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GPCRs are complex
allosteric switches

Ortosteric ligands
Allosteric ligands
Biased ligands

G proteins
b arrestins
GRKs



Conformational complexity of
GPCR behaviour




Capturing motions?
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Ways to reduce the complexity
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Conformation selective Nanobodies?




Conventional antibodies
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Conventional versus
Heavy-chain antibodies

CH1 domain
hydrophobic VH-VL interface

6 diversity regions
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Long hinge
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VHH or Nanobody

Camel Heavy-Chain
antibody

CH2

CH3

N
=

Immunoglobulin fold
12 Kd




CDR3




Key Nb features

ALong CDR1
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Nanobody discovery platform

Collect a blood sample
after 6 to 12 weeks

h

Immunize llama
with native antigen



Nanobody discovery platform

Collect a blood sample

after 6 to 12 weeks
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Select in vivo
Immunize llama matured nanobodies

with native antigen by phage display
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Generation of b2-AR binders
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Generation of b2-AR binders

Day 1 Day 14 Day 28 Day 42 Day 56
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Selection of conformational binders
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Nbs bind exclusively to the agonist
bound receptor

UV,g,absorbtion
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Size exclusion

b2-AR + BI187107 + Nb80
b2-AR + carazolol + Nb80
b2-AR + B1187107
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Nbs with G protein-like behaviour?

Full agonist: isoproterenol
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Nbs with G protein-like behaviour?
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Nbs with G protein-like behaviour
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Nbs as crystallization
chaperones for b2-AR




Turning on

a GPCR




Carazolol structure

BI1187107-Nb80 structure




lonic lock?

3,AR-Nb80

Opsin




G-protein binding site
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Holy grall of signal transduction

A Nucleotides
A Detergents




Generate b2-AR:Gs specific
Nanobodies

Day 1 Day 14 Day 28 Day 42
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Selection by panning
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Nb35 protects to complex from
dissociation by GTP
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Crystallization of the b,AR-Gs complex

T4L
b2-AR

Gb

Nb35




Nb35 binds the G_,S1G, Interface




Rigid body movement of a-helical domain

Ras like

GTPase domain



Active vs Inactive GPCR
Conformatlons

Carazolol:b2-AR

Bl:b2-AR:Gs




GTPgS-bound Gas (PDB ID: 1AZT)
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0S recognize conformational epitopes on GPCRs

0s selectively stabilize active conformations of
PCRS

s can mimic the effects of GPCR ligands, including

the G-protein
V Nbs serve as crystallization chaperones for GPCRs

V Conformational Nbs have reciprocal allosteric effects
on agonist vs inverse agonist binding

V Nbs can stabilize transient PPIs like the GPCR-Gs
complex



Thermal stabilization of b2-AR
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Thermal stabilization of b2-AR
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Composite view of
transmembrane signaling
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Parts of multiprotein complexes

Extracellular medium

E. coli




Multidomain proteins

Extracellular medium




Intrinsically disordered proteins
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Amyloidogenic proteins

b2-microglobulin



Chaperone-assisted X-ray crystallography
with nanobodies: Xaperones.com

Xaperones are antigen binding fragments from
heavy chain-only antibodies that:

A Increase the stability of soluble proteins and
solubilized membrane proteins

A Reduce the complexity in conformationally
rich proteins and protein complexes

A Allow to affinity-trap active protein

A Increase the polar surface enabling the
growth of diffracting crystals

A Bind cryptic epitopes and lock proteins in
unigue native conformations



Chaperone-assisted X-ray crystallography
with nanobodies: Xaperones
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Crystal lattice



Chaperone-assisted X-ray crystallography
with nanobodies: Xaperones

Multidomain
protein

Reduced conformational flexibility



