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Development of scaffolds for oriented immobilization of biosensing molecules and
their application to biosensing technology
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We have developed a bio-nanocapsule (BNC) scaffolds that clusters and
oriented immobilization of IgG and Fc fusion receptors, enabling higher sensitivity and lower cost
in various biosensensors. However, there were some issues, such as insufficient effect of increased
sensitivity. In this study, we aimed to improve the BNC scaffold technologies and develop new
scaffolds with evolved BNC characteristics to develop a technology that enables simple and
ultra-sensitive detection of small amounts of substances to be measured. As a result of this study,
we succeeded in developing a simple and highly sensitive detection of food allergens using the BNC
scaffolds. In addition, a new scaffold, DNA aptamer orientation-presenting BNC, was developed to
achieve ultra-sensitive detection of ligands.



B X C—19, F—19—1, Z—19 (m)
1. WFERAE S WO

NAFv v THINDBECK R 2 EO 57201201, T/ RE Ty v I/ h+520 7
AL — bR L ORBREIUL TE 2 BG 0 T EERGE L 72 D08, WiE 2[RRI ER L7272
o7~ (BE S . Biosens. Bioelectron. 89, 810 (2017)). AFZeftEFEE L. 1gC-Fc fEde 727 #
T aREHERT DA AT ki (17 52 TR A AT 17/ ZZ-BNC ; K1) 23, 3o
A 7 REZEBNT 1g6 LN Fe G RROEL MM BHEICHIEL [7 722 — (L L3
SltErib ) ZRIFFICER TE AMAMEOBWEL ST THHZ EE AL, A AV
T OEREE R L TE RN, KE LSRR R+5
72 iR BNC AR PE D JEME S S OREEN B - T, EE—EE

@m// 2Z2-L59>)\oE
2. WFED Ay §
: = I9G

AT TIL, BNC BEFEATO B L, 45 L OV BNC D5 4“{\

B AL & A7 HTHLIE 4 1 D B I I 0 L7 R
DORERBE % T o AT v 7 CRHE - RIEIZ, 5K
BEIC . ZEAIC R T RE A R B % FAES = & & L.
SRHT L ERREL - fr i BRI T % 5 WX
o F~DEMER D L E 2 TS, 1

Fc

ZZ-BNC
‘//QZHX4>
7 S5 wE

3. WD H ik
(1) BNC B2HEffiaHWEETAY L R v FA LT vEAOKE

ELISA H 96 /XA &/ 7' L— NI, JURICHT e EZEE L, 7 vy 7%, dUR%E
WINL7z, &5, bl X OBERE#R _RPEZ TR EZHE L, O, T
[EFE U2 ZZ-BNC Z [EE L L2 IR PR 232 L, S HITIRFEH T ZZ-BNC (ZEESEAE % IR
HiEZEr Ui FiE & i Ui,

(2) BNC BHiE AWTEEBY T VLA L OFfE - &R H T o Bl %

ELISA FH 96 XA &) 7 L— N E7213A L AT 4 v 7 OFEME LI, FUROIFAART LT
VEBEEL, TR yX % A RT AT I kbR L OSSR kbR R L TA AR
TATIVEEFE L, ORI T ZZ-BNC I EEEIER IR &85 L= ik & ik
L7, EBIZ, ARTAT I VPN OTEEREMT VAT (ARLaA R, B-F7 " a7
Vo, AL VoFr, ZUV TV, hrBRIFTY) ITOWTHIELE,

(3)  FHLEES T DNA BHIFERA BNC OFHZE & U o RO ERRE L~ s H

LA DNA BeA S A % » 237 ' « single—chain(sc)Cro (Jana &, Biochemistry, 37, 6446
(1998)) Z#E R L7= BNC (scCro-BNC) ORI T A REHEE L, H2EEER: (Saccharomyces
cerevisiae) \ZIEEHAML L, BEBUWL A G-, BEEKRE T 7 A —X T L, BVLBig, 77
U =T A= N TLE7u~w N T T 7 4 —BXOTFNVAB T L7u~ T T 4—% T
scCro-BNC (X 2) Z#AEHIL7-, HBRMELIL, &

W BT TR 1R BT B OVEh A Sk égﬁgziﬁ

SLEZ W THRRIBIT 21T o 72, 72, K% , A RPN

IR RFEE: (QOM) % VT, scCro-BNC & t Ef'fccro L& N8

DNA (k> B UFEG DNA 7 7 & ~—) DK AN

AREAE L, S6IC, QM B —F v 7 ocro-BNC | DNAT T o7 —

Flohar BUfEA DN 772~ —%EE L,
frererEARE L, 2O, B EIC

scCro-BNC Z[EE( L72&IZ DNA 77/ % ~—% _ scCrof&&atics!
WoR LIz B ik L7, ? yscCro RX-1>
S )\OE

O 2

(1) BNC B WX TNy RA v FA LT vEA DG

BNC DM ZTEH L <, FUFBHOBEKRENEZRE7-012, FTETARO—DE LT, &
W7 LV OIRAART LT I UHEICOW T, [ER R X OYEAET T ZZ-BNC B RS T &



LTHEHTD, TNV R T A LT vBAIZONTREFILIZE Z A, ZZ-BNC OEHD
LA 7 FAOREENE XA L2 R L, — . RN E LAy s
7T RN ER LTV, RPUEST 0 v %0 7Rl EokiEb 2 X5 &L bic, Hilk
DY KA wF ELISA v NI ZZ-BNC ZHEHT 2 HiEEFTITRF Lz & 2 A, fERkiEE K
BEAATEDZENRBINTZ EnD (BRI S . RREERT) . 5 ki X RIIEO L0 Gl 7o i
WiLZHED, RETNAY L KA T A LT v AEOMENSZXK-> TN,

(2) BNC RBHi & =BT LIV L O « s B o B %

TR DO PN E X G E % | 8 BB B LR T AT RE 72 B DB R 2 [ % 7= D12, ELISA & bt
NTEMER T, ER
AN < BRAE S | A
BRADN) AT 4 97 ZZ-BNC FeEE BITERERS
EE ROV E 3R 3
BIAsEMT VLY
v OBHIZONWT 77-
BNC DR A et L7z
LA, THEEOFUR
B IC R W TR E
fbtc&xbz LaRH
L7z Bl ART T
I DAL 80

ADIRF AV
ﬁgﬁﬁm:mﬁ%
: — R
ARPIIT=>

0 10 15 20 30 %

(BRI E 7 77 BNC —IRIUE & TIRTUADE RSEE

1 0E 3k o B E R R &

KB D1ICEMTE | B

HZEERML (K ZZ-BNC - REE +

30, X b0, HHOR =t
IR OBy T L )/{] l‘t
NP T B B o ‘ t g
EEEICRITE S

ZEEHLEMNILE 3 Z=F£'Ei|l’lzqw) HW7{51858

(4 3B), AR
AT 5. Biosci Biotechnol Biochem. 87, 765 (2023) Zim3C3&E L7,

(3)  HTHURYSSF DNA FEFIHE/R I BNC OBAFE & U > RigHH O &b~ D s A

BNC R IHH AT O B, 35 L OV BNC D F5M:
AL S EHHUEE S T OB AR 5 rOvES scCro-BNC

7=, Fe LA o> 74 %%ﬁﬂl

ETEDPREENTL L, HEK || owroaes | %%m@oﬂ Qé%%(@%%?
30 nm @ DNA EEFIHE-RTY BNC - scCro—BNC
R LE. Z2C QM BrH—FEo Dlrect scCro BNC
scCro-BNC 1Z, 1 Kit-&H7= 0 K 30 4 100
FO DNA T FE~w—%f R TEHI L%
RH L7z, 51T, scCro-BNC [X DNA 77
B —mBIE ML TE 5 L, DNA
T H v — R EBEEELT D B 13

scCro-BNC

Direct

T, U R BRI T x5 o | IR
xR LI (hr e ORHR HEJ

FUER) 6000 f5) (K 4), 5t Hix

7L£‘TZ f/"j“—%ﬁﬁb\ff&%ﬁfcﬁ U j]f/ ]\@_'%_ 4 0.0001 O.O_OI_;r:r.r(]);.in (E.Qiml-)l 100
BEBRE~OBEHZBET 720, 5l &t
% scCroBNC DEFENZHY  KfEt v —~DIEHEZHE L T < ARSI ARYE S  Analyst
147, 489 (2022) IZT#CHFE LI,

FERRFEDOHRFIZ BNC BTN L DA &) AT 4 v 7 EORE « mRER . B X O E
EA%mmﬁﬂﬁrUmw%mwtmm77&?~®%ﬂm%i09ﬁyF@&®%@§Mﬁ
M Z B2 0WERTH Y, ZOMBAMESCEMIETIEE BV EE X D, 5%, AT AR
ETHSCERBAS 2 EICB T 5, a2 EBOMEOBSRIET Yy MMl ~DJs b i TE 5
ZEMD, TOFNMERALSNERIEVEE XD,



16 16 0 0

Zhou Lianjie Kato Fumihito [lijima Masumi Nonaka Tomoyuki Kuroda Shun’ ichi 0Ogi Hirotsugu 95

Mass-Fabrication Scheme of Highly Sensitive Wireless Electrodeless MEMS QCM Biosensor with 2023

Antennas on Inner Walls of Microchannel

Analytical Chemistry 5507 5513
DOl

10.1021/acs.analchem.3c00139

Sasamura Yuto Yamamoto Seri Tanabe Akiko Kera Kota Kuroda Shun®ichi Nakayama Tsutomu 87

lijima Masumi

Immunostick colorimetric assay for highly sensitive detection of food allergens by bio- 2023

nanocapsule-scaffolding technology

Bioscience, Biotechnology, and Biochemistry 765 770
DOl

10.1093/bbb/zbad048

Yamagishi Ayana Mizusawa Mei Uchida Koki lijima Masumi Kuroda Shun’ ichi Fukazawa Kyoko 216

Ishihara Kazuhiko Nakamura Chikashi

Mechanical detection of interactions between proteins related to intermediate filament and 2022

transcriptional regulation in living cells

Biosensors and Bioelectronics

114603 114603

DOl
10.1016/j .bios.2022.114603

lijima Masumi Kawaguchi Atsushi Ogura Yukino Yoshimoto Ryotaro Kaneda Moemi Kera Kota 86

Kuroda Shun®ichi Nakayama Tsutomu

Nano-visualization of the <i>in vitro</i> antiviral activity of black tea based on production 2022

area using a liposome-based virus membrane model

Bioscience, Biotechnology, and Biochemistry 1658 1669

DOl
10.1093/bbb/zbac163




56

2023
28 29
DOl
10.11402/cookeryscience.56.28
lijima Masumi Yamada Yuki Nakano Hideo Nakayama Tsutomu Kuroda Shun®ichi 147
Bio-nanocapsules for oriented immobilization of DNA aptamers on aptasensors 2022
The Analyst 489 495
DOl
10.1039/d1an02278d
Takagi Kurumi Somiya Masaharu Jung Joohee lijima Masumi Kuroda Shun’ ichi 14
Polymerized Albumin Receptor of Hepatitis B Virus for Evading the Reticuloendothelial System 2021
Pharmaceuticals 408 408
DOl
10.3390/ph14050408
Yoshimura Koichi Aoki Hiroki Teruyama Chie [lijima Masumi Tsutsumi Hiromori Kuroda Shun’ 21
ichi Hamano Kimikazu
A Novel Hybrid Drug Delivery System for Treatment of Aortic Aneurysms 2020
International Journal of Molecular Sciences 5538 5538

DOl
10.3390/i jms21155538




Kim Hyonchol Hoshi Masamichi lijima Masumi Kuroda Shun®ichi Nakamura Chikashi

12

Development of a universal method for the measurement of binding affinities of antibody drugs 2020

towards a living cell based on AFM force spectroscopy

Analytical Methods 2922 2927
DOl

10.1039/d0ay00788a

lijima Masumi Yamada Yuki Nakayama Tsutomu Kuroda Shun®ichi 84

Enhanced sugar chain detection by oriented immobilization of Fc-fused lectins 2020

Bioscience, Biotechnology, and Biochemistry 1775 1779
DOl

10.1080/09168451.2020.1773757

Kim Hyonchol Ishibashi Kenta [lijima Masumi Kuroda Shun’ ichi Nakamura Chikashi 20

Influence of Nivolumab for Intercellular Adhesion Force between a T Cell and a Cancer Cell 2020

Evaluated by AFM Force Spectroscopy

Sensors 5723 5723
DOl

10.3390/520195723

lijima Masumi Araki Kyoko Liu Quishi Somiya Masaharu Kuroda Shun®ichi 86

Oriented immobilization to nanoparticles enhanced the therapeutic efficacy of antibody drugs 2019

Acta Biomaterialia 373 380

DOl
10.1016/j .actbio.2019.01.011




Yamagishi Ayana Susaki Moe Takano Yuta Mizusawa Mei Mishima Mari lijima Masumi Kuroda 15

Shun®ichi Okada Tomoko Nakamura Chikashi

The Structural Function of Nestin in Cell Body Softening is Correlated with Cancer Cell 2019

Metastasis

International Journal of Biological Sciences 1546 1556
DOl

10.7150/ijbs.33423

Noi Kentaro [lijima Masumi Kuroda Shun’ ichi 0Ogi Hirotsugu 293

Ultrahigh-sensitive wireless QCM with bio-nanocapsules 2019

Sensors and Actuators B: Chemical 59 62
DOl

10.1016/j .snb.2019.04.150

Koizumi Kaori Nakamura Hitomi lijima Masumi Matsuzaki Takashi Somiya Masaharu Kumasawa 21

eiichi Kimura Tadashi Kuroda Shun®ichi

In vivo uterine local gene delivery system using TAT- displaying bionanocapsules 2019

The Journal of Gene Medicine

e3140 e3140

DOl
10.1002/jgm.3140

lijima Masumi Nakayama Tsutomu Kuroda Shun®ichi

150

Two-dimensional membrane scaffold for the oriented immobilization of biosensing molecules

2020

Biosensors and Bioelectronics

111860 111860

DOl
10.1016/j .bios.2019.111860




27 4 5

Sasamura, Y., Yamada, Y., Kuroda, S. lijima, M.

Oriented immobilization of DNA aptamers on aptasensors using bio-nanocapsule-based scaffolding technology.

Biosensors 2023

2023

lijima, M., Sasamura, Y., Tanakbe, A., Kuroda, S.

Bio-nanocapsule-scaffolding technology for highly sensitive detection of food allergens in food safety analysis.

3rd Food Chemistry Conference

2023

2024 (2024)

2023

2024

2023




69

2022

69

2022

2022

2022

18

2022




DNA

2023
2022
2023
2022
- Clicl
70
2022

lijima, M., Nakayama, T., Kuroda, S.

Two-dimensional membrane scaffold for the full oriented immobilization of Fc-fused sensing molecules on biosensor surfaces.

Biosensors 2020

2021




22

2021

30

2021

17

2021

2022

2021




HACCP

2022
2021

2022
2021

2022
2021

2022

2021




Susaki M., Yamagishi A., lijima M., Kuroda S., Nakamura C.

Analysis of mechanical property of intermediate filament in a living cell using antibody-functionalized nanoneedle and AFM

11th EUROPEAN MEETING ON INTERMEDIATE FILAMENTS AND COST ACTION EUROCELLNET MEETING

2019

lijima M., Nakayama T., Kuroda S.

Bio-nanocapsule-based scaffolding technology for clustering and oriented immobilization of various sensing molecules on
biosensor surface

6th International Conference on Bio-Sensing Technology

2019

71

2019

2019




Noi K., lijima M., Kuroda S., Ogi H.

Mechanism of affinity enhanced protein adsorption on bio-nanocapsules studied by viscoelasticity measurement with wireless

QCM biosensor

40

2019
2020

2019
2020

2019

[

lijima, M., Kuroda

2022

Academic Press

458

Biocatalyst Immobilization: Foundations and Applications. Chapter 15 Oriented Immobilization of
Biomolecules on Small Surfaces.




https://ww.nodai .ac. jp/news/article/25027/

2024
https://jsbba2.bioweb.ne.jp/jsbba2024/index.php?btn2_move=on&topics=1




