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“Sense”, such as vision, audition, touch, gustation, and
olfaction, is an important function for living organisms to
receive, transduce, integrate, recognize and process a wide array
of information from environment. In this research team, we
focus on the first step of sensing through signal reception from
environment to signal transduction and transfer in a cell. We
aim to elucidate molecular mechanisms of this process by
knowing structures of involving proteins. The pivot of our study
is structural analysis of sensory receptors, signaling proteins,
and ion channels by X-ray crystallography using SPring-8
beamlines. We also carry out functional analysis of these
proteins with biochemical and physiological approaches. The
object of this team is to understand the sensing mechanisms by
integrating the structural and functional information.

1. Structural and functional analyses of sensory receptors:

In order for the first step of a molecular-level approach on a
question how we recognize environments, it is indispensable to
know mechanisms how sensory receptors at the front line
toward environments recognize chemical substances or response
upon mechanical stimuli. In this first year of our research team,
we started structural and functionally studies of sensory
receptors as our first and primary research project. Our current
targets are taste receptors, as a representative of chemoreceptors,
and an osmosensor protein, as a representative of
mechanoreceptors.

Sensory receptors play key roles for receiving information
from environment, and thus enable signaling between
individuals, such by human verbal communication and insect
pheromonal communication. Although analyses of proteins
responsible for signaling inside and between cells in our bodies
have so far preceded in the research field of molecular biology
and biochemistry, molecular analyses of sensory receptors
might serve as the first step for understanding of signaling
between individuals at molecular level. Furthermore, members
of the same protein families of sensory receptors also function
as receptors for various intercellular signaling substances, such
as hormones, cytokines, and neurotransmitters. Structural
studies on sensory receptors thus might provide significant basis
to address mechanisms how proteins recognize and transduce
information both from outside and inside of our bodies.

(1) Taste receptors.

Taste receptors are membrane proteins existing in taste buds on
tongues and oral cavities. Among those, sweet and umami taste
receptors belong to the G-protein coupled receptor family. They
function as heterodimers consisting of the T1R family proteins;
umami taste receptors of TIR1/T1R3, whereas those for sweet
consist of T1R2/T1R3. These proteins possess extracellular
domains responsible for binding and recognition of many taste
substances. In this year, we started to explore conditions for
expression of these receptors toward crystallographic studies. In
the first, we constructed vectors of T1r proteins for expression
screening using human- and mouse-derived genes with various
kind of lengths (such as for full length, extra cellular domains,
etc.) . We then began to screen expression conditions using E.
coli expression systems by changing host cells and culture
conditions. Among we tested, we have unfortunately not found
appropriate conditions for expression in the aspect of molecular
weight, folding, and amount of expressed proteins. Thus we are
going to continue screening of expression condition.

(2) Osmosensor proteins.

Recently presence of cation permeable channel proteins which
are located at vacuole membranes and response to osmotic force
has been reported in several yeasts. We started to explore
conditions for expression of these osmosensor proteins toward
crystallographic studies. In the first, we carried out a database
search and newly found several proteins homologous to the
receptors from yeasts and fungus. Among them, we cloned 5
different genes from yeast and fungus sources. We then
constructed vectors of 8 genes, including three already
identified their functions, for expression screening, and started
to explore expression conditions using E. coli systems.
Although E. coli cells showed strong growth inhibition upon
expression of these receptors and receptor homologs, we
successfully found out a condition enabling moderate cell
growth and protein expression. As a result, we found that a
cytoplasmic region from one homolog protein showed stable
and high expression, though expression of full length receptor
proteins were hardly observed among all tested proteins. The
region showed monodispersity in solution and is thus expected
to be a promising candidate for a crystallographic study.

2. Structural and functional analyses of signaling proteins in
sensory cells

In order to understand mechanisms of reception of
environmental stimuli by sensory cells, it is indispensable to
know functional mechanisms of proteins responsible for
regulation and downstream signaling of sensory receptors, as
well as those of the receptors themselves. In this year, we
started preparation toward structural and functional analyses of
those proteins. In the first, we carried out a database search and
found several proteins homologous to a regulatory protein for
mechanosensor proteins from hyperthermophilic bacteria.
Among them, we cloned 6 different genes and constructed
vectors for expression screening.
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