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Separation of hexose phosphate iIsomers using differential mobility spectrometry
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INTRODUCTION RESULTS LC-DMS-MS/MS analysis of hexose phosphate isomers The specificity of the LC-DMS-MS/MS separation for Glc1P, Man1P and Fru6P was calculated by observing the
amount of non-specific, or breakthrough, signal for the generic 259/79 MRM transition at optimal CoV values for
Sugar phosphates are important metabolites in many biosynthesis pathways including glycolysis, DMS separation of hexose phosphate isomers by infusion LC-DMS-MS/MS was used fo.r the analysis of hexose. phosphg.te iIsomers individually and as mixtures. each of the three isomers during single-isomer analysis. Non-spe(?ific sig’nal is. reported as the area of any
glycogenolysis and biosynthesis of glycosylation building blocks. As such, the determination of their Experlments were performgd in the absence of chgmlcal modifier; SV was set.to 4100 V; resolving gas was set breakthrough peak as a percentage of the MRM peak area at the isomer’s optimal CoV, Table 1.
abundances is of key importance for quantitative metabolic profiling experiments and investigation of some DMS-MS was employed for the analysis of deprotonated molecules of Glc1P, ManlP, Fru6P, Glc6P and Gal6P, to Medium. For initial experiments, the MRM transition 259/79 (common to all isomers and corresponding to the
metabolic disorders such as Congenita| disorders of g|ycosy|ation (CDG) [1’2] However, ana|ytica| with and without the presence of 1-pr0pan0| chemical modifier. The controlled addition of 1-pr0pan0| vapour in parent ion to PO3- fragment I.On transmon) was monitored using 33 different values of COV Spar]nllf]g.the _range Glc1lP Man1p Fru6P Table 1. The specificity of the LC-DMS-MS/MS
measurement of these Compounds is far from trivial due in part to the presence of structural isomers with similar the DMS cell induces different shifts in Optlmal CoV for individual isomers, reSUIting in Separation in CoV space 6.2Vtol2.6V Wlth a step size of 0.2 V. The hexose phosphate ISOMETS, Chromatographlca”y IndIStInQUIShable CoV 7V CoV 9.2V CoV11V separation of Glc1P, Man1P and Fru6P. Non-
MS/MS fragmentation patterns. In addition, their highly hydrophilic nature makes their separation by that can be orthogonal to the separation obtained when no chemical modifier is employed. Isomers were under these conditions, could be separated in CoV space (Figures 4 and 5). ; . specific signal observed for the MRM 259/79 as peak
conventional reversed-phase HPLC highly problematic [3]. Here, we employ differential mobility spectrometry analysed both individually and as mixtures. Without modifier, baseline separation of Glc1P/GIc6P, Man1P/Gal6P Glc1P 200 pg/mL - 0-11% 0'075’ area percentage of signal observed at optimized CoV
(DMS) for the separation of five isomeric hexose phosphate isomers glucose-1-phosphate (Glc1P), mannose-1- and Fru6P was observed. Only partial separation of GIc1P from Glc6P was observed, and Gal6P behaved A ges HexoseP 97 COV 7.6 /1.54 B 5] NexoseP 79 COV 9.8 /2.82 C 2000qy DMexoseP 79 GOV 112/ 3.6 Man1P 200 pg/mL|  0.29% - 0.02% | for LC-DMS-MS/MS analysis of individual isomers. SV
phosphate (Man1P), fructose-6-phosphate (Fru6P), glucose-6-phosphate (GIc6P) and galactose-6-phosphate similarly to Man1P (Figure 2). With 1-propanol modifier, separation of Glc1P/Gal6P, Man1P, GIc6P and Fru6P 1,605 4064y | Fru6P 200 pg/mL|  0.08% 0.16% - = 4100 V, resolution gas = Medium.
(Gal6P). was observed, but Gal6P behaved similarly to Glc1P (Figure 3). 1.4e5 ] | 3504 15000 | I
_ 1.2€5 1 M 3004 _
= l CONCLUSIONS
MATERIALS AND METHODS A GlclP GIc6P ManlP Gal6P FruP A Man1P Gal6P GIc1P Glc6P Fru6P £ soe4] \q ,,,,,, £ 20e4 = £ e
90% | /\65 \7_3 A /EO 0.0 90% ] 579 46.8 th 445 [|-408 6.0e4 { Y\ 1.5e4 - pe————— - Ee———— — Here, differential mobility spectrometry (DMS) has been used for the analysis of five hexose phosphate
Sample preparation: a0 [ / S5 “‘f i 4.0e4 ] - 1.0e4 | —_——— - 50001 — isomers. Baseline separation of a mixture of three isomers, Glc1P, Manl1P and Fru6P, was observed both in the
Isomeric hexose phosphates were purchased from Sigma-Aldrich as disodium salts. They were diluted in 10 R ) R ) m 2.0e4 | 5.063 1 _ absence and presence of 1-propanol chemical modifier. Likewise, when Glc6P and Gal6P were analysed
mM ammonium bicarbonate, 20% acetonitrile in water or 10 nM ammonium bicarbonate in water to g e g o | 00e0 ) —— 0.00 ‘e 0 : together, they could be separated under both sets of conditions. The DMS separations were demonstrated both
concentrations of between 2 and 200 pg/mL for infusion or LC-DMS-MS/MS analysis. Compounds were 5 5 0 I R Seemn VR e VP e by infusion and by LC-DMS-MS/MS analysis. When all five isomers were analysed as a mixture in the absence
analyzed both individually and as mixtures. 2 0% A 2 %) [ _ _ of chemical modifier, baseline separation of Glc1P/Glc6P, Man1P/Gal6P and Fru6P was observed. With 1-
_ _ g g [ D 20000 HexoseP 87 COV 8.6/ 2.13 E ooy "HexoseP 78 COV 10.2/3.06 Figure 4. LC-DMS-MS/MS analysis propanol modifier, separation of Glc1P/Gal6P, Man1P, Glc6P and Fru6P was observed. Future work will focus
DMS-MS instrumentation: o / o [ | 12000 | of individual hexose phosphate on the evaluation of a wider range of chemical modifiers to establish whether a set of conditions can be found
Experiments were performed using a QTRAP 6500* system (a hybrid triple quadrupole — linear ion trap mass 20% | 20%}) | 5000, | . j““: isomers (200 pg/mL) in the absence under which Glc1P and Gal6P can be separated from the other isomeric forms.
spectrometer - QqLIT) (SCIEX) equipped with a SelexION differential mobility spectrometry (DMS) device 10% - // 10% - H | of chemical modifier, using the
(SCIEX) (Figure 1), the fundamental properties of which have been described elsewhere [4-6]. The DMS cell 0% e 0% -—— — -~ s \ﬁ g 8000 il generic MRM 259/79 with 33 settings
was mounted between the sampling orifice of the mass spectrometer and the ion source. The temperature of ° 0 ° Z%V v g ‘I‘\ = £ 6000 MjN ifch:so\\// ;Q,aﬂnﬂgéh\‘j rangcl-:- ?'2 o REFERENCES
the DMS cell was maintained at 150°C., with nitrqgen curtain gas operated at 30 psi. Res_olving gas (nitrogen) 5 5 Glelp 4000 | lace———— _ Me dium. (_A) GlClF”,r(eBS)OI\L/Ij;r)]QIga(SC)
was employed to enhance the separation of the isomers. The DMS cell was used both with and without 100% 5 100% ; 50001 | . = —— Fru6P, (D) GIc6P, (E) GaléP 1. Orvisky E et al, Anal. Biochem. 2003, 317(1), 12-18.
chemical modifier (1-propanol) added into the curtain gas flow at 1.5% (mole ratio). For DMS infusion 90% 1 90% 1 = : , 2. Tegtmeyer LC et al, N. Engl. J. Med. 2014, 370(6), 533-542.
experiments, samples were infused at 7 pL/min in 10 mM ammonium bicarbonate, 20% acetonitrile in water. 80% 1 80% 1 R T I B v e e e 3. Hinterwirth H et al, J. Sep. Sci. 2010, 33, 3273-3282.
Separation Voltage (SV) was stepped between values of 0 and up to 4200 V. At each value of SV, § 7% g 7% Time, min Time, min 4. Shvartsburg AA, CRC Press, Boca Raton 2009.
Compensation Voltage (CoV) was scanned over values in the range -80 V to +20 V. At each value of CoV, full oo 60%, N 60%, 5. Krylov EV, Nazarov EG, Miller RA. Int. J. Mass Spectrom. 2007, 226, 76-85.
scan linear ion trap CID MS/MS data were acquired for the sugar isomers. The resulting plots reveal the optimal z 50%] z 0% A 6. Schneider BB, Londry F, Nazarov EG, Kang Y, Covey TR. J. Am. Soc. Mass Spectrom. 2017, 28, 2151-
CoV at which a particular ion is transmitted through the DMS cell at a fixed value of SV. After determination of & 40% & 40% Ge4 | 2150.
optimal CoV values for DMS-separated isomers, CoV values can be fixed to allow the selective transmission of s 20%] s 20%] sod |
individual isomers in a mixture. 20% 20%
o 9 4e4
L C-DMS-MS/MS conditions: 12; | 12;; | I\/!?%LP | | | | . TRADEMARKS/LICENSING
Multiple reaction monitoring (MRM) transitions were optimized targeting fragment ions either common to all 5 5 -60 -55 -50 -45 -40 g 3e4 Figure 5. LC-DMS-MS/MS analysis . . . o . . . . .
hexoge phosphate isomersgf f)r uni(;ue to/predominantllzl found in o%e orga sgbset of the isomers. These MRMs cov.v L of mixtures of hexose phosphate The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only. Product(s) not available in all
were used to explore the use of the DMS separation on an LC timescale. A SCIEX ExionLC AD system with a C  100%- C  100% - Gal6P, Glc1P . isomers (200 pg/mL) in the absence countries. For information on availability, please contact your local sales representative or refer to
Phenomenex Kinetex F5 column (2.6 um, 100 x 2.1 mm) at 30 °C with a gradient of 2% to 20% mobile phase B 90% | 90% | led - of chemical modifier, using the www.sciex.com/diagnostics. All other products are For Research Use Only. Not for use in Diagnostic
in 1.8 min (total analysis time 6 min) was used at a flow rate of 300 uL/min. Mobile phase A was 10 mM 80% - 80% - * - = : - generic MRM 259/79 with 33 settings Procedures.
ammonium bicarbonate in water and mobile phase B was 10 mM ammonium bicarbonate in 80% acetonitrile, = 70% = 70% 0e0 i 2 3 2 5 6 7 8 9 of CoV spanning the range 6'2 to . . - . :
20% water. The injection volume was set to 10 L. _ L - Time, min 12.6_V. SV = 4100V, resolution gas = Tra}demarks and/or rgglstered f[rademarks_mentlon(_ed herein, including ass_omated logos, are the property of AB
Q3 - Linear lon Trap 3 ’ 3 O B Medium. Each colored trace shows Sciex P_te. Ltd. or their respective owners in the United States and/or certain other countries (see
e g 50% 1 GIc6P Man1P, Gal 6P % 50% 1 16000 the MRM 259/79 extr_acted ion www.sciex.com/trademarks).
oms  Plate g 40%) 8.6 g 40%) 14000 chromatogram at a different value of
£ 30% £ 30% 12000 CoV. (A) Glc1P, ManlP, Fru6p; (B) © 2021 DH Tech. Dev. Pte. Ltd. RUO-MKT-10-13992-A
Figure 1. Configuration of the SelexION device on 20% | 20% - Glc6P, Gal6P
a QTRAP system. The DMS cell is mounted in the 2 10% | wwl  Manip z 1000
atmospheric region between the ion source and T Collision 0o | | | | | | N L | | | g 8000
sampling orifice of the mass spectrometer. 5 6 7 8 9 10 M -60 -55 -50 -45 -40 6000
Q1 cov,V cov,V
Filtoring Figure 2. Separation of hexose phosphate isomers in Figure 3. Separation of hexose phosphate isomers in 4000
the absence of chemical modifier. Isomers were infused the presence of 1-propanol chemical modifier. Isomers 2000 -
individually at 2 pg/mL (A) or as mixtures at 5 pg/mL (B & C)  were infused individually (A) or as mixtures (B & C) at 5 > | | | | | | | | |
using SV = 4100 V; resolving gas set to High. ng/mL using SV = 3750 V; resolving gas set to Medium. 1 2 3 b8 6 7 8 9




