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INTRODUCTIO N

I
n continuation of previous work we have examined the

enzymic hydrolysis of all 5 butyl-p-d-glucosides . Already

in our paper from 1937 (1) we pointed out that it seems

natural to us to refer the velocity of hydrolysis not to th e

amount of emulsin present in the solution, but to the amoun t

of emulsin actually connected with the substrate . It wil l

not, probably, be possible to give the final proof of th e

correctness of this aspect till the molecular weight of th e

catalyst p-glucosidase is known, so that its molar concen-

tration may be taken into consideration, thus allowing a

calculation of the molar concentration of the assumed com-

plex substrate-enzyme and consequently a determinatio n

of the real monomolecular constants of velocity for th e

different glucosides . As it must be assumed, however, that

the effect of this calculation will be the same for all the

glucosides, so that all constants, referred to the amount o f

p-glucosidase connected with the substrate, are to be mul-

tiplied by the same factor M, M being the molecular weight

of p-glucosidase, it seems likely that the relative values

will not be changed, so that the constants determined in

this series of papers will preserve their relative values ,

even if the molecular weight of the enzyme is introduced

in the calculation of the constants .

We have shown that it is possible to take into conside-

ration the inhibiting effect of the products of hydrolysis, a t
1*
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all events as far as the inhibition in question is a competitive

one ; and the calculations carried out for the glucoside s

examined have proved that the inhibition caused by glucos e

and the alcohols in question is to a very great extent competi -

tive. From the calculation of k 3 , the monomolecular velocity-

constant of hydrolysis of the enzyme-substrate-complex,

the inhibition having been taken into consideration, VEIBE L

and ERIIiSEN (1) derived the expression

[1]

	

k 3 = kobs c lX e(sal .f .) ,

where kobs is the directly observed velocity constant at the

glucoside-concentration c and X is the fraction of the en-

zyme-preparation actually bound to the substrate . X may b e

calculated by means of the expression

X = a•	
(1 - b) (1 -- c)

1- ab- ac - bc -;- 2 abc '

a, b and c being the fractions of emulsin bound to glucoside ,

glucose, and alcohol respectively, if these substances alone

were present in the solution. Within the limits of the ex-

periment the expression [1] proved to be correct . Later ,

VEIBEL and LILLELUND (2) have shown that the calculatio n

of X may be simplified, as the expression [2] can be tran -

scribed t o

[ 3 ]

	

X = -	 (c - x)

I~n + (Km/Km -}- Km /K mz) x + (c x)

where Km, Km, and Km2 are the dissociation constants o f

the compounds enzyme-glucoside, enzyme-glucose an d

enzyme-alcohol respectively .

A further simplification of the calculation of k 3 is possible .
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VEII3EL and KRIIiSEN (1) have shown that if the inhibitin g

effect of the products of hydrolysis is negligible, k 3 may be

calculated from the expressio n

[4] k3 = koos ( Km+ c)/e (sal . f .) ,

whereas by introducing the expression [3] for X in [1] w e

get

[5] k3 = kovs ( lim+ c + (Km/Km1+ K m/K 1772 -1) x)/e (sal . f .) ,

which is of the same form as [4], but in [5] the inhibitin g

action of the products of hydrolysis has been taken into

consideration .

This expression is, in our opinion, more convenient than

the expression

k3 = (kobs (Iim+ (Km /l(ml+ Km/Km) c) /e (sal . f. )

- (Km/Km l + Km /Kmz -1) x/t)/e (sal. f . )

commonly used for the calculation of k 3 in cases of inhibi-

tion caused by the products of hydrolysis . (For the signifi-

cation of kobs, see p . 7) .

If an inhibiting substance with the affinity-constant (th e

dissociation constant of the compound enzyme-substrate )

K m, is present in the concentration h, its inhibition may b e

taken into account by adding the number h • Km/Kmii to

the factor in paranthesis, and we get

kobs (Km + C + h • Km/Kmi , + (K m /Km i + Km/Km -1) x)

e (sal . f . )

The complete description of the hydrolysis of a give n

enzyme may, therefore, be obtained if the constants K m ,
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Km, and Km2 are known. In the expressions [3]	 [6] c is

the initial concentration of glucoside and x is the mean

concentration of the products of hydrolysis at the two point s

between which kobs is calculated. This calculation is mos t

advantageously carried out from point to point .

The constants are all of them made comparable by

division by e (sal . f.), e being the amount of emulsin (in

grams) present in 50 ml of the reaction mixture and sal . f .

the enzymic force of the enzyme preparation used . We

usually express the enzymic force as sal . f., as proposed b y

JOSEPHSON (3), but by means of the following system o f

equations

p-Glucosidasewert = 1/Zeitwert = sal . f. flog 2 =

= kotis 50°I°Ie • log 2

other units than sal . f . may be introduced for the indication

of the enzymic force .

The four units mentioned above are all by definition

connected with the examination of the hydrolysis of salicin-

solutions of the molar concentration 0.139. A more inde -

pendent determination of the enzymic power has bee n

proposed by VEIBEL and LILLELUND (2), who by " salicin-

value" denote the value 10 2 •k 3 for salicin, 1 g of combined

emulsin being present in 50 ml solution, which can b e

determined by means of any salicin-concentration or by

means of solutions of other glucosides, provided that propor-

tionality factors, different for each glucoside, have been

determined .

For the determination of Km we have in our first paper s
(1) used a graphical method indicated by LINEWEAVER and

BURL (4), making use of the initial velocity of hydrolysis
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for solutions of different substrate concentration . VEIBE L

(5) has shown that the velocity constants may be used

instead of the initial velocities, and we now proceed t o

make use of the expression [4] in the for m

[7]

	

1/kobsconst . = Km +C ,

Vohs being the velocity constant calculated not betwee n

two neighbouring points but from the time 0 to the time t .

This expression is sufficiently correct, when only experi-

ments the degree of hydrolysis of which is below some 25 0 0

are used for the calculation of ko bs . The inhibition caused

by the products of hydrolysis is not then generally so great

as to seriously compromise the constants .

In the calculation of Km, and Km2 as well it is, as shown

by VEIBEL (5), possible to use the velocity constants instea d

of the initial velocities . The affinity constant Kmt of an

inhibiting substance may be calculated from the expression

Km• h
Kmi, - (Km

+
c) (klkh -1)'

where K. is the affinity constant of the glucoside, c it s

molar concentration, h the molar concentration of th e

inhibiting substance and k and kh the directly observe d

velocity constants of the not inhibited and the inhibited

system .

Experimental Part .

Substrates . The 5 substrates examined in this pape r

were : n-butyl-(3-d-glucoside, iso-butyl-(3-d-glucoside, 1-me-

thyl-ethyl-carbinol-p-d-glucoside, d-methyl-ethyl-carbinol-ß-

d-glucoside and trimethyl-carbinol-[3-d-glucoside . The pre -

[ 8 ]
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paration and the properties of these glucosides have been

described by VEIBEL and LILLELUND (6), and we may

therefore confine ourselves to giving the values of th e

physical constants .

n-Butyl -

carbinol-

glucoside

iso-Butyl-

carbinol -

glucoside

1-Methyl- cl-Methyl -
Triméthyl -

carbinol-

glucosid e

ethyl-

carbinol -

glucoside

ethyl -

carbinol -

glucosid e

M. P	 68-69° 112-113° 75-76° 116-117° 164-166 °
[a]D Water . . . -36 .9° -39.9° -44.5° -32.1° -19 .0 °
[a° K~CO 3 . . . -38 .1° -41 .6° -46.4° -33 .3 ' -20 .3°

The values [a]D K2 CO 3 mean the values of [a]D at

ph 10.5-10 .6, the concentration of hydrogen ion of the sam-

ples, when the enzymic action has been stopped by the addi-

tion of samples of 5 ml reaction-mixture of PH 4 .4 to 1 ml of

a 20°/0 potassium carbonate solution (VEIBEL and ERIKSEN ,

(7)) . On the average, the specific rotation of glucose and of

glucosides is moved 34 0 / 0 to the left when determined at

pH 10 .5-10 .6 instead of by neutral reaction, and the figure s

above show this to be correct for the glucoside of the tertiary

alcohol examined, the rotation of which is moved 6-7 °/° ,
as well as for those of primary or secondary alcohols ex-

amined before .

Technique . The technique employed is the same a s

that used in the previous papers. Standard substrate con-

centration is 0 .0400 in, standard pH 4.40, obtained by means

of an acetate buffer with a total concentration of acetat e

ion in the reaction-mixture .0 .030 m . Samples of 5 ml ar e

withdrawn at the times required, added to 1 ml of a 20 %

K 2C03-solution and kept at least 3 hours before the de-

termination of the rotation. All values given in the tables

below are corrected for the alterations of rotation taking



Enzymic Hydrolysis of Glucosides . III .

	

9

place in glucose-solutions when they are kept at ph 10 .5-

10.6 (7) .

The constants, except those used in the calculation of

Km , are calculated from point to point . All constants are

calculated with the minute as unit of time and with loga-

rithms to base 10 . The molar concentration of glucoside

and of the products of hydrolysis are calculated for each

sample, thus permitting the calculation of k 3 by means of

equation [5], when the Km values have been determined . The

difference between two readings may in some instances drop

to 0.035-0 .040°, and the experimental error on the values

of k 3 is therefore in such cases considerable, but the conse-

cutive values are dependent on each other in such a wa y

that too small a value of one constant causes either th e

foregoing or the following constant to be found too great ,

and the average value will therefore be approximately

correct .

e is determined in each experiment by evaporation o f

the same amount of the emulsin-solution as that used i n

the experiment and drying the residue to constant weight

at 105°. Sal . f . has for the emulsin-preparations used in

the experiments mentioned here been determined by means

of a 0 .139 m salicin-solution, as indicated by WEIDEN -

HAGEN (8) .

The Km-value for a glucoside is calculated from th e

kobs-values at 6 different glucoside-concentrations, chosen

so as to make the variation in the amount of emulsin boun d

to the substrate as great as possible . The reaction is followed

polarimetrically, and as the accuracy of the readings does

not surpass 0 .005°, the concentrations which it is possibl e

to make use of have a lower limit at about 0 .01 molar

solution, the total change of rotation for a 0 .01 m solution
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being approximately 0 .30 ° and the degree of hydrolysis

in these experiments being limited to 25 0/a or, for the mos t

diluted solutions, to 50% . As 4 readings are usually taken

in each experiment, a total variation of 0 .15° means that

the difference between two readings is only 0 .035-0 .040° ,

and the experimental error in the values of kobs may be

considerable for 0 .01 m glucoside-solutions, but already a t

0 .02 m solutions the experimental error due to the inexact-

ness of the readings should not surpass some few per cent .

6 corresponding values of kobs and c, introduced in

equation [7], determine a straight line, the intercept of which

on the abscissa-axis is - Iin, . It is seen from the curves, e . g .

for n-butyl-glucoside (p . 12) that glucoside concentrations

higher than some 0 .10 m are to be avoided, the kobs-values

at higher concentrations being somewhat greater than cal-

culated from equation [7] .

KØ1 , the affinity constant for glucose, has in previous

examinations been found to be 0 .18, this value agreeing

with values found by other investigators, e . g . JOSEPHSON

(3) . Here, we have determined Km,. in the case of n-butyl-

and of iso-butyl-glucoside and have found values whic h

within the limits of the experiment are identical herewith .

We have not hesitated, therefore, to use this value also i n

cases where the direct determination of Kml has not been

possible .

In the two cases where the determination has been carrie d

out, toluene has, as usual, been added to the solutions i n

order to prevent the growth of microorganisms, and it ha s

therefore been possible to determine the toluene-effect

(VEIBEL (9)) for butyl- and iso-butyl-glucoside .

Kma , the affinity-constant of the alcohol, has been de-

termined in the usual way (the same way which was used
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in the case of Km4), by comparing the values of kobs of

a glucoside-solution at standard conditions and of solutions

which besides glucoside contain the alcohol in question in

the concentrations 0 .01, 0 .02, 0 .04, 0.08 or 0 .12 m . Equa-

tion [8] then allows the determination of K m2 , and, in our

opinion, the mean value of the 5 determinations is rather

accurate .

In the cases of 1- and d-methyl-ethyl-carbinol it ha s

been necessary to proceed in a somewhat different manner ,

and the determination, which will be described later, is

not so reliable as in the other instances .

1 . n-Butyl-(3-d-glucoside.

Determination of Km .

Table I . Table II .

a . 30°. e = 0 .0920 . b . 20°. e = 0.1014 .

sal . f. = 0 .078 . sal . f . = 0.078 .

c 10 4 . kôbs e (sal . f.) /k obs c 104 . k obs e (sal . f.)jkob s
0 .0100 60 .57

	

1 .18 0 .0200 17 .75 4 .4 6
0 .0200 33 .22

	

2 .16 0 .0400 12 .44 6 .3 6
0 .0400 19 .56

	

3 .67 0 .0800 8 .14 9 .7 2
0 .0800 12 .52

	

5 .73 0 .1600 5 .48 14 .4 3
0 .1200 9 .41

	

7 .63 0 .2400 4 .41 17 .93
0 .1600 7 .87

	

9 .12 0 .3200 3 .45 22 .93

In fig. 1 are plotted not only the values indicated in th e

experiment described above but also values from anothe r

experiment in which the glucoside-concentration varied be-

tween 0 .0200 m and 0 .3200 in (30°) . It is seen from the

figure that at low glucoside concentrations the values of

e (sal . f.)/kôbs agree well with the straight line determine d

in the first experiment, whereas at higher concentration s
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the kobs-values exceed the values demanded by the straight
line .

The value of Km , both at 30° and at 20 °, is 0 .031 .

1/k 'obs
o

30 *

Fig . 1 .

c . Determination of Km1 , the affinity constant o f
glucose .

Table III .

30° . Glucoside 0 .0400m. Km = 0 .031 . e = 0.0763 .
sal . f . = 0 .078. 1 ml toluene to 50 ml solution .

c glucose 10 4 . H obs k/kh 1{ m ' c glucos e
Km =

(Km + c) (k/ k h - 1 )

0 .00 m 21 .7 -

0.01 in 20 .8 1 .040 0.109
0 .02 m 20 .2 1 .071 0 .123
0 .04 m 20 .1 1 .079 0 .22 1
0 .081n 19.6 1 .157 0 .223
0 .12 m 19 .1 1 .198 0.26 5

average . . . 0 .19
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d . Determination of Km 2 , the affinity constant

of n-butyl-alcohol .

Table IV .

a. 30° . Glucoside 0 .0400m. Km = 0.031 .

	

e = 0.0763 .

sal . f. = 0 .078.

c alcohol 101 ' ]t obs lc f kh

	

(kl k h- 1)I c all c

0 .00 m 17 .5 -

0 .01m 14 .7 1 .191 19 .1

	

0 .031- 1
0 .02m 12 .9 1 .357 17 .9

	

Kn,2
= 0.071-14 . 1

0 .04 m 11 .4 1 .535 13 .4 = 0.0309
0 .08m 9 .8 1 .786 9 . 8

0 .12m 7 .8 2 .244 10 . 4

average . . . 14. 1

P .

	

20° . Glucoside 0 .0400m. Km = 0 .031 . e = 0 .1502 .

sal . f. = 0.078 .

c alcohol 104 ' ]z obs k f kh

	

(ki k h - l)Ic al k

0 .00m 16 .3 -

0 .01m 13 .4 1 .216 21 .6 0 .031 . 1
0 .02m 11 .5 1 .417 20 .9 l'm 2 = 0.071 -15 .7
0 .04m 10 .0 1 .630 15 .8

= 0 .027 8
0 .08 m 8 .9 1 .832 10 . 4

0 .12 ni 7.4 2 .203 10 . 0

average . . . 15 .7

K 1n , average value at 30° and 20°, 0 .029 .

We have now establishe d

I~ m = 0 .031 . Km1 =0 .180 . K m2 = 0 .029 .
Km/Km l -0

.172 .

Km/Km2 = 1 .069 . (Km/KØ7 -r Km fKm2 -1) = 0 .242 .

i . e . it is to be expected that the observed constants wil l

decrease slightly during the hydrolysis .
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e . Examples of calculation of kobl (Km H c+ (Km/Kn , i

+ Km/Km,- 1 ) x) = k 3 e(sal.f.) .

Table V .

Glucoside 0.0400 m . 30° . e = 0 .1481 . sal . f. = 0 .044.

No toluene .

abeg, = - 0 .6000 . wend = + 0.6200 . aemulsin = - 0.290 ° .

K. = 0 .031 .
Kmi

= 0 .180. Kms = 0.029 .

(Km/Km, + Km/Km, -1) = 0 .242.
t

min Gobs «end - a t e glucoside x k . 10q m/

;

m r

+ Km/Km, - 1) x

10 4 - k 3

e (sal . f.)

0 -0.890 1 .220 0 .0400 0 .0000 - - -
30 -0.730 1 .060 0 .0348 0 .0052 20 .4 0 .0007 1 .4 4
60 -0.615 0.945 0 .0310 0 .0090 16 .6 0 .0018 1 .3 4
90 -0.505 0 .835 0.0274 0 .0126 17 .9 0 .0026 1 .3 3

120 -0.420 0 .750 0.0246 0 .0154 15 .5 0 .0034 1 .3 0
150 -0.330 0 .660 0.0216 0 .0184 18 .5 0 .0041 1 .3 2
180 -0.260 0å90 0 .0194 0 .0206 16 .2 0 .0048 1 .3 1
240 -0.125 0 .455 0.0149 0 .0251 18 .8 0 .0055 1 .35
300 -0.025 0 .355 0 .0116 0 .0284 18 .0 0.0065 1 .37

average . . . 17 .7 1 .35

kobl/e (sal . f.) = 27.2 . 10-2 , k8 = 2.04 . 10-2 .

Table VI .

Glucoside 0.0400 m. 20° . e = 0 .2149 . sal . f . = 0 .044 .

No toluene .

abeg = - 0.600° . amid = + 0 .620 ° . aemulsin = - 0.425 0 .

t
min

aobs aend - at °glucoside x ak

	

10

	

{
(I{In /K jn 110 4 . 14

Km /Kma -1) x e (sal . f. )
0 -1 .025 1 .220 0 .0400 0 .0000 - - -

20 -0.955 1 .150 0 .0377 0 .0023 12 .8 0 .0003 0 .9 1
40 -0.890 1 .085 0 .0357 0 .0044 12 .6 0 .0009 0 .9 1
60 --0.825 1 .020 0 .0334 0 .0066 13 .4 0.0014 0 .9 7
90 -0.740 0 .935 0 .0307 0.0093 12 .6 0.0020 0 .9 2

120 -0.670 0 .865 0 .0282 0 .0118 11 .3 0 .0026 0 .83
180 -0.530 0 .725 0 .0244 0 .0156 12 .8 0 .0034 0 .95
240 -0.420 0 .615 0 .0202 0 .0198 11 .9 0 .0043 0 .90
300 -0.330 0.525 0 .0172 0 .0228 11 .5 0 .0052 0 .87

average . . . 12 .3 0 .9 1

koos/e (sal. f.) = 13 .1 . 10-2 .

	

k3 = 0.96 . 10- 2 .
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Table VII.

Glucoside 0 .0400 m . 30° . C alcohol = 0 .0400 .

0 .04 •
Km/Kmz = 0 .043 . No toluene.

e = 0.0763 . sal . f . = 0 .078 .

aemulsin = - 0 .125 °. abeg = - 0 .600 ° . wend = + 0.620 ° .

t

min Gobs aend - at
c glucoside a k

	

10 4 (K m/Kmi

+ K m /Kma -1) x
1 0 4

. k3
e (sal . f.)

0 -0.725 1 .220 0.0400 0 .0000 - -

20 -0.665 1 .160 0 .0380 0 .0020 10 .9 0 .0003 1 .2 5

40 -0.610 1 .105 0 .0362 0.0038 10 .6 0.0007 1 .2 1
60 -0.560 1 .055 0 .0346 0.0054 10 .1 0.0011 1 .1 6
90 -0.485 0 .980 0 .0321 0.0079 10 .7 0 .0016 1 .23

120 -0.410 0 .905 0 .0297 0 .0103 11 .5 0.0022 1 .34

180 -0.290 0 .785 0 .0257 0 .0143 10 .3 0 .0030 1 .20
240 -0.165 0 .660 0 .0216 0 .0184 12.6 0 .0040 1 .48

300 -0.045 0 .540 0 .0177 0 .0233 14 .4 0 .0049 1 .71

average . . . 11 .4 1 .32

kobl/e (sal . f.) = 19.2 . 10-2.

	

k 3 = 2 .17 . 10-2 .

Table VIII .

Glucoside 0 .0400m. 30° . cglucose = 0.0400 .

0 .04 • Km /Kmi = 0 .007 .

1 ml toluene to 50 ml solution . e = 0 .0763 . sal . f . = 0 .078 .

aemulsin = - 0 .120 °. abeg = + 0 .020 ° . aend = + 1 .240 ° .

t

min ° Cobs «end - a t cglucoside x k

	

10 4 (Km/Km ~
+ KØ/K ma - 1) x

10 4

	

k3

e (sal . f. )

0 -0.100 1 .220 0 .0400 0 .0000 - - -

20 +0 .010 1 .110 0 .0364 0 .0036 20 .5 0 .0005 1 .6 1

40 +0 .110 1 .010 0 .0331 0 .0069 20 .5 0 .0013 1 .62
60 +0.180 0 .940 0 .0308 0 .0092 15 .6 0 .0020 1 .26

90 +0.285 0 .835 0 .0274 0 .0126 17 .1 0 .0026 1 .38
120 +0.420 0 .700 0 .0230 0 .0170 25 .5 0 .0036 2 .08
180 +0.590 0 .530 0 .0174 0 .0226 20 .1 0 .0048 1 .67
240 +0.725 0.395 0 .0128 0 .0272 22 .2 0 .0061 1 .80

average . . . 20 .1 1 .63

kobl/e (sal . f.) = 33.0 . 10-2 .

	

ks = 2 .68 • 10-2 .
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1 . 30°. No toluene .

0 .0400 0 .00 0 .00

	

8 .6 0 .0741 0 .044 26 .4 1 .93
0 .0400 0 .00 0 .00

	

17 .7 0 .1481 0 .044 27 .2 2 .04
0 .0400 0 .00 0 .00

	

28 .0 0 .2222 0 .044 28 .7 2 .1 8
0 .0400 0 .00 0 .00

	

26 .6 0 .2149 0 .044 28 .1 2 .2 1
0 .0100 0 .00 0 .00

	

61 .2 0 .0920 0 .078 (85 .3) 2 .5 6
0 .0200 0.00 0 .00

	

33.3 0 .0920 0 .078 (46 .4) 2 .4 1
0.0400 0 .00 0 .00

	

19.3 0 .0920 0 .078 26 .9 1 .9 4
0 .0800 0.00 0 .00

	

11 .8 0 .0920 0 .078 (16 .4) 1 .8 4
0 .1200 0 .00 0 .00

	

9 .1 0 .0920 0 .078 (12.7) 1 .9 2
0 .1600 0 .00 0 .00

	

' 7.2 0 .0920 0 .078 (10 .0) 1 .8 8
0 .0200 0 .00 0 .00

	

40 .2 0 .2120 0 .044 (43 .1) 2 .2 5
0 .0400 0 .00 0 .00

	

25.7 0 .2120 0 .044 27 .6 2 .0 0
0 .0800 0 .00 0 .00

	

17.3 0 .2120 0 .044 (18.5) 2 .1 0
0 .1600 0 .00 0 .00

	

11 .7 0 .2120 0 .044 (12 .5) 2 .4 4
0 .2400 0.00 0 .00

	

8 .5 0 .2120 0 .044 ( 9.1) 2 .5 0
0 .3200 0 .00 0 .00

	

7 .1 0 .2120 0 .044 ( 7 .6) 2 .7 1
0 .0400 0 .00 0.00

	

17 .5 0 .0763 0 .078 29.4 2 .1 0
0 .0400 0.00 0 .01

	

14.7 '0 .0763 0 .078 (24 .2) 2 .0 4
0 .0400 0 .00 0 .02

	

12 .9 0 .0763 0 .078 (21 .7) 2 .0 0
0 .0400 0 .00 0.04

	

11 .4 0.0763 0 .078 (19 .2) 2 .1 7
0 .0400 0 .00 0 .08

	

9 .8 0.0763 0 .078 (16 .4) 2 .5 5
0 .0400 0 .00 0 .12

	

7 .8 0.0763 0 .078 (13 .1) 2 .55

average . . . 27 .8 2 .20

c = 0.0400 .

2 . 20° . No toluene .

0 .0400 0 .00 0 .00

	

12 .3 0 .2149 0 .044 13 .1 0 .96
0 .0200 0 .00 0 .00

	

18 .1 0 .1014 0 .078 (22 .9) 1 .1 9
0.0400 0 .00 0 .00

	

12 .6 0.1014 0 .078 15 .9 1 .1 5
0.0800 0 .00 0 .00

	

7 .3 0 .1014 0 .078 ( 9 .2) 1 .0 4
0.1600 0 .00 0 .00

	

4 .8 0 .1014 0 .078 ( 6 .1) 1 .1 6
0 .2400 0 .00 0 .00

	

3.6 0 .1014 0 .078 ( 4 .6) 1 .2 3
0 .3200 0 .00 0 .00

	

3 .0 0 .1014 0 .078 ( 3 .8) 1 .3 2
0 .0400 0 .00 0 .00

	

16 .3 0 .1502 0 .078 13 .9 1 .0 3
0 .0400 0 .00 0 .01

	

13 .4 0 .1502 0 .078 (11 .4) 0 .9 6
0 .0400 0 .00 0 .02

	

11 .5 0 .1502 0 .078 ( 9 .8) 0.93

Table IX .

n-Butyl-ß-d-glucoside . Summary of results obtained .

101 lcobs 10 , k ,
'glucoside 'glucose 'alcohol 10 4 • koos

	

e

	

sal . f.
e (sal . f. )

(continued)
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.

eglucoside °glucose °alcohol 10 4 - kobl

	

e

	

sal . f.
10 ' fobs

10'2 • k 3
e(sal .f. )

	

0 .0400

	

0 .00

	

0 .04

	

10 .0

	

0 .1502 0 .078

	

( 8 .5)

	

0 .9 9

	

0 .0400

	

0 .00

	

0 .08

	

8 .9

	

0 .1502 0 .078

	

( 7 .6)

	

1 .2 0

	

0 .0400

	

0 .00

	

0 .12

	

7 .4

	

0 .1502 0 .078

	

( 6 .3)

	

1 .28

average . . .

	

14 .3

	

1 .1 1

c = 0 .0400 .

3 . 30° . 1 ml toluene to 50 ml solution .

	

0 .0400

	

0 .00

	

0 .00

	

21 .7

	

0 .0763 0 .078

	

35 .6

	

2 .6 3

	

0 .0400

	

0 .01

	

0 .00

	

20.8

	

0 .0763 0 .078

	

(34.2)

	

2 .5 6

	

0 .0400

	

0.02

	

0 .00

	

20.2

	

0 .0763 0 .078

	

(33.2)

	

2 .5 6

	

0.0400

	

0 .04

	

0 .00

	

20 .1

	

0 .0763 0 .078

	

(33 .0)

	

2 .6 9

	

0.0400

	

0 .08

	

0 .00

	

19 .6

	

0 .0763 0 .078

	

(32.2)

	

2 .6 8

	

0 .0400

	

0.12

	

0 .00

	

19.1

	

0 .0763 0 .078

	

(31 .4)

	

2 .9 4

	

average . . . 35 .6

	

2 .6 8

c = 0 .0400 .

k3 o/k32o = 2 .20/1 .11 = 2 .0 .

Effect of toluene : 2 .68/2 .20 = 1 .22 .

Effect of toluene, directly observed constants : 35.6/27.8 = 1 .28 .

2 . iso-Butyl-3-d-glucoside .

Determination of K,,, .

Table X .

	

Table XI .

a . 30 °. e = 0.0740.

	

b . 20 °. e = 0 .1504 .

sal . f. = 0 .078 .

	

sal, f . = 0 .078.

c

	

104 kobs e (sal . f.)/kobs

	

c

	

104 •ko bs e (sal . f.)/k ob s

	

0 .0100

	

34 .78

	

1 .66

	

0 .0200

	

24 .63

	

2 .3 4

	

0 .0300

	

18 .78

	

3 .0 7

	

0 .0400

	

15 .92

	

3 .6 3

	

0 .0600

	

11 .34

	

5 .0 9

	

0 .0800

	

9 .23

	

6 .25

	

0.0100

	

30 .67

	

3 .82

	

0 .0200

	

21 .06

	

5.57

	

0 .0300

	

17 .03

	

6.89

	

0 .0400

	

13 .79

	

8.5 1

	

0 .0600

	

10 .96

	

10 .7 0

	

0 .0800

	

9 .35

	

12 .5 5

Fig . 2 shows that the value of K m , both at 30 ° and at

20°, is 0.013 . In the figure are introduced experiments at

n . Kgl . nanst.e Videask . Selskab, Math .-Cys. Medd . XVII, fi

	

2
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higher glucoside concentrations than those used in table s
X-XI ; it is seen here as in the case of n-butyl-glucosid e

that at higher concentrations the kobs-values are found

too high .

X

x~
~

	 I	-2-Km 0

	

2

	

4

	

6

	

8

	

10

	

1
1
2

	

14

	

1
I
6

	

18

	

20
I	

2
I
2

	

24 C.102
Fig . 2 .

c . Determination of Knit , the affinity constant o f
glucose .

Table XII .

30 0 . Glucoside 0 .0400m. Km = 0.013. e = 0 .0717 .

sal . f. = 0.078 .

1 ml toluene to 50 ml solution .

.cglucose 101

	

lzobs kfk h
g

	

= Km

	

eghicos e
(K 111 + c) (k/kb - 1 )

0 .00m 16 .4 - -
0 .01 m 16 .1 1 .019 0.12 9
0 .02 m 15 .7 1 .045 0.10 9
0 .04 m 15 .1 1 .086 0 .114
0 .08m . 14 .6 1 .123 0 .16 0
0.121n 13 .3 1 .233 0 .12 6

average . . . 0 .13

Yk 'obs

30 °
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This value is lower than the average value previously
found with other glucosides, 0 .18 . As the value 0 .18, how-

ever, coincides with the value found by other investigators ,

we shall regard this value as more accurate than the valu e

found here and consequently we use Km, = 0 .18 in the

calculation of k 3 for isobutylglucoside . The present ex-

periment is recorded only as an example of the deviations

which may occur in experiments dealing with enzym e

preparations .

d. Determination of Km2 , the affinity constant o f

iso-butyl-alcohol .

Table XIII .

30° . Glucoside 0 .0400 m . Km = 0 .013 . e = 0 .0635 .

sal . f . = 0 .078.

e alcohol 1O4 ' l{ obs k~k li

	

(kik li - 1 )i/c alk

0 .00m 13 .3 - -

0.01 m 12 .1 1 .100 10 .0 0 .013 . 1
0 .02m 11 .3 1 .180 9.0 Iima

0 .053 . 7 . 6
0 .04 m 10.3 1 .292 7 .3

= 0 .032 .
0 .08 m 9.1 1 .462 5 .8

0 .12m 7 .9 1 .684 5 . 7

average . . . 7 .6

For iso-butyl-(3-d-glucoside we have thus found

K m = 0 .013 . (Kml = 0 .180) . Km2 = 0 .032. Km /K ml = 0 .072 .

Km/I'm2 = 0.406 . (Km/Kml + Km/Km2 -1) = - 0 .522 ,

i . e . it is to be expected that the observed constants wil l

increase somewhat during the hydrolysis .

e. Examples of calculations of kobs(K„i + c+(Km/Km,.

+Km /Kn2 -1)x) = k3 •e(sal . f .) .
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Table XIV .

Glucoside 0.0400 m. 30°. e = 0 .1580 . sal . f . = 0 .044 .

No toluene .

abeg = -- 0.655° . wend - + 0 .620° . aemulsin = - 0.310° .

Km = 0 .013 . 14 mß = 0 .180 . Iin, 2 = 0 .032.

(Km/Kin, + K m1/Km2 --1 ) = -0 .522 .

t

	

a

	

a

	

c glucose

	

k 104

	

10 4
min

	

obs

	

end

	

a t

	

glucose
+ K m /K ny -1)X

	

e (sal . f. )
0 -0.965 1 .275 0 .0400 0 .0000 - - -

30 -0.805 1 .115 0 .0350 0 .0050 19 .4 -0.0013 0 .96
60 -0.670 0 .980 0 .0308 0 .0092 18 .7 -0.0034 0 .93
90 --0 .555 0 .865 0 .0271 0 .0129 18 .1 -0.0054 0 .8 6

120 -0.455 0 .765 0 .0240 0 .0160 17 .8 -0.0075 0 .8 1
150 -0.355 0 .665 0 .0209 0 .0191 20 .3 -0.0092 0 .8 9
180 -0.265 0 .575 0 .0180 0 .0220 21 .1 -0.0107 0 .8 9
240 --0 .125 0 .435 0 .0137 0 .0263 20 .2 -0.0126 0 .82
300 -0 .005 0 .315 0 .0099 0 .0301 23 .4 -0.0147 0 .89

average . . . 19 .9 0 .88

kobsle (sal . f.) = 28.6 . 10-2 . k 3 = 1 .27 • 10-2 .

Table XV .

Glucoside 0 .0400m . 20° . e - 0 .2128 . salt = 0 .044 .

No toluene .

aheg

	

0 .655 ° . aend = 4-0 .620 ° . aermdsin ~ -- 0 .415 .

t

	

Gobs zend

	

at c 00

	

x

	

k . 104

	

(K m/ K m,. 10 4 . k 3
min

	

+ Kn,/K iny - 1) a

	

• e (sal . f .)
0 -1 .070 1 .275 0 .0400 0 .0000 - - -

15 -1.020 1 .225 0 .0384 0 .0016 11 .6 -0 .0004 0 .6 1
30 -0.965 1 .170 0 .0367 0 .0033 13 .3 -0 .0012 0 .69
45 -0.915 1 .120 0 .0351 0 .0049 12 .6 -0.0021 0 .6 4
60 -0.865 1 .070 0 .0336 0 .0064 13 .2 -0.0029 0 .6 6
90 -0.780 0.985 0 .0309 0 .0091 12 .0 -0.0040 0 .59

120 -0.720 0 .925 0 .0290 0 .0110 9 .1 -0.0053 0 .43
150 -0.650 0 .855 0 .0268 0 .0132 11 .4 -0 .0064 0 .5 3
180 -0.580 0 .785 0 .0246 0 .0154 12 .4 -0.0074 0 .56

average . . . 12 .0 0 .5 9

kohsle (sal . f.) - 12 .8 . 10- 2. k 3 = 0 .63 . 10-2.
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Table XVI .

Glucoside 0 .0400 m. 30° . Caieohoi = 0 .04m .

0 .04 • Km /Km„ = 0 .016 .

No toluene . e = 0 .0655 . sal . f . = 0.078 .

abeg = - 0 .655° . wend = + 0 .620 ° . aemulsin =

(Ii177/1{
e7 y

+ K m ~Ii na

	 0 .105 ° .

f
Gobsmin wend - a t cglueoside

	

x k . 10 1
1) x

10 4 . k

e (sal . f. )

0

	

--0 .760 1 .275 0 .0400 0 .000 0
20

	

-0.705 1 .220 0 .0383 0 .0017 9 .6 -0.0004 0 .6 6
40

	

-0.655 1 .170 0 .0367 0 .0033 9.1 --0 .0013 0 .6 2
60

	

-0.600 1 .115 0 .0350 0 .0050 10 .5 --0 .0021 0 .7 0
90

	

-0.525 1 .040 0 .0326 0 .0074 10 .1 -0.0032 0 .67
120

	

-0.465 0 .980 0 .0308 0 .0092 8 .7 -0.0043 0 .56
150

	

-0.395 0 .910 0 .0285 0 .0115 10 .7 -0.0054 0 .68
180

	

-0.330 0 .845 0 .0265 0 .0135 10 .7 -0.0065 0 .67
240- -0 .220 0 .735 0 .0231 0 .0169 10 .1 -0.0079 0 .62
300

	

-0.100 0 .615 0 .0193 0 .0207 12.9 -0.0098 0 .77

average . . . 10 .3 0 .6(3

lobs /e (sal . f.) = 20.2 . 10-2 . k 3 = 1 .29 . 10 -2 .

Table XVII .

Glucoside 0 .0400 m. Glucose 0 .12 m. 30 ° .

0 .12 . 1(m /Km, = 0 .009 . 1 ml toluene to 50 ml solution .

e = 0 .0717 . sal .f. = 0 .078 .

abeg = + 1 .210 ° .

	

aend ° + 2 .485 ° . aemulsin = - 0 .110 ° .

t
a ob sobs x k• 10 4 (K m r Km, 10 4 . k 3-a c .a tend

	

glucosid e
min + K m / Kmz - l) Ỳ e (sal . f. )

0 +1.100 1 .275 0 .0400 0 .0000 - - -

20 +1.175 1 .200 0.0376 0 .0024 13 .2 0.0006 0 .8 0

-10 +1.230 1 .145 0 .0359 0 .0041 10 .2 0 .0017 0 .6 1

60 +-1 .300 1 .075 0 .0337 0.0063 13 .7 0 .0027 0 .8 1

90 +1.390 0 .985 0 .0309 0.0091 12 .7 0 .0040 0 .7 3

120 +1 .475 0 .900 0 .0282 0 .0118 13 .1 (1 .0054 0 .7 4
150 +1.560 (1 .815 0 .0256 0 0144 14 .4 0 .0068 0 .7 9

180 +1.625 0 .750 0 .0235 0 .0165 12 .0 0 .0080 0 .6 5

2-10 +1.780 0 .595 0 .0187 0 .0213 16 .8 0 0098 0 .8 7

average . . . 13 .3 0 .7 5

kobslc (sal . f.) = 23.8 - 10 2 .

	

k ;1 = 1 .34 . 10-2 .
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Table XVIII .
iso-Butyl-3-d-glucoside . Summary of results obtained .

c glucoside c glucose 1calcohol

	

0

	

kobs e sal . f.
210

	

k oos
102 . k3

e (sal . f. )

1 . 30° . No toluene .

0 .0100 0 .00 0 .00 35 .8 0 .0740 0 .078 (62 .0) 1 .3 6

0 .0200 0 .00 0.00 24 .9 0 .0740 0 .078 (43 .1) 1 .3 6
0.0300 0 .00 0 .00 18 .0 0 .0740 0 .078 (31 .2) 1 .2 8
0.0400 0 .00 0 .00 15 .1 0 .0740 0 .078 26 .2 1 .3 4
0 .0600 0 .00 0 .00 10 .6 0 .0740 0 .078 (18 .4) 1 .31
0 .0800 0.00 0 .00 8 .8 0 .0740 0 .078 (15 .2) 1 .3 8

0 .0400 0 .00 0.00 13 .3 0 .0655 0 .078 26 .0 1 .2 3

0.0400 0.00 0 .01 12 .1 0 .0655 0 .078 (23 .7) 1 .23
0.0400 0 .00 0.02 11 .3 0 .0655 0 .078 (22 .1) 1 .24
0 .0400 0 .00 0 .04 10 .3 0 .0655 0 .078 (20 .2) 1 .29
0 .0400 0.00 0 .08 9 .1 0 .0655 0 .078 (17 .8) 1 .45
0 .0400 0.00 0 .12 7 .9 0 .0655 0 .078 (15 .5) 1 .52

0 .0400 0.00 0 .00 9 .2 0 .0790 0 .044 26 .5 1 .3 0
0 .0400 0 .00 0 .00 19 .9 0.1580 0 .044 28 .6 1 .2 7
0 .0400 0 .00 0 .00 30 .9 0 .2370 0 .044 29 .6 1 .3 1
0 .0400 0 .00 0 .00 26 .1 0 .2128 0 .044 27 .9 1 .28
0 .0400 0 .00 0 .00 16 .3 0 .0783 0.078 26 .7 1 .29
0 .0200 0 .00 0 .00 27 .4 0 .0886 0 .078 (39 .6) 1 .2 4
0 .0400 0 .00 0 .00 14 .9 0 .0886 0 .078 24 .5 1 .2 4

0 .0800 0 .00 0 .00 10.6 0 .0886 0 .078 (15 .3) 1 .3 8
0 .1600 0 .00 0 .00 6 .4 0 .0886 0 .078 ( 9 .3) 1 .3 0
0 .2400 0.00 0 .00 4.8 0 .0886 0 .078 ( 6 .9) 1 .39
0 .3200 0 .00 0.00 3 .6 0 .0886 0 .078 ( 5 .2) 1 .4 5

average . . . 27 .0 1 .32

c = 0.0400 .

0 .0100 0.00

2 . 20° . No toluene .

0 .078 (27 .4) 0 .6 10 .00

	

32.2 0.1504
0 .0200 0 .00 0 .00

	

21 .0 0.1504 0 .078 (17 .9) 0.57
0 .0300 0 .00 0 .00

	

17 .0 0.1504 0 .078 (14 .5) 0 .6 0
0 .0400 0 .00 0 .00

	

13 .7 0 .1504 0 .078 11 .7 0 .6 0
0 .0600 0 .00 0 .00

	

11 .0 0 .1504 0 .078 ( 9 .4) 0 .6 6
0 .0800 0 .00 0 .00

	

9 .4 0 .1504 0 .078 ( 8 .0) 0 .7 2
0 .0400 0 .00 0.00

	

12 .0 0 .2128 0 .044 12 .8 0 .6 3
0 .0400 0 .00 0 .00

	

16 .5 0 .1566 0 .078 13 .5 0 .6 5

average . . .

	

12 .7 0 .63

c = 0.0400 .
(continued)
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102 . k3
e glucoside

	

°glucose

	

°alcohol

	

104 .
kotis e sal . f.

10 2

	

k obl

e (sal . f. )

3 . 30° . 1 ml toluene to 50 ml solution .

0 .0400

	

0 .00

	

0 .00

	

16 .4 0.0717 0 .078 29 .3 1 .39

0 .0400

	

0 .01

	

0 .00

	

16 .1 0 .0717 0 .078 (28 .8) 1 .3 6

0 .0400

	

0 .02

	

0.00

	

15 .7 0 .0717 0 .078 (28 .1) 1 .36

0 .0400

	

0 .04

	

0.00

	

15 .1 0.0717 0 .078 (27 .0) 1 .3 6

0 .0400

	

0 .08

	

0 .00

	

14 .6 0.0717 0 .078 (26 .1) 1 .39

0 .0400

	

0 .12

	

0.00

	

13 .3 0 .0717 0 .078 (23 .8) 1 .34

average . . . 29 .3 1 .3 7

k3a /k3ao = 1
.3210.63 = 2 .1 .

Effect of toluene 1 .37/1 .32 = 1 .04 .

Effect of toluene directly observed 29 .3/27 .0 = 1 .09 .

3 . l-Methyl-ethyl-carbinol-ß-d-glucoside .

Determination of Km .

Tabte XIX. Table XX .

a . 30 °. e = 0.0174 .

sal . f. = 0.078 .

b . 20 °. e = 0 .0320 .

sal . f . = 0 .078.

e 10 4 • k otis e (sal . f.)lkobs c

	

101 - kop s e (sal . f.)/kôb s

0 .0100 46.26 0 .293 0 .0100

	

45 .71

	

0 .54 6

0 .0200 40 .16 0 .338 0 .0200

	

39.50

	

0 .632

0 .0400 28 .32 0 .479 0 .0400

	

28.92

	

0 .863

0 .0800 20 .29 0 .669 0 .0800

	

19 .98

	

1 .249

0 .1200 15 .97 0 .850 0.1200

	

16 .13

	

1 .547

0 .1600 13 .20 1 .028 0.1600

	

13 .18

	

1 .894

Fig. 3 shows that the value of Km , both at 30° and at

20°, is 0.045 .

c. Determination of Klnl , the affinity constant o f

g l u c o s e . On account of lack of material we have not deter-

mined the Kml-value, but we have made use of the usua l

value, 0 .18 .

d. Determination of Km2 , the affinity constan t

of 1-methyl-ethyl-carbinol .

For the determination of I~ul2 we have not had the optic -

ally pure 1-methyl-ethyl-carbinol at our disposal, but only
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the racemic carhinol and a preparation containing 72 0 / 0 l -

and 28 0 /o d-carbinol . With these two preparations we hav e

determined the Km,-values and thereupon by calculation

the KI712-values of the l- and the d-carbinol respectively ,

taking it for granted that the actions of the two carbinol s

may be added arithmetically .

2 G/k'o bs

Table XXI .

a. Km, for the d, l-carbinol .

30° . Glucoside 0 .0400 m . K11 = 0 .045 . e = 0 .0196 .

sal . f. = 0.078 .

alcohol 10-1

	

k ohs k /k h K m

	

°alcohol
fï mQ =

(hnl+ c) (k / kh -I )

11 .00 30.8 -

0 .01 27 .8 1 .108 0 .0490

0 .02 25 .8 1 .194 0 .054 6

0 .04 22 .4 1 .385 0 .0556

0 .08 18 .2 1 .702 0 .060 1

0 .12 15 .1 2 .040 0 .061 1

average . . . 0 .0561
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Table XXII .

(3 . Km2 for the "1-carbinol" (72 °/o 1-carbinol) .

30° . Glucoside 0 .0400m. Km = 0 .045 . e = 0 .0144 .

sal . f . = 0.078.

c alcoho lalcohol kobs k'kh Km, =

	

I~m . °alcohol
(km ~ e) ( k ikh - 1 )

0 .00 24 .3 - -

0 .01 20 .5 1 .185 • 0 .028 6

0 .02 17 .5 1 .389 0 .027 2
0 .04 15 .6 1 .558 0 .038 0
0 .08 12 .4 1 .960 0 .044 1

0 .12 10 .6 2 .293 0 .049 1

average . . . 0 .0374

For the calculation of Kma1 and Km2d we have now the

equations

0 .50 Km2l -{- 0 .50 Km2d = 0 .0561

0.72 Km2l + 0.28 Km2d = 0 .037 4

from which we get

mel = 0 .014,

	

Kin2d = 0 .098 ,

i . e . the affinity of emulsin to l-methyl-ethyl-carbinol is much

greater than the affinity to d-methyl-ethyl-carbinol .

For 1-methyl-ethyl-carbinol-ß-d-glucoside we have thu s

found

K m = 0.045 . (Kml = 0.180) . Km21 == 0 .014 . Km,d,l = 0 .056 .

Km/Kmi = 0.250 . Km fKm21 = 3 .214 . KmÎKmad 1 = 0 .804 .

(K m/Km 1 i Km/Km21- 1) = 2 .464 ,

i . e . it is to be expected that the constants observed wil l

show a rather great decrease during the hydrolysis .
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e . Examples of the calculation of kobs(Km+ c

+ (Km/Km, + Km/Km Z -1) x) = k 3 .

For 1-methyl-ethyl-carbinol-ß-d-glucoside the end-valu e

of rotation is different from the end-value of glucoside s

with an inactive aglucone . For 0 .04 molar solutions o f

1-methyl-ethyl-carbinol the rotation, measured in 2 dm-tubes ,

is -0 .080° and the end-value for a 0 .04m glucoside-solu-

tion is consequently +0.540° instead of + 0 .620 ° .

Table XXIII .

Glucoside 0 .0400m. 30°. e = 0 .0213. sal . f . = 0 .078 .

No toluene .

abeg = - 0 .730° . aend = + 0 .540° . aemulsin = - 0.035° .

Km= 0.045 .

	

Km1 =0 .180. Km2 =0 .014 .

(Km~ K mi + Km/Kmz -1) = 2.464 .

t G obs aeud - at glucoside x 10 4 . k
(K m /Km,

104 . k 3
min + K./Km, -1) x e (sal . f. )

0 -0.765 1 .270 0 .0400 0 .0000 - - -

20 -0.575 1 .080 0 .0340 0 .0060 35 .2 0 .0074 3 .2 5
40 -0.420 0 .925 0 .0291 0 .0109 33 .6 0 .0209 3.5 6
60 -0.275 0 .780 0 .0246 0 .0154 37 .0 0 .0324 4.3 5
90 -0.130 0 .635 0 .0200 0 .0200 29 .8 0 .0436 3 .8 3

120 --0 .005 0 .510 0 .0161 0 .0239 31 .7 0 .0541 4 .4 1
180 +0.165 0 .340 0 .0107 0 .0293 29 .3 0 .0656 4.4 2
240 +0.265 0 .240 0 .0076 0 .0324 25 .2 0 .0760 4.0 6
300 +0.340 0 .165 0 .0052 0.0348 27 .1 0 .0828 4.5 5

average . . . 31 .1, 4.05

kobsle (sal . f.) = 187 . 10-2.

	

k3 = 24.4 . 10-2 .

Table XXIV .

Glucoside 0 .0400 m. 20°. e = 0 .0426 . sal . f. = 0 .078 .

No toluene .

abeg = -- 0 .730 °. aend - + 0 .540° . aemulsin = - 0 .065 .
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t
min

aobs aend a t

	

cglucosirle x
~

	

(K

	

%K

	

i10~

	

k

	

°7

	

m
+Km JK ps -1)x

10 4

	

lz'

	

3
• e(sal .f.)

0 -0.795 1 .270 0.0400 0 .0000 - - -
20 -0.605 1 .080 0.0340 0 .0060 35 .2 0 .0074 3 .2 5
40 -0.450 0 .925 0 .0291 0 .0109 33 .6 0.0209 3 .5 6
60 -0.305 0 .780 0 .0246 0 .0154 37 .0 0 .0324 4 .3 5
90 -0.160 0 .635 0 .0200 0 .0200 29 .8 0.0436 3 .8 3

120 -0.035 0 .510 0 .0161 0 .0239 31 .7 0 .0541 4 .4 1
180 +0 .135 0.340 0 .0107 0 .0293 29 .3 0 .0656 4 .4 2
240 +0.235 0.240 0 .0076 0 .0324 25 .2 0 .0760 4 .06
300 +0.310 0.165 0 .0052 0 .0348 27 .1 0 .0828 4 .55

average . . . 31 .1 4 .05

kol , s /e (sal . f.) = 93.6 . 10-2. k 3 = 12.2 . 10-2.

Table XXV .

Glucoside 0 .0400m . 30° . d, ].-carbinol 0 .0400m .

0 .04 . Km /Km2d,1 = 0 .032. No toluene .

e = 0 .0196 . sal . f . = 0 .078 .

abeg -0 .7300 . aend = -f- 0 .540° . aemulsin = - 0.025 0 .

t
min

(l obs aend - a f c glucoside x 10 4 ' lc
(K

m

JKmi
+ Km /Kme -1) x

10 4 . k 3
. e (sal . f.)

0 -0.755 1 .270 0 .0400 0 .0000 - - -

20 -0.625 1 .140 0 .0358 0 .0042 23 .4 0 .0052 2 .8 6
40 -0.500 1 .015 0.0318 0 .0082 25 .2 0 .0153 3 .3 4
60 -0.410 0 .925 0 .0288 0 .0112 20 .1 0 .0238 2 .8 3
90 -0.285 0 .800 0.0248 0.0152 21 .0 0 .0321 3 .1 4

average . . . 22 .4 3 .04

kobs/e (sal . f.) = 147 . 10-z .

	

k 3 = 19.9 . 10-2 .

Table XXVI .

Glucoside 0 .0400 ln. 30° . "1-carbinol" (72 0 /0 1) 0 .04m .

No toluene .

0 .04 •K m/Km21 = 0 .048 . e = 0 .0144 . sal . f . = 0 .078.

abeg =

	

0 .730 . aend = + 0 .5400 . a<<I"-carb. _ - 0 .0 3 0° .

aemuisin = - 0 .020 ° .



28 Nr . 6. STrG VL'IBEL and HANnE LILLELUND :

t

min
aobs aend

	

a t cglucoside x 10 4

	

k (Rm1Km 10 4
+ Kn~~Kma - 1) x

• k3
e (sal . f. )

0 -0.780 1 .270 0 .0400 0 .0000 -
20 -0.675 1 .165 0 .0367 0 .0033 18 .7 0 .0041 2 .5 7
40 -0.600 1 .095 0 .0345 0 .0055 13 .5 0 .0109 1 .9 4
60 -0.520 1 .010 0 .0318 0 .0082 17 .5 0 .0169 2.6 3
90 -0.435 0 .925 0 .0292 0.0108 12 .7 0 .0234 1 .9 9

average . . . 15 .7 2 .2 8

k ol, s /e (sal . f.) = 139 . 10-2 .

	

k3 = 20 .3 . 10- 2 .

Table XXVII .

1-Methyl-ethyl-carbinol-ß-d-glucoside . Summary of result s

obtained .

10 `2 . kobs
c glucoside c ylucose

	

c alcohol 104 ' k obs

	

e sal . f. 10`-' • k 3
e (sal . f. )

1 . 30° . No toluene .

0.0400 0 .00

	

0 .00 31 .1 0 .0213 0 .078 187 24 . 4
0 .0100 0 .00

	

0 .00 45 .8 0 .0174 0 .078 (337) 20 . 8
0 .0200 0 .00

	

0 .00 40 .1 0 .0174 0 .078 (296) 22 . 6
0 .0400 0 .00

	

0 .00 29 .1 0 .0174 0 .078 214 21 . 8
0 .0800 0 .00

	

0 .00 20 .1 0 .0174 0 .078 (148) 22 . 2
0 .1200 0 .00

	

0 .00 15 .4 0 .0174 0 .078 (113) 22 . 1
0 .1600 0 .00

	

0 .00 12 .5 0 .0174 0 .078 ( 92) 21 . 8
0 .0400 0 .00

	

0 .00 30 .8 0 .0196 0 .078 202 21 . 9
0 .0400 0 .00 cl, l 0 .01 27 .8 0.0196 0 .078 (182) 21 . 0
0 .0400 0 .00 d,1 0 .02 25 .8 0 .0196 0 .078 (169) 20 .5
0 .0400 0 .00 d,1 0 .04 22.4 0 .0196 0 .078 (147) 19 .9
0 .0400 0 .00 d,1 0 .08 18 .2 0 .0196 0 .088 (119) 19 .8
0 .0400 0 .00 d,1 0 .12 15 .1 0 .0196 0 .078 ( 99) 19 .3
0 .0400 0 .00

	

0 .00 24 .3 0 .0144 0 .078 216 22 .5
0 .0400 0 .00 "1" 0 .01 20 .5 0 .0144 0 .078 (182) 20 .8
0.0400 0.00 "1" 0 .02 17 .5 0 .0144 0 .078 (156) 19 . 2
0 .0400 0.00 "1" 0 .04 15 .6 0 .0144 0 .078 (139) 20 . 3
0.0400 0.00 "I" 0 .08 12 .4 0 .0144 0 .078 (110) 21 . 1
0.0400 0 .00 "1" 0 .12 10 .6 0 .0144 0 .078 ( 94) 22 . 6
0 .0400 0.00

	

0 .00 271 0 .1363 0 .078 (255) 25 . 5

average . . . 215 21 .5

c - 0.0400 .
(continued )
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eglucoside

	

cglucose. c aleohoL 10 4

	

ko o s

	

e sal . f.
10"

	

k ob l

e (sal . f .)
10 2 . k3

2 . 20° . No toluene .

0 .0400

	

0 .00 0 .00 31 .1 0 .0406 0 .078 94 12 .2
0 .0100

	

0 .00 0 .00 45 .8 0 .0320 0 .078 (183) 11 .3
0 .0200

	

0 .00 0 .00 37 .2 0 .0320 0 .078 (149) 11 . 3
0 .0400

	

0 .00 0 .00 29 .7 0 .0320 0 .078 119 12 .1
0 .0800

	

0 .00 0 .00 19 .2 0 .0320 0 .078 (77) 11 .4
0 .1200

	

0 .00 0 .00 15 .0 0 .0320 0 .078 (60) 1.1 .6
0 .1600

	

0 .00 0 .00 12 .5 0 .0320 0 .078 (50) 11 .8
0 .0400

	

0.00 0 .00 277 0 .2726 0 .078 130 13 . 0

average . . . 114 11 . 8

c = 0 :0400 .

k 3. /ks,a = 21 .5/11 .8 = 1 .75 .

4 . d-Methyl-ethyl-carbinol-ß-d - glucoside .

Determination of Km .

Table XXVIll . Table XXIX .

a .

	

30 ° . e = 0 .0682 . b .

	

20 ° . e = 0 .1252 .

sal . f . = 0 .078 sal . f . = 0.078 .

c 10 4 - li obs e (sal . î), k obs c 104 • Irobs

	

e (sal . f.)/ lc
ob s

0 .0100 51 .80 1 .026 0 .0100 51 .18 1 .90 4
0 .0200 40 .94 1 .300 0 .0200 38 .26 2 .547
0 .0400 29 .98 1 .774 0 .0400 24 .45 3 .98 5
0 .0600 23 .35 2 .278 0 .0600 20 .23 4 .81 6
0 .1000 17 .98 2 .959 0 .1000 14 .37 6 .78 0
0 .1600 12 .44 4 .276 0 .1600 11 .45 8 .509

Fig. 4 shows that the value of Km , both at 30° and at

20°, is 0 .030 .

c . Determination of Kml , the affinity constant o f

glucose . Here also we have made use of the value 0 .18 for

e. the value determined in previous investigations

and by other investigators .
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d . Determination of K m2 , the affinity constan t

of d-methyl-ethyl-carbinol .

As pointed out above (p . 23) we have not had at ou r

disposal pure d- and 1-methyl-ethyl-carbinol, but only th e

racemic carbinol and a preparation with 72°/ 0 1- and 28°/ °

1o/k'obs

	

2

g

X

8

7

6

5

4

3

30 °

x

2

	 i	 i	 i	 i	
2

	

6

	

10

	

12

	

14

	

16 CI O

Fig . 4 .

d-carbinol. Above we have calculated for the d-carbino l

Km2
= 0.098 and we have found for the d, 1-carbino l

Km2
= 0 .056. This value was determined with the 1-methyl-

ethyl-carbinol-glucoside as substrate, the K1 -value of which

is 0 .045 . As a check on the determination of Km2 a we have

made a few determinations of the inhibiting effect of the

d, 1-carbinol on the hydrolysis of d-methyl-ethyl-carbinol-

f3-d-glucoside . Lack of material has rendered it impossibl e

to carry out the determination of K m2 also for the carbinol-

preparation more rich in 1-carbinol .

-4-Km-2
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Table XXX .

Km2 for the d, 1-carbinol .

30° . Glucoside 0 .0400m. K 1 = 0 .030 . e = 0 .0292 .

sal . f . = 0 .078.

k/k healcohol

	

104• k obs
K. . e alcohol

Km' __ (K m + e) Wkh - 1 )

	

0.00

	

11 .3

	

-

	

-

	

0.04

	

8 .5

	

1 .330

	

0 .0520

	

0.08

	

7 .2

	

1 .568

	

0 .060 4

average . . . 0.05 6

This value happens to be identical with the value 0 .05 6

determined with the 1-glucoside, and we therefore thin k

that the calculated value of Km d also is approximately

correct.

For d-methyl-ethyl-carbinol-ß-d-glucoside the followin g

values are to be considered as the best :

Km = 0 .030 . (Kml = 0 .180) . Km2d = 0 .098. Km2d, l = 0.056 .

K m /Kml = 0.167 . Km/Kmad = 0.306 . Km'Kmzd,l = 0.536 .

(Km/Km l + Km/Km 2d 	 1) _ - 0 .527 ,

i . e . it is to be expected that the constants will increase wit h

increasing hydrolysis, but the determinations are not s o

sure in this case as in the cases examined before .

e . Examples of calculation of kobs(Km+ c +(Km/Km i
+ Km/Km2 -1) x) = k3 .

As pointed out above (p . 26) the end-value of rotation

of a glucoside with an active aglucone is different from that

of a glucoside with an inactive or racemic aglucone. For

0 .0400 m solutions of d-methyl-ethyl-carbinol-(3-d-glucosid e

the end value is +0 .700° (2 dm tube) .



min

	

+ Kni1K m -1) x

	

. e (sal . f.)

Table XXXI .

Glucoside 0 .0400 m . 30° . e = 0.0930. sal . f . = 0 .078 .

No toluene .

abe g

	

- 0 .525 ° . aend = + 0 .700 ° . aemulsin =

	

0 .140 0 .

Km = 0 .030 . Km = 0 .180 . K
m2

= 0 .098 .

(Iim/Kmi +Km/Kma
-1) = -0 .527 .

t

	

x 104 • k

	

( K./K., 10 4 • k 3
a obs wend _ at e glucosirl e

32
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0 -0.665 1 .225 0 .0400 0.0000 - -

10 --0 .555 1 .115 0 .0364 0.0036 40 .9 -0.0009 2 .82

21) -0.465 1 .025 0 .0335 0.0065 36 .6 -0.0026 2 .4 6

40 -0.310 0 .870 0 .0284 0.0116 35 .6 0 .0047 2 .3 2

60 -0.185 0 .745 0 .0243 0 .0157 33 .7 -0.0072 2 .1 2

90 -0.030 0 .590 0 .0193 0 .0207 33 .8 -0.0096 2 .0 4
120 +0.095 0 .465 0 .0152 0 .0248 33 .7 -0.0120 2 .0 0

average . . . 35 .7 2 .2 9

kobs /e (sal . f .) = 49.2 • 10-2 . k3 = 3 .16 - 10-2 .

Table XXXII .

Glucoside 0 .0400 an . 20°. e = 0.1859. sal . f. = 0 .078 .

No toluene .

aben. = - 0 .525 0 . IXend = + 0 .700 ° . aemulsin = - 0 .280 ° .

min
G obs wend- at e glucoside x 104

	

k
+ Km /Km - 1 ) x

4 .10'

	

1. 3
. e (sal . f.)

0 -0.805 1 .225 0 .0400 0 .0000 - - -

10 -0.695 1 .115 0.0364 0 .0036 40 .9 -0.0009 2 .8 2

20 -0.600 1 .020 0.0333 0.0067 38 .7 -0.0027 2 .6 0

40 -0.445 0 .865 0 .0282 0 .0118 35 .8 0 .0048 2 .3 3

60 -0.330 0 .750 0.0245 0.0155 31 .0 -0.0072 1 .9 5

90 -0.185 0 .605 0 .0198 0 .0202 31 .1 -0.0094 1 .8 9

120 -0.065 0 .485 0.0158 0 .0242 32 .0 -0.0117 1 .8 7

average . . . 34 .9 2 .24

kobs/e (sal . f.) = 24 .1 • 10-2 .

	

k ;i = 1 .54 - 10- 2 .
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Table XXX.III .

Glucoside 0.0400m. 30°. d,l-carbinol 0 .04m .

0 .04 K,,,/K m2d 1 = 0.0214. No toluene .

e = 0 .0292 . sal . f. = 0.078 .

abe g = - 0 .525° . aend = + 0 .700° . aemulsin = - 0 .045° .

t

	

a obs aend - a t eglucoside Y

	

10 4 k

	

(KIn/Km
1104 • kg

min

	

+ KIn/Kms -1) s

	

e (sal . f. )

	

0 -0 .570 1 .225

	

0 .0400 0 .0000 -

	

-
30 -0 .495

	

1 .150

	

0 .0376 0 .0024 9.2

	

-0.0006

	

0 .8 3

	

60 -0.430 1.085

	

0 .0354 0 .0046 8 .4

	

-0.0018

	

0 .7 5

	

90 -0.370 1.025

	

0 .0335 0 .0065 8 .2

	

-0.0029

	

0 .7 3

	

120 -0.315 0 .970

	

0 .0317 0 .0083 8 .0

	

-0.0039

	

0 .7 0
average . . . 8.5

	

0 .7 5

kobs/e (sal . f.) = 37 .3 . 10- 2.

	

k 3 = 3.30 - 10-2 .

Table XXXIV.

d-Methyl-ethyl-carbinol-(3-d-glucoside . Summary of result s

obtained .

e glucoside cglucose calcohol
102 • k o p s104•kobs

	

e

	

sal . f.

	

1 0 2 • Its
e(sal .f.)

1 . 30° . No toluene .

0 .0400 0 .00

	

0.00 35 .7 0 .0930 0 .078 49 .2 3 .1 6
0 .0400 0 .00

	

0.00 11 .3 0 .0292 0 .078 49 .4 3 .1 8
0 .0400 0 .00 d, 1 0 .04 8 .5 0 .0292 0 .078 (38 .1) 3 .3 0
0 .0400 0 .00 d, l 0 .08 7 .2 0 .0292 0 .078 (32 .3) 3 .4 9
0 .0100 0 .00

	

0 .00 53 .8 0.0682 0 .078 (101

	

) 3 .8 9
0 .0200 0 .00

	

0 .00 36 .8 0 .0682 0 .078 (87 .1) 3 .3 1
0 .0400 0 .00

	

0 .00 28 .6 (1 .0682 (1078 53 .7 3 .5 8
0 .0600 0 .00

	

0 .00 20 .8 0 .0682 0 .078 (39 .1) 3 .3 6
0.1000 0 .00

	

0 .00 15 .6 0 .0682 0 .078 . (29 .3) 3.6 7
0 .1600 0 .00

	

0 .00 11 .4 0 .0682 0 .078 (21 .4) 3 .9 5

average . . . 50 .8 3.49

D . Ligl . Danske Vidensle . Selskab, Math .-fys . Medd . XVII, 6 .

c = 0 .0400.

(continued)

3
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'glucoside

	

glucose 'alcohol 104' k obs e

2 . 20° . No toluene .

102 •kob s
sal. f.

	

102 . k3
e (sal . f. )

0 .0400

	

0 .00 0 .00 34.9 0 .1859 0 .078 24 .1 1 .5 4

0 .0100

	

0 .00 0 .00 51 .2 0 .1252 0 .078 (52 .4) 2 .0 2

0 .0200

	

0 .00 0 .00 35.8 0 .1252 0 .078 (36 .7) 1 .7 5

0 .0400

	

0 .00 0 .00 22.7 0 .1252 0 .078 23 .2 1 .5 6
0.0600

	

0 .00 0 .00 18 .8 0 .1253 0 .078 (19 .3) 1 .6 6

0 .1000

	

0 .00 0.00 13 .9 0 .1252 0 .078 (15 .6) 1 .78
0.1600

	

0 .00 0 .00 10.8 0 .1252 0.078 (11 .1) 2 .0 3

average .

	

. 23 .7 1 .76

c = 0 .0400 .
k3 go /k3E , = 3.49/1 .76 = 1 .98 .

5 . Trimethylcarbinol-13-d-glucoside .

VEIBEL and NIELSEN (10) have reported this glucoside

to be nearly resistent towards the action of emulsin . Later

VEIBEL (5) has examined its enzymic hydrolysis, making

use of a more active enzyme preparation than that used b y

VEIBEL and NIELSEN . The constants of velocity were re-

ferred to the amount of emulsin bound to the glucoside in

the way indicated by VEIBEL and ERIKSEN (1) . We have

now recalculated the experiments of VEIBEL in the way

indicated in the present paper, making use of the Km- and

Km2-values previously determined (5) . The difference be-

tween the constants calculated in the two different ways

is only some 2-3°1 0 , which means that the more convenien t

method employed in the present paper is as accurate a s

the more complicated method previously used .

The following affinity constants were found :

I~m = 1 .46 . (Klm = 0 .18) . K m 2 = 0 .37 . Km/Kml = 8.110 .

Km/Km2 . = 3.946 . (Km/Kmi -{- Km/Km2	 1) = 11 .06 .
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Examples of calculation of kobs((Kni/Km l -i- Km/ IKm 2
-1)x-}-Km+c) = k 3 e(sal. f.) .

Table XXXV .

Glucoside 0 .0400 m. e = 0 .2978 . sal . f . = 0.34 .

1 ml toluene to 50 ml solution .

t

min
aobs aend - a t c glucoside

(Km IK m l
x 104 . kobl

-- K+

	

m/Kmï -1)x
s • k g

e (sal .f. )
0 -0.365 0 .470 0 .0400 0 .0000 - -

1440 -0.325 0 .430 0 .0366 0 .0034 0 .27 0 .0370 0 .4 2
2880 -0.285 0 .390 0 .0322 0.0068 0 .29 0 .0735 0.4 6
4320 -0.255 0 .360 0 .0306 0.0094 0 .24 0 .1039 0 .3 9
5760 -0.230 0 .335 0 .2085 0 .0115 0 .22 0 .1272 0 .3 6

average . . . 0 .26 0.41

k o rs/e (sal . f.) = 0 .03 . 10-2 .

	

k3 = 0.04 . 10-2.

For 10 4 . k 3 • e (sal . f .) we now find 0 .41 and have pre-

viously calculated 0 .42 .

Table XXXVI.

Glucoside 0.0800 m. 30 ° . Carbinol 0 .0400 m .

0 .04 . 3 .946 = 0 .1578 . 1 ml toluene to 50 ml solution .

e = 0 .1780 . sal . f . = 0 .34 .

t

min
a obs a~ nc

	

a1- t g. ucosic ecl

	

1 x 104 . k

	

(E m/K m

+ Kn ,/Km - 1) x
10 4

	

k 3

. e (sal . f. )
0 -0.885 1 .880 0 .0800 0 .0000 - - -

1440 -0.770 1 .765 0 .0751 0 .0049 0 .19 0 .0540 0 .33

2880 -0.665 1 .660 0 .0707 0 .0093 0 .18 0 .1028 0 .3 3
4320 -0.575 1 .570 0 .0668 0 .0132 0 .17 0 .1460 0 .3 1
5760 -0.485 1 ;480 0 .0630 0 .0170 0 .18 0 .1880 0 .3 3

average . . . 0 .18 0 .3 3

kobl /e (sal . f.) = 0.03 • 10-2 . k3 = 0 .055 . 10-2 .

For 10 4 .k3 • e (sal . f .) we now find 0 .33 against 0 .34

previously calculated .

3 *
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Table XXXVII .

Trimethylcarbinol-ß-d-glucoside . Summary of results

obtained .

glucoside

	

glucose e aleohol 101 kobs

	

e

	

sal . f. 10	 l=obs
10 2 •

k_3

e (sal . f. )

30°. 1 nil toluene to 50 ml solution .

0 .0200 0 .00 0 .00 0 .27 0 .2978 0 .34 (0 .027) 0.04 0
0 .0400 0 .00 0 .00 0 .26 0 .2978 0 .34 0 .026 0.04 0
0 .0800 0 .00 0 .00 0 .25 0 .2978 0 .34 (0 .025) 0.04 2
0 .1600 0 .00 0 .00 0 .25 0 .2978 0 .34 (0 .025) 0.04 6
0 .2400 0 .00 0 .00 0 .23 0 .2978 0 .34 (0 .023) 0.04 6
0 .3200 0 .00 0 .00 0 .21 0 .2978 0 .34 (0 .021) 0 .04 4
0 .0800 0 .00 0 .00 0 .195 0 .1780 0 .34 (0.032) 0 .05 4
0 .0800 0 .00 0 .02 0 .190 0 .1780 0 .34 (0 .031) 0 .05 4
0 .0800 0 .00 0 .04 0 .180 0 .1780 0.34 (0 .030) 0 .05 5
0 .0800 0 .00 0 .08 0 .169 0 .1780 0 .34 (0 .028) 0 .05 6
0 .0800 0 .00 0 .16 0 .160 0 .1770 0 .34 (0 .026) 0 .05 9
0 .0800 0 .00 0 .24 0 .153 0 .1780 0 .34 (0 .025) 0 .06 4

average . . . 0 .05

The heat of activation has not been determined, as th e

hydrolysis at 20° is too slow to allow of a determination .



Table XXXVIII .

Alcohol
102 .k obs

K m
Kmi I{nl 2

K m

	

KM+

	

- 1
k3,o

Q 102 'k3 k3 T/ k310 2 . k3
e (sal . f )

c = 0.0400
K m,

	

Km, Toluen e

30°

	

20° 30°

	

20 °

Methyl	 2 .7

	

1 .35 0 .62 0 .20 (cc)) 2.44 1 .89

	

0.94 2 .0 12200 2 .93 1 .5 5

Ethyl	 5 .3

	

2.2 0 .25 0 .17 (co) 0 .39 1 .58

	

0 .77 2 .0 12700 2 .28 1 .44

n-Propyl	 22 .6

	

11 .3 0 .16 0 .21 0 .18 0 .78 5 .08

	

2 .34 2 .1 5 13500 6 .47 1 .2 7

iso-Propyl	 16 .9

	

7 .9 0 .40 0 .15 0.41 2.20 7 .51

	

3.62 2 .1 13100 8 .13 1 .0 8

n-Butyl	 27 .8

	

14 .3 0 .031 0 .19 0.029 0.24 2 .20

	

1 .11 2 .0 12200 2 .68 1 .2 2

iso-Butyl	 27.0

	

12 .7 0 .013 0 .13 0 .032 -0.52 1 .32

	

0 .63 2 .1 13100 1 .37 1 .0 4

1-Methyl-ethyl-Garb . 215

	

114 0 .045 - 0 .014 2 .46 21 .5

	

11 .8 1 .8 ; 1080 0

d-Methyl-ethyl-carb . 50 .8

	

23 .7 0 .030 - 0 .098 -0.53 3 .49

	

1 .76 1 .9 5 1200 0

Trimethyl-carbinol . . 0 .03 1 .46 0 .37 11 .06 (0 .05)

	

- - -

average . . . 0 .18
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Discussion.

In order to facilitate the discussion of the results obtained

we have in table XXXVIII given a summary of the con-

stants determined for all glucosides examined in this serie s

of papers .

If we look first at the directly observed velocity constants ,

the most striking feature is that there does not seem to b e

any relation between the velocity constant and the structure

of agluconc. A comparison of propyl- and iso-propylglu-

coside seems to indicate that a glucoside of a primary

alcohol is hydrolysed more easily than a glucoside of a

secondary one, and the very low velocity of hydrolysis o f

trimethylcarbinol-glucoside might then be taken as a n

indication of the significance of a branching of the alkyl -

chain : the more branched, the less hydrolysable . But for

the butyl-glucosides this point of view cannot be maintained ,

as both d- and 1-methyl-ethyl-carbinol-glucoside are hydro-

lysed with a greater velocity than the glucosides of the two

primary butyl-alcohols . The butyl-glucosides present a

striking example of the significance of the structure of the

aglucone : 1-methyl-ethyl-carbinol-glucoside is hydrolysed

7000 times as fast as the trimethylcarbinol-glucosides, at

all events for 0 .0400 in solutions .

The molecular weight of the aglucone has possibly a

significance. The series of glucosides of primary alcohol s

seems to indicate that with increasing molecular weight the

velocity constant increases, and the glucosides of the se-

condary alcohols examined agree with this rule . But it i s

very striking that the spatial arrangement of the atoms i s

more significant than is the molecular weight, the differenc e

between 1- and d-methyl-ethyl-carbinol-glucoside being
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greater than between n-propyl and n-butyl-glucoside . And

from the preliminary results of an examination of som e

glucosides of tertiary alcohols, reported by VEIBEL and

LILLELUND (11) it is seen that the velocity constants ar e

not always increasing with increasing molecular weight ;

this may be true for the tertiary butyl-, amyl- and hexyl-

glucoside, but the tertiary heptyl-glucoside triethyl-carbinol-

p-d-glucoside is hydrolysed considerably more slowly than

its lower homologue, methyl-diethyl-carbinol-p-d-glucoside .

But as previously pointed out (1), we do not attach ver y

much importance to the directly found velocity constants .

The affinity between emulsin and the different substrates

may vary so much that when the velocity constants ar e

referred to emulsin combined with the substrate, the order

of the constants is quite another than when referred t o

emulsin present in the solution . A comparison of the value s

of kobs and k3 proves this to be true, most strikingly perhap s

for methyl-glucoside and isobutyl-glucoside, but the two

propyl-glucosides, as well, clearly show the significance o f

the affinity between enzyme and substrate .

It is seen that the variation in affinity is very great, th e

dissociation constants of the enzyme-substrate-compoun d

(Km) varying from 1 .46 to 0 .013. No regularity in the re-

lation between the structure of aglucone and the value of th e

affinity constant can be traced from the experiments reporte d

here, whereas a regularity in the k 3-values may possibly

be found : the 3 glucosides of secondary alcohols have all

of them rather high k3-values, the 5 glucosides of primary

alcohols have values which are slightly lower (exceptio n

propyl-glucoside) and the k 3-value of the tertiary alcohol

is extraordinarily low . The relation between the observe d

values of the velocity constants for 1-methyl-ethyl-carbinol-
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glucoside and trimethyl-carbinol-glucoside is 7000, wherea s

the relation between the corresponding k 3-values is only

4000 . The material is, however, not large enough to allo w

of any generalisation .

The influence of the spatial arrangement, for kobs as

well as for Km and k3 , is seen very clearly from the experi-

ments with 1- and d-methyl-ethyl-carbinol-glucoside . MIT-

cHELL and MACARTHUR (12) have proposed to determine

the velocity constants for the hydrolysis of glucosides of

1- and d-carbinols by applying exponential analysis to the

experimental figures from hydrolysis-experiments of the

glucoside of the racemic carbinol with emulsin . For the

glucoside of secondary butyl alcohol they find kI/kd = 5.5 ,

but just as it has been pointed out for another of their gluco-

sides (VEIBEL (13)) it has not been examined whether th e

glucoside in question is really that of the racemic carbinol

or whether it has been, at all events partially, resolved

during the purification of the glucoside-tetracetate or the

glucoside itself .

We find for the pure glucosides kobs,/kobs, = 4 .2, but

as the affinity between emulsin and the 1-glucoside is not

as great as that of the d-glucoside (K Ø1 /Km~ = 1 .5) we find

by calculation k 31 /k 3a = 6 .2 .

The affinity between emulsin and glucose has been

determined in 6 cases, and the mean value of these deter-

minations agrees with the generally adopted value 0 .18 . I t

must be admitted, though, that the deviations from th e

mean value are rather large . But it must also be taken int o

consideration that an inaccuracy in the determination o f

the Km value involves a corresponding inaccuracy in th e

determination of Kml. and Km2 .

The values of K m2 prove that the affinity between emulsin
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and the different alcohols may be considerable and that i t

may be greater than the affinity between emulsin and the

glucoside . As in the case of the glucosides it seems impossible

to find any regularity in the relation between the structur e

of the alcohol and the affinity between alcohol and emulsin .

The inhibiting action of glucose and the various alcohol s

may be calculated when the three Km values are known ,

provided that the inhibition is a competitive one . In the

different examples of calculation of k 3 it may be seen that

generally the influence of the products of hydrolysis ma y

be corrected for by calculation, and this means that the

inhibition is competitive . In some of the examples we have

not succeeded in calculating really constant k 3-values, but

we are of opinion that this is not due to a fundamenta l

incorrectness of the calculation but to peculiarities in th e

different experiments, causing a partial inactivation o f

emulsin in the experiments where the calculation does not

yield constant values of k 3 .

We are inclined to find a proof of the correctness of ou r

point of view in the fact that the determination of Km, Km,
and Km2 allows us to predict whether the directly observe d

velocity constants may be expected to decrease, to be con-

stant or to increase during the hydrolysis . A decrease of the

constant might be due to an inactivation of the enzyme

during its action and does not say anything about the cor-

rectness of the calculation, but increasing constants can no t

be explained in that way and we see no other simple ex -

planation than the one which we have given above . De-

creasing constants are most commonly met with, but we

have found a striking case of a glucoside with increasin g

constants in isobutyl-glucoside, and the increase has the

value calculated from the determined Km values . This
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glucoside is, therefore, a very good confirmation of the

correctness of the calculation proposed by us .

From the Km values of d-methyl-ethyl-carbinol-glucosid e

increasing values of the velocity constant might be expected

for this glucoside also, but as seen in tables XXXI-XXXII I

we find, on the contrary, decreasing constants . This is surel y

due to the incorrectness of the determination of Km2d . For

the 1-glucoside the Km-values predict a very great decreas e

in the constants, and in the experiments we find constants

which decrease, but not quite so much as expected from th e

calculation . As pointed out above (p . 23), the determination

of Km2d and Km21 is not as reliable as the determination s

of the other Km 2values and we are inclined, therefore, to

give more credit to the agreement in the case of isobutyl-

glucoside than to the non-agreement in the case of d-methyl -

ethyl-carbinol-glucoside .

In order to get an impression of the correctness of the

predictions as to the decrease or increase of the constant s

during the hydrolysis we have for all 9 glucosides examined

up to the present calculated the decrease or the increase t o

be expected after 50 °/° hydrolysis, and in table XXXIX w e

compare the calculated figures with the experimental one s

as recorded in this and the previous (1) paper .

It is seen that the only case which is completely wrong

is the d-methyl-ethyl-carbinol-glucoside where, as pointe d

out, the Kml-determination is not as reliable as for the other

alcohols . The calculated and the observed figures in table

XXXIX do not quite agree, but as the observed figures ar e

necessarily single determinations of the constants, the ex-

perimental error is very considerable and the differenc e

between calculated and observed values is not greater tha n

might be expected under these circumstances .
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Table XXXIX .

Glucoside
K m + e

c = 0.04

(K m/Km + Km /K m - 1) x

for x = 0.0200

Decrease (-) o r

increase (+)

Methyl	 0 .66 0 .049

cale 0/o

- 7

found o f o

-20
Ethyl	 0 .29 0 .008 - 3 -25
Propyl	 0 .20 0 .016 - 7 - 5
Isopropyl	 0 .44 0 .044 - 9 -25
n-Butyl	 0 .071 0 .0048 - 6 - 7
iso-Butyl	 0 .053 -0.010 +25 +10
1-Methyl-ethyl-carb	 0 .085 0 .049 -37 -15
d-Methyl-ethyl-Garb	 0 .070 -0.013 +15 -20
Trimethyl-carbinol 	 1 .50 0 .221 -12 - 5

(25 o 1 0 hydr. only) .

In a. previous paper VEIBEL and LILLELUND (2) have

shown that the standardisation of a 3-g1ucosidase-prepa-

ration may be carried out not only with salicin as the substrat e

but with any other ß-glucoside, provided the value of

k • c/X • e = k 3 • (sal . f.) is known, this expression being th e

velocity constant for 1 molar glucoside solutions, when 1 g

of emulsin of enzymic force (sal . f .) 1, combined with the

substrate, is present in a 50 ml solution . By means of

proportionality-factors which are to be determined for eac h

glucoside the k 3-value may be transformed into the usua l

standard indications of enzymic force, sal . f. and (3-gluco-

sidase-value, or into a new standard proposed by VEIBE L

and LILLELUND, the salicin-value, which is 10 2 . kobs

(Km + c + (Km /Kml+Km /Kln2 	 1) x)/e (or with approximation

10 2 • kobs (Km + c)/e), salicin being the substrate . In the above -

mentioned paper the proportionality-factors for salicin an d

for the first 4 of the alkyl-glucosides considered here ar e

determined, and in table XL these proportionality-factor s

and the corresponding factors for the other 5 alkyl-glucoside s

examined are collected .
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Aglucon

	

k3 log

Salicin value sal . f.

18 .9 1 .00 0 .053
1 .89 10.0 0 .5 3
1 .58 11 .9 0 .6 3
5 .08 3 .72 0 .2 0
7 .51 2 .52 0 .1 3
2 .25 8 .40 0 .4 5
1 .32 14 .3 0 .7 6

21 .5 0 .88 0 .047

3 .49 5.42 0 .2 9
0 .05 378 20

Most of these glucosides will have very little chance o f

being commonly used as standards instead of salicin, but
e . g . n-butyl-(3-d-glucoside presents some properties whic h

should render it preferable as a test-substance . It has not

the inconvenience of salicin, mentioned by VEIBEL and

LILLELUND (2), that the samples withdrawn and stopped b y

the addition of potassium carbonate become dark coloured ,

its preparation is not difficult and may even be carrie d

out as a biochemical synthesis as indicated by HELFEBIC H
and LAMPERT (14) . As seen from table XXXIX Km, Kmi

and Km, have such values that the constants of hydrolysi s

are nearly constant all through the experiment, the decreas e

for a 0 .0400 m glucoside solution being only 6°%o after 50°/ 0

hydrolysis and 9 °%o when 75 0 / 0 have been hydrolysed . For

Salicin VEIBEL and LILLELUND (2) indicate Km = 0 .014 ,

Km~ = 0 .011, and from these values it is calculated that th e

constants for a 0 .0400 m solution after 50 0 / 0 hydrolysi s

have decreased 11 °/0 and after 75 °/0 hydrolysis 16 0 /o ; for

a 0 .139 m solution, as indicated in the standardisatio n

Table XL.

Proportionality-factor for recalculation of

10' hobs

	

+ e
+ (Km/K m,. +

	

Km, - 1) x)le into

Salicin
Methylalcohol	
)3 thyla l c o h o l	
Propylalcohol	
iso-Propylalcohol	
n -Butylalcohol
iso -Butylalcohol	
1 - Methyl-ethyl- earb	
d- M eth y 1-ethyl-c a rb
Trimethylcarhinol	



Enzymic Hydrolysis of' Glucosides . 1I1 .

	

45

prescription of WEIDENHAGEN (8), the corresponding figures

are 14°/0 and 20°/0, i . e . the decrease for n-butyl-glucosid e

is only half of the decrease for salicin, and the k 3-value may

without serious inexactitude be calculated by means of th e

simple expression [41 : k 3 = kobs (Km c)/e, and the salicin-

value, respectively the sal . f., of a (3-glucosidase-prepar-

ation, determined by means of n-butyl-glucoside, is conse-

quently

8 .40 •10 2 •kobs (Km+ c)/e resp . 0 .45 •10 2 • kobs (Km + c)/e ,

at all events if, in the calculation of kobs , only degrees o f

hydrolysis not greater than 50% are considered .

Summary.

The enzymic hydrolysis of all 5 butyl-ß-d-glucosides ha s

been examined and the velocity constants as well as the

affinity constants for the glucosides and the products o f

hydrolysis have been determined . Table XXXVIII on p . 37

gives a summary of the results obtained .

It has been shown that for these glucosides also the

values of the velocity constants, when referred to the amoun t

of emulsin combined with the substrate, and when th e

inhibiting effect of the products of hydrolysis is considered ,

are to a very large extent independent of the concentration

of the substrate, inhibiting substances end emulsin .

A graphical determination of Km has been indicated .

A more convenient method for the calculation of k 3 ,

the velocity constant referred to emulsin combined with he

substrate, has been developed :

k 3 = kobs (Km+c+ (Km /Kmi+ Km/Km2 - 1)x)/e(sal . .f. .),
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where kobs is the directly calculated velocity constant

(calculated from point to point), Km, Km,. and Km2 are the

affinity constants of glucoside, glucose and aglucone re-

spectively, c is the initial glucoside concentration, x the

mean value of the concentration of the products of hydro-

lysis at the two points between which kohl is calculated, e

the weight in g of emulsin present in 50 ml solution an d

sal . f . the enzymic force of the emulsin preparation .

It has been shown that while the velocity constants o f

hydrolysis as a rule may be expected to decrease with

increasing hydrolysis, increasing constants may also b e

expected, namely in cases where (Km/Kmi+Km/Km2) is

smaller than 1 . Such a case has been found in isobutyl-

f3-d-glucoside .

Proportionality factors allowing the use of the butyl -

glucosides as test-substances in the standardisation o f

ß-glucosidase-preparations are given and the advantage s

of the application of n-butyl-ß-d-glucoside as a standar d

substrate instead of salicin are discussed .

Thanks are due to the Carlsberg Foundation for a grant

which enabled one of us (H . L .) to take part in this work .

(From the Chemical Laboratory, University of Copenhagen.)
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