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(57) Abstract: A synthetic peptide hormone comprising a sequence of about.15 to about 50 amino acid residues that are at least about
90% identical to the same length and aligned sequence of a native peptide hormone is disclosed. Each of the synthetic and native peptide
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peptide hormone sequence. A contemplated synthetic peptide hormone has a half-life in human serum at 37°C of about 25 to about
800 percent longer than the native peptide hormone. A composition containing an agonistic effective amount,of an above-described
synthetic peptide hormone dissolved or dispersed in a pharmaceutically acceptable carrier and a method of treating a mammal having
a GPCR-mediated condition are also disclosed.
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Bon~-mative O-GloMae Modification of
Feptide Hormonss Yields Potent GEPCR
Agonists with Improved Ssrum Stebility

Descripticon

CROSE-REFERENCE TCO RELATED APPLICATION

This international appliication claims
priority to OS application Serial No. 62/872,027,
filed on July §, 2018, whose disclosures are
incorporated herein by reference.

STATEMENT REGARDING FEDERALLY

SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with gqovernment
support under B0l GM114537 awarded by the National
Inztitutes of Healith. The Government has certain
rights in the invention.

BACKGROUND ART
G protein-coupled receptors {GPCRs) are
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nsmitiers to proteins and extracellnlar

GPCRs reprezent the largest family of
g proteins targeted by many clinically used
Recent studies szhed light on the

icnal changes that accompany GPCR activation
inue through the cellular mempbrane to alfer 5
and arrestin conformation ultimately

g signal tr

Glucagon-like peptide-1 {GLP-1) and the
cid hormone {PTH), which respectively help
glucose and calcium levels in the blood are
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natrative peptide hormone agonists that bind to
GPCRs. Feptide hormons agonists of GPCEs and cther
receptore are powerful signaling molecules with high

potential as biological tools and therapentics, but

they are typicaliy plagusd by instability and short

half-lives in viva.
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ancther organ or group of cells, in the szame
ic ragulatory
inaes a peptide
any peptide with hormonal activity in
animals, whether endocring, neurcvendocrine, or
paracrine Such zubstances form a very diverse group

physiologically, and the boundary between peptide

hormonas and protein hormones is somewhat indistinch.
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Peptide hormones can have amino acid
reszidue sequences of about ten residues such as
argipressin or oxytocin, sach of which has a sequence
of nine amino acid residues, or as many as nearly
250, such as ervythropoietin with 165 residues and
hnman chorionio gonadotropin that has a seguence of
237 amino acid rezidues.  Those of interest here have

S P S
Lo about 50

a seguaence langth of zbout

residues.

Glucagon-like peptide-i {GLP-1} is an
illustrative peptide hormone that contains a segquence
of 30 amino acid residues deriving from the tissue-

spacific posttranzlational processing of the
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proginecagon gene preduct. GLE-1 is gproeduced and
secreted upeon food consumption by intestinal
anternendecrine L-cells and ceritain neurcns within

the nnecleus of the solitary tract in the brainztem.

amidation that gives riSe to the ftwo

equipotent biclogically active forms,
{positions 7-3¢} amide and GLP-1 {positions 7-37).
BAaqueous, active GLP-1 contains two o-helices from

amino acid residue posifticons 13-20 and 24-35 that are

Alongside glucose-dependent insulinotropic

|"J

peptide {(GIP}, GLPF-1 is an incretin; thus, it has the
pility to decrease blood sugar levels in a glucose-
dependent manner by enhancing the zecretion of

insulin. Beside the insulinotropic effects, GLP-1

s

haz been associated with numercus regulatory and

]

protactive effects. Unlike GIP, the action of GLP-1
is preserved in patients with tvpe 2 diabetes and
substantial pharmacentical research has therefore

bean directed towards the development of GLP-1-based
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treatment for type 2 diabetes.
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aqonists of both the insulin receptor and the
glucagon-like peptide-1 receptor {GLF-1R} are well-
established clinical targetsii., GLP-1R is a GPCEI,

In fact, ewtensive efforts have focused on

P

he develepment of smeil molecule modulators of GLP-

iR with little to no success. However, peptide
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Fortaeo®, and a peptide analog of the parathy
hormonae-related protein, approved as Tymlos® from
raddin - } TUHRT 12 algo : DR 3E

Radiugs Health. PTHRI 13 also a GPCR.

One critical drawback to thizs strategy is

pe@tides in vivo due to proteclviic degradation by
endogenous enzvmes. For ezample, GLE-1{7-37} and

PTH{1-34) have respective half-lives of only aboutb 2

rapid degradation iz carri
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Given the Increasing intersest in preparing

ide and protein therapeutics, several

strategies almed toward engineering ztable analogues
t

i
of GLP-1 have emerged. Thus, unnatural aminoe acid
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modifications at the N-terminus of GLP-1, such as

N-pyroglutamyl modification and thioamide
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substitution, can s major degradation pathway

through dipeptidyl peptidase {DPP-4} cleavage at

alanine 8. However, these analogs can have reduced

f GLP-1 is
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potency, as the N-terminal segment

for activation and signaling®’.

|‘«l
53]
s
0]
AN
}”A
e
4
o
|8
e
)
]
9]
|‘A
|‘«l



WO 2021/007236 PCT/US2020/041049

Additionally, PEG and lipid modifications
introeduced inte peptidesz and proteing can often be
ipmpnogenic and must ke tested on an individual

baziz. HNature uses protein oligogliyeosviation to
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23 is disclosed hercinafier, an alternative
n through the unconventional

modiftication

[

&
appllcatlen of the post-translationa

monosaccharide N-acetylglucosamine through a
B-iinkage to proteins in the nucieus, coytosel, and

HO O HCH

O-31cNAc can have a variety of biclogical
conzsegquances on itz protein substrates, including the
modulation of protein-protein interactions and the

irhibition of protein aggregabiont® it

BRIEF SUMMARY OF THE IRVENTION
The present invention contemplates a
synthatic peptide hormone comprising a seguence of
about 15 fto abont 50 amino acid residues that are at

least about %0% identical to the zame length and
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hormone. Bach of the syn
occurring {(native}] peptide ssguences exhibiting an
amphipathic alpha-helical secondary structure as

measured by circular dichroism 3pectroscoDy.
e

of covalent ir
peptide hormeone includes a mono-O-glycoesylated serine

or threonine reszidue in its seguence as a non-

zegquence; i.e., the naturally-cccourring seguence does
not include that mono-0O-glycosylated residue. The
zynthetic peptide hormone containing the mono-0-

glycosylated serine or threconine residus has a half-

A compnzition containing an agonistic

effective amount of an above-described synthetic

peptide hormone diszolved or disperssd in a

3G

|,”J

pharmaceutically acceptable carrier is a
contemplated.

A method of treating a mammalian G protein-—

r‘;

oupled recepitor-mediated [{GPCR-mediated] condition

Jeet ®

=18
s alsco contemplated. Such conditions typically

se due to a lack or ineffectiv a5 of an

L
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appropriate endogenous peptide hormone.
That method comprises administering an

agonistic effective amount of an above-described

3
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dis
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synthetic peptide hormone dissclved o persed 1ir

e

ble carrier

it

pharmaceutically accepta 2 that mammal

having that GPCR-mediated ndition. This

contemplated btreatment can be repeated az needed to

aintain the treated mammnal.
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One more apecific azpect of the invention

N

3

comprizes a GLE-1 derivative peptide. hie seguences

of the twpo native GLP-1 peptide hormones are shown

P33T} HARGTEFTSDVEBYLEGDAAREF T AWLVKERG
{8EO ID NGz oyr and

GPL-1{7-3¢)amide HAEGCTFTSDVSSYLEGUAARKEFIAWLVKGR-NH2

o
1
O
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& contemplated synthetic GLE-1 peptide

3

hormone sequence i3 shown below azs Formula 1 and SEQ

ol

[

» NO: 1, from left to right and in the direction

from amino-terminus to carboxy-terminus,

R/RON-HX) EGTFTSDXpSX3YLEGOAAKEFTAWLVKGRY, (1)
where

Xq = -NH- {CH} - CRIRZ-C{0)- or A {(Ala);

Xo = -NH- {CH2}p—CRIRE-C{0)- or V (Val);

X3 = -NH-CH{ {CH}-0- (Sac)}-C{0} -;

Xg = G (Gly), G-NBSER® or —mRORE;

m = or 1;

Bl and RZ are the zame or different substituents

that are hydrogen (H)} or Cy-Cs hydrocarbyl, with the
provisc that only one of RL and R iz hydrogen, or R

and R~ taqether with the depicted carbon to which

3 hydrocarbyl, or E°
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ES together with the depictsd carbon to which they

are ponded form a 5-T-membered ving:

5 & o F iR - . P kLAY S,
RZ, RY, RY and R® are the same or different and

,,'L

are H, Cy-4g hydrocarbyl, £3-Cig aoyl, ¢1-Cig

E

S

hydrocarbylsulfonyl, or either or both of R2 and RY

and R? and BY together with their depicted nitrogen
atoms forms a 5-7-membered ring that opticnally

the provisoe that only one of B¥ and R

dn

nciudes a hydrocarbyl, acyl or zuifonyl group having

Jeet ®

mare than 8ix carbaon atoms; and

Sac is a ¢ 1dically-linked C5-Cg saccharide,

deoxysaccharide or 2-{N-acstylamino} Cr—Cg saccharide
or deoxysaccharide. PFreferred saccharides are
GlcNAc, GallNAc, ribose, decxyribose, manncese, glucose

and galactoze.
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A contemplated peptide of Formnla 1 has
been found to be particularly specific, potent, and
xhibit diminished off-target effects az an agonist
of the glucagon-iike peptide-1 receptor {GLF-1R}.

GLP-1 iz an agonist for each of GLP-1R and the
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other endogencus proteases compare

A composition containing an IR- and/or GLP-

pharmacentically acceptable carvier is alzo

contemplated.
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is alsc contemplated. That method comprises
administering an IF- or GLP-1R- agonistic effsctive
amcunt of a peptide of Formula 1 dissolved or

disperzed in a pharmaceulically accegtable carrier to

5

that mammal having a GLP-1R-mediated condition such
as type 2 diabetes This contemplated treatment can

be repeated as needed to maintain the freated mammal.
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Another specific contemplat e
this invention is a parathyroid hormone {PTH)

derivative peptide whose seguence is shown

-

o]
peR

Formula 2 and Seq. IDh. No.: 7, from left to right a

-
I

in the direction from amino-terminus to carbozv-

RIRZN-SVSEIQIMHNLGKX LNSXoERVX3WLRX sKLODVHNXs {2}
wherein

~X3- = -KH-CH[ {CHg) p (CHp) O- (Sac)

Lamnnd

-C{0}y—- or H
{Hiz);

~Xp- = -NH-CH[{CHa}pn{CHp) 0- (Sac)]-C{0)- or ¥
(Mot}

-X3- = -WNH-{H
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c}I-CH0Y- or K

-Xg = F {Fhe} or F-NROR%, with the provisc that

only cne of —-Xg-, -Xp-, -X3- and —-Xg- is cther than

the stated amino acid residus; i.s., His, det, Glu

—G—
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n =40 or 1 and
whenn =1, p = i, a
ri, RZ, ®¥ and

g H, ©1-Cyg hydroco
{hvdrocarchyly, ©3-€
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p =1 or 2, with the provizo that
nd when n = 0, v = Z;

R4 ars the same or different and
arbyl, Ty-Cig acyl

1 hydrocarbylisulfonyl, or sither

sr both of RY and BZ and RS and R4 together with
thair depicted nitrogen ator
ring that opticonally contains 1 o©
hetero atoms that independently
or sulfur, with the provisc t
R3 and R% includes a hydrocarbyl, acyl or sulfonvi
group having a chain of carbon atoms that contains
more than six carbon atoms; and

Sac is a giveosidically-linked Cy5-Cy saccharide,
decxysaccharide or 2-{N-acetylamino} Cg-Cg
saccharide. Preferred saccharides are GlcMNAg,
GalNAc, ribose, deoxyribose, mannose, glucoss and
galactoze,

A composition containing a PTHRI agonistic
effective amount of a peptide of Formula 2 dizsclved
or disperzed in a pharmaceutically acceptabls carvier
is also contempliated.

A method of treating a mammalian GPUR-
mediated condition such as a PTHRI-mediated condition
iike ostecpcerosis is alsce contemplated. That metho
comprises administering a PTHRI agonistic effective
amount of peptide of Formula 2 dissolved orv
lispersed in a pharmarcentically accepiable carrier to
that mammal having osteoporozsiz. This contemplated
treatment can be repeated as needed to maintain the
treated mammal.

Definitions

[
99
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includes straight and branched chain aliphatic as

well as alicyelic groups or radicals that contain

only carben and hydrogen. Thus, alkyl, alkenyl and

alkynyl groups are contemplated, whereas aromatic

this

Z

hydrocarbons such as phenyvl are not included fo
term. Usual chemical suffix nomenclature is followed
when using the word "hydrocarbyl? except that the

usual practice of removing the terminal "v1% and
3

Ih

adding an appropriate suffix is nob alway:

because of the possible similarity of a resulting
name to cone or more substituents.

wWhere a specific aliphatic hydrocarbyl
substituent group 1z intended, that group is recited;
i.e., ¢3-Cz alkyl, methyl or ethyl or iso-propvl.
BExemplary hydrocarbyl groups contain a chain of 1 to
3 carbon atoms, and preferably 1 or 2 carbon atoms.

A particularly preferred hydrocarbyl group
iz an alkyl group. As a conseguence, a generalized

but more preferred substituent can be recited by

e

replacing the descriptor "hydrocarbyl® with Yalkyl®
of the substituent groups enumerated herein.
A hydrocarbyl gronp can be straight chained, branched
hain or cyelic. Hydrocarbyl groups with siz or
fewaer carbon abtoms are used bhelow for illustrative
purposes with the understanding that a skilled worker
will be well aware of the substituents with larger
numbers of carbon atoms, particularly the straight
and branched chained substituents.

Examples of alkyl radicals include methyi,

n-propyvl, iszopropyl, n-hutyl, iscobutyl,

sac-butyl, tert-butyl, pentyl, isc-amyl, hexyl and

<
H

the like. Exampies of suitable alkenyl radicals

(95
Jess!
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include ethenyl {(vinvl), Z2-propenyl, 3-propsnyl, 1,4-

pentadienyl, 1,4-butadienvl, 1-butenyl, 2-btutenyl
3-putenyl, hexenyl, hexadienyl and the like,

Exanples of alkynyl radicals include éthynyl,
~propynyl, I-propynyl, l-butyayl, 2Z-butynyi,

3-butvnyl, and the Ilike.

alkynyl group are not intended to be encompassed by
the word "hydrocarbyl®, although such substituents

with fTwe or more <carbon atoms are intended, Aas 13 a

& contemplated hydrocarbyl group can also

-
1
i

include a 5- to 7-membered hydrocarbyl ring.

Groups.

Yhydrocarboyl group iz a straight,
branched chain or cyclic acyl hydrocarbyl residus
that can contain one to through seven carbon atoms.
Illustrative {Ci-Tig)hydrocarboyl groups includs

formyl, acetvl, propionyl, benzoyl, acryioyl,

methacryloevl, cyclopentylcarbonyvi, hewxanoyl, laurcyl,

ivatives and the Z-N-acetyl (WAc) derivatives of
both types are well known in the in the chemical an

biochemical arts. Exemplary Cs-C

, gulose, iodose, talose, mannosea
ripoese, fuccese, arabincese, and lyzose. 5

GalNAc, ribose, deoxyribose, mannose, glucoss and
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galactose {(Gal} and theilr 2-Nac derivatives are more
preferrad meonosaccharides for usze herein.

The terms “gphysislogically acceptable” and
“pharmaceutically acceptable” in their various
grammatical forms refer to any non-toxic cation oy
anion or combination theresf commonly used in the

n rv, which oar

k]
A

dustr
th

methods known in art. A cont

and/or anion to provide ignic

;v

or bhasic aminge acid residue side
provide a water-scluble salt such

to raise osmolality above that

phosphate.

negtralit

sraepared by

d

H

£mp catior

an acid

cation salts are zodium, potassium, calcium and
ammonium in either the mono or dibasic salt form.
The preferred anions are halogens such as chloride

and bromide, and Cy-Cg hydrocarbyl carboxylates. The
raeader is directed to Berge, J. Fharm. Sci. 187
68{1):1-1% for lists of commonly used physiclogically

{or pharmaceutically) acceptable

form physiclogically acceptable s

armaceutical compounds

pha

and buffer

=

alts with

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings forming a porticn of this
disclosure,

Fig. 1A - Fig. IF illustrate the cell-baged
characterization of the ezemplary GLP-1 pepbides

prepared herein. shows U

nat

naeither

G-GloNAcyviation at serineg residue 18 alone nor
D-GloNacylation plus Z-aminciscbutyric acid {RIE)
Ellsg CAME production whean

iB that
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Mice {n = 5} were subjected to a single auboutaneous
injection of vehicle or the indicated concentrations
of PTH or FTH peptide P2. Blood Ca®t concentrations

were then measured after the indicated lengths of

|~.'
T
-

15

time. Fig 58 shows that ionized Ca®t arsa under
curve (AU} calcoulated from the data in Fig. 3D over
8 hours with a baseline of 1.25 mM. Exrroer barz
reprasent #s.c.m., and statistical significance of
diffaerences in RUC between vehicle and peptides was

calculated using one-way ANOVA with a Dunnett post-
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ectrum of the PTH peptide and also

f the synthesized, GlcNAcylated (P1,
P2, P3 and P4) peptides. Examination of the five
spectra shows that the spectra for PTH and B2 are
zimilar and different from the other spectra, thereby

indicating that the presence of the O-31cNAc moiety

£

to the position ayntheticallvy-added serine

doses not alter the PTH zecondary structure,
whereas the other substituvtion dio change the ztructure.

The I} spectra were collected for freshly diszssoclved
samplas of the indicated peptides at 50 uM

concentration,

DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS
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or threoninse residue in its sequence ag a non—
identical residue comparsd to the naturally-cccurring
{native) peptide hormone seguence; i.e., the

naturally-ocourring sequence does not
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glycosylated residue. The synthetic pe
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containing the mono-0-glyoosy

¥
i
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threonine residue has a hal
37°C of about 25 to about 800 percent longer than the
naturally-occurring peptide hormone.

The synthetic and naturally-occurring
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peptide hormones are agonists of

recepior (GPCRY. A GPFCR for which a synthetic and

naturally-occurring peptide hormone is an agonist

mediates a mammal’s bodily function via the G probein

known.

{native}

peptide hormones agonists of G protein receptors are

Turni to the synthetic pesptide hormone

and its correspond ing native peptide hormone, it is

\

geen that the twn sequences have same numb

= .
Or aminn

""}

acid residues in their linear ssguences, and are

therefore of the AMIne
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acid residues in = o about

,A

ch a sequence 13 about 1

I3

s about 24 to

Jeet ®

50. More preferably, that length
t

[~2
n
[

about 45 residues, and most preferably about

about 40 amino acid residues.



WO 2021/007236 PCT/US2020/041049

Not oniy do the two peptide zeguences have
the szame seguence length, the synthetic peptide
hormene is at least aboul 90% seguentially identical
to the aligned sequence of a naturally-occurring

peptide hormone.  Thus, if the native peptide hormone
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synthetic peptide hermons can contain up & segquence

a
of 50 residuess including fto aboub 5 residues,

segquence and/or of a different identity at a

ied segquence positiocn as compared to the
naturally-occurring peptide hormone zequence.
Because there are no partial amino aclid residues, the
about 20%” ubtilized herein is to permit the

3

rounding up to a whole residus where the 90%

calculation provides for a partial residue. Thus,

[
»]

or ezample, a contemplated svnthetic peptide hormone

whosa corresponding native peptide hormone has a

four non-native residues including the mono--
glycosylated serine or tThreonine.
It is to be understood that a mono-O-

glycosylated serine or threonine residus utilizes the
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¢ linkage joins the ami

portions of the residue. For written convenience

e raeferred to hereinafiter az a

Jeest

such residues wil

“monoglyveosyiated serine or threoninae™.
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Ise of the word “aligned” herse
when ¢ s peptides arve compared by thed
whan the v eptidaes are ar oy fheir

seguances, those zeguences are arranged 30 that there
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ig the maximms identity of aminc acid residuaes at

Ea

each segusnce pogition betwesn them. Thus, if the
native peptide hormone haszs a zeguence of 3% residu
and the synthetic peptide has 3% residusg, the tvo
sequenecss arve first aligned to cbitain the greatest
sequencs identity within the coverlapping tws lengths.
Once the seguence alignment iz considersed, if the
synthetic peptide hormone contains 35 residues that
aliqn with the native pepitide hormone to provide at
ieast an about 90% residus identity, the length and
aliqgrment criteria of the synthetic peptide hormone
are fulfilled.

Each contemplated synthetic tide hormone
contains one monnglyoosylated serine or threonine
rezidue. In as much as there are no known naturally
gocurring monogliyeosylated serine or threonine
resziduas present in & naturally-occcurring peptide
hormone, such a gilveosylated residue can constitute
the reguired 1uﬁ—ﬁatura11y—acc1rriﬁg {non-native}
tide hormone
segquence. It iz to be understood that a reguired
non-native residoe includes a monnglycosylated serine
sraegent atbt the zame seguence
Gilyoos yldted form and/or a glveosyiated serine or
= slaced ancther residue at a
given place in the sequence.

The native and aynthetic peptide hormones
alzo are preferably free of intrachain covalent

qes such asz dizulfides or amide bonds. Thus, a
contemplated synthetic peptide hormone is preferably
frae of covalent cross-1inks such as disulfide or

amide honds.
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The alipha-helical secondary structure

a
axhibited by the native angd synthetic peptide
O

n that opposing polar amd

or threonins residue is pressnt in the seguence fhat

constitutes the polar face «f the amghipathic alpha-

situnated near the center of the poliar face of the
amphipathic alpha-heliz.

predicting

'r-h
]

Several means are well kKnown
amphipathic helical structures in peptides and

protaeins.
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he readar

w4

invited to Schiffer et al., Biophys J 7, 121-13%5
18 cnes et al., J Lipid Res, 33, 287-29¢

O
—
(-1

32y Phoenix etb al., Curr Frotain Pept Sci 3(2),

Acids Res 41 {W1l}: W340-W348 {(2013%;

shics 24 {18} Z101-2102

A CD spectroscopic

carried out atb a

h

in a 10 mM agueons phosphate buffer at pH 7.4.
However, some native peptide hormones and
thaeir contemplated corresponding synthetic peptides
do exhibit their secondary structure in agueous
media. As noted by Kezdy et al.,
§:1137-1143 {1983}, some cross-link-free

as having sequence lengths of 10 to 50 residues
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C1OnE.,

ir Native and Synthetic Agonists

sidue proglucagon protein is a

naturally cccurring mammalian protein that is
procasased in viwe into shorter peptides {(UniProtEs-
1275y. ¢One of those peptides is known in the art as
glucagon-like peptide-1 {(GLP-1}, and gontains aminn
acid residues 92 through 128 of the proglucagon
cguence That peptide iz relatiwvely short-lived and

ars giso referred to

peptide-1 {GLP-1}.
As further

peptides contains 31

amidated,

into twoe peptades, both of whach
in the art as glucagon-ilike

4
-

identifiers, a firs

residues of the proglucagon

The

30 residues -terminal

referred
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36}amide {UniProtKB-1275}. Any re

mad o
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dis'lnquish fhose peptides from the longer molecule.
Both SLP-1{7-37} and CLp-1{7-3%)amide kingd to the
GLP-1 receptor {GLP-1R}.

The present inventicn contemplates a
synthetic GLP-1 derivative peptide whose saguence i3
zhown below, as Formula 1 {SEQ ID NO: 1), from left
to right and in the direction from amino-terminus to

carbozy-terminus in single letier amino acid code,

RRON-HX{ EGTFTSDXoSX3YLEGQAAKEFIAWLVRGRX, (1)

where

X1 = -NH- (CHo)p-CRIRZ-C{O)- or A (Ala);

~NH- (CHa) 1 -CRORA-C{O} - or V {Val};

»
[
I

X3 = -NH-CH{{CHQ)-C-{3ac} -C{O}-;

Xg = ¢ {Gly}, G-NROR® or -MRORS;

m = or 1;
n o= or 1;
2 = H or methyl;
}_.-\- or e g o -y i1 ¥ B T ST SR S S c
R+ and BS are the same or different =zubstifuents

that are hydrogen (H) or C3-Uy hydrocarbyvl, with the

and R< together with the depicted carbon to which
thaey are bonded form a S-7-membered ring:

®R3 and R% are the same or different substituents

L

3 R TY § 1T ~ i I, SR, —~ 3 .
that are hydrogen {(H) or 4-C3 hydrocarbyl, or RY anc

e

together with the depicted carbon to which they

are bonded form a 5-7-membered ring;

_
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are H, {1-Cyg hydrocarbvl, Ty-Cig acdvl, ©1-Cisg

sulfonyvl, or either or both of R2 ang BE

N ¥ o P _ P . s .
and RY and RY together with their depicted nitrogen
atoms forms a S-7T-membered ring that optzionally

1
¥

incindes a hydrocarbyl, acyl or sulfonyl group having

more than six carbon atoms; and

;L

Sac is a glycosidically-linked Cs-Cg saccharide,

devzysaccharide or 2-{N-acetylamino} Ce—Ug saccharide
or deozysaccharide.

In one preferrsd embodiment, the saccharide

of X3 iz O0-GlcNAc. In another preferenc , RY, rZ, g3

ﬁ
jes)
in
A}
&)
m
m
w
@]
g
=3
m
ct
t:.!
bt
},,)
M
)

.
a further preference, RY

and R ars both methyl and Xo iz a valyl residus {V}.

erred that RY and BS sach be hydrogen
{HY. It is further preferred that § be hydrogen.
Exempliary preferred peptide seqguences

inciude G1, G2, G3 and G4, in which Xy= Z-amino-

bl
0]

izobutyric acid {AIB), and X3 = Xp = AIBR; X3 = -NH-

e
ey

CHI{CH2} -0 {(GIlcoNAC) [ -C{C)—-; and X3 iz G {Gly), are

set out below along with their SEQ ID NCOs:

@1 HAEGTFTSDVSX3YLEGQAAKEFIAWLVKGRX 4

el
5
o

rd

O:

[E]

{SEQ i

G2 HAEGTFTSDXoSXaYIEGQARKEFIAWLVEGRXs

e

{SEQ ID NG: 3) RS and RY are both methvi;
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33 HX{EGTFTSDVSXYLEGQAAKEFIAWLVEGRX 4

1

{SEQ ID NO: 43 &l and RE are both methvl;

G4 HX;EGTFTSDX;SX3YLEGQAAKEFIAWLVKGRX 4

oy

Ty TR M - ; T 53 g i R
SEQ ID NO: 5} Ri, E<, BA oand r% are sach

GLE-1{7-37} HARGTFTSDVISSYLEGQAAKEFIAWLVKGRZ
{Raq. ID. No.: $) and GPL-1{7-3¢Yamide
HARGTEFTSDVESYLEGAAREFRIAWLVEGE-NEs (SBEQ ID NG 7.

Ancther zpscific contemplated aspect of
thiz invention 1z a szynthetic parathyroid hormons
{
o

5
o

derivative peptide whose seguence iz shown

=3

o

LOW, as Formulas 2 and SEQ ID BO: 8, from left to

4]
foent
#

3

ight and in the direction from amino-terminus to

&

a8 Y_RQY'}['— terminus:

RIRZN-SVSEIQIMHNLGKX ] LNSX2ERVX 3WLRX 4 KLODVHENXs (2)
{SEL ID NG 83
wherein

~Xy- = -NH-CH[{CH3}y (CHp) O~ (Sac) or H

m,
s

g
R

TTY oy o
{n_z_S} N

|

=
v
o
b
o
o
—r
i
F
root
(=

~Xp- H-CH[ {CH3) p (CHp} O- (Bac)

-X3— = -NH-CH[ {CHa} < H;}O—tRa YI-0UY - o B
{(Glu);
-Xz- = —NH—CX{{CHSB {T Hp}d_{udu}}_. {Oy—- or ¥

-Xg = F {Phe} or F-NESRE, with the proviso that

0
&
e
4]
r-d
rt
Ly
@

only one of -X3-, -Xap-, -X3- and —Xg- is

the stated amino aclid residue; i.e., His, dMet, Glu

5]

fieA
|
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n==>%or1and p=1or 2, with the provizo that
whenn =1, p= 1, and when n = 4§, p = Z;

RY, RZ, 8% and R? ars the same or different and

g H, €1-Cyg hydrocarbwl, T3-Cyg acyl

{hvdrocarchyly, ©1-€Cyp hydrocarbyizsulfonyl, or sither
sr both of RY and BZ and RS and R4 together with
thair depicted nitr
ring that opticonaily
hetero atoms that i
or sulfur, with the
R3 and R% includ
contains more than

Sac is a giveo
decxysaccharide or 2-{N-acetylamino} Cg-Cg
saccharide. Preferred saccharides are GlcMNAc,
GalNAc, ribose, deoxyribose, mannose, glucoss and
galactoze,

Four iliustrative gynthetic peptidez were
prepared bazsed uvpon the above PFTH segusnoe Althouyg
about 3 or 4 seguential differences ars rmitted
within the $0% identity criterion, each Seguence
contained only one such differen an o-GloNAacylated
serine. Those four peptides arve set ount below, Ifrom
left to right and in the direction from amino-—
terminus to carboxy-terminus, along with their SEg ID
NGs.

P1

P2

B3

SVSEIQIMHNELGKX ¢ INSMERVEWLRKKLOQDVHNE

- .
{SEQ ID mO: 14)

—35-
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P4 SVSEIQLMHNLGKHINSMERVEWLREX s LODVHNE

{SEQ ID No: 12)

Listed below ars five illustrative native

septide hormonas that provide 1liust
x Rig hhe

contemplated synthetic peptide hormones:

s

Secretind®: 27 aming acid residues,

C-terminal amidated, forms an alpha-heliz at resid

L

}”A
&
D
[&

5-13 and also residues 17-26. Binds to family B

GPCRs, including those that mediate diabetes mellitus,
bone disease, pain, inflammation, migraine, anxiety,

depression, short bowel ayndrome and even some
naoplastic dissaszses:

HSDGTFTSELSRLRDSART.QRL.LOGLV-NH;

Pancreatic polypeptide (PP}¥: 3é-amino acid

.._

residues whose C-terminus is amidated, forms an
alpha-heliz at residusesz 14-32. PP binds to the

neuropeptide ¥ receptors that are claszs A GPCEs:

¥
Pancreatic polypeptide alsc relaxes the pyloric and
ileocacocolic sphincters, the colon, and gallbladder.

PP levels increase after ingestion of food and rema

D
'.“J
)]
i
£
-t
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Ch
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o
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o
ot
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f-Bndorphin: 31-Bmino acid residus peptide

Yyt d 3 3 H i 4 i ~ .
xhibits little algha-helix content in water, but
xhibit increasing amounts of alpha-helical
conformation with increaszsing concentrations of

1k o Wi b iy 1Y s R; CEONEaltt fa CIansS o1

i
methanol and also in sclutions of 3 oM zodium

docecylsnlifate (82} using CD spectroscopy®, There
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are twoe alpha-heliical regions; cone is at res

4-11 angd the oth

Human growth hormone-releaszing fragment

{hGRFY: This hormone 1is a 44-amino acid residue
C-terminal amidated peptide that iz reported to
exhibit two nested alpha-helical regions residuss 22-

2% when in low molar ratic agueocus 3D {e.g. 1.3:1-

NOSEY and chemical

ormone binds bo bhinding

important

YADAT FTNSYREVELGRLSARKLLOD IMSROQGESNQERGARARY. - WHy
{S

-’)’ !

=
VLI

&

D ND: 18635

Glucagon: 29 Amino acid residue peptide
hormone that binds to the GPCR gliuncagon receptor
T

The alpha-helical sequence is reported to be located

at residues 15-274¢:

HSQGTFISDYSKYLDSRRAQDFVOWILMNT

{SEQ 17) .

el
5

o
=

O:

[

Pharmaceutical Compositions and Methods
A contemplated synthetic peptide hormone
waz discussed and defined previousiy. Briefly, such

g
=0
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a aynthetic peptide hormons comprises a zsguence of
about 15 te abgout 50 aminc acid residues that are at
Teast about %0% seguentially identical to the zame
length aligned segquence of a naturally-occurring
pegtide hormene. A contemplated synthetic peptide

hormone includes a monoglycosyl

threonine resid

amino acid residuos 0

pocurring {native)

the naturallv-ooot

<

that asylat

lyeco

about 8040 pe

©

,___

agﬂﬂlitlu effective amount d

1)

pharmaceutically acceptabl

[

spguence as a non-identica

hormon

)
P

ated serins or
the naturally-
e saquence; i.e.,

does not include

ithetic peptide
ted serine or
human serum at

onger than the

aptide hormone.

L3100

composit contains a

hormone is present in

izsolved or dispersed

diluent medium.

=

or

Tllustratively, a contemplated synthetic
GLE-1 derivative peptide hormone of Formula 1 can be
usad in the manufacture of a medicament
{pharmaceutical composition) that is useful at for
treating diabhetes type-Z. It is to be understood
that a contemplated GLP-1 derivative peptide hormone
exhibits activities in the standard asszavs
illustrated herein.

& contemplated GLP-1 synthetic derivativ
peptide hormone, medicament or pharmaceuntical
composition containing the same lnwers the blood
glucose level of a recipient mammal as in a subiect
in nesd therecof, as does the parent GLP-1 peptide.
However, contrary to the parent GLP-1 peptide that is
guite unstable o proteclysis in a mammalian blood

—-F8-
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stream, a contemplated GLE
mors stabkle in blood in vi
wiitle maintaining the pare

maintained p Cy is alsc
cell-based assays a&s compa

Similariy,

& o
derivative peptide

harmaceutical compos

When vit
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ors
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for

present in a compos
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esis.
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pharmaceutically acceptabl

synthetic peptide hormone
acidic side chainz. As a
cationic and anionic ions

H

ounterions.

L
Exempliary salts
synthetic peptide hormone

e s

R

mmag wlu"ﬂ,

diethanol amine, ned

1

o

-aulfate, rochio

hormone,
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-1 derivative peptide is

vo, and in plasma In vitrg,

ental potency. This
exhibited in in vitro

red to parental GLE-1

templated PTH synthetic
medicament or

containing the same can
cipient mammal as in a
3 does the parent PTH
o and in vive, a
tide hormone iz typically
eutically acceptable szalts,
collectively are referred

ynthetic peptide hormone

itself, or as a
2 salt. A contemplated
can contain basic and
result, ong or both of
can be present as
useful for a contemplated
include but are not limited
sodium, potassium,
aluminum, choline,
iimine and procaine;

ride, hydro bromides,

R &
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atetate, adipate, algainate, citrate, aspartats,
benzeate, bhenzenesulfonate, bisulfate, butyrate,
camphoratse, camphorsulfonate, digluconate,

cyclopentanspropionate, dodecy

D

1

1
thanesulfconate, gluccheptanvate, glycercphosphate,

o

wemisnifate, heptancate, hexanocate, fumarats,

hydrochloride, hydrobromide, hydroiodids,

ethanesulfonate, lactate, maleate, methanesulfonate,
nicotinate, Z-naphthalenesulfonate, owalate,
palmoate, pectinate, persulfate, 3-phenyl-propiocnate,

crate, pivalate, propionate, succinate, tartrate,

e
ot

thiocyanate, tosviate, mesviate and undecanoate.

The reader is directed to Berge, .J. Fharm.
Sci. 1977 68{1y:1-19 for lists of commonly used
pharmaceutically acceptable acids and bases that form
pharmaceutically acceptable salts with pharmaceutical
compounds .

In some <ases, a salb can alzo be used as
an aid in the iszelation, purification or reseolution
of the compounds of this invention. In such uses,
the acid used and the salt prepared nead not be

e

pharmaceutically acceptable.

23 18 seen frowm the data herein, a

nthetic peptide hormone is active in
udies at picomolar {(pM} to
micromolar {(pM) amounts. When used in an assay such
as an in vitro assay, an illustrative contemplated
GLP-1 zaynthetic peptide hormone or a PTH synthetic
peptide hormone is present in the compoesition in an
amount that is sufficient to provide a concentration
of zbout 0.081 nanomolary (nM} Lo about 1000 nM,

preferably about .1 nM To about 50 nM, to contact
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A composition iz contemplated that

a
an agonistic effective amcunt of a contempla

synthetic peptide hormons or a pharmaceutically
acceptable salt thersof diszolived or dispersed in a
physinlogically (pharmacesutically) acceptable
carrier. Such a compoesition can be adminiztered to

vive as in a living, host wmammal in need. As i3 seen

from the results reported herein, illustrative

range of aboub 0.1 to about 10 mg/kg when provided by

]

intraperitoneal administration.
Tllustratively, thoss smounts along with
the in vive effective amounts for the GLP-1{7-37%

L vy A Y v e G owmayer ot Foly o ey g Yy ooy
derivative liragintide that containg an

3.

addaed palmitoyl zide chain and one exchanged aming

acid residus relative to naltive SLPE- and the

gila monster-derived 39 residus analog sold as
BExtanden-4 provide a skilled worker a more than

P, DU S, S, . . T B e o S oo e AT -
adeguate basis to determing an effective amount of a

J/

-1 synthetic pepiide hormone or zalt appropriate

to the intended recipient and desired

A contemplated composition is typically

administered in vivo to a subisct in need thereeof a
plurality of times within one month, szuch as weekly,
a be administered over a period of several
months Lo several years. More usually, a

contemplated compozition is administered a plurality

|.‘.!

of fimes over a course of treatmen
& contemplated pharmacen
can be administered orally {(percorally) or

parenterally, which is preferred, in a formulation

§s

containing conventional nontexic pharmaceutically
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[}

vantza, and vehicles az
desired. . ferm parenteral az used hersin includes

subcutanas iections, intravencus {which is mast

)

preferr: intramuscular, intrasternal injsction,

Marcel Decker, New York, N.¥., L1980.

Solid dosage forms for oral administration
can include capsunles, tablets, pilis, powders, and
granules. The amount of a contempliated compound in a
zolid dosage form iz as discussed previously, an
amount sufficient to provide a concentration of abou
about 0.001 nanomolar (o) to aboub 1000 nM,
prafarably about ¢.1 nM to about 50 nM in the serum
or blood plasma. A solid deosage form can also be
administered a plurality of times during a one week
time period.

In such solid dosage forms, a compound of

thi
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[

invention is ordinarily combined w
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un

more adijuvants appropriate to the indicated route of
administration. If administered per s, the
compounds can be admixed with lactose, sucrose,

starch powder, cellulose esters of alkancic acids,

cellulose alkyl esters, tale, stearic acid, magnesium

stearate, magnesium oxide, sodium and calcium salts
of phosphoric and sulfuric acids, gelatin, acacia

and/or
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polyvinyl alcohol, and then tableted or encapsulated
for convenient administration. Such capsules or
ablets can contain a controlled-release formulation

e

as can be provided in a dispersion of active compound

oy
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in hydroxypropyimethyl cellulcse. In the caszs of

cagsules, tablets, and pillzs, the dosage forms can

3

also conprise buffering agents such as sodium

%

citrate, magnesium or calcium carbonate or
bicarbonate. Tablets and pills can additicnally be
prepared with enteric ceatings.

A contemplated pharmaceutical composition
is preferably adapted for parenteral administration.
Thus, a pharmacentical compesition iz preferably in

orm when administered, and most preferably,

|‘44‘
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Fh

the liguid is an aqueous liguid, although other
liguids are contemplated as discussed below, and a

z an inijectabie

|.‘.! P

rasaently most preferred composition

Thus, injectable preparations, for example,
sterile injectable aqueous or cleaginous solutions or
zuzpensicns can be formulated according to the known

rt using sultable dispersing or wetting agents and

i

;_.4

spending agents. The sterile injectable
preparaticn can aiso be a sterile injectable solution
or suspension in a nontozic parenterally acceptabhle
dilunent or solvent, for example, asz a solution in
i,3-butanedicl. Among the acceptable vehicles and
golvents that can be emploved water, Ringer’'s
soluticon, and iszeobtonic sodium chiloride solution,
phosphate-buffered szaline.
Other liquid pharmaceutical compositions
include, for example, solutions znita
e aqueous saline
zoluticns of a contemplated synthetic peptide hormone
t

ed synthetic
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n some aspacts, a contemplated synthetic peptide
hormone is provided as a dry powder that iz to be

dissclved in an appropriats liguid mediuvm anch as

¥

P L N ~ & S = 3 1 3 g
In addition, aterile, fized @ils ars

conventicnally employed az a zolvent or suzpending

medium, For this purposs any bland fixed cil can be

in the preparation of an injectable composition.
Dimethyl acetamide, surfactants including iconic and
non-ionic detergents, polyethvlene glycols can be
usad. Miztures of szolvents and wetiing agents such
as those discusszed above are also useful.

Sterile solutions can be prepared by disszolving the
active component in the desired szolivent system, and
then passing the resulting scolution through a

membrane filter to sterilize it or, alternatively, by

dizsolving the zterile compound in a previcusly
zterili

= =
ad solvent under sterile conditions.
Ew

reatment {a subjeckt}

eeet
pet
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& mamma
and to which a pharmaceutical composition containing
a contemplated synthetic peptide hormone is
administered can be a primate such az a human, an ape
such as a chimpanzes or gorilla, a monkey such as a
cynomolgus monkey o a mACAQIE, a laboratory animal
such as a rat, mouse or rabbit, a companion animal
such as a doyg, cat, horse, or a food animal such as a

cow or steer, sheep, lamb, pig, goat, llama or the

ay is contemplated, a
zample to be asszayed such as cellis and tissue can be

usad. These in vitro compositions typically contain

fe<st
C
k4
'.‘J
ik
T
“
i
o
o
e
o
®
Ci
(]

the water, sodium or potassium ch
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more buffer =2alts such as and acetate and phosphate

like, a metal ion chelator such
as EDTA that are buffered tc a desired pH walue such
as pH 4.0 -8.5, preferagbly aboub pH 7.2-7.4
depending con the assay o be performed, as iz well
known.

Freferably, ths pharmaceutical composition
is in unit dosage form. In such form, the
composition iz divided into unit dosses containing
appropriate guantities of the active compound. The

anit dosage form can be a packaged preparation, the

iy

itias of the
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preparation, for example, in vials or ampules.
turing the course of stndies on

vive, it was found that single modifications of this
protein dramatically inhibited the profteclysis of
a-zyrmiclein by the protease calpaini®, HNotably, this
inhibiticon occurred despite the fact that the
O-GlcNAc modifications were very distant in primary

segquence {10-15% amino acids)y from certain cleavage

sites.
Therefore, it was queried whether this
r -
proparty of “remote stabilization,” by

i
[
Joat
9]
::/.1
l-.«"‘

cylation conld be repurposed for therapeutic
peptides. Accordingly, we first synthesized four
analogs of GLP-1 that contained a zingle O-GlcNAc at
serine 18 or in combination with one or two
—amincischutyric acid {(AIB) residues at seguence

poziticns 8§ and/or 16, which have been shown to

},A

stabilize GLP-1 by the Gellman laboratoryi® 4, We

[ &
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then unzed a range of cell-based, in vitre, and in

Acylation does
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not compromisze the agonism of GLP-1R by the peptide,

improved glucose clearance in mice.

Surprisingly, we found that O-GlcNac in
combination with AIB substitutions not only further
stabilized the peptide to cleavage by serum probeases
{inhibited peptide cleavage by serum proteases}, but
rezulted in signi icaﬂtly increased biased agonism
towards certalin S-profein signaling pathways and
reduced recruitment of f-arrestins compared the fo
AIB substitutions alone!® 4, gyhich could result in
improved therapentic properties. Finally, we used
molecular modeling to show that a combination of

O-GIlcNAc in 818, and the AIB mutations in positions

i

Vis and A8, can create new key interactions on the
peptide-receptor interface that can facilitate the

conformational changes leading to agonism bhias.

Degign and synthesis of O-ClcNAcvliated

variants of GLP-1

2s mentioned above, bilochemical and

structural studies have demonstrated that the

r
propriate interactions with GLF-1R that result

7
il
fu
g

in receptor activation. Additiconally, the receptor

GLPE-1 starting arcund residue 24.3% With these
rations in mind, we chose to place O-GlcBAc at
serine 18 of GLP-1, as we hypothesized that this

pozition would be on the polar face of the

amphipathic helix and solvent-expnsed upon receptor

TE
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binding. Accordingly, we prapared the suitably
pretected O-GlicMAcylated seripe using a published

(G1-G4,

UA

procedure!’ and prepared the pepgtide

sometimes also referved to herein as C1-C4) using

- a5 oY s iy 5 33 5 %
standard Fmoc-based sclid phase peptide aynt

Each peptide was purifies

o

Tnmodified GLP-1 haz =2ignificant g-helical

f—»e

character in sointion. Therefore, we next used
circular dichroism {(CD) spectroscopy to ezamine the
zecondary structure of all of cur peptides and found
that neither 0-GlcNAc nor the AIBR substitutions had
any noticeable consequences {Fig. 3}.

O-GloNacoyiation deoes not inhibit GLP-1IE
agonism alone but causes biased agonism in
combinaticn with AIB. Endogencusz binding of GLP-1 to

G-protein, subsequently stimulating the production of

cyclic AMP {cAMP} from ATP and leading to glucose-

U P S g By . N 3 P .
stimulated insulin secrationi®, To assess the abilits

£
agonize human GLP-1R, cAMP accumualation was measured

in FipIn CHO cells stably expressing human GLP-1RM4.

activation, cells were ftreated with native GLP-1,

o

which ezhibited an ECse= 4.1 pM {Fig. 12 and Table

oed

1AY. O-GIlcHNAc peptide analogues G1-G4 showed very

&
[
':3
=
[

ar potencies {5.1-6.0 pM) that were not

L

Notably peptide 61 also resulted in a small but

significant higher maximum efficacy compared to

Again, using the CHO-cell zystem, the
ability of peptides 81-G4 to promote intracellunlar

caleciuwm mobilization was next measured, an

R
[ .
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increasing lcium concentration in the cytoplasmif,
We found GLP-1 to 2xhibit an ECsp= 8.5 nM

{Fig. 1P and Table 1A} in this assay. The 0-GlcNAc
peptide analogues 81 and G2 showed comparable
potencies and maxXimum response relative fo GLP-1. In

contrast, O-GIcN
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haeir maximal response was reduced sigﬂificantly,
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In addition to these G-protein coupled
pathways, GLP-1 has been shown to activate kinases
through non-canconical pathways; therefore, we tested
whather peptide analogues G1-G4 were assessed for
thaeir ability to promote ERKI/2 and RKT

phosphorylationi® 2, As expected, unmodifisd GLP-1

vse—dependent phosphorylation/activation

{Fig. 1, Fig. 1D and Tables 1A &

iBY. Likewise,

of the ¢-GlocNacviated analoygs
reszulted in phosphoryiation of hoth kinases that were

e

eszentially indistinguishable from the unmodified

{SPCRs), CGLP-1E activation can alsc result in
recruitment of f-arrvesitin proteins that
central role in recepfor desensitization?®. An
established bhiclunminescence resonance enargy transfer
{BRET} assay in FipInCHO cells ftransiently expressing

GLPE-1R was used to evaluate this pathway?.
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In this assay, GLF-1 exzhibited 34.8
nM for f-arrestin-1 and an E 20,4 nM for

B-arrestin-2 ({Fig. 1E, Fig. 1F and Table 1B}.
O-GloNAz medified peptides G1-G3 disglayed comparable
sy values arnd curves to GLP-1 ({Table 1B).

In contraat, wb ohserved both a zhift ina
Esy and a substantial decline in the recruitment of
the ﬁ—arreﬁtiﬁs, relative to GLP-1, upon treatment
with peptide G4. Thesze results further support
peptide G4 as a biaszed agonist towards the Goe/CAMP
signaling pathway. We previously showad that AIS
substitution at both residues § and 16 can cause a
modest bias in the zame directieonit, However, thoze
magnitudes {about 15-25%) are considerably less than
those cbaserved for 64, indicating that the O-GlcNAc

modification is playing a direct role in increasing

Table 1A

Activity data for GLP and O-GlcMAcylated peptides G1-G4 in

cAMP accumulation, ca2t mobilization, ERK1/2 phosphorylation®

Peptide cAMP iCa?* pERK1/2
PECsc {M} Enax pELsg (M) Erax PECsn {M} Emax
GLP-1 114 £0.1 1002 7201 10056 91x02 1608
G1 112281 222+ 73+£D2 FIUHE S 2002 10526
G2 11.2201% 10723 F2+02 80z 10 50202 077
G3 113 £01 08+£2 F2x03 453 £ 87 31+£02 1067
G4 113204 105z 2 F3+02 462 57 50802 10786
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Table 1B

Activity data for GLP and O-GloMAcylated peptides Gl-G4 in
AET pheosphorylation, and P-arvestin 1 or 2 recruitment¥

Peptide pAKT f-Arrestin-t B-Arrestin-2

PECss (M Erar PECa {M} Eqa PECsa (M} Enux
GLP 78202 0027 7.520:1 60+ 4 7.7 +£04 1004

&1 Tex02 120z 8 72201 12527 7.2284% 1307V

G2 77201 122+8 7.2+£0.1 82+6 72047 88+3

7T 204 127 72201 91 £5 73047 112+3

G3
G4 77201 101 £8 B89+£0.1¥ 48+ 8 702047 47

transiently expressing human GLF-1B. pEQgq and Egg, values were
calonlated by logarithmic fitting in GraphPad. Valusz are the

O-GloNAC modification stabilizes GLP-1 from
deqradation and improves its function in vive To

= p

complement our ax vive characterization of the GLP-1

analogs 61-G4, we next
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that O-GlcMNAcvlation would improve the stability of
5LP-1 in the presence of serum proteaszes.

accordingly, uwnmodified GLP-1, 61, or G4 were

" 5,

noubated in tripiicate in human zerum for 24 hours.

fee

After different lengths of time, aligucts
warae removed and analys=ed by RP-HPLC To measure the
remaining full-length peptide??. The resulting data
ware then fit to an ezponential decay curve to
calculate the peptide half-lives (Fig. ZA).
Gratifvingly, the half-1ife of peptide €1 was twice
P-1, confirming our O-GIlcNAC

e
nvmathesiﬁ, and the incorporation of AIR units in G4
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Interestingly, we cculd identify the major
cleavage product of 6LP-1 and G1 by dipeptidyl

pegtidase-4 (DDP-4) by mazs spectrometry amd found

n iz 10 aminc acid residues away from the

cleavage site in the primary seguence. Given this

promising in vitro data, we next tested our peptides
3

sing a giucose clearance asszay, or gluo

More specifically, after fasting, mice (n =
5 per group) were injected intraperitoneally {IP}
g of giucose and either vehicle, or

hicle plus GLP-1, or one of cur O-GicNAcylated

all of the modified peptides {(G1-G4} disglayed
significantly improved glucose dispos ic

9
L,
53]
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comparad to unmodified GLP-1
Notably, contemplated peptides G1-G4

iowered fasting biood glucose levels with a faster
onzet than GLP-1 as indicated by a greater correction
of giucose levels at the 15 minute time point. These
data fully support our cell-based aszays that show
near identical levels of cAMP accumulation after CGLP-
iR activation by peptides 61-G4, and demonstrate that
O-GlcNAc modification results in improved in vive
activity.
Structure-based modeling of the modified

peptides to GLP-1IR suggests the molecular
a:ikl
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used molecular modeling based on a Crye-EM structure

o)

of unmodifisd GLP-1 bound to SLP-1R 5 as discuased

First, we generated a model of peptide G1
n complex with GLP-1R complsax and found that the
O-GlcNAc meiety introducsed at 218 is acconmodated in
the ghallow cleft located beltween the exiracellular
loops ECLZ and ECLI of the 7 transmembrane (7TTM})
domain and the extracelliular domain {BCD)Y of GLP-1E
{Fig. 4). The energv-optimized conformation of the
sugar makes hydrogen bond interactions with N30O0ECLE of
the receptor and an internal hydrogen bond with DIS
bridge with B3768%, yhile maintaining the crucial
bridge with tha R3807-3 rezidue, both of GLF-1R®S.
Additionally, introduction of the 0-GlcKAc

ment of the Y18 and Q23 zide

network resulbting from introduction of O-GloNAc on

'kely to contribute to increased rigidity in

T

i
2
r‘(1

"I‘J -

(1-G1 complex.

Likewise, introducticn of AIR in position
16 of 62 can impose additional conformaticnal
rigidity in the peptide. This model matches the
experimental data, where both of these modifications

of GLP-1 are well tolerated but dn not have noctable
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structural model, the additional methyl unit of AIBS

impinges on the recepfor F3&7%-% phenyl ring,
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This shift iz likely
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yo-EM structure with ancother biased agonist
Y ¥ r

G-protein bias in GLP-1R. BAs noted above, AIB

introduced strain of the AIB8 - F3675-% interaction
In contrast, when all 3 changes are

overall
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S18 and AIRI¢ results in very proncunced bias effect
from the AIBS muotation. In cother words, whereas AIBRS
creates a lever for inducing the conformatioconal
change in helix VI, the other two modifications in
the peptide enhance the foothold for this lever and
make it more rigid.

Thus, all three mutations contribute o the

dramatic changes in siqnaling profile and introduce

iigand bias. Although the model effectively

describes our celliular data, direct structural

PCT/US2020/041049
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information may be needed to further validate the

[
3]
i
9]

of the G4 ligand.

data, where the 0-GlcNAcylaticon of Serlil iz
accommodated by GLP-1R and does not inhibit potency

of our GLP-1 peptide analogs in the cell-based

3

signaling assays. Morsover, mubation of kKey residues

diztincticns in the extent of these affects wher

comparing between ¢AMF and pEEK1/2 and between

iigands, as shown in Tables 3A and 3B, raspectivelvy,

L1424

N300A

R376A

R38BOA
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pERK1/2

LI424

N3BOA

H376A

R3IBOA

Fax (39T)

Brax (3w

W5

Wo £ 5

L1424

98+ 2
p =1.00

NIOOA

52+ 7%

For example, L14Z2A reduces potency for all
ligands in cAMF but has more limited effect in
PERK1 /2 whereaz R3THAECL3 had a greater effect of
PERKL/2 potency relative to cAME Ala mutation of
NI0OECLY and RIBOECLI heavily impaired cAME and
PERK1/2 signaling mediated by all three peptides, but
G4 was more sensitive fo these mutations in cRMP.

For pRRE1/Z, potency was impacted for all
three peptides, but maximal response was only reduced
for G ard 4. These resulis are in sexcellent
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agreement with the additicnal interactions pradicted

by the moedelling between the zugar of the 0-GlgNAc

peptides and receptor residussz N300, H376, amd R3I8H.

Desgign and synthesis of C-Glclacylated

variants of PTH

In the case of FTH, the O-GlcNAcylation
sites on ths crvstal structure of PTH{15-34}) bcund to
the eztracellular domain of PTHEIZL, More

spacifically, the individual O-GIicNAC moieties were
mappad along the w-helical face of PTH that points

away from The sxtr
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peptidas P1-P4. As with GLP-1, Fmoco-bpased solid
phase peptide synthesis was emploved, the peptides

were purified by RP-HFLC, and characterized them by

PTH also tends to form an o-helix in
aquecus sclution, CD speciroscopy was usaed to examine
any aeffects of O-GlcNAcylation (Fig. &). Similar to
GLE-1, modification on peptides P1 and P2 had little-
to-no effect on the structure of PTH. However,

sntides P3 and P4 were wore unstructured in solubion

e

with P4 having the largest degree of disorder.

O-GleNAcylation analogs of PTH maintain canonical

cAMP signaling

Much like GLP-1R, activation of PTHRI can

€ 1in the recruitment of Go. that promotes cAMP

|,”J

reIu

production and assocliated downstream signaling events

in bone and the kidneys to regulate blood calcium

ievels. To ftest the abilityv of our PTH analogs {n =

kO

4} to stimulate oBRMP production, we used a HEK-2
cell line, GP-2.3, which stably overexpresses the

human PTHR1 and a ¢AMP zensor Table 2, a3 well as a

[X]
ot
rt
vy
a

t

human osteoblastic cell line {SGS-7
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Table 2

ECg g and maximal activity {E5,,.) data for PTH and O-GleNAcylated peptides
P1-P4 in cAMP sccumulationl

GP-2.3 cAMP SGE3-72 cAMP

PEC};;; {d) PECSQ (M) B

PTH 5.7 £ 0.1 12+ 4
.6 + 0.1 1IR3 £ &
P1 p o= .83 o o< 0.0%
T.E + 0.3 Tic + 4
P2 = .08 o= 4,15
S.3 £ §.i% 15 * &
P3 r < 8.01

)
7%}
I+

i3

I
[es)
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™
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=
>
0

ford
[
Iynl
=]
o]
m
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<
1 A1l studies were performed in the indicatesd ce

¥l

that either oversxpress {GP-2.3} or endogeEncusly produce

{8G8-72} PTHRL. pECsg r Egax, and eryvor (s.e.m.} were

calculated by nonlinear fitting {three parameters logistic
i

Y in GraphPad. Valueses are from ab least four

a
scne-way ANOVA followsd by a Dunnett’s post-test.

Statisticalliy significant differences are denoted by *.

o

. there was limited impact of the

Jeest
fe<st

Overa
O-GlcNAcylation modification on PTH-mediated cAMP
responses, with only small reductionszs in potency

chzervaed, in a peptide- and cell-specific manner.

However, similar to what we chserved with GLP-1

[ak
]
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o
1933
,.41@

ions, the mos

E
9]
o]
=
Fh
=
o
t
fot

=
enhancemant of Emax, particularliy in the case of the
GP-2.3 model.

O-GlocNAc modification inhibits PTH serum

degradation while maintaining its in vive function

~mine 1f the O-GicMac modified PTH

¥
analogs, P2 for further

P2 was selected az it displayed

PCT/US2020/041049
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human serum for 48 hours (n = 3 for each peptide) sx

L B A x5 - T 1 N Y T o e o
vive. Az with the GLP-1 pepltides, aliguots of the

reaction mixture were removed after different lengths

1

of time and analyzed by RP-HPLC and peptide half-
iives were calculated. 3Strikingliv, we found that P2
wazs approximately twice as stable as ummodified PTH

an increase in stability very similar fo that of 61

We next tested these two peptides in vivo
measuring blood Ca®t levels in mice, which increase
upon PTH adminisztration through release of calcium

from bone. Specifically, either PTH or P2 was

nto the

fod +

injected subcutaneously
of 20 nmolskg. We then analyzed

levels from hlood that was withdrawn immediately

before injection and at various time points after

P2,

I A
that

O-GlcNAcylation can function as a general stabilizer

Structure-based modeling of the modified

determinants
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of binding and signaling bias. Analogous fto the work

dezcribed above for the effect of O-GilcNAC on GLP-1IR

ol

sinding by peptide €1, we used molecular wmodeling

baszed on the high resclution crystal structure of
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4

aPTH, a peptide agoniﬂu with 79% sequence homology to
First, we generated a model of P2 in

ith PTHIR and we found that the O-GlcNAC

proximity of the stalk regicon
7™ domain and the BCD {170-178% residues}. The

v T Y oy —~ g ~; + 5 e 2 Y ) LT s
optimized conformation of the O-GIcNAC moiety is
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accommodated in
conformational c¢hanges in the protein or peptide
backbone. Moreover, there is a crystallographic
water molecule lncated in the proximity of residus
Metl8, which is coordinated by Giu22 and Agr2s of

PTH, and might also form an addi
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to the O-GloNAC molety.
Taken together, the model suggests that any

chzerved increaszse in the maximal signaling from P2

can be explained by the shape complementarity and

polar contacts with the PTHIR residues N176 and BISO

DISCUSSION

Inspired by our studies showing that
O-GlcNAcylation of the much larger c-synuclein (140
amiinoe acid residues} inhibits its protecslytic
deqradationm, wa report here that this property 13

portaple to
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PTH and cthers having up to aboub

8 {peptide G1) had no

the ability of GLP-1 to engage

T o - AR T . S I L G
ity receptor in living cells and initiate the
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.
kil
1y

imp

proparty that we attribute

cir

However, this monosaccharide does indeed
w the degradation of GLP-1 in human serum in vitro
Z-fold compared to the nmmodified peptide {Fig.

. Althcugh this leve

=

1 t
rst glance modest, O-GlcNacvlation significantly
i

roves glucose dizposa

‘i_
culation time. Remarkably,
‘i_

¢f proteciysis. For

e
x1e, the N-terminus of GLP-1 iz essential for
t

naling, and previous strategies that directly

tabilize the amide pond at residue 8927 or use larger

O-GIlcNAc renders it a

hormones or even protelin:

currently ezplored.
t

reznlt in reduced signaling

19
This flewipility of remcte stabilization by

y
J

plicable to cother peptide

, as the modification would

In addition to this singlie modification of

GLE-1 by O-GlcNARo, we also explored the potential for

h

additional effects when glycoesylation waz combined
with backbone modifications Serendipitously, Lwoe
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ATB sunbstituticons at residues 8 and 1€
producing G4, resulted in fairly large
towards cAMP accumuilation and away fro
mobilizaticn and arrestin recruitment
and 1F}. This result demonstrates tha
be combined with other stratsgies, inc
natural and unnatural amino acids, Lo
the clinical properties of peptides.
because O-GIcNAC is a native modificat
intracellular proteins it has a lnow

PCT/US2020/041049

r
bigzed agonism
m Ca=r

{Figz. 1B, 1E
T C-GlcNAac can

elicilt immune responses.

Given these interesting bicological results
and potential cliinical applications, we next used
molecular medeling to examine how O-GloNAcylation in
61 affected bhinding to the GLP-1 recepfor and found
that this modification was astly zolvent exzpoesed, as
hypothaesized. In this model, the N-terminus of 61
can adopt a confirmation similar to the unmodified
peptide consistent with our cell-based results that
show very little changes in signaling between GLP-1
and C1 {(Figs. 1A-1iF).

We alzn wanted to explore the basis of G4's
signaling profile in our cell assays and again used
molecular modeling. Strikingly, we found that an AIB
zubstitution at residus 8 in GLP-1 c¢lashed with
F3p78.5% of the receptor in a manner similar fo that of
our previous Cyro-BEM structure of GLF-1R in complex
with the biased agonist Exendin-P5%%, which is
consistent with the cellular signaling profile of G4
{F3 1A-1F}. We hypothesize that the positioning
of O-GlcNAc in a cleft of GLP-1H, and potentially the
zpacific interactions around the Z-N-acetate,
rigidify GLP-1 with respect to the recepfor and allow
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or the AIBR substitutionsz alcone.

EXPERIMENTAIL PROUCEDURES
Materials
maibecco’ s Modified Eagles Medinm (DMEM),

o-4 acetoxymethyl ester and fetal povine zssrum

Flx

(_4

{FBR3) were purchaszsed from Life Technologies
{CZarlshad, CA}. Polyethyvlenimine (PEI} was purchased
from Polysciencez {Warrington, PA). AlphaScreen®

EY cAMP reagents and 384-well

ProziFlates™ were purchased from PerkinElmer Life and

Analyfical Sciesnces {Waltham, MA}. SureFire¥®

extracellular signal-requlated kinaszesz 1 and 2
{ERK1/2) and protein kinase B (Akt} reagents were

n
obtained from TGR Biosciences {Adeiaxide, SA,
Australial. Coelenterazine H was purchased from

Nanolight Techology {Pinetop, AZ}. GLP-1{7-37} was

purchasaed from American Peptide {Sunnyvale, CA}.

from commercial zources {Sigza—Aldrich, Filuka, EMD,
Novagen, etc.y and nsed without any further

purification. A1}l agueous sclubtionszs werse preparsd
nzing ultrapure laboratory grade water {deicnized,

filtered, and sterilized) cobtained from an in-house

Hh

ELGA® water purification system and filter sterilized

with 0.45 pm syringe filters {(VWR} before use.

pe
chromatography (RP-HPLO) was performed using an
1

2gilent Technclogies 12480 Ssri
“ 4

&
following HPFLC buffers were used: buffer A, 0.1%

trifluoroacetic acid {TFA} in H:0; buffer B, 0.1% TFA

=
Fol—
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and 20% acetonitrile {(ACN) in H:0, Mass spectra were

acquired on an APYI 3000 LO/MS-MS system {Applied

. N S,
Biodystems/MDE SCIEX) .

Peptide Syntheses
All peptides were synthesized using
standard Fmoc zolid-phaze chemistry on Bink amide

£ Ay & ~ T -r It P TS K - o~ S TR
ChemMatrix®™ {FCAS BioMatrix, 0.4% mmol/g) resin using

I,‘J

HBTU {5 eqguiv, Novabiochem) and DIBA {10 equiv,
Sigma} in DMF for 1 hour. For activated glycosviated
amino acids, 2 eguivalents of monomer in 3 mL of DMF
was coupled overnight {about 18 hounrsy. When
peptides were completed, acetyl groups were
deprofected with hydrazine moncohydrate [80% (v/v} in

MaH] twice for 30 minutes with mixing. All peptides

WL
4]
£
Lr
)
LN
|,“
N
&
m
b
=

warae then cleaved using {99
triisopropylsilane} for 3.5 hours at room
temperature, precipitated cut of cold ether, and

purified by reverse-phase HPLC using preparative

chromatography. A1l peptides were characterized hy
mass analysis using ESI-M3, and the sequence purity

was assessed by analytical HPLO.

spead, a 4 second data integration time, a 1 nm
bandwidth, and a 1 mm path length with 3

accumulations, at 25%°C. All data were backe

subtracted from a zample containing only
huffer.
Cell Culture
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o

Chinese Hamater Ovary {CHO} FlpIn cellis

stably transfected with an B-terminally doubls cmyc

lgbeled human GLP-IR CHD Fipin haGLP-1E} wers

4.
3 4
A A

transfections, cells were seeded ab 3 x 10

10 com dish or prepared in a 18 mi FBS-enriched DMEM
suspensicn at a density of 3 x 10¢ cells, and

tranzfected using a 1:6 ratic of DNA:PEI, prepared in
150 mM NaCl for 15 minutes room temperature {(RT} and

then added to celis. Cells transfected in suspens

L|
';‘J

were then immediately seeded at a density of 30,000
cells/well into S96-well white cuiture plates. In ail
acted did not exceed 5 ng,
transfected at a ratio of
aintained in DMEM supplemented

2
o

humidified enviromment at 37

in 5%

CHD Fipin huGLP-IR cells were seeded at a
density of 30,000 cells/well into %6-well culture
plates and incubated overnight at 37°C in 5% COz, and

peptide-mediated cAMP generation was carried out

o,

@zing the LANCE® cAMP protocol (PerkinElmer) as

ad previousliy®. All values were converted to
concentration of oAMP using a cAMP standard curve
parformed in parallel, and data subszseguently

~

normalized to the response elicited by 10 uM

forskolin.
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Intracellular Ca** Mobilization Assay
CHO Fipin huGLP-1R cells were zeseded at a
density of 34,000 cellsfwell into %6-well culture

plates and incubated o“olnljht {fabout 1R honrs) &t

curvas. Data were normalized to the mazimal response

GLP-1 ERK1/2 and Akt Phosphorylation Assays
CHD Fipin huGLP-IR cells were seeded at a
density of 30,000 cellis/well into 96-well culture
plataes and incubated overnight {about 18 hours) at
5% Chz, and peptide-mediated BRKI/Z and Akt

B

phosphorylation was defermined using the AlphaScreen®

=

ureFire® protocol {PerkinElmer} as described

[#3]

praeviously?®. Initial phosphorylation studiss weare
performed over a 1 hour time course to determine the

peak phosphorylation time peoint. Cells were

U

stimulated with peptide at the time required to cause
a maximal response {PERK1/2, & minutes;
minutes). Data were normalized ko the response of
10% FBS at 6 minutes {pERKI/2) or 4 minutes {pakht)
{paeak ¥FBS responsel.

GLP-1 B-Arrestin Recruitment Assay
Twenty-four hours following transient

tranzfection, CHD FlpiIn cells expresszing the huGLP-IR

-

s
b
v

2]

and B-arrestin-i or f-arrestin-2 were seaded from

)

cm dishes into 96-well white culbure plates at a

CHC FlpIn cells transiently expressing the huGLP-1IR

and f-arrestin-1 or f-arrestin-2 using the suspension
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method were incubated for 48 hours at
prior to azsay.

PCT/US2020/041049

Feptide—-mediatsd regruitment of f-arrestin-
i or f-arrestin-? was condncted using BEET, as
previously described?, Initial recruitment studies
were performed over a 15 minute time course to
determine the peak BEET signal. Subseguent zstudies
were performed at the time reguired to cause a
maximal BRET response {(Pf-arrestin-1, 3 minutes;
B-arrestin-2, 2.5 minutes). Data were corrected for
vehicle-treated cells {Hank’s buffered salt
zolution) .

Pata Analysis

A1l data were analysed using Prism 7.0
{GraphPad Scitware Inc., San biesgn, CAY. For all
analyses, the data were unweighted and each v value
{mean of replicates for each individual study) was
considered an individual point. Concentration
response signaling data were analyred with a three-
parameter logistic equation as described previously®:

Vo Rerrerrsy A 7 (”} ‘;&;’(' c.{{: }i’(“ fyij’t £
{Eonaticon 1}
where “Bottom™ represents the v valus in the absence
of ligand{s}, “Top” rep nts maximal stimulation in
the presence of ligand{s}, “{Al" is the mclar
concentraticn of agonist and “ECs™ is thes molar
concentraticn of iigand reguired to generate a
response halfway between Top and Bottom. pERKI/S2
concentraticn response signaling data were alszo

nse

model:
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Y

I+ 3

b

Roton -+ {Top = Bogemi{(Fracl  {lop - Bottom){] ~ f«m:}
Bottom + - _. : :

{Eguation 2}

3

whare the pavameters are as listed above and LogBECsaom
and LogECssuan are the midpoint potencies for the

rE

phasas 1 and 2, respectively, ™nH:" and “nH:”
thaeir respective Hill slopes, and “Frac” is the more
potent fraction of the curve.

Glucose Tolerance Test

Male CSTBL/6TF mice {Jackszon Laboratory}

were tested beltw 10 and 12 weeks of age. Mice

were group-housed on a 12:12 light-dark cvele in a

temperature-controlled environment with free access

to standard chow diet and water. Mice were divided

nto

fedn

e}

reups {n= 5) and fastad 18 hours {overnight).
Mice were injected intraperitoneally with compound 20
minutes pri to intraperitonsal in

bolus at 1g per kilogram bedy weight. Blood glucose

using an AphaTRAKZ glucose metery Zoetis Services LLC
{Parsippany, New Jerssay). All mouse studiss were

agproved by and performed according to the guide
of the Institutional Animal Care and Use Committee of

the Scripps Research Institute,

Stock solutions of the peptides (500 uM in
FBS, pH 7.4} and reconstituted normal human se
{Thermo Scientific) were pre-eguilibrated to 37°C for
1% minutes in separate tubes. For each replicate,

peptides and zerum were combined to a final

concaentration of 50 gM and 50% {v/v} respectively,
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Jests

neunbated at 377C with 300 rpm shaking in an
S s .. ) AE
ppendor® ThermoMixer?.

At

[ B A oy e ey e e e A 15 i I T Ry Syred
aliowed Lo precipitats for 15 minntes at -E207C and

were removad by centrifugaticn at 14,000 g, 4°C for
10 minutez. The supernatant was transferred to a new
tube, dilulted withh the same lume of water, and were
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Chromatographic ssparations wer
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contained 90% acetonitrile, 0.1% TFA in water. Peak
areas corresponding toe the intact peptide (az
confirmed by MALDI-TOF) were obtained by manual
integration using Agilent OpenLab CDS ChemStation.
PTH oBAMP Accumulation Assay
Rgonizt activity at the human PTHR1 was
aszessed using HEK-283-derived o

&
e¥press the Glogensor cAMP reporter {Promega Corp.}

cells were cultured in 96-well pliates and ftreated 24-
48 hours after reaching fiuen Cells were pre-

containing d-Iuciferin (0.5 mM)} in 96-wel

room temperature until a stable baszelins

varying concentrations of test ligands weare added,
and the time course of luminescence response was
recordad using a Perkin Elmer plate reader following
peptide addition.

58—
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The maximal luminescence response (obhserved
about 10- minttes after ligand addition) was
axpresaed as per—cent of the maxinum response
obasrved for uszsed for generating dose responszs
curves, Reporied ECse values are the average of 4
independent studies, each in duplicate. Data wers
fitted to a zigmoidal dose-rszponse model with
variable slope.

In Vive Calcemic Response

Mice {CDI,

I'~<

aated in ancoord

ance

Rl
b
=,

i

N

female, age 11 weeks) were

ith the ethicsl

guidelines

adopted by Massachuzetts General Hospital. Mice (n =
5 per compound} were injected subcutaneously with

10 mM

citric acid/150 =M

I
i
A

Nals L OR% Ti’*?%"l‘- o

80, pH 5.0} containing PTH{I-34} or modified analog
rach at a dose of 20 nmol/kg body welght. Taill vein
ood was withdrawn just prior to injection (£ = )
and at times thereafter and immediately measured for

Cat goncentration using a Siemens RapidLab 348 Calt/pH
analyzer.

Meolecular Modeling

The GLE-IR-Gl1 and GLP-IR-G4 models wers
created based on Cryo-EM structure of GLP-IR-GLP-1
complex {(PDE ID: SVAIY®. The N-terminal 1-28
rasidues of the GLF-1R are not resznlved in the
structural template, and likely highly flezible and
ware not modeled. The residue R388 side chain,
unresclved in the siructure was modeled and
additiconal minimization of the model at the tip of
heliz Vi, where H3B80 1s located waz performed to
rastore the known key interaction between D13 of
5LP-1 and R380 of GLE-1R3S.

The G1 and G4 peptidesz were prepared by
adding O-GlcNac modificaticn, and two Z2-amino

e -
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isobutyric acid {(AIB) residussz to the GLP1, followed

sptimisation
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of the GLP-1R-G1 and GLP-1R-G4 complexes in ICM3.8-
Pro molscular modeling software {Molsoft LLC, Sa
Diege)., Optimirzation runs were performed for all
pegtide gide chains and receptor side chains located
5 A from the peptide. The GLF-1R-G4 model was

comparaed to the Cryo-EM structure of GLP-1R complex

with a bias ageonist Bxendin-P5 (PDB ID GR3J)2¢,

M yCr TR Y oy op ey v e ey
model was generated bassed on

sed herein

The articies “a“ and “an” are

o

to refer to one or to more than one {1.e to at

ot

ieast cne) of the grammatical cohiject of the article.

W

ezamplie, Tan element” means one element or
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more than one element. Each ¢ ta, patent

claes cited herein is

n

|.‘.! P

applications and art

f
The foreqoling description and the exzamples
are intended as illustrative and are not to be taken
as limiting. Stiil other variations within the

spirit and scope of this invention are possible and



WO 2021/007236 PCT/US2020/041049

will readily present themszslves to those skilled in
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hetic peptide hormeone compriszing

a sequence of abo 15 to abeout 50 amino acid
residunes that are at least aboub %0 percent identical
to the same length and aligned zeguence ¢f a
naturally-cccurring peptide hormone; each of the
synthetic and naturally-occurring peptide seguences
exhibiting an amphipathic alpha-helical secondary
ztructure; said synthetic peptide hormone including a
monoglycosylated zerine or threonine residue in its
sequence as a non-ldentical residne of the synthet
peptide hormone sequence that is present in the
sequence of polar face of the helical structure; said

ithetic peptide hor

sar

half-11fe in human 3
§00 percent longer €
peptide hormone.

2. The sy
to claim 1, wherein

naturally-occurring
of a covalent intrac
3. The sy
to claim 1, wherein
naturally-occurring
a G protein-coupled
4. The sy

mone containing said

ine or threonine residue has a
erum at 37°C of about 25 to about
“han the naturaliiy- irring
nthetic peptide hormons according
each of said synthetic and
peptide hormone peptides is free
hain linkage.

nthetic peptide hormone according
each of said synthetic and
peptide hormone is an agonists of
receptor {GPCH)} .

nthetic peptide hormone according
prisas a segquence length of about
ues.
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5. The synthetic pepiid
to claim 1, wherein said alpha-hel

structure is determined by ¢ a
spectroscopy.

5. The synthetic peptid
to claim 1, wherein said naturally-o

hormone has the sequence of the gi
peptide-1 GLP-1({7-37} {(SEQ ID NO:

3tamide

7. The synthetic peptide
to claim 6, wherein said GLP-1 has
reszidue sequence of GLP-1{7-37} or
whose amino acid reszidue sequence,
and from amino-terminus to carboxy
corraesponds to Formula 1 {(3EQ ID N

3

RIRON-

where

T3
il

X4 = —NH- (CHa) - CRIRZ-C{O

Xn = —NH-{CHz},—CRIRI-C(O}- ©
X3 = -NH-CH{ {CHQ} -0 (Sac) }-C{

m =0 or 1;
n o= or 1;
2 = H or methyl;
1 4 02 Sre the st T
R+ and R® are the same gr dif
that are hydrogen {H) or £7-Ux hyd
provizo that cnly one of Rl and g2

and R< together with the depicted
they are bonded form a S-T-membered

25—

HX1EGTFTSDXoSX Y LEGQAAKFFIAWLVKGRY 4

PCT/US2020/041049

e hormone according

ical secondar

r dichroism (CIY

de hormone according
curring peptide

ucagon-like

hormone according
the aminoe acid

GLP-1{7-

38} amide

from left to right
—-terminus,

{1}

r A {Ala);
r 'V {Val}l:
(O -7

R{;

irocarbyl, with the
is hydrogsn, or R4
carbon to whict
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RY and RY are the same or diffevent substituents
that are hvdrogen (H} or {3-C3 hydrocarbyl, or R3 and
R4 together with the depicted carbon to which they
arg bonded form a 5-7-membered ving;

RS, Rﬁ, ! and RY are the same or different and
arve H, U1-Cygq hydrocarbyl, Cy-ipg acvl, Ty-Uyg
nydrocarbylsulfonvl, or either or both of R ang mt
and B! and RY® together with their depicted nitroge
atoms forms a 5-7-memberaed ring that opticnally
containa 1 cr 2 additicnal hetero atoms that

a g

deoxysaccharide or
or deoxyzsaccharide

to claim 7, wherei
O-GicHAc, Xg 15 a

G, The
to claim B, whersil
{SEC ID N{: 5.

18, The

according to claim §,

hoth methvl,

ATy ~

Nz 4y .

and Xo

nitrogen, cxyvgen or sulfur, witd
b & I iy 7 - - b ) ;\‘
nly one of RY and R® and B/ and RS
rhvl, acyl or sulfonyl group that
s1x carbon atoms; and

Z-{N-acetylaminc} Cg5-Cg saccharide
synthetic peptide hormone according

accharide {Sac) of

residue (G}, and n and m are

synthatic peplide hormone according

A 3 =~ d s R -

n R+E, E~ and R* are each methyl
synthetic peptide hormone

: N 2 -

wherein the R+ and RS of X3 are

1S

is a vaiyil {3EQ ID



WO 2021/007236 PCT/US2020/041049

11, The synthetic peptide hormons

according to claim 8, wherein X3 is an alanyl residue

(&) and RS and RY are both methyl (BB IR ROy 31,
12. The szynthetic peptide hormone
according fo claim 1, wherein said naturslly-

gocurring peptide hormone has the zeguence of the

r»a

arathyrcid hormone {P

7

") peptide whose seguence 1s
2

ol

hown below, as Formulsa and SEQ ILD NO: 7, from left

3

[

T
0

right and in the direction from amino-terminus to

carbozy-terminus:

RIRZN-SVSEIQIMHNLGKX LNSXoERVX3WLRX sKLODVHNXs {2}
{(SEQ ID NG: 73

wherein

s

Xy~ = -NH-CH[{CH3)p (CHR) O- (Sac) 1 -C{Q) - or

~Xp- = -NH-CH[ {CH3)}p (CHp) O- (Sact] -C{0) - or M

[

I
]
[S%]
I
I
I
o
i
I
g
]
Paat
[
o
Lad
e

n{CHp}O—{Sac)}—C{O}— Or
{511} ;

~Xg- 3t

[
|
%
L
i
v
==

{EH3}H{CHP}O—{SaC}}—C{ﬁ}— or K

P N s . N
-X5 = F {Fhe} or F—NR3R4, with the provisc that

only cne of —-Xg-, -Xp-, -X3- and —-Xg- is cther than

the stated amino acid residus; i.s., His, det, Glu

n=0or 1l and p=1or 2, with the provizo that
whenn =1, p=1, and when n = §, p = 2;

3

are H, Cy-Cig hydrocarbyl, Ci-Cig acyl

{hydrocarchyl}), o
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their depicted nitrogen atoms forms a S5-7-membered

ring that cgpticnally contains @ or 7 additional
hetero atems that independently are nitrogen, cxygen

or anlfur, with the provisco that only one of RI, R,

R? and RY includes a hydrocarbyl, acyl or sulfonvi

group that contains more than six carbon atoms; and
Sac is a giycoszidically-linked Cy-Cg saccharide,

deoxysaccharide or 2-{N-acetviaminn} Cg-

e
) '3

saccharide.

13. The synthetic peptide hormone

according fto claim &, wherein said glycosidically-

{N-acetylamino) Cg-Cg saccharide is selected from the

14, The zynthetic peptide hormone
according fo claim 13, wherein saild glycosidically-

linked 2-(N-acebtyiaminn) CUs5-Cs saccharide is GlgNAo.

according to claim 12 that is one or more «f:
P SVSEIQLMHNLGEKX { LNSMERVEWLERKLODVHNE
(SEQ ID NO: 8):
B2 SVYSEIQIMUNLGKHINS X o ERVEWLREKLODVHNE
{BEQ IO NG: 4}
P3 SVSEIQLMHNLGRKHINSMERVX sWLREKKLODVHNFE
(SEQ ID NO: 10); and

P4 SVSEIQIMHNLGKHLNSMERVEWLREX s LODVHNE
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w
@
9]
159

16. A compesition containing an agonistic
affective amount of a synthetic peptide hormone
according to elaim 1 dizsclvad or disperszsd in a

pharmacsutically acceptable carrier.

17. The gharmacesutical compoesition

ot

wherein =aid synthetic

QJ
(‘g
5]
H
f;T
b
%)
ot
&)
3
},...u
IuJ "
]“.‘
g

w

hormone is a GLP-1 derivative peptide of Formula 1
{SEQ ID NO: 1) that is present in an IR- and/or GLP-

iR- aqonist effective amount dissoived or dispersed

wccaptable carrvier.

|‘A
"}
£13
.

g
w
"'§
=
a8
¢
D
o
(vr
|‘A
;v
|.“.!
'.“J
<
£13

18. The pharmaceutical composition

according claim 17, wherein said GLP-1 derivative

ide of Formula 1 is a peptide of 2EQ ID NO: 2.

i

|"J

pe

I‘(‘{

18, The pharmaceutical composition

according claim 17, wherein said GLP-1 derivative

peptide of Formula 1 is a peptide of SEQ ID NO: 5.

20, The pharmacentical composition

[y

according fto claim 16, wherein said synthetic peptide
hormone is a PTH derivative peptide of Formula 2 (SEQ
ID NO: 8) disszolved or disperssed in a

pharmaceutically acceptable carrier.

21. The pharmacentical composition

s

according claim 20, wherein said PTH derivative
peptide of Formula 2 is a peptide of 3EQ ID NO: 140,
22. A method of treating a mammalian G
protaein-coupled receptor-mediated [GPCR-mediated]
condition of a mammal that comprises administering an

aqonistic effective amount of a synthetic peptide
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hormone according to claim 1 disscived or dispersed
in a pharmaceuticallv aeceptable carrier to that

k

mammmal having that GPCE-mediated condition,

23. The method of treating according to

in sald adminiztration is repeated as

24, The method of treating according to
claim 22, wherein sald GPCR-mediated condition is
type-2 diabefes that comprises administering said
pharmaceutical composition contains an IR- or GLP-

P .

B~ agonist

b~y
H

f

4

ective amount of a peptide of Formula

=

1 (SRS ID NOY 1)
25. The method of treating according to
claim 24, wherein said administration is repeated as

neaded to maintain zaid wmammal.

of treating according to

nthetic peptide hormone is a

27. The method of treating according to

claim 26, wherein said administration is repeated as

neaded to maintain zaid wmammal.

70—
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of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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