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This research project focuses on the development of novel screening systems to identify
target proteins and binding sites of bioactive compounds or metabolites of endogenous
molecules, which could contribute to chemical biology research. Sodeoka group developed
original chemical probes and investigated the screening conditions. Fujita group
constructed the screening apparatus and improved screening efficiency based on the
results of Sodeoka group.

In this fiscal year, we succeeded in developing a novel screening system named Alkyne-
Tag Raman Screening (ATRaS), which can determine the binding sites of bioactive
compounds (/. Am. Chem. Soc. 2016, 138, 13901-13910). In general, to determine binding
sites, target proteins are labeled with bioactive compounds and digested into peptide
mixture, and then labeled peptides are identified by LC-MS/MS analysis. However, large
amounts of unmodified peptides often disturb the detection of labeled peptides by mass
analysis. To overcome this problem, we created ATRaS, in which alkyne-tagged probes
are used to label target proteins and labeled peptides are detected by quantitative Raman
analysis. To develop the ATRaS system, we selected cathepsin B, one of the lysosomal
proteases, as a model protein and its covalent inhibitor Z-FG-AOMK. To identify the
binding site, Sodeoka group synthesized alkyne-tagged derivatives of Z-FG-AOMK and
investigated the conditions to label cathepsin B with the alkyne-tagged inhibitor and
analyze the peptides by LC-MS/MS. Fujita group examined the detection conditions
using Raman spectroscopy and found that Surface-enhanced Raman Scattering (SERS)
improved the detection limit by over 1 million times. By combining the results of the two
groups, we finally succeeded in identifying the binding site of Z-FG-AOMK with the
ATRaS system.

To improve the efficiency of ATRaS system, Sodeoka group developed a novel method
to purify alkyne-tagged molecules. Moreover, Sodeoka group developed a novel functional
group for photoaffinity labeling, which can label target proteins of bioactive compounds.
In addition, several lipid probes were designed, synthesized, and found to be metabolized
in a similar manner to endogenous lipids, indicating the potential usage of these probes
for metabolism studies.

Fujita group improved the screening speed of the ATRaS system. The sample
preparation methods have also been investigated to improve the sensitivity of Raman tag
detection for the practical application of the ATRaS technique.
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