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LONG ACTING GEUCAGON LIKE POLYPEPTIDE-]
(GLP-1Y RECEPTOR AGONISTS AND METHODS OF USE

Cross-Refevence to Related Applivations

This apphicstion clatms the bepellt of ULS. Ser. N 6371 26,7306, filed Decamber 17, 2034,

the disclosure ol which Is incovporated herein by reference in fly entirety.
Field

The preyent irnvention relates o compounds that are gluchgon hike potyvpeptide-1 {GLP-1)

receplor agonists and methods of preparing the same.  The invention alss provides

phatmacsutically acceptably compositions conprising componnds of the present invention and

imnethads of using said compositionsin thetrgatmentof varous dsordeis.
Background

fuod inlake and digestion, cashohydrates and fats appear in the lumen of the get, which-stimalate
a so-culled incretin effect, the relesss of increting such as GLI-1 From intéstival L-cells. GLP-1,

piwe released, torgets the pancreas where ilenhances seeretion of insulin iy o “glucose dependent

*

A%

manner” fo other waords, this GLP-L-mediated elfect upon insulin persists when glucose levels

ave high vel safely dissipates as glucose levels fall. GLP-1 activity thus self-regulates 0 reduce
the risk of hypoglyremia {the vondition by which glucose levels drop dangerously low). Sincs
GEP-1 has o shaatelinaoation halitlile (§12) of less than five minetes, ihisendogencus peptide is
unsuitably sheo-tived foruse as g therapoutic,

Synthetic analogs of GLP-1 have been desizned to have fonger halitiives and similarly
enhance secretion of insulin in & slucose dependent manner like endogenos GLP-1, for use o the
treatment of type 2 diabetes and Jor providing weight loss.

Certain GLP-l receptor agonists, including Bydureon™ {exenatide), wmarketed by

e

{dudaghuide), marketed by BR Lifly and Co., of

A and Vicloza® (Hraglutide), Ozempie® (injectable semaglutide) &

Rybelsus™ {orally administered semaglutde), marketed by Nove Nardisk A7 of Bagsvand,

Digmark, have cach been approved by npmerons regulatory authorities, inclading the Unitad

States Food and Deag Administeation (LS. FDAY and Buropean Medicines Ageney (EMA} for

the treatment of patients suffering from type 2 diabetex. These marketed GLP-1 receptor agonists
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were developed aod formulaied for injectable andfor oral adovnistration 1o patients.  However,
patient adhersnee lo injectable and prally administered trerapies for type 2 diabetes is notoriously
poor which prohibits msny patienss Trom realizing a full and lasting therapeutic potential of GLP-
| regeptor agonists.  Many patients s¥ip or cease pariodic seHadminitrations of préscribed
ijeciable and onally administered GLP-1 receptor agonists and thus il w adequalely treut and
control their own type 2 dinhetic Condition,

Agcordingly, there remains aneed for improved GLP<1 receptor agonist polypeptides with
tugh potencies against the GLP-1 receptor, haviny excellent physicochemical properties, and that
are lailored for defivery 1 patients via more reliable micdes of admibistrstion than injeciable and

oraily administered therapiss.
Summary

1t has now been Forng that compoands of this invention, and pharmacentically accepable
compositions thereol, are sffective as GLE-1 receptor agonisis. Such compounds have a general
fonmiuta as Tollows:
An isolated palypeptide, copprising the amino acid sequence of SEQ 10 NO: 200;
XX XX a8 XN X EX e XN X e Xao X FIX s WLKX
Moy (SEQ 1D NO: 2009,

wherein sach variable i as defined and deseribed herein.

Compounds of the present fovention have been dexipned {o altain tong elimination half

Hves

e} snd] are thay destoibed heretn as “ong-agting™ GLP-T receplor sgonists.

Compounds of the presént ivenlion, and pharmacestically: aceeptable conipositions
thereof, are useful for treating s variety of dissases, disorders or conditions, assovinted with the
GLE-} veceplor, Such diseases, disorders, or conditions include metabolic divesses or disorders
such as type I diabetes, obesity and the need {0 aitain weight loss. Invcertain erabodiments, the

mvention also telates fo methods of treating nonalechohie Batty Bver disease (NAFLD) andior

nonadceholic stewtobepatitls INASHY.

Briel Deseription af the Diawings

Figure | deplets chromic weight logs {(Day 37) i Long Bvans {LE) digt-induced obese

(DO vats trented with exemiplary lodg atiing GLP-Danalog polypeptides.
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Figure 2A- illustrates somparative i vive wetght loss potencies in BIO rats fr compound
ATZ0 v somaglulide (9% beseling vs veliicke over 28 days, n=oidose), Orempiod (semaglunds,

Novo Novdisk A8 of 8

W) has been appeoved by the LS FDRA for the treatnsent
of fvpe 2 diabstes,

Figure 28 illustrates comparative i vive type R diabeliv potencies (Fe, HbhAde lowering)
b4 Ly ¥¥ ¥ o

i DI rats Tor colmpound A120 vs seimaglutide (A-HbALe vs vehicle over 28 days, ns%idose).
Antidiabetic potencies were compared against a ZDF rat model for type 2 diabetes,

Fgure 3 depicts ¢ cross-sectional disgram of f eprosentative sxinotic ait-pump for
drug delivary.

Figure 4 depicts the potency shift of conjugated GLF-1 receptor agonists by human
serun athumin (HS AV hinding,

Figure 5 depicts the change e plasma concentiation of contpound AL20 1 rats snd
mankeys followiny mtravencus and suboutaneons sdmunisiration.

Figure 6 depicis dose and concentration response of body weight loss i male Long
Evans {LE) Diet Induced Obesity {IMO) rats treated with compound A 10 Tor 27 days. Male LE
DO rasts al 18 weeks of age (1 weeks on high Bt diet) were dosed {30 every sther day) with

ik doses of contponnd &120 ranging fram 1 00 300 mo

May (= 6 ampuatvdose). Shided

and apen oiveley represent weplicate doses {3, 30, 300 wmogkgidiy)

al semaghatide ftom o
separate studses,

Figure 7 depicts semaglutides and A120-induced weight loss in male LE DO ratg over a
2F-dsy period.

Fignre 8 depicts senmughatide~ and A120-indoved changes in body composition i male

LE DO tais, highlighting the fact that changes in hady compastiion were primertly due to Fal

niass loss (hody composition was deterinined on diy 26 vsing quantitative magnielic restanee).

Figure ¥ depiotdverage datly food ke tnhibition and camulative food titake ol mice
administered varying doses of conipound A 120 or semagloinds.

Figure 10 depicis the redustion in body weight of male Zoucker Diabetic Fally {ZDF) rats
dosed (SC injectioe eviery other day) with compoand A 120 or ssoaglutide,

Figure 1 depiets semaglutide- and AL20-nduced changes m body composition:in malg
ZRIF rats, highlighting the fctihat changes in body composttion were primnarily doe lo fat mass
oss {hody composition was determined on day 25)

-
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Dtatled Deseription
General description of cestain embodiments of the invention

Compounds of the presentinvention, and pharmacestical composittons thereof, are useful
as agomsts of the GLP-1 reveptor, partivolarly as agomists of the human GLP-1 reciptor. This
myention alse refites 1o methiods of producing and asing sueh compounds; ke, GLP-1 receptor
agonist pulypeptides. Compounds of the present invention are long-avtng GLP-1 veceptor
agonists, These GLP-1 seceplor agonist polypeptides ave particwlarly uselul iy methads of treating

naetabolic diseases or disorders, such as type 2 diabetes, obesity, and i methods of providing

weightloss, hisertain anbodimients, the foventivn alss relates to mthods oftreating nonalechelic

Fatty Yover discase (NAFLDY) antdier nonalcoholis steatohepaiitis (INASH L

1a certain embodiments, the presant mvention provides ay iselated polypeptide, comprising
ihe aming acid seqaence of SEC I NO: 20
HXGGTX X O EXGe XXX o Xan X FIXs WLKX s GGP X SGAPPPS -

FOHMNH3 ¢SEG 3 O: 20071 or 3 phanmaceutically accepiable salt thereof wherein:

Xzis A, 2-aminoisobutyric acid {(Aib), or (G,

Xiis E or Nemethyl Gl

KeisFory;

Xris SarT;

Nty diaminopimelic actd {(Dap), E, K, N, Nemethyl Ser, Q. 8, s o0 Y,
XaisDorE;

XKig iy L L, Nanethyl Ley, or V)

XpisE R QoS

Xipis Ab B K Q.S Woor s

Xuts B, R LK LM, Quor Yy

Xie fe 3 d-diaminohatansie aeid (Dab), Dap, B, K, &, or omithine {Om)
X1 B Keor Qs

K is ALK Soor Yy

KA Koor v

Xwis B, K, ot R;
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Ko mAib B HUK, Qoo Y
Kupds A, Adb, B QU8 oYy
o ds D EOKL NG S o Viand
Kz Pap. HURK R, ar §;

wheretn when Xy is Dab, Daps K kot Oy it IS covalently bowod o 2 lipophitie

substituent, optionally via g space

wherein when X is B at least onend X Xy, X, X, X, or Ny 13 selected tobe tysine

wherein the Tysing residue is covalently bound to a lpophilic substitient, gptionally via a spacar;
sind

whergin the fsolated polypeptide aptionally Turther comprises iwo amino aoid vesidues
having side chaing that are covalently joined to forn: a bridging moiety.

It soinee emibodimionts, the bridging metety is o lactans budging morety. Forexample; in
some smbodiments, the isolated polypeptide optionally fariher comprises twa dmino acid residues,
whersin one s Iysine and the other is glutamie acid, and the amino-containing sidschain of bysine
anid the carboxy-containing sidechain ol glutamic acid are covalently joined, with loss of water, to
form i factam bridging motety. o some embaodiments, the laetam bridging woiety s formed vig

covident bonds between side chaivs of & lysing and & glutamic acid at positions X7 and Xy,

vespactively; ot positions Xy and Xir, respeetiveldy at positions Xy and

X

Koy respectively: at

positions Naw and Xy, respectively; al posiiions Xog and X, vespectively; al positions X and

X, respectively: ot al pusitions Xivand X, tespectively
In one embodiment, the solsted polypeplide w not an anslogue ol exenatide,

HGEGTETSDLEKOMEREAVRLFIBWLRNGGPSSOAPPPS-NH: (8EQ 113 NO: 300)% having

Kz or Kir covalently bound to-a Hpophilic substituent, eptionally via a spacer.

[n some embodiments, Xo iw Aih.

Invsome embodiments, 1F 3018 S, hea X V.

i sopnte embodiments, X s Y.

In seme enbodiments, X is M, and X s K covalently bound to s lipophilic substituent,
optionally viz a spacer.

Tn some embadintents, Xy is lysine covalently bound to a lipophilic substituent, optichally

vin g spacer,
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Irvsome embodiments, i Xpgis Eothen Xayis Koo B In some sbodiments, it Xpeds B,
Then X 8w K. In some erbodimmends, i X 18 B then X s B
Tasome embodimenis, the peptide Turther comprises a lactany bridge furmed via an antide

bosd between the side chains of & lysine and aghatamic seid at positions Xsgand X, respectively.

V41

Definitions

Tt i 1o be wndarstood that the terminology used hevein i for the purpose of deseribing
puarticudar gwmbodinmnis oply, and is not intendad (o be niting, As wsed in this specification and

E TS

the gppended claimis, the singular forms *a.” “an™ and “the™ nudode plural reforents uuless the
context clearly diclates otherwise. Thus, for example, reference © %o solvent™ includes a

10 combisation ol tweeormore such solvents, refereneaio "y peptide” rcludes one or more paptides,

pristures of peptides, reference t s drug™ tnelndes ove or mote drugs, refereves o “an osmtic
delivery device™ includes one or more osmotic delivery divices, and the hike. Unless spectfically
stated or obvioty from context: as wsed horein, the term o™ 18 wnderstoad o benclusive amd

covers hath“or™ and “and™

‘nless speetfically

=

et
L5

taled wr obvivas from context, as used herein, the ferm “abowt™ is

Wy

uiderstood as withiv & rangy of nurmial tolerancs in the i Tor exampls withim 2 standard
=

deviations.of the mean. About can be anderstood as within 10%, 990, 8% T4, 6%, 5%, 494, 3%,

3y, T 0059, 00196, 0.05%, or 1% of the statedl value, Unless othersise clear from the context,

all nurmserical valuss provided herein are owndified by the term “about.”
20 Unless speoifically stated or obyious ront context, &y used hereing (e torm Psubstantially”
is understood as within a narrow range of viriation or otherwdse normal tolerante in the g

G, 0195, 0L03%, 0.01% or

Substantially can be understood as withing 8%, %5, 3%, 2%, 1%, 0.3
L0 H% of the stated valug:
Unlesy defined otherwise, all teehnfval and scientific tents ased herein bave e sane
2§ meaning as cormonly widerstood by one of ordinary skill i the art o which the invention
pertaits. Althongh other methody and materials stnlor, o eguivalent, o those deseribad herein
gan by used i the practice of the present invention, the prefeced malevials and methods ave
deserthed herein,

&0

T deseribing and claiming the present invention, the follawing terntinology will be nsed

[F1
-,
-,

i accordance with the definilions set cut below.

6
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The terms “drug,” “therapeatio agent,” aud “henefictal agent™ are used interchangeably
refer to sy therapeutically avtive subsiance that is deliverad to g subject & produce a desived
heneficial effect. In one embodiment of the present invention, the drug is o polypeptide, In another

emhodiment of the present foveation, the doaeis o wmall nlecwde; forexample, hevmones such

2

as androgens of estpogens. The devicey and msthads offthe present invention w'e well suifed for
the delivery of proteins. small molecules and combinations thergel

RERE

The terms “peptide.” “polypeplide,” and “proteiy” are wsed inlorchangesbly herein and
typivally refer to & mulecule conywising & chain of two or imore aming acids {eg., most typically
Leaming acids, but alse ingluding, &, D-aminog acids, modifisd amine acids; amine acid analogs,

I¢  and aming acid mimetios).

In some embodiments, naturally-oceursing L-anune achds, we tepresented by cither

conventional three-letier, orcapitatized one-lotter, aminn wold dosignations of Table 1. In other

smbodiments, naturally-occoirring Limine dcids and D-aming acids, sog both represented By

cither conventipnal three-letter, or capitalized one-lelter, amino acid designations of Tahle 1. I

—
LAy

sl pther erobodiments, Deanune acds, are represented by lower-case onasetier amino . acid
destgnations covresponding to one-letter designations of Tuble I fen a, Loy £ w K, Qe s po v
Lovy hornon doand L

Table b Nularally-oogurring smino acids

& Glyvane Gly P Proling Pro
A Alanine Ala ¥ Valhie Val
L Leuoins Lew I isnlsucine e
M Methionine  Mat € Cysteing Cys
F Phenylalanthe Phe Y Tyrosine Tyr

W Tryptophan  Tip H Histidine Hix
K Lysing Lys R Arginine Arg
Q Clatamme Caln W Asparagine Asn
B Ghaamic Acid Glu B Aspartic Acid Asp
& Segine Sar T Threonine Thr

28 Table 2: Lower vase designations reler to D slerecisomenrs of wmine acids

p Proline L3P
a  D-Alaning DAl v DValine D-vVal
1 [:-Leaoe D-Lew i O-solencine Fadle



o]

IR¢]

WO 2022/133148 PCT/US2021/063920

m LxMethioning DMt e D-Cysteine DLy
f D-Phenylalaning D-Phe v DATyrasing Ty
w D-Tryptophan D-Tip h J-Histidive L-His
k. D-Lysine Lebovs v P=Avgining D-Avg
g DGlwtanine £-Gin n f-Aspavaging  £-Asn
¢ D-Glutamic Acid D-Glu d D-Aspartic Aad D-Asp
% D-Berine D-Ser ¢ IRThreonine LT
Pepudes gy be natwrally secwrting, syalhetically prochwed, or sseombinantly expressed.

eptides may also comprise additional groups modilying the amine acid chain, for example,

functional. gyoups added via post-transiational modification. Examples of post-translation
miadifications inclide, but are not Hmited to, activintion, alkylation (neluding, methylation),
biolinglation, glutamylation,  glyveviation,  glycosylatipn,  isoprenviation, Hpoylaton,
phosphopantetheinylation, phosphorylation, selenation, and CU-ienminal smidation, The term
peptide also includes peptides comprising nwedificatinns ol the amine teriings andior the carboxy
tenininusy, Modificationy of the terminal amine group iclude, butare notlimiicd to, des-aming, N-
fower alkyl, Nedi-lower alkovl, and Neacyl madifications. Modifications of the torminal carboxy
prong include, but areomy Hnuted to, amsde lower alkyl amide, diatkyl amide, wnd lower alkyl
ester modifications {e.g., wherein lower alkyl is CCy alkyl), The tenm peptide also includes
modifications, such as but not limited to hose deseribed above, ol amingracids fdling hetween the
aming wud carboxy termind. Ivone embodiment, a peptide may be modified by addition ofa siuall-
mptecule dg,

The reemingl aming soid atovgend of the peptide-chain typically has & Tree antis grougy
(L the anivo termunus). The ternunal aming acld it the wiber end of the chain typioally has &
free carhoxylgeonp (e, the earboxy terminus), Typivally, the saivo acids making upa peptide
are vumiberad by ovder, sttt the aminoderminusand increasing in the divection of the earboxy
rerniins of the peptide.

The phrase “uino avid restdone” ax ased berdinrefers o an aming doid that is incorparited.
nle a peptide by-an aimide bond or an amide bond mimetic,

Theterm “insulinotropic™ es used herein tepivally refers o theeability oo compound, e.g.,

a peptids; to stimolate oraffect the prodoction andior sctbvity of insulin (2.g., an beolinstropic

horinene). Snelt compinmds typlcally stimulate orotierwise affect the Sectetion or biosynthies

&
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fosulin in a sabject. Thas, su “insulinotropie peplide™ Is an amine acid-containing molecyle

capsble of stimulating or otherwise affecting seeretion or Mosynthesis of insulin.

The tevm “insudimotropic peptide™ as used heretn includes, but ts not Hmited to, glacagon-
Bke peplide 1 (GLPA1), as well as derivatives wod analogues thereof, GLPLY receptor agunists,
such ag exendtide, sxenafide having the amine acid segquegce of SEQ 10 N 308, as well as
detivatives and analogees therent,

The term “sovisted™ a5 wsed heroln, in relation to discloxed polypeptides, means the
disclosed polypeptide s substiuted withoae of more Bpophilic substiuents vach optionally viag

spacet, wherein “lipophilie substitueni™ and “spager”™ are Jelingd beoreni.  Cortdin hpophilic

suhstituents, cach-optionally vin aspacer, can bind alhusin and confer affinity to albwnin o the
resuliing acylated polypeptide. The exient Ix variable, and depending on sumerous {actors, to
which Hpuphilic substivents, ciich wptionally viga spager, bind albumin and confer affinny e
altaanin o the resuliing acylated palypeptide. Numerous factors include idesititios of the Lipophilic
substiluent, optional spacer, polypeptide, and the site of covalent attachment to the polypeptide.

The terms “lincar™ or “liner polypeptide™ as uwsed herein, refor o 8 “non-acylated™

potvpeptide wather words, o disclosed OLP-1 reveptor sgonisl polypephide withowt a Hipophitie

LAy

substituents each optionally via s spacer, wheretn “lipophetic substituent™ and “spacer™ are defined
herein.

A

The terms “conjugated”™ or somjugated polypeptide™ as wsad herstn, refer to an “aeylated”

polypeptide, inother words, o disclosed GLP-1 reveptor agonist polypeplide having ong ovmare

lipophatic substituents sach oplionally via a spacer, wherein “lipophilic substituent™ snd “spacer™

ave defined hersin,

As-used hergtu, the tery “pharmacentivally acceplable salts” relors to devivatives of the

disclosed polypeptides whersin the pavent palypeptide is modilisd by converiing an existing acid

g of suitable sulty are Todnd iy Renuaglon's Pharmaveutical
Screncek, 178h ed., Mack Publishing Company, Easton, Pa.o 1985, po 1413 and Jowral of
Pharmaceutical Science, 66, 2 {1977}, cach of whicl 15 incorporated herein. by roftrence in ils
snliesty.

The term “vehicle” as used herein refers to 8 medium osed io carry @ compound, €. 3
drug or a particls containing a drog. Vehicles of the present invention typically comprise
components such as polymers and solvenis. The suspension vehicles of the present invention

9
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typically comprise sulventsand polymiess that-are used to prepare suspension formudativos further

comprising drog patticle formulatl

The phrase “phase separation” as used herein refers fo the Tormation of multiple plases

. lgeidang gel phiasesy in the sivipension vehidde, stich sswhen the sosprosian viehitle contacty

the alqueoas envivonmzit. fo sonve embodiments of the present inventiow, the suspengion vehigle

is formulated 10 exbhibil phase separation upon contact with an aqueous environment having less
ihan apprasimaiely 1% water.

The phrase “swiglovphase” av used horetn refirs to a solidy semisolid, or lguid
homogeneous system that ix physically and chemically uniform throughout.

The erm “dispersed”™ as used horeln refers 1o dissplving, dspersing, suspending, or
otherwise distritlniting a compound,. for example, 3 drug particle forowlation, in a suspension
vieliiele,

The phrase “chemically stable™ a5 wsed berein refers o formation i a formulation of an
aceeptable percentage ol degradation products praduced over a defined period of Hivie by chemical
pathways, suchas deamidation (usually hy hydralysisy, sggregation, or oxilation,

The phrase “phys &7 aw used hersd sy 1o formation io g fotmpdation of @
Fhe phra hysteally aw wsed hersin refers to formation ina Sotmulation of @

acceptable percentage of agpregates (e.g., dimers and other highet molecular weight products).
Farther, a physiealby stahle form u.ial’i{m does i change 18 physionl stale a8 Tor example, from
Hgmd to solid, or fom amorphous 1o orystal foom.

The term “viscosity™ asused heretn typically refers tea valoe determined fronthe ratieof
shear sivess to shear wle (see, e, Consdine, D M. & Considing Go D, Bueyelopedia of

Chemistry, il Bdition, Vao Nostrand, Reinbold, NOY., 1984) esgentially as follows:
Fra=u*Vik {Hoguition 1)

where FA=

shear stresg {foree petunit areal,
(= propartionality vomstant (vistosity), and

ViL=the velogity per laver thickuess (shouwe rate).

From this relationship, the ralio of shear stress o0 shear rate Jdefines  viscosity,
Medsuraments O shear stress and shear rate arstvpioslly determingd wsing paralle] plate rheomeltry
performed under selected conditions {Torexanple, o temiperature of abowt 375C), Other methods
for the determination of viscosity inchade, messwrenient of a Kinematic viscosity using

10
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viscometers, furexample, a Cannon-Fengke viscometer, an Ubbelohde viscometer for the Cannon-
Fenske opague solution, ora Ustwald viscometer, Gensrally, suspensivn vehicles of the present
invention have a viscosity sufficient lo prevent a pasticle formulation suspended therein Fom
seitling during storage and use W a method of delivery, for example, in an implantable, disg
delivery device.

The term “non-aguecus™ asused hevels refers 10 avoverall mpdsture comtent, iy examyple,
ol & suspeosion. formulation, typically of lfess than or egual @ about 10 wi %%, for example. less

than or egual o about 791 Ve less than or egual 1o ahouwt 5wt s, anddor fess than ahout 4wt %4,

Alge, a particle fonvukation of the prosent invéntion comprises less than about 1 wi %, for

example, less than aboul 3 wi %, residual moisture.

The torm “snbject™ as used hereln refors to any mentber ol the subphylum Cherdata,
wichucling, without lmitation, hunians and other primates, inchuding non-homan pringatey such as
rhesus macigues and other monkey species and chimpanzess and other ape species; farny animals
such as cattle, sheep, pigs, goals and horses: domestio manumals suchas dogs and eats; Inhoratory

anbmals weluding rodents such as mice, rats and guwines pigs; bivds, incleding domestie, wild and

camse birds such as chickens: turkeys and other gallinsceons hivds, ducks, geese, and the ke, The

terny dods ot denote s padtiduddr age orpended Thuos, boll adult and newbosh individuads are
intended o be covered.

As used herein, the terms “treatroent,” “lreat,” and “treating” refer w reversing, alleviating,
deliying the onsel of, or inhibiting the progress of o distase or disorder, or o of more syniploms

ihereof, ay described herebt. In some embadirsents, treitment may be adntinistéred afier one or

ore symptonss have developed: Tu other awbodiments, freatment may he administered n the

absence of symptoms.  For example, treatment may be administered 1o 2 suseeptible individual
priordthe enset of sviploms (eg, In lightel s Mistory o sympioms andiéor in light of geselic o
other susceptibility Tactors). Treatment way also be contirued after sympiotas bave tesolved, for
gxample 10 prevent or delay theiy recurrenge

The term “osmoetic delivery device” as used beretn typically refers 1o a device used for
delivery of'a deog (s.g., & disclosed GLP-1 receptor agonist polypeptide) to a-subject, wherein the
decice Somprises, for example, f resirveir fmade, eg., from a Hianium alloy) having & lomen that
containg g suspension formnglation comprizing a drag {e.g., 8 disclosed FEP-1 receplor agentst
polypeptide’ and an osmaotic agent formulation. A pisten assembly positioned in the lumen iselates

11
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the: saspension formalation from theosmotic agent formulation. A semi-permeable membrane is

positioned at g fest distal end of the resérvorr adjacent the osmotic agent formulating and a

diffusing wederator (whicl definesa delivery orifice Hwoweh which the suspension Tormydation
exits the devite} s posiioned al a second distal end of the mservolr adjecent the suspension’
formudation. Typically, the csmoti delivery devies s Imprlanted within the subjeet, for example,
subdenmally or suhowlanconsly (2.8, in the inside, outside, or back ol the upper army and in the
abedeminal areal An cxemplary osmatic delivery devies i the DUROS® {ALZA Corporation,
Muuntain View, Calif) delbvery device. Examples of tormy synonymions o “osmetie deltvery
device” include Hul are not mited’ (o “bsmotic drug delivery device™, “osmolid deug delivery

%

ystem™, Yosmotie deviee™, Yosmiotie delivery devite”, “osimotis delivery sysiem™, “osmotic

'y

pump”, “wmplaniable dmg delivery devige™, “drag delivery systom”, “drug delivery device”,
“irplantable damintie punp”, Cimplantable dug delivery system”, andd Mimiplaniable: delivery
Systont™. (ilier werms e “Osmotie delivery deovieg™are known 0 the art.

The ferm “continueus delivery™ as used herein typically refers w s substantially continnous
release of drug fromean nsmotic delivery dovice and into Hssues near the implantation site, e,
suldermal and subcutaneous tssees, Forexanple, an osmotic delivery devive relpases drug
essentiatly at 4 predetermined rate based ou the principle of osmosts. Extracellalar fhind enters the
cematic delivery device throngh the seii-permeadle membrane: ditectly Toto the osvootic shgine
that expands 1o drive the piston at a slow and consistent rate ol travel. Movemeni of the piston
foreey the dmg formwlation o be relensed through the orifice ol the diffusion moderator. Thus,
relesse of the drag from the gsmobic delivery device i at & slow, controlled, consistent fate.

The i “substantiad steady-state delivery™ as used herein tupieally velers to delivery of g
drug ab or near-a farged concentfratiom over & defined porind of time, wherein the amount of the

drug bheing delivered from an csmotic delivery devige is sobstantially wero-order delive

Substantial peto-erder delivery af an dohive agent {eg, & disclosed GLEB-1 recepior agonist
potvpeplidey migans that the rafe of drog debivered i condtant and s hydependent of the drug
available in the delivery system; Torexample, for zero-order delivery, i the rate of drag deliversd
is graphed ggainst tinwe and & line is litted to the data the Hie bas a slope of approximately zers, as
determined by standard methods {e.g, Boear regreasion),

The phrase “drag halH U™ as used Nersin refers how leng i twkesa drug to be eliminaied
irom blood plasma by one half of Hs concentration. A drug’s hall+life s wsually measared by

12
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moniloring bow a drog degrades when s adnvinistered vis injection o intravemustyve Acdg is
usually detecied wsing, Tor example, s radivimmunoassay (RIAY, & chromadographic method, an
glectrochemiilunsinescent (ECL assuy, an envyme Honked tmunesorbent sssay (ELISAY wr an
oo nsystic sandwich assay {TEMAL

The ferms g™ and “meg” aud “ug” arg enderstood 1o niean “micrdgiams™, Simitady, the
ternws “ad™ and “ul” are undersicod 1o mean “micvoliter”, and the erms “pM™ and “uM™ are
nmderstomd to mean “niicromalar’”,

The term “serum™ is meant © mean any blood product from which a substance can be

I

detoeted. ThHus, the terrh sevum neludes al feast whole blood, serum, and plasma. Forexample, “an
amount of [osubstance] iy 4 subject’s serum” would caver “an mmount of [the substance] in a
subject’s plasma™

Bassline is defined as the last assessment on or hefore the day of the initial placement of

an osmotic delivery device {containing druy or placeho}.
Endogenens GLPd, GLP-I recopiors, and cevtain GPL-T gaulogs

The phrase “increlin numeties™ as used horein includes. bul s oot limited o
GLP-1 peptide. GLP-1 {7-36), GLP-1 receptor agousts, peptide dertvatives of GLP-1, peptide
analogs of GLP-1, exenatide, exenatide baving the aniino acid seguenee of exendin-4 (the
naturally-oceursing form of exenatide, exenatide-LAR, lixisenatide, liraghatide, semaglutide,
dulaglutide, albiglutide, and taspogluiide. Tnoretin amimetics are alsp veferred e berein as

“insulinatropic peplides.” Iicretin mimeties which target the GLP-1 receptor are also known in

the litersture as “GLP-1 receplor agonists™ or “GLP-1 agoni with hath tsms heing used
interchangeably hevein.

The term “GLP-1" refers 0 a polypeptde, glucagon-like peptide-U7-36Ymide, a 30-
vestdue peptide hormene released frony tiestingl Locells following nutrient covsamption. GLP-1

GRAAKEFIAWLVRGR-H, SEQ 1D

has theaming acid ségsence of (HARGTFTSIIVERY
NOL30L GLP-1is e regulatory peptide that binds to the extracellular region ol the GLP-1 recepior
{OLE=1R), 8 G-coupled protein receptor on freell and vin adenylovolase activity and praduction
of cAMP stimulates the insulia response 10 the nutrients that are absorbed from the gut [Baggio
2007, “Biology of incretins: GLP-T and GIP ™ Gastroenterslogy, vol. 132{8k2131-57; Holst 2008,

“The incratin systermrand By rolein type 2 dabetes medtitos ™ Mot Cell Endocrinology; vol 297 1«

—_
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2R 127-36] The elfects of GLP-IR agonism awe mudtiple. GLP-1 mainiains glucose homeostasis
by enhancing andegenous glucose dependent sulin seeretion, rendering the B cells glucose
competznt and sensitive to GLP-1, suppressing glucagon release, restoving first and second phase
{Holst

2008 Mol Cell Endoerinoligy; Kjems 2003 “The mfluence of GLP-1 on glucose-stimulated

msulin secretion, slowing gastiie emptying, decr

il foodd intale, and ivcre

ST sutiely

msulin secretion: offects tm beta-cell sensitivity Iy type 2 and nondiabetic subjects,” Piahetes, vol,

32(2% IR0-R4; Holst 2013 “Ingrelin hormones and the satistion signal,” Int J Qbes (Lond), vol,
3709y L 16 o Scufirt 2014, “The extra-pancreatic effects ol GLP-1 receplor agenisis: 4 fdous o
thircardiovaseuldn, gastromestingl and vontral nervous systems,” Diabetes Obes Matah, val. 16{8):
§73-88]. The risk of hypoplyeeinia is minimal given the modeof action of GLP-1.

Glucagonelike peptide-1{7-38)amide ((GLP-1} & a 30-residue peptide hormone released from
witestinal Loeelly following nuitent onsamption. I potentiates the glucosesinducad seeretion of
insulin from pancreatic bty cells, morcases fnsulin expiossioey inhibits hetiscell apoptosiy,
promotes betiecell neggenesiy, teduces glucagon secretion, delays gastie smpiying, pronietes
saliety and increases peripheral glucose disposal, These multiple effects have generated a great
deal of interest in the discovery of lang-lasting agonists ol the GLP-| receptor (GLE-1R) inarder
o freat type T disbetes. The term “exenstide”™ as used berstn indludes, bat 18 not lingted 1
exenatide, exentide having the amine acid sequence of

{HGEGTFTRDLSKOMEEFAVRLFIEWLKNGGPESSGAPPPR-NH), SEQ 1D NG: 300, native

exendin-d, exenatide peptides, exenatide peptide snalogs, and exenatide peptide derivatives,
Cerlain disclosed GLP-1 receptar agonist polypeptides, weluding those o Table 3 below,
exhihit one or more oft excellent solubility, stability, hiovavailability, biological activity and
spovifivity, awd longer balf-lives than those tor endogenous GLP-Land known GLP-1 reseptor
agonists, Certain disclosed GLP-L recepior sgontsi polypeptides wers developed 1o accomawsdate

less frequent administrabion thin 1s requited for presently ntatketed GLP-1 teceptor agouist:

Certain disclosed OLP-1 receptor sgonist potvpeptides were developed for administration via
weekly or monthly injections.  Cerfain disclosed GLP-1 receplor agonist polvpeptides were
developed foradmirdstration via inplamtation of & delivery device comprising the GLP-1 vegeptor
agonist polvpepiide, where the delivery device comprises a dose of the GLP-1 receptor agomst

polvpeptide of up o 3 memths, 6 mionths, 9 ronths, one vear, I8 montls or lwo years:

14
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Description of exemplony embodimenis

In certain embodintents, the presant mvention provides an sselated polvpepiide, comprising
theraming ackd sequence of SEC IDING: 230
HXSGOTXX e aS N XN pEN XN X NaX o FIN A WLKS

{OHNH (SEQ 1D NO: 21 o a pharmaceutically aceeplable sall thereotl wherehin

RGOPXSGAPEPS-

KA, 2-aminnisobutviie acid (A o G

Xyis I or Nemethyl Glg;

XetsFor Y

NrisBar 't

Xy iz diaminopimelic actd {Dap), E, K. N, Nemethyl Ser, Q, 5.5, o0 Y
Xeis Dor E;

Xiwis T, L, Nemigthvl Teu, or ¥,

N B K Qo

Ky is Adb, B K, QoS WearYs

K ER LK LM, Q. arY;

Xig is 2 d-diaminghatanoie acid (Daby, Dap, B K, k, oromithine (Om);
N is E R or);

XA KUS, or Yy

XNawis A KL ar vV

Nap s B K or Ry

KA B H KL O aY:

Nowtn & Al BRGNS, ar'Y;

Xows B Bo KN, QL 8, o Y and

ot Dap, HUK R o g

with the provise that the isolated polypentide is notexenatide.
Irisetie embodinments, Xow Atk

[n:some ermbodiments, X 8 S, en Xp B V.

I sorve embodiments, Xgas Y,

To some enibodiments, X is M, and X K.

In some embodiments, Xigis K.

—_—
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I some embodiments, i Xpp i B, then Xais Koor B In some-sobodiments, it Xpeis B,

Then Xy K. In some ewbodimends, 18 Xs s B, then Xo s B

is & losemnesmbodinents, Xy A, In some gmbodiments,

Toesome embodinents, Xa
Xewd

As used boreis, Adb refersalternatively o T-aninoisubgyricacid, o-aminoistbutyic avid,
cemothylalanine or Samethylalanineg.

In some embodiments, X5 5B, In some embodinrents, Xy s Neanethyt Glu,

I somne embodinienty, Xei I soine smbodinments, Xe i8Y.

s F
In sone embodiments, Xy is 3. Th some embadimenis, Xy 18 T,

T some smbodiments, Xg is Dag, Iy some embodiments, Xs 15 E. In some embodiments,

Ky is K. Tn some embodinents, Xy is N, In some embodiments, Ny is Nenwethyl Ser. In some

embindimenty, Xe s Qo In sonie cmbodinments, Xy 8 8 In some vmbodiments;, Ng is s In sonte
embodiments, Xgis Y,

Asosed hersin, Dap refers 1o diaminopimetic acid.

Ag.used berein, s relers to Desarine,

Jrisone embodinents, Xee D I sone enhodiments, Xetw B

To some erabodinwents, X w k Insone embodiments, Xie 88 Lo I some embodintents,

s V.

.

X s Namethiyd Lew. I some emboditnents,
To some embodiments, Xizis B Tn some embodiments, Xz is K. In serae ernbodimends,

I

s 80 Inosame ainbodiments, Xz
) I some embodiments, X

Tnsonte embodiments, XivisAth, I some snthodiments, X 18 B In some eibodineaty,

Xipiw K. hn some embodiments, Ko 1@ In some embodiments, Xorie 8. Tngome embodimenis,
Xty W Insome embodiments; XY,

I somze enthodiments, Xigds B Iy some smbodiments, Xoads R. Inosome smbodbmenty,

A s L In some enthodirasnis . X 10K T some enibodiments, X8 Lo I some embodiménts,
Xis 3 M I somie embodiments, Xog i Q. Iy sonte embodiments, Nig B87Y
In soune embodiments, Xy &5 Dab. In some embediments, Xis is Dap. In somes

smbodinients, Xigis Bl some embodiments, Ny ix K. In some smbodiments, X ds k. Inssome

embodiments, Xy 18 O
As nsed hereln, Dub refers alternately 1o 2 d-dinntinebutanoic seid, 2 4-daminsdsutyric
acid, or a,y-diaminobutyric acid.

16
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A used herein, krafers o B-dvsing,
As nsed heréln, Orpy ralers o oinithine,

Josome embodiments, Xy is B In some embodinents, Xosis K. Inosome embodimants,

Iri soite emboditoediy, Xygis AL Tusome embodimenis, X s Ko I some smbodiments,

Cgis ST some embodihnents, XY,

In seme embodiments, Xis iz A, Insonie embodiments, X 8K, Inseneembodiments,
Kas Ve
In some embodiments; Xigis B T some embodimants, Xao 18K Tn some tmbodiments,

¥ L\ R,

In sonie embodinrents, X s Adh, In some embediments, Xais B, In sonse smbodimants,

is L., In some embodiments,

Nipas FL o some embodiments, Xoi s K In some embadiments, 3

X 1840 In sone ambodinents, Xs 8 Y.

In seme embodiments, Xz is A, In someembodimenis, Xauis Adb. Tnsome embodiments,

Kugis B, In some emibodiments, Xas is K, In some embodiments, X 56, In seme embodiments,

g,
N s 8 hossme embodimems, Xagis Y,

In dovne smbodiments, Xz 8 13 It sote embodiments, X

s

L T sowe emibodiments,

Crr 19K o some srmboditoents, Xog iy N In some embodiiments, Xex i Q. Ty some embodimenis,

-

oty B, In sonee embodimends, Xy
husomeenhodiments, Xais Dap. Ty somie ergbodimeids, Xagis Ho brsome smbodinents,

w18 Ko In sonmie einbodiments, Xan

is R To some entbodiments, X sl
I gomie embodiments, carboxy terminal amine ackl, 2o, Sy i -Sae-(NHz)  To some
embuodiments, carboxy terminal aming acid Sae bs -Ba-(OH}.

Isoine smbodinments, certain aming acids represented by the crertendes sequenive of SEQ

TR NO: 210 anclude the following:

It semge-embodimets, A Ko teAdb and X i

+ 15 A and Xip 18 Vo In somie embodimenig,

Y. hysome embodimeats, Xo is.Adb and X is K. In some smbodiments, X

i At and Xowis V.

In s embodinients, X I8 Adband X ts AL T sonte enthodiments, Mo s Atb and Xsg s R In

sonne entbodiments, X 18 A and Xag s K. In somesmboditmeaty, Xois Athand Xy 8 Ko Insome
snhodinents, Xy ts Alboand Xop 08 @ In some erbodingents, X s Adbrand X s 8 Inosome
embudiments, Xods Ath snd X s E.

1
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I some embodiments, Nae sV and X 18 Y. Insome embodimants, Xigts Vand Xisis K.
I some embodiments, g ds Veand Nie s V. In some embodiments, Xieds Vand Xig & In

s

w8 R, In some erabodimends, Xy ia Voand X:

some enbioslimends, Xppda 'V oand X s K. Invsome

embodiments, Xio iV oaod Xa 8 Ko Iy some embodimenis, Xse 18 Voand X 8 Q. Inosoms
embodiments, Xiois V and X 8 5 Insome swbodiments, Xps Vand Xu s B

T sonte smbodiments, Xoads Y and Nig s K, [n some embodinents, X 87 and K is

V., Insome embodinents, Xis s Y and Xy s A nsome embodments, Xiads Y and Xsn is Ko in
somanbodinrenty, Xiets Y and Xaets K. Insoms embodiments, X 187 and X is K. By some
smbodiments, N s Y and Xz is Q0 Tn some embadinenis, Nog i3 Y and Xy 18 & In some

enthodiments, Xgds ¥ and Xoe 15 B

Tt sonie embodiments, Xisis K and Xigis V. Insome embodiments, X is K and Xio ds AL

T some embodiments, X ts K and Xoods R In some cobodiments, Xis s K and Xoeds K Insome

embodiments, Ny 18 Kand Xy 8% K In some smbodintents, X 15 Koamd X 38 Q. In some

eothodiments, Nug is K and Xaq 35 8. In some embodiments, Xis s K and Xay g B,

In some embodiments, Xiv is 'V and X ts R, In some embodiments, X i 'V and Xapds K,

T seme embediments, X & 'V oand Xa is K. Bt some embodiments, X s 'V oand Xai is Q. In

sk

some enmbadiments, Xorls Voand X is 50 Insonie embodimentse Xwis Viand X
T worae eimbodiments, Xae e Aand Ko s R Insome eimbodivoents, X b A snid X 5 KL

Insome swmbodiments, Xieds A and Xop s K. In some smbodiments, Xocds Aand Xop i 03 In

soneeinbodiments, Xyvis A and Xais S Insome embadiments, Xie 5 A and Xoavds K

R

Tosome eivbodinents, Xag v R and Xay 18 K. Insome eraboduments, Xep 38R and Xo 500
T some entbodiveents, Xaog i8R and Xaois S, In sorge embodiments; oo is Rand Xais B

Tosome embodiments, X isK and Xa s K Tnsome embodiments, Xae e K and Xa1ds (.

TIrsome ambodinsrts, X s Kand X s 8. In some embodiments, Xoo 1 Koand X is B

s K.

s Roand Xt

In some embodiments, X Insome erbodiments, Nocis Kand |

Int somye embodiments; Xy 15 Q and Xaa 5 5 Insome erbodimients, Xy s Qand Xy s B

Tn soene emsbodiments, certain amine acids representsd by the consonsus sequence of SEQ

10 NO: 210 include the fhllowing:

In-some cmbodiments, X 5 Athc X s Vs and X8 Yo ke some smbodiments, X i Adb,
X is ¥, and Xy iy Ko T some embodiments, Xo is Adhy Xig 18 Voand Nae 8V 1o osome
embodiments, X fs Ak, X s V. and Xig is A In sone embodiments, Xs s Ath, Xio i 'V, and

18
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Ko ix R, o some embodiments, X s Adh, X s Voand X s Ko In some embodiments, 2

Alby X 18 V,oand X s K To some embodiments, Xo s Al X ds Vooand X s Q. lnosome

smbadiments, Xoix Alb, Xigts Voand Xay is & Insome embodinrents, X s Alh, Nie ts V. and
R w i
In sonme embodimenis; Xz is Adl X Y, and XN ds Ko Insome emboadiments, X is Alb,

Adb, X 18Y and 2

K iz Y, and NXgeis V, By some embodiments, Xo s A Tn some

embodiments, Xo s Adb, Xy is Y, and X is B Ty some embodintents, X 8 Adb, X i8 Y, and

Noeds Ko In some embodiments, Xoas Al Xois Yoand Xy s K In some srabodiments, o

Ath; Xy 18 Y, and Xpois Q. T some embodiments, Xz s At Xy 18 Y, and Xy is 8. In some

Coads Y, and X s

eothadiments, Xois Ath,

In xome embodiments, Xieds V, X s Y, and Xiw s K, Tn some embodinrents, X is V.
N s Y, and X ds V. In some embodiments, Ny ds V. N dx Y, and X is A In some
smbodiments, Xiois V, X 18 Y, and Xoo 18 R In some embodiments, X 18V, Xig is7Y, amd X

X

is K. In sonie enihodiments, Noo 38 V., Xie 1877, and X is K. In some embaodiments, Xppis V

Y, and Xy s Q. Insome embadiments, N s Vo Nogds Y, and Xy is 8. In some embodiments,
Xig iV, X Y, and X s B

In-dome embidiments, X 8 Y, Xa 18 Ky and Npo'ts Ve I somie embodioents, X )Y,

X 1v K, and XN I8 -A o some embodiments, X b Y, Xie 18 K, dnd X 18 R In some
erabodiments, Xyeds ¥, X i K, and X s K. In someembadiveenis, X is Y, X is Koand Xy
o ¥ O T some embodiments, Xis s Y, X

R

15 K. In some embadivnents, Nig s YoX s K, and
R and X

ln some ernbodiments, Xog Y, Xp s V) and Xo i Ko I some embodiments, X Y,

W, Iy some enttodinrents, X 8 Y, X 8 Koand i

e A, and Xap s K In some embodiments, X B Y, X i B, and Xas i K In some

>

sarhadinments, Xgis Y, Xow s Koand Xsvis K, In some embodinents, Xais ¥, X 8 K and X

sk

s 5. By some embodiments, X Y, X s K, and 3

I sotne efbidinents, X 18 K Xio 184, and Xoe 13 R. In'some embodintents, Xy i K
Kie s A, and Xy s K In some emboduments, X s Ko Xis iv A, and X is K. In some
srhodinments. Xisis K Xoeis A, and Xayis Q. In some embodiments, Xigis B, Xis s A, and Xa

i E.

5. By sonte embodimentsy, Xig s K, Njpds & and X

19
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I some embodinents, Xpeds ¥, Koo i8R, and Xy is Ko Iy some ambodiments, ¥ is ¥,

X i R, and Xy is Q0 Inosome ambodiments, Xiwoas V, X i B, and Xoe i 8 I some

smbodiments, Xowis ¥V, Koo is R, and Xag is B
I o enbadiments, X AL Xoo i Ry and Xapis Ko T xome smbodiments, Xie is &
Koo 18 R, and Xao is Q0 In some enbodiments, Xos s AL Noo 18 Booand Xa i85, Inosone
smbhodiments, N s A, Xoo 8 R, and Xowis E.
In some embodinments, Xaeis R, X is K, and Xy i 8. Tn some embodiments, Xas is R,
Nopas Koand Xas is B
In some embodiments, Xag 0 K Xy 18 K and Xog 1808, In some embodiments, Xy s K
K s K, and X i E,
In certain enbadiments, the present tnventinn provides an isolated polypeptide, comprising
the antine scid sequence of SEQ ID NO: 200

HMNXGOT N XoeXnS X EEX N XX

-

FIRGAWLK X GOGPXuSGAPPRS-
FOM/NH (SEQ D NG 200) or a phanmiaceutically seceptable salt thereof, whersing
Xz s A, Zaanuneisobutynig agid {Adby or G
Xy s Boor Nawethy] Gla;
KaigFar Yy
Xzig Sor T
Ry s caminopimelic acid (Dap), B, KUN, N-methyl Ser, QL 85,00y
Ny is D orE:
X 18 L L, Nomethyl Leu, or ¥
X B K Q, or s
WAl B K QR WearY;
Nt LB LEKLMOQOaY:
K iy 2 4-dianvinobutanoic acld (Daby, Dap, B, K. koor armithine (O
NpwE K ovlly
Kighs A, K .S or ¥
XA K, ar 'V
XwisE K, or R
Xy A B KL QoY:
Kosts AL AL, EL K, Q. S, o1 Y,
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N is B, BEORON, QL Soar Yoand

Kanis Dap, HE R o S

wheretn whens X is Dab, Dap, Ko k. oor Om, it s covalently bound o a lpoephilic
substituent, Sptionally via a spacis;

wherein when Xie 8 B, ad Jeastoosof X, Rz Xoss X, Koo ot Xy is seledied  be tysine
whergin the Iysine residue s covalently bound to a lipophilic substituent, optionally via a spacer
and

whergin the selated polypeptide opuonally further comprises two aming aeid residues
having side chains that are tovalently joined to form a bridping moiety.

In one embodiment, the isolated polypeptide {5 mol an analogee of exensmide,
HGEQTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPA-NH: (SEQ ID NO: 300), having
Kisor Ky govalestly boond to a tpoplalic substitient, optionally via a spager,

In-sonte ermibodments, Xy is Adb.

i some smbodiments, 1 8 then X is V.
In sente embodiments, X 18'Y.

Trisirae embodinents, is M, and Xig is K vevalently bound to a lipophilic substituent,

optiotally vid o spacer.

I sovae embodiments, Xs K covalentty bound to o lpophilie substituent, optionally via
2 SPECET.

Jat seinse embodiments, 7 X0 & Bothen Xor i K or B To some smbadments, if Xis s 8,
hen Xn s B I sonie sinbodiments, Xoe 88 10E, hen Xar 8 B

I sovae embodiments, the peptide Turthercomprises & Inetam beidge formed vig anamide
hond between the side chains of a lysing snd o glelamic scid al pesitions X and X, respectively,

Iresomss embodiments, Xo s AL Tnsone embodisents, X is.Adb, Dy some smbodimenis,
RESLHCE

It sonie embodiments, Xy s E: o sonte enbodiments, Xz is Nemathyl Glu.

Tn some embodiments, Xy is B, Insome enthodimeants, Xs i Y.
In some embodinments, Xois 8. I some embodimients, Xo is T,
Tn some smbodiments, Xi s Dape In Some cmbodiments, Xy i E Insonse embodinients,

X iy Ko Inosome embodimenits, Xo s N Inosome embodintents, Ny is Nemethy! Ser. In soune
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embodiments, Xy 58, In some embodinents; Xy 8 80 In some sbodiments, Xy 18 5. Inosome
enbodinrents, Xe iz Y.

Inisome embodiments, Xeis . Insome embodiments, Xeis B,

T sorne embadiments, Xw 8 L InSome smbodomsnts, X Lo In some envhodimenis,

w1 V.

X 18 Nemethy! Ley. in some smbodimeniy,
); ;

I some smbodiments, Xpig B In some embodiments. Nie ix K. In some embodiments,

+15 Q. Inosome embandiments, N is K,

lrgome eothodiments, Xy 1s Ath, Insonwsamnbodiments, Xz B b some embodiments,

Xz is Ko In somic smbodiments, Xi s (2 In some embodinents, X is 8 In some embodiments,

Kixis W I seme embodiments,

T some smbodiments, Xiads B, It some embodinrents, Xuris B Tn some smbodiments,

-

N iv L I someanbodinents, Xivis K. Tnsome smbodiments, X415 L. by sonie enthodimants,

e

Xy 1M In someembodiments, X 800 In some embodiments, Xy 8 Y,
In sonse embodiments, Xiris B In some entbodiments, Xy is K. Insome embodiments,

FREREN

Trt seinse enbadiments, Xuois &L To some smbodiments, X iz KL In sonie embodiients,

Aon 88 5 I some embodinrends, X s Y.

~

T somte embodiingnts, X 18 AL To gome embodinants; Xy i Ko Thosome embodiments,
Kinds V.
Jxi sante emboduments, Xoh s B In some entbodiments, X & K. I some embadiments,

}\‘3 i. i S

=

i

el

In somre embodiments, XapivAdb In sonwe smbodiments, Xo s B Insome embodiments,

X ks HL I some srobediments, Xo: s KL In somve embodinents 1w L Inosome embodinends,

X ds42 In soune embodiments, X s Y.L

Ifvsome embodiments, Xeis AL T some smbodimsnts Xuis Atk In sonie embodiments,

Xoz 18 E bosoms smbodiments, Xog 18 K I somie embodiments, Nag 180, T Sone ambodinments,

Niads B In seme embodiments, Xoy 15 Y,

[ some enthodiments, Xog s D Brsome ssobodimensts, Xaw s B, Insome smbodiments,

g ds Ko I some enbodiments: X ds No I stme snsbodiments, X is Q. In some-embodiments,

Y

Xop 18 S I some smbodiments;

3
3
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In some smbodiments, Xois Do I some embodiments, X is H. vsome smbodinents,
(R

Niviv K. In some embedinents, Xar is B I some embodimenis, X

In seme eobodiments, carbony termmal andne-aod, Lo Swe 8 Be(NHi  Inosome
embodimenty, carboxy termimal aning sold sy i -Sse-((H),

I some embodinients, X ds Dabe Dap, K, or O covalently bound to & lipophitic
substilyent, optionally via g spacer. In some embodiments, Xz is Dab, covalently bound 1o a

tipophilic substituent, optionally via & spacer, Insome ambedinents, Xis is Dap, covaleotly hound

A Hpophilie substituent, optionslly via 2 spacer. In some entbodiments, Xig 18 K, covalently

bound & a lipophilic substient, optichally viz a spacer. In some embodiments, Xiy s k,

covalently bound o a Hipophilic substituent, optionaily via s spacer. Tnsome embodinents, |
Cren, covalently bound foa Hpophilic substitueni, aptionally via a spacer,

I some emboditents, Xigis B, and at least one of X Xov, X, Xiws Mo, or Xap is selected
to be Tysting wheretn the Lysing residus iy covalently bound 19 a Hpophilit substituent, n;)‘;}iimmﬂy

a5 Lysine whetein the lysine residug is

via g &pacer.  In soime embodiments, X s B, and]
covalently bound toa lipephilic substituent, aptionally viaa spacer, In some emhodiments, X is
Eyoand Xoo 1w lystme whesein the bysine residue s covidently bound o » Upoplitic substituent,
optivnally via a spacer.  In sowe embodiments, X 78 T and Xje iy lysine whergin the Tysine
vesidug ix dovilently bound 1o o Hpophalic substituent, optionally via a spacer. Tn some
erabodiments, Xie is B, and X is lysing wherein the lysine regidue is covalently bound 0 a
lipophilic sabstituent, optionally via wspacer: In sone entbiodiments, Xie i B, and Xao 88 bysing

sehersin the lystne readud 18 covalently bound o a hpophilic substtiuent, optivomally viaa spaces,

o some srabodiments, X i Boand Xar e lysine wherein the lysine residue s covalently bound
isra Hipophitic substituend, oplionally via a spacer.

Isonse srhodinrats, the isolated polvpeptide forther comprises two siobimo acid residies
having side chaiss that are covalently joined 16 formia bridging tdety.  In some embodiments,
th isolated polypepiide optionally Goiber comprises two aming soid residues, wherehy one s

Tysine {K) and the other is glutamic acid (), and wherein the amine~coniaining sidechain ol lvsine

and the carhoxy-containing sidechain ol glutamic acid are covalently joined, with loss ol water, tu
form a factam bridging trotedy. Invsome smbodiments, the botan bridging moisty s foeivad via

covalent bonds between side chaing of a fysine (K) and @ gletamic seid (B} residues &t positions

:\Ti[j:‘ and X iy

respectivelyvy at positipns Ny and Xy, respectively: st positions Xy and

23
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respectivalys at postiions: Xos and Xau respectivelys ol positions: Xoe and X, respectively; at

positions Xoa aod Nap, tespectively: or ab positions Xiv and i, respectively.  In some

embodiments, the lactany beidging moiety is Jormed betwsen side chains of a lysing ¢K) and &

alutamic sebd (B residues af positions Xy and X, respeetively. Inusome embodiments, the ladtan

bridueingnoiety & formed betwerny side chaios of s tysine (Kiand s ghutbmis deid €8y residuss at

positions X and X, respectively, In some embodiments, the lactany bridping molety is oxmed

belween side chains of a lysing {K} and a glutamic acid {E) residues at positions Xap and Nog,
respectively, Tnsome embediments, the lactam bridging motety is formed betwoeen side chaing of

o lysing (K} and & ghifamic acid (B} readues at posiions Xy and Xy, roshectively, In sonie

embadiments, the lactam brideing moisty s Tormed between side chains of a Tysine (K) and'a
phitansic acid {E) residuss st posilions Xspand X, respectively, In some ombediments, the laclam

bridging motdlyis formied bepween stde chains of o bysing (K and & glutannc acid (Byrevidues i

positions N and X, respectively. T some embodiments, the lactany bridging mtety is Tormed

covalent honds between side chaing of a ysine (K and & glutamic acid (EY residues at positions

Kz and Xig, respeetively,

simue embodiments o whent K iy seleeted atposition Xe, Xob s X Xowe X X, Xsd,
s Ko X

optionadly via & gpacer.

or¥

5 it represents Tysine opticnally covalently hound to a Bpophilic substitaent

In sere enthodiments, when K is selected al position X, Xvn Xog X, Xie, o Nog, it
represents lysine aptionally covatently bownd to a Kpophilic substituent, optionally via @ spacer.

[ same embodiments, only the residue at Xy way by covatently bound tora hipophilic
suhgtiluent, optionally via sospader

Tocertainembodiments, the prosent tnvention provides an isolated polypeptide, comprising
the amine acid sequence of SEQ ID Ny 201 or & pharmaceutically: scceprable salt thereaf,
sohigreiin

KGR XX a8 X N Y EX N X e XXy

s FIX WEK X G P X SGAPPPS.

{OHIH Y (SEQ ID NCE: 208 Y or a pharmaceutically aceepiable salt theveof, wherein:

Nida A, 2-aminoisobutyrie acid (A ov Gy
Xy is E or N-methyl Ghs

NgiaFaor ¥,

XyisSorT;
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Xpis daminopimelic actd (Dap) B, K No Namethy] Ser 88000y
Ke s Dor Ly

Xopis L, Nemethy) Leu, or Ve

Kivas B KL, o §;

Xiads Adby B, KO0 S Woar Y

Xie s K eovalentdy hound to a lipephilic substituent, optionally via & spacer;
X E K ordy

KA KS e Y,

Kisis A Koor Vg

Xog wE, K, or R;

Xaris Adk, B H K L Quor Y;

Kopis A, Alh, B K, QU8 or Y

Xog i DL E K N, QLS or Y and

sDhap, MUK R o1 §;
wherein the peptide eptionally further coniprises a laclam bridge formed vig an amide hond

between the sidechaing of & vsine and a ghdamis acid &t positions Xerand X, vespectively; st

poditives Xy and Xy, respectivelyy st postiicns X abd respatiivelyr &l positions Xas and

X, réspeatively; at positions Xapand Xag, respectively; ovat positions Ny andd X réspectively.

To some emibodiments, X 15 Adb.

Frisontie embodinents, TR w1 S thea Xas V.

lo-some enthadiments, the peptide Turther comprises a lactam bridge formed viean antide

bowgl between the side chabw oFa lesive and v glutaroie acidat positions Xey and Xog, respectively:
To-some embodiments, Xois A Inesomeembodiments, Xeis A, Insome embodiments,
Xads 4.

To-some erbodiments, X 18 B I fome embodiments, Xi i N-methyt Glu.

I somie ambodiments, X,

618 F. Insonte embodiments, Xeis Y.

In.some embodiments, Xr 15X, I some embodimanls, Xq s T.

In sopts ermbodiments, X 8 Dap. In some embodiments, XNy 8 B Tnosone smbodiivents,
K is Ko Inoseme smbodisents. Xy iy N fnsome embodiments, X is Nenethsd Ser. Tn somse
sinhodinents, Ny 156 In some embodimenty, X 88 S0 In some-embodiments, X is s In soue

embodiments, Xz i3 Y.

A
i
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In somia embodimenis, Xois D0 Insonwe embodiments, Xows B
Tosome-cinbocdisnents, Xigds L Inrsome gmbodiments; X s Lo by some embodingiits,

5V,

Xy ts Nemethyd Ley. In sooe smbodiments, X
o soove smbediments, Xois B o sorne enxbediiments, Nz i K I soms envbodiments,
Xz is ), Tosome enibodiments, Nz i8 8,
T some cmbodiments, Xpis At In some cinbodiments, Xz v E. Ty some embodhments,
Kiv 3K, In some embodinents, Xag is (0 In some cmbodiments, Xy is 8. In seme embodinments,
Noppds WL In sonie smbodimaits, X w'Y,
In some embodiments, XiyisE: Th some embodimants, X s Ko T somis ‘embodimiants,

In some smbodimenis, X ds A, In some embodiments, Xoeis K. In some smbodimants,

Kigis 8 Tnsome embodinments, XY,
In some embadimens, X 18 As Io some embodiments, X s K. 18 some embodinients,

Kz V.

In xome embodiments; Xugds B Tn some smbodiments, Xaw 5K, In some embodinignts,

I sone erbodiments, XA Insomeembaditdenis, Xy is B In sonie smbodimets,

Xz i H hvsome embodingéas, X 8 K In some embodiments, Xy &8 Lo I some gimbodiments,

¥ is Q. In some ewmbodiments, Xaiis Y.

Jyi senne embodintents, X s AL In someenbodiments, X is-AdL, T some emboadiments,

Na B Iosome snthodimenis, Yo 15 Ko dnvsome exabodumends, Xa 18 €. In sonie envibodiments,

X 1S o some embodiments, X de Y.
To some embodiments, Xayis 10 Iy somecmbodiments, Xogis B, Tn some-emmbodiments,

Koy is K. Tn some soabodiments, Xog is W Insone embodiments, Xo 18 0 D some smbodimants,

8. In s embodinents, Xoe Y.
Tni somie enthodinyesits, X is Pap. T somie emaboditients, Xy s H by sowmie smbodinents,

s R I soime enthodimends, Yo s 8.

Mg K. In seme embodiments, X
In soms smbodivients, carboxy feomingl samine add, fe Sw, 8-S (N Tn some
embodunents, carboxy terminal aming soid Sae 38 ~Sae-{CHI}
I sose embiddiments, the tsolated peptids furlher comprises o factan bridge formed via
an amide bond betwesn the stde chaing of a lysine andsa glatamic acid st positions Xy and Xy,

ey
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respectively: In some embodinents, the isolated peptide Turther comprises a Jactam bridge formed

visgsnamide honsd between the side chaing of @ lysine anda ghutamic seid at positions Xy and X,
respectively. [nsomse smbodinrents, the iselated peptide Turther comprises a lsctaoy beidge formed
viaan ainiide bond betwien the side chadns of @ lysine and o glutanne avid at positions Xa and Xeg,
respettively, In some smbodinenis, the iselated peptide Turther comprises 4 actam bridge forined
via an amide bond between the side chains ofa lysine anda glutamic acid at positions Xug and Xu,
respectively, Tn some smbodinients, the isolated peptide further comprises a lactam bridge formad
v an anide boid between the'side chains of a lysine and a glutanie acid at positions Xag and Xa,
respecttvelys Tnosonie smbedimants, the dsolated pepiide Turther comprisés a lactim bridge formed
via ananiide bond between the side chains of'a Iyvsine and g glutamic acid af positions Xy and X,
respectively,

Ini semve embadiments, whin K is selected at position Ny, Xiz, Xy, Xon, Xois, Xia, Xow, X,

Xog, Xag, or N,

i represents lysihe optivnally covalently bound (0 a lipophilic substituent,

aptionally via a spacer,

In some embadimenis, when K is selected at position Xin NXg, Nugy o Xy, i veprosents
tysine optionally covalently bound to s lipophilic sehstituent, optionally via s spaver.

I some embodiments, only the residue at X 18 covalently bound 16 & hpophitie
substiient, optionally vid aospader:

Tosome ewbodiments, cortatn aming acids represented by the consensus sequence ol SEQ
TR WO 200 0o SEO D NO: 201 inclade the foltowing:

In-some erubodiments, Xiia Adb and X 3 V. Insome embodiments, Xoiw-dbad X 8

Y. some embodiments, Ko 18 A and X is Kocovalently hound o a lipophilie substituent,

oplioratly via a spacer. Iy some embodiveents, Xz is At and X s V. In soroe embodiments, X

is R. In some embodiments, Xs is

o

a AT and Mo s K Insomie smbodimentss Xe oAb

:

and Nag is € Inssome entbodinents, No is Al and Xeq 1 S0 In sonweerbodiments, X is Adly angd

}{;‘:"&_ i"S f

In soms smbodinents, s Voand Xiaia Y, Insome smbodimenis, X ds Voand Xje s K
covalemly bound 0 a lipophilic substituent, opticnally viaa specer. In some smbodinmenis, Xigis
Voand X is V. n somgsmbodiments, Xig 18 Vo and Xoeds A Insoms embodiments, X 18 Voangd
oo b R In some smbodiments: Xio s Voand Xeo is K. In some embodiments, X is Vand R s

4
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K. In someembodinients, Xy s Vand Xy is83 by soime erabodiments; Xio s V and Kag 8 8 In
s Voand X

Gl Y

v

sume ginbodimants, X pis B,

Tnv somie enabudiments, and Xis is K covalently bowod o o lipophilic sulsstituent,

aptinnally via @ spacer. It sonigembodiments, Xeods Y and Xieds V. It some embodiments, Xia
Y od Xoe 1804 In some srobodiments; Xy 8 Y and Xpp s R, In some embodinents, X iy

and X

s K. Ty some embodiments, NXig is Y and Xop 3 K In some eosbodiments, X 18 Y and
Ko 1s Q. Insomp embodiments, Xiois7Y and Xog 8 8. In some embodiments, Xig s Vand Xy ds
E.

Inssonie emboditients, Xig 18 K covalenily bound 0.2 Hpophilic substituent, optionally via
: 3 Ly } 3

aspacer, and X iV, In sonie embodiments, Xigds K covalently bound 1ooa Hpophilic substituent,

optionally via a spacer, and Xig 15 A, Tn some embodiments, Xis is K covalently bound (o a
lipophilic substituent, eptionally via & spacer; and Xao 18 R. In some embodinents, X is K
covalenily bound to & hipophilic substituast, optionally via @ spacer, amd Xae 18 Kb Th some
emhodiments, X ds K covalently bound 1o a lipophilic substituent, optivnally via a spacer, and
Ko ts K, Insome cmbodiments, X is K covalently hound to a lipophilic substituent, optinnally

via oy spaeer, and Xaoig Q. le some embodimenss, X & K covaleatly bound 1o o Hpophilic

subititnent, aptiondly vigspiter, and Xacie 8 Iy some stnbodinents, X B K Sovalenily hoand

o & tpophatic substituent, optionally visoa spacer, and Xag i B
T some embodirends, X e Voand Xonts B losome emboditmends, Xo sV and Xap i K.

I sense smbediments, X ts Voand Xa is K. B seme embodiments, Xio i Voand Xa 18Qu I

some enthodiments, X s Voand X 18 80 In somes embodinents, Xwis Viand X

I sonre embodiments, X e A and K is R Insome embodivoenis, X v Aand Xa s Ko

In some embodiments, X A and Xop s K. In some grobodiments, Xoets A and Xop s QL In

)

some eirhodiments, Xivis-A and Xuads 5 Insome cmbodiiments, X 5.4 and Nowda B,

Xop 18 K Toosomie emibodimrents, Xei i8R and D

Tt soniye’ ambodinents, X 1S R and X 38 S, e somie smmbodiments, Xoo 18R apd Xoe 8 Es
o 18 K oand Xy ds 63,

R and

s
i

Insome embddintents, X

Tn some embodiments, Xoofs K and X 15 B In some embodiments, X

Trsome enthodiments, Xagds K and Xy s 8. In some ombodiments, X ts K and Xogis B Insome

embodiments, X i K, Koy is E, and the peptide comprises o lactant bridge fosmied via anamide
bond hatween the side chains of Xop and Xow
In some embodiments, X i Koaad Xsgs 8, In some embodiments, Xo iy Koand Xy s E,
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In somie embodimaents, Xavis Q aaid Xae ix 8 Insome embodimants, Xay s Q aml N E.

Tn-some ervbodivrents, certain aming acids repressuted by the consensus sequence of
SEQ I NO: 200 or SEQ 1D NO: 201 inclusde the following:

Insome ewbodiments, NrigAlh, X ds Vo and Xia i Y. In some sinbodimenls, NeisAub,

L iV, and Xy ix K covalentiv bound lo-a Hipophilic substituent, optionally vid 4 spacet. 1 some

embodiments, Ny s Adh, Nig 10V and Xt Vo In some enthodimenits, X is A, Xp iV and

Kieas A Insome embodiments, Xats Adh, X 8V, and Nawis B, In some embodiments, Xy s

Adhi, Xoo 18 ¥, and X 15 K In some embodinents, X A Xapas Ve and X 18 KL Insome

smbodiments, Xz 8 Aab, Xie ds Vooand Xay i5Q0 Tn some embodimients, Xy is Ab, Nig is 'V, and

54185, T some embodiments, Xos Adh, X ls V, and Xos is E

In some embodinents, Xz is Alh, Xia &8 Y, and Xy s K covalently bound 1o a lipophilic
substituent, optionally via 3 spacer. In some embodiments, X is Alb, Xopis Y, and Xwis V. In
some enthodiments, Xo i Adh, X 87, and X s Al In some einhodiments, X s Adby Xy Y,

and X

o8 R Inosome embodiments, Xaisadh, Xe 377, and Xewe 18 K. Insome-embodimenis, X;

5 Adh, Xpads Y, and X KL Inosonre embodiments, No s Atb, Xig i Y, and Xa: t5Q Tnsome
enthodiments, Xeds Ath, Xigde Y, and Xa s 800 sone eobidlimmends, Xs v &db, Xiaie Y, sl
R

I some embodimentss X BV, X i Y, and Xasas K oeovalently boand 1y a Hpophitie

substiteent, oplionally via @ spacer. Insome embodiments, X sV, X is Yoand Xwls Vo in

sone erubodiments, X is Vo X s ¥.oand Xie is AL Insomie embodiments, Xw s V, X is Y,

18 Y, and 15 K. I somie ssnbodiments, X

1V, N v Y, and Xo i KL In some embodiments, X 38V, X 5 Y, sned X s Q. hnosoine

erabodiments, X ds V. Nig sV cand Xa i, In some embodiments, Nigds V., X s Y, and Xw

s E

In Sdite embodiments; X Y Nis 15 Kocovalently bound to a Hpophihit subsuitugng,

optionally vig g spacer; and Xg 18 V. I some enibodiments, Mg 18 Y0 Xie 15 B covalently bound

1o & Hpophilie substinent, optionally viga spaceryand Xoe s A& In some embodiments, Xy is Y

Xigis K eovalentiybownd toa lipaphilie sobstituent, optionally via a spacer; and X 8 R Insome

embodiments, Xis 18 Y] Nig s K covaleutly boand 10 & lipophilic substituent, optionslly via a
spacer; and Xog 18 K. T some embodiments, My is Y X v K covalently bownd fo a lipophitic

substituent, sptiendlly via 3 spacen; and Xu is K. In sime embodimenis, X s ¥ X s K
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covalently Bound to & Bipophilic substifuent, optionally via g spacery and Xy s €, In some
emhodiments, X is Y Nig s K covalenlly bound 1o a fipephilic substituent, optonsily via a
spager; sud Ko ts S By some embodivents, Xig is Y7 N is Kocovalently boand io a fipophiiic
substituent; Sptiohally via a spacer; sd Xas iy B

In sonte embodiments, X i8Y, Xoe i3V, and Xoy 15K, In some embodimeants, X 58X,

N is A, and Xy ds K. In some embodiments, X i8 Y, Xow 18 R, and Xoy &5 K. In some

embodiments, Xueds Y, X i KL and X5 s K, In some embodiments, XadsY, No: s KLand Xa

is 8. hnsome embodiments, Xia s Y, Xop s Ko oand Xy w B
In some embodinients, Xy 18 K covalently bound t0.a lipophilie substituent, aptionally via

s Aramd X

vis R T some embodiments, X 18 K covalently bound to s lipophilie

substitiwent, optinnally vix a spacer; X ix A; and Xug is K. In xome embosdiments, X s K
covalently Bound fo g lipophilic substituent, optionally via wapdoer;, X s Ay snd Xy s K In

some embadiments, Xie i K covalently bound to a lipoplulic substituent, optionatly via aspacer;

v Avand Xa i Q. In some embodiments. Xre i K covalently bownd 10 & lipophilic substitsent,
opiionally via a spager; Xie is Ay and Xoa 15 S, Insome ombediments, X 6 K covalently hound
t a Hpophitic substituent, optienally vina spacer; X is A aod Xois B

35 R ard X

X 18 Ryoand Xop 18 Q) In sowe srobodiments, Npe vV, X 8 Rosnd Ny 878 T some

To-dome smbodiments: X 8 ¥, 1K Tn somie gimbbdiments, X Y,

erabodiments, Nyoda V, Xap is R, and Na fs B

T soive spabodiments, X A Xav s R, and X s KL Bvgeine smboadintents, Xl A,

B8 T sonis

e B R, and My 8 Q0 Inosome embadivadnts, Xjp is &, X i Ryoand Xy

enthodiments, X A Xw R adXu s B

s K, and X s & Tn seme enabodiments, Xa s B,

Ta some embodiments, N is B, Xy
P ke and X s B

In sone enbodimenty,

18 K and Xag e 8. o somie embodiments, Xag 18 |

¥

Xy 1 K and Xoe 35 EoIn somse einbadiments, Xop 8K, Nop 18 KL Xy 19 Erand the pepiide coniprises
alactam bridge formed via anamide bond betweenihe side chains of X and X,

In'certain embodiments. the present invention provides an tsolated polypeptide, compristig
the s weid Seguence of SEQHD NO: 202

HAGCEOTFTX X oM oS X O BN XXX Xe

*

OGPXuSTAPPRS-

K FIXWLK
{OH/NH (SEQ ID NCE: 2023 or a pharmacestically acceptable salt thereof, wherein:

3
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Ko s T-amimossobutyrie acid (Al or G;
Koty Nor§;

Xyisfdor B

Kiwis L Loor Vi

N Eorks

XuisMory,

Nigas Dap, B ar K

Xipts BorK;

Xigis Aary;

X is A o'V,

Nwis B K, or R

Xu i E K, Lor Qs

K is B, K, or§;

N iwHor$;

§ E, K, N, or €} and

whereln when Xis s Dapor KAt fvcevalendy hound foraipophilio sehstifuent, optionally

whiti spacer;

whergin when X

w18 B at feast ong0f Xz, KXoy, of Ko s selected 1o be oding wherein the
Iysing residue ts covalenily bound to a lpophilic substitient, optionally via « spacer; and

wharetn the peptide optionally furtheycomprises & laetam bridge formed via ap anude bond

hetween the side chaing of & {ysine and w glutarnic acid Al positions Xy and X, respectively; ot

>

positions Xy and Xig, respectivelys ot posifions Xy and Xag, respectively) at positions Xoy snd

X, respectively: a8l posttions Xeo and X, respeclively; at positions N and Xop, respectively;or

at pessitions Ny and N, vespestively.

In-some embodiments, Xe 18 Alb.

In sonie embodinments, ¥ X 8, they Xpis V.

Tn some emibodiments, X is'Y.

Insome smbodiments, Xog is M, and Xig s K covalently bound toa lipophilic substituent,
optionally vid  spacer.

Iy some smbodinents, Xos s Keovalently bound fo o lipophilic substitnent, oplionaily via

a spacer.
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Trvsome embodiments, i Xpgis B othen Xais Koo B In some-sobodiments, it Xes B,

Then Xy w K. In some ewbodimends, 37 X 18 B then Xo s B
Insome embodiments, the peptide Turther comprises a lactam bridge formed viz an amide
bond between the stde chains of & lysihe and o ghatamie stud at positions Xaoand X, respectively.

In somie embodiments, Xz s Aib. Inosome embodiments, Xois G

I serme embodinents, Xe is N, Tn some eatbodiments, Ny 18 8,

In sonre embodiments, Xa s I3, Tn some embodiments, Xeis E.

I some embodiments, X is L Tvsome embodiments, N as L. In sonie envhodiments,
X 1s Y,

Tr sonre embodinments, X i B Iy some smbodiments, X s K.

In some ambodiments, Xais M. [n some smbodiments, X is Y,

In sonie smbodiients, X is Dap covalontly bound to a lpophilic substituent; optionally

via o gpacers  In some smbodiments, Xy 18 K vovalenily bound 10 & Hpophilie substitnent,

optionally via g spacer.  [n some enybodiments, Xie 1s B, and at least one of Xz Xow or Xap Is
selected to be Wysine whersin the fysine restdue s covalenily bowund 1o & hipophilic substituent,
optionally via a spacer.

In-some erbodiments, X718 B In some embodiments, Ny K.

L some embodinents, Xog ik AL Tngome embodiments, X v Y.

To some emibodiments, Xie 154, Insome embadieents, N is 'V,

s K,

Jxt sonie erabodiments, Xao is B, In sonwe entbodiments, X sone embodiments,

=

-

In some emboditoehis, X is T Insome embodiments, Xy s KL Inosoime eimbodimenis,
X s L Insome embadiments, Xn Q.

I somsembodimenits, Xoeds E Inssonte smbodinmats, Xa s K. In some smbodimnents,

AT L

I seune embodinients, Xoa i3 B Inssome smbodiments, Xog 8 K Invsomie embodintents,

MNowis M. In some embodiments, Xos is 03,

Iisomes embodiments, X s H In some smbodiments, Xa

In sonwcembodiments, carboxy termival anitno agid, Lo Syo i -Sa-{NH2 ) Iniome sembiodinents,

carhox ¥ terminal amino geid Sse 18 8ue-{OH)

ad
3
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Inosome emboditoents, the tsolated peptide further comprises a factam bridge formed via

an amide hond between the side chalns ol a Jysing and a glatamic acld at positions |
respectively. Insoms smbodineents, the iselated peptide Tusther comprises a lsctany beidge formed
viaan aniide bond betwien the side chadns of & lysineand a glatane asid at positions Xy and X,
respectively: Insome embodinments, the isolated peptide further comprises a lactam bridge fonmead

cand Xog,

via anamide bond between the side chains of g Iysine and glutamic acid at positions X

respectively, Tn some smbodinients, thedsolated peptide further comprises a lactam beidge formad
vaa an amide bond betweten the side chatis of a lvsiise and a glutiunic aeid at positions Xap and X,

respecttvely, Tnsome smbodinmants, the iselatod peptide Turther comprisés a lactim bridge formed

L445

via ananiide bowd between the side chains of'a Tysine and g glutamic acid at positions Xy and X,
respectively, Tn some embodintents, the isolated peptide further comprises a lactam bridge formes

aiand X,

waa an amide bond between theside chains of a lysineand a glutunie acid at positions
respecttvely, Tnsome smbodimeants, the isolated pepiide Turther comprises a lactam bridge formed
via an amide bond between the side chains of s Iysine and a glutamic acid af positions Xz and Xig,
respectively, In someembodintents, the isolated peptide further conprises a lactam bridge formed
via an antide bord hetween theside chaims of a lysine and a ghutanic acid at positions Xis and Xz,
respectively,

¥

In some embodiments, when K f6gélected at posation X, Xy X X

Mo OF Mo, 8

represents lysing optismally covalently bosnd 1o 8 Hipephitic substituent, optionally via a spager,

Ixtsomie smbodiments, when K ks selested at position Xis, Xon, or Xy, itrepresents lysine

optivnadly covidenily bound to & lipophilic substiivent, optionally vir & spager.

I some embodinents, ondy the residue at X may be-eovalently hoand toa lipophalic
substituent; optionally viwaspacer,

I certain entbodiments, the present wvention prosddes aniselated polypeptide, comprising
e mino doid sequenies of SEQ TD NOw 2435:
HXNEBOTFTX s XoX S X OV EX XXX

Cop X FI G WLK X GORPNX R SGAPPPS-{OH N
{SECID NEY: 203) ora pharmaceulivally acceptable salt thereel, whersing

Xsds Jeaminoisobuiyric acid LAY or Gy

Keis M ar§:

NowwDorE;

XwisL L orV,

Tid
a3
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X Eork;

Kiwis K oorvalently houwnd to 8 lipophilic sehstituent, optivnaliy via a spacer;
N Borks

KwisAory;

XNpbsAorV:

XKoo E, K, or K

N BV R, Lyor

KunE K ory

Nowis BUKON orQpand

wivHors;

cach K wdependently ropresents lysine optionally covalently bound to & lipophilic
substituent, nptionally via wispacer;

whigrein the peptide aptionally further comprises a luctam bridge formed viwdnamide hond

between the side chains of & ysine and a ghilanic acid at positions N7 and Xy, respectivelyy at

positions Xy and Xy, respectively; al positions Xz and N, respectively; al positions X and

Xip, respectively

At positions Xaeand Xag, mespe

118 Aib.

g1y or al posiizons Xae and X, respectively,

In-some erbodimenis, X

T sovae embodiments, X 188, thea Xwis V.
In some gmbodiments, the peplide coruprises a laetary bridge formed via an araide hond
between the side chains of g {ysine and & glutamic acid at positions X and Xaq, vespectively.

In-some ernbodimesnts, X

vis-ATh, Insome emibodiments, Xy is (&

e sovae embodiments, Xe g N, In some emabodiments, XS

To-some embodiments, Xe 15 1. Insomeombadiments, Xels B

In soivie smbodiments, X i 1 Tnosome embodiments, X s L. By some smbodimenty,
Hn BV

Iy semze embodiments, Xz s B I some embodiments, Xp KL

In.some embodiments, Niv i E. In soms embodiments, Xy is K.

Insosse embodiments, Xogis AL Insome smbodiants, Xuwis Y.
In.some ebodiments, Xieis A, Tnsome smbodimenis, Xwis V.
In some embodiments; Xog 18 B I some soabadiments, X is K, Inssome embodiments,

X:u s R
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In some emboditoents, X ix B In some embodiments, Xy v K. In some ambodiments;
Xy Ly Tnsome enbodiments, X Q.

Tn some embodiments, X ix B Inosome embodiments, Mo s Ko Inosome embodimeants,

In some embodiments, Xay ix B In some embodiments, Xae 5 Ko In some smbodinents,

In seme embodiments, X3 s B n sonweemboadinents, Xo ig'S,

5 M. In some embodiments, X

Ini sonie embodinisits, carboxy tenmval aming acid; 7.8 Sse, W ~Nae{NHz) In sonie

smbodiments, carboxy iorminal aming 82id §se 16 -8-(OH).

In gonte embodiments, the dsalated peptide further comprises a lagtam biidae Tormed via
an amide bond between the side chains of a fysine mnd a plutamic acid at positinns Xo; and Xy,
respectively. Inseme smbodiments, e isolated peptide furtliey comprises & lictam bridpe foimed
via an amide bond between the side chaing of a lysine and # glutamic acid at posiitons Xy and Xoy,
respectively, Insome embsdiments, the isolated peptide Turther comprises a lactam bridge formed
yig.an anide bond between the side chains of 8 lysine and 8 plwtamicacid at positions Nos and Ny,
respectively. In some embaodinents, the isohaed peptide Turiber comprises a lactam bridge formed
Vi an amide bond betwaen the side chatns ol Iysine and & gluramic acil arpositions Xog and Xa,
vespactively. In sovie smbadiroends, the isolsted peptide Turther domprises o lactam bridge formaed
via anamide hond between the side chains of 8 lysingand 8 glutamic scid s posidions X and Xag,

respectively. In some embodinents, the isolated peptide lurther comprises a haciam bridge lormed

via dn amide hond between the side chatns of & lysine and & glutamic acid st positions Xag snd Xap,

respectively.

In spmie embodiments, when K is selected al position Xy, Xor Xoe, Xo Ko, or Xaa it

represents ysing optionally covalently Sound to a Hpophilic substituent, optiviaily via a spacer,

o OF Xz, 1 reprosents tusiae

In some enthodinents, when K is selocted at position Xz X
optionally covaiently bound to & hpophilic sabstituent, optiomally via a spacer.

T some embodiments, osly the residue ai Xy 15 covalemtly bound to a lipophilic
substituent, optionally vig e spacer:

In some embodiments, certan amine aoids represented by the consensus sequence of SEQ

TEY WO 202 0r SEQ T NO 203 mclude the fllowing:

ad
i
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Voand Xiwis V. Iy some smbadiments;, Xip is V aid Xie i3 AL T somie embodinwents,

optionally via a spager, bysomecmbadiment

AR

Spadier; an
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Insonte smbodiments, Xois Ath aud Xpp 5 V. In some smbodiments, Xois Adband X is
Y. o some embodiments, Xo i Alh and Xip s K covalenlly hound to 4 Hpophilic substitent,

aptionallyvia a spacer. In some enrbodiments; Nt i3 Atb and Xwis V. Iy semeambodiments, X

A and Xis I8 AL Inostane ambodinsits, Xy is Ao and Xogis R o sonie embodiments, Xo i
A

Al and Xy ix

ihand Xy s Ko Insome enbodiments, Xy s Alb

Adband

Adband Xep is K nsome embodinents, X2 §&

is 03, Insome embodiments, Xi 15 S: Insome embodinients,

Tigome eohodiments, X is Vand X3 Y. In some embodunents, Np s Vand Xis 5 K

covalently baund © a lipophilic substituent, aptionally via a spacer. In some embodiments, Xy is

1638V and

Xaais R, In some embodimenis, Xiois Vand N i3 K. In some embodiments, Xaa is Vand Xa is

K. Insome entbodiments, X is Voand Xy 18 Q. In some smbodiments, Xipts V and Xoais 8. In

some ehthadiments, Xt Vand X is B

s is Y and Xag ds K covalently bownd ie & Lipophilic substituent,
%

i Y and Xiois AL Dosonie einbodiotents, Xia 18 Y and Xsg ts R I someembodimenss, Xais Y

In-some smbodiments, §

wis Y and Xiais V) In someembodiments, Xy

o Xoapis Ko T some craboditnents, X 18 Y and Xa 8 Ko In somsembodiments, Xgis Y oand

Xy i Q. In sorie embodinments, X1z Y and X 188, o some embodiments, X s Y dnd

Irvsome embodiments, Xix s K covalently bound to a lipophilic sebstitusnt, optionally vis

d X ds V. Incsome ebodiments, Xt K covilently bouwad to a fipophibic substituent,
optionally vie & spacer, and R 5 AL In some embodiments, X s K covalently bound o &
s K

covalently bound to a lipophilic substifuent, optiorally via a spacer, and X iz K. In some

ipophalie substituent, optionally vis a spaeor; and X v R, Toosome embodiments, X

erobodiments, Xiste K covalently hoond 16 & hpophalit subsutuehl, oplionally v a spader, and

Xy 1 Ko In some embodintents, X is K covalently Bound to a Hipoghilic substtuent, optivaally
via & spacer, and Xy is . In some embodiments, X s K covalently bound to o lipophilic
substitient, optionally via a spager, aid Xogds 8. bs some embodiments, Xjg s K covalently bound

visEd

toya Hipephitic substituent, optionally via a spacer, and Xa

36
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Insome embodinmenis, Ng s Vand X s R Insoroe embodinenis, X 8V and X is K.

I some ebodiments, X s Viand Mo v K. I some embodimends, Xocls Viand Xa) 5800 dn

some envbodiments, Xovis Vand Xaois 8 1o some emboditoents, Xie v’V and Nagis B
I xome erobindiments, Xie ta A amd Xao is B o xome enobodliments, Xie A anl Koo s K.
G s QU In

g1 A and X ix SoIhsome embodiments, Xio'ls Aand Xa s E

I some embodinents, Xo s A and X 15 K I some smbodinents, X is A and

some sinbodiments, 3
In some embodimants, Xagis R and Xy 1x K, Insome embodiments, Xag s R and X 5 Q.
T xome embithiments, Xoo s R and X is 8 husome embadinients, Xoods R and Xop1s E

is K oand Xz 15 Q.

Insome embodiments, Xy s K and Xa iz K. Insome embodiments, X

In some embodiments, Xoe 15 K and X s 8. In some emabodiments, s Koand N dx B hsome
embodiments, Xapis K, Noy is B, and the peptide comprises a lactam bridge formed via an amide
bond between the side chains-of Xao aned Xaa:

I some embodimenty, Xay is Kognd Xag 10 S: In some embodments, Xy s K and Xa' s B

cisQand X is B,

T some anbodiments, i Qand Xae is 8. In some émbodinients,

In sonre smbodiments, cortam aming acids represented by the conscnsus sequence ol SEQ
IDNO: 203 or SEQ D NO: 203 include the following

In some erabodiments, Xois &b, Xio e Vo and X 18 Y o some entbadiments, Xa 18 Aiby
s ¥, and Xiyg is K covilently bound by o tipophilic substitnent Optionally vig g spacer. [Hsome
erabodiments, XAk, Xeis VL and Ko i V. Inosomie srabodiments, Wi ts Adb, Xiads V, and
Xipgdw A, b some srbodimends, X s Adh-Xie i V,oand 3o 18 Re Tn somierenbodiments, Xq s
X Adbe Xio b8 V,oand Xa

embodiments, Xg i Al X i.‘s Voamd oy s 03 To some emhodiments, X i3 At X 8 V, and

Adh, Xy 8V, and Xagis R Tn some sinbodinenis, 15 KL T sonse
AWoe R In sonwe ernbodiorends, X s b Xwis V¥, and Xa s B

I same enbodinents, Xoots Al Xoae 8 Y, and Xig s Kocovalantly bourd o a lipophilic
sV In

some ermbodigvents, oA X &Y, and Xie is A b some sitbodiments, Xo s Ath, X s Y,

substituent, apionally via a spieer. In some-embodintents, Xo 15 Alb, Xos 18 Y, and Xy

and Xaw is R, In some embodiments, X s Adb, Xog is Y, and Xag 15 K. lnsome embodiments, Xo

ds Adbs, Xeds Y, and

s K. Insome ombodiments, X is Adh, X is Y, and X s Qu Invsonse

embodiments, Xas Atk X iv Yeand Xag 15 8 In soene embodinrents, Xo i Adb, X da Y, and

Xog e E
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In some smbodiments, X sV, Xigis Y, and Xisis K povalently boand 1oz dipophitic

substituent, oplivaslly via a spacer. In some smbodiments; Neds ¥V, X v Yoand X v V. In

someembodinents, Xig is V, X 15 Y. and Mg is AL In some embodinsants, Xis 8V, X s Y,
and Xowds B, Iosors entbodiments, Xig iV, X 18Y, amd Xsg s KL Iosonie embadinents, X

iV, X s Y, and Xae Ko In some simbodiments, Xan 18V, X s Y, and Xy 1900 In some

emthadiments, Nz V, Xy i3 Y, annd Xow ds S, I some anthadiments, Nop sV, X s YVoand Xag
8 B,

It some embodiments, Xis i3 Y, X 88 K covalemily bound o o Hpophilic substituent,
optionatly via & spacer; and Xy 18 V. In some embodiments, Ny is Y} Xy 15 K covatenily hound
to-& Hpophilic substituem, optionally vid g spacer; and Xio is AL T'some embodiments, Xy I8 Y3
iy is K covalently bound o a Hpophilic substituent, optionalby via o spacer; and X R Tn some
embindiments, Xis is ¥ Xie i K covalently bound to a lipophilic substitnent, optionally via a
Spacer and X is K Dygome sobadiments, X s Y] X 18 K covalently bound Yo a hipophilic
suhstituent, aptionalby vig o spacer; and o is K. Inosonie ambodiments, Xu is ¥ Xip 9K
covalently hound to a hipophilic substituent, opiionally via & spacer; and Xz is Q. In some
embodinients, Xia 8 Y1 Xis i K covalently bound o a hipophilic substituent, optionally vig a
spavet; and Xaods 80 In some embodiments, Xig 15 Y Xie 18 Kovovilenily bound to 2 Apophibic
substinent, optionally vig wspacern; snd Nas i B

T some embodiments, X s Y, Npwis V., and Xos is KL In some eobodiments, X 5Y,

i K. Ia some

X i & amd Xap i3 K In osome embodiments, X & ¥ X i R, and

SEE

erobodiments, X 18 Y, X1 Keand X 15 K T some snthodineents, X 2 K, and X

i S, B some embodinents, Xig Y, Xais Koand Xag is B
o some evvbodiments, Xie v K covalenily bound (o a lipophilie substituent, aptionally via

asspacery Xp 53 A and Xy s B I some embodiments, N 18 K covaleatly bovwnd w a lipophilic

substitnedt, opticnally vig & spader; X 18 AL and Xep 78 Ko Do some sonhadithents, Xip 8 K
convdalently boond W a lipophilic substitoent, oplionally via & spacer; Xpe 8 Aland Xy K In
some smbedinments, Xisis K covalenily bound toa lpophific substituent, optionally via a spacer;
Nigds A and Xay s 0. Tnsome embodiments, Xis 8K covalently bownd 1o a lipophilic substiteent,
optisnally via & spacer; X is Ayand Xis is 8. Iy sonwe embodiments, X is K covalently hound

to g Hpophitic substiloentcoptiomally vig aspacer; Xis 10 A and Nog i9E.
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Irvsome embodiments, Xyeis ¥V,
X s R, and

embodiments, Xpeis V, Xap s R, and X is B

o ds R, oaud Xppois Ko Inosome smbodiments, X

s L In osome smbodiments, Xiw ks ¥V, Xop 35 B and X is 8 In some

I o enbadiments, X AL Xoo i Ry and Xapis Ko Tnxome smbodiments; Xie is &

Koo 18 R, and Xao is Q0 In some enbodiments, Xos s AL Noo 18 Booand Xa i85, Inosone
smbodiments, N I8 A, Xoo 8 R, and Xowis E.

In some smbodinzents, Xaois R, X i K, and Xy i 8. Tn some embodiments, Xas is R,
Nopas Koand Xas is B

In: some embodiments, Xag s K Xy 18 K and Xog 158, In some embodiments, X 8 K

1 is K, and N is B In some enbodiméns, Xog 19K, X 8 K X0 1% B, and the pepiids comprises

w lgotam hridue formed wia an snide bond bebween the xide chains of X and X
Ini Certain embodiments, the preseiit myention provides ay iolated polipeptide, comprising
ihe amine acwd séquence of SEQ 1D NQ: 204:

HXEGTETX DX 08X QX uEX X

XX onXapXan FIXn WLK X GUP X 2 SGAPPRS-

{OHNHSEQ 1D KO: 204}, or a phanmacesutically acoepiable sall thereof, whersin
Xods Zeaminotsobuiveic atid (AR ar G;
Ky ils Moar§;
XL Loy
Nk B K orQ;
Xpvis Moy

s (dinntinopimetic acid) Dap covalently bound 1o o lipophilic substiiuent, optionally
vig & gpacer, ov K covalemtly bouned to a lpophilic suhytitient, optionally v a spacer;

Hris Bor Ky

NpptsA Y,

Kawis A wr Vs

XwunE K oorR

Xuas E K, Lyor i\}‘

Nogis B, K oor 8

Ko is N oor (; and

X HoS;
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wherein the peptide optionally comprises & lsetaoy bridue formed via an amide bond

hetwesn the side.chams of & fysine and o glutaniic acid 8t positions 3
N and \i :

Nig, respectively.

and Xy, respectively:at

positions X

respectively: at positions XN and Xas, respectivelyior al positions Xy and

Iresome embodimenis, Xo is Aib

In seme embodinents, X v 8 then X s V.

In sente embodiments, X is 'Y,

Ini some embodinents, Nig s M, and Xie i Kogovalently bound to a hpophilic substinient,
optionally via a spacer.

T some embodiments, Xiis K covalentivbound to-a lipophilic substitusht, optionally via
& SPRCET.

I some embodimends, the peptide comprises # lactam bridge formed via an amide hond
between the swde chains of a Tysing dnd a glutamic actd at positions X and Xog, respectively.

s G,

i some embodiments, X 18 Adb, Ty some enthodiments,

In sone embodiments, Xy s N Tn some embodiments, Xyis 8,

Ivison embadiments, Xw i L Tosone enbodiments, X i Lo By sonte entbodiments,
M BV

It some embodimenis; X g B In some emboditoems, Xz s R Insome embodiments,
Kb Q

Tvstnne embodinuents, N te ML In seme cinbodiments, X Y.

[ somie embodiments, X 18 Dap covalently bound to alipophilic substituent, optionsly
vig d spacers  In some embodimenty, Nw is B covalently bound 1o w0 lipophilic substiuent,
opirorally vie g spacer

In some embodiments, Xovis B, Insome enthodiments, Xy K,

I
Ir

some erbodiments, Xivis A Insone emboduments, X Y.

=

puac

soms embodiments, Xeos A Tnesoms embodiments, X sV

L some embodiments, Neis B In some embodiments, Xop is K. I some embodiments,

fod
=

RETR T
Is

=

some embodiments; Xa s B nsome embodiments, Xy 8 K o stme embodinigns,

Xa 38 Lo In sonte embodimeints, Xo s Q0

40
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In some embodituents, Xos ix B In some embodiments, X v K. In some ambodiments,

A S

Insome embodiments, Xagis N o some embodiments,

I senhe embadinents, Xy is H To some embodiments, Xnis
In some embodiments, carbony Wiminal amine scid, fe S 8 -Sw-(NH:L o some

o<{ Q]

embhadiments, carbasy terminal amino scid Sae 1§ -8

In some embodiments, the {selgted peptide fwrther semprises s factam bridge formed via
an amide bond between the side chains of a lysine and a glutanic actd at positions X and Xy,
respectivaly, Tnsomeambaodinmnty, the fsolated poptide Turthor comprises a lactam bridge forived
via an anide bowd between the side chaiins of'a Tysing and & glutamic acid at positions Xy» and Xy,
respectively, Tn some embodinents, the isolated peptide further comprises a lactam bridge formes
g an amide bond between theside chains of a lysineand a glutiusis acid at pesitions Xag and Xag,
respectively, Tnsome ambodimeants, the dsolated pepiide Turther comprises a lactam bridge formed
via an amide bond between the side chains of'a Iysine and a glutamic acid af positions Xwand Xsg,
respectively,

I some evabadimeids, when K s selectod gt position X Xiz: Xan, Xar, 0 Xy, fteopreseids

tysing opliotatly covalenily hound to & lpophilic substitnent, optionally via a spacer,

.

I some embodimants, when K g seleeted o position X, or Xay, I represents tysing
opiionally cavalenily hound to o lipophilic substituent, optionally via a spacer.

In xome erbodimens, only the vesidue al Xy 18 covalently bound to a lipophilic

substituent, optivaally via aspacer,
I cevtam embodinents, the present tovention provides i isolated polypeptide; Colnprising
the arino acld sequenee of REQ 1D KOw 305:

HYXGEGTFTX DX SN Y EX X X X e X

FINGWELEXGUOP X SGAPPPS (O NHy

{SEQ W NO: 2038), o & pharmaceutically acceplable silt thereof, whereim
Ne s Zvamioisobutyne acid (Aaby e ds;
XeisNor$;
Npas L Loor 'V
Kiis B K, or
Nietn B covalentdy boand to a lipophilic substitaent, sptiogally via 8 spacen;
Xiris EorK;
41
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N s Ao Y;

XA ory;

Nog s B K, av B

Kapts oKL Ly or @

Ky E Koor

Kag N or{}; and

Xwis Hor§;

whersm the peptide opticnally further comprises a factam beidge formted via an amide bond
between the side chatns of & lysine and o gletamic acid ai positions Xy and Xy, respectively; at
positions Moy and Nis, respettively; at positions Moo and Xy, fespectively: or at positidng Xag and
Kops respectively.

Iyt somve embodinients, Ny iz Alb,

In-sonte embediments, 1 X018 8, thea X 18V

In some embodiments, the peptide comprises a laciam bridge formed via an amide bond

between the side chains of a bysine and & glutamic acid at positions Xog and X, respectively,

T some embodiments, Xeis At hesome embodiments, Xs s

Tn-some embodimenty, X 8 K. nsomeembodiaents, s 8 X
i some embodinenisd, Xw s U Ty sowe srobodiments; Xieds Lo Iy some enbodimens,

Xinis V.

Jrisome enibodiments, Xz is B Insone entbodiments, X K. Insome embodiments,

I sovoe embodinents, Xz 198, o some embodiments, X+ K
To some emabodiments, Xis is A Insonie embodiments, XNuw Y.

In some embodiments, Xivis A, Tnsomeembodiments, X fs V.

In-dome embbdimants, Xesis B, Ta somne embodiments,

o 18 KL T stte erabodinents,

In some embodiments, Xy is B In soms embodiments, X s K. I some embodiments,
Xy s Lo Inosome gmbodinents, Xoy i)
In some simbodiments, Xai s B nsome enhodimentts, Koy 8 Ko In someembidinnents;

Xog 188

s N, Insonwe embodiments, Xog is €
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In somia embodimenis, X s Ho lnsome embodiments, Xp s &
To some embodiments, carhoxy ermioal aming add, e S, 18 -Sae{NH2)L  In some

ambadinments, carboxy termival aming acid Sse is Sa=(OH)

I seive embodiments, the wolated peptide further comprises § lactam bridge fomied via

go amide bond between the side chaing of @ fysine sndia ghaumic aeid at positives Xy and X,

respectively, Insome embadiments, the isolated peptide Tirther comprises a lactam bridge formed

vigan aoide bond betwaen theside chains ofa lysine and g plinanie aeidar positions Ny and Nay,
respectively, [nsome embodiments, the isclated peptide furthier comprises a lactan bridge formed
viaan amids bond between the side chains ol a lysine and & glutamic acid at positions Xop and Xog,

rospeciively. In some smbadiments, the isolated peptide Mrthér comprises a lactam bridge formed

wiaan aoide bond between theside chains of a ysine and o glitamic acid st positions Xay and Ny,

respectively,

Insame enthodiments, when K s seléctad at positton Xl N X, Nag,

ar Xag, 1 represents
fysine optionatly covalently bound o s ipophilic suhsiituent, optionally via & spager.

g

In some enbodiments, when K is selectedat position X Xiuw, or Xag, Wropresents bysine

optionally covalently bound to a lipophilic sabstiluent, optionally via a spacer,

I some embodiments, only the residoe at Xy 1@ covalently bound 16 & hpoghilic
substiient; optionally vid aospader:

Tosome ewbodinends, cortatn aming acids represented by the consensus sequence ol SEQ
I WO 304 or SEO NG 205 nvhade the i.’t?»}'limving:

I some ernbodiments, Xy i &dband X 5 Vo nsome emabodiments, Xos-diband Xy s

Y. osome embodiments, Xo s Ath and X is Kocovalentiy bound to o lipophilie substituent,

oplioratly via a spacer. o some embodirsents, Xz is At and Xoo s V. In soroe embodiments, X

ix R I osomie embodinenis, X is

o

a AT and Xap s K In some smbodiitentss Xe oAb

:

and X is € Inssome entbodinnents, No is Al and Xoq 180 In sovwe ernbodiments, X s Adl angd

:\4 i\ f

In soims smbodinents, s Voand Xiain Y, Insome smbodimenis, Xosds Voand Xje s K
covalently bound o a lipophilic substituent, optionally viaa spacer. Ii some embodiments, Xy is
Voand Xeis V., e somig smbodiments, Xig 38 ¥V and Xoeds Ao Insoms embodiments, X 8V angd
oo b R In some smbodiments: Xio s Voand Xeo is K. In some embodiments, Xy is Vand R s
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optionally via & spacer, and Xys is A, In some embodiments,

T some embodiments, X
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K. In someembodinients, Xy s Vand Xy is83 by soime erabodiments; Xio s V and Kag 8 8 In
s Voand X

Gl Y

v

sume ginbodimants, X pis B,

Tnv somie enabudiments, and Xis is K covalently bowod o o lipophilic sulsstituent,

aptinnally via @ spacer. It sonigembodiments, Xeods Y and Xieds V. It some embodiments, Xia

Y od Xoe 1804 In some srobodiments; Xy 8 Y and Xpp s R, In some embodinents, X iy

s K. Ty some embodiments, NXig i Y and Xop 3 K In some eobodiments, X 18 Y and

K s Q, Inssomie embodiments, Xgis 'Y and X 18 8, In sone embodimemts, Xiais YVand X i3

E.

T some embodsments, Xig iv K covalently bownd t0.a lipophilic substituent, aptionally via

i K eovalently bound 1oa lpophilic substituent,

Xip is K eovalently bound (o a
lipophilic substituent, eptionally via a spacer, and Xoo 15 R, In some smbodinents, Ny is K
covalenily bound to & hipophilic substituent, optionally via a spacer, and Xge 18 Ko Th some

emhodiments, X ds K covalently bound 1o a lipophilic substituent, optivnally via a spacer, and

Koy ts K, Insome embodiments, X is K covalently hound to a lipophilic substituent, optinnally

vig ¥ spaeer, and Xaois Q. lo some erabodiments, Xis & K covaleatly bound 1o a Hpephilic
sutbititnent, aptiondly vig g spiter, aad Xacie 80 Iy some stibodinents, X B K Sovalenily hoand
o o tpophatic substiiuent, Sptionally visoa spacer, and Xag s B

Tosome embodiviends, Xo e Vand Xaas B, losome erabodimens, Xoo s 'V oand Xap s K.

I sense smbediments, X ts Voand Xa is K. B seme embodiments, Xie i Voand Xa 1sQ I

some enthodiments, X s Voand X 18 80 In somes embodinents X s Vand Xy

I sonre embodiments, X e A and K is R Insome embodivoenis, X b A antd Xao s Ko

I some embodiments, Xieds Aand Xap s K. In some erobodiments, X is Aand Xoy s In

)

s etnbodiments, Xisis A and X is 8. Insome embodioents, Xas A and Nagis B,

Invsome embidiments, XoginR and Xop 18 K. o somie embodiments, Xeg R and

5615 R and Nag is B,

15 K and Xag is €3,

It sonive embodinzenits; Xos 15R and Mo 1s S, b some embodiments, X

Tn some embodiments, Xoofs K and Yo 15 B In some embodiments, X

sns Koand Ny s 8. Insome erabodinets, Xewts Koand Xog s B Dysome

ge fovmed via an anide

£,

emhadunents, Nop 38 K, Xy i Eoand the peptide comprises g lactam beid
bind between the side chaing:of Xop and Koy
In some embodiments, X iy Koaod Xsgas 8, In some embodiments, Xo i Koand Xy s E,
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In some embodiments, Xavis Qanid Xz ix 80 Incsome embodimaents, Xay s Qaml Ny B,
1o some emhoditients, certain amine soids representad by the congsnsus sequence of SEQ
1D NO: 204 o SEQ 1D N 208 include the foliowing

I some ermbodinents, NXxigAlb, X ds Vi and Xia 35 Y. In some smbodimenls, Ny isAub,
Xy is V,oand X

enhodiments, Xy fv-Adb, Xig 8V, and X s V. In some smhodiments, Xy is Adh, Xp 8V, and

K covalently bownd Lo'a fipophilic substituent, optionally vid a spacet. Ty stune

Fieds A I some embodiments, Xaois Ath, Xig 8 'V, and Neg1s R, In some embodiments,. Xa is

Adh, Xio 18 ¥, and X 15 K In some embodinenis, Xo i A, Xaas Ve and X 18 KL Insomie

Smbodiments, X 15 Adb, Niets Voand Xag 5Q. Tn some smbodiments, X 18 Aib, Nog sV, and

5418 S, T some embodiments, Xos Adh, Mo ls V, and Xos is E

In some embodinents, X s Ath, Xoe &8 Y, and Xy s K covalently bound 1o a lipophilic
substituent, optionally via g spacer, I some cmbodiments, Xs 18 Adb, X s Y, and Xwis Vo In

some enthodiments, Xo 8 Adh, X 85Y, and Xis s A In sonie eimnbodiments, Xo s Adby Xuas Y,

o ds R Inosome embodmments, Xaistadh, Xa 377, and Xuwe 18 K, Insome embodiments, X;

8 Ath, Xpads Y, and Xo: s KL Inosone srabodiments, N is Al Xads Y, and X 58Q, Tn some
emthodiments, Xeds Ath, Xigde Y, and Xa s 80 sone eobadlimends, Xs v &db, Xiale Y, s
X s b

I some embodimentss X BV, X g Y, and Xasas K oeovalently boand 1 a Hpophitie

substiteent, oplionally via « spacer. Insome embodiments, X sV, X is Yoand Xwls Vo In

sone ernbodiments, Xis i Vo Xieds ¥.oand Xie is AL Insome embodiments, Xw s V, X is Y,

s Y, and iy Ko T soavie embodintents, X

1V, X Yoand Xay i Ko o some embodiments, Xoe &0V X 80X, snd Xy is O Bvsone

erabodiments, X ds V. Nig ds7 Y cand Xo s, In some embodiments, Nigds V., Xie isY, and Xw

s E

o Séite embodimenty; X Y7 Xis 15 Kocovalently bound to a Hpophihit substitugng,

optionally vig g spacer; and Xg 18 Vo I some entbodiments, Mg 18 Y Xie s K covalently bound

-2 lipophitie substitnent, optionally viga spageryand Xpis AL Insome embodiments, Xy s ¥

Xisis K covalently bound tow pophilic substituent, optionally vig & spacer; and Xso 38 R Insome

embodiments, Xig is Y Xig s K covalently boand to & lipophilic substituent, optonslly via o
spacer; and Xog is K. T sonte entbediments, Ny 18 Y, X v K covalently bownd to a Hpophitic
s Ko Inosome embodimenis, X is Y X 5K
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covalently Bound to & Bipophilic substifuent, optioually via @ spacer and Xy s €, In some
embodiments, X is Y Nig s K covalenlly bound 1o a lipephilic substituent, optonslly via a
spager; sud Ko s S By some embodivents, Xig is Y7 N is K ocovalently boand io a fipophiiic
substituent; Sptiohally via a spacer; sd Xas iy B

In sonze embodiments, Xg is Y X 38V, and Ko 8K, In same smbodimants, X is Y,

N is A, and Xy s K. In some embodiments, Xy i8 Y, Xow 18 R, and Xoy &5 K. In some

emboditments, Xovis ¥, X i KL and Xo: s K, In some embodiments, XadsY, Nos s KL and Xa

i3 8. hnsome embodiments, Xia s Y, Xop s K, and XNy i B
In some embodinients, Xig 1y K covalently bound t0.a lipophilie substituent, aptionally via

s Aramd X

Aspacer; vis R Twsome embodiments, X s K covalently bound to s lipophilie

substitiwent, optinnally viz a spaeer; X ix A; and X is K. In xome embosdiments, X s K
covalently Bound fo g lipophilic substituent, optionally via & spdacer;, X is A snd Xy s K In

some embadiments, X 18 K covalently bound to a lipoplulic substituent, optivnally via a spacer;

v Avand Xo i Q. I some embodiments. Xre i K covalently bownd 10 & lipophilic substitsent,
opiionally via a spager; Xie is Ay and Xoa 15 S, Insome ombediments, X 6 K covalently hound
t a Hpophitic substituent, optienally vina spacer; X is A aod Xois B

35 R ard X

X 18 Ryoand Xop 18 Q) In sowe srobodiments, Npe vV, X 8 Rosnd Ny 878 T some

To-dome smbodiments: X 8 ¥, 1K Tn somie gimbbdiments, X Y,

erabodiments, Nyoda V, Xap is R, and Na fs B

T soive spabodiments, X A Xav s R, and X s KL Bvgeine smboadintents, Xl A,

B8 T sonis

e B R, and My 8 Q0 Inosome embadivadnts, Xjp is &, X i Ryoand Xy

enthodiments, X A Xw R adXu s B

T some swbodiments, N s B, Xoy v K, and X is 8. In some enitbodiments, Xais Ry

pis kL and Xa s B

In stne emnbodimenty,

s i3 K, and Xag g 8. To somie embodiments, Moy 18]

¥

Koy 1 Kand Xogis B lnsome embadiments, Xa 5K, Xz

2 18 KXo i Epand thie peptide coniprises
alactam bridae formed via anamide bond betweenihe side chains of X and X,

L' certatn embodiments. the present invention provides an tsolated polypeptide, comprising
the serano weid Seguence of SEQHDNO: 206

ithf_;EGTF TXsDX pBKOX EX i BEAKG Xy

nFEy WEK X GOPSSGAPPRS-(OHMNIL} (SED
ID N 206), ora pharmaceutically scceplable salt thereof, wherein:
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Xais T-aminotsobutyrie acid (Al or G

Xels M ors;

XL l,or ¥V,

KigisMory;

K ts K covalendy bound to & lipophilic substituent optionally via & spacer
Xigiv Aoy

Non s E, KL or Ry

Ko v E K, Loor @y

Nagis By K, or §; and

Nopts N or

wherein the peptide optionally further conprises a lsetam bridge formed via an amide bond

betwern the side chiaing of & Ivsine and o ghitamie acid 8t posivons X sind Xo, respectively; s

positions Ny and X, respectively; oral positions Xoy and Xoo, réspectively.

1% Adb,

I some embodiments,

In sone cmbodiments, i Xaais 8, then X is V.

Trtsentie embodinents, X s Y,

[ty dovaes inbodiments, e pephide cafoprives & ldetany Sridie furmed Vi an avarde band
between the side chaing of & Iysing and @ glutamic ackd al positions Ko ad Xy, vespachively.

In some emibodiments, Xa 15 &b, Insome evabodimends, X is 6.

Jrisewns embodinents, Xels No I seneambodiments, Xeis S

Iy sonoe eimbodinienty, X s L Insonte embodimnents, Xie 8 Lo In some embodinients,
'3{} (&) i V.
To-some embodiments, X s M. Insome sntbodiments, X 8.

In some embodiments, Xivis A, Insomeembodiments, X is V.

In dove embodiments, Xeo 13 B, To sowmd embodiments, Xoo 8 Ko o soie embodiments,

In some embodiments, Xy is B In somws embodiments, X s K. I semne embodiments,
Xy s Lo Inosome gmbodinents, Xoy s {)

In some simbodiments, Xais B b some enbodimentts, Koy 38 KL In someembodinients;

Xog 188

s N, In sonwe embodiments, Xog is €

In some enbodiments,
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In some embodiments, carboxy terminal amine seid, L& S, 1 -Sw-(NH;L  In some

i -Sae{ ),

Ty sove embodinients, the fsolated pepiide Turther comprizes a lactany bridge formad vig
an amide boud between the side chains of a lysing and & glotamic acid at positions Xz and Xiy,
respettively: In some smbodinents, the isolated peptide Turthey comprises A Jactam beidge forned
via an amide bond between the side chains of & Iysine and @ glutamic acid at positions Xy and Xy,

respectively, In some embodiments, the isolated peptide further conprises a lactam bridge formad

Vi an amide bond between the side chains of a lysine and a glutanie acid at positions Xag and X,

respecttvelys Tnsome smbodinmants, the dselated pepiide Turther conprisss a lactim bridge formed
via ananiide bond between the side chains of'a Iysine and g glutamic acid at positions X and X,
respectively,

Ini sonre smbodimeats, when K s selected st position Xag, Xag, or Xog, it reprosents Hsioe

optionally covalenily bound to alipophilic substttuent, optivndlly via aspacer.

In some embodinients, when K 5 selected at position Xoe or Xy, i represeonts Iyvéing

optionatly covalently bonnd to @ lipophilic substituent, optionally via a spacer,

hosome oabidimenss, only the residie ol X 1§ covalerthy boand te o lUpophilic
substituent, optionally via aspaces,

In certain embodiuents, the present iovention provides s isalated potypeptide, Somprising
the avyino sokd sequence of REQ D KO: 207
ITETX DX S KOYEX eFAX X Xa FIX s WLK X GUPSSGAPPRR-(OHINH) - (SEG

TR NG 2070, or o phisemiaceutically acceplable salt thereof, wherging

X is2-aminoisobubyrie acid fA or Gy

Kyis N or§;

Ngds L Loar v,

Fawis K covalently bowwd w & hpophilic suhgtitieent, optionally via & spacer;
NpwAory;

Kyas E K, o R;

Nojas BLK, Loy @

Kess B Ko oe §; and

Xyt Nor:
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wherein the peptide uptionally further cormprisesa lactam bridge formad via ayamide bond

between the side chamy of & lysine and a glutamic acid 8l positions X and Xy, respectivelyviat

positions XN and X, respectively; or gt positiony Xy and Xag, respectively,
s Ab,

In sonie embodinwems, I Xn s 8, theo X sV,

[nsome embodintents, 3

In some embodiments, the peptide comprises a lactam bridge Tormed via an amide bond
between the stde chains of a Iysine and g gltamie acidat positions Xos and Xy, respectively,
Tsn somie embodidients, Ny ix Adb, by some embodinients, X3 is G,

In sonie ermbodiments, Xy is N Tnsome embodiments, X188,

In some embadiments, Nw ds 1 Insome embodiments,

K is V.,

sods Lo I some embodiments,

I some embodingents, Nyis A, In soriicembodiments, X iv Vo
In somic embodimenty, X 1B T some emhodimants, Xog 15K Tn some embodinients,

In some smbodiments, Xooax E, Tn some embodiments, Ny s K. In'some embodinignts,
Xypas Lo Insomie embodimeats, Xa w0 Q.

To sone erabodiments, X s B To some ennbodiments, Xog 18 B In some embodiments,
X in 8.

To:some erbodiments, Xagis K. T sonte emabodimends, X ().

Ji sove smbodimients, darboxy ferming anine ackdly fe. S, I ~Sae{NH o some
erebodiments, carhoxy terminal aming soid Sze 8 -Si-{0OH)L

I sone ermbadimems, the fsolated peptide Turther comprises ¢ loctam bridge Tormed vig
an amide bond bebween the side-chainsof a bysine end & glotanio aoid ot positions X and N,
respectively Insooe smbodiments, te isolsted peptide Muirther sramprises algctany bridge formasd
v aride bond between the side chatns of & lysine and & glitamic seid at positions Xy and Xa,
respeetivelys Insome smbeodinients, the isolated peptide Tarther comprises a laclam bridge foried
via an amide hond between the side chaing ol @ lysineand & glutamic acid el positions Xag and Xy,
respeetively. Insome smbodiments, the isolated peptide further commprises a lactany bridge formed
via mvanide hond betweed theside chains of ¢ lysineand & glutamic acid of position Xagand Xy,

respeetively.
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Invsome embodiments, when K is selected at position Xao, Xay, oF Xag, it represents lysine
aptiorallycovalandy bound tiya lipephilic substituent, optionalby-via & spacer,

In semz embodiments, when K is selected ar position X or Xz, # represents lysine

optionaily covalantly bouwd s a lipophilic substitueny, optionally via g spacer.

In sonve embodiments; only the residus ol Xy iy covalently bound to o lipophilic
substituent, optionally viag spacer.

In sone embodiments, cortaiaming acids ropresented by the consensus sequence of REQ
1D Ny 206 or SEQ D NO: 207 include the following

In-some embodimeints, Xa s Adh and Nop s VoInsome embodiments, Xois Abvand X is

Y. Insome embodiments, Alb and Xie 13 V. In some embodiments, X is Adb and X s AL
I sonte embediments, X s Aiband X is R In sonte embediments, Xs iz Athand Xwis K, In
somis smbodinients, Xo w Adby and Xay is K. o some smbodinents, Xs is Atband Xa 8 Q. In some

embodiments, Xo is Adb dnd Xow 15 8. In sonte embaoditnents, Xs is Adb and X 8 E

1%V and Xy iy’

In some embodiments, X In some embodiments, Xigils Vand X
Tnsome embodiments, Xigis Voand Xieis A, In some enmbodiments, Xip 18V and Xaois R, In some
embodbments, X 8 Voand Xos & K. Buosome embodimients, X s Voand Xa 18 K In somie
ernbodivients, Xy 8 Voand Xpode € Tesome ehthodiognis, Xy 18 Voand Xaa 8 8. In some
emhodiments, X 8 Vand Xao g B

Tosome embodiments, Xais Y and Xiois V. Insome embodiments, X Y and Xeds &

q s K T some

I some erobodimends, X i Y and X s B Do some embodiments, X Y and X

erobodiments, Xy i Y and X 1 Ko Bosome embodiments, X 8 Y and Xy a8 Qe In some
embodiments, Xyais ¥ and Xoe s 8 Hhosome erabodiments, X e Y and X i B
Tosome embodinrends, X sV oand Xz R, Iosome emabodimenis, Xoois ¥ and Xap s K.

Insone embodimends, Xieds Voand X ds K. by some sobodiments, Xe s Voand X is Q. Iin

some embadiments, X s Voand Xoais 8. Inosonig embodimesnts: Xods Viamd Xy kL
[y sopie embodinents, Xig s A aad Xie s R In sorie embodinments, Xie 5 A and Xse s K.
In some embodiments, Xeds Avand Xy s Ko I some ewbodiments, Xuois Aand Ny is €3 In

some ginbodimeints, Xisis-A and Xais 8 Insome simbodiinents, Xas 15.A and Nagis Bl

Insome embadiments, Xy s Roand Xy 18 Ko brsdnie embodivhents, NXog s Roamid Ny i €L

It some embodiments; Xog is R and X is 5. by some smbodiments, Xoo iR and Xog 15 E.
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In sonie ambodimets, N iy Kand Xz s K. Insome embodiments, Xaeis Kand Xg is Q.

Insome embodunents, i K and X 188, Insome ambodiments, X Koand X s B, Insome

ambadinents, Xa s K, Nag is Boand the peptide comprises a lagtam bridee formed vigan amude

boisd betwgen the side chansof Xao anvd Xaa.

i Koamd Na xS Insove embodimenis, Xo s Koamd N B

Qrand Xz is B,

In somie embodiments,
In seme embodiments, Xo vis
In some smbodiments, coriain aming avids represented by the consensus sequenge ol SEQ
TD NCE 206 or SLQ I NQ: 27 nclude the following
In-some embodimeits, Xais Adh, X 1wV and X Y. Thsome embadimenis, Xy is Adb,

X is V, and

is V. Iy some cmbodiments, Xo 8 A, X i3V and X 858 A Tn some

embedimens, Xois Adb, Xie is V. sod X is R In some cobodintents, Xa s A, Xie is V. and
Kigeds K, In svnie erbodiments, Xo s Adby Xwods V,oand Xy s K. In some smabodiments, Xa s
N, Nye sV, and Xop 1 Q. In somie embodiments, Xy v Ath, X Voo and Xeis 8. Tn some

s Vi, and X

enthpdiments, Nads Aih,
Tn some cmbodiments, Xz is Alb, Xoais Y, and Xis s V. In some ombodiments, X3 is Adb,
Xigis Y, ad Xwis A In sove ebodiments, Xy i Ath, Xod 18 Y, oo Xa i R I some

solATh X Yoand

erabodiments, 3o 1 Ath, Xgis Yeoand X 8 Ko I sintis embodiments, X
Xap s Ko Inosome gimbodithents, Xa s Aib, X Y, dnd Xy 18 Q. Tn some embodiments, Xo s
Adb, X s Y, and Xa s 8 Insome ehodiments, X s Adb Xoeds Y, and X s B

Tyt sone embodiments, Xin 8V, X s Y, snd X V. Insome eothadients, X 18V,
X s Y. and Xy 54&0 In some eaibodiments, o VL X 8 Y, aod Xy s R Tn some

epthodiments, w18V, X 18 Y, and X ds KL In some erobodiments, Xieis V, X Yo ad Xa

i Q. In some erabodiments, Xigis V, Xia

Nopis B

is K. In some smbudiments, Njpds ¥V, X de Y, and)

ds Y, and Xag 8, In someembodinrents, Xoats 'V, Xig s Y, and

In soene embodiments, Xiz 8 Y, N sV, and Xo 8 K. Insome embddinends, Xwu s Y,

L

Xig 1s A, and Xy 13 KU In osomie embodiments, Xig B8Y, Xoe 8 B, mnd X 18 Ko Iy sorie

embudiments, Xia s ¥V, Xoe 13 K, and Xoois K In some smbodiments, Xiads Y, X s Koand X

is S bt some sibodiments, Xod 3 Y, X 3 K, and Xogis E.

In sne smbodinments, Xie s V. X is R, and Xy v K. Insomsembodiments, X 18 V.

Xow 13 R, and Xos is Qo In some entbodimrents, Xos i ¥V, Xop 8 Roand Xog 3850 Iy somie
embodiments, Njo s V, Xap B R, and X s B
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T some embodiments, X v A, Xawds R, and Xy s K Tnsonie embodiments, Xp s
Rw s R, and X

ambodiments, Xeis A, X s R, and X ds B

s U In some embodimnents, Xiooas A, K 15 B, and X in 8 In some

In some erabaddiments, Nso is R Xo1 i K, and X s 8. In some embodiments, Xao is R,
Ko s Koand Xaais 8

In gome ensbadimenis, No

g

VK, and Xaeis S In some embodibents, X 18 K,

K is Koand Xogis B Insome embodimenis, Nop 8K, Xos 5K,

2 18 B, and the peptide comprises
a lactam bridge formed via an amide bond between the side chains of X and X,

In certain embadiments, the prosent tnvention provides an isolated polypeptide. comprising
the amine aud sequence of SEQ ID NO208:

HABEGTFTSDX pSKOYEX G EAX 15X 0 X0 FIX s WLKNGOPSSGAPPPS-(OHINHL) (SEQ 1D

NQ: 2083, or 2 pharmaceutically acceptable salt thereol, wheretn:
XN khorV:
Xisis K eovalentty hound to 8 lpophilic substituent, optionally via a spacern;
NaBsAaV;
Xogie B, K, o0 B
XK ardy;
o s B Koo Syand
wherein the peptide optioually further comprises a lnetarn bridge fommed vis g amide bond

between the side-chaing of & vsine and a glamie actd &t positions Xa and Xoo, vespectively; st

positions Xz and Xz, vespectively; or al positions Xz and X, tespectively.

I sovae embodiments, (X 88, thea Xwis V.

Tn some cmbodiments, the peplide conprises a lactare bridge formed via an amide hond
between the side chains of a tysine and a ghoamic acid at positions Xag aid Xog, respectivaly.

Invsome embodiments, Xio s L. I some Subodithents, X 8V,

In somie ambodiments, Xieoas A Inosome ermbodinents, X in'V,
Tn some embodiments, Xwis B In some embodiments, X is K. In some embodiments,
Xuwiw R,

Insome cbodinents, Xao is K. Insonme embodinents, Xois Q.

I some embodiments, Xos is B! In‘some smbodiments, Nog is K, Insome embodinrents,

Xz is 8.

Ly
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~

In some embodiments, carboxy termmal amine said, L B0 3 -Sw-(NH2L 1o seame

1§ -Sae-{{2H),

Jovsome embodimenty, the solsted peptide further comprises a lactany bridge formad v
Ve F E

an wiide boid between the side chiaing of o dvsing andia glatamic aoid at pusiions Xx and Xy,

respectively: Insome smbodinmens, the isolated peptide further comaprises 4 lsctam bridge formed
via an amide bond between the side chains of s lysine and a glutamic acid at positions Xag and X,

respeetively, In sonie embodinments; the iselated peptide further comprises a lsctam bridge formed

vaaan amide bond between the side chais of a lvsine and a glutiumg acid at positions Xag and Xie,

respeativaly,

T some embodiments, when K is selected at position X, Xay, 00 NXag, iU reprosents lysing

optionally covalently hound to @ lipophulic subststuent, optinnally via aspager,

In some embodintents, when K is selecied at position Xao nr Xy, it reprosents ysing
optionally covalenily bound to s Jipophilic substituemt, optiondlly via & spacer.

In some embediments, only the residue at Xy s covalently bound to a Hpophilie
substituent, optionally via a spacer,

Iresome smbodintents, certain antne acids represented by the consenses sequence of SEQ

TR NG 208 dnclude the fullowing:

Lii govae embodiments, X by Veand Ko (s V. In some embodiments, Xie BV ani Xvig &

In someembodizeents, Xipds Voand Xao s R, Insome snboditnents, Niods 'V and X 15 K Insome

embodiments, X &8 Viand X & K. Bosome embodivgents, X i3 Voad Xa 58 Q. In some

erobodiments, Xig 15 V and X 88 S0 by some emthoditoents, Xio s Vand X 8 B

In gome embodirenis, X iV and Xop is R Insome embodiveents, Xe s Vand X s K.

I some grabodiments, Xiedw Voand Xap s K. In some srobodisents, Xecdy Voand Xap is . In

soime enrhodiments, Xieis Voand Xaaas S Insome eimbodiments, Xae i3 Vand Xogia B,

ais K

Iy some enhadintents, Xoe v A and X i R Insome enibodiments, Xip s A and
v sonie embadiments, Xio i3 A and X 18 Ko In some embeodiments, Xio 15 A and X 15 Q. dn

sume smbadimenis, Nucis A and Xads 5 In some embodiments, Xio s A and Xy is B

Criv i R oand X
B
Co 1 K amd X s @

Iyisoime emhodivments, X s R and X s K. Insoine embodinsnts,

In sene-embudiments, Xapts Roand Xagds 8 In some embodiments, Mo is Boand X

I somie embodinents, Xpeis Koand Xi is K In some embodiments,
In some embodiments, X is K and Xag is 8, Tn some embodimants, Xoe i Koand X is B Insome

2%
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embodiments, Xz ds K, Xag is Evaod the peptide comprises & fattam bridge formed viaan amide

bonvd between the side chaing ol X and Xau

In some embodimants, X ts Koand Xy s 5. In sowe embodimants, Xat s Koand Ny s
Insorme embodiments, Xods Qand Xodis S lnsome embodiments, Xos s Q@ and Xasis K
Invsorae embodiments, certain aniing acids sepresented by the consenses sequence of SEQ

TB NCH 208 tnclude the following:

In some embodiments, Xigis Vi R is. V. and X s R In some embodiments, X s W,

N s ¥, and Xue is K. To some embodimients, Xie 38 V. X i V5 asd X i Ko In some

smbodiments, Xigis V, Xwis Voand X Q. Tiv some enbadiments, X 18V, Xy 18V amd Xae

is S, hysome embodiments, X sV, Nieds Voand Xy B

In some embodiments, X v 'V, X is 'V, and Xogs 5. In some cmmbodinmiats, Xig s ¥,

Kieds A and Xoi 15 8. o some embodiments, Xigis V., Xae is Ry and Xog 1 S, In some embodimants,
gV, Xog i K, and Noy i3 8 In some embadimenis; Ny 18 VX is Koand X 158 Tn some

R and Ru s 8.

amboadiments, Xoo s V. X
In some mbodiments, Xiods V, XNue s R, and X s K, Tn some embodinents, e ix V,
Xy 18 R, wnd Xoy 8 Qo some embadiments, Xsas ¥, X 3 Roand X 808 In somie
embodiments, Noo s V¥, X s Roand Nae s B
o some embhodiments; Xw 18 & X i R oand Ny %KL Insoroe embodiments, Xie 8 A,

o s Roamd X

15 €3 Inosome emthodiments, Xog iv A, Xw 18 Boand X 8 8. To somae

amthodtments, Xis is A X is R and X 8 B

T sone ernbodiments, Xapts By Xag 8 K, and X 18 80 I some ernboditmends, Xaois By

G K and X s B

I some embodimenis, Naads K, X s K, and X 8. In some emabodinments, X s K,

Nt ds K, and Xowds B Insomaembodiments, X s K, X 8 K X8 B and the peptide comprises

¢ fortned viean anids bond bétween the side chuias of Xap s

Conjugation of o lpophilic subsiftrent to-any of the peptides, optiohally vix @ spaoery
T o g - i W g

Ticgome enthodiments, any o the disclosed polypeptides Tapironally substituled withong

arore Hpophilic substitaents sach optivnally via 8 spacer, wherein *lipophilic substituent™ and

“spacer” are defined herein. usome smbodiments, any of the disclosed polypeptides, comprising
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au anzine acid segeence selected from the growy consisting of aming acid sequences representsd
by any of the consensus sequenees of SEQ 1D NExT through SEC 1D NO: 62 and SEQ D
NOHO00. through SEC D NO:HI82, either comprises one or move lpophilic sebstituents sach
aptivraily via a spaver, of ey be'inodified, or funthier modified, by vovalent aftathment of ongor
muore Hpophitic substituenls each optionally vt & spacer. Iusome epbodinnents, the lipophilic
subatiiuent may be altached 10 ant amiino. grevyy of the polypeptide {o.g.. an g-ammo-group f a
Iystng residue) by means ol a carboxyl greup of the lpophilie substituent, or oplionally an aming
group of the spacer; wherein & carboxy! group of the spacer forms an amide hond with an s-aming

proup ola lysme resadid.

Linophilic sulstitniest

Conjugation of tmawrmore “lipophilic substituents”, each uptionally viaa "spacer,” to any
ol e disclossd polypeptides of this invention iy intended o profong the sttion of S polypaptide
by facilitating binding (o sgrum alhumin and delayed renal cleatdnce of the conjugated
polypeptide. As used herein, a “lpophilie substituent™ comprises a substituent comprising € to 40
carbon atoms, § to 25 carbonatons, 12 to 22 carbon atoms, o &t 20 carbon stoms, The lipophitic
substituent may be attached to an ansine group of the polypeptide {e.g. an eommino group of a
tysine restdug) by means olacarboxyl group of the lipephilic substituent, or optionally an aming
group of thesgacer, which carboxyl group ol the spacer iy turn forms an aaide bond with an aming
grong of the amipo scid {e.g., Tysing) rosidue w which 4t s attached, v somie enthndiments, the
polypeptide comprises three, two, or preferably one Hpophilic substituent each with or witheut an
opiional spacer, which ix defined in greater detail below,

In some embodiments, the lipophilic substituent comprises a steatght-chain or branched
alkyl group. In some grobodiments, the ipophilic substituent 13 apacyl group of 8 straighi-chain
o bramehed Tatty acide In some emibodiments, the lipephiliv substitugit 1s an aoyl group of a
stinight-chain of brimohed fatly actd, furthet subsiitated with gng of mare sivboxyhie acid andfor

hydroxamis seil gronps.

ln some embodiments, the polypeptide comprises three, two, or preferably one lipoghilic
suhstiinents each without sy optiveal spacer. Tn some embodimends, the Hpophitic substituent is -

COCH Y COHL T some embodiments, the lipophilic substituent i -COEUH i CORH. Tn soane

simthodinients; the lipophilic substitoent s« CO{CH: 30 COHL

Ly
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In some embodiments, the polypeptide comprises three, two, or preferably ong lipophilic
substiluents sacl without anoptional spacer, T some embodiments, the Hipophilic substituent i ¢
ronovalent group of Forayude It

LCOHCH
Foroyula

whgrem

Zs <UHz or «CQ:H: and

s froen 4 10 24,

which lipophilic substituent forms an amide bond between an aming group (eg., S~amin

groups of a ysined of the disclosed pelypeptide and 8 €O group of ihe lpaphilic

substituent.

It some embodiments, Zis -COLNL 18 some embodintents, m i font 1440 20, Insome
smbodiments, the lipophilic stbstituent s covalently bound 10 the ialated polypeptide vis a
spacer,  Insome embodiments, the lipophitic subsiftuay, ~COMCHw-Z, is linked 1o-an amine
group of isnlated polypeptide via the spager, wherein the spacer fornss 2 bridge betwoen the sming
growr of the isolated polypeptide ard a CO= group of the Bpophilic substitue,

It dotoe rnbodiients, ny s selected From the grogp cotsisting o 4-30, 8-20, 12-20, 14-
0 e, B 1o, 1N and 20,

In some embadiments, Z 1 -CO:H, and the Tipophilic substituend bas the fomula <CO-
{CH e COsHL. In some embodiments, <COSCHa) - s selecied rom the group consisting af -«
COACHDCOH, -COUH-C0H, -CO{CHDe-COH,  -COCH-CERH,  -CO-(CH -
COH, ~CO-(CHo-COH, ~COCH e COHL ~CO-CH-COaHL CO-CH Y- COH, -0
(CH L =COH, ~COUH ne=COH,  -COCUHD +=CH, <COUHeCOH, -CO<CH ) o
COuls, O i OO, °CO~{CH.§} =GO, v(.‘.(}~{'CH§}gis*(f()yit?.

It Sowme . emthodiments, the Upoplulie sobsttuent & ~COHCHDG-OOH, o some
grithodiments, the lipophilic stbstituent s ~CONCHD wU0RH In some embodiments, the
lipophilic substiteent is ~CO-UCH heCORHL In some emtbodiments, the Hpophilic substituent is -
COLE §}_>,}3{§-f:f’f);§} 1.

In some enbodimenty, Z fn -CHy and the lipophilic sobstitvent as the fernmda QO
(O Oy, Invsome smbodiments, <CO-CH -2 1 selected from the group consisting of O 0k
{CH Oy, -CONCHD)CHy, CO-CH-CHy, ~COHCHpCHy, -CONCR-CHy, <CO-
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FOHDe-CH -CO-CH e CH,  -COHCH Oy, -CO-{CH M -CHG, -C0-{CH),
{OH Ol ~COSCH s CH COSCHR O, -COCH Oy, -COCH) - CH, <CO-
fCH Do UMy and <CO-(UH U HA

Lipaphitic sibstituent & Spaver

Insome smbodiments, thelipophilic substitvent is aftached fo the parent peptide by means

of & “spacer”™  In some embodiments, provided herein is any of the disclosed polvpeplides,

comprising an amino soid sequence sefected from the gronp consisting of amino acid sequences
represented by any of the consensus sequances of SEQ D NGk throggh SEQ I NO2143;
comprising 8 lipophilic substiluent, wherein the Hpophilic substituent 8 Haked 1o the s-amino
aroup of o lvsine via o spaosy, which spacer forms & bridge between an amino group of the
tisclosed polypeptile ande CO- growp of the lipopbilic sebstituant,

It senmre embuodinents, the spacer comprises one or more anving acids, for exansple, single
aming avid such as Gl Asp, Gly or Lys, dipeptide such as 2(Glu), Gla-Gly, or palypeptide such
A8 30, H{GW), ACGTa)-Gly ete. In some-embodhments, when the spacer comprises ong or more
amine acids, o2, Gly, Asp, Gly or Lys, onccarboxy! group of the spacer may form an amide bond
witly any amimo group of the disclosed polypeplide, and an amine group of the spacer may form aiy
arivide bond with s carboxyl group ofthe Hpophilic substituent.

I some swbodiments, when the spacer comprises Glu or Asp, tha further nclude a

carboxylic acidvernunaiing sidechain, the torminal carbeney] prowp of the sidechain of the Gluor

Asp-containing spacer may formt an amide bond with an aming gronp of the disclosed polypeptide,

and wn antno.group of the Glu or Asp-contiming spacer may form an amide hond with & carboxyd
group of the lipophilic suhstiteent, Lo, yOlu or BAsp.

Tn some emboditaents, the spacer 15 -yGluyGludpeg-. Tn some smbodiments, the spacer

s -Gy Gl u'—ii_peg—'g-'(fil w=yGlos. In some embodinigats, the spacer is -JCOCHAOCHCH:)
(G-,

I sonie embodiments, e polvpemide dowprises threg, two, or preferable ong lipophilie
substitpent gacl with a spacer. In some non-Hmiling ewbodiments, the lipophitie-substituent and
spucer formr a monevalent growp seleeted from the group vonsisting of those fisted in Table 3

Table 3 representative lipophilic substituent and spacermoieties

Gl Gla-COMCH N COH
Gl Gl-COCH GO

X7
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=y Glu-dpeg-C 0K

CH e

Y Clu-yGlu-dpeg-COH

-y Glu-vGlhu-dpeg-yGh

G-y Glu-dpeg-yGlu-COCH

=L (}{(\Hﬂ}u\ o630k

G he-yGlasdpep-vGlu-pyGli=COIUHNC

-vCiu “;'(_ In-dpes-yCu-viu-COC

Gl-yGh-diee-dpeg-COCH

=¥l y-dpeg-dpee-CO(CU Ha b

yGlu-yGlu-dpes-dp

YO lu-Glo-dpeg-dpee-vGlu-COCH

=G5 l‘u—lem-VGE11-(“0(

viru-Glu-yGlu- L“Ui

\

~diegsdpes-vGiu-L

~dpeg-dpeg-yGln-COK

CH:)eCOH

~pCH -Gy u-dpeg-COUCH O G:H

= u=dpeg-COCH) o

ey -yGlu- d;‘xeg-( f)(L HaheCGOH

af

=G Tu-dper-CO{CH by

.,.(,(lg{‘f

JCOCHAOCHCHY

NH G et O(CH e CORH

In gome embadiments; the hpophilic

Formulg IE

subsstitnent and spacer fonm a monevalént group of

"{Y )w”(‘ 0*({‘ H_M*Z

Farmula 11

wherem

Y iy selected frony the group consigiin
Zis «CHy or ~CO:H

m s lrom Ao 24 and

n i from § o 10,

Tn some embodiments; & 5 =COH, 1

¢ ol ¥Glu, Asp, Lys sngd Gy

1 someembodiments, mois frove 1440 3 In some

emthodiments, Y s yGlu hesome embodiments, n s from Lo S,

I some smbodinents, Y is

selected §

ron the gronp consisting of vGlu and Gly. o somie

embodiments: ¥ 5 vyGhe Insome embodiments, Y i Ghy

In some embodiments, the polypeptid

¢ comprises three, two, or preferably one lipophilic

substitient sach with a spacer. In son embodiments, the lipophilic substiiusnt and spacer are s

pronovalent groupeef Forpnda 11

- {\“T,.}r“{y )n“CO“(C H 1}‘-“92
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Foraula 1
wharsin,
YVin -fCOCHAOCHE :CHANH]
Y is selevted from the group consisting of yGhu Asp, aod Gly;
Fis -CHs or -CO:HL
s From 410 24
ax s from {to 10y
ris from § o6 and
T8 from 1 6.
In seme embodinments, Z.s ~COH, | In some embodinents, Z ix «CHa,
Tn some embodiments, Y is ¥Glu, In some embodiments, Y s Asp. In some smbodinments,
Y is Gl
I soune ernbodiments, ny is seletted from the graup consisting of 420, 8-20, 1220, 14-
20, 16-20, 14, 14, 18, and 20, In some cmbodiments, m s from (410 20,

In sonie ombodiments, n is selected from the group consisting of 1,2, 3, 4 3.8, 7, B, 9 and

1k Insone enbodiments, nis fam L ig 3. Insonie embodiments, iy L Insome enthadisments,
f i 2 Tinsome embodinents, ois 3, Tnsome embodiments, pis4. Insome smbodinents, n g %,
Irisdme erabodintents, v 1s frone ] © 3 Do sowe ermbodiments, vis | Insovse sinbodiments,
ris 2. ln some embodinents; ris 3. Insome erobodiments, ris < fnseme embodients, vis 5.
Ini senne embodinents, s from 1t 3 Iy some embodiments, Uls selected from the grougs
conststing of 1,2, 3, 4, A and &
I sovae embodiments, YigyGly Z=COHmn o nis Lol B and i i L

s -{COCHAOCH:CH N H -y G-,

T an smbodiment, <0V =Y

It some embodiments, the palypeptide comprises three, two, or prefersbly ons lipophilic
sathititoent dhck with a spacer. In someembodinients, the Rpophilic substituent and spager srea
monovalent gronp. of Formula TV

AN Dt (dpegh Y 2 - CO-Clls Jor Z
Forrgls IV
whiredn
Fis ~CHs or O,

m is from 4 to 24
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Y1 s selected from the group consisting o yGlu, Asp, and Gly;
Y2 is selecied from the growgr consisting of yGlu, Asp, and Gly;
dpeg is {COCHIOCHOECHONH]-

T fom Lo &

il is fom O o H0: and

n2 s frony U0 10,

In sente cmbodiments, 715 -CO:HL In somie embodiments, Z 15 <CHs,

In some embodiments, m s selectad from the growp consisting of 4-20, §-20, 12:20, 14-
200 1620, 14, 1o, I¥ and 200 Iy some snthodiments, m s frome ¥4 6 20,

In some embodimenms, Y1 ix yGhe Ty some smbodmvents, Y1 s Asp. In some
smbediments, Y1 s Gly.

[ some cmbodiments, Y2 as 3G In somie cubodments, Y2 48 Asp. T somie
smbodiments, Y2 i Gly.

In seme embodiments, 1 is selected fromihe group consisting of 0, £, 2,3,4, 5.6, 7, 8.8
angd (8. Inosonte embodiments, nl s frem 0t 3 In some embodiments, nl is ¢ In some
smhodimentys vl s L Insonte erabodiments, al 18 2. Inosome smbodiments, nl i3 3 In some
erobodiments, nt 4 Insome smbodiments, ol 183,

i sovae embodiments, v iy selected fromthe gronp consisting of 3L L 23 4. 56,789
amed 18 Tnosome embodiments, n? is from 0 0 3. In some emibodiments, n? s & In sowe
siibadiments v s L husonte ebodiments, 02 18 2. Inosome embodiments, n? 38 3. Inisome
embodiments, 12 v 4 busome smbodinients, nd 185,

lnsome erbodinents, vis from 1 o X, Insome embodiments, vis 1 Insome embodiments,
ris 3, Insomeenthodiments, vis 3 Ivsomweembodiments, v is 4 Insome envbodiments, rig 8.
In some smbodiments, v i 60 Insome ervbodiments, vis 7. In some embodiments, o is 8.

Ifvsome ermbodimenty, ris lend &8 2, and o Q.

In somie ambodiments, ris lont s 2, and o2 8 2,

Tn some enibodiments, Y1 is vGlu and ¥ 2 is vGlh,

In.some embodiments, ¥ is vGlu and 512 5.0,

In-sbme embodiments, Y1 i yGluoris bonl 82, and n2ae

60)
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In some embodimants, (Y Dae-(dpegh-0Y - 15 selected from the group consisting of -
wih-pGlu-dpes-, -y GheyGlu-dpeg-yGlu-yGlu-, v Glo-vGlusdpep-yGhis, srGl-yGliedpeg-dpeg-
G lu-vGlusdpeg-dpegeyGile-, «dpepdpeg-rialu=, svGlu=y(HasvGlusdpeps, and -yGlo-dpegs.

I same embodiments, the polypeptide camprises three, two, or preferably one lipaphilic

substituent guch with a-spacer, Insome embodinients; the lipophilic substituent and spaver are 4

monovalentgroup of Formula'Vs
ST U OSCH DG 2
Formula V
whgrein
Zis~CHy or ~COH;
01 iclron 41034 and
s frone g 1O,

¢

3

In sente ernibodiments, 245 -CHx In some embodiments, Z s

T some embodinents, 1w s from 4 1o 20,

In some smbodiments; m i selected from the group consisting of 420, R-20, 1220, 14-
30 30,14, 16, 18, and 20

I some Sbodiments s selested Troty the group conasting of 1,2, 3.4, 5,6, 7. 8 Sand
1 Tasome émbadinents, 1 8 L In some embodiments, n 82, Tnsowe embodiments, s 3 In
somearmbadimenis, oisad I seme embodiments, n iy 5.

v same erbodiments, the polypeptide comprises three, two, or preferably one lpophilie
substituent each with a spacer. In some embodiments, the lipophilic substituent and'spacer sre &
monovalent group of Formuls VI

Ay Gl e (GI-CO-CH w2
Formgla V1

wheretn

718 <Oy or ~CULHG

m isdrom 440 24 and

nis from }e 1O,

In somie embodintents, (pOla), 18 selected fromy the group consisting of wGhy 2yGHh),
36y Gluds S0y and S{ytHe). I some-embodiments, <(eGhuk(Gly - is selected from the group
consisting of 20pGIup Gl and 3(yGIugLGly,

&1
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In some smbodiments, the polypeptide comprises three, two, or preferably one lipophilic
substiluent eacls with a spacer. In some embodiments, the Bpophilic substituent and spacer are s
mencealentizroup of Forosuds VI

A -Er ) CO-(CH - 4
Fonmala V1l

wherem

Z1s ~UHy or <CO:H;

118 Troan 4 to 24; and

nis from 1 o 10,

T gonte smbeditments, cortain variables represenied in certain of the preceding Formulae
inglude the following:

Tx souhie gmbodinients, Z iy ~CHy In somesmbodiments, Z 1 ~CO:H,

T soine embodiments, ay is seletted from the grawp consisting of 420, 8-20, 1220, 14~
20, 1620, 14, 16, 18, and 20.

In some emboditonts, n is selected from the group consisting of 1,2, 3, 4 3.6, 7, 8, Qand
16k I some embodineats, 16 L some embodinients, b8 2, Iusome embodimens, n s 3 In
some embadiments, nsd Insome embodiménts n s,

I sorae embodiments o 18 L and Z -CO:HL In somie embodiments, wis L and Z & -CHs
In some embodiments, nis 2 and 2 s <COoH. Tn some embodiprents, n is 2 ad @ s -CHs In
s einbadiments, iz Jand s -COH. Tnsomeendodiments, v 18 3 ad Las <CHz o sonie
erobodiments, 1 15 4 and & 18 -COH. To some embodintenis, 0 s 4 and 2 5 ~CHy In some
embodiments, v s 5 and 216 -C0H, T someembodiments, u s Sad 2 1g-CHs,

Tn some embodiraents, nis 1, 7 s -COH, and w s 14200 In some embodiments, n is 1,
Z ds ~CO:M, and mis 14, Tnosome embodients, o is L2 s U, and mods 160 In somg

&

erabodiments, i Lo 15 GO, and m s 18R
I some embodiments, wis-1, Z s «CHy and my ia 14420, v some embodimenis, nis ¥, Z

in«CH:rand ms 14, Insome embodiments, nis 1, Zis«CHy, andmis 16, Inseme embodiments,

s 1 I CRy, ancda s 1R

In stme sbodimenis, nis 2. F 18

H, and ovis 14200 Iosomie enibodinnents, nois 2,
Z s -C0:H; and wiis M loosote emvbodiments: o 38 2, Z s ~CO:H, and nvis 160 In some

embodiments, nis 2, Z {5 <COLHL, and m 15 I8,
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In some erabodiments, s 2024 8 -CHaz, and oy 15 14-200 Isome embodiments, n 8 2, &
w-UHzandm is 14, lnsomne embodiments, s 2, 1 -CHyoand imeds 16, Insome embodimends,
nis d, &y -CHg and o §8 18

1o some erbodinients, » 83, 2 -COH snd nyis [4-240 In sofie sbodiments, wis 3, Z
R O

SHL andony is T Tn some entbodiients; nois 30 2 ds -OxH and m B8 160 In some
embodiments, 1vis 3, 2 i$<C0H, andm is 1§

In some ertbodimenis, nis 3, 2 15 ~CHz and oy s 14-20, In some embodiments, n 8 3, &
i ~CHrand mis 14, Insome smbodiments, 118 3, Zis -CHy, andn is 16, T some embodiments,
nwd 2O s and m i 1R

T some smbodiments, nis 4, Z is ~CuH, and n1131420. I soime embodiients, wis 4,
Z s CO:H, and m is 14, In some embodiments, n 84, Z is OOl and moix 16, In some
cmbodiments, g 4, Z 15 ~CO:H, and 1 s 18

In some erthadimenis, v is 4, £ 13 UMz and ny 18 14200 I some embodintenis, n 84, 2
s ~CHzandm is 14, [nsome embodiments, nis 4, Z s -CHy and i 516, Tosome embodiments,
nawd 2 ~CHs, andm s 1R

Ty some ebodiments, nis 8, & 5 <CQ:H, and o1 s 1430 In soinsembodinweots, wis 3,
2y CORH and ov 18 L4 T some Sibidivienty, v 85, 2 8 -U:H, and mois 16, In somie
anthodiments, v is 80 2 W =COH, and w18 18

To-some embdiments, nis 3 2 5 -UHy and s 14:200 Tosome embodimenis, nis 3. 2

s -UHzand m is 3L Taosovue embodinents, visd, 2is -UHg, andow is 16, husome smbodiments,

pwd 2R -CH andm s I8

I some erabodiments, the polypeptide comprises three, two, or preferably-one lipophilic
subatituent each with a spacer. In some embodiments, the Epophilic substituent and spacer arg a
wiorevalent group of Formals VHE

AY DAV 30 Y Dhe-COHCH
Fornraly VI

wherein

218 <CHs pr -CLGH;

m s from 4 924

Y1 is selected from the gronp consistisg ofvGlo, Sap, and Gy

Y2 is sehected rom the group consisting ol vy, Asp, and Gly;

..u
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Vs SfCOCHAODCHMUHANH-
ris oo o 6

nl is from O {1

B2 s from O to 10; and

tis fron o 6,

In some embodinents, the polvpeptide comprises three, two, or preferably one lipophilic

substituent cach with & spacer. In some crbodiments, the Hpophiliz substituent and spacer are

manavalent group of Fornwls IX:

Y e (Vi COUH W Z
Formula IN
whergm
Zs ~UHy or -CO:H;
ni s from & 10 24;
Y is selecied from the group cousisting of vGlu, Asp, and Gly,
Vs [COCHAOCRCHNH]-
18 frow b 67 and
1 is frone o 10 and
t1s frome Ve 6,

Ini same erabodiments, the polypeptide comprises three, tway, or preferably one Upophilie

substitugnt each with a spacer. In some embodiments, the lipophilic substituent and spacer sre a

jaonovalsatigronp of Fomula X:

A{dpegh-(¥ - CO-{CH -2
Formula X
wheraii
Zis<CHy or ~CH:H:
m isdrom 410 24
dpeg 18 LCOUHOCH bOICHONH |-
Y2 is selecied fron the group consisting of yGlu, Asp, and Gly;
ris from bt & and
n2 is from O to 16,
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Insome smbodiments, (dpeg)-0Y -1 selected from thegroup eonsisting of dpegvGly;
and dpegdpeeyGla.

Tocan smbodmrent; dpegh-{¥ - 1s adpegdpepyGly-.

Irvsome embodiments, the palypeptide comprises three, twe, or preferably one lipophilic
suhstiluent each with a spacey, In some embodiments, the Tipophilic substituent and spager are a
menevalont group of Fornwla XE

S P {dpepd-CONUH e L
Formula X1

wheren

Z s ~UH; or ~CO:H:

e i from 4 1624

Y1 is sclected frony the group consisting oFyGlu, Asp,and Gly,

dpeg 8 ~{CHC AHCHNH T

ris from § o ¥ and

nl ds frem e 1

[n-some embodinénis, & iy -COHL

i some emboadineihis, w s selectad frotn the group consisting of $-20, 8-30¢ 12-20, -
20, 1620, 14, 16, 18, and 20, Tn some embodiments; mois from 14 4o 20,

Int some embodimenis, Y1 s yGlu.  In some embodiments, Y1 & Asp. In some
embodiments, Y1 i Gly.

In sonmre embodiments, vl issclectad fromn the group consistingof 0, 1, 2. 3.4, 5.6, 7.8, 9
and 18, Tnosome erabodiments, nl is from O &0 3, In some emibodiments, nl s & In sowe
wnhodinients nd 3 1 Insome emtbodiments, ol is 2. Inosome embodiments, ol i3 3, In some
ernbodimentd, nl & 4 In sowms embodiments, ol 85

In some emboditents, vz from 1 to 3. In someembadiments, vis 1 In some embodiments,
s & Insomesmbodiments, r 3 Insomesmbodiments, £is 4 In seme embodiments, £1s 3.
Insome smbodisnants, ris 6. Insome emnbodiments, v1s 7. In some embodiments, & is 8.

Tasome embodinents, vis Lasdnl 2.

I oz embodiments, Y1 18 vGlueris L oand nl s 2
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In some-embodiments, Y Dw-(dpeg)- s selected from the group consisting of -yGlu-

vGlu-dpep- v Glu-vidu-dpeg-dpeg-, -vGle-yGle-yGlusdpeg-. and -yGhe-dpey-

Frorther sxeoplary spacees

I sorne erobadintents, the spacer-compriszs o bivalent growp of Formala X1

SNIRHCHR: OO

Formula XII

wherety
cach Ry aod Reis hydroges or (-0 allivl;
each Ry Hor Gl
pil 2.3 4, Fard;
gis b 2ord
ris for L
whitch spacer forms a bridge between an aming group of the distlosed polypeptide and a
CO- group of the Hpophilic substiuent,
In sonte grubodiments, the spager comprises a bivalent group.of Formula XIIL
[NERHECH OO H OV CH)CO - |,
Formula X111

aseh Ry s hydrogen or CvClealkyl;

gL 2oy

risGor L.

which spacer forms a bridge between an simino group -of the disclosad polvpeptide and &
CO group of the Hpophilic substituent.

Jri somie ewmbodinwents, cerfain varfables vepresented o cortatn Fomulae invhude the
fotlowing:

Ire some emmbodiments, sach Ry s hyidrogen. In some embodiments, each Ry s hydeogen,
Inosenie embodiments, sach Ryand gach Ryare bydrogan,

Jrisemne embodinents, at least one By i3 €O In some embadiments, ove Ra s €O:H.

o stnte embodiments, p i3 L o some crtbodioents, pis 3 by sonwenmbodineaits p 83,

Isome emtbodiments; p s Ivsome embodiments; pis & In some embodiments, pis 6.

66



2

¥4

tad

pg

WO 2022/133148 PCT/US2021/063920

T some smbodinmenis, g 8 1. Insome embadinents, ¢ 18 2. In sorasenshodiments, ¢ s

In some embodiments, v is 0. fo some embodiments, Tis 1.

Insome entbodiments, the spaver i y-glatanvl, Le,, ~NHCHCOHCH 00 In somie
ambodiments, 1he spacer B y-aminebutavovl, Lol -NBEICH UG- In some embudiments; ihe
spacer iy Beasparagyl, Lo, ~RNHECHCOUIDCHACO-. I some embodiments, the spacer §§ -+
NHECH 300, In some ambodinenis, the spacer s glyeyl. In semic erobodiments, the spacer is
Prabuivi

In SIS srmbodinents, the spacer is SNHOHCOHRCH 00
IN(RAHICHz OCH O3 CHDCO--T. In some smbodiments, the spacer is ~NHICH:C0--
PNIR OO H OO H RO ECH O - T some  cmbodiments,  the  spacer i
NHCH{COMH CH hCONRHCH pOQICH R OR{CHGCO-. In some embidiments, the spacer 1
SNHECH R COSNMUCH OCHD20R(CHCO-.  In some embodimients, the spicer i3 -
NHCHCQDOH OO NIROGECH pOICH O CHDCO-4:. In some eimbodiments, the
OO NRECH O CHDCO .

spacer 8 -NH{C
I sovve embodiments, the spacer comprises a bivalent group of Formudla XIV:
AN J
Formnla XI¥

whereln

Y s selected from the grouptonsisting of 7Glo, Asp, Lys and Gy

wis from bt R

In some erabodiments, Y s selected from the group conststing of vGlu and Gly. Insome
erabodiments, Y is v, o sepe ambodimeats, Y i Gly.

In sonse embodimeats, the spaces forms @ hridge betwess at armng groap of te disclosed
polypeptide and o GO graup of & Hpaphilic substituent. In some embodiments, one end of the
spacer forms o covalent bond with an amino group of the disclosed polypeptide and the otherend
ol the spacer forms a covalent bond with a hydrogen alom or a protecting group.

I some embodiments, the spaver comprises a bivalent group of Formula XV:

e
Formnia XV
wherein
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wis fromd e 10

Tosome erbudiments, n i selectad fyom the group consisting o1, 2,3, 4, 5,6, 7.8, %and
10, In some embodiments, 188 L Inosome embodiments, o is 2. Insore emboditasnts, vis 3. 1o
some embodiments, niss. In some embodiments, i is 8.

Insome embodimenis, the spaver forms ¢ bridge betwegn arvanyive group of the disclosed
polypentide snd a €O~ group of a Hipophilic substituent, hy some emboditments, one end of the
spacer Tornis @ covalem bond with an amine group of the disclosed polypeptide and the other end
of the spacer forms a covalent bond with a hydrogen atom or a protecting group.

In some embodiments, the spacer comprises & bivalent group of Forntla XV

{yGhe{Gly )
Formula XVI

whergn

s from 1 o 10,

In soine embodiments, (vGl s selected from the group consisting of vl 206:Gluy
JGluk $(yGlak and SyGhy), Tosone crobodiments, ~(vGlahe{Oly )l 15 selected from the growp
consisting of 2(yGlu)Gly; and 3Gl u)Gly.

To some embodiments, thespacer formis & bridge between an aming goows ol the digelasad
polvpepiide and & CO-—~ group ofa Hpophilicgubstiment. fv some enrbodivients, sue and O the
spacer Torms a covalent bood with an-amive group of the disclosed polypeptide and the other end
ol the spacet forms aeovalent bond with o bydrogen atom o o protecting group.

o some embodimenty, the spacet comprises o bivalent growp of Formala XV

Gy Gl
Formula XV

wherein

wis fom b U

It somie embodiments, the gpacer forms & bridge betwedn an amino groap of the disclosed
polypeptide and a CO-— group of a {ipophilic substisuent. In some embodiments, one end-af the
spacer fommis & covalent bond with an amine gronp of the disclosed polypeptide and the otherend

of the spacer forms acovalent boud with a hydrogen domror a protecting grong.
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In sonie smbodinents, v s selected from the group consisting of L, 2, 3,405,607, 8, S anid
10, o seme embodiments, nds L Insome enabadiments, n s 2. Toosome embadimends, n s X In
some eihodimernts, wis <4, In some emboditmeanty, wis 8,

Tnsonne embudiments, the spacer comprises & bivalent group of Formals XV

AV (Y or
Formula XV
whgrein
¥is seleoted from the group consisting of vGl, Asp, and Uy

Vs -] COCHAOCHCHONH]-

ris frony | to6;

nis from o 10; and

18 from Vo6,

In some embodinents, Y is Gy In some smbodimants, Y is Asp. Ingome ambodinents,
Yoz Uly.

In some embodiments, n is selected from the group consisting of 1,2, 3, 4 3.6, 7, 8B, Qand
1 I some embodinents, wis from | e 8. Insome erabadiments, nis L I some enbodiments,
n i 2 Tinsome sntbodinents, ois 3, Tnosome embodiments, pis, In some smbodiments, n s %,

I gome erabodiments, v 18 from ] © X, Ingome embodiments, vis 1, Insome smbodivaents,
ris 2. ln sovoe embodinents: ris 3. Insome erobodiments, ris < I seme embodiments, vis 5.

Ini senne embodinents, s Trom 1t 3 Dy some embodiments, Uls selected from the group
consisting of 1,2, 3, 4, A and &

In an embodiment, V3 18 JOOUHAMOCHCH pNH oy Ghes,

Tn-some embodiments, the spacer forms & bridge between anaming group of the-diselosed
polypepiide sad a CO-- group of a lipophilic substituent. In soms eatbiodiments, one end of the
spdve forng a covalent hond with andamdng gloup-olthe disclosed palypeptide and theotherend
o the spacer forms & covalent bond with & bydroged atony or o protecting eroup.

In seime embodiments, the spacer comprises a bivalent group of Formula X1X;

(Y Die(dpegle(Y 23ae-
Formuda XIX
wherein
Y1 is selected from the group consisting of ¥y, Asp, and Gly;
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Y72 isoselected frony the group consisting of vOlu, Asp,and Gly;
dpeg is - [UOCHMHCH R CHNH -

s from | &

) s froned to:10; and

N s om0 o 1

In some embodiments, Y1 ix G In some ombodments, Y1 is Asp. I some
embodiments, Y1 s Gly.

In some smbodiments, Y2 18 3G In osome ombodiments, Y2 48 Asp. In somig

smbodimenits, V2 15 Gly

T sounse embodiments, ni s selected fromyihe gronp consisting of 8, £, 2,3, 4, 5.6, 7.4, 9

angd 10, In-some cmbodiments, nl is oo 0 te 3. Tn some embodinents, nl is §. In some
embodimenty, ul i3 L v some embodiments, ol 45 2. o some siwbodiments, 8l 8 3. In some
embodiments, ot s 4 Dy sone embodiments, nl 15 5

In seme embodiments, 12 iy selected fromthe group consisting of 0, 1, 2,3, 4, 5,6, 7, 8.4
angd (8. Inosonte embodiments, 02 is from O 40 3 In some embodiments, n2 is €. In some
etbodbments, n2 8 L husonte enibodiments, 02 is 2. Inosome smbodiments, a2 18 3. Insonie
ernbodiments, 12 8 4 Insome smbodimisots, n? 188,

Iegome erabodiments, v is from 1 0 %, Insome entbodintends, vis 1. Insowe einbodimants,
ris £ Insomeembadimments, vis 3. Insome ﬂl‘l.?b{)(‘ii'mémi&}, sis . In sone evbodiments, S,
I soine embadiments, vis 6 I seneeinboadimends, v I some entbodimenis, ris 8,

Tn-some embodimenis, vic loatl 8 20 and n? 50

I sonae embodiments, v ot 8 2, ol o2 182,

To some emibodiments, Y1 i yGluand Y3 s yGhe

In some embodinments, Y1 is vGlu and w2 i5.0.

[o-some erabodiments, Y1 18 yGlu vis Lonl e d, andn2 e i,

It seune dmbodiments, 0¥ Dh-(dpegde 0¥ 2o~ 1s selected from the gronp consisting of -
G-y Clusdpege, <rGlusyGliedpegyCGlusyGlus, - GlosyGlusdpegyGlus, ~yGlu-yGlu-dpeg-dpeg~
G lusdilu-dpeg-dpeg-yGia-, ~dpeg-dpegyiluy e Gluy Gl CGlusdpeg-, aiwd vCGlasdpegs.

In.some embodiments, the spacer forms & bridge between an aming group of the disclesed

pobypeptide wnd a C0-group-sfa Hpophilic substitnent: by sonte entbodiments, oneend of the
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spacer tornis a covalent bond with s amive group of the disclosed polypeptide and the other end
of the spacer forms a sovalent bond with-a hydrogen ators or o protecting group.
Accordingly, i seme ambodiments, an solated polypeptide provided hereto comprises an

aming acid sequenve, o a4 pharmaceulically acceptable sall thereof, selectad Hom the group

cousisting ol wming-acid sequences represented by & consensus segquence seldicted from the growp
consisting of SEQ 1D NO: 1000 1o SEQ ID NO: 1162, wherein the isolated peptidde fusther
comprises @ Hipephilic substituent, and optienally eomprises a spacer.

Tri gtime embodinents, an isolated polvpeptide provided hemsin comprises an antino acid

sequence; or a pharmaccutically accepible Salt thereof, selotted from the group comsisting of
aming acid sequentes reprasented by a consonsus sequence sélected fom the group consisting of

SEQ D NO; 1000w SEQ I N, 1162, wherein the isolated pepiide further comprises a lipophilic
subgtituent of Forula L

In some embodinents, an isolated polypeptide provided herein comprises #n anving acid
sgquenee, of a pharmaceutically acceptable salt thersof, selected from (he group congisting of
amine-acid sequences sepresentad by & consensus sequencesizoted from the group consisting of
SRQ DN M0 SEQ TN L1682, whavein the isolated peptide funther comprises a lipophilic
saghdtitaent Of Formula Tand ¢ gpater selected from the group cousisiing of thise desenbed by
Formula X1 XL XIV, XVOXEVT XV XV o XEXL

Tn some gmbodiments, an isalated polypeplide provided herein comprises an aming acid
seguence, o & pharmaceutically scceptable salt thereofl selected Honvthe gronp consisting of
armino acid sequences represented by g eonsensus sequence selected frow the graup cousisting of
SEQIDNO: 1000 1o SEQ DY NG 16T wherein the fsolated peptide Turther comprises a lipophilie
substttpent and a spacerselected frov the growp congisting ofthose deseribed by Formulad, 11T,
IV, VOV VI VIIL IX, X, and XL

In soroe erabodiments, an isolated polypeplide provided herein comprises an aming acid
sequence, ov a pharnmcestically acceplable salt thersol) selected from the group consisting of
anune soid sequencey represented by s consensuy sequenee selected from {he group consixting of
SEQ ID NO: 100010 SEQID NO: 1162, wherein the isolated peptide fusther comprises a lipophilic
subatiteent gnd a spacer selected from the groap consisting of those deseribed by Formula L

I seune embodiments, an isolated polypeptide provided bereiny comprises ah aming scid
sequenes, or 3 pharmaceutically acceptable salt thereof, selected from the group consisting of

l
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amine acid sequences represented by s consensas sequence selected from the woup consisting uf

SECHIDNG: 10000 SEQID NG 1162, wh

e the isolaied peplide Nurther comprises a lpophilis
substituent and a spacer selected from the group consisting of thuse deseribed by Formda [

In some enhadinents, an lsokated polvpeptide previdad herein compuises an ansive acid
seguence; of & pharmacentically -acceptable salt thereof, selected Hom the ghoup consisting of
aming acid sequences represented by a copsensus sequence selected fromt the group consisting of
SEQID NO: H0 10 SEQ 1D N 1162, wherein the isolated peplide further comprises s Hipophitic
substituent and a spacer selected from the group consisting of those deseribed by Formula 111

In some arobodiments, an isolated polypepiide provided horein comprises an aming acid
sequence; or a pharmaceutically decepiable salt thercof, selected from the proup consisting of
smine. acld sequences vepresented by g consensus sequencs seleated from the group consisting o
SEQID NO: L300 10 SEQ ID NO: 1162, whsreln the isolated peptide lurther comprises a lipaphilic
substituent and & spacer selected from the group consasting of those described by Formula IV,

As wsed  herein,  (yGluye and  2(yGluy both  mwean  (vGlad(yGlup o -
COCHCHICOMINH-COCH hCRICOHINH-; (vGluys and 3(vGlu) both mean ~(yGhu-
HGI-0Gla) ar -COCH R CRICOMHINH-COICH pCBICOHINH-COLCH s CHICOSHIN H-;

ey where & viriable 18 present more thaw otice in & piven Torniuly, gach octorrencs of that

variable is miependenty determined. For example, forgronp -0 - where X may heyGla, Asp,
Liys, or Gly, each ¥ is independently selected to be one of the four aming avids, Accordingly, by
non-lmiting example, 0¥k may be GGGy Gin)-, -(rGl-tAsp-rGha-, «(Glyv)-

{ASp-YGlu-, or (G- Gh-0vGla)-.

In some evabodiments, any ol the disclnsed polypeptides fs optionally substituted with one
of more bridging moletles. As nsed herein, the term “bridging molety™ means a covalent hond of
any bivalent Tker or fioiety thap jolng twy sidechatng of (W sepdrite aino acidresidues. n
sone embodiments, any of the disclosed polypeptides is-optionsthy substituded with ong ot moreg
laclam bridging moeieties.  Ax used beredn, the term “laclam bridging moiety™ means o laciam
bridge av ctam bond that joins anino-containing and carboxy-covtuining sidechains of twis

separate e actd residues.,
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In soitie smbodiiznts, an isolted polypeptide of the disclusure comprises au amino acid

sequence selected from the ghoup consisting of the fullowing pepiides Usted in Table st

Table 4: Bxenplary eotnpounds: GLP-1 receptor agonist polypeptides covalently bownd to a
Hipephitic substiuent, optiondlly vig a spacer
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Table & Chomieal stouctures of exemplary tongonnds: GLP-U receptor sgondsipalypeptides
comprising & lipophihe substituent via & spaeey, one compound of which further comprises a
bridging miviety.
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Nodes:

»  cach K¥ independently represents an L-lysing covalently bound to a lipephilic substituent,
opticually viz 4 spacer;

o cach pairing of K and B represents a covalent amide hnkage derived fram the aming
sidechain of K" and the carboxy sidechain of E' (with loss of a water molecule). For
example, the seginent SAKTAARBYW represenis

o as used haveln, dpeg reprass
COCHAN CH R CHNH-COCH O Hah OHCH:)
e carboxy lenninglaing aod, Lo Sae, showd 83 -Sae-{NHE depiots NHOHICHOH R
CONH:,

In sonve embodiments, the isolated polypeptide comprises anwmve acid seguenge selected
fram the group consisting of SEQ 1D NOs: 1 e 162, or a phanmaceutically accepiable salt therent,
In some embodiments, the isolated polypeptide comprises an wming acid Ssgquence seletted
ding of SEQ D NOs: 6,43, 46, 54, 55,62, 68,70, 71, 74, 75,77, 78, 85, 86,

K7, 88 89, 92,94, 103, 107, 108, THL, 112, 188, 115, 120, 132, 134, 139, 147, and 149,

o]
(P4

freom the graup cons

o

Ini some smbodiments, the 1solated pidypeptide comiprises an amind scid ssquence ssletted
Fram e granpy consisiing of SHQ 1D NUOs: 45, 6, 54,85, 62,68, 70, 74, 78, 77, 78,85, 86, ¥7,
§8, 89,92, 94, 103, 107, 108, 11, P12, 104, V1A, 120, 132, 134, 139,147, and 149,

To some embodiments, the fsolated polypeptide comprives an arino-acid sequence seleeted
fromn the grovpoonsisting ol SEQ 1D NOw; 6, 45, 6, 84, 88, 77,78, 108, LHI T2, 114, 138, 120,
132, 134, and 139 or a pharmiacestically scceptable sitlt thereaf,

In some embodiments, the isolated polvpeptide comprises an ami seid sequence selected
lrom ithe group consisitng of SEQ T NQs: 45, 46, 54, 35, 77,78, 10§, 111, 112, 114, 1S, 1240,

133,834, and 139,
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In sote embodinsents, the isolated polvpeptids comprises s amine acid seguence sulested
froum the groupconsisting oFSEQ 1D NOs: $5,115, 1280 and 132 or a pharmaceutically sceeptable
salt therent.

lnsome embidiments, the isplated polypeptide comprises an aming acid sequence o BEQ
I WO 35 or & pharmacentically -scceptable sall thersofl In somie embodimenty; the isolated
polypeptide comprizes an amine acid sequence of 8EQ ID NQ: 115 or s pharmaceulically
scceptable salt thereof, In sooe cmbodiments, the wolated polypeptide comprises an wmine agid
sequence nf SEQ ID NGy 120 ora pharmaceutically acceptable salt thereol. In some embodiments,
the isolated pobypeptide comprises an aming acid séquence of SEQ Iy NGO 132 or a
pharimacentically acceptable salt thereol.

I some embediments, the present fnvertion provides & compoundiset forth in Tabled,
above, or a pharmaccutically acceptable salt therentl Insomigembodiments, the prosent invaition
provides an isolated polvpeptide that conyprises an aming achd seguence selocted from the group

consisting of SECY 1D NOs: 1 o 162 or a pharmaceudically acceplable salt thersofl In some
embodiments the pharmaceuntically acceptable salt is an agetate sali. In some smbedinenix the
pharmncsutcally acceptable sall i & wifhweroacetic soid {TFAY salt. In some embodiveents the
pharmaceutieally avceptable sialt woa hydrochlorie aeid (RO saly

I one-embadivent, the componnd iy the solated polypeptide compriving ay dming acid
sequence of SEQ D NO: 55 ora phasmacentical ly acceptahle sali thereoll bo some embodiments,
thecompaound 18 the acetatesattof the isolated polypeptide comprising an aming acid seguerice of

[EQ D KOSS,

In sone erabodiments, the compound' s the TFA salt ol the isolated polypepide

comprising sy amine ackd sequence of SEQ I NG 35 Tnsome embodiments, the componnd i
ihe HO T salt of the isolated polypeplide comprising an aming acid sequence of SEQ 11D NOy 35,

In one embodiment, the compesnd iy thie isolated polypeptide comprising an aming acil
sequence oTARQ Y MO LS argpharmatautivally acceptable Salt théreof. Tn some embodiments,
thercompoand s theaeetate salt o the isolated polypeplide comprising so aming acid segquence of
SEQ ID NO: LIS, In soane embodiments, the compound is the TFA salt of the iselated polypeptide
comprising an aming acid sequerice of SEQ ID NO: 115, Iy some embodiments, the compound is
ihe HE salt of the isolated polvpeptide comprising an amine acid sequance o SEQ 1D NO 1S

Inone embodiment, the conpoond is the isolated polypeptide comprising ah amino scid
sequence of SEQ I NO: 120 o a pharmaceytically accepiable salt therend, Tn some embodiments,

83



2

R4

WO 2022/133148 PCT/US2021/063920

the compoand i the acetate salt of the isulated polypeptide comprising so aminoacid sequence of
SEGIDNO: 1280 fn some embodiments, the compound is the TEA salt of the isodated polvpeptide
comnprising sn amino ackd sequence of SEQ 11 NO: 120, Insome embodiments, the compound s
the HUD salt of the solated polypeptide comprising an anine acid sequence of SEQ 1D NO: 120,

Inone embodinsent; the compoand isthe istlated polypeptide comprising an aming scid
sequencs of SEQ ID N 132 orapharmacentically acceptable sall thereol, In some embodiments,
thegompound is the acetate salt of the Isolated polypeptide comprising an anuno acid sequence of
SEQ IDNO:13Z, In some embadiments, thecomponsd is the TRA salt of the isolated polypeptide
Somipristhy an dmino ackd sequencs U SEG DN 132, iy some embadiments, the ;:tﬂmpmm:d is
the HUT salt ofthe solated polvpeptide comprisiing an amino acid sequence of SEQ TDX NO: 13

Table 6: Exemplary compounds: GLP~{ receptor agonist polypeptides uplionally comprisibg a
hpophilic substituent, aplionally via a spaceryand f}pﬂmmlt}, further comprising s bridgingneisty,
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Inseme embodiments, the isolated polypeptide comprises o aminoacid sequenge seleeted
from the group consisting of SEG 1D NGs: 1000 o 1162, or a pharmacewtically acceptable salt
thercof.

In some emibodinents, the isolated polypeptide comprises an aminy acid sequence selected

Tormy ihe growp consisting of SEQ ID NOQS: 1006, 1045, 1046, 1054, 1053, 1082, 1088, 1070, 1071,
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1074, BYFS JOT77, FOTELORS, LOKS, LORT, 1088, 1ORG, 109, 1093, 1103, 1107, 1108, 111E 1012,
PIR4 PIIS, FR200 HI32, 1134, 1139, 1147, and 148,

In some embodinsents, the tsolated pelypeptide comprives an amine aeid sequence selected
Grom the group consisting of SEQ [0/ NOks: 1006, 1045, 1046, 1054, 1055, 1077, 1078, HIO8, 111,
PR BT84, PHLS BE26, FI320 1154, and 1139 ora pharmaceutically acceptable salt thereofl

In some embaodiments, the isolated polypeptide comprises an aming acid sequence selected
from fhe group consisting of SEQ 1D NQs 1055, 1115, 1120 and 1132 or a pharmaceutically
acceptable salt thereal

In:some embodiments, the isolated palypepiide comprisesdn amino acid sequence ol REQ
TRy 1055 or o phanmaceutically acceptable salt therenll o some embodiments, the isolated
polypeptide comprises an amine acid sequence of SEQ 1D NO: 1113 or o pharmaceutically
aceeptabie salt therenll Insome smbodiments, the tsolated polypeptidecomprises an aming acid
sequence of SEQ ID NO: 1120 or a pharmacestically acceplible salt thereoll  In somie
embadiments, the isnlated polypeplide conyprises an amine gcid sequence of SEQ ID NG 1132 or
apharmacentically accepiable salt therenll

Brrsorne embodiments, the prosent nvertion provides s compound-set forth tnthe Table g,
above, or & pharracestivally acceptable sali thereofl In some embodinients, the present invention
prmide&; anisolated polypeptide that comprises an aming soid Sequence seleeted from The group
consisting of SEQ 1D NOs: 1004 1o 1162 or & pharmaceuiically acceptable salt theren!. In sowe
embodimenty the pharmwceutivally acceptable salt is wn acelate salt. In some embodiments the
pharfaceutically aceeptable salt & & tefloorcacetio serd (TFA) salt. In some embodiments the
plarmacentically seceptable salt i o hydroehlovie acid (HO salt

To-one embodiment, the corapound ix the isnlated polypeplide corapristng an mnino scid
sequence of SEQ ID NC: 1055 or a pharmacentically acceptable sall thereof. In some
erobodiments, the compound is the destade salt of the wolated polypeptide coraprising an aning
doid sequence of SEQ ID KD 1035, In sonie embodiments, the'compound iy the TRA salt of ihe

isolated polypeptide comprising an amine acid segquence of SE ID N 1055 In soms

smbodinienis, the compound is the HOsalt of the isolated polvpeptide comprising anaming acid
saquencs ol SEQ 1D NE: 1085

Inone embodiment, the compoond iy the isolated polypeptide comprising ah aming scid
sequence of SEQ ID NO: 1115 or a pharmaceutically acceplable salt thereoll In some
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embodiments, the compound s the avetate salt of the wolated polypeptide comprising 4n amin
acld sequencs of SEQ 1D NG 1115, [o some smbodivuents, the compound s the TFA salt of the
solated polypeptide comprising an amino aeld sequence of SEQ 1D NGy TS In some

embisdiments; the mmpmmd 13 the HCD salt of the isolated polypeptide comprising an aming avid

seguence of SEQ ID MO 11

In ene embodisent, the ‘mnpmmﬁ is the isolated polyvpeptide comprising an aming acid
seguenee ol SEQ I Ny D120 or a pharmaseutipally accepiable salt thereoll Tn some
smbindiments, the compound & the goelate salt ol tie tsolsted polypeptde comprising an aniing
acid sequance oFSEQ 1D NE 1120, In some embodimeits, the conipoynd ixihe TFA salt ol'the
isolated polvpeptids comprising an aming aoid sequence of SEQ I NO: 1120, In some
embediments, the compound is the HC salt ol the tsolated polypeptide comprising an sntne schd
sequence of SEQ 1D NO: 1120,

In one embodiment, the compound 18 the 1solated polypeptide comprising an amino acid
sequence. of SEQ ID NO: 1132 or & pharmaceuwtically scceptable salt thereofl  Inv some
smbodimants, the compound s the acctte salt of the wsolaied polypeptide comprising wn aming
acid sequence of SEQ 1D NO: 1132, In some embodiments, the compound s the TRA salt of the
wolated polypeptide comprising an anune avid sequence of SEQ 1D Ny H32 In sowme
embadinments, the compoind iy the HCPsalt of the isolsted polypdptide comprising snaming acid
sequence nl R NG 1132,

Table 7: Exenyplary componnds: GLP-1 regeplor agonist polyvpeptides optionally covalently
bownd &y a hipophilic sulwitueat, aptionally via spacer
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»  Each patring of K+ and B+ represents @ covalent amide Tinkage derived [rom the amino
sidechain of K+ anid the carboxy sidechain of B+ {with loss of & water moleguley

I some embodiments, the isslated polypeptide comprives ao amine acid segueoce selected
fram the group consisting of SEQ ID NOs: 2117, 2118, 2119, 2820, 2121, 2135, 2136, 2137, 2438,
2140 and 2147 ora phariaceutically dcceptable salt thigres

Insome embodiments, the isolated polypeptide comprises ah aminto aeid sequence of SEQ.

TRENGY 2117 or g pharmacentically acceptable salt thersol. In some smbodiments, the iselated

polypeptide comprises an aming ackd ssquente of SEQ ID Nty 2118 or a pharmaceutically
scoepiable salt thercol Insome enbodinionty, the isalated polypeptide comprises aly aming acid
sequence. of SEQ [D WO I or a pharmaceutically acceptable salt thereaf Ty some
embodiments, the iselaied polypeptide comprises an aming acid segaence of SEQ IHNO: 2120 or
a pharnwceniivally acceplable salt thereofl  In some embodiments, the isolared polypeptide
SOMpRIseR an aminn deid sequence of SEQ D MNOS2UT ore phdvmacatically soceptable salt
thereof.  In some embodiments; the isolated polypeptide comprises an amine soid sequenve of

SEQ 1D NO: 2135 or & pharmacsutically acceptable salt thereof.  In some ambodipents, the

isolated polypeptide comprises an aring acid sequence 0T REQ 1 NO: 2136 or & pharmaceutically

acceplable salt thereaf. In some embodiments, the fsolated polypepiide comprises an amino ackd

2

segience of SEQ 1D NO» 3137 Ov g pharmacentigally ageeptable salt thersof. Ty some
embudiments, the isolaied polypeplide comprises an amino scid sequence of SEQ ID KO 213 ar
a pharmacentioally secceptable salt thersoll  In some smbodiments, the iselated polypeptide
comprises an aming acid sequence of REQ U Nev 2140 or g phasmacsutically acceptable salt
thereals  In sonwe embodinyenty; the isolated polypeptide comprises an wiving aod sequence of
SEQ ID NOY: 214) or g pharmseeutioally accepiable salf thereef.

Ta seme ambodiments the pharmacentically aceepuible salt is an scetals saltl In sonte
emhodiments the pharmdcentieally aceepiable salt i s iriffuoroacetic acid (TFA) salt. In some
sithodinisnis this pharmaceutically acceptable salt is a hydrochlorie acic (HCT) sali
Polypepride intermediates & generad merthods of providing the peesent compoinds

The compounds of thisinventionmay be prepared or isolated i general by svothetic andior
senit-sviithetic methods known to'thest skilledin the art Tor andlogous compounds and by methods
deseribed iy dedail in the Examples, herebn
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In the Schemes below, where a particalar protesting group (PG leaving group (ULG™,
o fransformation condition i depicted, one of osdinsry skill by the art will apprecinte thet other
profecting groups, leaving groups. and tansformation conditions are also suttable and are
contemplated.. Such groups/and fransformations are deseribad iy detad] o Wardhh Advaaded
Ghrganic Chemistry: Reactions, Mechanisews, and Stractre, M. B, Smiith and 1. March, §% Edition,
John Wiley & Sons, 2001, Comprehensive Ovgmatic Transformarions, B, €. Larock, 2 Edition,
John Wiley & Sons, P9, and Protectiag Growps in Qrgarie Svathesis, T. W, Greene and P G,
M. Wauts, ¥ edition, Jolin Wiley & Sons, 1990, the entirety of each of which is hereby incorporated
hergin by reforence,

As ised hersiny, the phrase “leaving group™ {(LG) includes, hul a8 pot Hiniled to, halogens
fe.g, ugride, Shloride, bromide, todide), sulfonates {o.g. mosylate, tosylaie, benzenesulfonate,
brosylate; nosylate triflme), diazomum, and the ke

LS

As used herein, the phrase “oxyied profecting group™ mehudes, for example, carbonyl
yrotecting groups, hvdroxyd pratecting groups, gio. Hydrosyl protegiing groups are well known
HIE B X ¥ LR B0t A ¥ : B BB )

i the art and include those desorilved tn detatl i Provee

g Growps i Organte Sthesis, T W,
Gresne and B G M. Wuts, P9 edition, Johin Wiley & Sons, 19, the entirety of which is
feorporated heretn by veforende,  Exuniples of suitahle hydvony! protecting gittups fnelide, but

R

ate nothimited 1o, esters (e, acetyl; bunzyl), all vt Sthers, athers, stiviathers, alkyl sthers, sevlalksd
ethers, benzyl ethers and alkoxyalkyl ethers, Examples of such esters inchade lormates, acetates,
carhonates, and sulfonates. Specific examples inclode formate, henwoy] formate, ehloroacetate,
riflusroacetite,  methoxyaestate,  tripheaylmethoyyacetate,  p-chloophenoxyadetate,  3-
phenyvipropionate; 4-oxopentanoate, dd-{ethvlenedithiojpentanonte, pivaloale {frivvethylacetyll,
crolonate, d-methoxy-crolonate, benzoate, p-henvibenzoate, 3 46-trimethylherzoate, carborates
-~

sach as methyl, Sfluorenvimisthyl, ethyl, 2.2 2-inichloroethyl, 3-(uimsthylatyDethyl,

{phnylanifonyhetiy], vinyl, aliyh and p-oirabissel ol such syl ethery tclade

trinteilyvisibyl, tretivvlsilvl, thutvldimethivistyl, thutyldiphanyisilyl, trisopropylsiivl, and other
ivialkyisily! sthers. Alkyl sthers inglude methyl, beneyl, pamethoxvbenzyl, 3 4-dimethoxybenzyl,

trityl, whatyl, allyl, and allvloxyearbony) ethers or degivatives. Alkoxvalkyl sthers fclode acstals

such as methoxymethyl, mathylthiomethyl, (2-methoxvethoxypmethyl, benzdogynsethyl, beta-

frrimethyiibvhisthogymethivl, and tetraliydropyranst ethers. Examiples of anvialkyl sthers include
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beozyl,  pomethowvbenzyl MPMY) 3d-dimethoxybenzyl,  O-nitrobeneyl,  p-uitrobeneyl,

phalnbauzyl, 2 6-dichlorobenzyl, proyansbenzy snd 2- and piondyl.

Ao protecting groups.are wall known i the artand inchale those descvibad in detail in
Profecting Growgs in Urgosic Symhesis, T. W Greene and P. G ML Waty, I edition, John Wiley
& Song, 9O the entivety of which (s ivcorporated herein by raference, Suitable aming protecting
groups include, but are not Hmited 1o, avallylamines, carbamates, oyclio imides, allyl amines,
amides, and the hke.  Examples of sueh groups include t-huploxvesrhonyl (Bog),
sthyloxyearbomyd, methyloxyearbonyl, wichlorsethylosycarbonyl, allvloxyvearbonyl {Alleg),
benzyloxotarboinyl (Chel allyl, phthalmide, benzyl (Bny, dimethyd<26-digrocyciohex-1-
yiidengletiyl  (Dmb), <@ $dimathyl26-diosoeveiohes- -yvlidenei-F-methylbunl  {ivRde),
Nuerenylmethylcarbonyl (Fmoc), fornwyl, acelyl, chiorcacetyl, dichloroacetyl, trichloraacetyl,
phenyleetsl, withkeoacondd, benzoyl, and the ke

In certam embodiments, the present mvention alse relates 1o synthetic peptide
miermediates of disclosed GLP-1 receplor asgonists, In some oinbodiments, & polypeptide
intermpdiate of the disclosure {5 anisalated polypeplide conyrising the amine acid sequence off
SRQID NO: 400
HR2GUTER0X XX oS XX X EX e XXX XN s FI G WEK R GO P XS GAPPPS-
EOHNH ) (SEQ D NO: 400) or a phinmadeutically docepable salt thereof, whereing

Xa i A, 2-aminoisobutyriv acid (Aib), or G;
X i Boor Nowiethyl Gly;
Kels FurY;
X718 8560
Ky is Haminopimelic acid (Dap), B, KK, N-methyl Ser, Q. 8, 5, 00 Y3
Ryia D or E
R L Ly Nemwethyl Len, or 'V
N wE K. .Q, org;
Kasoadh, E K Q.8 Woar Y,
Xk E R LE L MO ary;
K ts 2 A-dianvinobutanoic acid (Dab), Dap, B, K, k, or omithine {{m};
Npan B, Koor iy
Xigis ALK, S, orY;
96
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Xsis A, K, 00V
Kaoois B, Kyor Rg

Kopis Adb B HURL LO or Y
Kapis AL Adb, B KLQL S, ey
Nop b DL EK N, QLS or Y and
XoisDap, HoK R, or' §;

wheretn guch Dab, Dap, K orCen independently represents Dab, Dap. K or O eptinaally

covalantly bound tya provecting group or & spacer optinnally bound to & protecting group.

In some embodiments, the spatet Is not bousd # a protecting growp.

T ong embodinient, the sythetic peplids intermedinte s hot @ grecursor of exenatide,
HGEGTFTSDLSKOMEEEAVRLFIEWLKNGGPSSGAPPPS-NM: (SEQ D NO: 300), having
Koz or Kay covalently hound 5 & protecting grovp or & spacer optiomially bourid to & proteciing
REoup,

+ 18 Adb,

T some embodiments,

Tn sone cmbodiments, ¥ X 18 8, then X is V.

Trisentie embodinents, Xgis Y

Toesome embodiménty, X 18 Meand Xw s Ko
Lresome embodiments, Xie WKL
T some embodiments, 17 X ix B then Xais K oor B In some embodimenss, 10 X s B,

then Xo ot K Tn somne embodiments, i X is B, then Xy s B

Toesome sabodimenis, X 8 A Tosome embodintents CfcATh I some entbodiments,
Xzt th

Tn some erabodiments, Xa fs E. In sovee embodinients, X is Nemethy! Glu,

In some embodiments, Xg s B I sonie embodimients, Xeis Y.

Ifvsome embodiments, X4 188, Tusome enthodimenis, Xy s T,

In some embodiments, Xz s Dap. e some embodiments, Xy v Eo In some embodimenis,
Nais K, In some smbodiments, Xy is N, 1o some embodiments, Xy is Nemethyl Sse In soms
smbodiments, Xa is € In some embodiments, Xy & S0 In some embodinrenss, Xy is 8. Insome
emhodunents, Nyt Y.

In some ambodiments, Xois D In some embodiments; Xois B,

97



2

ig

—
Ly

tad
e,
pod

WO 2022/133148 PCT/US2021/063920

In some smbodiments, X i L Tusonme embodiments, Xiets Lo Insome sntbodinsents,

is V.

Riois Nomethyl Leu. In some embodiments, X

it

Joosome embodiments, Xyeis B In some embodinvents, Xz s K. Insome embodimeants,

Vi ds Qb some embodinasints, Xz ls 8
Invsose embodiments, Xz 18 Adbe In some embodiments, Xz is B Insome embodinmenty,
i is K. I goive embodiments, Xa g Q. Tn some eothodiments, Xz is S, In some embodiments,
Xis i W, Insome embodiments, X is'Y.
I some embodiments, Xia s B, In some enbodiments, X is R. In sonte embodiments,
X 151 In some ermbodiments, XK In some embodimients, Xiais L In some embodiments,
HNisds M. Insome embodiments, Xie s Q. In some embodiments, Xia 18 Y

In some ombodimonts, Xis s Dab.  In some embuodiments, Xz is Dap. In some

sombindiments, Xieis B I some simbodiments, X s K, In someenthudinients, Xiois k. In sonie
smbodimenits, X 'is Om.

I some smbodiments, Xirig B In some embodiments. Xyr iz K. Insome embodiments,
FREREN

Trt seinse enbadiments, Xuois & To some smbodiments, X is KL In somie embodients,

Aon 88 5 I some embodinrenss, X Y.

T somte embodiingnts, X 18 AL To gome embodinants; Xy w Ko Tnosome enbodimants,
Kinds V.

Jxi sante emboduments, Xoh s B In some eabodiments, X & K. Insome embodiments,
s R

In somre embodiments, Xap isAdb In sonwe smbodiments, Xo is B I some embodimenis,

i

el

X ks HL I some srobodiments, Xo s KL In some embodinients

1 L Inosone emnbodinents,

Xy s L) In soante smbodinepts, X 8Y.

Iov-some erabodiments, X i3 AL Tn some embodirents, X s Ath, In sone embodiments,

Xog 18 E Insoms smbodiments, Xog 19 K I somie embodiments, Nag 180, T sone ambodinents,

N ds B In seme embodiments, Xoy 15 Y,

Ivi same embodiments, Xags I Insome sobodiments, Xowds B, Insome smbodiments,

g ds Ko I some embodiments: X ds N I stme snsbodiments, X is Q. In some-embodiments,

Y.

Xop 18 S I some smbodimenis;
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In somie smbadients, Xaois Do o some embodiments, X s H. bvsome smbodinents,

Civis K I some etmbodiments, X s B Insome embodiments, X 88,

I seme embodiments, carbony termmal amdne-auid, Lo Sw 8 Sae(NH  Inosome

%

embodimentds, cathoxy terminal aming acid Sy 15 -S3=(OH}
In sonwe enthodiments, o polypeptide intermediste of the discloswe 15 an wsolated
polypeptide comprising the aming acidseguence of SEQ 1D NGO 405;

HXGBGTFTXDX 68X QY ERK X X e eoX o Xy FIX s WLK X5 GG X oSG APPPRS-

(ORUNFLR IS EQ 10 NGk 40458), or g pharmaceaticilly accepiable salt thersof, wheroin

Ko % 2<aminoisobutyric sctd (Adh) or G,

Xeiv N or;

Nl Loor'vy

Rz E K, orQ;

Xivis B orK;

XpiwAory;

Nis A ar vV

Xag s B, K, o0 B

X B Rl or €

Xl B Koor sy

Wi s Woory and

XaisHos;

wherein each K represents lysine optionally covalently hound 0 & protecting group o' a
spacer opticnally bound to a protecting group.

T some embodiments, the spacer is vot hound © & protecting group,

I sonze embodiments, X is Aih,

In some embodinents, the lysing residue at the sixteenth position of SEQ H NO: 303 18
convalently boweid o @ proteciing group or & spacer optisnally bovnd Lo profecting gronp.

s V.

Insomve embodiments, # X is 8, then X

In some embodiments, the peptids further comprises a lactam bridge formed via an amide
hond between the side chains of e lysineand o ghatamic adid ot positions X and Moy, respeetively.

In sorne embodiments, Xo s Aibl In some embodiments, Xo s G

In some enabodiments, Xgis N, In some embodiments, Ny s X

4o
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In some embodiments, X 8 L Tusome embodiments, Xiets Lo Inosome sntbodinsents,

Tnisome embodiments, Ko is B Iy somee smbodimuents, Xiz is K. In some smbodiments,
Nizw Q.

Insome embodimenis, Xi7is B, o someembodiments, Xy 5 Ko

I seme embodiments, Xig is A. Tn some embodiments, XivisY.

In sone embodiments, Xgis A In some embediments, Xisis 'V,

Jr some embodiments, Xop s Eo Tn some embediments, Noo is K. In some embodnnonts,
Koo is R

Tn gome embodhments, Xy Is B In some eirbodiments, Xy s K In sone embodiments,

N s L, Insone embodiments, Xag 80Q,

Trisome embadinnents, Neots B Inosome embadinients, Xa ts K In somie embodiments,

I seme embodinents, Xe i8N, Tn some embodiments, Xavis Q.
In senie embodiments, Xss s B n sonweembodiments, Xo g S,
B semte envbodivients, carboxy fermingd ameeavidy £e. S, 1 <SasiNH2)L  In some

ernbodiments, cathoxy tetminal aming s0id Sze 8 -S5-{0H)

Exempgicry polvpeniide inrermedivies

I sonte embodiments, an isolated polypeptide of the diselisure comprises an aming acid

sequence selected forn the group consisting of the following peptides listed in Tables § and 9

Table & Compound A120 and exeniplary polypeptide interniediates thereof,

A
AL20 S

SSAKRFIETWLENGGP

SGAPPRS-4Hs}

yiatosyiilu-

SREPY) : .
D3 AAKIRKFIE WLEANGHPRSGARPRS N

dpagll

IHANEGT FYSDLSKOYEC Sy G v GROEAAK KFIE WLENGOPRSGAPERS-

D410 {NH

05128 HEAMBGTETSELSROYER M ((GIEAAR KRR WLKNGGPRSUAPPPS-(NHG
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HEAIBGTETSDLSRQYE BNGGESSGAREPS-

(NH

£5612) * frae amine il

D0 FATEGT ETSDLSK QY ER M v E A KRB W LK NOGPESGARPPS OIS

SEQID

DS HEAIBOTETSDLSKOY B (oD AAKK FIEWLE NGOPSSGAPEIS NI | NOL 12
i

SEQ I

WO LD

g

SCTFTSDLSROY RS vDIsEA AR A FIE A VW LK NGETSSGA

S
D912 L

Notes:
o Fachopatring of K& and B represents scovalent sinide Inkage desived from theamine
sidechain of K+ and the carboxy sidechain of B+ {with loss of & waler molecule).
s Alloc = allvlexycarbonyl protecting group
o Albyl s allyl (CHaCH-CHe ) protecting group
¢ ivDde = {4 d-dimethyl-2 6-dioxocyclolion-1-ylidene)-3-methylbutyl protecting group

I some embodiments, the present invention provides 8 peptide intermeadiate of Compound
ALZ0 (BRQ D NOv 1200, In some embodimenis, the present invenlion provides a peplide
intermediate set Torth icthe Table 8 shove. In some embodiments, the peptide hermediate s &
peptide baving the amiso scid sequence oTSEQ D NG 31300 In some embodinents, the peplide
wtermadiate is & pepiide having the aming acid sequence of SRO 1D N 41300 In some
embodiments, the peptide intermediate is « peplide having the aming scid seguence of SEQ 1D
RO 31200 1n some embodiments, the peptide interniediate s a peplide having the amine acid
sequence s REQID NOYE 6120, Dy sorme srmbodinents, the peptide internrethateis & peptide Having
the ainine aeld dequence STSEQIR NO: 7130 In some swbodiments, the peptide intermediite

apepiide having the amine soid sequence ol SEQ IDNCE 3120, In some embodiments, the peplide

intesmediate is a peplide having the amine acid sequence of SEC 1D NQ: #1240,

Tnv somie smbodinents; the present Tovention provides g svethod S preparing compotsids
o the invention, such as Compound A120 (SEQ [ KO: 120}, comprising the step of acylating a

polypeplide infermedigtes, such-as Compound D3120 (SEQ 1D NG 3120), with the following

activated acyl group, (LGWOCH)COH, whersin 22 s from 14 o 22 and LG is a leaving

dronp ay defined herein, as exemplified below in Scheme 1
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Schemse |
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Table'9: Conmpaennd A5 and exemplary polypeptide intormediates theveol

B¢

RN

NO: 3115
. SEQ D
4148
3 \‘;0 4115
DS1E SEQID

H{AIRRGTRFISHVEROY BRM Bee anine RAARKFISWLENGGESSGAPPPR-

LTS LA
bl (N
HUER RS FEAEGTFTS VR IVER AR AARK RIS WLENGUPSSGAP PRS N ’\U _}} (s

To some smbodiments, the present fmvention provides a peptide intermediaie of Compoand

ATLE (SEQ 1D NOx 115), In some embodinents, the presest. fnvsation provides a peptide
intermediate set forth in the Table 9, above. In some smbodimients, the peptide miermadiate 18 a
peptide having the aming sl Sequente 0053EQ NG TE Tasome embodiments, the peptide

e

tniermediaie 1y 8 peptide having the wwine seid segquence of SEQ T NO: 4113 In some

smbadinients, the peplids imermediaie is 3 peptide having the amine acd sequence of SEQ 1D

NOCSUE Inosome embodiments, the peplide intermediaie 18 & peptide Hiving the amina acid
sequence of SEG IDNO 6 LES: Insome embediments, the peplide intermediate ix apeptide Having

the somino acid sspence of SEQ D KO: 7HES,

In soms emhadinients, the present invention provides a method for preparing compounds
of the invention, such as Compound ALLS (SEQ ID NO: 115), ﬂumprisirxg the step-olacylating a
polypeplide intermediates, such as Compound D313 (SEQ 1D NOx 3118), with the following

aetivated okl geoup, (LOCOCH)C0H, wheretn 27 13 firtin 14 to 22 and L& is ¢ leliving

grouy, as delined hersin, as exemplified below in Scheme 2
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Agcording te another cothodiment, the invention relates 1o 8 methed of trealing mstabolic
disgase or disorder in a subjest in need of treatnwent, comprising providing the subject with an
effective amount af an GLP-1 receptor agonist polypeptide of the disclosure ar a pharmaceutical
composition thersof, Metabuolic discases vr disorders include type | diabetes, type 2 diabetes, and
ohesity, Additionally, the tnvention relates to a method of eifocting weight loss in a subjeet,
ncluding a dishetic subjent, compri sing praviding the subject with avefTective amaunt of an GLP-
I recoplor agonist polypeptide af the diselosure. In certain embadiments, the invintion also relates
to methods of tresting nonslccholic fatly: Hver disesse: (INAFLID) andior aoualecholie
steatohepatitis (NASH),

In sone embodiments, provided is a miethod of tresting obesity in & human subject,
providing weight loss to the humumn sthject, of suppressing appetite in the human subject,
comprising sdnunistering to the suhiecl any ofthe polypeptides disclosed herein a phasmacenticyd
composition comprising sny of the disclosed polypeptides. or an osotic delivery deviee
comprising any of the disclosed polypeptides.

In some snthodimehiy, plovided s o mefhad of freating diabetes 1o & human sulject;
comprising adnunistering to thesebjsctany of the polypeptides disclosed herein, o phanmacentisnd
composition comprising sny of the disclosed polypeplides, or an esmotic delivery deviee
comprising any of the disclosed polypeptides.  In some embodiments, the diabsies is type |
diahetes. I $twne embodimenis, the iahstes I8 type | disbetes.

I some embodiments, provided is-a method of treating nonaleohotic fatty hiver disease
{NAELDY in a human subject, comprising administering to the subsject any of the polypeptides
disclosed herein, a pharmaceutical composilion: comprising any ol the disclosed polypeptides, or

an gematic delivery devics comiprising sy ol the disclosed polypeptides.
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In some embodiments, provided s o method of treating nomleoholic steatohepatitis

INASH) o buman subject, comprising admivistering o the subject any of the polypeptides

g

7

disclosed herein, a pharmacsulical composition comprising any of the disclossd polypeptides, or

an ssnietie delivery deyvice comiprising any of the disclosed palypeptides.

GELP-1 receptor agonist pobvpeplides of the - disclosure afe particudarly usefu] for the

U

of g GLPE-1 veceptor agonist polypeptide, In some embodiments, a (GLP-1 receptor agonist

polvpeptide of the disclosurs is used for the reatment of a sublect with type 1 ar type 2 diabetes

o control, or reduce, concentrations of blood sugar in the subject, where blood sugar levels can be

montored  or apprexinsued based on muessured  blood  concentrations  of glvtated

hemoglobin (hemoplobin Ale, Hbalck
i) In some @nbodiments, @ GLP-] receptor apontst palypeptide of the disclosure
used for the tretment of a subject with type 1 dinbetes;
{il) In some embodiments, a GLP-1 recepior agonist polypeptide of the disclosure i

usgd for the treatment of a subject with {ype 2 diabetes;

Pt

(i) In some embodiments, & GLP-| receptor agonist palypeptide of the disclosure

wied for the freaiment of obesityy and

vy T some embodiments s GLP-1 recoptor agonist polypeptide-of the disclosure &
used to provide weight foss W a subject, such as o diabetic subject,

{v}  In someembodiments, 8 GLP-) veceptor fgonist palypeptide of the disclosore i
wsed for the tealment of nomdleakolie fatly Tver disease (NAFLDY,

(viy I gome embodiments, 8 GLP-1 receptor agonisl polypeptide of the disclosure i

used for the trealment of nenaleoholic sieatohepatitis (INASH),
wherein the GLP-1 receptor sgonist polypeptide of wsage (&), (i), (i) (W (V) or {vD)
comprises any solated polypepiide of tus disclosure including those selected frony the groap
consisting oI SEQIDNGS! 6, 45,46, 54, 85, 77, 7TR10K, L1, 112, 114, 115, 120,132,134, and
139 or a pharomceulicallv-accepiable salt thereol
[nsome embodiments, the GLP~} receplor agonist polypeptide of usags (1), (1), (10), {v),

{vYor {viycomprises any isolated polypeptide of this diselosare including those selected froeh the

group consisting of SEQ ID WO 85, 115, 120 and 132 or o pharmaceutically accepiable salt

thereof.
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In sorae embodiments, the GLP-1 receplor agonist polypeptide of usage (1), (), (i), (),

Iy or {vi) comprises the solated polypeptide of SEQ T NO: 35 ora pharmaceutivally sccepiabla

salt therent. In some embodiments, the GLP- receptor agonist pelypeptide of usage (3), G0, (31,
vk Lvy or (vi) comprises the isolated polvpeptideof SEQ 1By Nk 11F ava phasimaceutically
geceptible salf thereofl n sone erobudiments, the GLP-1 receptor agonist podvpeptides of usage
{3, {1, (i), () (v or i) eomprises the isolated polypeptide of SEQ ID RO 120 or &
pharmaceutically acceptable salt thereall In some embodiments, the GLP-1 receptar agonist
potypeptide ol usage (1% (i), 1) Gv), (v or {vi) conyprises e isolated polypeptide of SEQ 1D
NOo 132 ar a pharmaceutically acceptable sall thereoll

T somie émbodiments, the GLP receptor agonist polvpeptide is nsed for the treatnzent of
a suhjoct with type 1 disbetes wherein the isolated polypeptide s of SEQ ID NO: 55 or a
pharmacentically scoeptable salt thereofl. In some embodiments, the GLP-1 receptor agonist

polypeptide s ssed for the irealment of & stbigct wath type 1 Habetes wherdin the isolated

polypeptide is of SEQ D NO: 115 of & pharmacewtically scoeplable salt thereofl  In spme
embodiments, e GLP-1 receptor aganist polypeptide is usad for the treatment of & sulyject with
tvpe | dinbetes wheretn the iselated polypeptide 13 of SEQ 1Y K&y 120 or & plupmaceutioally
acceplable salt thereoll Tnsome erabodiments, the GLP-{ reveptor agonist palypeptide is wsed for
the freatorent ofa subisct with type | didbetes wherein the fsolaisd polypeptide s of SEQ 1D N6k
132 ov a phavmaceutically acceptabie salt thereoll

Tnisome smbhodinsents, the GLP-1 receptor agonist polypeptide i used for the eatment of
a subject with type 2 diabetes wherem the sokued polypeptide s of SEQ DY KOy 85 wr a
plarmacsntically deceptable @it thereof  In some embodimenis, the GLE-1 receptor sgonist
polypeptide is wsed lor the irealment of a subject with type ¢ dishetes wherein the isolated
polvpepiide is of SEQ ID NG 115 of & pharmucestivally seceplable sall therenf.  In sone
erobodiments; e GLP-1 reeeptocagonist polypeptide 18 used for the preatinent of 4 subjeet with
type 2 diabetes wherely the isoluted polypeptide v of SEQ D NGy 120 or 4 pharmacaitically
acceplable sall thereol, In some embhodiments, the GLP-1 receptor agonist pelypeptide is wsed T
the treatment of a subject with fype 2 disbetes wherein the isolated polypeptide is of SEQ 1D NCE
F32 oy g pharmsceutivally acceptable saltthersofl

I some embodiments, the GLP-] receplor sgonist polypeptide is used for the reatment of
asubject with obesity wheretn the isolaied polypeplde is of SECFID NEX 55 or a pharmaceutically
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accaplable salt therenfl bysome embodiments, the GLP-1 receptor agonist polvpeptide is vsed for
the trestment ofa subject with obesity whereinihe isolaied polypeptide is of SEQ ID RO 115 o
a pharmaceatically scoeable salt thereof, In sonve embodiments, the GLP-1 receplor aponist
polypeptide is used for the treatment off u subject with obesity wherein the isulated polypeptude
of SEQ 1D Ny 120 or a pharmacentically acceptable salt thereofl  fo some embodinmants, the
GLP-1 receplor agomist palypeptide is used for the treatment ol & sulyjecl with obesity wherein the
sulated polypeptide ts of SEQ 1D NO: 132 or & pharmaceutically aceeptable salt therent

Iri some embodiments, the GLP-1 receptor agonist polypeptice is used 0 provide weight
loss 10-a subject wherein the isclated polypeptide is of SEQ 1D NO: 535 or a pharmaceutically
aceeptable salf thersol Tn some embodintents, the GUP-T recepior agonist polypeptide is vsed 1o
provide weight loss to a subject wherein the isolaied pelypeplide is of SEQ ID NO: 1S ora

sharmacentically sccoptable salt thereol In some embodinents, the GLPY) jeceptor suenist
it 3 it 8

{k
polypeptide is used t0 provide weight loss to a subjeat whetrein the isolated polypeptide 15 of SEQ
10 N 120 or a pharmaceutically acoeplable salt thereoll In some embodinients, the GLE
regepier agonist polypeptide s used i provide weight loss to & sulyject wherein the isolated
polypeptide is of SEQ 1> N 132 or a pharmaceutically acegptable salt theren{

I some embodiments, the GLP-1 receptor dgoust polypeptide s used £or the tatment ol
a subject with NAFLD whertin the tsolated polypeptide i of SEQ W N¢E 55 or s pharsaceutioally
seeeptable salt thereol. Toesome embodinvents, the GLP=] receplor agondst polypeptide §s wsed for
the treatment of a subject with NAFLL wherein the tsolated polypeptide s af SEQ I NO: V3 ot
a phivmacatically acceptable salt thereofl o some embodiments, the GLP-1 receptor agonist
polvpepiide v used for the reatmentot s sabjeet with NAFLD whersin the isolated polvpeptide is
of SEQ 1) WO 120 oraa pharmaceutioally acceptable salt tdereell In sowe eibodiments, the
GLP-1 receptor agomst polypeptide is wsed fov the treatment of @ subject with NAFLD wherein
ihe isolated polypepiide w of SHQ D NOu 132 or & pharntacentivally seceptable salt thereol.

Tn sonre embodinents, the GLP-] receptor sgonist polypepiide is used for the wreatment of
a subject with NASH wherein the isolated polypeptide is of SEQ I NO: 55 or ¢ pharmaceutically
acceptably salt thereof. In sonis embodiments, the GLP-1 receptor agonist polypeptideis ased for
the treatmisnt of & subject with NASH wherein the isolated polypeptide is of SEQ ID NO: 115
a phartndcentically’ aceptable salt thersof  In some enbodimments; the ¢YLP-1 receplor agonist
polypeptide is used for the freatment of & subject with NASH wherein the isolated polypeptide is
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of SEQ IR NOY 120 or a pharmaceutically aceeptable salt thersofl  Tusome embodimants, the
GLP-Y receptor agonist polvpeplide is used for the troatment of § subjest with NASH wherein the
isolated polypeptide tx of SEQ 1D NO: 132 or s pharmaceutically acceptable salt thereof

lvi soine smboditoens, privvided is a methnd of treating & sewrclogesl disvase ur disdrder
03 hyman subject, comprising adminigtering fo the subject-auy of the polypepltides disclosed
herein, a pharmateutical composition compsising any of the disclosed pelypeplides, or an osmotic
delivery dovice comprising any of the disclosed polypeptides. o somg embodintents, the
neurological disense or disorder is selected from the group consisting of Parkinson's dissase (PD)
anchb A lzbenmers diseade (AD).

T somie embodiments, provided ixa method of treating Parkinson’s dispase 0 a human

i
subject, comprising adminisioring to the subject any of the polypeptides disclosed horeln, w
pharmuccutical compositivn comptising any of the disclossd polypeptides, or annsmuotic delivary
device comprising any of the disclosed polypeptides. Moderately advanced PD patients that were
trested with exenatide for 12 months i a ¢hivieal tial demonstrated improvement in tmoter and
copnitive symploms with the effels persisting for as tong a5 12 months after termination of the
trestmiend (A viles=Olntos, L, stab, Y Clin Tovest, 20103, 133461 2730-6; Athauda, D and Foliynig,
T, Drag Discov Today, 2016, 213 RR02-1K; Simuany, 1. and Brundin, P, § Piskinsons Dis, 2014,
HE3% 345-T

In some grobodiments, provided s @ method of treating Alzheiner’s disease in a buman
subject, comprising administering o the subject any of the palypeptides disclosed herein, a
pharfiateutical composition coniprisiag dy of the disclosed polypeptides, or an-osmatie delivery
devive covaprising any of the disclosed polypeptides, Vigious AD preclinies? studies have shown
administration ol GLP-1 receptor agonists sffords neuroprotective effects with improvements
cognitive Tunclions and positively alleets most searopathotogical featuresin AD (Grisco, M. el

20, GE(RY 497

al., Front Neorosal, 20080 13 1112; Holsdher, €, Acta Physiologivg Sin
S163.

wealerably

&

The terms “patient™ or “sabiecl” as nsed herein, relerto-a rodent or ananimal,

asmammal, and wost preferably w binnan,

Combinations
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In some embodiments; & GLP=1 receptor agonist polvpeptive of the disclosure % cu-
formudated t-combination with a second apant. To some smbodiments, a GLP-1 receplor agouist
polypeptide of the disclosure (s co=lormulatad in combination with a'second apent, wherein the
second agent wanyineratin inimetie. In some emboddiinents, 2 GLP-1 receploragonist palypeptids
of the disclosure s vo-formudated i combination with a second agent, whevein the second agent
i an insdinnirepic compound,

Some embodiments of the present inventinn comprise use of a disclosed GLP-1 reveptor
agonist palypeptide ol the present wvesiion in comivmation with a second therapeutic ageat, such
as a secontd polypepiide, such ss, by way of, non-limiting example, insulinotrope pepiides, peptide
hormehes, Tor-esample, glocagon and incretin mimetios as well as peptide analogs and peptide
derivatives theroll glucagen like polypeplide-2 {GLP-2), PYY {alse known as peptide Y,
peplicde tyrosing tyrosing), as well as peptide analogs and peptide devivatives theren, for example,
PFYY{336); ovyntomodulin, ss well as peptide snslogy and peptide derivatives thereal); and
gastric inhibitory peptide (GIP), ax well ag peptide analogs and peptide derivatives thereofl In some
smbodimants, 8 phanvaccutical composition comprising an GLP-1 receptor agenist polypeptide
ingombination with o secondiagent is nsed o treat bype 2 diabetes

I some entbodihents, provided is a pharmaceutical edmposition comprising any-of the
isolaled polvpeptides ag discloged hereins Io some embodiments, provided 18 o pharmadeationd
gomposition comprising any of the solated polypeptides sy disclosed beretn and Gather
comprising a second polypepiide. In some embodinents, the second polypeptide is a glacagon
recepior agonist. I soime embodinents, the second polypeplide is @ glutagem analog. In somie

enthodiments, the second polypeptide is snaoyvlin analog:. In some emhodiments, the second

polypeptide is a PYY analog

GLP-1, iricluding three fosws of the peptide, GLPYL(1-37) GLP-I(7-37) and GLP-1{7-
o) amide, 88 well a8 pepiide analags oF GLP-1 have Bieen shown o stintodate tnsulin sedretion
fre, 18 insulmotropic), which inducey glucose yptake by celle and resulis in decromsey in sernm
slucose concenirations {sex; & g, Majsoy, 8., Int. J. Peptide Protein Researgh, 40:333-343 (1992}

Numerows GLP-1 revepior agonists {e.g., GLP-1 peplide derivalives and peptide analogs)

dempvimtratiig wsulinoiropis action ade kaown 0 the ast {see, e, LLRC Pat Nos, 5, 118666;

o

S120,712; S.512.549; 5,545,618 5.574008, 5574008, 5614492, 5058909 £191,102;

6268343 6,320,336

6ASLUT; 6438924, 6,514.500; 6,393.205; 6703359 6,706,689
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6720407, RN, GRA9.708; 6,849 7140 038747 -6 887.849; 6,903,186, 7022674,
T04E646: TORS 243 T I01R43; 738 4AR6 7041 547 7144803, and 7,199,217} as well as in

clindeal tyigls ez, faspoplutide and albiglutide). One example of & GLP-1 receptor agondst n the

practice of the present invention is Victoga® {N‘i}\fu Waordisk: Ars, Bagsvased R Ky {hraglosideg
LS Patl Nos. 6,268,343, 6,438,824, and 7 A7) thce-daily injectable Victosa® (hraglutide)

i conumercially availabie iy the United States, E‘umpq and Japap, Anotherexample, of a GLP-1

regepins agonistis Qzemple® or Rybelsus® (Nove: Nordisk A8, Bagsvaerd 1 K} (semaglutice,
misctabile and orally administersd forpuidations, respectively). For wase of refersice hersm, the
fasiuily of GRLP-1 receptor agonisty, GLP-1 peplides, GLP-1 peptide derivaiives and GLP-1 pepiide
analogs having insulinotropic sctivity s referred 1o calleatively as “GLP-1”

Peptide YY (PY Y} is & Mamine acid restdus peptide amide, PYY inhibits gut metitity and
blood fow {Laburthe, M., Trends Endocringl Metsh., H3R16R-74 {1990), mediates intestinal
seeretion {Cox, H. M, etal, Br } Phanmacol FOL2%247-52 (19907 Playlond, R L, stal, Langst
II5(RTOS 15557 (1090)), and stimulate nel absorption (MacFayden, R. I, et al., Nevrepepiides
TRR2V27 (1946, Two major in vivovariants, PYY{1-36) and PYY(3-36), bave heen identified
{e.o. Bbertein, GooA et al., Peptides 104}, T97-R03 {19893}, The sequence of PY'Y, us well ag
peptide snalogs and peptide derivatives thereal, ave kaown in the ait feg WA Pat Nos 5,574.010
and §A882,.520%

Oxyntomodulin is a naturalty cecnrring 37 amino acid pepiide hosmong found inthe solon
that his been found o suppress appetite and fcihitate weight loss (Wynne K, et al, Int J-Obes
(L) 300121 1729-30020063). The sequence of oxyntomaduling ay well as peptide andlogs and
peptide dervivatives thereof, are knowy i the art (e, Batalle [ et al, Peptides 2{8upp! 3pdi-
{1981 and UK. Patert Publication Nos. 2005/0070469 and 2006/0004652).

Gastrie Inhibitory Peptide (GEPY 13 an nsulinotropic peptide hormone {Efendie, 8., el al,
Horoy Metab Rew: 36:742-6 (2004)) and s séoreted by the mucoss of the dusdéasnn and jeunam
1 response to absorbed fat and carbohydrate thit stinrulate the paneréas o secrete msuling GIP
circulates:as a biclogically active 42-amine adid peplide. GIP s dlse known as glucose-dependent
insulinotropic protein, GIPs 2 42-amino acid gastrointestinal regelatory peptide that stimalates

slucose {Tseng, . etal, PNAK

be

smsulin secretion fron panereatic beta cells n the presesee of

B 19921996 (199311, The sequence of GIP, as well-as peptide analogs and peptide derivatives
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thersol, are known in the art (e, Meater J 1, Dinbetex Metab Res Rev. 212¥0E-117 (20053) and
Elendic 8., Horm Matah Res, 3601 1-12):742-6 (2004)).

Glucagon is 8 peptide hovmeme, produced by alpha cells of the pancreas, which raises the
concentration of glucdse in the bloodstream. s effect is opposite that of insudin, which Towers the
ahcose eoneenation. The prucreas releases ghivagon when the concentration of glueose i the
bloodsiream {8l too low. Glucagon vanses the liver (o convert stored glycogen into- glucose,
which: s released nio the bloodstraam, High hlond glucnse ovels stinntlaie the relense of insulin,
Tnsulin allows glucose 1o be taken wp and ased by nsulinsdependent tssues, Thus, ghucagon and
tnsulin dre partol a feodback System thai keeps Mood plucoss levels ar a stabile lovel,

Humean  amylin, or islet anwloid  pelypeptide (FAPPY & a 37-residue polypeptide
hornione, ‘Amylin is cossecreted with insulin from panerestic [foells in the ratie of approximately
100:1 (insulincamylin},  Prowslet amviod polypeptide (e, pro-IAPPY is produced in the
pancicatt Poellsas o 67 dmmo avid, 7404 Dalion pro-peptide hat tindergocs post-iranislational
modifications including prolease cleavage 1o produce the 37-residue amylin,  Loss of fecell

function that eceurs garly W type 1 dishetics and can noeur fate in type 2 diabelios leads

deficiencies fn the secretion of sulin and amylin,

Amptin fanctions as part of the endocrine pancreas, those cells within the pancreas that
synthesize sod seorete homicnes. Amylin contribuges 1o glycemic contraly i i secreted from the
pancreatic islets nin the hlond cireulation and s cleared by peptidases to the kideey. Amydin’s
metabolic function {s well-characterized as an inhibitor of the appesiance ol nutrients, such as
ghucose, 10 the plastris. 1 thus functions as & synergistic partoer (0 fosalin, a peptide that regulates
biood ghucose levels and coordinates the body s distribution and uptake ol glugose. Insalin's role
in the body is, amoengother things, to prevent blowd ghucose levels from rising tov high, particularly
afier g mexl,

Avaviin i balisved 1o play a tole n glycenie regulation by slowing gasine emplying and
profucting satiety (Lo, feeling of Tollness), thereby prevenling post-prandial (e after-mesl)
spikes in blood ghucose levels, The overall effect is to slow the rate of appearance of glucose in
the blood after eating. Auvvlin also lowers the seerstion of glacagon iw the pancrens. Glagagon's

fole i the bodvis, ameong other things, fo provent hlood glicose levels dropping 1oe low. This is

aigrificant becanse certain type | disbetics; for example, are prome oy yecreie axcesy amiounts-of
1he hlood glucosesaising glucagon just alier meals,
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Fornuamerous reasons: hwman amylin, baving o half-life o serum-of about 13 minutes, is
ot smenable Rar use as a therapewtic ageut. Rather, prambotide {Svimlin®, develuped by Amydin
Pharmaceuticals, Inc., San Diego, CA, USA and marketed by AstraZenecs ple, Cambridge, UK)
was developed 88 a synithetic anslogie of humiay anmylin i the restnientof patients with types |
or 2 diabetes, who ase weal-time jusulin bl cannot achieve desived glyceamic conmal despile

3 7
o ¥

al insulin therapy. Pramlintide ditTers from human amylin in 3 of its 37 amino acids. These

nmegdifications provide pramiiniide a longer halfvlile of approximately 48 minutes in humansand
redute Hs propensity s dggregate, & characteristic found ofhuman anwvlin. Farther analegues of

398915

hamat anylin have been disclosed sugh as thoge in LS. Palent Application No. 16

TISIB/Q55696), hoth Ted Ovtaber

{corresponding o PCT International Application Ke. P

10, 2019,

Tmpluntabils Deli

In somie entbodiments, provided 48 an osmotie delivery: devite, as deseribed herein,
comprising any olthe leng actimg GLP-1 receplor agonist polypeptides, as disclosed herein, or a
pharmaceutical composition comprising any ol the long acting GLP-1 receptor agenist
polypeptides.

N

In seme enbadiments, the osmotic delivery device conyprises dn mmpermeable reServotr

comprising interior and extedior surfhoes and first and seoond open ends; a semispermeable
membeane in sealing relationstup with the st open end of the reservoin an osmctic engine within
thie reservadr and siffacent the semi-pernveable mentbrane; a piston adjscont thegsminlic engme,
wherein the piston forins a movableseal with e imtetiorsurface of the reservoir, the piston divides
the reservolr inta 8 fiest cliamber and a second chamber, the first chamber comprising the osmotie
engine: a suspension osoalation, whereln the second chamber comprises the suspension
forimudation and the suspersion formulation s Towable and comprises the isolated polypeptide;
and s diffasion moderitor maserted tn the sseond open end of the reservar, the diffusion maderitor
adjscent the suspension formudation,

An implantable, osmotic delivery devive typically includes a reserveir baving al least one
pitlice through which the suspension fornwdlation is delivered. The suspension formulation nugy
he stored within the reservoir. T g preferred embodiment, the niplantable, drog delivery devive iy

an vsmbtic delivery device, wherein delivery of the drag iy osowtically driven. Some osmotic
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delivery devices and their computienl parls have been described; for example; the DURGS®
delivery device or uimilar devices (sees ez, ULS, Pat Nos, 5600885 5,728,396, 5985305
A% 61324200 6,136331: a217.806: 6261384 A27078T; 6287208,
DITEOTR, 0308, 292, 6508808 6.544.280; 6035268 0.682322 692380 5939556
S 070881 6997922 T014.636; T 20703 and 7,112.333; 7163688, ULS: Patent Publication

Nas, 2005/0175708, 20070381024, 20080091176, and 2009/0202608),

The psmatic delivery dovice iypicatly consists of a oylindrrcal reservodr which contains the

ot is cipped at one end by acontrolled-

osnwetic enging, piston, and drug formulation. The resery

rate, semypermaable membrane and capped at the other and by & diffusion moderator through

which suspension fonmulation, comprising the drug, is roleazed from the drug reservoir, The pision
separates the deuwp formulation from the esmotic engine and utthizes ascal to provent the waler in
the osmotic engine compartnment Tront oatening the drag réservoir, The diffision moderator is
destgned, in conjuneton with the dmv forinulation, (o prévent body Muid from entoring the dray
resetvoir through the orifice,

The osmetie device relases a drug 8t 2 predetermined rate based on the principle af
pemosis. Bxtracellolar Huid enfery the oswotle delivery device throngl o demi=permigable
embrang directly it & salt Snpine that expands to drive the piston ot g low and sveny delivery
vate. Moverent of the-piston forces the drug formulation o berelensed through the onfice of exit
port al & predetermined shear rate. Toong embodiment of the present invention, the reservoir ol the
wsmotic device is foaded with o suspension farmulation wherein the devies is capable of delivering
the suspension fopvolation to & subiject over sa extended pertad of time (g dhowt boabout X
aboutl 6, about B abewd 18, andlabowt 12 wonths) at g pre-determined, therapeutically elfective
delivery valg.

The release raie of the deug from the osmutic delivery device typically provides a subject
with-a predetermited target Joseof o drug, Forexample, 4 thetapsutivally effective datly dose
defiversd over the course of a divy; that iy, the reledse rate of the drug from the devies, provides
substantial sizady-state delivery of the doug al 8 therapeytic conceniration to the subject,

Typically, for an psmetic delivery deviee, the volisme of a beneficial agent chamber
compristng the beneficial sgent forsmilation is between aboat HH pb o about 100 i, more
preferably between about 120 pl and about 300 o, more preferably betwesn about 1580yl and
about 200 pl,
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Typically, the osmotic delivery devive is implanted within the subject, for example,
sulxlermpally or subcwtanecusty o provide subcuwtaneous drug delivery. The deviea(s) can be
implanted sebdermally or subeutaneously into either or both arms fe.z. m the aide outside, or
back of the upper anny or the abdomea. Prelermed locations m the abdomingl drea se under the
abdominal skin v the avea extending below the tibg and-above the belt ine. To provide a humber

of focations Tor implantation of tng of meve csmotic delivery device within the shdomen, the

abvdeminal wall can be divided into 4 quadiants as fullows: the upper right quadrant extending of

%

feast 2-3 ventimeters below the right ribs, e.g. a2t least abowt S8 conthmetors belinw the right s,
and at foast 223 cenlhneters o tha right of the midline o.g., at ot showt 58 contimiaters (o the

5

right of the midling the lower tight quadrant exiending at teast 2<3 centinetors above the beltling,

.0, at least abowt 3-8 contimelers above the belt line, and at least 2-3 centimeters to the right of

the midline, v.g., at loast about 3-8 centimeters ty the nght of the midling; the upper left quadrant
sxiending ai least 2-3 contimiotérs below ihe left by, cg., ot feast about 5-§ Contimeters belmw the
felt ribs, and at least 2-3 cominnelers o the dell of the midling, e, at least abowt 3-8 centimelers

2

fo the el ol the mudling; and the lower left quadrant extending al least 253 continetors above the
bel e, g, ol least about 3-8 centimeters above the helt Hne, and atleast 2-3 centimsters o the
left of the nudling; e.g. at least about 3-8 centimeters to the left of the nudline. This provides
youdiiple wvailabie Tocations Tor impladation of one or more devites on ong or more odcasions.
Tniplantation and removal of ssmoetic delivery devives are generally carried out by medicdd
professionals using local wnesthesia {e.g., lidocaine).

Termination of treatment by removal ol an-osmobic delivery. dévice oo & subjeet i3
stratghlforwand, and provides the important advantage of immediale cessation of delivery of the
drug to the subjeot.

Preferably, the sanotic delivery deviee has a fail-sale mechanism o prevent an inadvertent
excess of butus delivery of drug i o theoretion] sitwation like the plugging o clogging ol the vutlet
fcdiffusion moderator} through which the drug formulation s delivered, T prevent ain inadvertent
excess or belus delivery ol drug the psimetic delivery device is designed and consiructed sweh that
thee pressure nesded to partially of whally dislodge or expe! the Jiffusion moderator from the
feservolr exceeds the pressureneeded W partially or wholly distodge or expel the semi-penneable
mepthrane to the exfentnecessary to de-pressurize the reservoir, I soch a scenunio; pressure wondd
build within the devies until it would push the semi-permeable membrane at the other sud outward,
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thereby releasing the csmotic pressucs. The osmotic deliverwdevice would then become staticand

no-onger deliver the drag malation provided that the plston isin g scaling elationship with the

TESETVHE,

Acdose and delivery rate can by selected o achieve a desired blond eoncentration of adreg

weoerally within less than about 6 hali-lives o the drug within the subjectalter implantation of the

device, The blood concentration of the drug is selected to pive the optimal thesapeutic effeets of
the drug while avoiding undesitable side effects that may he induced by oxcoss congentratinn ol
thedrag, while at the saime tme avoiding poaks and troughs that may induce side effects assnciared
witly peak or trovigh plasma concentrations ol the drug

The suspension Tormulations may also he used i Infusion pumps, for example, the
ALZETE® {DURECT Corporation, Cuperting, Calil ) osmetic pumps which are miniatwre, inlysion

pumps for e continubus dosing of laboratory anmsls feg, mice and watg),

$odes of udmtinisivation

In some embodiments, the methad comprises providing a (GLP-1 recepior agonist
polypeptide of the disclosure or & pharmaceutics! compoxition thereol, toa subject in need of
treatment, via infection. Insome smbodiments, the method comprises providing a GLP - recepior
agonist polypeptide of the disclosere o a pharmacautical composition thereot, fornmlated for oral
adminisiration, to-& subgect in need of treatment.

In some embodiments, the method comprisss providing a GLP~1 receptar agenist
polypeptide of the disclosure or a pharmaccutical composition thersol, to a subject in need of
treatnient, via inplantation. I some embodimenis, the methad comprises providing contmious
defivery of a GLP-1 receptor agonist polypeptide, to o subject in seed ol trestment,: from an

osmotic delivery device. The delivery device, such ag an osmotic delivery devive, comprises

sufficiend GLP-1 receptor sgonist polypeptide of the disclosure for conthous administration for
up- o months, & months, @ months, 12 wouths, IR months ov 3 months,  As sich, vonbinucus
administeation of w GLP-1 receptor agonist polypeptide of the disclosure din osmotie delivery
device glinvnates daily, or muliple daily doging of marketed GLP-] receptor agowst polypeplides,

The substantiad steady-state delivery of the GLP-1 receptor-agomst polypeptide fromy the
osmuotic dehivery device 18 contingous over an administration period. T some embodiments, the

sebjoctor patient 43 & human subject or human patient.
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Iresome embodiments of e present invaution, the administration period s, for example,
at Jeast about 3 months, at Tesst about 3 months 1o aboud avesr, at least about 4 sonths 10 shout a
vetar; at Jeast aboutl § months to sbout ayear, at least aboul & syonths foaboat o year, ul least about
Kosonths by sbonta yeir, at least about ¥ monthis To aboota vearo ot fepst showt 10 months fo abog
doyear, af least about oneyear W aboul two yeurs, af leastabowt fwo years to shot three years,

In further embodiments, the treatment methods of the present mvention provide sigaificant
decrease in thesubjects fasting plasma glueose concentration afler implantation of the csmatic
delivery devies i the-subject {relative (o thesubjoet's fasting plasma glucosg conceniration heforn
tmplantation of the osmotic delivery deviee) that 1y achicved within about 7 days, # days, § days,
4 days, 3-davs, Zdavs, 1day or less alier implantation ol the csmetic delivery device in the'subject,
The significani decreass in fasting plasma glucose s typieally statistically significant as
demipnstrated by application of an appropriate statistical test of s vonstdored sigiificant for the
subjeet by & medicd] praciivioner. A signilicant decrease in fasting plasnia plucose relative to the
baseling hefore mplantation s typically maintained over the administration period.

In some embodiments, the present lovention relates o a mothod »f freating a discase or
condition i a subject v nesd of treativent. The method comprises providing continuous detivery
afa drug Fomvan osmoiit delivity devite, wherein substantial steady-state delivedy of hedeug st
therapeutic dondentmbions s adhisvad fn the sehjecl The subsiantisd sready-state delivery O the

 about

drug from the osvautie delivery device iy continuons over an administration perind of al leas
3 months. The drug has a kaown oy determined hal©-life 1o atypical subject, Humans are preferred
subjects for the practice of the present vention. The present invention includes a deug effective
forireatment ol the disesse or condition a8 well wi an osmotie delivery devicevomprisitg the deug
for use in the present wethods of treating the disease or condition in-a sehiect in need of treatment.
Addvantages of the present tvention include mitigation of pral-assosinted diug lodieiies wnd
attennation of sub-optimal drug therapy associited with iroughs.

In some embodiments, the sybstaniial steady-state delivery 81 a drog ot therapeutic
concanirations yachioved within a perind ofabowt 1 menih, 7 dags, 3 days, 3 days or § davafier
Amiplantation of the osmotic debivery device sy the subject.

The invention also provides a methed for prometing weight loss in & subject i nesd

therent, s method for lreating excess weight orobesity i a subject in nead thereof, wnd/or a method

Tor suppressing appetite in & subject in need thereof. The method comprises providing delivery of

1
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an isulated GLP-1 reveplor agonist polyvpeptide: In some embodiments; the selued GLPA
receplor agonist polypeptide s continugusly delivered fromn an inplantable osiotic delivery
device! I some embodimends, substential steady-state delivery of the GLP-] receptor agonist
polypeptide from the osmotic delivery davice is avhieved and is substantially continuous oves an
administration period. o souie embodinents, the subject is huaan,

The prosent mvention includes an osmobie delivery deviee conyeising o GLP-1 recepior
agonist polypeptide for wse w the prosent methods ina subject i need of treatment, The subjsct
may have type 2 didbetes. The subject in need therea! miay have a haseline HhA e % of greater
than 10.0%, i.e., & high bascline (HBL) subject. The subject may not have provipusly received a
drug for treating type 2 dinbetes mellitus.

In further embodiments, the treatment methods of the present inventinn provide significant
deorease in (e sulject’s fasting plasma glucose coneentration sfier implastation of the osinotic
delivery devied In the subject {relative to the subjeat’s fasting plasina glucose concentrativn before
implantation of the osmotic delivery devicey that is achieved within about 7 days or less alter
implantation of the osmels delivery device in the subject, within about & davs or less after
implantation of the osmetic delivery device in the subject, within about § days or less after
fuplaniation of (e osmotic delivery device in the subyject, within about 4 days or leds aftey
nplantation of the osmelic delivery devide i the subject, within ahoat 3 dayy ar legs after
truplantation of the osmotic delivery devive in the subject, within about 2 davs or less after
implantation of the osmatic delivery devies in the subject, or within about | day or less after
wupisntation of the osmotic delivery device fivthe sahject. In prefecred embodinents of the present
invention, the significant decresse in the subjecl’s Tasting plasma gluvose concentration alter
tuplantation of the osmotie delivery device, relative o the subject’s lasting plasma glucose
conceniration hefors tnplantation, is sehieved withinabeut 2 days o less, preferably within aboul
Foday or sy affer imiplantaticevo? the osmatie delivery devicein the Subject, Or witve preferably
within about ¥ day after implantation of the'osmotic delivery device in the subject. The significant
decrease in thsting plasma glucose s typically statislically significant as demonstrated hy
application ol an appropriate statistical testor is comsidired significant for the subjret bya medival
practitioner: A significant decrease fu fasting plasma ghivose velative (0 the baseline before

nnplantation s typically maintained over the adminisiration period:
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In enbudiments o all aspects of the presend Inveotion relating to wethods of weating a
dizense or condifton i & subject, an exemplaryosmntic delivery deviee comprises the following:
ay inpernraable reserenin comprizing interior and extevior surfaces and first aud secoud openends;
a-semi-permeattle mgmbrane in sealing relationship with the frst openend of the reservoir an
psmotic enging within the reservoir sod adiacent the semi-permeable menhiate; a paston adjgvent
the csmotic engine, whereln the piston farms a-movable seal with the inlerigr surface of the
reservair, the piston divides the reservoir it a first chamber and a sccond chamber, the first
chamber comprising the oxmaotic enging; a drug formulation of suspension formulation conywising

tha dreg, whareln the second chinmber comprises the drug fonmulation or suspension formunlatian

and the drug formulation or suspension formulation & Jowable: and o diffusivn mnderatoringerted

in fhe second open eml of the reserveir, the diffusien moderator adjacent the suspension
formulation. In preferred embotiments, thergservoircomprises Waninm or & ttantum dlloy

In emtbadiments of all aspects. of the présent invention relating t8 methods of tregting
disease or condition in a subjecl, the drug formulation can comprise the drug and a vehicle
forplation. Allornatively, susponsion fonmulations are used in the metheds and can, for example,

comprise a particle Remudation comprising the drug and & vehicle formulation. Vehicle

Formutationg for gse w0 Toring the suspension Tormulations of the présent invenaon an, fur

exanyple, conprrise & solventdnd 4 polymer.
The ressrvoir of the nsmotic delivery devives may, for exanyle, comprise titanium or a
titamiuny alloy,
In embodiments of all aspects of the present invention ihe hmplanted osmotie delivery
devive can be used o provide subcutaneous delivery,
enthodizvents of all aspeats of the present fnvention the comtinwous delivery can, or

:‘s}:a.mp}.& Be zera-arder; contralled continuous delivery,

Fhormacenticad compositions

Accordig o suather grabodiment; the nvention provides & pharhageatical compogition
gomprising @ componnd, Le, solated polypeptide, of ilus invention or a pharmaceniioatty
aceeptable devivative thereof and a pharmaceutically aceeptable carrier, adjwvant, or vehicle.

Tn sotne entbodiments, provided s & pharmiadeutival vonipasition comprising anyof the

disctosed polypeptides Tormulated ax 2 or pharmecentically acceptable salis thereof, such as a
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trifluorpasetale salt, scetale salt or hydrochloride salt; To some embodiments, provided s a
pharmaceutical womposilivn oomprising soy of the disclosed polypeplides Bonulated & a
triflnoroacetutesalt. In some smbodinrznts, pruvided is & pharmucentical composition comprising
any of the diselosed pol¥paptides fonmtlated ax'ay dvetute salt. 1o sumieembodinents, providedis
g pharmsecutical composiion comprising any of the disclosed polypeptides Formudated as 2
hiydrochloride sall.

The term “pharmaceutically accopiable carrier, adjnvan, or vehiele™ refors to a nen-tosic
carrier, adjuvany, or vehiels that doss not destroy the phamiacalagical activity of the compound
witly which it is formulated.

As used herein, the term “pharmacatically acceptable carrier™ s intended 10 dnelade any
avid wll satvents, pelymers, dispersion media, coatings, aniibacierial and antifungal agents, isntonic
and absnrption delaying agents, and the hke, compatible with pharnwaceutical adiministrating,
Suiiable carricryate described n the nuost recent edition of Remingion s Phanmaveutical Sciencek,

astandard veferencetextin the feld, whicl is-incorporated hercin by reference, Preferred examples

such carriers or diluents inelude, but ave not limited to, water, saline, ringer’s snlutions, dextrase
silubion, and 3% hnvvan sernmt albundo. Liposomes and non-aquetus vehicles such as fowd wils
tay also beased. The useolsuch media andpents fof phatmaceutically active substanees 15 well
kuowit in the st Bxvept ingofar agany cOnventona media or dgenl i incomipatible with the otive

nounds can

gompound, use thevee! i the coreposittons s contemplated. Rupplementary active cor

also be tneorporated inte the composiiions.

Representative phivmacawtically seceptable catrfers, adjuvants. or vebieles that may be
used inthe covapositions of thisinveniion incluode, bot are wot Tumited w, ton exchangers aluniva,
dluminun stearale, feciihin, serum proteins, such as huran sevura albumin, buffer subsiances such
as phosphates, glyeme, sorbie acid, potassium sorhates partial glyeeride mistures oF satutated
vegeinble Mty acids, water, salts or elacirolytes, such s prolaning sulfate; disodium "hyﬁmgen
phosphate, potassiiom hydrogen phosplate, sodium chlovide, #ibe salts, colloidal silica, magnesiom
irisilicate, polyvinyd pyrrolidone, cellulose-based substances, polyethylens glyeol. sodium
carhox ymethyleetinlose, polyacrylates, wases, polyethyle nevpodyoxypropylene-block polymers,
polyethylene glyeol and woul fat.

In some embodiments, provided 1% 2 pharmaecestival  composition comprising a
pharmaceutically acceptable derivative of any of the disclosed polypeptides formulated as a or
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phareraceutivally acceplable salts thereoll, such as & uifluoroscetate sall, acetate salt or

salt of an ester or other devivative of a compound of this invention that, tpon administration o &
fecipient, & cupable of providing, sithet directv or indivecily, s compinmd o this tnvention ur an
setive metabolite or residue thereot

The pharmacaylical composition comprises & drug and may he formulsted a5 g “particle
fornulation™ as deseribed iy greater detai below, The pharmacentical compesition sndier particle
fonmulation. mway iclude stabilizing conponsits (also reforrad t herein & “excipients™),

Examples of stabilizing components inglude, but sre not limited ., carbohydrates, antioxidants,

aming acids, bulTers, inorganic componnds, and surfictants.

The amount of compound in compositions of this inventinn ix such that is effective
wigasuratly activate oo of more QL recoplors fe g, human, rat, monkey ere), in 8 binlbgical
sample or w @ patient. T certain embadiments, the amount of campound in compesitions of this
invention is such that s sfective o measurahly agonize hunway GLP-1 recepior inthe absence or
presenveel human serum albhumin, ina Mological sample ar in a patient. hreertain smbodinwents,
a composition of this invention fs formulated for adnuvisteation 1o’ patient in weed of such
composition. T some erbodiments, 8 composition of this (nvention i formulated for mjectable
administeation 1 o patient. In some sybodiments, 8 compogition of this invention is Tormudated
Tor adminisivation to-a patient vis an impliostable delivery device such as an osrotic deliver device,

The isolaied polypeptides ofthe disclosure (also referved Wy heretn ag “active componruds™),

andd devivatives, Tagments, snslogs send honwlogs thereol, can be incarporated inte pharaceutival

gompositions suilabde for adnintstration. Sach compositions typlvally comprise the fsolated
polypeptide, ora phaomacentivally scoepiable salt thereol, and & pharmosceutically aceeplable

warrien

A phismiacsutical congposition of the Wmvenbion 1 foitulated do be compatible with s
itended route of admunistgation. Examples of routes of administralion melude parentéral, fe.g.,
mtravenous, ntradermal, subdernal, subcutansous), oral {e.g., inhalalion), transdermal {ie.,
l'upica& transmucosal, rectal, or combinations thereof. In some smbodiments, a pharmaceutival
composition oran wsolaled polypeptide of the disclosureas formulated for aduiinistration by topical

administration. o some embodinents, @ pharmaceutical composition of an isolated polypeptide of

the disclosure is formuslated for administration by inhalation administration, In some embodiments,
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the phanmaseatical compusition 8 formulsted for admivisiration by a device or other suifable
delivery mechanism that is suftable fur subdermal.or subeutansous implantation and delivers the
plermaceatical  composition. suboutanepusly. In some embodiments, the phavvaceotival
compuosition is formulated for admivistration by an implaot device that is suitable for subderinal
or subuiansous implaviation and delivers the pharmacentical composithon subowtinecusly. In
some embodiments, the pharmaceutical composition 18 formudated Tor administration by an
osmotic delivery dovice, g an implantable osmotic ddelivery device, that is suitable for
subdermal or subtutansious placenient of other tmplanlation and delivers the pharmacsmical

composition subtutancously. Solutions or suspensions used for parenteral application, intradernial

apphcation, subdennal apphication, subculansous spplication, orcombinations thersofcan meluds

e

ihie lollowing components: a sterile diluent such as water for injection, saline solution, fixedails,

7.

polyethylene glyonts, glycering, propylene glyveol or other synthetic solvens; antibacterial agents
suchas berzylaloshol vr methyl parabes; antioxidants such as wscorbicdoid or sodivm Bisulfite;

chelating agentssuch ay sthylenedisminetetraacstic actd (EDTAY, bullers sucls as acelates, citiales

or phosphates, and agentsor the adjustinent of tonuctly such as sedivay chiaride er dextrese. The

PH e be adfusted with acids or bases, such s hvdrachione aeid or sodium hydroxide. The

parentersd preparation can be enclosed in smipoules, digposable syringes or nusltiple dose vials

matfeuf g

y or plastic.

Pharmacsutical compositions suitable for injectable use taclude sterile agueows solulivns
fwhere water soluble) or-dispersions and sterile powders for the extemporandous prepatation of
sterile injectable solutions or dispersion. Fovintrivenous administiation, sullable carviers inelude
pliysiclogical saline, bacteriostatic water, Cremophor BL (BASE, Patsippany, Nob} or phagphate
bulfered saline (PBR), In all cases, the composition nust bestertle and should he fuid to the exisat
that ensy sveingeability exista, 1t susl bestable wnder the conditions of manafictore and storage

nstiy sucleas bacteria and

aned roust be preserved against the contantinating action of microorg

Tungi. The carvier can beg solvent ar dispersion msdinm contaimng, for example, water; sthanol,
polyol (for sxample, slyesral, propylens glyeol, and liquid pelysthylens ghyeol, and the liks), and
soitable vixtures. thersof. The proper fluidily can be snaintained, for examplis. by the wse ol a
coating such as Jecithin, by the maintenance vf the required pasticle size in the case of dispersion
and by the wse of surfsciants. Prevention of the setion of microbrigmisms can by achisved by
various antibacterial and antifiingal sgents, for example, parabens, ehlerotuianel, phenol, ascorhic
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geid, thimerosal, and the hike, Tn many cases, it will be prefevable W include isotonic sgenty, for
exanyle; sugars: polvalcobols sueh as wanitnl, sorbitol, sodivme ehloride in the composition,

Prolenged absorplinn of the injectable compositions can be brought abowt by ncluding in the

camposifion v agent which delays absarption, for exanmple, shufimuny tnonostedrate aud gelating

Sterile tnjectable solutions can be prepared by incorporating the active compuoisd in the
required amouni i an dppropriate solvent with ong o & combination of ingredicnts énumetated
above, s roquirad, followed by fillered sterilization. Geverslly, dispersions arg prepared by
mcnrporaling the stdive compound into 3 sterile vehicle that containg  basio tisperston madiym
and the required other ingredients from those enumeratad above. In the case of sierile powders for
the preparation of sterile infectable solutions, methonds of preparation are vacoumt diyving and
freere-drying that yvislds a powder ol the getive Ingrodient plus any additionz! desired ingredient
from a previeusly stertle-filtered Solution thereof.

Oral compositions generally mclude an inert diluent or an odible carrier. They can be
enclosed i gelatin capsules o compressed inlo tablets, For the purpose of oral therapeutic
administration, the active compound can he Incorporated with excipionts and used in the form of
tahlets, troches, ot capsules. Oral compositions can alsa be prepired ssing a Muid carvier for use
ag & monthwash, wherein the comipound # the Nukd chengr s applied orally and swished and
expectoraled or swallowed. Pharmaceatically coimpatible biding  ageotsy andior adjsvant
materials can be included ag part of the composition. The tablets, pills capsules, troches aud the
like cavvontain any of the Tollowing ingredisuts, or compounds-of g shmifar nature: o binder such
ag reroerystalling vellalose, gum fragacanth or geliting ab excipient such as stissch or lactose, &
disintegrating agent such as slginie acid, Primogal, ovcom starch; o lubricant sugh 88 waghesinm
stearate or Mevotes; a lidant such as collsidal sificon dioxide: a sweetening agent such as suerose
or saecharin; or a Havoring agent such as peppermint, methyl salicylate, or orange Javoring.

For admingstration by inbalstion, the dompounds ire delivered m the form of ay derossl
spray from pressured container or dispenser which contaiins a sutiable propefiant, v g d'gas such
s garhon dioxide, or e nebulizer.

Systepvie administention ean alse be by bmwmuecosal or tansdermial measns For
ransmucosad o ransdernal administeation, pedetranty apprdpriate fo the harrisr 1o be permeated

are wsed in the Tormelation. Such penetrants are generally knawir i the art, and inclade, fir

example, for fransmucesal administration, detergents, bile salts, and fusidic actd derivalives,

12



2

ig

—
L5

24

T2
poing
pod

WO 2022/133148 PCT/US2021/063920

Transmucosal administration can be sccomplisbed through the tse of nasal sprays or suppositoies,
For transdermal admisistration, the active sompounds are formudated into olntments, salves, gels,
prerenms as generally known in the art,

In one smbediment, the active compounds are prepared with: cavriers that will prodect the
comipound dgainst rapid elimination’ from the body, suel as & vontrelled release formuiation,
mchyding ‘implants and micreencapsulated delivery systoms, Biodegradable, hiocompatible
polymers san he ased, such as sthylens vinyl scetate, palyanhydnides, polyelyeolic seid, rollagen,
polyorthoesters, and polvlactic acid. Methods for preparation of such fornuilations will be apparent
o those skillad i thoart The nidierials can alsis be obtamad conmeraiatly from Alza:Carparation
and Nova Phanmaceuticals, The. Liposomal suspensions caly alsa be used as phatmacestically
seceptable cariers, These can be prepared aceording te mothods koown tothese skilled iavthe art,
for pxanple; as deseribed in LLS. Patent Now 452281,

It is espectally advantageous to formulate oral or parenteral compositions in dosage wmt
form for gase of adninistration and uniformity of dosage. Dosage undt forma as nsed herein refers
i physically discrete wnits suiled as unitary dosages for the subject te be treated: sach unit
coutaining a pradetermined quantity of active conspound valendated do produce the desied
herdpenticellect i assdviation with the reguived pharmcewtioal Sarrier. The specification 1o the
dossed wut formg of the hveention sre dicltited by dnd divectly dependent on the unigue
characteristios of the active conpennd and the particular therapestic eifect to be achieved, and the
linutalions fherent in the art of compowniding such an active compourd for the treatment of
wmdividuals.

The pharnmceutical conpositions can be ncluded in & container, pack, or dispenser

tether with dnstructions for sdnanisiration,

Dirieg Particle Fornndations

Compounds, Le., Bolated polypeptides or pharmaceutically aceeptable salte thereot, lor
use inthe practice ofthe present tnvention dretypicalty added 1o partiele formdations, whivh sre
used to make polypeptde-containing particles that are wntlormly suspended, dissolved or
dispersed in o suspensivn vehisle to form & suspension Remulation. T some embodiments, the
GLE-1 veceptor agonist polypeptide 78 forntulaied w a particle formulation and converted {e.g,

spray dried) o particles. In some sntbodinients, the paritcles comprising the GLP-1 veceptor
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agonist polypeptide are suspended 1o a vehicle formulation; tesulting i o suspeosion formulation
of vebicle and suspended particles comprisging the GLP-1 receptor agonist polypeptide.

Preferably, particle formulations are formable into partisles using processes such as spray
drying, vophilization, desiceation, Tréeese-dryving. milling, granulation, wlitasonic drop cradtiog,
erystallization, predipilation, of othertechniques available i the art for formiing particles fiom a
mixtyre of components, In one embodiment of the invention the particles are spray dried, The
particles are preferably suhstuntially yniforny iy shapeand size

Ini some embodimenty, the present fvention provides drug particle fonnulations for
pharmaceutizal use. The particle formulation typically comiprises & drug dndinctudes sng ormore

o

stabilizing component {alke reforred fo heorelh s “oxcidients’™). Esamples of stahilizing
components inchude, but we not Limited to, carbehydrates, antioxidants, aming acids, huilers,
morganic compounds, and surfactants, The amounts of stabilizers in the partiele fermulation can
he determined experimentally based on the douviiiey of the stabilizers and the dexwred
characteristics ol the formulation. in view of the wachings of the present specification,

In.any ol the smbodiments, the particle formulation may comprise about 33 wi %% toabout

90wt % drug, about 30wt %t about 85 st Yo drugs about 85 wi Yedo ahout 90 wit % drug, shouwt

60 wi %o 1o about 90 wi % drag, dhout 83 wi % 1o about 83 wi % drog, about 63 wi % 16 about 90

wi 25 drng, about 70w %45 10 about 90 w1 %% drug, abotd 7O W% 10 about B3 wi % drug, about 70
wi Yy to about 80 wi % drug, or about 70 wi %6 to about 75 wi ¥ drug
Typieaily, the amwnnt of cwbobydvate in the particle fomudation s delerminegd by
agpregation concerns. Ingeneval, the cerhohydrste muowat should nol betoo high so as to avoid
prowoting crystal growth iy the presence ol water due 10 excess carbohydrate unbound o drug.
Typically, the snountof antioxidant in the partivle formudation t detormined by oxidation

conces, while the amount of amine acid b the formolation fs determined by oxrdation congerng

‘ot lormabitity of particles during spray drying
Typicaity, the amonotol bufler in the particle Tormuilation is deferniined by presprocessing
congerns, stability concerns, and fermability ol particles duving spray drying. Buolfer may be
regquired to stabilize deag during processing, e.g. solution preparation and spray drying. when all
stabilizers are solubilized.
Exampies-af carbobydrates that may be ineladed v the particle formulation nclude; but
arg nol himifed to, monosaccharides (eug., fractose, malioze, galactose, glucose, Damannose, and
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sorbose); disaccharides fe.g., lactose, sucrose: trehalose, smd cellobiose), pelysacchanides (e

%

raffinnse, melezitoss, nmuiliodextrins, dextrans, and starches), and slditels {acyclic polyols; g,
nannol, xyliel maltitol, laetinl, xyltel sorbitel, pyravosyl sorbitol, and mypinsitol), Saitable
carbuhivdratey welude disaccharides andior nod-reducing sugms, such s suerase, trehalose, and
raffinose.

Examples of antioxidants that may be incloded in the partiele formulation include, bat are
nol  lmiled  to, methionine, ascorhic  acid, sodium  thiosulfbte, catalase,  platinum,
sthylepetiaminstetraacetic acid (EDTA), citvie acid, eysteing, thiaglyeernl, thioglycahe acid,
thiosorhitol, butylaied ydroxamsal, butslated hydroxylictuene, and propyl gallate Purther, amving
acids that readily oxidize canbe vsed ax antioxidants, Tor ¢xaimple, cysicing, metldoning, snd
iryplophan,

Examples of aming aclids that may be inchudad in.the pacticle formulation inclids, but ave
not Himited to, arginine, methioning, glyéine: histidine, alaning, leucine, glitamie aeid, iso-leucing,
L~threonine, 2-phenviaming, valine, norvaling, preling, phenylalavine, tryptophan, sering,
Ssparagings, cysteing, tyrosine, lysing, and novleucing, Suitable amine acids welude those il
veadlily oxidizg, g, systeing, wethionoe, and tryptophan

Bxaroples of boffees that vady berindhuded tn the partivle fordnlition inchudé, but are not
fingted W, citrate, Wistiding, shocindie, phosphate, wmaleale, tis, actlaty; carbohydiate and glv-gly,
Suitable buffers nclude clivale, hstiding, suecioaie, and il

Examples of inorganie compounds thai niay be inchaded in the particle Tormulation includs,
hut are not Hatited o NaCl, NaeSOy, NalC 0y, KOEKHAPOG, CaClh, and Mg,

In addition, the penicle formulation nmy aelude other stabilizerséxcipients, such as
surfactants and salts, Examples of surfactants toolude, bt ave not lmited to, Potysorbate 20,
Polysorbate 80, PLURGNIC

{BASF Corpovation, Mouat Olive, NL) F68, and sodinm dodscyt
sl B (808 Examples oF salts include, but arenol Bmted to, sodiom chiaride, caleim eltoride,
and magnestum chloride.

The particles ars typically sized such thatl they can he deliversd viaan implantable osmatic
delivery device. Uniform shape and size ol the particles typically helps to provide s consistent and
uniloray rate of release frome such a delivery devive; however, & particls preparativn having anen-
wormal particle sive distribution profile taay also be used: For example. i & typical implantable
osmatic delivery device having & delivery orifice, the size ol the particles is fess than ahowt 30%,
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mare: preferably ix less thaw about 20%, more preferably is less than sbout than MMy of the
dismeter of the delivery orifice. To sn smbodiment of the particle fommulation for ase with an
punetic delivery system, wherein the delivery ortfice dizmeter of the mplant s about 4.5 nun,
particls stzes may be, for example: less than about 130 acrons o about 30 microns. o an
embodiment of the particte formulation for use with an osmntic delivery system, whereln the
delivery orilice diameter of the implant is about 0.1 mm, particle sizes nway he, for example, less
ihan gbout 30 microns to abaut 10 microns. vone embodiment, the erifice s about 8235 mm (250
mitrens) and the particle size is about 2 nicrns 1o ahout § microns.

Those of ordinary skill in the art will appregiaie that a population of particles follow

prineiples of patticle size distribution, Widely used, att-reeognized methody of deseribing particle

size digtribuiions include, for cxample, average diameters and D values, such as the B30 value,
saniple.

Particles ol a particle formulation have diameters of between ghowt 2 microns to about 150
nuicron, &8, less than 150 microns fiy diameter, loss than 100 wigrons in diameter, lessthan 38
taivrons in dimneier, fessothan 30 mircrong i diameter, fescthan 1O wierons ny dimmeter, lessthan
# pictons o darasier, snd about 2 Aucross 1o dlametst, Prefevably, pastcles have diwmsters of
betwaenahoul 2 niicrons angd aboat 30 nucrons

Particles of a particle lormulation comprising an iselated GLP-1 reeepior agonist
polyvpeptide have avertgs diameters ol between ahoot 1.3 microns to about 150 nicrons. Particles
afa particle formulation comprising an isolsted GLP-1 recepior agonist polypeptide have sverage
digmeters of betsegan about 2 microns 10 abowt 180 nicrons, g, less than 130 microng v averags

dlameter, Toss than 180 micoons tn aversge diameter; less than 50 microns 1ty average disetey,

Jesw thary 30 nriprony in average dismeter, less fa 10 microns oy gverage diameter, Jesy than 3

Rucrons 1 average duanteter, and about 2 microns i average dismeter. In some embodinents,
partictes have average diameters of between abowt 4.3 nicrons and 50 microns, for example,
hetween about 3 microns and aboul 5¢ mierons. In some embodiments, the particles have an
average amieter hatween 0.3 prdcrons and 30 microns, for sxample, hetwesnabout 2 microns aid
abant 50 microns, whers cach phrticle iy logs than aboat 30 mitrons indizmeter.,

Tymeally, the particles of the particle formudations; when incorporated In & suspension
vehizle, o not setlle in lexs than about. 3 months, preferably dis not settle i less fhan aboul &
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pariicle formulation is dispersed. The drug particle formulations are chemically and physically
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muonths, more preferably do notsetils in less than abont-12 months, more preferably do not setile
i less than about 24 mondhe'at delivery temperature, and most prefarably do not setele in Yess than
about 36 months at defivery temperature. The suspension vehicles typically have & viscosity of
between about 5,000 to about 31,000 puise, preferably between about 8,000t abous 25,000 poise,
e preferably between dabont 10808 10 shoyt 20,000 poise. In one embodiment, the suspeasion
vehicle has aviscosity of about 15,000 poise, plus or minug aboul 3,000 poise. Generally speaking,

smaller particles tend W have a lower seltling rate v viscous suspension velicles than larger

particles. Accordingly, nuomns 0 nanesized particles are typically desieable. hin viscouws

suspensign formulation, panticles of about 2 witrons 16 about 7 mitrans of the presedt invention
will not settle for at legst 20 years at room temperature hased on simulation modeling studies. Tn
an embodinent of the particle formulation of the prosent invention, for wse in an inyplaniable
osmiotic delivery device, comprises particles of sizes less than aboul 30 microns, more preferably
toss than about 1} microns, maore preferably in a range frony about 2 mucrons to about 7 microns.

In sununary, disclosed polypeptides, of pharmaceutically aceepiable salls thereel, are
3

forpwiated imto dried powiders in solid staie particles, which proserve mavimuam chemical ang
brotogieal stabitity ol the drug. Particles offers long-term storage stability af high lemperature, and
therefore, allows delivery toasubject of stable and bivlogieally effeciive drug for extended pericds

of dme. Particles sre suspended bnsuspension veliches For adinindstration to patienis.

Paricle suspansions in yveldeles

I one aspert, the suspeasion vehiely provides & stable covirgnment v which the drug
stable (ag deseribed abovel in the uspension vehicle. The suspension vehicle typieally comprises
ong or miore polyreer and ope or wove solvend that fonm a solutivn ol sellicient viscosiy W
witformly suspend the particles comprisiig the drug, The sispension velilele may comprise further
gomiponents, actuding, batb aot bimbted 1o, urfactangs, anticsidints, anditr other cotpounds
saluble it the velicle

The viscosity of the suspension vehicle s typically sufficient t prevent the drag particle
formudation frony seitfing during storage and use v a methad of delivery, for example, fo an
typisntable, osmiotie delivery device: The suspension velicle is blodegradable in that the

suspension vehicle disimegrates or breaks down over a periad of time in response tod biological
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environment, while the dreg particle is dissolved in the bivlogical environment and theactive
pharmsceutical fngredient (e, the drugy it the parficle is sheorhed,

Tovembodivents, the suspetsion vehicle Is s "unglephase™ suspension vebicle, which is a
solid, semisolid, -or lpdd howsgeneous systenn that & physivally and chemically uniform
thironighout.

The solyent in which the polymey is dissalved may atfect characteristics of the suspension
Tornuulation, such as the behavior of dreg panticls formadation during stovage. A solvent may be
sefected in combination with a polymer so that the resulting suspension vehicle exhibits phase
sepdration upoly contict with the dquenus ehvirdnment. Tn some embodinents ol the invention, the
snlvent may be selected in combination with the peolynier 5o that the resulting suspension vehicle
exhibils phase separation upon conlach with the agueous enviromment having less than
approximately about TO% waler,

The solvent may be an acceptable solvent that is not nuscible willy water. The solvent may
also be selected xo that the palymer is sofuble iy the solvent ot high concentratinns, such ay ata
polymer eenconiration of grogler than about 30%. Examples of selvemis useful ts the practice af
the present invention include, but are not Hmited 1o, syl aleohol, bengyl benzoate, benzyl
alcohsl, Jauryl Ractade, decanal {also called déeyl dlooboll ety hexyl lagtate, and Tong chian 108
to O34} afiphatic alooholg, esters; ov mistures thereof The solvent used in the sugpention vehicle
may be “dey,” I thatl # hasalow moisture content, Prelorred sobvents forwse in Rrmulation of the
suspension vehicle include luryl lactate, lasryl aleohol, beney] henroate, and mixtures therenl

Examples of ptlymess for fooelation of the suspension vehivkes ofthe present invention
include, bt are not himited 0, g polyesier {e.g pobvlactic soid and palyhcticpolyglveolic acidy, o
polymier coruprising pyerolidones feg, polyvinvipyeolidone baving a moelecslar weight ranging

from approxinmately 2,000 fo approgimately 1,000,000, sster or ether of an unseturated aleohol

e vinyl acetate), polvoxyethyvlenepalyoxypropylene bloek copolymer, or mixuures thergofl

Polyeinyipyrrsiidone can be characterized by ite Kovalue fegr, K-17}h which isa viscosity index,

In ene embodiment, the polymer is polyvinylpyrrelidons baving a molecular weight of 2,000 to
1,000,000, In & preferred sntbodiment; the polymer is pelyvinvlpyerelidons K1 7 {typically having
an approvimate average molecudie weight range of 7900-30.800. The polymier dsed o the

suspension vebicls may inchide dne or more differant polyimers or may inclode ditferent grades of
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3 single polymer. The polytuer wsed in lhe suspansion vebicle may also be dry or have s low
moisture condent.

Gienerally speaking, o suspeosion vebicle fov ase fn the present fovention may vary in

compuosition bused on the desired performance charsetetfistics. In oneembaodinent, the suspension

vehicle may comprise about 4 wi % to ghout 88 wit %o polymen{sband sbeut 20wt % 1o about 60
wi % solveni{s). Preferved embodinents of o suspension vehicle welude vehickes formed of
polymer{s) and solvent{s} combined al the {ollowing raties: abeut 25 wi %4 solvent and about 73

o

o solvent and ahout 30 wit % polymer; about 73 wi ¥

wi Yo polymer; shout 30wt d solyent and
apol 25 wi % polymer, Accordingly, in some smbodiments, the suspension vehicle may comprise
selected componenis and in oiher enbodiments consist essentially ol selected components,

The suspension vehicle may oxhibit Newionian behavier. The suspension vehicle s
typically formulated fo provide a viscosity that maintaias a yniform dispersion of the pasticle
formudation for # predeterniined pericd of thime. This helps facililate makmg & suspension
fonmulation: tailored 1o provide contrelled delivery of the drug containgd in the drug particle
forpuulation. The visgosity of the suspension vehicle may vary depending on the desired
application, the stze and type ol the partivle formulation, and the losding of the pariicle fornwlation
Y the suspension vehicle, The viscosity of the suspension vehicle may ‘e varied by altering the
tvpe ov relative amount of te sofvent oF polymer used.

The suspension vehivle nwy have 8 vise

osity ranging lrom about 100 peise {0 about

LOBE.O00 poise, preferably from sbouwt 1000 poise to about 100,000 peise. In preferred

erabodimenty, the suspension vehicles typisally have a viscosity, at 33 of betweay about 5,000

io ahout 30,000 poise; preferably between shont 8,000 1o abowt 25,000 poise, more preferably
between about WLU00 1o about 20,000 poise. Tn one embadiment, the suspension vehicle has a

viseosity of about 15,000 poise, ples or miinus aboul 3,000 poise, at 33° € The viscosity may be

neisared at 3350 A shead ratg-of 10-450e, using & pacdtlel plate rheometer,

The suspension vebidle may exhbit phase Soparation whsn contacted with the agusous
envivomment; however, typicalty the suspension vehicle exhibits substantially no phase separation
as a function of teniperature. For sxample, at a lempersturs ranging Trom approsimately 8% oo
approgimately 700 CL and spon temperaturs cveling, such as cyeling from 45 Coo 37 Con 400

the snspension vehicle typieatty-exbibits o phase separation.
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The suspension vehivle may be prepared by combining the polymerand thesolvent under

dey conditions, such asin a dry bex, The pedyvmer and sobvent misy be combined at an elevated

temperature, sueh as from appreximately 40% €. loappraximately 707 €., and aliowad o ligeely

Aouam o remave gir ubbles

and form the single phise. The lngredients may be blendsd ander
produced from the dry ingredizots: The ingredisnts may be combined wsing & conventional miver,
such as a dual helix blade or similar myixer, sel at g speed of approshmately 40 rpm, However,
higher speeds may alxo he used to mix the ingredients, Onee a Hguid solution of the ingredients is
achioved, the suspension vebicle may be cooled to room temperature. Differental scaming
calorimetry {DSCY may be used to verily that the suspension vebiele 18 a single phase. Further, the
components of the vehicle {e.g., the solvent andioy the polymer) may be treated {0 substantially
reduce or substantially remove peroxides {e.g., by treatment wilh methioning; see, e, U8,
Patent Application Publication No, 2007-0027105).

The drug particle formulation is added 0 the suspension vehicle o form & suspension
formulation, In some embodimernts, the saspension formudstion may comprise 3 drug particle
formulation and a suspension vehicle and in other cabrodiments cousist’ essepiially of a drug
particie ormulation and g suspeusion vehisle

The suspension formulation niay be prepared by dispasing the parncle formuolation i the
suspeision velicle, The suspension vebivle miay be heated snd the particle frmudaton addedio
ihe suspension vehicle under dry conditions. The fagradients may be mixed under vacuan at an
elovated tomperature, suchas From about 40% Tt about 70 C The ingredicids miy be mixed at
asullicient speed, such as from about 40 tpw 1o about 120 rpm, and for g saflicient amount of
fime, suclyas showt | Hminutes, o dchieve a nniforny digpersion of the particle furmulation i the
saspension vehiele, The mixer may be o Jual helix bade or-other snitable mixer. The resulting
mixlure may be removed from the mixer, sealed in o dry container to prevent water [rom

CerRtaminal

cihe suspension formtnladon, aod allowed o Sodl rrosm tempddature befdve further
use, for example, Toading info an iinpladable, drug delivery device, unit dose container, oy
mudtiple-dise container.

The suspension formndatios typically s an overall moisture content of Tess thanabout 10

Wit Yo, preficably less thiny about § wi %, and more preferably less than shout 4 wi s,
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In preferred embodinients; the suspension foumulations of the present invention are
substintially homogeneous and Howable 1o provide delivery of the drag pasticle Formulation fram
thesosntic delivery device to the subject.

lv stronrary, the compoddents of the suspebsion vehiele ‘pravide biocompatibility.
Compongnts of the suspension vehicle offer suftably chenvico-physical properties to form stable
suspensions of drug pavticle formulations. These properties include, but are not limited to, the
fotlowing: viscosity of the suspension; punty of the vehicle: resilual melsture of the vehigle;
density of the vehigle; compatibility with the dey powders; sompatbility with implantable devices;
molecular weight of the polymer; stability of the vebigle; and hydrophobicity dnd hydraphilicity
of the vehicle, These praperties can be manipdated and eontratled, Tor example, by variation of
ihe vehicle composition and manipulgtivn of the ratie of components used in the suspensinn
veliicle,

The suspension formulations deseribed herein may be used inan implantable, osntic
delivery dievices 1o provide zerg-order, continpous, Costrelled, and sustained delivery of a
compound over an extended period ol ime, such as over weeks, months, or yp o about'one vear
b more. Such an implantable osmetic delivery devige s typically capable of delivermg the
suspension formulatidn, comprising the drag, oo desived flow rale over & desived period ol time,
The snspension formmudaton may be Joaded ot the implantahle, osmotic delivegy device by

comventional techniques,

Examples

The following examples are put forth so i 10 provide those of ordinary skall in the art with
agonplele disclosure and deseription of how to practive the present invention, andare not intended
to Hmit the scope of what the invenioes regard as the tnvention, Efforts have been made to ensure
accurasy with respect o nombery ased (e, dntonnty, condentrations, and percent changes) but
sone exparimental-ereord and deviations should be secounted for. Unless indicatad otherwige,

temperatare I in degress Centigrade-and pressure fvator ngar atmospheric.
Exaniple 12 Generarion of w long aering GLP-1 receptor aganist polypeptides

Loy acnng GLP-L receplar agonist polypeptidés of the invention, as pravided in Table 4,
Loang adtng GLP-Préveplor aginist polypepitdis of the invention, as provided in Tabled,

were synthesized on a Prelude peptide synthesizer (Protein Tecluologies Ine., Tueson, AZ) by
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solid-phase methody using Frooe strategy with Nef{dimsthylamino)-1H-1 2 3-miazolo- [4 3=
blpyridin-{ -yimethylane-N-methy Imethanaminium baxaluorophosphate N-oside (HATUyar 2
fh-chioro-1-H-benzotriasola-1<vD-1, 1.3 3<tetramethylammiurg. hexafluorophosphate  {(HUTL

orthamide (DMFY and NON-

activation {3kl molir excess o amine acidy K N-dimethy!

difsoptopyliethylamine (BIEAY wag used as base, A 20% piperidingTME solution wasused for

Fmog deprotection. The resin used was Rink Amide MBHA LL (Novabiochem) with loading of

(0,30 - 0.40) nunol/g on & (20-400} pumel scale.
Upon compleiion of salid phase synthesis of the Hnear polypeptids, the resin was washed
witly dichloromethane (DCMY and dried undar vacuum for 30 minutey. Foranalogs containihg the

syl {ATNGE) protecting pronp, removal wag accomplished viaa solution of Pd (PP

in dchioreformiacetic seidfemethylenorpholing, 37:2:010. For anelopgs containing the e
butvlsxyearbonyl (BOCHkLys-Muorenyvimethytoxycarbonyl {(FinochOH, the Fmoo protecting
group was removed asing 20% p‘ipf&.ridimk‘DMF. The resuliing Faoc-deprotected resin wiis

washed with DNF (6 x 30 secs), Next, clongation of the spacer region was cartied oul in step-

wise manner with the manwal addstion ol csch building bloek ander pre-sctivation venditions,

Addition of the lipophilic substitent (elso referred to s “aeylehain™) was carvied sut wder solid-

plstse popdidd synifieds (SPPR) cinditiony wath po pré-atiivalion $ep. Fival deprotedtion and

0

clewvage of the peptide frov the solid support were performed by treatment of the resin with (9

TFA, 3% water, 2% thivanisele, and 1% triisopropylsilang) for 243 hours. The cleaved peptide was

precipitated using cold diethylether. The diethy] ether laver was devited, and the solids trigated

agdin with cold disthad ether snd pelleted by centrifigation.

Foranalogs containing o lsctars bridge, the appropriate allyl-protedted sminoe seid building

pifivDderOM was installed as &
handie to later incorporate the acyl spacer and side-chatne Upan-completion of the linear peptide

the allyl-protecting Sroups were removed a8 deseribed above, Lacteny-bridge formation was

afforded  wia  solid-phase  protecnl  wsing  benzetriszsl-l-yl-axyiripyrrolidinephosphoniym

hexallsorophosphate (PyBOP, 3M) activation and THEA as the base. Deprotection of the Fmog
RIS 3 £

&ivBide groups wis afforded via 9% solution 6 hvdrazing i DME The resulting de-protected
resin was seashied with DMF (6 1 38 secq). Elongstion of the spactr region and-addition of a
Hipuphilic substivent was cerried oot v desenbed 1o the preceding paragraphs. Final deprstection
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sod oleavage of the peptide from the solid support was perfouned by treatinent of the resin with
£93% TEA, 2% water, 2% thicapisole, and 1% trilsopropyisilans) for 2-3 hows. The cleaved
peptide was precipitated asing cold diethy! ether, The diethyl ether was decanted, snd the solids
tritirated again with-ould disthve] sther and pelleted by ventrifusalion

The erude ;}mduct was next dissolved in a solotion of scetonityile { .f‘&CN)KH HX AN TEAL
stir untt] analysi vig LOMS indicated removal of any GOz adducts, The solution was frozenand
tyophilized. Purification was afforded via the methads deseribed i Example 2,

Exgmple v Pur r;‘rmmm and characterization of long acting GLP-1 receptor agonist
pa{;;pq;x‘n&m e, linear polypeptide, without any Kpophilic substituent auid optivnal spacer

Thie product of Exapple | was vophifized aud apalyeed by slecirospray
chromatographymass  spectrometry (ESI-LO/MEY  and  apalytical high-pressure Bouid

ehrematigraghy

CHPLL Y and was deraonstrated to be pure (OR%). Masg resulls werdeonsistent
with caleulated values.

Charseterizations of peptide analogs were performed via C18 HPLC aud LGS MY anatysis

{Aequity SQD Waters Corp, Mitord, MA)Y and UV detection provided By dual sbsorbance signals
U215 mn and 280 nm, usingone of Mathad A, Methad B, Mathod € ar Mathod 1.

Method A, LUMS conditions: performed using a Phenemenes HPLC Aeris™ Peplide XB
CI8 35 column, 1.7 px, 2,1 X 100 mm or Acguity BEHZ00 or BEH130 CTS eolumn, 1.77 pm,
21N 100 pumusing 3 ~ 65% acetonitnleiwater with & 03% TFA over 30 minutes with a flow rate
LS mEdmin, A~ 215 nm, 280 nnx,

Meahod B, €18 HPLC conditions: HPLU analysis was conducted snan Acguity BEWI30,
Cl8 wohgmm, U7 gm, 100X 2000 mm golumn at 25 °C, 5 - 65% sccloniivie/water with 0.03%
TFA gver 3rminates, Tow rate 0.8 mldmb o~ 205 am, 280 nnx

Method ¢, HPLO conditions; HPLC analysiz wat conducted-anan Acquity BEHI30, CI8
colmrm L7 png, 100X 2310 ratn colurmneat 2570, § - 63% atetonittile/svater with L05% TFA over
20 witnutes, Pow vate 0.5 miymin, x - 285 om, 280 nom

Meihod D, HPLC conditions: HPLO snalysis was conducted ov an Aguity BEH 130, €18
gohonn, L7 poy, 100X 230wt colump st 2850, 8 - 653% acetoniiriledwater with .03% TFAover
U winutes, Tow vate 35 mlamin, & - 218 win; 280 am. 5.0 0l of saple svas injected wing #
PLNO (pactial loop w! neadle over-fill) injection mode,
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Table 10 provides exemplary long scting GLP-1 receplor agovist polypepiides of the
diselosure.

Polypepiide analogs without & lipophilic sebstituent and optivnal spacer are sometinmnes
referrad o bereln as “hinewr polypeptides™ Polypeptide analogs having at leastone covalently
bound Hpophilic sebstituent and optional spacer are soetinres reférred © heveln as “conjuzated

polyvpeptides.”

Table B0 Exemplary compounds: GLP-1 receplor agenist polypeptides
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Example 3. Stability of long avting GUP-1 receptor agonist palypeprides

Several long acting GLP-1 receptor agonist polypeptides deseribed hercin were tested, as
ihe trifluore acetate salt, for stability in DMSO (Le., organosuliur solvent) or in squeous {1e,, in
Dwater) st | mgimbsohetion, These analog palypeptides were incubated 8t 37°C, and samplss.
seere withdrewn at vattous it intervaldand analyred hy LOME and HPLE fordergritiaadion of
purity and wass of the patent peptide and estert ofany degradation productss The purity resudts of

these analyses are shown o Table 11 and sre considered indivaiive of stability

Table T Siability of long acting GLP-I receptor agonistpolypeptides
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Exaraple 3: Sotubility of leng acting GELP-I veceptor ugonist polypeptides

Certain fong seting GLE-1 receptovagonist polvpeplides described hereity werd tested for
solubility i saling or in D waderal room emperatuce, Samples were visuaily tospeoted for clarity
of the sample, aod any appearance ol furbidity or haziness. The resudts of these anadyses ore shown

v Table 12,

Table 12: Sohbility ol ong acting GLP=1 reveptor agoist polypeptides

A
AMY &
Al 165
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Example 5: Functional aysays aof leng acting GLP-Y recopror agonist pelypeptides: fuaman
and rar reveprors (GLP<IRs)

Activation of the Buman and rat GLP-1 receptors (GLP=LR), Jeadu to horaases incetlular

cyelie adenpsing monophosphite {cAMPY. In the presence of the non-specific cAMPIeGMP

bl

phosphodiesterase inhibitor, 3-isobutyl-lamethyixanthine (IBMX), acclunulating ¢AMP can be
messured fr witre using comvnon detection methods. Thus, s possible to esthmale an fa wirre
potency (PECSH) far peplides activating cach of these recepters using Mtdoss-responsegurves for

CAME accumulation.

Cell handling and ¢ AMP aecumlation. assanx

I§¢} CHOKI colls stably sxpressing human GLPYIR (Genchank acecssion #RM_002062)
sere grown in 0% F12-K media supplemented with 10% FBS and 250 pg/ond G218, For rat GLP-
1R expression, & tDNA fragnseat sncoding the full-dength open reading frame of the rat GLE-IR
{Genehank acoession #NM (#12728) was sub-cloned into the expression vectar peNAZ I+ 1o

enahle transient receptor exprassion in CHOWK I cells.,

—
¥4

Onday 1LCHOKT cells were plated at 1.5 mitlion colls per T75 flask in 909 FI12-K madia
suppiemented with 0% FRS. On day 3 cells were ttansfecied wath 40 meg of the rat GEPIR
gxpressinn plasmidusing Ligofectaming 2000 transfoction reagent. Ondlay 8, hwmwan or rat GLP~
IR expressing vells wers dispensed at 1000 cells per well in white 384-well OptiPlates in 5 mel

ol assdy bulfer consisting of 1X HBSE, S oM HEPES, 0.5 mM IBMX and 0:1%6 caseis.

20 Peptides were serially dilimed 4-fold in assay bulfer to final concentrations ranging from §
x VM 10 9.5 < 1070M, Two assay controls consisting aof 30 moM forskolin (cAMP sysiem
maxtmon) 6 assay buffer only (cAMP systent iminimuemn b were also prepared, Five micrabiters of
gach peptide-conventraiion, or assay conlrol, was-added to tripHeate wells and ingubsted for thivty

minutes #t room lemperature. During this incubation step a $x earopiunt labelled cAMP {racer

25 solution snd & 9x Ulip atti-cAMP solution {ponsisting of dn anti-cAMP monoclond] intibody

142



2

1G

et
L5

WO 2022/133148 PCT/US2021/063920

fabelled with Ulight™ dyey was prepared accordivg o the manulacturer’s protocol (Perkinflhner

LANCE Ultrs cAMP kith. Following this incubation, 3 el suropium labelled cAMP and 3 mel.

Ulight anti-c AMP antibody was added to-each well, The plate was covered o prevent evaporation

and tncubated for 60 mimdes at woum temperature 0 the darck. Plates were read on an Envisian

fuorescent phtte reader (PerkinBlnver).

Dy ivnedvsiy

Tost values were fistnormalized to the

fepre maximagy and sestem mindonony averaged
vahues i Bacel usimyg the Semwla (test valug - system o avesass) [ (syslam max average
Lo . R facialt R P

sysiens min average) ® 100, Normahized test values represent & bassling correcied pereenfage of

the system maximum cAMP sesponse induced by torskolin, Data from up o 3 replicate tests were

avalyzed for each peplide. Poteney values wire estimated osing GraphPad Prism software (v7.04)
by fitng data o 8 deparamgter logistic cwve  podel YeBottom + {Top-
BottemP{ 10 LogECS0-0)).  The Hill slopy was tonstravied’ to L8 ECS0 wviluss were
converted tn pECS0 valuey using the formudar pECSY = « Log (ECI0), Mean pECSH valuss and

934 confidense intervals are reporied in Talle 13,

Table 132 Mean pECH values oy hGLPYIR and tGLP-1R

LR (T 131
eyenatide 131 1341
A0 132 i
AS3 120 3
“Al18 12.3 120
All2 121 R
ATT 123 jREN
ALUR 124 1Ly
AlM 134 18
AdS V7 118
Al 121 1.7
Alld 122 124

AR N )
Ads 10y -
ASS 20 e
ATR K] 18
Alll 2.1 1LY
Ab ) ' iR
32 122

ALO7 12.3 1.8
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Exwaple 6: Intravenows infusion of long wcting GLP-1 veceptor agonisi polypeptides: studies
o assesy inrravenons pharmacokinetics of polypeptides

Peptides ware dissolved inf1L03% Tween-20 iy phosphate buffered saline amd administerad
98 a Ihourintravenous infusion to aon-fasted tiale Sprague-Dawley ridis (=3 pet groupy via
Femnral vain sennely af & final dose of 0033 mg'kg. Pormubations werg administersd.af a satg of
167 mLdgh  Blood samples {approximately 230 ul) were collected for phasmacokingtic
analysis viaa jugular ven vannals ag Q.25 05, 075, 1, 147, L33, L3, 204, 8. 24,48, 72, angd 96
hones post-startof infusion ite microtainer tubes containing K-EDTA s anticoagulant and 25 gL
of a protease mhibitor cocktail. Plasma was prepared by centiifugation and stored ot ~80°C unti]
analysis, The results ol this snalysis are shown in Tahle 14,
Example 7 Subentanecus bolus injection of fong acting GLP-1 receptor geonist polypeprides:
atiedies ro asvess Mogvailability of polypeptides

Peptides were dissolved 0 0.05% Tween-20 in phosphaie buitered saline and administered
toee mim=tusted anale Spragee-Dawley rats (n=3 por grogp) al o dose of 0 mgkevia a single
bolus injection into the subcutaneous space bebween the seapolag, Blood samplies {approximately
230 pLy were collected Tor phirmiaceokinetic analysis via a jugular vein cannula st 1.083, .23, @5,

L2, 40 80 2380 48 72, and 96 howrs post-dose finte microtainer twbey containdng, KoEDTA ax
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anticoagutant and 23yl of & protease inhibior cockiail. . Plasmia was prepared by centrifugativn

and storedat<ROYC until analysis, The results of this analvais ave also shown fn Table 14,

Table B: Pharmacokinetic analvees

8]
AR 132
0083 RlR
H.061 iR
ERILR! 8
DOsy 4
Q087 13.6
Q.077 tig
Q073 13.6

RN .81
406 171
{163 {35

U09E -
0086 183 :
0.152 w04 R

W

e pod detormined
Exeraple 8:-Methed of plasina sample preparation for phermacekinetic studies

Prowein Precipitation

A 60wl aliquot of each plasma sample was placed into fo an Impact Protein Precipiation
a6-well filter plate (Phenomenex, Torance, CAY To each well was added & plo of 0.83% Tween-
20 Phades were then vortexed mixad for 10 mingles st 123W0apwr before 180 ploof 415 TEA R
21 ethanebacetonitvile conlaining an appropriate nternal stendand was sdded o each well, Plates

werg vortes mixed for 8 min at 1400 rpm, and then centrifuged for 10 min of 300 x g, Filteates

ware svaporated wnder g nitrogen stream at 93 Residues were revonstitnted i 80 gl of 20%

acetoniirile fagy ontaining 0.1% formie acid
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Example 9: LOMS quanification of long weting GLP-1 receptor agonist polypepiides in
asma

Al calibration standards weve prepared 1o contrel rat plasma contaiming K2EDTA aind
protesse inhibitor cocktail,

Samples aml standards were avalyzed by TarbolonSpray ™ UPLC-MSMS osing u system
comsisting ol a UTC HTS PAL stto-injectar (Leap, Coirbore, NCh aw Agilent lﬁnﬁi'}ily 1290 system
with cotumm oven (Pale Alto, CAY a Valeo switching valve (Howston, TXY, and eitheran AR
Sedex AP S600 Triple TOF™ prSeiex APT 40000 Trap mass spectrametss (Framinghanm, MAL
Saroples were injevted ontoa 2.1 % ${t mmreverse phase C1¥ analytical cohumn, typically s Watars
CORTECS UPLU T8+, Lo un {Waters Corporation, Milford, MAY ovsimvilar. Chromatographic
separation was achieved with a gradient method using waler containing (0 1% formicactd {A) and
acetonilrile conlaining U.1% formic acid {B) as mohile phase, Initia] conditions consigted of 90%
A angd 1€

depending on the peptide; Typioal Tow rates wore 600 pLlimin. The solumn temperaturs was held

4 B The coganie component was increased o 95% B over a period of 2-3 mivutes,

constant at 30°C. Peptides were quantified by monitoring vne or more product ons produced from
amultiply charged parent ion,
Example 16 in vive ¢fffcacy of long acting GLP-1 receptor agonit polypeptides va food
intike nhilition in rots

Acute Tood intake was messured contingoushy for a B6-howr period using g BiolXAQ food
monitating sysiem (Researeh Diets, Mew Brunswick, NEY tn deteunineg the amount of food infake
fnhibitioy exhibited by these longacting GLP-] receptor agonist polypeptides.  Long Bvans rags
were obtaned at approxiniately 8 weeks olage. The rats were singly housed and acelimated o
45% high fay diet for ai toust 2 woeks prior to-doding.  Adigy 1 wieek of scelimation all rats were
singly honsed i BIoDAQ caves (Research Dicts, Now Brusswick, ¥ andmaintained at constant

femperature (approximately 1250 band 30-70% relative huntidity with 12 hy light'dark cycle {lights

{Rescarch Dicts DI29511, 45 keal?s fay, Rescurch Diots, New Branswick, N1y Al procedures were
performed m complisnce with the Animal Wellare Act, USDA regulations and approved by the

Mispre Institutional Antmal Care and Use Committes, Aninuals were randomized into ireatment

grong). Antmals wers divsed (8C bolus injection) with

groups aceording to body weight (=8 rats

vither a fong agting GLP-1 recepior agonist polypeptide {30 meg/ky) or vehicle conirol {salme}
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aod were dosed between 430 and 500 prioe 1o lights out with hoppers sated while-animals were
being dosed. Hopper gates were opened, and contineous data collection sturted inminediately

following conypletion of dosing. Duta was nitially analyead using the BioDAQ Viewer software

feeding behavior: All the data are expressed as % inhibition from vehiele controd aud semmarized

by 2-sanple tiest, Povalaes < 005 were considered o ndicale g sipnilicant difference hetween

treatmentgroups. Actite % food intake inhibition frem vehicle conired results for the longacting

GLP- recepior agonist polypepiides are shows in Table 15,

Table 15 Acuwte % hod imiake inhibitos in rats after bolis 83C dosing of LA GLP-1 analog

polypeptides.

PCT/US2021/063920

{version 2.3.87Y and boot filters were set (D nekded (o rédive notse in dats assoviated with non-

as mean, The data were analyeed for statistical significance with Microsel Excel {(Redmond, WA)
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AL 4.1 9, 2
AL4T 842 S4B 362 A

Al4y e 97 24 282
AB2 374 384 ~47.4 }

Bodd = P=0.03 vi, vehicle

Example H: in vive efficacy on body weight changes in LE rois after bolies SC dosing of tong

aetivg GLP-1 recepior agonist polypeptidesi
Body weights were measured on the same LE rals wsed for msasuring food intake in
Examiple 11 1 nvestipble the efficany and durability of the long acting GLP<I receptor studmist

polypeplides oo weight Toss after bolas SC dosing (39 moegdkg). The daty were analyzed iy Excel

andior Prsm (GraphPad Sollware, Inc., La Jolla, CA)Y using enesway ANOVA to compars each.

uraup to the appropriate control group. Povalues <005 were considered to indicate a significant

difference hetween weatment groups. The miean weight loss (96} from baseline and veliiele controd

FAN Y Tran the thod intale studies are showrvin Table 18

Table 16 The mean weight fosg (%) frony baseling snd vehidle control (AR %E) from the foed intake

Weight Loss (30 wmeg/kg SC boles)

Compound # %o Weight change from ¥ehivie
P {20 3 (a5 o
ALH B T A S B - - -
ALR2 LN B . & < ~
Adld BRI 5 S e 4 - - -
AFS LR ~ B Tl ~ &8
AJ3S A3 T B LA ~ -
AL3Y SR N S X B -
ATT A2 183 AT Led2 ) - -
A8 AT 2] AT 0 = ) -
Al¥ SR RE TS 8 d ) - ~
AL S LT TR Tea8 ) - B
Al 4.2 3 - v -
A2 4.7 1331 -39 - - -
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Ad AOE8 88 74Tl -
AN Srigaianal - 1 o= ) -
AT B R B E I
Al B8 4y 139 - L -
Al X BRI 5 S B N T
A68 3749 49 1 . 44|t
AL07 282 a2t - L -
A R R I T
ATO 24 R AT L - 1a3E -
Al ST TN 038 Q1 R S
AldT S B3 68 64 | S -
AL A8 L6 b4 Lt - L -
468 QAL < L33 1230 - L.

S e measwred:; Bold = P=0.08 vy, vehicle

Example 12: Weigka-foss efficacy of long acting GLP-I vecepror agonist polypepiides-in LE
DA pars

Weight foss efficacy studies were conducted fn 8 rodent model for obesity Long Bvans
{LE)} diei-inducasd obese (DI b rai to investigate the efficacy and durability of the long acting GLP-
1 receptor agonist polypeptides after bolus subcutancous (SO dosing. Male LE DIO rats were
used {Envigo Laboratories, Ino., Indianapolis, INY and beginmng &t weaning, the rats were fed &
high fat chow {Teklad TH 95217, 4®keal fram i, Harlan Laboratorics, Madison, WI). Ralg

were 1317 weeks ald at the start of the study. The rats were housed 1 per oage sud given ad libitum

%]

acnesd to high fatdiet (Marlan TDOS217T, 4.3 keal/g) andd water, maintained oy 12 hr hightidark
gvele from SIO0 AN 0 5:00 PM a1 21 € and 50% relative humidity dnd allowed 1o sbclimate for
a fesst 10 days priov to use,. Male LE DIO rats at 18 weeks of age (14 weeks on high fit diet)
were dosed by bolus SC iwjection of the loung acling GLP-] receptor agonist polypeptides (30
wegke 0=6 avmalsdArestment groep). ALl piher provedures were the same as deseribed for
previous exaraple: The mean weight loss (25} Trarn baseline and vehicle controf (A4 %) results ave

oy
7

shown in Table 17

Table 17 The mean weipht loge (%) Tom baseling und vehicle control (A8

ERECE Weighi Lose (38 rang/hy 8C boles)

Campanad
#

o Weight change from Yebicke
td | 24 | 34 ad | sd4 | 6d
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7 notmessurad; Bobd = R<U.05 v, vehicle
Exaomple 13: Efficacy of leng acting GLP-I veceptor agonist polypeptides en feed intake in LE
DG vats

Food intile wak wieasored on the'sinne LE DIO valg used Tor msaguring body waightsin
Example 13 to ivvestigatethe efficacy and durability ol the long seting GLP-1 receptor sgonist
polypeptides on food Tntske inhibition alter bolus SO dosing (30 megkg). Food hopper weights
wens misasured daily, All other procedures were the same as deseribied for the previous exampls.
The resalts of migan reduction in food intidis (%) rom vehitls controd EAA 6) e shown i Table
18,

Table 18 The reseltv oNmean reduction fa:food intake {%6) o velusle coitrab{An )

DIO Food Intake (30 nrep’kg: SC bolug)

Compound # | % Food Intake Inbibition from Vehivle
td i 3d 44 5d

AL | LY | <SR 74

Al32 Sk B ) S B | A
AMS $58 | g T Ly | 127 L e
A¥S 2T I N s RO & N S A
A3 STHE | 880 LT 288 | 23S
AN ~FEY | R D SIS 1ed L 3T

Bold = P08 viovehicle

Exxzmp{e?i dr Chranie weight loss efficacy of ong acting GLP-I receptar agonist pelypeptides
i LE BIG rats

Chronie studies were conducted fo determing the effects and Girability of conlimous
administration of long seting GLP- seceplor agonist polypeptides on body weight after 27 days
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of trestment in the LE DIG rat, Male LE DO rats ot 18 weeks ol age (14 weeks un high fat diet
were teeated the same as deseribed for Example 13, The rats were welghed snd &t and non-fay
nass bindy composition measuraments wete nrade using quantitative magnetic resonance (OMR)
{Echy Medical Systems, Houston, TX) per manufactarer’s protocol before the start of drug

treatuient (Day-27 and on day 27, Body weights wers mzasured throughout the stinly. The rats

were randontized into treatment groups (o8 group) with glimilar mean body weights and Tal mass,
The LE DIO rats were dosed by SC injection every other day (cod) with sither long acting GLP-]
receplor agomist pobypeptides or vehicle {saling). All other procedures were the same as described
for ihe piovions example. The wean weight loss (%) from baseling and veliicles Sontral {8A %)
results are shown in Figure | and Table 19,
Example 15: Chronit antisdigbetic efffedcy of long noting WL vevéptor agonisi polypeptides
in ZDF rats

Chyonie stidlies were Conducted 1o determing the antidiabetic effecily of condinuous
administration of long scting GEP-1 receptor agonist polypeptides on HhAle (3 primary anti-
abetic parameter after 27 days of restment in Zucdksr Diabetic Fatly {(ZDF brats, Male ZDE rats
were ohtained at six (6) weeks of age {Charles River, Raleigh, NCY and used on study at sight (§)
weeks old, Upan recsipt; the rats ware housed onganimal per cage with Trecattess o Parina 5008
chow (Lab Digt, St Londs, MO)Y and water, mamiaited on 2 12-hour Heghitdark eyele from 5:00
AM 1o 5:00 PM at 2190 and 509 relalive bumidity and allowed to acclimate for ning () days
before the start of the study, Blood samples were laken a8 pro-hlseds {Day -3) via tail vein to
measure ghicose levely and HbAle, The ZDF rats were randonuzed into treatment groups {n=9-
[0fgroup) with similar vican HbALle and glucose. Long acting GLP-1 receptor agenist
polypeptides were dosed every other day (eod) by SC injection, Blood samples were taken again
ot Days 14 and 27 {end of study) to weasure glucese levels and HbAle Fival whale blood
samples wore tollected by cardiae punciure witler isofluraneanesthesta (Day 27}, HbA Lo analysis
wid pevformetd by ustnge & Caraling Cheristries CLOT3H Chmeal Chepnisivy anabyzer Mindray

Ine., Mahwah, NY) with the protocol and method parameters as deseribad by the manufaciurer,

HbA Lo resulls expressed as the nwan Yo change oo busehine and velicle control {ANS ) are shown

i Table 19
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Table 19 Swmmary of weight loss and HbA e changes o raty treated with long aeting GLP-1
receptor agonist polvpeptides

4 ] i
is 7 IR K2
ip 3 = -

16 13! 1.8 T3

S ot determivied; Bebd = PO veovebinde; * %ot the EDsy

Exdmple 16: Compuarative weight loxs & antidicketic pptencies of GLP-1 recéptor agoviist

polypeptides in ZDF rats

GEP-1 receptor aponist polypeptides can be administered Lo patients, ty one enabadiment,
via an inplaotable drog delivery devies, The Mediei Dyvug Delivery Systemy™ {Intarcia
Therapeutics, Boston, MA) comprises an symotic drug delivery mini-pump (i lustrated in Figues
37 for snbdermal plavenent v a patient to provide subcutavsoas delivery ol a drug atwcontinuous
fate fur extended pevinds of e, sueh as 3, 6, 12, 18, or Zdmoaths, eie. Theesmntic dragde livery
miini-punp of Figoere 3 i3 o oan fone and 4 iy diameter, Tt inclodes a doug reservolr having
a constrained volume. s sk, high fx vive polency s secessasy for a drug 1o be amengbls e
defivery via this mini-punmp,

fn vive potencies for weight loss and type 2 diabetes in DIO rats were tested for g

representative long-acting GLP-1 roveptor agonist of the present invention {A128) and comparadd

against potencies Tor semaglutide (Nove Nordisk Den 1. Comparative in vt

potenciss for woizhi loss in DI rats are shown in Figure 2A for both compounds (v haseline vg

vehicle over 28 days, axtddose). Comparative i wive potencies for type 2 disbetes {Le, HbAte

fowering) in DO rats.are shown in Figure 2B for bail conpouids (A-HBALE vs vehicke over 28

days, n~¥idose), Aatidiabetie potencies were compared against a ZDF rat model for typs 2
diabetes.

152
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Compound A 1280 was Tound to be sbout 2.3 times mors potent than sepwlutide for weight

foss, and shoyt 2.6 timnes more potent than semnagiutide tor HbAle lmvering. When adjusted for

cognale pharmacokinetic parameters, human polency for compound A 120 & projected to be about

3.1 tinaes that ol semaghutide.

=

Example 17 Tovites Metghelic stebility phovraacelivetics studies ¥T/2) of GLP-I recopior

HEURINEY

Ratand Huwan Kidueey Brosh Border Membrg

T vitre neubations in kidney brush border membrane (kKBRM } preparations were used o
characterize the ability uf peptides to resist degradation by proteases and peptidases in the systemic
circulation, kBBM were selected because they contain o high consentration of & diverse set of
profeasey and peptidases, many of which ave present throwgghout the body, Generally, peptides

with fow o vive CL are stable @ this assay, while peptides with bigh is vive CL are unstsble in

VLR E

Brush border membranes from rat and human kidney tissue were prepared via
centrifugstivn aud stored at -70°C. Thawed stocks of rat or buman KBBM were diluted to the
appropriste voncentrativg in 23 iV HEPES buffer (pH 74) containiug 136 casein and aliguoted
it 4 9G-well plate. The kBBM solufions were pré-warroed loy 10 nyinutes gt 37°C, Reattioos
were initiated by the addition of test peptide { ¥ micM linal concentration) slsa dissalved in 25 miM
HEPES bulfer (pH 7.4} comtaintng 1% casein, The final concentration of kBBM in each incubation
was 50 meg proteinml. Reactions were maintained &t 37°C in a shaking water bath, At ,0.25,
0.8, 1.0, 2.0, and 4.0 b posteiniilation, 30 meL of the foiction mixXture was removed and placed
o o 96-well plate containing 120 mel. of foe-vold methanal containing 2.3% formic ackd
Cneenched samples were contrifuged al 2178 x g for 10 min and then aportion of the supernatanis
et transferred ta o cleant 96-tvell plate and dilted 1 with water. Sapiples were sualyzed by
UPLC-MS/MS: Thetesuls of this anatysis for compaind A28 {SECQ 1D NQ: 120) dre showa in

Tahle 20,

Human Subcutaneous Tissuee Homopehstes

In vitro incubations in subcutaneous (SC) tissue homogenates were wsed ® characterize

the ability of peptides 0 resist pre-systemie degradation by proteases and peptidases after 8C
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administration. Tnvive nonclinical stucies have shown that peplidase activity in the 5C space can

Himit the boavallability ol a peptide alter 8C adninistration, Peptides with high SC bipavailshility

2

ave staivle oy this assay, while peptides-with low SC bivavailabiity are unstable iy this assay.

Human SC tssue was homogenized incold 25 mM HEPES nadfer (pH 74, 10-lold voluye

hased on sample weight), and then Hltered through a double laver of cheesecloth, The Rltvates

ware aliguoted, Dash frowen on o wethansldey iop bath and stored at -80%C The protéin

coneentration of each pooledbatch was determimad udiog the BOA protain assay. Thawed stucks
of human SC tissue homogenates ware dilnted 1o 1.0 mg proteinvmL iy 25 mM HEPES baiter (pH

74y and abiquoted nto's Y6-well plate; The diluted ST homogenates were pre-warmoed for 10

minutes at 37°C.  Reactions wers initiated by the addition of test peptide {10 meM final
concontration) dlsa dissobved iy 25 mM HEPES hoffer {(pH 7). Reactionswere matntaingd at
375C in a shaking water bath: Ar 0, (025, 0.5, 1.0, 20, and 4.0 h post-hnitiation, 58 mel of the

reaction mixture was removad and placed into 8 96-well plate contatning 1530 nwl of ice-cold

mdthanel containing 2.8% formic and,. Quenched samples ‘werg contriftged at 2478 = g for 10
min and thena portion of the supornaiants weirs-tranikfored @ d cladn 96-will plate and dikgted
110 with water, Samyples were gnalyzed by UPLO-MSMS.  The results of this analysis Tor

compoursd A UHSEQ ID NO: 120) ave shown in Table 20,

Fracrion pebound 163 in plag

i

Conventional wethads of measuring plasma proten binding, sach as equilibrivn dialysis,
ulrafiliration and uliracentrifugation, are not reliable with peptides begause of their tendency o
adsorb io the surface of plastic tyhing, dialysis membranes and mnlecular weipht cut-off fitters,
As a result, the extent W which acylated peptides bind o serym albamin was elaliated asing
surface plasmon fesondnce (SPR): The wtility of this techiigue o provide a reasonable estimation

of the fraction of & ding hound o plesh protein has been devaonstrated i the litesthire, The
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resulis of this-analvsts for compound A28 (SEG 1D NO: 120) are shown 1o Table 20, The

estimated half Hie of compound A120 0 lumans based of T this datais approximately O davs.

Table 28 Metaboliz stability pharowicokinetics and fraction wobowsd of GLE-1 réceptor agonist

compound A 128

Monkey >12 »1.2
thyman Wi 12 0. 78%

Exaraple 18: n vivo pharmacokinetic parameters af compound A1 20 i vat aid tenkey models
Pharngenkinetic profiles of compound A 120 fn rat and monkey models wers determined
follwing ntravencus infusion, subsutaneous holus Tigection, or suhowtansons afusion of the

compoand. The resulis of these analyses are presendad v Table 21,

Table 21: Pharnwcokinetio-and ADME profile of compoitnd A 120 in rat and monkey modsls

Rat BN LR
inflsion
(=1
SChalug | L1 - - FES 29.44H) §0 F48 920
{1y
Mauhey GosE | D007 453 938 |} LA I 2660
LS - - 6 THRA00 24 682 4.3

s ot deterniined; data shown asiroean; median valve provided for Taw

Example 1# dlbimin bivding of long acring GLP-T pecsptor agoniss
The potency shilling of conjugated GLP-1 veceptor agomisty cartheseen tn Talde 22, Data

was oblgined using s CAMP accwmalation assay o the GLP-1 receptor for each of GLP-1 {7-36),

o
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seaglutide, exenatide, and compound A0 i the presence of various concentrations of human

serusy athupis (HSAY The resulis of thisanalysds avealso presented in Flgure 4.

Table 23 pliC

so valaes of various GLP-1 reeeptor agonists in the presence of human serum

alluanin

agtultids 1Le 103 .24
Bxenatide B 2F 2.4
Comnpousd AL i LR 450
st deterniiieds Ssigni Heantly differsntwhenvompared i semaglofide (o < 007

L2

Example 2t Potency of ¢ long acting GLP-I veceptor agonist Quross species
The potencies of GLP-1 (7-36), semaglutide, exenditde. and compound AL were
deterntined against human {h), cyno (¢}, and rat {r} orthologs of the GLP-{ receptor (GLP-1R), the
143 gluesgon receptor {GOGRY, and the gastrie inhibitor polypeptide receptor (GIPRY. Values wers

obiatned via cAMP accunuilaiion assay. The results of these analyses arve presented in Table 23,

Table 23 Adtrvity (88 pECy vahees) oF varioas GLP- | receptot agonisls dpsinst humén, cytio, and
vat GEP-1 receplors, ghocagon receptors, snd gaste inbibitor polypeptide receptors determined vis

15 AMP apcnulation assay

Exanaiude
Fuman 12t 1.9 e
GLP T

Componid | L1 TR IR <9 i <9 <9 <y

S pot determined
The data indicate that conmpound A 12998 consistently potent agamst GLP-IR doross three

relpvant species and that the compound is highly selective for GLP-IR over GUGR and GIFR,

20
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Example 21: Comparative dte of compovund AL against semughaide

Table 24 Comparison of selegied daty for compound A0 and semaglatide against desired

mietrics

L 46 {4}

Aoroaglwide 1.6 <R AR | NA 1280k

Desiced value | 21230 <120 =l > Oy R0 %E

fsolobility = walsr / sabing; Marghibiy = 30 days

7°C (1 mgaml i NA = highly cloudy/unable

wH

Ty assasestabilite vig HPLO

Table 25 Comparison of iy vive poteney and elficacy dala Tor compound - AT20 and semaglutide

against desired metrics

< 100 T ST ;

FAA T welight desrease e DO rat atday 270 AA e Clange iy HbA LS i ZDTF savar day 27

4

I8¢
Oiher Embodiments
Whils the invention has bedn deseribad B conjunction with the detailed description thersud,
the foresoipg deseriptivy i intended fo Hlleswate and not limid the scope of thie invention, whicly is
defined hy the scope of the appended clsims Other sspeoty, advantages, and modificativns are

IS within thescope of the fullowing claims.
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CLAIMR
Whatisclaimed s

1. Anisolated polypeptide, coinprising the amino acid sequence of SEQ I NO: 200

OGO TR N e oS X o N N BN e X X e X FI G WLE X wGOPX L SGARPRR-

{OH/NH:3¢SEQ 1D NO: 2007 or a pharmaceutically acceptable salt thereof, wherein:
KA, aminnisobutvrie acid (b, o G
Kyis B or Namethy] Glag
KulsFory;
XrdsSor T,
Xy s diarninopimelie acid (Deg), BN Newtethy! Ser, Q, 5.5, o Y;
Koas Drov B
Kigis L Lo N-methyl Leu, or V;
Xl K, Q.o 8;
Kis v A, BLK, Qo8 Wear Y
b E R LK LM, Quary;
Xye i 2 4-diaminohutanoic acid (Dab), Dap, E, K, k, oromithine {Om);
X E K, or(;
XA KS oY
BT P I
Xog v E, K, o R
NopisAth, BLH K L. Qoor Y
Xois A, Alh B K QU8 o Y
Nog i B B KON QL Soer Yoand
Ko 88 Dy B K R, or &
wheretn wlien Xis is Dab, Dap, K, or O, 1i ix covalenily bound to a Hipophilic

substiuent, optionally i spacer;

besine whereih the bysine residie 1s covalenity bound to o tipophilic substituent, optiondly vina

spavery and
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wheretn the peptide optionally furdher comprises o lactam bridge formed via auamide
bond berween the side chaing.of a hyvsing snd a glutamic acid b positions Nezand Xy,

respectively; at positions Xz avd Xis, respectivelys at positions X and Xz, respectively; al

positions X and Ko, tespectivelyy st positions Xas and X, respectively: st positions N and

Ko, respectively: orat positiony X amd Xg, respectively.

2 An isoluted polypeptide. comprising the amino acid sequence of SEQ 1D NO: 201:
GG OT R X NoX 168 X e X YEX 16 X X s X o X X BTG WLK X e GGP XSG A PPPS -

(QFNHSEQ D WO: 201 bor a pharmacsuticdlly-aceapiahle salt thevesd, wherein

Xais A, 2-aminoigobutyric acid {(Aib), or (G
Xyis E or Nemothyl Gly;
Xels For¥;

Ny is SoarT;

digminopimelic actd (Dap), B, KON, Nomethyl Ser, G, 8. 5,00 Y
Xuis D or E;

Xio i T L, N-methyl Leu, o V;

X B K QoS

Xz is Aib, B K, Q8. Woor ¥,

R s K covalently bound to a lipophilic suhstituent, optionally via & spacer;

Kipis By K, o0 Q)
iwis ALK 8o Y
N in ALK or\g
K
Noj it Adh B ML KL L, QL or Y
K ts AL AL BoK Qi Sror Y
Nopds B, EC K, NG Seor Yioand
KivisDap, HUK. R, er 5;

s BOK, or R:

wherein the peptide optionally Rurther comprisesa lactam bndge formed via an amide

hond between the side chiging ol a vsine aod 8 glatamic aeld at posiflons: Ny and X,

3

respectivedyy af positions Xy and Xin re$pectively; at positions X and X, respectivelyial

159
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positions Koy and Xay, respectively; at posttions Xop and Xaq, respectively; orat pogitions Xog and

v Tespectivaly.

3 Adt isofated polypeptide, camprising the aming deid sequevce of SEQ WD Nk 202
HNEGTETX XXX 0% X XooXn FIXaWEK X wGORPX RSGAPPPS-

FORNHY (SEG 1D NG 242) or aphansiaceutically gecgpiable salt thereof, wherging

N3 is 2<aminoisobulyrie acid (Aib) or G;
Keis N or§;

Keds D or E;

Xig 1% f, L.or 'VI

N Eork;

Xy Mory;

X1 Dap, B, arK;

Xz Eor K,

XA ory;

X AoV,

X B, Koor R:

XN e B KoL or @y

K s BUK, ol

o v B, KON, or ; and

s H o8

whergin swhen Xeds Dap or K, it s covidently hoand to & lipophilic substituent,

oplional

¥ Viaa spacer;

1y selected 1o be lysine whereni the

wherein whsn Xieds B, st least ong of Xy, X, or
Tysine residiug wocovalently boamd oy a Rpoghilic substitent, ptioually via & spaterimd
wherain the peptide opticnally furiher tomprises a hactam bridge formiad via an amide

hond between the side chains of a bysine and 2 glutamic acid at positions Xioand X,

respeeiivaly st positiois X and Xy, respectivebyy at posttions Xat and X, respectively: al

positionms X and Xay, respectiveby; at positions Xag and X, respectivelyy at positions Xag and

oy, respectivelyioral positions X and Xogorespectively.

160
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4 Ao isolated polypeptide; comprising the amino acid sequence of SEQ 1D KO: 203!
HEBGTFT XX o8 KOV EX N X e XX FIX p WLEK X aGOP X o SGAPPRSLOHINHL)

{SEQ 1D NO: 203) ora pharmsceutically acceplable salt thereofl whersin:

Xyis 2-aminoisobutyrie aetd (AIbY o G;

KelsNar ¥

XeisDorE;

Xowl Loty

Xz Eorky

Xis 8 K covalently bound & lipophilie substiluent, optionally via @ spaces;

X 17 ii& Eor K,

X AorY;

X AoV

Nopis B, K. or Ry

Xu s K Loor

Soas B R or S

Kiwis B KON, or € and

Kuis Hars;

each K independently depresents frsing optionally covalently bound & & fipophilie
substitnent; optionally viwvaspacen

wherein the peptide optionally Nuther comprises a lactam bitdge formed via an amide

hond between the side chains of a lsioe and g 'glutamis dotd at positions Xy and Xy,
vespectively; gt positions Ny and Xz, regpectively; ol positions Xa antd X, respectively; al
positons X and Xz, respectively; at postiions Xas and X, respectively: or al positons X and

Ky, respectivelby.

S An isolated polypeptide, comprising the amino acid sequenice of SEQ I KO 204

BGTETXGDX s XXy FIg WER Xl GGP X o SGAPPPS-

{OH/NH: (SEQ 1D NO: 204y, s a pﬁlmmmt:@{s{ic,aH yvacoiptable salt thereof, whereby:
Ky iy Qepmitnoisobutyric acid (Aibyor€i
NegiaNor$:
XigisLL orV,;
161
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X B Kordy

K is Muor Y

Nig s (dismivopbmelic acid) Dap covalently bound toa lipophilic substitsent, optionally
viag spacer, or K covalently beasd s & lipophilic substituens, optionally via g gpacet;

N Eor K

Xigiw Aoy

N s A ar vy

X B, K, or R;

Mo LR L o

X v B K, or§;

Xogis N oor O and

X Houk;

wherein the peptide aptionally furiher comprises a lictam bridge formed viaan anvde
bond between the side chaing of a tysine and o glutamic seid 8t positions Nerand Xy,
respectively; at positions Xy and Xy, respectivelyyat positions Xog and Xz respectivelyyor at

positions Xy and Koy, reapectively,

8. An Taolatad polypeptide, coraprising the amine acid sequence o'SEQ 1 NOL20S:

BXEGTFTRGDX SN QY EX s XN XX OB WER XGGOP X SCGAPPPSSOHNHY

{RRQ 1D NO: 208), or 8 pharmaceutically acceptable salf thereol, wherein:
Xeis Naors;

amimoisubutyrie seld fAbYyor G

fed

Rigis L Loor ¥y
Nysis B, Koor (¥
Ky K covalently bowmd w & hpophilic sahgtitient, optionally via & spacer;
Nz i Eor K
XigisdorY:
Xywds A or'Vy
Kuas B K, o R
Ny wE K Lior
XusisE K, or§;
162
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Kag s N avd; and
is Hors;

wherein the peptide optionally further comprises o lactam bridge formed via an anside

baned betwsen the side chains ol a bysine and & glutamie acid at positions Xeyand X,

respectively; af positions Xz god X vespectivelyat posttions oo and Xay retpectivelvr oy af

positions N and Nop, respectively.

7. An isolated polypeptide; comprising the amine acid sequence of SEQ ID NO: 206

HXGEGTFTX DX o SKQN EX wEAX 00X X FIXn WLK X3 GGPSSGAPPPSS{ OHNH {REQ

TR NG 06), or g pharmacentically acceptable salt therent, whersin:

X3 is 2<aminoisobulyrie aeid {Aib)or G;

XgisNor;

X sl Eoor'vy

X Maory;

Nigis K govalently bound to a lipophilic substituent, nptionalby via & spacer;

Xpiwad o' Vy

Xands B, Koor Ry

N B KoL or gy

Kot BUKL or 8 and

K Noy

wherein the pepiide aptionally Turther comipises o fotan bridge formed via an anude
Borel between e side chais of & lysine and a ghitamic scid &t positions Xy and X

respeotivelviat positions Xop and Xos, respectively; ovat positions Xog and X, respectively,

] Aat Bolated polypeptide, comprising the smiino acid sequence of SEQY 1D NO: 207

EOTFTX DX S KOYEX cBEAX o op X PGy WEK X GG PS SGAPPRS{OHNIL) (SEQ

1D NCY: 2073, ara pharmaceutically scceplable salt thereod, whersin:
Xids 2-gmindisolutyric acid {Adb) o (G
Kyds N oS
NpwhL o'V,
Ko is K covalently bound te a lipophilic substitueni, optionally via a spacer;
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Nipis AoV

K s B, K, o R}
Nopie B K, Lyor
K is B K, o 8 and

Kapds Nor(x

wherein the peptide optionally further comprises a factam bridge formed via anr amide
hond between thewide chains of a fysine and woglutamic actd st positions Xy and X,

respectively: st positions Mg and Xa, respegtively] ar at positions X and X, respectively,

5. An isolated polypeptide, comoprising the aminn acid sequence of SEQ 1D NO 208

HABEGTFTSOX o SKOVEX G EAN X0 X0 FINGWLEKNGOPSSGAPPPR{OHNH ) (SEQ ID

NO: 2083, or 2 pharmuceutieally acceptable salt thereol, wherein:
N bory:
Xin iy K covalentdy hound to 8 lpophilic substituent, optionally via a spacen;
NeimAar VY
Kot B, K, o Ry
XK ard);
o s B Koo Syand
wherain the peptide aptionally [uriher comprises g lactarn bridge formed via anamide

bord betwesn the side chidos ol o lysine and a glutamic acid gl pasitions Xy and X3,

respectivelyy at positions X wnd Xy, respectivelys ov at positions Xag and X, respectively,

10, The isolated polypeptide of any ol claims §, 3, 0r 5, whersin 310 X1 M, then X is K

covalentty bound toa lipophilic sehstitusnt, oplionally via a spacer.
1, The isolated polypeptide of any of clabms | or 3, wherein if Xy 18°E, then X s Kor B
12, The istlated polypeptide ofanv ol dlanvis 3. 5 or 7 owhersin Xjae s Y.

13, The isolated polypeptide of any ol cdlaims §, 3, 0r S, whessin Xi¢ is lysine covalenily

bougnd ¢ & lipophilic substituent; optionally viaa spacer.
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14, The {solated polypeptide of any of claims 3-8, whersin if

wis X, then Xjg s V.

18, The isolatad polypeptide-of any of clains F-9 whereln the-peptide ugtiver conprises 8
faciam bridge formed via an amide bond hetween the side chains of a lysineand &

ghaamic seidat posiions Xap and Xy, respeetively.

8. The isolated polypeptide of anv-of claims £+15, wherein X i Adb,

17. The isolated polypeptide of any of elaims 116, wherein the Hpaphilic substiteent forms
an amide bond botwesn an aming group of the Wotated polypeptide and the CO- group of

the lipophilic substituent.

18, The isolsted polypeptide of claim 17, wherein the lipophilic substiuent is of Fornula &
COGCH e
Forawla 1
wherein
Zas~CHyor ~=COH; and

s from 4 o 24,
19 The isolated polypeptide of claim 18, wherein 2 is ~CO:H.
. Theisolted polypeptide of elaim 18, whereln o s fom 141020

2L The isolated polypeptide ot aivy of claims 116, whersin the lipophilic substitvent is

ctvilently hound foothe isokited polypeptide vina spader,

22 The isolated polypeptide ot claim 21, wherein the lipophilic substitgent, ~<CO-{CH 2.
i Hinked fo an amine group-of wolated polvpeplides via the spacer, wherein the spacer
formay & bridge bebween the ammo growp of fhe isolated polypeptide and s CG- grovip of

the lipophilic substiteent.
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R

3. The isolated polypeptideofclamm 21 or elaten 22, wherein the Hipophilic substituent and
spacer are of Formala [
A - CO-LCH 2
Formuda I
whereiy,
Y iy seloeted from the group consisting of yGlu, Asp, Lys and Gly
Zs ~UHy or <CQsH;
118 Troan 4 to 24; and

nis from o M

29, The isolated polypeptide of claim 23, whersin £ is ~CORH.

25, The isolated polypeptide of claim 23, wherein m is from 18 10 20
360 Theisolated polypeptide of olatm 23, wherein Y i yGla

7. The isolated polypeptide of claim 23, wherein u is from § to 5

2. The isolated polvpeptide of clant 31 of claimn 32, wherein the hpophilic substinsent and
spaver we of Fovmuda 1T
AV Qe COOHD
Formula Hi
whgret,
Vi COCHOCHCH W NH -
Y s selected Trom the group comsisting of yGlu, Asp, and Gly,
£ 18 «CHy or ~U0H;
s frony 4 1 28
n s from b 1D
ris foen §te 6y and

tig e L to 6

29 The isolated polypeptide of clain 28, wherein Z 15 ~OOH,
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The isolated polypeptide of cladm 28, wherein n is from 14 1o 20

The solated polypeptide of vlatm 28, wherein Y is vGila,

The isolated polypeptide of clatm 28, wherein v is from | to 5.
The isolated delypeptide of clatm 28, whereln v is fom 1w 3.
The isolated polypeptide o clam 28 wherein Cis{rom Lie 3,

The isolated polypeptide of claim 28, wherein:
Yoas G

Zg< U

m i 16

s

s 2 and

1is 3

PCT/US2021/063920

The isolated polypeptide of elaiva 21 or clitnt 220 whereth the Hpophilie substitaest and

spacer are of Formals IV
0¥ Dhas(dpeg (Y 2hea-CO(CH w2
Fosraula IV
whersin
Zs=CHy or <CQ:H;
it is oo € 40 24:
Y i selected Tromt the group comsisting oUyGlu, Asp, and Gly;
Y72 is sefected Trom the groap sonsistisig 0T+ Gly, Asp, and Gl
dpeg 36 UOCHHCH pOECHNH |
ris frant Lo &
il i w0 o 10 and

12 s oo to 14
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The isokdad polypeptide uf clatm 38, whedein Z s -CO R

38 The solated polypeptide of claim 368, whevein'm is fom 4o 20,

38 The bolated palypeptide of elaim 38, whedein ¥ 1 5 Gl

40.  The isolated polypeptide of clatm 36, wherein nd is from 0 to 3.

41, The isolated polypeptide of elaim 36, whereln Y2 s yGlu,

42, The isolated delypeptide of claim 34, whereln o2 is fom o 3.

43 The isolated polypeptide of clatm 36, wherein ris from 1t 3.

44, Theisolated polypeptide of any one of claims 143, whereln the carbexy terminal anuno

acid, Sag, is ~Na0fNHa).

45, ‘The isolated polypeptide of claim |, comprising the amine aoid sequence of any of §

1D NOs: Lo 162,

46.  The isolated polypeptide of elabm 1 ov claim &, contprising an angno soid seguence of
any of SEQ D NOs: 6,45, 46, 54, 35, 62, 65, 70, 78, 74, 78, 77, 78, 83, 86, 87, 88, 9,

G204, 103, H7, 108, DL 11, 114, LER0120, 132, 134, 139, 147, and 149,

g
&

The 1solated polypephideof anyof Clebms 12§, of 6, comprising an aniine acid
sequence olany of 8RO TD NOs: 45, 46, 54, 33 62, 68, 70, 74, 75, 77, 78, 85, 86, 87, 88,
£9, 02,04, 103, 107, W, THE 112, U3, 115, 120, 132, 134, 139, 147 andl 149,

8. Ths 1solated polypeptide ol anyof claims 3,58, or 7, comprising air anting scid

sequence of any of SEQ ID NOs: 6,45, 46, 34, 55, 77,78, 108, 111, 112, 114, 115,120,
132, 134, and 139,
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48 The isolated polypeptide of any of clains 1-8, compiising an aminoacid sequence-of any

of SEQ D NOs: 45, 46, 34, SET7, 78, 108, 110, 1120 114, VIS0 1200132, 134, and 139,

50, The isolated polypeptide of any of elaiins -9, comprising an amtine aud sequence of auy

ol SR Y NG 85, F1E, 120, and 132

1 The isolated polypeptide of any el clains 1-9; comprising the aming acid sequence of
SEQ ID N 115

52 Theisolaied polypeptide of any of claims 149, comprising the ammo acid sequsnos of
SEQ D NGO 120,

53 A pharnmaccutical Composition comprising the isolated polypeptide-olany of ¢lainis 1o
32, or o pharmaceutically acceptable salt thereel, and a pharmacewtically acceptable
adiuvant, carvier, or vehicke,

3. Anosmotie delivery devive, comprising the isolated polypeptide of any of clims 1 @ 83
or the phammacenival vowapositionof vlatn 33,

35, The osmotic delivery device ol claim 34, comprising

i impermenble reservoir comprising intertor and exierior surfices and irst and
setond open ends:

1 semi-permesble membrane fusealing relationship with the fust open end of the
FOSEIVOLT;

an esmstic enging within the reservoir and adjacent the semi-permeable
merbiang;

a piston adiacent the osmotic enging, wherein the mston Tornas anovable seal
with the interier swiface of the reservoir, lhe piston divides the reserveir into a lirst
chamberand & second chamber, this fstohumbey comprising the ssmotic sngine;

asuspension fermmlatton, wherein the second chamber comprizes the zuspeansitn
formutation vl the suspension formulation is Howable wd comprisey'the isolated
polypeptide; and
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adiffasion moderator inserted in the second opey end of the reservoir, the

diffusion moderator adjacent the suspenston fermulation.

A wivethiod of treating nbesity in a human subject, providing weight loss to the human
subject; o suppressing appatite fu the humaw subyjecy, comprisimg administeriog o the
subject 4 pharmaecudical composition comnprising the iselated polypeptide of snv-one of
claims | o 82, the pharmaceutical composition of claint 33, or the osmetic delivery

device ofelaim 54 or 55,

A method of treating dlabetes in-a human subject, comprising administering to the subject

a pharmaceutical composition comprising the isclated potypeptide of any voe of claims |

082, the phamiacentival composition of claim 8%, or the esmotic delivery device of

claim 54 oy 55.

The methad of clatm 37, wherein the diabetes is type | dinbates

The method of claim 87 wherein the disbetes is type 2 diabetes.
Acraethad oftrealing nooslesholic Tatty liver dikense (NAFLD Y andfor vonslecholic
stentohepatitis (NASHY in a human subject; comprising administering to the suhject a

phamaceutical compasition comprising the isalated polypeptide of wyy one ol clains |

o

ter 83, the pharmaceutical conposition ol claim 83, ov the osmotic delivery device of

clatm 54 or 35,

A wethod of treating a neurological diseuse or disorder tn a hiunian subject, comiprising
administering to the'subject a pharmacadical composition comprising the isolated
potypeptide of any one of claims 1 w32, the pharmaceutical comipesition of claim 33, or

thie osmotic delivery devive of claing 3¢ or 35,

The method of elaim 61, wherein the neurnlogical disease or disorder is selected from the

group vonsisting of Parkinson’s dissase and Alsheiner's disease.

170



WO 2022/133148 PCT/US2021/063920

63, The nsthod of any of clatns 56-62, wherein the isolsted polypeptide or pharmaceutical
composition is Srmuladed for adimdnistration by o souts selectad from the group

consisting of puvenigeal, oral, transdermal, ransmucosal, and rectal,
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