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LONG ACTING GLUCAGON RECEPTOR
SELECTIVE PEPTIDES ANDMETHODS OF USE

Cross-Referenve to Related Applications

This application clatms the berefii of U8, Provisional Application No. 83/011 641, filed

April 17, 2020, the disclosure of which iz incorporated herein by reflereney in its entirety.
Field
The present invention relates o compounds that are glucagonereceptor sefective peptides
and methods of prepuaring the same. The invention also provides phasmeesutically acceptable
compasitions comprising compounds of the present invention and methods of using said

compositions i the treatitent of varioug diserders.

Background

N

Glucagon isa poplide hormone, produced by alpha cells of the pancreas. which ratses the
centration of glucose in the bloadstreany, s effect is opposite that of nsulin, which lowers
the glucose concentration. The pancreas releases glocagon when the soncentration of glucose in
the bloodstream falls toa low. Glucsgon causes the liver to convert stored glycogen into glucose,
which is released inlo the Moodstreant High blood glucose levels stimudate the release of insudin.

Insulin allows plueese to be taken up and used by insulin-depondent tissues, Thus, glucagon and

insulin are paud of & foedback systent that keeps blood glucese tevels at & stable level,

Ghicagon and ghicagon-tike peptide-1 (GLP-1}, a sewropeptide, are desived from pre-

proglecagon, 8 158 aming acid precursor palypeptide that is processed in differsnt tissucs o

form a number of different proghecagen-derivad peptided. These proglucagon-derivad peptides

which include, for cxample, glhucagon, GLP-1, glucsgon-Hke peptides2 {GLP-2), and

oxyitomodalin (XM, are nvolved in g wide variety of physiological Tanctions, including
glscose homeostasis, insulin seeretion, gastric empiying, and inlestingl growth, as well as the
regulation of food intake. Human glocagon has the amine aid sequence:
HSQGTFTSDYSKYLDSRRAQDEVOWLMNT-O (SEQ ID N 3007 Thage xistary nead

for therapeutics and therapies that mimic slocagon aciivity,
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Summary

1t has now been found that compowsds of this invention, and pharmacentically aceeptable
compositions thereol, are effective as glucagon-receplor seleclive . poptides {Le¢;, plocugon
anatogs). Such compounds have g peacral formula as follows:

An isolated polypeptide, comprising the anting acid sequence of SEQ 1D NO: 80
X SHOTEFTSXoVSIY L5 XyeXarR g AKX FXus Xas WX EX s B-2-ad - OB/NH) (SEQ 1D
NO: 803, 0r & pharmaceutically acceptable salt thereof, wherein:

Xiis Y oracetyl-Y:

Xois D or E;

Xysis D, Boor Ky

Xis s Atbor K;

Naris Ky

Mg KR oar Y

XwisE, K Q, arS;

Xai s Eor Ky

X8 dbor'y

X ds Afb, B KL Q, 00§

Kegis B, L, or

Nag is D, B N, Q,8, or Nemethylglotamate;

Z-tatl s absentor selected from the group consisting of PSSGAPPES {SEQ 1D NO; 90),
PRSGEPPPS (SEQ IR NO: 91), PSSGKPPPS (SEQ 1D NGy 92, or PSSGSPPPS (SEQ D NGy
93):

wherein wher Xis Xise X% Xig Xog, or Xay are K, the ysine residue is optionally
covalently bound to a lipophilie subsiituent, optionally viaa spacey,

provided that the polypeptide comprises at least one residue covadently bound to &
lipophilic substituent, optional by via & spacer; and

wherpin the isalated polypeptide optionally further comprises a lactam bridge formed via
an amide bond between the side chains of a lysine and an aspartic acid or between thy side chaing
ol a lysineg and -a gluiamic dcid, wheréin the residues that form ihe actam bridge are loeated at
positions Xea and Xz o ab positions X and X

Further exemplary compounds are provided tn Table 3 berein,
2
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Compaunds of the prosent fnvention have been designed o attain long elirvination half-
[ivets (tin} and sre thus deseribed heredn as “long=acting™ glucagon-reeepior selociive pepiides {or
glucagon analogs),

Conpounds of the present invention, and pharmuceutically acceptable compositions
thereot, arg uwselnd for treating o vaviety of diseases, disorders or conditions, associated wilth the
human glucagon reeeptor, Such diseases, disorders, or conditions include metabolie discases or

disorders snch ag type 2 disbetes, obesity and the need lo attaiy weight loss,  In esrtain

embedimenty, the invention also relates to nwtheds of treating nonalecholic falty liver disease

{NAFLD) andfor annslcoholic steatohepatitis (NASH),

Brief Deseviption of the Drawings

s

Figure | depiets a cross-sectional diagram of & representative osmotie mini-pump for drug:
detivery.

Figure 2 depicts activity of glocagon, exenatide, and compuend A6 {SEQ D NO: @) sgainst
the human, cyao, and rat glucagon and GLP-1 recepiors.,

Figure 3 depicts the change in plasma concenlration off A6 following bolus Injection and

inirgvesscus infusion,
Detailed Description
General description of certain embodiments of the invention

Compounds of the present invention, and pharmaceutical compesitions theveof] arve useful
as mndudators of the glucagon receptor, particudarly a8 modulators of the human glucagon receptor,
and more parlicular ss agonists of the homan glocagen receptor. This invention also relates o
mizthods of producing and using such compounds, i.e., long-acting glucagon analog polypeptides.
These ghicagon analog polypeplided are particularly uselid in methods of treating matabelic
diseases or disorders, such as type 2 diabetes, obesity, and in methods of providing weight loss.

In cestain embodinients, the invention alse relates to metheds ol treating nonaleeliolic fatty Hver

disease (NAFLDY and/or nonaleohslic sestohepatiiis (NASHY,

In ceriain embodimenis, the present disclosure provides an isolated polypeptide comprising

s

the aming adid sequence of SEQ I NG 88;

(23]
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X SHGTFTS X Y SKY LX s X6 X NisA X X FR X WX EX E-Z-ail-{OH/NH) (SEQ 1

NO: 883, or & pharmaceutically acoeptable salt theveaf.
Definitions

1t i3 to be understood that the termivolegy used herein s for the purpost of deseribing
particular entbodiments only, and (s netintended to be limiting, As used in this specification and

; PR
IS [X% bR

the appended clnims, thesingnlay foems e San™ and “the™ inckode plaral relbrents anless the

eontext elearly dictates otherwise: Thus, for example, reference. o " solvent™ ineludes &

combination of two-ur more such solvents, refevence lo s peptide”™ includes wne or mors peptides,
or mixtures of peptides, reference to *a drug™ includes one or more drigs, raforenes 1o “an osmotic
delivery deviee™ inclpdes one or more esmigtio delivery devices, and the ke, Unless specifically
statiel or ebvious from context, a3 used hersin, the e “or™ is understoad to be nclusive and
chwers both Mor™ and “and”,

Unless specilically stated or obvious frony context, ay used heredn, the ferm “about” is

understood as within a range of normal tolerance in the art, for example within ¥ standard.

o 3%, 4%, 3%,
2%, 19, 0.8%, 0, 1%, 0.03%, or .01% of the stated value. Unless atlierwise clear from the context,
all numerical values provided herein arg modified by the teran “ghout.”

Unless apecifically stated or obvious from context, as used herein, the term “substantiaiby™
s undersiood as within g narrow range of variaticn or otherwise sormal tolerance v the arl.
Substavtially can be understand as: within 3%, 4% 3% 2% 1%, 0.5% 0.1, 005%, 0.01% ar

0.001% of the stated value.

Unloss defingd otherwise, dlf technical and scienfific. terms uged herein have the same
mearing as commonly nnderstoed by one of ordinary skill in the art to which the invention
perfains. Although other methiods and minterials similay, or equivelent, fo those described hergin
cay bé used in the practice of the présent invention, the prefervad materialy and methpds are
deseribed herein,

In describing and clatming the prosent invention, the following texminology will be used

i segordanee with the definitions set put below.

The ferms “drug.™ “therapeutic agent,”™ and “bengficial agent™ are nsed interchangenb

refer fo any therapeutically setive substance that s delivered woa subject to produce s desired

‘.;
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beneticial effect, In one erubndiment of the presestinvention, the drug iy & polypeptide. Iy another

hodinent of the present invertion, the drug s @ small molecule, Tor examply, hormones such
as androgens or esirogens. The devices and methods of the present invention sre well suited for
the delivery of priteins, small molecules and combinations thereof.

The tesms “peptide,” “pobypeptide,” and “protein™ are vsed interchangeably horgin and
typleally refer to & molecule comprising a chain of two or more gmine acids {e.g., most tvpically
L-amine acids, bul also incleding, ¢.g., D-anminge aeids, modified amino acids, aming acid anglogs,
and aming acid mimeticg),

lu some owmbodisenis, naturally-octurring L-amino actds, are represeated by cither
cotventionsl three-leisy, or capiialized one-letier, amino acid deésignations of Table 1. In other
crnhodiments, naturslly-occurring L-amino acids, and D-suing acids, are both represented by

enations of Table 1. In

=

S C}thﬂf embodiments, Demnine acids, are represented by lower-case one-letter amino aeid
dexsignations comesponding o one-letter designations of Table 2, Lo, L m £ w, kg, 0 8 P, v
toe o, d, and b

Table 1: Naturally-ocouering amino acids

G Glwding Gly P Proline Fro

A Alaning Ada VY Valing Wal

L. Leacie Lew I Iseloucine He

M Methignineg Mt ¢ Cys

F Phenylalamoe  Phe Y Ty

W Teyplophan Tip H Hhudlm- ‘His

K Lysing Lys R Arginine Arg

€ Glutsmine Gin N Asparagine Awsi

E Glotamic Acid Glu D Aspartic Asid Asp

§  Serine Ser T Threonine  The

Table 2: Lower case designations refer o 2 steveoisonors of amino scids
p# Proline D-Pros
g D-Alanine D-Als v [-Valine D-Val
I B-Leoucind FENET i D-Isoleuging e
m D-Methieomine  .D-Mat ¢ D-Cystging D-Cys
f  D-Phenylalanine -Phe ¥ D-Fyrosine D=Tyr

(&4
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w D-Tryptophay D-Trp h D-Histidine £-His
D-Lysing :Lys r D-Argining L-Arg
D-Glutanine D-Gln n D-Asparagine  D-Asn
D-Gluamic Acid D-Glu o D-Aspattic Acid D-Asp
D-Berine D-Ser t D-Threaning  O-Thy

R

-

Peptides nigy be nsturally ovetwring, synthetically produved, of recombinantly expressed.
Peptides may alse comprise additional groups modifying the amine acid chain, for example;

functional groups added via post-transtational modificatton. Examples of post-translation

Ly

wiadificattons inglude, but are ot Houted to, acetvlation, slkylation (iucluding, mrethyistion,

plycylation,  glveosviation, iseprenylation,  lipoylation,

&

biotinviation,  glutamyiation,
phosphopanteihemylation, phosphorylation, selenaiten, and C-termind ’nvidation. The term
peptide alsodnclades peptides comprising medifications of the aming lerminus and/or the carboxy
terminus. Modifications ol the terminal amine group fnclude, but are not limited to, des-aming, N~
W Lower alkyl, Nedislower alkyl, and Neaeyl modifications. Madifications of the torminal carboxy
group include, but are not limited to, amide, lower alkyl amide, dialky! amide, and lower alkyl
ester modifications {o.g, wherein Tower alkyvl is G- alkyl) The torm peptide also includes
modifications, such as bul not Himited to those described above, of amino acids falling between the

amino and carboxy termini. In one embodiment, a peptide may be wicditied by addition of a small-

151

molecute drug

The terminal amino acid at one end of the peptide chain iypically has @ free amine group
{Le the amine ferminns). The terminal amino acid at the other end of the chain typically has a
free carboxyl group {L.e., the carbexy terminus). Typically, the anine acids making up a peptide
ave numbered ivorder, starting af the aming fermines and increasing in the direction of the carhoxy
20 fernunus of the peplide.

o+

The phrase “amino acid residue™ as nsed herpin relers to an aming acid that is incorporated
inio a peptide by an amide boand or an anide hond mimetie.
The torm “insulinotropic™ as used herein typically refers to the ability of = compownd, 2.2,

a peptide, to stimulate or affect the production and/or activity of nsulin {e.z., an insulinctropic

v
&

hormone). Such compounds typically stimulaie or otherwise alfect the seeretion or blosynihesis of

insulin in & subject. Thus, an “insulinodropic peptide™ Is an aming acid-containing melecule

capable of stimulating or otherwise alfocting secrotion or bivsynthests of insulin,.

&
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The iemy “acylated™ a8 used herein, in relation o disclosed palypeptides, means the
disclosed polypeplide is subsiitged with oneor morg lipaphilie subsittuents cach optionally via &

&

spacer, wherein “lipophilic substituent”™ and “spacer™ are defined herein.  Ceriain Upophilic

substituents, each-optionally via a spaceyr; can bind alhoamin and confer aifinity to albwmin o the

resuiting acylated polypeptide. The extent iy variable, and depending on numerons factors, to

which lipophilic substituents, cach optionally via a specer, bind albumin and conler aflinity o

albuin to the festliing acvlsled polypepiide. Numerous factoes include tdentitios of the ipophilic
substituent, pptional spacer, polypeptide, and the site of covalent-attachment o the polypeptide.
The terms “lingar”™ or “liner polypeptide™ as used herein, refer o a “nor-seylsted”

polypeplide, B otisr words, a discloged gluesson ‘analog polypeplide: without & Hpophitic

suhstituents cach optionally via a spacer, wherein “lipophilis substituent” and “spacer™ are defined

The terms “conrjugated” or conjupated pelypeptide™ as used herein, refor tean “acylated”
polypeptide, in other words, o disclosed glucagon analeg polypeplide having one or more
lipophilic sibstituchiy each pptionally via a spacer, wherein “lipophilic substituent™ aid “spacer™
are delinod hergin,

As used herain, the term “pharmaceutically acceptable salis” refors to derivatives of the

disclosed polypeptides wherein the pareni polypeptide is modified by converting an existing acwd

ar base modety (0 its salt form. Lists of suitable salts are found in Remington's Pharmaceutical

Sgicnices, 1Tih ed, Mack Publishing Company, Baston, Pa, 1985, po 1418 and Journal of
Pharmiaceniiosl Seience, 66, 2 (1977, each of which is Incorporated herein by reference in its
entirety.

The term “vehicle™ as used herein refors 0 & mediom used o carry o compoand, ¢.g., o

drug or a partivle contaiming & drug. Vehicles of the present invention typically conyprise

componenis such as palymers and solvenis, The suspension’ vehicles of the presend inveniion

typically comprisesolvents and polymers that ave used to prepare suspeasion formulations fuvther
comprising drug particle formuelations.

The phrase “phade separation” as used herein refers Lo the formation of mnltiple phases

(.., Hquid ane gel phases) in the suspension vehiele, such as when the suspension vehicle contacts

the aguesus enviroument. In some embodiments of the present invention, the suspension vehicle
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is formulated o exhibit phase separation upon conlact with an aqueeus environment having less
thite approsimately 10% watér,

The phrase “single-phase™ sz used herein refirs 1o a solid, sensisolid, ov figuid
huaigeteons system that is physically and chestueally wnitormy ihronghout.

The term “dispersed” ay wsed hervein refurs o dissolving, dispersing, sospending, or

SRS

otherwise distributing a compound, for exsmple, & drug particle formulation, In g susp
vhiels,
The phrase “chemically stabde™ as used hevein refers o formation In & formulation of an

acceplable percentage of degradationeproducts produced over addelined perind of time by chamical

pathways, suohuds deamidition (psually by Tivdvolysis), sggregation, or oxidation.

The phrase “physteatly stable’” as used berain rofors W formation ina formulation af an
accepiable percontage of aggregates (e.g.. dimers and other higher molecular weight producis).
Further, a physically stshle lormulation does not change its physical state as, for example; ffom
ligquidd to solid, o from amorphous o erystal form,

The term “viseosiiy™ as used hevetn tvpically refers 1oa value determinied from the ratio of

shear stresy {0 shear rate {see, o, Considine, D M, & Considine, G. I, Enevelopedia of

Chemistry, $th Ediden, Van Nosirand, Reinhold, NUY., 1984) essentialty as follovs:

FiA= VL {Equation 1}

where F/Asshear steess (force per unit area),
pea propostionalily cotstant (viscosity); and

Wil=the veloeity per layer thickness (shear vaie)

From this relationship, the saiie of shear siress to shear mie. delines viscosity,
Measurements of shear siress and shuar rate are typically defenmined using paraliel plate thoontetry
performed under sclected conditions (for example, atemperaturg of about 3750, Other methods
for the determination of viscosity dnclude, measwement of a Kinematic viscosily using
Viscomeiers, for example, a Cannot-Fenske visepmgter, an Ubbelohde viscomeier for the Canivins

Feaske apague selution, or an Ostwald viscometer: Generally, susponsive vehiclesof the present

inveniion have g viscosity suffictent to prevent a particle formulation suspended therein {rom

seitling dusipg storage and. wse v a2 meihed of delivery, for cxample, s inplantable, dog

delivery device.
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The ferm “non-agqueons”™ as used horein refors o an overall meisture content, for sxample,

of 2 suspension forowdation, typically of losg than or equal to about 10 wi %, for example, 188s

tess than ar equal to about 3 wi %, andfor less than about 4 wi %e.

than or egual to about 7 wi %,
Alse, a paricle formulaiien of the presont Invemion comprises less than about 10 wt %, for
example, less than about § wit %%, residuad moeisture.

*

The term “subject™ ag used heretn refers 0 any member of the subphylum Chordata,

inchading, withowt Hmiiatton, humans and other primates, including non-human primates soch ay

~

rhiesus macagues and other monkey species and chimpanzees and ther ape species; farm animals

such as caitle, sheep, pigs, goats and hovses: domestic mamunsals such as dogs and cats; laboratory

antmals inclwdiny rodents such as mice; ratg and seined pigs: birds, indouding domestic; wikd and
game birds sueh as chickens, lurkeys and other gallinaceous bivds, ducks, gepse, and the like. The
terin does ast denote s particnlar age o gender, This, both adult and sewbon. individualy are
intended o be covered,

As used herein, the terms “ireatment,” “reat,” and “lreating”™ refer lo reversing, alleviating,
delaying the onset of, or ishibiting the progress of a disease oy disorder, or Gnie or fiose Symploms
thereot, as doseribed herein, Tnosome embodiments, treatment may be administered after one or
more sytuptoms have developed.  In other erubodinients, teatment may be administored tn the
absence of symploms. For example, treatment may he administered o a susceptible fndividual

prior to the enset of symptoms {2.g., in Heht of a history of svoptoms and/or in Hght of g_&n&tic or

other sesceptibilily faciorsy. Treatment may also be continued after synpioms have resolved, §
example o prevent or dulay thedr recwrenee,

The term “gsowtic delivery device” as used herein typically refers to o device used for
debivery ol a drog (€.g., 8 disclosed glocagon analog polypeptide) fore sohject, wherein the device
comprises, for example, a reservoir fmade, ¢, froma tanium alloy) having s hunen that contains
2 suspenston formulation comprising a drug fo.g., a disclosed glocagen analog polypeptide) and
an osmotic agent formulation. A pision assembly postlioned 1 the lumen isolates the suspeasion
fornualation Trom the ostwntic agent formulation. A sensi-permesble membrane 18 positioned at a
firsl distal end of the reservair adiacent the-osmotio-ggant formulation and a diffusion moderaior

{which defines & delivery orifice through which the suspension formulstion exity the deviee) &

positioned a1 g seconid distal eod of the reservolr adjaceat the suspension formmdation. Typieally,
the osmotie delivery device s implanted within the subject, for example, subdermally or

Q
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subcutanecusty {e.g., in the inside, outside, or back of the upper arm and i the abdominal area},

{(ALZA Corporation, Mauniain’ View,
Califly delivery device. Examples of tormas synouympus o “esmotic delivery device™ include b
ave fot lmited to “osmetic drog delivery device”, “osmotic drug delivery system™, “asmotic
device™, “osmatic delivery device”™, “osmotic delivery syslem”, “osmotic pump®, “implantable

A,

Y Udrug delivery system”, “drug delivery devies™, “unplaniable osmetic

pump”, Simplantable drog debivery system”, and “implantable delivery system”™, ©ther terms for
“psnotic-delivery device™ arg known in the art,
The term “continucus delivery™ as used herein typically refors to g substantially continuons
release of drug from s osmotie delivery device and it tssues near the Implantation site; ¢,
3l

subdermal apd subcutancous tissues, For example; an osmotie delivary device releases drug,

essentially at a predetermined rate based on the priviciple of osmosis, Extracelludar fluid enters the

esmotie delivery device through the semi-permeable membrane direetly inte the pymaotic engine
that expands fo drive the piston at a slow and consistent rate of travel. Movement of the piston
forcey the drug fomsulation o be released through the grifice of the diffusion moderator, Thus,
release of the drug from the osmutic delivery dovice s st g show, controlled, consistent rale.

The term “substantial steady-state delivery™ as used herein typically vefors wo delivery of a
drag sioraeay @ targel copeentration pyver a delined peried.of Time, whetein the ameut of the
drug being delivered fromy an esmwstic delivery device s substantially zero-order delivery,

Substanital zero-order delivery of an gotive agent (e:g., a disclosed glucagon analog polypeptide}

meany that the rate-of drug delivered i constant and is independent of the drug available in the

delivery system [or example, for zeso-order delivery, if the rate of drug delivered is graphed

against time and a Hine (s fitted to the data the linehay s slope of approximately zern, as delermined

by standard methods (2., linear regression),

The phvase “drug hatf-hie” as used herein refors bow long it takes a douig to be clinunated
from blood plasma by one ball of its concentration. A drag’s half-life is usually measured by
mgnitoring how a drug degrades when it is administered via injection or intravenousty. A drug is
wsuwally detécted using, Tor éxaraple; & radiciminiuiioassay {RIA), & chvoinatGgraphic method, wn

electrochenilumingscent (ECL) assay, an enzyme Hnked immunosorbent asssy (ELISAS or an

imnrunoenzyoiatic sandwich assay (IEMA).

14
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Theterms “pg™and “meg™and “ug™ are undersiood to mean “mivrograms”. Sinilarly, the

%

ternds “pd” and "al™ areunderstood o mcan “nicroliter”™, and the jerms “pMY and “uMY are
understood tomean “mvvomodar™,
The ternn “serum™ 18 wmeatl 1y tmgan sy blood praduet from whichk g subsiadee can be

I

detected. Thus, the term seram includes alleast while blood, serom, and plasmg. Porexample, “an
amount of fa substance] in g subject’s serum®™ would cover “an amount of [the substanes] in o
subjpct’s plasma™.

Baseline is defined ax the last assessment on oy before the day of the initial plasement of

anostmote delivery device (containing drug or placebo).

Exemplavy compounds: glucagon analeg polvpeprides

Clerdain disclosed glucagon anglog polypeptides, including thoge of Table 3 boldw, exhibit
one or more of excellent solubility, stability, bicavailability, binlogical activity and speeilicity,

and longer haif-lives than those for endogenous glucagen and knewn plucagon analogs. Coertain

2

disclosed glucagon analog polypepiides were. developed v sccommodate less frequent,

adnrinistration than is regquired for known glucagon analogy, Certain dixclosed glucazon analog
polypeptides were developed for administration vig weekly or monthly injections.  Certain
disclosed glucagon analog polypeptides were doveloped for administration via implantation of 8.
delivery device comprising the glucagon snalog poelypeptide, where the delivery device comprises
# doseolthe glucagon analog polvpepiid of up 1o 3 vronthis, 6 monihs, 9 months, one year, 18
months or by yoars,

It yome embodiments, an isolated polypeptide of the disclosure comprises an amine acid
sequence selected from the group consisting of the following peplides listed in Table 3:

Tabie 3: Exemiplary compounds: glucagon analog polypeplides covalenily boand to a lipophilic
substituent, oprionally via & spacer,

Compen | Sequence SEQ
el 10
No. NO:
&l SEQ
153
Ny
k
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Compon
ndl
No,

Sequence

KEE)
10
NO:

ihe-yGhe-dpeg-
(AW EEDERPSSGAPPRROR]

SEQ
1
N

tusdpeg-
SSGAPPPSEOH)

19
N

“
N

Ad

SEQ
i3
Nz
4

SEQ
1D
NOY

g

_ 'v{ A m\*i EDEPSSC w?mmm )

REG
I
O
&

YSHGTRTRDY SKYLDR (G lusyihu-dpeg-
COMCHR s COHIR Y AOBF &lh‘j( FWLEDEPSSGAPPRS{OH)

D
NO:

7

b
=

YSHGTETADY SKY DK fviihe-vi3ln-dpee-
COUCH O OHR Y ACEF A IEWLEDREPSSGARPPSIOWn

15
N{Y

&

AR

v - He-dpg-
(ARIKW LEDEFSBGAPPRSIOH)

SEL
i
M
8

A10

YSHGTFTSEY SKY LK Glu-vCiu-dpag-
COCH ) «COHIK Y AQEFIAMSWLEDEPRSGAPPPR(OH)

SEQ
(i
NO:
1

Al

REQ
1R
Ny
il

YSHGTFISDY SKYLRE{Ohi-yilu-dpeg-
CUCH s COMMK Y ABSEFVEAWLEDEPSSGAPPPSIOH)

SEQ
{40
N
12

Ad3

VSHGTETSDY SKYLDK{ v tuyGia-
DO 300K Y AQEFV (AT W LEDEPRSGARREROH)

SR
V3
N
13

Ald

YSHGTRTSDY SFA'LD{Mb)R‘f AQEL Gy Glu-
COCHGCQHIFV [ AIBPWLEDEFSSGAPFRSIOH)

SEQ
)
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Compon
ndl
No,

Sequence

KEE)
10
NO:

NEw
T4

TTRDY SKYLDR{ by Glu-dpeg-
SCOHR Y AQEFVIA ) WLERERSSGATTRSIOH)

SEO
i
N
15

SEO
10
N

ALY

SEQ
1t

MO

N

YSHGTFISEYSK
GROEPSSGAPEPSIGHD

IR (YGherGlu-dpeg-COCH) COHIKY AQEFV AT WLEN-Me-

REG
§23
NG
iR

Alg

SHOTFTSOY SKYLDR(pGhevlHu-dpegs ,
; RHIKY AQEFV{AIN WLESEPSSGAPPPSIOH)

k&@

N
149

YSHGTFIRIYY SK¥, DI e viio- ~tipeg-
COMCHOOH R Y AOBFVIATW LEKEPSSGARRRS O

SEO
o
N
30

SED
hR)

M

2

SEG
0
NO:

e
i

SEQ
n
NO:

R
3

Al

YSHGTETADY SKYLBRE{v hi-ilu-dpeg-
COICH s COMIKY ASEFVADRVLESEPSSGAPFRSOM)

SEQ
1B
NE»
24

AN

CPETSDY SKY LK e yHosdpeg-
Bt O HI YA RS PVR YW LEREPSSGAPPPSION

SEQ
1
N

AN

SEG
i

MW

Ly
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Compou
nel
No,

Sequence

KEE)
10
NO:

- A2T

SEQ
i
NO:
27

19
N
2R

SEQ
i3
Nz

A3

SEQ
1D
NOY
34

REG
I
O
3

(13
NG

“t

YSHOTFTADY SKYLDE O lu-vCilu-dpoe- ,
COEHSOOHIK Y AR FVK W LEDEPSSGSPPPRIOH)

BEQ
18]
N{x
3

A

a-dpsg-
Z ]"D}*P\\is PEENE ‘H j

SEL
18
M
34

SEQ
(i
NO:

335

REQ
1R
Ny

3h

SEQ
{40
N

37

AR

SR
V3
N
38

YSHGTFTSDYSK YDA Y ARR G lu-vGludpeg-
COCH OOV WLEE ERSSGAPPRRIDED

SEQ)
iy

14
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Compoun | Sequence SE
il 10
No, XO:

NEw
30
A0 SHO
i
N
48
Adl SEQ
Al
A43

Add

COCH TN IKY AESK EVR SWLEDEPSEGAPPPS{QH)

AdS

VSHGT KV LDRG GG lhedp

COHIKY AESKEVK “WLEDEPRSUAT

AR

BEQ

Nex
48

Ada

SEQ
n
Ngx

ARG

SEQ
1
N
A0

A

LOELH

SEG
i
Nk
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Compon | Sequence SEQ
nd 10
No. NO:

REQ
B
NEF:
32
SEQ
1]
N
33
SEQ
11
Nis:
34
ASE YSHGTRTSDY SKYEDIAIMR pGlu-vGlu-dpegs SED
He b COMIYAEFEFVIFWEED BN i
Nk
53
REC
I
WO
56
(1
N
wihisdpegs SEQ
HOH) 1!
N{Y
SEL
13
NEE
N
A60 YEHGTFTSIVSEY L CHu-vCGiu-dpan SEG
COMCHD COHIKYAQKF VAR IWLEREPSSGAPPPS ) 58}
MO
&h

SKY LD ATK yGilany
HIY ARSKPVESWLE

A HADRGG

(Aih WS

ASH

AST

ASY Y SHOTETRDY SKYLDUA)K Uy Gh
COHB OO AR K PVE P WLEL

ASG

v

Atk ix 2a4

minoisaitris ackd
Bach pairing of K™ and E™ and each pairing of K¥ and D¥ represent a covalent amide linkage
. o . N e [T Al S o . - - e gk . - o YT
derived from the amine sidechain of K and the carbogy stdechain of B or ihe eaboxy sidechain

of I (with loss of & waler mwlecule )
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Struetural representations of certain peptides of Tuble 3 are provided below in Table 4;
Tahble 4: Chomical simctures of exemplary peptides: ghiagon analog polypephides comprising &

lipophilic-substituent via a spacer, twa peptides of which farther comprise a bridging moigty.

VSHGTITRDY SKYLDUAIR Y AGR (7O yihdpeg-COLCHD OO PV AT W LEDEPSSGAPPRR{GH)

A
SEQID NG 6

o g Ui? o5
8 i . . 8
“N‘ a.‘u\,ﬂ\fx 7 § Tf’\'"\'mf\‘m“‘f\’*r\"f\“’km
HE kg B o

0
N Lt’—v—&-& -
Y-SR T T B Kl o R -”‘\ﬁ*"

1l

WA B DB P §r G PP P OR

R

Q

R
Y*E;ﬂ-ﬁ«'f-«l’-‘vT-ﬁ-sﬁv}‘vwavkr‘f*lrﬁ‘fr‘"\

S

B
B

i3
& Q
A 8 A X
3 i \/I \g,’\c/"\vﬁv’\“ w\,«"\\f\,/\,f\f’»,f\vr\,fwx{-ﬂ
kS B | N :
Q gy & [+

YRHGTFTRDYSKY LRK(vEu-yGlo-dpe g-COMUH 1xCOH IKY ASEFVI AT WLESEPSSGAFFFS(OH)
A4
SEQ D NO: 24

3 o
o ‘ﬂ__g /U_K,&‘—._s‘xgm;}:_.a}:—vm AT ”
B G T T S Y SR kT e Ij WL ~ERg g S QA Prfinfeg—OR,

\mm W

"
WA

MO s

&
3 # | y .
o y E\A‘N‘WI\C"«””OM e N NP T i S G N, S il
i i B i
. e o

<3
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YRHGTFLSDY SKYLDLAMK (rGluyito-dpeg-CO(CH

O HTY AQEFV] A WLEDEPSSGATFPPSICED

SHQID NI

Josiz

“ON

B 8
3 u
}/‘I:‘] T"—s-Iﬁ»JLvu\.?'\gv’”v "“»l - e T
N #
b e S &

1

g

i

Bifte

R R ek o T Coan \)l e f’(/\ o &Ag____e.hu,,ﬁn\l ﬁ W B R &

<]
* 1 ”
. R R s
fr'—s-:revcsar'-ﬁz—v&D~Y---s—g~'e‘~g-n~"“‘§u\ P R “‘“91 3

YSHGTETSOY SKYLDEGO -ptlu-dpeg-COMCH ¢
AR
\m m (e

B YARSKEVES WLEDENEY

Pk ~E=DmE =Nl

£ &
P

» \é «“\/\ \N\g/\ty“"v WSW\M«\TDH

ht}ﬂ 8

Notes:

cach paiving of K and B and each paming of K* and D¥ represent & covalent amids linkage

detived from the amino sidechain of K and the carhoxy sidechain of B or the cehoxy
sidecham of T¥ {with loss of a water molecuded.

AEFKPVR*W. reprioschts:

Far example, the segmeni -
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» as used herein, dpeg represents -COCHO{CH RO(CH: pINH-; and dpegedper reprosents -

COCHOCH OCH)NE-COCHOICH O CH 1N Hx

* amino ferminal gmine acid, Le Y, shown as Acelyl-Y-, depicts CHCO-NH-CH(CHz-
{p-hydroxyphenyl ) 1-C{0)-

»  carboxy fermingl amine seid, Lo S, shown a8 -Sae-{NHRY depicly ~NH-CH{CHOH)-
CONH2 and

= corboxy lerminmal aminoe gcid, Lo Bae, shown as ~Sae{GH), depiets SNH-CHCHH)-

COLH.

In some embodiments, the isclated polypeplide comprises an amino acid seguence selected
frovt the group consisting oU SEQ ID NOs: Yo 60, or a pharmagsutically aceeptable salt theredf
In some embodiments, the isolated polypeptide comprises an aniine acid sequence selected from
the group consisting of SEQ 1D NOs: 1 o 39, or ¢ pharmacentically scceptable salt thereof

In sone embodiments, the isclated polypeptide comprises an amino acid sequence selectd
from ihe group consisting of SEQ I NQs: 3, &, 21, and 24 or a phanuaveutically aceepiable salt
thereofl,

In somg embodiments, the isekated polypeptide comprises sn-amine acid sequence of SEQ
I NO: 3 or a pharmaceutically acceptable sudl thercoll  1n some crubodinents, the isolated

polypeptide conwprises an amine acid sequehes of SEQ 1D NO: 6 or g pharmaceutically accepiable

salt thereof, In somesmbediments, the isolated pulypeptide comprises an aming acid sequence of

SEQ ID NO: 2 ora pharmaceutivally acceptable salt thereol, In some embodisents, the isolated

19
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polypeptide comprises an aming acld sequence of SEQ 1D NO: 24 or 3 phavscentically
atceptablesal therdaf,

In some enbodiments, the present invention provides a compound set forth in Table ¥,
abeve, or a phanmaceutically sccopiable salt thereof. In some embuodiments, the prosent invendion
pravides an isolated polypeplide thal comprises an amine acid sequence selected Trom the group
consisting of SEQ ID NOs: 1 o 60 or g pharmaccuiically acceptable salt thereoll In some
sithadiments, the preseal invention provides aif isolaled polypeptide that comprises an aming sgid
sequence sefected from the group coasisting of SEQ I NOs: 1 e 39 or a pharmaceytically
accepiable salt thereof. In sonte embodinients the pharmacewically acceplable salt is snoacetnie
sali. Tnsome embodimenta the pharmaeawtical ly sceepliable sall IS awrifluortadetic acid (TFA) salt

In somg embodiments the pharmaceutically acceptable salt is a hyvdrochlonic acid (HC salt,

In one embodiment, the compound s the isolated polypeptide comprising an amivo acid
sequence of SEQ 1D NO: 3 or o pharmaceutically seceptable salt thereofl In some embodiments,
the compeund is the acetate safl of the isolated potypeptide comprising an amine acid sequence of
SEQ 1D NO: 3, In some enshodinsesits, the compound i3 the TEA salt of the iselated polypeptide
comprising an amine soid sequence of REQ 1D NG 3. In some emtbediments, the compound iy
the HOL salt of the isolated polypeptide conprising an amino acid sequence of SEQ ID NO: 3.

{n ong embodignent, the compound is the isolated pelypeptide comprising an amino acid
sequence of SEQ 1D N 6 or a pharmaceutically aceeptable salt thersol.  In some embodiments,

the compound 8 the acelste salt of the solated pelypeptids comprising an aming doid sequence of

SEQ ID NO; 6. In some embadiments, the compound is the TEA salt of the isolated polypeptide

comprising an amino seid sequence of SEQ 1D NO: 6. In some embodiments, the compound is

the HO salt of the isolgied polypeplide comprising an amino acid sequence of SEQ DY NO: 6.

I one embodiment, the compouad 15 the selated polypeptide pomprising an smine acid

sequence of SEQ 1D NO: 21 or wpharmacoutically acceptablg salt therchll Tvsomie embodiments,

the compound is the acotate salt of the isplated polypeptide comprising an aming agid sequence of
SEQ I NO: 2L In some embodimens, the compound is the TFA sall of the isolated polypepiide
comaprising atraming acid séquence of SEQ 18 NO: 21 Inosome enubodinamts, the cotmpound s
the HOI salft of the isolated polypeptide comprising an amino scid scquence of SEQ 1D RO: 21,
It one embodiment, the compound 13 the isolated polypeptide comprising an amino acid

sequence of SEQ 1D NO: 24 or a pharmaceutically seceptable salt thereof. Insome embodiments,

20
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the compound is the acetate sull of the isolated polypeptide comprising au amine acid sequence of
EQ IDNO: 24 Iy some embodiments, the compound s the TEA salt of the selated polypeptide
comprising an amine actd sequence of SEQ TD NO: 24, Tn some smbodiments, the corspound is
the HOT salt of the isolmed polypepiide comprising an smine scid sequence of SEQ 1D NO: 34,
i somie emboediments, an isolgted polypeptide of the disclosire comprises gnoamine seid
sequence seleeted from the group consisting of the following peptides listed in Table §:

Tuable 5 Ex 'cmphm'x'mimmmds slocagon analog polypeptides optivnaily comprising a lipophilic
substituent, optionally via a spacer; and aptionally further comprising a bridging muiety,

Compotind | Seguene SEQ 1D
N, {2}

Bl Y SHOTPTSDY SKYLE(SIKY AQEFY(AMIWUEDEPSSGAPPPS(OH) SEQ 1D

B2 YSHGTFTEDYSKYLDRKKY AQEEVIAWLEDEPSSGAPFPS(OH)

RO 10

HER YRHOTETSDYREYLINAIRK Y AQEFVIAINWLEDEPSSGAFPPR(OH) ;\I“Q IE¥ V

NG I03

B4 YEHOGTFTSUVSRY LI AMKKAQEFV AIMWLEDEPSSGAFFPR(UH) SEQ 1D
NI

B YSHGTETSDY SKYLDEADIKY AKEEV (S WLEDEPSSGAPPRSIOH) SEQ 1D
N 108

Bo N SHOTFTSDYSKY LD(AMK Y ACGKFVEANWLEDEFSSGAPPEROH)

B7 YEHOTFTSD YRR Y LDRKY AQEMAIQWLEDEP SSGAPPPSIOH)

By YERHGTFISOYRRY LODREY AQEFEGUREWLED ERSSOAP PP iR

NO. 108

BY YRHGTFTIRYSKYLDERKY AQEF AhIKWLEDERSSGAPPRS(OH) SEQ D
NEFE 10w

BlG YSHGTRTEDYSKYLDEKY AQEFLAIBEWLEDEPRSG A RPEROM SEQ 1D

\.0 118

Bl YEHGTFTSDYSKY LDKKY AKEFVEWLEDEPSSGAPPPSOH)

NO: 11

Biz YEROTFTSDYRKYLDREY AFEFVKWLEDEPSIGABRPS{ON;} SEQ 1D

Ri% YRHGTPTSDY SKYLDER Y SQUEVATRIWLEEERS S8 APPPSAE

Bl& FSHOTFIRDYSKYLDE K Y AQEFVIAIWLENEPRSGAPPPSEOLD

Bi7 YSHGTFTRDYSKYLDKKY AQEFV{ A WLEQEPSSGAPPPRIGH) SEG D
NO: 1T

B YREHOTFTSIYRRY LEHKEY Al

CAIDYWLEBN-MeGla)BE

SGARPPR(OH) SEQ 1D

N LR

By YRHGTETSUYERY LDER Y AQEFVEAIR WLESEPSSGAPPPNOH} SRQ I
NE R

BRG YSHGTFTIDYSKYLDEKY AQEFVEAIMWLEKEPRRGAPPPR(H) SEQ 1D
’ N 120
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Compound
No,

Sequeney.

SEQ ID
hith

YSHGTPTSOYERY LDERY AEKFVEWLEDEPSSGAPPPSOH)

SEQ I

YEHGTFTIDYSKYLDEKY AKEFV{AIMYWLE

KRG APPPR(OH)

B3

YSHOTETSDYSKYLDKE Y AHERV{ A W LESERSRGAPPRS{QH)

YRHOTFTSDYSKY LBKE Y ASERVI A WLESEFSSGAPPRSIOH)

YEHOTFTSDY SRV LUKR Y AEKPVEW LEREPSSGARPRSIOH)

YSHOTFTSDY SKYLDER Y AERFVKWLEREPSSGAPRPSIOH)

N SHOTFTSDYSKYLDK K Y AHRFVEW LENEPSSGAPPRS(OMH)

NO: 127

Y SHGTFTSDYSKYLDKKY AERFVKWLESEPSS

SEG 1D
NO- 128

YEHGTPTSYREY LN ANKY AQKFYRWLEHEPSSGAPPRIOR)

SEQ 1D

YRHGTP TSV SK YLD AKY AQRFVEKWLEDEPSSGAPEPSOH)

SEQ 1D
NEE 130

Y SHOTFTEDYSKYLDRKY ABRPVRWLEREPSSGEPFPS O}

SEQ 1D
NEe 131

YRHOTFTSDYSKYLDKKY AERIVEW LB IHPSSGRPPFS{OH}

SEG. 1D
NOL IR

YEHGTETSDYRKY LDREY AEKPVE WLEDEPRSGSPPEROH)

REQ I

ONO: 133

NEHGTPTIDYERY LDER Y SEKFVR WLEDERSSGAFERSINH)

SEQ T3

N SHGTFISDY SKYLDEKY ARKPVKWLEDENN

NO: 134
SEQ 1D

Acetyl-YSHEGTETSDY SKY LD{ADIKY AQKFVEWLEEEPSAGAPPES{QH

SEG 1D
NOQ: 130

AvetylY SHETEISDY SKY LDEK Y AEKFVKWLERBEPSSGAPPEMOH)

SEQ 1D
N 137

YRHGTFTSOYERY LM AKY ABRFVRWILEEE?

SEEAPPPS{UHY

SEQ I
N 138

YSHGTETIDY SKYLD{AKYARKFVR WEEREEPSSOGAPPIRAHE)

SEQ 1D

NCE 1A%

Acely Y SHOTETSDYV SR Y LDEK Y ABKEVEWLEDEPSSGATPPEINH, )

YRHOTFTSDYRRYLDKKY ARK FVE WEEDEPRSGAPPPR{OH)

YEHOTFTSDYSKY LUKRY AEKPVEWUETEPSSGAPPPS{OH)

YSHOTETSDY SKYLERK Y AEK EVEWLEDEPRSGAPPFSIOH)

YSHGTFTREY SKYLOKK Y ABK FVEWLEDEPSSGAPPPS (UM

YSHOTFTSDYRKY LIAIK Y AQRFVAIWLEDEPSSGAPPPR(NH)
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Compeund | Sequence SEQ 0|
No. NO:

B4 YSHGTETSOVERY LIARKY AQKFVIADIWELEDEPSSGAPPRS{NHS SEQID
N 147

B4 YSHGTEFTIDY SKYLD{AMMKBACGEEVI AT WLEDEPSRGAPPPNOH}

B YSHOTFTEDYSKYLD(ATD KKAQEFV{ A WLEDEPRRGAP PRS{NH:A

Y YRHOTFTSDYRRY LIHAIMK Y ABEFVE W LEDEPS SGATPPS(OH) REQ D

NO- 151
B2 VARG TFTSDY SRV LDAIKY AKKFVEW LEDERSSGAPPRSIQH ) SEQ 1D

B3 YSHOTFTSDY SKYLDAIK Y AQEFV{AINWLEDERNED

Bad FSHOTFIRDYSKYLDIAIDIR Y AGEFVEADIWLEBEIOH)

Bs3 NEHGTFTSDVSK YLD AIE Y AEEFVEWLEDE{NH:)

Bs6 YEHOGTFTSIFYREY LI AWK,

EEFVREWLEDEOM)

By YEHGTPTSDYSKYLBAMK Y ARKFNKW LEDENH

R Y SHOTFTADY SKYLD(AIMR Y ARK FVEWLEDEON) SEQ 1D
‘ ' NEE 1SR

REY YRHGTFTSDYSKYLDKKY AQKFViAIM WLEDEPSSGAPPRES(OH]

B&h YEROGTETSDYRE Y LOREY AGKFVIATINW 3‘_‘.1{}5.}3?88@;»‘\PPPS{O‘li‘[} REQ 1D
NO: 108

o some embodiments, the isolated polypeptide comprises an aminge acid sequence selected
from the group consisting of SEQ D NOs: 101 to 112, 115 10 140, 142147, and 149-160, or a
pharmacentically acceptable salt thereof, In some embodiments, the isolated polypeptide
comprises an aninoe acid sequence selected from the group consisiing of SEQ 1D NOs: 101 te 112
and 115 w 139, or's pharmaceutivally acceptable salt thereof.

In some ambodiments, the iselaed palypepiids conpvised an aming acid sequance selectad
from the group consisiing of SEQ 1D NQs: 103, 106, 121, and 124 or a pharmaceutically
accoptable salt thaveof.

In some embodimenty, the iselated polypeptide comprises anamine acid seguence ol SEQ
1D NO: 103 or a pharmaceutically acceplable salt thereofl In some embodiments, the isolated
polypeptide comprises ait gmino acid xequence of SEQ ID NO: 106 of o pharmaseutically
secepiable-sall theveof, hsome embediments, the isolated pelypeptide comprises ar sming aid
sequenesof SEC D NG: 121 or a pharniscentically acceplable sali thereaf, In sonte erabodinients,
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she solated polypeptide comprises an amine acid sequence of SEQ 1 NO: 124 or a
pharimaceutically dccepiable salt thereof.

In some embodiments, the present invention provides a compound set fovth in th Table §,
abeve, or a phanmaceutically sccopiable salt thereof. In some embudiments, the prosent invendion
pravides an isolated polypeplide thal comprises an amine acid sequence selevied from the group
consisting of SEQ 1D KOs 100 to 112, 135 10 140, 142 © 147, and 149 w0 180, or a
pharmacentically acceptable salt thereofl In somie ewbodiments, the present invention provides an
isolated polypeptide that comprises an aming actd sequence selected [rom the group consisting of
SEQ 1D NOs: 101 0 112 and 1185 to 139 or a pharmacautically acceptable salt thereof. In some
erbodiments the pharnsacestically acceptable sall is an actate sall. 0 dome ervbodinsenis the
pharmaceutically aceeptable salt s a tiflooroacetic acid {TFA) salt. In somw embodimenis the
phavmaceutically accepiable salt is a hvdvoehlovie acid (HCT) salt.

In ene embodiment, the compound i the isnlated polypeptide comprising an aming geid
seguence of SEQ IDNQ: 103 or a pharmacentically accepiable valt thereotl In some embodiments,

the compaound is the acotate salt ¢f the isalated polypeptide comprising sn antine acid sequenes of

SEQIDNOQ: 103, In some gmbodiments, the campoud is the TFA saltof the isolated palypeptide

comprising an amine scid sequence of SEQ 1D NGk 103, Tu sonte chabodintents, the compound is
the HOE salt of the {solsied polypepiide comprising an smino acid sequence.of SEQ IDNOG; 103,

In one embediment, the compound 15 the isolated polvpeptide comprising an amino acld

sequence of SEQ D NG 106 or 2 pharmaceutically acoeptable sali thereef. Tn-seme embodiments,

the compound §s the scolate saltofthe isolated polypeptide comprising an amine ackl sequence of

SEQ D NO: 106, In some cobodiments, the compound is the TEA salt of the iselated polypeptide

comprising an mnine scid-sequence of REQ 1D NG 188, Iy some embodiments, the compound is

the HOH saltof the isolated polypeptide comprising an amino scid sequence of SEQ 1D RO: 106,
In one enibodivent, the compound s the isclated palypeptide comprising an gmino acid
sequence of SEQ IDND: 12) or a phavmaceutically acceptable sall thevend, Tn some embodinents,
the comipoand 1s the acetate sabt of thig tsolated polypeptide comprising dn guine acid sequenice of
SEQ DN 121, hntome embodiments, the comspound is the TEA salt ofihe isolaled palypeptide
comprising an aming acid sequence of SEQ 1D NO: 121, In some embodiments, the compound is

the HOT salt of the isolated polypeptide comprising an aming acid sequence of SEQ D NG: 121,
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In one ambediment, the compound 15 the isolatad polypeptide comprising an amino acid
sequenceof SEQ D NO: 134 or 1 phanmacgutically acceptable salt itheraef. Insome eimbodiments,
the compound is the acctate salt of the isplated polypeptide comprising an aming acid seguence of
SEQ IR NG 124, In some embodiments, the compound isthe TFA salt of the {solated polypepiide
comprising an anino scid segoence of SEQ IDNG: 124 In some embodiments, the compound is

the BOU saltof the isolated polypeptide comprising an amino seid sequence of SEQ D RO: 124,

Insome emboediments, an isolated polypeptide of the disclosure comprises an amine acid

sequence selected from the group covsisting of the following peptides listed in Table &

Table 6: Exenplary compounds: glucagon analog polypeptides optionally covalently bound o a
lippphilic substituent, optionally via g specer

Compaund | Seguenie SEQ D
Ng. NQ:

L1 YEHGTFIRDYSRYLDKRY AKTERVESWLEDEPSSGAPPPS{IQH)

{12 YSHOTFIRDYSKYLDEKY AEYEFVE*WLEDEPRRGAPPPROH)

€t YSHGTRTEOYSKYLDRKY AEFKFVRESWLEDER

GAPPPRIOH)

025 YRHGTFTSINVREY LDKEY ARSKEVE WL EEEPSSGARPPSICHT}

£26 YESHGTFTSEDY SKYLDKEY AEEFVK " WLEREFSSQARFES(OH)

27 YSHGTFTIDYSKYLDERY AR KFVTWLENEPSSGAPIPSOR)

(S YSHOTFTSDYSKYLDREY AR KFVE "W LESEPSSGATPPPS(OH)

‘ {29 YRHOTHETSRDYIK Y LINAIRK Y AQK BV W LEEEPSSGAPREPSIGH)

) YEHOTFTSIYSRYLINAIMKY AQKPVESWLED:

SEGARPRSIOH)

31 YSHGTETADYS KV LOE K Y AR RV WLEDEPSSGERPPROH)

12

£33 Y RHGTFTSRYRK Y LDRKEY AR KEVKAWLEDEPRSGSFPPS(OH)

J YEHGTFTSDY SR YLBRRY AERFVEKWILEDEFREGARPPE(NHY

{33 YSHGTFTIDYSKYLDERY ABSKFVEK"WLEDEMNH

W

EPSSGAPPRSIOH;

C3n YSHGTRTSRDYSKYLINASB K Y ABKEVR*W

) YRHOTFTSDVRE VLINAIRR Y ARKFVE YW LEE EPSSGAPEPSIGH)
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Compeund | Sequence SEQ 1D
No. NO:

& AcetvbYSRGTFTSDYSKYLDEK Y ARPKFVRYWLEDEPSSGAPPPS(NH}

41 YSHGTPTIDYSKYLDEREY ABSKFVEKTWLEDEFSSGAPEPSINHD

€42 YSHGTETSDVSKYLDRKY AEFKEVRIWEEDEPSSUGAPPRS(QOH)

CE YRHOTFTSDVRE VLDKEY AR KFVK *WORDEPSSGAPPER{OH)

g4 VEHGTFTSYER Y LERKY AFSKFYR SWLEDERSSGAPPRSIOH

45 YSHGTETSEY SR Y LDRK Y AR SKFVIEWLEDEPRRG APPRNOH)

€3] YSHOTFISDYS KYLDEAIK Y AR EFVESW LEDEPSSGAPRPSIOH)

GAY YSHOTRFTSDYSKYLDGAIME Y ARSKPVERWLEDEPFSSGARERS{OH)

ete) YREGTFTSIVREY LUK AR EFEVKAWEBDE{N Y

£86 Y SHGTFTSDY SRYLDEAIIK Y ARTERVE W LEDROM)

<8y YSHETPTRDYSKYLD(ARIRY ARSKEVKEWERDE{NH)

CsR YSHGTFTSDYSKYLDOAIBIKY AESRFVKWLEDE(OH)

»  Fach pairing of K’ and E and each pairing of K* and D* represent a covalenl smide
linkage derived from the amino sidechain of K and the carboxy sidechain of B or the
caboxy sidechain of D¥ {(with loss of awater muoleculey:

In sowe embodiments, the isolated polypeptide comprises an amine acid sequence seleeted
from the group consisting of SEQ ID NOs: 211, 212, 221, 225 to 235, 238 {0 2438, 251, 252, and
238 0 258, or a pharmacentically aceeptable salt thereof, In some embodiments, the iselated
polypeptide comprises an amine deid séquence selected from the group consisting of SEQ 1D NOs:
211,212, 221, 229 10 235, 238, and 239 or 9 pharmsecutically accepiable salt thereof.

In somws embodiments, the isahuted polypeptide comprises an anyno acid sequenes of SEQ

T NG 21 or & pharmacoutically gecoptable salt thereot, In some enibodinents, the isolatgd
palyvpeptide comprises an amine acid seguEnCe of "SEQ T Ntk 212 or a pharmacsutically
acceptable salt theresf. In some embodiments, the isolated polypepiide comprises an amino aeid
sequence of SEQ 1N 221 ar a phanmacaitically accupiable salt thereodl Tn some embodiments;

the dsolated polypeptide comprises an amino acid sequence of SEQ 1D NO: 223 or a
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pharmaceutically acceptable salt thereof.  lu some embodiments, the isolated polypeptide
comprises an amino acid sequence of SEQ D NO: 326 0r g pharmaceutisally acceptable sali
thereof, In some cwbodiments, the solated polypeptide comprises an aming acid sequence of
SEQ D NG 227 or a pharmiacewically sceeptable salt thereof. In some embodiments, the tsolated.
polypeptide comprises an amino acid seguence of SEQ D NO; 228 or a pharmaccuticalty
aeeeptable salt thercof. In some embodiments, the isolated polypepiide comprises anwming acid
sequence of SEQID NO: 229 or 2 pharmiaceutically acceptable sali theveof. Insome smbodiments,

the ixalated pelypeptide comprises an amine ascld sequence off SEQ 1D NOQ: 230 or g

pharosacenticaily acceptable saly thereol, I some smbodiments, the isolsted polypepiide

COTUPriSes W anming acid sequence ol SEQ D NO: 231 or v pharmadentically accepiable salt
thergal,  In some embodiments, the isolated polypeptide comprises an amine acid sequence of
SEQ D NO: 232 oy a pharniaccutivally acceptable salt thereof. 1 some embadiments, the isplated
polypeptide comprises an aming acld sequence of SEQ 1D N 233 or a pharmageytically
geoeplable salt thereofl Insome embodiments, the iselated polypeptide comprises an amino agid
sequenceof SEQ 1D NO: 234 or a pligrmaceutically aceeplable salt thereofl 1n sonte embodiments,
the isolated polypeptide cormprises an amino acid seguence of XEQ 1D NO: 235 opoa
phiarmaceutically accepiable salt thevenf.  In some wmbodiments, the isolated polypeptide
comprises an-amino ackd seqgoence of SEQ D NO: 238 or a pharmacewicslly scceplable salt
thereof. In souxe embodiments, the isolated polvpeptide comprises an amine seid sequaee of
SEQ D NO: 239 ora pharmaceutically acceptable salt thercof

In. some embodimeniy the pharmaceutically acceplable salt ix ar acetale salt. In some
embaodiments the phasmaceutically acceptable salt is a trifluoroacatic goid (TFA) salt. In some
erobodiments the phapmaceutically aceeptable salt iy « hydrochlonie acid (HC -salt,

I one embodiment, the compouad 15 the selated polypeptide pomprising an smine acid

sequence of SEQ IDNOGL22T or & pharmaceutically acoeptable sali thergef. Tn-semie embodiments,

the compound {5 the acetate 3alt of the isolated polypeptide comprising an amine acid seguence of
SEQ IR NG 221, In some embodiments, the compound is the TFA salt of the isolaied polypepiide
coraprising s anying ackd sequence of SEQ 1D NG: 221 In sofme embodiments, the compaund s

the HOI saltof the isolated polypeptide comprising an amino seid sequence of SEQ 1D NO: 221,

Description of exemplary embaodiments

b
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Ineertun erubodiments, the present disclosure provides an iselated polypeptide
contprising the qmine acid sequence of SEQ 1D NO; SEQ 1D NO; 80
X SHOTFTSNY SKY L s X e X X AN X FX s Xk CasE--1all-(QITNT HSEQ 1D

N &0), or 2 pharmaceniically acceptable salt thereot, wherein:

Xy is Y or scetyl-Y;
Xois D or E;

Nisis DL E or K
Nis is Ath or K
Xiras kg

Xepis K, R ooy,
X EK QoS

Ny s Bor K

Koz iz Abor vy

X i AhE K Q, o S

Xos i B, L twis

Nogds I B K, N, Q, 8, or Nemethylglutamate;

Z-tail is abseut or selected frony the gro up consisting of PSSGAPPPS (SEQ 1D NO: 80),
PSSGEPPPS (SEQ 1D NO: 91), PSSGKPPPS (SEQ 1D NO: 92}, or PSSGSPPPS (SEQ 1D NO:
KN

wherein when Xis, X, Xom X Xon, br Xor gre K, the bysing residus i3 optionally
covalently hound to 3 lpuphilic substifuent, sptionally via a spager,

provided that the polypeptide comprises at feast one residue covalently bound g
lipophilie substituent, optiomally vig & spacer; snd

wherein the isolated polypeptide oponally further comprises @ lsetam bridge formed via
an amide bond between the side chaing of a lystne and an aspartic acid or betwien ihe side chains

of & lysive and a glulansic acid, wherein the rexidues that form the lactam bridge are located at

positicns Xs and Xy or at positions Xae snd Xos
In some ambodimenty, one of Xig, Xiroor Ny i lysing bound 10 a lipophilic substitusnt;
optivnally vis a spacer.
I some embodiments, Xy is Alb or K covalently bound lo a lipophilic substituent,
aptionally via a spager.
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I some emboadiments, when Xio 18 Qthey X {3 K wherein the lysine at residue Xog is
covaleantly Bound jo a lipaphilic substituent, optionally viz aspacer; or Xy is K, wherghin the

tysive residie at Xay is optinally covalently bound ip a lipophilic substiluent, optionally via a

spacer.

ix K, wherein the lysine residoe al Xoy is

I sonte eaibodinents, when X
optinatly covalenty bound to a lipophilic substituent, optionally vig a spacer.

In xome eombodiments, when Xap iz E, then X iv B, K, or S,

in some gmbodimenis; when X 5 Q. then Xy ts aot'E,

{tsomie ermbodiments, X is Athor K.

0 somne embodimetis, Xy 8D ar'S,

In some gmbodiments, the peptide further comprises a lactam bridge fbrmed via an amide

hond between the side chains of & b i and X

ive and a-glutamic acid as positions |

respectively. Insome embodiments, the peptide further comprises o lsctam bridge fosmed vig an

aroide bond between the side chains of a ghuamie deid and & lysine of positions Xzo and Xas,
respectively,

In some embodimenis, Xy is Y. In some embodiments; Xy is acetyl-Y.

In some ssnbodiments, Xeis D Insame ambodimenis, XNe is B

{n some embodimentis, Xy i D, I some ambodiments, Xz is B In some embodiments,
Xis 18 K In some crabodiments, Xig s K covalently bound to-a Hpophilic substituent, optionally
VEL & SPATET.

In some embodimenis; Xie s Aib. Insome embodiments, Xtz K, b some embodinents,
Xy s K covalently bound to a fipophilic substituent, opticnally via a spacer,

Ay used hergln, Adb reives o T-aminolsobutvric acid, alfernaiely known ag o
aminoisobutysic acid, wmethylalanine, or Z-methyladanine.

Insonw ambodimenis, Xir is Ko o some enibothnents, Xy s K covalerdly boundd 1o &
lipephilic substituent, optionally viaa spager,

Tn somte enshodinients, Xy is K. {nsome embodinients, Xys 18 K covalently hound to a
lipophilie: subsiituens, oplionatly vig 4 spacer. To some embodimgats, X is R fn soiig

embodinents, Xy iz Y.
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In some smbadiments, X i3 B I sonse embodimenis, X is Ko Iy some omboduments,
Xan 8 K covalently boond 1o a lipaphilie substituent, optionally viz & spacer. Tn some

embodiments, X is O Insome embodiments, Ny fs S,

-

T some embodiments, X# s B i some enthodinens: Mo is K. bt seme embodinients,
Xz i K covafently bound to a fipophilic substituenl, optionally viaa spacer,

In some embodiments, Xog s Adls. b sone embodiments, Xayis V.

I some embodiments, Xz 18 Aib, In some embodiments, Xy 18 B, o some smbodiments,
is 8.
1o some embodiments, Xa is B In some embodiments, Xas is L I some embodiments,

In some enybodiments, Xog is I Teseome embodiments, X is B, by some embodiznents,

Ko 18 K, In some embodiments, Koy s, Tn some embodimeats, X

K 1s K. In some embodiments, Xag ts N In some embodiments, Xay 8Q. b some erbodinents,
Xz 8 8. In some embodiments, X is Nemethylglulamate.

In sumss embodiments, Z-tail is absent. In some embodiments, Z-tailis PSSGAPPPRS (SEQ
D NG 90 In some embodimefiy, S-tatl v PESSGEPPRES (SEQ ID KO: 91), I some
embodiments, F-ail is PSRGKPPPS (REQ 1D NO: 92) In some embodiments, Z-taif is
PRSGEPPPS (SEQ D NCY: 93

Certain eimbodimeniy: concernivg particalar sining acids represeuted. by the. consensys
sequence of SEC 1D NCE 80 are as Tollows:

In sorug cmbondiments, X 18 Aih, od Xz 5K Tnsomecorbodinents, Xes 8 Adh, and Xy
is K covalently bound o a Hpophilic substituent, optivmally via a spacer, In some embodiments,
Xiw 18 Adly, g X §5 Q. I some embédiments, Xis s Adb, and X3 is B Insome embodinents,
Nig 18 Adh, and Xoy iy Ko covalently boond o a Bipophilic substitnent, optionally vig a specer. In
somie exmbodiments, Xyg is Adb, and Xas s Adb, In somie embodiments, Xie s Ath and Xogis D,

Insomg erabodinents, Xig is K edvalently bound to o tipephilic sabstiivent, optionally vik

a spacer, and X is K. In some ambodiments, Xis 18 K covalently bound o a lipophilie substituent,

aptionally via a spacer, and Xz 18 B lu some embodiments, Xge 15 K covalenily bound o a

lipophilic: substiuent, opionally vig a spacey, and X is 8. 0 some embadimeais, X 158 K
covileatly bound o a lip_a;ﬂ\ili‘c substituent, optionally vig 2 spacer, and Xap 18 K In some
embodiments, Xie is K covalenily bound do 4 lipophilie substitwent, optionalty via a spacer, and
Xy is Eo In some-entbodiments, Xys is K covalently bound (o a hipophilic substitueat, optionally
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vigea spacer, and Xy s Ko v some embadinents, X s K covalently bound to a lipophilic

w18 Aib. In some embodiments, Xis 15 Kocovalently
bound to alipophilie aubstituent, aptionally via a spacer, and Xoy i3 D. o sowe embodiments, Xys

is K covalemly bownd to a lipophilic substitnent, optionally via a spacer, and Xos 8 8.

I some embodiments, Xis is K and Xon i5Q. In some smbodiments, Xy ds K, ¢

K, and Xar 8 K

E. iy some embodiments, Xiris K, and Xagds S Inosome embodiments, Xir s
covalentty haund 1o a igophilic substituent, opticaally vig aspacer. Insome embodimests, Xy s
K. and Xai s K In some entbodiments, Xirds K, and Xy i B, In some-embodimenty, X7 is K,
and Xaq 18 Aib, In some embodiments, X s K, and Xsq is K, In some embodintents, Xysis K, and.
Xow 18 D 1o soroe erabodinients, Xy is Kowwd Xog 18 8.

I some embodiments, Xt is K covalontly boud to a lipophilic substiivent, optionally via
a spacer, and Xoo i Q0 1o somcembodiments; Xys 8 K covalently bound o a lipophilic sabstituent,

epticnally via g spacer, awl Xy i E, In some embediments, Xz is K covalently bound 0 a

lipophilie substituent, aplionally via & spager, and Xgiois Alb, In some embodiments, Xiz is K

eovalently bound 16 a lipophilie substituent, optionally viz a gpacer, snd Xagis B

In some embodiments, Xoo i Q, and Xz; i E. In some embodiments, X 5 Q, and Xy iy
K covalently bound to a lipophilic substituens, optionally via a:spacer. In some embodiments, X

is Qand X is D

i5 0, and Xaq iz Adb. Insome embodiments, 3

iy B, and Xop is K. In some embadinrents, Xopis B, and Ry ds

Insome ambodunents, X

K. In some ebodiments, Xo is B and Xay s D,

in some embodinens, Xog I8 5, and Xa i3 B In semcembodiments, X ds R, and X iy

Aib. In some embodiments, Xagis 8, and Xag 18 S,
i some embodinents, Xog is B, and X ix Adh In some embodiments, Xy i B, and Xagls
D, In some enmbodinients, Xy is B, and Xag is 8.
Insome smbodiments, Xo i K, god X 5K, Ivsome embodiments, X 3K, #tnd
as s 1L

Tn sorie emboediments, Xz is K covalantly bound to a Hpophitlic substituent, optionatly via
& Spacdy, and X ix ATb. Ty somie smboedimeniy; Xy s K covalenlly boand (o a Hpophilic

is 13,

substituent, optionally via a spacer, wnd Xx

In some embodiments, Xogis Adbyanid Xog s 13, In some embodiments, X 15 Alb, and Kz

_.
@
221
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I some embodiments, Xas i3 K, and Xag s T

Cerdain gothodiments concerning pariicular aming acids vepresented by the consgnsus
sequence of SEQ ID NO: 80 arc as ollows:

o some embodiments, Xie 1s Atb, Xy 8 K covalently bound 1o & lipophilic substituent,
optiomally via aspacer; and Xoe i O In sone embodiments, Xis 15 Aldb, Xoris X covalentiy hound
to a Hpophitic substituent, optionally via a spacer, and Xsi s E. In some embodiments, Xig is Alb,
Kiz 13 K covalently bound o a lipophilic substituent, aptionally via a spacer, and Xog iy Alb, In
some embodiments, Xy 8 Alh, Xz is K covalentty bound to & lipophilic substituent, optionally
via g spacer, and Xas is D

In some erabaditaenis, Xy 18 Alb, Xz is X, and Xae is Q) T some eimbodiments, Xig is
Alh, Xiris K, and Xy is K covalenthy bound to a Bpophitic substifvent; optionally viaa spacer. In
sonie embodiments, Xy 8 Al Xy is Koand Xos s Adb. In somne embodunenis, Noe 18 Adb, X i
K, and Xox 5 1,

In some embodiments, Xie is K covalentty bound to.a Hpophilic substitucat, optionalty via

a spacer, X Iy K oand Xop v E, In sone enbodinents, Xis 15 K covalently bound to & lipophilie

substifuent, optionally via & spacer, Xt is K, and Xoe is S In some embodimenis, X is K

covalently bound to a lipophitic substitusut, optionally via a spacer, Xz s K and Xoy s K. Tn some
embodiments, X is K covalently bownd to a lipophilic sphstiitnent, optivnally viaa spacer, iy 15

K. and X i

s . In some crabodiments, Xie is K covalently bound o a lipophilic substituent,
optionally via a spacer, X 18 K, and Xy 8 K 1 some embodinents, X s K covaldnity bound
10 a lipophilie substituent, optionally via s specer, Xyyis K, and Xaads Aib. In some enshadiments,
Xis ix K covalently bound o a lipaphilic substituent, optionally via a spacer, Xir is K, and Xag s
D, In some embodiments, Xos 15 X covalently bound to a fipophilic substituent, oplionafly via a
spacer, Xitis K, and Xsgis 8.

In-some embodinents, Xz s K, X s Q. and Xy s K covatentdy boand to & lipephilic

substituent, optionally via a spacer. In some embodiments, Xy is K, Xoo is €, and Xos i Adl, In

some embodiments, Xz s Ko Xao (s Q, and Xaeis D

in some enybodimenits; Xy is K Xop in B, and Xy 18 KL In some embodinients, Xy is K
NXon iv B, angd Xowds K, In some embodiments, Xizis K, Xoa s B and Xapis D,
I sonse embodiments, Xiz i3 K, Xoo 35 8, and Xoy is B Iy some embodiments, Xosis K,

XKoo 8, and X418 Adb, In some embodiments, Xop 88 K, Xwis 8, and X 8.
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In some embodiments, Nisis K covalently bound to.a kpophilic substituant, optionadly via
& spaver, Xoe 1s Q, and Xop 13 B In some cbadiments, X 5 K covalently bound 1o a lipophilic
substiluent, optionally via a spacer, Xao ix (3, and Xy i Aib. In sowe embodiments, Xy K

ey, Xy is £, and Xz i3 I

covalenily bound o a lipophilic substituent, optionally via 8 spac

I sonte entbodinents, Xoe s O Xy I B, and Xasis Adb. Inosome sobodiments, Xeois €,
Xop i E, angd Xop s £,

I some embodiments, Xoo is 0, Xy is K covalently bound 1o a lipophilic substituent,

optionally via a spacer, and Xis s Alb, In some embodiments, Xy is Q. Xz is K covalently bound

to & lipophilic subsiituent, optionally via g spacer, and X is D

In some enbodimenis, Xoo is B, Xoy s K, and Xoe 18 K some smbodiments; Xop 88 E;
Ky s Koand Xy is DL

In sonie embadimants, N 8 8, Xopis Foaud Xy is Alh somé smbotimenis, Xax 18 8,
Koy i E and Xow i 8,

In certain embodiments, the present disclosure provides an iselated polypeptide

comprising the amine seid sequence of SEQ 1D NO: 81

XiSHGTETSDYSKY LX XX XA X aXn FXuaXaa W {-Ztail-{ OHNH} (SEQ IR NO:

81}, or a pharmaceutically acceptable salt thercol, wherein:
Xiis Y orscetyi-Y;
Xsis Dovks

X s &bork;

Nt Koor Yt

X is B K, O o 8,

Xy isBork:

Xoy 8 &tbor ¥V

Ry i Adb B K, Quor §;

Xuwis D E KN, €, 8, ar N-nethylgluanmate;

Z-tail v absent or selected from the group consisting O PSSCGAPPPS (SEQ 1D N 90y,
PSSGERPPS (SEQ 1D NOw 81, PSSGRPPPS (SEQ 1D NO: 929, or PSSGSPPPS (SEQ 1D NO:

B3y
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wherein when Xis, Xis, Niv, Xise Xops o X are K, the tysing residue is optionally
covalantly Bound jo a lipaphilic substituent, optionally viz aspacer,

provided that the polypeptide comprizes at least one residue covalently bound io a
lipophilic substituers, eptionally via & spacery and

wherein the iselated polypeptide optionslly further comprises o lactan bridge formed via
an amide bond between the side chains of @ lysine and an aspartic seid or between the side chains
of a Iysine and a glolamic actd, wheren the sesidoes thal foror the Jactam bridge are located st
positions Xep and Xag or at positions Xos and Xoy,

{x some embodiments, one of Xig, Xy, or Xopis lysine bound to a lipophilic substituent,
optionally visa spager,

In some embodiments, X is Alb or K covalenily baend o a lipophilic substituent,
optionally via a spacer.

In some grmbodimenis, when X KQ, then Xis 8 K avherain the byxine al residoe X is
covalently bound o a lipophilic substituent, optionally via spager; or Xopis K, wherein the
lysine resichie at Xa s oplinally sovalently bound o a lipophilic substituent, optivnally viu a
ADACRL.

In some ambodiments, when Xag is €, then Xy is K, wherein the fysine vesidue at Nagas

opinaliycovalenily hound to-a lipophilic sabstitnent, opiicnally vid-aspager.

I some embodiments, when X s B, then R t8 B, Koo X
In some embodiments, whign Xae (5 O, then Xay 18 not E.
Xor

in some cmbodiments, s Aibor Ko

{nsemne ernbadiments, Xae 38 RS,

In sonie epbodiments, the peptide farther comprises a lsctam hridge formed via an-amide

bond between the side chaing of a lysine and o glutamic acid at positions Xan and X

respeciively, i seme embodinents, the peplide further comprises & tactam bridee formed vigan

amide bond between the side chaing of a ghutamic acid and a lysine at positions Xie and X,

In some embadimetis, Ny 18 Y g somss etobodinenis, Xy is aseiyly.
In some enshodiments, X is D, In some embodimenty, Xig is K. It some embodiments,

Kz ¢ Kecovalently baund o » Hpophilic substituent, aptionally visaspager.
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n some embodinents, Xig iz Al v some ambodinents, X 8K, In some embodunents,
!

In some embodiments, Xyr iz K. In some embodiments, Xy is K covalently bound o 8

Xia 15 K covalently bound 1o a hpophilic substifuent, optionally vi a spacer.
lipophilic substituery, optionally via & spacer,
I some embodinents, Xre is K, In sonle embodiments, Xig is K covalently bound tr a

lipophilic substituent, optionslly vias spacer, Tn some embodiments, Xis ix Y,

I some embodiments, X ix B, In some embodiments, Xqe 15 K. In some embodiments,
Xz ix K covalently bound to 2 lipophilie substituent, opticnally vis a spacer. In seme
gmbodiments, X is Q0 Inseme embadimens, Xuis 8.

In some enybodinents, Xy i B In somse embodiments, Xa s Ko I some ambodimenis;
Ko i Kocovalantly hound {o o hpophilic substituent, optionally via a:spacer.

In some snbodiments, X s Adb. In some simbodimenss, Xag s V.

I sone pmbodiments, Xas is Alh, In Some embodiments, Xay i B I some embodinents,
X s K, I some enmbadimeais, X Q I some envbodiments, Xas v K.

In-sorie ehthodinients, Xz 13 D Ih somie entbodinients, Xae 1 B, B some embodiments,
Xowis K, In some embodiments, Xas i N Insome embodinents, Xow 18 Q) I some enthadiments,
Xig 18 S, In some embodiments, Xa is Nomethyighulamate.

I somg embodiments, Zaail ts shsent, Insome enahodiments, Z-tail {s PSSGAPPPR (8EQ
ID NO: 9y, v some embodiments, Z-tail is PSSGEPPPS {SEQ ID NO: ¥1) lu soms
cmbindinm Z-dil s PSRGKPPPS (SEQ ID NOv 92 v seme embodinents, Z-tadl s
PESGSPPPS (SEQ 1D WOk 93y,

Certain cmbodiments concerning particular anine acids sepresented by the consensus

sequence of SEG D NO: R areas follows:

In some embodinments, Xig s Atb, and Xoz 15 K. In some envhodinents, Xis is Aib, ang X3

is K covalenily bound io 4 Bpophilic substituent, optionally viaa spacer, Dusome embodimenis,
Ko I8 Adb, and X is Q. Tn some embodiments, Xys i3 All, and Xy is B Insome cwbodiments,
Xie 1€ Adh, and X is K covafensly bound to a Hpophilic saubstituent, optionally via s spacer. In

B

sonse ambodiments; Xyg s Alband Xzois Alb. In some ambodunents; Xog 18 Adb and Xogix

Lo some embodiments, Xig is K covalently bound toa 1 pophilic substituent, eptionatly via
a spacer, and X i Ko n some'embodiments, X i3 K covalently bound te a lipophilic substituent,
optionally via @ spacer, amd Xz s E, In some ambediments, Xis is K covalently bound o a
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lipophilie substinent, aplicnally vis a spacer, and X is 8, 1o some erubodinents, X s K
covalently bound to a lipophilie substitnens, opticnally vig 2 spacer, and Xy is K. ln some
embediments, Xys v K covalently bound 1o a lipophilic substituent, optionally via a spager, and
Xa is B In some embodiments, Xie is K covalently bownd to & Hpophilic substituent, optionally
vig-g spaver, and Xy i K In some embodiments, Xig s K covalently bonnd to-9 lpophilic
substituent, optionally via @ spacer, and Xaa is Aib, In some embodiments, Xig is K covalently
bowid to & lipophilic substilpent, optionally via g spacer, and Xop i3 D, o some embodiments, Xas
is K covalently bound 1o @ lipophilic substituent, optionally via a spacer, and Xos 1x 8,

{r some enthodintens, Xy s K, and X is Q. In some embodimens, Xor i K, and Xop is
B Iy some embodiments, X is K and Xop i 8. Fusome embadinents, Xy i3 K and Xy s K

covalently honnd 1o a lpephilic substituent, optionally vig a gpacer. Insome embodimenids, X is.

K,and XN s Koln seme srabodinronts, X ds K, and Xy 15 B I sowe ombodiments; X208 K,

and Xz I8 Alb. In some embodiments, Xz 18 K, and Xz 5 K, Tn some cobodiments, Xy is X, and

X i D, I sommeensbodinmeats, X s Koand Xog i858

In some ehibodinems, Xz iy K covalently bound to-a lipaphilic substituent, optionally via
 spacer, and Xogis Q. In some smbodiments, X iz K covalently boand to a lipophilic substituent,
optionally via-a spacer, and Xy ts B In some anbodimenis, Xi: is K covalently bound to a
lipophilic. subsiituent, opiicoally vis & spacer, and X iz Ath, In some embodiments, Xy 8 K
covalontly bound to a lipophilic substituent, optionally via a spacer, and Xigis T8

In some embodiments, Xoo s Q, and Xy is E. Tn some embadimenis, Xe 18 Q, and Xy is

Kocovalently bownd fo-x lpophilic substiinent, eptionally vig g spacer. Insome cmibodimentds, Xag
3 I i 3 2

is Q. amd Xas is Adb. In some embodiments, Xig is Q, and Xae is D,

0 some embodimenty, X i3 B, and Xop ix Ko In some embodiments, Xopdy B, and Xay ds

s B, angd Xoeds B,

K. In some enbodinients, Xas
In some embodinients, Xoe 18 8. and Xap 8 E In soihe embodinents; Xon 8 8, and Xpe i
Adb, Fvsome embodiments, X is S, and Xug 18 8,
Tn sore embodiments, Xar is B and Xag is Adh, In some embodiments, Xy is E, aud Xowis
D, 1o soras erabodinaenis, Xog is B, and Xog 188,
In some embodiments, Xop i K, and Xeeis K Insome embodiments, X 1s K, and
Kog e DD,
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In some embodiments, Nos is K covalently bound to.a kpophilic substituant, optionadly via
a spacer, and Xay 5 Adb, In some embodiments, Xo is K covalently bound to a lipophilic
substituent, optionally via a spacer, and Xaa ix D,

{r some embodiments, Xa is Aib, and Xy is . In some embodiments, Xaq 18 Aib, and Xox

8

I some embodiments, Nog s K, and Xagis 1.

Ceotlain embodiments concerning parliculay amino seids represented by the consensis
sequence of SEQ ID NO: 81 are as follows:

o some embodiments, Xie 1s Atb, Xy 8 K covalently bound 1o & lipophilic substituent,
aptionally via wspacer, and Xz is O Tn some erubodiments, Xig is Alb, Xiris K covalenily bound
0 a Hpophilic substituat, optionally viaa spacer, and Xz s B Insome embodiments, Xiais Alb,
Xy is K covalently bound 10w lipophilic substituent, optionally via-a spacer, and Xy is Atb. In
some embodiments, Xy 8 Alh, Xz is K covalentty bound to & lipophilic substituent, optionally
viaaspacer, and Xagds B

In-some chthodinments, Xy s Aib, Xz Iy K, and Kz i Q. In some embodiments, Xig is
Aib, Xy i K, and Xz is K covalenily bound w o lpophilic substifuent, eptionally vis a spacer. In
sonie embodiments, Xy 8 Al Xy is Koand Xos s Adb. In somme embodunenis, Noe 16 Adb, X i
K, and X is D,

I some embodimes, Nigis K covalently bowsd o a lipophilic substitueat, optionally via

2 spaver, X718 K, and Xop i3 B In some Srabodiments, Xie i3 K covalently bound to 2 lipophilic

substifuent, optionally via & spacer, Xyt is K, and X s S In some embodimenis, Xig is K

covalently bound to a lipaphilic substituent, optionally via a spacer, Xi7 is K. and Xap is K. In somse

embodiments, Xy is K covalenily bowund to a lipophilic substiloent, optionally wia-g spacer, Xz s
K, and Xz i E, In some embodiments, Xis i K covalently bound to @ lipophilic substituent,
aptionally via a spacer, X 18 K, and Xy 58 Ko 1 some embodinents, X s K covaldnity bound

to a lipophilic substituent, optianally via a spacer, Xy is K, and Xa is Aib. In some engbodinsents,
Xis is K covalently bownd w0 a lipophilic substitueni, optionally via a spacer, Xy is K, and Xos 18
D, I some embodiments, Xis v K covalently bound o a Hipophilic substitugni, optionaily via a

spacer, Xitis K, and Xagis 8.
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In some enabodinments, Xz is K, X ds:Quand Rapis K covalently beund 1o & lipophilic

sybstituent, eptionally via & spatir. T somig eotbadiments, X 5 K, X 15 @, and X 18 A, In

some embodiments, X 8K, Xou is O, and Xap s D.

1o somig embodiments, X7 s K, Xw is E, and Xoy 18 Ko In some cmbodimenis, Xyr s K,
Noo iy B, and X s K, Insome embodiments, Xz s K, Xoa v B, and Xawis I

In some embodiments, Xz is K, Xop s 8, angd Xop is B In some embodiments, Xiris X,
X}._i)- i‘S"S, :md X

4 1% Adb. In some embodiments, Xiz s K, X8 §, and Xae 8.

In seme embodiments, Xz Is K covalently bound e a lipophilic substituent, optionally via
a spacer, Xyw is Q, and Xy is Bl In some embodiments, Xz s K covalently hound to a lipophilie
substituent, optionally via 8 spacer; Xy is Q) and Xae s Alh. In some embodiments, Xy 8 K
covalently hound io a lipophilic substituent, optionally via a spacer, Xap is , and Xog i T

In some ambodiments, Xopis Q, X s Erand X 15 Adb In some embodiments, X is Q4
Xy is B, and Xoxis D

In some embodiments, Xao ts Q, X i K covalently bound o a lipophilie substituent,
optionally via g spacer, and Xae isAdb. I sonie cnbodinteits, Xap 183, Xoy v K ctivalently bouid

1 & lipephilic substituent, optionally via a spacer, and Nag is I

In some embodiments, Xoe 15 B, Xoy s K, and X3
oy # K, and X is D

I some cmbediments, Xop 13 8, Xapis B and Xy is Atb. In some embodiments, N is 8

s K. Inosome embodinents, Xap 18 B,

KXoy 5 Band Xz is S,

Incertain embodiments, the prosent disclosure provides an isolated polypeptide

comprising the amine seid sequence of SECQ D NO: 82:

XSHGTETSDYSKY LDX X i Y AR e X F X X WLE Xns B Ztai - O HIN Ha) (SEQ 1D RO:
§2), or & pharmaceniically aceeptable salt thereal, wheren

X8 Y oracetyl-Y;

Xie i Ath or K

Xep s K3

X E K, Q, o8

Mo s Buor K

Nonis Ath ar V)
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X 15 Adb, B, KyQ, e %

X ds Dy B KON, Q. 8, or Nemethyl ghutamate;

Z-1ail is absent or selected from the group consisting of PSSGAPPFPS (SEQ 1D NQ: 90y,
PSSGEPPPS (SEQ ID NO: 1), PSSGKPPPS (SEQ ID NO: 923, or PSSGSPPPS (SEQ D N
93%

whereln when Xie, Xz, or Xzyare K, the lysme residue i optionally covalently bound i
a lipophilic substituent, optionally via a spacer,

provided that the polypeptide comprixes at feast one residue covalently bound 0 8
lipophilic substituar, optionally via & spacer; and

wherein therisolased polypeptide optionally Turibey comprises 8 lactut bridgd fonmed via
an amide bond between the side chains of a lysine snd an aspartic-acid or between ithe side chains
of & lysitie and & glutamic acid, wherein the residues that form the lactais bridge ave located al
positions Xay and X or af positions Xoy and Xas,

In some embudiments, Xuw is Aib or K covalently bound to a lipophilic substituent,
optionally vis a spaver.

In some embodimenis, when Xz is Q. then Xoe is K, wheresin the bysine al residue Xas s
covalently bound 1o a lipophilic substituent, optionally via a-spacer; of Xayis K, wherein the
Iysing residue at Xqy i opiivally covalently bound o a lipophilic subsiituent, oplicually via g
spacer.

In some embodiments, when Xoo 15 Q, then Xar s K, wherein the ysing residue at Xy is
optinglly covalently bound to a lipophilic substituent, optionally viy & spacer,

Insome embodiments, when Xap is B, then Xspis E, K, or 8,

In sone epibodioents, when Xag 8 Q) thon Xoy is nol B,

In some embodiments, Xas is Adlvor K.

In some embodimenis, N s Dior S

In some embodiments; the peptide further comprises a lactam bridge formed via anamide
bond between the side chains of a tysine and a glutanic acid at positions Xog and Xa,
respectively. Tiosome smbadinsenis, the peptide further comprises a lactain bridge formed via an
amtide bond between the side chains of a plutamiv acid and & lysine at positions Xap and Xas,
respedtively.

I some cmbodiments, Xy is'Y. In soine ambodiments, X 1s acetyls Y,
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n some embodinents, Xig iz Al v some ambodinents, X 8K, In some embodunents,
Xia 15 K ocovalently bound io a hpophilic substifuent, optionally viz a spacer.

In some embodiments, Xyr iz K. In some embodiments, Xy is K covalently bound o 8
lipophilic substituery, optionally via & spacer,

0 some embodimenty, Xop 18 E. In some embodiments, Xoo i3 K. Iy some embodiments,

Xon iv Q. Insome embodinents, Xon Is &

I some embodiments, Xy ik B, In some embodiments, Xop s K. In some embodiments,
Xay i¢ K covalently bound to @ lipophilie substituent, opticnally via a spaeer,

o seme erbodiments, Xosis Aib, In some embodiments, Xos is V.

0 sorne smbodiments, Xos 1§ A1b o some erabodinsiuls, Xoe 8 B Insome embodiments;
isS.

In sorse embodinenty, Xox i3 D I some smbodiments, Xax 15 B Inosome érsbodiments,

Xay i K. In some embodiments, Xay is Q. n some embodiments, X

Xos is K. Tn some embodiments, Xy is N, Isome embodiments, Xox 15 Q. Insome embodinents,
Xy %S, In somg embodiments, Xag is N-methylghutamate:
o some enbodimeins, Z-ail s absent hosonie dinbodiments, Z-tail is PSSGAPPPY (SEQ

113 NO: 80). In some embodiments, Zeil is PESGEPPPS (REQ ID NGO: 91). In some

amboduneits, Z-gll is PSSGRPPPY (SEQ 1D NG 92) In some smbodimenss, Z-tail is

PSSGEPPPS (SEQ ID NQ: 233,

Certain embudimenls concerning particular amine acids ropeesenied by the consensus

sequenee of SEQ D NO: 82 arg as Rllows:

In some cmbodiments, Xas 1s Alb, and X7 15 K. In some embodiments, Xeg is Adb, and Xi»

is K eovalently bound to a lipophilic substituent, optionally via a spacer, In some embodistents,

Xys i Alb, and Xop 50, In some smbodiments, X is Alb, and Xoy 5B In some embodiments,

X« 15 Atb, and Xz 18 K covalently bound to a lipophilic substituent, optionally via a spacer. In

some ewbodinients, X i Adb, and Xas 15 &b, I sonie embodiments, Xis 18.A0b and Xagds T

In some embodiments, Xy is K covalently bound to a lipophilie substituent, npticnally via.
a spacer, and Xy is K. Insome embodiments, X is K covalently bound o a lipophilic substituent
aptionally via & $pacer, and Xoe B B In o some ensbodinsints, Xis 8 K covalénily bound 1 i
lipophilic substituent, optivnatly via a spacer, snd Xz is 8 In some embodiments, Xe is K
covalently bound to a lipophilic substituent, optionally via a spacer, and X3y iy Ko In some
embodimenty, Xig v K covalently bound 1o 2 lipophilic substituent, optionally via a spager, and
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Xzt i3 B In some embodiments, Xig is K covalently bound to 2 lipophilic substituent, optionally
yiva spreer, dind Xo 15 Ko In osome embodimenis, Xaig 5 K covalently bound to a lipophilic
substiluent, optionally via:a spacer, and Xay i3 Aib. 1 some ewbodiments, X 8 K covalontly

boand 1o a lipophilic subsittuent, optionally via a spacer, and Xaw i3 D, lvsonie eothodinients, Xy

is K covalently bound to a lipophilic substitnent, optionally vis & spacer, and Xy 158,

lsome emvbodiments, Xz 8 K, and X 1s Q. T some embodiments, Xy i K, o Xaods
E. I some embodiments, Xy 13 K, and Xooix 8. Insome embodiments, Xy is K, and Xop v K
covalently bound to @ lipophilic substiiuent, optionally vis a spacer, I sonve ensbodinents, Xy is

K, and X is Ko In some embodiments, Xy s K, and Xay 18 B s some embodiments, Xy is K,

and Xaq 18 Alb, Iy st posbodiments, Xar is K and Xy 1 K Besonie aobadinenis; X s, and
Xow i B I some cmbodiments, Xz 18 K, and Xag iz S

In sewme embodiments, Xaz is K covalently bound to a ipophilic substituent, optionally via
& spacer, and X is (0 1n someembodiments, Xz is K covalently bound o a lipophilic substituent,
aptionally via a spacer, and Xsp ds B In some embodiments, Xpr i3 K covalently bound to a
lipophilic substituent, optionally via a spacer, and Xy is Aib I some embodiments, X is K
covalently hound to 3 lpophilic substifuent, sptionally via a spacer, aad Xog iv D,

In-some embodinients, Xop @8 () and Xar is B In some embodinyents, Xy s () and Xoyp s
K covalently bound o a lipophilic substituent, optiondlly via @ spager, In some embodiments, X

i5. 0, and Xog is At T some embadinrents, X is Q, and Xogis D.

In some embodiments, Xop 18 B and Xa 18 Ko In soowe Sotbadiments, Xoe 8 E, and X is
K Imsome embodiments, Xowis B, and X ds D,

In some embodiments, Xag i S, snd Xay is E. In some embodiments, Xag s §, and Xos i
Adb: In some ebodiments, Xoods R, and X ix S,

I some embodiments, Xot is B, and Xas Is Al In some embediments, Xz is E, and Xag is
0. In somie enibodiments, Xay is B and Xog is 8.

In some smbodimenis; Xy s K, and Xoe i3 K. Iy some embodinents, Xay s X, and

s D

In some ensbodinenis: Xo is K covalently bound to 3 Hipophilic substitusil, optionally via

a spacer, and Xag s Alb, In some embodiments, Xai is K covalently bound to a hpophilic

substitoent, optionally via w spacer, and Xop s D,

41



L1

20

i
4

WO 2021/212026 PCT/US2021/027763

I some smbodinents, X is Alb, and X is D b seme eovbodinrents, Xag is Aib, and X

In some emboditments, Xos s K, and X is 1.

Cevtain embodivenis cosiceming particalar aming atids represented by the cosigensux
et hod 18 oo ¢ particul i : ted by the co

sequence of SEQ D NG 82 arcas follows:

Lo senme embodinients, Xis is Aib, Xir 18 K covalently bound to 4 lipaphilic substitgent,
optionally v aspacer, and Xao 15 Q. In e embodimenis, Xie s A, Xy is K eovalently bouad
to a Hipophilic substituent, optienally via o spacer, and Xoy i3 E. Inyome embodimenis; X is Adb,
Xi7 1¢ K govalently hound to 2 lipophilic substituent, optionally via a spacer, and Xz s Aib. In
samie erabadimasnts, X 18 Ath, Xz 15 Kocovalently bound (o 2 Hpophilic substiluent, optionally
via g spacer, and Xy is D

In some smbodiments, Xig is Ath, X 18 K, aond Xoo 1s Q. In some crubadiniaits, Xag is
Alb, X s K, and Xy i K covalently bound to a lipophilic substituent, optionally via s spacer. In
some embodiments, Xis s Adb, Xoris K, and Xas 1w Ah, In some embodinents, Xia 18 Adh Xoris
Koavd Xog is I,

In some embodiments, Xy is K covalently bound to a lipophilic substitaent, optivnally via

& spacer, Xir is K, and X i B Jo som embodiments, Xie 15 K oovalontly bound s a lipophilic

substituenl, optionally vig s speoer, Xor is K, and X is 5. To somg enibodinients, X is K

covalently bourd 1o a lipophilic sebstituent, optionally viaa spacer, Xor iy K, and Xap i3 K. In some

crubbdineits, Xys 18 K covalently bound 1o a lipophilic subsiituent, optionally vid a spacer, Xy is
K, and Xn & E Ioosome embodiments, Xy & Kocovalently boond to a lipephilic substiinent,
optionally via a spacer, Xi7 is K, and Xse ix Ko In some embodiments, Xoe is X covalently bound
to g lipophilic substitnent, optionally via g spacer, Xir is K, and Xop s Ath, {nsome embodiments,

B In some embodiments, Xis i3 K covalently boond to o hipophitic substituent, optionally via a

s K covalently bound toa lipophilic substituent, optionally via & spseer, Xir is K, and Xogis

spacer, Xiris K, and Xonis 8.

o some embadiments, Xy 5 K, Xap i3 Q, sod Xy s K covalently beundte a lipophilic
substituent, opiionally via a spagcer. Fn some sobadiments, X 18 K Xap is Q, and Koo i Alb T
some exbodiments, Xz is K, Xagis Q) and Xagis D,

I some embodiments, Xz 38 K| XKoo i E, and Xoy i3 Ko In some embodiments, X715 X
Xo i B, and Koy K, Insome embodinwenits, X v K, Xog i B, aid Nagis D,
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In some srbodiments, Ny 8 Ko Xeo 5 8, and Xy i E. To some embodiments, Xy is K

Co 2608, el X 18 Adh, Incsome enthodimieonts, X i K Xy I8, and ¥

In some embodiments, Xz is K covalently bound te a ii;paphil.ig; .Stl.hstilu,em, ppticnatly via.

a spacer, Xu is @, and Xy is B In some embodiments, Xz {s K covalently bound to a lipophilic

substituenl, optionally via g spacer, X s @ and Xae i Ald, In some cmbodiments, Xy s K

covalently bound 1o a lipophilic substituent, optionally via a spacer, Xz i3 Q, and Xag is D

15 some embodiments, Xop 18 Q, Koy 38 B, and Xos s Anb. T sone embodinents, Xao 18 Q,
Xap i B, and Sox i Dy

{n.some cinbodiments, Xgg 18 Q Xy 18 Kocovalently bound Lo -a lipophilie subsiitueny,
optionally viawspacer, and X % At o sormas erabodinenis, Xop i Moy 13 K covalently bound
s

s K. In some embodinients, Xap 18 B,

0 a lipophilic substifuent, optionsally via & spacer, and X

In some embodiments, X iz T, Xy s K, and X
Koy is K, and Xag g D,
fnsome embodimends, Xzo 188, X e B and Xy s Ath. In some embadiments, Xag 18 5,

Xop iy Band Xox iy S

Conjugarion of a lipaphilic substitwent to any of the peptides, optionally viv a spacer

In some enibodiments, any of ihe disclosed polypeptides s optionally subsiituted with one
or more Hipophilic substituenis each optionally via a spacer, whevein “lipophilic substituent” and
“spacer” are defined harein. In some eishadinents, any of the disclosed polypeptides, comprising
an-aming agid séquenesselected from the group consisting of aming acid sequenced representid
by any of the ponsensus sequences-of SEQ 11 NO: 1 through SEQ 1D KO: 60 cither comprises
one or wiore lpophilic substituents gach optionally via a spacer, or ¢an be modified; or farther
maedified, by vovalent attachment of one or more lipophilic substituenis cach optionally via a
spacer.  In some embodiments, any of the disclosed polypeptides, comprising an aming agid
sequence selected from the gronp consisting of amino acld sequences representad by-any of the
consensns seqguences of SEQ 1D NO: | through SEQ ID NO: 3% either comprises one or mare
lipophilic substitients each optionally via a spacer, or can be modified, or further modified, by
covalenl atischment ol ang or more lipaphilic substitucnis cach optionally vis & spacer, Tn some
embodiments, any of the diselosed polypeptides, comprizsing an aming acid sequence selected froms

the group consisting of amine acid sequinces represeited by any of the consensuy sequeniees of
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SEQ D NOs: 101 10 112, 115 10 140, 142 o 147, or 149-160 can be wodified by covalent
aitachment. of ong or motg Hpophilie substituents cach oplionally via a spatgr. In Some

embediments, any of the disclosed polypeptides, comprising an amino acid sequence selecied om

(]

the group consisting of auine atll sequences sepresented by aay ol ihe consensus sequences of

SEQ ID NGy 101 o SEQ ID NO: 112 00 SEQ D NG 118 to SEQ 1D NO; 139 can be moadified

by covalent sttachment of one or mose Hpophilic substituents cach opdonally via a spacer, In some

sihadiments, any of the disclosed polypeptides, comprising an aninoacid sequency selected rom
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SEQ T NOs: 211, 212, 221, 225 0 235, 338 to 248, 351, 252, ar 255 to 258 can be modified by
covalenl atlachaent of one or move lipaphilic subsiituenis cach uptionally vis-a spacer. Tn somge
erbodiments, any of the disclosed polypeptides, comprising an aminoe acid sequence selected from

the groug consisting of amino acid sequences represented by any of the conseisus segiences of

REQ D KQs; 211,212, 221, 225 10 235, 238, or 239 can be modified by covalenl sttachment of

ong or more lipephilic sphstituents gach optionally via a spacer,  In some embodiments, the
lipophilic substituent may be attached 1o @ andne group of the palypeptide (2.2, a0 s-aming group
of a tysine residue) by means of a carhoxyl group of the lipophilie substituent, or optionally an
amine group of the spacer, whitein 8 carboxyl group of the spacer forms an amide bond with an

gaming geonp-ol a ysineresidue,

Lipnnhilic substituent

Conjugation of oreor mase “lipophilic substituents”, cach optionally vida “spacer, o wiy
of the disclosed polypeptides of this invention is intended to projong the action of the pelypeptide
by faciliating binding 1o serom atbumin and defayed renal clearanes of the conjugaled
polypeptide. As used herpin, a “lippphilie substituent™ comprises a substituent comprising 4 1040
carbon aloms, % to 25 carbon atoms, 12t 22 carbon atoms, or & to 20 carbon atoms. The lipophilic
substiluent may be atiached toran aming group of the polypeptide (e, an s-aniing grovpof a
lysine residue} by means o @ carboxyl group of the lipephilic substituent, ar opiionatly an aming
group of the spacer, which carboxy] group ofthe spacer in tum forms an amide hond with an amino
groap of The amino aeid (e.g., lysined residue to which il is atiached. 1n some embodiments, the
polypeptide comprises three, two, or preferablyone lpophitic substitvent each with or without an

optional spacet, which is defined in greater detud! below,
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In some embodiments, the lipophilic substituent comprizes a straight-chain or branched
alkyl group, Insome gmbodiments, the lipophilic stbstitnent 1w.an deyl group of a sivaight-chain

or branched fatty acid. v some embodiments, the lipephilic substituent is an acyl group »f a

straight-chain.or branched faiyy acid, Nather substituted with aneg oy more carhoxylic acid.andfor

hydroxamie acid groups.

ln some smbediments, the pelypeptide eomprises three, two, or preferably one ipophiic
sybstituents each without aiy optiovad spacer. In some embodiments, the lipophilic substitnent is -
COICHhCORHL I some embodiments, the lipophilic substituent Is ~COUCH2)xCONH, In some
ambediments, the lipophitic substituant i3 -COCH aCOH.

In some embadiments, e polypeptide comprisas thrge, 1o, or'picferably dne Hpophitic

substituents eacly without sn optional spacer. In some erabodiments, the lipophilie substituent is &

moncvalent group of Formula k
~CO-{CHz ) d
Formuda |
whersin
£t O Hy or=000H; and
s o 4o 24,
whicly lipophilic substituent Torms an-amide bond between anaming group {eg,, S~amino
group of a lysine) of the diselosed polypeptide and & CO— group of the lpophilic
subsiituent,
In some embodiments, Z is ~CO:H, {n some smbodiments, m iy from 14w 26, In some

embodiments, the lipophilic substiiuent I8 covalently bound to the isolated polypeptide via a

spacer.  In some embodiments, the fipophitic suhstiinent, ~CO-{CH )2, s linked toran aming

group of isolated polypeptide via the spacer, whereins the spacer forms a bridge between the aming
group of ihe isolaled polypeptide and & CO- gronp of the hpophilic substitnent,

In some embodiments, m {s selectad from the group consisting of 4-260, 8-20, 12-24, 14~
20, 16-20, 14, 16, 1R, gad 20.

In-some eimbadiments; Z 6 UL and the Bpophilic substituent has the formpla -CO-
{CH:CO:HL 1n some embodiments, -CO-CHz )2 iy selonted from the group consisting of -
COL{CH)-CO:H, -COCH)-COH, ~CO{{THz)e-CO:H, ~COL(CH-COH, ~CO-{THz)e~
CO:H, ~«CONCH2)-COH, ~COCH o~ COH, ~COSNCH ~COH, ~COMCH: i-CORH, L0
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(CHa O, -COACH - COH, -CO{CHD-COM, ~CO-CH e COH,  -COLT Y-
COzH, -CO-(CH-COnY, -COX{CH-COH, -COCH - CORIL
In somie embodiments, the Tipophilic substituent i -COSCHha-CORHL In some

ambodiments, the Hpophilic substitient I8 -CO-{CH-COH. In some ewbadiments, the

lipophilic sohstitnent is ~CO{CH -CO:H! Insome embuodimenis, the lipophilic substiteent is -

COCHa OO,

In somie embodiments, Z ¢ ~CHa, and the hpophilic substituent has the formala ~C0O-
{CH2)e~CH;. Insome embodinwents, «CO-THz a2 by selveted froms the group consisting of -0«
{CH@);;-C}{I;;, SCOH{CH-CHs, -COCH-CHa, -COA{CH-CHy -CO-(CHeCH5,  -CO-

CHade-CHly, ACO-(CH O, -COATH b -Clly, SCOACH 20 s, -CO-ICH Oy, -CO-
(CH - CHa, <CO-CHD 0, -CONCHe-CHs, <CO-CH Y +-CHy, -CO-CH Y 3-CHi, -CO-
{UH0-CH, and -COSCH he-CH

Linophilic suhisiitient & Spider

In some embodiments, the lipophilic substituent is attached to the parent peptide by means

o @ "spacer.”  Inosome embodimenis, provided herein Iy any of the disclosed polypeplides,

comprising an amine acid sequence selected from the group consisting of aming avid sequenves
represented by any of the consensus segnences of SEQID NG o 60, 101 10 112, 11540 140, 142
to 147, 14940 1o, 211,212, 231, 225 1p 235, 238 to 245, A5, 232, or 255 10 2SR, comprising g,
lipophilic substituent, wherein the lipophilic substituent is linked to the e-anmine group of g lysine
via a-spacer, which spacer forms a bridge batwesy an emino group of Wi disclosed polypeptide
and 9 Q- group of the lipuphilic substituent. Tn some embodiments, provided hereln is sny of
the disclosed polypeptides, comprising a0 amind acid sequencs selected from thie gronp consisting
of amino acld sequences represented by any of the consensus sequences of SEQ 1D N 10 39,
101 t0.112, 115 (e 139, 218, 212, 221, 225 1o 235, 238, or 239, comprising & lipophilic substituent,

whereln the Hipophilic substitnent is inked to the saaming group-of a fysing vie a spacer, which

spacer forms a bridge between an amino group of the disclosed polypepiide and & CO— group of

the lipophilic substituest,
{ sone gabodiments, the spacer comprises oe or nwre smivo acids, for example, single
amino acid such as Ghy, Asp, Gy or Lys, dipeplide such as 2(Ghu, GlheGly, or poltypepiide such

s 3G, 40610, 2(Ghu-Gly ete, Tt sonte embodiments, when the spacet comprises dne or mMore
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aming acitds, v, Ghy, Asp, Gly or Lys. ene carboxyy! group of the spacer way form an amide bond
with dnatring greup of the discloged polypeptide, aadan rraing group of the spacer miay forman
amide bond with a carboxyl group of the Hpophilic substituent,

o somie embodiments, when the spacer comprises Gilu or Asp, that Tarther inclode a

carboxydic-acid-terminating sidechain, the ieominal carboxyl growpof the sidechain of the Gheor

Aspscontaining spacer may lorm arvsmide bond with an snvine group of the disclosed polypeptide,
and an amino.group of the Glo or Asp-containing spacer may [ofm an amide bond with a carboxyd
group of the lipophilie substitvent, Le, yGlu or fAsp.

1 some entbodimenas, the spacer s -vGlo-yGlu-dpeg-. In some embodiments, the spacer

I8 yEiu-yGlu-dpegyGlu-yGlu-c Insome engbodinents, thespacer is {COCHAOCH CHapNH -
vy,

In sore embodiments, the pelypeptide comprises three, two, or preferably onw lipophilic
substituent each with a spacer, i some non-limiting embodiments, the Hpophilic substituent and
spacer form a monvvatenl group selected from the group consisting of those listed in Table T

Tabde 7: representative Hipophilic substituent and spacer niictivs

Ay G COCH e COH
ey Gle-COTCH -0 0H

G Iy GheCOCH 1 CO H

e lusvGhu-dpes-CO(CH e COsH
seClp=vOin-dpeg-COMCH 00
A heyGhisdpe s yGlu-COTCH Y ieC0:H
- yGia-dpegytan-COCH 1 C O H
il dpeg-vGlu-yGlu-COMCH )10 O
~«f(:[LM(u§u—dptm«v(;iu-v(s¥u~{"€}((" S heCOH
=G lu-yGhi-dpeg-dpeg-LX i H
il Gl dpgg;&pw«c{){( Hsn\t e
G lu-yGhedpegsdpee- Gl COICH U0 H
GleyGlusdpeg-dpeg-yGhe-CO(CH OO
-yGlu-yGlu-y Glu-C Q((, Ha b COM

ey Glu-yGle-COCH s B

-{.!j\\ gﬂ%mg yt xiu-("(}if He Emﬁ O:H

-v€il u-d‘*‘tcﬂ-tipw—}r(}h =OOHE
e lu-dpegsdpeg v Ghe-LOICH) «
yClusyGlusyGlusdpep-CO(CHy ]1@(‘( 3
-t'ixlli@“}*i;iu*r(—1§u dmw&{)(u-i hist O H
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SCOCHAOCHCH ENH - Glu-COCH D CO:H l

Preferably, the lipophilic substifuent and spacer are attached {0 an amine group of the

polypeptide. Tn pactioular, o carboxyl group of the Hpophilic subsiituent, or oplionally s carboxyl

group of the spacer, fornts snamide bond with an e-amino group of 8 lysine residue. The lysine

resigoe boand o thefipophilic subsiituent, optionadly via a spacer, may be E-lysineior D-lyxine.
Structural representations of reprosenrtative spacer moeitiessnd Hpophlic substituents are provided

i Table§:

Table 8 Structures of Representative Spacers Moeties & Lipophilic Substituents Boud to Lysine

< . . e
)
b
5 ~ N . P
B

Ki-yGlu-dpeg-dpeg-yOhi-COMCTRYCOM)

-«\\? e o

Hl\\E f'\\'ﬁ f¢‘\”"a.\&nff\\~§f’ V’g\’\;-""’&\a B ’ij_\‘ P aﬁ%ﬁ‘& /-LL\ v/%.\ NG N TN N N T, J-\\,l el

I

Ki~dpeg-dpeg-yGlo-CO(CH 1aC D

Joiy

b

SN gt
i
]
o

¥

-

J

[ e

f S 9
O'.S"-:%\’\v" m\\ﬂ?‘\ww.r” N - ath zfa\f W\D.-’n\v’ '\I/\./“ BRI N A\/‘\\f"m‘\fﬁ\\n’/\\” N ot
Hu}&\‘}j i

K-yGlu-yGlu-dpeg-COMCHD) O HE
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K{yGleyGlu-CO{CH 1 COHP

1a some embodiments, the lipephilic sabstituent and spacer form a monovalent group of

Formuda {E
Y 1O CH a2
Formula 1

wherpin

Y is selected from the group cansisting of yGlu, Asp, Lys and Gly:

Z iw=CHy or -CERH;

nris from 4 to 245 and

a8 from e 16

I some embodinwenits, 25 <CO:HL In somie embodiments, m s from T4 20, Tn somie
crbodiments, Y is ¥Ghy v sonwe embodiments, n is from | ol

In some embodiments, Y i3 selected from the group consisting »f vGla and Gly, 1 some
embodiments, Y §s yGlu. In some embodiments, Y ix Gly,

In sore embodiments, the pelypeptide comprises three, twe, or preferably oue lipephilic

substitnent each with a spacer, In sowe embadiments, the lipophitic snbstitnent and spager sig a

monovalent zroup of Formula [H:
AV AY - CO-(CH Y- T
Formula Hi
wheriin,

Vs JCOCH(OCH:

S NH

bl
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Y s selected from the group consisting ol yGiu, Asp, and Gly;
18 -CHy or -CO:H;
m s Tromdie 24;
n is from 11 19;
eis from 1o 6; and
tig from 1 o b,
In xome eobodiments, 238 -COH. In somie embodinents, 2 i ~UHas.
in some embodiments, Y isvGlu. In someembediments, Y s Asp. Insome embodiments,
¥ s Gly.
In some eobodinenis, i s seledted from the group consisting o 4-20, 820, 12:20, -
20, 16-20, 4, 16, 18, and 20, In some embodimenis, m is fram 14 o 20,
In some embodiments, n s selectad from the group consistingof 1, 2,3, 45, 6, 7. 8,9 and
18, 1o some enshodiments, n s framn 1 e 3. In some aimbediments, 0 is 1, I some embodinents,
n i 2, In some embadiments, s is 30 Insomie embodiments, v 4 nseme embodiments, nis 8.
Insome ginbodiments, ris from 1 to 3. i seme cimbodiments, fix 1. In sonte embodiments,
vind. Insome entbediments, ris 3, In someembodiments, vis 3. o some embodiments, vis S,
In some embodiments, §is from | to 3. 1o some embodiments, 1 is selected {rom the gronp
consisting af' 1, 2, 3,4, Sand 6.
In some embodiments, Yis vOhy Zs -0 H s 180mas L ris2; and 1is 2,

Incan erubadimment, OV -0 e s COCHAQCH U H :NH - Glu-,

Insome embodinents, the polypeptide comprises three, two or preferably one lipophilic

substituent gach with a spacer, in some embodiments, the lipophilic substituent and spacer are a

memoevaient group of Formula V:
ALY Dhai-{dpegie{ Y 23 CO{(CHa) ¥
Formula IV
wherein
Z 88 M ar -CO8H;
nuis from 410 24
Y1 is selecied from the group consisting of G, Asp, and Gly;
Y2 is selecied from the group consisting of yGlu, Asp, and Gy,
dpeg is ~JCOMCHNOICH 10T H INH] -

5%
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vis from ) o 8
nl s fiom O to 10 and
n2 s trom O do 10,
lisamie gmbodinents, 2 15 -CsH. kisowme swbodisents, s -CHa,

ting of 4-20, 820, 12:20, 14

1 some embodiments, m s selected Fom the group consis
20, 1620, 14, 16, 18, and 20, In some embodiments, meis freny 14 o 20,

In some ecmbodinents, Y1 s vGlu.  In some embodiments, Y1 is Asp,  In some
embodiments, Y1 s Gly,

fo some ombodiments, Y2 is yGlu.  In some embodimens, Y23 iy Asp. In some
entbodiments, Y23 iaGly.

In some embodiments, nl is selected from ihe group consisting of 0, 1, 2,3, 4,5, 6,7, 8, 9
and 10, To somis smbodiments, ol is from 0 o 3. In some swbodiments, ol is 0. 1o some
embodiments, 1l is 1, Ta some embediments, nd is:2. In sonie ombodiments, nl 15 3, Tn somie
gbodiments, ol 4, {n some cmbodiments, nl 8 8,

In some embadiments, 12 s selected frorm the group consisting of 0, 1,2, 3, 4,.5,6,7, 8.9
and 18, In some smbodiments, 82 dx from § o 3. I some embodiments, 12 & 0. 1o some
embodineits, a2 ds | In some emboduients, 82 132, In somtembodiments, 12 15 3. In some
gmbodiments, 1 s 4 In sonie cabodiments, 12 i5 5.

Ta seme ambodiments, 13 from 1 to 3. fu some embadiments, vis L. In some smbodiuments,

L ried. Tnosome embodiments, vis 5,

ris 2, In some gmbodiments, r i 3. In somecobbdinei
In semeembodiments, riz 6, T some ombodiments, wis 7. Insome embodiments, ris &

{nseme embodiments, rig kol i 2, andn? is O

i some embodintents, vas b, nl 82, snd'n2 is 2.

1o some embodiments, Y1 iy vGlosnd Y2 15 vGhe

Insome embodiments, Y1 s vGlu gnd 02 s 0,

In some embodiments, Y isvGlu, vis $,onl is 2, and 02 4s €

T some embadiments, (Y Pe-(dpegi-{Y - 15 selected from the group consisting of -
il Gle-dpeg-, <yGlu=yGlu-dpig-elu-vGlu-, GherGlu-dpegyGlu-, <vGlopCiu-dpsg-dpeyg-

yGlusyGlusdpeg-dpei-yGlus, <dpeg-dpep-vGlus, syGlu-yGleyGhedpegs, and ~yGlusdpeg-.

&

i
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3

In some ambodiments, the polypeptide comprisas thrae, two, or preferably one lipophilic

substituent cacl with a spager. T sonie embadumenis, the paphilic substituent aod spacerare &

monevalent group of Farmula V:
AGH-CO-(CH -7
Formmda ¥V

wherein

Zois SUHz or -002H;

m s from 4 to 340 and

s fromd o L

In some embodiments, Z 18 -CHs, In some ainbodiments, Z: 18 <00 .

in some embodiments, mis from 14 ia 20,

In sore embodiments, m {s selected fron the group covsisting of 4-20, 820, 12-20, 14-
20, 16-24, 14, 16, 18, and 20.

In some embodiments, nis selecled from the group consisting of 1, 2. 3,4, 5,6, 7, 8, 9 and

18 Insome embodinents, nis 1. Insome enibodinmeits, s 2. nsomecmbodinéiits, nis 30 n

some cobodinents, nis 4, In some embodimenis, n s 5

In sore embodiments, the pelypeptide comprises three, two, or preferably onw lpophilic
substitnent each with a spacer, In sowe embadiments, the lipophitic snbstitnent and spager sig a
mpnovaleut aroup of Forowla VE

yGhl Gl )-CO-(CH e
Formada VI

whertin

Z i <CHz or ~CO:H;

mis from € to 24; and

s from e [0

In some embodiments, (vGluk is selected from the group consisting of vGlyg 20vGlu)
3(xGlay AyGlay; and S(vGl), I some einbodiments, -(yGlu-{GIv)- is selected Trom the group
corsisting of 2vGinL Gy and 3(rGIe)LGI

In some embediments, the polypeptide comprises three, two, or preferably one ipophilic
substituent cach with a spacer. Tn some embodiments, the tipophilic substituent and spacer are o

menoevalent group of Formula VIE

i
15751
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AGY (G AL DU H -2
Farvidla VH

whersin

Zis CHyor -COsH;

o s from 4o 247 and

s feeam 1 e 18,

I some embodinents, certain variables represented i gestain of the preceding Formulae
include the tollewing:

o some exbodiments, Z s -UHs. In some embodimengs, Z 8 -CO:H.

In some eobodinenis, i s seledted from the group consisting o 4-20, 820, 12:20, -
20, 16-20, 14, 1R 18, and 20,

In santie embodimenis, 1 is selected from the group consistingof 1, 2,3, 4,5, 6, 7, 8,9 and
1, 1o seang eimbodiments, i is 1. o someamboediments, nis 20 In same embodimenty, nis 3. In
some smbodiments, g4, I some embodiments, n s 30

In some entbodinents, i iy L and 215 CO:H. In some embodiments, o is §and £ is -CHy,
H

In some embodiments, i is 2 and X is «CO:H. In somo embodiments, o is 2and 2is CHs In
soie embodimants, 1 i 3 and . 5 OO I somie simbodivients, o83 and Z i <CHs, by somg
gmbodiments, 0 is 4 and £ 15 <COHL I some enbodimients, v is 4 and Z 5 <CHi,. o some
swbodiments, nis Sand Zts —{,‘:()gﬂ, In some embadiments, v is S and 2 15 -CHG,

In some embodiments, n 18 1, £ s -CO:H, and viis 14-20. o some embodimenis, n s 1,

Zois CO:H, snd s is 14, In seme embodiments, wix 1 2 38 ~CO:H, and mois 16, o some

cmbadiments, nis 1,2 is -COsH, and m s 18,

0 some embodiments, nix 1, Z s «CHs, and mois 14200 Insome embodiments, nis 1,2
ie-CHyand m is 14 Insome embodiments, nis 1, 205 ~CHa, and mis 160 o some embodiments,
nis 1, Fis -Cly, and mois 18,

Insome embodivents, nis'Z, 236 -C0:H, and muis 1420, TIn someembodiments, n s 2
Zis 0O:H, and m i 14, In some embodiments, 1 2, 7 is -COH, and mois 16, Tn sonse
erbodinets, nis 2, Zis OO0, and my ix 1N

In some embodiments, 1118 2, Z 48 <CH;, and mois 1420, Iy some embodiments, nis 2, 2

18 ~CHyand or is 14, 1o some embodiments, 5is 2, 2 18 ~CHa, and o is 18, 10 some embodimants,

nis 2, Zis~CHy, and mis 18,
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Insome erabodinments, nois 3, 718 OO0, and m s 14220, Iy some embodiments, nis 3, 2

is -CO:H, and m & 14, I some embodiments, v 8 3, Z 3 -CO:H, and m 15 16, In some

embaodiments, nis 3, & i3 -CORH, andmeis 18,

10 sonte enthodinrents, n s 3, Z 88 -CHs, and ot ds 14-200 I some embodiments, nis 3, 72

is-CHyand miy 14, o some embodiments, wis 3, 2 i-OHy and mois 160 Insome embodimentsy,

nis 3, Zie<CHy and mois 18,

Insome gmbodiments, n is 4, 216 00:H, snd wiig 1420, Ty somie embodimenis, n is 4,
Zois SO0H, and mois 3L In some embodiments, w4, 2 35 ~COH, angd mois 16, In seme
ambodiments, 1 is 4, Z is -CO:H, and m is 18,

In somme embodiments, i i 4, F s -Cy, and wis 142200 B soneembodinms, nis 4, &
is «=CHyand m s 14, Insome embodiments, nis 4, Z 15 <CHy, and m s 16, In sonte embadiments,
s d, L -UHy and mis 18

In some embodiments, n s 8, 2 is <CO:H, and mis 1420, In seme embadiments, a is 3,
Zois LOH, and mois 14 In sewe cmbodiments, nois 5, 7 s SCCRH, and moas 160 In some
crbodinigits, nis 3, Xis «CO:H, and nt is 18

In some eabodimends, i §, 2 is «CHy, and oy is 1420, Inosonwe embodimenis, n iy 2

s -Cyand mis 14 Insome ombodunenis, nis 3, £ 15 -CHs, and 13 16 Tnseme smbodimets,
ais &, Zis-CHy, and mis 18,

In some ambodiments, the polypeptide comprises three, two, o preferably one Hpophilic

substituent cach with a spacer. 1 some embadimenis, the tipephilic substituent ned spacer are &

monevalent group of Formula VIH:
Y Do Ve Y 202-COACH
Formgda VHL
whergin
L5 -CHy or -CORHy
mis frow 4 o 34
Y 1 is selected from the group consisting o yGle, Asp, and Gly;
Y s selocted fion the grdup consisting of yGlu, Asp, and Gly;
Vs [COCHOCHCH)NH
£ 18 froms 1 to6

nl g from O o 1

i
H
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n2 is Gony 0 to 10; and

pis fromy | to 6,

I somie embodiments, the polypeptide comprises threg, two, or preferably coe lipophilic

L1

substituenl each with a spacer. In some embaodiments, the lipophilic substitpent and spacor are &
monovalent grouy of Fermuda EX:
AVl A Ve DO-{E Ha Yo
Formuda 1X
wherein

1 Zi-Chy or 2O H:

mis from 4 to 24
Y is selected from the group consisting ot yGlu, Asp, and Gly;
Vi JCOCHAHNOCH2CHINHES
£ 18 frome T to & and
13 iy dresn 4 ol 10 diwd
Piscfrom | to 8,
In sore embodiments, the pelypeptide comprises three, two, or preferably onw lpophilic
substitenil each with @ spacer, In sewe envhodiments, the lipophilic substitneny and spager are a
monovalent group of Forowda X:
Formala X
whertin
Z i <CHz or ~CO:H;
a1 is from 4 o 24;
dpeg & - COCHNOICH pOECH N

Y2 is selected from the gronp consisting of yGhy, Asp, and Gly;

15 Trons 1o B and
12 s o o 10

la some embodinments, (dpegk-t Y Da-is selected from the group consdsting of dpegyGhy

sy

3 and dpegadpegyGlu
Inan embodiment, <{dpeg)e(Y 2~ 18 ~dpeg-dpeg-yiitu-

36
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In some enibodinients, the polypeptide comprises threg, twa, or preforably one hpophilic
substituent cach with a spacer. 0. some embodiments, the ipophitic substituent and spacer ave 8.
mcanyvatent group ol Formuda X

AN as-{dpegh-COLCH

Fornuida X1

whersin

2w ACHy or CQsH;

s from 410 24

Yisselected fiom the grdup consisting of yGlu, Asp, and Gl

dpes 5= JCOICHMHCH pO(CHONH

pis fromy | to 8 and

nl g from O to 10

In somie embodinents, 7 i -COsH,

In some ehibodintents, m is selected from the group consisting of 420, 820, 12.20, 14-
20, 16-20, 14, 16,18, and 20, In some embodiments, muis from I8 o260

In some cmbodiments, Y1 s vGlu.  In sorse ewbodiments, Y1 s Asp. Tn some
gmbodiments, Y1 is Gly.

In some embodiments, nd is selectad from the group consisting of 0, 1,2, 3, 4,5,6, 7,8, 9
and 160, In some combodiments, ol 18 from 016 3 B some embodiments, nl i3 0. T some
cmbodiments, 1l is 1 In someembodiments, nd i3 In some embodiments, nl is 3. o some
embodiments; nl is 4, 1 some embodiments, nl iy 3,

o some embodiments, pis from 1 (o3 In some embodiments, rix 1. Insome embodiments,
ris 2. In some embodiments, 1 is 3, In seme ensbadinents, riv <. In some embodiments, v is §,
In some gmboediments, ris-6, Tn sonte crbodiniets, ris 7. T sdme embodiments, ris 8.

In some embodiments, ris Tand nl s 2

Tn somme enbodiments, Y1 is yGlu, ris 1, and nd s 2.

In-sonid ambodiments, Y Dw-fdpegl- 18 selected Fom the group: consisiing of ~yGiw-

wWilusdpeg-, -yl yGhedpegsdpeg-, ~vGluilu-vGlusdpeg-, and ~yGlu-dpeg-,

Fther sxemplasy snaeers

=3

i
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In some embodiments, the spacer comprises a bivalent group of Formula X1
“NROCHR (pCO—NERHCH RO H 3O CHOCO—}
Fosmula XH

whergin

sach Ry and Ra s hydrogen or Cr-Cl alkyl

gach Keis Boor CO:H;

pis 1, 2,34, 5 or &

gis I, 20r ¥

risfor

witich spacer forms 4 bridge batwaen an aniing group of ihe disclosed polypeptide and a
CO— grogp of the lipophilic substiuent,

In some embodiments, the spacet comprises a bivalent group of Formula XHik

[-NIR IO He b OO Ha O CHC O T
Fewmmula XHI

whiergin

cach Ry is hydrogen or Cr-Cyalkyl:

gis L der 3

vigtrart.

which spacer forus a bridze betwaen an amine group of the disclosed polypeptide and a
CO— graap of the Hpophilic substituein.

In seme smbodimenty, certain variables represented in cortain Formulae inchude the
following:

In some embodiments, cach Ry is hydrogen. In some embodimenis, cach Rais hvdrogen.
In some cmbodiments, cach Ry and cach Ryare hydrogen.

In some embodimends, &t feast.oue Ry 18 COuHL Insome embodiments, one Ry s CORHL

In sowme embodiments, pis L In some embodiments, pis 2. In some embodiments, jris 3.
In some enhodinments, pis 4. In some embodiments, pris §. In some ambodiments, p is &

I sonmy enabodinaents, g s 1 T some soibodiments, g is 2. In same eimbodiments, g is

10 xome smbodimends, ¢ sl In some cosbodiments, ris b

pr e
-
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In somie emabodiments, the spacer is v-glutamyl, te., “NH{CHCOH K CH0 0= In some
cibodiments, the spacer is y-aminobuignoyl, Lo NHUHKCO--. Iy some entbadiments, the
spacer is B-asparagyl, fe., ~NH{CHCOHNRCHCO--. In some embodiments, the spager i —
NI(CHpCO-- T sonte embodiments, the spaceris glyeyl, In some embodiments, the spacer is
B-alanyl,

I some  embodiments,  the  spacer 18 SNHCHCO:HNCH: :CO-
INCRAOWECHL0{0H O CHAC O], Tn some embodiments, the spager is ~NH{CH):00-
[N CH OO H O CHC O T In some ombodiments, the spacer s
NHCHCOHRCH pOO-NHECH OO H O CHOTO-. In some emboditmends, the spacer is
NHECH: BOO-NHCH OO HD2MN N CHA00-  In somg embodiments, the spacer is -
NHCH{COHCHCO-INROUCH ROICH MG CHACO—].. In some embodiments, the
spacer is “NHECH: CO-{NR s HICH :O(CHa RO CHCO—]-

In sene embodiments; the spacer comprises a bivalent group of Formuda X1V

AV Y
Fornda XTIV

wherain

Y s selected from the group consisting of yGlu, Asp, Lys and Gly;

nisTrom | o 16

In some smbodiments, Y iy selected from the group consisting of vGlw and Gly, 1o sowe
smbbdimeits, Y 159Gl Tn some entbadiments, Y is Gly,

In some embodiments, the spacer forms a bridge betyyeen an amino growp of the diselosed

polyvpeptde and & €O~ group of a lipophilic substituent, I some embadiments, vne end of the

spacer forms a-covalent bond with an amino group of the disclosed polypeptide and the otherend

of the spacer forms @ vovalent bond with a hydrogen giom or & protecting group,
In some embodiments, the spacer contprises a bivalent group of Formula XV:
“{vGilae-
Fotmula XV
wherein

ais freem 1 e 10
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In somie embodimeris, n s selected fror the group consisting of 1, 2, 3,4, 5,6, 7,8, 9 amd
18, Insome cmbodinents, nisd. Insome Smbbdiments, nag 2, Insone Sbodimeists, nis 3. In
some embodiments, nis 4. In some ombodimenis, g s &

{nsorie esabodiments, the spacey forins 1 bridge belween dn guiine group of the disclosed.
polypeptide and a CO- groupof a lipophilic sehstiinent. In some embodinlents, one end ol the
spacer furms @ covalent bond with an aming group of the disclosed polypeptide and the other end
of the spacer forms d covalent bond with a hydrogen atom or & protecting group.

in some embodimenis; the spacer comprises a bivalent group of Formula XV

Lyl d-{Gly)-
Formuda X¥1

whergin

nisdrom o 140

In some embodiments, {yGlu) iy selected from the grouwp consisting of vGhyy 2{vGlu)

3 Gilay, 4evGluy, and S{yGla). In seme embodiments, -y Gl i selected from the growp

consisting of 2(yGlu),Gly; and 3(yGlu)Gly,

In some embodimenis, the spacer foems a bridge between an amino growp of the diselosed

palypeptide aud a CO— group -of a lipophilic substituent. To some embodiments, one cod of the

spacer forms a govalent bond with an anine group of the disclosed polypeptide snd the otherend

ol the spacer forms a covalont bond with a hydregen atom or & pretecting group.

In some embodiments, the spacer contprises a bivalent group of Formula XVIk
ALy 1y Gl
Fosmnls XV

whergin

iy feomm e 10,

In some embodiments, he spacer forms & bridge between an amito group of the disglosed

pulvpeptide and a CO— group of a lippphilie substituent. Ju some embodimenis; pne sud of the

spacer forms a covalent band with an amine group of the disclosed polypeptide and the other end

of the Spacer forms a covalent bond with a hydrogen atem or 3 proiecting aroup.

la some embodinents, n s selected from the group consisting of 1,2, 3,4, 5,6, 7,8, 9 axd
L6 Inosome embodiments, nis B 1o some emboadiments, sis 20 o some embadiments, s 30 In
some embodimertts, n i 4. In some embodiments, n1s 5,

&l



L

20

i
4

WO 2021/212026 PCT/US2021/027763

In some embodiments, the spacer comprises a bivalent group of Formula X V1T
AV (Y )
Formula XV

whergin

Y s selected from the group consisting of yGhu, Asp,and Gly;

Vg <[ COCHA#OCHCHNH}

£ 18 froms 1 to 6

nis from 1o 10 and

tis fram 1 1e 6.

In s onbodimients, Y isvGlu, In some embadimanis, Y isAsp. lnsome embodiments,
Y s Gly,

In some embodiments, n s selectad from the group consistingof 1, 2,3, 4,5, 6,7, 8,9 and
18, 1o sonte enshodiments, n s frain 1 e 3. In some embodiments, iis 1. Insome embodinenis,
n i 2, In some embadiments, s is 30 Insomie embodiments, v 4 nseme embodiments, nis 8.

Insome ginbodiments, ris from 1 to 3. i seme cimbodiments, fix 1. In sonte embodiments,
vin?d. Insome entbediments, ris 3. In some embodiments, vis 3. 1o some embodiments, ris 8,

In some embodiments, §is from | to 3. 1o some embodiments, 1 is selected {rom the gronp
consisting af' 1, 2, 3,4, Sand 6.

Inan srbadient, -j{\f}s(‘i‘."}m- 1% v{(?()ﬂfﬂ;‘f{(:}(j'f}fi':‘«_'(:.‘zH;{}:NH];:—?(H}J—;

In some embodiments, ihe spacer farms & bridge between an aming group of the diselosed

polypeptide and o CO- group-of w lipophilic subsiituent. o some eoibodiments. ong eod of the

spacer forms a covalent bond witly an amine group of the disclosed polypeptide and the other end

of the spacer forms a covalenl bond witha hydrogen atom or a prolecting group.

la some embodiments, the spacer comprises a bivalent group of Formula XIN:
(Y 1 hne-(dpegh-(Y 13-
Formuda X1X
wherein
Y1 i selocted from the group consisting of yGlu, Asp, and Olyw
Y2 i selected (rons the group consisting of yGlu, Asp, and Gl
dpeg s JCO{CHDOCH pOMCHINH]-
r iy from 1 1o &

&1
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al is ooy D o 10; and

n2 ig from 0 1w 10

In some embodiments, Y1 is yGlu,  In some cwbodiments, Y1 is Asp. T some
cmbodiments, Y1is Gly.

In some vbodimenis, Y2 iy vGlu.  In some embodiments, Y2 3y Asp. In some
enthodiments, Y2 s Gly,

In xome eobodiments, 0} iy selected from the group consisting of 6, 1, 2,3, 4, 5,6, 7. 8,9

and 10, In some embodiments, nl is fom Qo 3. I some cmbodiments, nl s 0, In some

embodiments, nl is 1, In some embodimenis, nd is 2. In sonie embodiments, 1l is 3. In some
gbodinnents, nl s I somie ambodiments, nl i85
In some embodiments, n2 is selected from the group consisting of 0, 1, 2,3, 4,5, 6,7, 8, 9

and 10, To somis smbodiments, 82 is from 0 o 3. In some swbodiments, 02 is 0. 1o some

gmbodiments, n2 is 1. In some embodiments, n2 2. In sonie emibodiments, 12 15 3, Tn sonwe

ewbodiments, 02 ts4, In some embodiments, 02 i3 5,

Insome ginbodiments, ris from 1 to 3. i seme cimbodiments, fix 1. In sonte embodiments,
rix2, I some gmbodiments, v ig 3. In seme embodiments, £is 4 In some cobodimenix, ris 3
i1 sone etnbodinents, £ 8 6. Insome smbodiments, 115 7. 1o sonds srubodinionts, s &

{n somc gmbodinents, ois 1, 0l is ?.,, and a2 0.

P some embodiments, vis Lol s, and o2 §5 2

In some embodimends, Y1 is vGluand Y2 576Gl

In some embodimenis, Y1 is Gl and n2 i 6,

Insome embodiments, Y1 isyGlu, ris 1, 6l is 2, and a2 is 0.

I some embodinmats, Y Di-(dpegi-0Y - iy selocted from the group eonsisting of -
wWilu-yGlusdpegs, <y GlusyGlusdpee-yGlu-yGlus, yGlu-yGlusdpegyGlus, < GlusyGlu-dpeg-dpeg-
=G luGle-dpse-dpes-yGlus, dpee-dpeeGlu-, -yGlhu-rGlu-yOlu-dpeg-, and <yGlu-dpeg-.

In some embodiments, the spacer forms a bridge between an amino group of the disclosed.

polypeptide and a CO— group of a lipophilic substituent. In some ewbadiments, one end of the

spacer forms a covalent bond with an aming graup of the diselosed polypeptide and the olher end
of the spacer ferms a covilent bond with a hydrogen siem or & protecting groug,

Accordingly, in some embodiments, an isolated polypeptide provided herein comprises an
aming acid sequence, or a pharmaceutically acceptable salt thereol, selected from the group

a2
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consisting ol anine acid sequences representad by a cousensus sequence selected from the group
conststing ol SEQ MY NOs: 161 o 12, 11500 139, 211 312, 220, 228 w0 235, 23R8, and 238,

wherein the isolated peptide fusther comprises a Hpophilic substituent, and optionally comprises g

spacer. o some embodiments, an isolated polypeptide provided herein comprises an aming acid

sequence, or 8 pharmaceutically acceptable salt thereof] selected from the group consisting of

amite acid sequences represeated by & consensus sequence seleeted frony the group consisting of

BSEQ I NGs: 101wy 112, 115 to 140, 14210 17, 14940 160, 211, 212 221, 225 1 235, 238 10

243,231, 252, and 255-238, wherein the iselated peptide further comprises a lipophilic substituent,
and optionally comyprises a spacer,

In some erubodinuanis, an isolated polvpeptide provided hersin comprises an aming acid

sequence, or a pharmaceutically aceeptable salt thereof, selected from the group consisting of

amino acid segnences reprasented by a consensus sequence selected from the group consisting of

BEQ IR NGs 101 to 112, 11510 138 T2, 221,225 10 233, 238, and 239, wherein the isolated

peptide further comprises a l,i;;m;ahi_l ie subxtituent of Formmla L by some embodimenis, an isolated

polypeptide provided hereit comprises ant aming ackd sequenes, or a pharnisecutivally aceeplable.

salt thereofl selected from the group consisting of amino acid ssquences reprosented by s

consensus seghence selected from the group consisting of SEQ 1D NOs: 101 1o 112, 1S 10 134,

142 to 147, T8 o 160, 211,213, 221, 225 10 235, 238 1o 245, 251, 352, and 255-238, whergin the

isclated peptide furlher comprises a lipophilic substituent of Formula §

In some embodinents, an'isolaied potypeptide provided herein comprises an anung acid

segquencs, or a pharmacentically sceeptable salt thereof, sclected from the group consisting of

amino seid sequenges represented by a consensus sequenve selocted from the group consisting of

SEQID NOs: 101 1o P12, 115w 139,211,212, 221,225 16 233, 23§, and 239, wherein the isolated

poptide further comprises a Hpophilic substituent of Formule L and a spacer selected Trom the group
consisting of thase deseribed by Formuln XH, XHI, XTIV, XV, XV XVIL XV and XIX Ie

some embediments, an (solated pelypeptide provided herein comprises an aminoe acid segquenge,

ar a pharmacewsically scceptable salt thereal, selected from the gronp consisting of amine seid

sequences représeated by a consensus sequence sclected fram the group cmisi;ling of SEQ D
NOs: 101 o 2, 115 1o MO, 1420 147, 1488 w0 1D, 211, 212, 221, 2238 30 235, 238 10 245, 251,

252, and 255258, whereiny the isolated peptide further comprises & Hpophilic substituent of
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Feemula T and a spacer selected frony the group consisting of those deseribed by Formula XH, X1,
XV, XV, XVE XVH, XV, and XIX,

In some embediments, ay isolated polypeptide provided berein comprizses an amive seid

sequence, ora pharmaceutically acceptable salt thereol| selected from the group consisting of

amino aoid sequences represenied by @ cousensus sequence sefected from the group consisting of
SEQIDNQs: 10 to 112, 113 &0 139, 215,212,221, 225 i 235, 238, and 239, whereln the iselated
poptide fuether eomprises a lipaphilic substitent and aspacer selotied from the group consisting
of those deseribed by Formula L 1, I, IV, VOVL VH, VI IX, X and XE Insome embodiments,
atisolgied polypeptide provided herzin coniprises an aming acid sequance, ora pharmaceutically
m‘:éépi&lﬂé sall thordod, selectad fromiihe group consisting of suiine scid sequences represenied by
& consensus sequence selected from the group consisting of 101 1o 112, 115 w0 10, 142 w 147,

149 10 166, 211, 212, 221, 225 10 235, 238 o 245, 251, 252, and 285-258, wherein the isolated
peptide further comprises a pophitic substituent and & spacer selected from the group coasisting
of these described by Formula 1 1 HL IV, VO VI VL VI EX, X and XL

In some ehtbodiments, an isolated potvpeptide provided herein comprises wi aming acid

segquence, or a pharmacentically sceeptable salt thereof, sclected from the group consisting of

aming acid seqhences represented by a conseusus sequence selected from the group consisting off

SEQIDNGs; 1011 P12, TS0 139, 211, 212, 221, 225 10 235, 238, and 239, wherein ihe isolated

peptide further compuises & Hpophilic substitvent and a spacey selected from the group consisting:
of those deseribed by Foromla L Inosome émbodiments, an isalated polypeptide provided herdin
comprises an aming acid seguence, ova pharmacentically acceptable salf thereot, selevied from
the group consisting of amine acid sequences represented by a consensus sequence selected from

the group consisting of SEQHID NOs: 101 to 112, 113 1o 140, M2 w0 147, 18 o 166, 211, 212,

221,235 10 235, 238 to 243, 251, 232, and 255258, wherein the isolated peptide further comprises

2 lipophilic substituent and & spacer selested from the group consisiing of thest described by
Farmuda 1

1 some embodiments, an isolated polypeptide provided herein comprises an aming goid

sequence, or a phavacentically accepiable salt theved| selectad fromt the group consisting &f

anting acld sequences reprosented by a consensus sequence selected from the greup consisting of

SEQIDNOs: 1601w 112, 115 10 139,211, 212,221, 22510 2358, 238, and 239, whergin the isolated

peptide further comprises a ipophitic substituent and & spacer selected from the group coasisting

a4
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af those described by Formula 11 To some embodinents, an isaluted polypeptide provided herein

comprises an aming &eid s¢quents, or a pharmaceutically acceptable sglt thergoll selecied fram
the group consisting of amine acid sequences represented by a conaensus seguence selerted from

sting of SEQ 1D NOs: 101 t0 112, 115 10 140, 142w 147, 149w 160, 211, 212,

the grous consi
221,225 50 233, 238 10 245, 251, 252 and 255-23K, wherein the isolaled peptide further comprises
a lipophilic substituent and & spacer selected from the group consisting of these deseribed by
Formuda {1

In sonwe embodiments, an isolated polypeptide provided herein comprises an aming geld

sequence, ora pharmaceutically acceptable salt thereol| selected from the group consisting of

aroing acid soquanices vepresented by & consensusisequence seleciad rom the group consisting of
SEQIDNOs: 101 to 112, 115w 139, 211,212,231, 225 {0 235, 238, and 239, wherein the selated
peptide further comprises a Hpophilic substinient and a spacer selevted from the group cousisting
of those-deseribed by Formula HI, In some embedimenis; an isolated polypepside provided herein
comprises an amine acid Sequence, or a pharmacentically acceplable salt thersof, selected from
the group consisting of amino aoid sequences represented by g consensns sequeties selectad frony
the groap consisting of SEQ 11 NQs: 101 to 112, 115 to 140, 12 {0 147, 149 (0 160, 211, 212,
221,225 10 235,238 to 245, 251, 252, and 255-258, wherein the isolated peptide further conprises
& lipophitic substituent and s spager selecied fromy the group consisting ol those described by
Forowla 111

In some embodinents, an'isolaied potypeptide provided herein comprises an anung acid

segquencs, or a pharmacentically sceeptable salt thereof, sclected from the group consisting of

amino geid xequences represenited by & consensus sequernve selected {rom the group consisting of

SEQID NOs: 101 1o P12, 115w 139,211,212, 221,225 16 233, 23§, and 239, wherein the isolated

poptide further comprises @ Hpophilic subsiituent aud a spacer selected from the group consisting

o

v

of thase deseribed by Formula TV, Tn'some embodimenis, an isolated polypeptide provided horgin

comprises 3n amine acld sequence, o a pharmacguticaily acceptable salt thereof, selocted from
the group consisting of amine soid sequences represented by & consensus sequence selecied froim
the group consisiing of STQ IDNDS: 18] to V12, 115 (o 140, M2 w 147, 149 10 180, 211, 212,
221,235 80 235, 238 to 243, 251, 232, and 255-258, wherein the isolated peptide further comprises
# lipophilie substituent and & spacer seleeted rom the group consisting of those Jeseribed by

Formuda IV,



L1

"J;

20

WO 2021/212026 PCT/US2021/027763

As  used  heretn,  (vOluyy and 2(vGihey both  mesn -(pGla-(eGluy- or -
CO{CH: hCEHCOMNH-COCH pOCHICOHINER: GeGluds. and 30vGhay Both mean -vGlu)-
{yGhu-(eGlud- or -COCHRUHCOENNH-COMCH hUHIC O FNH-CO{CHa hUH{C O HINH=;

cie; whore a vardable 18 prosent wore than once e given formaols, cach ecourrente of that
variable is independenily delermined, For éxample, for growp (Y b~ where ¥ may be yOlu, Asp,
Lys, or Gly, sach Y 1% independently seleeted to be one of the four amino actds. Avcordingly, by
nen-hmiting exampley Y- may be (GRG0 ~(YO-{Asp-iyGlay-, Gl

{Asp)-{vGluk, ar <{Gly ) (yGha(vGlu)-.
Brideing Molery

In some embodiments, any of the disclosed polypeptides is optionally substituted with one

ormere bridging moieties, As used herein, the torm “hridging moiety™” nyeans a covalent bend or

any bivalent buker ar molety that joims iw¢ sidechains of two separale amino acid vesidues, In

some embodiments, sy of the disclosed polypeptides i optionally substifuted with ong ot mese

lagtam bridging mofeties,  Ag used herein, the term “lactam beidging molety” means & lactam
bridge ov lactam bond that joing amine-conteining snd carhoxy-comsining sidechains of tvo
separate amino actd residues.  In some embodiments, the lactam bridging moiety is formed
bebween a lysing residug and anaspartic acid residue, and the anino-containing sidechain of Tysine
and the carboxy-containing sidechain of aspartic aoid ave covalenly joined, with lnss ofwater, 1o
form g factam bridging moiety, In sowme embodiments, the lactam bridging moiety is formed
between a lysing rosidus and a glutansic acid residus, and the amino-containing sidechain of tysine
and the carboxy-containing sidechain of glutansic acid are covalenily joined, with loss of water, o
form & laclam bridging moiety. 1o some embodinents, the lsctam briduing mosily is formed
between two aminro acids that are spaced three, four, or five residues apart on thepeptide. In sonie
gmbodiments, the lectam brideing moeity is formed between two aming aoids that arespaced four

residees apat-on the peplide:
Polvpeptide intermediares & gereral methods of providing the present compownids

The comjpraunds of this tnvention may be prepared or isolaled in geueral by synthetic andfor

seni-synthetic methods know to those skilled in the art for analogous compounds and by methods

<escribed in detail in the Examples, herein.
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In the Schemes below, whare & particular profecting group ("PG™), leaving group (PLG™),
or transformation condition ix depicied, one of ordinary skill fn the art will appregiate that other
protecting: groups, leaving groups, and transformation conditions are also suitable and ase
comtemplated.  Such groups and transformations are deseribed in detail in Mareh'’s ddvanced
Ohrganie Chemistry: Reactions, Mechonises, aad Strpcture, MUB. Smith and J. March, F Bdition,
John Wiley & Sons, 2001, Comprehensive Organic Trapsformations, R, C. Lasock, 25 Bddition,
Toha Wiley & Sons, 1999, and Protecting Growps in Organiy Syathesiz, U, W Greene and PG

M, Wuis, 3% edition, John Wiley & Sons, 1998, the eatirety of cach of which is hereby incarporated

herein by reference.

{e.g. fluoride, chloride, hromide, todide), sulfonates (e.g. mosviaile, tosylate, benzenesullonate,
hrosylate, nosyhate, Wiflate), diazoniung, and the bke.

As used herein, the phrase “oxygen proteting group™ includes, for example; carbonyl
protecting groups, hydraxyl protecting groups, ste. Hydroxyl protecting groups are well knewn
in the art and inchude those deseribed in detatl n Protesing Growps in Organic Svithesis, T. W,
Greeng and P0G M, Wus, 39 edition, John Wiley & Sons, 1999, the entively of which is
incorporated herein by reference. Examples of suitable hydroxyl protecting groups inchade, but.

arenct limited to, esters (e.g., acely!, beneyl), allyvi ethers, ethors, sily! ethers, alkvl ethers, arylalkyl

o]

sthers, benwyl ethers and allvexyaltkyl othors. Exanples of such estery include formates, acetates,
carbonaies, and sulfoniies, Specific examplos tnclude formite, benzoyl formate, thloroacetate,
willuoroaeetats,  mothoxyaoetate,  iriphenylmethoxyacelste,  p-chlorophenoxyacetate,  3-

phenvipropionate, d-oxopentanaste, 4.4-(cthylenedithivipentanoste, pivaloste {wrimethylacetyly,

erofonate, d-methoxy-crotonagte, benzoate, p-benvlbenzoate, T4, 6-rimethylhenzoate, carbonates

sucke as mothyl, 9-fluorenyimethyl, othyl, 2.2, 2-wichloreethyl, 2-(Grimethylsilvhethyl, 2+
{phenylsulfonyliethyl, vinyl, allyl, and pnitrobemeyl,.  Examples of such silyl gthers include
trimethiylsilyl, teiethylsilyl, tbutyldimethylsityd, t-bugyldiphenylsilyl, triisopropyisilyl, and other
trintkylsityl ethers, Alkyl cthers inclode methyl, benevl, p-migthoxyhenzyl, 34-dimeitiox yhenzyl,
trityvl, t-butyl, allyl, and aliviexyearbony! ethers or derivatives. Alkoxyvalkyl sthers inelude acetals
such as methoxymethyl, methylihiomethyl, 2-methoxyethoxyimethyl, benzyloxymethyl, betas

{trimethyisitylethoxymethyl, and letrahydropyranyl sthers. Examples of arylalkyt ethers include

s
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beneyl, p-methoxybenzyl (MPMY, 3 d-dimethosybenzyl,  O-vitrobenzyl, p-nitrebenzyl,
p-halobonezyl, 2.6-dichiorebanayl, p-eyanobeneyl, and 2-and 4-picolyl

Aming protecting groups are well known in the art and include thoss described in detail in

Frateciing Groups in Qeganic Synthesis, T. W, Greene and P. G, M. Wuts, 3% edition, John Wiley
& Sous, 1999, the entivety of which is incorporated berein by refercpce. Suitable amino protecting
groups include, but are not limited o, sralkylamines, carbamates, cyclic imides, allyl amines,

amides, aud the like.  Examples of such  groups dncinde  tbutvlexyearbonyt  (Boe),

ethyloxyvearbonyl, methyloxyearbonyl, wichivrosthyloxyearbonyl, allvloxyearbonyl (Alloc),

banzyloxocarboryl (Chey, allyl, phihalimide, benezyl (Bn), dimethyl-26-dioxocyclohex-1-
yiidengiethyl  (Dmb),  I{dd-dimethyl-2 6-dicxooyetohex-1-vhdene}-3-methyibuiyl  (ivBde),

fluorenyimethyvlearbonyl (Fmoc), formyl, acetyl, chloreaceiyl, dichloroacetyl, tichloroacetyl,

phevylacetvl, wifluoroacetyl, benzovl, and the ke

In cortain embediments, the present invention also relates to syathetie peptide

intermediates of disclosed glocagon analogs. by some envhodiments, & polypeplide intermediate of

the diselosure is an isalated polvpeptide comprising the amino scid sequenes of any of SEQ 1D
NOs: 16110 112, 11510 139,211, 212, 221, 2258 10 235, 238, and 239, wherein at least one aming
acid is covalently bound to & protecting group. In some embodunents, a polypeptide informediate
ol the disclosurg is an isolated polypeptide comprising the amine ﬁcid.xex;uencc. of any of SEQ 1D
Nes: 108 tor 113, 118 to 190, 142 10 147, 149 10 160, 211, 212, 221, 228 1o 235, 238 1o 245, 281,
252, and 235 to 258, whergin at least ong amino-acid s covalently bound o 4 pru&:cting group.
In some cmbodiments, a polypepiide Wtepmediaty of the disclosure Is an dsolated
polypeptide comprising the amina acid sequence of any of SEQ 1D NOs: 101 to 112, 115 10 139,
211,212, 227, 223 1o 235, 238, and 239, wherein at least ong amino acid is covalently hound lo a
spacer as delined herein, wherein the spacer is further covadently bound to o protecting group or a
hydrogen atom, In'séme embodiments, a polypeptide intevmedinte of the disclosure 15 an isolated
pulypeptide comprising the amina acid sequence of any-af SEQ 1D NOs: 101 1o 112, 11510 34
142 to 147, 199 10 160, 211, 212, 221, 225 to 235, 238 to 245, 251, 252, and 255 o 238, wherein
at least ome aniing acid iy covalantly hound 1oy spacer as defined hereln, whereln the spacer 18
further covalently bound to-a protecting group or 8 hydrogen atom, In some embodiments, the
polypeptide intermediate comprises a lysine residue bound 0 a protedling group via the aming
group of its sidechain, In sameembodimenty, the lysine residue & covalently bound 1o a Alloe or

a8
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ivDde. In some embodiments, the palypeptide intermuediaie comprises an aspartic acid residus
bound 10 & proteghing group vig the carboxyt group of s sidechain, In s¢me embodinents, the
aspartic acid residue is covalontly bound to analivi grovp. In some cwbodiments, the polypeptide
mtermediate comprises a glaiamic acid residue bound to a protecting group via the carboxyl group
ol itg sidechsin, In some embodiments, the ghetamic seid residue iy covalenily bound to an sllyl

2rou.

Methodsof Use

According (o another enthodinient, te invantion relaios to a micthod of treating nictabolic
disease or discrder i g subject in need of ireatment, comprising providing the subject ‘with an
effective amount of a glucagon analog polypeptide of the disclosure or a pharmaceutical
composition therdol, Melabohc disgases or disorders include type | diabgles, type 2 diabaies, and

obesity,  Additienally, the invention relates Lo g method of effecting weight loss in a sobject,

A

inchuding s diabetic subjoct, comprising providing the subject with an effective amount of 8

glucagon analog polypeptide of the disclosure,  In cerlain embodiments, the invention also relates

to methods of teating nonaleoholic faity- liver discase {(NAFLD) andfor nonsleoholio

steptohepdtins (NASHY

In sowe embodiments, provided 1§ a method of treating obesity in a hwman subject,

providing weight loss 10 the human suljject, or snppressing. appeiite in the homan Subjecy,

cotaprisingadminisiering 16 the subjectany af ihe polypoptides discdosed hersdiy, a phavmaceutical
composition comprising any of the disclosed polypeptides, or any osmotic delivery devies
comprisingany of the diselosed polypéptides,

In some embodinents, provided is @ methad of treating diabetes in ¢ human subject,
comprising adminisiesing lohe subjectany of the polypephides disclosed herein, a pharmaceutical
coraposition comprising -any of the diselosed polypeptides, or an osmatic delivery devies

comptising any of the disclosed polypeptides.  In some embodiments, the diabetes is type |

diabetes. T some erbodiments, the diabetes is type 2 diabates,

{n some embodiments, provided s a method of treating vonalcohiclic ity liver disease

(NAFLIY inva homan subject, compris

ing adoinistering o the subject any of the polypeptides

&b
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disclosed hereiv, a pharmaesutical composition comprising any of the disclosed polypeptides, or
an osmotic delivery device comprising any of the disclosed polypepiides.

In some ambodiments, provided is a method of treating nonsleoholic stestohepatilis
(NASH) in a human subject; comprising administering to the subject any of the palypeptides
disclosed herein, a pharmaceutical composition comprising any of the disclosed polypeptides, or
an asmotic delivery device comprising any of the disclosed polypeptides.

Glucagon analog polypepiides of the disclosure are partienlardy nsefud for the treatmient of
diabetes, the methed comprising providing o diabetie subject with an effective amount of a
glucagon anslog polypeptide.  In some embodiments, a glocagon analog polypeptide of the
discloture is used Tor e toainisil ol a snbjectwith type 1 or type 2 diabeites 1o contral, or réduse;
concentrations of blood sugar iy the subject, where blood sugar fovels can be montforsd or
approximated based on measured blood concentrations of glyeated henoglobin (hemoglobin
Alg, HbhAle)

{1 Jnsomeerbadinents, & ghocagon analogpolypeptide of the disclosure i used B

the treatment of a yubjoct with type. 1 dishetey;

(i} In some embodiments, & ghucagon analog polypeptide of the discloswre s used for

the irgatment of d sebect with type 2 disbetes:

(ity  In some ebodiments, @ glocagon aralog polypeptide of the disclosurgisiased for

the treatment-of abesitveand

{ivy  In some embodiments, a glucagon analog polypeptide of the disclosare s used Io

provide weight loss 10 a subjoct, such as a diabetic subject,

vy Insome embodiments; a glucggon analog polypeptide of the disclosurs i used for

the treatment of wmaleoholic gy eer discase (NAFLDY,

{viy  Insome embodinens, @ glucagon analog polypeptide of the disclosure i used for

the ireatroent of wonaleohnlie sigatohepalitis (NASH),

wherein the glocagon analog polypepltide of wsage (1), (113, (G0, (v}, {¥) or {vi) comprises
any isolated polypeptide of this disclosure inciuding those represented by sny of the consensus
sequences of SEQ D NG | thiough SEQ 1D NO: 39, or a phamiacentically acceptablasalt thereofl

ln some embodiments, the plucsgon anafog polypeptide of usage (1), {11, (i, (V) (v or

{vi} comprises any isolated polypeptide of this disclosare including those represenied by any of
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she consensus sequances of SEQ ID NO: 1 through SEQ ID NO: 60, or a phavmscentically
atcceptable sali thorgafl
In-some embodiments, the glucagon analog polypeptide of usage (3, (i), Gil), Gvy, (v)or

{vi) comprises any isolated polypeptide of this disclosure including those selocted fromthe group

comsisting of SEQ ID NOs: 3, 6, 21, and 24 or & pharmacewtically sceeptable salt thersof

1o some embodiments, the plucsgon anafog polypeptide of usage (1), {10, (i, (V) () or
{¥i} comprises the isolated polypeptide of SEQ ID NGO 3 or a pharmaventically scceptable salt
thereol, In some entbodiments, the glucagon anatop polypeptide of usage (1), (#), (1), ivL (Vi or
{vi) comprises the isolated polypeptide of SEQ TD NO: & or a pharmaceutically acceptable salt
thergall B Somegmbodiments, the glutagon analog polypeptide of usage (i G, (), (v, (vior
{vi} comprises the solated polypeptide of SEQ 1D NO: 21 or a pharmaceutically sceepiable salt
thereol. In some etubadiments, the glhicagon analog polypeptide of wsage (i), (1), (), (v}, (Vi or
{vi) comprises the isolated pelypeptide of SEQ 1N 29 or a phamaceutically acceptable salt
thersof.

In sonmie embodiments, the plicagon analpg: polvpeptide s used for the treatment of a

subject with tvpe 1 disboles wherein the isolated polypeptide is of SEQ I NO: 3 or s

phiarmaceutically acceplable salt thuveof. In some embodunents, the glocagon analog polypeptide

is gsed Tor the treninent.of a subjeet with type § disheles wheteln the isolated polypeptide is of

SEG D NO: 6 or u pharmaceutically acceptable salt thereal, I some emsbodinanis, the glucagon
analog polypeptide is used for ihe treéatment of 2 subject with type 1 diabeies whergin the isotated
polypeptice is of SEQ I Nt 21 or & phasmaceutically scceplable salt thereofl  In some
embaodiments, the glucsgon analeg polypeptide is used for the trestment of a subject with type |
diabetes wherein the isolated polvpeptide 1s of SEQ 1D NO: 24 or a pharmaceutically acceptable
salt thereol

In-sonte embodiments, ihe glucdeon amalog polvpeptide s used for the trostment of a

subject with type 2 diabetes wherein the ixelated polypeptide s of SEQ 1D NO: 3 or 8

‘pharntaceniically acceptable salt thereaf. In some embodiments, the glucagon analog polypepiide

1% psed for the meatment of a subject with type 2 disbales wherdin the isolated polypeptide 15 of
SEQ 1D RO: ¢ or o pharmaveutivally accepable salt thereol, In some embodiments, the plucagon
analog polypeptide is used for the treatment o a subject with type 2 disbeles wherein the isolated
polypeptide ix of SEQ I N 21 or a phammaceutically acceplable salt therenf,  In some
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embodiments, the glucagon analog polypeptide is used for the weatruent of a subject with type 2
dighetes wherein the kolated polypepiide s of SEG 1D NO: 24 ora pharmacentically acoepdable
sall thareal

T some embodiments, the glucagon analog polypeptide is nsed for the treatnsent of a

subject with obesity wherein the isolated polypepiide tv of SEQ 1D NO: 3 or a phavmaceutically

aueeptable salt thercofl [y some cmbudiments, the glucagon anslog polypeptide is used for the
treatment of a subject with obesity wherein the isolated polvpeptide is of SEQ 11D NQ: 6 or a
pharmaceutically aceeptable salt thereef, In some embodiments, the glucapon analog polypeptide
15 used Tor the trestment al a subject with obesity wherein the isolated polypeptide i of SEQID
Ny 21 or 2 pharmadentically aceepiable salt thergoll Toesonie cnbadinmenis, the ghwagon analoy
polypeptide is nsed for the trestment of & subject with obesity wherein the isolated polypeptide s
of SEQ IDNQ: 24 or a pharmaceutically acoeptable salt thereal,

In semne embediments, the glucagon anslog polypeptide is nsed to provide weight loss o

subject wherein the isalated polypeptide is of SEQ I NO: 3 ar a pharmaceutivally acoeplable salt
thereal. i some gmibodiments, the gluvagon analog polvpeplide 1s used to provide wiight foss (o
2 subject wherein the isolated polypeptide is-of SEQ 11 NG ¢ or a pharmaceatically acceptable
salt thereol. In some embodinients, the glucagen analog polypeptide s used o provide waight
loss it a subjeont wherein the isolsied polypepiide & of SEQ 1D NGO 2 or & pharmaceutically
acceptable salt thereoll Insome swbodiments, the glucagon analog polypeptide is used to provide
weight loss 1o 2 subject wherein the isolaled polypeptide is of SEQ 1D NO: 24 or &
pharmaceutically accepiable salt thereofl

In some embodiments, the glucagon analog polypeptide s used for the treatment of &

subjoct with NAFLD wherein the isolated polypeptide is-of SEQ ID NO: 3or a pharmaceutically

aveeptable salt thereol. o some enbodiments, the glucagon analog polypeptide i3 wsed for the
trgatment of & subject with NAFLD wherein the isolaled polypeptide s of SEQ 1D NOC 6 ar &
phavmaccutically acceplable salt thoveofl In some embaodiments, the glocagon analog polypeptide
is used for the teatment of a subject with NAFLD wherein the isolated polypeptide is 6f SEQ ID
NEY: 21 or & pharmacentically aceepiable sali thergoll B sonie anbodinsents, the ghucagon analog
polypeptide is used for the treatment of o subjeet with NAFLD wherein the isolaied polypeptide is

of SEQ D NG 24 or o pharmacentically acceptable salt thersof,

4
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In sonie erbodiments, the glucagon analog polypeptide 15 vsad for the treatment of a

subject with NASH whergin the tsolaigd polvpeptide 1s of SEQ 1D NGO or a pharmacsuticatly

acceptable salt thereoll In some embodiments, the glucagon analog polypeptide is used for the
treatment of & subject with NASH wherein the isolated polypeptide (s of SEQ ID NOr G or &
pharmacentically acceptahle salt thereof i some embuodiments, the glucagon analog polypeplide
i used for the treatment of a subject with NASH wherein the isolaied polypeptide is of SEQ 1D
NE: 21 or & pharmiaceutical [yacceptable salt thereol, In some embadiments, the glucagon anslog

polypeptide is ysed for the treatment of a subject with NASH wherein the isolated polypeptideis

af SEQ D NO: 24 or 5 pharmacsutically accepiable salt thereof

Th termus “patient™ oy “sobject™ as used herein; refer to a vaders or an avimal, preferably

a mammal, andmost preforably s human,

Cambinations

In some embodiments, 4 glucagon analog polypeptide of the disclosure is co-formulated in

combination with a sccond agent, ln some embodimeniy, a glocagon gnalog polypepiide of the

disclosure s co-formulated in combination with a second agent, wherein the second agent is un

inergtin mimetic, T some embodiments, & glucagon analog polypeplide of the disclosure (s co-
fornuulated in combination with a second agent, wherein the second agent is an insulinotrapic
compaunid.

The phrase “neretin mimeticd™ as used herein includes, but 18 not lmited {0
GLP-1 peptide; GLP-1 (7-36) GLP-1 receptor agonists; peptide derivatives of GLP-1; peptide
analogs of GLP-1; exenatide; exenalide having the amino seid sequence of exendin-4 {the
naturatly-oecurring form of exenatide; excnatidesLAR; lixisenatide; liraglutide; semaglutide;
dulaghdtide; albighutide; taspoglutide:  tirzepatide (B Lilly™s LY3298176 or  Y-{Aib)-
EGTFTSDY S AIB-LDKIAD-[diacid-gamma-Glu-l AREA-Lys]-
AFVOWLIAGGPSSGAPPPS-NH2) SEQ 1D NG: 303y glocagon as well as peptide anslogs and
peplide derivatives thereo!l glucagon tike polypeptide-2 {GLP-2) PYY as well as peptide analogs

and peptide derivatives thereal PY'Y(3-36); oxytoniodudin as will as peptide analogs and pepiide

derivatives thereal); amytin as well as peplide anafogs and peptide derivatives thereol] and gasurie
inhibitory peptide (GIP}. Ineretin mimetics are glso referred (o herein as “insulinotropic peplides.”
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Ineretin mimetics which target the GLP-1 recepter are also known in the Herature as “GLP-Y
recapor agonists” or “GQLP-1 agonists™ with both teoms being used fiterchangesbly horgin,

Some ergbodinsents of the present thvention comprise use of a disclosed glucagon analog

polypeptide of the present nvention in combingtion with a second therapeniic ageat, sich ag a

second polvpeplide, such as, by way of, non-limiting example, insulinolropic peptides. In some

embodiments, & pharmaceuticel censposdiion. comprising o glucapon analog polypeptide in
combingtion with & second agent 1y nsed (o treat type 2 diabetes.

Insome gmbodiments, provided 1s & pharmacensieal composition comprising any of the
isalated polypeptides as disclosed herein. I some embodiments, provided is a pharmaceutical
cotuposition comiprising apy of the isolated polypepiides as Jdisclosed hersin and futher
comprising a second polypeptide. In some embodiments, the second polypeptide s PY'Y analog.
1 some embodunents, the second polypeptide is an amylin aualog. Ina preforred smbodiment,
the second polypeptide isa GLP-1 receptor agonist.

Thg term “GLP-1™ refers to a polypeptide, glucagon-like peptide-1{7-3®)amide, a 30-
residize peptide hormene refessed from intestingl © cells fellowing nutrient constunption, GLP-1
has the amine acid sequence of (HABGTETSDVRSY LEGQAAKEFIAWLVKGR-NH: 1, SEQ D
NO: 301 GLP-1 s a rogulatory peptide that binds to the oxtracellnbar vegion of the GLP-1 receptor

{GLP-1R}, a G-coupled protein receptoron i ool and vig adenyl ovelase sotivity and production

ol cAMP stimulates the insulin response to the nuisients that are absorbed from the gut {Baggio

2007, "Biology of ineretins: GLP-1 and GIP” ‘3ﬁ$§'§'0i§f11€;‘~1‘0|0gy,‘\mlw 132600 2131-57; Holst 2008,

i

“The fneretin system and its role'in type 2 digbetes mellitug,” Mol Cell Endocrinotogy, vol. 287(1-
21:127-36}, The effects of GLP-IR agonisin wre multiple. GLP-1 maintains plucose homeestasis
by enhaneing endogensus glucose dependent insulin seerefion, rendering the B celly glocose

compelent and sensiive i GLP-1, suppressing glucagon release, restering first and seeond phase

insulin secretion, slowing gastiic emptying, decreasing food intgke, and ncrensing satiety |Holsi
IOGR Mal, Cell nciuumolok\\» Kjems 2003 “The nflugnce of GLP-] on glucose-stimujated.
insotin secretion: effects on beta-cell sensitivity in type 2 and nondisbetic subjects,™ Diabaes, vol.
S2(2Y 380-86; Holst 2613 “locretin hormones aivd the satiation signal,”™ Int J Obed (Lond), vol.
ANy 1161-69; Seutert 2014, “The extra-panereatic effects pfGLP-1 receptor agonists: a focus on
the cardiovasendar, gastromntesiinal and central nervous systems,” Divbeles Obes Metab, vol, 16{8})

G73-88]. The risk of kypoglyveemia is minimal given the mode of action of GLP-1.
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Glncagon-like peptide-1{7-36jamide (GLP-1} is a 30-residus peptide bormone released
fromntsstingl L colly following nutrignt conssunption, It potentaies the glucose-induced sgorétion

of insulin from pancreatic beta cells; increases insnlin expression, inhibits beta-vell apopipsis

b}

=

promotes beta-cell neogenesis, reduces glucagon secretion, delays gastric emptying, promotes
sativty and increases peripheral glucose disposal. These madtiple effects have generated a great

deal of interest i the discovery of long<lasting agonisis of the GLP-1 recepror {GLP-1R ) in arder

o dreat fype 2 didbetes, The term “exenatide™ a8 wsed herein includes, but is ot Hmited 1o

exenatide; axenatide: having the aunine aeigd sequenes: of

(HOEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-NHz), SEQ 1D NO: 302, naiive
exendin-d, exenatide paptides; exenalids peplde apaloes, and exenatide: peptide derivatives,

Endogenous GLP-1 is refeased from the gut iy response o antrient tngestion, Following.

ood intake and digestion, carbohydrates and {ats appear fu the lumen of the gutl, which stimulate

g sereabled inereiin offect; the release of incretinssuek as GLP-1 from istestinal L-gells. GLP-1,

onee released, targels the pancreas whuore (L erthances seerelion of insulin in a “glocose dependent

matner.” In other words, this GLP-1niedialed effect uppn insulin persists when glucose tevels

are high yetsafely dissipates as glocose levels il GLP-1 sctivity thus selfvrogulates to reduee

the risk of hypoglycenia {the condition by which glucose levels drop dangerously low). Since
GLP-1 has ashort elimination halixlife (i) of less than five nyinutes, this endogenons. peplide is
unsuitably short-Hved for use as x therspoutic.

Synthetic analogs of GLP-1 have been designed to have longer half-lives and sinilarly
enhance seoretivn of insulin inca glucose dependent manney like sodogeneus GLP, for use in the
weatment of type 2 disbetes and for providing weight loss,

Nameroos GLP-1 receptor agonists (e.g. GLP-1 peptide derivatives aud peplide snalogs)

120,712 2,512,549 5.543018; 5574008 3574008, 614492 3938909, 6,191,102
6208343 6,339,330, 6451874, 6458924 8,514,500 6,393,285 6,703,339 6,708,684,
720407 68215409 S 849,708, 6849714 S8R7AT0; GERTEAN £903.1860 T7.022.67

7,081,646, 7084243, 7100843, 7138486, 7. 141,547; 7144863, and 7,199.217), as well as in

clinical trialy (o.g., taspoghutide and sibiglutide),
Certain GLP-1 receplor agowists, including Bydureon™ (exenatide), marketed by
AstraZeneca of Cambridge, UK. Trudicity™ (dulaglutide), marketed by BH Lifly and Co., of
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Indimnapolis, IN, U.8.A; and Vietsza™ (liraglutide), Ozewpic™ (injectable semaglutide) &

Rybelsus™ (orally administered semagiutide), marketed by Novo Nardisk A/S of Bagsvierd,
Denmark, have each been approvad by numerous regulatory anthorities, including the United
States Food and Drug Adminisirstion (8. FDA) and European Medicines Agency (EMA) for

the treatment of patieonts suffecing from type 2 diabetes. Those marketed GLP-1 veceptor agonists

were developed and formulated for injectable anddor oral administration 1o patients. However,

patient adherenee fo injeclable and orally administered therapies Ror type Zdiabetes 13 notoriously
poor which prohibits many paticnts from realizing o full and lasting therapeutic petential of GLI-
1 receplor agonists.  Many pationis skip or cease pertedic seliadminisirations of preservibed.
injectable and orally-sdaninistered GLP-1 recopior agonists and thus il 1 adequately weal and
control their own type 2-diabetic condition..

In some entbadineuts, provided herein s & pliarmiaceniteal combination comprising a-
glucagon analog polypeptide of the disclosure and & GLP-1 receptor agonist, or pharmaceytically

acceptable salts thereotl In some embodiments, pravided herein is a pharmaceuiteal combination

conprising an isolated pelypeptide comprising an amino aeid sequenve selected frony the group

consisting of SEQ 1D NGs: 1 o 60 and & GLP-1 receptor agonist, or pharmacsutically sceeptable

salts thereof. In some ombodiments, provided herein is a pharmaceusical combination comprising
an iselsted pelypeptide comprising an aminoacid.sequence seloeted from the group consisting of

SEG IR NOs: | to 39 and a GLP-1 reeptor agonist, or pharmacenticallv acceptable salts thaveoll

In séme embodiments, the phamwacsutical combingtion Conmprises dn amine acid

sequence selected from the group consisting of SEQ 1D NQs: 3, 8, 21, and 24 together with a GLP-

1 recepitr sgonisy, or pharmaceutically acveptable salts thereofl  In some embodiments, the
pharmacentical combinglion comnprises an ambny acid seguence selected from the group

consisting of SEQ 1D NOs: 3, 6, 21, and 24 {opether with A303, or pharmaceutically acceptable

salis thergof. In some Smbbdiments, the pharmacentical combination conmprises. an aniine acid

sequence selecied from the group consisting o SEQ 1D NOx: 3,6, 21, and 24 togetherwith A304,

-ar phanmaceutically scceptable salis thereot,

In some ambodiments; the pharmaceutical corgbination conmprizses an aming acid
sequence of SEQ IDRO: 3 and & GLP- receptor agonist, or a pharmaceutically acceptable salis
thereol.  In some embodiniants, the pharmaceutics] combination commprises an amino acid
sequence of SEQ IRDNO: ¢ and a GLF-1 receptor agenist, or @ pharmacsutically acceptable salts
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thoreof. by some embodiments, the pharmacentical combination conmprises an aming acid

sequence of SEQ 1D NO: 21 and a2 GLP-1 reveptor agdnist, ova pharmacgutivally accepiable salts

thereof, In some cmbodiments, the pharmaceutical combination commprises an amino acid.

seguence of SEQ 1D NO: 24 and 8 GLP-1 receptor agonisy, or a pharmaceutically acceptable salis

thereof
The glucagon analog polypeptides of the disclosure it combination with a GLF-1 receptor
agonist have been found 1o deliver basfatric surgeryslike efficacy for weight loss, The observation

that impreved glycomic contrel follewing Rouxsen-Y gastric bypass surgery (RYGBY in obese or

obese T2D pationts precedes the weight loss scen following RY (R, siggests that surgical

redrrangemient-of the got leads oy physiological adaptations beyvond those drivan 'hy weight loss
alone. Indeed, RYGE lpads to enhanced post-prandial secretion of GLP+1 and ghiscagon, The gut
poptide hormenes GLP-1 and glucagon cach play a role iy whole bady energy balance through
several overlapping biological responses to eagrgy inpul. These rgsponses principally inelude
potentiation of glucose-induced nsulin secretion, inhibition of gastic coiptying, inducing satiety,
and inlibition of food Itk

Accordingly, combinations of a gheagon anadoy pelypeptide o the disclesuwe together
with & GLP-1 recepior agonist are suitable for the ircatiment of the discases and disorders diselosed
herein, bn some cmbodiments, the GLP-T recepior agonist is & long scting GLUP-1 receptor agonisi.

Oxyatomodulin is a vaturally occursing 37 amive acid peptide harmene found in the colon
that has been found te suppress appetite and {deilitaie woight toss (Wynoe K, etal,, IntJ Obes
{Longdy 30121 1725-36(2006) ). The sequence of oxyntomaduling, as well sy peptide analogs and
peptide derivatives thereof, are known in the art (¢.g., Bataille D, etal,, Peptides 2(Suppt 214144
(1981 and LS. Patent Publication Nos, 20050070469 and 2006700946523,

Gastrie lnhibitory Peptide (G ix an insulinotropic peptide hormone (Bfendie, 8., ¢t al,,
Horm Metab Res. 38742-6 (2004)) and 18 seereted by thie mucosa of the duodenant and jejunum
in response {0 absorbed fat and carbobydrate that stimudate the pancreas 1o secvete tnsulin, GIP
cirenlates 85 @ binlogically active 42-smino acid peptide. GIP is also kuown gs glucose-dependemnt
insulinotropic protein, GIP is a 42-aniihe acid pastrointestinal regolatory peptide that stitnulaies

insulin seoretion from pancregiic beta cells In the presence of glueose (Tseng, C., etal, PNAS

H0:1992-1996 (1993)), The sequence of GIP, as well as peptide analogs atid peptide derivatives

=
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shercof, are known 1o the arl (e.g, Meler 1 1., Disbetes Metab Res Rev. 2H20R1-117 {20087 and
Efendic 8. Horm Metab Res, 3601 1-123742-6 (20043)

-

CGlicagen is a peplide hormone, produced by alpha cells of the pancreas, which raises the

concentration of glucose in the bloodstream. ltseffect is apposite that of insulin, which lowers the

glucose concentration. The pancreas refeases glocagon when the concentration of glucose in the

bloodstream falls too low. Glucagon causes the fiver to convert stored ghyeogen inta plucose,
which is released infe the bloodstream, High blood glucose evels stimulate the release of mnsulin,
Insulin allows glucese to be taken up and used by insulin-dependent tissues, Thus, glucagon and
fsotin are part o' & feedback system that keeps bloed glucose lovels st a stable level

Human  amyling orislet amyloid  polvpéplide (JAPPY, iy & 37-vesidue polypeplide
hormone. Amylin is co-secreted with ansalin from pancreatic B-cells in the ratie of approximately
IO Gnsuliviamylin). - Pro-islet amyloid polypeptide (it., pro-IAPP)} is produced in the
pancreatic follsas @ 67 amino acid, 7404 Dallon pro-peptide that undergoes post-translaticonal
moedificativnsincluding protease: clesvagy 1o produce the 37wesidue amylin,  Loss of Pl
function that ceours carly in type. | disbetios sid can pevur fte in type 2 disbetics leads i
defigiencies in the secretivn of insulin and amylin.

Avaylin functions s past of the endocrineg pancreas, those celly within the pancreas that.

synthesize and scurete hormones, &mylin contribaies to glyegmic cantral; i reted from the

panereatic slets into the blood cireulation and is cleaved by peptidases wy the kidrmy. Amyhin's
metabolic funciion i well-characterized as an inhibilar of the appearance of nutrienis, such as
glucose, in the plasea, I thos Tunctions as a synergistic pariner o fnsulin, a peptide that regulates

blood glucose levels and coordinates the body’s distribution and uptake of glucese. Insulin’s rols

inthebody {5, among sther things, to prevent blood glucose levels rom rising toohigh, particalarly

<

after g meal.
Amylin @ believed to play a role in glycemic régulation by slawing gasteic emptying and

promting sz?ﬂ;iet\f {ie., fecting of fullpessy, thereby preventing post-prandial {fe, afler-meal)

spikes in blood glucose levels. The oversll effect is 1o slow the rate of appearance of glucose in

the blood after ating. Amyvlin also lowers he secrction of glucagon by the panereay: Glocagon™s
role in the body is, among other things, to prevent bloed glugose levels dropping too tow, This is
significant becanse certain type 1 diabetics, for example, are prone fo secrele excess amounts of
the hlood glucoseraising glucagon just after meals.

R
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For numerous reasens, hunan amyling haviog a half=hfs in serum of sbout 13 minuiey, i
ot dimenable foruseas & therapentic dgent, Rather, pramulintide (Symiin®, developed by Amylin

Pharmacentivals, Inc., San Diego, CA, USA and marketed by AsiraZensca ple, Cambridge, UK}
wasdevelopad a3 g synihatic anatogie of huiman svaylin lor the treatarantol patietrs with types §
or 2 digbetes, who use meal-time insulin but cannet schieve desired glycemiv control despite
optimal insulin therapy, Prantlintide dilers from human ansvlin i 3 of its 37 amino acids. These
modilieations provide pramlintide a longer halfife of approximalely 48 minutes in humany aad
reduce ity propensity to apgregate, @ charscteristic found of human amylin, Further analogues of
feman amylin have been disclosed such as those in U8, Patert Application No. 167398915
{corresponding 1 POT hermational Application No. PUT/US2019/033696}, both filed Oetobey

18, 2019,

Tmplan table Delivery

In some emshodiments, provided s an osmotic delivery device, as deseribed herein,
comprising any of the long acting glucagon analog polypeptides, as disclosed herein, or «
pharmaveuticy! composition comprising any of the long acting plucagen analop polypeptides.

Insomie ernbodimenis, the osmotie delivery device comprises dn impenmeable regervbir
comprising inferior and oxterior surfaces and first and second opeun ends; a semi-permeable
membrane in sealing relationship with the lirst open end of the reservoir; an osmntic engine within
the reservoir amd adjacent the semi-permeshie menbrans: a pislon adjacent the osmotic engine,
wherein the piston forms a movable seal with the interior surface of the reservoir, the piston divides

thie reservoir inte & first chanber and & seeond chamber, the frstchamber ¢comprising the osmotic

engine; @ suspension formulagion, wherein the second chamber comprises the suspension

Sowmialation: and the suspension formudation s fowable and conmprises the isclated pelypoptide;

and a diffusion mioderator tnsarted 1 the second opanend of the reservoir, the diffusion moderator
adjacent the suspension formulation,

An implantable, osmotic delivery device typieally ineludes a reservoir having at least one

grifice throngheowhich the suspension fermulation is delivered. The suspension fonmulsiion may

be stored within the reserviorr. n o preforied eavbodiment, the tmplantable, deag delivery device is
§ 3 £ h;

an ostiotic delivery devive, wherein delivery of the drug 1s oshietically driver. Some osmotip
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delivery devices and their compeanent parts have boen deseribed, for example, the DUROS®
delivery devicsd or similar dovices (e, ¢ag., U.S. Pal. Nos. §608.885; 5728396, 5,985,305,
3.8997.3527; {3,1.1;3;938; 6,1 32420, 6,156,331 6,217.906; 6201584, 6270787, 6287285
GATSO78; GBIV 302 6508808 6,544,252 6,635,268 6682532 GHI3,800; 6939556
8,970,981 6,997.922: 7014036, 7,207,982; and 7112335, 7, 163688, U.S: Patent Publcation
Naog, J050178701, 20070281024, 20080091176, and 20000202608,

The-osmotic delivery device typically consists of d evlindrical reservoir which conlains the
esmolic enging, piston, and drug formulation. The reservelr is capped at one emd by a contralled-
rate, semi-permeable mambrane and capped at the other end by 8 dilfision moderator throagh

which suspension formulation, Somprising the drog; i redeased fiom thedrg reserviir, The pisien

ine and ulitizes a-scal to prevent the water in
the osmotic engive compartment fom eutering the ding reservoir. The diffusion moderator is
designed, in conjunction with the deug formutation, ® prevent bedy fluld from entering the drug
reserveir through the arifice.

The osmtic device relesses s drug at a predetermined rate based on the prineiphe of
osmiesis. Extraceliular fluid epters the osmotie -delivery device through a semi-permeable
membrane directly into a saltengine that expands to drive the pision at a stow and even delivery
vate. Movement.of the pision forees the drug farmiulation te he released theough the geifice or exil
portat a predetermuined shear rate. Tn one embediment of the present invention, the reservair of the
osmotic devive i loaded with a suspersion forondation wheréin the deviog is ¢apable of delivering
the suspension fermulaiion o x sehiect over an extended period of time {e.g., about 1, shout 3,
about &, about 9, dbowt 10, arsd shout 12 months) st a pre-determined, therapeutically effective
delivery rate.

The release rate of the drug from the osmotie delivery device typically provides a subject
with a predetermined target dosg of & drug, for cxanple, & therspeutically effective daily dose

deliverad over the course of a day; that is, the release rate of the drug {rom the devies, provides

substantial stesdy-state delivery of the drug at a thergpeutic concentraticn to the subjoct

Typically, for an asmotie dédivery devide, the voluime: of a heneficial sgit changbe
comprising the benetickal apent formulation is between about 100 1 to ghont 1000 ul, more
proferably belween aboat 120 pi and about 300 ul, more preferably between about 150 ul and
abeut 208 ul,
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Typically, the osmotic delivery device s implanicd within the subject, Tor example,

¥ 1o provide subctdiinedus drug defivery. The devies(s) ¢an be
implanted subdermally or subcutaneousty into ciiher or both arms (e g, in the inside, ouiside, or
back of the upper arm) or the abdomar. Prefened locations in the abdominal area gre under the
abdominal-skin m the area wxiending below the ribs and abeve thebelt Hine: To provide a mumbsr
of locations for implantation of one or more csmotic delivery device within the abdomen, the
shdominalwall ¢an be divided inlo 4 Guadrants as follows: the gpper right Guadeant extending al
toast 223 ‘femémetcrs below the right ribs, e.g., ot feast about 3-8 contimeters below the right ribs,

~

and at least 2-3 centimeters 1o the right of the midling, e.g., at least about 5-8 ceniimeters i the
vight of the nridline; the lower right quadrani-exrendingat Jeast 3-3 continmiory abdve the belt ling,
g, at leastgbont 3-8 centimetors nhove the boll ting, and st least 3-3 contimeters to the right af
the ruidling, ¢.g., at least about 5-¥ centimetors to the right of the widline; the upper teft quadrant.

-

extending al least 223 centimeters below the kedt riby; e.p., at least about 3-8 centimeters below the

.

Jeit ribs, and af least 293 contimsters Lo the left of the midhing, &, &t feast about 5-8 contimeters
fo the left of the midling; and ithe wer left quadrant extehdingm: least 243 contimeiers above the
belt line, ¢.g., o Jeast aboot 3-8 centimeters above the bell Hne, and at least 23 continsters to the
left of the midiine, e.g. at least about 3-8 comtimeters to the left of the midline. This provides
diultiple available locations for implantation of ono -y More deviges on oue.of More veoasions.
Implamtation and vermoval of osmotic delivery devices are generally cartied out by madical
professionals using local angsthesia (g:g., lidocaing},

Termination of weatmenl by removal of an osmotie delivery device from g subject s
straightforward, and provides the important advamtage of immediate cessation of delivery of the
drag to the suhject.

Preforably, the osmotic delivery device has a fail-safe mechanism to provent an inadvertent
gxcess of bolus deliviry of drug in a theoretical situation like the plugging or clogging of the cutlet
{diffusion moderator) through which the drug fovendation is delivered. Toprovent an inadvertent:
excess or bolus delivery of drug the osmotic delivery device is designed and constructed such tha
the pressure needed 1o partially o whally dislodge or expel the diffugion modarior fron the
reservadr exeeeds the pressure needed 1o partially or wholly distodge or expel the semi-permeable
miembrane-to the extent necessary to de-pressurize thy reservoir. Insuch o seonariy, pressurewonld
build within the device until it would push the semi-permeablemembrane as the other ead outward,

&1
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therehy releasing the osmetic pressure. The esmetie delivery device would then beeome static and
tio longer deliver ihe drug formudation provided that:the pision s in a sgaling relationship with the
TESTIVOIE

A dose and delivery rate canibe selected to ackieve a desired blood concentration ol a drag
generally within less than about & halilives of the drug within the subject after implantation of the
device, The blood concentration of the drug is selected 1o give the aptimal therapeutic effects of
the drng white avoiding wndesivable side effects that may be nduced by excess concentration of
the drug, while at the same Uime avoiding peaksand troughs that may induee side effects associated
with peak-or trough plasma concentrations of the drog.

Th suspension formplations may alse be used o indosion pumips, for egamply, the

i (DLIRECT Corporation, Cupertine, Calif) osmotic pumps which are mintature, infusion

punps Tor the continuous dosing of laboratory animals (¢.g., mice and vals),

Modes of administration

In some embodiments, the method comprises providing a glucagon analog polypeptide of
the disclosure or & pharmscentival composition thereof, to g subject in need of teatment, via
injection. In some enibodirments, the method comprises providing & glucagon analog polypeptide
of the discloswre or a pharmaceutical composition therpof, formulated Tor oral administration, o 8.
subject it need al' treatment

In some embodiments, the nethod eomprises providing a ghucagan analog polvpeptide of
the disclosure or & pharmscentival composition therecof, to g subject in need of eatment, via
implantation. In some embodiments, the method comprises providing continuons delivery of o
glscagon analeg polypeplide, 1 a subject ia need of treatment, from an esmotic delivery device:
The delivery device, such as an osmotiv delivery device, comprises sufficient glucagon analog
polypeptide of the disclosure for conlinuous adiministration for up to 3 months, ¢ monthy; 9
months, 12'months, 18 months or 24 months. As such, continuons administration of a glacagon
analpg polypeptide of the disclosure via ostiotic delivery dovice sliminates daily, or mullipls daily

dosing ol marketed glucagon analog polypeptides.
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The substantial steady-siate delivery of the glucagon anslog polypeptide Fom the esmotic
delivery devics iscontinuous over an adovimstration period. In somie cobodiments, the subject ar
patient is a human subject or human patient,

1n some emhodiments of the present invenilon, the adminisiration peried is, for example,

at least aboot 3 months at least about 3 monthys to gbool 8 year, at Teast abont 4 months tosbout &

year, &t least about § months to about a vear, at loast about 6 months © gbout o vear, at leastsbout

8 months fo aboal a vear, af least aboal9 months toaboul 8 year, at least sboot 1) months 1o abowt
& year, at leastsbout one year to about two years, af least abowt two years (o abous three vears.,

Tu further owmbodimenss, the treatment methods of the pregent invention provide significant
decrogse in the subjeet™s fasting plasma ghuease concentiation afier implintation of the:-0smolic
delivery device i the subject {relative o the subject’s [asting plasma glocose concentration helore

implantation of the-osmoetic delivery deviee} that s achicved withinabowt 7 days, 6

4 days, 3 davs, 2 days, day orless afler implantation of the csmotie delivery device in the subject,
The significant decrease v fasting plasma glocose I3 typically statistically signilicant as

dehipnstrated by application of an appropriaie stalistical testor iy considered significani for the

subject by wmedical practifioner. A significant decrease in fasting plasma glucose relative to the

basatine bufors implantation is typically maintained over the administration perind.

{nsome emibodinents, the present invention relates g a oiethod ol ireating & dizedse or
condition in a subject yneed of treatment. The method eomprises providing continuous delivery
of & drug Troman osmotic delivery devieg, wherdin substantial sicady-siste delivery of the drug at

therapentic concentrativny i achivved in the sobiect. The substantial steady-state delivery of the

rug from the ounoetic delivery-device is continuous over an adininistration periad of ot feast abowt

3 months. Thedrug has & known or determined hal Blife in g typleal subject, Hamans are preferred
subjects for the practice of the present invention, The present invention ineludes a drug effective
fortreaiment of the disease orcondition, as well gs anasmotic delivery devicd coniprising the deug
foruse in the present methods of treating the disease or condition in a subject v need of treatment.
Advantages of the present inveniion inchude mitigation of peak-associsted drug tosicities and
attenpation of sub-optivial drug therapy associated with troughs.

ln some smbodiments, the substamial steady-state delivery of a drug at therapeutic
concentrations is achieved withina period of about T month, 7 days, 3 days, 3 daysor 1 day atter

.3

implantation of the eanotie delivery device in the subject

¢
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The mvention alse prevides a methad for promoting weight loss in a subjeet in newd
thiergol, 4 method for tredting excéss wetght.or obesily ina subieet in need thereal, andfor g magthod
for suppressing appetite Ina subject in need thereof. The wethod comprizes providing delivery of’
an isolated glocagan analog polypeptide. In some eimbodiments, the isclated glucsgon analog
polypeptide is continuousty delivered from an implaniable osmotie delivery device. In soine
embodinments, substantial steady-state delivery of the plucagon analog pulypeptide from the
osmotic delivery device s achioved and s substantindly comtinuons over an adoimistration penod.
In sonie-cntbodiments, the subject 1s hwman.

The present tvertion includes art esmotic delivery device comprising a glacagon analog
polypeplide foruse i the present methods it a subject in nead ol teaimasnl, The subjedt viay have
type 2 dishetes. The subject in need theveo{ may have & baseline HbA Lo % of greaier than 10.0%,
L, & high baschive (HBL) subjoct. The subject may not have previously received a dmg for
treating type 2 dizbetes mellitus.

In further smbodimendy, the treatment methods of the present invention provide dignificant
decrease in the subject’s fasting plasma gluzose conceniration afier implaniation of the psmotie
delivery device inthe subject {relative fo the subject’s fasting plaxma glocose concentration before
tmplantation of the osmotic delivery device) that is achivved within about 7 days or less alter

implaniation of the osmictic delivery devieg in the subject, within about & days or less aftes

irplantation of the osmotic delivery device in the subject, within abeut § days or less afler

imiplantaiion of the esmotic delivery device in the subject, within gboui 4 soor Iess aller

implantation of the osmotie delivery device in the subject, within aboui 3 davs or less aller

implantation of the osmotic delivery device in the sabject, within about 2 days or less after

mplaniation of the esmotic delivery device in the subjoct, orowithin about 1 day or less after

‘.

iplantation of the osmotic delivery devive inthe subject. Inpreferred embodiments of the prosent
invention, the significran decrsase i the ;w‘ubjtiéi"ﬁ iasting plasma glocose concentralion aller
implantation of the osmotic delivery devigs, welative to the subject’s fasting plasma glucos

concentration hefore implantation, is achieved within about 2 days or less, preferably within about

1 day or less afier inplantaticn of the osmotic delivery devide in the subjuct, or more preferably

within about | dayafier implantation of the esmuoiic delivery device in the subject, The significant

decrease in fasting plasma glucose s lypleally statistcally significant as demonsirated by
application efan appropriate stasistieal testor is considered significant for the subject by a medical

&4
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practitioner. A significant decrease in fasting plasma glucose relative to the baseline bafore
iniplantaiion s lypically maimained dver the administralion period,

In embodiments of all agpects of the preseut invenlion relating to methods of trealing a
disease or condition in & subject, an exeniplary osmotic delivery device comprises the following:
an impenmeable reservolr comprising intertor and exterior sarfaees and first and sevond open ends;
a semi-permeable membyrane in sealing relationship with the {irst open end of the reservolr; an
osmotic saging within the reseevolr and adjacent the semi-poermeable miembrane; 8 piston adjacent
the pymotie enpine, whereia the pistor forms o movable seal with the interior surfiee of the
rEsorviir, the piston divides the reservoir {nin a first chamber and & sccond chamber, the first
chamber eomprising the osmatic engineya dryg formnlation drsuspension Tormnlation domprising

the-drug, wherein the second chamber comprises the drug Brmulation or suspenston fonmulaiion

and the ding lormudation or suspevsion formulation is flowable; and a diffusion moderator inserted

in the second open end of the reservedr, the diffysion moderator adjavent the suspension

formuolation, by preferred embodiments, the reservoir comprises tifanim ora flaniun alley.

In cbodiments of all aspects of the present invention relating fo mwthods of freating a
disgase or condition in a subject, the drog bemolation can comprise the drug and @ vehicle
fonuulation. Altematively, suspension torndations aveused . the methods and can, for example,
comuprise a padlicle formulation comprising the drug and a vehicle formudation. Vehicle
formulations for use in forming the suspension fornwdations of the present tvention can, for
cxample, comprise asolvint and & polyoer.

The reseryoir of the osmotic delivery devicey may: for examples comprise Htanium of &
sivanium alloy,

In embodiments of alt aspects of the present invention the implanted osmotie dehivery

deviee pan be used to provide subeutansous delivery,

In grabodiments of all aspects of the presénl tnvention the continuous delivery can, Tor

axample, be zerp-order, controlled continuous delivary,
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Pharmgcerstival composiions

Aceording to unother embodiment, the invention provides & pharmaceutival composition

comprising @ compound, fe., isolated polypeptide; of this invention or a pharmaceutically
acceptable dervative thereot and & pharmaceutically sceeptable carrier, adjuvant, or vehicle.

1o some cwbodiments, provided 18 § pharmaceniical cotiposition comprising any of the
disclosed polypeptides fonpulated 8s pharmacoutically acceplable salty thewsoll, such ay a
trilluornacetate salt, acetate sali or hydrochloride sall. In some embodiments, provided is a
plisvmaceutical corsposition comprising any of the disclosed polypeptides formulated s a
triffuoroacetate salt. In some embodiments, provided iss pharmaveuticsd composition comprising
ay of the disclosed polypeplides formudated oy an acetate salt. In some embodinents, provided is
# pharpacentical compesition comprising any of the disclosed polypeptides fornudated as
hydrachipride salt,

The term “phiavmacentically accepiable carrier, adjuvant, or veliiele™ refois o a hon-toxic
garrier, adjuvant, orvehicle that does not destroy the pharmacoiogical activity of the compoond
with which it is formulated.

As usad herein, the lemy “pharmaceutically sceepiable carrier™ i tntended 10 inclnde any
and afl solversts, polymers, dispersion media, coatings, sntibacterial and antifungal agents, setonic
and absorption delaying agents, and the like, compatible with pharmaceutival administration.
Sutlable carriers are deseribed in ihe most reconl edition of Remington’s Pharmaceutical Sciences,
a standard reforence text i the feld, which is incorporsted herein by reference, Preferred examples
of such carrigrs or dituents inglude, butare not imited fo, waler, saling; ringer’s salutions, déxirose
sohution, and 3% human serum atbumin, Liposowes and nos-aquecus vehicles such as fixed oils
may also be used. The nse-of such media and sgents for pharmaceutically dctive substances is well
Knowr in the art, Excepl insofaras any cogveational imedia ovagent ix ticolnpatible with the aetive
compound, use thereof i the compositions is contensplated. Supplementary sctive compounds can
alyo he incorporated into the composilions,

Representative pharmaceutically acceptable carricrs, adjuvants or vehicles that may be
used indhe composiiions of s invention inchude; butare nol limited o, lon exchangers, aluming,
aluminun stearate; fecithin, serum proteiins, such a8 human sevum albumin, buffer subsiances such
as phosphates, glyeine, sorbie acid, potassinm sorbate, partial glyeeride mistures of saturated

vagttable fatty aoids, water, salts or clectrolytes, such as protaming sullate, disodivm bydrogen
86
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phosphate, potassium bydrogen phosphate, sedium chlotidi, zinc salts, colloidal silica, magnasium
trisilicate, polyvinyl pymalidong, cellulose-based substanges, polyethylene glycel, sodiam

carboxymethylcelniose, polyacrylates, waxes, polyetbviene-polvevypropyviene-block pelymers,

polvethylene glycol aud waol fat

I some embodiments, provided Iy a pharmaceutical composition comprising a
pharmaceutivally acceplable derivative of any of the disclosed polypeptides formulated as
phiarmaceutically sceeptable salts thereof, such & o wifluoroscetate <ol acetate salt or

hydrochlaride sall, A “pharmacestivally sccepiable derivative™ means any apn-oxic salt, ester,

salt of an ester or other derivative of & comipound of this imvertion that, apon sdministration 1o a.

recipient, {8 capable:of préviding,; sither diseotty-or indivectly, 4 compauind of this invéntion or g

active matabolite or residus theveof.

fornulation” as deseribed in gregter detall below, The phamiaccutical conposition and/or particle

formulation may include stabilizing components {also referred to hewin o Vexcipients™)

X
Examples of stabilizing components inehade, bat are not limited to. cirbohydrates, antioxidants,
sming acids, buffers, inorganic compounds, and surfaetants.

The amount of coropound in compositions of this invention is such that is effective o
mieasurably activate one ormore gliucrzon receptars (e g, homag, rat, monkey ede.), ina biglogics]
sample or in 3 pationt. In cevtain embodiments, the amouwnt of compound in compositions of this
inveniion s such ihat is effeciive 1o menswably agonize the human gluckgon reeeptor in the
shsenee or presence of human serun athomin, iy g biolegical semple or s 2 patient, In certain
embodiments, & composition of this invention is formulated for administration o a patient in need
of sueh composition. In some embodiments, & composition of this invention is formulated for
injectable administeation o & patient. In some embodiments, a composition of this invention &
formulated for administration t¢ a patient vig.an implantable delivery device such as an osmiotic
deliver device.

The isclated polypeptides of the disclosare (also referred to herein as “aetive compounds™),
and derivatives, fragiments, analogs and homologs thereof, can by incerporated tito pharmiacguiical
{:mnposiﬁun& suitable for admintstration. Such pompositions typically comprise the iselated
pulypeptide, or & pharmaceutically acceptable salt thereof, and & pharmacenteslly sceeptable

garter,

o
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A pharmwcsutical composiion of the invantion s fonmulated w0 be compatible with its
infended vonie of sdoinistration. Examples. o eautes oladrinistragon inchude paventerad, {og.,

intravenous, intradermial, subdermal, subculancons), oral {c.g. Inhalation), transdesmal (e,

topricaly, transtucosal; rectal, or combinations thereol. In some enthodiments, a pharmaceutical

compositicn or anisolated polypeptide of the disclosare is formudated Tor administration hy topical

administration, In some embodiments, g pharmaceutival composition ov an isolsted polypeptide of
the disclosure s rmulated for administration by inhalation administration, I some savbodiments,
the pharnaccutical composition Is formulated for administration by & device or other suitable
delivery niechanism that is suitable for subdermal or subcitanecus implaniation and delivers the
pharinaceutical  composition  subcutanconsly. In some ambodiments, the pharwesuiical

composition is formulated for adminisiration by an implant device that s snitable for subdermal

or subcutancous implantation and delivers the pharmaceutical conmpesition subeutansously. In
some entbedimenly, the pharmuaceytival compoesition s formudated for administeation by an
osmotic delivery devige, e.g., an implantable osmolic defivery device, that Oy suitable for
subdirmiral oy subdéutancous placement or other implantation and defivers the phigrmaceuiioa
compositinn subeatancousty, Solutions or snspensions used for parenieral application, intradermal
application, subderraal application, subcutancous application, or combinations thereof can inclade
the bllewing componenis; a sterile diluent such as water for njection, saline selution, fixed. ails,

polyethylens glycols, glyesring, propylene glyeol or other symihetic selvanis; antibacterial agents

such as benzyl gleohol or miethy! parabens; antioxidants suchias ascorbic acid or sodium bisallite;

chelating agently sueh as ethylenediamingtetraacetic acid CEIYEA ) baffers such as scetales, oitrates
or phasphates, and dgents for the adjustment of tonicity such as sodium chioride or dextrose. The
pH can be adjosted with gseids or bases, such ay hydrochiorie dcid or sodivm hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable sysinges or muliiple dose visls
made of glass or plastic,

Pharmaceutical compositions sutable lor injectable use nelnde sterile agneous solutions
{where water soluble} or dispersions and sterile powders for the extemporaneous preparation of
sterile ijectable selulions or digpersion: For niravenons adininistration, suitable capriers include
physiclogical saline, bacterivstatic water, Cremophoy EL {BASF, Parsippany, KoL) or phosphate
butfered sating (PRSI all cases, the composition st be stertte and shoold be fwd tothe extent
that easy syringeability exists, 1nwst be stable under the conditions of manuflacture and storage
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and must be preserved against the contaninating action of micreorganisms such as bacteria and
furigs, The carnor can be g solvent or dispersion mediiun contalming, for example, water, gthanol,

&

pulval (for example, glycerol, propylene glyeol, and Hguid polyethylene glyenl, and the tike), and

goating such as Jecithin, by the maintenanes of the required pariicle sizen the case of dispersion

and by the use of surfsctants, Prevention of the action of microvrganismy can be achicved by

variops antibacierial and antifongal agents, [or example; parabens, chlorobutanad, phenol, ascorbic

acid, thimerosal, and the tike. In many cases, {twill be prefersbie to include isotonic agents, for
example, sugars, polyaleohols such as manitol, sorbital, sodium chloride i the composition.
Prolonged absorption of the iyjeciable compositions can be brought abont by fucluding g the
composition an agent which delays absorption, lor example, aluninum monestearate and gelatin,

Sterile injectable solations can be prepared by incorporating the active compound in the
required amount in an appropriate sehvent with one or a combination of ingredionis enumerated
above, a8 sequived, followed by filtered sterilization, Generally, disporsions are prepared by
ineorporating the setive compound irte astertle vehivle that pontains a baxic dispersion mediun
and the reguired other ingredieniy from those enumerated above. In the case of sterile powders for
the preparation of sterile {njectable solutions, methods of preparation are vacuun drying and
freczo-drying That vields a powder of the aciive ingredient plus any additienal desired fngrodient
from a previously sterife-fliered solution thereof.

Orval compositions generally include an ingrl difpent or an odible carricr, They can be
enclosed in gelatin capsudes or compressed inlo tablets: For the purpose of wral therapeutic
administration; the active compound can be incirporated with excipients and used in the form of
tablety, troches; or capsnies, Oral compesitions can also be prepared using a {laid carvier for nse
as & mouthweash, wherein the compound i the fluid carier is applied oally and swished and
cxpectorated or swallowed, Pharmacguticglly compaiible binding agents, andfor .adjovani
materials can be included as part of the composition. The tablets, pills, capsules; traches and the
like can contain oy of the following ngrodients, or comipounds of & siniilar nature: a binder such

as microcrvatslline celluiese; gum fragacanth or gelating an excipient such ag starch or lagtose, a

disintegrating apent such as alginic ackd, Primogel, or com starch; g tubricant such as magaesium

&
stesrate or Sterotes; & gidant such as colloidal silicon dioxide; o swoetening agent sach as sugrose
or saecharin; or a flavoring agent such as peppermint, methyl salicylate, or orange Havoring,
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For administration by iubalation, the corpounds wre delivered v the {orny of an aeresol

i pressired container o dispenser which condaing a suitgble propellant, ¢.5., & gag sach
as carbon disxide, ov a nehadizer,

Systemic  administration can alse be by transmncosal or transdermal means, For
trapsmucosal or transdermal adminisiration, penetrants approprigte W0 the barrier to be permeated
are used in the fomulstion, Such peactrants are penerally kaown in the art, and include, for
example, o trmsmucosal &dminisraiion, defergents; bile salts, and Fowdiv acld derivatives.
Transmycesal sdatimstration can be accomplished through the use-of nasal sprays or suppositeries.
For wansdermal gdovinistration, the active compounds are fonmulated o elnimends, salves, gels,
or ereamsas generally known in the o,

Inone emboediment, the active compowds are prepared with camiers thal will protect the
compound against rapid elimination frony the body, such as s controlled reloase formulation,
inchuding implants and microencapsulated delivery systems, Biodegradabile, biocompatible
polymers can be ased, suclras ethviene vinyl acetate, polvanhydrides, polyglycolic acid, eollagen,
polyorthoesters, and polvlacticacid, Meihods for preparation of such formulations will be:apparent
0 those skilled s the art, The materfaly-oan also be obtained commercislly from Alza Corporation
and Nova Pharmaceuticals, {ne. Liposomal suspeusions can also be used as pharmaceutically
acoepiable gartiers. These ean be prepared according to methods known to those skilled tn the ari,

i

for example, ay described in US. Patent No. 4.323.811.
It is espesially advantageous 1o formulate oral er parentoral compositions in dosage unil
form for- case of administration snd anffoemity of dosage. Dosage unil forn as used havein refors

to physically discrete units suited ax unitary dosages for the subject to be weated; cach unit

containing a predetermined guantity of agtive eompoand’ caleulaied o produce the desined

therspeutic effect in assoeiation with the required pharmaceuticsl carrier. The specification for the
dosage anit forms of the invention are dictated by and divecily dependent on the unigue
characteristios of the active compound and the particular therapentic effect to be achieved, and the
limitationg inherent in the art of compounding sech an active compound for the treatment of
individuats,

The pharmaceutical compositions can be mcluded in a container, pack, or dispenser

together with instroctions for administration.
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Drae Particle Formulations

~
.

Compounds, .o, Iselated polypeptides or pharmacoutically seceptable salts thereof, fur
use iy the practice o the present invention are typically sdded g particle formulations, which are
used o make polvpeptide-containing particles that are untformly suspended, disselved or
dispersed in a suspension vehicle to form & suspension formulstion. In some embodiments, the
ghicagon analog polypeptide is formulated in a particle Tormulation and converted {e.g., spray

dricd) lo particles. by some embediments, ihe: paticles compwising the glucagon anglog.

polypeptide are suspended in a vebicle fovmulation, resulting in & sospension [ormulation of
vehicle and suspended particles comprising the glucagon analog polypeptide,

Preferably, particle formulations are formable inte particles ueing processes such as spray
drving, lvophilization, desicoation, frecze-drying, milling, granulation, ulivasonie drop creation,
erystallization, precipitation, or other technigoes available in the art for forming particles from &
mixtire of componcits. ho one cobodiment of the invention the particles ave spray dried. The
particles are preferably substantially oniform v shape and size,

In same ombadiments, the present invention provides drug particle forolations for

pharmaceutical use. The particte fornwlation typreally canprises @ drug antd neludes one or more

stabilizing component (also refered o hergin as Vexcipients”). Exampley of stabilizing

wéimponents inclede, but are not Hmited fo, carbohydrates, antioxidants, ansine acids,. bulfors,

morganic compounds, and surfactants, The aniounts of stahilizers in the pasicle formulation can
be determined exporimentally based on the sctivities of the stabilizers amd the desired
characteristics of the formulation, in view of the teachings of the present specificalion,

In any of the embodiments, the particle fernndlation may compdiss aboul 30wt % teeabout
G0 wi % drug, about 50wt 1o abom 85wt drug, abom §5 wi %% 10 about 90 wi % diug, about

60wl %o 1o about 98 wi % drug, aboul 63 wi % woabout 83 wi o diug, sbiout 83 wi % to abopt 90

wi s deug, about 70wl % fo about 90 wi % drug, about 70 wit % to ghout ¥3 wi % drug, about 70

wi 5 Lo ahout 8O wi %o drug, or about 70wl % to about 75 wit % drug,
Typically, the anwunt of catbohydrate in the partivle fornlation is determined by
ageregation coneerns, v general, the carbohydrale amonnt sheudd ned be foo high so.as o aveid

profmoting crystal growth in the presence ol waler dud 16 excess carbohydraigunbound o drug,

W
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Typically, the amount ol antioxidant in the particle formulation s determined by oxidation
conegrns, while the amcunt of aning aciid in the Hrmulaion v doicmined by oxidation ¢oncerns
andior formability of particles during spray drying:

Typically, the amounnt of buffer in the particle Tormulaiion s determinad by pre-processing

concerns, stebility concerny, and formahility of particles during spray drying. Buffer may be

reguired (o siabilize drug during provessing, e, sclution preparation amd spray deying, when all
stabilizers are solubilized.

Examples of carbohydrates that may be included in the particle formulation include: but
are not limited to, monosaccharides {e.g., fructose, maltose, galactose, glucose, D-mannose, and.
sarbose}, disaechanides (e.g., ciose, suerdse, ichalose; and cellobigse), polysacchavidés (eg.,
rallingse, melegitose, maliodesiving, dexirans, and starches), and alditols {aevedic polynls; g,
mannttol, xylitol, maltitol, lactitol, xylitol sorbitol, pyranosyl sorbitol, and myoinsitol}. Svitable
carbolivdrates Include disaccharides and/or non-reducing sugars, such as sucrose, trehalese, and
ratfinose.

Exaniples of antioxidants thal may be included i the particle formulation include, but are

oot limited  to, mothioning, ascorbie acid,  sodivum  thiosullsie,  catalase, platinum,

ethylenadiaminetetraacetic acid (EDTA), citnte acid, cysteine, thioglyeerol, thinglyenlie aeid,

thiosarhital, butvlated hydroxanisol, butvlated rydroxvlioluene, sad prapy gallate: Farther, aming
avids that readily oxddize can be used ag antioxidants, For example, ovsteing, nethioning, and
tryptophan,

Examples of smine acids that may be incladed ja the particls lormalation inelude, but sre
not Himited to, arginine, methionine, glycine, histiding, alanine, leucine, plutamiv acid, ise-leucine,
Lethreonine, 2-phenviamine, valine, norvaline, proling, phenylalanine, treptophan, serine,
asparagines, cystotie, presine, lysing, and novleucine, Suitable anine seids inclyde those tha
rendily oxidize, e.g, cysigine, methionig, and tryptophan,

Examples of buffersthat may be incloded in the particle formujation include, but ave net.
limited to, eiirmte, histidine, succinate, phosphate, maleate, trig, acetate, carbohydrate, and ghy-gly.
Suitably buffers inchude citrate, histidineg, spceinate, and wis.

Exsmples of tnorganic compounds that may be inchuded in the partiale formutation include,

But are not Hmited to, NaCl Nap8Os, NaHCOs, KCI, KH:PO:, CaCly, and MgCla.
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In addition, the particle formulation may inelude other stabilizersiexcipionts, such as
surfactanis and salts, Examples of sarfaciants fuglude, but are not hunited o, Polysarbate 20,

Polysorbate 80, PLURONICE (BASFE Corporation, Mount Olive, N.3.J F6&, and sodivn dodecyl

sulfate (SDS), Examples of salts include, but are not Havited to, sodium chloride, caleinm chioride,

and magnesiom chloride.

The particles are typieally sized such that they can be delivered via an implantable osmetic
delivery device, Uniforsm shape and size'of the parlicles typrcally helps o provide s-consisient and
uniform rate of release from such a delivery device; howgver, a pariticle preparation having @ anns
narmal particle stze distdibution profile may slso be used. For example, v a yypical implantable
asmotic delivery devies Having a dédivery arifice, the size of the particles is tess than aboul 30%,

more preforably (s loss than about 20%, wove preforsbly is less than abhout than 10% of the

diameter of the delivery erifice. In an embodiment of the particle formulation for use with an

camotic delivery systam, wherein the delivery arifice diameter of the implant §s about 8.3 nmum,
particle sizes may be, for example, less than abowt 130 microns 1o about 50 migrons, In an
cnibodiment of the partiele formiulation for gse with an osinotic delivéry system, whereln the
delivervorifice dismeter of the implant is ahout 0.1 mm, particle stzes may be, Torexampls, less
than about 30 microns io about 10 microns. fn one erabodinient, the orifics is about 0,25 mum (250
niicrons) and ihe particle size-is about 2 microns o about § microns,

Those of ovdinary skill i the art will appreciaie that a population of particles fellow

principles of particle size distribution, Widely used, avt-rocognized methads oi“dsrl‘stribiug,pa.ri'i,ele

size distribotiony include, for example, aversge dlametors and D values, such as the 1330 value,

which s comimonly used to represent the mean diameter of the range of the particle sizes of’a given

Sample:

Particles of a particle formutation have diameters of between about 2 microns to abowt 150
MIErGn, o8, loss than 150 microns in dianieter, less than 100 microns iy diameter, loss thain 50
micrans in-diameter, loss than 30 microns iy diameter, loss than 10 micrens in diameter, tess than
§ microns in diameter, and shout 2 micrens in diameter. Preferably, particles have diameters of
betworn about 2 microns and about 30 microns.

Particles af'a particle formulation comprising an isolsted ghicagon analog pedypeptide have
average diamiters of between about 0.3 microns fo about 150 mierons, Particles of a pariicle
fornmulation compriging an iselated glucagon analog polypeptide have average diameters of
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between about 2 microns 1o about 130 microns, w.g. less than 150 microns in average dianater,
Igss than 100 microns in average diamaier, less than 30 microis o7 averdge diametSy, Ioss than 30
microns in average diameter, less than 10 microns in avorage diameter, less than 3 microns in
average dismeter, and about 2 mivrong in average diameter; hvsonte enibodinents, particles have
average diameters of betseeen about €.3 nucrons and 30 microns, for example, between about 2
microns and about 30 microns, In some embodiments, the particles have an average diameter
between (1.3 microns and 30 microns, for example, between shotd 2 mierons and about 33 microns,
where cach particle i less than about 38 microns in dinmeter.

T\pl&.a“}. the pariicles of the particle formulations, when corporsted o 4 suspenston

vehicle, do not settle in lesy than about 3 muonths, preferably do not settle in léss than about 6
months, mare preforably do net settle in less tha about 12 menths, moere prefirably do not seitle

tn fess than about 24 mouths at delivery temperature, and most preferably do not settle in tess than

about 36 months at delivery emperature. The suspension vehicles typically have a viscosity of

between abont 3,000 to about 30,000 poise, preferabl Iy between aboal § 000 to aboal 25,000 poise,

mae preferably between ghout 10,000 t0 shout 20,000 poise, It one embediment, the suspension

vehicls has g viscosity of shout 15,000 poise, plus or mines aheut 3,000 poise. Generally speaking,

smaller particles tond to have @ Jower setthing rate i viscous suspension vehicles than larger
particles. Accordingly, muicrons o nano-sized psrlicles are iypically desirable. o viscous
suspension formulation, particles of about 2 micvons to about 7 microns of the prosent invention
will nod settle for al least 20 years at room femperalure based on simulation modeling studies, In
an cwbodiment of the particle fosmplation of the present invention, for wse in an implantable

asmotic delivery device, comprises particles of sizes less than about 30 microns, more preferably

Tess than aboul 1) microns, move preferably in a range from about 2 microns 1o abow 7 microns:

o swnmary, disclosed polypeptides, ov pharmgcentically scceptable salis thereof, are
formulaied o dried powders in solid state partielss, which preserve maxinmoy chermical and

biological stabitity of th drug, Particles offers Iong-torm storage stability at high temperature; and

therefore, allows delivery to a suhject of stable and hiclogically effective drug forextended perinds

of tine. Particles are suspended in suspension vehicles for administration {0 patisnis.
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Particle suspenxions in vehicles

n ene aspect, the suspension vehicle provides a stable enviremment in which the drug
particle formudation is dispersed. The drog particle formulations are chemically and physically

stable {as deseribed abhove) in the suspension vehicle, The suspension vehicle tepically comprises

ang or more pelymer and one or more sobeaat that form a solution of seiliclent viseosity

uniformly suspend the paiticles compriding the drug. The suspension vehicle wmay cotnprise futihar
components, cluding, boi not limited 1o, surfsctants, antioxidants, and/or other componnds
soluble in the vehicls:

The viscosity ot the suspension veliele is typieally sufficient (o prevent the drug particie

Soeminlation: from setiling duwing storsge and vse iy o miethod of delivery, for example, in an

implantable, csmotic delivery device. The suspehsion vehicle is bindegradable in that the

suspension vebicle disintegrates ur breaks down over a period of time in response to a hielogical

envizonmrent, while the degg pasticle is dissolved in the bielogics) envivonmnent and the active

pharmaceniical ingredient (e, the drug) i the pariicie is absorbed.

In embodiments, the suspension vehiele is & “single-phase”™ susponsion vehicle, whichis a

solid, semisolid, or liquid homogeneeus system thal s physically and chemically uniform

througheut.

The solvent in which the polymer is dissolved may aifect characteristies of the suspension
formulation, such ax the behavior 6f drug particle Fommulation doring storage. A solvent may be
selected in combination with & pelymer so that the vesulting suspension vehivle exlibits phase

Gf the fnveimion, the

solvent may boselected in cambination with the polymer so that the resulting suspension vehicle
exhibits phase separatiors upon contact with the aguecus environment having less than
approximately about 1% waler,

The solvent may be an acceptable solvent that is not miscible with water, The solvent may
also be'selected s that the polvmer is sofuble in the solvent at high concentrations, such as at a
polymer eoncentration of greater than about 30%. Examples ot solvents useful ia the practice of
the present invention include, bri are not Hmited fo, Jawryl sleshol, henszyl benzoate, bemay!
aleohal; lavryl factale, decanal (also callad decyl alechinl), ethiyl hexyl lactate, and long chain (€8

t C24) aliphatic sleohols, esters, or mixivres thercof. The solvent used in the suspension vehicle
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miay be “dry.” in that it has a low meisture conteat. Preferrad solvents for use in formudation of the

suspensioin vehigle ingluds eyt lactate, lauryl aloohol, henzyl benzonte, and misiurds thergol

Examples of polymers {or formulation of the suspension veliicles of the present thvention
meinde; but ave nat lismited o, a polyester {e.g., polylactic acid and polylaciiepelyglyeolic seid), a
polymer comprising pyrmolidones (.., pobrinylpyrroiidone having 8 molecular weight ranging
from approximaicly 2,000 to approximately 1,000,000), ester or ciber of an unsaturaied aleohol
(0., vinyl acetate), polyoxvethylengpolvoxypropylene block copotymer, or mixtures thereot,
Polyviaylpyrrolidone ean be characterized by its Kovalue {e.p., Ko17), which is g viscosity index.
In one embodiment, the polymer is polyvinyipyrrofidone having § molecular weight of 2,000 to
100408 In a preferred embodiment; the polyaier 1s polyvinyipyreolidone K-17 {tvpicalty having

an’ approximate average molecular weight range of 7900-10,800). The pelymer nsed in the

suspansion vehicle may include one of sore differens palymers or may include different grades of
a single polymer. The polymer used in the suspension vehicle nay also be dry or have a low
meTsiure content.

Gienerally speaking, a suspension vehicle for use in the present invention may vary in
composition based o the desived porfrmance characteristiox, I one embodiment, the suspeasion
vehicle may comprise about Hbwt % to about B0 wi % polymiers) aud about 20wt % 1o about 60
wi Y sobvenils). Preforred embodiments of a, suspension vehicke inglude. vehigles formed of
polymer(s) and solveni(s) combined at the Tollowing ratios: about 25 wi ™ selvent and abeut 75
wi % polvmer; about 30 wt % solvent and abows 50 wt % polymer: about 75 wi % solvent and

ghout 23 wit % polymer. Accordingly, in seme ambodimenix, the suspension vehicle may compsise

selected components aigd n other embodiments consint essentially of selected components,

The suspension vehicle may exhibit Newtonian behavior, The sospension. vehiele s
typically fornulated to provide g viscosity that maintaing a uniform dispersion of the particle
formulation for & predetormined peried of time: This helps faciliidte making & susponsion
formulation tailored o provide controlled delivery of the drug contained i the drug particle
d

application: the size and type of the particly formulation and the loading of the particle forowulation

formulation, The viscasity of the suspension vehicle may vary depending on the des

1n the suspension vehicle, The viscosity of the suspension vehicle may be varied by alicring the

type or selative amdunt of theesobvent or polymer used;
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The suspension vehicle may bave a viscosily ranging: fromn about 100 poise to about
1OGR000 poise, preforably from abont LO0G poise 1o about 100,000 poist, In preferrad
embediments, the suspension vabicles typically bave a viscosity, al 337 (., ol betwesn about 3,000
to abow 30000 poise, preferably botween about 8,000 to abonl 25,000 poise, move preferably
between about 10,000 1o aboal 20,000 poiser 1o one cobodinment, the suspmsié}n, vehicls has &
viscosity of ghout 15,000 poise, plus or minus about 3,000 poise, at 33° €, The viscosity may be
meastred at 33 C., at & shear rate of 10-375¢e, using & pavatiel plate rheomueter,

The suspensien vehicle may oxhibit phase separation whea contaeted with the agqueous
envirenment; however, typicaily the saspension vehicle exhibits substasiially ne phase separation
as & twctinn of wmperature, For example, al a temperature ranging from ap'pmximaiély LE R N T}
approximaiely 70° €, and upon temperature eyeling, such as eycling from 4% C 0 379 C w0 4% C,,
the suspensien velicle typically exhibis no phase separation.

The suspensionr vehicke may be prepared by combining the polymer and the salvent under
dry condifiens, such as in g dry box. The pgi'}fmm’ and sobvent may be conibined of an clovaied
feriperature, such as frant approximatety 409 C. e approxinsately 70% ., and allowed {o iit;us;:-fy
sad form the single phase, The ingredients may be blended uader vacoum to removeair bubbles
prodiced rom th dry fngredionts. Ths ingredients may be cowbived using a conventional mixet,
such-as & dual belis blade or similar oicer, sot at g speed of approsimately 40 rpmu However
higher speads may atso be used o mix the ingradients. Onee a ligeid solution of the ingredients is
achioved, the suspension vehicle may be cooled to rocw temiperatare, Dilferential scamming

calerimetry (DSC Y may beused to verify that the suspension vehicle is g single phase. Further, the

components of the veltiele (e, the solvent andior the polymer) may be treated o substantially

reduee o substantially remove peoroxides e, by treatment with methioning see, wg., U,
Patent r‘\pph cation Publication No. “00;—5‘)@2'?&(35).

The drug pericle Tormudation is ddded 1o the suspension vehicle fo form 2 suspension
formulation. In some embediments, the suspension forowulation may comprise a drug particle
formuolation and a suspension vehicle and i other emboditienis consist ossentially of a drug
partiele formulation and & suspensicar vehicle,

The suspension formulation may be prepared by dispersing the particle formulation in the
spspensicon veldcle, The snspansion vehigle wiay beheated and the pavticle Tormplation added 1o
the suspension vehicle under dry conditions. The ingredionts may be mixed under vacuwn atan
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elevated teroperature, such as Fom sbout 40° C. 1o sbout 70° €. The ivgredionts may by mixed at
a sufficient speed, such ag from ghout 40 rpr 1o abowt 120 wpm, and fov o sulficiend amount of

time, such as about 13 minutes, lo ackicve a uniformy dispersion of the particle formulation in the

suspension vehicle, The mixer may be g doad helix blade or other suitable mixer. The resulting
mixtre may he removed from the mixer, sealed in & dry container o provent water from

contaminating the suspension formulation, and sllowed o cool w room temsperature before further

v device, undl dose eontainer, or

use, for examplys, loading into an dmplaniable, drag delive

multiple-dose eontainer.

The suspension formulation typically has an overall moisiure content of less than sboat 10
wi %, preforably less than abowt § wi %, and morg prefevably loss than about 4 wi %,

In preferred. cmbaodiments, ihe suspension formulations of the present invention are
substantially homogencous and Howable to provide delivery of the drug pavticle formulation from
the osmotic delivery device o thesubject

In summary, the components of fhe suspension vehicle provide blocompatibility.

Componeitts of the suspension vehicle offer suitshle chemico-pliysical prapertios to form stable.

suspensicay-of deoy particle formudations. These properties include, but are aot limited 1o, the

following: viscosity of the suspension; purity of the vehicle; residual moisture of the vehick:
density of the vehicle; compaiibility with the dey powders: compatibility wiih iraplantable deviges:
molecular weight of the pelymer; stability of the vehicle; and hydrophobicity and hydrophilicity
of the vehicle. These propertiés can be manipulated god controlled, fov éxample, by varialion of
the vehicle composition and manipolation of the mto of components used in the suspension

vihicle:

xd

The saspension fovpulations deseribed herein may be used in an implantable, osmotic

delivery device to provide zere-order, continuous, comtrolted, and sustained delivery of g

contpound over an extended peried of time, such 13 over weeks, months, orup o about one year

or move. Spch an implantable asmotic delivery device s typically capable of delivering the
suspension formuelation, comprising the drug, at a desired flow rate overa desived period of time.

The suspension formulation way be loaded nto the implantable; osmodic delivery deviee by

conventignal fechuigres.
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Examples

The following examples are put forth o as to provide those o erdinary skill in the art with
s complete diselosure snd description of how to practics the presentinvention, and are not intended
to limit the scope of what the inventoss regand as the invention. Efforts have been made (o ensure
accuracy with respoct to numbers used {e.g., amdunts, concentraiions, and percent changes) but
sonye exparimental errors and deviations should be accountad for, Unlesy ndieated otherwise,

temperatare s in degrees Centigrade and pressore is at or near gimospheric.

Example I: Generation of ¢ long aviing Glucagon enalog polepepiides

Long acting glucagen analog polypeptides of the dnvertion, as proviged i Table 3, wers

synthesized on & Prelude peptide synthesizer (Protein Technologies Ind, Tueson, AZY) by solid-

shase methods using Fowoe strategy with Ne[{dimethylhamine)-1H~1,2 3-riazolo-f 4, S-hjpvridin- 1«
3 i pel [ . g > g

ylmethylene]-N ..methyin*xs:{han aminium hexafluorophosphate Neoxide (HATU) or 2-(6-¢hiore-1-

H-benzotriazole-1-yi}-1,1,3,3-tetramethyvlaminiun hexaftuorophosphate (HOTUY activalion (5-

fold wmolar excess o amine acidl i NN-dimethyliormamide (DMF), and NN-

ditsopropylethylamine (DIFA) was used 8s base. A 20% piperiding/DMF solation was used for
Frioe deprotection. The fesin psed was Rink Amide MBHA LI (Novabiochem) with {oading &f
(€,30 < 0.40) mmalig on a (204007 umol seale,

Upon completion of solid. phase synthests of the Hnear polypeptide, the regin was washied
with dichloromethane (DBCMY and defed under vacuum for 30 minutes. Foranalogs containing the
allyloxycarbonyl (Alloc) protecting groap, removal was accomplished via a solution of Pd (PPhsh

B
3

in (chlovoformiasetic acidimemathyl-morphioling, 37:2: 11 For analogs containing the fere-
butylaxycarhonyl (ROCH-Lys-Huerenyvhnethyloxyearhonyl (FiocOH, the Fmoo profecting
group was removed using 20% piperidineg/DMF. The resulting Fmoc-deprotocted resin was

washed with DMF (6% 30 sees). Next, clongation of the spacor region was-carried out in step-

wase ranner with the manual addition of each bailding Mock ander pre-activation conditions.

Addition of the lipophilic substituent (also reforred 1o as “agyl ehain™y was carried out under solid-

hase pephide syothesis (SPRESY conditfons with no presactivation sten, Final deprotection aad
. 5 B % ! 3 }. ¥ § %

cleavage of the peptide from the solid support were performed by treatment of the resin with (98%

TEA, 2% water, 2% thioanisole, and 1% tiisopropyistiane) for 243 howrs. The clesved peplide was
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precipiiated using cold dicthyl ether. The disthyl cther layer was decanted, and the solids triterated
agaii with cold dieiliyl eiherznd pellcied by centritiigation.

Foranalogs containing a lactam beidge, the appropriate allyl-protected amine acid building
blocks were installed under norasal solid-phase conditions as described shove. Also, Faoe-Lys-g-
L-{4 4-dimethyl-2o-dioxovyclohex- L-ylidene - 3-methyibutyi{ivDde-OH  was  installed as a
handle to later tncorporate the acyl spacer and sideschain. Upon completion of the lincar peptide
the altyl-protecting groups were removed as desertbed above, Laclam-bridge formation was
afferded  via  solid-phase  prosocol  wsing  benmotrizzelIvl-oxyvinpyrretidinophesphoenivm
hexafuorophosphate (PyBOP, . 8M) activation and DIEA as the base. Deprateciion of the Fmoc
& whde groups was-aflorded via 4% solution of hiydrazine in DME. The resuliing de-protected
resin was washed with DMF (6 s 30 secs). Elongation of the spacer region and addition of a
lipophilic substituent was carried cut as deseribied in'the preceding paragraphs. Final deprotection
and cleavage of the peptide from the sadid suppost was performed by treatment of the resin with
(95% TEA, 2% water, 2% thicanisole, and 1% iriisopropylsilane} for 2-3 hours, The cleaved
peptide was precipitated using eold dicihyl ether, The diethyl ether way decaited, and the sohids
writurated again with cold divthvt cther and pelleted by contrifugation.

The crude product was next dissolved i a solution of acetonitrile (ACNYHR0, 819 TFA.

A 1% solntion of seetic seid was added to cach solution of erude peptide product and allowed to

stiv until anatysis via LOMS indicated removal of any COy adducts. The solution was frozen aud

[yophilized, Purtfication was altorded via the meibiods desoribed in Example 20

Example 2: Purification gnd chavacterization of long acting glucagon receptor agonist
polvpeptides, e, Bugar polypepitde, withour any Hpophilic substituent and sptional spacer

The product of Exanple 1 was lyophilized and anatyzed by electrospray ionizatinn- liguid

chromatography/mass  spectrometry  (BXLLO/MSY  and  analytical high-pressure liquid
chromaicgraply (HPLO) aned was demonstraied (o be pure (298%:), Mass resulls were consisent
with caleplated values.

Characterizations of peptide analogs weve pevfonmed via C18 HPLO and LEMS analysis
{ Acquity SOQD Waters Corp Milford, MAY and UV detection provided by dual absorbance signals
at 215 o and 28G m, wsing one pffMethod A, Method B, Method £ or Method D.

Method A, LO/MS conditiens: performied using a Phenomicnex HPLEC Actis™ Peptide XB

CI8 35 column, 1.7 pog, 2.1 X100 mm or Acquily BEHA0 o BEHIA0 O
100

§ column, 1.77 pm,
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2.1 X 100 mum usi ng 5 - 63% acetonitrile’water with D05% TFA over 30 minutes with a Row rate

0.5 mlimany, & - 215 any 280 no

Method B, C18 HPLC conditions: HPLC avalysis was comducted onan Acquity BEFH 130,
C18 cotumn, 1.7 pm, 100 X 210 mun colomnat 25 °C, & - 83% acetonitrilerwater with U.85%
TFA over 30 minutes; Sow rate 8.3 mL/min, &~ 215 g, 280 i,

Method C, HPLU conditions: HPLC analysis was conducted on an Acquity BEH130, C18
cobpmn, 1.7 gy, 100 X 210 mm cotuiiy al 253°C, 5 - 65% acelonitrife/water with 003% TFA over
26 minuiey, fow rate 0.3 mbimin, &~ 215 am, 280 nm,

Methad D, HPLC conditions: HPLC analysis wag conducted on an Acquity BEH130, C18
cohamn, 107 i, 100 X 210w columnat 253%0, 5§ - 654 acetoniirlio/water with 0.05% TEA over
18 winutes, fow rate 0.5 mbsmin, & < 213 nm, 280 i 3.0 pL of sample was injected using 8
PLNCQ {pariial loop w/ needle aver-fill) injection mode.

Table 9 provides exemplary long acling glucagon reveplar agonist palypeptides ot the
dizclosure

Polypeptide anslogs without & lipophilic substituent and oplional spacer are sometinies
veferred Lo herein ay “lincar polypeptides.” Polypeptide analogs having at least one eovaluntly
bound lipophilic substituent and optional spacer are sometimes reforred to herein as “conjugated

polypeptides.™

Table % Exemplary compounds: lopg acting gincdgon analog polypeptides

Compound | SEQ Parent | Caleulated | Observed
No. 5] MW 4D M Mass
Nk Mass

Al SEQ | ADILET { le71A2 73
13
NO: L

1

A2 SEO | eS| sR1s Y
TEX

NG 2

AR SEQ AGRE 4971 166716 16685
o
N 3

4948 | 1nss4l 16508

R S R R TRD

181



WO 2021/212026

Compound
No,

SEQD
10
N

Parent
MW

Calentated
A3}

Observed
ENFE3 RSy

SEQ
83
N3 &

494755

160683

1968

SEQ
0
NE: T

MTOLER

1692

1643

AT

1a81.9

lesly

AY

AR ERY

jicte

1692

A1

WO 16

VS

1&#78.6

16788

SEQ
(15
NEY 1

506759

{6913

18914

SEQ

067,58

lonl2

et 2

163313

P

1339

161848

1§90

IR

1oR7.6

HWR7.6

Als

SO40LET

16824

g

FO054.5

16872

lour2

suata1

1aud

1692

01354

16735

18735

3564

{6871

16871

06605

JOR9RS

E i3]

S013.59

167389

102

PCT/US2021/027763



WO 2021/212026

Compound
No,

SED

Parent
MW

Calentated

Observed
ENFE3 RSy

A2

3453

ER PR

Al

457248

IHS%R

FORDGR

1a%5.4

Lesss

AT 74

10932

16952

SOES.67

T8

16911

A2S

m
NEE 28

L
=
ot
e

364

LRLY

16817

A29

SEQ

A6

1681

Ihst

153
Wy 3

038

10800

16508

Al 1720833 1710
e 1708 92 VTG

19961

o8

143028

14303

17054

189

(8808

16804

AOHNT

JO80R

IH80R

A39

AW AT

16T 0

BTG
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Exgnple 3: Functionad axsays af fong avting glucagon receplor agonist polipeptides: human
and rat receprors

Activation of the human, cyno and rad Glocagon recoptor (GCGRY and huiman, eyno and
ral GLP-1 receplors (GLPSIR), leads o increases in eellular oyelic adenosing monophosphaie
(CAMPY.  In the presence of the non-specific cAMP/eGMP phosphodiesierase inhibitor, 3-
ixobutyl~-mnethylxanthine (IBMX}, aceuniulating e AMP can be mcasured dawiire Using contnion
detection methods. Thus, it is possible 1o estimate an in vitre: potency (pECSD) for peplides

activating each ot these receplors using (it dose-response curves for cAMP accumulation.

Clell handling and cAMP gecunlatipn assgys

CHO-K gells stahly expressing huntan GLP-1R (Genebank sccession SNM_002063)
woeke grown in 90% FL2-K media supplemented with 109 PBS and 280 ggimi GRS, Forrat
GLP-IR expression, a eDNA {fragment eneeding the full-length gpen reading frame of the rat
GLPIR (Genehanke avcossion ENM (12728} was sub-loned inio the expression seetor

peDINAZ I fo enable transient recgpior expression in CHOAK cells.

A cDNA fragnient encoding the full-length open resding framw of (he cynomolgus monkey
GLP-IR (Genebank accession # XM 028847603 was cloned into peDNAZ 1 for expression in
CHO-K1 cells. A cDNA fragment eiicoding the Tull-lengtls open reading frame of the human
GCGR (Genebank aceession ANM 000160 was cloned into pelINA3Z I for expression in CHO-
K1 cells, A cDNA fragmient encoding the full-d ength open reading frame of the rat GCGR
{Genehank acegssion # NM 172091 was cloned it peDNA I for expression ig CHO-RI gells.
A cDNA fragment encoding the tull-lenzth open reading frame of the eynomelgus monkey GCOR

{Genebank accession # XM 005585253 was oloned into poDNAJZ. I+ for éxpressign in CHO-RA

gells.

Onday 1, CHO-K 1 cells wers plated at 1.3 million colls per T75 flask in 90% FI2-K media
suppleniented with 10% FBS. On day 3 cells were transfected with 40 mog of each expression
phasinid using Lipofectamine 2000 wranslfection reagent, U day 5, celly were dispensed at 1000
gells per well in white 38dwwell OptiPlates in 3 meL of assay buffor consisting of 1X HBSS, 3 mM.
HEPES, 0.3 mM IBMX, and &.1% ¢asein,

Peptides were serially dituted 4-fold in assay buffer o fival concentrations ranging fom 1

x 1P Mg 9.5 x 10 M. Two assay controls consisting of 30 meM forskolin (cAMP system
164



L1

"J;

20

WO 2021/212026 PCT/US2021/027763

maximum) orassay builer only (cAMP systens minimun) were also prepared. Five myicroliters of
cach peplide-concentration, ar assgy control, wasadded o iriplicats wells and inpubgted for thirly

minules &l rom fomperature: Dhring this incubation step a 4x curopium labelled eAMP fracer

solpticn and a 4x Ulight@-aati-cAMP salution {consisting of an ami-c AMP monacltonal antihody

Tabelled with. Ulight™ dyey way prepared sccording to the mamefacinrer’s protocol (PerkinBElmer

LARCE Ultra cAMP ki), Following this incubation, § mel europiun labelled cAMP and § mel.
Ulight anti-c AMP antibody was added o sach well, The plate was covered Lo provent evaporalion
and incubated for 60 mimgtes al soom temperature in the dark, Plates were read on an Envision

fluorescent plate reader (PerkinBlmary.

LDt a;@r‘;*z.czj_vsijs'

Test values were first normatized o the system maximum and sysleoy minimum averaged

vafues in Excel using the formula; (test valug — systent oy dverage) / (Systen mias gverage —

system min average) * 100 Nommalized test values represent a baseline corregted porcentage of

the system maxinum ¢cAMP response induced by forskolin, Data from up to 3 replicate wsts were
anadyzed for each peptide. Polency values were estinmied using GraphPad Prism software (v7.04)
by fiting  data o g dpaameter  logistic curve model  Y=Bottom +{Top-
Bottontp( 1+ 10N (LogBECS0-X3)).  The Hill slope wias constrained to 1.0, ECS0 values were
converied to pECSO values using the formula: pEC = - Log (ECS0), Mean pEC30 values for
glucagon analogs of the disclosure are reporteid in Table 18 Comparative activity data of
ghuesgdn, exenaiids, and compound A6 (SEQ 1D NO»-6) againsg the human, eyno, and rat ghucagon

and GLP-1 receptors i provided in Table 11 and in Figure 2,

Table 16: Aclivity of glucagon analog polypeptides against the gheagon receptor and the GLP-1

recepiar

Componnd | glacagom vecs plor ;i P-! recepinr
N, pECER
Al 113
A2 123 NT
A% 125 N[>
Ad P17 ND
A% (RN ND
Al 122 @7
AT M7 N
A% 4o =B
AB R i@
CAlG 04 <%
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NO = pof determined

Table 11: Activity (a8 ECs values)of compound A& against human, cyaw, and rat glucagon and

GLP- recepiors

WICGR 2QUGE TOCGR BGLPIR ¢GLPIR tGLETR hiHFR
121 1403 12 $.24 =7 <7 <9
Exenuiide g.61 =7 <7 P P14 11 <5
Compound AB. | 122 977 LR 7 HE Np =

3P N K3 NR N ME W HLE

Gucagon

S

Ly

NI = not determined

Example 4; In vitra metabolic stability studies of ghicagon analags

Rat and Huma

In viire incubstions in subeitancous (SCY tssie homogenates were Gsed to claracterize

the shility of peptides o resist pressystemic degradation by proteases and peplidases after 8C
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administration. T vive nonelivieal studies have shows that peptidase activity in the SC space can
[izaiit the bioavailability of s peplide-after SC administration. Pepitdes with igh 8C bioavailability

are stable v this assay, while peptides with low 8O hipavailability are unstable fn this assay.

Brysh border membranes: froin ral and human kidney Ussug were. pwopared  via
centrifugstion and stored at -70°C. Thawed stacks of rat or human kBBM were diluted to the
appropriare concentration i 23 wM HEPEShuiTer (pH 7.4 containing 1% casein aind aliquoted
into @ Yo-well plate. The kBBM solutions were preswarmed [or 10 minuies at 37°C, Reactions
werd fnitiated by the addition of test peptide {1 meM fival conceniration) also dissolved in 25 M
HEPES bufler (pH 7.4} containing 1% casein. The final concentration ¢ kBBM in each incubation
was 50 mieg protein‘iml. Resctions were mainfained al 37°C in a shaking water bath. At D, 0.25,
0.3, 10, 2.0, and 4.0 h post-initistion; 30 meL of the reastion mixture was removed and placed
into a 96-well plate conlaining 120 mel of ive-cold methanol containing 2.3% formic acid.
Quenched samples were centrifiged at 2178 x g for 10 min and they, & portion of the suputatants
were translerred 1o a clean 96-well plate snd diluted il wiath waler, Samples were apalyeed by
UPLO-MS/MS The rasulis of this anslysis for compound A6 {SEQ 1D NO: 8) are shown in Table

{2

ey

Hunun Subdutansous Tissug Homooensies

In viiro incubations in subcutancous (SO tissue homuogensies weare used o charagierize
the ability of peplides Lo resist pressystemic depradstion by proteases and pepltidases afler 8C
adnsinisteation. Invivo nonclinical stadies have shown that peptidase agtivity i the SC spage can

limiit the bioavaitability of & peptidesafier SC administration. Peptides with high SC bicavailability

are stablein this assay, while peptides with low C hicavailsbility are unstable i this assay.

Human 5C tissae wis homogenized in cold 25 mM HEPES bufter (pH 7.4, 10-00ld volume
based on sample weighty, and then {iltered through a double layer of cheesecloth. The filwates
were aligueted, flash Trozen on s methanoldey ice bath and slored. at. -307C.  The proiein
congeniration of each posled batch was dotermined psing the BUA pratein assay. Thawed stoeks
of tman 8C tistue homogenaies wirerdiluted o 10 mg prolein/ml in 35 mM HEPES buffer (pH
7.4y and aliguoted into a Be-well plate. The diuted SC bomogenates were pre-wanmed for 10

mingtes at 37°C, Reactions were injtiated by the additien of test peptide (10 meM  final

comgentration)also dissolved in 23 mM HEPRES buffer {pH 7.4). Reactions were maintained at
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379C i & shaking wator bath, Atd), 025, 0.5, 1.0, 2.0, and 4.0 b post-initiation, 50 mcl. of the
réaction mixtpre was remaved and plated o o 96-widl plate containing 130 mellof ce-vold
methano! containing 2.3% formic acid. Quenched samples were centrifoged at 2178 x g for 1
min and then a portion of the supernatants were translferred 1o a clean 96-well plate and dilwed
130 with wafer, Samples were amalyzed by UPLO-MS/MES, The resubls of this analysis for

compound Ad (SEQ 1D NO: 6) are shown in Table 12

Eraction.anbownd (5 in plasmea

Conventional methods of measuring plasis protein binding, such as equilibrivom diabygs,

uttrafiliation and ulracenwifugation, are not reliable with peptides beeanse of their endiney o

adsorh to The surface of plastic lubing, dislysis menibrancs and molecular waight cul-ofY

As @ vesult, the extent to which acylated peptides bind to seruny atbumin was evaluated using

surface plasmon resonance (SPR). The utility of this technique to provide 2 reasonsble estimalion

of the fraction of a drog bound o plasma protein has heen demensteated i the literaturs. The

results of this analysis for compound A6 (SEQ 1D NO: 6) are shown in Table 12

Table 12: Metsholic stability pharasdcokinetics and. fraction nnbeund of glucagon analog

componnd Ab

KBBM {HISC thwsme sishility Yefu
t1/2(kr} Q2 by
Rat ol LAY £1.83%
Mankey =i S 0.48%
Huin %732 51X5;

Example 3: Pharmacokinetic analysiz of glueagon analog polypeptides

Iniravenows fusion of fong-acting wWueagon analow pelvpemides to gssess infravenous

pharmacokinetios of polvpeptides

Poplides were disselved 1y 0.05% Tween-20 in phosphate buflered ssline and administersd
s d I-howr intravenous infusion o non-fasted male Sprague-Dawley rals (5=3 per group) via
femoeral vein cannula at a final dose of 033 mp'ke. Farmulations were administered at & rage of

L.67 mLdkaih.

Blood samples {approcimately 250 yby were eolfected for pharmagekinglic

analysis via ajugular Ve canmdy at 25, 05, 075, 1, L7, L33, L& 204 8, 24048, 72, and 88
hours post-star of infusion into microtainer tubes containing Kx2EDTA as anticoagulant and 28 plL

108



3

4
Ly

L

(4]

20

WO 2021/212026 PCT/US2021/027763

of a protease inhibitor eockiall. Plasma was prepared by contrifugation and stored af -80°C wntd

analvsis,

Subcigneous bolus injectinn of long-acting glucagon analog polypeprides o assesy
bicasailability £F}af polvpepitdes

Peptides were dissolved in sigrile saline and administered o nen-fasted male Sprague~
Dowley rals (0=3 per group) st a doso of 0.1 mgie wia a single bolus infection into the
subzutaneous space botween the scapulse. Blood sarples (appreximataly 280 pl.) were collectad

for pharmacokingtivc analysis viaa jugular voin cannula at 083, 0.25, 0.5, 1, 2.4, B, 24, 48, 72,

96, and 120 hy post-dose intg micrntainer tubes containing KoEDTA ag anticoagulant and 25 pll

ol & protesse inkitbitor cackiall. Plasma was prepared by cenitrifugation and stored gt -80°C until

analysis,

Plasma sample prepuration for pharmacokinetie studies

A0 L ahigquot of each plasms sample was placed intorto a 96-well plate. Torcach well

was added 210 pL of 1% TFA in 211 ethanclacetonitrife containing an spproprigie internal

standard,  Plates were vortes mixed for 10 min al 1300 rpoy, and then cenirifiged for 10 min ai

SO0 « g Supernatants (210 L were placed into a clean 98-well plate and cvaporated nader a
nitrogen siream at 43°C, Restdues were revonstitnied in 30 pl. ol 20% acetoniirile (aq) vontaining

3.1% formmd seid,

LCEMES quentifficativn of ghucagon aaddos polvpepiides in plasing

All calibration standards were prepared in control raf plasma containing K2EDTA and

protegse inhibiior cocktail,

Samples and standards were analyzed. by elocirospray ionization (ESDH UPLC-MSEMRB
using ‘g system consisting of & CTC HTS PAL auto-injector {Leap, Carrbore, NC), an Agilent
Tofinity 1290 system with colmn oven {Palo Alto, CA), 8 Valoo swiiching valve (Houston, TX),

and a Sciegx TrpleTOFE 5600 mass spectromeler {Framingham, MAY  Samples were injected

onto a 2.1 x §0 mm reverse phase CIR analyiical column, typieally a Waters CORTECS UPLC

C18+, 1.6 pm (Waters Corporation, Milferd, MAY or similar, Chromategraphic separation was
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achieved with a gradient method using water containing $.1% formie acid {A) and acetenitrile

contgining 0.1% formic acid (B) as mobile phase. nitial conditions consigied of 83% A and $%h
B. The organic component was inersased o 95% B over a period of 3-4 minutes, depending on
the pepiide. Typical flow rvates were 330 plimine The colomatempersiure was held constant at
43°C. Peptides were quantificd by moniloring vne or move praduct tong produced from a maltply
charged parent 1on, The results of this analysis for compound A6 (SEQ 1D NO: 6) are shown in
Table 13, The change i plasma concéntration of A6 following boluy injedtion and mfravenous

infysion are presented in Figure 3.

Table 13: Pharmacokinetic and ADME profile of conspound A8

Route cL Vo Tia Tom Cons ¥
i) (b 1 ik {hi (hir's fngfmi) %)

TV infusion 4033 082G 80T 134 iy N N

R hedus. G911 N N 15.8 Re24 362 949

ND = pot deterayned

Gther Embodiments

While the invention has beon deseribed in conpunction withihe detatied deseription thereof|
the Toregoing deseription s intended to illnstraie and got limii the scope of the invention, whiclvis
defined by the scope of the appended clairs. Other aspeets, advantages, and modifications are

withinthe scope of the following ¢laims.
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What 8 claimed i

L. Anisolated polypeptide, comprising (he aming acid seguence of SEQ 1D NO: 80:
X SHGTETRX o YSKY LY X e X ;‘?Awf‘\;x-ggf*’.: tEXa X \r&’Xg;&EXg-&E*Zk{ﬁil*{ OHNH:} {SEQ ID

NQO: 803, or a pharmaesutically acceptable sslt thereof, wherety:

Niis Y o acetyl-Y;
XoisDorE;

Xosis D, Boor K
Xis B A or ¥
N K

Kigis K, Ryor Y
Xopis B, K, O, or§;
Xa i Eor K

Moy Aabor ¥
X is Aib B, K, Quor S
Xie is By L,or O

Xom 18 T B KNG 9, 80 or Namethiyl ghatamaie;

Z-tail is absent or selecied from the group consisting of PSSGAPPPS {(SEQ 1D NO: 9,
PSSGEPPPR (SEQ I NOy 913, PSSGKPPPS (SEC 1D NQy 923, or PSSGSPPPS (SEG Y NO:
93k

wherein whein Xy, Xie, Xiv Xig, Xon, or Xy ave K, the besing residae is eptionally
covalently bound 1o a lipophilic substituent, optionally via a spacer,

provided that the polypeptide conprises at least one residue covalently boand ta 8

lipophilic substituent, optionally vix a spague; and

wherein ihe tsolaled polypeptide optionally further comprises a lactam bridge Tormed via
an amide bond botween the side chains of a lysine and an aspartic. acid or between the side chains
of s bysine and a glutaniic aeid, wheteis the residues that forny the lactam bridge are located st

positions Xag and Xog vn st positions Xu and Xog,
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2. An isolated polypeptide, comprising the amine acid sequence of SEQ 1D NO: 81
XiISHOTETSDY SKY LX X X X Ao X FX e X WLEX s E-Z-tai - O N (SEQ TR NG
81}, or a pharmaceytically acceptable salt thereol, whereim

Xy is X oracetyl-Y

Xisis D er K

Xy bs Atb or K

Miras Ky

Xigis Koor ¥

Kurds By K Q, or §;

Xoy 18 Bor Ky

s s Adbor 'V

Nagas Adh, B KL Quor S

N s D, E KL N, G, 8, or Nomethylghaamater

Z-1il is absent or seleeted from the gronp consisting of PSSGAPPPS (SEQ ID NO: 9th,
PESGEPPPR(SEQ IDNO: #1), PRSGRPPPS (8EQ 1D NG: 92}, or PRSGEFPPS (SEQ 1D NO:
93)

wherain when Xis, Xie, X, Xag, Xag, of Xop ave K, the lysine residue is optionally
covalenity bound 1o a lipophilic substituenl, optionally via  spager,

pravided thal the polypeptide comprises al least one residue covalently bound 1o 8
ligaphilic: substituent, aptionglly via g-spacer;and

whersin thisolated polypeptide optionally forther comprises a lactam heidge formred sda
anamide bond betwoen the side chains of a fysine and an aspartic acid or between the side chains
ol s bysine and a glolamic acid, whergin the restdues that form the Jactam bridge are located at

positions X and Xog or st positions X and Xog,

K An tsolated polypeptide, comprising the amine acid sequence of SEQ 1D NO: &2
XiSHGTFTSDYSK YLD X eXir Y AX 00X FXoi X WLEX s E-Z-1ail-{ O NH O (SEQ 1D NO:

[2), ora phamaceutically accoplable salt thereof, wheradn:

X, is ¥ oracetyl-¥;

Niris K
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Xowds B.RLQ or K

Xoy 8 Bor K

Novis Atk or'V;

Xu s Ath E K, Qo

Xowis D B N, 9,8, or Nemethylglutamate;

Z-tail fx ubsentor seleted from the proup consisting of PSSGAPPES (SEQ 1D NO: 903,
PESGEPPPS (SEQID NO: 914, PSSGKPPPS (SEQ 1D NO: 92), or PSSGSPPPS (SEQ D NO:
3%

wherein when Xie, Xir, or Xay are K, the lysine residue is opiienally covalenily bound to
# lipophilie substituent aptional [y vida spacer,

provided that the polypeptide conprises at least one residue covalently boand ta »

lipophilic substituent, optionally vix 8 spagar; and

wherpin the txolated polypeptide optionally further somyprises o lactam bridge fornwed via
anamide bond between the side chainy ol a bysine and an aspartic ackl or between the side chaing
of s tysine and a glutamic aeid, whersin the residues that forms the lactam bridge sre eated

positions Xag and Xog vn st positions Xu and Xog,

4, The isolated polypeptide.af claie 1 or claim 2 whereln one of Xig, Xyr, 0r Xpq 15 |vsine

bound o a lipephilic substinenl, optionally via & spacer.

A Theisolated polypeptide of any-ong of claims -3, wherstn when X is {3,
Nig i3 K, wherein the lysing at residue Xig i covalently Bound to a lipophilic substituent,

optionally vis a spacer; or

Xai s K, wherein the lysine rosidue at Xag is optinally covalently bound to & lpephilic

substituent, optionally via & spacer.

&, The isalated polypeptide of any one of claims 1-3, wherein when Xag is Q, Xu s K,
whierein the fysit residueyt Xy is oplinally covalently bowmd o a Hpophilic substitnent,

opticmally via a spacer,
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7. Theisclated polypeptide of any one of clains 1-3, wherein when Xai is B, Xoo is B, K, or
S

o

The isalated polypeptide of any one of claims 1-3, wherein Xig is Aib or K covalently

bound feg lHpophilic substituent, optignally via ¢ spacer.

3, Theisolaled polypeptide of atty one of elaims 1-3, wherein X i€ Atb or Ko

14 The iselated pelypeptide of anyone of ¢lamms 1-3, wherein X 8 Dor 5.
polypep 2

1. Theisolaied polypeptide of any une of claims 13, wherein the lipophilic substituent
forms an amide bond betwesn an amin group of the isolated polypeptide and the £O-

group of the lippphilie substituent.

12, Theisolated polypeptide of elaint 11, wherein the Hipophilic substituent is of Forniula I;
COACH 7

Foronda 1

wherein
235 <CH3 or <CORHE and
nr s from 4 10 24,
13, Theiselated polypeptide of claim 12, wherein Z is -COsH,
14, Theisolated polypeptide of claim 12, whereln m is from 14 to 20

15, The isolated polypeptide of clatm {2, whersin na 8 16, 17, or 18,

14, Theisolated polypeptideofany ool elains 1-3, whersin the lipophilie snbstituent 1s

cavalently bound to the isolated polypeptide via a spacer,



I8,

{4,
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Theisclated polypeptide of claim 16, whereln the Hpophilic substinent, -CO-{CHw-Z,
is linked o an amine group of the isolaied polypeptide via the spacer, wherein the spacer
{orms a bridge between the amine group of the isolated polypepiide and the -CO- group

of the lipophitic substlituent.

The iselaied polypeptide of laim 16, whereln the Hpophilic substituent and spacer are of
Formula IV:
LY Dh{dpegleY 23a-COCH )2
Formuia IV
wherein
Z is =UHs or -CO:H;
e e 4o 24
Y1 is selepted from the group consisting of yilu, Asp, and Gly;
¥ 2ix selected from the group conststing o yGln, Asp, and Gly;
dpeg 18 SJCOCHAOICH pO(CHONH ]
¢ i from L to§;
al s from O e H) and

a2 ix from O o 10

The isolaied polypeptide of vlaim 18, wherein £ is -COH.

The isolated polypeptide of claim 18, wherein m is from 14 10 20,

The isolated polypeptide of claim 1R, whereln m is 16, 17, or 18

The isolated polypeptide of claim 18, whersin Y1 s viGha,

The isolated polypeptide of clairg 18, wherein nl i3 2.

Theisolaied polypeptide of claim I8, wherein n2 is .
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The isclated polypeptide of claim 18, whereinris 1.

2 Anisolated polypeptide comprising the amino acid sequence of any of SEQ 1D NOs: 1t

68, ar a pharmaccuticatly acceptable salt thereof,

27, Theisolated polypeptideof claim 26, comprising the aming acid sequence of sny ol SEQ

1D KOs 1 e 39, or a pharmsceutically acceptable salt thereof,

2R Thvisolated polypeptide of elaing 27 comprizing the aming acid sequenge of SEO 1D Nk

3, ora phanmaceutically accepiable salt thereof.

29, Theisolated polypeptide of claim 27 eomprising the amino seid sequence of SEQ 1D KO-

6, or a pharmacentically acceptable salt theroot)

3 Theisghied pulypeptide-ol claim 27 comprising the amine acld sequence of REQ 1Y NO:

21, or aphamiacentically acveptablesalt therent

3. Theiselaied polypeptide of clains 27 comprising the amine acid sequence of SEQ 1D NG

24, 0r o pharmaceutically acceptable salt thereof,

32, A pharmaceutical composition comprising the isolated polypeptide of dny one of claims
1-3 & 26-31, or a1 pharmaceutically sceeptable salt thereof, and o pharmaceuticalby

accoptable adjuvant, carrier, or veliols.

33 A pharmacesutical combination comprising the isolated polypeptide of any ane of dlaims

1-3 or 26-31, or a pharmacentically acceptable salt thercof, and a GLP-1 receptor agonist.

Lad
A

An-osmetic delivery device, coniprising the isolated polypeptide of any one of elaims -3

or 26-31.



WO 2021/212026 PCT/US2021/027763

L
WA

The asmotic delivery device of claim 34, comprising

an inpertieable reservot camprising tnterior aud exterior surfacesand fivst and
second open ends;

a sexii-penmenble membrane i sealing velaiionship with the first open end of the
PESEIVAITT

an osmotic engine within the reservoir and adjacent the semi-permeatde
e,

a pisten adjzcent the oxmotic engine, wherein the piston forms s movable seal
with the intericrsurfice of the reservolr, the pistorvdivides the reservolr tate a first
chamber and a second chamber, the first chauber comprising the osmictic engine;

gsuspension Tormulation, wherein the second chamber comprises the suspension
formulation and the ‘suspension formulation ix Mowable and corprises theisolated
pelypeptides and

a diffusion moderator inserled in thy second open sod of the reservoir, the

diffusion moderator adjscent the suspension formulation.

36 Amethod of treating obesity in a humsan subjeet, providing weight Iogs to the human
suhieet, of suppressing appetito-ineihe human subiect, comprising sdosnisieriag to the
subject & phanmaceutical composition comprising the selated pedypeptide of any one of

clainis 1-3 ar 36-31.

37 A method of reating didbetes in a human subject, comprising administering to the subject
a pharmscentical composition comprising the isolated polypeptide ol any ong ol claims
1-3 or 2631,

38, Themethod of clainy 37, wherein the diabetes {5 type 1 diabetes.

39 Themethod of claiin 37 wherein the diabetes 1% type 2 diabates,

48, A method of treating nonaleoholic fatty tiver disease (NAFLD) andior nonaleohotic

steatohepaiitis (INASH) in a human subjert, comprising administering to the subject g
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pharmacentical composition comprising the isolated polypeptide of any one of claims 1-3

or26-31,



