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Abstract A straightforward immunoassay based on surface
enhanced fluorescence (SEF) has been demonstrated using a
fluorescent immune substrate and antibody functionalized-
silver nanoparticles. Unlike the conventional SEF-based
immunoassay, which usually uses the dye-labeled anti-
bodies and the metallic nanostructured-substrates, the
presented immune system does not need the antibodies to
be labeled with dye molecules. Thus, this immunoassay can
be easily applied to the detection of a wide range of target
antigens, which is of great importance for its practical ap-
plication. The experimental results show that this immuno-
assay has a good specificity as well as the capacity of
quantitative detection. Basically, the surface density of the
immuno-adsorbed silver nanoparticles increases with the
increased amount of target antigens, resulting in a fluores-
cence enhancement up to around 7 fold. The dose-
responsive performance of the immunoassay has been in-
vestigated and the limit of detection (LOD) is 1 ng/mL. Due
to its simple preparation method and the wide range of
detectable antigens, this presented immunoassay is expected
to be helpful for extending the SEF-based application.
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Introduction

In recent years, fluorescence has been established to be a
powerful tool in medical diagnostics and biotechnology.

Employing fluorescence to detect biomolecules, e.g., fluo-
rescence immunoassay, has been widely used [1]. Recently,
surface enhanced fluorescence (SEF), or metal enhanced
fluorescence (MEF) has emerged, which might exhibit some
advantages compared with the conventional fluorescence
technique [2–5]. When a fluorescent molecule is placed in
proximity to a metallic nanostructure, a significantly en-
hanced fluorescence emission may be obtained, accompa-
nied by a decreased lifetime and an increased photostability.
This phenomenon represents an important aspect of metal–
molecule interactions [2, 3]. The earliest theoretical studies
on the SEF effect date back to the 1980s [6–8], and it is
commonly believed that several processes are involved,
including an enhanced excitation near field, an increased
radiative decay rate of the molecule, and an enhanced out-
coupling efficiency of the fluorescence emission transferred
from the molecule to the metallic nanostructure, as de-
scribed by the radiating plasmon model (RPM) raised by
Lakowicz [9]. Recently, experimental evidences have also
been reported to address this issue [10].

During the past decade, a number of SEF-based immu-
noassays have been reported. Different metallic nanostruc-
tures, either chemical grown [11], vapor deposited [12], or
electrochemically prepared [13], were used as the SEF sub-
strate. Matveeva et al. developed a highly efficient SEF
substrate, with silver nanoparticles on an underlying metal
film, in which over 50-fold signal enhancement was
obtained [14]. Nooney et al. introduced a homogeneous
silver nanoparticle substrate for fluorescence immunoas-
says, and significant improvements in the limit of detection
were obtained as 0.086 ng/mL [15]. Recently, a novel gap-
plasmon-tunable silver bilayer nanoparticle film was also
developed by us, and its ability in SEF-based immunoassay
was demonstrated [16]. In all the above reports, the SEF-
based immunoassays consist of two separate components.
One is the SEF substrate, which is the focus of the design.
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The other is the immunoassay component, which is the
same as that in the traditional fluorescence immunoassay
scheme.

In such SEF-based immunoassay schemes, a fluorescent-
ly labeled antibody has been used to specifically detect the
target antigen. The fluorescent labeling technique has made
a great success ever since its introduction in the 1940s [17].
However, relatively complex and expensive procedures are
needed for the labeling. The effect of the labeling on the
functionality of the antibody also has to be evaluated [18].
Moreover, the metallic nanostructure surface is different
from the traditional protein reactive surface in both chemical
composition and surface morphology, and hence the immo-
bilization of proteins on the SEF substrates needs further
investigation. Moreover, the inhomogeneity of the SEF sub-
strates has been considered as one possible reason for the
lack of the analytical performance in most SEF-based im-
munoassays [15].

Herein, a novel SEF-based immunoassay scheme applica-
ble to a wide range of antibodies is demonstrated, wherein the
uses of the dye-labeled antibodies and the metallic nanostruc-
tures are avoided. A fluorescent immune substrate has been
constructed and used for antigen immobilization, which is
expected to provide a more homogeneous surface than the
metallic nanostructure substrates, and thus an analytical per-
formance with a better reproducibility. The silver-antibody
nanoconjugate (SANC) has been synthesized and used for
the specific recognition of the surface-bound antigens. The
overall immunoassay structure is shown in Scheme 1. Upon
the specific adsorption of the SANC onto the substrate, an
enhancement of the fluorescence can be observed. Varying
antigen concentration is observed to result in varying fluores-
cence enhancement factors, and a limit of detection (LOD) of

1 ng/mL has been determined using our immunoassay
scheme. Therefore, the applicability of our SEF-based immu-
noassay is demonstrated, avoiding the inconvenience in the
uses of both the dye-labeled antibodies and the metallic nano-
structure substrates. The present work is expected to provide
new insights into the SEF-based applications.

Experimental Section

Materials

Poly (diallyldimethylammonium chloride) (PDDA), MW
100,000–200,000, Poly (sodium styrenesulfonate) (PSS),
MW 70,000, poly (allylamide hydrochloride) (PAH), MW
15,000, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDC) and N-hydroxysuccinimide (NHS) were purchased
from Sigma-Aldrich. Glutaraldehyde was purchased from
Alfa Aesar. Silver nitrate was purchased from Shanghai
Shenbo Chemical Co., Ltd. Trisodium citrate dihydrate
was purchased from Jiangsu Qiangsheng Chemical Co.,
Ltd. Rose Bengal (RB) was purchased from Shanghai
Jingchun Chemical Co., Ltd. Sodium tetraborate
(Na2B4O7) was purchased from Nanjing Chemical Co.,
Ltd. Human Immunoglobulin G (hIgG), goat anti-human
immunoglobulin G (GAH IgG) and bovine serum albumin
(BSA) were purchased from Beijing Bioss Biotech Co., Ltd.
Polyoxyethylene (20) sorbitan monolaurate (Tween-20) and
Tris (hydroxymethyl) aminomethane (TRIS) were pur-
chased from Sinopharm Chemical Reagent Co., Ltd. TBS
buffer solution was prepared by dissolving NaCl (8.76 g)
and TRIS (1.21 g) in water (500 mL). TBS-T buffer solution
was prepared by mixing Tween-20 (0.25 g) with TBS
(500 mL). BBS solution was prepared by dissolving sodium
tetraborate in water to a concentration of 2 mM, reaching a
pH of 9.0. The water used throughout the experiments was
ultrapure deionized water.

Synthesis of Ag Nanoparticles

Colloidal Ag nanoparticles were synthesized according to
Lee’s method [19]. Briefly, an aqueous solution of AgNO3

(0.0849 g, 1 mM) was brought to boiling under stirring.
Trisodium citrate solution (10 mL, 1 % w/w) was then added.
The mixture was boiled for 1 h under vigorous stirring and
then allowed to cool slowly to room temperature. The as-
prepared Ag nanoparticles were greenish yellow in color and
characterized by an extinction peak at 416 nm.

Synthesis of the SANC

The SANC were synthesized according to previously
reported methods with some modifications [20–22]. The

Scheme 1 The structure of the presented SEF-based immunoassay
applicable to a wide range of antibodies
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Ag nanoparticles (1 mL) were purified by centrifugation
and redispersed in BBS solution (1 mL), to which a
proper volume of K2CO3 solution (0.2 M) was added
and the pH of the mixture was adjusted to 9.0. The
GAH IgG (70 μL, 1 mg/mL in BBS) was then added
and the mixture was incubated at 37 °C for 1 h, during
which the antibodies adsorbed onto the Ag nanoparticles
through a combination of ionic and hydrophobic inter-
actions. After a BSA solution (24 μL, 5 % in BBS) was
added and then incubated for another 0.5 h, the mixture
was purified by centrifugation and redispersed in BBS
solution (200 μL).

Preparation of the Fluorescent Immune Substrate

The glass slides were first treated with a 4:1 (v/v) mixture of
H2SO4 (98 %) and H2O2 (30 %) under sonication for 4 h to
remove the impurities and to activate the surface. After
thoroughly rinsed with water, the glass slides were im-
mersed in PDDA solution (1 %) for 20 min and then washed
with water again. The PDDA-coated glass slides were then
covered with sticky black tapes containing punched holes
(9 mm in diameter) to form wells on the surface of the
slides. By doing this a fixed area for sample manipulating
was defined on all the glass slides, which made the follow-
ing comparison reasonable. After that, four additional poly-
electrolyte layers were assembled on the PDDA-coated
glass slides in the sequence of PSS/PAH/PSS/PAH. This is
to provide the surface with enough positive charges (the
amino group) according to previous reports as well as our
own experience. The PSS and PAH solutions were both
previously prepared at 2 mgmL−1 in 0.5 M NaCl solution
and dissolved by sonication for 15 min. For the deposition
of each layer, the polyelectrolyte solution was pipetted into
the wells of the slides at 100 μL/well and then incubated for
15 min before being rinsed thoroughly with water.
Subsequently, RB was covalently immobilized on the as-
prepared polyelectrolyte-coated slides via EDC/NHS
crosslinking protocol. Freshly prepared EDC (10 mM,
10 μL) and NHS (0.1 M, 2.5 μL) were added to an RB
solution (100 μM, 1 mL) to activate the −COOH groups of
RB. After incubated for 15 min at room temperature, the
mixture was diluted with PBS to a final concentration of
6 μM in terms of RB molecules, and was then pipetted into
the wells of the slides. The activated RB molecules were
expected to react with the amine groups of PAH on the
slides. After 1 h’s reaction in the dark at 37 °C, the slides
were rinsed with water and dried under argon. Next, to
render the surface protein reactive, a glutaraldehyde solution
(5 %) was pipetted into the wells of the slides and allowed to
react for 3 h at room temperature. After thoroughly rinsed
with water and dried under argon, the fluorescent immune
substrates were stored at 4 °C for future use.

Immunoassay Procedures

The model immunoassays were performed in the wells on the
fluorescent immune substrates. Human IgG of different con-
centrations in BBS were added to the wells and incubated
overnight at 4 °C in a humid chamber. After washed with
TBS-T, TBS and water for three times, blocking was performed
with BSA (5 % in BBS) for 3 h at room temperature. After the
substrates were rinsed with TBS-T, TBS and water, the previ-
ously synthesized SANC were added at 50 μL/well and
allowed to react for 2 h in a humid chamber at room tempera-
ture. Then the substrates were carefully rinsed with water, dried
under argon, and stored at 4 °C until measurement.

Characterization

UV/Vis spectra were measured with a Shimadzu UV-3600 PC
spectrophotometer. Aqueous samples were measured in
quartz cuvettes of 1 cm path length, using pure water as a
control. For samples on glass slides, the slides were placed in a
direction such that the incident light beams were perpendicu-
lar to the slide surface, and another glass slide covered with
black tapes with holes but without samples was used as a
control. Fluorescence spectra were measured using an
Edinburgh FLS 920 combined fluorescence lifetime and
steady-state spectrometer. An excitation of 520 nm from the
xenon lamp was used for the measurements, which was inci-
dent on the sample surface from the back of the substrate, and
from the same side was the emission collected. The power of
the excitation at the sample surface and the illuminated sample
area were measured to be around 0.17 mW and 7 mm2,
respectively. The integration time was set to 0.5 s. For the
measurement of the RB-attached substrates with or without
SANC binding, another slide similarly prepared but without
RB attachment was used as a background control to eliminate
the interference of the background noise.

The size and shape of the nanoparticles were character-
ized using a transmission electron microscope (Tecnai G2,
Holland). The surface morphology of the SANC-attached
substrates were characterized using a scanning electron mi-
croscope (S-3000N).

Results and Discussion

Preparation and Characterization of the SANC

The successful conjugation of the GAH IgG to the Ag
nanoparticles was confirmed by using two approaches. First,
extinction spectra were measured and compared between the
raw Ag nanoparticles and the different stages during the
synthesis of the SANC, as shown in Fig. 1. The Ag
nanoparticles exhibit a strong surface plasmon resonance band
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with a maximum at around 416 nm. No spectral changes were
observed after the pH was adjusted to 9.0 with K2CO3. After
the incubation with the GAH IgG, the plasmon peak wave-
length was red shifted by 9 nm from 416 nm to 425 nm. This is
a sign of attachment of the antibodies to the Ag nanoparticles,
which is attributed to the increased local refractive index
induced by the attached proteins [23]. Blocking the
nanoconjugates with BSA does not produce a further red-
shifted plasmon peak, which is a necessary step under the
stability and specificity considerations. Compared to the raw
Ag nanoparticles, the purified SANC are characterized by a
similar extinction profile but with a red-shifted plasmon peak
wavelength of 425 nm and a slightly broadened linewidth. To
further prove the attachment of the proteins, a control exper-
iment was performed following the synthesis procedure of the
SANC but without protein addition. After the final centrifu-
gation and redispersion to the original volume, an extinction
profile with significantly decreased intensity and broadened

linewidth was observed, indicating the occurrence of a strong
aggregation. This is attributed to the relatively weak resistance
of Ag nanoparticles to K2CO3 in the absence of attached
proteins. Second, TEM images of the raw Ag nanoparticles
and the SANC were also taken as shown in Fig. 2. The as-
prepared raw Ag nanoparticles were heterogeneous in shape,
and exhibited a relatively broad size distribution ranging from
50 nm to 120 nm. Importantly, a coating layer around the
SANC can be clearly seen compared to the bare surface of the
raw Ag nanoparticles, which is consistent with previous re-
ports [24]. Therefore, the successful synthesis of the SANC
was confirmed by both UV/Vis spectroscopy and TEM.

Preparation and Characterization of the Fluorescent Immune
Substrate

PAH, an amine-enriched polyelectrolyte is employed for the
construction of a bifunctional substrate, that is, a substrate
with combined fluorescence and protein reactivity. PAH has
been used to introduce both of the above-mentioned func-
tions, in which the amino groups play a key role. Parts of the
amino groups react with the carboxyl groups of the RB
molecules through the well-known EDC/NHS crosslinking
protocol, while the rest amino groups react with glutaralde-
hyde, rendering the surface protein reactive.

Besides the chemical structure with a carboxyl group, RB
has been chosen to provide the fluorescence also because of its
relatively low quantum yield of less than 0.1, which makes it a
good candidate for the SEF experiment. The absorption and
the fluorescence spectra of the substrate are characterized by
the black line and the red line in Fig. 3a, respectively. To make
an estimation of the quantity of RB molecules attached to the
substrate, we compare the absorption of the substrate with that
of another control slide with a known quantity of RB depos-
ited without any washing procedures. The surface density of
RB was estimated to be around 1013cm−2, indicating a rela-
tively small intermolecular distance of RB molecules, which
is expected to further reduce the effective quantum yield.
Besides, the substrate is protein reactive, which can be

Fig. 1 The extinction spectra at different stages during the synthesis of
the SANC. Red: raw Ag nanoparticles; cyan: after GAH IgG conjuga-
tion; blue: after BSA blocking; green: the SANC after purification.
Also shown is a control sample similarly manipulated but without
protein incubation (black)

Fig. 2 TEM images of the raw
Ag nanoparticles (left) and
the SANC (right)
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evidenced by the following immunoassay result with high
specificity, as shown in Fig. 3b.

SEF-Based Immunoassay

Prior to the evaluation of the sensing ability, the specificity of
the immunoassay scheme was first characterized (shown in
Fig. 3b). The cyan line represents the fluorescence of the
immune substrate before immunoreaction with the SANC.
In the case of 1 μg/mL of IgG immobilization, a significantly
enhanced fluorescence was observed as shown by the red line.
However, when BSA was used instead of the target hIgG, a
much weaker fluorescence was detected, as displayed by the
blue line, indicating a relatively good specificity of the immu-
noassay scheme. It should be noted that the fluorescence
signal in this case is higher than that of the substrate alone
(the cyan line). This is attributed to the nonspecific adsorption
of the SANC onto the BSA immobilized substrate, which is
also supported by the extremely weak grey color of the sub-
strate observed after immunoreaction.

The final fluorescence signal varies with varying target
antigen concentrations. As more antigens are immobilized on
the immune substrate, more SANC are expected to adsorb onto
the substrate through the antigen-antibody immunoreaction,

leading to larger fluorescence enhancements of the previously
immobilized RB molecules. The black line in Fig. 3b displays
the detected fluorescence spectrum for 100 μg/mL of IgG
immobilization, which corresponds to an around 7-fold en-
hancement compared to the original fluorescence before
immunoreaction. A less concentration of target IgG leads to a
weaker enhancement, as shown by the green line for the case
of 1 ng/mL, which is only slightly above the fluorescence level
of nonspecific adsorption. One can easily relate the fluores-
cence enhancement observed in this immunoassay scheme to
the surface density of the SANC according to the gray color on
the substrate appearing after immunoreaction. SEM images
were also taken to address this issue. Figure 3c shows the
surface morphology of the SANC-conjugated immune sub-
strate with a hIgG concentration of 1 ng/mL. The SANC were
observed as partially aggregated and located sparsely on the
substrate surface. In the case of a higher IgG concentration of
1 μg/mL, a higher surface density of the SANC was exhibited,
as shown in Fig. 3d. The difference in the surface density of the
SANC between immune substrates with different target IgG
concentrations clearly indicates the origin of the observed
fluorescence enhancement. As previously reported, SEF is a
strongly distance-dependent effect and only the dyes within an
effective region, generally between 5 and 20 nm from themetal

Fig. 3 a The absorption (black) and the emission spectra (red) of the
fluorescent immune substrate. The extinction spectrum of the sub-
strate-immobilized SANC is also shown (green). b The fluorescence
spectra measured from the fluorescent immune substrate before (cyan)
and after the SANC incubation at h IgG concentrations of 100 μg/mL

(black), 1 μg/mL (red) and 1 ng/mL (green). The nonspecific fluores-
cence spectrum is shown by the blue curve. c The SEM image of the
SANC-attached fluorescent immune substrate with a hIgG concentra-
tion of 1 ng/mL. d The SEM image of the SANC-attached fluorescent
immune substrate with a hIgG concentration of 1 μg/mL
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surface, exhibit an enhanced fluorescence. Consequently, a
larger surface density of the nanoparticles corresponds to a
larger area of the effective regions, leading to a larger fluores-
cence enhancement [5].

Recently the exploitation of the detailed mechanism in
SEF is receiving special interest. To correlate our enhance-
ment results to the established mechanisms, it would be
informative to take a closer look at the extinction character-
istics of the SANC on the substrate, which is known to be a
key factor in SEF effect. The green line in Fig. 3a depicts the
extinction spectrum of the SANC adsorbed on the immune
substrate, which deviates from that of the SANC in BBS
solution as shown in Fig. 1. The plasmon peak at around
425 nm remains roughly unchanged while a new broad
shoulder appears at around 560 nm. This is possibly because
of the partial aggregation of the SANC during the process of
immunoreaction, which can also be evidenced by the SEM
images shown in Fig. 3c and d. Interestingly, the appearance
of the shoulder provides an obvious spectral overlap be-
tween the extinction of the SANC and the absorption and
emission spectra of the attached RB. Such spectral overlaps
have been extensively studied and are considered to be
important in the SEF effect: An overlap of the extinction
of the metallic nanoparticles with the absorption or the
emission profile of the dye is expected to result in enhance-
ment in the excitation or the emission process, respectively
[25–28]. Moreover, in a comparative experiment, a similar
fluorescent immune substrate but with 2-fold less RB

conjugation was prepared. With similar quantities of the
SANC attached on the substrate, as monitored from the
extinction spectra, only a moderate enhancement of around
2 fold was observed (data not shown). If we assume a
homogeneous distribution of the dyes and a similar distri-
bution of the SANC in both cases, the excitation enhance-
ment factors would be approximately the same in both
cases. The observed difference in the fluorescence enhance-
ment factors is expected to come from the emission process
due to the increased surface density, and thus the decreased
effective quantum yield of the RB molecules. Hence, an
excitation enhancement of less than 2 fold and an emission
enhancement of more than 3.5 fold are estimated in the
current experimental format, suggesting a major contribu-
tion from the emission process. A precise separation of the
excitation and the emission enhancement is of practical
importance, as they may find special use separately in
different situations. For example, in the design of the solar
cells, the absorption enhancement (corresponding to the
excitation enhancement in SEF) is highly desired while the
emission enhancement is considered to be deleterious [29].
However, in some other cases, such as the plasmon-
enhanced LEDs [30, 31] and the chemiluminescence studies
[32], the photoexcitation is not involved and only the emis-
sion process is considered. A precise separation of the two
factors requires more delicately designed experiments
[33–35], which is, however, beyond the scope of this
manuscript.

Fig. 4 The calibration curve of the fluorescence signal vs. the concen-
tration of hIgG in the range of 100 μg/mL to 1 ng/mL. The dose-
responsive were constructed by averaging three readings of the re-
sponses at different locations of each sample. Each error bar represents
the standard deviation. The linear regression equation is y=1.306×
104x+1.472×105, and the correlation coefficient (R2) is 0.97815 (n=

6). The blue dashed line and the blue shaded area indicate the fluo-
rescence level from the nonspecific SANC adsorption and the corre-
sponding standard deviation, respectively. The black dashed line and
the black shaded area indicate the fluorescence level before the incu-
bation of the SANC and the corresponding standard deviation, respec-
tively. The inset shows an enlarged view of this area for clarity
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It is necessary to test the dependence of the signal on the
target antigen concentration for a given immunoassay format.
However, among the various SEF-based immunoassays, only
a few have demonstrated the analytical performance and de-
termined the limit of detection (LOD) possibly due to problems
such as the inhomogeneous nature of the metallic nanostruc-
tures [15, 36]. In our scheme, unlike most previous reports, the
metallic nanoparticles are not used as an underlying substrate,
but as an exogenous enhancing agent introduced during the
immunoassay. The fluorescence output is expected to be di-
rectly related to the surface density of the attached SANC.
Moreover, the fluorescent immune substrate exhibited a satis-
factory repeatability of the original fluorescence, indicated by
the relatively small standard deviation shown in Fig. 4 (the
black shaded area surrounding the black dashed line, see the
inset for clarity). Consequently, exploitation in the analytical
performance using the presented scheme seems reasonable.
The dependence of the fluorescence intensity on the hIgG
concentration was tested and the result was shown in Fig. 4.
A linear relationship was exhibited in the range of 100 μg/mL
to 1 ng/mL. The linear regression equation was y=1.306×
104x+1.472×105, and the correlation coefficient (R2) was
0.97815 (n=6). At still lower concentrations, the data points
exhibited a different behavior and the fluorescence intensities
were difficult to be resolved from the level of the nonspecific
binding, as shown by the overlap between the blue shaded area
and the last two data points. Thus, the LOD of this immuno-
assay scheme was deduced to be 1 ng/mL.

Although the obtained 1 ng/mL may not be a very attrac-
tive LOD in such immunoassays [15, 36], it should be noted
that under the present experimental conditions, a lot of
parameters are far from optimum. As can be deduced from
Fig. 4, a number of factors can affect the LOD, such as the
nonspecific fluorescence level and the fluorescence en-
hancement factors, especially in the cases of low concentra-
tion. A combined higher fluorescence enhancement factor at
low concentrations and a lower nonspecific level would lead
to an improved LOD in the current immunoassay scheme.

The factors that affect the fluorescence enhancement factor
have been extensively studied in various reports and it is of
great importance to choose a metal-dye pair properly. Ag
nanoparticles are known to be very effective in fluorescence
enhancement. However, it is also reported that different kinds
of Au nanoparticles can provide greatly enhanced fluorescence
in longer wavelength range [37–39]. A spectral overlap be-
tween the extinction spectrum of the nanoparticles and the
absorption/emission spectra should be attained in the choice
of the metal-dye pair [25–28]. Dyes with lower quantum yields
have been reported to be more apt to be enhanced compared to
the ones with higher quantum yields, which should also be
taken into consideration [28]. The metallic nanoparticle size
also affects fluorescence enhancement [40, 41]. In our proof-of-
concept study, the preparedAg nanoparticles are heterogeneous

in shape, and exhibit a broad size distribution. A better control
of the size and shape of themetallic nanoparticles is expected to
result in an improved fluorescence enhancement.

Another requirement of achieving a lower LOD is to
reduce the nonspecific fluorescence enhancement, which is
due to the nonspecific adsorption of the SANC onto the
fluorescence immune substrate. The reduction of the
nonspecific signal might be achieved by shortening the
incubation time. Recently, a novel technique has been intro-
duced which incorporates low power microwave to acceler-
ate the antigen-antibody immunoreaction [42]. By the
presumed mechanism of locally heating the proteins in close
proximity of the metallic nanostructures, a significantly
shortened time for the immunoreaction has been reported
without obvious acceleration of the nonspecific adsorption.
Incorporating this technique in our immunoassay scheme
may lead to the effective reduction of the nonspecific fluo-
rescence level, thus reaching a further lowered LOD. Work
is currently under way in this regard.

Conclusions

In this paper, we have introduced a novel SEF-based immu-
noassay applicable to a wide range of antibodies to eliminate
the inconvenience associated with the uses of the dye-
labeled antibodies and the metallic nanostructure substrates.
A fluorescent immune substrate has been constructed with
combined fluorescence and protein reactivity, and used for
antigen immobilization. The silver-antibody nanoconjugate
has been successfully synthesized and used for specifically
recognizing the surface-bound antigens. Upon the specific
adsorption of the SANC onto the substrate, an enhanced
fluorescence is obtained. With increasing antigen concen-
trations, the surface density of the SANC is increased,
leading to an increased enhancement factor. The dose-
responsive performance of the immunoassay scheme has
been examined and a LOD of 1 ng/mL is determined. The
optimization of the immunoassay scheme has also been
discussed. The presented SEF-based immunoassay scheme
holds potential in a wide range of bio-applications.
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