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ARTICLE INFO ABSTRACT

Keywords: An optical fiber SPR biosensor based on multimode fiber (MMF)- hollow core fiber (HCF)-MMF is proposed and
Optical fiber sensor experimentally confirmed for in situ DNA hybridization analysis. In order to improve the sensitivity of DNA
Biosensor

hybridization detection, a sandwich model based on gold nanoparticles (AuNPs) amplification is proposed. In
this model, the probe DNA (pDNA) is first modified on the optical fiber sensing area by covalent bonding, and
then the biotinylated target DNA (tDNA) is modified on the AuNPs by the high affinity between biotin and
streptavidin. Finally, the tDNA on the surface of the AuNPs specifically hybridizes with the pDNA on the optical
fiber to form a sandwich model. The near field coupling enhancement between AuNPs and gold film and the high
mass ratio of AuNPs give high sensitivity to DNA hybridization detection. Experimental results show that the
sandwich-type fiber SPR sensor has a log-linear response in the DNA concentration range of 1 pM-10 nM, and the
sensitivity and detection limit are 4.04 nm/log(pM) and 1pM, respectively. This is 1.44 times more sensitive than
that without sandwich assay. In addition, the DNA sensor has good specificity and stability, which foreshadows
its great application potential in the fields of disease diagnosis, microbial detection and environmental science.

Surface plasmon resonance
Gold nanoparticles
DNA hybridization

1. Introduction

Deoxyribonucleic acid (DNA) plays a significant role in storing and
transmitting genetic information to control biological development.
Therefore, the specific identification and quantitative detection of DNA
sequences are of great significance for accelerating the research of dis-
ease diagnosis, drug research, microbial detection, and environmental
science [1-3]. Generally speaking, the detection of a specific DNA
sequence is achieved through DNA hybridization, in which two
single-stranded DNA (ssDNA) molecules with complementary base se-
quences can form a stable double-stranded DNA (dsDNA) through base
pairing.

In the past few decades, many rapid and sensitive methods have been
proposed for DNA hybridization detection, including electrochemistry
[4,5], colorimetry [6,7], surface plasmon resonance (SPR) [8,9],
surface-enhanced Raman scattering (SERS) [10,11] and optical fiber
sensing [12,13]. Among all these sensing methods, optical fiber sensors
have gained extensive research interest due to their advantages of
anti-electromagnetic interference, small size, simple preparation, rapid

response and easy integration [14,15].

So far, a large number of optical fiber DNA sensors have been pro-
posed for DNA hybridization detection. In 2017, Guan et al. proposed a
highly sensitive optical fiber DNA sensor based on the micro-fiber
Sagnac interferometer, with a detection range of 100 pM to 1 pM and
a detection limit of 75 pM [16]. In 2019, Zhang et al. proposed an SPR
biosensor for DNA hybridization detection by modifying graphene/Au
film (G/Au) on D-shape plastic optical fiber (D-POF) [17]. In 2020,
Santano et al. reported an excellent review, which provided a compre-
hensive and systematic review of the current research status of optical
fiber DNA sensors [18]. Recently, based on grapefruit microstructured
optical fiber (MOF), Zhang et al. designed and prepared a whispering
gallery mode (WGM) resonator, and realized label free DNA hybridiza-
tion detection [19]. Among all the optical fiber biosensors, the sensors
based on interferometer and SPR have higher sensitivity. However, they
still have certain challenges in detecting low-concentration and
small-fragment of DNA. Currently, optical fiber interferometric sensors
for DNA hybridization detection are usually based on micro-nano fibers,
so these sensors suffer from the disadvantage of poor mechanical

* Corresponding author. College of Information Science and Engineering, Northeastern University, Shenyang 110819, China.
** Corresponding author. College of Information Science and Engineering, Northeastern University, Shenyang 110819, China.
E-mail addresses: zhangyanan@ise.neu.edu.cn (Y.-n. Zhang), zhaoyong@ise.neu.edu.cn (Y. Zhao).

https://doi.org/10.1016/j.talanta.2022.123599

Received 4 October 2021; Received in revised form 28 March 2022; Accepted 25 May 2022

Available online 28 May 2022
0039-9140/© 2022 Elsevier B.V. All rights reserved.


mailto:zhangyanan@ise.neu.edu.cn
mailto:zhaoyong@ise.neu.edu.cn
www.sciencedirect.com/science/journal/00399140
https://www.elsevier.com/locate/talanta
https://doi.org/10.1016/j.talanta.2022.123599
https://doi.org/10.1016/j.talanta.2022.123599
https://doi.org/10.1016/j.talanta.2022.123599
http://crossmark.crossref.org/dialog/?doi=10.1016/j.talanta.2022.123599&domain=pdf

L. Liet al

Light source

Talanta 247 (2022) 123599

Computer

Spectrometer

‘ flame

Gy

\

Peristaltic pump

MMF

Core
R A A\
HCF ™ Au layer MMF

Fig. 1. Schematic of the experimental system.

strength [20-22]. Compared with them, the optical fiber SPR sensing
structures have the merits of rich variety, high mechanical strength and
simple preparation [23-25].

With the rapid development of nanotechnology, SPR sensors
enhanced by nanomaterials are expected to the detection of low-
concentration and small molecular weight biochemical analytes. In
2014, Zeng et al. systematically and comprehensively reviewed the
sensitivity-enhancement methods and commonly used nanomaterials in
SPR sensors, which has important guiding significance for the design
and preparation of ultra-sensitive optical fiber SPR sensors enhanced by
nanomaterials [26]. So far, researchers have proposed many optical
fiber SPR biosensing methods enhanced by nanomaterials. Generally
speaking, these methods can be divided into three types. One is to
improve the immobilization efficiency of biomolecules by immobilizing
some functional nanomaterials on the surface of the gold film, such as
graphene oxide [27]; The second is to modify some novel
two-dimensional nanomaterials on the surface of the optical fiber, such
as 2D Mxene Ti3CyTx and MoS; nanosheets, to stimulate stronger SPR
phenomenon [28,29]; The third is to use gold nanoparticles (AuNPs) as a
signal amplification strategy, in which the electromagnetic coupling
between the gold film and the AuNPs can significantly improve the
detection sensitivity [30-33]. Since AuNPs are easy to be prepared and
their surface are easy to be functionalized, optical fiber SPR sensors
enhanced by AuNPs are a current research hotspot. For example, in
2020, Wang et al. achieved ultra-high detection sensitivity by depositing
multilayer AuNPs on the surface of the gold film. This was due to the
strong electromagnetic coupling between the multilayer AuNPs and the
gold film [30]. However, in this method, the AuNPs directly modified on
the surface of the gold film are easy to aggregate and unevenly distrib-
uted, and the AuNPs are easy to be washed away, which will affect the
sensing performance. To avoid this problem, this paper proposes a smart
sandwich assay based on AuNPs sensitization for DNA hybridization
detection. One of the key ideas of this sensitization method is to directly
modify the target DNA (tDNA) of different concentrations on AuNPs,
and then detect the tDNA concentration.

In this paper, an optical fiber SPR biosensor based on AuNPs sensi-
tized is proposed for highly sensitive DNA hybridization detection. The
adopted optical fiber structure is multimode fiber (MMF)- hollow core
fiber (HCF)-MMF, which has the advantages of high sensitivity, high
mechanical strength, simple preparation and low cost. By immobilizing
tDNA on AuNPs, and then pumping it into the sensing area to hybridize
with the probe DNA (pDNA), real-time detection of tDNA and signal
amplification are realized. The experimental results confirmed that the
DNA detection scheme based on the sandwich assay had higher detec-
tion sensitivity than that without AuNPs sensitization. In addition, by

encapsulating the optical fiber sensing structure in a microfluidic cell,
the structure has the characteristics of low sample consumption and
strong anti-interference ability.

2. Design and analysis

The schematic of the experimental system is shown in Fig. 1. It is
mainly composed of a light source (Ocean Optics, DH-2000-bal), a
spectrometer (Ocean Optics, flame), a computer, a microfluidic peri-
staltic pump (LongerPump, L100-1S-1) and a part of sensing structure.
The sensing structure is an SPR sensing structure based on MMF-HCF-
MMF. Its preparation mainly includes two steps: structure splicing and
gold film plating. First, 1 cm HCF was spliced between two MMFs to
obtain the MMF-HCF-MMF sensing structure. HCF has an inner diameter
of 20 pm and an outer diameter of 125 pm, which can be purchased from
INNSEP Co., Ltd. The MMF, with a core diameter of 105 pm and a
cladding diameter of 125 pm, was purchased from YOFC Fiber Co., Ltd.
In order to excite SPR effectively, a gold film of about 50 nm was
sputtered on the outer surface of the HCF through a small ion sputtering
apparatus (JS-1600). A beam of light from the light source is transmitted
to the spectrometer through the SPR sensing structure, and then the
computer displays the spectrum in real time. The optical fiber sensing
structure was encapsulated in a microfluidic cell with a microfluidic
inlet and outlet, and the microfluidic peristaltic pump was used to
transport analytes to the microfluidic cell, which constituted a simple
microfluidic system. The introduction of the microfluidic system gives
the sensor the characteristics of high sensitivity, low sample consump-
tion and immunity from external environmental factors [14,34,35].

When a beam of light from the light source is transmitted to the HCF
through the MMF, most of the light beam will be transmitted in the
cladding of the HCF by total internal reflection, thereby generating
evanescent waves on the inner and outer surfaces of the HCF, respec-
tively. Then, the evanescent wave can pass through the gold layer to
excite surface plasmon waves (SP waves) at the interface between the
gold layer and the external environment. When the wave vector of the
evanescent wave is equal to the wave vector of the SP waves, SPR ap-
pears. At this time, an attenuation valley will appear at a specific
wavelength of the transmission spectrum, and this specific wavelength is
also known as the resonance wavelength. When the refractive index (RI)
of the medium environment around the HCF changes, the position of the
attenuation valley will also change, so that the RI of the external envi-
ronment can be detected by tracking the movement of the attenuation
valley position.

In this paper, when the tDNA is hybridized with pDNA immobilized
on the HCF surface, the RI of HCF surface will change, so the optical fiber
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Fig. 2. Schematic of the functionalization process of pDNA on the fiber surface.

SPR sensor can be used to detect DNA hybridization.
3. Experiment
3.1. Materials and reagents

The following chemical reagents, MUA (11-Mercaptoundecanoic
acid), NHS (N-hydroxysuccinimide) and EDC (N-(3-Dimethylamino-
propyD-N'- ethylcarbodiimide hydrochloride) were purchased from
Aladdin Ltd. Streptavidin solution (1 mg/mL) was purchased from Bioss.
All reagents and chemicals are of analytical grade, and no further pu-
rification is required before use. The DNA sequences used in the
experiment were synthesized by Shanghai Sangon Biotechnology Co. Ltd
with HPLC purification method. All DNA sequences include pDNA,
tDNA, non-complementary DNA (non-cDNA), biotinylated tDNA
(biotin-tDNA) and biotinylated non-complementary DNA (biotin-non-
cDNA). Their base sequences are as follows:

pDNA: 5'-NH,-CAG GAT ATG TGG CGG ATG AGC GGC A-3’

tDNA: 5'- TGC CGC TCA TCC GCC ACA TAT CCT G-3'

non-cDNA: 5'- GGC CAT CGT TGA AGA TAC CTC TGC C-3’
Biotin-tDNA: 5'-Biotin-TGC CGC TCA TCC GCC ACA TAT CCT G-3’
Biotin-non- cDNA: 5'-Biotin-GGC CAT CGT TGA AGA TAC CTC TGC C-3’

Where, tDNA is completely complementary to pDNA.

The above DNA sequences were dissolved in 10 mM phosphate
buffered saline (PBS, pH = 7.2) to obtain the desired concentration of
DNA solution. 50 mM MUA solution was prepared by dissolving 0.1092
g MUA in 10 mL absolute ethanol. 50 mM NHS solution was prepared by
dissolving 0.0575 g NHS in 10 mL ultrapure water, and 200 mM EDC
solution was prepared by dissolving 0.3834 g EDC in 10 mL ultrapure
water.

Centrifugation
9000rpm 20min

—_—

Centrifugation
9000rpm 20min

—_—

(b)

3.2. Immobilization of pDNA on the optical fiber SPR sensor

To immobilize the pDNA on the sensing area to capture the tDNA, a
series of functionalization steps were performed. First, the gold-coated
optical fiber sensing structure was immersed in 50 mM MUA solution
overnight to realize the carboxylation of the sensing surface. Then, ab-
solute ethanol and deionized water were used to clean the non-
covalently bound MUA molecules on the surface of the fiber. Next, the
sensing region was immersed in an activation solution for 30 min to
activate the carboxyl groups on the fiber surface. The activation solution
is a mixture of 50 mM NHS solution and 200 mM EDC solution (V: V =
1:1). Similarly, deionized water was then used to rinse the fiber surface.
Lastly, 1 pM aminated pDNA solution was pumped into the sensing area
to achieve immobilization of pDNA through the amidation reaction
between the amino group and the carboxyl group. Similarly, deionized
water was then used to rinse the fiber surface to remove unbound or
weakly bound pDNA. The schematic of the functionalization process is
shown in Fig. 2.

3.3. Immobilization of tDNA on AuNPs

According to Refs. [36,37], the experimental procedures of immo-
bilizing tDNA on AuNPs are as follows: (1) The AuNPs solution was first
prepared by citrate reduction of HAuCls. This process has been
described in detail in Refs. [38,39]. (2) 1 mL of colloidal AuNPs solution
was mixed with 25 pL of streptavidin solution (1 mg/mL), and incubated
at 4 °C for 1 h. (3) NaOH was adopted to adjust the pH value of the mixed
solution to 8.5. (4) The mixed solution was incubated overnight at 4 °C.
(5) To remove the streptavidin molecular unmodified on AuNPs, the
above mixed solution was centrifuged at 9000 rpm for 20 min. Then the
supernatant was removed, and the precipitate was resuspended in
different concentrations of biotin-tDNA solution. (6) The above solution
was incubated at 4 °C for 30 min to ensure that the biotin-tDNA was fully
bound to the AuNPs modified with streptavidin. (7) The above solution

Recover the particles
and resuspend them in
PBS buffer.

E—————y

Recover the particles
and resuspend them in
PBS buffer.

E

-_

Fig. 3. Two groups of control experiments: (a) naked AuNPs solution; (b) mixed solution of strepavidin and AuNPs after incubation.
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Fig. 4. (a) Common DNA hybridization detection scheme. (b) Hybridization detection scheme based on a sandwich assay amplified by AuNPs.

was centrifuged at 9000 rpm for 10 min, and then the supernatant
(containing the tDNA molecules that were not successfully modified on
the AuNPs) was removed, and the precipitate was resuspended in PBS

100 —=—RI=1.3310 —— RI=1.3354
—a— RI=1.3395 —— RI=1.3435
N ¢ RI=1.3478 —— RI=1.3520
S 8o} )
=
2
5 60 b
g
—
40+
500 600 700 800
Wavelength (nm)
(a)
® y=1452x-1341; R?>=0.996
620l © y=1433x-1315; R*=0.997
_ A y=1516x-1425; R*=0.996
g
E
S610F
en
5
2
= 600
590
1330 1.335 1.340 1.345 1.350 1.355
RI
(c)

buffer. At this
In order to

above process,

time, tDNA has been successfully modified on AuNPs.
verify that streptavidin molecules do bind to AuNPs in the
two comparative experiments were performed.

620l @ y=1452x-1341
=0.996
£
£
_E6I0-
en
5
§6OO
=
590 -
1.330 1.335 1.340 1.345 1350 1.355
RI
(b)
= Ascending 8
620} ® Descending
= Bl
E
5610} .
5
g 8
=
600 o
L}
]
590 1 1 1 1 1
1.330 1335 1.340 1.345 1350 1.355
RI
(d)

Fig. 5. RI measurement experiment of MMF-HCF-MMF structure (a) SPR spectrum shift under salt solutions with different RI. (b) RI sensitivity fitting. (c)

Repeatability test under different salt solutions. (d) Hysteresis test.
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Fig. 6. (a) SPR spectrum after the tDNA and the pDNA have hybridized and stabilized. (b) Resonance wavelength fluctuations within 5 min after hybridization
stabilization. (c) Logarithmic fit between the concentration of tDNA and the resonance wavelength. (d) Log-linear fitting between the concentration of the tDNA and

the resonance wavelength.

Experiment 1: as shown in Fig. 3(a), the AuNPs solution prepared in the
experiment was centrifuged at 9000 rpm for 20 min, and the obtained
precipitation was resuspended in PBS. The final solution is black, which
is attributed to the aggregation of AuNPs in high-concentration salt so-
lution [40-42]. Experiment 2: as shown in Fig. 3(b), the mixed solution
of streptavidin and AuNPs after incubation was centrifuged, and the
obtained precipitate was resuspended in PBS. The final solution still
showed red. We speculate that this is because the streptavidin on the
surface of AuNPs prevents the aggregation of AuNPs in the salt solution.
Therefore, these two control experiments show that streptavidin has
been successfully modified on AuNPs.

3.4. Two DNA hybridization schemes

As shown in Fig. 2, after the pDNA is functionalized on the optical
fiber sensing area, DNA hybridization detection will be performed. In
this paper, in order to improve the detection sensitivity, two DNA hy-
bridization detection schemes are designed. The first is the common
DNA hybridization scheme, as shown in Fig. 4(a). Different concentra-
tions of tDNA solutions or non-cDNA solutions hybridize with pDNA on
the surface of the fiber to achieve the recognition of specific DNA se-
quences. The second is a sandwich analysis scheme based on AuNPs
amplification, as shown in Fig. 4(b). First, biotin-tDNA or non-cDNA at
different concentrations are immobilized on AuNPs as described in
section 3.3, and then they are hybridized with pDNA on the surface of
the optical fiber.

4. Results and discussion
4.1. RI measurement

Before DNA hybridization detection, the RI sensitivity of the MMF-
HCF-MMF structure was measured through a series of salt solutions
with different concentrations. The results of RI measurement are shown
in Fig. 5. It can be seen that the structure has a high RI sensitivity of 1452
nm/RIU, which ensures that the structure can be used for highly sensi-
tive DNA hybridization detection. Fig. 5(c and d) show the test results of
the repeatability and hysteresis of the structure. The good repeatability
and hysteresis characteristics of the sensor ensure that the sensor can
work stably and reliably in detecting DNA hybridization.

4.2. Common DNA hybridization detection experiment

The optical fiber SPR sensor proposed in this paper has high RI
sensitivity, so it has the ability to detect DNA hybridization. After
immobilizing 1 pM pDNA on the sensing area, a series of different
concentrations of tDNA (10 pM, 100 pM, 1 nM, 10 nM, 100 nM, 1 pM
and 10 pM), were pumped into the sensing region and hybridized with
pDNA. During this process, the spectrum exhibited a significant red
shift, and then gradually stabilized. This is attributed to the tDNA being
captured by the pDNA, which causes an increase in RI on the surface of
the optical fiber. When the hybridization between the pDNA and the
tDNA at a certain concentration reached an equilibrium state, the
spectrum remained stable and no longer moved. After the spectrum
stabilized, we recorded the spectrum every minute for a total of 5 min to
confirmed that the sensor’s spectrum had indeed stabilized. After that,
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nance wavelength.

the tDNA was pumped out of the microfluidic cell, and ultrapure water
was pumped in to wash the unbound or weakly bound tDNA in the
sensing area. After the ultrapure water was discharged, the next con-
centration of tDNA could be detected.

Fig. 6(a) shows the spectra after the target DNA and pDNA on the
surface of the fiber are hybridized and stabilized. It can be seen from the
figure that as the tDNA concentration increases, the spectrum gradually
red-shifts. When the concentration of the tDNA reaches 10 uM, the
spectrum shift is very weak. This is because the binding between the

pDNA and the tDNA has reached saturation, and then the spectrum
almost no longer redshifts even if the concentration of the tDNA is
increased. For each DNA concentration hybridization, the relationship
between the fluctuation of resonance wavelength recorded within 5 min
after spectral stability and concentration is shown in Fig. 6(b). After
that, the average value of the resonance wavelength of the stabilized
spectrum and the concentration are used for logarithmic fitting, and the
fitting result is shown in Fig. 6(c). It can be seen from Fig. 6(c) that the
tDNA concentration increases from 10 pM to 10 uM and the spectrum
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Table 2
Comparison of sensitization effect of fiber optic SPR biosensor.
SPR Analyte  Sensitization Sensitization Operation Ref.
sensing method effect difficulty
structure
MMF- IgG Inserting RI sensitivity Low [27]
PCF- graphene oxide improved to
MMF on Au film 1.68 times
MMF- RI Inserting RI sensitivity High [28]
SMF- TizCyoTx Mxene improved to
MMF on Au film 1.30 times
U-shaped  IgG Inserting MoS, RI sensitivity High [29]
fiber nanosheets improved to
between metal 1.59 times
film and fiber
MMF- tDNA Amplification Signal Low This
HCF- with tDNA response work
MMF functionalized improved to
AuNPs 1.75 times

Table 1
Performance comparison of different types of optical fiber DNA sensors.
Structure Mechanical Detection Detection Ref.
strength range limit

Microfiber Sagnac Fragile 100 pM-1 75 pM [16]
interferometer M

D-shape fiber SPR based ~ Robust 100 pM-1 100 pM [17]
on graphene/Au film pM

WGM resonator based Fragile 10 pM-100 10 pM [19]
on grapefruit-MOF nM

Reflective microfiber Fragile 10 pM-100 10 pM [20]
probe nM

No-core fiber SPR and Robust - 80 nM [25]
MZI

Unclad fiber LSPR Fragile 100 pM-1 67 pM [31]

M

Tapered optical fiber Fragile 0.1 fM-100 0.1 fM [45]
MZI M

Hollow core fiber SPR Robust 1 pM-10 1pM This
+ AuNPs nM work
amplification

shifts a total of 10.57 nm. The concentration from 10 pM to 10 nM is log-
linearly fitted with the resonance wavelength, as shown in Fig. 6(d),
which indicates that the DNA biosensor has a detection sensitivity of
2.80 nm/Log(pM) in the range of 10 pM-10 nM.

After that, in order to confirm the recognition ability of the sensor for
specific DNA sequences, we performed a set of specific test experiments.
1 pM non-cDNA and 1 pM tDNA were pumped into the optical fiber
sensing area where pDNA had been immobilized, and then the stabilized
spectra were recorded separately, as shown in Fig. 7(a). Compared with
tDNA, the spectrum shift caused by the binding of non-cDNA and pDNA
is very weak, which proves that the sensor can specifically recognize
tDNA sequences. After the binding of 1 uM tDNA and pDNA was stable,
we monitored the stability of the sensor within 1 h by recording the
spectrum every 5 min. The results of stability test are shown in Fig. 7(b).
The standard deviation of the wavelength fluctuation within 1 h is 0.68
nm, which confirms that the sensor has good stability.

4.3. DNA hybridization detection based on AuNPs amplification

To further improve the detection sensitivity and detection limit of
the sensor, we carried out DNA hybridization detection based on AuNPs
sensitization. The detection scheme is shown in Fig. 4(b). In brief, a
series of different concentrations of tDNA modified on AuNPs are
sequentially pumped into the sensing region, and the movement of the
SPR spectrum is recorded. The specific experimental operation process is
the same as that in section 4.2, and will not be described in detail here.
The experimental results obtained are shown in Fig. 8. Fig. 8(a) shows
that as the tDNA concentration increases, the spectrum gradually red-

shifts. The redshift of the whole process is 18.53 nm, which is 1.75
times of the redshift without AuNPs sensitization.

Here, the signal amplification achieved by AuNPs is mainly attrib-
uted to two aspects. On the one hand, the electromagnetic coupling ef-
fect between the AuNPs and the gold film. On the other hand, the large
mass ratio of AuNPs increases the RI on the surface of the optical fiber
[36,43,44]. Fig. 8(c) shows the logarithmic fit between the tDNA of each
concentration and the mean resonance wavelength. The first 5 points in
the curve fitting are taken for log-linear fitting, as shown in Fig. 8(d).
The DNA hybridization sensor enhanced by AuNPs has a linear detection
range of 1 pM-10 nM and a detection sensitivity of 4.04 nm/log(uM).

Then, based on the AuNPs enhancement protocol, the specificity and
stability of the sensor were tested. The test results are shown in Fig. 9(a)
and Fig. 9(b). Compared with tDNA, the spectrum shift caused by the
binding of non-cDNA is insignificant, which indicates that the sensor has
the ability to recognize specific DNA sequences. After DNA hybridiza-
tion, the standard deviation of the resonance wavelength fluctuation
was 0.377 nm within 65 min, which indicated that the sensor had the
ability to operate stably for a long time.

Table 1 compares the proposed sensing performances with other
proposed sensors, including the structure mechanical strength, detection
range and detection limit. As can be seen from Table 1, the detection
limit of the proposed optical fiber DNA sensor based on Au NPs ampli-
fication is lower than that of most of the proposed sensors, and it has the
advantages of high mechanical strength and wide detection range. Be-
sides, Table 2 compares the sensitization effect of this sensitization
scheme with that of other fiber SPR biosensors. It can be seen that the
sensitization scheme proposed in this paper has the advantages of simple
operation and good sensitization effect.
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5. Conclusion

In this paper, a DNA hybridization detection scheme based on AuNPs
enhancement has been proposed and experimentally confirmed with
good specificity and stability. The main innovation of this paper is to
demonstrate the feasibility of Au NPs sensitization when measuring DNA
by optical fiber SPR sensor. To facilitate binding of Au NPs, biotinylated
DNA was directly tested. In fact, on the basis of verifying the feasibility
of this sensitization method, this method can be used to detect any DNA
with high sensitivity, such as deafness gene, the COVID-19 gene and
lung cancer gene, etc. Experimental results indicate that the minimum
detectable concentration of the sensor is as low as 1 pM, which is bet-
terer than most existing fiber-optic DNA sensors, giving the sensor the
potential for low-concentration or small-fragment DNA detection.
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