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Abstract

For the first time a competitive immunoassay was developed by employing T-2 antibody-functionalized magnetite nanoparticles
and T-2 toxin-conjugated fluorescent quantum dots (QDs). Free T-2 and the T-2-modified QDs compete for binding to antibody-
modified magnetic beads; the magnetic beads collected by magnetic separation were subjected to fluorescence intensity analysis
(with excitation/emission wavelengths at 460/616 nm). This competitive immunoassay for T-2 toxin determination was applied
both in a microcentrifuge tube and on a 96-well plate. The dynamic range of the immunoassay is 1-100 ng mL ™", the limit of
detection (LOD) is 0.1 ng mL ™", and determination was completed in about 40 min and 30 min in the microcentrifuge tube and
96-well plate, respectively. Moreover, the biolayer interferometry (BLI) technique was employed for T-2 determination for the
first time, in which the conjugate of T-2 toxin and bovine serum albumin (BSA) was immobilized on the sensors before detection.
Its average recovery of T-2 toxin from barley sample ranged from 82.00 to 123.33%, and the relative standard deviation (RSD)
was between 9.42 and 15.73%. The LOD of the BLI-based assay is 5 ng mL™', and it only takes 10 min to finish the
determination.

Keywords Competitive immunoassay - Magnetic polystyrene nanospheres - Quantum dots - Biolayer interferometry - T-2 toxin
determination

Introduction

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00604-020-04493-3) contains supplementary
material, which is available to authorized users.

As one of the most prevalent type A trichothecenes, T-2 toxin
(T-2) is produced by several Fusarium species, such as
F. acuinatum, F. poae, and F. soprotrichioides, which can
be found in various cereal grains [1]. Because of its 12,13-
epoxy ring, T-2 is considered as the most acutely toxic tricho-
thecene. And it can cause alimentary toxicity and
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immunotoxicity by inhibiting the synthesis of DNA, RNA,
and protein [1, 2]. T-2 is highly stable and non-volatile even
under extreme conditions and thus has the potential for wea-
ponization [3, 4]. There is currently no effective treatment for
detoxication when poisoning occurs [1, 3]. A rapid, simple,
and specific method for T-2 determination to prevent exposure
in humans and animals is urgently needed.

In the past few years, researchers have attempted to devel-
op a variety of analytical techniques for T-2 determination.
These techniques have included thin-layer chromatography,
high-performance liquid chromatography, gas chromatogra-
phy, liquid chromatography-tandem mass spectrometry, and
gas chromatography-tandem mass spectrometry [5, 6].
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Although these instrument-dependent methods are reliable
and sensitive, they cannot meet the needs of fast T-2 screen-
ing, as they typically require complicated sample pretreatment
steps, costly equipment, and skilled technicians [7, 8]. Rapid
achievements in nanotechnology have led to the development
of nanoprobes for mycotoxin determination [9]. Various
nanomaterials, including silver nanoclusters, gold nanoparti-
cles, multi-walled carbon nanotubes, magnetic nanoparticles,
and semiconductor quantum dots (QDs), have been used as
catalytic tools, immobilization scaffolds, or fluorescent
nanoprobes to achieve high specificity and sensitivity [5,
10-15]. Among the different types of nanomaterials, magnetic
iron oxide nanoparticles have attracted increasing interest in
the biomedical field because of their superparamagnetism,
biocompatibility, and ease of synthesis [16]. The optical and
electronic characteristics of QDs have enabled their applica-
tion in cellular imaging and bioassays [17]. However, a T-2
determination nanoprobe combining the advantages of both
magnetic nanoparticles and QDs has not been explored.
Biolayer interferometry (BLI) is an optical analytical tech-
nology for real-time determination of interactions between
biological molecules. This method uses fiber-optic biosensors
to measure changes in thickness on the sensor layer when
binding and interaction occur between a ligand on the biosen-
sor surface and analyte in solution [18]. BLI is ideally suited
for detecting interactions between protein and nucleic acids, as
well as proteins and small molecules [19]. Because of its sim-
plicity, sensitivity, and specificity, BLI has been utilized to

detect platelet-derived growth factor-BB [20], marine biotoxin
palytoxin [21], ricin, and the gram-negative bacterium
Francisella tularensis [19]. However, there have been no re-
ports of the determination of T-2 using BLI.

In the present investigation, a competitive immunoassay
for sensitive T-2 determination based on T-2-specific
antibody-functionalized magnetic nanoparticles and T2-
bovine serum albumin (BSA)-modified QDs is described
(Scheme 1a). Importantly, this immunoassay is also applica-
ble to the 96-well plate format (Scheme 1b). Further, we
showed that BLI can act as a nanobiosensor for highly specific
and rapid T-2 determination (Scheme 1c). Thus, magnetic/
fluorescent nanoprobe and the BLI technique can be applied
to detect other mycotoxins.

Materials and methods
Materials and apparatus

T-2 toxin and T-2 polyclonal antibody were purchased from
Fermentek (Jerusalem, Israel; https://www.fermentek.com/)
and Biosco Bio-Tek Company (Dalian China; http:/www.
iactest.com/), respectively. Aflatoxin Bl toxin (AFB1),
fumonisin B1 toxin (FB1), and N-hydroxy-succinimide
(NHS) were supplied by Sigma-Aldrich (St. Louis, MO,
USA; https://www.sigmaaldrich.com/united-states.html). 1-
Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and
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Scheme 1 Schematic representation of the determination of T-2 toxin by
competitive immunoassay based on engineered magnetic/fluorescent
nanoparticles performed in microcentrifuge tubes (a) and 96-well plate
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(b). ¢ Schematic representation of BLI-based determination procedures.
BLI sensors were coated with T-2-BSA and immersed in a mixture of T-2
antibody and T-2 toxin, and the response signal was recorded
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oleylamine were obtained from Fluka (Munich, Germany;
http://www.fluka.org/fluka.php?id=courses&sub=
ALL&mm2=1). Hydrophilic QDs (2 mg mL™') were
synthesized as we previously described [22]. The size and
morphology of nanoparticles were determined by
transmission electron microscopy (TEM) with a model
HS8100 instrument (Hitachi Ltd., Tokyo, Japan; http:/www.
hitachi.com/). The fluorescent spectra were recorded on a RF-
5301 PC fluorescence spectrophotometer (Shimadzu, Kyoto,
Japan; https://www.shimadzu.com/). BLI experiments were
performed on an Octet Red system (ForteBio, Fremont, CA,
USA; https://www.labx.com/item/octet-red96e-system-from-
fortebio/10821001).

Functionalization of magnetic polystyrene
nanospheres and QDs

The preparation of Fe;O4 nanoparticle-embedded magnetic
polystyrene nanospheres was described in the Electronic
Supporting Material (ESM). Magnetic polystyrene nano-
spheres and QDs were dissolved in phosphate-buffered solu-
tion (0.1 M, pH 7.4). Magnetic polystyrene nanospheres
(1 mL, 1 mg mL ") were incubated with EDC (0.4 mL,
2 mg mL™") and NHS (0.4 mL, 4 mg mL™") at 37 °C for
30 min to activate the carboxyl group. And QDs (2 mL,
2 mg mL ") were incubated with EDC (0.6 mL, 2 mg mL ™)
and NHS (0.6 mL, 4 mg mL ") under the same condition. The
activated magnetic polystyrene nanospheres and QDs were
collected by magnetic separation and centrifugation
(40,000 rpm, 20 min), respectively. And then they were re-
dispersed in phosphate-buffered solution (0.1 M, pH 7.4,
2 mL) for further use. Carboxyl-activated magnetic polysty-
rene nanospheres and QDs were mixed with T-2-specific an-
tibody (40 mg mL ™', 0.025 mL) and T-2-BSA (40 mg mL ",
0.025 mL), respectively, and maintained at 37 °C for 5 h with
gentle stirring. Next, 2 mL BSA solution (0.1 M in phosphate-
buffered solution, pH 7.4) was injected into the two solutions
and incubated at 37 °C for 0.5 h with constant shaking. The T-
2 antibody-functionalized magnetic polystyrene nanospheres
and T-2-BSA-conjugated QDs were purified by magnetic sep-
aration and centrifugation (40,000 rpm, 20 min), respectively,
re-dissolved in phosphate-buffered solution, and stored at 4 °C
until use.

Optimization of incubation time and amount of
functionalized QDs by competitive immunoassay

The following parameters were optimized: (a) the incubation
time in competitive immunoassay and (b) the amount of func-
tionalized QDs in competitive immunoassay. Respective text
and figures about the optimizations are given in the Electronic
Supporting Material (ESM).

Specificity evaluation of competitive immunoassay

First, the standard plot of T-2 toxin was established in a
microcentrifuge tube and 96-well plate, respectively. Next,
30 uL of different concentrations (1-100 ng mL™") of T-2
toxin standard solution and 30 pL antibody-functionalized
magnetic nanospheres were mixed in a microcentrifuge tube.
After incubating at 37 °C for 15 min, 150 pL T-2-BSA-
conjugated QDs was added, followed by incubation for anoth-
er 15 min. The magnetic probes were collected by magnetic
separation and dissolved in 400 pL phosphate-buffered solu-
tion. And the fluorescence intensity at 616 nm with excitation
wavelength of 460 nm was measured with a fluorescence
spectrophotometer, and a standard plot was established. To
establish a T-2 toxin standard plot in the 96-well plate, the
T-2 polyclonal antibody (25 g mL™" in phosphate-buffered
solution) was added to each well and incubated for 24 h at
4 °C to block the 96-well plate. The antibody solution was
replaced with 1% BSA solution and incubated for 2 h. The
plate was washed with phosphate-buffered solution thrice and
dried at 4 °C before use. Thirty microliter of different concen-
trations of T-2 standard solution (1-100 ng mL ") were added
to the T-2 antibody-coated 96-well plate and incubated for
15 min. T-2-BSA-conjugated QD solution was added and
incubated for another 15 min. After removing the solution
from the 96-well plate and washing three times with
phosphate-buffered solution, 200 pL phosphate-buffered so-
lution was added to each well. Fluorescence intensity was
measured at excitation/emission wavelengths of 460/
616 nm, and the standard plot was plotted.

To evaluate the specificity of the competitive immunoas-
say, 30 uL mixtures of different concentrations (5—
100 ng mL™") of T-2 toxin and 50 ng mL™' AFBI1 toxin or
50 ng mL™' FBI toxin were added to the microcentrifuge
tubes. After mixing with functionalized magnetic nanospheres
in microcentrifuge tubes, the mixture was incubated with
shaking at 37 °C for 15 min. Next, 150 uL T-2-BSA-
conjugated QDs were added to each tube, and the magnetic
probes were collected, and the fluorescence was measured at
excitation/emission wavelengths of 460/616 nm. For the com-
petitive immunoassay in the 96-well plate, 30 puL of the same
mixtures were mixed and added to the T-2 antibody-coated
96-well plate, rather than to the microcentrifuge tube.

Determination of T-2 toxin in barley with competitive
immunoassay in microcentrifuge tube and 96-well
plate

Barley was purchased from a local market and was previously
shown to be free of T-2 toxin. Finely ground barley (25 g) was
immersed in water (100 mL) for 48 h and filtered using filter
paper. The filtrate was diluted to 100 mL with water, stirred
for 2 min, filtered through filter paper three times, and diluted
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with phosphate-buffered solution (pH 7.4). Different concen-
trations of T-2 standard solution (5-100 ng mL "), prepared
with this barley extract instead of phosphate-buffered solu-
tion, was detected with the two methods, respectively. And
the steps are the same as those described for establishing stan-
dard plots section.

Determination of T-2 toxin by biolayer interferometry
(BLD)

Aminopropylsilane Dip and Read™ biosensors (for kinetics)
were pre-wetted by dipping them into 0.01 M NaHCOs; for
10 min before use. And they were incubated with 0.2 mL T-2-
BSA solution (25 pug mL " in 0.1 M NaHCO;, pH 8.5) at
37 °C to covalently immobilize the T-2-BSA on sensor tips.
Then, the sensors were incubated in casein solution
(1 ug mL ™" in 0.1 M NaHCOs3, pH 8.5) for 3 h to reduce the
interference of non-specific binding. To optimize the concen-
tration of T-2 antibody for T-2 determination, different con-
centrations of T-2 antibody ranging from 10 to 60 ug mL™"
were added. And the optimal concentration was obtained by
measuring and comparing the signal intensity. For BLI deter-
mination, the first step is equilibration; the sensors were incu-
bated with casein solution to establish a baseline signal. The
second step is binding and determination. In this step, the
sensors were incubated with a mixture of T-2 antibody and
T-2 toxin-containing samples. The equilibration step was car-
ried out on an Octet Red system (ForteBio) to determine the
optimal binding time. After the pre-experiment, this step was
performed outside of the instrument to ensure the maximum
response signal. Binding and determination were conducted
immediately after equilibration. The signal intensity reached a
plateau at a binding time of 160 s, and thus, this time was used
in subsequent analyses.

[

Fig. 1 Characterization of

Results and discussion

Characterization of functionalized QDs and magnetic
polystyrene nanospheres

The fluorescence spectra of QDs before and after T-2-BSA
functionalization are presented in Fig. la. The fluorescence
peaks of bare QDs and T-2-BSA-modified QDs are 618 and
616 nm, respectively. The blue shift of the emission peak of T-
2-BSA-modified QDs indicates the successful conjugation of
T-2-BSA to QDs [23]. Thermal decomposition is a commonly
used method to prepare high-quality magnetic nanoparticles
[24]. Figure Sla shows a representative TEM image of the
magnetite nanoparticles obtained by thermal decomposition
of the iron (III) acetylacetonate. The slow evaporation of a
dispersion of nanocrystals in hexane on the TEM grid results
in the formation of an extended monolayer of nanoparticles.
The monodisperse magnetite nanoparticles are nearly spheri-
cal in shape and show a uniform size of approximately 10 nm.
As shown in Fig. S1b and Fig. 1b, the clusters of magnetite
nanoparticles are encapsulated into the polystyrene nano-
spheres, and several nanospheres adjoined after T-2 antibody
functionalization. The average diameter of the magnetic poly-
styrene nanospheres is approximately 160 nm, and there are
no significant differences in particle size before and after T-2
antibody conjugation. From the energy dispersive spectrosco-
py results shown in Fig. Slc and S1d, C, O, Fe, Cu, and P
chemical signals are detected in T-2 antibody-functionalized
magnetic polystyrene nanospheres. This is different from the
bare magnetic polystyrene nanospheres, where the P signal
cannot be detected [25]. It is noteworthy that the T-2 anti-
body-functionalized magnetic polystyrene nanospheres and
T-2-BSA-conjugated QDs are very stable, and there is no
aggregation that can be observed after storage at 4 °C for
1 month.

functionalized QDs and magnetic
polystyrene nanospheres. a
Fluorescence spectra of bare QDs
and the T2-BSA-modified QDs
(with excitation peaks at 460 nm).
b TEM image of T-2 antibody-
functionalized magnetic polysty-
rene nanospheres

Normalized intensity (a.u.)

o bare QDs
| — T-2-BSA-modified QDs

Wavelength (nm)
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Optimization of incubation time and amount of
functionalized QDs in competitive immunoassay

To develop a fast and sensitive immunoassay method for T-2
toxin detection, we optimized the incubation time and volume
of functionalized QDs. As illustrated in Fig. 2a and ¢, we fix
the other conditions, and the incubation time is set to 5, 10, 15,
20, 25, and 30 min. The fluorescence intensity increases with
increasing incubation time and tends to be stable after 15 min
in the microcentrifuge tube (Fig. 2a) and 10 min in the 96-well
plate (Fig. 2c). Figure 2b and d show the change in fluores-
cence intensity with increasing volumes of functionalized
QDs when all other conditions are unchanged. Substantial
increases in fluorescence intensity are observed when the vol-
ume of functionalized QD was increased from 90 to 150 pL in
the microcentrifuge tube and 30 to 60 pL in the 96-well plate;
there is a negligible change in fluorescence intensity when the
volumes of functionalized QD are higher than 150 and 60 uL
in the microcentrifuge tube (Fig. 2b) and 96-well plate
(Fig. 2d), respectively.

In short, the following experimental conditions were found
to give best results: (a) the optimal incubation time and the
amount of functionalized QD for the competitive immunoas-
say in microcentrifuge tube are determined as 15 min and
150 uL, respectively, and (b) the optimal incubation time

and the amount of functionalized QD for the competitive im-
munoassay in 96-well plate are 10 min and 60 uL,
respectively.

Specificity and accuracy of the competitive
immunoassay

First, a standard plot for T-2 toxin in the microcentrifuge tube
and 96-well plate was established, respectively. As shown in
Fig. S2, fluorescence intensity shows a good linear relation-
ship with the T-2 toxin concentrations in the range of 1—
100 ng mL™" both in the microcentrifuge tube and 96-well
plate. The linear equation of the competitive immunoassay
in microcentrifuge tube is y=—1.99 x 10%x + 4.88 x 10*
(R2=0.9914), and the limit of detection (LOD) is
0.1 ng mL™', as determined by estimating the variability in
response from 20 measurements in the absence of T-2 toxin
(Fig. S2a). For the immunoassay in the 96-well plate, the
linear regression equation is y=—1.62 x 10’x +4.64 x 10*
(R?=0.9980), and the LOD is 0.1 ng mL™! (Fig. S2b). To
evaluate the specificity and accuracy of this competitive im-
munoassay for T-2 toxin determination, two toxins (AFB1
and FB1) with similar structures as T-2 toxin are used as
interfering toxins. AFB1 and FB1 toxins were spiked into T-
2 toxin solution at different concentrations (5—100 ng mL )
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Table 1 Determination of T-2

toxin at different concentrations Spiked T-2

Competitive immunoassay

. i H -1
in barley extract by competitive concentration (ng mL )

immunoassay (n =3, with

In microcentrifuge tube

In 96-well plate

excitation/emission peaks at 460/

616 nm) T-2 found Recovery  RSD T-2 found Recovery  RSD
(ng mL™) (%) (%) (ngmL™ (%) (%)
5 477 £0.42 95.40 1079 5.12+0.39 102.40 931
10 10.80 + 0.84 108.00 9.58 933 + 0.65 93.30 8.54
20 17.80 + 1.72 89.00 11.82 2191 +2.11 109.55 11.82
30 3430 + 2.65 114.33 9.47 33.95 +2.95 113.17 10.64
50 41.90 + 3.50 83.80 1022 46.40 +3.47 92.80 9.17
100 11420 £ 10.64  114.20 1141 11280+ 11.72  112.80 12.73

and analyzed by competitive immunoassay in
microcentrifuge tube and 96-well plate. The specificity
and accuracy of the competitive immunoassay for T-2
toxin determination were assessed by calculating the re-
covery percentage of T-2 toxin in three replicates. As
shown in Table S1, the average recoveries of T-2 toxin
in AFB1 solution range from 88.30 to 113.90% in
microcentrifuge tube and 89.10 to 116.40% in 96-well
plate. The relative standard deviation (RSD) is 8.65—
12.74% in microcentrifuge tube and 8.67-12.11% in 96-
well plate. In comparison, the mean recovery of T-2 toxin
in spiked FB1 solutions ranges from 88.17 to 115.24% in
microcentrifuge tube and 88.30 to 115.10% in 96-well
plate, respectively (Table S2). The RSD is smaller than
14.31% and 13.26% in microcentrifuge tube and 96-well
plate, respectively. Thus, high T-2 toxin recoveries are
obtained in AFBI and FB1 solutions by competitive im-
munoassay at each spiked level in the microcentrifuge
tube and 96-well plate. These results indicate that this
method is accurate and specific and can detect T-2 toxins
in real agricultural commodities.

a
0.8 F——10 pg/mL
—20 pg/mL
0.7 - 30 ug/mL
——40 pg/mL
£ 06 50.g/mL
£ o5 | —— 60 ug/mL
o
0w 04
5
Q 03
o
@ 02}
0.1
0.0 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160

Time (sec)

Fig. 3 Optimization of the T-2 antibody concentration in BLI assay. a
Effect of T-2 antibody concentration (10-60 ug mL ") on the response of
BLI assay. b Effect of T-2 antibody concentration (10-60 pg mL™") on
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Determination of T-2 toxin in barley sample by
competitive immunoassay

T-2 toxin mainly contaminates some food crops, particularly
barley, wheat, oats, and corn [26, 27]. Thus, barley was used
as an actual sample to verify the efficacy of this competitive
immunoassay. Barley extract was fortified with different con-
centrations (1-100 ng mL™") of T-2 toxin and subjected to
competitive immunoassay analysis in microcentrifuge tube
and 96-well plate. As summarized in Table 1, the detected
T-2 toxin concentrations are consistent with the spiked con-
centrations. The average recovery values of T-2 toxin range
from 83.80 to 114.33% in microcentrifuge tube and from
93.30 to 113.17% in 96-well plate, with RSD values smaller
than 9.47% and 8.54%, respectively (Table 1). This compet-
itive immunoassay based on engineered magnetic/fluorescent
nanoparticles is simple, highly specific, and can be finished in
30-40 min. And this assay does not require specially trained
personnel once the sensors were prepared. Thus, it is reliable
and can be applied for specific T-2 toxin determination in
barley and other food crops.

b

; /*\i

0.6
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03+

0.2

Response(nm)

0.1

1|o 20 30 40 50 60
Concentration of T-2 antibody (ng/mL)
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the binding rate. This was obtained from the response data. Every point is
presented as the average + standard errors of three independent
measurements
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Table 2 Analysis of T-2 toxin

from spiked barley sample by BLI Spiked T-2 concentration (ug mL™) T-2 found (ug mL™) Recovery (%) RSD (%)
=3 10 8.20 + 1.00 82.00 15.73
50 58.00 £ 6.00 116.00 11.84
300 370.00 £+ 39.00 123.33 13.06
800 910.00 £ 89.00 113.75 11.95
3000 2820.00 +217.00 94.00 9.42
7000 6230.00 + 544.00 89.00 10.69

Determination of T-2 toxin in barley sample by BLI

During BLI determination, the signal response is closely re-
lated to the number of molecules that bind the sensors during
the reaction, and thus, the concentration of T-2 antibody is
crucial for BLI determination. Therefore, the concentration
of T-2 antibody is optimized by measuring the response and
binding rate of sensors when different concentrations (10, 20,
30, 40, 50, and 60 pg mL_l) of T-2 antibody were added. The
change in the response reflects the change in the sensor layer
thickness and thus reflects the number of molecules that bind
to the sensors. As shown in Fig. 3a, the response increases
with increasing T-2 antibody concentrations from 10 to
50 pg mL™", and there is a slight decrease at 60 pug mL ™.
The change in the binding rate obtained from the response
data also displays the same tendency (Fig. 3b). These results
reveal that the number of T-2 antibodies attached to the sen-
sors reached a plateau at a T-2 antibody concentration of
50 pg mL ", This concentration is selected in subsequent
experiments.

To apply the BLI assay for T-2 toxin determination, a stan-
dard plot of T-2 toxin was established. Different concentra-
tions (0.01-10 pg mL ") of T-2 toxin were mixed with
50 ug mL™" T-2 antibody solution, and then, the T-2-BSA-

Q

0.6 -

0.01 ug/mL
0.1 pg/mL
0.2 pg/mL
0.5 ug/mL
1 pg/mL
— 2 pg/mL
— 5 pg/mL
10 pg/mL

04+

02/

Response (nm)

o.o 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160

Time (sec)
Fig. 4 Establishment of the standard curve of T-2 toxin by BLI assay. a

Responses of different concentrations of T-2 toxin ranging from 0.01 to
10 pg/mL obtained from BLI assay. b Calibration curve of T-2 toxin, plot

coated sensors were submerged into the mixture, and the re-
sponse signal was recorded. As shown in Fig. 4a, the response
signal strengthens with increasing T-2 concentrations. The
standard plot of T-2 toxin is plotted as the concentrations of
T-2 and binding rate obtained from the response data
(Fig. 4b). The linear regression equation is y=0.644 +

6.28 x 10 x —2.54E * x 2, (R?=0.9986). To determine the
potential application of this BLI-based assay for T-2 toxin
determination of food crops, barley samples were evaluated.
The barley extract was spiked with different concentrations of
T-2 toxin, and T-2 antibody solution (50 pg mL ") was added.
T-2-BSA-coated sensors were immersed into the mixture, and
signals were collected for 160 s. The T-2 concentration in
barley extract was calculated according to the standard plot
equation, and the recovery percentage was determined. As
summarized in Table 2, the recovery percentages of T-2 toxin
in barley sample range from 82.00 to 123.33%, and the RSD is
between 9.42 and 15.73%. Notably, only 10 min is required to
finish the determination. The LOD of the BLI-based assay is
5ngmL . BLI-based assay allows real-time monitoring of T-
2 toxin due to its property of visualization and facilitates the
error finding during determination process. These results in-
dicate that the BLI-based assay can be used to rapidly detect
T-2 toxin.

0.68 -

0.66 -

Response (nm)

1 1 1 1 1 1 1 1 1 1 !

0.01563 0.0625 0.25 1 4
Concentration (mg/mL)

of binding rate (obtained from response) against the T-2 toxin concentra-
tion. Points are the means + standard errors of three independent
measurements
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Conclusions

A competitive immunoassay based on T-2 antibody-func-
tionalized magnetite nanoparticles and T-2 toxin-conjugat-
ed fluorescent QDs was developed and employed for the
determination of T-2 toxin. This competitive immunoassay
was performed in both microcentrifuge tubes and 96-well
plates and displayed good accuracy for T-2 toxin determi-
nation even in the presence of interfering toxins. In the fol-
lowing study, we will focus on improving accuracy by sig-
nal amplification under the premise of portability. This is
the first time that label-free BLI-based assay is developed
for T-2 toxin determination. The BLI-based assay can be
completed in 10 min and shows relatively high selectivity.
This time-saving assay facilitates rapid identification of
life-threatening toxins and enables immediate initiation of
medical treatment following exposure. Although only the
capability of the competitive immunoassay and BLI-based
assay for T-2 toxin determination was demonstrated, these
two assays can be easily adapted to detect other toxins by
substituting the corresponding antibodies. The methods in
this study for T-2 determination are simple, rapid, cost-ef-
fective, and highly specific and provide a new platform for
food safety supervision and clinical application to prevent
T-2 toxin-related diseases.
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