is usually carried out from 
the carboxyl-terminus by coupling the alpha-amino pro 
tected (side-chain protected) amino acid to a Suitable Solid 
Support. An ester linkage is formed when the attachment is 
made to a chloromethyl, chlortrityl or hydroxymethyl resin, 
and the resulting polypeptide will have a free carboxyl group 
at the C-terminus. Alternatively, when an amide resin Such 
as benzhydrylamine or p-methylbenzhydrylamine resin (for 
tloc chemistry) and Rink amide or PAL resin (for Fmoc 
chemistry) are used, an amide bond is formed and the 
resulting polypeptide will have a carboxamide group at the 
C-terminus. These resins, whether polystyrene- or polya 
mide-based or polyethyleneglycol-grafted, with or without a 
handle or linker, with or without the first amino acid 
attached, are commercially available, and their preparations 
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have been described by Stewart et al., “Solid Phase Peptide 
Synthesis” (2nd Edition), (Pierce Chemical Co., Rockford, 
Ill., 1984) and Bayer & Rapp Chem. Pept. Prot. 3:3 (1986); 
and Atherton et al., Solid Phase Peptide Synthesis: A Prac 
tical Approach, IRL Press, Oxford, 1989. 

0071. The C-terminal amino acid, protected at the side 
chain if necessary, and at the alpha-amino group, is attached 
to a hydroxylmethyl resin using various activating agents 
including dicyclohexylcarbodiimide (DCC), N,N'-diisopro 
pylcarbodiimide (DIPCDI) and carbonyldiimidazole (CDI). 
It can be attached to chloromethyl or chlorotrityl resin 
directly in its cesium tetramethylammonium Salt form or in 
the presence of triethylamine (TEA) or diisopropylethy 
lamine (DIEA). First amino acid attachment to an amide 
resin is the same as amide bond formation during coupling 
reactions. 

0.072 Following the attachment to the resin support, the 
alpha-amino protecting group is removed using various 
reagents depending on the protecting chemistry (e.g., tBoc, 
Fmoc). The extent of Fmoc removal can be monitored at 
300-320 nm or by a conductivity cell. After removal of the 
alpha-amino protecting group, the remaining protected 
amino acids are coupled Stepwise in the required order to 
obtain the desired Sequence. 

0.073 Various activating agents can be used for the cou 
pling reactions including DCC, DIPCDI, 2-chloro-1,3-dim 
ethylimidium hexafluorophosphate (CIP), benzotriazol-1- 
yl-oxy-tris-(dimethylamino)-phosphonium hexafluoro 
phosphate (BOP) and its pyrrolidine analog (PyBOP), 
bromo-tris-pyrrolidino-phosphonium hexafluorophosphate 
(PyBroP), O-(benzotriazol-1-yl)-1,1,3,3-tetramethyl-uro 
nium hexafluorophosphate (HBTU) and its tetrafluoroborate 
analog (TBTU) or its pyrrolidine analog (HBPyU), O-(7- 
aZabenzotriazol-1-yl)-1,1,3,3-tetramethyl-uronium 
hexafluorophosphate (HATU) and its tetrafluoroborate ana 
log (TATU) or its pyrrolidine analog (HAPyU). The most 
common catalytic additives used in coupling reactions 
include 4-dimethylaminopyridine (DMAP), 3-hydroxy-3,4- 
dihydro-4-oxo-1,2,3-benzotriazine (HODhbt), N-hydroxy 
benzotriazole (HOBt) and 1-hydroxy-7-azabenzotriazole 
(HOAt). Each protected amino acid is used in excess (22.0 
equivalents), and the couplings are usually carried out in 
N-methylpyrrolidone (NMP) or in DMF, CH2Cl2 or mix 
tures thereof. The extent of completion of the coupling 
reaction can be monitored at each Stage, e.g., by the ninhy 
drin reaction as described by Kaiser et al., Anal. Biochem. 
34:595, 1970. 

0.074. After the entire assembly of the desired peptide, the 
peptide-resin is cleaved with a reagent with proper Scaven 
gers. The Fmoc peptides are usually cleaved and deprotected 
by TFA with Scavengers (e.g., H2O, ethanedithiol, phenol 
and thioanisole). The tEoc peptides are usually cleaved and 
deprotected with liquid HF for 1-2 hours at -5 to 0 C., 
which cleaves the polypeptide from the resin and removes 
most of the Side-chain protecting groups. ScavengerS Such as 
aniSole, dimethylsulfide and p-thiocreSol are usually used 
with the liquid HF to prevent cations formed during the 
cleavage from alkylating and acylating the amino acid 
residues present in the polypeptide. The formyl group of 
tryptophan and the dinitrophenyl group of histidine need to 
be removed, respectively by piperidine and thiophenyl in 
DMF prior to the HF cleavage. The acetamidomethyl group 
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of cysteine can be removed by mercury(II)acetate and 
alternatively by iodine, thallium(III)trifluoroacetate or silver 
tetrafluoroborate which simultaneously oxidize cysteine to 
cystine. Other Strong acids used for tBoc peptide cleavage 
and deprotection include trifluoromethaneSulfonic acid 
(TFMSA) and trimethylsilyltrifluoroacetate (TMSOTf). 
0075. The activity of molecules of the present invention 
can be measured using a variety of assays that measure 
Stimulation of gastrointestinal cell contractility, modulation 
of nutrient uptake and/or Secretion of digestive enzymes. Of 
particular interest are changes in contractility of Smooth 
muscle cells. For example, the contractile response of Seg 
ments of mammalian duodenum or other gastrointestinal 
Smooth muscles tissue (Depoortere et al., J. Gastrointestinal 
Motility 1:150-159, 1989, incorporated herein by reference). 
An exemplary in Vivo assay uses an ultrasonic micrometer 
to measure the dimensional changes radially between com 
missures and longitudinally to the plane of the valve base 
(Hansen et al., Society of Thoracic Surgeons 60:S384-390, 
1995). 
0076 Gastric motility is generally measured in the clini 
cal Setting as the time required for gastric emptying and 
Subsequent transit time through the gastrointestinal tract. 
Gastric emptying Scans are well known to those skilled in 
the art, and briefly, comprise use of an oral contrast agent, 
Such as barium, or a radiolabeled meal. Solids and liquids 
can be measured independently. A test food or liquid is 
radiolabeled with an isotope (e.g. '"Te), and after ingestion 
or administration, transit time through the gastrointestinal 
tract and gastric emptying are measured by visualization 
using gamma cameras (Meyer et al., Am. J. Dig. Dis. 21:296, 
1976; Collins et al., Gut 24:1117, 1983; Maughan et al., 
Diabet. Med. 139 Supp. 5:S6-10, 1996 and Horowitz et al., 
Arch. Intern. Med. 145: 1467-1472, 1985). These studies 
may be performed before and after the administration of a 
promotility agent to quantify the efficacy of the drug. 
0077 Assays measuring Zsig33 polypeptides ability to 
affect cell proliferation or differentiation are well known in 
the art. For example, assays measuring proliferation include 
Such assays as chemosensitivity to neutral red dye 
(Cavanaugh et al., Investigational New Drugs 8:347-354, 
1990, incorporated herein by reference), incorporation of 
radiolabelled nucleotides (Cook et al., Analytical Biochem. 
179:1-7, 1989, incorporated herein by reference), incorpo 
ration of 5-bromo-2'-deoxyuridine (BrdU) in the DNA of 
proliferating cells (Porstmann et al., J. Immunol. Methods 
82:169-179, 1985, incorporated herein by reference), and 
use of tetrazolium salts (Mosmann, J. Immunol. Methods 
65:55-63, 1983; Alley et al., Cancer Res. 48:589-601, 1988; 
Marshallet al., Growth Req. 5:69-84, 1995; and Scudiero et 
al., Cancer Res. 48:4827-4833, 1988; all incorporated herein 
by reference). ASSays measuring differentiation include, for 
example, measuring cell-Surface markers associated with 
Stage-Specific expression of a tissue, enzymatic activity, 
functional activity or morphological changes (Watt, FASEB, 
5:281-284, 1991; Francis, Differentiation 57:63-75, 1994; 
Raes, Adv. Anim. Cell Biol. Technol. Bioprocesses, 161-171, 
1989; all incorporated herein by reference). 
0078 Assays can be used to measure other cellular 
responses, that include, chemotaxis, adhesion, changes in 
ion channel influx, regulation of Second messenger levels 
and neurotransmitter release. Such assays are well known in 
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the art. See, for example, in “Basic & Clinical Endocrinol 
ogy Ser, Vol. Vol. 3, 'Cytochemical Bioassays: Techniues & 
Applications, Chayen; Chayen, Bitensky, eds., Dekker, New 
York, 1983. 

0079. In view of the tissue distribution observed for 
Zsig33, agonists (including the natural ligand/Substrate/co 
factor/ etc.) and antagonists have enormous potential in both 
in Vitro and in Vivo applications. Compounds identified as 
Zsig33 agonists are useful for promoting Stimulation of 
gastrointestinal cell contractility, modulation of nutrient 
uptake and/or Secretion of digestive enzymes in Vivo and in 
Vitro. For example, agonist compounds are useful as com 
ponents of defined cell culture media and regulate the uptake 
of nutrients, and thus are useful in Specifically promoting the 
growth and/or development of gastrointestinal cells Such as 
G cells, enterochromaffin cells and the epithelial mucosa of 
the Stomach, duodenum, proximal jejunum, antrum and 
fundus. 

0080. The family of gut-brain peptides has been associ 
ated with neurological and CNS functions. For example, 
NPY, a peptide with receptors in both the brain and the gut 
has been shown to Stimulate appetite when administered to 
the central nervous system (Gehlert, Life Sciences 
55(6):551-562, 1994). Motilin immunoreactivity has been 
identified in different regions of the brain, particularly the 
cerebellum, and in the pituitary (Gasparini et al., Hum. 
Genetics 94(6):671-674, 1994). Motilin has been found to 
coexist with neurotransmitter Y-aminobutyric acid in cer 
ebellum (Chan-Patay, Proc. Sym. 50th Anniv. Meet. Br. 
Pharmalog. Soc. 1-24, 1982). Physiological studies have 
provided Some evidence that motilin has an affect on feeding 
behavior (Rosenfield et al., Phys. Behav: 39(6):735-736, 
1987), bladder control, pituitary growth hormone release. 
Other gut-brain peptides, such as CCK, enkephalin, VIP and 
Secretin have been shown to be involved in control of blood 
preSSure, heart rate, behavior, and pain modulation, in addi 
tion to be active in the digestive System. Therefore, ZSig33, 
or Some portion thereof, could be expected to have Some 
neurological association. 

0081. Using site-specific changes in the amino acid and 
DNA sequences of the present invention analogs can be 
made that are either antagonists, agonists or partial agonists 
(Macielag et al., Peptides. Chem. Struct. Biol. pp. 659, 
1996). Antagonists are useful for clinical conditions associ 
ated with gastrointestinal hypermotility Such as diarrhea and 
Crohn's disease. Antagonists are also useful as research 
reagents for characterizing sites of ligand-receptor interac 
tion. 

0082. A Zsig33 ligand-binding polypeptide can also be 
used for purification of ligand. The polypeptide is immobi 
lized on a Solid Support, Such as beads of agarose, croSS 
linked agarose, glass, cellulosic resins, Silica-based resins, 
polystyrene, croSS-linked polyacrylamide, or like materials 
that are stable under the conditions of use. Methods for 
linking polypeptides to Solid Supports are known in the art, 
and include amine chemistry, cyanogen bromide activation, 
N-hydroxySuccinimide activation, epoxide activation, Sulf 
hydryl activation, and hydrazide activation. The resulting 
medium will generally be configured in the form of a 
column, and fluids containing ligand are passed through the 
column one or more times to allow ligand to bind to the 
receptor polypeptide. The ligand is then eluted using 
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changes in Salt concentration, chaotropic agents (guanidine 
HCl), or pH to disrupt ligand-receptor binding. 
0083. An assay system that uses a ligand-binding recep 
tor (or an antibody, one member of a complement/anti 
complement pair) or a binding fragment thereof, and a 
commercially available biosensor instrument (BIAcore"M, 
Pharmacia Biosensor, Piscataway, N.J.) may be advanta 
geously employed. Such receptor, antibody, member of a 
complement/anti-complement pair or fragment is immobi 
lized onto the Surface of a receptor chip. Use of this 
instrument is disclosed by Karlsson, J. Immunol. Methods 
145:229-40, 1991 and Cunningham and Wells, J. Mol. Biol. 
234:554-63, 1993. A receptor, antibody, member or frag 
ment is covalently attached, using amine or Sulfhydryl 
chemistry, to dextran fibers that are attached to gold film 
within the flow cell. A test Sample is passed through the cell. 
If a ligand, epitope, or opposite member of the complement/ 
anti-complement pair is present in the Sample, it will bind to 
the immobilized receptor, antibody or member, respectively, 
causing a change in the refractive index of the medium, 
which is detected as a change in Surface plasmon resonance 
of the gold film. This system allows the determination of on 
and off-rates, from which binding affinity can be calculated, 
and assessment of Stoichiometry of binding. 
0084 Ligand-binding receptor polypeptides can also be 
used within other assay Systems known in the art. Such 
Systems include Scatchard analysis for determination of 
binding affinity (see Scatchard, Ann. NY Acad. Sci. 51: 
660-72, 1949) and calorimetric assays (Cunningham et al., 
Science 253:545-48, 1991; Cunningham et al., Science 
245:821-25, 1991). 

0085 Zsig33 polypeptides can also be used to pre 
pare antibodies that Specifically bind to Zsig33 
epitopes, peptides or polypeptides. Methods for pre 
paring polyclonal and monoclonal antibodies are 
well known in the art (see, for example, Sambrook et 
al., Molecular Cloning. A Laboratory Manual, Sec 
Ond Edition, Cold Spring Harbor, N.Y., 1989; and 
Hurrell, J. G. R., Ed., Monoclonal Hybridoma Anti 
bodies. Techniques and Applications, CRC Press, 
Inc., Boca Raton, Fla., 1982, which are incorporated 
herein by reference). As would be evident to one of 
ordinary skill in the art, polyclonal antibodies can be 
generated from a variety of warm-blooded animals, 
Such as horses, cows, goats, sheep, dogs, chickens, 
rabbits, mice, and rats. 

0086 The immunogenicity of a Zsig33 polypeptide may 
be increased through the use of an adjuvant, Such as alum 
(aluminum hydroxide) or Freund's complete or incomplete 
adjuvant. Polypeptides useful for immunization also include 
fusion polypeptides, Such as fusions of Zsig33 or a portion 
thereof with an immunoglobulin polypeptide or with mal 
tose binding protein. The polypeptide immunogen may be a 
full-length molecule or a portion thereof. If the polypeptide 
portion is “hapten-like', Such portion may be advanta 
geously joined or linked to a macromolecular carrier (Such 
as keyhole limpet hemocyanin (KLH), bovine Serum albu 
min (BSA) or tetanus toxoid) for immunization. 
0087 As used herein, the term “antibodies” includes 
polyclonal antibodies, affinity-purified polyclonal antibod 
ies, monoclonal antibodies, and antigen-binding fragments, 
Such as F(ab')2 and Fab proteolytic fragments. Genetically 
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engineered intact antibodies or fragments, Such as chimeric 
antibodies, Fv fragments, Single chain antibodies and the 
like, as well as Synthetic antigen-binding peptides and 
polypeptides, are also included. Non-human antibodies may 
be humanized by grafting only non-human CDRS onto 
human framework and constant regions, or by incorporating 
the entire non-human variable domains (optionally "cloak 
ing them with a human-like Surface by replacement of 
exposed residues, wherein the result is a "veneered' anti 
body). In Some instances, humanized antibodies may retain 
non-human residues within the human variable region 
framework domains to enhance proper binding characteris 
tics. Through humanizing antibodies, biological half-life 
may be increased, and the potential for adverse immune 
reactions upon administration to humans is reduced. Alter 
native techniques for generating or Selecting antibodies 
useful herein include in vitro exposure of lymphocytes to 
Zsig33 protein or peptide, and Selection of antibody display 
libraries in phage or similar vectors (for instance, through 
use of immobilized or labeled Zsig33 protein or peptide). 
0088 Antibodies are defined to be specifically binding if 
they bind to a Zsig33 polypeptide with a binding affinity (K) 
of 10 M' or greater, preferably 107M or greater, more 
preferably 10 M' or greater, and most preferably 10 M 
or greater. The binding affinity of an antibody can be readily 
determined by one of ordinary skill in the art (for example, 
by Scatchard analysis). 
0089. A variety of assays known to those skilled in the art 
can be utilized to detect antibodies which specifically bind 
to ZSig33 proteins or peptides. Exemplary assays are 
described in detail in Antibodies: A Laboratory Manual, 
Harlow and Lane (Eds.), Cold Spring Harbor Laboratory 
Press, 1988. Representative examples of such assays 
include: concurrent immunoelectrophoresis, radioimmu 
noassay, radioimmuno-precipitation, enzyme-linked immu 
nosorbent assay (ELISA), dot blot or Western blot assay, 
inhibition or competition assay, and Sandwich assay. In 
addition, antibodies can be Screened for binding to wild-type 
Versus mutant ZSig33 protein or peptide. 

0090 Antibodies to Zsig33 may be used for tagging cells 
that express Zsig33 for isolating Zsig33 by affinity purifica 
tion; for diagnostic assays for determining circulating levels 
of Zsig33 polypeptides; for detecting or quantitating Soluble 
Zsig33 as marker of underlying pathology or disease; in 
analytical methods employing FACS, for Screening expres 
Sion libraries; for generating anti-idiotypic antibodies, and 
as neutralizing antibodies or as antagonists to block ZSig33 
activity in vitro and in vivo. Suitable direct tags or labels 
include radionuclides, enzymes, Substrates, cofactors, 
inhibitors, fluorescent markers, chemiluminescent markers, 
magnetic particles and the like; indirect tags or labels may 
feature use of biotin-avidin or other complement/anti 
complement pairs as intermediates. Antibodies herein may 
also be directly or indirectly conjugated to drugs, toxins, 
radionuclides and the like, and these conjugates used for in 
Vivo diagnostic or therapeutic applications. 

0.091 Molecules of the present invention can be used to 
identify and isolate receptors that mediate the function of 
Zsig33. For example, proteins and peptides of the present 
invention can be immobilized on a column and membrane 
preparations run over the column (Immobilized Afinity 
Ligand Techniques, Hermanson et al., eds., Academic PreSS, 
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San Diego, Calif., 1992, pp. 195-202). Proteins and peptides 
can also be radiolabeled (Methods in Enzymol., vol. 182, 
“Guide to Protein Purification', M. Deutscher, ed., Acad. 
Press, San Diego, 1990, 721-737) or photoaffinity labeled 
(Brunner et al., Ann. Rev. Biochem, 62:483-5 14, 1993 and 
Fedan et al., Biochem. Pharmacol. 33:1167-1180, 1984) and 
Specific cell-Surface proteins can be identified. 

0092. The polypeptides, nucleic acid and/or antibodies of 
the present invention may be used in treatment of disorders 
asSociated with gastrointestinal cell contractility, Secretion 
of digestive enzymes and acids, gastrointestinal motility, 
recruitment of digestive enzymes, inflammation, particu 
larly as it affects the gastrointestinal System; reflux disease 
and regulation of nutrient absorption. Specific conditions 
that will benefit from treatment with molecules of the 
present invention include, but are not limited to, diabetic 
gastroparesis, post-Surgical gastroparesis, Vagotomy, 
chronic idiopathic intestinal pseudo-obstruction and gastroe 
Sophageal reflux disease. Additional uses include, gastric 
emptying for radiological Studies, Stimulating gallbladder 
contraction and antirectomy. 

0093. The motor and neurological affects of molecules of 
the present invention make it useful for treatment of obesity 
and other metabolic disorders where neurological feedback 
modulates nutritional absorption. The molecules of the 
present invention are useful for regulating Satiety, glucose 
absorption and metabolism, and neuropathy-associated gas 
trointestinal disorders. 

0094 Molecules of the present invention are also useful 
as additives to anti-hypoglycemic preparations containing 
glucose and as adsorption enhancers for oral drugs which 
require fast nutrient action. Additionally, molecules of the 
present invention can be used to Stimulate glucose-induced 
insulin release. 

0095 For pharmaceutical use, the proteins of the present 
invention are formulated for parenteral, nasal inhalation, 
particularly intravenous or Subcutaneous, delivery according 
to conventional methods. Intravenous administration will be 
by bolus injection or infusion over a typical period of one to 
Several hours. In general, pharmaceutical formulations will 
include a Zsig33 protein in combination with a pharmaceu 
tically acceptable vehicle, Such as Saline, buffered Saline, 5% 
dextrose in water or the like. Formulations may further 
include one or more excipients, preservatives, Solubilizers, 
buffering agents, albumin to prevent protein loSS on Vial 
Surfaces, etc. Methods of formulation are well known in the 
art and are disclosed, for example, in Remington's Pharma 
ceutical Sciences, Gennaro, ed., Mack Publishing Co., Eas 
ton Pa., 1990, which is incorporated herein by reference. 
Therapeutic doses will generally be in the range of 0.1 to 100 
ug/kg of patient weight per day, preferably 0.5-20 ug/kg per 
day, with the exact dose determined by the clinician accord 
ing to accepted Standards, taking into account the nature and 
Severity of the condition to be treated, patient traits, etc. 
Determination of dose is within the level of ordinary skill in 
the art. The proteins may be administered for acute treat 
ment, over one week or less, often over a period of one to 
three days or may be used in chronic treatment, over Several 
months or years. For example, a therapeutically effective 
amount of Zsig33 is an amount Sufficient to produce a 
clinically significant change in gastric motility and param 
eters used to measure changes in nutritional absorption. 
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Specific tests for making Such measurements are known to 
these ordinarily skilled in the art. 

EXAMPLES 

Example 1 

0.096 Scanning of a cDNA database for cDNAs contain 
ing a Secretion Sequence revealed an expressed Sequence tag 
(EST) that has homology to motilin. The cDNA is from a 
human fetal pancreatic cDNA library. 
0097 Confirmation of the EST sequence was made by 
sequence analyses of the cDNA from which the EST origi 
nated. This cDNA was contained in a plasmid, and was 
excised using cloning Sites. The analyses revealed that the 
cDNA encompassed the entire coding region of the DNA 
encoding Zsig33. 

Example 2 

0.098 Northerns were performed using Human Multiple 
Tissue Blots and Human RNA Master dot blots from Clon 
tech (Palo Alto, Calif.). The probe was approximately 40 bp 
oligonucleotide ZC12,494 (SEQ ID NO: 5). The probe was 
end labeled using T4 Polynucleotide Kinase (Life Technolo 
gies, Inc., Gaithersburg, Md.) and T4 Polynucleotide Kinase 
Forward Buffer (Life Technologies, Inc.). The probe was 
purified using a NUCTRAP push columns (Stratagene, La 
Jolla, Calif.). EXPRESSHYB (Clontech) solution was used 
for prehybridization and as a hybridizing Solution for the 
Northern blots. Hybridization took place at 42 C., and the 
blots were washed in 2XSSC and 0.05% SDS at RT, fol 
lowed by a wash in 1xSSC and 0.1% SDS at 71° C. An 
approximately 600 bp transcript was observed as a Strong 
Signal in Stomach, with weaker Signals Seen in pancreas and 
Small intestine. 

Example 3 

0099 Two male Sprague-Dawley rats, approximately 12 
weeks old (Harlan, Indianapolis, Ind.) were anesthetized 
with urethane and their Stomachs were exposed through a 
Small abdominal incision. Two 2.4 mm transducing crystals 
(Sonometrics, Ontario, Canada) were placed on the antral 
portion of the Stomach Such that circular contractions could 
be monitored as a change in the distance between the two 
crystals. The crystals were attached with VETBOND TIS 
SUE ADHESIVE (3M, St. Paul, Minn.). 
0100 10 ul of 1 uM acetylcholine was applied topically 
to the Stomach between the two crystals, and resulted in a 
rapid, but transient increase in the distance between two 
crystals. 10 ul of norepinephrine (NE) at 1 uM caused a 
reduction in the distance between the two crystals. The 
amplitude of the NE-induced decrease was approximately 
50% of the acetylcholine-induced increase in distance. Both 
responses were transient. 
0101. A negative control of 10 ul of phosphate buffer 
solution (PBS) applied topically between the crystals had no 
effect. 

0102) A 14 amino acid Zsig33 peptide (from amino acid 
residue 24 (Gly) to amino acid residue 37 (Gln) of SEQ ID 
NO: 2) was dissolved in PBS) and 10 ul was applied 
topically for a final concentration of 1 lug, 10 ug or 100 ug. 
The ZSig33 at 1 lug induced a Sustained, rhythmic increase 
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and decrease in crystal distance. This effect appeared to be 
dose-dependent, with enhanced responses in both rate and 
amplitude when of the contractions 10 ug and 100 lug were 
tested. 

Example 4 

0.103 Eight female ob/ob mice, approximately 6 weeks 
old (Jackson Labs, Bar Harbor, Me.) were adapted to a 4 
hour daily feeding schedule for two weeks. After two weeks 
on the feeding Schedule, the mice were give 100 ug of a 14 
amino acid amino Zsig33 peptide (from amino acid residue 
24 (Gly) to amino acid residue 37 (Gln) of SEQ ID NO: 2) 
in 100 ulsterile 0.1% BSA by oral gavage, immediately after 
their eating period (post-prandially). Thirty minutes later, 
the mice were challenged orally with a 0.5 ml volume of 
25% glucose. Retroorbital bleeds were done to determine 
Serum glucose levels. Blood was drawn prior to ZSig33 
dosing, prior to oral glucose challenge, and at 1, 2, 4, and 20 
hours following the glucose challenge. 
0104. When Zsig33 peptide was given orally at 100 lug, 30 
minutes prior to an oral glucose challenge, an enhanced 
post-prandial glucose absorption was seen. 

Example 5 

0105 Zsig33-1, a peptide corresponding to amino acid 
residue 24 (Gly) to amino acid residue 37 (Gln) of SEQ ID 
NO: 2, was Synthesized by Solid phase peptide Synthesis 
using a model 431A Peptide Synthesizer (Applied Biosys 
tems/Perkin Elmer, Foster City, Calif.). Fmoc-Glutamine 
resin (0.63 mmol/g; Advanced Chemtech, Louisville, Ky.) 
was used as the initial Support resin. 1 mmol amino acid 
cartridges (Anaspec, Inc. San Jose, Calif.) were used for 
synthesis. A mixture of 201-Hbenzotriazol-y-y1 1,1,3,3-tet 
rahmethylhyluronium hexafluorophosphate (HBTU), 1-hy 
droxybenzotriazol (HOBt), 2m N,N-Diisolpropylethy 
lamine, N-Methylpyrrolidone, Dichloromethane (all from 
Applied Biosystems/Perkin Elmer) and piperidine (Aldrich 
Chemical Co., St. Louis, Mo.), and used for synthesis 
reagents. 

0106 The Peptide Companion software (Peptides Inter 
national, Louisville, Ky.) was used to predict the aggregation 
potential and difficulty level for synthesis for the Zsig33-1 
peptide. Synthesis was performed using Single coupling 
programs, according to the manufacturer's Specifications. 
0107 The peptide was cleaved from the solid phase 
following Standard TFA cleavage procedure (according to 
Peptide Cleavage manual, Applied Biosystems/Perkin 
Elmer). Purification of the peptide was done by RP-HPLC 
using a C18, 10 um Semi-peparative column (Vydac, Hes 
perial, Calif.). Eluted fractions from the column were col 
lected and analyzed for correct mass and purity by electro 
Spray mass spectrometry. Two pools of the eluted material 
were collected. The mass Spectrometry analysis results indi 
cated that both pools contained the purified form of Zsig33 
with a mass of 1600 Daltons. This was the expected mass, 
So the pools were combined, frozen and lyophilized. 

Example 6 

0.108 Zsig33 was mapped to chromosome 3 using the 
commercially available “GeneBridge 4 Radiation Hybrid 
Panel” (Research Genetics, Inc., Huntsville, Ala.). The 
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GeneBridge 4 Radiation Hybrid Panel contains DNAS from 
each of 93 radiation hybrid clones, plus two control DNAS 
(the HFL donor and the A23 recipient). A publicly available 
WWW server allows mapping relative to the Whitehead 
Institute/MIT Center for Genome Research's radiation 
hybrid map of the human genome (the “WICGR' radiation 
hybrid map) which was constructed with the GeneBridge 4 
Radiation Hybrid Panel. 
0109) For mapping of Zsig33 with the “GeneBridge 4 RH 
Panel”, 20 ul reactions were set up in a 96-well microtiter 
plate (Stratagene, La Jolla, Calif.) and used in a “RoboCy 
cler Gradient 96” thermal cycler (Stratagene). Each of the 95 
PCR reactions consisted of 2 ul 10xKlenTaq PCR reaction 
buffer (CLONTECH Laboratories, Inc., Palo Alto, Calif.), 
1.6 ul dNTPs mix (2.5 mM each, Perkin-Elmer, Foster City, 
Calif.), 1 ul Sense primer, 1 ul antisense primer, 2 ul 
“RediLoad” (Research Genetics, Inc., Huntsville, Ala.), 0.4 
ul 50xAdvantage KlenTaq Polymerase Mix (Clontech Labo 
ratories, Inc.), 25 ng of DNA from an individual hybrid 
clone or control and ddHO for a total volume of 20 ul. The 
reactions were overlaid with an equal amount of mineral oil 
and sealed. The PCR cycler conditions were as follows: an 
initial 1 cycle 5 minute denaturation at 95 C., 35 cycles of 
a 1 minute denaturation at 95 C., 1 minute annealing at 64 
C. and 1.5 minute extension at 72 C., followed by a final 1 
cycle extension of 7 minutes at 72 C. The reactions were 
separated by electrophoresis on a 3% NuSieve GTGagarose 
gel (FMC Bioproducts, Rockland, Me...). 
0110. The results showed that Zsig33 maps 10.43 
cR 3000 from the framework marker AFMA216ZG 1 on 
the WICGR chromosome 3 radiation hybrid map. Proximal 
and distal framework markers were AFMA216ZG 1 and 
D3S1263, respectively. The use of Surrounding markers 
positions Zsig33 in the 3p26.1 region on the integrated LDB 
chromosome 3 map (The Genetic Location Database, Uni 
versity of Southhampton, WWW server. 

Example 7 

0111. The effect of topically applied Zsig33 peptide 
(amino acid 24 to 37 of SEQ ID NO: 2) on the transit of 
phenol red through the Stomachs of fasted male Sprague 
Dawley rats (Harlan, Indianapolis, Ind.) was evaluated. The 
rats (6 animals, 8 weeks old) were fasted 24 hrs prior to 
being anesthetized with urethane (0.5 ml/100 grams of 25% 
Solution). After anesthetizing, the animals were orally gav 
aged with 1 ml of Phenol Red Solution (50 mg/ml in 2% 
methylcellulose Solution). 
0112 The stomach of each animal was exposed through 
a Small abdominal incision and either 1 lug Zsig33 peptide or 
a 14 amino acid control of a Scrambled Sequence peptide was 
applied topically to the Stomach five minutes following the 
gavage. The amount of Phenol Red remaining in the Stom 
ach was determined by measuring optical density of the 
extracted Stomach contents 30 minutes after the gavage. 
0113. The Zsig33 peptide reduced the amount of Phenol 
Red remaining in the Stomach by approximately 25% com 
pared to a Scrambled peptide, indicating that the ZSig33 
peptide enhanced gastric emptying in these rats. 

Example 8 

0114 Sixteen female ob/ob mice, 8 weeks old, (Jackson 
Labs, Bar Harbor, Me.) were adapted to a special 4 hour 
daily feeding schedule for two weeks. The were fed ad 
libitum from 7:30-11:30 am daily. After two weeks on the 
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feeding Schedule, the mice were divided into two groups of 
8. One group was given 1.0 lig/mouse of Zsig33-1 (14 amino 
acid peptide) and the other vehicle (a 14 amino acid 
scrambled sequence peptide) in 100 ul sterile 0.1% BSQA 
by oral gavage just prior to receiving food, and at the end of 
the 4 hour feeding period. The mice were injected twice 
daily for fourteen days, during which time food intake and 
body weight was measured daily. One day 14, immediately 
after the Second oral gavage of the ZSig33-1 peptide, the 
mice were challenged orally with an 0.5 ml volume of 25% 
glucose. Retro-orbital bleeds were done to determine Serum 
glucose levels immediately prior to administration of the 
Zsig33-1 peptide or vehicle (t=30 min.), and also at 0, 1, 2, 
and 4 hours following the glucose challenge. 
0115 Results indicated that when Zsig33-1 given orally at 
1 tug/mouse had no affect on daily body weight or food 
intake measurements, or on glucose clearance as determined 
on day 14. 

Example 9 

011.6 A. Gut Northern Tissue Blot 
0117. A Northern blot was prepared using mRNA from 
the following Sources: 

0118 1. RNA from Human Colorectal Andenocar 
cinoma cell line SW480 (Clontech, Palo Alto, Calif.) 

0119 2. RNA from human Small intestine tissue 
(Clontech) 

0120) 3. RNA from human stomach tissue (Clon 
tech) 

0121 4. Human Intestinal Smooth Muscle cell line 
(Hism; ATCC No.CRL-1692; American Type Cul 
ture Collection, 12301 Parklawn Drive, Rockville, 
Md.) 

0122 5. Normal Human Colon cell line (FHC; 
ATCC No. CRL-1831; American Type Culture Col 
lection) 

0123 6. Human Normal Fetal Small Intestine cell 
line (FHs74 Int.; ATCC No. CCL241; American 
Type Culture Collection). 

0124) Total RNAs were isolated from Hism, FHC and 
FHS74 Int. by acid guanidium method (Chomczynski et al., 
Anal. Biochem. 162:156-159, 1987). The polyA" RNAs 
were selected by eluting total RNA through a column that 
retains polyA" RNAS (Aviv et al., Proc. Nat. Acad. Sci. 
69: 1408-1412, 1972). 2 ug of polyA" RNA from each 
Sample was separated out in a 1.5% agarose gel in 2.2 M 
formaldehyde and phosphate buffer. The RNAS were trans 
ferred onto Nytran membrane (Schleicher and Schuell, 
Keene, N.H.) in 20xSSC overnight. The blot was treated in 
the UV Stratalinker 2400 (Stratagene, La Jolla, Calif.) at 
0.12 Joules. The bolt was then baked at 80 C. for one hour. 

0.125 Using the full length cDNA (shown in SEQID NO: 
1) amplified by PCR approximately 50 ng of Zsig33 DNA 
and 42.5ul of water was radiolabeled with 'P dCTP using 
a Rediprime pellet kit (Amersham, Arlington Heights, Ill.) 
according to the manufacturer's Specifications. The blot was 
hybridized in EXPRESSHYB (Clontech) at 55° C. over 
night. The blot was washed at room temp. in 2xSSC and 
0.1% SDS, then in 2XSSC and 0.1% SDS at 65° C., and 
finally at 65° C. in 0.1XSSC and 0.1% SDS. Results showed 
that Zsig33 hybridized to stomach RNA and not to other 
RNAS from other tissue origins. 
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0126 B. Tumor Northern Blot 
0127. A Northern Territory TM-Human Tumor Panel Blot 

II (Invitrogen, San Diego, Calif.) and a Northern Terri 
tory"M-Human Stomach Tumor Panel Blot (Invitrogen) 
were analyzed for expression patterns of Zsig33. RNA. 
0128. The Human Tumor Panel Blot contained 20 lug of 
total RNA per lane and was run on a 1% denaturing 
formaldehyde gel. The blot contained RNA from: esoph 
ageal tumor, normal esophagus, Stomach tumor, normal 
Stomach, colon tumor, normal colon, rectal tumor and nor 
mal rectum. The Stomach Tumor Panel Blot contained total 
RNA isolated human and normal tissueS of four Separate 
donors. 20 tug of RNA was used for each Sample lane and the 
lanes alternated a normal and tumor Set from each donor. 

0129. Probes that were approximately 40 bp oligonucle 
otide ZC12,494 (SEQID NO: 5) were prepared. The probes 
were end labeled using T4 Polynucleotide Kinase (Life 
Technologies, Inc., Gaithersburg, Md.) and T4 Polynucle 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 7 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 351 base pairs 
(B) TYPE : nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(ix) FEATURE: 
(A) NAME/KEY: sig peptide 
(B) LOCATION: 1. . .351 
(D) OTHER INFORMATION: 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

ATG CCC. TCC CCA. GGG ACC GTC 

Met Pro Ser Pro Gly Thr Val 
1 5 

TGC AGC 

Cys Ser 
CTC CTG 
Teu Telu 
10 

CTC 
Telu 

CTC 
Telu 

TGG 
Trp 

CTG 
Teu 

GAC TTG 

Asp Lieu 
2O 

GCC 
Ala 

ATG 
Met 

GCA 
Ala 

GGC 
Gly 

TCC 
Ser 
25 

AGC 
Ser 

TTC 
Phe 

CTG 
Telu 

AGC 
Ser 

CAG 
Glin 

AGA 
Arg 

GTC 
Wall 
35 

CAG 
Glin 

CAG 
Glin 

AGA 
Arg 

AAG 
Lys 

GAG 
Glu 
40 

TCG 
Ser 

AAG 
Lys 

AAG CCA 
Pro 

CCA 
Pro 
45 

CAG 
Glin 

CCC 
Pro 
5 O 

CGA 
Arg 

GCT 
Ala 

CTA 
Telu 

GCA 
Ala 

GGC 
Gly 
55 

TGG 
Trp 

CTC 
Teu 

CGC 
Arg 

CCG 
Pro 

GAA 
Glu 
60 

GAT 
Asp 

GCA 
Ala 
65 

GAA 
Glu 

GGG 
Gly 

GCA 
Ala 

GAG 
Glu 

GAT 
Asp 
70 

GAA 
Glu 

CTG 
Teu 

GAA 
Glu 

GTC 
Wall 

CGG 
Arg 
75 

TTC 
Phe 

AAC 
Asn 

GAT 
Asp 

GTT 
Wall 

GGA 
Gly 

ATC 
Ile 

AAG 
Lys 
85 

CTG 
Telu 

TCA 
Ser 

GGG 
Gly 

GTT 
Wall 

CAG 
Glin 
90 

TAC CAG 
Glin 

CAG 
Glin 

GCC 
Ala 

CTG 
Teu 

GGG 
Gly 

AAG 
Lys 

TTT 
Phe 

CTT 
Telu 

CAG 
Glin 

GAC ATC 

Asp Ile 
CTC 
Teu 

TGG 
Trp 

GAA 
Glu 

GAG 
Glu 

otide Kinase Forward Buffer (Life Technologies, Inc.). The 
probes were purified using a NUCTRAP push columns 
(Stratagene, La Jolla, Calif.). The tumor blot and the stom 
ach blot were both treated in the same way. EXPRESSHYB 
(Clontech) Solution was used for prehybridization and as a 
hybridizing solution for the Northern blots. Hybridization 
took place at 42 C., and the blots were washed in 0.1xSSC 
and 0.01% SDS at 60° C., followed by a wash in 0.1XSSC 
and 0.1% SDS at 70° C. The results clearly indicate that 
Zsig33 is exclusively expressed in normal Stomach tissue in 
both the Human Tumor Panel and the Human Stomach 
Tumor Panel. 

0.130. From the foregoing, it will be appreciated that, 
although Specific embodiments of the invention have been 
described herein for purposes of illustration, various modi 
fications may be made without deviating from the Spirit and 
Scope of the invention. Accordingly, the invention is not 
limited except as by the appended claims. 

GGC 
Gly 

ATG 
Met 
15 

CTC 
Teu 

48 

CCT 
Pro 
30 

GAA 
Glu 

CAC 
His 

96 

GCC 
Ala 

AAG 
Lys 

CTG 
Teu 

144 

GGA 
Gly 

GGT 
Gly 

CAA 
Glin 

192 

GCC 
Ala 

CCC 
Pro 

TTT 
Phe 
8O 

240 

CAC 
His 

AGC 
Ser 
95 

CAG 
Glin 

288 

GCC 
Ala 

GAG 
Glu 

336 
Lys 
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-continued 

100 105 110 

GCC CCA GCC GAC AAG 351 

Ala Pro Ala Asp Lys 
115 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 117 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(v) FRAGMENT TYPE: internal 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Pro Ser Pro Gly Thr Val Cys Ser Leu Leu Lleu Leu Gly Met Leu 
1 5 10 15 

Trp Lieu. Asp Leu Ala Met Ala Gly Ser Ser Phe Leu Ser Pro Glu His 
2O 25 30 

Glin Arg Val Glin Glin Arg Lys Glu Ser Lys Llys Pro Pro Ala Lys Lieu 
35 40 45 

Glin Pro Arg Ala Leu Ala Gly Trp Lieu Arg Pro Glu Asp Gly Gly Glin 
50 55 60 

Ala Glu Gly Ala Glu Asp Glu Lieu Glu Val Arg Phe Asn Ala Pro Phe 
65 70 75 8O 

Asp Val Gly Ile Lys Lieu Ser Gly Val Glin Tyr Glin Gln His Ser Glin 
85 90 95 

Ala Leu Gly Lys Phe Lieu Glin Asp Ile Leu Trp Glu Glu Ala Lys Glu 
100 105 110 

Ala Pro Ala Asp Lys 
115 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 546 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(ix) FEATURE: 
(A) NAME/KEY: Coding Sequence 
(B) LOCATION: 40. . .396 
(D) OTHER INFORMATION: 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GGGCAGAGAC ACACACGCGC CCAGTTGTCC AGCTCCAGG ATG GTG TCC CGC AAG 54 

Met Val Ser Arg Lys 
1 5 

GCT, GTG GTC GTC CTG CTG GTG. GTG CAC GCA GCT, GCC ATG CTG GCC. TCC 102 
Ala Wal Wal Wall Leu Leu Val Val His Ala Ala Ala Met Leu Ala Ser 

10 15 2O 

CAC ACG GAA GCC TTT GTT CCC AGC TTT ACC TAC GGG GAA CTT CAG AGG 15 O 

His Thr Glu Ala Phe Val Pro Ser Phe Thr Tyr Gly Glu Leu Glin Arg 
25 30 35 

ATG CAG GAA. AAG GAG CGG AAT AAA. GGG CAA AAG AAA. TCC. CTG AGT, GTC 198 
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-continued 

Met Glin Glu Lys Glu Arg Asn Lys Gly Glin Lys Lys Ser Lieu Ser Val 
40 45 50 

CAG CAG GCG TCG GAG GAG CTC. GGC CCT CTG GAC CCC. TCG GAG CCC. ACG 246 

Gln Glin Ala Ser Glu Glu Leu Gly Pro Leu Asp Pro Ser Glu Pro Thr 
55 60 65 

AAG GAA GAA GAA AGG GTG GTT ATC AAG CTG CTC GCG CCT, GTG GAC ATT 2.94 

Lys Glu Glu Glu Arg Val Val Ile Lys Lieu Lieu Ala Pro Val Asp Ile 
70 75 8O 85 

GGA, ATC AGG ATG GAC. TCC AGG CAG CTG GAA. AAG TAC CGG GCC ACC CTG 342 

Gly Ile Arg Met Asp Ser Arg Glin Leu Glu Lys Tyr Arg Ala Thr Lieu 
9 O 95 100 

GAA AGG CTG CTG GGC CAG GCG CCG CAG TCC ACC CAG AAC CAG AAT, GCC 39 O. 

Glu Arg Lieu Lieu Gly Glin Ala Pro Glin Ser Thr Glin Asn Glin Asn Ala 
105 110 115 

GCC AAG TAACAGGCCG CTGGGGGAGA AGGAGGACAC AGCTCGGACC CCCCTCCCAC. GC 4 48 
Ala Lys 

AGGGAGGGCC TAGAAATCCG CTGGGCTTGG AAGGAAAACA. CCCTCTCCCA. AACAGCCCTC. 508 

AGCCCCCCTC CCCCAGCAAA. TAAAGCGTGG AAATAGGC 546 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 119 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(v) FRAGMENT TYPE: internal 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Val Ser Arg Lys Ala Val Val Val Leu Leu Val Val His Ala Ala 
1 5 10 15 

Ala Met Leu Ala Ser His Thr Glu Ala Phe Val Pro Ser Phe Thr Tyr 
2O 25 30 

Gly Glu Lieu Glin Arg Met Glin Glu Lys Glu Arg Asn Lys Gly Glin Lys 
35 40 45 

Lys Ser Lieu Ser Val Glin Glin Ala Ser Glu Glu Lieu Gly Pro Leu Asp 
50 55 60 

Pro Ser Glu Pro Thr Lys Glu Glu Glu Arg Val Val Ile Lys Lieu Lieu 
65 70 75 8O 

Ala Pro Wall Asp Ile Gly Ile Arg Met Asp Ser Arg Glin Leu Glu Lys 
85 90 95 

Tyr Arg Ala Thr Lieu Glu Arg Lieu Lieu Gly Glin Ala Pro Glin Ser Thr 
100 105 110 

Glin Asn Glin Asn Ala Ala Lys 
115 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 40 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 
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-continued 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: ZC12494 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TTCTTCGACT CCTTTCTCTG CTGGACTCTC TGGTGTTCAG 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: None 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Glu Xaa Glin Arg Xaa Glin 
1 5 

(2) INFORMATION FOR SEQ ID NO: 7 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: None 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

Ala Pro Xaa Asp Xaa Gly Ile 
1 5 

What is claimed is: 
1. An antibody that Specifically binds to a polypeptide 

comprising the amino acid sequence of SEQ ID NO: 2 from 
amino acid 24 to amino acid 37. 

2. An antibody that Specifically binds to a polypeptide 
comprising the amino acid sequence of SEQ ID NO: 2 from 
amino acid 24 to amino acid 41. 

3. An antibody that specifically binds to an epitope of a 
polypeptide consisting of the amino acid Sequence of SEQ 
ID NO: 2 from amino acid 24 to amino acid 117, wherein the 
epitope comprises at least 10 contiguous residues of the 
amino acid sequence shown in SEQ ID NO: 2 from amino 
acid 24 to amino acid 117. 

4. The antibody of any one of claims 1-3, wherein the 
antibody is a monoclonal antibody. 

5. An antibody that Specifically binds to a polypeptide 
produced recombinantly by a host cell comprising the poly 
nucleotide consisting of SEQ ID NO: 1. 

6. An antibody that Specifically binds to a polypeptide 
produced recombinantly by a host cell comprising a poly 
nucleotide encoding the amino acid Sequence of SEQ ID 
NO: 2. 

7. The antibody of claims 5 or 6, wherein the host cell is 
a mammalian cell. 

8. A method of producing an antibody comprising: 

(a) inoculating an animal with a polypeptide consisting of 
the amino acid sequence of SEQID NO: 2, wherein the 

40 

polypeptide elicits an immune response in the animal to 
produce the antibody; and 

(b) isolating the antibody from the animal. 
9. An antibody produced by the method of claim 8. 
10. An antibody that specifically binds to a polypeptide 

consisting of an amino acid Sequence Selected from the 
group consisting of 

(a) sequences having at least 80% identity to SEQID NO: 
2 from residue 24 to residue 41; 

(b) sequences having at least 90% identity to SEQID NO: 
2 from residue 24 to residue 41; 

(c) sequences having at least 95% identity to SEQID NO: 
2 from residue 24 to residue 41; 

wherein the polypeptide has at least one activity Selected 
from the group consisting of (i) an ability to stimulate 
gastrointestinal cell contractility; (ii) an ability to 
enhance post prandial absorption; and (iii) combina 
tions of (i) and (ii). 

11. A method for reducing the activity of a polypeptide 
comprising administering an antibody that Specifically binds 
to the polypeptide, wherein the polypeptide comprises an 
amino acid sequence of SEQ ID NO: 2 from amino acid 24 
to amino acid 37. 


