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Mechanical forces are increasingly recognized as key regulators of membrane receptor function and cellular behavior. However, a direct mechanistic
understanding of how defined mechanical stimuli are translated into structural changes that govern receptor activation at the molecular level remains elusive.
This is due to the lack of approaches capable of simultaneously accessing mechanical inputs and conformational outputs in real time at the single-molecule
level. To address this challenge, we propose to develop a multiparametric and simultaneous approach combining single-molecule Foérster resonance energy
transfer (smFRET) with single-molecule force spectroscopy using atomic force microscopy (SMFS-AFM). This correlative methodology will enable the
quantitative and simultaneous readout of inter-dye distances (nm), conformational dynamics (us-ms), and force-extension responses (pN-nN), directly linking
mechanical stimulation to structural changes within the same molecule.

Using adhesion G protein-coupled receptors (aGPCRs) as a model system, which play a crucial role in various physiological processes such as tissue repair,
immune response, neuronal and organ development and are associated with different diseases including for instance cardiovascular diseases,
neurodevelopmental disorders, autoimmune diseases and cancer metastasis, this approach will provide access to force-dependent conformational
landscapes, including intermediate states that are not accessible by current techniques. In addition, we will exploit the possibility of applying cantilever-
induced oscillations at defined frequencies in order to allow for the selective excitation of conformational modes, the evaluation of molecular mechanical
transfer functions, and the amplification of small-amplitude dynamics, thereby enabling access to fast and weakly populated states that are otherwise difficult
to detect, such as for instance partially unfolded states.

Altogether, this project aims to establish a novel multiparametric framework to quantitatively link mechanical forces to protein conformational changes at the
single molecule level, by developing a novel, integrative, and correlative multiparametric technique tailored to the molecular basis of mechanotransduction.
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Receptor immobilization and Implementation of simultaneous single molecule force spectroscopy and single molecule FRET measurements

tip functionalization

AFM - JPK Nanowizard o5
AFM
’ detector

aGPCR pulling

A —> X/YIZ

i Tip scan i
| AFM probe lT !
1/ / 5 aGPCR~s # A XYz i
| i ' ) S I

Time Glass coverslip ample scan

- o on o] e mr s e mn Er EE BN W EN E EF EE N O N B N BN NN EN M TN M WN BN WE NN MM CEE EE N W mE B WE SN NN BN W CEN BN WE M WE M mm B mm mm e = = = m e e e = = o

___________________________________________________________________________________________

smFRET - Picoquant Luminosa

Intensity
M

Objective NA 1.4

i > D /AI\‘)(W galvo
_l_l Time APD 2 Laser scan

> A Dichroic LASER 1 i
A a

~ Time
Force-induced Emissi -
Conformational E;ts;sﬁb’ - LASER 2
changes N F’iTDIe Mirror
]
APD 1
. . . . Mirror
Dichroic
R 7 N AFM Laser filter

Lenses 4f

Quast & Lecat-Guillet et al., Concerted Conformational Changes Control Metabotropic Glutamate Receptor Activity. Sci. Adv. 2023.
Fernandes et al., Synchronous, Crosstalk-Free Correlative AFM and Confocal Microscopies/Spectroscopies. Scientific Reports 2020 10:1 2020.

Bonhomme et al., Triple Labeling Resolves a GPCR Intermediate State by Using Three-Color Single Molecule FRET. J. Am. Chem. Soc. 2025.




