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What Effects can a Biased Agonist have
on Physiology?
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Pluridimensional efficacy and bias at GPCRs
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Structure-based discovery of
opioid analgesics with reducead
side effects



Structure based ligand discovery for the ygOR
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Discovery of a novel G

-biased NOR agonist

i/o
a b Eongsas | Inactive uOR
N\ ) Compound 12, ,
Compound 7 o Z TM5 "" -':|-213EGL2
K, =2.5uM J‘L | ’\\
N #, nagEcL2
NN keagsef LR ™
AN Cl .
lAnang screen . ’
5. G
™6 ,;""23%
Experimental validation for V300ESE N 1144329
1OR efficacy ® . ™3
M151 335 e A
= | \D147332
Compound 12 o s H2975-52__:“___ / x__r .,,
K, =42 nM JI\ w |2966_5|\ I -"%'~..|.322?'39 ."\
N =y 7.43
i ™ .48 1\ Y326'-
w293 R &
c . d ‘ .
G, activation (Glosensor) B-Arrestin-2 recruitment (PathHunter)
T T o
1.0 : 9 1.0~ e ——
85 ~ |——DAMGO 85 | —o—DAMGO
;%g 0.8 —— Compound 12 82 0.8 ——Compound 12
< 1 / D 1
= e ' § o=
EB 0.6 f—Eug 0.6 -
— o 4 y = -
§ 8 04+ 58 0.4+
7] 1 } - -
SE02- / §E 02-
§2 1 N "
L 0.0 = i 0.0 n e e TR RGOSR
poqh 10 S B 7 & - 1 10 9 -8 -7 -6 -5 -
. . -12.~]1 -10 - -7 -5 -1 10 -9 -8 -7 -5 -4
A Manglik et al. Nature 1-6 (2016) d0|:10.1038/nature%911b

log [drug] (M)

log [drug] (M)

namure



Structure-guided optimization towards a potent biased yOR agonist
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PZM21 is an analgesic with reduced on-target liabilities
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Structural Basis of GPCR Biased
Agonism
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Angiotensin and biased analogs induce structurally distinct active conformations within a GPCR, Volume: 367, Issue: 6480, Pages: 888-892, DOI: (10.1126/science.aay9813)
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Similarities in the active GPCR conformation
when binding G protein and arrestin
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DOI: 10.1021/acs.chemrev.6b00177
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DEER spectroscopy to probe the effects of
niased ligands at the AT,R

intracellular Intracellular View
Side View

Cell 2019 176468-478.e11DOI: (10.1016/j.cell.2018.12.005)
Copyright © 2018 Elsevier Inc. Terms and Conditions
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Data from different pairs for each ligand
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Conformations associated with different ligands
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Spatial bias



Different modes of GPCR intracellular signaling
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When trafficking and signaling mix: How subcellular location shapes G protein-coupled receptor activation of
heterotrimeric G proteins
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(A) Active GPCR (B) GPCR-P-arrestin (C) GPCR-{3-arrestin
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Signaling from microdomains

Cell
Volume 185, Issue 7, 31 March 2022, Pages 1130-1142.e11
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Endosomal signaling by non-
GPCRs



Review of cytokine receptor trafficking
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Endosomal sighaling
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Intracrine signaling by VEGF
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Endocyt05|s can promote or inhibit specn‘|c RTK signaling
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GPCR Endosomal Signhaling
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Cellular trafficking of Barr2-GFP with the B2AR, V2R, and 2AR-V2R and V2R -2AR chimeras.
0 min 2 min 15 min
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V2R

V2R-B2AR chimera D

Robert H. Oakley et al. J. Biol. Chem. 1999;274:32248-32 5
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Colocalization of Barr2-GFP with the internalized B2AR, V2R, and 2AR-V2R and V2R -2AR
chimeras.
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Robert H. Oakley et al. J. Biol. Chem. 1999;274:32248-3225
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Phosphorylation of the agonist-activated f2AR, V2R, and f2AR-V2R and V2R -B2AR chimeras.
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Stéphane A. Laporte et al. J. Biol. Chem. 2002;277:9247-

9254

B-Arrestin binding site is located in the ear domain of f2-adaptin.
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Overexpression 32-adaptin C-terminal subdomain inhibits the agonist-mediated internalization
of B2AR.

2AR-GFP HA-32ad 664-937

+Iso
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Internalized AT,R colocalizes with B-arrestin
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B-arrestin “signalosomes”
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Effects of siRNA-suppressed f3-arrestin2 (Barr2) expression on the kinetic
pattern of ERK1/2 activation following stimulation of the AT1A receptor.
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Effects of silencing B-arrestin2 (Barr2) expression on the
subcellular distribution of phospho-ERK1/2 following
different periods of stimulation of the AT1A receptor.
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Time-dependent
subcellular
distribution of
phospho-ERK1/2 and
B-arrestin2 (Barr2)-
RFP after stimulation
of the AT1A receptor.
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G protein endosomal signaling



Endosomal cAMP generation
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Nb80—-GFP accumulates on ,-AR-containing
endosomes after their formation.
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PCR Megaplexes as a Source for Endosomal
PCR Signaling?
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CryoEM structure of the Megaplex

%
e

@ B,V:R
O Gas
O G,
O Gy,
@ Nb35
Q© p-arri
@ Nb32
O Fab30




Different spatial and temporal patterns
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GPy: the forgotten signaling molecule
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GPy can signal at specific subcellular locations
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Receptor signaling from other
locations

If different ligands promote signaling from different locations, we refer to this as
“location bias”



mGlu5 expressed on the nuclear membrane
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And couples to nuclear Gg
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Quis (permeant) vs DHPG (impermeant) —
transcriptional changes in neurons
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Proposed model of cell surface and intracellular mGlu5 receptor
activation by glutamate.

Copyright © 2014 by The American Society for Pharmacology and Experimental Therapeutics



GPCRs in the Golgi



B1AR signaling from Golgi
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Golgi pool is distinct from endosomal pool
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Cverexpressed

Endogenous

Activates Gs at the Golgi
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Rapamycin induced recruitment of Nb80
olocks Gs sighaling
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Different effects of membrane permeant and
Impermeant antagonists
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Location-encoded signaling




doi : 10.1038/nchembio.1665

B2AR signaling from endosomes
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doi : 10.1038/nchembio.1665

Endosomal signaling regulates transcription
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Optogenetic activation of cAMP
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Temporal Bias

Nature Communications volume 7, Article number: 10842 (2016)
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Differentiating the effects of
spatial and temporal bias at the
PTH1R
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Characterization of a Gs-biased PTH analog
generated by amino acid isomerization
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Molecular changes induced by PTH7d
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Differential pharmacological actions of
PTH7d, PTHWT, and LA-PTH in mice
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Proposed model for location bias in cAMP and
PTHR pharmacology
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