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This study aims to develop the methods to enable real time photoswitching of targeted protein functions in living cells,
by establishing two new technologies, photo-editing of nucleic acids and photo-modification (0xPKD) of proteins. With
these new technologies in hand, we will apply them to cancer treatment in unprecedented spatiotemporally manners.

As to nucleic acids, more than 25 kinds of antisense RNA conjugates (AONs) with a biphenyl derivative (NBP) or
an equivalent small molecule sensitizer (PS) attached at a base were synthesized as the molecular devices that allow
optical knockdown of RNAs. For proteins themselves, we synthesized three kinds of the conjugates of protein ligands
with NBP (Lg-BP) or another photosensitizer.

In the early stage of this study, it was found that NBP itself had mutagenicity probably due to the nitro group. We
therefore parallelly started the development of a sensitizer that does not have a nitro group. On the other hand, NBP-
attached oligonucleotides may not have mutagenicity, because of the small occupancy of the nitro group in the whole
molecule, and thus we synthesized the NBP-AON, AON1 and AON2, as previously designed for glucose-transporter
(GLUT1) knockdown. As a result, AON1 showed neither mutagenicity (micoAmes) nor hepatotoxicity (nonGL). In
addition, the photoknockdown effect of AON2 against GLUT1 was almost 100%, as proved by the cell experiments, in
which Western blotting was carried out on the lysate of the light-irradiated cancer cells incorporating AON2. Studies for
the regioselectivity of G oxidation with various AONs with different NBP binding positions demonstrated that G (+8 to
+10) bases farther from NBP are more efficiently oxidized than the closer G (+1 to +5).

Lg-BP had a low oxPKD ability against carbonic anhydrase (CA), whereas the complex of BODIPY derivative (IBDP)
and ligand (PS-Lg 6) exerted a high oxPKD effect on CAIX, one of CAs. PS-Lg(GLU), a conjugate of GLUT1 ligand
and IBDP was found to show almost 100% oxPKD effect on GLUT1 as verified by the Western blotting. The GLUT1
selectivity on oxPKD of PS-Lg(GLU) was revealed by comparison with oxPKD of Laserphyrin, in which unwanted
degradation of a-tubulin protein in addition to the GLUT1 degradation was observed. PS-Lg(GLU) also exhibited
photodynamic cytotoxic activity equivalent to that of Laserphyrin, thus establishing a new concept of "molecular-
targeted photodynamic therapy". Furthermore, we synthesized a precursor of PS-Lg(MCT) targeting a monocarboxylic
acid transporter (MCT1).

We thus were able to prove the concept of the technology for photo-manipulating the ON / OFF of the function of a

specific protein in living cells in real time at each stage of RNA and protein as planned.



