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Abstract: A method for detecting protein molecules based on the tilted fiber Bragg grating (TFBG)
surface plasma resonance (SPR) is proposed to achieve the quick online real-time detection of trace
amount of proteins. The detection principles of the TFBG-SPR protein molecular probe are analyzed,
and its feasibility is demonstrated. The intermediary material between the protein molecules and the
golden layer outside of the fiber gratings is cysteamine hydrochloride. When the concentration of the
cysteamine hydrochloride solution is 2 M, the shift of the TFBG resonance peak is 2.23 nm,
illustrating that the cysteamine hydrochloride modifies the gold film successfully. IgG antigen
solution is poured on the surface of the cysteamine hydrochloride modifying the gold-deposited
TFBG. Finally, antigen-antibody hybridization experiment is carried out with a 10mg/mL antibody
solution, and after two hours of hybridization the resonance peak of the TFBG shifts 5.1 nm, which
validates the feasibility and effectiveness of the TFBG-SPR protein molecular probe.
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1. Introduction

The biosensors based on the surface plasmon
resonance (SPR) technology possess prominent
advantages over the traditional sensors [1]. The SPR
technology, as a new molecular detecting technology,
had got a rapid development in recent years. The
number of documents in the relevant field has a
rapid increase with the vigorous development of the
SPR sensor based on the optical fiber and the advent
of related products [2]. These years, the SPR sensors
have been paid more attention in the field of
molecular detecting [3, 4]. Bartley et al. utilized the
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SPR technology to design a sensor chip which can
quickly identify and screen for unknown receptors
and ligands. Yawen Zhang et al. [5] fixed sulfydryl
on the golden layer by the self-assembly membrane
method, then modified the glucose oxidase and
made it a glucose biosensor by fixing chitosan on
the surface finally. Tilted fiber Bragg grating
(TFBG)-SPR protein molecular probe owns the
label-free

monitoring over general molecular probe, and it has

advantages of detection, real-time
been applied in specified recognition and rapidly
continuous detection in fields of food safety and

drug testing [6, 7]. Recently, Voisin and Pilate et al.
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[8] introduced the TFBG with the nanometer-scale
golden layer to fabricate a biosensor and detect the
alteration of the marker-free human transferrin in the
serum, showing that TFBG-SPR sensors had high
sensitivity, reversibility, and robustness. Candiani
et al. [9] put forward a kind of label-free DNA
biosensor based on the double TFBG, and they
assembled sensors into peptide nucleic acid probe
with a higher sensitivity. TFBG-SPR sensors are
suitable for detecting protein interactions. According
to the variation in the TFBG cladding mode and
SPR theory, the mass and concentration of proteins
involved in the reaction can be calculated, and the
changes of proteins in the reaction can be detected.
This paper puts forward a TFBG-SPR protein
molecular

detection method and brings an

experimental demonstration.

2. Sensing principles

Surface plasmon resonance wave is a kind of
physical and optical phenomena, which occurs at the
interface between the metal and dielectric. The SPR
sensor with the effect of the surface plasmon
resonance takes excellent advantages on the
environment medium sensitive characteristic of
refractive index change. It can detect the change of
the material on the surface of the metal, and the
studies have shown that the SPR effect is very
sensitive to the environment temperature change so
that the SPR bio-sensor in the study of detection
needs a stable environment temperature. The total
reflection will occur on the border of thin light
medium and dense light medium when the incidence
angle of the light is greater than the critical angle
and the incident light and reflected light in the
interface will interact to produce a standing wave
disturbance. When the standing wave extends to
light thin medium direction along the boundary face,
it will form a special kind of tend towards rapid
attenuation of electromagnetic wave, which is called
the evanescent wave [10]. When the wave vector of

the evanescent wave matches the one of metal film
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surface electron plasma wave, the energy will be
coupled into the surface plasma wave stimulating
the SPR effect [11, 12].

With the aid of the deposited biological
molecules
TFBG-SPR
biological molecules with the nature of the specific

outside the active golden layer,

sensors are capable of detecting
identification. In general, bioactive molecules are
immobilized on the surface of the golden layer in
virtue of sulfydryl (-SH) of the intermediary
material substantially. Because the strength of S-H
bond is lower than the one of Au-S bond, S in the
and the
biological molecules are fixed on the surface of the

solution can be combined with Au,

golden layer with the formation of the Au-S bonds.
Due to the fact that protein molecules are larger,
having a complex structure and do not necessarily
have sulfydryl, the intermediary material is used to
immobilize proteins by linking the golden layer and
proteins. In addition to containing sulfydryl, the
intermediary material can also form some kind of
radical group for bonding the protein molecules.
Figure 1 presents the schematic diagram of
TFBG-SPR protein molecular probe detection.
Figure 2 reveals the protein detection flow chart
of the TFBG-SPR protein molecular probe. It takes a
sufficient period of time for immersing the
TFBG in the

hydrochloride solution with a certain concentration.

gold-deposited cysteamine
With the generation of gold-sulfur bond, cysteamine
hydrochloride is adhered on the surface of the
golden layer, and the NH;Cl of the cysteamine
hydrochloride is ionized into chloride ions and
amino. When there is a large number of amino in the
solution, it forms amino groups which are capable of
adsorbing macromolecular proteins. The attachment
of IgG antigen on the surface of the golden layer is
based on this property of amino groups. When the
corresponding IgG antibodies have combined with
IgG antigen fixed on the golden layer, the properties
of the nanometer-scale golden layer will be affected,
and so does the nature of the evanescent layer.
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According to the principle of SPR, the wavelength
of surface plasmon resonance will be altered when
the property of the evanescent layer changes, and the
cladding mode of the TFBG transmission spectrum
will also shift.
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Fig. 1 Schematic diagram of TFBG-SPR protein molecular
probe detection.
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Fig. 2 Protein detection flow chart of the TFBG -SPR protein
molecular probe.
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3. Materials and methods

The probe experiment consisted of cysteamine
hydrochloride deposition, fixation of IgG antigen as
well as antigen-antibody hybridization test. Table 1
lists the equipment utilized in the experiment. The
experimental materials and reagents are enumerated
in Table 2.

3.1 Cysteamine hydrochloride deposition

After being rinsed with ultrapure water, TFBG
was sonicated with absolute ethanol and then with

ultrapure water for 5 min, respectively. Then we
began to conduct the cysteamine hydrochloride
deposition experiment on the cleaned TFBG. The
cysteamine hydrochloride solutions utilized in the
experiment had three different concentrations of
20 mmol, 1 mol, and 2 mol. The deposition
experiment lasted more than 12h [5] to ensure the
cysteamine hydrochloride being fixed on the golden
layer adequately. The cleaned TFBG fixed on a glass
dish was immersed in the cysteamine hydrochloride
solution for 15h at room temperature by using a

thermostat water bath.

Table 1 Equipmental list.

Instrument Instrument model Production unit
ASE broadband light ASE-C-M-G-13 Shenzhen kuan ti
source co., LTD
Spectrograph AQ6317B Yokogawa
Electronic balance YP402 Shanghai Jing Hai
Instrument
Tilted gratings —_— _
Abbey refractometer WAY-2W Shanghai

Constant temperature
magnetic stirrer

Various glassware e —_—

Table 2 Materials and reagents required in the experiment.

Reagents Size Factory unit
h;:grsczzétj:ll(l)irlilze e Ancient bridge chemical
IgG antigen solution 0.07mol/L Sangon Biotech Co.,Ltd.
IgG antibody solution 0.35mol/L Sangon Biotech Co.,Ltd.
De-ionized water o
Ethanol 95%

3.2 Fixation of IgG antigen

As the cysteamine hydrochloride deposition
experiment has been done, the TFBG was rinsed
with ultrapure water thoroughly and soaked in water
for a while to remove the physically adsorbed
cysteamine hydrochloride. Then IgG antigen was
diluted into four parts of 1 mL solutions and stored
in the refrigerator for depositing sensitive biological
membrane. One of the 1 mL IgG antigen solutions
was injected into the glass dish fixing the TFBG that
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cysteamine modified for IgG antigen deposition, and
dried at 4°C. The above steps were repeated until all
of the 1 mL IgG antigen solutions have finished
depositing.
After the
TFBG-SPR protein molecular probe was immersed

deposition of IgG antigen, the

in the ultrapure water for a while to remove the
physical adsorption of cysteamine hydrochloride on
the fiber grating and the glass dish. The probe was
stored in 4 °C refrigerator compartment.

3.3 IgG antigen-antibody hybridization

To guarantee that the prepared protein sensor can
be soaked in the IgG antibody aqueous solution, we
diluted the stored IgG antibody by ultrapure water to
be 1 mL IgG antibody solution with a concentration
of 10 mg/mL. The corresponding IgG antibody
solution was poured into the glass dish fixing the
TFBG modified by IgG
experimental temperature was kept constant at 37°C

antigen, and the

by using a thermostat water bath. The whole IgG
antigen-antibody hybridization experiment lasted for
about 2h, and the TFBG transmission spectra were
collected automatically every 3 min during the entire
experiment. The experimental site is shown in Fig. 3.

Fig. 3 Site of hybridization test.

4. Results and discussion

4.1 Deposition experiment of cysteamine

hydrochloride solution

4.1.1 Deposition using 20 mmol cysteamine
hydrochloride solution

At the first period of the experiment, 20 mmol
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cysteamine hydrochloride solution was utilized, and
the gold-coated TFBG was immersed in it for 15h.
The  transmission spectra  were  collected
automatically every 3 min, and the data per hour
were selected to calibrate by using the MATLAB
code.

The cladding mode of the TFBG transmission
spectrum almost had no alteration. Taking the
surface area of the golden layer into account, the
failure of cysteamine hydrochloride deposition was
associated with the low concentration of the
cysteamine hydrochloride solution. Then new
deposition experiment was carried out by using
cysteamine hydrochloride solution with a higher

concentration.

4.1.2 Deposition using 1 mol

hydrochloride solution

cysteamine

According to [13], the concentration of the
cysteamine hydrochloride solution was increased to
1 mol for a new deposition experiment. The
experiment also lasted for about 15h, and the final
data of the experiment were imported into MATLAB
for analysis.

From the results, we concluded that as the
experiment went on, the minimum intensity value of
the cladding mode of the TFBG transmission
spectrum increased gradually, and the cladding
mode of the TFBG transmission spectrum shifted to
a larger wavelength. Compared with the deposition
experiment with 20mmol cysteamine hydrochloride,
there was a certain experimental effect, and the
wavelength shift was as small as 0.03 nm.

4.1.3 Deposition using 2 mol
hydrochloride solution

cysteamine

The same process was repeated using 2 mol

cysteamine hydrochloride solution, and the
data were further calibrated by

utilizing the same approach. Figure 4 presents the

experimental

experimental results, and the amplitude change of
the most sensitive resonance is indicated by an
arrow.



Qi JIANG et al.: Principle and Experiment of Protein Detection Based on Optical Fiber Sensing 321

Cysteamine hydrochloride of 2M deposition experiment
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Fig. 4 Results of 2 M cysteamine hydrochloride deposition resonance peak wavelength.

As shown in Fig.4, the light intensity value of
the cladding mode altered obviously. For the
purpose of exploring how the transmission spectrum
resonance peak changed, the experimental data of
the 1 mol and 2 mol cysteamine hydrochloride
deposition tests in the band between 1526 nm and
1 560 nm were extracted for configuration. The
comparison charts of the variation of the TFBG
transmission spectrum resonance peak wavelength
are given in Figs.5 and 6, presenting the amplitudes
of the light intensities of TFBG transmission
spectrum resonance peaks corresponding to the two
cases.

As shown in Figs.5 and 6, the wavelength of
the TFBG transmission spectrum resonance peak
increased gradually as the light intensity value
became larger. When the concentration of the
cysteamine hydrochloride solution was 1 mol, the
wavelength changed only 0.03 nm through the whole
experiment, and when the concentration was 2mol,
the wavelength variation was 2.23nm. The analysis
of experimental data demonstrated that cysteamine
hydrochloride deposition test had a good result, and
a certain number of cysteamine hydrochloride had
been fixed on the surface of the golden layer,

indicating that the amino groups were capable of

adsorbing macromolecular protein.

Variation of the peak wavelength
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Fig. 5 Variation of the TFBG transmission spectrum.
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Fig. 6 Amplitude of the light intensity.
4.2 IgG antigen deposition

IgG antibody deposition experiment was done as
described in Section 3. Figure 7 displays the TFBG
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transmission spectrum after deposition of IgG
antigen each time, and the temperature was
maintained 4 °C through the whole process to keep
the stability of cysteamine hydrochloride and the

activity of IgG antigen. The wavelength of the
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TFBG transmission spectrum resonance peak shifted
gradually as the IgG antigen deposition was
conducting, illustrating that the IgG antigen was
fixed on the golden layer by the dehydration
condensation reaction with cysteamine hydrochloride.

TFBG transmission spectrum after deposition of IgG antigen deposition

=50

|
W
[

|
[N
(=]
i

| |~= The first ¢

Amplitude of light intensity (dB)

Amplitude of light intensity(dB)

-2 —=-The second = The first |
_44 | |~ The third | i | ~5The second
—65¢ The forth 4 | ¢ —*The third |]
S0 1542 144 1586 1548 1550 1552 1554 1556 1558 1560 The forth
-7 | | | Wavell h(nm) | 1 | L | |
?525 1530 1535 1540 1545 1550 1555 1560 1565 1570 1575 1580
Wavelength (nm)

Fig. 7 TFBG transmission spectrum after IgG antigen deposition.

4.3 IgG antigen-antibody hybridization

IgG antigen-antibody hybridization experiment
was done as described in Section 3. As a kind of
special protein, IgG antigen and antibody have a
the
temperature range of the antigen-antibody reaction
is between 15 °C and 40 °C while the optimum
is 37 °C. In this experiment, the

of the IgG
hybridization test was suitable for the common

specific recognition features. In general,

temperature
temperature antigen-antibody
protein reaction to ensure the effect of IgG
antigen-antibody hybridization test. In addition, the
pH the
antigen-antibody hybridization reaction is between 6

range of the solution required by
and 9, and the result of the antigen-antibody reaction
will be affected by the over alkali or acid.

The resonance peak wavelength varied over time
in the process of IgG antigen-antibody hybridization
experiment, which is presented in Fig.8. As can be
seen from the diagram, the rate of antigen-antibody
hybridization was relatively slow at the first half an
hour and then higher. After about two hours reaction,

the resonance peak wavelength of the cladding mode

remained constant basically, illustrating that the
reaction was almost finished. The variation of the
resonance peak wavelength was 5.1 nm, and the
effect The
concentration of IgG antibody utilized in this

experimental was more obvious.
experiment was 10mg/mL.
this the data of

hydrochloride deposition experiment with different

In work, cysteamine
concentrations were taken for analysis, and the
results showed that when the concentration of the
cysteamine hydrochloride solution reached a certain
level, the resonance peak wavelength of the
TFBG-SPR bimolecular sensor shifted to the larger
ones, and the cysteamine hydrochloride deposition
was successful. As the cysteamine hydrochloride has
been deposited on the surface of the golden layer,
IgG antigen could be fixed, and the experimental
results illustrated that the attachment of IgG antigen
had a good effect. of

antigen-antibody hybridization experiment indicated

Finally, the analysis
that the variation of the resonance peak wavelength
was 5.1 nm and demonstrated the effectiveness of
the TFBG-SPR molecular probe.
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Fig. 8 Resonance peak wavelength changes over time in
antigen-antibody hybridization test.

5. Conclusions

This paper proposes a method to detect protein
molecules based on the TFBG-SPR principles and
demonstrates the feasibility by experiments. Firstly,
of the TFBG-SPR protein
molecular probe was testified through the analysis of

the effectiveness

detection principles. According to the selected fixing
method, cysteamine hydrochloride solutions with
different concentrations were used in the cysteamine
hydrochloride
suitable concentration was selected as 2 M. Then

deposition experiment, and the

IgG antigen could be fixed on the surface of the
golden layer by reacting with cysteamine
hydrochloride to make it a TFBG-SPR protein
molecular probe. Finally, the antigen-antibody
hybridization experiment was conducted with the
10 mg/mL antibody solution, and the experimental
data showed that after two hours of hybridization the
resonance peak of TFBG shifed 5.1 nm, which
validated the feasibility and effectiveness of the
TFBG-SPR protein molecular probe. Cysteamine
hydrochloride was chosen as the intermediary
material to implement the protein molecules fixation
on the golden layer of the TFBG. The TFBG-SPR
protein molecules probe in this article could
basically meet the requirements of low cost,
miniaturization, and specificity in the practical
application of the biosensor. It also enables the

real-time monitoring for the specific recognition of

protein molecular, with a higher sensitivity and good
prospects for development.
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