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SUMMARY Enzymepreparations from rat and porcine organs rele- 
ased [1~C]-acetyl-AsnGlcNAc from [14C]-acetyl-Asn(GlcNAc) 2(Man)6 
without intermediate products, indicating the presence of an 
endoglycosidase acting on the substrate. The enzyme from porcine 
liver was separated from ~-mannosidase by Sephadex G-200 column 
chromatography. The substrate specificity of the purified enzyme 
appears to be unique, since it hydrolyzed only ovalbumin glyco- 
peptides among several glycopeptides and their derivatives. 

Extensive studies have been carried out on the mechanism of 

glycoprotein catabolism in mammalian tissue (1,2,3). Evidence 

so far accumulated has established that exoglycosidases play im- 

portant roles in the process. For example, Aronson and De Duve 

found that lysosomal extract progressively released monosaccha- 

rides from ~1-acid glycoprotein (3). Furthermore, various exo- 

glycosidases purified from mammalian sources acted on glycopro- 

teins or glycopeptides (1,4). In microorganisms, however, endo- 

glycosidases acting on carbohydrate moieties of glycoproteins 

have recently been found and characterized (5,6,7,8,9). 

In this communication, we will present evidence for the 

occurrence of an endoglycosidase in mammalian tissues. The sig- 

nificance of the endoglycosidases in glycoprotein catabolism in 

mammalian tissue will also be discussed. 

Copyright © 1974 by Academic Press, Inc. 
All rights o/reproduction in any [orrn reserved. 
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MATERIALS AND METHODS 

AsnGIcNAc I) and purified ovalbumin glycopeptides with the 

composition of Asn(GlcNAc)2(Man)5, Asn(GlcNAc)2(Man)6 and Asn(Glc 

NAc)~(Man)6 (i0) were kindly donated by Drs. S. Iwashita and Y. 

Inoue, Tokyo University. Calf thyroglobulin glycopeptides Unit A 

(ii) and porcine thyroglobulin glycopeptides Unit B (12) were 

kindly donated by Dr. R. G. Spiro, Harvard Medical School and Drs. 

M. Fukuda and T. Osawa, Tokyo University, respectively. A bovine 

IgG glycopeptide was obtained by Pronase digestion of bovine IgG 

fraction (6). Glycopeptides and AsnGlcNAc were N-acetylated with 

[1~C]-acetic anhydride (19 mCi/mmole; the Radiochemical Centre, 

England) as described elsewhere (6). Defucosyl, degalactosyl and 

side-chain-free 2) IgG glycopeptide and side-chain-free Unit B gly- 

copeptides of thyroglobulin were prepared by digestion of the 

[14C]-acetylated intact glycopeptides with the corresponding exo- 

glycosidases (6). (Man) G[3H]-N-acetylglucosaminitol was prepared 

from Asn(GlcNAc)2(Man)6 by digestion with endo-~-N-acetylglucos- 

aminidase H followed by NaB3H4 reduction (9). 

The male Sprague Dowley rats maintained at the condition free 

from specific pathogens were kindly provided by Takeda Pharmaceu- 

tical Co. The porcine organs were obtained from a local slaughter 

house. Rat or porcine organs were homogenized with Na-phosphate 

buffer, pH 7.0 (3 volumes per weight of organs) in a Warlng blendor 

der for 15 min, and were centrifuged at 88,000 x g for 120 min. 

The supernatant was used as a crude enzyme solution. 

Protein content was determined by the method of Lowry et al. 

(13) using bovine serum albumin as a standard. 

i) Abbreviation used is: AsnGlcNAc, 2-acetamido-N-(4-L-aspart- 
yl)-2-deoxy-B-D-glucopyranosylamine. 

2) The term of side chain indicates oligosaccharide chains compo- 
sed of galactose, N-acetylglucosamine and (sialic acid in some 
chains), which are attached to core structure composed of man- 
nose and N-acetylglucosamine. 
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RESULTS AND DISCUSSION 

[1~C]-Acetyl-Asn(GlcNAc)2(Man)6 was incubated with the crude 

extract of rat liver at pH 7.0 for 1 hour. When the reaction mix- 

ture was analyzed by paper electrophoresis at pH 5.4, release of 

[14C]-acetyl-AsnGlcNAc was observed (Fig. i). The identical ac- 
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Fig. i. Hydrolysis of [14C]-acetyl-Asn(GlcNAc) z(Man)~ by the 
rat liver enzyme. 

The crude extract of rat liver (50 pl, 2.9 mg of protein) 
in 0.05 M Na-phosphate buffer, pH 7.0 was incubated with i0 pl 
of substrate solution containing 0.3 nmoles of [~4C]-acetyl-Asn 
(GlcNAc) 2(Man)6 at 37°C for 1 hour. The reaction was terminated 
by the addition of 0.i ml of ethanol. After centrifugation the 
supernatant was analyzed by paper electrophoresis which was car- 
ried out at a potential of 73 volt per cm for 1 hour using pyri" 
dine-acetic acid-water (3:1:387), pH 5.4 as a solvent. Radio- 
activity was monitored by a Packard radiochromatogram scanner 
model 7201. 

A: [14C]-Acetyl-Asn(GlcNAc)2(Man)6 
B: [14C]-Acetyl-Asn(GlcNAc) 2(Man)6 treated with the enzyme 
C: [14C]-Acetyl-AsnGlcNAc 

At the above condition, [1~C]-acetyl-Asn and [14C]-acetyl- 
Asn(GlcNAc)z migrated 31 cm and 17 cm, respectively. 

tivity was also found in the crude extracts of rat spleen, rat 

kidney, porcine liver and porcine kidney (Table I). The velocity 

of hydrolysis was practically proportional to reaction time up to 

at least 30% hydrolysis. In all cases, no intermediate products 

were found even after changing the reaction time and enzyme con- 

centration. Therefore, an endoglycosidase appeared to oatalyze 

the reaction as follows: 
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Table I. Distribution of the Endoglycosidase in Mammalian 
Organs. 

The reaction was carried out as described in Fig. 1 except 
that incubation for 3 hours was employed. Paper electrophoresis 
of the reaction mixture performed as described in Fig. 1 reveal- 
ed, in all cases, only one product with the mobility of [14C]- 
acetyl-AsnGlcNAc. The radioactivity of the product and of the 
unhydrolyzed substrate was determined by liquid scintillation 
counting performed with a Packard liquid scintillation counter 
model 3320. 

Organs Degree of hydrolysis (%) 

rat liver 63.5 

kidney 58.1 

spleen 33.2 

porcine liver 24.2 

spleen 13.3 

[14C]-Acetyl-Asn(GlcNAc) 2(Man)G - - ~  

[14C]-Acetyl-AsnGlcNAc + GIcNAc(Man) 6 

The enzymic activity in porcine liver was studied in detail 

as follows. The optimum pH of the enzyme was around pH 7.0, and 

no activity was observed below pH 5.0. After ammonium sulfate 

precipitation (0 - 40%), the enzyme was further purified by Sepha- 

dex G-200 column chromatography. Most of e-mannosidase, which was 

measured by using p-nitrophenyl-a-D-mannoside as a substrate, was 

removed by this treatment (Fig. 2). The purified enzyme was also 

free from any ~-mannosidases acting on (Man) 6[3H]-N-acetylglucos - 

aminitol as is clearly shown in the following experiment. (Man) 6 

[3H]-N-Acetylglucosaminitol (0.3 nmole) was incubated with 20 ~i 

of the purified enzyme in 0.05 M Na-phosphate buffer, pH 7.0 at 

37°C for 15 hours with a small amount of toluene. When the reac- 

tion mixture was analyzed by paper chromatography in ethylacetate- 

pyridine-water (12:5:4), none of oligosaccharide alcohols with 

641 



Vol. 59, No. 2, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

~ 3 C  

o 

", 15 

E l.u u 

20 40 

0.6 =E 
o o 

C3.3 Z 

o 

< 

60 80 
FRACTION NUMBER 

20 1 
l 
i 

E 
c o 
c~ 

10 
u 

Z 

o 

Fig. 2. Sephadex G-200 column chromatography of the endoglyco- 
sidase from porcine liver. 

To i00 ml of the crude extract of porcine liver (50 g), am- 
monium sulfate was added up to 40% saturation. The precipitate 
was dissolved in 5 ml of 0.05 M sodium phosphate buffer, pH 7.0, 
dialyzed against the same buffer, and was applied to a column of 
Sephadex G-200 (2.6 x 95 cm), which was equilibrated with the 
same buffer. Elution was performed also with the same buffer, 
and fractions of 7 ml were collected. 

The endoglycosidase activity ( H )  in the eluate was de- 
termined by incubating 20 ~i aliquot of each fraction with i0 ~i 
of substrate solution containing 0.3 nmoles of [Z~C]-acetyl-Asn 
(GlcNAc)2(Man)s, at 37°C for 15 hours with a small amount of 
toluene. After incubation, the substrate and the product were 
separated by paper electrophoresis as described in the legend of 
Fig. i. The result was expressed by per cent of the substrate 
hydrolyzed. 

For the determination of e-mannosidase activity (O---O), 
0.i ml aliquot of each fraction was incubated with 0.i ml of sub- 
strate solution containing 0.1 mg of p-nitrophenyl e-D-mannoside 
(Sigma Chemical Co.) at 370C for 15 min. The reaction was termi- 
nated with 2.5 ml of 0.2 M Na2C03 and the optical density at 400 
nm was measured. 

The fractions indicated by bar were pooled, concentrated by 
dialysis against polyethylene glycol 20,000 and were used as the 
purified enzyme. The protein content of the purified enzyme so- 
lution was 41 mg/ml. 

shorter carbohydrate chains was detected. At the identical enzyme 

and substrate concentration, 64.6% of [Z~C]-acetyl-Asn(GlcNAc) 2 

(Man) 6 was converted into [Z~C]-acetyl-AsnGlcNAc. Therefore the 

enzymic activity was undoubtedly ascribed to an endoglycosidase. 

The mode of action of the enzyme seems to be similar to microbial 

endo-8-N-acetylglucosaminidases (5,6,7,8,9). Characterization of 

the oligosaccharide released from the substrate was unsuccesfull 
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T a b l e  I I .  Comparison of the Substrate Sepcificity of the Mamma- 
lian Enzyme to those of Microbial Enzymes. 

[14C]-Acetylated 
glycopeptides 

Degree of hydrolysis 

by the enzyme 
from 
porcine liver 

(%) 

by Endo-~-N-acetyl- 
glucosaminidase 

D H 

Ovalbumin glycopeptides 
Asn (GIcNAc) 2 (Man) s 
Asn (GIcNAc) 2 (Man) 6 
Asn (GIcNAc) ~ (Man) 6 

38.6 
64.6 
44.0 

+ +* 
-* + 
-~ +, 

IgG glycopeptides 
intact < 1.0 - 
defucosyl < 1.0 - 
degalactosyl <I.0 - 
side-chain-free <i.0 + 

m 

Thyroglobulin glycopeptides 
Unit A <1.0 
side-chain-free Unit B <i.0 

- + 

+ 

The purified enzyme from porcine liver in 20 ~i of 0.05 M 
Na-phosphate buffer, pH 7.0 was incubated with 10 ~i of substrate 
solution containing 0.3 nmoles of [1~C]-acetylated glycopeptides 
at 37°C for 15 hours with a small amount of toluene. The degree 
of hydrolysis was determined as described in Fig. 1 and Table I. 

The specificities of microbial enzymes, i.e. endo-8-N-acetyl- 
glucosaminidase D from D. pneumoniae and endo-8-N-acetylglucosami- 
nidase H from S. gr~seus have been described in previous papers 
(6,9). 

+, hydrolyzed; -, not hydrolyzed; *, cited from an unpublish- 
ed work done in colaboration with Drs. S. Iwashita and Y. 
Inoue. 

at the present stage, for the enzyme preparation still contained 

large amounts of endogeneous glycoprotein substrates. 

Among several glycopeptides and their derivatives, the enzyme 

hydrolyzed only ovalbumin glycopeptides (Table II). The substra- 

te specificity is similar to that of endo-8-N-acetylglucosaminid- 

ase H, but is distinct from it with respect to its behaviour to- 

ward Unit A glycopeptides of thyroglobulin. Endo-B-N-acetylgluco- 

saminidase H hydrolyzed [1~C]-acetylated Unit A glycopeptides at 
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about 30% of the velocity toward [14C]-acetyl-Asn(GlcNAc) 2(Man)6. 

Thus, the mammalian enzyme appears to have a different specifi- 

city. 

Using an ovalbumin glycopeptide, we established the presence 

of at least one endoglycosidase in mammalian tissue. With other 

glycopeptides, the endoglycosidases with different substrate spe- 

cificities may also be detected. Studies along this line are now 

in progress in our laboratory. 

We propose that carbohydrate moieties of glycoproteins are 

degraded in mammalian tissue by a concerted action of exoglycosid- 

ases and endoglycosidases. Endoglycosidases may act on intact 

carbohydrate chains and in some cases on carbohydrate chains par- 

tially degraded by exoglycosidases. The released oligosaccharides 

may further be hydrolyzed by exoglycosidases. 

Several oligosaccharides with the structure of (Man~l+2Man)n • 

el÷3ManSl÷4GlcNAc were found to be excreted in the urine of pati- 

ents suffered from mannosidosis (14,15). The oligosaccharides 

may be produced by the action of an endoglycosidase, since the 

sequence of ManSl÷4GlcNAcSl÷4GlcNAc÷Asn is widely distributed in 

glycoproteins (16). 

ACKNOWLEDGEMENTS We thank Miss M. Inohara for her skilfUl sec- 
retarial assistance. This work has been supported in part by re- 
search grants from the Jane Coffin Childs Memorial Fund for Medi- 
cal Research, Naito Foundation, and the Scientific Research Fund 
(1972 - 1973) of the Ministry of Education of Japan. 

REFERENCES 

i. Aronson, N. N., Jr. (1972) in Glycoproteins, Gottschalk, A., 
ed. pp. 1211, Elsevier Publishing Co., Amsterdam 

2. Patel, V., and Tappel, A. L. (1971) in Glycoproteins of Blood 
Cells and Plasma, Jamieson, G.A., and Greenwalt, T. J., eds., 
pp. 133, Lippincott Co., Philadelphia 

3. Aronson, N. N., Jr., and De. Duve, C. (1968) J. Biol. Chem. 
243, 4564 

644 



Vol. 59, No. 2, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

4. Spiro, R. G. (1972) Methods Enzymol. 2_88, 3 
5. Muramatsu, T. (1971) J. Biol. Chem. 246, 5535 
6. Koide, N., and Muramatsu, T. (1974) J. Biol. Chem. in press 
7. Tarentino, A. L., and Maley, F. (1974) J. Biol. Chem. 249, 

811 
8. Tarentino, A. L., Plummer, T. H., Jr., and Maley, F. (1974) 

J. Biol. Chem. 249, 818 
9. Arakawa, M., and Muramatsu, T. (1974) J. Biochem. in press 

i0. Huang, C.-C., Mayer, H. E., Jr., and Montgomery, R. (1970) 
Carbohyd. Res. i_~3, 127 

ii. Arima, T., and Spiro, R. G. (1972) J. Biol. Chem. 247, 1836 
12. Toyoshima, S., Fukuda, M., and Osawa, T. (1973) Biochem. 

Biophys. Res. Commun. 51, 945 
13. Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. 

J. (1951) J. Biol. Chem. 193, 265 
14. Nord~n, N. E., Lundblad, A., Svensson, S., ~ckerman, P.-A., 

and Autio, S. (1973) J. Biol. Chem. 248, 6210 
15. Nord~n, N. E., Lundblad, A., Svensson, S., and Autio, S. 

(1974) Biochemistry I_~3, 871 
16. Lee, Y. C., and Scocca, J. R. (1972) J. Biol. Chem. 247, 5753 

645 


