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Abstract

Sialic acid-mediated interactions play critical roles on the cell surface, providing impetus for the
development of methods to study this important monosaccharide. In particular, photocrosslinking
sialic acids incorporated onto cell surfaces have allowed covalent capture of transient interactions
between sialic acids and sialic acid-recognizing proteins via crosslinking. However, natural sialic
acids also present on the cell surface compete with photocrosslinking sialic acids in binding
events, limiting crosslinking yields. In order to improve the utility of one such photocrosslinking
sialic acid, SiaDAz, we examined a number of sialidases, enzymes that remove sialic acids from
glycoconjugates, to find one that would cleave natural sialic acids but remain inactive toward
SiaDAz. Using this sialidase, we improved SiaDAz-mediated crosslinking of an anti-sialyl Lewis
X antibody and of endoglin. This protocol can be applied generally to sialic acid-mediated
interactions and will facilitate identification of sialic acid binding partners.

Sialic acids are involved in the regulation of a multitude of interactions.! Despite these
essential roles, identifying sialic acid-dependent interactions remains difficult due to their
transient nature. As a solution, we and others have reported use of photocrosslinking sialic
acid analogs that can be used to covalently capture sialic acid-dependent interactions.2*
These analogs are metabolically incorporated into cellular glycoconjugates where they can
be used to study sialic acid-dependent interactions in a native setting. To introduce sialic
acid bearing the diazirine photocrosslinking group on the N-acyl side chain, we culture cells
with a corresponding cell-permeable N-acyl-modified N-acetyl-o-mannosamine (ManNACc)
analog. Previously, we showed that mammalian cells can metabolize a cell-permeable,
diazirine-modified ManNAc analog, Ac;ManNDAz(2me), to diazirine-modified sialic acid,
SiaDAz(2me), and add SiaDAz(2me) to glycoconjugates destined for the cell surface.3:>:6
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Similarly, cells can metabolize a mannosamine with a longer linker separating the pyranose
and the diazirine, AcsManNDAZz(4me), but this process is less efficient and little
SiaDAz(4me) appears on the surface of cells.® Even though production of SiaDAz(2me) is
more efficient, SiaDAz(2me) does not replace all of the natural sialic acid, Neu5Ac, on the
surface of mammalian cells. We have observed a range of incorporation efficiencies, from
favorable cases, where about 65 % of cell surface NeuSAc is replaced by SiaDAz(2me), to
several cell lines where cell surface SiaDAz(2me) is undetectable.” Natural Neu5Ac
competes for binding to sialic acid-recognizing proteins, which may reduce the overall
efficiency of SiaDAz-mediated crosslinking. A method to selectively remove cell surface
Neu5Ac while leaving SiaDAz-modified glycoconjugates intact would be predicted to
enhance production of SiaDAz-crosslinked complexes.

Sialidases, also known as neuraminidases, are enzymes that remove sialic acids from
glycoconjugates. Both bacteria and viruses produce extracellular sialidases that can remove
sialic acids from mammalian host cells,®9 and the human genome also encodes at least four
sialidases, 0 with a range of substrate specificities.! Previous studies have shown that
substitutions on the N-acyl side chain of sialic acid can affect sialidase activity in vitro,12-19
although these effects are isoenzyme specific. In addition, while sialic acid analogs bearing
larger N-acyl groups are generally poor substrates for purified sialidases, some secreted
sialidases appear to be more tolerant of these substitutions in metabolically labeled cells.20
Thus, addition of diazirine to the N-acyl side chain of sialic acid could result in altered
activity of sialidases, such that certain sialidases may be able to selectively cleave Neu5Ac,
but not SiaDAz(2me) or SiaDAz(4me), from glycoconjugates.

In this work, we screened a panel of both human and bacterial sialidases in a cell-free
microwell plate assay® to identify sialidases that are active toward Neu5Ac, but not
SiaDAz(2me) or SiaDAz(4me). Using a cell-based assay, we found that Salmonella
typhimurium neuraminidase (STNA) can remove Neu5Ac from cell surfaces, while leaving
SiaDAz(2me)-modified glycoconjugates intact. Finally, we demonstrated the utility of this
discriminating sialidase by treating cells with STNA, which enhanced SiaDAz(2me)-
dependent crosslinking.

RESULTS AND DISCUSSION

Chemoenzymatic synthesis of SiaDAz-labeled glycans

To test sialidase specificity against SiaDAz(2me) and SiaDAz(4me) in our cell-free
microwell plate assay, we first synthesized SiaDAz-labeled glycans to use as sialidase
substrates. We chose to perform an established one-pot chemoenzymatic reaction that has
proved useful for synthesis of diverse glycans with a variety of natural and unnatural sialic
acids.?! In this method, the sialic acid biosynthetic precursor ManNAc or a ManNAc analog
is incubated with a non-sialylated acceptor glycan and the enzymes Neu5Ac aldolase, CMP-
sialic acid synthetase, and an a2-3-sialyltransferase, in order to produce the desired
sialylated glycan product (Figure 1). We chose biotinylated N-acetyl-o-lactosamine
(LacNAc-biotin) as our acceptor glycan, and used ManNAc or a diazirine-containing analog,
ManNDAz(2me) or ManNDAz(4me), to produce LacNAc-biotin modified with a2-3-linked
Neu5Ac, SiaDAz(2me), or SiaDAz(4me). (Although SiaDAz(4me) is not efficiently
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incorporated into cell surface glycoconjugates,® we thought that examining the
SiaDAz(4me)-LacNAc-biotin substrate in our cell-free assay could provide additional
information about the molecular basis of sialidase specificity.) The glycan products were
separated by HPLC to identify non-sialylated, sialylated and SiaDAz-ylated glycans
(Supplementary Figure 1), which were isolated and characterized by mass spectrometry.
Observed m/z ratios were consistent with expected products (Supplementary Table 1;
Supplementary Figures 2—4), indicating that the one-pot chemoenzymatic approach is
suitable for synthesis of both SiaDAz(2me)- and SiaDAz(4me)-containing glycans. While
the reaction using the natural sialic acid precursor ManNAc was nearly complete (~97 %
sialylated LacNAc-biotin), use of ManNDAz(2me) or ManNDAz(4me) yielded ~9 % and 20
% SiaDAz-ylated product, respectively, suggesting the diazirine modification resulted in
impaired activity of at least one enzyme in the one-pot reaction. Nonetheless, yields were
sufficient for subsequent sialidase assays.

Specificity of sialidases against SiaDAz species

SiaDAz-ylated glycans in hand, we measured the activity of a panel of bacterial and
mammalian sialidases against LacNAc-biotin modified with NeubAc, SiaDAz(2me), or
SiaDAz(4me). We utilized an assay we reported previously,18 in which biotinylated and
sialylated glycans are treated with sialidase before immobilization in individual wells of
streptavidin-coated 96-well plates. Remaining sialic acids are then labeled with Alexa Fluor
488 using the chemoselective periodate oxidation and aniline-catalyzed oxime ligation
(PAL).22 For the panel, we chose five bacterial enzymes, including three pneumococcal
neuraminidases (NanA, NanB, and NanC),23 an Arthrobacter ureafaciens neuraminidase
(AUNA),2* and a Salmonella typhimurium LT2 neuraminidase (STNA).2° In addition, we
examined three human sialidases: NEU2,26 NEU327 and NEU4.28

We confirmed that PAL could label SiaDAz-containing glycans, as upon conjugation to
aminooxy-Alexa Fluor 488, SiaDAz(2me)-LacNAc-biotin and SiaDAz(4me)-LacNAc-
biotin yielded higher fluorescence values than unsialylated LacNAc-biotin (Supplementary
Figure 5). Next, we used our cell-free microwell plate assay to measure the activity of
sialidases toward a2-3-linked Neu5Ac. As expected,12:23:29.30 we found that all five
bacterial enzymes tested were active against a2-3-linked NeuSAc (Figure 2a). Two of the
mammalian sialidases, NEU2 and NEU4, showed good to moderate activity against
Neu5Ac, respectively, but NEU3 showed no activity against Neu5Ac in this cell-free assay
(Figure 2a). The lack of detectable activity for NEU3 is consistent with its reported
preference for ganglioside-like substrates.14:31 We then examined the ability of the panel of
sialidases to remove diazirine-containing sialic acid analogs, SiaDAz(2me) (Figure 2b) and
SiaDAz(4me) (Figure 2c). Two of the sialidases from pneumococcus, NanB and NanC, were
able to cleave diazirine-containing sialic acids independent of linker length. While NEU2
was also able to cleave SiaDAz(2me) from LacNAc-biotin, it showed little to no activity
against SiaDAz(4me), suggesting the longer linker may interfere with its catalytic activity.
Conversely, while NanA showed no activity against SiaDAz(2me), it displayed moderate
activity against SiaDAz(4me), suggesting that positioning the diazirine further from the
pyranose ring may be more favorable for NanA enzyme activity. The remaining sialidases,
AUNA, STNA, NEU3 and NEU4, showed no detectable activity against either
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SiaDAz(2me) or SiaDAz(4me). We therefore predicted that these four sialidases along with
NanA would be the most useful in enhancing crosslinking in cells through selective removal
of Neu5Ac.

Activity of sialidases in the cellular environment

We next wanted to ensure that sialidases inactive toward SiaDAz would remain so in the
complex cellular environment, which contains a wide array of sialylated glycans. For this
analysis, we used BJAB K20 cells, which do not produce active UDP-GIcNAc 2-epimerase/
ManNAc kinase (GNE). As a result, BJAB K20 cells cannot produce sialic acid in the
absence of exogenously added ManNAc.32 When grown in serum-free conditions where
there is no sialic acid to scavenge, these cells are unable to synthesize sialylated
glycoconjugates.32 Supplementation of serum-free media with peracetylated ManNAc
(AcsManNAc), AcsManNDAz(2me), or AcsManNDAZz(4me) enables incorporation of only
the corresponding sialic acid (Neu5Ac, SiaDAz(2me), or SiaDAz(4me)) into
glycoconjugates.b In this way, BJAB K20 cells provide an ideal platform in which to study
sialidase specificity in the context of the cell. We tested the ability of BJAB K20 cells to
metabolize Ac;ManNDAz(4me), even though incorporation efficiencies are known to be
poor,8 to determine whether enough SiaDAz(4me) would be expressed to measure sialidase
specificity. While addition of AcsManNAc or AcsManNDAz(2me) each produced
considerable a2-3 sialylation on cell surfaces, as determined by binding of the a.2-3-specific
lectin MAL Il, we were unable to detect SiaDAz(4me) on the cell surface (Supplementary
Figure 6). This results suggests that incorporation of SiaDAz(4me) into cell surface glycans
is inefficient, in line with our previous studies in Jurkat cells.6 However, it is also possible
that the longer linker length interferes with the ability of MAL Il to detect SiaDAz(4me).
Regardless, we were unable to further examine sialidase activity toward cells cultured with
AcsManNDAZz(4me) due to the lack of MAL Il binding. Importantly, for cells cultured with
AcgManNAc or AcsManNDAz(2me), nearly 100 % of the a.2-3-linked sialic acids on the
cell surface were produced from exogenously added mannosamines (Figure 3a).

As binding of MAL 11 to sialosides could be affected by the diazirine substituent, we used
this lectin only for comparative analyses between cells cultured with the same precursor to
assess whether different sialidases could cleave Neu5Ac and SiaDAz(2me) from the cell
surfaces. Cells expressing the desired sialic acid species were treated with sialidase, labeled
using MAL 11, and analyzed by flow cytometry (Figure 3b and 3c). NanB and NanC were
active against SiaDAz(2me), cleaving nearly all of NeuS5Ac and SiaDAz(2me) from the cell
surface, consistent with the cell-free assay. NEU2 also performed as expected, displaying
activity against both Neu5Ac and SiaDAz(2me). NEU3, which had no activity in the cell-
free assay, showed moderate activity against both NeuSAc and SiaDAz(2me) on cell
surfaces. NEU3 activity on cells may be a result of incorporation of SiaDAz(2me) into
ganglioside substrates.33:34 Interestingly, we found that NanA, AUNA, and NEUA4, each of
which showed no detectable activity toward SiaDAz(2me) in our cell-free assay, cleaved
between 50 and 70 % of SiaDAz(2me) on cells surfaces. Of all the sialidases tested, only
STNA was completely inactive toward SiaDAz(2me) on BJAB K20 cell surfaces, with 100
% of SiaDAz(2me) remaining after STNA treatment. We therefore predicted STNA would
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be an ideal sialidase to remove naturally occurring sialic acids, but not SiaDAz(2me), from
cell surfaces expressing a mixed population of sialic acids.

STNA amplifies SiaDAz-mediated crosslinking

To determine whether removing natural sialic acids from cell surfaces would enhance
crosslinking, we first assessed crosslinking of cell surface sialylated proteins to an antibody
that recognizes the a.2-3-sialylated glycan epitope sialyl Lewis X (sLeX) (Supplementary
Figure 7a). We selected a brain endothelial cell line, \CMEC/D3,3° and a colon epithelial
cell line, Colo205, which incorporate SiaDAz into cell-surface glycans at ~ 56 % and ~ 4 %
efficiency, respectively (Supplementary Figure 8). Using flow cytometry, we confirmed that
the anti-sLeX antibody binds to sialylated glycoconjugates on the surfaces of both
hCMEC/D3 and Colo205 cells (Supplementary Figure 7b and c). Upon treatment with
STNA or NanB, we saw a decrease in anti-sLeX antibody binding for both cell types,
indicating we could control cell surface sLeX levels through sialidase treatment.
Interestingly, Colo205 cells displayed a significant amount of binding of antibody after
STNA treatment, suggesting STNA does not cleave all glycans recognized by anti-sLeX
antibody on Colo205 cells.

We hypothesized that STNA would remove Neu5Ac, but not SiaDAz(2me), from
hCMEC/D3 and Colo205 cell surfaces, resulting in increased interactions between anti-sLeX
antibody and SiaDAz(2me) (Figure 4a). To test this idea, cells cultured with
Ac,ManNDAZz(2me) for 72 h were treated with STNA or NanB before incubation with anti-
sLeX antibody and crosslinking under UV. We performed an immunoblot on the lysates
from these cells using anti-IgM to recognize uncrosslinked and crosslinked anti-sLeX
antibody. Overall, we observed more reactivity in multiple regions of the blot when both
AcsManNDAz(2me) was added and UV light was applied, indicative of crosslinking
between anti-sLeX antibody and SiaDAz-modified glycoproteins. We focused attention on a
high molecular weight band that was observed under crosslinking conditions, but absent
from the control lanes (red asterisk in Figure 4b and Supplementary Figure 9a).
Quantification of this band allowed us to determine that pretreatment with NanB essentially
eliminated crosslinking in both cell lines, consistent with our observation that NanB can
efficiently cleave SiaDAz(2me) from cell surfaces (Figure 4c and Supplementary Figure
8b). We also quantified the effect of STNA pre-treatment on the intensity of the high
molecular weight band. For hCMEC/D3 cells, treatment with STNA resulted in a ~1.6-fold
enhancement of the crosslinking band intensity when normalized to actin (Figure 4b and 4c).
Similarly, Colo205 cells showed an STNA-dependent increase in anti-sLeX antibody
crosslinking (Supplementary Figure 9), though to a lesser extent than in hCMEC/D3 cells.
We hypothesize that the less pronounced STNA effect in Colo205 cells is due to the
inability of STNA to remove all antigens recognized by anti-sLeX antibody (Supplementary
Figure 7¢). Together, these data indicate that crosslinking of SiaDAz-ylated molecules on
cell surfaces can be enhanced by pre-treatment with a sialidase that removes Neu5Ac, but
discriminates against SiaDAz.

We hypothesized the enhanced anti-sLeX crosslinking we observed with STNA treatment
was due to reduced competition for antibody binding by Neu5Ac-containing sialosides. We
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therefore predicted that the STNA-induced increase in crosslinking would be eliminated by
adding excess anti-sLeX antibody. To test this idea, we performed the anti-sLeX crosslinking
at five different antibody concentrations. As predicted, we found that the STNA-dependent
increase in crosslinking was apparent at low antibody concentrations, but overcome at
higher antibody concentration (Supplementary Figure 10). Thus, STNA treatment offers a
useful approach when the amount of the sialic acid-recognizing protein is limited, such as an
antibody in short supply.

Enhanced crosslinking increases MS spectral counts

Next, we examined whether the STNA-dependent increase in anti-sLeX antibody
crosslinking translated into improved detection of crosslinked proteins by mass spectrometry
analysis. Similar to above, we performed crosslinking using a biotinylated anti-sLe*
antibody. hCMEC/D3 cells were then lysed and crosslinked complexes were isolated on
streptavidin-agarose before analysis by LC-MS/MS. The relative abundance of specific
glycoproteins in the two samples was determined by a label-free normalized spectral index
quantitation method;38 results are summarized in Supplementary Table 2. Abundance of
proteins enriched in crosslinked samples was compared between STNA-treated cells and -
untreated cells, and results are presented in Figure 4d. Detected levels of cell surface
glycoproteins were consistently higher in samples treated with STNA, suggesting that
STNA treatment has the potential to enhance the utility of SiaDAz in the identification of
sialic acid-dependent binding interactions. The validity of the LC-MS/MS results is
supported by the appearance of basigin (CD147), a protein known to be modified with sLeX
in endothelial cell types.3” Similarly, CD59 appeared in our LC-MS/MS results and an
antibody array screening method suggested that sLeX is found on CD59 from human
plasma.38 We also identified proteins, such as podocalyxin (PODXL) and activated
leukocyte cell adhesion molecule (ALCAM) not previously known to be modified by sLeX,
but whose biological activities are consistent with sLeX modification. PODXL expression
correlates with cancer aggressiveness,3940 and functions as an E- and L-selectin ligand
through sialofucosylation modification on O-glycans,*! while ALCAM is associated with
tumor invasiveness.*2

Improved crosslinking of endogenous proteins

The most significant potential application of the SiaDAz crosslinking method is to capture
interactions among endogenously expressed proteins. In implementing this approach, it is
important to recognize that using SiaDAz crosslinking in conjunction with STNA treatment
could result in significant changes in cell surface glycoconjugate assemblies (i.e. the
glycosynapse*3) due to removal of natural sialic acids. Despite this caveat, information
gained through this discovery method could provide initial insights into glycoprotein
binding interactions, which could be further validated by other, less perturbing, methods.
Therefore, we next examined whether STNA treatment could enhance crosslinking of
endoglin, a cell surface glycoprotein endogenously expressed in hCMEC/D3 cells.
Immunoblot analysis of SiaDAz crosslinked lysates using an anti-endoglin antibody
revealed a distinct higher molecular weight band that was only present when
AcgManNDAz(2me) was included and UV was applied. The intensity of this SiaDAz-
crosslinked endoglin was increased with STNA treatment (Figure 4e and f). Similar results
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were observed when the experiment was performed at 4 °C (Supplementary Figure 11),
suggesting that altered membrane trafficking upon sialidase treatment was not the dominant
mechanism mediating the increase in crosslinking. Thus, STNA treatment can be used to
enhance SiaDAz crosslinking of an endogenous protein, where manipulation of expression
levels may be undesirable.

In summary, we report that crosslinking of SiaDAz(2me)-modified glycoconjugates can be
enhanced by pre-treating cells with a commercially available sialidase, STNA, that removes
Neu5Ac, but not SiaDAz(2me). While we have shown previously that SiaDAz(2me)-
modified glycoproteins and glycolipids can be crosslinked to their binding partners, de novo
identification of those binding partners remains a challenge because of difficulties associated
with isolating sufficient crosslinked material for mass spectrometry-based proteomics
analysis. For example, in experiments performed by Paulson and co-workers with a different
photocrosslinking sialic acid analog, the inability to isolate sufficient crosslinked material
necessitated use of a non-physiological scheme to perform the initial proteomics analysis.**
In examination of cells cultured with Ac;ManNDAz(2me), we have observed significant
amounts of Neu5Ac on the cell surface; indeed, the amount of cell surface SiaDAz(2me) is
near the lower limit of detection in some cell lines.” On the one hand, limited incorporation
of SiaDAz(2me) is desirable, as this minimizes any perturbations caused by the unnatural
substituent. But on the other hand, abundant cell surface NeuSAc competes with cell surface
SiaDAz(2me) for binding to sialic acid recognizing proteins, thereby limiting the maximal
amount of crosslinking that can be achieved. Here we show that removal of cell surface
Neu5Ac enhances the yield of SiaDAz(2me) crosslinked material in two cell lines with
dramatically different levels of SiaDAz(2me) incorporation. We were pleased to observe
that STNA treatment enhanced crosslinking even in hCMEC/D3 cells, which have robust
SiaDAz(2me) incorporation. The sialidase specificity data reported here (Figs. 2 and 3)
suggest that the STNA-dependent crosslinking enhancement might be due to the removal of
competing Neu5Ac ligands, but do not exclude the possibility that additional mechanisms
are at work. Indeed, it is important to note that STNA treatment could itself perturb
endogenous interactions. Despite these caveats, we predict that this simple method could be
applied to a variety of cell lines and interactions for preliminary identification of binding
partners, to be confirmed by other methods.

In the course of these experiments, we gained insight into the specificity of sialidases. Using
our cell-free assay, we were able to observe that sialidases exhibit a range of abilities to
discriminate between Neu5Ac and sialic acid modified with unnatural N-acyl substituents.
Indeed, our observation that NanB can remove SiaDAz(2me) and SiaDAz(4me) while
STNA cannot is consistent with previous findings for these same enzymes acting on other
unnatural N-acyl-modified sialic acids.13 Other sialidases distinguished between the two
SiaDAz analogs based on their linker length: NEU2 was only able to remove the smaller
analog, SiaDAz(2me), while NanA preferred the analog SiaDAz(4me) with a longer linker
separating the diazirine from the pyranose ring. Interestingly, sialidases with broader linkage
specificity (e.g. NanA and AUNA) exhibited more restricted tolerance of N-acyl
substitutions. The results presented here suggest that sialidases are surprisingly sensitive to
the exact structure of unnatural substituents, suggesting that sialidase specificity against
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novel unnatural sialic acids should always be tested experimentally, and not assumed based
on comparison to related structures. Overall, different sialidases exhibit distinct abilities to
discriminate among subtle changes in N-acyl-substituted sialic acid analogs.

Methods

Crosslinking in cells

hCMEC/D3 cells or Colo205 cells were cultured for 72 h in media containing ethanol or a
final concentration of 100 uM AcsManNDAZz(2me). Cells were treated with STNA, NanB,
or buffer for 1 h at 37 °C or 4 °C as indicated. For antibody crosslinking, cells were then
incubated with 5 pg mL~1 dilution of anti-sLeX antibody (CD15s, BD Biosciences) in PBS
containing 0.1 % (w/v) BSA for 1 h, rotating at 4 °C. In titration experiments, the antibody
concentration used was 20, 10, 5, 2.5, and 1.25 pg mL~1. For both antibody and endoglin
crosslinking, cells were irradiated with UV (365 nm, 20 W) for 30 min and 15 min,
respectively, on ice to induce crosslinking. Cells were harvested at 1000g for 3 min, washed,
and resuspended in RIPA lysis buffer (50 mM Tris HCI, pH 8.0, 150 mM NaCl, 1 % NP-40,
0.5 % sodium deoxycholate, 0.1 % SDS) containing protease inhibitor cocktail added just
before use. Concentration of supernatant was determined by BCA assay (Pierce). A total of
10 ug protein was loaded onto a 7.5 % gel and transferred to a PVDF membrane at 87 mA
for 16 hat4 °C.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. One-pot chemoenzymatic synthesis of SiaDAz-ylated LacNAc-biotin
ManNAc or a diazirine-modified ManNAc analog, ManNDAz(2me) or ManNDAz(4me), is

incubated with biotinylated LacNAc, Mg2*, CTP, pyruvate, CMP-sialic acid synthetase,
Neu5Ac aldolase, and an a2-3-sialyltransferase at 37 °C overnight. The resulting products
are glycans sialylated with the desired sialic acid species, NeuSAc, SiaDAz(2me), or
SiaDAz(4me). Spacer (sp) = -O(CH5)3NHCO(CHj)sNH-.
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Figure 2. Sialidase specificity depends on SiaDAz linker length
LacNAc-biotin was sialylated with (a) NeuSAc, (b) SiaDAz(2me), or (c) SiaDAz(4me)

before treatment with the indicated sialidases. The percent sialylation remaining after
sialidase treatment was determined using PAL labeling. Error bars represent the standard
deviation of three trials.
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Figure 3. Activity of sialidases toward a2-3-linked sialic acids on BJAB K20 cell surfaces
(a) a2-3-linked sialic acids on the surface of BJAB K20 cells were detected by flow

cytometry using MAL |1 lectin. Cells cultured with no mannosamine precursor do not

Page 14

produce a2-3-linked sialic acids. (b) BJAB K20 cells were cultured with AcsManNAc,
AcsManNDAZz(2me), or no mannosamine, then left untreated or treated with the indicated
sialidase. Remaining a.2-3-linked sialic acids on the cell surface were detected by flow
cytometry using MAL |1 lectin. (¢) Quantification of analyses shown in panel (b),
representing the amount of a2-3-linked Neu5Ac or SiaDAz(2me) remaining on BJAB K20
cell surfaces after treatment with the indicated sialidase. Error bars represent the standard

deviation of three trials.
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Figure 4. Removal of Neu5Ac from hCM EC/D3 cell surfacesresultsin enhanced crosslinking of
SiaDAz-ylated glycoproteins

(a) Sialidase method for crosslinking enhancement. Cells cultured with AcgManNDAz(2me)
display a mixed population of sialic acids on their cell surfaces. Crosslinking is dependent
on the proportion of NeuSAc (Ac) and SiaDAz(2me) (DAz) remaining after treatment with
buffer, STNA (which removes only Ac), or NanB (which removes both Ac and DAZz). Upon
exposure to UV, STNA-treated cells contain a higher proportion of crosslinked DAz than
untreated or NanB-treated cells, enhancing crosslinking through DAz. (b) Immunoblot of
crosslinked lysates. h\CMEC/D3 cells cultured with or without Ac4JManNDAz(2me) were
treated with NanB (B), STNA (T), or no sialidase. Anti-sLeX antibody was added and the
cells were UV irradiated or not. (c) Quantification of normalized intensities of high
molecular weight anti-sLeX crosslinked bands (indicated by asterisk in panel b). (d) LC-
MS/MS results. Proteins enriched in anti-sLeX crosslinked samples are more abundant in
cells pre-treated with STNA before crosslinking compared to untreated, but crosslinked,
cells. Dotted line represents values expected if STNA had no effect (ratio = 1). (€)
Immunoblot of endoglin crosslinking in hCMEC/D3 cells cultured with or without
AcsManNDAZz(2me) and treated with NanB (B), STNA (T), or no sialidase. (f)
Quantification of normalized intensities of high molecular weight crosslinked bands
(indicated by asterisk in panel €).
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