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A B S T R A C T

We described an aptamer based and Mg2+ mediated free zone capillary electrophoresis-laser induced fluores-
cence (CE-LIF) assay for aflatoxin B1 (AFB1) detection. This CE-LIF assay applied an anti-AFB1 aptamer with a
single fluorescein (FAM) label at 5′ end and a short complementary DNA (cDNA). In the absence of AFB1, the
cDNA hybridized with the aptamer probe and formed a duplex DNA. The use of running buffer containing MgCl2
allowed good isolation of the duplex DNA from the single stranded DNA in CE. We found introducing a biotin
label on the cDNA further improved the isolation. When AFB1 existed in sample solution, the aptamer probe
bound with AFB1, dissociating from the duplex DNA. Thus, the duplex DNA peak decreased, while the aptamer
probe peak increased during CE-LIF analysis. We achieved detection of AFB1 by measuring the aptamer probe
peak. The length of cDNA, the ratio of aptamer to cDNA, and the concentration of MgCl2 in sample buffer and
separation buffer had great effect on the aptamer based CE-LIF assay. Under optimized conditions, the detection
limit of AFB1 was 0.2 nM, and the dynamic range was from 0.2 nM to 500 nM. Limit of quantitation was 0.5 nM.
This CE-LIF assay enabled detection of AFB1 spiked in diluted human serum, diluted human urine, and corn flour
samples. This assay exhibits potential for wide application as it integrates the rapidity, high sensitivity, low
sample consumption of CE-LIF analysis and the strengths of aptamer.

1. Introduction

Affinity capillary electrophoresis (CE) integrates the strengths of
specific molecular recognition of affinity ligands and CE separation in
rapidity, low sample consumption (nL levels) and high separation ef-
ficiency [1]. Affinity CE shows broad applications in target analysis,
drug screening, chiral separation, molecular interactions study, and etc.
[2,3]. Coupled with electrophoresis-laser induced fluorescence (LIF)
detection, affinity CE shows high sensitivity for target detection [4].
Antibody is commonly used in affinity CE analysis of small molecules in
a competitive format, which usually requires a fluorescent analogue of
the small analyte [5]. However, the immunoaffinity CE assays for small
molecules meet some limitations, such as the difficult preparation of
fluorescent analogue of target analyte, high cost, and poor stability of
antibodies.

Aptamers, single-stranded oligonucleotides which can specifically
bind to targets with high affinity, have emerged as an alternative of
antibodies [6–10]. Aptamer affinity CE is usually capable of direct
detection of proteins with a fluorescently labeled aptamer probe,

depending on the changes of charge to mass ratios of protein-aptamer
complex and aptamer probe [11–13]. However, the aptamer CE assay
for small molecules by using a fluorophore labeled aptamer is relatively
difficult because the small molecule binding to aptamer does not cause
large change of electrophoretic mobility of the fluorescently labeled
aptamer. It is noted that the target binding can displace the aptamer
from the duplex of aptamer and complementary DNA, causing aptamer
structure switch [14,15]. Combination of this aptamer structure
switching property provides an indirect mean to detection of small
molecules with aptamer CE analysis [16–19]. Different CE modes have
been applied to separate the duplex DNA and the aptamer probe, such
as CE using micellar phase [16], CE using sieving agents [17], and
metal cation mediated free zone CE (MCM-CE) [18,19]. In MCM-CE, the
oligonucleotides with different sizes show different electrophoretic
mobilities due to the nonspecific interactions of divalent metal ions,
e.g., Mg2+ and Ca2+ with oligonucleotides [20]. The MCM-CE enabled
well-resolved separation of duplex DNA and single stranded DNA se-
quences. This MCM-CE system is a gel-free CE method, and it is much
simpler in operation [20]. It has been applied to separation of nucleic
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acids and nucleic acid hybridization and conformation related analyses
[20]. Based on MCM-CE and aptamer structure switch, Deng et al. re-
ported CE-LIF detection of cocaine [18]. Tang et al. applied this MCM-
CE mode to the detection of organophosphorus pesticides by using
quantum dot labeled aptamer as a fluorescent probe [19].

Aflatoxin B1 (AFB1), one of the most toxic aflatoxin among myco-
toxins, has been proved to be a human liver carcinogen and listed in
Group 1 by the International Agency for Research in Cancer [21,22].
Many foodstuffs, like cereals, maize, rice, nuts, dried fruit, spices, oil,
and etc., are susceptible to AFB1 contamination. Sensitive detection of
AFB1 is important for food safety, quality control, environmental ana-
lysis, and health risk. The usual methods for AFB1 detection include
chromatography assays, such as high performance liquid chromato-
graphy (HPLC) with fluorescence detection, and liquid chromatography
tandem mass spectrometry (LC-MS) [23–27]. These methods are se-
lective and have good accuracy, but they usually need expensive in-
struments and tedious steps. Immunoantibody based sensors and assays
are also often applied to detect AFB1 [28–31], and they meet some
limitations of antibody in preparation, cost, and stability. Benefiting
from the successful selection of anti-AFB1 aptamer [32], aptamer based
assays have become available, such as fluorescence assays, electro-
chemistry assay, colorimetric assay, and etc., overcoming limitations of
immunoassays [33–37].

In this work, we described an aptamer CE-LIF assay for aflatoxin B1
(AFB1) detection by taking advantages of MCM-CE and aptamer
structure switch. This assay used a fluorescently labeled aptamer and a
short complementary DNA (cDNA). In the absence of AFB1, the probe
hybridized with the cDNA to form a duplex DNA. When AFB1 existed,
aptamer probe bound to AFB1 instead of the cDNA, leading to the de-
crease of aptamer-cDNA duplex. By using Mg2+ mediated free zone CE,
the duplex DNA and the aptamer probe were well separated and mea-
sured, and we achieved the AFB1 detection by measuring the increase
of the aptamer probe peak caused by AFB1 addition. The effects of
cDNA length, the ratio of aptamer to cDNA, and the concentration of
MgCl2 in sample buffer and separation buffer were optimized. We found
introducing a biotin label on the cDNA allowed a better isolation of the
cDNA-aptamer probe duplex and the aptamer probe. Under optimized
conditions, our CE-LIF analysis enabled a detection limit of 0.2 nM
AFB1. Detections of AFB1 spiked in complex sample matrix, like diluted
human serum, human urine, and corn flour samples, were also
achieved.

2. Materials and methods

2.1. Materials and reagents

Aflatoxin B1 (AFB1), ochratoxin A (OTA), ochratoxin B (OTB),
zearalenone (ZAE), fumonisin B1 (FB1), fumonisin B2 (FB2), and im-
munoaffinity columns for AFB1 extraction were purchased from
Pribolab (Singapore). All DNA oligonucleotides were synthesized and
purified by Sangon Biotech (Shanghai, China). A DNA aptamer against
AFB1 (5′-TGC ACG TGT TGT CTC TCT GTG TCT CGT GC-3′) with single
fluorescein (FAM) label at the 5′ end, was used as the affinity probe in
CE-LIF analysis. Different lengths of complementary DNA (cDNA) oli-
gonucleotides of the aptamer probe were conjugated with one biotin at
3′ terminal, and the sequences were listed in Table S1 in Supplementary
material. Streptavidin (SA) was ordered from Sangon Biotech
(Shanghai, China). Human serum was purchased from Zhongke Chenyu
Biotechnology (Beijing, China), and urine sample was obtained from a
volunteer in our lab. Corn flour sample was bought from a local market.
Without other statements, the following buffer solutions were used after
filtration with 0.22 μm filter. Separation buffer for CE analysis was
1×TG buffer (25mM Tris, 192mM glycine, pH 8.3) containing 2mM
MgCl2. Sample buffer for CE analysis consisted of 10mM Tris-HCl, (pH
7.5), 10mM MgCl2 and 0.1 mg/mL BSA. All solutions were prepared
with ultrapure water (18.2MΩ) obtained from an Elga Labwater System

(Purelab Ultra Genetic, England). All other reagents were of analytical
grade.

2.2. CE-LIF analysis

CE-LIF analysis was performed on a P/ACE MDQ system (Beckman
Coulter, Brea, CA, USA) coupled with a LIF detector. The LIF detector
has an excitation wavelength of 488 nm and an emission wavelength of
520 nm. An uncoated fused-silica capillary (Yongnian Company, Hebei,
China) with an inner diameter of 25 μm and a outer diameter of 365 μm
was employed. The total length of capillary was 40 cm, and the effective
length (distance between the detection window and the inlet of the
capillary) was 11 cm. Before used, the capillary was firstly treated with
100mM NaOH for 12 h, and then rinsed with 20mM NaOH for 5min,
H2O for 3min and separation buffer for 30min daily. Between each
sample, the capillary was rinsed with H2O for 3min, 20mM NaOH for
5min, then H2O for 3min again, and last separation buffer for 5min.

For sample preparation, the aptamer probe was firstly incubated
with different concentrations of AFB1 in sample buffer for 10 min at
4 °C, and the complementary DNA (cDNA) was then added to a final
volume of 100 μL. The final concentration of aptamer probe and cDNA
were 20 nM and 80 nM, respectively. After another incubation of
45 min at 4 °C, the sample was injected at 5 psi for 5 s, and then the CE-
LIF analysis was performed in the separation buffer (1 × TG buffer
+2 mM MgCl2) under the voltage of 30 kV at 25 °C. The collected data
were handled by 32 Karat software (Beckman Coulter, Fullerton, CA,
USA) and the peak area of aptamer probe was used for detection of
AFB1.

3. Results and discussion

3.1. Principle of the aptamer based CE-LIF assay for AFB1 and feasibility
test

Scheme 1 shows the principle of the aptamer based CE-LIF assay for
AFB1 detection with Mg2+ mediated free zone CE-LIF analysis. In our
design, FAM-labeled aptamer is used as the affinity probe. In the ab-
sence of AFB1, the aptamer probe hybridizes with a short com-
plementary DNA (cDNA), forming a duplex DNA. When AFB1 is added,
AFB1 competes with this cDNA to bind with aptamer, leading to the
dissociation of duplex DNA. Thus, the amount of duplex DNA decreases,
while the amount of AFB1-aptamer complex increases. Mg2+ mediated
free zone CE allows to separate and measure the duplex DNA and ap-
tamer probe by using a separation buffer containing MgCl2 [20]. The
duplex DNA is well separated from FAM-labeled aptamer in CE se-
paration. AFB1 detection can be achieved by measuring the changes of
peak areas of the duplex DNA peak (corresponding to Peakduplex) and
the aptamer probe peak (corresponding to Peakaptamer).

Firstly, we used the biotinylated cDNA having 13 nucleotides
complementary with aptamer (C13-3Bio) to test the feasibility of our
aptamer CE-LIF assay (Fig. 1). In this test, we used the buffer containing
10mM Tris-HCl, (pH 7.5), 10mM MgCl2 and 0.1 mg/mL BSA as the
sample buffer, and the TG buffer containing 2mM MgCl2 was employed
as the separation buffer in CE-LIF analysis. Under this condition, the
FAM-labeled aptamer probe appeared as a sharp peak during CE-LIF
analysis (Fig. 1a). When the sample containing 20 nM aptamer probe
and 80 nM cDNA (C13-3Bio) was injected and analyzed at the same
condition, a new peak (corresponding to duplex DNA, Peakduplex) ap-
peared at a shorter migration time, and the peak of aptamer probe
(Peakaptamer) showed significant reduction (Fig. 1b). It indicates the
formation of duplex of aptamer and cDNA. It also shows that the duplex
of aptamer probe and cDNA can be well separated from single stranded
aptamer probe in the separation buffer containing MgCl2 during CE-LIF
analysis [18,20]. As Fig. 1c shows, the addition of 20 nM AFB1 in
sample containing aptamer probe and cDNA caused a great decrease of
Peakduplex and a large increase of Peakaptamer during CE-LIF analysis. It
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indicates that the presence of AFB1 reduces the duplex DNA amount
because aptamer binds with AFB1 instead of the cDNA. Clearly, the
proposed CE-LIF method using MgCl2 mediated free zone CE-LIF ana-
lysis allows for the detection of AFB1. As the signal-on strategy pos-
sesses better sensitivity, we measured the increase of area of Peakaptamer

to achieve detection of AFB1 though the measurement of decrease of
Peakduplex could also worked for AFB1 detection.

We also tested the separation of duplex DNA formed by the cDNA
without biotin label (C13) and aptamer (Fig. S1 in Supplementary
Material). As comparison, the use of the C13-3Bio allowed better se-
paration efficiency of the duplex DNA than the use of the unlabeled
C13. It shows the introduction of biotin label in the cDNA can improve
the separation of the formed duplex DNA from the aptamer probe.

In addition, to further enlarge the difference of electrophoretic
mobilities of duplex DNA and aptamer, we also attempted to conjugate
streptavidin (SA) on the cDNA (SA-labeled C13) through SA and biotin
interaction to change the mass-to-charge ratio of the duplex DNA and
aptamer probe. As Fig. S2 shows, multiple small peaks appeared at
short migration time when 20 nM aptamer probe and 60 nM SA-labeled

C13 were applied, and the peak of aptamer probe showed an obvious
decrease. It shows the use of SA as label indeed helps to separate the
complex from the aptamer probe. The multiple small complex peaks are
possibly because SA binds with biotinylated oligonucleotides in dif-
ferent ratios. With the addition of AFB1 in sample, the multiple small
complex peaks decreased, and the peak of aptamer probe significantly
increased gradually. It indicates that SA as a label for the duplex DNA in
the system can also be used to detect AFB1 by CE-LIF analysis. How-
ever, the procedure using biotinylated cDNA is much simpler. Finally,
the biotinylated cDNA and the aptamer probe were used to develop
assay for AFB1 detection using CE-LIF analysis.

3.2. Optimization of experimental conditions

The affinity binding between aptamer and AFB1 was characterized
in our previous work, and experimental conditions (e.g., metal ions,
incubation temperature, and incubation time) that affected the binding
were systematically investigated [38,39]. To improve sensitivity of our
CE-LIF assay using aptamers, here we optimized several key experi-
mental conditions, including the length of cDNA, the ratio of aptamer to
cDNA, and the concentration of MgCl2 in sample buffer and separation
buffer. Firstly, cDNAs with different lengths were incubated with ap-
tamer and AFB1, and then were analyzed by this CE-LIF assay (Fig. 2).
As shown in Fig. 2, the cDNAs with longer lengths gave larger increase
of the duplex DNA peak and more decrease of the aptamer probe peak
during CE-LIF analysis. The results indicate the use of cDNAs with
longer lengths allows for more stable duplex, leading to smaller Pea-
kaptamer in the absence of AFB1. Fig. 2C shows the change of area of
Peakaptamer caused by AFB1-binding (shown by the ratio of area of
Peakaptamer in the presence of AFB1 to the area of Peakaptamer in the
absence of AFB1) when different lengths of cDNAs were applied. The
15-mer biotinylated cDNA (C15-3Bio) gave the largest increase, about
34-fold, and it was chosen for the following experiments.

We further optimized the ratio of aptamer to cDNA in sample buffer.
20 nM aptamer probe was incubated with 20 nM, 40 nM, 60 nM and
80 nM 15-mer biotinylated cDNA (C15-3Bio), respectively, which cor-
responded to the aptamer to cDNA ratios of 1:1, 1:2, 1:3 and 1:4, re-
spectively (Fig. S3). Compared with the results obtained by aptamer to
cDNA ratios of 1:1 and 1:2, the aptamer to cDNA ratios at 1:3 and 1:4
allowed for larger peak area of duplex DNA and smaller peak area of
aptamer probe when AFB1 was absent. With the addition of 20 nM
AFB1, the peak of aptamer probe increased to almost the same area
when the ratios of 1:3 and 1:4 were used. The aptamer to cDNA ratio at
1:4 generated the smallest signal for the blank sample without con-
taining AFB1 and the largest increase of aptamer probe caused by AFB1
sample (20 nM) (Fig. S3C). Therefore, 80 nM C15-3Bio was applied in
our assay.

Scheme 1. A schematic illustration of the
aptamer based capillary electrophoresis-
laser induced fluorescence (CE-LIF) assay
for AFB1 with Mg2+ mediated free zone CE-
LIF analysis. AFB1 competes with a short
complementary DNA (cDNA) in binding to a
FAM-labeled aptamer probe, leading to the
change from the duplex of aptamer and
cDNA to the AFB1-aptamer complex. By
using MgCl2 mediated free zone capillary
electrophoresis, the duplex DNA (corre-
sponding to Peakduplex) is well isolated from
the FAM-labeled aptamer (corresponding to
Peakaptamer) in CE with separation buffer
containing MgCl2. The AFB1-aptamer
binding causes the decrease of Peakduplex
and increase of Peakaptamer, so AFB1 detec-
tion is achieved by measuring the changes of
Peakduplex and Peakaptamer.

Fig. 1. Feasibility test of the aptamer based CE-LIF assay for AFB1 with Mg2+

mediated free zone CE-LIF analysis. (a) Electropherogram of 20 nM aptamer
probe. (b) Electropherogram of the sample containing 20 nM aptamer probe
and 80 nM 3′ end biotinylated single stranded DNA (C13-3Bio) having 13 nu-
cleotides complementary with aptamer probe. (c) Electropherogram of the
sample containing 20 nM aptamer probe, 80 nM C13-3Bio and 20 nM AFB1. The
peak corresponding to the aptamer probe and the peak corresponding to the
duplex of aptamer probe and cDNA were indicated in the electropherograms.
The sample buffer contained 10mM Tris-HCl (pH 7.5), 10mM MgCl2 and
0.1mg/mL BSA. The separation buffer contained 25mM Tris (pH 8.3), 192mM
glycine and 2mM MgCl2.
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MgCl2 plays an important role for AFB1 and cDNA in binding to
aptamer and the separations of DNA in MCM-CE [20,33]. We firstly
tested the influence of MgCl2 in the sample buffer. With the increase of
MgCl2, the peak of duplex DNA increased, and the peak of aptamer
probe decreased when AFB1 was absent (Fig. 3A). It suggests that
MgCl2 is favorable for the forming of duplex DNA. The blank sample
gave smaller aptamer probe peak during CE-LIF analysis when the
sample buffer containing 10mM MgCl2 or 20mM MgCl2 was used.
When 20 nM AFB1 was present, the peak of aptamer probe increased at
these tested MgCl2 concentrations (Fig. 3B). When 20mM MgCl2 was
used in sample buffer, the separation of duplex DNA and aptamer probe
became poor. Therefore, we applied the sample buffer containing
10mM MgCl2 that allowed to produce small signals for blank samples
and large signal changes caused by AFB1. Our previous study showed
MgCl2 was needed in the affinity binding between AFB1 and aptamer
[38,39]. When the binding buffer does not contain MgCl2, the aptamer
did not bind with AFB1 [38,39]. Previous study has shown NaCl does
not cause significant effect on the binding affinity of aptamer against
AFB1 [38,39]. However, the addition of high concentration of NaCl
affects the CE separation of DNA and make DNA peaks become poor, so
we did not add NaCl and other salt in the sample solution.

We then tested the influence of MgCl2 in the separation buffer for
CE-LIF analysis of AFB1 (Fig. 4). When the TG separation buffer did not
contain MgCl2, only one peak was observed at about 0.5min in CE-LIF
analysis, and it shows that the duplex DNA and free aptamer can not be
separated at this condition. As 1mM MgCl2 was added in the TG se-
paration buffer, the migration times of duplex DNA and aptamer probe
were close, and the separation efficiency was low, while the addition of
2mM MgCl2 in separation buffer allowed good separation of the duplex
DNA from the aptamer probe. When 4mM MgCl2 was applied in the
separation buffer, the aptamer probe peak was smaller and the peak of
duplex DNA was higher in the presence of 20 nM AFB1 (Fig. 4B). It is
possibly because the duplex DNA formed by cDNA and aptamer was
more stable in the presence of 4mM MgCl2, and it was difficult for
AFB1 to displace the complementary DNA. In addition, the migration
times of duplex DNA and aptamer probe were both extended along with
the increase of concentration of MgCl2 in the separation buffer. The use
of 4mM MgCl2 caused slower separation. The results suggest that
MgCl2 has significant effect on the electrophoretic mobilities of duplex

DNA and free aptamer. Possibly, this is due to the interactions between
Mg2+ and phosphate groups or bases of DNA, partially neutralizing the
negative charges of DNA and changing the conformation of DNA [20].
This nonspecific interactions of Mg2+ make the electrophoretic mobi-
lities of duplex DNA and free aptamer different, leading to the suc-
cessful separation of duplex DNA from aptamer [20]. Thus, TG buffer
(25mM Tris, 192mM glycine, pH 8.3) containing 2mM MgCl2 was
used as the separation buffer to get better and rapid separation in CE-
LIF analysis.

3.3. AFB1 detection

Under optimized conditions, we achieved the successful detection of
AFB1 by using the FAM-labeled aptamer probe and the 15-mer bioti-
nylated cDNA in CE-LIF analysis. With the addition of different con-
centrations of AFB1, the peak of aptamer probe gradually increased,
and the peak of duplex DNA decreased (Fig. 5A). By measuring the peak
area of aptamer probe, AFB1 was finally detected. The limit of detection
(LOD) for AFB1 reached 0.2 nM, determined by 3 times of standard
division of the peak area of aptamer probe when AFB1 was absent. The
limit of quantitation (LOQ) for AFB1 was 0.5 nM, determined by 10
times of standard division of the peak area of aptamer probe when
AFB1 was absent. The linear range for quantitation from 0.5 nM to
20 nM (y = 2870x + 1030, R2= 0.9979; here y is the peak area of
aptamer probe, and x is the concentration of AFB1). The dynamic de-
tection range for AFB1 detection was from 0.2 nM to 500 nM. Fig. 5B
shows the relationship between the peak area of aptamer probe and the
logarithm of the concentration of AFB1.

Compared with some other aptamer based assays for AFB1 [33–41]
(Table S2), our CE-LIF assay possesses a medium sensitivity, and it only
requires very small volumes of sample. The separation of duplex DNA
and free aptamer could be finished within 3min in TG buffer containing
2mM MgCl2. In comparison with other aptamer based CE assays for
small molecules detection [16,17], this CE-LIF analysis employs MgCl2
mediated free zone CE mode for DNA separation, and it is much simpler
in operation, without needing sieving agents for CE separation of
double stranded DNA and single stranded DNA. We also compared our
aptamer based CE-LIF assay with a few usual methods that did not use
aptamers, like HPLC and antibody based assays (Table S3 in

Fig. 2. Effect of the length of cDNA. (A)
Electropherograms of the samples containing ap-
tamer probe (20 nM) and the biotinylated cDNAs
with different lengths (80 nM). (B)
Electropherograms of the samples containing ap-
tamer probe (20 nM), AFB1 (20 nM) and biotinylated
cDNAs with different lengths (80 nM). C11-3Bio (a),
C12-3Bio (b), C13-3Bio (c), C14-3Bio (d), C15-3Bio
(e) and C16-3Bio (f) were tested. (C) Effect of the
length of cDNA on the change of peak areas of ap-
tamer probe caused by AFB1-binding (The area of
Peakaptamer in the presence of AFB1 was divided by
the area of Peakaptamer in the absence of AFB1). The
sample buffer contained 10mM Tris-HCl (pH 7.5),
10mM MgCl2 and 0.1mg/mL BSA. The separation
buffer contained 25mM Tris (pH 8.3), 192mM gly-
cine and 2mM MgCl2.
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Supplementary material). The LOD for AFB1 in our method is com-
parable to that in some of the reported methods.

3.4. Selectivity test

To evaluate the selectivity of our aptamer-based CE-LIF assay for
AFB1, we tested several mycotoxins, including ochratoxin A (OTA),
ochratoxin B (OTB), zearalenone (ZAE), fumonisin B1 (FB1) and fu-
monisin B2 (FB2). When 100 nM these tested mycotoxins incubated
with aptamer probe and cDNA, the duplex DNA peak and the aptamer
probe peak showed negligible change, while 20 nM AFB1 induced ob-
vious increase of the aptamer probe peak and decrease of the duplex
DNA peak (Fig. S4A). The co-existence of these tested mycotoxins and
AFB1 induced similar change of duplex DNA and aptamer probe in
comparison with 20 nM AFB1 (Fig. S4B), indicating the co-existence of
the tested mycotoxins does not interfere with AFB1 detection. Our
previous work found this aptamer can still bind with other analogues of
AFB1 [39], such as aflatoxin B2 (AFB2), aflatoxin M1 (AFM1), aflatoxin
M2 (AFM2), aflatoxin G1 (AFG1), and aflatoxin G2 (AFG2) with

different binding affinities, which was also reported in the original se-
lection of aptamers [32]. It can be attributed that the different types of
aflatoxins have similar structures, and it is challenging for the aptamer
to totally recognize the differences between them. The determined Kds
of the aptamer for AFB1, AFB2, AFM1, AFM2, AFG1, and AFG2 are
about 56 nM, 105 nM, 230 nM, 302 nM, 1.3 μM, and 1.7 μM, respec-
tively [39]. The cross-reactivities of AFB1, AFB2, AFM1, AFM2, AFG1,
and AFG2 with aptamer were estimated to be 100%, 61%, 23%, 21%,
6.3%, and 6.5%, respectively [39]. Therefore, the presence of these
aflatoxins can cause interference in the detection of AFB1 by using the
aptamers, and a pretreatment of samples is needed when other afla-
toxins are present, especially for AFB2, AFM1 and AFM2. AFG1 and
AFG2 cause relatively less interference to the detection of AFB1 because
the aptamer shows lower binding affinity to AFG1 and AFG2 [32,39].
The cross-reactivity to different types of aflaotoxins is also found for
antibody based assays [30]. Therefore, the aptamer-based assays and
the antibody assays are not as good as HPLC in selectivity for detection
of AFB1 (Table S3 in Supplementary Material).

We further tested the feasibility of AFB1 detection in complex
sample matrix by using our aptamer-based CE-LIF assay. Diluted human
serum and urine samples were selected as complex sample matrix.

Fig. 3. Effect of MgCl2 in sample buffer on the performance of CE-LIF analysis
of AFB1. (A) Electropherograms of the sample containing 20 nM aptamer probe
and 80 nM C15-3Bio. (B) Electropherograms of the sample containing 20 nM
aptamer probe, 20 nM AFB1 and 80 nM C15-3Bio. The sample buffer contained
10mM Tris-HCl (pH 7.5), 0.1 mg/mL BSA and different concentrations of
MgCl2. The separation buffer contained 25mM Tris (pH 8.3), 192mM glycine,
and 2mM MgCl2.

Fig. 4. Effect of MgCl2 in the separation buffer on the performance of CE-LIF
analysis of AFB1. (A) Electropherograms of the sample containing 20 nM ap-
tamer probe and 80 nM C15-3Bio. (B) Electropherograms of the sample con-
taining 20 nM aptamer probe, 20 nM AFB1, and 80 nM C15-3Bio. The sample
buffer contained 10mM Tris-HCl (pH 7.5), 10mM MgCl2 and 0.1mg/mL BSA.
The separation buffer contained 25mM Tris (pH 8.3), 192mM glycine, and
different concentrations of MgCl2.
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Before diluting by sample buffer, human serum and urine were cen-
trifuged at 12000 rpm for 10min, and the collected supernate were
filtered with 0.22 μm membrane. Then various concentrations of AFB1
were spiked and analyzed by this CE-LIF assay. As shown in Fig. S5 in
Supplementary material, AFB1 spiked in 100-fold diluted human serum
and urine samples still induced the increase of aptamer probe and the
decrease of duplex DNA. The sensitivity of AFB1 detection in diluted
human serum and urine samples was lower than that obtained in
sample buffer, indicating the matrix had some effects. The recovery rate
of AFB1 spiked in 100-fold diluted serum sample ranged from 71% to
124%. The recovery rate of AFB1 spiked in 100-fold diluted urine
sample ranged from 67% to 130%. Some sample pretreatment can be
used to reduce the effects in CE-LIF analysis. Our method also allowed
to detect AFB1 spiked in corn flour sample. The recovery rates of AFB1
spiked in corn flour samples were determined to 61%–94% (Table S4 in
Supplementary Material). The results show that our CE-LIF assay en-
ables the detection of AFB1 in diluted human serum, urine, and corn
flour samples, and it has potential for real sample analysis. For practical
use, sample pretreatment is needed to reduce the matrix effects.

4. Conclusion

In summary, we developed an aptamer based CE-LIF assay for AFB1
detection by using a FAM-labeled aptamer as affinity probe and a
complementary DNA in a simple MgCl2 mediated free zone CE mode.
The duplex DNA, formed by aptamer and the complementary DNA, was
well separated from aptamer probe in the TG buffer containing 2mM
MgCl2. Upon AFB1 binding, the aptamer probe was displaced from the
duplex DNA, leading to the decrease of duplex DNA peak and the in-
crease of aptamer probe peak during CE analysis. Under optimized
conditions, this assay for AFB1 achieved the detection limit of 0.2 nM,
and the dynamic range was from 0.2 nM to 500 nM. MgCl2 had great
influence on the binding of AFB1 and cDNA to aptamer, and the ef-
fective separation of duplex DNA from free aptamer. This CE-LIF assay
possessed good specificity toward AFB1, and allowed the detection of
AFB1 spiked in diluted human serum, urine and corn flour samples.
This assay integrates the strengths of aptamer (e.g., high binding affi-
nity, easy chemical synthesis and fluorescent label, good thermo-sta-
bility, and the unique feature of structure switch) and CE-LIF analysis
(rapidity, high sensitivity, and low sample consumption).
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