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VLY L—F—HEIL——fR5 £ 41 £E 85 613-618 (2013) 2 Appl. Phys. Lett., 107, 183302-175 (2015) * J.
Phys. Chem. B, 121, 10157-1065 (2017) * Japanese Journal of Applied Physics 56, 111203—177 (2017) 5 ACS Applied Materials &
Interfaces, 10, 37057-37066 (2018) ® J. Chem. Phys. 142, 212418-1710 (2015) 7 J. Chem. Phys., 145, 114503-179 (2016) & J. Phys.
Chem. A, 122, 946-954 (2017) ® Coherent Multidimensional Spectroscopy, Minhaeng Cho (Editor) Chapter 12, 1-27 (2019) '° J. Phys.
Chem. B, 120, 4743-4755 (2016) "' [SFA¥HE % 85% %85 689-692 (2016)
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NBHER 2), RUZDEFSELRALORERERBALT,
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' J. Phys. Chem. B, 118, 10240-10249 (2014); Scientific Reports, 7, 43157(1-10) (2017) 2 Crystal Growth & Design, 18, 2563-2571 (2018) 3
Proc. Nat. Acad. Sci. USA., 115, 7479-7484 (2018). * Crystal Growth & Design, 14, 2133-2137 (2014); Crystal Growth & Design ° 14, 3210-
3220 (2014); Crystal Growth & Desing, 18, 786-793 (2018) ® Phys. Rev. Matt., 2, 093402-1-7 (2018) 7 Crystal Growth & Design, 13, 1761—
1766 (2013) ® Crystal Growth & Design, 15, 3339-3344 (2015) ° Phys. Rev. Lett., 115, 256103—-1-5 (2015) '° Proc. Nat. Acad. Sci. USA., 113,
1749-1753 (2016) "' Proc. Nat. Acad. Sci. USA., 113, E6741-E6748 (2016) '2 Phys. Rev. Lett., 122, 026102-1-6, (2019) '* Crystal Growth &
Design, 16, 2225-2230 (2016) ' Crystal Growth & Design, 18, 4117-4122 (2018) '® Crystals, 10, 72-1-15, (2020).
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'J. Biol. Chem. 288, 21581 (2013), 2 Sci. Rep. 7, 44427 (2017), 3JACS 139, 4376 (2017), *PNAS, 116, 20574 (2019)

5J. Phys. Chem. B, 118, 1510 (2014) % Angew. Chem. Int. Ed. 53, 6960 (2014),” J. Am. Chem. Soc. 137, 3291 (2015),2 Sci. Rep. 10, 282 (2020)
°J. Biol. Chem. 288, 20624 (2013),"° Nat. Commun. 6, 7177 (2015),"" J. Biol. Chem. 291, 12223 (2016),'? eLife 8, 44928 (2019)

' Biochemistry 59, 218—229(2020)
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5. MEEtE AR OBER o E5 ey
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Fluorescenee snhaneement Fluoresvence color control

' BEARMEEYTTH Ak 2 ACS Applied Materials & Interfaces,2016,8,7522. * RSC Advances,2015,5,8479. * J. Phys. Chem. C, 2014,
118, 20466. ° J. Phys. Chem. C,2013,117,2774. % Langmuir (Invited Feature Article),2013,29,2108. ¢ J. Photochem. Photobiol. A (Invited
Feature Article), 2017,339,67.
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(2. 2/OMBIIAETRT LT PayhTHERBER NSV AR —)LAO—T AMATERAS #RBFLT=,

BHEZMNHLH IS - BHFOREIDR

S DB EVBEELLEMEER A A—D VT BA TR T4 REDHRAIZE
NEeRESTHEH WHEAREZETCERRRICEFTIRMARMELTEESATY
Do

WYL EIR

QEFEE FHARLE-EL-EERAIVNNVEODENLE~DHESEGS 1)
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! Proc. Natl. Acad. Sci. USA, 112, 4352-4356, 2015 2 Nature Communications, 7, 13718, 2016 3 Scientific Reports, 9, 7460, 2019 *
WO02018/139614 (PCT/JP2018/002587) > WO2018/143106 (PCT/JP2018/002591) ® PCT/JP2019/022198 ° Scientific Reports, 3, 2629,
2013 ° BMC Biology, 16, 50, 2018 ' Nature Methods, 12, 515-518, 2015 " ACS Chemical Biology, 13, 1938-1943, 2018 '? Cell Chemical
Biology, 25, 330-338, 2018 '* Cell Chemical Biology, 26, 1469-1479, 2019 '* WO2017/155101 (PCT/JP2017/009759) ° JP6115923.
US9945784 ' PCT/JP2016/064132 " Microscopy, 67, 89-98, 2018 ® Microscopy, 66, 110-119, 2017 ' PLoS ONE, 10, e0125733, 2015 2°
W02017/164332 (PCT/JP2017/011837) ' JP6044941, US9632303, DE2924487 2 /D #tE A%, AARGEML. 2017 # S0 X371 &
Y= http://singularity-bio. jp/ 2 bioR X iv, doi.org/10.1101/2020.06.29.179044
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! Science 356, 1150 (2017) ? http://blog.miraikan jst.go.jp/topics/20170810post-751.html 2
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' Proc. SPIE, 2019, 11141 (OMC-2-04); 2ACS Omega, 2018, 3, 4878-4883. * Chem. Commun., 2019, 55, 5681-5684 (Front Cover); * NPG
Asia Mater., 2018, 10, 859-881;° Chem. Int. Ed., 2016, 55, 3662—-3666 (Hot paper & inside back cover).
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RAELIZAERNEDIE—LVRIZEDE, SIVRELLETTIRET U FRAN—IRASIVRELZRESE DL
MTELH. [AED FORE S REENKECR LU, KEIEIEHETH - KRRLAE D FOERRELSHTE)
TILAA LTITADEHFSIND,

BRZENHLIDEIHE - BFHREHR

LRERER 1~3 X, £<HLOAREREZEL T ABELIF L—F—ITEZNH -BESLICEVTOIRA
REMNHAFEINS, -, LRERER 4 L. ChETIIEH THO-MS M KRRLAELGEDBHMES T IEM
DFOEREREEZELTORALLZBIELTLS,

' Optics Letters, Vol. 40, 73-76 (2015). ? Scientific Reports, Vol. 6, 20908 (2016) * Scientific Reports, Vol. 8, 12175 (2018)
4 SciX 2018, Marriott Marquis, Atlanta, Georgia, USA, October 21-26, 2018.
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"Proc. Natl. Acad. Sci. USA 115(12), pp. E2676-E2685 (2018). 2Sci. Rep., 9, p. 17054 (2019). ® Biophys. J. 105(5), pp. 1123-1132 (2013).
* TLRAY1J—R: http://www.ifrec.osaka—u.ac.jp/jpn/research/20180308-1000.htm ° L—H N T4k 22(3), pp. 228-232 (2015).

Nat. Commun. 5(5144), pp. 1-9 (2014). 7 FL A)—X http://www.ifrec.osaka—u.ac.jp/jpn/research/20141009-1131.htm

8 Opt. Express 24(26), pp. 30038—-300052 (2016). ° EPJ Techniques and Instrumentation 2(5), pp. 1-11 (2015). '°® J. Innov. Opt. Health Sci.
7(5), pp. 1330009-1-22 (2014). " Biophys. J. 105(5), pp. 1123—-1132 (2013). > Opt. Commun. 422, pp. 75-84 (2018). '® Analyst 140, pp.
2350-2359 (2015). " Phys. Chem. Chem. Phys. 15(31), pp. 13199-13208 (2013). '* Analyst 138(14), pp. 3927-3933 (2013).
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In—situ laser fabrication of nanoprobes inside living cells for analysis of biofunctions (Nicholas 1. Smith)

In—situ laser fabrication of nanoprobes inside living cells for Further funded research activities:
analysis of biofunctions ===
Nicholas I. Smith (Associate Professor, Inmunology Frontier Research

Center, Osaka University)
Research Periods: 10/1/2009 - 3/31/2013

Research Results in PRESTO period:

OThis project demonstrated it is possible to use light—based control of chemical reactions to create plasmonic
structures inside biological cells, and to use these structures to optically readout the local chemical information
from the surrounding environment inside the cell.

OTo our knowledge, this is the first demonstration of using light simultaneously for in—situ nanoantenna fabrication
and deployment for targeted optical readout of subcellular information.

—

B Further Developments after this PRESTO: A B

S | PR ERICTH RSN

1. Photofabrication of plasmonic nanostructures and st |
nanosensing in diverse biological environments ™ [ | ..
The use of laser nanofabrication to construct plasmonic v e @ - s /v
enhancement has successfully been applied, resulting in \_ © o
subcellular information, first demonstration of light—based :
nanofabrication with spatiotemporal control in a cell, and — " tanoprees | W W
the successful deployment of created structures to read

out the cell environment (Fig. 1).

2. Single cell optical methods in single cell analysis to

detect functional differences between cell types %’
When cells undergo transformations from basic building

—

-~ Single-cell
| Raman spectra a i
i s

- | - s
e A =+ KX
Jars "-‘V'; s J " ‘.% « Conlrol
g - LPS

a

blocks to fully differentiated, the intracellular content also Narin avslisstion of . ‘ 'h' - S
changes. The optical readout of the cellular components Snglcoodztmes Morphoisy or
contains signatures of the cell type, history, and state. Figure 1 Light—guided creation of intracellular nanoprobes
3. Label-free imaging for quantitative evaluation of with optical cell readout (A-D), single—cell

cellular morphology and molecular composition &'

Whereas most biomedical imaging at the single cell level
uses labelling of some kind, we are pushing the envelope of what is possible with fully label-free imaging modalities. It
is important to build and validate systems that can extract quantitative information from live cells without modifying
them in any way. These technological developments my lab have created and refined improve and allow the observation
of hundreds of features derived from each individual cell, collected in just a few seconds.
4. Spectroscopic evaluation of small biomolecule signalling, and pathogen/disease effects in live cells
Raman spectroscopic signature of small molecules such as signalling RNA is highly sensitive to structure, and
processes like antibody binding change the structure. These subtle changes can be detected in our constructed
systems. On a larger scale, we also study cell-level pathogens such as malaria infection, and trace the pathogen
behaviour and cell response.

phenotyping by all-label-free laser—based

12-15

M Scientific and socioeconomic impacts

Research achievements mentioned under No. 4 will drastically improve methods for analysis of small molecules or
technology related to pathogen infection. Optical label-free detection tools which allow us to detect malaria within
one day after exposure are already in production. Generally, such rapid detection is possible only with PCR methods.

B Remarkable achievements

@ Industry—Academia collaboration agreement (right of first negotiation

@ Products: Developed analysis tools are available for researchers and some of them are disclosed on the internet
@ International collaborations : The Australian National University, Royal Melbourne Institute of Technology,
University of Keele

"Proc. Natl. Acad. Sci. USA 115(12), pp. E2676-E2685 (2018). 2Sci. Rep., 9, p. 17054 (2019). ® Biophys. J. 105(5), pp. 1123-1132 (2013).
*:Press release http://www.ifrec.osaka—u.ac.jp/jpn/research/20180308-1000.htm ° Journal of Japan Lase Processing Society 22(3), pp.
228-232 (2015). ® Nat. Commun. 5(5144), pp. 1-9 (2014). " Press release http://www.ifrec.osaka—u.ac.jp/jpn/research/20141009-1131.htm
8 Opt. Express 24(26), pp. 30038—-300052 (2016). ° EPJ Techniques and Instrumentation 2(5), pp. 1-11 (2015). '® J. Innov. Opt. Health Sci.
7(5), pp. 1330009-1-22 (2014). ' Biophys. J. 105(5), pp. 1123-1132 (2013). > Opt. Commun. 422, pp. 75-84 (2018). '® Analyst 140, pp.
2350-2359 (2015). " Phys. Chem. Chem. Phys. 15(31), pp. 13199-13208 (2013). '® Analyst 138(14), pp. 3927-3933 (2013).
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FRINTHAARBLEFREZRONSS A5 B B S = | L
EERUSE 2. Tt WEORBAZELS | ~8 (57 |'§9 28
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ARYTMIL(ER)DEL
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X 2RI IR BIENFI A TERLSICHRBILIZEST. ChETOHRIBIETRAIENTELEN-1-IE
HWOBON., JYFRCE/ZBBTELISILRLEHFIND, AIRABEEHOFERBAFENEFIFR. EFIUE
A—ABERMICIEAISNTLAIENS, FREAMICIE X REETHEBRNLHL THEELTULKID LHFE
nad,

WS EIE
O EEEK: KE Stanford KFE X RIEMBAETHREME., A1 ASIIL Bar-llan XFE X #RIEMAAET
HEIAZE., HER/X 2#;, KE Northeastern KFEE X RIERBEAFTHREMIE., HER/I 1 #H,

! Physical Review Letters 111, 043001, 2013, 2 FLAY)—R

http://www.spring8.or jp/ja/news_publications/press_release/2013/130723/

¥Nature Photonics, 8, 313, 2014. * IX R D IF#RMEHAF I(FEII R, 2017).° TLRYY—R
http://www.spring8.or.jp/ja/news_publications/press_release/2014/140217/ © Physical Review Letters,121, 083901, 2018. (Editors’
Suggestion) " TR % Z0D 1 £ 2020 | GLEH AR, 2020) ° TETHE — LTIV AERMAPI N B ERKRE HFESR, 2019) ° TLRY
1)—X http://www.spring8.orjp/ja/news_publications/press_release/2018/180822/
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@ [E[EEE : = Swinburne University of Technology @ Saulius Juodkazis Zig &L E

' ACS Photonics, 3 (11), 2184 — 2190 (2016). [Research Highlighted in Nature Photonics, 10, 751 (2016)] 2 Nanomaterials, 8(7), 523-524
(2018). ® Chem. Lett., 49(6), 597, (2020) * Appl. Sci., 10(6), 2031, (2020)
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' Biochim Biophys Acta Mol Cell Res. 1866, 190 (2019). 2% f5# K™ ° Adv. Healthcare Mater. 3, 1222 (2014). * ACS Nano 9, 4957 (2015).
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" Plant Cell Physiol. (2020) 61: 296-307.2Plant Cell Physiol. (2017) 58: 458-465 . ° Biophys. Rev. (2018) 10: 327-337.
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! http://enechem.chemistry.orjp/ 2 3E & BFE : ChemPhysChem, 18(15), 2007-2011, 2017. 3ChemPhysChem, 21(9), 847-852, 2020. *
Chem. Phys., 526, 110465, 2019. ® Chem. Lett., 48(12), 1472-1475, 2019.°2019 &£ 10 B 2 B JLAY)—X[H#iL &AM O SEIEA A
U EBERINDAMBAA L DER]. 7 https://www.osaka—cu.ac jp/ja/news/2019/191001-2 ¢ Langmuir, 35(37), 12123-12129, 2019. °
Chem. Phys. Lett., 750, 137504, 2020.
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" [EICE Communications Express, Vol.6, No.2, pp77-82 (2017) 2 Sens. Mater., Vol. 31, No. 7, 2019, p. 2313-2321.2 Radio Science 54
(2019)
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1 Masanobu Iwanaga, Plasmonic Resonators: Fundamentals, Advances, and Applications (PanStanford, Singapore, 2016) 2 JST #rikffrsn

STERDPFESREICRET I/ 3174124 1(2019) ® Appl. Sci. 8, 1328 (2018). * Nanoscale 8, 11099-11107 (2016) ° Chem.
Commun 51, 11470-11473 (2015). © 4%FE 2019-231043 7 45555 6648888 B °ACS Nano 14, 17458-17467 (2020). ° Opt. Express 25,
4446-4455 (2017). '° ¥§E55E 5660423 &
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WiFR0EIE
@ EBHEEE: K[E Caltech EEFIMHE ., XEZ .

' J. Phys. Chem. Lett., 2015, 6, 527-534. 2 J. Phys. Chem. Lett., 2015, 6, 3935-3943 3 Environ. Sci. Technol., 2016, 50, 1834-1843
“J. Phys. Chem. A, 2016, 120, 3578—3587.
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' RSC Adv. 10 (23), 13824-13829 (2020). 2 Chem. Asian J. 12, 2660-2665 (2017) 3 Bull. Chem. Soc. Jpn. 90, 714-719 (2017).

4 Commun. Chem. 2, 55 (2019) 5 Appl. Surf. Sci. 513, 145720 (2020).

® https://chemistrycommunity.nature.com/posts/50007—exfoliation—of-covalent—organic—frameworks—for-photocatalysis. ’ Bioorg. Med.
Chem. Lett. 29, 1899-1903 (2019).
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' J. Chem. Phys. 150, 054503 (2019) 2 Jpn. J. Appl. Phys. 58 (2019) ® Appl. Phys. Express 12, 111002 (2019)
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' Nature Communications 10,: 3995 (2019) 2 https://www.titech.ac.jp/news/2019/045135.html 3 Physical Review B 101, 134413
(2020) 4 Nature Communications, 8: 638 (2017).
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' Journal of the Physical Society of Japan Vol.86 No.12 (2017). 2 Japanese Journal of Applied Physics 57, 117101 (2018). * B;BMHE
Ty TH Ak https://www.inorg.yamanashi.acjp/shouji-lab/fuel-cell * BBMHE. LIEBKRER "FERTUVILEX AR IZEH{E
FEFOTRTHMIA =y OFER” £ 80E 2019 F 9 A 19 H HARLAYMEZES 19p-E207-9

75



3.3.10 B—AF U LE—XFHNDEFA V2 —T7—ADEER (SEEH)
B—AF LBE—RFRIDBFAA—TI—ADER BRILTWSE£:
=i ESChERERITKERKXE £HR) ===
WFZEHARS 2010 £ 12 B ~2014 &£ 3 A

SEMNITDORR:

O2 >OAEREEERIDRICHAEOEAFUISVTE ENICREENFHRIRBLLTONRT 7/ —%
HABLEEIATTAN—HIRF—AREA TSV T 12THAIOL, TOEMEEESL.

OB— DALY ILAAVERETREFTHNSVTICHYIL, B—AF U EARIRBORBEENERLEFDIREE

H,
e

B#EERE
1. RIFPAN—HRIEFZ BBV T OENVERET

SEN TR PICARLEA D 7AN—RIRFZ—ARBEA A VNSV TTE—QOIL D LAA U ENSYT L. (1
EHIRFBOFEEICL>THINM RO BAMEINERINEIN—EILNREENEOEILIPNFI SN S LEHEL
T2 SOIC  B—AF U ERIRB O EEELZEENIFHEL . ThERBILT HFEERAFEL.
2. B—AF VA K BRROBBSDER

FREHROATFAN—RIRB —EEAF SV TERNT,
B—AF R BERBOBEREN . BE—AF R RIRFDT
NETNOBEMELX LELHEVSRESIKEEZERLZ(E ), 20
EIEAREBICE S TELGDIIRILF—FEDLIITHo1z 2 DDIK
RBOFEZ. VR REICL>TRELE=,
3. AHEFRIHELERFEIOETFT—FDRES -

BHORFHAR—DOALFERICHEALTLIRIT T, £IREE 1 B ERRIRBORMES *
NLTENLDRFDMEIZ Molmer-Serensen B EFIFNEEFE
DNT—PEFETIFELZERVITIREL . COFERE. HIRBFERFIEELEZROATIEEL ALYV EUR
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! Physical Review A 96, 023824 (2017). 2 Journal of Modern Physics 65, 520-528 (2018). ° Physical Review Letters 124, 013602 (2020)
4 https://groups.oist.jp/ja/equip/research-0 ° Journal of Physics B 50, 195501 (2017). ° Scientific Reports 7, 5556 (2017).
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! Front Microbiol doi: https://10.3389/fmicb.2019.01764 (2019) 2 7L A1J1)—X https://www.nibb.ac.jp/press/2019/10/16.html
% Marine Ecology Progress Series in press * J Plant Res 129: 189-197 (2016)
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! Investig. Clin. Urol., 57, 215-220 (2016) 2 Sci. Rep., 9, 1430 (2019) * ACS Chem. Biol., 15, 2958-2965 (2020) * 4%Ff 2020-152661 °
ChemBioChem, 17, 1961-1967 (2016) ¢ J. Med. Chem., 62, 5434-5452 (2019) 7 J. Med. Chem., 62, 9254-9269 (2019) & EHEMILKFED
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' Chemistry—A European Journal, 2020, 26, 2060-2066. 2 ChemPhotoChem, 2017, 1, 299-303. 3 J. Chem. Sci. 2019, 131, 1-7. * Chem.
Commun., 2020,56, 1145-1148. ° Free radical research, 2017, 51, 413-427.

® Nanoscale, 2015, 7, 14829-14837. 7 ACS Applied Bio Materials 2019, 2, 4681-4686. ® Nanoscale 2020, 12, 22049-22058.

® Angew. Chem. Inter. Ed. 2015, 54, 3892-3896. ' ACS Nano 2018, 12, 9060-9069. "' Angew. Chem. Inter. Ed. 2017, 56, 1214-1218."2
Angewandte Chemie, 2019, 131, 4929-4933. ' ACS Energy Lett. 2019, 4, 133-141. '* ACS Nano 2021, 15,
doi.org/10.1021/acsnano.0c08802. ' Chem. Soc. Rev. 2020, 49, 2869-2885.
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Development of photodecomposable magneto—fluorescent bimodal nanoprobes for imaging and phototherapy of
cancer (Biju V. Pillai)

Development of photodecomposable magneto—fluorescent bimodal Progress in funding etc.:

nanoprobes for imaging and phototherapy of cancer Grants—in—Aid for

Biju V. Pillai(Hokkaido University, Research Institute for Electronic Science, Scientific Research(B)

Professor)

Research Period: 10/1/2010~3/31/2014

Research Results in PRESTO period:

O Developed a photouncaging ligand, and by using this ligand, several photouncaging nanoparticles with the
fluorescence and magnetic modalities were prepared.

OThese nanoparticles were applied for fluorescence and MRI imaging of cells and mice.

O Also, by incorporating porphyrins into the nanoparticles, and generating singlet oxygen, the photodynamic

therapeutic effects of the nanoparticles were tested in cultured cancer cells.

B Further Developments after this PRESTO:

1. Photofunctional molecules for therapeutic applications'™®
Designed and prepared electron donor—acceptor linked molecules for photodynamic and photothermal therapies.
These molecules include a betaine that acts as a photothermal agent,' a coumarin—anthracene conjugates that act

23 and a singlet oxygen generating porphyrin—linked molecule that

as singlet oxygen sensing and trapping agents,
localizes in the mitochondria and induces cell apoptosis.* In these three cases, photoinduced intramolecular electron
transfer is the fundamental mechanism of the photothermal, sensing, and photodynamic actions.
2. Multifunctional nanoparticles for bioimaging and antimicrobial therapy®®

Designed and prepared photouncaging fluorescent—magnetic nanoparticles using semiconductor quantum dots, iron—
oxide nanoparticles, and magnetic coordination complexes.® These nanoparticles are found promising for cell imaging
and in vivo imaging. In parallel, silver—silica composite nanoparticles were prepared, which by combining with an efflux
pump blocking agent, induce complete mortality to antimicrobial resistant bacterial pathogens.’
3. Fluorescent nanomaterials for single—molecule detections®'®

This research focused on optimization of the fluorescence of semiconductor nanocrystals by controlling the

9,10 o

generation and recombination of charge carriers. Here, the fluorescence of metal chalcogenide quantum dots r

11-13

metal halide perovskites is optimized by defect filling with electron or ion transfer.

B Remarkable achievements

@ International collaborations: Collaborated with researchers in Indian Institute of Oceanography, and Indian Institute

of Technology Hyderabad and coauthored articles.

! Chemistry—A European Journal, 2020, 26, 2060-2066. 2 ChemPhotoChem, 2017, 1, 299-303. 3 J. Chem. Sci. 2019, 131, 1-7. * Chem.
Commun., 2020,56, 1145-1148. ° Free radical research, 2017, 51, 413-427. ® Nanoscale, 2015, 7, 14829-14837. 7 ACS Applied Bio
Materials 2019, 2, 4681-4686. & Nanoscale 2020, 12, 22049-22058. ° Angew. Chem. Inter. Ed. 2015, 54, 3892-3896. ' ACS Nano 2018, 12,
9060-9069. ' Angew. Chem. Inter. Ed. 2017, 56, 1214-1218.'> Angewandte Chemie, 2019, 131, 4929-4933. '* ACS Energy Lett. 2019, 4,
133-141. " ACS Nano 2021, 15, doi.org/10.1021/acsnano.0c08802. '* Chem. Soc. Rev. 2020, 49, 2869-2885.
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