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Engineering Algal Cell Surfaces with Long DNA Networks for Metal
Nanoparticle Immobilization and Photofunction Expansion
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Kyushu University. *Research Institute for Electronic Science, Hokkaido University)

OYingqi Mu!, Yusuke Yonamine?, Hideyuki Mitomo?, Kuniharu Ijiro®
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[Introduction] Cell engineering has been utilized to alter cellular functions. However, it is still
challenging to significantly enhance them by gene manipulation. Conversely, modifying natural
cells with artificial materials can strikingly expand cellular functions. DNA is a suitable polymer
for cell-surface engineering owing to its biocompatibility, enzymatic extendibility, and negatively
charged backbone, which provides an effective scaffold for immobilizing cationic materials. In
this study, the unicellular green algae Chlamydomonas reinhardtii (CR) was used as a model
photosynthetic organism. Using DNA modified on the CR surface as a scaffold, surface
modification with cationic Quantum dots (QDs) to expand the light-harvesting capability of CR
cells from the visible to the ultraviolet (UV) region without disrupting normal photosynthesis,
while Gold nanorods (Au NRs) is expected to generate ROS under NIR irradiation.

[Results and Discussion] A DNA primer (X-motif) was conjugated with an oligopeptide of 4-
hydroxyproline (HYPio), which binds strongly to the CR cell wall,' enabling stable
immobilization on the CR cell surface. The surface-anchored DNA primers were subsequently
elongated via a slippage amplification mechanism using DNA polymerase (Klenow fragment
exo(—); KF") and dNTPs,? forming a thick DNA layer on the cell surface (Figure 1). It was
confirmed that Au NRs and QDs modified with cationic ligands were successfully immobilized
onto the DNA layer based on fluorescence images and microscopic observations (Figure 1). In
addition, QD-modified CR cells exhibited photosynthetic activity under UV light by converting
it into visible light, indicating an expansion of their light-harvesting capability. Taken together,
this DNA-coating-based surface engineering strategy provides a versatile platform for

immobilizing functional materials and expanding cellular photofunctionality.
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Figure 1. Immobilization of DNA primers (X-motif) on the CR cell surface via a cell wall—bmding
HYPio peptide, forming a DNA layer by polymerase-mediated elongation (KF"), followed by coating
with cationic Au NRs and QDs. Scale bar: 5 pm.

1) D. B Weibel et al., PNAS, 2005, 102, 11963. 2) A. B. Kotlyar et al., Nucleic Acids Res., 2005, 33, 525.
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Genetically encoded fluorescent pyruvate biosensors for metabolism imaging ('Graduate
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Arai,! Osamu Nureki,' Robert E. Campbell!

Pyruvate links glycolysis to the TCA cycle, playing central metabolic roles. However, a lack
of high-performance pyruvate biosensors has limited our ability to explore physiological roles
of pyruvate. Here, we present GreenPyl and ApplePyl series, green and red pyruvate
biosensors, respectively!!. They comprise a fluorescent protein fused to a pyruvate binding
protein (Fig. A), and their performance was optimized through directed evolution and rational
mutagenesis. As a result, we obtained four green and four red variants with different affinities.
These biosensors exhibit large fluorescence intensity changes and wide affinity ranges (10s of
uM to several mM, Fig. B). Their high performance was confirmed in HeLa cells, where they
detected pyruvate concentration changes both in the cytosol and mitochondria. Notably, these
biosensors also enable quantitative imaging. GreenPyl and ApplePyl can be used for
ratiometric and lifetime imaging, respectively, to eliminate the effects of fluorophore
concentration and enable quantitative analysis. Finally, we determined cryo-EM structures of
the pyruvate biosensor to get insight into the molecular mechanism. This study provides
valuable tools to investigate the physiological role of pyruvate for metabolic regulation.

Keywords : Fluorescent biosensor; Pyruvate; Fluorescent lifetime; cryoEM
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Fig. A) Design of pyruvate biosensors. B) The titration and fluorescence spectra of GreenPy1.

[1] Imai et al., bioRxiv, 2025.04.17.649293.
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Raman spectroscopy-based evaluation of symbiotic nitrogen
fixation activity in soybean nodules
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Agric. Tokyo Univ. Agri. Tech., *Biomanufacturing Proc. Res. Center, AIST., *Inst. Agric. Tokyo
Univ. Agri. Tech., °Fac. Agric., Kyushu Univ., "Inst. Adv. Res. Biosyst. Dyn., Waseda Res. Inst.
Sci. Eng., Waseda Univ.) oShunnosuke Suwa', Masahiro Ando?, Takuma Kyotani!, Kento
Hasegawa!, Safiullah Habibi?, Masako Kifushi', Yohei Nishikawa®*, Toyoaki Anai®, Naoko
Ohtsu®, Haruko Takeyama'-*’

Keywords: Spectroscopy, Rhizobia, Spectral Deconvolution, Plant, Machine Learning

Rhizobia inhabit in Soybean nodules as bacteroids, where they convert atmospheric
nitrogen into ammonia via symbiotic nitrogen fixation—a critical process for plant growth and
health. Despite extensive research aimed at enhancing this symbiosis, the specific biomolecular
contributors, particularly metabolites, remain poorly understood. This study aims to identify
key biomolecules involved in symbiosis using Raman spectroscopy as a label-free and
comprehensive molecular detection strategy'.

Soybean plants were cultivated, and nitrogen fixation activity of their nodules was
quantified across several growth stages using an acetylene reduction assay. Subsequently,
single-cell Raman spectroscopy was employed to characterize the biomolecules within
individual bacteroid. Spectral deconvolution via Multivariate Curve Resolution-Alternating
Least Squares’ (MCR-ALS) and random forest regression were utilized to establish
biomolecular profiles and correlate them with recorded nitrogen fixation levels.

As a result, the model predicted the nitrogen fixation activity with high accuracy (R?
> (.71) and found that the activity was different depending on the soybeans growth stages and
nodules sizes, in consistent with the reported study®. The Raman spectroscopic study and MCR-
ALS successfully illuminated the biomolecules such as proteins, lipid nucleic acid and even
polyhydroxybutyrate (PHB), a biopolymer. And the subsequent spectral analysis.

This research was partially supported by the Cabinet Office, Moonshot Research and
Development Program on Agriculture, Forestry and Fisheries (JPJ009237, funding agency:
Bio-oriented Technology Research Advancement Institution).
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1) Suwa, et al, Plant Biotechnology, 42(3), 335-343, 2025
2) Ando & Hamaguchi, Journal of Biomedical Optics, 19(1), 011016, 2014

Soybean
nodule

© The Chemical Society of Japan -H937-2pm-03 -



H937-2pm-04 The 106th CSJ Annual Meeting

SJHIREOMEMICE T 5By FT—0 DBERK

(ABRBET ! BT REET 2« PoRBetER %) O AL « EARKRA 2 - BT T2 -
ARFRHET 1 EARHE e TR - TEKTE S - PSS - IR E] 2 - P e !
Major Metabolic Alterations of a Bacterium in Gaseous Environment ('Graduate School of
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Gas-phase bioprocesses that immobilize microbial cells on solid carriers enable the efficient
conversion of poorly water-soluble gaseous substrates, thereby offering significant potential to
advance bioremediation and bioproduction!. However, although the microorganisms in gas-
phase are exposed to various environmental stresses, the metabolic adjustment that sustains
bacterial cell activity under these water-limited conditions remains poorly understood. In this
study, we elucidated the comprehensive metabolic alterations in a highly adhesive bacterium
Acinetobacter sp. Tol 5 degrading toluene in aqueous and gaseous environments. Integrated
omics analysis revealed that intracellular metabolism was significantly reorganized to adapt to
water-limited conditions, specifically characterized by enhanced nitrogen source recycling and
the utilization of storage lipids. These findings provide insights into the strategies of bacteria
adapting to gaseous environments, offering fundamental information for the rational design of
robust gas-phase bioprocesses and a deeper understanding of environmental microbiology.
Keywords : Bacteria, Bioproduction, Omics analysis, Metabolism, Toluene
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1) Gas-phase bioproduction of a high-value-added monoterpenoid (E)-geranic acid by metabolically
engineered Acinetobacter sp. Tol 5. A. Usami, M. Ishikawa, K. Hori, Green Chem., 2020, 22, 1258-1268.
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Development of a lectin-pull down method using sugar chain-
functionalized gold nanoparticles and magnetic beads

(‘Graduate School of Engineering, Kagoshima University, *NEKKEN, Nagasaki University)
OXKoki Murata,! Kentaro Kato,? Yuri Kurogi,! Masahiro Wakao,! Yasuo Suda,! Hiroyuki
Shinchi’

Keywords: Sugar chain; Lectin; Gold nanoparticles; Pull-down method

Sugar chains play crucial roles in diverse biological processes, including intercellular
recognition, immune response, and pathogen infection. These processes are initiated by the
specific recognition of sugar chain structures by sugar chain-binding proteins, known as lectins.
Therefore, analysis of sugar chain—lectin interactions is essential for understanding
physiological functions and pathological conditions. In our previous studies, we developed
sugar chain-functionalized nanoparticles (SNPs) as analytical tools for investigating sugar
chain—lectin interactions [1,2]. SNPs aggregate in the presence of specific multivalent lectins,
enabling simple visual detection of these interactions. However, analysis of lectins bearing a
single sugar chain binding site (monovalent lectins) remains challenging because they do not
induce aggregation. To overcome this limitation, we established a lectin pull-down assay that
combines sugar chain-functionalized gold nanoparticles (SGNPs) with magnetic beads (MB),
allowing interaction analysis independent of lectin valency.

In the lectin pull-down method, lectins bound to biotin-conjugated SGNPs (Biotin-
SGNPs) are isolated using streptavidin-conjugated MB (Streptavidin-MB) and analyzed by
SDS-PAGE. Biotin-SGNPs immobilized with four different sugar chains (B-galactoside, a-
mannoside, sialylgalactoside, or dextran) and three different Biotin-PEGn-TA (n=3, 11, or 35)
were prepared. We found that the spacer length of biotin is a critical determinant for magnetic
separation and must be optimized according to the length of immobilized sugar chains. Using
four lectins (RCA120, Con A, WGA, and CEL-III), we confirmed that each lectin was
selectively pulled down using Biotin(PEG11)-SGNPs. Notably, this method enabled the pull-
down of the monovalent lectin CEL-III. Furthermore, Biotin-SGNPs successfully captured
CEL-III spiked into serum samples. Taken together, the lectin pull-down assay provides a
valuable approach for investigating lectin—sugar chain interactions and offers potential for
lectin isolation from biological samples.
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[1]Nakamura-Tsuruta S. et al., J. Biochem. 2008, 143, 833-839.
[2] Shinchi H., et al., Chem. Asian J. 2012, 7, 2678-2682.
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Effects of ionization conditions on the ion mobility of glycans

(!School of Materials Science, Japan Advanced Institute of Science and Technology,
2Graduate School of Pharmaceutical Sciences, Nagoya City University, 3Exploratory
Research Center on Life and Living Systems (ExCELLS), National Institutes of Natural
Sciences)OHao Feng!, Takumi Yamaguchi'-*3

Keywords: Glycans, lon mobility—mass spectrometry, Electrospray ionization,
Conformation

The structural analysis of glycans remains challenging due to their isomeric complexity
and conformational flexibility. lon mobility—mass spectrometry (IM—MS) separates ionized
molecules based on their mobility, which depends not only on charge but also on size and
shape. Therefore, IM-MS is considered a useful method for distinguishing glycan isomers
that differ in residue sequence and linkage type. While IM—MS also holds potential for the
conformational analysis of glycans, the optimal conditions for the mobility analysis of
glycan ions remain to be explored. In this study, we systematically examined how ionization
parameters affect glycan ion mobility to develop IM—MS structural analyses of glycans.

Mass spectrometric analysis of glycans commonly relies on protonated ions or sodium
ion adducts. However, the ambiguity of protonation or sodium-binding sites often
complicates mobility analysis. To facilitate the efficient generation of site-defined
monoprotonated ions, we attached a tag containing a specific protonation site to the
reducing end of glycans. We synthesized glycolipid glycans, such as Gala1-4GalB1-4Glcp,
with this tag (Figure 1) and analyzed them using an IM-MS system. The arrival time
distributions of the monoprotonated ions indicated the coexistence of multiple
conformations of the glycans; in contrast, interaction with sodium ions perturbed these
conformational dynamics. We also examined the effects of ionization
conditions—specifically, temperature and solvent environment—on the results of mobility
analysis of the glycan ions. High Ionization temperatures and the use of organic solvents
increased the conformational dynamics of the glycan ions and broadened their distributions.
These findings highlight the utility of this protocol for analyzing glycan conformations."

OH  _oH

0
HO

OH

?  on
OH
mo °/m,
HO 0
o MO OH T,

Figure 1. Structure of the glycan labeled with an ethylamine tag for site-specific protonation.

1) H. Feng and T. Yamaguchi, Molecules, 30, 2177 (2025).
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A microwell-based system for analyzing cytotoxicity and
cell-sorting at the single-cell level
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Cancer immunotherapy is a promising strategy for treating refractory cancers. For
example, adoptive transfer of genetically modified T cells, such as CAR-T therapy, has
shown remarkable efficacy, particularly in hematological malignancies. ! However, in solid
tumors, effective CAR-T cells are often extremely rare, highlighting the need to evaluate the
cytotoxic activity of immune cells at the single-cell level. Although microwell-based
single-cell assays have been reported, the small-sized wells lead to confined
microenvironments for cells, which restricts cellular motility and morphological dynamics 2
and makes it difficult to accurately assess cytotoxicity against adherent cancer cells.

In this study, a new technology is developed which enables single-cell and large-scale,
analysis of immune cell cytotoxicity towards cancer cells under a condition that allows
adherent cancer cells to maintain their physiological morphology and activity. Furthermore,
individual immune cells can be collected based on their cytotoxic behaviors and subject to
gene expression analysis to identify novel biomarkers useful for the preparation and quality
control of highly cytotoxic therapeutic T cells.

To this end, a substrate containing large-sized microwells that do not restrict cellular
movement or morphological changes was prepared and coated with a photoactivatable
cell-adhesive PEG lipid (PA-BAM) developed by our research group. Single-cell-sized light
spots were irradiated onto the surface, followed by cell seeding and washing to allow
attachment of only a single cell per spot. HeLa cancer cells were then cultured to allow cell
spreading, after which KHYG-1 cells were seeded, enabling observation of HeLa-KHYG-1
cell-cell interactions within individual microwells. Using this system, the cytotoxic activity
of KHYG-1 cells was successfully evaluated at the single-cell level.

1) S. L. Maude et al., N. Engl. J. Med. 2014, 371, 1507. 2) Y. Zhou et al., Cell Rep. 2020, 31,
107574.
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