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ABSTRACT 

N-acetyl-B-D-Glucosaminidase was purified by affinity and ion
exchange chromatography. Two major, A and B, and three minor in
termediate forms were isolated and characterized. NAG-A and NAG-B 
were purified 440 and 1200 fold with final yields of 16 and 23 percent 
respectively. Each activity was represented by a single protein band. After 70 
min preincubation at 55°C a loss of70% activity of NAG-A and 30% activity 
of NAG-B respectively was observed. Divalent metal ions had no significant 
effect on either enzyme activity. N-acetyl-D-glucosamine was determined to 
be a competitive inhibitor for both activities. The method of purification 
reported here will be of significance in providing larger quantities for the 
better understanding of both Tay-Sach's and Sandhoff's diseases. 
MJIRI, Vol.3, No.3 & 4,157-164,1989 

INTRODUCTION 

N- acetyl-B-D-glucosaminidase (2- acetamido-2-
deoxy-fl-D-glucoside acetamidodeoxyglucohydro
lase, EC 3.2.1.30) catalyses the hydrolysis of terminal 
B-linked N-acetyl-glucosamine residues of glycopro
teins and glycolipids of tissues.] The enzyme is widely 
distributed and has been reported to exist in two major 
molecular forms,A and B along with I t03 intermediate 
forms in various tissues including human spleen,� 

human liver,' human kidnev,-] and rat brain'. Interest 
in this enzyme was greatly stimulated by the demon
stration of a specific deficiency of component A in 
tissues from patients with Tay-Sachs disease6 while in 
Sandhoffs disease the activity of both the A and B 
components is deficient. 7 Considerable differences in 
the enzyme have also been reported in normal and 
atrophic mammalian gastrocnemius muscle.s 

In view of the involvement of these two isoenzymes 
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and their interrelationship in several lipid-storage dis
eases, it seems of importance to isolate them in adequ
ate amounts in a pure state so as to enable their 
chemical characterisation. 

In the present paper we describe the purification 
and properties of glucosaminidase A and B from rat 
gastrocnemius muscle by ion-exchange chromatogra
phy followed by affinity chromatography on a concana
valin A-sepharose (Con-A) column. 

MATERIAL AND METHODS: 

Animals: Adult male Wistar rats were used in all 
experiments. 

Chemicals: 4-Methylumbelliferyl-2-acetamido-2-
deoxy-B-D-glucopyranoside, Acrylamide, Tris (2-
amino-2 (hydroxymethyl) I ,3-propanediol, Bis (N, N) 
methylenediacrylamide) were obtained from Koch
Light Laboratories, Colbrook, England. SDS
molecular weight markers, Concanavalin A-sepharose 
4B, N-acetyl-D-glucosamine, N-aeetyl-D
galactosamine, were purchased from Sigma Chemical 
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Fig. I. Elulitlll p:tlt1.'rn from DEAE-l'dluh);>.1.' t.:OIUIllII. 

Co., U.S.A. Cation exchanger CM-52. anion exchan
ger DE-52 were purchased from Whatman Biochemic
als Ltd .. Kenl. England. All other chemicals employed 
in this study were of suitable analytical grade. 

Preparation of Sam pie: All operations were carried out 
at 4 °C unless otherwise mentioned. The animals were 
killed by cervical dislocation. Gastrocnemius muscles 
were removed and homogenised in 0.1l1 M potassium 
phosphate buffer. pH 6.0. to give a 16% (w/v) 
homogenate. The homogenate was centrifuged at 800 g 
at 4 "C for 15 min and the pellet was discarded. The 
supernatant was centrifuged at 7U.000 g for 30 min and 
the pellet obtained was retained while the supernatant 
was discarded. The pellet was resuspended in 0.01 
M-potassium phosphate buffer, pH 6.0. containingO.1 
M NaCI and 1% (w/v) sodium taurocholate. The 
suspension was sonicated for 90 s and following stabi
lisation at4"C for2-3h IV<lSccmrifuged al70,000 g for45 
min. The peliet was discarded and the supernatant was 

dialysed for 24 h with three changes against 6 litres of 
original buffer and then centrifuged at 70,000 g for 45 
min. The supernatant (SI ) was retained for chroma
tography. The (SI) comained SO% of the total 
homogenate activity. 

Affinity Chromatography: 
A column (I  X 15 cm) was packed with Concanavalin 

A-Sepharose and equilibrated at 4 "C with 6 column 
volumes of 0.1 M sodium acetate buffer, pH 6.0. 
containing 0.001 M MgCI,. O.O()I M MnCI " 0.001 M 
CaCl, and 0.5 M NaC!. The protein sample (51) was 
applied onto the Con A-Scpharose column. Following 
saturation, the column was washed with 100 ml of the 
equilibrating buffer. N-acetyl-ll-D-glucosaminidase 
was found to be retained by the Con-A sepharose 
column which was then eluted with 200 ml of 0.5 M 
solution of methyl G-D-glucopyranoside in 0.01 M 
potassium phosphate buffer, pH 6.2, containing 0.5 M 
NaC!. The now rate was maintained at SO mllh. 

Tahle I. PUriliClllioll or N-at·cl)·I-H-D-,t.:lucns:uuinidasc frolll rat gaslrUl:ncllIius muscle 
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Fi�. 1. Cl\I.cdllllH�l: clulinll profik or N-an:lyl-l\-D- �hH:(1s'lInilljdasl: B form (NAG-H). 

Enzymatically active samples were pooled and COIl
centrated by ultrafiltration with a PM-IO membrane 
and dialysed for 24h with three changes against 4 litres 
of original buffer. The dialysate was then centrifuged at 
70.000 g for 30 min. The supernatant (S2) was retained 
while any pellet formed was discarded. 

Ion-Exchange Chromatography: 
The retained supernatant (S2) was passed through a 

DEAE-cellulose DE-52 column (1.2 X 22 cm) pre
viously equilibrated with 0. 0 I M-potassium phosphate 
buffer. pH 6.2. containingO.02 M NaCI. The flow rate 
was maintained at 40 ml/h. Under these conditions one 
of two major isoenzymes. NAG-B. did not bind to the 
DEAE-cellulose and the eluate was kept. The column 

was washed with 200 011 of equilibrating buffer and 
bound. a second major isoenzyme. NAG-A was eluted 
with a linear gradient (600 ml) of 0.03-0.5 M NaCi in the 
same buffer. The elution pattern of NAG-A and 
NAG-B is shown in Fig. I. The fractions containing 
NAG-A activity were pooled and concentrated by 
ultrafiltration with a PM-iO membrane. The concen
trated sample was dialyscd for 24 h with three changes 
against 6 lit res of original buffer. The dialysate was 
centrifuged at 70.000 g for 30 min and the supernatant 
was kept for characterisation of NAG-A. Three addi
tional (intermediate) activities (I ,.10 & 1,) were eluted 
with major NAG-A activity. 

Unbound NAG-B was passed through a CM
cellulose CM-52 column (1.5X 20 em) equilibrated 

T"hll' II. Acli,"il�' uf live )!Iycusidasl's in purified NAG-A :nul NA<;-B prcpanlliol1s of 

N-;ICcl)·I-II-()-).!llIc()samillid;l.�c fnllll J,:ilstrucnemius lIIuscle of rat. 

(;I�'(osidase 

B_D_GIUI:usidase pl-l-l.1I 
B-D-GI\K(lsida�c p1-l5 . .1 
"-L-F\lc()siua�c 
"'-L-A rabinosiJasc 
"_D_�lan!ltlsidasc pH-t.-1 
d._D_M'llllIllsidasc pl-I h.-I 
B_D_xyh,�idase 

Suhstrate 

-I � I U -15-D-gluc\ lpyranositlc 
-I M U-B-D-gILH:npyra !Inside 
·1 M U -1I-L- rucl1pyranllsiJc 
-I�t U-!.I-L-arahinllsiJe 
-IMU-lI-D-I1l.tnnupyr:lllositle 
-I M U-L\-D-Ill:llllltlJlyrannsidc 
-I �I U-ll-D-xylopyr:llloside 
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!X, nf NAG-A and NAG-B activity 
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with 0.01 M-potassium phosphate buffer. pH 5.0. 
containing 0.01 M-NaCI. The flow rate was maintained 
at 50 mUh. The column was washed with Ion ml of the 
equilibrating buffer and the bound NAG-B was eluted 
with a linear gradient (SOO ml) of 0.03-0.9 M-NaCI in 
equilibrating buffer. The elution pattern of CM-

100 

75 

cellulose ofNAG-B is shown in Fig.2. The fractions (Ill 
ml) containing NAG-B activity were pooled and COI1-
[cntrated by ultrafiltration with PM-IO mcmbrane. 
The concentrated sample was dialysed for 24 h with 
three changes against 6 litres of (J.a 1 M-potassium 
phosphate buffer (1'1-15.0) and the dialysate IVas centri
fuged at 7U.000 g for 30 min. The supernatant was kept 
for characterisation of NAG-B . 

Enzyme assay: Glucosaminiclase activity was deter
mined by the method previously described by us. ') 

Protein estimation: All samples were subjected to 
overnight digestion in alkaline (0.1 M NaGI-I) solution. 
The modified method of Lowry as described by 
ShatkinlU was employed for the estimation of nOI1-
cullagenous preolcins. A protein standard solution of 
hovine serum albumin (0.5 mglml) was used. 

EfTect of pH, Temperature and Metal ions: 
pH Stability of purified enzyme forms was studied by 
assaying the activity under standard condiitons at 
various pH values (3.0-6.0) using 0.3 M citrate phos
phate buffer. 

Aliquots of thc purified enzyme forms were 
preincubated at 55°C for various Icngths of time (1 0-70 
min) and assayed unoer the conditions described 
above. In metal ion study equal volumes of purified 
sample of enzyme forms and metal ion solutions (I mM 
and 5 mM) were mixecl and assayed under the standard 
conditions. 
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Tallie III. Erred of fIIetal iOlls 011 NAG-A and NAG-II 

Ion COli. (mM) % of activity without metal inns 

NAG-A NAG-U 

Ca:t 9X±-1.l 102±2.8 
.\ 97±J.4 107±4 . .1 

Cu� + I 911±3.! Y5±.1.2 
.\ HO±2.9 8(i±-l.7 

Cd�' 95±J.6 l)!)±-l.1 
.\ 90±4.7 9S±3.9 

Co": + I 96±S.1 120±2.9 
5 �7±JA 130±3.1 

Zn-' . I 96±1.S 102±·L2 
5 79±3.4 107±J.6 

Ba: + S5±2.7 105±3. J 
.\ 7S±-I.l [ 15±3.-l 

Electrophoresis: 
Polyacrylamide gel electrophoresis of the purified 
enzyme forms was performed on rod gel of 8% (w/v) 
polyacrylamide as described by Davis II at pH 8. 5 in 
Tris-glycine buffer. About 30-80 /Lg of protein was 
applied onto the gels, which were run at SmA/tube for 
6-10 h. After the electrophoresis each gel was cut into 
two longitudinal halves. One half was transversely 
sliced into 5mm pieces and each piece was homage
nised in 0.2mM citrate-phosphate buffer containing. 
1.25mM 

4- methylum belliferyl-2-acetamido-2-deoxy-B-0-
glucopyranoside and assayed as described9 The other 
half was stained for protein by coomassie brilliant blue 
R. The enzyme activity was also observed under the 
U.V. light after the gel was incubated with enzyme 
substrate. 

Sodium Dodecyl Sulphate (50S) polyacrlyamide 
gel electrophoresis for the determination of molecular 
weights of purified enzymes was carried according to 
the method of Weber and Osborn 12 using 50S-marker 
proteins. 

Kinetic constants and inhibition studies: 
Apparant Michaelis constant (Km) and maximal 

velocities ( Vmax) were determined for purified en
zyme forms (A and B) using 4-methylumbelliferyl-2-
aectamido-2-deoxy-D-glucopyranoside as substrate. 
Enzyme samples were incubated at 37°C for 20 min. in 
quadruplicate using 100 J1.! of varying concentrations of 
substrate in 100/L1 of citrate-phosphate buffer at the 
optimum pH of the enzymes. Kinetic parameters were 
calulated using ICL 1905 computer and a programme 
entitled POLY written in fortran. 

Inhibition constants (Ki) were determined by mix
ing the purified enzyme preparations of A and B forms 
with varying concentrations (5, 10 and 15 mM) of 
N-acetyl-D-glucosamine and assayed under standard 
conditions. 
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RESULTS 

Affinity Chromatography 
When supernatant (51) was subjected to Con-A 

sepharose N-acetyl-Il-d-glucosaminidase was found to 
be retained by the affinity resin. After the elution with 
,,-O-glucopyranoside (0.5 M) it was observed that 
recovery of enzyme activity from Con-A sepharose 
column was more than 90'10 of the total activity applied. 

DEAE-Cellulosc Chromatography 
The elution pattern of rat glucosaminidase (Fig. I) 

isoenzymes (NAG-A and NAG-B) from DEAE
cellulose column shows that NAG-B was not bound to 
the resin and was eluted with buffer in fractions 4-11. 
Whereas the NAG-A was eluted with a linear gradient 
ofNaCI. the additional minor intermediate forms (II, I, 
and I,) were eluted with NAG-A activity at the concen
tration of 0.12, 0.21. and 0.24 M NaCI respectively. 
NAG-A was eluted at a concentration oro. 16M NaCI. 
At a concentration of NaCI greater than O.3fvI no 
further enzymatic activity was eluted. 

CM-Cellulose Chromatography 
The unobserved NAG-B from DEAE-cellulose 

column was passed through CM-cellulose column and 
elution pattern is shown in Fig 2. The NAG-B was 
eluted at about 0.21 M NaCI. The various stages of 
purification of both NAG-A and NAG-B from gastroc
nemius muscles are summarised in Table I. NAG-A 
was purified 430-fold with a final specific activity of 
137.5 n mollmg protein/min. NAG-B was purified 
1200-fold with a final specific activity of 386 n mollmg! 
protein/min. The total yields of NAG-A and NAG-B 
were 16°AI and 23(XI respectively. The ability of glucosa
minidase A & B to hydrolyse both N
acetylglucosaminides and N-acetylgalactosal.TIinides 
was determined to 8.1 and 7. 4 respectively. The puri
fied proportions of NAG-A and NAG-B were found to 
have neligible amounts of other glycosidase activities 
(Table II). 

Effect of pH, Temperature and Metal Ions: 
The activity of purified NAG-A and NAG-B over 

the range 3. 0 to 6. 0 in citrate phosphate buffer was 
determined. The NAG-A and NAG-B exhibited opti
mum activity at pH 4.4 to 4.6 respectively (Fig.3). All 
three intermediate forms 11, I" I, showed their max
imum activity at pH 4.4. NAG-B had significantly 
higher activity atpH 3.0 than did the A form of enzyme. 
At 1'1-13.0, NAG-B retained approximately 50% of the 
activity observed at pH 4.6, while NAG-A retained 
only 20% of its activity at pH 4.4. Assay of the crude 
extract containing the unseparated A and B form of the 
enzyme revealed an intermediate level of aetivity 
(30-40%) at pH 3.0 relative to the activity at pH 4.5. 
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Fig.S. (A) Linc:wcar·Burk plots of the activity of N-iICClyl-G-D- glucosarninklasc. 
(B) Determination of inhibition constants (Ki) for N-acctyl-B-D- ghu:osarninidasc. 

This level of intermediate activity for the crude extract 
wns consiSlant with the proportion of the A and B forms 
of the enzyme. 

Purified i'i ,\G·A lost 70% of the initial activity after 
preincubation for 70 min at 55 "C, whereas NAG·B lost 
only 20% of its initial activity after 70 min at 55 "C 
(Fig.4). 

Treatment of NAG·A and NAG·B with 101M and 
5mM solutions of various metal chlorides for 30 min at 
37"C had no significant effect on either activity (Table 
III) . 

Kinetic and Inhibition Studies: 
Apparent Michaelis constalllS (Km) for purified 

NAG·A and NAG·B from rat gastrocnemius muscles 
were determined, Double reciprocal plots based on 
linear regression analysis were found to be linear for 
NAG·A and NAG·B and isoforms (Fig.5.A). Km and 
Vmax values dcrcrmincd by using computer program-

ruhle IV. Kinetic p:mllllcicrs uf N-:lcct:yI-I1-D-glucos:uninidllsc puri
lied froUl rllt gastrocnemius lIlusclc. 

Isocll7:ymc 

NAG-A 

NAG·B 

Final suhstratc I(m ConccntratiOIl 1\.,1) 
(mMI llllL' 

0.02-3.2 U.526 

±IWH 

0.112-3.2 liAS. 
±U.tlU5 

"max 
nntollmg protcinfmin 

217.'" 

±2.7"'7 

575.1'\ 

±J.OSt) 

Ki 
(111M) 

U.S51 

±0.O31 

t1.7S2 

±U.02H 
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me arc presented in Table IV. 17 Km for NAG·A and 
NAG·B were 0.526 and 0.480 respectively. The corres· 
ponding Vmax values 217.4 and 575.8 nmol/mgi 
protein/min were obtained respectively. 

N-acetyl-D-glucosamine was found to be a competi
tive inhibitorofNAG·A and N AG·B isoforms from rat 
gastrocnemius muscle under the conditions described 
in methods. The slope values were calculated using 
computer programme and plotted against the concen
tration ofN·acetyl·D·glucosamine (Fig. 5. B). Ki value 
for NAG·A and NAG·B were 0.85 mM and n. 75 mM 
respectively (Table IV). 

Electrophoresis and Purity of Enzyme: 

Polyacrylamide disc electrophoresis of purified 
NAG·A and NAG·B revealed that each is presented by 
a single protein band cOIlttlining the respective enzyme 
activity when stained with 4·methylumbelliferyl·Jj·D· 
N-acelyl glucosaminide. The enzymic distribution of 
NAG·A and NAG·B is shown in Fig 6. 

On SDS·polyacrylamide rod gel electrophoresis 
NAG·A exhibited the presence of one mujor protein 
band at a molecular weight of approximately 40.000 
along with a faint protein band at a moleculanveight of 
approximately 16.000. NAG·B exhibited a single band 
of molecular weight of about 53,000. 

DISCUSSION 

Both Tay·Sach's and Sandhoff's diseases result in 
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Fig.fl. Distrihutjon uf thL: activity of N-acl.!lyl-B-D-gluCllsaminidase isoenzyme::; A ami B 
purified from rat gastrocnemius muscle. 

abnormal metabolism of GM:! ganglioside. Both the 
disorders are characterized by progressive mental and 
1110tor deterioration. In these diseases cleficicncv of 
NAG-A or A and B together has been reportecl'-:UJ.7 

The potential of successful enzyme-replacement thera
phy in lysosomal storage diseases has been greatly 
enhanced. Concurrently. methods are being de
veloped and improved for the purification of 
homogeneous enzymes. 

N-acetyl-fl-D-glucosaminiclase has been purified 
from several mammalian visceral tissues but it has not 
been previously purified from rat skeletal muscle. 

The method of purification of NAG-A and NAG-B 
reported here will be of significance in providing larger 
quantities as well as their detailed characterization. 

We have purified NAG-A and NAG-B from rat
gastrocnemius muscle 440 and 1200 fold respectively 
(Table I) . The purified enzymes were found to be 
homogeneous proteins. 

Characterization of NAG-A and NAG-B of N
acetyl-ll-D-glucosaminidase indicate that NAG-B 
form was more stable to heat and more active at lower 
pH than was the NAG-A form. A similar finding was 
reported by Brattain, et a1.' Treatment with metal ions 
had no significant effect on activity of either NAG-A 
and NAG-B. A similar finding was reported by Main, 
et aL" However, Izumi and Suzuki' observed an 
inhibition (28% ) of isoenzyme B in the presence of 
5mM Cu2+ The results in the present study indicate 
that neither NAG-A or NAG-B require any of these 
metal ions for their activity or stability. The apparent 
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Km values obtained in the present study are similar to 
those reported for partially purified isoforms of N
acetyl-fl-D-glucosaminidase for rat brain5 For both 
NAG-A and NAG-B the inhibition by N-acetyl-D
glucosamine was purely competitive since the ki value 
obtained showed no significant difference. On SDS
electrophoresis NAG-A dissociated into two protein 
bands corresponding to 40,000 and 16,000 molecular 
weights. WiktorowiczlJ reported dissociation of NAG
A isolated from human kidney into three protein 
components with molecular weights of 18,000, 35,000 
and 55,000. NAG-B exhibited only a single band on 
SOS electrophoresis. On freezing for 30 days at 20 °C, 
NAG-A showed NAG-B like elec:rophoretic mobil
ity. The significance of this change is not clear. Presum
ably, it represents an alteration of the enzyme to a more 
heat-stable conformation. The ability of glucosamini
dase A and B to hydrolyse both N-acetyl
glucosaminides and N-acetyl-galactosaminides has 
been reported by several workers. '.11 From the present 
study it appears that the ga1actosaminidase activity of 
either NAG-A or NAG-B is only 13-14% of the 
glucosaminidase activity. The highest activity recorded 
for other glycosidases is that of neutral 0<-0-
mannosidase (pH 6.4) (Table II). 

Three additional minor activities (II> I, and 13) were 
eluted with the major NAG-A activity. Robinson and 
Stirling2 isolated two isoforms, A and B of N-acetyl-B
O-glucosaminidase from human spleen which were 
initially assumed to correspond to the NAG-A and 
NAG-B isolated in the present study. [1>[, and [3 bear 
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no relationship to other minor forms of the enzyme 
reported in the literature. All three intermediate forms 
exhibited optimum activity at pH 4.4 and possibly 
represent fragmented forms of NAG-A. However, 
their low concentration prevented further investiga� 
tion. 
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