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Introduction Methods

Interactions of carbohydrates with proteins such as lectins belong to 1) Sepharose activation and 2) Pressure-enhanced proteolytic digestion and extraction
the most important types of biological processes, e.g., in cellular carbohydrate immobilization

recognition, intracellular regulation pathways, and immunological
reactions. Crystal structures of complexes with glycans have been

defined for antibodies, plant and animal lectins, bacterial toxins, and 0o a
carbohydrate- binding enzymes. However, x-ray crystallography &Of iWOH (
0
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approaches are limited by the notorious difficulties in crystallization 7
of protein-glycan complexes at sufficiently high resolution, as well :
as by the high requirements of relatively large amounts and highly pepnarose mettixfgarosel
purified samples.

We recently reported a new affinity-mass spectrometry based
approach that employs selective proteolytic digestion of the lectin to HzC\\ ﬁ
Identify the carbohydrate binding sites. However, lectins such as ﬁ \ _>

Soybean Agglutinin (SBA) are resistant to enzyme hydrolysis and O CH, V\) N

and require time-consuming proteolytic digestion procedures to be o - on Bincing Tragments
inactivated. / e, LA
Here, we show the application of pressure-enhanced proteolytic HO _> S S
digestion for fast and effective enzyme hydrolysis together with an HO

affinity-mass spectrometry based approach for the molecular O
Identification of carbohydrate recognition structures, with high OH

specificity, sensitivity and low requirements of sample purity. HOo OH Extraction
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Results and discussion

A complete lectin digestion was obtained after 2 hours of pressure-enhanced proteolytic digestion at 37°C, A) (19820517 40 kpsi

987,60 50s on, 10 off

whereas 12 hours were necessary to obtain equivalent result by using a standard in-solution digestion protocol at " N la9-6217 120 cycles
37°C and atmospheric pressure. The comparison of the MALDI-MS spectra of both digestion method with SBA N IR 3¢
after 2 hours shows the incompleteness of the in-solution digestion method compared to the high pressurized 111,79 T daoaae | mesamc
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; 2 f L3 ([130-147] Figure 3. X-ray crystal structure of SBA in complex with a Figure 1. Comparison of MALDI-ToF MS mass spectra of SBA proteolytic digestion after 120 cycles of 50 seconds at 40 kpsi and 10 seconds
[130-144] |[206-224] | 202028 1 biantennary blood group antigen analog (PDB entry 1G9F) at atmospheric pressure and 37°C (a) against standard proteolytic digestion at atmospheric pressure and 37°C (b). Both digestion

1573,39 ! g _ )
: 18331 ! [27-107] 1 showing SBA[87-107], SBA[129-147] and SBA[206-226] in red procedures were done with a mixture of trypsin and chymotrypsin (enzyme: substrate ratio 1:20 and 1:40 respectively) in Tris-buffer (100

l 243343 [;3:';:;] and MS-identified peptides specific for A-Tri and B-Tri, mM Tris-HCI, 10 mM CaCl,, pH 8.0). All peptide fragments produced singly charged ions, and are labelled T for tryptic cleavage and C for
<) [me] 2 3 SBA shows the highest affinities for N-acetylgalactosamine (GalNAc) and Galactose moieties. Interactions with GalNac, blood group A

L SBA[108-128], in blue. Amino acids known to be in direct chymotryptic cleavage.
\ —— L contact with the carbohydrate are highlighted in yellow.
, 1ms5  1B0MT] 9y and blood group B trisaccharides were therefore studied. MALDI-MS analyses of the elution fractions from the affinity columns

[120-144] 2 performed with immobilized GalNAc showed signals corresponding to the peptide domains [87-107] (1), [129 — 147] (2) and [206-224]

SRR osaas 1 (3) (Figure 2a).
1108 125) 221 The same peptide domains were found in the elution fractions from A and B trisaccharides, with a specific additional third domain [108-
l n S 125] (4) (Figure 2b and 2c). The 3 peptides domains (1), (2), and (3) obtained in these elution fractions contain the 4 amino-acids D88,
e '*_*_::-'-- S ~BEEEEr- ~m G106, N130 and D215 in direct contact with the carbohydrate ligand. Indeed, x-ray crystallography studies of SBA in complex with
GalNAc showed that Asp88 forms a bidentate hydrogen bonds with C3-0H and C4-0H hydroxyl groups, while ND2 of Asn 130 and N
of Gly 106 form hydrogen bonds respectively with C2-0H and C3-0H hydroxyl groups and the 4-0H hydroxyl group forms another

Figure 2. MALDI-TOF mass spectra of elution fractions from proteolytic excision of glycine max lectin .
form GalNAc (a), A-Tri (b) and B-Tri (c) affinity columns. Peptide (1) correspond to SBA[87-107], hydrogen bond with the backbone NH of Leu 214.

peptides (2) correspond to SBA[129-144], SBA[130-144] and SBA[130-147], peptides (3) correspond to The fourth peptide domain (4) obtained from the elution fractions of A-Tris and B-Tris include the loop [112-119], where electron

SBA[206-224] and SBA[206-226] and peptides (4) correspond to SBA[108-125] and SBA[108-129]. - - AT . - ; : .
Additional peaks corresponding to sodium and potassium adducts ([M+Na+]+, [M+K+]+) were density has been found to be weak and is close to the sugar binding site (figure 3). The presence of the fagment (4) in the elution fraction

observed in all spectra. can therefore be explained by an interaction between the branched oligosaccharides and the peptide loop.
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Conclusion

The combination of specific proteolytic extraction of carbohydrate-binding peptides and mass spectrometric analysis of the eluted peptides is shown to be a highly efficient tool for identifying and differentiating
specific CRD structures. These results indicate the potential of proteolytic extraction- mass spectrometry for identifying affinity-derived lectin epitope peptides, with the potential to be valuable therapeutic agents, or
reagents for investigating cell surface carbohydrates and associated pathophysiological processes.
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