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Analysis of Staphylococcus enterotoxin B using
differential isotopic tags and liquid
chromatography quadrupole ion trap

mass spectrometry
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ABSTRACT: Staphylococcus aureus produces enterotoxins, which are causative agents of foodborne intoxications. Enterotoxins
are single-chain polypeptides and have a molecular weight of about 26-28 kDa. The consumption of food contaminated with
Staphylococcus aureus enterotoxins results in the onset of acute gastroenteritis within 2-6 h. The objective of this study was
the development of a new method for the quantification of Staphylococcal enterotoxin B (SEB) in food matrices. Tryptic peptide
map was generated and nine proteolytic fragments were clearly identified (sequence coverage of 35%). Among these, three
specific tryptic peptides were selected to be used as surrogate peptides and internal standards for quantitative analysis using
an isotopic tagging strategy along with analysis by LC-MS/MS. The linearity of the measurement by LC-MS/MS was evaluated by
combining mixtures of both isotopes at 0.1, 0.2, 0.5, 1.0 and 2.0 "H/*H molar ratios with a slope near to 1, values of R* above
0.98 and %CV obtained from six repeated measurement was below 8%. The precision and accuracy of the method were
assessed using SEB spiked in chicken meat homogenate samples. SEB was fortified at 0.2, 1 and 2 pmol/g. The accuracy results
indicated that the method can provide accuracy within a 84.9-91.1% range. Overall, the results presented in this manuscript
show that proteomics-based methods can be effectively used to detect, confirm and quantify SEB in food matrices. Copyright

© 2011 John Wiley & Sons, Ltd.
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Introduction

Staphylococcal food poisoning caused by enterotoxin-producing
Staphylococcus aureus (S. aureus) is an important foodborne
disease encountered worldwide (Argudin et al, 2010; Arvidson
and Tegmark, 2001; Sockett and Todd, 2000). It has been reported
by regulatory agencies that most raw (fresh or frozen) poultry
meat is contaminated with S. aureus (Waters et al.,, 2011; Capita
et al, 2002). S. aureus is a Gram-positive bacterium producing
enterotoxins, which are responsible for food-borne intoxications.
Staphylococcus enterotoxins are a family of serologically defined,
low-molecular-weight proteins (26-30kDa) produced by some
strains of S. aureus. Consumption of food contaminated with S.
aureus enterotoxins results in the onset of acute gastroenteritis
within 2-6h (Seo and Bohach, 2007; Murray, 2005; Tranter,
1990). The most common symptoms associated with S. aureus
food poisoning are nausea, vomiting, abdominal cramps and
headache (Murray, 2005; Balaban and Rasooly, 2000). The
symptoms normally resolve within 24h, but Staphylococcus
enterotoxins may cause toxic-shock-like syndromes and are
frequently involved in allergic and autoimmune diseases (Argudin
et al., 2010; Ortega et al, 2010; Le Loir et al, 2003). Poor food
handling is a very common source of contamination and,
consequently, S. aureus can enter the food chain during the
processing of animal products. It is challenging to prevent this
type of food poisoning, especially since in most cases it is related
to cultural practices, religion and lack of proper education.
However, in most countries, regulatory agencies enforce food

safety surveillance programs along with a system of laboratories
capable of analyzing pathogens and chemicals in food products
(World Health Organization, 2002). In order to prevent food
poisoning related to S. aureus enterotoxins, it is important to
determine the level of contamination observed in retail meat or
other food products susceptible to direct or indirect contamination.

Staphylococcus enterotoxin B (SEB) is a highly heat-resistant
enteric toxin. SEB is responsible for over 50% of enterotoxin food
poisonings and represents a particular problem for food
requiring handling during processing, such as milk, cheese,
canned meat, ham or cooked meals, because, even if the
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bacteria has been sterilized, the biological activity of the toxin
remains unchanged (Normanno et al., 2007; Le Loir et al,
2003). Moreover, SEB and other enterotoxins could be used as
a biological warfare weapons (Pinchuk et al., 2010; Ler et al.,
2006). Substantial researches have been conducted in the
area of detection of enterotoxins in food resulting in the
development of radioimmunoassay and enzyme-linked immu-
nosorbent assay methods (Bennett, 2005; Candlish, 1991; Clark
and Engvall, 1980). However, these methods are not used for
the quantitative determination of enterotoxins but rather as a
detection tool. The toxicity of enterotoxins is proportional to
the quantity of the toxin ingested and, consequently, analytical
methods capable not only of detection, but also of quantifica-
tion of the toxins, are needed.

Latest liquid chromatography-mass spectrometry (LC-MS)
technological developments along with the integration of new
analytical strategies have significantly contributed to the
acceleration of biomedical research (Halquist and Karnes, 2011;
Kito and Ito, 2008; Brun et al., 2007; Cravatt et al., 2007; Mant
et al., 2007). Current trends highlight the emerging importance
of LC-MS for the characterization, identification, confirmation
and quantitation of proteins in complex biological or nonbiological
matrices (Chaerkady and Pandey, 2008; Griffiths et al, 2001). By
coupling mass spectrometry with separation techniques such as
high-performance liquid chromatography (HPLC), studies of
biopolymer mixtures can be efficiently performed (Hoffmann
and Stroobant, 2007; Wilson et al, 2008). An atmospheric
pressure ion source is required when an instrument that
separates molecules in a liquid phase is coupled to a detector
that subsequently identifies the ions by manipulation in the
gas phase, as in the case of HPLC coupled to mass spectrometry
(MS), to analyze complex mixtures of biomolecules. Electrospray
ionization (ESI) is the most common atmospheric pressure ion
source currently employed to couple HPLC to MS (Yamashita
and Fenn, 1984; Aleksandrov et al., 1984). Briefly, the liquid from
HPLC is directed through the free end of a capillary typically set
at 3-5kV and the electric field transports the ions into the MS.
Currently, ESI is one of the softest ionization techniques available
and has the advantage of generating pseudo-molecular ions
(IM+nHI"" or [M —nHI""). Moreover, little or no extra internal
energy is provided to the ions and, therefore, little fragmentation
occurs, allowing pseudomolecular ions to be studied (Bruins,
1987). However, one strong limitation when analyzing large
proteins (>50kDa) using ESI-MS is the formation of a wide
distribution of multiply charged species expressed in positive
mode as [M + nH]"" ions, resulting in reduced sensitivity for direct
MS analysis (Lane, 2005; Dalluge, 2000). Recent strategies have
been developed to overcome this important limitation. Protein
sequence information can be obtained from several types of
enzymatic digestion methods prior to liquid chromatographic
separation and ESI-MS (D'Siva and Mine, 2010; Manz et al., 2004).
Enzymatic digestion involves reducing the target protein into
smaller peptides (typically <4kDa). This reaction yields a large
number of single- and double-charged peptides in solution that
may be separated by HPLC, prior to their molecular mass
determination by ESI-MS, and creates a comprehensive peptide
map specific to the molecular sequence of the original protein
(Manz et al., 2004). Peptide mapping is now a widely used tool
for the identification and characterization of proteins (Xu and
Ma, 2006). Peptide mapping is essentially a qualitative and
comparative technique that permits protein sequencing using
bioinformatic tools (Xu and Ma, 2006). Trypsin is the most widely

used proteolytic enzyme for protein cleavage because of its high
specificity and ability to digest insoluble or adsorbed protein.
Trypsin cleaves peptide bonds at the carboxylate-terminal side of
lysine (K) and arginine (R) residues (Liu et al, 2007; Manz et al.,
2004). Although detailed structural information can be obtained
with this method, data analysis and interpretation are relatively
tedious. However, several computer algorithms have now been
developed to employ sequences of segments of the analyte
protein and compare them with databases of known proteins,
for the purpose of protein identification (Liu et al.,, 2007; Xu and
Ma, 2006). A major advantage of this approach is that only the
sequences of a few fragments and the protein’s molecular mass
are necessary to unambiguously identify a protein (Callahan
et al.,, 2006). Tandem MS and collision-induced dissociation (CID)
provide a comprehensive spectrum allowing structural infor-
mation to be derived (Callahan et al., 2006). More recently,
new protein quantification strategies were developed based
on tryptic peptides. Specifically, non-isobaric amine labeling
reagents were developed to perform relative and absolute
quantitation experiments of targeted proteins and peptides by
LC-MS/MS using multiple reaction monitoring (MRM) (D'Siva
and Mine, 2010; Callahan et al., 2006). To facilitate protein quan-
tification by MRM, internal standards are required and can be
easily created through chemical labeling. In the reference inter-
nal standard approach, synthetic tryptic peptide standards can
be used to react with a heavy labeling reagent (°*H, '*C, >N
and/or '80). Because of the internal standard, the ratios for all
MRM transitions of each peptide can be obtained and concentra-
tion determined (D'Siva and Mine, 2010).

Quantitative LC-MS/MS analyses of SEB using signature pep-
tides in food matrices have been investigated using a label-free
approach and unrelated internal standards (Callahan et dal.,
2006). However, very few quantitative methods are available in
the literature, particularly methods based on mass spectrometry.
Stable isotope labeling in combination with mass spectrometry
has emerged as a central method to identify, detect and quan-
tify proteins within complex matrices (Elbert et al., 2008;
Bantscheff et al., 2007). The objective of this study is to demon-
strate that a proteomic-based strategy can effectively be used to
detect and quantitate the SEB in food matrices within accepted
criteria for bioassays (Callahan et al., 2006).

Experimental

Chemicals and reagents

Acetic anhydride 99.5% (Ac,0, 2He-Ac,0), ammonium  bicarbonate
(NH4HCO3) and trypsin (proteomic grade) were obtained from Sigma
Aldrich Inc. (Saint Louis, MO, USA). SEB was obtained from from Toxin
Technology Inc. (Sarasota, FL, USA). Synthetic tryptic peptides were
synthetized and characterized by CanPeptide Inc (Pointe-Claire, QC,
Canada). Acetonitrile was purchased from Fisher Scientific (NJ, USA) and
trifluoroacetic acid (TFA), formic acid and ammonium hydroxide (NH,OH)
28.0-30.0% were purchased from J.T. Baker (Phillipsburg, NJ, USA).

Stock solution

Staphylococcal enterotoxin B protein (100 pg) was dissolved in 2mL of
0.1% (v/v) TFA-water solution (50 pg/mL). Further dilution (1:10) in
100 mm ammonium bicarbonate (pH 8.5) was necessary to perform the
trypsin digestion and generate tryptic peptides. Synthetic tryptic
peptides were dissolved in a 0.1% (v/v) TFA-water solution (100 pg/mL).
The peptide stock solutions (100 pg/mL) were diluted in a 0.2m
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ammonium bicarbonate buffer (pH 8.5) at a concentration of 200
pmol/mL to prepare the nonisobaric tagged standards and internal
standard. This approach is referred as the reference internal standard
method in quantitative proteomics (DeSouza et al., 2008).

Synthesis of the internal standards

Selected tryptic peptides were specifically used as internal standards. Ac,0O
reacts principally with the N-terminal primary amine as illustrated in
Figure 1, but also with lysine primary amine. Briefly, the selected tryptic
peptides were diluted in a 0.2m ammonium bicarbonate buffer (pH 7.5).
Two hundred microliters of standard peptides solution were mixed with
10 pL of Ac,O (Standards) or 2He-Ac50 (Internal standards) (>10,000 molar
excess) in a microcentrifuge vial (Che and Fricker, 2002). Ten microliters of
NH,OH were added and the reaction was stopped after 30 min by further
diluting the peptide with 0.25% TFA solution to obtain a final concentration
of 2 pmol/mL. The standards and the internal standard mixtures were
tested by LC-MS/MS and < 1% of the original peptides was observed. The
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Figure 1. Generic reaction of tryptic peptide N-terminal modifications
with acetic anhydride (Ac,0) and introduction of differential isotopic tag.

linearity measurement of the LC-MS/MS response was evaluated by
combining the two mixtures in 0.1, 0.2, 0.5, 1.0 and 2.0 "H/2H molar ratios.

Instrumentation

The HPLC system contained a Thermo Surveyor autosampler and a
Thermo Surveyor MS pump (San Jose, CA, USA). The quadrupole ion trap
(QIT) system used was a Thermo LCQ Advantage (San Jose, CA, USA). Data
were acquired and analyzed with Xcalibur 1.4 (San jose, CA, USA), and
regression analyses were performed with PRISM (version 5.0 d) GraphPad
software (La Jolla, CA, USA) using the nonlinear curve fitting module with
an estimation of the goodness of fit. The calibration lines were constructed
from the peak-area ratios of the acetylated peptides and the corresponding
Hg-acetylated peptides internal standard.

Protein extraction from chicken meat products

The extraction method used was based on a published procedure
available from the Food Directorate (Health Canada) (2008). Briefly,
2.5 g of raw chicken was mix with 2.5 mL of distilled water. The mixture
was blended at high speed for 3min to obtain a homogeneous
suspension. The resulting suspension was fortified with SEB at three
distinct concentrations (0.2, 1T and 2 pmol/g). The pH of the suspension
was then adjusted to 4 with HCl. The samples were mixed and
centrifuged at 3000 g for 15 min. The supernatants were transferred into
new centrifuge tubes and 5% (v/v) of a 90% TCA solution was added to
precipitate the proteins. The sample was mixed and centrifuge at 3000 g
for 30 min. The protein pellets were then suspended in 250 pL of 100 mm
ammonium bicarbonate (pH 8.5) and 1 g of proteomic-grade trypsin
was added. The incubation time was 24 h at 60°C, as previously sug-
gested (Callahan et al., 2006). The sample was then processed through
a 0.5mL, 10kDa MWCO spin filter at 12,000g for 60 min. The sample

Table 1. The mass transitions for quantitation in MRM mode

SEB tryptic peptide Precursor ion  Precursor ion charge state (z  Production  Fragmention  Collision energy (%)
("H3-Ac)-LGNYDNVR 992 T+ 974 bg 37
818 b,
(®*H3-Ac)-LGNYDNVR 995 1+ 977 bg 37
821 b,
("H3-Ac),-IEVYLTTK 1051 1+ 1014 bg H,° 37
844 b, H.,°
(*H3-Ac),-IEVYLTTK 1057 1+ 1020 bg ™,° 37
847 b, H.,°
("H3-Ac),-FTGLMENMK 1155 1+ 966 bs 37
721 be
(*H3-Ac),-FTGLMENMK 1161 1+ 969 bg 37
724 be

Table 2. Summary of peptides obtained following the digestion of SEB with trypsin

Number m/z Observed Sequence Charge state (2) Retention time (min)
1 4759 LGNYDNVR 2 3.8
2 794.0 VLYDDNHVSAINVK 2 9.7
3 966.2 IEVYLTTK 1 10.1
4 1191.2 YLMMYNDNK 1 9.8
5 535.9 FTGLMENMK 2 11.3
6 655.0 VTAQELDYLTR 2 12.0
7 919.7 LYEFNNSPYETGYIK 2 12.5
8 640.0 NLLSFDVQTNK 2 13.0
9 1146.4 FIENENSFWYDMMPAPGDK 2 16.3
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Figure 2. Full-scan LC-MS chromatogram of SEB tryptic peptides.
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Figure 3. Representative chromatograph of acetylated SEB tryptic peptides mixed at a molar 1:1 ("H/?H).

_____________________________________________________________________________________________________________|]
wileyonlinelibrary.com/journal/bmc

Copyright © 2011 John Wiley & Sons, Ltd.

Biomed. Chromatogr. 2011



Analysis of Staphylococcus enterotoxin B by LC-MS/MS

Chromatography

was evaporated by vacuum evaporation and reconstituted in 200 pL of
0.2m ammonium bicarbonate buffer (pH 7.5). Ten microliters of Ac,0O
were added to the sample and vortex vigorously followed by the addi-
tion of NH,OH. After 30 min of reaction, the sample was evaporated by
vacuum evaporation and reconstituted in 25 pL of 0.25% TFA solution
containing 100 pmol/mL of the ?Hg-acetylated peptides internal stan-
dard generating a nominal "H/2H (H/D) ratio of 0.2, 1 and 2.

LC-MS/MS methods

The chromatography was achieved using a gradient mobile phase along
with a microbore column Thermo Biobasic Cg 100 x 1 mm with a particle
size of 5 um. The initial mobile phase conditions consisted of acetonitrile
and water (both fortified with 0.4% of formic acid) at a ratio of 5:95,
respectively. From 0 to 1 min, the ratio was maintained at 5:95. From 1
to 31 min a linear gradient was applied up to a ratio of 60:40 and
maintained for 2 min. The mobile phase composition ratio was returned
to the initial conditions and the column was allowed to re-equilibrate for

14 minutes for a total run time of 47 min. The flow-rate was fixed at 75
puL/min. All acetylated peptides eluted between 10 to 17 min. Two
microliters of sample were injected using full loop mode. The mass
spectrometer was coupled with the HPLC system using a pneumatic
assisted electrospray ion source. The sheath gas was set to 5 units and
the ESI electrode was set to 4000V in positive mode. The capillary
temperature was set at 300 °C and the capillary voltage to 34 V. The mass
spectrometer was operated for quantitative analysis in MRM mode and
the mass transition and collision energy are presented in Table 1.

Results and discussion

SEB tryptic peptide mapping by LC-MS

Peptide mapping is essentially a qualitative and comparative
technique that permits protein sequencing using bioinformatic
tools. It is an essential step to adequately identify specific tryptic
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Figure 4. Product ion spectra of targeted Ac,O-derivatized tryptic peptides.
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peptides that will be used for quantification and to build MRM
methods. Tryptic digest samples were analyzed by LC-ESI/MS
and the observed ions (m/z) were surveyed against an SEB-
predicted peptide list generated with mMass (version 3.11, ICT;
Strohalm et al, 2010). Following the analysis of the peptide
mixtures, nine proteolytic fragments were identified with a total
sequence coverage of 35% determined using MASCOT (Matrix
Science, London, UK) based on an NCBI GI-108515206 sequence
(Nema et al., 2007). Table 2 summarizes the molecular weight
and amino acid sequence of each SEB tryptic peptides observed,
their retention times, the charge states and m/z ratios derive
from the full-scan LC-MS experiment (Figure 2). Other tryptic
fragments predicted in silico were not observed with sufficient
certainty, principally owing to the relatively low ion abundance.
Moreover, certain fragments were not observed since they were
sheltered by an unreduced cysteine bound. Sequence coverage
could be improved if reduction with dithiothreitol and alkylation

RT:00-47.0

100 A

©] 9927>[974 + 818] Blank Extracted Matrix

Extracted matrix at
0.2 pmol/g

RT:00-47.0

1004

w] 1155—»[966 + 721]

with iodoacetamide was used prior to the trypsin digestion.
However, we believe there was no analytical benefit to perform
this additional step since the objective was to generate at least
three specific tryptic peptides for quantitative analysis.

Selection of peptide for analytical measurements and
tandem MS analysis

Tryptic digestion of SEB generates multiple peptide fragments,
many of which could be used for quantification, but some
consideration is needed. Long peptides may lead to a wider
charge state envelope characteristic of electrospray ionization
and consequently hinder our ability to detect and quantify the
peptides at low concentrations. Additionally, the reaction with
acetic anhydride (Ac;O and 2He-Ac,0) with long peptides may
lead to several products since the reagent will react with the

RT:00-47.0

B
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Figure 5. Representative blank and LOQ chromatogram for (A) LGNYDNVR, (B) IEVYLTTK and (C) FTGLMENMK.
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N-terminal amino acid but also with lysine residue present
within the sequence. Another consideration is that we wanted
to select tryptic peptides that are present at different locations
of the SEB structure, and obtain a sequence coverage of approx-
imately 10%. The acetic anhydride reaction was tested with
tryptic peptides and the best results (data not shown) were
obtained with peptides 1, 3 and 5 (Table 2) covering a total of
10.54% of SEB sequence. The selected tryptic peptides were
acetylated and peptides 3 and 5 existed in two acetylation states
(i.e. with one and two groups), but the main product (>90%) was
with two groups since peptides 3 and 5 contain a lysine group at
the C-terminus. Figure 3 shows that the number of acetyl groups
incorporated was apparent from the mass difference between the
two peaks, as illustrated by the difference of 3 mass units per
acetyl group illustrated in Fig. 1. Product ion spectra (MS/MS) of

A
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Figure 6. LC-MS/MS quantitative analysis of selected SEB tryptic peptides
labeled with "Hg-Ac,0 or *Hg-Ac,0 using a reference internal standard strategy.

selected acetylated peptides were collected and typical b and y
positive charge ion fragments were observed. Figure 4 shows that
the CID spectra of acetylated LGNYDNVR at m/z 992 (He-Ac,0)
and 995 (*He-Ac,0) are compatible with the expected products
based on the amino acid sequence. The spectra revealed the pres-
ence of the characteristic b and y fragments at m/z 974/977 (bg),
837 (y,), 818/821 (by), 719/722 (be), 702/705 (bs- H,0), 605/608
(bs), 490/493 (b,) and 388 (ys) for the acetylated tryptic peptide
observed at 9.9 min. The CID spectra of acetylated IEVYLTTK at
m/z 1051 (He-Ac;0) and 1057 (Hg-Ac,0) were compatible with
the expected products based on the amino acid sequence. The
spectrum also revealed the presence of characteristic b and y
fragments at m/z 1032/1038 (bg), 1014/1020 (bg — H,0), 895/898
(y,), 862/865 (b;), 844/847 (b, — H,0), 766/769 (ys), 761/764 (bg),
667/670 (ys), 660/663 (bs), 547/550 (b,) and 384/387 (bs) for the
acetylated tryptic peptide observed at 16.3min. Finally, CID
spectra of acetylated FTGLMENMK at m/z 1155 (Hg-Ac;0) and
1161 (*Hg-Acs0) were compatible with the expected products
based on the amino acid sequence. As illustrated for the other
peptides, characteristic b and y fragments prevailed at m/z
966/969 (bg), 964/967 (ys), 864/867 (y,), 835/838 (b,), 721/724
(bg), 592/595 (bs) and 461/464 (b,) for the acetylated tryptic
peptide observed at 16.6min. The observed low-energy CID
spectra were compatible with the expected acetylated peptides.
Furthermore, b ions predominated and this is particularly important
for the selection of suitable MRM transitions to accomplish protein
quantitation based on reference internal standard combined with
amine-modifying isotopic tags labeling strategies. Additionally,
specificity of the assay is important and the selected tryptic
peptides were surveyed using MASCOT and NCBI databases
against all Staphylococcus enterotoxins to verify whether
potential interference exists. Moreover, similar surveys were
performed with recorded mammalian proteins and no proteins
showed the presence of these three tryptic peptides. As illus-
trated in Figure 5, extracted blank samples did not show any
significant interferences at the mass transition and retention
time for each tryptic peptide compare to LOQ.

Table 3. Summary of precision and accuracy data for SEB
determination in chicken meat
Concentration Mean SD % %CV
(pmol/qg) concentration NOM
(pmol/g)
Peptide: LGNYDNVR (n =6)
0.2 0.179 0.00324 89.4% 1.8%
1 0.952 0.02912  952% 3.1%
2 1.982 0.01618 99.1% 0.8%
Peptide: IEVYLTTK (n=6)
0.2 0.166 0.01342 832% 8.1%
1 1.017 0.02806 101.7% 2.8%
2 2.055 0.09211 102.8% 4.5%
Peptide: FTGLMENMK (n =6)
0.2 0.164 0.03482 82.0% 21.2%
1 0.694 0.02631 694% 3.8%
2 1.428 0.20242 714% 14.2%
Combined results
0.2 0.170 0.01819 849% 10.7%
1 0.888 0.15428 88.8% 17.4%
2 1.822 0.32240 91.1% 17.7%
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Quantitation of selected tryptic peptides using differential
isotopic tags

The LC-MS/MS method linearity was assessed by acetylating a
mixture of three synthetic SEB tryptic peptides using He-Ac,0
or 2Hg-Ac,0 and combining the two mixtures in 0.1, 0.2, 0.5,
1.0 and 2.0 "H/?H molar ratios. Figure 6 shows that the peak area
ratios of specific MRM transitions related to each isotopic pair of
the targeted tryptic peptides were consistent with the mixing
ratio of the two labeling pools, yielding a linear dynamic range
with a slope near to 1 and a value of R? above 0.98, which
denotes that this quantification strategy is accurate. Moreover,
the %CV obtained from six repeated measurements was below
8% for 0.1, 0.2, 0.5, 1.0 and 2.0 'H/?*H molar ratios, suggesting
that the method is precise. These results are within generally
accepted criteria for bioassays.

Quantitative determination of SEB in chicken meat

Since SEB is one of the major food poisoning agents, it was
necessary to evaluate the efficiency of the present analytical
method for detecting and quantifying the toxin in food matrices.
Samples were prepared by spiking chicken meat homogenates
with SEB at 0.2, 1 and 2 pmol/g to evaluate the recovery,
precision and accuracy of the proposed method. The analyses
were performed in MRM mode (refer to Fig. 4 for supporting
information from MS/MS spectra of each acetylated tryptic
peptide). The precision and accuracy of the method were
evaluated for each tryptic peptide monitored and further
statistical analyses were performed, including all the results in
order to assess the overall precision and accuracy of the method.
Statistical results are presented in Table 3.

In the current study, the determination of the accuracy (%NOM)
is important since very few methods are available to estimate the
concentration of SEB in food matrices. The method is based on
three selected SEB tryptic peptides and the accuracy ranges from
69 to 103%; however, when all the data are combined together,
the accuracy results are improved, which indicates that the
method can provide accuracy within an 85-115% range.
Moreover, the recovery is an integral part of the estimation of
the accuracy and, considering the complexity of the matrix and
the preparation procedure, the results obtained were excellent.
Generally for bioassay, the precision around the mean value
should not exceed 20% of the CV. The data provided in Table 3
show that most precision values were well below that limit, with
only one exception. Considering the lack of quantitative or
semi-quantitative methods, the results show that the general
approach suggested in this manuscript can be used for the rapid
detection, confirmation and quantification of SEB in meat matrices.

Conclusion

The results presented in this manuscript show that proteomics-
based methods can be effectively used to detect, confirm and
quantitate SEB in food matrices. More specifically, amine-
modifying labeling reagents are an interesting strategy to achieve
protein quantitation in complex food matrices using differential
isotopic tags, reference internal standards and LC-MS/MS analysis.
Interestingly, these approaches are perceived to be costly, espe-
cially when using commercial kits such as MTRAQ, ITRAQ or TMT.
However, this paper suggests an alternative using an acetylation

strategy with acetic anhydride (Ac,0/*Hg-Ac50), which is afford-
able and reliable, but more importantly, provides adequate figures
of merit for identification and quantification of SEB in food matri-
ces. In addition, regulatory agencies enforce the conditions under
which laboratories can manipulates these toxins, making routine
analysis more difficult. The method proposed in this manuscript
does not directly require SEB to be manipulated during routine
analysis and therefore represent a significant advantage.
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