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Polysaccharide-enhanced ARGET ATRP signal amplification
for ultrasensitive fluorescent detection of lung cancer CYFRA
21-1 DNA
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Abstract
An ultrasensitive fluorescence biosensor for detecting cytokeratin fragment antigen 21-1 (CYFRA 21-1) DNA of non-
small cell lung carcinoma (NSCLC) is designed using polysaccharide and activator regenerated by electron transfer atom
transfer radical polymerization (ARGET ATRP) signal amplification strategy. Thiolated peptide nucleic acid (PNA) is
fixed on magnetic nanoparticles (MNPs) by a cross-linking agent and hybridized with CYFRA 21-1 DNA. Hyaluronic
acid (HA) is linked to PNA/tDNA heteroduplexes in the form of carboxy-Zr4+-phosphate. Subsequently, multiple 2-
bromo-2-methylpropionic acid (BMP) molecules are linked with HA to initiate ARGET ATRP reaction. Finally, a large
number of fluorescein o-acrylate (FA) monomers are polymerized on the macro-initiators, and the fluorescence signal is
significantly amplified. Under optimal conditions, this biosensor shows a significant linear correlation between the
fluorescence intensity and logarithm of CYFRA 21-1 DNA concentration (0.1 fM to 0.1 nM), and the limit of detection
is as low as 78 aM. Furthermore, the sensor has a good ability to detect CYFRA 21-1 DNA in serum samples and to
recognize mismatched bases. It suggests that the strategy has broad application in early diagnosis by virtue of its high
sensitivity and selectivity.
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Introduction

Lung cancer is a malignant tumor derived from epithelial cells
and leads to uncontrolled growth in the tissues of the lung [1].
Statistically, lung cancer is one of the fastest-growing cancers,
with the highest morbidity and mortality and the greatest

threat to the health of the population [2]. Lung cancer is di-
vided into two main categories: small cell lung carcinoma
(SCLC) and non-small cell lung carcinoma (NSCLC) [3, 4],
in which an important biomarker of NSCLC is cytokeratin
fragment antigen 21-1 (CYFRA 21-1) [5, 6]. Considerable
research has shown that CYFRA 21-1 DNA is closely associ-
ated with the diagnosis of lung diseases [7, 8]. Despite the
rapid development of science and technology in recent de-
cades, the survival rate of patients with lung cancer remains
extremely low, so it is urgent to develop sensitive and rapid
methods for diagnosing lung cancer.

Over the past decade, multiple strategies for signal ampli-
fication have been widely applied to the detection of nucleic
acid molecules, such as hybridization chain reaction [9, 10],
enzyme-assisted amplification [11], rolling circle amplifica-
tion [12], loop-mediated isothermal amplification [13], and
ligase chain reaction [14]. However, traditional methods of
amplification detection have several disadvantages, such as
low sensitivity, high cost, and cumbersome operation steps,
which hinder their application in biological samples.
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Therefore, an effective and economical polymerization ampli-
fication strategy seems to be an ideal method for improving
the performance of biosensors.

Atom transfer radical polymerization (ATRP), a signal am-
plification method, has extremely broad application and de-
velopment potential in the detection of trace molecules owing
to its mild reaction conditions, moderate reaction temperature,
diverse monomers, and easy industrial production [15, 16].
Activator regenerated by electron transfer ATRP (ARGET
ATRP), a recently developed type of ATRP, can react in the
presence of limited oxygen and require lower concentrations
of catalyst due to the presence of excess reducing agents [17,
18], and its use has been gradually increasing in the industrial,
biological, pharmaceutical, and environmental fields [17, 19].
In ARGET ATRP, a reversible dynamic equilibrium between
dormant species and active species is established by adding
reducing agent, in which the growth of the polymer chains
mainly relies on atom transfer [20, 21]. As one of the essential
requirements in ARGET ATRP reaction, the number of initi-
ation sites is directly related to the quantity of polymer chains.
Hence, the signal output can be increased by modifying the
initiator structure, by means such as the introduction of func-
tionalized hyaluronic acid (HA). HA is a natural linear poly-
saccharide, which is widely used as biomaterial in drug de-
sign, tissue engineering, and medical devices because of its
good hydrophilicity, low toxicity, excellent biodegradability,
and biocompatibility [22, 23]. Particularly, the skeleton struc-
ture of HA contains numerous oxygen-containing functional
groups which can greatly increase the number of modified
initiators [24]. Building on these features of HA, the output
signal can be further amplified via ARGETATRP.

At present, developing detection methods for target DNA
(tDNA) has become a research hotspot in the field of modern
biomedicine, including fluorescence [25], electrochemistry
[26], and chemiluminescence methods [27]. Among these,
fluorescence spectroscopy stands out because of its high sen-
sitivity, simple operation, and fast response [28–30]. Based on
these considerations, we designed a novel fluorescent method
for DNA detection using polysaccharide-enhanced ARGET
ATRP signal amplification.

In this report, we describe a highly sensitive and spe-
cific fluorescence detection method for CYFRA 21-1
DNA based on a dual signal amplification strategy using
polysaccharide and ARGET ATRP. In this approach, the
thiolated peptide nucleic acids (PNAs) are immobilized
onto the magnetic nanoparticles (MNPs) via cross-
linking and used as probes for specifically recognizing
tDNA. After HA is associated with the phosphate groups
of heteroduplexes (PNA/tDNA) by Zr4+, multiple 2-
bromo-2-methylpropionic acid (BMP) molecules are con-
nected to the HA backbone through an esterification reac-
tion, initiating ARGET ATRP reaction. Plenty of fluores-
cein o-acrylate (FA) monomers are polymerized on the

tDNA by ARGET ATRP reaction, which effectively am-
plifies the fluorescence signal. The detection results indi-
cate that the biosensor has high selectivity in complex
serum and strong anti-interference capability. All in all,
this fluorescence method of detecting CYFRA 21-1
DNA has potential applications in the early diagnosis of
lung cancer because of its high sensitivity and selectivity.

Materials and methods

Materials

N-hydroxysuccinimide (NHS), hyaluronic acid (HA),
fluorescein o-acrylate (FA), 1-ethyl-3-[3-(dimethylamino)
propyl] carbodiimide hydrochloride (EDC), and tris
[2-(dimethylamino) ethyl] amine (Me6TREN) were ac-
quired from Sigma-Aldrich Trading Co., Ltd. (Shanghai,
China). 2-Bromo-2-methylpropionic acid (BMP) and
diethylamine (DEA) were acquired from Aladdin
Reag en t Co . , L t d . ( Sh angh a i , Ch i n a ) . 4 - (N -
Maleimidomethyl) cyclohexane-1-carboxylic acid 3-
sulfo-N-hydroxysuccinimide ester sodium salt (SSMCC),
zirconium dichloride oxide octahydrate (ZrOCl2∙8H2O),
and L-ascorbic acid (AA) were obtained from J&K
Scientific Ltd. (Beijing, China). Magnetic nanoparticles
(Fe3O4-MNPs, d = 200 nm, 10 mg mL−1) modified with
amino groups on the surface were purchased from
PuriMag Biotechnology Ltd. (Xiamen, China). Copper
bromide (CuBr2) was obtained from Sinopharm
Chemical Reagent Co., Ltd. (Shanghai , China) .
Tetrabutylammonium hydroxide (TBA) was acquired
from Shanghai Macklin Biochemical Co., Ltd. Normal
human serum was obtained from Yu Duo Co., Ltd.
(Shanghai, China). In addition, 0.1 M PBS (pH 7.40)
and 0.1 M PBST (0.05% Tween-20, pH 7.40) were pre-
pared and used as reactive buffer and washing solution.
Ultrapure water (≥ 18.25 MΩ·cm) was used throughout all
experiments. All chemicals used in the experiment were
of analytical purity and not further purified.

All the nucleotide sequences used in the experiment
were acquired from Sangon Biotech Co., Ltd. (Shanghai,
China). Thiolated peptide nucleic acid (PNA) was de-
signed by Panagene Inc. (South Korea). Their sequences
are listed in Table 1.

Apparatus

All fluorescence measurements were recorded with an FLS
1000 fluorescence spectrophotometer (Edinburgh, UK).
Scanning electron microscopy (SEM) images were obtained
using Sigma HD field emission SEM (Zeiss, Germany).
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Experimental methods

Functionalization of MNPs

Fe3O4-MNPs (20 μL, 10 mg mL−1) were washed three times
and dispersed in PBST solution (160 μL, pH 7.40). Then the
SSMCC (20 μL, 0.2 mM) was added for 2 h at 310 K, during
which time the SSMCCwas immobilized on the Fe3O4-MNPs
via amino bonds [31]. The MNPs-SSMCC was then magnet-
ically separated and washed with PBST and distributed in
90 μL PBST. The PNA (10 μL, 0.5 μM) was added and
reacted for 2 h under the same conditions, to form the
MNPs-SSMCC/PNA combination. The residual adsorbed
oligodeoxynucleotides were removed by magnetic separation
and washing with ultrapure water, and then MNPs-SSMCC/
PNAwas recovered in 180 μL PBST buffer.

Hybridization of tDNA with PNA

The tDNA (20 μL, 0.1 nM) was incubated with the prepared
MNPs-SSMCC/PNA in PBST buffer for 2 h at 310 K, in
which PNAwas used as the probes for the specific hybridiza-
tion of tDNA. Subsequently, the MNPs-SSMCC/PNA/tDNA
was washed with PBST buffer and separated magnetically to
remove any residual unhybridized tDNA, and then it was re-
suspended in 180 μL PBST.

Immobilization of initiators

First, Zr4+ (20 μL, 5 mM) was added to the MNPs-SSMCC/
PNA/tDNA and reacted for 30 min at 310 K. The resulting
MNPs-SSMCC/PNA/tDNA/Zr4+ was resuspended in 180 μL
PBST after magnetic separation and washing with 15% etha-
nol. HA-TBA (20 μL, 5 μM) was mixed with the previously
described reaction system for 2 h. For the next step, the
MNPs-SSMCC/PNA/tDNA/Zr4+ was washed and magneti-
cally separated with ultrapure water. The BMP-NHS (10 μL,
5 mM) was interacted with 180 μL PBST solution of the
MNPs-SSMCC/PNA/tDNA/Zr4+/HA-TBA for 2 h under the
same conditions, with DEA (10 μL, 5 mM) as catalyst [32].
The resulting mixture was washed and magnetically separated
with DMSO solution (volume ratio between DMSO and H2O
equal to 2). At this point, the HA-TBA/BMP-NHS macro-

initiators were connected to the tDNA via Zr4+ to initiate the
ARGET ATRP reaction. The MNPs-SSMCC/PNA/tDNA/
Zr4+/HA-TBA/ BMP-NHS was evenly dispersed in 155 μL
PBST buffer for use.

The synthesis of 5 μM HA-TBA and 5 μM BMP-NHS
mentioned above was performed as follows: 10 μM HA (dis-
solved in water) and 2.5 mM TBA (dissolved in water) were
incubated for 2 h at 310 K to improve the solubility of HA in
organic solvents [33]. The carboxyl group of BMP (15 mM)
was activated by equivalent EDC (15 mM) and NHS (15 mM)
in DMSO at 310 K overnight [32].

ARGET ATRP reaction

The mixture of CuIIBr2/Me6TREN (20 μL, 10 mM, dissolved
in DMF, molar ratio between Me6TREN and CuBr2 equal to
1.1), FA (5 μL, 10 mM, dissolved in DMF), and AA (20 μL,
2 mM, dissolved in 70% ethanol) were added to the prepared
MNP system and incubated at 310 K for 50 min. A large
number of FA fluorescent monomers were polymerized on
the surface of MNPs by ARGET ATRP reaction to form
MNPs-SSMCC/PNA/tDNA/Zr4+/HA-TBA/BMP-NHS/FA.

Fluorescence measurement

After magnetically separating and washing with DMF and
PBS buffer solution in turn, the prepared functionalized
MNPs with tDNA/Zr4+/HA-TBA/BMP-NHS/FA were dis-
tributed in 500 μL PBS buffer solution for the fluorescence
analysis. The fluorescence signal was scanned from 500 to
600 nm under an excitation wavelength of 490 nm and emis-
sion at 511 nm. (The slit width was set at 3 nm.)

Results and discussion

Principle of the strategy

In Scheme 1, the principle of fluorescence CYFRA 21-1 DNA
detection is displayed based on signal amplification of poly-
saccharide and ARGET ATRP reaction. Relative to single-
stranded DNA (ssDNA) or RNA, PNA has a higher binding
affinity and specificity to its complementary target at low ion

Table 1 The sequence of PNA
and different types of DNA Types of nucleic acid Sequences (5′-3′)

Thiolated peptide nucleic acid (PNA) SH-(CH2)11-(O linker)3-GAAGGGAGGA

ATGGTGTCAGGGGCG

Target complementary DNA (tDNA) CGCCCCTGACACCATTCCTCCCTTC

One-base mismatched DNA (SBM) CGCCCCTAACACCATTCCTCCCTTC

Three-base mismatched DNA (TBM) CGCCCATGACACTATTCCTCGCTTC

Non-complementary DNA (NC) TATTATCCGTCAGTGGAAAGGACCG
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concentrations, so it has been widely used as a low-
interference nucleic acid probe [34]. First, the carbonyl groups
of the SSMCC molecules were connected with the amino
groups on the MNPs by amide bonds, and the double bonds
in the N-maleimide methyls of the SSMCC reacted with PNA-
SH by addition reaction so that PNA probes were connected to
the surface of the MNPs. As the PNA sequence was comple-
mentary to that of the tDNA, the PNA recognized and hybrid-
ized with the tDNA. In order to increase the number of initi-
ators of ARGET ATRP reaction connecting to PNA/DNA
heteroduplexes, we attached multiple BMP molecules to the
polysaccharide backbone of HA to form the HA-TBA/BMP-
NHS macro-initiators. After that, the phosphate groups in
tDNA reacted with the carboxy groups in macro-initiators to
form “PNA/tDNA/Zr4+/HA-TBA/BMP-NHS” complexes
under the coordination of Zr4+. The FA monomers were
then continuously polymerized to the tDNA by ARGET
ATRP reaction with HA-TBA/BMP-NHS as initiator,
Me6TREN as ligand, and Cu(І) as catalyst (Cu(І) was
generated from CuBr2 and AA). In this way, the amount
of tDNA was measured by detecting the amplified fluo-
rescence intensity emitted by FA.

The mechanism of the ARGET ATRP is illustrated in
Scheme. 2. At first, CuIIBr2/Me6TREN was reduced to
CuIBr/Me6TREN act ivator through adding AA.
Afterwards, CuIBr/Me6TREN reacted with initiators
(Pn-Br) to generate free radicals (Pn˙) and deactivators

(CuIIBr2/Me6TREN), the latter of which participated in
catalytic cycling once again [35]. The free radicals could
be constantly propagated with FA monomers to form a
polymerization chain, or returned to the dormant species
(Pn-Br) states in the presence of CuIIBr2/Me6TREN deac-
tivators, which were further involved in the reaction.
Eventually, long polymer chains with large quantities of
FA fluorescence monomers were grafted from the surface
of HA, amplifying the detection signal of CYFRA 21-1
DNA [36].

Study of feasibility

To examine the feasibility of the proposed strategy by
polysaccharide and ARGET ATRP reaction, the fluores-
cence signal of different modified MNPs was measured.
Obviously, the proposed MNPs-SSMCC/PNA/tDNA/
Zr4+/HA-TBA/BMP-NHS/FA (curve a) generated the
strongest fluorescence intensity in Fig. 1, which was

Scheme. 1 Schematic illustration of the fluorescent detection of tDNA

Scheme. 2 Mechanism of ARGETATRP
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attributed to the fact that FA monomers were heavily po-
l yme r i z e d o n t o MNPs by t h e mec h an i sm o f
polysaccharide-enhanced ARGET ATRP signal amplifica-
tion, and the fluorescence signal was observably magni-
fied. The fluorescence signal was at medium intensity in
the absence of HA-TBA (curve f), because BMP-NHS
molecules similarly contained carboxy groups which were
linked to MNPs-SSMCC/PNA/tDNA via Zr4+ for
performing the subsequent ARGET ATRP reaction.
Under other conditions (in the absence of SSMCC,
PNA, tDNA, Zr4+, HA-TBA, and BMP-NHS, respective-
ly), the fluorescence signal was particularly weak. It was
proved that the strategy based on polysaccharide-
enhanced ARGET ATRP amplification is feasible for use
as a signal amplification method in biosensing.

In addition, the surface morphology of MNPs modified
in different modes (MNPs-SSMCC/ PNA/tDNA/Zr4+/HA-
TBA/BMP-NHS/FA and MNPs-SSMCC/PNA/Zr4+/HA-
TBA/BMP-NHS/ FA) was further characterized by scan-
ning electron microscopy (SEM) and energy-dispersive
X-ray spectroscopy (EDS). As displayed in Fig. 2, SEM
investigation revealed that the functional MNPs (Fig. 2b)

Fig. 1 Feasibility of ultrasensitive detection for tDNA assay.
Fluorescence spectra of MNPs with different modification, which are a
MNPs-SSMCC/PNA/tDNA/Zr4+/HA-TBA/BMP-NHS/FA (the
proposed scheme), b MNPs/PNA/tDNA/Zr4+/HA-TBA/BMP-NHS/FA,
c MNPs-SSMCC/tDNA/Zr4+/HA-TBA/BMP-NHS/FA, d MNPs-
SSMCC/PNA/Zr4+/HA-TBA/BMP-NHS/FA, e MNPs-SSMCC/PNA/
tDNA/HA-TBA/BMP-NHS/FA, f MNPs-SSMCC/PNA/tDNA/Zr4+/
BMP-NHS/FA, and g MNPs-SSMCC/PNA/tDNA/Zr4+/HA-TBA/FA.
The inset shows the enlarged view of the fluorescence spectra of
different modified MNPs

Fig. 2 SEM images of a control
group without tDNA (MNPs-
SSMCC/PNA/Zr4+/HA-TBA/
BMP-NHS/FA), and b the
functional MNPs (MNPs-
SSMCC/PNA/tDNA/Zr4+/HA-
TBA/BMP-NHS/FA) (scale
bar = 200 nm). EDS images of the
functional MNPs: c S, d P, e Zr, f
Br (scale bar = 400 nm)
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had a relatively rougher surface than that of the control
group without tDNA (Fig. 2a), and floccules were ob-
served on the surface of the funct ional MNPs.
Furthermore, the elemental composition of MNPs-
SSMCC/PNA/tDNA/Zr4+/HA-TBA/BMP-NHS/FA could
be clearly observed in the EDS images, in which S, P,
Zr, and Br (Fig. 2c–f) were characteristic elements of
SSMCC (and PNA), tDNA, Zr4+, and BMP, respectively.
To sum up, it indicated that the fluorescence biosensor
was successfully constructed via polysaccharide and
ARGET ATRP signal amplification method.

Optimization of conditions

In order to obtain high-performance fluorescence detec-
tion, it was essential to optimize the relevant experimental
conditions. The concentration of initiators and reaction
time of ARGET ATRP directly determined the total
amount of polymer, and affected the signal amplification
of the strategy. Therefore, we considered the effects of
ARGET ATRP time and BMP-NHS concentration on the
polymerization reaction.

Figure 3a shows the impact of BMP-NHS concentra-
tion on ARGET ATRP. The fluorescence intensity was
obviously enhanced as the concentration of the BMP-
NHS increased over the range of 0.05 mM~2.5 mM, and
reached a peak at 2.5 mM. The fluorescence intensity then
decreased with a further increase in the concentration of
BMP-NHS. This was because initiators were indispens-
able in ARGET ATRP, and with the increase in initiator
concentration, more free radicals were polymerized with
the FA monomers and the output signal was greatly am-
plified. At the same time, however, the polymerization
rate was lowered [37]. Therefore, 2.5 mM was selected
as the most appropriate concentration of BMP-NHS.

Figure 3b shows the fluorescence response of
ARGET ATRP reaction time. The fluorescence intensity
obviously increased with the prolongation of ARGET
ATRP reaction time and reached a maximum of
60,000 a.u. at 50 min. Once the equilibrium was
reached, the fluorescence intensity remained stable with
the extension of the reaction time, which might be
caused by the termination of free radicals. Eventually,
2.5 mM of BMP and 50 min of ARGET ATRP reaction
time were selected for this study.

Fig. 3 Optimization of
experimental conditions. a
Fluorescence intensity at different
concentrations of BMP-NHS. b
Fluorescence versus reaction time
of ARGETATRP. The error bars
represent the standard deviation
of four measurements

Fig. 4 The analytical performance for tDNA detection in PBS. a
Fluorescence spectra with different tDNA concentrations (1 aM, 10 aM,
0.1 fM, 1 fM, 10 fM, 0.1 pM, 1 pM, 10 pM, and 0.1 nM). b The linear
relationship between the fluorescence intensity and the target

concentration in the range of 0.1 fM to 0.1 nM at 511 nm, and the
dotted horizontal line indicates the fluorescence intensity for LOD
estimation. The error bars represent the standard deviation of four
measurements
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Analytical performance

Under the optimal conditions, we investigated the fluores-
cence response to different concentrations of tDNA. As illus-
trated in Fig. 4a, it was observed that the fluorescence inten-
sity increased with increasing concentration of tDNA. A sig-
nificant linear correlation relationship between the fluores-
cence intensity and the logarithm of tDNA concentration from
0.1 fM to 0.1 nM is shown in Fig. 4b. The linear regression
equation is y = 8838.75 log CtDNA + 18,740.80 with a corre-
lation coefficient (R2) of 0.9983. The limit of detection (LOD)
of this method was calculated to be 78 aM based on S/N = 3.
This revealed that this DNA biosensor based on amplification
from a biocompatible polysaccharide and ARGET ATRP re-
action displayed high sensitivity.

To further confirm the good performance of the fluores-
cence biosensor, comparison with some different DNA sen-
sors developed in recent years are listed in Table 2. Compared
with other DNA sensors, the proposed sensor exhibited a low-
er LOD and a wider linear range.

Selectivity, anti-interference capability,
and reproducibility

The specificity of this strategy for biological detection
was appraised by comparing the fluorescence intensity
of tDNA with SBM, TBM, and NC under the same

experimental conditions. As shown in Fig. 5a, the fluo-
rescence response signal of SBM, which was most likely
to cause interference, accounted for only 22.0% of the
signal when compared with recognized response of
tDNA, and the fluorescence response of TBM was ap-
proximately 82.6% lower than that of tDNA. There was
no significant difference between NC and background
signal. The above results confirmed that the PNA fixed
on the surface of MNPs accurately realized complemen-
tary pairing recognition with target tDNA, making the
method highly specific for quantitative recognition of
tDNA. The reason for this phenomenon was that the
presence of mismatched base(s) hindered the formation
of PNA/DNA heteroduplexes, and thus reduced the fluo-
rescence response intensity due to the high specificity of
the neutral PNA probes [42].

In order to verify the anti-interference ability of the
fluorescence biological analysis, the fluorescence re-
sponse of 0.1 nM, 0.1 pM, and 0.1 fM tDNA in PBS
buffer and 5% normal human serum samples were sev-
erally measured. The results of different concentrations
of tDNA in normal human serum were compared with
those obtained in the 0.1 M PBS (pH 7.4) experimental
system in Fig. 5b. The fluorescence intensity of 0.1 nM
tDNA in 5% normal human serum was approximately
85.3% of that PBS buffer, and the intensity of 0.1 pM
and 0.1 fM in 5% normal human serum was approxi-
mately 85.4% and 89.1% of that PBS buffer, respective-
ly. The tDNA in human serum samples still produced an
obvious signal. These results showed that this method
possessed good anti-interference ability in complex se-
rum samples, indicating that it has great promise for
practical clinical application.

In order to further evaluate the practical applicability of the
design, five repeated experiments were performed based on
intra- and inter-assays at the tDNA concentration of 0.1 nM.
The relative standard deviations (RSD) were 3.3% and 3.5%,
respectively. The results proved that the biosensor has high
precision and reproducibility.

Table 2 Comparison of analytical performance between the proposed
and other reported methods

Method Linear range (M) LOD (M) Ref.

Electrochemistry 1.0 × 10−12 ~ 5.0 × 10−6 1.5 × 10−13 [38]

Electrochemistry 1.0 × 10−9 ~ 1.0 × 10−7 1.0 × 10−10 [39]

Fluorescence 5.0 × 10−9 ~ 5.0 × 10−5 5.0 × 10−12 [40]

Fluorescence 1.0 × 10−10 ~ 5.0 × 10−6 2.0 × 10−11 [41]

Fluorescence 1.0 × 10−14 ~ 1.0 × 10−8 1.75 × 10−14 [25]

Fluorescence 1.0 × 10−16 ~ 1.0 × 10−10 7.8 × 10−17 This work

Fig. 5 a Fluorescence response of this method toward tDNA, SBM,
TBM, and NC with a concentration of 100 pM. b The detection
capability for tDNAwith concentrations of 0.1 nM, 0.1 pM, and 0.1 fM

in PBS buffer and 5% normal human serum. The error bars represent the
standard deviations of four independent measurements
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Conclusions

In summary, an ultrasensitive fluorescence biosensor for de-
tection of CYFRA 21-1 DNA was developed based on
polysaccharide-enhanced ARGETATRP signal amplification
technology for the first time. Under optimal reaction condi-
tions, the biosensor shows good analytical performance with
the LOD as low as 78 aM. Moreover, it displays good detec-
tion capability in complex normal human serum and high
selectivity for detecting CYFRA 21-1 DNA. Because of its
high selectivity, sensitivity, anti-interference capability, and
reproducibility, this signal amplification strategy provides a
valuable new approach for the early clinical diagnosis and
treatment of lung cancer.
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