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Serial No. 60/443,098, fited on January 28, 2003; U.S. Provisional! Patent Application Serial
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15 TECHNICAL FIELD

This invention relates to methods and compositions for treating various disorders, including

gastrointestinal disorders, obesity, congestive heart failure and benign prostatic hyperplasia.

BACKGROUND

26 Irritable bowel syndrome (IBS) is 2 common chronic disorder of the intestine that affects 20 to
60 million individuals in the US alone (Lehman Brothers, Global Healthcare-Irritable bowel
syndrome industry update, September 1999). IBS is the most common disorder diagnosed by
gastroenterologists (28% of patients examined) and accounts for 12% of visits to primary care
physicians (Camilleri 2001, Gastroenterology 120:652-668). In the US, the economic impact

25 of IBS is estimated at $25 billion annually, through direct costs of health care use and indirect
costs of absenieeism from work (Talley 1995, Gastroenterology 109:1736-1741). Patients with

IBS have three times more absenteeism from work and report a reduced quality of life,



Sufferers may be unable or unwilling to attend social events, maintain employment, or travel even
short distances (Drossman 1993, Dig Dis Sci 38:1569-1580). There is a tremendous unmet medical
need in this population since few prescription options exist to treat IBS. 5 Patients with IBS suffer from
abdominal pain and a disturbed bowel pattern. Three subgroups of IBS patients have been defined
based on the predominant bowel habit: constipation-predominant (c-IBS), diarrhea-predominant
(d-1BS) or alternating between the two (a-IBS). Estimates of individuals who suffer from c-LBS range
from 20-50% of the IBS patients with 30% frequently cited. In contrast to the other two subgroups that
have a similar gender ratio, c- 10 IBS is more common in women (ratio of 3:1) (Talley et al. 1995, Am J
Epidemiol 142 #@- IRt ' ic criteria for IBS have been formalized in the "Rome
Criteria" (Drg%gﬁr%%%?g %e&éifgé@ﬂé%?%%%}ﬁé%%%ﬁ#%%&% %fﬁ%g% we é&:g%@?iyﬁe&m%a%aﬁﬁ? ctice.
However, thé ¥ahiBrekstiyarssipioiamdd Holhe SisSed Rindd by Hdtchhicalabtrommadities or 15
metabolic changesmthishasted tedhesrasiisationf ﬁéﬁﬁzﬁﬁl&i%%ﬁ@%&&'tg igeidatgwhich is
diagnosed on the basis of the Rome criteria and limited evaluation to exclude organic disease (Ringel
et al. 2001, Anna Rev Med 52: 319-338). IBS is considered to be a "biopsychosocial” disorder
resultingsfrorRadi asmbithishsoffth fesnintekanting e chanisisisaitebed e ofilitye abiRergased

sensitivity of [ ' i t imuli (visceral sensitiyit Opsychosocial factors
(Camilleri 20ﬁ%g;%?%%ﬁn%f)%%%ll%g%%%égg%%%c%rﬁaglﬁ’ﬁlgfleﬁ%‘%%ggbrﬁ ir?f:’%% ?ﬁlémévidence for a
role of inflanf¥s4aBHGHEFTBSY gf%aﬂ@é@mmﬁﬁa@a@m dtsetiopbiBSaliemsfaFBSmall but

significant ingi6asess b anloniein/rersaterancmastaalsx narenssd. b Dl xds, (NO) and
synthase (iga%;) 1‘Tand all%regﬁ% ression of inflammatory cytokines (reviewed by Talley 2000,
Medscape Coveragh St B waeR P BEE G RnARSY R Haosnt obhtitn riailrescadespsitions and

related thetH&dsifondreatimgnD 3 andetiferigastdini@stinatcisorees s/and BeRe@HinNs 42:75.83).
gastrointestinal motility disorders, chronic intestinal pseudo-obstruction, colonic pseudo-obstruction,
Crohn's disease, duodenogastric reflux, dyspepsia, functional dyspepsia, nonulcer dyspepsia, a

functional gd&roriadinTatflsbraecsticsetsdon EaFthern bepisfromstpthipeht fatumedisteis’ (GERD),
gastroparesirristiable: DEWEIBY THOB SupPIStroReativeidiens wigeratiyR.aqlitsnEiignic ganstipation,
AN ST e g Lo G et B S e B atomlcal shmaned Heih s of
opiate pain
15 metabolic changes. This has led to the classification of IBS as a functional GI disorder, which
is diagnosed on the basis of the Rome criteria and limited evaluation to exclude organic disease |
(Ringel et al. 2001, Annu Rev Med 52: 319-338). IBS is considered to be a “biopsychosocial”
disorder resulting from a combination of three interacting mechanisms: altered bowel motility,
an increased sensitivity of the intestine or colon to pain stimuli (visceral sensitivity) and
20 psychosocial factors (Camilleri 2001, Gastroenterology 120:652-668). Recently, there has
been increasing evidence for a role of inflammation in etiology of IBS. Reports indicate that
subsets of IBS patients have small but significant increases in colonic inflammatory and mast

cells, increased inducible nitric oxide (NO) and synthase (iNOS) and altered expression of
inflammatory cytokines (reviewed by Talley 2000, Medscape Coverage of DDW week).

25 SUMMARY

The present invention features compositions and related methods for treating IBS and other
gastrointestinal disorders and conditions (e.g., gastrointestinal motility disorders, chronic

intestinal pseudo-obstruction, colonic pseudo-obstruction, Crohn’s disease, duodenogastric



Skillers, post-surgical constipation, and constipation associated with neuropathic disorders as well as
other conditions and disorders are described herein. The compositions feature peptides that activate
the guanylate cyclase C (GC-C) receptor. The present invention also features compositions and
related methods for treating obesity, congestive heart failure and benign prostatic hyperplasia (BPH).
toWithout being bound by any particular theory, in the case of IBS and other gastrointestinal disorders
the peptides are useful because they may increase gastrointestinal motility. Without being bound by
any particular theory, in the case of IBS and other gastrointestinal disorders the peptides are useful, in
part, because they may decrease inflammation. 15 Without being bound by any particular theory, in

(he case of IRmARdABLAARlaBiRPINGIAeR IR rRaRies Ae-AlR IR lbReaNas (hey may

decrease gastrointestinal pain or visceral pain. 20The invention features pharmaceutical compositions
comprising c&fethastidesairshea satecstrieavaling th & igtntn (EER B crasop e is-iddeptor.

Also within the-ryentiesaepharaaceytieat compesitiesiscoMmisinG Apenlide At GLstdaganist of the
ents including, without limitation, the agents

invention and og%or more.atd itional theraPeut'c a

I e R e b e
(simultaneo l]s'ly_msr Q@S@c}@rﬂl auysti_ﬁ'dc@;a,wﬂ edsstipetimiedoddeperitidesofdhatinvistidertacreate
therapeutic GanI4gRIRs: JmitNemigRakder. alads ferdeatno iR gaskalnfestiqldisorders

by administering a peptide that acts as a partial or complete agonist o -C recep he peptide
includes at |ER&EEIY#5dbsiBNMEE Cxpid fn (RFeEISABEE bonds. In certain embodiments the disulfide
bonds are replaced by other covalent cross-links and in some cases the cysteines are substituted 5by

other residuggdQ,BIVIFE IRk AIBNAGHNG COVRAIEHIBRS Ainkaidde RERILeR MRy Al gdnglyde

congestive heart failure and benign prostatic hyperplasia (BPH).

10 Without being bound by any particular theory, in the case of IBS and other gastrointestinal

disorders the peptides are useful because they may increase gastrointestinal motility.

Without being bound by any particular theory, in the case of IBS and other gastrointestinal
disorders the peptides are useful, in part, because they may decrease inflammation.

15
Without being bound by any particular theory, in the case of IBS and other gastrointestinal
disorders the pepiides are also useful because they may decrease gastrointestinal pain or

visceral pain.

20 The invention features pharmaceutical compositions comprising certain peptides that are
capable of activating the guanylate-cyclase C (GC-C) receptor, Also within the invention are
pharmaceutical compositions comprising a peptide or GC-C agonist of the invention and one or
more additional therapeutic agents including, without limitation, the agents described herein.
The other agents can be administered with the peptides of the invention (simultaneously or

25  sequentially). They can also be linked to a peptide of the invention to create therapeutic

conjugates.



at least one trypsin or chymotrypsin cleavage site and/or an amino or carboxy-terminal analgesic
peptide or small molecule, e.g., AspPhe or some other analgesic peptide. When present within the
peptide, the analgesic peptide or small molecule may be preceded by a chymotrypsin or trypsin
cleavage site that allows release of the analgesic peptide or small 10 molecule, The peptides and
methods of the invention are also useful for treating pain and inflammation associated with various
disorders, including gastrointestinal disorders. Certain peptides include a functional chymotrypsin or
trypsin cleavage site located so as to allow inactivation of the peptide upon cleavage. Certain peptides
having a functional cleavage site undergo cleavage and gradual inactivation in the digestive mad, and

iis Is desirable .20 ARsisumSIaneea. e RsRdss, A unglonal cmeipsn St

ofr
altered, increasing the sta e peptide Iin vivo. TheTnvention includes methods or reenar%g other
disorders sughesdohgatiyaticpntialinrecmmlstsasionsped Sraticripesipiaisia Byeadntidisterinépa peptide
or small molgcule: (RAreRIaHRENIAE 200 HRARGIE aSRARIANISL NGB aE JaS PRIk IHED agents

can be used in combination with natriuretic peptides (e.qg., atrial natriuretic peptide, brain natriuretic
peptide or C2RPE TAGTRIRE P SRR LY HRISHRESHFAR IR B RSIHT SATgioReRUeAERMG S he. The
invention featyinds:methinds taptoetin fasitienstfos oeakasingsstagtinal i eblitiddniestingd 2a matility

involves spoptaneaus oordlnat%%gl sentloqts and c niractions of the ston%achltlrggstérl‘ues, colon and

e Si1: OF C O 5111 Ciedvapge 5iie or IO Or Carpoxy-iernm .
rectum to move 100 th%pugrh trhe gas r%[fnlt%s ma? rac (ﬁl}rlng ?ﬁemafgestlve process. In certain

embodimenesittaspeptiils piciods idrstubne or ArPbe piermeonitigimakeprigativiédy. 308lrarged amino
acids (e.9., HBeA! GHIOhOPSARENATINE SUMIAU L SRAB VAN Ehargeck 15?@9&&%%%9-, Lgs or
e carboxy

Arg) or one or two or more contiguous positively or negatively charged amino acids at
terminus. InRESFIRHLEHEE SiPdfgrsAatary e rdcatrr SiarralertioRspidffnsedte either
positively ommsgativeyhehefgieids brdihehembdimenisiiieare also usefil for treating pain and

inflammation associated with various disorders, including gastrointestinal disorders. Certain
peptides include a functional chymotrypsin or trypsin cleavage site located so as to allow
inactivation of the peptide upon cleavage. Certain peptides having a functional cleavage site
undergo cleavage and gradual inactivation in the digestive tract, and this is desirable in some
15 circumstances. In certain peptides, a functional chymotrypsin site is altered, increasing the

stability of the peptide in vivo.

The invention includes methods for treating other disorders such as congestive heart failure and
benign prostatic hyperplasia by administering a peptide or small molecule (parenterally or

20 orally) that acts as an agonist of the GC-C receptor. Such agents can be used in combination
with natriuretic peptides (e.g., atrial natriuretic peptide, brain natriuretic peptide or C-type

nafriuretic peptide), a diuretic, or an inhibitor of angiotensin converting enzyme.

The invention features methods and compositions for increasing intestinal motility. Intestinal
25  motility involves spontaneous coordinated dissentions and coniractions of the stomach,
intestines, colon and rectum to move food through the gastrointestinal tract during the digestive

process.

In certain embodiments the peptides include either one or two or more contiguous negatively

30 charged amino acids (e.g., Asp or Glu) or one or two or more contiguous positively charged



carboxy terminal charged amino acids are preceded by a Leu. For example, any of the 5 following
amino acid sequences can be added to the carboxy terminus of the peptide: Asp; Asp Lys; Lys Lys
Lys Lys Lys Lys; Asp Lys Lys Lys Lys Lys Lys; Leu Lys Lys; and Leu Asp. It is also possible to simply
add Leu at the carboxy terminus.  In a first aspect, the invention features a peptide comprising,
consisting of, or consisting 10essentially of the amino acid sequence (1): Xaai Xaa2 Xaa3 Xaa4 Xaa5
Cysb6 Cys7 Xaas Xaa9 Cyst Cysti Xaau Xaau Xaam Cysis Xaal6 Xaau Cysis Xaa49 Xaa20 Xaa.21
(SEQ ID NO: 1) 15 In some embodiments Xaai Xaa2 Xaa3 Xaa4 Xaas is Asn Ser Ser Asn Tyr or is
missing or Xaal Xaa2 Xaa3 Xaa4 is missing. In certain embodiments Xaas, Xaa9,Xaal2, Xaal4,

xaal6, Xaan.afdoag 1B san Re AN ATIPGy, RG-ADARIAN.IOLIIERIS XAR%. aRR Kpad2

Xaai4, Xaal6, Xaau, and Xaal9 can be any 20 natural or non-natural a or‘amino acid

analog. In céFA BilschiRtebomd pabe Hobsshsmbretinertsalefiheiialsng sedogTigestide. In

other embodimentdhepeptide.toemaohiatlude she.seaenere{aNVPbhG BeBlidesinstable 1, below.
25 In certain em)bo én&%gt?g(ara%dsaAsn, Tr,gg, Tyr, As ,er(%Phe. In other embodiments, Xaa5 can also
be Thr or I8 Bther BRBod AR A4 SI'@’%}K%J% P2 Tele ST PR RIAESeaas is Asn, Trp,

Tyr, Asp, llefolihworgRhendragdiainmntbodinhe atideddaBiscAaboxncsnnesarntiedispatis Apags s Glu,

Asp, Gin, Gly.arbrg.Jmotherembediments Xaag 135Gl 4t r-embodiments Xaas,is Glu.or Asp. In
others it is Agn, Cgrlgu, %r Sp. Isr?i(?thegris’ it IS G‘f)é %hs%EylgsG?rsl% ghf%‘??&%pﬂm’ St@%ﬁ?G%fSHis, Gin,
Asn, or Asp®i? BEERSG 9 ERly 844 Lyt din cahex nlggisser . In still others it is Pro. In certain
embodiments it is any natural or 5non-natural amino acid or amino acid analog. In some embodiments

Xaa9 is Leurnlle Val, Alg, \e/s Ar iﬁ'}l’érge,a[%r or Phe. In some embodiments Xaa9 is Leu, lle, Val, Lys,

Arg, Trp, TyForPhe TR Gthere fol Sy APPHSSFOPBPBRE, SAPSHIEE 56191905l Val. In others

it is Trp9 Tyeserhadylof dthersiivisdiessatendO(lys, Arg, Trp, Tyr, or Phe. In others it is Leu, Val, lle, or
Met. In others it is Leu or Phe. In others it is Leu, Phe, or Tyr. In others it is Tyr, Phe or His. In others it
is Phe, His, Trp, or Tyr. In certain embodiments, Xaa9 is not Len. In others it is Tyr. In other

embodiments it is?#y hatufdrorAvmAEtinas SimatRs SHineYeidsFafmte ¥t afeg. In certain
embodiments it is@yay; il kX &, NOPsRAXUEY FMINYacI{IE@MNe@as analog.

15 In some embodiments Xaa; Xaa, Xaa; Xaay Xaas is Asn Ser Ser Asn Tyr or is missing or Xaa

Xaap Xaay Xaay is missing.

In certain embodiments Xaag, Xaao Xaa;, Xaaq, Xaajs, Xaays, and Xaajq can be any amino
acid. In certain embodiments Xaag, Xaag, Xaa;y, Xaayy, Xaa;s, Xaa;s, and Xaars can be any

20  nafural or non-natural amino acid or amino acid analog.

In certain embodiments, the peptide does not include the sequence of E. coli ST peptide. In
other embodiment, the peptide does not include the sequence of any of the peptides in Table 1,
below.

25
In certain embodiments Xaas is Asn, Trp, Tyr, Asp, or Phe, In other embodiments, Xaas can
also be Thr or Ile. In other embodiments Xaas is Tyr, Asp or Trp. In certain embodiments Xaas
is Asn, Trp, Tyr, Asp, Ile, Thr or Phe. In certain embodiments Xaas is Asn.



15 In certain embodiments, Xaau is Asn, Tyr, Asp or Ala. In others it is Asn. In others it is Mn, Met,
Arg, Lys, His, or Gin. In others it is Asn, Lys, His, or Gin. In others it is Asn, Asp, Gin or Gin. In others it
is Mn, Thr, Ser, Arg, Lys, Gin, or His. In others it is Asn, Ser, or Ells. In certain embodiments it is any
natural-or non-natural amino acid or amino acid analog. 20 In certain embodiments, Xaa.13 is is Ala,
Pro or Gly. In others it is Pro or Gly. In others it is Pro and in still others it is Gly. hi certain
embodiments, Xaal4 is Ala, Leu, Ser, Gly, Val, Glu, Gin, fle, Leu, Thr, Lys, Mg, or 25Asp. In others it
is Ala or Gly. In others it is Val or Ala. In others it is Ala or Thr. In others it is Ala. hi others it is Val, Gin,
Asn, Glu, Asp, Thr, or Ala. In others it is Gly, Cys or Ser. In still others it is Tim In certain embodiments

it is any natugaker0QRmaal AL aeit ok aming @@Jfo@paipsn olfleCEHBEMARMIMEnISHpais is Thr,
Ala, Asn, Lys, MF%, Tip, Gly or Val. In others it’is Thr, Ala, Asn, Lys, Arg or Trp. In others itis Thr, Ala,
0

Lys, Arg or Tip OtRCEERARTEHHS chirAiitS T R PaP; AR BiemsrS 1M ot iPTd hr IrrdsrsihiefBodiments
itis Tip, Tyr enfhes, I¢iagrainoeApodHnRemns; i it T, onA@inlnes/ ain mBodinentsdtds.Vakn certain
embodiments,it i . In othegs itis Thr, Ser, Met or Val. In others it is Val, Ala, or Thr. In others it is
lle, Val, Lys, %,@%ﬁsﬁﬁs%?ﬁé%lrﬁ de a?ﬁ‘%%gés ﬁ?erﬁlscl r@ﬁﬁi}%&‘#ﬂ?ﬂ‘@rlﬁmﬁﬁ%ﬁﬂno acid or
amino aéid amalogiiricertameerhbodiitentsidtasadry natural or non-natural non-aromatic amino acid or

amino acid analog. it)In certain embodiments Xaao is Gly, Pro or Ala. In certain embodiments it is (fly.
In certain embodiments it is Ala. In others it is Gﬁl}{ or Ala. In others it is Gly, Asn, Ser or Ala. In others it

is Asn, Glu, Esppmsfmhedingis Sag)is hnbieryah dliadysAue.9er, By ORPIS: dBrtaimeembodiments it is
any natural efbebhnaty damineaaid, araminosasidanalee: Paln cedakrambodimentsyataal? is Tip,

Tyr, Phe, AS’P}’frI IC%’P\A%.L fx_1| i§m'a%‘%ﬂ ig 5;'.%/'19 Tfé] o%%?ir}n others it is Trp, Tyr or Phe. In others it is Leuy, Ile,
10 Lys, Arg, Trp, Tyr, or Phe. In others it is Leu, Val, Ile, or Met. In others it is Leu or Phe. Tn
others it is Leu, Phe, or Tyr. In others it is Tyr, Phe or His. In others it is Phe, His, Trp, or Tyr.
In certain embodiments, Xaao is not Leu. In others itis Tyr. In other embodiments it is any
natural or non-natural aromatic amino acid or amino acid analog. In certain embodiments it is

any natural or non-natural amino acid or amino acid analog.

15
In certain embodiments, Xaa, is Asn, Tyr, Asp or Ala. In others it is Asn. In others it is Asn,
Met, Arg, Lys, His, or Gln. In others it is Asn, Lys, His, or Gluo. In others it is Asn, Asp, Glu or
Gln. In others it is Asn, Thr, Ser, Arg, Lys, Gln, or His. In others it is Asn, Ser, or His. In
certain embodiments it is any natural or non-natural amino acid or amino acid analog.

20

In certain embodiments, Xaa ;3 is is Ala, Pro or Gly. In others it is Pro or Gly. In others it is

Pro and in still others it is Gly.

In certain embodiments, Xaa;4 is Ala, Leu, Ser, Gly, Val, Glu, Gin, Ile, Leu, Thr, Lys, Arg, or

25  Asp. Inothersitis Alaor Gly. In others it is Val or Ala. In othersitis Alaor Thf. In others it
is Ala. In others it is Val, Gln, Asn, Glu, Asp, Thr, or Ala. In others it is Gly, Cys or Ser. In
still others it is Thr. In certain embodiments it is any natural or non-natural amino acid or

amino acid analog.



embodiments it is Tip, Tyr, Asn or Len. In certain embodiments it is Tip, Tyr or Phe. In others itis Tyr,
Phe or His. In others it is Tyr or Tip. In others it is Tyr. In certain embodiments it is Leu, Ile or Val. In
certain embodiments it is His. In certain embodiments it is Tip, Tyr, Phe, Asn, lle, Val, His or Len. In
certain-embodiments it is Tip, Tyr, Phe or Leu. In certain 20 embodiments it is Tyr or Leu. In certain
embodiments it is Lys or Mg. In certain embodiments it is any amino acid other than Pro, Mg, Lys, Asp
or Glu. In certain embodiments it is any amino acid other than Pro. In certain embodiments it is any
natural or non-natural amino acid or amino acid analog. In certain embodiments it is missing. 25 In
certain embodiments Xaa20 is Asp or Asn. In certain embodiments Xaa20 Xaki is AspPhe or is

missing or X | el a iS,Missing aa.19 XakoXaki.is missing..In certain
embodiment?&%@rﬁ%%%&é&é%&%%gﬁie ’p%%}bfé %1de%c]}|%§)p%f%\8riﬁae1'amicr)slco%%l%llggc%ﬁience (IN):

Xaat Xaa2Xdd8 X4 Mgas @ psd ey 37 odas iida dcy (- Gy dnsrurieP o terialarmbydimottsil & Glyn
Cysts Xaat9 ¥akeiXsanyhersin$aak ¥aa2XaadiX eadoipaanis ARMRLTHELAMR. TIW REis missing or

Xaal Xaa2 Xaa3 Xaadis missing and Xaas is Asn; 5Xaas is Glu or Asp; Xaa9 is Leu, lle, Val, Trp, Tyr

or Phe; XaaZB ROFRIETATAL Hib a8 i§-Fitar PrORETBPTE & Ye miBsripaAabedimeRalis is
AspPhe 510IGlyadnuthemb ddifine Sts, theticventidn deadre $s a/piyAfiedpolypaptdesenprisingithe amino
acid sequence (1): Xaal Xaa2Xaa3Xaadxaab Cys6 Cys7.Xaas Xaa9 Cysl0 Cysit Asnl2 Pion Alal4
Cysts Xaa26£ &%S%gz}ié efé%a%gagbség ;evﬁy 8%%%%&? ST ed: é:glf VA 'rzgér?ar%aagﬁgﬁgﬂp, Tyr or
Phe; Xaa9 i®Tapinysad miéogn Xareesbrdimasmid & X amnniag T oT ypnRhdil d Xemeoxda?2l is
AspPhe; andXaa .z %aa2 26383 ggﬁpé}ﬁ(g%issing and Xaa5 is Asn; the peptide 15 comprises fewer than
50, 40, 30 or 25 amino acids; or fewer than five amino acids precede Cys6, In certain embodiments

the peptide includes a peptide comprising or consisting of the amino acid sequence Xaa;
Xaa2Xaa3 X aeedaa>AysdCys s KaXaaOClys ey svisn, RrocdMaiysbdaiGdits it is Gly. In certain

embodiments it is Ala. In others it is Gly or Ala. In others it is Gly, Asn, Ser or Ala. In others
it is Asn, Glu, Asp, Thr, Ala, Ser, or Gly. In others it is Asp, Als, Ser, or Gly. In certain

embodiments it is any natural or non-natural amino acid or amino acid analog.

16 Incertain embodiments Xaajq is Tip, Tyr, Phe, Asn, lle, Val, His, Leu, or Arg. In certain
embodiments it is Trp, Tyr, Asn or Leu. In cerfain embodiments it is Trp, Tyr or Phe. In others
it is Tyr, Phe or His. In others it is Tyr or Trp. In others it is Tyr. In certain embodiments it is
Leu, e or Val. In certain embodiments it is His. In certain embodiments it is Trp, Tyr, Phe,
Asn, Ile, Val, His or Leu. In certain embodiments it is Trp, Tyr, Phe or Leu. In certain

20 embodiments it is Tyr or Leu. In certain embodiments it is Lys or Arg. In certain embodiments
it is any amino acid other than Pro, Arg, Lys, Asp or Glu. In certain embodiments it is any
amino acid other than Pro. In certain embodiments it is any natural or non-natural amino acid

or amino acid analog. In certain embodiments it is missing.

25 In certain embodiments Xaay, is Asp or Asn. In certain embodiments Xaay, Xaay is AspPhe or

is missing or Xaayg is Asn or Glu and Xaay; is missing or Xaag Xaayg Xaaz; is missing,

In certain embodiments, the invention features, a purified polypeptide comprising the amino

acid sequence (11):



20 Cys Tyr Xaa20 Xaaat(SEQ II) NO:2) wherein Xaa9is any amino acid: wherein Xaa9 is any amino
acid other than Lem wherein Xaa9is selected from Phe, Tip and Tyr; wherein Xaa9is selected from
any other natural or non-natural aromatic amino acid; wherein Xaa9is Tyr; wherein Xaa9 is Phe;
wherein-Xaa9 is Tip; wherein Xaat Xaa2Xaa3Xaa4 Xaas is Asn Ser Ser Asn Tyr; wherein Xaat, Xaa2,
Xaa.3,Xaa4, and Xaa5 are missing; wherein Xaat, Xaa2, Xaa3 and 25 Xaa4 are missing; wherein
Xaat, Xaa2 and Xaa3 are missing; wherein Xaai and Xaa2 are missing; wherein Xaa; is missing;
wherein Xaa20 Xaaz2; is AspPhe or is missing or Xaa20 is Asn or Gin and Xaan is missing or Xaan
Xaa20XaaZ21l is missing; wherein Xaat Xaa2Xaa3Xaa4Xaa5 and Tyr Xaa20 Xaa2; are missing. in the

case of a peptide cgmpsising.thesseavence (), agoX X Cysb 7 Xaas Xaa9
Cyst() Cysij Xaa22 Xagn Xaald Cysts ng{%%%%k% Cys%@%gﬁg&z%%%gf%%é‘rein: Xaa;
Xaa2Xaa3 Xaad X451 sy shtortrb sSauefiét Xaai9 Xaa20 Xaan is missing, the peptide can

still contain agditionaheprbexerning YiARIAGIsHRAkAATNe &ngﬂﬁl%ﬁ%g@ Indhg £ase of peptides
missing one?gr néc%re terminal amé'@g acids such as Xaai or Xaki, the peptide can still contain additional
carboxytenn 4 ot A0 TR TS Ao 2%8ds or both. 5 In certain embodiments, the peptide includes
disulfidesbonds Beme&thGys&@nd Cysii, between Cys7 and Cysis and between Cyst() and Cys16. In

other embodim%tasé,ig@&q@%ﬂg&gﬁggﬁ,ﬁeptide having no disulfide bonds. In still other

embodiments the peptide has one ide bonds chosen from: a disulfide bond between Cys6
and Cysii, a distArdelbbAd AB-HéRveen Cys7 and Cysis and a disulfide bond between Cysio and

Cysl16. In certagneRagiNeMSNe PEMPLS AR acidk san PaJeRlacephRY a non-naturally occurring
amino acid or a naturally or non-naturally occurring amino acid analog. There are many amino acids

beyond the standard 20. Some are naturally-occurring others are not (see, for example, 16 Hunt, The
Non-Protein JArvinouA eidsodnnEiie thisiny autidBiacive srd sty i d pe Lppuitid Aciclpr Bag €it, ahapman and
Hall, 1985). Far exampl iﬁ@ggpg@ggi%gﬂﬁ agl be egi% %g -dihydroxy-Lsphenylalanine,
3-iodo-L-tyro%inﬁriiodcﬁh;}roniﬁe, -th r%x%é, p Sg(%%%ly}gslﬁe %?% gré r%ro-t%])ryg)léi%e ﬁc?r%?i?r)_. Phg and
norTyr and Oter Effind e ddinduding B adn ForcahpainubatitirddibiecnVad an otpam, isCH3, -OH,

-CH2NH3, “G{))Hr 6 B K, 201N T46 biAGE 2 Baa St T othe KarQLR TR Yreming aeid can be
substituted %Xath(;(D-forrgTo% he am o} a%'d. \%ith ;fggrd to non-n%turally occurring amino acids or a
naturally an 2op Kt 15 4 is,p &L gaag agp Xaay Xaas1s missing and Xaas1s Asn; the peptide

15 comprises fewer than 50, 40, 30 or 25 amino acids; or fewer than five amino acids precede

Cyss,

In certain embodiments the peptide includes a peptide comprising or consisting of the amino
acid sequence Xaa; Xaay Xaay Xaas Xaas Cys Cys Glu Xaag Cys Cys Asn Pro Ala Cys Thr Gly
20 Cys Tyr Xaay Xaay (1) (SEQ ID NO:2) wherein Xaag is any amino acid: wherein Xaagis any
amino acid other than Leu; wherein Xaayis selected from Phe, Trp and Tyr; wherein Xaagis
selected from any other natural or non-natural aromatic amino acid; wherein Xaagis Tyr;
wherein Xaag is Phe; wherein Xaa, is Trp; wherein Xaa; Xaa, Xaa; Xaas Xaas is Asn Ser Ser
Asn Tyr; wherein Xaa; Xaay Xaas Xaay, and Xaas are missing; wherein Xaa; Xaa; Xaaz and
25  Xaa, are missing; wherein Xaa;, Xaa, and Xaa; are missing; wherein Xaa; and Xaa, are
missing; wherein Xaa; is missing; wherein Xaayg Xaa,; is AspPhe or is missing or Xaay, is Asn
or Glu and Xaay; is missing or Xaasg Xaay Xaay; is missing; wherein Xaa, Xaa; Xaa; Xaa; Xaas
and Tyr Xaazy Xaay, are missing. In the case of a peptide comprising the sequence (I): Xaa,
Xaay Xaaz Xaay Xaay Cysg Cysy Xaag Xaag Cysig Cysiy Xaayp Xaays Xaay, Cysis Xaays Xaays

3¢ Cysig Xaayy Xaay Xaay; wherein: Xaa; Xaay Xaay Xaa, Xaas is missing and/or the sequence



amino acid analogs, a number of substitutions in the peptide of formula | or the peptide of 25fotmula Il
are possible alone or in combination. Xaas can be replaced by gamma-Hydroxy-Glu or
gamma-Carboxy-Glu. Xaa9 can be replaced by an alpha substituted amino acid such as
L-alpha-methylphenylalanine or 30by analogues such as: 3-Amino-Tyr; Tyr(CH3); Tyr(PO3(CH3)2);
TYr(SO3H); beta-Cyclohexyl-Ala; beta-(1-Cyclopentenyl)-Ala; beta-Cyclopentyl-Ala;
beta-Cyclopropyl-Ala; beta-Quinolyl-Ala; beta-(2- Thiazolyp-Ala; beta-(Triazole-1-y1)-Ala;
beta-(2-Pyridyl)-Ala; beta-(3-Pyridyl)-Ala; Amino-Phe; Fluoro-Phe; Cyclohexyl-Gly; tBu-Gly;
beta-(3-benzothienyl)-Ala; beta-(2-thienyl)-Ala; 5-Methyl-Trp; and 4-Methyl-Trp. Xaan can be an
N(alpha)-C(atphabays) Zes anineacidrnalageas it he Gl aluiesn N Ribb Gl gRhalbmathite 2 3 -

Xaali can also be homopro (L-pipecolic acid); hydroxy-Pro; 3,4-Dehydro-Pro; 4- fluoro-Pro; or
ety RO SR 2308 PR P S A5 S G 18 T PRI STRRD AP SAEH s

n
alpha-amincsisbbutifdie; acif (@b Jh¢ fDptilsharettiledanine(diDeisd valtne)édbimiathylvaline, or
L/D-alpha-mgthylleucine or ayngnslanatural amino acid such as beta-fluoro-Ala. Xaan can be
alpha-amino isobutyric acid (alb) or L/D-alpha-ethylalanine (L/D-isovaline). Further examples of

urmaturél amino acids include: an unnatural analogue of tyrosine; an 20 unnatural analogue of

glutamine; ap bnaiAbLBARIRELSIRS RhaBy RAlanire 1ANHARBUHA RRRLYS Qf SRMRG, AR 4RRgtural

analogue of threoning; an alkyl, aryl, acyl, azido, cyano, halo, hydrazine, hydrazide, hydroxyl, alkenyl,
alkynl, etheré}'ﬁ?@l?gﬁ%ﬁﬁ?{gﬁﬁgg,neégﬁ #bSde B T o b B iR S5 p G Shhosphine,

heterocyclicpenaadainigep aidelfiyid ®phjdrixytdhoiher datodonarmite sufsituiachaminesacid, or any
combinationy{a e, 8k @B from: a disulfide bond between Cysg and Cysy, a disulfide bond
10 between Cysy and Cysis and a disulfide bond between Cysyo and Cysig.

In certain embodinients, one or more amine acids can be replaced by a non-naturally occurring
amino acid or a nafurally or non-naturally occurring amino acid analog. There are many amino
acids beyond the standard 20. Some are naturally-occurring others are not (see, for example,

15 Hunt, The Non-Protein Amino Acids: In Chemistry and Biochemistry of the Amino Acids,
Barrett, Chapman and Hall, 1985). For example, an aromatic amino acid can be replaced by
3,4-dihydroxy-L-phenylalanine, 3-iodo-L-tyrosine, trilodothyronine, L-thyroxine,
phenylglycine (Phg) or nor-tyrosine (norTyr). Phg and norTyr and other amino acids including
Phe and Tyr can be substituted by, ¢.g., a halogen, ~-CH3, -OH, -CH,NH;, -C(O)H, -CH,CH, -

26 CN, -CH,CH2CHs, -SH, or another group. Any amino acid can be substituted by the D-form of

the amino acid.
With regard to non-naturally occurring amino acids or a naturally and non-naturally occurring
amino acid analogs, a number of substitutions in the peptide of formula I or the peptide of

25  formula II are possible alone or in combination.

Xaag can be replaced by gamma-Hydroxy-Glu or gamma-Carboxy-Gin.

Xaag can be replaced by an alpha substituted amino acid such as L-alpha-methylphenylalanine or
30 by analogues such as: 3-Amino-Tyr; Tyr(CHs); Tyr(PO;(CIH),); Tyr(SOsH); beta-Cyclohexyl-Ala;



acid with a photoactivatable cross-linker; a spin-labeled amino acid; a fluorescent amino acid; an
amino acid with a novel funCtional group; an amino acid that covalently or noncovalently interacts with
another molecule; a metal binding amino acid; a metal-containing amino acid; a radioactive amino
acid; a photocaged and/or photoisomerizable amino acid; a biotin or biotin- Sanalogue containing
amino acid; a glycosylated or carbohydrate modified amino acid; a keto containing amino acid; amino
acids comprising polyethylene glycol or polyether; a heavy atom substituted amino acid (e.g., an
amino acid containing deuterium, tritium, 13C, I5N, or 180); a chemically cleavable or photocleavable
amino acid; an amino acid with an elongated side chain; an amino acid containing a toxic group; a

sugar subftipgw@@wmgeaeﬁjiﬁpga; %@L@ﬁ@%ﬁt&t&@%ﬁﬁ%ﬁ&ﬂ%!iB&a@&%@ﬁr}%m et (2- "
sugar-containin ino acid;.a redox-active aming acid; rhydroxy confaining acid; an amino thio
acid contain%ﬁa%)r%?ﬂg%gééaé@%ag%g'dg% sle%ftuét’tea' ég m%”zgl‘g ef@"—%’rﬁ?’ﬁlgyéé’fg;a’ BRE%hino acid
other than pf8ifiet b CeideryitClyrd3irelyabeiz-G-teraaplmphaiardisie (2 Bandtykphisiizidme; a
p-acetyl-L-phensataninepan 0-4-allyl-L-tyrosine; a 4-propyl-L-tyrosine; a tri-0-acetyl-G1cNAcf3-serine,
an L-Dopa; a 15fluorinated phenylalanine; an isopropyl-L-phenylalanine; a p-azido-L-phenylalanine; a
p-acyl- L-phenylalanine; a p-benzoyl-L-phenylalanine, an L-phosphoserine; a phosphonoserine; a
phosphonotA5&ife: b BRGEIERRIaHfiFdizef AR EITRBH RSO, B SUBF8RTophenylalanine; a
p-amino-L-phenylalanine; an isopropyl-L-phenylalanine; L-3-(2-naphthyl)alanine; an amino- ,
isopropyl-, or 0-aldyl-containing phenylalanine analogue; a dopa, 0-methyl-L-tyrosine; a 20 glycosylated
amino acid; opargyloxy)phenylalanine; dimethyl-Lysine; hydroxy-proline; mercaptopropionic
acid; methyl-ly, i‘ne;,'%ﬁtro-tyrosine; norleucine; pyro-glutamic acid; Z (Carbobenzoxyl);
s-Acetyl-Lysin (é -alanine; aminobenzoyl derivative; aminobutyric acid (Abu); citrulline;
aminohexanoic ac‘ia; aminoisobutyric acid; cyclohexylalanine; dcyclohexylalanine; hydroxyproline;
nitro-arginines Altro-penydalaningnitre 4yERsio el 25Rvaling). actehydiRindals.sathoxylate; omithine;
penicillatninf?; te]{,ahydr i%o_ uitgoﬂpre; acetamidomethyl protected amino acids and pegylated amino
acids. Furthe‘“zroreoxarﬁﬁea of innatural amino acids and amino acid analogs can be found in U.S.
20030198885, U.S. 20030082575, and the references cited therein.

0

Rl
. N
3 H

/
({CH)n

When Xaa,s is Gly, Ala, Leu or Val, Xaay; canbe: 150.1.2,3

Xaay can also be an alpha-substitued or N-methylated amino acid such as a/pha-amino isobutyric acid
(aib), L/D-alpha-ethylalanine (I/D-isovaline), L/D-methylvaline, or L/D-alpha-methylleucine or a non-

15  natural amino acid such as beta~-finoro-Ala,

Xaay; can be alpha-amivo isobutyric acid (aib) or L/D-alpha-cthylalanine (L/D-isovaline),

Further examples of unnatural amino acids include: an unnatural analogue of tyrosine;l an

20  unnatural analogue of glutamine; an unnatural analogue of phenylalanine; an unnatural
analogue of serine; an unnatural analogue of threonine; an alkyl, aryl, acyl, azido, cyano, halo,
hydrazine, hydrazide, hydroxyl, alkenyl, alkynl, ether, thiol, sulfonyl, seleno, ester, thioacid,
borate, boronate, phospho, phosphono, phosphine, heterocyclic, enone, imine, aldehyde,

hydroxylamine, keto, or amino substituted amino acid, or any combination thereof; an amino

-10 -



In some embodiments, an amino acid can be replaced by a naturally-occurring, non-essential amino
acid, e.g., taurine. Methods to manfacture peptides containing unnatural amino acids can be found in,
for 5 example, U.S. 20030108885, U.S. 20030082575, Deiters et al., J Arn Chem Soc. (2003)
125:11782-3, Chin et al., Science (2003) 301:964-7, and the references cited therein. Peptides that
include non-natural amino acids can also be prepared using the methods described in W002086075
10 The peptides of the invention can have one or more conventional peptide bonds replaced by an
alternative bond. Such replacements can increase the stability of the peptide. For example,
replacement of the peptide bond between Cysis and Xaal9 with an alternative bond can reduce

cleavage by % 8! i SES may jnerease halfslife in the digestive tract, Bonds that can
15replace pé;o%lide ﬁ%n@g?ﬁﬁudé%igrlg{?g%%ve%’oaﬁ T sabfﬁ )EE Oifal%ecgaa or ﬁﬁf%’{@jﬂ A1éGieed amide

bond (NH-CHRInthisihatil eneybofiactiel trer; GHRE)o apidlaimstaliete boreh(ov@kitipr CH2-0);

an ethylene pengH{GHRCdH2) Iaaﬁtqgépadﬁéea%ﬂgm@ a@iéf%ﬁé@iﬁmﬂa%ﬁg {GHE G, an fluor
substituted trans-olefine bond (CF=C1-1); a ketomethylene bond (C(0)-CHR or CHR-C(0) wherein R is

H or C113; ZAHGMISHWR S APRHEBERHARE 0 PEE R SFRE RO BT IR SFit 3218t o HopMor C113.
The peptidesmeidie: ivvestion eambeddodifisdassingdsiandacd yoadificatiorg. Modifieatjonsmay occur
at the amina_(N- rboxy (C-) terminus, internally or a.comRination of any of the preceeding. In one
et of the R S D O R A e F g ke
Modificationsthstiftitse puingrecistielsnitedauna ceiy keivrinamilatishinbibimmatidn, Snareation,
farnesylatiogy, farmylationy My isteyiatios.palniiavation; RhespRonaton Relehykok J3D.

stearoylation, succinylation, sulfurylation and cyclisation (via disulfide bridges or amide cyclisation),

and modificSHBT B EY3OIE\ AP HRINRHRIAS BPIReA A TURSHIAT GrRB B ScfeRsy &
4-dinitraphemupis(Div kcBidRyisini i edifitaticinbyd A Amioamdi3meihd-eaumasiotAdG): flourescein,

NBD (7'Nitrgxg1enrc1>za-c21a?a{(na&;-ﬁiaigczyocl:gﬁ’tﬁﬁmg%-c?cﬂilai.geafnino thio acid containing amino acid; an o, o
disubstituted amino acid; a P-amino acid; a cyclic amino acid other than proline; an O-methyl-
L-tyrosine; an L-3-(2-naphthylalanine; a 3-methyl-phenylalanine; a p-acetyl-L-phenylalanine;
an 0-4-allyl-L-tyrosine; a 4-propyl-L-tyrosine; a tri-O-acetyl-GleNAcf-serine; an L-Dopa; a

15 fluorinated phenylalanine; an isopropyl-L-phenylalanine; a p-azido-L-phenylalanine; a p-acyl-
L-phenylalanine; a p-benzoyl-L~phenylalanine; an L-phosphoserine; a phosphonoserine; a
phosphonotyrosine; a p-iodo-phenylalanine; a 4-flucrophenylglycine; a p-bromophenylalanine;
a p-amino-L-phenylalanine; an isopropyl-L-phenylalanine; L-3-(2-naphthyl)alanine; an amino-
, isopropyl-, or O-allyl-containing phenylalanine analogue; a dopa, O-methyl-L-tyrosine; a

20 glycosylated amino acid; a p-(propargyloxy)phenylalanine; dimethyl-Lysine; hydroxy-proline;
mercaptopropionic acid; methyl-lysine; 3-nitro-tyrosine; norleucine; pyro-glutamic acid; Z
(Carbobenzoxyl); s-Acetyl-Lysine; B-alanine; aminobenzoyl derivative; aminobutyric acid
{Abu); citrulline; aminohexanoic acid; aminoisobutyric acid; cyclohexylalanine; d-
cyclohexylalanine; hydroxyproline; nitro-arginine; nitro-phenylalanine; nitro-tyrosine;

25  norvaline; octahydroindole carboxylate; omithine; penicillamine; tetrahydroisoquinoline;
acetamidomethyl protected amino acids and pegylated amino acids. Further examples of
unnatural amino acids and amino acid analogs can be found in U.S. 20030108885, U.S.

20030082575, and the references cited therein.

-11-



rhodamine B, EDANS (5((2-aminoethyeamino)naphthalene-1- sulfonic acid), dabcyl, dabsyl, dansyl,
texas red, FMOC, and Tamra (Tetramethylrhodamine). The peptides of the invention may also be
conjugated to, for example, polyethylene glycol (PEG); alkyl groups (e.g., CI-C20 straight or branched
alkyl groups); fatty acid radicals; combinations of PEG, alkyl groups and fatty acid radicals (see U.S.
Patent 6,309,633; Softer et al., 2001 Innovations in 5 Pharmaceutical Technology 106-110); BSA and
ICLH (Keyhole Limpet Hemocyanin). The peptides and agonists of the invention can be chemically
modified to increase therapeutic activity by synthetically adding sugar moieties (WO 88/02756; WO
89/09786; DE 3910667 Al, EP 0 374 089 A2; and U.S. 4,861,755), adding cationic anchors

(EP0363589), lipid 10moieties (W091/09837; U.S. 4,837,303 th bstituents d ibed
compounds ! ﬁl,g%fﬁc? rﬁr?o %@%%ﬁ%?%ﬁénc%%@?g ﬁﬁggy)ra%’:aﬁﬁeaﬁu?o\%%éﬁgﬁs a{f%g% eF?baﬁwSe peptide

has a potentiaiipdunitiermgl ehynzotrypsin cleavage site that is located at a position where cleavage
may alter GC-C 15 receptor binding by the peptide. When Xaa9 is Lys or Arg or when Xaal6 is Lys or
Arg, the peptide has a potentially functional trypsin cleavage site that is located at a position where

cleavage mayshedsdrorenfedsinoeniidensgriyine pepte! wien axids rendaiyutyaoioPhe, the peptide
has a chymeipypsie, clenvrgenite dbatisslotatesh etz 2aresition wheresleragr vt drate the

portion of the pe tig aé%?éy-t rminal to X 3 V\(Q ﬁg‘%}g is Leu, lle or, Val, the peptide can have
a chymotrypg%‘ fe/; ?agg efﬁjit ﬁ%ﬁt@(@%} Yo ﬁ% hS CRASVAYE \%fﬁcﬂglgf%ffé the portion of the
peptide amino-terminal to Xaal9.

Peptides that include non-natural amino acids can also be prepared using the methods described

in WO02086075

16
The peptides of the invention can have one or more conventional peptide bonds replaced by an

alternative bond. Such replacements can increase the stability of the peptide. For example,
replacement of the peptide bond between Cys g and Xaa;o with an alternative bond can reduce
cleavage by carboxy peptidases and may increase half-life in the digestive tract. Bonds that can
15 replace peptide bonds include: a retro-inverso bonds (C(O)-NH instead of NH-C(0); a reduced
amide bond (NH-CIH,); a thiomethylene bond (S-CH, or CH-S); an oxomethylens bond (O-CH; or
CH,-0); an ethylene bond (CH,-CH,); a thicamide bond {(C(S)-NH); a trans-olefine bond (CH=CH); an
fluoro substituted trans-olefine bond (CF=CH); a ketomethylene bond (C{O)-CHR or CHR-C(O)
wherein R is H or CHj; and a fluoro-ketomethylene bond (C(O)-CER or CFR-C(O) wherein Ris Hor F

26  or CHs.

The peptides of the invention can be modified using standard modifications, Modifications
may occur at the amino (N-), carboxy (C-) termuinus, internally or a combination of any of the
preceeding. In one aspect of the invention, there may be more than one type of modification of

25  the peptide. Modifications include but are not limited to: acetylation, amidation, biotinylation,
cinnamoylation, farnesylation, formylation, myristoylation, palmitoylation, phosphorylation
(Ser, Tyr or Thr), stearoylation, succinylation, sulfurylation and cyclisation (via disulfide
bridges or amide cyclisation), and modification by Cy3 or Cy5. The peptides of the invention
may also be modified by 2, 4-dinitrophenyl (DNP), DNP-lysin, modification by 7-Amino-4-

30 methyl-coumarin (AMC), flourescein, NBD (7-Nitrobenz-2-Oxa-1,3-Diazole), p-nitro-anilide,
thodamine B, EDANS (5-((2-aminoethyl)amino)naphthalene-1- sulfonic acid), dabeyl, dabsyl,

w12



At relatively high pH the same effect is seen when Xaal9 is His. When Xaal9 is Lys or Arg, the
peptide has a trypsin cleavage site that is located at a position where cleavage will liberate 25portion
of the peptide caxboxy-terminal to Xaal9. Thus, if the peptide includes an analgesic peptide
carboxy-terminal to Xaaw, the peptide will be liberated in the digestive tract upon exposure to the
appropriate protease. Among the analgesic peptides which can be included in the peptide and/or
coadministered with the peptide are: AspPhe (as Xaa20Xaa21), endomorphinl, endomorphin-2,
nocistatin, dalargin, lupron, ziconotide, and substance P and other analgesic 30peptides described
herein. These peptides can, for example, be used to replace Xaa20Xakl. When Xaa: or the

amino-termingh miag-a6id, ofhs@ahlde AL NERIORHS B BAZ L XARRLIS AR L grEe the

peptide has a chymotrypsin cleavage site that'is located at a position whefe cleavage w erate the

portion of th&*pt pad Sermitihimarte sl eorokeaan s skaad (RB6Hyakivh storns feen2(Br a3,
When Xaai qutighasitenthenineyamingspeid phthe-peplide oh e yRion e g (eanm £gad) is Lys

or Arg, the pgptide.has,a Si vage site that is located at a position where cleavage will liberate
portion of theI% %%Bfll eraéhrﬁ;ilg%g%e:}ﬁciga% %ﬁ%igsaqi %3&6 \%ﬂlﬁeﬁa%ﬁlxgrgpélo‘i@@é@f%ﬁen Xaai or the
amino-térmifthizmminutiael T ahtidogeptide of)iHeSinwadtoiE K exhole ldmyal Itbe@eptidg can have a

chyrnotrypsin cleavage tosite that is located at a position where cleavage will liberate the portion of the
peptide amino- terminal to Xaai. At relatively high pH the same effect is seen when Xaai is His Thus,

] .

for example I HREPHER I RecmigeS Bl aiardion: e dsdd awinabraipdiiiatts Jaatashpaptidicwill be
Iibera;ed inhmamga§@m@ﬁa%p@mwm5ﬁ@ m@gr@tﬁsmw&%&m%@%@mfegc
peptides whic included i peptide are: AspPhe, endomorphin-1, 15endommphin-2,
nocistatin, dgigr%?rrp ?t?ér%gr% g%ﬁ%ﬁ%aﬁigegg”’ BéﬁﬁgafﬁgPd’é%ﬁ?ﬂéoﬂﬁé%goééééfs@eHm@rein. When
fully folded, disefitd EWORTS IR, DeSpredtht (9 tovelensubysit eanddCysitied ys ZoanshGysis; mnshCysio and
Cys; 8 The‘ﬂgmi@ggﬁgfz%_invention bear some sequence similarity to ST 20 peptides. However, they

include amino acid changes and/or additions that improve functionality. These changes can, for
example, increase or decrease activity (e.g., increase or decrease the ability of the peptide to stimulate

intestinal mtiisyx adis ths, abilisy midbepentidelpitolseamssihacliarba.stabiinet g peptide, alter

the ability ogﬁhe &P?%side fo bind ttgethC,-? rec%g)tor andl/or deécreaze toxicity. In some cases the

peptides may TUNCLON MOTe G8s] rgb]if} JEREHSR A BRI BepREC a8 eRaMplIe Hietmay limit

undesifablassidgoefiertnsbyhhapeptide. When Xaas is Lys or Arg or when Xaays is Lys or Arg, the
peptide has a potentially functional trypsin cleavage site that is located at a position where

cleavage may alter GC-C receptor binding bj{ the peptide.

When Xaayy is Trp, Tyr or Phe, the peptide has a chymotrypsin cleavage site that is located at a
20 position where cleavage will liberate the portion of the peptide carboxy-terminal to Xaas.
When Xaajg is Leu, Ile or Val, the peptide can have a chymotrypsin cleavage site that is located
at a position where cleavage will liberate the portion of the peptide amino-terminal to Xaaso.
At relatively high pH the same effect is seen when Xaag is His. When Xaay is Lysor Arg,
the peptide has a trypsin cleavage site that is located at a position where cleavage will liberate
25  portion of the peptide carboxy-terminal to Xaaye, Thus, if the peptide includes an analgesic
peptide carboxy-terminal to Xaajo, the peptide will be liberated in the digestive tract upon
exposure to the appropriate protease. Among the analgesic peptides which can be included in
the peptide and/or coadministered with the peptide are: AspPhe (as XaazXaay), endomorphin-
1, endomorphin-2, nocistatin, dalargin, lupron, ziconotide, and substance P and other analgesic

30 peptides described herein. These peptides can, for example, be used to replace XaayXads,.
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diarrhea and dehydration. In some embodiments one or both members of one or more pairs of Cys
residues which normally form a disulfide bond can be replaced by homocysteine, penicillamine, 3-
30mercaptoproline (Kolodziej et al. 1996 Int J Pept Protein Res 48:274); p, p dimethylcysteine (Hunt
et al. 1993 Int | 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. 5In
addition, one or more disulfide bonds can be replaced by alternative covalent cross-links, e.g., an
amide linkage (-CH2CH(0)NHCH2- or -CH2NHCH(0)C112-), an ester linkage, a thioester linkage, a
lactam bridge, a carbarnoyl linkage, a urea linkage, a thiourea linkage, a phosphonate ester linkage,
an allcyl linkage (-CH2CH2CH2CH2-), an alkenyl linkage(- CH2CH=CHCH2-), an ether linkage
(-CH2CH20CH2- or -CH20CH2CH2-), a thioether linkage 10 (-CH2CH2SCH2- or -CH2SCH2CH2-),
an amine linKAGECERI2C g RIFIEHE oAl GHEN HGHITH Itida thibaiidetinkage, Xaa, or

(CH2CH(S) G Rpoty CHENHGHISIGHR:) Fanmiamile, GEd &L al. (Biog Natl Aged. Sol

100:11263-78, 200 Q’gescrlbe methods for preparing lactam and amide cross- aird thafmeister et al.

J. Am. CheRd&ion g%glgiva%@@sl Gbeeinibs pestine. Hybsaeatssaipadermianl ity FacirbSarross

links carsbe méﬁm)@dmwﬂ&rﬁ&i@tﬁeﬁgs)l(ocraagem&)ﬁmmkl@u%mbh&ﬂﬁ%ﬁ'aﬁﬂl%ld&&hﬁfﬁ%se of
saturated hy nks) u one, or anqther of the Grubhs catalysts (avallable from
Materia, Inc. B aégg%:%?n%ge 9{%%1?‘ﬁ iiuzlgdzkgcﬁgr a?é%'ls AnFiIE T DS BeRING D 88 £lepeghd
6,111,121). ﬁﬁfe&ﬁé@aﬁé@dm@ geﬁ@aﬁdm@foéwh@wma@mmpssmbﬁwpasaeﬂimm the Cys

residues Wltkbﬁﬂﬁl HeStdHes i @ASKaYs %gl& ggaggnmgﬁr%% 0&%&1@%{1}& ac ds In ad%ltlon the

20lactam, am e and ydrocarbon cross-iinks can be used to stabilize the peptide evennf(fhey link

amino acids® giries hurippielseclipi Bl Besentitarerduysinkb easiopsir destvigen two
amino a@ldssihaﬂrlaress}eqmamd Bysiien mm&ee@@metweeetﬁwp@mm@ thatiatg.separated by

Six amino a%@ﬁlﬁ?ﬁ% %i S&t}%ﬁﬂe Tfi&%} alli{ 6*2’%“% :S Soc 16% if%)%?s)%g) In the case of

a peptide comprising the sequence éeg‘@ysm Cyst'
Xaal2 Xaarfseawie éﬂ&@%ﬁ@%ﬁ%ﬁ@a&%@«%ﬂw@m Xaa2thapdadxiaas Cys

Cys Glu X289 Gsaeis-A88 cﬁg%taexgughﬁ Glydeye Iy{héa}gggé@%}o@&swhmmg@ét Xaa2 Xaa3

Xaa.4Xaa5 is missing and/or the sequence Xaajp Xaa2oXaa2l
analgesic peptides which can be included in the peptide are: AspPhe, endomorphin-1,

15 endomorphin-2, nocistatin, dalargin, lupron, and substance p and other analgesic peptides

described herein.

When fully folded, disulfide bonds may be present between: Cysg and Cysn; Cysy and Cysys;
and Cys;o and Cys;s. The peptides of the invention bear some sequence similarity to ST

20  peptides. However, they include amino acid changes and/or additions that improve
functionality. These changes can, for example, increase or decrease activity (e.g., increase or
decrease the ability of the peptide to stimulate intestinal motility), alter the ability of the peptide
to fold correctly, alter the stability of the peptide, alter the ability of the pepfide to bind the GC-
C receptor and/or decrease toxicity. In some cases the peptides may function more desirably

26  than wild-type ST peptide. For example, they may limit undesirable side effects such as
diarrhea and dehydratior.

In some embodiments one or both members of one or more pairs of Cys residues which
normally form a disulfide bond can be replaced by homooysteine, peniciilamine, 3-

30 mercaptoproline (Kolodziej et al. 1996 Int J Pept Protein Res 48:274); 8, P dimethyleysteine
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30missing, the peptide can still contain additional carboxyterminal or amino terminal amino acids or
both. For example, the peptide can include an amino terminal sequence that facilitates recombinant
production of the peptide and is cleaved prior to administration of the peptide to a patient. The peptide
can also include other amino terminal or carboxytenninal amino acids. In some cases the additional
amino acids protect the peptide, stabilize the peptide or alter the 5activity of the peptide. In some
cases some or all of these additional amino acids are removed prior to administration of the peptide to
a patient. The peptide can include 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70 80, 90, 100 or more
amino acids at its amino terminus or carboxy terminus or both. The number of flanking amino acids
need not be ame. X le,.there can he 10 additional amino acid the amijn inus of
the peptide a@%&ﬁgaf%%%fggﬁ%o %lﬁln%ﬁshs. 'Fr%%n%r(é%ﬁn&%%pﬁ? Ceaﬁlg |81e1t%5rtrr%rig’oétg§me amino
acid sequenddefl ChtamaizXaddPXa a3 X ety OyesalysPs)ay XaaOpGystd)sCysieXant2iXaall3 Xaata
Cysts Xaat6 aatd-Gysis Xaal9 Xaa20 Xaa2l wherein: Xaat Xaa2 Xaa3 Xaat Xaas is missing; Xaag
is Glu; Xaa9 is Leu, He, Lys, Arg, 15 Tip, Tyr or Phe; Xaal2 is Asn; Xaan is Pro; Xaakt is Ala; Xaai6 is
Thr, Ala, Lys, Arg, Tip; Xaal7 is Gly; Xaal9 is Tyr or Len; and Xaa20Xak1 is AspPhe or is missing.
Where Xpa2@Xaazibaniosomaat dpatiXanddaad ¥aaspiedyssirgnifiese maherasditional flanking

amino acids in some embodime I | bodi t sition comprising a peptide
having the s%&[jé*ﬁcaénﬂﬁ?%ﬁﬁ%gg&gaﬁgésﬁﬁ%ﬁ%@%%%ﬁ @5@%%&35 f&%%‘%@%ﬁ“%aa.lz Xaal3
Xaatit 20 Cy&ﬁg@&?&aﬁﬁmm Bysts Mm Kmmahﬁgkm@m@éim,mhmmmkm@nsist of
any of the p%ﬂHE{ﬁ-&R&tJ ahle ki @ SeoaRd ﬁﬁfesg%t@bﬁmg@@%&ﬁ'ﬁg Inalies adbargpeutic or

prophylactic method comprising administering t0 a patient a pharmaceutical composition comprising or
Consisting o SUHRIATI B Haal e 86 S i sSHHg e ioh S eiag ey of the
amirllo 36id geguaNHeS Rl X @IS XARA XarmGyshiivsd XeR XBRECYst yslj Xaal2 Xaat3

Xaakt Cysts 7.Cysls. Xaal9 Xaa20 . i Xaa s.Cys6 Cys7
Xaag Xaa9 @W@%ﬁﬁgrﬂgaéé%oﬁé?%%ﬁé@%gésg)%@%%% @%ﬁ%@%ﬁ&%{%ﬁn as
described hereinpB0LathecpelpiRies Vatil Bewb-Sdmiisteréd- Witk Gh3)ikedite. gistbodafently linked to any
of a variety of oiherneptides ek EaBRANRGR Ickidine sRAINGSIE peRlidesenagaloesicsegmpounds

including, without limitation, the agents described herein. ) )
2000} describes stable, hydrocarbon cross-links. Hydrocarbon cross links can be produced via

16 metathesis (or methathesis followed by hydrogenation in the case of saturated hydrocarbons
cross-links) using one or another of the Grubbs catalysts (available from Materia, Inc. and
Sigma-Aldrich and described, for example, in U.S. Patent No. 5,831,108 and 6,111,121). In
some cases, the generation of such alternative cross-links requires replacing the Cys residues
with other residues such as Lys or Glu or non-naturally occurring amino acids. In addition the

20  lactam, amide and hydrocarbon cross-links can be used to stabilize the peptide even if they link
amino acids at postions other than those occupied by Cys. Such cross-links can occur between
two amino acids that are separated by two amino acids or between two amino acids that are
separated by six amino acids (see, e.g., Schafmeister et al. (J. Am. Chem. Soc. 122:5891,
2000)).

25

In the case of a peptide comprising the sequence (I): Xaa; Xaa, Xaa; Xaas Xaas Cysg Cysy Xaag
Xaag Cysg Cysy; Xaayp Xaags Xaay Cysys Xaas Xaayy Cysyg Xaase Xaay, Xaay or Xaa; Xaay
Xaaz Xaas Xaas Cys Cys Glu Xaas Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Xaayy Xaay; (1D
wherein: Xaa, Xaa, Xaa; Xaas Xaas is missing and/or the sequence Xaayo Xaazg Xaay is

30 missing, the peptide can still contain additional carboxyterminal or amine terminal amino acids
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Amino acid, non-amino acid, peptide and non-peptide spacers can be interposed between a 5peptide
that is a GC-C receptor agonsit and a peptide that has some other biological function, e.g., an
analgesic peptide or a peptide used to treat obesity. The linker can be one that is cleaved from the
flanking. peptides in vivo or one that remains linked to the flanking peptides in vivo. For example,
glycine; beta-alanine, glycyl-glycine, glycyl-beta-alanine, gammaaminobutyric acid, 6-aminocaproic
acid, L-phenylalanine, L-tryptophan and glycil-L-valil-Lphenylalanine can be used as spacers (Chaltin
et al. 2003 Helvetica Chimica Acta 86:533-547; Caliceti et al. 1993 FARMCO 48:919-32) as can
polyethylene glycols (Butterworth et al. 1987 J. Med. Chem 30:1295-302) and maleimide derivatives
(King et al. 2002 Tetrahedron Lett. 43:1987-1990). Various other Jinkers are described in the literature
(Nestler 1998%\*51%‘{%&%?&{?@9&6?%%8%2 “BriRcidn 21 6B BISERE ST 528184 851 B6R et al. 1994
Tetrahedron deettnBi3a: frbdvcB0): Bf thepatinle 20012 JeuvaapabConitoliadRaleasetaddiid 23; Griffin
et al. 2003 J. C . . 125:6517-6531: Robhinson et .al..1998 Proc. Natl. Acad. Sci, USA
055929 ST el B o e b e S I e B Mt

each providirgptheasahtiee A dififerd nriinectithspPior ethammiedeheshdpridbaeapiiés imledtdrithas molecule
20that is;an gnglggsiesisbiad PePldRBRkIS MR Gahakesil dheReRtde angdy ARl goieties

can be ordered in various ways. For example, a peptide of the invention can have an analgesic

peptide linkeR' iR AmtmsHiRRint L e REPtRc R R BYESty DRI inkauRs e chrbolkfHertihdd: The
additional moiettssxaratheaisecty smvalenidyobande duit:theide ptite ptisanchaibonsedsisiinkers.
25The peptides. of the invention can be lic peptide ar.a linear jde. In addition, multiple copies
of the same(%]|f)3§f3§?|1 g%léi?ﬂo\{?é #\%o%lébftrecg f?\%(glﬂéaé)iﬁg%oc@% |(S:%ereﬁr?é)§r§ géhﬁtfé’é‘.‘% %"’Séf{ﬁag% can
include the dhsissachd seaddincrabimipeptide ahr eodnesereninreigf ihepeetidbrade(agat thammalian)
species®r inahasiesalspecies. In addition, the peptides can be partially or completely non-naturally
occurring peptides. Also within the invention are peptidomimetics corresponding to the peptides of the
invention. 5 In various embodiments, the patient is suffering from a gastrointestinal disorder; the

patient is suffesingefnbndiancits dielpesele ctedhfiomiteangion pebdrgisting off: GasiEnicstinatmptility

Xaa; Cyss Cysy Xaag Xaag Cysyy Cys: Xaayz Xaays Xaays Cysys Xaajg Xaayy Cysig Xaare Xaag
Xaay; wherein: Xaa; Xaa, Xaag Xaay Xags is missing; Xaag is Glu; Xaay is Leu, Ile, Lys, Arg,

16 Tip, Tyr or Phe; Xaa;y is Asn; Xaay; is Pro; Xaay is Ala; Xaajg is Thr, Ala, Lys, Arg, Tip;
Xaayy is Gly; Xaayg is Tyr or Leu; and Xaay Xaay is AspPhe or is missing. Where Xaay, Xaag,
and/or Xaa; Xaay Xaa; Xaas Xaas are missing, there may be additional flanking amino acids in
some embodiments. In certain embodiments of a composition comprising a peptide having the
sequence (I): Xaa; Xaa, Xaaz Xaas Xaas Cysg Cysy Xaag Xaag Cysyp Cysy1 Xaap Xaay Xaagy

20 Cysis Xaas Xaayy Cys g Xaajo Xaay Xaay, the peptide does not comprise or consist of any of
the peptides of Table 1.

In a second aspect, the invention also features a therapeutic or prophylactic method comprising
administering to a patient a pharmaceutical composition comprising or consisting essentially of

25  apurified peptide comprising, consisting of or consisting essentially of the amino acid
sequence: Xaa; Xaaj Xaa; Xaas Xaas Cysg Cysy Xaag Xaag Cysg Cysy; Xaayp Xaays Xaays Cysis
Xaa;g Xaagy Cys;s Xaayo Xaagg Xaay; (I) or Xaa; Xaap Xaay Xaas Xaas Cyss Cysy Xaag Xaao
Cysis Cysyi Asnyp Progs Alayy Cysys Xaays Glyry Cysis Xaage Xaaze Xaaz (1) as described
herein.

30
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disorders, chronic intestinal pseudo-obstruction, colonic pseudo-obstruction, Crohn's disease,
duodenogastric reflux, dyspepsia, functional dyspepsia, nonulcer dyspepsia, a functional
10gastrointestinal disorder, functional heartburn, gastroesophageal reflux disease (GERD),
gastroparesis, irritable bowel syndrome, post-operative ileus, ulcerative colitis, chronic constipation,
and disorders and conditions associated with constipation (e.g. constipation associated with use of
opiate pain killers, post-surgical constipation, and constipation associated with neuropathic disorders
‘as well as other conditions and disorders are described 15herein); the patient is suffering from a
gastrointestinal motility disorders, chronic intestinal pseudo-obstruction, colonic pseudo-obstruction,
Crohn's disease, duodenogastric reflux, dyspepsia, functional dyspepsia, nonulcer dyspepsia, a
functional gaSHHRTEEEAR i%%F&éﬁfi‘fﬁ%ff‘éﬁia‘fvﬁééfftbﬁkﬁ%%%trﬁ%‘é%ﬁﬁg’g]@%%ﬁ{ﬁwi%%%l’é,é“@ERD),
gastroparesisfinflanpayaitrydoownepdiggase ) itiighle bevieh synekomenfigsto parativadieus, ulcerative
CO|I'[IS., Ch,roniﬁﬁgﬁﬂgf&ﬂﬁgﬁﬂhﬁﬂa .gllls%ggggn%ﬁéi cc%%%ﬁlgg%ﬁsspuated W.Ith qonstlpatlon (e..g. .
constipation associated with use of opiate pain .ﬁfers, posf—surglcal constipation, and constipation
associated with neuropathic disorders as well as other conditions and disorders are described herein);
the compositionii® adiinistereshosaily ptRepidecoppisep 200t fewemimine asigsthe peptide
comprises 20 o. [ ids, and the peptide comprises no more than.5 25amino acids prior to
Cysg; th% pe%eg)&éﬁ (\:I{(?ra;t;;r?s?ées 1 6??3%3,1’%8,15%%,& ffﬁpiﬁg%&ti%%gﬁs%e 8%1,@‘5%‘,05%,] %’T & Fwer amino

acids. In othéZedbadilgrsintyetidpeaptiveptdnpeibiestize obfeiver Bmilickevids biroothbatembodiments
the peptide m&s‘@%@%%{mggﬁgd@n 120 2 RERHORS SHRSEANE @a@%ﬁ&g‘?gjﬁ%@é T
ide

embodiments Xaal9 is a chymotrypsin or trypsin cleavage site and an analgesic pep IS present

immediately ¥SRow I 3ARPI S Penhrizdipins Mecrvantion Mafideia RS EmR ating a patient
suffering froamdmststipatiesidiaiaaity aesiepied Crijpeaythahtefinaspnyiratian spoge fiamihe

frequengy o&ﬂg vements, the consiste f feces ease Qf.bowegl mqve ,.One
common de mit%%%@%ﬁené%p%i%sﬁ% e&dtha arlg% %to%/\ie%r%%%%?ﬁ%%% (f?éurm\}\%e 9t§é$§gﬁﬁions

Caliceti et al. 1993 FARMCO 48:919-32) as can polyethylene glycols (Butterworth et al. 1987
J. Med. Chem 30:1295-302) and maleimide derivatives (King et al, 2002 Tetrahedron Lett.
43:1987-1990). Various other linkers are described in the literature (Nestler 1996 Molecular
Diversity 2:35-42; Finn et al. 1984 Biochemistry 23:2554-8; Cook et al. 1994 Tetrahedron Lett.

15 35:6777-80; Brokx et al. 2002 Journal of Controlled Release 78:115-123; Griffin et al. 2003 J.
Am. Chem. Soc. 125:6517-6531; Robinson et al. 1998 Proc. Natl. Acad. Sci. USA 95:5929-
5934).

The peptides of the invention can be attached to one, two or more different moieties each
providing the same or different functions. For example, the peptide can be linked to a molecule

20  thatis an analgesic and to a peptide that is used to treat obesity. The peptide and various
moieties can be ordered in various ways. For example, a peptide of the invention can have an
analgesic peptide linked to its amino terminus and an anti-obesity peptide linked to its carboxy
terminus. The additional moieties can be directly covalently bonded to the peptide or can be
bonded via linkers.

25  The peptides of the invention can be a cyclic peptide or a linear peptide. In addition, multiple

copies of the same peptide can be incorporated into a single cyelic or linear peptide.
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5include abnormally hard stools or defecation that requires excessive straining (Schiller 2001, Aliment
Pharmacol Ther 15:749-763), Constipation may be idiopathic (functional constipation or slow transit
constipation) or secondary to other causes including neurologic, metabolic or endocrine disorders.
These disorders include diabetes mellitus, hypothyroidism, hyperthyroidism, hypocalcaeinia, Multiple
Sclerosis, Parkinson's disease, spinal cord lesions, 10Neurofibromatosis, autonomic neuropathy,
Chagas disease, Hirschsprung's disease and Cystic fibrosis. Constipation may also be the result of
surgery (postoperative ileus) or due to the use of drugs such as analgesics (like opioids),
antihypertensives, anticonvulsants, antidepressants, antispasmodics and antipsychotics. The method

of treating copglipation %%H]ﬁ@ﬁﬁ% ﬁféz inistering a pharamaceutical composition comprising or
consisting essen&%%lly of a peptide 15%%%}%%083,68@%%%&??3 %Gf‘pélrggoﬂﬁaggézﬁ'érse%@%?‘?%lglw Bf the amino

acid sequend&SEEEE Kok RaRB K i) SKecies Oyo: ByaTrinbaps sermdrCysliysii aamikaanXaalsd Cysts

Xaal6 Xaa faysim,XaaisRazo Xaadiabion Xanhaagiant aadingt GuSA,CYR] Kaas Xaad Cyst
Cysii Asni, Pro13 Alam Cé/ssts Xaa:6 Glyn ( ed herein. 20In

ysts XaatSi Xaaao Xati (Il) as descri
various embBHHICHIETHES SorSapAtbneil A4e Bertitled HithrisgeafieRtherapeutic agent; the constipation

is assocfated with a neuropathic disorder; the constipation is post-surgical constipation (postoperative
ileus); and tﬁg&g@ﬁg% on: ciated with a trointestinal djsarder; the constipation is idiopathic
(functional constipatio%%%gé%%v%%’a%gi?%%eﬁgﬁp%%ﬁ%ri%eo%loaré?lsérgtli%tﬁsﬁnﬁ dserdesdemitirstidpathic,
metabolic oféfIBY e ibrgetedceibieostdoametitosdstpatofr gidisuinteyhetmosidism,

hypocalcaem&i@m&&#}iﬂ%ﬁ@lﬁ%Qﬁiﬁ_afﬁ%%eﬂﬁﬁi&%%%zéﬂme‘a%%'ﬁ&lﬁ&? E%&?ﬂgS{s%QEQS.‘S’
ﬁgatg{‘i}'ﬁécérlf%gas disease, Hirschsprung's disease or cystic |%r05|s . Constipdtion may

autonomic n;uao , , | (
also be the r&8Gft"6¢ FoSiopEsitERIGEH sharme Henvse e dlvipssin it Aueiinigesics (e.g.,

opioids}) antimppénteniviedisaniticdmetisailtbeattice pressanishanlisparmadicsanshrasipsychotics. 30
In a fourth 66kt nvent tures.a method for treating a patient suffering a gastrointestinal
¥ ttt); e fé%gg%rfrgﬁdmme POSTRRCBAG Hus timatie f’etﬂscgi‘ﬁ%%ition comprising

disorder, the method comprising administering‘to the patien pharmaceuct?

or consistin§C8g&aivamyrst dispritnieang sprditienmsricitig] votisistisgpatior Gopsististipassentially of the

amino acid SRGHERAG: AR (RBRINPAERG PR CYSE.CYSLARSD ;Zﬁﬁ%%rgt\fﬁiﬁogysj'l Xaan Xaan
Xaa:4 Cys:5 Xaa:&g fﬁ@ Cysts Xaan Xaa20Xaa2l (I) or Xaat Xaa2 Xaa3 Xaal Xaab Cys6 Cys7 Xaas
n

Xaa9 Cyst C¥E2 R MA crorses a5 el s P Egstendiinnacis doodein que)dssctibetribed

hereinté  herein); the patient is suffering from a gastrointestinal motility disorders, chronic intestinal

pseudo-obstruction, colonic pseudo-obstruction, Crohn’s disease, duodenogastric reflux,
dyspepsia, functional dyspepsia, nonulcer dyspepsia, a functional gastrointestinal disorder,
functional heartburn, gastroesophageal reflux disease (GERD), gastroparesis, inflammatory
bowel disease, irritable bowel syndrome, post-operative ileus, ulcerative colitis, chronic

20 constipation, and disorders and conditions associated with constipation (e.g. constipation
associated with use of opiate pain killers, post-surgical constipation, and constipation
associated with neuropathic disorders as well as other conditions and disorders are described
herein); the composition is administered orally; the peptide comprises 30 or fewer amino acids,
the peptide comprises 20 or fewer amino acids, and the peptide comprises no more than 5

25  amino acids prior to Cyss; the peptide comprises 150, 140, 130, 120, 110, 100, 90, 80, 70, 60,
50, 40, or 30 or fewer amino acids. In other embodiments, the peptide comprises 20 or fewer
amino acids. In other embodiments the peptide comprises no more than 20, 15,10, 0r 5
peptides subsequent to Cys;g. In certain embodiments Xaa;s is a chymotrypsin or trypsin
cleavage site and an analgesic peptide is present immediately following Xaas.

30
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In various embodiments, the patient is suffering from a gastrointestinal disorder; the patient is
10suffering from a disorder selected from the group consisting of: gastrointestinal motility disorders,
chronic intestinal pseudo-obstruction, colonic pseudo-obstruction, Crohn's disease, duodenogastric
reflux, dyspepsia, functional dyspepsia, nonulcer dyspepsia, a functional gastrointestinal disorder,
functional heartburn, gastroesophageal reflux disease (GERD), gastroparesis, irritable bowel
syndrome, post-operative ileus, ulcerative colitis, chronic 15constipation, and disorders and conditions
associated with constipation (e.g. constipation associated with use of opiate pain killers, post-surgical
constipation, and constipation associated with neuropathic disorders as well as other conditions and
disorders are described herein), obesity, congestive heart failure, or benign prostatic hyperplasia. 20In

a fifth aspect A RIEMRSH fererionReted forfted ARG roRstisSliRafFRBRI B a patient, the
method compsisitipadicimitiisiesingatosptpatigni-m phamraceidicabetrnRasiaroeompHsing prified
peptide com rigjg%g‘gnsi%isn 0‘;81{ C epsistirg essg}rt&tiﬁlly of thg?amillﬁo acid set;é(xeglce: Xaat Xaa2
Xaa.3 Xaa4 E(%a ys%méys’7 aas aa?(gycf)ys%ceéys B LD O R %?%%t N KA 7 Cysis
Xaan Xaa20dx&nii¢h) eroxestipXaad Hem3iadd K had Lyss Qysisrens RE.ther CyStitysll Amu
Prol3 Alal4;Cysis ¥asi. GG ¥esIRan a0 %@%@t}@%@ﬁ@@g%ﬁ@ sdRfshfaspect the

invention features a method for increasing the activity of (activating) an intestifal guanylate tyclase
(GC-C) receptyrsid patrase! thematfitt om Suavipdivadrimbadiianabia (Gamsional peratinaiéautical
composition gaibprising aisifiesbppatideonaarisising, copsisiageh onaeprstine.assemtiay of the
amino acid sequence..Xaat Xaa2Xaa3 XaadXaa 6 Cys7,Xaas Xaa9 Cyst Cyst] Xaal2 Xaan
Xaat4 Cysts Xaalb azsé?r%)l;séts Séea%sgfa%r g%%%?ts%rg? aaszaygggg&?ﬁﬁf%aas Cys6 Cys7 Xaa8
Xaa9 Cysio h}mﬂlmniczimésm@ﬂaa@yﬁ%éﬁ@@@%:f%&@x@nmm@émm asddesioribed herein.
> In a sgveniasaerl-iedoveriomieauies aniclalad audecclc Bolaea compriaing gjgucieotide

sequence encoding a polypeptide comgrising the amino acid sequence: Xaat Xaa2 Xaa3 XaaiXaas

Cys6 Cys7 ¥BPEX G- tRAR Box £I5o0ee Xesuh SHtee) Q1esieastel wealvty) 03/des iRaha gse of
Xaa20Xaa2dr(iysanXoat MaaasXadiRéanzoXen s caysd $aafiXan st uCyeBrdsifts,

antispasmodics and antipsychotics. The method of freating constipation comprises
administering a pharamaceutical composition comprising or consisting essentially of a peptide

16 comprising, consisting of or consisting essentially of the amino acid sequence: Xaa; Xaa, Xaa;
Xaay Xaas Cysﬁ Cysy Xaag Xaag Cysyo Cysi1 Xaays Xaars Xaay, Cysys Xaays Xaayy Cysig Xaage
Xaag Xaay; (D) or Xaa; Xaa; Xaa; \Xaa4 Xaas Cysg Cysy Xaag Xaag Cysyg Cysit Asnys Progs
Alayq Cysys Xaajs Glyyy Cysig Xaayg Xaagy Xaap; (II) as described herein.

20 In various embodiments, the constipation is associated with use of a therapeutic agent; the
constipation is associated with a neuropathic disorder; the constipation is post-surgical
constipation {postoperative ileus); and the constipation associated with a gastrointestinal
disorder; the constipation is idiopathic (functional constipation or slow transit constipation); the
constipation is associated with neuropathic, metabolic or endocrine disorder (e.g., diabetes

25  mellitus, hypothyroidism, hyperthyroidism, hypocalcaemia, Multiple Sclerosis, Parkinson’s
disease, spinal cord lesions, neurofibromatosis, autonomic neuropathy, Chagas disease,
Hirschsprung’s disease or cystic fibrosis). Constipation may also be the result of surgery
(postoperative ileus) or due the use of drugs such as analgesics (e.g., opioids),
antihypertensives, anticonvulsants, antidepressants, antispasmodics and antipsychotics.

30
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10 Pron Alaw Cys15 Xaal6 G1lyl17 Cysts Xaa:9 Xaa20Xaa21 (Il) as described herein. hi an eighth
aspect the invention features a method for treating constipation, the method comprising administering
an agonist of the intestinal guanylate cyclase (GC-C) receptor. In various embodiments: the agonist is
a peptide, the peptide includes two Cys that form one 15disulfide bond, the peptide includes four Cys
that form two disulfide bonds, and the peptide includes six Cys that form three disulfide bonds. In a
ninth aspect, the invention features a method for treating a gastrointestinal disorder, gastrointestinal
motility disorders, chronic intestinal pseudo-obstruction, colonic pseudo- 200bstruction, Crohn's
disease, duodenogastric reflux, dyspepsia, functional dyspepsia, nonulcer dyspepsia, a functional

gastrointestirlglad%'s%ger, fun(%gonal heartburn, gastroesoghageal reflux disease (GERD),
gastroparesis_ ifritabie BB E) AHBIHE! FELESeraitediien & atne anvtwomigeEReshic constipation,

and disordergatidicsiditbdisaadso diatee il capstipgtion (e gesapsinatanassotiaieswith sse of
opiate pain ki - ' onstipation. and onstipation_assaociated wjth neuropathic
disorders ask&lvé%??gg%ét{l] g%%%ﬁ%{ﬁ%#s% %%%yg){%o?s éeflfl gal%% (g%s}g??% %dﬁgPéﬁ%e) CHBRE e Se AR eart
failure, or befiGhRTSIGSaGESHY R Ridhe aminpraidodasneo Sy Hemisiothagian AQeniSyofthe,
intestina guw@a@ggy@g\@@ Xfé&i@aé‘i’&:ﬁ%%@ﬂﬂ?f{%@&a@{%’é@kﬁ&g%ﬂ}o 4 a(%rf@aggﬂ%%rally. In

various emb |m§nt3' the agonjst is a peptide, the peptide in es two Cys that form one disulfide
bond, the pepfide eaiia E@Vsqmt)@éigfﬁ?ﬁﬁﬁsﬂiQjﬁidé%m&?ﬁaﬁéﬁhQW@&r@ibades six Cys
that folui thréé&veliskifigdeXrandsaain(H)tendasaspathetbi invention features a method for treating a
gastrointestinal disorder selected from the group consisting of: gastrointestinal motility disorders,
chronic intestinal pseudo-obstruction, colonic pseudo-obstruction, Crohn's disease, duodenogastric
reflux, 5dyspepaieiRisehefiareas pepaiicricn sidéridyshepsiarsrhinetiondldastaintesiinahdisorder,
functional hearkinp raast arsprageakieivy diseass Q%Eg%@ﬂg%%?‘é%%‘ig%&iﬂ%ﬁi%%E’@ﬁitbowe'

syndrome, pcﬂstggéoer tive ileus, ulcerative colitis, chronic constipation, and disorders arfa conditions
associated With corﬁs%)l}f)rgﬁbcrf%eﬁl.n& fharoRtRsEstislaniv s et sbeFistion Arpkifedispsst-surgical
constipationdaddrogastipatifnxadgaeiptadinithisral dypedhio ieaidesisi@spepsia, a functional

gastrointestinal disorder, fimctional heartburn, gastroesophageal reflux disease (GERD),

gastroparesis, irritable bowel syndrome, post-operative ileus, ulcerative colitis, chronic

15 constipation, and disorders and conditions associated with constipation (2.g. constipation
associated with use of opiate pain killers, post-surgical constipation, and constipation
associated with neuropathic disorders as well as other conditions and disorders are described

herein), obesity, congestive heart failure, or benign prostatic hyperplasia.

20 In afifth aspect, the invention features a method for increasing gastrointestinal motility in a
patient, the method comprising administering to a patient a pharmaceutical composition
comprising a purified peptide comprising, consisting of or consisting essentially of the amino
acid sequence: Xaa Xaa, Xaaz Xaay Xaas Cysg Cysy Xaag Xaag Cysip Cys) Xaaj; Xaa;; Xaays
Cys:s Xaays Xaayy Cysig Xaas Xaas Xaag, (D or Xaa; Xaa Xaa; Xaay Xaas Cys; Cysy Xaag

25 Xaag Cysip Cysi Asnyy Projs Alays Cys s Xaags Glyys Cys1g Xaajs Xaag Xaay; (ID) as déscribed

herein.
In a sixth aspect, the invention features a method for increasing the activity of (activating)

an intestinal guanylate cyclase (GC-C) receptor in a patient, the method comprising

30  administering to a patient a pharmaceutical composition comprising a purified peptide
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10well as other conditions and disorders are described herein), the method comprising administering
an agonist of the intestinal guanylate cyclase (GC-C) receptor. In various embodiments the
composition is administered orally; the peptide comprises 30 or fewer amino acids, the peptide
comprises 20 or fewer amino acids, and the peptide comprises no more than 5 amino acids prior to
Cyss. 15 In various embodiments: the agonist is a peptide, the peptide includes two Cys that form one
disulfide bond, the peptide includes four Cys that form two disulfide bonds, and the peptide includes
six Cys that form three disulfide bonds. 20In an eleventh aspect, the invention features a method for
treating obesity, the method comprising administering a complete or partial agonist of the intestinal

guanylate cy, : P ; ious emboadiments: the agonist is a peptide, the peptide
includes tvvo%%ﬁsﬁ?éggfcﬁggggg%gaﬂ%é%&ﬁﬁ ,etﬁgnﬁgqéﬁ gt%cf‘tﬁrgrelgg?ghrsé%efﬁgt 5t %&%ghlfide
bonds, and thé3s&sateriidiie s @isthas form three Hioulfifedofips s Khe afonisCyan Beas

administered@%tﬁ@@lq@iemmmgamgagﬁgagbpgg_(%@ggggj&ggtr@%meg\}of&%% j A gncluding but

not limited toﬁ@e e:nti-og%?lt)@17 ents described herein. Thus, for example, P .36 can be fused to
the carboxy T ahiing YERRINUS Bf '@ e ptide Srtetrdestidas SercrbedsBiprotein can include a
chymos#rypsin or trypsin cleavage site that can permit cleavage to separate the two peptides. In a

twelfth aspeg.{ag, inyedian 'Rates A Meladfor veatng obesity fhe method comprising
administering to a patient a pharmaceutlca?composmon comprising or cons stlﬁ)ﬁug $&ftfally of a

purified pepHebipitsirgce spadinsporbineotidistinpastantialyroideidsineazidsegiXence: Xaat

Xaa2 Xaa3 Xa kAo s Qo7 Xapxand vl sl <eal? XamHeald Curla o ogald Xaan
Cysls Xaa.]ﬁ Xaa20 aZ;ég or_Xaat Xag2 Xaa3 Xaa4 Xaas Cys6 Cys7 Xaas Xaa9 éy 10 Cyslj
Asnt2 Pro13 R4 aTAeyst&Kah’l @%&3’%@?3{%3%95 VSR Y8 BFudsrFibddherein. In a

thirteemth adpectAlhe ixenton f6dpur €ya,CompaditioKesn(Tisisd Rt consistiag. essentially oof a
purified peptide comprising, consisting of or consisting essentially of the amino acid sequence: Xaat
Xaa2 Xaa3 Xaa4 Xaas Cys6 Cys7 Xaas Xaa9 Cyst CYsti Xaa42 XaM3 Xaal4 CYsis Xaat6 Xaal7
Cysts Xam3D&iasghizspact fhapoxentiordastuxesasmasior RudteaimsoOyipKaastaasidyst Cysti Asn12

Pro13 Alai, cGyipissikgadiaile by sis.Xaas 8riasaR ik () A% dostubagnessin. Jnans
embodiment, the conggg.sition isa harmaceutlc% composition.
various embodiments: the agonist 1s a peptide, the peptide includes two Cys that form one
15 disulfide bond, the peptide includes four Cys that form two disulfide bonds, and the peptide

includes six Cys that form three disulfide bonds.

In a ninth aspect, the invention features a method for treating a gastrointestinal disorder,
gastrointestinal motility disorders, chronic intesﬁnal pseudo-obstruction, colonic pseudo-

20 obstruction, Crohn’s disease, duodenogastric reflux, dyspepsia, functional dyspepsia, nonulcer
dyspepsia, a functional gastrointestinal disorder, functional heartburn, gastroesophageal reflux
disease (GERD), gastroparesis, irritable bowel syndrome, post-operative ileus, ulcerative
colitis, chronic constipation, and disorders and conditions associated with constipation {e.g.
constipation associated with use of opiate pain killers, post-surgical constipation, and

25  constipation associated with neuropathic disorders as well as other conditions and disorders are
described herein), obesity, congestive heart failure, or benign prostatic hyperplasia, the method
comprising administering an agonist of the intestinal gnanylate cyclase (GC-C) receptor either
orally, by rectal suppository, or parenterally. In various embodiments: the agonist is a peptide,
the peptide includes two Cys that form one disulfide bond, the peptide includes four Cys that

30 form two disulfide bonds, and the peptide includes six Cys that form three disulfide bonds.
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15 In a fourteenth aspect, the invention features a method for treating congestive heart failure, the
method comprising administering to a patient a pharmaceutical composition comprising or consisting
essentially of a purified peptide comprising, consisting of or consisting essentially of the amino acid
sequence. Xaat Xaa2 Xaa3 Xaa.4 Xaa5 Cys6 Cys7 Xaas Xaa9 Cysto Cysii Xaal2 20 Xaai3 Xaal4
Cysts Xam6 Xam7 Cysts Xaat9 Xaa2o Xaa21 (I) or Xaat Xaa2 Xaa3 Xaa4 Xaas CYs6 Cys7 Xaas
Xaa9 Cyst Cyst, Amin Prop Alal4 Cysis Xaal6 Glyl7 Cysts Xaal9 Xaa20 Xaan as described herein.
The peptide can be administered in combination with one or more agents for treatment of
25congestive heart failure, for example, a natriuretic peptide such as atrial natriuretic peptide, brain
natriuretic peptide or C-type natriuretic peptide), a diuretic, or an inhibitor of angiotensin converting
enzyme. In a fifteenth aspect, the invention features a method for treating benign prostatic
hyperplasia, 36 tRéhierrict (86 ipring Savms ey dc eaténe amobizemtzséut chsadanposition

comprising acurifieehpeplidesermising sonsistingefon consisting Sssentially.pf the amino acid
sequence: Xam 3(@@ Xaatf;%gXa Xaab Cys6 Cys7 Xam Xaa9 Cyst Cysll Xam2 Xaat3 Xam4 Cysts
Xam6 XamPLysts e %ﬁ?im%ob QB REAS s % S4B eI EYE M Xaa9 Cyst

Cysts Asni2d3sptpAinferCiste MamepGiynoGyists Kam9skamniaiana(l aasotiesatibedifierein. 5 The
peptide can g administerad, ' ination. with agent for treat t of BPH, for
example, a 5-alpha reductase %%ﬁ)%é%%%%@%%%c%%%@%%%h%% 5%%%8?5’?6%%%’? f&e.b.,
doxazosine PR RS BRHAPSSHEC S HRAtivhcrdiiudscrin etheibidioteadrtjsordesaning pain,
including towisefiahpaiRofaifiassReiiem Wik @ gaskaipiestipaldisauderal RAIRRSACiAIGH with some
other disordlehetrhe m?thod comprising administering to a patient a pharmaceutical composition

comprising OF ConSIRtny Bs<TATTP %%%M@BSBB?}EW&%‘&?& RYheTEraiy ofigprders as

10 well as other conditions and disorders are described herein), the method comprising
administering an agonist of the intestinal guanylate cyclase (GC-C) receptor. In various
embodiments the composition is administered orally; the peptide comprises 30 or fewer amino
acids, the peptide comprises 20 or fewer amino acids, and the peptide comprises no more than 5
amino acids prior to Cyss,

15
In various embodiments: the agonist is a peptide, the peptide includes two Cys that form one
disulfide bond, the peptide includes four Cys that form two disulfide bonds, and the peptide
inchudes six Cys that form three disulfide bonds.

20 In an eleventh aspect, the invention features a method for treating obesity, the method
comprising administering a complete or partial agonist of the intestinal guanylate cyclase (GC-
C) receptor. In various embodiments: the agonist is a peptide, the peptide includes two Cys that
form one disulfide bond, the peptide includes four Cys that form two disulfide bonds, and the
peptide includes six Cys that form three disulfide bonds. The agonist can be administered

25  alone or in combination with one or more agents for treatment of obesity, including bu;: not
limited to the anti-obesity agents described herein. Thus, for exammple, PYYs.35 can be fused to
the carboxy or amino terminus of a peptide of the invention. Such a fusion protein can include

a chymostrypsin or trypsin cleavage site that can permit cleavage to separate the two peptides.
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consisting essentially of the amino acid sequence. Xam Xam Xaa3 XamXaas Cys6 Cys7 Xaas Xaa9
Cyst() Cysjl Xam2 Xaan Xam4 Cysts Xam6 Xaat7 Cysts Xam9 Xamo Xaan (I) or Xam 15 Xaa2 Xam
Xam Xaab Cys6 Cys7 Xam Xaa9 Cyst() Cysli Asnt2 Pro's Alam Cysts Xaal6 GIY17 Cysts Xam9
Xamo-Xaan (ID as described herein. In a seventeenth aspect, the invention features a method for
treating inflammation, including inflammation of the gastrointestinal tract, e.g., inflammation associated
with a gastrointestinal 20 disorder or infection or some other disorder, the method comprising
administering to a patient a pharmaceutical composition comprising a purified peptide comprising,
consisting of or consisting essentially of the amino acid sequence: Xam Xam Xaa3 Xam Xam Cys6
Cys7 Xaas Xaa%g%gt Cys Li Xam2 Xam3 Xam4 Cysts Xam6 Xaan Cysts Xam9 Xamo Xaan (I) or

Xam Xam X&hf REH X AR5 By8s Y Rt RiaG BHUE Yk Tt arots RS ety SR AR 61y 17
25Cysig Xaa:diaatpiamp iyms descriredberedimnjosaineighieasihzaspeatstihe issseniian, ieatures a
method for treat] ngesti ajlure, the method comprising. Ipjstering a_complete or partial
oniat of th e B S et lone o

in combinatiéfivsitcarteth e d305geridarireativiefiof SeaAu8sty € ieathfildes: fofaexaligle Canatriuretic
peptide sucixas piiAl, LGNS, BERIFR DI hatdhy R, DEALSRANGahBRNON) Make Repde, 2

diuretic, or an inhibitor of angiotensin converting enzyme. In_a nineteenth aspect, the invention
features a metRedIH g BPR{ath & Yie that ssdloi Srisind Atimidetifiy d Coth frefdiBrdartial

agonist of thHestabestinal guanylate cyclase ((IC- C) receptor. The agonist can be administered alone or
in combination with another agent for treatment of BPH, for example, a 5-alpha reductase inhibitor
(e.g., finasteride) or an alpha adrenergic inhibitor (e.g., doxazosine). 10In a twentieth aspect, the
invention fedaa&stisemhadnsot B iavritnn ieties semprsitigmeomprising or consisting essentially

10 of a purified pepiide comprising, consisting of or consisting essentially of the amino acid
sequence: Xaa; Xaap Xaay Xaay Xaas Cysg Cysy Xaag Xaag Cysyg Cysy) Xaay Xaays Xaayy Cysis
Xaay Xaayy Cysyg Xaaye Xaay Xaay; (I) or Xaa; Xaa; Xaa; Xaay Xaas Cysg Cysy Xaag Xaag
Cysig Cysi1 Asniz Proys Alays Cysys Xaays Glysy Cysiz Xaajo Xaag Xaag, (ID) as described.
herein. In one embodiment, the composition is a pharmaceutical composition.

15
In a fourteenth aspect, the invention features a method for freating congestive heart failure, the
method comprising administering o a patient a pharmaceutical composition comprising or
consisting essentially of a purified peptide comprising, consisting of or consisting essentially of
the amino acid sequence: Xaa; Xaay Xaa; Xaas Xaas Cysg Cysy Xaag Xaag Cysio Cys; Xaapp

20 Xaay; Xaay Cys;s Xaays Xaaj7 Cys g Xaajg Xaaz Xaay; (I) or Xaay Xaa; Xaa; Xaa, Xaas Cysg
Cysy Xaag Xaag Cysyo Cys;y Asnye Prog; Alayy Cysys Xaas Glyyy Cysis Xaage Xaagg Xaay; (1)

as described herein.

The peptide can be administered in combination with one or more agents for treatment of
25  congestive heart failure, for example, a natriuretic peptide such as atrial natriuretic peptide,
brain natriuretic peptide or C-type natriuretic peptide), a diuretic, or an inhibitor of angiotensin

converting enzyme,

In a fifteenth aspect, the invention features a method for treating benign prostatic hyperplasia,

36 the method comprising administering to a patient a pharmaceutical composition comprising a
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sequence encoding a peptide of the invention. Also within the invention are vectors, e.g., expression
vectors that include such nucleic acid molecules and can be used to express a peptide of the invention
in a cultured cell (e.g., a eukaryotice cell or a prokaryotic cell). The vector can further include one or
more regulatory elements, e.g., a heterologous promoter or 15elements required for translation
operably linked to the sequence encoding the peptide. In some cases the nucleic acid molecule will
encode an amino acid sequence that includes the amino acid sequence of a peptide of the invention.
For example, the nucleic acid molecule can encode a preprotein or a preproprotein that can be
processed to produce a peptide of the invention. 20 A vector that includes a nucleotide sequence

encoding a peptjde of the inventian or a peptide.or polypeptide comprising a peptide of the invention
iy be aith PR B GG T St R BN e Sk AT S P eRire can
include transas o, Yisal ¥ectdims: Episdinesi (e Kuplasmidy)s cifemosemesamselts satrartificial
chromosomeg, (e g eoBALS 0L YAGS): @‘HF}PJ%‘ R%E}%%% RosIsdor €,§E’ﬁr eSsion,ef e qncode peptide or

polypeptide include, but are hot limited 0, E. colt. Suitable eukaryotit hosts mcludg@geast such as S.

cerevisiae, diben fifiyt RierebitarCransCanvditon Gt e St e gainteet 68118y Jsrarpeehsrdman cells,
humﬁn tsshsumqib@t@etléaﬂmImiﬂﬁ@fgf@acaz@éi%ﬂ 'ﬁrﬂ@?&(ﬁn@tioﬁ %ﬂﬁ%ﬁﬂi@r@@d’zﬁ %r@*éﬁiiisﬂ%ﬁt?@fc ani(r]pal)-
Further, the vector nucleic,acid. c e used to transfect a yirus such as vaccinia or baculovirus (for
example UG I B bt BLA OIS BAPURSIors o) SRV G APRE R RBlogies,
Carlsbad, Cajybisriietediakmweitiep invention includes vectors and genetic constructs suitable for
production of 5a peptide of the invention or a peptide or polypeptide comprising such a peptide.
Generally, the genetic construct also includes, in addition to the encoding nucleic acid molecule,
elements tha® aﬁéﬁ?@ib@E%@%W@@%%Eﬁ%@@ﬁ%%@ﬁ%ﬁi%@ﬁ%ﬁ%&?q*ﬁe“&fél]é@é%ion
vectors;mnayeRetaip Lransatiplional ool sequencas-Halcomirek- thansariptionakinitiaten, oskigh as

promoter, enhangcer opert tor, and r.eéure%%gr seguences, Q\ va%rie of transcrlrotiona}:[ cl;ontrol
10sequenceL RS EREIA & TRIGIfH B R %i}%’& RAPBERIARIBRAFTT B 4PE Rt ifhed to, a
comprising or consisting essentially of a purified peptide comprising, consisting of or
consisting essentially of the amino acid sequence: Xaa, Xaa, Xaaz Xaay Xaas Cyss Cysy Xaag
Xaag Cysio Cysy; Xaayy Xaayy Xaayy Cysys Xaajs Xaa; Cysyg Xaayg Xaag Xaag, (I) or Xaa;
15 Xaay Xaa; Xaay Xaas Cysg Cysy Xaag Xaag Cysio Cysy; Asng; Projs Alayy Cys;s Xaag Glyys

Cys;s Xaay Xaag Xaap; (I) as described herein.

In a seventeenth aspect, the invention features a method for treating inflammation, including
inflammation of the gastrointestinal tract, e.g., inflammation associated with a gastrointestinal

20 disorder or infection or some other disorder, the method comprising administering to a patient a
pharmaceutical composition comprising a purified peptide comprising, consisting of or
consisting essentially of the amino acid sequence: Xaa; Xaa; Xaa; Xaas Xaas Cysg Cysy Xaag
Xaag Cysi9 Cysy Xaay; Xaay; Xaays Cysys Xaays Xaayjy Cysyg Xaag Xaagy Xaay (1) or Xaa,
Xaay Xaas Xaay Xaas Cysg Cysy Xaag Xaag Cysyg Cysyy Asnyy Progs Alayg Cysys Xaag Glyyy

25  Cysg Xaaje Xaayy Xaay (II) as described herein.

In an eighteenth aspect, the invention features a method for treating congestive heart failure, the
method comprising administering a complete or partial agonist of the intestinal guanylate
cyclase (GC-C) receptor. The agonist can be administered alone or in combination with another

30 agent for treatment of congestive heart failure, for example, a natriuretic peptide such ag atrial
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bacterium, yeast, plant, or animal cell. The expression vector can also include a translation regulatory
sequence (e.g., an untranslated 5' sequence, an untranslated 3' sequence, a poly A addition site, or an
internal ribosome entry site), a splicing sequence or splicing regulatory sequence, and a transcription
termination sequence. The vector can be capable of autonomous 15replication or it can integrate into
host DNA. The invention also includes isolated host cells harboring one of the forgoing nucleic acid
molecules and methods for producing a peptide by culturing such a cell and recovering the peptide or
a precursor of the peptide. Recovery of the peptide or precursor may refer to 20collecting the growth
solution and need not involve additional steps of purification. Proteins of the present invention,

however, candeupeiidiepasne sandardRUHicaiion eRNgUes, SUch as but not limited to, affinity
chromatogragg}giggrerpa rg{cﬁpitation, immu%oﬁae#inity cﬁ%gmatogrg%%gl,p;%%&o%ﬁrr#lguﬂra%
precipitation,’lon excha ¢ FgfﬁgFHﬁF%\%Wﬂ{Fﬁtion, electrophoresis and hydrophobic interaction
chromatography. 25 The peptides can be purified. Purified peptides are peptides separated from other

proteins, lipigls, andoygclel i from the compounds frgm which is it synthesized. The polypeptide
can constitute at least 1%?%%%0 %I,l%egr%orr%%uﬁy %%6%8 S iifedisesiestion. Ina
twenty-fitst £SPEEE A HVEHIRH fentgreldemethdtiloidndseasing itestieloobeyaliceg ;

3-monophosphelex(sGMRRaRLBA, s e JBRIDISTINALMUCos ) pr.oel (6.9, 2 el beating
GC-A recepfogmbig %d tering to a patient a composition comprising or con5|s¥|ng S8 ally of a
purified peptide €om ?;}é%%’ 198 FEFEERNG: o BBmEdiriase sduhtian(edt Sinestiminpoaeiagiguence: Xaat

Xaa2 Xaa3 Xhentraashiyss CEysidXaasskand Cyst Cyst, Xaal2 Xaat 3 Xaat 4 Cysts Xaal6 Xaal7
Cysts Xaal9 Xaa20Xakl (I) or Xaat Xaa2 Xaa3 Xaa4 Xaas Cys6 Cys7 Xaas Xaa9 Cyst() Cyst' Amy,

Fran Alapt Cysts Xaal6 01y17 Cysts Xaal9 Xaa20 Xaa21 (ll) as described herein. 10In a
twenty8ecdid HEfEihiRD v EmitivTeienrestpoliseltides deim prising leansising Sing 2
sequence encoding a peptide of the invention. Also within the invention are vectors, e.g.,
expression vectors that include such nucleic acid molecules and can be used to ¢xXpress a
peptide of the invention in a cultured cell (e. g. & eukaryotice cell or a prokaryotic cell). The
vector can further include one or more regulatory elements, e.g., a heterologous promoter or
15 elements required for translation operably linked to the sequence encoding the peptide. In
some cases the nucleic acid molecule will encode an amino acid sequence that includes the
amino acid sequence of a peptide of the invention. For example, the nucleic acid molecule can
encode a preprotein or a preproprotein that can be processed to produce a peptide of the
invention.

20
A vector that includes a nucleotide sequence encoding a peptide of the invention or a peptide or
polypeptide comprising a peptide of the invention may be either RNA or DNA, single- or
double-stranded, prokaryotic, eukaryotic, or viral. Vectors can include transposons, viral
vectors, episomes, (e.g,, plasmids), chromosomes inserts, and artificial chromosemes (e.g.

25 BACsor YACs). Suitable bacterial hosts for expression of the encode peptide or polypeptide
include, but are not limited to, £. coli. Snitable eukaryotic hosts include yeast such as S.
cerevisiae, other fungi, vertebrate cells, invertebrate cells (e.g., insect cells), plant cells, human
cells, human tissue cells, and whole eukaryotic organisms. (e.g., a transgenic plant or a

transgenic animal). Further, the vector nucleic acid can be used to transfect a virus such as
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consisting essentially of the amino acid sequence Xaat Xaa2 Xaa3 Xaa4 Xaas Cys6 Cys7 Xaas Xaa9
Cyst Cyst! Xaa.12 Xaal3 Xaal4 Cysts Xaal6 Xaal7 Cysts Xaal9 Xaa20 Xaa2t wherein: a) Xaas or
Xaa9 is not present; b) neither Xaas or Xaa9 is present; c) one of Xaal2, Xaal3 and Xaat is not
present; d) two of Xaal2, Xaan and Xaa.14 are not present; e) three of Xaa.12, Xaal3 and 15 Xaatzt
are not present; f) one of Xaal6 and Xaal7 is not present; g) neither Xaa.16 or Xaa.17 is present and
combinations thereof In various embodiments, one, two, three, four or five of Xaal Xaa2 Xaa3 Xaa4
and Xaas are not present. In other embodiments, one, two or three or Xaal9 Xaa20 and Xaa21l are
missing. 20In twenty third aspect, the invention features a method for treating a disorder ameliorated
e o A S, R e R o
comprising, consisting essentially of or consistin o?a peptide or agonist 0 the invention and a
pharmaceutiG&ifif*a8ee pifble LaiericasBarisrgthdlseful peptides are peptides comprising, consisting
of or consisting essentially of the amino acid sequence Xaat Xaa2 Xaa3 Xaa.4 Xaas Cys Cys Glu
Xaa9 Cys Cys Asg‘n ro Ala Cys Thr Gly Cys Tyr Xaa20 Xaa21 (Il) (SEQ ID NO:---) are the following
peptides: Gift S& e%%s"r?%ryllf%t&é”é‘ﬁﬁﬁﬁﬁ‘é%sé%%’&%ﬁ“ﬁﬁ?‘}f SUPe fiayedrsiene ID
NO:---) Asn Fhefiide Aty @iieorCys GiptTyroCystGyptiisndnpriiagGyshlipplid € ySchyra{SER: 1D
NO:---) 30 As! ys G s Asn Prg Ala Cys Thr Gly Cys Tyr (SEQ ID
NO:---) Asn %éts%? %\%ﬁﬁ%@%&’%%ﬁse%% %‘IygrLl t@%&%@g%ﬁd&% Iﬁllige cyasLG }pé%f/; %756%}6?% 1:ID
NO:---) Am SEPVSRFRGI T Se§s2E Y SoRe TRy eEl e ayaions peprenags Vs PRGOS YsCs (BHQ 1D
NO:---) Ser G@ftfsRahybip¥sfaleoGo] B el st AsRuRI & MaSorbadliihasors STy (REQ ID NO:---)
Gin Ser Ser Gin Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:---) 5 Ser
Ser Gin Tyr'&y&CYs v W§&s%§ﬁ%§&f§@?%ﬁ 6{9' WMH@E@RB"R@?—‘Q@A% Ser Ser
Asn TyrCys€QyeninadavellsnCys AghdRecnile Gy sifhnGlyeQyscliyn{SEQ@UDN Qst)iAgRSay, Ser Asn
Tyr Cys Cys, (i la. Gy >VS TVr (S : Y Aspn Ser . Ser Asn Tyr
Cys Cys GI3}%{s[;':l{ﬁ({%%/’s9 %%ﬁ%ﬁ;%ﬁg%@&%esﬁ Tﬁg é‘fi/‘%?éq %@F%@é@%ﬁ?ﬁ%&%&éﬁ asgearnégﬁ%sn Tyr Cys
Cys Glu Aspeeyjaleryjsueres (F Alace yatmmslard ¢\ anpnes EowDr e)ated §' Astisee.Sarolish Tyr Cys
Cys Glu Cysd@ymiyseAsubiitefal Sssdit GlCye)] ViiGLs qNEcd HSPIRBISeEAB YT Cys Cys
Gin Gin Cys CXS Asn Pro Ala Cﬁs Thr Gly Cys Tyr SEQ’#g NO: ) Asn Ser Ser. Asn Tyr Cys Cys Glu
Glu Cys Cy&R&H55K1& FYSTR P gaf%’r“é/@é"ﬁﬁ © Y REY e i sPpaleRIPEHEEAGIN Gly
Cys Cys Asnfimetiad s FhnBiya@yistd w{EEAID NO: ) Asn Ser Ser Asn Tyr Cys Cys Gin His Cys
Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:) ‘

The invention also includes isolated host cells harboring one of the forgoing nucleic acid
molecules and methods for producing a peptide by culturing such a cell and recovering the
peptide or a precursor of the peptide. Recovery of the pepticie or precursor may refer to

20  collecting the growth solution and need not involve additional steps of purification. Proteins of
the present invention, however, can be purified using standard purification techniques, such as,
but not limited to, affinity chromatography, thermaprecipitation, immunoaffinity
chromatography, ammonium sulfate precipitation, lon exchange chromatography, filtration,
electrophoresis and hydrophobic interaction chromatography.

25
The peptides can be purified. Purified peptides are peptides separated from other proteins,
lipids, and nucleic acids or from the compounds from which is it synthesized. The polypeptide
can constitute at least 10, 20, 50 70, 80 or 95% by dry weight of the purified preparation.
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15 Asn Ser Ser Asa Tyr Cys Cys Gin lle Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: ) Asn
Ser Ser Asn Tyr Cys Cys Gin Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: ) Mn Ser
Ser Asn Tyr Cys Cys Glu Met Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: ) Asn Ser Ser
Asn Tyt Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: ) Asn Ser Ser Asn
Tyr Cys Cys Glu Pro Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: ) 20 Asn Ser Ser Asn Tyr
Cys Cys Glu Ser Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: ) Asn Ser Ser Asn Tyr Cys
Cys Glu Thr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: ) Am Ser Ser Asn Tyr Cys Cys
Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ BD NO:) Asn Ser Ser Asn Tyr Cys Cys Glu

Val Cys Cys \ F @I Cys TYL(SEQ ID NO: s Cys.Gin Ala Cys.Cys.Asn Pro Ala
Cys Thr Gly @E@}% SE(%XE%E[%CSQ% I%%g ti/%xcﬁf(s%lﬁu ﬁglt%f?so %/nsc f&ésﬁ r%%?g%% Cf’ﬁl%ly Cys Tyr
(SEQ ID NOEJE)E S ORRmREAsERE TS MEN P ro AiEHG JissTh{ Gy By ByiS BEQoiBaN G- dellys Cys

Glu Asp Cys(Eys A~ BsRiAlAEYs ?&@géw@yam&é&@g@ N U NS CYSEIRIGY§ASN Pro
Yy
¥

Ala Cys Thr Gly Cys Tyr (SEQ ID NO:, s Cys Gin Gin Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
(SEQ ID No?‘)‘%ﬁ%;gsesé%?%% gm&p VERER PSFBPRRNGyoTRi R cEgEePpriptaysiyN®l)otys Cys

Glu Gly €ys Bysihsn Ridsédadtys Xan,Clyays: Ty S6) (BH Oy, Rys, Qs @k Hisyeyskeys Asn Pro
Ala Cys Thr Ty, DMO:)LCys Cys Glu lle,Cys Cys Asn Bro Cys Thr Gly Cys Tyr
(SEQ ID NO%AXG:B%Y%%&(‘&%%%T%%&&}&%&% %‘l’% 3[?@%%%7}%93%%%@%%%@?&;@5 Cys Glu
Met Cys CysCAf‘sr%%X@I@ EysorhrsG Ty Ty (SEQED Nou) Clys, Cys: CRaRhEagyXays (83n Pro Ala
Cys Thr Gly SyssdnbdSERHD NO: ) Cys Cys Glu Pro Cys Cys Asn Pro Ala Cys Tin Gly Cys Tyr (SEQ
ID NO: ) Cys Cys Glu Ser Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: ) Cys Cys Glu Thr
Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: ) to Cys Cys Glu Tip Cys Cys Asn Pro Ala Cys
Thr GIyCysHiyrSH #adNOaytys By mGintVarGyscEysl AspiREe MmiisEhedads@ysosyr (SEQ ID

Cye Asn Pro e Co T e T R e B R R e G R B T Gy
Cys (SEQ |@(ng$5 10 Cysi1 Xaa;; Xaa ; Xaas Cys;s Xaajg Xaayr Cys g Xaa o Xaang Xaay; wherein: a)
Xaag or Xaagis not present; b) neither Xaag or Xaaois present; ¢) one of Xaa;,, Xaa;s and Xaap,
is not present; d) two of Xaay,, Xaa; and Xaa; are not present; e) three of Xaa,,, Xaa;; and
15 Xaays are not present; f) one of Xaa;¢ and Xaa,; is not present; g) neither Xaa ¢ or Xaa,y is
present and combinations thereof. In various embodiments, one, two, three, four or five of
Xaa) Xaa, Xaaz Xaa, and Xaas are not present. In other embodiments, one, two or three or

Xaaye Xaay, and Xaay; are missing,

20 Intwenty third aspect, the invention features a method for treating a disorder ameliorated by
increasing ¢GMP levels, the method comprising administering a pharmaceutical composition
comptising, consisting essentially of or consisting of a peptide or agonist of the invention and a

pharmaceutically acceptable carrier.

26 Ameng the useful peptides are peptides comprising, consisting of or consisting essentially of
the amino acid sequence Xaa; Xaa, Xaa; Xaas Xaas Cys Cys Glu Xaag Cys Cys Asn Pro Ala
Cys Thr Gly Cys Tyr Xaayy Xaay: (II) (SEQ ID NO:---) are the following peptides:
Gln Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:---)
Asn Thr Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:---)
30 AsnLeu Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NQO:---)
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15 Cys Cys Glu Asn Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: ) Cys Cys Glu Asp Cys Cys
Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: ) Cys Cys Glu Cys Cys Cys Asn Pro Ala Cys Thr Gly Cys
(SEQ ID NO:) Cys Cys Glu Gin Cys Cys Asa Pro Ala Cys Thr Gly Cys (SEQ ID NO: ) Cys Cys Glu
Glu Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: ) 20 Cys Cys Glu Gly Cys Cys Asn Pro Ala
Cys Thr Gly Cys (SEQ ID NO: ) Cys Cys Glu His Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO:)
Cys Cys Glu lle Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: ) Cys Cys Glu Lys Cys Cys Asn
Pro Ala Cys Thr Gly Cys (SEQ ID NO: ) Cys Cys Glu Met Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ
ID NO: ) 25 Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: ) Cys Cys Glu Pro

A i e S
Cys Glu Trp&EPSENReASHEPS A1 CYsCIRlGIF Gy S sniR NB Oy301e y&0yws Clu (SETH3 19s-Asn
Pro Ala Cys JRSGMGYBLSER0R NOT): Alseysaiul W&AQQ@;%%G?@%%@Q@T @)@@%ﬁ%@&f_"

ys Glu Leu Cys Cy

consisting e e%tjzil% oég‘sn}gf the following sequences: Cys s Ala Pro Ala Cys
Thr Gly Cyszﬁﬂ Ve ITYESESIEYE GA BR R E) S e s e ysdys CYQERNQu-0ys
Cys L?w PréSAlS €My GlysCys mwmfﬁFﬁMiew&ys @@'ﬂﬂ@; ErodAVaIGySE IBINGYsTyr Cysh
Cys Glu Lea,Gys F¥s P Ig. R I Cys Tyr Cys Cys Glu, l.e Cys Cys Thr
Gly Cys Tyrin Csi}; Cys Glﬁo%)%g% éﬁe&ﬁc)? A4 g’%r?%f%@g%%y@ é@%%@ﬁ%eﬁ%y Cys
Tip Pro Ala &5&SERPG IOy THYClyss & ar (e By e saGiartys Ala CiasChsTRYSEBIDYNCyS Cys
Glu Leu Cys\GySePSERIo/ARR Cys ATV GASYBTVE S8 ¥ Glik kN BYHEYE L N hr Gly
Cys Tyr 155%!%%}/ Glu Leu Cys Cys Cys Pro ila%ys Thr Gly CE/ET r%q?s gy@%éﬁ{ﬁéu Cys 'C)s Gin
Pro Ala Cys' Th I§ %ggﬁ'ﬁr&é@ EVE B R EIEPSiopG @i}/% HCEH Y SFHIBNEYE Glu
Lea Cys Cy&ﬁﬂrfﬁﬁﬂm@ys@hr@m@ﬁm@mﬁml%w lagw @Mﬁ“@‘y@@@yl?l?rl‘A@@}le:@)'y Cys
Tyr 20 Cys Gysdalu Loy C 0 Gly Cys Tyr Cys Cys Le Mg Pro
Ala Cys Thr Gly Cys TyrS C%ﬁsr%%lés %?I%(%%L@?Fégg;g ﬁgﬁéoﬁagﬁc%{r%gfy é?/tjsr}ﬂars g@éﬁij@b Tyr
Cys Cys Al@ g Recisriinr 61 CysGlyGy S aysysAsTrcyk Cys Mal®ByCnd BYSEQIBNEyS Tyr
25 Cys CysAahkTys&ysCre: 8 Bie Al Gy The@ER Gys:d )4{1§an9@"}€§ @gﬂrﬂyéﬁg%ﬂ%ﬁo la
Cys Thr Gly Cﬁ/g Tyr %ﬁsﬂ%ysé@lu Tyréfys Cys Pro Pro Ala Cys Tinr Gly Cys'T ;ﬂ%/s s Glu Tyr Cys
Cys Met Pré REEITATEY £ T o TE T Treye &l pramibAa e RrRFIRAYe T 30
Cys Cys GlashyieCysr Gys Typ ByroGaClyHaltiyGlysOys Pys Ay € RysnEMmyToyCys Srndly Roe Ala Cys
Thr Gly Cys Lys G¥e s TR E EodnyRys e P A4 00 1 EY 956l Eys 1ye (sEQ D NVO:
Asn Ser Ser Asn Tyr Cys Cys Glu Met Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO; )
Asn Ser Ser Asn Tyr Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: 3
Asn Ser Ser Asn Tyr Cys Cys Glu Pro Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: )
20 Asn Ser Ser Asn Tyr Cys Cys Glu Ser Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQID NO: )
Asn Ser Ser Asn Tyr Cys Cys Glu Thr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: )
Asn Ser Ser Asn Tyr Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: )
Asn Ser Ser Asn Tyr Cys Cys Glu Val Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQID NO: )
Cys Cys Glu Ala Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: )
25 Cys Cys Glu Arg Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:
Cys Cys Glu Asn Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:
Cys Cys Glu Asp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:
Cys Cys Glu Cys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:
Cys Cys Glu GIn Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:
80 Cys Cys Glu Glu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:

S N
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Cys Cys Glu Tyr Cys Cys Thr Pro Ala Cys Thr Gly Cys Tyr Cys Cys Gin Tyr Cys Cys Cys Pro Ala Cys
Thr Gly Cys Tyr Cys Cys Glu Tyr Cys Cys Gin Pro Ala Cys Thr Gly Cys Tyr Cys Cys Glu Tyr Cys Cys
Tyr Pro Ala Cys Thr Gly Cys Tyr Cys Cys at Tyr Cys Cys Asp Pro Ala Cys Thr Gly Cys Tyr Cys Cys
Gin Tyr.Cys Cys Gin Pro Ala Cys Thr Gly Cys Tyr Cys Cys Gin Tyr Cys Cys Lys Pro Ala Cys Thr Gly
Cys Tyr o Cys Cys Gin Tyr Cys Cys Arg Pro Ala Cys Thr Gly Cys Tyr Cys Cys Gin Tyr Cys Cys His
Pro Ala Cys Thr Gly Cys Tyr Cys Cys Gin Leu Cys Cys Ala Pro Ala Cys Thr Gly Cys Cys Cys Gin Len
Cys Cys Val Pro Ala Cys Thr Gly Cys Cys Cys Glu Len Cys Cys Len Pro Ala Cys Tin Gly Cys 15 Cys
Cys Gin Len Cys Cys lle Pro Ala Cys Thr Gly Cys Cys Cys Gin Lou Cys Cys Pro Pro Ala Cys Thr Gly

Cys Gin L Cys Cys Phe Pro Al
¥S Cys Cysintsmis fusdlist RipinGYe L b 5 e Qi Gieu Cvs Oy Phe Pro Ala

Cys Tin Gly Cys Cys Cys Gln Len Cys Cys Trp
Gly Pro Ala ég@ T BIES Syfvedende Ay d @)@lB@VWWA%Q@ N&:QGly Cys Cys Cys Gin Lett

Cys Cys Thr@%{&)@lﬁ@yﬁa @yﬁly;ﬁml @I}CSA@W@)@%LM ﬁj@q@ Cys Tin Gly Cys Cys Cys
Gin Leu Cys inpPr Gln Le S yr Pro Ala Cys Tin Gly
Cys Cys Cys %g%Gsra} E%/ g}’s ﬁs %géé' %’?ﬁ}%ﬁ‘g E% é Cétt Cys Cys Gin Pro Ala
Cys Tin &ly @%%@@M@rﬁyﬁé}y@@ BysAlyCRrOMAIGIC IS TiGHEQYD BY% Gys Gin Leu Cys Cys Arg

Pro Ala Cys ¢ re Al Cys Cys Cys Gin Tyr
Cys Cys Ala g?o%%a%iﬁgﬁé?wﬁgg%é%%g grﬁ% % %&f s % E Eganfys Thr Gly Cys Cys Cys
Glu Tyr Cys G<PE S Bronfay XST%/?P@W @M@@@@ﬁ%ﬁ@m&m@ Pro Ala Cys Thr Gly Cys 5

oy Cys gy.rcm;%sn@mm e T e Cye Cye Trp Fro Al
Cys Thr Gly 81 Cgﬂs({cé g % 835@%@1[ i ﬂg;i‘ 9{}5@ C%/s Cys Glu Tyr Cys Cys
Ser Pré%la @WFH@Q@@WSS@W Emﬂyﬁ@fﬁﬁﬁyﬁyﬂﬂfﬂﬂ@m Wor: Gly Cys Cys Cys Gin Tyr
Cys Cys Cy@f%@y‘é'@l@%l 5 Bl¥ Qﬁﬁ%ﬁtg%&l&%@ %)% &R%Wa Cys Thr Gly Cys Cys

ys

Cys Gin Tyr Cys Cys Tyr Pro Ala Cys Thr Gly r Cys C s Asp Pro Ala Cys Thr
Gly Cys Cy& %gyéfﬁ ?P’?ﬁ/&s &ys HEPO%W@%@W @3@9%}?@53@]@ Glu Tyr Cys Cys Lys Pro Ala
Cys Thr GlyIRySByEH Ay Gi Tys Mﬁ@ﬁi&@ml%@% Rudely Qys ?‘,ys Cys Gin Tyr Cys Cys His
Ty Cye oS s bR Ky B, ht@é%i%%@g hen Pro T Cys Thr Gy Cys
15 Cys Cys Glu Asn Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: ) _
Cys Cys Glu Asp Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQIDNO: )
Cys Cys Glu Cys Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: )
Cys Cys Glu Gln Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQID NO: )
Cys Cys Glu Glu Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQID NO: )
20 Cys Cys Glu Gly Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQIDNO: )
Cys Cys Glu His Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: )
Cys Cys Glu Ile Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQID NO: )
Cys Cys Glu Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: )
Cys Cys Glu Met Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQID NO: )
25 Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ IDNO: )
Cys Cys Glu Pro Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQIDNO: )
Cys Cys Glu Ser Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: )
Cys Cys Glu Thr Cys Cys Asn Pro Ala Cys Thr Gly Cys; (SEQ ID NO: )
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ ID NO: )
30 Cys Cys Glu Val Cys Cys Asn Pro Ala Cys Thr Gly Cys (SEQ IDNO: ).
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Cys Cys Gin Tyr Cys Cys Asn Pro Thr Cys Thr Gly Cys Cys Cys Gin Phe Cys Cys Asn Pro Thr Cys
Thr Gly Cys Tyr 25 Cys Cys Gin Phe Cys Cys Asn Pro Thr Cys Thr Gly Cys Cys Cys Gin Tip Cys Cys
Asn Pro Thr Cys Thr Gly Cys Tyr Cys Cys Gin Tip Cys Cys Asn Pro Thr Cys Thr Gly Cys Cys Cys Glu
Leu Cys Cys Asn Gly Ala Cys Thr Gly Cys Tyr Cys Cys Gin Tyr Cys Cys Asn Gly Ala Cys Thr Gly Cys
Tyr 30 Cys Cys Gin Lou Cys Cys Asn Gly Ala Cys Thr Gly Cys Cys Cys Gin Tyr Cys Cys Asn Gly Ala
Cys Thr Gly Cys Cys Cys Glu Phe Cys Cys Asn Gly Ala Cys Thr Gly Cys Tyr Cys Cys Gin Phe Cys
Cys Asn Gly Ala Cys Thr Gly Cys Cys Cys Glu Trp Cys Cys Asn Gly Ala Cys Thr Gly Cys Tyr 5 Cys
Cys Gin Trp Cys Cys Mn Gly Ala Cys Thr Gly Cys Cys Cys Gin Len Cys Cys Asn Pro Ala Cys Val Gly
Cys Tyr Cys Cys Gin Tyr Cys Cys Asn Pro Ala Cys Val Gly Cys Tyr

10

15

20

25

30

Also useful are peptides comprising, consisting of or consisting essentially of any of the
following sequences:

Cys Cys Glu Leu Cys Cys Ala Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Val Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Leu Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys e Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Pro Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Met Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Phe Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Trp Pro Ala Cys Thr Gly Cys T'yr
Cys Cys Glu Leu Cys Cys Gly Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Ser Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Thr Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Cys Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Gln Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Tyr Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Asp Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Glu Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Lys Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Arg Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys His Pro Ala Cys Thr Gly 'Cys Tyr
Cys Cys Glu Tyr Cys Cys Ala Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Val Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Leu Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Giu Tyr Cys Cys Ile Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Pro Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Giu Tyr Cys Cys Met Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Phe Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Trp Pro Ala Cys Thr Gly Cys Tyr
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Cys Cys Gin Leu Cys Cys Asn Pro Ala Cys Val Gly Cys Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Val
Gly Cys 10 Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Val Gly Cys Tyr Cys Cys Gin Phe Cys Cys
Asn Pro Ala Cys Val Gly Cys Cys Cys Gin Tip Cys Cys Asn Pro Ala Cys Val Gly Cys Tyr Cys Cys Glu
Tip Cys Cys Asn Pro Ala Cys Val Gly Cys Cys Cys Gin Lou Cys Cys Asn Pro Ala Cys Gly Gly Cys Tyr
15 Cys Cys Glu Tyr Cys Cys Mn Pro Ala Cys Gly Gly Cys Tyr Cys Cys Gin Len Cys Cys Asn Pro Ala
Cys Gly Gly Cys Cys Cys Gin Tyr Cys Cys Asn Pro Ala Cys Gly Gly Cys Cys Cys Gin Phe Cys Cys
Asn Pro Ala Cys Gly Gly Cys Tyr Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Gly Gly Cys 20 Cys Cys
Glu Tip Cys Cys Asn Pro Ala Cys Gly Gly Cys Tyr Cys Cys Gin Tip Cys Cys Asn Pro Ala Cys Gly Gly

Cys Cys CysGinleqCy Ash B la, Cys T s Tyr Cys Cys Gin Tyr Cys Cys Asn Pro Ala
Cys Thr Ala%%ds yr Cys%%%ir? Lel%s%é/s(fs %S%Lﬁtr%y%s Thr Ala Cys 25 Cys Cys a Tyr Cys
Cys Asn ProAfLeS SHfiyAfare(ys Ser Pro Ala Cys Thr Gly Cys Tyr

Cys Cys Glu Tyr Cys Cys Thr Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Cys Pro Ala Cys Thr Gly Cys Tyr
5 Cys Cys Glu Tyr Cys Cys Gln Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Tyr Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Asp Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Glu Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Lys Pro Ala Cys Thr Gly Cys Tyr
10 Cys Cys Glu Tyr Cys Cys Arg Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys His Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Leu Cys Cys Ala Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Val Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Leu Pro Ala Cys Thr Gly Cys
15 Cys Cys Glu Leu Cys Cys Ile Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Pro Pro Ala Cys Thr Gly Cys
Cys Cys Glu Len Cys Cys Met Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Phe Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Trp Pro Ala Cys Thr Gly Cys
20 Cys Cys Glu Leu Cys Cys Gly Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Ser Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Thr Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Cys Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Gln Pro Ala Cys Thr Gly Cys
25 Cys Cys Glu Leu Cys Cys Tyr Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Asp Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Glu Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Lys Pro Ala Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Arg Pro Ala Cys Thr Gly Cys
3¢ Cys Cys Glu Leu Cys Cys His Pro Ala Cys Thr Gly Cys
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Cys Cys Gin Tip Cys Cys Asn Pro Ala Cys Thr Ala Cys Tyr Cys Cys Glu Tip Cys Cys Asn Pro Ala Cys
Thr Ala Cys Cys Cys Gin Phe Cys Cys Asn Pro Ala Cys Thr Ala Cys Tyr Cys Cys Gin Phe Cys Cys
Asn Pro Ala Cys Thr Ala Cys 30 Cys Cys Gin Len Cys Cys Asn Pro Ala Cys Thr Gly Cys Ala Cys Cys
Gin Len Cys Cys Asn Pro Ala Cys Thr Gly Cys Val Cys Cys Glu Lou Cys Cys Asn Pro Ala Cys Thr Gly
Cys Lou Cys Cys Glu Len Cys Cys Asn Pro Ala Cys Thr Gly Cys lle Cys Cys Glu Leu Cys Cys Asn
Pro Ala Cys Thr Gly Cys Pro 5 Cys Cys Glu Lou Cys Cys Asn Pro Ala Cys Thr Gly Cys Met Cys Cys
Gin Len Cys Cys Asn Pro Ala Cys Thr Gly Cys Phe Cys Cys Gin Len Cys Cys Asn Pro Ala Cys Thr
Gly Cys Trp Cys Cys Glu Len Cys Cys Asn Pro Ala Cys Thr Gly Cys Gly Cys Cys Glu Len Cys Cys

Am Pro Ala Fr &ly 0 CysGly L s Cys Asn Pro Ala Cys Thr Gly Cys Thr Cys
Cys Glu Len%s g{/s Aﬁ’ég%%sgé%fﬁ%ﬁ &%H{:%iyé}é Cys Glu Len Cys Cys Am Pro Ala Cys
Thr Gly Cys 84 ©f<@y Iyl @rs Eysrayd aslyProrAty Cys Thr Gly Cys Gin Cys Cys Glu Len Cys

Cys Am Pro@a@gﬁ@mﬁlgﬁg@g&]ﬁ}&y& @¥§1%Pbﬁ396y9y5 Cys Asn Pro Ala Cys Thr Gly Cys Glu
Cys Cys Gin eL(J;é%:Py Cys Asn Pro Ala Cys Thr %%Cys Lys Cys Cys Glu Len Cys Cys Am Pro Ala
Cys Thr Gly Cys g‘s’&/iyé%s(gﬁsﬁ@@@y@@%s By AYa Cys Thr Gly Cys His Cys Cys Glu Tyr Cys

Cys Astb ProAl(Zy STHT Gy CgssAln 200Qs CystelGimrfzys Cys Asn Pro Ala Cys Thr Gly Cys Val
Cys Cys Gly-TyeCy, Pro s Thr. Gly Cys Len Cys Cys Glu Tyr Cys Cys Am Pro Ala Cys
Thr Gly Cys I}e g;/;s %@s lu ycrr%%% y};? rlﬁL E?Syﬂig%’{/?;ﬁwr Gly Cys Pro Cys Cys Gin Tyr Cys Cys
Asn Pro Ala@y<-ThEBIY T fyMst PhaRre Bis@GHiiy6EEyCys Asn Pro Ala Cys Thr Gly Cys Phe Cys

iy Oy Oy s Oy Ol Tt s IR LA BEAREDIAR D Gyt Sor Cys Cys Gl Ty Cys Gy Am

Gly Cys Gly Cys.Cys Glu Tyr Cys Cys Asn Pro"Ala Cys Thr
Pro Ala Cyscygr%éﬁﬁﬂ/gﬁﬁ%y%ﬁy@ﬁw &ia Fyr BySbysYyAm Pro Ala Cys Thr Gly Cys Cys Cys Cys
Glu TyrCysBys ATy AlgsCys Tarreyadys Aamiys Gy Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly
g?los Aﬁ;n C(:;yysé ﬁ‘?&%@?’{%@é’é gyssﬁ%@,rgrg IaA@ysc,}(Er'ghr[ 8)% Cys Asp Cys Cys Glu Tyr Cys Cys Asn
Cys Cys Giu Tyr Cys Cys Cys Pro Ala Cys Thr Gly Cys
Cys Cys Glu Tyr Cys Cys Gin Pro Ala Cys Thr Gly Cys
Cys Cys Glu Tyr Cys Cys Tyr Pro Ala Cys Thr Gly Cys
16 Cys Cys Glu Tyr Cys Cys Asp Pro Ala Cys Thr Giy Cys
Cys Cys Glu Tyr Cys Cys Glu Pro Ala Cys Thr Gly Cys
Cys Cys Glu Tyr Cys Cys Lys Pro Ala Cys Thr Gly Cys
Cys Cys Glu Tyr Cys Cys Arg Pro Ala Cys Thr Gly Cys
Cys Cys Glu Tyr Cys Cys His Pro Ala Cys Thr Gly Cys
20 Cys Cys Glu Leu Cys Cys Asn Pro Thr Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Asn Pro Thr Cys Thr Gly Cys Tyr
Cys Cys Glu Lea Cys Cys Asn Pro Thr Cys Thr Gly Cys
Cys Cys Glu Tyr Cys Cys Asn Pro Thr Cys Thr Gly Cys
Cys Cys Glu Phe Cys Cys Asn Pro Thr Cys Thr Gly Cys Tyr
26 Cys Cys Glu Phe Cys Cys Asn Pro Thr Cys Thr Gly Cys
Cys Cys Glu Trp Cys Cys Asn Pro Thr Cys Thr Gly Cys Tyr
Cys Cys Glu Trp Cys Cys Asn Pro Thr Cys Thr Gly Cys
Cys Cys Glu Leu Cys Cys Asn Gly Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Tyr Cys Cys Asn Gly Ala Cys Thr Gly Cys Tyr
30 Cys Cys Glu Leu Cys Cys Asn Gly Ala Cys Thr Gly Cys
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5 Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Lys Cys Cys Gin Tyr Cys Cys Asn Pro Ala
Cys Thr Gly Cys Arg Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys His Cys Cys Ala Lou Cys
Cys Asn Pro Ala Cys Thr Gly Cys Tyr Cys Cys Val Lou Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr 10
Cys Cys Lou Lou Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Cys Cys lle Lou Cys Cys Asn Pro Ala Cys
Thr Gly Cys Tyr Cys Cys Met Lou Cys Cys Asn Pro Ala Cys Thr Gly CYs Tyr Cys Cys Phe Lou Cys
Cys Asn Pro Ala Cys Thr Gly Cys Tyr Cys Cys Trp Lou Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr 15
Cys Cys Gly Len Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Cys Cys Ser Lou Cys Cys Asn Pro Ala
Cys Thr Gly Cys Tyr Cys Cys Thr Lou Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Cys Cys Cys Len

Cys Cys As@gg@q}ﬁﬁg E&A&ﬁr@(&}?ﬁr y;cgﬁﬁéfsaélg/@%gys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
YS AS ys Thr Gly Cys

20 Cys Cys Gin Lou Cys Pro A yr Cys Cys Tyr Lou Cys Cys Asn Pro Ala
Cys Thr Gly ©Crlysieysynsys b i Ay € rshtp e Cys Thr Gly Cys Tyr Cys Cys Lys Lou

Cys Cys Asm?g@ﬁ@@%Jb@%§H&m§§y§ XSrAv e Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
25 Cys Cys %ﬂ; bouéi%s Cys Asn Pro Alasais Thr Gly Cys Tyr Cys Cys Ala Lou Cys Cys Asn Pro Ala
Cys Thr Gly s eSS EIRAYE biteye EPsR i Bril EEGESThrGly Cys Cys Cys Lou Lou Cys Cys

ASTI Pro Al&Bysy¥ ilGTyGYs Cys Qys(lle AbLCSySIEYs ASHsPro Ala Cys Thr Gly Cys 30 Cys Cys Met
Lou Cys Cys- QA r Gl s, C Phe 1_eg Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Trp Leu )C}f:‘:ys c%%ﬁ%@?g%é%ﬁ%?%ﬁ%@%ﬁ Gly Lea Cys Cys Asn Pro Ala Cys
Thr Gly Cys@y$-esysi8dit EsCys dssredReyaMat(dytysGlyrCys 5 Cys Cys Thr Lea Cys Cys Asn

Pro Ala CysGiRcodydny s &aXSysusVs pey @@QWME’%%N&I Cys Thr Gly Cys Cys Cys Asn Lea
Cys Cys As%éF%/rQ @ﬁl‘%f Thr Gly Cys Cys Cys Gin Lea Cys Cys Asa Pro Ala Cys Thr Gly Cys Cys

Cys Tyr Lea KRS &S &SR R da-28 ¥ 4 §8\e¥eys Asp Lea Cys Cys Asn Pro Ala Cys Thr
Giy Cy® Cy&@yGylsysit @aslis Cys AarPRraAlye wullbry@lysGys Cys Cys Mg Lea Cys Cys Asn Pro
Ala Cys ThrGly-Cys:{ Sy @ L S A Cys Thr Gly Cys Cys Cys Ala Tyr Cys Cys
Asn Pro Alacgyggr hr G@Cyg il'y?i‘g%)%é Cq)%/ %SSF?/E@?/@%S/S Asn Pro Ala Cys Thr Gly Cys Tyr Cys
Cys Leu TyFE/Se kR Bis Kl 658PrhAGIEBYEaliGlySs Tys no Tyr Cys Cys Asn Pro Ala Cys Thr
Gly Clys Ty@?‘/gﬁﬁaﬂ%ms% pr%r]élfar@ﬁlng@g' @S,@Iy Cys 'Il'yr Cys ﬁys IPhe Tyr Cys Cys Asn
Pro Ala Cys. Thr.Gly. Cys Tyr 20 Cys Cys Tip Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Cys Cys
Gly Tyr CyzC e Wg@‘gﬁ%}%’w&Péﬁ?gﬁé ?F%X/@é)(f‘é’ SE¥ITyr Cys Cys Asn Pro Ala Cys Thr Gly
Cys Ty CyS®B sy T T ¥yCys Cys AsrPRraRla & YT 0y@ly<Qys Tyr Cys Cys Cys Tyr Cys Cys Asn Pro
Ala Cys Thi-Gly- Sy f S Tyr s&és Pro Ala Cys Thr Gly Cys Tyr Cys Cys Gin
Tyr Cys Cys%sn%gro A)T([g C?: ssy%%éfffg%)s%rg%sys ;gg\%ysryr Cys Cys Asn Pro Ala Cys Thr Gly Cys
Tyr Cys CySA&p Ty Cys Grn ApPataA\yeTFRFAGHIOYssTyr Cys Cys Lys Tyr Cys Cys Asn Pro Ala
Cys Thr GlyGysy TRy, Sy MITHGYS EXSASEREAREYS Thr Gly Cys Tyr
Cys Cys Giu Phe Cys Cys Asn Pro Ala Cys Gly Gly Cys
20 Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Gly Gly Cys Tyr
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Gly Gly Cys
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Ala Cys Tyr
Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Ala Cys Tyr
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Ala Cys
25 Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Ala Cys
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Ala Cys Tyr
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Ala Cys
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Ala Cys Tyr
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Ala Cys
30 Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Ala
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Cys Cys His Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Cys Cys Ala Tyr Cys Cys Asn Pro Ala Cys
Thr Gly Cys Cys Cys Val Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Leu Tyr Cys Cys Asn Pro
Ala Cys Thr Gly Cys 5 Cys Cys lle Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Met Tyr Cys
Cys Asn.Pro Ala Cys Thr Gly Cys Cys Cys Phe Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys
Trp Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Gly Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
10 Cys Cys Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Thr Tyr Cys Cys Asn Pro Ala Cys
Thr Gly Cys Cys Cys Cys Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Asn Tyr Cys Cys Asn
Pro Ala Cys Thr Gly Cys Cys Cys Gin Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys 15 Cys Cys Tyr Tyr

Cys Cys Asa Pra.Ala.Cys Thr Gly Cys Cys Cys Asp Tyr.Cys Asn Pro Ala Cys Thr Gly Cys Cys

Cys Lys Tyr C¥% %%En’i Br %I%&%&%Oéégyg%géy@ﬁfg%yr Cys Cys Asn Pro Ala Cys Thr Gly

Cys Cys Cyd<hid Ty GBybeQ viyMriyPhontanQyis Thw ThlyGLyER0I@ys Cys Gin Phe Cys Cys Ala Pro Ala

Cys Thr Gly %@%y&y%@?@fﬂ&%@ éig%gfaf%]r@%@ygyﬁ Thr Gly Cys Tyr Cys Cys Glu Phe Cys
aCy ys Glu Phe

Cys Len Pro Al s Thr Gly'Cys Tyr Cys y$ Cys lle Pro Ala Cys Thr Gly Cys Tyr Cys
Cys Glu Phel@y S vyslplsrasAtaseys Prir SR Gy dmpds-gy/5eys Glu Phe Cys Cys Met Pro Ala Cys

Thr Gly €ys Fys Cysdysdeloyk sy Oxs Ahe RromaiusseGly Cys Tyr Cys Cys Glu Phe Cys
Cys Trp Pro Ala Cys Thy Gly,Cys Tyr Cys Cys Glu Phe Cys Cys Gly Pro Ala Cys Thr Gly Cys Tyr Cys
Cys Glu Phe éﬁ/g %ﬁ]-‘é%?‘\:ﬁéﬁsg seye %r%@%@ghfﬁlgf Esﬁys Glu Phe Cys Cys Thr Pro Ala Cys
Thr Gly Cys G’x&C&y@Mi&tﬁ?ﬂyﬁhﬁ Bys Gy A GYSyRIIhAyCs Thy Gly Cys ‘Il'yr Cys Ch:ys (|3Iu Phe Cys
Cys Gin ProAJa Gy I"E Gy JYLONS GY, { Tyr Pro Ala Cys Thr Gly Cys Tyr Cys
Cys Glu Phe gys&Cys Asp Pr%;%?a C)S/s 1§F)1r Gis%ys %%@?Cé&/s Glu Phe Cys Cys Glu Pro Ala Cys
Thr Gly CysSx ©yStykes fvphes@ys ExpsAly S IRIGIT (sTPTGly Cys Tyr Cys Cys Glu Phe Cys
Cys ArgyProcMacy SN e s s XEONS GusdiirrhelysCis His Pro Ala Cys Thr Gly Cys Tyr Cys

Cys Glu Ph%}%y éygﬁu%%upégs%gs%%g E%rﬁéyc%/ %hr Gly Cys Cys
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Asn
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Gln
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Asp
15 Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Glu
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Lys
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Arg
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys His
Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Ala
20 Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Val
Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Leu
Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Ile
Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Pro
Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Met
25  Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Phe
Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Trp
Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Gly
Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Ser
Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Thr
30  Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys
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10 Cys Cys Glu Phe Cys Cys Val Pro Ala Cys Thr Gly Cys Cys Cys Glu Phe Cys Cys Leu Pro Ala Cys
Thr Gly Cys Cys Cys Glu Phe Cys Cys lle Pro Ala Cys Th. Gly Cys Cys Cys Glu Phe Cys Cys Pro Pro
Ala Cys Thr Gly Cys Cys Cys Glu Phe Cys Cys Met Pro Ala Cys Thr Gly Cys 15 Cys Cys Glu Phe Cys
Cys Phe Pro Ala Cys Thr Gly Cys Cys Cys Glu Phe Cys Cys Trp Pro Ala Cys Thr Gly Cys Cys Cys
Glu Phe Cys Cys Gly Pro Ala Cys Thr Gly Cys Cys Cys Glu Phe Cys Cys Ser Pro Ala Cys Thr Gly Cys
Cys Cys Glu The Cys Cys Thr Pro Ala Cys Thr Gly Cys 20 Cys Cys Glu Phe Cys Cys Cys Pro Ala Cys
Thr Gly Cys Cys Cys Glu Phe Cys Cys GIn Pro Ala Cys Thr Gly Cys Cys Cys Glu Phe Cys Cys Tyr
Pro Ala Cys Thr Gly Cys Cys Cys Glu Phe Cys Cys Asp Pro Ala Cys Thr Gly Cys Cys Cys Glu Phe
Cys Cys Glu Pro Ala Cys Thr Gly Cys 25 Cys Cys Glu Phe Cys Cys Lys Pro Ala Cys Thr Gly Cys Cys
Cys Glu Pheé /5 By RIA Iy Presrs il’??r‘éﬁﬁ@?@@@t%séﬁpphe Cys Cys His Pro Ala Cys Thr Gly
Cys Cys Cys Gy ailays/OgssAlasiie Ala EvsCThme:Eysyd seys Cys Glu Trp Cys Cys Val Pro Ala

Cys Thr Gly Tyr.30 Gly Trp C s leuPro.Ala Cys Thr Gly Cys Tyr Cys Cys Glu Trp
Cys Cys lle é:%sg«% )}IS%SFCQI’; &gylgs?;&% %gsfag?é éfﬂu(‘ﬁ?rp%é@?gyys Pro Pro Ala Cys Thr Gly Cys Tyr
Cys Cys GICTr-@y s B iy Metsiips Alse Cys Ah OBy BYSITHvEFEuCys Glu Trp Cys Cys Phe Pro Ala Cys
Thr Gly Cys. Cys.S AP Ly Gysid Eﬁ%ﬁ%@ﬁ Tht Gly Cys Tyr Cys Cys Glu Tip Cys
Cys Gly Pro K\I%%ys T%Izi(}:éys&wr C%ﬁs Ci/s%/lu Trp Cys CyspSer Pro Ala Cys Thr Gly Cys Tyr Cys
Cys Glu Trp'@y<es Shbplonfareyeie iy ©psThy Xy Siu Trp Cys Cys Cys Pro Ala Cys Thr
Gly Cys Tyrd Cys GySISNCHHIT Gy 82 PRIl Pra Ale Gy ThmGly Cys Tyr Cys Cys Glu Tip Cys Cys
Tyr Pro Ala %/s hr@yﬂ%&%y&q%% %S ?}I[u &i %Y:S(%;%ASP Pro Ala Cys Thr Gly Cys Tyr Cys Cys
Glu Tip Cys fis &l ProAla ygﬁ' P )r/o y% ﬁ? ys sséluyf'ip Cys Cys Lys Pro Ala Cys Thr Gly
Cys Tyr 15 Cys Q'@ Aud ey S B ysiPyoRii Al ChrsGlmeylgys Tyr Cys Cys Gin Tip Cys Cys His

Pro Alg CysdAr, GYS.dY in, T ﬁiﬁ%k{‘j rg-@4la Cys Thr Gly Cys Cys Cys Glu Tip
Cys CygC Val((ggrﬁlya};c S Th?%é’gégg% é%s% iu Tigé{ @%ﬁysﬁea Pro Ala Cys Thr Gly Cys 20 Cys
&

y
Cys Glu Tip@?%gqléqb‘@%@yéﬁnﬁff)é&? ey ip Cys Cys Pro Pro Ala Cys Tin Gly
Cys Cys Cyefsloykiprelysec ysMsek R Aa OyCThTl G ysy€ys:Cys Giu Tip Cys Cys The Pro Ala Cys
Thr Gly Cys Cys,Glu Tip Cys Cys Tip Rro Ala hr.Gly. Cys 25 Cys Cys Glu Tip Cys Cys Gly
Pro Ala Cysc‘%%(r% é%ﬁ&(ils e@fy&s]y(q:};s Sé{ﬁn#g) égl%@ﬁslcggr}&rgyﬁlégy&ys Thr Gly Cys Cys Cys Glu Tip Cys
Cys Thr Pro-akCRyd e IG6 iy Cye By B CRip I8y SR ¥ €Y%rPro Ala Cys Thr Gly Cys Cys Cys Glu

Tip CY%CYSC%@%Q}@%&Y(%I@y?M@é %Ba% (fﬂls@%'gg)ﬁ;ys Cys Tyr Pro Ala Cys Tin Gly Cys

Cys Cys Ser Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Thr Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Cys Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Asn Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr

20 Cys Cys Gln Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Tyr Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Asp Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Lys Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Arg Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr

25  Cys Cys His Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Ala Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Val Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Len Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Ile Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys

30 Cys Cys Met Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys
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Cys Cys Glu Trp Cys Cys Asp Pro Ala Cys Thr Gly Cys Cys Cys Glu Trp Cys Cys Glu Pro Ala Cys Thr
Gly Cys Cys Cys Glu Trp Cys Cys Lys Pro Ala Cys Thr Gly Cys Cys Cys Glu Trp Cys Cys Arg Pro Ala
Cys Thr Gly Cys 5 Cys Cys Glu Trp Cys Cys His Pro Ala Cys Thr Gly Cys Cys Cys Glu Tip Cys Cys
Asn Pro-Ala Cys Thr Gly Cys Ala Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Val Cys Cys
Glu Trp Cys Cys Mn Pro Ala Cys Thr Gly Cys Leu Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly
Cys lie 10 Cys Cys Glu Tip Cys Cys Asn Pro Ala Cys Thr Gly Cys Pro Cys Cys Glu Trp Cys Cys Asa
Pro Ala Cys Thr Gly Cys Met Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Phe Cys Cys Glu
Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Trp Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys

Gly 15 Cys Cys, Glu Jr Asp Prp A s Thr Gl s Ser Cys Cys Glu Trp Cys Cys Asn Pro
Ala CyaThr %sg g%%%?%?@rﬁr%%@a%g%ﬁg%a Cys Thr Gly Cys Cys Cys Cys Glu Trp
Cys Cys AsriPi&Ad0ysT hiyehy Cysnlsn He<@yEhGlilTHyCys Cys Am Pro Ala Cys Tb Gly Cys Gin

20 Cys Cys @l @é@ @gi%@ﬁ’@ﬁrﬁsﬁ@r@x&%@ﬂﬁ‘ E¥schsp Cys Cys Glu Trp Cys Cys Asn Pro Ala
Cys Thr Gly Cys Glu Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Lys Cys Cys Glu Trp Cys

Cys Asn Pro‘AB ey SeFteahyegestigrdye S Lo dbriglefetys Asn Pro Ala Cys Thr Gly Cys His 25
Cys CyssGluChhe &yshEvsuAsn Bre Ala BiyAThe GIyieyryAdgCys Cys Glu Phe Cys Cys Asn Pro Ala

Cys Thr Gly ValCys Cys Glu Phe Cys Asp P Cys Thr Gly Cys Leu Cys Cys Glu The
Cys Cys Asr? ggrsg %I!a?g)?s%??’ ﬁ%&g %%@SX %g%fuaﬁé%ys Cys Asn Pro Ala Cys Thr Gly Cys Pro
30 Cys Cys Git Phe‘gybCfsyaShondire GiaThrlBiyByswet Cys Cys Glu Phe Cys Cys Asn Pro
Ala Cys Thr @y@g%&;&&y&@& BF!?AQ&’@;E%&%S% Ala Cys Thr Gly Cys Trp

Cys Cys Tyr Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys
10 Cys Cys Asp Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Lys Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Arg Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys His Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Ala Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
15 Cys Cys Val Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Leu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys. Tyr
Cys Cys Ile Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Met Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Phe Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
20 Cys Cys Trp Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Gly Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Thr Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Cys Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
25  Cys Cys Asn Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Gln Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Tyr Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Asp Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Lys Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
30 Cys Cys Arg Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
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Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Gly Cys Cys Glu Phe Cys Cys Asn Pro Ala
Cys Thr Gly Cys Ser 5 Cys Cys Gin Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Thr Cys Cys Glu Phe
Cys Cys Asn Pro Ala Cys Tin Gly Cys Cys Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
Asn cys-Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Gin Cys Cys Gin Phe Cys Cys Asn Pro
Ala Cys Thr Gly Cys Asp o Cys Cys Glu Phe Cys Cys Mn Pro Ala Cys Thr Gly Cys Glu Cys Cys Glu
Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Lys Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly
Cys Arg Cys Cys Gin Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys His Cys Cys Ala Phe Cys Cys Asn
Pro Ala Cys Thr Gly Cys Tyr 15 Cys Cys Val Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Cys Cys

Len Phe Cys.Cys.Asn.P. a Cys Thr Gl Tyr.Cys Cys lle Phe Cys Cys Asn Pro Ala Cys Thr Gly
Cys Tyr Cys %Vygg%gﬁ Br@@lﬁ %?Ss Sélng %@%@Yg@t@y gKf (Uge S Tyr Cys Cys Phe Phe Cys Cys Asn
Pro Ala Cys This Gy Oy T 2003y S @y T Aid e Tlys@yEyasn Pro Ala Cys Thr Gly Cys Tyr Cys Cys

Gly Phe CysCys Eﬁqg,p@g@% TR Sy OXTTYRfS: Ser Phe Cys Cys Am Pro Ala Cys Thr Gly
Cys Tyr Cys Cys %S?The C&s C%'s Asn Pro Ala Cys Thr%§SCys Tyr Cys Cys Cys Phe Cys Cys Asn
5

Pro Ala Cys FHt &%/ eyt Ty §SerRro\Sdarblys By YAm Pro Ala Cys Thr Gly Cys Tyr Cys Cys
Gin PheLCyscoye-ATmneAre &la CysAkRTw GysSyT Yhiws Cys Tyr Phe Cys Cys Asia Pro Ala Cys Thr

Gly Cys Tyr Cys sp Phe Cys Cys Asn Prg Ala Cys Thr Gly Cys Tyr Cys Cys Lys Phe Cys Cys

Asn Pro Ala g%}s@%?’éfﬁ&%ﬁ%é%ﬁﬁ&%ﬁﬁs Ilifﬁéég S Eys Asn Pro Ala Cys Thr Gly Cys Tyr Cys

Cys His Phe(@y£ &yhASmrRivs Ales @ys HilorABWCEyEHFYHE(8sCys Ala Phe Cys Cys Asn Pro Ala Cys

Thr Gly Cys 3% G¥S r Gly Cys Cys Cys Leu Phe Cys Cys Asn
%S%? %{/@Sﬂg Bed | AR ey%‘ﬁ&&ﬁy@rs

Pro Ala Cys Thr Gly Cys Cys lle Phe Cys Cys Ash Pro Ala Cys Thr Gly Cys Cys Cys Met The
Cys Cys AsitBr&ERISTThraiyscya e5sdy & nd Rl EYS Cys Mn Pro Ala Cys Thr Gly Cys
10

Cys Cys Ser Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Thr Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Cys Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Asn Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Gin Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
15 Cys Cys Tyr Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Asp Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Lys Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Arg Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys His Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
20  Cys Cys Glu Phe Cys Cys Ala Pro Ala Cys Thr Gly Cys Tyr
Cys Cys GIn Phe Cys Cys Val Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Phe Cys Cys Leu Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Phe Cys Cys Ile Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Phe Cys Cys Pro Pro Ala Cys Thr Gly Cys Tyr
25  Cys Cys Glo Phe Cys Cys Met Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Phe Cys Cys Phe Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Phe Cys Cys Trp Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Phe Cys Cys Gly Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Phe Cys Cys Ser Pro Ala Cys Thr Gly Cys Tyr
30 Cys Cys Glu Phe Cys Cys Thr Pro Ala Cys Thr Gly Cys Tyr
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Cys Cys Tip Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Gly Phe Cys Cys Asn Pro Ala Cys
Thr Gly Cys 10 Cys Cys Ser Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Thr Phe Cys Cys
Asn Pro Ala Cys Thr Gly Cys Cys Cys Cys Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Asn
Phe Cys.Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Gin Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys 15
Cys Cys Tyr Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Asp Phe Cys Cys Asn Pro Ala Cys
Thr Gly Cys Cys Cys Lys Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys Cys Mg Phe Cys Cys Asn
Pro Ala Cys Thr Gly Cys Cys Cys His Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys 20 Cys Cys Ala Tip
Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Cys Cys Val Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr

Cys Cys Leu.Trp.Cys.C n Pro Ala Cys, Thr.Gly Cys Tyr Cys Cys lle Tip Cys Cys Asn Pro Ala Cys
Thr Gly Cys %ﬁ%%%ﬁﬁpgy ﬁ'ﬁiy E:ygs(%é‘ﬁgrg ﬁc@(@éﬁé’ STh¥'Gly Cys Tyr 25 Cys Cys Phe Trp Cys
Cys Asn ProlAR(Ry §IHhE € ¢y iigindys S Tipgl hipiGyS € ¥s/Asn Pro Ala Cys Thr Gly Cys Tyr Cys
Cys Gly Tip &ys ¥%ﬁ%§@f@@§r¥m ﬁyc%fsf%{g%ﬁ%gﬁger Tip Cys Cys Asn Pro Ala Cys Thr

Gly Cys Tyr Cys Cys Thr Tip"Cys Cys Asn Pro Ala ys Tyr 30 Cys Cys Cys Tip Cys Cys
Asn Pro Ala@y<Lrhflgefeyy (ryaym EysMaf wrphe 81ty Asn Pro Ala Cys Thr Gly Cys Tyr Cys
Cys GinsTrp¥ T eySIAPRAIYATDCYE TR ANCoy SIS Sy Tyr Tip Cys Cys Asn Pro Ala Cys Thr

Gly Cys Tyr Cys.C Trp Cys Cys Asn Prg Ala Cys Thr Gly Cys Tyr 5 Cys Cys Lys Tip Cys Cys
Asn Pro Ala(%éscﬁ%?}é@?&@ Sr§(r5’ f,%ésﬁi}%‘gﬁg&ﬁp%ﬂ/@éﬁ ASHPro Ala Cys Thr Gly Cys Tyr Cys Cys
His Tip Cys Wsﬁﬂrﬁlﬁl@y@ﬁ&ﬁ'ﬁrﬂo Qys Ty TRy S&YEyAlByFip Cys Cys Asn Pro Ala Cys Thr Gly
Cys Cys Cyégé%ég%ﬁﬁg@ﬁg ﬁ{gﬁ!@ﬁ%}/&é?ﬁé}i@jﬁpﬁc s Cys Leu Trp Cys Cys Asn Pro Ala

Cys Thr Gly Cys Cys Cys lle'Tip'Cys Cys Asn ly Cys Cys Cys Met Trp Cys Cys Asn
Pro Ala Cys@ﬁr"@%ﬁéé@@t‘}@lﬂé&ip%@@@%@ﬁ i Ala Cys Thr Gly Cys Cys Cys Trp Trp Cys
Cys Asig PrgNaysil Pfl@d}ﬂfm%h?a@fl% Méyrm%y@ys Asn Pro Ala Cys Thlr Gly Cyrs] Cyls Cys
Ser Tip Cys Asn Prg Ala Cys Thr s Cys Cys Thr Tip Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Cy%%%%y%ht%e@ﬁ é%%%%és%%h?é%h& éyc% Cys Asn Tip Cys Cys Asn Pro Ala Cys
Thr city Cy<C38 CypsDyBIGIOVEID B ¥ BysMaf RrhARILCYssThr Gly Cys Cys Cys Tyr Tip Cys Cys Asn

Pro Ala Cy%w@@bﬁﬁsng:@sc‘dfs@ﬁpﬂ&%%@ﬁﬁfé{} %E% Ala Cys Thr Gly Cys Cys Cys Lys Tip Cys
Cys Asn Pro'AlaCys Thr qu,gy}/s Cys Cys Arg Tip Cys Cys Asn Pro Ala Cys Thr Gly Cys 25 Cys Cys
A

y
His Tip Cys{Cy&ashlpfd ¥ et Erg alCradmnGdntorn also features deletion variants of any of
the peptides gesosibedherein 0whishranaidwes tkeepifgur amino acids (or non-natural amino acids

or natural or,non-natural amino_acid analogs), other than a Cys (or an amino acid substituted for Cys,
e.g an ami#gsa%raﬁiju %Ee’Bys Cys 'grp B A?la)Cys T%I ny Vs ys ( y

Cys Cys Glu Phe Cys Cys Gly Pro Ala Cys Thr Gly Cys
Cys Cys Glu Phe Cys Cys Ser Pro Ala Cys Thr Gly Cys
Cys Cys Glu Phe Cys Cys Thr Pro Ala Cys Thr Gly Cys

20 Cys Cys Glu Phe Cys Cys Cys Pro Ala Cys Thr Gly Cys
Cys Cys Glu Phe Cys Cys Gln Pro Ala Cys Thr Gly Cys
Cys Cys Glu Phe Cys Cys Tyr Pro Ala Cys Thr Gly Cys
Cys Cys Glu Phe Cys Cys Asp Pro Ala Cys Thr Gly Cys
Cys Cys Glu Phe Cys Cys Glu Pro Ala Cys Thr Gly Cys

25 Cys Cys Glu Phe Cys Cys Lys Pro Ala Cys Thr Gly Cys
Cys Cys Giu Phe Cys Cys Arg Pro Ala Cys Thr Gly Cys
Cys Cys Glu Phe Cys Cys His Pro Ala Cys Thr Gly Cys
Cys Cys Glu Trp Cys Cys Ala Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Glu Trp Cys Cys Val Pro Ala Cys Thr Gly Cys Tyr

30 Cys Cys Glu Trp Cys Cys Leu Pro Ala Cys Thr Gly Cys Tyr
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30 capable of forming a covalent bond to another amino acid), are deleted. Where two (or more)
amino acids are deleted and the peptide comprises the sequence: Cyst Cysb Xaa Xaa Cyst Cysd Xaa
Xaa Xaa Cyst Xaa Xaa Cyst, in some embodiments two or more deletions can be located between
Cysb and Cyst and/or between Cysd and Cyst and/or between Cyst and Cyst. However, in other
embodiments there is at most one deletion between each of Cyst and Cyst or between 5 Cysd and
Cyst or between Cyst and Cyst. Thus, the invention includes any of the peptides described herein
comprising the sequence Cyst Cysb Xaa Xaa Cyst Cysd Xaa Xaa Xaa CYse Xaa Xaa Cyst wherein: a)
one amino acid between Cyst and Cys, is deleted; b) one amino acid between Cysd and Cyst is
deleted; c) one aming acid between Cyst and Cyst is deleted; d) one amino acid between Cyst and
Cys, is deletéd @ SHE E}fﬂﬁﬁsé‘e@fﬂ%ee%\ﬂ?e‘é}?&ﬂfﬁrﬁw Yieleted: e) one amino acid between
Cysd and CySyisyeleted antyonysaimiritrasit DetweedICyskang Cyst is deleted; f) one amino acid
between Cyst.an I t e amino aci een Cyst and Cyst is deleted or g) one
amino acid s(éyﬁgg%@égr%?gsg@% %‘é%@, %ﬁ%¢%%g%m%etween Cysd and Cyst is deleted and
one amino aéitsstaenT oysysnms EYsti ddreted Tir E8ytairs dinbodiments, the various deletion

variants are peptidesibatping @y@qq]{pprggggt@%tqﬂpg@@%@fﬁceptor. In various embodiments, the

various deletion variants are peptides that increase cGMP levels. Deletion variants of Cys Cys Glu
Tyr Cys Cys A& FRIAR f Thriyeye 44 (EED BRSO3 Mclude the peptides listed in FIG. 11. In
these deletiofiyvaliartis; ayGsi0gsdnirocasids 20Tante @elated and there can be one, two, three or

four amino agcids.deleted.other tha . The invention alsg features insertion variants of any of the
peptides des%?ﬁi%dﬁsh%‘rﬁﬁp iE:e Wt?gﬁn{)%?rﬁv%%? g?ﬁ&f%ﬁ? ?n?% acids (e.g., Gly or Ala) are inserted

before or aftevaRysminbraties ibsthe ydpadilalfsorhie@mbBrtiiments no more than one amino acid is

insertedpetwseaiwad e fp XSy XRPRIe WS Ler WeraRo1I8,amino acids are inserted and the
peptide comprises the sequence C)Sést Cyséi(aa Xaa Cyst Cysd Xaa Xaa Xaa Cyst Xaa Xaa Cysf, in

some embodifients §ibIr mErERderfd A B el ¥elifeen Cyst and Cys, or between Cysd
and Cyst or BgtviseziyRbahd Cyshdd@nends JpsdtheGiralediments no more than one insertion is

located bet\/\@fsrbgyétm g})és%%r gﬁ;g;%eﬂlggggﬁgq}g,)@é?%#etween Cyst and Cyst. 30Thus, the
e e pris

invention features any of the’peptides descri herein'comprising the sequence Cyst Cysb Xaa Xaa

Cys, Cysd Xag XaaHad oyee Kanbyadeyde (erbirltsls ) aB8d #imino acid is inserted between Cyst,
and Cysgf; b)@@@mrﬁfi@ﬁ maestgdbbeiveensGysdantyCyst ©) one amino acid is inserted
)

between Cyst and Cyst; d) one amino acid is inserted between Cysb and Cys, and one amino acid is

inserted beth&eHE H%‘iﬁ’oc@@%séiiﬁﬁéom S BHS¥7EHF 5 between Cysd and Cyse and one
amino acid isynsegehbRiner Uy seadnd Slastyh) Tiresantine acid is inserted between Cysb and Cyst

and one amjno acid is insepted bhet Cyst ndrgy one amino acid is inserted between Cysb
and Cys", ort:fI Sa% Fné?ggﬂj igsfﬁs@’rstyc%lsg%%%n&ésys é%r?& se and one amino acid is inserted between
Cyse and C¢st Giys@dbition (aé vy heuBradla & yiclds chnye inserted preceding Cys, and/or one or

more afRino@Gids . Can, B8 RSREEH Tie Pro Ala Cys Thr Gly Cys
Cys Cys Glu Trp Cys Cys Pro Pro Ala Cys Thr Gly Cys

Cys Cys Glu Trp Cys Cys Met Pro Ala Cys Thr Gly Cys

Cys Cys Glu Trp Cys Cys Phe Pro Ala Cys Thr Gly Cys

Cys Cys Glu Trp Cys Cys Trp Pro Ala Cys Thr Gly Cys

25 Cys Cys Glu Trp Cys Cys Gly Pro Ala Cys Thr Gly Cys
Cys Cys Glu Trp Cys Cys Ser Pro Ala Cys Thr Gly Cys

Cys Cys Glu Trp Cys Cys Thr Pro Ala Cys Thr Gly Cys

Cys Cys Glu Trp Cys Cys Cys Pro Ala Cys Thr Gly Cys

Cys Cys Glu Trp Cys Cys Gln Pro Ala Cys Thr Gly Cys

30 Cys Cys Glu Trp Cys Cys Tyr Pro Ala Cys Thr Gly Cys
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o following Cysft In various embodiments, the various insertion variants are peptides that bind to
and/or activate the GC-C receptor. In various embodiments, the various insertion variants are peptides
that increase cGMP levels. 15 Insertion variants of Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly
Cys Tyr (SEQ ID NO:3) include those in which up to four amino acids (i.e., 0, 1, 2, 3 or 4) can be
inserted after each amino acid. Thus, the invention includes peptides having the sequence: Cys
Xaa(04)Cys Xaa(0.4) Gin Xaa(0.4) Tyr Xaa.(0,4)Cys Xaa(044) Cys Xaa(0_4) Asn Xaa(0.4) Pro
Xaa(04) Ala Xaa<044) 20Cys Xaa(0,4) Thr Xaa(c4.4) Gly Xaa(0,44) Cys Xaa(04) Tyr Xaa(0.4)) (SEQ
ID NO: ). The inserted amino acids can be any amino acid or amino acid analog (natural or

non-natural) ndganéﬁ#heﬁr%e or different. In certain embodiments the inserted amino acids are all
Gly or all Ala'6Fa-¢dMBIn&RSH or BIP A S 99 §&icts insertion variants of the peptide

having the ségueneeCRysOygsGlys T CiysATy S ASThPEyAlasCys Thr Gly Cys Tyr (SEQ ID NO:3). The
invention alsg. va[j tiges having.the sequence Xaai Xaa2Xaa3Xaa4Xaa5 Cy56 Cysi
Xaas Xaa9 C%))égt( (:;chltli1 %&E%ﬁ%&%&%ﬁﬁt@ig ?%aan Cysts Xaal9 Xaa20 30 Xaa21 (SEQ

ID NO:1), e.§-yvanaktsi SrTyEsEys Gta Bypridy S oyEnGyfisAla Cys Thr Gly Cys Tyr (SEQ ID NO:3),

in whichaup tofeuraminaacids ai8 ﬁgl@%%@@@&gr@ @Q?;@ﬁlg amino acids are inserted. The insertions
and deletions_can be between Cys6 and Cys ig in SEQ ID NO:1 or they can be amino terminal to Cys6

and/or carboxYAEHiAT RS SETFTHNEHYSREIK efitdl also features peptides which may
include one @lysOye GiutMeppeystithe madifieatiartysorg Glyaren-natural amino acid or amino acid

Gosoribed hert e A AR B Il & coerion, Useful counterions
include salts4bfadetatbrpderneresentBratda SonZdutexalcidin edetate, camsylate, carbonate,
citrate, gdet@i@s Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Pro
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Met
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Phe
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tmp
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Gly
15 Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Ser
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Thr
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Cys
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Asn
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Gin
20 Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Asp
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Glu
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Lys
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Arg
Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys His
25  Cys Cys Giu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Ala
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Val
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Leu
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Ile
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Pro
30 Cys Cys GluPhe Cys Cys Asn Pro Ala Cys Thr Gly Cys Met
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(EDTA), edisylate, embonate, esylate, fumarate, gluceptate, gluconate, glutamate, glycollylarsanilate,
hexylresorcinate, iodide, bromide, chloride, hydroxynaphthoate, isethionate, lactate, lactobionate,
estolate, maleate, malate, mandelate, mesylate, mucate, napsylate, nitrate, pantothenate, phosphate,
salicylate, stearate, succinate, sulfate, tartarate, 15theoclate, acetamidobenzoate, adipate, alginate,
aminosalicylate, anhydromethylenecitrate, ascorbate, aspartate, camphorate, caprate, caproate,
caprylate, cinnamate, cyclamate, dichloroacetate, formate, gentisate, glucuronate, glycerophosphate,
glycolate, hippurate, fluoride, malonate, napadisylate, nicotinate, oleate, orotate, oxalate, oxoglutarate,
palmitate, pectinate, pectinate polymer, phenylethylbarbiturate, picrate, propionate, pidolate, sebacate,

20rhodanidegiggyaign A @pnalg: %ﬁ%%&déjs%”b? 3g,ogisst f the intestinal guanylate cyclase
(GC-C) receptor can be used to treat constipation or decreased intestinal motility, slow digestion or
slow stomactEityig Tih & pepruesoddn Hle Gsedts Mlidues e or more symptoms of IBS (bloating,

pain, 25constipatinn;IGEHE 2 facik E@éﬂ%ﬂﬁﬁa@%@?@@ﬁ%f&@ odenogastric reflux, functional

dyspepsia, troparesis.(naysea, vamiting, bloating, delayed gastric emptying) and other disorders
described h%fpé%?ysroﬁeﬁgg aﬁ&sg(?%srf%%rp m&@g}%@@iﬁ?gh@%ﬁﬂﬁe invention are set forth in the
accompanyingsdeschptiore Gy dlithd pubticatiohs Patenis@rdpatent applications are hereby
incorporatect:by defesanse. efle %I%?EFQ e depicts. the results of LCMS analysis of recombinant
SEQ ID NO:; pegtide andeSI):EgQ ) N :Srééyfpﬁiéfgs?%ﬁ:%ﬁﬁge?lé}gnd Ic depict the results of LCMS
analysis of SyfitheECEESR ByYRBys HepbvcidnEyrd &k Usigdsa 2 depicts the results of the intestinal

G_C-C recelot as\Giy ags@ygt%mg}gﬁgbgﬁfg;@ ﬁp@p@%i@nSEQ ID NO:5 peptide and two
different SE&E’:\Q%BCHS %ﬂg%sys]éys Asn Pro Ala Cys Thr Gly Cys Asp
10 Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Glu
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Lys
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Arg
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys His
Cys Cys Ala Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
15 Cys Cys Val Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Leu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Ite Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Met Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Phe Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
20 Cys Cys Trp Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Gly Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Ser Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Thr Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Cys Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
25 Cys Cys Asn Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys GIn Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Tyr Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Asp Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Lys Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
30  Cys Cys Arg Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr

-47 -



Figure 3a depicts the effect of recombinant SEQ ID NO:4 peptide and ZelnormO in an acute marine
gastrointestinal transit model.  Figure 3b depicts the effect of synthetic SEQ ID NO:3 peptide and
Zelnorm(r) in an acute 20murine gastrointestinal transit model. Figures 4a and 4b depict the effect of
peptidesSEQ ID NO:5, SEQ ID NO:3, and SEQ ID NO:4 in an acute murine gastrointestinal transit
model. 25Figure 4c depicts the effect of SEQ ID NO:3 peptide in a chronic murine gastrointestinal
transit model. Figure 5a depicts the effect of SEQ ID NO:4 peptide and Zelnorm(r) in a suckling mouse
intestinal secretion model. 30 Figure 5b depicts the effects of SEQ ID NO:3 and Zelnorm(r) in a
mouse intestinal secretion model.  Figures 6a and 6b depict the effects of SEQ ID NO:4, SEQ ID
NO:3 and SEQ ID NQ:5 5 peptides in a mouse intestinal secretion model. Figure 7 shows the results

of experiment’ifi S dHSER S NG AR vazsarmedys 118 TNBS colonic distention model. to
Figures 8a any80;shawithe®@ifatts afdiffering dases ofpER ID NO:5 and SEQ ID NO:3 in the PBQ

writhing ass igur. hows the results of Kd determination analysis using SEQ ID NO:3in a
competitive ?ggﬁ%éaﬁé? é}]e(%\% ?ggéé%.n#é'ure% 36:[5%@{% Show bioavailability data for IV and orally
administeredSEQBNGIE &3sdevedtsntiy At EltIArddiyafvand LCMS. Figure 11 depicts deletion

variants of a gentiderhaming.the sequepee g%%l;@ﬂp&?&,sﬁgure 12 depicts insertion variants of a

peptide havir&g the sequence of SEQ ID NO:3.
ys Cys Met Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys

Cys Cys Phe Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Trp Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Gly Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
10 Cys Cys Ser Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Thr Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Cys Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Asn Phe Cys Cys Asa Pro Ala Cys Thr Gly Cys
Cys Cys Gin Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
15 Cys Cys Tyr Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Asp Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Lys Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Arg Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys His Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys
20 Cys Cys Ala Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Val Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Len Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Ile Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Met Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
25  Cys Cys Phe Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Trp Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Gly Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Ser Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Cys Cys Thr Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
30 Cys Cys Cys Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
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DETAILED DESCRIPTION The peptides of the invention bind to the intestinal guanylate cyclase
(GC-C) receptor, a key 25regulator of fluid and electrolyte balance in the intestine. When stimulated,
this receptor, which is located on the apical membrane of the intestinal epithelial surface, causes an
increase.in intestinal epithelial cyclic GMP (cGMP). This increase in cGMP is believed to cause a
decrease in water and sodium absorption and an increase in chloride and potassium ion secretion,
leading to changes in intestinal fluid and electrolyte transport and increased intestinal motility. The
intestinal GC-C receptor possesses an extracellular ligand binding region, a transmembrane region, an
intracellular protein Icinase-like region and a cyclase catalytic domain. Proposed functions for the
GC-C receptor are fluid and electrolyte homeostasis, the regulation of epithelial cell proliferation and

the inductiof Br Pt (S¥uBHE 9 ¢y s BhOTI§ DE Devel 5:261-268). In addition to being
expressed ingheyaiekimg iy gastanti@stingh epihitiabisallgs GE-C is expressed in extra-intestinal
tissues inclyding, kidney, | angreas, pituitar loping liver and gall bladder (reviewed
in Vaandrag;d rs%ég(n Kﬁéﬁ’&?ﬁ%‘?&'@%ﬁeﬁ% fg(ﬁ{%%g@g@tﬁggg?g al. 2004, Gastroenterology
126:732-740yafdsmateTan & e fztedsagioobitiVestiSyUely (avidWed in Vaandrager 2002 Mol Cell
Biochem 238,{333)yd i3 @g%@g@p}gbﬁa@gg@ﬁgg@ﬁ@@gﬁnism can be used in the treatment of

disorders outside the Gl tract, for example, congestive heart failure and benign prostatic hyperplasia.

15Gluelin, &BepitieHotRdne Seerttad MRS MBS RS regulator of appetite in humans.
Ghrelin expression iRy els e ©guiateB:bufastingangdipy gastyic emptying (Kim et al. 2003 Neuroreprt

14:1317-20;,.Gualillq et.al. 2003 FEBS.|_etts 552: 5-&),. i;us, by increasing gastrointestinal motility,
RE LRGN B R e

GC-C recer%r agonists a e use ity. 20In humans, the GC-C receptor is
activated byguesyie(OmQys Sys a6 forMafaul/iy Cys
10 Cys Cys Leu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys

Cys Cys Ile Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Met Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Phe Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Trp Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
15 Cys Cys Gly Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Ser Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Thr Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Cys Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Asn Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
20 Cys Cys GIn Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Tyr Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Asp Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Lys Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
Cys Cys Arg Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
25  Cys Cys His Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys

The invention also features deletion variants of any of the peptides described herein in which
one, two, three or four amino acids (or non-natural amino acids or natural or non-natural amino
acid analogs), other than a Cys (or an amino acid substituted for Cys, e.g, an amino acid

30  capable of forming a covaient bond to another amino acid), are deleted. Where two (or more)
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(Ugn) (U.S. 5,140,102) and lymphog-uanylin (Forte et al. 1999 Endocrinology 140:1800-1806).
Interestingly, these agents are 10-100 fold less potent than a class of bacterially derived peptides,
termed ST (reviewed in Gianella 1995 J. Lab Clin Med 125:173-181). ST peptides are considered
super agonists of GC-C and are very resistant to proteolytic degradation. 25 ST peptide is capable of
stimulating the enteric nervous system (Rolfe et al., 1994, J Physiolo 475: 531-537; Rolfe et al. 1999
Gut 44: 615-619; Nzegwu et al. 1996 Exp Physiol 81: 313- 315). Also, cGMP has been reported to
have antinociceptive effects in multiple animal models of pain (Lazaro Ibanez et al. 2001 Fur J
Pharmacol 426: 39-44; Soares et al. 2001 British .1 30Pharmacol 134: 127-131; Jain et al. 2001 Brain
Res 909:170478; Amarante et al. 2002 Fur J Pharmacol 454:19-23). Thus, GC-C agonists may have

both an analdBei 8% anc47 aidimhmnmsriidesraetscrisae@iacs FefideXarelae fivadivem a
preproproteindtheX geXerdlys Tasmatdedsts{ thaoHReaBeids JhevRy 813068 PIRILBIANS AR Peaved as part
of the secretig&t%ré)c S %g%trge Je grl 'régYmatlggle pro(éecin vgh%?h%eneralléinclu es fewer than 20
amino acids, is biologically active. Among the KA SteRaf ST SRRt R 82 S BY6' oseley
et al. 1983 Infeetignsmbnvizems dPyHavingahienmdtlsivainiveacichse gl EnamAbaSes:Bervdsn Tyr Cys
Cys Cin Leu Gusald Exs ARRRNA T CIYHYSBIREROI R NReidy 5l STolf(e0 and

McCarthy 1980 Proc. Natl. Acad. Sci. USA 77:4011) having the mature amino acid ‘sequence Asn Thr
Phe Tyr Cys CSRIpSIcEnc)ueing dheprauapaecys A chaaarGr S i X Gl ST I*
(Chan and GiamanelieC188ihdrdBiok) GhesmiRb Bkiiiy baung, theimgiuie iee avihsegkanggdAsn Thr

Phe Tyr Cys Glu. Leu Cys.Iyr ProAla Cys Ala, Cys Asn (SEQ.ID 15 NO:); Cfreundii ST

peptide (Gu e G S e o e oAt e AR o P SRS R Ao Thr

Phe Tyr Cysa@yrp @i beiv @psBysand € BrosAlide@y sl are hnys abid Y8Rt pand; Ogsagiterocolitica

ST pepigles eRA(Y obaiiost B <CrChs, RV RNER INEWANALLAII MiFtoR, fethog. 22:89)
ro"Ala

having the following pre-fouu amino acid sequences: Gin Ala Cys Asp Pro Pro Ser Pro Pri Glu Vval
Ser Ser Asp*fhASHESLe56: BVWALHDaPELEYER SRy Eidalkad fre gry SEDIHNO:) (as well

as a Ser-7 thetween Cys. and Cysyis deleted or g) one amino acid between Cysy, and Cys, is deleted, one
amino acid between Cysy and Cys, is deleted and one amino acid between Cys, and Cyseis
deleted. In certain embodiments, the various deletion variants are peptides that bind to and/or
15 activate the GC-Creceptor. In various embodiments, the various deletion variants are peptides

that increase cGMP levels.

Deletion variants of Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID
NO:3) include the peptides listed in FIG. 11. In these deletion variants, any of the amino acids

20  canbe deleted and there can be one, two, three or four amino acids deleted other than Cys.

The invention also features insertion variants of any of the peptides described herein in which
one, two, three or four amino acids (e.g., Gly or Ala) are inserted before or after any amino acid
in the peptide. In some embodiments no more than one amino acid is inserted between two

25 Cys. For example, where two or more amino acids are inserted and the peptide comprises the
sequence Cys, Cys, Xaa Xaa Cys, Cysq Xaa Xaa Xaa Cys, Xaa Xaa Cysy, in some
embodiments two or more insertions can be located between Cys, and Cys, or between Cysg
and Cys, or between Cys, and Cysz. However, in other embodiments no more than one
insertion is located between Cys, and Cys, or between Cysg and Cys, or between Cys, and Cysy.

30 Thus, the invention features any of the peptides described herein comprising the sequence Cys,
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Leu-7 variant of Y-STa (SEQ ID NO:), (Takao et al. 1985 Fur. J. Biochem. 152:199)); Lys Ala Cys Asp
Thr Gin Thr Pro Ser Pro Ser Glu Glu Asn Asp Asp Tip Cys Cys Glu Val Cys Cys Asn Pro Ala Cys Ala
Gly Cys (SEQ ID NO:); Gin Glu Tin Ala Ser Gly Gin Val Gly Asp Val Ser Ser Ser Thr lle Ala Thr Glu
Val Ser.Glu Ala Glu Cys Gly Thr Gin Ser Ala Thr Thr Gin 25 Gly Glu Asn Asp Trp Asp Tip Cys Cys Glu
Leu Cys Cys Asn Pro Ala Cys Phe Gly Cys (SEQ ID NO:), respectively; Y. kristensenii ST peptide
having the mature amino acid sequence Ser Asp Tip Cys Cys Glu Val Cys Cys Mn Pro Ala Cys Ala
Gly Cys (SEQ ID NO:); V. cholerae non-01 ST peptide (Takao et al. (1985) FEES lett. 193:250)
having the mature amino acid sequence lle Asp Cys Cys Glu lle Cys Cys Asn Pro Ala Cys Phc Gly
Cys Leu Asn (SEQ 30ID NO:_); and V. mitnicus STépeptide (Arita et al. 1991 FEMS Microbiol. Lett.

79:105) havingtneraratafe st Zeidsaatiders S Bsprey e yhent R e Agd Pro Ala Cys
Phe Gly CysiheutbdnéSie N@; ahdlehle b halewmarevigasssesarcaswial9s spotian of ssaumber of

e e Sy RaRleR At Heell B, 0REIRRT SR RERaRAresTiga o
Cys, and one amino acid is inserted between Cysy and Cys,; €) one amino acid is inserted
-5 between Cysq and Cys, and one amino acid is inserted between Cys, and Cysg; ) one amino
acid is inserted between Cys, and Cys. and one amino acid is inserted between Cys, and Cysz
or g} one amino acid is inserted between Cysy, and Cys,, one amino acid is inserted between
Cysg and Cyse and one amino acid is inserted between Cys, and Cyse. In addition, one or more
amino acids can be inserted preceding Cys, and/or one or more amino acids can be inserted

10 following Cys:.

In various embodiments, the various insertion variants are peptides that bind to and/or activate
the GC-C receptor. In various embodiments, the various insertion variants are peptides that
increase cGMP levels.
15
Insertion variants of Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID
NQO:3) include those in which up to four amine acids (l.e., 0, 1, 2, 3 or 4) can be inserted after
each amino acid. Thus, the invention includes peptides having the sequence: Cys Xaag.4) Cys
Xaag.4) Glu Xaag.q) Tyr Xaap.4) Cys Xaap.s) Cys Xaayp.4y Asn Xaag.ay Pro Xaag4 Ala Xaag.g
20 Cys Xaaq.e Thr Xaap4y Gly Xaag.4 Cys Xaap4) Tyr Xaag.qy (SEQID NO: ). The inserted
amino acids can be any amino acid or amino acid analog (natural or non-natural) and can be the
same or differeni. In certain embodiments the inserted amino acids are all Gly or all Alaora

combination of Gly and Ala.

25  FIG. 12 depicts insertion variants of the peptide having the sequence: Cys Cys Glu Tyr Cys
Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NQ:3).

The invention also features variants of peptides having the sequence Xaa, Xaa; Xaa Xaay Xaas

Cysg Cysy Xaag Xaag Cysp Cysyy Xaa;; Xaay; Xaays Cysys Xaag Xaayr Cysig Xaayy Xaag
30  Xaag; (SEQ ID NO:1), e.g., variants of Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
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NSSNYCCELCCNPACTGCY(SEQ ID NO:_) P01559 123711 NTFYCCELCCNPACAGCY(SEQ ID

NO:_) AAA24653 147878 NTFYCCELCCNPACAPCY(SEQ ID NO:il P01560 123707
NTFYCCELCCYPACAGCN(SEQ ID Nail AAA27561 295439 IDCCEICCNPACFGCLN(SEQ ID NOLD

P0O4429 123712 MCCEICCNPACFGCLN(SEQ ID NOL |

Tyr (SEQ ID NO:3), in which up to four amino acids are deleted and/or up to four amino acids
are inserted. The insertions and deletions can be between Cyss and Cysg in SEQ ID NO:1 or
they can be amino terminal to Cysg and/or carboxy terminal to Cysgin SEQ ID NO:1.

5  The invention also features peptides which may include one or more of the peptide
meodifications, one or more non-natural amino acid or amino acid analogs, one or more of the

disulfide bond alternatives or one more of the alternative peptide bonds described herein.

The peptides of the invention can be present with a counterion. Useful counterions include salts

10 of: acetate, benzenesulfonate, benzoate, calcium edetate, camsylate, carbonate, citrate, edetate
{EDTA), edisylate, embonate, esylate, fumarate, gluceptate, gluconate, glutamate,
glycollylarsanilate, hexylresorcinate, iodide, bromide, chloride, hydroxynaphthoate,
isethionate, lactate, lactobionate, estolate, maleate, malate, mandelate, mesylate, mucate,
napsylate, nitrate, pantothenate, phosphate, salicylate, stearate, succinate, sulfate, tartarate,

15 theoclate, acetamidobenzoate, adipate, alginate, aminosalicylate, anhydromethylenecitrate,
ascorbate, aspartate, camphorate, caprate, caproate, caprylate, cinnamate, cyclamate,
dichloroacetate, formate, gentisate, glucuronate, glycerophosphate, glycolate, hippurate,
fluoride, malonate, napadisylate, nicotinate, oleate, orotate, oxalate, oxoglutarate, palmitate,

pectinate, pectinate polymer, phenylethylbarbiturate, picrate, propionate, pidolate, sebacate,

20 rhodanide, tosylate, and tannate.

The peptides and agonist of the intestinal gnanylate cyclase (GC-C) receptor can be used to
{reat constipation or decreased intestinal motility, slow digestion or slow stomach emptying.
The peptides can be used to relieve one or more symptoms of IBS (bloating, pain,

25  constipation), GERD (acid reflux into the esophagus), duodenogastric reflux, functional
dyspepsia, or gastroparesis (nausea, vomiting, bloating, delayed gastric emptying) and other

disorders described herein.
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834671 421286 IDCCEICCNPACF(SEQ ID NO:_i CAA52209 395161 IDCCEICCNPACEG(SEQ ID

NO:_) A54534 628844 IDCCEICCNPACFGCLN(SEQ ID NO:_) AAL02159 15592919
IDRCEICCNPACFGCLN(SEQ JD NOL j AAA18472 487395 DWDCCDVCCNPACAGC(SEQ ID NOL j

525659..

The details of one or more embodiments of the invention are set forth in the accompanying

description. All of the publications, patents and patent applications are hereby incorporated by

reference.

FIGURES
Figure 1 depicts the results of LCMS analysis of recombinant SEQ 1D NO:4 peptide and SEQ

ID NO:5 peptide,

10 Figures 1b and lc depict the results of LCMS analysis of synthetic SEQ ID NO:3 peptide and
the blank.

Figure 2 depicts the results of the intestinal GC-C receptor activity assay of synthetic SEQ ID
NO:4 peptide, SEQ ID NO:5 peptide and two different SEQ ID NO:3 peptides.

18
Figure 3a depicts the effect of recombinant SEQ 1D NO:4 peptide and Zelnorm® in an acute

murine gastrointestinal transit model.

Figure 3b depicts the effect of synthetic SEQ ID NO:3 peptide and Zelnorm® in an acute

20  murine gastrointestinal transit model.

Figures 4a and 4b depict the effect of peptidesSEQ ID NO:5, SEQ ID NO:3, and SEQ ID NO:4

in an actte murine gastrointestinal transit model.

25  Figure 4c depicts the effect of SEQ ID NO:3 peptide in a chronic murine gastrointestinal transit

model.

Figure 5a depicts the effect of SEQ ID NO:4 peptide and Zelnorm® in a suckling mouse
intestinal secretion model.

30
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282047 DWDCCDVCCNPACAGC(SEQ ID NO:_) P74977 3913874 NDDWCCEVCCNPACAGC(SEQ
JD NO:_) BAA23656 2662339 WDWCCELCCNPACFGC(SEQ JD NO:,_j P31518 399947
SDWCCEVCCNPACAGC(SEQ ID NOLD QACDPPSPPAEVSSDWDCCDVCCDPAC AGC

10

15

20

25

Figure 5b depicts the effects of SEQ ID NO:3 and Zelnorm® in a mouse intestinal secretion

model,

Figures 6a and 6b depict the effects of SEQ ID NO:4, SEQ ID NO:3 and SEQ ID NO:5

peptides in a mouse intestinal secretion model.

Figure 7 shows the results of experiment in which SEQ ID NO:3 activity was analyzed in the
TNBS colonic distention model.

Figures 8a and 8b show the effects of differing doses of SEQ ID NO:5 and SEQ ID N(O:3 in the
PBQ writhing assay.

Figure 9 shows the results of Kd determination analysis using SEQ ID NO:3 in a competitive

radioligand binding assay.

Figures 10a and 10b show bioavailability data for IV and orally administered SEQ ID NO:3 as
detected by an ELISA assay and LCMS.

Figure 11 depicts deletion variants of a peptide having the sequence of SEQ ID NO:3.

Figure 12 depicts insertion variants of a peptide having the sequence of SEQ ID NO:3.

DETAILED DESCRIPTION

The peptides of the invention bind to the intestinal guanylate cyclase (GC-C) receptor, a key
regulator of fluid and electrotyte balance in the intestine. When stimulated, this receptor,
which is located on the apical membrane of the intestinal epithelal surface, causes an increase
in intestinal epithelial cyclic GMP (¢GMP). This increase in cGMP is believed to cause a
decrease in water and sodium absorption and an increase in chloride and potassium ion

secretion, leading to changes in intestinal fluid and electrolyte transport and increased intestinal
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QACDPPSPPAEVSSDWDCCDVCCNPACAG C KACDTQTPSPSEENDDTCCEVCCNPACAG C
QETASGQVGDVSSSTIATEVSEAECGTQSATTQGE NDWDWCCELCCNPACFGC
MKKLMLAIFISVLSEPSFSQSTESLDS SKEKITLETKKCDVVKNNSEKKSEN
MNNTFYCCELCCNPACAGCY MKKSILFIFLSVLSFSPFAQDAKPVES NSSNYCCELCCNPACTGCY

MICKIVEVLVEMLS SF GAFGQETVS G QFSDALSTPITAEVYKQACDPPLPPA
EVSSDWDCCDVCCNPACAGC ILSKEKITLESKKCNIAKKSNKSGPESM
GNLIDCCEICCNPACFGCLN

10

15

20

25

34

motility. The intestinal GC-C receptor possesses an extracellilar ligand binding region, a
transmembrane region, an intracellular protein kinase-like region and a cyclase catalytic
domain. Proposed functions for the GC-C receptor are fluid and electrolyte homeostasis, the
regulation of epithelial cell proliferation and the induction of apoptosis (Shatubhai 2002 Curr
Opin Drug Dis Devel 5:261-268).

In addition to being expressed in the intestine by gastrointestinal epithelial cells, GC-C is
expressed in extra-intestinal tissues including kidney, lung, pancreas, pituitary, adrenal,
developing liver and gall bladder (reviewed in Vaandrager 2002 Mol Cell Biochem 230:73-83,
Kulaksiz et al. 2004, Gastroenterology 126:732-740) and male and female reproductive tissues
(reviewed in Vaandrager 2002 Mol Cell Biochem 230:73-83). This suggests that the GC-C

receptor agonists can be used in the treatment of disorders outside the GI tract, for example,

congestive heart failure and benign prostatic hyperplasia.

Ghrelin, a peptide hormone secreted by the stomach, is a key regulator of appetite in humans.
Ghrelin expression levels are regulated by fasting and by gastric emptying (Kim et al. 2003
Neuroreprt 14:1317-20; Gualillo et al, 2003 FEBS Letts 552: 105-9). Thus, by increasing

gastrointestinal motility, GC-C receptor agonists may also be used to regulate obesity.

In hemans, the GC-C receptor is activated by guanylin (Gn) (U.S. 5,56,097), uroguanylin

(Ugn) (U.S. 5,140,102) and lymphoguanylin (Forte et al. 1999 Endocrinology 140:1800-1806).
Interestingly, these agents are 10-100 fold less potent than a class of bacterially derived
peptides, termed ST (reviewed in Gianella 1995 T Lab Clin Med 125:173-181). ST peptides are

considered super agonists of GC-C and are very resistant to proteolytic degradation.

ST peptide is capable of stimulating the enteric nervous system (Rolfe et al., 1994, J Physiolo
475: 531-537; Rolfe et al. 1999 Gut 44: 615-619; Nzegwu et al. 1996 Exp Physiol 81: 313-
315). Also, cGMP has been reported to have antinociceptive effects in multiple animal models
of pain (Lazaro Ibanez et al. 2001 Eur J Pharmacol 426: 39-44; Soares et al. 2001 British J
Pharmacol 134; 127-131; Jain et al, 2001 Brain Res $09:170-178; Amarante et al, 2002 Bur J
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GNLIDRCEICCNPACFGCLN P AEVSSDWDCCDVCCNPACAGC The immature (including pre and

pro regions) form of E. coil ST-1A (ST-P) protein has the sequence:
mickimlaifisvisfpsfsqstesldsskelcitletld(cdvvicnnselcksenmnntfyccelccnpacagcy (SEQ ID NO:; see
GenBank(r) Accession No. P0O1559 (gi:123711). The pre sequence extends 5 from aa 1-19. The pro
sequence extends from aa 20-54. The mature protein extends from 55- 72. The immature (including

pre and pro regions) form of E call STAB (ST-H) protein has the sequence:
mkksilfifisvisfspfagdakpvesskekitleskkcniakksnksgpesmnssnyccelccnpactgey (SEQ 1D NO:_; see
GenBank Accession No. P07965 (gi:3915589)). The immature (including pre and pro regions) form of

Y. enterocolitica ST protein has the sequence: 10 )
mkkivalvlnﬁé%?&é@&éﬁé@d?s"&a@ﬂ&a%@y@&é@%ﬁl B REs Rts R Byt (EEaMD NO:_; see
GenBank(r) Agtessian-Ner&25659 (0i:282047)). The peptides of the invention, like the bacterial ST
peptides, have six Cys residues. These six Cys residues form three disulfide bonds in the mature and

active form of the peptide. If the six 15Cys residues are identified, from the amino to carboxy terminus
of the peptids: kesiari S€ pEptEeamd €rinehftbe diswlfiderbendtfopanas!iphbowst 1dedd7 Bamjizand C-F.

The forrgation g} s ROBS,S (DouatLIoME.BPRIARLIoF O GG AsReplRLbinging, Gerain.of the

peptides of the invention include a potentially functional chymotrypsin Cleavage site, e.g., a Trp, Tyr or
Phe located BatifeBir Eihafessrnsmtcyd s s prthdan Byaring asdy/ls Pobgsyhgechveither

20chymotrypsin cleavage site may reduce or eliminates the ability of the peptide to bind to the GC-C
receptor. Among the known bacterial ST peptides are: E. coli ST Ib (Moseley et al. 1983 Infect. Immun.

39:1167) having the mature amino acid sequence Asn Ser Ser Asn Tyr Cys Cys Glu Leu Cys

10 Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ IDNO:_); E. coli ST Ia (So and McCarthy 1980
Proc. Natl. Acad. Sci. USA 77:4011) having the mature amino acid sequence Asn Thr Phe Tyr
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Ala Gly Cys Tyr (SEQ ID NO:_); £. eoli ST I*
(Chan and Giannella 1981 J. Biol. Chem. 256:7744) having the mature amino acid sequence
Asn Thr Phe Tyr Cys Cys Glu Leu Cys Cys Tyr Pro Ala Cys Ala Gly Cys Asn (SEQ ID

15 NO:__); Cfreundii ST peptide (Guarino et al. 1989b Infect. Immun. 57:649) having the
mature amino acid sequence Asi Thr Phe Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Ala
Gly Cys Tyr (SEQ ID NO:__); Y. enterocolitica ST peptides, Y-ST(Y-STa), Y-STb, and Y-STc
(reviewed in Huang et al. 1997 Microb. Pathog. 22:89) having the following pro-form amino
acid sequences: Gin Ala Cys Asp Pro Pro Ser Pro Pro Ala Glu Val Ser Ser Asp Trp Asp Cys

20 Cys Asp Val Cys Cys Asn Pro Ala Cys Ala Gly Cys (SEQ ID NO:__ ) (as well as a Ser-7 to
Leu-7 variant of Y-STa (SEQ ID NO:__), (Takao et al. 1985 Eur. J. Biochem. 152:199)); Lys
Ala Cys Asp Thr GIn Thr Pro Ser Pro Ser Glu Glu Asn Asp Asp Trp Cys Cys Glu Val Cys Cys
Asn Pro Ala Cys Ala Gly Cys (SEQ ID NO:___); Gln Glu Thr Ala Ser Gly Gln Val Gly Asp
Val Ser Ser Ser Thr He Ala Thr Glu Val Ser Glu Ala Glu Cys Gly Thr GIn Ser Ala Thr Thr Gln

25 Gly Glu Asn Asp Trp Asp Trp Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Phe Gly Cys (SEQ
ID NO:___ ), respectively; Y. kristensenii ST peptide having the mature amino acid sequence
Ser Asp Trp Cys Cys Glu Val Cys Cys Asn Pro Ala Cys Ala Gly Cys (SEQIDNO:__ ); V.
cholerae non-01 ST peptide (Takao et al. (1985) FEBS lett. 193:250) having the mature amino
acid sequence Ile Asp Cys Cys Glu Ile Cys Cys Asn Pro Ala Cys Phe Gly Cys Leu Asn (SEQ

30  IDNO:_);and V. mimicus ST peptide (Arita et al. 1991 FEMS Microbiol. Lett. 79:105)
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In the human body an inactive form of chymotrypsin, chymotrypsinogen is produced in the pancreas.
When this inactive enzyme reaches the small intestine it is converted to active chymotrypsin by the
excision of two di-peptides. Active chyrnotrypsin can potentially cleave peptides at the peptide bond on
the carboxy-terminal side of Trp, Tyr or Phe. The presence of 5active chymotrypsin in the intestinal
tract can potentially lead to cleavage of certain of the peptides of the invention having an appropriately
positioned functional chymotrypsin cleavage site. It is expected that chymotrypsin cleavage will
moderate the action of a peptide of the invention having an appropriately positioned chymotrypsin
cleavage site as the peptide passes through the intestinal tract. 10 Trypsinogen, lilce chymotrypsin, is
a serine profase t z%trglsa grgduced in the pancreas an&i% resent in the §é9\e}gtive tract. The_active
form, trypsin Wilteleave paphiaes Aaiftt SR br AR S The Predeled-of SctvesirypRif ke itestinal
tract can leaFo@Gledvagen{SEndinddthe. pEgtidé$ db theroviéntian havieg tallapprepiiatedy positioned
functiongl trmﬁ&!g%gge%@pgp%ﬁg_eé&%c%g }%@tﬁ@xﬁgﬁ}fﬁ@@ & Igﬁal\s( ge will moderate the a(;tion
of a peptide of the invention having an appropriately positioned trypsin cleavage site as the peptide
passes through the intestinal tract. Many gastrointestinal disorders, including IBS, are associated with
abdomigal oraggceral pain. 20Certain of the peptides of the invention include analgesic or
antinociceptivetags-such-asthe-carboxy-terminal sequence AspPhe immediately following a.JTrp, Tyr
or Phe that cre478% aaﬂ‘@,tiongem]é@,y PSAYERSR/age site or following Lys or Arg that creates a
functional trypsicetssivage sit&IQfwymotrypsin in the intestinal tract can potentially cleave such
peptides immedjately carboxy terminal tg the Trp, Phe or Tyr residue, releasing the dipeptide,;jAspPhe.

25This dipeptide has heen shown to have analgesic activity in animal models (Abdiklcahi et al. 2001
Fundam Clin PRAFHEEDI 15:189028; NikfaNESAYOOFL.20RBAGT EEM(FR3dR BiCal 1098 Clin

Pharmacol Thegg3amB0-93). [TiLHHs;man @{%mﬂﬂ@g@g@w@?ﬁ]ﬁﬂiﬂ&ﬂﬁ%mI'idlllllldtit n. Other
(0]

ana|gesic pep, ides can be present_at.the.amina.or carboxv terminus e peptide (P 0] follo 'ving a

functional clea\i%@é‘%‘}@)}ingluhﬂé?%ndo T%TEI%E@?%QW@@QO@MM&&@W lugron, and
substance P. |&gusgioer of theazseful pepidesachiaedondRe;cN&Ee0EENes: GYS Cys GlujLett Cys

Cys Asn PM Alatys-iFhzGh-Cvs Fwr-To-ereate-a-variant-having-a-potentially funct[nnal_ghy_l‘notryps|n

cleavage site C%gls' gf1 Tna ,y%ggyﬁ%gg ytlh.el E?&Fé%@ﬂﬁgmﬁ%ﬁ%@ﬁ%%@me Thr

P04429 123712 IDCCEICCNPACFGCLN(SEQ ID NO:_ )
334671 421286 IDCCEICCNPACE(SEQ ID NO:_ )
CAAS2209 395161 IDCCEICCNPACEG(SEQ ID NO:_ )

{ A54534 628844 IDCCEICCNPACFGCLN(SEQ ID NO:_ )

AAT02159 | 15592919 | IDRCEICCNPACFGCLN(SEQID NO-_)
AAAIS472 | 487395 DWDCCDVCCNPACAGC(SEQ ID NO:_)

525659 282047 DWDCCDVCCNPACAGC(SEQ ID NC:_ )
P74977 3913874 NDDWCCEVCCNPACAGC(SEQIDNO:_ )
BAA23656 2662339 WDWCCELCCNPACFGC(SEQ ID NO:_ )
P31518 399947 SDWCCEVCCNPACAGC(SEQ IDNO:_ )

QACDPPSPPAEVSSDWDCCDVCCDPAC AGC
QACDPPSPPAEVSSDWDCCDVCCNPACAG C
KACDTQTPSPSEENDDTCCEVCCNPACAG C

QETASGQVGDVSSSTIATEVSEAECGTQSATTQGE
NDWDWCCELCCNPACFGC
MKKLMLATFISVLSFPSFSOSTESI DS
SKEKITLETKKCDVVEKNNSEKKSEN
MNNTFYCCELCCNPACAGCY
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5 (underlined) can be replaced by Trp, Phe or Tyr or both the Leu and the Thr can be replaced by
(independently) Trp, Phe or Tyr. To create a variant having an analgesic di-peptide, the core sequence
is followed by Asp Phe. The carboxy terminal Tyr in the core sequence can allow the Asp Phe
dipeptide to be released by chyrnotrypsin in the digestive tract. The core sequence can be optionally
be preceded by Asn Ser Ser Asn Tyr or Asn. 10 Thus, useful variants based on the core sequence
include: Asn Ser Ser Asn Tyr Cys Cys Glu Len Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID

NO:4)

Asn Ser Ser Asn Tyr Cys Cys Gin Leu Cys Cys Asn Pro Ala Cys Tip Gly Cys Tyr 15 (SEQ ID

NO:-) Mn Ser Ser Asn Tyr Cys Cys GM Tyr Cys Cys An Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:5)
Cys Cys Glu Len Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NOQ:6) Cys Cys Gin l en Cys Cys

Asn Pro Ala Cys Tip Gly Cys Tyr (SEQ IO I\@Kﬂ f@yé Y ESESERMR £§ Asn Pro Ala Cys Thr
s h

Gly Cys Tyr (SEQ ID NO:3) Asn Cys Cys|& ﬂ? ¥, f : r GIy Cys Tyr (SEQ ED
NO:---) Asn Cys-Gys-Glu-Led-Cys-Cys-Asa P --\' TR, A S D-NO:=--}-Asn-Cys Cys
Glu Phe Cys Cys Asn Pro Ala Cys Thr Gl '"“ \ ,‘L NO) -- ‘ 0',6} ys Gin Tyr Cys|Cys Mn
Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NQ: \) e s ?{b ys Asn Pro Ala Gys Thr
Gly Cys Tyr (SEQ ID NO:---)/Asn Cys Cys FGln A rg ys ys s a Cys Thr Gly Cys Tyr{(SEQ ID
NO:---) Asn CysTCysGintys€ysCys ASTERT BECRYEND &P YT (SEQ D NO==)AsmSer Ser
30 Asn

Asn Tyr Cys Cys.Gin Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---

Ser Ser Asn Tyr Cys Cys Gil Leu Cys Cy$NSAIRGHIEBYAERFE Eys Tyr Asp Phe (SEQ ID NO:---)

Asn Ser Ser A

(SEQ ID NO:---)

16

15

20

The immature (including pre and pro regions) form of £. coli ST-1A (ST-P) protein has the
sequence: miklmlaifisvisfpsfegstesldsskekitletkkedvvknnsekksenmnuotfyccelccnpacagey (SEQ
ID NO:___; see GenBank™ Accession No. P01559 (gi:123711). The pre sequence extends
from aa 1-19. The pro sequence extends from aa 20-54. The mature protein extends from 55-
72. The immature (including pre and pro regions) form of E. coli ST-1B (ST-H) protein has
the sequence: mkksilfiflsvisfspfagdakpvesskekitleskkeniakksnksgpesmnssayccelcenpactgey
(SEQID NO:__; see GenBank® Accession No. PO7965 (gi:3915589)). The immature
(including pre and pro regions) form of ¥. enterocolitica ST protein has the sequence:
mkkivivlvimissfegafgqetvsggfsdalstpitaevykqacdpplppaevssdwdcedvecnpacage
(SEQIDNO:___; see GenBank® Accession No. $25659 (gi:282047)).

'The peptides of the invention, like the bacterial ST peptides, have six Cys residues. These six
Cys residues form three disulfide bonds in the mature and active form of the peptide. If the six
Cys residues are identified, from the amino to carboxy terminus of the peptide, as A, B, C, D,
E, and F, then the disulfide bonds form as follows: A-D, B-E, and C-F. The formation of these
bonds is thought to be important for GC-C receptor binding. Certain of the peptides of the
invention include a potentially functional chymotrypsin cleavage site, e.g., a Trp, Tyr or Phe
located between either Cys B and Cys D or between Cys E and Cys F. Cleavage af either
chymotrypsin cleavage site may reduce or eliminates the ability of the peptide to bind to the
GC-C receptor.
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Asn Ser Ser Asn Tyr Cys Cys Glu Tip Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ
NO:---) Asia Ser Ser Asn Tyr Cys Cys Glu Mg Cys Cys Asia Pro Ala Cys Thr Gly Cys Tyr Asp Phe
(SEQ ID NO:---) io Asia Ser Ser Asia Tyr Cys Cys au Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
Asp Phe (SEQ ID NO:---) Cys Cys Glu Leu Cys Cys Asia Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ
ID NO:---) Cys Cys Glu Leu Cys Cys Asia Pro Ala Cys Tip Gly Cys Tyr Asp Phe (SEQ ID NO:---) Cys
Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---) 15 Cys Cys Glu Tyr
Cys Cys Asia Pro Ala Cys liar Gly Cys Tyr Asp Phe (SEQ ID NO:---) Cys Cys Glu Tip Cys Cys Asia
Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---) Cys Cys Glu Mg Cys Cys Asia Pro Ala Cys Thr
Gly Cys Tyr Asp Phe (SEQ ID NO:---) Cys Cys Glu Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp
Phe (SEQ | huma o di A (s Emitiancd §RYEpE ASiA. PRy AP By RIS AP §eeTYiES Phe (SEQ
IDONO;--) 293&@%@@§Y2§|§&§t§§‘3&1'&@t%§%&9ﬂ§r@%ﬁelgﬁléo%iﬁaﬁyglag%x@iwgﬁﬁweﬁﬁﬂ aE&hee(SEQC;D )
NO:---) Asia Cys Cys Phe Cys Cys Asia Pro Ala Cys Thr s Tyr Asp Phe ID NO:---
Asia Cys Cyé%ﬂ?tg S@&?’ &?seﬁ%ﬁlfgpoo TECYPHIH y%\%‘ri’ﬁ?&%%%% %aé)(}\iol%né%%%eﬁvsela Cys
Cys Glu Tipieysdey st AsiadRtolfar@ys THirc@hyoCyschyindispdeloé TSEQIDING:--Jhaseys:GYs Glu
M9 CYSeCYS, e BB ot A St LA SR PORABE IRk rea £ OPRGAR GRS LS Cys
Thréi 6 (SEQ 1D NO™-- h

Cys Asn Pro Ala Cys Gly Cys Tyr Asp P | O’---) ha some cases, the peptides of the
invention ar@gpfskisod dhadnaspropreaprataaemErieBomboasd o ennaneadePYe Glsess

rnicksilfiflsvigtspfagealpmesskakitiaskikopiakkankagenesmbdiheradhepepiide ipiedaaed by a
bacterial cell, e.gﬁ, E. cail, the forgoin% leader sque ce 30wil) b%cleaveq and.the ma urelgegtide will
be efficiently SSEHRHA I TP BRI EP RIPP RS HRAPRE S 505 400 AAS R VSR RIS
expression systeghshendaastetiiddsifor the efficient production of ST peptides in bacterial cells and
metho 5 for achieving efficient secretion of mature ST peptides. The vectors, expression systems and
methods described in U.S. Patent No. 5,395,490 can be used to produce the ST peptides and variant
ST peptidesi6TRAEHEsAkE SHERtBHY Bt Pe pirissThetiapderrdia thratesahipskistides which
can includeaesHiwe ik eegsstatdri ine TH¥ a56VE rRighlpsiney T dRABVED GRS BavRRdimeRisE fewer than
5 or fewer t ag, 31‘}% pzzfe%rez];ggvoefr zxctive trypsin in the intestinal tract can lead to cleavage of certain of the

peptides of the invention having an appropriately positioned functional trypsin cleavage site. It

15 is expected that chymotrypsin cleavage will moderate the action of a pepﬁde of the invention
having an appropriately positioned trypsin cleavage site as the peptide passes through the

intestinal tract.

Many gastrointestinal disorders, including IBS, are associated with abdominal or visceral pain.
20  Certain of the peptides of the invention include analgesic or antinociceptive tags such as the
carboxy-terminal sequence AspPhe immediately following a Trp, Tyr or Phe that creates a
functional chymotrypsin cleavage site or following Lys or Arg that creates a functional trypsin
cleavage site. Chymotrypsin in the intestinal tract can potentially cleave such peptides
immediately carboxy terminal to the Trp, Phe or Tyr residue, releasing the dipeptide, AspPhe.
25 This dipeptide has been shown to have analgesic activity in animal models (Abdikkahi et al.
2001 Fundam Clin Pharmacol 15:117-23; Nikfar et ai 1997, 29:383-6; Edmundson et al 1998
Clin Pharmacol Ther 63:580-93). In this manner such peptides can treat both pain and
inflammation. Other analgesic peptides can be present at the amino or carboxy terminus of the
peptide (e.g., following a functional cleavage site) including: endomorphin-1, endomorphin-2,

30  nocistatin, dalargin, lupron, and substance P.
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10 amino acid substitutions and/or deletions compared to SEQ ID NOs:to. The substitution(s) can be
conservative or non-conservative. The naturally-occurring amino acids can be substituted by
D-isomers of any amino acid, non-natural amino acids, natural and natural amino acid analogs and
other groups. A conservative amino acid substitution results in the alteration of an amino acid for a
similar acting amino acid, or amino acid of like charge, 15polarity, or hydrophobicity. At some
positions, even conservative amino acid substitutions can alter the activity of the peptide. A
conservative substitution can substitute a naturally-occurring amino acid for a non-naturally-occurring
amino acid. The amino acid substitutions among naturally-occurring amino acids are listed in Table II.
Table Il For Amino Acid Alanine Arginine Asparagine Aspartic Acid Cysteine Glutamine Glutamic Acid
Glycine Histidine Isoleucine Leucing Lysine Methionine Phenylalanine Proline Serine Threonine

Tryptophan Ayiaste dfalinaseGibgaides AvgbAsid AshEys Gty Gl S IgHiISTH & helek YS/MeyPhe Pro Ser
Thr Tip Tyr ¥1%| Ala Cys Thr Gly Cys Tyr. To create a variant having a potentially functional chymotrypsin
cleavage site capable of inactivating the peptide, either the Leu (underlined) or the Thr
5  (underlined) can be replaced by Trp, Phe or Tyr or both the Leu and the Thr can be replaced by

(independently) Trp, Phe or Tyr. To create a variant having an analgesic di-peptide, the core
sequence is followed by Asp Phe. The carboxy terpinal Tyr in the core sequence can allow the
Asp Phe dipeptide to be released by chymotrypsin in the digestive tract. The core sequence can
be optionally be preceded by Asn Ser Ser Asn Tyr or Asn.

10
Thus, useful variants based on the core sequence include:
Asn Ser Ser Asn Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
(SEQ ID NO:4)
Asn Ser Ser Asn Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr

15 (SEQID NQ:--)
Asn Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
(SEQ ID NO:5)
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:6)
Cys Cys Glu Len Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr (SEQ ID NQO:~--)

20 Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:3)
Asn Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:---)
Asn Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr (SEQ ID NO:---)
Asn Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:---)
Asn Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:--)

25 Asn Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:---)
Asn Cys Cys Glu Arg Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:---}
Asn Cys Cys Glu Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:---)
Asn Ser Ser Asn Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe
(SEQ ID NO:---)

30 Asn Ser Ser Asn Tyr Cys Cys Glu Len Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr Asp Phe
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Replace with any of Gly, Cys, Ser Lys, His Asp, Glu, GIn, Asn, GM, Gin Met, Thr, Ser Asn, Glu, Asp
Asp, Asn, Gin Ala Lys, Mg Val, Leu, Met Val, lle, Met Arg, His lle, Leu, Val Tyr, His, Trp Thr, Cys, Ala
Ser, Met, Val Phe, Tyr Phe, His Leu, lle, Met In some circumstances it can be desirable to treat
patients.with a variant peptide that binds to 5and activates intestinal GC-C receptor, but is less active
than the non-variant form the peptide. This 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.

Production of peptides 10

(SEQ ID NO:---)

Asn Ser Ser Asn Tyr Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe

(SEQ ID NO:-~-)

Asn Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr As§ Phe
5 (SEQID NO:---)

Asn Ser Ser Asn Tyr Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe

(SEQ ID NO:---)

Asn Ser Ser Asn Tyr Cys Cys Glu Arg Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe

(SEQ ID NO:--)
10 Asn Ser Ser Asn Tyr Cys Cys Glu Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe
(SEQ ID NO:---)
Cys Cys Giu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---)
Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr Asp Phe (SEQ ID NO:---)
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO;---)
15 Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---)
Cys Cys Ghu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---)
Cys Cys Glu Arg Cys Cys Asn Pro Ala Cys Thrl Gly Cys Tyr Asp Phe (SEQ ID NO:---)
Cys Cys Glu Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:--)
Asn Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---)
20 Asn Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr Asp Phe (SEQ ID NO:---)
Asn Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---)
Asn Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---)
Asn Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:--)
Asn Cys Cys Glu Arg Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---)
25 Asn Cys Cys Glu Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:---)

In some cases, the peptides of the invention are produced as a prepro protein that includes the
amino terminal leader sequence: mkksilfiflsvisfspfagdakpvesskekitleskkeniakksnksgpesmn,
Where the peptide is produced by a bacterial cell, e.g., E. coli, the forgoing leader sequence

30 will be cleaved and the mature peptide will be efficiently secreted from the bacterial cell. U.S.
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Useful peptides can be produced either in bacteria including, without limitation, E. coli, or in other
existing systems for peptide or protein production (e.g., Bacillus subtilis, baculovirus expression
systems using Drosophila Sf9 cells, yeast or filamentous fungal expression systems, mammalian cell
expression systems), or they can be chemically synthesized. 15 If the peptide or variant peptide is to
be produced in bacteria, e.g., E. coli, the nucleic acid molecule encoding the peptide will preferably
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 5ST peptide. The secreted, mature peptide can be purified
from the culture medium. The sequence encoding a peptide of the invention is preferably inserted into

a vector cafsittet ofd SRR dasbrbainteitingetsosticteiosiaits anslaetileds Bvdewtfaieéll. The DNA

molecule may, BeinsesierripigRRAHIRAMAYSHY. teRlcaHRA VRIS RN eveeiamnsude, for
example, 10 pGEM3Z and pcDNA3, and derivatives thereof). The vector nucleic acid may he a

bacterial or BAHSHRP RGBS NAPS R S BRI OBAT e AR P RIL SAPaS Ry e B6f
Constructios, 8§ uvecier sonedning alnucieiGacie.dascabbtkHene STosp thiizdalfomgsdsydiransformation
of a ho%t celllllgulﬁpogs a bacterium. Suitable bacterial hosts include but are not limited to, E. coil, B.
subtilis, Pseud%monas, Salmonella. The genetic construct also includes, 15in addition to the encoding
nucleic acid molecule, elements that allow expression, such as a promoter and regulatory sequences.
The expressign.yepioisgaay contain transcriptional control sequences that control transcriptional
initiation, such as promoter, enhancer, operator, and repressor sequences. A variety of transcriptional
control seqUdR B EHERBANGSWATR RERARS Tk £ e dp RSiBTPy EEES PR 8% THelude a
translation gegedatogytsaiguenaen(@ksoan otbiiinasiaied: theqdasndewanthmtmnsipded3'espquence, or

an internal ribosome, entry. site). The vector. can be ca I mous replicatign or it can
integre{f)e in?glﬁnbos?cfﬂ\fﬁb t%‘%#?g%ﬁ%‘%ﬁﬁ%%ﬁﬁfﬁ rf)lg%ﬂ%ag% p%'o}gé{%%tig\wsl‘m‘pr{g@n'c%%?ng sequence that
includes a gepiiifetion{Bechmianicnecaiisisy brnfosedia iy s hle e ndid-errotnipaipolypdptide
affinity tag, &.gnQlatniane Priansleraset® shihdnaitose FnRiDANGREORINIPRALEIN Ad LAG tag,

hexa-histidine, myc tag or.the influenza HA tag, in arder to facilitate, purification, The affinjty tag or

reporter fuSIBRHASIR AL AP EANL WRThE FmStide SPRTRALLERMS ASKHESHERE SFHE fone
encoding theeaffiniiy dagRucinthataaitr énslational fusigruds genddtedntixpresbailibd therfission gene

result%n ”85‘1%%%'/9&%@ (S)}I)%%l%city. At some positions, even conservative amino acid substitutions can

alter the activity of the peptide. A conservative substitution can substitute a naturally-occurring
amino acid for a non-naturally-occurring amino acid. The amino acid substitutions among

naturally-occurring amino acids are listed in Table IL
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30polypeptide 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. Genetic constructs and methods suitable
for production of immature and mature forms of the 5peptides and variants of the invention 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. Mature peptides and variants thereof can be synthesized by
the solid-phase chemical synthesis. 10 For example, the peptide can be synthesized on Cyc(4-CH2
Bx1)-OCH2-4-(oxymethyl)- phenylacetamidomethyl resin using a double coupling program. Protecting
groups must u?rﬂd appropriately to create the correct disulfide bond pattern. For example, the
following pro ec%lng groups can be used: t-butyloxycarbonyl (alpha-amino groups); acetamidomethyl
(thiol groupsaft @ysinregidides Bogiad B edlsaetivlbenyt (thiol groups of Cys residues C and F); 15benzyl
(y-carboxyl ohighitarnic acid afdhthe KyisrEyy) Smoup of threonine, if present); and bromobenzyl
(phenolic gre%rﬁiélﬁlﬁyrosine ifg¥8senbyCHifling is effected with symmetrical anhydride of
t-butoxylcarb%??ﬁéﬁﬁ‘i’ﬁo acids yd i@fﬂé’ﬁi@ﬂﬂazole ester (for asparagirte or glutamine residues),
and the pep %&f &5idtecte S£nd cf%sé"e/ U5 the solid support in hydrogen fluoride, dimethyl

sulfide, anisgig: %%HEI -thiocrexst usin 7@% ratio (v/v/viw) at 20 OC for 60 min. After removal of
hydrogen f|U@LIi Ie ¢ €1in Cfneth sulfl red %d pressure and anisole and p-thiocresol by extraction
with ethyl et yI ac ’n alffy crude peptides are extracted with a mixture of 0.5M
sodium phosp @églpuffer pHED an«%{j\g imethylfomiamide using 1/1 ratio, v/v. The disulfide bond

for Cys residugs,Band E is thg form@qlﬁag@gmethyl sulfoxide (Tam etal. (1991)1 Am. Chem. Soc.
113:6657-623)eubhR 25resultingepeptidaisithiapurified by reverse-phase chromatography. The disulfide

bond betwe&gsine Lys Arg, His
Methionine Met  Ile, Leu, Val
Phenylalanine Phe  Tyr, His, Trp
Proline Pro
Serine Ser Thr, Cys, Ala
Threonine Thr Ser, Met, Val
Tryptophan Tip Phe, Tyr
Tyrosine Tyr Phe, His
Valine Val Leu, Ile, Met

In some circumstances it can be desirable to treat patients with a variant peptide that binds to
5  and activates intestinal GC-C receptor, but is less active than the non-variant form the peptide.
This 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.

Production of pepiides

10
Useful peptides can be produced either in bacteria including, without limitation, £. coli, or in

other existing systems for peptide or protein production (e.g., Bacillus subtilis, baculovirus
expression systems using Drosophila S{9 cells, yeast or filamentous fungal expression systems,
mammalian cell expression systems), or they can be chemically synthesized.

15
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Cys residues C and F is formed by first dissolving the peptide in 50% acetic acid in water. Saturated
iodine solution in glacial acetic acid is added (1 ml iodine solution per 100 ml solution). After incubation
at room temperature for 2 days in an enclosed glass container, the solution is diluted five-fold with
deionized water and extracted with ethyl ether four times for 30removal of unreacted iodine. After
removal of the residual amount of ethyl ether by rotary evaporation the solution of crude product is
lyophilized and purified by successive reverse-phase chromatography. Peptides can also be
synthesized by many other methods including solid phase synthesis using 5traditional FMOC
protection (i.e., coupling with DCC-HOBt and deprotection with piperdine in DMF). Cys thiol groups
can be trityl %rotected, Treatment with TFA can be used for final deprotection of the peptide and

release of thE Pfaédrsmvarsdargtidats Rhapradvaehip basesair 8xifiatih thesumieienctd achieve
proper disulfielkandfeotiaich: soindesiinaeer-blvetapiordandirgdessaydhe abilifyafireptides and

other agents to bind tq the intestinal GC-C receptar can be tested as follows. Cells of the T84 human
ol (Rt P Egﬂcé%étitﬁfﬁ%%ﬁ%sea%ﬁcﬁ%%t FPERBIITE8 confluence

. Q () € pe e Irom the
colon carcindfma cell line (rAnmerlgaﬁ ype cuttt
in 24-well cuttohedp rerrovdtratd amithgrerofddamis 05 Ft2rmediomn saidrDijhecesisghadifiéd Eagle's

medum{OMEM-auppispented niina feialeall st Sal tusaddodieaamanare typically beween

passages 5 riefly, T84 cell monolayers in 24-well plates are washed twice with 1 ml of binding
buffer (DMEM containing 0.05% bovine serum albumin and 25 mM HEPES, pH 7.2), then incubated

for 30 min a7 cedndhe presengea pérpatweradioaaiiviely padrelesl Fincatied Threptideag g test
material at 2 variog}s C ncer%tr.ationﬁl. Theicells.gre en,was edtfowl’ tirﬂ]esﬁgiﬁg ml of DMEM and
solubilized With 6 S fiRvell TR NEO H - TRETR AT SR GRAG IR 73R A SSlonived ARriSF i then
determined uinhestzmdeddntnethodsnérawalechliRiegarationafitabitantc8Ts pegtide Sandavifdetype ST

peptide 25 |ggRigparalion shiesompnantyalantsJrPepiides Apd itk yne ﬁé@%@%%%%faﬁa\f%ﬁam ST
peptide having the sequence Asn Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys TM- Gly

Cys Tyr (SESCIBFRIBEH WAL SH5t s ST EEORMBATIAM Lol Mdibenthdgrvatives thereof.

Construction of a vector containing a nucleic acid described herein can be followed by
fransformation of a host cell such as a bacterium. Suitable bacterial hosts include but are not
limited to, E. coli, B. subtilis, Pseudomonas, Salmonella. The genetic construct also includes,

15 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 franscriptional control sequences are well known to those in
the art. The expression vector can also include a translation regulatory sequence {e.g., an

20  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.

The protein coding sequence that includes a peptide of the invention can also be fused to a

25  nucleic acid encoding a polypeptide affinity tag, e.g., glutathione S-transferase (GST), maliose
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

30 polypeptide that includes both the peptide of interest and the affinity tag. In some instances
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animal model. A peptide having the sequence of the wild-type ST peptide was also created (SEQ ID
NO:4). SEQ ID NO:5 and SEQ ID NO:4 peptides were produced as preproproteins using vectors
5produced as follows. A sequence encoding a heat-stable enterotoxin pre-pro sequence was amplified
from pGK51/pGSK51 (ATCC 67728) using oligonucleotide M03514 (5'
CACACCATATGAAGAAATCAATATTATTTATTTTTCTTTCTG 3' (SEG ID NO: )) and oligonucelotide
M03515 (5' CACACCTCGAGTTAGGTCTCCATGCTTTCAGGACCACTTTTATTAC 3' (SEQ ID NO: to
_).- The amplification product fragment was digested with Ndel/Xhol and ligated to the T7 expression
vector, pET26b(+) (Novagen) digested with NdePXhol thereby creating plasmid MB3976. The region
encoding the pre-pro protein was sequenced and found to encode the amino acid sequence:
midcsilfiflsvIStasragaaiyepsskareitlzst sy rdeeriessaspd (SRQIIE MOt initielffisTibiethe amino
acid sequengasefl beat-siableeniRIOTNR AR RHBGHESAY (8FidliRe peptide of interest.
micksilfiflsvisfspfagdalcpagsskeldtlesidccnividcnnesspesm (SEQ ID NO:); GenBane Accession No.
Q47185, Gl: 3913876) at three positions (indicated by underlining and bold text) near the C-terminus.
To create expressiorovsirtots anitmthieo s exieh sdauendectbonafizmenias woligas:enteding each ST
peptide vari rwild- ' re.anne I.é? nd cloned into the MB3976 expression vector
To creat\é M %%%gl%%?n%%%%ﬁ%gﬁ%%?gal8@02%? ee%%ﬁ%?%?/%éyét?%se%ﬁﬁfe?‘%% %%%é%?gn §rotein),
containing th&Arkisvadrikesgukitied INBsaTly o EECENPACT BEMIGEGITRNO: piokgitdownstream
of the pre-prgysggiience, MB 3976 was digested with Bsal/Xhol and ligated to annealed oligos M03621
(5" GCATGAATAGTAGCAATTACTGCTGTGAATTGTGTTGT.AATCCTGCTTGTACCGGGTG
CTATTAATAAC 3' (SEQ ID NO:__)) and M03622 (5' 25
TCGAGTTAVEAKETAGOACOCOCGHTIACRAGTCAGE YTTACAA CACAN T T OACABEA BT Afthesis.

TTGCTACTAITC 3! D ) te [ D :5 as,a prepro protein)
containiﬁg tr?g%%%%?g%%%y ggg@e%u%ﬁ%e% %S%%?&%E%WA%%%%%%%@%stream of the
pre-pro sequBE¥aRFBEBPEGHY Hsadtias st ianxmbng ke Protesthteeipligustio3529 (5' 30

GCATGAATAG DOAMERAS ba e ObOr TR Selerh Gk Eah e CRG5ERing

TATTAATAAC 3! (SEQ ID NQ.)) and M03530 (5'
C pro%c?fm Zroups can bpuseg: %u%iexygarbonyl (alpha-amino groups); acetamidomethyl

(thiol groups of Cys residues B and E); 4-methylbenyl (thiol groups of Cys residues ¢ and F);

15 benzyl (y-carboxyl of glutamic acid and the hydroxyl group of threonine, if present); and
bromobenzyl (phenolic group of tyrosine, if present). Coupling is effected with symmetrical
anhydride of t-butoxylcarbonylamino acids or hydroxybenzotriazole ester (for asparagine or
glutamine residues), and the peptide is deprotected and cleaved from the solid support in
hydrogen {luoride, dimethyl sulfide, anisole, and p-thiocresol using 8/1/1/0.5 ratio (v/v/v/w) at

20 0°C for 60 min. After removal of hydrogen fluoride and dimethyl sulfide by reduced pressure
and anisole and p-thiocresol by extraction with ethyl ether and ethyl acetate sequentially, crude
peptides are extracted with a mixture of 0.5M sodium phosphate buffer, pH 8.0 and N, N-
dimethyiformamide using 1/1 ratio, v/v. The disulfide bond for Cys residues B and E is the
tformed using dimethyl sulfoxide (Tam et al. (1991) J. Am. Chem. Soc. 113:6657-62). The

25  resulting peptide is the purified by reverse-phase chromatography. The disulfide bond between
Cys residues C and F is formed by first dissolving the peptide in 50% acetic acid in water.
Saturated iodine solution in glacial acetic acid is added (1 ml iodine solution per 100 ml
solution). After incubation af room temperature for 2 days in an enclosed glass container, the
solution is diluted five-fold with deionized water and extracted with ethyl ether four times for

30 removal of unreacted iodine. Afier removal of the residual amount of ethyl ether by rotary
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TCGAGTTATTAATAGCACCCGGTACAAGCAGGATTACAACAATATTCACAGCAGTAA
TTGCTACTATTC 3'(SEQ ID NO:__)). 5 The SEQ ID NO:5 peptide and the SEQ ID NO:4 peptide were
produced as follows. The expression vectors were transformed into E. coli bacterial host BL21 A. DE3
(Jrivitrogen). A single colony was innoculated and grown shaking overnight at 30C in L broth + 25 mg/I
kanamycin. The overnight culture was added to 3.2 L of batch medium (Glucose 25 g/1, Caseamino
Acids 5 g/1, Yeast Extracts g/1, KH2PO4 13.3 g/1, (N144)2HPO4 4 g/1, MgS0O4-7H20 101.2 g/1, Citric
Acid 1.7 g/1, EDTA 8.4 mg/l, CoC12-6H20 2.5 mg/1, MnC12-41-120 15 mg/l, CuC12-4H20 1.5 mg/1,
H3B033 mg/1, Na2Mo04-2H20 2.5 mg/1, Zn Acetate-2H20 13 mg/l, Ferric Citrate 100 mg/1,
Kanamycin 25 mg/1, Antifoam DF204 1 m1/1) and fermented using the following process parameters :
pH 6.7- contrSY HRRFPHERE B AR {EER NTIdTIY Tatés Menkitishd it lind by mstesAtrtieinitial
consumption grifzatsrghiieasepdyased on monitoring 15 dissolved oxygen (DO) levels), 1.5 L of feed
medium (Glucose 700 gn, Caseamino Acids 10 g/1, Yeast Extract 10 ga, MgSO4-7H20 4 g/1, EDTA
13 mg/l, CoC12-61420 4 mg/1, MnC12-4H20 23.5 mg/1, CuC12-4H20 2.5 mg/1, H3B03 5 mg/1,
Na2M004-2 H2epddesgan ZspAeetatbegigahy Gumgy dthEomrithGis ateld@npgilidAhtife ayntDER04idzm1/1)

was addgd ata deedraigernpalied o mainaimz% RSP Eonesaddadda e MM A AHES post

feed start. The total run time was 20approximately 40-45 hours (until feed exhaustion). Cells were

collected by d&MeFkubBEH AL EEoBoca B T MRS dT Hecen i retiviy vreedeivwhiy fire!
supernatant Wasrgrassaodheiugh sl deldisalbimatioapuail. e tho S Hdilkated8:0 Mershwasdoaded

onto a 110 ml. -%aeé%garose {?SI Fi%vg column g?m rsham g’pﬁrinaua, 25 equilibrated with 20 inM

. C Ve A .
Tris-FICI pH 7. ol Fate of A0D RIRGUTE PR EB1tnh WAS \WASHSH with six volumes of 20 mM

Tris-HCI pH 7.5 and proteins were eluted with 50 m1M acetic acid collecting 50 ml fractions. Fractions

containing ST.peplidecaidant onwild-type ST peptide were pooled and the solvent was removed by
rotary evaporation. The dried proteins were resuspended in 10 ml of 8% acetic acid, 0.1%

trifluoroacetic acid (TFA) and loaded onto 30 a Varian Polaris C18-A column (250 X 21.2 nun 10 gm,
equilibrated imibebskenerafiedyada Stavy sadatof20dnkemin Thestelumo-vasyashad vathasitml of 8%

methanol, O'%gﬁo-I\;IFSA é&g of the T84 human colon carcinoma cell line (American Type Culture Collection
(Bethesda, Md.)) are grown to confluence in 24-well culture plates with a 1:1 mixture of Ham’s

15 F12 medium and Dulbecco’s modified Eagle's medium (DMEM), supplemented with 5% fetal
calf serum. Cells used in the assay are typically between passages 54-60. Briefly, T84 cell
monolayers in 24-well plates are washed twice with 1 ml of binding buffer (DMEM containing
0.05% bovine serum albumin and 25 mM HEPES, pH 7.2), then incubated for 30 min at 37°C
in the presence of mature radioactively labeled E. coli ST peptide and the test material at

20  various concentrations. The cells are then washed four times with 1 ml of DMEM and
solubilized with 0.5 ml/well 1N NaOH. The level of radioactivity in the solubilized material is

then determined using standard methods.
Example 1: Preparation of variant ST peptides and wild-type ST peptide
25

la: Preparation of recombinant variant ST peptides and wild-type ST peptide

A variant ST peptide having the sequence Asn Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn
Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:5) was produced recombinantly and tested in an
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developed with a gradient (300 ml) of 24 to 48% methanol, 0.1% TEA, collecting 5-ml fractions.
Fractions containing peptide were pooled and the solvent was removed by rotary evaporation. The
peptides were dissolved in 0.1%TFA and lyophilized. The SEQ ID NO:5 peptide and SEQ ID NO:4
peptide-fractions were analyzed by standard LCMS and EIPLC. LCMS analysis revealed that SEQ ID
NO:5 peptide is more homogeneous than SEQ ID NO: 4 peptide (see Figure la; note that SEQ ID
NO:5 peptide exhibits fewer peaks (Panel B) than SEQ 1D NO:4 peptide (Panel A)). Ib: Preparation of
synthetic variant ST peptides and wild-type ST peptide Peptides were chemically synthesized by a
commercial peptide synthesis company. Varying yields of peptides were obtained depending on the
efficiency of chemijcal synthesis, Thus, the 15 four peptides, in decreasing, order of yield were: Cys Cys
Glu Tyr Cys EYEALGE D AIRTYE FAFESPE JEHgHerSE S5 1S 1075096 B AESEgE Bl Lou
Cys Cys Asn$:Q AleNCy4)Thr Gly Cys Tyr (SEQ ID NO:6); Asn Set Set Am Tyr Cys Cys Glu Tyr Cys
Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:5); Asn Ser Ser Asn Tyr Cys Cys Glu Leu Cys Cys
Mn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:SEQ ID NO:4), <5% vyield. Thus the specific amino acid
20changes iffFEH 8@ iAtenthel b Bty £ aertdeatecinprolisg hsamudpropndtiing opes tiestorigure b
shows the t%ﬁid@&&'ﬁﬁ@ﬁlﬁi@ﬁif@?&%{&ﬂ@ Qlsymbeicallymanuaelued SRQPHRMRR HeALde. Figure

Ilc shows the totg 'on&%@ato %%Igorofile of the control blank sample. There is one major peak
present in th&'8 féf‘il ; 53% AmpIE SR 12AT0 e Pisonuekitite MO sample.
Quantitative @AGIKSIE ATYTESA heASF QA BTNCr ATEMITIETIS DOBYT Qe 3’ EXathmeany:Aptiation of the
intestinal GG Jﬁ&ﬁﬁﬁ%ﬁyﬁ- t ST pe_ptide_and ST peptide 5 The ability of SE_Q ID NO:5, SEQ
ID NO:4, ang Q ID NO:3 to activate the intestinal GC-C receptor was assessed in an assay

employing tHe RIS ETIEN CaRIIsRAEET IS ARG ACATE CHRTACSHIBEROI (Bethesda,

Md)). For the gssays seisaersOpNR-iaeanlNeRsy dihedetaiisWiieplatas it @alid dibsire of
Ham's F12 medium and Dulbjgg%o's+;£%%|fled Eaégle's medluméDMEM) supplemented with 5% fetal

calf serum aREWEISUSEH L P PEaRs) JLarHad P IE R ¢ |FrafngPlasPiklls in
24-well platddRiIsns whshegitwiceoitis et OMEN, thesdpnibatenfAZE forkddvimavith 0.45 m

DMEM contg]'!gggg . ' t ' X lic nucleatide ph i rase
inhibitor. Test pe %I‘J;&g]é\é'%fé %gu%é%ﬁgﬁ%%éﬁ%%%%%@g ?(lawf'f(g(BH%Sl%%?%%?aﬁ%%ﬁe media
was aspirated)drgj%éi%%fr@mmmgﬁ aeifheRqaregat iiretatiditiornistotexiotd precwisef(Stadl HC1.

The saplegwergihaltepricader2Qninutasanddherayanersied 1o ﬁf@r%“ﬁ dRingAkreat gun or
vacuum ce%fugation. The ried§a}m§les were resuspended in 0.5m1 of phosphate buffer provided in

the Caymarf CHEMBAN &yRfid RIS ER IR (B4 MhEse eetinrstindiratad Bemages e e md b

text) near the C-terminus. To create expression vectors with the pre-pro sequence,
complementary oligos encoding each ST peptide variant or wild-type ST peptide were annealed
and cloned into the MB3976 expression vector. To create MB3984 (encoding SEQ ID NO:4

20 peptide (wild-type ST peptide) as a prepro protein), containing the amino acid sequence,
NSSNYCCELCCNPACTGCY (SEQ ID NO:__ ) fused downstream of the pre-pro sequence,
MB 3976 was digested with Bsal/Xhol and ligated to annealed oligos MO3621 (5’
GCATGAATAGTAGCAATTACTGCTGTGAATTGTGTTGTAATCCTGCTTGTACCGGGTG
CTATTAATAAC 3’ (SEQ ID NO:_)) and MO3622 (5’

25 TCGAGTTATTAATAGCACCCGGTACAAGCAGGATTACAACACAATTCACAGCAGTAA
TTGCTACTATTC 3’(SEQID NO:__) ). To create MB3985 (encoding SEQ IDNO:5 as a
prepro protein) containing the following amino acid sequence, NSSNYCCEYCCNPACTGCY
fused downstream of the pre-pro sequence, MB 3976 was digested with Bsal/Xhol and ligated
to annealed oligos M03529 (5’

30 GCATGAATAGTAGCAATTACTGCTGTGAATATTGTTGTAATCCTGCTTGTACCGGGTG
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20 was measured by EIA. according to procedures outlined in the Cayman Chemical Cyclic GMP EIA
kit. Figure 2 shows the activity of chemically synthesized peptide variants in this GC-C receptor activity
assay. In this assay, SEQ ID NO-4 and two different SEQ ID NO:3 peptides (SEQ ID 25 NO:3(a) and
SEQ ID-NO:3(b), synthesized by two different methods) had activity comparable to SEQ ID NO:4. SEQ
ID NO:5'and SEQ ID NO:4 peptide were chemically synthesized in a manner identical to that of SEQ
ID NO:3(b). Example 3: SEQ ID NO:5 and SEQ ID NO:4 increase intestinal transit in mice In order to
determine whether the peptides increase the rate of gastrointestinal transit, the peptides and controls
were tested using a marine gastrointestinal transit (GIT) assay (Moon et 5al. Infection and Immunity

25:127, 197 o ich ca readily visualized in the gastrointestinal tract is
adm|n|steredeto‘;{r)rnrlltgg(‘—:fl%l?fgi 22’fyhe %%Ergﬁ?i)sﬁv 2%6913 g%?n(éound. The distance traveled by the
charcoal is nﬁﬁ&@ﬁ@ﬁﬁ@%@é@ﬁﬁ@@%ﬁﬁ%ﬂ@ﬁ@ﬂ@@&@hﬂmma@%&Were

fasted with fwgé@ﬁmgggb%tﬁ%gﬁfurs before the treatment with peptide or control buffer.
The peptides were orally administered at - Img/kg of peptide in buffer (20mM Tris pH 7.5) 7

minutes before being given an oral dose of 5% Activated Carbon (Aldrich 242276-250G), Control mice
were adgninistes sebufferonlyheleredaeinggiven sdaseafoivaled GRR0R-HAiftsrsl Sripinutes, the

mice were sacrificed and their intestines from the 15 stomach to the cecum were dissected. The total

length of theSIHEEHRR Y REIFaEeHE st dnipleted sk iHd etbRlath S H Brvifreseiraht was

measured fmiwbowﬂmhﬁﬂﬂd&ﬂa{t@&léﬁa M&ﬁﬁ@ﬁ%&%@ﬁ pesoentof thedpialdepgih of the
intestine tra eled b charco E{}ror]}é All result areéfﬁzﬂgd as the averaFg;l of 10 mice + standard
deviation. A'COMpa |so }bef‘fﬁﬂ LHEE TS &Y Bairharstien tHefcetfrédied with

peptide verstssthming decideated, Xadt i vemiticegd] G, Maspe foimmuilsHa $mﬂmm4teslzand a
statisticglly signific i i < val C ing a two-sided
ol signficentdilerencesnasronsiacion Cidi=aibe £ AN s %@

T-Test assumln? unequal variances. As can een In Figure 3a pe ST peptide
5

(SEQ ID N4C 1 f5med B Sl mad W@O@aﬁﬁ@/ﬁg’é %tﬁ@mvmﬁhmh&m@u SEQ ID
NO:3 and Zebaaero(nale oado K aeteigiapprayedden DRI DIaY Iﬁzﬁnmamé&ﬁ@ﬁtﬁa%%"gowm

receptor SHELX increase astromtestl aI nS|t rate in this model. Figure 4a shows the result of a
study demoNatT ARG HoSE ﬁﬁﬁﬁﬁﬁ T e e SAEPOREAE Rty arlHEEA R, Bk Ageoreration :
recombinaniljatsmﬁlaesmmbSE@ai%N@ﬂah@oﬁ&@ﬁ{mﬁdﬁ&tﬁi@me&b (hasysiheoieemitgof a study

demon@tratd]gsg%la 8@@&0&9&5%%&15812? E §f§’% ﬁmm%gl(gcgs% %(8 g3/1p8§’ tt!:gmmo Acids 10
g/, Yeast Extract 10 g/l, MgSO4-711,0 4 g/l, EDTA 13 mg/l, CoCly-6H;0 4 mg/l, MnCly-4H,0
23.5 mg/l, CuCl-4H;0 2.5 mg/l, H:BO; 5 mg/l, NaxMoQ4-2H,0 4 meg/l, Zn Acetate-2H,0 16
mg/l, Ferric Citrate 40 mg/l, Antifoam DF;0, 1 ml/1) was added at a feed rate controlled to
maintain 20% DO, IPTG was added to 0.2 mM 2 hours post feed start. The total run time was

2¢  approximately 40-45 hours (until feed exhaustion).

Cells were collected by centrifugation at 5,000 g for 10 minutes. The cell pellet was discarded
and the supernatant was passed through a 50 Kd ultrafiltration unit. The 50 Kd filtrate (0.6
liters) was loaded onto & 110 m! Q-Sepharose fast Flow column (Amersham Pharmacia,

25 equilibrated with 20 mM Tris-HC! pH 7.5) at a flow rate of 400 mlVhour. The column was
washed with six volumes of 20 mM Tris-HCI pH 7.5 and proteins were eluted with 50 mM
acetic acid collecting 50 ml fractions. Fractions containing ST peptide variant or wild-type ST
peptide were pooled and the solvent was removed by rotary evaporation. The dried proteins
were resuspended in 10 mi of 8% acetic acid, 0.1% trifluoroacetic acid (TFA) and loaded onto

30 aVarian Polaris C18-A column (250 X 21.2 mm 10 pm, equilibrated in the same buffer) at a
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increase intestinal transit rates more than either Ti-is buffer alone or an equivalent dose of Zelnorm(r).
5 The identical experiment was performed to determine if SEQ ID NO:3 is effective in a chronic dosing
treatment regimen. Briefly, S week old CD1 female mice are dosed orally once a day for 5 days with
either SEQ ID NO:3 (0.06mg/kg or 0.25mg/kg in 20mM Tris pH 7.5) or vehicle alone (20mM Tris pH
7.5). On the 5th day, a GIT assay is perfooled identical to that above except 200111 of a 10% charcoal
solution is administered. Figure 4c shows the results of a to study demonstrating both chemically
synthesized SEQNO:3 or Zelnorm(r) are effective in a mouse gastrointestinal motility assay upon
chronic dosing (daily for 5 days). The results are shown side by side with acute dosing (1 day).

Example 4: SEQ ID NO:5 peptide and SEQ ID NO:4 peptide increase intestinal secretion 15 in
suckling micd8uRk 8538 10ED iHncunpepttieahel SED LEP e fiefactbanel $orthEi‘atifity to

increase integdinad SRACHEHON:HRINGATVICKINGrMPYSERMarel slintesinakseckelion: 43 this model a test
compound is administered to suckling mice that are between 7 an(i 9 de%s old. After the mice are
20sacrificed R G AR FAT AR BFR A PRREH g e KB S SRR (B e
remains ("caeeassitias. ildlt asptivegutseaizsvisighiad AbEl e madidyofiglitedo carcass weight is
calculated. If the ratio is above 0.09, one can conclude that the test compound increases intestinal

secretion. Figure S5a shows a dose response curve for wild-type ST peptide (SEQ ID NO:4) in this
model. FiguréisiSBROWI G4 @ frisforsb el e BE B8 apraalihahly 28afodel. These

data show thatwitdntine 5. nepligde.(Rurabasedifom Tl Inonyesiphesien 2Manskag.sEQ ID
NO:3 peptide mgﬁﬁsﬁ(&ﬁstmw sgcretlon,. The effect of Zﬁlnormijﬁ as also, studied. As can be seen
[

from Figure 822 t OPPRHGAG G S ol hBrEuSBtinte3thar See REBAT IR hSHEE. Figure 6a
shows a dosgsesfanseR)uhue $RQIE MOchpbinart(Bme) D)NO:4 peptide described above and the
recomb1i61ant SEQ ID NO:5 peptide described above. 30As can be seen from Figure 6a, both peptides
increase intestinal secretion in this model. Similarly figure 6b shows a dose response curve for

chemically synthestPedrepentiyne syndietic g idEnensides mi wid-4ens 8T pertift-type ST peptide

(purchased from Sigma-Aldrich, St Louis, MO). 5Colonic hyperalgesia animal models

Peptides were chemically synthesized by a commercial peptide synthesis company. Varying
yields of peptides were obtained depending on the efficiency of chemical synthesis. Thus, the
15 four peptides, in decreasing order of yield were: Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr
Gly Cys Tyr (SEQ ID NO:3), 10-20% yield; Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr
Gly Cys Tyr (SEQ ID NO:6); Asn Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys
Thr Gly Cys Tyr (SEQ ID NO:5); Asn Ser Ser Asn Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala
Cys Thr Gly Cys Tyr (SEQ ID NO:SEQ ID NO:4), <5% yield. Thus the specific amino acid

20 changes introduced into the peptides can create improved manufacturing properties.

Figure 1b shows the total ion chromatograph profile of synthetically manufacturedSEQ ID
NO:3 peptide. Figure 1c shows the total ion chromatograph profile of the control blank
sample. There is one major peak present in the SEQ ID NO:3 peptide sample that is not also

25 present in the control sample. Quantitative analysis suggests the SEQ ID NO:3 peptide is
>98% pure.
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Hypersensitivity to colorectal distension is common inpatients with LBS and may be responsible for the
major symptom of pain. Both inflammatory and non-inflammatory animal models of visceral
hyperalgesia to distension have been developed to investigate the effect of compounds on visceral
pain in-1BS. 10 I. Trinitrobenzenesulphonic acid (TNBS)-induced rectal allodynia model Male Wistar
rats (220-250 g) were premedicated with 0.5 mg/kg of acepromazine injected intraperitoneally (IF) and
anesthetized by intramuscular administration of 100 mg/kg of ketamine. Pairs of niclu-ome wire
electrodes (60 cm in length and 80 p.m in diameter) were 15 implanted in the striated muscle of the
abdomen, 2 cm laterally from the white line. The free ends of electrodes were exteriorized on the back
of the neck and protected by a plastic tube attached to the skin. Electromyographic (EMG) recordings
were started 5 days after surgery. Electrical activity of abdominal striated muscle was recorded with an
electroencegbﬁdﬁgmm A O ibie\ilesha G Pal s e fejptaeyusingianiiartgimedeanstant (0.03 sec.)
to remove 20 Io requency signals (<3 Hz). Ten days post surgical implantation,

trinitrobenzeR&8 (flphonlc acid (TNBS) was administered to induce rectal inflammation. TNBS (80 mg
kg-1in 0.3 ml 50 % ethanol) was administered intrarectally through a silicone rubber catheter

introduced ai3.CR{roRY ﬁﬁ?@ﬁ@%d%fﬁ ith 2Rgiethyd- mw&%tﬁ?é%tﬁﬁtgﬁé%%ﬂrﬁﬁéﬁe@ etal.

1994 Dig Dis Sci 39:1239). Followin TN S administration, rats were placed in plastic tunnels where
they were séGefaRF Wfﬁﬁtéﬁq?ﬁ?ﬁé‘bﬁw%ﬁy%?ﬁf%% E%?&%%MW@%S%R@RD)

Experlmentmmmp@unﬁpwaalaﬂmﬂmd @hbaldy efpre &I wmgb RS pedermadipy insertion
into the rectum, at 1 cm % s,a4 £m lo long quloon ma from tex condo zue ef, al, 1997
t

Neurogastroer’?{tclerolf%fo ml'tﬁgl%g‘?loon Wais fixed on |g|d ca Ifml%@“ﬁdf
embolectonpglifisd %E@lgamy)dﬂime(}@étﬁétérsamd@mentdthabrﬁ%efstﬁb@dif a@mhe pukeat tsedail. The
balloon, conggg,t@eg Q l%ggggftgﬁdvg@_s inflated progressively by step of 15 mmHg, from 0 to 60 mmHg,
each step of |nflat|on lasting 5 min. Evaluation of rectal sensitivity, as measured by 6EMG, was
performed before (1-2 days) and 3 days following rectal instillation of TNBS. The number of spike
bursts that @ﬁ&gpam@r@abdﬂmﬂmabn@mtm&en@w%@@t@mnadmareswmm perioes Dptatigfical

analysis of t][}le number, ??ﬂ’ |n I contra(f‘hl Qﬁ aq% %gg aig}‘ ntgh? 1gleﬁgie-eﬁects relationships was
performed by a one Way anaIyS|s o variance (A

isobutylmethylxanthine (IBMX), a cyclic nucleotide phosphodiesterase inhibitor. Test peptides

15 (50pl) were then added and incubated for 30 minutes at 37°C. The media was aspirated and the
reaction was then terminated by the addition of ice cold 0.5 m! of 0.1N HC1. The samples were
held on ice for 20 minutes and then evaporated to dryness using a heat gun or vacuum
centrifugation. The dried sampies were resuspended in 0.5ml of phosphate buffer provided in
the Cayman Chemical Cyclic GMP BEIA kit (Cayman Chemical, Ann Arbor, MI). Cyelic GMP

20  was measured by EIA according to procedures outlined in the Cayman Chemical Cyclic GMP
EIA kit.

Figure 2 shows the activity of chemically synthesized peptide variants in this GC-C receptor
activity assay. In this assay, SEQ ID NO:4 and two different SEQ ID NO:3 peptides (SEQ ID

25 NO:3(a2) and SEQ ID NO:3(b}, synthesized by two different methods) had activity comparable
fo SEQ ID NO4. SEQ ID NO:5 and SEQ ID NO:4 peptide were chemically synthesized in a
manner identical to that of SEQ ID NO:3(b).

- 64 -



10followed by a post-hoc (Student or Dunnett tests) and regression analysis for ED50 if appropriate.
Figure? shows the results of experiment in which SEQ ID NO:3 activity was analyzed in the TNBS
colorectal model. Significant decreases in abdominal response are observed at 0.3 pg/kg 15 and 3
jig/lkg SEQ ID NO:3. These results demonstrate that SEQ ID NO:3 reduces pain associated with
colorectal distension in this animal model. Il. Stress-induced hyperalgesia model zo Male Wistar Rats
(200-250 g) are surgically implanted with nichrome wire electrodes as in the TNBS model. Ten days
post surgical implantation, partial restraint stress (PRS), is performed as described by Williams et al.
for two hours (Williams et al. 1988 Gastroenterology 64:611). Briefly, under light anesthesia with
ethyl-ether, the foreshoulders, upper forelimbs and thoracic trunk are wrapped in a confining harness
of paper tape to restrict, but not prevent body 25movements. Control sham-stress animals are

anaesthetizef buhyrie SwsapED NhistyaisEQIDefora tha-and pfitheRRS5er5i0mithe animals are
administered test-compound or vehicle. Thirty minutes to one hour after PRS completion, the CRD

distension precsiu eiseHiaesas dssouheiabonaloni ENBAMAEID argegLat pressures

of 15, 30, 45 and 60n Hg. Statistical analysiS on the number of bursts is determined ahd analyzed as

in the TNBS FBHEAS 345600 RR RS2 BiRR AGRE N Esaei niertina L st G R B Merceld writhing

model can belLgitorassthspain,aniwl, actviyiaithe:neplidasand @eiciatapiaragonists of the
i ion. i i i , Si al. , . . Bio. . 95: -731).
invention. This m Ig%' isdescribed by S @a@#{é‘%det %ﬂg%f‘té ?g%’ggf%"g%%%ﬂ?#%@ggﬁggfog ” )

Briefly, one hour after ora?&osmg with a test com’ﬁ%
phenylbenzoguinewsl (Hhexisenstidre(eREomtbkgasinjecteekbyréitzaperiioneal soutssinatiige snouse.
The numbergf giratehes 3pehwiifypgs are recorded from the 5th to the 10th minute after PBQ
injection, and can also be counted between the 35th and 40th minute and between the 60th and 65th

minute to provide a
10 Mice were fasted with free access to water for 12 to 16 hours before the treatment with peptide

or control buffer. The peptides were orally administered at 1pg/kg — Img/kg of peptide in
buffer (20mM Tris pH 7.5) 7 minutes before being given an oral dose of 5% Activated Carbon
(Aldrich 242276-250G). Control mice were administered buffer only before being given a dose
of Activated Carbon. After 15 minutes, the mice were sacrificed and their intestines from the
15 stomach to the cecum were dissected. The total length of the intestine as well as the distance
traveled from the stomach to the charcoal front was measured for each animal and the results
are expressed as the percent of the total length of the intestine traveled by the charcoal front.
All results are reported as the average of 10 mice * standard deviation. A comparison of the
distance traveled by the charcoal between the mice treated with peptide versus the mice treated
20 with vehicle alone was performed using a Student’s t test and a statistically significant
difference was considered for P<0.05. P-values are calculated using a two-sided T-Test

assuming unequal variances.

As can be seen in Figure 3a and Figure 3b, wild-type ST peptide (SEQ ID NO:4, (Sigma-

25  Aldrich, St Louis, MO); 0.1 mg/kg), synthetically manufactured SEQ ID NO:3 and Zelnorm®
(0.1 mg/kg), a drug approved for IBS that is an agonist for the serotonin receptor SHT4,
increase gastrointestinal transit rate in this model. Figure 4a shows the result of a study
demonstrating that intestinal transit rate increases with an increasing dosage of sither
recombinantly synthesized SEQ ID NO:4 or SEQ ID NO:5. Figure 4b shows the results of a
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to kinetic assessment. The results are expressed as the number of stretches and writhings (mean
SEM) and the percentage of variation of the nociceptive threshold calculated from the mean value of
the vehicle-treated group. The statistical significance of any differences between the treated groups
and the control group is determined by a Dunnett's test using the residual variance after a one-way
analysis of variance (Pc 0.05) using SigmaStat Software. 15 Figures 8a and 8b show the effect of
different doses of SEQ ID NO:5 and SEQ ID NO:3 in the PBQ writhing assay. Indomethacin, an
NSAID (nonsteroidal anti-inflammatory drug) with known pain control activity, was used as the positive
control in the assay. Significant reductions in writhings were observed for SEQ ID NO:5 (1 mg/kg
dose) and SEQ ID NO:3 20(2.5 mg/kg dose) compared to the vehicle control. Loss of efficacy at the

highest dose YESEEPRee TR EBal sharicrl frirmimpiobR PN SE EL A4S mmtds

antagonists) igsteddinsisiiar assaystet heresiatisphehisRibdffsuggrsithathathisk ol MO:5 and
SEQ ID NO:3Z 1ema@tinociceptive effects in this visceral pain model comparable to the intermediate

vV
doses of indorggt%acm. 25 Example 5: SEQ Il NO:3 Kd determination To deteiniine the affinity of
SEQ ID NO:3 for GC-C receptors found in rat intestinal mucosa, a competition binding assay was

performed usiig f&&%ﬁﬁ&ﬁ%@ﬁ!&ﬂ!%&%ﬁ@ﬁ%&&i%@%ﬁ@k%§9 i e SHRBIEINNG OfialR were

obtained as described by Kessler et al. (.1 Biol. Chem. 245: 5281-5288 (1970)). Briefly, animals were
sacrificed anHOHRE HRHOIRINeF R BY dip S serrkmid ShiaPrils e WA errdet o mtso diidercold

saline or PBS.dk9scmitptiher Spallintestng maaguest atzbhemdiarothe! gytoris vasorergayrd and cut

into 1 inch segments. tin cosa wasgextrud om the intestine by gentl essure between a
bty i e e S Y e e
pipetted up axdapddidwioh 219t pipretiestdutivakie adsusistensionfifwelit: ProteithemsclntEdion in the
SUSPeNsioN Was MRARKIed: e Beuine BrRdigrd methoci(dna nBleehem Zim LA 2 AR in o

mouse gastrointestinal motility assay upon chronic dosing (daily for 5 days). The results are

shown side by side with acute dosing (1 day).

Examplé 4: SEQ ID NO:5 peptide and SEQ ID NO:4 peptide increase intestinal secretion

15 in suckling mice (SuMi assay)

SEQ ID NQ:4 peptide and SEQ ID NO:5 were tested for their ability to increase intestinal
secretion using a suckling mouse model of intestinal secretion. In this model a test compound
is administered to suckling mice that are between 7 and 9 days old. After the mice are

20  sacrificed, the gastrointestinal tract from the stomach to the cecum is dissected (“guts™). The
remains {“carcass”) as well as the guts are weighed and the ratio of guts to carcass weight is
calculated. If the ratio is above 0.09, one can conclude that the test compound increases
intestinal secretion. Figure 5a shows a dose response curve for wild-type ST peptide (SEQ ID
NO:4) in this model. Figure 5b shows dose response curve for the SEQ ID NO:3 peptide in this

25  model. These data show that wild-type ST peptide (purchased from TDT, Inc. West Chester,
PA) and the SEQ ID NO:3 peptide increase intestinal secretion. The effect of Zelnorm® was
also studied. As can be seen from Figure 5, Zelnorm® at 0.2 mg/kg does not increase intestinal
secretion in this model, Figure 6a shows a dose response curve for the recombinant SEQ 1D
NO:4 peptide described above and the recombinant SEQ ID NO:5 peptide described above.

30  As can be seen from Figure 6a, both peptides increase infestinal secretion in this model.
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10 A competition binding assay was performed based on the method of Giannella et al. (Am. J.
Physiol. 245: G492-G498) between [1251] labeled SEQ ID NO:4 and SEQ ID NO:3. The assay mixture
contained: 0.5 ml of DME with 20 rnM HEPES-KOH pH 7.0, 0.9 mg of the cell suspension listed
above,21.4 fmol [1251]-SEQ ID NO:4 (42.8 pM), and different concentrations of competitor SEQ ID
NO:3 (0.01 to 1000 nM). The mixture was incubated at room 15temperature for 1 hour, and the
reaction stopped by applying the mixture to GF/B glass-fiber filters (Whatman). The filters were
washed with 5 ml ice-cold PBS and radioactivity was measured. Figure 9 shows that the Kd for SEQ
ID NO:3 in this assay is 4.5 nut %B/Bo is the percentage of the ratio of radioactivity trapped in each
sample (B) cqm ’fr?dj_to th%g ioactiyity retained in a con\tlg)l sample with no cold competitor (Bo).
Giannella et f.n{j) B ST S5 45D BA0 85 S B LS VU A Y R TR R Be T Deptide in
this same asS&QASNAS and ERQTHP NG:4Rhaxi acokidetise i Dpegics (f SR IDND: Sidwastudy the
phannacokingﬁ@cgfsﬁ%lg M@j?’ absorbability studies in mice were performed 25by administering
SEQ ID NO:3 intravaneously vid tail vein injection or orally by gavage to 8- week-old CD1 mice. Serum
was collected from the animals at various time points and tested for the presence of SEQ ID NO:3

using a eompRitvie BRZyMe-inkeginmseabsorbent assay (Oxoid, ST EIA kit, Cat#TD0700). The

assay utilized monoclonal antibodies against ST peptide (antibodies are provided in the Oxoid kit) and

synthetically;manufac -3, Figure 10a shows absorption data for.intravenously and
orally adminﬁgggred.séh(% I f§NI§§0§Q 5%9 é%ggt%é?t%/%%%rﬁ%w g%%%%.“@@%gﬁ)a . ya%f)fi)ears to be
minimally sy&tEionciily e rsioa amatep obpaio Bed iflemmaienilandivevailabiliststydyiwals

performed imh@b&@%&aﬂyﬁéﬁmﬁkd%&&%&ﬁ@%%éﬂ&&%&ﬁ%'ﬁw&g&é@Hé?aé%é%@im

samples were extracéé:ed from the whole blood of exposed and control mice, then injected directly
(10mL) onto SAHLHE SBIAFHASRERACon (SPE) column (Waters Oasis HLB 25mm column, 2.0 x
15mm direct connect) without further

I. Trinitrobenzenesulphonic acid (TNBS)-induced rectal allodynia model

Male Wistar rats (220-250 g) were premedicated with 0.5 mg/kg of acepromazine injected
intraperitoneally (IP) and anesthetized by intramuscular administration of 100 mg/kg of
ketamine. Pairs of nichrome wire electrodes (60 cm in length and 80 um in diameter) were
15 implanted in the striated muscle of the abdomen, 2 ¢m laterally from the white line. The free
ends of electrodes were exteriorized on the back of the neck and protected by a plastic tube
attached to the skin. Electromyographic (EMG) recordings were started 5 days after surgery.
Electrical activity of abdominal striated muscle was recorded with an electroencephalograph
machine (Mini VIII, Alvar, Paris, France) using a short time constant (0.03 sec.) to remove

20 low-frequency signals (<3 Hz).

Ten days post surgical implantation, trinitrobenzenesulphonic acid (TNBS) was administered to

induce rectal inflammation. TNBS (80 mg kg1 in 0.3 mlI 50 % ethanol) was administered
intrarectally through a silicone rubber catheter introduced at 3 ¢cm from the anus under light
25  diethyl-ether anesthesia, as described (Morteau et al. 1994 Dig Dis Sci 39:1239). Following
TNBS administration, rats were placed in plastic tunnels where they were severely limited in
mobility for several days before colorectal distension (CRD). Experimental compound was
administered one hour before CRD which was performed by insertion into the rectum, at 1 cm

of the anus, 2 4 cm long balloon made from a latex condom (Gue et al, 1997
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processing. The sample on the SPE column was washed with a 5% methanol, 95% dH20 solution (2.1
al/min, 1.0 minute), then loaded onto an analytical column using a valve switch 10that places the SPE
column in an inverted flow path onto the analytical column (Waters Xterra MS C8 5mm IS column, 2.1
x 20mm). The sample was eluted from the analytical column with a reverse phase gradient (Mobile
Phase A: 10 niM ammonium hydroxide in dH20, Mobile Phase B: 10 inM ammonium hydroxide in 80%
acetonitrile and 20% methanol; 20% B for the first 3 minutes then ramping to 95% B over 4 min. and
holding for 2 min., all at a flow rate of 15 0.4 mL/min.). At 9.1 minutes, the gradient returns to the initial
conditions of 20%B for 1 min. SEQ ID NO:3 eluted from the analytical column at 1.45 minutes, and
was detected, by triplequadrapaole mass spectrometry (MRM, 764 G%%Bar e state)>182 (+1 charge
state) Da; cof}%‘/(‘}'g‘é)%ﬁ%ae:”ﬁ)‘g;%ﬁ'%ig? iPZ’OTg?/b E?férh‘tvﬁéglﬁﬁ‘gcgﬂ = ﬁaglﬁeﬁgst BakB&tghter
resolution = 2Bkt bageppewF dpstr)mEnt cetpenssanias coHventedsifitedehteritastiontunits by

comparison 2R arsiandaida e weina oR AL ALSbBiGAl syriBcizad SEQ INNO'S

prepared and injected in mouse serum using the same ure.” Figure sorption data

for IV and or&fyeintetbraerstofipindegiag dacBrbpiomSenatsmytsty, SEEapriPys

appears simifavt:rpipaty:siatesricatly. 2hspipad and s AicWislddinavalable, Ademistration of

peptides and GC-C receptor agonists For treatment of gastrointestinal disorders, the peptides and

agonists of the invention are preferably administered orally, e.g., as a tablet or cachet containing a

predeterminéthamatint of sike actwehngredisptnjettethdeipabtensyctipnbohssiciaainadynesifirry,

sachet, capsiis Rauec bl et aRudsle RIS A SO UaRAL A SUSREnsiRn AR eous
; SIo emuls

liquid or a non-aqueous liquid; as an’oil-in-water liquid emulsion or a water-in-oil liqui ulsion, via a

liposomal fortfiERzEpgeBianghisY 732 GoIGH by Sorhe Baanbrie Oraipzerhiiidad Scompositions
can include hinderss bihrisauntsed IS CH SRS bl el GnsvEaca RativRIOk dishenshgiagents, flavoring
agents, and hurnectants. Orally administered formulations such as tablets may optionally be coated or
scored and ﬂ%%é]?’é‘?’mulated S0 as to provide sustained, delayed or controlled release of the active
ingredient therein. The peptides and agonists can be co-administered with other agents used to treat

gastrointestigal dispulets ieuding BrLAoKAAIISchiobed9sNbeasrhed erein, The pgarides and

agonists can also be administered by rectal suppository. For the treatment of disorders outside the

gastrointesti ﬁ%ﬂﬁa@t@%ﬁh&@hgé%@%ﬁ&%@é inrddeaHiem spostat emybertvsgly Opepgdies and
ago”'St%areaBEﬁﬁ@%/s%iﬂﬁ'ﬁfé@d ”ﬂ%@%@@@i‘éﬁ%%@%& that SEQ ID NO:3 reduces pain

associated with colorectal distension in this animal model.

I1. Stress-induced hyperalgesia model

20  Male Wistar Rats (200-250 g) are surgically implanted with nichrome wire electrodes as in the
TNBS model. Ten days post surgical implantation, partial restraint stress (PRS), is performed
as described by Williams et al. for two hours (Williams et al. 1988 Gastroenterology 64:611).
Briefly, under light anesthesia with ethyl-ether, the foreshoulders, upper forelimbs and thoracic
trunk are wrapped in a confining harness of paper tape to restrict, but not prevent body

25 movements. Control sham-stress animals are anaesthetized but not wrapped. Thirty minutes
before the end of the PRS session, the animals are administered test-compound or vehicle.
Thirty minutes to one hour after PRS completion, the CRD distension procedure is performed
as described above for the TNBS model with barostat at pressures of 15, 30, 45 and 60mm Hg.
Statistical analysis on the number of bursts is determined and analyzed as in the TNBS model

30 above.
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15The peptides described herein can be administered alone or in combination with other agents. For
example, the peptides can be administered together with an analgesic peptide or compound. The
analgesic peptide or compound can be covalently attached to a peptide described herein or it can be a
separate agent that is administered together with or sequentially with a peptide described herein in a
combination therapy. 20 Combination therapy can be achieved by administering two or more agents,
e.g., a peptide described herein and an analgesic peptide or compound, each of which is formulated
and administered separately, or by administering two or more agents in a single formulation. Other
combinations are also encompassed by combination therapy. For example, two agents can be
formulated together and administered in conjunction with a separate formulation containing a 25 third
agent. While the tl mbination therapy can be administered simultaneously,
they need notBe: & adHmTStrator ota - first agent (or combination of agents) can precede

administration of a second age;nt_ (or combination of agents) by minutes, hours, days, or weeks. Thus,
the two or mbreRferirdusd pathinamnstelens Retasadiarsies srasenimhativitirhipereptides, 9, 12, 15,

;8,3021 2; %%!;E& é@%@@%%ﬁ%@%&ﬂ&@?&tﬁe%aﬁ%nﬁﬁé, Bn3Rloddi & ééaeﬁ%d%@aagmb_ a@@lazo@mﬂ_glr within
,3,4,5,6,7,8,9, or 10 wee each other._In some cases gven er intervals are possible.
While irPrnahiP &8s 7t §&%i B‘?e%:glz%ﬁ {5‘/0}3&’3@%%]5 et te§eoaai[?18 MF%ﬁt%sr?therapy be
present in Mﬂmpdhﬁdpagemt@m z@btﬁiﬁmneeﬂhie, @tﬂ%%@bdnmﬂiebmg@inon@@ﬁ@hmioﬁ@erapy can
also include 9 gy more. ampIpYAlians o aNe SLMOIRALINS RGNS stk g somblntion. For

example, if zgg_ent Xa gentY are us d in a combination, one coul administer them sequentially in
any combinatihiesiesTaieredmies, ey, ie the Ioraminktevaiier RBQyiscory agdyax alknbsy -y | etc. The
agents, along,p#da sambinationsican he'cambingd with anyuphermacessfcallinac eepiadales carrier or

medium. Thus, they can be combined with materiagls that do pot produce an adverse, 10allergic or
otheruile uRBETORTon IRGF LR FISHETEH 0% PATUIOFL SAFHERS B RERTURGS (R dan

IS orme
include solvEFiig) ﬂiﬂp_}m{mrm;tag_adﬁgaiaiosmﬁﬂiemq@ﬁmpbﬁﬂgiaigmit’spgoﬂa@ﬂeibmI@_aseeagents_, and
one or mor?ﬁﬂ%&?ﬁ%@%‘?ﬁéﬁ:—%{gﬁ é?&lgi%ﬁ%{%ﬁ%apé@é@&a@@&‘ﬂﬁ}ﬂ ’&;&@%B&é pagELRystalline

cellulose, diluents, lubricants, binders, disintegrating agents, and the like), etc. If desired, tablet

dosages of HsaleisEriws Anbirpeiiehe PR jspistermmed by a Dunnett’s test using the residual
variance after a one-way analysis of variance (P< 0.05) using SigmaStat Software.

15
Figures 8a and 8b show the effect of different doses of SEQ ID NO:5 and SEQ ID NO:3 in the
PBQ writhing assay. Indomethacin, an NSAID (nonsteroidal anti-inflammatory drug) with
known pain contro} activity, was used as the positive control in the assay. Significant
reductions in writhings were observed for SEQ ID NO:5 (1 mg/kg dose) and SEQ ID NO:3

20 (2.5 mg/kg dose) compared to the vehicle control. Loss of efficacy at the highest dose tested
has also been observed for multiple other compounds (such as SHT-3 antagonists) tested in
similar assays. The results of this study suggest that both SEQ ID NO:5 and SEQ ID NO:3
have antinociceptive effects in this visceral pain model comparable to the intermediate doses of
indomethacin.

25
Example 5: SEQ ID NO:3 Kd determination

To determine the affinity of SEQ ID NO:3 for GC-C receptors found in rat intestinal mucosa, a
competition binding assay was performed using rate intestinal epithelial cells. Epithelial cells

30  from the small intestine of rats were obtained as described by Kessler et al. (/. Biol, Chem.
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15coated by standard aqueous or nonaqueous techniques. Compositions of the present invention may
also optionally include other therapeutic ingredients, anti-caking agents, preservatives, sweetening
agents, colorants, flavors, desiccants, plasticizers, dyes, and the like. Any such optional ingredient
must be.compatible with the 20compound of the invention to insure the stability of the formulation. The
composition may contain other additives as needed, including for exanple lactose, glucose, fructose,
galactose, trehalose, sucrose, maltose, raffinose, maltitol, melezitose, stachyose, lactitol, palatinite,
starch, xylitol, mannitol, myoinositol, and the like, and hydrates thereof, and amino acids, for example
alanine, glycine and betaine, and peptides and proteins, for example 25albumen. Examples of
excipients for use as the pharmaceutically acceptable carriers and the pharmaceutically acceptable

inert carriersdAdtHe -afcteMeitionBafberrimalsmgre SRt ricad el Burbdrrtstl it binders,

fillers, dlSlnteagﬁlaéa, |Wﬁélﬁﬁﬁllsln@éﬁiﬂ@kﬁﬁ@'@ﬂﬁée@%ﬂi%c&ﬁdﬁé’aﬁmﬂmﬁmhﬁB@:BH‘ﬂ@lERS corn
starch, potatos p other starc es elatg gl?ra ands nthetic gum 'ﬁ h[af C|a sodium
8}8 £t o1t

alginate, alglﬂﬂ: (LRCF “BRREPER glnates rgﬁglé%sn‘?hséﬁg?‘éeum Uidse andS q%ncferlvatlves

(e.g., ethyl céllaétisel weticde seacetatizddaripoky metiicdelgtode paisiumbsudizma padsmiymethyl
cellulosgy, p%aemﬂ RYATOBAORE, ﬂ?@%{{%yéﬁeﬂ&{@%ﬁﬁai@iﬁm atuyﬁs@at@ﬁmégﬂ 25 AREHA500(r) and

STARCH 1500 LM(r), sold by Colorcon, Ltd.), hydroxypropyl methyl cellulose, microcrystalline
cellulose (e. @19&‘59@3&% dayBrvAS, %oé/vaptmmwkqeﬁme&mnfésﬁﬂ%é’mw ERRCSEG S ation,

Marcus Hoolg, Résidsedick0esisiisnes: tneieale BilakifeRiSndaled qalciunaserbanate 1esqsgranules or
powder), dib cﬁ%g alcium phosphate, tribasic calcium phosphate, calcium sulfate (e.g., granules or

powder), mi talline cellulose, powdered cellulose, dextrates, kaolin, mannitol, silicic acid,
sorbitol, starch, pre-

10 A competition binding assay was performed based on the method of Giannella et al. (dm. J
Physiol. 245: G492-(G498) between ['*°I] labeled SEQ ID NO:4 and SEQ ID NO:3. The
assay mixture contained: 0.5 ml of DME with 20 mM HEPES-KOII pH 7.0, 0.9 mg of the cell
suspension listed above, 21.4 fimol "11-SEQ ID NO:4 (42.8 pM), and different concentrations
of competitor SEQ ID NO:3 (0.01 to 1000 nM). The mixture was incubated at room

15 temperature for I hour, and the reaction stopped by applying the mixture to GF/B glass-fiber
filters (Whatman). The filters were washed with 5 ml ice-cold PBS and radioactivity was
measured. Figure 9 shows that the Kd for SEQ ID NO:3 in this assay is 4.5 nm. %B/Bo is the
percentage of the ratio of radioactivity trapped in each sample (B) compared to the radioactivity
retained in a control sample with no cold competitor (Bo). Giannella et al. (dm. J. Physiol.245:

20 (3492-G498) observed that the Kd for wild-type ST peptide in this same assay was ~13 nm.
Example 6: Pharmacokinetic properties of SEQ ID NO:3

To study the pharmacokinetics of SEQ ID NO:3, absorbability studies in mice were performed
25 by administering SEQ ID NO:3 intravaneously via tail vein injection or orally by gavage to 8-
week-0id CD1 mice. Serum was collected from the animals at various time peints and tested
for the presence of SEQ ID NO:3 using a competitive enzyme-linked immunoabsorbent assay
(Ox0id, ST EIA kit, Cat§é TDO0700). The assay utilized monoclonal antibodies against ST
peptide (antibodies are provided in the Oxoid kit) and synthetically manufactured SEQ ID
30 NO:3. Figure 10a shows absorption data for intravenously and orally administered SEQ 1D
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15gelatinized starch, or mixtures thereof, DISINTEGRANTS: agar-agar, alginic acid, calcium
carbonate, microcrystalline cellulose, croscarmellose sodium, crospovidone, polacrilin potassium,
sodium starch glycolate, potato or tapioca starch, other starches, pre-gelatinized starch, clays, other
algins; other celluloses, gums, 20or mixtures thereof, LUBRICANTS: calcium stearate, magnesium
stearate, mineral oil, light mineral oil, glycerin, sorbitol, mannitol, polyethylene glycol, other glycols,
stearic acid, sodium lauryl sulfate, talc, hydrogenated vegetable oil (e.g., peanut oil, cottonseed oil,
sunflower oil, sesame oil, olive oil, 25corn oil and soybean oil), zinc stearate, ethyl oleate, ethyl
laurate, agar, syloid silica gel (AEROSIL 200, W.R. Grace Co., Baltimore, MD USA), a coagulated

aerosol of s %h?tlc é ? Séﬂlg'ﬁ asl;’éltan%{gw&%_rg%%agg%%% ﬁ{%%ﬁ?!p ggn(g -O-SIL,

Cabot Co., oston or mixtures thereo KING AGENTS! caIC|um silicate,
magnesium e %‘H@d@ﬁ didkidwaraildital silicon dioxide, talc, or mixtures thereof,
ANTIMICROBIAL AGENTS: benzalkonium chloride, benzethonium chloride, benzoic acid, benzyl
alcohol, butyl paraben, cetylpyridinium chloride, cresol chlorobutanol, dehydroacetic 5acid,

ethylparabeﬁ me{t hy, 9{9@%}9 Setn&JI Qené{ft tﬂﬁ’:';h %%%%%e%%%gﬁﬁgracetate

phenyltnerctiric nitrate, po ASsiur sorbate prop paraben, so oacetate,

soduumqoropi@n@ttéfiébﬂa.w@&d hzﬁmﬂermemnymp@wqm@qﬁérﬁw et OATAG ﬂf@@ﬁﬁrs

sodium Car%ﬁxe&ﬁmyhﬁ@éltdﬁﬁ%ﬁaléweﬁsca ﬁ%%m{h%'%ﬁnem&'&ﬁlwmge gglatinoR(grEmaceutical
glaze, hydrox prop ceIIquse i-/l roxyprop Imeth Icellulose, hydroxypropylﬁmet yl. cellulose

phthalate, nfeth{ie %?%M R trose, titanium
dioxide, carpmb@M@x’Imlmpiystaihaemmﬁmww resshéneith d.5% methanol, 95% dH,0

solution (2.1 mL/min, 1.0 minute), then loaded onto an analytical column using a valve switch
10 that places the SPE column in an inverted flow path onto the analytical column (Waters Xterra
MS C8 5mm IS column, 2.1 x 20mm). The sample was eluted from the analytical column with
a reverse phase gradient (Mobile Phase A: 10 mM ammonium hydroxide in dF,0, Mobile
Phase B: 10 mM ammonjum hydroxide in 80% acetonitrile and 20% methanol; 20% B for the
first 3 minutes then ramping to 95% B over 4 min. and holding for 2 min., all at a flow rate of
15 0.4 mL/min.). At 9.1 minutes, the gradient returns to the initial conditions of 20%B for 1 min.
SEQ ID NO:3 eluted from the analytical column at 1.45 minutes, and was detected by triple-
quadrapole mass spectrometry (MRM, 764 (+2 charge state)>182 (+1 charge state) Da; cone
voltage = 30V; collision = 20 eV parent resolution = 2 Da at base peak; daughter resolution =
2 Da at base peak). Instrument response w&s‘ converted into concentration units by comparison
20  with a standard curve using known amounts of chemically synthesized SEQ ID NO:3 prepared

and injected in mouse serum using the same procedure.

Figure 10b shows absorption data for IV and orally administered SEQ ID NO:3 as detected by
LCMS. In this assay, SEQ ID NO:3 appears similarly minimally systemically absorbed and is

25 <0.11 % bioavailable.

Administration of peptides and GC-C receptor agonists

For treatment of gastrointestinal disorders, the peptides and agonists of the invention are

preferably administered orally, e.g., as a tablet or cachet containing a predetermined amount of
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The agents either in their free form or as a salt can be combined with a polymer such as
polylactic-glycoloic acid (PLGA), poly-(l)-lactic-glycolic-tartaric acid (P(I)LGT) (WO 01/12233),
polyglycolic acid (U.S. 3,773,919), polylactic acid (U.S. 4,767,628), poly(ecaprolactone) and
poly(alkylene oxide) (U.S. 20030068384) to create a sustained release zoformulation. Such
formulations can be used to implants that release a peptide or another agent over a period of a few
days, a few weeks or several months depending on the polymer, the particle size of the polymer, and
the size of the implant (see, e.g., U.S. 6,620,422). Other sustained release formulations and polymers
for use in are described in EP 0 467 389 A2, WO 93/24150, U.S. 5,612,052, WO 97/40085, WO

03/075887, 5, , /155587, WO 02/074247A2 WO 98/25642,
05, 5000 au e TRAAG, bR Bl S R ARG, Wi R PR
5,893,985, Uyaprklized nowdey, gragniaypay 4 solytionmriomisnensionsn 49688 H061iuud. of #81244, U.S.

5,445,832 Ua@uﬁa@lqgi@ a&%@o@«ﬁ&@a%@qﬂy@ﬁaﬁgﬁ@?g Vyﬁg—%gﬁ(ﬁ%—ﬁd%gﬂgﬂéﬁ and.
US20020019446. In such@éjstai ed release formulatipns microparticles ofaj)eptide are combined with

microparticle @RI EE GMES: friorels (AT drHSaRs RSN BY prREFithe large

intestine, thesnpallitintestinénohidotinddrs 1&Ht4 0] handi MO MOG4ER gesefbeatBussained release
fotutulation providing e hylene glycols (i.e, PEG.300 and PEG 40Q) or triacetin. WO
31055401 e B B O i e i e
releaseof th&algsaeayigiiordl Gharaetchdditiondred meolafesiedsedsrmutatonsdaedestded 5 in

WO 02/3812815R1 3260hB 1k R1523F F04: VO, N24A030. W0 98113039 1:S: 20930064105, U.S.
20030138488A1, U.S. 2003,021%307A1, U.S. 6,667,060, WO 01/49249, WO 01/49311, WO 01/49249,

WO 01/493%%72 terol Wi B9 ERESHan (S Barf setiartrRLeat drorters Wy iting Bt injection,
intramusculéiringectichs i@subdekaited ksritije CTinnpéptidpeiitbaaaliinject aRp topicabissblingual,
intraarticulag (in the joi i : ic {including. intraocular), intranasaly
(ncluding Ui A A e P oL Ut ey B

administeretPBgafyYehgarbiidita prst bsusadrestebntupirierapi edetidanid agomistirmroprpisablive

ingredient, gelpelielPasteSMINRbrRRINS, electuary, slurry, capsule, powder, lyophilized powder,
granules, 15sachet, as a solution or a suspension in an aqueous liquid or a non-aqueous liquid, as an

oil-in- water liquid emulsion or a water-in-oil liquid emulsion, via a micellar formulation (see, e.g. WO
97/11682) iaeplkptidendaidabmiHatébnoisde; #lginkitrd®6290 WD QMbohEOnanidhWRP1£23500), via
formulation (.Q,eil

. : € %Fg%?g %He‘%%ﬁ@é%%%gQq%%h@s%%'&%%te érf%ﬁﬂ% ag E%g}/ggsgcr%@ﬂﬁ%rgg c%?nnﬂggﬁc’dpons can
include binders, lubricants, nert diluents, Iubricating, Surface

The analgesic peptide or compound can be covalently attached to a peptide described herein or

it can be a separate agent that is administered together with or sequentially with a peptide

described herein in a combination therapy.

20 Combination therapy can be achieved by administering two or more agents, e.g., a peptide
described herein and an analgesic peptide or compound, each of which is formulated and
administered separately, or by administering two or more agents in a single formulation. Other
combinations are also encompassed by combination therapy. For example, two agents can be
formulated together and administered in conjunction with a separate formulation containing a

25  third agent. While the two or more agents in the combination therapy can be administered
simultaneously, they need not be. For example, administration of a first agent (or combination
of agents) can precede administration of a second agent (or combination of agents) by minutes,
hours, days, or weeks. Thus, the two or more agents can be administered within minutes of
each other or within 1, 2, 3, 6, 9, 12, 15, 18, or 24 hours of each other or within 1, 2, 3, 4, 5, 6,

30 7,8,9,10, 12, 14 days of each other or within 2, 3, 4, 5, 6, 7, 8, 9, or 10 weeks of each other.
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20active or dispersing agents, flavoring agents, and humectants. Orally administered formulations
such as tablets may optionally be coated or scored and may be formulated so as to provide sustained,
delayed or controlled release of the active ingredient therein. The agents can also be administered
transdermally (i.e. via reservoir-type or matrix-type patches, microneedles, thermal poration,
hypodermic needles, iontophoresis, electroporation, ultrasound 25or other forms of sonophoresis, jet
injection, or a combination of any of the preceding methods (Prausnitz et al. 2004, Nature Reviews
Drug Discovery 3:115-124)). The agents can be administered using high-velocity transdermal particle
injection techniques using the hydrogel particle formulation described in U.S. 20020061336. Additional

paricl fomylalgns ace descrbed INNG.0014ST60, O 05490, AN 2309, Ap prample o

a transdermal 30formulation co aste absorption promoter dimethylisosorbide can be
found in V\/@%@V@M?QgWéDUQG?ﬂ?GQUﬁTWFd@BﬂPGWEMIb@lB@%|I&m€}¥§rth%]?ﬁlféirﬁé’|°§dﬁﬁﬁi§itration.
The agents gan:heRoMmuvYsierast i the form a suppository or by other vaginal or rectal means. The
agents can be administered in a transmembrane faimulation as described in WO 90/07923. The

agents can be a.ghn nis d nan-in nvasively via th the deh ‘ged rt c:|cle g%rlpged |nfLé\1/§ %6 485,706.
The agent c%n ea mrt‘ug%g%d In a?woé%telréc -Coate rug orm %Szﬁsgs escri OId’ 5519621

The agénts eud belvihsetied. ifrarasaaly ﬁg@@r%wﬁm@t’ﬁﬁrdégﬁumcm@tmm@m

FormuIatlo%§wt§9}§n§%p§1@@g@@gﬂ@gggr ﬁﬂaﬁ%&%ﬁ{&%ﬁ PNORREZASD eEh gageRtagan be
administered usin g the casein formulation described in U. S. 20030206939 and WO 00/06108. The

agents can beadmitstired e uglﬁ( he ﬁ'a}f Suflfe formulations iodescribed in-U.S. 20020034536. The
agents, alone or in combination with other suitable components, can be administered by pulmonary

route utilizinheegerts e ieermbinging. isem hocamhisdds ity abeareastivaiiorecaetibégy of
solution intQ.the-lungs:isyiREe) bl atiacheahdlivernioklipasomes: éeﬁraﬁggfﬂa&mﬁaﬁm@tratlon of

powder formulation by syringe or any other similar device into the lungs) and aerosol inhalation

Aerosdfs (eXrff BF CF SR HER AT BRSO ey aéﬁ’é@ﬁ??ﬁ%‘iéf’sa(m%ﬁ%‘j AAAGR/BdNder inhalers
(DPIs)) canmddate wsddtin imrarmﬁr@m)Imqimmtﬂemsmgépmh@mn$meosha@igmspersrons or

suspensrons 0 terial an d I| dr Iets K ). into
pressurrzedp ac{(r:é%ta eg‘pgreoa eﬁl Sr’rtasn suc P&%e %dél e%%%glﬁtg @EPEIIFA@%E%E%% %nd HFA-227,
or a mixturenavetneg wéihi%r’@d#m@%ﬁi]emﬁézﬁ%“é@ﬁf@ﬂ%bﬁ@ﬁldk@ﬂ&@@*ﬁrbmﬁﬁoé’élﬁméh as a mixture

of Propellagts ., hd t80 (@S5, L)1 iRIQRN S PitieQeih-aR¢ thedike. Rulpenaiiiarmatiens may

include permeation enhancers such as fatty acids, and saccharides, chelating agents, enzyme

inhibitdts (€ ArdsadarhigReY, Oédﬁﬂﬁﬂﬁf’@(%tﬁc}lﬁ‘@”é%holate surfactin, span 85, and

Compositions of the present invention may also optionally include other therapeutic
ingredients, anti-caking agents, preservatives, sweetening agents, colorants, flavors, desiccants,
plasticizers, dyes, and the like. Any such optional ingredient roust be compatible with the

20  compound of the invention fo insure the stability of the formulation.
The composition may contain other additives as needed, including for exanple lactose, glucose,
fructose, galactose, frehalose, sucrose, maltose, raffinose, maltitol, melezitose, stachyose,
lactitol, palatinite, starch, xylito!, mannitol, myoinositol, and the like, and hydrates thereof, and
amino acids, for example alanine, glycine and betaine, and peptides and proteins, for example

25  albumen.
Examples of excipients for use as the pharmaceutically acceptable carriers and the
pharmaceutically accepiable inert carriers and the aforementioned additional ingredients

include, but are not limited to binders, fillers, disintegrants, Iubricants, anti-microbial agents,
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25nafamostat), preservatives (e.g., benzalkonium chloride or chlorobutanol), and ethanol (normally up
to 5% but possibly up to 20%, by weight). Ethanol is commonly included in aerosol compositions as it
can improve the function of the metering valve and in some cases also improve the stability of the
dispersion. Pulmonary formulations may also include surfactants which include but are not limited to
bile salts and those described in U.S. 6,524,557 30and references therein. The surfactants described
in U.S. 6,524,557, e.g., a C8-C16 fatty acid salt, a bile salt, a phospholipid, or alkyl saccaride are
advantageous in that some of them also reportedly enhance absorption of the peptide in the
formulation. Also suitable in the invention are dry powder formulations comprising a therapeutically
effective amount of active com 1(_3ur]d blended with an appropriate carrier and adapted for use in
connection v@ﬁf??@?&%ﬁﬁ%@?lgmﬁwer. Absorption enhancers which can be added to dry powder
formulations of the present invention include those described in U.S. 6,632,456. WO 02/080884

s, 5530 e e A R s,
and WO 96/20889ipwisitThelgials. régjeiatstil o e akaiaried perséssediBagnsribraigusble for

inhalation 1QarrdeseibasldartaBveiQR 3003648000033 R1AAL, aRshidRe29P40R18243A1 as
well as in WO ,01/13891, WO 02/067902, WO 03/072080, and WO 03/079885, Pulmonary formulations

containing nfifOPRriRieAFE RESERBRY ATNE RIS TEY RIS BB hUETS Mg 5 00/00176.
Pulmonary feslmuiatédrsacdniaini SF ARk 1§ ams st S E ARG 615 08B csitié 8 yrCul@So ) 024.1,41945 and

LS. 6309, 614 Qihcr Apipsnl umMRUOnR Al CRFRed DS P A330R TR W gpiooTel, U.s.

5,348,730, U'S. 6,436 04011, and'U.S. 6,294,1 .S. 6,290, éscribes a
liposomal basé§-feknREiatBn i P e8hapd A8mihiseddry T aéromersionindimisdelPBidesA),
formulagons,fernbalatiereare described in U.S. 20030053960 and WO 01/60341. The agents can be
administered intranasally as described in U.S. 20010038824. 20 Solutions of medicament in buffered
saline and similar vehicles are commonly employed to generate an aerosol in a nebulizer. Simple
nebulizers ofélat&.on tBeynduilits pribwipte (ard erapliy arsireaier)ofidisor@igigernptoghnerate the spray

particles. MetF,GRBRIANSRIIASIS EMAIYUitRPLRIAAIREL: Uit SBPh RARLEEa RN ypes are wel

known in the art and are 25 described in standard textbooks of pharmacy such as Sprowls' American

Pharmacy S5HReseirriterrsdisduliee festing Pirabic O S PRb i catneriéicég $brijEnerating

aerosols emplaycopessad gagessusyady hydrofluorocarbons and chlorofluorocarbons, which are
mixed with the medicament and any necessary excipients in a pressurized container, these devices

are likewise described in standard textbooks such as Sprowls and Remington. 30
DISINTEGRANTS: agar-agar, alginic acid, calcium carbonate, microcrystalline cellulose,

croscarmeliose sodium, crospovidone, polacrilin potassium, sodium starch glycolate, potato or
tapioca starch, other starches, pre-gelatinized starch, clays, other algins, other celluloses, gums,

20 or mixtures thereof,

LUBRICANTS: calcium stearate, magnesium stearate, mineral oil, light mineral oil, glycerin,
sorbitol, mannitol, polyethylene glycol, other glycols, stearic acid, sodium lauryl sulfate, talc,
hydrogenated vegetable oil (e.g., peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil,

25 com oil and soybean oil), zinc stearate, ethyl oleate, ethyl laurate, agar, syloid silica gel
{AEROSIL 200, W.R. Grace Co., Baltimors, MD USA), a coagulated aerosol of synthetic silica
(Deaussa Co., Plano, TX USA), a pyrogenic sificon dioxide (CAB-Q-SIL., Cabot Co., Boston,
MA USA), or mixtures thereof,

30 ANTI-CAKING AGENTS: calcium silicate, magnesium silicate, silicon dioxide, colloidal
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The agents can be a free acid or base, or a pharmacologically acceptable salt thereof. Solids can be
dissolved or dispersed immediately prior to administration or earlier. In some circumstances the
preparations include a preservative to prevent the growth of microorganisms. The pharmaceutical
forms suitable for injection can include sterile aqueous or organic solutions 5or dispersions which
include, e.g., water, an alcohol, an organic solvent, an oil or other solvent or dispersant (e.g., glycerol,
propylene glycol, polyethylene glycol, and vegetable oils). The formulations may contain antioxidants,
buffers, bacteriostats, and solutes that render the formulation isotonic with the blood of the intended
recipient, and aqueous and non-aqueous sterile suspensions that can include suspending agents,
solubilizers, thickening agents, 10stabilizers, and preservatives. Pharmaceutical agents can be
sterilized bysﬁq{%?“sgé ’lQa%rthW’é’F BYOtReT Befesble means. The agent can be fused to immunoglobulins
or albumin, or incorporated into a lipsome to improve half-life. The agent can also be conjugated to

polyethylene NS hods for peaylati nd additional formulations containing
PEG-co njug%ﬁé&@éﬂ%g? mbgg?sz 2 %M ?él.%%%ig%%s%q nl”llgrsl. uéna%h@g %U%&Zfé?naﬂgrris and
Chess, NaturerRé¢lenbelDriyibrseboa seipriglinpmahipride. reksad nddsrohateinl, Peptidess ¢ign also be

modified withaikyhgouRseAe el aRatraight o Riananer.alkib g RSy Gtk acid radicals; and
combinations of PEG, alkyl groups and fatty acid radicals (see U.S. Patent 6,309,633; Soltero et al.,
2001 InnovaAttRE T EHE SR AR HERTOISLR i PR 16Y P EORGURR Ry B & iRsk¥iEd via a
nanocochleate-onepetlaataldefiteny aabjcleliZe( BioRetise yoSeie naasthernalianatlh, bhe agents can be
delivered tr%l&mﬁe%qﬁalégf(i.eaacross a mucosal surface such as the vagina, eye or nose) using
formulations Such as that described in U.S. 5,204,108. The agents can be formulated in microcapsules
as described in WO 88/01165. The agent can be administered intra-orally using the formulations

descriggd inid,SriRAPRBFAIE W HOYUAFR03 A3 diSioB-495 120 The:a0aRi a0, be delivered using
25 nanoemlé\‘lia%f n ﬁormulations described in WO 01/91728A2. Suitable pharmaceutical compositions in
§

accordance BTV GRS A R SO ORY el ot R B3 BRMd (s) with an
acceptable phinyhatielsicd ditveniopgapighteHukhaashthStes enatpyrelisi selulidysttylgite a range of
final concengrations nding o inten . The technigues.of preparation are generally well
Imown in th%%ré{g%glgféqﬂgl‘%éze%eé}l %?%?h%%irf?g g‘%ﬁ??ﬁé@éﬁ%ﬁggl %%édr?ég%%%g% ion, Mack
Publishing @éHsariel loDB T pletigates demedbed herein and combination therapy agents can be
packaged as a kit that

The agents either in their free form or as a salt can be combined with a polymer such as
polylactic-glycoloic acid (PLGA), poly-(I)-lactic-glycolic-tartaric acid (P(DLGT) (WO
01/12233), polyglycolic acid (U.S. 3,773,919), polylactic acid (U.S. 4,767,628), poly(s-
caprolactone) and poly(alkyiene oxide) (U.S. 20030068384) to create a sustained release

20  formulation. Such formulations can be used to implants that release a peptide or another agent
over a period of a few days, a few weeks or several months depending on the polymer, the
particle size of the polymer, and the size of the implant (see, e.g., U.S. 6,620,422). Other
sustained release formulations and polymers for use in are described in EP 0 467 389 A2, WO
93/24150, U.S. 5,612,052, WO 97/40085, WO 03/075887, WO 01/01964A2, U.S. 5,922,356,

25 WO 94/155587, WO 02/074247A2, WO 98/25642, U.S. 5,968,895, U.S. 6,180,608, U.S.
20030171296, U.S. 20020176841, U.S. 5,672,659, U.S. 5,893,985, U.S. 5,134,122, U.S.
5,192,741, U.8. 5,192,741, U.S. 4,668,506, U.S. 4,713,244, U.S. 5,445,832 U.S. 4,931,279,
U.S. 5,980,945, WO 02/058672, WO 9726015, WO 97/04744, and. US20020019446. In such
sustained release formulations microparticles of peptide are corbined with microparticles of

30 polymer. One or more sustained release implants can be placed in the large intestine, the small
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5 includes single or multiple doses of two or more agents, each packaged or formulated individually, or
single or multiple doses of two or more agents packaged or formulated in combination. Thus, one or
more agents can be present in first container, and the kit can optionally include one or more agents in
a second container. The container or containers are placed within a package, and the package can
optionally include administration or dosage 10instructions. A kit can include additional components
such as syringes or other means for administering the agents as well as diluents or other means for
formulation. Methods to increase chemical and/or physical stability of the agents the described herein
are found in U.S. 6,541,606, U.S. 6,068,850, U.S. 6,124,261, U.S. 5,904,935, and WO 00/15224, 15

U.S. 20030069182 (via the addito jcotinamide .,200301 75230A1, U.S. 20030175230A1,
U.S. 200301765561 P}%.@%oéﬁ%ﬁéggé%‘%@g@@fgf%‘ﬁsf& 9\?6‘62&’75‘8315%%?&?62"6@ T4%ba, wo
98/00152A I iag 05T MO gIFR020, JNFE® BI04BS (P A d M) LE4 743 WOD 7504706 and
the referenc [ i ingr [ ilabili ibed herein are
foundiin 0. S oL R 14 B B D e a6, WO
00/32172, axsipasrof timeset 6thEes Fhizisatd édifendireroled 1sleass Ksavristions ermdsscebidee, e.g.,
EP397447) ;WE03/0Q406 2 disesissest LI |8x esironaaus d8i6Ak, and biZntimetics which may be

o 2 moctficd Uehois e OB CaHIEY Dol AANGAR 5. R 0B85 0300 & Beibo333e,
U.S. 20030226 18519810, GA0204B4:5 0004023101 9872 .8iscEE5 2R¢. manufacture and use of
transferrin fusion proteins. Transferrin fusion proteins may improve circulatory half life and efficacy,
decrease undesirable side effects 30 and allow reduced dosage. The peptides and agonists of the
invention cafhbesestorab R ExisFedsed-iRbabitac B4Bier BB FESansEFRE W&t or agonists can
be administgred.Qralys (getaly, MYeRSAMAI ifection, topical, sublingual, intraarticular (in the
joints), intradermal, buccal, ophthalmic (including intraocular), intranasaly (including using a
cannula), intraspinally, intrathecally, or by other routes. The agents can be administered orally,
e.g., as a tablet or cachet containing a predetermined amount of the active ingredient, gel,
pellet, paste, syrup, bolus, electuary, slurry, capsule, powder, lyophilized powder, granules,
15  sachet, as a solution or 2 suspension in an aqueous liquid or a non-aqueous liquid, as an oil-in-
water liquid emulsion or a water-in-oil liquid emulsion, via a micellar formulation (see, e.g.
WO 97/11682) via a liposomal formulation (see, ¢.g., EP 736299,WO 99/59550 and WO
97/13500), via formulations described in WO 03/094886 or in some other form. Orally
administered compositions can include binders, lubricants, inert diluents, lubricating, surface
20  active or dispersing agents, flavoring agents, and humectants. Orally administered
formulations such as tablets may optionally be coated or scored and may be formulated so as to
provide sustained, delayed or controlled release of the active ingredient therein. The agents can
also be administered transdermally {i.e. via reservoir-type or matrix-type patches,
microneedles, thermal poration, hypodermic needles, iontophoresis, electroporation, ultrasound
25  or other forms of sonophoresis, jet injection, or a combination of any of the preceding methods
(Prausnitz et al. 2004, Nature Reviews Drug Discovery 3:115-124)). The agents can be
administered using high-velocity transdermal particle injection techniques using the hydrogel
particie formulation described in U.S. 20020061336. Additional particle formulations are
described in WO 00/45792, WO 00/53160, and WO 02/19989. An example of a transdermal

30  formulation containing plaster and the absorption promoter dimethylisosorbide can be found in
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via some other mode of administration including but not limited to those described herein. 5 Analgesic
Agents in combitherapy The peptides and agonists described herein can be used in combination
therapy with an analgesic agent, e.g., an analgesic compound or an analgesic peptide. These peptides
and compounds can be administered with the peptides of the invention (simultaneously or
10sequentially). They can also be optionally covalently linked or attached to an agent described herein
to create therapeutic conjugates. Among the useful analgesic agents are: Ca channel blockers, 5SHT
receptor antagonists (for example 5SHT3, 5HT4 and 5HT1 receptor antagonists), opioid receptor
agonists (loperamide, fedotozine, and fentanyl), NK1 receptor antagonists, CCK receptor agonists
(e.g., oniglumideg NK1 rece§tor antagonisj[s, NK3 receptor 15antagonists, norep'!nephg%e,-serotonin

reuptake inhiBitd Q/fﬁgﬁl)w mitGi4 AR @TexKisS FAA IR Dy O Resarral 1&tgesics
agents in theTvatigessotasses@rentiesed hethdtdhe dtepphsierAondngpthe usgihill anadgesiadaeptides are
ialorphin-related tides, including t 0 ising.th ' i SEQ ID
No ) inciudiis GO e A RS TR G B B o
VRGPQHNPRYSEQY eANG: Y RERROHNREVEEC heNah i vREPRROMNERISE® IHNO: ); and
RQHNPR (SELQ4BROre 2idiptahinrglaiadRantides bind;tooerdisiB ARehinbi Rerilysinmediated

breakdown of substance P and Met-enkephalin, Thus, compounds,org)eptides that are 25inhibitors of

neprilysin ar&’ (8 *%ind1 g B aTEn e afruas B SRS g ane iR dopaptitiee rhPifantion in
a co-therapyns.|hkesl oot hBopeplitiessahibe ke pticnied injydthtavalze dimddn SVdapida @ed related

peptides aredesrined ). 8, BAGnL 8 880, T20. .5 2003006200 AL AN WORRISHIR A2
Opioid receptor antagonists and agonists can be administered with the peptides of the invéntion in

co-therapy omiinksdGden08gEHhEe etths mudsthdmivigicresluaies (e eattisoinie Fomaleinmle, opioid
receptag antagepists sush asnalexeng, naltrexone, methyl nalozone, nalmefene, cypridime, beta

funaltrexamine, naloxonazine, naltrindole, and nor-binaltorphimine are thought

The agents, alone or in combination with other suitable components, can be administered by
pulmonary route utilizing several techniques including but not limited to intratracheal
instiliation (delivery of solution into the lungs by syringe), intratracheal delivery of liposomes,

15  insufflation (administration of powder formulation by syringe or any other similar device into
the lungs) and aerosol inhalation. Aerosols (e.g., jet or ultrasonic nebulizers, metered-dose
inhalers (MDIs), and dry-powder inhalers (DPIs)) can also be used in intranasal applications.
Aerosol formulations are stable dispersions or suspensions of solid material and liquid droplets
in a gaseous medium and can be placed into pressurized acceptable propellants, such as

20 hydrofluroalkanes (HFAs, i.e. HFA-134a and HFA-227, or a mixture thereof),
dichlorodifluoromethane (or other chloroffuocarbon propellants such as a mixture of
Propellants 11, 12, and/or 114), propane, nitrogen, and the like. Pulmonary formulations may
include permeation enhancers such as fatty acids, and saccharides, chelating agents, enzyme
inhibitors (e.g., protease inhibitors), adjuvants (e.g., glycocholate, surfactin, span 85, and

25  nafamostat), preservatives (e.g., benzalkonium chloride or chlorobutanol), and ethanol
(normally up to 5% but possibly up to 20%, by weight). Ethanol is commonly included in
aerosol compositions as it can improve the finction of the metering valve and in some cases
also improve the stability of the dispersion. Pulmonary formulations may also include
surfactants which include but ate not limited {o bile salts and those described in U.S. 6,524,557

30  and references therein. The surfactants described i U.S. 6,524,557, e.g., a C8-C16 fatty acid
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5 to be useful in the treatment of IBS. It can be useful to formulate opioid antagonists of this type is a
delayed and sustained release formulation such that initial release of the antagonist is in the mid to
distal small intestine and/or ascending colon. Such antagonists are described in WO 01/32180 A2.
Enkephalin pentapeptide (HOE825; Tyr-D-Lys-Gly-Phe-L-homoserine) is an agonist of the mu and
delta opioid receptors and is thought to be useful for increasing 10intestinal motility (Eur. Pharm.
219:445, 1992), and this peptide can be used in conjunction with the peptides of the invention. Also
useful is trimebutine which is thought to bind to mu/delta/kappa opioid receptors and activate release
of motilin and modulate the release of gastrin, vasoactive intestinal peptide, gastrin and glucagons.
Kappa opioid receptor agonists such as fedotozine, asimadoline, and ketocyclazocine, and

compounds GE6CHHEEHAYERABOSI0EE 05 tlia wrrrpd e ddvRH GICRHREY TS RIS SH IR Yfthe
invention. In adgition; My:apieiksasanier agoRinissuabasMarnune Adiphanyhmdate, ifrakgiamide

(H-Tyr-D-AlaPhe(F)-Phe-NH2; WO 01/019849 Al) and loperamide can be used,. Tyr-Arg (kyotorphin)
i 8 53 LTS (R PE A PRSI e e RS 4T S ey 0

Biol. Chem 262184698 Zhpkopoterphinicambediped Withserifinkedetsithevibptittespofitre invention.
Chiomogranyyieived BEIdS (GOALT85:565: £0:G115.81 8, 2004 ReQalgny PEDIes} 19:199)

can be used with or i to the peptides of the invention. CK receptor agonists such as

caerulein froinvarighiisilindedherotiserriisd ey drd.G3ei GnalgesiO8 ottt deraitcanpetdgadiith or
linked to the geptidesmfdhe nvamians peonatoXiREptIdes I RRIeSeRE RiIRIge alas Ssofarsigesic

pepiies ot g AR AR S MM SR o sl s
Application 2&30%B2 X warthavtdualgesibrctilitySandicairéieass ot withimnlskiabte e heptides of the
INVention. ¢ described in U.S. 20010036481A1, 20030232019A1, and U.S. 20040018243A1 as well as
in WO 01/13891, WO 02/067902, WO 03/072080, and WO 03/079885. Pulmonary
formulations containing microparticles are described in WO 03/015750, U.S. 20030008013,
and WO 00/00176. Pulmonary formulations containing stable glassy state powder are
described in U.S. 20020141945 and U.S. 6,309,671, Other aerosol formulations are desribed in
15 EP 1338272A1 WO 90/09781, U. S. 5,348,730, U.S. 6,436,367, WO 91/04011, and U.S.
6,294,153 and U.S. 6,290,987 describes a liposomal based formulation that can be administered
via aerosol or other means. Powder formulations for inhalation are described in U.S.
20030053960 and WO 01/60341. The agents can be administered intranasally as described in
U.S. 20010038824.
20

Solufions of medicament in buffered saline and similar vehicles are commonly employed to
generate an acrosol in a nebulizer. Simple nebulizers operate on Bernoulli’s principle and
employ a stream of air or oxygen to generate the spray particles. More complex nebulizers
employ ultrasound to create the spray particles. Both types are well known in the art and are
25  described in standard textbooks of pharmacy such as Sprowls” American Pharmacy and
Remington’s The Science and Practice of Pharmacy. Other devices for generating aerosols
employ compressed gases, usually hydrofluorocarbons and chlorofluorocarbons, which are
mixed with the medicament and any necessary excipients in a pressurized container, these
devices are likewise described in standard textbooks such as Sprowls and Remington.

30
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CCK (CCKa or CCKDb) receptor antagonists, including loxiglumide and dexloxigliunide (the R-isomer of
loxiglumide) (WO 88/05774) can have analgesic activity and can be used with or 10linked to the
peptides of the invention. Other useful analgesic agents include 5-HT4 agonists such as tegaserod
(Zelnorm(r)), mosapride, metoclopramide, zacopride, cisapride, renzapridc, benzimidazolone
derivatives such as Brmu 1 and Brmu 8, and lirexapride. Such agonists are described in: EP1321142
Al, 15 WO 03/053432A1, EP 505322 Al, EP 505322 B1, US 5,510,353, EP 507672 Al, EP 507672 BlI,
and US 5,273,983. Calcium channel blockers such as ziconotide and related compounds described in,
for example, EP625162B1, US 5,364,842, US 5,587,454, US 5,824,645, US 5,859,186, US 5,994,305,
US 206,087,091, US 6,136,786, WO 93/13128 Al, EP 1336409 Al, EP 835126 Al, EP 835126 131,
US 5,795,86HM FE 518634, 7S w5ida bepo, e prrorcieiapyzavdse ais dalithearofniodids the

peptides of the yeRtigNed oMAsiRHR AHAGANSTS gﬁsﬂ@ol\itﬁrﬁnm&mobm&ﬁ mcsaﬁi@rs (for a review

see Giardina et al. 5200 Dru s 6,758) S}j{ be can bet used with ’ Imked Prgtldes of the
invention. NR1® recea%?san‘f’f eeosn B gﬁﬁfgﬁaﬁa tw(‘?\fe K& ffn%? vof \ 05%?851
(Pfizer, Inc. )TI%—@H&(IH@?&W tﬁéims RoGiv: Ifdn:l)nﬁﬂms@ﬁ&@amﬁ@mﬂqemlg@)qr(afgerlﬁ@@mn(ﬁ’a‘lzer

Inc.), GW6 73783 {(ax0 RN KIing). A%’“&;aﬁé? 4] AGRAYAPBOL 5 R d3 3, AN BlALed, Ggmpounds

described in, for éxample, EP 873753 Al; US 20010006972 Al,US 20030109417 Al, WO 01/52844 Al,
can be useQOWP@FSWF}F(@d&ogﬂﬁ@ﬁ%m@éﬁl%Ptﬁb"iﬁl/é’ﬁﬁtﬁqulﬂ’ﬁ%%éﬁeﬂ%W%@b’rﬂ% stikf as
nepadutant fwﬂmm&ﬁ@y@a@t@p&m@ﬁ@d@étwﬁﬁm&eﬁ&ymaﬂﬂm@)u%&a?éﬂ%r(fﬁéaxo Smith

fine), SR-14 190 ganofl e!& )Sf % 2907 Pflzer In%fgan be used with or linked to the
peptides of é &?b‘?t & %%%ﬁu’é&% LB OISR 142881 2que0us

Sanofi- SyntIaietalbc)l,swﬁi@ﬁam&nmmmﬂaia@mw&bﬁusrd@tﬂmgmsexample WO
02/094.87 %&bﬁ%&@%&@&ﬁ%\@ 12t PR 6 c4POLe MR, ABLL LR R DR(G841 8, WO

97/19927, and Boden et
by other suitable means. The agent can be fused to immunoglobulins or albumin, or

incorporated into a lipsome to improve half-life. The agent can also be conjugated to
polyethylene glycol (PEG) chains. Methods for pegylation and additional formulations
containing PEG-conjugates (i.e. PEG-based hydrogels, PEG modified liposomes} can be found

15 in Harris and Chess, Nature Reviews Drug Discovery 2: 214-221 and the references therein.
Peptides can also be modified with alkyl groups (e.g., C1-C20 straight or branched alkyl
gro.ups); fatty acid radicals; and combinations of PEG, alkyl groups and fatty acid radicals (see
U.S. Patent 6,309,633; Soltero et al., 2001 Innovations in Pharmaceutical Technology 106-
110). The agent can be administered via a nanocochleate or cochleate delivery vehicle

20  (BioDelivery Sciences International). The agenis can be delivered transmucosally {i.e. across a
mucosal surface such as the vagina, eye or nose) using formulations such as that described in
1.S. 5,204,108. The agents can be formulated in microcapsules as described in WO 88/01165.
The agent can be administered intra-orally using the formulations described in U.S.
20020055496, WO 00/47203, and U.S. 6,495,120. The agent can be delivered using

25  nanoemulsion formulations described in WO 01/91728A2.

Suitable pharmaceutical compositions in accordance with the invention will generally include

an amount of the active compound(s) with an acceptable pharmaceutical diluent or excipient,

such as a sterile aqueous solution, to give a range of final concentrations, depending on the
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al. (JMed Chem. 39:1664-75, 1996) can be used with or linked to the peptides of the invention.
Norepinephrine-serotonin reuptake inhibitors (NSRI) such as milnacipran and related compounds
described in WO 03/077897 Al can be used with or linked to the peptides of the 15invention. Vanilloid
receptor antagonists such as arvanil and related compouds described in WO 01/64212 Al can be used
with or linked to the peptides of the invention. 20The analgesic peptides and compounds can be
administered with the peptides and agonists of the invention (simultaneously or sequentially). The
analgesic agents can also be covalently linked to the peptides and agonists of the invention to create
therapeutic conjugates. Where the analgesic is a peptide and is covalently linked to an agent
described herein the resulting peptide may also include at least one trypsin cleavage site. When

present withifrtFd kpttd L hn e dmagisryeiecpaiption atsrpepieseddanyninithe 4t tfctarpiifipd
terminus) or {Qllewes hyntif ihisatdhei e iesmiis ARSI cleavae st thal Ajows sslease of the
analgesic peptide. In addition to sialotphin-related peptides, analgesic peptides include: AspPhe,
endomorphin-1, endomorphin-2, nocistatin, dalargin, lupron, ziconotide, and substance P. Other
Agents for USedngeambithebalizetdsoandttimtihefiovehtionsdgepharmaequticatedampriiticns comprising
a peptide or ISES: ' ti C rapeut T cond therapeutic agent
can be a%dmiaﬂiﬁé&rg%ﬁ%gé%g;%t&%%@gr?gﬁ%ﬁﬁ% w%%%%%%%%f&%%\g@%%? S%g%%%f%%ﬁ%% at are not
5considereditsiyEtabp Antirg risatioplddesrs afienpithrthegses vackasedaduewdaiehin The second

therapeutic agemphcanpeadnnisiered sinuliianepusyei-seareniialiihe secandtherapeutic agent
can be covalenI%nked to, the peptides and agonists qf the invention to create a therapeutic

conjugate. VIRBIPAIE et CRreTaP iRt S M RSB et iaBte L AR E R SRR ARES S Fescribed
herein may bé&cskditietvaeenktiye, peptidepatithe ivarerjtomaiditea dOsdoondriierapelstagpeptide.

10 instructions. A kit can include additional components such as syringes or other means for

administering the agenis as well as diluents or other means for formulation.

Methods to increase chemical and/or physical stability of the agents the described herein are
found in U.S. 6,541,606, U.S. 6,068,850, U.S. 6,124,261, U.S. 5,904,935, and WO 00/15224,

15 U.S. 20030069182 (via the additon of nicotinamide), U.S. 20030175230A1, U.S.
20030175230A1, U.8. 20030175239A1, U.S. 20020045582, U.S. 20010031726, WO
02/26248, WO 03/014304, WO 98/00152A1, WO 98/00157A1, WO 90/12029, WO 00/04880,
and WO 91/04743, WO 97/04796 and the references cited therein.

20  Methods to increase bioavailability of the agents described herein are found in U.S. 6,008,187,
U.8. 5,424,289, U.S. 20030198619, WO 50/01329, WO 01/49268, WO 00/32172, and WO
02/064166. Glycyrrhizinate can also be used as an absorption enhancer (see, e.g., EP397447).
WO 03/004062 discusses Ulex europaeus I (UEAD) and UEAI mimetics which may be used to
target the agents of the invention to the GI fract.

25 )

The agents described herein can be fused to a modified version of the blood serum protein
transferrin. U.S. 20030221201, U.S. 20040023334, U.S. 20030226155, WO 04/020454, and
WO 04/019872 discuss the manufacture and use of transferrin fusion proteins. Transferrin
fusion proteins may Improve circulatory half life and efficacy, decrease undesirable side effects

30  and allow reduced dosage.
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Examples of additional therapeutic agents to treat gastrointestinal and other disorders include: (1)
agents to treat constipation (e.g., a chloride channel activator such as the bicylic fatty acid,
15Lubiprostone (formerly known as SPI-0211; Sucampo Pharmaceuticals, Inc.; Bethesda, MD), a
laxative-such as MiraLax; Braintree Laboratories, Braintree MA); (2) acid reducing agents such as
proton pump inhibitors (e.g., omeprazole (Prilosec0), esomeprazole (Nexium0), lansoprazole
(Prevacid(r)), pantoprazole (Protonix(r)) and rabeprazole (Aciphex0)) and Histamine H2-receptor
antagonist (also known as H2 receptor 20blockers including cimetidine, ranitidine, famotidine and
nizatidine); (3) prokinetic agents including metoclopramide (ReglanS), domperidone (Motilium8),
erythromycin or cisapride (propulsid8) (4) pro-motility agents such as the vasostatin-derived peptide,
chromogranin A (4-16) (see, e.g., Ghia et al. 2004 Regulatory Peptides 121:31) or motilin agonists
(e.g., GIVI-6Jrh@ﬁ@ﬁm&amagamwmm@tmmmiwmﬁmwEx(gegseﬁfﬂﬂa&mm 5HT3, 5HT4)
receptor agalisls . antagensle (ElCing SHT eEPIOL SRR (U 28150 RIGLEELNORIL)
mosapride, metoclio & Zadopride, cisa pr| e, renzapn en2|m| azolon erlvatl £s'such as
BIMU 1 andvi wme&tqu@(aﬁﬁmnsu@magmim.%b@td%éﬁw&ﬁw@@%@EMQGN}E‘W@
3003/053432A1, EP 505322 Al, EP 505322 BI, US 5,510,353, EP 507672 Al, EP 507672 B1, and US
5,273,983); 5HT3 receptor agonlsts such as MKC-733; and 5HT3 receptor antagonists such as
alosetron arE:AFHEF fgHics, Santa Clara CA); (6) muscarinic receptor agonists;

The peptides and agomsts described herein can be used in combination therapy with an

analgesic agent, ¢.g., an analgesic compound or an analgesic peptide. These pepfides and
compounds can be administered with the peptides of the invention (simultaneously or

10 sequentially). They can also be optionally covalently linked or attached to an agent described
herein to create therapeutic conjugates. Among the useful analgesic agents are: Ca channel
blockers, SHT receptor antagonists (for example SHT3, SHT4 and SHT1 receptor antagonists),
opioid receptor agonists (loperamide, fedotozine, and fen%anyi), NK1 receptor antagonists,
CCK receptor agonists (e.g., loxiglumide), NK1 réceptor antagonists, NK3 receptor

15  antagonists, norepinephrine-serotonin reuptake inhibitors (NSRI), vanilloid and cannabanoid

receptor agonists, and sialorphin. Analgesics agents in the various classes are described in the

literature.

Among the useful analgesic peptides are sialorphin-related peptides, including those

20  comprising the amino acid sequence QHNPR (SEQ ID NO: ), including: VQHNPR (SEQ ID
NO: ); VRQHNPR (SEQ IDNO: ); VRGQHNPR (SEQ IDNO: ); VRGPQEINPR (SEQ ID
NO: ); VRGPRQHNPR (SEQ ID NO: ); VRGPRRQENPR (SEQ ID NO: ); and RQHNPR
(SEQID NO: ). Sialorphin-related peptides bind to neprilysin and inhibit neprilysin-mediated
breakdown of substance P and Met-enkephalin. Thus, compounds or peptides that are

25  inhibitors of neprilysin are useful analgesic agents which can be administered with the peptides
of the invention in a co-therapy or linked to the peptides of the invention, e.g., by a covalent
bond. Sialophin and related peptides are described in U.S. Patent 6,589,750; U.S.
20030078200 Al; and WO 02/051435 A2,
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(7) anti-inflammatory agents; 5(8) antispasmodics; (9) antidepressants; (10) centrally-acting analgesic
agents such as opioid receptor agonists, opioid receptor antagonists (e.g., naltrexone); (11) agents for
the treatment of Inflammatory bowel disease; 10(12) agents for the treatment of Crohn's disease
and/or-ulcerative colitis (e.g., alequel (Enzo Biochem, Inc ; Farmingsale, NY), the anti-inflammatory
peptide RDP58 (Genzyme, Inc.; Cambridge, MA), and TRAFICET-ENTm (ChemoCentryx, Inc.; San
Carlos, CA); (13) agents that treat gastrointestinal or visceral pain; (14) PDE (phosphodiesterase)
inhibitors including but not limited to those disclosed herein; 15(15) purgatives that draw fluids to the
intestine (e.g., VISICOO, a combination of sodium phosphate monobasic monohydrate and sodium
phosphate dibasic anhydrate); (16) Corticotropin Releasing Factor (CRF) receptor antagonists

(including NBRSAGHL IR FERANE Hisedi s e b HHAGEIERTICHR SRR 85 Re Y sH Y
(Janssen Phannabeufioay; ERASE, 56, MNB b 21Oh4cAiviglamminy DIPASE tBriktBbMyerpBauibb) CP-

Pharmacau s T%%%fa%?%g%g%g%%g%%%%%%?ﬁf%gﬁé@%az%gﬁéﬁr%% c?883,245, us
5,861,398, YK20ing2be fmUis200404 98/p261438200401de408:dyspbtuberhsoneas200whl 10815,
and US20040QQ6Q66):in tmbthbaaiisagemsikepeRtidesdainciandianapguesitssel(rekding
exendin-4) at?ge is a delayed and sustained release formulation such that initial release of the antagonist is
in the mid to distal small intestine and/or ascending colon. Such antagonists are described in
WO 01/32180 A2. Enkephalin pentapeptide (HOES25; Tyr-D-Lys-Gly-Phe-L-homoserine) is
an agonist of the mu and delta opioid receptors and is thought to be useful for increasing
10 intestinal motility (Eur. J. Pharm. 219:445, 1992), and this peptide can be used in conjunction
with the peptides of the invention. Also useful is trimebutine which is thought to bind to
mu/delta/kappa opioid recepiors and activate release of motilin and modulate the release of
gastrin, vasoactive intestinal peptide, gastrin and glucagons. Kappa opioid receptor agonists
such as fedotozine, asimadoline, and ketocyclazocine, and compounds described in WO
15 03/097051 A2 can be used with or linked to the peptides of the invention. In addition, mu
opioid receptor agonists such as morphine, diphenyloxylate, frakefamide (H-Tyr-D-Ala-
Phe(F)-Phe-NHy; WO 01/619849 Al) and loperamide can be used.

Tyr-Arg (kyotorphin) is a dipeptide that acts by stimulating the release of met-enkephalins to
20  elicit an analgesic effect (J. Biol. Chem 262:8165, 1987). Kyotorphin can be used with or
Hnked to the peptides of the invention.

Chromogranin-derived peptide (CgA 47-66; see, e.g., Ghia et al. 2004 Regulatory Peptides
119:199) can be used with or linked to the peptides of the invention.

25
CCK receptor agonists such as caerulein from amphibians and other species are usefiil

analgesic agents that can be used with or linked to the peptides of the invention.
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25inhibitors of DPP-IV (DPP-IV mediates the inactivation of glp-1); (18) tofisopam,
enantiomerically-pure R-tofisopam, and pharmaceutically-acceptable salts thereof (US 20040229867)
(19) the tricyclic anti-depressant of the dibenzothiazepine type, tianeptine (Stablonal)) and other
agents-described in U.S. 6,683,072; (20) (E)-4
(1,3bis(cyclohexylmethyl)-1,2,34,-tetrahydro-2,6-diono-9H-purin-8-yl)cinnamic acid nonaethylene
glycol methyl ether ester and related compounds described in WO 02/067942; and 5 (21) the probiotic
PROBACTRDe (The BioBalance Corporation; New York, NY) which contains microorganisms useful in
the treatment of gastrointestinal disorders. The peptides and agonists of the invention can be used in
combination &% _(%Xryviéhti sulin and éelﬁted C}ompgunds including primate, rodent, or rabbit insulin
including biologicaly active TOvaIants tHere SR MR B RERATRS ARt AfbRE Ysréres 8815 Heman insulin
available in régonsiinivdrmeSourcasiabhinimandpsiTrekpe pbarmaceuticabyacsapiahie.and
sterile formu{ggg SHchras.thosgayailable from Eli Lilly (Indianapolis, Ind. 46285) as Humulin. TM.
(human insulin rDNA origin). See the THE PHYSICIAN'S DESK REFERENCE, 55.sup.th Ed. (2001)
Medical Economics, Thomson Healthcare (disclosing other suitable human insulins). 15 The peptides

of the inventiopitrmaisaber usedimmqurbipstiondherenysishagenis thakean Q‘B@ﬁ&iﬁ%&@é}a%fée“s or
levels of a subig%igp(%q.%gmini%%ationﬂ e.g. glipizide and/or rosiglitazone. The peptides and agonists
of the inventiS can be TESd IR LSRR iV ELRALIN(r) (pramlintide acetate) and Exenatide(r)

(synthetic exendin-4; a 39 aa peptide). 20 The peptides and agonists of the invention can also be used

in combinati @C@Qﬁ 0. n4) (alvimopan. formerly called,adoloy/ ADL 8-2698),
conivaptan Sr%ﬁ}gggg 2él\fé;ents d%%c |b% ﬁ%ﬁﬁ%ﬂé%g%ﬁo?%@?@#ma@étggfillﬁ’é@é‘ﬁ@#ﬁt #Eileus.

The peptide¥ HNERiABte el VEP 8810 Eai ranbe inalasbinativiythedapy beitksatwith or
anti-25hy pergiagve thgpariting uding hvtnatdimited to: (1) diuretics, such as thiazides, including
chlorthalidone, chlorthiazide, dichlorophenamide, hydroflumethiazide, indapamide, polythiazide, and
hydrochlorothiazide; loop diuretics, such as bumetanide, ethacrythe acid, furosemide, and torsemide;

potassium dpéringeigbmtslgssichrgerarinibhriies-Hd idanierans; fnehaldRsterenp@mtagonists, such as
SpironOIaCtQH%agggé? %:?e@c?&gpr n?dteb%a!ci:%ge)ﬁde, cisapride, renzapride, benzimidazolone derivatives
such as BIMU 1 and BIMU 8, and lirexapride. Such agonists are described in: EP1321142 Al,
16 WO 03/053432A1, EP 505322 A1, EP 505322 B1, US 5,510,353, EP 507672 A1, EP 507672
B1, and US 5,273,983,

Calcium channel blockers such as ziconotide and related compounds described in, for example,

EP625162B1, US 5,364,842, US 5,587,454, US 5,824,645, US 5,859,186, US 5,994,305, US
20 6,087,091, TS 6,136,786, WO 93/13128 A, EP 1336409 Al, EP 835126 Al, EP 835126 B1,

US 5,795,864, US 5,891,849, US 6,054,429, WO 97/01351 Al, can be used with or linked to

the peptides of the invention.

Various antagonists of the NK-1, NK-2, and NK-3 receptors (for a review see Giardina et al.
25 2003 Drugs 6:758) can be can be used with or linked to the peptides of the invention.

NK1 receptor antagonists such as: aprepitant (Merck & Co Inc), vofopitant, ezlopitant (Pfizer,

Inc.), R-673 (Hoffimann-¥.a Roche Ltd), SR-48968 (Sanofi Synthelabo), CP-122,721 (Pfizer,
Ine.), GW679769 (Glaxo Smith Kline), TAK-637 (Takeda/Abbot), SR-14033, and related
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(2) beta-adrenergic blockers such as acebutolol, atenolol, betaxolol, bevantolol, bisoprolol, bopindolol,
carteolol, carvedilol, celiprolol, esmolol, indenolol, metaprolol, nadolol, nebivolol, penbutolol, pindolol,
propanolol, sotalol, tertatolol, tilisolol, and timolol, and the like; 5(3) calcium channel blockers such as
amlodipine, aranidipine, azelnidipine, barnidipine, benidipine, bepridil, cinaldipine, clevidipine,
diltiazem, efonidipine, felodipine, isradipine, lacidipine, lemildipine, lercanidipine, nicardipine,
nifedipine, nilvadipine, nimodepine, nisoldipine, nitrendipine, manidipine, pranidipine, and verapamil,
and the like; (4) angiotensin converting enzyme (ACE) inhibitors such as benazepril; captopril;
ceranapril; tocilazapril; delapril; enalapril; enalopril; fosinopril; imidapril; lisinopril; losinopril; moexipril;
quinapril, quinaprilat; ramipril; perindopril; perindropril; quanipril; spirapril; tenocapril; trandolapril, and

zofenopril, as@HREHIE: 48T iR Fa1 BReTERIEER S TARMBitlsEB N HIR R Fatlalie 28851 AP 4

ecadotril, fosidptrilcsammtial; AMEVSER  RRAQ3Snrarithedike ik rendpihglinantagonists such as
tezosentan, A308165, and YM62899, and the like; (7) vasodilators such as hydralazine, clonidine,

rninoxidil, and nicotinyl alcohol, and the like; (8) angiotensin Il receptor antagonists such as
aprosartan, ¢éRdesarEnt esprovastamdtresaaiytins fviamolintisarianSpiiesadanntdSasattan,

telmi ’ ! | ’ oy :
belorzLSeE:rs%TJ cﬁiﬂﬂ%ﬁ?&lol, arotigr?o %?ﬁﬁ%é%@ﬂ%g’ I%%%ﬁé% &%g%l%)ggﬂéﬁggﬁ Ié?:dfggir:gﬁ Igs

terazosin, urdpidit pFAZSEIRCkarAARBEHA Hiherbekad taika zsaiide otdboimentigopidil, indoramin,
WHID 164, and XENO010, and the like; (11) alpha 2 agonists such as lofexidine, tiamenidine,

moxonidine. genidine and auanobenz, and he i AR WIOONE IS8 7fkle e: anc
talnetant and related compounds described in, for example, WO 02/094187 A2, BEP 876347 Al,
10 WO 97/21680 A1, US 6,277,862, WO 98/11090, WO 95/28418, WO 97/19927, and Boden et
al. (J Med Chem. 39:1664-75, 1996} can be used with or linked to the peptides of the invention.

Norepinephrine-serotonin reuptake inhibitors (NSRI) such as milnacipran and related
compounds described in WO 03/077897 Al can be used with or linked to the peptides of the

15  invention.

Vanilloid receptor antagonists such as arvanil and related compouds described in WO 01/64212

Al can be used with or linked to the peptides of the invention.

20 The analgesic peptides and compounds can be administered with the peptides and agonists of
the invention (simmultaneously or sequentially). The analgesic agents can also be covalently
linked to the peptides and agonists of the invention to create therapeutic conjugates. Where the
analgesic is a peptide and is covalently linked to an agent described herein the resulting peptide
may also include at least one trypsin cleavage site. When present within the peptide, the |

25  analgesic peptide may be preceded by (if it is at the carboxy terminus) or followed by (if itis at

the amino terminus) a trypsin cleavage site that allows release of the analgesic peptide.

In addition to sialorphin-related peptides, analgesic pepiides include: AspPhe, endomorphin-1,

endomorphin-2, nocistatin, dalargin, fupron, ziconetide, and substance P.
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(13) angiopoietin-2-binding agents such as those disclosed in W003/030833. The peptides and
agonists of the invention can be used in combination therapy with one or more of the following agents
useful in the treatment of respiratory and other disorders: 30 (1) /3-agonists including but not limited
to: albuterol (PROVENTIL(r), SALBUTAMO018, VENTOLNg), bambuterol, bitoterol, clenbuterol,
fenoterol, formoterol, isoetharine (BRONKOSOL(r), BRONICOMETERS), metaproterenol
(ALUPENTO, METAPRELS), pirbuterol (MAXAIRS), reproterol, rimiterol, salmeterol, terbutaline
(BRETHAIRES, 5BRETHINTES, BRICANYLS), adrenalin, isoproterenol (ISUPRELS), epinephrine
bitartrate (PRIMATENES), ephedrine, orciprenline, fenoterol and isoetharine; (2) steroids, including but
not limited to beclomethasone, beclomethasone dipropionate, betamethasone, budesonide,
bunedoside MaEsOESRLS ¢ prat{aembithdtepiisolide, fluocortin, fiuticasone, hydrocortisone, methyl
prednisone, gomelagene; predenisolone, Loptedonizons. iRiedane. [ixoceHial fiameiglgog, and
triamcinolone acetonide; ( -agonlg-cor icosteroid combinations e.g.; Salrmeterol-fiuticasone
(ADVAIR(r)){Hoimvensies-sudessand (Srasidomir) h¢sydenkdisnernaagsss probe

antagonists/lguisattiens aniRaons§kdih 2agenists(hertnnampotRdithak s aapable of blocking,
inhibiting, reducing or otherwise, interrupting the 15interaction %%ween leukotrienes and the Cys LTI

receptor) inCBRAHGBULITBE HRREEESY Aifriesso HEM BRI MLt G SRR h S GUE AIRIO),
pranlukast, isetukagienpbitikaginSi&h 283 aad anipaunaddydteserbadidtyhaliagetoid4
antagonizing, activity. described.in U.S. Patent N 565.473; 5).5-lipaxyae ii hjpitors and/or
ukoriene RS T R R R g RO Sy o &
histamine ElrrateptberaptatoatsisiattihEtemihesegoad derpoiipeged haodedrabileof bkeking,
inhibiting, reglucing Of-eReRMERIARIURING RAIRICFIHRN BRIVGRRSARIRGARh Eadetepior)

includinﬁ but not limited to: astemijzole, acrivastine, antazoline, azatadine, azelastine, astamizole,

bromopReni? &AL ERRFEIHERIAMine maleate, carbinoxamine,

el PR afiaamnendipes

Examples of additional therapeutic agents to ireat gastrointestinal and other disorders include:

(1) agents to treat constipation (e.g., a chloride channel activator such as the bicylic fatty acid,
15 Lubiprostone (formerly known as SPI-0211; Sucampo Phammaceuticals, Inc.; Bethesda,
MD), a laxative such as MiraLax; Braintree Laboratories, Braintree MA);

(2) acid reducing agents such as proton pump inhibiters {¢.g., omeprazole (Prilosec®),
esomeprazole (Nexium®), lansoprazole (Prevacid®), pantoprazole (Protonix®) and
rabeprazole (Aciphex®)) and Histamine H2-receptor antagonist (also known as T2 receptor

20 blockers including cimetidine, ranitidine, famotidine and nizatidine});

(3) prokinetic agents including metoclopramide (Reglan®), domperidone (Motilium®),
erythromycin or cisapride (propulsid®)

(4) pro-motility agents such as the vasostatin-derived peptide, chromogranin A (4-16) (see,
e.g., Ghia et al. 2004 Regulatory Peptides 121:31) or motilin agonists (e.g., GM-611 or

25 mitemecinal fumarate);

(5) complete or partial SHT (e.g. SHT1, 5HT2, SHT3, SHT4) receptor agonists or antagonists
(including 5HT4 receptor agonists (such as tegaserod (ZELNORM®), mosapride,
metoclopramide, zacopride, cisapride, renzapride, benzimidazolone derivatives such as
BIMU 1 and BIMU 8, and lirexapride. Such agonists are described in: EP1321142 Al, WO

30 03/053432A1, BP 505322 Al, EP 505322 B1, US 5,510,353, EP 507672 A1, EP 507672
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25carebastine,

cetirizine, chlorpheniramine, chloropheniramine maleate, cimetidine ,clemastine,

cyclizine, cyproheptadine, descarboethoxyloratadine, dexchlorpheniramine, dimethindene,
diphenhydramine, diphenylpyraline, doxylamine succinate, doxylamine, ebastine, efletirizine,
epinastine, farnotidine, fexofenadine, hydroxyzine, hydroxyzine, ketotifen, levocabastine,
levocetirizine, levocetirizine, loratadine, meclizine, mepyramine, 30mequitazine, methdilazine,
mianserin, mizolastine, noberastine, norastemizole, noraztemizole, phenindamine, pheniramine,
picumast, promethazine, pynlamine, PYrilamine, ranitidine, temelastine, terfenadine, trimeprazine,

tripelenamine,

and triprolidine; (7) an anticholinergic including but not limited to: atropine, benztropine,

biperiden, flutropium, hyoscyamine, ilutropium, ipratropium, ipratropium bromide, methscopolamine,

oxybutinin, rispefzefifé!SédpeidrineliaR dedeptopigmi(8 Ferh aniitiSsRAs inaiLEhiRP betepbirlimited to:

dextromethorphagt.gegieine.dang hyskeorRhaneyo68) Aeaangssiankinciudipg,hutpat limited to:
pseudoephegége and phenylpropanolamine; 10(10)an expectorant including but not limited to:

guafenesin,

BB TERIM, 2 Shium chloride, glycerol guaicolate, and iodinated glycerol; (11)

a bronchodild@ramélindmngabsémyatgimited to: theophylline and aminophylline; (12) an anti-inflammatory
including;but got limited to:. fluribiprofen, diclophenac, indomethacin, ketoprofen, S-ketroprophen,
%?1% gp%léod(léf#

tenoxicarn; 1

a osphodiesterase) inhibitor including but not limited to those disclosed

herein; (14) d%et@tenrardtimanized monoclonal antibody [e.g. xolair (also called omalizumab),

rhuMab, andj
proteins SP-B,
Laboratories)],

djzurnaiahi(-adihBumankze LR SHRCININRGING ggsam@em&&%@ggtgi surfactant

SP-C or SP-D [e.g. SURFAX1NO, formerly known as dsc-104 (Discovery
antagomsts (e.g., nalirexoney;

(11)  agents for the treatment of Inflammatory bowel discase;

10 (12)  agents for the freatment of Crohn’s disease and/or ulcerative colitis (e.g., alequel (Enzo

Biochem, Inc.; Farmingsale, NY), the anti-inflammatory peptide RDP58 (Genzyme, Inc.;
Cambridge, MA), and TRAFICET-EN™ {ChemoCentryx, Inc.; San Carlos, CA);

(13)  agents that treat gastrointestinal or visceral pain;
(14) PDE (phosphodiesterase) inhibitors including but not limited to those disclosed herein;
15 (15) purgatives that draw fluids to the intestine (e.g., VISICOL®, a combination of sodium

phosphate monobasic monohydrate and sodium phosphate dibasic anhydrate);

{16)  Corticotropin Releasing Factor (CRF) receptor antagonists (including NBI-34041

20

(Neurocrine Biosciences, San Diego, CA), CRH9-41, astressin, R121919 (Janssen
Pharmaceutica), CP154,526, NBI-27914, Antalarmin, DMP696 (Bristol-Myers Squibb) CP-
316,311 (Pfizer, Inc.), GW876008 (Neurocrine/Glaxo Smith Kline), ONO-2333Ms (Ono
Pharmaceuticals), TS-041 (Janssen), AAGS561 (Novartis) and those disclosed in US
3,063,245, US 5,861,398, US20040224964, US20040198726, US20040176400,
US20040171607, US20040110815, and US20040006066);

(17)  glucagon-like peptides (glp-1) and analogues thereof (including exendin-4) and

25

inhibitors of DPP-IV (DPP-IV mediates the inactivation of glp-1);

{18)  tofisopam, enantiomerically-pure R-tofisopam, and pharmaceutically-acceptable salts

thereof (US 20040229867)

(19)  the tricyclic anti-depressant of the dibenzothiazepine type, tianeptine (Stablon®) and

other agents described in U.S. 6,683,072;
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20(16) agents that inhibit epithelial sodium channels (ENaC) such as amiloride and related
compounds; (17) antimicrobial agents used to treat pulmonary infections such as acyclovir, amikacin,
amoxicillin, doxycycline, trimethoprin sulfamethoxazole, amphotericin B, azithromycin,

clarithromycin, roxithromycin, clarithromycin, cephalosporins( ceffoxitin, cefrnetazole etc),
25ciprofloxacin, ethambutol, gentimycin, ganciclovir, imipenem, isoniazid, itraconazole, penicillin,
ribavirin, rifampin, rifabutin,amantadine, rimantidine, streptomycin, tobramycin, and vancomycin; (18)
agents that activate chloride secretion through Ca++ dependent chloride channels (such as purinergic
receptor (P2Y(2) agonists); (19) agents that decrease sputum viscosity, such as human recombinant
DNase 1, (Pulmozyme(r)); (20) nonsteroidal anti-inflammatory agents (acemetacin, acetaminophen,

acetyl salicyli®hcidExttididbistcyalphirtoprster)dpabrietabirm2 SeHesB IS RHIHE2DIBBRAGH bucloxic
5acid, carprofeg@iglM@ﬁﬁﬁ@ég}g@ﬁng{ﬂ@%s@Imsgjatg{flmuﬁ@dggae;g;eta noyfen, fenbufen,
f

fenclofenac, fenclozic acid, fenoprofen, fentiazac, feprazone, flufenamic acid, flufenisal, flufenisal,
fluprofen, qurbiB%qgﬁg,%rbiprofen, furofenac, ibufenac, ibuprofen, indomethacin, indomethacin,
indoprofen, isoxepac,dséxicam, ketoprofen, ketoprofen, ketorolac, meclofenamic acid, meclofenamic

acid, mefena/c agid, Mefenamaagrk A oRLalR RlEARaNS, AR NI R QSARIRA,

naproxen, napfoxen, iflimic aci , 0Xaprozin, oxpinac, oxyphenbutazone, phenacetin,
phenylbutazoneophisayiiereszsraspivasiia i, thirbricast phprsremtprad gTes sudoxicam, tenoxican
sulfasalazine, sulindac, sulindac, suprofen, tiaprofenic acid, tiopinac, tioxaprofen, tolfenamic acid,
tolmetin, tolmetin, zidometacin, zomepirac, and zomepiraé); and %%(2%%? atﬁrosolize anti xid%nt

therapeuticd SERAPHES M EiEt e Ay R HR AR RISEeAHE SYB PEERVBHAGHSEAR BE used in
combinationdheapynvishraia ablixdibe sty agemkdimt odinbbinihndidimideditg biologically active

10 variants thereof including allelic variants, more preferably human insulin available in
recombinant form. Sources of human insulin include pharmaceutically acceptable and sterile
formulations such as those avaifable from El Lilly (Indianapolis, Ind. 46285) as Humulin. TM.
(human insulin rDNA origin). See the THE PHYSICIAN'S DESK REFERENCE, 55.sup.th Ed.
(2001) Medical Economics, Thomson Healthcare (disclosing other suitable human insulins).

15 The peptides of the invention can also be used in combination therapy with agents th_at can
hoost insulin effects or levels of a subject upon administration, e.g. glipizide and/or
rosiglitazone. The peptides and agonists of the invention can be used in combitherapy with

SYMLIN® (pramlintide acetate) and Exenatide® (synthetic exendin-4; a 39 aa peptide).

20 The peptides and agonists of the invention can also be used in combination therapy with agents

(¢.5., Entereg™? (alvimopan; formerly called adolor/ ADL 8-2698), conivaptan and related
agents describe in US 6,645,959) for the treatment of postoperative ileus.

The peptides and agonists of the invention can be used in combination therapy with an anti-
25  hypertensive agent including but not limited to:

(1) diuretics, such as thiazides, including chiorthalidone, chlorthiazide, dichlorophenamide,
hydroflumethiazide, indapamide, polythiazide, and hydrochlorothiazide; loop diuretics,
such as bumetanide, ethacrynic acid, furosemide, and torsemide; potassium sparing agents,
such as amiloride, and triamterene; and aldosterone antagonists, such as spironolactone,

30 epirenone, and the like;
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(1) 11)3 HSD-1 (11-beta hydroxy steroid dehydrogenase type 1) inhibitors, such as BVT 3498, 20BVT
2733, 3-(1-adamantyl)-4-ethyl-5-(ethylthio)- 4H-1,2,4-triazole, 3-(1-adamantyl)-5-
(3,4,5-trimethoxyphenyl)-4-methy1-4H-1,2,4-triazole, 3- adamantanyl-
4,5,6,7,8,9,10,11,12,3a-decahydro-1,2,4-triazolo[4,3-a][11]annulene, and those compounds disclosed
in W001/90091, W001/90090, W001/90092 and W002/072084; (2) 5HT (serotonin) transporter
inhibitors, such as paroxetine, fluoxetine (Prozac(r)), 25fenfluramine, fluvoxarnine, sertraline, and
imipramine, and those disclosed in W003/00663; (3) SHT antagonists such as those in W003/037871,
W003/037887, and the like; (4) 5HT1a modulators such as those disclosed in W003/031439, and the

like; (5) 5HT-2 agonists; (6) SHT2c (serotonin receptor 2c) agé)nists, such as BVT933, DPCA37215,
IK264, PNIX D25t 2dneas g5 1ok o ub5s sptzudon 3itanilo stk Rrypanlp y NiFerglghd those

disclosed in U.§oRaisnt Nat@RBL14250:a00 Risfopibicatinn MasnD0R665961, W4a0R/K¥8124,
W002/10169, WOOl/}(LS6,548 V}:/Pg%éli4 2 WO%?4%O%%§O4¥W§ Wg 2/4 041157; (tp 5HT6
receptor modufsie U RFPRE e 3B SARIaTTREO6T, GSEEP O ke (8)
ACC2 (acetyl-Gi&4 carboxylase-2) inhibitors; (9) acyl-estrogens, such as oleoyl-estrone, disclosed
o o a7 el B OREPSPUER: Hi302 A 4A00 b2 AskdReRARSE AR ppication No
benidipine, bepridil, cinaldipine, clevidipine, diltiazem, efonidipine, felodipine, gallopamil,
isradipine, lacidipine, lemildipine, lercanidipine, nicardipine, nifedipine, nilvadipine,
nimodepine, nisoldipine, nitrendipine, manidipine, pranidipine, and verapamil, and the like;
(4) angiotensin converting enzyme (ACE) inhibitors such as benazepril; captopril; ceranapril;
10 cilazapril; delapril; enalapril; enalopril; fosinopril; imidapril; lisinopril; losinopril;
moexipril; quinapril; quinaprilat; ramipril; perindopril; perindropril; quanipril; spirapril;
tenocapril; trandolapril, and zofenopril, and the like;
(5) neutral endopeptidase inhibitors such as omapatrilat, cadoxatril and ecadotril, fosidotril,
sampatrilat, AVE7688, ER4030, and the like;
15  (6) endothelin antagonists such as tezosentan, A308165, and YM62899, and the like;
(7) vasodilators such as hydralazine, clonidine, minoxidil, and nicotinyl alcohol, and the like;
(8) angiotensin II receptor antagonists such as aprosartan, candesartan, eprosartan, irbesartan,
losartan, olmesartan, pratosartan, tasosartan, tehnisartan, valsartan, and EXP-3137,
FI6828K, and RNH6270, and the like;
20 (9) o8 adrenergic blockers such as nipradilol, arotinolol and amosulalol, and the like;
(10) alpha 1 blockers, such as terazosin, urapidil, prazosin, tamsulosin, bunazosin,
trimazosin, doxazosin, naftopidil, indoramin, WP 164, and XENO10, and the like;
(11)  alpha 2 agonists such as lofexidine, tiamenidine, moxonidine, rilmenidine and
guanobenz, and the like;
25 (12) aldosterone inhibitors, and the like; and
(13) angiopoietin-2-binding agents such as those disclosed in WO03/030833.

The peptides and agonists of the invention can be used in combination therapy with one or

more of the following agents useful in the treatment of respiratory and other disorders:

30
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(10) alpha-lipoic acid (alpha-LA); (11) anorectic bicyclic compounds such as 1426 (Aventis) and 1954
(Aventis), and the compounds disclosed in W000/18749, W001/32638, W001/62746, W001/62747,
and W003/015769; 15 (12) AOD9604; (13) appetite suppressants such as those in W003/40107; (14)
ATL-962 (Alizyme PLC); (15) benzocaine; (16) benzphetamine hydrochloride (Didrex);
20(17)bladderwrack (focus vesiculosus); (18) I3RS3 (bombesin receptor subtype 3) agonists; (19)
bupropion; (20) caffeine; (21) CB 1 (cannabinoid-1 receptor) antagonist/inverse agonists, such as
rimonabant 25(Acomplia; Sanofi Synthelabo), SR-147778 (Sanofi Synthelabo), BAY 65-2520 (Bayer),
and SLV 319 (Solvay), and those disclosed in US Patent Nos. 4,973,587, 5,013,837, 30

10

15

20

25

30

(1) B-agonists including but not Hmited to: albuterol (PROVENTIL®, SALBUTAMOI®,

VENTOLIN®), bambuterol, bitoterol, clenbuterol, fenoterol, formoterol, isoetharine
(BRONKOSOL®, BRONKOMETER®), metaproterenol (ALUPENT®, METAPREL®),
pirbuterol (MAXAIR®), reproterol, rimiterol, salmeterol, terbutaline (BRETHAIRE®,
BRETHINE®, BRICANYL®), adrenalin, isoproterenol (ISUPREL®}, epinephrine
bitartrate (PRIMATENE®), ephedrine, orciprenline, fenoterol and isoetharine;

(2) steroids, including but not limited to beclomethasone, beclomethasone dipropionate,

betamethasone, budesonide, bunedoside, butixocort, dexamethasone, flunisolide,
fluocortin, fluticasone, hydrocortisone, methyl prednisone, mometasone, predonisolone,

predonisone, tipredane, tixocortal, triamcinolone, and triamcinolone acetonide;

(3) B2-agonist-corticosteroid combinations [e.g., salmeterol-fluticasone (ADVAIR®),

formoterol-budesonid (SYMBICORT®)];

(4) leukotriene D4 receptor antagonists/leukotriene antagonists/LTD4 antagonists (i.e., any

compound that is capable of blocking, inhibiting, reducing or otherwise interrupting the
interaction between leukoirienes and the Cys L'TI receptor) including but not limited to:
zafirlukast, montelukast, montelukast sodium (SINGULAIR®), pranlukast, iralukast,
pobilukast, SKB-106,203 and compounds described as having LTD4 antagonizing activity

described in U.S. Patent No. 5,565,473;
(5) 5-lipoxygenase inhibitors and/or leukotriene biosynthesis inhibitors [e.g., zileuton

and BAY1005 (CA registry 128253-31-6)];
(6) histamine H1 receptor antagonists/antihistamines (i.e., any compound that is capable of

blocking, inhibiting, reducing or otherwise interrupting the interaction between histamine
and its receptor) including but not limited to: astemizole, acrivastine, anfazoline, azatadine,
azelastine, astamizole, bromopheniramine, bromopheniramine maleate, carbinoxamine,
carebastine, cetirizine, chlorpheniramine, chloropheniramine maleate, cimetidine)
,clemastine, cyclizine, cyproheptadine, descarboethoxyloratadine, dexchlorpheniramine,
dimethindene, diphenhydramine, diphenylpyraline, doxylamine succinate, doxylarnine,
ebastine, efletirizine, epinastine, farnotidine, fexofenadine, hydroxyzine, hydroxyzine,
ketotifen, levocabastine, levocetirizine, levocetirizine, loratadine, meclizine, mepyramine,

mequitazine, methdilazine, mianserin, mizolastine, noberastine, norasternizole,
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5,081,122, 5,112,820, 5,292,736, 5,532,237, W096/33159, W097/29079, W098/31227, W098/43635,
W098/43636, W099/02499, W001/58869, W001/64632, W001/64633, 5,624,941, 6,028,084, and
6,509,367 and W098/33765, W098/37061, W098/41519, W000/10967, W000/10968, W001/09120,
W001/64634, W001/70700, W001/96330, W002/076949, W003/006007, W003/007887,
W003/020217, W0031026647, W003/026648, W003/027069, W003/027076, W003/027114, o
W003/037332, W003/040107, W003/086940, W003/084943 an_d _US6,509,367 and EPO Application
No. EP-658546; 5 (22)CCK agonists; (23) CCK-A (cholecystolcinin-A) agqnlsts, such as AR-R 15849,
01 181771, 7-MY-180, A71378, A-71623 and SR146131, and those described in U.S. Pat. No.

?éﬁ:fé%g?ﬁifﬁ i)lir% 21)‘595%‘5}2%@ f %é%né%%ﬁ%g?g%%}% Cé%%&@%ﬁ%;%ﬁe@% Clhdfg A 604{ (l F?filz7e7r)l;
(27) CNIF derivaNVeSTEiferal éivekiriac{Regerterbn)ancithose diselospeldnRGHE, Application Nos. WO
94/09134, WO $8p224d8:;and WO 99/43813; (28) conjugated linoleic acid;
(7) an anticholinergic including but not Jimited to: atropine, benztropine, biperiden, fiutropium,
5 hyoscyamine, ilutropium, ipratropium, ipratropium bromide, methscopolamine, oxybutinin,
rispenzepine, scopolamine, and tiotropiurm;
(8) an anti-tussive including but not limited to: dextromethorphan, codeine, and
hydromorphone;
(9) a decongestant including but not limited to: pseudoephedrine and phenylpropanclamine;
10 (10) anexpectorant including but not limited to- guafenesin, guaicolsulfate, terpin,
ammonium chloride, glycerol guaicolate, and iodinated glycerol;
(11)  abronchodilator including but not limited to: theophylline and aminophylline;
(12} an anti-inflammatory including but not limited to: fluribiprofen, diclophenac,
indomethacin, ketoprofen, S-ketroprophen, tenoxicam;
15 (13) aPDE (phosphodiesterase) inhibitor including but not limited to those disclosed herein;

(14)  arecombinant humanized monoclonal antibody [e.g. xolair (also called omalizumab),
thuMab, and talizumab];

(15)  ahumanized lung surfactant including recombinant forms of surfactant proteins SP-B,
SP-C or SP-D [e.g. SURFAXIN®, formerly known as dsc-104 (Discovery Laboratories)],

20 (16) agents that inhibit epithelial sodium channels (ENaC) such as amiloride and related
compounds;

(17)  antimicrobial agents used to treat pulmonary infections such as acyclovir, amikacin,
amoxicillin, doxycycline, trimethoprin sulfamethoxazole, amphotericin B, azithromycin,
clarithromyein, roxithromycin, clarithromycin, cephalosporins( ceffoxitin, cefmetazole etc),

25 ciprofloxacin, ethambutol, gentimycin, ganciclovir, imipenem, isoniazid, itraconazole,
penicillin, ribavirin, rifampin, rifabutin,amantadine, rimantidine, streptomycin, tobramycin,
and vancomycin;

(18)  agents that activate chloride secretion through Ca++ dependent chloride channels (such
as purinergic receptor (P2Y(2) agonists);
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15(29)corticotropin-releasing hormone agonists; (30) dehydroepiandrosterone; (31) DGAT1
(diacylglycerol acyltransferase 1) inhibitors; (32) DGAT2 (diacylglycerol acyltransferase 2) inhibitors;
(33) dicarboxylate transporter inhibitors; 20(34)diethylpropion hydrochloride (Tenuate); (35) dipeptidyl
peptidase IV (DP-1V) inhibitors, such as isoleucine thiazolidide, valine pyrrolidide, NVP-DPP728,
LAF237,P93/01, TSL 225, TMC-2A/2B/2C, FE 999011, P9310/1(364, VT 0177, SDZ 274-444 and the
compounds disclosed in PCT publication Nos. W002/083128, W002/062764, W003/000180,
W003/000181, W003/000250, 25 W003/002530, W003/002531, W003/002553, W003/002593,
W003/004498, W003/004496,W003/017936, W003/024942, W003/024965, W003/033524,
WO003/037327 and EP1258476; (36) ephedra; (37) exendin-4 (an inhibitor of glp-1) 30(38)FAS (fatty
acid synthas€)oinhipaots, fhﬂé@%%@@ﬂﬂémvmqﬁmwcb%WPé%?BﬂWﬁﬁl%@ duch as those in
W003/053451, MQ@MO) fatty acid transporter inhibitors; (41) fiber (psyllium, plantago, guar

fiber);
(20)  nonsteroidal anti-inflammatory agents (acemetacin, acetaminophen, acetyl salicylic

acid, alclofenac, alminoprofen, apazone, aspirin, benoxaprofen, bezpiperylon, bucloxic

5 acid, carprofen, clidanac, diclofenac, diclofenac, diflunisal, diflusinal, etodolac, fenbufen,
fenbufen, fenclofenac, fenclozic acid, fenoprofen, fentiazac, feprazone, flufenamic acid,
flufenisal, flufenisal, fluprofen, flurbiprofen, flurbiprofen, furofenac, ibufenac, ibuprofen,
indomethacin, indomethacin, indoprofen, isoxepac, isoxicam, ketoprofen, ketoprofen,
ketorolac, meclofenamic acid, meclofenamic acid, mefenamic acid, mefenamic acid,

10 miroprofen, mofebutazone, nabumetone oxaprozin, naproxen, naproxer, niflummic acid ,
oxaprozin, oxpinac, oxyphenbutazone, phenacetin, phenylbutazone, phenylbutazone,
piroxicam, piroxicam, pirprofen, pranoprofen, sudoxicam,tenoxican , sulfasalazine,
sulindac, sulindac, suprofen, tiaprofenic acid, tiopinac, tioxaprofen, tolfenamic acid,
tolmetin, tolmetin, zidometacin, zomepirac, and zomepirac); and

15 (21) aerosolized antioxidant therapeutics such as S-Nitrosoglutathione.

The peptides and agonists of the invention can be used in combination therapy with an anti-
obesity agent including but not limited to:
(1) 118 HSD-1 (11-beta hydroxy steroid dehydrogenase type 1) inhibitors, such as BVT 3498,
20 BVT 2733, 3-(1-adamantyl)-4-ethyl-5-(ethylthio)- 4H-1,2,4-triazole, 3-(I-adamantyl)-5-
(3,4,5-trimethoxypheny1)-4-methy1-4H-1,2,4-triazole, 3- adamantanyl-
4,5,6,7,8,9,10,11,12,3a-decahydro-1,2,4-triazolo[4,3-a][ 11 Jannulene, and those compounds
disclosed in WO01/90091, W001/90090, WO01/90092 and WO02/072084;
(2) 5HT (serotonin) transporter inhibitors, such as paroxetine, fluoxetine (Prozac®),
25 fenfluramine, fluvoxamine, sertraline, and imipramine, and those disclosed in
WO03/00663; ‘
(3) 5HT antagonists such as those in W003/037871, WO03/037887, and the like;
(4) 5HT1a modulators such as those disclosed in W003/031439, and the like;

(5) 5HT-2 agonists;
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(42) galanin antagonists; 5(43)galega (Goat's Rue, French Lilac); (44) garcinia cambogia; (45)
germander (teucrium chamaedrys); (46) ghrelin antagonists, such as those disclosed in PCT
Application Nos. WO 01/87335, and WO 02/08250; to(47)GLP-1 (glucagon-like peptide 1) agonists
(e.g. exendin-4); (48) glp-1 (glucagon-like peptide-1); (49) glucocorticoid antagonists; (50) glucose
transporter inhibitors; (51) growth hormone secretagogue receptor agonists/antagonists, such as
NN703, hexarelin, 15MK-0677, SM-130686, CP-424,391, L-692,429 and L-163,255, and such as
those disclosed in U.S. Pat. No. 6,358,951, U.S. Patent Application Nos. 2002/049196 and
2002/022637, and PCT Application Nos. WO 01/56592 and WO 02/32888; (52) growth hormone
secretagoguegi such as those disclosed and specifically described in U.S. Pat. No. 5,536,716;

20(53)H3 (hidBmiL3a 5eEriebsRapiav erasagitistackan i Y Froptlaiide! 3 b ndiadl ol-
4-yl)propyl N-(4-peste yiycatoasoale). 06 eppropit JQdpRbSpNnIE) 0RIOXaB4$had3A4:Cliatech),
E’an?lﬁslsrr} dazor 9@??%%%‘2‘%?%%&%&%? g@%e%ﬁéﬁ%@@ﬁ%\% R BR85S, 240,55 (2000)),
piperidine-contaiiRgAistbAifeQ2L o beh (BIHaG OHisTE QUAAMEKANVA02/51844, W002/40456,
5 and WQ02/40457,;
(7) SIHT6 receptor modulators, such as those in WO03/030901, W003/035061, W003/039547,
and the like;
(8) ACC2Z (acetyl-CoA carboxylase-2) inhibitors;
(9) acyl-estrogens, such as oleoyi-estrone, disclosed in del Mar-Grasa, M. et al., Obesity
10 Research, 9:202-9 (2001) and Japanese Patent Application No. JP 2000256190;
(10)  alpha-lipoic acid (alpha-LA);
(11)  anorectic bicyclic compounds such as 1426 (Aventis) and 1954 (Aventis), and the
compounds disclosed in WO00/18749, W001/32638, W001/62746, WO01/62747, and
WO03/015769;
15 (12)  AOD9604;
(13)  appetite suppressants such as those in W(003/40107;
(14)  ATL-962 (Alizyme PLC);
(15)  benzocaine;
(16)  benzphetamine hydrochloride (Didrex);
20 (17)  bladderwrack (focus vesiculosus);
(18)  BRS3 (bombesin receptor subtype 3) agonists;
(19)  bupropion;
(20)  caffeine;
(21)  CB 1 (cannabinoid-1 receptor) antagonist/inverse agonists, such as rimonabant
25 (Acomplia; Sanofi Synthelabo), SR-147778 (Sanofi Synthelabo), BAY 65-2520 (Bayer),
and SLV 319 (Solvay), and those disclosed in US Patent Nos. 4,973,587, 5,013,837,
5,081,122, 5,112,820, 5,292,736, 5,532,237, 5,624,941, 6,028,084, and 6,509,367 and
WOS6/33159, W0987/25079, WO98/31227, W(098/33765, W(O98/37061, W098/41519,
WO98/43635, W0O98/43636, WQ99/02499, WO00/10967, WO00/10968, WO01/09120,
30 WO01/58869, WO01/64632, WO01/64633, WO01/64634, WOO01/70700, WO01/96330,
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25etal., Phanrtazie, 56:927-32 (2001), benzophenone derivatives and related compounds (Sasse, A.
et al., Arch. Pharm.(Weinheim) 334:45-52 (2001)), substituted Nphenylcarbatnates (Reidemeister, S.
et al., Pharmazie, 55:83-6 (2000)), and proxifan derivatives (Sasse, A. et al., J. Med. Chem..
43:3335-43 (2000)) and histamine H3 receptor modulators such as those disclosed in W003/024928
and W003/024929; 30(54)interleulcin-6 (EL-6) and modulators thereof, as in W003/057237, and the
like; (55) L-camitine; (56) leptin derivatives, such as those disclosed in U.S. Pat. Nos. 5,552,524,
5,552,523, 5,552,522, 5,521,283, and PCT International Publication Nos. WO 96/23513, WO
96/23514, WO 96/23515, WO 96/23516, WO 96/23517, WO 96/23518, WO 96/23519, and 5WO

/ : in, i i bi h lepti - h d
e o e oo O A ot
(ohrlistilt/):enli:cflwmmw&m%smm@%moﬁmm,mﬁmm;lW@ilSﬂ@;’IWelliferyl o
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phosp BoVHadT Wﬁ&%ﬁ%ﬂ%&%ﬁ%@%ﬁﬁ% '?%(??6@ ?39%8%%%‘}@%&%&89 (

and RHC 80267, and those disclose 001777094, and U.S. Patent Nos.
4,598,089,4,45ER138%161 2 565, 5,391,571, 5,602,151, 4,405,644, 4,189,438, and 4,242,453; (59) Ipid
metabolism madulatens sushisas maslinic acid, erythrodiol, ursolic acid uvaol, 15betulinic acid, betulin,

and the like and com o_unds disclosed _in_ W003/011267; (60) Mc3r. e_I cortin c?é)toQ_agonists;
(61) Modr (Hbnokor ) UEUHH GBS ok aSah 2o e ARB60 (o MR 2.
71378, A-71623 and SR146131, and those described in U.S. Pat. No. 5,739,106;
(24)  chitosan;
(25)  chromium;
10 (26) CNTF (Ciliary neurotrophic factors), such as GI-181771 (Glaxe-SmithKline),
SR 146131 (Sanofi Synthelabo), butabindide, PD170,292, and PD 149164 (Pfizer);

(27)  CNTF derivatives, such as axokine (Regeneron), and those disclosed in PCT
Application Nos. WO 94/09134, WO 98/22128, and WO 99/43813;

(28)  conjugated linoleic acid;

15 (29)  corticotropin-releasing hormone agonists;

(30)  dehydroepiandrosterone;

(31) DGAT! (diacylglycerol acyltransferase 1) inhibitors;

(32) DGAT?2 (diacylglycerol acyliransferase 2) inhibitors;

(33)  dicarboxylate transporter inhibitors;

20 (34) diethylpropion hydrochloride (Tenuate);

(35)  dipeptidyl peptidase IV (DP-IV) inhibitors, such as isoleucine thiazolidide, valine
pyrrolidide, NVP-DPP728, LAF237, P93/01, TSL 225, TMC-2A/2B/2C, FE 999011,
PS310/K364, VIP 0177, SDZ 274-444 and the compounds disclosed in PCT publication
Nos. W002/083128, W002/062764, W003/000180, WO03/000181, WO03/000250,

25 W003/002530, WO03/002531, WO03/002553, W003/002593, WO03/004498,
WO03/004496,W003/017936, W003/024942, WO03/024965, W003/033524,
WO03/037327 and EP1258476;

(36)  ephedra;

(37)  exendin-4 (an inhibitor of glp-1)

3 (38)  FAS (fatty acid synthase) inhibitors, such as Cerulenin and C75;

(=1
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ME-10145, and HS-131 (Melacure), and those disclosed in PCT publication Nos. W099/64002,
WO000/74679, W001/991752, W001/25192, W001/52880, W001/74844, 20W001/70708, W001/70337,
W001/91752, W002/059095, W002/059107, W002/059108, W002/059117, W002/06276,
W002/12166, W002/11715, W002/12178, W002/15909, W002/38544, W002/068387, W002/068388,
W002/067869, W002/081430, W003/06604, W003/007949, W003/009847, W003/009850,
W003/013509, and W003/031410; 25(62)Mc5r (melanocortin 5 receptor) modulators, such as those
disclosed in W097/19952, W000/15826, W000/15790, US 20030092041; (63) MCH2R (melanin
concentrating hormone 2R) agonist/antagonists; (64) melanin concentrating hormone antagonists; (65)
melanin-concentrating hormone 1 receptor (MCHR) antagonists, such as T-226296 30(Takeda),
SNP-7941 (Si3aptidht sasdrritiosdrdiiboiossuchvB0id 11 5000060 B0 26( tw(ie/87834, W002/0518009,

W002/06245(M02@%6§g§ uﬁ}{%&%ﬁ%hm;
(41)  fiber (psyllivm, plantago, guar fiber);
(42)  galanin antagonists;
5 (43)  galega {Goat’s Rue, French Lilac);
(44)  garcinia cambogia;
(45)  germander (teucrium chamaedrys);
(46)  ghrelin antagonists, such as those disclosed in PCT Application Nos. WO 01/87335,
and WO 02/08250;
10 (47  GLP-1 (glucagon-like peptide 1) agonists (e.g. exendin-4);
(48)  glp-1 (gluicagon-like peptide-1);
(49)  glucocorticoid antagonists;
(50)  glucose transporter inhibitors;
(51)  growth hormone secretagogue receptor agonists/antagonists, such as NN703, hexarelin,

15 MEK-0677, SM-130686, CP-424,391, 1L-692,429 and 1.-163,255, and such as those
disclosed in 1J.8. Pat. No. 6,358,951, U.S. Patent Application Nos. 2002/049196 and
2002/022637, and PCT Application Nos. WO 01/56592 and WO 02/32888;

(52)  growth hormone secretagogues, such as those disclosed and specifically described in
U.S. Pat. No. 5,536,716;

20 (53)  H3 (histamine H3) antagonist/inverse agonists, such as thioperamide, 3-(1H-imidazol-
4-yljpropyl N-(4-pentenyl)carbamate), clobenpropit, iodophenpropit, imoproxifan, GT2394
(Gliatech), and A331440, and those disclosed in PCT publication No. W002/15905 and O-
[3-(1H-imidazol-4-yl)propanoljcarbamates (Kiec-Kononowicz, K. et al., Pharmazie,
55:349-55 (2000)), piperidine-containing histamine H3-receptor antagonists (Lazewska, D.

25 et al., Pharmazie, 56:927-32 {2001), benzophenone derivatives and related compounds
{Sasse, A. et al,, Arch. Pharm.(Weicheim) 334:45-52 (2001)), substituted N-
phenylcarbamates (Reidemeister, S. et al., Pharmazie, 55:83-6 (2000)), and proxifan
derivatives (Sasse, A. et al., J. Med. Chem.. 43:3335-43 (2000)) and histamine H3 receptor
modulators such as those disclosed in W003/024928 and WQ03/024929;

30 (54) interleukin-6 (JL-6) and modulators thereof, as in WO03/057237, and the like;
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W002/04433, W002/51809, W002/083134, W002/094799, W003/004027, W003/13574, W003/15769,
W003/028641, W003/035624, W003/033476, W003/033480 and Japanese Patent Application Nos.
JP 13226269, and JP1437059; 5 (66)melanocortin agonists, such as Melanotan Il or those described
in WO 99/64002 and WO 00/74679; (67) Metformin (GLUCOPHAGES); (68) mGIuRS modulators
such as those disclosed in W003/029210, W003/047581, W003/048137, W003/051315,
W003/051833, W003/053922, W003/059904, and the

(55)  L-carnitine;

(56)  leptin derivatives, such as those disclosed in U.S. Pat. Nos. 5,552,524, 5,552,523,
5,552,522, 5,521,283, and PCT International Publication Nos. WO 96/23513, WO
96/23514, WO 96/23515, WO 96/23516, WO 96/23517, WO 96/23518, WO 96/23519, and

5 WO 96/23520;

(57)  leptin, including recombinant human leptin (PEG-OB, Hoffman La Roche) and
recombinant methionyl human leptin (Amgen);

(58)  lipase inhibitors, such as tetrahydrolipstatin (orlistat/Xenical®), Triton WR1339,
RHC80267, lipstatin, teasaponin, and diethylumbelliferyl phosphate, FL-386, WAY-

10 121898, Bay-N-3176, valilactone, esteracin, ebelactone A, ebelactone B, and RHC 80267,
and those disclosed in PCT publication No. WO01/77094, and U.S. Patent Nos.
4,598,089,4,452,813, 5,512,565, 5,391,571, 5,602,151, 4,405,644, 4,189,438, and
4,242 453;

(59)  Ipid metabolism modulators such as maslinic acid, erythrodiol, ursolic acid uvaol,

15 betulinic acid, betulin, and the like and compounds disclosed in W003/011267;

(60)  Mc3r (melanocortin 3 receptor) agonists;

(61)  Mc4r (melanocortin 4 receptor) agonists, such as CHIR86036 (Chiron), ME-10142,
ME-10145, and HS8-131 (Melacure), and those disclosed in PCT publication Nos.
WO99/64002, WO00/74679, W0O01/991752, W001/25192, WO01/52880, WO01/74844,

20 WO01/70708, WO01/70337, WO01/91752, W002/059095, W002/059107,
WO002/059108, WO02/059117, WO02/06276, WO02/12166, W002/11715, WO02/12178,
WO02/15909, WO02/38544, WO02/068387, W002/068388, WO02/067869,
W002/081430, W003/06604, W(003/007949, WO03/009847, WO03/009850,
WO03/013509, and WO03/031410;

o5  (62)  McSr (melanocortin 5 receptor) modulators, such as those disclosed in W097/19952,
WO00/15826, WO00/15790, US 20030052041,

(63) MCH2R (melanin concenirating hormone 2R) agonist/antagonists;

{64)  melanin concentrating hormione antagonists;

(65)  melanin-concenirating hormone 1 receptor (MCHR) antagonists, such as T-226296

30 (Takeda), SNP-7941 (Synaptic), and those disclosed W001/21169, W001/82925,
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10like; (69) monoamine reuptake inhibitors, such as sibutratmine (Meridia(r)/Reductile) and salts
thereof, and those compounds disclosed in U.S. Patent Nos. 4,746,680, 4,806,570, and 5,436,272,
and U.S. Patent Publication No. 2002/0006964, and W001/27068, and W001/62341; 15(70)NE
(norepinephrine) transport inhibitors, such as OW 320659, despiramine, talsupram, and nomifensine;
(71) nomarne herba; (72) non-selective serotonin/norepinephrine transport inhibitors, such as
sibutramine or fenfluramine; 20 (73) NPY 1 antagonists, such as B1BP3226, L115814, BEBO 3304,
LY-357897, CP671906, GI-264879A, and those disclosed in U.S. Pat. No. 6,001,836, and PCT Patent
Publication Nos. WO 96/14307, WO 01/23387, WO 99/51600, WO 01/85690, WO 01/85098, WO

01/85173, and WO 01/89528; 74 NPY5 (neuropeptlde Y5) anta onlsts such as 152,804,
GW-569180A, CYHRBEES BN KOG N IS8 08 BR2EWE4Y" fOR6¥928, FR240662,

FR252384, 1229}\&902/@5%2543%&/5%5’M@@B@sk%ﬁﬁ@@ﬂd&%@@@ﬁoﬂ@ﬂﬁ@170 SR- 120562A,

0,101,160, 6,258 B47 B 51 DO B3 V0 B A28 e BB e o MR 620,305, and
6,340,683, Euro]b&iﬁ‘fpﬁém WSTaE@ﬂS&@i@ﬁQApﬂmtElﬁi@Q@ﬂmmﬁP@ﬁ 3DRaBieation Nos.

vvo97/1%682@3/09zaggﬁm%gmg%mg%@%zwlo&ys%ocﬁegaqug%@@M@%OW
W000/185714 WOOO/185730 000/64880

(67)  Metformin (GLUCOPHAGE®),

(68) mGluRS modulators such as those disclosed in WO03/029210, W003/047581,
WO03/048137, WO03/051315, WO03/051833, WO03/053922, WO03/059904, and the

10 like;

(69)  monoamine reuptake inhibitors, such as sibutratmine (Meridia®/Reductil®) and salts
thereof, and those compounds disclosed in 1J.S. Patent Nos. 4,746,680, 4,806,570, and
5,436,272, and U.S. Patent Publication No. 2002/0006964, and WO0O01/27068, and
WO01/62341;

15 (70)  NE (norepinephrine) transport inhibitors, such as GW 320659, despiramine, talsupram,
and nomifensine;

(71)  nomame herba,

(72)  non-selective serotonin/norepinephrine transport inhibitors, such as sibutramine or
fenfluramine;

20 (73) NPY 1 antagonists, such as BIBP3226, J-115814, BIBO 3304, LY-357897, CP-
671906, GI-264879A, and those disclosed in U.S. Pat. No. 6,001,836, and PCT Pateni
Publication Nos. WO 96/14307, WO 01/23387, WO 99/51600, WO 01/85690, WO
01/85098, WO 01/85173, and WO 01/89528;

(74)  NPYS5 (neuropeptide Y Y5) antagonists, such as 152,804, GW-569180A, GW-

25 594884A, GW-587081X, GW-548118X, FR235208, FR226928, FR240662, FR252384,
1229091, GI-264879A, CGP7T1683A, LY-377897, LY-366377, PD-160170, SR- 1205624,
SR-~120819A, JCF-104, and H409/22 and those compounds disclosed in U.S. Patent Nos.
6,140,354, 6,191,160, 6,258,837, 6,313,298, 6,326,375, 6,329,395, 6,335,345, 6,337,332,
6,328,395, and 6,340,683, European Patent Nos. EP-01010691, and EP-01044970 and PCT

30 Publication Nos. W057/19682, W097/20820, W097/20821, W097/20822, W(097/20823,
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WO000/68197, W000/69849, W001/09120, W001/14376, W001/85714, W001/85730, W001/07409,
WO001/02379, W001/23388, W001/23389, W001/44201, W001/62737, W001/62738, W001/09120,

W002120488, W002/22592,

10

15

20

25

W098/27063, WO00/107409, WO00/185714, WO00/185730, W(O00/64880,
WO00/68197, W0O00/69849, WO01/09120, W001/14376, WO01/85714, WO01/85730,
WO01/07409, WO01/02379, W001/23388, WO01/23389, WO01/44201, WO01/62737,
WO01/62738, W001/09120, WOO2)20488, WO002/22592, W0O02/48152, WO02/49648,
WO02/051806, WO02/094789, W(O03/009845, W003/014083, WO03/022849,
WO03/028726 and Notman et al., J. Med. Cherm. 43:4288-4312 (2000);

(75)  opioid antagonists, such as nalmefene (REVEX ®), 3-methoxynaltrexone, naloxone,
and naltrexone and those disclosed in WQ00/21509;

(76)  orexin antagonists, such as SB-334867-A and those disclosed in PCT publication Nos.
WO01/96302, WO01/68609, WO02/44172, W002/51232, WO02/51838, WO02/089800,
W002/090355, WO03/023561, WO03/032991, and WO03/037847;

(77y  PDE (phosphodiesterase) inthibitors including but not limited fo those disclosed herein;

(78)  peptide YY and fragments and variants thereof (e.g. YY3-36 (PYY3-36 )(N. Engl. I.
Med. 349:941, 2003; IKPEAPGE DASPEELNRY YASLRHYLNL VTRQRY (SEQ ID
NO:XXX)) and PYY agonists such as those disclosed in WO0O03/026591;

(79)  phendimetrazine;

(80)  phentermine,

(81)  phosphate transporter inhibitors;

(82)  phosphodiesterase-3B (PDE3R) inhibitors;

(83)  phytopharm compound 57 (CP 644,673);

(84  pymavale;

(85)  SCD-1 (stearoyl-CoA desaturase-1) inhibitors;

(86)  serotonin reuptake inhibitors, such as dexfenfluramine, fluoxetine, and those in U.S.
Patent No. 6,365,633, and WO01/27060, and WO01/162341;

(87)  T71 (Tularik; Inc.; Boulder CO);
{88)  thyroid hormone § agonists, such as KB-2611 (KaroBioBMS), and those disclosed in

WO02/15845 and Japanese Patent Application No, JP 2000256190;
(89)  Topiramate (TOPIMAX®),
(90)  transcription factor modulators such as those disclosed in W003/026576;
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W002/48152, W002/49648, 5W002/051806, W002/094789, W0031009845, W003/014083,
W003/022849, W003/028726 and Norman et al., J. Med. Chem. 43:4288-4312 (2000); (75) opioid
antagonists, such as nahnefene (REVEX3-methoxynaltrexone, naloxone, and naltrexone and those
disclosed in W000/21509; (76) orexin antagonists, such as SB-334867-A and those disclosed in PCT
publication Nos. tow001196302, W001/68609, W002/44172, W002/51232, W002/51838,
W002/089800, W002/090355, W003/023561, W003/032991, and W003/037847; (77) PDE
(phosphodiesterase) inhibitors including but not limited to those disclosed herein; (78) peptide 'YY and
fragments and variants thereof (e.g. YY3-36 (PYY3-36 )(N. Engl. J. Med. 349:941, 2003; IKPEAPGE
DASPEELNRY YASLRHYLNL VTRQRY (SEQ ID 15NO:XXX)) and PYY agonists such as those
disclosed in®03/5565b {unsapBrepmisiatidziner (oofipreremtines phytanic acid, 4-[(E)-2-

(5,6,7,8-tetrahydro-3,5,8,8-tetramethyl-2-napthalenyl)-1 -propeny- Jbenzoic acid (TTNPB),
retinoic acid, and those disclosed in PCT Patent Application No. WO 99/00123;

(92) B3 (beta adrenergic receptor 3) agonists, such as AD9677/TAKG677

5 (Dainippon/Takeda), CL-316,243, SB 418790, BRL-37344, 1.-796568, BMS-196085,
BRL-35135A, CGP12177A, BTA-243, GW 427353, Trecadrine, Zeneca D7114, N-5984
{(Nisshin Kyorin), L.Y-377604 (Lilly), and SR 59119A, and those disclosed in US Patent
Nos. 5,705,515, US 5,451,677 and PCT publication Nos. W094/18161, W095/29159,
WQOO97/46556, WO98/04526 and W(098/32753, WO01/74782, WO02/32897,
10 WQ003/014113, WO03/016276, WO03/016307, W0O03/024948, W0O03/024953 and

WO03/037881;

(93)  B-hydroxy steroid dehydrogenase-1 inhibitors (8 -FISD-1) and

(94)  B-hydroxy-S-methylbutyrate.

15  Peptides and agonists of the invention useful in the treatment of obesity can be administered as

a cotherapy with electrostimulation (US20040015201).

The peptides and agonists of the invention can be used in combination therapy with agents that
activate soluble guanylate cyclase, for example those described in US20040192630.

20
The peptides and agonists of the invention can be used in combination therapy with a
phosphodiesterase inhibitor. PDE inhibitors within the meaning of the present invention are
those compounds which slow the degradation of cyclic AMP (cAMP) and/or cyclic GMP
{(cGMP) by inhibition of the phosphodiesterases, which can lead to a relative increase in the

25 intracellular concentration of cAMP and ¢cGMP. Possible PDE inhibitors within the meaning of
the present invention are primarily those substances which are to be numbered among the class
consisting of the PDE3 inhibitors, the class consisting of the PDE4 inhibitors and/or the class
consisting of the PDES inhibitors, in particular those substances which can be designated as
mixed types of PDE3/4 inhibitors or as mixed types of PDE3/4/5 inhibitors, By way of

30  example, those PDE inhibitors may be mentioned such as are described and/or claimed in the
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(81) phosphate transporter inhibitors;  (82) phosphodiesterase-3B (PDE3B) inhibitors; 20 (83)
phytopharm compound 57 (CP 644,673); (84) pyruvate; (85) SCD-1 (stearoyl-CoA desaturase-1)
inhibitors; (86) serotonin reuptake inhibitors, such as dexfenfluramine, fluoxetine, and those in U.S.
Patent-No. 6,365,633, and W001/27060, and W001/162341; 25(87)T71 (Tularilc; Inc.; Boulder CO);
(88) thyroid hormone agonists, such as KB-2611 (KaroBioBMS), and those disclosed in W002/15845
and Japanese Patent Application No. JP 2000256190; (89) Topiramate (TOPIMAXS); (90)
transcription factor modulators such as those disclosed in W003/026576; (91) UCP-1 (uncoupling
protein-1), 2, or 3 activators, such as phytanic acid, 4-[(E)-2-
(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-napthaleny1)-1-propeny-IThenzoic acid (TTNPB), retinoic
acid, and thofsélefiseorisenirpOmmatemdmepits tion N3N OIS HBTSS; W%M%&@gic
receptor 3) aganigiss BHEIEas1AISHRRLBKHE /1K PAIMBRONERISRAa) IiHB3b0 5 BIE3 814167 90,

Zenecn D71 DENCAGE TN RyOReS. (o PG T PPt A SRS B hOLE Tbosed
US Patent NDE35380665 DE30E 58,570 60177 82 PIOTE 0k iEROOTO RS FA094918,1BH00RBB5/29159,
W097/48556, MA/PA20 AW AR %6 28 RYOISHEHY BRo VYRR 38861632, BRO161918,
EP0167121, EP0199127, EP0220044, EP0247725, EP0258191, EP0272910, EP0272914,
EP(294647, EP0300726, EP0335386, EP0357788, EP0389282, EP0406958, EP0426180,
EP0428302, EP0435811, EP0470805, EP0482208, EP0490823, EP0506194, EP0511865,
EP(527117, BP0626939, EP(0664289, EP0671389, EP0685474, EP0685475, EP0685479,
10 JP92234389, TP94329652, TP95010875, U.S. Pat. Nos. 4,963,561, 5,141,931, WOS117991,
W09200968, W09212961, W09307146, W09315044, W(09315045, W09318024,
W09319068, W09319720, W(09319747, W09319749, WO9319751, W09325517,
W09402465, W09406423, W09412461, W09420455, W09422852, W(09425437,
W09427947, W09500516, W09501980, W09503794, W09504045, W0O9504046,
15 WO09505386, WO9508534, W(09509623, W09509624, W09509627, WO9506836,
W09514667, W(09514680, W0O9514681, W(09517392, W09517399, WO9519362,
W(09522520, W09524381, W09527692, W09528926, WO9535281, W(09535282,
W09600218, WO9601825, W09602541, W(09611917, DE3142982, DE1116676,
DE2162096, EP0293063, EP0463756, EP0482208, EP0579496, EP0667345 1US6,331,543,
20 US20050004222 (including those disclosed in formulas I-XTIL and paragraphs 37-39, 85-0545
and 557-577) and W(09307124, EP0163965, EP0393500, EP0510562, EP0553174,
W09501338 and W09603399. PDES inhibitors which may be mentioned by way of example
are RX-RA-69, SCH-51866, KT-734, vesnarinone, zaprinast, SK¥-96231, ER-21355, BF/GP-
385, NM-702 and sildenafil (Viagra®). PDE4 inhibitors which may be mentioned by way of
- 25  example arc RO-20-1724, MEM 1414 (R1533/R1500; Pharmacia Roche), DENBUFYLLINE,
ROLIPRAM, OXAGRELATE, NITRAQUAZONE, Y-590, DH-6471, SKF-94120,
MOTAPIZONE, LIXAZINONE, INDOLIDAN, OLPRINONE, ATIZORAM, KS-506-G,
DIPAMFEYLLINE, BMY-43351, ATIZORAM, AROFYLLINE, FILAMINAST, PDB-093,
UCB-29646, CDP-840, SKF-107806, PICLAMILAST, RS-17597, RS-25344-000, SB-207499,
30  TIBENELAST, SB-210667, SB-211572, SB-211600, SB-212066, SB-212179, GW-3600,
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10wW003/014113, W003/016276, W003/016307, W003/024948, W003/024953 and W003/037881; (93)
fl-hydroxy steroid dehydrogenase-1 inhibitors (13 -HSD-1) and (94) fl-hydroxy-R-methylbutyrate.
15Peptides and agonists of the invention useful in the treatment of obesity can be administered as a
cotherapy with electrostimulation (US20040015201). The peptides and agonists of the invention can
be used in combination therapy with agents that activate soluble guanylate cyclase, for example those
described in 15520040192680. 20 The peptides and agonists of the invention can be used in
combination therapy with a phosphodiesterase inhibitor. PDE inhibitors within the meaning of the
present invention are those compounds which slow the degradation of cyclic AMP (cCAMP) and/or
cyclic GMP (cGMP) by inhibition of the phosphodiesterases, which can lead to a relative increase in
the 25 intracEiRRa b ACSRIBAMF A BRI EEME UBGL45T SHE RN R MR RANeaning of

the present :cngmmm mzﬁmmmbmh BH bsigne g&mb}j@ﬁyg@@m;?%a@@@gzﬁmgi@ﬂ?e class
consisting o PDE3J inhibitors, the consisting, of the PDE4 inhibitors and/of. the class
consisting of B B BTOrE N pEreL P TOCS SHL AR R b B SRR v
types of PDE3/MMAEIGES sNEEAREY GIHESTARDEBR/BRIMIIRSIB P IRAKIMINEXample, those PDE
inhibitors may he meptenerssuchian A sesnasapon daimestimibays Glewing patent
applications and patents: DE1470341, DE2108438, DE2123328, DE2305339, DE2305575,
DE2315801 NFED 482908 BESANMOTA DI AEY Dy 7 3958 BN SV ED S HGABNE 3957481,

DE2825048 Hpf28B8V0NE, BR284h 220y 01528446 24 1R E2034 ¥ A0 0EE 482 MDERDSE1ES,
DE3044568 718, EP0QQ8408, EP0010759, . EP0059948, 007 , 7,
oP01 12987 by At o sl B kass DO 8 SraeRt Sl AT ER RS
EP0199127 TREPQAIDHIN], BROZAGZISZERD2581RINTE, W&ﬁw@&lﬂ)ﬁm ARMD-
EP030Q726 S5 P0335396, EFPRETIRG: RRO33928 2, FR0A0R958, ERDARE1 8o ine,

roflumilast, tadalafil{Cialis®), theophylline, and vardenafil(Levitra®), zaprinast (PDES
specific).

Methods of Treatment

15 A number of disorders might be treated with GC-C receptor agonists and agents that increase

cGMP levels including the peptides and agonists of the invention.

The peptides and agonists of the invention can be used alone or in combination therapy for the
treatment or prevention of congestive heart failure. Such agents can be used in combination
20 with natriuretic peptides (e.g., atrial natriuretic peptide, brain natriuretic peptide or C-type

natriuretic peptide), a diuretic, or an inhibitor of angiotensin converting enzyme.

The peptides and agonists of the invention can be used alone or in combination therapy for the
treatment or prevention of benign prostatic hyperplasia (BPH). Such agents can be used in
25  combination with one or more agents for treatment of BPH, for example, a 5-alpha reductase

inhibitor (e.g., finasteride) or an alpha adrenergic inhibitor (e.g., doxazosine).
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EP0428302, EPO435811, EPO470805, EPO482208, EPO490823, EP0506194, EP0511865, 10 15
EP0527117, 1P92234389, W09200968, W09319068, W09402465, W09427947, W09505386,
W09514667, W09522520, W09600218, EP0626939, EP0664289, EP0671389, EP0685474,
EP0685475, EP0685479, 3P94329652, 1P95010875, U.S. Pat. Nos. 4,963,561, 5,141,931,
W09117991, W09212961, W09307146, W09315044, W09315045, W09318024, W09319720,
W09319747, W09319749, W09319751, W09325517, W09406423, W09412461, W09420455,
W09422852, W09425437, W09500516, W09501980, W09503794, W09504045, W09504046,
W09508534, W09509623, W09509624, W09509627, W09509836, W09514680, W09514681,
W09517392, W09517399, W09519362, W09524381, W09527692, W09528926, W09535281,
W09535282 Tiasptids 2dnasoitsthe wrote vb Osed abog o1 Bt PEkren PEIsSudes

EP0293063 1fR246 3 ebeltiBOd32203i0E BOA {4 & R0eRTa14D W fita I3stiid R 2Ah 1 #5005 0004 222
(including those disclosEeéll in form@!oeas |-XI|I and paragraphs 37-39, 85-0545 and 557-577) and
W09307124PEBBTRIEEE ‘LB GI8D506:E 8510562, EP0553174, W09501338 and W09603399. PDES
inhibitors which may be mentioned by way of example are RX-RA-69, SCH-51866, KT-734,

Vesnarin@ne‘fﬁ@%mﬁﬁg éﬁ Eg%ﬁ%%%ﬁﬁ%%éﬁén%ﬂ%g used alone or in combination therapy for the .
treatment or prevention of obesity-related disorders (e.g. disorders that are associated with,
caused by, or result from obesity). Examples of obesity-related disorders include overeating
and bulimia, hypertension, diabetes, elevated plasma insulin concentrations and insulin
resistance, dyslipidemias, hyperlipidemia, endometrial, breast, prostate and colon cancer,

10  osteoarthritis, obstructive sleep apnea, cholelithiasis, gallstones, heart disease, abrormal heart
rhythms and arthythmias, myocardial infarction, congestive heart failure, coronary heart
disease, sudden death, stroke, polycystic ovarian disease, craniopharyngioma, the Prader-Willi
Syndrome, Frohlich's syndrome, GH-deficient subjects, normal variant short stature, Tumer's
syndrome, and other pathological conditions showing reduced metabolic activity or a decrease

15  in resting energy expenditure as a percentage of total fat-free mass, e.g., children with acute
lymphoblastic leukemia. The agents of the invention may be used to reduce or control body
weight (or fat) or to prevent and/or treat obesity or other appetite related disorders related to the
excess consumption of food, ethano! and other appetizing substances. The agents may be used
to modulate ipid metabolism, reduce body fat (e.g. via increasing fat utilization) or reduce (or

20  suppress) appetite (e.g. via inducing satiety). Further examples of obesity-related disorders are
metabolic syndrome, also known as syndrome X, insulin resistance syndrome, sexual and
reproductive dysfunction, such as infertility, hypogonadism in males and hirsutism in females,
gastrointestinal motility disorders, such as obesity-related gastroesophageal reflux, respiratory
disorders, such as obesity-hypoventilation syndrome (Pickwickian syndrome), cardiovascular

25  disorders, inflammation, such as systemic inflammation of the vasculature, arteriosclerosis,
hypercholesterolemia, hyperuricasmia, lower back pain, gallbladder disease, gout, and kidney
cancer. The agents of the present invention are also useful for reducing the risk of secondary

outcomes of obesity, such as reducing the risk of left ventricular hypertrophy.
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385, NM-702 and sildenafil (Viagrae). PDE4 inhibitors which may be mentioned by way of 25 example
are RO-20-1724, MEM 1414 (R1533/R1500, Phainiacia Roche), DENBUFYLL1INE, ROLIPRAM,
OXAGRELATE, NITRAQUAZONE, Y-590, DH-6471, SKF-94120, MOTAPT7ONE, LIXAZINONE,
INDOLIDAN, OLPRINONE, AT1ZORAM, KS-506-G, DIPAMFYLLINE, BMY-43351, ATIZORAM,
AROFYLLINE, FILA_MINAST, PDB-093, UO3-29646, CDP-840, SKF-107806, PICLAMILAST,
RS-17597, RS-25344-000, SB-207499, 30 TIBENELAST, SB-210667, SB-211572, SB-211600,
SB-212066, SB-212179, GW-3600, CDP-840, MOPIDAMOL, ANAGRELIDE, IBUDILAST,
AMRINONE, PLVIOBENDAN, CIIOSTAZOL, QUAZINONE and
N-(3,5-dichloropyrid-4-y1)-3-cyclopropylmethoxy4- difluoromethoxybenzamide. PDES3 inhibitors which
may be mentioREaYSH AT AERRE Sl Erautinn Azcre s MisTEONE cembiyatiorihepy for the
CARBAZER AbhtiithR@x M hono E MALREAMa1GH30 dSHaldAZRIRD AN ARMBENEIANMPATERINONE,

SKF-95654, SDZMKS-492. 349-U-85, EMORADAN, EMD-53998, EMD-57Q033, NSP-306, NSP-307,
REVIZINON Eseﬁ%lv‘\:i/l%ﬁm\?\?}fﬁ@%% e%ﬁ&%ﬂ@%&?ﬁ?‘&ﬁf@%ﬁﬂ%%\?%% %ﬁﬂ_ X KE® PDE3/4
inhibitors whiblsperaie eshditipfradtionaldyspieiampiedrer BRENAREN TRIME SEREQEANSIN,
ORG'30§P29Mﬁ%ﬁ%%o&d@ﬁé%ﬁoé%ﬂ&%ﬁéﬂq@B&f@&%%&%éﬁ%%%ﬁ&ﬂﬁ

TOLAFENTRINE. Other PDE inhiitors include: cilomilast, pentoxitylline, roflumilast, tadalafil(Cialis8),
theophylline S&HEPsAaRTe s TE BV ATsIs AR eestoiniesierdimotiting fiznudest. RreRTErN<ES-& number
of disorders mighihbestieietedit) rseaCoaae piasracesists And ageatsrinRRC RaseChaiviBie vels
including the peptides and ists of the invention. The peptides.and, ggonists of the invention can be
sedt alone SO URATLL FePash R THL M A 5 FPACER AT of ESRURM HLAR T Haftre. Suich
agents can byé thseavimisenebirtetiowddwithon atriansticapieptickespie tq paiterdlsaéiimefiorpeptide, brain

natriurec peplide g otvaalikiel Asdal A RIG PEaR inhibiies sbandigiensincanyering

enzyme. The peptides and agonists of the invention can be used alone or in combination therapy for
the treatmerdB6FFEGEN TS BESIESRARDASSaTTe HypeipraBiivtserle Btrdrloge ftdspmbdnaden in

therapy to patients at risk for or having particular diseases associated with hypomotility or
stasis in the GI tract. For example, diabetic neuropathy, anorexia nervosa, and achlorhydria are
frequently accompanied by gastric hypomotility. Damage to the GI tract following surgical

15 intervention, for instance, can result in substantial gastric stasis. The peptides and agonists of
the invention can be administered alone or in combination therapy to patients susceptible to or
having a GI disorder associated with diabetes (e.g. diabetic gastropathy). The peptides and
agonists of the invention can be used alone or in combination therapy to prevent and/or treat GI
disorders characterized by at least one of nausea, vomiting, heartbun, postprandial discomfort,

20  diarrhea, constipation, indigestion or related symptoms. The peptides and agonists of the
invention can be used alone or in combination therapy to prevent and/or treat GI disorders
associated with at least one of diabetes, anorexia nervosa, bulimia, achlorhydria, achalasia, anal
fissure, irritable bowel syndrome, intestinal pseudoobstruction, scleroderma and
gastrointestinal damage.

25
The peptides and agonists of the invention can be used {o prevent and/or treat constipation (e.g.
constipation associated with use of a therapeutic agent; constipation associated with a
neuropathic, metabolic or endocrine disorder (including autonomic neuropathy, Chagas disease,
cystic fibrosis, diabstes mellitus, Hirschsprung disease, hyperthyroidism, hypocalcaemia,

30 hypothyroidism, Multiple Sclerosis, neurofibromatosis, Parkinson’s disease, and spinal cord
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25 combination with one or more agents for treatment of BPH, for example, a 5-alpha reductase
inhibitor (e.g., finasteride) or an alpha adrenergic inhibitor (e.g., doxazosine). The peptides and
agonists of the invention can be used alone or in combination therapy for the treatment, prevention or
reduction of visceral pain associated with a gastrointestinal disorder or pain associated with another
disorder. 5The peptides and agonists of the invention can be used alone or in combination therapy for
the treatment or prevention of obesity-related disorders (e.g. disorders that are assciciated with,
caused by, or result from obesity). Examples of obesity-related disorders include overeating and
bulimia, hypertension, diabetes, elevated plasma insulin concentrations and insulin resistance,
dyslipidemias, hyperlipidemia, endometrial, breast, prostate and colon cancer, 100steoarthritis,
obstructive SIERabREYSHFBRETfmRiRaERISoHeR B g e s HBHRR AP PRERG M Ans and
arrhytlunias, gnyesargialdndassiion i gopaasiivnhhgarJaiarakeraRansthedohdiscrsersugdden death,
stroke, polyc sﬁtig. o\ 1;;(I)ri N digtelza g, cranio hgg.rlgﬁma, th{:‘ Prf;lder- il @ ndromed, .F&ohl%h's
syndrome, Gi "gehicien ’s(qut%e(:?t{“é,1 AT RS H58 Vit Gheres ﬁ%’r%%i, and other
pathologicalaswatjtitine)sbowipgtiedassed aied tafiblibeactvifiotica apsotefss S Estmgieeergy
expenditure g5:8.0ereentags Al IRIRLIAL ISR AR - SIS 2SR JYEBRROIASIR dftkemia.
The agents of the invention may be used to reduce or control body weight (or fat) or to prevent and/or
treat obesity*8PEHPRICEbpetite related disorders related to the excess consumption of food, ethanol and
other appetizing substances. The agents may be used to modulate lipid metabolism, reduce body fat

(e.g. via incrgasing fat utilization) or reduce (or 20suppress), appetite (e.g. via induging satiety). Further
examples of S5 ESR I B FeEbIa I B VAR R B MRS e B R SAe BEeL MRS, insulin
resistance sglqmdmgﬁ@emalcawq%@m@giymmesmﬂ @iﬁﬁ@rmdwdg@né@imm males
and hirgplisgy iRdermples. ARl esiinahm . disaider Sush B ahesiitalaleg gastroesophageal

reflux, respiratory disorders, such as obesity-hypoventilation syndrome. (Pickwickian syndrome),
cardiovascutsPIBarsd erdennremERit; GRS T AR PP BTRSF ATt
arterioscleresisshypésehedesiarnlemayinypeld ogae diprdowekhatiepndkigallbladder disease, gout,
and kidney cancer. The agents of the present invention are also useful for reducing the risk of
secondary outcomes of obesity, such as reducing the risk of left ventricular hypertrophy. The peptides
and agonistEhsfnketitsenticigwadsisd thsenvatdivs oanihauverbinationascaragsjifol mvdility and to

15 prevent and/or treat gastrointestinal immotility and other conditions calling for laxative or stool

softener therapy. Gastrointestinal immotility can include constipation, and also includes
delayed oral cecal transit time, irregular Taxation, and other related gastrointestinal motility
disfunction including impaction. Impaction is a condition where a large mass of dry, hard stool
develops in the rectum, often due to chronic constipation. This mass may be so hard that it

20 cannot be excreted. The subjects affected by constipation or gastrointestinal immotility can be

refractory to laxative therapy and/or stool softener therapy.

The peptides and agonists of the invention can be used for the treatiment or prevention of
cancer, pre-cancerous growths, or metastatic growths. For example, they can be used for the
25  prevention or treatment oft colorectal/local metastasized colorectal cancer, intestinal polyps,
gastrointestinal tract cancer, lung cancer, cancer or pre-cancerous growths or metastatic
growths of epithelial cells, polyps, breast, colorectal, lung, ovarian, pancreatic, prostatic, renal,
stomach, bladder, liver, esophageal and testicular carcinoma, carcinoma (e.g., basal cell,
basosquamous, Brown-Pearce, ductal carcinoma, Ehrlich tumor, Krebs, Merkel cell, small or

30  non-small cell lung, oat cell, papillary, bronchiolar, squamous cell, transitional cell, {(Walker),
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treatment or prevention of gastrointestinal related disorders including: chronic intestinal
pseudo-obstruction (Ogilvie's syndrome), colonic pseudoobstruction, Crohn's disease, dyspepsia
(including functional dyspepsia or nonulcer dyspepsia), duodenogastric reflux, 5functional bowel
disorder, functional gastrointestinal disorders, functional heartburn, gastroesophageal reflux disease
(GERD), gastrointestinal motility disorders, gastroparesis (e.g. idopathic gastroparesis), hypertrophic
pyloric stenosis, Inflammatory bowel disease, irritable bowel syndrome (IBS), post-operative ileus, and
ulcerative colitis. The peptides and agonists of the invention can be used alone or in combination
therapy to patient suffering from or tosusceptible to Gl disorders relating to damage to the Gl tract
stemming from impact or surgical intervention. The peptides arid agonists of the invention can be used

alone or in coleiieraifols-thaagsyltd-patiehis Gradsk fochronaingpexitisandisedboweakstiiated with
hypomotility Qﬁﬁ%&@o@J,%s@éc%&ﬁ?sﬁ%c%ﬂi’@%q&@lﬂﬁﬂ%ﬁ_lﬁf&’zpé‘ﬁ%p%ﬁ{ae,ﬁ@s%%ﬁ%ﬁa?”d
y gastric hypomotili

achlorhydria are frequently accompanied ty. Dam%%e to the Gl tract following

surgical 15intERERATHOERREM AL PSR LopEEa AR GHE A2 BASROI TRENGB Y des and agonists
of the inventiameirblecadininisteeedomana goinmgoBlinatiap terrapy topasints, supeeptible toor
having a Gl disorder associated with diabetes (e.g. diabetic gastropathy). The peptides and agonists of
the inventon S A e e Ly o Ut s e ey et
characterizedlisyaae,| earsinone winragsaan ivomitihg ahsambyain postprandiabdscomfont, 20diarrhea,

constipation, \RdigesiianahdLRie- SHRBIRMSH HISRCHILRRAND A99RFS- ARG NYERIAR.6an be used

alone or in combination therapy to prevent and/or treat Gl disorders assocCiated with at least one of
diabetes, andréd ARR GEAIRIRTAE IR0 PRt o Shalgsevspaipmislidcn RutsenBisRRsy ndrome,
intestinal psetigadhshisibnngciatodentibrand, Gasitaibtestraddasmpgamo At Repidas and agonists
of the inygntiogo%?aré tQe aus%]l tgn %‘r(%gnt g&uq/cs)g (t:%%aﬂtjgl%gséﬁ%%ti n ﬁ?& con ggggon associated with use
of a therapeu%lc agenﬁlc’o%s Ipation 5L6CIATEH With 2 fie opré Nic metabonic or ehdocrine disorder
(including autssrstoneletbpiinhye, Biraasouisdwseneisneribiiosis, tinsegmesmaltitasdditsuisprung
disease, hypesihyaidisis, kpesalcasmiaA0hyRainusidizm. Multipie Reletesis, newgfiRipmatosis,

Parkinson's disease, and spinal cord _ lesions); post-surgical constipation (postoperative ileus);

constipation FE8%e PR TR A b i FER R el B ARG TR b AP AHASIRR#Bnal constipation
or slow transtheduikiipation), censifationrssatigiecyitheioadpbeoafaRRIGBRIEHUOS (ebthsapiaid
induced gonstiPation : consti&ation associated with the use of other aglernts (e.e%ia})riti%%ertensives,
1 myoma, iiyésarcoma, myxoma, myxosarcoma, neurllemmioma, nelirora, nearoblastéma,
neuroepithelioma, neurofibroma, neurofibromatosis, odontoma, osteoma, osteosarcoma,
papilloma, paraganglioma, paraganglionia. nonchroinaffin, pinealoma, rhabdomyoma,
rhabdomyosarcoma, Sertoli cell tumer, teratoma, theca cell tumor, and other diseases in which

cells have become dysplastic, immortalized, or transformed.

20
The peptides and agonists of the invention can be used for the treatment or prevention of:
Familial Adenomatous Polyposis (FAP) (autosomal dominant syndrome) that precedes colon
cancer, hereditary nonpolyposis colorectal cancer (HNPCC), and inherited autosomal dominant
syndrome.

25

For treatment or prevention of cancer, pre-cancerous growths and metastatic growths, the
peptides and agonists of the invention can be used in combination therapy with radiation or
chemotherapeutic agents, an inhibitor of a cGMP-dependent phosphodiesterase or a selective
cyclooxygenase-2 inhibitor. A number of selective cyclooxygenase-2 inhibitors are described
30 inUS20010024664, U.S. Pat. No. 5,380,738, U.S. Pat. No. 5,344,991, U.S. Pat. No. 5,393,790,
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5anticonvulsants, antidepressants, antispasmodics and antipsychotics); megacolon; and chronic
constipation). The peptides and agonists of the invention can be used to treat decreased intestinal
motility, slow digestion or slow stomach emptying. The peptides and agonists can be used to relieve
one or.more symptoms of D3S (bloating, pain, constipation), GERD (acid reflux into the esophagus),
duodenogastftic reflux, functional dyspepsia, or gastroparesis (nausea, vomiting, bloating, delayed
gastric emptying) and other disorders described herein. The peptides and agonists of the invention can
be used to increase intestinal motility and to 15prevent and/or treat gastrointestinal inunotility and
other conditions calling for laxative or stool softener therapy. Gastrointestinal immotility can include
constipation, and also includes delayed oral cecal transit time, irregular Taxation, and other related

gastrointestifél RrotNg: 8idddridol indhatiNg- ifbHetidh Wnpddidiass %%ﬁ%%%@@é%r&éomass of
dry, hard stgg)#euelaps igsihs3ssctm Jaften sueio Shroaise WStIFLRINS TS MEESINGYhe so hard

that it 20cannot be excreted. The subjects affect ipatio, troi inal-immotility can be
refractory to' Hkatie }Né’r%@?%%&/&’ dt%ﬁ@éﬂéﬂ@r%f%@%@%@e%gﬁ |8%%§a"r‘1“ a{g%}nalg)%ggﬁhéhfnvention
can be usedieidhedsedinndi ae pesve titonpot aahbgrefrercanByorsgroltmzorendtawteiideg rowths.
For examplﬁa$ge¥s§?)e@e?%éj% %@55@&%@8{?‘6?9?890%%%%@%@35.”'[ of: colorectal/local metastasized

colorectal cahcer, intestinal po yps, gastrointestinal tract cancer, lung cancer, cancer or pre-cancerous
growths or fistaspiifsyrohaeenstopithe layeien ponisuseidadhedmsraethp By eBR2Righ, pancreatic,

prostatic, repal, stomashThladgey Jves. esarhansst arnbiastieula calicin aifinieaud oGv@-(e.g., basal
cell, basosquamous, Brown-Pearce, ductal carcinogla, Ehrlich tam r, Krebs M?rkel cell, small or

30n0n-smaf SR IGRER P Rl EBRRSY » SRR TP S RBTE caR SR AR SHATEaT! QwaiKe), -
leukemia (eigflaBretiod 18I (T IO acH tHsesehriwiclipnprvo)tisstmes neglir sy btpiditihistiocytonia,

nistiocyfosis, Hodghin' isease a1 Hadgkins \Riae, Alasmasyiamay rticuloendothelsis

adepoma, _ .eno-carlcfinoma, ad ibroma, adenolymphoma, ameloblastoma, an%iokeratoma,
angiolym phmﬂahyp@tnpméﬂgwﬁ,é@gimmwas’esa@%wé}ﬁgeosnophxhc gastroenteritis, mastocytosis, and
other inflammatory disorders. The peptides and agonists of the invention can be used alone or
in combination therapy in the treatment or prevention of gastrointestinal tract inflammation
(e.g. inflammation associated with a gastrointestinal disorder, gastrointestinal tract infection, or

15  another disorder).

The peptides and agonists of the invention can also be used to treat or prevent insulin-related
disorders, for cxample: II diabetes mellitus, hyperglycemia, obesity, disorders associated with
disturbances in glucose or electrolyte transport and insulin secretion in cells, or endocrine

20  disorders. They can be also used in insulin resistance treatment and post-surgical and non-post

surgery decrease in insulin responsiveness.

The peptides and agonists of the invention can be used to prevent and/or treat pulmonary and
respiratory related disorders, including, inhalation, ventilation and mucus secretion disorders,
25  pulmonary hypertension, chronic obstruction of vessels and airways, and irreversible
obstructions of vessels and bronchi, One may administer an agent of the invention for treating
bronchospasm, for inducing bronchodilation, for treating chronic obstructive pulmonary
disease (including chronic bronchitis with normal airflow), for treating asthima (including
bronchial asthma, intrinsic asthma, extrinsic asthma, chronic or inveterate asthma (e.g. late

30  asthma and airways hyper-responsiveness), dust-induced asthma, allergen-induced asthma,
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5 angioma, angiomatosis, apudoma, branchionia, malignant carcinoid syndrome, carcinoid heart
disease, carcinosarcoma, cementoma, cholangioma, cholesteatoma, chondrosarcoma,
chondroblastorna, chondrosarcoma, chordoma, choristoma, craniopharyngioma, chrondroma,
cylindroma, cystadenocarcinoma, cystadenoma, cystosarconia phyllodes, dysgenninoma,
ependyrroma, Ewing sarcoma, fibroma, fibrosarcoma, giant cell tumor, ganglioneuroma, 10
glioblastoma, glomangiotna, granulosa cell tumor, gynandroblastoma, hamartoma,
hemangioendothelioma, hemangioma, hemangio-pericytoma, hemangiosarcoma, hepatoma, islet cell
tumor, Kaposi sarcoma, leiomyoma, leiomyosarcoma, leukosarcoma, Leydig cell tumor, lipoma,
liposarcoma, lymphaugioma, lymphangiomyoma, lymphangiosarcoma, medulloblastoma, meningioma,
mesenchymd i Hssh eshrhioldradensbashne. pybhieriducedsshis At mrymisrdainecinyxoma,
myxosarcomastiasy damimomeanetiemag ReLERR astemailaeld oaptheliomaitR ou IO A&nitis

neurofibromatosis, odontoma, osteoma, osteosarcoma, papilloma, paxaganglio araganglionia.
nonchroinaf%?%?r%é%%%s,cr Sgg%aén,}%ﬁf{gp’s}%ﬁg ?ﬁy@éﬁ%@%& %Fréﬁlc%??t%?ﬁ%;%é%ma, theca cell
tumor, and OM@'@@&@;@& MWM%I§ihhiadibéudmgmlysmﬂaslﬁbﬁnm@mp_emdommmmd: 20
The pepydesapg 0QniFs.ak E'ilﬁﬂﬁé{%é}!é?ﬁ%ﬁmg%iﬁﬁﬂﬁfﬂ Q&ESHI‘?@%R&%ME&??@%%R& Familial

Adenomatous Polyposis (FAP) (autoSomal dominant syndrome) that precedes colon cancer,

hereditary nG¥ipSEGE) EBforeetarsamesr dhiite c Y bsnentinetied dia inveuinarapmlrane s§eftfome. 25

For treatmerth efifeventinaf-ganedisdase cANELsAUSBravins BRd spatrsistic grewitsnthapeptides

and agonists ﬁf heeuip\éetgtiog can b{g uc?éedti coybir%ﬁtionttherg with radiation or chemotherapeutic
15 HERERdERT PHOEO HAR e FAZE b A SR IR RIE S B 0oxygenase-2

agents, an in Bitor 6ra ¢
inhibitor. A niasisensifisedactivd Tyulvoseyyie faserRdnhibiter s amdeseiibgh§0mtidS20RheRA4664, U.S.

Pat. Noi5. 350,495 450t NPsD 4 990 SRl N0, 392 190, 4 :EB1 R, 5,484 78, US.
Pat. No. 5,474,995, U.S. Pat. No. 5,510,368, W002/062369, WO 96/06840, 96/03388, WO

06/03387, WS SSIOAST A DT rssAlsmay ey SoBa ! A ew/ PIsReariiAe DALFDBEHWO 95/00501,
WO 94/1363mIMIhBA120480 s Rndp A Sd goikadhathe gisalasite s Dhehich &g fereimincorporated by
reference. [Izyr%gggl-igg]%nzg %gﬂéfozr&ggudes gigags% agalsu ebe%qldescrt' ed Ggs in@i itors, of .
cyclooxygenage- TR pe[:‘)?ldes and agonfs § SRR VR Ca e TSey T The YrEATERYSr
prevention aftififmerasdipaFingssihsipteamsbaated afdnpora(icohwbinsiitm seite bypintididod of
CGMPdgpengientphasphRdiesintanen i d3 SIREINECYGI0R Y a ARG SINP IIGLIRL Keaimentof: organ

inflammation, MD (e.g, Crohn's disease, ulcerative colitis), asthma, nephritis, hepatitis, 10pancreatitis,

bronchitis, cSERHBIERISYdeRERTERRE s Jengnsludipg thpge associated with the migration into

the lung of nonresident cell types including the various leucocyte subclasses. Also included in

the respiratory disorders contemplated are: bullous disease, cough, chronic cough associated
with inflammation or iatrogenic induced, airway constriction, pigeon fancier's disease,

20  eosinophilic bronchitis, asthmatic bronchitis, chronic bronchitis with airway obstruction
(chronic obstructive bronchitis), eosinophilic lung disease, emphysema, farmer's lung, allergic
eye diseases (including allergic conjunctivitis, vernal conjunctivitis, vernal keratoconjunctivitis,
and giant papillary conjunctivitis), idiopathic pulmonary fibrosis, cystic fibrosis, diffuse pan
bronchiolitis and other diseases which are characterized by inflammation of the lung and/or

25  excess mucosal secretion. Other physiological events which are contemplated to be prevented,
treated or controlled include platelet activation in the lung, chronic inflammatory diseases of
the Jung which result in interstitial fibrosis, such as interstitial lung diseases (ILD) (e.g.,
idiopathic pulmonary fibrosis, or ILD associated with rheumatoid arthritis, or other
autoimmune conditions), chronic obstructive pulmonary disease (COPD)(such as irreversible

30 COPD), chronic sinusitis, fibroid lung, hypersensitivity lung diseases, hypersensitivity
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inflammations/allergies, coeliac disease, proctitis, eosnophilic gastroenteritis, mastocytosis, and other
inflammatory disorders. The peptides and agonists of the invention can be used alone or in
combination therapy in the treatment or prevention of gastrointestinal tract inflammation (e.g.
inflammation associated with a gastrointestinal disorder, gastrointestinal tract infection, or 15another
disorder). The peptides and agonists of the invention can also be used to treat or prevent
insulin-related disorders, for example: Il diabetes mellitus, hyperglycemia, obesity, disorders
associated with disturbances in glucose or electrolyte transport and insulin secretion in cells, or
endocrine 20disorders. They can be also used in insulin resistance treatment and post-surgical and
non-post surgery decrease in insulin responsiveness. The peptides and agonists of the invention can
be used to pPEGEREARHE & ARIA INATHHER PISErERE A1) CPEISREEP B SF AP PRI IRRE Sl ation,
ventilation apgkaplcus secretion disorders, 25pulmonary hypertension, chronic obstruction of vessels
and airways, and irreversible obstructions of vessels and bronchi. One may administer an agent of the
invention for treating bronchospasm, for inducing bronchodilation, for treating chronic obstructive
pulmonary didegsetiis|eingatissrit tbedmehitionwith rosed hhinkow i kemtbetgragastivmzetihetuding

bronchig| asfhma, JaiHRsie, AShG, ST BSIC ARG SR 0RiE Qlnyeieidig.asthma (e.g. late 30asthma

and airways hyper-responsiveness), dust-induced asthma, allergen-induced asthma, - viral-induced
asthma, cold-induced asthma, pollution-induced asthma and exercise-induced asthma) and for treating

rhinitis (inclurlipg speidie-adlIgseicsthatrephicditioHisaabehreais shindiisn(suebiasHiniiprasenss,
hypertrophictrrgellitnliggr,orlgigqét;%[Eéjoryéeerg’t ?’érrgnicgiltliglaiﬁgg é.cr é,n Iiztnixsgraines, anxiety, siress, cognitive
disorders, cerebral ischemia, brain trauma, movement disorders, aggression, psychosis,

10 seizures, panic attacks, hysteria, sleep disorders, depression, schizoaffective disorders, sleep
apnea, attention deficit syndromes, memory loss, dementia, memory and learning disorders as
discussed in Moncada and Higgs 1995 FASEB J. 9:1319-1330; Severina 1998 Biochemistry
63:794; Lee et al. 2000 PNAS 97: 10763-10768; Hobbs 1997 TIPS 18:484-491; Murad 1994
Adv. Pharmacol. 26:1-335; and Denninger et al. 1999 Biochim. Biophys. Acta 1411:334-350

16  and narcolepsy. They may also be used as a sedative.

The peptides and detectably peptides and agonists of the invention can be used as markers to
identify, detect, stage, or diagnosis diseases and conditions of small intestine, including,
without limitation: Crohn's disease, colitis, inflammatory bowel disease, tumors, benign

20 tumors, such as benign stromal tumors, adenoma, angioma, adenomatous (pedunculated and
sessile) polyps, malignant, carcinoid tumors, endocrine cell tumors, lymphoma,
adenocarcinoma, foregut, midgut, and hindgut carcinoma, gastroinstestinal stromal fumor
(GIST), such as leiomyorna, cellular leiomyoma, leiomyoblastoma, and leiomyosarcoma,
gastrointestinal autonomic nerve tumor, malabsorption syndromes, celiac diseases,

25  diverticulosis, Meckel's diverticulum, colonic diverticula, megacolon, Hirschsprung’s disease,
irritable bowel syndrome, mesenteric ischemia, ischemic colitis, colorectal cancer, colonic
polyposis, polyp syndrome, intestinal adenocarcinoma, Liddle syndfome, Bredy myopathy,

infantile convulsions, and choreoathetosis
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medicamentosa, membranous rhinitis (including croupous, fibrinous and pseudomembranous
5rhinitis), scrofulous rhinitis, perennial allergic rhinitis, seasonal rhinitis (idcluding rhinitis nervosa (hay
fever) and vasomotor rhinitis). The peptides of the invention may also be useful in the treatment of dry
eye disease and chronic sinusitis. The peptides of the invention may also be used to prevent and/or
treat disorders characterized by acute pulmonary vasoconstriction such as may result from
pneumonia, traumatic injury, aspiration or inhalation injury, fat embolism in the lung, acidosis
inflammation of the lung, adult respiratory distress syndrome, acute pulmonary edema, acute mountain
sickness, post-cardiac surgery, acute pulmonary hypertension, persistent pulmonary hypertension of
the newborn, perinatal aspiration syndrome, hyaline membrane disease, acute pulmonary
thromboembbraaFPHEraPRGHERBISTHRS tesianeriosepshs, wmitarisdimeanthss BPIgP6RSifciuding
altogenic ISR 5 Gk xS A0/ EAIE BRSO RRHIAD SR BITonr)
isorders alsg are alsp characteri inflammation of the lung.including those associated with the
migration intB & RIRY GF %&F@%?ﬁ%?“ééﬁ@ﬁ%&%ﬁ&%ﬁ IR th SR E LS aj%ias%g Also

Hachafidli &t cocyte st
included in thelkesfivatorjedisandieseponie mplates tands nthetisdisgdse iwoggly, cokdrdinesughr

assoctaied withinl aminauan erialipaaniendticad AINE Sa Al o0 RERAMIRBGCFiggase
20eosinophi ic br nc(fntls, asthmatic bronchitis, chronic bronchitis with airway obstruction (chronic
obstructive GhEmIes puBBEIFOpETRE fariee disesaivel BisbnlAaeneatifermed aorss sHdbgissRitseases

(including allgrgigcRiusetiditinryanakernivactiviie. verprRLkRPIAGRAkREIYI S 300 giagsmapillary
conjunctivitis), idigpathic pulnhonary fibrosjs, cystic fibrosis, diffyse pan bro c?ioliti?%nd %\ r diseases
which are claaHERSE B FRHARARHSTBFR ARG Bh T8 2 SERc 8 R TR RSB SR AR ter

physio!ogit_:ah&aganist mﬁﬁmigv@ﬁonﬁempia@ed_itmlheopwmdv Hee&t_enﬂmg@oht_iiol_b@ddm_:lpdq platelet
actvatep i it R0l ImRlon easesiol e lupguic sl NEIslalatosis, such
as mterstltlaf%ng iseases (ILD) (e-g., idiopathic pulmonary fibrosis, or ILD associated with

rheumatoid SaeARiageT saRdieAalenieiiinTe B smuarensisiumal sBESFaCHVE Halsiner oot deales
(COPD)(suchapdiheyees BIsBRCOPMNiskianiesiiustitdbrei¢ duagl byeessanssiyity lung diseases,
hypersensitivig11|

o medie. "D ERILE e RS TR G b DA AL T Doy
prevent or Speat cratirophitiyd fephtiopative, dindsticafpicphinygx sieddedemizdosiatiomnbiserpeptides
and ag%mStz?y?JsmgrgBYr%g;@e? e?@gbgge%gpfﬂ%ﬁr%ﬂ%ﬁmg}?@%&&m&‘ﬁeﬁé—ﬁi’atin, vindesine,

mitomycin, bleomycin, purothionin, macromomycin, 1,4-benzoquinone derivatives, frenimon,

ricin, ricin A chain, Pseudomonas exotoxin, diphtheria toxin, Clostridium perfringens

phospholipase C, bovine pancreatic ribonuclease, pokeweed antiviral protein, abrin, abrin A

chain, cobra venom factor, gelonin, saporin, modeccin, viscumin, volkensin, nitroimidazole,

20  metronidazole and misonidazole.

The peptides and agonists of the invention can be used alone or in combination therapy to
prevent and/or treat inner ear disorders, e.g., to prevent and/or treat Meniere’s disease
(inciuding symptoms thereof such as vertigo, hearing loss, tinnitus, sensation of fullness in the
25  ear), Mal de débarquement syndrome, otitis externa, otitis media, otorrhea, acute mastoiditis,
otosclerosis, otic pain, otic bleeding, otic inflamimation, Lennoyez's syndrome, vestibular
neuronitis, benign paroxysmal positional vertigo (BPPV), herpes zoster oticus, Ramsay Flunt's
syndrome, herpes, labyrinthitis, purulent labyrinthitis, perilymph fistulas, presbycusis,
ototoxicity (including drug-induced ototoxicity), neuromias (including acoustic neuromas},

30  aerotitis media, infectious myringitis, bullous myringitis, squamous cell carcinoma, basal cell
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treat neurological disorders, for example, headache, migraines, anxiety, stress, cognitive disorders,
cerebral ischemia, brain trauma, movement disorders, aggression, psychosis, 10 seizures, panic
attacks, hysteria, sleep disorders, depression, schizoaffective disorders, sleep apnea, attention deficit
syndromes, memory loss, dementia, memory and learning disorders as discussed in Moncada and
Higgs 1995 FASEB J 9.1319-1330; Severina 1998 Biochemistry 63:794; Lee at al. 2000 PNAS 97:
10763-10768; Hobbs 1997 TIPS 18:484-491; Murad 1994 Adv. Pharmacol. 26:1-335; and Denninger
at al. 1999 Biochim. Biophys. Acta 1411:334-350 15and narcolepsy. They may also be used as a
sedative. The peptides and detectably peptides and agonists of the invention can be used as markers
to identify, detect, sta e, 9 dia nogl?fdis?%ases and onditrignsaorgsarg Igoin%%stcigee “&%‘&é&%‘a%’ without
limitation: CFERR'S disdage contis, mha ‘»}i%‘}ﬁ; el diseass, i s,IBeﬁign 8tumors,’such as
benign stronsinusjogs]aeemerra ghmgis iyapadenorivatows (pechondulatetiahacsessiny polyps,
malignant, caAI (WIS SUREHNG &8l Lupaienpl AR BHRNAGaEERGMA, iBgeoul midout, and
e

hindgut carcinoma, gastroinstestinal stromal tumor (GIST), such as leiomyorna, cellular leiomyoma,

leiomyoblastSFABCBREHRTERHy G¥ElFe SR A FMTiRR R iREI R BB T HEARE fTN rialsctfBtion
syndromes, galjpaidiseaseaudory eririsasisoMeskel sndiveisinitena alaiig tivedidalesimegacolon,

Hirschsprun%s disease irritablgrbo eI.synlgif[orgﬂe mesenteric isc emia}t;i? olitis, colorectal
|

, : chejni
cancer, colo %C%S(g@%tgéalg? 1(_lfT’yp gi{/nn(ﬁ’l%smsél, ﬁ]fesﬁ?llg?’%%%noct)%grc'no%}gg |(7‘]1<§1eB %Iyl/% d?é?%léi,r%’%%dy
myopathy, ibfdiniengomaitsich§jienckchorboiih dogs Thikepdigosinmtlueen s sfaplesivention can

oe conugatgel 19 aihar e seniede A alannesic ALtharabrIllc malRed Htaigriells bearing
the GC-C reci%p or, e.%,éé:ysflc fibrosis lesions and specific cells Ilnlrzj%;he intestinal tract. Thus, they

can be usePairGReleHfaRN feione il apatiniemsiiativetetie AR SHFBHEERPH imaging and
diagnosing essdzitieatine calpseciadlmieiantasizrapepideakhaokyadial canednantdo delivetsedrmal

copies of the g53 tumor suppressor gene to the.intestinal tra(%t. The e[i)tides ande om' ts of the

. . Or a1 COmIL d%lon Bl’é’ mamism iy g%n%?s aSiS mn FBG nne{ edr. In }ﬁ%ﬂ %

invention caEH A0 bR VEEG 6 Mcreade the munber o -C molecules on the surface of a cell. In
some embogiriedtsthicatetivic s ik geigsizdy, storalktal cancer cell. In one embodiment the peptide or
agonist of the invention is therapeutically conjugated to a second agent. In certain toembodiments, the

second agent can be radioactive or radiostable. In certain_ embodiments the second agent can be

selected froRRemeRtidss FrbragaiRestls SR fahalesd Ao iy satheriarBEaRY that inhibits cell
divisions a Geepeund thatdnduenseelstitarentiaticluia aliemditierepatin, agodlssand 6f the

radiosensitizjn ent. In certain.empodiments the seco nt can, be selected from the group
consisting o%efg?é%%%%?%%? i ? P GO HbIan Loy %%%%i%ngsﬁ%g,e&?%gg%%? 5-4
fluorouracil conghstiatdracicham byl teisipiatipg otimdiesirselt dependent forms of high blood

pressure, hepatic edema, and liver cirrhosis. In addition they can be used to facilitate diuresis

or control intestinal fluid. The peptides and agonists of the invention can also be used to ireat

20 disorders where there is abnormal proliferation of epithelial cells within the kidney (e.g. as in

the case of renal cancer).

The peptides and agonists of the invention can be used alone or in combination therapy to
prevent and/or treat kidney disease. “Kidney disease” includes renal failure (including acute
25  renal failure), renal insufficiency, nephrotic edema, glomerulonephritis, pyelonephritis, kidney
failure, chronic renal failuré, nephritis, nephrosis, azotemia, uremia, immune renal disease,
acute nephritic syndrome, rapidly progressive nephritic syndrome, nephrotic syndrome,
Berger's Disease, chronic nephritic/proteinuric syndrome, tubulointerstital disease, nephrotoxic
disorders, renal infarction, atheroembolic renal disease, renal cortical necrosis, malignant

30  nephroangiosclerosis, renal vein thrombosis, renal tubular acidosis, renal glucosuria,
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mitomycin, bleomycin, purothionin, macromomycin, 1,4-benzoquinone derivatives, trenimon, ricin, ricin
A chain, Pseudomonas exotoxin, diphtheria toxin, Clostridium perfringens phospholipase C, bovine
pancreatic ribonuclease, pokeweed antiviral protein, abrin, abrin A chain, cobra venom factor, gelonin,
saporin,-modeccin, viscumin, volkensin, nitroimidazole, 20 metronidazole and misonidazole. The
peptides and agonists of the invention can be used alone or in combination therapy to prevent and/or
treat inner ear disorders, e.g., to prevent and/or treat Meniere's disease (including symptoms thereof
such as vertigo, hearing loss, tinnitus, sensation of fullness in the 25ear), Mal de debarquement
syndrome, otitis extema, otitis media, otorrhea, acute mastoiditis, otosclerosis, otic pain, otic bleeding,
otic inflammation, Lermoyez's syndrome, vestibular neuronitis, benign paroxysmal positional vertigo
(BPPV), herpéizaatiic diftsiesisinidyy. Iigrte spwaderme, hidges Supdrompissbpustirddnssyrinthitis,
perilymph fistuase pregbyensissol disxieiy{baciugding sk igriadesedettayialy)rneuramias (including

acoustic neur s), 30aerotitis media, infectious myringitis, bullous myringitis, squamous cell
. E%EQFE s)gﬁl%gomer allong\m% ahg demease or Péertgr Cﬁap e{ates to ‘Xle rgn?i sys(.%em and related
carcinoma, basal cell "carcinoma, pre-cancerous otiC conditions, honchromaffin’paragangliomas,

chemodectosimsdeioasuscfligrussmeptormors)ightineus iynpaiit tonrtual ords i ferictiordeitisg aglradd
eczemajoid gdepmatitis, malignant external otitis, subperichondrial hematoma, ceruminomas, impacted
cerumen, sebaceous cysts, osteomas, keloids, otalgia, tinnitus, tympanic membrane infection,
5tympanitis, otic furuncles, petrositis, conductive and sensorineural hearing loss, epidural abscess,

lateral sinusthegaisisasLdura empymaniditichydigeepinles: Dajhbma)bs iengyaslious
myringitis, diffuse exter éilggzétggg{e}&%&b&dég%kﬁég}(g%lg qg%%an%%%%?n%%%ﬁ%?ﬁogg% Ccosis,

nal
trauma, acuPé‘erg%ﬁ{isf%%’ cute eustachian tu struct urgi 013, Holesteatoma,

infections reTa@éItm?@ﬁ@ﬂb@ma}hiakpf@swagpaand'mmﬁmﬂmscm'aséwgtw of said
disordegs. T%%@%M@&W%%&%%@Qeﬁ%%?%@@ﬂﬁaﬁf Bscambinatien therapy to

maintain fluid homeostasis in the inner ear. neuronitis (including viral neuronitis), ganglionitis,

geniculate TR EHHHRAESE SG6IRTEE BRFHOTRRS RIS P e slv redeedisiie ot EomBitation therapy to

specifically includes autosomal dominant polycystic kidney disease (ADPKD) and recessive
autosomal recessive polycystic kidney disease (ARPKD), in all stages of development,
regardless of the underlying cause.

15
The peptides and agonists of the invention can be used alone or in combination therapy to

prevent and/or treat disorders associated with bicarbonate secretion, e.g., Cystic Fibrosis.

The peptides and agonists of the invention can be used alone or in combination therapy to
20  prevent and/or treat disorders associated with bile secretion. In addition, they can be used to

facilitate or control chloride and bile fluid secretion in the gall bladder.

The peptides and agonists of the invention can be used alone or in combination therapy to
prevent and/or treat disorders associated with liver cell regeneration. This may include

25  administration of the peptides and agonists to liver transplant recipients and to patients with
drug or alcohol induced-liver damage. Furthermore, the peptides and agonists may be useful to
treat liver damage as in the case of viral mediated hepatitis, The peptides and agonists of the
invention may be used alone or in combination to prevent and/or treat liver abscess, liver
cancer (either primary or metastatic), cirrhosis (such as cirrhosis caused by the alcohol

30  conswmption or primary biliary cirrhosis), amebic liver abscess, autoimmune hepatitis, biliary
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15prevent and/or treat disorders associated with fluid and sodium retention, e.g., diseases of the
electrolyte-water/electrolyte transport system within the kidney, gut and urogenital system, congestive
heart failure, hypertension, hypotension, salt dependent forms of high blood pressure, hepatic edema,
and liver. cirrhosis. In addition they can be used to facilitate diuresis or control intestinal fluid. The
peptides and agonists of the invention can also be used to treat 20disorders where there is abnormal
proliferation of epithelial cells within the kidney (e.g. as in the case of renal cancer). The peptides and
agonists of the invention can be used alone or in combination therapy to prevent and/or treat kidney
disease. "Kidney disease" includes renal failure (including acute 25renal failure), renal insufficiency,
nephrotic edema, glomerulonephritis, pyelonephritis, kidney failure, chronic renal failure, nephritis,
nephrosis, BEtEmMReCHIEMMLmHsATTEfeminaips Aserich HER B SRS o Ripabtsgressive
nephritic syngiame, v)@ep4:Rlic SnErosRe: BargersRisrasenthiniie aephidlicpieieintvieasyndrome,
tubulointerstital %i?jfase, nephr toxi&bdisorq%friér‘_renal infarction, ath(l-‘:roerr]labolic renal disease, renal
cortical necrS&I8°THE IR ASHE SBHERH LA St IR DERFTRIOMBoTS R A BUlar acidosis,
renal glucosiytidsomepiuiegeing diclbegas, WipichisdBartteds1$ nbrehbsaddielsiSyndfoime;gpolycystic
kidney dise La{ stig di medul I : f ritis, and

nail- pat%lla %gﬁaﬁgefnﬂgé a %%%é\}v %gaﬁ%%se 3%% %értl) %%gr%%??’k%a%?g g%/g %@%&%ﬁ%ﬁggste m and related
disorders, ategraRrasonafproras irdieativeshyor related to, renal or kidney disease and related
5disorders. The peptides and agonists of the invention can be used alone or in combination therapy to
prevent or treat polycystic kidney disease. Polycystic kidney disease" "PICD" (also called "polycystic
renal disease") refers to a group of disorders characterized by a large number of cysts distributed
throughout dramatically enlarged kidneys. The resultant cyst development leads to impairment of
kidney function and can eventually cause kidney failure. "PKD" specifically includes autosomal
dominant polycystic kidney disease (ADPICD) and recessive autosomal recessive polycystic kidney
disease (ARPKD), in all stages of development, regardless of the underlying cause. 15 The peptides
and agonists of the invention can be used alone or in combination therapy to prevent and/or treat
disorders associated with bicarbonate secretion, e.g., Cystic Fibrosis. The peptides and agonists of
the invention can be used alone or in combination therapy to 20prevent and/or treat disorders
associated with bile secretion. In addition, they can be used to
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facilitate or control chloride and bile fluid secretion in the gall bladder. The peptides and agonists of the
invention can be used alone or in combination therapy to prevent and/or treat disorders associated
with liver cell regeneration. This may include 25administration of the peptides and agonists to liver
transplant recipients and to patients with drug or alcohol induced-liver damage. Furthermore, the
peptides and agonists may be useful to treat liver damage as in the case of viral mediated hepatitis.
The peptides and agonists of the invention may be used alone or in combination to prevent and/or
treat liver abscess, liver cancer (either primary or metastatic), cirrhosis (such as cirrhosis caused by
the alcohol 30consumption or primary biliary cirrhosis), amebic liver abscess, autoimmune hepatitis,
biliary atresia, coccidioidomycosis disseminated, 6 a entﬁ%;%patitis 6), hemochromatosis, hepatitis a,
hepatitis b, hEFRERESY ORI U TeeRiR S BRRRTP R FHIbH R REALERSSTAAYAP metabolic or
toxic etiologyrtiepatadéiuiannascicodd ipyagenicietialiscassReyRiginy PeFRME ssERI0SINg

cholangitis, VilsgR:s,di ' ed hepatotoxicity, or fulminant 5or te liver failure. The
peptides an(\j&}a pn?stshrsfﬁﬁg%ggé%%@rﬁm a?hag eé%sgi%br%gfegr%%ﬁgﬁlsaﬁ%%gg?%%ﬁ ﬁeag 88tomy.
The peptides&itidcaRiisniatsteiinetndisintonfoadubet dded stond primmesmbiraitrrthdragyuto prevent

and/or treat myeRAkHaI LafEAaHP i HIRSIONG SHeTPREIgRHaReINA ASFIANS Sfallgspnstable and variant

(Prinzmetal) angina, atherosclerosis, thrombosis, endothelial dysfunction, cardiac edema, stroke,
conditions of reduced blood vessel patency, e.g., postpercutaneous 5transluminal coronary
angioplasty fpesePiiiengwrepisiphéiad asotterdisbasedHienpeptinesnarvktigotistspgfithe invention
can be used,alpng dn.cembinatign therapy to prevent and/or treat glaucoma. The peptides and
agonists of the invention can be used alone or in combination therapy to prevent and/or treat

immunodeficiency.
The peptides and agonists of the invention can be used alone or in combination therapy to

prevent and/or treat immunodeficiency.

10 The peptides and agonists of the invention can be used alone or in combination therapy to

prevent and/or treat bladder outlet obstruction and incontinence.

The peptides and agonists of the invention can be used alone or in combination therapy to
prevent and/or treat male (e.g. erectile dysfunction) or female sexual dysfunction, premature
labor, and dysmenorrhoea. In certain embodiments they can be used in combination with a

15  phosphodiesterase inhibitor.
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10 The peptides and agonists of the invention can be used alone or in combination therapy to prevent
and/or treat bladder outlet obstruction and incontinence. The peptides and agonists of the invention
can be used alone or in combination therapy to prevent and/or treat male (e.g. erectile dysfunction) or
female sexual dysfunction, premature labor, and dysmenorrhoea. In certain embodiments they can be
used in combination with a 15phosphodiesterase inhibitor. The peptides and agonists of the invention
can be used alone or in combination therapy to prevent and/or treat osteopenia disorders (bone loss
disorders). "Bone loss disorders" include conditions and diseases wherein the inhibition of bone loss
and/or the promotion of bone formation is desirable. Among such conditions and diseases are
osteoporosis, osteomyelitis, 5SPaget's disease (osteitis deformans), periodontitis, hypercalcemia,

osteonecrosideasibics BmeoBEafic Mumidtasas aninhtoRpah S EFREBIRBIgSRtiC loosening,
periprostetic,asianlysisehane dassatiRnEani shaymatis artbritissardsieindoaisntakdysplasia (CCD).
Osteoporosis ingludes primary osteoporqsis, endocrine osteoporosis (hyperthyroidism,
hyperparathgﬁg%?ﬁﬁ %%%ﬁ%’%s §§/g}iader8]rﬁ§,l I&(?PO?%%&%T}%,& @e&f&&g grr%n c%ﬁréé’g%ﬁorms 100of
osteoporosifo@o_ﬁwmgﬁmbsiﬁmp_mqm dudmmﬁﬁjwmdmmggsynsﬁ@gmpaﬁwﬂém‘aﬁsyndrome)
and osteopaspais, dye 19, immehilizatian of extremilissosicamyriliO an asiuslesian dmbone
leading to bone loss. The peptides and agonists can be Used alone or in combination therapy to

stimulating s8isely&gesiariassh rdigsHaansge adealiohs nissrHste lorimid fe BEHBIPSEHSN of bone defects
in cranio-maxilefagiabsHEgesy asiole winaanibirpiast intachanrcfesiexarapiaa damtsl implant, bone

ting implant, or, thesis, The b tion Iso be followi fracture. Th
eptides of DRETRTBAOH AU O ROa o6 P SUEE S L e T B T ens o treat
and/or prevappapeahynsistiseadingprptdmsassdeiategity) tizrelédsy diatrivegedita fmthods
desorited i H 20040140534, JS4Z205 6 o230l 1STHBANAE HBARA30PR 03154545001

1154886663, and W0084 can be similarf used to create immunogens comprising thie peptides
of the inventigigrome) and osteoporosis due to immobilization of extremitiesosteomyelitis, or an infectious

lesion in bone leading to bone loss. The peptides and agonists can be used alone or in
combination therapy to stimulating bone regeneration. The bone regeneration may be
following reconstruction of bone defects in cranio-maxillofacial surgery, or following an

15 implant into bone, for example a dental implant, bone supporting implant, oi‘ prosthesis. The

bone regeneration may also be foliowing a bone fracture.

The peptides of the invention that have homology to ST peptides can be used as immunogens to '
treat and/or prevent one or more disease symptoms associated with traveler's diarrhea. The
methods described in US20040146534, US4220584, US4285391, US5182109, US4603049,

20  US4545931, US4886663, and WO08402700 can be similarly used to create immunogens

comprising the peptides of the invention.
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MCSLLP Claims 1. A polypeptide consisting of the amino acid sequence: Xaai Xaa2Xam Xam
Xaa5Cys6 Cys) Xaa8 Xaa9 Cysiu Cysi, Asm2 Pro)) Aim4 Cy .5 Xam6013717 5Cysts Xam9
Xaa20Xaazi, wherein Xam Xaa2 Xaa3 Xam Xaas is Asn Ser Ser Asn Tyr, or Xaai Xaa2 Xaa3 Xam
Xaas is missing, or Xam Xaa2 Xaa3 Xam is missing and Xaa. is Asti; Xaa8 M(GSIE!'?OXaaQ is Tyr,
Trp, or PH&adame6 is Thr; Xam9 is missing; and  Xaa20XaaZ2i is AspPhe or Xaa20Xaa?2l is missing;
or a pharmaceutically acceptable salt thereof 15 2. The polypept de of claim 1 wherein the
polypeptide consists of the amino acid sequence selected from: (i) Cys Cys Glu Tyr Cys Cys Asn Pro
Ala Cys Thr Gl Bygpeptide consisting of the amino acid sequence:

X331 Xaaz X333 Xaa4 Xaas CYS() CyS';! Xaag Xaag Cy510 CYS“ ASH}Q PI‘013 Alam Cy515 Xaa16 Glyl7

5  Cysig Xaao Xaayy Xaay;, wherein

Xaa; Xaa, Xaa; Xaay Xaas is Asn Ser Ser Asn Tyr, or
Xaa; Xaap Xaaz Xaas Xaasis missing, or
Xaa; Xaa, Xaay Xaay 1s missing and Xaas is Asn;

Xaag is Glu;

10 Xaag is Tyr, Trp, or Phe;

Xaayg is Thr;

Xaayo is missing; and

Xaayo Xaay; is AspPhe or Xaay( Xaa; is missing;

or a pharmaceutically acceptable salt thereof.

15

2. The polypeptide of claim 1 wherein the polypeptide consists of the amino acid sequence
selected from:
(i) Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys;
20 (ii) Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys; or
(iii) Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys;

or a pharmaceutically acceptable salt thereof.

25 3. The polypeptide according to any one of claims 1-2 wherein the polypeptide activates
the guanylate cyclase C receptor.

4. A pharmaceutical composition comprising a polypeptide according to any one of claims
1-3.

30
5. The polypeptide according to any one of claims 1-3 for use in medicine.
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20(ii) Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys; or (iii) Cys Cys Gin Phe Cys Cys Asn
Pro Ala Cys Thr Gly Cys; or a pharmaceutically acceptable salt thereof 253.The q_g;;ide according
to any one of claims 1-2 wherein the polypeptide activates the guanylate cyclase C receptor. 4. A
pharmaceutical composition comprising a polypeptide according to any one of claims 1-3. 30 5. The
polypeptitle acdosdinfatpodypeptide af clailing fo 3rfpousefinlaeditiBdor e lgspaoh@opalipeptide according
to any one of claims 1-3 for.the preparation of a.medicament for treating a gastrointestinal disorder. 7.
The use g}%‘f]acﬁn %nsv%)ﬁr%?ﬁut ag%ass?%fﬁ%gss%ﬁaglgéslg%% er is a gastrointestinal motility 5disorder. 8. The
use of claim 6 wherein the gastrointestinal disorder is selected from the group consisting of: irritable
bowel syndrome, constipation, a functional gastrointestinal disorder, gastroesophageal reflux disease,
functionat hearthiwewsdysnepsio gastpaiegisnehieRthilinesitnad psestednohsituictiorijigolonic
pseutlo-alissidetion, Crohn's disease, ulcerative colitis, and inflammatory bowel disease. 9. Use of a
polypeptidc according to any one of claims 1-3 for the preparation of a medicament for treating
constipation.

8. The use of claim 6 wherein the gastrointestinal disorder is selected from the group
consisting of: irritable bowel syndrome, constipation, a functional gastrointestinal disorder,
gastroesophageal reflux disease, functional heartburn, dyspepsia, gastroparesis, chronic

10 intestinal pseudo-obstruction, colonic pseudo-obstruction, Crohn's disease, ulcerative colitis,

and inflammatory bowel disease.

9. Use of a polypeptide according to any one of claims 1-3 for the preparation of a

medicament for treating constipation.

15
10.  The use of claim 9, wherein the constipation is chronic constipation.
11. The use of claim 9, wherein the constipation is idiopathic constipation.
20 12, The use of claim 9, wherein the constipation is due to post-operative ileus.
13.  The use of claim 9, wherein the constipation is caused by opiate use.
14.  Use of a polypeptide according to any one of claims 1-3 for the preparation of a

25  medicament for increasing gastrointestinal motility.

15. Use of a polypeptide according to any one of claims 1-3 for the preparation of a

medicament for treating irritable bowel syndrome.
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15 10. The use of claim 9, wherein the constipation is chronic constipation. 11. The use of claim 9,
wherein the constipation is idiopathic constipation. 2012.The use of claim 9 wherdi@&heftonstipation is
due to post-operative ileus. 13. The use of claim 9, wherein the constipation is caused by opiate use.
14. Use of a polypeptide according to any one of claims 1-3 for the preparation of a 25medicament for
increasing-gasffointesnhalamotiyVhesiyde SriplsIPpEstite Hosr diy 16" RAY BHE SIPORIHY 1-3 for the
preparatigh gfjagnedicamagnhor treating irritable bowel syndrome. MOSL I-P 16. The use of claim 15
herein thetable bowel syndrome is constipation-predominant irritable bowel syndrome. 17. The use of
claim 15, wherein the irritable bowel syndrome is alternating ilTitable bowel syndrome. 18. The use of
any one pf claimge4rklonhengin thenaedicamentisdodvechaisteoet: aralgrnating irritable bowel

5  syndrome.

18. The use of any one of claims 4-17 wherein the medicament is to be administered orally.
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