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TREATMENTS FOR GASTROINTESTINAL DISORDERS

FIELD OF THE INVENTION
[0001} This invention relates to peptides, compositions and methods for treating upper

gastrointestinal disorders.

PRIORITY CLAIM
[0002] This application claims priority to United States Application Serial No. 61/259,264,
filed November 09, 2009. The entire contents of the aforementioned application are

incorporated herein by reference.

SEQUENCE LISTING
[0003] This application incorporates by reference in its entirety the Sequence Listing

entitled “ITWO77US_ST25.txt” (6.64 kilobytes), which was created November 3, 2010 and
filed electronically herewith.

BACKGROUND |
[0002] Functional dyspepsia (FD) and gastroparesis (GP) are upper gastrointestinal (GI)
disorders that are collectively characterized by symptoms that include bloating, epigastric
(upper abdominal) pain and/or burning, nausea, vomiting and early satiation. Therapeutic
options for FD and GP patients are extremely limited, due to both lack of efficacy and poor
safety profiles for existing therapies. Dyspepsia is defined as the presence of one or more
dyspepsia symptoms (epigastric pain, burning, bothersome postprandial fullness, and early
satiation) that are considered to originate from the gastroduodenal region, in the absence of
any organic, systemic, or metabolic disease that is likely to explain the symptoms (see
Drossman, D.A., ed., Rome III: The Functional Gastrointestinal Disorders, 3rd Ed., McLean,
VA: Degnon Associates, Inc., 2006). FD refers to dyspepsia that has no structural
explanation after standard medical investigations, including upper endoscopy.
Pathophysiological mechanisms that may be involved in FD include, among others, delayed
gastric emptying, impaired gastric accommodation, hypersensitivity to gastric distention,
altered duodenal sensitivity to lipids or acid, and abnormal duodenojejunal motility.
Prolonged duodenal acid exposure is also seen in some FD and GP patients, and this exposure

may slow gastric emptying and cause FD or GP-like symptoms. Dyspepsia is a common
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syndrome that accounts for about 30% of cases seen by gastroenterologists, with FD
representing about 60% of all such dyspepsia cases.

[0003] GP refers to abnormal gastric motility characterized by delayed gastric emptying in
the absence of mechanical obstruction. GP may be idiopathic or may be caused by various
conditions, including Type I or Type II diabetes mellitus, viral infection, scleroderma,
nervous system disorders such as Parkinson’s disease, metabolic disorders such as
hypothyroidism, post-operative ileus, and certain medications, including narcotic pain
medications, tricyclic antidepressants and calcium channel blockers. Treatment for cancer,
including chemotherapeutic drugs and radiation to the chest and abdomen can also cause
gastroparesis, either temporarily or permanently. The most common symptoms are nausea,
vomiting, bloating, epigastric pain, weight loss and early satiation. Gastroparesis is a chronic
condition that can lead to frequent hospitalization, decreased quality of life, and increased
disability and, in severe cases; Increased mortality. Severe, symptomatic GP is common in
individuals suffering from diabetes, affecting from 5-10% of diabetics for a total patient
population of 1 million in the U.S. alone.

[0004]) Conventional treatment options for FD and GP, as well as other upper
gastrointestinal disorders, have been of limited efficacy for many patients. Thus, there
remains a need for new compounds and methods of treating FD, GP and other gastrointestinal

disorders.

SUMMARY
[000S5] The present invenfion features peptides, compositions, and related methods for
treating upper gastrointestinal disorders and conditions (e.g., dyspepsia, GP, post-operative
gastric ileus, a functional esophageal disorder, a functional gastroduodenal disorder,
gastroesophageal reflux disease (GERD), or a duodenal or stomach ulcer) as well as other
conditions and disorders are described herein The compositions feature peptides that activate
guanylate cyclase C (GC-C) in the upper GI but activate GC-C in the lower GI much more
weakly or not at all. Without being bound by any particular theory, the peptides of the
invention are useful because they may alleviate symptoms of upper GI disorders (in whole or
In part by increasing upper GI motility and/or reducing epigastric pain/discomfort and
bloating) without causing pronounced effects in the lower GI tract (e.g., dose-limiting
alterations in bowel habits, including diarrhea) at dose levels and dosing frequency sufficient
to reduce upper GI symptoms. The peptides of the invention are also useful for ameliorating
gastrointestinal pain and discomfort. ‘
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[0006] One aspect of the present invention provides a peptide or a pharmaceutically
acceptable salt thereof, wherein the peptide comprises the amino acid sequence:

Xaa; Xaa; Xaay Xaas Cyss Xaas Xaa; Xaag Cysg Asnyp Pro); Ala;; Cys;; Xaa 4 Glys
Xaa ¢ Xaa,7, or a pharmaceutically acceptable salt thereof: wherein

Xaa, i1s Asn, D-Asn, Gln, D-GlIn, Pro, Ala, B-Ala, D-Ala, Val, D-Val, Gly, Thr, D- |
Thr, Asp, D-Asp, y-carboxylated Asp, Glu, D-Glu, y-carboxylated Glu, a-aminosuberic acid
(Asu), a-aminoadipic acid (Aad), a-aminopimelic acid (Apm), or is absent;

Xaaj i1s Asp, y-carboxylated Asp, Glu, -y-carboxylated Glu, Asu, Aad, Apm, or is
absent; N

Xaas 1s Asp, y-carboxylated Asp, Glu, y-carboxylated Glu, Asu, Aad, Apm, oris
absent;

Xaay is Cys or D-Cys;

Xaag 1s P-Ser, P-Thr, P-homo-Ser, 4-hydroxyvaline phosphate, P-homo-Thr, P-Cys or
P-Tyr;

Xaas 1s Tyr, Leu, Phe or lle;

Xaag 1s Cys or D-Cys;

Xaayq is Thr, Ala or Phe;

Xaa,g is Cys or D-Cys; and

Xaa,7 1s Tyr, D-Tyr, or is absent;

wherein:

if Xaa, 1s present, Xaa, may be modified on its amino group by methyl, ethanedioic
acid, propanedioic acid, butanedioic acid, pentanedioic acid, hexanedioic acid, heptanedioic
acid or octanedioic acid;

if Xaa, is absent and Xaa, is present, then Xaa, may be modified on its amino group
by methyl, ethanedioic acid, propanedioic acid, butanedioic acid, pentanedioic acid,
hexanedioic acid, heptanedioic acid or octanedioic acid; or

if both Xaa, and Xaa; are absent, then Xaa; may be modified on its amino group by
methyl, ethanedioic acid, propanedioic acid, butanedioic acid, pentanedioic acid, hexanedioic
acid, heptanedioic acid or octanedioic acid.
[0007] A second aspect of the present invention provides pharmaceutical compositions
comprising a peptide of the present invention. |
[0008] A third aspect of the present invention provides methods for treating a gastrointestinal
disorder, which include administering a pharmaceutical composition according to the present

invention.
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[0009] The details of one or more embodiments of the invention are set forth in the

accompanying description.

BRIEF DESCRIPTION OF THE FIGURES
{00010] Figure 1A illustrates the reaction of an exemplary peptide of the present invention
with alkaline phosphatase.
[00011] Figure 1B illustrates the hydrolysis of the control p-nitrophenylphosphate by
phosphatases;
[00012] Figure 2 presents an example showing that Peptide 2 and Peptide 4 promote
duodenal fluid secretion.
[00013] Figure 3 presents the results of a study on the stability of Peptide 2, Dephospho-
peptide 2, and Peptide 3 in mouse intestinal (jejunum) fluid;
[00014] Figure 4 presents the results of a study on the effect of Peptides 2 and 3 on liquid
gastric emptying in STZ-induced diabetic rats;
[00015] These figures are provided by way of example and are not intended to limit the

scope of the present invention.

| DETAILED DESCRIPTION
[00016] Guanylate cyclase C (GC-C) is a transmembrane receptor that is located on the
apical surface of epithelial cells in the stomach and intestine. The receptor has an
extracellular ligand-binding domain, a single transmembrane region and a C-terminal
guanylyl cyclase domain. When a ligand binds to the extracellular domain of GC-C, the
intracellular catalytic domain catalyzes the production of cGMP from GTP. In vivo, this
increase in intracellular cGMP initiates a cascade of events that leads to increased secretion
of chloride and bicarbonate into the intestinal lumen, increased luminal pH, decreased
luminal sodium absorption, increased fluid secretion, and acceleration of intestinal transit.
cGMP, which 1s secreted bidirectionally from the epithelium into the mucosa and lumen, has
also been shown to dampen afferent C fiber firing, suggesting a potential mechanism for the
observed analgesic effects of GC-C agonists on visceral pain.
[00017] Linaclotide, a peptide GC-C agonist that is orally administered and currently in
clinical trials for treatment of irritable bowel syndrome with constipation (IBS-c¢) and chronic
constipation (CC), has numerous effects on lower GI physiology including: (1) reduced
visceral pain, (2) reduced bloating, and (3) increased GI transit, which can lead to increased

stool frequency and improved stool consistency. Orally administered linaclotide acts locally
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by activating GC-C at the luminal surface; there are no detectable levels of linaclotide seen
systemically after oral administration at therapeutic dose levels. Thus, the results from
clinical trials of linaclotide, as well as preclinical studies that have been done with linaclotide
and related peptides, suggest that 1GC-C peptide agonists may be used therapeutically.
[00018] It would be useful to have a GC-C agonist that could be used to alleviate upper GI
disorders and symptoms (e.g., functional dyspepsia (FD) and gastroparesis (GP)) without
promoting pronounced effects on bowel habits that could result from stimulation of GC-C in
lower parts of the GI tract. Such a GC-C agonist would decrease the potential for lower GI
adverse events, including altered bowel habits and diarrhea. The GC-C peptide agonists
described herein are more active in the upper GI tract (e.g., the stomach and duodenum), and
less active in the lower GI tract. Such agonists would have benefits in patients who suffer
from upper GI disorders (e.g., FD and GP) by (1) reducing visceral pain through cGMP
production and or/other mechanisms, (2) decreasing bloating, (3) increasing gastric emptying
and/or upper small intestine transit (e.g., duodenal transit), and (4) neutralizing acid in the
duodenum by promoting bicarbonate secretion. Importantly, these agonists, by virtue of their
targeted activity to the upper GI, would be able to alleviate the symptoms of FD and GP.
without causing pronounced effects on bowel habits (e.g., that can result from stimulation of
GC-C in lower parts of the GI tract).

[00019] In one aspect, the invention provides a novel GC-C peptide agonist useful for the
treatment of gastrointestinal disorders, particularly upper GI disorders such as FD and GP.
The GC-C peptide agonist is designed to be active in the upper GI, including the esophagus,
stomach and upper small intestine (duodenum) but to be less active as it traverses the rest of
the small intestine and large intestine. The peptides of the invention are also useful for
ameliorating gastrointestinal pain and discomfort. The GC-C agonist peptide contains a
phosphoamino acid, e.g., a phosphoserine, to replace a conserved glutamate or aspartate
found in other GC-C agonist peptides. The phosphate of a phosphoamino acid -OPO;”, such
as phosphoserine, is able to act as a biomimetic for the COO" of glutamate or aspartate such
that the phosphoamino acid-containing peptide is able to bind to and activate GC-C. The
phosphoamino acid-containing peptide can be dcphgsphorylated by intestinal alkaline
phosphatases, which greatly decreases the GC-C binding and agonist activity of the peptide.
Intestinal alkaline phosphatases are found throughout the GI tract, and are most active in an
alkaline luminal environment, including the small intestine. The phosphoamino acid-
containing peptide is able to activate GC-C in the upper GI tract, including the acidic stomach
environment and upper GI tract, to promote fluid and bicarbonate secretion. As the peptide

S
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promotes increased fluid and bicarbonate secretion in the upper GI, the intestinal lumen
becomes more alkaline, thus activating the alkaline phosphatase activity. Thus, through the
action of the peptide on GC-C as well as the movement of the peptide through the intestine,
the peptide’s phosphoamino acid is converted to the dephosphorylated amino acid, thereby
decreasing its activity as a GC-C agonist as it transits from the upper to lower GI.

[00020] As used herein, the term “P-" preceding an amino acid or the three letter
abbreviation thereof, refers to a phosphoamino acid. For example, the terms “P-Ser”, “P-
Thr”, “P-Tyr”, “P-Cys”, “P-homo-Cys”, “P-homo-Ser’ and “P-homo-Thr” refer to
phosphoserine, phosphothreonine, phosphotyrosine, phos phocysteiné, phosphohomocysteine,
phosphohomoserine, and phosphohomothreonine, respectively. As used herein, a
phosphoamino acid refers to an ester or thioester of an amino acid and phosphoric acid; e.g.,
the h'ydrogen on the alcohol or thiol functional group is replaced by -P(O)(OH),. For

m&o

example, P-Ser has the structure H , P-Thr has the structure

NH, ™ 4

N * o
Hd  OF P-Tyr has the structure O , and P-Cys
Yo
HoN s—ﬁ-’o”

I
has the structure OH

[00021] In one aspect, the present invention provides a peptide or a pharrﬂaceutically |
acceptable salt thereof, wherein the peptide comprises the amino acid sequence

Xaa| Xaa; Xaa3 Xaay Cyss Xaag Xaa; Xaag Cysg Asnjo Proj; Ala;; Cys;3 Xaa 4 Gly,s
Xaa,¢ Xaa,7, or a pharmaceutically acceptable salt thereof; wherein

Xaa, i1s Asn, D-Asn, Gin, D-GIn, Pro, Ala, B-Ala, D-Ala, Val, D-Val, Gly, Thr, D-
Thr, Asp, D-Asp, y-carboxylated Asp, Glu, D-Glu, y-carboxylated Glu, a-aminosuberic acid
(Asu), a-aminoadipic acid (Aad), a-aminopimelic acid (Apm), or is absent; |

Xaa; is Asp, y-carboxylated Asp, Glu, y-carboxylated Glu, Asu, Aad, Apm, or is
absent:

Xaaj is Asp, y-carboxylated Asp, Glu, y-carboxylated Glu, Asu, Aad, Apm, or is

absent;
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Xaag 1s Cys or D-Cys;

Xaag is P-Ser, P-Thr, P-homo-Ser, 4-hydroxyvaline phosphate, P-homo-Thr, P-Cys or
P-Tyr;

Xaa; is Tyr, Leu, Phe or 1le;

Xaag 1s Cys or D-Cys;

Xaas is Thr, Ala or Phe;

Xaayg 1s Cys or D-Cys; and

Xaa;q i1s Tyr, D-Tyr, or is absent;

wherein:

if Xaa, is present, Xaa; may be modified on its amino group by methyl, ethanedioic
acid, propanedioic acid, butanedioic acid, pentanedioic acid, hexanedioic acid, heptanedioic
acid or octanedioic acid;

if Xaa, is absent and Xaa; is present, then Xaa; may be modified on its amino group
by methyl, ethanedioic acid, propanedioic acid, butanedioic acid, pentanedioic acid,
hexanedioic acid, heptanedioic acid or octanedioic acid; or

if both Xaa, and Xaa; are absent, then Xaa; may be modified on its amino group by
methyl, ethanedioic acid, propanedioic acid, butanedioic acid, pentanedioic acid, hexanedioic

| acid, heptanedioic acid or octanedioic acid.

[006022] In some embodiments, both Xaa; and Xaaj; are absent. In other embodiments,
Xaa; 1s Asp or Glu and Xaaj; is absent. In yet other embodiments, Xaa; is Asp or Glu and
Xaaj is Asp or Glu.
[00023] In some embodiments, Xaa; is Tyr or Leu.
[00024] In some embodiments, Xaa,4 is Thr.
[00025] In some embodiments, Xaa;7 1s Tyr or is absent.
[00026] In some embodiments, Xaa, is Asn, D-Asn, Gln, D-Gln, Pro, Ala, B-Ala, D-Ala,
Val, D-Val, Gly, Thr, D-Thr, Asp, D-Asp, Glu or D-Glu. In further embodiments, Xaa, is
Asp, D-Asp, Glu or D-Glu.
[00027] In some embodiments, Xaag is P-Ser or P-Thr. In further embodiments, Xaaq is P-
Ser.
[060028] In some embodiments, Xaa;, Xaaz and Xaaj are absent and Xaa, 1s D-Cys or Cys. |
In further embodiments, Xaa; is Tyr or Leu. In further embodiments, Xaa,4 is Thr. In further
embodiments, Xaa,, is Tyr or is absent. In further embodiments, Xaaq is P-Ser.
[00029] In some embodiments, at least one of Xaa,, Xaag or Xaa;¢ is Cys. In some
embodiments, at least two of Xaa,, Xaag or Xaa ¢ are Cys. In some embodiments, all of

7
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Xaa4, Xaag and Xaa,¢ are Cys. In some embodiments, at least one of Xaa,, Xaag or Xaac is
D-Cys. In some embodiments, at least two of Xaa,, Xaag or Xaa,g are D-Cys. In some
embodiments, all of Xaa4, Xaag and Xaa,s are D-Cys.
[00030] In some embodiments, a peptide or pharmaceutically acceptable salt thereof is
provided, wherein the peptide comprises the amino acid sequence

Cys4 Cyss P-Serg Xaa; Cysg Cyso Asnyg Proj; Ala)s Cys;s Thris Gly;s Cys;¢ Xaa,7,
wherein Xaa; is Tyr or Leu.
[00031]) In some embodiments, a peptide or pharmaceutically acceptable salt thereof is
provided, wherein the peptide comprises the amino acid sequence

Asp Asp Cys Cys P-Ser Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Thyr;

Asp Asp Cys Cys P-Ser Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys;

Asp Asp Cys Cys P-Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr:

Asp Asp Cys Cys P-Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys;

Cys Cys P-Ser Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr;

Cys Cys P-Ser Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys;

Cys Cys P-Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr; or

Cys Cys P-Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys.
[00032] In some embodiments, a peptide or pharmaceutically acceptable salt thereof is
provided, wherein the peptide comprises peptide comprises no more than 50, 40, 30 or 20
amino acids. In further embodiments, the peptide comprises no more than 19, 18, 17, 16, 15
or 14 amino acids. .
[00033]) In another aspect, the present invention provides a peptide or a pharmaceutically
acceptable salt thereof, wherein the peptide consists of the amino acid sequence

Xaa; Xaa, Xaa3 Xaas Cyss Xaag Xaa; Xaag Cysg Asnjg Prog; Ala;; Cys;; Xaa 4 Gly;s
Xaa|¢ Xaa,7, or a pharmaceutically acceptable salt thereof; wherein

Xaa, 1s Asn, D-Asn, Gln, D-Gln, Pro, Ala, B-Ala, D-Ala, Val, D-Val, Gly, Thr, D-
Thr, Asp, D-Asp, y-carboxylated Asp, Glu, D-Glu, y-carboxylated Glu, a-aminosuberic acid
(Asu), a-aminoadipic acid (Aad), a-aminopimelic acid (Apm), or is absent;

Xaa; 1s Asp, y-carboxylated Asp, Glu, y-carboxylated Glu, Asu, Aad, Apm, or is
absent;

Xaaj is Asp, y-carboxylated Asp, Glu, y-carboxylated Glu, Asu, Aad, Apm, or is
absent;

Xaay 1s Cys or D-Cys;
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Xaag is P-Ser, P-Thr, P-homo-Ser, 4-hydroxyvaline phosphate, P-homo-Thr, P-Cys or
P-Tyr; | '

Xaaj is Tyr, Leu, Phe or lle;

Xaag is Cys or D-Cys;

Xaai4 i1s Thr, Ala or Phe;

Xaa,g is Cys or D-Cys; and

Xaay7 1s Tyr, D-Tyr, or is absent;

wherein:

if Xaa, 1s present, Xaa; may be modified on its amino group by methyl, ethanedioic
acid, propanedioic acid, butanedioic acid, pentanedioic acid, hexanedioic acid, heptanedioic
acid or octanedioic acid;

if Xaa; is absent and Xaa; is present, then Xaa; may be modified on its amino group
by methyl, ethanedioic acid, propanedioic acid, butanedioic acid, pentanedioic acid,
hexanedioic acid, heptanedioic acid or octanedioic acid; or

if both Xaa; and Xaa; are absent, then Xaa; may be modified on its amino group by
methyl, ethanedioic acid, propanedioic acid, butanedioic acid, pentanedioic acid, hexanedioic
acid, heptanedioic acid or octanedioic acid.
[00034] In some embodiments, both Xaa, and Xaa; are absent. In other embodiments,
Xaa; 1s Asp or Glu and Xaa; is absent. In yet other embodiments, wherein Xaa, is Asp or
Glu and Xaa; is Asp or Glu.
[00035] In some.embodiments, Xaa; i1s Tyr or Leu.
[00036] In some embodiments, Xaa,4 is Thr.
[00037] Insome embodiments, Xaa,; is Tyr or is absent.
[00038] Insome embodiments, Xaa, is Asn, D-Asn, Gln, D-GIn, Pro, Ala, f-Ala, D-Ala,
Val, D-Val, Gly, Thr, D-Thr, Asp, D-Asp, Glu or D-Glu. In further embodiments, Xaa, is
Asp, D-Asp, Glu or D-Glu.
[00039] In some embodiments, Xaag is P-Ser or P-Thr. In further embodiments, Xaag is P-
Ser.
[60040] Insome embodiments, Xaa;, Xaa; and Xaa; are absent and Xaa, is D-Cys or Cys.
In further embodiments, Xaay is Tyr or Leu. In further embodiments, Xaa,q4 is Thr. In further
embodiments, Xaa;; is Tyr or is absent. In further embodiments, Xaa, is P-Ser.
[00041] In some embodiments, a peptide or pharmaceutically acceptable salt thereof is

provided, wherein the peptide consists of the amino acid sequence
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Cysq4 Cyss P-Serg Xaa; Cysg Cysg Asnyg Pro); Alay; Cys;3; Thri4 Gly;s Cys;¢ Xaa;s,
wherein Xaay is Tyr or Leu.
[00042] In some embodiments, a peptide or pharmaceutically acceptable salt thereof is
provided, wherein the peptide consists of the amino acid sequence

Asp Asp Cys Cys P-Ser Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr;

Asp Asp Cys Cys P-Ser Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys;

Asp Asp Cys Cys P-Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr;

Asp Asp Cys Cys P-Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys;

Cys Cys P-Ser Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr;

Cys Cys P-Ser Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys;

Cys Cys P-Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr; or

Cys Cys P-Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys.
[00043] In some instances, the peptide is isolated. In others, the peptide is purified.
[00044] In some embodiments, Xaag is any amino acid that may be phosphorylated.
[00045] In some embodiments, a pharmaceutically acceptable salt of the peptide is
provided. In some instances, the pharmaceutically acceptable salt is a chloride salt.
Variant peptides |
[00046] In some circumstances it can be desirable to treat patients with a variant peptide
that binds to and activates intestinal GC-C receptors, but 'is less active or more active than the
non-variant form of the peptide. Reduced activity can arise from reduced affinity for the
receptor or a reduced ability to activate the receptor once bound or reduced stability of the
peptide. Increased activity can arise from increased affinity for the receptor or an increased
ability to activate the receptor once bound or increased stability of the peptide.
[00047] In some peptides one or both members of one or both pairs of Cys residues which
normally form a disulfide bond can be replaced by homocysteine, penicillamine, 3-
mercaptoproline (Kolodziej et al. 1996 Int J Pept Protein Res 48:274); B, B—dimethylcysteine
(Hunt et al. 1993 Int J Pept Protein Res 42:249) or diaminopropionic acid (Smith et al. 1978
J Med Chem 21:117) to form alternative internal cross-links at the positions of the normal
disulfide bonds. In other embodiments, the disulfide bonds may be replaced by hydrocarbon
crosslinking (Schafmeister et al. 2000 J Am Chem Soc 122:5891, Patgiri et al. 2008 Acc
Chem Res 41:1289, Henchey et al. 2008 Curr Opin Chem Biol 12:692).

Production of peptides
[00048] In one embodiment, peptides or precursor peptides of the invention can be

produced recombinantly in any known protein expression system, including, without

limitation, bactena (e.g., E. coli or Bacillus subtilis), insect cell systems (e.g., Drosophila Sf9
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cell systems), yeast cell systems (e.g., S. cerevisiae, S. saccharomyces) or filamentous fungal
expression systems, or animal cell expression systems (e.g., mammalian cell expression
systems). Peptides or precursor peptides of the invention may also be chemically
synthesized.
[00049] If the peptide or variant peptide 1s to be produced recombinéntly, e.g., E. coli, the
nucleic acid molecule encoding the peptide may also encode a leader sequence that permits
the secretion of the mature peptide from the cell. Thus, the sequence encoding the peptide
can include the pre sequence and the pro sequence of, for example, a naturally-occurring
bacterial ST peptide. The secreted, mature peptide can be purified from the culture medium.
[00050] The sequence encoding a peptide described herein is can be inserted into a vector
capable of delivering and maintaining the nucleic acid molecule in a bacterial cell. The DNA
molecule may be inserted into an autonomously replicating vector (suitable vectors include,
for example, pGEM3Z and pcDNA3, and derivatives thereof). The vector nucleic acid may
be a bacterial or bacteriophage DNA such as bacteriophage lambda or M13 and derivatives

. thereof. Construction of a vector containing a nucleic acid described herein can be followed
by transformation of a host cell such as a bacterium. Suitable bacterial hosts inc_lude but are
not limited to, E. coli, B. subtilis, Pseudomonas and Salmonella. The genetic construct also
includes, in addition to the encoding nucleic acid molecule, elements that allow expression,
such as a promoter and regulatory sequences. The expression vectors may contain
transcriptional control sequences that control transcriptional initiation, such as promoter,
enhancer, operator, and repressor sequences. A variety of transcriptional control sequences
are well known to those in the art. The expression vector can also include a translation
regulatory sequence (e.g., an untranslated 5' sequence, an untranslated 3' sequence, or an
internal ribosome entry site). The vector can be capable of autonomous replication or it can
integrate into host DNA to ensure stability during peptide production.
[00051] The protein coding sequence that includes a peptide described herein can also be
fused to a nucleic acid encoding a peptide affinity tag, e.g., glutathione S-transferase (GST),
maltose E binding protein, protein A, FLAG tag, hexa-histidine, myc tag or the influenza HA -
tag, in order to facilitate purification. The affinity tag or reporter fusion joins the reading
frame of the peptide of interest to the reading frame of the gene encoding the affinity tag such
that a translational fusion is generated. Expression of the fusion gene results in translation of
a single peptide that includes both the peptide of interest and the affinity tag. In some
instances where affinity tags are utilized, DNA sequence encoding a protease recognition site

will be fused between the reading frames for the affinity tag and the peptide of interest.
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[060052] Genetic constructs and methods suitable for production of immature and mature
forms of the peptides and variants described herein in protein expression systems other than
bacteria, and well known to those skilled in the art, can also be used to produce peptides in a
biological system. |

[00053] Peptides produced recombinantly may be phosphorylated using methods known to
those skilled in the art. In some embodiment's, a peptide 1s recombinantly produced, isolated
from the cell in which it was expressed, and then phosphorylated using a protein kinase, e.g.,
a serine/threonine kinase or a tyrosine kinase. A large number of kinases are known in the art
and may be used for this purpose. One skilled in the art will recognize that different kinases
have differing substrate specificities and will pick a kinase to use based upon the sequence of
the peptide. In other embodiments, a peptide is recombinantly produced in a cell that also
expresses a serine/threonine kinase or tyrosine kinase that will phosphorylate the peptide. In
other embodiments, peptides may be recombinantly produced by incorporating a
phosphoamino acid. Methods for modifying tRNA including, but not limited to, modifying
the anti-codon, the amino acid attachment site, and/or the accepter stem to allow
Incorporation of unnatural and/or arbitrary amino acids are known in the art (Biochem.
Biophys. Res. Comm. (2008) 372: 480-485; Chem. Biol. (2009) 16:323-36; Nat. Methods
(2007) 4:239-44; Nat. Rev. Mol. Cell Biol. (2006) 7:775-82; Methods (2005) 36:227-238;
Methods (2005) 36:270-278; Annu. Rev. Biochem. (2004) 73:147-176; Nuc. Acids Res.
(2004) 32:6200-6211, Proc. Natl. Acad. Sci. USA (2003) 100:6353-6357; Royal Soc. Chem.
(2004) 33:422-430). |

[00054] In some embodiments, peptides may be chemically produced. Peptides can be
synthesized by a number of different methods including solution and solid phase synthesis
using traditional BOC or FMOC protection. For example, the peptide can be synthesized on
2-Chlorotritylchloride or Wang resin using consecutive amino acid couplings. The following
protecting groups can be used: Fluorenylmethyloxycarbonyl or tert-butyloxycarbonyl (alpha-
amino groups, N-terminus); trityl or tert-butyl (thiol groups of Cy); tert-butyl (y-carboxyl! of
glutamic acid and the hydroxyl group of threonine, if present); trityl (B-amid function of the
asparagine side chain and the phenolic group of tyrosine, if present); trityl or tert-
butyldimethyisilyl (hydroxygroup of serine, if present) and terz-Butyloxycarbonyl (N-
terminus prior to subsequent side chain modifications). Coupling can be effected with DIC
and HOBt in the presence of a tertiary amine, and the peptide can be deprotected and cleaved
from the solid support in using cocktail K (trifluoroacetic acid 81%, phenol 5%, thioanisole
5%, 1,2-ethanedithiol 2.5%, water 3%, dimethylsulphide 2%, ammonium iodide 1.5% w/w).
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After removal of trifluoroacetic acid and other volatiles the peptide can be precipitated using
an organic solvent. Disulfide bonds between Cys residues can be formed using dimethyl
sulfoxide (Tam et al. (1991) J. Am. Chem. Soc. 113:6657-62) or using an air oxidation
strategy. The resulting peptide can be purified by reverse-phase chromatography and
lyophilized.

[00055] A phosphoamino acid, e.g., a phosphoserine, may be introduced into a peptide by
any method known to one skilled in the art (see, e.g., G.K.Toth et al. (2007), Current Organic
Chemistry 11: 409-426). In some embodiments, a protected phosphoamino acid analogue,
e.g£., a phosphoserine amino acid analogue, can be introduced as part of the peptide assembly
on solid phase; e.g. as Fmoc-Ser[PO(OBzI)OH]-OH (T. Wakamiya et al. (1997), Bioorganic
and Medicinal Chemistry 5: 135-145, 1997) or as Fmoc-Ser{PO(OAryl/Alkyl).]-OH |
(G.K.Toth et al. (2007) Current Organic Chemistry, 11: 409-426). In another embodiment, a
protected amino acid analogue, e.g., a protected serine amino acid analogue, can be
introduced as part of the peptide assembly on solid phase (e.g. Fmoc-protected serine with a
trityl protection for the hydroxyl side chain). After full assembly of the peptide chain
Ser{Trt] or Ser[SiMe,tBu] can be selectively deprotected and the phosphate group can be
introduced using a phosphoramidite / oxidation strategy (G. Shapiro et al. (1994)
Tetrahedron Letters 35: 869-872; P. Hormozdiari et al. (1996) Tetrahedron Letters, 37: 8227-
8230). In other embodiments, a chemically produced peptide may be phosphorylated using a
serine/threonine kinase or tyrosine kinase as described above.

[00056]
pharmaceutically acceptable salts thereof. Examples of salts include, without limitation,

Peptides can be made, isolated or used either in form of the free base or as

acetate, chloride, sulfate and phosphate salts of the peptide.

Compositions of peptides and GC-C receptor agonists

[060057] In another aspect, compositions are provided wherein the peptides, alone or in
combination, can be combined with any pharmaceutically acceptable carrier or medium. The
peptides can be combined with materials that do not produce an adverse, allergic or otherwise
unwanted reaction when administered to a patient. The carriers or mediums used can include
solvents, dispersants, coatings, absorption promoting agents, controlled release agents, and
one or more inert excipients (which include starches, polyols, granulating agents, |
microcrystalline cellulose (e.g., celphere, Celphere beads®), diluents, lubricants, binders,
disintegrating agents, and the like), etc. If desired, tablet dosages of the disclosed
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