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Abstract

Despite the important advances in chemical and chemoenzymatic synthesis of glycans, access to
large quantities of complex natural glycans remains a major impediment to progress in
Glycoscience. Here we report a large-scale preparation of N-glycans from a kilogram of
commercial soy proteins using oxidative release of natural glycans (ORNG). The high mannose
and paucimannose N-glycans were labeled with a fluorescent tag and purified by size exclusion
and multidimensional preparative HPLC. Side products are identified and potential mechanisms
for the oxidative release of natural N-glycans from glycoproteins are proposed. This study
demonstrates the potential for using the ORNG approach as a complementary route to synthetic
approaches for the preparation of multi-milligram quantities of biomedically relevant complex
glycans.
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1. Introduction

Despite the long history of study of carbohydrates as a major class of biomolecules,
glycoscience or glycomics has been recognized as an important field in biomedical research
only in the last decades, as more and more glycans and glycoconjugates are found to be play
important roles in biological pathways and diseases [1-8]. Glycans are composed of
multiple monosaccharides that are connected through glycosidic bonds, and each
monosaccharide possesses several hydroxyl groups for potential glycosylation, resulting in a
variety of different linkages, branching and specific stereochemistry at the anomeric centers.
Thus, the analysis of glycan structure is inherently more challenging than the linear
polymers of amino acids and nucleotides of proteins/peptides and nucleic acids, respectively.
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While high-throughput sequencing and automatic synthesis are widely available as routine
commercial services for peptides and nucleic acids, similar platforms for glycans are not yet
generally available.

Glycans have been routinely released from glycoconjugates by chemical and enzymatic
methods [9-13] for glycomics analyses that are based on high performance liquid
chromatography (HPLC) and mass spectrometry (MS). While advancement in
instrumentation has resulted in more comprehensive glycomics analysis using smaller and
smaller amounts of samples, the structural information cannot be directly associated with
their biological functions without actually acquiring significant amounts of purified material.
It is now being recognized that one of the major impediments in glycoscience is the lack of
biomedically relevant complex glycans in significant amounts for their functional study. The
lack of these complex glycans as structural standards also seriously hampers the
development of high-throughput sequencing technology.

In recent years, glycan microarray analyses, in which many different glycan structures are
immobilized onto glass slides for assay with potential glycan binding proteins (GBPs), have
become extremely useful in high-throughput study of protein-glycan interactions [14-20].
Screening GBPs on defined glycan microarrays [14] is a powerful initial screen and a
method for defining glycan-binding specificity; however, it is a hypothesis-generating
platform and detailed study of glycan functions requires data that extend beyond cataloging
glycan structures and defining GBP binding specificities. The utility of a glycan microarray
is a function of its size, diversity and the biological relevance of the glycan library used for
its preparation. Advances in chemoenzymatic synthesis of glycans [21-26] is an approach to
increasing diversity, but the synthetic glycans generated still lag far behind the rapid
expansion of scientific interest in the biological functions of glycans. Another route to
access complex glycans is their isolation from natural sources. Depending on their source,
natural glycans are more likely to be biologically relevant for functional study since they
were synthesized by a living cell or organism. Several groups reported isolations of gram-
level sialylglycopeptide (SGP) [27,28] and milligram-level asparagine-linked
GlciMangGIcNAC, [29]. We and others have focused on the use of natural glycans for
functional studies using glycan microarray technology, in which hundreds of different,
purified glycan structures separated from natural sources can be immobilized onto glass
slides for interrogation with glycan binding proteins or microorganisms [30-36]. Through
bifunctional fluorescent tagging of released glycans, nmol scale of glycans can be separated,
quantified, characterized and printed onto microarrays for functional screening in a process
we have termed shotgun glycomics [30,32,36-40]. However, obtaining robust tagged glycan
libraries from which to retrieve the relevant glycans for structural analysis requires
processing large quantities of cells, tissues or organs [39].

In order to address the difficulty in processing large amounts of natural products to obtain
large quantities of biologically relevant glycans for functional studies, we have recently
developed a novel chemical method, oxidative release of natural glycans (ORNG) that uses
sodium hypochlorite (NaOCI) to release glycans from glycoproteins and glycosphingolipids
(materials weight from 500 pg to 220 g) [41]. The procedure is simple, inexpensive and can
be applied to kilograms of tissues directly to release multigrams quantities of glycans, which
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is impractical using traditional chemical or enzymatic approach. To demonstrate the utility
of this method, we describe here the application of ORNG at a kilogram scale using
commercial soy protein isolates (delipidated soy flour), a common food product containing
high mannose and paucimannose N-glycans, for the preparation of large amounts of N-
glycans. The procedure involves ORNG treatment of soy proteins, followed by fluorescent
tagging using the bifunctional linker, 2-amino-N-(2-aminoethyl)benzamide (AEAB) and
preparative 2D-HPLC separation (Fig. 1a). A library of high mannose and paucimannose N-
glycans are purified, ranging from low milligram to hundreds of milligrams of purified
glycan derivatives. Several side products were observed, which permitted us to propose
chemical mechanisms of the oxidative reactions that release N-glycans. This work
demonstrates the potential of ORNG in the production of significant quantities of
biologically relevant glycans from inexpensive natural materials.

Results

2.1 ORNG treatment of commercial soy proteins

In previous reports on the process for oxidative release of natural glycans (ORNG) using
NaOCI [41], free reducing N-glycans from glycoproteins, such as ovalbumin, bovine IgG
and horseradish peroxidase, were obtained. After AEAB conjugation, the N-glycans can be
separated and purified by 2D-HPLC for further characterization and studies of biological
activity. In order to demonstrate the general utility of this process for the large-scale
production of N-glycans, we applied this procedure to commercially soy proteins (Fig. 1).
We first evaluated the process using 50 g of soy proteins. After treatment with NaOClI, the
reaction solution was acidified with hydrochloric acid and then centrifuged to remove
precipitates, presumably partially oxidized non-glycan materials. The supernatant containing
glycans released from soy proteins was applied to a size exclusion chromatography (SEC)
column of Sephadex G-25 and the N-glycan containing fraction (Fig. S1a) was pooled and
lyophilized. The N-glycan fraction was then conjugated with AEAB by reductive amination,
and the glycan-AEAB conjugates were separated from excess AEAB on the same SEC
column of Sephadex G-25 (Fig. S1b). The N-glycan fraction before (Fig. 1c, top panel) and
after (Fig. 1c, bottom panel) AEAB conjugation was analyzed by matrix-assisted laser
desorption/ionization time of flight mass spectrometry (MALDI-TOF-MS). Four major
compositions of reducing glycans were observed using positive ionization mode, HgNo,
H7N>, HgN» and H3N,Fucqy Xyly. In addition, several minor peaks were assigned as ORNG
side products, such as HgN1-nitrile, HgN1-erythrose, and HgN; (Fig. 1c, top panel), with
mass difference of Am =3, 101, and 203 with HgN> respectively. Fig. 1c (bottom panel)
shows the MS profile of the same 4 major N-glycans after labeling with AEAB. Analytical
scale HPLC was used to separate AEAB labeled soy protein N-glycans to evaluate the
contents of the N-glycan fraction by MALDI-MS. Separation of the AEAB-labeled mixture
of N-glycans suggested that the 4 major N-glycans are well separated by normal phase (NP)
HPLC on amino column, due to different size and hydrophilicity (Fig. 1d). When a single
peak from NP-HPLC separation was collected and applied to a reverse phase (RP) C18
column, two N-glycans with compositions of HgN,-AEAB and HgN1-AEAB are well
separated from each other (Fig. 1¢). The different patterns of separation on amine NP and
C18 RP-HPLC columns demonstrated the feasibility of using 2D-HPLC systems to separate
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different high mannose glycans. The minor side products, including the glyconitriles and
glycans with erythrose reducing end, provide us with more mechanistic understanding of
oxidative degradation of released N-glycans, as proposed in Fig. 2. Presumably, Chlorine
substitution of amide proton at the glycan-peptide linkage initiates a six-membered ring
pericyclic rearrangement to break C-C bond to generate a glycan-isocyanate, which
hydrolyzes into glycosylamine. Further hydrolysis of glycosylamine transforms it to free
reducing glycan as the major product. On the other hand, glycosylamine can be further
chlorinated and degraded through the six-membered ring pericyclic rearrangement to either
glycan with erythrose reducing end (black route) or glyconitrile (red route). Further
oxidation of erythrose end glycans may result the complete loss of the reducing end GIcNAc
through unknown mechanism, as suggested by compositions with only one GIcNAc.

Preparative 2D-HPLC purification of AEAB labeled N-glycans

We then carried out the large scale production of soy protein N-glycans from 1 kg soy
proteins. For the large-scale separation of AEAB-labeled N-glycans, the N-glycan fraction
collected from size exclusion chromatography (Fig. S1b) was applied to a C18 Solid Phase
Extraction (SPE) column. Unconjugated glycans are not bound and washed off the column
using water while AEAB-conjugated glycans are retained on C18 SPE due to the
hydrophobicity of AEAB tag and eluted using 10% acetonitrile. The mixture of glycan-
AEAB conjugates was then applied to preparative amino normal phase HPLC system (Fig.
3a). Individual fractions were collected by time (~0.4min/fraction) and pooled based on the
HPLC profile into 8 portions (Fig. 3a, F1-F8) from 61.1 min to 109.8 min. Normal phase
HPLC fractions from 39.5 min to 53.5 min contain AEAB conjugated glycans of Hexs and
Hexy4, which are not N-glycans and probably arise from the degradation of starch; these
glycans were not further studied. MALDI-TOF-MS analysis of each of the 8 pooled
fractions shown in Fig. 3b indicated decent separation of the N-glycans under this
chromatography condition. The 8 fractions were then subjected to preparative C18 reversed
phase HPLC for second dimensional purification (Fig. 3c—j). Peaks from each run were
collected based on the UV profile and the major components were analyzed by MALDI-MS.
Compositions and structures were proposed and shown in Fig. S2. Finally, 17 N-glycans
with individual quantities up to 125 mg (Table 1) were purified to apparent homogeneity (>
95%) confirmed by re-profiling on both C18 (Fig. S2) and amine columns (Fig. S3) and
analyzed by MALDI-TOF-MS and MS/MS (Fig. 4, Fig. S4). The reducing end structures
can be easily discriminated using MS/MS analysis since fragment ions at m7/z 407 and m/z
610 correspond to GIcNAc-AEAB and GIcNAc,-AEAB (Fig. 4a, top and middle panels),
which can be used to easily confirm the glycan structures with intact reducing end or with
loss of one GIcNAc. Fragment lons of MangGIcNAc;-erythrose-AEAB at /7/z 509
(relatively intense) and 306 (minor) indicate that the terminal GIcNAc was over oxidized to
erythrose (Fig. 4a, bottom panel). Every spectrum of paucimannose glycans contained ion at
my/z 553 indicating the presence of fucose-GIcNAc at the reducing end (Fig. 4b). In total,
over 324.8 mg of pure N-glycans from soy proteins were obtained (Table S1). Based on the
yields of HgN»-AEAB (125 mg), HgN1-AEAB (30.4 mg) and HgN1-erythrose-AEAB (2.4
mg) and the small amount of glycan-nitriles shown in Fig. 1c which do not react with AEAB
and were not separated, we estimate that > 60% of the glycans are released as intact N-
glycans by ORNG.
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2.3. Glycan characterization by NMR spectroscopy

Six of the purified glycans were characterized by H and/or 13C NMR spectroscopy (Fig. 5
and Fig. S5). The availability of these unprecedented quantities (> 10 mg) of N-glycans
permits the use of IH and 13C NMR experiments to analyze the structures of HgN,-AEAB
and HgN1-AEAB. The B-configuration of anomeric proton in GIcNAc of MangGIcNAC,-
AEAB can be distinguished clearly by the 3Jy coupling 6.96 Hz at & 4.58 (Fig. 5b), while
there is no related peak for MangGIcNAc;-AEAB (Fig. 5d) [42]. Comparison of two 13C
NMR spectra also confirmed that anomeric position carbon (6 101.1) in GIcNAc of
MangGIcNAC,-AEAB is absent in MangGIcNAc{-AEAB (Fig. 5f and h, Table 2). While it is
difficult to directly assign chemical shifts to all the protons, Lundborg et al. have developed
a useful online computational tool CASPER [43] for accurate prediction of chemical shifts
of glycans from structures. To determine the structures of two Man;GIcNAc,-AEAB
isomers, we compared experimental NMR data with calculated data from CASPER [43].
Based on the clearly different pattern predicted by CASPER for the two isomers, which
match well experimental data, we assigned the structures to the two isomers (Figs. S5 and
S6 and Table S2).

2.4. Microarray printing and binding assay

To demonstrate the utility of this approach for functional glycomics, we printed an N-glycan
microarray from this purified soy protein N-glycan library and analyzed binding of
immobilized glycans by two plant lectins (ConA and AAL) (Fig. 6). The glycans with
erythrose reducing end were not printed on this microarray because they were minor
components and side products of ORNG. The binding affinity results are consistent with the
known binding specificities of the two lectins. Con A bound to all high-mannose and
paucimannose N-glycans, while AAL only bound fucose-containing glycans (sample ID 10—
13, see Table S3). The results also confirmed the biological activities of the purified ORNG
N-glycans.

3. Discussion

Cataloging the predicted structures of glycans that comprise profiles of various glycomes
including cultured cell lines and animal tissues and organs represents useful comparative
information. However, these data alone are insufficient in deciphering the biological
function of glycans. We developed the concept of shotgun glycomics as an initial functional
approach to glycomic analysis [32,44] where the glycans from cells, tissues or organs are
obtained as tagged glycan libraries in quantities sufficient for printing microarrays. After
interrogation of microarrays with biologically relevant GBPs, the bound and functionally
relevant glycans can be retrieved from the library for structural analysis. For example, using
this approach, we were able to identify a number of human milk glycans that could be
considered as “candidate” glycans to function as receptors for human rotaviruses [37].
However, further analysis and functional study of candidate glycans generally requires larger
quantities of material. Since glycans, unlike nucleic acids and protein, cannot be amplified,
we developed ORNG, which allows us to process large quantities of natural products to
generate large amounts of natural glycans that are very challenging to obtain in significant
quantities using traditional chemical or enzymatic approaches. Due to the large quantities of
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glycans obtained by ORNG, they are more easily purified and analyzed and extremely
valuable for functional studies. Once purified and characterized, these glycans can also serve
as structure standards to facilitate our understanding of their behavior in analyses by MS and
HPLC.

Large quantities of glycans have been generated from natural sources such as mammalian
milk [45] and in a specialized case from hen's eggs which, contain large quantities (8 mg/egg
yolk) of a free glycopeptide containing a complex bi-antennary glycan [46]. In the case of
milk glycans and the egg yolk glycopeptide, the products are available without the necessity
to release them from larger conjugates. Nevertheless, significant amount of labor is required
to extract these glycans. In this study, we demonstrate the capability of ORNG to process
natural materials at a kilogram-scale by starting from 1 kg of commercial soy proteins.

From 1 kg of soy proteins, we extracted an N-glycan fraction using ORNG and were able to
purify 17 N-glycans totaling 320 mg of AEAB-conjugated glycan. The process to extract N-
glycans is rapid and simple, using inexpensive reagents, household bleach and HCI. While
the final yields are not high, it is straightforward to reproduce or scale up this simple
process. The scale of the ORNG process is only limited by the size of the reaction vessel and
the ability to process the large volumes of the process stream. The availability of the large
quantity of the crude, labeled glycan permitted a relatively rapid purification process that
could be monitored using the UV absorbance or fluorescence of the AEAB-labeled material.
To our knowledge, this represents the first approach to generating such quantities of N-
glycans released from glycoprotein.

The crude mixture of AEAB-labeled glycans are rapidly separated from excess AEAB and
any unlabeled glycans using Sephadex G25 column followed by a C18 Solid Phase
Extraction (SPE) column. Since AEAB conjugated glycans are retained on C18 SPE but
unlabeled glycans are not, this provides a quick way to purify the glycan-AEAB conjugates
from unconjugated glycans before 2D preparative HPLC separation. The first dimension
HPLC on amino column provides separations based on size and hydrophilicity of glycans,
while the second dimension HPLC on C18 column separates glycan-AEAB conjugates
based on subtle hydrophobicity differences among isomeric glycans. It appears that HexNAc
provides more retention power than hexose on C18 column as MangHexNAc,-AEAB and
MangHexNAc,-AEAB are well separated. The fact that even the isomers of ManyHexNAc,
and MansHexNAc; are resolved by this separation scheme strongly support the ability of
common preparative separation systems to resolve complex glycan mixtures. Since
significant amounts of each component as well as over-oxidized side products are available,
structural analysis is relatively straightforward. For example, we were able to distinguish the
two Man7 isomers using their clearly different NMR spectra with assistance of CASPER
[43] prediction.

A summary of the glycans that we prepared from soy proteins are shown in Table 1, which
includes the predicted structure(s) and the amounts purified. The structures observed are
largely consistent with previous findings on the major soybean storage protein B-conglycinin
[47]. Since we can process large amounts of starting material, we were able to purify and
characterize not only 44.9 mg MansGIcNAc,Xyl1Fucy, but also 3 paucimannose glycans
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commonly found in rice, but rare in soybeans [48]. MangGIlcNAc, was found to be the most
abundant glycan, while the more processed high mannose N-glycans were less abundant.
Interestingly, we did not isolate MangGIcNACc,, which is known to be the major N-glycan on
soybean agglutinin [49]. It is possible that soybean agglutinin is lost during the commercial
preparation of soy proteins.

Currently there are only a limited number of vendors that provide complex glycans as
standards (20-100 pg) for HPLC and MS analysis and mg quantities of glycans of limited
diversity. During our decade-long work with these commercial complex glycans for the
development of microarrays, we have lower than expected purity and in some cases even
wrong structures, in sharp contrast with other commercial biochemical such as peptides and
oligonucleotides, which are much easier to characterize and quantify. Nevertheless, given the
current status of glycoscience and the small quantities of glycans provided, this is merely
surprising. In this study, we have purified and characterized a significant number of complex
glycans in large quantities. With extensive HPLC purification, all the glycans are obtained
with > 95% purity, exceeding the purity generally available commercially. The ORNG
method for the production of large amount of natural complex glycans holds great promise
for obtaining unprecedented quantities of glycans with larger scaled processes.

A detailed reaction mechanism was proposed for the oxidative reactions in Fig. 2. Pericyclic
rearrangement through six-membered ring transition states is likely responsible for
irreversible C-C bond cleavage and further degradation. Further understanding of the
mechanism will contribute to continued optimization of the ORNG protocol. For example, it
is possible to reduce the glyconitrile using catalytic hydrogenation to regenerate free
reducing glycans. Stronger oxidation might enrich more N-glycans losing terminal GIcNAc,
which are useful substrates for endoglycosidase catalyzed N-glycopeptide synthesis [50].
The byproducts observed contribute to the complexity of the glycan mixture, but as
demonstrated here they can be well separated by 2D-HPLC and easily identified using MS
and MS/MS. Thus, the oxidative byproducts are not considered as a major obstacle to
applications involving the ORNG procedure. Due to the easily scalable nature of ORNG, we
anticipate that a 10-fold increase in the starting material will allow us to generate gram
quantities of the major N-glycans. We anticipate that increased quantities of released glycan
will permit the separation, detection and characterization of previously unidentified, minor,
biologically relevant glycans.

Experimental procedures

All chemicals and HPLC solvents were purchased from Sigma-Aldrich, Acros, Oakwood
Chemicals, and Fisher Scientific. Milli-Q water was used to prepare all aqueous solutions.
C18 Sep-pak was from Waters, Inc. Sodium hypochlorite solutions are from Pure Bright
(6% NaOCI), and prepared freshly by addition of water. Bleach stored for more than 6
months under room temperature as 6% NaOCI has been used successfully.

Mass spectrometry (MS)

A Bruker Daltonics Ultraflex-11 MALDI-TOF/TOF system and an anchorchip target plate
were used for MS analysis. Reflective positive mode was used for glycans. 2,5-
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dihydroxybenzoic acid (DHB) (10 mg/mL in 50% acetonitrile with 0.1% trifluoroacetic
acid) was used as matrix.

3.3 High-performance liquid chromatography analyses

A Shimadzu HPLC CBM-20A system with UV detector SPD-20A and fluorescence detector
RF-10AXxI was used for analytical HPLC profiles. A Shimadzu HPLC LC-8a preparative
system with UV detector SPD-10Av was used for preparative HPLC separation. UV
absorption at 330 nm or fluorescence at 330 nm excitation and 420 nm emission was used
for detection of 2-amino-N-(2-aminoethyl) benzamide (AEAB) tag. Phenomenex amino
columns were used for normal phase HPLC. Phenomenex C18(2) columns were used for
reverse-phase HPLC separation. For normal phase HPLC, the mobile phases were
acetonitrile, water, and agueous ammonium acetate buffer at pH 4.5. A linear gradient from
20 mM ammonium acetate in 80% acetonitrile to 200 mM ammonium acetate in 10%
acetonitrile for either 50 min (analytical run) or 150 min (preparative run) was used. For
reversed phase HPLC, the mobile phases were acetonitrile, water, and trifluoroacetic acid
and linear gradients from 2% to 10% acetonitrile/0.1% trifluoroacetic acid over 25-80 min
were applied.

3.4. NMR spectroscopy

N-glycans of MangGIcNAc,-AEAB, MangGIlcNAc,-AEAB, MangGIcNAc; erythrose-
AEAB, Man;GIcNAcy-AEAB-1, Man;GlcNAc,-AEAB-2, and MansGIcNACc, Xyl Fuc-
AEAB were analyzed by NMR spectroscopy for structural elucidation. 1H and 13C spectra
were acquired in DO at 25 °C, D,0 chemical shift is referenced at 4.79 ppm [51]. NMR
spectra were recorded on a Bruker AVANCE |11 HD 600 MHz spectrometer equipped with a
Prodigy cryoprobe.

3.5. Sodium hypochlorite release of N-glycans from soy proteins

1.0 kg soy proteins (Cat.# 6636) purchased from a local Sprouts Farmers Market (Phoenix,
AZ) was separated into 250 g portions, and 6 L of H,O and 3 L of 6% NaOCI were added
subsequently under open air to each and stirred for about 30 min. NaOCI is consumed within
several minutes and extension of reaction time up to 1 h does not vary results. The reaction
time was not critical for the oxidation. The reaction was quenched with concentrated HCI so
that the final pH is 4.8. A total of 36 L of reaction solution was centrifuged to remove
precipitated material. The supernatant was concentrated under reduced pressure to ~ 500
mL, and 500 mL absolute ethanol was added. The mixture was stirred for 10 min. The
mixture was centrifuged to remove precipitates. Another 2000 mL absolute ethanol was
added and the precipitate containing the bulk of the glycans was collected after
centrifugation. The pellet was dissolved into 100 mL H,O and subjected to Sephadex G-25
size exclusion chromatography. The hexose-containing eluate from 800 mL to 1000 mL
were collected. After lyophilizing the collected solution, solid materials were reacted with
AEAB<2HCI and NaCNBHy3 in dimethyl sulfoxide and acetic acid mixture solution (7:3,
v/v) at 65 °C stirring for 2h [52]. The reaction mixture is precipitated with 10 vol of
acetonitrile and centrifuged to collect the pellet. The pellet containing glycan-AEAB
conjugates was dissolved in 100 mL water and applied to Sephadex G-25 size exclusive
chromatography to collect eluate from 850 mL to 1250 mL. This 400 mL fraction was then
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lyophilized to 10.3 g solid material. The solid material was dissolved in 100 mL H,0 and
passed through a Sep-Pak C18 cartridge (120 g) and washed with 3 x 100 mL 0.1 M acetic
acid solution. Conjugated glycans were eluted with 300 mL 10% acetonitrile and 0.1 M
acetic acid. The elution was lyophilized to generate 0.8 g white solid powder.

3.6. 2D-HPLC separation

Amino normal phase HPLC separation: 0.8 g white solid powder containing AEAB
conjugated glycans was dissolved into 10 mL 30% acetonitrile in H,O (v/v). Then the 10-
mL solution was injected into preparative amino normal phase HPLC column (column size:
250 x 50 mm). Fractions (0.4 min) were collected and selected fractions were analyzed for
glycans using MALDI. C18 reversed phase HPLC separation: 8 combined fractions obtained
from amino normal phase HPLC separation (Fig. 3a) were individually lyophilized,
redissolved in water and then applied to preparative C18 reversed phase HPLC (column size:
250 x 50 mm). Peaks were collected and characterized.

3.7. Microarray printing, binding assay and scanning

Contact printing on NHS-activated slides was carried out using an Aushon's 2470
microarrayer. N-glycans were printed at 100 uM in 100 mM sodium phosphate (pH 8.5) in
replicates of 6. Biotinylated-Aleuria aurantia lectin (AAL, Vector Labs) was assayed at 1
pg/mL. Biotinylated -Concanavalin A was assayed at 0.1 pg/mL. Cyanine 5-streptavidin
(Invitrogen) 5 pg/mL was used for the detection of binding using a fluorescent scanner

(Innopsys).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Oxidative Release of Natural Glycansfrom soy proteins.
a) Overview of the procedure for the production of tagged N-glycans released by ORNG

method, b) Scheme of oxidative release of N-glycans, tagging the reducing glycans, HPLC
separation of the AEAB conjugated glycans, and characterization of AEAB-glycans by MS
and NMR. c) Top: mass spectra of N-glycan fraction (Fig. S1a) before conjugation with
AEAB (M + Na*); Chemical structures at the reducing end of several side products were
shown. Bottom: mass spectra of AEAB conjugated N-glycan fraction (Fig. S1b), d) Normal
phase HPLC profile (250 x 4.6 mm amine column) of AEAB conjugated N-glycan fraction
(composition of fractions determined by MS), €) C18 reversed phase HPLC profile (250 x
4.6 mm C18 column) of the single peak collected from (d) showing well-separated HgN1-
AENB and HgN,-AEAB. (H = hexose, N = N-acetylglucosamine, Fuc = fucose, Xyl =
xylose).
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Fig. 2.
Proposed mechanisms of ORNG method to release N-glycan and the generation of major

and minor products.
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Fig. 3. Preparative HPL C separation of soy protein N-glycan AEAB conjugates.
a) the elution profile (UV 330 nm) of 0.8 g N-glycan AEAB conjugates on a preparative NP

HPLC (50 x 250 mm amino column); 8 pooled fractions: F1-F8 were collected (F1: 61.1
min to 66.2 min; F2: 66.2 min to 71.1 min; F3: 71.1 min to 73.9 min; F4: 73.9 min to 77.9
min; F5: 77.9 min to 85.2min; F6: 85.2 min to 90.4 min; F7: 90.4 min to 97.8 min; F8: 97.8
min to 109.8 min); b) MALDI-TOF-MS of pooled fractions F1-F8 from the preparative NP-
HPLC; c-j) Pooled fractions F1-F8 collected from preparative NP HPLC as annotated in (&)
were separated on second dimensional preparative reversed phase HPLC using a 21.2 x 250
mm Luna C18(2) column. Further chromatography was used to purify partially purified

glycans when needed.
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Fig. 4. MS/M S of selected high-mannose (M + Na™)(a) and all separated paucimannose glycans
(b) showing clear fragmentation patterns.

Panel a (from top to bottom): MangGIcNACc,-AEAB, MangGIcNACc;-AEAB, MangGIcNAcI-

Erythrose-AEAB; Panel b (from top to bottom): MansXylFucGIcNAc,-AEAB,

MangXylFucGIcNAc,-AEAB, MansXylFucGIcNAc3-AEAB, MansXylFucGIcNAC,-
AEAB. Man: mannose; Xyl: xylose; Fuc: fucose; GIcNAc: N-acetyl-glucosamine.
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Fig. 5. Selected NMR spectra of the N-glycans.
a) Full range 1H spectra and b) zoom in anomeric region of 1H spectra of MangGIcNAc,-

AEAB; ¢) Full range 1H spectra and d) zoom in anomeric region of IH spectra of
MangGIlcNAc;-AEAB; €) Full range 13C spectra and f) zoom in anomeric region 13C spectra
of MangGIcNACc,-AEAB; g) Full range 13C spectra and h) zoom in anomeric region 13C
spectra of MangGIcNAc;-AEAB. Anomeric region chemical shifts in both 1H and 13C
spectra are assigned based on predicted value of methyl-p-glycosides using CASPER [43].
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Fig. 6. Plant lectin binding on the glycan microarray of purified soy protein N-glycan-AEAB

conjugates.

X-axis represents glycan ID while Y-axis represent relative fluorescence unit of bound
proteins (Glycan ID 1-13, Table 1, Glycan ID 14: Biotinylated BSA (negative control)).
Error bars represent standard deviation of 6 replicates, a) binding of Concanavalin A

(ConA), b) binding of Aleuria aurantia lectin (AAL).
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