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An automated, highly sensitive and rapid flow-injection immunoassay for human immunoglobulin G (HIgG)
was developed by combining flow-injection analysis with sandwich-type enzyme-linked immunosorbent assay.
The antibody (anti-HIgG) or protein A was immobilized 10 a solid support and placed in a small reactor in the
flow system. The assay principle was based on specific sandwich-binding by the subsequent injections of HigG
in the sample and alkaline phosphatase (AP)-labelled anti-HlgG into the anti-HIgG reactor or AP-labelled protein
A into the protein A reactor The amount of AP activity bound was proportional to the amount of HigG bound
and was measured by injection of NADP solution as substrate for AP through the anti-HIgG reactor or protein A
reactor . In this step, NADP was converied to NAD; namely, the material information of HigG bound was
converted 1o that of a large amount of NAD (first staged amplification). Furthermore, the NAD produced was
subsequently converted to a large amount of hydrogen peroxide by a downsiream glucose-6-phosphate
dehydrogenase / lactate dehydrogenase / lactate oxidase co-immobilized reactor involving amplification by
substrate recycling (second staged amplification), which was detected amperometrically at a downstream poly(1,2-
diaminobenzene)-coated platinum electrode. The whole procedure was automatically controlled by using a 16-way
swilching valve. After one assay cycle, the anti-HIgG reactor or protein A reactor was rinsed with the glycine-
HCI buffer (pH 2.2) 10 reuse for the next assay. The assay took 8-9 min with a lower detection limit of 675 fmol
in the use of anti-HIgG reactor or 135 fmol in that of protein A reactor. The precission of replicate assays had a
standard deviation of 5 - 10 %. The proposed flow-injeclion immunoassay system has been shown to be suitable
for on-line and highly sensitive assay of biological macromolecules such as HigG.
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Fig. 1 Principle of sandwich binding immunoassay.
Antibody is covalently immobilized on solid
support and placed in a small reactor.

step 1 : injection of antigen (HIgG);

step 2 : sandwich binding by AP-labelled antibody;

step 3 : injection of NADP;

step 4 : dissociation of immunocomplex.
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Fig. 2 Enzymatic recycling model of NAD in the
glucose-6-phosphate dehydrogenase (G6PDH) /lactate
dehydrogenase (LDH) / lactate oxidase (LOD)
coimmobilized reactor

G6P : glucose-6-phosphate; GI6P : gluconolactone-
6-phosphate; pyr : pyruvate; L-lac : L-lactate.
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Fig. 3 Switching of flow line by a Hitachi 16-
way valve

C : carmrier solution; R, : anti-HIgG reacior or
protein A reactor; SL : sample loop; Si and Sz :
sample or reagent; P; and P3 : peristaltic pump.
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- Table 1 Procedure steps in flow-injection immunoassay system with anti-HIgG reactor (or protein A

reactor*)
: Charged solution Charged time
Procedure

St S2 ()

step 1 sample (HIgG) BSA? 30
. . -1 .
step 2 BSA® AP-anti H?gG 15 LL% ml SOll-nthn 60
(AP-protein A : 1x10™ M solution)*

step 3 NADP (1x10°% M solution) BSA® 30
step 4 BSA? 0.1 M glycine-HCI (pH 2.2) 60 (120)*

* In the case of the use of protein A reactor
a Tris-HCI buffer (0.1 M, pH 7.4)containing 0.05 wt %

[4—_L} isv, R,
c—| p, : (]
@ Pa A B
S; WS, W ¥

Fig. 4 Schematic diagram of flow line and valving
arrangement used for the flow-injection immunoassay
P; : double. plunjer pump; P, and Ps : peristaltic
pump; SL : sample loop (200 ¢ 1); Ri : anti-
HlgG reactor or protein A  reactor; Rg.
G6PDH/LDH/L.OD coimmobilized reactor; SV, : 16-
way switching valve; SV; :6-way valve; D:
poly(1,2-diaminobenzene)-coated platinum electrode;
A : potentiostat; B : recorder; C : carer solution;
Siand Sz : sample or reagent; W : waste.
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Fig. 6 Calibration graph for HIgG obtained by
use of protein A reactor
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Fig. 7 Calibration graph for HigG obtained by
use of anti-HIgG reactor
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