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Structures of human CaSR coupled with different G-protein subtypes. Cryo-EM
density map (left) and structural model (right) of CaSR in complex with miniGisq
(a), Gi3 (b) or miniGis (c). Each complex is reconstituted in nanodiscs and
composed of CaSRfree (blue), CaSRG (cyan), Gα (yellow), Gβ (violet) and Gγ
(crimson) subunits. The bound CaSR ligands include TNCA (gray), Ca2+ (green),
PO4

3− (orange) and R-568 (yellow). POPG (lime) and CHS (magenta) molecules
are found at the TMD dimer interface. N-linked glycans (NAG, light gray) are
attached to the ECD. Credit: Nature (2024). DOI: 10.1038/s41586-024-07331-1

The calcium-sensing receptor is critical for maintaining healthy calcium
levels, but CaSR is also well-known for its side hustles. The receptor is
increasingly recognized for its ability to detect other ions and proteins
and for its role in breast cancer, heart disease, diabetes, and other
conditions, making it an important drug target for multiple diseases.
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But to create CaSR-targeting drugs, designers must first understand how
the receptor manages to multitask so that therapies do not impair vital
CaSR functions.

So how does CaSR do it all?

CaSR's ability to multitask and trigger different cellular functions stems
partly from its close interactions with a variety of G proteins on the
inside of the cell. CaSR can couple to all four different G-proteins,
depending on the cell type. In parathyroid cells, CaSR signals through
Gq/11 and Gi/o, for example, while in breast tumors it signals through
Gs.

In a new collaborative study conducted by Columbia colleagues Qing
Fan and Jonathan Javitch, and Arthur Conigrave at the University of
Sydney, the team used cryoEM to visualize CaSR coupling to different
G proteins. The study, titled "Promiscuous G-protein activation by the
calcium-sensing receptor," was published April 17 in Nature.

Qing Fan, Ph.D., professor of molecular pharmacology & therapeutics,
has been uncovering the secrets of CaSR for the past decade using X-ray
crystallography and cryoEM to reveal CaSR's shape and gain insights
into the way the receptor works. Jonathan Javitch, MD, Ph.D., professor
of experimental therapeutics in psychiatry and an expert on cell signaling
, provided critical support on the analysis of CaSR function in cells.
Arthur Conigrave, MD, Ph.D., professor and endocrinologist at the
University of Sydney, has worked with Fan on the CaSR since their
initial study in 2016.

Getting such images has been a challenge, partly because it is difficult to
assemble a stable complex between CaSR and its various G protein
partners, so the study's lead authors, associate research scientists Hao
Zuo and Jinseo Park, combined different techniques including the use of
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miniature, engineered G proteins.

The images helped the team identify elements in both CaSR and G
proteins that determine the selectivity of CaSR-G-protein-coupling. A
particular loop on the intracellular side of CaSR is indispensable, the
team found, and the length and flexibility of this loop allows different
types of G protein to bind to CaSR.

"These discoveries may assist the design of therapeutics that target
specific CaSR signaling pathways," Fan says. "For example, to prevent
broad activation of CaSR throughout the body, targeting the cancer-
specific CaSR-induced Gs activation could be considered in breast
cancer treatment," Zuo adds.

  More information: Hao Zuo et al, Promiscuous G-protein activation
by the calcium-sensing receptor, Nature (2024). DOI:
10.1038/s41586-024-07331-1
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