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Introduction

As already reported,”™® many theories and equations have been
proposed in the kinetics of enzymes. The author has made it certain
that no one of the equations can be applied generally even for one
kind of enzyme but each of them can be accepted as apparently applicable
to the data of special cases. In the investigation of soy bean protein
the author decomposed it with pepsin, pancreatin and papain, taking
the length of time, the relative quantity of enzyme or the quantity of
substrate as a variable. He endeavoured to find some equation appli-
cable well with no exception at least to his data. He could find some
equations applicable well with no exception at least to his data. He
tried to apply the equations to many published data. The results were
satisfactory for many enzymes. One of the equations was always
better applicable than any one ever before proposed according to the
kind of enzyme or to the kinds of enzyme and substrate. He tried
to examine the principal theories or equations in the kinetics of enzymes
proposed by preceding investigators. He can point out some defects
or mistakes in them. The author wonders by what examination they
determined the applicability of their equations. He proposes several
items for examining the applicability of equations most of which have
not been taught in enzyme chemistry or perhaps in the kinetics of
general chemistry for these several decades. Furthermore he is going
to propose some new equations which will have wide application. Not
only to data obtained in experiment with time but also to data with
the relative quantity of enzyme or the quantity of substrate as a variable,
do the equations seem to be satisfactorily applicable. :

Decomposition taking time as a variable

1. Nomenclature of equations to be proposed

, . . 1
NakAMURA’s equation, — - — % =K and the equation, —
& ala—zx) , t*
(4

log = K which was formulated by the present author were

a—x

The author has reported a paper under the topic ‘¢ Generally Applicable Equations
in the Hydrolytic Reactions in Enzyme Chemistry (Japanese),” in Journ. Agr. Soc.
Japan from Apr. 1931 to Nov. 1932. The present paper contains the principal parts
of it, making the necessary corrections.
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applied to the data obtained by the latter in the decomposition of
protein and oil with various enzymes. The modified forms of these
equations were also applied to the data obtained in the decomposition
taking the relative quantity of enzyme or the quantity of substrate as
a variable. The author considersed that NAKAMURA’s equation was the
general form of the bimolecular equation and that his own equation was
the general form of the monomolecular equation. In the same manner,
the general form of higher orders,

11 ! 1 1 }= e

# n—1 1 (a—zx)"' a1

is considered. These general forms are here, for the sake of con-

venience, named as follows:

—1 S e T.N.N.I,
08 a—x
Ay U T.N.N.II,
% ala—=x)

2
Ly S T.N.N.TII,
2 a¥a—zx)
1 1° f 1 1
- — =K. veiiinnnn T.N.N.N,
tﬁ! 71___1 l (a__x>7t—1 an-—l }

where T is the capital letter of TaApokoro, under whose leading the
author proceeded with the study, the second N that of NakamMUrA who
is the finder of the equation of T.N.N. II itself and the third N denotes
NakajiMa, the finder of T.N.N.I and the proposer of T.N.N. equations
as generally applicable equations. Each, I, II etc., shows the order
of the equation when each #=1. The author is going to propose
these T. N. N. equations as general equations in the kinetics of enzymes.

2. Meaning of the application of the kinetic equation
and examples showing the imperfection or
mistakes of some kinetic theories

If we strictly examine the applicability of equations each of which
has been proposed to be well applicable to some data, we can re-
cognize that some of them are of true application while the others are
only of apparent application. According to the writer's examination
and opinion most of the equations which have been proposed in enzyme
#inetics are of the latter kind. If the application of an equation is only
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apparent, it has no direct relation with the chemism or chemical nature
of each component though the applicability may be very high. But
the equation of true application is considered to give suggestions re-
garding the chemism. In the chemical change between two components
whose chemical structures relating to the change are known, we can
understand that the true-application kind of equation has a close relation
to the structure of both components or to the chemism between them.
And on the other hand we can also suggest the structure of the chmicals
by the true-application kind of equation. For instance we can suggest
the chemism between two components by the true application of the
monomolecular or the bimolecular equation. Therefore a truly applicable
equation is a key to open the unknown chemical nature of components
or the chemism between twd components. Because of this important
significance of the application of equations, many investigators have
endeavoured to find such equations, and notwithstanding their endeavour
the apparently applicable equations have little value, while on the contrary,
as the equation of true application has such an important meaning, the
apparently applicable equation which was considered mistakenly to be
truly applicable by each author made him often reach a mistaken theory.
NorTHROP's theory which was introduced by the mistaken acknowledge-
ment of the ScuuTz law is such an example.®® The present author has
examined many theories and equations in enzyme chemistry proposed
by preceding investigators to try to find some truly applicable equations
among them, but the endeavour was not requited with success. He
was able unexpectedly to point out defects in many theories or the
mistaken application of equations. Some of them are shown below.

1) Arginase

Gross™ decomposed arginine with arginase, to the data of which
he applied the monomolecular equation and obtained the result given
in TasLe I. Gross attended to two facts. (1) As shown in the table
the value of K decreases with the increase of decomposition-time. (2)
After 24 hours of decomposition he added 5cc. of enzyme solution.
Two hours after the addition, the decomposition proceeded to 75% with
an increase of only 3%. From these two facts the author considered
that the decomposition velocity decreased markedly and attributed it to
the injurious effect of the decomposition product—ornithine. The present
author applied T.N. N.II to his data with the result given in TaBLE
II. The equation is surely well applicable. Gross suggested the velocity
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of decomposition by arginase from the premise that the decomposition
followed the monomolecular equation, which premise made him reach
his conclusion. But although the value obtained in the decomposition
by the further addition of a comparatively large amount of enzyme was
so little as 3%, it cannot induce his conclusion. In this case the quantity
of substrate was little and the decomposition must have followed also
T.N. N. IT with the values of K and 4, which are quite different from
those in the first step of decomposition. The writer thinks that the
decomposition velocity has no relation to the monomolecular equation.
Therefore the two facts pointed out by Gross give no reason to accept
the theory of the injurious effect of ornithine.

2) Invertase

In the kinetics of invertase many theories and equations have been
proposed. MicHAELIS and MENTEN®® deduced an equation from theoreti-
cal examination. Their equation coincides with HEenrr's equation for-
mulated independently. The two equations are given below.

i(i-}-i-]—i)a[n @ +L<._1_—_1_——_l_) x=const.
z a VA -2 a— t \ % # /oy

we-dn

+n-x=1¢- const.
a—x

Although MicuaeLis and MEeNTEN deduced their equation from care-
ful examination it does not always agree with experimental results.
After examining the examples which were shown by the authors to
prove their theory and equation to be true, the present author cannot
accept their proof. One of the examples is given in TasLE III. The
values of K are apparently uniform. But the two extremes are 0.0407
and 0.0496, the ratio of which is not so small, as it is 100:121.0.
Moreover the range of decomposition is so very narrow as to be under
20%. Within such a narrow range one must be careful especially as
to the uniformity of the values of X and the increasing or decreasing
tendency of the value of K. Their experimental results cannot satisfy
these important examinations. MicuArLls and MENTEN’s theory was
studied by many investigators and was said to have many defects both
in the theoretical and experimental researches.®® It seems that the
deeper the theoretical research the more difficult it is to find a satis-
factory equation. The present author is going to apply T.N.N. equations
to MicHAgLis’s data and examine the applicability of them. The data
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of the widest range of decomposition among the original examples
shown in TaBLe IV are taken. The applied result of T.N.N.I to
the data is given in TABLE V. As shown in this table, each difference
between experimental and calculated values is large and the equation
cannot be said to be well applicable. But in the application of equation
one or two special data in an experimental result occasionally give to
the whole calculated result such a deviation as makes one misjudge
the applicability of the equation and suppose it is not true. For trial
the writer applied again the equation to the above data omitting the
last term as MicuagLis did for this result in the original paper. The
calculated result is given in TasLE VI, where the applicability is accepted
to be satisfactory. For the data here taken, the values of K of
MicHAELIS's equation are not uniform, as their two extremes are 0.0405
and 0.0489 and their ratio is 100: 120.7.

The author has examined MicHAELIS and MENTEN's equation using
their own experimental results and shown the defect of it. The appli-
cability of his equation, T.N. N.I, to the same data is proven above.
Therefore their theory is considered also imperfect. The premise of the
impossibility of finding a satisfactory equation in the kinetics of invertase
seems to disappear.

3) Catalase

IssaJEW® obtained catalase solution from yeast, and applied the
monomolecular equation to his data. The data was considered by him
to follow the equation. EuUuLER® considered in the same manner his
data obtained with fungus extract. FarreLowitz®® obtained data with
milk catalase to find some applicable equation. In the decomposition
at 25°C with a large quantity of catalase for dilute substrate, it followed
the monomolecular equation but the decomposition velocity for the
substrate was thought to decrease with the progress of the decomposition
of the catalase itself. The decomposition of catalase was thought to be
weaker for high concentration than for low concentration of H,O,. For
a definite concentration of H,O, the increase of decomposition velocity
was comparatively little and was not proportional to the increase of
catalase. Baca™ studied the catalase of sebaceous tissue. In the de-
composition of much H,O, with much catalase he thought that the
decomposition took place proportionally to the quantity of substrate or
enzyme. SENTER® thought that his data obtained with blood catalase
followed the monomolecular equation. MorGuLis“” recognized that the
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decomposition by cataldse took place proportionally to the quantity
of enzyme or substrate. When much quantity of the enzyme was
taken, the monomolecular eqnation was well applied, while in the
decomposition of under 24-4/5 part of the substrate the bimolecular
equation and, in the decomposition of medium degree, the 1% molecular
equation was applied well to the data. RoNa and DAMBOVICEANU
accepted MorcuLis’s conclusion. They applied equations to their data
as given in TasLE VIL

In the decomposition of H,O, by catalase, Yamazaxi® supposed
two independent processes the velocity of each of which was considered
to be constant through the entire decomposition. FEach velocity was
given as follows:

dE

— =K
adt

__d¢ =£Ec¢
dt

where E denotes the concentration of enzyme, ¢ the concentration of
H,0,, K and % are constants. By integration,

log Lo =log Lot —pras
c ct+a
was obtained where C, denoted the concentration of H,O, at the beginning
of decomposition, ¢ the concentration after # hours, # equals £K, and
@ the integration constant. He wmade many elaborate experiments.
MaximowiTsce and AwTtoNoMova® also supposed two processes in the
decomposition by catalase such as,

1. Decomposition of H,O, by catalase,
2. Breaking of catalase by H,0,

which were denoted as given in the following equations
dx

-;t—zC(A—x)(B—y) ....................................... (1)
%:C‘, (A—2) (Bo3) ceeteereeereeeeeeerereeersaeeneererens (2)

where 4 and B mean the concentration of H,0, and the concentration
of catalase both at the beginning of decomposition respectively, # the
quantity of H,O, decomposed in ¢ hours, y the quantity of enzyme

decomposed in 4 As C=k=(,, deviding (2) by (1) —‘—l%:—% results,
dx
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which will be represented by E, and % will be denoted by D. The
authors obtained finally the equation,

1 1 .24
—_ Og .
t A—D ° A(D—2)

CM =

From the data of their experiment they calculated the values of the
constant of their equation, and they thought that their equation was
perfectly applicable. As they said, although the equations of Maximo-
wrrscH and Yamazakl are different from each other in form, they each
deduced independently their respective equation from the same point
of view. Therefore the meaninings or the values of applicability of
their two equations are quite the same.

The principal kinetic theories of catalase are given above. The
author will show hereafter the incompleteness or defect of some equations.
The incompleteness or defect of these theories from which the equations
were deduced will be accordingly understood. The applied results of
T. N. N. equations will be given at the same time to show the good appli-
cation of them. The result obtained by Issajew in the application of the
monomolecular equation is given in TasLE VIII. As seen in this table,
the uniformity of the values of K is constant. The writer applied
T.N.N. I and II equations to the same data as given in TasLe IX.
As the probable error for equation I is very near to 1, the monomolecular
equation can be said to be satisfactory. The same conclusion can be
deduced from the result when applied to another example as shown in
TasLe X.

EuLER recognized the good application of the monomolecular equation
to his data obtained by catalase of shaggy boletus which are given in
TasLe XI. The present author applied T.N.N. equations to EULER’S
data, from which T.N.N. II is clearly accepted to be satisfactory as
shown in TasLE XII. From the results of the application in this table
it seems that the applicability is high in the order of T.N.N. II,
T.N.N. I and the monomolecular equation.

SENTER recognized the satisfactory application of the monomolecular
equation to his data, obtained by blood catalase as given in TABLE
XIII. To the same data the present author applied T. N. N. equations.
T.N.N. I is distinctly better applicable than II and the value of # of
T.N.N. I is almost equal to 1 as shown in TasLe XIV. Therefore
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no perceptible difference of applicability can be seen between the monomo-
lecular equation and T. N.N. 1.

Next T. N. N. equations will be compared with YAaMAzAKI's equation
for his same data. From many results of YaMAzAKI some of them
were taken at random to which T.N.N. equations were applied as
given in TaBLe XV where T.N.N. I is distinctly better applicable
than 11 or Yamazakr's equation. The value of # of the last equation
is first large and becomes little and so the equation is not adequate to
maintain his theory. Yamazakr himself pointed out the defect of his
equation in this fact. To his data, T. N. N. I was always best applicable,
examples of which are shown in TasLeEs XVI—XIX.

The applicability of MaximMowiTscH and AWTONOMOvVA's equation
will be next examined. The proof of the equation by the authors is
to be regretted in soma points. First, although they gave many
experimental results these are not adequate to examine the applicability
of an equation because the range of decomposition is not wide. The
present author calculated the range by the formula (x,—2;) /ax 100
where #, is the quantity of substrate decomposed for the longest time,
%, that for the shortest time and « is the quantity of substrate taken.
From the data of MaximowiTscH, the present author calculated the
ranges for all results, some of which is as little as only about 2 to
7% and even the widest range is about 35%. Secondly, to calculate
each value of the constant of their equation, he took the mean value
of D of his equation by averaging the calculated results of a very
indefinite number, for instance, they toock the mean value of D from
10 calculated results for 6 experimental data of one group, while in
some other case they took the value averaging only 3 or 4 calculated
results for 6 data of another group. At any rate the present author
applied T. N. N. equations to their data. T.N.N.I was always better
applicable than II. Some examples are shown in TasLes XX—XXVII.
As seen in these tables the values of 2 are not quite uniform. When
the values of K of the monomolecular equation are comparatively given,
the values of Cj seems very uniform, but the two extremes are 32 and
29 which are 10% different from each other. On the other hand,
T.N.N.I is satisfactory. In other examples the same defects of
MAXIMOWITSCH's equation as explained in the previous example can be
pointed out while T. N. N.I shows always good application.

Some of the data of Rona and Damsoviceaxu, which were shown
by them to follow 1} molecular equation as MorcuLis's theory will be
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given. To these data T. N. N. II shows its perfect applicability as shown
in TABLE XXVIII and XXIX.

3. Necessary items for examining the applicability of equations

In the examination for applicability of an equation several items
must be mentioned. If one or two of them are overlooked it is usual
to overestimate the applicability of the equation. However, such im-
portant items have never been taught in enzyme chemistry although one
or two of them were usually attened to in each of the preceding studies
on kinetics. The author considers that at least all the following several
items are to be attended to in examining the applicability of equations.

(A) For the experimental data in regard to which the applicability
is to be examined, it is necessary to attend to the following :

(i) Range of decomposition )

If a certain equation is applied to data with the range of decom-
position (#,—=x,) %, the applicability is to be discussed only within that
range of decomposition. Even if it is proved to apply well for that
range, the applicability to the data beyond that range is quite uncertain.
If the application is proved to be true for a wide range of decom-
position, it holds true for a narrower range. Therefore, one must
attend to the applicability of the equation as well as to the range of
decomposition for the applied data. To make clear such an explanation,
consider an experimental result with its plotted curve on coordinates.
If a short part of the curve be taken, it can be treated as a straight
line or as the curve of some other kind without much impropriet}}.‘
If a long part of the curve be taken, the impropriety caused by such
treatment cannot be negligible. There have been many studies which
treated the data within only several % of decomposition to examine
the applicability of equations, but such an examination, or the equation
whose applicability was proved with data of such a narrow range of
decomposition, has almost no meaning or value.

(ii) The number of experimental teyms should not be few

If an equation is applied to data of few terms the applicability is
often mistakenly estimated. Consider that many points for experimental
data are arranged on a line for a certain equation. If only two or three
points among them are taken, there can be many curves satisfying these
points. But if many points are taken there can be only a curve which
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satisfies any of the points. On the other hand, if the number of terms
are few the experimental or accidental error for each datum has much
influence on the value of constant of the equation. Therefore the data
of few experimental terms are not sufficient to examine the applicability
of equations. The larger the number of terms the better.

(iii) Examination by plotting the curve of expevimenial result

It is an easy and very important method to examine the experi-
mental data by plotting them before applying the equation to the data.
The points on the coordinates for experimental result are generally on
a smooth curve and if one or two special data are plotted distinctly
out of the curve they are considered to be data with accidental error
and therefore they are not to be taken in applying the equation.

If one takes all the data without selection in applying an equation
it shows sometimes an apparently good application while the true fact
is the contrary. Such mistaken proofs can be seen often among the
preceding reports.

(iv) The nature of the equation to be examined and the naturve of
the experimental curve must be the same

The equation was sometimes examined for data without being
considered the nature of the equation and experimental curve. By such
an examination no perfectly applicable equation can be found. For
instance, in the decomposition of starch the maximum hydrolyzable
quantity that is obtained with amylase differs from that with hydro-
chloric acid. To the data obtained with amylase the monomolecular
equation was sometimes applied by taking the quantity of glucose
equivalent to the quantity of starch (obtained in the decomposition with
hydrochloric acid) as the value of @ in the equation. But in such
a case the maximum hydrolyzable quantity of the substrate taken that
is obtained by the enzyme action must be taken as the value of «
(cf. page 168), and the percentage of the substrate decomposed must
be calculated by taking that maximum quantity as the base. On the
other hand, for instance the monomolecular equation, which passes
through the original point was sometimes applied by some preceding
investigators to data which did not pass the original point. Insuch a
case the equation must be applied to such data that are obtained by
subtracting the experimental value at the beginning from each experi-
mental value as some other investigators did.

(B) In estimating the applicability of equations it is necessary to
examine :
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(i) The uniformity of the values of the constant and the differcice
between experimental and calculated valucs

The applicabilities of two different cquations have been very often
compared with each other only by the uniformity of the values of the
constant. But such a method only is inadequate to determine the
better applicability ; and the mean differences between experimental and .
calculated values or probable errors for both equations must be com-
pared as already reported.

(ii) [fs there oris there not a ceviain definite tendency in (a) the
valies of the constant ov (0) the differences between eaclk pair of experi-
mental and calculated values tn the result obiained ? '

If the equation is perfectly applicable the positive or negative sign
of the difference between the experimental and the calculated values
must occur irregularly and the absolute sum of the positive differences
must be about equal to that of the negative. Such a fact means to follow
the principle of probability itself. Therefore if one observes ‘“the increasing
or decreasing tendency of the value of a constant "', or ¢ such a tendency
in the value of the difference between each pair of experimental and
calculated values” or ‘“such a tendency in the occurrence of the sign
of the values of the difference,” then one can not recognize the perfect
application of the equation even though the degree of the tendency is
slight. '

4. Application of T. N. N. equations to published data

The applicability of T. N. N. equations to some data has been proven
in this paper and in a previous report."” Here thé author is going to
show collectively the results of the application of T. N. N. equations to
data obtained by himself and to data obtained by preceding investigators
with enzymes of various kinds. He takes data from as many reports
as he can find. The author will not show or criticize all the theories
in enzyme kinetics which have been proposed by preceding scholars.
The several items which were mentioned under paragraph 3 are to be
always kept in mind in the following examinations.

Lipase and esterase
A) Plant lipase

1) Castor bean lipase

(i) Data obtained by NaxajiMa in the decomposition of soy bean
oil. T.N.N. I is satisfactory.*”



164 K. Nakajima and T. Kamapa

(i) Data obtained by NicLoux® in the decomposition of cotton
seed oil. The applicability of the monomolecular law was supported.
The data taken for an example does not plot a smooth curve. To the
data T.N.N. I is applied, which is better than the monomolecular law
though it is not perfect as seen in Table XXX. This is due perhaps
to the fact that the viscosity of each sample was not constant through
all the time of decomposition.®®

(iliy Data obtained by WILLSTATTER and WaLpscuMIDT-LErrz®?
in the decomposition of olive oil. T.N.N. I is satisfactory. (TABLE
XXXI).

(iv) Date obtained by WILLSTATTER and WALDSCHMIDT-LEITZ®
in the decomposition of castor bean oil. T.N.N. I is satisfactory.
(TapLe XXXII).

(v) Data obtained by TavrLor? in the ‘decomposition of triacetin.
T.N. N. I is satisfactory. (TasLe XXXIII).

As examined above T.N.N. I is always satisfactory for data ob-
tained in the decomposition of any substrate by castor bean lipase.

2)  Papain lipase

(i) Data obtained by NakajiMa in the decomposition of soy
bean oil. T.N.N. II is satisfactory.t*”

(if) Data obtained by SANDRERG and BrRAND® in the decomposi-
tion of olive oil. T.N.N. II is satisfactory. (TaBLe XXXIV and
XXXV).

3) Lipase of fly amanita

Data obtained by ZeLLNeEr.®” T.N.N. II seems satisfactory (TABLE
XXXVI).

B) /nimal lipase

2)  Lipase «f stomach
a x

Data obtained by Stape.®” The equation K.F=§log p

a—x 1
was reported by ARrRHENIUS® to be satisfactory. This equation is
unsatisfactory as shown in TasLe XXXVII. T.N.N. I is always more
satisfactory than T.N.N. II as shown in TasLe XXXVIII. T.N.N.
I is not quite satisfactory, perhaps due to the fact that the data do not

fall on a smooth curve.
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2)  Parcreas lipase

(i) Data obtained by ENGerL™ in the decomposition of egg-yolk.
The Scutitz law was accepted by EnGer. The results given in TABLE
XXXIX seem not proper and are not adequate for examining the
applicability of equations. With such incomplete data the applicability
of any equation cannot be determined.

(ii) Data obtained by WiLLstATTER and MEMMEN"® in the de-
composition of triacetin. The Scutirz law was supported. As seen in
TasLe XL, no perceptible difference of applicability can be seen
between T.N. N. I and IL

(iii) Data obtained by Dierz™ in the synthesis of ester. The
reaction in the presence of little water was thought by Dietz

to follow the equation % = K (a—z). But, T.N.N. I seems to be

best applicable as shown in TasLe XLIL.

(iv) Data obtained by DieTz in the synthesis of ester in the
presence of comparatively much water. The opposite kinds of reaction
were considered by DIETZ thus,

dx
— = kla—x)—lx.
a,t (a—x)— 4

At the equilibrium of reactions % = 0. If the quantity of x at the

state of equilibrium be represented by ¢ the following equations were
obtained by DieTz:

Co b g * _ ¢

Cs 4 a—zx a—c¢
foy= }—i/u ¢ ; A= la—eln ¢ ,
¢l a E—x t « E—x

bbb = S E
t e—x
To the data which were obtained by him with the solution of 6.5%
water and 5.01 g of enzyme, T.N.N. I and II were applied as given
in TasLes XLII-XLIV. The result of application of T.N. N. I,
omitting the fourth datum which is certainly out of a smooth curve, is
given in TaBLE XLIV. As seen in these tables T.N.N. I is well
applicable to DiIETZ's data although it is not perfect.
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3) Liver lipase

(i) Data obtained by HEgrzoc® in the decomposition of ethyl
acetate. To Herzog’s data T.N. N. I and II are almost equal in ap-
plicability as given in TaBLe XL.V. The best equation is to be de-
termined by the examination of data of wide range of decomposition.

(ii) Data obtained by KasrtLE, Jounston and ErvoLve® in the
decomposition of ethyl butyrate. They considered that their data
followed the 1% molecular equation. Their calculated result is given
in TapLE XLVI where the data of the last column were found by the
present author. He applied T.N.N. I and II to the data as given in
Tasres XLVII and XLVIII. The experimental curve seems to be not
smooth and the data-are not adequate for examining the applicability
of equations. However T.N.N. II is considered to be satisfactory
fundamentally.

4) Lipase of farty tissue

Data obtained by EULERY in the decomposition of ethyl butyrate
as given in TasLe XLIX. To the data T.N.N. I seems satisfactory
as shown in TaBLE L.

5)  Lipase of blood

(i) Data obtained by RonNa and Essen.“® The condition of ex-
periment is as follows: 60cc. of saturated tributyrin solution + 3 cc.
of H,O+2ce. of phosphate mixture+ 1~2 cc. of rabbit blood of 1/10
concentration ; determined by a staragmometer at 18°C. The mono-
molecular equation was applied by the authors. The present author
applied T.N.N. I and II to their data taking the value of a—x at
#=0 as the value of @ in the equations. T.N.N. I seems to be well
applicable as seen in TaprLes LI and LII.

(ii) Data obtained by Picami® in the decomposition of mono-
butyrin by serum lipase of guinea pig. The best applicable equation
cannot be determined as between T.N.N. I and II

The author applied T.N.N. I and II to many published data
obtained with various lipases. The best applicable equation has been
determined for each lipase with few exceptions as given in TaBLE
LIII

Chlcrophyllase

To the data obtained by WiLtsTaTTER and StoLr,®® T.N. N, II
is satisfactory as shown in TasLe LIV.
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Lichenase

(i) Data obtained by KARRER, Joos and Staus.*® The condition
was as follows: 0.4g lichenin in 230cc. of phosphate mixture; Py
value 5.25; 36°C. Two results followed T. N.N. II as given in TABLES
LV and LVL

(ii) Data obtained by PringsuimM and SgiFerT.®”  The third
datum of this is out of a smooth curve as shown in Fig. I. Therefore
the equations were applied to the result omitting the datum. T.N.N.
II is satisfactory as given in TaBLe LVIL

Inulase

(i) Data obtained by BoserLri®® under such conditions as 2o cc.
of 4% inulin solution+ 10 cc. of buffer solution of Py value 3.8+ 10cc.
of HyO+40cc. of enzyme solution; 37°C. In Tasre LVIII x is the
quantity of fructose in mg and @ the maximum hydrolysable quantity.
BoseLLl applied the monromolecular law which is distinctly not perfect.
T. N. N. equations were applied to the data, taking 222 as the maximum
quantity of decomposition. As seen in TaBrLE LIX, T. N. N. II seemed
better but as the differences for the 7th datum were specially large in
both results the equations are again applied omitting this datum as
seen in TapLE LX, where T.N.N. I is better applicable than II and
the result of the application of T. N. N. II in Tasre LVIII is considered
to be not true.

(ii) A result obtained by PrixegsHEIM and PEREWOsSkY®® under
such conditions as 20cc. of 4% inulin solution+ 10cc. of buffer solu-
tion of Py value 3.8+40cc. of enzyme solution A. Similar to the
previous example, the applicability of T. N. N. II is not true. As seen
in TapLe LXI, T.N. N. I is better than II although the applicability
is not perfect.

For the data obtained with enzyme solution B, T.N. N. I is also
better.

Inulase seems to follow T.N.N. L.

Cellobiase

Data obtained by PringsHEiM and LEiBowrrz® under such con-
ditions as, Py value 5; 37°C. This result follows T.N. N. II as given
in TapLe LXII. To another result of the same authors the applicability
of both T.N.N. I and II is low, but as the data of the result are
only 3 further examination cannot be done.
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Amylase

1) Taka-diastase

Data obtained by PriLocHe.®® For the result obtained with 1%
starch, T. N. N. I is better applicable than 1I, as seen in TapLE LXIIIL
For the result obtained with 2% starch the better applicability cannot
be determined certainly between T.N.N. I and II, but the former
seems to be better, as seen in TasLEs LXIV and LXV. For the result
obtained with 3% starch T.N.N. I seems also better than II, as seen
in TasLE LXVL

From the examination above given three results obtained by
PriLocuE with Taka-diastase can be recognized to follow T.N.N. L.

2) Malt-diastase

(i) Data obtained by HexrI®® with 3% starch solution at 25C.
T.N.N. I seems to be satisfactory, as seen in TasLe LXVIIL

(ii) Data obtained by Brown and GLENDINNING.Y® The authors
atx
a—x

applied the equation K = % n to their data. It seems very

satisfactory but the applicability cannot be determined only from as-
certaining the uniformity of the values of the constant. The experi-
mental result seems to follow T.N.N. I as seen in TasLe LXVIII,
although it is not perfect.

(ifi) Data obtained by SuermMan and WALKER.®® The authors
applied the monomolecular law to their data, taking the value of the
quantity of glucosc equivalent to the quantity of starch taken as the
value of @ in the equation. The applicability is very low. The present
author considers that such a method of application is not proper. 1In
the decomposition by amylase there is a certain maximum hydrolysable
quantity according to the experimental condition, the value of which
must be taken as the value of @. The value of that maximum quantity
is uncertain in their report. Therefore the best applicable equation cannot
be determined for their results.

3) Pancreas amylase

Data obtained by HExrL.®® He applied the monomolecular equa-
tion. T.N.N. I is almost perfect as seen in TasLe LXIX. As the
value of # is near 1 the monomolecular equation is equally good.

4)  Liver ampylase
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Data obtained by HorLMBERGH®® with starch and glycogen. They
- follow T.N.N. II as seen in TaBrLe LXX. .

The author has examined the applicability of equations to published
data obtained with amylase. The best equation for each amylase is
shown in the recapitulation in TasLE LXXI.

Maltase

(i) A result obtained by WILLSTATTER, OPPENHEIMER and STEI-
BELT®” in the decomposition of maltase with the extract of yeast of
Lowenbrau. The applicability of T.N.N. I is perfect, as given in
TasLe LXXII.

(ii) Data obtained by PrILocHE®® in the decomposition of maltose

with Taka-diastase. He applied the equation K = % Ly )
a a—x

to his data. The equation was considered better than the monomole-
cular equation. The values of K are comparatively near one another
and the equation seems to be satisfactory, but the point is uncertain.
T.N.N. I and II equations were applied as given in TasLe LXXIIL
The equations were applied further to data without 4th and 6th data
or without 3rd and sth data but the better applicable equation could
not be determined. The two equations do not seem to be satisfactory.

(ifi) Data obtained by WiLLsTATTER and STEIBELT®" in the de-
composition of a-methyl glucoside. The results of application of T. N.
N. I and II are given in Tapce LXXIV. T.N.N. II is almost
satisfactory.

(iv) Data obtained by WiLLstATTER and OPPENHEIMER™® in the
decomposition of a-ethyl glucoside with the yeast of Léwenbriau. As
seen in TasBLE LXXV, T.N.N. I is satisfactory.

(v) Data obtained by WILLSTATTER and OPPENHEIMER in the de-
composition of a-phenyl glucoside. As given in TasLe LXXVI, T.N.
N. II is surely better than I.

The best applicable equations for data obtained with maltosc from
various sources are summatrized in TaBLe LXXVIL

Emulsin
(i) Data obtained by HErzoc®” in the docomposition of salicin.

Herzog considered that the equation K = ]Q(%‘i-—a) held true where
| 1
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K.a2=K.,0.6 and K, is the constant of monomolecular law. T.N.N.
I is satisfactory as seen in TaBLe LXXVIIIL.

(ii) Data obtained by WiLLsTATTER and OPPENHEIMERY® in the
decomposition of arbutin. Cf. TasLe LXXIX.

(iii) A result obtained by WILLSTATTER and OPENHEIMER" in the
decomposition of B-methyl glucoside. Cf. TasLe LXXX.

(iv) Data obtained by WiLLsTATTER and OPPENHEIMER™ in the
decomposition of @-phenyl glucoside. Cf. TasLe LXXXI.

(v) Data obtained by WILLSTATTER and OPPENHEIMER™ in the
decomposition of helicin. Cf. TasLe LXXXIL.

(vi) Data obtained by WiLLSTATTER and CsAnvi‘™® in the decom-
position of raffinose. Cf. TapLe LXXXIII.

For the data given under (ii)—(vi) T.N.N. I is satisfactory. As
the value of 4 is near 1 in all cases the monomolecular law shows
almost the same applicability. :

As examined above T.N. N. I is satisfactory for emulsin.

Invertase

(i) Data obtained by Micuagris and MeENTEN® follows T. N. N.
I as given in TaBLE VI
(ii) Data obtained by NEeLson and Hircucock.®” They obtained
an experimental equation,
. 100
t=222.9 log 100
where p denotes the percentage of substrate decomposed. T.N.N. I
was applied as given in TasLE LXXXIV. The equation is not quite
satisfactory for NErson and Hircucock’s result, but it can be said to
be applicable to a certain extent.
(iii) Data obtained by EuLer and KurLLBerG.*Y ~They obtained an
enzyme solution by treating fresh yeast with 0.67% KH,PO, solution.
To their data T.N. N. I is well applicable as seen in TasLe LXXXV.

+0.5890 5—0.001974 £*—0.00002043 2,

Raffinase

(i) Data obtained by WiLLsTTATER and Kuan.®® The decomposi-
tion was considered to follow the monomolecular law. T.N.N. I is
almost satisfactory as seen in TaBLE LXXXVL

(ii) Data obtained by Corin and Caauvpan.®™  T. N, N. I is almost
satisfactory as seen in TasLe LXXXVII.
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Lactase

1) Data obtained by WiLLSTATTER and OPPENHEIMER.® They
decomposed lactose of 5% solution with the neutral extract of saccha-
romyces fragilis. Py value, 7.0; decomposed at 30°C. T.N.N. I is
satisfactory as seen in TasLe LXXXVIII.

2) Data obtained by ARrRMSTRONG.®

(i) He applied the Scatirz law. T.N. N. I is not satisfactory for
all the data but it is satisfactory for the data without the last datum
as given in TaBLE LXXXIX.

(ii) Data obtained by using a solution of 100 ¢c. which contained
0.4 g of emulsin. The monomolecular law was applied. The value of
the constant fell with the progress of decomposition. T.N.N. I is
satisfactory as seen in TaBLe XC.

(iif) Data obtained by using a solution of 100cc. which contained
0.1g of emulsin. T.N.N. I is much better than the monomolecular
law as seen in TasLE XCI.

3) Data obtained by WiLLsTATTER and CsinvL.Y® The conditions
were :—20 cc. of 0.7% lactose+50mg of emulsin; at the optimum Py
value of 4.4 ; decomposed at 30°C. T.N.N. I is almost satisfactory
and is better than II as seen in TaBrLe XCII.

Mannase

Data obtained by Mivake® with mannase of aspergillus niger.
T.N. N. I is always satisfactory as seen in TaprLe XCIIL

Tannase

FREUDENBERG®? applied the monomolecular law to his data obtained
in the decomposition by tannase. The value of K decreased with the
increase of the decomposition time, which he attributed to the influence
of the increasing quantity of acid. Most of the results of FREUDENBERG
are not adequate to examine the applicability of equations. To some
of his results T.N.N. Iand II were applied. T.N.N. I'is satisfactory
within a certain degree of decomposition as seen in TasLe XCIV.

Pepsin

1) Data obtained by NakaMura® with proteins of barleys. T.
N. N. II is satisfactory.
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2) Data obtained by NakajmMa® with glycinin. T.N.N. II is
satisfactory.

3) Data obtained by Marsuvama and NARAMURA®® in the de-
composition of egg-white. T.N.N. II is satisfactory as seen in TABLE
XCV.

4) Data obtained by Rona and KLEINMANK® in the decomposi-
tion of serum albumin at 40°C. For their many results the author
examined the applicability of T.N. N. I and II. Some of the results
are shown in TaBLe XCVI. According to the group of data, either
T.N.N. I or T.N.N. II is apparently more applicable than the other.
As seen in the table, T.N. N. I is sometimes better than II, but II
is considered to be truly applicable.

The data obtained in the decomposition by pepsin have been
proved to follow T.N.N. IIL

Trypsin

1) Data obtained by NakajimMa in the decomposition of normal
and denatured glycinins. T.N.N. I was always better applicable than
I1.6%

2) Data obtained by Rowna and KLEINMANN.® They gave about
a hundred results in their paper, from which several were taken at
random and T.N. N. equations were applied to them. Some of the
results are given in TABLE XCVII. The result given in TaBLE XCVII
(v), where T.N. N. II is better than I, is exceptional. But the differ-
ence of applicability is very small. T.N.N. II seems to have shown
an apparently good application.

3) A result obtained by BavLiss"® in the decomposition of sodium
caseinate. ARRHENIUs applied the equation, @ (log a—log #)—(a—x)= Kz,
to Bavriss’s data as shown in TasLe XCVIII in which @ denotes the
degree of conductivity. As the value of a in applying T.N. N. equa-
tions is uncertain, they cannot be applied. )

Papain

Data obtained by NakajMa in the decomposition of the normal
and denatured glycinins. T.N.N. II was satisfactory.®”
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Protease

1) Data obtained by OsuiMa® with yeast protease. He applied
the Scutirz law to his data and considered it to be more satisfactory
than the monomolecular law. For the data obtained with peptone T.
N. N. II is satisfactory, while for the result obtained with casein T. N.
N. I is satisfactory, as seen in TaBLE XCIX.

2) Data obtained by Weis™ in the decomposition of glutin with
protease of germinating barley. T.N.N. II is satisfactory as seen in
TaeLe C. But as the range of decomposition is very narrow further
examination is needed.

3) Data obtained by DernsY®® in the auto-digestion of yeast with
its endotryptase. DERNBY compared the applicabilities of the Scuijrz

. 1 .
law, ARRHENIUS's equation, K,=— a-/n —zx, HENRI's: equation,
I4

a—z
K= }_ lp 2T* and his own equation, K,,:i_ n a+x. The last
¢ a—x Vit a—x

equation was considered the best. As the value of the experimental
result for time O was 8, the value 100-8, and the value of *—8 must
be taken respectively as the value of 2 and the value of x in applying
such equations as above shown. DERNBY's method of application of
equations is, in the present author’s opinion quite mistaken. In most
cases T. N.N. I is better than II as seen in TasrE CI and CIIL

Peptidase

1) Data obtained by ABDERHALDEN and FoODOR™ in the decom-
position of glycyl-l-leucin by yeast extract

The results of application of T. N. N. I and II, taking 0.0625 as
the value of @, are given in TaBLE CIII, where the best applicable
equation cannot be determined. However, as the value of the probable
error even for the equation of lower applicability is small for each ex-
perimental result, T. N. N. I or II only is considered to be fundamentally
applicable for ABDERHALDEN and Fopor’s data.

2) Data obtained by EuLer®® in the decomposition of glycylglycin
with erepsin

As in the previous case, the best applicable equation cannot be
determined, as seen in TABLE CIV.
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Arginase

1) Data obtained by Gross®™ follows T.N. N. II. (Cf. Tasre 1)

2) Data obtained by EDLBACHER and SimMons®™®

The results of application of T.N. N. equations are shown in TABLE
CV, where T.N.N. II is always better applicable than I, though it is
not perfect.

Urease

ARMSTRONG™ reported that the decomposition by urease did not
follow the monomolecular equation. Vax SLykE and CurLLen™ propos-
a

ed an equation, £z =1 log

x , . .
+-=. BARENDRECHT's empirical equa-
¢ a—x d

+0.02y] which is included in Van

tion is m = 1 [0.0176 log
3 1—y

SLYKE's equation. L&vGrREN® examined the equation of VAN SLYKE
and concluded that it was not satisfactory for their special data.

1) Data obtained by BARENDRECHT

A BareNDRECHT's result given in TasLe CXVI has many terms
and plots a very smooth curve and the range of the decomposition is
wide. Therefore it seems to be satisfactory for exemining the applica-
bility of an equation. For the result, the applicability of T.N.N. II
and IIl is not satisfactory. T.N.N. I is much better than T.N.N.
IT or IIT although it is not very satisfactory. The experimental result
is very peculiar, in spite of the very smooth curve of it, for the quanti-
ty obtained in the decomposition for sth 20 mins. is much larger than
that for 4th 20 mins., which shows that his result is not accurate. The
applicability of T. N. N. I to the data without the 4th and the last two
data is little better than that to the whole data as shown in TABLE
CXVI. T.N.N. I seems to be fundamentally applicable.

2) Data obtained by WEsSTER™

The data of each group of WESTER's results are too few to deter-
mine the applicability of an equation but T.N. N. equations were ap-
plied for trial. T.N.N. I is better than II as seen in TasLE CVIL

As examined above T.N.N. I seems to be satisfactory for data
obtained with urease.

Asparaginase

Data obtained by GEpDEs and HunTer™ with ycast asparaginase.
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T. N.N. I seems better applicable than II within 50% decomposition
as seen in TasLe CVIII. '

Phosphatase

1) Data obtained by EuLEr and KULLBERG®®

Their experimental conditions were as follows:

The solution (of 300cc. of 23% sucrose+450g of dry yeast) was
mixed for 31 hrs.; 40cc. of filtrate+40cc. of 2% neutral NaH,PO,
solution.

The experimental terms are few. T.N.N. II is better than I or
the monomolecular law, as shown in TaBLE CIX.

A similar result of application was obtained for other of their data
obtained with glucose instead of sucrose.

2) Data obtained by DjenaB and NEUBERGU™

Their experimental conditions were as follows :—

20g of Na-saccharophosphate+20g of yeast+400cc. of HO+
20cc. of toluene; decomposed at 30°C.; P,O; was determined with
magnesium mixture. T.N.N. II is better applicable than I though it
is not satisfactory as seen in TasLe CX.

3) Data obtained by Nemec®

Glycerophosphate was decomposed by phosphatase of yellow soy
bean under such conditions as 20g of seed in 40cc. of 1% sodium
glycerophosphate 4+ 10 cc. of toluene. NEMEc applied the Scuirz law
to his data and considered it to be satisfactory for the data obtained
at the beginning of decomposition. T.N.N. II is better than I as
seen in TasLe CXL

Mutase

EuLEr and Brunius obtained data with mutase.®”

(i) Data obtained in the absence of co-enzyme. No marked
difference of applicability can be seen between T.N.N. I and II, as
shown in TasLe CXII (i). .

(ii) Data obtained in the presence of co-enzyme. T.N.N. I is
better applicable than II as seen in Tasre CXII (ii).

(iii). Enzyme solution was before treated with acetic acid. Not
all the data shown in TasLe CXII (iii) are proper to apply the equa-
tion to, which is clearly shown by plotting the data. T.N.N. I seems
better than II for the data without the 3rd datum as seen in the
table.
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To determine the best equation for data obtained with mutase,
further examination is needed. But T.N. N. I seems to be satisfactory.

Peroxidase

1) Data obtained by WiLLSTATTER and StoLL® with vegetable
peroxidase :

Pyrogallol was decomposed to purpurogallic acid. The application
of the monomolecular law to the data was supported as true by the
authors. T.N.N. I is better than II as seen in TasLE CXIII.

2) Data obtained by Baxsi® with extract of horse radish

The bimolecular equation was taken to be well applicable. The
values of probable error for both T.N.N. I and II are large and a
satisfactory equation cannot be determined, as shown in TapLE CXIV.

Catalase

1) Yeast catalse

Data obtained by Issajew® have been examined as follows :
(i) T.N.N. I is satisfactory as already given in TaBLE IX.
(ii) T.N.N. I is satisfactory as already given in TaBLE X.

2) Catalase of shaggy boletus

Data obtained by EuLer®?

(i) Data obtained with 3cc. .of enzyme solution. T.N.N. II is
satisfactory as already given in TasrLe XII ,

(if) Data obtained with 4 cc. of enzyme solution. T.N.N. II is
satisfactory as shown in TasLE CXV (i).

(iii) Data obtained with §cc. of enzyme solution. The results of
application of T.N.N. II are shown in TasLe CXV (i), T.N.N. II
is satisfactory.

As examined above T.N.N. II is always satisfactory for EULER’s
data.

3) Liwver catalse

Data obtained by Rona and DaMBOvICEANU®
(i) Data obtained with the water solution of enzyme. The 1}
molecular equation was applied by the authors. T.N.N. II is satis-
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factory as shown in TaprLes XXVIII and XXIX.

(ii) Data obtained with the enzyme solution of §cc. of 0.154 mol.
NaCl. Rona considered that the decomposition was slow because of
the retarding action caused by NaCl, as if only a little quantity of
enzyme had been used, and he considered that the bimolecular equation
was satisfactory, as shown in TaBLe CXVI As often shown, the value
of K of this equation is apparently uniform, but the proof is very
incomplete. Although T. N. N. II is better than I for all the data, the
probable error is not small. As the point for the third term seems to
be out of a smooth curve and the number of experimental terms are
few, the data themselves are not proper for examining the applicability
of equations.

(iii) Data obtained with 5cc. of 0.15mol. of NaCl, 0.025 mol.
of KCI, 0.0018 mol. of KCI, 0.0018 mol. of CaCl, and 0.0011 mol. of
NaHCQ; The retarding action of NaCl was considered to be prevented
by the presence of NaHCO; and the decomposition was considered to
follow the 13 molecular equation. T.N.N. II is very satisfactory as
shown in TasLe CXVIIL

Two of the three results above taken follow certainly T. N. N. IL

4) Blosd catalase

(i) Data obtained by SenTer.® T.N,N. I is satisfactory as
shown in TapLe CXVIII and as the value of # is always near 1 the
monomolecular equation is also about equally well applicable.

(ii) Data obtained by YamaAzakL.®> Yamazakr’s study has been
previously introduced in this paper. In the following example E,
denotes the quantity of enzyme and C, the quantity of substrate taken.
T.N.N. I is always satisfactory, as shown in TapLe CXIX. The
value of # of Yamazarr's equation decreases with the progress of
decomposition and the result of the application of his equation is, more
or less, unsatisfactory, which Yamazak: himself recognized in his report.

(ili) Data obtained by MaxiMowiTscH and AwroNomova. ™ Their
theory and equation has been already introduced in this paper. The range
of decomposition in their experimental data is very narrow for examining
the applicability of equations and the number of terms for calculating
the mean value of D in MaXIMOWITSCH's equation is quite uncertain for
a certain number of experimental terms. These have already been
pointed out by the present author. For trials T. N, N. was applied to
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their data to examine the applicability. The results cbtained in ap-
plying T.N.N. I are given in TasLe CXX.

5)  Catalase of soy bean

Results obtained by Yamazaki. The meaning of E; and C, was
shown on page 158. The sign of the difference obtained by YAMAzZaKI
occurs not irregularly. Most of the values of differences, 4, in one
calculated result are positive or negative, which itself shows the imper-
fection of Yamazakr's equation. T.N.N. I is not always satisfactory
but it seems to be applicable.

From the examination of the equations above shown it is seen that
the highest applicable equation for catalase of yeast and blood is T.
N.N. I and that for catalase of liver and shaggy boletus T. N. N. II.,

Zymase

1) Data obtained by ABERsON®
a+tx
a—x

Aberson considered the equation -} log =K to be satisfactory

for his data. The result of application of T.N.N. I is shown in TABLE

CXXI. The better equation of these two cannot be here determined.
2) Data obtained by EuLEr®®
T.N.N. I seems to be satisfactory as shown in TapLe CXXIL
3) Data obtained by HErzoc® :

a

HEerzoc applied —i log = K, and ABERsoN’s equation, %Iog

a—x
a+x

a—x

= K, to his data. To compare the applicability of these equations

a+tx =K

a—x

with that of T.N.N. I, the present author applied % log

instead ofi atx

! a—x

= K, and T.N.N. I. The probable error for the

latter equation is always smaller than that of the former as seen in
TasLe CXXIIIL

5. Recapitulation of results of application of
T.N.N. equations
From the results of application of T. N. N. I and II to the author’s
data and to the principal published data of as many reports as he could
find, the kind of enzyme and substrate, and the best applicable equa-
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tion are extracted and tabulated in TaBLE CXXIV. For some kinds
of enzymes further examination is necessary or some corrections may
be possible in the determination of applicable equations because the
data used for examination are not all adequate.

Decomposition, taking the relative quantity of
enzyme as a variable

In this part, equations applicable to data obtained in decomposition
taking the relative quantity of enzyme as a variable will be studied.

1. Examination of the equation % =K

The principal equations expressing the rate of decomposition taking
the relative quantity of enzyme as a variable have once been reviewed
in the author’s report, “ Refutation of the Scmiitz law and its analo-
gous equations in the kinetics of enzymes.®”” 1In this report the ScaiiTz

law —% = K was accepted by the present author for data obtained
Vv L2
only with dilute pepsin. The reexamination of this equation will be

made in the next paragraph. The cases of application of other equa-
tions have been few, except the equation % = K.(or F = K) which
e

has been often applied and considered to be well applicable. Therefore
only this equation will be hereafter examined. Although it is better
than any other equation it is only comparatively so. To the writer the
equation is quite unsatisfactory, which can easily be known if the items
given under paragraph 3 on page 161 are considered. The curves of
experimental results obtained in decomposition taking the relative quantity
of enzymes as a variable must pass through zero point and x — a if
lim ;. The nature of the curve is quite the same as that obtained
in decomposition taking time as a variable. Therefore the writer is
going to modify the T.N.N. equations. Substitute £* for & in
T.N.N. I and II, and the following equations are obtained :

1
—1 = K,
P2 e ’
,_}T _* K
E¥  ala—x)

In these equations £ denotes the quantity of enzyme, x the quantity
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of substrate decomposed and @ the quantity of substrate taken or the
quantity in ultimate decomposition. These equations are mathematically
quite the same as the T.N.N. equations respectively. For the sake
of convenience the equations above given will be denoted by T.N.N.
(E) I and T.N.N. (E) II or merely (E) I and (E) II. These are
usually satisfactory for experimental data as will be given later. In

the results of application of the equation % = K in original papers,
only the values of K are usually given. In the following examination
the author will give the calculated value and the difference between

the calculated and experimental values of the equation to compare the
applicability with that of another equation.

Lipase
Cartor beau lipase

(i) Data obtained by NicLoux.®® (E) I is satisfactory while the

value of the total differences for the equation % = K is due almost

to negative quantity, and the equation is not satisfactory as seen in
TasLe CXXV.

(ii) Data obtained by JALANDER®® with cotton seed oil at 22°C.
Within 52.77-4.64 percent decomposition the same defects of the equation

%:K as seen for the previous example are observed. The calculated

results are given in TapLE CXXVL

Lactase

Data obtained by ArmsTrRONG®

The number of experimental data obtained by ARMSTRONG are few,
but for trial the comparison of the applicabilities of equations is made
with calculated results as given in TaBLe CXXVII. No marked dif-
ference of applicability between (E) I and (E) II can be observed but

the defect of % = K is clearly seen.

The defects of % = K as shown for the above examples have been

the same for any other examples. On the other hand T.N.N. (E)
equations seem always to be satisfactory.
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2. Reexamination of the Schiitz law for data obtained with
dilute peptic solution

The Scuirz law, = K, has once been accepted by the present

%
VE
author only for data obtained with dilute pepsin. But as will be later
shown T.N.N. (E) I is always well applicable to data obtained with

either dilute or concentrated pepsin. It is necessary to compare the

applicabilities of 1/2_: = K and T.N.N. (E) I. The concentration of

pepsin in J. Scuirz’s idea for the E. Scutirz law does not mean the
concentration of numerical expression. Therefore the present author
will reexamine the law with examples for which it was accepted to be
well applicable by preceding investigators. The data of a result which
have the widest range of » and £ in the original paper of E. ScuiTz
are first taken. As seen in TasLe CXXVIII each difference is com-
paratively small and the total positive quantity is about equal to the
negative, though the distribution of the sign (positive or negative) is
not satisfactory. But the present author found that the values of K
calculated by Scutitz were mistaken. From the values of £ and #
the values of A in correction and the difference between the experi-
mental and calculated values of x for different ranges of decomposition
are found and shown in TasLe CXXIX. In this table the positive
quantity is much larger than the negative and the distribution of both
signs of difference is also not satisfactory. The point for the first datum
is surely on a smooth experimental curve and if the theory of J. ScutiTz
for the dilute pepsin that E. Scutitz's law is true for data obtained
with dilute peptic solution is true, the datum of the smaller percentage
is the more important for maintaining the high applicability of the law.
Yet the result of application obtained by omitting the first datum is
apparently more satisfactory than that for all the data. E. Scrirz
showed the total values of the experimental and calculated values re-
spectively in each result of application. But such a comparison has no
meaning or reason in evaluating his equation. As the maximum
hydrolyzable quantity of the substrate taken is uncertain, T. N.N. (E)
equations cannot be applied to his data. The other two examples given
in ScuiTz's original paper are shown in TasLe CXXX. The first one
is of data of a narrow range of decomposition and the second is of
very few data. To examine the applicability of an equation neither of
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the two results is adequate (cf. paragraph 3 on page 158). From the

above examination the Scuiirz law —2— = K seems not to be satisfactory
Vv
even for his own data.
ARRHENIUs applied his equation, F](A=~j-—1n-—a——i;, to one of J.
; a—x

=K.

ScuiTz's results. He wrote that it was better applicable than sz
The result of application of (E) I is given for comparison in TABLE
CXXXI. To ascertain whether the applicability of ARRHENIUS's equation
is true or apparent, much more examination with many data is necessary.

There can scarcely be found any available data to which T.N. N. (E)
I may be applied to compare the applicability with that of

x

— =K,
V' E
because the value of @ is uncertain. Many experimental data and the

results of application of /% = K are given in Scuirz and HuppPERT'S
1

1/’."% = K as already
pointed out by the present author can be shown. Their results are not
suitable for studying the applicability of equations. As the value of a
is uncertain or the terms of the experimental result are few, T.N.N.
(E) cannot be applied to their data. The author accepted previously
J. Scuurz's theoretical explanation of the E. Scuiitz law. However
his theory was deduced only from the inference and the experimental
result is never satisfied by it. Now the present author rejects the

/% = K for data obtained even with dilute pepsin.
7

paper. For these examples the same defects of

Scuititz law

3. Results of application of T.N.N. (E) equations to
published data

The author applied T.N.N. (E) I and II to his data and to data
obtained by the principal preceding investigators. He utilized as many
reports as he could. The results will be given below.

Lipase
Iy Castor bean lpase

(i) Data obtained by Nakajima with soy bean oil. (E) I is
satisfactory .t
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(ii) Data obtained by NicLoux® with olive oil. (E) I is satisfactory
as shown on page 180.

(iii) Data obtained by JALANPER®® with cotton seed oil. (E) I is
satisfactory as shown on page 180.

2)  Papain lipase

(i) Data obtained by Nakajima. T.N.N. (E) II is satisfactory.®®
(if) Data obtained by SanpBerG and Branp.® T.N.N. (E) II
seems to be satisfactory as seen in TapLe CXXXII.

3)  Pancreas lipase

(i) The applicabily of T. N. N. (E) equations was examined for a
group of data obtained by ENGEL with egg-yolk and for that obtained
by WiLLsTATTER, WaLDscumipT-LEITZ and MEMMEN. The best ap-
plicable equation was not constant to the whole data and limitted data
of both authors.

(i) Data obtained by WILLSTATTER, WALDSCHMIDT-LEITZ and
MemMMEN with olive oil. In this case the best equation cannot be de-
termined as between (E) I and II as seen in TasLe CXXXIII.

For data obtained by pancrease lipase both (E) I and II are almost
satisfactory but the better equation cannot be here determined as between
(E) I and IL

) Liver lipase

(i) Data obtained by KasTLE and LOEVENHART®P in the decompo-
sition of ethyl butyrate by swine liver enzyme. (E) I is satisfactory
as seen in TaBLe CXXXIV.

(i) Data obtained by ScaMIDT®” with morphine glycollic acid ester.
(E) I is satisfactory as seen in TaBLE CXXXV.

As above examined, to the data of the two results (E) I is well
applicable.

5)  Data obtained by STADE® in the decoinposttion of egg-yolk

SaTADE applied the equation x= v/ F. £ where F denoted the quantity
of enzyme, # decomposition-time and z the quantity of substrate de-
composed. The present author calculated the differences between the
experimental and calculated values for his equation. All the differences
are negative quantity as shown in TaBLE CXXXVI, which shows the
defect of the epuation. Neither T.N.N. I nor II is satisfactory, nor is the
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better equation constant. This is because the experimental result may
not have been accurate or the maximum hydrolyzable quantity may
not have been 100.

Amylase

Data obtained by OsmimMa® in the decomposition of soluble starch
by enzyme solution prepared from Kosi-/in. In applying T.N.N. (E)
equations the value of glucose equivalent to the quantity of substrate
was taken as the value of a.

(i) Data obtained in the decomposition for 20 mins.

T.N.N. (E) I and II are quite unsatisfactory as seen in TABLE
CXXXVIL OsaMa made it clear that the maximum hydrolyzable
quantity obtained by the enzyme was far less than the quantity of the
equivalent glucose. In a test 1zomg of glucose and not more were
obtained with 2% enzyme solution. For trial 120 is taken as the value
of @, yet the T.N. N. (E) equations are quite unsatisfactory as seen in
TasLe CLXXXVIII. T.N.N. (E) III is also not satisfactory.

(ii) Data obtained in the decomposition for 1 hour

In the results of application taking 154 or 120 as the value of a,
T.N.N. (E) I and II are also unsatisfactory as seen in TasLE CXXXIX.

For the data of other results T. N. N. (E) I, II and III were also
unsatisfactory. In the decomposition by amylase there can be no
satisfactory equation for the data obtained by taking the relative quantity of
enzyme as a variable, even though they are plotted on a smooth curve,
because the maximum hydrolyzable quantity varies with the quantity
of the enzyme, i.e. the value of @ is not constant. (cf. page 162, (iv)).

Lichenase

Data obtained by PringsHEIM and Baur®

(i) Data obtained with purified lichenin. T.N.N. (E) II is sa-
tisfactory as shown in TasLe CXL.

(i) Data obtained with ordinary lichenin. One of the results of
application is shown in TasLe CXLI, where (E) II is better than (E)
I though it is not at all satisfactory.

Tannase

Data obtained by FreuDENBERG and VoLLBRECHT®? at 23°C. for
24 hours decomposition. The results of application of T.N.N. (E) II
for all the data or for data of E: 0.01~0.08 show that the equation is
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better than (E) I, but as only the 4th datum is plotted out of a smooth
curve the author compares the two equations for data, omitting that
datum where (E) I is surely better than (E) II as shown in TasLe CXLIIL

Lactase

Data obtained by ArmsTrOoNG. The better equation could not be
determined, as already given in TaBLe CXXVIL

Pepsin
1. Data obtained by NakajiMa in the decomposition of normal
and denatured glycinis. (E) I was satisfactory.®>
2. Data obtained by Marsuvama and NAkKAMURA® in the de-
composition of egg-white in the solution of Py value 1.75 at 37°C. by
Merck’s pepsin of two kinds, A and B. T.N.N. (E) I was always
satisfactory. Some of the calculated results are given in TapLe CXLIIL

Pancreatin

Data obtained by Nakayjma in the decomposition of normal and
denatured glycinins. (E) I was satisfactory.®”

Protease

(i) Data obtained by OsniMa® in the decomposition of WITTE's
peptone with aspergillus protease. T.N.N. II is better than I as seen
in TapLe CXLIV.

(ii) Data obtained by OsmiMA® in the decomposition of casein
with aspergillus protease. The T.N.N. (E) II seems to be satisfactory.

Polypeptidase
Data obtained by GrossManny and DvyckiERHOFF®™ in the decom-
position of d-l-leucyl-glycyl-glycin. (E) I is better applicable than II as
seen in TapLe CXLV.
Asparaginase

Data obtained by Geppes and HunTer® with asparaginase of
yeast. (E) I seems to be applicable to their data as seen in TABLE
CXLVL

Emulsin

Data obtained by TaMmanx®” in the decomposition of salicin.
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(i) Salicin of 3,007% solution was decomposed for 24 hours at
0°C. More than 66% of salicin remained undecomposed even though
more of the enzyme was used. 66 was taken as the value of 2 in
applying (E) I and II. The better applicable equation cannot be de-
termined as seen in TapLe CXLVIL

(ii) Salicin of 3.3% solution was decomposed for 12z hours at
28°C. To the data (E) I seems to be applicable as seen in TABLE
CXLVIIL

Amygdalase

Data obtained by AurLp.®® Similarly to T. N. N. I and II for data
obtained taking time as a variable, neither (E) I nor II is well appli-
cable, as seen in TaBLE CXLIX.

3. Recapitulation of results of application of
T.N.N. (E) equations

As examined above T.N.N. (E) equations are not well applicable
to data obtained with amylase, which can well be explained. To data
obtained by amygdalse the equations are also not well applicable. The
applicable equations to data obtained with other various enzymes could
be determined the results of which are summarized in TaBLe CL.

Decomposition taking the quantity of
substrate as a variable

For data obtained in the decomposition of substrates with various
enzymes taking the length of time or the quantity of enzyme as a
variable, the author has determined the best applicable equation, ac-
cording to the kind of the enzyme or the kind of enzyme and substrate,
with few exceptions. For data obtained in decomposition taking the
quantity of substrate as a variable, not many equations have been
proposed. All of them are very incomplete, similarly to various equations
for data obtained in the previous two cases. In the study of soy bean
proteins and oil the author decomposed the proteins with pepsin, pan-
creatin and papain, and oil with castor bean lipase and papain, taking
the quantity of substrate as a variable. He endeavoured to find appli-
cable equations to data thus obtained. He modified the T.N.N.
equations. In the decomposition in this study, contrary to the decom-
position in the previous two cases, the quantity of substrate decomposed
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decreases with the increase of the quantity of substrate. Let S denote
the quantity of substrate and # the quantity of substrate decomposed
in percentage. In applying the T.N.N. equations, a—x was used
instead of #, S instead of # in T.N.N. I and II and the following
equations were obtained:

! og Z=K, (fom T.N.N.I)
X

S¥
L a=% _ g  (fom T.N.N. II)
S* a-x

For the the sake of convenience the author named these equations
T.N.N. (S§) I and T.N.N. (S) II or briefly (S) I and (S) II respec-
tively.

1. Results of application of T.N.N. (S) equations
to published data

There have not been many available data obtained with various
enzymes for finding applicable equations. Therefore the author cannot
examine T. N. N. (S) equations for many enzymes by utilizing published
data. The applicable T.N.N. (S) I or II for his own data and the
results of application of them to previously published data obtained by
preceding investigators are given below. In the tables the value of
100—x is given as the experimental value.

Lipase

1) Castor bean lipase

(i) Data obtained by NakajimMa in the decomposition of soy bean
oil. (S) I is satisfactory.®®

(i) Data obtained by JALANDER®® in the decomposition of olive oil.
To the data of one of his results (S) I and II have been applied. In
this case the probable errors are so large as to be 2 in both calculated
results. The value of the difference for the 2nd term is especially
large in both results. (S) I and II have also been applied to the data
omitting that term. As seen in TasLe CLI (S) I is certainly better
than II. At the same time the result of the second term seems to be
_ ot accurate.

2) Papain
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Data obtained by NakajiMa in the decomgosition of soy bean oil.
(S) II is satisfactory.™”

Emulsin
Data obtained by TammMann® in the decompoéition of amygdalin
seem to follow (S) I as given in TaBLE CLII. But the data are not
adequate to examine the applicability of equations, for the range of
decomposition is very narrow.

Invertase
(i) Data obtained by Brown'® (S)1 is satisfactory for BROWN's
data as shown in TaBrLe CLIIL
(i) Data obtained by BArTH. As shown in TasLe CLIV, Barth’s
data seem to follow (S) I, the first term of which is omitted in applying
the equation, as the value of this term is larger than that of the second
and is plotted certainly out of a smooth curve.

Amylase

For data obtained by amylase taking the quantity of enzyme as a
variable the author cannot find an applicable equation, which can be
explained theoretically. For data obtained by taking the quantity of
substrate as a variable, the same premise and conclusion—that there
cannot easily be found any applicable equation—is theoretically suggested,
as explained previously for data obtained by taking the quantity of
enzyme as a variable.

Maltase

Data obtained by HEerzoc, BECKER and KasArRNOwWSKI®™® seem to

follow (S) I as seen in TasLe CLV.

Pepsin
Data obtained by NakajiMa in the decomposition of normal and
denatured glycinins. (S) II is satisfactory.®”

Pancreatin
Data obtained by NakajiMa in the decomposition of normal and

denatured glycinins. (S) II is satisfactory.”
Papain

Data obtained by NakajiMa in the decomposition of normal and
denatured glycinins. (S) I is satisfactory.®
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Data obtained by NaArajimMa in the decomposition of normal and
denatured glycinins. (S) I is satisfactory.®?

Protease

Data obtained by Weiss? with germinated barley. (S) I is
satisfactory as seen in TasLEs CLVI and CLVIIL

Phosphatase

Data obtained by NeMEC™ with glycerophosphatase. (S) II is
better than I as seen in Table CLVIIIL

2. Recapitulation of results of application of
T.N.N. (S) equations
From the above examination of equations for each kind of enzyme
and substrate, the applicable equations are given in TasLe CLIX.

Proposal of the theory of the constancy of the truly applicable
equation to data obtained with a given kind of
enzyme and a given kind of substrate

As already described, there has been no equation proposed as
generally applicable and several kinds of equations have been usually
proposed by diffesent investigators for data obtained with a given kind
of enzyme and a given kind of substrate. It has been proved that
T.N.N. I is widely applicable to data obtained with various enzymes.
But one may consider that because the equation has two constants the
probable error for T.N.N. I or II is little. To a certain extent this
may be true. Although equations that have two constants each are few
in enzyme chemistry, even such equations are also always unsatisfactory.
Though T.N.N. I or II is generally satisfactory the author does not
consider that it is because of its two constants. For trials, he formulated
atzx
a—x
¢¥ for 2 in ABERSON's equation. The result of application of the former
to data obtained by ABERsON with zymase was less satisfactory than
T.N.N. I, as already shown in TasLe CXXIII. On the contrary, for
data obtained with amylase taking the relative quantity of enzyme as
a variable T.N.N. I and II are not satisfactory, as already shown in
Tapres CXXXVII—CXXXIX. Although the experimental curves are
very smooth, probable errors are comparatively large. T.N.N. III

an equation, —;,~10g =K which was obtained by subtituting
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was ascertained to be also not satisfactory. The same facts have also
been observed for data obtained by using amylase in decomposition
taking the quantity of substrate as a variable. The cause of this has
been theoretically explained on page 162. Each T.N. N. equation has
two constants, yet only one T.N.N. equation is the best applicable,
according to the kind of enzyme or the kind of enzyme and substrate.
From these observations it is clear that the fact that each T.N.N.
equation has two constants is not the cause of its high applicability. It
is necessary to consider the items given under paragraph 3 on page 161
for examining the applicability of equations. In the study of a viscosity
test of two miscible chemicals T. N. N. equations were proved to have
a close relation to the chemical structure of the component.“”

For data obtained with a given kind of enzyme and substrate more
than two equations have been often maintained to be equally well ap-
plicable according to the experimental condition. The author considers
that there can be only one definite equation which is fundamentally
well applicable for such data notwithstanding the experimental condition.
As to data obtained with a given kind of enzyme and substrate one
of the T. N. N. equations is always satisfactory, i.e. the best applicable
equation is always only one definite kind according to the relative
properties of the enzyme and the substrate which satisfies the author's
consideration above described. For instance the difference of chemism
between pepsin and protein from that between trypsin and protein is yet
not quite certain. But for the former enzyme, T. N. N. Il is satisfactory,
while for the latter T. N. N. I. T. N. N. equations are considered to be
the general formulae of the equations that were theoretically deduced,
such as the monomolecular and bimolecular equations. Therefore one
can infer clearly the difference of the two enzymes in the chemism
between the enzyme and the protein. The truly applicable equation is
considered to be an important key to clear the chemism between the
enzyme and substrate. .

From the above considerations the author makes the following
proposition :

“The truly applicable equation to data obtained with a given kind
of enzyme and substrate is always constant.”

Conclusion

The author has studied somewhat in the kinetics of enzymes.
Some of the principal points are given below.
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1. The principal equations proposed by preceding investigators
in the study of decomposition by enzymes taking the length of time
as a variable have been introduced. The author has shown that all
these equations are usually not satisfactory even for the data of each
original paper.

2. In the examination of the applicability of equations it is abso-
lutely necessary to take care of several items, most of which have
never been taught in enzyme chemistry. Without taking such care the
proof of applicability of equations is incomplete. Thc items proposed
by the present author are as follows:

a) For the experimental data to which the applicability is to be
examined, it is necessary to attend to the following :

1) The range of decomposition must be wide.

2) The number of experimental terms must not be few.

3) If the experimental data of a result obtained in the decomposition
by enzymes are plotted, and if they are accurate, they are to
be on a smooth curve. In the special case of one or a few
points which are certainly known at a glance to be out of a
smooth curve, that datum or those data must be omitted from
calculation in applying equations.

4) The nature of the equation to be examined and the nature of
the experimental curve must be the same,

b) In estimating the applicability of equations it is necessary to
examine :

1) Not only the uniformity of the values of the constant of the
equation but also the magnitude of the mean value of the differences
between experimental and caluculated values.

2) Whether or not the value of the constant of an equation or
the value between experimental and calculated values varies in a certain
definite tendency.

3. The equation, =X, which was before formu-

log
a—x

x
a(a—7)
were named for the sake of convenience T.N. N, I and II respectively.
These have already been stated to be the general formulae of equations
of the first and second order respectively. T.N.N. equations for the
higher orders are considerd in the present paper.

4. The meaning and importance of the applicability of equations

lated by the present author, and NakaMURA’s equation, —-
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has been shown, and examples showing the imperfection or mistakes of
some theories which were deduced from mistaken recognition of appli-
cability of equations in enzyme chemistry have been given.

5. It has been shown that data obtained in the decomposition by
enzymes followed T.N.N. I or II with few exceptions. The applicable
equations for various enzymes have been determined.

6. The Schitz law 1—/%=K, which was formerly accepted by

the precent author for only dilute pepsin, has been refuted.

7. All the equations that have been proposed to be well applicable
to data obtained in decomosition taking the relative quantity of enzyme
as a variable have been considered to be not applicable.

8. Let E be the relative quantity of enzyme and z the quantity
of substrate decomposed and « the quantity of substrate taken. The
modified formulae of T.N. N. equations which were obtained before by
substituting E* for ¥ in T. N. N. equations were named T.N.N. (E)
equations. Their applicability had already been examined for data
obtained in the decomposition of soy bean protein and oil.

9. To the data of the principal published reports, T. N.N. (E)
equations have been applied and the applicable equations have been
determined for various enzymes with few exceptions. Similarly to the
data obtained in the decomposition taking time as a varible, some one
of the T.N. N. (E) equations is always applicable, according to the
kind of substrate and enzyme.

10. To data obtained in decomposition taking the quantity of
substrate as a variable, the modified formulae of T.N.N. I and II,

1 1 a—x
substrate taken have been gotten. They were named T.N.N. (S)
equations. To the author’s data and the principal published data they
have been applied and the best applicable equation was determined for
each kind of enzyme and substrate.

11. Only for data obtained with amylase the applicable T.N. N.
(E) or T.N. N. (S) equation could not be determined. The reason was
theoretically discussed.

12. The theory of the constancy of a truly applicable equation has
been proposed.

log £ =K and =K, where S was the quantjty of
x
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TasLE 1
Data obtained by Gross with arginase
; a
¢ (hrs.) x K=—In
¢z a—x
[a] » 0.0 —
0.25 5.6 0.239
0.75 13.8 0.189
1.5 18.0 0.132
3 304 o.127
6 45.6 0.101
9 52.8 0.083
24 72.0 0.053
Tasre 11
Result of the application of T.N.N. II to Gross’s
data given in TABLE I
A =0.001822%
1I
&l =o0.
(o | o=
Calc, value Diff. A Al
0.25 5.6 5.5 +0.1 0.01 _
0.75 13.8 12.8 +1.0 1.00
1.5 18.0 20.3 —2.3 5.29
3 30.4 3.1 —0.7 0.49
6 45.6 44.5 4 1.1 1.21
9 52.8 52.8 0.0 0.00
24 72.0 71.5 +0.8 0.25
+2.7—3.0=—0.3 8.25
P.E.=d09
Tasce 111

Data obtained by MicuaeLis and MENTEN with sucrose (2=0.333 N
sucrose) and result of application of their equation

¢ (mins.) e A niean
a

7 0.0164 0.0496

14 0.0316 0.0479

26 0.0528 0.0432

49 0.0923 0.0472

75 0.1404 0.0408

117 0.2137 0.0407

1052 0.9834 [0.0498] 0.0439
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TasLe IV

Data obtained by MicuageLis and MENTEN with sucrose (¢=0.0416 N
sucrose) and result of application of their equation

¢ (mins.) x* (%) K (equation 8)
10.25 11.47 0.0406
30.75 37.22 0.0489
61.75 61.5 0.0469
90.75 74.7 0.0438
112.70 8s5.0 0.0465
132.70 92.5 0.0443
154.70 94.0 0.0405
149.70 97.2 [0.0514]

mean 0.044§
TasLE V

Result of the application of T.N.N. I to the data obtained by
MicHAELIs and MENTEN given in previous table

197

{K:o 02169
¢ (mins.) x (%) #/=0.69533
Calc. value Diff.
10.25 11.47 22.26 —10.79
30.75 37.22 41.78 — 4.56
61.75 61.5 58.43 + 3.03
90.75 74-7 67.69 + 7.01
112.70 85.0 73.62 4-11.38
132.70 92.5 77-58 +14.92
154.70 94.0 81.05 +12.95
149.70 97.2 99.97 — 2.77
+40.31—18.12=+-31.19
TaBLE VI

Result of the application of T.N.N. I to the data given in
TaBLE IV omitting the last datum

I{/{=o.0036817
. £/ =1.150901
¢ (mins.) x 509
Calc. value Diff. A A?
10.25 11.47 11.61 —o0.14 0.0196
30.75 37.22 36.38 4-0.34 0.1136
61.75 61.5 62.28 —0.78 0.6084
90.75 74.7 74-97 - —0.27 0.0729
112.70 83.0 85.76 —0.76 0.5776
132.70 92.§ 91.31 +1.19 1 3961
154.70 94.0 94.30 —0.30 0.0900
+1.53—2.25=—0,72 2.8802
P.E.==o0.5
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TaBLE VII
Results of the application of equations to data obtained by
Roxa and DawmBoviCEANU with liver catalase
1 a 1 va—ya—x S| x
L) K=ynTmr | Mmooy | AT Taae
5 39-5 —_— —
10 59.08 0.08925 0.00563 0.00144
15 70.41 0.00558 —_—
25 82.78 _ 0.00563 _
35 85.18 0.06301 0.00533 0.00172
mean 0.00554

TasLe VIII

Data obtained with catalase {(1/90 m H,0, at 25°C) and the result
of the application of monomolecular equation by IssAjEw

: KMnO, (cc.) x (%) rot& =10t>4343 jop
o 41.8 —— JE—
5 3L.5 24.6 245.7
10 23.7 43.3 246.4
15 17.9 57.2 248.5
20 13.5 67.7 245.4
2 10.2 75.6 245.0
30 7.6 8I1.9 246.9
TaBLE IX

Results of the application of T.N.N. I and II to the

data given in previous table
1 {5:0.02454 H{K;:o.2898-xo—3
, . =1.00074 %/ =1.44G909
Calc. Diff. A ar | Gale L g A?
value value
5 24.6 24.6 0.0 0.00 23.0 +1.6 2.56
10 43.3 43.2 +o.1 0.0 44.9 —1.6 2.56
15 57.2 57.2 0.0 0.00 595 —2.3 5.29
20 67.7 67. —o.1 0.01 67.4 +0.3 0.09
25 75.6 75.7 —0.1 ©.01 755 40,1 0.01
30 81.9 81.7 +o.2 0.04 80.0 +1.9 3.61
+0.3—0.2=-0.1 0.07 +3.9—3.9=0 | I4.12
P.E.=+o.1 P.E.=413 :
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TasLE X

199

Data obtained with catalase (1/33 m H,O, at 0°C) and results
of the application of monomolecular equation by Issajew
and of T.N.N. I and 1II

, A =0.020758 K =o0.16300 X 10-3
IssAJEW’s result {k/:o.99897 H{,é’=1.60621
I3 KMnO,| x .. iCalc. . . | Calc. .
mins.) (cc.) * (%) &y1o value Diff. & az. value Diff. A Ar
o 48.4 | — 21.2 -++o.1 o.01| 17.8 +3.5 12.25
5 38.1 |21.3[207.8(37.9 —o.1 0.01| 39.7 —1.9 3.61
10 30.1  }37.8 206.2 | 61.4 0.0 0.00| 66.8 +5.4 29.16
20 18.7 [61.4] 206.5 | 76.0 0.0 0.00| 79.4 —3.4 11.56
30 11.6  |76.0| 206.7 | 85.1 0.0 0.00| 85.9 —0.8 0.64
40 7.2 |85.1] 206.8 | 94.2 +o.1 0.01] 92.1 +2.2 4.84
60 2.8  |94.3| 206.2
+0.2—0.1=-0.1/0.03 +I11.1—6.1=-}5.0] 62.06
P.E.=Zo.1 P.E.=+42.3
X
](,—_—7 log P
TAaBLE XI
Data obtained with catalase by EULER -
¢ (mins.) KMnO, (cc.) x (%) K. 104
o 8.0 _— -
6 6.9 13.8 107
12 5.8 27.5 116
19 5.0 37-5 107
55 2.5 68.8 100
TasLE XII
Results of the application of T.N.N. I and II to the
data given in previous table
1 [K=0.013274 I K =0.19598 x 1073
p p 4/ =0.91799 k/=1.17629
Cale. Diff. A az | Cale Diff. A A?
value : value
6 13.8 | 14.6 —o0.8 0.64 0.64 —o.1 0.01
1z 27.5 | 25.9 1.6, 2.56 2.56 +0,8 0.64
19 37-5 | 36. +0.9 0,81 0.81 —1.0 1.00
55 68.8 | 70.2 —1.4 1.96 1.96 +o0.2 0.04
+2.5—2.2=40.3 | 5.97 +1.0—I.I=~-0.1 | L6g
P.E.=41.2 P.E=*o0.60
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TasLe XIII

SENTER’s result obtained with blood catalase

) KMnO, x (%) 0.4343° K
o 46.1 — -
5 37.1 9.0 0.01g0 -
10 29.8 16.3 0.0192
20 19.6 26.5 0.0190
30 12,3 33.8 0.0193
52 5.0 41,1 0.0194
TaeLe XIV

Results of the application of T.N.N. I and II to SENTER's data

1 K=0.0183523 I K =0.66513 X 10—3
/ x £/=1.00815 A/=1.27301
(%) Calc . Calc :
value Diff. A A2 value Diff, A A2
5 9.0 g.0 0.0 0.00 8.9 +o.1 0.01
10 | 16.3 16.3 0.0 0.00 16.9 —0.,6 0.36
20 | 26.5 26. —0.3 0.09 26.9 —0.4 0.16
30 | 33.8 33.7 +o.1 0.01 32.3 —0.5 0.25
50 | 41.1 41.0 +o0.1 0.01 37.7 +3.4 11.56
+0.2—-0.3=—0.I | 0.11 +4.0—1,0=-43.0 [12.34
P.E.=dHo0.1 P.E.=41.4
TasLe XV
Results of the application of T.N.N. I and 1I to YAMAZAKI's
data (Cy=0.02108, E,=4 cc., 0°C.)
1 K =0.0883 I K'=0.60629
. » 4/ =0.92991 % =2.029319
Calc. . Calc. .
valae Diff. a A? x 1010 value Diff. A A2 X 1010
3.4 | 0.01143 || 0.01143 o o 0.01065 +0.00078 6084
6.5 | 0.01608 || 0.01603 —+0.00005 25 0.01669 —0.0C061 3721
11.0 | 0.01906 | 0.01903 ~+0.00003 9 0.01933 —0.00027 729
17.4|0.02074 || 0.02049 ~-0.00002 4 0.02035 +o0.00012 144
+0.0008 —0.0002 38 40,0000 ~0.00088 | 10678
= -}-0.00000 = -}+-0.00002
P.E.=t0.00003 P.E.=fo0.c0049
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TasLE XVI

Result of the application of T.N.N. I to Yamazaxr's
data (C,=0.02318, E,=8 cc., 25°C)

YAMAZAKY's result 1 A =0.14985
4/=0.82907
¢ (mins.) x* & Calc. value Diff. A A2 1010
2.4 0.01183 6.03 0.01182 -}-0.00001 I
6.3 0.01840 5.50 0.01844 ~-0,00004 16
10.6 0.02119 5.66 0.02117 ~+0.00002 4
15.7 0.02239 5.54 0.02239 o o
: 5.70 +4-0.00003—0.00004 21
= —0.00001
P.E.=+0.00002
(:£0.09%)
TasLe XVII

Result of the application of T.N.N. I to Yamazakr's data
(Cy=0.02318, E,=4 cc., 25°C.)

YAMAZAKI'S result 1 £=0.097008
k’=0.67874
¢ (mins.) x # Calc. value Diff. A A?x 1010
4.1 0.01014 5.96 0.01023 —0.00009 81
8.7 0.01434 5.78 0.01439 —0.00005 25
16.5 0.01830 5.66 0.01799 -0.00031 961
25.8 0.0201§ 5.44 0.02013 +0.00002 4
30.0 0.02149 1.28 0.02160 —0.00011 121
5.82 +0.00033—0.0002§ 1192
=0.00008
P.E.=Zo0.00010
(£0.43%)

TasLe XVIII

Result of the application of T.N.N. I to Yamazakr's data
(Cy=0.02318, E;=2 cc., 23°C)

s A =0.078468 . K =0.005807
YAMAZAKI's result ]{K/=0.43145 I(@: 3-9—33'4){,é/=o.51065
14 s || Calc. . P s s 2
(mins)  * Ll wienod Diff. A A2 xo10| Diff. Diff. A A? X 1010
3.9 |0.005836.49/(0.00655 —0.00072 5184 |o0.00607 —0.00014 196
8.7 [0.00877|5.88ll0.00854] -0.00023 529 |0.00851 -4-0.00026 676
14.6 |0.01081(5.680,01013 -+-0.00068 4624 |o0.01041 ~+0.00040 1600
21,6 [0,01216(5.55/l0.01147 ~+0.00069 4761 |o0,01199 ~+0.00007 49
33.4 [0.013325.38}0.01298] --0.00034 1156 |0.01385 —0.00053 2809
63.8 0.01418; 0.01535 —0.00117 13689 — — —
5.60 +0.00194—0.00189| 29943 -+0.00073—0.00067| 5330
=--0.00005 = -+0.00007
P.E.=4-0.00052 P E.=+0.00025
(2.2%) (1.1%,)
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TasLE XIX

Result of the application of T.N.N. I to Yamazakr's data
(C,=o0.01159, E;=2 cc., 25°C)

YAMAzAKI’s result 1 A =0.086284
{k/=o.81227
¢ (mins.) * # Calc. value Diff. & AZx 1010
3.5 0.00485 5.99 0.00486 —0.00001 I
7.3 0.00740 - 5.79 0.00732 +-0.00008 64
13.5 0.00939 5.51 0.00935 ~+0.,00004 16
22.0 0.01055 5.22 0.01055 —0,00004 16
5.63 +0.00012—0.00005 97
—-}0.00007
P.E.= %0.00004
(£0.35%)

TasLe XX

Maxmmowirscu's result obtained with blood catalase and results
of the application of his equation and T.N.N. 1

0.0075 cc. of blood; A=7.3

TG T K=0.036144 _
MAXIMOWITSCH'S result I{k/=0.61634
tla—x| = | ¢ | c D Cale. Diff. A A 1oH
1 M value *
10 | 5.3 2.00 [0.0139 | 0.0031| Dy ,—t15=5.7 2.06 —0.06 36
15 | 4.65 | 2.65 |0.0131 |0.0032|Dy—430=5.54 | 2.60 1-0.05 2
20 | 4.15 | 3.15 |0.0123 |0.0034]|D¢,—250=5.67 | 2.99 +4-0.16 256
30 | 3.65| 3.65 |0.0100 |0.0031}D¢,—?60=35.6 3.59 -+0.06 36
40 | 3.2 4.1 [0.00897(0.0032(Dsy—220=6.776 4.01 -++0.09 81
60 | 2.75 | 4.55 |0.0054 |0.0029|Dss—Z30=:5.1 4.71 —o0.16 256
Dyg—160==5.2
Dyp—tn=5.1% .
Dyppp—160=35.15 40.36—0.22=-0.14 690
Diyy—140=5.57 P.E.=+o0.09
mean §.57
) 1 A 1 D(A—x)
R ition: 30.83%;: C,=— log- = 1
ange of decomposition: 30.83%; C; / og s Cat T (A=D) og 2D w)
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TasLe XXI

MaxiMowITscH's result obtained with blood catalase and results
of the application of his equation and T.N.N. I

0.0075 cc. of blood; 4=14.6

MaximowiTscH’s result

1 K =0:042368
A =0.41416

¢(mins.)| x ¢, Cy D Calc. value, Diff. A A2
10 3.05 10,0600, 0.0025| Dyyo—toy=15.865 3.23 —0.18 0.0324
15 3.9 |0.0422{0,0025 D ,—130=5.875 3.78 +0.12 0.0144
20 4.35 | 0.0326| 0,0026( Dy, —ts9=35.865 4.18 +0.17 0.0289
30 5.0 |0,0227|0.0025 Dyy—1ts0=35.855 4.80 +0.20 0.0400
40 5.35 | 0.0178| 0.0025| Ds— ¢30=35.825 5.29 -+0.06 0.0036
60 5.70 | 0,0102|0.0035| Dryy—220=35.775 6.02 —0.32 0.1024
0120—140=5.825
Diyo—181=5.975
+5.5—0.50=—0.5 | 0.2217

mean §.875

P.E.=*o0.14

. 4
Range of decomposition: 18.159%; C,=% log Y Ch

D(A—x)

TaBLE XXII

I
=7@=D) ¢ 2=

MaximowirscH's result obtained with blood catalase and results
of the application of his equation and T.N.N. I

0.0075 cc. of blood, 4=58.4

MAXIMOWITSCH's result

I{K=0.016329

£/=0.25045
¢ (mins.)| x ) Cy D Calc. value Diff. A A2
10 | 3.6 }0.00276| 0.00095| Dso—t2n=75.125 3.76 —o0.16 0.0236
15 {4.25]0.,00219|0.00093| Dy o—230="5.075 4.15 -+o0.10 0.0100
20 | 4.65]0.00180|0,00096| Dy, —230=5.12§ 4.44 +40.21 0.0441
30 |4.95/0.001280.00093] Dyz—Ig0=5.08 4.90 +0.03 0.00235
40 | 5.05|0.00098] 0.00092| Dy, —t30==5.075 5.26 —0.21 0.0441
mean 3.1 4-0.36—0.37=-—0.010,1263
P.E.=+o0.12
D(A4—
Range of decomposition :’ 2.22% ; €1=% log Aix , Ci =t(A:D) log A((D—z;
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TasLE XXIII

MaxIMOWITSCH's result obtained with blood catalase and results
of the application of his equation and T.N.N. I

0.015 cc. of blood, 4=7.4

MAXIMOWITSCH’S result

I {K=0.042391

£7=0.81664
2 (mins.) x oA Cu D Calc. value Diff. A A?
10 | 3.4 |0.027 |0.0023| Dysyo—2te0=15.1 3.5 —0.1 0.01
15 | 4.4 |0.026 |0.0024] Dyy—260=13.75 4.4 0.0 0.00
20 | 5.075]0.026 v | Dyg—1t30=14.785 5.0 +0.075 0.005625
30 (5.9 |o.023 v | Dag—la0=13.6 5.9 0.0 0.00
40 | 6.4 0.022 sy | Prrg—tg0=13.0 6.4 0.0 0.00
60 |6.9 [0.022 [0.0023| Dryg—to=12.25 6.9 0.0 0.00
mean 13.7 +0.07§~-0.1=—0.025/0.15625
P.E.=+o0.0
.. 1 A 1 D(A-x)
. o/ - —_— =
Range of decomposition: 33.78%; C;= ; log T C‘”"‘l =5 log 20—

TasLE XXIV

MaxiMowITscH’s result obtained with blood catalase and results

0,015 cc. of blood, 4=14.8

of the application of his equation and T.N.N. 1

MAXIMOWITSCH’S result

1{K=°-°55949

Range of decomposition : 26.01% ; C;=% log *AA‘ PR Cn

#/=0.58544
¢ (mins.) ¥ C C D Cale. Diff 2
i 1 M resltu iff. A a
10 | 5.45 |0.0199|0.0018| Dy o—2to0=14.3 5.79 —0.34 0.1156
15 6.9 |0.0182 ,, |Dy,—250=13.8 6.91 —0.01 0.0001
20 7.95 [0.0167| ,, | Dyo—teo=14.3 7.77 +0.18 0.0324
30 .3 |0.0163 ,, | Dps—t0=13.85 9.04 +0.26 0.0676
40 |I0.15 {00126 ,, |Dy,—leo=14.4 9.95 +0.20 0.0400
6o |[11.4 |0.0107 0.001¢ 1021 +o0.19 0.0361
120 12,725 000711 | 13.03 —0.308 0.093025
mean 14.17
0.384825
+0.83—0.655=+0.175
P.E=xo.1g
D(A4—x)

1
=~ (A=0) "8 Z(D=x)
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TasLe XXV

MaxiMowITSCH's result obtained with blood catalase and results
of the applications of his equation and T.N.N. I

0.0015 cc. of blood, A=19.5

K =0.046898
M : It 1{
AXIMOWITSCH'S resu #—0.35254
t Ic. .

(mins.) * gt n D xg?uce Diff. & az
10 4 0.0099| 0.0023| D¢, —220=6.5 402 —o0.2 0.04
15 4.95 | 0.0085| 0.0025| Dyo—130=06.7 4.77 +0.18 0.0324
20 5.4 |0.0070]0.0024| D¢ y—1t20=06.45 5.2 +0.2 0.04
30 6.0 |0.0053]0.0024 59 +-0.1 0.01
40 6.1 |0.0041 6.4 —0.3 0.09
60 6.1 — mean 6.55

+0.48—0.5=—0.02 | 0.2124
P.E.=+0.16

1 D(4—x)
=7 d—2) ¢ 2=

‘s I A
Range of decomposition : 19.5% ; Cl_—_7 log T Cy

TasLE XXVI

MAXIMOWITSCH'S result obtained with blood catalase and results
of the application of his equation and T.N.N, I

0.003 cc. of blood, A=19.5

(- K—=o0.111126
MAXIMOWITSCH’S result Il{k/=0.35639
¢ le. .

(mins.) ¥ 2 2 2 \(;a:illxce Diff. 4 a2
10 8.05 {0.0231]/0.0030| Dy, —2tso=13.1 8.60 —0.55 0.3025
15 9.7 [0.0199 00032| Dy, —lgo=12.4 9.54 +-0.16 0.0256
20 }10.7 }0.0173]0.0033| Dyo—Lg0=12.75 10.02 +0.68 0.4624
30 |I16 [0.0131|0.0032| Dsy—Fs0=12.85 11.25 +0.35 0.1225
40 | 12.16 [0.0106|0.0034| Dy —ts0=12.85 11.98 +o0.18 0.0324
60 |12.45 [0.0074]0.0030 13.01 —0.56 0.3136

mean 12,79
+1.37—1.11=—0.26| 1.2560
P.E=+40.34

1 D(d—x)
= D—x %A=

A
Range of decomposition : 22.31% ; C,=% log ——— Cnt
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TAaBLE XXVII

MaxiMowiTscH's result obtained with blood catalase and results
of the application of his equation and T.N.N. I

0.0045 cc. of blood, 4=19.5

R K=o0.11330
MAXIMOWITSCH’S result I{é/=0.55465
¢ Cale. . N
(mins.) x (o Cr D value Diff, A A
10 |11.5 |0.0387|0.0030| Dy ,—2tso=21. 11.85 —0.35 0.1225
15 13.55 | 0.0344| 0.0031| Dy —l10=20.5 13.46 +0.09 0.0081
20 | 14.8 |0.0309] 0.0032| Dy —2t50=20.25 14.57 +o0.23 0.0529
30 | 16.25]0.0259 0.0032| Dp,g—Llgp=20.2§ 16.01 +0.24 0.0576
40 | 16.9510.02210.0031| Dyyq—Ie0=19.63 16.91 +o0.04 0.0016
60 |17.75!0.0078|0.0030 17.94 —0.19 0.0361
mean 20.33
+0.60—0.54=-+0.06| 0.2788
P.E.=+%0.16

R D(Ad—x)
Tr(D—x P A=z

A4
Range of decomposition: 33.85% ; Clzé log e Car

TaBLE XXVIII

Results of the application of T.N.N. I and II to data obtained
with liver catalase by Rona and DAMBOVICEANU
given in TasLe VII

I { K =0.066985 11 {A=0.8734 % 103
: \#/=0.75181 14/=1.23235
(mins.) (%)
Calc. . Calc. : .
value Diff. A a2 value Diff. A az
5 |39.50| 40.38 —0.88 0.7744} 38.83 +0.67 0.4489
10 |59.08 || 58.14 --0.04 0.8836} 59.82 —0.74 0.5476
15 | 70.41 | 69.32 +1.09 1.1881] 71.08 —0.67 0.4489
2 82.78 || 82.35 4-0.43 0.1849]| 82.19 +0.59 0.3481
30 |85.18 86.32 —1.14 1.2996 85.24 —0.06 0.0036
+2.46—2.02=--0.44 | 4.3306 +1.26—1.47=+40.21| L7971
P.E=4-0.81 P.E.=+o0.52
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TasLe XXIX

Results of the application of T.N.N. I and II to data obtained

with liver catalase by Rona and DAMBOVICEANU

) K '=0.79028 x 10~3
Rona’s result H{k’=1.0547!
¢ -Calc. " N
(mins.) 0, (%)| Ay Ky X, value Diff, A A?

5 30.23 | 0.06287 | 0.00395 | 0.00086 || 30.14 +o0.09 o0.co81
10 46.71 — 0.00365 | 0.00087 || 47.27 —0.56 i 0.3136
15 58.39 —_ 0.00369 | 0.00093 || 57.89 +0.50 0.2500
2 40.41 — 0.00366 | 0.00093 || 40.19 +o0.22 0.0484
30 73.80 | 0.04459 | 0.00315 | 0.00094 || 74.06 —0.26 0.0676

10.00362 +0.81—0.82=—c.01] 0.6877

. P.E.=+o0.25

K=t In , 1 Ye—+va—x 1 x

1'5=71/a—(a—x) : K2=7 a(a—ux)

TasLe XXX

Result of the application of T.N.N. I to data obtained by

Nicroux with cotton seed oil and castor bean lipase

NICLOUX’s result i i K =0.0055146
X {,é/=o.91376
:

¢ mins.)] x (9 2 g 1O o 100 Calc. . R
( ) (%) 102 K ; log oo 7 Valtfe Diff. A A2
30 23.6 0.388 | 24.7 +1.1 .21
40 331 c.387 L 337 +0.6 0.36
60 40.4 0.375 i 41.4 +1.0 1.00
90 54.8 0.382 ' 53.9 —0.9 0.81
127 67.0 0.392 “ 65.4 —1.6 : 2,56
150 732 0.381 | 71.0 —2.2 : 4.84
210 85.5 0.399 i 814 —4.1 16.81
450 04.4 0.278 i 96.6 +2.2 4.84
+4.9—-8.8=—3.9 | 3243

P.E. =416
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TasLe XXXI

Result of the application of T.N.N. I to data obtained by
WILLSTATTER and WaLpscHMIDT-LEITZ with
olive oil and castor bean lipase

(¢: 25~160)
WILLSTATTER's result I K=0.0071164
{é’=o-7858.2
¢ - 1 ol e Calc. .
(mins.)| ¥ X == log . K= p 1(2._1—/—7 value Diff. A A?
2.5 3.1 0.0055 1.2 2.1 3.3 —o0.2 0.04
5 6.0 0.0054 1.2 2.7 5.6 +0.4 0.16
10 9.6 0.0044 1.0 3.0 9.5 +0.1 0.01
20 15.7 0.0037 0.8 35 15.8 —0.1 0.01
40 26.3 0.0033 0.7 4.2 25.7 +0.6 0.36
8o 40.9 0.0029 0.5 4.6 40.1 +4-0.8 0.64
160 57.0 0.0023 0.4 4.5 58.7 —1.7 2.8¢
320 66.6 0.0015 0.2 3.7 —_ _— —
+1.9—2.0=—0.1/4.11
P.E.= _‘_tO.6

TaBLe XXXII

Result of the application of T.N.N. I to data obtained by
WILLSTATTER and WaALDsCHMIDT-LEITZ with
castor bean oil and lipase

. (2 : 5~240)
WILLSTATTER’s result 1 K =0.006119
{12’ =0.73340
t I . ox x Calc. . 9
(mins.) X K:'[ 10g e KIZT K2=;/—-T—- value Diff. A A2
5 4.3 0.0038 0.9 I.g 3.9 +0.4 0.16]
10 7.0 0.0032 0.7 2.2 7.3 —0.3 0.09
20 11.6 . 0.0027 | 0.6 2.6 11.9 —0.3 0.09
40 21.7 0.0027 0.5 3-4 19.0 2.7 7.2g,
8o 31.5 0.0021 0.4 3.5 29.5 +2.0 4.00
160 44.6 0.0016 0.3 3.5 44.1 +0.5 0.25
240 49.7 0.0012 0.2 3.2 54.3 —4.7 22.09
320 54.2 0.0011 0.17 3.0 e _—
400 57.6 0.0c09 0.14 2.9 _ —_— —_—
+5.6—5.3=+0.333.97
P.E.=+1.6
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TasLe XXXIII

Result of the application of T.N.N. I to data obtained
by TavrLor in the decomposition of triacetin

TAYLOR’s result I K =0.0098375
A/=1.01164
tus) |« (%) | miaot=—10g Calc. Diff. A A2
¢ a—x value :

4 8.3 94 8.8 —0.5 0.2§
8 17.4 104 16.9 +o0.5 0.25
16 33.8 112 31.2 +2.6 6.76
24 41.8 98 43.1 —1.3 1.69
28 48.8 104 48.8 0.0 0.00
32 54.2 106 53.0 +1.2 1.44
40 60.9 102 61.2 —0.3 0.09
48 65.5 96 67.9 —2.4 5.76
4-4.3—4.5=—0.2 16.24

P.E.=%x10

TasLE XXXIV

Results of the application of T.N.N. I and II to data obtained
by SanpeerRG and Brand in the dcomposition of olive oil

, - (2 : 10~160)
SANDBERG’S result I{gzg.oggogés A —0.0027583
=0.5003 {k/=0.60872
¢ x x
. ——— Calc. . . | Calc. : 2
mins)| (%) | 7 =% | oo Diff. A X Riened Diff. A A?
10 2.3 0.73 2.6 —0.3 0.09 | 2.5 —o0.2 0.04
20 4.2 0.94 3.9 +0.3 0.09 39 +0.3 0.09
40 6.1 0.96 5.7 +0.4 0.16 | 5.8 +0.3 0.09
60 7.6 0.98 7.3 +o0.3 0.09 | 7-4 +o0.2 0.04
8o 8.8 0.98 8.5 +0.3 o0.09 | 8.7 +o.1 0.01
120 10.8 0.98 10.7 +0.1 0.0I | I1.0 —0.2 0.04
160 | 12.3 0.97 12.3 0.0 0.00 | 13.7 —1.4 1.96
320 | 16.7 0.93 18.1 — 1.4 .96 | —— _ —_
+1.4—1.7=—0.3l 2.49 +0.9—1.0=—0.9| 2.27
P.E.=%0.4 P.E.=do0.4

(70 be continued)
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TasLe XXXIV (Continued)

Results of the application of TN.N. I and II to data
obtained by SANDBERG and BRAND in the
decomposition of olive oil

_ (¢: 10~160)
Il{gzg'ggg7xm—4 11 A =0,61407 X 10—4
=0.00297 {é/=o.62678
! N ey
(mins.)| (%) | v/ 7
Cale. | g pr | Calel pig A A?
value value
10 2.3 0.73 2.6 —0.3 0.09 2.5 —o0.2 0.04
20 4.2 0.94 3-9 +0.3 0.09 3.9 +0.3 0.09
40 6.1 0.96 5.8 +0.3 0.09 | 5.8 +0.3 0.09
60 7.6 0.98 7.3 +0.3 0.09 | 7.4 +o0.2 0.04
8o 8.8 0.98 8.6 +o0.2 o0.04 | 8.7 +o.1 o.01
120 | 10.8 0.98 10.7 +o.1 0.0I | I1.0 —0.2 0.04
160 | 12.3 0.97 12.5 —o0.2 0.04 | 12.9 —0.6 0.36
320 | 16.7 0.93 17.8 —1.1 1.21 JE— —_—
+1.2—1.6=—0.4| 1.066 +0.9—1.0=—0.1| 0.67
P.E=xo0.3 P.E.=+o0.2
TasLe XXXV
Result of the application of T.N.N. I to data obtained
by SaxpBERG and BranD in the decomposition
of olive oil in the presence of CaCl,
SANDBERG’s result II A =o0.15122 X 103
: {k/=0.60391
. X
£(mins.) | % (%) | —==K lcalc. value Diff. A It
20 8.3 0.186 8.4 —0.1 0.01
40 12.5 | o.198 12,3 +-0.2 0.04
6o - 15.4 0.199 15.2 +o0.2 0.04
8 - 17.6 0.197 17.6 0.0 0.00
160 24.2 0.191 24.5 —o0.3 0.09
320 33.0 0.185 33.0 0.0 0.00
+0.4—0.4=0 0.18
P.E.=+40.1
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TasLe XXXVI

Results of the application of T.N.N. I and II to data obtained
by ZELLNER in the decomposition of olive oil with
lipase of fly amanita

ZELLNER’s data 1/&=0.47302 X 10—3 11§ &K=0.67832x 103
{k’=0.98948 4/=1.10701
ht x Calc, Diff. A A2 Calc. Diff. A A2
(hrs.) value - y value ML :
48 4.8 4.8 0.0 0.0 4.7 +o.1 0.01
111 1L5 10.8 +0.7 0.49 11.8 —o0.3 0.09
160 14.2 15.2 —1.0 1.00 15.7 —1.5 2,23
304 28.5 26.8 +1.7 2.89 27.5 +1.0 1.00
485 38.9 39.0 —o.1 0.01 38.9 0.0 0.00
631 46.3 47-4 —I.1 1.21 46.0 +0.3 0.09
+2.4—2.2=-+o0.20 §.€o +1.4—1.8=—0.4| 3.44
P.E.=+o0.7 P.E.=+0.6

TasLE XXXVII

Calculated result obtained in the application of ARRHENIUS's

equation, [(.F:? log i —i;— to the data of Stape

a—x

obtained in the decomposition of egg-yolk
with stomach lipase

t(brs) | x (9%) | S| i s (es) | x (%) | S3S Diff.
2 20.4 186 | 1.8 29 §I.5 58.2 —6.7
4 25.6 25.7 —o0.1 31 55.4 59.6 —4.2
6 29.8 30.8 ~1.0 35 60.9 60.9 —I.1
8 35.3 34.8 +c.5 78 76.5 76.5 —%9
10 38.3 38.3 —0.7
25 495 55.2 ~5.7
42.3—21.4=—1g.1
mean 2.4
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TasLe XXXVIII

Results of the application of T.N.N. I to the data obtained

by StaADE given in previous table

o { 522:22;325 ' II {5;2_032533
2(hrs.) % (%) =0:59826
Cale. Diff. A ar | Cale Diff. A A
2 20.4 17.8 +2.6 6.76 19.0 +4-1.4 1.96
4 25.6 25.6 0.0 0.00 26.3 —0.9 0.81
6 29.8 31.0 —1.2 1.44 31.2 —1.4 1.96
8 | 35.3| 353 0.0 0.00 | 35.0 +0.3 0.09
10 37.6 38.7 —1.1 1.21 38.1 —0.5 0.25
25 49.5 53.8 —4.3 18.49 51.6 —2.1 4.41
29 51.5 56.2 —4.7 22.09 53.8 —2.3 5.29
31 55.4 57.3 —1.9 3.61 54.8 +0.6 0.36
35 60.9 59.2 + L7 2:89 56.6 +4.3 18.49
75 | 76.5 )t 70.7 +58 33.64 | —— — —
+10.1—13.2=—3.1] 90.13 +6.6—7.2==—0.6] 33.62
P.E.=+2.0 P.E.=+1.5
N (28,20 {f=seiowe
¢(hrs.) x (%) =0.54381
Cale. Diff. A ar | Sale Diff. A A
2 20.4 19.8 +0.6 0.36 17.6 +2.8 7.84
4 25.6 26.4 —0.8 0.64 25.8 —0.3 0.09
6 | 29.8 31.0 —1.2 1.44 31.8 —2.0 4.00
8 35.3 34.4 +0.9 0.81 36.4 —I.1 .21
10 37.6 37.2 - +o0.4 0.16 40.2 —2.6 6.76
25 | 49.5 49.5 +o.1 0.01 —_— _ —
29 | 5L§ 3L.5 0.0 0.00 | — N -
3t 554 | — — E— - _— —
35 60.9 [ . —_ 62.2 —53 - 1.€9
75 | 76.5 | —— C— — 73-9 +2.6 6.76
+2.0—2.0=0 3.42 +5.4—7.3=—1.9| 28.35
P.E.=+o0.9 P.E.=4%1.5
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TasLE XXXIX

Data obtained by ENGEL with pancreas lipase

W (i) (i)
0.04 g. 0.09 g. 0.16 g.
¢ (hrs.) x (%) x (%) % (%)
4 ’ 17.6 20.9 ) 35.2.
9 18.4 36.3 48.4
25 - 35.0 58.2 72.1
TasLe XI.

Results of the application of T.N.N. I and II to data obtained
by WiLLSTATTER and MEMMEN in -the decomposition
of triacetin with pancreas lipase

1 K'=0.0030603 I K=0.68273x 10-4
£ =0.52524 {k/=0.59235
¢ (mins.)| x (%)
: Calc. . o Calc. . 2
value Diff. A A2 value Diff. A A
16 32 34 —0.2 0.04 3.4 —o0.2 0.04
2 4.5 4.4 0.1 0.01 4.4 +o.1 o.o1
36 5.6 5.4 +o0.2 0.04 5.4 +o0.2 0.04
49 6.7 6.4 +0.3 0.09 6.4 +40.3 0.09
64 7.6 7.4 4-0.2 0.02 7.4 -4-0.2 0.04
81 8.4 8.5 —0.1 o.or | 8.4 0.0 0.00
100 8.9 9-5 -—0.6 0.36 9.5 —o0.6 0.36
+0.8—0.9=—0.1| 0.57 +0.8—0.8=0! 0.58
P.E.=+o0.2 P.E.=+o0.2
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TasLe XLI
Results of the application of T.N.N. I and II to data
obtained by DiETz in the synthesis of ester
. , K=0.0065154 K=0.112455X 10~3
DiETZ’S result I{é’=0.99344 H{/é’:l.xSoxz
. . Calc. . ° Calc. .
t(mins.) Acid¥ & 108 x| O 5| Diff. A ar | Al Diff. A Az
I1C0.00
2,00 | 97.06| 64 2.04 | 2.94 0.00 0.0000 | 2.48 +0.46 0.2116
9.57 | 87.10| 6z |12.90 | 13.19 —0.29 0.0841 | 13.91 —1.0I 10201
14.35 | 80.84| 64 |19.16 | 19.05 +o.11 0.0121 | 20.68 —1.52 2.3104
24.55 | 69.74] 63 | 30.26 | 30.18 +0.08 0.0064 | 32.84 —2.58 6.6564
31.88| 62.38| 63 |37.62 | 37.34 +o0.28 0.0784 | 40.07 —2.45% 6.0025
47.98 1 48.32| 65 |51.68 || 50.43 +1.25 1.5625 | 52.00 —0.32 0.1024
55.27 | 43.56] 64 | 56.44 || 55.41 +1.03 1.0609 | 56.15 +o0.29 0.0841
76.67 | 33.94| 60 |66.06 || 67.31 —1.25 1.5625 | 65.33 +0.73 0.5329
100.42 | 23.98| 62 |76.02 | 76.81 —0.79 0.6241 | 72.15 +3.87 14.9769
+2.75—2.33 | 4.9910 -5.35—7-88 (31.8973
=-+40.42 =-—2.53
P.E.=+0.53 P.E.=4135

* Acid quantity in millimol in 1 L.

TasrLe XLII

Results of the application of T.N.N. I and II to data obtained
by Dierz in the synthesis of ester, taking

83.95 as the value of

_— A=o0. 1 A =o0.13802 10-3
DiETZ’s result I{,é/=(1).gg?§788' H{/é’:l.;;ioo;x °
¢(hrs))) Acid¥ & yroh x| CAIC | i g a2 | Gale | pg s A?

0.0 |IOoC.CO —

3.9 | 93.74| 72 6.26 || 7.00| —o0.74 0.5476| §5.62 --0.64 0.4096
10.52 | 80.83{ 9o |1g9.17 | 17.50 +1.67 2.788¢ | 17.92 4+1.25 1.5625
13.75 | 77.50| 89 |22.50| 22.10 —+-0.40 0.1600 | 23.49 —0.99 0.9801
23.32 | 65.00| 84 |35.00 | 33.97 +1.03 1.0609 | 34.34 +4-0.66 0.4356
29.25 | 59.17| 83 |40.83 | 40.16- +40.67 0.4489 | 43.36 —2.53 6.4009
36.20 | 53.33| 82 |46.67 || 46.45 -+o0.22 0.0484 | 49.28 —2.61 6.8121
47.97 | 45.00| 81 |55.00 | 55.10 --0.10 0.0100 | 56.63 —1.63 2.6569
71.68 | 33.34| 81 |66.66 | 69.95 —0.29 0.0841 | 65.50 +1.16 1.3456
97.57 | 27.08| 76 |72.92 | 74.41 —1.49 2.2201 | 70.77 +2.15 4.6225

° 1605 83.95 +3.99—2.92 | 7.3689 +5.86—7.76 |25.2258

=137 =—1.90
P.E.=+0.65 P.E.=+1.20

* Acid quantity in millimol in 1 L.
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TasLe XLIII

Results of the application of T.N.N I and II to data obtained
by Dikrz in the decomposition of ester taking
16.25 as the value of a

, K —=o0.018233 K =0.0025057
DieT2’s result T {&’20.79576 11 {1:’:0.98511
. Calc. : A2 Calc. .
¢ (hrs.) | Acid¥| &y-1of | TN o Diff. A AT e Diff. A Al
o o
6.67 | 2.50 18 2.81 —o0.31 0.0961 | 3.46 —0.96 0.9216
19.73 | 6.50 18 5.89 +o0.61 0.3721 | 7.15 —o.60 0.3600
32.65 | 8.08] 15 8.10 —-0.02 0.0004 | 9.16 —1.08 1.1664
68.10 | 12.50 15 11.39 4r.ax 1.2321 | 11.82 +0.68 0.4624
94.30 | 13.08 mean 16 12.85 +0.23 0.0529 | 12.77 +0.31 0.0961
742.31 | 14.00 14.40 —0.40 0.1600 | 13.75 +o0.25 0.0625
215.50 | 15.00 15.45 —0.45 0.2025 | 14.50 4-0.50 0.2500
* 16.25 41.05—L.18 | 2.1161 +1.74—2.64 | 3.3190
=—0.77 =—0.90
P. E.=£0.45 P. E.=+0.50

"% Acid quantity in millimol in 1 L.

TasLe XLIV

Result of the application of T.N.N. I to the data obtained by
DieTz given in previous table, omitting the 4th datum

1 {K:0.0ISIQO
# =0.78804
¢ (hrs.) x
Calc. value Diff. A A?
6.67 2.50 2.77 —0.27 0.0729
19.73 6.50 5.78 4-0.72 0.5184
32.65 8.08 7:79 —+0.29 0.0841
94.30 13.08 12.65 «}-0.43 0.1849
142.31 14.00 14.23 —0.23 0.0529
215.50 15.cO 15.35 —0.35 0.1225
+-1.44—0.85 1.0357
=--0.59
P. E.=+0.31
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TasLe XLV

Results of the application of T.N.N. I and II to data obtained
by HEerzoc in the decomposition of ethyl
acetate with liver lipase

s A =0.006347 K =0.140987 X 10~3
HERZOG’s result 1 {k’=0.58321 II{U=°.61090
CC.
¢ . - I Cale. : Calc. . g
(mins.) I{Iva/g% x(%) K108 K| S| Diff. A Az | S| Diff. A | A
5 0.45 3.5 2.81 | 1.6 3.7 —0.2 0.04| 3.6 —o.1 o.01
10 0.75 5.8 589 | 1.8 5.5 +0.3 0.09| 5.4 0.4 0.16
15 0.90 7.0 ] 810 1.8 6.8 +0.2 0.04| 6.9 +o0.1 0.0I
20 1.00 7.8 1.39 | 1.7 8.1 —0.3 to.09| 8.1 —0.3 |0.09
30 1.30 10.1 | 2.85 | 1.8 | 10.0 +4o0.1 o.0r| 10.I 0.0 0.00
45% 1.65 12.8 1 4.40 | 1.9 || 12.6 -+0.2 0.041 12.6 0.2 0,04
60 1.85 14.4 | 545 | 1.9 || 14.4 —0.3 0.09 l 14.7 -—0.3 0.09
+0.8—0.8=0|0.40 0,7 --0.7=0| 0.40
P. E.=+to.2 P.E,=o0.2
1 x
](l=710g P ](’Sz/—?_
TasLe XLVI
Data obtained by KasrtrLE, Jounston and ELVOLVE in the
decomposition of ethyl butyrate, and the result of
the application of the 1% miolecular equation
x=cc. of NJ/20 Na,COy; a=4.71cc. of Nf20 Nay,COy: 21°C.
. 105 @
¢ (mins.) Xlexp) Xeeal) 105K =-Tlog p— X(exp) — ¥(cal)
30 0.95 0.74 751 --0.21
6o 1.30 1.31 538 —o0.01
64 .45 L.39 573 -+0.06
97 1.80 1.87 496 —0.07
121 2.05 *2.16 472 —o0.11
132 2.25 2,28 492 —o0.03
198 2.75 2.84 443 —0.09
204 2,90 2,88 469 -+o0.02
361 3.50 375 376 —o.25
467 3.80 3.80 352 0.00
+4-0.29—0.56=—0.27
mean =+ 0.086( 4 1.83%)
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TasLe XLVII

Results of the application of T.N.N. I to data obtained by
Kastre, JounsTon and ELvoLvE given in Tasre XLVI

— £:30~~204
{5_0'0029047 (K=o.oox3z>31
=0.92955 I{U— 6
¢ o =I1.112I
(mins.) * (%) Calc Calc
value Diff. A A? value Diff, A A?
30 20.17 14.62 -+5.55 30.8025 | 12.Z0 +7.67 58.8289
60 | 27.60 25.98 41,62 2.6244 | 25.12 +2.48 6.1504
64 | 30.79 27.37 +3.42 11.6964 | 26.67 +4.12 16,9744
97 | 38.22 37.53 -+0.69 0.4761 | 38.98 —0.76 0.5776
121 | 43.52 43.88 —0.36 0.1296 | 46.81 —3.29 10,8241
131 | 47.77 46.31 +1.46 2.1316 | 49.82 —2.05 . 4.202§
198 | 58.39 59.87 —1.48 2.1904 | 66.43 —8.04 64.6416
204 | 61.37 60.88 +1-0.69 0.4761 | 67.65 —6.08 36.9664
361 | 74.31 79.72 - —5.41 29.2681 | —— _ —_—
467 | 80.68 86.83 —6.15 37.8225 | —— — ——
+13.43—13.40{ 117.6177 4+14.27—20.22| 199.1659
=-0.03 =—35.95
P. E.=42.43 P. E.=3.60

TasLe XLVIII

Results of the application of T.N.N. II to the data obtained by
KasTLE, JonsTon and ELvoLve given in TasLe XLVI

- - 1:00~407)
I K=o0.55570 x 10=4 ]('(=o.37171><10-4
# =1.05559 II{ ,
¢ o A =1.13092
(mins)) 8 | T Calc
value Diff. A A? value Diff. A A?
30| 20.17 16.76 +3.41 11.6281 _ _ e
6o | 2z7.60 29.51 —L.9I 3.6481 27.60 o [¢]
64 | 30.79 30.95 —0.16 0.0256 29.08 +1.71 2.9241
97 | 38.22 41.01 —2.79 7.7841 39.62 —1.40 1.9600
121 | 43.52 | 46.75 —3.23 10.4329 45.73 —2.21 4.8841
131 | 47.77 49.04 —1.27 1.6129 | 47.97 ~—0.20 0.0400
198 | 58.39.| 59.62 —1.23 1.5129 50.52 —1.13 1.2769
204 | 6r57 | 60.37 +1.20 1.4400 | 60.34 +1.23 1.5129
361 | 74.31 73.57 +0.74 0.5476 74.36 -0.05 0.0025
467 | 80.68 78.51 +2.17 4.7089 79.51 +1.17 1.368¢9
+7.52—10.59 | 43.3411 +4.01—4.99 | 13.9694
=—3.07 =—0.88
P.E.=4-1.48 P.E.=+40.89
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TasLE XLIX

Data obtained by EULER in the decomposition of ethyl butyrate,
and the result of the application of monomolecular law

¢ (mins.) o 2 6 9 16

a—x 2.7 2.4 1.95 1.65 1.05

K10t — 256 235 237 250
TasLE L

Results of the application of T.N.N. I and II to data obtained
by EuLER given in the previous table taking

2.7 as the value of «
I {K=0.2478 I K =0.018848
£ =0.99033 # =1.19394
¢ (mins.) x
Calc. . Calc. . o
value Diff, A Az value Diff. A az
2 0.30 0.29 +o.01 0.0001 | 0.28 -+-0.02 0.0004
6 0.75 0.78 —0.03 0.0009 | 0.81 —0.06 0.0036
9 1.05 1.08 —0.03 00009 | I.II —0.06 0.0036
16 1.05 1.60 +o0.05 0.002§ 1.25 +o0.09 0.0081
+0.06—0.06=0| 0.0044 +0.1I—0.12 | 0.0157
= —0.01
P. E.=zo.2 P. E.—+o.5
Tarsre LI

Results of the application of T.N.N. I and II to data obtained
by Rona and EBSEN in the decomposition of

tributyrin with 1 cc. of

blood

RonNa’s result

{K=0.003190I

A =0.62217 X 10-4

It {/e’=x-o7593

# =0.95427
¢ Calc. . N Calc. . .
(mins) * A value Diff. A A% vatue Diff. A a2
20 I0.5 | 0.0027 10.4 +o.1 o.01 || 10.3 +o.2 0.04
30 14.5 0.0027 14.9 —0.4 0.16 | 15.0 —0.5 0.25
40 19.0 | 0.0027 19.0 0.0 0.0 19.2 —0.2 0.04
50 23.5 0.0027 22.8 +o0.7 0.49 || 23.0 +0.5 0.25
60 26.5 0.0026 26.5 0.0 0.0 26.5 0.0 0.0
70 | 29.5 | o0.0026 29.8 —0.3 0.09 || 29.6 —o.1 o.01I
+0.8—0.7= | 0.75 +0.7—0.8=—0.1] 0.59
+o.1 -
P.E.—+0.3 P. E.=*o0.2

1
= log
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TasLe LII

Results of toe application of T.N.N. II to data obtained
by Roxa and Essex in the decomposition of
tributyrin with 2 cc. of blood

Rona’s result I {g’i?.gouom II{Ki°'547875X‘°'4
= =1.04142 M =1,32113
a a
£ z e s Cale | pig. a | |C3C) Di. A | A
20 | 69.31 17.5 0.0050 17.7 —0.2 0.04| 17.2 0.0 0.00
30 | 61.0] 23.5 0.0050 25.5 0.0 0.00| 25.7 —o0.2 0.04
40 | §3.0| 33.5 0.0053 32.6 +o0.9 0.81] 33.1 +0.4 0.16
50 | 47.0! 39.0 0.0052 38.8 +0.2 0.04| 39.3 +o0.2 0.04
60 | 42.5| 44.0 0.0051 44.3 —0.3 0.09| 44.5 —o0.5 0.25
70 | 37.51 49.0 0.0052 49.4 —0.4 0.16| 48.9 +o.1 0.01
0.0052 41.1—-0.9=+40.2{1.14 0.7 —0.7=0| 0.50
P. E.=+0.3 P.E.=40.2
TasLe LIII
The best applicable equation for each kind of
lipase and substrate
Enzyme Substrate Equation
Castor bean lipase Soy bean oil TNN. I
" Cotton seed oil .
' Olive oil .
. Castor bean oil ’
» Triacetin '
Papain lipase Soy bean oil T.N.N. 1II
”» Olive oil "
Lipase from fly amanita ' ”
Stomach lipase Egg-yolk T.N.N. 1
Pancreas lipase ’ ?
» Triacetin ?
' . Synthesis of ester T.N.N. I»?
» Decomposition of ester  T.N.N. I
Liver lipase Ethyl butyrate T.N.N. II?
Lipase of fatty tissue ’ T.N.N. I
Blood lipase Tributyrin, monobutyrin T.N.N. I
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TasLe LIV

by WILLSTATTER and SToLL with chlorophyllase

‘WILLSTATTER'S result I K=o0.025584 I K'=0.40085 % 10-5
{/E’ =0.89267 # =1.94655
¢ (mins.)] x K10t Qalc. Diff. A A Calc. Diff. A A2
value value
15 45 7.52 48.4 —3.4 I1.56 | 44.1 +0.9 0.81
30 75 8.68 70.7 +4.3 18.49 | 75.1 —o0.1 0.01
6o 91 7.55 90.0 + 1.0 1.00| 9l.4 —0.4 0.16
120 98 6.17 99.0 —1.0 1.00| 97.8 +0.2 0.04
+5.3--4-4 | 32.05 +1.1—0.5 | 102
=+O.9 = +0.6
P.E. =122 P.E.=+04
Ky=—1In—"
t a—x
TasLe LV

Results of the application of T.N.N. I and II to data obtained
by KARRER, Joos and STAUB with lichenase

WARRER’S result

{K:o.ooxzoz

11{

K'=0.14691 x 10-4

V4 =o.78;67 # =0.92089
¢ (mins.) 190 1og—2 || Cal Cal
mins,)] x |[——log— alc, . 0 alc. . 0
¢ a—x| yolge Diff. A A2 value Diff. A A
105 9.3 403 10.0 —0.7 0.49 9.5 —0.2 0.04
223 18.0 383 17.5 +o0.5 0.25| 17.7 +0.3 0.09
345 24.4 353 23.5 +0.9 0.81| 24.2 +4-0.2 0.04
465 | 30.6 342 28.7 +1.9 3.61| 29.6 +1.0 1.00
1440 | 534 231 56.0 —2.6 6.76 | 54.3 —0.9 0.81
+3.3—3.3 |11.92 +1.5—1.1 | 1.98
=0 =40.4
P.E.=+1.2 P.E.=+o0.5
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TasLe LVI

Results of the application of T.N.N. I and II to data
obtained by KARRER, Joos and STAUB -

KARRER’s result I K=0.0017513 11 § & =0.14691 x 104
# =0.80744 # =0.92089
¢ (mins.) 10%0g—2— 1| cal Cal
mins. x |—log c. : c. .
¢ Z—% i value Diff. a a2 value Diff. A az
105 13.5 600 1.5.9 —2.4 5.76| 1s5.0 —1.5 2.2§
225 29.5 679 27.4 +2.1 4,41 28.1 + 1.4 1.96
345 | 40.0 636 36.3 +3.7 13.69 | 37.9 2.1 4.41
465 | 46.8 591 437 +3.1 9.61| 45.5 +1.3 L.69
1440 71.3 377 76.1 —4.8 23.04| 73.1 —1.8 3.24
+8.9—7.2 | 56.51 +4.8—3.3 | 13.55
=+L7 =-+1.5
P.E.=42.5 P.E.=%1.2
TasLe LVII

Results of the application of T.N.N. I and II to data
obtained by PriNGsHEIM and SEIFERT with
lichenase, omitting the 3rd datum

PRINGSHEIM's result |

I {A =0.0017775

I {K:o. 14074 X 10—4

# =0.90630 4 =1.09236
¢ (mi 9| Drog—2— | ca Cal
(mins ) #(%)| logg 2 | Cale | pigg A | 4, | SAS ) Dig A | a2
6o |I1.06 84.8 11,32 —0.26  |0.0676| 10.97 +0.09 |0.0081
150 | 24.71 86.0 24.11 +o0.60 0.3600] 25.11 —0.40 {0.1600
240 | 38.57 88.1 - — — — — _
345 | 45.9 77.3 44.40 +1.50 2.2500| 45.44 +0.46 0.2116
465 | 53.5 71.5 53.67 —o0.17 0.0289| 53.58 —0.08 0.0064
585 |59.66 67.4 61.23 —1.57 2.4649| 59.72 —0.06 [0.0036
+2.1—2.0 [§.1714 +0.55—0.534 [0.3897
=4o0.1 =-1.0.01
P.E.=4+0.8 P.E.=4o0.2
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Experimental curve for data obtained by PrINGSHEIM and
SEIFERT given in TABLE LLVI1I
TaprLe LVIII
Data obtained by Boserri with inulase
. Decomposition 103
¢ (mins.) I%ecgmf]zgflstlclm by enzyme = 103.K=—Slog 2
y bu ot solution e a—x
1.5 0.00 4.00 0.02 5.26
3 0.05 8.60 0.04 5.72 '
5 0.10 14.80 0.07 5.99
7 o.I0 19.70 0.09 5.61
9 0.15 25.60 0.11 5.91
14 0.20 44.20 0.20 6.89
23 0.40 74.20 0.34 7.76
38 0.55 102.20 0.46 7.65
51 0.70 124.30 0.56 6.96
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TasLe LIX
Results of the application of T.N.N. I and II to
data obtained by BoseLLI
BosELLI’s data I A =0.0054575 1 K=0.10871 x 10-3
{&/=1.o7261 # =1.19731
¢ (hrs. x (% Calc. . Calc. .

(hrs.) 6) | Cale Diff. A a2 | Sae Diff. A A?
1.5 2 1.9 +0.1 0.01 .7 +0.3 0.09
3 4 4.0 0.0 0.00 3.9 “+o0.1 o.01
5 7 6.8 —o0.2 0.04 6.9 +o.1 0.01
7 9 9.6 --0.6 0.36 10.0 —IL.0 1,00
9 11 12.4 —1.4 1.96 13.1 —2.1 4.41
14 20 19.2 +0.8 0.64 20.4 —0.4 0.16

2 34 30.4 +3.6 12.96 L 3L7 +2.3 5.29

38 46 46.3 —0.3 0.09 | 45.9 +o.1 0.01

5I 56 57.4 —1.4 1.96 54.6 +1.4 1.96

+4.5—3.9 18.02 +4.3—3.5 12.94
=-0.6 =-40.8
P.E.—=-+1.0 [ P.E.=+4o0.9
TasLe LX

Results of the application of T.N.N. I

and II to data obtained

by BoseLL1, omitting the 7th datum
K'=0.0055175 11 §A=0-111345x 103
{,é’=1.05985 {é’=1.18033
¢ (hrs.) | x (%)
Calc. . Calc. :
value Diff. A A? value Diff. A A?
1.5 2 1.9 +o0.1 0.01 1.8 +o0.2 0.04
3 4 4.0 0.0 0.00 3.9 +o0.1 0.01
5 7 6.8 +-0.2 0.04 6.9 +o0.1 0.01
7 9 9.5 —0.§ 0.25 10.0 —1.0 1.00
9 11 12.2 —1L1 121 12.9 —1.9 3.61
14 20 18.8 +-1.2 1.44 20.0 0.0 0.co
23 34 — - — — — — —
38 46 45.1 +0.9 0.81 44.9 +1.1 1.21
51 56 55.9 +0.1 o.0I 53.6 +2.4 5.76
4-2.5—1.6 3.77 +3.9—2.9 11.64
=+0.9 ==4J1.0
P.E.=+0.5 P.E.=-+4o0.9




224 K. NagajiMa and T. Kamapa

TasLe LXI

Results of the application of T.N.N. I and II to data obtained
by PrinGsHEIM and PEREWOSKY, omitting the 4th datum

1 K =o0.815gx 10-3 11 A —0.082355 % 10-5
K7=0.96716 K'=0.95581
¢ (hrs.) x
calc, s cale. . o
value Diff. A A2 value Diff. A Al
3 1.5 1.4 0.1 0.01 1.5 o] o
8 4.2 3.5 +0.7 0.49 3.7 +o0.5 0.25
24 8.5 10.0 —L5 2.25 10.4 —1.9 3.61
72 23.1 — — _— — — —
114 39.2 42.0 —2.8 7.84 40.4 —IL.2 1.44
138 47.9 49.6 —1.7 2.89 47.0 +o0.9 0.81
162 57.0 56.8 +o.2 0.04 33.1 +3.9 15.21
+1.0—5.0 13.52 +5.3— 3.1 21.32
=—4.0 = 42,2
P.E.=+1.1 PE.=+1.4

TasLe LXII

Results of the application of T.N.N. I and II to data obtained
by PringsuiEiM and LEriBowirz with cellobiase

I K =0.c078325 1 K =0.88546x 104
{K/=0.91677 Kl=1.19244
¢ (hrs.) x
calc. . cale. . o
value Diff. A A2 value Diff. A A2
24 27.8 28.3 —0.5 0.25 28.1 —0.3 0.09
48 48.4 46.6 -+1.8 3.24 47.2 412 1.44
72 58.5 59.7 — L2 1.44 59.2 —0.7 0.49
+1.8—1.7 4.93 +1.2—1.0 z.02
=+0.1 =-0.2
P.E.=+1.1 P.E.=+40.7
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TasLe LXIII

Results of the application of T.N.N. I and II to data
obtained by PaiLocHeE with Taka-diastase

PHILOCHE’s result I K'=0.0034857 I K=0.66270x 10-4
A =0.66585 # =0.82132
K-10t=
¢ (mins.)| « | I0% a Calc. . Cale. . 0
) —log—— | AT | Diff. A ar | A | Diff. A Al
21 6 12.3 5.9 +o.1 0.0l 5.8 +0.2 0.04
51 11 10.0 10.4 -+ 0.6 0.36 10.5 +0.5 0.25
113 15 6.2 17.0 —2.0 4.00 17.4 —2.4 5.76
224 26 5.8 25.4 +0.4 0.36 25.8 4-0.2 0.04
390 36 5.0 34.7 +1.3 1.69 34.2 +1.8 3.24
+2.6—2.0 | 6.42 +2.7—2.4 | 9.33
=40.6 =40.3
P.E.=%o0.9 P.E.=%1.0
TasLe LXIV
Results of the application of T.N.N. I to data obtained
by PuiLocHE with Taka-diastase
’ £ 1Q~
PHILOCHE'S result I {2ig.g§§;z2 . (K=90.02259)68
K108— - 4 =0.56944
¢ (mins.) x 1_0310g e ?alc. Diff. A A galc. Diff. A A
¢ a—x| value ] value
19 5 1Ly 4.5 -+o.5 0.25 4.8 +o0.2 0.04
39 7 7.9 7.1 —0.1 0.01I 7.1 —o.I 0.0I
55 8 6.6 8.7 —0.7 0.49 8.6 —0.6 0.36
208 18 4.1 19.1 —1I.1 L.2I| 17.4 +-0.6 0.36
275 20 3.5 22.3 —2.3 3.29| 2zo.1 —0.1 0.01
453 34 37 20.3 +4.7 22.09 - - —
+5.2—4.2 [29.34 +0.8—0.8 | 0.78
=410 =0.0
P.E.=+1.6 P.E.=%0.3
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TasLe LXV

Results of the application of T.N.N. II to data obtained
by PuiLocHE with Taka-diastase

PHILOCHE's data . [A=0.61851% 10~1 (£:19~275)
I { A =0.83744 x 104
# =0.68535 Il{é, —o0.60441
flmins)| o Cale )i p A | CRle | pig A ‘ A
19 S 4.4 -+0.6 0.36 4.7 +o0.3 0.09
39 7 7.1 —0.1 0.0l 7.1 —o.1 0.01
55 8 8.8 —0.8 0.64 8.6 - —0.6 0.36
208 18 19.3 —L3 1.69 17.4 +0.6 0.36
275 20 22.§ —2.5 6.25 20.0 0.0 0.00
453 34 29.0 +5-0 25.00 — — —
+5.6—4.7 33.95 +0.9—-0.7 0.82
=-0.9 =-}-0.2
P.E.=+41.8 P.E.=+o0.3
TasLe LXVI
Results of the application of T.N.N. I to data obtained
by PuirocHE with Taka-diastase
v (£: 15~450) (¢:15~307)
PHILOCHEs data 1 K'=0.0070568 I K'=0.0089928
{k’ ==0.52401 {,é' =0.46086
¢ (mins.) x Calc. Diff. A At Calec. Diff. A A?
value : value 1.
15 8 6.5 +1.5 2.25 7.0 +1.0 1.00
75 11 14.5 —3.5 12,235 14.1 —3.1 9.61
126 16 18. —2.5 6.25 17.5 —1.5 2.25
248 25 25.3 —~0.3 0.09 23.1 419 3.61
307 28 27.9 +o.1 0.01 25,2 +2.8 7.84
450 40 32.9 7.1 50.41 —_ — —_—
+8.7—6.3 71.26 +5.7—4.6 24.31
=42.4 =-41.I
P.E.=+25 P.E.=+1.7
(£:75~450) (2:75~307)
{K=0.00159963 I{K=o.oozlox3
¢ (mins.) | # =0.79585 # =0.73890
Cale. : 2 Calc. .
value Diff. A A value Diff. A A2
15 8 — — _ —_— — —
75 11 10.8 +o0.2 0.04 111 —o0.1 0.01
126 16 15.9 +o.1 0.01I 15.8 +-0.2 0.04
248 2 25.7 —0.7 0.49 24.8 +o0.2 0.04
307 28 29.6 —L.6 2.56 28.3 —0.3 0.09
450 40 37.9 +2.1 4.11 —_ — —
+2.4—2.3 7.51 +0.4—0.4=0 0.18
=-+to.1 _ ”
P.E.— Lo P.E.=fo.2
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TasrLe LXVII

Results of the application of T.N.N. I to data. obtained
by HEewnrr with malz-amylase

HENRI's result {K=0.78270>< 1o—3 ](giolgég;t?zl)o—?’
T #/=0.99966 I {,é/=o.96051
g T K= log —
(mins.)| (%) =7 %8 —; |l cal. Liff. A A2 Calc. Ciff. A A
value value
184 28.4 0.000788 28.2 -+o.2 0.04 | 28.4 0.0 0.00
227 33.0 0.000766 33.5 —0.5 0.25 | 33.5 —0.5 o.25
326 | 44.6 0.000787 44.3 +c.3 0.09 | 43.9 +o.7 0.49
402 | §50.4 0.000757 51.§ —I.I 1.21 | 50.7 —~0.3 0.09
467 57.8 0.000802 56.8 410 1.00 | —— — _
+1.5—1.6 | 2.59 +0.7—0.8 | 0.83
=—o0.1 =—01
P.E.=%0.5 P.E.=40.4
TasLe LXVIII
Results of the application of T.N.N. I to data obtained
by Brown and GLENDINNING with malt extract
- (z: 10~60)
Brown’s result 1{5:2'2030224 A=0.0031191
=1.07994 {,é/=1.06958
: ™ * 1 ca Cal
. x - alc. . o alc. : 9
(mins.) | (%) Ko % value Diff. A Az value Diff. A 4
10 8.1 | 0.0037 | 0.0035 8.0 +o.1 0.01 8.1 0.0 0.00
20 16.3 | 0.0039 | 0.0036 || 16.2 4-0.1 0.01 | 16.2 +o.1 0.01
30 23.8 | 0.0039 | 0.0035 || 24.0 —0.2 0.04 | 23.9 —o.1 0.01
40 30.8 | 0.0040 | 0.0035 || 31.2 —o0.4 0.16 | 3I.0 —0.2 0.04
44 33-4 | 0.0041 { 0.0034 || 33.9 —0.5 0.25 | 33.7 —0.3 0.09
50 37.8 | 0.0041 | 0.0035 || 37.9 —2.1 o.01 | 37.6 +o0.2 0.04
60 44.0 | 0.0042 | 0.0034 || 44.0 0.0 0.00 | 43.6 +0.4 0.16
70 50.6 | 0.0044 | 0.0035 || 49.5 411 1.21 | —— —_— e
+1.3—1.2 | 1.69 +0.7—0.6 | 0.35
=4o.1 =4o0.1
P.E.=%0.3 P.E.=+o0.2
. _ I a __L atx
w1 Kp= Z log Pt *2: K= Z log e
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Results of the application of T.N.N. I and II to data
obtained by HoOLMBERGH

(i) For data obtained with starch
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Table LXIX
Results of the application of T.N.N. I and II to data
obtained by HENRI with pancreas amylase
HENRI’s result 1 K'=0.001 3696 1I K'=0.77965 X 10—%
A =1.0145% A =1.36830
! x ) 100 a Calc. \ Calc. :
(mins.)| (%) 4 log a—x valuel Diff. A a2 vaah::e Diff. 4 a?
T 44 [ 141 150 13.6 +0.5 0.25 | 12.1 +2.0 4.00
78 22.4 141 23.1 —0.7 0.49 | 23.2 —0.8 0.64
119 | 33.4 148 33.1 +0.3 0.09 | 35.0 -1.6 2.56
189 | 45.6 142 46.9 —IL3 1.69 | 49.8 —4.2 17.64
218 | 52.5 148 52.5 0.0 0.00 | 55.3 —2.8 7.84
385 75.2 157 73.4 +1.8 3.24 | 72.9 +2.3 5.29
484 | B8o.4 146 81.2 —o0.8 0.64 | 78.6 +1.8 3.24
+2.6—2.8 6.40 +6.0—0.4 [41.21
=—0.2 =—3.3
P.E.=+o0.7 P.E,=-+1.8
{¢: 180 omitied)
I K=0.536825 % 10—5
k' =1.44746
Calc. value Diff. A A2
1I.4 —+2.7 7.29
22.7 —0.3 0.09
35.2 —1.8 3.24
56.6 —4.1 16.81
74.8 +o0.4 0.16
8o.5 —o.1 0.01
+3.1—6.3=—3.2 27.60
PE.==+1.6

, K =0.005229 K —=o0.55801x 10—
HOLMBERGH’s result I{k/.—_o.Sxols 11 {k,=1_04553

3 Maltose | .- Calc. : Calc. ; 2

(mins.) | /mg) £y 10t value Diff. A az value Diff. & at
60 26.9 34 27.2 —0.3 0.09 | 27.0 —o.1 0.01
90 36.0 34 35.6 0.4 0.16 | 35.9 +o.1 0.01
170 51.6 33 51.8 —o0.2 0.04 | 51.6 0.0 0.00
) 96.3 | — || — —_— _— —_—
+0.4—0.5=—0.1 | 0.29 +0.I—0.1=0 | 0.02

P.E.+o0.4 P.E.=-o0.1

96.3 was taken as the value of a; A=

-

a

log

~

a—x




Prorosition oF T.N.N. EquaTions i THE KINETICS OF ENZYMES 229

(ii) For data obtained with glycogen

HoLMBERG’s result II{§f°‘7°2°3X 104 (‘I*th;itou_r;o;;;l::?gL
=0.93351 4 =0.92968
¢ | Maltose| =« .
mins.)| (mg) | (%) [FT0 S2le | pif. a ar |Gl i a A?
€o 22.0 24.2 | 26 24.4° —o0.2 0.04 | 24.2 0.0 0.00
106 33.6 35.3 | 26 35.4 0.1 o.01 | 35.2 0.0 0,00
119 | 35.7 37.5 1 25 37.9 —0.4 0.16 | 37.6 —0.1 0.0l
142 | 40.7 42.7 | 2% 41.8 +0.9 0.81 | — —_ _
456 | 64.6 | 67.8 | 22 48.0 —0.2 0.04 | 67.8 0.0 0.00
+0.9—0.9=0 | 1.06 —o0.1 o.01
P.E.=%03 P.E.=+o0.0
I a
Ki=Floe 5
TasLe LXXI
The best applicable equation for each kind of
amylase and substrate

Enzyme Substrate Author Equation
Taka-diastase Starch PHILOCHE T.N.N. I
Malt-amylase vy HenNr1 T.NN. I
ys ” Brown and GLENDINNING ?
Pancreas amylase ' Hexr: T.N.N. I
Liver amylase Starch, glycogen  HoLMBERGH T.N.N. II
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TasLe LXXIT

Results of the application of T.N.N. I and II to data obtained
by WILLSTATTER, OPPENHEIMER and STEIBELT with maltase

WILLSTATTER’S result {K=0.027176 1 K=0.41575 X 10—3

— 4/ =0.54280 {,é/=o.7298o
Polar- 4 —

? . x 10 a ~

N R IR N P RN
10 1.23 | 19.2 93 19.6 —0.4 0.16 | 18.2 + 1o 1.00
20 .72 | 26.9 68 27.2 —0.3 0.09 | 27.0 —0.1 0.01
30 2,16 | 33.8 60 32.7 +I.1 1.21 | 33.2 +-0.6 0.36
- 40 2.41 | 37.7 52 37.1 -+4-0.6 0.36 | 38.0 —0.3 0.09
60 2.81 | 44.0 2 43.9 +o.1 0.01 | 45.2 = 1.44
8o 3.13 | 49.0 37 49.1 —0.1 0.01 | 50.4 —1.4 1.96
100 3.4Y | 53.2 33 53.3 —o.1 0.0I | 54.5 —1.3 1.69
150 3.92 | 6I.2 2 61.3 —0.1 0.01 | 61.7 —0.5 0.2§
200 4.25 | 66.4 2 67.1 —0.,7 0.49 | 66.5 —0.1 0.0l
300 4.78 | 75.0 20 : 74.9 +0.1 0.01 | 72.8 +2.2 4.84
+1.9—~1.7 | 2.36 +3.8—4.9 |11.65

=-40.2 =—1.1

P.E.=+0.4 P.E.=40.8

TapLe LXXIII

Results of the application of T.N.N. I and II to data obtained
by PHILOCHE in the decomposition of maltose

with Taka-diastase

PHILOCHE's result 1 [&=0.6544x 103 11§ &=0.16583x 10—5
14/=1.13335 #=1.58674
t x
mins.) () | TS | Apxet | Cale )iy a0 (GRS pig A | e
51 9.8 88 23 9.8 ) 0.0 0.00 7.8 +2.0 4.00
112 | 19.8 86 22 22.2 | —2.4 5.76 | 22.8 —3.0 9.00
175 | 33 103 22 34.1 —I.1 1.21 | 37.5 —4.5 20.2§
230 | 49 127 26 43.4 | +35.6 31.36 | 48.1 +o0.9 0.81
349 | 61 120 25 59.8 +1.2 1.44 | 64.7 —3.7 13.69
469 | 76 134 24 72.0 -+4.0 16.00 | 74.2 +1.8 3.24
588 | 81 122 22 80.7 ¢ +0.3 0.09 | 8o0.4 +o0.6 0.36
903 | 9o 107 22 93.1 | —3.1 9.61 | 8q.0 +1.0 1.co
1
|
mean 23 {—|—11.1—6.6 65.47 +6.3—11.2 | 52.35
| =445 =—4.9
| P.E=42.1 P.E.=+1.8
|
I a a 2x (3
* —_— - . e | ——
K_tIOg (t—-x'Kl—t( a+ a—x)
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TasLe LXXIV

Results of the application of T.N.N. I and II to data obtained
by WILLSTATTER, KUunN and SoBoTkA in the decomposition
of a-methyl glucoside

WILLSTATTER s result i
» e [ {1{:0.206274 {%':353‘;2643‘2) . lu { A—o0.90724 X 104
I 4! =o. : =0.
AEHIINE o W=o.71444 o
= el
EET] 8 gz sl . 5 e
« 79{“ SE Diff. A A2 SE Diff. A A? SE Diff. A A2
3010.74] 24.8| 23.2 || 15.5 —0.7 0.49(135.3 —0.§ 0.25/ 15.1 ~0.3 0.09
60| 1.24|24.8 20.6 ||23.9 +0.9 0.81/23.9 0.9 0.81|24.2| +o0.6 0.36
120 1.83/ 36.6| 16.5 | 35.6 +1.0 1,00| 36.1 +0.5 0.25 36,51 +o.1 0.01
180} 2.28] 45.0| 14.5 | 44.2 +0.8 0.64/ 45.0 0.0 0.00/44.7| -+0.3 0.09
240|2.55/51.0| 12.9 || 50.9 +o.1 0.01| §2.0 —1.0 1.00|50.8 0.2 0.04
320 |2.80| 56.0] 11.1 || 58.0 —2.0 4.00, — —_— — (56.8 —0.8 0.64
+2.8-2.7 [6.95 +1.4—1.5 |2.31 +1.2—1.1 |1,23
=-to.1 = —0.1I =+40.1
P.E.=40.8 P.E.=+0.6 P.E.=4o0.4
TaBLE LXXV

Results of the application of T.N.N. I and II to data obtained
by WiLLsTATTER, KUHN and SoBoTkaA in the decomposition
of a-ethyl glucoside

WILLSTATTER'S result

I{K=0.0015073

II{

K=0.67476 x 105

A =1.04273 A =1.39238
z x 1ot o
(mins.)| (%) £ 0% | Cale| g A | Cale | g A A2
value value
() 18.8 15.0 17.9 +0.9 0.81 | 16.8 +2.0 4.00
120 | 33.0 14.5 33.4 —0.4 0.16 | 34.6 —1.6 2.56
180 | 45.2 14.5 46.2 —I.0 1.00 | 48.2 —3.0 9.00
240 | 55.2 14.5 56.7 —1.5 2.25 | §8.2 —3.0 9.00
300 65.2 15.3 65.2 0.0 0.00 | 65.5 —0.3 0.09
420 78.6 15.9 77.7 +o0.9 0.81 | 75.2 +3.4 11.56
+1.8—2.9 | 5.03 +5.4—7.9 | 36.21
=411 =—2.5
PE.=i0.7 P.E._—_.:tI.S
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TasLe LXXVI

Results of the application of T.N.N. I and II to data obtained
by WiLLsTATTER and STEIBELT in the decomposition
of a-phenyl glucoside

WILLSTATTER’S result . [15:0_210123 g;g?;zggggs
4/=0.6255 {k/=0.67358
! x 104 log a
(mins.)| (%) | ¢ a—w | CaC T b a | oar S pig s | g
30 16.8 26.5 17.9 —1,I 1.21 | 17.2 —0.4 0.16
70 | 29.0 21.2 28.4 +4-0.6 0.36 | 28.4 +o0.6 0.36
120 | 38.8 17.8 37.4 1.4 .96 | 38.2 +0.6 0.36
195 | 49.9 15.0 47.0 +2.9 8.41 | 48.7 +1.2 1.44
275 55.0 12,6 54.5 +0.5 025 | 56.8 —1.8 3.24
450 | 62.0 9.0 65.7 —3.7 13.69 —_— _—
+5.4—4.8 |25.88 +2.4—2.2 | 5.56
=--0.6 =-40.2
P.E =415 P.E.=+o0.8
— — (¢: 30~273)
II{§:°'I§3ggxm ’ I K'=o0.12220 X 10™3
=0.767 {k/=0.82604
Calc. . o Calc, .
value Diff. A A? valee Diff. A A?
17.3 —0.5 0.25 16.9 —o.1 0.01
29.0 0.0 0.00 29.0 0.0 0.00
38.4 +0.4 0.16 38.9 —0.1 0.01
47.8 +1.9 3.61 48.8 +1.1 1.21
54.5 4-0.5 0.25 55.8 —o0.8 0.64
63.9 —1.9 3.61 _— - S
+2.8—2,4=-0.4 7.88 +I1.1—I1.0=-o0.1 1.87
P.E.—+0.8 P.E.=+to.5
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TasLE LXXVII

The best applicable equation for each kind of

maltase and substrate

Maltase of Substrate Equation
Bottom yeast a-Methyl glucoside T.N.N. II
Taka-diastase Maltose
Lowenbriau yeast " T.N.N. 1

" a-Ethyl glucoside T.N.N. I
. a-Phenyl glucoside T.N.N. 1I

TapLE LXXVIII

Result of the application of T.N.N. I to data obtained by

HEerzoc in the decompostion of salicin with emulsin

HERZOG’s result 1 K'=0.006033

{k/=o.8x692

d x 5, K= 1og—2— | &y 105 .

mins) | (%) |*°" ¢ lo8T Ty | Kater ) Cale Diff, A A

24 17.4 345 147 18.5 —LI 1.21

54 | 351 348 158 32.8 +2.3 5.29

86 45.0 302 143 44.1 J-0.9 0.81

210 69.1 243 133 70.0 —0.9 0.81

270 77.5 240 140 77.3 +o0.2 0.04

371 84.7 220 137 85.3 —0.6 0.36
+3.4—2.6 8.52

=--0.8

P.E.=+o0.9
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TapLe LXXIX

Result of the application of T.N.N. I to data obtained
by WiLLsTATTER and OPPENHEIMER in the

decomposition of arbutin

WILLSTATTER'S result K'=0.0038031
# =0.99472
! < K. 104—1—04 lo i Calc
(mins.) | (%) | 70T e g Diff. A a
!
40 29.2 375 29.07 +0.13 0.0169
63 41.9 363 42.69 —0.79 0.6241
95 57.0 387 55.61 +1.39 1.9321
125 64.8 363 65.60 —o0.80 0.6400
175 77.6 371 77+49 -+4-0.11 0.0121
1
+1.63—1.59=-}0.04 3.2252
P.E.=+0.6
TasLe LXXX

Results of the application of T.N.N. 1 and II to data obtained
by WILLSTATTER and OPPENHEIMER in the decomposition
of B-methyl glucoside

WILLSTATTER’S result

K'=0.016117 1 K=0.28135x 10—3
£ =1.02447 #=1.32729
¢ x 104 log a—x
(hrs)| (%) | 7 BTTL Calc. . Cale. .
value Diff. A A2 value Diff. A A?
2 7.1 370 ( 7.27 —0.17 0.028¢; 6.6 +o0.5 0.25
16 | 48.35 410 47.03 +1.32 1.7424 52.7 —4.35 |18.922§
23 {62.0 420 60.21 +1.79 3.2041| 64.4 —2.4 5.76
41 | 81.0 400 81.10 —o.1 0.0100| 79.5 1.5 2.25
48 |84.2 380 85.89 —1.69 2.8561| 82.9 +1.3 1.69
+3.11—1.87 | 7.8415 +3.3—6.75 | 28.8725
=11.24 ' =—3.43
PE=%Z11 P.E=%19
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TapLe LXXXI

Results of the application of T.N.N. I and II to data obtained
by WiLLsTATTER and OPPENHEIMER in the decomposition
of B-phenyl glucoside

WILLSTATTER’s result K=0.0017116 . K —0.13069 X 10—
A/ =1.04858 A =1.35958
¢ x 10t log
mins, 9 ¢ a— Cale, . o | Cale. . 2
(mins.) | (%) @ |Caled pifoa | a0 | DI A | A
45 19.5 209 19.2 +0.3 0.09 | 18.8 +0.7 0.49
133 46.8 203 47.8 — 10 1.00 | 50.2 —3.4 11.56
180 | 60.0 221 59:9 +o0.1 0.01 | 60.4 —0.4 .16
22§ 69.6 225 68.5 411 1.21 | 67.3 +2.3 5.29
+I1.5—1.0 | 2.3I +3.0—3.8 | 17.50
=40.5 =—0.8
P.E.=+40.6 P.E.=+1.6

TapLe LXXXII

Result of the application of T.N.N. I to data obtained by
WiLLsTATTER and OPPENHEIMER in the
decomposition of helicin

‘WILLSTATTER's result . K =0.0083324
{H:o.SISIg
2 X Iof log :
(mins.) (%) t a—x Calc. Diff. A i A?
‘ value I
5 7.0 273 6.91 +0.09 0.0081
12 13.6 230 14.34 —0.77 0.5929
36 29.2 181 30.23 —1.03 1.0609
8o 5l.o 168 49.94 - 4-1.06 1.1236
+1.15—1.80=—0.63 2.7855
P.E.=%0.7
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TasLe LXXXIII
Result of the application of T.N.N. I to data obtained by
WIiILLSTATTER and CsAnvi in the decomposition of raffinose
1 K=0.015078"
. k/=1.00137
KMnO 10 a
¢ (hrs.) | (cc. of 0.1544 N) = (%) ¢ log a—
Calc. . o
value Diff. A A
1.0 0.5 35 351 34 +o0.1 0.01
2.5 I.15 8.5 355 8.3 +o0.2 0.04
6.0 2.5 18.0 330 18.8 —o0.8 0.64
9.0 3.5 25.6 328 26.9 —1.3 1.69
22.§ 7.3 55.2 350 54.4 +o0.8 0.64
26.0 8.0 60.5 356 59.4 +-1.1 1.21
30.5 8.7 66.0 352 635.5 +o0.5 0.25
2,7—2.1=-4+0.6 | 4.48
P.E.=+£0.6
TasLE LXXXIV
Results of the application of T.N.N. I to data obtained by
Nersox and Hrrcacock with invertase
(¢: 5~120)
NELSON’s result I K'=0.0021954 1 K'=0.0023765
{/é/=1.lo3og {é/=1.o7663
(¢ mins.)| £ (calc.) |-# (%) || Calc. : Calc. . .
9 value Diff. A A2 value Diff. A A?
5 4.96 | 3.15| 2.94 +-o.21 0.0441 | 3.04 +0.11 0.0121
10 10.1 6.35| 6.21 +0.14 0.0196 | 6.34 +o0.01 0.0001
15 14.9 9.38{ 9.53 —0.1§ 0.0225 | 9.61 —0.23 0.0529
22 22,1 | 13.77] 14.18 —0.41 0.1681 | 14.15 —0.38 0.1444
30 30.1 | 18.52 19.37 —0.83 0 7225 | 19.19 —0.67 0.4489
60 60.1 |35.43 | 37.03 —1.60 2.5600 | 36.20 —0.77 0.5929
90 89.8 |50.27 || 51.49 —1.22 1.4884 | 50.10 +4o0.17 0.0289
120 119.6 | 62.73 | 62.98 —0.2§ 0.0025 | 61.23 +1.50 2.2500
180 180.6 |80.30 | 78.86 +1.44 2.0736 | —— _— _
300 | 299.9 |94.48 | 93.48 +1.00 1.0000 | —— - -
+2.79—4.51 | 8.1613 +1.79—2.05 | 3.5302
=-11,72 =-—0.26
P.E.=20.64 P.E.=20.48
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TapLe LXXXV

Result of the application of T.N.N. I to data obtained
by EuLeEr and KULLBERG

EULER’s result {K=0.007287
9% for #=1.00853
¢ |Polarized | 10! log —* 100—-0.3=99.7
(hrs.) | degree z a—x Calc. Diff. A A2
value
‘o 735 0.3 —_— —_—_ P - -
15 5.28 23.0 75 22.8 22.7 0.1 0.0t
24 4.20 33.8 74 33.6 33.9 —0.3 0.09
35 3.00 | 45.8 75 45.6 454 +o0.2 0.04
o | —2.42 |100.0 — _— —_— —_ —_—
+0.3—0.3=0/ 0.14
P.E.=Ho0.2

TasLe LXXXVI

Result of the application of T.N.N. I to data obtained
by WiLLsTATTER and Kunn with raffinase

WILLSTATTER’S result K—0.0043113 (4th datum omitted)
I # —0,04862 I{1(':0.004474
Polar- ' #=0.94927
S ized | & ron cal
mins.) gegree | (%) ale. | pig A ar [ C3le piga A
value value
60 11.14 39-4 | 36.2 || 39.6 —o0.2 0.04 | 39.4 0.0 0.00
8o 10.55 48.4| 39.5 | 48.5 —o0.1 0.01 | 48.2 +o.2 0.04
110 9.80 60.0| 36.2 || 50.2 +0.8 0.64 | ~—— —_—
160 9.00 72.1| 34.6 || 72.2 —0.1 0.01 | 71.9 —0.2 0.04
220 8.35 92.1 | 34.0 || 82.3 —o0.2 0.04 | 8z.0 +o. o.01
o 7.8 1000 | — || —— —_ | — R N
+0.8—0.6 0.74 4-0.3—0.2 0.09
=+40.2 =-0.1
P.E.=+to0.3 P.E.=%o0.1

a—x

X
]i1=7 log
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TasLe LXXXVII
Result of the application of T.N.N. I to data obtained by
Couin and CHauDAN with raffinase
COLIN's result 1 K=0.003142
{/é/=1.02525
Polari- 105 @ ¥
¢ (mins.)| zed — log Calc. . 9
degree z a—x value Diff. A &
o] 13.71 §— —_— m————— —-_— —
10 13.26 310 0.45 0.48 —0.03 0.0009
20 12,76 340 0.95 0.94 +o0.01 0.0001
30 12.30 352 1.41 1.37 -+0.04 0.0016
45 1167 362 2.04 1.97 ~+0.07 0.0049
60 I1.14 362 2.57 2.49 ~+-0.08 0.0064
8o 10.55 359 3.16 3.1 4-0.05 0.0025
110 9.80 362 3.91 3.87 -+0.04 0.0016
160 9.00 346 4.71 4.78 —0.07 0.0049
220 8.35 340 5.36 5.48 —0.12 0.0144
o 7.18 —_—
+0.29—0.22=-10.07 0.0374
| P.E.=to.05
i
a=13.71—7.18==6.53
TasLe LXXXVIII
Result of the application of T.N.N. I to data obtained by
WILLSTATTER and OPPENHEIMER with lactase
WILLSTATTER’S result ] K—o.0171924
s {k/=0.63256
: Cu. 10 a
¢ . 9 —_—
(mins.) (mg) | * (%) p log P Calc. ' Diff. A o
value :
e 64.2 o] [¢] [+ o [¢)
30 69.4 28 476 29 —1 1
52 71.9 37 386 38 —1 1
60 72.6 40 370 41 —1 1
70 73.9 43 349 44 —1 I
8o 75.2 47 345 47 o o
90 75.8 49 325 49 o o
110 77-1 55 315 54 +1 1
135 78.8 62 311 59 +3 9
172 80.3 63 265 64 +1 I
210 81.8 69 243 69 o o
270 83.3 738 214 74.5 —1 1
390 85.8 84 204 82 -2 4
550 87.3 87.5 182 88 —0.5 0.25
© (91.6) | (100)
+7—5.5=+1.5 20.25
P.E.=+1.0
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TasLe LXXXIX

Results of the application of T.N.N. I to data obtained
by ARMSTRONG with lactase

ARMSTRONG’s result {K:o.018978 (2,2&;;5939)54
#/=0.55337 I{I:/=o.50817
¢ x
. %Y ——
(mins.) | ¥ (%) /¢ | Cale. Diff. A Az | Cale. Diff. A A2
value value
0.5 3.2 4.5 3.0 +o.2 0.04 | 3.2 0.0 0.00
1.0 4.8 | 4.8 4.3 +o0.5 0.2 4.3 +0.3 0.09
2.0 6.4 4.5 6.2 +0.2 0.04 | 6.3 +o0.1 0.01
3.0 7.6 4.4 7.7 —o.1 o.01 | 7.7 —0.1 0.01
4.5 9.0 | 4.2 .6 —o0.6 0.36 | 9.4 —0.4 0.16
6.0 | 10.0 4.1 || ILT’ —1I.1 1.21 | 10.8 —o0.8 0.64
2 19.7 4.1 || 219 —2.2 4.84 | 20.2 —0.§ 0.25
29 22,0 4.1 || 24.5 —2.5 6.25 | 22.4 —0.4 0.16
48 29.0 4.2 || 31.1 —2.1 4.41 | 28.0 +1. 1.00
53 30.7 4.2 | 32.5 —1.8 3.24 | 29.2 +1.5 2.25
144 62.2 4.3 | 49.5 +12.7 161.29 S .
4-13.6—10.4=+3.2/181.94 +-2.9—2.2=-+40.7| 4.57
P.E.==%3.0 P.E.=xo0.5
TasrLe XC

Results of the application of T.N.N. T to data obtained
by ARMSTRONG with 0.4 g of emulsin

ARMSTRONG’s result - (¢:1—70)
Yoma e L(Fogoir:
= o075 {4” =0.89549
4 ¥ K——I— log e
(hrs.) | (%) t a—x | Calc. Diff. A Az | Cale Diff. A A
value value
1 1.0 0.00440 1.0 0.0 0.00 | I.0 0.0 0.00
2 1.8 0.00395 1.8 0.0 o000 | 1.8 0.0 0.00
4 3.2 0.00352 3.3 —o.1 0.0f | 3.3 —0.1 0.0l
6 4.5 0.00333 4.7 —0.2 0.04 | 4.7 —0.2 0.04
22 15.0 0.00320 13.9 +1.1 I.21 | 14.3 —+0.7 0.49
46 25.5 0.00277 24.8 +o.7 0.49 | 25.9 —o0.4 0.16
70 35.6 0.00271 34.3 1.3 1.69 | 35.3 +o. 0.09
167 54.7 0.00206 58.6 —3.0 15.21 _— _
+3.1—4.2 |18.65 +1.0—0.7 | 0.79
=—I.1 =-+0.3
PE. =41.1 P.E.=Zo0.2
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TasLe XCI
Result of the application of T.N.N. I to data obtained
by ARrMsTRONG with 0.1 g of emulsin
ARMSTRONG’s result I K =0.0124634
. 4 =0.70317
£ (hr 9 * Jog —= Cal
(hrs.) x (%) =7, '8 PR vaahfé Diff. A A?
1 3.1 0.0137 2.8 +o0.3 0.09
2 4.6 0.0102 4.6 0.0 0.00
3 6.0 0.008¢6 6.0 0.0 0.00
4 7.0 0.007g0 7.3 —o0.3 0.09
6 8.8 0.00667 9.6 —0.8 0.64
22 2L5§ 0.00478 22.3 —o0.8 0.64
46 34.7 0.00404 34.5 +o0.2 0.04
70 46.0 0.00382 43.4 +42.6 6.76
431 —L.9= 1.2 8.26
P.E.=+o0.7
TapLE XCII

Result of the application of T.N.N. I to data obtained by
WiLLSTATTER and CsAnvt with emulsin

(3rd datum omitted)

WILLSTATTER’s result K =o0.017203
I{ K =o0.0.017220
#/ =1.00023 I {é/ = 1.00297:2
z(hrs.) | x(%)| K& 1of Cale. Diff. A A2 Calc, Diff. A A?
value value
4 15 410 14.7 0.3 0.09 14.7 +0.3 0.09
7 24 390 24.2 —0.2 0.04 24.4 —0.4 0.16
21 85 380 56.5 —L§ 2.25 — — —
24 61 390 61.4 —0.4 0.16 | 617 —o0.7 0.49
30 69.5 396 \ 69.6 —o.1 0.01 60.9 —0.4 0.16
46 83 410 I 839 +I.1 1.21 84.2 +0.8 0.64
+1.4—2.2 | 3.75 +1.1—1.§ 1.54
| =-—0.8 =—0.4
i P.E.=+0.7 PE.=.io4
1
Ki=—
1=y log a—x
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TasLe XCIII

Results of the application of T.N.N. I to data obtamed
by MIvAKE with mannase

1 [K=0.047263
¢ (days) ¥ |4/ =1.05585
I Calc. value Diff. A A?
o
il 3 5.7 5.7 0.0 0.00
s 5 8.5 8.6 —o0.1 0.01
— 6 10.0 9.9 +o.1 0.0l
Z 8 I2.1 12.0 0.1 0.01
9 12.9 12.9 o o
+0.2—0.1=-+}0.1 0.03
P.E.=+o.1
1 {K:o.o37ooz
¢ (days) " #! =0,61058
~ Calc. value Diff. A A?
Q
?[l 2 2.6 2.§ +4-o.1 0.01
© 3 3.1 3.2 —o.1 0.01
— 6 4.5 4.7 —0.2 0.04
= [ 5.8 5.8 0.0 0.00
10 6.2 6.1 4-0.1 0.01
+0.2—0,3=—0.1 0.07
P.E.=+o0.1
I {K=0.1m47
¢t (days) x #/ =0.59609
Calc. value Diff. A A?
@ -
’[ 2 2.6 2.5 -+o.1 0.01
S 3 3.0 3.1 —o.1 0.01
— 4 3.4 3.5 —o0.1 0.01
= S 3.8 3.8 0.0 0.00
~ 7 4.4 4.4 0.0 0.00
8 4.7 4.6 +o.1 0.01
+0.2—0.2=0 0.04
P.E.=+o.1
1 {K=0.20487
¢ (hrs.) " # =0.60622
Calc. value Diff. A A?
("‘?
& 2 5.2 5.0 +o0.2 0.04
I 3 5.9 5.9 0.0 0.00
3 4 6.4 6.5 —0.1 0.01
— 5 6.9 7.0 —o0.1 0.01
2 7 7.7 7.7 0.0 0.00
8 8.0 8.0 0.0 0.00
Io 8.5 8.4 -+o.1 0.01
-4+0.3—0.2=+40.1 0,07
P.E.=+o0.1




242

K. Nakajima and T. Kamapa

TasLe XCIV

Results of the application of T.N.N. I and II to data
obtained by FREUDENBERG with tannase

I {K=o.0024423 I K =o0.289733 x 10~
° # =0.56858 {b/ =0.68724
g ||t (mins.) x (%)
z Cale. | pig o | ar | C3le 1 i o4 | a2
o0 value . value :
E
= 600 19.2 19.2 | * 0.0 0.00 | 19.0 +o0.2 0.04
gn 1440 29.9 29.6 +0.3 0.09 | 30.0 —o.1 o.01
=] 2880 40.0 40.6 —0.6 0.36 | 40.3 —0.3 0.09
Y 4320 48.5 48.1 +0.4 0.16 47.7 +0.8 0.64
9 | 10080 74.0 — — — — — —
g
= +0.7—0.6 0.61 +1.0—0.4 0.78
=-40.1 =4-0.6
P.E.=+0.3 P.E.=+o0.4
= 1 (K =0.0012216 I A =o0.17310x 104
2 ) 14/ =0.60873 {f’ =0.69393
Z |t (mins.)| x (%)
la)
= Cale. Diff. A ar | Cale Diff. A A?
aE; value value
% 600 1301 12.9 +40.2 0.04 12.8 +40.3 0.09
5 1440 20.5 21.0 —0.5 0.25 | 2Lz —0.7 0.49
2 2880 290.9 30.2 —0.3 0.09 | 30.3 —0.4 0.16
= 4320 37.4 36.8 +0.6 0.36 | 36.6 +0.8 0.64
o || 10080 64. — — — — —_ —
o§ +0.8—0.8 | 0.74 FLI—ILI 1.38
- =0 =0
P.E.=+0.3 P.E.=+o0.5
TasLe XCV
Results of the application of T.N.N. II to data obtained
by Matsuvama and NAKAMURA with pepsin
Data obtained at 30°C 11 {&=0.0027204
3 ' A =0.44812
¢ (hrs.) x (%) Calc. value Diff. A
1 21.30 21.39 —0.09 0.0081
2 27.35 27.07 +0.28 0.0784
3 30.40 30.80 —0.40 0.1600
4 33.95 33.62 +0.33 0.1089
5 36.00 35.88 +40.12 0.0144
6 37-55 37.78 —0.23 0.0529
~“+0.73—0.72=-}0.01 0.4227
P.E.=+o0.20

(To be continued)
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TasLe XCV

Results of the application of T.N.N. II to data obtained by
Marsuyama and Nakamura with pepsin—Continued

Data obtained at 37°C. 1 {5:2:2?32?85
¢ (hrs.) * (%) Calc. value ( Diff. A Az
I 28.0 28.41 l —0.41 0.1681
2 36.0 : 35.62 ‘ +o0.62 0.7844
3 40.6 40.20 i -+0.40 0.1600
4 44.1 ‘ 43-55 ! +0.33 0.3025
5 45.9 46.20 | —0.30 0.0900
6 47.8 48.38 | —o0.58 0.3364 -
‘, ll +I.i;)7gx.zj9:=+o.28 1.8414
i | E.=to0.41
. K =0.0054956
Data obtained at 42°C. 11 {k/=0.4937o
¢ (hrs.) x (%) Calc. value } Diff. A Az
1 34.05 g 35-47 “ —1.42 I 2.0164
2 45-55 4362 | +1.93 ! 37249
3 49.50 i 48.59 ' +0.91 ‘ 0.8281
4 52.18 \ 52.14 { 4-0.01 i 0.0001
5 55.05 : 54.88 +0.18 { 0.0324
6 55.65 | 57.10 —1.45 ' 2,102§
; —|—3.%3}—T—2.8£=+0.16 1 8.7044
i .F.=+o0.90 _
; A =0.0074954
Data obtained at 47°C. II {,{:/ —0.400543
¢ (hrs.) x (%) Cale. value \ Diff. A a2
1 41.70 1 42.84 : —1.14 1.2996
2 50.35 ‘ 49.73 j +0.62 0.3844
3 55.70 5379 ; + 191 3.6481
4 §7.10 36.63 : +-0.47 0.2209
5 58.20 3 58.79 ! —0.59 0.34381
6 50.40 | 60.57 | —1.17 1.3689
' ! +3_§)0E.2,9£=§}-0.10 7.2700
‘ E.==0.81
: K =0.0072523
Data obtained at 52°C. 11 {/é/_—_o.27x38
¢ (hrs.) x (%) Calc. value ‘ Diff. A A2
X 40.85 42.04 —1.19 1.4161
2 47.35 46.68 +0.67 0.4489
3 5I1.40 49.42 +1.98 3.9204
4 51.85 51.37 +0.48 0.2304
5 52.2§ 52.88 —0.63 0.3969-
6 52.85 54.12 ‘ —1.27 1.6129
+3.13—3.09=-}+0.04 8.02560
P.E.=4-0.85
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TasLe XCVI

Results of the application of T.N.N. I and II to data obtained
by Ro~a and KLEINMANN with pepsin

Rona’s result {K=0.0064779 I {K=0.115755 X 10~3
#=0.79738 14/ =0.90936
x (%) I—05—16~——-K"105 Calc Calc
(mins.) L a(a—x) va.lut; Diff. A A2 value Diff. A A2
15| I1.5 8.67 1.21 —o0.6 0.36 | 12.0 —0.5 0.2§
30| 21.3 9.00 20.1 41.2 1.44 | 20.4 +o0.9 0.81
45| 27.6 8.45 26.7 +0.9 0.81 | 27.0 4-0.6 0.36
| 60| 32.5 8.04 32.3 +o0.2 0.04 | 32.0 +0.5 0.25
- 90| 40.0 7.44 41.7 —1.7 2.89 | 41.0 —1.0 1.00
mean 8.32 +2.3—2.3 | 5.54 +2.0—1.5 | 2.67
=0 =+40.5
P.E.=+0.8 P.E.=+0.6
I {](:o.oo43119 I {K=0.079058>< 104
P s x #=0.85468 #/=0.95291
(mins.) (%) Ta(a—x) Cal \
cale | i A | oar |CR piga | A
value value
15| 9.0 6.57 9.6 —o0.6 0.36 9.5 —0.5 0.25
30| 17. 7.06 16.6 +o0.9 0.81 | 16.8 +0.7 0.49
45| 24.0 7.03 22.7 +1.3 1.69 | 22.9 4 1.1 1.21
| 6ol 28.3 6.57 28.0 +0.3 0.09 | 28.1 +o0.2 0.04
21 90| 35.1 6.03 37.2 —2.1 4.41 | 306.5 —1.4 1.96
mean 6.55 +2.5—2.7 | 7.36 +2.0—1.9 | 3.95
=—0.2 ==-10.1
P.E.=zo.9 P.E.=%07
{K:o.oo69332 I {K=0.98313>< 10-5
p 105 x #'=0.85487 4/ =1.04936
. g —
(mins.) *%) ¢ a(a—x) Calc. R s |Cale. . 9
value Diff. A A value Diff. A A
15 14.1 10.9§ 14.9 —o0.8 0.64 | 14.4 —0.3 c.09
30, 25.8 I1.55 25.4 -+0.4 0.16 | 25.9 —0.1 0.01
451 35.8 12.35 33.9 +1.9 3.61 | 34.8 + Lo 1.00
6o} 42.7 12.40 41,1 +1.6 2.56 | 41.9 +0.8 0.64
=) 99 521 12.10 52.9 —0.8 0.64 | 52.5 —C.4 0.16
T4 120 50.2 12.10 61.6 -—2.4 5.76 1 59.9 —0.7 0.49
mean 11.97 +3.9—4.0 |12.37 +1.8—1.5 | 2.39
=—o0.1 =-40.3
P.E.=+1.1 P.E.=+0.5
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I {K=0.00531775 I {K:o.84938><10—4
p 05 «x #/=0.82457 4&/=0.96726
: x(%) \— = K"105
(mins.) 2 a(a—x) Cal Cal
*C 1 Diff, A Az} RS Diff. A A?
value value
15 10.0 7.41 10.8 —o0.8 0.64 | 10.4 —0.4 0.16
30| 19.0 7.82 18.3 +o0.7 0.49 | 18.6 +0.4 0.16
45| 26.0 7.82 24.6 4-1.4 1.6 { 25.2 +0.8 0.64
60| 31.2 7.66 30.1 1.1 1.21 | 30.8 0.4 0.16
| 90| 40.0 7.43 39.4 —0.6 0.36 | 39.7 4-0.3 0.09
B 1200 46.0 7.10 47.0 — 1.0 1.00 | 46.6 —0.6 0.36
1 150 5I1.3 7.02 53.4 —2.1 4.41 | §2.0 —0.7 0.49
mean 7.4§ +3.2—4.5 |10.07 +1.9—1L7 | 2.06
=—1.3 =40.2
P.E.::to.g P.E.::i:o.4
{K=o.oos3016 I {K=0.76505><Io4
p 105 =« #=0.85776 £/=1.03432
. x(%) |— =K"105
(mins.) ¢t a(a—x) Cal Cal { )
2C | Diff, A A | 23S Dig A A?
value value |
15 IL.§ 8.66 1L.7 —0.2 0.04 | 1.2 +0.3 0.09
30 z0.0 8.34 20.2 —o0.2 0.04 | 20.5 —0.5 0.25
45 28.2 8.73 27.4 +0.8 0.64 | 28.2 ) o
60| 33.9 8.52 33.6 +0.3 0.09 | 34.6 —o0.7 0.49
90| 44.6 8.98 44.0 +0.6 0.36 | 44.6 0.0 0.00
& | 120 52.3 9.14 52.3 0.0 0.00 | 52.0 +0.3 0.09
150| 8.0 9.20 59.3 —1.3 1.69 § §57.7 +0.3 0.09
mean 8.80 ! +1.7—1.7 | 2.86 +0.9—1.2 | LOI
=0 =—0.3
P.E.=4o0.5 P.E.=+0.3

TasLE XCVII

Results of the application of T.N.N. I and II to data obtained
by Rona and KLEINMANN with trypsin

(i) For data obtained with pancreatin (Rhenania), Py 7.25

1 K=0.100977 . I K=0.0020447
A =0.32735 {t/=o.47865
¢ (mins.) | x (%)
Calc. . o Calc. .
value Diff. A A2 value Diff. A A?
15 43.2 43.1 +0.1 0.0l 42.8 -+0.4 0.16
30 51.3 50.7 +0.6 0.36 51.0 +0.3 0.09
60 57.2 58.9 —1.7 2.89 59.2 —2.0 4.00
90 64.2 63.7 +0.5 0.25 63.8 4-0.4 0.16
120 67.7 67.2 4-0.5 0.25 66.9 4+-0.8 0.64
+L7—17=0 3.76 +1.9—2.0 5.05
=—0.1
P.E.=z%o0.7 P.E.=+0.8
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(ii) For data obtained with pancreatin (Rhenania), Py 7.78

1

{K: 0.0013080

11{

K =0.16332x 103

£/ =0.76367 A/ =1.01555
¢ (mins.) | x (%)

Calc. . o Calc. . o
valae Diff. A A2 value Diff, A ; A?
15 22.2 21.2 +1.0 1.00 20.4 +1.8 1 3.24
30 31.§ 33-3 — 1.8 3.24 34.1 —2.6 ' 4.16
60 49.4 49.7 -0.3 0.09 SI.1 —1.7 2.89
90 59.4 60.7 —1.3 1.69 61.2 —1.8 ‘ 3.24
120 71.0 68.8 +2.2 4.84 67.9 +3.1 | 9.61
+2.2—3.4 10.86 +4.9—6.1 | 23.14

=_—0.2 = 1.2 i

P.E.=%1.1 P.I'.=41.0 ‘

(iii) For data obtained with Pancreatin (Kraus), Py 7.78

f&'=0.0113045

11{

K =0.19068 x 10-3

| I 14/ =0.68451 A’/=0.82133
¢ (mins.) | ¥ (%) .
| Cale | pig. s az | Cale Diff. A A2
I value value
I5 16.4 15.3 + 1.1 1.21 15.0 +1.4 1.96
30 21.3 23.4 —z.1 4.41 23.8 —2.5 - 6,23
60 34.4 34.9 —0.5 0.25 35.5 —I.1 1.21
90 44.0 43.2 +0.8 0.64 43:3 +0.7 0.49
120 50.8 49.8 + 1.0 1.00 49.3 +1.5 2.25
2.9—2.6 7.51 +3.6—3.6=0 | 12.16
=-40.3 -
P.E.— 0.9 P.E.=+1.2

(iv) For data obtained with pancreatin (Kraus), Py 7.3

1 {K=0.057019

11{

K=0.98210%x 10-3

#/=0.45718 # =0.64696
¢ (mins.) | x (%)
Calc. . "o Calc. . o
value Diff. A .A- value Diff. A Al
15 36.5 36.4 +0.1 0.0l 36.2 +o0.3 0.09
30 494 || — — — | = —
6o 57-5 57.4 4-0.1 o.oI 58.1 —0.6 0.36
90 63.3 64.2 —0.9 0.81 64.3 —1.0 1.00
120 69.7 69.0 +0.7 0.49 68.5 +1.2 1.44
+0.9—0.9=0 1.32 +1.5—1.6 2.89
=—0.1
PE.=%0.4 P.E.=+o0.7
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(v) For data obtained with pancreatin (Kraus), Py 7.3

K=0.056169 11 A'=0.0011059
47 =0.39492 4 =o0.52112
z (mins.) | « (%)
Calc. . Calc. R
value Diff. A A2 value Diff. A A2
15 3L.0 3t.4 —0.4 0.16 3I.2 —o.2 0.04
30 39-7 39-1 +0.6 0.36 39.4 +o0.3 0.09
6o 44.4 —_— —_— —_— —_— P
90 53.9 53.5 -+0.4 0.16 53.6 -+0.3 0.09
120 56.9 57.5 —o0.6 0.36 57.3 —0.4 0.16
41.0—1.0=0 1.04 +40.6—0.6=0 0.38
P.E.=21o0.4 P.E.=%o0.2

TasLe XCVIIL

Data obtained by BavLiss with sodium caseinate

. Cal. value by ARRHENIUS’s
¢ (mins.) x (%) equ};tion
0.5 35-5 35.7
1 48.0 46.7
2 59.2 58.4
4 67.5 68.1
6 71.4 72.6
8 74.2 74.8
. TapLE XCIX

Results of the application of T.N.N. II to data cobtained by

Osuma, K= log—®  Ky=—%_
¢ a—x V¢

(i) Data obtained with peptone in the solution of Py value 5.1

OsHIMA’s result 1 {K=0.7690>< 10—+
# =0.80383
¢ (mins.) # (%) | £y'10% | Kg 105 Calc. value Diff. A A2

Go 16.62 7918 58co 17.13 —0.51 o.2601
120 27.40 6915 6700 26.51 +0.89 0.7921
180 34.30 | €023 6870 33-33 4+0.77 0.5929
240 38.13 5211 6650 38.64 —0.51 0.2601
360 46.05 4479 65€0 46.52 —0.47 0.2209
+1.66—1.49=+10.17 2.1261

P.E.=+o0.57
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(if) Data obtained with peptone in the solution of Py value 5.3

OsHIMA’s result I K=0.70913X 10~4
A =0.83784
¢ (mins.) (%) | £130° | K530t | care, value } Diff. A a2

60 17.65 8386 6160 17.97 —0.32 0.1024
120 27.95 7107 6880 28.14 —o.19 0.0361
180 37.20 6741 6480 35.49 +1.71 2.9241,
240 41.35 5793 6200 41.17 +0.18 0.0324
360 48.30 4778 6900 49.57 —1.27 1.6129
4+-1.890—1.78=to.11 4.7079

P.E.=+0.73

(iii) Data obtained with peptone in the solution of Py value 6.0

OsHIMA's result I K=0.8559x 10-4
4 =0.78628
¢ (mins.) x (%) | £10° | K510 | ooie vale Diff. A Az

60 17.87 8529 6230 17.63 +40.24 0.0576
120 26.35 | 6836 6650 26.93 —o.58 c.3364
180 33.25 5727 6700 33.68 —0.43 0.1849
240 40.00 | 3542 6975 38.90 +1.10 1.21C0
360 46.40 | 4480 6625 46.68 —0.28 0.0784

+1I. 34—1 2= -|—o [s13 1.8673

= +o0. 5 .

(iv) Data obtained with casein

OsHIMA's result 1 K =0.0063566
A =0.744G1
¢ (mins.}| x (9 Kr10t | Kg-10t Calc. . .
(%) 1 e Diff. A A
Go 26.55 2684 6o40 26.58 —0.03 0.0009
120 38.97 2172 6267 40,42 —1.4§ 2.1025
180 48.25 1907 3340 50.36 —2.11 4.4521
240 63.28 1742 6440 58.02 +5.26 27.6676
1200 93.83 1208 4780 94.38 —0.55 0.3025
+3. 26 4.03=+1.23| 34.5256
P.E.=+41.08
. . K=0.0063129 K=0.14847 x 104
(¢: 240 omitted)T {é,=o.73943 o R it oA
Calc. : o Calc, . o
value Diff. A A2 value Diff. A A2
25.93 +0.62 0.3844 22.39 +4.16 17.3056
30.41 —0.44 0.1936 34.36 +4.61 21,2521
49.15 —0.90 0.8100 54.26 —6.01 36.1201
[ R 63.21 -+}-0.07 ~ 0.0049
93.61 +-0.22 0.0484 93.17 +0.66 0.4356
+0,84—1,34=-—0.50 1.4364 +9. 50 6.01=+43.49 { 75.1183
P.E.=+o0.47 P.E.=12.92
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TasLE C
Result of the application of T.N.N. I to data
obtained by WEIs
WEIS’s result I K =0.60846 x 103
#/==0.54370
z . X
(hrs.) | w | mean |K=me Cale I Diff. A A? 3 109
I 5.80 5.34 5.57 5.6 5.74 —0.17 289
2 8.54 8.42 8.48 6.0 8.15 +0.33 1089
4 11.34 11.94 11.64 5.8 11.4§ +o.19 361
6 13.32 13.70 13.5T 5.5 13.88 —0.37 1369
+0.5I—0.54=—0.02 3108
P.E.=-o0.22
Tasre CI
Result of the application of T.N.N. I to data obtained
by Derxpy with ordinary yeast
DERNEY's result — 28¢2
a=g2, I{]g':o.ox_&s-
a =100 V2 —0.78999
? Xy x Cal
hrs. - - - Cy = C. s a
(hrs.) s K4 [ Ky ' Ep | =) Gale ' Diff. A | A
o 8 — JE— J—— —
16 30 7.5 3.54 0.017 0.067 22 21 B ¢ 1
40 1 43 7.13 3.70 | o©.oIl | 0©.067 37 39 —2 4
64 58 7.2§ 4.50 0.009 0072 50 50 o
88 67 7.13 4.90 0.008 C.075% 59 33 o [}
112 72 6.8 5.00 0.007 0.073 66 63 I 1
+2—2=0 6
PE.=+1
Tasre CII
Result of the application of T.N.N. I and II to data
obtained by Dernsy with treated yeast
DERNBY’s result K=o0.027877 K=0.28530 x 10—3
" a=100 @=9% I{/é/=0.7253,8 H{k/—_—x.12885
S - ~ I &= [ Calc. - . | Calc. : 2
o Ks | Ka | &n | &p | 220 vatee|  Diffo & | 424 21 o Diffo & 4 A2
ool ——| — == = |-
16 | 45 | 11.3| 9.12|0,021|0,105| 35 34 41 1 33 +2 4
40 | 63 { 10.1| g.54(0.016{0.110] 53 55 —2 4| 56 -3 9
64 | 75| 9-4| 9.94|0.0130.106] 65 66 —I 1] 66 —1 I
88 | 84| 9.0{11.36]|0.012/0.113| 74 73 41 1| 72 42 4
+2—3=—1| ¥ +4—4=0]| 18
PE=%1 PE. =42
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TasLe CIII
Results of the application of T.N.N. T and 1I to data
obtained by ABDERHALDEN and Fopor in the
decomposition of glycyl-l-leucin
ABDERHALDEN’s result T.N.N. 1. T.N.N: II.
o R K =0.005638 [y =3
|9 — - . g9 =0.47391 X 10
cé;;,g 1;_:3 %”/ B s e' .9 I{/¢/=1.1604o II{&/=1.4407Q
'545‘2« e R £y [3
wla ) < Calc. . o [ Calc. : 2
g N 9= value Diff. A A value Diff. A A
10| 0.56{ 10.5{ 52.0{ 10.5 | 184 [—— [ 11.3 —o0.8 0.64] 10.5 0.0 0.00|
Q|20 1.19| 22.4 40.0|(11.2)(222)| —— | 21.4 -+1.0 1.00| 22.1 +0.3 0.09
& 130] 1.58| 29,61 32.6( 9.9} 217 |——| 30.6 —0.7 0.49| 30.9 —1.0 1.c0
n|40] 2.02 38.0]24.5/ 9.5 234 |——138.0 0.0 0.00] 37.3! 0.7 0.49
R~ +1.0—1.5=—0.5|2.12 4+1—1=0 |1.58
PE =406 PE.=24o03
. N e
8 o N I 1K =0.012176 K'=0.24018 X 10
g;g rg E 3 . .‘.;‘ “\4/=0.99218 11{4/21.31178
532 = 1. %[ £ | l=
o s
~lg 4 Bl<| TPlC pig s a2 CU pig s |
10| 0.81| 15.2[47.3] 25.6] 279 | 25.6| 15.0 +0.2 0.04, 14.7 +0.5 0.25
53|20 1.37| 25.8; 36.7] 30.6| 266 | 30.6| 26.4 —0.,6 0.36| 271 —1.3 1.69
|30/ 1.87| 35.2)27.3| 34.1| 276 | 34.1| 34.9 +0.3 0.09! 25.3 —~0.1 0.01
m|40] 2.211 41,6/ 20.9| 34.9| 273 | 34.9| 41.5 +0.1 0.01| 40.9 +0.7 0.49
ol +0.6—0.6=0 |0.50 +1.2—1.4 |2.44
P.E.=40.3 P.E=+4c.6
3
|2 —_ “ K==0.02863 [ K'=0.4706 x 103
470 @ 2l It - I{£/=0.86254 II[&’=1.3O823
=L O1l § |~ = .
é © 2 ~ 8 P }' g 4 i~
. ) >
~1g 4 Blwl PG pig o4 a2 pigoa |
10| .25/ 23,5 39.0 —— | 472 |39.5 |[-23.8 —0.3 0.09| 23.4 +o.1 0.01
|20 1.98| 37.2| 25.3|—— | 401 |44.3 || 36.4 +0.8 0.64| 37.3 —0,1 0,01
.5 301 2.36) 44.5] 18.0 —— | 415 1432 || 44.4 +o0.1 0.01] 44.7 —0.2 0.04
140 2.62| 49,3/ 13.2| —— | 389 [41.2 || 49.7 —~0.4 0.16| 49.1 +o.2 0.04
= +0.9—0.7=-}-0.2|0.90 0.3—0.3=0 | 0.1¢C
PE.=+to4 P.E.=40.2
8
_|e — - K=o0.012718 K=0.36743x 10-3
alxE|w | & | D 13 {é’=0-83960 II{/é’=o-98739
S0l g | = = ,
SEELC Y (o IR
wlg Calc. . . [Calc. .
g s o[u Salel pig. A ar |8 Sl Diff. A | a2
10{0.62[ 11.6[ 50.9| —— [ 205 | 36.7 [ 11.4 +o0.2 0.04] I1.4 --0.2 0.04
]20]0.98) 18.4! 44.1| —— | 174 | 41.2]| 18.9 —0.5 0.25 10.2 —o0.8 0.64
&30 1.35| 25.4| 37.1| —— | 174 | 24.6 | 24.9 +o0.5 0.25| 24.9 +o0.5 0.25
w +0.7—0.5=-}0.2|0.54 0.7—0.8 ]0.93
&1 PE.::};O4 =—0.1
P.E.=+0.5
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TasLe CIV

Results of the application of T.N.N. I and II to data obtained
by EuLEr in the decomposition of glycyl-glycin

(i) For data obtained with 5 g erepsin prep. in 100 ¢cc. of solution

FuLer’s result

K=0.138150 X [o—

{K:o.ooc;952

II{

/ — /.

V.t . fono | 1000 107 log Calc. u ‘?.97401 Calc}f —1-1?505 o
mms.))(a——x) x S ax I value Diff. A J A lwe| Diffoa A?
o [ 930 — . === R
7 | 837 o3 6.54 F'ooa —1 193 o o
13 763 | 167 6.60 o165 42 4| 168 —1 1
20 690 | 240 6.48 | 238 +2 4| 244 —4 16
28 620 | 3Io 6.30 bo313 —3 9 317 —7 49
36 | ss0| 380 6.33 I 370 +1 1| 378 +2 4
i +5—4=+1] 19 ) +12—~‘12=o) 70

i P.E,:iZ P.E.::‘:‘{

(i) For data obtained with 4 g erepsin prep. in 100'cc. of solution

BULER’S result I{K:o.sézslx 10—2 1 K=0.113520 X 10—
3 ‘ £ =o0.96725 {k’:1.08903

d looo | 1000 | 197 lo | Calc : Calc. |
mins ) (e—x)| & | Tp 8T LG L pig g I a2 | CAe ! Dif A ! it
To | gs0 [ —— 1§ T l — =< J— —
8 861 89 5.36 oot —2 4 89 o [
15 788 | 162 5.42 . ICo +2 4| 162 o o
2 696 | =254 5.40 | 248 +6 16 | 251 +3 9
36 617 | 333 5.21 | 332 +1 - 1| 331 2 4
43 | 879 ) 371 5.00 380 -9 81 373 -2 | 4
+9—11=—2126 +5—2=+31 17

FE—+4| | P.E.—+1 |

(i) For data obtained with o.10n glycyl-glycin

EuLer’s result

A =0.0050222 A =0.100405 X 10—4

4 |

# =o. =1
i T000 | 100 LOB log Calc 0.05589 Calce —
mins)l(a—%) & | = value’ Diff. & ’ A2 valuel piff. & | ar
o 915 — [ = = —
7 813 | 102 7.35 102 o o| 101 -1 1
5 714 201 7-20 199 +2 4 202 —1I 1
22 642 | 273 7.01 273 o ol 275 —2 4
30 | 569 | 346 6.87 | 347 —1 1) 346 +3 9
| +2—I=+41] 5 +4-3=+1 15
| PE.—+1 P.E.=%2
(iv) For data obtained with 5 g erepsin in 100cc. of solution
HULER’S result [ {K:o.oo77150 i II{KZO'“”“&SX’O”’
- ! —=0. / e
¢ ‘ 1000 | 1coo | 10°, @ Caic A/ =0.93442 (;alc/é 1.04352
mins)(@—2)| @ | 77 8o | TR | Difl & ] A valuél Diff. A I A?
To | 932 —/— :‘*‘*]’” T T - JE— 1 —
7 836 96 6.71 . 97 —1 1 96 o o
15 744 | 188 6.54 186 42 41| 189 —1 1
22 675 | 257 6.37 254 +3 9| 256 +1 I
30 612 | 320 6.10 . 323 —3 9| 320 o o
‘ ¥ +5—4=+41] 23 +1—1=0 ‘ 2
3 P.E.—+2 P.E.=+1
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TasLe CV

Results of the application of T.N.N. I and II to data obtained
by EbDLBACHER and SiMoNs with arginase

(i) For data obtained with the solution of Py value 7.38

1 K=o0.18927 I K'=o0.0051821
¢ x {/é/=o.41357 {é’=0,61819
(hrs.) Calc : Calc s
cale ] Diff. A ar | ol ] Diff. A A2
1 32.4 35.1 —2.7 7-29| 33.5 —1 1.21
2 43.7 43.8 —o0.1 0.0l | 44.4 —0.7 0.49
4 57.2 53.7 +3.5 12.25{ 55.0 +2.2 4.84
8 68.5 64.3 +4.2 17.64| 65.2 +3.3 10.89
24 76.5 80.4 -3.9 15.21] 78,7 —2,2 4.84
+7.7—67=+410 152,40 +5.5—4.0=41L5 | 22,27
P.E.=+42.4 P.E.=%+1.6
(i) For data obtained with the solution of Py value 8.9
| I[K=0.31330 1 K'=o.010160
¢ ® ‘ \#'=0.25422 7/ =0.40272
(hrs.) < g -
] Calc. l Diff. A A Calc. ‘ Diff. A Az
value value
1 46.9 50.6 —32.7 13.69! 30.4 —3.5 12.25
2 57.6 56.9 +0.7 0.49| 57.3 +4-0.3 ©.09
4 67.8 63.3 +4.5 20.25| 04.0 +3.8 14.44
8 72.2 69.8 +2.4 5.76| 7o.1 +2.1 4.41
24 76.0 79-4 —3.4 11.56 | 78.5 —2.5 6.25
+7.6—7.1=-40.5 | 5175 +6.2—6.0=-+40.2 | 37.44
P.E.=+2.4 P.E.=+z.1
(i) For data obtained with the solution of Py value 9.97
1 K=o0.18311 I K =o0.00518655
¢ {é/=0.24019 {é/=0.3224o
trs) | 7 Calc
: Diff. A a? : # Diff. A A
value value
1 33.1 34.4 —1.3 1.6g | 34.2 —I.1 I.21
2 40.5 39.2 +1.3 1.9 | 39.3 +1.2 1.44
4 45.4 | 44.5 +0.9 0.81 | 44.8 +0.6 0.36
8 50.0 50.0 0.0 0.c0| 49.8 +o.2 0.04
24 | 58.8 || 6o.4 —1.6 2.56 | 59.1 —0.3 0.09
+2.2—2.9=—c.7 | 6.75 +42.0—1.4=-40.6 3.14
P.E.=+c.9 P.E.=+0.6
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Tapre CVI

Result of the application of T.N.N. I to data obtained
by BARENDRECHT with urease

1 K=o0.0017742 11 K=0.0023162
‘ v A =1.25265 A =1.18691
(mins) (%) | ¢ -
alc. . Calc. : 2
value Diff. A A2 value Diff. A A
20 18.0 16.0 -+2.0 4.00{ 17.0 411 1.00
40 | 34.0 34.0 0.0 0.cO| 34.7 —o0.7 0.49
6o 47.5 49.8 —2.3 5.20| 49.7 —2.2 4.84
8o 57.5 62, —5.3 28.09| —— —_—
Ioo | 70.0 73.0 —3.0 9.-00 | 71.7 —1.7 2.89
120 79.0 8o.7 —1.7 2.89 | 79.1 —01 0.01
150 | 89.0 88.6 -+0.4 0.16 | 87.0 +-2.0 4.00
180 | 95.0 92.5 +1.5 2.25 | —— —_—
210 97.5 96.4 411 1.2 | —— _— 13.23
+5.0—12.3=—7.3| 52.89 +3.0—-4.7=—1.7
P.E.=%1.7 P.E.=+1.1
TapLe CVII

Results of the application of T.N.N. I and II to data
obtained by WESTER with urease

_ K =0.0033414 T (A =0.60851 x 10—
a=28.3 {/e’=0-93427 H{/J=!-33476
¢ Calc. : ° Cale. : 9
(mins, ¥ value Diff. 4 Az value Liff. A A
6o 8.7 8.4 +0.3 0.c9 8.2 +o0.5 c.25
120 13.1 13.8 —o0.1 0.49 14.4 —1.3 1.69
240 20.9 20.2 4-0.7 0.49 18.6 “+2.3 5.29
+1.0—0.7=-+0.3 | 1.07 +4-2.8=1.3=41.5 7.23
P.E.=+4c.5 P.E.=+}1.3
K=0.32285 x 102 A =0.87604 % 10—
@=56.6 I{&/=o.75444 II{k/=0.87I46
i
tow | Cale Diff. A Az | Cale Diff. A ac
(mins.) . ! value value
€o 8.7 8.5 +o0.2 0.04 8.5 0.0 0.Cco
120 13.1 13.6 -—0.5 0.25 13.8 —0.7 0.49
240 | 21.4 21.0 +0.4 0,16 21.0 +0.4 c.16
4-0.6—0.5=-+0.1 | 0.4§ 4+0.4—0.7=—0.3 0.65
P.E.=+o0.2 P.E.=%0.4




254

K. Nakajma and T. Kamapa

TasLe CVIII

Results of the application of T.N.N. I and II to data obtained
by GEbDpEs and HUNTER with asparaginase

(i) For data obtained with I1.5cc. of enzyme solution

- 1/ 4 =0.018802 11 £=0.35616 X 10—®
g by {k/=1.10635 {k/=1.37311
(hrs.) |(%) |caic vatue Diff. A | A |Calk. valug| Dift. & A
2 9.5 89 +0.6 0.36 8.4 +1.1 1.21
4 |17.6 18.2 —o0.6 0.36 19.3 —1.,7 2.89
6 |[26.8 27.0 —0.2 0.04 29.4 —2.6 6.76
8 134.2 35.2 —10 1.00 38.2 —4.0 16.00
12 | 47.3 49.3 —2.0 4.cO 519 — 4.6 21.16
16 | 59.1 60.7 —1.6 2.56 61.6 —2.5 6.25
20 |73.4) 69.7 +3.7 13.69 68 5 +4.9 24.01
24 177.4 76.8 +0.6 0.36 73.7 +3.7 13.69
+4 9--5.4=—0.5 |22.37 : +9.7—15.4=—5.7|91.97
P.E.=+1.2 P.E =424
o K=0.02044
¢ (hrs,) x (%) ¢i2~16 1 {fé’=1-°5'777
Calc. value™ | Diff. A | :
2 9.5 Q9.2 +0.3 0.09
4 17.6 18.3 —0.7 0.49
6 26.8 26.7 +o.1 0.01
8 34.2 34.3 —0.1 0.01
12 47.3 47.6 —o0.3 0.09
16 59.1 58.3 +0.8 0.64
+I.2—IL.1=-+40.1 \ 1.33
P.E.=+4o0.4
(i) For data obtained with 2.5 cc. of enzyme solution
A =0.031881 . K =0.033900
¢ ax‘ I{/@,=I,23255 (t : I~I6) I {é/31_17029
(brs.) (%) Calc. value| Diff. A | A% |Calc. value; Ditt. A ] A2
I 8.7 7.1 +1.6 2.56 7.5 +1I1.2 1.44
2 |16.4 15.6 +o0.8 0.64 16.1 40.3 0.09
3 |22.8 24.7 —~1.9 3.61 24.6 —1.8 3.24
4 |30.0 33.3 —3.3 10.8¢9 32.7 —2.7 7-29
6 }43.0 48.7 —5.7 32.49 47.1 —4.1 16.81
8 |55.2 61.4 —6.2 38.44 59.0 —3.8 14.44
12 1799 79.2 ~+o0.7 0.49 76.1 +3.8 14.44
16 | go.1 89.3 ~+0.8 0.64 36.6 +3.5 12.25
2 97.8 94.8 +3.0 9.00 _
+6.2 —17.8=—11.6/69.05 +8.8—12.4=—3.6[70.00
P.E.=%2.3 P.E.:=—2.2
. [£=0.035438 : K=0.037953
(£:1m12) 1 1'{"=I-124§6 (¢:1~1) T {é/=l.03977
Calc. value| vitt. A i A2 Calc. value] Ditt. A A2
7.8 +0.9 0.81 8.4 +0.3 0.09
16.3 +o.1 0.0l 16.4 0.0 0.00
24.5 —1.7 2.8¢ 24.0 —1.2 1.44
32.6 —2.6 6.76 30.9 —0.9 0.81
45.8 —2.8 7.84 43.1 —o.1 0.01
57.1 —~Lg 3.01 53.2 +2.0 4.00
73.7 +6.2 38.44 — o
+7.2—0.0=~ 13 60.36 +2.3—2.2=-}0.1 6.35
P.E.=+2.1 P.E=+0.8




Prorositioxn oF T.N.N. EquaTions IN THE KINETICS OF ENZYMES 255

TasLe CIX

Results of the application of T.N.N. I and II taking g2.4 as the
value of @ to data obtained by EurLer and KULLBERG

. 1 a
with phosphatase, A;=-— log
z a—x
—
I K=0.9804x 103 I A =0.101335 X 109
A =1.00263 #=1.66308
4 mg of x ¥
(mins){Mg, P, O,/ 1
Calc. : Calc. .
value Diff. A a2 value Diff. 4 a?
ol o244 {— | 20.7 —2.5 6.25| 17.6 +0.6 0.36
IT1 4.2 86 | 18.2 | 44.2 +3.3 . 10.89 | 49.0 —1.5 2.2§
284 | 44.9 113 | 47.5 | 59.6 +5.9 34.81| 65.4 +0.1 0.01
451 | 26.9 118 | 65.5 | 89.0 —L7 2.89| 87. —+o.1 0.0I
1440 51 | —— | 87.3
+09.2—4.2 5484 +0.8—1.5 2.63
=-15.0 =—0.7
P.E.=*29 ‘P.E.=40.6
TasLeE CX

Results of the application of T.N.N. I and II to data obtained
by DjexaB and NEUBERG with phosphatase,

1 a
K, ="log
¢ a—x
DJENAB’S result ‘ I K=0.2304 . K —0.0060347
{ # =0.39093 A =0.56156
z : -
P,0, ‘x (%) & 109
days T2 1 Calc. . . | Calc. . o
(days) ! Cale-l pifr, a ar | Al it A A2
1 0.0258 | 38.9 1 328 41.z —2.3 5.29 | 40.9 —2.0 4.00
2 0.0344 | 51.9 | 284 || z0.1 +1.8 3.24| 0.5 +1.4 1.96
3 | 00385 | 8.1 | 2331 55.7 +2.4 5.76 | 6.2 +1.9 3.61
5 0.0428 | 64.6 | 194 || 63.0 +1.6 2.56 | 63.1 +1.5 2,25
8 0.0442 | 66.7 | —— |i €9.8 —3.1 0.61| 69.0 —2,3 5.29
+5.8—35.4 |26.46 +4.8—4.3 | 17.11
=-+0.4 =403
P.E.+1.7 P.E.=+41.4




256 K. NakajyiMa and T. Kamapa
TasLe CXI
Results of the application of T.N.N. T and II to data
obtained by NEMEc with phoshatase
NEMEC’s result . _
1/ & =0.015698 11§ £ =0.33229 X 10-3
# =0.42528 A =0.47393
¢ x
x K=—=lx(%)
(hrs. Ve Calc. : o | Cale. :
) value Diff. A A value Diff. A Az
16 98.94 24.7 9.89 || 11.09 —1.20 1.4400| 11.00 —III 1.2321
24 | 140.65 28.7 | 14.07 | 13.03 +1.04 1.0816| 13.03 +1.04 1.0816
48 | 169.36 24.5 |16.94 | 15.63 4131 1.7161| 17.23 —0.29 0.0841
72 | 215.00 25.3 |21.50 || 19.97 +1.53 2.3400| 20.14 +1.36 1.8496
96 | 224.85 22.9 |22.49 | 32.27 -}-0.22 0.0484| 22.42 +0.07 0.0049
168 | 282.80 | (21.7) | 28.28 || 27.35 +0.93 0.8649| 27.37 +40.91 0.8281
336 | 325.60 | (17.9) |32.56| 34.50 —2.34 5.4756 34.36 —1.80 3.2400
+5.03--3.54112.9675 ~+3.38—3.20
' =-+1.49 =40,18 8.3204
! P.E.=+1.0| P.E.=+0.8
TasLe CXII
Results of the application of T.N.N. I and II to data
obtained by EurLEr and Bruwnius with mutase
(i) For data obtained in the absence of co-enzyme
A =0.001076 1J £ =0.2269 x 10—
p mg ) # =0.95121 # =0.98379
mins.) ﬁ;‘?ﬁ; * (%)
Calc. : N . N
value Diff. A A2 Diff. A A
o | 52 _ — —_ _— — — R
15 | §50.3 1 3.3 3.2 +o.1 0.01 | 3.2 +o0.1 0.0t
30 | 49.0| 5.8 6.1 —0.3 0.09 6.1 —0.3 0.09
45 47.5 | 8.7 8.8 —0.1 0.01 8.9 —o0.2 0.04
€o 45.8 | 11.9 | 11.5 -+0.4 0.I6 | 11.4 ~+0.5 0.25
+0.§5—0.4=+0.1 | 0.27 +0.6—0.5=-40.1 | 0.39
P.E.=Zo0.2 P.E.=+0.2
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(ii) For data obtained in the presence of co-enzyme

1 J&=o0.004113 11 K=0.57329 X 10~
¢ # =1.05681 # =1.26576
ins laldebyde| * (%)
(mins.)aldehyde 9 Cal Cal
alc. : alc. .
value Diff. A AT o lee Diff. A A
o 5.4 —_ R J— _ - I
15 43.5 15.4 15.2 +o0.2 0.04 | 15.0 +0.4 0.16
30 36.6 28.8 29.2 —0.4 0.16 | 29.8 —1.0 1.00
45 30.4 40.8 411 —0.3 0.09 | 41.§ —o0.7 0.49
6o 24.8 51.7 51.2 +o.5 0.25 | 50.5 4+ 1.2 1.44
+0.7—0.7=—0| 0.54 +1.6—1.7=—0.1] 3.09
P.E.=+o0.3 P.E.==o0.7

(ifi) For data obtained in the presence of co-enzyme after treating
the enzyme solution with acetic acid

K'=0.0012980 11 f&E=0.19792 x 10~
‘ A =1.11693 A =1.27150
i # (%)
mins.) Cal C
ale. Diff. A a2 ale. Diff. A A?
value value
5 6.2 6.0 +o0.2 0.04 5.8 +0.4 0.16
30 11.6 12.5 —0.9 0.81 13.0 —1.4 | 1.96
45 |- 15.3 - —_
60 26.0 25.1 +o0.9 0.81 26.§ —0.5 0.25
+1.1—0.9=+0.2] 1.66 +0.4—1.g=—1L.5 2.37
P.E.=+4o0.9 P.E.=+41.0

TaBLE CXIII

Results of the application of T.N.N. I and II to data
obtained by WILLSTATTER and SToLL in the
decomposition of pyrogallol

I K=o0.011558 11 K=0.12141 X103
p 4 =1.06219 {k’ =1.47600
mins.) 8 (%) [ 104, p e
“2C 1 Dif. A A? 1 Diff. A Al
value value
5 19.6 14 130 I4 o] o 12 2 4
10 39.2 28 143 26 +2 4 27 1 I
20 60.6 | 43 123 47 —4q 16 3I -8 . 64
30 79.6 | 57 122 63 —6 36 65 —8 64
45 | Ic9.6 | 79 | 148 | 78 1 1 77 +z 4
€o 123.1 88 153 87 +1 1 84 +4 16
+4—10=—6 38 9—16=—7 153
P.E.=+3 P.E.=+%4
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Tapre CXIV

Results of the application of T.N.N. I and II to data
obtained by BansI in the decomposition of
guaiacol with horse radish extract

(i) TFor data obtained with enzyme solution of 40 times dilution

BANsy’s result 1 {&=o0.038627 11 K=0.0880106
{/é’ =0.82728 # =0.96290
¢ 1z C
x = alc. . Calc. s

¢t a(a—x) value |- Diff. A value Diff. A
I min. 1§ secs. o.I 0.0833 o.10 o 0.10 o
2mins. §5 7 0.15 0.0833 0.15 o) o.15 o
3 7 o 7V 0.2 0.0833 0.20 o 0.20 o
5 7 15 ¥ c.3 0.0817 0.30 o 0.30 o
8 7 o 7 0.4 0.0833 0.40 o 0.40 o
12 7 30 7 o.5 0.0800 0.50 o 0.50 o
a1 mean 0.0825 ‘ o o

- P.E.=4o0 P.E.=to
|

(i) For data obtained with enzyme solution of 20 times dilution

BANSI's result ! 1 J£=0.038630 11 { £=0.171842
- ‘ {k’=0.83l73 {,é’ =0.99869
. I x -

plmins) 4 X O0) | ST~ Cale | g a | C2le | piga
) value : value :
0.667 0.1 0.167 o.1 o 0.1 o
1.4%7 0.2 0.176 0.2 [} 0.2 o)
2.417 o3 0.177 0.3 o 0.3 o}
4.000 0.4 0.167 0.4 o 0.4 o
5.667 0.5 0.176 0.5 o 0.5 o
9.000 0.6 0.167 0.6 o 0.6 o
=1 mean 0.171 [o] [e]

- P.E.=+0 P.E.=+o0

(ifi) TFor data obtained with enzyme solution of 10 times dilution

BansI's result I{K=0.12045 1 {K=0.34436
#=0.82797 #/=0.9795
1o

‘ |\ Taa—n |Gl pig 4 |GG g A
) value : value .
20 sccs. (0.333 min.) 0.1 0-333 0.1 [} o.1 o)
.45 7 (075 7 ) 0.2 0.333 0.2 o 0.2 o
Imin.20 # (I.333mins.)| 0.3 0.321 0.3 o 0.3 [¢]
2 mins, 0.4 0.333 I 0.4 o 0.4 o
2 7 sonw (28333 # )| o 0.353 0.5 <) 0.§ o
4 r 10r (41666 # )| 0.6 0.360 0.6 <] 0.6 o
6 r 40 r (6.6667 ¥ )| o.7 0.356 0.7 o 0.7 o
a—1 mean 0.342 (¢} [}

= P.E.=+o P.E.=to
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TaBLe CXV
Results of the application of T.N.N. II to data obtained by
) EurLer with catalase of shaggy boletus
(i) For data obtained with 4cc. of enzyme solution
EULER’s result I K =o0.21101 X 10—3
A =1.28268
Titration 1 P
¢ (mins. number =—1o Calc. . g
( ) l(lcc.) £ % ez | x (%) value Diff. A 4
o 8.0 —_ 100.00 | — —_— o
8 6.2 0.0138 22.5 33.3 —o0.8 0.64
10 5.6 0.0154 l 30.0 28.8 +1.2 .44
13 5.1 0.0150 I 36.3 36.2 +o.1 0.01
19 4.2 0.0147 it 47.5 48.0 —0.5 0.25
mean 0.0147 +1.3=1.3=0 2.34
“ P.E.=+0.6
(i) For data obtained with 5 cc. of enzyme solulion
EuLER’s result I 11 { &=0.40Ccgx 108
i #l=1.1€012
Titration 1 e
¢ (mins. number AK=—1lo Calc. . o
( ) l(lcc.) £ ®ai | (%) value Diff. A a2
o 8.2 R ( —_ —_ —_ —_—
2 7.5 0.0193 i 8.3 8.3 +0.2 0.04
7 6.0 0.0193 . 26.8 28.0 —L.2 ¥.44
16 4.0 0.0195 | &5I.2 50.3 | +0.9 0.81
22 41 0.01g0 I 4ILI—-1.2=0.1] 2.29
mean 0.0193 ! P.E.= $0.7
|
TasLe CXVI
Data obtained by Rona and DampovicEAaNu with liver
catalase in the presence of NaCl
. I a 1 Va—ya—=x .1 x
¢ (mins. O, (2 K=—In e = | A=—
( ins.) = (/0) ¢ a—x t ya—(a—x) t ala—wx)
5 16.48 0.03999 —_— —_ .
10 31.26 0.03742 0.00206 0.000435
13 42,24 0.03723 0.00210 0.00048
25 52.89 0.03082 0.00182 0.00045
30 55.30 0.02580 0.00162 0.00041
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TasLE CXVII

Result of the application of T.N.N. II to data obtained by
Rona and DampBovICEANU with liver catalase in
the precence of NaCl and Na,HCO;

e Elovomg_ L@ | tvavF—al, 1 & | cCal . )

g 00 (%) K= ; lna_x PR e s =7 ae—x)| value Diff. A A
5 | 30.23 0.06287 0.00395 0.00086 30.14 “4-0.09 0.0081
10 | 46.71 - 0.c0365 0.0c087 47.27 —0.56  j0.3136
15 | 58.39 . 0.00369 0.00093 57.89 +0.50 0.2500
25 | 40.41 _— 0.c0366 0.00cg3 40.19 +o.22  [0.0484
30 | 73.80 0.04459 0.00313 0.0c004 74.06 —0.26  [0.0676
mean 0.00362 +o0.81—0.82 |0.6877

=—0.01
f P.E. =4o0.25

TasLe CXVIII

Results of the application of T.N.N. I and II to data obtained
by SeENTER with blood catalase
(i) For data obtained with §/100,000 solution of HCl

— l 1 {A——o .014072 11 {Jf_o 14200 X 10~3
5 — / —
~ B| H,0, [0.4343 &3] 2 (%) |— # =1.00359 A =1.45347
gl I Calc. Diff. A | a2 | C2le Diff. A A
~ ! value ) value .
o] zz.7 P——
8 17.3 1 c.c147 || 23.8 1 23.8 0.0 0.00| 22.7 1.1 1.21
23| 10.3| 0.0150 || 54.6 | 54.4 +o0.2 0.04| §7.6 —3.0 9.00
38 6.2 | o.0150 2.7 | 72.8 —o0.1 o.o1f 73.8 — 1.1 1.21
53 37 | o150 | 83.7 ! 83.7 0.0 0.00| 82.1 + 1.6 2.56
+0.2—0.1=0.1 |0.0§ +2.7—4.1=—1.4]13.98
P.E. =+4o.x P.E. =%+1.5
(ii) For data obtained with ~/100,000 solution of HNO;
—~ . 1 {:f:o.oégzus I {5:0.5984o>< 10-°
s B| Hy0y 104343 K3 % (%) | o a0k g B
g CLale Diff. o | A2 value( Diff. A A
of =227 J—
41| 19.1 | 0.0018 || 15.9 | 15.8 0.1 0.0I] I4.I +1.8 3-24]
71| 167 | o.colg || 26.4 | 26.3 —o0.1 0.01| 27.§ —I.1 1.21
131 12.6 | 0.0020 || 44.5 | 44.7 —0.2 o.04| 48.7 —4.2 17.64]
250/ 7.0 | o.0021 || 6g.2 | 6g.3 —0.1 0.01| 71.6 —2.4 5.76)
405 31| o022 | 86.3 86.1 0.2 o.04| 83.9 4-2.4 576
+0.3—0.4=—0.1;0.11 +4.2—7.7=—3.5| 33.61
P.E. =+4o.1 P.E. =+z2.0
(i) For data obtained with n/100,000 solution of H,SO,
1 {K=0.014518
¢ (mins.) H,0, 0.4343 K, 4/ =1.00931
x (%) | Calc. value Diff. A A?
[ 22.7 J—
9 16.7 0.0148 26.4 26.4 0.0 0.00
24 9.9 0.0I51I 56.4 56.2 +0.2 0.04
39 5.9 0.0150 74.0 74.0 0.0 0.00
54 3.5 0.0150 84.6 84.6 0.0 0.00
+o0.2 0.04
P.E.=+4o0.1
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TasLe CXIX

Results of the application of T.N.N. I to data obtained
by Yamazaki with blood catalase

(i) C,=o0.02318, E,=8cc., 25°C

Y AMAZAKI's result I K=0.14985
#’=0.82907
¢ (mins.) x * Calc. value Diff. A A?x 1010
2.4 0.01183 6.03 0.01182 +06.0c001 1
6.3 0.01840 5.56 0.01844 -—0.00004 16
10.6 0.02119 5.66 0.02117 --0.00002 4
15.7 0.02239 5.54 0.02239 ©0.00000 o
5.70 4-0.00003 —0.00004 21
=0.00001
P.E.=+o0.00002
(£0.09%)

(ii) C,=o0.02318, E,=4gcc., 25°C

YAMAZAKD'S re ult |E 1 J&=0.097008
i A =0.67874
# (mins.) * # | cale. value Diff. A A?x 1010
4.1 o.0Iol4 5.96 0,01023 —0.00009 81
8.7 0.01434 5.78 0.01439 —0.C000j 25
16.5 0.01830 5.66 ©0.01799 4-0.00031 961
25.8 0.02015 5.44 0.02013 -++0.00002 4
39.0 0.02149 1.28 0.021€0 —0.00011 121
5.82 +-0.00033—0.00025 1192
=0.00008
P.E.=+o.00010
(£0-43%)
(iii) C,=o0.02318, E,=2cc., 25°C
YAMAZAKI's result K =0.078468 . . j A =0.065867
SR I{k/=0.43145 (2:3-9~33-4) 1\ 3 _o.c1063
= x 4 Calc. . 2 Calc. . 2
! value Diff. A X value Diff, A X
ol <1 <
3.9/ 0.00583( 6.49 [ 0.00655 -~0.00072 5184 [ 0.00607 —0.00014 196
8.7/ 0.00877| 5.88 || 0.00854 +0.00023 529 0.00851 +0.00026 676
14.6/0.01081| 5.68 ([0.01013 -+-0 cco68 4624 | 0.01041 +0.00040 1600
21,6/ 0.01216} 5.55 ll0.01147 ~+0.00069 4661 | 0011909 ~+4-0.00007 49
33.4{0.01332| 5.38 |l 0.01298 -+0.00034 1156 0.01385 -—0.00053 2809
63.8/0.01418 — [l0.01535 —0.00117 13689 —— _— —
* [ 5.66 +0.00194—0.00189 | 29943 -}-0.00073—0.00067| 5330
= -4-0.00005 =-}-0.00007
P.E.= fo0.0c052 P.E.=d0.00025
(+£2.2%) (+1.19)
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C,=0.02108,

E,=z2cc., 0°C

YAMAZAKY's result

{](' =0.061486

# =0.85508
? (mins.) * # Calc, value ' Diff. A A2 x 1010
3.3 0.00673 1.79 0.00685 —0.00012 144
6.7 0.01101 1.59 0.01082 - 0.00019 361
11.3 0.01421 1.53 0.01424 —0.00003 9
15.9 0.01672 1.61 0.01641 +0.00031 961
21.7 0.01784 1.44 | o.01813 —0.00026 676
1.59 : -+ 0.00050—0.0004 1 2151
| = —0.00009
1 P.E.=+0.00016
| (£0.76%)
(v) C,=0.04216, E;=2cc., 0°C
YAMAZAKI's result “ 1/ £=0.057356
i # =0.69177
? (mins.) x # Calc. value ‘ Diff. A A2 1090
3.2 | o.01049 1.68 l 0.01078 | —0.00029 841
8.6 0.01965 1.87 0.01868 +-¢.ocog7 9409
14.7 0.02416 1.62 0.02410 +0.00006 36
22.9 0.02839 1.53 0.02884 —0.00043 2025
33.5 0.03231 1.54 0.03278 ~0.00047 2209
44.5 0.03524 1.27 0.03529 —0.00004 16
59.9 0.03794 1.81 0.03767 +c¢.00027 729
1.65 +0.00130—0.co125 15265
= --0.00003
P.E.= 40.00034
(#0.81%)
(vi) C,=0.04639, E,=4cc, 25°C
YAMAZAKY's result 1 J & =0.149386
\ &/ =0.45466
¢ (mins.) * # Calc. value Diff. A A2 x 1010
3.6 0.02074 6.14 0.02133 —0.0059 3481
8.9 0.02861 5.41 0.02812 +0.00049 2401
14.7 0.03266 5.34 0.03195 -+ 0.00071 5041
20.§ 0.03477 5.29 0.03446 +0.00031 961
26.7 0.03628 5.43 0.03636 —0.00008 64
34.6 0.03740 5.57 0.03811 —0.0c071 5041
4-0.00131—0.00138 | | 16989

==-1-0.00013
P.E.=4-0.00039

(£0.84%)




Proposition oF T.N.N. EquaTioxs in THE KINETICS OF ENZYMES 263

(vii)

C,=0.011509,

E,=zcc., 25°C

YAMAZAKI'S result 1 K'=0.086284
# =0.81227
¢ (mins.) x # Calc. value Diff. A A? x 1010

3.5 0.00485 5.99 0.00486 —0.00001 1
7.3 0.00740 5.79 0.00732 -+40.00008 64
13.5 0.00939 5.51 0.00935 ~40.0c004 16
22,0 0.01055 5.22 0.01050 —0.0cc04 16
5.63 +0.00012—0.00005 97

= 4 0.00007

P.E.=+0.00004
(£0.35%)
TasLE CXX

Results of the application of T.N.N. I to data obtained by
MazimowitscH and AwToNoMOVA with catalase,

C 1

= Jog— 2
FA g A—=x

A

1

log 2 (A=2)

Cat

)

® A (D—x)

(i) A=14.6 cc. of 1/5n KMnO,; 0.0075 cc. of blood

MAZIMOWITSCH’s result I K=0.042368
= {é/=0.41416
0
~ g x [ Cx D Calc. R .
\E, 1 value lef. A
10 | 3.05 | 0.0600 | 0.0025 | Dso—log=35.8065 3.23 —0.18 0.0324
15| 3.9 | 0.0422 | 0.0025 | Dsy—75=5.875 | 3.78 -+o.12 0.0144
20 | 4.35 | 0.0326 | 0.c026 | Dy y—14=5.865 4.18 +o0.17 0.0289
30| 5.0 0.0227 | 0.0025 | Dyo—25=5.855 4.80 +0.20 0.0400
40 § 5.35 | 0.0178 | 0.0025 | Dye—125=5.825 || 5.29 +0.06 0.0036
6o | 5.70 | o.0102 | 0.0025 | Dspe—1t,p=5.775 6.02 —0.32 0.1024
Dyyy—t5=5.825
Diy—159=5.975 +5.5—0.50=—0.0§ | 0.2217
P.E.=4o0.14
mean  §5.87%
(iiy A=58.4cc. of 1/5n KMnO,; 0.0075 cc. of blood
MaziMOWITSCH’s result {K=0.016329
== # =0.25045
12
K= x C, Clll D Cale. . 2
£ 1 value Diff. A A?
10 | 3.6 |0.00276|0.00095 | Dso—rtn=35.125 3.76 —0.16 0.0256
15 | 4.25 | 0.00219 | 0.00093 | Dytyq—2t30=5.075 4.15 ~+o0.10 0.0100
20 | 4.65 | 0.00180 | 0.00096 | Dy s —t50=5.125 4.44 +0.21 0.0441
30 | 4.95 | 0.00128 | 0.00093 | Dyys—12190==5.08 4.90 +0.05 0.002§
40 | 5.05 | 0.00098 | 0.0c092 | Dy, —4:0=5.075 || 5.26 —o.21 0.0441
mean 5.1 +0.36—0.37=—0.01| 0.1263
P.E.=4o0.12
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(iii) A=7.4 cc. of 1/5 n KMnOy; 0.015 cc. of blood

MAZIMOWITSCH'S result

1 {K=0.042391

P.E.:;&:o.l6

~ # =0.81664
=
= X C, Cu D
g 1 4 Calc .
£ cate. l Diff. A A
10 | 3.4 0.027 | 0.0023 | Dy p—tgp=15.1 3.5 ~0.1 0.01
15 | 4.4 0.026 | 0.0024 | Dy—leo=13.73 4.4 " 0.0 0.00
20 | 5.075 | 0.026 ” Dy —t3=13.7851 5.0 -+0.075 0.005625|
30 {59 0.023 ” Dy —1g0=13.6 5.9 0.0 0.00
40 |6.4 0.022 4 oo — /80=13.0 6.4 0.0 0.00
60 | 6.9 0.022 | 0.0023 | Dsy—leg=12.25 6.9 0.0 0.00
mean 13.7 +0.075—0.1=—0.025| 0.15625
P.E.=+o0.0
(iv) A=14.8 cc. of 1/5 n KMnQO;4; 0.15 cc. of blood
MAzIMOWITSCH's result . K—0.055049
N #=0.58544
=]
= x C Cp 0 <
g 1 Calc. s 2
£ cae. ‘ Diff. A A
10| 5.45 | 0.0199 | 0.0018 | Dyy—top=14.5 5.79 —0.34 0.1156
15| 6.9 | o0.0182 ” Dyo—typ=13.8 6.91 —o.01I 0.0001
20| 7.95 | 0.0167 4 Dyo—teos=14.3 7.77 +0.18 0.0324
30| 9.3 | 0.0163 ” Dy —15=13.85 9.04 +0.26 0.0676
40/ 10.15 | 0.0126 4 Dy ~tgop=14.4 9.95 +o0.20 0.0400
6o!11.4 | o.0107 | 0.00k9 — | 1l2I 4-0.19 0.0361
120 12,725 0,0071 ”. mean 14.17 13.03 —0.305 0.093025
+0.83—0.655=-+0.174;0.384825
P.E.=+o0.19
(v) A=19.5 cc. of 1/5 n KMnO,; 0.0015 cc. of blood
MAZIMOWITSCH'S result I{K=0,046898
~ #=0.35254
=
= X Cl CM D T
E Cale. Diff. A A,
- value e
10 | 4.0 0.0099 | 0.0023 | Dy, —220=0.5 4.2 —0.2 0.04
15 | 4.95 | 0.0085 | 0.0025 | Dy —130=6.7 4.77 +4-0.18 0.0324
20 | 5.4 0.0070 | 0.0024 | Dy—130=06.43 5.2 +o0.2 0.04
30{ 6.0 0.0053 | 0.0024 5.9 +4o.1 0.01
40 | 6.1 0.0041 mean 6.55 6.4 —0.3 0.09
+0.48—0.5=—0.02 | 0.2124
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(vi) 4A=19.5 cc. of 1/5 n KMnQO,; 0.003 cc. of blood

MAZIMOWISCH'S result K—o.111126
# =0.35633
¢ {mins. C C D
(mins.)  x 1 M Calc. Diff. A a2
value
1o 8.05 | 0.0231 | 0.0030 | Dyo—2lp=13.1 8.60 —0.55 0.3025
15 9.7 0.0199 | 0.0032 | Dpo—tn=12.4 9.54 +40.16 0.0256
20 10.7 0.0173 | 0.0033 | Dpa—125=12.75 ] 10.02 +0.68 0.4624
30 11.6 0.0131 | 0.0032 | Dy —1typ=12.85| 11.23 —+0.35 c.122§
40 12,16 | 0.0106 | 0.0034 | Dsg—2t0=12.85( 11.68 -}0.18 0.0324
60 12.45 ©.0074 | ©.0030 mean 12.79 || 13.01 —0.56 0.3136
+1.37—1.11 1.2560
=—0.26-
PE.—+0.34

(vii) A=19.5 cc. of 1/5 n KMnQO,; 0.0045 cc. of blood

MAZIMOWISCH’s result I{K=0.1133o
4/ =0.55465
¢ (mins.) w C, Cyr D Calc. .
value Diff. A Al
10 11.5 0.0387 | 0.0030 | Dpyy—ty=21 11.85 —0.35 0.122§
15 13.55 0.0344 | 0.0031 | Dy —t1p=20.5 13.46 +0.09 0.0081
20 14.8 0.0309 | 0.0032 | Dyy—150=20.25 || 14.57 +o0.23 0.0529
30 16.25 0.0259 | 0.0032 | Dypg—1l49=20.25 || 16.01 +0.24 0.0576
40 16.95 0.0221 | 0.0031 | Dyy—2o=19.65 | 16.91 -+0.04 0.0016
60 17.75 0.0078 | ©0.0030 mean 20.33 | 17.94 —0.19 0.0361
1-0.60—0.54 | 0.2788
=-40.06
P.E.=*o0.16
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TapLe CXXI
Result of the application of T.N.N. I to data obtained
by ABERSON with zymase
ABERSON’S result 1 K =0.530725 X 103
£ =1.10745%
! Spec. rot. .

(mins.) power K108 Exp. value | .1 value Diff. A A?
o 36.4 — —_ — — —
34 34.2 154 2.2 2.1 +o.1 0.01
68 3L.9 158 4.5 4.5 0.0 0.00
86 30.7 157 5.7 5.7 0.0 0.00

136 27.7 156 8.7 8.9 —0.2 0.04
182 24.7 156 11.7 11.7 0.0 0.00
246 21.6 152 14.8 15.3 —0.5 0.25
304 18.8 151 17.6 18.1 —0.5 0.25
404 14.0 152 22.4 22.2 +o0.2 0.04
572 8.4 154 28.0 27.3 +0.7 0.49
4-1.0—1I.2 1.08
=—0.2
P.E.=+o0.2

TapLe CXXII

Result of the application of T.N.N. I to data obtained by
EuLer in the decomposition of glucose by zymase

(i)

20 cc. of enzyme solution+2 g glucose in 20 cc.; 30°C

EULER’s result {K=0.123026>< 10-3
# =0.90815

?

(mins.) * =% Aot Calc. value Diff. A A
o o 520
200 27 493 1.16 28 ~1 I
301 43 477 I.25 42 41 X
465 66 454 1.26 62 +4 16
561 77 443 1.24 76 +1 1
923 113 407 1.15 118 —5 25
mean +6—~6=0 44
1.20 P.E =12
(0.4%)
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(i) 10cc. of enzyme solution+10cc. of H,O+8 g glucose in 20

cc.; 30°C.
EULER's result I K =0.34655 x 103
A =1.01988
x (2)
¢ (mins.) x a—x K105 Calc. Diff. A A
value
o o 2145 —_
117 21 2142 3.6 9.8 9.8 [ o
251 47 2098 3.4 . 21.4 22.2 —0.8 0.64
361 62 2080 3.5 28.9 27.8 +I1.1 1.2I
4€o 73 2072 3.3 34.0 33.9 +-o0.1 0.01
564 8s 2060 3.1 39.6 40.0 —0.4 0.16
mean +1.2—1.2=0 2.02
3.4 P.E.=+o0.5

(iii) 10 cc. of enzyme solution+8 g glucose in 20 cc.; 37.6°C

¢ (mins.) ‘ x a—x K108 x (%)
o 0.000 3.908 —

194 0.062 3.834 3.6 1.6

361 0.110 3.798 3.5 2.8

411 0.120 3.788 3.4 3.2

458 - 0.143 3.765 3.5 37

509 0.153 3755 3-4 3-9
mean 3.5

(iv) 20 cc. of enzyme solution+4 g glucose in 30 cc.; 30°C

EULER’s result {K=0.24o72x10—3
# =0.95907
x (%)
¢ (mins.) | = a—x | K16 Cale. Diff. A ‘ A?
value
o o 1070 —

84 40 1030 1.97 3.7 3.8 —0.1 0.0l
12 63 1007 2,11 5.9 5.5 +0.4 0.16
218 2 973 1.80 8.6 9.2 —0.6 0.36
328 140 930 1.86 13.1 13.4 —0.3 0.09
355 158 912 1.95 14.8 14.3 +o0.5 0.25
385 171 899 1.96 15.0 15.4 +0.6 0.36
410 175 895 1.89 16.4 16.3 +o0.1 0.0I
669 259 811 1.80 24.2 24.7 —a.5 0.25

mean +1.6—1.5=-0.1 1.49
1.92 P.E.=40.3
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TasLe CXXIII

at+x

Results of the application of T.N.N.I and ——log =K
a—x
to data obtained by HERrzoG in the decomposition
of glucose by thymin
(i) 1.136 n glucose solution+1.2 g thymin, 2.4°C
HERZ0OG’s result atx _
I {K=0.71753>< 10-4 tlc’ g =K
# =1.08600 K’=o.oooz:91
14 o Ve {é/=1.00155
; a—% |0.43434, ¥
(mins.) Calc. . | Calc. . J
value Diff. A |A?x 108 value Diff. A AZx 10
120 | 0.961 {0.000144| 0.045| 0.044 -+0.001 1 | 0.046 —0.001 1
240 | 0.9220.000147| 0.08g|| 0.092 —0.003 9 | 0.091 —0.002 4
1200 | 0.673]|0.000146] 0.214 | 0.213 +o0.001 I | 0.205 -++0.009 81
1440 | 0.549 | 0.000149| 0.557|i 0.539 +o0.018 324 | 0.527 +0.030 goo
2690 | 0.396|0.coo149| 0.926 || 0.941 —o0.015 225 | 0.968 —0.044 1936
' +-0.020—0.018} 560 +0.039—0.047| 2922
=+40.002 = —0.008
P.E. =10.008 P.E. =-+0.018
(L0.9%) (£1-8%)
(i) 1.704 n glucose solution+ 1.8 g thymin, 24.5°C
HERZ0OG’s result atw
I {K:o.xzséx 10-3 T log sz
2=1.3 4 =1.02967 K=o.37447 X 16-3
# =0.946€8
z Calc. . . | Calc. .

(mins.) a—x | Ka (%) value Diff. 4 A value Dif. A Az
120 | 1.455|0.000108| 3.9 3.9 0.0 0.Cco| 4.0 —0.1 o.01
240 | 1.411|0.000107| 7.8 7.8 0.0 0.00| 7.9 —o0.1 o.01
540 | 1.286 | 0.000115| 32.7 || 34.8 —2.1 4.41| 33.3 —0.6 0.36
1440 | 0.943 |0.000117| 45.1 || 40.4 +4.7 22.09| 39-8 +35-3 28.09
3000 | 0.574|0.000104! Co.4 | 62.6 —2.2 4.84 ] 64.2 —3.8 14.44

+4.7—43 | 31.34 +53—4.6 | 42.01
=+4-0.4 =+40.7
P.E.=41.9 P.E.=+42.2
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TapLe CXXIV

Applicable T.N.N. equations for various enzymes and
substrates in decomposition taking time
as a variable

Enzyme Substrate Data obtained by Equation
Lipase and esterase
Castor bean Soy bean oil NARAJIMA I
Cotton seed oil NicLoux I

' Olive oil WILLSTATTER and WALDSCHMIDT-
Leitz I
' Castor bean oil 'y I
» Triacetin TAYLOR I
Papain Soy bean oil NAKAJIMA 11
" Olive oil SANDBERG and BRAND 11
Fly amanita " ZFLLNER II
Stomach Egg-yolk STADE I
Pancreas v ENGEL ?
" Triacetin WILLSTATTER and MEMMEN ?
» Ester (synthesis) DiETZ 1?
" »» (decomposition) v I
Liver Ethyl acetate HEerzoc ?
" Ethyl butyrate KASTLE ETEC. e
Fatty tissue e EULER I
Blood Tributyrin RoNA and EBsEN I
” Monobutyrin PIGHINI 1
Chlorophyllase Chlorophyll WILLSTATTER and STOLL II
Lichenase Lichenin KARRER, Joos and STAUB;
PRINGSHEIM and SEIFERT 11
Inulase Inulin BoseLux . I
Cellobiase Cellobiose PRINGSHEIM and LEIBOWITZ 11?2
Amylase
Taka-diastase Starch PHILOCHE I
Malt ' HENRI I
v ' BrowN and GLENDINNING ?
Pancreas v HENRI I
Liver Starch, glycogen HOLMBERGH 11
Maltase
Lowenbriu yeast Maltose WILLSTATTER ETC. I
Taka-diastase . PHILOCHE ?
Ottakring yeast a-Methyl glucoside ‘WILLSTATTER ETC. 11
Lowenbriu yeast o-Ethyl glucoside WILLSTATTER and OPPENHEIMER I
' a-Phenyl glucoside " 11
Emulsin Salicin Herzoc 1
" Arbatin WILLSTATTER and OPPENHEIMER I
. B-Metyl glucoside » I
v 8-Phenyl glucoside » I
Helicin s 1
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Enzyme
Emulsin
Invertase

v

Raffinase
Lactase

Mannase
Tannase
Pepsin
”
Trypsin
Papain
Protease
Koji-kin
Barley
Yeast
Peptidase
Yeast
Erepsin
Arginase
Urease
Asparaginase
Phosphatase

”

»
Mutase
Peroxidase

Lettuce

Horse radish
Catalase

Yeast

Shaggy boletus

Liver

Blood

Soy bean
Zymase

iR )

K. Nakajima and T. Kamapa

Substrate
Raffinose
Sucrose

iRl

1

Raffinose
Lactose

Mannan

Tannin

Proteins of barley
Glycinin
Egg-white

Serum albumin
Glycinin

Casein

Glycinin

Peptone

Casein

Glutin
(auto-digestion)

Glycyl-l-leucin
Glycyl-glycin
Arginine

Urea
Asparagine
Na-phosphate

Na-saccharophosphate

Glycerophosphate
Aldehyde

Pyrogallol
Guaiacol

Hydrogen peroxide

Glucose

MAxIMOWITSCH and AVTONOMOVA
YAMAzZAKL

ABERSON

EuLEr

HEerzoGc

Data obtained by Equation

WILLSTATTER and CSANYI I
"MicHrLls and MENTEN 1
NELsoN and HITCHCOCK I
EULER and KULLBERG I
WILLSTATTER and KUHN ; COLIN

and CHAUDAN I
WILLSTATTER and OPPENHEIMER,

ARMSTRONG I
MIYARE 1
FREUDENBERG 1?2
NAKAMURA 11
NAKAJIMA II
MATsUYAMA and NAKAMURA II
Rona and KLEINMANN' 1I
NAKAJIMA I
Rona and KLEINMANN I
NAKAJIMA 11
OSHIMA 11

' I
WELSS 11
DErNBY 1
ABDERHALDEN and FoDORr ?
EULER ?
GROss ; EDLBACHER and SiMoNs 11
BARENDRECHT ; WESTER I
GEDDEs and HUNTER I
EuLEr and KULLBERG II
DjenaB and NEUBERG 11
NEMRC I1I
EuLEr and BRUNIUS I
WILLSTATTER and STOLL I
Bansi ?
ISSAJEW I
EULER I1
RonNa and DAMBOVICEANU I1?
SENTER
Y AMAZAKI

e T
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TaBLE CXXV

Result of the application of T.N.N. (E) I to data obtained
by NicLoux in the decomposition of olive
oil with castor bean lipase

NICLOUX’s result x K—0.35001
After 30 For — =K ’ (E) 1{ oo
mins. r_ g
Enzyme v Calc. . Calc. :

g % value Diff. a value Diff. A Az
0.048 3-8 79 3.5 + 0.3 3.8 0.0 0.00
0.096 7.3 76 7.0 4 0.3 7.5 —0.2 0.04
0.192 | 14.9 78 13. 4+ 1.1 14.4 +0.5 0.2§
0.382 | 27.4 71 27.7 — 0.3 26.7 +o0.7 0.49
0.768 | 45.2 59 55.8 ~10.6 46.3 —I.I 1.21

mean +1.7—I10.9=—Q.2 “+1.2—I1.3=—0.1 .99
2.6 mean 2.5 P.E.=Zo.5

TasLe CXXVI

Result of the application of T.N.N. (E) I to data obtained
by JaLanDER in the decomposition of cotton seed
oil with castor bean lipase

JALANDER’s result x - x
For Va =A - =Kk (£:0.001~0.015)
X
E 9 — calc. . . X
% | Zxaor| SAC Diff. A Cale. [ Diff. A
0.001 4.40 4.40 4.15 4+ 0.31 4.31 -+ o0.I35
0.002 | ¢.04 4.52 8.30 4 0.74 8.62 + 0.42
0.003 | 13.85 4.65 12.45 + 1.40 12.93 -+ 0.92
0.004 |17.82 445 16.60 + I.22 17.24 -+ 0.58
c.005 |22.10| 440 20.75 + 1.35 21.55 + .55
0.010 | 4I1.57 4.16 41.50 + o.07 43-10 -— 0.53
0.015 |5308| 3.56 62.25 — Q.17 64.65 —1I1.57
c.0z0 |58.99 2.99 83-.co —24.01 J— J—
mean +5.09—33.18=—28.09 +2.02—13.10=—10.48]
4.15 mean 4.78 mean 2.12
K'=0.0200695 - K'=0.020045
(E) I{/&/:x.oxggs (£ 1~15) (E) I{k/=1.04788
Cale. value Diff. A | atxrot |Cale. value Diff. A A?x 104
4.64 —0.18 324 4.51 —0.05 25
9.17 —0.13 159 9.10 —0.06 36
13.51 +0.34 1156 13.58 +o0.27 729
17.66 +0.16 256 17.60 —0.08 64
21.63 ~+0.47 2209 22.06 +0.04 16
38.87 +2.70 72900 40.27 +1.30 16900
52.77 +2.31 061 54-64 —1.56 24336
62.99 — 4.00 160000 — — _
+3.98—4.31=-—0.33| 237975 4+ 1.61—1.75=—0.14 | 42106
P.E.=+1.2 P.E.=+o0.6
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TasLe CXXVII
Results af the application of T.N.N. (E) I and II to data
obtained by ARrRMSTRONG in the decomposition
of milk sugar by lactase
5 x . K=0.014632 K'=0.353435 X 129
S N~ z =& (E)I{é/=o.98306 (Eﬂl{k/:l.oxgsé
2 IR| B
E g R Qq
g | ¥ Calc. . Cale. . . | Calc. ; o
S value Diff. A value Diff. A A value Diff. A a2
0.66| 2.3 3.48 2.0 +o0.1 2.2 +o.1 c.01l 2.2 +o.x 0.01
1.0 | 3.2/ 320 .2 0.0 3.3 —o.1 .01 3.3 —o.1 0.01
2.0 | 6.3 3153 6.5 —o0.2 6.4 —o.1 0.01] 6.5 —0.2 0.04
5.0 {15.4] 3.08 | 1€.2 —o.8 15.1 +0.3 0.09} I5.I +0.3 0.09
mean +0.1—1.0 +0.4—c.2 |c.12 +0.4—0.3 |0.13
3.23 =-—0.9 =—0.2 =+40.1
mean C.3 P.F.==40.1 P.E.=4o0.2
TasLe CXXVIII
Data obtained by E. Scuirz in the decomposition of
egg-white by pepsin
E Exp. value by e K Diff. A
{Exp. value) (Caltd. by —7=X) v
1 G.4 10.8 —1.40
4 20.61 21.6 —0.99
9 32.33 32.4 —0.07
16 45.25 42.2 +-2.15
25 53.21 54.1 4111
36 64.96 64.9 +40.06
49 75.97 75.7 tc.27
64 85.25 86.5 —1.35
389.08 389.10 4-3.50—3.81=—0.22
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Tasre CXXIX

Some calculated results of examining the applicability of

the ScriTz equation —— =K
quatio TE

3
£ 1-64 £E: 1~49 E: 4~46
£ X ‘%zlf Calc. Calc. Calc.
value . value . value :
for Diff. A for Diff. A for Diff. A
A=10.65 K—=10.65 A =10.83
I 94 9.40 10.65 —1.2§ 10.65 —1.2§ —_
4 | z0.61| 10.31 21.30 —0.69 21.30 —0.69 21.66 —o0.28
9| 32.33] 1078 31.95 +0.38 31.95 +0.38 32.49 —0.16
16 1 45.33] 11.34 42.60 +2.75 42.60 +2.7§ 43.32 , +2.03
25 | 55.2I{ 10.04 53-25 +1.96 53-25 +1.96 54.15 +1.06
36 | 64.66] 10.83 63.90 -+-1.06 63.90 +1.06 64.98 —0.02
49 | 75.97| 1085 | 74.55 +0.42 74.55 +o0.42 76.01 ~0.04
64 | 85.23| I10.66 8s5.20 +-0.0§ — _ 86.64 —1.39
mean +6.62—1.94 +6.57~1.94 —3.09—1.89
10.65 = —4.68 =+4.63 =-41.20
mean =+ 1.07 mean 1 1.22 mean +0.71
TaLe CXXX

Data obtained by E. Scuirtz in the decomposition
of egg-white by pepsin

H Im
E X X E X X
(Exp. value) | (Calc. value) (Exp. value) | (Calc. value)

1 7.3 7.4 1 53.96 52.10

2 9-75 10.4 2 77-43 73.67

3 12.8 12.7 3 86.53 90.22

4 14.8 14.7 4 103.27 104.20

5 16.5 16.4

6 18.45 18.9
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TapLe CXXXI

Result of the application of T.N.N. (E) I to data obtained by
J. Scuiitz in comparison with that of ARRHENIUS's equation

x

a=0.158 T K
E l x Calc. value Diff. A
1 0.0212 0.0213 —o0.0001
4 0.0471 0.0426 +0.0045
9 0.0652 0.0639 -+0.0013
16 0.0799 0.0852 —0.0053
25 0.0935 0.1065 —0.0130
36 0.1031 0.1278 —0.0247
+0.0058 —0.0431=—0.0373
mean -+0.0082 (£5.2%)

ARRHENIUS’S equation

(E) 1 {K=0.065925

#=0.55477
Calc. value Diff. A Calc. value I Diff. A A? x 108

0.0231 —0.0019 0.0223 —0.0011 121
0.0444 +0.0027 0.0441 -+0.0030 900
0.0051 ~+0.0001 0.0634 +0.0018 324
0.0793 -+0.0006 0.0800 —0.0001 I
0.0935 —_— 0.0041 —0.0006 36
0.1059 —0.0028 0.1058 —0.0027 729

-+0.0034—0.0047 +0.0048--0.0045 2111

= -—0.0013 = 40.0003
mean $0.0014 P.E.= to.coi4

TasLe CXXXII

Results of the application of T.N.N. (E) I and II to data
obtained by SaxpBErG and Branp in the decompo-
sition of olive oil by papain

K=0.91419X 103 | 1. K=0.156863 % 10—
Papain | F | E_x (E) I{k/=0.817582 (E) II{&’=0.83823
(mg) ‘ Ve o Calc Calc
s ( Diff. A | ar | A ’ Diff. A ‘ A
10 1.0 | 0.100 0.32 1.0 0.0 0.00 | LI —o.I 0.01
20 | 2.0 | 0.100 0.45 1.9 4-0.1 o0l | Lg J-0.1 0.01
40 3.2 | 0.080 0.51 3.3 —0.1 o0l | 3.3 —o.1 0.01
8o 6.1 | 0.076 0.68 5.7 +0.4 0.16 | 5.8 +0.3 0.09
100 7.1 | 0.071 0.71 6.9 +o0.2 004 | 6.9 +o0.2 0.04
160 [10.3 | 0.064 0.81 9.9 +0.4 0.16 | 9.9 +0.4 0.16
320 |[15.4 | 0.048 0.86 16.8 1.4 1.96 | 16.5 —I.T 1.21
+r.1—1.5 | 2.35 +1.0—13 | L§53
=—0.4 =—0.3
P.E.=+o0.4 P.E.=4o0.4




ProrosiTion oF T.N.N. EguaTions IN THE KINETICS OF ENZYMES 275

TaBLe CXXXIII

Results of the application of T.N.N. I and II to data obtained
by WILLSTATTER, WALDscuMiDT-LEITz and MEMMEN in the
decomposition of olive oil by pancreas lipase

(£: 1.33~13.33) (4th datum omitted)
K=0.02759 * (K=0.027821
. () I{k/:o.60792 ) I{/é/=o-.59263
E
(%)
Calec. . o Calec. : 0
value Diff. A A2 value Diff. A A?
1.33 7.4 7.3 +o.1 o.01I 7.3 J-0.¥ 0.0%
3-99 13.1 13.1 —0.6 0.36 13.5 —0.4 0.16
7.98 20.1 20.1 0.0 0.00 19.7 +0.4 0.16
10.c0 24.0 | 22.7 +1.3 1.69 —_— _— —_—
|
13.33 25.7 I 26.4 —C.7 c.49 25.7 0.0 0.00
! S B
+1.4—1.3 2.55 +0.5—0.4 0-33
: == +40.1 =4-0.I
i .
1 P.E.=%0.6 P.E.==0.3
(E/:];.33~él3.33) \ (4th ckatumﬁomitted) \
=0.64547 X 10— =0.65159 X 10~
(E) 11 |4/ =0.65849 (E) H{k’:o.64128
Cale. . o Cale. . o
value Diff. A Af value Diff. A Al
7.2 +0.2 0.04 7.3 +o.1 0.0X
13.8 —0.7 0.49 13.7 —0.6 0.36
20.2 —o.1 o.01 19.8 +0.3 0.09
22.7 +1.3 1.69 — S -
26.2 —o0.5 0.2§ 25.5 40.2 0.04
+1.53—1.3=+40.2 2.48 +0.6—0.6=0 0.50
P.E.=+o0.6 P.E.=+o0.3
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TasLe CXXXIV

Results of the application of T.N.N. (E) I and II to data
obtained by KasTre and LoEVENHART in the decomposition
of ethyl butyrate by liver lipase

K=0.0048228 {K=o.lc>867 % 10—3
(E) I{k/=0.64623 (B) I % —o.66757
E . :
(%) Cal Cal
alc, . ° aic. .
value Diff. A A2 x 104 value Diff. A A?x 104
5 3.00 3.09 —0.09 81 2.14 +0.86 7396
10 5.05 4.80 +0.25 625 4.81 -+0.24 376
20 7.32 7.41 -—0.09 81 7.97 —0.65 42285
40 11.23 11.33 —1.10 100 | I11.32 —o.07 49
4+0.25—0.28 887 4Lr1—o0.72 | 12246
=-—-0.03 =40.38
P.E.=+o.14 P.E.—+0.53
TasLe CXXXV
Results of the application of T.N.N. (E) I and II to data
obtained by ScuMIDT in saponification of morphine
glycollic acid ester by liver extract
" 1 2 K =406056 % 10—3 {1(’:0.02 12225
A=z ha= (E)I{é’=0~43042 (B —0.64345
E x
-
- . Calc. . Calc. . 0
A s(a:ﬁ]lzj Dift. value| Diff-a A el Diff- 4 Al
010 | 34| 087| 31 +3 34 0 o| 33 +1 1
0.25 | 48] o0.57 44 +4 46 +2 4| 47 +1 1
o050 56| o.51 56 o] 56 o ol| 58 —2 4
0751 59| 045 | 64 -5 63 —4 16| 64 -3 25
1.00 | 67| 0.48 68 —1 67 o] o| 68 —1I 1
2.00 | 80| 049] 81 —1 78 +2 44 77 +3
mean +7—7=0 +4—4=0] 24 +5—8=—3| 41
0.51 mean 2 PE.=+2 P.E.= %2
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TasLe CXXXVI

Results of the application of T.N.N. (E) I and II to data obtained
by STADE in the decomposition of egg-yolk by stomach lipase

Original data

(E) I{K=0.020225

(E) 11 {K=0.47348 X 103

g lQ #=0.58774 A =0.62477
8 .
':E Fix ;E Diff. a Cale. Dif. A A2 Calc. Diff. A A2
= ﬂ value ML value 1
=
£8 | 1| 41 62 —21 4.6 —o.§ 0.25 | 32 +o0.9 0.81
s - 4 | 11.2[ 12,0 —o0.9 10.0 + 1.2 1.44 | 10.1 + 1.1 121
28 9 {17.3 17.8 —0.5 15.6 +1.7 2.89 | 15.7 +1.6 2.56
3 | 16 |21.323.2 —1.9 21.1 +0.2 0.04 | 21.1 +-0.2 0.04
5 8 | 25 [23.6/284 —4.8 25.4 —1.8 3.24 | 26.1 —2.5 6.25
"; o2 +3.1—28.3 7.86 +3.8—2.5 |10.87
o ° =+4o0. =+I.3
o mean—2.0 P.E.=+1.1 PE.=413
. Original data X
& =0.06994 E) II {K=0.0017302
g <, () I{/é’=o-45.399 (E) TH 3/ —0.53365
R R S Q Diff. A cal Cal

= alc. . alc. . o
E—:_ Jl value Diff. A A? value Diff. A A2
?:’E 1 (13.7]12.0 4+ 1.6 | 148 —I.I 1.21 14.7 —1I1.0 1.00
B2 4 | 28.0{23.2 +4.8 | 261 +1.9 3.61 | 26.6 +1.4 1.96
2.8 | 9389333 +56 | 354 +3-5 12.25 | 35.9 +3.0 9-00
<@ | 16 |44.0/42:5 + 1.5 43.3 +o0.7 0.49 | 43-2 +0.8 0.64
58 | 25 | 45.4/50.7 —35.3 501 |  —47 22.09 | 49.1 —3.7 13.69
’2 +13.5—35-3 4+6.1—35.8 | 39.65 +5.2—4.7 |26.29
3 =438.2 =103 =+0.5
"‘ mean +3.7 PE.=+25 P.E.=+2.0
, Original data N
& - B 1 fK=0.108345 E II{](:o.oozszxs
g lag (E) \#/=0.50075 E) I o =o0.70577
S8 | szl | »| Diff.A

e X Calc. . . | Calc. .
£, Jl value Diff. A Al value Diff. A A?
o -
g5 [ 1 [2r6z32 — 16 22.1 Zo.5 | o.25 | 20.1 F1.5 2.25
gg’;‘ 4 [40.7/42.5| — L8 | 39:3 1.4 1.96 | 40.1 0.6 0.36
38 9 | 50.9| 58.0 — 7.1 | 528 —I.9 3.61 | 54.3 3.4 11.56
<5 | 16 |67.4/70.3] — 29 63.2 +4.2 17.64 | 63.6 +3.8 14.44
] é’ 25 | 68.4|79.6f —1rL.2 71.4 —3.0 9.00 | 71.0 —2.6 6.74
© 216 +5.6—5-4 | 32.46 +5.9—6.0 |35.35
5 = —0.2 = —0.1
& mean ~4-9 PE.=*I22 PE.=+2.3
. Original data . o
g = E I{K=0.019884 E H[[(:o.463ooo>< 10—
g 3 (B) Nr—o.ss87s  |(B) T\w—o50524
O . H
:E £y s Diff- & Calc. Diff. A A2 Calc. Diff. A A2
o It value : value k.
g s
E| 3 1| 4.7 4.7 0.0 4.5 ~+o0.2 0.04 4.4 +0.3 0.09
@t 41 Bl 9.5 —1.0 9.4 —0.9 o81| 9.6 —1I 1.21
S8 | 9150[132 +1.8 145 +0.3 0.25 | 14.6 +0.4 0.16
<= | 16 | 19.5/19.0 +-0.5 19.4 +o.1 0.01 | 194 +o0.1 0.01
< 8| 25 | 24.5/23.7 +0.8 24.2 +0.3 0.09 | 23.9 +0.6 0.36
© & +3i—10 +1.1—0.9 | 1.20 Fr4—1.1 | 1.83
5 =t2.1 = +40.2 =40.3
& mean +0.8 P.E.=4o0.4 P.E.=+0.%
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TasLe CXXXVII

Results of the application of T.N.N. (E) I and II, taking 154
as the value of @, to data obtained by OsuimA in the
decomposition of soluble starch by

amylase for 20 mins.

(£:0.1~1.0)

K=0.163335 - - {](:o.00297515
E)I K=o. E) 11
e © Ho=ciads ® 1 ey | M iw=osssa
%)|(mg)E71e . Calc Calc .
calel pift. A | ar [0 alue’ Diff. A ) A va]ue’ Diff. A | a
0.1 13.6[ 17.4 —3.8 14.44] 16.1 —2.5 6.25] 17.4 —2.8 7-84
0.2 28.21 24.0 4.2 17.64| 23.9 +4.3 19.59| 24.2 -+ 4.0 16.00
0.5 45.5)| 36.1 +9.4 88.76| 39.3 462 38.44| 36.7 +4-8.8 77-44
1.0]48.5] 48.3 +-0.2 0.04{ 55.8 —7.3 53.29| 48.4 +0.1 0.01
2.0/54.6] 63.4 —8.8 77.44| — —_ — | 619 -—7.3 53-29
+13.8—12.6]|197.92 —10.5+9.8 {117.57 +12.9—10.1 | I54.58
=412 =-+0.7 =-1-2.8
P.E.=x+3.1 P.E.=+4.3 PE.=+4.8
TaBLe CXXXVIII
Results of the application of T.N.N. (E) I and II, taking
120 as the value of @ to data obtained by
Osumma given in the previous table
; AK=0.22391§ K =0.0050505
x (L) I{lz’:o.51606 (E) II{k/=0.6024O
£ (mg) Calc. . Calc. . 0
Cale Diff. A ar | Al ’ Diff. A ' A?
o.1 13.6 17.4 —3.8 14.44] 17.4 —3.8 14.44
0.2 28.2 21.8 4-6.4 40.96] 24.2 +4.0 16.00
0.5 45-5 36.3 +9-2 84.64] 37.0 +8.5 7225
1.0 48.5 48.4 +o0.1 0.01] 48.5 0.0 0.00|
2.0 54.6 62.6 —8.0 64.00] 60.9 —6.3 39.69
+15.7—11.8=-43.9|204.05 +12.5—10.x=+2.4‘ 142.38
P.E.=+4.8 P.E.=14.0 i
TaBLE CXXXIX
Results of the application of T.N.N. (E) I and II to data
obtained by OssimA in the decomposition of
soluble starch by amylase for 1 hr.
o K=0.19931 . K =0.27726
e » a=154 (E) I{k/=0.36109 e=120 (E) II{k’=0.38064
mg Calc. . o Calc. .
(mg) | Cale Diff. A ar | Sale Diff. A A?
0.04 17.3 20.6 —3.3 1089 20.§ —3.2 10.24
o.I 29.4 27.9 -+ L5 2.25 28.0 +1.4 1.96
0.2 41.X 34.8 +6.3 39.69| 35.1 +6.0 36.00
0.5 50.2 46.2 + 4.0 16.00] 46.5 4-3.7 13.69
1.0 55.3 56.7 —1.4 1.96] 56.6 —1.3 1.69
2.0 62.2 68.5 —6.3 39.69] 67.7 —5.5 30.25
+11.8—11.0=+0.8|110.48 FinI—10.0=+1.1|93.83
P.E.=43.2 PE=+29
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TasLe CXIL.

Results of the application of T.N.N. (E) I and II to data
obtained by PringsnreiM and Baur in the
decomposition of purified lichenin

5 AK=0.05032 {/{:o.oou727
L . ((;) (B) 1 {,é/=o.56138 (E) 1L 32 —o.65364
D0 0 Calc. . Calc. .
by e Diff. A \ A Value] Diff. A A2
o . :
,‘5.5 2 15.1 15.7 —0.6 0.36 | I3.9 —o0.8 0.64
g.t: 4 23.1 22.3 +0.8 0.04 | 22.5 +o0.6 0.36

w2 i
88 8 32.4 3L.1 +1.3 1.69 | 314 +1I.0 1.00
T g 16 40.8 42.3 —1L5 2.25 | 41.8 —~1.0, 1.00
S g +201—2.1=0 | 4.94 +1.6—1.8=—0.2| 3.00

=] P.E.=+0.9 P.E.=+0.7

% K=o0.12450 K=0.33336x10-2 |
82| x ® 1 {5 oss (E) 1 {/e/=o.65826,
g8 (%) Calc. . Calc. . .
i value\ Diff. A A Valuel Diff, A A2
@ -
:-; 8 2 34.7 34.1 +0.6 0.36| 34.2 +o0.5 0.23
a 4 452 45.5 —0.3 0.09! 45.4 —o0.2 004
RS 8 56.3 58.7 —2.4 5.76| 356.7 —0.4. 0.16
) 16 67.7 || 724 —4-7 22.09| 67.4 +0.3 0.09
£ 8 +0.6—7.4=—6.8] 28.30 +0.8—0.6=-0.2| 0.54

5 P.E. =421 P.E. =+0.3

TasLe CXLI
Results of the application of T.N.N. (E) I and II to data
obtained by PringsuiiM and Baur in the
decomposition of ordinary lichenin

& K=0.20004 K =0.005991
.- o x (E) 1 {é/=o.48815 (B) 11 {k/=0.69468
S (%) || Calc. . . | Calc. B "
3% cale | piff. A } x| Sale Diff. A A
}g: 0.5 28.5 24.5 +4.0 16.00| 26.9 +1.6 2.56
0.3 1.0 36.7 37.0 —0.3 0.09| 37.3 —0.6 0.36
LR 2.5 50.1 51.8 —1.7 2.89| 53.2 —2.1 4.41
S & 5.0 63.2 63.7 —0.5 o.25| 64.6 —1.4 1.96
5 g 10.0 76.6 759 +-0.7 0.49| 74.7 +1.9 .3'61
=g +-4.7—2.5=-+2.2| 19.72 +3.5—4.1=—0.6{ 12.90

o P.E.=+1.5 P.E.=+41.2 )

. K =0.206943 K=0.66127 X 10~% |
:E & x (E) I {,é/=o.56779 (E) 11 {k’:o.gssll
5 (%) |IC Cal ;
9 & o) | Cale kg, A ar | C3le pig g A
S5 value ) value :
= O
_g: 0.5 28.3 27.8 +1.0 1.00| 23.4 431 9.61
°.2 1.0 36.7 37.9 —1.2 1.44| 39-8 —31 9.61
83 2.5 58.8 55.1 +3.7 13.69] 61.3 —2.5 6.25
S8 5.0 75.0 69.5 +5.5 30.25| 75.5 —0.5 0.25
5 g 10.0 86.9 82.7 +4.2 17.64| 835.6 +1.3 1.69
=g +14.4~1.2=413.2] 64.02 +4.4—0.1=—1.7| 27.41

< P.E.=42g9 P.E.=—z.0
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TasLe CXLII

Results of the application of T.N.N. (E) I and II to data
obtained by FREUDENBERG and VOLLBRECHT in the

decomposition of tannin

(£ :0.01—0.10 (£ :0.01—0.10)
KA =0.103826 K '=0.24668 x 10-2
, x (E) I {é/=0.8256o (E) 11 {k/=x.x4612
Z (8) (%)
Cale | pigtoa | 4 |G piga | A
|
0.01 1 20.5 | 21.3 ~—0.8 0.68 | 19.8 +o0.7 0.49
0.014 1.4 | 27.3 | 271 +o.z 0.04 | 26.6 +0.7 0.49
g 0.02 2 34.9 34-5 +0.4 016 | 35.3 —0.4 0.16
< | 0.03 3 46.2 44.7 +1.5 2.25 | 46.5 —0.3 0.09
< | 0.04 4 53.4 i 52.8 0.6 0.36 | 54.7 — 1.3 1.69
é 0.05 S 59:5 1 59.5 0.0 0.00 | 6o.9 —1.4 1.96
*0.06 6 64.7 | 65.0 —0.3 009 | 658 —LI 1.21
0.07 7 69.0 | 60.6 —o0.6 0.36 | 69.6 —0.6 0.36
0.08 8 72.7 73.6 —0.9 081 | 72.8 —0.1 0.01
0.10 10 8o.0 | 798 +o0.2 0.04 | 77.5 2.5 6.25
+2._?_—2.6 4.75 +3.9—52 |12.71
=40.3 =13
P.E.=+o05 P.E.=+o0.9
B I K=0.103017 E) II K '=0.0024719
E (g) x (E) # =0.82774 (E) {£’=0.14556
&
Calc. . Calc. : o
value Diff. A AT e Diff. A A?
g
3 ! oor1 I 20.5 21.1 —o0.6 0.36 | 19.8 +0.7 0.49
< | o.014 1.4 27.3 26.9 +0.4 0.16 | 26.7 +0.6 0.36
=
o | 002 2 349 § 344 +o0.5 0.25 | 354 —0.5 0.25
i 0.03 3 46.2 — —_ — — —_— —_
=14]
g 0.04 4 53.4 52.6 +-0.8 0.64 | 54.7 —1.3 1.69
‘é 0.05 5 59-5 | 593 +0.2 0.04 | 6L.o —1.5 2.2§
: 0.06 6 64.7 || 64.8 —o.1 o.o01 | 638 —1I .21
& 0.07 7 69.0 | 69.5 —0.5 025 | 69.7 —o.7 ‘0.49
5 | 0.08 8 72.7 73-5 —0.8 0.64 | 72.8 —o.I 0.01
. Q.Io 10 8o.0 79.7 +o0.3 .09 | 77.6 2.4 5.76
+2.j_—-2.o 2.44 +3.7—5.2 12.51
=-40.2 . =—1.5
P.E.=i0.4 P.E.=+0.8
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TasLe CXLIII

Results of the application of T.N.N. (E) I to data obtained
by MaTtsuvaMAa and NARAMURA in the decomposition
of egg-white by pepsin

. K'=0.5638
Quantity . x (E) 1 {/e’=o.§135,g
£ decomposed o
(@ (%) Calc. value Diff. A A?x 104
0.0002 0.0188 9.40 9.61 —0.21 444
0.0004 0.0205 13.25 13.48 —0.23 529
0.0006 0.0328 16.40 16.37 +o0.03 9
0.0008 0.0368 18.15 16.83 +1.32 17424
0.00I0 0.0409 20.45 20.79 —0.34 1156
0.0012 0.0447 22.35 22.60 —o0.25 625
0.0014 0.0493 24.65 24.09 +40.56 3136
0.0016 0.0515 23.75 25.74 +o.01 1
0.0018 0.0530 26.80 27.11 —0.31 961
0.0020 0.0560 28.00 28.43 —0.43 1849
+1.92—1.77=-}-0.15 26131
P.E.=+0.36
K=13.7682
Quantity . (®) 1 {52375
£ decomposed o =
() (%) Calc. value Diff, A ‘ A%x 104
0.0002 0.0272 13.60 14.29 —0.69 4761
0.0004 0.0395 19.75 19.23 -+4-0.50 2500
0.0006 0.0453 22.65 22.84 —0.19 361
0.0008 0.0503 25.15 23.39 +1.76 30976
0.coI0 0.0566 28.30 28.12 4-0.18 324
- 0.0012 0.0595 29.75 30.23 —0.48 2304
0.0014 0.0641 32.05 32.10 —0.05 25
0.0016 0.0673 33.65 33.80 —0.13 225
0.0018 0.0705 35.25 35.34 —0.09 81
0.0020 0.0720 36.00 36.77 —o0.77 5929
4-2.44—2.42=-10.02 47486
P.E.=+40.49
Quantity| KA =3.8261 4th datum K=4.01955
z decom-| x (E) 1 {/z’ =0.45149 ( omitted ) (E) 1 {k’=0.46o39
posed | (g5 Calc. : o Calc. . .
(@ (%) value ‘ Diff. A IA-x 104 value Diff. A AZx 10t
0.0002 | ©0.0321 {16.,05| 17.16 —I.II 12321 16.75 —0.70 | 49
0.0004 | 0.0471 |23.55| 22.75 +0.80 6400 | 22.30 +1.2§ 15625
0.0006 | 0.0519 |25.95| 26.60 —0.65 4225 | 26.23 —0.28 784
0.0008 | 0.0600 | 30.00| 27.20 -L.2.80 78400 — — —_
0.0010 | 0.0657 | 32.85| 32.26 -+0.59 3481 | 3104 +0.91 8241
0.0012 | 0.0684 | 34.20| 34-55 —0.35 1225 | 34.20 0.00 ’ [¢]
0.00I4 | 0.0732 | 306.60| 36.46 +0.14 196 | 36.19 +0.41 1681
0.0016 | 0.0752 | 37.60| 38.22 —0.62 3844 | 37.67 —0.07 49
0.0018 | ©0.0779 | 38.95] 39.14 —0.19 361 | 30.61 —0.66 4356
0.0020 | 0.0812 | 40.60i 41.30 —0.70 4900 | 4IL.I1 —0.51 2601
+4.33—2.62| 115353 +2:57—2.22{ 38277
=+40.71 =-+40.35 ]
P.E.=+4o0.79 P.E. = 4-0.49
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TasLe CXILIV

Results of the application of T.N.N. (E) I and II to data obtained
by Osuima in the decomposition of WITTE's
peptone with aspergillus protease

K =0.25743 K =0.c082436
x (F) 1 {k’=0-59357 (B) M3k —o.72147
E
%)
s Cale. | pigr A a2 cale. | pigr, o A2
value value
2.0 56.3 50.1 —2.8 7.84 57.6 +1.3 1.69
1.0 45.2 44.7 -+o.5 0.2§5 45.2 0.0 0.00
0.5 35.4 32.5 +2.9 8.41 33.3 +2.1 4.41
0.25 24.0 22.9. +1.1 1.21 23.3 +0.7 0.49
0.125 14.5 15.8 —1.3 1.69 15.5 —1.0 1.00
+4.5—4.1 1g.40 +2.8—2.3 7.59
| =40.4 =-0.5
PE. =413 P.E.=+o0.9
TasLe CXLV
Results of the application of T.N.N. (E) I and II to data
obtained by Grossmaxn and DycKERHOFF in the
decomposition of d-l-leucyl-glycyl-glycin
’ \ K =0.91755 K =0.047034
(E) 1 {/z/=1.13899 () 11 A =1.43842
g %) Cal ' Cal
alc. . o alc. .
value Diff. A A? value Diff. A A2
0.05 5 L7 —z 4 6 —1 1
_o.10 '16 14 2 4 15 +1 1
0.20 30 29 41 B ¢ 32 —z 4
0.30 41 42 —1 1 45 —4 16
|
0.40 52 1 53 —1 1 56 —4 16
0.60 72 | 69 +3 9 69 +3 9
0.80 83 81 42 4 77 46 36
(1.20) (100) +8—4=+4¢ 24 I0—II=—1 83
PE =41 P.E. =43
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TasLe CXLVI
Results of the application of T.N.N (E) I to data obtained
by Geppes and HUNTErR with asparaginase
. K=0.08557
& (E) I{/é’:x.x34o7
2 E 2
& . (%)
< »n : .
= Calc. value Diff. A A2
:; © .
D :
.53 1.3 26.8 26.8 o ‘0
28 2.0 35-0 35.1 -1 X
CE= 2.5 43.0 42.9 +3 9
g2 3.0 49.4 49.6 —2 4
38 :
5 ‘ :
o4 +3—3=0 14
P.E.=Zo0.1 i
i
. K=0.105188 i
& (E) I{Kz/=1.32563
g E by .
z. (%)
w .
-5 Calc. value Diff. A A?
e - }
23 . |
=Rl 1.5 34.2 339 +0.3 0.09
28 2.0 45.2 45-5 —0.3 0.09
oz 2.5 55-2 55.8 —0.6 0.36
ca 3.0 65.2 64-4 +0.8 0.64
,g =%
= +1.1—0.9=+0.2 1.18
P.E.=+o0.4
K=o0.12704
& (E) I{é/:1.87830
8 E by
2. (%)
- & . Calc. value Diff. A A?
of =
g5
=8 L3 47:3 46.6 -+0.7 0.49
2a 2.0 64.8 65.9 —I.I 1.21
o.8 2.5 79-9 8o.5 —o0.6 0.36
LR 3.0 00.6° 89.8 +0.8 0.64
c 9O
o & .
=
S +I1.5—1.7=—0.2 2,70
P.E.=+40.6
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TasLe CXLVII
Results of the application of T.N.N. (E) I and II to data
obtained by Tammann in the decomposition
of salicin by emulsin for 24 hrs.
£ : 31.2~3.9)
K'=0.027305 (
E) I £ =0.021008
i ) ( {,é/:o.81441 (®) I{k/=0.3732
(%)
Calc. Diff. A az | Cale Diff. A Az
value value
62.5 | 51.8 55.3 —3.5 12.25 — — —
3L.2 46.4 42.6 +3.8 14.44 46.4 0.0 0.00
15.6 | 32.6 29.4 3.2 10.24 31.0 +1.6 2.56
1.7 | 27.2 24.7 +2.5 6.25 25.3 +1.9 3.61
7.8 | 17.9 18.8 —0.9 0.8x 18.6 —0.7 0.49
39 11.7 I1.4 +0.3 0.09 16.5 41.2 1.44
+9.8—4.4=+35.4] 44.08 +4.7—0.7=+4.0; 810
P.E.=4z2.0 P.E.=+1.0
d datum omitted)
K=0.72282 x 10—3 (en
E) II{ - o K=0.76952 X 10—3
) ( #/=1.090g8 (E) 11{&,:‘_0419I
E
%)
Cale. Diff. A ar | Cale Diff. A az
value value
62.5 | 51.8 53.2 T —14 1.96 52.2 —0.4 0.16
31.2 46.4 43.8 +2.6 6.76 j— — —
15.6 | 32.6 31.8 +o0.8 0.64 3.1 4+ 1.5 2.25
11.7 27.2 26.7 +0.5 0.25 26.2 +1.0 1.00
7.8 17.9 20.1 —2.2 4.84 19.9 —2.0 4.00
39 | IL7 11.4 +-0.3 0.06 11.4 +0.3 0.09
+4.2—3.6==40.06] 14.54 +2.8—2.4=+40.4| 7.50
PE.=+41.2 P.E.=Zo0.9




Proposition oF T.N.N. EquaTions IN THE KINETICS OF ENzZYMES 285

TasLe CXLVIII

Results of the application of T.N.N. (E) I to data
obtained by Tammanx in the decomposition
of salicin for 12 hrs.

- 3rd datum omitted) (£ : 5~0.078)
{/5:8'133286 ( K=o.14522 {K=0-153525
E (;) =0-9¢023 #=0.89995 #'=0.94278
9/ Calc. R Calc. . . | Calc. .
value Diff. A A? value Diff. A A | ee| Diffo A Al
10.0 [or.3f 93.7 —2.4 5.76| 93.0 ~ 1y 2.8¢] — — —
5.0 {8o.0] 77.1 +2.9 8.41| 759 +4.1 16.81| 8o.1 —0.1 0.01
2.5 |59.3]| 54.4 +4.9 24.01| — — — | 568 +2.5 6.2
1.25 | 34.7]| 34.2 +o0.5 0.25] 33.6 + 1. 1.21{ 35.4 —0.7 0.49
0.623] 20.3|| 20.0 +0.3 0.09| I9.7 +0.6 0.36] z20.3 0.0 0.0C
0.312| 12.2|| 11.2 +1.0 1.00| IIL.X + 1.1 121} ILI 4-1.1 .21
0.1561 5.8 6.1 —0.3 o.cg| 6.1 —0.3 o0.09| 6.0 —0.2 0.04
0.078| 2.8 3.3 —0.5 0.25| 3.3 —0.5 0.2 3.1 —0.3 0.06
+0.6—3.2 | 39.86 +6.9—2.5 | 22.82 +3.6—-1.3 | 8.0¢
=—6.4 =-+4.4 ==42.3
P.E =416 PE.=41.3 P.E.=—+0.8
TaeLe CXLIX
Results of the application of T.N.N. (E) I and II to data
obtained by AuLD using amygdalase
. K—=0.0149534 . . K =0.08931
E - (£ 2~50) (E) I{1#:0.598613 (£: 2~25) (E) I{k/=o.72232
Calc. . Calc. : S
value Diff. A A? value. Diff. A Al
2 3.6 5.1 —1.5 2.25 4.6 —1.0 1.c0
3 6.0 6.4 —0.4 0.16 6.2 —o0.2 0.04
4 8.9 7.6 +1.3 1.69 7.5 +1.4 1.96
6 12.5 9.6 +2.9 8.41 10.0 +2.5 6.25
12 17.1 14.1 30 9.00 16.0 +1.1 1.21
25 21.6 21.1 +0.5 0.2§ 25.7 —4.I 16.81
50 24.1 30.1 —6.0 36.c0 —_ — —
+7.7=7.9=—0.2| 57.76 +5.0—5.3=—0.3| 27.27
P.E.=+2.1 P.E.=41.6
A'=0.34164 X 103 - K =o0.45201
(E: 2~50) (E) Il{k,=°‘g§83‘1‘2 (£: 2~25) (E) II{k,:o.gizgs
Calc. value Diff. A | A [Calc. value Diff. A | &
5.0 —1.4 1.96 6.2 —2.6 6.76
6.4 —0.4 0.16 7.6 —1.6 2.56
7.6 +1.3 1.69 8.8 +o0.1 o.01
9.7 +2.8 7.84 10.7 +1.8 3.24
14.3 +2.8 7.84 14.8 +2.3 5.29
21.1 +0.5 0.25 20.6 +1.0 1.00
29.0 —4.9 24.01 — — —
+7.4—6.7=4-0.7 4375 +5.2—4.2=1.0 18.86
P.E.=+2.0 P.E.=41.9
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Applicable T.N.N. (E) equations for various enzymes
substrates in decomposition taking the relative
quantity of enzyme as a variable

Enzyme
Lipase
Castor bean
”
”
Papain
"
Pancreas

"

Liver
)
Stomach
Amylase
Lichenase
Tannase
Lactase
Pepsin
M
Pancreatin
Protease
’
Polypeptidase
Asparaginase
Emulsin

Amygdalase

K. Nakajima and T. Kamapa

Substrate

Soy bean oil
Olive oil
Cotton seed oil
Soy bean oil
Olive oil
Egg-yolk

Olive oil

Ethyl butyrate

Morphine glycollic acid

Egg-yolk
Soluble starch
Lichenin
Tannin '
Lactose
Glycinin
Egg-white
Glycinin

WITTE’s peptone

Casein

Leucyi-glycyl-glycin

Asparagin
Salicin

Amygdalin

TasLe CL

Data obtained by

NAKAJIMA
Nicroux
JALANDER

NAKAJIMA

SANDBERG and BRAND

ENGEL

and

Equation

II
Il
?

WILLSTATTER, WALDSCHMIDT-LEITZ

and MEMMEN

KasTLE and 1L.OEVENHART

SCHMIDT
STADE

OsHIMA

PRINGSHEIM and SEIFFRT

FrEUDENBERG and VOLLBRECHT

ARMSTRONG

Naxajima

MaTsuvyaMa and NAKAMURA

NAKAJIMA

OsHIMA

132

GRrRossMANN and DYCKERHOFF

GEDDES and HUNTER

TAMMANN

AuLDp

?
I
I

?

Can not exist

Ir?

I
?

L
e T I T R

I?
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TasrLe CLI

Results of the application of T.N.N. (S) I and II to data
obtained by JaranNDer in"the decomposition of
olive oil by castor bean lipase

K=0.0138328 A=0.258953 X 10~3

()1 {k’=0.80914 (8 11 {é’:o.gsoIS
S 100—% | —Caic, . Calc. ; )
Calc. | Diff. A | Az | RS ‘ Diff. A A2
50 . 51 53 —z 4 52 —1 I
25 40 35 +5 25 36 +4 16
20 2 3I —2 4 31 —2 4
15 23 23 o o 2 —2 4
10 19 19 o o 19 o 0
5 It 1r o o 11 K o
+3—4=+1 | 33 ’ t4—5=—1 | 25

PE.—12 P.E =42

A =0.014493 K=o0.272727 X 10-3

S {é’=0-77930 (8) I {fé’=o‘91697
ST e T o a v S T b a -

value L. value *
50 5I 50.6 +0.4 0.16 49.6 +1.4 1.96
20 29 29.1 —o.1 o.01 29.8 —o0.8 0.64
15 23 24.1 — LI 1.21 24.6 —-1.6 2.56
10 19 18.2 +0.8 0.64 18.4 +o0.6 0.36
5 II 11.8 —o0.8 0.64 | 107 +o0.3 0.09
+1,2--2.0 2.66 +2.3—2.4 5.61
=—0.8 =—0.I
P.E.=40.6 P.E.=+40.8

TasLe CLII

Result of the application of T.N.N. (S) I to data obtained
by Tammany in the decomposition of amygdalin

Amygdalin, g in 20cc. S) 1 {gzg'gggég
s 100— & Calc.value | Diff, A a2
0.51 8o 8o o o
1.02 85 85 o o
2.04 88 88 o o
5 P

TasLe CLIII

Result of the application of T.N.N. (S) I to data obtained
by Brown in the decomposition of sucrose

. A=o0.2901

Cane sugar, g in 100 cc. (8) 1 {é’=°-422513
S 100 —x Calc. value Diff, A A?
4.89 74.8 i 751 —0.3 0.09
985 86.2 | 85.4 +0.8 0.64
19.91 93.2 " 93.0 +0.2 0.04
29.96 95-9 : 96.0 —o.1 0.01
40.02 97.3 ! 975 —0.2 0.04
I +1.0—0.6=-0.4 0.82

P.E.=+0.3
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TasLe CLIV

Results of the application of T.N.N. (S) I to data obtained
by BartH in the decomposition of sucrose

Results of the application of T.N.N. (S) I and II to
data obtained by HEerzoc, Beckrr and
Kasarnowski using maltase

K=0.37177
Cane sugar in 100—x - (S)1 {k’=°-42626
100cCC. 8
Calc. value Diff. A Az
0.5 60.0 —_— _—
1.0 570 57-5 —0.5 0.2§5
2.5 74.0 71.8 +4-2.2 4.84
5.0 8o.0 81.7 —1.7 2.89
7-5 86.6 86.7 0.0 0.00
10.0 89.6 89.8 —0.2 0.04
15.0 93.1 93-4 —0.3 0.09
20.0 95.8 95-4 +o0.4 0.16
+2.6—-2.7=—0.1 8.27
P.E. =+0.8
TasLe CLV

K=0.31542 K=0.0073873
Exp. (S) 1 { /— () 11 { e
s valae #/=0.36839 A =0.76488
{(100—x)f Calc. . Calc. |- . s
value Diff. A A2 value Diff. A A
4.67| 72.2 72.3 —o.1I 0.01 71.6 +0.6 0.36
I 9.33| -8o.5 80.9 —0.4 0.I6 81.3 —o0.8 0.64
13.99| 86.2 85.3 +o0.9 0.81 85.7 +-0.5 0.25
18.661 87.7 88.2 —0.5 0.25 88.3 —0.6 0.36
27.99| 91.6 01.6 o 0.00 91.3 -+40.3 0.09
-0.9—1.0 1.23 +1.4—1.4=0 1.70
=—0.1 P.E.= +0.44
P.E.=+0.4
A=01537% {K=0‘0018277
i S 1 { $) 11
s ‘E’l‘f]’e ($) #=0.56957 ( ) A =0.60611
(roo—x)| Calc. . Calc. : a
Sale Diff. A a2 | Sl | Diff. A A
4671 43.6 434 0.2 0.04 42.8 B 1.21
2| 9.33( 3559 57.0 —I.1 1.21 58.0 —2. 4.41
13.99] 67.I 65.5 +1.6 2.56 66.6 -4-0.5 0.25
18.66| 70.6 71.4 —o0.8 0.64 72.2 —1.6 2.56
23.33} 76.2 75.9 +0.3 0.09 76.0 +o0.2 0.04
27.99| 79.2 79.2 —0.3 0.C9 78.8 +0.3 0.09
4-2.0—2.2 4.63 +-2.1—3.7 8.56
=—0.1 =—1.6
P.E.=+o0.7 P.E.=+0.9
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TasLe CLVI

Results of the application of T.N.N. (S) I to data obtained
by WEIss using protease of germinated barley
in decomposition for 2 hrs.

K=0.65767 3rd<datum) K=0.66379
(5) 1 {él=o.28481 < omitted (8) 1 A =0.29175
S Exp. value -
Calc. . o Calc. .
value Diff. 4 az value Diff. A Az
1 78.5 78.0 +o0.5 0.25 78.3 +-0.2 0.04
2 84.4 84.2 4o0.2 0.04 84.6 —o0.2 " 0.04
3 85.7 87.4 —1.7 2.89 —_— _ —_—
4 89.6 89.4 +o.2 0.04 89.9 —0.3 0.09
5 91.6 90.9 +o0.7 0.49 9L.3 +0.3 0.09
+1.6—1.7 3.71 +0.5—0.5 0.26
=-—0.1 =0
P.E.=+07 P-E.=+o.2

TasLe CLVII,

Results of the application of T.N.N. (S) I to data obtained
by WEIss using protease of germinated barley
in decomposition for 5 hrs. '

A =0.43844
DR { # =0.42762
S Calc. value
Exp. value Diff, A A
1 63.8 63.6 +0.2 0.04
2 74.1 74.3 —o0.2 0.04
3 797 8o.1 —0.4 0.16
4 84.0 83.9 +o.¥ 0.01
5 86.8 86.6 4-0.2 0.04
+0.6—0.§=-}0.1 0.29
P.l'.=+o0.2
I
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TasLe CLVIII

Results of the application of T.N.N. (S) I and II to data

obtained by NEMEC using glycerophosphatase

OR R 1l ROEISELIORE Frinss e
S {Calc. valne -
Exp- | pir. a a | S8le ) b g ar

0.05 72.82 64.10 +8.72 76.0384] —— —_ —_—
o.1 49.50 53.58 —4.08 16.6464| 45.68 -+3.20 14.5924
0.25 28.99 || 37.71 —8.72 76.0384| 32.19 —3.20 10.2400
0.50 ) 20.38 E 25-39 —5.0I 25,1001 22.34 —1.96 3.8416
1.0 13.50 l 14.61 —I.11 1.2321| 13.79 —0.29 0.0841
2.5 5-59 ‘ 4.93 +0.66 0.4356 6.26 —0.67 0.4489
5.0 2.78 1.46 +1.32 1.7424 2.20 +0.52 0.2704

é --10.70—18.92| 197.2334 4.34—6.12 29.4774

= —8.22 =—178
P.E.= 4 3.86 P.E.=+1.63

) I {K:o.o7455

(S:0.1—5.0) (8) 1T {K=°-07587o

#=0.933385 #=0.88375

Calc. value Diff. A A? Calc. value Diff. A Al
68.75 +4.07 16.5649 —_— J— -
53-53 —4.03 16.2409 50.22 —0.72 0.5184
32.86 —3.87 14.9709 30.98 —1.99 3.9601
20.40 —0.02 . 0.0004 19.57 +40.81 0.6561
11.83 +1.67 2.788¢9 11.65 +1.85 3.4225
5.39 +0.20 0.0400 534 —+0.05 0.0025
2.90 —0.12 0.0144 3.08 —0.30 0.0900
+5-94—8.04 50.6264 +2.71—3.01 8.6496

=—2.10 =—0.30
P.E.=+1.55 P.E.=40.89
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TasLe CLIX

Applicable T.N.N. (S) equations for various enzymes and

Enzyme

Lipase

Castor bean

Papain
Emulsin
Invertase
Amylase
Maltase

Pepsin
Pancreatin
Papain
Protease
Phosphatase

of substrate as a variable

Substrate

Soy bean oil
Olive oil
Soy bean oil
Amygdalin

Sucrose

Maltose

Glycinin

1
Glutin
Glycerophosphate

Data obtained by

NAKAJIMA
JALANDER

NAKAJIMA
TAMMANN

BrownN

HERZOG, BECKER AND

KASARNOWSKI
NAKAJIMA

i3]

‘WEISS
NEMEC

substrates in decomposition taking the quantity

Equation

1
II
I
I

Can not exist

I1
II

1I
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