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Abstract

SYNAPT™ HDMS™ System can be used to differentiate flavanoid glycoside structural isomers, without the need
for any LC separation or MS/MS fragmentation. We also report for the first time the determination of collisional
cross-section (CCSs) of carbon Cgg and Cy fullerene structures, which have traditionally only been analyzed on

experimental non-commercial ion mobility instrumentation.

Introduction

In this technical note, we demonstrate how the SYNAPT HDMS System can be used to differentiate flavanoid
glycoside structural isomers, without the need for any LC separation or MS/MS fragmentation. We also report
for the first time the determination of collisional cross-section (CCSs) of carbon Cgg and Cq fullerene structures,

which have traditionally only been analyzed on experimental non-commercial ion mobility instrumentation.

We also compare the SYNAPT HDMS System T-Wave™-derived CCSs to the theoretically calculated CCSs using
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the open source code MOBCAL.2 Briefly, MOBCAL allows one to input a coordinate file (PDB File) of a structure
of interest and obtain a theoretical CCS value. Using the Trajectory Method™%?2 algorithm, the orientationally
averaged CCS is reported for fullerene Cgg and Cyg; the antibiotic ampicillin and the polyamine spermine. The T-

Wave ion mobility cell was calibrated using singly charged peptides of known collision cross-section.?
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Figure 1. Schematic of the SYNAPT HDMS System.

Experimental

MS and IMS conditions

MS system: SYNAPT HDMS

lonization mode: nanoESI| +
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Capillary voltage: 1kv

Cone voltage: 35V

Trap CE: v

Trans CE: 4V

IMS bias : 20V
Acquisition range: m/z 150-1000
Trap/Trans gas: SFe

IMS gas: He (3 mbar)
IMS T-wave height: 5.0t0 6.0V
IMS T-Wave speed: 250 m/sec

Results and Discussion

Carbon fullerenes are a family of molecules composed entirely of carbon and form a unique hollow structure.
Historically, the shapes of inorganic clusters, such as fullerenes, have been studied by MALDI ionization on non-
commercial, experimental ion mobility drift tube instruments?*; these were the only instruments capable of
making such measurements. Here, for the first time, we report the use of electrospray ionization and CCS
determination of fullerene structures on a SYNAPT HDMS System, as shown in Table 1 and Figure 2. The CCS

values derived from the T-Wave are identical to those obtained by the experimental drift tube instruments.*
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MOBCAL TM Az T-Wave Az
o 123.1 +/- 5.3 (%) 119.3 +/- 0.1
135.0 +/- 5.9 (%) 131.8 +/-0.5

70

Table 1. Comparison of theoretical and T-Wave derived CCSs for Cgp and Cyp

fullerene structures.

Figure 2. Cgp and Cyq fullerene structures.

Utilizing the ion mobility capabilities of the SYNAPT HDMS System, one can now routinely measure gas phase
shapes of molecules, such as spermine and ampicillin, as shown in Figure 3, and identify subtle shape

differences in classes of compounds such as structural isomers, as shown in Figure 4.
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MOBCALTMCSSA2 |  T-Wave CCS A2
Spermine 90.2 +/- 5.3 (%) 92.2 +/-0.3

Ampicillin 115.2 +/- 6.1 (%) 113.8 +/- 0.5

Table 2. Comparison of theoretical and T-Wave derived CCSs for spermine and ampicillin structures.
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Figure 3. Spermine and ampicillin structures.
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Luteolin 8 C-glucoside
MW 448.3769 OH O
C21H2O 11

Luteolin 6 C-glucoside

MW 448.3769
C21H20 11 OH
H
HO,,,
HO” N
HO”

Luteolin 7 O-glucoside
MW 448.3769
C21H20 11

HO.

Figure 4. Chemical structures of three luteolin gylcoside isomers.
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Flavonoids are a large group of compounds built on a C6-C3-C6 flavone skeleton in which the three-carbon
bridge between the phenol groups is cyclized with oxygen. The various classes of flavonoids are differentiated
by the degree of unsaturation and oxidation of the three-carbon segment. Further differentiation is based on
the number and nature of the moieties attached to the rings.

Flavonoids are often conjugated to a carbohydrate moiety. The type and number of monosaccharides and
interglycosidic linkage, position, and type (O- or C-) of attachment of the glycan can vary, as shown in Figure 4.
Flavonoids have previously been associated with a variety of biological activities such as antioxidative (radical
scavenging), anti-inflammatory, and anti-depressant and are therefore of major interest to pharmaceutical

companies.

Traditionally, LC/MS and MS/MS fragmentation have been used to differentiate structural isomers, since

isomers have identical molecular mass. However, in certain cases, this has proved problematic.

In this Technical Note, we demonstrate how ion mobility can be used to differentiate flavanoid glycoside
structural isomers, without the need for any LC separation or MS/MS fragmentation of the isomeric

compounds.

In addition, we have shown for the first time, the ability to assign experimentally determined collisional cross

sections to each of the structural isomers.

Figure 5 shows the different ion mobility drift times for the three luteolin structural isomers: luteolin 8 C-
glucoside, luteolin 6 C-glucoside, and luteolin 7 O-glucoside. These drift time differences arise because the
structural isomers have subtly different gas phase shapes and can therefore be separated based on their

mobility differences.
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Figure 5. T-Wave ion mobility drift time (msec) chromatograms for three luteolin glycoside structural isomers.

Table 3 shows the T-Wave derived collisional cross sectional areas for each of the luteolin glycoside structural
isomers. Luteolin 8 C-glucoside has the smallest CCS and luteolin 7 O-glucoside has the largest CCS and,
therefore, adopts the most elongated gas phase structure. This unique gas phase shape information cannot be

obtained from MS data alone.

The technique of obtaining T-Wave derived CCSs of small molecules and comparing them to the theoretical
CCSs, validates the method of T-Wave calibration and, thus, provides confidence when analyzing a compound

whose molecular structure is unknown.

The use of ion mobility and accurate collision cross section determination of small structural isomers
demonstrates and represents a powerful additional analytical technique in the world of bioactive small

molecules and natural product analyses.
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Luteolin 8C-glucoside 129.6 +/- 0.3
Luteolin 6C-glucoside 132.9 +/- 0.1
Luteolin 7O-glucoside 136.7 +/- 0.2

Table 3. T-Wave derived CCSs for three luteolin glucoside structural isomers. CCS standard

deviations were obtained by acquiring IMS data at three T-Wave heights (5.0, 5.5, and 6.0 V).

Conclusion

B Using singly charged peptides of known CCS to calibrate the T-Wave ion mobility cell, accurate CCSs of a
variety small molecules can be determined. The collisional cross-sectionvalues obtained on the SYNAPT HDMS

System are in excellent agreement with those derived by the experiment drift tube instruments.

Bl The T-Wave derived CCSs for Cgo, C79, spermine, and ampicillin are in excellent agreement to the

theoretically derived CCSs.

B T-Wave ion mobility separation and CCS determination of three flavanoid glycoside structural isomers was
achieved, demonstrating how the position of a single sugar unit can have profound impact on the gas phase

shape of the ion. No molecular crystal or NMR structures were available for the isomeric structures.

H Being able to identify shape differences in molecules is important, since changes in shape can result in

significant differences in biological activity.
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