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INVESTIGATION ON THE 8-GALACTOSIDASE OF ALFALTA SEED EMULSIN

by
STIG VEIBEL anp GREGERS OSTRUP
Chewmical Laboratory of the University, Copenhagen ( Denniark)

In a very interesting paper HiLL! has described the isolation and the inves-
tigation of alfalfa seed emulsin, showing that this enzyme catalyses the hydrolysis
of B-galactosides but not of B-glucosides. From this statement HELFERICH? draws
the conclusion that two different f-galactosidases must exist, one, identical with
B-glucosidase, is found e.g., in almond emulsin, and another, different from g-gluco-
sidase, is found in alfalfa seed emulsin and in coffee emulsin (HELFERICH AND VORSATZ3).

HevLrericH and his school do not, however, investigate the glycosidases very
thoroughly. No determination e.g., of the affinity constants, K,, , i.e., the dissociation

constants of the compounds formed by the glycosidase and its substrate, or the pro-
ducts of hydrolysis of the substrate, has been carried out. That is why we have under-
taken a closer study of the B-galactosidase of alfalfa seed emulsin.

In a previous paper (VEIBEL AND LILLELUND*) one of us has reported on a
thorough investigation of the B-glucosidase of almond emulsin with determination
of K, K,,; and K,,-values for o-cresol-g-d-glucosidc giucose and o-cresol. Later
(VIIBL‘T WANGEL AND WSTRUP 9) a quite ana]ogous examination of the 8-galactosidase
of almond emulsin has been made. These investigations have shown that even if the
two enzymes in many regards behave as if they were identical, still so many and such
significant differences are found that it becomes a matter of definition whether the
two glycosidases are regarded as identical or if two different glycosidases, one a g-

glucosidase, the other a f-galactosidase, are to be presumed. This latter assumption
seems, all facts taken in account, the most probable.

VEIBEL, M@LLER AND WANGEL & investigated the g-glycosidase content in mllk-
sugar yeast emulsin and were able {0 show the presence of a f-glucosidase whereas
no #-galactosidase could be found, a rather surprising result since HOFMANN? AND NEUBERG
AND HoFMANN® have shown previously that milk-sugar yeast emulsin is able to catalyse
the hydrolysis of the B-galactoside milk-sugar. If the result of VEIBEL, MOLLER AND
WANGEL can be reproduced it means either that f-glucosidase and g-galactosidase
are two different enzymes, or that not only two different f-galactosidases exist, one
identical with, the other different from S-glucosidase, but also two different g-glucosi-
dases, the one identical with, the other different from g-galactosidase.

In order to examine more closely the assumption of two different S-galactosi-
dases formulated by HELFERICH we have now investigated alfalfa seed emulsin i
a manner similar to that described for the g-galactosidase of almond emulsin (VEIBEL,
WANGEL, AND @STRUP 5), The result of this investigation is that ratherlarge differences

References page r12.



2 S. VEIBEL AND G. @STRUP voL. 1 (1947)

between alfalfa seed emulsin f-galactosidase and almond emulsin 8-galactosidase seem
to exist. For example the K,, is for almond emulsin #-galactosidase 0.054 (at py 3.6-5.6),
for alfalfa seed emulsin f-galactosidase immeasurably small (at py 2.2-4.2). In both
cases the hydrolysis of o-cresol-§-d-galactoside in phosphate-citraie buffer was followed.

K,,; (galactose) for almond emulsin g-galactosidase 3-8 times K,, (at py 3.6-5.6),
for alfalfa seed emulsin S-galactosidase only 0.5-0.7 times K,, (at py 2.2-4.2).

K, (glucose) for almond emulsin -galactosidase 0.41, not very different from
the value found for almond emulsin S-glucosidase. For alfalfa seed emulsin f-galac-
tosidase, on the contrary, the value is 0o as no inhijbition at all is caused by addition
of glucose. .

K,; (o-cresol) for almond emulsin B-galactosidase is 0.5-1 time K,, (at py
3.6-5.6), for alfalfa seed emulsin f-galactosidase 4.6-6.7 times K,, (at py 2.2-4.2).

These figures mean that while the affinity between almond emulsin and o-
cresol-f-d-galactoside is slighter than between almond emulsin and o-cresol-8-d-glu-
coside, the affinity between alfalfa seed emulsin and o-cresol-8-d-galactoside is so
great that no reliable determination of the dissociation constant is possible, at least
with the technique used here.

The affinity between almond emulsin and galactose is considerably slighter than
between almond emulsin and o-cresol-§-d-galactoside. Galactose, consequently, causes
only a slight inhibition of the hydrolysis. For alfalfa seed emulsin, on the contrary,
the affinity to galactose is still greater than to o-cresol-g-d-galactoside and galactose
is, therefore, a powerful (competitive) inhibitor of the hydrolysis.

The affinity between almond emulsin and o-cresol is considerably greater than
between almond emulsin and o-cresol-g-d-galactoside. o-Cresol, therefore, shows a very
considerable inhibition of the hydrolysis, an inhibition which at small pg-values is
certaiiuy 10! exclusively competitive. The affinity between alfalfa seed emulsin and
o-cresol, on the contrary, is §6 sight that ain addition of o-cresol, even in such a quan-
tity that the molar concentration of o-cresol and o-cresol-B-d-gaiacioside is the samc,
does not cause any measurable inhibition of the hydrolysis.

These differences may possibly be explained by differences in the colloidal
carriers of the two enzymes, the prostetic groups of which are thought 1o be identical.
This explanation also allows for the differences found in the py-optimum, which is
at py 4.8 for almond emulsin f-galactosidase, at p, 3.4 for alfalfa seed emulsin g-galac-
tosidase (phosphate-citrate buffer).

The calculation of k4 in the usual way (VEIBEL AND LILLELUND % 9} gives tole-
rably constant values except at pg 2.6 where the addition of galactose or o-cresol
in concentrations larger than the galactoside-concentration causes abnormally small
kg-values.

The values given in Table VII are not the real kyvalues as the ,,salicin factor”
of the enzyme preparation cannot be determined in the usual manner with salicin as
substrate, but ky (sal. £.). If, however, the f-galactosidase of almond emulsin is regarded
as a standard for the f-galactosidatic action, then a standardization of other g-galac-
tosidase preparations in relation to almond emulsin 8-galactosidase may be made, and if
the enzymic force of this latter enzyme arbitrarily is fixed to the same value as that of its
B-glucosidase, values for all -galactosidase preparations may be calculated. This equals
the calculation of the ,salicin value’” from measurements of the hydrolysis-velocity
of o-cresol-f-d-glucoside as proposed by VEIBEL AND LILLELUND 0. VEIBEL, WANGEL
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AND @STRUP b have determined the ky-values at different py for the hydrolysis of o-
cresol-f-d-galactoside with almond emulsin. By comparing the values of k; (sal. f.)
found for alfalfa seed emulsin as indicated above with the corresponding kj-values
for almond emulsin of sal. f. 0.078 the sal. f.-value of the alfalfa seed emulsin is cal-
culated to 0.012 if the ky-values at py 3.4 are compared, or 0.007 if alfalfa seed emulsin
at its py optimum, 3.4, is compared with almond emulsin at its pg-optimum, 4.8.
The enzymic force of the alfalfa seed emulsin is consequently 1/6-1/11 of the enzymic
force of the almond emulsin used.

If the compound protein-prostetic group is able to dissociate (experiments of
HEeLFERICH and co-workers It do not indicate this, whereas MALAGUZZI-VALERI® is
of the opinion that his experiments do indicate such a dissociation) it might be possible
that a solution which at the same time contains almond emulsin and alfalfa seed
emulsin would show a catalytic effect on the hydrolysis of glycosides which was not
merely the sum of the action of the two enzymes.

We have examined, therefore, the hydrolysis of o-cresol-g-d-glucoside and o-
cresol-8-d-galactoside in presence of known mixtures of the two enzyme preparations,
both at py 3.4 and at py 4,8, and have compared the velocity constants found with
those calculated from the known k/e-values and e-values. The result was that for
o-cresol-8-d-galactoside the constants found were slightly inferior to those calculated.
For o-cresol-8-d-glucoside at the py-optimum for almond emulsin the calculated and
the found velocity constants were identical, whereas the constants found at the py-
optimum for alfalfa seed emulsin were clearly inferior to the constants calculated,
i.e., the alfalfa seed emulsin has acted as an inhibiting impurity.

From these experiments no conclusion with regard to the dissociability of the
enzyme-system can be drawn.

EXPERIMENTAL PART

Substrates. o-Cresol-B-d-galactoside was prepared as indicated by HELFERICH AND
ScumiTz-HILLEBRECHT 18 and showed the constants indicated by VEIBEL, WANGEL AND

@sTRUPS, M. P. 193-—195°, {a]goo = —40.5° It contained 1 mol crystal-water.

o-Cresol-B-d-glucoside was prepared by current methods and showed the constants
indicated in the literature.

Enzyme. The alfalfa seed emulsin was prepared from 1 kg seeds of Italian alfalfa,
most kindly placed at our disposal by Director BAGGE ANDERSEN, Faellesforeningen for
Danmarks Brugsforeninger. Also here we wish to thank Mr BAGGE ANDERSEN for the
valuable assistance he has given us.

From the seeds the enzyme preparation was prepared as indicated by HiLr *. The
preparation ,,1 time purified” was used.

Buffer-solutions. In most of the experiments buffers prepared by mixing 0.2 m
solution of disodium phosphate with a 0.1 m solution of citric acid (Mc. ILVAINE M) were
used. Only the determination of the py-optimum is made both in phosphate-citrate-
buffered solutions and in solutions buffered with sodium citrate-hydrochloric acid-solutions
as indicated by S@RENSEN 15,

Method. As usual, samples to 5 ml were taken, the enzymic action in the samples
was suppressed by mixing with 1 ml 209, K,COysolution and the rotation determined
after 2-3 hours (Mutarotation).

The specific rotation of the galactoside and of galactose at py 10.5-10.6 (the py of
the samples after mixing them with K,COg-solution) were determined in separate experi-
ments.
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1. Comparison of the velocity of hydrolysis of o-cresol-B-d-glucoside and o-cresol-8-d-

galactoside.

TABLE 1

GLYCOSIDE SOLUTIONS 0.0400 M. EMULSIN 0.0546 g IN 50 ml. Py 4.0. 30°.

t o-Cresol-f-d-glucoside o-Cresol-fi-d-galactoside

min a c—x k'.10% I3 c—x k'.10%
o —1.30 1.95 — —0.73 1.72 —
6o —1I.30 1.95 — —0.57 1.56 7.1
240 —1.29 1.94 — —o0.15 I.14 7.4
480 —1.28 1.93 — -+o0.20 0.79 7.0
1440 —1I.30 1.95 — +0.73 0.26 5.7
average o. average 7

It is seen from the table that whereas the galactoside is hydrolyzed with a
measurable velocily, no hydrolysis whatever of the glucoside has taken place within
the 24 hours of the experiment. The maximum value of the velocity constant is then
about 1/100 of the velocity constant of the galactoside, kje therefore < 1.3.10-%.
VEIBEL AND LILLELUND 4 have shown that k/e (sal. {.) for almond emulsin f-glucosidase
at py 4.0 is 609.10-% and consequently a maximum sal. f.-value for a f-glucosidase
present in alfalfa seed emulsin is about 2.10-8, i.e., the preparation is practically

inactive as f-glucosidase.

2. Determination of the prr-optimum of the B-galactosidase.
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TABLE Ui

a. In sodium citrate-hydrochloric acid buffer.

PH 2.0 2.4 2.8 3.2 3.6 4.0
xo‘~k'/e 112 127 137 143 141 137
10tky (sal. f.) 4-4 5.5 5.8 6.8 6.6 6.3

b. In phosphate-citrate buffer,

PH 2.2 2.6 3.0 3.4 3.8 4-2
104'k'/e 139 151 162 174 163 141
104°k,2 (sal. f.) 5.6 6.5 4.7 8.3 8.0 6.5

Table II and Fig. 1 show that the py-optimum in both buffer-systems is at
about py 3.4.

3. Determination of K,,.

The experimental resulis are recorded in Table III. The substrate concen-
tration has been varied from 0.01-0.10 m. In all experiments phosphate-citrate buffers
have been used.

The figures in the table show that the affinity between the enzyme and the
substrate is so great that already at 0.01 m substrate the enzyme is completely bound
to the substrate, as the initial velocity of hydrolysis, as measured by the alteration
in rotation in go min, is independent of the substrate concentration, within the limits
of error which must be put at -+ 0.02° here. That means that a maximum value of
K,, is 0.001 as this K,,-value allows the recognition of a difference in the initial velocity

TABLE III
DETERMINATION OF Ky
t .
. c = o.0100 | 0.0200 0.0400 0.0600 0.0800 6.1000 m
min
a. pg 2.6
90 0.14 0.14 o.11 - o.12 0.14 0.14
180 0.22 0.29 0.30 0.29 0.29 0.29
270 X 0.29 0.35 0.40 0.38 0.41 0.41
360 0.31 0.43 0.48 0.47 0.51 0.53
© 0.43 0.86 1.72 2.58 3.44 4.29
b. pu 3.4
90 0.16 0.19 0.17 0.15 0.13 0.15
180 0.26 0.32 0.35 0.33 0.29 0.34
270 X 0.32 0.44 0.48 0.48 0.47 0.50
360 0.34 0.50 0.59 0.61 0.601 0.61
o 0.43 0.86 1.72 2.58 3.44 4.29
C. PH 4-2
9o 0.16 0.13 0.12 o.10 0.12 0.12
180 0.23 0.26 0.26 0.28 0.23 0.25
270 X 0.29 0.38 0.40 0.41 0.38 0.41
360 0.32 0.45 0.51 0.52 0.54 0.54
oo 0.43 0.86 1.72 2.58 3.44 4.29
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of hydrolysis in 0.01 m galactoside solution (go9%, of the enzyme bound) and in o.10
m galactoside solution (999, of the enzyme bound). K,, is, therefore, with the technique
used here, immeasurably small.

4. Determination of K,,;.

Table IV gives the material. Substrate 0.0400 m o-cresol--d-galactoside. Phos-
phate-citrate buffer. 30°.

TABLE 1V

DETERMINATION OF KKy

Cortac pu 26 | k&1 | Bm || py o34 |1 | Km | pu a2z | Kkt | Kn
galactose Iodklobs e CGal- Km1 I°4k’obs/e Coal. Kml 103k’ obs/e ——cGal- Km1
0.00 129 —_ 163 —_ 130 —

0.01 92 39 112 46 96 35

0.02 77 35 82 49 84 28

0.04 43 50 2 64 42 2 61 29 1.5

0.08 31 38 29 58 31 40

0.12 12 74 . 19 63 17 56
average 47 average 52 average 38

As the K,, -value is immeasurably small, the usual expression for the calculation

of Kpy:Kpy = Kow Caatactos , cannot be used. As, however, in the denomi-
‘ (K + ©) (k/ky —T1)
nator K,, may be regarded as infinitesimal as compared with ¢ the expression may
, Kn c(kfky—1)
be transcribed to — = ———
Kml Cgalactosa
same expression holds good for K,,/Ks, Coesa being substituted for Cgagempse.

, and consequently k, may be calculated. The

5. Determination of K,y

Table V gives the material. Substrate 0.0400 m o-cresol-g-d-galactoside. Phos-
phate-citrate buffer. 30°.

TABLE V

DETERMINATION OF K,,,/K,,,2

oy || Przo M1 | En o opuosg | Kflex | Ko | pu g2 | Kot | K

ereso 104k’obs/ € CCy- K, IC’”“Iobs/ € CCr- Koo Iodklobs/ € CCy- Ko
0.00 144 — 155 — 120 —_
0.01 138 3.7 148 5.0 108 10.2
0.02 137 2.3 137 6.5 110 4.1

0.04 131 2.5 0.15 140 2.8 0.17 107 3.0 0.22
0.08 98 5.9 119 3.8 ’ 89 4.3
0.12 61 (11.3) .106 3.7 75 4.9
average 3.6 average 4.4 average 5.3
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In Table VI and in Fig. 2 we have collected the results of these investigations
and indicated the value of the correction-term in the expression for kj:
kg = kops (Ko + ¢ + (/Ko ¢4 + KKy + Kp/Kpp — 1) X)/e (sal. f.)
at different py-values, The boldfaced values are;determined directly, the others are
determined by graphical interpolation.

Kbk
!
Km/K,,,,* Km//(,,,;; KM4(,,,2
A
220 /c 022
200 — o / 020

o X
160 / \ a6

ST \\

\z 012
100 \ a1

080 \ 0.08

- N
A

020 002 Fig, 2.

I1I Km/Kml + Km/Kme-I.

120

[T

a40 [ 004

=

20 24 28 3.2 3.6 40 44 Py
TABLE VI
VALUES OF KKy, Km/Kms AND CORRECTION TERM AT DIFFERENT Py

PH 20 | 22 | 24 |26 |28 |30 |32 (3436 |38 ]| 40]|42]44
KoK, 20 |20 |20 |20 {20 |20 |20 |20 )19 |18 |17 |15 13
K,,,/Km2 0.14| 0.14| o.15] 0.15] o.15| 0.16| 0.16| 0.17| 0.18| 0.19| 0.20| 0.22| 0.24
K,,/K

'"/K””+ 14| 14| 1a5] 15| 15| 116 16| 1.17| 1.08| 0.99| 0.90| 0.72| 0.54
m| Bmg — 1
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With the correction-terms indicated in Table VI we have calculated the values
of k; (sal. 1.) for all experiments mentioned above. As the values for experiments with
citrate-hydrochloric acid buffer do not differ significantly from those for experiments
with phosphate-citrate buffer it is to be presumed that the K, -values in the two
different buffer systems are identical or almost identical. K,, is in all calculations put
= 0. The results at the 3 py-values where experiments are carried out are collected
in Table VII.

TABLE VII

VALUES OF Kgps AND Kk; AT DIFFERENT Py

1ot k 104, k 104, K
Cgalactoside | Cgalactose Ceresol kobs/e y i kobs/e . & kobs/C 3 L
(sal. £.) | . (sal. 1) (sal. f.)
PH 2.6 PH 34 PH 4.2

0.0400 0.00 0.00 131 6.3 131 6.3 134 0.0
0.0400 0.00 0.00 135 6.5 167 3.3 141 6.5
0.0100 0.00 0.00 480 7.2 553 8.5 503 0.7
0.0200 0.00 0.00 202 0.9 307 8.5 273 6.7
0.0400 0.00 0.00 125 5.9 148 7.3 129 5.8
0.0600 0.00 0.00 75 5.0 95 0.7 82 5.5
0.0800 0.00 0.00 59 5.3 69 6.1 03 5.5
0.1000 0.00 0.00 51 5.3 54 3.9 50 5.2
0.0400 0.00 0.00 130 6.2 149 7.4 126 5.6
0.0400 0.01 0.00 9o 5.8 116 7.9 114 0.5
0.0.400 0.02 0.00 74 6.2 86 7.4 90 0.5
0.0400 0.04 0.00 51 6.5 71 8.8 62 0.5
0.0.100 0.08 0.00 30 0.2 35 7.1 39 0.2
0.0.400 0.12 0.00 13 3.1 21 5.9 21 4.6
0.0400 0.00 0.00 123 5.0 151 7.3 126 5.6
0.0400 0.00 0.01 120 5.9 157 7.9 123 5.6
0.0400 0.00 0.02 114 5.0 151 7.9 123 5.9
0.0400 0.00 0.04 114 5.9 147 8.2 114 6.2
0.0400 0.00 0.08 75 4.4 120 7.0 90 5.9
0.0400 0.00 0.12 54 3.4 105 7.0 83 5.0

average 129 5.7 149 7.4 131 5.9

The mean value of ky (sal. 1.) at py-optimum is 7.4.10-4. As the value of 102k,
for o-cresol-g-d-galactoside with almond emulsin as catalysator is about 6 at py 3.4s
about 10.4 at pg-optimum for almond emulsin galactosidase, py 4.8, the sal. f.-value
of alfalfa seed emulsin, determined with o-cresol-g-d-galactoside as substrate, is 0.074/6
or about 0.0I2 or 0.074/10.4 or 0.007. These values may be used as comparison values
in the investjgation of the hydrolysis of other galactosides than o-cresol-g-d-galactoside.

The result of this investigation is, therefore, that with regard to py-optimum
as well as with regard to K,,,~values a significant difference between almond emulsin
B-galactosidase and alfalfa seed f-galactosidase seems to exist. One of the differences
is that galactose, the affinity of which to almond emulsin $-galactosidase is rather slight
(K, /Ky ~ 0.26 at py 3.6, K,, ~v 0.08), has a very strong affinity to alfalfa seed
emulsin f-galactosidase (K,,/K,,, ~ 2 at pg 3.4, K,, " 0). As glucose has about
the same affinity to almond emulsin g-galactosidase as galactose (K,,/K,; "~ 0.12
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at py 4.8, K,, " 0.05 for galactose, K,,/K,; " 0.13 at py 4.8, K, = 0.05 for glucose),
it seems natural to examine the influence of addition of glucose on the velocity of
hydrolysis of o-cresol-8-d-galactoside catalysed by alfalfa seed emulsin. Table VIII
shows that the K,,;-value here is « , addition of glucose does not inhibit the hydro-
lysis of 1he galactoside at all and no affinity whatever between glucose and alfalfa
seed emulsin seems to exist. This is in accordance with the nonhydrolyzability of B-
glucosides by alfalfa seed emulsin.

TABLE VIII

HYDROLYSIS OF O-CRESOL-ﬂ-d-GALACTOSIDE WITH ADDITION OF GLUCOSE

Alfalfa sced emulsin. Phosphate-citrate buffer. pg 3.4. 30° ¢ = 0.0400 m.
ik, (sal. f.) calculated with Km/Km ~, 0.25
K104 tk, (sal. £) | 1O ' 17V 25
CGlucose <10 /e 10fky (sa ) as for almond emulsin galactosidase.
0.00 145 7.0 7.0
2.01 150 7.3 7.6
0.02 149 7.6 8.6
0.04 147 0.7 8.0
0.08 146 6.4 9.2
0.12 132 0.4 10.5
average 6.9

_previously found 7.4

In order to examine if an exchange of prostetic groups between almond emulsin
and alfalfa seed emulsin can possibly take place the following experiment was made :

To 0.0400 m solutions of o-cresol-g-d-glucoside and o-cresol-g-d-galactoside were
added at py 3.6 (about the py-optimum of alfalfa seed emulsin) and at py 4.4 (about
the py-optimum of almond emulsin) mixtures of the two enzyme-solutions with known
amounts of each of the enzymes. From the previously determined values of k’y/e
for these glycosides and glycosidases was calculated the k’y,-value to be expected
if the action of the two glycosidases is additional and the {wo enzymes consequently
do not exchange their prostetic groups. The Tables IX-XII give the results of the
experiments.

TABLE IX
HYDROLYSIS OF 0-CRESOL-f-d-GLUCOSIDE

PH 3.0. Phosphate-citrate buffer. 30°. CGlucoside = 0.0400. € Almond = 0.0028, €dyalfs = 0.0323.

k,/eAlmaml = 38.10-2, k'/e,,”/alja = 0. 102K 5. = 38.0.0028 = 0.106.
t
4 ’
min x 10tk Xealc.
0o 0.20 6.90 0.38
180 0.50 7.15 0.69
270 ) 0.01 6.03 0.94
360 0.79 6.26 1.14
) 1.95 — 1.95
average 6.6
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TABLE X
HYDROLYSIS OF 0-CRESOL-$-d-GLUCOSIDE

PH 4.4 Phosphate-citrate buffer. 30°. Glucoside = ©.0400. € 4imond = 0.0014, €Alfalfa = 0.0323.

k’/eAlmond = 57.10-%, k’/eAl/al/a = 0. 1031y, = 37:0.0014 = 0.08.

t» x 1otk Xealc.
min

Qo 0.30 8.06 0.30
180 0.56 8.17 0.55
270 0.80 8.49 0.76
360 0.96 8.18 0.95
0 1.95 - 1.95

average 8.2
TABLE XI

HYDROLYSIS OF O-CRESOL-ﬂ-d-GALACTOSIDE

PH 3.6. Phosphate-citrate buffer. 30°. cgatactoside = 0.0400, € glmond = ©.01LL, € 4ijalfs = 0.0323

k'/eAlm‘ = 5.3.10-3, k'/e,”/, = 1.6.10-2. 103k’ = 5.3'0.0I1I -+ 1.6.0.0323 = 0.102

t 31/

. X 108 k Xcalc,
min

go 0.33 10.28 0.17 4+ 0.18 = 0.35
180 0.55 9.29 0.32 + 0.33 = 0.65
250 0.69 8.25 0.46 -+ 0.48 = 0.94
360 0.84 8.08 0.58 + 0.60 = 1.18
0 1.72 — 1.72

average 9.0
TABLE XII

HYDROLYSIS OF 0-CRESOL-B-d-GALACTOSIDE

PH 4.4. Phosphate-citrate buffer. 30°. cgalscioside = 0.0400. € Almond = 0.0083, €Alfalfa = 0.0323
k’/e,”m' = 8.3.10-2, k'/eA;/, = 1.2.10-2, 1028 Kkeq0.. = 8.3°0.0083 4 1.2°0.0323 = 0.108

min X 1ot k’ Xcale,
go 0.30 9.25 0.23 4 0.13 = 0.36
180 0.56 9.50 0.43 4 0.26 = 0.69
270 0.72 8.72 0.60 + 0.37 = 0.97
360 0.86 8.36 0.75 + 0.48 = 1.23
g 1.72 — 1.72
average 9.0

At a py-value unfavourable for the f-glucosidase (but optimum for alfalfa seed
galactosidase) alfalfa seed emulsin acts as a somewhat inhibiting impurity. At the
pu-optimum of the f-glucosidase alfalfa seed emulsin has no action whatever.

Against the f-galactoside both almond emulsin and alfalfa seed emulsin acts
normally as f-galactosidases. The combined action is, though, not fully that calculated
as the sum of the action of the two f-galactosidases.
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In the experiments described here, the mixture of the two enzymes took place
immediately before the experiment was started. In other experiments the mixture
of the two enzymes was allowed to stand 12 hours before adding it to the substrate
solution. The resulls were practically the same as those described.

Summarizing the results of these experiments it may be said that they stress
the significance of the colloidal carrier which is to be supposed as combined with the
prostetic group of the enzyme.

If the necessity of assuming quite a series of different f-galactosidases, one
for each source of enzyme (the very closely related, e.g., different members of the
prunace-family excepted) is not to be inevitable, it must be concluded from the experi-
ments that both the py-optimum of the enzyme and the affinity between enzyme and
substrate is determined principally by the colloidal carrier, to such a degree that some
glycosides are completely unaffected by enzyme preparations which from their faculty
of catalysing the hydrolysis of related glycosides might be expected to contain the 8-
glycosidase in question.

As long as the reversible dissociation of the colloidal carrier and the prostetic
group has not been experimentally verified it seems useless to discuss the identity
or non-identity of -glucosidase and g-galactosidase, if thereby is considered the identity
of their prostetic groups. If, on the contrary, the total enzyme complex is considered,
it must be concluded from this and the preceding papers (VEIBEL, MGLLER, AND WAN-
GEL 8, VEIBEL, WANGEL, AND @STRUPY) that at least z different enzymes, a f-gluco-
sidase and a §-galactosidase, exist, but that it seems obvious that each of these two
types of enzymes comprises more species so different that they are to be regarded
as individual enzymes.

SUMMARY

The pB-galactosidase of alfalfa seed emulsin is, as first found by Hiir?, unable to
catalyse the hydrolysis of f-glucosides and must, consequently, be regarded as different
from p-glucosidase. A closer study has shown that it differs from the p-galactosidase of
almond emulsin with regard to the py-optimum and affinity to p-galactosides, galactose
and aglucone, e.g., o-cresol.

It is discussed if differences between two 8-glycosidases means differences between
their prostetic groups or between the colloidal carriers of these groups.

The opinion is expressed that no definite answer to this question can be given until
methods of producing the reversible dissociation of the enzymesinto prostetic groups and
colloidal carriers have been found.

RESUME

La p-galactosidase de ’émulsine des graines d’alfalfa trouvée d’abord par HiLL !, est
incapable de catalyser I’hydrolyse des 8-glucosides et doit, par conséquent, &tre considérée
comme étant différente de la f-glucosidase. Une étude plus précise a montré qu’elle différe
de la f-galactosidase de I’émulsine d’amandes relativement a 'optimum du py et a Vaffinité
pour les B-galactosides, le galactose et 1’aglucone, p. ex. o-crésol.

La discussion tend & déterminer si des différences existant entre deux f-glycosidases
indiquent des différences entre leurs groupes prosthétiques ou entre les phérons colloi-
daux de ces groupes.

L’opinion est émise qu’aucune réponse précise ne pourra étre donnée a cette question
avant que I'on ait trouvé des méthodes pouvant produire la dissociation réversible des
enzymes en groupes prosthétiques et en phérons colloidaux.
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ZUSAMMENFASSUNG

Die f-Galaktosidase des Luzerne-emulsins ist, wie zuerst von HirwL 3 gefunden,
unfahig die Hydrolyse von f-Glukosiden zu katalysieren und muss infolgedessen als ver-
schieden von der f-Glukosidase betrachtet werden.

Eine nahere Untersuchung zeigte, das’s sie sich von der 8-Galaktosidase des Mandel-
emulsins in Bezug auf das py-Optimum und auf die Affinitit zu §-Galaktosiden, Galaktose
und Aglukon, z.B. 0-Kresol, unterscheidet,

Es wird diskutiert, ob Unterschiede zwischen zwei 8-Glukosidasen Unterschiede
zwischen deren prosthetischen Gruppen oder zwischen den kolloidalen Trigern dieser
Gruppen bedeuten,

Die Verfasser sind der Meinung, dass keine bestimmte Antwort auf diese Frage
gegeben werden kann, bevor Methoden ausgearbeitet sind, welche eine umkehrbare Disso-
ziation dér Enzyme in prosthetische Gruppen und kolloidale Triger erméglichen.
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