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[1] Q.-F.Sun et al.: “Self-Assembled M,,L ¢ Polyhedra
and Their Sharp Structural Switch upon Subtle
Ligand Variation” Science 328 (2010) 1144-1147.

[2] K. Suzuki et al.: “Template synthesis of precisely
monodisperse silica nanoparticles within self-
assembled organometallic spheres” Nature Chem. 2
(2010) 25-29.
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It is estimated that approximately 30% of the coding
genes in human genome are for integral membrane
proteins. Membrane proteins play an essential role in
multi-processes of all kinds of life forms. They are also
the major drug targets. It was reported that over 50% of
the FDA-approved drugs target membrane proteins, with
26% of them targeting GPCRs. However, due to the
technical challenges, it is hard to conduct biochemical
and structural studies on membrane protein. The lack of
structural and biochemical characterization of membrane
proteins severely restricted our knowledge on this
important family of proteins.

Transport proteins constitute a major class of
membrane proteins that mediate the exchange of
chemicals and signals across the biological membrane.
The lipid bilayer sets a hydrophobic barrier that insulates
the cellular or organelle contents from the environment.
Although some low molecular weight chemicals can be
permeated directly through membrane, most of the
hydrophilic chemicals, such as sugars, amino acids, ions,
drugs, etc, require specific transport proteins to traffic
through the hydrophobic wall. Therefore, transport
proteins play an essential role in a broad spectrum of
cellular activities, such as uptake of nutrients, release of
metabolites, and signal transductions. A large number of
diseases are correlated with the malfunction of membrane
transporters. Transport proteins are direct targets of
widely prescribed drugs such as antidepressants and
heartburn relief.

On the basis of the energy utilization, transport proteins
may be classified to primary active transporters, secondary
active transporters, facilitators, and channels, among
which, the secondary active transporters exploit the
electrochemical potential to shuttle a variety of substrates
against their concentration gradient. We are particularly
interested in the functional mechanism of the secondary
active transporters. An alternating-access model was
proposed to account for a general mechanism of transporter
proteins. In this model, to upload and download substrate,
a transporter protein adopts at least two conformations:
one exclusively open to the outside and the other to the
inside of the membrane. This model was supported by
several lines of structural and biophysical evidence.

Nevertheless, there are two most interesting and general
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questions yet to be addressed. First, what is the energy
coupling mechanism for the active transporters? Second,
what triggers the obligatory conformational change of
the transporter during the transport cycle?

In order to address these fundamental questions in the
mechanistic understanding of the transporter proteins,
my lab launched structure-based investigations of the
secondary active transporters and we hope to ultimately
capture the dynamic process of the working cycle of the
representative transporters and to dissect the energy
coupling mechanism.

ESR=P A

This proposal aims to study the function of secondary
active transporters by structure determination of their
intermediate states. The proposer’s group has published
crystal structures of several bacterial transporters which
carry fucose, formate, uracil, and amino acids across the
cell membrane. These novel structures were published in
major scientific journals.

To obtain a crystal of an intermediate state in
membrane transport, it is necessary to stop the transport
cycle and keep it at a certain stage. For this purpose, the
proposer plans to make use of site-directed mutants of
the proteins. This is a reasonable approach for functional
studies with protein crystallography. Although technical
difficulties are expected in the crystallization of the
membrane proteins and the technical details to overcome
these difficulties were not clear in the proposal, the
Proposal Review Committee is convinced from the past
achievements made by the proposer that interesting
results will be obtained in this long-term proposal. For
the progress of this research, a regular access to SPring-8
and the undulator beamline BL41XU is necessary.

The general scientific trend in protein crystallography
is shifting from simple structural determination to
clarification of functional mechanisms. Thus, this
proposal is a timely one. However, the proposer should
be aware that structural determination of just a few
conformations of the protein may not be sufficient for
full understanding of the transport mechanism. The
Proposal Review Committee encourages the proposer to
continue this difficult work until results with a high
scientific value will be obtained.
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