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Summary: Radioactive glucocerebroside was formed when purified 
calf spleen B-glucosidase was incubated in the presence of 4- 
methylumbelliferyl-S-D-glucoside and (14C) labeled ceramide. The 
product was identified by cochromatography on thin layer plates 
and carrier dilution and crystallization to constant specific 
activity. The radioactive glucocerebroside was also a substrate 
for hydrolysis by this same S-glucosidase preparation employed for 
its synthesis resulting in the liberation of labeled ceramide. 
Neither methyl-B-D-glucoside nor free D-glucose were effective in 
producing radioactive glucocerebroside when incubated with labeled 
ceramide in this system. 

Glucocerebrosidase present in various mammalian tissues (l-3) 

catalyzes the hydrolysis of the E-linkage present in glucosylceramide 

yielding glucose and ceramide as the products. This enzyme activity 

is markedly diminished in the inherited disorder, Gaucher disease (4,5) 

in which large amounts of glucosylceramide accumulate in the patients 

spleen (7-9). The enzyme has been partially purified from human 

spleen tissue (l), rat intestinal mucosa (2) and beef spleen (lo), 

and highly purified from human placental tissue (11). The technique 

of affinity chromatography has been employed to obtain in a single 

step a highly purified S-glucosidase preparation from calf spleen 

that cleaves the B-glucosidic bond of 4-methylumbelliferone (4MlJ)-B- 

g-glucoside, glucocerebroside and glucosylsphingosine (12). This 

enzyme preparation has been found to catalyze a transglucosylation 

reaction, which results in glucosylceramide formation. 

Methods 

4MU-glucosides were obtained from Pierce Chemical Co., Rockford, 
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Ill. The synthesis of N-stearoyl-l- 14C sphingosine has been reported 

earlier (l), and the compound was repurified by column chromatography 

on silica gel (0.05-0.2 mm, extra pure, 70-325 mesh, E. Merck, cat. no. 

7754). Labeled ceramide, 50 mg, was applied to a column (1.6 cm I.D.) 

containing 10 g silica gel in chloroform and was washed with 100 ml of 

the solvent. The column was then eluted with chloroform:methanol: 

acetic acid (90:2:8) and 1 ml portions were collected. Individual 

fractions were monitored both for radioactivity by scintillation count- 

ing and for the purity of labeled ceramide by thin layer chromatography 

(TLC) on Silica Gel G plates employing the same solvent system. The 

specific activity of the purified labeled ceramide was 684,500 cpm/umole. 

Assay conditions for transglucosylation 

The incubation mixture contained 220 nmoles of labeled ceramide, 

1 mg sodium taurocholate, 50 umoles of citrate-phosphate buffer, pH 

4.5, 1 umole of 4MU-S-g-glucoside or 0.5 pmole of 4MU-a-g-glucoside 

and 42.6 units of 8-glucosidase in a total volume of 0.4 ml. One unit 

of enzyme is defined as that amount required to hydrolyze 1 nmole of 

4M&S-g-glucoside/hr under these incubation conditions. Boiled enzyme 

controls were included and all samples were incubated for 3 hr. The 

reaction mixture was extracted with 20 volumes of chlorofonn:methanol 

(2:l) and subjected to the Folch partitioning procedure (13). Suitable 

aliquots of the lower phase were spotted on Silica Gel G plates 

(Analtech) along with authentic standards and developed with chloro- 

form:methanol:water (65:25:4). Radioactive spots were detected by 

autoradiography and standards identified by exposure to iodine vapour. 

Product identification 

In order to isolate the labeled product formed after incubation of 

the enzyme with 4MU-B-I)-glucoside and N-stearoyl-l-14C sphingosine, 

the contents of 20 identical incubation tubes were pooled and the lipids 

subjected to preparative thin layer chromatography. The radioactive 
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band corresponding to standard glucocerebroside was scraped, transferred 

to a small column and eluted with chloroform:methanol:water (60:35:8). 

An aliquot containing approximately 12,000 cpm of this material was 

mixed with 50 mg authentic glucocerebroside and the mixture was crystal- 

lized from hot methanol to carry out carrier dilution studies. 

Enzymatic hydrolysis of the labeled glucocerebroside 

An aliquot of labeled glucocerebroside isolated by preparative TLC 

was incubated with the enzyme preparation which had been employed to 

catalyze its formation. The reaction mixture contained 36 nmoles of 

substrate, 1 mg sodium taurocholate, 50 pmoles of citrate-phosphate 

buffer, pH 4.5, and 40 units of B-glucosidase in a total volume of 

0.3 ml. A boiled enzyme control was included and the samples were in- 

cubated for 3 hr. The lipids were extracted as described earlier, 

spotted on Silica Gel G plate along with standards and developed with 

chloroform:methanol:acetic acid (90:2:8) as the solvent system. The 

standards were located after exposure to iodine vapour and radioactive 

spots located by autoradiography. 

Results 

A typical radioautogram is shown in Fig. 1 demonstrating that a 

radioactive spot (lane 1) corresponding to standard glucocerebroside 

(lane 4) was obtained when 4MU-g-D-glucoside was used as the glucose 

donor and N-stearoyl-l-l4 C sphingosine as the acceptor. This was absent 

in the boiled enzyme control (lane 3) and only a trace was seen in tubes 

containing 4MU-cr-g-glucoside as the potential glucose donor (lane 5). 

This small amount might be due to the presence of trace quantities of 

4MU-B-g-glucoside as a contaminant in this commercial preparation of 

4MU-cr-g-glucoside. The boiled enzyme control containing 4MU-a-g-gluco- 

side (lane 6) did not appear to contain any such radioactive product. 

The intense radioactive spot seen at the solvent front in all the samples 

is labeled ceramide, employed as the glucose acceptor in these reaction 
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Fig. 1: Radioautogram obtained from thin layer chromatography of 
lipids extracted after incubating B-glucosidase with the following: 
Lane 1 - native enzyme with 4MD-B-D-glucoside and labeled ceramide; 
Lane 3 - boiled enzyme with 4MLJ-b-D-glucoside and labeled ceramide; 
Lane 5 - native enzyme with 4MIJ-a-u-glucoside and labeled ceramide; 
Lane 6 - boiled enzyme with 4MU-o-g-glucoside and labeled ceramide; 
Lane 2 - standard nonhydroxy fatty acid containing ceramide; Lane 4 - 
standard glucocerebroside. Details of incubation and TLC conditions 
are provided in the Methods section. 

mixtures and this material cochromatogrammed with the ceramide standard 

(lane 2). The enzymi.c product which cochromatogrammed with authentic 

glucocerebroside was isolated by preparative thin layer chromatography 

and subjected to carrier dilution experiment by crystallization from 

boiling methanol. A constant specific activity of 116 cpm/mg was 

attained, which indicated that glucocerebroside is formed in these 

reaction mixtures. 

The radioactive glucocerebroside synthesized was a substrate for 

hydrolysis by this same f3-glucosidase enzyme preparation, resulting in 

the liberation of labeled ceramide as shown in Fig. 2. A radioactive 

102 



Vol. 58, No. 1,1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Fig. 2: Radioautogram obtained from thin layer chromatography of lipids 
extracted after incubating b-glucosidase with radioactive glucocerebro- 
side synthesized by the same enzyme. Lane 1 - radioactive glucocerebro- 
side plus native enzyme; Lane 2 - reference nonhydroxy fatty acid 
containing ceramide; Lane 3 - reference glucocerebroside; Lane 4 - 
radioactive glucocerebroside plus boiled enzyme. Details of incubation 
and TLC conditions are provided in the Methods section. 

spot (lane 1) corresponding to standard ceramide (lane 2) was formed. 

In the boiled enzyme control (lane 4) the radioactivity remained at 

the origin which corresponds to the location of standard gluco- 

cerebroside (lane 3). The spot at the solvent front is a contaminant 

present in this substrate. 

Radioactive glucocerebroside was obtained when the enzyme was in- 
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cubated with nonradioactive glucocerebroside as the glucose donor and 

labeled ceramide as the glucose acceptor. However, neither methyl+- 

g-glucoside nor free g-glucose were effective in producing radioactive 

glucocerebroside when incubated with labeled ceramide in this system. 

Discussion 

The calf spleen B-glucosidase purified by affinity chromatography 

has been shown to hydrolyze 4MWB-D-glucoside and glucocerebroside (12). 

The present experiments demonstrate that when either 4MU-B-g-glucoside 

or glucocerebroside is incubated in the presence of labeled ceramide, 

radioactive glucocerebroside is produced. This synthesis is presumably 

not due to a simple reversal of hydrolysis of glucocerebroside since 

free glucose, a product of this cleavage, is not effective in the re- 

versal of this reaction. The 'transglucosylation' reaction may occur 

via a 'glucosylated enzyme', a presumed intermediate formed in the 

hydrolysis of both 4MD-$-g-glucoside and glucocerebroside as follows: 

4MU-B-g-glucoside + Enzyme,= E-glucose + 4MU (1) 

Glucocerebroside + Enzyme,- E-glucose f Ceramide (2) 

E-glucose + H20 -> Glucose + Enzyme (3) 

The E-glucose formed by the forward reaction of 1 may react with added 

ceramide to result in the reverse reaction of 2 and therefore produce 

glucocerebroside in these incubations. This observation is consistant 

with the postulate that the same enzyme protein catalyses the hydrolysis 

of both 4MU-B-g-glucosidase and glucosylceramide. 

There are several reports in the literatureof transglycosylation 

reactions being catalyzed by glycosidases. Both lysozyme (14) and 

purified N-acetyl-B-g-glucosaminidase from Aspergillus orysae (15,16) 

catalyze the transfer of N-acetyl-b-IJ-glucosamine to suitable acceptors. 

Transgalactosylation catalyzed by E. coli B-galactosidase has been 

extensively studied and kinetic data support the formation of a galacto- 

syl enzyme as the common intermediate in the hydrolysis of various B- 
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galactosides (17-21). Wallenfels and Fisher (22) have observed trans- 

galactosylation reaction catalyzed by the @-galactosidase from calf 

intestinal mucosa. Recently, Distler and Jourdian (23) demonstrated 

that B-galactosidase purified from bovine testes catalyzed a trans- 

galactosylation reaction with a high degree of acceptor specificity. 

Gatt has reported (3) that the hydrolysis of glucocerebroside by B- 

glucosidase from ox brain is not reversible. This reverse reaction 

was examined by incubating ceramide and 14C-glucose with the enzyme and 

the results of these experiments provided no evidence for the formation 

of labeled glucocerebroside. The enzyme did not catalyze an isotopic 

exchange reaction between 14 C-glucose and nonradioactive glucocerebro- 

side. In the present experiments with B-glucosidase from calf spleen, 

the synthesis of glucocerebroside could be demonstrated by incubating 

4MU-B-D-glucoside and ceramide. Neither free glucose nor methyl-B-g- 

glucoside were substrates for this synthesis. 
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