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Development and patent strategy for
promoting industrial use of SERS

Faculty of Life Sciences

HiTOYUki Takei, Ph.D. professor

We offer a wide variety of SERS (surface enhanced Raman spectroscopy) platforms
Summary suitable for detection of chemical species suspended in solution and adsorbed on a solid
surface, in user—friendly packages at affordable costs.

Content

[Background]

Commercial SERS plates are now available, but the cost of single-use plates

is still rather high, roughly $50. If plates can be provided more economically

and used in conjunction with a portable spectrometer dedicated for SERS

measurements, use of SERS in industry is expected to increase dramatically.

Beside meeting cost issues, we tailor our device configurations to suit

specific modes of operation for ease of use and attempt to increase the shelf life. We have

strategically filed numerous patent applications to achieve the above goal.

[Methods of preparing noble metal nanostructures])

(1) Vacuum deposition of a noble metal on a surface—adsorbed monolayer of monodisperse

nanospheres, random FON (film on nanosphere)

(2) Galvanic displacement reaction of cap—shaped base metal nanoparticles in AgNO3s for formation

of nano-dendrites

(8) Decoration of butterfly wing scales with a noble metal (biomimic approach)

[Modes of operation]

(1) Application of a low-volume sample (under 10 u L) on our standard SERS plate or with a

preconcentration based on a surrounding superhydrophobic surface. (low-volume pure liquid sample)

(2) Pressing of a FlexiSERS (a flexible surface coated with noble metal nanostructures) onto a solid %
surface for transfer of surface—adsorbed chemical species. (residual pesticides on agricultural
produces)

(3) Introducing a fluid sample into a screw-based microfluidic device incorporating noble metal

nanostructures. (flowing liquid sample)

[Patents]

Japanese patents: 5494954, 5709039, 5812459, 5967756, 5988239, 6368516, and 6423137 in

addition to other pending applications. They can be classified into three categories: fundamental

methods of fabricating nanostructures, device configurations for specific modes of operation and

multifunctionality.

Special features and concrete applications
Please contact the principal investigator for details: h_takei@toyo.jp

Patents and publications

Please contact the principal investigator for details: h_takei@toyo.jp
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(3) Ishiuchi Y, et al. (2018) Cytokine 108: 17-23

(4) Ishiuchi Y, et al. (2018) Biosci Biotech Biochem 82(1):97-105.
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2. M.S. Mohamed et al., Structurally distinct hybrid polymer/lipid nanoconstructs harboring a
type-I ribotoxin as cellular imaging and glioblastoma-directed therapeutic vectors, Macromol.
Biosci. 14, 1696-1711 (2014).
DOI: 10.1002/mabi.201400248
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“A Membrane-Integrated Microfluidic Device to Study Permeation of Nanoparticles through Straight
Micropores toward Rational Design of Nanomedicines” Analytical Sciences, 32(12), 1307-1314
(2016).
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1) T.MIZUKI, M. SAWAI, Y. NAGAOKA, H. MORIMOTO and T. MAEKAWA, PLoS One, 8(6),
£66528 (2013).

2) T. MIZUKI, N. WATANABE, Y. NAGAOKA, T. FUKUSHIMA, H. MORIMOTO, R USAMI and
T. MAEKAWA, Biochemical and Biophysical Research Communications, 393, 779-782 (2010).
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‘An easy-to-use polystyrene microchip-based cell culture system’ (Anal. Sci. 2016)

‘A microfluidic cell culture system for monitoring of sequential changes in endothelial cells after
heat stress’ (Thromb. Res. 2015)

BEHE 6192007 B AUOTNAZARUVNAA T YA RT L

4 5892689 B RAUOATNAARUPNAF T vtAT AT L



RERFMRY—XE2019-2020

e+ 2730085 EICLE:
BONGEBREY AT L

HEaElEE EamiER
E‘IQ\'J” ﬁﬂﬂ 4% Teruaki Hasegawa

FTATIAORAICEBONFEEBAENDRENICEAT I EERAELZ, RAICEAL
ERENTHEOBEEREZ. 72710026 REENL T RBTORRICTIET HL
WTE,

i

BE

HE —XDORE

BRERPOBEDINIEORANIE, FEEEORHRRICEOTHRODTEETTH, HEEOK
HATEEENSMAaRAELSE LR ERENDBELEONTEAETLZ, — AT, SEFKE LN
BERLEFERI. BERHELTHRBLTHSTA2TI3ONDC) #EBEZMICANTHY, MEEMNIESIZ
MY,

H4IEFET NDC (SR L THERBOEZEBMETIET, K7L FUEMNEEHEALZ NDC
(NDC-yn) EFRBELLE LIz, KIF7ILFUEAE. TOREN-) BT IREBEOA LA (BHTY
R)ERMIZRIGL, EEDEFEEEE NDC NEBATEIIENTEET, AIZER LT, 7TORE
=83 579 —RA(LacNa) o, 7OREEHF T B 7UILFI—Z(SLacNs)%E NDC-yn &S E 5.
FOR—=ABTT7YILZO—REZ A L= NDC (NDC-Lac KT NDC-SLac) ZfE{EICFART BT
BYLFELE, RIFE7ILFUEF#TOREDOBD RISIZE B TH D=8, Db FE#EE TERARIC
NDC ~NEEBATBIENTEET,

Z0 NDC K (f5]:NDC-Lac ®°NDC-SLac)Z/kIzFEEd A, NDC ELTORIZE| AAHEIFIE

NDC B LIZKAIZTRAL, Bl OB RTHEDELET, NDC (EZOKRESHNER Tom BE
DI FRTHZ0. 26 DEOKF
IFERTHRTIENTEET, Hl
(£, 4B\ NDC ITEALEZZIN—ZB &
VDO 7ULTO—XI(E, RCA120 LU
MAL-II [2k>THEMIZEHB SN S8
TY, 2FY, ELAKARFIZ RCA20 ET=
& MAL-Il AEETRIE, F42Ta33kIc
FHETITIM—RERLIFVTIILTIN—
REZNDDAVINIBMNE#LT NDC
BZEYIBRIZEETHZE T NDC-Lac
BELUW NDC-SLac m&dEE|ERILE
T, EERIZ, KBRPIZ RCA10 F=1E
MAL-Il pEFES 52ET. NDC FERK
NERNIZEETHIENBRICTHER
TEFEL,

WX —XDIGEF - EERADTE—ILRA 2 K

EREBORK R ZBIELI-RMA DIEEAZ R HADR S

FEEREET IRRABX - FTLH - HEESSE)

F5hE 2019-58831 TEMSNI= B RS L BLUVENER =T v A HE]

42

SNUHAGUA



NV HA AU

RFRFIAFRY —RE2019-2020

A RDEIKGA X LENEZEMEES
BiEEF (TGW6) DFRE

EmBEE EmEER
Eii Eﬁi #42 Naoki Hirotsu

(5

i TGW6 B FIEAFDINEE R LB 2HRGELETFTHD

WES —XORE

REGAODEINESSZ 20, HROANODFHULDETETHLA RDINEBERENIZEH
BIEMNKHON TS,

EELF. AVRDAREKBTHAINTTZAND TGW6 BEFEI/O—=2FLZORBEEZ RS
FHLITHILIz, COBERFIE AVR—ILEEEE - FILa—ROMKDMREEES DHRIE 2 /%
BEO—RLTWV = A RDORBEDVDEDBERBIZENT, TGWO IZLYB BN =AU R—ILEFBRIZ S
IEETCY—RIZHEWNTIHIMNICERALZ, — AT EREERKBEREZE DN TRED TGW6 (F1>
R—LEFERE & B CETIHITRISOBRA o1z, TDH, VI TIEHEIMIBOEAE MUK KAV
KLz, ZHIKXDA T, V—RENRA LTI LRV ERLWICNEBIE ML=,

TGW6 B FIIHEFEDBRIZBEVNTGERONRESN TR TEONE"E2VEN EEFT
HBEEZONT, FE. 2VEH)® NERICA BEDSESELRAREL, YL TGW6 BT
DEDWRENGEEZ LA, AP FRE TOGW6 BEEFEIVENICEALZEREELR TR
[NIL(TGW6) ITIFRI R XA EAE ML, BAEEHYDOIREFHRICEML,

CNBOTEML, TGWE BIRFIZAVERRNG/N\YITITURIZEN TN EMER LEE 20
R EIEFTHB.

Ken Ishimarux, Naoki Hirotsu*, Yuka Madoka, Naomi Murakami, Nao Hara, Haruko Onodera,
Takayuki Kashiwagi, Kazuhiro Ujiie, Bun—ichi Shimizu, Atsuko Onishi, Hisashi Miyagawa & Etsuko
Katoh. Loss of function of the IAA-glucose hydrolase gene TGW6 enhances rice grain weight and
increases yield. Nature Genetics 45 (6), 707-711. (2013) * equalcontribution
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Ishara Perera, Saman Seneweera, Naoki Hirotsu “Manipulating the Phytic Acid Content of Rice Grain Toward Improving
Micronutrient Bioavailability” Rice 11, 1 (2018)

Ishara Perera, Ayaka Fukushima, Mako Arai, Kenta Yamad, Seiji Nagasaka, Saman Seneweera, Naoki Hirotsu
“Identification of low phytic acid and high Zn bioavailable rice (Oryza sativa L.) from 69 accessions of the world rice
core collection” Journal of Cereal Science 85, 206-213 (2019)
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2015
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FAEAITHONTONET, LALAEAS, BEAVLWSATWSBFEEAISMTHY., LEASRE
HEAEN, ZIT, SOOI ERERATEIFREEBE M BEL T, RBICEESNZRME 2
—EROFITHUILL—IERAL, 81FHALE 1.01 #BEZECKRIFLELE,

L=

Q= &Mt
BRI EE 0.62kg-N/mé-d ZE@H L=, BEOWALEETIE 0.3kg-N/m?-d THY., KIFET
1T 2 EOWILEREEZSE, Chid, BENEELECL I THIEEODEREAIEAL, BEE
RESNENLLZHEEZS,

[ Jei2S(<islvN
BADEEE(EH4 1.038 THoDIZxtL., BIFREDEBEELECLEEIMETL., &8 404 HE
[CEEEA 1.011 ITIETRLz, 1.038—1.011 [TET I 22LI2kY, BREERKREREIE24DIER
FHE1/IUTIERTEIRBLES,

~~ 0.70

e

m 060 I

€

~. 050

2

_@ 040 |

N~ 030 008° ©

1 .3
020 W o

o 0

AJ o010 °

~

el-ﬂcrt 0.00

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70

FWAFT(ke'N/m?-d)
R EEABER

XS —XDISAB - EEXER~DT7E—ILRA > b

EEEEHKAIE, TKILE~DFREHRFLTRIET,

R EFHEEEY 2 RRMX - FT4H - HEESE)

%5 2016-83628 ABEELEARKR UV ZENE RN =EKLIELEE 1(2014/10/28)
QEN¥. AFILX HRIEME CFALEGREE CHEERAROLERE, CFTERH
WMREGTRARE, 2014/11/22)

51



RERFMRY—XE2019-2020

=R B e B i

EmEIEE ISEEYRER
ﬁ!? _\"HE #3% Tatsuo Sumino

[5a=]
g% hiE T T T AR BB A O ER B R A B,

RSy —XDAB
BKPIZEFENIERBATIKBIZBT2ERBEORALL D10, BERLOBEATEORKR
ENRBEEBEO>TNET, FAKPIZEEFNIERMDDOKREE NH-N ELTHEELTRY, &EME
BMOBRENEFHETT, LAMSIL PVA BEZBOVBEAEEIRE /T, SRE AT REREIE
FEERHL, UTOHMRESFELE,
1) RRE7VEZ7EHFEKCCESRLEESE TV, A% 0.56-1.20 kg-N/m?/d TREX
99 %Ll FDORYE RIS EET=, EERE 1.95 kg-N/m?/d OE RN Eer & E R L=, (”1)
2) [EIDERERIZEKY, FFHIETRILF—T77.9 kd/mol £5571=, COEIZBREEEEERZETHo=,
3) U724 L PCR BT OKER, 7o E=T7ELME (amoA) DIE—#d 2.08 X 10" 28— /g-10
1&, Mitrobacter J& (norB)1% 6.04 X 100 26— /g~ B{ATH >z, COMBEHBRBETILELZERSE
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concentration in Pakistani hair samples. Chemosphere 233: 705-711.

55



RERFMRY—XE2019-2020

BRAGREBEISH L TKEMEY
SR OMRER

EmEIEE ISEEYRER
é i’t.‘?i Bh% Qintong Li

R =maEoEn. SAMEOTALEDBEEIIH L CTREYDRETEERS,ICT
WE 3

HE —XDORE

—RBOREBKIZEEEZT 1 FECHMEDNEELTVNET ., TORDIREALIETABIZIEERND
RETERLTWET, ABISIFBICRABROVEEYE, £ERRADIDRE ILOVSEBELEWNFEL
THNTWET, ChoDDRE I OBREBERUDME. FRRADIETHILERKLTVET, Z
g, NBTBEBEOE R BEDREEENELTEH, MEMEZTOEIZIECTEEL T £ERELE
DIRFEIZREASELTNDADTY,

BIEMEYOL RIS EOCEH T EMRAT LG, ARRCBT 28 TOEREMEYES
MONBRIEBRBEREMZSENTEES, T B
BMEYICET HRIE. MEYOFHER RS, Bt
BEEOWREAVERAECERT LOICERARGE
—HERY IR ARBIEEDOISIZHIHL AN SR EEX
BZOMIZDONTHRBT 20, EERMNMEEZERET
EHHEDTH 5,

AMRZRIL B7H. EREEKMELILD, SHAE
KBEBEICBWTEHSMN AT EToT05, &F
SEREANAEFEEFE-T KBBREOM LR 24
HMICIRIET 525 BiEELTOET,

MR —RXDISAEM - EER~ODT7E—ILRA D b
BERO#K 2 1558 5 R EE DB TESMED DR T R U LA ORI, 588 -
BEHEEOERRVITET(EITKNE AEDE) DBADEHIZET 56D THIEEZLND,

HEZEEET 2RRRX - FIFLHT - HBEEEE)
Association for the Sciences of Limnology and Oceanography, BA/KIRIEZ S, B AKINIEEY)
Fo BAREEFZS

56



RFRFIAFRY —RE2019-2020

TRE| OWENDOEBKE - SIBE
S0l - MEEEIL. EEREDRE

R SHT7ATURAER (ARRFHEE)
#E {E¥ 203 Nobuaki Ochi

seios - i [

B HECHBCREL LD A, LU LED BBAORRGERICLY, WEDRAREDEY
e FARFEFBEARVTVEY, TRAF—HEEZINA. IKRBICHMLZRBOENSEZER
SEBHLEREL AFORE BEREFPCEEZHADOREEZEDTNET,

WES —XORE

WREX—U—R: XE BRY—IANB%, RBEHE, RERHA BIMVRA, EZREX

HZE(OMYAL, TN ElE, BTHROBE - R @) A A THICKYF|ERIIN TN IRIEME
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