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ON T H E  D I F F E R E N C E  BETWEEN fl-GLUCOSIDASE AND fl-GALACTOSIDASE 

by 

STIG VEIBEL, JORGEN WANGEL, AND GREGERS OSTRUP 

Chemical Laboratory of the University, Copenhagen (Denmark) 

The question of enzyme specifity has frequently been discussed. Among the 
glycosidases HELFERICH and his co-workers (for literature, see VEIBEL 1) have parti- 
cularly investigated almond emulsin from sweet almonds in order to find out how many 
different glycosidases this product contains. From his experiments HELl;ERICH has 
concluded that  the catalysis of the hydrolysis of fl-glucosides and of fl-galactosides 
is brought about by one and the same enzyme, as the treatment of the almond emulsin 
with different purifying or damaging agents causes identical procentual alterations 
in the fl-glucosidatic and the fl-galactosidatic faculties of the enzyme preparation. 
Continuing these experiments HELl;ERICH and his collaborators found in alfalfa seed 
emulsin and in coffee emulsin (HELFERICH and ¥ORSATZ 3, HILL S) enzymes which were 
able to bring about the hydrolysis of fl-galactosides but not of fi-glucosides, and HEL- 
l'ERICH concluded from this that two different fl-galactosidases must exist, one present 
in almond emulsin being identical with fl-glucosidase, whereas the other, present in 
alfalfa seed elnulsin, is different from this enzyme. 

On the other hand, other investigators (ANTONIANI 4, VEIBEL, MOLLER, and 
WANGEL 5) found enzyme preparations which were able to hydrolyse fl-glucosides but 
not fl-galactosides. This necessitates either the adoption of two different fl-glucosidases 
as well as two fl-galactosidases, or the assumption that fi-glucosidase and fl-galactosidase 
are in reality two different enzymes but that  they are so closely related that  the action 
of purifying or damaging operations on the two enzymes is parallel. 

This latter explanation seems to us the most natural  as it, with the assumption 
of only two different enzymes, makes comprehensible that  the relation between the 
velocities of hydrolysis of fl-glucosides and of fl-galactosides may vary  within very 
broad limits with emulsin preparations of different origin, the limits being extended 
by the experiments just mentioned to cover the range from o~ to o. 

The velocities regarded in this discussion are exclusively defined as the mono- 
molecular velocity constants of hydrolysis, kobs, calculated directly from the experi- 
mental results. VEIBEL and LILLELUND 6, 7 have, however, called attention to the fact 
that  a more correct picture is obtained by comparing not the kobs-values but the k 3- 
values, the velocity constants of fission of the enzyme-substrate-compound formed 
according to the MICHAELIS-MENTEN theory 8. In order to calculate the k3-values it 
is necessary to determine the ,,affinity constants" Ks,  K,,1 and K,, 2, which are the 
dissociation constants of the complexes formed by the enzyme with the glucoside 
(K,,), the carbohydrate (K,nl) or the aglycone (K,,2) respectively, k s is then, according 
to VEIBEL and LILLELUND, calculated from the expression 

k8 = kob, (K,, + c + Kn,/Kmh.c h + (Kn,/K,n, + Kn,/K,~ 2 - -  I)x)/e (sal. f.) 

The term Km/Km h accounts for the influence on the ko0s-Values of the presence 
of an inhibiting substance h with affinity constant Km a in the concentration ca, pro- 
vided the inhibition is competitive, koa s has to be calculated from point to point, and 
References page I38. 
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x is the mean value of the molar concentration of the products of hydrolysis in the 
two points used for the determination of kob s. e as usual means quanti ty of enzyme 
(in g) in 50 ml solution, and sal. f. is used to express the force of the enzyme preparation, 
determined either with salicin as substrate (JosEPHSON 9, WEIDENHAGEI~10 ) or with 
o-cresol-B-d-glucoside as substrate (VEIBEL and LILLELUND n). 

Obviously this expression for the enzymic force has no real significance for fl-galac- 
tosidase if this enzyme is different from ~-glucosidase, and especially it does not allow 
the comparison of the fl-galactosidatic action of enzyme preparations of different origin. 
HELFERICH has, however, as mentioned above, shown that  the relation between the 
~-glucosidatic and the p-galactosidatic action of almond emulsin is independent of 
the degree of purity of the enzyme preparation, and consequently the sal. f.-value 
may for these preparations be used also for a comparison of the ~-galactosidatic actions. 

By comparing the k3-values instead of the kobs-values two advantages are 
gained, as (I) the glycoside concentration may be chosen at will, k 8 being independent 
of the glycoside concentration, whereas kob,, according to the expression (I), is depen- 
dent on this concentration in a rather complicated w ay ;  and (2) the possibility of 
being independent of the colloidal carrier, seat Of the prostetic group which may be 
regarded as the real hydrolyzing agent, is augmented. It  seems natural to presume that  
the ,,affinity" between substrate and enzyme is dependent on the structure both of 
the prostetic group and of the colloidal carrier, and whereas it appears likely that  the 
prostetic group of a certain glycosidase is independent of the source of the enzyme, 
it is quite as likely that the colloidal carrier is different from plant to plant. In this 
way the Kin-values for enzymes of different origin become different and as K,, is 
used for the calculation of k 3, this latter constant may become independent of the 
source of the enzyme. 

In a previous paper VEIBEL and LILLELUNI~ 7 have examined the/~-glucosidatic 
properties of almond emulsin and the variation of these properties with pn and with 
the composition of the buffer solution. As substrate o-cresol-/~-d-glucoside was used. 
It  was found that  the pH-optimum was not the same in an acetate buffer as in a phos- 
phate-citrate buffer. The affinity constant, as expected, was dependent on p~ and 
also on the composition of the buffer solution. One peculiarity was noted, namely 
that  at pn-optimum the kobs-value is greater in phosphate-citrate-buffer than in acetate 
buffer, whereas the k3-value, on the contrary, is greater in acetate buffer than in phos- 
phate-citrate buffer. I t  does not seem as if the different actions of the buffer solutions 
are caused by differences in salt concentration or in ionic strength of the buffer solutions. 

In this paper we describe a repetition of these experiments using o-cresol43-d- 
galactoside as substrate instead of o-cresol-B-d-glucoside. The results are to a certain 
degree analogous with the results obtained in the previous investigation. Below the 
mean values are given in tables and curves and, to facilitate a comparison, some of 
the  curves previously found are also reproduced. 

EXPERIMENTAL PART 

Substvates. o-Cresol,~-d-galaaoside was prepared as indicated by HELFERICH and 
SCHMITz-HxLL~BRECHX xs. I t  is very essential not to omit the purification of the galactoside- 
tetracetate by dissolving it in ether and reprecipitating it with petrol ether. By this proce- 
dure a small  quant i ty  of o-cresol-a-d-galactoside-tetracetate,  which cannot be separated 
Rel~ren*es page x38. 
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f r o m  t h e  f l - g a l a c t o s i d e - t e t r a c e t a t e  b y  s i m p l e  r e c r y s t a l l i s a t i o u  f rom alcohol ,  r e m a i n s  in  
t h e  l i q u i d  phase .  HELFERICtt a n d  SCHMITZ-I-IILLEBRECHT i n d i c a t e  M.P.  113- I I4  °, [ a i d  = 

2 0  ° 
- - 4  ° (CHClt) .  W e  f i n d M . P .  116-117 ° , l a i d  = - - 5 . 9  ° (CHC1 s , c  = 2.215, 1 = 2 , ~  = 

- -0 .260) .  
The  e n t a c e t y l a t i o n  was  ca r r i ed  o u t  b y  t h e  m e t h o d  of ZEMpLEN a n d  P A s c u  1~ 

HELFERICH a n d  SCHMITZ-HILLEBRECHT i n d i c a t e  for  t h e  ga l ac to s ide  M.P.  193-195 ° a n d  
2 0  ° 

[a]D --  - - 4 3 . 3  ° (H20) .  W e  f ind  t h e  s a m e  M.P.  b u t  [a]  D = - - 4 0 . 5  ° (H=O, c = 3.542, 

1 = 2, a = - -2 .87° ) .  T he  ga l ac to s ide  seems  to  r e t a i n  one  molecu le  of w a t e r  v e r y  t e n a -  
ciously.  193-195 ° is t h e  M.P.  of t h e  a n h y d r o u s  ga lac tos ide ,  - -  43.3 ° i t s  spec i f ic  r o t a t i o n ,  
w h e r e a s  - - 4 o . 5  ° is t h e  speci f ic  r o t a t i o n  of t h e  ga l ac to s ide  w i t h  i tool  H 2 0 .  

o-Cresol-f l -d-glucoside was p r e p a r e d  b y  c u r r e n t  m e t h o d s  a n d  s h o w e d  t h e  c o n s t a n t s  
i n d i c a t e d  in  t h e  l i t e r a t u r e .  

Enzyme. T h e  e m u l s i n  used  was  a p r e p a r a t i o n  of a l m o n d  e m u l s i n  ( M E R C K ) ,  i d e n t i c a l  
w i t h  t h e  p r e p a r a t i o n  used  in  t h e  p r e v i o u s  i n v e s t ! g a t i o n  of o-cresol-f l -d-glucoside.  

Buffer-solutions. T h e  a c e t a t e  buf fers  were m i x t u r e s  of o . I  n ace t i c  ac id  s o l u t i o n  
a n d  o.I  n s o d i u m  a c e t a t e  so lu t ion ,  t h e  p h o s p a h t e -  c i t r a t e  buf fers  were  m i x t u r e s  of 0.2 m 
d i s o d i u m  p h o s p h a t e  s o l u t i o n  a n d  o. i m c i t r i c  ac id  s o l u t i o n  as i n d i c a t e d  b y  Me. ILVAINE xl 

Method. As usual ,  s a m p l e s  to  5 ml  were  t a k e n ,  t h e  e n z y m i c  a c t i o n  in  t h e  s a m p l e s  
was  s u p p r e s s e d  b y  m i x i n g  w i t h  i ml  2 0 %  K=COs-so lu t ion  a n d  t h e  r o t a t i o n  d e t e r m i n e d  
a f t e r  2-3 h o u r s  ( M u t a r o t a t i o n ) .  T h e  speci f ic  r o t a t i o n  of t h e  ga l ac to s ide  a n d  of ga lac tose  a t  
PH lO.5-1o.6 ( the  PH of t h e  s a m p l e s  a f t e r  m i x i n g  t h e m  w i t h  KaCOs-so lu t ion)  were  de t e r -  
m i n e d  in  s e p a r a t e  e x p e r i m e n t s .  

i. Determination of pH-Optimum. 
The  r e su l t s  are  g i v e n  in  T a b l e  I a n d  Fig. I. I n  al l  e x p e r i m e n t s  a ga l ac to s ide  concen-  

t r a t i o n  o.04oo m was  used.  

T A B L E  I 

PH 3 .6 
xo~.kobs Acetate  66.2 

e (sal. f.) Phospha te  62.2 

4 . 0  

72.9 
88.2 

4.4 4 .8 
8I. 5 92. 7 

lO 4 Io8 

5.z 5.6 
98.0 94. I 

xox 89.6 

102 k/e (eoL f) I-IT I0% (sol t.) . ~ -~"  

II0 

90 

70 

50 

II00 

gO0 

700 

J P ~ r  500 

3.6 ~.0 ~.~ 4.e 5.2 5.6 PH 

As seen  f r o m  Fig.  I t h e  p H - o p t i m u m  is d i sp l aced  a l i t t l e  t o w a r d s  h i g h e r  p r I -va lues  

Fig.  I. 
I : o -Creso l -B-d-ga lac tos ide .  

I I  : o-Cresol-13-d-galactoside.  
I I I :  o-cresol-13-d-glueoside.  
I V  : o-Cresol-13-d-glucoside.  

o A c e t a t e  buf fe r .  
• P h o s p h a t e - c i t r a t e  b u f f e r .  

w h e n  c o m p a r e d  w i t h  t h e  va lues  v a l i d  for  f l -glucosidase.  Th i s  is t h e  case. in  t h e  a c e t a t e  
bu f f e r  as  wel l  as  in  t h e  p h o s p h a t e - c i t r a t e  buffer .  No s i g n i f i c a n t  d i f fe rence  in  t h e  s h a p e  
of t h e  c u r v e s  for  t h e  t w o  g lycos idases  seems  t o  ex i s t .  T h e  v a l u e  of kot~/e for  t h e  ga l ae to s ide  
is a b o u t  i ]7  of t h e  v a l u e  of  ka~[e  for  a n  ocresol -p-d-g lucos ide  so lu t i on  of t h e  s a m e  con-  
c e n t r a t i o n .  

References page 138. 
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2. Determination of Km. 

K m was  d e t e r m i n e d  a t  3 d i f f e r e n t  pH-Values, in  a c e t a t e  bu f f e r  a t  PH 3.6, 5.2 a n d  
5.6, in  p h o s p h a t e - c r i t a t e  buf fe r  a t  Pi t  3.6, 4.8 a n d  5.6. T a b l e  I I  a n d  Fig.  2 s h o w  t h e  resu l t s .  
( D e t e r m i n a t i o n  a c c o r d i n g  to  VEIBEL a n d  LILLELUND e ) .  

T A B L E  I I  
DRTRRMINATION OF I ~  

CGalacffosidt 

0 . 0  I O 0  m 

0 . 0 2 0 0  m 

o.o400 m 
o.o6oo m 
o.o8oo m 
o.1ooo m 

PH 3 .6 

1.o6 
I .o 9 
1.35 
1.57 
1.8o 
2 . 0 2  

0.077 

Acetate  
sal. i . )k tob s 

PH 5.2 PH 5 .6 

o.75 o,66 
0.84 0.75 
LO 4 I .o 3 
1 ,22  1 , i 8  

z.49 z.41 
1.61 1.59 

o.o63 o.o59 

Phospha te -c i t ra te  
e (sa]. f.)/k'ob , 

PH 3 .6 

0.82 
1.o8 
1.35 
x.6x 
1.8o 

o.o55 

PH 4 .8 

o.6I 
0.76 
0.93 
I . I I  

1.34 
1.47 

0.053 

PH 5 .6 

0.79 
0.94 
x.o8 
1.37 
1.76 
1.86 

0.056 

(0.0944 m) 

200 

1.80 

I~0 

t40 

080 

QeO 

~40 

020 

aog 

/ 
a07 

I + A c e t a t e  b u f f e r  pH 3,6 
I I  x A c e t a t e  b u f f e r  FH 5,2 

I I I  1-I A c e t a t e  b u f f e r  pH 5,6 

I 

f 

: 

005 003 00! OOt 003 (Z05 0.07 aOg 

Fig.  2. o-Cresol-13-d-galactoside.  I ~ - v a l u e s .  
I V  o P h o s p h a t e - c i t r a t e  b u f f e r  pH 3,6 

V , P h o s p h a t e - c i t r a t e  b u f f e r  p ~  4,8 
VI  • P h o s p h a t e - c i t r a t e  b u f f e r  pH 5,6 

Re/~owes page r38. 
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Fig. 3 shows the corresponding values for o-cresol-~-d-glucoside (VEIBEL and LILLE- 
LUND 1). 

• oo/. O/k~b,. 

£4 

/ V O "  , /  f LO0 • 

. 

0,09 007 005 0.03 QOI GOt (103 0.05 007 
t% .gV---- ~ C 

Fig. 3. o-Cresol-B-d-glucoside Kin-values. 

I + Aceta te  buffer pH 3,6 V o Phospha te -c i t ra te  buffer pH 3,6 
I I  × Aceta te  buffer pH 4,4 VI • Phospha te -c i t r a t e  buffer pH 4,4 

I I I  I2 Ace ta te  buffer ptI 5,o VI I  • Phospha te -c i t r a t e  buffer pH 5,6 
IV  A Aceta te  buffer pH 5,6 

3. Determination of  Kmx. 

As usual,  I ~ t  was determined by  inves t igat ion of the  veloci ty  of hydrolysis  of 
solutions of the  galactoside which besides galaetoside contains galactose in increasing 
concentrat ion.  The expression (II) allows then the calculat ion of I~h ,  h being the inhi- 
r ing  substance present  in the  concentrat ion c h. 

Kin.% 
Kmh = (Km + c) (k'obs/k'obsh - -  I) (II) 

Table  I I I  gives the  resul t  a t  3 different pH-values. 

Re]evence~ #a~e x38. 
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CGalavto~le I 

T A B L E  I I I  

D E T E R M I N A T I O N  O F  X m l  

k/k --i I k/k --i  'ob. K.x k'ob. r- l k'ob, K.1 cGataa. .c~,,~,. lee.,, , , .  
Acetate buffer. Substrate o-Cresol-fl-d-galactoside 0.0400 m 

O . O O  

O . O I  

0 . 0 2  

o.o4 
0.o8 
O . 1 2  

PH 3 .6 K m =  0.°77 PH 5 .2. Km = 0.063 PH 5 .6. Km = 0.059 

71.9 
72.3 
68. 4 
68. 4 
62,8 
55-9 

-o.6 
2.6 
1.3 
1.8 
2. 4 

o.41 

94.0 
98.5 
96.5 
92.I 
94.0 
87. I 

m 

m 

m 

o. 7 

0.87 

81. 4 
78.6 
76.3 
75.2 
68. 5 
77.2 

2.8 
3-5 
2 . I  

2.4 
0.5 

0.26 

average 1.5 0.7 2.3 

Phosphate-citrate buffer. Substrate o-Cresol-fl-d-galactoside 0.0400 m 

PH 3 .6. Km = °.°54 PH 4 .8. I ~  = 0.054 PH 5.6. Km = 0.054 

O . 0 0  

O . O I  

O . O 2  

o.o 4 
0.08 
0 .  I 2  

62. 3 
59.5 
54.6 
58.8 
59.6 
63.7 

4.7 
7.I 
-r. 5 
0.6 

-0.2 

IOO. I 

98.z 
94.6 

o.2i 93.4 
95.o 

I l l . 9  

' 2 . 0  

2.9 
1.8 
0. 7 

-0. 9 

0.44 

79. x 
71.5 
79.5 
63.2 
78.5 
64.3 

m 

I I .O 

-o. 3 
6.3 
O. I  

1.9 

average 2. 7 I. 3 3.8 

o.15 

The prec is ion  of t he  d e t e r m i n a t i o n  of t he  k'ob,-values is no t  as g rea t  as in t he  
cor respond ing  e x p e r i m e n t s  w i t h  o-cresol-f l-d-glucoside as subs t ra te ,  t he  solut ions  n o t  being 
c lear  enough  to  a l low t h e  read ings  in 2 d m  tubes ,  b u t  on ly  in z dm tubes.  The  cause  is 
p a r t l y  tha t ,  in o rder  to  get  a ye loc i ty  of hydro lys i s  suf f ic ien t  to  ca r ry  t h e  expe r imen t s  
t h r o u g h  in one day,  i t  is necessary  to  use some 5 t imes  so m u c h  emuls in  as in t he  glucoside-  
expe r imen t s ,  and p a r t l y  t h a t  the  ga lac tos ide  p r e p a r a t i o n  avai lable  d id  no t  y ie ld  a pe r fec t ly  
c lear  solut ion.  The  i m p u r i t y  could  no t  be e l i m i n a t e d  by  rec rys ta l l i sa t ion .  The  inaccuracy  
is u n m i s t a k e a b l e  espec ia l ly  a t  t he  p H - o p t i m u m  where  t he  i nh ib i t i on  is m i n i m u m ,  be ing  in 
ace ta t e  buffer  so g rea t  t h a t  t h e  ve loc i t y  cons t an t s  are  iden t ica l  w i th in  t he  l im i t s  of er ror  
up  to  o.o8 m galactose.  I n  th is  in s t ance  we have,  therefore ,  ca lcu la ted  t h e  K ~ t - v a l u e s  
f rom t h e  ve loc i t y - cons t an t s  in t he  so lu t ion  w i t h o u t  ga lac tose  and  in t he  so lu t ion  o. z2 m 
wi th  r ega rd  to  galactose.  Much c red i t  c anno t  be ascr ibed  to  a va lue  found  in th is  way,  
b u t  t h e  e x p e r i m e n t  shows c lear ly  t h a t  t he  a f f in i ty  be tween  the  g lycos idase  and  ga lac tose  
is v e r y  sl ight .  

A t  t he  o the r  pH-values  e x a m i n e d  the  a f f in i ty  is g rea te r  and  for t he  ca lcu la t ion  of t he  
m e a n  va lue  of k/kh-z we h a v e  m a d e  use of al l  t h e  e x p e r i m e n t a l l y  found values,  even  if 
some of t h e m ,  on accoun t  of e x p e r i m e n t a l  error,  are found  to  be  nega t ive .  

The  m a i n  resu l t  of t he  i nves t i ga t i on  is t h a t  a t  al l  even t s  ga lac tose  does no t  i nh ib i t  
t h e  hydro lys i s  of f l -galactosides as m u c h  as t he  hydro lys i s  of fl-glucosides is i nh ib i t ed  b y  
glucose. N o t  on ly  t h e  Krnx-values are  d i f fe ren t  in t h e  t w o  cases, b u t  also the i r  pH-depen-  
dence.  

Releremes page x38. 
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4. Determination of Kin2. 
TABLE IV 

DETERMINATION OF Kin2 

I I k, k i l ,kl k' k /kh- - I  Kin2 k'obs Krnz k'obs Kin, ccresol obs act" ~ ccr" 

Acetate buffer. Substrate o-Cresol-fl-d.galactoside 0.040o m. 

PH 3.6. Km = o.o77 PH 5.2. Km = 0.o63 PH 5 .6. K~ = o.059 

O.00 

0.0I 
0.02 

0.04 
o.08 
O. I2 

75.9 
67.8 
58.9 
40.7 
28. 7 
19.8 

I2.1 

14.6 
21. 7 
20.6 
23.7 

average 18. 5 

0.036 

90.5 
75.9 
65.2 
52.5 
38.2 
25.1 

20.0 
I9.4 
i8. i  
I7.2 
21.8 

19.3 

0032 

82.6 
77.1 
65.0 
56.4 
37.6 
25.2 

7.2 
13.2 
I1.6 
15.O 
19.o 

13.2 

o.o45 

Phosphate-ci t rate  buffer. Substrate o-Cresol-fl-d-galactoside o.o4o0 m. 

O.OO 
O.OI 
0.02 
O.O 4 
O.O8 
0.12 

PH 3 .6. K m =  0.054 

6I.I 
57.2 
47.4 
41.2 
36.4 
21.6 

6. 7 
14.3 
12.1 
8.5 

15.2 

o.o51 

PH 4 .8. Km = 0.054 

27.6 
17.2 
16.2 
lO.9 
lO.3 

0.035 

PH 5 .6. K m =  0-054 

IO4.8 
81.9 
78.0 
63.6 
55.9 
52.9 

21.8 
15.o 
12.6 
20.5 
19.5 

80. i 
65.2 
61.6 
53.2 
30.4 
24.0 

average 11. 4 16.4 17.9 

0.033 

The  d e t e r m i n a t i o n  of Y ~ s  is qu i t e  ana logous  to  t h a t  of K~I ,  t h e  i n h i b i t i n g  sub-  
s t ance  be ing  o-cresol  i n s t e a d  of galactose .  Tab le  I V  con ta ins  t h e  ma t e r i a l  for t h e  calcula-  
t i o n  of King. 

The  d e p e n d e n c e  on t h e  c o m p o s i t i o n  of t h e  buf fe r  so lu t ion  a n d  on  PH is m u c h  l ike 
t h a t  f o u n d  for  o-cresol-f l -d-glucoside.  The  i n h i b i t i o n  is ve ry  s t r o n g  a n d  seems  to  be to  t h e  
g r e a t e s t  e x t e n t  compe t i t i ve .  Only  in a ce t a t e  buf fe r  a t  PH 3 .6 can t h e  q u es t i o n  of a non-  
c o m p e t i t i v e  i n h i b i t i o n  arise. 

TABLE V 
K~-VALUES FOR O-CRESOL-~-D-GALACTOSIDE 

i 
PH 3 .6 4 .0 4.4 I 4'8 5.2 5.6 

Acetate-buffer 

K m 

K~I 
Km~ 

Y~/K.1 

I%/I%, 1 + K./K~--I 

0.077 
o.41 
0.036 
o.19 
2.14 
1.33 

0.074 
0.65 
0.028 
O,II 
2.64 
1.75 

0.070 0.066 
0.87 0.97 
0.026 0.027 
0.08 0.07 
2.69 2.44 
1.77 1.5I 

Krtl 
Km I 

Kin2 
Km / Kra l 

K./K~, 
Kra/Kral + Km/Kra2--I 

0.o54 
o.21 
o.o51 
0.26 
I.O8 
o.34 

0.054 
0.28 
0.046 
o.19 
1.I 7 
0.36 

Phosphate-citrate-buffer 

0.054 0.054 
0.36 0.44 
o.o41 0.035 
O.15 O.12 
1.37 1.51 
O.47 O.63 

0.063 

0.87 
0.032 
0.07 
1.97 
1.04 

0.054 
0.42 
o.o31 
o.13 
1.74 
0.87 

0.059 
0.26 
0.045 
0.23 
1.31 
0.54 

0.054 
0.15 
0.033 

0.37 
1.68 
I.o 5 

Re/erences page 138. 



VOL. I (I947) fl-GLUCOSIDASE AND fl-GALACTOSIDASE 133 

°06 = / 
IF--  ;_~" 
]Z;r "~ 005 / ~ ' ,  0~0 

0.02 / . • 0.20 

0.0! ~ 010 

/Cm! 

a g o  

3.0 4.0 4.4 4.8 ,~.2 ,5.6 pl./ 

Fig. 4" o-Cresol-p-d-galactoside. K ~  x values. 

I Km Acetate buffer IV Km Phosphate-ci trate buffer 
I I  K,~ 1 . . . .  V Kin1 . . . . . .  

I I I  Kin2 . . . .  ¥ I  K .  z . . . . . .  

I n  Table V and Fig. 4 we have collected all the results of these investigations.  
Table V also contains the value of the correction-term in the expression (i) at different PH. 
The K~-va lues  at such pH-values where no experimental  determinat ion exists have been 
found by graphical interpolation. They are, consequently, approximate,  as a curve deter- 
mined by only 3 experimental  points mus t  necessarily be very uncertain.  

In  Fig. 5 we have reproduced the corresponding curves for o-cresol-~-d-glucoside 
(VEIB]~L and LILLELUND 7). 

In  Table VI we have finally collected all results from experiments at PH 3.6, 4.8 
(or 5.2) and 5.6, indicat ing the 1~  s as well as the ke-values. I t  is seen clearly tha t  
whereas the ko~,-values are strongly dependent  on the concentration, the ka-values are, 
allowing for a tolerable uncertainty,  constant.  The experiments are carried through by 3 
different experimenters within a period of 2 years. The constancy of k s is not, therefore, 
dependent  on the subjective readings of one single experimenter. 

In  the table the kob=-values in experiments with o.o4oo m galactoside solutions 
without  inhibi t ing substances are underl ined and the mean values of these constants  are 
gigen as well. 

Refe~e~es Pae, e z38. 3 
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0.09 ~- ago 

008 i 080 

ao7 

0.04 ! 

0.08 

aTo 

a6o 

S/=, ooso 
040 

/ r  

/ ~ / '  030 

aOl 010 

4.0 4.4 "*.8 5.2 ~6 6.0 PH 

Fig.  5. o -Creso l -p-d-g lucos ide .  Krax-values.  

I Km A c e t a t e  b u f f e r  I V  Km P h o s p h a t e - c i t r a t e  b u f f e r  
I I  I;mt . . . .  V ICml . . . . . .  

I I I  K~,, . . . .  V I  Kra2 . . . . . .  
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T A B L E  VI 

O-CR•SOL-fl-D-GALACTOSIDE. Kobs-AND Ks-VALUES. 

Ace ta t e -bu f fe r .  

PH 3 .6 PH 5 .2 PH .6 

CGalaxtose CGalaaose cCrtso| kobs k a kobs ka kobs ks 

0.0400 
O . O I O 0  

0 . 0 2 0 0  

o .o4oo  

0.06o0 
0.0800 
O. 1 OOO 

0 .0400  

0.0400 
o.o4oo 
o.o4oo 
0.0400 
o.o4oo 
o.o4oo 
o.o4oo 
o .o4oo  

o.o4oo 
o.o4oo 
0.0400 

O.OO 

O.OO 

O.OO 

O.OO 

O.OO 

O.OO 

O.OO 

O.OO 

O.OI 

O.O2 

0.04 
o.o8 
O . 1 2  

O.OO 

O.OO 

O.OO 

O.OO 

O.OO 

O O O  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

O.OI 

0 . 0 2  

o.o 4 
o.o8 
O . I 2  

66 
92 
88 
73 
61 

55 
47 
74 
71 
65 
65 
65 
58 
79 
6~ 

57 
44 
27 
19 

8.8 
8.2 
9.1 
9.I 
9.0 
9. I 
8.8 
9.2 
8.9 
8.3 
8.5 
9 . o  

8.5 
9-7 
9.7 
9.4 
9.o 
8.o 

7.1 

98 
I39 
I27 
98 
84 
68 
6o 
96 

I O O  

98 
92 
95 
82 
91 
75 
66 

57 
4 ° 
29 

i1 .8  
lO. 4 
I i . i  
I I.O 

.II.O 

xo. 4 
lO. 7 
lO.5 
I I . O  

IO.9 
lO.3 
lO.9 

9.7 
9.8 
9.6 
9.6 

1o.6 
lO.5 

9.8 

94 
I 5 5  

I 3 2  

101 
85 
7 I 
62 
89 
85 
78 
78 
71 
75 
87 
81 
66 

57 
42 
31 

I0.I 

Io.9 
lO.8 
lO. 3 
I O .  5 

lO.3 
1 0 . 2  

9 . 0  

8.9 
8.3 
8.7 
8.5 
9.6 
8.8 

9.3 
8. 4 
8. 7 
8.6 

7.9 

a v e r a g e  73 8.8 96 I0.5 93 9.4 

P h o s p h a t e - c i t r a t e  bu f fe r  

PH 3 .6 PH 4 .8 PH 5 .6 

0.0400 
O.OIO0 

0.0200 

0.0400 
6.0600 
0.0800 
O. IOOO 

0.0400 
0.0400 
0.0400 
o.o4oo 
0.o4o0 
o.o4o0 
o.o4oo 
o.o4oo 
o.o4oo 
0.0400 
0.0400 
0.0400 

0.00  

0 .00  

0 .00  

0 .00 

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

0 .00  

62 
I I I  

88 
71 
62 

55 

6 .  I 

7.3 
6. 7 
6.9 

7.3 
7.5 

108 
162 
i3o 
110 

89 

74 

I 

I I . 2  

lO.6 
I O . O  

1 0 . 9  

l O .  7 

IO. 4 

9O 
'.20 

ZII 

89 
72 

(55 
0 . 0 0  0 . 0 0  

0 . 0 0  0 . 0 0  

0 . 0 1  0 . 0 0  

0 . 0 2  0 . 0 0  

0 .04  0 .00  

0 . 0 8  o . o o  

O.  1 2  0 . 0 0  

0 . 0 0  0 . 0 0  

O.OO O . O 1  

O.OO 0.02 

0.00 0 .04  

o.oo 0.08 
O.OO O. 12 

62 5.9 
58 5.7 
6i  6.2 
61 6. 4 
61 7.1 
64 8.1 
64 6.1 
60 6. 3 

47 5.5 
43 5.8 
3 ° 5.3 
25 5.5 

7 I 

106 
I 0 1  

I 0 2  

99 
97 

zo 7 
IO0 

87 
82 
6o 

48 
34 

11.6 
lO. 4 

9.9 
I O , 2  

I 0 . 0  

1o.3 
12.O 

9.8 

9.7 
IO. 4 

9-4 
1o. 3 

9-3 

5 2 

84 
79 
87 
66 

73 
73 
75 
66 
64 
53 
33 
29 

9.7 
8 . 2  

8. 7 
9 . 0  

8.8 
8.7 
8.5 
8.4 
8.0 
9.2 

7.4 
9.4 

lO.3 

7.5 
7.6 
8.5 
8.8 
7.6 
8.5 

a v e r a g e  65 6. 4 106 zo. 4 85 I 8.6 

o.o, 44 m) 

ReJermces page i ~8. 
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DISCUSSION 

From the material given in this and the previous paper (VEIBEL and LILLELUND ~) 
describing experiments with o-cresol-fl-d-glucoside it seems possible to discuss the 
question of the identity or the non-identity of p-glucosidase and fl-galactosidase. For 
instance, the variation of the Kin:values with P~i may be compared (see Fig. 4 and 
Fig. 5)- It  is seen that a difference exists, but it is by no means excluded that it is caused 
either by inexactitude in the experiments or by differences in the colloidal carriers 
of the two glycosidases, the affinity between the enzyme and the substrate (or its 
components, carbohydrate and aglycone) being at all events part ly determined by 
the carrier. The pi~-dependence alone, therefore, does not permit a definite answer. 

If the kob,-values for 0.0400 m solutions of the two glycosides (the average 
values underlined in Table VI) are compared, the following values (Table vii) are found : 

TABLE VII  

kobs Glucoside 

kobs Galactoside 

PH 
Acetate 

Phosphate-citrate 

3.6 
8.4 

7.9 

4.0 
8.3 

7.4 

4.4 
7.8 

7. I 

4.8 
7.2 

6.5 

5.2 
6.8 

6.4 

5.6 
6.8 

6.3 

It  will be seen that the hydrolysis of the galactoside is favoured relatively at 
increasing pH-values both in acetate- and in phosphate-citrate-buffers, in accordance 
with the results in Table I, showing a pH-optimum for the p-galactosidase at a little 
higher value than for p-glucosidase. This may be due to different colloidal carriers 
in the two glycosidases. An assumption of two different enzymes is not required. 

On the other hand, if the k3-values are compared instead of the kob,-values, 
a result as indicated in Table VIII  is obtained. 

TABLE VIII 

ks Glucos~e 
lr~Galactosi~ 

PH 
Acetate 

Phosphate-ci t ra te  

3.6 
4.9 

Io. 5 

4.0 4.4 4.8 

3.6 

5.2 
4.2 

5.6 
4.5 

4.8 

Here the relation kst~vt./ksg~" for experiments in acetate buffer is rather 
independent of pH. The deviations may be explained in the same manner as the varia- 
tions in Table VII. For experiments in phosphate-citrate buffer, however, the variations 
of the relation with Pn are too great to be described as uncertainty. The experiments 
are better  understandable on the assumption of two different enzymes, causing the 
hydrolysis of the glucoside and the galactoside respectively. The two enzymes are 
not identical, but  very closely related. As mentioned previously this assumption 
allows a very simple explanation of the fact that  some enzyme preparations may 
catalyse the hydrolysis of fl-glucosides but  not of B-galactosides, whereas other cata- 
lyses the hydrolysis of fl-galactosides but not of p-glucosides. The two enzymes are 
usually found together in the enzyme preparations, but in a few cases, some of which 
have been mentioned above, only one or the other of the enzymes are found and 
consequently the hydrolysis of only one of the two r-glycosides takes place. 

Re/erences page 2"38. 
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Further  elucidation of the problem might possibly be obtained in examining 
the hydrolysis of a fl-glucoside in the presence of galactose and the hydrolysis of a 
fl-galactoside in the presence of glucose. If the two glycosidases are identical, the K**~_ 
value for glucose, determined with a fl-galactoside as a substrate, should be identical 
with the value found with a fl-glucoside as substrate, and the K,~ 1 g~to,e-value 
should be independent of the use of a fl-glucoside or a fl-galactoside as substrate. 

Table IX shows the results of such determinations. 

TABLE I X  

D E T E R M I N A T I O N  OF Krr;1 galaclose FOR ~ - G L U C O S I D A S E  AND Km. 1 glttcose FOR ~ - G A L A CT O SI D A SE  

Subs t r a t e  o-cresol-fl-d-glucoside.  
Ace ta te  buffer.  PH 3 .6. 

K m = 0.037 

Subs t r a t e  o-cresol-f l-d-galactoside.  
P h o s p h a t e - c i t r a t e  buffer.  PH 4 .8. 

K m = 0.053 

CGalactose 

0 . 0 0  

O.OI  

O.O2 

o.o4 
o.o8 
O. I 2  

k 'ob  s 

462 
486 
476 
467 
397 
416 

k / k H - - t  

CGalaxt. 

-4,7 
-1. 5 
-0.2 
2.I 
I.O 

Kml 

O0 

Cglusoee 

( 0 . 0  

~I  "0 

~ o ' o  

~,o'o 

~0"0 

I O ' O  

k 'ob s 

Io6 
Io 5 
Io3 

98 
95 
88 

k / k H - - I  

.CGlu¢. 

0.6 
1.4 
2.1 
1.4 
1.7 

Krnl 

o.4I  

average  -o.7 1.4 

K.1 g~c~,e, using glucoside as substrate, is o0 or at all events so great that  
the value cannot be determined, whereas with a fl-galactoside as substrate a value 
o.41 was found (see Table III).  Galactose practically does not inhibit the fl-glucosidase, 
whereas it noticeably inhibits the fl-galactosidase. 

Kr, I ~ucose, us ing  a fl-galactoside as substrate, is o.41. With a fl-glucoside as 
substrate a value o.21 was found (VEIBEL and LILLELUND 7). Glucose inhibits conse- 
quently the B-glucosidase to a somewhat greater extent than it inhibits the fl-galac- 
tosidase. 

If from the experiments described in Table IX  ks-values are calculated, once 
with identical Kr~x-values for glucose and galactose and then with the individual 
values found here, a result as listed in Table X is obtained. These results too, justify 
the assumption of two different enzymes. 

T A B L E  X 

H Y D R O L Y S I S  OF O-CRI~SOL-~-D-GLUCOSIDE,  H Y D R O L Y S I S  OF  O-CRESOL-f l -D-GALACTOSIDE,  

A D D I T I O N  OF GALACTOSE A D D I T I O N  OF GLUCOSE 

Kin1 = 00 Kin1 = o.4I Kr,,1 = o.41 Kin1 = o.21 

ka 41"3 45.7 Io.4 lO.8 
Average  
value 
p rev ious ly  42.7 lO. 4 
found 

Re/e~ences page X38. 
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SUMMARY 

The fl-glucosidase and the  fl-galactosidase of a lmond emulsin have been compared.  
The results  obtained,  especial ly the var ia t ion  of the  relat ion k S ez~os~ [ ka gah~o,~d, 

wi th  pH (phosphate-ci t ra te  buffer) are most  easily explained on the basis of two different 
glycosidases. The inhibi t ing  act ion of glucose and of galactose on the hydrolysis  of fl-glu- 
cosides and of fl-galactosides ca ta lysed by  almond emulsin also suggests t ha t  the two 
fl-glycosidases are different. 

R]~SUM]~ 

La fl-glucosidase et la fl-galactosidase de l '6mulsine d ' amandes  ont  6t6 compar~es. 
Les r6sul tats  obtenus et sp~cialement la var ia t ion  de la  relat ion k,gl~osld, ] k s g ~  

avec le PH ( tampon phosphate-c i t ra te)  s ' expl iquent  facilement si on suppose qu' il existe 
deux glycosidases diff6rentes. L 'ac t ion  inhibi t r ice  du glucose et  du galactose sur l 'hy-  
drolyse de fl-glucosides et de fl-galactosides catalys6e par  l '6mulsine d ' amandes  sugg~re 
aussi que les deux fl-glycosidases sont diff6rentes. 

ZUSAMMENFASSUNG 

Die fl-Glucosidase und die f l-Galaktosidase des Mandel-Emulsins  werden mi t  ein- 
ander  verglichen. 

Die Resul ta te ,  insbesondere die Aenderung der Relat ion ks a~,,kos~] ksa,~,~side 
mit  PH ( P h o s p h a t -  Z i t r a t -  Puffer), k6nnen ohne Schwierigkeiten erkli~rt werden, 
wenn man zwei verschiedene Glycosidasen annimmt.  

Die hemmende Wirkung,  die durch Glucose und Galaktose  auf die durch Mandel- 
emulsin ka ta lys ier te  Hydrolyse  von fl-Glucosiden und fl-Galaktosiden ausgefibt wird, 
weist ebenfalls darauf  lain, dass die beiden fl-Glycosidasen versckieden sind. 
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Figure I. 'Electron mlcrograph of a gold shadowed replica of a moderately concentrated 
solution of the tobacco mosaic virus protein dried on glass. Magnification 23,ooox. 

Figure 2. Micrograph of a replica of a region showing tobacco mosaic rods in parallel 
al ignment.  Magnification 5o,ooox. 
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Figure 3- Micrograph of a shadowed frozen-dried solution showing an extended sheet 
of tobacco mosaic protein. Magnification 23,ooox. 
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l~lgure 4. M i c r o g r a p h  of a f rozen -d r i ed  t o b a c c o  mosa ic  p r e p a r a t i o n  c o n t a i n i n g  a n e t w o r k  
of t h i c k  b u n d l e s  of par t ic les .  T he  f o r m a t i o n  of t h e s e  b u n d l e s  b y  t h e  cu r l i ng  u p  of f r a g m e n t s  
of a s h e e t  c an  be  w a t c h e d  u n d e r  t h e  microscope .  T h e  fac t  t h a t  some  b u n d l e s  over l i e  
o t h e r s  is ev idence  t h a t  t h e  s h e e t s  f r o m  w h i c h  t h e y  were d e r i v e d  were  a t  d i f f e r en t  levels.  

M a g n i f i c a t i o n  23,ooox.  
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Figure 5. Micrograph of part  of a sheet of tobacco mosaic protein 
having the apparent  form of a negative tactoid. Tobacco mosaic rods 
on the collodion substrate are more numerous in this than in the 

two preceding photographs. Magnification 23,ooox. 


