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A B S T R A C T

Human T-lymphotropic virus type II (HTLV-II) is a crucial retrovirus that is closely associated with a variety of
human diseases. Herein, an ultrasensitive fluorescent HTLV-II DNA detection strategy was developed for the first
time based on magnetic nanoparticles (MNPs) and atom transfer radical polymerization (ATRP) amplification. In
this approach, hairpin DNA probes (pDNA) labelled with 5′ thiol and 3′ azide group terminally were immobilized
on amino group modified MNPs surface through sulfo-N-succinimidyl-4-maleimidobutyrate sodium salt (sulfo-
GMBS) cross-linkers. In the presence of target DNAs (tDNA), pDNA hybridized with tDNA to form double-
stranded DNA, and therefore its azide group was away from the MNPs surface. Subsequently, to initiate ATRP
reaction, initiators were introduced into the pDNA by a Cu (I)-catalyzed alkyne-azide cycloaddition (CuAAC).
Then, large numbers of 9-anthracenylmethyl methacrylate polymer (pAMMA) were successfully labelled on the
MNPs surface, resulting in significant amplification of the fluorescence signal. Under optimized conditions, the
fluorescence signal was proportional to the logarithm of the concentration of tDNA over the range from 1 fM to
1 nM, with a detection limit of 0.22 fM. Moreover, this strategy was capable of discriminating mismatched bases
and detecting HTLV-II DNA in human serum samples. By virtue of the high sensitivity, selectivity, simplicity and
economy, this ultrasensitive biosensor demonstrates great potential for biomedical research and early clinical
diagnosis.

1. Introduction

Highly sensitive detection of specific nucleic acid sequences has
attracted considerable attention due to its potential application in
various fields such as clinical diagnosis [1,2], gene therapies [3,4], and
drug screening [5,6]. Human T-lymphotropic virus type II (HTLV-II),
being one of human retrovirus, is closely associated with lymphocytic
malignancies, neurological disorders, chronic encephalomyelopathy
and acquired immune deficiency syndrome [7–9]. Moreover, con-
sidering the low abundance of HTLV-II DNA in the human body, short
size and high sequence homology among the HTLV family members, the
demand for a highly sensitive and selective method to detect HTLV-II
DNA and to facilitate the diagnosis and treatment of infectious diseases
is increasing [10,11]. Currently, various strategies for target nucleo-
tides detection have been developed based on DNA hybridization, in-
cluding optical [12], electrochemical [13] and piezoelectric methods
[14]. Among these detection approaches, fluorescence method stands

out due to their inherent high sensitivity, simple operation, rapid re-
sponse and noninvasiveness [15,16]. For ultrasensitive fluorescent de-
tection, reasonable design of fluorescent probe is critical. Recently,
hairpin DNAs have been used extensively in probe design. Compared to
normal DNA probes, hairpin DNA probes have a stem-loop structure as
well as good specificity and low background interference [17,18].

Because of the low abundance of HTLV-II DNA in human serum and
the difficulty of direct detection, many amplification techniques based
on target amplification or signal amplification have been developed to
improve the signal output [1]. These include real-time polymerase
chain reaction [19], rolling circle amplification [20], gold nanoparticles
[21], bio-bar-code [22] and microarray amplification [23]. Although
these techniques are sensitive, they inevitably involve complicated
preparation, expensive reagents and long operation time, which limit
their biomedical application in practical samples [9]. Thus, an effective
and economical chemical amplification strategy seems to be an ideal
method to improve the sensitivity of DNA detection.
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Controlled radical polymerization (CRP) amplification, a relatively
new polymerization amplification technique, involves the growth pro-
cess of a polymer chain from one initiation event. Especially, it is ex-
tremely sensitive to low radical concentrations [24]. CRP-assisted am-
plification strategies, such as nitroxide-mediated radical polymerization
(NMP), reversible addition-fragmentation chain transfer (RAFT) and
atom transfer radical polymerization [25,26], have attracted consider-
able attention because of their high sensitivity, simplicity and low cost.
In these polymerization techniques, ATRP is generally recognized as
one of the most effective polymerization methods because of its mild
reaction conditions, moderate reaction temperature, various monomers
and tolerance to oxygen [27,28]. ATRP, which was first reported si-
multaneously by Matyjaszewski [29] and Sawamoto [30] in 1995, is a
strategy for forming C–C bonds that exploits transition metal complex
(e.g., CuI/L, L= ligand) as catalysts for the reaction between alkyl
halides and vinyl monomers [31], in which the growth of the polymer
chains primarily relies on atom transfer. Briefly, ATRP is a reversible
dynamic equilibrium between the active radicals (P •) and the dormant
species (alkyl halide initiator: R−X and polymer: P−X, Scheme 1) by
redox reaction. In our study, magnetic nanoparticles (MNPs) could
modify a large number of probes as carriers. Moreover, the assembly of
multiple oligonucleotides on MNPs provided an extremely clean reac-
tion environment for ATRP, which improved the sensitivity and speci-
ficity for nucleic acids detection. To the best of our knowledge, the
fluorescent detection of HTLV-II DNA on the basis of MNPs and ATRP
amplification has not been reported yet.

Herein, we reported the development of an innovative fluorescent
biosensor with high sensitivity and specificity for DNA detection based
on MNPs and ATRP signal amplification. pDNA, labelled with a thiol
and azide group at either terminal, were first immobilized on MNPs
through sulfo-GMBS cross-linkers and served as capture probes for the

specific recognition of tDNA. After hybridization, initiators of ATRP
system were introduced via CuAAC between the azide group of pDNA
and the alkynyl of initiators. A large number of monomers with optical
property were attached to the pDNA through ATRP reaction. The gen-
erated pAMMA can effectively amplify the fluorescence signal. By ex-
ploiting the high specificity of hairpin DNA, MNPs and ATRP amplifi-
cation strategies, the proposed biosensor demonstrated higher
sensitivity and selectivity compared to other fluorescent biosensors for
DNA detection. Moreover, this signal amplification strategy exhibits
good analytical performance in HTLV-II DNA detection and provides a
sensitive and economical method for nucleic acids detection.

2. Experimental

2.1. Materials

Magnetic nanoparticles (MNPs, d=0.2 μm, 10 mg/mL−1) were
obtained from PuriMag Biotech, (Xiamen, China), and modified with
amino groups on the surface. Tris (2-carboxyethyl) phosphine hydro-
chloride (TCEP), sulfo-N-succinimidyl-4-maleimidobutyrate sodium
salt (sulfo-GMBS), propargyl 2-bromoisobutyrate (PgBIB), tris-(2-di-
methylaminoethyl) amine (Me6TREN) and 9-anthracenylmethyl me-
thacrylate (AMMA) were purchased from Sigma-Aldrich (St. Louis,
USA). Ascorbic acid (AA), copper (II) sulfate (CuSO4) and copper (I)
bromide (CuBr) were purchased from J&K Scientific Ltd. (Shanghai,
China). Normal human serum (NHS) was obtained from Yu Duo Co.,
Ltd. (Shanghai, China). Ultrapure water (≥18.2MΩ) obtained using a
Millipore filtration system was used in all experiments. All of the other
chemicals were of analytical grade and used without further purifica-
tion.

All oligonucleotides were synthesized and purified using high-

Scheme 1. Schematic illustration of fluorescent biosensor based on ATRP signal amplification.
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performance liquid chromatography from Sangon Biotechnology Co.
Ltd. (Shanghai, China). 0.1M phosphate buffer solution (PBS, pH 7.4)
as the reaction solution was prepared for modifying MNPs and fluor-
escence detection. DNA were dissolved in Tris-EDTA buffer solution
(TE, 10mM Tris-HCl, 1 mM EDTA and pH 8.0) and stored at - 20 °C.
pDNA were heated to 95 °C for 2min, and then slowly cooled to room
temperature for 60min so that it completely folded into a hairpin
structure before use. Table 1 listed the base sequences of the oligonu-
cleotides.

2.2. Apparatus

All fluorescent spectra were performed on a FLS 1000 fluorescence
spectrophotometer (Edinburgh, UK). Fluorescence images were taken
using a confocal laser scanning microscopy (CLSM, Olympus FV 1200,
equipped with 10× and 40× lenses). Atomic force microscopy (AFM)
images were obtained using Dimension Icon (Bruker Nano Inc, USA,
scan size= 1.7 μm). High-resolution transmission electron microscopy
(HRTEM; JEM-2100, JEOL, 200 kV) was utilized to characterize the
morphologies of the different modified MNPs.

2.3. Preparation of MNPs conjugated with pDNA

Prior to use, the thiolated pDNA (1.5 μM) and TCEP solution
(1.5 mM) were incubated in the dark for 60min at 37 °C to reduce the
disulfide bonds. MNPs-pDNA conjugates were prepared as reported in
the literature [32,33]. First, 20 μL of MNPs (10 mg/mL−1) were washed
three times and re-suspended in 180 μL of 0.1M PBS. Then, 20 μL of
0.1 mM sulfo-GMBS solution (dissolved in PBS) was added and in-
cubated for 30min at 37 °C. After magnetic separation, excess linkers
were removed with 0.1M PBS. Subsequently, these MNPs were reacted
with pDNA (1.5 μM) in a final volume of 200 μL of PBS for 2 h at 37 °C.
Afterwards, the MNPs-pDNA were magnetically separated and rinsed
with PBS to remove the residual adsorbed oligonucleotides, and then re-
suspended in 180 μL of 10mMTE buffer solution (pH 8.0).

2.4. DNA hybridization and initiator immobilization

20 μL of 10 nM tDNA were incubated with prepared MNPs-pDNA for
105min at 37 °C. After the specific recognition between pDNA and
tDNA, the hairpin structure was opened, resulting in the exposure of the
azide group of pDNA on the surface of MNPs-pDNA-tDNA. After mag-
netic separation, the MNPs were rinsed with 10mMTE buffer solution
(pH 8.0) to remove the unhybridized tDNA, and then re-suspended in
140 μL of 0.1M PBS. Then, MNPs-pDNA-tDNA were incubated with
20 μL of 10 μM PgBIB, 20 μL of 1mM CuSO4 and 20 μL of 2mM AA for
75min at 37 °C, Subsequently, the generated MNPs-pDNA-tDNA-PgBIB
were magnetically separated and rinsed with 70% ethanol and ultra-
pure water.

2.5. Fluorescent detection of tDNA based ATRP signal amplification

The ATRP mixture was obtained by mixing 20 μL of 10mM CuBr/
Me6TREN (1:1.2 in molarity dissolved in DMF), 20 μL of 5mM AMMA
(dissolved in acetonitrile), 20 μL of acetonitrile and 140 μL of 0.1M
PBS. The polymerization of AMMA via ATRP was performed by

dispersing the as-prepared MNPs (MNPs-pDNA-tDNA-PgBIB) in the
freshly prepared mixture for 60min at 45 °C. After that, the modified
MNPs (MNPs-pDNA-tDNA-PgBIB-pAMMA) were separated and moder-
ately rinsed with acetonitrile and ultrapure water. The fluorescence
intensity was measured by adding MNPs-pDNA-tDNA-PgBIB-pAMMA in
3mL of 0.1M PBS (pH 7.4). Finally, the fluorescence emission of
pAMMA was obtained at an excitation of 252 nm. The slit width of
excitation and emission was set to 5 nm. The fluorescence intensity at
412 nm was relatively stronger than at 392 nm and 412 nm, thus
fluorescence emission at 412 nm was used to evaluate the performance
of the proposed assay [34].

3. Results and discussion

3.1. Principle of fluorescent biosensor for HTLV-II DNA detection

In this study, utilizing fluorescent substance pAMMA as the signal
reporting unit and hairpin DNA as the capture probe, a novel fluor-
escent biosensor was fabricated for HTLV-II DNA detection based MNPs
and ATRP amplification. The principle of HTLV-II DNA detection is
depicted in Scheme 1. First, sulfo-GMBS as heterobifunctional cross-
linkers that include both amino and mercapto reactive functionalities
were applied to MNPs conjugated with pDNA. MNPs that modified
amine group were initially reacted with the succinimide ester of sulfo-
GMBS. Then, the maleimido of sulfo-GMBS connected MNPs reacted
with pDNA modified with the terminal thiol group. In the presence of
tDNA, the complementarity of tDNA with pDNA caused the hairpin
structure to open and the azide group to stay away from the MNPs
surface. Then, numerous ATRP initiators were attached to the MNPs via
CuAAC reaction. Afterwards, large numbers of AMMA were labelled on
the MNPs surface to generate long polymeric chains via ATRP reaction,
thereby significantly improving detection sensitivity. In the absence of
tDNA, few initiators were introduced on the surface of MNPs and the
corresponding fluorescence intensity was very low due to the steric
hindrance. In ATRP, common polymer grafting techniques can be ca-
tegorized into grafting-from and grafting-to approaches [35]. When
grafting to the surface, a ready-made polymer is covalently attached to
the reactive sites of the surface. Comparatively, the grafting-from
method is based on surface-initiated polymerization by the successive
addition of monomer from the initiating sites on the surface. Although
the former is relatively easy to operate, grafted polymer chains can
shield reaction sites on the MNPs as random curling conformation of the
chains. However, the latter can provide higher grafting density due to
lesser steric hindrance of the monomer compared to the polymer
chains. Taking into account the introduction of more AMMA tagged
MNPs, the grafting-from strategy is indeed the perfect choice to in-
crease fluorescence signal.

3.2. The feasibility of fluorescent biosensor for HTLV-II DNA detection

In order to verify the feasibility of the fluorescent biosensor for
tDNA detection, fluorescent assay with different modified MNPs was
performed in 0.1M PBS (pH 7.4). As shown in Fig. 1(A), at the ex-
citation wavelength of 252 nm, MNPs, MNPs-pDNA, MNPs-pDNA-
tDNA, and MNPs-pDNA-tDNA-PgBIB were nearly no fluorescence ab-
sorption (except for weak background signal). Moreover, only very low

Table 1
Sequences of the oligonucleotides.

Note Base sequences (5′-3′)

Hairpin DNA probes (pDNA) SH-ACACGCTCCCCGACCCAATTTCCA CCTTCGCGTGT-N3
Target complementary DNA (tDNA) CGAAGGTGGAAATTGGGTCGGGGAG
Single base mismatched DNA (SBM) CGAAGATGGAAATTGGGTCGGGGAG
Three bases mismatched DNA (TBM) CGCAGGTGGAATTTGGGTAGGGGAG
Non-complementary DNA (cDNA) GAGGGCCTGCAGGATCATTGGCTTT
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fluorescence absorption appeared without tDNA, because pDNA were
preserved in a folded form and it was difficult to bind the azide group to
the initiators (PgBIB). Remarkably, a strong fluorescent absorption peak
appeared when all reagents were added. It suggested that a sufficient
number of initiators and AMMA were labelled only when the hairpin
structure was unfolded by tDNA. Furthermore, Fig. 1(B) visually in-
dicated that the AMMA was successfully labelled on the MNPs com-
pared to MNPs modified in the absence of tDNA (Fig. 1(C)).

AFM and HRTEM were utilized to characterize the morphologies of
different modified MNPs. Fig. 2(A) showed that the surface height of
the MNPs immobilized with pDNA was 22.4 nm after CuAAC and ATRP
reaction. Fig. 2(B) showed that the MNPs modified with pDNA were
incubated sequentially with the hybridization solution (containing
tDNA), CuAAC and ATRP reaction solution to obtain a more towering
image with a surface height of 34.6 nm. Moreover, the HRTEM images
demonstrated that the average size of MNPs was 160 nm in the absence
of tDNA (Fig. 2(C)). In contrast, MNPs showed a uniform spherical
crystallite with an average diameter of 172 nm in the presence of tDNA

(Fig. 2(D)), and the increase in the size of MNPs characterized by TEM
was nearly consistent with the change in the height of MNPs char-
acterized by AFM. These experimental results revealed that the fluor-
escence sensor was successfully fabricated.

3.3. Optimization of experimental conditions

In the fluorescent biosensor construction process, some important
experimental parameters required optimization to improve the sensor's
efficiency and sensitivity (the other reaction conditions were kept sui-
table for single condition optimization) [36].

In this study, MNPs could serve as a convenient and efficient tool for
separating the substance from a complex biological solution as well as
modify a large number of probes as carriers [37]. The concentration of
pDNA modified MNPs directly affected the sensitivity and detection
range to some extent. Therefore, the effect of MNPs on fluorescence
intensity was investigated under a fixed pDNA concentration. As shown
in Fig. 3(A), the fluorescence intensity gradually increased with

Fig. 1. (A) Fluorescence spectra of (a) MNPs, (b) MNPs-pDNA, (c) MNPs-pDNA-tDNA, (d) MNPs-pDNA-tDNA-PgBIB, (e) MNPs-pDNA-PgBIB-AMMA, (f) MNPs-pDNA-
tDNA-PgBIB-AMMA. Fluorescence images of different modified MNPs (B) in the presence and (C) absence of tDNA. (0.1M PBS, pH 7.4).

Fig. 2. AFM images of different modified MNPs (A) in the absence and (B) presence of tDNA. HRTEM images of different modified MNPs (C) in the absence and (D)
presence of tDNA.
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increasing volume of MNPs and reached a maximum at 20 μL which
indicated that the concentration of pDNA coated on the MNPs was
gradually increased. However, the fluorescence intensity obviously
decreased after 20 μL, which may have been caused by the scattering of
excess MNPs or quenching of pAMMA by MNPs [38]. Thus, 20 μL of
MNPs (10 mg/mL−1) were used for the following experiment.

Furthermore, hybridization reaction time was a significant factor
relative to the fluorescent biosensor's sensitivity. Fig. 3(B) showed
fluorescence intensity at different hybridization time. A gradual in-
crease of fluorescence intensity can be observed with the hybridization
time extending, which reached a plateau at 105min. Therefore 105min
was selected as the best hybridization reaction time.

For molecular transformation, the CuAAC reaction has emerged as a
critical and versatile conjugation tool [39]. In this reaction, the in-
itiators of ATRP reaction were introduced by CuAAC, such that CuAAC
reaction time had considerable influence on the fluorescence intensity.
As shown in Fig. 3(C), with the increment of the incubation time, more

initiators were connected to MNPs. Furthermore, when the incubation
time reached 75min, the fluorescence intensity was essentially un-
changed even though the incubation time was extended, which in-
dicated that the connected PgBIB was saturated at 75min. Therefore,
75min was chosen as the optimal CuAAC reaction time.

Relevant ATRP reaction conditions affected the polymerization of
AMMA, which directly impacted the change in fluorescence intensity.
Thus, it was essential to optimize key reaction conditions such as re-
action time, AMMA concentration and reaction temperature. It can be
seen from Fig. 3(D) that fluorescence intensity significantly increased
with the increase of reaction time in 20–50min. After that, the growth
slowed gradually and became saturated after 60min. As shown in
Fig. 3(E), with the increase in AMMA concentration, the fluorescence
intensity showed a stable trend after 28 μL (5mM). Furthermore, re-
action temperature was another condition that significantly influenced
fluorescence intensity. It can be seen from Fig. 3(F) that the reaction
temperature reached a peak at 45 °C, and then fluorescence intensity

Fig. 3. Influence of different reaction conditions on fluorescent biosensor response. (A) The volume of MNPs (10mg/mL). (B) DNA hybridization reaction time. (C)
CuAAC reaction time. (D) ATRP reaction time. (E) The volume of AMMA. (5mM) (F) ATRP reaction temperature. Error bars represent the standard deviations of
three measurements (excitation wavelength: 252 nm, emission wavelength: 412 nm, 0.1M PBS (pH 7.4), 1 nM tDNA).
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significantly decreased with increasing reaction temperature. This is
primarily attributable to the slow polymer growth at lower tempera-
tures; conversely the decrease of the fluorescence intensity at high
temperatures may be due to the proximity to melting temperature of
the complementary strands and poor stability of the polymer fixed on
MNPs [40,41]. Accordingly, 60min, 28 μL (5mM) of AMMA and 45 °C
were selected as the optimal ATRP reaction conditions.

3.4. Analytical performance

The fluorescence intensity of pAMMA was directly related to the
initiators modified on the MNPs and amount of initiators were inter-
related to tDNA. Based on this, the fluorescence intensity of this bio-
sensor was related to tDNA concentration. Thus, under optimal detec-
tion conditions, the response range and detection limit of tDNA were
quantitatively evaluated using fluorescence spectroscopy. As shown in
Fig. 4, a good linear positive correlation emerged between fluorescence
intensity and the logarithm of tDNA concentration in the range of 1 fM
to 1 nM. The corresponding regression equation was F=30371.95 log
[CtDNA/pM] + 135607.63 (R2= 0.9927), and the calculated limit of
detection (LOD) was 0.22 fM based on S/N=3. To further demonstrate
the good performance of the fluorescent biosensor, we compared the
linear range and LOD characteristics of other sensors reported in the
literature (Table 2). The proposed sensor in this study exhibited a wider
linear range and lower LOD.

3.5. Selectivity, repeatability, stability of the fluorescent biosensor

Due to the high sequence homology among the HTLV family, the
selective detection of HTLV-II DNA has always been a great challenge
[9]. To demonstrate the selectivity of the developed method, we

measured the fluorescence response to complementary DNA (tDNA),
single base mismatched DNA (SBM), three base mismatched DNA
(TBM) and non-complementary DNA (cDNA) under the same experi-
mental conditions. The concentration of all DNA was 1 nM. As shown in
Fig. 5(A) and Table 2, the fluorescence response of SBM was only 22.9%
of tDNA compared to reported biosensor, indicating that this biosensor
had high specificity for SBM. The fluorescence response of TBM was
almost 80.5% less than that of tDNA, while cDNA was not observably
different from background signal. The significant difference in the
fluorescence response could be attributed to the efficiency between
different oligonucleotides hybridization and pDNA. In addition, the
stem of hairpin DNA was not conducive to hybridization between the
nucleic acids of the loop and mismatched oligonucleotides [17]. These
results indicated that the developed biosensor had high selectivity for
complementary and mismatched oligonucleotides.

Five independently prepared probes were used to detect tDNA
(1 nM) with a relative standard deviation (RSD) of 2.82%, demon-
strating that the prepared fluorescent biosensor had good precision and
repeatability. Under the same experimental conditions, five samples
were prepared and stored at 4 °C. After 1 month, it was observed that up
to 91.5% of the fluorescence intensity was retained; therefore, the
fluorescent biosensor demonstrated satisfactory storage stability.

3.6. Analysis of real serum samples

To evaluate the proposed biosensor for real sample analysis, we
measured the fluorescence response to tDNA spiked in 5% normal
human serum (NHS). As shown in Fig. 5(B), only very low fluorescence
absorption was observed in TE buffer solution and 5% NHS (in the
absence of tDNA). In the presence of tDNA, a distinct fluorescence
signal was detected in tDNA (1 nM) + 5% NHS, similar to the fluor-
escence intensity detected in only tDNA (1 nM). These results demon-
strated that this method had good anti-interference ability in complex
serum samples. Furthermore, to calculate the recoveries, three known
concentrations of tDNA (0.1 nM, 1 pM, 10 fM) were added into 5% NHS
respectively and measured using the designed biosensor. As indicated in
Table 3, the recoveries were in the range of 93.02%–98.11% and the
RSD was less than 3.5% (n=3). Therefore, the fabricated biosensor
may demonstrate great potentiality for tDNA detection in real serum
samples.

4. Conclusions

We developed a promising fluorescent biosensor for ultrasensitive
detection of HTLV-II DNA based on MNPs and ATRP signal amplifica-
tion. The good performance of the fluorescent biosensor is mainly based

Fig. 4. (A) Fluorescence spectra of different concentrations of tDNA in 0.1M PBS (pH 7.4). The concentrations of tDNA were 1, 10, 102, 103, 104, 105, and 106 fM
respectively. (B) The linear relationship between fluorescent intensity and logarithm of the tDNA concentration. Error bars represent the standard deviations of three
measurements (excitation wavelength: 252 nm, emission wavelength: 412 nm).

Table 2
Comparison of analytical performance between proposed with reported DNA
biosensors.

Method Linear range Detection limit Selectivitya Ref.

Electrochemistry 1 pM to 1 nM 0.62 pM 26% [42]
Electrochemistry 1 pM to 1 nM 0.171 pM 42.1% [10]
Electrochemistry 100 nM to 10 fM 10 fM 32% [43]
Electrochemistry 1 fM to 1 nM 0.47 fM 25.1% [44]
Fluorescence 0.1 nM to 0.4 μM 5 pM No [36]
Fluorescence 0 pM–3 pM 0.58 pM 30% [45]
Fluorescence 20 fM to 0.1 nM 20 fM 26% [46]
Fluorescence 1 fM to 1 nM 0.22 fM 22.9% This work

a Percentage response of single base mismatched DNA to complete com-
plementary DNA.
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on controllability and signal amplification of ATRP, efficient separation
of MNPs and high specificity of hairpin DNA probes. Under optimal
conditions, this method exhibited high sensitivity for HTLV-II DNA
detection with a LOD of 0.22 fM. Moreover, it demonstrated good
capability to discriminate mismatched bases and detect HTLV-II DNA in
human serum samples. Taking advantage of its high sensitivity, se-
lectivity, simplicity and economy, this signal amplification strategy
may pave a new approach for HTLV-II DNA detection at trace level and
supply an effective assessment for the early diagnosis of other diseases.
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