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Abstract

Glycomics has become an increasingly important field of research since glycans play critical roles
in biology processes ranging from molecular recognition and signaling to cellular communication.
Glycans often conjugate with other biomolecules, such as proteins and lipids, and alter their
properties and functions, so glycan characterization is essential for understanding the effects they
have on cellular systems. However, the analysis of glycans is extremely difficult due to their
complexity and structural diversity (i.e., the number and identity of monomer units, and
configuration of their glycosidic linkages and connectivities). In this work, we coupled ion
mobility spectrometry with mass spectrometry (IMS-MS) to characterize glycan standards and
biologically important isomers of synthetic aGal-containing O-glycans including glycotopes of
the protozoan parasite 7rypanosoma cruzi, which is the causative agent of Chagas disease. IMS-
MS results showed significant differences for the glycan structural isomers when analyzed in
positive and negative polarity and complexed with different metal cations. These results suggest
that specific metal ions or ion polarities could be used to target and baseline separate glycan
isomers of interest with IMS-MS.
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Introduction

Free glycans have multiple biological functions. When glycans covalently link with other
biomolecules, such as proteins and lipids to form glycoconjugates, this modification often
alters their properties and functions. Various glycoconjugates are found inside the cell and
on cellular surfaces with important roles in biological processes such as protein folding, cell
signaling, neural development, and hormone activity [1-9]. Specific cellular interactions are
thought to be controlled by glycans, and recent work has suggested that subtle glycan
structural changes can result in vastly different cellular exchanges, causing severe
morphogenic and metabolic defects and diseases [10, 11]. In addition, cell surface glycans
often act as specific binding targets for microbes and microbial toxins, allowing them to play
a key role in host-pathogen recognition [10]. A human host may also have an immune
response against glycans that exist on the cell surfaces of pathogens. For example, patients
with acute or chronic Chagas disease produce specific and protective (trypanolytic) anti-a-
galactopyranosyl (anti-a-Gal) antibodies that target O-glycans with terminal a-Gal moieties
present on cell surface glycoproteins of the parasite 7rypanosoma cruzi, the causative agent
of Chagas disease [12—16]. These complex biological roles make understanding how glycan
structures correlate with their functions and dysfunctions crucial for unraveling their role in
human diseases and determining therapeutic strategies for mammalian-host infection.

To date, elucidating detailed information about glycans and glycoconjugates has been
limited due to their structural complexity [1, 17]. Furthermore, challenges such as the
heterogeneity of glycans isolated from biological materials, difficulties in purifying these
glycans, low availability of glycan standards and suitable analytical methods for unequivocal
identification have hampered progress in understanding glycan functions [18, 19]. Mass
spectrometry (MS) alone or combined with other structural characterization methods such as
NMR [20] is often used to characterize glycans and their conjugates [21, 22]. A number of
separation methods, including gas chromatography, liquid chromatography, and capillary
electrophoresis, have also been interfaced with MS to assist in the separation and
characterization of glycans [23]. However, optimizing the conditions for conventional
methods is often very time consuming and costly. lon mobility spectrometry coupled with
MS (IMS-MS) [24, 25] is a technique capable of separating molecules that have the same
mass-to-charge (/m/2) ratio but different shapes or sizes and has become an appealing tool for
characterizing the structures of biomolecules [26-28], including glycans [29-35]. Most
IMS-MS studies of glycans have mainly focused on positive ion mode characterization due
to its higher ionization efficiency. Here we use an IMS-QTOF-MS platform to characterize
standard glycans in both positive and negative polarities and also explore the effects of metal
ions on enhancing glycan isomer separations. We next applied the optimized IMS-MS
method to study synthetic a-Gal-containing O-glycans, some of which contain an
immunodominant 7. cruzi glycotope that is a potential biomarker for the diagnosis of
Chagas disease [12, 36, 37].
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Methods

Materials and sample preparation

Standards and reagents were either purchased from Sigma-Aldrich, V-labs Inc., Megazyme
(Wicklow, Ireland), or United States Biological Corp. (Swampscott, MA). The O-glycans a-
p-Gal-(1 — 3)-B-p-Gal-(1 — 4)-p-p-Glc-(CHy)3SH (1)[36], a-p-Gal-(1 — 6)-[a-p-Gal-(1
— 2)]-p-p-Gal-(CHy)3SH (2) [36], a-p-Gal-(1 — 3)-[a-p-Gal-(1 — 2)]-p-p-Gal-
(CH2)3SH (3) [Schocker, N.S., Almeida, I.C., Michael, K., unpublished data], p-o-Gal ~(1
— 4)- [B-p-Gal-(1 —6)]-a-p-GIcNAc-(CH,)3SH (4) [Schocker, N.S., 2016, Ph.D.
Dissertation, University of Texas at El Paso], a-p-Gal-(1 — 3)-B-o-Gal-(1 — 4)-a-b-
GIcNAc-(CH5)3SH (5)[37], a-L-Rha-(1 — 2)-a-L-Fuc-(CH3)3SH (6), and a-L-Rha-(1 —
3)-a-L-Fuc-(CH»)3SH (7) [Khamsi, J., Michael, K., unpublished data] were synthesized in
the Michael lab. The glycans were dissolved in a MeOH/H,O/formic acid solution
(49.45:49.45:0.1, vivV) to a final concentration of ~5 uM or lower.

RapidFire SPE-IMS-QTOF MS method

Standard glycans and synthetic O-glycans were analyzed with both a home-built IMS-QTOF
MS [38-41] and an Agilent 6560 ion mobility QTOF MS platform [28]. A RapidFire solid-
phase extraction (SPE) system (Agilent Technologies, Santa Clara, CA) was coupled to the
6560 IMS-QTOF-MS platform, enabling fast sample handling, clean-up, and delivery to the
IMS-QTOF MS platform. A detailed description of RapidFire can be found elsewhere
[Zhang et al. (2016) A Metabolomics Platform for Sub-minute Comprehensive Disease and
Exposure Surveillance, submitted to Clinical Mass Spectrometry]. A graphitic carbon
cartridge was chosen for glycans after optimization based on maximum binding efficiency
and minimum carry-over. Briefly the samples were loaded using water containing 0.1 %
formic acid (v/v) with a flow rate of 1.5 mL/min, washed by 100 % methanol with 1.25
mL/min flow rate, and eluted using water/acetonitrile/ace-tone (2: 1: 1, v/A//) containing
0.1% formic acid at 0.6 mL/min. The times for aspiration, load/wash, elution, and re-
equilibration were 0.6, 3, 6, and 1 s, respectively, and the total cycle time was ~10 s. A jet
stream orthogonal electrospray ionization source was used to connect the RapidFire system
with the IMS-QTOF MS platform. After ionization, ions were passed through the inlet glass
capillary, focused by a high-pressure ion funnel, and accumulated in a lower-pressure ion
funnel trap (IFT). lons were then pulsed into the 89 cm long IMS drift tube filled with ~4
Torr of nitrogen gas, where they travel under a uniform electric field. lons exiting the drift
tube were refocused by a rear ion funnel prior to QTOF MS detection. See [28] for
additional instrumentation details.

Density functional theory calculations

Molecular geometries were predicted for b-(+)-xylose, b-(-)-arabinose, b-(-)-fructose, and
p-(+)-glucose using protocols similar to that outlined in Graham et al. and Ma et al. [in
press]. Briefly, 2D structure files (.mol) were obtained using ChemSpider [42], and analyzed
using the Marvin pKa plugin (Marvin 15.9.14, 2015, ChemAXxon) for adduct site prediction
[43]. Initial geometry relaxation was performed using the Merck molecular force field
(MMFF94) [44] implemented in Avogadro (v1.1.1) [45]. Final geometry optimization was
completed using density functional theory (DFT) calculations with NWChem (v6.6) [46].
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The B3LYP exchange-correlation functional was used for all calculations [47-50], and a
single-step optimization was performed with Pople basis sets at the 6-31G* level (a double-
zeta valence potential basis set having a single polarization function) [51-53]. Finally,
collision cross sections were calculated using the IMPACT method [54].

Results and discussion

Glycan standards analyses in positive and negative polarities

To understand how IMS aids in glycan isomer separation, commercially available glycan
standards and synthetic glycans were studied in both positive and negative polarities.
Interestingly, the IMS profiles for glycans showed significant differences between the two
ion modes (Fig. 1). For example, the monosaccharides b-(+)-xylose and p-(-)-arabinose
showed similar drift time profiles in negative mode and were not separable (Fig. 1a).
However, in positive ion mode, the sodiated form of xylose displayed a much shorter drift
time than sodiated arabinose, providing baseline separation and suggesting differences in the
glycan conformations. The monosaccharides p-(—)-fructose and p-(+)-glucose, which are
important in human carbohydrate metabolism (Fig. 1b) [55], also showed a similar pattern
with no separation in negative mode, but distinction in positive mode with sodium addition.
To understand this effect, theoretical modeling was performed on p-(+)-xylose, p-(-)-
arabinose, o-(-)-fructose, and p-(+)-glucose, and low-energy density functional theory
(DFT) structures were analyzed. The lowest energy deprotonated structures of xylose and
arabinose in their furanose form revealed very similar conformations; however, in the
positive ion mode, the sodium ion binds to different locations on the ring causing different
structural sizes. Due to the preferential binding to oxygen for xylose, the sodium preferred to
sit on top of the furanose ring, but for arabinose the sodium ion complexed to the side of the
ring causing it to be larger and likely explaining the baseline separation observed upon
sodium addition. A similar trend was also observed for cyclic versions of fructose and
glucose in their pyranose form, where the deprotonated structures look very similar, but the
sodium ion binds to different positions on the ring for fructose and glucose. We realize that
these glycans can have many different structural forms in solution (linear, furanose,
pyranose, and a and B), but these initial calculations provide a small understanding of why
the structures may be separating by IMS.

We also investigated other glycan isomers and found completely different scenarios where
the glycans could be separated in negative mode but not positive mode (such as Fig. 5b
which will be discussed later) and cases where the isomers inverted position in the different
modes. For instance, the trisaccharides, 1-kestose (B-p-Fru£(2 — 1)-B-o-Fru£(2 — 1)-a-
p-Glcp) and raffinose (a-p-Galp-(1 — 6)-a-b-Glcp-(1 — 2)-B-p-Fruf) showed very
different IMS profiles in the different polarities (Fig. 1c). In the positive ion mode, raffinose
traveled slower than kestose while the opposite scenario was observed in the negative ion
mode. This trend was also observed for the four isomeric monosaccharide phospho-
derivatives, fructose-1-phosphate (F1P), fructose-6-phosphate (F6P), glucose-1-phosphate
(G1P), and glucose-6-phosphate (G6P), which are all important in glycolysis (Fig. 1d). In
the positive ion mode, sodiated F1P and F6P had earlier arrival times than sodiated G1P and
G6P, and the isomers appeared to group together by the size of their carbon ring (pentose or
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hexose). However, in the negative ion mode, F1P and F6P remained overlapping while G1P
and G6P switched places and had better separation from each other, but less separation from
F1P and F6P. These observations all indicate that glycan conformations can be significantly
different in the two polarities and upon cation addition.

IMS trend lines for standard glycans

Since IMS profiles for glycans might change dramatically from positive to negative ion
mode and use of both polarities could improve glycan isomer separation, we characterized
43 glycan standards in both modes by drift times and m/z (Fig. 2). A list of the glycan
standards studied and their corresponding drift times from monosaccharides to
hexasaccharides is included in Table S1 in the Electronic Supplementary Material (ESM).
Overall, we were able to ionize standard glycans in both ion modes; however, it is noted that
monosaccharides did not ionize as well in the negative mode. When the trendlines in the
positive ion mode were analyzed (Fig. 2a), the sodiated forms of smaller saccharide isomers
displayed better separation than their negative counterparts (Fig. 2b), suggesting the sodium
ion had a significant effect on the small glycans' conformations. However, the higher order
oligo-saccharides displayed improved separation in negative ion mode possibly due to the
charge repulsion. In positive ion mode, sodium complexation caused the oligosaccharides to
adopt more compact structures due to the presence of all the available oxygens throughout
the structure conjugating with the sodium and folding the molecules. For example, the
lactose-based hexasaccharides, lacto- A-hexaose (LNH, B-o-Gal-(1 — 3)-p-p-GlcNAc-(1 —
3)- [B-p-Gal-(1 — 4)-B-p-GlcNAc-(1 — 6)]-p-p-Gal-(1 — 4)-p-Glc) and lacto- V-
neohexaose (LNnH, p-o-Gal-(1 — 4)-B-b-GlcNAc-(1 — 3)-[B-p-Gal-(1 — 4)-p-b-
GIcNAc-(1 — 6)]-p-p-Gal-(1 — 4)-p-Glc), which are the largest m/zisomers on the plots,
clearly illustrated this trend with baseline separation in negative mode, but much less
distinction in positive mode.

IMS separation of glycan isomers with subtle structural differences

To further examine IMS separations of glycans, isomer pairs with subtle structural
differences were studied with both polarities (Fig. 3). As shown in Fig. 3a, two pentasac-
charides, maltopentaose [a-p-Glc-(1 — 4)]4-p-Glc and cellopentaose [B-D-Glc-(1 — 4)]s-
p-Glc, with five p-glucose units linked by either an a- or B-linkage caused distinct IMS
profiles. The arrival time for cellopentaose was observed to be shorter than that for
maltopentaose in both positive and negative ion modes, allowing IMS separation.
Oligosaccharides with the same type of linkage but at different positions were also
distinguishable by IMS. For instance, the tetrasaccharides, lacto-N-tetraose (LNT, p-p-Gal-
(1 — 3)-p-b-GlcNAc-(1 — 3)-p-p-Gal-(1 — 4)-p-Glc) and lacto-A-neotetraose (LNNT, B-
p-Gal-(1 — 4)-B-b-GlcNAc-(1 — 3)-p-p-Gal-(1 — 4)-p-Glc), which both have -
glycosidic linkages but in LNT the non-reducing galactose unit has a 1,3-glycosidic linkage
to N-acetyl-glucosamine, while LNNT has a 1,4-glycosidic linkage. As shown in Fig. 3b,
LNT and LNnT have very different drift time profiles, where LNT travels much faster than
LNNT in both positive and negative ion modes, illustrating a more compact structure. Note
that these two tetrasaccharides showed almost baseline separations, although LNnT
displayed a broader IMS peak in the negative ion mode, indicating LNnT may adopt
multiple conformations. Similarly, oligosaccharides with linear and branched connectivities
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were also examined. When comparing linear mannopentaose (L_Man5, [p-pb-Man-(1 —
4)]4-p-Man) with branched 3a,6a-mannopentaose (B_Man5, a-p-Man-(1 — 3)[a-p-Man-
(1 — 6)]-a-p-Man-(1 — 6)[a-p-Man-(1 — 3)]-o-Man), L_Man5 displayed a shorter drift
time than B_Manb5 in both positive and negative ion modes indicating it was more compact
than its branched counterpart (Fig. 3c). These observations indicate that IMS is able to
reveal subtle structural differences both in positive and negative ion modes for standard
glycans, including those with different linkages, connectivities, and configurations.

Metal ions enable better separations of glycan isomers

While most glycan isomers were distinguishable in either the positive or negative ion mode,
they were not baseline resolved in many cases due to their similar sizes and structures. For
instance, although the protonated tetrasaccharides LNT and LNNT were almost baseline
resolved (Fig. 3b), their sodiated forms displayed very similar IMS profiles and were
inseparable (Fig. 4, top left panel). This again indicates that the addition of metal ions can
dramatically change the conformations of glycans (and potentially their configuration in
case of hemiacetals) as indicated by previous studies [35, 56-58]. Since many isomers have
very similar structures, we further explored this mechanism for obtaining better separations.
As shown in Fig. 4, the addition of sodium to LNT and LNNnT resulted in similar IMS
profiles. In contrast, the addition of potassium provided partial separation (Fig. 4, top left
panel), indicating the potassium ion drives the two saccharides toward different
conformations. Moreover, the addition of different divalent cations, e.g., Mn%*, Cu2*, or
Zn2*, showed even better separation of the isomers. For instance, the addition of a Zn?* jon
significantly increased the structural separation of LNT and LNnT (Fig. 4, bottom left
panel). Interestingly, LNT and LNnT with two sodium ions attached were baseline resolved
(Fig. 4, bottom right panel), but in a different order than the K* and Zn?* separations.
However, not all glycans bind two sodium ions, especially the smaller ones, so this will not
work in all cases. Thus, these results illustrate that the addition of metal ions can
significantly change the IMS profiles of glycan standards and can be used as an effective
tool for separating isomers that have high structural similarity.

Separating Chagas disease-related synthetic a-Gal-containing O-glycans

The glycan standard results demonstrated that positive and negative mode structural profiles
and the addition of metal ions can lead to significant changes in glycan conformations and
enable better isomer separations. Using this knowledge, the IMS-MS platform was applied
to biologically relevant synthetic a-Gal-containing O-glycans that are important targets for
protective anti-a-Gal antibodies against the parasite 7. cruzi, which causes Chagas disease.
The surface of the protozoan parasite 7. cruziis coated by glycoproteins, which contain
highly immunogenic O-glycans. Among these glycotopes, the trisaccharide a-p-Gal-(1 —
3)-p-p-Gal-(1 — 4)-a-b-GlcNAc is highly expressed on the O-glycosylated
glycosylphosphatidylinositol-anchored mucins (GPI-mucins) in the 7. cruzitrypomastigote
stage but not in human cells [12]. Thus, it is highly immunogenic to humans and, moreover,
triggers high levels of protective anti-a-Gal-antibodies (Abs) in infected individuals [12-14,
16, 59]. Although O-glycans of GPI-mucins from the insect-derived parasite forms have
been well characterized in several parasite strains and genotypes, the exact structural
information of most O-glycans for the mammal-dwelling tGPI-mucins remains unknown.
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Partial structural analysis and immunoassays have revealed that many of these
trypomastigote-derived GPI-mucin (tGPI-mucin) O-glycans contain a terminal a-Gal
residue, which is non-reducing and conserved on tGPI-mucins from at least four major
Chagas disease causing 7. cruzi genotypes [15, 60, 61]. These tGPI-mucin glycans are
predominantly branched, and highly heterogeneous with different connectivities of the
terminal a-Gal moiety to another sugar unit [12, 62]. Understanding these O-glycan
structures is of importance for the identification of potential 7. cruzi a.-Gal-containing
biomarkers for the diagnosis of Chagas disease, follow-up of chemotherapy, and the
development of preventative and therapeutic vaccines for Chagas disease. The synthetic
glycans analyzed were mercaptopropyl glycosides, where mercaptopropyl groups were
installed to allow conjugation of these glycans to maleimide-activated bovine serum albumin
needed for the generation of a glycan array [36, 37].

Three trisaccharide O-glycan isomers with different connectivities were initially studied: a-
p-Gal-(1 — 3)-B-p-Gal-(1 — 4)-B-p-Glc-(CHy)3SH (1), a-p-Gal-(1 — 6)-[a-p-Gal-(1 —
2)]-p-p-Gal-(CH>)3SH (2), and a-p-Gal-(1 — 3)-[a-p-Gal-(1 — 2)]-B-p-Gal-(CH5)3SH
(3). Each isomer displayed a distinct IMS profile (Fig. 5a) with the arrival time for 1 being
longer than 2 or 3 in both positive and negative ion modes, suggesting 1 had a more
extended structure than the others. The trisaccharides 2 and 3 on the other hand had very
similar negative mode IMS profiles and were hardly separated. However, in the positive ion
mode, they could be distinguished, suggesting the addition of a sodium ion changed the
conformation of one or both of the glycans. In Fig. 5b, another set of isomeric trisaccharide
O-glycans, B-p-Gal~(1 — 4)-[p-p-Gal-(1 — 6)]-a-p-GlcNAc-(CH>)3SH (4) and a.-p-Gal-
(1 — 3)-p-p-Gal-(1 — 4)-a-b-GlcNAc-(CH3)3SH (5), illustrated very similar positive
arrival time distributions for their sodiated forms. However, they were almost baseline
resolved in the negative ion mode, which was consistent with the glycan standard results for
Fig. 1 showing that different polarities may affect glycan structures distinctly. These glycans
acted similarly to the linear and branched mannose-containing pentasaccharides L_Man5
and B_Man5 (Fig. 3c), where in negative ion mode the branched trisaccharide 4 traveled
slower than the linear isomer 5 (Fig. 5b, bottom right panel). Furthermore, when 4 and 5
were mixed, they showed one broad peak in the positive ion mode while in the negative ion
mode baseline separation was achieved (see ESM Fig. S1).

Because conformational changes caused by sodium addition have been observed in both O-
glycan isomer groups, we applied different metal ions (K*, Rb*, Cu?*, and Zn2*) to those
that did not separate well in either polarity, i.e., the disaccha-ride O-glycan isomers a.-L-
Rha-(1 — 2)-a-L-Fuc-(CHy)3SH (6) and a-L-Rha-(1 — 3)-a-L-Fuc-(CH»)3SH (7) (Fig. 6,
top panel). For these two isomers, the addition of a potassium or rubidium monovalent ion
showed conformational effects similar to that of sodium, which did not significantly improve
isomer separation. However, divalent cations like copper and zinc showed great
enhancement in the isomer separation, with zinc having the most effect. These results are
consistent with the glycan standards shown in Fig. 4 and further indicate that the use of
different metal ions allows better separations for distinct glycan isomers. Thus, specific
metal ions could be used to target and baseline separate certain isomers in later focused
studies.
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Conclusions

In this work, we have applied a new rapid SPE-IMS-QTOF-MS platform to characterize
glycan standards with subtle structural differences caused by different configurations of
glycosidic linkages (a or B) and different linear or branched connectivities. We found that
the IMS profiles of glycans can change dramatically from positive to negative ion mode, and
a specific polarity might achieve better separations or in some cases both are needed for
confident identifications. Moreover, we have shown that the addition of metal ions can lead
to significant changes in glycan conformations (and potentially configurations in case of
reducing end hemiacetals) and enable baseline isomer separations through metal
complexation. Using all of these capabilities, biologically relevant synthetic aGal-
containing O-glycans, which are important targets for the identification of immunodominant
7. cruzi glycotopes, were also separated illustrating the potential for IMS-MS in biological
and structural studies. Our results strongly suggest that IMS-MS is a powerful tool for
identifying glycans of biological origin and distinguishing them from their isomers.
Technical advances are also in progress to allow even better IMS glycan separations [63];
however, at present standards will initially be needed for confident identification of each
glycan isomer.
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Fig. 2.

II\/?S trend lines for standard glycans ranging from monosaccharides to hexasaccharides
observed as a) sodiated in positive ion mode and b) deprotonated in negative ion mode. Both
pentoses and hexoses are included. For the tetra-, penta-, and hexasaccharides, the lower m/z
components correspond to standard glycans, while the higher molecular weight species are
lactose-based O-glycans. The name and connectivity information of each glycan analyzed is
illustrated in Table S1 in the ESM
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Positive ion mode

Page 14

Negative ion mode

a and P linkages

- wiefeSilusy..
- e,

—[CelS + Na]"
— [Mal5 + Na]*

Amval Tume (ms]

: — [Cel5 - Hf
— [Mal5 - H}

Amval T-me (ms]

1-3 and 1-4 linkages

= [LNT - H]
——[LNnT - H]

— (LNT + H]
OH OH = [LNNT + H]"
&:é:zx‘:% AL
oH
LNnT §;; i;g E':%q o
n
‘5:5 ;S ~+OH
" A H OH
o
b

Amual Tume (ms] Am\ral T|me [ms}

Linear vs. branch

o o 1 —[L_Man5 +Na] |
L_Man5 HC &m —[B_Man5 + NaJ*
3
WO OH
H

—([L_Man§ - H}
—[B_ManS - H}
0

0
26 26
Arrwal Tlme {rns}

B_Man5

J\rnval Tlme [ms}

Fig. 3.
IMS separation of standard glycan isomers with subtle structure differences such as a) a-

versus B-linkages: maltopentaose (Ma/5) and cellopentaose (Ce/5); b) 1-3 versus 1-4
connectivity: lacto- NV-tetraose (LNT) and lacto-N-neotetraose (LNnT); and c) linear versus
branched oligosaccharides: linear and branched mannopentaose (L_Man5 and B_ Man5).
The structures for each standard are shown in the /eft panel, and the IMS spectra in positive
and negative ion modes are shown in the middle and right panels
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Metal ions were found to improve the separation of glycan isomers. The IMS spectra of the
tetrasaccharides LNT and LNnT with one Na*, K*, Zn2*, and two Na* ions are illustrated
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IMS separation of synthetic O-glycan isomers in both positive and negative ion modes for a)
a-p-Gal-(1 — 3)-p-b-Gal-(1 — 4)-B-b-Glc-(CH»)3SH (1), a-b-Gal-(1 — 6)-[a-p-Gal-(1

— 2)]-B-p-Gal-(CH3)3SH (2), and a-b-Gal-(1 — 3)-[a-p-Gal-(1 — 2)]-p-p-Gal-
(CH»)3SH (3); and b) B-p-Gal £(1 — 4)-[B-p-Gal-(1 — 6)]-a-b-GlcNAc-(CHy)3SH (4) and
a-p-Gal-(1— 3)-B-p-Gal-(1 — 4)-a-b-GlcNAc-(CH,)3SH (5)

Anal Bioanal Chem. Author manuscript; available in PMC 2017 May 17.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Zheng et al.

Page 17

SH

0" ~"sH
H ?
HO HO\Z;QK
o H L™

(o]

1 17
—[6+Na] —[6-HJ
—— [7 + Na]* —[7-HJ
0
24 q20 286
Amval Time (ms) Arrlval Tlrrle (ms)
1 11
—[6+ K] ~——[6 + Rb]
—[7 + K] —[7 + RbJ
0
? 24 24
Arrnral Time (ms) Arnvat Time (ms)
1 17
—[6-H+Cu] —[B6-H+Znr
—[T-H+Cu] —[T-H+Zn)
0 %6 0
Arnval Tlme (ms) Am\ral ‘I‘lme (ms)

Fig. 6.
Metal ions enable better separations for the disaccharide O-glycans a-L-Rha-(1 — 2)-a-L-

Fuc-(CH5)3SH (6) and a-L-Rha-(1 — 3)-a-L-Fuc-(CH5)3SH (7)
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