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40 years on : GLP-1 research reaches global interest only recently -

Number of Published Articles

Glucagon-like peptide-1 receptor: mechanisms and advances in therapy
Zheng et al.
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Papers : full length human GLP1 apo-receptor structure
Wu et al. Nat Com. 2020 Mar 9;11(1):1272.
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Full-length human GLP-1 receptor structure without
orthosteric ligands

Fan Wu ]'2'3, Linlin Yang4']5, Kaini Hanguj']sr Mette Laursen 5']5, Lijie Wuz, Gye Won Han‘sr
Qiansheng Ren’, Nikolaj Kulahin Roed®, Guangyao Lin3, Michael A. Hanson®, Hualiang Jiang®10.1,
Ming-Wei Wang @ 291213 Steffen Reedtz-Runge® °, Gacjie Song® 1**! & Raymond C. Stevens'2.6%

Glucagon-like peptide-1 receptor {GLP-1R) is a class B G protein-coupled receptor that plays
an impartant role in glucose homeostasis and treatment of type 2 diabetes. Structures of full-
length class B receptors were determined in complex with their orthosteric agonist peptides,
however, little is known about their extracellular domain (ECD) conformations in the absence
of orthosteric ligands, which has limited our understanding of their activation mechanism.
Here, we report the 3.2 A resolution, peptide-free crystal structure of the full-length hurman
GLP-1R in an inactive state, which reveals a unigue closed conformation of the ECD. Disulfide
cross-linking validates the physiclogical relevance of the closed conformation, while electron
microscopy (EM) and molecular dynamic (MD) simulations suggest a large degree of con-
formational dynamics of ECD that is necessary for binding GLP-1. Our inactive structure
represents a snapshot of the peptide-free GLP-1R and provides insights into the activation
pathway of this receptor family.

liHuman Institute, ShanghaiTech University, Shanghai, China. £ School of Life Science and Technalogy, Shanghai Tech University, Shanghai, China.  University
of Chiresa Acaderny of Sciences, Beijing, China. @ Departrent of Pharmiacology, School of Basic Medical Sciences, Zhengzhou University, Zhengzhou, China.
3 Nowo Nordisk A#S, Move Nordisk Park, Copenhagen, Denmark. © Departments of Biological Sciences and € hemistry, Bridge Institute, USE Michelson Center
for Corvergent Bioscience, University of Southern California, Los Angelas, California, USA. 7 Move Mordisk Research Center, Beijing, China. B GPCR
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How to proceed to get an Xray apo GLP1 receptor structure at Angstréom level ?

Ectopic expression of GLP1 r in Sf9 Drosophila cells via a baculovirus vector with His tagging for
complex, Flag-tag and a TEV tobacco etch site protease site.
As to increase stability of GLP+r rubretoxin fusion protein is inserted into ICL Intracellular loop 2.

Ectopic expression of Fab7F38 in chinese hamster ovary cells CHO with heavy and light chain
expression vectors transfected with lipofectamine.

Affinity purification on Sepharose G column elution at low pH with quick neutralization 1M Tris pHS,
pooled fractions stored at -800C.

Purification of GLP1r — Fab7F38 complex by lysing 1L biomass expressing GLP1r low salt buffer and
protease free buffer. Membranes were collected, washed. Protein sample extracted from
membranes by non ionic detergent DDM,etc, washed,centriguged. Sup was incubated with TALON
resin, then washed, and incubated with Fab7F38 ectopically expresed (see above) at 1:1.5 molar
ratio. Unbound Fab was washed. Resuspended resin was added TEV protease to remove Nterminal
tag. The elution profile containing GLP1r Fab7F38 complex was submitted for crystalization trials.

Cristalization trials was carried out with lipidic cubic phase (LCP) mixture dispense in 96 well plates
in 50 nl drops and overlaid with precipitant solution NT8. Crystals appeared in amonium formate,
PEG400 and guanidine hydrochloride after 7 days and reached 150u size in 1 month. Negative stain
for Gs nanobody. Xray diffraction data collected at Spring8 beam Hyogo Japan.
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Fig. 1 Overall structure of the GLP-1R-Fab7F38 complex. a Cartoon representation of GLP-1R-Fab7F38 complex. Fab, ECD (residues R24-E127) and TMD
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To visualize

. . i Cherezov lab
You can try Alphafold multimer with sequence of GLP1R and GLP1 peptide https://cherezov.usc.edu/res
Or with PyMol ources.htm

peptide-free GLP-1R—Fab7F38 structure (PDB: 6LN2)
active-like peptide 5-bound GLP-1R structure (PDB: 5NX2)
active GLP-1-bound GLP-1R—Gs complex structure (PDB: 5VAI)

To align two PDB structures in PyMOL, follow these steps:
fetch 6LN2, peptidefree

fetch 5NX2, activelike

fetch 5VAI, activebound

%GLP-1
Use the aligh command to perform the alignment:

super peptidefree, activelike

super activebound, activelike

center

color blue, peptidefree

color yellow, activelike

color orange, activebound

select GLP1peptide, activebound and chain P
color pink, GLP1peptide

G-protein


https://cherezov.usc.edu/resources.htm
https://cherezov.usc.edu/resources.htm
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Figure 4.15: Detergent-free arystallization of AR3. LCP is formed by mixing the claret membrane with the monoolein, Crystallization
plates are produced and in some of them some aystals appeared. The crystals are mounted onto crystallization loops for diffraction. Several
rounds of optimization were performed until obtaining high-resolution data on different data set. Molecular replacement and refinement were
performed to finally obtain the 1.3 A resolution crystal structure. Picture from syringes and cubic phase adapted from [393, 409].
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Papers : GLP1 agonist tomorrow : SMW cpds — work in progress !
developing nonpeptidic small-molecule drugs targeting GLP-1R remains elusive.

LETTER

d0l:10.1038/mature22378

Human GLP-1 receptor transmembrane domain
structure in complex with allosteric modulators

Gaojle bong Dehua Yang™, Yuxia Wang'*, Chris de Graaf™*, Qingtong Zhou', Shanshan Jlang* Kalwen Liu**¢ Xt:u):lmg Caf?,

Antao Dal’, Guangyao Lin®, Dony lphenngu' Fan Wu'5%, Yiran Wu!, Suwen Zhaol-5
, Zhi-Je Liu"*", Ming- Wel Wang**° & R.\ymond(. Stevens™®

Beili Wu*, Michael A_ Hanson'

The gl like pe 1 (GLP-1R) and the glucagon
r:a:pwt (G(.GR) are members of the secretin-like class B family
of G led ptors (GPCRs) and have opposing
phynolopul roles in insulin nlnneand dunuz homeostasis’, The
quires p dulation of GLP-1R
to inhibit gh i nnd late insulin ionina
‘lmmrdzpmd:nl manner’. Here we report crystal structures of the
human GLP-1R transmembrane domain in complex with two different
mpﬁnlllnmnlodlllﬂml’l:mnmnldmﬂl 7 and

304 P ¥ The reveal binding
pocket for negative all dulators, present in both GLP-1R
and GCGR’ and located outside helices V- Vllntlrdnmlnodlulu
half of the The is in an inactiv

P

with
mwundsﬂmnnmmmldlhmuﬂuluupo(hdu\l

L LiYet, bve Won Han’, Jesper Lau®,

(I317°47C-G361% “°C) (numbers in superscript refer to the Wootten
numbering system for class B GPCRs'®) that links the middle regs

of helices V and VI and a GOGR mimicking mutation C347°*F in
the allosteric modulator binding pocket that stabilizes the interac-
tion interface for NAMs (Methods and Extended Data Fig. 1). These
NAMs were previously optimized for GCGR ism, but certain
analogues were found to antagonize GLP-1R as well The fnal modified
construct yielded crystals that diffracted to 2.7 A for PF-06372222 and
3.0A for NNCO640 (Fig. la, ¢ and Extended Data Table 1).

The TMD architecture of GLP-1R is similar to that of GOGR, con-
sistent with the similarity in their primary sequences (45% identical in
the TMDx; Fig, 1b). GLP-1R preserves the conserved and functionally
important'” disulfide bond €226’ -€296"", and contains most of
the interhelical hydrogen bonds present in other class B structures™' 41

a that is Iy d with

in class A GPCRs* rMokul.Iarmoddlm;udmuhpmensmu!xn

indicate that agonist positive allosteric modulators target the same

general region, but in a distinct sub-pocket at the interface between

b:ﬁoandVl.whthyl:dMlhbmﬁunolmthlr
site that G-protein

i

(.lucagun like peptide-1 (GLP-1) is one of the key incretin hormones
secreted in response to food intake and gastric motility, and is respon-
sible for glucose h is via the stimulation of insulin
through activation of GLP- 1R, Peptide analogues of GLP-1 have been
successlu]l) d:vdoped for the treatment of type 2 diabetes®, but the
P ically viable non-peptidic GLP-1R agonists
hasbeen umuccas{ul. Agonist positive allosteric modulators (PAMs)
have been identified and used to investigate ligand-directed biased
cellular signalling of GLP-1R”". Previous studies have provided
evidence for a two-domain binding mechanism of GLP-1 with its
cognate receptor®*. Structures of the transmembrane domain
(TMD) of the class B GPCRs corts, P ! g factar receptor 1
(CRF;R)" and GCGR™" have been reported. D:splle these recent
advances in structural characterization, little is known about the

de

(E ded Data Fig. 2). Helix 1 of GLP-1R is 2.5 helical-turns shorter
than the long stalk region found in the initial structure of the GOGR
TMD (PDB code 4L6R)" (Fig. 1b). In an accompanying paper'®, the
full-length structure of GCGR reveals a rearrangement of the stalk
region with the N-terminal helix inding to form an ded
-sheet with two strands from the first exlruellulu loop (ECL1),
suggesting a degree of flexibility in this region that may be associated
with the functional mechanisms of dass B GPCRs.

The NAMs PF-06372222 and NNCO640 bind in a similar pocket
owtside of helices V-V11 as MK-0893 in the crystal structure of the ther-
mostabilized GOGR TMD (PDB code SEET)’ (Fig. 2a-c). The anionic
carboxylic acid (PF-06372222) and tetrazole (NNC0640) moieties of
the NAMs target a polar cleft between helices V1 :md V11, and form
hydrogen-bond interactions with $35254'" and N4067%"® in GLP-1R.
MK-0893 forms similar interactions with homologous residues in
GOGR, and makes an additional hydrogen bond to the side chain of
R346**" in GCGR. PF-06372222 and NNCO64D each form a hydrogen
bond with T355%4* in GLP-1R, directing their hydrophobic dimethyl
cyclobutane {PF-06372222) and cyclohexyl (NNC0640) moieties
parallel to helix V1 and the lipid bilayer. By contrast, MK-0893 does

molecular mechanisms of positive and negative allosteric modulati
of GLP-1R and GCGR. To provide a foundation for the discovery of
therapeutic agents that allosterically target the GLP-1R and GCGR
signalling pathways, we have solved Mruciurcs of the human GLP-1R
TMDin plex with two negati dul, (NAMs),
and complemented these structures wxlh mutagenesis and modelling
studies to map the binding site and further our understanding of the
activation mechanism for agonist PAMs of GLP-1R.

To facilitate crystallization of the GLP-1R lMD we generated a ther-
mostabilized construct with 10 i i g 2 disulfide band
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not hyd: bond with the homologous T353°** in GCGR, and
its dichlorophenyl mosety is directed perpendicular to helix V1and the
lipad bilayer. The trifluoramethyl- yrazole group of PF-06372222 binds
a hyd: obic surface area of 43 A? consisting of 132875, v331761°,
V332** and 1335 of helix V (Fig 2a), which is also targeted b\
the methylsulfone-phenyl group of NNCO640 in GLP- 1R (33 A” buried
surface arex Fig. 2b), but anly gamalh interacts with MK-0893 (9 A%
Fig. 2¢)* and NNC0640 (4 A%)" in GCGR (Fig. 2¢).

The structures demonstrate that these NAMs can accommodate
different binding modes, including the variation in hydrophobic
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Structural Modeling and in Silico Screening of Potential Small-
Molecule Allosteric Agonists of a Glucagon-like Peptide 1 Receptor
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-like peptide 1 receptor (GLP-1R) belongs to the pharmaceutically important class B family of G-

protein-coupled receptors (GPCRs), and its incretin peptide ligand GLP-1 analogs are adopted drugs for the treatment of type

2 diabetes.
other hand, devel

Despite remarkable mudnbﬂx eﬂem GLP-1 pqmd:-bued drugs are limited by the need of injection. On the

§ GLP-1R remains elusive. Here, we first constructed a three-

dnnennonal nmctun modd of the lnnsmanbnne (TMv) domain of human GLP-1R using homoalogy modeling and

In silico

gt Nnt, binding site on the TM domain was pudmd computationally.
nfdn\‘hk: np ipmnthis dicted allosteri ut:lus’ ified nine g as p ial GLP-
; fi using a cAMP response

IR agonists. The mdzpend:nl agonistic activity of two

t-based 1

In addition, this onmpounrd

One compound w1a!:o r.hm to stimulate insulin secretion through in vitro assay.

‘W
regulation !ullyemt:m(-l.l’lku\dﬂnk cploi
will help pave the way for small-molecule drug di Y

ed with GLP-1 to activate lmnun GLP- lIL These results demonstrated that allosteric
d for

le agonists. The success of this work
odxr :lmB GPCRs through allosteric regulations.

B INTRODUCTION

In the past 40 years, the number of overweight people has
increased sixfold worldmde wnh 33.6% of US men and women

being obese, and this di 5 trend i projected to
in the foreseeable fuhn'e Obmty can cause a number of
health probl i di lar diseases and diabetes,

with type 2 diabetes upmennng 90-95% of diabetes patients.
The gluicagonlike peptide 1 receptor (GLP-1R), 2 member of
chss B family of G-protein coupled receptors [(-P(.Rs) is an
effective target for the treatment of type 2 diabetes,’ and its
m:!m peptide and varied peptide mimetics are adopted
dru,

Ds;pnle remarkable antidiabetic effects, GLP-1 peptide-
based agonists have several shortcomings."” They are available
only in a format for injection, lacking effective long:t

significant interest in the development of nonpeptidic small-
molecule agonists of GLP-1R with enhanced bioavailabil-
ity ! However, such a strategy remains problematic because
of the nature of the orthosteric binding site for GLP-1 (Figure
1A), which is large and relatively shallow.”* Up to now, no
small-molecule drugs acting as GLP-1R agonists are available
in the market. Therefore, novel approaches in devel
small-molecule drugs targeting GLP-1R are very desirable for
the treatment of type 2 diabetes.

Given the allosteric nature of (sP(.ks targeting t}k- :nmeﬂ:
sites on GPCRs for i}

i  an il and g approach for drug
discovery. Cinacalcet, a positive allosteri dulator of
R d: N ber 1, 2018

glucose control capability, and they can cause side effects and
result in low quality of life in some patients. Hence, there is
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developing nonpeptidic small-molecule drugs targeting GLP-1R remains elusive.
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University of the Sciences in Philadelphia, Philadelphia, Pennsylvania 19104, United States

”Departrnent of Cancer Biology, Diabetes Research Center (DRC), University of Pennsylvania, Philadelphia, Pennsylvania 19104,
United States

© Supporting Information

53 /o % | )
t I t 100
& ) P Structure 'y ) 5‘0
[ & | ¥ 22
Pd pA |I-MSE(| P N . Eg 8o
\ ‘-1 " .~ ;gd'"( \ \'4 . .~ Jn{ wl‘r.o E‘-Q
€, " A . design €, " TP validation $ 2 eo
"k » > Ly _> £T
568°¢ ¢ 5687 ( w/ GLP-1 3%
Pd P H 4 P G Y e 2 40l
'8 p C ot f SE
p L&h p (G4 52
e & ( C & ]
. L= . 2
o § €0 o § €0
S g { o T
- ‘« - '<\ A1 0 '] '] 7 < 5
g d log[Agonist), M
Homology model of M_4 identified and docked M_4 improves the bioactivity of
human GLP-1R to homology model GLP-1

SHAPING THE FUTURE OF MEDICINE Roger G. Clerc



The advent of the glucagon peptide superfamily - 1990s

THE JOURNAL OF BIOLOGICAL CHEMISTRY

Vol. 265, No, 33, Issue of November 25, pp. 20259-20262, 1990

Printed in U.S.A.

Purification and Structure of Exendin-3, a New Pancreatic
Secretagogue Isolated from Heloderma horridum Venom*

{Received for publication, April 10, 1990)

John Eng}§¥, P. C. Andrews|, Wayne A. Kleinmani, Latika Singh**, and Jean-Pierre Raufman**

From the $Solomon A. Berson Research Laboratory, Veterans Affairs Medical Center, Bronx, New York 10468, the §Department
of Medicine, Mount Sinai School of Medicine, New York, New York 10029, the | Department of Biological Chemistry,

University of Michigan Medical School, Ann Arbor, Michigan 48109, and the **Department of Medicine,

State University of New York-Health Science Center, Brooklyn, New York 11203

An amino-terminal histidyl structure (His') is char-
acteristic of most peptides in the glucagon superfamily.
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Purification and Structure of Exendin-3, a New Panereatic
Secretagogue Isolated from Heloderma horridum Venom*

(Fwcaived far pulslication, Apsil 10, 1990}

John Engt§t, P. C. Andrews], Wayne A, Kleinmant, Latike Singh**, and Jean-Pierre Raufman*®
Fram the $Selemon A. Berson Research Laboratory, Veterans Affairs Medical Conter, Brons, New York 100685, the §Depariment
of Madicine, Mownd Sinai School of Medicine, New Vork, New York 10020, the | Dapartment of Miokeicol Chemistey,
Ulndversity of Michigan Medical School, Anr Arbor, Michigan 48108, and the ** Deparoment of Medicine,

State Unipersity of New York- Health Science Conter, Brooklyn, New York 3209

An amino-terminal histidyl structure (His'} is char-
acteristic of most peptidesin the glucagon superfamily.,
An assay for His' peptides performed by amino-ler-
minal amino acld sequencing was used 1o sereen venom
from the Gila monster lizard, Heloderma horridum.
Twao His' poptides were identified: holospectin and a
new His' peptide thai has been named exendin-3 to
indicate that it is the third pepiide to be found in an
exocrine secretion of Heloderma lizards which has
endocrine aetivity, the firat two being belospectin (ex-
endin-1} and helodermin (exendin-2). In the lot of K.
horridum venom tested, exendin-3 was 5-10-fold
more abundant in molar concentration than helospec-
tin, The structure of exendin-i was analyzed by amine
acid sequencing and mass spectrometry. Exendin-3 is
a 39-amino acid peptide with a mass of 4200. It con-
tains & carboxyl-terminal amide and has a strong ho-
mology with seeretin at lts amino-terminal 12 amine
aclds. The complete structure of exendin-3 is His-Ser-
Asp-Gly-Thr-Phe-Thr-Ser- Asp-Leu-Ser-Lys-Gin-
Met-Glu=-GlusGlu=Alu=Val- Arg=Lou:Phes De-Glu-Trp:
Lew-Lys- Asn-Gly-Gly -Fro-Ser-Ser-Gly- Ala-Fro-Pro-
Pro-Ser-amide, It is 32 and 28% homologous with he-
lospectin and helodermin, respectively. i has greatest
homaol with glucagon (48%) and human glucagon-
like poptide-1 (H0%). Exendin-3 (3 pm) stimolated in-
creases in cellular cAMP and amylase release from
dispersed guinea pig pancreatic acini.

The gheengon superfnmily consisis of o diverse group of
biologically active peptides that are structurally related by
having an amino-terminal histidine residue (His') and a phen.
yhalanine residue st position 6 (Phe®) (1) or one of several
wariant structures such as Tyr'-Phe' (2, 3), His'-Tyr® (4), o7
His'-Lew® {5}, An assay for His' can potentially be used 1o
identify peptides belonging to this family. Although specinl
chembcal methods have been roported for the detection of
His" peptides (6, 7), 2 more general method of asasying for
His' is amino-terminal amine acid sequencing, This assay
was used recently to monitor the purification of glseagon from
chinchilla pancreas (8. To test the hypothesis that His' is a
chemical marker for hiologically active peptides, amino-ter-

* Thie work was supported in part by the Department of Vetersns
Affairs. The costs af publication of this anticle were defrayed in part
By the payment of page charges, Thiz anicle must cherefore be hereky
marked “odvertisemert” in accordance with 1R US.C. Section 1734
wolely toindicate ihin faci.

¥ To whom correspondence sheuld be sent: Solomon A. Bersan
Hesearch Laboratory, Veterans Affnirs Medical Center, Bronx, New
Work 10468, Tel: 212-584-0000 (ext, 17100,

minal sequencing was used to screen for new His' peptides
that might be members of the gucagon superfamily. Gila
mamster venom was chosen for screening because venoms
from Heloderma suspecium and Heloderma horridum had been
shown previously to contain twe hiologically active His'-Phe®
peptides, helospectin (8) and hobodermin (100, When M. b
ridum venom was examined with the His' assay, a previously
unrecognized His'-Phe® peptide was detected. In this study,
we report the purification and structural characterization of
thin mew peptide, 1L is amed exendin-3 o identify it o the
third pepride found in an exocrine secretion of Heloderma
lizards which has endocrine activity, Like the earlier exending,
it is m pancreatic secretngogue.

MATERIALS AND METHODS

M. horeidum verom (loa TAF-0240), diphenylcarbamy] chioride
treated irypain, carboxypeptidase ¥, and carhoxypeptidnse P were
purchased from Sigma. Endoproteinase GlaC (VS protease) was
purchased from Boehringer Mannheim,

Mis' Assay and Amino Acid Seguencing —Amino-terminal amine
widl analysis wis performed by & migh evels of Bdmin degridation
using an automated gas-phase protein sequenator in combination
with an on-line PTH"-derivative analyzer |Applied Fiosystems), The
molarity of the analyzer's weak solvent was adjusted 0 position
FTH-Hi# 10 ehute between PTH-Ala oo PTH-dehydroSer, Purified
pepticdes. and peptide fragments were sequenced with the gas-phase
BEUERALOE.

Tsndation of 15" Peptides from Heloderma Venom —Yenom €25 mg)
wnn disslved in waler b 8 concentration of 10 mg/ml and pessed
through & s Sep-Pak carteldge (Waters Assoclates, Milford, MA).
The C.. eamridge was washed with 5 ml of water snd eluted with 2
ml of 0.1% wiflsorsacetic acid, 60% acetanitrile. Feplides in the
wlunte were separated by G oo e B X 1-om MB C B
Pak cobarsn (Waters Associgtes), The column was eluted with &
gradiast from 20 v 6% acetonitrile in (0.13% heptafluorobutyric scid
ag a flow raie of 2 ml/min. One-minute froctions were collected,
Allgucts fram ssch fractbon were assaved for His' content

Enzyme Cleovoges— Purified exendind (10 nmol) was dripd snd
dipested separately with 0.2 HE of teypsin o 2 ug of VA protesse in
0 ml of 0.1 W ammonium imate overnight at Foom tempers-
il by HP LA o Nova O Flasiad-
alumn (Waters Associates), The elulhons were perfommed with
n linear grodient from O 1o 0% scetanitrile in 0.0% vriflooroacetic
wcid st a low rate of 1 mlfmin.

Exendin-d (1 mnwol) was incubated with carboxypeptidase ¥ or
carbouypeptidase I (1 pg each) in 005 ml of W05 W sodium acetate,
wH 5.5, at room temperature for timed intervals up w 6 b, Aliquots
Trom the miztures were analyzed for release of free amino acids,

Aming Acid Analysis— Pegitides were dried and hydrolyzed with
Eai-phase & HCD ot 150 °C for 80 min. Amino acids were analyzed
with an mnomated amine seid derivatizer (Applied Hiosyatema) eon-
neeted 1o e on-lire phiny|thiccathimy|-derivative analyzer.

! Thoe ahibreviations used are: PTH, phenyh hivhydantoin: HPLC,
high pressure liguid chromatography; FAR-MS, fast stom bombard-
ment-mass spectromeiny; V1P, sasoactive inal peptide.
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Isolation and Characterization of Exendin-4, an Exendin-3 Analogue,

from Heloderma suspectum Venom
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The recent ldutlﬂuuol in Heloderma horridum
venom of 3, n now ber of the gl
superfamily that acts as a pancreatic secretagogue,
prompted a search for a similar peptide in lhtodcm
suspectum venom. An amino acid i y for

gressively inhibit exendin-3-induced increases in cAMP (2).
Because venom from a closely related lizard, Heloderma sus-
pectum, has been shown to contain helodermin (3), a peptide
cloul,y related in structure to helospectin (4), a search was

peptides containing an amino-terminal hl-lhllu mi
due (ms') was used to Isolate a aﬂ-unlno ncid poptldn
s from H, venom. Exendin-4 dif-

ken for o Hix' peptide in H. suspectum venom that
might be analogous to exendin-3. We report the isolation from
H nqu«wm venom ol-uch an -rmlo;un that has been Mm-d

din-4, unlike din-3, is not &

fers from onndh-s by two amino acid r rotel oy

Gly?.Glu® in place of Ser'-Asp’, but is otherwise iden "ecrtéuge. Instead i - with the newly
tical. The str 1 diff make 4 dis- exendin recepior (3) to P Sioa
tinet from din-3 in its bi ivity. In di g CAM

neinl fnn nlnn pl. pancroas, umnl and ﬁ'::ﬁ'; MATERIALS AND NETHODS

boclulu at 100 pm chl plateaus at 10 nm. The ex-
hduud lumn in cAMP is lnlbll.od pro-

N suspecium venom (lots HS108Z and HS208Z) wan purchased
tmm Ml-ml Berpentarium Laboratorses (Salt Lake City, UT), Dic
chloride treated lrypdn wee p-mhud lm Sigma.

rmmof nulolhi. uondll (9—80) u-kh Ulllkc ox-
endin-3, 4 doew not late & socond rise in
nclnar cAMP at concentrations > 100 nM, does not stim-
ulnu uwhn nluu nld dou not Ilhlbll the M.dlhl'

ide to acinl,
'l‘hu"‘ that in di ic acini,
endin-4 interacts only with the uen(ly described ex-
endin receptor,

An assay for His' peptides was recently used to identify the
presence of helospectin and & new, previously unrecognized
His'-Phe* peptide in Heloderma horridum venom (1). This
new peptide, designated exendin-3, is a pancreatic secreta-
gogue. At concentrations greater than 100 nM, exendin-3
interacts with VIP' receptors on guinea pig pancreatic acini
to stimulate an increase in cellular cAMP and amylase mlm
(2) At lower i (01 10 o), h

with a that causes an
increase in acinar cAMP but not amylase release. This con-
clusion is based on the observation that i

phes
N wis p

Mn‘ Amay ond Amino Aﬂd Sr«mmn(—-Amlna umln-l Amlm
acid analysis was performed by u single cycle of
using an automated g phase protein sequenator in mmNMhm
with an on-line PTH amino scid analyser (Applied Biosystems, Fos-
tor %(‘A) I'I'H Nu wn pn-llwmd to ehute between PTH-Ala

ified peptides and peptide fragnents wero
-wm«d with lhc uo ph- mequenator.

Isolation of His' Peptides from Heloderma Venom-Venom (25 mg)
was dissalved in distilled water (10 mg/ml) and pnud through & Cyy
Sep-Puk cartridge (Waters Associates, Milford, ). The C, car-
lmﬁvv-v-lwd-nlhbmlol-m,mduhudwnh?mlo{ﬂl‘l

acid, 60% Peptides (n the eluate were
weparated by HPLC on an 8 mm X 10-cm uBondapak Cyy Radial-Pak
column (Waters Associates). The column was eluted with & linear
gradiont (20-60%) of in 0.13% h ic ncid st
a flow rate of | ml/min. One-minute fractions were collected, and
aliquots were assayed for His' content.
me Cloavages—Purified exendin4 (5-20 nmol) was digested
with 0.2 sg of trypsin or with 0.2 g of endoproteinase Asp-N. The
peptide fragment exendin-(9-39) amide was prepared as described
previously (2). Although this fragment was previously referred to as
exondin-3-(9-39) amide (2), the name bas been shortened to exendin-
(9-39) amide to indicate that the carboxyl-terminal 31 amino scids
of din-3 and exendin-4 are identical, Peptide fragments were

tions of & specific antagonist, exendin-3.(9-39) amide, pro-

* This paper was d in part by the Dy of Veterans
Affairs. The costa of pubhcum of this article were deftayed in part
by the payment of page charges. This article must therefore be hereby
marked “advertisement' in nccordance with 18 US.C, Section 1734
salely to indicate this fact.

% To whom reprint requests and correspondence should be ad-
dressed: Solomon A. Berson Research Laboratory, Veterans Affairs
Medical Center, Bronx, NY 10468, Tel.: 212-584-9000 (ext. 6069),

' The abbreviations used are: VIP, vasoactive intestinal peptide;
PTH, phenylthiohydantoin; HPLC, high performance liquid chro-
matography.

purified by HPLC on a Nova C,, Radial-Pak column (Waters Asso-
ciates).

Amino Acid Analysis—Peptides were dried and hydrolyzed with
gos phase 6§ M HCL -l 160'(2 for 60 min. Amino mdl were analyzed
with an d amino acid derivatizer (Applied con-
nected 1o an on-| Ime plnnyhh-omhmyld-nv-uw amino ackd ana-
lyzer.

Mass Spectrometry—The mass of the COOH terminal fragment
generated by trypsin digestion of exendin 4 was determined by fast
stom bombardment-mass spectrometry. Mass accuracy of greater
than 0.1 unit was achieved by peak matching to appropriate cesium
chloride cluster ions. Fast stom bombardment-mass spectrometry
was perf d by the Lab ry for M lecular Analysis at the
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Cryo EM : GLP-1 peptide vs Orforglipron (LY3502970)
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Cryo EM : GLP-1 peptide vs Danuglipron Pfizer )

Danuglipron (synony

GLP-1-GLP-1R

Cat. No.: HY-125824 Purets
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Danuglipron (PF-06882961) is an orall
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V2 Molar mass 555.610 g-mol~"

Danuglipron Chemical Structure

CAS No. : 2230198-02-2

Danuglipron is a small-molecule GLP-1 agonist developed by Pfizer!!! that, in an oral
formulation, is under investigation as a therapy for diabetes mellitus. Initial results from
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Metformin Regulates Glucose Transporter 4 (GLUT4) Translocation
through AMP-activated Protein Kinase (AMPK)-mediated Cbhl/CAP

Signaling in 3T3-L1 Preadipocyte Cells-
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Troglitazone not only increases GLUT4 but also
induces its translocation in rat adipocytes
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