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Annual Research Highlights

(1) “Development of macrocylic peptide that inhibits
the function of a MATE family transporter and serves
as a cocrystallization ligand”

MATE (Multidrug and toxic compound extrusion)
transporters are membrane proteins that consist of five
families and are involved in export of various xenobiotics
out of the cell depending on electrochemical gradient of
H* or Na* across the cell membrane. Unfortunately,
beneficial drug molecules such as anti-cancer drugs and
antibiotics against bacteria can also be recognized as
targets of MATE-driven export, which leads to loss of
medicinal effects of such drugs. Therefore, development
of MATE inhibitors has been much expected in the
pharmaceutical industry for a long time.

Previously, our laboratory has developed a powerful
method, named RaPID (Random non-standard Peptide
Integrated Discovery) system, which enables high
throughput screening of non-standard macrocyclic
peptides that specifically bind to target proteins. By using
this technology, we have successfully obtained several
macrocyclic peptides that specifically bind to a MATE
family protein, PFMATE derived from a thermophilic
archaea, Pyrococcus furiosus. Inhibitory activities of
these macrocylclic peptides against PFMATE were also
confirmed. Moreover, we could use these peptides as
cocrystallization ligands that can stabilize the structure of
PfMATE, and succeeded in elucidation of the mechanism
of PfMATE-driven transport and inhibition of the
transport by the peptides based on the cocrystal structure.

1.(1)-1) Nature, 496, 247 (2013).
1.(1)-2) Molecules, 18, 10514 (2013).

(2) “Nonstandard peptide expression under the
genetic code consisting of reprogrammed dual sense
codons”

In the genetic code, each codon generally is assigned to
a single kind of amino acid or termination. However,
AUG exceptionally corresponds to two amino acids,
formylmethionine and methionine, for initiation and
elongation, respectively. We have expanded the “dual
sense” assignment ability of AUG codon to create
multiple engineered codons, which drastically increased
the variety of non-proteinogenic amino acids used in a
translation system. This report demonstrated that various
triplets besides AUG could function as noncanonical start
codons and also as reprogrammed elongation codons, i.e.,
they are “dual sense” codons, simultaneously assigning
two distinct artificial amino acids in initiation and
elongation. Importantly, the dual sense codons are highly
orthogonal, i.e., they are correctly decoded with the
designated amino acids without cross-readings. This
engineered translation using multiple artificial initiators
and elongators is in sharp contrast to former systems in

which the initiator had been limited to one kind of amino
acids. This study have clearly showed that the classical
adaptor hypothesis, which highlights the importance of
codon-anticodon interactions in accurate mMRNA
decoding, can be extended to both initiation and
elongation events wunder a genetic code with
reprogrammed dual sense codons. In addition, this
methodology can expand the repertoire of initiators and
structural  diversity of peptides simultaneously
synthesized in one translation mixture. Thus, such an
expression system can be applied for the discovery of
bioactive non-standard peptides using DNA-encoded
non-standard peptide libraries.

1.(1)-3) ACS Chem. Biol., 8, 2630 (2013).

(3) “Water-driven reduction of a phosphine imide”

Hydrosilanes, R3Si—H, are useful for hydrosilylation of
multiple bonds, reduction of various functional groups,
and preparation of a silanol by hydrolysis. Phosphine
imides, RsP=NR’, are popular for its use in the Staudinger
reaction and aza-Wittig reaction, and they are hydrolyzed
to give phosphine oxides. In this study, a compound
bearing both a hydrosilane moiety and a phosphine imide
moiety was synthesized to reveal their cooperative effects
on the reactivities. The hydrosilane showed a week
intramolecular interaction between a silicon atom and a
nitrogen atom of the phosphine imide moiety both in
solution and in crystals. Addition of water converted the
hydrosilane and phosphine imide moieties to a silanol and
a phosphine, respectively (Fig. 1). A phosphine oxide,
which is a usual hydrolysis product of phosphine imides,
was not generated at all. Study on reaction mechanism
revealed that a key step of this reaction was the
intramolecular hydride migration from the silicon atom to
the phosphorus atom. This result suggests that appropriate
molecular design using two different functional groups
enables cooperative effects on their reactivities toward
water.
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Fig. 1 Water-driven reduction of phosphine imide.

1.(1)-6) Chem. Commun., 49, 10373 (2013).
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