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Carbohydrate Analysis of Glycoproteins on Blots Using the
Immunological System: Digoxigenin/Anti-Digoxigenin Antibody

Anton Haselbeck and Wolfgang Hosel
Boehringer Mannheim GmbH, Biochemica Research Center,
8132 Tutzing/Obb., FRG

SUMMARY

By introducing the steroid hapten digoxigenin specifically into sugars, a sensitive detection system for
glycoproteins on blots has been developed. Digoxigenin is bound to sugars either as
digoxigenin-hydrazide after oxidation to aldehydes, or as lectin conjugates. Digoxigenin is then detected
with a high-affinity anti-digoxigenin antibody, conjugated with alkaline phosphatase or peroxidase.
Besides of the general labeling of the carbohydrates, the reaction with digoxigenin-hydrazide can further
be made specific for the detection of sialic acids or terminal galactose. By using digoxigenin labeled
lectins with defined and narrow binding specificity for probing of the glycoproteins, it is possible to
obtain substantial informations on the glycan structures. The high resolution power of electrophoretical
separation systems is widely used for analyzing complex protein mixtures. The combination of these
techniques with the sensitive digoxigenin based labeling and detection system allows the rapid analysis

of small amounts of glycoproteins, which can be further refined by including exo- and endoglycosidase
digestions as specific tools.
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1. INTRODUCTION

The analysis of the carbohydrate part of glycoproteins has emerged from a purely academically oriented
science, one aspect being the necessity to analyze glycoproteins that will be used as therapeutic agents.
Over the last years highly sophisticated techniques for analyzing the carbohydrate part have been
developed (e.g. 2-D NMR and FAB-MS), but most of them need expensive equipment and experienced
operators. Although these methods are indispensable for a complete structural analysis of pure
compounds, there are situations where a less refined analysis is sufficient, performed in a short period
of time with small amounts of material present in a mixture. In the following a scheme is presented for
analyzing glycoproteins using standard biochemical techniques like SDS-PAGE and Western Blotting.
The principle of this approach is the use of an immunological detection system in combination with
already well established methods, like lectin binding and glycosidase digestions. The glycoproteins are
analyzed in quantities of nanograms to about 1 microgram, immobilized on membranes (dot blot or
Western Blot), with or without prior incubation with certain glycosidases. The steroid digoxigenin is
used as a hapten for the detection of sugars in glycoproteins.

Two types of digoxigenin derivatives are used:

(a) digoxigenin-hydrazide for general labeling and

(b) digoxigenin labeled lectins for a more detailed structural analysis of various carbohydrate structures.
An anti-digoxigenin antibody, conjugated with alkaline phosphatase or peroxidase is used to probe for

the presence of digoxigenin.
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Fig 1. Reaction scheme for oxidizing and labeling.



Carbohydrate Analysis Using Digoxigenin/Anti-Dioxigenin Antibody 173

2. RESULTS
2.1. Labeling

For the general labeling with digoxigenin-hydrazide, sugars in glycoproteins are first oxidized by
periodate to obtain reactive aldedyde groups. This principle is depicted in figure 1.

Using the standard protocol (10 mM periodate for 20 min at room temp.), all types of glycoproteins,
which contain sugars with vicinal diols can be labeled. The detection sensitivity is in the nanogram
range, depending upon the amount and type of sugars present. By performing the oxidation with 1 mM
periodate at 0°C aldehydes are created in sialic acids only thus allowing a specific detection of
sialylated glycoproteins. In figure 2 the glycoproteins carboxypeptidase Y, asialofetuin and fetuin are
blotted onto nitrocellulose after SDS-PAGE and oxidized with 10 mM periodate at room temperature
(A) and 1 mM periodate at 0°C (B). Under the sialic acid specific conditions only fetuin is detected.
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Figure 2: Lane 1: 2 pg CpY. Lane 2: 2 pg asialofetuin. Lane 3: 2 g fetuin. Two identical gels were run and blotted; one
blot was oxidized for 20 min with 10 mM periodate at room temperature (panel A) and one with 1 mM periodate at 0°c
(panel B). Anti-digoxigenin antibody, conjugated with alkaline phosphatase was used for the detection with 5-bromo-4-
chloro-3-indolylphosphate and nitroblue tetrazolium chloride as substrates producing a grey-black color.

By using galactose oxidase as oxidation reagent, the selective detection of terminal galactose containing
glycoproteins is possible (1). If these labeling procedures using digoxigeninhydrazide are combined with
exo- and endoglycosidase digestions, it is not only possible to determine the presence of carbohydrate
on a protein, but also to identify various structural features of the glycan chains.

2.2 Labeling with Lectin-digoxigenin Conjugates

Lectins are widely used not only for the isolation of glycoproteins but also for structural studies.
Attaching digoxigenin covalently to lectins allows the use of this highly sensitive immunological
detection system described above in combination with these powerful analytical tools (2). If e.g. lectins
with well defined and narrow substrate specificity are used for probing glycoproteins, a large amount
of information about the carbohydrate structure can be obtained. The principle of the lectin based
analysis is shown in figure 3.
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Figure 3: Reaction principle of labeling with DIG-lectins.

Lectins which proved to be very valuable for this application are e.g. from Aleuria aurantia (AAA;
specific for fucose), Arachis hypogaea (PNA; specific for Gal-GaINAc), Datura stramonium (DSA;
specific for GIcNAc), Galanthus nivalis (GNA; specific for mannose), Maackia amurensis (MAA;
specific for a,, linked sialic acid) and Sambucus nigra (SNA; specific for a,, linked sialic acid). The
use of two of these digoxigenin labeled lectins is demonstrated in figure 4.
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Figure 4: 1 pg of the following glycoproteins were applied to SDS-PAGE: lane 1: fetuin, treated with neuraminidase and
O-glycosidase; lane 2: fetuin, treated with neuraminidase; lane 3: fetuin. Two identical gels were run and blotted; blot A was
incubated with DSA, digoxigenin labeled and blot B with PNA, digoxigenin labeled. Detection was carried out as described

in Fig. 2.



Carbohydrate Analysis Using Digoxigenin/Anti-Dioxigenin Antibody 175

The glycoprotein fetuin, containing N- and O-linked carbohydrate chains (lane 3) was treated with
neuraminidase (lane 2) and neuraminidase plus O-glycosidase (lane 1). The lectin DSA reacts with all
three forms, whereas PNA recognizes only the desialylated O-linked Gal-GalNAc chains. The reactions
of DSA with fetuin (lane 3) indicates unsialylated Gal-GIcNAc termini in the N-linked carbohydrate
chains.

2.3 Analysis of Recombinant Glycoproteins

The analysis of a glycoprotein on a membrane blot by using a combination of the general glycan
labeling, various lectins and glycosidases, allows a fairly detailed interpretation of the carbohydrate
structure. This is demonstrated with the two recombinant glycoproteins, tissue plasminogen activator
(tPA) and erythropoietin (EPO), both produced in CHO cells.

2.3.1. Analysis of tPA

The carboxymethylated A and B chains of tPA were separated in 15 % SDS-polyacrylamide gels and
blotted onto nitrocellulose. Digestions with endoglycosidase H, F or N-glycosidase F were performed
prior to SDS-PAGE. Figure 5 shows an example of such an analysis, where the use of endoglycosidases
is combined with DIG-lectin analysis. From this experiment the conclusion was drawn that this form of
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Fig. 5. Analysis of tPA after deglycosylation with Endo H and N-glycosidase F with GNA, digoxigenin labeled and MAA,
digoxigenin labeled. 1 ug of plasmin cleaved and carboxymethylated tPA was applied on each lane and blotted onto
nitrocellulose.

tPA contained only a high mannose type carbohydrate structure on the A chain and a complex type
chain with terminal o2-3linked sialic acids on the B chain. The results of this and further experiments
are schematically summarized in figure 6.
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Fig. 6. Schematic illustration of the carbohydrate analysis on tPA using the various digoxigenin reagents.

2.3.2. Analysis of EPO

Similar studies as described for tPA were performed with EPO, and an example, where glycosidase
digestions were combined with general glycan staining is shown in figure 7.
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Fig.7. EPO (10 pug) was deglycosylated with 0.4 units N-glycosidase F in a volume of 100 ul. When indicated, 1 mU
neuraminidase and 0.3 mU O-glycosidase were included in the N-glycosidase F digestion asssay. 1 ug of protein was applied
per lane to a 15 % SDS gel. Lane 1: EPO, deglycosylated with N-glycosidase F, neuraminidase and O-glycosidase; lane 2:
EPO, deglycosylated with N-glycosidase F and neuraminid lane 3: EPO, deglycosylated with N-glycosidase F; lane 4:
EPO. Two identical gels were run, one blotted and stained for carbohydrate (A) and one stained with Coomassie (B).
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It can be seen that EPO still reacts positively with the digoxigenin detection method after
deglycosylation with N-glycosidase F. This indicates the presence of other glycan chains besides
N-linked. The presence of a O-linked Gal-GalNAc structure, substituted with sialic acid was
demonstrated by including neuraminidase and O-glycosidase (endo-a-N-acetylgalactosaminidase) in the
N-glycosidase F digestions, since this treatment removed all glycan chains from EPO (1). A summary
of all the studies performed with EPO by using DIG reagents and glycosidases is presented in figure
8.
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Fig. 8. Schematic illustration of the carbohydrate analysis of EPO.

2.4. Further Applications of the Digoxigenin System

Digoxigenin and anti-digoxigenin antibody as a sensitive labeling and detection system is not restricted
to glycoproteins. Glycolipids, separated on TLC plates can be detected as well (3), and its usefulness
for the detection of glycopeptides after HPLC separation has been demonstrated (4). Digoxigenin
labeled lectins are powerful tools in cytochemical studies when combined with gold labeled
anti-digoxigenin antibody (5).
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