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We have previously shown that an endo-~-N-acetylglucosaminidase (EC 3.2.1.96) named 
"Endo B', isolated from culture filtrates of the basidiomycete Sporotr ichum dimorphos- 
porum cleaves asialo-, and to some extent, monosialylated bi-antennary glycans of the N- 
acetyllactosamine type linked to the asparagine residue of peptide or protein moieties 
[Bouquelet S, Strecker G, Montreuil J, Spik G (1980) Biochimie 62:43-49]. In the present 
paper, the substrate specificity of the enzyme towards oligomannoside and hybrid type 
glycans has been analyzed. The results obtained indicate that ovalbumin glycopeptides 
containing four to seven mannose residues and bovine iactotransferrin glycopeptides 
containing four to nine mannose residues were completely hydrolyzed by the enzyme. Tile 
degree of cleavage was variable among hybrid type structures, since glycopeptides 
containing the following glycans: (Gal)I(GIcNAc)3(Man)5(GIcNAc)2; (GlcNAc)3. 
(Man)s(GIcNAc)2; (GIcNAc)3(Man)4(GIcNAc) 2 were not hydrolyzed by the enzyme while 
the percentage of hydrolysis of a glycopeptide containing (GIcNAc)2(Man)s(GIcNAc) 2 
glycan reached 90%. The bovine lactotransferrin was partially deglycosylated (40%) in 
the absence of non-ionic detergent while native ovalbumin glycoprotein was not hydro- 
lyzed by the enzyme. 

The ollgomannoside- and the N-acetyllactosamine-type degrading activities present in the 
culture filtrates were not separated at any step of the purification procedure. Both 
activities were eluted as a single component with an apparent molecular mass of 89 kDa 
suggesting that they are located on the same enzyme molecule. 

Abbreviations: Gal, D-galactose; Man, E)-mannose; GIcNAc, N-acetyI-D-glucosamine; Con A, concanavalin A; 
Asn, asparagine; GLC, gas liquid chromatography; TLC, thin layer chromatography; Endo, endo-13-N-acetylglu- 
cosaminidase; Endo B, endo-13-N-acetylglucosaminidase isolated from Sporotrichum dimorphosporum; PBE, 
polybuffer exchanger; SDS-PAGE, sodium dodecylsulfate-polyacrylamide gel electrophoresis. 

*Author for correspondence. 
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Endo B represents a powerful tool for removing oligomannoside- and N-acetyllactosami- 
ne-type glycans from N-glycopeptides and N-glycoproteins. Moreover, advantages in the 
use of Endo B in a soluble form as well as in an immobilized form result in its high activity 
and in its stability to heat denaturation and storage. 

Endo-[3-N-acetylglucosaminidases are powerful tools for removing the carbohydrate chains 
from glycoasparagines, g]ycopeptides and g]ycoproteins containing the N-acetylg]ucosami- 
nyl-asparagine linkage [1-7]. In a previous paper we have described the properties of an 
endo-13-N-acetylglucosaminidase (Endo B) isolated from cu Iture filtrates of the Basidiomycete 
Sporotrichum dimorphosporum slightly active on bi-antennary monosialoglycans and more 
active on asialo-glycans of the N-acetyllactosamine type [8]. In the present paper we 
describe the purification of the enzyme and, in order to complete the study on the substrate 
specificity, the enzyme activity towards oligomannoside and hybrid type substrates has been 
investigated. 

Materials and Methods 

Chemicals 

p-N itrop henyl-2-acetamido-2-deoxy-ff- D-gl ucopyranos ide (p- N P-~-GIc NAc), p-n itrophenyl- 
~-D-mannopyranoside (p-NP-~-Man) and p-nitrophenyl-[3-D-galactopyranoside (p-NP-ff- 
Gal) were purchased from Koch Light Ltd (Haverhill, Suffolk, England). ~3C-Acetic anhydride 
(6 mCi/mmol) and potassium borotritide (20 Ci/mmol) were from CEA (Saclay, France) and 
2-acetamido-l-N-(4-L-aspartyl)-2-deoxy-~-D-glucopyranosylamine from Sigma Chemical 
Co. (St Louis, MO, USA). All other reagents were of analytical grade. 

Materials 

Con A-Sepharose and supplies for chromatofocusing Polybuffer exchanger 94 (PBE 94) were 
from Pharmacia Fine Chemicals (Uppsala, Sweden); Dowex 50-X8 (50-100 mesh, 14 + form), 
Dowex 1 -X8 (50-100 mesh, formate form) and Dowex 50-X2 (200-400 mesh, acetate form) 
were purchased from Bio-Rad Laboratories (Richmond, CA, USA). Hydroxyapatite-Ultrogel 
and DEAE-Trisacryl M were from IBF (Villeneuva-La-Garenne, France) and Eupergit C from 
Rohm Pharma Gmbh (Darmstadt, West Germany). Authentic standard oligosaccharides 
from urine of patients with GM~ gangliosidosis, Mannosidosis and Sandhoff's disease were 
gifts from Dr. G~rard Strecker. Immobilized neuraminidase (EC 3.2.1.18) from Clostridium 
perfringens and galactose oxidase (EC 1.1.3.9) from Dactylium dendroides were obtained 
from Sigma. 

Substrates 

Azocoll was purchased from Calbiochem (San Diego, CA, USA). Hen ovalbumin (Grade III) 
obtained from Sigma was separated into three fractions (F-1 to F-3) by Con A-Sepharose 
chromatography according to the method of Shepherd et al. [9]. Ovalbumin glycoaspara- 
gines obtained by exhaustive pronase digestion of ovalbumin were fractionated by ion- 
exchange chromatography on Dowex 50-X2 [10]. Ovalbumin glycopeptides GP-1, GP-IIA, 
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GP-IIB, GP-tI1A, GP-IIIB and GP-IIIC were gifts from Dr. A. Kobata. G[ycopeptides con- 
taining bi-, tri- and tri'-antennary glycans in the relative proportions of 85:6.8:8.2 [11, 12] 
were isolated from pronase digest of human serotransferrin (Behringwerke AG, Marburg, W. 
Germany). Bovine lactotransferrin prepared according to the method of Charon et aL [13] 
was submitted to pronase digestion and the mixture of glycopeptides was fractionated on 
Con A-Sepharose column into glycopeptides containing N-acetyllactosamine type glycans 
and glycopeptides containing a mixture of oligomannoside type glycans [14, 15]. 

Labeling of Gtycopeptides 

N-Acetylation of glycopeptides with ~4C-acetic anhydride was carried out as described by 
Koide and Muramatsu [16]. Desialylation of glycopeptides was performed by using 
immobilized neuraminidase from Clostridium perfringens [17] and the galactose residues 
of the desialylated glycopeptides were labeled by reduction with potassium borotritide after 
oxidation by galactose oxidase [18]. 

Enzyme Assays 

Protease activities were determined by using Azocoll [19] or :251-ovalbumin, bovine serum 
albumin or human serotransferrin as substrates [20]. 

Exoglycosidase activities were assayed with appropriate p-NP-glycosides. ~-D-Galactosidase, 
~-D-mannosidase and [3-N-acetylglucosaminidase activities were also tested by using as 
substrates ol igosaccharides isolated from urine of patients with GMl-gangl iosidosis, Man no- 
sidosis, and Sandhoff's disease, respectively. The procedure was as follows: 60 ~g of 
oligosaccharides were mixed with 10 ~1 of 0.2 M sodium phosphate-0.1 M sodium citrate 
buffer pH 5.5 (Buffer 1) and 10 ~1 of the enzyme preparation. The reaction mixture was 
incubated at 37~ for 24 h. The hydrolysis products were analyzed by TLC using the solvent 
n-butanol/acetic acid/water, 2/1/1 by vol (Solvent 1). Neutral sugars were stained as 
previously described [8]. 

The activity of endo-~-N-acetylglucosaminidase towards glycoproteins was measured as 
follows: 3 mg of glycoprotein were dissolved in 300 ~1 of buffer t and 100 ~t of the enzyme 
preparation were added. The reaction mixture was incubated at 40~ overnight with a few 
drops of toluene. Proteins were precipitated by adding 650 ~1 of absolute ethanol. The sugar 
composition was determined by GLC [21 ]. The supernatant was freeze-dried and analyzed 
by GLC and by TLC using Solvent 1 with three consecutive runs. 

The endo-ff-N-acetylglucosaminidase activity towards glycopeptides was determined as 
follows: 3 nmol (20,000 cpm) of N-14C-acetylated glycopeptides in 20 ~1 of buffer 1 were 
incubated with 10~1 of the enzyme preparation from 30 rain to 6 h at 60~ The hydrotysates 
were analyzed by descending paper chromatography on Whatman no. 3 paper. The 
chromatography was carried out with the solvent: pyridine/ethyl acetate/acetic acid/water, 
5/5/1/3 by vol, (Solvent 2) for 16 h. The released GIcNAc~(1-N)[14C-acetyl]Asn was 
quantified by liquid scintillation. The enzyme activity was also determined by using 40-60 
~g of unlabeled glycopeptides. The assay conditions were the same as described above, 
except that the hydrolysis products were analyzed by TLC using solvent 1. 
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One milliunit (mU) of Endo B was the amount of enzyme able to split one nanomole of 
substrate per minute under standard conditions of pH and temperature. 

Purification of Endo-~-N-acetylglucosaminidase B 

The culture filtrate of Sporotrichum dimorphosporum was a gift from Gist Brocades (Seclin, 
France). 

Step 1:5 I of the culture filtrate were concentrated to 0.2 I by using an Amicon ultrafiltra- 
tion apparatus equipped with a hollow fiber cartridge H1 DP10 and then dialysed exhausti- 
vely against 6 I of 10 mM sodium phosphate buffer pH 6.8. 

Step 2:The dialysed enzyme fraction from step 1 was applied to a hydroxyapatite-Ultrogel 
column (5.4 x 22.5 cm) previously equilibrated with 10 mM sodium phosphate buffer, pH 
6.8. After washing the column with the same buffer, the adsorbed products were eluted with 
0.2 M sodium phosphate buffer pH 6.8. The flow rate was 25 ml/h and 15 ml fractions were 
collected. The active fractions were pooled and concentrated by ultrafiltration. 

Step 3: The enzyme fraction from step 2 was exhaustively dialysed against 10 mM sodium 
phosphate buffer pH 6.8 and then concentrated by ultrafiltration. The obtained fraction was 
applied to a column of DEAE-Trisacryl M (3.2 x 42 cm) previously equilibrated with 10 mM 
sodium phosphate buffer pH 6.8. The column was washed with the same buffer. The enzyme 
was eluted with a linear gradient from 0 to 1 M NaCI. The flow rate was 25 ml/h and ] 5 ml 
fractions were collected. The fractions containing endoglycosidase activities were pooled 
and concentrated by ultrafiltration. 

Step 4: The enzyme fraction from step 3 was dialysed against water and equilibrated in 25 
mM imidazole/HCI buffer pH 4.0. After concentration by ultrafiltration, the solution was 
subjected to chromatofocusing on a PBE 94 column (1.2 x 25 cm) previously equilibrated 
with 25 mM imidazole/HCI pH 4.0 buffer. The column was washed with the same buffer. 
Contaminating proteins were eluted with buffer containing 0.3 M NaCI and the Endo B was 
etuted with a linear gradient of NaCI from 0.3 M to 0.7 M. 

Step 5: The enzyme fraction from step 4 was dialysed against water and concentrated by 
ultrafiltration. The solution was equilibrated in 0.02 M sodium phosphate 0.01 M sodium 
citrate pH 5.0. The equilibrated enzyme solution was applied to an ~-aminocaproyI-N- 
acetylglucosaminylamine-Sepharose 6 B column (1.5 x 35 cm). Endo B was eluted with a 
0.1 M sodium phosphate-0.05 M sodium citrate pH 5.0 buffer. 

Immobilization of Endo B on Eupergit C 

One unit of Endo B was mixed under rotation with 1 g of Eupergit C in 0.1 M potassium 
phosphate buffer pH 7.5 for 72 h at 4~ The matrix was washed with 500 ml of the same 
buffer pH 7.5 for 48 h. The gel was washed with 0.1 M sodium phosphate buffer pH 7.5 and 
equilibrated in 0.2 M sodium phosphate-0.1 M sodium citrate pH 5.0. 
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Figure 1. SDS-PAGE under reducing conditions of samples obtained from the individual purification steps of Endo 
B from Sporotrichum dimorphosporum. Lanes A and F: molecular mass standards; lane B: hydroxyapatite-U Itrogel 
chromatography (step 2); lane C: DEAE Trisacryl M chromatography (step 3); lane D: PBE 94 chromatofocusing 
(step 4); lane E: affinity chromatography on ~ aminocaproyI-N-acetylglucosaminylamine-Sepharose 6B (step 5). 

Sodium Dodecyl Sulfate - Polyacrylamide Gel Electrophoresis 

Sodium dodecyl sulfate - polyacrylamide gel electrophoresis of Endo B preparations under 
reducing conditions was performed as described by Laemmli [22], using a 5-15% gradient 
separation gel. Molecular mass standards were: phosphorylase b (94 kDa), bovine serum 
albumin (68 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa) and soybean trypsin 
inhibitor (20 kDa). Gels were stained with Coomassie blue G-250. 

Results 

Purification 

The endoglycosidase activities were detected all along the purification procedure by using 
glycopeptides containing N-acetyllactosamine type glycan: (Gal)2(GIcNAc)2(Man)3(GIcNAc)2 
or oligomannoside type glycan: (Man)6(GIcNAc) 2 as substrates. As shown in Table 1, the 
purification rates of both enzyme activities were very similar throughout purification. 

In the final purification step (Step 5), the two activities were isolated with a yield of about 
] 7-] 8% a n c l ~ e ~ r ~ c a ~ o n ~ ~  
(Gal)2(GIcNAc)2(Man)3(GIcNAc)2-Asn and 480 for the activity towards (Man)0(GIcNAc) 2 
Asn. The ratio of specific activities against oligomannoside type substrate and N-acetyllac- 
tosamine type substrate was constant all along the purification scheme: the value was 
2.5_+2.0. These results suggest that both activities are located on the same protein. 
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Table 2. Properties of Endo B isolated from Sporotrichum dimorphosporum. 
A: With (Man)8_9(GIcNAc)2Asn as substrate. B : With (Gal)2(GIcNAc)2(Man)3(GIcNAc)2Asn 
as substrate. 

Properties of Endo B A B 

Optimal temperature 60~ 60~ 

Optimum pH 5.5 4.,5 

K M (raM) 0.39 0.62 

Vma • (~mole/min/mg of protein) 0.26 0.16 

pl 3.0 3.0 

Mol wt. 89,000 89,000 

The purified Endo B preparation was free from exoglycosidases such as CX-D-neuraminidase, 
13-D-galactosidase and C~-D-mannosidase. However, it still possessed a weak I~-N-acetylglu- 
cosaminidase activity towards p-NP-I3-GIcNAc but not towards natural substrates. Protease 
activity could not be detected after incubation times from 1 h to 72 h at 37~ using 12sl- 
labeled bovine serum albumin, ~251-1abeled human serotransferrin, ~251-1abeled ovalbumin or 
Azocoll as substrates. 

General Properties 

The purified enzyme preparation obtained after affinity chromatography on an 8- 
aminocaproyI-N-acetylglucosaminylamine-Sepharose 6B column (Step 5) showed an 
apparent molecular mass of 89 kDa as determined by gel filtration. In SDS-PAGE under 
reducing conditions the enzyme was homogeneous and gave a single band at 45 kDa (Fig~ 
1). The pl was determined as 3.0. With (Man)6(GIcNAc)2-N-14C-acetyI-Asn or 
(Ga[)2(GIcNAc)2(Man)3(GIcNAc)~-N-~4C-acetyI-Asn as substrates, the enzyme showed 
maximal activity at 60~ and at pH 5.5 and 4.5 respectively (Table 2). Temperature and pH 
stability was the same for both activities (data not shown). 

Kinetic parameters vary with substrates. With (Man)JGIcNAc)2-Asn as substrate the K M value 
was 0.62 mM and the Vm~ • was 0.28 ffmot/min/mg of protein, with (Man)8_~(GIcNAc)2 Ash 
the K M value was 0.39 mM and Vma x was 0.26 gmol/min/mg of protein. In the case of N- 
acetyllactosamine type activity, by using the mixture of desialylated glycopeptides isolated 
from human serotransferrin which contained 85% of bi-antennary and 15% of tri-antennary 
glycans [5, 6], the K M value was 0.92 mM and the Vma x was 0.05 I~mol/min/mg of proteim 
The K u and Vm~ • values were 0.62 mM and 0.1 6 gmoi/min/mg of protein respectively when 
pure bi-antennary glycopeptides were used as substrates. 

The enzyme activities were stable to repeated freeze-thawing as welt as to freeze-drying 
(residual activities after each treatment: 85%) and could be stored at 4~ for up to one year 
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Figure 2. TLC analysis of bovine lactotransferrin and ovalbumin glycopeptide mixtures hydrolyzed by the Endo 
B from Sporotrichum dimorphosporum. Lanes A and F: standard mannosides isolated from the urine of patients 
with Mannosidosis. Lane B: mixture of bovine lactotransferrin gtycopeptides. Lane C: hydrolysate of bovine 
lactotransferrin glycopeptides. Lane D: mixture of ovalbumin glycopeptides. Lane E: hydrolysate of ovalbumin 
glycopeptides. M2G to MgG [(Man)2GIcNAc to (Man)gGlcNAc]. 

without any loss of activity. No loss of activity could be detected during the immobilization 
process on Eupergit C and after 40 days of storage at room temperature or at 40~ in the 
presence of substrate. The stability at 60~ for the immobilized enzyme was the same as in 
the soluble form (incubation times did not exceed three days). In its soluble form, the Endo 
B was inactive in the presence of 0.01% of SDS (final concentration), while in the same 
condition the immobilized enzyme activity was not modified and 58% and 26% of residual 
activities were recovered respectively with 0.05% and 0.1% of SDS. In the presence of 1.6 
M and 4 M urea, 88% and 25% of activities were obtained, respectively. A 1.5-fold increased 
activity was observed when assays were carried out with buffer containing 0.01% to 3% 
Triton X-100. 

Substrate Specificity of Endo B 

The specificity of the Endo B towards oligomannoside type glycans from ovalbumin and from 
bovine lactotransferrin and towards hybrid type glycans from ovalbumin was determined. 
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Table 3. Hydrolysis of 13C-acetylated glycopeptides by endo-[3-N-acetylglucosaminidase B 
isolated from Sporotricum dimorphosporum. 

Substrates Hydrolysis 
(%) 

Bovine lactotransferrin glycopeptides 90 

Ovalbumin glycopeptides mixture 60 

Fractionated ovalbumin glycopeptides: 

(Gal)~ (GIc NAc)3(Man)s(G Ic NAc)2Asn [G P-I] ~ 0 

(Gal)l(GlcNAc)3(Man)4(GIcNAc)2Asn [GP-II A] 0 

(GIcNAc)3(Man)s(GIcNAc)2Asn [GP-II B] 0 

(GIcNAc)2(Man)s(GIcNAc)2Asn [GP-III A] 90 

(Man)7(GlcNAc)2Asn [GP-III B] 90 

(GIcNAc)3(Man)4(GIcNAc)2Asn [GP-III C] 0 

(Man)6(GIcNAc)2Asn [GP-IV] 95 

(Man)s(GlcNAc)2Asn [GP-V] 92 

(Man)4(GIcNAc)2Asn [GP-VI] 95 

The ovalbumin glycopeptide nomenclature used by Kobata and co-workers is shown in the square brackets. 

Hydrolysis of a Mixture of Bovine Lactotransferrin Glycopeptides: The mixture of glycopep- 
tides obtained from pronase digestion of bovine lactotransferrin was hydrolyzed by the Endo 
B to an extent of 90%. As shown in Fig. 2 (lanes B and C), five oligosaccharides were released 
and co-migrated in TLC analysis with the following standard oligosaccharides: (Man)gGIcNAc , 
(Man)sGIcNAc, (Man)TGIcNAc, (Man)6GIcNAc and (Man)sGIcNAc isolated from urine of 
patients with Mannosidosis. The (Man)gGIcNAc and (Man)sGIcNAc oligosaccharides, the 
structures of which have been previously determined by methylation and 1H-NMR analysis 
[23], were the most important components. When Endo B hydrolysis was performed on the 
mixture of desialylated glycopeptides, enzyme activity reached 100%, indicating that the 
10% of glycopeptides not hydrolyzed in the previous experiment possess mono- or di- 
sialylated bi-antennary glycans [14, 15], since these glycans are only slightly or not 
hydrolyzed by Endo B [8]. This result was confirmed by the observation that the glycopeptide 
fraction eluted from a Con A-Sepharose column with a 200 mM cz-methyl glucoside solution 
and which contained only glycopeptides with oligomannoside type glycans was completely 
hydrolyzed by the enzyme under the same conditions. 
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Table 4. Relative sugar composition of ethanolic precipitates of ovalbumin fractions F1 to 
F3 and bovine lactotransferrin before and after hydrolysis by the endo-13-N-acetylglucosa- 
minidase B. 

Gal Man GIcNAc 

Ovalbumin F1 0.1 0.54 1 

Ovalbumin F1 + Endo B 0.11 0.53 1 

Ovalbumin F2 0.10 0.98 1 

Ovalbumin F2 + Endo B 0.10 0.97 1 

Ovalbumin F3 traces 2.02 1 

Ovalbumin F3 + Endo B traces 2.03 1 

Bovine lactotransferrin 1 12.47 3.23 

Bovine lactotransferrin + Endo B ] 8.13 2.49 

Hydrolysis of Glycopeptides Isolated from Ovalbumin:As shown in Table 3, the mixture of 
N-14C-acetylated ovalbumin glycopeptides was hydrolyzed by the Endo B to an extent of 
60%. This hydrolysis did not change even after 24 h incubation and addition of fresh enzyme 
after 16 h of incubation. Fig. 2 (lanes D and E) shows the TLC pattern of the released products. 
In comparison with standard ol igosaccharides from Man nosidosis urine, three oligosaccha- 
rides co-migrating with (Man)6GIcNAc, (Man)6GIcNAc, and (Man)TGIcNAc were detected. 
As shown in Fig. 2 (lane E), some products still remained at the starting line of the 
chromatogram. These results indicate that the Endo B did not cleave all of the ovalbumin 
glycopeptides, thus explaining why the hydrolysis obtained with labeled glycopeptides 
never exceeded 60%. 

In order to study in more detail the action of the Endo B towards ovalbumin glycans, 
glycoasparagines with known structures fractionated on Dowex 50-X2 column were used. 
The hydrolysis rates were determined by using ]abeled substrates (Table 3). Endo B 
hydrolyzes the following structures: (Man)7(GIcNAc)2Asn (90%), (Man)6(GIcNAc)2Asn 
(95%), (Man)5(GIcNAc)2Asn (92%), (Man)4(GIcNAc)~Asn (90%). Glycoasparagines of the 
hybrid type, such as GP-I, GP-IIA, GP-IIB and GP-IIIC were not hydrolyzed, but the 
(GlcNAc)2(Man)s(GlcNAc)4Asn glycoasparagine corresponding to GP-IIIA was hydrolyzed 
to an extent of 90%. 

Hydrolysis of Glycoproteins: The Endo B activity was tested on each fraction (F-1 to F-3) of 
ovalbumin obtained by chromatography on Con A-Sepharose column as described in the 
Materials and Methods section. As shown in Table 4, the sugar composition of the ethanol 
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precipitates did not change after 24 h of incubation with the enzyme preparation. No sugar 
was detected in the supernatants either by TLC or GLC analysis . These results clearly 
demonstrate that the Endo B is inactive toward native ovalbumin glycoprotein. In contrast, 
under the same conditions, the native bovine lactotransferrin was deglycosylated to an 
extent of 40% by the Endo B, as determined by GLC. 

Evidence that Two Catalytic Sites of Endo-~-N-Acetylglucosaminidase B Act on Both 
Oligomannoside and N-Acetyllactosamine Type Substrates: In order to determine whether 
the hydrolysis of the substrates of the oligomannoside and N-acetyllactosamine type is 
caused by a single or by two distinct enzymes, a cross inhibition experiment was performed 
by using a mixture of (Man)8_9(GIcNAc)2-N-14C-acetyI-Asn and (Gal)2(GIcNAc)21(Man)3_ 
(GIcNAc)2-N-14C-acetyI-Asn as substrate, in different ratios. The comparison of theoretical 
values calculated according to Segel's method [30] with the experimental results (Table 5) 
shows that the hydrolysis rates (V values) did not decrease as would be the case when the 
two substrates compete for a single catalytic site but resulted from the sum of the V values 
for each substrate, indicating therefore the presence of two different catalytic sites. 

Discussion 

The activity of endo-~3-N-acetylglucosaminidases towards oligomannoside, N-acetyilacto- 
samine and hybrid type structures depends on the origin of the enzymes. In fact, among 
microbial enzymes, the Endo H from Streptomycesplicatus [7, 24-26] and the Endo F from 
Flavobacterium meningosepticum [27] cleave both oligomannoside and hybrid type 
glycans. The Endo C, from Clostridium perfringens [7, 28] hydrolyzes all of the oligoman- 
noside and only some hybrid type glycans, and some N-acetyllactosamine type glycans are 
hydrolyzed only by Endo D from Diplococcuspneumoniae [7, 29]. In Table 6, we compare 
Endo B activity to Endo H and Endo C~ activities towards oligomannoside and hybrid type 
glycans. Glycopeptides with oligomannoside type glycans containing from four to nine 
mannose residues were hydrolyzed by both enzymes. Endo C~ and Endo B cleave onFy one 
type of hybrid structure containing (Man)5(GIcNAc) 4 as present in the ovalbumin glycopep- 
tide (GP-IIIA, while Endo H has a broader substrate specificity toward hybrid type structures, 
since all of the ovalbumin glycopeptides were hydrolyzed by this enzyme. Therefore, on the 
basis of their substrate specificity, the endo-l[3-N-acetylglucosaminidases isolated until now 
can be classified into three groups. The first group consists of enzymes with an Endo H-like 
activity and hydrolyzing all of the oligomannoside and hybrid type structures present in 
ovalbumin. The second group is composed of the enzymes carrying an Endo C, like activity, 
i.e. enzymes which are inactive on ovalbumin hybrid type glycans, particularly those 
possessing non-reducing galactose terminal residues. The third group is constituted of Endo 
D-like enzymes which hydrolyze only the N-acetyllactosamine type structures. On the basis 
of its substrate specificity toward oligomannoside, hybrid and N-acetyllactosamine type 
structures, Endo B from Basidiomyces sporotrichum dimorphosporumcould be classified as 
an Endo C, and Endo D type of enzyme. 

The oligomannoside and N-acetyllactosamine activities cannot be separated and have the 
same ratio all along the purification procedure. Both activities possess the same temperature 
and pH stability, the same molecular mass and the same pl. These results suggest that they 
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Table 5. Hydrolysis of mixtures of N-[14C]acetylated ol igomannoside and N-acetyllactosa- 
mine type substrates by endo-lS-N-acetylglucosaminidase B. 
A = (Man)8.9(GIcNAc)~Asn; B = (Gal)2(GIcNAc)2(Man)3(GIcNAc)2Asn ; V A = hydrolysis rate 
of A ; V B = hydrolysis rate of B ; Vmix = Hydrolysis rate value of the mixture of A and B ; VAmax 
= Maximal hydrolysis rate of A ; VBmax = Maximal hydrolysis rate of B ; KM A = Michaelis 
constant for A ; KMB = Michaelis constant for B. 

Substrate Substrate 
[nmol) ratio 

Hydrolysis rate (nmol/min) 

Experimental Theoretical [30] 

[A] [B] o~ = [A]/[B] V A V B Vmix 

2 catalytic sites 1 catalytic site 

Vmix = VA+V B K• A Vmax A- Vmix 

0~KM B Vmix - Vmax B 

12 0 0.50 

0 120 

12 120 0.1 

18 0 0.75 

0 6o 

18 60 0.3 

60 0 1.95 

0 6o 

60 60 1.0 

1.48 

0.80 

0.80 

1.92 1.98 0.17 

1.46 1.55 0.19 

2.73 2.75 0.22 

are located on a single protein. In addition the cross inhibit ion between (Man)8.9(GIcNAc)2. 
Asn and (Gal)2(GIcNAc)2(Man)3(GlcNAc)2_Asn indicates the occurrence of two catalytic 
sites. 
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Table 6. Comparison of Endo H, Endo C, and Endo B activities towards glycopeptides 
with oligomannosidic and hybrid type glycans. 
R = GIcNAcI31-4GIcNAcigl-NAsn. + : hydrolyzed. - : not hydrolyzed. 

Substrates Endo H Endo C Endo B 
[17-20] [t 7, 22] 

Oligomannoside glycans 

Man~l 
6 
Man[31-4-R 

Mancd 
6 
Man131-4R 
3 

Man(xl 

GP-VI Man(~1-3Man~l 
6 
Man[31-4-R 
3 

Manod 

GP-V Man~l 
6 

Manc~l 
3 

Man~l 
6 
Man131-4-R 
3 

Manor1 

+ 

+ + 

+ + + 

+ + + 

G P - I V  Man~l 
6 
Man~l 
3 

Man~l 
6 
Man131-4-R 
3 

Man~1-2Mancd 

+ + + 

GP-IIIB Man~l-2Mano~l 
6 
Manor1 

3 I M a n o : l  

6 

Man~31-4-R 

3 

Manor1-2Manal 

+ + + 
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Table 6 (cont.). 

Substrates Endo H Endo C Endo B 
[1 7-20] [1 7, 22] 

Man,x1-2Manor1 
6 
Manor1 
3 

Man~1-2Man~l  
6 
Man[31-4-R 
3 

Man~1-2Man~l  

+ + + 

Manc~1-2Manor1 
6 
Maned 

Man~1-2Man(~l 3 [ 
6 
Man[31-4-R 
3 

Mancd -2Mancd -2Manc~l 

+ + + 

Hybrid glycans 

GP-IIIA Man~l  
6 
Manor1 
3 

Man~l  
6 

GIcNAcff1-4Man[31-4-R 
3 

GIcNAc~1-2Man(x1 

+ + + 

GP-IIIC Man@1-3Manor1 
6 

GIcNAc[31-4Man[31-4-R 
3 

GIcNAcffl 
4 
Man~l  
2 

GIcNAc[31 
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Table 6 (cont.). 

Substrates Endo H Endo C Endo B 
[1 7-20] [17, 22] 

GP-IIB Man(x1 
6 
Manod 
3 

Man~l 
6 

GIcNAcJ31-4Man[31-4-R 
3 

GIcNAc[31 
4 
Manod 
2 

GIcNAc~31 

GP-IIA Man~1-3ManoU 
6 

GIcNAc[31-4Man[31-4-R 
3 

Gall31-4GIcNAc131 
4 
Manor1 
2 

GIcNAcJ31 

GP-I MancU 
6 
ManoU 
3 

Man@l 
6 

G IcNAc[31-4Man[31-4-R 
3 

Gall31-4GIcNAc[31 ] 
4 
Manc~l 
2 

GIcNAc[31 
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