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ABSTRACT: The lack of chromatographic separation in ambient
and direct mass spectrometry (MS) ionization techniques
jeopardizes the overall selectivity of the developed methods.
Incorporating a biosensing element at the ionization source could
compensate for that inherent lack of selectivity. Thus, a simplified
immunoaffinity-direct MS technique was developed, immunoaffin-
ity blade spray (iBS), featuring a conductive polystyrene blade
material. In iBS, the generic coating used in conventional coated
blade spray is replaced with a layer of highly specific monoclonal
antibodies (mAbs), while the stainless steel is replaced with
conductive polystyrene to allow for simple ELISA platelike hydrophobic immobilization of mAbs. Because of its high relevance for
climate change-induced food safety issues, the mycotoxin deoxynivalenol (DON) was chosen as a model substance. Following a
rapid extraction from wheat flour, DON is immuno-captured, and the blade is positioned in front of the MS for direct iBS-MS/MS
analysis. The method’s applicability was demonstrated by analyzing spiked and incurred wheat flour samples, omitting the need for
time-consuming chromatographic separation. Apart from DON, cross-reacting DON conjugates could be successfully analyzed as
well. The direct iBS-MS/MS method is generic and adaptable to detecting any analyte in sample extracts, provided that specific
mAbs are available.

oated blade spray (CBS) has emerged as a straightfor- Still, the retention time is lacking, by definition, in all ambient

ward ambient mass spectrometry (MS) ionization and direct ionization techniques."
method, utilizing a sharp-tipped stainless steel sheet coated To counterbalance the lack of chromatographic separation,
with a biocompatible solid phase microextraction (SPME) antibodies have been employed for specific extraction/
sorbent." CBS combines sample cleanup and ionization separation of the targeted analyte, followed by ambient or
directly from the same surface; the blade acts as a solid- direct ionization and fast MS identification.'*"> The latest
substrate electrospray ionization (ESI) source and the coating development combines CBS with antibody enrichment in the
as an extraction/preconcentration agent. Ionization in CBS developed immuno-enriched paramagnetic microspheres—

occurs E’Y applying a desorption/spray solution and a high magnetic blade spray (iMBS), in which the coating of the
voltage.” CBS allows high-throughput analysis and reduced blades has been replaced by mAbs-enriched paramagnetic
matrix effects in complex sample mixtures analyses while microspheres, held on the blade by a magnet.16 This method
consuming minimal sample and solvent V(;Iumes, thus has demonstrated the added specificity and selectivity in the
contributing to a greener analytical chemistry.” In only six direct MS/MS analysis of analytes in complex sample matrices.
years since its development in 2014, various applications o;f However, the paramagnetic microspheres and the magnet
CBS in different fields have been reported in the literature.*~ increase the cost and complexity of the analysis: iMBS requires
A typical CBS protocol consists of preconditioning the coated a rather extensive protocol for microsphere and blade
surface, extracting the analytes of interest from the sample, preparation based on a covalent immobilization protocol
washing to minimize interference, and desorption/ionization, entailing an EDC/NHS amine coupling proce dure.)” Gen-

all from the same blade.” This simplified protocol leads to an b . . a4
o e erally, in immunoassays, the choice of the immobilization
analysis time that can be as short as 10 s per sample,” which in

comparison to the classic approach of liquid or gas
chromatography to separate the analytes in time®’ is a great
improvement for a prompt analytical response. Nonetheless,
when it comes to the unequivocal identification of substances,
apart from the selective MRM transitions from a tandem MS
method, also the retention time acts as an identification
.. 10,11 . . .12
criterion, especially in terms of food safety regulation.
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Figure 1. (A) Detailed illustration and dimensions of the conductive polystyrene blade. (B) General concept of the iBS-MS/MS approach.

strategy is greatly affected by the physicochemical properties of
the surface and the antibodies, and physical immobilization can
be a simple alternative to circumvent time-consuming covalent
coupling reactions. Physical immobilization includes direct
adsorption on a surface, and despite the weak attachment and
random orientation of antibodies, it is easier and more simple
compared to other immobilization methods.'® Physical
adsorption on the solid polystyrene (i.e., plastic) substrate by
hydrophobic interactions has been employed traditionally in
enzyme-linked immunosorbent assay (ELISA)."” In such a
case, the biorecognition element is diluted in a coating buffer
and then deposited on the polystyrene substrate while
incubating to enable immobilization, without any additional
reagents needed.”’

In the current study, we develop an immunoaffinity
conductive polystyrene blade spray (iBS) method. iBS utilizes
conductive polystyrene sheets shaped at the dimensions of the
stainless steel blades used in CBS. Previous research on CBS
applications that employed different substrates, i.e.,, magnetic
blades, required an adhesive copper tape for electric
conductivity.”' However, the conductive polystyrene allows
for simplified mAbs immobilization by adsorption while
enabling ionization. The mAbs allow for the selective mining
of a targeted analyte, adding selectivity and specificity to the
overall direct MS/MS method. The sample extract is incubated
with the immunoaffinity blades, followed by washing to
remove nonspecifically bound analytes. The final step is the
direct spray ionization by applying the optimized dissociation/
spraying solution and the high voltage.

The method was developed to detect the mycotoxin
deoxynivalenol (DON) as a proof-of-principle. DON is
found in Fusarium sp. contaminated cereals, and DON'’s
presence in food commodities risks human health. Con-
sumption of DON-contaminated food could include vomiting
(thus why DON is also named vomitoxin), diarrhea,
abdominal pain, headache and dizziness.”> For this reason,
DON is strictly monitored in the EU, with a maximum level
(ML) of 1750 ug/kg in unprocessed durum wheat.”’
Moreover, DON’s societal relevance is eminent because of
the climate change-related increase in worldwide mycotoxin
production, which issues the increased need for monitoring in
the near future.”*”® DON is thermally stable and water-
soluble,”” but its presence in its conjugated/masked forms due

2039

to plant metabolism makes its analytical detection elaborate.
The developed iBS method can specifically and reproducibly
monitor DON and its conjugated form of 3-acetyldeoxyniva-
lenol (3-AcDON) due to the selectivity of the employed mAb
targeting only DON and conjugates.”® iBS is the first approach
for a simplified direct immuno-capture followed by blade spray
ionization, all from the same solid surface, without intricate
chemical antibody immobilization.

B EXPERIMENTAL SECTION

Chemicals and Materials. Conductive polystyrene blades
were prepared by laser-cutting conductive polystyrene sheets
of 1 mm thickness (Merck, Darmstadt, Germany) at the
detailed dimensions of Figure 1A. For the immuno-capturing,
monoclonal antibodies for DON (mouse, clone 2) (Aokin AG,
Berlin, Germany) were used.

Solvents purchased included acetonitrile, methanol, and
water, all of UHPLC-MS purity grade, and ammonia solution
25% v/v, formic acid 98%v/v, from Merck (Darmstadt,
Germany), while Milli-Q water of 18.3 MQ/cm conductivity
was produced by a water purification system from Merck
(Amsterdam, The Netherlands). A stock solution of 10X
phosphate-buffered saline (PBS) with salts from Merck
(Darmstadt, Germany) was prepared in Milli-Q water.
Dilution of the stock solution to 1X PBS in Milli-Q water
and 0.05% v/v Tween-20 (Sigma-Aldrich, Zwijndrecht, The
Netherlands) or 1% bovine serum albumin (BSA) (Sigma-
Aldrich, Zwijndrecht, The Netherlands) yielded the assay
buffers PBST and PBS-BSA, respectively.

Standard stock solutions of 100 pg/mL of DON and 3-
AcDON and 2S5 pg/mL of C-DON internal standard (IS)
and DON blank wheat flour certified reference material
(CRM) (Joint Research Centre) were all purchased from LGC
Standards (Wesel, Germany). Fluorescent labeled fluorescein-
DON was purchased from Aokin (Berlin, Germany). A
naturally incurred wheat flour (2900 pg/kg) sample was
purchased from Trilogy Analytical Laboratories (Arnhem, The
Netherlands).

Instrumentation. The iBS-MS/MS analysis was per-
formed with a Micromass Quattro Ultima Pt QqQ-MS system
(Waters Corporation, Milford, MA) equipped with a blade
spray setup consisting of a modified x-y-z stage and high-
voltage plug from a Waters nanoESI ion source. Chronograms
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were acquired in positive ionization mode in multiple reaction
monitoring (MRM) mode, and two transitions were
monitored for each analyte; for DON, m/z 297.1 > 231.1
and m/z 297.1 > 249.1 at 10 and 8 eV collision energy
respectively, for 3-AcDON, m/z 339.10 > 203.10 and m/z
339.10 > 231.10 at 10 and 8 eV collision energy, respectively,
and BC-DON 312.10 > 263.10, at 8 eV collision energy,
respectively. From the two fragments ions, ion ratios were
calculated and used for unequivocal identification of each
substance accordinlg to the EU criteria for confirmatory
analytical methods.”> Operating conditions included 4.2 kV
spray voltage, 50 V cone voltage, 120 °C cone temperature,
and 0.16 mL/min argon collision gas flow. MassLynx software
(Waters) was used for data acquisition and processing. A
Voltcraft 7910 multimeter was used for conductivity measure-
ments, and two microscopes, namely an Olympus BXSI
fluorescence microscope and a Dino-lite AM4115T-GFBW
digital microscope, were used for fluorescence imaging.

Methods. Using Zeba Spin desalting columns (Thermo
Fisher Scientific, San Jose, CA), the storage buffer of the crude
mAbs from Aokin is removed, and the mAbs are reconstituted
in UHPLC—MS purity grade water. The mAbs are then diluted
with UHPLC—MS purity grade water to a 0.3 mg/mL final
concentration. Finally, 7.5 uL is simply pipetted on top of the
conductive polystyrene blade and nearest to the sharp tip, and
the prepared immunoaffinity blades are left to air-dry and are
stored in the refrigerator at 4 °C until further use.

The simplified extraction method described greviously for
DON was applied without further optimization.”® Briefly, 1 g
of ground wheat sample is extracted using S mL Milli-Q water.
Following manual agitation and centrifugation to fasten
sedimentation, the supernatant is collected and used in the
case of incurred wheat or, in the case of blank wheat, spiked at
350 ng/mL (corresponding to the DON concentration in the
extract following extraction of contaminated commodities at
the ML of 1750 ug/kg). For iBS analysis, 200 L of the sample
extract is diluted 1:1 Milli-Q water, placed in an Eppendorf
tube with a single immunoafhinity blade, and incubated for 2
min. Next, the immunoaffinity blade is washed with 500 pL of
Milli-Q_ water for 30 s. Both immuno-extraction and washing
are performed in an Eppendorf ThermoMixer C apparatus
(Eppendorf SE, Hamburg, Germany) at 1200 rpm. For the
iBS-MS/MS detection, the immunoaffinity blade is positioned
at approximately 6 mm distance from the ion source cone.
Then, the optimized dissociation/spray solution is pipetted on
top of the mAbs of the blade twice. First, 4 uL of methanol/
ammonia solution 2% v/v is pipetted to disrupt the binding
between DON and mAbs. Second, after evaporation of the first
aliquot, an additional 4 uL of methanol/ammonia solution 2%
v/v spiked with the internal standard (IS) *C-DON 10 ng/mL
is pipetted, and the optimum spray voltage is applied to
generate an ESI-like spray (Figure 1B).

B RESULTS AND DISCUSSION

Preparation and Characterization of the Immunoaf-
finity Blades. To produce the immunoaffinity blades, a large
conductive polystyrene sheet was laser-cut in the desired size
and shape (Figure 1A). As discussed in previous CBS and
iMBS studies, the angle of the blade is crucial for the ionization
of substances; the tip of the blade is where the applied voltage
is converged, leading to an ESI-like spray formation." Thus, the
conductive polystyrene blades’ selected shape is characterized
by a pointed tip with an adequate surface for handling, mAbs
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immobilization, solvent deposition, and electrospray formation.
After shaping the conductive polystyrene blades, mAbs for
DON must be immobilized on the blade’s tip. The mAbs are
stored in buffer solution containing surfactants and salts that
hinder ionization in MS, and their residues in the
immunoaffinity blade could pose a risk for the success of the
iBS-MS/MS method. Thus, the mAbs, prior to the
immobilization, underwent buffer exchange using size-
exclusion chromatography resin in desalting Zeba Spin
columns to remove the excess buffer and reconstitute them
in pure water. Then the mAbs were diluted to the desired
concentration, pipetted on the conductive polystyrene blade’s
tip, and immobilized on the surface after drying, simply by
direct adsorption.

Unsurprisingly, the conductive polystyrene blades are
characterized by an electric conductance 188,000 times lower
than the standard stainless steel blades. Nevertheless, the main
voltage drop between the voltage application point and the
inlet of the MS still occurs in the ambient air gap between the
blade tip and the cone. The lower conductance is also apparent
when comparing a standard solution of 10 ng/mL DON, 3-
AcDON, and IS in methanol/ammonia solution 2% v/v on the
different blade materials. At 3.7 kV spray voltage, while the
response factor (analyte/internal standard area ratio - A/IS
area ratio) is identical between conductive polystyrene and
stainless steel blades, the absolute area values in the MS/MS
chronograms drop by 94%. Therefore, the high voltage setting
had to be optimized for conductive polystyrene and was found
to be 4.2 kV. It is worth mentioning that even with the
optimum spray voltage for DON ionization on conductive
polystyrene blades the conductive polystyrene blades still
yielded 65% lower ionization than the stainless steel blades at
3.7 kV (Figure S1). Most likely, this difference must be
attributed to the different geometries of the blades. The tip
angles are similar, but the thickness of the metal and
polystyrene sheets differ by a factor of 10, so the polystyrene
blade required a further manual adjustment to 0.1 mm with a
scalpel.

Based on the overall sensitivity of the iBS-MS/MS method,
the mAbs maximum theoretical loading capacity, and the
regulatory limits for DON monitoring, a limited volume of 7.5
uL 0.3 mg/mL mAbs solution per blade was fit-for-purpose,
similar to the mAbs consumption in the identification lateral
flow immunoassay (ID-LFIA) direct MS alternative ap-
proach.”’

Fluorescence imaging was used to verify the coating at the
immuno-enriched area on the conductive polystyrene blade.
Five pL of fluorescein-DON was first deposited on the
immunoaffinity blade and washed with Milli-Q water to
remove the nonbound analyte, followed by the excitation and
fluorescent imaging. As expected, only the immuno-enriched
area of the blade was fluorescent. Moreover, the fluorescence
intensity was increased at the edge of the immuno-enriched
area suggesting a higher concentration of the mAbs; a typical
characteristic of the so-called coffee-ring effect after evapo-
ration of liquid from the center to the edge28 (Figure 2). Using
200X magnification, the surface of the conductive blade was
observed to be not homogeneously coated but instead
consisting of mAbs aggregations, resulting from the simplified
but uncontrolled physical immobilization of antibodies. Finally,
the immunoaffinity blades were cleaned by sonicating in
methanol for 15 min and wiping the surface to remove the
mAbs. The cleaning resulted in bare conductive polystyrene
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Figure 2. Fluorescence imaging with excitation wavelength of 460—
490 nm and emission of $10—550 nm (before and after cleaning) of
the immunoaffinity blade’s tip after adding fluorescein-DON, followed
by washing with water. In the insets, 100X and 200X magnifications
are depicted.

blades that could be reused for immuno-enrichment in other
iBS experiments. The cleaning performance was demonstrated
using the same process of fluorescein-DON addition, water
washing, and fluorescence imaging. No fluorescence is
observed on the cleaned blade, which demonstrates the
complete removal of mAbs and the effectiveness of the
washing procedure for the removal of unbound analytes
(Figure 2).

iBS-MS/MS Method Development and Application.
The MS method optimization was performed at a distance of
approximately 6 mm between the tip of the blade and the inlet
of the MS; larger distances caused signal loss, while at a

reduced distance, arcing occurred. The optimum spray/
desorption solution was selected by applying on the conductive
polystyrene blades 5 uL of 200 ng/mL DON in various
solutions and monitoring the area in the chronograms for the
protonated and deprotonated ions in full scan mode (m/z
250—500) under different spray voltage settings in positive-
and negative-ion mode. The solvents were selected to include a
high percentage of organic solvent and alkaline or acidic
modifier. The organic solvent reassures high ionization
efficiency in the blade spray part, and the modifier supports
the dissociation of the analyte from the antibodies in the final
iBS-MS/MS method. The optimized spray solution was similar
to previously published results,”” ie., methanol/ammonia
solution 2% v/v (Figure S1C). However, regardless of the
solvent used, the negative ionization mode was not as efficient
as positive ionization, contrary to previously published
results;”” clearly, the different MS systems account for these
differences. The optimum cone voltage and collision energy
were investigated by applying 5 yL of 200 ng/mL DON in the
optimum solution, methanol/ammonia solution 2% v/v. For
the cone voltage, values were varied from 20 to 110 V with a
step of 10 V. Minor differences were observed in the area of
the protonated ion of DON at different cone voltages settings;
thus, the selected cone voltage was 50 V. Furthermore, the
collision energy was optimized starting from 2 to 20 eV, with a
step of 2 eV, and monitoring the area of the main fragment
ions. The optimized MRM transitions were m/z 297.1 > 231.1
at 10 eV and m/z 297.1 > 249.1 at 8 eV collision energy for
DON, m/z 339.10 > 203.10 at 10 eV and m/z 339.10 > 231.10
at 8 eV collision energy for 3-AcDON, and m/z 312.10 >
263.10 at 8 eV collision energy for the IS *C-DON.
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Figure 3. iBS-MS/MS method development and performance. (A) Extraction by immuno-capturing—time optimization (B) Quantitative analysis
calibration curve. (C) Feasibility of the iBS-MS/MS method. Overlay chronograms of the m/z 297.1 > 249.1 transition obtained following the iBS-
MS/MS extraction, immuno-capture, and ionization protocol using mAbs-enriched, BSA-enriched, and nonenriched blades. (D) Reproducibility of
the iBS-MS/MS method. Results within the acceptable 20% RSD% are within the dotted lines, except for blades #6 and #10 which are outliers. For

detailed conditions and procedures, see text.
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Table 1. Reproducibility Assessment of 10 Individual Immunoaffinity Blades Using iBS-MS/MS Analysis”

absolute area values

DON

immunoaffinity blade no. m/z 297.1 > 249.1

#01 1358 603
#02 1280 560
#03 1455 605
#04 1719 717
#0S 1556 740
#06 1974 906
#07 1622 675
#08 1257 594
#09 1392 597
#10 990 386

m/z 297.1 > 231.1

*C DON
ion ratio m/z 312.1 > 263.1 response factor (A/IS)
0.44 339 4.00
0.44 305 4.19
0.42 376 3.87
0.42 448 3.84
0.48 396 3.93
0.46 482 4.10
0.42 380 4.27
0.47 301 4.18
0.43 354 3.93
0.39 242 4.09

RSD 4%

“Conditions: single measurement of 10 individual immunoaffinity blades, following extraction with immuno-capture, wash, and iBS-MS/MS
analysis. RSD is the relative standard deviation of the ten measurements. The ion ratio is the area ratio of the two ion transitions for DON, m/z

231.1/249.1.

For the iBS protocol development, the approach was
adopted from standard CBS methods, composed of (i)
conditioning of the blades; (ii) extraction/immunocapturing
of the targeted analyte from the sample or sample extract; (iii),
rinsing or washing the surface to remove interfering species;
and (iv) the desorption/ionization of the analytes from the
blade.” The blade’s conditioning step was examined as part of
the extraction step by using different buffers and Milli-Q water
in 1:1 ratio with the 350 ng/mL DON spiked blank wheat
extract and monitoring the A/IS area ratio in the chronograms.
Although assay buffers can be used to promote interactions
between analytes and mAbs, the calculated A/IS area ratio
revealed that 1 X PBS-T (0.05% Tween-20) resulted in a 10%
decrease in the mean area, and 1 X PBS-1% BSA resulted in a
14% decrease in the mean area compared to Milli-Q water.
The decrease in the mean area may result from some buffer
residues leading to ion suppression. For the sample extraction,
different undiluted volumes of sample extracts were tested,
namely, 200, 400, and 600 uL of 350 ng/mL DON spiked
wheat extract. There was a relative decrease in the A/IS area
ratio with the volume increase. So, 200 uL of sample extract
was optimum for the extraction process (Figure S2A). Further,
a comparison was made between 200 yL of DON spiked
undiluted wheat extract at 350 ng/mL and 200 yL of DON
spiked wheat extract at 350 ng/mL diluted 1:1 with Milli-Q
water. In this case, the mean area was 50% decreased in the
undiluted sampling, possibly due to matrix interferences
hindering the biorecognition and causing ion suppression.
For this reason, a 1:1 dilution of the wheat extract with Milli-Q
water was chosen in the final protocol. Furthermore, the
incubation time, i.e., the time of the immuno-capturing, was
evaluated by assessing different incubation times from DON
spiked sample extract at 350 ng/mL at 1:1 dilution with Milli-
Q water and plotting them against the A/IS chronogram area
ratio obtained from the iBS-MS/MS analysis. The incubation
was performed in an Eppendorf Thermomixer at room
temperature and 1200 rpm to reassure the reproducibility of
the procedure (cf. the Experimental Section). After 2 min of
incubation, a plateau was reached due to a limited capacity of
the antibodies for the immuno-capturing to reach an
equilibrium. Therefore, 2 min is used in the optimized
extraction protocol (Figure 3A). Finally, various washing
solution compositions and washing durations were tested for
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washing optimization, namely 500 yL of methanol/Milli-Q
water in 0/100, 20/80, 50/50, and 80/20% v/v and 10, 30, and
60 s with 500 uL of Milli-Q water. A high percentage of
organic solvent promotes denaturation of the mAbs and
untimely dissociation of the analyte from the mAbs. As
expected, the A/IS area ratio of 3.7 with 0% methanol
decreased by 37.8%, 94.3%, and 97.3%, with increasing
percentages of methanol. Concerning the washing duration,
30 s produced the optimum result, which can be concluded as
enough time to remove nonspecifically bound analyte and
remove matrix components from the wheat extract following
immuno-capturing. For that reason, 30 s was selected as the
most efficient washing time (Figure S2B).

Next, the quantitative performance of the optimized
protocol in the relevant range was evaluated by spiking blank
wheat extract with DON at three different target levels (TL).
Two individual plastic blades were used to analyze the same
sample extract. The TL were based on the ML of 1750 pg/kg
for DON in unprocessed durum wheat to a final level of 175
ng/mL (0.5 x TL), 350 ng/mL (TL), and 700 ng/mL (2 x
TL). Good linear regression of 0.992 was observed (Figure
3B).

The desorption step spray performance of iBS was examined
using the optimized spray solution. Four yL was found to be
the optimum applied volume when it comes to ionization from
the iBS, as it creates a stable ESI-like spray, and also it does not
elongate the ionization process beyond S0 s, as the S yL used
for method development did. The methanol/ammonia
solution 2% v/v has been examined in a previous publication
to disrupt the binding of DON from the mAbs in surface
plasmon resonance (SPR).”” Due to differences in the surfaces
between the blade and the SPR chip, the latter being in
constant liquid flow contact, methanol/ammonia solution 2%
v/v did not quantitatively dissociate the entirety of bound
DON at once. Multidesorption steps (6 in total for a sample of
350 ng/mL) are required for a complete desorption/ionization
of the analyte bound with the mAbs. Despite that, the first
single desorption already provides sufficient chronogram area
counts for quantitation in a reproducible manner, so
multidesorption steps were superfluous (Figure S2C).

To illustrate the feasibility of the iBS-MS/MS approach, 200
uL of blank wheat extract was spiked at 350 ng/mlL, diluted
1:1 with Milli-Q water, and incubated for 2 min with (a) an
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Figure 4. Representative chronograms from the analysis of (A) blank wheat, (B) incurred wheat, and (C) 3-AcDON spiked wheat. The intensities
are normalized on based on the highest intensity of each individual chronogram. For the exact conditions of the iBS-MS/MS analysis, see the text.

immuno-affinity blade (mAbs-enriched), (b) an BSA-enriched
blade, and (c) a bare conductive polystyrene blade. In addition,
the mAbs-enriched blade was incubated with unspiked blank
wheat extract and diluted 1:1 with Milli-Q water. After 30 s of
washing of the blades with 500 pL of Milli-Q water and MS/
MS analysis, the results demonstrated, as anticipated, a positive
signal for DON with ion ratio for m/z 231.1/249.1 of 0.42
originated only from the immuno-affinity blade incubated with
spiked sample extract and from none of the other blades used.
The ion ratio falls within the tolerance limit of the EU criteria
for confirmatory methods'* for the ion ratio, since the ion ratio
m/z231.1/249.1 for DON in standard solutions was 0.47. This
clearly demonstrates the added value of the mAbs for selective
immuno-capturing and extraction since the positive signal
resulted from the immuno-affinity blades and not from DON
adsorbed on the bare conductive polystyrene surface (Figure
3C).

Further, it was noticed that after repeated use the
polystyrene blades start to show differences in the tip’s
sharpness, probably because of the extraction step performed
with the blades’ tip facing downward and pressing against the
bottom of the Eppendorf tube. For this reason, the
reproducibility of the immunoaffinity blades was assessed by
analyzing 10 individual blades following DON immuno-
capturing from the same wheat extract spiked at 350 ng/mL.
Results of the absolute area values of the MS/MS chronograms
had a +22% RSD, which is above the permitted by the EU
regulation.12 Nonetheless, the corrected value used, i.e., the A/
IS chronogram area ratio, was within +49% RSD for all the 10
blades analyzed. As in many ambient and direct MS methods,
an IS during ionization is necessary for reproducibility.
However, for a quick qualitative confirmation of identity,
also the absolute areas yielded a positive result with a stable ion
ratio regardless (Figure 3D and Table 1).

Finally, the applicability of the optimized method described
in Figure 1 was illustrated by the analysis of different additional
spiked and incurred samples. The samples included a blank
CRM wheat flour, the same extract but spiked with 3Ac-DON
at 175 ng/mL (TL for DON), and a 2900 ug/kg (~ 1.6 X ML
for DON) incurred wheat sample (Figure 4). The mean ion
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ratio for m/z 203.1/231.1 of 3-AcDON was 0.62 (+0.04), a
ratio identical to that of the standard solution of 3-AcDON in
methanol/ammonia solution 2%v/v and within the regulatory
EU criterion of 20% RSD. Moreover, the response factor A/IS
for the chronogram area of 3-AcDON versus *C-DON was
3.1 (£0.1) for two individual measurements of iBS-MS/MS,
thereby clearly differentiating the spiked from the blank CRM
wheat sample. For the contaminated wheat sample, iBS-MS/
MS results showed an A/IS area ratio for DON of 4.4 (+0.4),
corresponding to a quantitative result of 535.6 (+14.2) ng/
mL, for two individual iBS-MS/MS measurements, calculated
from the calibration curve and pointing to a level of 2678 ug/
kg in the contaminated wheat sample analyzed.

B CONCLUSIONS

Combining antibodies with direct MS analysis is an obvious
advantage in raising the specificity of a rapid MS method. In
this work, a simplified iBS-MS/MS method was presented,
exploiting, first, the ease of antibody adsorption on polystyrene
surfaces, second, the commercial availability of conductive
polystyrene, and third, direct MS ionization. iBS-MS/MS is
generic, enables semiquantitative and reproducible analysis,
and can be used for a fast, more secure screening or
confirmation of substances, given the high specificity of
mAb. iBS-MS/MS results suggest that the mAb activity is
not compromised on the polystyrene blade and mAb leads to a
selective immuno-extraction. Further, iBS-MS/MS highlights
the opportunity to use alternative conductive surfaces for
direct MS approaches. For instance, investigating conductive
surfaces with increased strength could eliminate the observed
mechanical deformation that leads to unsteady ESI-like
spraying. The conductive polystyrene blades can be cleaned
to remove the mAbs and reused (up to 9 times) following
immobilization of new mAbs leading to an eco-friendlier
analytical approach. Moreover, it can straightforwardly confirm
the identity of the analyte bound on the mAbs of the blade,
with a total time from sample to MS analysis that does not
exceed S min, leading to high-throughput analysis in the case
where a respective autosampler is used, and a total cost of 2.5
euros per iBS-MS/MS analysis, which could vary of course
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depending on the cost of the mAb. Theoretically, apart from
DON, iBS-MS/MS can be adapted to detect any other low
molecular weight analyte in a similar hyphenation approach,
provided that mAbs are available, also paving the road to
multiplex iBS-MS/MS opportunities.
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