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Abstract

A group of aptamers possessing high specificity and affinity for creatine kinase MB (CKMB) was obtained by magnetic
systematic evolution of ligands by exponential enrichment. Two aptamers (referred to as C.Apt.21 and C.Apt.30) were found
to possess adequately low K, values. They form a well suited pair for CKMB binding. By using fluorescent microspheres, an
aptamer-based lateral flow assay was developed. It is portable, economical, and sensitive. The limit of detection for CKMB is as
low as 0.63 ng'mL, and the assay works in the 0.005 - 2 pg'mL™' CKMB concentration range. The method is specific for
CKMB, and biomarkers for AMI (such as cardiac troponin I and myoglobin) and serum do not interfere. The strip is highly
accurate as shown by analysis of spiked serum samples which gave recoveries ranging between 88 and 117%.
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Introduction

Acute myocardial infarction (AMI) is one of the leading life-
threatening diseases in the world with high incidence and death
rate [1, 2]. The rapid and accurate prediction, diagnosis, and
prognosis of AMI are of significant importance. The MB iso-
form of creatine kinase (CKMB) is a biomarker for the diagno-
sis of AMI [3]. Sequential measurements of CKMB have been
demonstrated to be useful for monitoring reinfarction [4].
Enzyme-linked immunosorbent assays (ELISAs) and ra-
dioimmunoassay (RIAs) are often used for monitoring
CKMB levels in clinical diagnosis and treatment [5, 6]. But
ELISAs requires a relatively long time for detection (over 6 h),
and requires well-trained staffs to operate [7]. Lateral flow test
strips have been used as powerful tools for biomarker detec-
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tion. It is a point-of-care testing method which can be per-
formed without a skilled technician [9].

Colloidal gold is first applied to lateral flow assay
(LFA). The experimental results can be observed visu-
ally. Colloidal gold-based LFA has been previously used
for the detection of human IFNvy [8]. Mao et al. [10]
used a rapid quantitative immunochromatographic strip
for simultaneous detection of multiple proteins. Ang et
al. [11] also developed a gold nanoparticle-based sand-
wich immunoassay for the dual detection and measure-
ment of hemoglobin Alc (HbAlc) and total hemoglo-
bin. By comparison, fluorescent microspheres (FMs), a
type of polystyrene material, can generate stable fluo-
rescence. FMs have the advantages of stable morpholo-
gy, durable light excitation, uniform particle size, high
biocompatibility, good dispersibility, and modifiable
surfaces [12, 13]. FMs can be used in LFA for qualita-
tive and quantitative detection. Some of the most im-
portant indicators for evaluating the performance of bio-
marker assays are sensitivity and reproducibility [14].
Therefore, the fluorescent microsphere lateral flow as-
say (FM-LFA) can be used as a useful tool for improv-
ing the sensitivity and reproducibility of rapid biomark-
er assays. For example, Wang et al. [12] used FM- LFA
for detecting fumonisin B1 (FB1). Chen et al. [13] de-
veloped a FM-LFA for the determination of sulfameth-
azine (SMZ) in milk.
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The above methods are based on antigen—antibody interac-
tions. Antibodies have disadvantages such as high production
cost, low stability at high temperatures, and difficult chemical
modifications. Because of similar recognition properties,
aptamers have been proposed as a potential substitute for con-
ventional antibodies [15]. In addition, aptamers are low cost,
chemically stable, and easy to modify. The use of aptamers as
alternatives to antibodies in test strip methods has been demon-
strated to yield satisfactory results [16, 17], Mao et al. [17] used
aptamers in LFA for target DNA detection for the first time.
Overall, we hypothesize that CKMB can be detected using an
aptamer sandwich lateral flow assay.

A matched fluorescent LFA analytic device is pivotal for
quantitative detection of the test strips. And it is expected to
make major contributions to point-of-care testing in the future
[18]. Establishing a fluorescent test strip reader is necessary to
achieve lower LOD and reduce sample amount under different
quantification criteria [19]. The test strip reader is used for
measurements of fluorescence intensity. The intensities are re-
corded by a suitable software. The procedure includes placing a
test strip under the camera and dropping a controlled amount of
monochromatic light on the observed areas. The wavelength of
light can be adjusted to achieve a good contrast between test
and control lines and background. Automated systems are more
favorable than manual processing in adjusting variables and
handling results. Most studies involving fluorescent LFA used
universal UV-light or fluorescence microscopes as simple de-
tectors [20, 21]. However, these laboratory methods require a
high investment, large space, and skilled technicians. These are
disfavor the uses of test strip. Several other image sensor-based
methods, such as the charge coupled device [22], complemen-
tary metal oxide semiconductor [23], and smartphone camera
[24, 25] were developed in resolving the issues aforemen-
tioned. But their deficiencies in sensitivity reflected in the
signal-to-noise ratio persist. The design of a fluorescent test
strip reader is very important for the high sensitivity and quan-
titative detection in fluorescent microsphere lateral flow assays.

Here, single-stranded DNA (ssDNA) aptamers with high
affinity and specificity to CKMB were selected by systematic
evolution of ligands by exponential enrichment (SELEX)
[26]. A sandwich aptamer-based LFA was developed. A new-
ly portable, economical, and sensitive fluorescent LFA analyt-
ical device was designed. Qualitative and quantitative detec-
tion of CKMB was realized.

Experimental
In vitro selection of the specific aptamers for CKMB
Aptamers for CKMB were selected using the magnetic

SELEX method developed in our group [27] with minor mod-
ification (See Electronic Supplementary Material, ESM).
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Estimation of dissociation constant (Kd)
by enzyme-linked aptamer assay

All of the sequenced aptamers were synthesized. The dissoci-
ation constant (Kd) was assayed using an enzyme-linked
aptamer assay (See ESM). Dissociation constants were calcu-
lated by nonlinear regression curve fitting using GraphPad
Prism, with the one site binding (hyperbolic) equation
Y = BEacX Y represents the mean value of OD 450 nm.
Bmax is the maximal value of OD 450 nm. X is the concen-
tration of the aptamer (0 — 400 nM).

Preparation and characterizations of FM-C.Apt.30
conjugates

The streptavidin-fluorescent microparticles and biotinylated
aptamer C.Apt.30 were used for the preparation of FM-
C.Apt.30 conjugates, through streptavidin-biotin interaction.
Briefly, 0.1 mg of FMs diluted in 500 uL of 10 mM phosphate
buffered saline (PBS, 20 mM NaH,PO,4-H,O, 80 mM
Na,HPO,42H,0, 137 mM NaCl, pH 7.4) were centrifuged at
17, 000 g at 4 °C for 30 min to wash the FMs. The sediment
was resuspended in 500 uL of 10 mM phosphate buffered
saline (PBS). Then, 50 pmol of C.Apt.30 was added to the
suspension and incubated for 30 min at room temperature.
FM-Apt conjugates were centrifuged at 17, 000 g at 4 °C to
remove any unbound aptamers. Next, FM-C.Apt.30 conju-
gates were blocked with 250 pL of 10 mM phosphate buffered
saline (PBS) containing 10 mM biotin for 30 min at room
temperature. The mixture was centrifuged at 17,000 g for 30
min. The final FM-C.Apt.30 conjugates were dissolved in 250
pL of 10 mM phosphate buffered saline (PBS) containing 10
mM biotin. The FM-C.Apt.30 conjugates were stored at 4 °C
until use. FMs and FM-C.Apt.30 conjugates were analyzed
using the multi-mode microplate reader.

Preparation of test strips

As shown in Fig. 1a, the structure of the test strips was com-
posed of a sample pad, absorbent pad, and a NC membrane. All
parts were pasted on a PVC backing card. Before assembly, the
sample pad and NC membrane were preprocessed. The sample
pad was saturated for 30 min with 10 mM phosphate buffered
saline (PBS) containing 0.1% Tween 20 (v/v) and 1% BSA (w/
v), then dried at room temperature for overnight and preserved
in a sealed bag. Next, the streptavidin-C.Apt.21 conjugates at a
concentration of 1 OD/30 uL were immobilized on the NC
membrane as a test line. 0.25 OD/30 pL of streptavidin-DNA
probe conjugates were immobilized as a control line. The solu-
tion for the dilution of streptavidin-aptamer/DNA probe conju-
gates were 10 mM phosphate buffered saline (PBS). The NC
membrane with lines were dried at ambient temperature for 10
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Fig. 1 Schematic illustration of the test strip (a) and the principle of
fluorescent microsphere lateral flow test strip assay based on sandwich
aptamers for CKMB detection (b). In the absence of CKMB (negative),
FM-C.Apt.30 conjugates move along the nitrocellulose membranes by
capillary action and are captured by the DNA probe immobilized on the

min. After assembly, it was cut into 4-mm strips and stored at
room temperature in a sealed bag.

Design of the test strip reader

An analytical device was designed herein for fluorescence
signal detection and data processing. Shown in Figure S4B
is a picture for the test strip reader. A high-powered LED with
a wavelength of 470 nm (LDW5SM-4S4T-35, Osram) was
chosen as the excitation light source. The corresponding opti-
cal paths for fluorescence detection was based on the excita-
tion and emission of co-linear optical paths (Figure S4A). The
optical path was divided into two parts: excitation and emis-
sion. The excitation light path comprised an excitation light
filter (470 £ 10 nm, Bodian Optical, China), a planoconvex
lens (LA 1805, Thorlabs, USA), a reflection of a dichroic mir-
ror (cut-off at 509 nm, Bodian Optical, China), and an objec-
tive lens (PLL 20X, Cossim, China). The excitation light was
illuminated onto the fluorescent lines (T line and C line) on the
test strip. FMs on the lines were excited, emitting light with a
wavelength peak of 530 nm. The emission light path com-
prised an objective lens, a transmission of a dichroic mirror,
an optical filter (530 = 10 nm, Bodian Optical, China), and a
planoconvex lens. Next, the emission light was focused on the
photo-sensing surface of monolithic photodiode (OPT101,
Texas Instruments) and sampled by an analog-digital convert-
er (AD7734, Analog Devices). Then the data was transmitted
to a microcontroller unit (MSP430-F5636, Texas Instruments)
that communicated with the computer by an Ethernet inter-
face. Ultimately, a master computer software based on an area

control line (C line). In the presence of CKMB (positive), CKMB is
bound with FM-C.Apt.30 conjugates. The FM-C.Apt.30-CKMB
complex is captured by C.Apt.21 immobilized on the test line (T line),
and the unreacted FM-C.Apt.30 conjugates are captured by the DNA
probe immobilized on the control line (C line)

algorithm was used to process chromatographic peak data and
generated a result report. In order to ensure the stability of the
test, a stepper motor (28BYJ-48, Telesky, China) was used as
a mechanical sliding structure to ensure the automation and
stability of the test. Then, the strip with a shell was inserted to
touch the shrapnel. Finally, the enabling signal was automat-
ically triggered.

Fluorescence assay procedure

As illustrated in Fig. 2, the fluorescence assay procedure is
as follows: first, 100 puL of reaction solution including
FM-C.Apt.30 conjugates, samples, detergent (Tween 20),
and 10 mM phosphate buffered saline (PBS) was mixed in
the ELISA well. Then, a test strip was inserted into this
reaction solution at room temperature for 10 min. The
reaction solution flowed through the NC membrane via
capillary action. For the detection of CKMB in the serum,
20-fold phosphate buffered saline (PBS) diluted artificial
serum spiked. Different amounts of CKMB was added
onto the reaction buffer. After 10 min, by using the test
strip reader, FMs were excited by a 470-nm laser diode.
The fluorescence signals were transferred to the computer
and processed by software. Then, the fluorescence peak
area intensity of the control line (FI¢) and the fluorescence
peak area intensity of test line (FIr) were obtained.
Imaging can also be performed by placing the test strip
under a fluorescence microscope with an excitation wave-
length of 470 nm. Under the same conditions, each sample
was tested three times.
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Fig. 2 Schematic illustration of
the detection procedure

-

Reaction
Solution

ELISA Well

Statistical analysis

Data were analyzed statistically by one-way analysis of vari-
ance (ANOVA) using SPSS16.0 statistical software. All data
points were based on at least three duplicate experiments.
Significant differences between groups were assessed by
ANOVA combined with least significant difference post-hoc
tests. Data were calculated as means + SD (n = 3). In pairwise
comparisons, a value of p > 0.05 represents no significant dif-
ference. A value of p < 0.05 represents significant. A value of
p<0.01 represents highly significant. A value of p <0.001
represents very highly significant.

Results and discussion
In vitro selection of aptamers for CKMB

The enrichment of CKMB aptamers were monitored by a
direct enzyme-linked assay. The amounts of ssDNA specifi-
cally bound to CKMB were characterized by the absorbance
at 450 nm of the final products in each well. The results are
shown in Figure S1. From rounds 1 to 10, the absorbance
increases. The affinity of the ssDNA pools increases during
the progression of the magnetic SELEX. As shown in results
of the one-way ANOVA, the affinities of the ssDNA pools for
CKMB increase significantly (p < 0.001). The least significant
difference post hoc test shows the difference significant mean
between each round between rounds 1-9 (p <0.05). On the
contrary, the absorbance decreases significantly from rounds 1
to round 2 (p <0.05), and is maintained at a low level in the
negative group (myoglobin). In the blank group (BSA only),
the absorbance is very low from rounds 1 to 10. All of the
results demonstrate the magnetic SELEX enriching ssDNA.
ssDNA shows an affinity for CKMB.

The DNA pool generated after round 10 was cloned and
sequenced. Randomized parts of sequences identified were
aligned with CLUSTAL X. All of the identified sequences
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of aptamers are shown in Table S1. The percentages of gua-
nine are relatively high (more than 50%). The G-quartets in 10
sequences were analyzed by QGRS Mapper (Table S2).
Except for C.Apt.16, the other aptamers shows a potential to
fold into one (or two) G-quartet. As the result indicated, the G-
quartet is the basic structure for the interaction between the
aptamer and CKMB. In other studies, the G-quartet also plays
a pivotal role in the binding mechanism of aptamers with the
ligand [28, 29].

Characterization of the CKMB aptamer candidates

The dissociation constants were calculated by the nonlinear
regression equation (Figure S2). All Kd values are listed in
Table S1. The Kd values of the aptamers range from 0.81 to
272 nM. The Kd values herein are at the same level with those
of other studies that used an enzyme-linked aptamer assay to
determine Kd values [30, 31]. Combined with the results of
aptamer sequences and Kd values, 4 sequences, C.Apt.1,
C.Apt.3, C.Apt.21, and C.Apt.30 have more higher affinity
and stable G-quarter structure. These 4 sequences were chosen
for further study.

Longer aptamer chains results in higher experimental
cost. In order minimize costs, the primer domains at the
two sides of C.Apt.1, C.Apt.3, C.Apt.21 and C.Apt.30
were shortened. Their Kd values were determined to eval-
uate the effect on the specificity and affinity of aptamers
with CKMB. As shown in Figure S3, shortened C.Apt.1,
C.Apt.3, C.Apt.21 and C.Apt.30 is bound to CKMB with
Kd values of 63.57 £ 6.86 nM, 35.21 + 4.45 nM, 14.74 +
1.86 nM and 24.04 + 4.50 nM, respectively. From the re-
sults, the shortened aptamers still possesse high specificity
and affinity with CKMB. They can be used in subsequent
studies. And the affinities of shortened aptamer C.Apt.21
and C.Apt.30 are higher than that of C.Apt.1 and C.Apt.3.
The shortened aptamer C.Apt.21 and C.Apt.30 were cho-
sen for further study.
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Design of the fluorescent microsphere lateral flow
assay (FM-LFA)

Figure 1b shows the principle of the assay. It is based on the
specific affinity between CKMB and selected aptamers to form
a sandwich structure (C.Apt.30-CKMB-C.Apt.21). In the pres-
ence of CKMB, C.Apt.30 and FM conjugates (FM-C.Apt.30)
capture CKMB to form FM-C.Apt.30-CKMB complexes. By
using the capillary effect, complexes flow along the NC mem-
brane. Then they were capture by the C.Apt.21 immobilized on
the test line. Excited at a wavelength of 470 nm, the complexes
emit fluorescence on the test line. The greater the amount of
CKMB present in the reaction solution, the stronger the fluo-
rescence emit on the test line. On the contrary, when CKMB is
absent, no complex is formed on the test line with no fluores-
cence emitted after excitation. Regardless, DNA probes
immobilized on the control line can capture excess FM-
C.Apt.30 to ensure the validity of the test strip.

For the quantitative detection of CKMB, taking into account
the environmental and matrix factors may affecting the intensity
of the fluorescence signal, the FI1/FI¢ ratio was used to coun-
teract the intrinsic non-uniformity of the test strip [32].

Characterization of fluorescent microspheres (FMs)
and their Apt conjugates

The successful coupling of FMs to the aptamer is one of the
most important steps. It usually affects the results of CKMB
determination. The coupling of FMs with aptamer herein is
based on biotin-avidin system. It is more convenient and ef-
fective than coupling of FMs with antibodies. The FM-
C.Apt.30 conjugates were characterized by fluorescence. As
shown in Fig. 3, the maximal emission peak. Apt.30 conju-
gates are similar to that of free FMs. Their maximal emission
are all around 484 nm. But the fluorescence intensity of the
FM-C.Apt.30 conjugates is lower than that of free FMs. It
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Fig. 3 Fluorescence spectrum (excitation wavelength = 425 nm) of
C.Apt.30, free FMs, and FM-C.Apt.30 conjugates

might be caused by the attachment of aptamers with FMs,
blocking parts of fluorescences. This result indicates the
aptamer bound to FMs successfully. The result is similar to
that of Liu et al. [33]. As shown in result of Liu et al. [33], the
antibody on the FM surface can shield a portion of the fluo-
rescence signal.

Optimization of method

The following parameters were optimized: (a) Composition
of the coupling buffer; (b) Amount of FM-C.Apt.30 conju-
gates and C.Apt.30; (c) Type and percentages of the deter-
gent; (d) The concentration of DNA probe on the control line
and C.Apt.21 on the test line. Respective data and Figures are
given in the Electronic Supplementary Material. The follow-
ing experimental conditions were found to give best results:
(a) Composition of the coupling buffer: phosphate buffered
saline (PBS); (b) Optimal amount of FM-C.Apt.30 conju-
gates and C.Apt.30: 4 ug and 0.05 nmol; (c) Type and per-
centages of the detergent: Tween 20 and 1%; (d) Optimal

a
Group a b ¢ d e f g

Control line

Test line

FIT/F1C

Fig. 4 Specificity analysis of the fluorescent microsphere lateral flow test
strip assay. a Pictures of the test strips under a fluorescence microscope. b
FI1/FIc ratio by test strip reader. All values are means + SD (n = 3). And
“a” represents blank with phosphate buffered saline (PBS) buffer, “b”
represents 2 pug'mL™' ¢Tnl (Cardiac Troponin I) in PBS buffer, “c” rep-
resents 2 pg'mL" myoglobin in PBS buffer, “d” represents serum, “c”
represents 2 pg'mL™' CKMB in PBS buffer, “f” represents 2 pg-mL™"
CKMB in serum, “g” represents 2 pgrmL™ ¢Tnl, 2 pg'mL" myoglobin
and 2 pg-mL" CKMB in serum
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a
CKMB
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Control line

Fig. 5 The quantitative detection
and qualitative analysis of CKMB
by fluorescent microsphere lateral
flow test strips with a series of
spiked concentrations (0, 0.005,
0.05,0.25,0.5, 1, 1.5, and 2
pg-mL™) in artificial serum. a
Pictures of the test strips obtained
under a fluorescence microscope
for qualitative analysis. b
Fluorescence responses by test
strip reader for (a) 0 ug~mL’1, (b)
0.005 pg'mL™, () 0.05 pg'mL™",
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Test line
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concentration of DNA probe and C.Apt.21: 0.25 OD/30 puL
and 1 OD/30 pL.

Specificity of the fluorescent microsphere lateral flow
assay (FM-LFA)

Cardiac troponin I (cTnl) and myoglobin (Mb) were used as the
negative control group. Phosphate buffered saline (PBS) and
artificial serum were used as the blank control group. 2
ugemL" CKMB in phosphate buffer, 2 pugemL"' CKMB in
serum, and the mixture of 2 ugemL™ ¢Tnl, 2 pgemL™" Mb,
and 2 pgemL"' CKMB in serum were used as the test group.
As shown in Fig. 4, for the test group, obvious fluorescent
bands in the test and control zones are observed. The FI1/FIc-
ratios of the test groups are significantly higher than those in the

The concentration of CKMB (ug-mL")

negative and blank control groups. There is no significant dif-
ference (p > 0.05) between CKMB in phosphate buffered saline
(PBS) and serum. It further indicates that serum does not inter-
fere the detection of CKMB. Furthermore, there is also no
significant difference (p > 0.05) between CKMB in phosphate
buffered saline (PBS) and mixture in serum, indicating the great
specificity of FM-LFA. As shown in these results, FM-LFA has
high specificity for CKMB detection, and other AMI bio-
markers and serum don’t cause the interference.

Quantitative evaluation of the assay
Under the optimized condition, the method was used to quan-

titatively detect CKMB. As shown in Fig. 5a, the test strips
with different concentrations of CKMB (0, 0.005, 0.05, 0.25,

Table 1 The accuracy and precision of FM-LFA for detection of CKMB spiked in serum
CKMB (ug/mL) Intra-assay Inter-assay
Mean (png/mL) SD Recovery (%) CV (%) Mean (pg/mL) SD Recovery (%) CV (%)
0.5 0.44 0.02 88.0 3.8 0.51 0.04 102.0 7.9
1.0 0.95 0.02 95.0 1.6 1.00 0.09 100.0 9.0
2.0 2.10 0.07 105.0 32 2.34 0.12 117.0 52

All values are means + SD (n=3)

@ Springer
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0.5, 1, 1.5, and 2 pug'mL™") are observed under an Olympus
microscope with an excitation wavelength of 470 nm. The
results indicated that with an increase in CKMB concentra-
tion, fluorescence intensity on the test and control lines are
enhanced and reduced, respectively. However, only the con-
centration of CKMB is higher than 0.25 pg'mL™, the fluores-
cence intensity on the test line can be observed by an Olympus
microscope digital camera. At the same time, the test strips
with different concentrations of CKMB from 0 to 2 pug-mL™"
(curve a—h) are also detected by our designed test strip reader
(Fig. 5b). As can be seen from the figure, the peak area of the
test line increases with increasing concentrations of CKMB,
while the peak area of the control line decreases. Moreover,
the fluorescence signal of CKMB of 0.005 ug'mL™" can be
detected by the test strip reader. This demonstrates that the
designed test strip reader possesses perfect sensitivity for fluo-
rescent signals. The calibration curve was obtained by record-
ing the FI1/FI¢ ratio of different CKMB concentrations
(0.005, 0.05,0.25,0.5, 1, 1.5, and 2 ug~mL’l) serially diluted
in serum. As indicated in Fig. 5c, the regression equation can
be fit into a polynomial as y = 0.00095 + 0.06285x with
R>?=0.99695, where x is the concentration of CKMB, y is
the FI1/Fl¢ ratio, and R is the regression coefficient. The
LOD was calculated to be 0.63 ng'mL" by analyzing a zero
calibrator 20 times. The LOD is lower than 0.8 ng'mL™.
Furthermore, 0.8 ng-mL‘1 is also the LOD for CKMB in the
study of Torabi et al. [14], who utilized a chemiluminescence
immunoassay based on ELISA.

Detection of real samples

The accuracy and precision of the fluorescent microsphere lat-
eral flow assay (FM-LFA) were also evaluated by detecting
CKMB spiked serum samples, and the recovery was calculated.
Low (0.5 ugrmL™"), medium (1.0 pgrmL™), and high concen-
trations (2.0 ug-mL'l) of CKMB were spiked in artificial serum
samples for analysis. The intra-assay recoveries are 88.0, 95.0,
and 105.0%, and the inter-assay recoveries are 102.0, 100.0,
and 117%, respectively. The average recovery is 101.2%. The
coefficient of variation is between 1.6 to 9.0% (Table 1). These
results indicates that the accuracy of FM-LFA is acceptable for
the quantitative detection of CKMB.

Conclusions

In this study, ssDNA for the AMI biomarker CKMB were
screened by magnetic SELEX. Based on these aptamers, a
double aptamer sandwich LFA was developed. Combined
with the designed test strip reader, the fluorescent microsphere
lateral flow assay can be used for fast detection of CKMB.
This method only identifies CKMB. As a result, CKMB is
detected at a concentration of 0.63 ng'mL™" in serum. This

limit of detection is lower than cutoff value of CKMB (5 ng
mL™") for AMI. In order to apply the platform to the clinical
diagnosis of AMI, we have to overcome the influence of
whole blood to binding between aptamer and targets. In fur-
ther studies, the target-specific aptamer assay is expected to
become a valuable platform for various diseases diagnosis.
But because of the limited availability of aptamer types,
aptamer-based assays are still immature when compared to
immunoassays. We wish that aptamer will become a useful
tool in target detection that could meet challenges.
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