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Abstract

The authors describe a fluorometric aptamer based assay for detecting (3-lactoglobulin by using carbon dots (C-dots) as a signal
indicator. The aptamer was immoblized on magnetite (Fe;O4) nanoparticles (MNPs), and the C-dots served as a label for the
complementary oligonucleotide (cDNA). The assay is based on the hybridization that takes place between aptamer and cDNA. In
the presence of [3-lactoglobulin ((3-LG), the aptamer preferentially binds to 3-LG, and this leads to a partial release of the C-dots-
cDNA into the solution. After magnetic separation, the supernatant of the solution contains the released C-dots-cDNA which are
quantified by fluorometry, best under excitation/emission wavelengths of 354/447 nm. Under the optimal conditions, the fluores-
cence intensity is proportional to the logarithm of the B-LG concentration in the 0.25 to 50 ng mL™" range, with a 37 pg mL™'
detection limit. The method was successfully applied to the determination of 3-LG in hypoallergenic formulations, and the results
demonstrated that this assay is a promising tool in food quality control. Conceivably, it also provides the opportunity for detection of
other analytes.
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Introduction

Food allergy has become one of the major health concerns
nowadays [1]. Among which, cows’ milk protein allergy, the
most common allergy in early childhood, is estimated to affect
2-3% of infants in their first years [2]. Bovine {3-lactoglobulin
(B-LG) has been described as the main allergenic protein in
cow’s milk, which can promote allergic reactions even when
present at low concentrations. The symptoms of cows’ milk
allergy, such as gastrointestinal alterations, atopic dermatitis,
urticaria, allergic rhinitis, asthma, angioedema, or chronic
cough have been described [3]. In order to diminish the inci-
dence of cows’ milk allergy, hypoallergenic formulas (HF)
have been commercialised as substitutes for milk. These
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formulas are usually prepared from bovine whey proteins
and/or caseins that are heat treated and/or hydrolysed with en-
zyme or acid to eliminate their allergenic character [4].
Unfortunately, in spite of the very low residual amounts of f3-
LG expected to be present in these HF, allergic reactions have
been observed in some instances in infants fed on these formu-
las. Therefore, it is necessary to establish a method capable to
determine the amount of 3-LG present in HF to assess their
safety. Although several analytical methods have been reported
for 3-LG detection, including HPLC [5], methods based on the
surface plasmon resonance [6, 7], electrochemical immunoas-
say [8, 9], and fluorescent immunoassay [10]. Among these
analytical methods, fluorescent bioassays have been perceived
to be one of the most promising analytical tools with wide
applicability in various fields because of their fast response,
low cost, simple use, as well as high sensitivity.

As a class of novel fluorescent nanomaterials, carbon dots
(C-dots) have attracted tremendous attentions owing to their
captivating properties such as excellent photostability, low
toxicity, favorable biocompatibility and good water solubility
[11, 12]. Owing to their outstanding physical and chemical
properties, C-dots have been utilized for the construction of
novel assays for the detection of protein [13, 14], metal ions
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[15, 16], and other small molecules [17, 18]. However, the
development of fluorescence assay is limited for the lack of
selectivity despite possessing excellent optical performances.
In order to overcome this drawback, aptamers are introduced
to the fluorescence assay.

Aptamers, selected from random-sequence nucleic acid li-
braries by exponential enrichment (SELEX) process [19], are
DNA or RNA oligonucleotides, which can specifically bind to
target molecules [20]. Aptamers possess great advantages over
antibodies, such as low-cost, high stability, easy synthesis and
labeling [21]. There are many aptamer based assays developed
for the selective sensing of a variety of target molecules [22,
23]. Shimaa Eissa and co-workers have reported that the 58-
mer 3-LG aptamer bound to both 3-LG A and B protein var-
iants with dissociation constants of 82 and 80 nM, respectively
[24]. To the best of our knowledge, an aptamer based fluo-
rometric [3-lactoglobulin assay has not yet been reported.

Herein, we established a novel fluorometric assay by using
C-dots as a signal indicator and Fe;04 MNPs as a magnetic
separator [25] for the detection of 3-LG. The aptamer modi-
fied Fe;04 MNPs and the complementary oligonucleotide
modified C-dots were hybridized to form Fe;O4-aptamer/
cDNA-C-dots nanocomposites. In the presence of 3-LG, (3-
LG bound successfully to the aptamer of the nanocomposites
with the subsequent release of some C-dots into the solution.
The fluorescent signal of the supernatant collected through
magnetic separation became stronger with the increase of f3-
LG concentration. On these grounds, the method built was
successfully applied to the detection of trace 3-L.G in HF.

Materials and methods
Materials and reagents

N-(3-dimethylaminopropyl)-Nethylcarbodiimide hydrochloride
(EDC), N-hydroxysuccinimide (NHS), Citric acid monohydrate,
ferric chloride hexahydrate (FeCl;:6H,0), sodium hydroxide,
sodium acetate, ascorbic acid (AA), bovine serum albumin
(BSA), glucose (Glu), galactose (Gal), mannose (Man) and fruc-
tose (Fru) were purchased from Sinopharm Chemical Reagent
Co., Ltd. (Shanghai, China, http://www.sinoreagent.com/).
Diethylene triamine, trisodium citrate dihydrate, hydrochloric
acid and acetone were purchased from Shanghai Lingfeng
Chemical Reagent Co., Ltd. (Shanghai, China, http://
lingfenghx.cn.makepolo.com/). Ethylene glycol was purchased
from Aladdin Chemistry Co., Ltd. (Shanghai, China, http://www.
aladdin-e.com/). 3-LG, casein and y-globulin were purchased
from Shanghai Yuanye Biotechnology Co. Ltd. (Shanghai,
China, http://www.shyuanye.com/). The purified water used in
the study was prepared using Direct-Q water purification system
(Millipore, USA, http:/millipore.bioon.com.cn/). Phosphate
buffered saline (PBS) of pH 6.0 and 7.5 contained 10 mM
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Na,HPO,/NaH,PO,4 and 137 mM NaCl. All reagents were of
analytical grade and without any further purification. The DNA
oligonucleotides were purchased from Shanghai Sangon
Biotechnology Co. Ltd. (Shanghai, China, http://www.sangon.
com/) and their base sequences are given as follows:

[3-LG aptamer:

5'-NH,-(CH,)s-CGACGATCGGACCGCAGTAC
CCACCCACCAGCCCCAACATCATGCCCATC
CGTGTGTG-3'

cDNA (complementary to part of the 3-LG aptamer):

5'-NH,-(CH,)s-CACACACGGATGGGCATGAT
GTTGGGGCT-3'

Apparatus

FT-IR spectra were recorded on a TENSOR 27 spectrometer
(Bruker, Germany, https://www.bruker.com/) with a resolution
of 2 em ™' and a spectral range of 4000400 cm . The
fluorescence spectra were recorded with an F-4600 fluorescence
spectrophotometer (Hitachi, Japan, http://www.hitachi.com/).
UV-vis absorption spectra were measured with a UV2450
spectrometer (Shimadzu, Japan, https://www.shimadzu.com.
cn/). The transmission electron microscopic and high-resolution
transmission electron microscopic (HRTEM) images were ac-
quired on a JEOL JEM-2100 (HR) transmission electron micros-
copy (Tokyo, Japan, https://www.jeol.co.jp/en/products/detail/
JEM-2100F.html). cDNA combined on the surface of C-dots
was confirmed by gel electrophoresis (Shanghai Tanon HE-
120, http://www.biotanon.com/) in 2.0% agarose gel with 1 x
TAE buffer (pH 8.0) at 100 V for 60 min.

Synthesis of carboxyl-functionalized Fe;0, MNPs

Fe;04 MNPs were synthesized by a solvothermal method as
previously reported with some modification [26]. Typically,
FeCl;-6H,0 (0.54 g) and sodium acetate (1.44 g) were dis-
solved in ethylene glycol (10 mL), respectively. Afterwards,
the sodium acetate solution was added dropwise to FeCls-
6H,0 solution with stirring. The mixture was stirred vigorously
for 30 min and then sealed in a Teflon-lined stainless-steel
autoclave (30 mL). The autoclave was heated at 200 °C and
maintained for 8 h, and then allowed to cool to room tempera-
ture. The products were washed with ethanol and deioned water
for several times, and then dried under vacuum at 40 °C for
12 h. In order to modify carboxyl groups on the surface of
Fe;04 MNPs. 0.5 g of the Fe;04 MNPs were dispersed in
100 mL of citric acid monohydrate solution (0.105 g mL™)
under ultrasound for 20 min. After that, the mixture was me-
chanically stirred for 4 h at room temperature. Finally, the
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products were washed with deioned water and ethanol for sev-
eral times, and then dried under vacuum at 40 °C.

Preparation of C-dots

C-dots were synthesized according to a reported method [27].
Briefly, citric acid monohydrate (1.2 g) and diethylene
triamine (600 uL) were added into 20 mL of ultrapure water.
Then the mixture was transferred to a Teflon-lined autoclave
(30 mL) and heated at 200 °C for 4 h. When cooled down to
room temperature, the products were concentrated by rotary
evaporation, followed by purification with acetone for three
times and dried under vacuum overnight at 50 °C.

Preparation of oligonucleotide conjugated
nanoparticles

Fe;04 MNPs were first dissolved in PBS (pH 6.0) to obtain
Fe;04 MNP solution (0.2 mg mL ). Then, a mixture of EDC
(19 mg) and NHS (22 mg) was added into the solution to
activate the carboxyl groups on the surface of Fe;04 MNPs
at room temperature under stirring treatment for 30 min,
followed by adjusting the pH value to 7.5. The amino-

modified aptamer solution of 100 uM was heated at 95 °C
for 4 min, cooled on ice for 4 min and rested at room temper-
ature for a while to facilitate its folding into the minimum
energy structure, which is responsible for specific binding.
Afterwards, 5 puL of the above pretreated aptamer solution
was added into the activated Fe;04 MNP solution to conduct
the condensation reaction between the carboxyl and amino
groups overnight at room temperature with continuous stir-
ring. Unreacted free aptamer were discarded using magnetic
separation. Finally, aptamer-functionalized FesO4, MNPs were
dispersed in PBS (pH 7.5) and stored at 4 °C.

In a similar way, amine-modified cDNA was covalently
conjugated onto the carboxyl-functionalized C-dots through
EDC/NHS method. The final products C-dots-cDNA were
also dispersed in PBS (pH 7.5) and stored at 4 °C.

Procedure for the detection of -LG

250 pL of FesOy4-aptamer and 250 pL of C-dots-cDNA were
mixed, and then shaken for 2 h at 37 °C with the help of a
reciprocating oscillator. After magnetic separation and wash-
ing, the Fe;04-aptamer/cDNA-C-dots bioconjugates were
redispersed in 500 uL of PBS (pH 7.5). Afterwards, a

Scheme 1 Schematic illustration a
of the fabrication of the
bioconjugates (a) and working EDC/NHS QN SR
principle for 3-LG assay (b) o VAVAN hybridization
EDC/NHS O,V\,v\
NN\

magnetic supernatant x
separation x o
; X
© magnetic = X ) supernatant x/
separation X x T =X
5 X X
C X b3
X
X
Q" CDs-cDNA O/WV\ Fe;04-aptamer B-LG

Fe;04-aptamer/cDNA-CDs

Fe304-aptamer-p-LG
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Fig. 1 TEM image (a) and FT-IR
spectrum (b) of the carboxyl-
functionalized Fe;0, MNPs.
Inset: photograph of the Fe;O4
MNPs in the absence and
prescence of an external magnetic
field

500 pL of 3-LG-containing solution was added to the Fe;04-
aptamer/cDNA-C-dots bioconjugates. After incubation at
room temperature for 60 min, the released C-dots were then
collected by magnetic separation and their fluorescence inten-
sities were recorded accordingly.

Real sample preparation and measurements

A sample of a commercial HF (Nutrilon pepti®, Nutricia) was
prepared as a suspension of 200 mg mL™" in PBS (pH 7.5).
The aqueous suspension was manually skimmed after heated
at 40 °C for 30 min, centrifugated and cooled for 15-20 min in
an ice-bath. The skimmed suspension was subsequently acid-
ified to pH 4.6 with 2 M HCI. After 20 min, the acidified
suspension was centrifuged to sediment the caseins. The su-
pernatant was collected and filtered through a 0.2 um mem-
brane. Finally, 1| M NaOH was employed to neutralise the
solution. The determination of (3-LG was performed as de-
scribed in Procedure for the detection of 3-LG.

Results and discussion
The principle of B-LG detection

The fabrication of the bioconjugates and detection principle of
the assay are shown in Scheme 1. Without (3-LG, the resulting
Fe;04-aptamer/cDNA-C-dots bioconjugates can be separated

Fig. 2 a TEM image of C-dots, a
the inset image is high-resolution

TEM. (B) UV-vis absorption

(solid line), excitation (dot line)

and emission (dash line) spectra

of C-dots. Inset: photographs of

the aqueous dispersed C-dots so-

lution under daylight and 365 nm

UV irradiation
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readily by a magnet. Therefore, the supernatant contains
no free C-dots, and thus no fluorescence emission can
be detected. When (-LG is present, the incubation of
B-LG with Fe;O4-aptamer/cDNA-C-dots would trigger
[3-LG-aptamer binding, and this causes some C-dots-
cDNA dissociating from the surface of Fe;O4-aptamer/
c¢DNA-C-dots. The more 3-LG molecules in the detection
system, the more Fe;O4-aptamer are combined with the target
and thus more C-dots-cDNA release into the solution.
Therefore, 3-LG concentration can be measured according
to the fluorescence intensity of C-dots in the supernatant.

Characterization of carboxyl-functionalized Fe;0,
MNPs

Figure la shows TEM image of carboxyl-functionalized
Fe;0, MNPs. The nanoparticles are approximately spherical,
and the average size is about 170 nm. The FT-IR spectrum of
carboxyl-functionalized Fe;04 MNPs is shown in Fig. 1b.
The obvious peak at 581 cm ' corresponds to the stretching
vibration of Fe-O bond. The peak at 3423 cm™' corresponds to
the stretching vibration of dissociative hydroxy groups. The
peaks at 1617 cm ' and 1400 cm ™" are assigned to the asym-
metric and the symmetric vibrations of COO-. This indicates
that carboxy groups cover the magnetic particles after
solvothermal polymerization. The Fe;04 MNPs can be readily
dispersed in buffer and subsequently separated from the
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Fig. 3 a UV-vis spectra of the a b Cc
plain and functionalized Fe;O4 1.0 ~ 1200
MNPs. b Fluorescence spectra of 3 Fe,0,-aptamer 2 10001 — CDs-cDNA(a)
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dispersion within several seconds by an external magnetic
field (inset of Fig. 1b).

Characterization of C-dots

As shown in Fig. 2a, the resulting C-dots are relatively uni-
form in size and exhibit a relatively narrow size distribution
between 1.5-3 nm (Fig. S1). The inset in Fig. 2a shows the
lattice spacing of 0.21 nm, which corresponds to the [102]
facet of graphite [28]. Figure 2b shows the UV-vis absorption
spectrum and fluorescence spectrum of the prepared C-dots. It
can be seen that the prepared C-dots have absorption peaks at
350 nm and 240 nm, respectively. According to the reference
[29], the peak at 240 nm is attributed to 7-7t* transition of
aromatic C = C bonds, while the absorption at 350 nm is at-
tributed to n-7t* transition of C=0 bonds. The FT-IR
spectrum of C-dots also proves the existence of carbon-
yl groups (Fig. S2). The maximum excitation and emis-
sion wavelengths of the C-dots are 354 nm and 437 nm, re-
spectively. The aqueous dispersion of C-dots solution exhibits
colorless with blue luminescence under 365 nm UV illumina-
tion (inset of Fig. 2b).

Characterization of oligonucleotide conjugated
nanoparticles

The aptamer and cDNA were covalently attached on the car-
boxyl terminated Fe;04 MNPs and C-dots, respectively, using

carbodiimide chemistry as described in the experimental sec-
tion. Plain and functionalized Fe;O, MNPs were character-
ized using UV-vis spectroscopy as presented in Fig. 3a. The
spectrum collected from aptamer functionalized Fe;0, MNPs
shows the emergence of characteristic DNA absorption at
260 nm [30], which indicates that aptamer has been conjugat-
ed onto the surface of Fe;O, MNPs successfully.

The emission peak of cDNA-conjugated C-dots exhibits a
red shift as compared with the fluorescence spectrum of C-dots
(Fig. 3b) (Aex =354 nm). This is mainly due to the covalent
binding of cDNA to the C-dots surface and consequent alter-
ation of the C-dots surface charge [31, 32] as well as the size
increase of C-dots [33]. For further confirmation, the C-dots-
cDNA conjugates were analyzed using agarose gel electropho-
resis as presented in Fig. 3c. C-dots-cDNA migrated
slower than cDNA due to the increase of mass-to-charge ratio
of C-dots-cDNA. This result is corresponding to the previous
report [34], proving the successful conjugation of cDNA to C-
dots.

Optimization of experimental conditions

The following parameters were optimized: (A) concen-
tration of Fe;0, MNPs; (B) concentration of C-dots; (C) hy-
bridization temperature; (D) hybridization time. Respective
experimental data and figures are given in Fig. S3. The fol-
lowing experimental conditions were found to give best re-
sults: (A) concentration of Fe;04 MNPs: 0.2 mg mL ' (B)

Fig. 4 a Fluorescence spectra of a
the assay (Aex/em = 354/447 nm) = 600
in the presence of different 3
concentrations of 3-LG (from a to ; 500+
h:0.25,0.5, 1, 2.5, 5, 10, 25, @ 400-
50 ng mL™"). b Calibration plot: §
fluorescence intensity F versus £ 3001
log[B-LG] 8 200
3
3 1001
<
o 0
3 400
W

Wavelength (nm)

5001 F=183.1 logC+159.9

400] R*=0.9965
h

300

200
a 1004

0 —
1.0 05 0.0 05 1.0 1.5 2.0
log[p-LG] (ng mL")

Fluorescence intensity (a.u.) o

500 600
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Fig.5 aResponses ofthe assay to a b

B-LG (10 ng mL™") and other —~ 400 —~ 400

lactoproteins (.100 ng mL ™). b g 350- z 350+ S P I S

Fluorescence intensity of the as- ~ = 3004

say to B-LG (10 ng mL™") in the 2 3001 2 250

absence and presence of other 2 2504 2

metal ions and interferents: Na*, g 200 g 200

K", Glu, Gal and Man (2 mM), ° © 150-

Ca®* (0.2 mM), Mg®* (0.3 mM), Q 150+ S 1001

Fe** (0.02 mM), Zn** (0.01 mM), @ 100 3 50l

Cu?* and Mn?* (1 mM), AA § 50 2 4

(0.1 mM), Fru (0.8 mM) § o] - § Q5\5; K“%o"ﬁog,@&x 3 ;"g Kogsgox%ﬁ}@: @,,:’ <&
i B-LG BSA casein y-globulin i & ”'\;-\«og"o%“’ow\’os"o@’o i “?'V%z“’o \

concentration of C-dots: 0.5 mg mL™'; (C) hybridization tem-
perature: 37 °C; (D) hybridization time: 2 h.

Analytical performance of the assay

Under the optimized detection conditions, 3-LG can be quan-
titatively detected by observing the fluorescence intensity of
the released C-dots in the solution (Aey/em = 354/447 nm). The
increased fluorescence intensity is directly proportional to the
logarithm of 3-LG concentration in the range from 0.25 to
50 ng mL ™' (Fig. 4a). The calibration curve (Fig. 4b) fits a
regression equation of F = 183.1 logC + 159.9 with a correla-
tion coefficient of R?=0.9965 (where F is the fluorescence
intensity of the released C-dots, C is the concentration
of B-LG). The limit of detection of 37 pg mL™' is
obtained based on 30/k (where, o is the standard devi-
ation of blank measurements (n=10), and k is the slope
of calibration curve). The analytical performances of the pres-
ent assay for 3-LG detection along with the others reported in
literatures are all summarized in Table S1. As can be
seen, the assay exhibits a broad linear range and its sensitivity
is comparable to the corresponding values observed in most of
the works.

Table 1  The intra-day and inter-day precisions of the 3-LG determina-
tion (n=3)
Concentration of  intra-day RSD (%) inter-day RSD (%)
-LG (ng mL ™) (ng mL ") (ng mL ™)
0.50 0.47 4.5 0.43 6.6
0.44 0.49
0.48 0.47
5.00 4.70 3.8 5.20 5.8
5.07 4.82
4.88 5.40
40.00 37.04 32 44.63 5.7
38.87 4191
39.36 39.87

Specificity and reproducibility

To evaluate the specificity of the fabricated assay for 3-LG, three
lactoproteins including BSA, casein and y-globulin were all in-
vestigated. As shown in Fig. 5a, it is obvious that the fluores-
cence signals to BSA, casein and 'y-globulin are neglectable with
the concentration of 100 ng mL ", while an obvious increase in
fluorescence signal is observed for 3-LG with a concentration of
10 ng mL™". This result suggests that the assay possesses high
selectivity. No obvious interfering effects are observed in the
prescence of other metal ions and interferents. As shown in
Fig. 5b, the fluorescence intensity keeps almost no changed
when (-LG is mixed with other metal ions and
interferents, compared with that of 3-LG alone. The
intra-day and inter-day relative standard deviations (RSDs)
of this method are all less than 10% (Table 1). These results
suggest that the method exhibited has good reproducibility.

Analytical application in real sample

To further investigate the potential practical application of the
method, this assay was applied to the determination of 3-LG in
a HF sample subjected to a simple pre-treatment process. The
results are shown in Table 2. According to the reference reported
[35], the amount of 3-LG in HF is below 0.5 ppm. The result of
our detection is coincided with the reference. As can be seen, the
average recoveries of the spiked 3-LG range from 88.4% to
93.8% with a satisfying analytical precision (RSD <6.4%). All
of the findings indicate the acceptable accuracy

Table 2 Determination of (3-LG in hypoallergenic formulas by the
fluorescent assay built (n=3)

Sample Spiked (ng gfl) Found (ng gfl) Recovery (%) RSD (%)

1 0.00 43.05 - 4.7
2 40.00 78.41 88.4 6.4
3 80.00 115.77 90.9 4.2
4 120.00 155.61 93.8 35
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and validity of the assay as applied to 3-LG detection
in real samples.

Conclusion

In this work, a novel aptamer based fluorescent assay for
quantification of 3-LG in hypoallergenic formulas is reported.
To the best of our knowledge, there has never been a report on
the application of aptamer based fluorometric 3-LG assay
until now. The platform exhibits several advantages compared
to previous (3-LG assays: (1) The aptamer exploited in our
approach is easily available and more stable than commonly
used antibodies; (2) the C-dots used in this method make our
approach more promising for 3-LG detection than other
methods based on dye-doped fluorescent nanoparticles or
quantum dots, owing to the excellent photostability, and the
autofluorescence-background-free feature of C-dots; and (3)
the introduction of magnetic separation has been found to be
effective for 3-LG detection. As a result, highly sensitive de-
tection of as low as 37 pg mL™' B-LG as well as
satisfactory recoveries ranging from 88.4% to 93.8% in
practical samples have been realized, indicating its
promising future in dairy products quality control. We
believe that this novel strategy provides not only a promising
method for B-LG detection but also a universal model for
detecting diverse targets in various fields by changing the
corresponding aptamer.
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Fig. S2 FT-IR spectrum of C-dots
The absorption peak at 1555 cm™ is attributed to the in-plane bending vibration of
-NH. The characteristic peak around 1657 cm™ is attributed to the stretching vibration
of C=0. The existence of strong absorption peak of -OH and -NH around 3423 cm™

indicates that there are plenty of carboxyl and amino groups on the surface of C-dots.
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Fig. S3 The effects of different concentrations of Fes0, MNPs (A) and C-dots (B),
hybridization temperature (C) and hybridization time (D) on the fluorescence

responses of the aptasensor upon the exposure to 10 ng mL™ of B-LG



Table S1 The analytical performances comparison between the proposed method and

the other techniques

Methods Linear range LOD Reference
Capillaryelectrophoresis ~ 5x10%°-10" M 5x10°M [1]
HPLC 0.4-60 ug mL™ 0.06 pgmL™ [2]

Electrochemica

-1 -1
magnetoimmunosensing 2.8-100 ng mL 0.8 ng mL [3]
Voltammetric 0.001-100ngmL?  0.85pgmL" 4]
I mmunosensor
Optical near field 0.1-100 pug mL ™ N/A [5]
bi osensor
Surface plasmon 50-4000ngmL? 554 ngmL? [6]
resonance
.CO|OUI’I metric 10-10°ng mL N/A (7]
I mmunosensor
\Voltametric aptasensor ~ 0.1-100 ng mL™ 20 pgmL™* [8]
FlLorescent 0.48-62.5ngmL™*
. and 125-4000ng 049 ngmL™ [9]
immunoassay Lt

Fluorescent aptasensor ~ 0.25-50 ng mL™ 37pgmL* This work
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