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Investigation of the Histidine Residues of the Growth
Hormone Secretagogue Receptor by Solid-State NMR
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The Growth Hormone Secretagogue Receptor (GHSR), a 366 amino acids Rhodopsin-like G proteins-coupled
receptor (GPCRs), is involved in signal transduction into the cells and plays an important role in food intake,
glucose metabolism and immune response. Its high constitutive activity of 50%, seldom among GPCRs, makes
this receptor a particularly attractive pharmacological target. In the last two years, the publications of crystal
and cryo-electron microscopy structures of GHSR in complexes with different agonists, inverse agonist, or
antagonist, and different G-proteins (Shiimura et al. 2020; Wang et al. 2021; Liu et al. 2021; Qin et al. 2022)
have expended our structural knowledge of the receptor’s different conformations and binding mechanisms
greatly. In parallel, spectroscopic techniques such as solid-state NMR supported the biophysical investigations
of the dynamic properties of the uniformly (Schrottke et al. 2017) and site specific (transmembrane domains,
loops, C-terminus) (Pacull et al. 2020) 13C-labelled GHSR in a native-like membrane environment. We now
aim to investigate the conformational changes of GHSR upon ligand or agonist binding on single residue level.
Here, we monitor the changes in the local chemical environment of the three native histidines of GHSR as
a variation of their 13C NMR chemical shift using 13C-13C DARR NMR, for the wild type GHSR and for a
physiological GHSR mutant lacking its characteristic constitutive activity. Besides providing the necessary
low spectral complexity, these three histidines are located in sensitive receptor sites, namely in the helix 6,
known to undergo large motion upon ligand binding, and the extracellular loop 2, involved in binding events.
The histidines were 13C labelled through an established cell-free expression system where the labeled GHSR
is expressed in the precipitated form with a yield of up to 1.5 mg per 1 mL reaction volume and subsequently
functionally reconstituted into DMPC bilayer membranes. Three single histidine deficient mutants H186A
(Ueda et al. 2011), H258Y and H280Q (Feighner et al. 1998) were designed to allow the assignment of the NMR
signals and the well-described A204E mutant (Pantel et al. 2006) was expressed to characterize the effect of
the loss of constitutive activity. Upon ghrelin binding, the two helical histidine residues showed characteristic
downfield shifts indicative of the structural alterations in the molecule upon outward movement of helix 6.
In contrast, upon inverse agonist binding, this response was much weaker suggesting a different binding
mechanism. Finally, the shifts for the constitutive activity mutant highlight the existence of an alternative
conformation that can be rescued by ghrelin binding.
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