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Bio-nanocapsules for multifunctional bio-imaging probes
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TR OBEEE (330) : Here, we developed the “/RODORI method” which can detect multiple
antigens simultaneously, regardless of the animal species and subclasses of IgGs. Thus,
bio-nanocapsules are expected to be a new platform for the multifunctional bio-imaging probes.
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(1) {55y 1-ZZ-BNC % i\ - @ 240
R HHYE TIRODORIL Hifi o B %
@ IgG-Cy-ZZ-BNC #HAE KD HUKEHE DR
HOEHERR-ZZ-BNC OER%, ZZ-BNC (1
mg) & Cy2-. Cy5-bis-Reactive Dye (GE)D
B AR L T NZIURS L, iR T—KFH
Jit% Sephadex G-25 (Zfit L, Cy2-ZZ-BNC
B L Cy5-ZZ-BNC ZA{ER L7,
IgG-Cy-ZZ-BNC #H A 1K1, anti-EGFR (i
i L 7% — EEREIR T2 24) mouse
IgG2a (FriLfb=T.3) (1 ng) & Cy5-ZZ-BNC
(5 ng) ¥ & O Bis[sulfosuccinimidyl]
suberate (BS3) (0-50 ;,LM)% PBS (50 pL)
TIRA L TR T 30 o MGs L.
anti-EGFR mouse IgG2a-Cy5-ZZ-BNC &
& (IgG i 20 ng/mL) 2 /ERL L 7=, = O,
Mouse total IgG, Human total IgG, Rat
total IgG, Mouse IgG1, Mouse IgG2a,
Mouse IgG2b (Sigma) (0-160 pg/mL) % 4 %
wL., =R T30 MG L7z, & MRF
BB A431 MIRE(L x 106 #fifi) & 2.5%
(w/v) BSA/PBS (1 mL) TV 12 v %2 7%,
100 pL/tube (Z737F L | 45 anti-EGFR mouse
TgG2a —Cy5-ZZ-BNC #HAKZ IR L T 4°C
T 1M, 7e—% A hA—F—
FACSCantoll (BD) # T EGFR % JlI7E
L. FASDiva Software (BD Bioscience)!Z &
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(1) HE5%>+-ZZ-BNC % - R E %61
IR vE T IRODORI) itk oo B3
O IgG-Cy-ZZ-BNC & &R DOFTARE L O FFMh

ZZ-BNC £ED ZZ-L % 7"V BED Y ¥

i 5 )07 2 7 F L NHS
(N-hydroxysuccinimide)-Cy & DfL52 G
£V Cy-ZZ-BNC Z{E# L= 58 Z2-L %
RIE 15FH7-0 Cy a1 1-3 45+
STz, T, IEHSFIZ LD ZZ-BNC &
IgG DFEA~DEEZFMT 572912, QCM
12X Y Cy-ZZ-BNC & Rabbit total IgG D&
AREWE L, TOfE, ZZ-BNC X IgG
2N 43 iy 1AEE Lz, Cy-ZZ-BNC 1% 28 43
+0 IgG BFEA LT Z &b, FEERIC X
% Z7Z-BNC O S A RRIZ DT I+
D ENTRBENT, L UARFZERICEBIT D
IgG-Cy-ZZ-BNC &I,
Cy-ZZ-BNC:1gG=1:9 (mol:mol) T4 2%

Z b, Cy-ZZ-BNC OFERAREIZ 5
RSN TWD 2 EE2HLMNT LT,

Iz, anti-EGFR mouse

IgG2a-Cy5-ZZ-BNC &1k (IgG #E 20
pg/mL) & VT, 284G (50 uM BS3)D A
(2 K 5 R BT (0-160 pg/mL) & o E i
KEEE DR 21T > 72 (X 3a), 7 m—HA b
A RU—I2X v A431 #faFE D EGFR % H,
B EOEmE)A2HE LR, ouM BS3 T
1%.ZZ-BNC & #EA6EA E ) Mouse total IgG
% 40 pg/mL WM U 7= Bg, 36T A 82%12
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DRI XN 72(K 3b), & 512 80 pg/mL Ll 1
NI % & HEHEEE 150%I12 ER- L2 2
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—7J7. 50 uM BS3 THUE L7234, 160
pg/mL AN L THRILATRE S 272 2 &b
IgG-Cy-ZZ-BNC X BS3 12 L W ZE/LTH =
MRS T, [AIRRIZ, O uM BS3 Tid,
ZZ-BNC & #5& #2723V Human total IgG
Z 160 pg/mL iRIN9 2% & #OEFRE T 1156%1
ESH U772, 50 uMBS3 {2k Y
IgG-Cy-ZZ-BNC (3% ELT 5 2 & DRIE S
N7=(X 3c), —F. ZZ-BNC L FEAHED KW
& B WL HRREE O IR R PTA(Rat total
IgG(X 3d), Mouse IgG1(X 3e), Mouse
IgG2a(X 3f), Mouse IgG2b(X] 3g))i%. BS3
ODEWIZLDETIZE A LBD LN
7=o LLEX V| IgG-Cy-ZZ-BNC #H AT,
BS3 IAFE T ClE 2 5 EmOFLAE, £72, BS3
FAAE T T 8 EEDHFUEZ A L T HEHIT
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@ HOGIER ZZ-BNC % 7z FACS fifhT~
DIEH (o TNAT— A A—=T )
anti-EGFR mouse IgG2a-Cy2-ZZ-BNC #
A E 7213 anti-Integrin B1 mouse
IgG2a-Cy5-ZZ-BNC Gk AN T, 7 m—
YA P A MY =2k D A431 HifaRE D
EGFR %7213 Integrin Bl O R B & A2 HIE L
72(B 4), EOFER, B OHOCARR Ik
RCRRIT 2 51K 4a /o) & T PR
BHEE SRS £ 7T ERT 2 2 L &R
L7z (K 4b,e), BAEORERIL, ZZ-BNC 13
HAPUEZ RIEIZ 7 7 2% —1{bi L US|
ftL. BRIEHSUER 1 5 FH7- 0 oataFED
DIRERDDLEEBEZ BN,

@ WIAZF# ZZ-BNC % iV 7= FACS fighr~

DO (FNVTFAT—A A=)
WO ZZ-BNC 2 A A—V v 77 a—

7 & LRI A72912, anti-EGFR mouse

Cy5-labeled ZZ-BNC

IgG2a-Cy2-ZZ-BNC ¥ L O anti-Integrin B1
mouse 1gG2a-Cy5-ZZ-BNC &K% VT,
Jua—H% A FA M) —IZLY A431 MfREE
@ EGFR $ X OV Integrin B1 O [AIRE R H 217
S72(X 4a £5), ZOFER, A CEipEs L O
P77 T ARKRO—REULE VT 2 EHD
PURO EIRER 2 ATREIZ L7z (X 4d), 7233,
R L — Y —EMEE (FV1000, Olympus)
2 & MifRRfE DR RAE LB S
(2 4e), LLEDOFERNS, ARAFFRIC X 0 16K
RABE T H - 7[Rl —EFEE K - [ —H 7 &
A T DR Z I T EEE SR
DRI A FTREIC T D, T 72 A A A
A=V 77 a—7 [IRODORI Hifi DR
FEER Lo, D OB ITHERER
(Iijima M. et.al. Biomaterials, 32,
9011-9020, (2011) GRS 12)) PR
RETHE L, s - BERICHT TRE L,

@ & avA FEH ZZ-BNC % W= yE
B 7 ~DGH

HOt R A OISy - ZZ-BNC 12 X %
JnEi72 IRODORI Bifti RSt 2 Hig L, 4=
04 NZX D REEHEOB 2772, 1.4
BLOS5nm &2 K-ZZ-BNC Z/EHLL |
anti-FLAG mouse IgG2a-4& 221 K
-ZZ-BNCHAKZ/ER L T TEM (2 L 0 #%2
L7z, TOfER, 1.4nm & v RIZEEHIC
B CEJ, ERE S WA T 2 O IX IR
Thotl- W574), Zhik. TEM OfkE
OEREDIKREINEZ bz, —J). bnm &
av A NIERICRE & 7228, ZZ-BNC #
BT 5 LT, IgG-4eanA R
-ZZ-BNC [R5 6885 Loy Bt L <R T
LTV 5 4), 5l&Hix TEM ORE,
oo f R4 XBIONEERTE, 612
ZZ-BNC Oyt o it 2 it L, e E
BA~DERZHA TN D,

(2) HiREE T ZZ-BNC % FV 7= PR e
vk [TRODORAY | £l DBa%s

PUR S ARG DN T, MR A &7 — 1
@REOPR) 2B LSRR, W T ART
A R EICHURZ BREEE Lo fekik &

T. PR ZZ-BNC % F 7= H1E T,
PURORHEE I I~2 5 LA L2 &0 6,

TRODORAY H i 2B DO Al gEME R ST,

1.4nm gold
labeled ZZ-BNC

5nm gold
labeled ZZ-BNC

5:.19G-£ R A FiZ# ZZ-BNCHEAFD TEME



Gl E#eE ZZ-BNC 6 L OHUAD E E LR
ROF L, BFERER ORiEfL, S 52T ~0
7V —</F SPRIEOHR D T 5,

5. ERRERLE
(RFFEAREESE . WFZE 03 M ONHLEERF 2234 12
X THR)

CEssRm C) (FF 14 7F)

1. Lijima, M., et al ( fi 4 % )
Nanocapsule-based probe for evaluating
the orientation of antibodies immobilized
on a solid phase. Analyst, 138, 3470-34717,
(2013). DOI:10.1039/C3AN00481C. (%7t
)

2. Miyata, T, et al. 9 &/ 6 HFH) A
bio-nanocapsule containing envelope (E)
protein  domain III of Japanese
encephalitis virus (JEV) protects mice
against lethal JEV infection. Microbrology
and  Immunology;  Accepted.  DOI:
10.1111/.1348-0421.12055 (#55547)

3. Iijima, M., et al. (ftli 4 #) Bio-nanocapsules
for signal enhancement of alkaline
phosphatase-linked immunosorbent
assays. DBioscience, Biotechnology, and
Biochemistry, 77, 843-846, (2013). (¢ 4)

4. Yoshimoto, N., et al. (14 &% 5 %H) An
automated system for high-throughput

single cell-based breeding. Scientific
Reports, 3, 1191, (2013).

DOI:10.1038/srep01191 (& FHi4)

5. Kida, A, et al. (6 & F 2 FHFH) Cell
surface-fluorescence immunosorbent assay
for real-time detection of hybridomas with

efficient antibody secretion at the
single-cell level. Analytical Chemistry; 85,
1753-1759, (2013). DOI:
10.1021/a¢30306 7k (£ #Fi4)

6. Lijima, M. et al ( flt 4 4% )
Nano-visualization of
oriented-immobilized IgGs on

Immunosensors by high-speed atomic
force microscopy. Scientific Reports, 2, 790,
(2012). DOI:10.1038/srep00790 (i)

7. Matsuo, H., et al. (10 &+ 3 F H)
Engineered bio-nanocapsules, hepatitis B
virus surface antigen L protein particles,
for In vivo active targeting to splenic
dendritic cells. International Journal of
Nanomedicine, 7, 3341-3350, (2012). DOI:
10.2147/1JN.832813 (£75:4)

8. Hasebe, A, et al. (9 4™ 5 & H) The
C-terminal region of NELL1 mediates
osteoblastic cell adhesion through integrin
a3B1. FEBS Letters, 586, 2500-2506,
(2012). DOT: 10.1016/j.febslet (A Hi4)

9. Somiya, M., et al. (7 4 3 % H) Targeting
of polyplex to human hepatic cells by
bio-nanocapsules, hepatitis B  Virus
surface antigen L protein particles.
Bioorganic and Medicinal Chemistry, 20,
3873-3879, (2012). DOI: 10.1016/j.bmc (£
i)

10.Yamada, M., et al. (10 & % 4 F H)
Hepatitis B  virus envelope L
protein-derived bio-nanocapsules:
Mechanisms of cellular attachment and
entry into human hepatic cells. Journal of
Controlled Release, 160, 322—329, (2012).
DOI:10.1016/.jconrel (AHiH)

11.Hasebe, A, et al. (8 &1 4 3% H) Efficient
production and characterization  of
recombinant human NELL1 protein in
human embryonic kidney 293-F cells.
Molecular Biotechnology, 51, 58-66, (2012).
DOI:10.1007/s12033-011-9440-4 (555 4)

12.Lijima, M., et al. ( fi 5 4 )
Fluorophore-labeled nanocapsules

displaying IgG Fe-binding domains for the
simultaneous detection of multiple
antigens. Biomaterials, 32, 9011-9020,
(2011). DOI:
10.1016/.biomaterials.2011.08.012 (&FHA)

13.Jung, J., et al. (104 7 23 H) Efficient and
rapid purification of drug- and
gene-carrying bio-nanocapsules, hepatitis
B virus surface antigen L particles, from
Saccharomyces cerevisiae. Protein
Expression and Purification, 78, 149155,
(2011). DOI: 10.1016/.pep.2011.04.008 (&
)

14.Lijima, M., et al. (fh 15 44) Nanocapsules
incorporating IgG Fc-binding domain
derived from Staphylococcus aureus
protein-A  for displaying IgGs on
immunosensor chips. Biomaterials, 32,
1455-1464, (2010). DOI:
10.1016/.biomaterials.2010.10.057 (&5¢4)

(Fa%R) Gri12 4k, NIEEE 140
(EN)

1. ofRUEEE, (1 Ft P —FKiHlIBiT 5k
U T FITEMED T ) LU B
(b 80 Ml k4. 2013 4E 3 H 29-31 H.
=

2. ofUBRE. (A AT/ BT L B3
F oY —DF ) LoV IR O %
BEfb) AAVESS b4 2013 4EFE R4S, 2013
3 H 24-28 A, &

3. ofRURIRE. (A AT BT a A=A
B FEIULEMIC L DA AP —D
AR 2012 HEEE A AR TR
A TR, 20124F 8 H 2 H, 4R



1

1

ofrEIEH [T 7 F L HUR O REBI k% 7]
BEIZ T D RBRIIAER S LA AT ) T &
JVOBA%E |5 28 2 HAN DDS P FiE S,
201247 H 4-5 H., L%

of B E, (31 AT B 7w/ E izt
RIEFUEEATIC L D3 A o — Dk
B BARBRELTS 2012 FE KRS, 2012
43 H 22-26 H, 5B

of IRARE. [T LW HUASES I LA (54 A
T TN KD ESRE A A o —
DOBE% ) % 63 M HAAEM TSRS, 2011
49 H 26-28 H, HT

(E4H)
. olijima, M. Bionanocapsules for
optimizing nanostructure of biosensor
surface.3rd International Conférence on
Bio-Sensing Technology; 12-15 May, 2013,
Sitges, Spain

oMatsuo, H. In vivo active delivery of
antigens to splenic dendritic cells by
engineered bio-nanocapsules, hepatitis B
virus surface antigen L protein particles.
Vaccine Téchnology IV, 20-25 May, 2012,
Albufeira, Portugal

olijima, M. Bio-nanocapsules for a scaffold
of oriented immobilization of antibodies in
Immunoassay systems. Blosensors2012,
15-18 May, 2012, Cancun, Mexico)

olijima, M. Bio-nanocapsules as a scaffold
of oriented immobilization of antibodies in
highly sensitive immunoassay systems.
International Symposium on Innovative
Nanobiodevices ISIN2012, 21-22 March,
2012, Nagoya, Japan

olijima, M. A new platform for bio-imaging
probes based on oriented immobilization of
biological sensing molecules. The 15th
SANKEN International Symposium 2012,
The 10th SANKEN Nanotechnology
Symposium Progress and Perspectives of
Imaging Science and Téchnology-From
Nano Structure To Human Behavior-,
12-13 January, 2012, Osaka, Japan (B4F
AT

olijima, M. Bio-nanocapsules for oriented
Immobilization of IgGs on immunosensor
chips. 4th FEuropean Conference of the
International Federation for Medical and
Biological Engineering., 14-18 September,
2011, Budapest, Hungary

(=) G2 )

CBRIES, (14) g AT 7' EH

WBE TR . A A
AL UAEA UHE AR — —REAEIEAN
AFAHEANY 2, HRH

2. Ljima, M., et al. (ftt 1 4) Bio-nanocapsules
for oriented immobilization of IgGs on
immunosensor Chips. A. Jobbagy (Ed.):
5th  European  Conference of the
International Federation for Medical and
Biological Engineering 14-18 September
2011, Budapest, Hungary, Springer-Verlag,
37, 1000-1003, (2012).

(PE £ 4 PEME)
otHFEMRIE (Bl 1 #0)
LR NAFF ) T AR R — LEE
FAT RSN
R BREE—, RS, BIofhR,
RIESE B, T
HERI « A B
TR B
Fa o FFFE 2012-080791
HFESEH B - 201243 H 30 H
EIPNFA DRI - EN

oI G 11F)

AR ZHURREIRR A 2 BT
IR - BEE -, fIRES, SRIBEE
MERIE ¢ Ak

TR B

&5« HiBH 2010-210444

BES4EH H : 201049 H 24 H
ENAOR : EN

(& D]

R I

1. http://www.natureasia.com/ja-jp/srep/abstr
acts/40899

2. http//www.natureasia.com/ja-jp/srep/abstr
acts/42558

3. http://www.sanken.osaka-u.ac.jp/jp/operati
on/research_activities.html

4. http://www.beacle.com/japanese/top.html

5. http!//www.agr.nagoya-u.ac.jp/~tagen/tage
n/home.html

(ZERE) Gt 214)

. 2012 HEE QALY T i S
A SCRE SURRE (N A T
BV E WA T HEESI LRI L B R
A A —0EiEREL] . 2012 FEE B AA
MRl S F I B

2. 2010-2011 A KBRS C 100 &,

Lijima, M., et al. CHEERR=C 14)

1

6. BFFERLAK

(1) wrzEfERE
i 45E (IJIMA  MASUMI)
AERRT: - KRBT -
=
WFFEE 25 : 40390728



