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Tremendous advances in the structural biology and pharmacology of G protein coupled receptors (GPCRs), coupled 
with rapid advances in computational approaches, have expanded our understanding of both structural and functional 
aspects of GPCR dynamics and GPCR-ligand or partner protein interactions (Figure 1), providing guidance for new 
structure-based drug design. At the 61st Annual Meeting of the Biophysical Society of Japan in November 2023, a 
symposium with the title, “Holistic concepts in GPCR dynamics”, was held. The goal of this symposium is to expose 
scientists to recent discoveries and cross-disciplinary approaches utilized to study GPCRs and provide opportunities for 
establishing communications that bridge complementary interests in the field of GPCRs. This session will feature speakers 
who have made exciting discoveries about the molecular mechanisms of GPCRs and partner proteins involved in signal 
transduction by utilizing spectroscopic, structural biology, single molecule observations, and computational chemistry 
approaches. 

 
 
 
 

 
 
 

 
 

Dr. Ryoji Suno (Kansai Medical University, Japan), who is one of the organizers for this symposium, reported on a 
study that used multiple techniques, including structural biology, infrared spectroscopy, and pharmacology, to identify 

Figure 1  GPCR signaling mediated by G protein or arrestin. G protein-
mediated signaling is initiated by interacting with activated GPCR 
following nucleotide exchange reaction between GDP and GTP. GTP-
bound G protein dissociates from the GPCR as a separated α-subunit 
bound with GTP and βγ-dimer, both of which interact with various 
effectors to initiate signaling. Arrestin-mediated signaling is initiated 
through binding with phosphorylated GPCR at C-terminal region, 
resulting in physically obstructing G protein coupling to the GPCR, which 
causes desensitization of GPCR signaling.  
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the amino acids involved in the signaling of kappa opioid receptor (KOR) agonists. Agonists of the KOR have analgesic 
effects but also produce side effects such as drug aversion and sedation. It is hoped that the details of the molecular 
mechanism of KOR signaling will be elucidated for the development of analgesics without side effects. While other groups 
had already determined the structures of KOR in various agonist-bound states [1], Suno et al. successfully observed the 
dynamic changes in KOR upon agonist binding by infrared spectroscopy in addition to structural information. The role of 
these amino acids in KOR signaling will be compared with the KOR-G protein complex structure determined by Suno et 
al. and the previously reported inactive form [2]. 

Dr. Hideaki Kato (University of Tokyo, Japan) presented about dynamic recognition and activation of G proteins by the 
Neurotensin receptor 1 (NTSR1). NTSR1 is a class-A GPCR that can couple to multiple G protein subtypes and plays a 
role in various physiological functions, including the regulation of body temperature, body weight, blood pressure, and 
pain response. Previously, they determined the cryo-electron microscopy (cryo-EM) structures of the NTSR1-Gi1 complex 
in two distinct conformations (the canonical and non-canonical states) and proposed a model for the sequential activation 
of Gi1 by NTSR1 [3]. However, the mechanism by which NTSR1 recognizes and activates other G protein subtypes 
remains elusive. In this study, they presented cryo-EM structures of NTSR1 in complex with Go or Gq heterotrimers. 
Combining this structural information with computational and functional analyses, they provided insights into the unique 
mechanisms that underpin G-protein recognition and activation by NTSR1. 

Dr. Masataka Yanagawa (Tohoku University, Japan) presented a co-regulation of GPCR-mediated ERK signaling by G 
protein and β-arrestin. GPCRs convert various extracellular stimuli into intracellular signaling cascades through G 
proteins and β-arrestins. Previous studies have demonstrated that both G protein and β-arrestin activate the ERK signaling 
pathway, which regulates cell proliferation and differentiation [4]. However, it is unclear how the G protein and β-arrestin 
spatial-temporally control ERK signaling at living cell membrane. In this study, they showed a co-regulatory mechanism 
of ERK signaling by Angiotensin II type 1 receptor (AT1R), a class A GPCR, combining multi-color single-molecule 
imaging and NanoBiT split-luciferase assays. Gq protein activation determined GRK subtype selectivity on AT1R and 
subsequent β-arrestins/ERK signaling complex formation dynamics on the plasma membrane [5]. 

Computational methods are also vital for understanding the complex and dynamic signaling activity regulation 
mechanisms by GPCRs. The group of Dr. Ayori Mitsutake (Meiji University, Japan) has recently investigated dynamics 
of Orexin 2 receptor (OX2R), which is one of GPCRs using molecular simulations. From simulations for wild type and 
several mutations without ligands, they proposed the distance between Ile 148.CA (3.46) and Tyr 364.CA (7.53) as a good 
indicator for distinguishing inactive and active states for Class A GPCRs [6,7]. They also investigated the structural 
advantages of inward movement of TM7 and outward movement of TM6 during activation to bind to a G protein. In 
addition, they also performed simulations with ligands to investigate the difference between inactive and active states, 
and presented their results. 

Finally, Dr. Kota Katayama (Nagoya Institute of Technology, Japan) presented a unique approach for understanding 
ligand recognition and activation mechanisms in GPCRs by using Fourier-transform-infrared (FTIR) spectroscopy. GPCR 
signaling utilizes an allosteric coupling between the extracellular facing ligand-binding pocket and the cytoplasmic 
domain of the receptor that selectively interacts with the signaling transducer such as G proteins and β-arrestins. Recently, 
they have attempted to use FTIR spectroscopy with combining a two-liquid exchange system to study the conformational 
changes in muscarinic receptor (M2R) that are induced by ligand binding [8]. In addition, they also performed systematic 
ligand induced FTIR spectroscopy on ligands with four different efficacies [9]. These studies demonstrated the novel 
direct method for the quantitative evaluation of ligand efficacy on M2R. Furthermore, by performing comprehensive FTIR 
measurements on site-specific amino acid mutation and ligand derivatives, they have elucidated one aspect of the 
regulatory mechanism of M2R activation upon acetylcholine binding.  
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