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Chemical Synthesis of fluorescent labeled lipid A

OHiroki Tanaka!, Atsushi Shimoyama'?, Davie Kenneth!, Koichi Fukase!? (1. Graduate
School of Science, Osaka Univ, 2. Forefront Research Center, Osaka Univ)

Gram-negative bacterial outer membrane component lipopolysaccharide is a representative
innate immune activator, and its active center is a terminal glycolipid, lipid A. Lipid A induces
dimerization of the innate immune receptors TLR4/MD2 and oligomerization of caspase-4,5,11,
and activate immune system. In this study, to elucidate the relationship between the chemical
structure of lipid A with lipid A’s dynamics, localization and function in the immune activation
process, we synthesized fluorescent labeled lipid A based on a strategy to mimic natural LPS
structure.
Keywords : Lipid A, Fluorescent label, Innate immunity
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Development of Golgi-selective drug delivery system and its application for glycan structure
modulation ('Graduate School of Science, Osaka University, *Graduate School of Science,
Forefiont Research Center) OKoki Hizume'* Yoshiyuki Manabe'-?+ Yohei Takakura' - Kazuya
Kabayama'? + Koichi Fukase'*

Since many glycosyltransferase inhibitors mimic sugar nucleosides, they exhibit low
membrane permeability, limiting their application in cell based assay. This study aims to
develop a method for delivering these membrane-impermeable compounds to the Golgi
apparatus. We utilized ceramide lipids, which is known to be transported from the plasma
membrane to the Golgi membrane. To achieve Golgi selective drug delivery, we designed to
connect the drug (payload) with ceramide through a linker that can be cleaved in the Golgi. We
initiated the investigation with the introduction of various fluorescent groups to the ceramide
head and observed their intracellular localization. This observation confirmed rapid cellular
uptake of ceramide conjugated compound although their localization depends on their structure
of head group. Furthermore, we synthesized compound 1, which includes the
fucosyltransferase (FUTS) inhibitor as the payload. Currently, we are conducting functional
evaluations of this compound in cell systems.

Keywords : Drug delivery system,; Golgi apparatus, Glycosyltransferase inhibitor
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Conformational and dynamics analysis of dolichol and dolichol phosphate using solid-state
NMR ('Graduate School of Science, Osaka University, *Forefront Research Center, Osaka
University) O Yusuke Minami,! Yoshiyuki Manabe,'?* Risako Ono,'! Kotaro Hirao,' Yuichi
Umegawa,'! Michio Murata,' Koichi Fukase!'*?

Dolichol is a long-chain isoprene lipid that functions as a carrier of glycans in the post-
translational glycosylation process. We designed and synthesized doubly labeled dolichol and
dolichol phosphate with *C and *H for revealing their conformation and dynamics in the lipid
bilayer. Solid state NMR analysis using these compounds revealed that phosphate head group
of dolichol phosphate locates at the membrane surface, and the lipid part near the head is highly
tilted from the axis perpendicular to the membrane plane. On the other hand, as for dolichol
lacking phosphate substitution, even their head part existed inside the membrane, suggesting
its spontaneous flip-flop without flippase. In addition, these measurements indicated the high
mobility of dolichol chain in the lipid bilayer.

Keywords : Dolichol; Dolichol Phosphate, Solid State NMR, Isotope labeled probe
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Development of Lewis-acid catalyzed reaction in blood (!School of Materials and Chemical
Technology, Tokyo Institute of Technology, 2Biofunctional Synthetic Chemistry Laboratory,
Cluster for Pioneering Research, RIKEN) ORen Kumakura,' Riichi Hashimoto,” Ambara R.
Pradipta,' Tsung-Che Chang,' Katsunori Tanaka!'+

Our research has shown that inserting metal catalysts into albumin's hydrophobic pockets
can stabilize it in vivo and protect it from biomolecules such as glutathione." We have also
discovered that adding glycan clusters to the albumin's surface helps selectively recognize
cancer cells.’ Moreover, we have synthesized anti-cancer compounds using glycosylated
artificial metalloenzymes.? Additionally, we investigated a Lewis-acid-based artificial
metalloenzyme that catalyzes reactions in blood. Our artificial metalloenzyme induced Lewis-
acid-catalyzed reactions.

Keywords: In vivo synthesis;, Cancer therapy, Lewis acid catalyst; Artificial metalloenzyme,
Bioactive compound
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1) S.Eda,I. Nasibullin, K. Vong, N. Kudo, M. Yoshida, A. Kurbangalieva, and K. Tanaka, Nature Catal.
2019, 2, 780.

2) T.-C.Chang, K. Vong, T. Yamamoto, and K. Tanaka, Angew. Chem. Int. Ed. 2021, 60, 12446.

3) T Smirnov, R. Sibgatullina, S. Urano, T. Tahara, P. Ahmadi, Y. Watanabe, A. R. Pradipta, A.
Kurbangalieva, and K. Tanaka, Small, 2020, 16, 2004831

4) 1. Nasibullin, I. Smirnov, P. Ahmadi, K. Vong, A. Kurbangalieva and K. Tanaka, Nature Commun.,
2022, 13, 39.
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Development of Cationic Cyclization by Biocompatible Lewis Acidic Catalyst. (‘Biofunctional
Synthetic Chemistry Laboratory, Cluster for Pioneering Research, RIKEN, *School of
Materials and Chemical Technology, Tokyo Institute of Technology) ORiichi Hashimoto,'
Katsunori Tanaka'~

We developed the biocompatible transition metal catalyst utilizing hydrophobic pocket of
human serum albumin."” Furthermore, the glycosylation of human serum albumin enabled the
synthesis of drugs near cancer tissues. > Several reactions by transition metal catalysts such as
Ru and Au have been developed. **

We worked on the synthesis of natural product derivatives possessing anticancer activity by
Lewis acidic catalyst toward the therapeutic in vivo synthetic chemistry. Details will be
presented at the symposium.

Keywords : Artificial Metalloenzyme,; Cationic Cyclization; Lewis Acidic Catalyst;, Cancer

FrEMZE=RIZ e MIET V7 2 OBUKMER 7 v FEFIH L, JVZ2F 407 8D
R NFET DAEBRNICEB W T HREET 2 BB S RAE A LD, 5127V
TINCE Y T AR —HEATE I LICE Y S AT CEL A SR T S b
INATREIC 22~ 722, ZHETIC Au R Ru R EDEBEBZEA LI N LE&RBEEHEIC
X5 ERI LTS, 3

ARHFSE TIE Lewis BRfilfl: 2 U= F A L B b RS 2 BR%E L. ZEWMiEVE B o A4k
NERRE B E L, Lewis lRa2 ERNTHWDIGE, BBARE L RKICTZ VY T4
VIR EIC LD RIENBR S I ND D BOKMEAR 7y M ERWIUTRCE 5 EHIfF LT,
RETORER, 77 AaNIZEB W T Lewis B2 25 & 1 F4 L BRALEOG DS HETT
L. IS AIEMEZ R T RIWFHER DG RUTAE LTz, Lewis BRfiiit & 7 < U o &k
A LT AR A ML O B BARFHI DWW T H R T 5,

1) Biocompatibility and therapeutic potential of glycosylated albumin artificial metalloenzymes. S.
Eda, I. Nasibullin, K. Vong, M. Kudo, M. Yoshida, A. Kurbangalieva, K. Tanaka, Nature Catal.
2019, 2, 780.

2) Disrupting tumor onset and growth via selective cell tagging (SeCT) therapy. K. Vong, T. Tahara, S.
Urano, I. Nasibullin, K. Tsubokura, Y. Nakao, A. Kurbangalieva, H. Onoe, Y. Watanabe, K. Tanaka.
Sci. Adv. 2021, 7, eabg4038.

3) Prodrug activation by gold artificial metalloenzyme-catalyzed synthesis of phenanthridinium
derivatives via hydroamination. T.-C. Chang, K. Vong, T. Yamamoto, K. Tanaka, Angew. Chem. Int.
Ed. 2021, 60, 2.

4) Synthetic prodrug design enables biocatalytic activation in mice to elicit tumor growth suppression.
I. Nashibullin, I. Smirnov, P. Ahmadi, K. Vong, A. Kurbangalieva, K. Tanaka, Nature Commun. 2022,
13,39.
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g RN, (! Graduate School of Engineering, Osaka University, 2 IFReC, Osaka University)
Hatsune Miki !, OMasafumi Minoshima!, Kazuya Kikuchi'-

In bone tissue, bone-resorbing osteoclasts and bone-forming osteoblasts are deeply involved
in the maintenance of bone homeostasis. In particular, excessive bone resorption causes various
bone diseases, and imaging technology for detection of osteoclast activity in vivo is a useful
tool for the development of new drugs and therapies. We have previously developed fluorescent
probes to detect osteoclast activity. V-» They have a fluorescent OFF/ON switch function that
responds to the acidic regions formed by osteoclasts during bone resorption. Owing to the
bisphosphonates in the probes, they are delivered to bone tissues in the body. By administering
the probe to osteoclast-labeled mice with fluorescent proteins, the osteoclast localization and
activity was simultaneously visualized using a two-photon excitation microscopy.

In this study, we developed a FRET-type ratiometric fluorescent probe to quantitatively
measure the pH in bone tissue. The probe was designed based on the fluorescence spectral shift
by changing the overlap integral between FRET donor and acceptor in different pH. In this
presentation, we report the design and synthesis of the probe and its pH responsiveness in vitro
and in vivo.

Keywords : Osteoclast; Fluorescent probe; pH responsive; FRET: Ratio imaging
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1) H. Maeda, T. Kowada, J. Kikuta, M. Furuya, M. Shirazaki, S. Mizukami, M. Ishii, K. Kikuchi, Nat.
Chem. Biol. 2016, 12, 579. 2) M. Minoshima, J. Kikuta, Y. Omori, S. Seno, R. Suehara, H. Maeda, H.
Matsuda, M. Ishii, K. Kikuchi, ACS Cent. Sci. 2019, 5, 1059.
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Development of a fluorescent probe to discriminate Lo/Ld phases of lipid membranes
(‘Graduate School of Engineering, Osaka Univ, *Immunology Frontier Research Center, Osaka
Univ) ONozomi Sugi,! Tomoya Yamamoto,' > Kazuya Kikuchi' 2

Due to their diverse lipid composition, biological membranes form heterogeneous states
separated into liquid-ordered (Lo) and liquid-disordered (Ld) phases. Since the phase
separation and fluidity of membranes have been suggested to affect the function and dynamics
of membrane proteins, it is important to develop fluorescent probes that visualize the phases
and fluidity of lipid membranes. In this study, we aimed to develop a novel fluorescent probe
that can visualize the phase state and quantify the fluidity of lipid membranes by using the
intensity ratio of different fluorescence wavelengths. In biological membranes, the Lo phase,
which contains cholesterol, saturated phospholipids, and sphingolipids, is known to have lower
fluidity than the Ld phase. We have developed a fluorescent probe that changes the intensity
ratio of multiple fluorescence wavelengths depending on the surrounding viscosity due to its
conformational flexibility. We have applied this probe to lipid membranes and found that the
intensity ratio at different fluorescence wavelengths changes significantly in the Lo and Ld
phases. In this work, we will report on the application of the developedprobe to ratiometric
fluorescence imaging.

Keywords : Fluorescence probes, lipid membrane; Fluorescence imaging; Environmental
responsiveness
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Development of fluorescent probes to detect maturation of liquid
droplets

(‘Graduate School of Engineering, Osaka University, *Immunology Frontier Research
Center, Osaka University)OAsuka Mori,! Tomoya Yamamoto,'? Kazuya Kikuchi,'

Droplets formed by liquid-liquid phase separation of biological macromolecules are
thought to regulate various cellular functions such as protein expression. It is also
known that the fluidity inside the droplet decreases with time, which initiates amyloid
fibril elongation. Therefore, the methods to observe the formation and maturation of
droplets need to be developed. In this study, we aimed to develop novel fluorescent
probes to observe droplet formation and maturation by fluorescence imaging. Since
the fluidity in droplet decreases during maturation, we considered using viscosity -
responsive fluorescent probes to observe droplet maturation. We synthesized several
fluorescent probes that can evaluate viscosity by the ratio of fluorescence intensity at
different wavelengths, and investigated their viscosity response and polarity response.
We will also report the results of applying these probes to the droplet formation
conditions of FUS (Fused in sarcoma), a protein known to form intracellular droplets.
Keywords : LLPS,; Fluorescent probe; Environmental responsivity; Amyloid
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[1] A. Patel et al., A Liquid-to-Solid Phase Transition of the ALS Protein FUS Accelerated by
Disease Mutation, Cell 2015, 162, 1066.
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Highly efficient in vivo synthetic anticancer approach by resourcing mouse blood albumin as
biocompatible artificial metalloenzyme ('School of Materials and Chemical Technology,
Tokyo Institute of Technology, 2Biofunctional Synthetic Chemistry Laboratory, Cluster for
Pioneering Research, RIKEN) O Kyosuke Imai,'! Kyohei Muguruma,?> Akiko Nakamura,’
Yuriko Kusakari,” Tsung-Che Chang,! Ambara R. Pradipta,' Katsunori Tanaka'-

We have been developing a method to synthesize drugs at the tumor site to increase selective
toxicity. Our recent study found that a metal catalyst could be used to create an albumin-based
artificial metalloenzyme that could be modified with a targeting molecule to accumulate in
cancer cells. We then performed a metal-catalyzed reaction in mice to treat cancers.'” We
attempted to synthesize the albumin-based artificial metalloenzyme directly from blood
albumin in a live mouse.

Keywords: Cancer therapy, Transition-metal catalyst; Artificial metalloenzyme; Albumin; In
vivo synthesis
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1) P. Ahmadi, K. Muguruma, T.-C. Chang, S. Tamura, K. Tsubokura, Y. Egawa, T. Suzuki, N. Dohmae,
Y. Nakao, K. Tanaka, Chem. Sci. 2021, 12, 12266.

2) 1. Nasibullin, I. Smirnov, P. Ahmadi, K. Vong, A. Kurbangalieva, K. Tanaka, Nature Commun. 2022,
13, 39.
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Synthetic study of anticancer molecules using gold catalyst against brain tumors ('School of
Materials and Chemical Technology, Tokyo Institute of Technology, *Biofunctional Synthetic
Chemistry Laboratory, Cluster for Pioneering Research, RIKEN) OMoeri Hara,' Yudai Ode,'
Yasuko Egawa,” Ambara R. Pradipta,' Tsung-Che Chang,' Katsunori Tanaka'~

We have previously reported an albumin-metal catalyst complex to catalyze in vivo synthesis
of an anticancer compound.'? This study aimed to explore in vivo synthetic chemical therapy
for treating brain tumors. We investigated metal-catalyzed reactions using targeting molecules
that could penetrate the blood-brain barrier. We also examined a biocompatible gold-mediated
reaction that allowed for drug synthesis from a non-active prodrug to a drug in the brain.

Keywords: Cancer therapy,; Transition-metal catalyst; Prodrug, Blood-brain barrier; In vivo
synthesis
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1) S. Eda, I. Nasibullin, K. Vong, N. Kudo, M. Yoshida, A. Kurbangalieva, K. Tanaka, Nature Catal.
2019, 2, 780.
2) T.-C. Chang, K. Vong, T. Yamamoto, K. Tanaka, Angew. Chem. Int. Ed. 2021, 60, 2-11.
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Creation of Cancer Cell-Responsive Photosensitizer—Fluorophore Hybrids as Theranostic
Agents (Faculty of Science and Technology, Keio University) OKotono Matsunaga, Minami
Takahashi, Tsugumi Kagaya, Daisuke Takahashi, Kazunobu Toshima

Theranostics is a new medical technology that uses theranostic drugs that link drug
molecules such as anticancer drugs with diagnostic molecules such as fluorescent agents. Our
laboratory has previously found that the naphthol moiety 1 of the enediyne antibiotic N1999A2
is a photosensitizer that exhibits photocytotoxicity under non-harmful long-wavelength UV
light irradiation. In addition, compound 2, in which the primary hydroxy group of 1 is protected
with a TBDPS group, was found to exhibit higher photocytotoxicity than 1. In this study, the
design, synthesis, and biological evaluation of a novel theranostic molecule 4 linked 1 and
fluorescent molecule 3 through a disulfide bond cleaved in response to glutathione (GSH), a
biomarker overexpressed in cancer cells. It was found that 4 changes in its fluorescence and
photosensitivity from OFF to ON in response to GSH, enabling cancer cell-selective
fluorescence imaging and photocytotoxicity.

Keywords : Enediyne Antibiotics; N1999A42; Photosensitizers, Photocytotoxicity; Theranostics
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Creation of Novel Cancer Cell-Activatable Photosensitizers Based on an Enediyne Antibiotic,
N1999A2 (Faculty of Science and Technology, Keio University) OTsugumi Kagaya, Minami
Takahashi, Kotono Matsunaga, Daisuke Takahashi, Kazunobu Toshima

Photosensitizers are compounds that produce reactive oxygen species under irradiation of
specific wavelengths of light and are widely applied in cancer therapy. However, conventional
photosensitizers are always light-sensitive ON and have problems causing side effects.
Therefore, it is desirable to develop stimulus-responsive photosensitizers that express
photosensitivity in response to biomarkers overexpressed in cancer cells. Our group has
previously found that the aromatic ring moiety 1 of the enediyne antibiotic N1999A2 exhibits
photocytotoxicity and that compound 2, in which the primary hydroxy group of 1 is protected
with a TBDPS group, increases photocytotoxicity. In this study, the design, synthesis, and
biological evaluation of a new stimulus-responsive photosensitizer 3 that responds to alkaline
phosphatase (ALP), a biomarker overexpressed in certain cancer cells. As a result, it was found
that 3 selectively exhibits photocytotoxicity in cancer cells overexpressing ALP.

Keywords : Enediyne Antibiotic; N1999A2; Photosensitizer, Photo-Cytotoxicity; Stimulus-
Responsive
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Prediction of anticancer activity by chemical regents on human cancer cells using machine
learning ('School of advanced Science and Engineering, Waseda University, *“Waseda Research
Institute for Science and Engineering) OTakeshi Kaneko', Koshi Machida', Rie Kamihira',
Yoichi Nakao'?, Junji Seino'?

In search of natural products, it is also important to discover the unknown biological activity
of known compounds. However, development of the predictions of the activity from chemical
structures remains challenging. In this study, we focused on anticancer activity and developed
a model to predict the cytotoxic activity of compounds using machine learning and a huge
amount of drug sensitivity data in NCI-60.

Keywords : Machine Learning;, Human Cancer Cell ; Anticancer Activities of Compounds
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1) https://dtp.cancer.gov/discovery development/nci-60. Cell numbers

2) hitps://www.rdkit.org. Figure 2. Results of R? values in 59 cells.
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screening techmque for secondary metabohtes produced by actinomycetes colonies ('Grad. Sch.
Adv. Sci. Eng., Waseda Univ., 2CBBD-OIL, AIST-Waseda Univ., *Res. Org. Nano Life Innov.,
4Grad. Sch. Agri., Kyushu Univ., ’Inst. Adv. Res. Biosyst. Dyn., Waseda Res. Inst. Sci. Eng.,
Waseda Univ.) OShunnosuke Suwa'?, Masahiro Ando?®, Takuji Nakashima®, Shumpei Horii',
Atsuko Matsumoto®, Toyoaki Anai*, Haruko Takeyama'?3>

Actinomycetes produce a variety of secondary metabolites, which are actively used in
medical fields.The screening for new candidates from actinomycetes is an ongoing process
worldwide. However, conventional methods require mass cultures and sample processing,
significantly reducing throughput. A colony-based screening on agar dishes could greatly
improve overall throughput. In this research, we aimed to develop the technique by employing
Raman spectroscopy for in situ biomolecular detection.

As a result of optimization efforts, we succeeded in in situ Raman measurements of
Streptomyces colonies, achieving a time as short as one minute per each colony at best.
Moreover, by applying spectral decomposition technique (MCR-ALS), we were able to
evaluate secondary metabolite production at single colony scale. These results pave the way
for the development of a new screening technique.

Keywords : Raman spectroscopy; microbe; secondary metabolite; Spectral analysis;
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1) Bérdy, J.: Thoughts and facts about antibiotics:

Where we are now and where we are heading, .... .-h
Journal of Antibiotics, vol. 65, 385-395, (2012). undecylprodigiosin

2) Ando, M. and Hamaguchi, H.-o.: Molecular

component distribution imaging of living cells by
multivariate curve resolution analysis of space-
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