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Abstract: This paper reports the application of the biomolecular probe sensor based on the tilted 
fiber Bragg grating (TFBG) surface plasma resonance (SPR) which can recognize the specificity of 
the specific molecule by depositing sensitive biological membrane outside the active golden layer. 
The method of self-assembly was used to make the fixed sensitive biological membrane to achieve 
the best effect in the experiment. To illustrate the specific recognition of the DNA molecule, the 
TFBG-SPR biosensor was exposed to complementary DNA solutions with the concentration of     
0.1 mmol/L and 0.05 mmol/L, respectively. The resonance wavelength of the TFBG-SPR biosensor 
increased gradually, indicating that the hybridization with the complementary DNA molecules 
changed the effective refractive index in the vicinity of the golden layer. Furthermore, the results 
illustrated the feasibility of the biomolecular probe sensor based on the TFBG surface plasma 
resonance for detecting the specific molecule. 
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1. Introduction 

After decades of development, surface plasma 

resonance (SPR) biosensors have become an 

important sensing technique in the fields of 

bioscience and medicine screening. Safety detection 

of food and medicine, genetic analysis, 

imunoanalysis, and protein detection are among the 

hot spots of the current SPR biosensor research [1]. 

A. C. Huet et al. designed an SPR sensor to detect 

the flu equine in the food [2]; R. S. Rebe et al. used 

the SPR technique to image the antibiotics in the 

milk [3]; Y. Song et al. designed a PH-BSA (bovine 

serum albumin) labeled SPR immune sensor to 

measure the phosmet concentration in the 

agricultural products [4]; Y. Shevchenko et al. 

manufactured the first SPR biosensor based on the 

tilted fiber Bragg grating (TFBG) and demonstrated 

the DNA and protein sensing capability of this 

biosensor [5]; in another work of Y. Shevchenko   

et al. [6], the TFBG-SPR biosensor was used to 

monitor the cell activities in real time, which was 

proven to be reusable. 

To conduct the study on single-nucleotide 

polymorphism (SNP), we fabricated a TFBG-SPR 

biosensor by coating a thin layer of gold on the 

surface of the TFBG-SPR. The sensing principles of 

the TFBG-SPR biosensor and the experimental 

process are illustrated in detail in this paper. The 

experiment was mainly consistent with the treatment 
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of the active biomolecule, self-assemble of the 

sensing film, and DNA hybridization test. Actually, 

the activity and structure of the molecules can be 

protected by using a TFBG-SPR biosensor which is 

relatively stable and has a good repeatability. 

2. Sensing principles 

Surface plasmon resonance sensors respond to 

any change in the dielectric environment. The 

TFBG-SPR can not be used as a sensor of detecting 

the biological molecule. It will be improved to be a 

SPR biosensor which can realize the specificity of 

the specific molecular recognition by coating the 

sensitive biological membrane outside the active 

metal deposit layer. Dynamically monitoring the 

combination of bio-sensitive membrane and specific 

biological molecules as well as inferring whether the 

analyst contains some kind of specific DNA 

molecule can be implemented through observing the 

transmission spectrum resonance of the TFBG-SPR 

biomolecular probe sensor. Figure 1 shows the 

structure of the TFBG-SPR biosensor molecule, and 

the detection principle of the biological molecular 

sensor is presented in Fig. 2. 

 

Fig. 1 Structure of the TFBG-SPR biological molecule. 
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Fig. 2 Detection principle of the biological molecular sensor. 

3. Experimental process 

The main components of the TFBG-SPR 
biological molecular probe experiment are the 
processing of bio-sensitive materials and 

self-assembly fixed sensitive membrane, detecting 
effect of the adhesion of sensitive materials, and 
testing DNA hybridization. The reagents and 
equipments required in the experiment are given in 

Tables 1 and 2. 

Table 1 Reagents required in the experiment. 

Reagents Factory unit 

Tris (hydroxymethyl) aminomethane 
(Tris) 

Shanghai Biological 
Engineering Co., Ltd. 

Hydrochloric acid 
Shanghai Biological 
Engineering Co., Ltd. 

anhydrous sodium acetate (CH3COONa) 
Sinopharm Chemical Reagent 
Co., Ltd. 

Dithiothreitol (DTT - C4H10O2S2) 
Shanghai Biological 
Engineering Co., Ltd. 

Concentrated sulfuric acid (H2SO4), 
Hydrogen peroxide (H2O2) 

Sinopharm Chemical Reagent 
Co., Ltd. 

Trisodium citrate（C6H5Na3O7） 
Sinopharm Chemical Reagent 
Co., Ltd. 

NaCl, KCl, Na2HPO4, KH2PO4 
Sinopharm Chemical Reagent 
Co., Ltd. 

Phosphate (PBS) buffered saline  (NaCl, 
KCl, Na2HPO4, KH2PO4 certain 
proportion) 

Shanghai Biological 
Engineering Co., Ltd. 

Rhodanese gene - Fixed probe5’-HS-C6 

-CGCTCAGACAATAGAACACG-3’ 
Life Technologies Corporation

Rhodanese gene - a complementary 
probe5’- 
GCTGAAGAGTCTGCTGGATT-3’ 

Life Technologies Corporation

Table 2 Equipment list. 
Instrument Instrument model Production unit 
Master cycler 
PCRInstrument 

-------- 
Eppendorf 
corporation 

Desktop refrigerated 
centrifuge 

5417R 
Eppendorf 
corporation 

Desktop electronic pH meter ------- Thermo Corporation
Gel imager Gel Doc XR Bio-Rad Corporation

Electric heated water bath DK-S12 
Hysen Letter 
Experimental 
Instrument Co., Ltd. 

Hisense refrigerator BCD-182F/E-J Hisense Co., Ltd. 
Hisense air conditioning   

Pipette Various models 

Beijing Dong Lin 
Changsheng 
Biotechnology 
Company 

Various glassware ------- ---------------- 

3.1 Processing of biological sensitive materials 

3.1.1 Selection of biological sensitive materials 

The material of the specific biological sensitive 
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layer was selected for thiocyanate enzyme gene of 
acidophilic sulfur thermophilic bacillus. Adding 
modified thiol to the thiocyanate enzyme gene can 
make it to be a sulfhydryl probe, which can realize 

the specific identification of complementary DNA. 
The principle of the combination of the nanogold 
layer and the DNA probe is presented in Fig. 3. 

 
Fig. 3 DNA probe combines with the nanogold film. 

3.1.2 Early period of the biological sensitive 
materials 

The oxidation of thiol could be prevented by 

making the thiol end into disulfide bond when the 

sulfhydryl probe was fabricated. Before being used 

in the experiment, the disulfide bond was reduced 

into thiol by the application of DL-Dithiothreitol, etc. 

Figure 4 shows the molecular structure of the 

polymorphic DNA. 
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Fig. 4 Molecular structure of polymorphic DNA. 

3.2 Self-assembly fixed sensitive membrane 

The purpose of fixing the bio-sensitive membrane 

is to keep the enzyme or free cells in a certain area, 

maintaining its own activity and reusability. The 

specificity of the biosensor is mainly decided by the 

bio-sensitive materials, and the adhesion of sensitive 

materials is an important aspect of the biosensor 

performance indicators. The thiol self-assembly 

membrane method was chosen to make the fixed 

bio-sensitive membrane to achieve the best effect in 

the experiment. Self-assembled membrane (SAMS) 

is a kind of ordered membrane, which is relatively 

stable and formed by the interaction of the 

intermolecular and molecular substrates. It has many 

good features such as regular arrangement, 

thermodynamic stability, and high bulk density [12]. 

Exposure to the piranha solution (H2SO4: 

H2O2=3:1 proportion), distilled water and ethanol 

cleaned the surface of the biomolecular probe sensor 

from cellular residues before the experiment. 

The two gold-plated TFBGs (numbered A and B) 

were fixed on a glass dish and then placed in a 

thermostatic water bath with a temperature of 24 ℃. 

Figure 5 presents the experimental apparatus, and the 

temperature of the indoor air should be 24 ℃ in 

order to reduce the impact on the experiment.

 

Fig. 5 Experimental device. 

The configured solution of the DNA gene probes 

was injected into the strip groove with a pipette and 

then exposed the two gold-plated TFBGs to react 

with the complementary DNA in the solution above 

5 h. The changes what happened to the transmission 

spectrum of the TFBG numbered B should be 

observed in the molecular modification process. 

After the entire reaction was completed, the TFBG 

numbered A was used to verify the feasibility of 

fixing probe methods.
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3.3 Detection of self-assembled fixed effect 

3.3.1 Biological methods to verify the probe 
fixed effects 

The phosphate buffer saline (PBS) was used to 

rinse the TFBG probe numbered A to remove 

shrouded DNA molecules. The modified fiber 

should be immersed into the 520 μL 0.1 M Tris-HCl 

containing 8 mg DL-Dithiothreitol standing for half 

an hour at the room temperature. A portion of the 

solution with a probe complementary was taken to a 

primer pair for polymerase chain reaction (PCR)  

amplification, which was then subjected to 

electrophoresis to detect whether it contained paired 

DNA. 

If the combination can be accomplished, the 

solution dealed with the DL-Dithiothreitol will 

contain some thiol probe primers, which can 

hybridize with the complementary probe to amplify 

DNA bands. 

The results of the amplification are shown in  

Fig. 6 and the solid larger circle presents the DNA 

marker, from right to left for the 8000 bp, 5000 bp, 

3000 bp, 2000 bp, 1000 bp, 750 bp, 500 bp, 250 bp, 

100 bp (bp represents base pair, namely base pairs), 

characterizing the length of the DNA. The dotted 

minor circle is amplified by the imaginary bands, 

indicating that the modification of the DNA probe 

method is feasible. 

 

Fig. 6 Results of DNA amplification. 

3.3.2 Optical methods to verify the feasibility of 
fixing probe method 

The experimental setup for detecting the changes 

in the transmission spectrum and in the 

self-assembly process of the TFBG numbered B is 

presented in Fig. 7. The spectral power problem was 

ignored to facilitate the observation of changes 

effectively. The results of the transmission spectrum 

at 0 min, 10 min, 15 min, 20 min, 26 min, 45 min, and 

57 min are listed down one by one in Fig. 7 (a), 

indicating the effective refractive index of the outer 

cladding changed, and the adhesion of the 

self-assembled monolayer has been conducting as 

time went on. 

The changes in the TFBG resonant wavelength 

in the whole self-assembly process are shown in Fig. 

7(b). The resonance peak of the transmission 

spectrum almost did not shift in the beginning    

10 min, and its shift accelerated after 10 min, which 

indicated the speed-up of the reaction. However, 

after 57 min, it almost did not shift any more. 
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Fig. 7 Changes in the transmission spectrum and the central 
wavelength in the process of self-assembly: (a) changes in the 
transmission spectrum and (b) changes in the central 
wavelength. 
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3.4 DNA hybridization experiments 

The important part of the surface plasmon 

biosensor detection is molecular specificity 

recognition of the TFBG with a layer of gold. The 

effective refractive index of the gold membrane will 

change when the self-assembly of gene probes is 

combined with complementary gene probes, causing 

shifts in the transmission spectrum of the TFBG resonance. 

Before the experiment, the complementary DNA 

(thermophilic acidophilic bacillus thiocyanate gene) 

solution with the concentration of 0.1 mmol/L and 

aqueous solution (6×SSC, 20 mmol/L PBS) should 

be prepared. After fixing the TFBG with the gene 

probe on the glass dish, the glass dish was placed 

into a constant temperature water bath at the 

temperature of 30 ℃ for 10 min. Then an aqueous 

solution of complementary genes should be injected 

into recesses to observe the changes in the TFBG 

transmission spectrum. The experimental equipments 

of the hybridization are presented in Fig. 8. 

 

Fig. 8 Experimental equipment used in the nucleic acid 
hybridization. 

Figures 9(a) and 9(b) show the changing process 

of the TFBG transmission spectra as the 

complementary solution with a concentration of  

0.1 mmol/L and also illustrate that the formant of the 

TFBG transmission spectra gradually shifted to the 

larger wavelength direction as time went on. 

The resonant wavelength changed with time in 

the nucleic acid hybridization process. Figure 10 

shows that in the period of 25 min – 46 min the 

change in the resonant wavelength was significant, 

and then the resonance wavelength shifted slower 

from 45 min to 100 min. After the reaction was 

conducted for 100 min, the hybridization reaction 

has been completed substantially with no change in 

the resonant wavelength. 
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(b) 

Fig. 9 Change in the transmission spectrum in the process of 
nucleic acid hybridization: (a) 0 min – 46 min and (b) 50 min – 
100 min. 
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Fig. 10 Change in the central wavelength in the process of 
the nucleic acid hybridization (the solution concentration of the 
complementary probe was 0.1 mmol/L). 
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After using the same method to regulate the 

probe on the TFBG with the same parameters, the 

hybridization experiments could be conducted. 

Before the experiment, the complementary DNA 

solution with a concentration of 0.05 mmol/L should 

be prepared, and the experimental procedure was the 

same when the concentration was 0.1 mmol/L. The 

changes in the TFBG transmission spectrum in the 

hybridization process are presented in Figs. 11(a) 

and 11(b). Figure 12 shows the resonance of the 

TFBG corresponding to the wavelength variation. 
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Fig. 11 Change in the transmission spectrum in the process 
of nucleic acid hybridization: (a) 0 min – 46 min and (b) 60 min 
– 100 min. 

The results of the hybridization experiment 

when the concentration of the complementary DNA 

probe was 0.1 mmol/L were basically the same as 

the results with a concentration of 0.05 mmol/L. The 

resonance of the TFBG transmission spectra when 

the concentration was 0.1 mmol/L DNA changed 

faster than those with a concentration of       

0.05 mmol/L. 
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Fig. 12 Change in the central wavelength in the process of 
nucleic acid hybridization (the solution concentration of the 
complementary probe was 0.05 mmol/L). 

As the DNA hybridization experiments have 

shown, the TFBG resonant wavelength gradually 

increased. The results indicated that the 

hybridization reaction changed the effective 

refractive index of the gold membrane, meanwhile 

illustrated the feasibility of using the biomolecular 

probe sensor based on the TFBG surface plasma 

resonance to detect the specific DNA. 

4. Conclusions 

The study and experiments on the biomolecular 

probe sensor based on the TFBG surface plasma 

resonance were presented. Firstly, the self-assembly 

method and the principles of hybridization were 

introduced, and then the process of fixing 

self-assembly of molecular probes and changes in 

the transmission spectrum and resonant wavelength 

of the TFBG throughout the process were described. 

Secondly, the hybridization of the fixed probe with 

the complementary probe was conducted, and the 

dynamic process of the resonant wavelength was 

observed. The results indicated that the 

hybridization changed the effective refractive index 

of the golden layer, meanwhile illustrated the 

feasibility of the biomolecular probe sensor based on 

the TFBG surface plasma resonance for detecting 

the specific molecule. 
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