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Abstract-A rapid procedure for the lsolatlon of J-N-acetyl-D-hexosammidase from lupm seed meal IS described This 
mvolves affinity chromatography of a seed extract on concanavahn A, followed by chromatography on DEAE- 
Sepharose The purified enzyme was obtamed m three forms, hexosammldases A, Band B1, capable of hydrolysmg both 
p-mtrophenyl j?-2-ace-do-2-deoxy-Dglucopyranoslde and p-mtrophenyl j?-2-acetarmdo-2-deoxy-D-gala&o- 
pyranoslde Enzyme A was relatively less active towards the galactosammlde substrate, than were the B forms of the 
enzyme 

INTRODUmION 

p-N-Acetyl-D-glucosamlnidase (EC 3 2 1 30) activity has 
been detected m a wide variety of blologcal mater& Cl] 
and in most cases occurs m association with /?-IV-acetyl-D- 
galactosamuudase (EC 3 2.1 53) activity [2] /?-N-Acetyl- 
Dhexosammldase (EC 3 2 152) from Jack bean meal was 
isolated m electrophoretlcally homogeneous and crystal- 
line form and it was concluded from pH and thermal 
mactlvatlon and kinetic analysis that the one enzyme 
hydrolyses fl-2-ace-do-2-deoxy-D-glucopyranoslde 
and /I-2-acetamldo-2-deoxy-~galactopyranosrde sub- 
strates at the same site [3] fl-IV-Acetylhexosamm~dase has 
been isolated from lupm seed meal and three electro- 
phoretlcally dlstmct forms have been demonstrated 
One form of the enzyme appears to be more active 
for p-mtrophenol fl-2-acetarmdo-2-deoxy-Dgalacto- 
pyranoslde 

RESULTS AND DISCUSSION 

Glycosldase actrvlty of crude lupzn extracts 

Crude extracts of lupm seed meal and lupm nodules 
were assayed for glycosldase activity using the eight 
substrates listed m Table 1 Actlvlty with all eight 
substrates was demonstrated with the seed extract, p- 
mtrophenyl-a+mannopyranoslde and p-mtrophenyl-@- 
Dgalactopyranoslde being the most actively hydrolysed 
The nodule extract showed no activity with p-mtrophenyl- 
a-r>-mannopyranoside, p-mtrophenyl-j?-Dmannopyrano- 
side and p-rutrophenyl-a+fucosrde, but similar levels of 
actlvlty compared with the seed extract for the other five 
substrates 

Puqfcatzon 

8-N-Acetyl-hexosammidase was isolated from the 
crude extracts by affinity retention on a concanavahn A 
(conA)-AffiGel column, followed by elutlon with methyl- 
a-D-mannopyranoslde (MM) When tested with the eight 
substrates shown in Table 1, the MM eluate showed 

activity only with p-mtrophenyl B-2-acetamldo-2deoxy- 
D-glucopyranoslde and pmtrophenyl /?-2-acetamldo-Z 
deoxy-D-galactopyranoslde The glycosldases capable of 
hydrolysmg substrates one to SIX (Table 1) are therefore 
either not glycoprotems or do not contain a-D-gluco- 
pyranosyl, a-D-mannopyranosyl, or sterically related re- 
sidues reqmred to bind to conA 

When the lyophlhzed MM seed meal eluate from the 
conA-AffiGel column was subjected to SDS-PAGE, three 
to four mam bands and several minor bands of proteins 
were detected The SDS gel pattern for the nodule protein 
MM eluted from the conA column showed two mam 
bands The nodule preparation was not investigated 
further 

Further purlficatlon of the enzyme from lupm seed was 
achieved by DEAE-Sepharose chromatography with a 
NaCl gradient, resulting m the elutlon of three separate 
bands of activity (Fig 1) The peaks of activity were 
designated B, B, and A m order of elutlon of increasing 
salt concentration The specrfic actlvltles of these enzymes 
are given in Table 2 The specdic glucosamuudase ac- 

Table 1 Glycosldase actlwtws of lupm extracts 

Sp actwty (pmol/mg 
protem/hr) 

Substrate ( p-bhtrophenyl-) 

a-o-glucopyranoade 
p-wglucopyranostde 
a-r>-mannopyranoslde 
/3-r+mannopyranoside 
a+lucoslde 
/?-D-galactopyranoslde 
fi-2-ace-do-2deoxy-D- 

glucopyranoslde 
/3-2-ace-do-2deoxy-D- 

galactopyranoside 

Seed Nodule 
extract extract 

010 0 
011 018 
073 062 
011 0 
010 0 
033 028 

016 070 

011 028 

243 1 
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Elutlon vol (ml) 

Fig 1 DEAE-Sepharose chromatography of conA eluate The NaCl grtient (O-O 8 M NaCl) IS shown O-0, 
glucosamuudase actmty, l -m , galactosanumdase actlvlty, O-0, protein A280 

Table 2 Hexosammldase actlvltles of enzymes A, B and B, 

Sp activity (pm01 substrate 
hydrolysed/mm/mg protem) 

Actlvlty 
Glucosammldase Galactosamnndase ratio 

Enzyme B 214 113 19 
Enzyme B, 152 50 30 
Enzyme A 119 25 48 

I 

BSA 

005- 

s 
$ 0 I I I 

* Fraction at 0 t - 66-77 ml I 
(Hexosammldase A) 

, I I 
0 4 6 12 16 

Elutlon time (mm) 

Rg 2 HPLC of fractions from DEAE-Sepharose chromato- 
graphy and of bovine serum albumm (BSA) Injection was made 
at zero time, usmg co 10 pg protem m each case The peak of 
hexosammuiase A at 12 5 mm eluded Just after the monomer of 

BSA (MW 67 000) 

tlvltles of the crude extract and the extract eluted from the 
conA-AffiGel column were 0 16 and 4 7 pmol/mm/mg of 
protein respectively Sunilar results were reported for 
placental j?-N-acetyl-hexosammldase [8] 

Following dialysis and lyophhzatlon of selected 
DEAE-Sepharose fractions, hexosammldase A, eluted 
from 66-77 ml, was resolved into two peaks of protein by 
HPLC (Fig 2) As can be seen m Fig 2, hexosammldase A 
from the front of the peak of activity (Fig 1) was almost 
pure, m agreement with results obtained by gel 
electrophoresls 

General properties of /I-N-acetyl hexosamznldase from 
lupm seed 

When the peak fractions from the DEAE-Sepharose 
column were subjected to gel electrophoresls, single bands 
were obtained on Tns-glycme gels SDS gels yielded 
major bands corresponding to MWs of 66 000 for enzyme 
A and 40000 for both enzymes B and B1, by comparison 
with Pharmacla low MW standards The MW of enzyme 
A was also determined by sedimentation equlhbrmm 
Three series of 1nAy values (Ay is the fringe displacement) 
were plotted against r2 (I IS the radial co-ordinate) to gve 
straight lme plots with slopes of 1 57 f 0 05 The estimated 
value of partial specdic volume was taken to be 0 73 and 
thus the apparent MW was calculated to be 66 000 f 2000 
It therefore appears that this enzyme consists of a 
monomer of 66 000 daltons, confirmed by HPLC (Fig 2) 

The SDS gel pattern for the nodule protein eluted with 
MM from the conA column also gave a major band 
estimated to be of MW 66000 This indicates that the 
nodule hexosammldase is the same as hexosammidase A 
from the seed 

Hexosammldases B and B1 exhibited greater activity 
towards p-mtrophenyl /I-2-acetamldo-2-deoxy-D- 
galactopyranoslde than did A (Table 2) The ratio of the 
rate of hydrolysis of the two hexosammldase substrates 
vatles from two for enzyme B to five for enzyme A 
(Table 1) 

Some glycosldases have been shown to contain carbo- 
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hydrate and to have haemagglutmatmg properties 
[!J--111 When analysed for carbohydrate with phenol- 
sulphunc acid reagent, enzyme A was shown to contam 
6 8 mg carbohydrate per 100 mg of protein, eqnvalent to 
a mol ratio, hexose to protein, of 18 and B1 to contam 
12 5 mg carbohydrate per 100 mg of protein Protein was 
determmed by the Fohn method 

Both enzymes were tested for haemagglutmatlon 
activity using a 2% suspension m PBS-l of washed 
hepanmsed rabbit red cells A concanavahn A solution m 
PBS was used as a positive control for comparison, and no 
haemagglutmatlon was observed 

CONCLUSION 

Lupm /?-N-acetylhexosammldases have properties 
sumlar to those generally reported for j?-N-acetylhexo- 
samrmdases from various sources, m that they exist m 
more than one active form, have the ability to bmd to 
conA [12,13] and the capacity to hydrolyse both gluco- 
sammlde and galactosammlde substrates It 1s of interest 
that the lupm enzyme shows dlfferentml actlvlty towards 
the above two substrates Lupm seed appears to be a 
convenient source for the rapid preparation of /3-N- 
acetylhexosammldases for further studies 

EXPERIMENTAL 

Plant material (a) Seed meal extract Meal was prepared from 
seeds of Lupmus luteus L by gnndmg m a Janke and Kankel 
water-cooled mdl The meal was rinsed bnefly m phosphate 
buffered saline (PBS-l 0 ISMNaCl, lOmMNaPI, pH 72) to 
remove coloured matenal and resuspended m PBS-2 (PBS-l plus 
1 mM MgCI,, 1 mM CaCI, and 1 mM MnCl*) (1 g meal/S ml 
buffer) ExtractIon was continued for 2 hr at room temp with 
stnrmg After centnfugatlon the supernatant (11 mg protem/ml) 
was applied to a concanavahn A-AffiGel column All procedures 
followmg the initial extractIon were performed at 4” (b) Nodule 
extract A crude nodule extract was prepared by maceratmg 
frozen lupm nodules m 0 45 M sucrose, 50 mM KP, buffer (pH 
7 2) contammg 2 % soluble PVP (1 g nodules/l ml buffer) After 
filtration through two layers of cheesecloth and centnfugation at 
11000 rpm for 20 mm at 4”, the supernatant was dialysed twice 
versus PBS-l and coned four times using Amlcon diaflo filtration 
with a PM 10 membrane 

The supematant (18 7 mg protein/ml) was passed through the 
conA AffiGel column 

Glycosldase assay phhtropbenyl substrate (2 mM, 0 5 ml) in 
0 05 M sodium Citrate buffer, pH 4 8, and 50 /II enzyme soln were 
incubated for 30-60mm at 25” The reaction was stopped by 
addition of 3 ml 0 2 M sodium borate buffer, pH 9 8, and the 
amount of p-mtrophenol liberated was calculated from the 
absorbance of the soln at 4OOnm [4] by using an E value of 
145 x lo4 for the p-mtrophenolate ion 

Concanavabn A chromatography Concanavalm A (conA) was 
prepared from Jack bean meal (Bgma) using an AffiGel- 
ovalbumm column as described by Btorad (Catalogue G, 1981, 
page 48) and then coupled with 15 ml AffiGel-15 

The conA column was washed with PBS2 until the A,,,, nm was 
less than 0 02 Elutlon was carried out wth 0 5 M methyl-u-D- 
mannopyranoside m PBS-Z, after which the protem-contammg 
fractions were dlalysed twice versus distdled Hz0 and 
lyophthzed 

DEAE-Sepharose chromatography The active matenal from 
the conA column was pun&d on columns of DEAE-Sepharose 
(16 cm x 24 cm) eqmhbrated m 0.05 M Tns-HCI, pH 7, and 

eluted usmg the followmg gradient 100 ml 0 8 M NaCl m Tns 
mto 100 ml Tns, usmg 15 mg of protein The mam peak of 
activity eluted wth the salt gradient IS enzyme A B and B, are 
used to denote the enzymes eluted earher m Fig 1 

The fractions showmg maximum atiwty m the peaks at 22,50 
and 77 ml were coned, chalysed against distdled Hz0 and 
lyopluhzed The proteins were then characterized by gel electro- 
phoresls as described below 

Gel electrophoresls Disc electrophoresis was performed as 
described by Davis [S] using Tns-glycme buffer, pH 8 3, and 
SDS-PAGE to charactenze protein fractions MW standards 
(lOOtXI-90000) were used to establish the molecular size of the 
fractions Gels were stamed with Coomassie blue R as described 
by Davis [S] for SDS gels and with 0 4 % Coomassie blue G m 
3 5 % perchlonc acid for the Tns-glycme gels [6] 

Ultracentrlfugatlon The MW of enzyme A was established by 
sedimentation eqmhbnum [ 143, with use of interference optics m 
a Spmco Model E centnfuge The enzyme was dissolved m 
0 05 M Tns buffer, pH 7 0 (0 2 mg/ml), and dlalysed versus the 
same buffer overnight at 4” Ultracentnfugation was performed 
at 30 000 rpm for 24 hr 

Total carbohydrate This was determined by the phenol- 
H2S04 method [15] using lactose (500 mg/ml) as standard 

Protem was determined by the Lowry method [7] using 
crystalline BSA as standard 

HPLC was performed using a Waters model 6000A pump, 
model U6K inJector Hrlth a Waters 1250 protein column equdib- 
rated m 0 1 M acetate buffer (pH 6 8) The flow rate was 
10 ml/mm and column pressure was 800 psi 
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