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Development of a Hyperpolarized Molecular Probe for Aminopeptidase N
Activity Applicable in vivo

Yutaro Saito,2 Hiroyuki Yatabe,2 lori Tamura,? Yohei Kondo,? Ryo Ishida,” Tomohiro Seki,? Keita Hiraga,®
Akihiro Eguchi,? Yoichi Takakusagi,®¢ Keisuke Saito,>" Nobu Oshima,9 Hiroshi ishikita,*f Kazutoshi
Yamamoto,? Murali C. Krishna,? Shinsuke Sando*2

@ Department of Chemistry and Biotechnology, Graduate School of Engineering, The University of Tokyo, 7-3-
1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan. ° Center for Cancer Research, National Cancer Institute,
National Institutes of Health, Bethesda, MD 20892, USA. ¢ Department of Applied Chemistry, Graduate School
of Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan. ¢ Quantum
Hyperpolarized MRI Team, Institute for Quantum Life Science (iQLS), National Institutes for Quantum Science
and Technology (QST), Anagawa 4-9-1, Inage, Chiba-city 263-8555, Japan. ¢ Institute for Quantum Medical
Science (iIQMS), National Institutes for Quantum Science and Technology (QST), Anagawa 4-9-1, Inage,
Chiba-city 263-8555, Japan. fResearch Center for Advanced Science and Technology, The University of
Tokyo, 4-6-1 Komaba, Meguro-ku, Tokyo 153-8904, Japan. 9 Department of Surgery, Kyoto University, 54
Kawahara-cho, Shogoin Sakyo-ku, Kyoto-city, 606-8507, Japan.
E-mail: saito.y@chembio.t.u-tokyo.ac.jp, ssando@chembio.t.u-tokyo.ac.jp

Magnetic nuclear resonance imaging (NMR/MRI) is a powerful method to visualize molecular
information in vivo. However, its application is strongly limited because of its low sensitivity. To
overcome this limitation, hyperpolarization techniques have been studied vigorously. Dynamic
nuclear polarization (DNP) is one of the most well-developed methods.*

In contrast to the high potential of DNP-MRI, chemical probes applicable in vivo, such as [1-
BC]pyruvate are very few. This is because there is no general guideline for designing DNP-MRI
molecular probes applicable in vivo. To establish broadly useful design guidelines and expand the
scope of DNP-MRI probes, it is necessary to provide examples of the development of DNP-MRI
molecular probes applicable in vivo through rational molecular design. Various requisites must be
satisfied so that DNP-MRI molecular probes function in vivo. Generally, the most important factor is
hyperpolarized lifetime. In addition, when aiming at enzymatic activities, enzymatic reaction rate, the
difference of chemical shift values, and selectivity to the target enzyme are important. Therefore,
designing probes that satisfy all these requisites is highly challenging.

Herein, we report the development of DNP-MRI molecular probes applicable in vivo targeting
aminopeptidase N activity by precise molecular design.? We carefully considered what is needed for
molecular probes to function in vivo as DNP-MRI molecular probes and precisely designed molecular
structures from various aspects such as organic chemistry, biochemistry, calculation, and nuclear
physics (Figure 1).
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Figure 1. Development of a DNP-MRI molecular probe for aminopeptidase N (APN) activity through
precise molecular design.
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