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(1) Long-term goal of laboratory and research background
The aim of us is to understand principles of signal processing carried out by biological
systems in the classes of proteins, protein networks, and cells. We are studying how
biomolecules assemble to process the intra- and extra-cellular information and express
flexible higher-order cellular responses. In these studies, we develop and use techniques of
single-molecule measurements, optical microscopy, cell engineering, reconstruction of
biosignaling systems, as well as mathematical analysis and computer simulations. The
recent main target of us is an intracellular protein reaction network that called
ERBB-RAS-MAPK system. This system is responsible for cell fate decisions including cell
proliferation, differentiation, and apoptosis. In addition, we are investigating functions
and dynamics of proteins, including GPCRs, which is also involved in cell signaling and fate
decision. We are analyzing how diverse dynamics of reaction systems, which lead to
higher-order biological function, emerged from the accumulations of elemental protein
reactions.
(2) Current research activities (FY2019) and plan (until Mar. 2025)
RAF is a serine/threonine kinase in the cytoplasm and activated downstream of RTKs and
GPCRs. The major role of RAF is to phosphorylate various cell signaling proteins for
regulation of their activity. The activity of RAF itself is regulated through multiple
phosphorylations, open/close structural dynamics, and homo- and hetero-dimerizations.
RAF is involved in various input and output pathways, and the complicated regulation
mechanism of RAF is thought to be used for its multimodal functions. However, details of
which is still unknown. This year, we
investigated structural dynamics of RAF
in the cytoplasm of living cells by using
single-pair FRET measurements. We
found that RAF adopts at least three
conformations in the cytoplasm (Figure).
The closed state which showed the
highest FRET efficiency is the basal
inactive state, and phosphorylation to
induce RAF activation after cell
stimulation with a signaling molecule
A model of structural dynamics of RAF: Multiple
phosphorylation regulates conformation and activity of RAF
like EGF shifts the conformation to the
through interaction with a cytoplasmic protein 14:3:3.
active open state with the medium FRET
efficiency. In addition, RAF has inactive
fully open state, which seems to be important for adaptation. Detection of the
conformational variation of cytoplasmic proteins of RAF in live cell condition was first done
in our experiment as far as we know (Okamoto et al). We also found, in collaboration with
Yamagata Univ., anti-inflammation effect of a lipid derivative, resolvin E3 is its function as
a ligand of a GPCR, lukotoriene B4 receptor. The highest activity of resolvin E3 than those
of E1 or E2 suggests a biased ligand function of E3 to the arrestin pathway downstream of
the receptor (Sato et al). We will continue studies on cell signaling.
As parts of the collaboration project in RIKEN on lipid biology (Glyco-lipidoloque
Initiative Project), we studied lipid accumulation for the formation of baculovirus envelope
by a viral protein BNEMP (Nagamine et al), and found that CPE, a major lipid in
invertebrate, forms specific tubular and ribbon structure in solution (Inaba et al). These

studies on lipids relate with the study of biomembranes in which the receptor molecules are
embedded. We also revealed that the K336I mutant of actin incorporated in a filamentous
structure induces a conformational change of neighboring wild-type actin molecules to affect
the interaction with an actin binding protein (Umeki et al). This study has suggested that
polymorphology in protein structure, as observed in RAF protein, is a common basis of the
sophisticated biological function of proteins.
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