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Synthesis of functional polymers in cancer cells via uncatalyzed [4+4] cycloaddition for
cancer-selective detection ('School of Materials and Chemical Technology, Institute of Science
Tokyo, *Biofunctional Synthetic Chemistry Laboratory, RIKEN Cluster for Pioneering
Research) OShinji Kawaguchi,' Ambara R. Pradipta,' Katsunori Tanaka'~

Phenylglycinol reacts with acrolein to produce imines, which subsequently undergo a rapid
[4+4] cycloaddition without the catalyst. This reaction facilitates the formation of 8-membered
ring heterocycles. In this study, our objective was to synthesize derivatives of phenylglycinol
and utilize them for the direct synthesis of 8-membered ring polymers within cancer cells.
Moreover, we investigated the potential of this approach for cancer detection. Further details
will be presented at the symposium.

Keywords : Cancer; Acrolein; Cycloaddition; Fluorescent polymers; Therapeutic in vivo
synthetic chemistry
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Figure 1. Polymer synthesis in cancer cell
(1) K. Tanaka, R. Matsumoto, A. R. Pradipta, Y. Kitagawa, M. Okumura, Y. Manabe, K. Fukase, Synlett

2014, 25, 1026.
(2) A. Tsutsui, T. Zako, T. Bu, Y. Yamaguchi, M. Maeda, K. Tanaka, 4dv. Sci. 2016, 3, 1600082.
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In vivo synthesis of anti-cancer compounds from endogenous carbon monoxide in cancer cells
utilizing biocompatible metal catalysts (‘School of Materials and Chemical Technology,
Institute of Science Tokyo, *Biofunctional Synthetic Chemistry Laboratory, RIKEN Cluster for
Pioneering Research) O Masayuki Kawai,' Tsung-Che Chang,> Ambara R. Pradipta,'
Katsunori Tanaka'~

Cancer cells exhibit significantly higher level of certain metabolites, including carbon
monoxide, compared to normal cells. Currently, there are no reported example of endogenous
carbon monoxide being transformed into drug molecules, primarily due to its low reactivity. In
our previous research, we demonstrated that transition metal catalyst, such as ruthenium or
gold complexes, can be effectively integrated into the hydrophobic binding pocket of human
serum albumin, allowing them to maintain both stability and reactivity in vivo. In this study,
we aim to develop a biocompatible palladium complex that can react with endogenous carbon
monoxide to yield bioactive compound within cancer cells. Further details will be discussed at
the symposium.

Keywords : Cancer treatment;, Cancer metabolites,; Transition metal catalyst; Therapeutic in
vivo synthetic chemistry, Heterocycles

0 FE 7o MR Sy 2N K D AREE DL A B U AT S 3TV A 03 Afiia T, 1E 5
IR DR T RBENCEESN TV ZENHLNTND, TD—2L LT
—{bikz= (CO) NEIT b, COITHNVR=bLEMDERE L THEHTHS—
I AL ARTEETH D720, ERND CO % 3EEM -~ L=k 2 E
THE STV, FoxFlEr, B M7 V7 2> (HSA) 2w, V7= '7JA
%3/\72 E DER AR A 22 EAL U AR CTHRE S8 2 Hifiv &2 i U7z, AWF9E

. INEILICHEESE, FITICAEBRNTORER/ T VT LEEREZFR L. 75>
#EHH’?%PF&E?”%) CO ZHNWAR= NI EFT HHEEES T~ERT 52 & %nit%kto
::Tm\;@ﬁm FONAMIR ETREL WD —BbRFELHRET 5 &3t

%nt;&%zﬁrﬁ %@#ﬁi/vﬁlfﬂ%’i’urrﬁﬂbﬁrft% ZOWTHET 5,

o]

~ > i o
o’ RIS NH
4 Z RS
. . o o Cathonlmonoxics O Drug molecules for
RE"- . cancer treatment
ﬁ ‘. —— o Cancer cells O CO detection by LC/MS

Human Serum Albumln

1) L Na51bu111n I. Smirnov, P. Ahmadi, K. Vong, A. Kurbangalieva, K. Tanaka, Nature Commun. 2022,
13,39.

2) S. Minegishi, A. Yumura, H. Miyoshi, S. Negi, S. Taketani, R. Motterlini, R. Foresti, K. Kano, H.
Kitagishi, J. Am. Chem. Soc. 2017, 139, 5984.
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Early Intervention to Tau Amyloidosis by Condensate-enhanced Catalytic Photo-oxygenation
(‘Graduate School of Pharmaceutical Sciences, The University of Tokyo) (OWataru Atsumi', Yuma
Takeuchi!, Shigehiro A Kawashima', Motomu Kanai'

Aberrant aggregation of tau protein leads to various neurodegenerative diseases known as
tauopathies. Inhibiting tau aggregation thus can be a therapeutic strategy for such diseases. We
previously reported a photocatalyst which can sense the cross-f-sheet structure characteristic to
amyloid. This catalyst selectively photo-oxygenates amyloid, attenuating aggregation propensity
and cytotoxicity of amyloid. However, this approach has not been able to target tau protein at the
early stage in the aggregation cascades. We therefore propose that liquid-liquid phase separation
(LLPS) of tau can be a novel target to achieve early intervention to tauopathies, as LLPS can be
involved in the initiation of tau aggregation.

Through catalyst screening, Rose bengal (RB) was identified as a photocatalyst which is enriched
in tau droplets. By using RB, tau photo-oxygenation inside the tau droplet was greatly accelerated.
Furthermore, photo-oxygenation of tau droplets inhibited tau amyloid formation. Our strategy
targeting tau LLPS may lead to novel prophylactic therapeutics against tauopathies.

Keywords : Catalytic photo-oxygenation, Amyloid, Liquid-liquid phase separation, Tau protein
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Copper-mediated Activation of Disulfides for Suppression of Pathological Protein Misfolding
and Promotion of Native Folding ('Graduate School of Engineering, Tokyo University of
Agriculture and Technology, *Massachusetts Institute of Technology, *Institute of Advanced
Medical Sciences, Tokushima University, *Faculty of Science and Technology, Keio University,
SKanagawa Institute of Industrial Science and Technology) OKeita Mori,'* Tomohide Saio,’
Yoshiaki Furukawa,* Takahiro Muraoka'*

Transition metal ions exhibit unspecific redox reactions and binding behaviors to promote
protein misfolding when overaccumulated, making themselves known as "metal stress."
Conventional materials for treating metal stress have focused only on elimination of toxic
metals by chelating compounds. In contrast, living cells are featured by smart stress response
mechanisms in which expression of folding-promoting enzymes is up-regulated in response to
distorted redox status and proteostasis. In this study, we developed a metal-binding disulfide
compound that can be activated by coordination of stress-causing copper ions. The disulfide
compound suppressed copper-mediated misfolding of substrate proteins and promoted
oxidative folding into their native forms. NMR analysis revealed that the disulfide compound
can weakly interact with the substrate proteins to inhibit unspecific aggregation and enhance
the folding process. The presentation will also include effects of the disulfide compound on
oxidative folding of pathological proteins.

Keywords : Protein Folding; Disulfide Compound,; Copper lon; Redox Reaction, Intracellular
Stress
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