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Abstract

A method for the rapid screening of mouse tissues using fast atom bombardment mass spectrometry in
combination with linkage analysis and specific enzymatic and chemical digests is described. This strategy has
been successfully employed in the analysis of a wide range of murine organs and data from brain, kidney and lung
tissue are presented. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

N- and O-linked glycans are implicated in many cell-cell recognition events in mammalian systems
but the molecular foundations for these interactions are still poorly understood. Knockout mouse
technology and glycoprotein engineering provide a means of investigating the importance of specific
glycan epitopes via ablation of individual glycosyltransferases or targeted changes of glycan epitopes.
Rigorous characterisation of any glycosylation changes occurring as a result of these experiments is
essential if functional conclusions are to be derived from these experimental systems.

Investigations of knockout mice are revealing important aspects of glycan functions in mammalian
systems:—3 However, studies are limited in that the precise nature of glycan alterations are essentially
unknown. In addition, the glycan repertoire of the normal mouse is poorly defined. Structural elucidation
of glycans from normal murine tissues and organs is therefore an essential pre-requisite to investigating
changes occurring in knockout mice. In this paper we describe a strategy based on fast atom bombardment
(FAB-MS) and electron impact (EI-MS) mass spectrometry, complemented by enzymatic and chemical
protocols, for rapidly screening murine organs for théirand O-glycan content. The glycosylation
profiles of brain, kidney and lung are reported.
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2. Results and discussion
2.1. N- andO-Glycan preparation

The protocols that we have developed for prepaflhgand O-glycans from glycoproteins for mass
spectrometric analysishave been incorporated into a strategy (Scheme 1) to screen mouse tissues and
organs rapidly. Firstly, the tissue to be studied is homogenised in Tris buffer (50 mM, pH 7.4) with 0.5%
w/v SDS. The homogenate is dialysed in 12—-14 kDa cut-off dialysis tubing in an ammonium hydrogen
carbonate solution (50 mM, pH 7.4) during 48 h, and lyophilised. Following lypholisation the sample
is carboxymethylated by first incubating it for 45 min at 37°C with 1 ml of 2 mg/ml dithiothreitol in
deoxygenated Tris buffer, followed by addition of 12 mg of iodoacetic acid and incubation in the dark for
90 mins. The carboxymethylation reaction is terminated by dialysing the reaction mixture for 16 h. The
sample is lyophilised and digested with approximately 2 mg of TPCK treated bovine pancreas trypsin
at 37°C in 1 ml of an ammonium hyodrogen carbonate solution (50 mM, pH 8.4) for 8 h. The digested
sample is purified by passing through a Sep-Pakeluted with 30 ml of 5% acetic acid followed by a
collection of 3 ml elutions of 20 and 40% propanol in 5% acetic acid. The collected fractions are pooled,
evaporated to dryness and digested with 3 units-gfycosidase F in 20Q1 of an ammonium hydrogen
carbonate solution (50 mM, pH 8.4) at 37°C for 20 h. The digested sample is loaded on a pre-conditioned
Sep-Pak @g and eluted with 5 ml of 5% acetic (thé¢-glycan fraction) followed by elution with 4 ml of
20% propanol in 5% acetic acid (the peptide/O-linked glycopeptide fraction)Odigcans are released
from the glycopeptides by reductive elimination (400of 1 M 1NaBH, in 0.05 M NaOH at 45°C for

16 h).
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Scheme 1. The rapid screening strategy used to screen mouse organs

2.2. Screening for glycan content

A portion of each pool of isolate®l- or O-glycans is then derivatised by permethylation before
being analysed by FAB-M$ Partially methylated alditol acetates are prepared from the permethylated
samples for linkage analysis by El GC—MShese initial screening experiments provide information
on glycan compositions (via the molecular ions), sequence (via the A-type fragment ions) and linkages.
Representative FAB data of fragment and molecular ion regions of permethilagbatans derived
from mouse brain, kidney and lung are shown in Fig. 1. The putative structure assignments are based
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on the usually unique glycan composition for a given mass (Fig. 1b, D—F), the A-type fragment ions
present in the low mass region (Fig. 1a, A—C), which aid determination of the non-reducing epitopes, and
knowledge ofN-glycan biosynthesis. FAB data from analysis of xglycans present in brain, kidney

and lung are shown for the brain, kidney and lung (Fig. 2, A—C), together with putative structures which
are assigned in a similar manner to thiglycans.

2.3. Confirming structural assignments

In order to confirm tentative assignments additional experiments are required. This is achieved by
partial chemical and enzymatic degradations monitored by FAB-MS and linkage analysis. Scheme 2
shows a typical sequential degradation experiment performed on a bisected bi-antéghgrsn. At
each degradative step a small aliquot is permethylated and analysed by FAB-MS. The resulting mass
shift for a given molecular ion is indicative of the residue/s removed. Bisecting GICNAc is not cleaved
from this class ofN-glycan until the galactose residues have been removed and fucosylated lactosamine
structures are not substrates fogalactosidase and therefore defucosylation is required as a first step in
the antennae degradation.

.,X“' ‘z HF :3_'—2 B-Galactosidase 3 *g

l B-N-Acetylhexosaminidase

>_._. o-Fucosidase }_’2
-4

KEY @-=Galactose [ = N-Acteylglucosamine [>=Fucose @ = Mannose

Scheme 2. A typical sequential degradation experiment used to confirm structure assignments made from the FAB-MS
experiment and linkage analysis. Neitiacetylhexosaminidase n@rgalactosidase can degrade the origiNajlycan and,
therefore, HF treatment is used to perform a specific defucosylation reaction

The most useful chemical procedures for aiding the assignment of glycan structures are acid-catalysed
cleavages of labile glycosidic linkages and periodate cleavage of sugar residues that contain vicinal
hydroxyl groups. A particularly important example of the former is hydrofluoric acid (HF). Experiments
on a variety of fucosylated oligosaccharides have revealed (data not shown) that incubation of glycans
with 50 pl of 48% HF at 0°C for 14 h results in loss of fucose residues that are either 2-linked to
galactose or 3- or 4-linked to GIcNAc (as in blood group antigen and Lewis-type structures). However,
fucose residues that are 6-linked to GIcNAc (a linkage that occurs in fucosylatedNaglyeans) are
not lost under these conditions. This can be particularly useful when performing structural analysis of
N-glycan mixtures that contaiN-glycans with and without fucosylated core structures.

Fig. 1 (pages 366 and 367). FAB mass spectra of fragment and molecular ion regions of permeNvglyteghs from
normal mouse brain (A and D), kidney (B and E) and lung (C and F). All three tissues contain high mannose structures,
Mans_gGIcNAC,, in addition to the labelled complex-type structures. The mass range shown here shows molecular ions at 2193
and 2397 corresponding to high mannose structures with eight and nine mannose residues, respectively
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Fig. 2. FAB mass spectra of permethylatedjlycans from normal mouse brain (A), kidney (B) and lung (C)
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Periodate oxidation is extremely useful f@-glycan structure determination because under mild
conditions cleavage occurs specifically between the bbaeetylgalactosaminitol £and G carbons,
allowing the core type oD-glycans to be identifieB.Thus, periodate degradation allows the tentative
structures shown in Fig. 2 to be confirmed.

3. Conclusion

The screening methodology described above is applicable to any organ, tissue, mucus, fluid etc.
provided the glycan content that can be extracted is a minimum of abqug.XDonfirmation of tentative
sequences requires more material but most experiments can be carried out on a few microgrammes. We
are currently using these strategies to examine organs from knockout mice with targeted deletion of genes
involved in key steps dfl- andO-glycan biosynthesis including-mannosidase ,which is responsible
for removing the 3- and 6-linked mannoses from the antennae dfi4fjlgcan biosynthetic precursor,
and enzymes involved in initiating and elongating O-linked glyéans
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