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Development of Multiplex Biomolecule Sensing Technology Based on Beads Accumulation
Control of Functional DNA Probes (College of Science and Engineering, Aoyama Gakuin
University) OMasato Sugawara, Reoto Mio, Tatsuya Nishihara, Kazuhito Tanabe

Simultaneous analysis of biomolecules is vital for advanced diagnosis, but conventional
fluorescent probes are limited by spectral overlap. We developed a multiplex detection method
utilizing sequence-dependent DNA hybridization. We established two approaches: one driven
by chemical reactions, where the target removes a reactive tag from the phosphate backbone of
a DNA probe, restoring its ability to hybridize with a bead-bound strand; and another by
molecular recognition, where target binding to an aptamer releases a fluorescent single-
stranded DNA for bead capture. Both methods quantify targets via fluorescence intensity
derived from DNA probes on beads. By distinguishing fluorescent beads to identify specific
DNA sequences, we successfully achieved simultaneous multi-component detection within a
single solution.

Keywords : DNA Encoding; Multiplex Analysis
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Figure 1. Strategy for the multiplex biomolecular detection in this study.
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1) T. Nishihara, M. Sugawara, R. Mio, Y. Motohashl, K. Tanabe, Chem. Biomed. Imaging. 2026, in press,
DOI: 10.1021/cbmi.5c00226.
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Chemical Probes for Optical Imaging of Carboxypeptidase Activity ('ZIR, Science Tokyo,>Grad.
Schl. of Pharm. Sci., The Univ. of Tokyo, *Dep. Life Sci. Tech., Science Tokyo, *Grad. Schl. of
Med., The Univ. of Tokyo, ’RCAST, The Univ of Tokyo) (OMinoru Kawatani,’ Momoko
Okinaka,? Kaito Deguchi,® Yasuteru Urano?*, Yasuyuki Ozeki’, Mako Kamiya'

Carboxypeptidases (CPs) are enzymes that hydrolyze C-terminal amino acids of peptides,
and their abnormal expression has been associated with diseases such as cancer. Recently, by
applying ProTide chemistry, we established a fluorescent probe design in which CP reactions
trigger spontaneous decomposition, releasing a highly fluorescent dye. Using this strategy, we
developed a fluorescent probe to visualize carboxypeptidase M (CPM) activity, which is highly
expressed in breast cancer. However, the number of colors simultaneously visualized by
fluorescence imaging is limited to 3—4 due to spectral overlap. To overcome this limitation, we
focused on Raman imaging, which offers spectral bandwidths more than 50 times narrower
than fluorescence. We developed Raman probes to visualize the activities of prostate-specific
membrane antigen?, a glutamate CP overexpressed in prostate cancer, as well as CPM. In this
presentation, we report applications of the developed probes in live-cell Raman imaging.
Keywords : Carboxypeptidase; Fluorescence; Raman; ProTide Chemistry, Cancer imaging
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1) Y. Kuriki, M. Sogawa, et al., J. Am. Chem. Soc. 2024, 146, 521.
2) M. Okinaka, M. Kawatani, et al., Anal. Chem. 2025, 97, 19057.
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Development of a Photoacoustic Probe for the Detection of HOCI-
Positive Acute Myeloid Leukemia

(!Department of Chemistry, University of Virginia, >Department of Biomedical Engineering,
Oregon Health and Science University, *University of Virginia Cancer Center, *Virginia Drug
Discovery Consortium) Olulia L. McAfee,! Ruwen Yin,' Frederik Brondsted,"? Yuan Fang,'
Joshua Skyes, ! Jerimiah D. Moore, ! Harry R. Shield, ! Reilly O’Brein, ' Madeline Loht, ! and
CIiff I. Stains '*#

Keywords: Companion Diagnostic, Near-Infrared Dyes, Photoacoustic Imaging, Molecular
Imaging, Acute Myeloid Leukemia

Targeted treatments for Acute Myeloid Leukemia (AML) are currently lacking. Our lab,
and others, has proposed the development of chemical approaches to target aberrant production
of hypochlorous acid (HOCIl) in AML as a means to selectively deliver cytotoxins to AML
cells.!> To complement these efforts, companion diagnostics are needed to identify patients
with HOCl-positive disease. Herein, we disclose a loud photoacoustic (PA) probe for detecting
HOCI-positive AML cells in vitro and in localized animal models of disease.

Our lab previously demonstrated that the relative loudness of small molecule
photoacoustic probes can be compared via Acoustic Loudness Factor (ALF = ky * €).> Among
a library of different dye classes including cyanine, hemi-cyanine, rhodamine, and oxazine
derivatives, we showed that azaphosphinate dyes have equivalent photoacoustic output
compared to gold standards in the field. Based on these findings, we selected NRs1, one of our
loudest dyes, and incorporated a chemoselective trigger for HOCI to develop NR75-HOCI, a
loud turn-on photoacoustic probe for HOCL.

NR751-HOCI displays remarkable selectivity for HOCl amongst other reactive oxygen
and nitrogen species in vitro as well as in cultured cells. Using this probe, we observed an
HOCI-dependent 4.6-fold PA turn-on in tissue phantoms and were able to identify HOCI-
positive AML cells with a 6.1-fold turn-on in localized mouse models. In the long term, we
envision utilizing HOCI-triggered companion diagnostics to select AML patients that would
respond to HOCl-targeted therapeutic platforms.

After Intratumoral Injection
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1) Brendsted, F. and C. L. Stains, Chem. Eur. J. 2024, 30, €202400598. 2) Fang, F., Zhou, X.,
McAfee, J.L., et al. J. Am. Chem. Soc. 2025, 147, 40590-40602. 3) Brendsted, F., McAfee,
J.L., Moore, J.D. et al. Nat Commun. 2025, 16, 3779.
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Multicolor Vibrational Imaging Based on 10th Structural Evolutions of 9CN-pyronin
(\Departament of Life Science and Technology, Institute of Science Tokyo, *Laboratory for
Chemistry and Life Science, Institute of Science Tokyo, *Research Center for Advanced Science
and Technology, The University of Tokyo) Syun-suke Kanai,! O Hiroyoshi Fujioka,”> Yuta
Murao,! Yasuyuki Ozeki®, Mako Kamiya?

Raman imaging has been attracted as a multiplexed imaging method since Raman spectra
have 50-100 times narrower line width compared to fluorescence spectra. Among Raman
imaging probes, 9CN-pyronins were known as high-sensitive probes utilizing resonance
Raman effect, however, their vibrational properties were limited because the 10th core atoms
of xanthene ring were mostly limited to O, C and Si. In this study, we aimed at expanding
various kinds of derivatives to expand vibrational properties of 9CN-pyronins.

First, we developed CN-HG derivatives, which eliminated the bridge structure at the 10th
position of 9CN-pyronins, and we found their Raman shifts of the nitrile group were highly
redshifted compared to those of O, C, Si-cored 9CN-pyronins. Moreover, their vibrational
signatures were detected even with spontaneous Raman due to the well-quenched fluorescence.
Next, we developed fourteen kinds of novel X-cored 9CN-JXPs with systematic structural
derivatization at the 10th position, and found that both nitrile and C=C vibrations varied
depending on the core structure. Furthermore, as these derivatives showed different subcellular
localization in live cells, we achieved multicolored cell imaging with 9CN-JXPs.

Keywords : Raman probe; 9CN-pyronin; multicolor; vibrational imaging
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1) Cyano-Hydrol green derivatives: Expanding the 9-cyanopyronin-based resonance Raman vibrational
palette. H. Fujioka et al, Bioorg. Med. Chem. Lett. 2024, 106, 129757.
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