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Introduction
The fumonisins are a group of naturally occurring, polyketide-derived, structurally related
mycotoxins produced mainly by Fusarium species and Aspergillus niger. Fumonisins are
characterized by a 19–20 carbon atom long amino-polyhydroxyalkyl chain, which is
generally diesterified at the hydroxyl groups on C-14 and C-15 with a terminal carboxyl
group of propane-1,2,3-tricarboxylic acid (tricarballylic acid, TCA). The FB1 toxin has 10
chiral centers; theoretically, therefore, 1024 isomers can be produced by these
microscopic fungi. The aim of this study was to apply UHPLC/ESI-QTOF-MS to
investigate and characterize fumonisin B type isomers extracted from a Fusarium
verticillioides-inoculated solid rice culture.
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Results and Discussion
Analysis of the extract of the inoculated rice culture for higher molecular mass
fumonisins led to a very interesting result. This fungus synthesized not six, but nine FB
analogues containing three acyl groups. Total ion and extracted ion chromatograms of the
extract of the rice culture at m/z values of 960.6254, 984.6254 and 986.6411, obtained
after optimization of the chromatographic conditions on a core-shell HPLC column, are
presented in Fig. 2.

Experimental

Sample preparation
Fumonisins were extracted with a mixture of MeCN/H2O (1/1, v/v) from a lyophilized
and ground rice culture inoculated with F. verticillioides according to Bartok et al. [1].

Agilent 1290 Infinity UHPLC
Column: Zorbax Poroshell C18 2.1x100 mm 2.7 µm
Flow rate: 0.4 ml/min
Solvents: A = water with 0.1% HCOOH; B = acetonitrile with 0.1% HCOOH
Gradient: 0 min – 50% B; 10 min – 100 % B, 14 min – 100 % B, 15.5 min 50 % B,
Stop time: 16 min; Post time: 1.5 min
Injection volume: 1 µL (needle wash in flush port: 100% methanol, 8 seconds)

Agilent 6540 Quadrupole Time-of-Flight MS
MS mode: Mass range: 50 -1700 m/z; Scan rate 1.5 spectra/sec
MS/MS mode: MS mass range: 50 -1700 m/z; Scan rate 3 spectra/sec
MS/MS mass range: 50 -1000 m/z; Scan rate 3 spectra/sec
Ion source: Dual ESI, positive polarity.
Parameters: Drying gas temperature: 325°C, Drying gas flow: 12 L/min, Nebulizer
pressure: 40 psig, Capillary: 3000 V, Fragmentor: 110 V, Skimmer: 65V,
OctopoleRFPeak: 750 V. Reference ions: m/z 121.050873 and 922.009798;
Reference nebulizer: 5 psig; Detection window 20 ppm.
Software: Agilent MassHunter Data Acquisition QTOF B.05.01., Qualitative Analysis
B.06.00.

Figure 2. Extracted ion chromatograms of the inoculated rice culture extract corresponding
to the palmitoyl, linoleoyl and oleoyl EFB1 fumonisin isomers
The work of Norred et al. suggested that the last peaks in the extracted ion
chromatograms may be N-acyl-FB1 components [3]. The presence of N-acyl-FB1
components in the inoculated culture was later confirmed by spiking the extract with the
synthetized N-acetyl compounds and by accurate mass MS/MS fragmentation data.
The product ion spectra of [N-pal-FB1+H]+ is presented in Figure 3., while Figure 1.
depicts the theoretically possible fragmentation (CID) pattern of N-palmitoyl and Opalmitoyl FB1 derivatives. Comparison of the mass spectra of the protonated molecules of
N-pal-FB1 and 3-O-pal-FB1 acquired under the same conditions revealed important
information. The CID-MS spectra of the N-palmitoyl and 3-O-palmitoyl derivatives have
different product ion intensity ratios. The most marked difference between the product ion
spectra is the absence of the fragment ions at m/z 704 and 686 in the case of N-pal-FB1
generated by the splitting-off of palmitic acid, suggesting that the N-acyl bond is more
difficult to cleave than the O-acyl bond.

Results and Discussion
The product-ion spectra of the molecular ions [M+H]+ of fumonisins are highly
characteristic; in other words, it is easy to decide almost at a glance whether or not a
given product-ion spectrum is produced by a fumonisin. In most cases, the backbone is
esterified by two organic acid molecules (most often tricarballic acid, TCA), and
accordingly the product-ion spectra contain three groups of fragment ions: group of
dehydrated molecular ions, [M+H-TCA]+ group and the [M+H-2TCA]+ group.
Furthermore within a given product-ion group, there is a difference of 18 m/z between
the masses of the neighboring ions, corresponding to the splitting-off of one H2O
molecule. It is important to emphasize that the difference between the m/z values of the
corresponding ions of the neighboring production groups yields the molar mass of the
organic acid esterifying the backbone (TCA or, in the case of a few minor fumonisins,
cis-aconitic acid, oxalfumaric acid or oxalsuccinic acid) [1]. These characteristics
indicated that isolates of Fusarium verticilliodes may produce fumonisins of higher
molecular mass. By applying ITMS and TOFMS we could identify six new higher
molecular weight fumonisins identified as O-acyl-FB1 derivatives [3].

Figure 3. Full scan MS2 spectra obtained for glycidyl-stearate using AJS and APCI ion
sources.

Conclusions
• The product ions of the MS/MS spectrum of [N-pal-FB1+H]+ demonstrated the
presence of the N-palmitoyl derivative of FB1 in the rice culture inoculated with F.
verticillioides.
• Based on the different MS/MS product ion intensity ratios of N-palmitoyl and 3-Opalmitoyl derivatives the accurate classification of the derivatives is possible.
• The experimental results presented clearly revealed that the use of a hyphenated
technique (UHPLC/ESI-QTOF-MS) was essential for the unequivocal identification of
new N-acetyl-FB1 type fumonisins.
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