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A B S T R A C T

Immunoassay can be divided into two aspects, one is immobilization of antibodies for the efficient detection of
corresponding antigens, and the other is immobilization of antigens to search for antibodies which work against
them. In this paper, we demonstrated these two aspects of immunoassay by using the disposable fiber optic
biosensors based on surface plasmon resonance (SPR) through surface decoration with half-antibody fragments,
which has been scarcely ever reported to the best of our knowledge. We first fabricated the fiber optic SPR
biosensor which consists of one gold film coated single-mode fiber sandwiched by two multimode fibers. Then,
we decorated the fiber optic SPR biosensors with antibody fragments and antigen fragments, respectively, and
compared the specific detection performances of these two kinds of sensors. After surface decoration with half-
antibody fragments, the antigen-decorated fiber probe has a demonstrated sensitivity and limit of detection of
0.9771nm/(μg/mL) and 0.1 μg/mL, respectively, which improves by 10 times compared with the performance of
the antibody-decorated fiber probe. Additionally, the selective detection results indicate that our proposed
biosensor can be employed as a reliable antigen detector or an effective antibody filter. Our proposed sensor has
the advantages of miniaturization, low cost, simple usage, label-free detection, high efficiency and sensitivity,
and can effectively avoid cross-contamination caused by reuse. Given the reliable and clean detection method for
immunoassay, our work should open a new window for the utilization of miniaturized fiber optic sensors in
biochemical sensing.

1. Introduction

Immunoassay is a biochemical analytical method based on the
highly selective reaction between an antibody and an antigen, which is
embodied in two aspects. One is immobilization of antibodies for the
efficient detection of corresponding antigens. It is widely used for the
early diagnosis of cancers, tumors, autoimmune diseases and the de-
tection of allergens (Wang et al., 2010). The other is immobilization of
antigens to search for antibodies that work against them. It is an ef-
fective mechanism that contributes to the development of new drugs
such as designing inhibitors for neutralization of hepatitis A virus (Cao
et al., 2019). Immunoassay is of particular importance for the research
and development of medicine and life sciences. Therefore, a number of
methods, such as immunofluorescence assay (Ren et al., 2015), radio-
immunoassay (Barta et al., 2017), enzyme-linked immunosorbent assay

(ELISA) (Kjelgaard-Hansen et al., 2003) and chemiluminescence im-
munoassay (Kricka, 2003) have been developed for immunoassay cur-
rently. Although these analytical methods show high sensitivity and
selectivity, they still have some limitations, for example, time-con-
sumption, indirect detection format, semi-quantitative detection, ex-
pensive equipment, and the requirement for skilled operators. Conse-
quently, there is an urgent need for the development of simple, rapid,
low-cost, convenient, highly sensitive methods for immunoassay (Lu
et al., 2016). Fiber optic biosensors (Chen et al., 2016) and nanowire
field effect transistor biosensors (Stern et al., 2007) can be candidates.

In general, the reaction of antibody and antigen would lead to a tiny
refractive index (RI) change in the reaction environment, which also
occurs in other reactions of biochemical molecules. And there is an
optical analysis method, i.e. surface plasmon resonance (SPR), that is
extremely sensitive to tiny RI changes and suitable for the applications
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in biochemical analysis. By grafting SPR technology into a suitable fiber
optic, a miniaturized, cost-effective, easy-to-use and sensitive biosensor
can be fabricated for the immunoassay. For the fiber optic SPR sensor,
common types are D-shaped fiber SPR sensors (Zainuddin et al., 2019),
hetero-core fiber SPR sensors (Iga et al., 2005), multimode fiber SPR
sensors (Wang et al., 2017a) and photonic crystal fiber SPR sensors (Xie
et al., 2017). In fact, in recent years, some applications in molecule
interaction analysis and concentration detection of the target molecule
have been reported by employing fiber optic SPR biosensors due to
their advantages in volume and operation (Sharma et al., 2018; Gupta
and Kant, 2018). For example, Daems D. et al. reported a fiber optic
SPR biosensor based competitive inhibition assay to detect proges-
terone in complex biological fluids. Their modified sensor achieved a
detection limit of 0.5 ng/mL in 2-fold diluted bovine milk (Daems et al.,
2017). In 2017, Lu J.et al. presented a short-time immunoassay
(10min) using a fiber optic SPR biosensor for determining infliximab
concentrations in a variety of matrixes (Lu et al., 2017). In 2017, Wang
W. et al. demonstrated a novel fiber optic SPR biosensor for the specific
detection of C-reactive protein (CRP) by utilizing dopamine as a
crosslinking agent to immobilize the anti-CRP monoclonal antibody.
Their detection concentration ranges from 0.01 to 20 μg/mL with a
sensitivity of 1.17 nm per lg(μg/mL) (Wang et al., 2017a). Recently,
Wang Q. et al. proposed a graphene oxide/silver coated fiber optic SPR
biosensor to detect Human IgG, their sensor reached a sensitivity of
0.4985 nm/(μg/mL) and a low limit of detection of 0.04 μg/mL (Wang
and Wang, 2018). More importantly, compared with the traditional
immunoassay methods, the main advantages of fiber optic SPR bio-
sensors are their ability to achieve label-free detection of analytes, so as
to overcome conjugate interference.

Without labeling process, the use of fiber optic SPR biosensors is
simpler and more efficient than those of traditional immunoassays.
Further, how to decorate the specific detection layer onto the sensor
surface and improve the detection performance have become the key
issues for a fiber optic SPR biosensor. Taking the antibody-decorated
biosensor for the detection of the corresponding antigen as an example.
The more efficient immobilization of antibodies, the more target mo-
lecules will be captured. Accordingly, in order to improve the antibody
immobilization efficiency onto the sensor surface, there are several
methods as possible candidates, for instance, employing protein A or
protein G as a sub-layer protein to connect biotin to avidin (Ko et al.,
2009; Maisonneuve et al., 2015), the sensor surface is functionalized
with 3-aminopropyltriethoxysilane (APTES) and subsequently biotiny-
lated for the selective immobilization of streptavidin. (Williams et al.,
2012), depositing a dopamine self-polymerization layer as a bio-ad-
hesive (Shi et al., 2015; Wang et al., 2017a), combining amine groups
with the 1-ethyl-3-(3-(dimethylamino)propyl)-carbo-diimidehy-
drochloride/N-hydroxysulfosuccinimide (EDC/NHS) activated carboxyl
group (Park et al., 2014), directly immobilizing antibodies with sulf-
hydryl groups on a gold film (Billah et al., 2010), etc. Among these
methods, the covalent binding of thiol with gold is a direct method for
protein (antibody) to combine onto the sensor surface with gold film,
which should be a sensitivity-enhanced method for the gold-based fiber
optic SPR sensor, since the antigen-antibody reaction will be much
closer to the sensor surface without any additional adhesive layers.
There are two ways to obtain an antibody taking sulfhydryl groups. One
is to decorate it with a compound containing a sulfhydryl group (Wang
et al., 2015, Wang et al., 2017b) However, antibodies are randomly
decorated in this way, some of them may be unable to recognize analyte
due to the steric hindrance of binding sites. The other way is to open the
disulfide bond between the antibody chains to obtain thiol sites (Domen
et al., 1990; Lu et al., 1996). Compared to the former, the free-SHs, i.e.
sulfhydryl groups, come from the later way have fixed number and
certain sites which are far from antibody recognition sites. Although
disulfide bonds play an important role in maintaining the structure and
activity of antibody molecules, especially the disulfide bonds between
heavy and light chains. Fortunately, the disulfide bridge present in the

hinge region of the Immunoglobulin G (IgG) can be subject to be
opened according to a controlled reduction procedure to generate half-
antibody fragments which act as fragments of antigen binding (Fab)
(Makaraviciute et al., 2016). The approach of immobilizing half-anti-
body fragments on gold film should result in higher accessibility for
antigens, less variable interaction kinetics, and thereby, improved
analyte recognition, since the half-antibody recognition sites are freely
available through the oriented immobilization of free-SHs on gold film
(Bonroy et al., 2006; Lu et al., 1996; Sharma and Mutharasan, 2013).

In this study, a novel disposable fiber optic SPR probe for im-
munoassay is experimentally proposed by employing an approach of
half-antibody fragment immobilization onto the gold-based sensor
surface. We fabricated fiber optic SPR biosensors with multimode fiber-
single mode fiber-multimode fiber (M-S-M) structure to compare the
two kinds of immunoassay, namely, one using the antibody-decorated
fiber probe for the antigen detection, and the other employing the an-
tigen-decorated fiber probe for the antibody detection. To verify the
feasibility of these assays, mouse IgG (M-IgG) and goat anti-mouse IgG
(GAM-IgG) were selected as the antigen and antibody, respectively. In
the process of biological decoration and detection, the concentration of
the GAM-IgG fragments immobilized on the sensor surface was firstly
optimized to achieve the satisfactory performance for the proposed
fiber probe, so does the M-IgG fragments. Then we evaluated the sen-
sitivities of the GAM-IgG-decorated fiber probe and M-IgG-decorated
fiber probe, respectively. Finally, the specific detection ability of these
two kinds of fiber probes was also investigated. Our work successfully
implements a disposable fiber probe for immunoassay, which is of
miniaturization, low cost, simple usage, high efficiency, and sensitivity,
and can avoid cross-contamination caused by reuse.

2. Experiment and method

2.1. Fabrication of the fiber optic SPR biosensor and its sensing system

At the beginning of the experiment, we first prepared disposable
fiber optic SPR biosensors for the follow-up study on immunoassay. As
described at the bottom of Fig. 1, the proposed biosensor with hetero-
core fiber, i.e. M-S-M, structure was fabricated by splicing a single mode
fiber (SMF, 9 μm core and 125 μm cladding diameters) between two
multimode fibers (MMF, 62.5 μm core and 125 μm cladding diameters),
and therefore the cladding modes of SMF can be excited through but-
ting hetero core fibers. This type of hetero-core fiber sensor had been
proposed and evaluated positively in previous research for its sensi-
tivity and the high measurement precision (Goh et al., 2013; Iga et al.,
2005). Here the SMF region was set to 12-mm length and gently cleaned
by the anhydrous ethanol and then distilled water to remove the re-
sidual dust. After completed the clean surface of the SMF region, the
JGP450A magnetron sputtering fiber coating device (SKY Technology
Development Inc.) was employed to deposit a gold film onto the SMF
region. In this way, a number of proposed fiber probes were fabricated
for the subsequent immune decoration and detection. Gold films, whose
plasma are excited by cladding modes, were uniformly controlled at the
same thickness of 45 nm to ensure the plasma excitation efficiency
(Chen et al., 2016) and the consistency of the disposable biosensors.

Next, a sensing system designed for the proposed biosensor was set
up, as illustrated in Fig. 1, which includes a broadband light source
(Thorlabs Inc., SLS201/L, 360–2600 nm), a spectrometer (USB 4000,
Ocean Optics Inc.,200–1100 nm), a computer and the fiber optic SPR
biosensor. To connect the light source, the proposed biosensor and the
spectrometer, transmission fibers of MMF were employed. When the
biosensor is in operation, the incident light firstly propagates through
the fiber core from MMF to the SMF. Then a part of the incident light is
coupled into the SMF cladding from the MMF core. Finally, the incident
light reveals into the gold film in the form of the evanescent field. When
the parallel component of the incident light wave vector matches that of
the surface plasmon wave, strong absorption of light occurs. As a result,
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an SPR dip at a particular wavelength, which is known as resonance
wavelength, appears in the output spectrum signal (Velázquez-
González et al., 2017; Zhao et al., 2018). When the external RI changes
or antigen-antibody binding reaction happens on the sensor surface, the
SPR dip will shift accordingly. The signal captured can be shown and
monitored by the computer connected with the spectrometer.

2.2. Materials of the biological decoration and detection

The purified M-IgG and GAM-IgG, i.e. the antigen and antibody in
this experiment, respectively, were purchased from Origene Company,
2-mercaptoethylamine (2-MEA), Ethylenediaminetetraacetic acid dis-
odium salt (EDTA-2Na), Bovine Serum Albumin (BSA), Ovalbumin

Fig. 1. Schematic diagram of the sensing system.

Fig. 2. Surface decoration and specific detection of the fiber optic SPR biosensor: (a) the decoration process of a GAM-IgG-decorated fiber probe; (b) the M-IgG
detection by using a GAM-IgG-decorated fiber probe; (c) the GAM-IgG detection by employing an M-IgG-decorated fiber probe.

Z. Mai, et al. Biosensors and Bioelectronics 144 (2019) 111621

3



(OVA) and Casein were purchased from Sigma-Aldrich Company.
Phosphate buffered saline (PBS, 10mM, pH 7.4, 1.76mM KH PO2 4,
10.14mM Na HPO 12H O2 4 2 , 136.75mM NaCl, 2.68mM KCl) are pre-
pared with ultra-pure water. All the chemicals used in this experiment
are of analytical reagent grade.

2.3. Preparation of GAM-IgG-decorated and M-IgG-decorated fiber probes

In order to prepare half-antibody fragments to decorate the sensor
surface for the specific detection, we first treated purified antibody
(5mg/mL) with 50mM 2-MEA, in PBS with 10mM EDTA-2Na, pH 6.0
for 4.0 h. This approach selectively reduced the disulfide bonds in the
hinge regions of IgG (Billah et al., 2008; Hermanson, G.T., 2008), thus
forming two monovalent IgGs, i.e. half-antibody fragments, bearing 1–2
free sulfhydryl groups. The reduced IgGs were then ultrafiltered with
Millipore (30K) for 5 times in an anaerobic 1×PBS to remove excess 2-
MEA. Next, the reduced IgGs were concentrated and stored anaerobi-
cally at −20 °C for the further decoration of the proposed fiber probes.
Finally, the sensing region of the proposed fiber probe was immersed in
the solution of reduced IgGs (diluted with PBS buffer, pH=7.4) for
48 h at 4°C for the self-assembly of free-SHs (sulfhydryl groups) on the
gold film. After sufficiently washed with PBS, the GAM-IgG-decorated
fiber probe was ready for the M-IgG detection. The decoration process
of the GAM-IgG-decorated fiber probe is shown in Fig. 2a. In the same
way, we also prepared the M-IgG-decorated fiber probe for the GAM-
IgG detection.

2.4. Immunoassays

Immunoassays in this paper are divided into two parts, one is the M-
IgG detection by using a GAM-IgG-decorated fiber probe, as shown in
Fig. 2b; the other is the GAM-IgG detection by employing an M-IgG-
decorated fiber probe, as described in Fig. 2c. Both of the concentra-
tions used for decoration (GAM-IgG decoration and M-IgG decoration)
were first optimized by respectively measuring the corresponding target
molecule at a fixed concentration. Afterward, we evaluated the sensi-
tivity of the GAM-IgG-decorated and M-IgG-decorated fiber probes in
measuring their corresponding target molecules with different con-
centration levels, respectively. Finally, selectivities of these two kinds of
fiber probes were also investigated by detecting different types of
proteins, i.e. GAM-IgG/M-IgG, BSA, OVA, Casein, in two concentrations
of 10 μg/mL and 100 μg/mL, respectively. It is worth to mention that all
the assays in this paper were performed by using disposable fiber
probes, and each assay was repeated more than 3 times.

3. Result and discussion

3.1. Optical characteristics of the fiber optic SPR biosensor

As the SPR phenomenon is sensitive to RI change which is directly
related to the binding of antigens and antibodies, we first evaluated the
RI sensitivity of the prepared fiber optic SPR biosensor before its GAM-
IgG or M-IgG decoration. The sensing region of a proposed fiber probe
was immersed into the NaCl solutions with different RI ranging from
1.3342 to 1.3762 (calibrated by WYA-2S Abbe refractometer at a room
temperature of 25 °C) to generate corresponding resonance dips, as
shown in Fig. 3a. With the increase of RI, the resonance dip has a red
shift. The linear relationship between the resonance wavelength, i.e.
the bottom point of the resonance dip, and RI is described in Fig. 3b,
which indicates that the RI sensitivity of the proposed fiber probe is
obtained to be 1959.6 nm/RIU in a RI range of 1.3342–1.3762, totally
enough for bioassay (Shi et al., 2015; Wang et al., 2017a). In addition,
to ensure the consistency of our biosensors for the following im-
munoassays, all the proposed fiber probes with same preparation
parameters were selected by measuring deionized water (RI= 1.3342),
1×PBS solution (RI= 1.3362) and then 4×PBS solution (RI= 1.3422)

for the uniform sensitivity. At the end of the fiber probe selection, we
chose fiber probes with a sensitivity relative standard deviation (RSD)
less than 8% for the subsequent experiments.

3.2. M-IgG detection by using a GAM-IgG-decorated fiber probe

The proposed GAM-IgG-decorated fiber probe was employed for the
specific detection of corresponding M-IgG herein. To achieve the sa-
tisfactory performance of the proposed fiber probe, the effective im-
mobilization of the GAM-IgG on the sensor surface is crucial.
Consequently, it is necessary to optimize the decoration concentration
of GAM-IgG fragments first. Several concentrations (25 μg/mL, 50 μg/
mL, 75 μg/mL, 100 μg/mL and 125 μg/mL) of the treated GAM-IgG
were prepared by diluted with PBS buffer for the decoration on sensor
surface (decoration process see Section 2.3). Then the GAM-IgG-deco-
rated disposable fiber probes were evaluated by measuring 50 μg/mL
M-IgG, whose results are shown in Fig. 4a. The selection criterion is
based on the resonance wavelength shift before and after the M-IgG
detection (the larger shift, the better). As the concentration of the
treated GAM-IgG increases, the maximum resonance wavelength shift is
obtained to be 4.65 nm at 50 μg/mL, while the other resonance wave-
length shifts are basically maintained below 3 nm. Here the corre-
sponding standard deviation of each experimental point is described as
orange error bar. The insufficiency of resonance wavelength shift at an
GAM-IgG-decorated concentration of 25 μg/mL is attributed to lack of
GAM-IgG fragments to capture target molecules. And when the con-
centration of treated GAM-IgG exceeds 50 μg/mL, the random self-as-
sembly makes the specific detection layer become thicker, which results
in blocking some of the recognition sites in GAM-IgG fragments, thus
reducing the detection efficiency. Ultimately, it can be determined that
the GAM-IgG-decorated concentration of 50 μg/mL is an optimal value
for the M-IgG detection by our proposed fiber probe.

Following the optimization of specific detection layer, we used the
optimized biosensors to detect M-IgGs with different concentrations of
5 μg/mL, 10 μg/mL, 20 μg/mL, 50 μg/mL and 100 μg/mL, respectively.
Fig. 4b demonstrates the experimental results of repeated measures, it is
observed that our biosensors exhibit a satisfactory linear response to the
M-IgG in a concentration range of 5–100 μg/mL. Here sensitivity (S)
and limit of detection (LOD) are introduced to estimate the performance
of the optimized biosensor. S describes the change rate of resonance
wavelength (λR) with the concentration (n) variation of the target
molecule, which can be defined as:

=S d
dn

R
(1)

And LOD reflects the minimum concentration of the target molecule
that a biosensor can detect. We obtained LOD though an approach of
experimental measurements. After several times of measurements in the
background solution, i.e. 0 μg/mL M-IgG, the mean value of the blank
response fluctuation was obtained to be 0.2 nm in resonance wave-
length shift. Then we diluted the M-IgG concentration continuously so
that the biosensor response was closer to 0.2 nm. The final LOD was the
M-IgG concentration with the closest response that was slightly higher
than 0.2 nm.

Finally, S and LOD of the optimized GAM-IgG-decorated biosensor
are obtained to be 0.078nm/(μg/mL) and 1 μg/mL, respectively,
through the calculation and analysis of experimental data.

3.3. GAM-IgG detection by employing an M-IgG-decorated fiber probe

The same operation as Section 3.2, the decoration concentration of
M-IgG fragments, should be optimized first to achieve an M-IgG-deco-
rated fiber probe with a satisfactory performance for the specific de-
tection of the corresponding GAM-IgG. Also, several concentrations
(5 μg/mL, 10 μg/mL, 20 μg/mL, 50 μg/mL and 100 μg/mL) of the
treated M-IgG were prepared by diluted with PBS buffer. After surface
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Fig. 3. Performance evaluation of the fiber optic SPR biosensor: (a) normalized spectra in measuring NaCl solutions with different RI values; (b) experimental
measurement of the external RI-dependent resonance wavelength.

Fig. 4. (a) Resonance wavelength shifts of the proposed fiber probes with different GAM-IgG-decorated concentrations by measuring 50 μg/mL M-IgG. (b) Resonance
wavelength shifts of the proposed fiber probes with a fixed GAM-IgG-decorated concentration of 50 μg/mL by measuring different concentrations of M-IgG.

Fig. 5. (a) Resonance wavelength shifts of the proposed fiber probes with different M-IgG-decorated concentrations by detecting 10 μg/mL GAM-IgG. (b) Resonance
wavelength shifts of the proposed fiber probes with a fixed M-IgG-decorated concentration of 50 μg/mL by detecting different concentrations of GAM-IgG.
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decoration with M-IgGs of different concentrations, the proposed bio-
sensors were next evaluated by detecting 10 μg/mL GAM-IgG, whose
results are shown in Fig. 5a. With the increasing concentration of the
treated M-IgG, the resonance wavelength shift first increases and then
decreases, the maximum value is obtained to be 11.52 nm at an M-IgG-
decorated concentration of 50 μg/mL, while the corresponding standard
deviation of each experimental point is described as blue error bar. The
resonance wavelength shift shows that the detection ability of target
antibodies improves with the increase of the M-IgG-decorated con-
centration within 50 μg/mL. However, when the concentration exceeds
50 μg/mL, the random self-assembly causes the supersaturated accu-
mulation of M-IgG fragments, which thickens the specific detection
layer and reduces its detection efficiency. Considering that the sensitive
M-IgG-decorated fiber probe can improve the efficiency of finding
corresponding antibodies. We choose the M-IgG-decorated concentra-
tion of 50 μg/mL in the following experiments.

Detecting target antibodies with different concentrations of 0.5 μg/
mL, 1 μg/mL, 2 μg/mL, 5 μg/mL and 10 μg/mL by the optimized M-IgG-
decorated biosensors, Fig. 5b demonstrates their experimental results.
One can observe that the resonance wavelength shift increases with the
increasing concentration of GAM-IgG. At the same time, its change rate
decreases gradually due to the trend of detection saturation of target
molecules. After further calculation and analysis of the experimental
data in this section, the average S and LOD of the optimized M-IgG-
decorated biosensor are obtained to be 0.9771nm/(μg/mL) and 0.1 μg/
mL, respectively.

By comparing the results of GAM-IgG-decorated and M-IgG-deco-
rated fiber probes, one can find that S of the M-IgG-decorated fiber
probe is more than 10 times greater than that of GAM-IgG-decorated
fiber probe. This is mainly attributed to the number of effective re-
cognition sites in the molecules used for decoration. An intuitive il-
lustration indicates, shown in Fig. 2b and c, that the effective re-
cognition sites of a GAM-IgG are only the variable regions which are
highlighted in red, while there are multiple antigenic determinants in
an M-IgG which can be recognized by the corresponding target mole-
cules (goat anti-mouse IgGs are polyclonal antibodies to the mouse
IgG). Thus, by immobilizing a GAM-IgG and an M-IgG on the sensor
surface, the ability of the M-IgG to capture target molecules is much
greater than that of the GAM-IgG herein. Comparing graphs (a) and (b)
in Figs. 4 and 5, we can observe that error bars in graphs (a) are greater
than those in graphs (b). This indicates that the exploration of the
conditions of the decoration layer would bring a greater uncertainty
impact on our proposed biosensors since the decoration layer is much
closer to the sensor surface than target molecules. And once the dec-
oration layer is determined and the proposed biosensors are uniformly

decorated, their accuracy will become more reliable.
The study in these two sections proves that the self-assembly of half-

antibody fragments on the sensor surface is a feasible approach for
decoration on fiber optic SPR biosensors. Moreover, our proposed
biosensor can be employed as an antigen detector or an antibody filter
through appropriate decoration, which may bring new vitality to im-
munoassay.

3.4. Selectivity of the proposed biosensors

At the end of the experiment, the selectivities of the GAM-IgG-de-
corated and M-IgG-decorated fiber probes were investigated by mea-
suring different kinds of proteins, respectively. Fig. 6a depicts the re-
sults of the biosensor decorated with GAM-IgG, satisfactory selectivity
results are obtained and the significant different responses in detecting
10 μg/mL and 100 μg/mL target molecules is attributed to the un-
saturated detection in this concentration range. While Fig. 6b also de-
monstrates apparent selectivity to the target molecule for the biosensor
decorated with M-IgG. However, the responses to target molecules of
10 μg/mL and 100 μg/mL are basically indistinguishable. It is mainly
because 10 μg/mL GAM-IgG is the upper limit for the proposed M-IgG-
decorated biosensor and the concentration increase above 10 μg/mL no
longer affects the response.

Selectivity results reveal that the responses of the proposed bio-
sensors are caused by the specific binding of molecules rather than their
concentrations (Shi et al., 2015). In addition, using disposable fiber
probes for the target molecular screening experiments can greatly im-
prove detection efficiency and effectively avoid cross-contamination
caused by sensor reuse. We demonstrate a new method of simplicity,
convenience, reliability, and label-free for immunoassay.

4. Conclusion

In summary, a disposable fiber optic SPR biosensor with M-S-M
structure was proposed for immunoassay in this paper, which is sensi-
tivity, reliable, user-friendly, cost-effective, and most importantly,
avoidable for the cross-contamination caused by reuse. Two parts of
immunoassay were investigated, i.e. using the GAM-IgG-decorated fiber
probe for the M-IgG detection, and employing the M-IgG-decorated
fiber probe for the GAM-IgG detection. After optimization, S and LOD of
the GAM-IgG-decorated fiber probe are obtained to be 0.078nm/(μg/
mL) and 1 μg/mL, respectively. While those of the M-IgG-decorated
fiber probe is obtained to be 0.9771nm/(μg/mL) and 0.1 μg/mL, re-
spectively. It should be noted that S and LOD in this study are obtained
through the experiment measurements, which includes the error of the

Fig. 6. Selectivity of the proposed biosensor decorated with (a) GAM-IgG and (b) M-IgG. Different proteins (GAM-IgG, M-IgG, BSA, OVA, and Casein) with a low
concentration of 10 μg/mL and high concentration of 100 μg/mL are chosen for the selective detection. The error bars represent the standard deviations from three
dependent assays.
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whole system and the influence of the environment, and has practical
application value. The 10 times detection capability of the M-IgG-de-
corated fiber probe with respect to that of the fiber probe decorated
with GAM-IgG indicates that the improvement of decorated molecules
and methods can effectively improve the performance of our bio-
sensors. Moreover, after the selectivity study, the experimental results
show that our proposed biosensor can be employed as a reliable antigen
detector or an effective antibody filter, which may bring new vitality to
immunoassay.

In this work, S and LOD of our proposed fiber probe are still in-
sufficient in detecting smaller amounts of target molecules. Next, we
will study methods to improve the detection efficiency of the bio-de-
corated layer and develop a more sensitive fiber optic SPR biosensor.
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