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Abstract-/?-N-Acetylaminoglucohydrolase (/I-2-acetylamino-2deoxy-tqlucoside acetylaminocIeoxygluchydrolase, 
EC 3.2.1.30) was extracted from malted barley and purified. The partially purified preparation was free from z- 
and j?-glucosidase, a- and /I-gafactosidase, a-mannosidase and /I-mannosidase. This preparation was free from a-man- 
nosidase only after affinity chromatography with p-amino-N-acetyl+@ucosaminidine coupled to Sepharose. The 
enzyme was active between pH 3 and 6.5 and had a pH optimum at pH 5. A MW of 92000 was obtained by 
sodium dodecyl sulfate-acrylamide gel electrophoresis and a sedimentation coefficient of 4.65 was obtained from 
sedimentation velocity experiments. /?-N-Acetylaminoglucohydrolase had a K, of 2.5 x 10e4 M using the p-nitro- 
phenyl N-acetyl /I-o-glucosaminidine as the substrate. 

INTRODUCTION RESL!TS AND DISCU!SSlON 

j?-N-Acetylaminoglucohydrolase (AAG-hydrolase) has 
been purified from mammalian tissue[l-31 from 
plants [43 and from microorganisms [S-6]. Pre- 
viously [7,8] we have reported the partial purification 
of r-mannosidase and /I-mannosidase from malted bar- 
ley. We now report the isolation and purification of 
AAG-hydrolase. Furthermore, the physical properties 
and kinetics of the hydrolysis of pnitrophenyl-2-acetami- 
do-2deoxy-/I-D-glucopyranoside (NPADG) by this 
enzyme are described. 
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A 200 fold purification of AAG-hydrolase was 
achieved by the 5-step procedure as outlined in Table 
1 with the details in the Experimental section. The 
enzyme was stable in lyophilized form at each step in 
the purification scheme. Instability occurred only when 
the enzyme solution was stored at 4”. The elution from 
a B&Gel P-100 column (Step 3) and the elution from 
a carboxymethyl cellulose column (Step 4) gave a 100 
fold purification. The use of DEAE cellulose chromato- 
graphy yielded protein with lower sp act than the crude 

.extract. Since we lost activity and could account for all 
of the protein that was applied to the DEAE cellulose 
column, it was decided to eliminate a DEAE step in 
the purification scheme. 

When partially purified AAG-hydrolase was applied 
to the p-aminophenyl 2-acetamido-2deoxy 8-mglucopyr- 
anoside affinity column (Step 5) in 50 mM acetate buffer 

Table 1. Purification of /I-N-acetylaminoglucohydrolase from crude extract of barley 

Procedure 

specific 
Total activity 

Volume Conn units Protein nkat/k$ Yield Purification 
(ml) (nkat/ml) nkat (mg/ml) (x lo- ) (%) (fold) 

1. Crude 6ooo 1.60 9600 34 0.047 100 1.0 
extract 

2. Ammonium 300 6.21 1860 34 0.182 19 3.8 
sulfate ppt. 
(2~70%) 

3. BioGel 205 2.05 420 1.59 1.29 4 27.0 
P-100 

4. CM-52 20 1.45 29 0.29 5.0 0.30 106 
Column 

5. Affinity 3 0.64 1.92 0.045 14.2 0.01 241 
chromatography 
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pH 5, the majority of the protein was eluted, while 
enzyme activity was eluted at a higher ionic strength. 
z-Mannosidase activity was present in the partially puri- 
fied enzyme through the carboxymethyl cellulose column 
and was eluted from the affiity column. Careful examin- 
ation of the final preparation did not show any protease 
activity as tested by the use of Hide Powder Azure [9], 
nor did it show any other glucosidase activity. 

Na dodecyl sulfate-polyacrylamide gel (SDS gel) elec- 
trophoresis of the protein obtained from the carboxy- 
methyl cellulose column showed several bands; however, 
SDS gel electrophoresis of the material prepared from 
the affinity column showed a single band. Because some 
proteins exhibit anomalous behavior in SDSgel electro- 
phoresis [lO-.12] we determined the MW in gels with 
various concentrations of acrylamide. An apparent MW 
of 92000 was obtained and there appears to be no ano- 
malous behaviour of this protein in SDS gel electro- 
phoresis. Sedimentation velocity experiments using the 
purified protein showed a single symmetrical peak and 
a sedimentation coefficient was calculated to be 4.64 sec. 
This also indicates that the 92000 MW estimation is not 
unrealistic. 

The effect of pH on the activity of the enzyme was 
investigated by using NPADG as the substrate and ace- 
tate-citrate buffers of pH 3.6-6.5. The pH activity profile 
shows a pH optimum of 4.6 and half maximal activity 
pH values of 4 and 6. The effect of substrate concen- 
tration of the velocity of the enzyme reaction was studied 
with NPADG as the substrate. The enzyme followed 
simple Michaelis--Menten kinetics, and the apparent K, 

value of 2.5 x 10m4M was calculated. 
The kinetics and properties thus far indicate that the 

enzyme from malted barley is similar to the enzyme from 
other sources [l-6]. Because of the wide availability of 
barley, it is expected that the isolation and purification 
of glycosidase enzymes from this source will have exten- 
sive application in the study of polysaccharides and gly- 
coproteins. 

EXPERIMElhTAL 

Malted barley was the gift of Kurth Malting Company, Mil- 
waukee. All enzyme purifications were carried out at (r5’. 

Enzyme assay. pNitrophenylglycosides were purchased 
from Sigma Chemical, St. Louis. AAG-hydrolase was assayed 
by measuring pnitrophenol described in ref. [7]. IOmM 
NaOAc (pH 5.5). 1.5 pmol NPADG, and diluted enzyme in 
2 ml are incubated fdr 15 min at 30” and the react& ter- 
minated by addinn 3 ml of 5% Na,CO,. The liberated ohenol 
is determined at 420 nm. O&&it bf e&yme activity is defined 
as the amount of enzyme that releases 1 pmol of p-nitro- 
phenol/set and sp act is expressed as nkat of enzyme per kg 
of protein. Protein was determined by the method of ref. [13] 
with BSA as standard. 

Afinity chromatography. Derivatives for the affinity chroma- 
tography purification of AAG-hydrolase were prepared by 
coupling glucosidic substrates to the Sepharose 48 by means 
of an extension arm according to the procedures of ref. [14]. 
The p-aminophenyl 2-acetamido-2-deoxy b-D-glucopyranoside 
and p-amino a-mannoside derivative were prepared using the 
succinyl-diaminopropylamine extension of agarose. In typical 
expts, the Sepharose derivatives were incubated with enzyme 
in a small beaker with stirring. Suspensions were poured into 
Pasteur pipettes fitted with glass wool. The column was eluted 
with 5 ml additions of 5 mM NaOAc buffer (pH 5) with 0.05 M 
NaCl, 0.1 M NaCI, 0.12 M NaCl and 0.14 M NaCI, respcct- 
ively and 0.1 ml fractions were collected. The elution pattern 
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Fig. 1. Elution profile of b-N-acetylaminoglucohydrolase from 
malted barley on Bio-Gel P-100 column (5 x 6Ocm) -4, 

enzyme activity, t--O protein measurement. 

was obtained by monitoring the fractions for AAG-hydrolase 
activity. 

Analytical methods. Polyacrylamide gel electrophoresis was 
conducted in the system described in ref. [IS] and SDS gel 
electrophoresis MW determination as described in ref. [16]. 
Sedimentation velocity expts were conducted at 59700 rpm 
at 20 + 0.1”. Enzyme solns were dialyzed against 50 mM 
NaOAc buffer, pH 5 with 0.1 M KCI. 

Purification a/ enzyme. Step I: extraction. Ground malted 
barley (I.44 kg) was suspended in 6 I. of IO mM NaOAc buffer 
pH 5.5 and stirred for 6 hr at 4”. The suspension was centri- 
fuged at 14C0Og for 20 min and the residue discarded. Step 
2: (NH,J,SO, fiactiontiion. To the above supematant, solid 
(NH,),SO,, (176 g/l.) was added with stirring over a period 
of 20min. to yield 3@J/, satn. The resulting mixture was left 
for 1 hr and then centrifuged at 14ooO g for 20min. The ppt. 
was discarded and the supernatant was again treated with 
(NH&SO4 (273 g/l.) to 70?: satn followed by centrifugation 
at 14OGQg for 20min. The supernatant was discarded and 
the pellet resuspended in IOOml of IOmM NaOAc pH 5.5. 
This material was dialyzed against the same buffer, lyophilized 
and stored at 0”. Step 3: column chromatography on Bio-Gel 
P-100. A 20-ml sample (50mg,‘ml) was placed on a 
0.5 x 6Ocm Blo-Gel P-100 column that had been equilibrated 
with IO mm NaOAc pH 5.5. Fractions (3 ml) were collected 
and tubes 50-85 (Fin. I) were oooled for further AAG-hvdro- 
lase purification. ‘Step 4: co&n chromatography on carhoxy- 
methyl cellulose. Pooled fractions from the Bio-Gel column 
were concentrated by a Diaflo membrane apparatus and a 
2 ml aliquot (20 mg/ml) was subjected to chromatography on 
a column (0.5 x 45cm) of carboxymethyl cellulose-CM-52. 
The column was equilibrated with IOmM NaOAc pH 6 and 
fractions 14-18 were collected after elution with the equilib- 
ration buffer. These fractions were tested for a- and j?-gluco- 
sidases, a- and /I-mannosidases, a- and /?-galactosidase and 
/?-fucosidase activities. The fractions containing /3-N-acetyl- 
aminoglucohydrolase activity were stored frozen. 

Acknowledgements--The authors thank Mr. Patricia Riquetti 
for the technical assistance with the sedimentation velocity 
experiments. 

1. 
2. 
3. 

4. 

5. 

REFERENCES 

Verpoorte, .I. A. (1972) J. Biol. Chem. 247, 4787. 
Carroll. M. and Robinson, D. (1973) Biochem. J. 131, 91. 
Srivastava, S. K., Awasthi. Y. C.. Yoshida, A. and Buetler. 
E. (1974) J. Biol. Chem. 249. 2043. 

Bahl, 0. P. and Agrawal. K. M. L. (1968) J. Biol. Chem. 
243. 98. 
Li, S. C.. Li, Y. T. and Fukushima, D. K. (1970) J. Biol. 
Chem. W. 5153. 



/3-N-Acetylaminoglucohydrolase from barley 1871 

6. Mega, T., Kenaka, T. and Matsushima, Y. (1970) J. Bio- 
them. 68, 109. 

7. Mitchell, E. D. and Newman, J. (1972) Phyrochemistry 11, 
1341. 

8. Houston, C. W., Latimer, S. B. and Mitchell, E. D. (1974) 
Biochim. Biophvs. Acta 370. 276. 

9. Rinderknect,.H:, Geokas, M. C., Silverman, P. and Haver- 
back, B. J. (1968) Clin. Cheat. Actn 21, 197. 

10. Mitchell, E. D., Riquetti, P., Loring, R. H. and Cart-away, 
K. L. (1973) Biochim. Biophys. Acta 295, 314. 

11. Kobylka, D., Khettry, A., Shin, B. C. and Carraway, K. 
L. (1972) Arch. Biochem. Biophys. 148, 475. 

12. Segrest, J. P., Jackson, R. L., Andrews, E. P. and Marchesi, 
V. T. (1971) Biochem. Biophys. Res. Commun. 44, 390. 

13. Lowry, 0. H., Rosebrough, N. J. Farr. A. L. and Randall, 
R. J. (1951) J. Biol. Chem 193, 265. 

14. Junowicz, E. and Paris, J. E. (1973) Biochim Biophys. Acta 
321, 234. 

IS. Davis, B. J. (1964) Ann. N. I! Ad. Sci. 121, 404. 
16. Weber, K. and Osborn, M. (1969) J. Biol. Chem. 244,4406. 


