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Sensitive Noncompetitive Measurement of Small Molecules by Open Sandwich Immunoassay
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Proteins having multiple epitopes can be usually measured with sandwich ELISA employing two kinds of antibod-
ies, which permits high sensitivity as well as a wide working range of more than three orders of magnitude. On the other
hand, so-called monovalent antigens with MW less than 1000 are not susceptible to sandwich assays due to their small
size and have almost always been measured in competitive assays. However, while a competitive assay needs only one an-
tibody due to the principle of ratiometric measurement, optimization of the reaction conditions is necessary to attain
suitable sensitivity and working range, which are often inferior to those of sandwich assays. As an alternative im-
munoassay for small antigens, here we propose a noncompetitive ‘‘open sandwich’’ immunoassay, which is based on the
principle of stabilization of the antibody variable region Fv upon binding with antigen. Using ELISA to detect labeled
Vy fragments bound to immobilized Vi in the presence of sample in microplate wells, various small molecules with MW
around 200—300 can be measured with a superior detection limit and working range compared with those achieved with
the corresponding competitive assays. The results indicate a common antigen recognition mode of anti-hapten antibody
and wide applicability of the assay to the sensitive and handy analysis of low molecular-weight substances in areas such

as environmental analysis and clinical diagnostics.
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Fig. 1. Scheme of Competitive (A) and Noncompetitive (B) Immunoassays
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Fig. 2. Scheme of Open Sandwich Immunoassay
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Open Sandwich Enzymatic Complementation Immunoassay
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Fig. 3. Open Sandwich ELISA for NP (Fw: 198)

Microplate wells immobilized with (O) or without (M) anti-NP V-
protein G fusion protein were added together with Vy-PhoA fusion protein
and samples. After the reaction and a wash, well-bound PhoA activity was
measured.

1 10
NP conc. (nM)

(A) Scheme of the assay. Vy-Aa and Vi -Aw fusion proteins expressed in E. coli Origami cytoplasm were mixed with cognate antigen, which drives approxima-
tion of the two proteins and increased fS-galactosidase activity, which was measured by a luminescent substrate CDP star. (B) Dose-response curve for NP. The K,
value of this Ab is shown as the arrow. Dotted line shows the background luminescence+2SD at 0 nm NP.
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A. Structure of split Fv coding region of the phagemid pKST2

OmpA Amber
Plac v, signal jis myc |/ vt

—Oo—O0—C——o— —@—__ I —@—e—

typ X 2 RBS gl  flag RBS v, typ X 2

signal
B. Display Fv with sup™* strain (TG1) as a host

myc-tag Check affinity/

Biopanning

flag-tag

Fig. 5. Scheme of Split Fv System

Check feasibility
of OS-ELISA

(A) Structure of the phagemid vector for phage display Vy and V| fragments were connected to genes IX and VII, through flag and his-myc tags, respectively.
RBS: ribosome binding site; typ: glutamine permease terminator. Phages and proteins in the culture supernatant derived of (B) suppressor and (C) non-suppressing
strains are shown. In (C), 9E10 antibody is used for immobilizing Vi -his-myc fragment.
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Fig. 6. Zearalenone Dose-response Curves of (A) Competitive Phage ELISA, and Open Sandwich Phage ELISA with (B) Anti-myc

or (C) Anti-His Aag Ab
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Fig. 7. Position and Sequences of Vy/V. Framework 2
Regions

7 — Y OHIRNOHIHFE GRS, Mz 4 —7 >
R FEANOMEELTTOYy FLEBHOMN
Fig. 8 Th 5. AREADKR, MEILNHUEREGHRE
LR O/ O-2NE6NEEFA 5N, EH
FTREZEELTVy FRZOBH DM (H39) Off
BICE > TEH =T 2> R v FIENO#EENKE

WEEZTDHIEN MO, ThbE H9N
HyHEL-10 B0V 2> (K) OHAHITIFFTTRT
DrZO—>TEHWEEBENESNDDITH L,
DI3BDO7IVE I 2 (Q) DEHEITIHEIE N AR
REIC72 % (T B HUREIEGFER D Vy/ Ve HHEAE
HAMNEESD) T ENGho Tz,

Z OFHIZ, HyHEL-10 & D1.3 O#5 &M 5
HeHTHZEMTES (Fig. 9). HyHEL-10 Tl
H39K 13 V, M DFRE EEMESMHEFEHZ L T
5 ERFHARN, ZTHITHK L, D13 TiEdho %<
DRk H39Q 13 Vi, IO HH[FEFRHE TdH % L38Q
E2MDOKFEREGZEZBKL THD, N6 Vu/
Vi HEERHORERICKRESTFEL TS EED

7
6 . ® H39K (HyHEL-10) | |
~ O H39Q (D1.3)
g 5 N A WT. T
- AN
g 4
03 . .
% e ©®
=z 2 []
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relative spFv affinity toward HEL

Fig. 8. Open-sandwich Fitness of HyHEL-10 Framework
Mutants Classified by the Type of H39 Residue
The enhancement of Vy/V_ interaction upon addition of antigen
(HEL) is plotted against specific binding of spFv phage to HEL measured by
ELISA.

Fig. 9. Three Dimensional Structures of HyHEL-10 (A) and
D1.3 (B) around H39
Possible hydrogen bonds calculated by SwissPDB Viewer are shown as
dotted lines.
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K7 FaabiRTld, to@BE LBt —7
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YRSy FENERTES., ZNIRELEAD
Mo EHIE, ZhEIhETHEENEMNZE
STRRPIRDIZE L EDYIREZ Vg & VL BTH O
MOITATERHAL TWBEE, KUY N7 EH
PURDIPUR & Vi/ Ve 23ES B TR L T

LHEELIELTNEEDICEDNS. TDBK
DTEKECELST, Va-Vi F'EFJ ZHT T2 IZHUR 2 9

L7=#i& OKFEHEG, van der Waals #fli5sF) % {F
S THERERENLIELDITHL, ¥\ EH
RIS W EH 38 L) EERiNS Va/ VL f
HMBEICZERINT WD & ZAIZY 2N EDikE
BT BT —ZAMENDTIIRNWEAD )N

E-EOMEREFHTIUL, FITHDPED
F—=T 82 RAy FENDEENMEVWIGEIC
H39 227V 4 I PANCEZ D Z E TRt zZ&ED
SNLAEEMEDN D 5. FEE, DNONIHIRARF
O PR PY20 1I2DWT, BAEMEVICRIT St
WA Vy/ Ve AHEAEA %2, H39QR 28R XD
BHE IS BT =T 3 > Ry FRITHE L 7=
PiAE T2 Z EITRIIL TS, X 5ICZOERK
% T eCFP/eYFP [ ® FRET #F|fH L RS F
RoFos > UEbaiids I EITblyL
W FEENICFEAEDY N JOFOT Y
bt SN 58, Pk EE TR E T
BRES B 2 HINMARITER TH 2 Ml E £ 72 F /2
1ZZ20WD, SBRIOFEEZREIELZLICKOH
KzE7T0—7 & U TEMERISMBAN O G HiEE
AL TEZa[REEN H B LML T 5,

5%, A—T02 RA v FIENERWR
GEREZRE L THEDODNS 20O EE LTI, H
EFRTOMEEDZDITBIRT 7 O—Z 2 7 AR
RN 5 ERbNS. EFEFEHANIHEODNS L DI
o CEBEAE NGk XL SIC, 5%1F7
7 — VHRIER E D4 FEIREZFIH L T Naive &
HNEEREINIZRKBREES A TS UnSH—T 28
ORA y FEITHE L iR R K <ERL TnL
HififRgzED S EEHIT, BEONATTY R—Y
ﬁﬁ%ﬁﬁ;ﬂ%b,”#b%i@?@;f?é
TERLL T LK FEORFE BT TWL Ml d 5 5.

DLk, EFS0RiEEzE0 CERGEIL, FiE
BRI TEENHINT 2 S THAZEI D EBEMIC
HOGWAY Y "B D, 5% IEEITEN S EK
Zk, ISITREREEZY—7 v MT, D

DEADHIEITIRD KD ERDFHEZMEFL 2.

HEE NEOLOITRBERFFEREE ZE> T
FZlE iz, HEIRFR AR LR MR R T 4
%, [FHT R AR AR B R th B, KU
KB T & THEG W E WKL RZE R ER T
FERRER  REUR, WP RFE LT ERER ORI
FFERBUR, WA AT v 7 260 H it R N 2% <
DRZBAEFERICHR < EH L XT.
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