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Summary 

A horse kidney neutral ~-D-glucosidase (~-D-glucoside glucohydrolase, EC 
3.2.1.20) was purified about  580-fold with a yield of  33% by an affinity chro- 
matography technique using the p-aminophenyl-~-D-maltoside, a substrate 
derivative, as ligand. The purified enzyme, homogeneous in polyacrylamide gel 
electrophoresis, was a glycoprotein with a molecular weight of  280 000 as cal- 
culated by  gel filtration and its isoelectric focusing points was found to be pH 
4.1. 

The purified enzyme was able to hydrolyze various substrates having (~-1,2), 
(a- l ,3) ,  (~-1,4) and (~-1,6) glucosidic linkages. The V / K  m ratio shows that  the 
(~-1,4) linkages are the best substrates. 

The pK m of  the purified enzyme determined at different pH values indicated 
that  two ionizable groups with pK values 5.2 and 6.9 could be essential in the 
active site. Enzyme modification with cardodiimide abolished the maltase activ- 
ity. The turanose, a substrate analogue, protected the enzyme against this inac- 
tivation. 

Introduct ion 

The brush border membrane of  kidney proximal tubule cells is known to 
possess many hydrolases [1--4] considered as markers for this organelle. Some 
of these enzymes may be involved in reabsorption phenomena [5,6]. A kinetic 

Abbreviation: Mes, 2- (N-morphol ino)ethanesul fonic  acid. 
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stud of the glucose active transport by horse kidney brush border vesicles has 
been previously described [ 7]. An approach to the understanding of the molec- 
ular aspect of  this transport needs a structural knowledge of  the membrane and 
of  some of its well represented markers. 

One of  these markers, neutral maltase was partially purified by conventional 
procedures from rat [8] and rabbit  [9]; it was purified to homogenei ty from 
human kidney in our laboratory [10].  The present paper describes a purifica- 
tion method of  the horse kidney neutral maltase including an affinity chro- 
matography on a Sepharose column substituted with a maltose derivative. 
Some physicochemical and catalytic properties of this purified neutral maltase 
were established. 

Materials and Methods 

Pig heart fumarase, bovine liver catalase and trypsin inhibitor (beef lung 
aprotinin) were obtained from Boehringer; trypsin from Worthington; horse 
serum cholinesterase from Sigma Chemical Co; pig kidney aminopeptidase was 
purified by the technique described by Maroux et al. [11] applied to the renal 
enzyme [12]. CH-Sepharose 4B and DEAE-Sepharose 6B-CL were from Phar- 
macia; maltosaccharides were prepared and purified as previously reported 
[13].  [U-14C]Maltose (10 Ci/mol) was purchased from Amersham. Other 
chemical products  were of  the best available grade. 

Preparation of p-aminophenyl-fl-D-maltoside-CH-Sepharose 4B. The hepta- 
acetyl p-nitrophenyl-fl-D-maltoside prepared according to Babers and Goebel 
[14],  was deacetylated in methanol saturated with ammonia to give the p-nitro- 
phenyl-fl-D-maltoside; this compound was reduced, under hydrogen atmos- 
phere, with palladium-activated charcoal (10% Pd) as catalyst in tetrahydro- 
furan to give the p-aminophenyl-fl-D-maltoside. This ligand was bound to CH- 
Sepharose 4B as described by Junowicz and Paris [15].  Its amino group reacts 
with the carboxyl group ending the six carbon long spacer arm of the CH- 
Sepharose 4B gel. Using p-aminophenyl-~-D-[U-14C]maltoside prepared from 
[U-14C]maltose we found 7 pmol of  ligand bound per ml of  gel. 

Enzymatic determinations. Maltase and glucoamylase activities were mea- 
sured as previously reported [ 13]. One unit  of  maltase activity is the amount  of  
enzyme required to hydrolyze 1 /amol of maltose per min in the assay condi- 
tions. Catalase activity was assayed by the method of  Bergmeyer [16],  fuma- 
rase by the procedure of  Kanarek and Hill [17],  serum cholinesterase by the 
technique of Knedel and BSttger [18] and fl-galactosidase by the two-step 
method of  Dahlqvist [19] with lactose as substrate. Aminopeptidase M activity 
was determined with L-alanine p-nitroanilide as substrate [ 20]. 

Protein determinations. Protein concentrations were determined according 
to the method of  Lowry et al. [21] modified by Eggstein and Kreutz [22] 
using bovine serum albumin as standard. 

Polyacrylamide gel electrophoresis. 7.5% acrylamide gels were run using an 
asparagine-imidazole buffer at pH 7.4 [23]. Glycoproteins were stained by the 
technique of  Zacharius et  al. [24].  In order to measure the enzymatic activity, 
the gel was sliced into 2-mm sections, the slices were eluted overnight in 
distilled water at 4°C and an aliquot was assayed for maltase activity. 
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Molecular properties. Isoelectric focusing was carried ou t  in a 110 ml column 
(L.K.B. 8100.1) at 4°C with a linear 0--60% glycerol gradient. The carrier 
ampholyte  (Ampholine L.K.B.) concentration was 0.8% and the pH range was 
3.5--5.0. Gel filtration for molecular weight determination was carried out  
according to the method of  Andrews [25].  The Ultrogel AcA 2/2 (L.K.B.) 
column, equilibrated with 0.1 M NaC1/0.05 M sodium phosphate buffer, pH 
7.5, was calibrated with pig heart fumarase (194 000), beef  liver catalase 
(232 000), pig kidney aminopeptidase M (280 000) and horse serum cholines- 
terase (315 000). The determination of the sedimentation coefficient was car- 
ried out  according to the method of  Martin and Ames [27] as previously 
reported [ 26].  

Enzyme chemical modification studies. N-Ethylmaleimide (25 mM) was 
allowed to react with neutral maltase (1 U) at 37°C for 60 min in 0.1 M sodium 
citrate buffer, pH 6.2. Then maltase activity was tested on aliquots diluted in 
0,1 M sodium citrate buffer  (1 : 100) and compared with the control activity. 
Reaction with diethylpyrocarbonate  was realized as reported by Paus [28] with 
a 200 : 1 molar ratio of  reagent to enzyme in 0.1 M sodium phosphate buffer,  
pH 6.1, for 60 min. Reaction with 1-ethyl-3-(-3-dimethylaminopropyl)carbodi- 
imide was realized according to Hoare and Koshland [29].  To 2 pM solution of  
neutral maltase in 1 M NaC1/0.1 M MES buffer,  pH 5.4, was first added glycine 
ethyl ester (2 mM) and then carbodiimide to a final concentration of 0.2 mM. 

Results 

Purification of neutral maltase 
Fresh horse kidneys were obtained at the slaughterhouse immediately after 

killing. All experiments were carried out  at 4 ° C. 

Solubilization 
One part of  horse kidney cortex was homogenized in three parts (w/v) of 

0.01 M sodium phosphate buffer, pH 6.5, with a blade Omnimixer (Virtis 
Macro 45) for three periods of  30 s and filtered through gauze. This homoge- 
nate, used as reference for the determination of  yield and purification factor, 
was centrifuged for  60 min at 40 000 X g. The pellet was resuspended in 0.02 
M sodium phosphate buffer, pH 6.5, and the detergent Emulphogen BC 720 
(GAF, France) was added with stirring to a 2% (v/v) final concentration. The 
solution was stirred for 30 min at room temperature and then for 16 h at 4°C. 
After  centrifugation for 60 min at 40 000 X g the pellet was discarded. 

Ammonium sulphate fractionation 
Solid (NH4)2SO4 was added to supernatant to give a 30% saturated solution; 

after 15 min the precipitate was removed by centrifugation for 20 min at 
20 000 × g. The supernatant was then adjusted to 60% saturation in (NH4)2SO4 
and centrifuged for 20 min at 20 000 × g. The pellet thus obtained was dis- 
solved in 0.05 M Tris-HC1 buffer, pH 8.0, containing 1% Emulphogen BC 720 
and dialyzed overnight against the same buffer. The solution was then centri- 
fuged and the supernatant was used for the proteolysis. 
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Trypsin pro teolysis 
The supernatant was treated by trypsin (0.5 mg/ml) for 4 h at 4°C according 

to Maroux et al. [11].  Then proteolysis was inhibited by addition of aprotinin 
to a 0.20 mg/ml final concentration. The hydrolyzate was brought to 60% 
saturation with solid (NH4)2SO4. After centrifugation, maltase and aminopep- 
tidase M activities were recovered in the pellet. This contrasts with small intes- 
tine and renal aminopeptidases M of pig [11,12] which up to this step were 
prepared by the same method but  were recovered in the supernatant after tryp- 
sin t reatment  and (NH4)2SO4 fractionation. The pellet was dissolved in 0.05 M 
NaC1/0.02 M sodium phosphate buffer, pH 6.5, and dialyzed against the same 
buffer. After centrifugation the supernatant was collected for the following 
steps. 

DEAE-Sepharose 6B-CL chromatography 
The supernatant was fractionated on DEAE-Sepharose 6B-CL. The fractions 

containing maltase activity were pooled,  dialyzed against 0.1 M sodium phos- 
phate buffer, pH 7.0, and submitted to affinity chromatography. Although not  
essential in the enzyme purification, the DEAE-Sepharose chromatography was 
used here because this step allows us to increase the number  of  utilizations of  
the affinity chromatography. The experimental conditions and elution patterns 
are shown in Fig. 1. 

Affinity chromatography on p-aminophenyl-fl-D-maltoside Sepharose 4B 
The column was equilibrated with 0.1 M sodium phosphate buffer, pH 7.0. 

The enzyme solution was applied on the column at 5 ml/h. After washing the 
gel with the equilibration buffer, up to the disappearance of  the absorption at 
280 nm, the enzyme was eluted at 10 ml/h by a linear 0.25--0.5 M NaC1 
gradient in 0.1 M sodium phosphate buffer, pH 7.0. Fractions containing mal- 
tase activity were pooled (Fig. 2), dialyzed against distilled water and lyophy- 
lized. The results of  a typical purification are summarized in Table I. 

Purity of enzyme preparation 
Purity of  the final step product  was checked by polyacrylamide gel electro- 
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Fig. 1. C h r o m a t o g r a p h y  on  DEAE-Sepha rose  6B-CL. The c o l u m n  (2.1 × 5.5 c m )  was equi l ibra ted  with  
0 .05  M NaC) /0 .02  M s o d i u m  p h osp h ate  buffer ,  pH 6.5. E lu t ion  w a s  p e r f o r m e d  using a l inear  0 .05 - -0 .3  M 
NaC1 c o n c e n t r a t i o n  gradient  in the b u f f e r  ( to ta l  v o l u m e  400  ml) .  F r ac t i on  8.5 ml ;  f low ra te  20 ml /h .  
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Fig. 2.  A f f i n i t y  c h r o m a t o g r a p h y  o n  p -aminopheny l -13 -D-ma l to s ide .  The  e n z y m e  Was a p p l i e d  t o  t he  a f f i n i t y  
c o l u m n  (2 .1  X 4 . 5  c m )  p r e e q u i l i b r a t e d  w i t h  0 .1  M s o d i u m  p h o s p h a t e  b u f f e r ,  p H  7 .0 .  E l u t i o n  w a s  per -  
f o r m e d  w i t h  a l i nea r  0 .25-- -0 .5  M NaCI g r a d i e n t  ( t o t a l  v o l u m e ,  3 0 0  ml) .  2 -ml  f r a c t i o n s  we re  c o l l e c t e d  a n d  
a s s a y e d  f o r  m a l t a s e  ac t i v i t y .  

phoresis. As shown in Fig. 3, the protein or glycoprotein bands present the 
same R F value as the maltase activity band. 

Behavioural study of the enzyme towards affinity gel chromatography 
The study was done on material obtained after proteolyt ic  t reatment  by 

trypsin. When an aliquot was layered on a control  column filled with CH- 
Sepharose 4B saturated by ethanolamine rather than by p-aminophenyl-fl-D- 
maltoside, the enzyme was desorbed by a linear 0.25--0.5 M NaC1 gradient, at 
an ionic strength (0.37 M) close to that  which eluted other  proteins (0.34 M) 
(Fig. 4a). In this case, the desorbed enzyme appears impure by polyacrylamide 
gel electrophoresis. If  the same aliquot was layered on a column filled with 
p-aminophenyl-fl-D-maltoside-Sepharose 4B, the enzyme could be eluted in two 
ways: (1) if the elution was achieved with the p-aminophenyl-fl-D-maltoside at 
0.1 M concentration,  a sharp peak of  maltase activity emerged from the column 
(Fig. 4b); (2) eluted by a linear 0 . 2 5 - 0 . 5  M NaC! gradient, the maltase activity 
was recovered at 0.45 M NaC1 concentrat ion in a larger peak (Fig. 4c). In both  
cases n o  glucose was detected in the eluate, indicating that the ligand was not  
hydrolyzed,  and the enzyme appeared pure by polyacrylamide gel electro- 

T A B L E  I 

P U R I F I C A T I O N  O F  H O R S E  K I D N E Y  N E U T R A L  M A L T A S E  

T o t a l  T o t a l  Spec i f i c  R e c o v e r y  o f  P u r i f i c a t i o n  
a c t i v i t y  p r o t e i n  a c t i v i t y  a c t i v i t y  (%) f a c t o r  
(un i t s )  (mg)  ( U / m g )  

H o m o g e n i z a t i o n  2 4 2  4 7 6 0  0 . 0 5 1  I 0 0  
S o l u b i l i z a t i o n  2 2 8  1 3 9 5  0 . I  6 4  9 4  
A m m o n i u m  s u l p h a t e  f r a c t i o n a t i o n  1 5 1  6 0 0  0 . 2 7 3  6 2  
T r y p s i n  t r e a t m e n t  1 3 1  3 5 9  0 . 3 6 6  5 4  
D E A E - S e p h a r o s e  6 B - C L  c h r o m a t o g r a p h y  9 6  6 0  1 . 5 7 5  4 0  
A f f i n i t y  c h r o m a t o g r a p h y  79  2.7 2 9 . 3 0 0  3 3  

1 
3 .2  
5 .4  
7 .2  

31  
5 8 0  
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Fig.  3. P o l y a c r y l a m i d e  gel e l ee txophores i s  o f  neutxal  mal tase .  The  e l ec trophores i s  was  carried o u t  at 5 
m A / t u b e  w i t h  gels o f  8 X 0 .5  c m  ( 3 0  p g  o f  puri f ied prote in) .  A ,  C o o m a s s i e  bril lant blue  R 2 5 0  s ta in ing ;  B, 
periodic  ac id-Schi f f  staining; TD,  tracking dye .  

Fig.  4. Elut ion  pat tern  o f  the  neutral  mal tase  on  the c on tro l  c o l u m n  ( A )  and on aff ini ty  c o l u m n  (B, C). 
The c o l u m n s  (1 × 2 .5  c m )  w e r e  equi l ibrated and w a s h e d  w i t h  0.1  M s o d i u m  pho spha te  buffer ,  p H  7.0 .  
Elut ion  o f  adsorbed prote ins  was  carried o u t  w i t h  a l inear 0 . 2 5 - - 0 . 5  M NaC1 c o n c e n t r a t i o n  gradient  (A, C) 
or w i t h  0.1  M p - a m i n o p h e n y l - f l - D - m a l t o s i d e  (B).  F l o w  rate 1 0  m l / h ;  fract ions  2 .5  m l  (A,  C), 2 m l  (B). The 
arrow indicates  the  p o i n t  at w h i c h  the  e lu t ion  by l igand ( 1 0 0  m M )  wa s  started.  

phoresis. The other proteins were eluted at the same concentration (0.34 M) as 
described above. The maltose did not desorb the enzyme even at high concen- 
tration (0.15 M); interestingly again, no glucose was detected in the eluate, 
showing that the adsorbed enzyme do not exhibit maltase activity. 

Molecular properties 
The purified enzyme gave a single peak with pI = 4.1 when subjected to iso- 

electric focusing (Fig. 5). The molecular weight of  the enzyme was estimated 
by filtration on Ultrogel AcA 2/2. A value of  280 000 was found. The sedimen- 
tation coefficient of  the enzyme determined by sucrose density centrifugation 
was found to be 10 S. 

Kinetic properties 
The enzyme was shown to be able to catalyze the hydrolysis of  disaccharides 

with various s-linkages: kojibiose (~-1,2), nigerose (~-1,3), maltose (~-1,4) and 
isomaltose (~-1,6). However, it had no action on trehalose (~-1,1). The enzyme 
was also completely devoid of  cellobiase (fl-l,4) and sucrase activities. Moreover 
the enzyme was able to hydrolyze oligo- and polysaccharides as (~-1,4) malto- 
oligosaccharides and starch. The V/Km ratio shows that maltotetraose is the 
best substrate. Synthetic substrate as p-nitrophenyl-~-D-glucopyranoside was 
also hydrolyzed by the enzyme. The kinetic constants for the above substrates 
are summarized in Table II. 
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Fig. 5. I soe lec t r i c  focusing: o f  the  p u r i f i e d  m a l t a s e .  The  e l e c t r o f o c u s i n g  r u n  was  car r ied  o u t  a t  500  V fo r  
60  h a t  4°C.  T h e  sample  c o n t a i n e d  85  # g  of  p u r i f i e d  e n z y m e .  A f t e r  s e p a r a t i o n  of  c o n t e n t  o f  the  c o l u m n  
i n t o  1 ml  f r ac t ions ,  p H  and  ma l t a se  ac t iv i ty  were  m e a s u r e d .  

No substrate inhibition was observed with maltose up to 50 mM concentra- 
tion. In contrast, strong substrate inhibition was observed with the oligo- 
saccharides at concentrations exceeding 0.2 mM. The K i value determined for 
the maltotriose at inhibitory concentration was 7 • 10 -4 M. The effect of vari- 
ous compounds previously described as ~-glucosidase inhibitors was tested on 
maltase and glucoamylase activities of the purified enzyme and the mode of 
inhibition was determined (Table III). Interestingly, the p-aminophenyl-~-D- 
maltoside, our chromatography ligand, was found to act as a mixed inhibitor of 
maltase activity. 

Mixed-substrate studies showed that  hydrolysis of maltose was competitively 
inhibited by starch. Maltose and starch inhibited competitively the hydrolysis 
of p-nitrophenyl-~-D-glucopyranoside. In each case the Ki values were very 
close to K m values for these substrates (0.53 mM for maltose and 0.50 mg/ml 
for starch to compare with 0.45 mM and 0.40 mg/ml, respectively) (Table III). 

T A B L E  II  

K I N E T I C  C O N S T A N T S  ( K m )  A N D  M A X I M U M  V E L O C I T Y  (V)  F O R  V A R I O U S  S U B S T R A T E S  

V is e x p r e s s e d  as # too l  l inkage  h y d r o l y z e d / m i n  per  m g  p ro t e in .  

S u b s t r a t e s  K m ( m M )  V V / K  m 

Treha lose  (~-1,1)  - -  - -  - -  

Ko j ib io se  (~-1,2)  8.3 25  3 
Nigerose  (a -1 ,3 )  3.3 31 9 .5  

Mal tose  (a -1 ,4 )  0 . 4 5  66 146 .5  
Isomaltose (~-1,6)  13 1 0 .08  
P - N i t r o p h e n y l  ~°D- 2.7 15 5 .56 

g l u c o p y r a n o s i d e  

Mal to t r io se  0 .18  110  613 .3  
M a l t o t e t r a o s e  0.1 83 830  
M a l t o p e n t a o s e  0 .14  47 336  
S ta rch  0 .4  * 22 .5  - -  

* K m e x p r e s s e d  as m g / m l .  
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TABLE III 

KINETIC PARAMETERS OF INHIBITORS ON MALTASE AND GLUCOAMYLASE ACTIVITIES 

Values of inhibition constants are in mM. M, mixed; C, competitive; NC, non-competitive; NI, no inhibi- 

tion. 

Subs t r a t e s :  Mal tose  S ta rch  p - N i t r o p h e n y l - ~ - D -  
g l u c o p y r a n o s i d e  

I n h i b i t o r s  I n h i b i t i o n  K i I n h i b i t i o n  K i 
m o d e  m o d e  

Tr is  M - -  

Tuxanose  C 9 .15  
Ph lor iz in  NC 0.5  
Treha lose  NI  - -  
p - A m i n o p h e n y l - ~ - D -  M 

m a l t o s i d e  
S t a r ch  C 0.4  * * *  

Mal tose  

M 

C 22.6 
NC 0.5 
C 43 

C K i = 0 . 5  * 
C K i = 0 .53  

* K i exp re s sed  as m g / m l .  
** V e x p r e s s e d  as the  a p p e a r a n c e  o f  [ U - 1 4 C ] g l u c o s e  f r o m  [ U - 1 4 C ] m a l t o s e  h y d r o l y s i s  vs. t ime .  

Effect of  pH on maltase and glucoamylase activities 
The effect  of  pH on maltase and glucoamylase activities was investigated in 

the buffer of  Teorell and Stenhagen [30].  As shown in Fig. 6a, the pH optima 
were 6.25 and 6.0 for maltase and glucoamylase activities, respectively. The 
effect  of  pH on enzyme stability was studied after 60 min incubation at 37°C 
in a 2--12 pH range. At pH 6--9, the enzyme activities were over 80% of the 
initial (Fig. 6b). 
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Fig.  6. pH  ac t iv i ty  (A)  and  s tab i l i ty  (B) curves  o f  ma l t a se  (A) and  g l u c o a m y l a s e  ( e )  act ivi t ies .  In  B, a f t e r  
60  m i n  a t  37°C each  f r a c t i o n  was  d i lu ted  in  0.1 M s o d i u m  ci tzate  b u f f e r ,  pH  6.2  and  the  ac t iv i t i es  were  

assayed.  

Fig.  7. P lo t  o f  K m and  V vs. p H  fo r  m a l t o s e  and  s t a rch  hydro lys i s .  V is e x p r e s s e d  in un i t s  o f  e n z y m e  act iv-  

i ty  p e r  m g  of  p r o t e i n .  
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We have studied the pH influence on V and Km for maltose and starch 
hydrolysis (Fig. 7). The plot  of  log V vs. pH of the two substrates shows a 
break at pH 5.7. The values of  pKm vs. pH for maltose and starch hydrolysis 
show a plateau in the pH range 5.3--7.0 and 5.2--6.8, respectively. 

Since the substrate is not  charged in this pH range, the bending points could 
be due to ionizable groups in the enzyme active site. In order to elucidate the 
nature of  these groups, we have studied the effect  of several chemical reagents 
capable of modifying the maltase activity. After  incubation with 25 mM 
N-ethylmaleimide no inhibition occurred, indicating the absence of accessible 
SH groups in the active site. The involvement of  the imidazole group site can be 
demonstrated particularly by carbethoxylat ion of the enzyme with diethyl- 
pyrocarbonate  [28].  With this compound,  an increase in absorption at 242 nm 
was observed, implicating the formation of  N-carbethoxyhist ine residues in the 
protein, bu t  no change in the enzyme activity could be detected,  indicating 
that  no imidazole group can be involved in the active site. When the enzyme 
was submitted to reaction with glycine ethyl ester in presence of  carbodiimide, 
the maltase inactivation rate followed pseudo-first-order kinetics. The inactiva- 
tion rate with carbodiimide alone was very close to those observed in presence 
of  both reagents (not  shown). In presence of turanose (50 mM), a competitive 
inhibitor of  maltase activity, the extent  of  inactivation was reduced, indicating 
that the carbodiimide acts also near or on the active site of enzyme (Fig. 8). 

Discussion 

We have purified to homogenei ty  the horse kidney neutral maltase by affin- 
ity column chromatography on immobilized p-aminophenyl-~-D-maltoside, a 
substrate derivative of  the enzyme. This choice was made after unsuccessful 
a t tempts  with ligands known as a-glucosidase inhibitors (Tris, Tricine, glucose). 
With our substrate derivative ligand no hydrolysis by maltase was observed 
during affinity chromatography in accordance with similar observations previ- 
ously described for affinity chromatographies of  other  glycosidases [15,31].  
The neutral maltase adsorption on the affinity column was due to specific 
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ligand-enzyme interactions as demonstrated by the elution experiments: (1) 
maltase was the unique protein desorbed when the enzyme was eluted with 
ligand; (2) when maltase was eluted by an ionic strength gradient, its activity 
was desorbed at an higher ionic strength in the affinity column as compared to 
the control column. In contrast unspecifically-bound proteins were eluted at 
similar and lower ionic strength in both experiments (Fig. 3). Elution by salt 
gradient was used instead of elution by ligand since the p-aminophenyl-~-D- 
maltoside can be synthesized in limited amounts and since after enzyme elu- 
tion the ligand elimination by dialysis proved to be very difficult. Moreover, 
the facts that: (1) no glucose could be detected in the eluate after the enzyme 
fixation; (2) the bound enzyme exhibits no more maltase activity; (3) the 
enzyme cannot be desorbed at high maltose concentration, would be consistent 
with the hypothesis that  the ligand-enzyme interactions were located in an 
area distinct from but near to the enzyme active site. These ligand-enzyme 
interactions, external to those which involve the substrate recognition site, have 
been already observed for glycosidases [31--33]. 

The purified enzyme is a glycoprotein with apparent Mr 280 000 and sedimen- 
tation coefficient 10S. The pI of  the neutral maltase was 4.1 as determined by 
isoelectric focusing and no charged isomer is found. The molecular properties 
of horse kidney neutral maltase appear not  very different from the correspond- 
ing enzyme of pig serum [34]. 

The enzyme is a glucosidase exhibiting a narrow specificity towards a-link- 
ages; although it is able to hydrolyze (~-1,2) and (~-1,3) linkages, the V/Km 
ratio shows that  it is mainly active towards (a-l ,4) linkages. It presents a great 
affinity and an important  hydrolytic activity towards maltooligosaccharides 
among which maltotetraose is the best substrate. It also hydrolyzes polysaccha- 
rides such as starch. With maltooligosaccharides but not  maltose, we observed 
a potent  inhibition brought about by substrates at concentrations (0.2 mM and 
above) lower than those required for other a-glucosidases [ 13,35,36]. 

Several observations are in favour of a unique catalytic site for maltose and 
starch hydrolysis; the variation of log V vs. pH showed that  an ionic group of 
pK 5.7 is involved in starch and in maltose hydrolysis. Such a group has already 
been described for the hydrolysis of these substrates in the case of gluco- 
amylase from rabbit intestine [35]. Maltase and glucoamylase activities are 
inhibited by phlorizin in a non-competitive manner with identical dissociation 
constants; the neutral a-glucosidase from human kidney also exhibits such a 
property [ 13]. 

The competit ion observed between maltose and starch substrates could be 
related either to close proximity and consequently to interactions between the 
recognition sites of  substrates or to the identity of these recognition sites. The 
intervention of two ionizable groups with the same pK for the fixation of mal- 
tose and starch agrees well with the postulated existence of a common fixation 
site for both substrates. However, the different action of trehalose on maltase 
and glucoamylase activities suggests the existence of several subsites. The starch 
fixation requires one or several subsite(s) implicated in the maltose and trehalose 
fixation, but the maltose fixation subsite(s) is(are) independent of  the trehalose 
site(s). Similar results were obtained for neutral ~-glucosidase from human kid- 
ney [ 13 ] and glucoamylase from rabbit intestine [ 35]. 
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Plots of  PKm vs. pH give information on the ionizable groups participating 
in the active site [37] .  These plots curved near pH 5.2 and 6.9. In order to 
elucidate the nature of  these ionizable groups, several chemical modifications 
on the enzyme were performed. Diethylpyrocarbonate and N-ethylmaleimide 
treatments demonstrate the absence of  imidazole and sulphydryl groups in the 
active site, respectively. Enzyme treatment with carbodiimide leads to a 
decrease of  its maltase activity; this inactivation was lowered when a competi-  
tive inhibitor such as turanose was added before reaction with carbodiimide. 
Therefore one carboxyl group is probably located in the active site; a pK value 
of  5.2 could be assigned to this group. Since no imidazole or sulphydryl group 
can be detected in the enzyme active site, the pK value at 6.9 could correspond 
to a second carboxyl group with an unusually high pK value. Such a pK has 
been already described for a lysozyme [38] ,  ~-mannosidase from Phaseolus 
vulgaris [ 28] ,  sweet almond ~-glucosidase [39] and has been postulated for the 
rabbit small intestine sucrase isomaltase [40] which present similar pK values. 
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