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High-Sensitivity Immunoassay Based on Surface Plasmon Field-Enhanced Fluorescence Spectroscopy
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Abstract

Recent progress in molecular biology has brought about
new medical treatments such as molecular target drugs
corresponding to a cancer’s type. At the same time, clinical
examinations have improved with diagnosis marker inspec-
tions that enable early detection of diseases and the predic-
tion of a drug’s efficacy. In such clinical examinations, there is
a need for detection technologies in which the tradeoff be-
tween high sensitivity and wide dynamic range is minimized
to satisfy accuracy in diagnosis and treatment.

To meet that need, we developed new immunoassay tech-
nology based on surface plasmon field-enhanced fluores-
cence spectroscopy (SPFS) involving a method for efficiently
detecting fluorescence signals, which signals are generated
by exciting fluorophores that are surface-confined by an
antigen-antibody reaction. The fluorophores are excited with
extreme efficiency by near-field light induced very close to
the gold membrane surface. This technology is employed in
an automated SPFS immunoassay system that features high-
er sensitivity and wider dynamic range than conventional
systems, creating a new diagnostic tool of great value.
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Fig. 1 The principles of (a) surface plasmon resonance (SPR) and (b) sur-
face plasmon field-enhanced fluorescence spectroscopy (SPFS).
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STEP 2 Covalently-immobilized
hydrophilic polymer on the
amino-terminated SAM using

STEP 3 Ligand material,
e.g. immunoglobulin G (IgG),
attached on the hydrophilic
polymer in amide linkage.

STEP 4 Masking on the non-
specific reaction site using
TBS-BSA buffer to decrease
assay noise.

Fig. 2 Fabrication of the SPFS immuno-sensor chip.
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Fig. 3 Atomic force microscopy (AFM) images of the gold membrane
surface (a) before and (b) after treatment with the hydrophilic
polymer reaction.
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Fig. 4 Results of QCM-d (quartz crystal microbalance-with dissipation
monitoring). Thickness of hydrophilic membrane from (a) reso-
nance frequency, and (b) dissipation of resonance frequency.

Table 1 Correlation between sensor surface matrix formation and a list
of elementary parameters.
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Fig. 5 (a) schematic of SPFS chip, and (b) reaction efficiency of recipro-
cating liquid with agitation reactor (/\), and conventional micro-
channel flow without agitation reactor (microchannel height: 10
um (@), and 100 um (@)).
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Fig. 6 (a) schematic of automated SPFS immunoassay machine, and (b)
photo of the machine.
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[Automated SPFS immunoassay simple step]

Step 1. Operator dispenses 75 pl sample
into the sample well.
Step 2. Immunoassay start switch
is pushed.
Step 3. Machine implements automatic
immunoassay procedure.
Step 4. Machine performs optical measurement.
Step 5. Machine displays immunoassay results.

Fig.7 (a) schematic of automated SPFS immunoassay steps, and (b)
photo of SPFS sensor plastic prism beside a one yen coin.
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Fig. 8 Calibration curves of a-fetoprotein (AFP) obtained through SPFS
immunoassay (@) and CLEIA (chemiluminescent enzyme immu-
noassay) (A). SPFS immunoassay clearly has higher sensitivity
and wider dynamic range than CLEIA with a plate composed of
96 wells.
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