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Light-Triggered Twistable Agents for Intracellular Delivery of Charged Molecules

(Graduate School of Engineering. Kyoto University) OYuichiro MORI, Wenting HUO, Koji
MIKI, Huiying MU, Kouichi OHE

The delivery of negatively charged drugs like small interfering RNAs (siRNA) across
cytoplasmic membrane are extremely difficult due to their size and hydrophilicity, and the
electrostatic repulsion with cell membrane. Nevertheless, in the treatment of cancer,
neurodegenerative diseases, and some rare diseases, such cell impermeable drugs have great
potential. The increased cell uptake of negatively charged drugs is expected to dramatically
promote the development of medicine and pharmacy. We developed a series of light-triggered
twistable tetraphenylethene (TPE) derivatives which possess ionizable amino groups and
hydrophobic alkyl chains to facilitate the intracellular delivery of charged molecules through
disturbance of cell membrane. We investigated a role of the amino group and the length of
hydrophobic alkyl chains in the attachment to the cell membrane.

Keywords : tetraphenylethene, cell membrane; light irradiation; drug delivery
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Protein Delivery by Perylene derivatives into Mammalian cells ('School of Science, Nagoya
University, *Graduate School of Science, Nagoya University, *Institute of Transformative Bio-
Molecules (WPI-ITbM), Nagoya University) O Daisuke Shimizu', Kazuma Amaike?
Kenichiro Itami**

Proteins have attracted much attention in recent years as pharmaceuticals and genome editing
tools. However, due to their large size and complex surface charge, it is difficult to introduce
them into cells. Delivery methods using cell-penetrating peptides', lipid nanoparticles’, and
polymers® have been reported, but there are still issues about safety and low delivery efficiency.
Therefore, there is a need for the development of completely new delivery carriers.

In this study, we discovered perylene derivatives for protein delivery into mammalian cells.
In this method, either cationic or anionic perylene derivatives according to the isoelectric point
of a protein of interest were employed. The delivered proteins maintained their function,
indicating that this method does not impair the biological activity of the protein of interest.
Keywords : Protein delivery; Molecular nanocarbon, Isoelectric point, Endocytosis,; Antibody
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80. 3) Y. Y. Cheng, Acta Polym. Sin. 2017, 8, 1234-1245.
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Designing Nano-Carbon DDS Loaded with 5-Fluorouracil (!Graduated School of
Engineering, Oita University, 2Faculty of Sience and Technology, Oita University, *Faculty

of Engineering, Kindai University) OAnju Furukawa!, Yuka Hori!, Masahiro Toyoda!,
Satoshi Kitaoka?, Kaoru Nobuoka!
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We have studied the application of carbon materials to drug delivery system
(DDS),especially the DDS for anti-cancer drugs. The nano-sized carbon with cisplatin
derivatives specifically accumulated in the tumor cells via the EPR effect and exhibited anti-
cancer activity. Then we investigated the incorporation of 5-FU into the nano carbons. The
nano carbons conjugated with 5-FU via amide bonds showed low cytotoxicity against Hela
cells. In the present study, we investigated the loading of 5-FU to nano carbon materials
via ester bonds and disulfide bond for effective release of the drug.

Keywords : Drug Delivery System; Nano Carbon Materials
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Synthesis of cyclodextrin modified PAMAM dendrimer and its transfer into the brain

(‘Faculty of Science and Engineering, Department of Molecular Chemistry and Biochemistry,

Doshisha University, 2Daiich University of Pharmacy) OMihoko Tanaka', Atsuki Nakagami!, Momona
Tatsugawa!, Hidetoshi Arima?, Hiroaki Kitagishi'

The number of patients with Alzheimer's disease and other neurodegenerative diseases is
increasing worldwide due to lifestyle changes and aging populations. However, there is currently
no permanent cure in the biomedical field, and research for the development of therapeutic agents
is being conducted worldwide. One of the reasons for the difficulty in treatment is the presence
of the blood-brain barrier (BBB). Our brain is equipped with a mechanism that controls the
penetration of substances called the BBB, which makes drug delivery to the brain very difficult.
While all substances are known to be difficult to penetrate, PAMAM dendrimers have been found
to be permeable to the BBB due to their unique structure. In addition, the glucose transporter
(GLUTT) expressed in brain endothelial cells has been shown to take up sugar into the brain, and
among them, lactose-modified nanocarriers were found to have a high delivery rate into the brain.
Therefore, we synthesized a novel drug delivery carrier (3G den-CD-Lac-FITC) by modifying
3GPAMAM dendrimer with pB-cyclodextrin, lactose and FITC. Furthermore, animal experiments
were conducted to study the delivery of the carriers in the brain.

Keywords : cyclodextrin, dendrimer, blood brain barrier, drug delivery, drug delivery carrier

TV A = —RIERAE 2 13 U o & D28 MR R, AT IO ZE (L mn ki
PR HRAICEREEAEIN L TV D, LavL, BIfED & 2 AEWEZ OS85 THEAN)
IRIRERIRIIEE L TR BT, TRIREBRICm Tf_%u}FjLﬁﬁﬁ#ﬂfﬁﬁonm\é

TR RS2 JRIR & LU C, i MBI (BBB) DfF
TEMZET b D, Fex ORIZIZ BBB & XL OWE

DFE % T B AR D> TRY . Zhick el
0 B~ OHAN LI RE T D, DD HY A

BEXEBEETH D Z L AMONLH, PAMAM 7 wgmais 8 Pee o
LR Y~ O REAEI L) BBB il L ?wJLﬁm; oo
D BTEE . WIS RS T e
JNha—A K7 AR—=4— (GLUTI) 3PEZMN  pig 1. Structure of 3G den-CD-Lac-FITC.
IRV ATL Z NG TEYD  FTH T 7 M—REfiT / X ¥ U T ITRA~D @ iEE
Farb Ol ERPLNERoT22, 22T, AWFETIEL 3G PAMAM 7> R ~—|Z3K
WEES L LCOMEEZHT LB 7T xA ), 97 h—A, Z L CHEEWE
FITC #Effi SH72HHDO KZ v 77 VY —F+ U7 3G den-CD-Lac-FITC(Figurel) %
AL, SHICEWERICEY % U 7 OMNEEICOWNTOBGEIT- 72,
1) V. Leiro, S. D. Santos, A. P. Pégo, Adv. Funct. Mater., 2018, 28, 1700313.
2) R, Yokoyama, T, Taharabaru et al., J Control Release., 2020, 328, 722.
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Development of New Molecular Design Based on Brominated Dodecaborate Anion Towards
the New Membrane Transport Carrier

(Faculty of Textile Science and Technology, Shinshu University, *Research Initiative for Supra-
Materials) oSatoshi Yamamoto,! Mutsumi Kimura,'? Yu Kitazawa®

Polyhedral closo-dodecaborates B12X 2%~ have attracted attention because of their chaotropic
nature in the field of membrane transport carriers. To extend the utility of this new transport
mechanism, versatile derivatization of globular boron clusters is important; however, it has thus
far generally been limited to simple halogenation. In this work, we developed a new molecular
design based on the linkage approach, which achieves the control of solubility and affinity to
biological molecules.

Keywords: Dodecaborate, Membrane transport, Chaotropic
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(1) Spokoyny, A. M. et al. Inorg. Chem. 2018, 57, 2333-2350.
(2) Nau, W. M. et al. Nature 2022, 603, 637—642.
(3) Nau, W. M. et al. Org. Lett. 2022, 24, 9184-9188.
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Membrane Permeability Changes of Fluorescent DNA-Staining Dyes by Boron Cluster Anions
(Osaka Dental University) OYoshimasa Makita, Yuya Hirai, Shin-ichi Fujiwara

Dodecaborate clusters (B12X12>), one of boron clusters, form stable icosahedral dianions,
and are widely used in pharmaceuticals and functional materials. Recently, it was reported that
Bi:Brix* exhibits strong chaotropic properties and has a new function of penetrating cell
membranes when mixed with membrane-impermeable small molecules'.

We focused on fluorescent nucleic acid dyes to examine the effect of Bi,Bri;> on the
membrane permeability of cationic small molecules. 4’,6-diamidino-2-phenylindole (DAPI)
and Propidium iodide (PI) are generally used for nuclear staining of dead cells because they
have difficulty penetrating the cell membranes of living cells. It was found that when B1,Br2*
is mixed with DAPI or PI at the time of addition, it penetrates the cell membrane of living cells.
On the other hand, it was found that the fluorescence of the membrane-permeable fluorescent
dye Acridine orange is extinguished when mixed with Bi,Bri»*".

Keywords: Boron Cluster Anions; Membrane Permeability, Fluorescent Dyes
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1) A.Barba-Bon, G. Salluce, I. Lostalé-Seijo, K.I. Assaf, A. Hennig, J. Montenegro, W.M. Nau. Nature
2022, 603, 637.

2) Y. Hirai, Y. Makita, J. Asaoka, Y. Aoyagi, A. Nomoto, H. Okamura, S. Fujiwara. ACS Omega 2023,
8, 35321.

© The Chemical Society of Japan -H931-1am-06 -



H931-1Tam-07 BAL2S B1045SF2 (2024)

BRERMIETEE T A BNCT HEHR : = OS5V —ILE
£ BPA M & Ak & 5T

(FPRHELY) O/ME i - ks RE - W &k ' - HE —1!

Novel BNCT agents driven by hypoxic cells: preparation and evaluation of BPA derivatives

with nitroimidazole unit ('Graduate School of Science and Engineering, Aoyama Gakuin
University) OTatsuya Ozasa,' Miu Mizutani,' Tatsuya Nishihara," Kazuhito Tanabe'

Hypoxic cells are formed in solid tumor and are known to cause cancer malignancy and
radioresistance. BNCT is the fifth cancer therapy that utilizes nuclear reactions between boron
atoms and thermal neutrons. However, drugs for BNCT that target hypoxic cells have not yet
been developed. In this study, we coupled the nitroimidazole (NI) group, which has the property
of accumulating in hypoxic cells, and BPA, a drug for BNCT by click reaction. The synthesized
compound, BPA-NI showed high cytotoxicity activity in hypoxic cells upon thermal neutron
irradiation.

Keywords : Hypoxic Cell; Click Chemistry, Boron Neutron Capture Therapy (BNCT)
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Development of Photocaged Persulfidation Reagents ('Kyoto Institute of Technology) O Shoki
Okai,' Kazuya Matsuo,' Tomonori Waku,' Akio Kobori!

Recent progress in bioanalysis technology has revealed that supersulfide species (R-S,-H)
with sulfur catenation have a significant role in sulfur respiration. They are also key regulators
in redox environments and antioxidant activity in vivo, since supersulfide species work as not
only nucleophiles but also electrophiles. However, few chemical tools have been reported to
analyze and regulate supersulfide species in cells due to their intrinsic instability.

Here, we report our photocontrollable tool “Al-caged-Py” for the persulfidation of thiols
based on photocaged and bioconjugation chemistry. Using Al-caged-Py, reduced glutathione
(GSH) and thiol groups on in-cell proteins were efficiently converted into photocaged
persulfide molecules, which released persulfides by irradiation of 405 nm of light.

Keywords : thiols; supersulfidation,; photocaged chemistry; bioconjugation chemistry;

AR D AEMRFENTEAR O _ 2 BRI T RO - 72 & & LT, Fig
J77- (S) BT F— 3 v LICERER (R-S,-H) "2 OfFIERB B L 7o TE T,
TR, SRR LTORETAIE LTHEERET S 2 L T, EfRDOL Ry 7 2
BREEOPIRARREICE 5 L TR Y., S har FUTICBIT 5 TSN OfFE LR
fishsd, LML s, BIEEMEFIICREE TH DD, T OREREZ fifpT -
HHT 2 — A BBD TARE L TWNDONRBURTH D, €2 T, AFETIE, Z 0%
KT L, RN O F A — VR 2t — 2 R8I (L T2 2 & T, Hlliic k- T
AR O E A HIEICHIE T 54y 7Y —/L Al-caged-Py (IX 1) OBR¥ % HiE L7=,

Al-caged-Py (%, #ILH 7/ N2 T4 (GSH) E#h=R & < Ui L, 405nm O Y&
IZE - T, BRiHERM 7 VA F 4 (GSSH) BWRAETHZ LR Lz, S5IT,
faN T 2 — VR ORGSR L E~ & BB L7 fE R D % R B DT 4 —
NVHETHERP LSS Z E PR TE 7, £7o. Hela Mifldicxt L, mE{b/k Tk
DL A NV A& 5 225 EHIIAFENE Z 573, Al-caged-Py (2 L 2R {LIZ L - T,
b A ML AZHEE L, MREZIH T 5 Z ENRBINT-,

AFERTIE, Al-caged-Py 35 L O DISHOFEHIICE L CTHlE L, #Eiwd b,

'u
o\
=, O.N SH
<;q /.> = GSH ON 405 nm o o %, o
S-S NJ;(N\)I\OH
0 Ho b

o

s —
d HO
o [o] (o] NH.
H 2
RS HEN W
H o

Al-caged-Py Persulfide

B 1. Al-caged-Py L ZETTEJIILAFF > (GSH) EDRIERF—L

References. 1. T. Akaike et al. Nat. Commun. 2017, 8, 1177. 2. T. Akaike et al. Antioxid. Redox Signal.
2022, 36, 327-336.
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Targeted Protein Degradation in cancer using Acrolein (‘School of Materials and Chemical
Technology, Tokyo Institute of Technology, *Biofunctional Synthetic Chemistry Laboratory,
Cluster for Pioneering Research, RIKEN) O Kana Hasegawa,! Ambara R. Pradipta,’
Katsunori Tanaka'*

In a previous study conducted in our laboratory, it was discovered that cancer cells produced
a high level of acrolein, while healthy cells only gave a negligible amount of acrolein.
Additionally, it was found that by introducing phenyl azide to cancer cells, the reaction with
endogenous acrolein produced a diazo compound derivative. This diazo derivative immediately
formed a covalent bond with intracellular molecules within the cancer cells. The objective of
this study is to selectively induce cancer cell death while preserving healthy cells viability. This
could be achieved by using chimeric compounds that contain degradation tags. Synthesis and
cell evaluation of the chimeric compounds will be reported in the symposium.

Keywords: Proteolysis; Cancer, Acrolein; [3+2] Cycloaddition; Aryl azide

B LR YRR T KRR & T D BEEEE [ X LRy iR ESE | BNER ST
W5, I OIRFNINER DRy TIBX G & T HIEMEAIRFE T, A & v
NI EEFEINCTE D720, AIBRICEB T 287222 o T b, LavL, 1Y
IR BRINBIZER L2 WA, EF RIS T 2EWERANE LS Y 27 N FET D,
WIFFEE ClIE, DNAMCBIT 27 7 b A ColRRERAL, CRET7 2= VT VR
ED 13 BHBFERALSGIT £ 0 A AMIIEPIC IR+ 2 Bl 2 BI % Uiz, AAFZECit,
COBREISHLTT 7 a b A VZRIST HFHIT A TILEMERE L. A — 7 7
D= UV = AREN LU TCHRAMBNTOZ R B R FHET 5 2 L 2Rk AT
DT, ZHNHDEIZHONWTHET 5,

1) T. Tanei, A. R. Pradipta, K. Morimoto, M. Fujii, M. Arata, A. Ito, M. Yoshida, E. Saigitbatalova, A.
Kurbangalieva, J.-I. Ikeda, E. Morii, S. Noguchi and K. Tanaka, 4dv. Sci. 2019, 6, 1801479.

2) A.R.Pradipta, M. Taichi, I. Nakase, E. Saigitbatalova, A. Kurbangalieva, S. Kitazume, N. Taniguchi
and K. Tanaka, ACS Sens. 2016, I, 623-632.

© The Chemical Society of Japan -H931-1am-09 -



H931-1am-10 AAfL#a H104BFER (2024)

NAREMT V0L 4 D EEME LI-ERRNERME R DR

CRIRYER T - POF BASRAFZEASE M AERer ) ORAS B! -5k = ! - 7
FT AT TUNT L | g 12

Investigation of metal-catalyzed reactions in vivo using cancer metabolites ('School of
Materials and Chemical Technology, Tokyo Institute of Technology, *Biofunctional Synthetic
Chemistry Laboratory, Cluster for Pioneering Research, RIKEN) OKoya Okumura,' Tsung-
Che Chang,! Ambara R. Pradipta,' Katsunori Tanaka'-?

Cancer cells have been found to overexpress acrolein, which can react with an azide
compound to form a diazo compound.” Confirmation of the binding of the diazo compound to
the protein has been done using a fluorescence-labeled azide compound.>® The current study
aims to synthesize bioactive molecules from these diazo compounds using a bioorthogonal
metal catalyst and evaluate their reactivity with proteins.

Keywords: Cancer therapy, Acrolein, Diazo compound, Bioactive compound; In vivo synthesis
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ICEMRZ o RT B L OFRESITEE L TWAZ EEHLNILE 2P, 22T, 20
DT BN S AR E KA R R 2 D TAERIE S A AR T AR EAT
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1) A.R.Pradipta, M. Taichi, I. Nakase, E. Saigitbatalova, A. Kurbangalieva, S. Kitazume, N. Taniguchi,
K. Tanaka, ACS Sens. 2016, 1, 623.

2) T. Tanei, A. R. Pradipta, K. Morimoto, M. Fujii, M. Arata, A. Ito, M. Yoshida, E. Saigitbatalova, A.
Kurbangalieva, J. Ikeda, E. Morii, S. Noguchi, K. Tanaka, Adv. Sci. 2019, 6, 1801479.

3) A.R.Pradipta, H. Michiba, A. Kubo, M. Fujii, T. Tanei, K. Morimoto, K. Shimazu, K. Tanaka, Bull.
Chem. Soc. Jpn. 2022, 95, 421.
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Cancer Treatment through [3+2] Cycloaddition Reaction with Patient-Derived Cancer
Metabolites in Mouse Models ('School of Materials and Chemical Technology, Tokyo Institute
of Technology, *Biofunctional Synthetic Chemistry Laboratory, Cluster for Pioneering

Research, RIKEN) OYuria Takahashi,' Kazuki Terashima,' Ambara R. Pradipta,’ Katsunori
Tanaka'?

Previously, we reported that acrolein is highly generated in cancer cells and phenyl azide
reacts specifically with acrolein."” Based on this reaction, we have developed a method for
selectively releasing drug compounds in cancer tissue. ¥ In this study, we evaluated this
prodrug's efficiency in patient-derived xenograft models. Also, we prepared the prodrug
applicable to a broader range of drugs. The details will be discussed at the symposium.

Keywords : Cancer therapy,; Prodrug; Acrolein; [3+2] Cycloaddition; In vivo synthesis
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1) T. Tomonori, A. R. Pradipta, K. Morimoto, M. Fujii, M. Arata, A. Ito, M. Yoshida, E. Saigitbatalova,
A. Kurbangalieva, J.-1. Ikeda, E. Morii, S. Noguchi, K. Tanaka, Adv. Sci. 2019, 6, 1801479.

2) A. R. Pradipta, P. Ahmadi, K. Terashima, K. Muguruma, M. Fujii, T. Ichino, S. Maeda, K. Tanaka,
Chem. Sci. 2021, 12, 5438.
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Development of a synthetic motif that specifically localizes to the inner plasma membrane
leaflet (Graduate School of Engineering, Nagoya Institute of Technology) OXiaotong Wang,
Shunsuke Sawada, Masaru Yoshikawa, Tomome lijima, Keita Tsutsui, Shinya Tsukiji

The inner leaflet of the plasma membrane (iPM) is an important cellular site where various
signaling molecules are activated to regulate dynamic cellular processes. Therefore, tools that
can deliver chemical probes specifically to the iPM will be highly valuable to manipulate and
visualize various signaling and biological processes that occur at the iPM. To this end, we
focused on KRas4B, a small GTPase that localizes to the iPM via its C-terminal tail. In this
study, by chemically synthesizing several derivatives of the C-terminal tail of KRas4B, we
successfully developed a synthetic lipopeptidomimetic motif that is cell-membrane permeable
and localizes specifically to the iPM. Upon conjugation with the synthetic motif, small-
molecule and peptide ligands were efficiently delivered and localized to the iPM of living cells.
In this presentation, we will report on the development and application of this novel
lipopeptidomimetic tool for iPM-targeted delivery of various small molecules and peptides.
Keywords: Peptidomimetics, Inner plasma membrane leaflet, Intracellular delivery, Membrane
penetration, Localization

HIRBEDOWNMICTH D M A v —Y—7 L v b (IPM) 7 1%, #iAEERERE
HilfH9 2 HERFEI CTh 5, Z OREIE, a2 d 7 T VRES T OIEMHIL DY & 72
HIED D Tl < BRI/ MEHEE L Wo Te X A T X 7 el & 2 b o
HENZ HEE L TCnWD, T, Iy T Uy RRomaz EOLEOFE T 1
—7 % iPM R RTE L S D HANIE, IPM D3RR & e D A BIG A fiRhT - #RAE
THTDDEN IR r I TN AN A=Y= d b0 /SN, ZLE T,
SNAP-tag X° Halo-Tag 72 & D % 7' 5 L /X7 G %9 LT AL 7 10— 7 @ iPM JRTEALIEDN
HESILTWDAND, ZOFETY T X R TE RN RS-/l Lo AT
X, FITAIZETIE, (LT 0 —T LB bEWE DL O & B iPM IZFTE
LS EDHNOBARICE Y AT, Fox BNEH LIZOE, iPM IZRFELLT D % X7
'E KRasd4B T 5, KRasdB (£E D C Kl VU ¥ iR FEOHERES & 7 7 vk o VK
ZHELTEY., ZOTF—7%FH L TIiPM ICHEICRIELT D 2, AAFZETIEZ
DEF—7 ZALFA B L ORERERT 5 2 & C, MlESEatz2 /b, S5I2iPM
IR RO R EIIREE T D EDTEDLER Y AT FRIAT 4 VT AEF—7
ZRFT D LT LT, AR LA RET — 7 IR O/NG 0T F R
HEREANICa Ly Yar—va 52 8T ARBEEREDZRN G TH iPM (I
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1) C. A. Hoelzel et al., ChemBioChem, 2020, 21, 1935. 2) T. Yeung et al., Science, 2008, 319, 210.
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Development of a chemogenetic EGFR activation system using an inducible protein
translocation tool (' Faculty of Engineering, *Graduate School of Engineering, Nagoya Institute
of Technology) OShuya Ohira', Kai Tahara®, Masaru Yoshikawa?, Shinya Tsukiji'-?

Chemogenetic activation of specific receptor tyrosine kinases (RTKs) is a powerful approach
for studying and controlling cellular functions. However, because existing methods control
oligomerization of engineered RTKs (over)expressed at the plasma membrane (PM), they often
suffer from increased basal activities due to spontaneous RTK oligomerization. Here, we report
a novel approach for chemogenetic RTK activation using an inducible protein translocation
tool, SLIPT-PM. We demonstrate that an engineered eDHFR-tagged intracellular domain of
epidermal growth factor receptor (EGFR) shows no background activity but is efficiently
activated upon recruitment from the cytoplasm to the PM by the small-molecule m°cTMP.
Keywords: Receptor tyrosine kinases, Epidermal growth factor receptor, Self-localizing ligand,
Protein translocation, Signal transduction
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9% FiEIT, RTK OEREM IO/ BERIEIC R T 2N 7Yy — v e 70 %, ZHVET
W2, XTTF RN B 72 D b T EAbH 2 W CRllfalE Lo RTK oAU 2~ —
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[SLIPT-PM] T& % 3%, SLIPT-PM TiL, fifaio( > F—V —7 L MIRIET S5 E
U A2 R mPcTMP & W5 Z & T, # 7% /378 eDHFR ZRIKZ A LT-EE
DH R G R D S IR~ R RTERBI TS E 5 Z 8N TE D, ABFET
2Oy —LEFHA LT, RTK O—FfTH 5 EREERTZFAK (EGFR) OIEMEL
EWat L7z, £9°. eDHFR ZR{IKZ @A L7 EGFR O K A A > (EGFRicp) %
M ISR ST L 2 A, HIEHEILIZE<E I LRV Z LR SN, &I
mPcTMP % A\ C EGFRicp & MIIAIZ RTERITSH 5 &, EGFRicp DEZEH Y Vb &
EGFR ity 7TV OiEMAL A FE T 5 Z LN TE 72, ABETIE, MIE~DFTE
BT 2 HE L 45 EGFR IGEMEAL Y 2T A OZERIC DWW THET 5,

1) I. Nakase et al. Angew. Chem. Int. Ed., 2012, 51, 7464. 2) . Yang et al. Curr:. Biol., 1998, 8, 11. 3) A.
Nakamura et al. ACS Chem. Biol., 2020, 15, 837. 4) S. Suzuki et al. Cell Chem. Biol., 2022, 29, 1446.
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