
 



  



 1 

           The 29th Symposium on  
     Role of Metals in Biological Reactions,  
            Biology and Medicine 
                (SRM2019) 
 
 

 
            Abstracts 
 
 
 
                May 31st, June 1st 2019 
 
 
 
 
Sponsored 
Division of Physical Sciences, The Pharmaceutical Society of Japan 
 
Co-sponsored 
Graduate School of Science, Osaka University 
 
Sponsorship 
The Chemical Society of Japan, Japan Society for Biomedical Research on Trace Elements, 
Division of Pharmaceutical Health Sciences and Environmental Toxicology (The 
Pharmaceutical Society of Japan) 
 
 
 
 
    SRM2019 Executive Committee Chairman 
     
    Prof. Dr. Yasuhiro FUNAHASHI 
     
    Department of Chemistry,  
    Graduate School of Science, Osaka University 
    1-1 Machikaneyama, Toyonaka, Osaka 560-0043,  
    JAPAN 
    Tel: +81 6 6850 5767 
    E-mail: funahashi@chem.sci.osaka-u.ac.jp 
 
  



 2 

  



 3 

Access 
 
1-1 Machikaneyama, Toyonaka, Osaka 560-0043, Japan 
Osaka University Hall 
 

• Train: 
15'~25' east on foot from Ishibashi, Hankyu Takarazuka Line. 

• Monorail: 
10'~15' west on foot from Shibahara 

• From Shin-Osaka Station 
 Subway Midosuji Line to Senri-Chuo, → Monorail, exit at Shibahara. (1 hr.) 

• From Kansai International Airport (3 choices) 
(1) JR line to Osaka, → subway Midosuji Line, exit at Senri-Chuo, → Monorail, exit at   
  Shibahara. (2 hr.) 
 
(2) Nankai Line to Namba, → Midosuji Line subway, exit at Senri-Chuo, → Monorail to  
  Shibahara. (2 hr.) 
 
(3) Airport Bus to Osaka Airport, → Monorail, exit at Shibahara. (2 hr., 30') 
 
 
 
 

 
 
 
https://www.osaka-u.ac.jp/en/access/toyonaka/toyonaka.html 
 
 

Here ! 

Osaka University Hall 
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Information for Participant  
 
 
1) Registration desk 
Place: 2nd Floor Foyer2 in front of "Auditorium" 
Time: 9:00 ~, May 31st 
 
  All participants should get your "Participation Certificate" and "Abstracts" on the  
  Registration desk. 
 
 
2) Cloak 
Available time 
9:00 ~ 18:00, May 31st 
8:30 ~ 12:00, June 1st 
 
 
3) Banquet 
Venue: Senri Hankyu Hotel 
Time: 18:30 ~, May 31st 
 
 *Access 
 Board the Osaka Monorail Line at Shibahara Station and get off at Senri-Chuo Station after   
 about 10 minutes ride 

 
https://www.hankyu-hotel.com/hotel/hh/senrihh/-/media/hotel/hh/senrihh/map/kaigai_access
map.pdf 
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Information for Speaker 
 
 
 
Oral Presentation 
1) All Oral presentation are held at "Auditorium" on the 2nd Floor. 
2) 20 min is given to the speaker (15 min talk plus 5 min discussion).  
3) The speaker should bring your own Laptop PC and Connector for Electronic Projector. 
 
 
 
 
Poster Presentation 
1) Poster presentation is held at "Assembly Hall" on the 1st floor. 
2) All Poster should be posted during the May 31st morning ~ 9:50. 
3) Presentation time is held at 13:20 ~ 15:20, May 31st.  
   *The speakers for Odd No. Poster ID have duty time 13:20 ~ 14:20, and  
    Even No. are held at 14:20 ~ 15:20. 
4) All Posters should be removed by 17:40 May 31st. 
 
*Short Talk for Poster Award 
The speakers nominated for Poster Award are given the opportunity of "Short Talk 
Presentation" for total ~ 4 min (3 min talk + 1 min discussion). 
 
Date:  
May 31st 
 
Time:  
10:00 ~ 10:50 (Short Talk1) 
11:00 ~ 11:50 (Short Talk 2) 
 
The speaker should bring your own Laptop PC and Connector for Electronic Projector. 
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Plenary Lecture 
 
 
PL-1 (May 31st 16:40~17:40) 
 
 
Inorganic Radiopharmaceutical Chemistry 
 
Chris ORVIG 
 
Medicinal Inorganic Chemistry Group, Department of Chemistry, University of British 
Columbia, 2036 Main Mall, Vancouver BC, Canada 
 
 
 
 
 
 
 
 
PL-2 (June 1st 9:30~10:30) 
 
 
Allostery and Bioinorganic Switching: New Insights into the Regulation of Bacterial 
Transition Metal Homeostasis 
 
David P. GIEDROC 
 
Department of Chemistry, Indiana University, Bloomington, IN 47405-7102, USA 
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Keynote 
 
 
K-1 (June 1st 10:40~11:10) 
 
 
Targeted Alpha Therapy using Astatine (At-211) for the Clinical Application 
 
Tadashi WATABE 
 
Department of Nuclear Medicine and Tracer Kinetics, and Graduate School of Medicine, 
Osaka University 
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Oral 
 
 
Oral 1 (May 31st 15:30~16:30) 
 
O-1 
 
Protein Stabilization Mechanism Thorough the Second Coordination Sphere Weak Interaction 
Probed by Quantum Beams Involving Small Angle Neutron Scattering 
 
Takamitsu KOHZUMA1,2, T. Yamaguchi1,2, A. Taborosi1,2, K. Wood3, A. Whitten3 
 
1Institute of Quantum Beam Science, and 2Frontier Research Center for Applied Atomic 
Sciences, Ibaraki University, 3Australian Center for Neutron Scattering, ANSTO, Australia 
 
 
 
O-2 
 
Direct Benzene Hydroxylation Catalyzed by Wild-type Cytochrome P450BM3 with Novel 
Decoy Molecules 
 
Kai YONEMURA1, S. Ariyasu1, J. K. Stanfield1, H. Onoda1, H. Sugimoto2,3, Y. Shiro3, Y. 
Watanabe4, O. Shoji1,5 
 
1Graduate School of Science, Nagoya University, 2RIKEN/SPring8, 3Grad. Sch. Life Sci, 
Univ. of Hyogo, 4RCMS Nagoya Univ., 5JST CREST 
 
 
 
O-3 
 
A Model Complex of the Active Site of Mononuclear Copper Monooxygenases 
 
Arisa FUKATSU, Y. Morimoto, H. Sugimoto, S. Itoh 
 
Graduate School of Engineering, Osaka University 
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Oral 
 
Oral 2 (June 1st 11:10-~12:30) 
 
 
O-4 
 
Spectroscopic Study on Effects of Metal Ions on the Fibrillogenesis of Ataxin-3 
 
Kunisato KUROI, N. Goso, T. Morito, T. Nakabayashi 
 
Graduate School of Pharmaceutical Sciences, Tohoku University 
 
 
 
O-5 
 
Design and Synthesis of Cyclometalated Iridium(III) Complex-Peptide-Hybrids that Induce 
Paraptosis of Cancer Cells and Detect Dead Cells 
 
Shin AOKI1,2, K. Yokoi1, C. Balachandran1, K. Naito1 
 
1Faculty of Pharmaceutical Sciences, and 2Research Institute for Science and Technology, 
Tokyo University of Science 
 
 
 
O-6 
 
Development of Next-generation Platinum-based Drug with Markedly High and Long-lasting 
Antitumor Efficacy 
 
Seiji KOMEDA, M. Uemura, K. Hiramoto 
 
Faculty of Pharmaceutical Sciences, Suzuka University of Medical Science 
 
 
 
O-7 
 
Syntheses and Photodynamic Effect of π-Extended Porphyrins with Carboxyl Group 
 
Misaki NAKAI1, T. Nakagawa1, Y. Iwasaki1, S. Yano2, Y. Nakabayashi1 
 
1Department of Chemistry and Materials Engineering, Kansai University, 2KYOSEI Center, 
Nara Women's Univ. 
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Poster 
 
May 31st 13:20~14:20 (Odd No.), 14:20~15:20 (Even No.) 
*Poster award candidate 
 
P-1 
C2H2 Zinc Finger as a Versatile Motif Protein Interaction of Zinc Fingers in Nuclear 
Transport 
 
Jun KUWAHARA, K. Nakamura, C. Uwatoko 
 
Faculty of Pharmaceutical Sciences, Doshisha Women’s University 
 
 
P-2* 
Designing the Whole-Cell Biocatalyst for Hydroxylation of Benzene to Phenol Utilizing the 
Malfunction of Cytochrome P450BM3 
 
Masayuki KARASAWA1, S. Yanagisawa1, Y. Watanabe2, O. Shoji1,3 
 
1Graduate School of Science, and 2Res. Ctr. Mat. Sci., Nagoya University, 3CREST, JST. 
 
 
P-3 
Synthesis of Water-soluble Prussian Blue in the Ferritin Cavity 
 
Yuta IKENOUE, T. Nishioka, H. Nakajima 
 
Division of Molecular Materials Science, Graduate School of Science, Osaka City University 
 
 
P-4* 
Theoretical Study on Effects of Hydrogen Bonds and Protein-field on Redox Potential in 
[2Fe-2S] Ferredoxin 
 
Iori ERA, H. Tada, T. Fujii, K. Ikenaga, Y. Kitagawa, M. Nakano 
 
Graduate School of Engineering Science, Osaka University 
 
 
P-5* 
Dinitrogen Activation by First-row Transition Metal Complexes Having 
1,1'-bis(arylamide)vanadocenes 
 
Hinano KUSUNOSE1, T. Hatanaka1, H. Kawaguchi2, Y. Funahashi1 
 
1Graduate School of Science, Osaka University, 2Grad. Sch. Sci., Tokyo Inst. Tech. 
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P-6* 
Construction and Evaluation of a Protein-based Functional Model to Replicate a 
Methane-producing Enzyme 
 
Yuta MIYAZAKI, K. Oohora, T. Hayashi 
 
Graduate School of Engineering, Osaka University 
 
 
P-7* 
Properties of N4-type Co-nitrosyl Complexes as NO Donor 
 
Ena YAMAGUCHI, T. Ozawa, T. Inomata, H. Masuda 
 
Graduate School of Engineering, Nagoya Institute of Technology 
 
 
P-8 
Synthesis and Properties of Multinuclear Complexes of First-Row Transition Metals with 
Branched Ligands Containing Three β-ketoiminate Moieties 
 
Takuya ARAI, M. Kusumoto, T. Hatanaka, Y. Funahashi 
 
Graduate School of Science, Osaka University 
 
 
P-9 
Nickel-Metallothionein as a Minimum Multinuclear Metalloenzyme Model 
 
Taiga KATO1, T. Sumi2, Y. Funahashi1,2, M. Nojiri1,2 
 
1Faculty of Science, and 2Grad. Sch. of Sci., Osaka University 
 
 
P-10 
The Structures of Divanadium Dinitrogen Complexes Having a Triamidoamine 
 
Yoshiaki KOKUBO, K. Tsuzuki, Y. Kajita 
 
Faculty of Engineering, Aichi Institute of Technology 
 
 
P-11 
Proton-coupled Electron Transfer for Copper Nitrite Reductase and its Metal-Substituted 
Proteins 
 
Tatsuki KOSHIYAMA1, Y. Yamamoto2, R. Yoneda1, K. Horibe1, K. Ishihara1, Y. 
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Funahashi1,2, M. Nojiri1,2 
 
1Graduate School of Science, and 2Fac. of Sci., Osaka University 
 
 
P-12 
Structural and Mechanistic Insights into the Stabilization for High-valent Oxo-Iron Species 
and Enzymatic Activity on the Hemoproteins 
 
Yuki MIYAGUCHI, W. Weigzhong, Y. Kikui, Y. Funahashi, M. Nojiri 
 
Graduate School of Science, Osaka University 
 
 
P-13 
Characterization of the Lanthanide-containing Alcohol Dehydrogenase and its Physiological 
Redox Partner, Cytochrome c553 
 
Takeo SUMI1, N. Ichida1, Y. Funahashi1, D. Hira2, M. Nojiri1 
 
1Graduate School of Science, Osaka University, 2Fac. of Biotech. Life Sci., Sojo Univ. 
 
 
P-14 
Characterization of the Multicopper Oxidase Complex from the bacterium, Thiobacillus 
denitrificans 
 
Yusuke YAMAMOTO1, T. Koshiyama2, Y. Funahashi1,2, M. Nojiri1,2 
 
1Faculty of Science, and 2Grad. Sch. of Sci., Osaka University 
 
 
P-15* 
Cytotoxicity of Ruthenium Complexes Bearing Alkyl(2-pyridylmethyl)aminoacetate 
 
Yurika MIURA, T. Hasegawa, T. Misawa, N. Kanzawa, H. Nagao 
 
Faculty of Science and Technology, Sophia University 
 
 
P-16* 
2,6-Dimercuriphenol as a Bifacial Dinuclear Organometallic Nucleobase 
 
Dattatraya Uttam UKALE, T. Lönnberg 
 
Department of Chemistry, University of Turku, Finland 
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P-17* 
Analytical and Exploratory Study on Transition Metal Ions Inhibiting the Fibril-formation of 
Collagen Proteins 
 
Rio UNO, W. Nishino, A. Tsunoda, H. Yasui 
 
Department of Analytical & Bioinorganic Chemistry, Division of Analytical & Physical 
Sciences, Kyoto Pharmaceutical University 
 
 
P-18 
Investigation of Selenium Absorption from Selenotrisulfide Compounds in Cultured Cells 
 
Sakura YOSHIDA1, R. Mori1, R. Hayashi1, T. Fuchigami1, M. Haratake2, M. Nakayama1 
 
1Graduate School of Biomedical Sciences, Nagasaki University, 2Fac. of Pharm. Sci., Sojo 
Univ. 
 
 
P-19* 
Structural Factors Affecting Anticancer Activity of Aminosugar-containing Schiff Base 
Complexes 
 
Laurenzo ALBA1, T. Hatanaka1, M. Nakai2, S. Yano3, T. Yajima2, A. Nomoto4, Yasuhiro 
Funahashi1 
 
1Graduate School of Science, Osaka University, 2Kansai Univ., 3Nara Women’s Univ., 
4Osaka Prefecture Univ. 
 
 
P-20* 
Synthesis of Cancer Theranostic Probe by Sugar-linked Platinum Complex 
 
Marina OMOKAWA, K. Arimitsu, Y. Yagi, Y. Naito, H. Yasui, H. Kimura 
 
Department of Analytical & Bioinorganic Chemistry, Division of Analytical & Physical 
Sciences, Kyoto Pharmaceutical University 
 
 
P-21* 
Development of Radiogallium-labeled Thieno Pyrimidine Derivatives an in vivo Imaging 
Agents Targeting Folate Receptors 
 
Ryotaro ONOUE1, T. Fuchigami1, T. Nagaishi1, H. Ono1, K. Nishi2, S. Yoshida1, M. 
Haratake3, M. Nakayama1 
 
1Graduate School of Biomedical Sciences, and 2Dept. of RI. Med., Atomic Bomb Disease 
Inst., Nagasaki University, 3Fac. of Pharm. Sci., Sojo. Univ. 
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P-22* 
Investigation of Metalated Maltotriose-conjugated Chlorin and Sugar-conjugated Chlorin e6 
Derivative for Photodynamic Therapy 
 
Masato MASUDA1, M. Yamamoto1, S. Yano2, H. Kataoka3, A. Narumi4, A. Nomoto1, A. 
Ogawa1 
 
1Graduate School of Engineering, Osaka Prefecture University, 2KYOSEI Center, Nara 
Women's Univ., 3Grad. Sch. of Med., Nagoya City Univ., 4Grad. Sch., of Sci., Yamagata 
Univ. 
 
 
P-23* 
The Syntheses of Technetium(I)-99m Complexes with Chelating Bidentate Isonitrile Ligands 
for Molecular Imaging 
 
Haruka AMEMIYA1, Y. Mizuno1, S. Onoe1, M. Shukuri1, Y. Arano2, H. Akizawa1 
 
1Showa Pharmaceutical University, 2Grad. Sch. of Pharm. Sci., Chiba Univ. 
 
 
P-24* 
Syntheses of Polypyridine Co(III) Complexes and Cytotoxicity Evaluation against Hypoxia 
Tumor Cells 
 
Daiki NAGATA1, Y. Shimonaka1, M. Nakai1, S. Yano2, A. Nomoto3, A. Ogawa3, Y. 
Nakabayashi1 
 
1Department of Chemistry and Materials Engineering, Kansai University, 2KYOSEI Center, 
Nara Women's Univ., 3Dept of Appl. Chem., Grad. Sch. of Eng., Osaka Prefecture Univ. 
 
 
P-25* 
Synthesis of CO-releasing Iron Complex Responsible to NIR and H+ 
 
Seiya TANAKA1, M. Hirotsu2, T. Nishioka1, H. Nakajima1 
 
1Graduate School of Science, Osaka City University, 2Fac. of Sci., Kanagawa Univ. 
 
 
P-26* 
Synthesis of Mannose or Glucose Conjugated Chlorin-e6 Derivative and Their Metalation as 
Photosensitizer for Photodynamic Therapy 
 
Lihao ZHANG1, A. Nomoto1, H. Yamaguchi1, H. Kataoka1, A. Narumi3, S. Yano4, A. 
Ogawa1 
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1Graduate School of Engineering, Osaka Prefecture University, 2Nagoya City Univ., 
3Yamagata Univ., 4KYOSEI Center, Nara Women's Univ. 
 
 
P-27* 
Preparation and NO Reactivity of 5-coordinate Co(III) Complex with N3S2 Donors to Aim at 
NO Sensing 
 
Yuri HATTORI, E. Yaguchi, H. Takagi, T. Inomata, H. Masuda, T. Ozawa 
 
Graduate School of Engineering, Nagoya Institute of Technology 
 
 
P-28 
Synthesis of Amino Acid Ester Conjugated with Imino-Pyridine to Form Antitumor Metal 
Complexes 
 
Akihiro NOMOTO1, S. Yano2, Y. Komai1, N. Sakamoto1, R. Sakai3, H. Kataoka4, M. Nakai5, 
Y. Funahashi6, A. Ogawa1 
 
1Graduate School of Engineering, Osaka Perfecture University, 2KYOSEI Center, Nara 
Women's Univ., 3Sch. Med., Kitasato Univ., 4Grad. Sch. Med. Sci., Nagoya City Univ., 5Fac. 
of Chem. Mater. Bioeng., Kansai Univ., 6Grad. Sch. of Sci., Osaka Univ. 
 
 
P-29 
2'-O,4'-C-Methylene-bridged Nucleic Acids Stabilize AgI-mediated Cytosine-cytosine Base 
Pair in a DNA Duplex 
 
Osamu NAKAGAWA, H. Aoyama, A. Fujii, Y. Kishimoto, N. Nozaki, Y. Nakatsuji, S. 
Obika 
 
Graduate School of Pharmaceutical Sciences, Osaka University 
 
 
P-30 
Blockade of Rapid Influx of Extracellular Zn2+ into Nigral Dopaminergic Neurons 
Overcomes Paraquat-induced Parkinson's Disease in Rats 
 
Haruna TAMANO, H. Morioka, R. Nishio, A. Takeuchi, A. Takeda 
 
Graduate School of Pharmaceutical Sciences, University of Shizuoka 
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Short Talk (for Poster award)  
 
 
 
ShortTalk1 (May 31st 10:00~10:50) 
 
P-2  Masayuki KARASAWA 
 
P-4  Iori ERA 
 
P-5  Hinano KUSUNOSE 
 
P-6  Yuta MIYAZAKI 
 
P-7  Ena YAMAGUCHI 
 
P-15  Yurika MIURA 
 
P-16  Dattatraya Uttam UKALE 
 
P-17  Rio UNO 
 
 
 
ShortTalk2 (May 31st 11:00~11:50) 
 
P-19  Laurenzo ALBA 
 
P-20  Marina OMOKAWA 
 
P-21  Ryotaro ONOUE 
 
P-22  Masato MASUDA 
 
P-23  Haruka AMEMIYA 
 
P-24  Daiki NAGATA 
 
P-25  Seiya TANAKA 
 
P-26  Lihao ZHANG 
 
P-27  Yuri HATTORI 
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Inorganic Radiopharmaceutical Chemistry 
 
Chris ORVIG 
 
Medicinal Inorganic Chemistry Group, Department of Chemistry, 
University of British Columbia, 2036 Main Mall, Vancouver BC, 
Canada 

 
   Our group works to discover new therapeutic and diagnostic applications for radioisotopes 
of metal ions (radiometals) in nuclear medicine.  Positron emission tomography (PET) and 
single-photon emission computed tomography (SPECT) are two common imaging modalities 
that our aging population will depend upon, as numbers increase, for the early detection of 
disease, particularly in our focus area of oncology.  PET has become a “gold standard” in the 
early detection of cancer, relying currently on the use of 2-18F-2-deoxy-glucose (FDG).  
New promising radiopharmaceuticals, more specific for disease processes, are being 
developed for diagnostic imaging with both PET and SPECT, and for potential therapies 
using α- or β-emitters.   
 
In order to achieve this goal, new radiolabelling methods and chemistry are being discovered; 
much of this advancement is made possible by the synthetic production of, and conjugation to, 
biomolecules such peptides, lipids, oligosaccharides, oligonucleotides and antibodies with 
specific and high affinity for cancer biomarkers. The development of these ligands into viable 
imaging agents is being realized through the discovery of new robust, reproducible, 
high-yielding and rapid methods for chelating the radioisotope of choice into these 
biomolecules to give chemically stable entities, and the study of that chelation in detail.  
Isotopes such as 68Ga, 111In, 90Y, 225Ac, 89Zr, 44/47Sc and the lanthanides xxxLn are conjugated 
to biological molecules incorporating peptides, proteins, oligonucleotides, carbohydrates and 
fatty acids to evaluate their biological properties as potential imaging and/or therapy agents. 
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Allostery and bioinorganic switching: New insights into 
the regulation of bacterial transition metal homeostasis  

 
David P. GIEDROC1  
 
1Department of Chemistry, Indiana University, Bloomington, IN 
47405-7102, USA  E-mail: giedroc@indiana.edu 
 

   First-row late d-block metals from Mn to Zn play distinct roles in cellular metabolism.  
In bacterial pathogens, metalloregulation of transcription drives physiological adaptation to 
host-mediated transition metal starvation and toxicity, required to maintain metal homeostasis.  
We are currently working on two separate aspects of this problem.  In the first, we are 
employing global multi- ‘omics strategies to elucidate metabolic adaptation to host-mediated 
transition metal starvation.  In the second, we are employing advanced NMR approaches to 
understand transition metal sensing at the physicochemical level.  In bacterial zinc (Zn) 
homeostasis, for example, a pair of metal-sensing transcriptional repressors regulate the 
transcription of metal uptake and efflux transporters, where Zn allosterically activates or 
inhibits DNA operator-promoter binding. I will present the results of recent comprehensive 
NMR-based investigations of metal-mediated allostery in several metal-sensing 
transcriptional repressors. Repressor systems selected for study are representative of large 
bacterial repressor superfamilies, including the arsenic repressor (ArsR) and multiple 
antibiotic resistance repressor (MarR)-family proteins, and thus provide an opportunity to 
elucidate general features of metal sensing, inducer specificity and evolution of distinct 
biological outputs that function at the host-microbial pathogen interface.  Entropy 
redistribution and conformational ensemble models of allostery figure prominently in these 
repressor systems.   
 
 
 
 
 
  

 
 PL-2 



 20 

               Targeted alpha therapy using astatine (At-211) for the 
               clinical application 

 
Tadashi WATABE 
 
Department of Nuclear Medicine and Tracer Kinetics, Graduate 
School of Medicine, Osaka University 
 

   211At is an alpha-emitter which has similar chemical properties to iodine and is used in 
targeted alpha therapy. Radioactive iodine (131I) has long been used clinically for patients with 
differentiated thyroid cancer. 131I is used for the ablation of thyroid remnants or treatment of 
metastatic thyroid cancer. However, some patients are refractory to repetitive 131I treatment, 
despite the targeted regions showing sufficient iodine uptake. We have recently showed that 
the radiochemical purity of astatide of 211At solution can be improved by the reducing agent 
and uptake of 211At can be enhanced in the differentiated thyroid cancer cells (Watabe T, et al. 
J Nucl Med. 2019). We also demonstrated that the treatment effect of 211At solution in the 
K1-NIS xenograft model was dose-dependent and prolonged survival. Targeted alpha therapy 
using 211At is highly promising for the treatment of advanced differentiated thyroid cancer. 
We have already started the preparation for the clinical trials of [211At]NaAt in Osaka 
University Hospital. In addition, 211At labelled amino acid derivatives are also very promising 
for targeted alpha therapy. Among amino acid transporters, L-type amino acid transporter-1 
(LAT1) is a promising target as it is strongly expressed in malignant tumors, especially 
metastatic tumors, but is scarcely expressed in normal tissues. 
 In this talk, I would like to introduce the excellent collaboration in Osaka University 
between nuclear physics and nuclear medicine. It starts from the production of alpha emitter 
in Research Center for Nuclear Physics, followed by the purification and labeling in Graduate 
School of Science and Institute for Radiation Sciences, and leads to the evaluation of safety 
and effectiveness in Graduate School of Medicine, aiming at the clinical application in Osaka 
University Hospital. 
 
 
 
  

 
 K-1 
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Protein Stabilization Mechanism Thorough the Second 
Coordination Sphere Weak Interaction Probed by 
Quantum Beams Involving Small Angle Neutron 
Scattering  

 
Takamitsu KOHZUMA1,2, Takahide Yamaguchi1,2, Attila 
TABOROSI1,2, Kathleen Wood3, Andrew Whitten3 

 
1Institute of Quantum Beam Science, Ibaraki University, 2-1-1 
Bunkyo, Mito 310-8512, Japan, 2Frontier Research Center for 
Applied Atomic Sciences, Ibaraki University, 162-1 Shirakata, Tokai, 
319-1106, Japan, 3Australian Center for Neutron Scattering, 
ANSTO, Lucas Heights, NSW 2234, Australia   

 
Recently, weak interactions between metal ion-coordinated ligands and side chain groups in protein has 

been recognized as an important factor modulating unique functional and mechanistic aspects of 
metalloproteins.We have demonstrated that 
introduction of π−π interaction between a 
coordinated histidine imidazole ring and the 
side chains of aromatic amino acids in the 
second coordination sphere of a copper 
protein, pseudoazurin (PAz), significantly 
influences the structure and properties of PAz. 
The sidechain of Met16 residue interacts 
weakly with the coordinated His81 imidazole 
and stabilizes the protein structure [1]. The 
substitution of Met16 to Phe stabilizes the 

protein structure. Introduction of aliphatic amino acids, Val and Ile instead of aromatic amino acids at Met16 
position showed very different spectroscopic features, and the structure of PAz becomes unstable in contrast to 
the introduction of Phe. The stability of the series of PAz protein structures estimated by CD and ESI-MS are 
shown in Figure 1 [2]. Very recently, protein structural transition of PAz was studied using small angle neutron 
scattering (SANS) under acidic pH conditions using the monochromatic SANS instrument QUOKKA [3]. The 
structures of PAz at pD 7.4, 3.0 and 1.9 gave different features. The structure analyzed by ab initio modelling for 
pD 3.0, which was “open domain” structure accompanied by the dissociation of two helices from the main body 
of β-structure. 

We also would like to provide the precise X-ray crystallographic structures and 
theoretical explanation of the role of weak interaction on the protein stability in this lecture. 
 
REFERENCES 
 
[1] T. Yamaguchi, K. Akao, A. Takashina, S. Asamura, M. Unno, R. K. Szilagyi, T. Kohzuma, RSC Adv., 6, 

88358-88365 (2016); M. B. Fitzpatrick, Y. Obara, K. Fujita, D. E. Brown, D. M. Dooley, T. Kohzuma, R. 
S. Czernuszewicz, J. Bioinorg. Chem., 104, 250-260 (2010); T. Yamaguchi, J. Yano, Y. Vittal, Y. Nihei, H. 
Togashi, R. K. Szilagyi, T. Kohzuma, Bull. Chem. Soc. Jpn., 88, 1642-1652 (2015). 

[2] R. F. Abdelhamid, Y. Obara, T. Kohzuma, J. Inorg. Biochem., 102, 1373- 1379 (2008); T. Yamaguchi, Y. 
Nihei, D. Southerlands, M. Stillman, T. Kohzuma, Protein Science, 1921-1931 (2017). 

[3] T. Yamaguchi, K. Wood, A. Taborosi, T. Kohzuma, submitted. 
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Figure 1. The stability of the series of PAz protein structures for Met16X 
variants estimated by CD and ESI-MS spectrometry. 
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Effective Benzene Hydroxylation Catalyzed by 
Wild-Type Cytochrome P450BM3 with Novel Decoy 
Molecules  
 
Kai YONEMURA1, Shinya ARIYASU1, Joshua Kyle STANFIELD1, 
Hiroki ONODA1, Hiroshi SUGIMOTO2,3, Yoshitsugu SHIRO3, 
Yoshihito WATANABE4, Osami SHOJI1,5 
 
1Graduate School of Science, Nagoya University, Furo-cho, 
Chikusaku, Nagoya, 464-8602, Japan, 2RIKEN/SPring8, Japan, 
3Graduate School of Life Science, University of Hyogo, 3-2-1, Kouto, 
Kamigori-cho, Ako-gun, Hyogo, Japan, 678-1297, 4RCMS Nagoya 
University, 5JST CREST, Japan 
 

Cytochrome P450BM3 is a heme enzyme which catalyzes hydroxylation of long chain 
fatty acids. Our research group have reported that direct benzene hydroxylation is catalyzed 
by wild-type P450BM3 in the presence of amino acid derivatives. We named such functional 
molecules “decoy molecules.” Our latest study showed that dipeptide derivatives serves as 
particularly potent decoy molecules, suggesting that N-substituted dipeptide scaffold is a 
promising framework for the discovering of novel potent decoy molecules (Fig. 1)[1]. 

Herein, we prepared over 600 N-substituted dipeptide molecules and examined their 
P450BM3-activation potency in benzene hydroxylation. We succeeded in identifying 
substructures needed for decoy potency (Fig. 2). Moreover, we designed the most potent 
peptide-like decoy molecule among all the decoy molecules reported before based on the 
results of screening. We also elucidated that novel decoy molecules assist hydroxylation of 
gaseous alkane catalyzed by P450BM3. Furthermore, we succeeded in confirmation of 
binding of novel decoys to P450BM3 with novel decoys. 
 
 
 
 
 
 
 
 
 
 

 
 
 
[1] O. Shoji, S. Yanagisawa, J. K. Stanfield, K. Suzuki, Z. Cong, H. Sugimoto, Y. Shiro, Y. 

Watanabe, Angew. Chem. Int. Ed. 2017, 56, 10324–10329. 
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Fig.1 N-substituted-dipeptide scaffold 

Fig.2 Substructures needed for decoy potency 
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Understanding the mechanisms of monooxygenase reactions in biological systems is 
highly important as a guide to develop the cost-effective production of liquid fuels from 
primary energy such as natural gas or biomass. Particulate methane monooxygenase (pMMO) 
is known as one of the few enzymes that catalyzes the conversion of methane to methanol. 
The structure of the active site of pMMO has been highly controversial, with suggestions of a 
mono-, di-, or trinuclear copper sites. In 2018, a mononuclear copper site was suggested as 
the reaction center, indicating a similarity to the active site of lytic polysaccharide 
monooxygenase (LPMO).1 A structural unit found in the active sites of these enzymes, 
so-called histidine brace, is composed of the amino group and side chain of the N-terminal 
histidine with the side chain of a second histidine to create a T-shaped N3 ligand environment 
at the copper ion (Fig. 1a).2 The twist angle between the two imidazole rings of the histidines 
is around 70°. This twist angle is significantly different from the analogous angle found in 
many trans-N-heterocycle Cu(II) complexes, where it is usually less than 30°. If such a twist 
angle influences the reactivity of the copper histidine brace, particularly in copper–oxygen 
intermediates, then some roles for the π-interaction capacities of the N-heterocycles seems to 
be worth consideration in the design of ligands aimed at emulating the active sites.3,4 

Based on this background, we have designed and synthesized a mononuclear copper 
complex CuII(LH3)(tfa)2 (LH3 = 
N-(2-(1H-imidazol-4-yl)-benzyl)hista
mine, tfa = trifluoroacetate) as an 
active site model of the enzymes. 
According to the single-crystal X-ray 
diffraction analysis, CuII(LH3)(tfa)2 is 
revealed to have a similar histidine 
brace structural motif to that of the 
active sites of pMMO and LPMO 
(Fig. 1b). In addition, the geometrical 
property and the physical properties 
were very close to those of the active 
site of LPMO.3,4 The catalytic 
activity of the complex has also been 
examined in C–H bond oxidation 
reactions. 
 
References 
[1] L. Cao, O. Caldararu, A. C. Rosenzweig, and U. Ryde, Angew. Chem. Int. Ed., 2018, 57, 162. 
[2] R. J. Quinlan, M. D. Sweeney, et al., Proc. Natl. Acad. Sci. U.S.A., 2011, 108, 15079. 
[3] L. Ciano, G. J. Davies, W. B. Tolman, and P. H. Walton, Nat. Catal., 2018, 1, 571. 
[4] V. V. Vu and S. T. Ngo, Coord. Chem. Rev., 2018, 368, 134. 

Figure 1. (a) The copper histidine brace in the 
enzymes (R = Me or H). (b) The crystal structure 
of CuII(LH3)(tfa)2. Hydrogen atoms are omitted for 
clarity. 
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Ataxin-3 is a causative protein of spinocerebellar ataxia, Machado-Joseph disease (MJD), 
and its aggregation and fibrillogenesis in neurons are believed to be the origin of MJD. 
Ataxin-3 has a polyQ tract (composed of glutamine (Q) repeat sequences) and Josephin 
domain (JD), a functional domain of ataxin-3. The abnormal elongation of the polyQ tract has 
been reported to enhance the onset of MJD, implying the significant contribution of polyQ 
tract to the fibrillogenesis. This pathologically related fibrillogenesis of ataxin-3 has been 
reported to be accelerated in the presence of metal ions [1][2]. Such acceleration of the 
fibrillogenesis of ataxin-3 by metal ions is important for considering the potential risk of 
metal ions in accelerating the onset of MJD. However, the mechanism of this metal-induced 
acceleration of the fibrillogenesis of ataxin-3 so far remains unclear. In the present study, we 
spectroscopically investigated effects of metal ions (Cu2+, Zn2+, Al3+) on the structure and 
fibrillization process of ataxin-3 to gain structural insights into its metal induced acceleration 
of the fibrillogenesis. Because the fibrillization process of ataxin-3 is known to show two 
stages: (1) pre-fibrillization by the core formation of JD and (2) fibrillization induced by the 
polyQ tract, we prepared truncated polypeptides of ataxin-3, JD and Q28 (JD with a polyQ 
tract of 28 glutamine residues), and compared the effects of metal ions on their aggregation 
process by circular dichroism and fluorescence spectroscopies. 

JD and Q28 were incubated at 37 degree for 14 days to induce their aggregation in the 
presence and absence of metal ions. In the case of JD, Cu2+ and Zn2+ remarkably accelerated 
the formation of the β-sheet structure and the exposure of its intrinsic Trp residues, suggesting 
the acceleration of the pre-fibrillization process. On the other hand, in the case of Q28, the 
pre-fibrillization process was also accelerated by Cu2+ and Zn2+. Furthermore, the subsequent 
fibrillogenesis step was observed and accelerated by Zn2+ and Al3+. Interestingly, this step 
was in turn inhibited by Cu2+, which had acute acceleration effects on the pre-fibrillization 
process. This result showed the different role of metal ions in the two-step fibrillization 
process of ataxin-3. By comparing interactions of a metal ion with JD and Q28, the 
interaction with a metal ion was found to occur in JD of ataxin-3. Of metal ions used in this 
study, we focused on Cu2+ because it showed the most remarkable effects on the structural 
change of JD and can provide a clear-cut mechanistic view of the interaction. The structural 
change of JD induced by titrating Cu2+ indicated that three molar equivalents of Cu2+ was 
necessary to complete its structural change. It was further found that Cu2+ was interacting with 
a thiol group of three accessible cysteine residues of JD, and found that of the three Cu2+ ions 
two Cu2+ ions were used to form a disulfide bond and the other Cu2+ ion was attached to the 
other thiol group. 

In conclusion, we succeeded in showing different effects of metal ions on the aggregation 
process of ataxin-3 and clarifying its structural change due to the interactions with metal ions. 
	 
Reference 
[1] F. Ricchelli, et al., IJBCB 2007, 39, 966. [2] I. Stawoska, et al., J. Biol. Inorg. Chem. 2009, 14, 1175 
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Cyclometalated iridium(III) complexes such as fac-Ir(tpy)3 (tpy = 2-(4’-tolylpyridine) are 

strong triplet luminescent organometallics not only in the production of organic light-emitting 
diodes (OLED) but also as chemosensors and bioimaging agents, due to their excellent 
photophysical properties and stability in aqueous solution under physiological conditions.1  
In this paper, we present the design and synthesis of new cyclometalated Ir complex-peptide 
hybrids (IPHs) as detectors of cancer cells and/or inducers of their cell death2,3 based on the 
regioselective substitutions.4  The IPHs linked with cationic peptides such as GGKK(K) 
sequences through C6 or C8 linker exhibit potent cytotoxicity against Jurkat cells and strong 
green emission from IPHs were observed in dead cells.2a,b,d  Mechanistic study suggests that 
IPHs equipped with GGKK(K) peptide unit bind to calmodulin, one of representative 
Ca2+-binding protein, and induce paraptosis-like cell death,2d,e and the mechanism of 
IPH-induced cell death is compared with that induced by celastrol, which had been reported 
to induce paraptosis.5  On the other hand, it was found that IPHs having cyclic peptides that 
had been reported to bind to death receptor (DR) of cancer cells bind to DR5 expressed on 
cancer cells and induce their necrosis-type3a or apoptosis-type cell death.3b  In this paper, 
these results will be reported. 
	 
[1]  (a) M. A. Baldo, et al., Nature 1998, 395, 151.  (b) A. B. Tamayo, et al., J. Am. Chem. Soc. 
2003, 125, 7377.  (c) K. K.-W. Lo, et al., Coord. Chem. Rev. 2010, 254, 2603.  (d) I. Omae, Coord. 
Chem. Rev.2016, 310, 154.  (e) A. Zamora, et al., Coord. Chem. Rev. 2018, 360, 34. 
[2] (a) Y. Hisamatsu, et al., Bioconjugate Chem. 2015, 26, 857.  (b) Y. Hisamatsu, et al., 
Bioconjugate Chem. 2017, 28, 507.  (c) K. Yokoi, et al., Eur. J. Inorg. Chem. 2018, 5295.  (d) K. 
Naito, K. et al., Submitted for publication.  (e) C. Balachandran, et al., Manuscript in preparation. 
[3] (a) A.-A. Masum, Y. Hisamatsu, , et al., Bioinorg. Chem. Appl. 2018, Article ID: 7578965. (b) A. 
-A. Masum, A.-A., et al., Bioorg. Med. Chem. 2018, 26, 4804. 
[4] (a) S. Aoki, et al., Inorg. Chem. 2011, 50, 806.  (b) S, Moromizato, et al. Inorg. Chem. 2012, 51, 
12697.  (c)  A. Nakagawa, et al., Inorg. Chem. 2014, 53, 409.  (d) A. Kando, et al., Inorg. Chem. 
2015, 54, 5342.  
[5] (a) S. Serandino, et al., J. Cell Biochem. 2010, 111, 1401.  (b) W.-B. Wang, et al., J. Cell. Physiol. 
2012, 227, 2196.  (c) J. M. Yoon, et al., Oncotarget, 2014, 5, 6816.  
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   Platinum-based drugs represented by cis-Diamminedichloridoplatinum(II) (cisplatin, 
Figure 1) are nowadays one of the most widely used and highly utilized anticancer agents. 
The series of tetrazolato-bridged dinuclear platinum(II) complexes 
[{cis-Pt(NH3)2}2(µ-OH)(µ-5-R-tetrazolato-N2,N3)]+ or 2+ (Tetrazolato-bridged complexes, 
Figure 1), with a totally different structure from that of platinum-based drugs, is among 
promising next-generation platinum-based drug candidates that can circumvent 
cross-resistance to cisplatin. The unprecedented structure brings a unique DNA binding mode, 
which may be included in the pharmacophore and related to the efficacy against cancer cells 
that show intrinsic or acquired resistance to platinum-based drugs [1-3]. 
   To extend our drug-discovery research, we synthesized more than 23 derivatives [4,5] 
with diverse substituent at tetrazolate C5 and evaluated the comprehensive structure–
cytotoxicity relationships in two murine lymphocytic leukemia cell lines, sensitive (L1210) 
and resistant (L1210R) to cisplatin. Also, we investigated the in vivo anticancer efficacy 
against mice bearing ascitic leukemia L1210 on two tetrazolato-bridged complexes, both of 
which were found to be very active, giving over 300% increased life-span after a single i.p. 
injection (10 mg/kg). In addition, it was found that three derivatives exhibited markedly high 
tumor-growth inhibition against mice homografted Colon-26 colorectal tumor after a single 
i.v. injection (10 mg/kg).  
 
 
	 

	 

	 

	 

	 

	 

	 
 
Figure 1. Chemical structures of cisplatin (left) and tetrazolato-bridged complexes (right, 
general structure). 
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Photodynamic therapy (PDT) is a potentially curative treatment for various types of cancer. 
For PDT, a lot of photosensitizers such as porphyrins were synthesized. However, porphyrin 
derivatives can be only used for surface layer of skin because of light permeability. Therefore, 
we synthesized π-expanded porphyrins, tetraphenyltetraphenanthroporphyrin (H2TPTPhenP), 
Copper(II) tetraphenyltetraphenanthroporphyrin (CuTPTPhenP) and tetra(p-carboxyphenyl) 
tetraphenanthroporphyrin (H2TCPTPhenP).  

In the UV-vis spectra of all porphyrin derivatives, Soret bands were red-shifted about 160 
nm, compared with tetraphenylporohyrin (H2TPP). ESR spectral data suggested that the 
mount of reactive oxygen species (ROS) of H2TPP is the highest of those of all porphyrin 
derivatives. However, result of electrophoresis with infrared irradiation was shown that the 
DNA photocleavage activities of CuTPTPhenP and H2TCPTPhenP were higher than that of 
H2TPP. The result of electrophoresis and ESR suggested that DNA cleavage activity of O2

・- 
was more effective than that of 1O2. Photocytotoxicity of H2TCPTPhenP was estimated by 
using MTT assay (Table). H2TCPTPhenP and H2TPP with bovine serum albumin (BSA) were 
evaluated for cytotoxicity using both cancer cells (HeLa and HepG2) and normal cell 
(MRC-5) with near infrared light irradiation. H2TCPTPhenP showed no cytotoxicity in the 
dark condition, and showed photocytotoxicity against HeLa. However H2TCPTPhenP was no 
cytotoxicity against HepG2, and were less photocytotoxicity against MRC cells. The ROS 
amount in vitro was estimated by using DCF assay. H2TPP produced higher ROS than that of 
H2TCPTPhenP in vitro. However H2TCPTPhenP had higher cytotoxicity, suggesting that O2

・- 
was more effective than that of 1O2 and that H2TCPTPhenP was expected an efficient PDT 
drug. 
	  

Table In vitro cytotoxicities of the porphyrin derivative 

compound 

IC50 ± SD / µM 
Hela (cancer cell) HepG2 (cancer cell) MRC-5 (normal cell) 

Dark Light 
(> 750 nm) Dark Light 

(> 750 nm) Dark Light 
(> 750 nm) 

H2TPP > 8.3 > 8.3 ― ― > 2.3 > 2.34.2 
H2TPTPhenP > 5.0 1.6 ± 0.3 > 3.56 > 3.56 > 4.2 3.95 ± 0.21 
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   Cys2His2 (C2H2) zinc finger is a typical DNA binding motif and can also binds to RNA. 
The motif possesses tandem repeats of zinc-binding modules containing two pairs of 
conserved Cys and His residues and is known to be quite abundant in human genome. 
Because of their unique features, .we have been intrigued by versatility of these motifs and 
have been searching a novel role for them, especially protein interaction. One of these 
functions is nuclear localization signal (NLS).  
   Bidirectional traffic between the cytoplasm and the nucleus is routed through the nuclear 
pore complex (NPC) embedded in the nuclear envelope. Nuclear import of globular proteins 
of greater than ca. 60 kDa in size requires a suitable NLS. Classical NLS consists of one or 
two short basic clusters. Nuclear transport of a classical NLS-containing protein is mediated 
by a ternary complex with importins α and ß. Most of classical NLS can be recognized by an 
adaptor protein importin α , whereas a few NLS is the target of importin ß.  
   Sp1 is a ubiquitous transcription factor involved in the early development of an organism. 
The protein comprises three tandem repeats of C2H2 zinc finger motif at its carboxyl 
terminus, which binds to a GC-rich element of DNA (GC box)(1) and activates reasonably 
large subset of mammalian genes containing GC box upstream promoter elements. Like other 
nuclear proteins, Sp1 is supposed to be actively transported into the nucleus due to its 
molecular mass (95 kDa).  
   We identified that three C2H2 zinc fingers of Sp1 can serve as a 
‘bona fide’ NLS (2,3). Then, we analyzed several factors affecting 
nuclear localization. Overall tertiary structure formed by zinc binding, 
as well as basic amino acids dispersed in the entire zinc finger region, 
was essential for its NLS function. Solid-phase binding assay using 
cytoplasmic extract from HeLa cell suggests that Sp1 zinc fingers can 
directly interact with at least one of transport factors. A series of basic 
amino acids in zinc finger region play pivotal role for specific DNA 
recognition (Fig.1). Those may also contribute to the interaction with 
transport protein because classic NLS has one or two basic clusters 
important for importin binding. Then, we tried to use GC box DNA as a 
probe to evaluate comprehensively the role of basic amino acids 
dispersed within the entire zinc finger region on interaction with 
transport factors. Furthermore, interaction of Sp1 zinc finger with 
importins was elucidated by biophysical method. The mode of protein 
interaction via the zinc finger domain will be discussed.  
References:  
(1) J. Kuwahara, J. E. Coleman, Biochemistry 29, 8627-8631 (1990). (2) T. Ito, M. Azumano, C. 
Uwatoko, K. Itoh, J. Kuwahara. Biochem. Biophys. Res. Commun. 380, 28-32 (2009). (3) T. Ito, H. 
Kitamura, C. Uwatoko, M. Azumano, K. Itoh, J. Kuwahara. Biochem. Biophys. Res. Commun. 403 
161-166 (2010).  
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Fig. 1: Basic amino acids 
in one of C2H2 zinc 
finger of Sp1. The K and 
R residues are displayed 
in spherical view. 
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   Functionalization of unactivated carbon-hydrogen bonds remains a worthwhile goal in 
synthetic chemistry. Cytochrome P450BM3 (P450BM3), a heme enzyme isolated from B. 
megaterium, has thus gained prominence owing to its high monooxygenase activities towards 
long-chain fatty acids (Figure a). However, because narrow substrate applicability of 
P450BM3 impedes the application as a synthetic catalyst, alteration of the substrate 
specificity takes center stage in P450BM3 research. Without established mutagenesis 
strategies, we have demonstrated a technique to remodel the active site of P450BM3 with 
fatty-acid analogs (decoy molecules, Figure b)[1, 2]. Decoy molecules bind to P450BM3 as a 
dummy substrate and thus they initiate the catalytic cycle of the enzyme, permitting 
P450BM3 to oxidize non-native substrates accommodated in the heme active site. -
Unfortunately, P450BM3 has yet another serious problem of requiring expensive electron 
donor, NADPH, to generate the active oxygen species. To overcome this limitation, we have 
developed the P450BM3-based whole-cell biocatalyst activated by decoy molecules (Figure 
c). Intracellular NADPH supply supports the P450BM3 reaction by only feeding inexpensive 
glucose, yielding up to 59% of phenol from benzene[3].  
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Fig. 1.  Ferritin (wild type, PDB: 1DAT)  
(left) Spherical hollow structure of ferritin, 
 (right) The diameter of the ferritin cavity 

 
    Fig. 2.  IR (left) and UV-Vis (right) spectra of colloidal PB and PB@Fr-L134P.  

Synthesis of water-soluble Prussian blue in the ferritin 
cavity 
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     Ferritin is the ubiquitous iron storage 
protein in human body (Fig. 1). Ferritin 
consisting of 24 monomer subunits forms a 
spherical hollow structure, which is thermally 
stable (<80 °C) and pH tolerant (2–10). 
Because of nanocage structure and high 
stability, ferritin is expected for application to 
some drug delivery systems (DDSs). In the 
present talk, we describe the on-site formation 
of three dimensionally bridged iron-cyanide 
complex, Prussian blue (PB) in the ferritin cavity. In addition to the pharmacological use as a 
thallium and radioactive cesium absorber, thermogenesis in response to biotransparent NIR 
region (650–1000 nm) light is a potential application of PB as a molecular heater in the 
clinical sector. Cytotoxic cyanide ions gradually released from PB is metabolized through 
coupling with methemoglobin or thiocyanization by an enzyme, while insolubility in aqueous 
media restricts the administration of PB to living body. Our present attempt is to address the 
problem. Ferritin has useful channels (diameter ~0.4 nm) to incorporate metal ions or some 
small molecules, while the PB component [Fe(CN)6]3− (molecular diameter ~0.6 nm) was 
impermeable to the cavity through the channel. Mutant exploration found that the L134P 
mutant (Fr-L134P, [1]), where Leu134 is replaced to Pro to extend the channel diameter to 
~1.2 nm, was usable to incorporate the PB component. The on-site formation of PB in the 
cavity of Fr-L134P was achieved by sequential reactions of [Fe(CN)6]3− with copper (II) ions 
and Fe(II) ions. Spectroscopic characterization of the obtained PB and mutant composite 
(PB@Fr-L134P) was shown in Figure 2. Native-PAGE and TEM image of PB@Fr-L134P 
confirmed that the spherical hollow structure of the mutant was retained throughout the 
composite formation reactions.  

[1] X. Liu, W. Jin, and E. C. Theil, PNAS. 2003, 100, 3653–3658.[2] G. Fu, W. Liu, S. Feng, and X. Yue, Chem. Commun. 2012, 48, 11567–11569. 
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  The electron–transfer proteins play an important role in the redox reactions in biological 
systems.  Some of the electron–transfer proteins utilize the iron–sulfur clusters as their 
active sites.  It has been suggested that their redox potentials are well controlled by hydrogen 
bonds around the active sites by the experimental results on the X-ray structural analyses and 
analyses of the structure–function relationship.  However, a detailed mechanism for 
controlling the redox potential has not been clarified.  In order to reveal the mechanism, 
several theoretical studies have been also performed.1  For example, our group has predicted 
the importance of hydrogen bonds around the active site.2 
  In this study, we have focused on the active sites of 2Fe–2S ferredoxin (PDB ID: 1QT9). 
Several models (Fig. 1) are constructed to elucidate a relationship between ionization 
potentials of the active site and hydrogen bonds by density functional theory (DFT) 
calculations.  Models are made from the X-ray crystal structure, where the positions of 
hydrogen atoms are determined by partial geometry optimization using 6-31+G* basis set for 
S and 6-31G* basis set for the other atoms.  The ONIOM method was also employed to 
reveal the effects of the protein field on the ionization potential (Fig. 2). 
  The results show that hydrogen bonds provide a positive electrostatic field around the 
active site, and neutralize the negative charge on the cluster.  It is also found that the 
ionization potentials are in proportion to the number of the hydrogen bonds around the active 
site, which causes that a single hydrogen bond reduces the ionization potential by about 0.27 
eV.  From ONIOM calculation results, the protein field is also found to affect the electronic 
structure of the active site. 
	 

	 

	 
1) L. Noodleman et al. J.Am.Chem.Soc., 2003, 125, 1923-1936.  
2) Kitagawa et al., Int. J. Quant. Chem., 2008, 108, 2881–2887. 
	 

 

 
 

Fig. 2 Calculation model with applied 
ONIOM layers 

 
Fig. 1 Model structures: (1) a model excluding 
hydrogen bonds, and (2) a model including hydrogen 
bonds with the amino residues.  Dotted lines express 
the hydrogen bonds. 
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Considerable attention has been paid to an activation of dinitrogen carried out by iron 
complexes.  While a number of dinitrogen complexes of iron have been thus far prepared, 
only a few research groups have reported significant N-N bond weakening (N-N > 1.16 Å) in 
iron dinitrogen complexes by using bulky, electron-rich ligands with N or P donors.  To add 
a new dimension to such studies, we began to explore iron complexes with a metalloligand 
including a metallocene skeleton, which would slightly stabilize the reduced species of iron 
through a metal-metal interaction.  We report that a vanadocene bis-amide ligand has been 
found to afford formation of a dianionic three-coordinate iron dinitrogen complex, where the 
N-N bond length lies in the longest category in the reported values.   

We report our trials of dinitrogen activation by iron and cobalt complexes having 
1,1’-bis(arylamide)vanadocene ligands. The title complexes 1 and 2 were synthesized by 
reaction of N-(cyclopentadienyl)amide with (tmeda)2VCl2, followed by addition of FeCl2 or 
CoCl2. X-ray crystallography of 1 and 2 showed the Fe-V distance of 2.6369(7) Å, and Co-V 
distance of 2.6443(7) Å, indicative the presence of bonding interaction between two metals. 
Reduction of 1 under dinitrogen atmosphere gave a dianion complex 3, where two iron 
centers bind to the molecular dinitrogen in end-on fashion (Scheme 1). The N-N bond 
distance of 1.241(7) Å is comparable to the reported values for N=N double bonds. On the 
other hand, reduction of 2 under dinitrogen atmosphere led to one-electron reduction of cobalt 
center, forming a monoanionic complex 4. 
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Scheme 1 
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Enzyme  
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Suita 565-0871, Japan 
 

   Reaction mechanism of various enzymes gives a great insight into molecular design of an 
artificially created biocatalyst toward an environmentally-friendly reaction. We have recently 
focused on methyl-coenzyme M reductase (MCR). MCR is a key enzyme in biological 
methane formation and contains F430, a nickel tetrapyrrole complex, as a cofactor (Figure 
1A).1 Although the Ni(I) species is proposed as an active intermediate, the reaction 
mechanism has not been completely elucidated due to the complicated structures of the 
protein matrix and cofactor. Furthermore, no functional model featuring the protein matrix 
has been reported. In this context, we herein report the preparation of protein-based functional 
models of MCR by conjugation of nickel complexes with protein matrices and evaluation of 
their physicochemical properties and reactivities. 

As a model complex of F430, nickel tetradehydrocorrin (Ni(TDHC)) was designed and 
synthesized. As a protein matrix, myoglobin (Mb) was employed because of its simple 
structure with a cofactor-binding domain. As shown in Figure 1B, conjugation of Ni(TDHC) 
with apo-form of Mb provided reconstituted Mb. Catalytic methane formation from methyl 
iodide was observed with reconstituted Mb under reductive condition. In contrast, Ni(TDHC) 
without the protein matrix does not promote the reaction. This result clearly shows 
reconstituted Mb works as a protein-based functional model of MCR. In the further 
investigation, the effect of the protein matrix in the enzymatic reaction was elucidated by 
spectroelectrochemical measurement and mutagenesis of protein. Moreover, methane 
generation via cleavage of a sulfide bond from the conjugate, nickel didehydrocorrin as a 
model complex with cytochrome b562 as a protein matrix, will be also reported. 
 

 
 
References 
[1] (a) U. Ermler, W. Grabarse, S. Shima, M. Goubeaud, R. K. Thauer, Science 1997, 278, 
1457. (b) T. Wongnate, D. Sliwa, B. Ginovska, D. Smith, M. W. Wolf, N. Lehnert, S. Raugei, 
S. W. Ragsdale, Science 2016, 352, 953. 
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   Nitric oxide (NO) shows a high reactivity because of its radical property. So, it also 
easily reacts to molecular dioxygen to produce some air-pollutants, NOx. But the NO 
molecule has well known as one of the essential molecules to maintain human life such as 
vasodilation, neurotransmission and immune response.1) We paid attention to its immune 
effect and studied to construct the NO-metal complex as a supporting material for bactericidal 
drug. Here, the metal complex should bind to the NO molecule but easily release it by 
external stimuli.  

In our previous work, we synthesized and characterized the Co(III) complexes with two 
amidato and two pyrrolato groups. Its X-ray crystal analysis revealed the formation of a 
four-coordinate square planar Co(III) complex (Figure 1). UV-vis spectrum of the Co(III) 
complex showed an absorption band at 551 nm in 
acetonitrile, which is characteristic of square planar 
Co(III) complex.(2) Addition of NO to the 
acetonitrile solution made the absorption maximum 
change to 712 nm with an isosbestic point at 603 nm, 
indicating that the NO molecule interacted to the 
Co(III) center.  

In this study, we prepared further two Co 
complexes with different substituents on the benzene 
ring. The Co complexes also showed similar spectral 
behaviors by reacting with NO molecule. In this 
symposium, we will introduce the reactivities of Co 
complexes with NO molecule. Release of NO 
molecule from the Co-NO adducts by external 
stimulus will also be investigated.  
 
 
1）J. A. McCleverty Chem. Rev., 2004, 104, 403-418. 
2) T, Yano, T. Ozawa, and H. Masuda Chem. Lett., 2008, 37, 672-677. 
 
 
 
 
 
 
 
 

 
Figure 1. Crystal structure of  

Co (III) complex 
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First-Row Transition Metals with Branched Ligands 
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There are some enzymes containing first-row transition metal clusters in the active sites, 

which performs attractive multielectron-redox reactions with substrates. For examples, 
oxygen evolving center in PSII and FeMo-cofactor in nitrogenase mediate water oxidation 
reaction and nitrogen fixation by manganese or iron clusters, respectively. Thus far, a great 
effort has been made in synthesis of cluster compounds mimicking such active sites in order 
to elucidate the mechanisms or to reproduce the reactions. One of the main approaches to the 
cluster synthesis is to use multidentate ligands capable of capturing multiple metal centers. 
Employing this approach, we tried synthesis of multinuclear complexes of Mn, Fe, and Co 
with the branched ligands containing three β-ketoiminate moieties.  

The ligands H3L2 and H3L3 were synthesized by reaction of tris(aminoethyl)amine or 
tris(2-aminopropyl)amine with 1-phenyl-1,3- butanedione in 1 : 3 ratio, respectively. Reaction 
of H3L2 with [Mn{N(SiMe3)2}2]2 provided a trinuclear complex 1, while reaction of H3L3 
with [Mn{N(SiMe3)2}2]2 and H2O provided a heptanuclear complex 5. X-ray analysis 
indicated that the complex 5 includes hydroxo-bridged corner-shared-cubane type cluster. We 
will also discuss synthesis iron and cobalt complexes in this presentation.  
	 Cyclic voltammograms of the complexes showed the multistep redox waves.  We will 
also report trials for isolation of the chemically oxidized products. 
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Figure 1. Structures of H3L2, H3L3, L22Mn3(thf) (1), and L32Mn7(OH)8(thf)2 (4) 
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Nickel-Metallothionein as a Minimum Multinuclear 
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   Metallothioneins (MTs) constitute a superfamily of cystein-rich metal-binding proteins 
and peptides characterized by the presence of single or multiple metal-thiolate clusters in their 
three dimensional structures [1] (Figure). Metal-clusters in MTs are usually formed through 
the preferential coordination of d10 metal ions (Zn(II), Cd(II), and Cu(I)), by an array of 
closely spaced cysteine thiolate ligands present in their 
primary sequence. It has been no reported whether the 
metal-cluster site works as a catalytic site for some 
chemical reactions. 
   In this study, we have attempted the Ni2+ insertion to 
the metallothionein protein from Thermosynechococcus 
vulcanus [2].  Interestingly, the resultant Ni2+-inserted 
protein contains some Ni2+ ions and exhibited the 
hydrogenase-like activity. This is first report that the 
metal-cluster in MTs has enzymatic activity. The x-ray 
crystallography and magnetic resonance spectroscopy for 
this protein are now in progress. 
 
[1] J. Calvo, et. al., IUBMB Life, 2017, 69. 236. 
[2] T. Shimizu, et. al., Plant Mol. Biol., 1992, 20.565. 
 
 
 
 
  

Figure. Structure of 
Saccharomyces cerevisiae MT 
bound to Cu ions (PDB: 1AQS). 
Cysteins in yellow stick, Cu ions 
in brown sphere.  
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The Haber-Bosch process is known as the main industrially nitrogen fixation.  This process 

is using a catalyst under high pressure and high temperature when converts dinitrogen to 
ammonia, because the reactivity of dinitrogen is very poor.  However, some bacteria which 
have nitrogenase enzyme are can produce ammonia from nitrogen gas under mild condition. 
There are 3 types of nitrogenase is found.  Those are molybdenum nitrogenase, vanadium 

nitrogenase, and iron nitrogenase.  It is known the structures of molybdenum and vanadium 
nitrogenase1,2.  However, the reaction mechanism is still not clear.  Therefore, the 
researchers are doing research focus on it.  For example, Schrock has synthesized a 
molybdenum dinitrogen complex have triamidoamine with a bulky substituent as a 
molybdenum nitrogenase model. This complex is the first example of the catalyst which 
produces ammonia from nitrogen gas3.  Also, a triamidoamine ligand being used to make a 
dinitrogen complex by a different metal.  Liddle has synthesized the dititanium dinitrogen 
complex has a triamidoamine ligand which produces ammonia cataltically4.  And Okuda has 
synthesized the dititanium dinitrogen complex has a triamidoamine ligand by using a different 
substituent which produces tris(trimethylsilyl)amine catalytically5. 
Therefore, we focus on research that the reactivity of a vanadium ion in vanadium 

nitrogenase by using a triamidoamie ligand.  So, we have synthesized divanadium dinitrogen 
complexes having traiamidoamine ligands with various substituents, [V2(µ-N2)(LR)2] (R = iBu, 
EtBu, Bn, 4-FBn, 4-MeBn, 3,5-iPr2Bn), from the reaction of triamidoamine ligands with 
VCl3(THF)3 (Figure 1)6.  Those complexes have been characterized by spectroscopies and 
crystal structure analyses.  
In this time, we will present crystal structures and reactivity of these complexes in detail. 
 

 
(R = iBu, EtBu, Bn, 4-FBn, 4-MeBn, 3,5-iPr2Bn) 

 
Figure 1. Syntheses of complexes. 

 
1) B. K. Burgess, D. J. Lowe, Chem. Rev. 1996, 96, 2983.  2) D. Sippel, P. Einsle, Nat. 
Chem. Biol. 2017, 13, 956.  3) D. V. Yandulov and R. R. Schrock, Science 2003, 301, 76.  
4) T. Liddle et al., Angew. Chem. Int. Ed. 2018, 57, 6314.  5) J. Okuda et al., Chem. 
Commun. 2019, 55, 3231.  6) Y. Kokubo, Y. Kajita et. al., Inorg. Chem. 2018, 57 (19), 
11884. 
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   The reduction of nitrite (NO2
-) into nitric oxide (NO), catalyzed by nitrite reductase, is an 

important reaction in the denitrification pathway. The proton-coupled intramolecular electron 
transfer between type-1 copper and type-2 copper sites during the enzymatic nitrite reduction 
process has been proposed [1]. 
However, it has been not determined 
yet which group is the proton donor 
in the second-coordination sphere 
for type-2 copper site (Figure). 
Recently, the new type of copper 
nitrite reductase has also been found. 
Interestingly, this type of enzyme 
has no catalytic aspartate residue in 
the type-2 copper site, but shows 
normal enzymatic activity. 
Therefore, we should reconsider 
which residue in the 
second-coordination sphere is a 
most important residue for the 
proton donation into the substrate. 
   In this study, we have further 
analyzed the crystal structures of the 
new type of copper nitrite reductase 
from Thermus oshimai JL-2 and its 
substrate complex. In the type-2 copper site the serine residue instead of aspartate exists and 
stabilizes the enzyme-substrate complex state by hydrogen bonding to the O atom for NO2

-. 
Moreover, the cobalt and nickel-substituted enzymes have also been characterized. These 
substituted proteins can catalyze the reduction of formate, nitrite analogue. These results 
demonstrate that the intramolecular proton-coupled electron transfer is strictly conserved even 
if the metal ion is substituted. The x-ray crystallography and magnetic resonance 
spectroscopy for these samples are now in progress. 
 
[1] S. Brenner, et. al., J. Biol. Chem., 2009, 284, 25973. 
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Figure. Hydrogen bond network in the 
second-coordination sphere for the type-2 copper 
site of copper nitrite reductase.  
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   Heme enzymes, such as cytochrome P450, catalyze a wide variety of important metabolic 
transformations that require the binding and activation of dioxygen (O2).[1] Meanwhile, 
hemoglobin (Hb) is the most familiar hemoprotein because of the role in O2 transport in 
mammals. The O2 molecule can cooperatively bind to the heme groups in Hb with a two-state 
allosteric model mechanism, arising from equilibrium between two structures having different 
arrangements of the subunits, so called quaternary structures. The model postulates that Hb 
exists in two stable conformations (T, "tense"; and R, "relaxed") with different O2 affinities.  

Besides the O2 transport, Hb has some enzyme-like activities, which are monooxygenase 
(hydroxylase) and demethylase with a variety of substrates, and nitrite reductase.[2] The 
mechanism and versatility of these activities of Hb are qualitatively similar to those of the 
liver microsomal cytochrome P450 enzyme. Overall the similarities and differences between 
Hb and P450 may provide an opportunity to examine differential monooxygenase or 
peroxidase activities in terms of atomic environment around the heme groups. 
   In this study, it has been focused how the 
quaternary structures equilibrated between T and R 
states affect these activities. The aniline hydroxylase 
activity of porcine Hb using the NADH-glutathione 
reductase-methylene blue system as an electron donor 
set under aerobic condition was measured with or 
without an allosteric effector, inositol hexaphosphate 
(IHP).[3] Interestingly, the catalytic turnover (kcat) was 
about ~7 times higher under the condition with IHP 
than it under without IHP. Moreover, adding sulfide 
ion into the reaction mixture led to the sulfheme 
formation of Hb, indicative for existence of the 
high-valent active species in the system.[4] The crystal structure of the T-state form of porcine 
oxyHb (O2-bound form) was newly determined and compared with the already determined 
R-state structure. As results, it could be detected the positional shifts of two histidine residues, 
distal and proximal His, and the bond-angle shift of dioxygen to the heme iron in β-subunit, 
suggesting that the "ferrous-dioxygen" changes to "ferric-superoxo" state (Figure). Based on 
these data, the possible mechanism will be discussed in my poster presentation. 
 
[1] T. L. Poulos, Chem. Rev., 2014, 114, 3919. 
[2] J. J. Mieyal and D. W. Starke, Methods Enzymol., 1994, 231, 573; M. T. Gladwin, R. 
Grubina, and M. P. Doyle, Acc. Chem. Res., 2009, 42, 157. 
[3] T. Yonetani, S. Park, A. Tsuneshige, K. Imai, and K. Kanaori, J. Biol. Chem., 2002, 277, 
34508; Q. Gong, et. al., Biochemistry, 2006, 45, 5140. 
[4] H. D. Arbelo-Lopez, et. al., J. Phys. Chem. B, 2016, 120, 7319. 
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   Lanthanides (Lns), referred to as rare-earth elements (REEs), are relatively abundant in 
Earth's crust but highly insoluble and scarce in pure form. Although Lns can substitute for 
Ca2+ in some enzymes and tissues, scientists long considered the evolution of Ln-dependent 
enzymes to be implausible because of the low solubility of these elements in the environment. 
Recently, this belief has been challenged by the finding that REEs such as Ce3+ and La3+ are 
required for the activity of XoxF, a widespread but poorly characterized methanol 
dehydrogenase (MDH) enzyme used by some bacteria to oxidize methanol for carbon and 
energy.[1,2] The contribution of Ln-containing XoxF enzymes to methanol oxidation in the 
environment has likely been vastly underestimated. Genomic DNA sequences from 
methylotrophic communities indicate that all pyrroloquinoline quinone (PQQ) using 
methylotrophs have genes for the XoxF MDH.[3] Our understanding of the biological role of 
Lns is in its early stages. Studies on the biological roles of Lns may allow us to isolate and 
culture new organisms from the environment, to engineer a wide array of dehydrogenases for 
use in industry, to develop bioremediation strategies for cleanup of REE mining sites, and to 
reduce the potential for toxicity in our food and water. 
   In this study, we have newly isolated the XoxF type methanol dehydrogenase from the 
methylotrophic denitrifying bacterium, Hyphomicrobium denitrificans.[4] When the 
cultivation performed under the various Ln rich medium conditions, La3+, Ce3+, Pr3+, and 
Nd3+, this bacterium produced the XoxF type MDH. The UV-visible absorption spectrum of 
the purified enzyme exhibits a peak at 360 nm and a shoulder band around 420 nm (a in 
Figure). The 360 nm peak was disappeared due to the oxidation by excess amount of 
ferricenium ion (b in Figure). The spectrum was changed further by addition of methanol (c 
in Figure). These spectral changes indicate that each state corresponds to the PQQ redox 
states, which are "semiquinone radical", 
"quinone (oxidized form)", and "quinol (reduced 
form)". Moreover, the physiological redox 
partner, cytochrome c, for this enzyme has been 
isolated. It was confirmed that the inter-protein 
electron transfer between this enzyme and 
cytochrome c takes place during the enzyme 
turnover. The x-ray crystallography and 
magnetic resonance spectroscopy for this 
enzyme and partner protein are now in progress. 
Reference 
[1] A. Pol, et. al., Environ. Microbiol., 2014, 16. 255. [2] Y. Hibi, et. al., J. Biosci. Bioeng., 
2011, 111.547. [3] A. Bech, et. al., Plos ONE, 2014, 9. 102458. [4] M. Nojiri, et. al., 
Biochemistry, 2006, 45, 3481. 
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   Recently, the new type of multicopper oxidase involving in biomineralization for Mn 
oxide has been reported [1]. This enzyme is consisted of three polypeptides, a multicopper 
oxidase MnxG, and two accessory proteins, MnxE and MnxF. MnxG shares sequence 
similarity with other MCOs. MnxE and MnxF have no similarity to any characterized proteins 
(Figure). MnxEF also has metal-binding site but its role on this Mnx molecular system is not 
identified yet. 
   In this study, we have characterized the similar MCO 
system from Thiobacillus denitrificans. Since this 
bacterium can grow using the mineral pyrite (FeS2) as an 
electron donor [2], this system is likely to be a possible 
catalyst for oxidation of pyrite. In the T. denitrificans 
genome, the genes for MCO system construct an operon, 
composing of a gene MCO-A similar to the other MCOs 
and an accessory gene, MCO-B. Both proteins were 
co-expressed in the transformant E. coli, and then purified. 
The x-ray crystallography and magnetic resonance 
spectroscopy for this MCO complex from T. denitrificans 
is now in progress. 
 
[1] C. Butterfield, et. al., Proc. Natl. Acad. Sci. USA, 
2013, 110, 1173. 
[2] J. Bosch, et. al., Environ. Sci. Technol., 2012, 46. 
2095. 
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Figure. Structure model for 
Mnx complex from Bacillus sp. 
PL-12 [1] 
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Ruthenium complexes have been attracted attention as 
biological active compounds and anticancer drugs. We have been 
investigating on syntheses, properties and reactions of ruthenium 
complexes bearing a tridentate anionic ligand, 
benzyl(2-pyridylmethyl)aminoacetato (bpmaa), which has amine, 
pyridyl and carboxy groups connected by methylene arms 
(Figure 1).  

In this work, cytotoxicity tests of ruthenium complexes 
bearing bpmaa, two neutral complexes, [RuIIICl2(dmso)(bpmaa)] 
([1]) and [RuIICl(NH3)(dmso)(bpmaa)] ([2]), and 
an anionic one, [RuIIICl3(bpmaa)]- ([3]-), using 
mice’s embryonic tumor cells (p19.CL6) were 
carried out to study their biological activities. 
   The neutral complex [1] and the anionic 
complex [3]- were synthesized by reactions of 
RuCl3·nH2O with Kbpmaa in EtOH-H2O 
containing dmso and hydrochloric acid, 
respectively, under reflux conditions. A reaction of 
[1] with zinc in aqueous ammonia afforded [2]. The 
structure of [1]·H2O (Figure 2) revealed that 
bpmaa coordinated in a facial mode and the 
geometry around the ruthenium center was distorted 
octahedral.  
   To examine the effect on cell 
viability at two different stages (before 
and after cardiomyocyte 
differentiation) of p19.CL6 cells, they 
were exposed to 10 µM of Cisplatin 
and 40 µM of Ru-complexes [1], [2] 
and [3]- for 48 hours and the number 
of live or dead cells were counted. 
Fragmented and condensed nuclei 
were observed for Cisplatin and 
Ru-complex ([1]-[3]-), which indicated 
the apoptosis of cells were induced. 
The relative viability between before 
and after cardiomyocyte differentiation indicated that the activity of [3]- was more specific to 
tumor cells than that of Cisplatin (Figure 3).  

Figure 1 
Structure of bpmaa 
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Figure 3 Viability tests of p19.CL6 cells 
 exposed to ruthenium complexes 
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Metal-mediated base pairing can substantially promote hybridization of oligonucleotides. 
Harnessing the high stability of metal-mediated base pairs under the metal-deficient 
conditions of the intracellular medium can, in principle, be achieved with either coordination 
complexes of kinetically inert metal ions, such as Pt(II)1 or Ru(II)2 or organometallic 
complexes of more labile metal ions, such as Hg(II) or Pd(II). We have recently become 
interested in the latter approach and reported on metal-mediated base pairing by covalently 
mercurated3,4 and palladated5 nucleobase surrogates.  
A C-nucleoside having 2,6-dimercuriphenol as the base moiety has been synthesized and 
incorporated into an oligonucleotide. NMR and UV melting experiments revealed the ability 
of this bifacial organometallic nucleobase surrogate to form stable dinuclear Hg(II)- mediated 
base triplets with adenine, cytosine and thymine (or uracil) in solution as well as within a 
triple-helical oligonucleotide. A single Hg(II)-mediated base triplet between 
2,6-dimercuriphenol and two thymines increased both Hoogsteen and Watson-Crick melting 
temperatures of a 15-mer pyrimidine•purine*pyrimidine triple helix by more than 10 °C 
relative to an unmodified triple helix of the same length6 This novel binding mode could be 
exploited in targeting certain pathogenic nucleic acids as well as in DNA nanotechnology. 
 

 
Figure 1. Proposed structures of base triples formed between 2,6-dimercuriphenol and a) 
thymine, b) cytosine, c) adenine. 
 
References 
[1] C. Colombier, B. Lippert, M. Leng, Nucleic Acids Res. 1996, 24, 4519. 
[2] M. Hibino, Y. Aiba, Y. Watanabe, O. Shoji, ChemBioChem. 2018, 19, 1601. 
[3] D. Ukale, V. S. Shinde, T. Lönnberg, Chem. Eur. J. 2016, 22, 7917. 
[4] D. U. Ukale, T. Lönnberg, ChemBioChem. 2018, 19, 1096. 
[5] M.Hande, S. Maity, T. Lonnberg, Int. J. Mol. Sci. 2018, 19, 1588. 
[6] D. U. Ukale, T. Lönnberg, Angew. Chem., Int. Ed. 2018, 57, 16171.	 
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Collagens characterized by the unique triple-helical structure are the most dominant proteins 

in the extracellular matrix. Fibril-forming collagens play crucial roles in maintaining the integrity 
of tissues and organs, where triple-helical molecules of the fibril-forming collagens have intrinsic 
propensity to self-assemble with forming well-ordered fibrils. In the fibril, 300-nm long collagen 
molecules are placed parallel to one another with a regular staggering of one-fourth of the 
molecular length, and then the collagen fibrils form thick fibers. However, the complete 
mechanism of this well-organized self-assembly has not been elucidated.1 

Excessive deposition of collagen fibers in tissues and organs causes fibrotic diseases such as 
liver cirrhosis, pulmonary and renal fibrosis, keloid and scleroderma. Therefore, inhibition of 
collagen over-production/deposition is recognized as a promising mechanism for the development 
of antifibrotic agents. On the basis of the inhibition of collagen fibril-formation, an 
anti-telopeptide monoclonal antibody has been developed for treatment of keloid.2 However, 
small-molecule candidates with low molecular weights have not been discovered to date. 

Recently, cis-diamminedichloroplatinum(II) (cisplatin), a well-known anticancer agent, was 
discovered as a potential inhibitor of collagen fibril-formation, using an in vitro random screening 
of small-molecule compounds.3 Because the inhibitory effect was found only in 
dimethylsulphoxide (DMSO) solution of cisplatin, the active species were suggested to be 
cisplatin derivatives formed in the DMSO solution. Then, mass spectrometry of cisplatin in 
DMSO was analyzed, indicating that the active compound is [Pt(NH3)2(Cl)(DMSO)]+.4 

In this study, the foregoing results motivate us to investigate and explore the biological 
transition metals inhibiting the formation of collagen fibrils, such as Cr3+, Cr6+, Mn2+, Co2+, Ni2+, 
Cu2+, Zn2+, Ag+, Au3+, and Gd3+. We monitored the degree of fibril-formation in PBS by 
measuring the increase of absorbance due to turbidity at 313 nm using Infinite®200PRO plate 
reader at 37ºC.3 The ratio of fibril-formation was calculated from the difference in absorbance 
from 5 to 120 min, and the 50% inhibitory concentration (IC50) values of each metal ion were 
estimated. In addition, the triple-helical conformation structure of collagen molecules was 
confirmed by measuring the specific CD spectra of positive cotton effects at 225 nm. 

From the results, Cu2+ and Au3+ were found to inhibit the formation of collagen fibrils in 
vitro without affecting the triple-helical conformation of the collagen molecules. Cu2+ and Au3+ 
were further revealed to interact with specific sites on the collagen triple helix by competition 
assay using several amino acids, and the binding sites of Cu2+ and Au3+ were suggested to contain 
His and Met residues, respectively. Interestingly, Au3+-Met exhibited stronger inhibition activity 
than Au3+ ion possibly by counter effect due to coordination with R-S-CH3 group. 

These results for transition metal ions in this study will be useful for both investigating 
molecular mechanisms of collagen self-assembly and drug development for the treatment of 
fibrotic diseases with lower toxicity than cisplatin. 

 
1. J. Biol. Chem. 273: 15598–15604 (1998); 2. J. Biol. Chem. 283: 25879–25886 (2008);  
3. Anal. Biochem. 394: 125–131 (2009); 4. Chem. Biol. Drug Des. 85: 519–526 (2015) 
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   Selenium plays critical roles as an antioxidative defense in various organisms.  The 
functions of selenium are usually displayed through incorporation of selenocysteine into 
proteins, selenoproteins, such as glutathione peroxidases (GPxs).  However, the detail 
metabolic pathway of this essential trace element from foodstuffs to selenoproteins has not 
been completely elucidated.  Selenious acid (SA) is highly bioavailable selenium compound 
and utilized for the prevention and treatment of selenium deficiency.  SA is reduced with 
glutathione to form glutathione selenotrisulfide (G-S-Se-S-G) in red blood cells (RBCs).  
We previously demonstrated that thiol-exchange reaction between selenotrisulfide (STS, 
R-S-Se-S-R) and protein thiols was related to 
selenium transport from RBCs to plasma [1–3].  
In this paper, we investigated a selenium transport 
pathway from STS species into cultured cells using 
L-penicillamine selenotrisulfide (Pen-S-Se-S-Pen, 
Mw 375) (Fig. 1.) and STS containing human 
serum albumin (HSA-S-Se-S-Pen).   

Pen-S-Se-S-Pen was prepared from the reaction of SA and Pen in a 1 : 4 mixture.  This 
compound itself is fairly stable in culture medium used in this study, although biogenic STSs 
such as G-S-Se-S-G are chemically unstable.  When human hepatoma (HepG2) cells and rat 
dorsal root ganglion (DRG) neurons were cultured in Pen-S-Se-S-Pen-supplemented 
Dulbecco’s modified Eagle medium containing 10% fetal bovine serum for 48 h or longer, 
cellular selenium concentration and cellular GPx activity became higher than the basal levels.  
These data demonstrated that selenium from Pen-S-Se-S-Pen was transported into cultured 
cells and utilized for the biosynthesis of GPx.  Subsequently, HSA-S-Se-S-Pen was prepared 
via the thiol-exchange between Pen-S-Se-S-Pen and HSA (Pen-S-Se-S-Pen + HSA-SH → 
Pen-SH + HSA-S-Se-S-Pen).  A high-mass HSA (Mw 66,500) is not capable of penetrating 
into cells by a membrane diffusion mechanism.  Incubation in 
HSA-S-Se-S-Pen-supplemented medium also resulted in increases in selenium concentration 
and GPx activity in HepG2 and DRG cells.  Selenium from Pen-S-Se-S-Pen and 
HSA-S-Se-S-Pen was successfully transported into both HepG2 and DRG cells.  Taken all 
together, the observed selenium transport appeared to be brought about by the interactions 
between STS moiety and certain cell membrane components. 
 
 
References  
[1] M. Haratake, M. Hongoh, M. Miyauchi, R. Hirakawa, M. Ono and M. Nakayama, Inorg. Chem., 
2008, 47, 6273.  
[2] M. Haratake, M. Hongoh, M. Ono, and M. Nakayama, ibid, 2009, 48, 7805.  
[3] M. Hongoh, M. Haratake, T. Fuchigami and M. Nakayama, Dalton Trans., 2012, 41, 7340. 
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In order to search for alternatives to currently-used platinum-based anticancer drugs, a 
family of aminosugar-containing Schiff base ligands consisting of glucosamine or 
galactosamine, and 8-hydroxy-2-quinolinecarboxaldehyde (HQA); and the corresponding 
metal complexes have been developed. The prototype complexes with palladium and 
platinum 1 and 2, respectively, have shown anti-metastatic and antitumor ability even against 
resistant cell lines1, 2, 3. From this, a family of compounds such as galactosamine-containing 
complexes (3, 4), and acetylated glucosamine analogs of Pd (II), Pt (II), and Cu (II) (5, 6, 7).  

 
 
 
 
 
 
 
 
 
 
 
All the complexes have been characterized by x-ray crystallography, showing the 

formation of dimers for the non-acetylated complexes 1, 2, 3, and 4. These dimers are 
stabilized by π-π stacking of the aromatic moiety, metal-metal interaction, and mutual 
hydrogen bonding. The metal-metal distances range from 3.299 Å in 3 to 3.765 Å in 1. The 
dimerization possibly plays a role in the biological activity of the complexes. 

From the results of the cytotoxicity assay, it is possible to compare the effect of 
changing different substituent groups to the overall cytotoxicity of the complexes. These 
factors include stereochemistry of the sugar moiety, the polarity or water-solubility of the 
molecule, and the presence or absence of the entire sugar moiety. 

The interactions of 1, 2, 3, and 4 with bovine serum albumin as a model for protein 
interaction were determined. Additionally, the hydrolysis of 1, 2, 5, and 6 were monitored by 
UV-Vis spectroscopy, and the important factors that influence the rate of hydrolysis were 
determined to be chloride concentration and pH. A Pd-bis(HQA) complex was found to be the 
final hydrolysis product of 1, confirming the cleavage of the Schiff base linkage during the 
course of the reaction. 

 
1) S. Yano, T. Shibahara, and S. Ogura. U.S. Patent 9,346,849, 2016. 2) K. Nakashima et al., 
Cancer Sci. 2017, 108(5), 1049-1057. 3) N. Hayashi et al., Anticancer Res. 2016, 36, 
6005-6010. 
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Platinum antitumor agents such as cisplatin and oxaliplatin are widely used in the clinical 

treatment even now and involved in many regimens of chemotherapy for various cancer. The 
mechanism of action is generally explained by intracellular hydration of platinum drugs after 
cellular uptake and followed binding of platinum ion with DNA nucleobase, ultimately leading to 
cell death. However, serious side effects are often caused by the strong cytotoxicity against 
normal cell. Meanwhile, 2-deoxy-2-[18F]fluoroglucose (18F-FDG), which has been widely used in 
positron emission tomography (PET) diagnosis of cancer, is dominantly taken into tumor cells via 
glucose transporter, because tumor cells tend to take in glucose more than normal cells in order to 
perform anaerobic glucose metabolism even under aerobic conditions. In addition, the sugar 
fluorinated at the 2-position is reported to remain in the cell as a phosphorylated form. 

Therefore, we considered that platinum complexes, which are selectively taken up into	 
tumor cells using same mechanism as 18F-FDG, would become greater antitumor drug to reduce 
side effects. Furthermore, if 18F atom for PET is incorporated in the chemical structure of 
molecule, the complex would function simultaneously as both the therapeutic and diagnostic 
agent. In this study, we have studied the synthesis of novel platinum complex bound to FDG, 
which can be theranostic probe as a platinum-based antitumor agent with lower side effects and a 
diagnostic agent to evaluate the pharmacological efficacy in individual patients. 

First, the structure of platinum complex having FDG was designed on the basis of cisplatin.  
Cisplatin has two chloride ions as replacing ligands and two ammonia molecules as non-replacing 
ligands in intracellular. Since, in our concept, FDG moiety is expected to be retained in chemical 
structure of active complex after intracellular uptake, we designed FDG-Pt having two chloride 
ions, of which the diamine moiety can be introduced via alkyl chain at 1-position of FDG 
(Scheme 1).  

FDG-Pt was synthesized from 2-deoxy-2-fluoroglucose derivative 1, shown in Scheme 1. 
The reaction of 1 with chloroacetonitrile obtained trichloroacetoimidate 2. Imidate 2 was activated 
with trimethylsilyl triflate for glycosylation of 1,3-dibromo-2-propanol to give compound 3. It is 
noteworthy that α anomer form product was only obtained. After incorporation of two azide 
groups, hydrolysis and reduction reaction gave diamine 5 as a ligand for platinum. Finally, 
complex formation was performed using a platinum reagent. FDG-Pt was synthesized in all 6 
steps. 
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The folate receptor (FR) is overexpressed in a variety of malignant tumors but limited 

expression in normal tissues. PET is a powerful molecular imaging tool that can visualize 
malignant regions with high quantitativity and gallium-68 is a useful radionuclide for PET 
imaging that can be produced by a 68Ge/68Ga generator without cyclotron. However, there are 
no clinically available PET agents for FR imaging. Folic acid and many antifolates are 
substrates not only for FR but also for reduced folate carriers expressed in normal tissues. 
Deng et al. reported that thieno pyrimidines (TPs) have been demonstrated as FR-selective 
antifolates1. In this study, NOTA-conjugated radiogallium labeled thieno pyrimidine 
derivative (67Ga-TP) and folate derivative (67Ga-FL) were synthesized and evaluated as 
FR-targeting imaging agents. The KD values of 67Ga-TP and 67Ga-FL for FR were 25 and 46 
nM determined in FR-positive KB cells. The 67Ga-TP showed higher uptake than that of 
67Ga-FL (50 and 29% at 4 h, respectively) in KB cells, while both radiotracers exhibited 
negligible uptake in FR-negative HT1080 cells. Biodistribution in tumor bearing mice 
demonstrated that 67Ga-TP uptake in KB tumor at 4 h post injection was twice as high as that 
of 67Ga-NOTA-FL (34.5 and 14.6%ID/g, respectively). In addition, 67Ga-TP showed 7.79, 
147 and 24.3 times higher uptake in KB tumors, respectively, compared to HT1080 tumors, 
blood and muscle (Table 1). SPECT/CT imaging visualized the high and specific uptake of 
67Ga-NOTA-TP in KB tumor and negligible uptake in HT1080 tumor. Taken together, 
67/68Ga-TP can be a prospective SPECT or PET agent for FR-positive tumors. 

 
Table 1.  Biodistribution of 67Ga-TP and 67Ga-FL at 4 h p.i. in tumor bearing mice.   

 
The tumor uptake was expressed as percentage of injected dose per gram tissue (%ID/g).  
Each data represents the mean ± SD (n= 4-6). 
 
Reference 
[1] Y. Deng, X. Zhou, S. Kugel Desmoulin, J. Wu, C. Cherian, Z. Hou, L. H. Matherly, A. Gangjee, J. Med. Chem. 2009, 52, 2940. 

 Uptake (%ID/g)  KB tumor/nontarget organ ratios 

 KB tumor HT1080 
tumor  KB tumor/ 

HT1080 tumor 
KB tumor/ 

Blood 
KB tumor/ 

Muscle 
67Ga-TP 34.5 ± 12.1 4.36 ± 0.80  7.79 ± 1.34 147 ± 40.0 24.3 ± 16.3 
67Ga-FL 14.6 ± 2.35 1.83 ± 0.84  6.33 ± 2.99 77.4 ± 25.5 16.7 ± 9.02 
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   Photodynamic therapy (PDT) is one of the promising non-invasive treatments for cancer. 
PDT is based on photochemical reaction of photosensitizer and laser light. The 
photosensitizer is activated from ground state to excited state by irradiation with laser light. 
As it returns to ground state, energy is released, and stable 3O2 is converted to highly reactive 
1O2 which can kill cancer cells1. So it is required that photosensitizer generate 1O2 effectively. 
Photosensitizers currently in use have several disadvantages like skin photosensitivity 
because of its low accumulation ability to cancer cells. It is also required that photosensitizer 
accumulate cancer cells selectively, thus we focused on chlorin derivatives and sugar moiety. 
Chlorin derivatives have strong absorption bands and luminescent properties applicable to 
PDT and introducing heavy atoms can enhance the generation efficiency of 1O2. Sugar is well 
known that cancer cells have a higher affinity for Glucose comparing with normal cells called 
Warburg effect. In this study, we investigated maltotriose-conjugated Chlorin derivatives. 
First, Maltotriose-conjugated metalated Chlorin (1 and 2) were synthesized, according to the 
reported method2, and their oxygen-responsiveness was measured. By fluorescent 
spectroscopy, it was indicated that reactive oxygen species were generated by energy transfer 
from photosensitizer to molecular oxygen due to the heavy atom effect. Second, 
maltotriose-conjugated Chlorin e6 derivative (3) was synthesized and investigated its 
solubility and anti-tumor effect. As a result, 3 have high water solubility which is important 
property as drugs, and it showed good anti-tumor effect.  
 

 
 

[1] W. Jinadasa, X. Hu, H. Vicente, M. Smith, J. Med. Chem, 7464, 54 (2011). 
[2] A. Narumi, T. Tsuji, K. Shinohara, H. Yamazaki, M. Kikuchi, S. Kawaguchi, T. Mae, A. Ikeda, Y. Sakai, H. 
Kataoka, M. Inoue, A. Nomoto, J. Kikuchi, S. Yano, Org. Biomol. Chem. 3608, 14 (2016). 
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Isonitriles can form very stable metal 
complexes with low oxidation state transition 
metals via monodentate coordination. Inspired 
by this unique property, we have recently 
developed a novel chemical design which 
provided 99mTc-labeled trivalent or hexavalent 
targeting probes upon coordination of targeting 
vector-conjugated isonitrile ligands to 
[99mTc][Tc(CO)3]+ or [99mTc][Tc]+, respectively 
(Fig. 1). In a study using cyclic RGDfK peptide 
as a model targeting vector, the trivalent and hexavalent RGD probes showed high in vivo 
tumor uptake, while nonspecific kidney accumulation of the trivalent probe was much lower 
than that of the hexavalent one. The preparation of the trivalent probe, however, was more 
complicated than that of the hexavalent one (Fig. 1). Thus, we decided to develop an easier 
way to prepare 99mTc-labeled trivalent probes. 

For this purpose, we envisaged a scheme using bidentate isonitrile ligands (Fig. 2) as 
bidentate isonitrile ligands can directly coordinate to [99mTc][Tc]+ in the molar ratio of 3 to 1. 
However, few papers reported the syntheses of 99mTcI tris complexes with chelating bidentate 
isonitrile ligands. In the present study, therefore, we examined the effect of ligands structures 
on the radiochemical yields of tris complexes. 

We firstly examined the effect of linker length between the two isonitrile moieties by 
comparing three bidentate isonitrile ligands (L1 ~ L3, Fig. 2) which have C5, C7, or C9 as a 
linker structure. The results indicated that L3 gave the best radiochemical yields. Based on 
this result, we next synthesized L4, which has 9 atoms between the two isonitrile moieties and 
Gly-Gly-NH-Bn as a model peptide (Fig. 2). The objective 99mTcI tris complex was obtained 
from a one-step reaction in medium radiochemical yields (≈ 67%). The stability of the tris 
complex in human plasma was evaluated using TLC and HPLC. In the TLC analyses after 6 h 

incubation, little radioactivity remained at the origin, 
indicating that transchelation of 99mTcI to plasma proteins 
was negligible. The HPLC analysis after protein 
precipitation showed no decomposition of the tris complex. 
These results demonstrated that the stability of the tris 
complex was sufficient for in vivo application. Encouraged 
by these results, we are currently synthesizing a bidentate 
isonitrile ligand possessing cyclic RGDfK peptide and are 
going to evaluate its complexation reactions with 99mTcI.   
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Figure 1. Schemes to prepare 
99mTc-labeled (a) trivalent and (b) 
hexavalent probes.  

Figure 2. The chemical 
structures of bidentate isonitrile 
ligands.  
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The development of hypoxia-activated prodrugs is highly desirable for cancer 
treatment, since hypoxic cancer cells are resistant to conventional radiotherapy and 
chemotherapy. In hypoxic cancer cell, some Co(III) complexes undergo bioreduction to the 
more labile Co(II) species. The ligands of labile Co(II) complexes dissociate, and the highly 
toxic ligands can induce apoptosis of hypoxic cancer cells. To the best of our knowledge, 
however, there is no report about cytotoxicity of Co(II) species which have released their 
ligands. Therefore, we have focused on Co(III) with polypyridine ligand and have 
investigated their cytotoxicity against hypoxic cancer cells.	  

According to the previous literatures, [Co(CO3)(phen)2]Cl, [Co(CO3)(bpy)2]Cl 
[Co(acac)(phen)2]I2, and [Co(acac)(bpy)2]I2 (acac = acetylacetone, phen = 
1,10-phenanthroline, bpy = 2,2’-bipyridine) were synthesized. We also synthesized a new 
Co(III) complex, [Co(CO3)(methphen)2]Cl (methphen = 4-methyl-1,10-phenanthroline). The 
CV of these complexes suggested that the Co(III) complexes could be bioreduced in hypoxic 
cells. The cytotoxicity of these complexes against HeLa was investigated by MTT assay. 
Table shows the IC50 values of the Co(III) complexes against HeLa (tumor) and MRC-5 
(normal) cells under aerobic and hypoxia conditions. The cell selectivities of 
[Co(acac)(phen)2]I2 and 
[Co(acac)(bpy)2]I2 for 
hypoxia tumor were higher 
than those of 
[Co(CO3)(phen)2]Cl and 
[Co(CO3)(bpy)2]Cl, and 
[Co(CO3)(methphen)2]Cl had 
the highest selectivity among 
all the Co(III) complexes 
examined. These Co(III) 
complexes are expected for 
the efficient antitumor drugs 
against hypoxia tumor. 
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Table. IC50 values of the Co(III) complexes against Hela 
(tumor) and MRC-5 (normal) cells. 
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   Carbon monoxide (CO) has been known as the inhibiter of O2 transportation, but recent 
studies have revealed that it acts as an important signaling molecule in mammalian cells. In 
light of the medical sector, exogenous CO shows potential therapeutic effects. Therefore, CO 
is expected to be a therapeutic agent. CO-releasing molecules (CORMs), which are typically 
metal-carbonyl complexes, have been studied for safe CO dose to avoid the toxic effect1. In 
biological applications, photo-inducible CORMs (photo-CORMs) are promising molecules 
because of easy manipulation for irradiating targets. However, most of reported 
photo-CORMs are irresponsive to the biotransparent near-infrared (NIR) light and consists of 
a toxic metal center. Recently, we have reported that the	 iron-carbonyl complexes, [Fe-CO-R] 
(R = Me, OEt) (Fig. 1, left), in which CO is released from a biological metal center, iron in 
response to visible (400-500 nm, R = Me) and visible to NIR (400-800 nm, R = OEt) light2. 
Elucidation of the mechanism of CO-release from the complexes indicated that the light 
wavelength for the CO release depends on the strength of Fe(III)-CO bond, which is 
modulated by the strength of π-back donation in Fe(III)-PR3 
bonds.	 In this study, we synthesized a new [Fe-CO-R], where R 
= 1,3,5-Triaza-7-phosphaadamantane (PTA) (Fig. 1, right) to 
attempt modulating the wavelength of the light by protonation of 
the phosphorous ligands. A study on CO-release from 
[Fe-CO-PTA] supported the proposed CO-releasing mechanism 
and showed potential double responsiveness to light and H+ in 

CO release.	 
  IR and EPR spectroscopy with [Fe-CO-PTA] indicated that the protonation of the PTA 
ligand (PTAH+) enhanced π-back-bonding in iron-PTAH+, resulting in weakening the 
iron-CO bond. Accordingly, [Fe-CO-PTAH+] showed the responsiveness extended to the 
lower energy light (400–800 nm, Fig. 2), although the responsive wavelength range of 
photo-CO release from [Fe-CO-PTA] is similar to that of [Fe-CO-Me]. 

       
Fig. 2. Decomposition rate of [Fe-CO-PTA] (left) and protonated (right) 

induced by light irradiation. 
1) Ling, K. et al., J. Med. Chem. 2018, 61, 2611–2635. 
2) Nakae, T. et al, Inorg. Chem. 2018, 57, 8615–8626. 

 
 P-25 

Fig. 1 Structure of [Fe-CO-R] 
(left) and PTA (right).  
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Recently, great attentions have been paid to photodynamic therapy (PDT) because PDT 
is one of the most promising non-invasive and minimally toxic treatments for certain cancers. 
When PDT photosensitizers are exposed by appropriate laser light, reactive singlet oxygen 
species (1O2) will be produced and interact with cellular constituents causing biochemical 
disruption.1 However, photosensitizers for PDT have several disadvantages including 
photosensitisation of skin tissue and narrow application, thus more effective and less 
photosensitive photosensitizers are expected to be researched. As far as we are concerned, we 
focused on chlorin-e6 derivatives bearing sugar moieties. 

It is known to all that cancer cells have a higher affinity with sugar comparing with 
normal cells, thus conjunction with certain sugar moiety may produce anticancer drugs with 
better efficacy. Additionally, it was found recently that some cancer cells express 
mannose-receptor2, which may increase the selectivity to cancer cells. Furthermore, chlorin 
derivatives have strong absorption bands and luminescent properties which are much more 
applicable to PDT photosensitizers.3 

    In this study, Chlorin-e6 TME bearing thiomannose or thioglucose moiety was 
synthesized (Fig.1),3 and metalated. The relating animal experiments were conducted, 
showing the promising application to PDT therapy. 

 
 
 
 
 
 
 
 
 

Figure 1. Synthesis of mannose-conjugated chlorin-e6.  
 

References 
[1] L. Josefsen, R. Boyle, Metal-Based Drugs, 2008, 23 (2008). 
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(2000). 
[3] H. Nishie, H. Kataoka, S. Yano, H. Yamaguchi, A. Nomoto, Biochem. Biophys. Res. 
Commun, 496, 1204 (2018). 

 
 P-26 



 54 

Preparation and NO reactivity of 5-coordinate Co(III) 
complex with N3S2 donors to aim at NO sensing 
 
Yuri HATTORI, Ena YAGUCHI, Hiromitsu TAKAGI, Tomohiko 
INOMATA, Hideki MASUDA, and Tomohiro OZAWA  
 
1Graduate School of Engineering, Nagoya Institute of Technology, 
Gokiso-cho, Showa-ku Nagoya 466-8555, Japan 
 

   Nitric oxide (NO) is one of the important molecules and shows physiological functions in 
body. Relaxation of blood vessel has been known as one of the functions. NO molecule is 
released from NO synthase on vascular endothelial cell. The produced NO stimulates 
guanylate cyclase, which triggers the relaxation of blood vessel, resulting that blood pressure 
decreases.1) Therefore, much lowering NO concentration causes vascular diseases such as 
arteriosclerosis. On the other hand, the excessive increase in the body leads to be a ceptic 
shock, death of nerve cells, and cardiac hypofunction.2) From this viewpoint, quantification of 
NO concentration in the body is one of important parameters to understand our health.  

Electrochemical and photochemical procedures have been tried to apply on the detection 
of NO because of its high processability and high sensitivity, however, the quantification 
methods  developed have often showed low selectivity and/or slow response.3) So devices 
with high selective and fast response for detection of NO has been required. 
   We have already prepared 4-coordinate Co(III) complex with N2S2- and 
N2O2-coordination environment, which reacted to NO 
molecule with high selectivity. In this study, we 
synthesized a N3S2-type ligand. A Co (III) complex 
using the ligand also prepared as NO sensing material. 
Single crystal suitable for X-ray crystal structural 
analysis was obtained from CH3CN/Et2O mixed 
solution. The X-ray analysis showed 5-coordinate 
structure with an additional coordination site as 
expected, which was depicted in Fig. 1. The structure 
of the Co(III) complex is very similar to that of the 
corresponding Co(III) complex with N2S3 coordination 
environment.4) A characteristic absorption band was 
found at around 590 nm in the absorption spectrum that 
could be assigned as metal-to-ligand charge transfer. In 
1H-NMR spectrum, all signals were within the range of diamagnetism (0 ~ 11 ppm), 
indicating the formation of the Co(III) complex in low-spin state. 
  In this presentation, the reactivity of the Co(III) complex with gaseous NO and NOBF4 was 
further investigated. The reaction was followed and characterized spectroscopically.  
 
1) L. J. Ignarro, G. M. Buga., and K. S. Wood., Proc. Natl. Acad. Sci. USA., 1987, 84, 

9265-9269 
2) N. Toda and K. Ayajiki, Folia Pharmacol. Jpn.. 2010, 135, 20. 
3) R.Victoria, S.Albert, E. Thomas, and W.Schuhmann, Analyst, 2005, 130, 1245-1252 
4) T. Ozawa, T. Ikeda, T. Yano, H. Arii, S. Yamaguchi, Y. Funahashi, K. Jitsukawa, and H. 

Masuda Chem. Lett., 2005, 34, 18-19 
	 

 
Figure 1 Ortep view of 
Co(III) complex prepared in 
this study 
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Synthesis of Amino Acid Ester Conjugated with 
Imino-Pyridine to form Antitumor Metal Complexes 
 
Akihiro NOMOTO1, Shigenobu YANO2, Yuki KOMAI1, Nozomi 
SAKAMOTO1, Ryuichi SAKAI3, Hiromi KATAOKA4, Misaki 
NAKAI5, Yasuhiro FUNAHASHI6, and Akiya OGAWA1  
 
1Graduate School of Engineering, Osaka Prefecture University, Sakai 
599-8531, Japan, 2KYOSEI Center, Nara Women’s University, Nara 
630-8506, Japan, 3School of Medicine, Kitasato University Kanagawa 
252-0374,	 Japan, 4Graduate School of Medical Science, Nagoya 
City University, Nagoya 467-8601, Japan, 5Faculty of Chemistry, 
Materials and Bioengineering, Kansai University, Suita 564-8680, 
Japan, 6Graduate School of Science, Osaka University, Osaka 
University, Toyonaka 560-0043, Japan 
 

The development of biomolecular complexes or its related compounds have led to 
exploring synthetic methods to incorporate biomolecules into organic compounds.  Cancer 
cells have a higher affinity for glucose1 or amino acids, than regular healthy cells, thus 
incorporation of these biomolecules to platinum complex may produce new anticancer agent.  
Recently, we synthesized dyes conjugated with glucose for photodynamic therapy2 and metal 
complexes containing glucosamine as anti-cancer agents.3   Contrary to this, protein and 
amino acid metabolism in cancer also attracts much attention recently.  In addition, the 
amino acid incorporated metal complexes showed characteristic structural properties.4 

From these points of view, herein we report to synthesize imino-pyridine ligand 
conjugated with amino acid ester to form platinum or palladium complexes.5  To synthesize 
the amino acid-incorporated ligand in organic phase, amino acids were converted to the 
corresponding esters in ordinary method, and the series of metal complexes synthesized 
successfully (Scheme 1). 
 

 
 
 
 

 
Scheme 1. Synthesis of metal complexes incorporated with amino acid ester.  
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2′-O,4′-C-Methylene-bridged nucleic acids stabilize 
AgI-mediated cytosine-cytosine base pair in a DNA 
duplex 
 
Osamu NAKAGAWA, Hiroshi AOYAMA, Akane FUJII, 
Yuki KISHIMOTO, Natsumi NOZAKI, Yusuke NAKATSUJI, 
and Satoshi OBIKA 
 
Graduate School of Pharmaceutical Sciences, Osaka University, 1-6 
Yamadaoka, Suita, Osaka 565-0871, Japan 
 

  2′-O,4′-C-Methylene-bridged nucleic acid (2′,4′-BNA), which has a fixed N-type sugar 
conformation (C3′-endo), can significantly improve duplex-forming abilities. 2′,4′-BNA has 
been widely used in various oligonucleotide-related applications including nucleic acid-based 
drugs and to detect single-nucleotide polymorphisms (SNPs) for high duplex-forming 
abilities. 

Metal-mediated base pairs (MMBPs) such as thymine (T)-HgII-T and cytosine (C)-AgI-C 
have recently been reported. The stabilities of duplexes containing T-T and C-C mismatches 
are improved with HgII and AgI ions, respectively. MMBPs have been applied for metal 
sensors, DNA nanodevices, and detection of SNPs. 

This study aimed to investigate the application of 2′,4′-BNA in fields involving the use of 
MMBPs. We evaluated the effect of sugar conformation on the stability of MMBPs 
containing 2′,4′-BNA. The stabilities of duplexes containing MMBP were investigated via 
UV melting (Tm) experiments. Among all duplexes, those containing C-AgI-C MMPB were 
effectively stabilized by replacement of the 2′-deoxyfuranose sugar to the 2′,4′-BNA sugar. In 
the DNA/DNA duplex, 2′,4′-BNA showed significant stabilization effects on C-AgI-C, 
compared with those on C-C mismatched base pairs. In RNA/DNA and RNA/RNA duplexes, 
2′,4′-BNA stabilized C-C mispairing, even in the absence of AgI, and did not display 
additional effects for stabilizing C-AgI-C base pairs.  

In CD measurements, combination of the 2′,4′-BNA sugar and C-AgI-C did not induce 
marked conformational changes in either DNA/DNA or RNA/RNA duplexes. Furthermore, 
we determined the structure of the duplex containing 2′,4′-BNA coordinated with AgI ions via 
X-ray crystallography. We will discuss the detailed X-ray structure herein. 

In conclusion, we found that 2′,4′-BNA/LNA showed excellent performance against 
MMBPs. These results suggest that the sugar conformation is important for improving the 
stability of duplex-containing MMBPs. Application of 2′,4′-BNA/LNA in studies on MMBPs 
might be expanded to various oligonucleotide technologies. 
 
 
 
 
 
 
 
 
 
 
[Reference]: O. Nakagawa, A. Fujii, Y. Kishimoto, Y. Nakatsuji, N. Nozaki, and S. Obika, ChemBioChem, 2018, 19, 2372-2379. 
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Blockade of Rapid Influx of Extracellular Zn2+ into 
Nigral Dopaminergic Neurons Overcomes 
Paraquat-induced Parkinson’s Disease in Rats  
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52-1 Yada, Suruga-ku, Shizuoka 422-8526, Japan  
 

   The herbicide paraquat (PQ) has been reported to enhance the risk of developing 
Parkinson’s disease. It is estimated that PQ-induced reactive oxygen species (ROS) is linked 
with a selective loss of nigrostriatal dopaminergic neurons. Here we first report a unique 
mechanism of nigrostriatal dopaminergic degeneration, in which rapid intracellular Zn2+ 
dysregulation via PQ-induced ROS production causes Parkinson’s disease in rats.  
   When the substantia nigra pars compacta (SNpc) of rats was perfused with PQ, 
extracellular concentrations of glutamate and Zn2+ were increased and decreased, respectively, 
in the SNpc. These changes were ameliorated by co-perfusion with Trolox, an antioxidative 
agent, suggesting that PQ-induced ROS production increases Zn2+ influx via glutamate 
receptor activation in the SNpc. In rat brain slice experiments, changes in intracellular Zn2+ 
level was evaluated using ZnAF-2DA, a fluorescent probe of intracellular Zn2+ imaging, 
after exposure to PQ. Intracellular Zn2+ level was increased in the SNpc after a 10-min 
incubation with PQ and the increase was suppressed in the presence of CNQX, an 
antagonist of AMPA-type glutamate receptors. The results suggest that PQ rapidly increased 
extracellular Zn2+ influx via AMPA receptor activation. To examine whether PQ-induced loss 
of nigrostriatal dopaminergic neurons is linked with the rapid increase in intracellular Zn2+ via 
extracellular Zn2+ influx in the dopaminergic neurons, loss of nigrostriatal dopaminergic 
neurons and movement disorder were evaluated after injection of PQ into the right SNpc of 
rats. Two weeks after PQ injection, loss of nigrostriatal dopaminergic neurons and 
movement disorder were evaluated by tyrosine hydroxylase immunostaining and 
apomorphine-induced turning behavior, respectively. Both loss of nigrostriatal dopaminergic 
neurons and increase in apomorphine-induced turning behavior were markedly reduced by 
co-injection of PQ and intracellular Zn2+ chelator, i.e., ZnAF-2DA into the SNpc.   
   The present study indicates that rapid influx of extracellular Zn2+ into dopaminergic 
neurons via AMPA receptor activation, which is initially induced by PQ-mediated ROS 
production in the SNpc, induces nigrostriatal dopaminergic degeneration, resulting in 
PQ-induced Parkinson’s disease in rats1. Intracellular Zn2+ dysregulation in dopaminergic 
neurons is the cause of PQ-induced pathogenesis in the SNpc and the block of intracellular 
Zn2+ toxicity leads to defending PQ-induced pathogenesis. 
 
Reference  
1. H. Tamano, H. Morioka, R. Nishio, A. Takeuchi and A. Takeda, Mol. Neurobiol. 2018, 
doi: 10.1007/s12035-018-1398-9.  
  
 
	 	 

 
 P-30 



 58 

SRM2019 Executive Committee 
 
Chairman 
Prof. Dr. Yasuhiro FUNAHASHI 
 
Co-chairman 
Dr. Misaki NAKAI 
 
Dr. Masaki NOJIRI 
Dr. Tsubasa HATANAKA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The 29th Synposium on Role of Metals in Biological Reactions, Biology and Medicine 
(SRM2019)   Abstracts  
 

Published May 28th, 2019 
 
 
 
 
 

Edited by SRM2019 Executive Committee 
 
 



 59 

Acknowledgement 
 
 
  The Executive Committee thanks very much for heart-warming cooperation by many  
  people on holding and administrating this symposium. 
 
 
 
     Yasuhiro FUNAHASHI 
     SRM2019 Executive Committee Chairman 
 
  
  



 60 

 
 
 
 


	表紙２
	SRM2019Abstracts-PreFinal

