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Protein glycosylation is one of the most common and yet most
complex post-translational modifications, displaying diversity
both in site occupancy and in glycan structure. Sialic acids are
typically found at the outermost ends of glycan chains, and have
important function in many physiological and pathological
processes, including pathogen binding and regulation of the
immune response’. In human cells, the linkage position of a
sialic acid to a glycan side chain can be a2,3 or 02,6 to a
galactose residue, 02,6 to a N-acetylgalactosamine (GalNAc)
residue, or 2,8 to another sialic acid residue?3. The linkage
configuration has important consequences for biological function,
for example, upregulation of 02,3 linked sialic acid is associated
with metastasis progression in certain cancers*®. For the
development of biopharmaceuticals, characterization of
sialylation is essential for determination of function and efficacy®.

Differential mobility spectrometry (DMS) has been used for the
separation of isomeric species in a number of recent studies’®.
The tuning of parameters such as separation voltage,
compensation voltage, temperature and the presence of
chemical modifiers, can allow the transmission of a particular
species whilst others are lost to the electrode walls.
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Figure 1. Separation of Larger Glycans with Different Sialic Acid
Linkage. Isomeric separation of a doubly deprotonated disialylated
biantennary glycan pair with DMS-MS, using methanol as the modifier.
Separation voltage was set to 4300V.
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This study explores the selectivity of DMS for the resolution of
isobaric glycan species containing a2,3- and a2,6-linked sialic
acid!’. The ability to separate glycans based on this linkage was
demonstrated with both small glycans (Figure 3) and large
glycans (Figure 1).

Key Features of SelexlON® Technology for
Separation of Isomeric Glycans

e SelexlION Technology is a planar differential mobility device
(DMS) that separates molecules based on differences in their
chemical properties, prior to entering the instrument orifice,
thus providing an orthogonal level of selectivity.

e Use of chemical modifiers can provide enhanced separation
of closely related species such as isomeric glycans with
different sialic acid linkages.

¢ In combination with the QTRAP® System, acquisition of
MS/MS spectra post separation provides the definitive
identification of the glycan species.

e Separation of 02,3- and a2,6-linked sialic acid glycan pairs is
an ongoing challenge in glycan analysis.
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Experimental DMS
s Curtain  cell
Sample Preparation: Glycans were purchased from Dextra oulee Plate

Laboratories (Reading, UK) and from TheraProteins (Barcarena, Ext:.nsmn
Portugal). Glycans were diluted to 0.5-25 pg/mL in acetonitrile g’
and water (20/80, v/v) containing 10 mM ammonium
bicarbonate.

DMS-MS Conditions: The SelexION device (SCIEX) was
mounted in the atmospheric region between the sampling orifice
and lonDrive™ Turbo V source of a SCIEX QTRAP 6500 or
6500+ system (Figure 2). The temperature of the DMS cell was
maintained at 150 °C, and the nitrogen curtain gas was operated
at 30 psi. Methanol was added into the nitrogen curtain gas flow

Figure 2. Configuration of the SelexION Differential Mobility
Spectrometry Device on a QTRAP System. The SelexION cell is
mounted in the atmospheric region between the source and sampling
orifice, allowing it to be installed in minutes.

at 1.5% (mole ratio) as the chemical modifier. Separation voltage
(SV) and compensation voltage (CoV) were scanned during
continuous infusion of glycan solution at 5 pL/min. Either MRM
or linear ion trap MS/MS data of the target glycan(s) was
recorded at each increment of SV and CoV.

Separation of Glycans Based on Sialic Acid
Linkage

DMS-MS was employed for the analysis of deprotonated
molecular ions of 2,3 and 02,6 sialic acid linked isobaric glycan
pairs, in the presence of methanol chemical modifier. The
controlled addition of methanol vapour in the DMS cell induces
different shifts in optimal CoV for the individual isomers,
enhancing the separation of the isomeric glycans.
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Figure 3. SelexION Technology Can Separate Isomeric Glycans
Based on Sialic Acid Linkage. Isomeric separation of deprotonated
sialylated glycans Neu5Aca2-3GalB1-4Glc & NeuSAca2-6Galpl-4Glc
(A), and Neu5Aca2-3Gal1-4GIcNAc & Neu5Aca2-6GalB1-4GIcNAc (B)
with DMS-MS. Methanol was used as the chemical modifier for the DMS
analysis; separation voltage was set to 4500V.

Figure 3 shows DMS separation of two sets of a2,3- and a2,6-
linked sialic acid trisaccharide glycan pairs. While significant
differences can be observed in the MS/MS spectra of the 02,3
and 02,6 isomers (Figure 4), it is the DMS separation that
enhances these differences (e.g., an a2,6 isomer-specific
fragment at m/z 306'°). Without DMS, a convoluted MS/MS
spectrum could complicate identification.
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Figure 4. MS/MS Differences Enable Definitive Identification of the
Sialic Acid Linkage. Linear ion trap MS/MS spectra of the [M-H] ions
of NeuSAca2-3Galp1-4Glc & NeuS5Aca2-6Galpl-4Glc (A, B), parent
m/z 632.2, and Neu5Aca2-3GalB1-4GIcNAc & Neu5Aca2-6Galf1-
4GIcNAc (C, D) parent m/z 673.2. Spectra were acquired with collision
energy ramp -45V to -49V (A, B) or -53V to -57V (C, D).
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Following successful differentiation of sialic acid linkage in two
small glycan pairs, the behaviour of a pair of much larger di-
sialylated biantennary glycans was attempted (Figure 1).
Corresponding MS/MS data are shown in Figure 5. In addition to
the %4A2-CO2 fragment ion at m/z 306, the prominent Bz ion at
m/z 655 in the MS/MS spectrum of the a2,6 glycan is also
thought to be diagnostic for this linkage?©.

For all three glycan pairs, a more negative CoV was observed for
the 02,3 isomer than for the 02,6 isomer, suggesting that the
a2,3 isomers bind more strongly with the methanol vapor than
the a2,6 isomers-13,

Conclusions

In this study, differential mobility spectrometry (DMS) was used
to analyze pairs of mono- and di-sialylated glycan isomers. With
the addition of methanol chemical modifier to the DMS, the 02,3
sialylated isomer was successfully separated from the a2,6 form
in all three isomer pairs studied, in spite of the varying sizes of
the glycans?’. In addition, a more negative CoV was consistently
observed for the 02,3 form than for the a2,6 form. Recent studies
have examined the use of other ion mobility technology for
differentiation of a2,3 from a2,6 sialylation416. Separation of the
trisaccharide isomer pairs shown in Figures 1 and 3 was
demonstrated by Guttman and Lee'* and Hinneburg et al'5;
Barroso et al achieved only partial separation of the non-
fucosylated version of the isomer pair shown in Figures 1 and
516, However, other ion mobility technology was not shown to
distinguish the large fucosylated glycan pair that was
successfully separated here using differential mobility
spectrometry (e.g., it was unable to resolve the analogous
Neu5Gc glycan pair)!6. Given the promise shown by DMS for
this application, the use of SelexlON Technology for the
separation of a large range of differentially sialylated glycan
forms warrants further investigation. Such a method would be
invaluable in research into the biological function of these
important glycan components, as well as in the characterization
of biopharmaceuticals.

References

1. A.Varki, Trends Mol Med. 2008, 14(8): 351-360.

2. S.Tsuji, J. Biochem. 1996, 120(1): 1-13.

3. P.Wang, J. Cancer Mol. 2005, 1(2): 73-81.

4. T.Jergensen, A. Berner, O. Kaalhus, K.J. Tveter, H.E. Danielsen,

M. Bryne, Cancer Res. 1995, 55(9):1817-19.

A 4e5 | |280.83 : :
365 ¢
2 42418
2 &
s 265
=
1478.50
1e5 38202 74830 89134 95140 111347 131551 ”[,954 1975.48
53607 688.26 ﬂ |jl L l n l 198252 !
N[ T Y s B u e dobe L Wil u 1
400 600 1200 1400 o0 1
Mass]Chalgs Da
B 28082 .
N 1709.51
%5 a6 O;}:\I
. QD—: 1769.51
& 25 !
2 99995
E 655.25
305,52 817.35 1029.95 1975.59
1e5 |
| 42212 733 83535 | 105340 1566.49 171048 4 |
| s10 )15 f [1133.03
L. il ) Coae Ll L
400 600 300 1000 1200 1400 1600 1800

Mass/Charge, Da

Figure 5. MS/MS of Larger Glycans After DMS Separation. Linear ion
trap MS/MS spectra of the [M-2H]? ions of a pair of disialylated
biantennary glycans after separation by DMS-MS (parent m/z 1183.5)
shows additional diagnostic ions for the a2,6 glycan. MS/MS spectra
were taken at CoV values of 10.3V (A) and 11.7V (B) during the DMS
analysis shown in Figure 1. MS/MS spectra were acquired with collision
energy -74V.

o

F.L. Wang et al, Cancer Detect Prev. 2009, 32(5-6): 437-443.

R. Jefferis, Nature Reviews Drug Discovery, 2009, 8(3): 226-234.

B.B. Schneider, T.R. Covey, S.L. Coy, E.V. Krylov, E.G. Nazarov,

Int. J. Mass Spectrom. 2010, 298(1-3): 45-54.

8. A.T. Maccarone, J. Duldig, T.W. Mitchell, S.J. Blanksby, E
Duchoslav, J.L. Campbell, J. Lipid Res. 2014, 55(8): 1668-77.

9. JL Campbell, T Baba, C Liu, CS Lane, JCY Le Blanc, JW Hager J.

Am. Soc. Mass Spectrom. 2017, 28(7), 1374-1381.

o

10. D.J. Harvey, P.M. Rudd, Int. J. Mass Spectrom. 2011, 305(2-3):
120-130.

11. J.L. Campbell, M. Zhu, W.S. Hopkins, J. Am. Soc. Mass Spectrom.
2014, 25(9): 1583-91.

12. C. Liu, J.C.Y. Le Blanc, J. Shields, J.S. Janiszewski, C. leritano,
G.F. Ye, G.F. Hawes, W.S. Hopkins, J.L. Campbell, Analyst, 2015,
140(20): 6897-6903

13. C. Liuetal, ACS Cent Sci. 2017, 3(2): 101-109

14. M. Guttman and K.K. Lee, Anal. Chem. 2016 88(10): 5212-7

15. H. Hinneburg, J. Hofmann, W.B. Struwe, A. Thader, F. Altmann, D.
Varon Silva, P.H. Seeberger, K. Pagel, D. Kolarich, Chem.
Commun. 2016, 52(23): 4381-4.

16. A. Barroso, E. Giménez, A. Konijnenberg, J. Sancho, V, Sanz-
Nebot, F. Sobott, J. Prot. 2018, 173: 22-31.

17. C.S. Lane et. al. (2019) Anal Chem 91, 9916-9924.

For Research Use Only. Not for use in Diagnostic Procedures. Trademarks and/or registered trademarks mentioned herein are the property of AB Sciex Pte. Ltd., or their respective

owners, in the United States and/or certain other countries.

AB SCIEX™ is being used under license. © 2019 DH Tech. Dev. Pte. Ltd. Document number: RUO-MKT-02-6645-A

Headquarters

500 Old Connecticut Path | Framingham, MA 01701 USA

Phone 508-383-7700
sciex.com

SCIEX

International Sales

For our office locations please call the division
headquarters or refer to our website at
sciex.com/offices



