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Bio-nanocapsule-based scaffold for biosensing molecules: enhancement of sensitivity

by the clustering and oriented immobilization of sensing molecules

Masumi lijima, Shun’ichi Kuroda* (Department of Bioengineering Sciences, Graduate School
of Bioagricultural Sciences, Nagoya University, Furo-cho, Chikusa, Nagoya, Aichi, 464-8601
Japan) Seibutsu-kogaku 93: 248-258, 2015.

Biosensing is a state-of-the-art sensing technique that detects the interactions between biomolecules,
such as antigen-antibody, ligand-receptor, and sugar chain-lectin interactions. Since the target analytes are
often of higher molecular mass and their binding affinities are sometimes weak, the sensing molecules on
biosensing probes should be sensitized as much as possible by displaying them in a close-packing manner
and reducing steric hindrance around the analyte-binding site. It is thus believed both clustering and ori-
ented immobilization of sensing molecules on biosensing probes are important for enhancing the sensitiv-
ity and specificity of probes. Conventionally, sensing molecules have clustered onto solid phases (e.g.,
gold, silver, carbon nanotubes, liposomes) with scaffolds (e.g., linkers, self-assembled monolayers, protein
A, avidin) to improve biosensing probes. However, neither of these strategies has yet accomplished both
clustering and oriented immobilization of sensing molecules. Recently, we have developed bio-nanocapsules
(ZZ-BNC) of ~30-nm diameter, which display ~120 molecules of a tandem form of immunoglobulin (Ig)
G Fc-binding Z domains derived from Staphylococcus aureus protein A, that serve as a scaffold for the
clustering and oriented immobilization of IgGs and Fc-fused biosensing molecules. Here, we describe the
molecular basis of ZZ-BNC-based technology, and introduce the versatility of this technology not only in
immunosensors but also in other biosensors.
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(Fig. 1A LB, Tablel). 22T, WinNf+tr v
FTORE, R ¥4 F3Iv 7Lyl EmLEE
BAHOITIE, vy Yy I T LSRR A
T&ED LI, vy v TR IA5—{bLDoD,
ZORMEEZF LNV THE L TEEIRRT L2 5
Ay —Afbl F 7 LRVEFGIAL] Bt OB HEE R L
%5 (Fig. IATE).

WED > 22 Ty FEELEI

AT, MERBOLZODOAL L7 707 v
(immunoglobulin (Ig)) G LA %2 HIC & D At n,
RERFE B LoDy Y VT D Y T AY —{LE
FUBIZ X B34 2 v ¥ v 7 DOEIEEALIC O W TS
5. IgGOMEEIX, 2AROEM (H#H) L2ARK08M (L
) BYANVT 4 FREAELTYFRO4REKZTEE L
N KRB AFAL (Fv) % &2 B Fab #i%
L TEOFelgh bR S5 (Fig. 1B). F72, 73
J BRICHN A3 AR VE %2 7R 378 B EBAL (constant region
(Chi, Cup Cuy) &, HHFEMEAMENWTZEAL (variable
region (Vy, V1)) 2FFE L, Cip BRALICHES 2 2. b o
&b Hl R 1gG o b, 1gG % B REA _Ezasm
LWEWAETT (77 YTV T =V AT, Bl Bk,
BMRL) ICX250THDY. KL, 1gG % KEf
DFEFHNDLZENTEDLN, 1gGAFEFFRIIC[E E X
ND7zOBMMED S » & 22 7% ) FvOERKY O 32k 6E
ERGCHIE e R, 22T, FEMEICIgGE 2 T A
7 — b7 b ORI E i 2 TEFME L CEZEL, Fvl
BOARBEE 2 KRS 2 RGBS HE ShTwa ?).

¥, [gGERTHWAHELE LT, 1gGRED 7
1) — ONH, 31192 [gG» 7 1) —® COOH #2027,
IgGo RS (GEMEAL L 7212), F 7212 1gG D Fc
BN A S F S F RS T R L CAREREM IS
et d % hnd 5 (Fig.2). 72, 1gGa T v
RBITH Q-ANAT Ly ) —NT3IV) THFILL

Table 1. Elements of biosensing techniques
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Fig. 1. (A) Effect of randomized (upper panels) or oriented
(lower panels) immobilization of sensing molecules on the
recognition of target molecules. Sensing molecules in aqueous
phase for detecting target molecules on solid phase were
indicated (left panels). Sensing molecules on solid phase for
detecting target molecules in aqueous phase were indicated
(right panels). (B) Y-shaped structure of IgG.

Detection systems  Solid phases Scaffolds Sensing molecules Target molecules
ELISA"Y Gold*” Cross-linkers'® IgGs Antigens
FIA? Silver® SAMs'? Receptors Ligands
RIAY Semiconductor” Streptavidin'® DNA-binding proteins ~ DNA
QCM? Carbon nanotube'®  DNA structures'” Aptamers DNA/RNA
SPRY Silica'"'? Protein A*” Sugars Lectins
Ellipsometry® Liposome'” Protein G*" Lectins Sugars

Glass' IgG-Fc-binding peptide™”  Enzymes Substrates

ELISA, enzyme-linked immunosorbent assay; FIA, fluoroimmunoassay; RIA, radioimmunoassay; QCM, quartz crystal
microbalance; SPR, surface plasmon resonance; SAMs, self-assembled monolayers; IgGs, immunoglobulin Gs.
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a-PS-peptide-fused- PS (O, plasma treated)*3)
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VHH Free NH,
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Fig. 2. Strategies for IgG immobilization on solid phase. scFv, single-chain Fv; VHH, Camelidae-derived single variable domain of
heavy chain of heavy chain of antibody; Tos, tosyl group; NHS, N-hydroxysuccinimide; SAM, self-assembled monolayer; Dex, dextran;
ssDNA, single strand DNA; CPY, carboxypeptidase Y; a-Fc-peptide, Fc-recognizable peptide; a-Au peptide, gold binding polypeptide;
77, two Fe-binding Z domains of Staphylococcus aureus protein A; a-PS peptide, polystyrene-binding peptide; OmpA, transmembrane
domain of outer membrane protein A; PEG, polyethylene glycol; GS, glycine-serine; CNT, carbon nanotube; PS, polystylene.
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THr720, TEGEIULZERTE BV, DErb,
IgGD 7 5 A% — LB LU F / LXVEGILZ [FEEI25E
BTEDH oL BB R RS T TIE, Ok - KB
fili IgG O — &y L FERIISH G L, @IgGRi & & %%
PR L, @lgGREEMMA BTN THEL, @
LR - WA b L 2 LTt THh 5 2 LD E
LEZEz2bNiz. ZO X)) HT, B, KMNTIXEY
JL1E (surface plasmon resonance (SPR)) O 436K 112,
thioPEG (1-mercaptoundec-11-yltriethylene glycol) T
ANLEZFE L, ZZctOmpA (¥t~ K 7 Bk Protein
AHRIGG-Fe#EZ KA A4 Y 2RE LSy v 87 &)
ZIDIAATHL MILE T V73V 1gG ZFEILL, b
MILE 7 V7 X v ERBNT 2 o Sz, b
M E TRz TdOTIE D72,

NAFF/h7TEIL (BNC)

BEFEY A VADOKEPIRL & > 737 (3897 3
J W (aa)) &, NKuHG M X Y Pre-SI#H I (108 aa),
Pre-S2 ik (55 aa), B L O'SHIE (226 aa) H SR
Sh (Fig. 3A), WFREBENTL Y ¥ 87 B &2 M 53
B THLNLEERY 30 nm O ZEF ) RT [31 FF
J 71 7% )V (bio-nanocapsule (BNC)) ] 1%, 3MIEHE
WHRDOL % 237 BH 110 531 D3 BRI AR ok ) R
VMO RATNETOTFYRY - L TH DY,
BNCid, L7 baRL—va vEPBL )Ry —
LEEESNC L) s FEF W CGEH, ®/zT, 4
YOSZHE, ALEWE R E) & BNCHEBIZHE KT HE T,
L% ¥ 87 O Pre-S1 #HIBITHFTET 5 & bFHRGERR AL
W& 09 in vitroB X Win vivolZB\W T b IFlsHk
M 72 SRS EE R ETEL T/ F2x )T Th
%%, AR, Fk 4 13 Pre-S1#HIRE X UM Pre-S2 HIB O —
i (51-159 aa) %, Protein ADIgG-FcAE&GZ KA AL~
2k (127 aa) PVICEIR L2 ZZ-L & v /87 B aER
L, WMFEBENTBNC L FHKIZZZ Y 7R FIBNC
(ZZ-BNC) #%FH 87259 (Fig. 3A). [WSsHEELE
Wik%E 72 28— X D@L, fbii % 70°C T20
SEELEL L CRERESR Y LSy B R RE LR, TS
[gGT7 74 =T 4—27Uu~x ;574 —=BLOTVAHHE
rua< b 7774 —ICKDERZZ-BNCEG5H 2 L8
T&72%. ZZ-BNCIE—HTH72 0812050 TDZZ ¥
XA YERPERLTED (Fig. 3A)%, Hi b Kz sk 5 4
T4k (epidermal growth factor receptor (EGFR))
[gG*) B X UPLCDI1c 1gGP % ZZ K A4 Y &AL T
ZZ-BNC RIC#R$ 52 8T, £MWHE (4% GFP,
PUED) % invivo lZBWT, N ENEGFR BRI S B
B L ORI AFF I 5E T 5 2 LI L 7.
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PibEd o, ZZ-BNCIIK T g CTFc 2 2% &1k
B, FvEBSTRICEIL L CTRRTE 2 EE 2. £
ZC, ZZ-BNC & £ HilgG & DAk % K5Ik T 1%
w KM (quartz crystal microbalance (QCM)) (2 X il
ELAER, ZZ-BNCiZt v —F v 7OEIEMR LI
#10.36 pmol/cm?® (ZZ-L % ¥ 7827 E & L T# 45 pmol/
cm?) WA L (Fig. 3B), ZZ-L% ¥ 82 B 151H720,
WARKTHOSHTOTT ALIgG AT A L Hwn
72U 72 (#6047 /ZZ-BNC 141> (Fig. 3C). 7z,
ZZ-BNC & 2 £ & 2B MR D 1gG & O &%
1%, Protein A & BB L TW7239, &Iz, ~ A4 # FIZHE
% L 72ZZ-BNC % & # it - [ J) Bt 8% (high-speed
atomic force microscopy (HS-AFM))*” % Hiv» Tl
22425 &, ZZ-BNCIZ F— 2 kHE 55 2 MaFF L CTIRFE L,
PERIRICZZ-L Y v B2 iR (EEK6nm) £27
Gt GRERK 54557) DSHEER2 nm % /5 %2055 i
FBRELTWEZEE2RWAELAY™ (Fig. 3D). 20
R, WHBOZZ-BNC 1R F121%, ZZ-L¥ ¥ 737 E2
BRI 5401 (REAR 1085 T) ML, 1gGHt
w2165 TAEA TR L AL Sz, —J, ZZ-
BNC ® ik % ~ 7 2 1gG3 O Fe 0I5 O Wi i f TH9
% L #1197 51D < w7 A 1gG3 A3 S IR E CTHR ]
REEHRL O, WMBDZZ FAAL Y EEZZGDbED
&, ZZ-BNCIZBEW = BYnF ez ohl. Lh
L%EBIZ ZZ-BNC 1R T- A~ 7 2 £ 1gG % i K THI 60
GTRR LIz EnS, 799 ViEE % 5 1gGth
A0 ) G o TZZ-BNCREDEZZ ¥ A A ¥ LM HAE
HCTERDPo/ZLERBLTVS. ZOLIRPTY,
7Z7-BNC EICFe it %/ L TR S 7z 1gGld, Huli
KA (Fvaig) JEL o VARBEE 0 IRk S
TWhEEZ SN EBIZ, &R EICHEEL-ZZ-
BNC & <7 Z1gG3 O TR A kX % HS-AFM 2
IV LS TABELZEZ A, FHIEY IgG3 AT
ZZ-BNC L CFc#illiz L me LTz 7 7 7 v E#) %
ToTwa I EP R L CPE#EEE0.92 nm/B, kK
) 44°) (Fig.3E). LLE» S, F413ZZ-BNCH Fc
RO & RS HRE 22 ) TO R Eikd, FviEZE BUIR
WCETMLIOR T A2 B T Ch D L il L7, 22
T, LAIZZZ-BNCOSEHNA F T v L R4 *+
YH =BT, OB DZZ-BNCIZ X 51gGD 7
T Ay —A{bL F 7 LRVEESML, @R LoD ZZ-BNC
WCEBIgGD Y T AT —LBLUF 7 LVESL, B
B IgG ORI Z FEHT 2 2= — 27 LN i 4=
TUVTNTHEI L AW L0T, KRELFEIHES
¥ % (Fig. 4).

251



Lipid bilayer
ZZ-L protein (120 molecules/ZZ-BNC)

7/8/jrotein

B

ZZ-L proteins ——
(~45 pmol/cm?)

o

Number of IgGs bound
(mol / mol of ZZ-L protein)
©S o0 oo0o0o0o
o = N W s O

ZZ-BNCs ~ o w ~ " O O O X
(~0.36 pmolicm?) S dFIT Lo PSS ESE S
’ INIRSERCERCERS IR BN CAN C RS NN NN N
5 F V9O °IFI I IS

S S S 8595 ¥

Sensor chi ~ IS 3 S
p | f S EEE S

Human Mouse Y
&S

10 55 240 245 250 255 260 (s)
Video

\
image F &
Binarized ¥
= THGEEEE
44°

Mouse IgG3

ZZ-BNC

Gold substrate

Fig. 3. Structure and properties of ZZ-BNCs. (A) Capsular structure of ZZ-BNC. Each ZZ-BNC particle consisted of ~120 ZZ-L
proteins embedded in a liposome. The ZZ domain and S protein were necessary for interaction with the IgG-Fc region and particle
formation, respectively. Schematic structure of original L protein and ZZ-L protein are indicated in dashed line box. (B) Schema of
Z7-BNCs and ZZ-L proteins on gold surface of sensor chip. The number of molecules of ZZ-BNCs (~0.36 pmol/cm?) and ZZ-L
proteins (~45 pmol/cm?) are estimated by QCM analyses. (C) Binding capacity of the ZZ-L protein to various IgGs determined using
a QCM. Results are given as means = SD (n = 3). (D) HS-AFM image of ZZ-BNCs on mica surfaces. Bar, 20 nm. (E) HS-AFM
analyses of mouse IgG3 on ZZ-BNC in solution. Video images and binarized video images of the movement of mouse 1gG3 on ZZ-
BNC (upper panels). Yellow arrow, the addition of mouse IgG3. The locations where mouse 1gG3 appeared are indicated by white
arrowheads. Times after the start of observation are indicated in the upper margin. Bar, 20 nm. The postulated structure of mouse
IgG3 on ZZ-BNC is indicated (lower panel). Mouse 1gG3 was tightly bound to ZZ-BNC through the Fc subunit, with Fab subunits

swinging outwards. IgG centers of mass are indicated with black asterisks. A maximum deflection angle of the centroidal line (44
degrees) is indicated by red lines.

TAERD ZZ-BNC (2 & B 1gGD Y SRy —{L & iwt (775 %79 2 1gG) TRET 2 RAR R
FJ LAJLESIHE £ (enzyme-linked immunosorbent assay (ELISA))

IZBWT, POZKRIMEE ZZ-BNC 2 A L 72 2kt

BA EPUE (AR 707 3~ (ovalbumin (OVA)) k- ZZ-BNCHERZHRIMT 5 &, ZKPAEDADY;
=YYk BLOVA~ ™ X1gGl) EWETHE~LF HEHRTHI0OFBRINEES EA T2 L2 w7l
¥ ¥ #—%¥ (horseradish peroxidase (HRP)) #Zik K 72°" (Fig. SA). %72, ZZ-BNC & ZkyiikElic 7€y
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Fig. 4. Functions of ZZ-BNC in immunoassays and immunosensors.

- ¥4 F VA (avidin-biotin complex (ABC))
VAT AERWSE, SHIKEIXEA L (2055,
kI, v X570y MEICBWTHZZ-BNCIZ
X0, FEHILIUR ORI 5065 AL, ABC Y
AT AOHIC X 0 # 10045 B L7z —T5, Ty
74 A7 7% —%¥ (alkaline phosphatase (ALP)) T/
WL RYUROS S, ZZ-BNCIZ X % & FA 138l
KINhh ol Tiud, HRPHF (R40kDa) &It
T, ALP4 ¥ (#100kDa) A3k & WwZ &4 59,

TR EALPG TR DORSY) VA — ﬁﬁﬂ<0ﬁ
0.5nm) FcHIEA»ERL %Y, ZZ-BNC L RS T
EhwiwlEzHhi (Fig. 5B). £2 T, Zkbuk

—ALPHOY v h—Ex2HE#E(LF1.20mm) T4 2 & T,
ZZ-BNCIZ X 5 ALPEE#E — IRPUR D JEFE R AT R X
N7z —k), Eooy ryh— (H16nm, #40nm)

PIEERTEGIERI L0, YV —Il&INn5
PEG$H1Z & % AKHIA 7 btk & —wkdiifh & oM TAE

HERHRL2dnE#2 517,

w2, B Eo&KERIE (7275, TAI Y,
V&% FFSES v A7 x5 — ¥ (glutathione
S-transferase (GST)), ¥' X ¥ F V) %, &f— bk (b
T7F 3y A1gGa, PLTA I < A1gGa, Bt
GST~ % A1gG2a, PL¥ A v F v A1gG2a) & Cy2

Wik (v Ehi~w 2 1gG) TR A FIA I
BWT, “KFUAO/RD DI Cy2 B ZZ-BNC % I v
%L, Cy2RE Ptk o & T, MHIEED
10 ERAT 222 R L7729 (Fig. 6A). %72,
Al — itﬂ GENL S FEFE IO E 1T
&, BEE—KIUROBWIEE 7213V 77 T A0 EM %
BT, ERFIHINT A SRR R RT LD -
729, 22T, ZZ-BNC % & F € 2ittn#k (Cy2,
Cy3, Cy5, Cy7) THE#L, 4HFoE (GST, 7
IFV, FAIY, B-Fa—7Y ) ITHT YL (i
GST~w Z1gG2a, 77 F ¥~ X1gG2a, H7F A 3
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Fig. 5. ELISA using ZZ-BNCs. (A) Detection of OVA on
solid phase by HRP-based ELISA systems. Conventional
ELISA using an anti-OVA mouse IgG1 and an HRP-conjugated
anti-mouse secondary antibody (open circles); conventional
ELISA in the presence of ZZ-BNCs (solid circles); conventional
ELISA with the ABC system in the presence of biotinylated
ZZ-BNC  (solid squares). Schema for postulated
immunocomplexes are shown to the right. Results are means
+ SD (n = 8). (B) Detection of OVA on solid phase by ALP-
based ELISA systems using various ALP-conjugated IgGs in
the presence of ZZ-BNCs. Triangles, ALP-~0.5 nm linker-IgG;
circles, ALP-~1.2 nm linker-IgG; squares, ALP-~16 nm linker-
[gG; and diamonds, ALP-~40 nm linker-IgG. Solid symbols
and bold lines, with ZZ-BNCs; open symbols and broken lines,
without ZZ-BNC. Schema for postulated immunocomplexes
are presented on the right. Results are means = SD (n = 4).
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Cy2-labeled secondary

antibodies

Specific IgG

Antigens A —

PVDF mr — = —

AF ‘ltCyz.labeled 2Z.BNC
Pl
- T

S o 0(? ng/lane

B

Cy2-labeled ZZ-BNC: Cyb5-labeled ZZ-BNC
Anti-GST IgG b d Anti-p-tubulin IgG
(Mouse IgG2a) (Mouse IgG2b)
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(Mouse IgG2a) ‘é >4i (Mouse IgG2a)
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PVDF membrane

Fig. 6. Fluoroimmunoassays using ZZ-BNCs. (A) Western
blot analyses using distinct fluorophore-labeling methods:
conventional Cy2-labeled secondary antibody (left panel), and
Cy2-labeled ZZ-BNC/1gG complex (right panel). Western blots
containing 0.5-500 ng/lane of actin, desmin, GST, and vimentin
were used. (B) Simultaneous immunolabeling of multiple
antigens by western blot with various Cy-labeled ZZ-BNC/IgG
complexes. Schema for simultaneous detection of GST, actin,
B-tubulin, and desmin by a mixture of Cy2-labeled ZZ-BNC/
mouse anti-GST IgG2a, Cy3-labeled ZZ-BNC/mouse anti-actin
IgG2a, Cy5-labeled ZZ-BNC/mouse anti-p-tubulin IgG2b, and
Cy7-labeled ZZ-BNC/mouse anti-desmin IgG2a complexes
(left panel). Immunoblot of GST (lane 1, red), actin (lane 2,
green), B-tubulin (lane 3, cyan), desmin (lane 4, yellow), and
mixture (lane 5) (right panel). Molecular sizes (kDa) are
indicated to the right.

v< v A1gG2a, Hip-F2—7) < A1gG2b) &%
NENFOR S, 4MBEOPEE &L 70 v MIREKIC
BHL-E A, SPURE ESREP ORI S
ETE72? (Fig. 6B). Zhid, ZZ-BNCSEHEDGR
AL B 2 A ERE T B - 7 PR O B
Wi X Y77 7 2 BT 5 B &2 AR I T &
HZEERLTWS, PLlkXb, ZZ-BNCIZHI AT
&R T A5 — b 5 ONTEFMLL, ik 5F
Bz ) OFERERB L OHOEOS TRERD LI L
THIBERILZRRICT 2 EE 2 b1/,

B0 ZZ-BNCIZ & 2 IgGD
I R9—{tLF / LRILESI{E

QCM N A F v —=12BWT, vV —F v 704
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Fig. 7. Immunosensors using ZZ-BNCs. (A) Effect of anti-

actin mouse IgG2a immobilization on sensitivity and actin-
binding capacity. The amounts of bound actin calculated from
frequency changes measured with a QCM were plotted against
the concentrations of injected actin for direct (open circles),
protein A-mediated (open triangles), SAM-modified protein
A-mediated (solid squares), and ZZ-BNC-mediated (solid
circles) immobilization methods. Limit of detection (2 ng/cm?)
is indicated by a dashed line. Approximate dynamic
concentration ranges of the measured antigens are shown with
lines for each immobilization pattern. Schema for postulated
immunocomplexes are presented on the right. (B) The amounts
of bound antigen per immobilized antibody. The antibodies
used are anti-actin IgG2a, anti-B-tubulin IgG2b, anti-chicken
IgY polyclonal IgG, and anti-MSP1,y polyclonal IgG. Open
bars, direct immobilization method; closed bars, ZZ-BNC-
mediated immobilization method.

FEW N, 1gG L7 7 F v~ A1gGa) % Bk
Protein A% 4§ % J i (Protein A%k ), SAMI% fii
Protein A%/~ § %5 (SAM-Protein AiE), BI O
ZZ-BNC % fv§ % )itk (ZZ-BNCiE) THEELL 7.
PR (72F>V) #EmLIET A, ZZ-BNCHEIZHT
A G X OMINEEICBWT, ZREEREOR
247158 X O 1284%, Protein A {E:0#) 8158 X U 25
f%, SAM-Protein AEORI 0B L ORI 31fELFEL L
FRATBZE#RWZL72 (Fig. 7A). $72, ok
MR ERR Jip-F2—71) v~ AIgG2biz & 5
B-F2—7 Y ViEht, Hi=7 Y IgY v HFEY s 10—
FUIgGIZ X =T F U IgYitht, HMSPl,™ % %
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MSPl, 7 H¥HEY) 70 —FV1gGld, HEHEHETRIE
OB SN EETdH o 7245, ZZ-BNCEIZ X ) B fg
WZeo7-Z &id, PURDSHACRLAIMEADTT » & 2 7 IR
X0, ZZ-BNCHPuk% 7 5 A ¥ —Abil 2 54L
T5ZLT, —PukE —PURO NI EOMETI LD Bk
N L BOPUE & LB OPUR O DA IS5
BT, fEEIOKM (Avidity) A LR L E 25
N7z, 512, BEELL7z97 7 F <7 X1gG2a 147
FIRETAT 7 F v OENMLEHEBLZEZ A, EHE
#0.01 12K LTZZ-BNCH#E1.22 L1221 LR35 2 &
% 72072 (Fig. 7B). ARk ZRZRIE, o KPR E
BERTOLBRINL B-F2—7U ¥ #3045, =7 b
VIgY (R 116%), MSPl, (#%134%)). Zo&Hks
TOPEHAREE s S TR, BUEE CloH
HEINTWLSFE IR RELEMN (FIAXAXEST 4V
2 (PPF) f5ffi Protein Ai: (#5.35f% Ghi#zs:))®,
SAM 5 fili Protein A (R 2.11% GehiEi:))%, +
/8% — >~ PPF15fii Protein A¥%: (%9 1.24% GiJE$Ed:))e"
IDHENICENRTEY, ZZ-BNC DGR F 08
Wz RTIDOTHS. YLK ZZ-BNCiIgG
D Fc ik # KRIZMHE 2 L, Fvi#lz BhRicgye s
&, FvillilovkEEPZE L YEL, IgGn 7y
FTAY AL LB L E FRFIZER TE A ELTHH T L
ERLTWDS,

X512, QCM /A F & v H—128B1F % ZZ-BNC O
Rt AL, BRLEE (0.16 N HCD) 12 X 2 itk A
Z20MMEMYELTHEDS o2 T,
ZZ-L% 87O H VR F ¥ K5 (SHEE) 12
BT 5 14O Cys BEEDO VT N2A, & -HEHO
SR LR AR L T b bt E2 bN: £ 72
BNC Ok ¥R 138, (70°C, 304)) B & O FRTE A
(0.2% SDS, #iit, 30%7) OUIIZHEETDH %Y.
Pl s, ZZ-BNCldt v —F v 7043 F ik
FHB L OWE A N L A LTt 2 R E R
BTHHIEIREN, QCM U DL A2 BiBE T T fi
&N B EHNAL F X v —OFBEIC D IS TRET
HbHEEZOLNS.

ZZ-BNC [C & 2 EFE{t 1gG DB M4 T

NWAFe v ZIZBWTEM LYY v v 7 5TFo
ML > LRV TR L, &#E{bd 2 2 LIRS
HETHL., WHEIL, EWPoOeREZRKETS L
W2 &) FE RO BETLE A\ & ikl ks 5 2%, FEERIC
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BA LY v ¥ v 75T OBEAER SN TW 550
ATH L. BETIE, KEGHEM (AFM®, &1
SAMEE Y, MATHRER] kA 4 VEESHETD, iR
KTPWFP %) 2T, EWEEOIRL B -
D 1gG DOELIEAKAE L 72t T 3 7 BROWE 72 L1k
DEFMEIN TV, TN S IZHMETHEMIZZ L.
L LGS, N4ty Yy v ZIZREVEBTHS
NTWBLDT, oy 75FoRIaED X b iz EF
M ORBEPLETH D, DO L) R, Fa dEAH L
DT Y MIEEAENIgG LY b, FEMEHEIC X
D EEGIEEAL S 72 1gGIxf L, ZZ-BNC A%\ BAl
HrRTIea w2l (Fig. 8A). Thid, ZZ-
BNCA3EAH E o IgG O R % i I3l T & 5 2= —
I TU—=TTHhILERLTVES.

EHIC, WHOR—T Y N7 Z2HEHT P R
W% Ly FA LT vELI2BWT, @FIEE
RIURD R ORI 1gG O A% JERAICERE L, FEH
FORRMIgG L EMAEMEH L 2w EH 12T 5720, fifi
B L ORI IgG %2 R 2B L 72134 72 7 2
2T BUERDH 7. F2C, FrlZEM Lo

A
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Fig. 8. Mode of function of ZZ-BNCs. (A) Postulated
mechanisms for discriminating IgGs on a solid phase by ZZ-
BNC. IgGs immobilized in a randomized (left panel) and
oriented manner (right panel). (B) Detection of human desmin
by sandwich ELISA, using an anti-human desmin mouse
monoclonal IgG2a as capture-IgG (cIgG) and detection-IgG
(dIgG). Open triangles, clgG, Ag, dIgG, and HRP-conjugated
goat anti-mouse Fc-specific IgG (secondary antibody); and
closed circles, clgG, Ag, dIgG, biotinylated-ZZ-BNCs, and
biotinylated-HRP-avidin complex. Schema for postulated
immunocomplexes are presented to the right. Results are means
+ SD (n=4).
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DFERIE, M—T Y b—=T 27 2 HRAOPUFI 1L
Ehw, F—T ¥ b—T7E2EEAT HIUEERNT S
YU RAL v FA LTy EAIIBVT, FUIgG % Hilif
MAB LB G L LCTHIICHEAL, —kiukofi
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9529 —{t&F / LRIVETSIL

INA K v v 7T B CHURPUAR SIS 1 B 2 2 e
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R EAER (Z8MAEE ) 72 F, DNARE S
VX2 EDNA, DNAT 78 ~— L BNt L7 F
vEBESH, WERLIED) ALt v Y U IO S
Lo TETWAS, T2 THRA, ¥y vy r 15
ILORYE LTOZZ-BNCOPHLEEZH® 572012,
ZHRRD ) TV MREEM R GLHIAA F AL e b
IgGl-Fc L DR HEAREZHVTQCMNA 2 v H—D
AL RS L7, BRI, o —Fy 7o
SR I, e M IIE N B R T2 AR (vascular
epidermal growth factor receptor (VEGFR)) #ifig#}
AL Y OHNVEFTEEMIe MgGl-Fcx @i L7:
Fc il VEGFR (160 kDa) % 3 fli O w kil (B,
Protein A%, ZZ-BNCi%k) THEEL, V%~ F (VEGF
(38.2kDa)) O#ii %47 572 (Fig.9). Z D%, Z2Z-
BNCH:dEHEE L LT, N1 & v —oBkE
BIOY Y FEAERDY, TRENHISHEE L UTHN4
FrlATHIEZRWELL 8512, FMEL7Fc
A SRR F~D) v FREERIIEHE0.175F
IR LTZZ-BNCEZ 135776 LA TH2 L
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Fig. 9. Effect of ZZ-BNC-mediated immobilization on
sensitivity and VEGF-binding capacity of VEGFR-Fc protein.
The amounts of bound VEGF calculated from frequency
changes measured using QCM were plotted against the
concentrations of injected VEGF for direct (open circles),
protein A-mediated (solid triangles), and ZZ-BNC-mediated
(solid circles) immobilization methods. Limit of detection
(2 ng/cm?) is indicated by a dashed line. Approximate dynamic
concentration ranges of measured antigens are shown with
lines for each immobilization pattern. Schema for postulated
immunocomplexes are presented on the right.
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