Development and application of an exact mass

LC-MS/MS library for the screening of mycotoxins and
fungal metabolites in food and feed

TULLN

Elisabeth Vargal, Thomas Glauner?, Emma Rennie3, Bernhard Wiust43, Michael Sulyok?,
Rainer Schuhmacher?!, Rudolf Krskal, Franz Berthiller!

1 University of Natural Resources and Life Sciences, Vienna (BOKU), Department IFA-Tulln,

Center for Analytical Chemistry and Christian Doppler Laboratory for Mycotoxin Metabolism

Konrad-Lorenz-Str. 20, 3430 Tulln, Austria

2 Agilent Technologies, Chemical Analysis Group

Hewlett-Packard-Str. 8, 76337 Waldbronn, Germany

3 Agilent Technologies, Life Sciences and Chemical Analysis
5301 Stevens Creek Blvd, Santa Clara, CA 95051, USA

Overview and Introduction

Purpose:

TS

 creation of a exact mass HR-MS/MS library for mycotoxins and other fungal metabolites
 application for the screening and confirmation of mycotoxins in food and feed commodities

Methods:

« HR-MS/MS spectral library = flow injection of single analyte solutions
« classical screening approach and All-lons MS/MS approach

Results:

« HR-MS/MS database (> 400) and library (~ 150) for mycotoxins and fungal metabolites
 All-lons MS/MS vyields fragments without precursor selection and is a suitable tool for screening

Mycotoxins are secondary fungal metabolites capable of causing various toxic effects

Including hepatotoxicity, mutagenicity, carcinogenicity or estrogenicity |

* produced by

e.g. Fusarium spp., Aspergillus spp., Penicilium spp.  ~ 3§

400+ known — many more unknown
« several are regulated in 100+

countries and standards are

for a limited number of substances [3]

cereals,

available

« detected in a broad range of food énd feed e.g.
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beer, milk, spices, coffee, nuts, dried fruits [2]
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Accurate mass screening for food contaminants is of growing interest due to the complexity of
the samples and the increasing number of relevant analytes (masked and emerging mycotoxins).

Creation of Database & MS/MS-Library

« acquired HR-MS/MS library spectra for about 150 mycotoxins and other fungal metabolites
—>Injection of individual standards

collision energies: typically 10, 20 and 40 eV

acquisition rate: MS: 5 spectra/s; MS/MS: 5 spectra/s

Isolation width: narrow (1.3 amu)

lon Species: pos. mode: [M+H]*, [M+Na]* ; neg. mode: [M-H], [M+HCOOJ

- Import spectra and structure formulae into user defined database and library
-> curation of fragment masses based on fragment formulas and structures using in silico
fragmentation (MassHunter Molecular Structure Correlator)

- only explainable fragments are included in the database with their exact m/z values

[LJ MassHunter PCDL Manager for Forensics and Toxicolog) assHunter\PCD

Figure 1: Library spectrum and
structure of mycophenolic acid

OH -0

@) ~

File Edit View PCDL Links Help
B Findspectra 3 | | & | @

IL\Mycotosan-DEB.cd

| Single Search | Batch Search | Batch Summary | Edit Compounds | Spectral Search | Browse Spectra | Edit Spectra

Mas Graphic | Mass List
Precursor ion: olarty: Library spectrum

1104
Tolerance 200 D lonization mod § /.

5 1001 100.00 303.12271
Colision ene gy 3 z12
80

Tolerance 20 v

60

Compourn d Collision

Precursor lon

lon Polarity

oooooooooooooooooooo

Mycophenolic acid 32113326 40 | Positive

Mame l Energy Mode Type
C ocorenr o1 3
Myc: ic aci 321.13326 20 iti ESI QTOF

lonization Instrument 504

30

ESI QTOF

195.06519 285.11212 .
_ 153,04405 32113327
10 Y 550 223.06010 539 558

140 150 160 170 180 190 200 210 220 230 240 250 260 2¥0 280 280 300 310 320 330 M40

1) HR-MS full scan

total ion chromatogram (TIC) of a naturally
contaminated hazelnut sample (a)
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2) Database search

extracted ion chromatogram (EIC) (b) and extracted

MS spectrum (c) of mycop

henolic acid

Counts vs. Acquisition Time (min)
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3) MS/MS scan

measurement principle of a
targeted MS/MS scan (d)
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Scheme 2. Example of an identification pathway using a classic screening approach
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Pictures: Fusarium sp.: Marc Lemmens (BOKU); Aspergillus sp.: http://www.eapcri.eu/; Penicillium sp.: http://website.nbm-mnb.ca/mycologywebpages/Moulds/Penicillium.html;
Maize: Marc Lemmens (BOKU); Cheese: http://www.yumsugar.com/Burning-Question-When-OK-Eat-Moldy-Food-4391316; Pistachio: http://www.buhlergroup.com/northamerica/en/
process-technologies/optical-sorting/nut-sorting/pistachio-sorting.htm; Chromatograms and spectra: Mass Hunter qualitative and quantitative analysis (Agilent Technologies)
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4) Library confirmation

extracted MS/MS spectra at collision energies
of 10 eV (e), 20 eV (f) and 40 eV (g) and
library hit confirming the presence of the
Immunosuppressive mycotoxin mycophenolic acid (h)

Cpd 70: Mycophenolic acid: (M+H)+: +ESI Product lon (15.823, 15.839 min, 2 Scans) Frag=175.0V CID@10.0 (321.1349[z=1] -> **) hazelnut_cont08_aMSMS-1.d

207.0655 303.1233
( ) 275.1282

e )
[C16 H19 041+ 321.1681 /W \
| * i i)

\ . |. C 0

Cpd 70: Mycophenolic acid: (M+H)+: +ESI Product lon (15.824, 15.839 min, 2 Scans) Frag=175.0V CID@20.0 (321.1349[z=1] -> **) hazelnut_cont08_aMSMS-1.d

3

44

3,

2,

1,

0,

3

207.0658

81 (f) [C11 H11 O4]+
6 A
4

2

0

3

6,

[C11 H11 O4]+

- ‘J ‘/ ‘ ) .;,,-I’_
[C10 H7 021+ AHE A \ ' /
[CI6HI904 3211642 | : ,
. cH3 OH P

B N N " N l - N i - - N ] ] ] . ‘l')
Cpd 70: M(ophjmlic acid: (M+H)+: +ESI Product lon (15.826, 15.840 min, 2 Scans) Frag=175.0V CID@40.0 (321.1349[z=1] -> **) hazelnut_cont08_aMSMS-1.d #_.‘,"
9 :

\

159.0441 '
[C10 H7 O2]+ ) r
103.0544 207.0658 ‘ \
5 [C8 HT]+ [C11H11 04]+ 7 \
| I | . |

80 100 120 140 160 180 200 220 240 260 280 300 360 380 400 420 440 460 480 5
Counts vs. M‘a. ) ; y

(% Compound |dentification Results: Cpd 70: Mycophenolic acid
Automatically Show Columns | lﬂﬁl | ‘ﬂ %| G 5 | % @| i) f}&|

o

|ID Technigues Applied R

=k LibSearch-FEBF

Best + Mame 4 Formula & Mass 4+ Mass (Tgt) & Diff (ppm) = Diff (mD &= RT & Score (Tg & m'z + Species i

= |F | Mycophenolic acid| C17H2006| 3201253 320.126 226 0.72| 15.863| T7.27| 3211349 34311 (MeH)+ (MeNa)

CE = Name 4 Num Peaks B miz (prec.) 8 Reverse Score 8 Score (Lib) &
(h ) 10| Mycophenslic acid 8 3211333 9741 9741
20| Mycophenclic acid & 3211333 99.65 99.65
40| Mycophenclic acid 16 3211333 92.29 92.29

Score (iso. abund) = Score (mass) B Score (MS) | Score (iso. spacing) B Abund B Species | miz &

2] 2564 8577 7127 4542 | 417207  (MsH)+| 321.1349

0.02 95.59 59.55 BB.92| 812708.5| (M+Na)+| 2431174

Mycophenolic acid
C17H5006
produced by several

Penicillium spp. .
low acute toxicity,
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¢ Additionally, the two approaches were applied to naturally contaminated samples. While in the
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Sample Preparation and LC-MS-Method

Due to the huge differences in chemical and physicochemical properties of mycotoxins, a
general sample preparation procedure is required. Extraction was performed according to [4]
and no clean-up was performed to avoid discrimination of certain mycotoxins.

Method Details: Sampling representative sample
Y - .

LC'MS_ system: 1230 Inflr_uty UHPLC _ Milling grind, homogenise and weigh-in
6550 iIFunnel QTOF (Agilent Technologies), i I I
correction of mass axis with reference Extraction ACN:H,O:HAC (79:20:1, viviv)

) 90 min @ RT on a rotary shaker
masses during the whole run | _

column: Zorbax SB-C18 RRHD __(Cleainftrb/r “(dilute and) shoot” approach
(150 x 2.1 mm; 1.8 um particle Sin_) Analysis LC-MS (pos./neg. ionisation mode)

eluents: water and methanol containing !

0.1% formic acid Evaluation qual. and quant. analysis
gradient: from 10% to 100% B in 19.5 min Scheme 1: Applied analytical scheme

All-lons MS/MS Approach

Alternatively the “All-lons MS/MS” acquisition was applied for elimination of potential false
positives, which used fragmentation without precursor selection. The presence of mycotoxins
was confirmed by the co-elution of characteristic fragment ions
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The coelution score is the major function to qualify
compounds based on similarity of peak shapes.
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Validation and Application

Validation:

« 45 analytes were selected to cover a wide range of different properties: ionisation mode
(neg./pos.), molecular mass (100 to 1300 amu), polarity, regulated mycotoxins and
representatives of the most important groups.

 Neat standard solution and three matrices (maize, hazelnut and wine) were spiked on
several concentration levels after extraction to cover three orders of magnitude.

« All samples were measured in negative and positive ionisation mode using both approaches.

Preliminary results show, that high library match scores are achieved and false positive results

are completely avoided. While the method Is yet not sensitive enough to allow the detection of

e.g. aflatoxins at the requlated levels, at a spiking level of 100 pg/kg the vast majority of the

analytes were identified in the MS scans and confirmed by their MS/MS spectra. Thus, the

method offers a possibility for the screening and unambigious confirmation of a wide range of
different mycotoxins in food and feed even with a lack of reference standards.

Application:

=l |

initial TOF screen several contaminants were suspected, applying the exact mass library to the
MS/MS data efficiently eliminated false positives.

Conclusion

Accurate mass screening using a UHPLC-QTOF in combination with an exact mass library is a
suitable technique for routine screening and confirmation of a wide range of mycotoxins Iin
food and feed. The application of the All-lons approach reduces the measurement time (only one
Injection instead of two) and allows also post-acquisition evaluation including MS/MS
iInformation. The database currently comprises more than 400 mycotoxins and fungal
metabolites. One third of the toxins are already included with their MS/MS spectra.
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