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A fish of all flavours
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Figure 1: Crystal structure of the taste receptor T1r2-T1r3 ligand binding domain
heterodimer. Credit: Okayama University

Receptors are how the body senses its environment. Upon the binding of
a ligand, a receptor will initiate a chain of events that elicits a response.
Our olfactory system depends on approximately 400 receptors to give us
our sense of smell. Taste, however, operates with a much smaller
number: The combination of only three members of the taste receptor
type 1 (T1r) family can detect a wide range of sweet and savory flavours
in humans.

"T1r heterodimers can perceive most sweet and umami taste substances,"
says Prof. Junichi Takagi of Osaka University. "To understand this
perception, we looked at the atomic structure of the heterodimer."

Our bodies sense a flavour when an amino acid of the food binds to a
heterodimer of two T1r members. Takagi is an expert of structural
biology who studies the physical conformations of receptors upon
binding to their ligands.

"The lock-and-key theory explains most ligand-receptor bindings. T1r is
unusual because this theory does not seem to apply. We thought it would
make an interesting research study."

Takagi was approached by Prof. Atsuko Yamashita at Okayama
University who had been studying the T1r2-T1r3 heterodimer of medaka
fish for years. This heterodimer binds to a wide range of amino acids for
the perception of savory flavours. To measure the structure at the atomic
level, they used Takagi's expertise as well as the synchrotron radiation
equipment at RIKEN SPring-8 in Japan.
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The research team found the heterodimer structure was approximately
the same regardless of the amino acid bound, but the affinity for the
amino acid was ensured together with the shell-structured water
molecules around the amino acid. This characteristic could explain how
a single heterodimer can bind to an array of ligands.
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Figure 2: Overall structure of the taste receptor and schematic drawing of the
taste-substance binding pockets. Credit: Okayama University
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"We found the space in which the ligand binds T1r2 is much bigger than
the ligand itself. This larger space could account for the structured
water," Yamashita said. "The space in lock-and-key receptors is much
smaller."

A similar property is found in receptors that pass different types of
drugs, suggesting this mechanism may be constant for non-specific
receptors.

Although formation of the heterodimer is necessary for perception, the
findings indicated that T1r2 was responsible for detecting different
amino acids and that binding to T1r3 did not have a direct role in
recognizing flavours.

For preparation reasons of the receptors, the group chose to study the
medaka fish T1r2-T1r3 heterodimer over the human version. Yet,
because the T1r family is universal in higher-levels animals, these
findings should make an informative model for taste sensation in
humans.

More information: Nipawan Nuemket et al. Structural basis for

perception of diverse chemical substances by T1r taste receptors, Nature
Communications (2017). DOI: 10.1038/ncomms15530
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