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Annual Research Highlights

(1) “Activation of Met signaling pathway by means of
dimeric macrocyclic peptides”

Met is a trans-membrane protein that possesses a
tyrosine kinase activity. On binding to hepatocyte growth
factor (HGF), Met induces trans-autophosphorylation and
regulates various signaling pathways together with
downstream kinases such as Akt and Erk. Biological
responses triggered by the Met activation and the
downstream signaling lead to wound healing of tissues.
Here, we developed artificial Met-activating macrocyclic
peptides. First, we identified Met-binding monomeric
macrocyclic peptides by using the RaPID (Random
non-standard Peptide Integrated Discovery) system, and
dimerized the monomers to induce dimerization of two
Met molecules on the cell membrane (Fig. 1). Various
HGF-like cellular responses, such as branching
morphogenesis, were induced in human cells by the
macrocycles. This work suggests that our approach to
generate dimeric macrocycles as non-protein ligands for
cell surface receptors can be a powerful method for
developing potential therapeutics.
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Fig. 1 Met activation by dimeric Met-binding peptide initiates
downstream cellular responses.

1.(1)-1) Nat. Commun., 6, 6373 (2015).

(2) “Development of a fluorescent imaging probe for
detecting cellular EpCAM based on a macrocyclic
scaffold”

EpCAM (Epithelial cell adhesion molecule) is a
transmembrane glycoprotein expressed on various
carcinoma cells such as breast, prostate, ovarian, lung,
colon, renal, and gastric cancer, indicating the importance
of EpCAM as a diagnostic biomarker for these cancers.
Here, we developed a new fluorescent probe based on a
macrocyclic peptide scaffold that specifically visualizes
EpCAM-expressing MCF7 cells. By using the RaPID
system, a macrocyclic peptide named Epi-1-F binding to

the extracellular domain of EpCAM was discovered (Fig.
2). The dissociation constant is in the low nM range (1.7
nM). Due to the low molecular size (less than 3,000 Da),
Epi-1-F with a fluorescence tag could successfully stain
live cells under high cell-density conditions, which could
not be achieved by the conventional antibody-based
staining method. This result suggests that the macrocyclic
peptide has a great potential as a new diagnostic probe for
detection of EpCAM expression.
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Fig. 2 Imaging of EpCAM on living cells by fluorescent labeled
Epi-1-F.

1.(1)-2) J. Mol. Evol., 81, 210-217 (2015).

(3) “Synthesis of 2,2'-disilylazobenzenes: a
photoisomerizable fluorophore”

Azobenzene, which is the fundamental core of azo dyes,
isomerizes reversibly between the (E)- and (Z)-isomers
upon photoirradiation. The property impedes fluorescence
emission, which is another property of some dyes. There
are only a few azobenzenes that undergo both
photoisomerization and  measurable  fluorescence
emission. Here, (E)-2,2'-disilylazobenzenes featuring
twofold weak nitrogen---silicon interactions were
synthesized. The lowest singlet excitation energy state of
one of the azobenzenes was found to be the allowed n,n*
transition. It fluoresced a yellow-green color at room
temperature and underwent photoisomerization to the
non-fluorescent  (Z)-isomers. This change in the
fluorescence property upon photoisomerization would be
useful to regulate the fluorescence intensity using a single
light source.
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Fig. 3 Photochemical behavior of a bis-silylated azobenzene.

1.(1)-7) Dalton Trans., 44, 16256-16265 (2015).
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