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Abstract 35

This work was designed as a proof of concept, to demonstrate the successful use of the comparison 36

between theoretical and experimental collision cross section (CCS) values to support the 37

identification of isomeric forms. To this purpose, thirteen mycotoxins were considered and analyzed 38

using drift time ion mobility mass spectrometry. A good linear correlation (R2 r2 = 0.962) between 39

theoretical and experimental CCS was found.  40

the acceptability threshold value commonly set at 5%. The agreement between theoretical and 41

experimental CCS obtained for mycotoxin glucuronides suggested the potential of the CCS 42

matching in supporting the annotation procedure. 43

 44

Keywords: Modified mycotoxins; drift-time ion mobility mass spectrometry; metabolite structural 45

characterization.; High resolution mass spectrometry. 46

 47

Chemical compounds studied in this article: Alternariol (PubChem CID: 5359485); alternariol 48

monomethyl ether (PubChem CID: 5360741); deoxynivalenol (PubChem CID: 40024); zearalenone 49

(PubChem CID: 5281576); deoxynivalenol 3-glucuronide (PubChem CID: 102202100); 50

deoxynivalenol 15-glucuronide (PubChem CID: 102202102); zearalenone 14-glucuronide 51

(PubChem CID: 71753018). 52
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1. Introduction61

Mycotoxins are toxic secondary metabolites produced by a large number of fungal species, 62

potentially infesting foodstuffs at all stages of food production, processing and storage. Therefore, 63

humans and animals can be simultaneously exposed through the diet to  64

(Hove, Van Poucke, Njumbe-Ediage, Nyanga & De Saeger, 2016; Smith, Madec, Coton & Hymery, 65

2016; Assunção, Silva & Alvito, 2016). However, the possible extent and the combined effects of 66

co-exposure in humans and animals, are still to be defined (Alassane-Kpembi, Puel, Pinton, 67

Cossalter, Chou & Oswald, 2017; Shirima, 2015). Current risk assessment involves the estimation 68

of the exposure, based on the combination of estimation food consumption data with co-occurrence 69

data collected by control agencies (Heyndrickx, 2014). Although very useful for risk management, 70

this approach is based on a severe approximation, as average co-occurrence data obtained for each 71

food category, are projected on food consumption data averaged throughout the EU population. 72

Therefore, this under/over-estimation may affect the regulatory action, leading to less effective 73

policies.  74

In the era of personalized healthcare, a more individual-focused exposure assessment could be 75

obtained by measuring the levels of relevant biomarkers in urine (Ali, Muñoz & Degen, 2017; 76

Föllmann, Ali, Blaszkewicz & Degen, 2016; Wallin, 2015; Heyndrickx, Sioen, Huybrechts, 77

Callebaut, De Henauw & De Saeger, 2015). However, the identification of proper biomarkers for 78

mycotoxins implies the full elucidation of their toxicokinetics, also in view of the inter-individual 79

variability due to epigenetic-related phenomena (Mukherjee, 2014; Warth, Sulyok, Berthiller,  80

Schuhmacher & Krska, 2013).  81

Glucuronidation is one of the main phase II metabolic pathways, whereby mycotoxins, such in a 82

similar way toas other 83

 natural compounds occurring in the diet and drugs, are biotransformed into polar conjugates, before 84

excretion in bile or urine (Warth, 2013). The reaction is mediated by a family of membrane-bound 85
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enzymes, UDP-glucuronosyltransferases (UGTs), that whch catalyze the transfer of glucuronic acid 86

to a nucleophilic functional group of the target compound. In humans, up to 20 different UGT 87

isoforms have been characterized, following expression of their corresponding cDNA in 88

heterologous cells (Ritter, 2000). Studies have shown that these isoforms present distinct, but 89

frequently overlapping, substrate specificities, leading therefore to the formation and excretion of a 90

range of isomeric glucuronides of the same xenobiotic (Tripathi, Bhadauriya, Patil & Sangamwar, 91

2013; Dong, Ako, Hu, & Wu, 2012; Wu, Basu, Meng, Wang & Hu, 2011). 92

Besides their urinary excretion as biomarkers, regio- and stereospecificity in isomers formation are 93

relevant also in consideration of the possible differences in their biological activity. Although 94

glucuronidation is indeed often regarded as a detoxification process, in some cases the xenobiotic 95

glucuronidation may elicit biologically active or toxic metabolites, i.e. morphine-6-glucuronide is a 96

more potent opioid agonist than morphine itself (Ritter, 2000). Similarly, DON-15-glucuronide has 97

been predicted, according to computational calculation, to be more ribotoxic than its parent 98

compound (Dellafiora, Galaverna 2017). 99

Concerning mycotoxins, the glucuronidation pathways of deoxynivalenol (DON), zearalenone 100

(ZEN), ochratoxin A (OTA), alternariol (AOH) and its methyl ether (AME), have been partially or 101

fully elucidated so far, also in terms of the activity of different human UGT isoforms (Maul, Warth, 102

Schebb, Krska, Koch & Sulyok, 2015; Maul, 2012; Pfeiffer, Schmit, Burkhardt, Altemöller, 103

Podlech & Metzler, 2009; Pfeiffer, Hildebrand, Mikula & Metzler, 2010). 104

 Besides inter-species variability (Maul, 2012, Welsch & Humpf, 2012; Maul, 2015), inherent 105

factors, such as gender, age and epigenetics, may affect the glucuronidation, and therefore have an 106

impact on the pattern of urinary biomarkers (Videmann, Koraichi, Mazallon & Lecoeur, 2012; 107

Yasar, Greenblatt, Guillemette & Court, 2013; Dluzen, 2014).108

Glucuronidation studies are often performed using liver microsomes or microsomal fractions from 109

different animals, to explore possible inter-species differences leading to a different biomarker 110

pattern in urine and/or plasma (Welsch, 2012). Specific enzymes can be isolated, as well.111
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 Once different glucuronides are obtained upon incubation, further steps of isolation and 112

purification are required before structural elucidation, which is usually performed by NMR analysis. 113

However, although efficient for evaluating isomeric heterogeneity, the main limitation of this 114

approach is the need of for a considerable amount of pure analyte.  115

In this frame, a new analytical technique, ion mobility spectrometry (IMS), is gaining wider 116

recognition as a promising approach that can overcome the above-mentioned NMR limitations, 117

making it an ideal candidate for improving confidence in the identification and separation of 118

structurally closely related isomers (Righetti, . IMS is a gas-119

phase electrophoretic technique that provides a new dimension (3D) of separation based on size, 120

shape, and charge of ions (Cumeras, Figueras, Davis, Baumbach & Gràcia, 2015; Paglia et al. 121

2015a; Paglia, Kliman, Claude, Geromanos & Astarita, 2015b). So far, three major IMS-MS 122

separation approaches are currently commercially available: drift-time IMS (DT-IMS), traveling-123

wave IMS (TW-IMS), and high field asymmetric waveform IMS (FAIMS), also known as 124

differential-mobility spectrometry (DMS) (Cumeras, 2015; Paglia, 2015a; Paglia, 2015b). In DT-125

IMS (May, 2014), ions move through a homogeneous, continuous electric field in a drift tube in the 126

presence of neutral gas molecules. DT-IMS consists of a series of stacked-ring electrodes where a 127

near-uniform electric field is created along the axis of the drift tube. The carrier gas and the gaseous 128

sample are introduced into the ionization region, while a counter current flow of a neutral gas 129

(mostly nitrogen, helium or argon), is introduced from the side of the detection region (Cumeras, 130

2015). Thus, species with the same mass-to-charge ratio (i.e., isomers) can be separated according 131

to their ability to pass through a tube filled with a gas under the influence of an electric field. 132

Since isomers, such as those obtained upon glucuronidation, have the same mass-to-charge ratio, 133

but a different three-dimensional (3D) conformation, the time taken for each parent ion to drift 134

through the tube will be significantly different. Since the ion drift time depends principally on the 135

collision frequency between the ions and the buffer gas (Paglia, 2015a), it allows the measurement 136

of the collision cross section (CCS) values, according to the Mason-Schamp equation (May, 2014).  137
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On the other side, being related to the unique structural conformation of the molecule, the CCS 138

value can be calculated by theoretical computation (Lapthorn, Pullen, Chowdhry, Wright, Perkins & 139

Heredia, 2015; Boschmans, 2016), offering therefore a powerful tool for structural imputation in the 140

absence of reference compounds. 141

To prove the effectiveness of IMS-MS in supporting the structural identification of isomeric 142

glucuronides through the comparison of theoretical and experimental CCS values, this study was 143

aimed at the HR-MS characterization of the glucuronides obtained by incubation of four possible 144

co-occurring mycotoxins, i.e. DON, ZEN, AME, and AOH, with human liver microsomes.  145

 146

Materials and Methods 147

 148
Chemicals and reagents 149
 150
Mycotoxin standards of AOH, AME and ZEN were purchased from Sigma (Stuttgart, Germany). 151

Analytical standard of DON was purchased from Romer Labs® (Tulln, Austria). HPLC HPLC-152

grade- solvents methanol, acetonitrile and acetic acid were obtained from Sigma (Stuttgart, 153

Germany). Double-Bidistilled water was obtained by a Milli-Q purification system (Millipore, 154

Bedford, MA, USA).  Human liver microsomes were purchased from Sigma Aldrich and stored at -155

80 °C. -diphosphoglucuronic acid (UDPGA) -diphospho-N-acetylglucosamine 156

(UDPGN), Tris-HCl and MgCl2 were purchased from Sigma-Aldrich (St. Louis, MO).  157

 158
Glucuronidation assay 159
 160
Human liver microsomes were individually incubated with AOH, AME, ZEN and DON, following 161

the protocols already reported in the literature (Pfeiffer, 2009; Pfeiffer, 2010; Maul, 2012; Uhlig, 162

2013). Briefly, the incubation mixture contained 3.75 mM of each mycotoxins, 7.4 mM UDPGA, 163

50 mM Tris-HCl buffer (pH 7.4), 8 mM MgCl2, 0.3 mM UDPGN, and 100 µL of liver microsomes 164

in a total volume of 0.5 mL. The incubation was performed at 37 °C for 60 min in a shaking water 165

bath and stopped by adding acetonitrile (1:1; v/v). Protein were was precipitated after centrifugation 166
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(4000 g for 5 min) and the supernatant was evaporated to dryness and reconstructed in methanol. 167

Glucuronides were purified from the unreacted parent mycotoxins by means of semi-preparative 168

HPLC (1525 Binary HPLC, ; Waters) equipped with UV detector (998; Waters) using a Synergi 169

fusion C18 column (80Å, 150 x 10 mm) and bidistilled double-distilled waters and methanol (both 170

acidified (with 0.2% formic acid) as mobile phases. 171

Measurements of the exact mass and the fragmentation patterns of glucuronide isomers were 172

performed by UHPLC-IM-QTOFMS.  173

174
UHPLC-IM-QTOF analysis 175
 176
UHPLC Agilent 1290 Infinity LC UHPLC system coupled to commercial prototype IM-MS, which 177

incorporates a drift tube coupled to a quadrupole time-of-flight mass spectrometer (IM-Q-TOFMS, 178

Agilent Technologies, Santa Clara, CA) was employed. An orthogonal electrospray ionization (ESI) 179

source (Agilent Jet Stream) was used.   180

For the chromatographic separation of ZEN, AOH and AME glucuronides, a reversed-phase C18 181

Acquity HSS T3 column (2.1 × 100 mm and a particle size of 1.8 µm; Waters) with 2.10×100 mm 182

and a particle size of 1.8 µm heated to 40 °C was used. Gradient elution was performed by using 183

bidistilled double-distilled water (eluent A) and acetonitrile (eluent B), both acidified with 0.5% 184

acetic acid. From the initial conditions set at 20% B, eluent B was increased to 40% in 5 min and to 185

95% in 1 min.; after After an isocratic step (2 min), the system was re-equilibrated to initial 186

conditions for 2 min. The total run time was 10 min and flow rate was set at 0.300 mlmL/min. 187

By contrast, for the separation of DON-GlcAs an Acquity UPLC BEH Amide column (1.7 µm; 2.1 188

mm x 100 mm) was used; gradient elution was performed as previously described (Zachariasova, 189

Vaclavikova, Lacina, Vaclavik, & Hajslova, 2012). 190

 The autosampler temperature was kept at 5 °C; 10  of sample was were injected into the system. 191

The ESI source was operated in negative ionization mode (ESI-) with a nitrogen sheet gas 192

temperature at 400 °C at a flow rate of 12 L/min and the following voltages: capillary 4500 V, 193
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nozzle 1700 V. Nitrogen drying gas applied at the source entrance was heated at 150 °C at a flow 194

rate of 10 mL/min. The ion mobility drift gas pressure (nitrogen) was maintained at 4 Torr and 28.8 195

°C; the drift tube entrance voltages were set to 1700 V. 196

The QTOF spectrometer operated in full scan mode from m/z 50 to 1000 m/z and ions were targeted 197

for collision collision-induced dissociation (CID) fragmentation based on the previously determined 198

accurate mass and retention time.   199

 200

Calculation of experimental Collision Cross Section values  201

 202

Drift tube ion mobility provides a direct accurate method to calculate the CCS ( ) using the Mason-203

Schamp equation (Mason & Schamp, 1985). Considering that the Mason -Schamp equation defines 204

CCS as a function of several experimental parameters, these parameters must be well-characterized 205

to obtain CCS values with high confidence. In particular, drift tube length, temperature, pressure 206

and drift voltage should be carefully checked before each CCS measurement. Therse parameters 207

indeed, are the major factors that contributed to total uncertainty of drift time measurement.  208

IM-MS Browser (Agilent Technologies) was employed for data acquisition and processing. First, 209

the drift ramp method with infusion infusion-based acquisition was applied with calibration 210

solution. The method consists of time segments in a single acquisition, each segment with a 211

different drift tube voltage (1000  1700 V with 100 100-V steps). The calibration factor was 212

calculated based on the known calibrant CCS values and this factor was applied to the next sample 213

analyzesanalyses. 10 µLTen microlitres of sample was were injected onto the column and measured 214

without any changes of source conditions and within the ion optics following the drift tube. Instead 215

of the time time-segmented acquisition, the analysis was sequentially repeated with the different 216

drift tube voltages (1100, 1300, 1500 and 1700 V). Using the calibration factor and reference CCS 217

(243 Å2) from the reference mass 922, the CCS values for the ions of interest were calculated. On 218
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the basis of a propagation-of-error analysis, including the limits of precision for experimental 219

parameters, the accuracy of all CCS values was estimated to be better than 2% (May, 2014). 220

221

Calculation of theoretical collision cross section values 222

223

The calculation of the theoretical CCS values relied on the three-dimensional (3D) atomic 224

coordinates of the molecules under investigation. In particular, Aall the 3D structures of aglycones 225

are freely available and they were retrieved from the PubChem database (Kim, 2016). Conversely, , 226

while all none of the glucuronide derivatives has been made available so far. Therefore, all of them227

were obtained computationally, processedediting  from the respective aglycones by with the 228

addition of glucuronic acid groups, using using the software Sybyl, version 8.1 (www.certara.com), 229

as previously reported (Cozzini & Dellafiora, 2012). For each 3D structure, Aall the atoms were 230

checked for the atom- and bond-type assignments, correcting any erroneous attributions. Then, 231

atoms cCharges were were calculated and assigned using the MMFF94 method in Sybyl.  and each 232

Afterwards, all the 3D structures weremolecule was energetically minimized using the Powell 233

algorithm whit with  1 and a maximum of 500 cycles. In 234

order to calculate the theoretical CCS values, such optimized 3D structuress were used as input in a 235

modified version of the Mobcal software that simulates the condition of nitrogen buffer gas instead 236

of helium (Campuzano, Bush, Robinson, Beaumont, Richardson & Kim, 2012; Kim, Kim, Johnson, 237

Beegle, Beauchamp & Kanik, 2008; Mesleh, Hunter, Shvartsburg, Schatz & Jarrold, 1996). In 238

particular, the default setting has been used with a temperature of 300 K. As an exception, in order 239

to speed up computing time, the number of points in the Monte Carlo integrations of MOBIL2 240

impact parameter and orientation was set at 50, while the number of points in MOBIL2 velocity 241

integration was set at 40.  242

All the volume and area values were calculated by using UCSF Chimera software, version 243

1.1 (Pettersen, 2004) 244

Field Code Changed
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The correlation between tCCS and eCCS values were evaluated using the Kendall Tau test 245

with Statistical analysis was performed using IBM SPSS Statistics v.23 (SPSS Italia, Bologna, 246

Italy). 247

 248

Results and Discussion249

Glucuronidation of target mycotoxins 250

This work was designed as a proof of concept, to demonstrate the successful use of the comparison 251

between theoretical and experimental CCS values, to support the identification of isomeric forms. 252

Therefore, target mycotoxins were selected according to two conditions: a) the presence of at least 253

two sites for glucuronidation; b) availability in the literature of information about the formation of 254

isomeric glucuronides. Accordingly, DON, ZEN, AME and AOH were selected, as fully matching 255

the requirements (Figure 1). 256

DON is the main Fusarium mycotoxin occurring in cereals and products thereof worldwide. After 257

oral absorption, it undergoes glucuronidation in the liver, giving rise to both DON-3GlcA and 258

DON-15GlcA isomers. A third minor isomer, putatively annotated as DON-7GlcA, has been 259

reported by some authors, but not yet structurally elucidated (Maul, 2012; Uhlig, Ivanova & Fæste, 260

2013). According to the literature (Warth, 2012; Warth, Sulyok & Krska, 2013; Heyndrickx, 2015), 261

the ratio DON-15GlcA/DON-3GlcA in humans is approximately 3/:1. 262

ZEN is an estrogenic mycotoxin, undergoing extensive phase I and phase II metabolism in living 263

organisms. According to recent studies, besides the glucuronidation of phase I metabolites, it is 264

directly metabolized into ZEN-14GlcA, which is largely the main glucuronide formed by human 265

liver microsomes, in consideration of the sterical hindrance due to the strong hydrogen bonding 266

between the hydroxyl group at C16 and carbonyl group at C1 (Pfeiffer, Hildebrand, Mikula & 267

Metzler, 2010). 268
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Concerning Alternaria mycotoxins, glucuronidation of AOH and AME mainly occurs at position 3, 269

giving rise to AOH-3GlcA and AME-3GlcA. In addition, AOH-9GlcA is also formed, while 270

glucuronidation at position 7 seemed to be strongly hindered (Pfeiffer, 2009). 271

To obtain glucuronide mixtures for further analysis, the target mycotoxins were incubated with 272

human hepatic microsomes in the presence of UDPGA (7.4 mM in 500 µL). The pool was then 273

analysed analyzed by UHPLC-Q-TOF for identification. Data are reported in Table 1. 274

In our mixture, only one ZEN conjugate was detected (Figure 1, supplementary Supplementary 275

materialMaterial). It had a quasimolecular ion of m/z 493.1720, which gave rise to fragment ions of 276

317.1395, corresponding to the loss of glucuronic acid (176.0315 amu) and m/z 175.0245 resulting 277

from the loss of the aglycone from the quasimolecular ion (Table 1). Therefore, in agreement with 278

the literature, this metabolite was annotated as ZEN-14GlcA, since the isomer ZEN-16GlcA differs 279

in the fragmentation pathway, involving also the loss of carbon dioxide (44.0095 amu) [6]. 280

Incubation of DON with human liver microsomes gave rise to two isomeric glucuronides, in 281

agreement with previous literature (Uhlig, 2013). The two glucuronidation products afforded 282

primarily ions with m/z 471.1508 in negative ionization mode (Figure 2 2, supplementary 283

Supplementary materialMaterial). However, their MS/MS spectra differ for due to the presence of 284

m/z 441.1422 fragment that is likely to arise from cleavage of the CH2OH moiety attached al C-6 285

( Krska, 2005). This loss is consistent with 286

the fragmentation pattern of the minor isomer DON-3GlcA.  287

When AME was incubated with human liver microsomes, two glucuronides with 288

quasimolecular negative ions at m/z 447.0950 and fragment ions at m/z 271.0609 and 175.0237 289

were obtained. The two HRMS/MS spectra were very similar (Figure 3, supplementary 290

Supplementary materialMaterial), ); thus the assignment of the glucuronic acid moiety was not 291

possible. However, considering that AME has only two hydroxyl groups, the major glucuronide is 292

proposed to be AME-3GlcA and the minor glucuronide AME-7GlcA, in agreement with previous 293
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findings (Pfeiffer, 2009). However, based on HR-MS analysis, the univocal identification of the 294

isomers was not possible. 295

Regarding AOH glucuronidation, three glucuronide conjugates were detected in our study 296

(see Figure 2), in contrast with the literature reporting only the formation of AOH-9GlcA and AOH-297

3GlcA (Pfeiffer, 2009). HRMS/MS spectra of the three glucuronides were almost identical, with a 298

molecular ion of m/z 433.0779 and fragment ions corresponding to the loss of glucuronic acid (m/z 299

257.0456) and to the loss of the aglycone (m/z 175.0245). In consideration of the sterical hindrance 300

of the hydroxyl group in position 7 compared to position 9 and 3, the most abundant peaks were 301

tentatively attributed to AOH-3GlcA and AOH-9GlcA, while the third detected glucuronide (about 302

0.7% of the total glucuronidated forms) was tentatively annotated as AOH-7GlcA. As for AME 303

glucuronides, based on HRMS analysis, the univocal identification of the isomers was not possible. 304

 305
Calculation of the experimental CCS vs thereoeoretical CCS values 306
 307
To explore the possible application of ion mobility spectrometry to support structural identification 308

of the isomeric glucuronides of selected mycotoxins, their experimental CCS (eCCS) values were 309

measured in the drift tube. For the same set of compounds, the theoretical CCS (tCCS) values were 310

calculated using N2(g) parameterized MOBCAL software. Experimental and theoretical CCS values, 311

along with structural parameters, are reported in Table 2.312

As expected, the eCCS values were found to be significantly correlated with their respective 313

volume (Kendall Tau correlation,  = 0.646, p = 0.003). A good correlation was found for eCCS 314

values and molecular mass as well (Kendall Tau correlation,  = 0.576, p = 0.009).  315

Since the mobility of molecules strongly depends on their collision with the drift gas, molecular 316

mass and volume are good descriptors of the phenomena (Paglia, 2015a; Paglia, 2015b; Goscinny, 317

Joly, De Pauw, Hanot & Eppe, 2016). However, CCS values are mostly related on to the spatial 318

arrangement of each compound, which may differ significantly between isomeric forms (see Figure 319

3).  320
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 321

The main advantage of the use of CCS values for compound identification is due to their 322

independence from both the concentration of the target compound and the sample matrix 323

(Goscinny, 2016). Taking into account the analytical efforts made in the last years for validating 324

extraction and detection procedure depending on the sample matrix, the great advantage offered by 325

the CCS values as molecular descriptor is evident, especially when metabolites occurring at low 326

traces in biological fluids are considered.  327

However, the experimental evaluation of CCS values, as well as their matching with theoretical 328

values, still presents some limitations, mainly due to the instrumental set up used for drift time 329

measurement.  To overcome this problem, proper correction models should be implemented, aimed 330

at comparing the eCCS with tCCS. However, the implementation of such models requires the 331

availability of large datasets of compounds, with a great chemical diversity, evenly distributed over 332

a wide range of masses and volumes. In addition, the possible formation of protomers and adducts 333

may significantly affect the measurement of eCCS, and therefore must be carefully considered in 334

the development of the model. 335

In our set, it must be considered that the masses of the target analytes ranged between m/z 257  and 336

493 m/z,; all the compounds have been measured as [M -  H]- ]  ions, although all of them 337

presented several deprotonation sites. These are important parameters for setting the eCCS vs tCCS 338

comparison, as reported by different authors (Lapthorn, 2015; Boschmans, 2016). Among possible 339

factors, the protonation/deprotonation site can affect significantly the drift times. This effect can 340

actually be relatively large for small molecules (Boschmans, 2016). 341

On plotting the tCCS values for the lowest energy structure vs eCCS, a good linear correlation 342

between the eCCS and tCCS was observed, with an R2 r2 value of 0.962 (Figure 4). This indicates 343

that the model is able to measure CCS values of other molecules whit acceptable reliability. The 344

percentage of error calculated as the deviation between eCCS and tCCS ranged from 0.7 to 8.8%, as 345

reported in Table 2. This is in line with the finding of Gonzales et al. (Gonzales, Smagghe, Coelus, 346
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Adriaenssens, De Winter & Van Camp, 2016) that reported a percentage of error ranging from 0.6 347

to 9.6% when comparing eCCS and tCCS for 56 deprotonated phenolics. 348

2.3%, therefore fully consistent with the acceptability threshold value commonly set at 5% (Paglia, 349

2015a). Among 350

data have been collected for [M  -H]- ]  species, and DON is the only compound in the set with 351

slightly deprotonable groups (i.e alcoholic hydroxyl groups vs phenolic or carboxylic hydroxyl 352

groups), this might affect the agreement between eCCS and tCCS. 353

In the case of DON glucuronides, CCS values could n ot be of support in 354

confirmconfirmation ofing the annotation, as eCCS were 199.0 Å and 200.7 Å for DON-3GlcA and 355

DON-15GlcA, respectively. In consideration of a mean experimental error of 2% obtained by DT-356

IM, these values do not significantly differ under the experimental conditions applied. This is 357

however in agreement with the very similar eCCS values obtained (see Table 2). 358

Considering AME and its glucuronides, although tCCS values are always lower than the 359

respective eCCS values, the rank is consistent (AME < AME-3GlcA < AME-7GlcA). Therefore, 360

thieses data, along with the fragmentation pattern, may be used as a confirmation for the given 361

annotation. 362

 The agreement between tCCS and eCCS for AOH and its glucuronides is lower than those 363

obtained for other mycotoxins. However, the relative rank of compounds (AOH < AOH-9GlcA < 364

AOH-3GlcA < AOH-7GlcA) supported the given annotation.  365

 366

In consideration of the small set of compounds considered within this study and the aforementioned 367

limitations, the good fitting obtained is very promising. In particular, the rank between each parent 368

compound and its glucuronides is always consistent, and this supports the possible inclusion of CCS 369

values in the annotation procedure. 370
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An enlargement of the set, with the inclusion of different classes of compounds distributed along a 371

larger range of molecular masses, together with a step-by-step refining of the experimental 372

parameters, may support a fine tuning of the computational model.  373

On the other side, studies have to be undertaken to evaluate the stability of eCCS in different 374

matrices and under different experimental/instrumental conditions. In particular, due to the fact that 375

different IMS strategies are available on the market, a comparison of CCS values obtained on 376

different instruments and with different instrumental set- up, has to be considered as a future step. 377

 Similarly, tools for tCCS calculations should be implemented and fine- tuned to obtain reliable 378

data, especially for multi-charged ions and adducts. 379

 In particular, the rank between each parent compound and its glucuronides is always consistent, 380

and this supports the possible inclusion of CCS values in the annotation procedure. 381

It must however be underlined that data reported in this study are collected for pre-purified samples 382

dissolved in standard solution. Experimental data should be further validated in naturally 383

contaminated urine. However, in consideration ofwith previous studies comparing IM data obtained 384

in solution and in the matrix (Goscinny et al. 2015; Paglia et al. 2015; Regueiro et al. 2016), a good 385

stability of CCS values is expected bywhen changing the matrix. 386

In our view, the use of IMS is a promising tool for complementing LC-HRMS analysis. In spite of 387

co-elution, differences in MS and MS/MS spectra as well as differences in IM may synergistically 388

support compound identification.  389

The use of larger sets of compounds for the comparison of eCCS and tCCS may allow to the 390

setting- up and validate validation of mathematical models for the fine tuning of theoretical 391

calculation of CCS values. Prediction of CCS values may be used in a number of applications, 392

among them the generation of libraries to support toxicokinetic studies. without the need of 393

reference materials.  394

However, it must be made clear that IMS data cannot support quantification of compounds without 395

the use of reference compounds. Therefore, in our view, the most promising exploitation of IMS in 396
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the elucidation of urinary biomarkers is the possible generation of a list of prevalent metabolites. 397

This would trigger the interpretation of biological pathways activated by mycotoxin exposure, and 398

would drive the synthesis of prevalent compounds, making them available for quantitative analysis. 399

As well as, it can be used in personalized healthcare interventions for straightforwardly profiling the 400

pattern of biomarkers for multiple mycotoxins exposure.  401

 402

 403

 404

 405

 406

 407
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Figure captions 611

Figure 1. Chemical structures of alternariol (AOH), alternariol monomethyl ether (AME), 612

zearalenone (ZEN), and deoxynivalenol (DON). Possible sites of glucuronidation, are highlighted in 613

gray.  614

 615

Figure 2 AOH glucuronides UHPLC profile and HRMS/MS spectrum (CE 20 eV). 616

 617
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Figure 3. 3-D structure and CCS values of mycotoxin-glucuronide isomers evaluated in this study. 618

Soft surfaces were added to emphasize the overall shape of the molecule; the blue areas represent 619

the glucuronide linked to the available hydroxyl groups.  620

 621

Figure 4. Correlation between theoretical (tCCS) and experimental (eCCS) collision cross section 622

values.623

 624











Table 1. HRMS characterization of mycotoxin metabolites obtained after incubation with human 
liver microsomes. 

mycotoxin 
elemental 

composition 
detected m/z 

[M  H]  
error 
(ppm) 

MS/MS fragments 

ZEN-GlcA C24H30O11 493.172 1.0 317.1395; 175.0245 

DON-3GlcA 
C21H28O12 

471.151 0.4 441.1422; 265.1109; 217.0890 

DON-15GlcA 471.1513 1.1 265.1092; 217.0890 

AME-3GlcA 
C21H20O11 

447.0928 1.1 271.0609; 175.0237 

AME-7GlcA 447.0938 1.1 271.0611; 175.0242 

AOH-9GlcA 

C20H18O11 

433.0779 0.7 257.0456; 175.0239 

AOH-3GlcA 433.0775 0.2 257.0459; 175.0241 

AOH-7GlcA 433.0785 2.1 257.0460; 175.0245 

 



Table 2. Summary of drift time and CCS values obtained for each parent and modified mycotoxin. The 
percentage of error is calculated as the deviation between the experimental CCS and those computationally calculated. 

 

 

Mmycotoxin m/z 
Vvolume 

(Å3) 
Aarea 
(Å2) 

Eexperimental 
CCS (Å)

Ttheoretical  
CCS (Å)

Eerror  
(%)

CCS (Å)  Aavareerage 
SD 
(%)

AOH 257.045 197 212 153 147.4 3.4 3.8

AOH-9GlcA 433.0779 333.9 323.1 197.1 202.5 4.6 - 2.7 

AOH-3GlcA 433.0775 329.9 334.8 203.8 201 4.1 1.4 

AOH-7GlcA 433.0785 332.9 330.8 213.8 204.1 4.5 4.8 

AME 271.0606 212 227 159 150.7 2.8 5.5 

AME-7GlcA 447.0938 355.4 342.5 209 205.1 2.7 1.9 

AME-3GlcA 447.0928 345.9 344.6 213 207 3.7 2.9 
ZEN 317.1389 280.1 279.2 178.2 169 4.6 5.4 

ZEN-14GlcA 493.172 418.9 397.2 218.8 224.4 3.9 - 2.5 
DON 295 244.5 225.3 161.7 147.4 4.0 9.7 

DON-15GlcA 471.1513 383.5 375 199 202.3 3.0 - 1.6 
DON-3GlcA 471.151 377.3 366 200.7 202.2 3.6 - 0.7 
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