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Introduction

Enzyme chemistry, one of the branches of biochemistry, seems to be
an important key to the study of various vital phenomena in both the animal
and botanical worlds.

The extent of investigation, however, is far and wide, and, although
considerable endeavour in various respects has been made in order to de-
termine the nature of the enzymes by many scholars since IRVINE (1785)
and KircHHOFF (1815) discovered saccharification in the process of malt manu-
facture, yet there remain questions unanswered, even as in diastase, in
regard to the principles governing their actions and explaining the essen-
tial natures of the same.

It has been about 140 years since the enzyme first attracted attention,
but it was not till about 5o years ago that it came to be explained some-
what scientifically. And so far, most of the investigations concerning en-
zyme have been made with regard to its action rather than to the natures
of the enzyme itself. The studies on its physico-chemical nature and
structure were initiated only 20 years ago, being most strenuously pur-
sued in about 1910, and then gradually waning in the few years before
and after 1920. But they have been pursued with a renewed enthusiasm
in recent years. As to the progress of enzyme chemistry, it may be said
that it began with the discovery of the enzymic action in the vital phe-
nomena of the biological world, then the existence of enzyme came to be
recognized by the actual proof of enzymic action, and finally it has been
followed by studies on the chemical and physical nature of the enzyme
itself.

Now the préparation or purification of the enzyme used for its inves-
tigation is very important and has a direct relation to the study of its
nature.  As for the preparation methods of diastase in various origins,
there are PAVEN and PErz0z’s method (Ann. d. Chim. et Phys. 53, 78, 1833),
DusrunrauT’s method (Driyler’s Palyt Jour. 187, 491, 1868), BARANETZKY's
method (Die Stirkeumbilden den Ferment in d. Pflan. Leipzig, 10, 1878),
ZuLkowsKY's method (Wiener Acad. Sitzb. Math. Nat. cl 71, 11, 453; 77
11, 68), LintNER's method (Jour. Prak. Chem. 34, 378-394, 1886; 36, 48-
498, 188;7), PETER’s method (Jour. of Biol. Chem. 5, 367, 1908), PrRIBRAM’S
method (Biochem. Z. 44, 293, 1912), SHERMAN and SCHLESINGER’s method
(Jour. Americ. Chem. Soc. 35, 1617~1923, 1913), WILLSTATTER's method
(Zeitsch. f. Phys. Chem. 123; 45, 1922), MIcHAELIS and EHRENREICH’S
method (Biochem. Z. 10, 283-299, 1908), Fricke and Koja’s method (Ber.
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Deutsch. Chem. Ges. 57, 310; 755, 1924), etc. However, no sufficiently
pure diastase has ever been obtained notwithstanding many and continual
endeavours.

Observing the literature regarding the nature of diastase, the “single
enzyme theory of diastase”, which has been argued about since malt-dias-
tase was discovered at the end of the 18th century, is not generally be-
lieved by many scholars at present. As the “two enzyme theory of dias-
tase”, there is the theory of WijsmMan (Rec. d. Trav. Chim. des Pays-Bas
IX, I, 1889) that the diastase is composed of two kinds of enzyme, one
of which decomposes starch into maltose and erythrogranulose, and the
other decomposes the latter into maltodextrine. PorTEvVIN (Ann. Inst. Past.
13, 665, 1899) stated also this sort of theory that one enzyme makes dex-
trine from starch and the other decomposes the dextrine into maltose.
BEevERINCK (Zbl. Bakt. (2), 1. 221, 1895) approves of WijsMAN's opinion,
but this is not generally accepted; while POTTEVIN's theory, though there
are many doubts, is now commenly regarded as true by many chemists.
Next, Curzaszcz (Ws. f. Brau, 28, 510, 1911) stated that he obtained both
the liquefying and the saccharifying enzyme by partial separation with
Ammonium sulphate. In recent years, ErrroNT (C. R. 174, 18, 1922) has
stated that there is a great difference in the ratio between the saccharifying
and the liquefying activity of the diastases, which are obtained from various
origins, This is to say that he recognizes the existence of two enzymes
in the diastase, More recently, FRrICKE and Koja (Ber. Deutsch. Chem.
Ges. 57, 2, 310-313, 1024) have stated that, when the malt-diastase is
dialyzed by electro-dialysis, the power of its starch liquefying action van-
ishes. So they could separate the saccharifying enzyme from the liquefying
one.

From the “two enzyme theory of diastase”, Curzaszcz (Biochem. Z.
80, 211, 1917) came to assert the “three enzyme theory”, which means
that there are in the diastase starch liquefying, dextrinizing and saccharifying
enzymes. This is a convenient and popular view in explaining the dias-
tatic action of starch decomposition.

Apart from the above opinions KunN (Ber. Deutsch. Chem. Ges. 57,
1955, 1924) asserted that there are two kinds of amylase, the one is a-
amylase and the other §-amylase.

But, most recently observing the attitude of OppENHEIMER and other
it seems to be very complex, and it must not be recognized that the
hydrolysis is only due to the character of one or more kinds of enzyme.
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There have been many discussions as to whether the diastase is a
protein-like substance or not. PrIBRAM (Biochem. Z. 44, 293, 1912), and
SHERMAN and SCHLESINGER (I1915) published their opinion that the malt-
diastase is a protein-like substance, and SHERMAN and TENBERG (J. Am.
Chem. Soc. 38, 1638, 1915) declared that the Taka-diastase indicates pro-
teinous reactions like maltase or pancrease. On the other hand, FrICKE
and Koja (Ber. Deutsch. Chem. Ges. 57, 2, 310-313; 313-316, 1924) denied
the proteinous nature of the malt-diastase, and Karo (Bull. Agri. Chem. Soc.
Japan 1, 937-951, 1925) also denied the proteinous nature of the saliva-
amylase and of Taka-diastase from the studies on the manner of action
of protease on them. Even if it is granted that the diastase is not con-
stituted only of a protein-like substance, there is no denying the existence
of a nitrogenous substance as a constitutional ingredient of the diastase,
in so far as there can be no absolutely pure diastase manufactured freely
from nitrogen.

Matuew and GLENN (J. Biol. Chem. 9, 25-56, 1911) published their
opinion that the amylase is constituted of active-protein and carbohydrate.
And BIEDERMANN (Fermentf. 4, 1920) published the opinion that amylase,
especially the saliva-amylase, is a conjugated substance of albumose and
mineral ingredient.

As for the studiés on the electric cataphoresis of diastase, there are
those of MicHAELIs (Biochem. Z. 17, 188, 1909) HALN (Zitungs ber. Ges.
Morph. Physiol. Miinchen .31, 66, 1919) FrickE and Koja (Ber. Deutsch.
Chem, Ges. 57, 2, 310-313; 313-316, 1924), etc. According to the re-
sults of their investigations, it seems to move mostly, to the negative pole
in neutral or acidic medium, while in basic solution it moves to the posi-
tive pole.

BieperMANN (Arch. ue land-Physiol. 7, 151~156, 1922) recognized in
his investigation the existence of diastatic action through albumoses and
amino acids, and HaeHN and BERENTZEN mentioned that, by means of a
combination of neutral salt, amino acid and peptone, the saccharification of
soluble starch occurs.  But K&curing (Chem. Zelle u. Gewebe 12, 347-
285, 1925) and TAkANE (Biochem. Z. 175, 241~251, 1926) published an
opinion that is opposite to the above. '

As seen in the literature cited already, the nature of diastase has not
yet been definitely determined. Although much may be left to be studied
in the future, it is hoped that, by the experiments carried out and the studies
made upon this special subject set forth in this thesis, much will be con-
tri buted, not only to the chemistry of diastase but also to the understanding
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of the enzyme in general.

The principal items of the thesis are “Resume of the preliminary in-
vestigations on diastase published already”, “Dialysis of Koji-Diastase ¢
Solution”, “The relation between the action of starch decomposition of Koji-
Diastase and its ash, protein and carbohydrate”, and “On the enzymic
action of mixed chemicals”.

Now some modifications of the old idea of diastases must be made.
The idea that diastase is a matter similar to protein can not be accepted;
but there is no reason to declare it to be some carbohydrate. It seems
that diastatic action is not caused only by an organic substance. Though
there are still some doubts in regard to its nature, owing to an insuffi-
ciency of the data from which to draw a conclusion, the following may
be deduced from many investigations that have been made hitherto and
from our present studies on “Koji-Diastase”: Diastase is made up of
several constitutional ingredients which come from protein, carbohydrate,
and inorganic substance related to one another. These constituents are
exquisitely balanced. This balance of each constituent in a diastatic en-
zyme is easily broken by a change of outer circumstances. The degree
to which this balance is broken seems to have a direct relation to that
of the decrease of the enzymic activity.

Thus, the results obtained in our studies on “Koji-Diastase’” seem to
be much better than the old idea in explaining various phases of enzymic
action which occur in the biological world as a vital phenomenon.

Yesossvens #vescsserscssaressvassrssnes vos

In publishing this thesis the author wishes to express his sincere
gratitude to Prof. Dr. Koyt Mivake, Prof. Dr. Eyr Takaunasui, Prof. Dr.
TETsuTARO TaADOKORO and Prof. Dr. Fumio Hemmt for their highly ap-
preciated direction; and at the same time, he wishes to express his hearty
thanks for the constant encouragement of Prof. Dr. Makoro Hanzawa,
Dr. Kokicur OsuiMa and of every person working at the Laboratory of
Agricultural Chemitry of the Hokkaido Imperial University, Sapporo.

(1) “Koji” means a steamed grain which is infected with Aspergillus oryzae.
“Koji-Diastase” means an enzyme substance parified from a polished rice “Koji” by
Lintner’s method.
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I. Resume of the Preliminary Investigations on
Diastase Published Already

Here are mentioned the summaries of some literature that have been
published already and are closely related to this present paper.

()

On Lethal Temperature of Koji-Diastase in Aqueous Solution and the
Recovery of Its Action After Heating.”

The results obtained from the experiments for the lethal temperature of
Koji-diastase in aqueous extract of polished rice Koji and the recovery of
its action after heating, are as follows:

No influence of heating upon Koji-diastase in aqueous solution (pH-—-
6.50) is perceptible under 25°C,; but if heated 2z hours at 40°C., an in-
jurious effect is obviously perceived. The degree of injurious effect on
diastatic power by heating corresponds to the temperature and the time
of duration, When the heat was applied at 140°C. for an instant, Koji-
diastase in aqueous solution was entirely destroyed. It is to be called
lethal temperature of a diastatic function. It was also observed that Koji-
diastase in aqueous solution was destroyed by heating more than 30 minutes
at 115°C., or more than 5 minutes at 130°C., while it was not destroyed
at a temperature lower than 100°C. even when heated for one hour. It
seems that the diastatic power of Koji-diastase solution injured by heating
may be restored to some extent by preserving the solution at room tem-
perature; but this recovery only occurs when the enzymic power is not
destroyed entirely. The Koji-diastase solution heated at more than lethal
temperature never recovers its power of saccharification even by preserving
it for a long duration of time.

Experiment “On Lethal Temperature of Purified Koji-Diastase in
Aqueous neutral Solution and the Recovery of Its Action After Heat-
ing”® was also made to discover whether the lethal temperature of purified
polished rice Koji-diastase in neutral medium (pH=6.9) of aqueous solution
and the recovery of its diastatic power after heating would coincide with
the results of the experiment made with the diastase in aqueous solution
of polished rice Koji. The purified Koji-diastase was manufactured by Lix-
TNER's method; and the result of the experiment made with it shows that
its lethal temperature is 137.5°C., and its recovery after heating is almost
the same as that observed in the experiment of Koji extract solution.
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(11)

Comparative Studies on Enzymic Powers of Koji Manufactured from

Different Materials® (In Japanese).

Various kinds of *“Koji"”, used in this experiment, were made from

different materials by the same method of preparation.

(1)

(2)

(3)

(4)

(6)

(7)

(8

(9)

The results of the investigation are summarised as follows:

Power of the diastase is strongest in polished rice-Koji which contains
much carbohydrate, while it is weak in unpolished rice-, soy-bean-,
or maize-Koji which contains comparatively little carbohydrate and
much protein.

On the activity of maltase, it is difficult to find clearly any difference
between polished rice-Koji, unpolished rice-Koji, and soy-bean-Koji;
or between polished rice-Koji and maize-Koji,

Power of invertase is strongest in soy-bean-Koji, next in unpolished
rice-Koji, and weakest in polished rice-Koji.

Pepsin is strongest in its action in soy-bean-Koji which contains much
protein, and next in unpolished rice-Koji, and very weak in polished
rice-Koji which contains comparatively little protein.

Power of trypsin is the same in order as pepsin, being very weak in
polished rice-Koji.

Lipase is strongest in its power in soy-bean-Koji, next in unpolished
rice-Koji, and weakest in polished rice-Koji, being almost proportional
to the fat content of the raw materials,

The diastase is one of the enzymes that is durable for a long keep-
ing. It can be preserved for a long time in a dry state. Even in
solution it also can be kept for several years, if toluene is added as
an antiseptic. From the results of the experiment on keeping the
aqueous extracts of polished rice-, unpolished rice-, and soy-bean-Koji,
it is found that they have retained rather strong diastatic power even,
after five years’ preservation.

Diastase, maltase, pepsin, and trypsin show some resistance against
heating ; of these, the diastase is the strongest and it does not always
lose decidedly all its power, even after boiling for 1-2 hours. Maltase
is weaker than the former, and it perishes after 20 minutes’ boiling.
Invertase and lipase can not stand a boiling. Lipase seems to be the
weakest in this respect.

The enzyme solution of soy-bean-Koji is not so badly injured in its
action as that of polished rice- and unpolished rice-Koji at the be-
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ginning of its boiling, but the former, after a long time of boiling,
seems to be injured more than the latter two.

(10) As the results of this investigation, diastase of polished rice-Koji is

found to be one of the most convenient materials for the purpose of
studying various problems on diastase, especially on the nature of dia-
stase, owing to easiness of preparation of a comparatively pure sample
and also to its strength in power and its durability in keeping.

(I11)

Influence of the Colloids upon the Action of Diastase and Its Re-

sistance to the Heating of the Enzyme Solution, and also Its Recovery of
Its Action After Heating ®. (In Japanese).

(1)

(2)

(3)

(4)

(5)

The results of the investigation are summarized as follows:

When the Koji-Diastase in almost neutral solution is heated, its en-
zymic power is always weakened ; and some whitish turbidity appears,
except when the solution is extremely diluted or heated at a very
high temperature, But the degree of turbidity does not always agree
with that of the change of the enzymic power. The injurious effects
of heating seem to be due to the various physico-chemical changes of
the materials in enzyme solution, which depend upon the nature of
the enzyme solution and its concentration, degree of heating, etc.
The influence of the added colloidal substances upon the enzymic
action of Koji-Diastase in almost neutral solution is generally injurious.
The substrate and the enzyme itself in a highly colloidal state also
exert the same influence.

The increase of enzymic power of the Koji-Diastase in almost neutral
solution is not strictly proportional to its concentration; the more
diluted the solution is, the stronger is the enzymic power compara-
tively. The chief cause of this disproportionality perhaps consists in
the relation of the degree of dissociation of the enzyme in the solution.
The speed of heating has a great influence upon its injurious effects
on the action of enzyme. The higher the speed is, the greater the
injuries are on a basis of the same degree of heating. The higher
the concentration of the enzyme solution is, the greater is the influence
of the heating speed.

The influence of the colloidal substances added upon the effects brought
by heating the enzyme solution may differ according to their nature
and concentration, degree of heating temperature, time of heating, and
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the reaction of the medium. It is protective till it reaches a certain
degree of concentration, while it is injurious in the concentration above
it. This is due to the protective action of colloid against the coagu-
lation of enzyme and its adsorption.  The concentration of colloid,
degree of heating temperature and time of heating which control
protectively or injuriously, and also their influence upon the heated
enzyme solutions are scen as follows:

Pure neutral gelatine solution In case of heating 0.056 9% so-
lution of Koji-Diastase up to 85°C. in 55 minutes, the protective action
of gelatine on heat-injury as compared with the control appears in
the concentration of gelatine from 0.00I to 0.5 %, and its maximum
protective influence attains in the concentration of 0.1 9. But when
the concentration of gelatine reaches from 1,000 to §.000 95, it shows
an injurious influence.

Alkali-albuminate (almost neutral solution) In case of heating
the 0.036 9 solution of Koji-Diastase up to 85°C. in 50 minutes, the
protective action of alkali-albuminate attains in the concentration from
0.0005 to 0.5 %, with a comparatively remarkable influence in the
concentration 0.005 95.

Soluble starch (almost neutral solution)

In case of heating the
0.02 % Koji-Diastase in almost neutral solution at 85°C. for 5 minutes,
the effect of soluble starch appears to be protective in the concentra-
tion from 0.0I to 0.10 9, its effect being greatest at 0.1 9%, while it
is injurious in the concentration from 0.25 to 5.00 ¢, particularly from -
0.50 to 5.00 %. In case of heating the solution at 85°C. for 10 minutes,
the protective effect of the soluble starch appears in the concentration
from 0,00001 to 0.5 9, it being highest at 0.2 9. In case of heat-
ing at 85°C. for 15 minutes, it has the same tendency with that of the
former case, it being highest at 0.01 9%. In case of heating the solu-

tion at 75°C. for 15 minutes, the protective influence is found always

(6)

in the concentration from 0.001 to 5.09, it being highest at 2.5 95.
When 5 c.c. of 0.4 9% Koji-Diastase solution at 25°C. is added to 20

‘c.c. of the soluble starch solutions in different concentrations at 100°C.,

the influence of soluble starch is protective to some degree in the con-
centration of 0.1 %, but it is remarkably injurious at the concentra-
ticns from 2.5 to 5.0 %.

When the enzyme in almost neutral solution is heated, the colloid in
the solution itself has a great influence upon the injury caused by
heating, generally the lower the concentration of the solution, the



(7)

8
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less the injury. However, the colloid exerts protectively on the en-
zyme against the injurious effect of héating in a certain concentration
of the solution. The higher the temperature of heating, the greater
the injury becomes. As for the protective action of the colloid in
this case, it is seen at 0.45 96 when heated up to 60°, at 0.09 9% when
heated up to 80°, and to 0.075 % when heated up to 100°C.

As for the influence of added colloidal substance on the recovery
phenomenon of the action of injured diastase by heating in almost
neutral solution, it shows that the colloid has no influence on the re-
covery of enzymic action in spite of the method of its addition, that
is both before and after heating. Sometimes, it tends rather to de-
crease the enzymic power. This is perhaps due to the coexisting
colloidal substance that prevents enzymes once injured from regaining
their active form, and to its adsorption of the enzymes.

As for the relation between the concentration of the enzyme in almost
neutral solution and the recovery phenomenon of the action of Koji-
Diastase in the cooled solution after heating, it shows that the recovery
is greater as the concentration is lower in a time of heating, or as
the heated solution is diluted earlier after cooling. It may be said
conclusively that, on heating the enzyme solution, the difference in a
concentration of the enzyme solution causes a difference in the degree
of association of the enzyme and other substances, accordingly there
is a difference in the degree of dissociation of enzyme substance after
its cooling, thus differentiating the enzymic power.

(Iv)

Studies on the Electric Cataphoresis of Koji-Diastase in Aqueous Solu-

tion®. (In Japanese).

The aqueous solution of polished rice Koji-Diastase purified by Lin-

TNER’s method was used and the phenomena of electric cataphoresis of
enzyme was examined by means of flowing the electric current into the
solution in various concentrations of hydrogen ion (pH 6.9, 9.8 and 2.6).

(1)

The results obtained in the experiments are as follows:

The diastase is moved by the flowing current, changing the pH value,
to the negative pole in the neutral and acidic solutions, while it is
moved to the positive pole in the basic solution, as in the case of the
experiment with vegetable amylase performed by MicHAELIS®. So it
can be recognized that the isoelectric point lies rather in the side of
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(2)

(3)

(4)

(5)

N

N
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basic nature. And the moved diastase returns to the original position
by exchanging the two connected poles of the battery. Moreover,
there also can be seen the same phenomena of cataphoresis in other
enzymes.

The enzymic power is decreased when Koji-Diastase is prepared in
an acidic solution (pH 2.6); but is not decreased when it is prepared
in a basic solution (pH 9.8), and it may be deduced from this fact
that Koji-Diastase does not suffer easily in a basic solution. It is
almost positively charged in neutral solution (pH 6.9), and it has a
tendency to move to the negative pole. This tendency is more re-
markable in an acidic solution. On the contrary, in a basic solution
it has mostly the negative charge, and so it moves to the positive
pole. The relation between both the positive and negative charge of
electricity, which is considered as one of the controlling factors of the
strength of the enzymic power, is also understood to exist in the other
enzymes, as in the case of the diastase.

When the electric current is passed through the aqueous neutral solu-
tion (pH 6.9) of Koji-Diastase, the cathodic portion gradually becomes
turbid, and at last a coagulated precipitate is produced. Consequently,
the transparent enzyme solution obtained by mixing the two filtrated
anodic and cathodic solutions is decreased in its viscosity and surface
tension as compared with the original enzyme solution, but on the
contrary, the enzymic power of Koji-Diastase is gradually increased.
However, if the flowing of the current lasts for a much longer time,
the enzymic power will be at last decreased.

When the coagulated substances produced in the cathodic portion are
removed, the power of the enzyme becomes greater, as compared with
that of the unfiltrated solution, in case its action on starch is for a
short time, but with a long time of action the power becomes weaker
than that of the unfiltered solution.

In spite of the fact that diastase has a tendency to move mainly to
the negative pole in the neutral aqueous solution of Koji-Diastase, the
anodic portion of the solution after a short time of flowing the cur-
rent has a tendency to increase its enzymic power as compared with
that of the original enzyme solution, and it decreases its power after

a long time of flowing.
There are at least two different kinds of enzvme

he so-called dia-

.n
1"?

yme in i
stase of Koji, the one resembles malt-diastase which decompose starch
into maltose, and the other decomposes maltose into glucose.
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Maltase in Koji-Diastase moves to the positive pole in a neutral solu-
tion, while it moves to the negative pole in a HCl-acidic solution.
It also moves to the positive pole in a NaOH-basic solution, when
the current is passed through the solution of Koji-Diastase.

The power of maltase in the acidic solution which is made with HCl
(pH 2.6) is increased as compared with that of the neutral solution
(pH 6.9), but it is quickly decreased when the electric current is
passed through the solution. On the contrary, it is decreased when
the enzyme solution is made alkaline with NaOH (pH 9.8). But it
is extremely increased when the current is passed through the solu-
tion, as it becomes at last greater than that of the neutral solution.
It is possible to state that maltase has much of a negative charge,
except in the case of acidic solution, as compared with diastase, and
also that it is in a state of dissociation in the acidic medium, it being
very susceptible to acid, while it is in a state of nondissociation in the
basic medium. Therefore, the effect of the current on the maltase is
great in an acidic solution, as in the case of diastase.

Invertase in Koji-Diastase moves to the positive pole by the current
in the neutral and acidic solutions as in the experiment by MICHAELIS;
but the power of the invertase is very weak. In the case of the basic
solution, it is very difficult to find clearly the electrical property of
the invertase, since its power is very much weakend in basic solution.

(10) Pepsin in Koji-Diastase seems to have a tendency, though not clear,

to move by the current to the negative pole in the neutral solution
(pH 6.9), to the positive pole in the HCl-acidic solution (pH 2.6) and
also to the negative pole in the NaOH-basic solution (pH 9.8).

(11) Trypsin in Koji-Diastase seems to have a tendency to move to the

negative pole in the neutral solution (pH 6.9), and also in the HCI-
acidic solution (pH 2.6), and to the positive pole in the NaOH-basic
solution (pH 9.8).

(12) The filtrate of the cathodic solution which is obtained after about 100

hours’ passing of the electric current through the 0.45 % aqueous
neutral solution of Koji-Diastase is powerful in diastatic activity as
compared with the original solution. On the contrary, the powers of
maltase, pepsin, invertase and trypsin are comparatively weak. The
cathodic solution thus obtained is a very good sample for the study
of the diastase of Koji.

The filtrate of the cathodic solution of Koji-Diastase obtained in
basic reaction by the flowing of the current for 87 hours contains
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only a little maltase, invertase, pepsin and trypsin, but the power of
diastase is very strong. The filtrate is comparatively poor in the reac-
tion of protein,

(13) The power of resistance of enzymes in the solution of Koji-Diastase
against the injury caused by the electric current differs according to
the nature of the solution. In the neutral solution, the power of
the resistance is in the order of diastase, maltase, pepsin, trypsin and
invertase. This is the same as in the order of heat resistance which
has already been mentioned in the preliminary investigation on the
diastase (II). This also is the same as in the order of the diffusion
velocity of enzymes in dialysis with the exception of pepsin and trypsin,
which will be mentioned in a later chapter.

(14) The solutions of Koji-Diastase, from which the precipitates produced
by the passing of the current of electricity are removed, show all the
protein reactions viz. MiLLoN’s, BIurReT’s and Xanthoprotein reactions.
And these reactions are more obvious in the cathodic solution in the
case of the neutral and acidic reactions than that of the anodic, while
in a basic reaction they are more obvious in the anodic solution
than that of the cathodic.

(15) The viscosity of the enzyme solution is always high as compared with
that of the distilled water. When the electric current is passed through
the solution, it generally becomes low, and the lowest viscosity ap-
pears in the anodic solution in the case of neutral reaction. And
when the viscosity of the solution is decreased the enzymic power of
it seems to be increased.

(16) The surface tension of the solution of Koji-Diastase is always low
as compared with that of distilled water. After the flowing of the
electric current it shows lower tension than that of the original enzyme
solution, being the lowest one to appear in the anodic portion of
neutral solution. The relation of the surface tension to the change of
the enzymic power of the solution is almost the same as in the case
of the viscosity.

(17) The specific conductivity of the solution of Koji-Diastase is lowest in
the neutral solution, next in the basic solution (pH 9.8) and highest
in the acidic solution (ptl 2.6). By the flowing of the electric cur-
rent into the solution, its specific conductivity becomes gradually
higher than that of the original enzyme solution. This seems to be
due to the increased dispersion or ionization of the enzyme and other
impurities.
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(18) When the electric current is passed through the 2 95 solution (pH

6.1) of soluble potato starch which is a substance to be acted upon
by diastase, it moves always to the positive pole, contrary to the
diastase.  Therefore, it seems to be charged mostly with negative
electricity.

V)
On the Comparison of Carbohydrate Splitting Activity in Each Part

of Koji-Diastase Treated Fractionally with Alcohol, and the Relation Be-
tween Diastase and Its Ash Component”. (In Japanese).

(1)

(2)

(3)

The results obtained in the experiments are as follows:

The yield of diastase obtained by fractional precipitation with various
concentrations of alcohol from Koji-extract, is greatest at 70 % con-
centration of alcohol. The enzymic power is highest in the portion
precipitated in 80 9 alcohol, and next in 70 %. The yield and in-
tensity of maltase which coexists with diastase are also highest at
70 %,

The yield of diastase obtained by fractional precipitation with various
concentrations of alcohol from dialyzed solution of Koji-Diastase by
means of a shark’s air bladder is greatest at 82 9 concentration of
alcohol. The power of diastase is highest in that part of the precipi-
tation. The total enzymic power of each fraction, calculated by multi-
plication of the power to yield, is also highest in the part precipitated
with 82 9 alcohol, with decreasing order of the power of the fraction
obtained in both sides of that concentration of alcohol. Also the be-
haviour of maltase and invertase which coexist with the diastase are
almost similar to that of the latter enzyme. In dialyzed solution it is
very difficult to precipitate the enzymes with alcohol from the solution
as compared with that which is not dialyzed. The ash ingredient con-
tained in the diastase has a very important relation to the character of
precipitation of enzyme substance caused by the addition of alcohol.
Diastase of Koji is very permeable through a shark’s air bladder from
the beginning of the dialysis. The amounts of the precipitates produced
from the permeated enzyme solution renewed successively by the
addition of alcohol in various concentrations became gradually small
as the dialysis proceeded. The total diastatic power of the precipitate
has also a tendency to become gradually less by the successive re-
newals. But the powers of maltase and invertase are weak in the
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precipitate obtained from the permeated solution at the beginning of
dialysis, with gradual increase of its power up to a certain renewal
and then gradually decrease again. The saccharifying power of dia-
stase in the permeated solution with the same concentration increases
distinctly im an extent from the first up to the forth of the renewals.
And the powers of maltase and invertase of the permeated solution
are both weak at the beginning of the dialysis and gradually increase
and then decrease again. Thus, the purity of the diastase solution
seems to be increased after the renewals of the permeated solution
have been made successively several times.

Koji-Diastase dialyzed by shark’s air bladder in its aqueous or 10 %
alcoholic solution is able to permeate ‘“De Harn's Membran Filter”
(“2 M-F, Fein Portig”); and even when its solution is made to 60 %
of alcohol concentration in order to make its precipitate, there is still
some part of it in soluble form which can be permeated through the
membrane filter,

The starch liquefying and saccharifying powers of each fraction ob-
tained from the polished rice Koji-Diastase with various concentrations
of alcohol (65, 75, 85 9 ), do not necessarily coincide. The quality
and quantity of the ash contained in each fraction of the enzyme has
a correlative influence upon its starch liquefying power. At least, the
ash contained in the fraction precipitated by 65 95 alcohol seems to
be more suitable for starch liquefying action than that separated by
85 %.

The relation of malt-diastase to its ash almost resembles that in the
case of foresaid polished rice Koji-Diastase. But the injurious effect
on its power of preservation for a long time seems to be greater than
that in the diastase of Koji.

The relation between each diastatic power of white earthy Koji, red
rice Koji and polished rice Koji and their ash containing ingredients,
is as follows: The order of the saccharifying power of the diastase
prepared from the three kinds of Koji stated above is highest in
polished rice Koji, next in red rice Koji and lowest in white earthy
Koji. But there can not be found any relation between the ash of
purified enzyme and its power of starch saccharification. The starch
liquefying power of the diastase comes in order of polished rice Koji,
white earthy Koji and red rice Koji. The ash of white earthy Koji
is quantitatively highest, but as it seems to have comparatively many
parts which are not directly related with enzymic action, its liquefying
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power is superior to that of red rice Koji, but inferior to that of
polished rice Koji.  Although the ash of polished rice Koji-Diastase
is a little superior to red rice Koji-Diastase, its liquefying power is
very superior. From these facts it is recognized that the quantity
and quality of ash of polished rice Koji enzyme are always in good
condition. The ash of red rice Koji is inferior to that of the polished
rice Koji in quality and quantity, and that of the white earthy Koji
is superior in quantity but inferior in quality to that of the polished
rice Koji. These are the most interesting facts in the chemistry of
enzyme.

The relation between the change of starch liquefication which results
from the germination of unhulled rice and its ash is as follows: The
ash content is highest in the original unhulled rice and next in un-
hulled rice at a later stage of germination, and least in unhulled rice
at an early stage of germination. The quantity of purified enzyme
obtained from unhulled rice, is in the order of unhulled rice at later
stage of germination, unhulled rice at an early stage of germination
and the original unhulled rice; and the quantity of the ash is in the
order of unhulled rice at a later stage of germination, unhulled rice
at an early stage of germination and the original unhulled rice. And
the power of the enzyme substance is the same as the order of the
above mentioned ash. In other words, unhulled rice, in which its ash
has-been decreased by means of steeping of the original unhulled rice,
is changed qualitatively in its proper material by germination and
produces the enzyme substance in which the quantity of ash is com-
paratively great.

According to the results of the precipitation experiment with various
concentrations of alcohol on the inorganic compounds, such as phos-
phates, sulphates and chlorides of Mg, Ca, K and Na which seem
to be important constituents of the ash in Koji-Diastase, at the point
of 63.3 9% alcohol which is suitable to precipitate the diastase almost
all of the phosphates or sulphates of Mg and Ca and a part of K or
Na are precipitated, while the chlorides of Mg, Ca, K and Na are
not precipitated at all. Therefore, it naturally will be considered that
the ash ingredients which especially relate to starch liquefying action
are Mg, Ca, K, Na, PO, and SO,.

Taking the results of various investigations in regard to the diastase
into consideration, the ash ingredients, protein-like substances and car-
bohydrates, which are supposed to be important constituents of Koji-
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Diastase are mixed. From the solution of these mixed chemical a
precipitate is made by the 63 9 alcohol. The power of the starch
liquefying action of the precipitate is then treated and found to be very
strong, though it is less powerful than that of the polished rice Koji-
Diastase while it is more powerful as compared with that of the red
rice Koji-Diastase.
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II. Dialysis of Koji-Diastase Solution

The. purpose of the dialysis of enzymes up to this time, as in the casc
of purification for general proteins or other substances, has been no more
than an attempt to remove the containing ash impurities. Our purpose of
the dialysis is entirely different from that of the ordinary one mentioned
above. It is to find ocut the nature of the substances contained in the
inner or outer solutions after the dialysis of Koji-Diastase, in which the
outer liquid was renewed successively.

The results of this experiment are important data in elucidating the
essential nature of the diastase and the mechanisms of its action. Here-
tofore, there has been no experiment of this sort made in regard to Koji-
Diastase. But there is only an investigation made by R. FRrRICKE and P.
Koja® on purifying malt-diastase by means of electric dialysis and electric
diffusion, which are somewhat related to the present investigation. The
original malt-diastase used in their experiment showed a strong protein
reaction, its nitrogen and ash contents being 6.12 and 5.05 95 respectively.

After the electric dialysis, there was produced a precipitate of a pro-
tein-like substance in the center chamber, so the dry matter which correspond-
ed to 13-18 9 of the original enzyme substance remained in the filtrate
of the dialyzed solution. The power of the enzyme which remained was
increased up to 2.1-2.5 times the original, while its nitrogen and ash con-

8) R. FrIcKE and P. Koja:~ Ber. Deutsch. Chem. Ges. 57, 2, 310-316, 1924.
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tents were decreased to 3.5 9% and 1 9% respectively. It showed therefore
no more protein reaction, but Moriscy’s reaction of carbohydrate was shown
clearly. By the electric diffusion the substance which amounted to 169
of the original enzyme was diffused. out in the liquid of the cathodic side.

The diastatic power of this substance was increased up to 4.6 times
that of the original enzyme. It showed no MILLON’s protein reaction, but
Moriscu’s reaction of carbohydrate was evident.

The constitution of it was C,56.4 % ; H,7.9 % ; and N,3.28 %. More-
over, they mentioned that the power of starch liquefying was always accom-
panied by the power of producing maltose. Therefore there must not be
recognized the existence of two different enzymes in malt-diastase. They
noted that diastase was not damaged by protein splitting enzyme, and that
the saccharifying power was not changed by the removal of its contained
protein by means of adding Uranil acetic salt.  Thus they denied the
protein nature of diastase, because protein is not needful for its action.

In spite of their opinion, it can not yet be believed unreservedly that
the diastase may not perhaps be related to some protein-like substance,
because there still remains some nitrogenous material in their purified en-
zyme. And it must be considered that the power of enzyme should be
influenced not only by its purity, but also by the state of the enzyme in
its solution.

EXPERIMENT

A. Preparation of sample

The material used in this experiment for Koji-preparation was 3rd class
rice produced in Asahigawa, Hokkaido.  The material used for “Moto-
Koji”® was 3rd class rice produced in Banshli, Honshil; its loss in polishing
was 25 %, and the polished rice after washing and steeping contained
0.435 9% of ash (P,05, 0.285 % ; MgO, 0.045 % ; Ca0, 0.014 % ; K,O0,
0.102 9 ; Na,O, 0.025 %) in dry matter. The steeping time was I2 hours,
and the steaming time was about 1.5 hours.

Preparation of Koji : Samples of Koji No. 1- No. 6 were obtained in
the market. Moto-Koji was made by using 112.5 grms. of “Tane-Koji"®
per one “Koku” (=180.4 litres).

(1) “Moto” is a source of yeast in the course of “Sake” brewing.  “Sake” is Japanese
alcoholic liquor brewed from polished rice.
(2) “Tane-Koji” is a source of Koji infected with Asgesgilins oryzae.
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Koji and its extract: The samples of Koji prepared were all of superior
quality, and among them the Moto-Koji was the best.

The total dry matter of the extract of Moto-Koji was made as fol-
lows: 1500 c.c. of 20% alcohol were added to 760 grms. of Koji and ex-
tracted for three days and filtered, thus 1150 c.c. of the filtrate were ob-
tained. Then it was concentrated at low temperature and dried for a long
time in a sulphuric acid desiccator. 152 grms. of dry matter of the ex-
tract, cbrresponding to 20 95 of the original Koji, were obtained. = And its
ash content was estimated to be 0.357 %.

Preparation of Koji-Diastase :

Koji-Diastase used for this experiment was purified from a Koji by
LintNER’s method. The results are shown in table 1.

Preparation of semipermeable membrane :

The air bladder of a shark, and the intestine and bladder of a pig were
used in this experimet. These semipermeable membranes were soaked and
renewed for some days in distilled water, 10 %, 20 %, 30 %, 40 %, 50 %,
60 9%, 70 %, 80 9%, 90 %, 95 % alcohol and ether one after another; and
next they were soaked and washed one after another in 82 %, 70 9%, 60%,
50 %, 40 %, 30 %, 20 %, 10 9%, alcohol, and distilled water. In this pro-
gression, the time spent for soaking these membranes in the 40-50 % alcohol
was longer than in the other concentrations of alcohol, and they were
washed in 809, 909%, 9% 9%, 99 9% alcohol and ether, then dried in
the air. So five months were taken for these treatments and at last we
could find absolutely no substances dissolved in 10 9 alcohol or in distilled
water.

B. Dialysis of enzyme solution.

Dialysis: To 0.5535 gram of the enzyme substance No. I were added
50 c.c. of 10 9 alcohol solution, and the solution in a somewhat turbid
state was poured into the shark’s air bladder and dialyzed against 100 c.c.
of 10% alcohol solution in a cool place; at certain intervals the renewal of
the outer solution was made repeatedly; the removed solutions after be-
ing added with a little toluene were kept at room temperature for ex-
periment. There was a suspense lest a change of the enzyme substance
appear on account of the contamination of microorganisms in the course
of the dialysis experiment for 10 months, but such a defect was not seen.
The number of days after the beginning of dialysis, the time allowed for
diffusion and the hydrogen ion concentration of the outer and inner (residual)



STUDIES ON THE NATURE OF “KOJI-DIASTASE” 263

solution®? are shown in table 2. It is provided that the number with
dash in parentheses is that of the inner residual solution corresponding to
the outer solution of the same number. I’ is a sample of the outer solu-
tion taken in 30 hours of dialysis, and I is the outer solution at the time
of first renewal.

In the course of dialysis, the renewed outer solution did not always
hold the amount of 100 c.c. which was added at every time of renewal.
From I to XXXV, the outer solution decreased and the inner solution
increased remarkably; while from XXXVI to XL, the outer solution de-
creased slightly and the inner solution showed a slight tendency of increase,
And after XLI, the osmotic pressures of both solutions seem to be nearly
in equilibrium, showing almost no change in their quantities. As seen in
the previous table, 10 c.c.,, 10 c,c., I5 c.c. and 15 c.c. of the inner solution
were used respectively in XV, XXII. XXVI and XXXV renewals for the
examination of enzymic power in a state of dilution or in its original state.
And, there were 30 c.c. of inner solution remaining at the end of the dialy-
sis. It is self evident that the inner solution which was 50 c.c. in the be-
ginning has become in total 80 c.c. (304 10+ 10+ 1§+ 15) in the course of
dialysis. So the increasing of the inner solution seems to be 60 9%.

From the results of this experiment, it can not be denied that not
only inorganic substances, general crystalloids -and other impurities but also
some kinds of enzymes aré permeated from the membrane.

Moreover the diffusing phenomenon seems to occur very slowly, con-
tinuing for a long time, and, of course, the manner of changes of the en-
zymic activity of the outer and inner solution differs according to the dif-
ferent kinds of enzymes. So it is desirable to explain particularly about
the manner of the dialysis on different kinds of enzymes.

1. Permeation of carbohydrate-splitting enzyme

To 5 c.c. of I’solution were added 20 c.c. of 2 94 starch, soluble starch,
maltose or sucrose solution and 2 c.c. of toluene, placed in the thermostat
at 38°C,, and after the digestion 5 c.c. of each solution were used for the
determination of the carbohydrate splitting powers.

The starch used in this experiment is a purified kind prepared from
potatoes produced in Sapporo, the soluble starch is made from the above

(1) “Outer soluticn” means an enzyme solution diffused through semipermeable membrane
in dialysis of “Koji-Diastase”.
“Inner (residual) solution” means a dialyzed enzyme solution remaining in semiperme-
able membrane in the course of dialysis of “Koji-Diastase”.
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starch, and the maltose and sucrose are all Merck’s goods.

The saccharifying power of the enzyme solution is shown, for the sake
of convenience, with the titrated number of c.c. of KMnO, solution by
BERTRAND’s method, and 1 c.c. of KMnO, solution corresponded to 10.
26376 milligrams of Cu.  The specific viscosity was calculated from the
flowing time of samples by means of OsTWALD's viscosimeter which took
48.75 seconds for the distilled water at 33°C,

In the following tables, “Control” means the experimental result without
enzyme, using I0 % alcohol solution instead of the enzyme solution.

These remarks can also be applied to other experiments on the nature
of Koji-Diastase (II, III, IV) in so far as no explanations are found there.

The results are shown in table 3.

According to the results of this experiment, it can be recognized that
there are diastase, maltase and invertase in the ‘‘dialyzate’®, especially
the diastatic power predominating the others; and that its saccharifying
activity for the soluble starch is more powerful than for starch paste.

2. Permeation of protein-splitting enzyme

The powers of pepsin and trypsin were estimated quantitatively by
Voruarp’s casein method. The casein solution was prepared as follows:
20 grams of Merck’s casein was mixed with 200 c.c. of distilled water and
16 c.c. of normal NaOH solution in a flask of 502 c.c. capacity, shaken
well, and then 184 c.c. of distilled water was added to it. The mixture
was dissolved by warming at 85°~90°C., and used after cooling.

Estimation of the power of pepsin

To 1.1 c.c. of normal HCI solution distilled water was added to make
it 15 c.c. and then 10 c.c. of the casein solution was added to it (no pre-
cipitation of casein occured in this case); next 5 c.c. of the enzyme solu-
tion, I c.c. of distilled water and 2 c.c. of toluene were added. This mix-
ture was digested for 40 hours in the thermostat at 38°C. After. the di-
gestion, the undigested casein was made to precipitate by adding 0.5 c.c.
of normal HCI solution and 10 c.c. of 20 % Na,SO, solution. The pre-
cipitate was filtered with tared filter paper, washed with water, dried and
weighed.

(1) «Dialyzate” means an enzyme substance (in its solution) permeated through semiparme-
able membrane in dialysis of “Koji-Diastase™.
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Estimation of the power of trypsin

To the mixture of 0.5 c.c. of normal NaOH solution, 15 c.c. of distilled
water and 10 c.c. of casein solution were added 5 c.c. of the enzyme solu-
tion and 2 c.c. of toluene. The mixture was digested for 40 hours in the
thermostat at 38°C., and the remaining casein was precipitated by adding
1.5 c.c. of normal HCl solution and 10 c.c. of 20 % Na,SO, solution, and
it was filtered, washed, dried and weighed in the same manner as above.

The results are shown in table 4.

According to the results, the protease such as so-called pepsin and
trypsin, seems not to permeate the membrane.

3. Comparison of the enzymic powers between the outer
and inner solution of dialysis

A comparative study of the enzymic powers was made out with the
results as shown in table 5.

The powers of diastase, maltase and invertase of the outer solution
are always inferior to those of the inner solution. But they are not always
so, if the concentration of the solution is taken into consideration. Both
the outer and inner solution at the 35th renewal are more decreased in
their starch liquefying powers as compared with the saccharifying powers.

4, Changes of enzymic powers of the outer solution
(1) Diastase

The results are shown in table 6.

In this experiment the outer solution evidently had both the starch
liquefying and saccharifying powers, but the former seems to be compara-
tively decreased after the 3rst renewal.

The diastatic power, though it shows many changzas probably caused
by the state and concentration of the enzyme solution, seems to be gradual-
ly decreased in general. This point will be mentioned in detail in a later
chapter.

(2) Carbohydrate-splitting enzymes.

The results are shown in tables 7 and 8.

The powers of maltase and invertase in the outer solution show many
changes as seen in that of diastase. The solutions from the 36th to the
45th renewals are holding the power of decomposing starch, soluble starch
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and dextrine, but are very feeble for the sucrose. The starch and soluble
starch splitting powers of diastase and dextrine splitting power of dext-
rinase seem not always to accompany with each other owing to the con-
dition of the enzyme solution. After the 47th renewal, the enzymic powers
of in vertase, maltase and diastase all become very weak, and become
almost invisible after the goth. 1In the 52nd and §3rd renewals there is
no starch liquefying power, consequently, no saccharifying action in either
outer or inner solution. But there are found a slight saccharifying activity
for soluble starch, a trace of enzymic action of maltase, and no action of
invertase.

(3) Lipase, pepsin and trypsin

Of the 3rd renewal of dialysis, the power of lipase, pepsin and trypsin
in both the outer and the inner solution was examined as follows:

Lipase...... 20 c.c. of olive oil emulsion was mixed with 10 c.c. of
distilled water, 10 c.c. of enzyme solution and 2 c.c. of toluene, and the
mixture was digested for 40 hours in the themostat at 38°C. After the
digestion, the mixture was cooled, and the fatty acid which was produced
from olive oil by the lipase was titrated with 1/10 normal NaOH solution,
after adding 40 c.c. of 99 9 alcohol, 5 c.c. of ether and 3 drops of phenol-
phthalein, till it indicated a rose colour. The olive oil emulsion used was
prepared by heating and shaking the mixture of 270 c.c. of 2.5 9% solution
of traganth gum and 30 c.c. of olive oil. '

Pepsin and trypsin...... The estimation of pepsin and trypsin was pet-
formed by VOLHARD's casein method as previously mentioned.

The results are shown in table 9.

According to this experiment, the power of pepsin and trypsin is in-
visible, and that of lipase is nonexistent,

5. Relation between the time of dialysis and the rate
of diffusion of enzyme substance

It is already evident that at the dialysis of Koji-Diastase, diastase,
maltase and invertase are able to permeate the shark’s air bladder. It
is not difficult to imagine that a certain ratio my be held between the
amount of enzyme diffused out and the time of dialysis. But the rate of
the diffused enzyme for the unit time will be gradually decreased in general
in consequence of dilution of the inner solution caused by the repetition of
renewal. To emphasize these facts, an experiment was tried, the results
of which are shown in table r0.
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According to this experiment, the powers of the outer solutions re-
newed successively have a tendency to increase and decrease periodically,
though they decrease gradually. These results show only the power held
by every enzyme solution at the time when the XVth renewal was made,
but they do not show the absolute quantities of the enzyme. It may be
believed at least that there would exist a proportional relation between
the amount of the diffused enzyme and the time of its diffusion, if there
were no dilution or changing character of the inner solution. These will
become plain through further researches into the character of the enzyme.

C. The increasing phenomena of viscosity in the
course of starch digestion by the dialyzate

In the course of the saccharification of starch or soluble starch by the
dialyzate, the viscosity of the digested solution is often increased more
remarkably than that of the original solution or of the solution of such
as dextrine, maltose or glucose which is to be produced in the digested
solution.  This is a very interesting phenomenon for investigation of the
mechanism of starch liquefying, dextrinizing and saccharifying action by
so-called diastase.

The results of this experiment are shown in table 1I.

The specific viscosity of the digested solution shows twice as com-
pared with the original soluble starch as control, and also it is higher than
that of the digested solution of the starch paste. But the quantity of
reducing sugar produced is higher in the soluble starch than in the case
of the starch paste.

To show the relations among the mechanisms of starch decomposition
of diastase, the viscosity, the quantity of reducing sugar of the digested
solution and the color reaction by iodine in the process of its action, fur-
ther investigation was made, and the results are shown in tables 12 and 13.
The iodine reaction is shown by MULIKEN’s color standard sheet (Identi-
fication of pure organic compounds vol. I, accessory color standard sheet
A and B.) The iodine solution was 1/100 or 1/10 normal. The iodine
reaction was tested by taking 2 c.c. of each sample for 63 hours diges-
tion, and by taking 5 c.c. of each for 148 hours digestion.

It is noteworthy that the above results show a similar tendency with
the previous experiment shown in table II.

The power of diastase permeated through the shark’s membrane is
comparatively strong, though the concentration of its solution is very low.



268 MITSUJI ITO

And owing to the lapse of time after its permeation, it seems to attain a
special state as compared with the ordinary enzyme. So, it seems to
show an extraordinary phenomenon in its action, such as increasing of
viscosity with much deposition of dextrine. This probably shows that the
dextrine saccharifying action of the diastase seems to have occurred very
slowly as compared with its starch dextrinizing action. The cause of such
phenomenon is perhaps the lack of the diastatic enzyme substance.

Next, the relation between the saccharifying action of diastase and the
viscosity of the digested solution must be considered. For example, when
No. XXV of the outer solution is compared with No, XXXIII in case of
5 hours digestion for starch paste, the viscosity of the latter is about 3.3
times higher than the former, that is, the liquefying power of the latter
must be thought comparatively low, while, on the contrary, the sacchari-
fying power of the latter is more than twice the former. Therefore, the
saccharifying action is not always accompanied by the viscosity or its
liquefying action. Moreover, though the comparative number representing
the production of reducing sugar of the latter is 5.35, the viscosity is 8.718,
being higher than that (6.876) of the control test of starch paste that is
not acted upon by enzyme. Thus, even in the case of starch, it is recog-
nized that there are often cases in which the viscosity increases during
the digestion as in the case of the soluble starch.  This phenomenon is
especially worthy of attention.

The degree of starch and soluble starch saccharifying action of diastase
is not always accompanied by the degree of iodine colour reaction. The
degree of the colour reaction is very different according to the nature of
the remaining materials in the digested solution as well as to the quantity
of iodine used, as seen in the above tables.

D. Change of the enzymic power of outer solution
by its preservation

When the renewed outer solution was preserved successively and used
for starch decomposition at the same time, there was often seen some un-
expected difference in the enzymic power as shown in table 14.

According to this experiment, it will be recognized that even when
the surface area of diffusion and the diffusing hours are the same, great

s appear in the powers of liquefaction, saccharification, maltose de-

composition and sucrose decomposition, on account of the difference of the
time preserved after the renewal of the solution. And the change of each
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enzymic power seems to be somewhat periodical, according to the lapse of
the time preserved as seen in the table.  This point will be explained
in detail in the following sections.

E. Periodical turbid phenomena of the enzyme substance in
the outer solution renewed and preserved successively

When the outer solution is renewed and preserved, the solution be-
comes gradually turbid, though it is transparent at first. And the turbid
solution becomes transparent again. This phenomenon was found to occur
periodically for a long time.

The results are shown in table 15.

The cause of this phenomenon can not be easily explained. It has
already been ascertained that such phenomenon does not occur in 10 9% al-
cohol, toluene or air bladder’s extract themselves. It must take place
by changing the state of the diffused enzyme substance of Koji-Diastase.
In order to explain this fact, a comparative study of the enzymic powers
of diffused enzyme solutions before and after the turbidity, in turbid state,
and immediately after the renewal was carried out.

The results are shown in table 16.

The samples XXIII-XXVI are obtained successively by dialysis for
about 96 hours, and the concentration of them will be about equal or rather
decreased somewhat gradually. But the solution of 4 days after its renewal
is lowest in its power and is turbid, that of 8 days is highest in power and
is transparent, and the solution immediately after its renewal is high in
power and is transparent.  Furthermore, the solution of 8 days, after its
renewal, was once turbid and decreased its power extremely, but after
some days it recovered its soluble and dissociated state, and its enzymic
power as well. Considering these facts, it may be said that the enzymic
power ‘is not only related to the concentration of enzyme, but also to the
colloidal state of the enzyme itself.

F. Relation between the enzymic power and the periodical
change of pH value of the outer solution renewed
and preserved sucecessively

When about 100 c.c. of the outer solution is renewed continuously
in each certain time interval, the pH value of the diffused solution is nearly
neutral at the beginning, but with a repetition of its renewal, the solution
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gradually becomes acidic. ~When the pH value of the diffused solutions
which have been preserved is measured at the certain time, though the
value of them holds a tendency of gradual decrease, there is shown clearly a
periodical change. These facts can also be presumed from the periodical
transparency and turbidity, and the periodical increase and decrease of the
enzymic power. These will be made plainer by the following experiments.

1. pH value of the outer solution

The indicator used in this experiment is brom thymol blue, and the
results are shown in table 17, ,

According to the experiment, each permeated enzyme solution seems
to become acidic gradually with repetition of renewal.

2. Change of pH value during the preservation of the outer solution

(1) The pH value of cach outer solution which is diluted at the rate
of the same diffusing time (19.2 hours).

The results are shown in table 18.

To show the state of the change of pH value of each solution put
aside for different days, experiments were made with the sample which
was diluted by 10 94 alcohol solution at the rate of diffusion for 19.2 hours.
From the results it can be recognized that the state of the enzyme sub-
stance in the solution is changing continuously, in spite of the fact that
the pH value becomes gradually acidic with repetition of the renewals as
seen in the previous experiment. The periodical change of the pH value
must also unquestionably be a proof of this fact.

(2) Change of pH value of the outer solution in the course of its pre-
servation (shown in table 19).

It is already obvious that the diffused solution of Koji-Diastase changes
its pH value during preservation. It is also necessary to investigate the
relation between the enzymic power of the solution and its hydrogen ion

. concentration.

3. Relation betwesn the enzymic power and the change
of pH value of the outer solution

It is generally known that the enzymic power has a close relation with
n

the hudrooen ion concenteatinn Notice muct he talze
the hydreogen ion con Cenfration, AINOTICC must De take

1 of this point in

these experiments.

For convenience, the optimum pH value which has been published by
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many investigators, and the pH value of the substrates used in this ex-
periment will be tabulated in tables 20 and 21,

(1) Carbohydrate splitting enzymes, especially diastase, maltase and
a little invertase, seem to exist comparatively largely in the dialyzate of
Koji-Diastase. So the relation between the enzymic power and the change
of the pH value was next investigated in detail with the following results
in tables 22 and 23.

According to the results, the periodical change of the diffused so-
lution has a most important relation with the liquefying and saccharifying
powers on starch, soluble starch and dextrine, and with the decomposing
power on maltose.

The saccharifying action is almost proportional to the increase of
hydrogen ion concentration, but the liquefying power is not always ac-
companied by this relation.

Even when the pH value is equal, the power will be different, accor-
ding to the position of the periodical changes, namely, it may be different
depending upon whether the pH value is increasing or decreasing. The
relation between the pH value and the saccharifying power of dextrine is
the same as in the case of the soluble starch, and also is similar to that
of the decomposition of maltose.

(2) To compare the relation between the enzymic activity and the
change of the pH value, the next experiment was made, and the following
results were obtained (in table 24).

From the results of the previous experiments it must be recognized
that, although the strength of the enzymic power depends upon the con-
centration of the enzyme, it is rather closely relatde with the state of the
enzyme itself in the solution. The phenomenon of the periodical change
of the enzymic power occurs correlatively with the change of the pH value
which is caused by the difference of dissociation of the enzyme. For ex-
ample, Koji-Diastase has a tendency to become acidic in the dissociated
state, and to become neutral in the comparatively undissociated state. It
may be recognized that the enzyme substance raises its acidity by the
decreasing of ash ingredients in it. And this ash ingredient of the enzyme
seems to take an important role in its starch liquefying action, and by the
mutual action of all the ingredients the saccharifying action of starch seems
to be completed.
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G. Change of the enzymic power of the outer solution
by the dialysis of Koji-Diastase

According to the results of the dialysis experiment which has been
tried as a method of enzyme purification, it has been generally recognized
that the enzymic power decreases by the removing of ash ingredients.
In fact, in the dialysis of Koji-Diastase performed with the shark’s air
bladder, the enzymic power is decreased gradually not only by the de-
crease of its ash ingredient but also by the decrease of the enzyme sub-
stance in the inner solution, until it disappears at last.

On the other hand, as it is seen in the above experiment, the outer
solution has a comparatively strong diastatic power as long as the inner
solution holds the diastatic enzyme substance, in other words, as long as
the ash ingredient and other substances are in the dialyzate. So, neces-
sarily, doubts occur about the idea which has been held up to the present
time. In regard to the many dialysis experiments performed up to this
time, it must be considered that the diffused substance is not ash in-
gredient only, which has no relation to the enzymic action, and that the
decrease of the enzymic power in the inner solution is due not only to
changing of the enzymic character, caused by the removing of the impuri-
ties, but rather by the decrease of the enzyme substance itself and the des-
truction of the internal parts of the enzyme substance. _

Therefore, the next experiment was performed in order to compare
the enzymic power between all the outer solution obtained by the dialysis
experiment and the corresponding concentrated original enzyme solution
prepared by dissolving the original purified enzyme substance. Here “a”
is the solution containing 0.4974 gram of the diffused enzyme substance
in 5 liters of 10 9% alcohol solution, and the concentration of it is 0.009948
9%, This 0.4974 gram of the diffused enzyme substance is obtained from
the renewed solutions from I to XL, dialyzing 0.5535 gram of the original
purified enzyme substance which is obtained from 159.5 grams of rice
Koji. “b” is the solution containing 0.5535 gram of the original purified
enzyme substance in § liters of 10 9% alcohol solution, and its concentra-
tion is 0.01107 9. And “c” is the control, only a 10 9 alcohol solution -
without enzyme. The results are shown in table 25.

According to the results of this experiment, Koji-Diastase is permeated
almest perfectly through the shark’s air bladder, and the power of the
diffused enzyme solution is markedly increased as compared with that of
the corresponding concentrated original enzyme solution. The cause of
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the fact is supposed to be the result of diffusion from the membrane and
of removal of the residual matter. So that the former is holding mostly
the dissociated state, while the latter is naturally holding the associated
form.  This not only shows the relation betwen the activity and the
physical and chemical forms of diastase, but establishes a fundamental sug-
gestion for the nature of the general enzymes and their actions.

H. Dialysis of Koji-Diastase performed with various
semipermeable membranes

The results of the dialysis experiment of Koji-Diastase performed with
the shark’s air bladder and 10 9% alcohol solution were described above.
‘Next will be reported the results of the further experiments tried, using
three kinds of membranes (air bladder, intestine membrane and bladder)
and 2 kinds of solutions (10 96 alcohol solution and water solution).

Dialysis :— Began Jan. 18, 1927.

Sample used is the mixture of purified Koji-Diastase No. 2—No. 6,
and the results are shown in table 26.

1. Renewal of the outer solution

The renewal of the outer solutions is performed as seen in table 27,
making the various combinations (1-6) of membranes and solutions, and
observation was made individually upon the diffused solutions divided into
3 periods (I-III).

Table 28 shows the change of volume of the inner residual solution
which occurred from the difference of the osmotic pressure between the
outer and inner solutions.

According to these results it is indicated in general that the increasing
of volume of the inner solution ceases in the water solution of Koji-Dias-
tase sooner than that in the 10 9% alcohol solution.

2. Change of the enzymic power in the outer
and inner solution
(a) Carbohydrate-splitting enzyme
There were mixed together 20 c.c. of the 2 9 solution of substrate,

2 c.c. of toluene and 2 c.c, of the enzyme solution, placed in the ther-
mostat at 38°C., and each 5 c.c. was taken as a sample for examination.
Its enzymic power is expressed by c.c. of the titrated KMnO, solution,
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here 1 c.c. of KMnO, solution corresponds to 9.945 mgs. of Cu. This
solution is applied in all the following experiments. The results are shown
in table 29. ,

From the results of this experiment, it is indicated that the order of
diffusion of diastase, maltase and invertase is almost similar with the results
of investigation previously mentioned. The velocity of permeation of the
enzyme is generally greater in aqueous solution than in 10 95 alcohol
solution.  This fact perhaps depends upon the nature of the membrane
and the degree of dissociation of the enzyme in the solutions. Considering
the several points, the diffusion velocity of enzyme substances by difference
of semipermeable membranes is in the order of the air bladder, intestine
membrane and bladder membrane. Besides, observing the enzyme sub-
stance of the inner solution, there is yet remaining the powerful activity
of splitting carbohydrate even in the case of the 25th renewal.

From the above experiments, it is considered reasonable that the dif-
fusion of ash as an impurity at first occurs and afterwards of the enzyme
substances themselves,  Furthermore, it may be considered that easily
diffusible parts of the enzyme substance mainly pass through at first, ac-
cording to the kind of membrane used and the state of its solution; and
if to such an abnormal enzyme solution is added the material to be
decomposed, there must occur an abnormal reaction. For instance, in the
case of “6” which is the outer solution of the 8th renewal in the table,
when it reacted to the maltose, the decreasing of the reducing power in
comparison with the control was assured. And a new phenomenon, as
an abnormal reaction which is difficult to explain, was observed from the
results of the enzymic action of the 12th renewal dialyzates for glucose
in every 21.5 hrs. and 67 hrs. That is, in the reaction of the 21.5 hours
the values of the enzymic activity of each outer solution (I1-6) express-
ed by KMnO, solution are from minimum 2.40 c.c. to maximum 3.00 c.c.
against 14.20 c.c. in glucose solution used (control); while in the reaction
of the 67 hours these are from minimum 13.60 c. c. to maximum 14.60 c.c.
against 13.80 c. c. in glucose solution.

(b) Protease

VOLHARD's casein method is used in this experiment for the estimation
of the power of protease, namely pepsin and trypsin as previously mentioned,
and the results are shown in table 30.

According to the results of this experiment, as in the result of the
previous case, neither pepsin nor trypsin exists in the dialyzate, but these
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actions are to be recognized very slightly in the inner residual solution.

(¢) Lipase

Ten c.c. of oil emulsion, 5 c.c. of enzyme solution, 5 c.c. of distilled
water and 2 c.c. of toluene were mixed together, placed for 40 hrs. at
38°C.  After it was cooled, 40 c.c. of 99 % alcohol, § c.c. of ether and
3 drops of phenolphthalein were added. The mixture was then used for
titration by 1/10 normal NaOH soclution until it became rose color. The
results are shown in table 3I.

According to the results of this experiment, the power of the lipase
is almost negligible.

3. Change of pH value of the outer and inner solution

The results are shown in table 32.

The results obtained indicate that both inner and outer solutions have
a tendency to increase the hydrogen ion concentration according to the
repetition of renewals. Also by preserving these solutions the periodical
change of pH value is brought about as a result of continuous associating
and dissociating phenomena as mentioned already.

SUMMARY

(1) When 109 alcohol solution of Koji-Diastase is poured into the
shark’s air bladder which is placed in 10 9% alcohol solution, the diastase
is diffused through the membrane.

When the outer solution is continuously renewed with the alcohol
solution 35 times (for 110 days), though the enzymic power of the outer
and inner solution shows a tendency of gradual decrease, it still holds
powerful activity, and at the 40th renewal (130 days) the power is de-
creased remarkably, and disappeared entirely at more than 50 times (about
8 months).

So, the carbohydrate splitting enzyme substance seems to be diffused
entirely in 47-50 times of renewal.

(2) Pepsin and trypsin in Koji-Diastase solution are not diffused
through the shark’s air bladder, invertase is slightly diffused, and maltase
is also diffusible, but. more slowly than diastase.

(3) The diastatic power of the diffused enzyme solution is increased
as compared with the original enzyme solution of the same concentration,

(4) In the course of the saccharification of starch or soluble starch
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by the diffused enzyme solution, the viscosity of the digested solution is
frequently much more increased than that of the original solution or the
solution of any substance which is supposed to be produced in the digested
solution. In this case the content of sugar produced is not always small,
but still deposits much dextrine, as compared with the ordinary case in which
the viscosity is not increased. This seems to be a good phenomenon for
research into the saccharifying mechanism of diastase. ~ And this fact seems
to be a certification showing the continuous phases of molecular association
and dissociation between the enzyme substance and the substrate or the
intermediate products in the saccharifying process.

(5) When every diffused enzyme solution, which is renewed and pre-
served successively, is observed on the whole, there occurs a periodical
turbid phenomenon. This is perhaps due also to the periodical associating
and dissociating character among the enzymic ingredients.

(6) The pH value of the diffused enzyme solution is nearly neutral
at the beginning, and with repetitions of the renewal it becomes gradually
acidic.

But the hydrogen ion concentration of every outer solution seems to
express the periodical change according to the turbidity as previously men-
tioned, and when the turbidity is high the acidity is low, vice versa. Con-
sequently, it is supposed that this is due to the difference of the intermediate
product owing to the dissociation and undissociation degree of the enzyme
substance.

(7) The diastatic power of the outer solution has a tendency to de-
crease gradually with repetition of the renewal, the solution being diluted
gradually. There is also the periodical change in the enzymic power of
the diffused solution, namely, when the solution is transparent and its
hydrogen ion concentration is high, its activity is comparatively powerful,
while it is weak in the contrary condition.

{8) When an outer solution is preserved for a long time, there occurs
also a periodical change in its turbidity, hydrogen ion concentration and
enzymic power similar to what occured in the solutions successively pre-
served.  Also the enzymic activity is comparatively powerful when the
hydrogen ion concentration of the solution is high and the solution is
transparent.

Hereby, from the results of the previous investigations, it is assumed
that diastase of Koji is a kind of coalescent substance; and that it contains
at least, as one of its constitutional parts of the enzyme substance in the
adsorbing state, a kind of amphoteric compound which has one or more
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basic' and acidic radicals. ‘

From this assumption it can be easily undérstood, by the various
phenomena previously mentioned, that, when the enzyme substance in its
solution is présent in the dissociated state, the solution'is transparent, its
hydrogen ion concentration is high and the enzymic power is strong. On
the contrary when it is in the associated state, the solution is generally
turbid, the hydrogen ion-concentration is low and at the same time weak
in its: enzymic powet.

'A IIT. The Relation between the Action of Starch Decomposition
of “Koji-Diastase” and its Ash, Protein and Carbohydrate

The opinion that the diastase may be a protein-like substance has
been advocated by many scholars. SHERMAN’s opinion™ favouring this view
depends on the increasing of the protein reaction by purifying diastase,
and that of BIEDERMANN '™ depends upon the fact that he found the
action of starch decomposition by protein-like substances such as albumo-
ses, polypeptides and amino acids. On the contrary, there are some schol-
ars, like FrIcKE and Koja® and others, who assert the non protein-like
substance of diastase from the appearance of the reaction of carbohydrate
and the absence of any kind of protein reaction of the diastatic enzyme
substance which was purified by a method different from the former au-
thors.

But it has never been reported clearly that, when any purified enzyme
substance which'is carbohydrate-like or protein-like acts on starch, the ash
ingredient or other matter which coexists with the enzymic substance or
its substrate must rather-be treated as an important part of the enzyme
substance for the enzymic action.

Through present investigations on Koji-Diastase and the numerous
works which have been published on enzymes, especially on diastase, it
is to be considered that there are intimate relations between the action of
starch decomposition of Koji-Diastase and its ash, protein, and carbohydrate.
Furthermore, it is probable that the diastase is not merely a sort of protein
or carbohydrate, but rather it should be considered that the diastase of
Koji is a kind of coalescent substance consisting of several materials which

g) H. C. SHERMAN and A. P. TANBERG:~ J. Am. Chem, Soc. 38, 1638, 1916.

10) W. BIEDERMANN :~ Miinch. med. Wochenschr. 68, 692-693, 1921; C. A. 17, 564.
11) W. BIEDERMANN:- Arch. ue Land-physiol. 7, 151-156, 1922; C. A. 17, 564.

8) R. Frickk and P. Koja:- Ber. Deutsch. Chem. Ges. 57, 2, 310-316, 1924.
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are related with ash, protein, carbohydrate, and some other materials.

Here, the author wishes to propound the “Poly-constituent Theory”
of Koji-Diastase, and in order to explain the foundation of the hypothesis
experimentally, the nature of the ash, protein, and carbohydrate of Koji-
Diastase must necessarily be examined. The purpose of this research is
different fundamentally, to a great extent, from that of many other inves-
tigators.  Though our opinion about the nature of diastase might be al-
ready inferred by what has been previously written, the effort was made
to ascertain this view by the following detailed experiments.

Samples used in this experiment are the Koji-Diastase No. 2-No. 6
and that of “Moto-Koji” purified by LiNTNER's method.  But these are
not still considered as perfectly pure enzyme substance.

A. Ash ingredient of “Koji-Diastase”

In Koji-Diastase that has been purified until now by any method, it
is always recognized that the enzymic material which holds the power of
starch decomposition contains ash ingredient. And as it is presumed that
the ash is rather considered to be an important ingredient of Koji-Diastase
according to many investigations, advanced researches are attempted here.

1. Percentage of ash in ‘‘Koji-Diastase™

It is naturally observed that there are two parts of ash in the mate~
rial of Koji-Diastase. One of them is to be considered as an adsorbing
constituent of the diastatic substance having a relation to enzymic action,
or rather, as a chemical constituent of enzyme substance, and the other
part is to be called an impurity.

 (a) Percentage of ash in purified ‘‘Koji-Diastase”

The ash, in this case, means crude ash, and its percentage in various
samples is shown in table 33. .

From these results it can be seen that Koji-Diastase obtained from
material sold on the market by LINTNER's method contains about 11 9% of
ash, and the one made from “Moto-Koji”" contains about 4.7 %. There-
fore, although the percentage of ash in purified Koji-Diastase is not always
definite, from this table the outline of it can be seen.

(b) Distribution of ash in the dialyzate and dialyzed substance of “Koji-
Diastase”

The distribution of ash in the diffused and the remaining substance
in dialysis of Koji-Diastase is shown in table 34.
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The ash content of each diffused enzyme substance classified by the
method of dialysis shows an average 15.927 % in period I, 8.078 9% in .
period II and 8.285 ¢ in period III respectively as against '11.050 %
of the original enzyme substance, and in the dialyzed enzyme substance
it is 4.8009, and also in the total dialyzate it is 12.592 9. The ash
content of the diffused enzyme substance is very large against that of the
dialyzed enzyme substance. But as long as the enzymic power of starch
decomposition is not lost, the ash ingredient is contained in the substance.

That is, observing the change of the ash content of the dialyzates in the
periods from I to III of the dialysis experimet, it may be said that after
the period Il the diffusion of the enzyme substance is principally going
on in the almost constant ratio of the enzymic constituents. And general-
ly, it-may be known that as long as the diastatic activity of dialyzate is
strong, 7-8 % of ash is always contained as in the case of II and III
periods.

(¢) Relation between the ash content and the diastatic power of dialyzed

enzyme solution

The purpose of this experiment is to know the relation between the
diastatic power and the ash of enzyme substance in the inner solution
after the renewals of the outer solution. The samples used in this ex-
periment are the dialyzed solutions after the 25th renewal, which are ob-
tained at the end of the experiment previously mentioned; and each of
these solutions is diluted to the same degree in volume, using the case
of 5" as the standard (distilled water and pig’s bladder).

To 25 c.c. of 29 solution of substrate were added 5 c.c. of enzyme
solution and 2 c.c. of toluene. The mixture was digested at 38°C. for
24 hrs., and then 5 c.c. of the solution was used for the experiment.

The results are shown in table 3.

According to the results of this and previous experimets, it will be
recognized that there is an important relation between the ash content and
the action of starch decomposition of dialyzed enzyme solution. Actually,
the solution containing the larger amount of ash is more powerful than
that of the smaller one in respect to starch splitting activity. It is also to
be said that the one which has the larger amount of ash contains the larger
amount of total enzymic substance as well; and at the same time it shall
be explained that the enzymic action will be able to occur as long as the
enzymic constituents of diastase are still left in the dialyzed solution.
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2. Quantitative analysis of the constituents of ash ingredient
contained in ‘“Koji-Diastase”

The results of quantitative analysis of the main constituents af 'ash
contained in Koji-Diastase are shown in table 36.

According to this experiment, the largest constituent in total ash
of Koji-Diastase is P,Oj, and next CaO, K,0 and MgO, for instance, the
percentage of mineral constituents in dialyzate II is P,Oy, 19.885; CaO,
17.003; K,0, 19.715; SOy, 12.104; and MgO, 1095. But among the
main constituents of the ash in the inner solution, the contents of Fe,Oj4
and Al,O4 are much larger as compared with the other mineral consti-
tuents above mentioned. Therefore, it is possible to consider from the
above experiments and others that P,O,, MgO, K,O and CaO are very
naturally to be cited as the ash components which have the most im-
portant relations to the starch decomposition of Koji-Diastase,

3. Influeace of the mineral matters uppon the astion of
carbohydrate decomposition

Sample and process used for this experiment were as follows:

The inner residual solution.

Control 1. To 2.5 c.c. of the inner solution (LLIII’) which is in the
case of “B-G” in chapter “II” after the renewal of the outer solution LIIL,
2.5 c.c. of distilled water was added. . (Original inner residual solution).. ;

a) To 2.5 c.c. of the above mentioned (LIII'). was added .2.5 c.c.. of
the mixture of the outer solution I-IV which. had an enzymic activity;
but became inactive after beiling for 5 hours, and was concentrated to half
volume, This concentrated solution was used for supplying ash ingredient
in the dialyzates I-IV, and, though ether substances were .present in the
solution, there was no diastatic activity. . :

b) To 2.5 c.c. of the above mentioned  inner residual qolutlon was
added 2.5 c.c. of the solution containing 0.2 9% of NazHP04 and 0.125 9%
of MgCI

- The outer 'solution.

- Control 2. To the mixture of the outer solutlons I—IV Wthh had
been already concentrated to half volume by b01l1ng as above was added
2.5 c.c. of 109 alcohol solution. , )

¢) To 2.5 c.c. of the outer solutlon XLV in chapter I¥ was added 2.

c.c. of the mixture of the solutions I-IV which hau been

AV 5 S

trated to the half volume as before mentioned.
d) To 2.5 cc. of solution XLV above mentioned was added 25
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‘c.c. of the solution containing 0.2 % of Na,HPO, and 0.125 9% of MgCl,.
Control 3. To- 2.5 c.c. of solution XLV.wasfadded 2.5 C.C. of‘IO“%
alcohol solution. T o -

Mineral. salts - (used instead of ash)

Control 4. To 2.5 c.c. of the solution containing 0.2 96 of Na,HPO,
and 0.125 95 of MgCl, was added 2.5 c.c. of 109 alcchol solution.

To 25 c.c. of 29 solution of substrate were added 5 c.c. of each
sample and 2 c.c. of toluene. And after the digestion at 38°C. for 15 hrs,,
the sample 5 c.c. was taken for examination,

The results are shown in table 37.

According to the results shown by both the outer and the inner solu-
tion after the continuous renewal of dialyzate, even if it is so djlute in con-
centration of all ingredients of enzyme that the influence of ash, especial-
ly PO4-ion and Mg-ion, upon the enzymic activity is very small, it will
be recognized at least that there is a promoting mﬂuence upon the starch
liquefying and saccharlfymg actmty :

' B. The protein-like substnnce contained in “Koji-Diastase”

As has already been described, it is impossible to- accept the idea
that diastase of Koji only a single compound which belongs to a protein-
like substance, carbohydrate or any other substance. Most of the purified
diastatic enzyme substances which are obtained by any method generally
show some reactions of protein.  Although some do not show the reac-
tion, there has never been prepared any sample in which some nitrogenous
substance is not contained. :

From the above studies, it can be said that in diastase of Koji there
is contained at least some protein-like substance as part of its constituent.
To prove this conception detailed experiments were performed as stated in
the followmg

1. Protein reaction of purified “Ko_]x Dlastase” .

It has been recognized. already that the Ko;l-Dlastase purxﬁed by
Linryer’s method and the substance obtained further by the electric cata-
photesis or the substances which are purified fractionally: from-the original
substance by alcohol of different concentrations have -all the precipitation
reaction by boiling or other- methods and show color. reactions~for piotein
such as Brurer, Xantho-protein and MILLON's reactions. : But more detail-
ed experimets are made, using the original enzyme- substance and samples
related to this enzyme. - » .
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The results are shown in table 38.

In the table, the parenthesis means the reaction which did not dis-
tinctly appear (this is applied in all the following experiments). It is evident
from the results that the purified Koji-Diastase and many other diastatic en-
zyme substances show many color reactions for proteins except lead sulphide
reaction. The solutions of Koji-Diastase, malt-Diastase, germinated unhull-
ed rice Diastase, Taka-Diastase and “Pepsinum” (a market article) yield
the precipitation reaction by boiling; and also there occurs the precipita-
tion by addition of sodium sulphate, basic lead acetate or others, but no
HELLER's reaction at all.

2. Protein reaction of the dialyzate and dialyzed
substance of “Koji-Diastase”

Samples used in this experiment are prepared as follows:—

Dialyzate No. 1 is prepared by gathering the dialyzates which are
renewed continuously in the dialysis of Koji-Diastase No. I (same sample
as in the case of “B—G” in chapter “II”’), and by concentrating them at
low temperature.

Dialyzate No. 2 is prepared by mixing I and 1I which are two of
the three kinds of dialyzate I, II and III in the experiment of dialysis of
Koji-Diastase of No. 2—No. 6 (same sample as in the case of “H” in
chapter “II").

Dialyzed substance is prepared by continuous renewal of the outer
solution I-II (after 25 times of renewal).

The results are shown in table 39,

In view of the qualitative reaction of the protein above mentioned, the
precipitation reaction by boiling or chernical reagents is seen in the purified
Koji-Diastase itself and in its dialyzed solution, but it is not shown in
the portion which is diffused. Therefore, it is reasonable to consider that
the protein-like substance having relation to Koji-Diastase must be at least
a compound of a lower class than peptone.

As to the color reaction, the BIURET reaction is observed in every
case. This reaction, it is said, is present in the polypeptides higher than
tripeptide, and by ScHIFF it is said that the reaction is due to the radicals
such as -CONH,, -CSNH,, -C(OH)NH,, -CH, and -NH,. A red color
which is common for albumin and peptone is shown especially when the
dialyzate was applied. Therefore, for the reasons above mentioned, the exis-
tence of a peptone-like substance can be recognized at least in a diastase
solution, The MILLON’s reaction is present in every case of the enzyme solu-
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tion. As this reaction is thought to be produced by the oxyphenyl group,
the existence of a substance such as tyrosine may be considered in the pro-
tein-like substance. Xantho-protein, LIEBERMANN’s, NEUBAUER and ROHDE’s
and ADAMKIEWICZ's reactions, further Hopkixs and CoLe’s glyoxylic acid
reaction are all observable. And according to HorriNs and Cork there
can be recognized the existence of a compound with an indole group such
as tryptophane. The existence of a compound such as tyrosine or histidine
can be recognized by the presence of PAULY’s diazo and KNopPs' reactions ;
also the existence of protein, peptone, polypeptide or amino acid through
Ninhydrin reaction is evident.

Therefore, as for the protein-like substance related to the starch split-
ting activity of diastase, it can be mentioned that monoamine-acid, diamino-
acid or some kind of polypeptides lower than peptone is present in the
enzyme substance.

3. Classification of nitrogenous substances of various forms in
“Koji-Diastase” and its hydrolysis products

To find out the nature of the ingredient of the protein-like substance
just described, the following quantitative analysis of amino acid and the other
nitrogenous substance was carried out according to VAN SLYKE’s method.
Samples used in this experiment were the purified diastase of Moto-Koji,
and the enzyme substances of inner and outer solutions in the dialysis of
Koji-Diastase No. 2-No. 6 as previously described. And these samples
were all treated as follows.

(a) The purified Moto-Koji-Diastase was subjected to hydrolysis. To
3 grams of the sample, 20 c.c. of 20 ¢ HCI solution was added and
hydrolysed for 20 hrs. in sand bath with a reflux condenser.

(b) To 0.7795 gram of the diffused enzyme substance (in the outer
solutions I-III), 10. c.c. of 20 94 HCI solution was added and hydrolysed.

(c) To 0.3633 gram of the dialyzed enzyme substance (in the inner
solutions (1)-(6)), 10 c.c. of 20 95 HCI solution was added and hydrolysed.

(d) As preliminaries for the quantitative analysis of non-protein ni-
trogenous substance, the solution of Moto-Koji-Diastase was heated, and
the coagulated substance was filtered. The coagulum which was considered
to contain the protein was decomposed by conc. H,SO, and applied to
the estimation of nitrogen.  The filtrate which was deemed to contain
the non-protein nitrogenous substance was directly analyzed by VAN SLYKE's
method without hydrolysis.

The results are shown in table 40.
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From the results of the experiment, it is discovered that diamino acid-
N and total-N of monoamino acid are contained as a large part of the
nitrogenous substance in Koji-Diastase, and that the content of humin-N
is generally small. In the enzyme substance prepared from highly polished
rice Moto-Koji, the quantity of humin-N is especially small, while reversely
much ‘diamino acid-N is contained. In the Koji-Diastase No. 2-No. 6,
humin-N and total-N of monoamino acid are contained in a comparatively
large amount compared with that of diamino acid-N. Also it is true that,
when the diffused enzyme substance is compared with the dialyzed enzyme,
a comparatively larger quantity of total-N of monoamino acid than diamino
acid-N is contained in the former. No ammonia-N and amide-N are
found in any cases.

4. On the content of nitrogenous substance in every
enzyme substance separated by the dialysis

From the results of the dialysis made by three kinds of membranes
as previous, it is deemed that the Koji-Diastase has the nature to permeate
comparatively easily through the semipermeable membranes. The state of
distribution of the nitrogenous substance in every dialyzate and residual
enzyme substance is as shown in the following table. TFor the quanti-
tative analysis of nitrogenous substance, the Micro-KJELDARL method was
used.

(a) Five hundred fifty three-thousandths grm. of the Koji-Diastase
which contained 6.028 95 of nitrogen was dissolved in the 10 95 alcohol
solution, put in the shark’s air bladder and dialyzed against 10 95 alcohol
solution.  After 50 times renewal of the outer solution during 8 months
of the dialysis, 0.4974 grm. of the enzyme substance was diffused out, and
0.0561 grm. was still remaining in the membrane, and the nitrogen con-
tent in the former was 5.055 95, and that of the latter was 14.911 95.
Therefore, it seems reasonable to conclude that the substance remaining in
the membrane is mainly protein.

(b) The rate of the nitrogenous substance in every enzyme substance
separated by dialysis in the case of “H” in chapter “II”, and its rate in
other samples used as control, as well as the rate of the other consti-
tuents such as non-nitrogenous substance and ash ingredient were inves-
tigated.

The results are shown in table 41I.

According to this table the content of the nitrogenous substances in
the diffused enzyme substance is ‘smaller as compared with that of the
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original enzyme substance of Koji-Diastase, and, reversely in the residual
substance it is larger in comparison with the original. For instance in the
original Koji-Diastase No. 2-No. 6 the average content of nitrogenous
matter is 37.725 9% ; but it averages 31.200 95 in the diffused enzyme sub-
stance in I-period, 26.319 9 in II-period, and 15.281 ¢4 in I1I-period; and
44.107 9 in the dialyzed enzyme substance. Next in I-period of the
dialyzate the ash content increases to 15.950 ¢4 from I11.050 95 in the
original enzyme substance, this increase being 4.900 2. At the same
time the decrease of carbohydrate is shown in this case. Therefore, it is
evident that the diffusion ratio of nitrogenous substance is decreased in
each case after Il-period of dialysis. The velocity of the diffusion of Koji-
Diastase is different according to the difference of the membrane used, and
at the same time the diffusion velocity of the constituents differs each from
the other. When the component ratio in dialyzate is suited to the enzymic
constituents, the power is considered to be strong; and when that is not
suited, its activity is considered to be weak, showing sometimes abnormal
reaction. And also it is possible that there exists some kind of non-nit-
rogenous substance which has no reducing character when the analytical
sum of the nitrogenous substance, carbohydrate and ash ingredinet differs
from 1CO 9 as seen in the table. And now it is recognized that the
quantity of the nitrogenous substance in the constituents of Koji-Diastase
is about 30 9% and is always less than the carbohydrate.

C. The carbohydrate in “Koji-Diastase”

The purified enzyme substance produced by any method shows evi-
dently the reaction of carbohydrate. From the results of many experi-
ments up to this time, it may be considered that Koji-Diastase contains
some kind of carbohydrates in its constituents. So to prove this point the
following experiments were made.

1. Reactions of carbohydrate in ‘Koji-Diastase”

The qualitative reaction of the carbohydrate in Koji-Diastase and its
diffused and dialyzed substances were examined. At the same time the
experiments with the enzyme substances of the malt-Diastase, germinated
unhulled rice-Diastase and artificial complex of protein-like substance, car-
bohydrate and mineral matter were performed also for reference. Here
the dialyzate I+1I in the case of “H” in chapter “I1” and the dialyzed
substance in the same case (this dialyzed substance is obtained after the
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25th renewal of the outer solution) were used. And the results are shown
in table 42.

According to this experiment, the existence of aldohexose is supposed
in Koji-Diastase, but there is no ketose. Also there are the reactions of
pentose and methyl pentose. Glucose and maltose are present a little in
the enzyme substance, but they can not be recognized as the principal
constituents. It is reasonable to consider that the carbohydate as the con-
stituent of the enzyme substance is some kind of substance which is able
at least to diffuse through semipermeable membranes, and able to produce
the glucose, other reducing sugar, or some other decomposed substance.

2. On the content of carbohydrate in every enzyme
substance of “Koji-Diastase” separated by dialysis

The composition of the enzyme substance separated by the dialysis is
different from the original enzyme substance. And the ratio of ash and
protein differs according to the kind of semipermeable membrane used, the
nature of the enzyme solution and the period of the renewal of the outer
solution. ~ Also this difference may be due to the nature or condition of
the constituents of the enzyme substance. So, the content of carbohydrate
is next investigated as follows: One gram of the enzymic material was
dissolved in 80 c.c. of distilled water, and 8 c.c. of 1.125 95 HCI was
added and hydrolyzed by heating in the water bath for 3 hours with a
condenser, and it was used for the estimation of reducing sugar.

The results are shown in table 43.

The rate of diffusion of carbohydrate in Koji-Diastase is slow as
compared with the other nitrogenous substance and ash in the beginning
of the dialysis; and also the rate of its diffusion is different according to
the kind of semipermeable membranes used its velocity being in the
order of air-bladder, intestine mebmrane and pig’s bladder membrane. But
it is possible to believe that the diffusion rate of all the constituents of
the enzyme substance is almost constant in the middle and later stages
of dialysis. The content of the material that has the reducing power as
carbohydrate in every separated enzyme substance is comparatively small.
But the greater part of the carbohydrate is to be changed into reducing
sugar by the process of hydrolysis.  But there is rather a large amount
of reducing sugar contained in every preserved inner residual solution,
especially more is contained in the water solution in comparison with that
in the 10 94 alcohol solution which can be coisidered as the result of

the diastatic hydrolysis going on in itself during the dialysis experiment
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or the preservation of the inner residual solution for a long time. Further-
more, it is not difficult to see from the result of this experiment and the
investigation of artificial complex in chapter IV, that when the existence
of the carbohydrate is necessary as one of the constituents of the diastatic
enzyme, some kind of aldohexose or some of its united matter (or united
with other material) may serve for this purpose. Therefore, from the many
reasons above given, it will be recognized that some kind of substance
situated between simple sugar and dextrine is to be cited as a constituent
of carbohydrate in Koji-Diastase.

D. Elemental composition of “Koji-Diasfase”

The principal substances which are recognized as constituents of Koji-
Diastase have been described already. So, the following experiment re-
garding the elemental analysis of the original enzyme substances and the
enzyme substances separated by dialysis was performed in order to con-
tribute to a research into the real nature of the diastatic enzyme substance.

1. Elemental composition of purified “Koji-Diastase”

The results are shown in table 44.

As is evident in the table, the rate of the content of ash, nitrogen,
carbon and hydrogen differs between the market Koji and Moto-Koji,
and especially it shows great difference in the ash content; and doubt-
less these differences are due to the nature of the rice materials, the de-
gree of its polishing and the method of Koji-making. Therefore it is to
be considered that the difference of the enzymic power occurs on account
of the difference of Koji made from different materials.

2. Chemical composition of the substance in the outer
and inner solution
(a) On the dialyzate in the case of “B-G” in chapter II

The next table shows the result of the enzyme substance diffused
through the shark’s air bladder in 10 95 alcohol solution of purified Koji-
Diastase.

C H N O Ash
(%) (%) (%) (%) (%)

42.125 7.065 5.055 32.023 13.731
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(b) Cn the enzyme substances separated by dialysis in the cass of “H”
in chapter II

The results are shown in table 45.

Koji-Diastase as already described seems to be exceedingly different
in its quality and nature according to the difference of the raw materials
used, the method of its preparation or purification, and the method of Koji-
making.  Therefore, there occurs the difference in the ratio of the con-
stituents. The elemental composition of the classified substances of Koji-
Diastase shows a great variation according to the chemical natures in the
enzymes themselves. But it is considered that about 5 95 of ash ingredient
is contained at least as a constituent of Koji-Diastase.

The average elemental component of Koji-Diastase No. 2-No. 6 (crude
ash, 11.050 %) is C, 42.180 9 ; N, 6.0369%; H, 7.420 9% ; and O,
33.305 %.

3. On the assumed form of ‘‘Koji-Diastase” based on
the ‘“‘poly-constituent theory”

From the results of the experiments described already and of the
various studies carried on by many investigators about enzymes, especially
on diastase, the *poly-constituent theory” will naturally be propounded
in order to explain the true nature of Koji-Diastase. According to this
theory, it is considered that the enzyme substance is constituted of ash
ingredient, protein-like substance, carbohydrate, etc. A matter situated
between amino acid and peptone is recognized as the protein-like substance.
As to its form there may be many, such as a free form, a form weakly
associated through -NH, or -COOH radical, a kind of salt in which H
of -COOH is substituted by K or Na, or a combined form with PO,
radical or other amino acids making a salt of Mg or Ca. As the car-
bohydrate, the substance situated between simple sugar and dextrine is
to be considered; and as to its form, such forms as a free or associated,
a phosphoric ester of sugars or other carbohydrates can be supposed. Also
as to the ash ingredient, K, Na, Ca, Mg and PO,, etc. are enumerated
as sorts of constituents of diastase.

Therefore, for trial, glycocoll, alanine, tyrosine, tryptophane and histi-
dine are preferred for convenience sake as the protein-like substance, and
glucose as the carbohydrate. And if theirate of molecular weight of both
these series were preferred, and as ash ingredient every one equivalent of Mg
+K and PO, were preferred, it would be about 37.4, 48.3 and 14.2 in
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percentage of the three kinds of constituents respectively. And this percen-
tage is almost similar to the average values 37.725 9, 49.225 % and
11.050 9 respectively in the total analysis of Koji~Diastase No. 2-No. 6.
But the ash is scanty in the latter as compared with the oxide of the
former.  From this fact, the existence of a pretty good amount of the
protein-like substances, carbohydrates made free from the mineral matter or
some other associated body can be inferred; and at the same time, there
can be considered in those series the existence of some amount of the
higher materials which are more polymerized than amino acid or glucose
already mentioned. The elemental composition of the mixture is Mg,
2.210 9% ; K, 3.527 9% ; P, 2.796 9 ; C, 38.430 9% ; H, 5.592 9 ; N, 6.314
% ; and O, 41.521 %. It is added here that about 5.5 % in 41.121 %
of the oxygen may exist as the form which can compose PO, ; and com-
paring with the case of ash analysis, 41.12I 95 oxygen shows the value
which contains the oxygen which can be combined with Mg and K.
Concerning the results of the elemental composition of the mixture, the
values of the component parts are lower as compared respectively with the
average value of Koji-Diastase No. 2~No. 6, excepting the ash, possibly
the oxygen and the nitrogen. But, if in both cases the unnecessary ash
is excluded altogether and the values are corrected into the same con-
dition, the approximate value can be obtained, and it is good data to
consider the form of the Koji-Diastase from the standpoint of the “poly-
constituent theory”.

For the experimental proof of the “poly-constituent theory”, it is neces-
sary to perform an advanced experiment to determine whether the reaction
of starch decomposition is induced or not by the “mixed chemicals’ which
are combined artificially.

SUMMARY

According to the results of the purification and classification of Koji-
Diastase made by several methods, and from the qualitative and quanti-
tative analysis of the ash, protein-like substance and carbohydrate, further-
more, from the elemental analysis of the enzyme substances, it is to be
assumed that the enzyme consists of three sorts of substances.  Firstly,
Mg, Ca, K, Na, PO, SO,, etc. may be cited mainly as ash ingredient.
Secondly, peptone, diamino acid, monoamino acid, etc. as protein-like sub-
stance. There are many reactions of the substance which is related to
tyrosin, histidine, tryptophane, etc., and the existence of these nitrogenous
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substances was examined also quantitatively. Thirdly, the existence of
some kind of substances which are lying between simple sugar and dext-
rine can be proved, and they are considered to belong principally to the
aldohexose series. Now referring from the results of many experiments, the
diastase of Koji is found to be, not only a special single substance, nor
the mixture of many enzymes, as has been considered up to this time,
but it rather has the nature of a kind of associating complex composed
of several kinds of ingredients,

IV. On the Enzymic Action of “Mixed Chemicals”

On the nature and action of diastase, BIEDERMANX'® mentioned in
his investigation ‘“The nature of diastatic enzymes” that the action of starch
decomposition is due to albumoses, and he™ also recognized in his in-
vestigation “The diastatic action of albumoses and amino acids” the exis-
tence of the diastatic action through albumin, polypeptide, glycinin, leucine,
alanine etc. Of course the problem of starch decomposition through amino
acids was already mentioned by ErFroNT (Compt. Rend. Soc. Biol. 57,
234, 1904) or TERROINE and WEIL (J. Physiol. Path. Gen. 14, 437, 1912).

But K6cHLING '® described in his “The preparation of an artificial en-
zyme for glucolysis” that none of these combinations such as SCHLATTER’s
combination ‘‘peptone, glucose and bicarbonate”, WORDEN's combination
“Na-oleate + fibrin + glucose + buffer”, and R. von SHROEDER’s combination
“fibrin or fibrinogen+ glucose +buffer” has the enzymic action without the
presence of microorganisms. On the other had Haruy and BereNTZEN™
mentioned in “Starch decomposition through the system, neutral salt+
amino acid+peptone, II plasmophilic reaction”, that by means of a com-
bination of neutural salt-+amino acid +peptone under low temperature the
catalytic saccharification of soluble starch occurs and there will be pro-
duced reducing and fermentive sugar. And Takaxe™ in “The assumed
hydrolysis of starch by salts and protein cleavage products” published an
opinion that is opposite to BIEDERMANN’s opinion. Therefore, this subject
has not yet been definitely determined, and further research will be nec-
essary.

10) W. BIEDERMANN :~ Miinch. med. Wochenschr. 68, 692-693, 1921; C. A, 17, (564).

11) 'W. BIEDERMANN ;= Arch, ue land-hysiol. 7, 151-156, 1922 ; C. A. 17, (564).

12) H. KO6CHLING ;= Chem. Zelle u. Gewebe, 12, 247-285, 1025; C. A. 20, (190%).

13) H. HAEHN and H, BERENTZEN i~ Chem. Zelle u. Gewebe, 12, 286-316, 1925; C. A.
20, (1993).

14) K. TAKANE:~ Biochem. Zeitschr. 175, 24I-251, 1926.
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Considering the results set forth in earlier literature and the investiga-
tions, especially in “II and III” of this study on Koji-Diastase, as has
already been described, it is considered that the Koji-Diastase will be an
associating substance related to the amino acid and peptides which are
lower than peptone, carbohydrate, of the aldohexose series which is lower
than dextrine, and ash ingredients such as Mg, K, POy, etc. With such
an assumption, an attempt was made to perform the following experiment
with the mixture, acting like enzyme. Besides, the point with which this
experiment is concerned is the subject of the effect of the pH value upon
the starch-liquefying and saccharifying actions. According to the results of
the investigations of MasrLow and Davison™ such as “The effect of the
hydrogen ion concentration upon the starch liquefying activity of the amylase
of Aspergillus orysae” and “The effect of the hydrogen ion concentration
upon the dextrine liquefying activity of the dextrinase of Aspergillus oryzae”,
the optimum pH value in starch liquefaction of diastase is from 3 to 4 and
in the saccharification it is 4, and at pH=2.0 the enzymic activity seems
to be injured. Therefore, regarding the pH value, these results are used
as a reference in this experiment.

A. The relation of the ash, carbohydrate and protein-
like substance to the starch-liquefying and
saccharifying actions

(1) Preparation of the sample of the mixture used

I. 0924 grm. of Mg,(PO,), was dissolved in distilled water by add-
ing a small quantity of acetic acid, then diluted to 175 c.c. (about 2/100
M. solution).

2. 0.156 grm. of CaH,(PO,), and 0.223 grm. of Na,HPO,. 12H,0
were dissolved in distilled water by adding a small quantity of acetic acid,
and thus 50 c.c. of the solution was obtained in which the acidity and the
ratio of PO, are respectively equal to the case of “1” (2/150 M. sol.).

3. 0.204 grm. of MgCl,.6H,O was dissolved in distilled water by
adding the small quantity of acetic acid in the same proportion as in the
previous cases, and 50 c.c. of this solution was obtained. And comparing
this with “1” and “2”, the ratio of PO, and Cl is I : 1, and the ratio of
Mg is 1/3 (2/100 M. sol).

4. 5.04 grms. of glucose were dissolved in distilled water, and made
up to 100 c.c. (28/100 M. sol.).

15) H. L. Mascow and W. C. DavisoN:~ Jour. Biol. Chem. 68, 83-93; 95-99, 1926.
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5. 0.36 grm. of xylose and 0.72 grm. of arabinose were dissolved in
distilled water and filled up to 25 c.c. (4.32 9 sol.).

6. 0.202 grm. of glucose, 0.25 gram. of xylose and 6.25 grm. of arabi-
nose were dissolved in distilled water and filled up to 50 c.c. (5.04 % sol.,
and the concentration of this solution is the same as “4”".).

7. 1575 grms. of glycocoll were dissolved in distilled water and there
were obtained 150 c.c. of .05 9 solution (14/100 M. sol.).

8. 2,10 grms. of peptone were dissolved in distilled water and there
were obtained 200 c.c. of 1.03 95 solution."

9. 0.348 grm. of glycocoll, 0.352 grm. of asparagin and 0.352 grm.
of a-alanine were dissolved with distilled water and there were obtained
100 c.c. of 1.05 9, solution.

o
S

(2) Combination of the above solutions (c.

2 =

(1 s (3) 3| 4 ;%g 5| | 588 - %gg

Mg (858 Mg |35 [BEEeGE 8F (@8 3555|3F | u 320

& T | Xg| 88 2| & 2&¢ ~a B0

PO, cl <| 2% © C<s & 55
a)| 25 | — | — | 25 | — | — | 50 | — — — | 48| —
b)| 25 — —_ 25 - = 25 25 — — | 495 | —
c)i 25 —_ — — 25 - 25 25 - — | 495 | —
d)y| — 25 —_ —_ —_ 25 — 25 25 - 4-50 | 4.95
e)| — — 25 — — 25 -~ 25 25 — | 4.40| 5.00
f)| — — — p— —_ —_ — — 50 50 480 —
| — —_ —_— — — — — 50 — 50 5.60 | 4.90
h)} 25 — — — — — - — - 75 470 | —
)] — |2 | — | — | — | — ] — | — — 75 | 3.60 | 475
=1 =]2s | =| =1 =] =1 =1 - 75 | 340 | 4.05
k)| 25 —_ — 25 —_ —_ — —_ — 50 470 | —
1)| 25 —_ — — — -— 50 — - 25 | 490 —
mi2s | — | — | — | — | — | — | 50 — 25 | 500 | —
n)] — | — | — {25 | — | — | — | — — 75 | 625 5.00

Fach solution 1-9 above mentioned was heated for a short time and
cooled at room temperature. In marking these 14 kinds of solutions from
“a” to ‘“n”, peptone and amino acids solutions were mixed at about 65°C,
with other solutions.  Every mixture was poured into an ERLENMEYER'S

flask pasteurized in boiling water, and preserved by the addition of toluene.
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100 c.c. of the mixture thus obtained was held at 36.5°C. for 15 hours,
and after being held at room temperature for 5 hours it was used for this
experiment. Besides, each 2 9 solution of the substrates had the follow-
“ing pH value, namely, starch paste, 6.50; soluble starch solution, 6.10;
maltose solution, 6.15; sucrose solution, 6.30; and glucose solution, 6.25
respectively.

The iodine reaction of these solutions was’shown .in conformity to the
MuLikeN's color standard sheet as previously mentioned.

(3) The enzymic action of “mixed chemicals”.

To 25 c.c. of 29, solution of each substrate were added 5 c.c. of
“mixed chemicals” solution and 5 c.c. of toluene, After the digestion at
38°C. for 15 hours, 5 c.c. of each solution was taken for the examination
of their saccharification. For the color reaction by iodine g5 c.c. of the
starch paste or 2 c.c. of the soluble starch, and 1/20 normal iodine solu-
tion were used.

The results are shown in table 46.

The results indicate that not all kinds of “mixed chemicals” “a”-“n”
have power of decomposition upon the soluble starch, maltose or sucrose,
and seem rather to decrease the reducing power of these mixtures., While
the mixtures “a”’, “b” and “c” which seem to be favorably mixed with
each ingredient, are plainly enough seen to have the power of starch de-
composition, And among them “b” (pH=4.95) is most powerful, and
Mg, PO,, glucose, glycocoll and peptone are contained in this mixture,
and in “a” (pH=4.80) Mg, POy, glucose and glycocoll are contained, and
“c” (pH=4.95) contains Mg, PO,, xylose, arabinose, glycocoll and peptone.
From the fact that “b” is stronger than “a” it will be conjectured that
the presence of peptone, not of amino acids only is more fitting for starch
decomposition; and from the fact that “b” is stronger than “c” the ad-
vantage of hexose compared with pentose is to be considered. As the
mixture “b” produced the reducing sugar (as glucose) of 40 9 for starch
used during 15 hours in this experiment, it must be considered to be fair-
ly powerful.

The ash ingredient as Mg and PO, seems most useful for the starch-
liquefying action. The fact that these saccharifying actions by these mix-
tures occured in starch paste and not in soluble starch solution is the most
interesting point for the mechanism of this reaction.

The case of saccharification for 106 hours is shown in table 47.

In this case, the effect of Mg, PO,, glucose, amino acids or peptone
for starch decomposition is the same in manner as the case above des-
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cribed. Also according to the result of “h” the ash ingredient seems to
have a slight tendency toward liquefying starch by itself, while it has no
saccharifying activity. Besides, according to the result of “g,” although it
seems as if the starch had been saccharified to some extent only by peptone
(Witte), yet it is supposed to be due to a small quantity of mineral mat-
ter and some other impurities contained in the peptone.

Now in this experiment it is evident that the substrate absolutely did
not suffer from the microorganismic effect, because in the case of soluble
starch no saccharification occured, and it is the same in the case of the other
substrate. Also in these cases the reducing power of the solution is de-
creased conversely. ‘

In this experiment, the starch-saccharifying action seems to occur as
a correlative phenomenon of the “mixed chemicals”. But it seems not to
occur only because of hydrogen ion of the mixture, because its hydrogen ion
concentration and temperature were not so high.

B. The negative case for producing enzymic power by
means of “mixed chemieals”

It is evident from the literature of the negative assertion of enzyms-
like action of artificial mixture that the enzymic activity is not always
distinguished only by mixing the so-called diastatic ingredients. And so
having the various experimental results which deny on one hand and affirm
on the other the production of enzyme-like activity, it is necessary here
to mention the varicus examples.

(1) Sample “A” used in this experiment is the mixture (400 c.c.)
of each 50 c.c. of “a”, “c”, “g”, “h”, k", “1”, “m” and “n” with “a”-
“n” of experiment (A), and each of them was preserved for 21 days at
room temperature with the addition of toluene after experiment (A). During
this preservation the propagation of microorganism and its action did not
occur. Sample “B” is the mixture of 75 c.c. of sample “A” and 23 c.c.
of 19 egg-albumin solution, and sample “C” is the mixture of 75 c.c. of
sample “A” and 25 c.c. of edestine solution. It was affirmed that the
solution of albumin or edestine does not contain any substance which pos-
sesses reducing power.

Starches used here are those of cassava (1), arrow-root (2), indian corn
(3), common rice (4), glutinous-rice (5), sorghum (6). and their soluble
starches.

To 25 c.c. of 29 solution of the substrate § c.c. of “mixed chzmi-
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cals” solution and 2 c.c. of toluene were added, the mixture reacted at
58°C. for 17.5 hrs.; and 5 c.c. of the mixture was taken for the experi-
ment. For the iodine reaction, I/20 normal iodine solution was used.

The results are shown in table 48.

Sample “A” is inactive in this experiment, although it was active in
experiment (A). In this case, the concentration and the time for pre-
servation are different from the former experiment. And samples ‘“B” and
“C” are both inactive and no influences of egg-albumin or edestine were
observed in this case.  Although the cause of such a result cannot be
made clear immediately, yet that the diastatic reaction has a most impor-
tant relation to the nature between the enzymic ingredients and substrate
probably can be understood.

(2) The “mixed chemicals” solution which was made in experiment
(A) was active at that time, but it was almost inactive in experiment
(1) of (B) in which its concentration, starch and preserving days were
changed. Therefore it is necessary to examine the relation of the process
of combination and its preserving time, using the various samples and
starches,

Sample A is the mixture of a) 15 c.c.,, b) 15 c.c. and c) 5 c.c. which
are the same as in the case of experiment (A). It was preserved already
for 45 days after its combination, using 5 c.c. of toluene as an antiseptic.

Sample B. The solutions 1), 4), 7), 8) are newly prepared in the
same way as in experiment (A), and 25 c.c. of each of them are mixed
together at room temperature.

Sample C. The solutions 4), 7), 8), 9) are newly prepared in the same
way as in the experiment (A). And a solution I’) is also made in the
following way: To 0.528 grm. of Mgg (PO,), are added distilled water
and a small quantity of H;PO, for dissolving the sample, and the solu-
tion is filled up to 100 c.c. Then they are mixed with each other as
follows: 1’) 25 c.c.+4) 25 c.c.+7) 25 c.c.+8) 15 c.c.+9) 10 c.c.

Starches: 1. Potato (mixture of three kinds of potato starches pro-
duced in Sapporo, Yakumo and Iwamizawa in Hokkaido) 2. Potato (Sap-
poro, old) 3. Potato (Yakumo, old) 4. Potato (Iwamizawa) 5. Potato
(Sapporo, new) 6. Cassava (Formosa) 7. Arrow root (Formosa) 8. Brack-
en (Hokkaido) 9. Common rice (Akita) r1o. Glutinous rice (Akita) 11.
Deccan-grass (Sapporo) 12. Sorghum (Sapporo).

Soluble starches: (2) Potato (Sapporo, old) (6) Cassava (Formosa) (9)
Common rice (Akita) (12) Sorghum (Sapporo). ‘

The experiment was made at once in the same way as stated in
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experiment (1).

The results are shown in table 49.

According to the results it is observed that the saccharifying action
did not occur in most cases above described. But a pretty good degree
of liquefying or dextrinizing action seems to have occured, and the degree
of its activity is not always equal owing to the difference of the mixture
and substrate. Therefore, it is considered that only by mixing the in-
gredients is there a very slight probability of producing the enzymic ac-
tivity.

C. Effects of dialysis and weak electric current upon
the formation of the “artificial complex” which
has an enzymic action

For investigation the nature of enzyme, it is convenient to know the
mechanism of its production. And it has an intimate relation directly or
indirectly to many physical and chemical phenomena in the general bio-
logical kingdom. It is already understood from the results of experi-
ments (A) and (B) that it is not always possible to get the formation of
the enzymic activity only by mixing the ingredients, but the mechanism
of producing enzymic activity is not yet explained completely. Now to
make sure the fact, experiments on the effect of dialysis or permeation
of enzymic ingredients as well as of flowing a weak direct electric current
into the mixture are made. In this experiment toluene was used always
as an antiseptic.

(1) Sample: I and T’ are made in the same way as in the former
experiment. The solution of 4’ is 4.58 grms. of glucose and 0.5 grm. of
dextrine made up to 100 c.c. 7 and 8 are also made in the same way as
in the former experiment.  As for the other samples, to I.05 grms.
of “Eukirin” (Anhydroxy methylene diphospho calcium magnesium) were
added distilled water and a very small quantity of acetic acid to obtain
100 c.c. of its solution; to 0,525 grm. of asparagin distilled water was
added to obtain 50 c.c. of its solution; and to 0.525 grm. of tyrosine dis-
tilled water and a small quantity of NH,OH were added to obtain 50 c.c.
of its solution. ‘

Combination: A)......1) 15 c.c.+4') 15 c.c.+7) 15 c.c.+8) 15 cc. =
60 c.c. (Mixed at room temperature, preserved for 24 hrs.)

Combination: B)......1) 15 c.c.+4’) 15 cc.+7) 15 c.c.+8) 15 c.c.=
60 c.c. (1,4, and 7 were mixed at room temperature, and 8 (at 55°C.)
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was added to the mixture, and preserved in thermostat at 38°C. for 24
hrs.)

Combination: C)...... 1) 15 c.c.+4) 5ce.

(In air bladder (+))
+4) 5 cc.+7) 10 c.c.+8) 10 c.c.=45 c.c.
(Outside of air bladder (—))
(OstwaLD’s electric liquid resistant apparatus was used, and the solutions
of the inner and outer sides of the air bladder were connected with two
electrodes of a weak direct current (0.1 millivolt x 0.05 milliampere) for 24
hrs. at 38°C.)

Combination: D)...... Eukirin 15 c.c.+4’) 15 c.c.+7) 15 c.c.+8) Ig
c.c.=60 c.c. (mixed in the same manner as above, and preserved in ther-
mostat for 24 hrs, at 38°C.)

Combination : E)...... 1) 10 c.c.+1’) 10 c.c.+ Eukirin 10 c.c.

(In air bladder (+))
+4’) 20 c.c.+Tyrosine 10 c.c.+¢-alanine 10 c.c.+ Asparagin 10 c.c.+8)
20 c.c, =100 c.C.
(Outside of air bladder (—~))
(It was examined in the way as above described in the case of C), 3.5
millivolt X 5 milliampere, for 24 hrs., at room temperature.)

Substrate: I. Potato starch (mixture of three kinds of potato starches
produced in Hokkaido), 2. potato starch (Yakumo), 3. Common rice starch
(Akita), 4. Glutinous rice starch (Akita), 5. Potato soluble starch (Sap-
poro), 6. Common rice soluble starch (Akita), 7. Glutinous rice soluble
starch (Akita).

To 25 c.c. of 29 solution of substrate 5 c.c. of “mixed chemicals”
solution and 5 c.c. of toluene were added, and reacted at 38°C. for 20
hrs.; § c.c. was taken for the determination of the saccharifying power.

The results are shown in table 3o.

According to the results of this experiment, the “mixed chemicals”
solutions “A” and “B” show the starch-liquefying activity, but no sac-
charifying power.  “C” indicates a slight tendency towards the starch-
liquefying and saccharifying actions. In “D’ also there is recognized the
liquefying power, but no saccharifying power can be seen. However, “E”
shows the starch-liquefying and saccharifying powers evidently. For ex-
ample, about 47.8 95 of starch is saccharified as glucose in the case of 140
hours reaction at 38°C., using potato starch (2) without action of micro-
organism. This sample “E” is used after the flowing of a weak electric
current for 24 hours at room temperature.  On the contrary, in spite of
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“C” being treated as above at 38°C., it does not show the saccharifying
power at all.  From these facts, therefore, although there is a little dif-
ference between them in ingredients and strength of electric current in
both these solutions, it seems to be considered that the principal cause of
this difference is due to the influence of the temperature in bringing about
some changes among the ingredients of the “mixed chemicals”.

(2) Combination of sample: The solutions of every substance used
as the enzymic ingredient were made in the same way as in the case cf
the former experiment. Toluene was used also as an antiseptic in this
experiment.

A...... 1) 15 c.c.+4’) 15 c.c.+7) 15c.c.+8) 15 c.c. (cold)=60 c.c.
(This mixture was used after its preservation for 17 days at room tem-
perature.)

B)...... 1) I15c.c.+4") 15 c.c.+7) 15 c.c. +8) 15 c.c. (hot)=60 c.c. (This
mixture was used after its preservation for 17 days at 38°C.)
D)...... Eukirin 10 c.c.+4’) 20 c.c. + Tyrosine 10 c.c. +a-alanine 10 c.c.

+ Asparagin 10 c.c.+8) 20 c.c. (hot)=80 c.c. (This mixture was used after
its preservation for 17 days at 38°C.)

E)...... This was the same as “E” in the case (1), and used after its
preservation for 17 days at 38°C.
F...... 1) 20 c.c. (each 10 c.c. of the solution was poured into both

air bladders at the right and left sides respectively)+ Eukirin 10 c.c. (into
the air bladder at the left side}+7) 10 c.c. (into the air bladder at the left
side)+e-alanine 10 c.c. (into the air bladder at the right side)-+ e¢-alanine
10 c.c. (outside of the air bladder at both sides)+4’) 20 c.c. (outside of
the air bladder at both sides)+8) 20 c.c. (outside of the air bladder at
both sides).

For F), using OSTWALD's electric resistant apparatus, a positive elec-
trode was put into the solution on the outside of the air bladder at the
left side, and a negative electrode was put into the solution on the outside
of the air bladder at the right side. Then the weak direct current (3.5
millivolt x 5 milliampere) was passed through it for 17 hours at room tem-
perature. And then the solution was separated into the foliowing parts :
(F 4 —) is the mixture of solutions in both sides; (F+) is the solution
in the positive side; (F—) is the solution in the negtive side. The solu-
tions above described were made respectively by mixing both solutions in
and out of the air bladder.

F)o. After the flowing of the weak electric current into solution
“F” for 14 days at room temperature, the solutions in both sides of the
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apparatus were mixed with each other, and again the electric current was
passed through for about 3 days.

G)......1) 10 cc.+1’) 10 c.c.+Eukirin 10 c.c.+

(In air bladder, left)
4’) 10c.c.+7) 5 c.c.+ Asparagin § c.c.+a-alanine 5 c.c.
(In air bladder, right)
+4") 10 c.c.+e-alinine 5 c.c.+ Asparagin 5 c.c.+ Tyrosine 5 c.c.+8) 20 c.c.
(Outside of air bladder)
The solution mixed in this manner was kept in the OSTwALD’s electric
resistant apparatus; both poles were put into the solution outside of air
bladders, and after the flowing of the weak electic current for 3 days, the
solution was used for the experiment.

Substrate: 1. Potato starch (mixture of three kinds of starch pro-
duced in Hokkaido), 2. Common rice starch (Akita), (1) Potato soluble
starch (Sapporo).

Reaction: To 25 c.c. of 2 9% solution of substrate 5 c.c. of “artificial
complex” and 5 c.c. of toluene were added, digested at 38°C. for 24 hrs,

The results are shown in table 51I.

From the results of the experimet, the existence of the liquefying
power is evidently recognized in every case. It is possible to consider
that there is the dextrinizing power of starch in many cases as seen by
its iodine reaction, though there are many differences according to the
kind of starches. The starch-saccharifying activity seems to be evidently
recognized in the “mixed chemicals” only in case its ingredients existed
in the mutually harmonized state.  So, there are many cases where the
saccharification is not plainly recognized in a short time of reaction per-
haps on account of their discordance.  The phenomena such as osmosis
or dialysis of “mixed chemicals” solution and the flowing of a weak elect-
ric current into the solution seem to have very intimate relation in bring-
ing about their mutually harmonious state. And, observing the result of
the flowing of the electric current, it can be proved that the liquefying
activity is more powerful in the cathode solution than in the anode, and
that the starch-splitting activity is in general most powerful in the mixed
solution of the anode and cathode, next most powerful in the cathode
solution alone and least powerful in the anode solution. Moreover, con-
sidering the saccharifying action of the “mixed chemicals” in the former
experiment, “E” is the most powerful. For instance, in the case of reaction
for 400 hrs., from 83 mgs. of the potato soluble starch 63 mgs. of redu-
cing sugar (as glucose) was produced, showlng about 75 % for the starch.
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Considering these points, it will be understood that this “mixed chemicals”
is like the diastase of Koji in its starch-splitting activity.

D. Comparison of liquefying power between the
“mixed chemicals” and natural enzyme

As is evident in the former experiments, the starch-splitting activity
of “mixed chemicals” is always inferior to natural diastase, and especially
so in the saccharifying power, though its liquefying power is quite vigor-
ous. Therefore, it is intended to compare the liquefying power of the “mixed
chemicals” with those of the enzymes of polished rice Koji (0.1143 %),
red rice Koij (0.1143 %) and germinated unhulled rice (0.4 %). These
liquefying powers are estimated by the following method: To 5 c.c. of
potato starch paste I c.c. of each enzyme solution is added, mixed well,
and at once 5 c.c. of this mixed solution is poured into the OSTWALD’s
viscosimeter which is set in water bath at 38°C. to allow for starch lique-
faction.

Control 1. Starch paste § c.c.+ Distilled water 1 c.c., viscosity

........ D P TTS (o Xe e 14

Control 2. Distilled water 5 c.c., viscosity

..... P o o ¢

The results of the experiment are shown in table 52.

According to the results of the experiment, the liquefying activity of
the “mixed chemicals” is remarkably powerful, and, though it is inferior
to that of polished rice Koji, it is almost similar to germinated unhulled
rice, and is rather stronger than that of red rice Koji made in the province
of “Fukieng”, China, although it will not be always so, owing to the dif-
ference of concentrations.  So it is surely understood that the liquefying
activity of the enzymic substance is obtained very easily by mixing various
ingredients.

E. On the constitution of the “mixed chemicals” and the precipi-
tation phenomensa of its ingredients by alcohol

Considering the constituent of Koji-Diastase in various cases of puri-
fication or separation, and also from the results of the elemental analysis,
some kind of “mived chemicals” was made by the combination of several

ingredients as already described. And then the constitution of each frac-
tion separated from the “mixed chemicals” with different concentrations
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of alcohol was examined in order to know the manner of precipitation of its
ingredients. And so, the nature of the “mixed chemicals” obtained was
compared with that of the natural Koji-Diastase.

1. Elemental constitution of “mixed-chemicals” “E”

The ingredients of the “mixed chemicals” “E” are as follows.

Substance | Solution(9() | Solution(c.c.) Substance (g.) Remarks
...Dissolved by a very small
Mineral Mgs (PO,), 0.528 ro 00528 quantity of acetic acid
) Mgg (POy), c.523 10 0.0523 | 0.2106 |...,,, phosphoric acid
irgredient | z}irin 1.050 10 0.1050 ...ss acetic acid
Carbo- Glucose 4.580 0.9160 .
hydrate . 20 0160
24 Textrine 0,500 0.1000
Tyrosine 1.050 10 0.1050
Protein-like | , 11anine 1.050 10 0.1050
. 0.3150
substance Asparagin 1.050 10 0.I050
Peptore 1.050 20 0.2100

Elemental constitution of this “mixed chemicals” is about as follows.

Co, H,0 C i3 N Ash O Remarks
“Mixed 8 8.16 3
chemicals” «E» | 139920 1c8.91 38.160 6.051 4.50 11.400 | 39.881 calculated
Control
(Eg;’_‘ﬁ;gl‘;;gt 154.693 |133.560 | 42.189 | 7.420 | 6.036 | 11.050 | 33.305 Analysed
1-5)

2. Fractional precipitation of “mixed chemicals” by different
concentration of alcohol

Precipitation phenomena of various chemicals by alcohol are shown
in table 53.

As in the table, the minimum concentration of alcohol in which various
ingredients are precipitated differs. For instance, peptone begins to pre-
cipitate at 37.07 % of alcohol in volume; the compounds of Mg and POy,
at 45.26 9 ; glycocoll, at 54.05 9% ; dextrine, at 55.57 % ; and K;PO,, at
61.43 % ; and at this 61.43 % of alcohol the substances which are supposed
to be main constituents in Koji-Diastase are precipitated. So there is no
contradiction to the fact observed in the case of Koji-Diastase.
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Next, the experiment of fractional precipitation of the “mixed chemi-
cals” was made.

In the case of the combination of the solutions of various ingredients,
a little of the precipitate was produced at the beginning. There was 0.364
gram of precipitate in 290 c.c. of the solution, and the greatér part of this
precipitate seemed to come from the samples of tyrosine and peptone, and
there was also contained a small quantity of glycogen in the precipitate.
So, 17.413 grams of ingredients were contained in the filtrate used in this
fractional analysis.

The results are shown in table 54.

As is evident from the results of the experiment, the “mixed chemi-
cals” produces 2.942 grams of precipitate at 63.3 % of alcohol, and from
the remaining solution it produces 2.2435 grams of precipitate in total at
71.35, 80.40 and 85 9 of alcohol. The amount of the former precipitate
is more than the sum of the latter three cases of precipitation. The total
precipitate, 5.1855 grams, is very small as compared with the substance
existing in the filtrate, and it corresponds to about 1/3 of the original
“mixed chemicals”. But almost all the ash ingredient is precipitated —in
fact, at 63.3 % of alcohol the greater part of it is precipitated.

And for the trial, observing the result of the elemental analysis of
the “mixed chemicals” precipitated at 63.3 94, its constitution is C, 42.513
% ; H,8.3789%; N, 4.132 9% , Ash, 17.6009% ; and O, 27.377 % respec-
tively; and the ash content seems to be too large as compared with the
natural purified Koji-Diastase. And according to the constitution of every
one separated from the enzymic substance, it seems to be precipitated
fractionally in the same order of the concentration of alcohol in each in-
gredient, as in the case of natural enzyme substances. It is recognized
that these experimental results thus obtained supply some very important
data for establishing the hypothetical “poly-constituent theory” of natural
diastase.

SUMMARY

Considering the results of the experiments using “mixed chemicals”
under the different combinations, treatments and other various conditions
of substances, which are supposed to be ingredients of diastase, “mixed
chemicals” did not always show the powerful activity of starch sacchari-
fication. But in the case of the combination of MgHPO,, glucose, glyco-
coll and peptone, the starch-decomposing power of the “mixed chemicals”
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is about 40 9% after 15 hours action at 38°C. And the pH value used
for this experiment is 4.85 in the enzymic solution and 6.50 in the potato
starch paste. It is also recognized that no saccharifying action occurs when
only one or two among the several ingredients are used separately for
starch saccharification. These experiments were performed of course with
special effort being made to get rid of the influence of microorganisms
during the reaction.

In the course of the reaction of starch decomposition, using “mixed
chemicals”, the liquefying action occured comparatively easily, but the
saccharification did not occur at once when its ingredients only mixed
with each other were used. Its saccharifying activity seems to occur
when the physico-chemical treatment applied is suitable, as described already
to the “mixed chemicals”’ solution. For instance in “E”, which is a mix-
ture of MgHPO,, “Eukirin”, glucose, dextrine, tyrosine, @-alanine, asparagin
and peptone, about 47.8 9% of starch is saccharified by it for 140 hours at
38C., and also about 76 9% for 400 hrs. Also there is reason to believe
that the reducing sugar produced here is mainly glucose.  Therefore, it
will be considered that the action of this “mixed chemicals” is almost
similar to that of Koji-Diastase. Thus, it is thought that this experiment
is very influential in verification of the hypothetical “poly-constituent theory”
of the Koji-Diastase.

Conclusion

Concerning the nature and action of enzyme, studies have been made
by many scientists up to this time, but its real constitutional substance has
not yet been proved, nor has a perfect explanation been given for its action.
So, we must often have obstacles in the way of improving and develop-
ing of various investigations covering the theory and its application of
enzyme chemistry from the standpoint of biology in general.

In the literature relating to enzymes, especially to diastase, the “single
enzyme theory of diastase” is established which accounts for various actions
of diastase that have been discussed already since the discovery of “malt-
diastase” by KIrRcrHOFF, PAYEN and PERrsoz, etc. at the end of the 18th
century. There are also found the “two enzyme theory of diastase” by
Wiysman (1889), PortEVIN (1899), CHrzaszcz (1911), EFFRONT (1922), and
FrickE and Koja (1924), and the “three enzyme theory of diastase” by
Curzaszcez (1917).

But, observing the attitude of OPPENHEIMER and other scientists in
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these latter times with regard to starch decomposition by enzyme, this
enzymic decomposition seems to be very intricate, so that it must not be
considered that its hydrolytic action is based upon the character of only
one or of several enzymes. Thus, there are many different opinions regard-
ing the nature and action of diastase, but every one of them has attem-
pted to explain these things with the idea that the substance of any
kind of carbohydrate-splittiny enzyme must be some single organic com-
pound.

To prove the nature of ‘‘Koji-Diastase”, many further investigations
have been made by the author since 1921, and they have led finally to
the conclusion that “Koji-Diastase” consists of several constituents which
come from carbohydrate, protein and inorganic ingredient related to one
another. Therefore, the author wishes to propound here a hypothesis,—
the “poly-constituent theory of Koji-Diastase”.

The principal items of the experimental results on the nature of “Koji-
Diastase” are as follows:

1. The power of resistance of diastase of “Koji” against the injury
of heating is very high. When the diastase in aqueous solution (Koji-
extract) was heated up to 140°C. (for a moment at this temperature), it
was entirely destroyed; and when the solution of the diastase purified by
LiNTNER’s method was heated up to 137.5°C., it was also entirely destroy-
ed.  The activity of the diastase injured by being heated at a tempera-
ture lower than lethal seems to be recovered to some extent by preserv-
ing it at room temperature. And its recovering phenomenon has an im-
portant relation with the colloidal nature of the enzyme solution.

2. When the “Koji-Distase” or “Malt-Diastase” is purified fractionally
by different concentrations of alcohol, the strongest fraction of its starch-
liquefying power does not always coincide with that of its saccharifying
power.  And the range of fractions which have the liquefying power is
wider than that of those which have the saccharifying power. And this is
observed in the results of fractional purification of “Koji-Diastase”; for
example, when the diastase was fractionated by adding different concen-
trations of alcohol (40, 50, 60, 70, 80, 90 %) to the “Koji”-extract, the
amount of the enzymic material obtained is highest at 709 ; and the
diastatic power of the fraction is in the order of 80 9%, 70 9% and 60 %.
So, the power of the saccharification of the fraction seems to be in-
creased according to the increase of the alcohol concentration used for its
precipitation. Therefore, the enzyme substance precipitated at the higher
concentration of alcohol seems to be comparatively increased in its purity.
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3. The power and property of “Koji-Diastase” are different accord- .
ing to the materials used to prepare the enzyme.

4. The enzymic power of “Koji-Diastase” is not always proportional
to its concentration, being comparatively more intensive for its unit amount
in the more diluted solution.

5. From the results of the electric cataphoresis experiment on “Koji-
Diastase” purified by LINTNER's method, it is certain that a more purified
diastase can be obtained which does not have any enzymic powers of
maltase, invertase, pepsin and trypsin on account of the difference in the
nature of the cataphoresis of the coexisting substances. Moreover, it is
also assured that, though the solution presents the protein reactions such
as Mirrow, BioreT, and Xantho-protein, etc., it has a slight colloidal nature
and a strong diastatic power.

6. When the activity of maltase is not present in ‘“Koji-Diastase”,
its property comes almost to resemble “malt-diastase”. Diastase of “Koji”
is mostly charged as a positive ion in neutral or acidic solution, while as
a negative lon in basic solution. So it can be recognized that the iso-
electric point of the diastase lies rather in the side of basic nature. And
it is worthy of attention, that the diastatic power of the enzyme solution
in each pole is not exhausted by being moved to any one pole.

7. “Koji-Diastase” in aqueous or 10 % alcohol solution contains small
colloidal particles that can permeate through a shark’s air-bladder.

8. The diastatic power of “Koji-Diastase” diffused through semi-
permeable membrane is very strong compared with that of the original
enzyme solution in the same concentration.

9. When the starch is digested by using “Koji-Diastase” diffused
through membrane, the viscosity of the solution occasionally becomes higher,
there being accumulated much dextrine. So, it is recognized that this is
an abnormal phenomenon which occurs at this stage owing to the laxity of
the progression of the saccharifyiug action. More generally, in the mea-
surement of the starch-liquefying action by OsTwAaLD’s viscosimeter, its
value changes periodically, making a figure of wave form, with a gradual-
ly decreasing tendency.

10. The appearance of every solution of “Koji-Diastase” diffused
through membrane is changed alternately from a clear to a turbid state
by preserving it. The pH value of every solution is, on the one hand, chang-
ed also periodically by the preservation. And on the other, it is evident that
every solution has a tendency to change gradually from a neutural to an
acidic condition owing to the repetition of renewal of the outer solution
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in dialysis.  These phenomena certainly coincide with the phenomenon
that the diastatic power is increased or decreased periodically according
to the order of repetition of the renewal with a gradually decreasing ten-
dency. So, in general, in the case of preservation of diffused enzyme so-
lutions renewed successively, if a solution is comparatively transparent, and
its hydrogen ion concentration appears to be high, i. e. the enzyme in the
solution exists at a comparatively dissociated state, the enzymic power of
the solution is intense, while in a contrary case it is weak. These pheno-
mena are present likewise only in the preservation of diffused enzyme so-
lution.

11. The content of ash ingredient in 6 samples. of “Koji-Diastase”
purified by LINTNER's method in 4.785-12.611 %, or 10.006 % in average.
According to the results and also to those of the investigation on the ash
of the diffused and dialyzed enzyme substances, about one half of the average
can be considered as an excessive part, while the other half may rather
be recognized as a kind of constituents of the enzyme substance. It is
aiways recognized that PO,, Mg, etc. exist at least as long as the diasta-
tic power is kept in the enzyme solution. In the ash ingredient which
exists in “Koji-Diastase” are contained such elements as PO,, K, SO,,
Ca, and Na. Moreover, it has been explained qualitatively and quantita-
tively that there exist Al, Fe, Mn, Cl and SiO, accessorily in the enzyme
substance.

12. When observations are made upon the protein reactions of the
“Koji-Diastase” diffused through semipermeable membrane, none of the vari-
ous precipitating reactions is found. There is found only a little coagula-
tion when the solution shows a little alkaline reaction, and some precipitate
is produced by boiling. But it is clear that the precipitate is based mainly
upon the ash contained therein. BIUureT's, Xantho-protein’s, MirLLoN’s, Hop-
kins and CoLE’s, ADAMKIWICZ's, LIEBERMANN's, NEUBAUER’s, RODE's, KxopPS's,
Tavry’s Diazo, and the Ninhydrin colour reactions are present, but PbS
reaction is not found, Moreover, the chemical analysis of protein-like sub-
stance in ‘““Koji-Diastase” was also tried. According to the results of these
various experiments, it is known that in “Koji-Diastase’” amino acids and
lower polypeptides exist as protein-like substance.

13.  On observing the carbolydrate reactions of “Koji-Diastase”, it
is found that Moriscr and Upranskr's, Morisca's, the Naphtoresorcin, and
NEUMEN's reaction exist in various samples such as that purified by LINTNER's
method, or fractionated by dialysis or permeation, and that the Indigocar-
mine, and Picric acid reactions also exist. From these results the exis-
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tence of aldohexose in the enzyme substance is recognized, but there is
no ketose reaction. As regards the pentose reaction, the Phlorglucin, Brav’s
Orcin, and NEUMANN's reactions are present to a small extent, while the
methylpentose reaction of OsuiMA and TorrENs rarely exists., Moreover,
concerning the enzyme substance and its hydrolysis product, the quantita-
tive analysis of its carbohydrate was also tried. Judging from the various
results of these experiments, the carbohydrate ingredients relating to the
enzymic action of diastase are supposed to be aldohexoses which lie be-
tween simple sugar and dextrine.

14. Considering the construction of “Koji-Diastase” from the results
of its qualitative, quantitative and elmental analysis and its other various
examinations, it is recognized to be a kind of soft associating material which
consists of several ingredients such as ash, nitrogenous and carbohydrate
substances. It is not always constant on account of the difference of its
material, the method of its purification, and the method of its fractional
separation.

15. The substances which are able to be ingredients of starch-split-
ting enzyme are all so small that they can permeate as mentioned before
through the semipermeable membranes. And they also have the property
of being precipitated by alcohol.  Therefore, investigating the manner of
precipitation of the substances which can be supposed as the ingredients
of “Koji-Diastase’” by using different concentrated alcohols, the following
results are obtained: The inorganic compounds such as phosphates of Mg
and Ca are precipitated comparatively in the lower concentration of alco-
hol, while the phosphates and sulphates of, K and Na are precipitated in
the higher concentration of alcohol, then chlorides of Mg, Ca, K, Na, etc.
are hardly precipitated by alcohol.  This coincides with the fact that, in
these concentrations of alcohol, ash ingredients of K, Mg, PO, which are
especially supposed to have some relation to the starch-liquefying action
of “Koji-Diastase”, come to precipitate with some other ingredients. It
is observed concerning the nitrogenous substance (lower polypeptides) that
the comparatively higher one (peptone) precipitates in a lower alcoholic
concentration than the lower one. And also it is assured that the car-
bohydrate substance has a similar tendency in various precipitation pheno-
mena using alcohol.

16. In order to establish the “poly-constituent theory of Koji-Dia-
stase” anew from the results of the various investigations above described,
the experiments with “mixed chemicals” were made as one of the most
real and powerful illustrations. The substances which will be combined
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weakly, as the ingredients of diastase, are many kinds of lower polypeptides,
of lower aldohexoses between simple sugar and dextrine, and of phosphates.
Trying various experiments with “mixed chemicals” which can be regarded
as the diastatic ingredients under different conditions, it is recognized that
diastase is not only made by mixing the ingredients above mentioned,
but it is necessary to give and gain some energetic influence to combine
them weakly together and to take an active form. By virtue of the results
of several experiments which were tried by using a weak direct electric
current and semipermeable membrane to imitate the movements of the
internal substances in living things as one of the physiological-chemical
phenomena, it is necessary to be considered that the enzymec-like action
of the “mixed chemicals” is to be gotten finally by furnishing a specially
harmonious ionized condition in each and every ingredient.

Now, according to the ‘“‘poly-constituent theory”, the enzyme sub-
stance of “Koji-Diastase” is recognized to be a kind of weak associating
material which is made up from several ingredients, namely, one of them
“A” is of ash ingredients such as PO,, Mg and K or any substance which
is able to take the place of any one of them, the other “B” is the am-
photeric compounds having the character both of the amino and the car-
boxyl group such as some lower poly-peptides lying between amino acid
and peptone, and still another “C” consists of the lower aldohexoses lying
between simple sugar and dextrine. Perhaps all these materials are not
so large as protein or starch in their molecular weight. Moreover, by
this theory, many results concerning the various periodical phenomena
which take place in the outer solution renewed in dialysis of “Koji-Dia-
stase” can be distinctly explained. And also many results on the heat
durability, on the recovery of the enzymic power after heating, and on
the fractional precipitation of “Koji-Diastase” in aqueous solution by dif-
ferent concentrations of alcohol.

Besides, it is recognized that the difference of the action between one
enzyme and the others is influenced by the difference in one or more of
its constituents, and also that the enzymes resembling each other should
be formed with the analogous ingredients. And, it can be con3idered that
there are many kinds of ingredients as a group of “A”, of “B” or of
“C” respectively. So, it is recognized of course that there are numerous
and different kinds of enzyme or many analogous kinds of enzyme pro-
duced by the soft mutual coalescence of the different kinds of enzymic
ingredients,



Table 1.

Preparation of purified Koji-Diastase

Kol Date of manu- [ Weight of Koji | Alcohol sol. Filtered Concentration Enzyme Enzyme
(Koji Di‘!l stase) | (used air dry) used for solution of of alcohol for substance substance
- )| fact. of Koji (g.) extraction (c.c.) | extract {c.c.) precipitation (g.) (%)
No. 1 Aug. 30. 1925 2360 20 9%, 5900 3200 8o 2.2100 0.221
No. 2 Sept. 22. 1926 1000 30 94, 20C0 1250 82 4.6705 0.467
No. 3 Oct. 8. ” Toco » 1345 ” 2.8854 0.289
No. 4 * 19, 7 1000 » 1380 » 4.5113 0451
No. 5 » 235 7 1c00 » 1430 ” 3.9300 0.393
No. 6 P 28, 0 ” 1000 » 1450 » 4.2880 0.429
Moto-Koji Feb. 2. 1927 124C0 20 94, 16270 12270 81 34.0875 0.275
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Table 2. The renewal of the outer solution

Number of Number of days after the Time allowed for !

renewal beginning of dialysis permeation | pH
O ot | 6o
ig I 30 6.6>
I 2 50 6.60
11 4 48 6.65
11 6 48 6.65
v 8 49 6.65
v 9 25. 6.70
VI Ix 43.5 6.50
VII 12 25 6.70
VIII 13 24 6.70
IX 14 24 6.65
X 15 26 6.65
X1 18 76.5 6.65
XII 19 24 6.55
XIII 21 43 6.55
X1v 22 24 6.55
XV 27 123 6.60
(XV7) 27 (Inner solution 10 c.c.) 6.70
XVI 29 44 6.60
XVII 33 95 6.60
XVIIT 37 95 6.60
XIX 41 95 6.55
XX 46 128 6.50
XXI 52 97 6.45
XXIT 54 96 6.45
oa) 54 (Imer sluon 196|653
XXIII 58 6 6.50
XXIV 62 96 6.45
XXV 66 05.5 6.40
XXVI 70 96 6.35
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(XXVI%) 70 (Inner solution 10 c.c. 6.40
+Water 10 c.c.)
XXVl 75 121 6.30
XXVIII 79 95 6.30
XXIX 83 96 6.30
XXX 88 120 6.30
XXXI 92 g6.5 6.25
XXXII 97 110.5 6.25
XXXIII I02 120 6.20
XXXIV 106 96 6.20
XXXV 110 96 6.20
(Inner solution 15 c.c.
(XXXV’) 110 + Water 10 c.c.) 6.25
XXXVI 114 o6 6.20
XXXVII 118 96.5 6.20
XXXVIII 123 95.5 6.20
XXXI1X 127 97.5 6.20
XL 131 g6.5 6.20
XLI 135 c6 6.20
XLII 142 169 6.20
XLIII 159 405 6.20
XLIV 167 190.5 6.20
XLV 173 147 6.20
XLVI 179 146 6.20
XLVII 186 163.5 6.20
XLVIII 198 2903 6.20
XLIX 210 283 6.20
L 219 218.5 6.20
LI 238 459.5 6.20
LIL 280 1003 6.20
LIII 208 436 6.20
(Inner solution 30 c.c. +1Io
(L) 298 94 alcohol solution 30 c.c.) 6-20
(Insoluble matter remained
(L1117} 208 after dialysis for about —
10 months)
R 6.2n

10 94 alcohol solution
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Table 3. Carbohydrate-splitting power of the outer solution
)ig (October 2. 1925)
- Digestion For 16 hours Digestion
For 58 hours
. . KMnO KMnO
Viscosity solution (é.c.) solution (c‘c)
Control 12.000 0.10 o.1o
Starch
Digested
b 1.077 7.35 (7.25) 1045 (10.35)
Control — 0.20 0.20
Soluble
starch Digested
Solation 1.087 8.10 (7.90) 10.85
Control 1.040 7.75 8.20
Maltose
Digested
sollﬁfisofl 1.040 8.35 (0.60) 10.85 (2.65)
Control 1.036 0.55 o.60
Sucrose
Digested
soll%et:?oi 1.036 1.15 (0.60) 1.50 (0.90)
u (October 5. 1925)
For 16 hours For 34 hours
. . KMnO+ . . KMnO
Viscosity solution {c.c.) Viscosity solution (é.c.)
Control 14.330 o.10 11.050 o.lo
Starch .
gﬁﬁ;ﬁd 1138 890 (8.80) L.I34 10.70 (10.60)
Control 1.179 0.20 1.184 0.20
Soluble Digested
starch sol%tion 1.189 9.85 (9.65) 1.189 11.50 (11.30)
Control 1.040 7.90 1.040 7-95
Maltose Digested
solution 1.038 9.55 (1.65) 1.038 11.10 (3.15)
Control 1.036 0.70 1.036 o.70
Sucrose TDigested
;ﬂTxHo;; 1.036 2.40 (I.70) 1.036 3.40 (2.70)
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111 (October 7. 1925)
For 16 hours For 35 hours
Viscosity solﬁ?gg (zé.c.) solultggin((z.‘c.)
Control 13.875 0.10 o.10
Stareh gﬁ%‘;:ﬁd 1.247 8.75 (8.65) 1090 (r10.80)
Control 1.186 0.20 0.2
Soluble Digested
starch solution 1.276 1005 (9.85) 11.45 (11.25)
Control — 7.90 0.90
Maltose gﬁ%‘éfgﬁd —_ 9.80 (1.90) 11.85 (3.95)
Control —_ .70 0.70
Sucrose SDOi%fiS;ﬁd — 2.50 (1.80) 3.70 (3.35
v {October 9. 1925)
For 16 hours For 58 hours
Viscosity s IKMHO‘ KMnO*
olution (c.c.) solution (c.c.)
Control 14.113 o.lo 0.10
Starch gl%iis;id 1.436 9.40 (7.30) 11.10 (11.CO)
Soluble Control 1.185 0.20 0.20
starch giﬁ(iis(t;d 1333 ' 030 (9.10) 12.35 (12.15)
Control — 8.00 8.90
Maltose sl?)il%;tz?;id —_ 9.70 (1.70) 12.90 (4.00)
Control —_— 0.75 0.75
Sucrose giﬁ‘zf;id — 2.40 (1.65) 4.10 (3.35)
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V, VI (October 12. 1925)
. . KMnO . . KMnO
Viscosity solution (é.c.) Viscosity solution (é.c.)
Control 14.082 0.15 — 0.15
Starch v 3.050 3.15 172897/ 5.55
VI 2.599 3.50 17157 5.65
Control 1.2¢6 o.I5 —_ 0.15
Soluble A2 1.231 6.35 —_ 8.59
starch VI 1.231 6.55 — 8.55
Control —_ 7.85 —_ 8.00
Maltose \% —_ 8.55 — 0.15
VI —_ 8.6a — 9.25
Control _ 0.70 —_ 0.65
Sucrose v — 1.55 — 1.95
VI _ 1.35 — 1.75
Table 4. Protein-splitting power of the outer solution
(October 7. 1923)
40 hours digestion
Total weight Weighing tube - Casein remained
(@) Filter paper (2)
& (@
Control 17.6336 17.2466 0.3870
I 23.9162 23.5112 0.4050
Pepsin "
II 23.6972 23.3066 0.3908
II1 23.4474 23.0576 0.3898
Control 24.0616 23.6860 0.3756
I 21.9538 21.5624 0.3974
Trypsin
I 22.8906 22.5152 0.3754
it 23.8944 23.5176 0.3768
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Table 5. Comparison of the power of carbohydrate-splitting

enzyme between the outer and inner solution
(1) 16 hours digestion

(October 28. 1925)

Starch Soluble starch Maltose Sucrose
S KMnO KMnO KMnO KMnO
Viscosity solution (é.c.) solution (c4.c.) solution (é.c.) solution (é.c.)
Control
(No enzyme 11919 0.10 0.20 — —
solution)
XV (Dialyzate) 1.610 I1.10 11.50 —_ —_

(XV7) (Inner

solution) 1481 12.30 12.90 — _

(November 24. 1925)

Control —_ o.10 0.20 7.90 0.50
XXII (Dialyzate) 2.974 3.20 6.45 8.45 0.95
(XXIV) (Inner

solution) 1.852 10.70 12.05 14.05 11.00

(December 10. 1925)

Control 7.239 0.15 0.20 7.70 0.75

XXV (Dialyzate) 1.479 7.70 8.40 9.10 2.00

XXV’) (Inner
( )sf)lﬁtion) 1467 1230 13.10 13.15 8.45
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(January 19. 1925)
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Control — 0.20 2.25 7.25 0.75
XXXV
(Dialyzate) 2.529 5.co 8.70 9.40 0.75
XXXV’
(Inﬁler solutgon) 3.c61 985 1185 12.95 360
(2) 35 hours digestion
(December 10. 1925)
Control — 0.15 0.20 7.70 0.85
XXVI 1.436 9.35 9.85 10.05 2.75
(XXVI) 1.477 18.20 13.50 13.50 10.10
(January 19, 1926)
Control — 0.20 0.25 7.40 0.75
XXXV 2.338 6.80 g.50 10.g0 0.75
(XXXV7) 2.593 11.55 12.10 13.65 3.90




Table 6. Changes of diastatic power of the outer solution

For 5 hours For 20 hours
Enzyme solut’on Starch Ss?l:ljlllc Starch Soluble Starch
Viscosty solltftl\ii[)?l?é.c.) soI]u(t}i\ng:?c{c.] Viscos'ty sol}lftii\ggc()g.c.) Viscos'ty solllftl\i/([)[xllc()c‘.c.)
Control 1
(No enzyme, 10 % 6.876 0.20 0.25 5.538 0.20 1.528 0.25
alcohol solution)
Control 2
s}(lii‘;ﬁgegrsgll‘;ggg’oéy 6.864 0.20 025 5.652 0.20 1.528 0.25
10 9 alcohol)
I 1.348 6.40 5.85 1.327 8.05 1.614 9.00
V4VI 3.655 3.60 3.95 — 6.60 1.569 7.00
XI 6.539 3.40 3.20 2.201 5.85 1.442 6.40
XXI+XXII 2552 | 465 400 — 7.65 1514 7.co
XXIIT4+-XXIV 2.827 6.70 590 — 8.50 1.598 8.85
XXV 2.699 2.60 3.25 — 6.10 1.458 6.55
XXV1 1.735 5.30 5.25 —_ 8.45 1.621 8.10
XXVII 1.819 6.40 5.60 — 8.40 1.672 8.60
XXVIII 1768 6.00 530 — 8.50 1.653 8.00
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XXIX
XXX
XXXI
XXXII
XXXIII
XXXIV
XXXV

(XXVr)
(Inner residual solution)

(XXXV7)

(Inner residual solution)

1.746
1.635
5434
8.472
8.626
10.509
9.288

1.202

9.793

5.80
6.75
4.10
3.20
5-35
2.50

3.70

I2.co

6.40

4.70
535
4.00
345
6.35
465
4.70

11.55

9.45

1.348

2.421

7.602
6.888

1.280

9.458

8.70
9.6>
7.10
6.10
8.60
4.95

5.20

12,35

8.85

1.618
1.538
1.262
1.231
1.255
1.325

1.298

1510

1.251

7.80
8.85
8.00
7.65
8.80
7.90
7.90

12.30

10.65
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Table 7.

Changes of carbohydrate-splitting powers of the outer solution

(March 26, 1926)

20 hours reaction

. " Starch Soluble starch Dextrine Maltose Sucrose
Enzyme solution
KMnO KMnO KMnO KMnO KMnO
Appearance | (o 1ition (é.c.) solution (::,c.) solution (g.c.) solution (é.c.) solution (g.c.)
Control 1 .
te
(No enzyme, 10 9§ . Qui o.15 — —_ —_— -
alcohol sol,ution)o insoluble .
Control 2
(Steeped solution of _ .
shark’s air bladder pre- " .25 .85 725 0.50
pared by 10 94 alcohol)
XXXVI Soluble 8.40 875 5.45 7.55 0.55
XXXV » 8.65 8.75 6.10 9.70 0.65
XXXVIII Insoluble 5.35 8.90 3.50 10.45 0.70
Somewhat
XXXIX insoluble 7.05 9.20 3.35 9.80 0.55
XL Insoluble 5.65 9.60 3.20 9.60 0.60
XLI Soluble 10.05 9.80 5.85 9.40 0.75
XLII ” 11.15 8.70 3.60 10,05 o.8o
XLIIT » 8.00 9.60 6.25 10.15 0.90
S hat
XLIV o msoluble 6.60 8.15 520 930 0.60
XLV Soluble 6.20 3.65 2.35 7.40 0.65
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(Continued)

For 65 hours

Eor 105 hours

Enzyme Starch Starch S;;it;lc)ile Dextrine Maltose Sucrose
solution
Viscos:t KMnO, KMnO, KMnO, KMnO, KMnO, KMnO,
R4 solut’on (c.c.) | solution (c.c.) | solution (c.c.) | solution (c.c.) | solution (c.c.) | solution (c.c)
above
Control 1 73 846 0.15 o.I5 — —_— — —
Control 2 — — — 0.25 0.85 7.25 0.55
XXXVI 1.165 0.85 10,00 10.00 8.60 13.90 o.80
XXXVII 1.301 9.50 9.75 9.55 7.20 14.50 0.75
XXXVIIX 1.188 4.55 6.20 S.75 693 14.55 0.70
XXXIX 1.261 6.75 8.65 9.70 6.80 1345 0.85
XL 2.297 4.65 7.20 10.15 6.35 13.75 0.go
XLI 1.282 10.80 10.90 10.05 6.55 14.25 0.80
XLII 1.2498 12,20 11.50 8.95 6.95 14.30 0.85
XLII 1.210 10.60 10.60 10.10 755 14.30 1.15
XLIV 1.442 8.95 9.15 8.30 6.55 12,10 0.75
XLV 1.259 6.45 7.55 6.85 5.65 9.60 0.75
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Table 8. Changes of carbohydrate-splitting powers of the outer solution

(May 27. 1926)

Enzyme solution
(Time allowed for

For 15 hours

(KMnO, solution, c.c.)

For 40 hours

(KMnO, solation, c.c.)

permeation, Hr.) Soluble starch Maltose Sucrose Soluble starch Maltose Sucrose
Control 1 0.30 (o) 7.50 (©0) 0.75 (o) 0.35 (o) 7.50 (0) 0.75 (0)
Control 2 0.30 (o) 7.50 (o) 0.75 (0) 0.35 (0) 7 50 (0) 0.75 (o)
XLVI (146) 1.50 (1 20) 7.70 (0.20) 0.75 (0) 4.15 (3.80) 8.35 (0.85) 0.80 (0.05)
XLVII (163.5) 0.75 (0.45) 7.60 (0.10) 0.80 (0.05) 170 (1.35) 775 (o.25) 795 (0.20)
XLVIII (293) 0.85 (0.55) 7.60 (0.10) 0.85 (0.10) 1.75 (1.40) 7.80 (0.30) 0.90 (0.15)
XLIX (283) 0.75 (0.45) 7.70 (0.20) 0.85 (0.10) 1.65 (1.30) 7-80 (0.30) 090 (0.15)
L (218.5) 0.75 (0.45) 7.60 (0.10) 0.80 (0.03) 0.95 (0.60) 7.70 (0.20) 0.85 (0.10)
LI (459.5) 0.65 (0.35) 7.70 (0.20) 0.85 (0.10) 1.00 (0.63) 7.85 (0.35) 0.90 {0.15)
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(July 26.

1926)

For 15 hours

For 40 hours

Enzyme Starch S;:;‘;E%f Maltose Sucrose Starch Ss(t)i.l;}:)llle Maltose | Sucrose
solution RMnO, | KMnO, | KMnO, | KMnO, | KMnO, | KMnO, | KMnO, | KMnO,
Viscosity | solution solution solution | solution solution | solution solution | solution
(c.c.) (c.c.) (c.c) (c.c.) (c.c.) {cc.) (c.c) (c.c.)
Control
. above
giffﬁ:ii?%‘ggg:: 73.846 0.15 0.30 2.60 0.80 0.1y 0.30 7.65 0.80
by 10 9§ alcohol)
LII (1003) ” 0.15 0.35 7.95 o.80 0.15 o.6o 85> o.80
LIIT (436) ” 0.15 0.35 8.15 0.80 0.15 0.50 8.50 o.80
(LII) » 0.15 0.55 8.90 0.80 0.15 0.62 9.50 0.80
Original enzyme
solution (1o 9 1,004 10.05 12,50 11.40 2.95 I11.CO 12.55 11.40 3.05
alcoholic)

444
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Table 9. Enzymic powers of lipase, pepsin and trypsin of the outer

and inner solution

(July 26. 1926)

Enzyme solution

Lipase (N/1o-
NaOH solution, c.c.)

Pepsin
(Remained casein, g.)

Trypsin
(Remained casein, g.)

Control
(Steeped solution of
shark’s air bladder,
by 10 9§ alcohol)

145

0.4080

0.3835

LIII (Dialyzate)

0.4075

0.3603

(LIIT') (Inner
residual solution)

145

0.4067

0.3605

Original enzyme
(10 9% alcoholic
solution)

195

0.3935

03552

L ASYISVIA-1[0Y,, 40 TUALVN THI NO STIANIS

¢z¢



Y€

Table 10. Relation between the time of dialysis and the rate of diffusion
of enzyme substance
(October 28. 1925)
Enzyme allogiertri]efor For 16 hours (KMnO, solution, c.c.) Rate for one hour (KMnO, solution, c.c.)
solution per?ﬂggion Starch 2?;:3]16 Maltose Sucrose Starch S;?i‘:};llle Maltose Sucrose
Control ]
e adaer | = o5 |om() | 7906 |ess@) | — - - -
by 10 25 alcohol)
VII 25 0.60 (0.45)| 2.20 (2.00)| 8.35 (0.45)| o0.90 (0.35) 0.018 0.080 0.018 0.014
VIII 24 1.20 (1.05)| 2.90 (2.70)| 8.45 (0.55)| o0.90 (0.35) 0.C44 0.113 0.023 0.014
X 24 0.65 (0.50) | 2.15 (1.95) | 8.15 (0.25)| 0.85 (0.30) 0.021 0.081 oort 0.013
X 26 0.85 (0.70) | 2.45 (2.25)| 8.25 (0.35)| o090 (0.35)| o©.027 0.086 0.014 o.013
X1 76.5 3.20 (3.05)| 6.75 (6.55)| 8.95 (L.o5)| 125 (0.70)] o0.040 0.086 0.013 0.009
XIT 24 0.90 (0.75) | 2.30 (2;10) 8.30 (0.40) | 0©.85 (0.30) 0.031 0.086 o.0lg 0.013
X1l 43 0.95 (0.80) | 2.lo (2.60)| 8.45 (0.55)| 0.85 (0.30) 0.019 o.c6o 0.013 0.004
XIX 24 L15 (1.00)| 270 (2.50)| 8.00 (c.10)| 0.85 (0.30) 0,040 0.104 0.004 0.013
XV 123 11.10 (10.95)| I11.50 (I11.39)| 13.00 (5.10) | 4.25 (3.70) 0.089 0.092 0.041 0.030
(XV7) - 12.30 (12.15)| 12.50 (12.70) — _— —_— — — —
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(Continued)

Time allowed

For 40 hours (KMhOA solution, c.c.)

Rate for one hoar (KMnO, solution, c.c.)

Enzyme for
solution Pet?ﬁt;ion Starch 223};)116 Maltose Sucrose Starch Ssotlaurlzl};a Maltose | Sucrose
Control — 0.15 (0) 0.20 (0) 7.95 (0) 0.55 (0) — - —_ —_
VI 25 2.70 (2.55) | 3.50 (3.30)] 8.5 (0.55)| o.90 (0.35) 0.102 0.132 0.022 0.014
VIII 24 2.70 (2.55) | 5.30 (5.10){ 8.85 (0.90){ 0.95 (0.45) 0.106 0.213 0.038 ooy
IX 24 1.80 (1.65) | 2.15 (1.95)| 8.40 (0.45)| 0.85 (0.30) 0.078 0.081 0.019 0.013
X 26 2.10 (L.95)| 3.70 (3.50)| 8.60 (0.65)| o0.90 (0.35)” o).o75 0.135 0.025 0.013
X1 76.5 5.50 (5.35) | 8.90 (8.70) 9.45 (1.50)| 1.35 (0.80) 0.070 0.113 o.éza 0.010
XII 24 2.20 (2.05)| 4.70 (4.50)| 8.50 (0.55)| 0.85 (0.30) 0.085 0.188 0.023 0.013
X111 43 3.10 (2.95)| 4.80 (4.60)| 8.55 (6560)| 0.85 (0.30)| cicbg o.107" 0.014 0.007
X1V 24 1.50 (1.35)| 4.00 (3.80)( 8.30 (0.35)| o0.85 (0.30) 0.056 0.158 0.015 0.013
XV 123 11,30 (11.15)| 1170 (11.50) 13.60 (5.65)| 6.10 (5.55) 0.091 0.093 0.046 0.045
(XVv7) —_ 12.50 (12.35)! 13.00 (12.80) — — — — —_ —_
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Table 11.

Increasing phenomena of viscosity

(November 24. 1925)

For 16 hours For 32 hours For 73 hours
Enzyme Starch Soluble starch Starch Soluble starch Starch Soluble starch
solution . KMnO . KMnO . KMnO . KMnO . KMnO s KMnO
V1§£ solution chs; solution c‘:):t solution C\glsslt solution c\cf)lsft solution c\olsl'st- solution
oMY 1 (ee) B (ee) Y (ee) Y (ec) Y (c.c.) W (ee)
Control
Steeped soluti f
gh;kes airo blagge(:, 6.578 0,15 1.520 0.20 5.036 —_ 1.575 — 5.030 0.15 1.559 0.20
Ly 109 alcohol)
XX 2,098 5.30 3.313 6.70 2.066 5.50 2.948 7.35 1.758 6.75 2.667 8.45
XXI1 294 | 530 | 3054 | 690 | 2072 | 3540 3.128 | 7.25 1799 | 675 | 2.878 | 845
XXII 2.513 320 2.792 6.45 2.211 3.20 3.237 7.10 1.819 4-32 3.069 8.15
Original
enzymensg&g:tance 7.323 0.15 1.662 0.20 7.325 0.15 1.662 0.20 7.325 —_ 1.662 —
(Descember 10. 1925)
Control 7.239 0.15 1.524 0.20 5.036 — 1.577 — 5.030 o.15 1.559 0.20
XXIII 1.446 6.75 1.251 7.35 1.436 — 1.288 — 1.465 8.35 1.502 9.05
XXIV 1.467 7.85 1.600 8.45 1436 —_ 1.707 — 1.575 | 10.65 1.824 | Io.15
XXV 1.518 5.60 1.846 5.80 1.479 —_ 1.815 —_ 1.467 8.35 1.815 9.20
XXVI 1.477 7.70 1.969 8.40 1.456 — 2.437 — 1473 | TLIo 1.610 | ILoj
Original . _ _ 6
enzyme substance 9.102 o.15 1.658 0.20 | 10.113 1.645 9.686 o.15 1.600 0.20

gz¢
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Table 12. Increasing phenomena of viscosity on starch
For 5 hours For 63 hours For 148 hours
B : el KMnO : KMnO, |N/102 IIK » N/ro 1IK - N/100 ITK |N/10 IIK
Enzyme solution c\oléist solutiog c\:);?t solution4 solution solution CEQS' solution | solution
¥ {c.c.) y (c.c) 1 drop 2 drops 1 drop o 1 drop | 1 drop
Control I B B B B B
(No enzyme, 10 9 6.876 0.20 5.264 0.20 Tint 2 Shade 1 | Shade 2 4.010 Shade 1 | Shade 2
alcohol solut’on)
Control 2 B B B B B
(Steeped solution of : 4
shark’s air bladder, 6.859 0.20 5475 0.20 Tint 2 Shade 1 | Shade 2 4.066 Shade 1 | Shade 2
by 10 94 alcohol
% ) YO R R YO OR
I 1.348 6.40 1.407 9.85 Tint 2 Tint 1 Normal 1.400 Tint 2 Broken
tones tones
B VB A% B v
V4+VI 3.657 3.60 — 8.30 Tint 2 Tint 1 Shade 1 1.266 Tint 2 Shade 2
B VB v B BV
X1 6.539 3.40 1.378 6.80 Tint 2 Tint 1 Shade 1 1 301 Tint 1 Shade 2
B VB RV B v
XXI4+XXII 2.552 4.65 . 9.35 Tint 2 | Normal Shade 1 1.344 Tint 2 Shade 2
tones
B RV B v
XXII4+XXIV 2.827 670 — 9.95 Tint 2 | Normal Shade 1 1.323 Tint 1 Shade 2
tones
BV VB RV B BV
XXV 2.699 2.60 1.339 6.60 Tint 2 Tint 1 Shade 1 1.305 Tint 1 Shade 2
BV BV VR B \Y%
XXVI 1.735 5.30 — 10,00 Tint 2 Normal | Shade 1 1.401 Tint 1 Shade 2
tones
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XXVII
XXVIII
XXIX
XXX
XXXI
XXXII
XXXIII
XXXIV
XXXV ,
( XXVI’g
ual

(Inner resi
solation)

(XXXV7)
(Inner residual
solution)

1.819

1,768

1.755

1.635

5.844

8.472

8.718

10.509

g-391

1.303

9.793

6.40

6.00

5.80

6.75

3.20

535

3.70

“1.200

6.40

1.251

1.301

1538

4-324
5717

1.391

4 360

9.90

9.20

10.45

10.70

9.95

6.65

5.70

12,65

10.20

BV
Tint 2

Tint 2

Tint 2

Tint 2

Tint 2

Shade 1

Tint 2

Tint 2

Tint 2

YO
Tint 2

Tint 2

BV
Normal
tones
v
Normal
tones
\'
Normal
tones
v
Normal
tones
B
Shade 1

B
Shade 1

B

Shade 1
B

Shade 1

B
Shade 1

R .
Tint 1

B
Shade 1

VR
Shade 1

\%
Shade 1

v
Shade 1

v
Shade 1

v
Shade 1

v
Shade 1

v
Shade 1

VB
Shade 1

VB
Shade 1

R
Normal
tones

BY
Shade 1

L.354

1.331

1.374

1.395

1.350

1.491

1.344

2.002

2.851

1.370

1.405

B
Tint 2

B
Tint 2

B
Tint 2

GB
Tint 2

GB
Tint 2

B
Shade 1

GB

Tint 2
B

Shade 1

B
Tint 1
YO
Tint 2

B
Tint 1

v
Shade

A%
Shade

A%
Shade

v
Shade

\%
Shade

VB
Shade

VB
Shade

B
Shade

B
Shade

oY
Tict

B
Shade

2

I

2
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Table 13. Increasing phenomena of viscosity on soluble starch
For 20 hours For 63 hours For 148 hours
Enzyme
solution KMnO, KMnO, | Nj1oo IIK | Njio TTK N/100 TIK | Njto IIK
ot Viscosity solution Viscosity solution solution solution Viscosity solution solution
(c.c.) (c.c.) 1 drop 1 drop 1 drop 1 drop
B B B B
Control 1. 1.530 0.23 1.518 0.25 Tint 2 Shade 2 1.532 Shade 1 Shade 2
B B B B )
Control 2, 1.530 0.25 1.518 0.2 Tint 2 Shade 2 1.508 Shade x Shade 2
No YO No YO ‘
1 1.614 9.00 1.504 11.20 color Tint 1 1.389 color Shade
' R R R R
V+VI 1571 7.00 1.680 8.70 Tint 1 Shade 2 1.707 Tint 2 Shade
' R OR R IR
XI 1.442 6.40 1.664 7.70 Tiut 1 Shade 2 1.836 Tint 2 Shade
' R R R R
XXI+XXI1I 1.514 7.00 1.828 7095 Tint 1 Shade 2 1.651 Tint 2 Shade
‘ ' R R R R
XXIII 4 XXTV 1.508 8.83 1.8(g 7.70 Tint 2 Shade 2 1713 Tint 2 Shade
VR OR R R
XXV 1.453 6.65 1.272 7.85 Tint 1 Shade 2 1.645 Tint 2 Shade
R R R R
XXVI 1.621 8.10 1.701 9 65 Tint 1 Shade 2 1.668 Tint 2 Shade
R R R R
XXWVIT 1.672 8.6o 1811 10.30 Tint 1 Shade 2 1.719 Tint 2 Shade

ASVISVIQ-1{0Y,, 40 H¥NIVN FHI NO SAIANIS



XXVIII

XXIX
XXX

XXXI
XXXIT

XXXIII
XXXIV
XXXV

(XXVY,

(XXXV)

1.653

1.618

1.262

1.262

1.231

1.255

1.325

1.298

1.508

1.251

8.00

8.80

7-90

7.0

12.30

10,65

1.713

1.803

1.688

1.266

1.237

1.276

1.259

1.367

1.582

1.2756

9.60

8.80

g.60

8.60

8.25

9.65

8.55

8.25

12.80

1115

Tint

Tint

Tint

RV

Tint

Tint

RV

Tint

Tirt

Tint

Tint

Tict

R
Shade 2

R
Shade 2

R
Shade 2

RV
Shade 2

i
Shade 2

RV
Shade 2

A%
Shade 2

v .
Shade 2

OR
Broken
tones

v
Shade 2

1.602

1.750

1676

1.286

1.251

1.282

1.268

1.305

1.370

1.282

R

R

A4

v

Tint 2

Tint 2

Tint 2

Tint 1

VB

v

Shade 1

Tint 2

VB

Shade 1

VB

No

No

Shade 1

color

color

R
Shade
Shade

R
Shade

\%
Shade

BV
Shade

BV
Shade

BV
Shade

BV
Shade

v
Shade

VB
Shade

2]

ot
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Table 14. Change of the enzymic power caused by the difference of preserving days
(October 28. 1925)
For 16 hours For 49 hours
Enzyme Preserving Time Solubl bl
allowed for Starch s(t)atche Starch ff:;lche
solution days permeation
(Hr) KMnO, KMnO, KMnO, KMnO,
Viscosity solution solution Viscosity solution solation
(c.c.) (c.c.) (c.c.) (c.c.)
Control
(Steeped solution of _
shark’s air bladder, - 11.099 .15 0.20 10974 o.15 0.20
by 1o 24 alcohol)
VII 15 25 17.108 0.62 2,20 3.409 2.70 3.50
VIII 14 24 11.413 1.20 2.99 1.703 2.70 6.30
IX 13 24 — 0.65 2,15 4,716 1.80 2.15
X 12 26 — 0.85 2.45 5.487 2.10 3.70
XII 8 24 —_ 0.90 2.30 4.154 2,20 4.70
XIV 5 24 — 1.15 2.70 9.255 1.50 4.00
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(Continued)

(Noyember 12. 19235)

Enzyme

For 16 hours

For 33 hours

Preserving Time Starch Soluble Maltose | Sucrose

Soluble

allowed for starch Starch starch Maltose |Sucrose

solution days | POrien Vie. | KMnO, | KMnO, |KMnO, | KMnO, | .. |KMnO, | KMnO, [KMnO, [KMmO,

cosity solution | solution | solution | solution cosity solution | solution | solution [solution
(c.c) (c.c.) (c.c.) (c.c.) (c.c.) (cc) (cc) | (cc)
Control — —_— 4759 0.15 020 7.90 0.50 3.683 oI5 0.20 7.90 0.50
XVI 13 44 1,286 8.20 970 9.65 0.90 ) 1.130 9.30 10.60 10.55 1,05
XVII [¢] 95 1.175 9.30 1.05 9.95 1.30 1.089 10.25 11,10 11.35 1.60
XVIII 5 05 1.783 5.60 7.65 7.60 0.55 1.364 7.05 9.20 9.00 | 0.0
XLX 1 gs 1.163 g.10 v 1995 9.85 .1.30 I.114 10,25 11.20 11.20 1.40

z¢¢
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(Continued)

(Descember 10. 1925)

Time For 16 hours For 35 hours
P allowed
Enzyme r?serv- for Starch Soluble starch | Maltose | Sucrose Starch Soluble starch | Maltose | Sucrose
mg
solution d permea-
ays tion vis. [EMnO [ 0 KMnO, [ KMnO, { KMnO, | ;. |{KMnO, vis. |KMnO, | KMnO, (KMnO,
’ cosity | Solution | solution | solut'on | soution | | solution| .2 |solution! solution [solution
(Hr) Y| (ee) o ee) | (ee) | (ce) Y (ec) ol (ee) | (ee) | (e
Control — — 7.239 0.15 1.524 0.20 7.70 .75 4.831 .15 1.575 0.20 7.70 0.85
XXITI 12 95 1 446 6.75 1.258 7.35 9.25 1.20 1.436 7.75 1.288 8.35 10.20 1.25
XX1v 8 96 1.467 7.85 1.600 8.45 0.20 1.10 1.436 8.95 1.707 9.30 10.20 1.20
XXV 4 05.5 1518 5.60 1.846 5.80 8.40 1.10 1.477 7.0 1815 8.00 Q.15 1.20
XXVI1 [¢] 66 1.477 7.70 1.969 8.40 g.xo' 2.00 1.456 9.35 1.822 9.85 10,05 2.75
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(Continued)

(January 19. 1926)

For 15.5 hours

For 35 hours

Time
P allowed
Enzyme reser- for Starch Soluble starch | Maltose | Sucrose Starch Soluble starch | Maltose | Sucrose
ving
1 crmea-
solution days | P Vie. |KMO,| i [KMaO, |KMnO, |KMnO, | v |KMnO,| g, |KMnO, KMnO, |KMnO,
it solution cosit solution | solution | solution cosit solution cosil solution [ solution | solution
(Flr) Cosly (e Y (c.c.) (c.c.) (c.c.) Y1 (ee) Y (ce) (c.c)) (c.c.)
Original
substrate J— —_ 5.602 C.20 1.522 0.25 - — 5.487 0.20 1.522 0.25 —_— —_
only
Control —_ —_ 5.030 0.20 1.502 0.25 7-45 0.75 5.908 0.20 1.485 0.25 7-40 0.75
XX VII 35 121 1.182 8.20 1.182 0.00 9.05 1.05 1.173 940 1.272 | lo.40 10.80 1.25
XXVIII 31 95 1.194 895 1.190 8.65 8.75 0.8 1.198 | 10.85 1.251 9.85 — 0.90
XXIX 27 96 1.178 8.50 1.190 8.25 8.45 0.75 I.151 9.95 1.276 | 950 8.90 0.75
XXX 22 120 1.19} 9.10 1.196 9.00 9.30 0.75 I.I15T | ILIO 1.262 | 1050 10.95 0.75
XXXI 18 96.5 1.957 6.35 1.132 8.35 8.90 0.75 1.569 805 1.190 | I0.I0 9.95 0.75
XXXII 13 119.5 5456 4.60 1.132 8.65 8.60 0.75 3.407 5.85 1.169 g.80 g9.go 0.75
XXXIIT 8 120 1.861 8.35 1.130 10.15 9.65 1.0 1.436 10.60 1171 11.75 11.10 1.25
XXXIV 4 6 5.471 4.90 1.198 8.60 9.30 0.75 3.889 6.70 1.179 9.40 10.55 0.75
XXXV o 46 3758 | 5.00 1.200 870 9.40 075 | 3569 | 6.80 196 | 950 | 10.90 075

vEe
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Table 15. Appearance of the reserved outer solution
Knzyme | Date of Time all- Date of observation
d f } .
lution al owe <.)r Oct. 20. Oct. 26. | Nov.10. | Nov.27. | Dec. 10, Jan. 19. | Feb. 10. | Teb. 17.
solutio renewal | permeation|  1g25 1925 1925 1925 1925 1926 1026 1926
Very
Oct. 3. Slightly slightly ) _ _ _
I 1925 50 white white Transt- Tr?:rft -
turbid turbid | PR pa
Oct. 5. ” ”» ”» ” —_— -_— -_— —
I Tozs 48
Very
Slightly | Nearly slightly
111 Oct. 7. 48 ” white Vrans- white — — — —_—
1925 turbid parent turbid
Oct. 9. ” » Trans- Trans-
v 1925 19 - parent parent - - - -
Oct. 10. ”» ”» ” ”
v 1925 25 — — — _—
Oct. 12, 1 »
VI 1925 43.5 ” ” — — — —
Very
Oct. 13. » » ) slightly
Vit 1925 o] ’ white - - - -
Very turbid
slightly
vir | Oct x4 24 white ». » » — — _ _
925 turbid
Oct. 15. Trans- Trans- .
X 1925 24 parent " " parent - - - -
1 5 0
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X1

X1

XIII

X1v

XVI

XVII

XVIII

XIX

XX

Oct. 16,
1925

Oct. 19.
1925

Oct. 20.
1925

Oct. 22.
1925

Oct. 23.
1925

Oct. 28,
1925

Oct. 30.
1925

Nov. 3.
1925

Nov. 7.
1925

Nov. 11
1925 -

Nov. 16
1925

26

76.5

24

43

24

123

44

95

95

121

»

Trans-
parent

Nearly
trans-
parent

Trans-
parent

Nearly
Trans-
parent

Trans-
parent

Slightly
white
turbid

Very
slightly
white
turbid

”

Trans-
parent

Very
slightly
white
turbid

n

Trans-
rarent

Very
slightly
white
turbid

of¢
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XXI

XXII

XXIII

XXV

XXV

XXVI1

XXVII

XXVIII

XXIX

XXX

XXXI

Nov. zo0.
1925

Nov. 24.

1925

Nov. 28.

1925

Dec. 2.
1925

Dec. 6.
1925

Dec. 10,
1925

Dec. 15.
1925

Dec. 19.
1925

Dec. 23.
1925

Dec. 28.
1925

Jan. 1.
1920

97

gb

g6

96

955

I21

95

96

120

965

Trans-
parent

Slightly
white
turbid

Trans-
parent

Very
slightly
white
turbid

Trans-
parent

Very
slightly
white
turbid
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XXXII

XXXIII

XXXIV

XXXV

XXXVI

XXXVII

XXXVII1

XXXIX

XL

Jan. 6.
1026

Jan. 11,
1926

Jan. 15.
1926

Jan, 19,
1926

Jan, 23.
1926

Jan. 27.
1926

Feb. 1.
1926

Feb. 3.
1926

Feb. 9.
1926

119.5

120

96

g6

g6

96.5

95.5

675

96.5

Trans-
parent

Very
slightly
white
turbid

Trans-
parent

Trans-
Pparent

Slightly
white
turbid

Trans-
parent

Almost
trans-
parent

Slightly
white
turb’d

gf¢
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Table 16. Relation between the appearance and the diastatic power of
the reserved outer and inner solution in dialysis
of “Koji-Diastase”

(156 hours digestion)

Days allowed . -
Enzyme for standing Starch Soluble starch Maltose Sucrose
. after renewal KMnO, KMnO, KMnO, KMnO,
solution of the outer | Appearance | Viscosity solution Viscosily solution solution solution
solution (c.c.) (c.c) (c.c.) (c.c.)
Original
substrate, only - - 7871 0.15 1.608 0.20 — —_
Control
(Stecped solution of _ .
shark’s air bladder, 6.213 0.15 1.524 Q.20 7.70 0.75
by 10 9 alcohol)
XXIII (g6) 12 Transparent 1.446 6.73 1.251 7-35 9.25 1.20
XXIV (96) 8 ” 1.467 7.85 1.600 8.45 9.20 1.10
Slightl
XXV (95-5) 4 whité’tur{)id 1.518 5.0 1.846 5.80 8.40 1.10
XXVI (96) o Transparer.t 1.479 7.70 1.969 8.40 Q.10 2.00
(XXVT)
(Inrer residual — » 1.467 13.30 1.487 13.10 1315 8.45
solution)

“E[SVJ,SVICPI(-O}I” d0 FYNLVYN dHI NO SHIANLS
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Table 17. pH value of the outer solution

(February 4. 1926)

Ditference compared

Intference compared

Time with the value of the [with the value of the
Sample allowed for pH steeped solution of shar-original enzyme solu-
permeation | yajye k’s air bladder pre- |tion of purified “Koji-
(Hr) pared by 1094 alcohol  |Diastase”
Distilled water — 6.20 —_ —_
1094 alcohol solution — 6.20 — —
Steep?d solution of
s g fadder | s | G = ~
alcohol
Original enzyme
solution of purified - 6.g0 + 0.8> —
+Koji-Diastase”
I 50 6.55 + 045 - 035
11 48 6.65 + 055 - 0.25
III 48 6.70 + o060 - 0.20
v 48 6.65 + o055 - ©.25
V+4VI 335 6.75 + 065 - oI5
VII4VIII 24.5 6.65 + 055 - 0.25
IX+X 25 6.55 + 045 - 035
XI 76.5 6.50 + o.40 - 0.40
X1I 24 6.45 + 0.35 - 045
XII1 43 6.50 + o040 ~ 0.40
X1V 24 6.40 + o030 - 0.50
XV 12.3 6.50 + 0.40 ~ 0.40
XVI 44 6.65 + o055 -~ o0.25
XVII 95 6.65 + 0.55 - 0.25
XVIIL 95 6.65 + o055 ~ 0.25
XIX 95 6.50 + o.40 - 0.40
XX 12.1 6.30 -+ 0.20 - 0.60
XXV 95.5 6.25 + o5 - 0.65
XVI 96 6.20 + o.10 - 0.70
(XXVI)
(Inner residual —_ 6.50 + o.40 - 0.40

solution)
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Table 18. Change of pH value of the preserved outer solution
diluted at the same rate of diffusing hour

pH value
. When the previous | nuq o as com.
Original outer sample was dilated
with distilled water | pared with the value
solution at the rate of 19.2 of the control
hours permeation
(Date of (February 4. (February g.
measurement) 1926) 1926) -
Control
(Steeped solution of 6.10 6.15 —_
shark’s air bladder,
by 1094 alcohol)
1 6.55 6.65 +o0.50
i’ " 665 . 6.70 +0.55
111 6.70 6.65 +4 0.50
v 6.65 6.60 +0.45
V+VI 6.75 6.70 +0.55
VII+ VIII 6.65 6.75 +o0.60
IX+X 6.55 6.70 ) +0.55
XI 6. 50 6.40 +0.25
XIT- 6.45 6.40 +o0.25
X111 6.50 6.50 +0.35
X1V 6.40 6.50 +0.35
XV 6.50 6.30 +o0.15
XVI 6.65 6.55 +0.40
XVII 6.65 6.60 +0.45
XVIII 6.65 6.65 +40.50
XI1X ' 6.50 6.45 +o0.30
XX 6.30 6.20 +0.05
XXI 6.35 6.20 +0.05
XXI1 6.40 6.30 +o0.15
XXIII 6.55 6.40 +0.25
XXIV 6.45 6.40 -+0.25
XXV 6.25 6.30 +o0.15
XXVI 6.20 6.20 4-0.05
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Table 19. Change of pH value during the outer solution is preserved

Date of

me:;.sure-t Feb. 4. 1926 | Feb. 9. 1926 | Feb. 13. 1926| Feb. 17. 1926| Mar. 9, 1926 | Mar. 16. 1926
men

Control 6.10 6.10 6.10 6.10 6.10 6.1o
I 6.55 6.65 6.65 9.75 6.50 6.50
D § | 6.65 6.70 6.75 6.80 6.80 6.75
ur - 6.70 6.65 6.6 6.80 6.65 6.50
. v 6.65 6.60 6.60 6.75 6.60 6.45
V4VI 6.75 6.70 6.70 6.85 6.80 6.70
VII4+VIII 6.65 6.75 6.75 685 6.90 6.95
IX+X 6.55 6.70 6.70 6.80 6.85 6.90
X1 6.50 6.40 6.30 6.60 6.65 6.70
XII 6.45 6.40 6.40 6.70 6.85 6.90
XIIL 6.50 6.50 6.50 6.75 6.85 6.90
X1V 6.40 6.50 6.60 6.75 6.85 6.90
XV 6.50 6.30 6.20 6.60 6.65 6.75
XVI 6.65 6.55 6.50 6.70 6.85 6.0
XVII 6.65 6.60 6.50 6.70 6.80 6.85
XVIII 6.65 6.65 6.60 6.70 6.80 6.85
XIX 6.50 6.45 6.40 6-60 6.70 6.75
XX 6.30 6.25 6.25 635 6.40 6.45
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Table 20. Optimum pH value for several enzyfnes

Raw material of : Optimum pH
Name of enzyme the enzyme Investigator value Remark
Amylase Koji SHERMAN 4.8 —_
. OsuiMA and
”
Koji ITAVA 4.5—5.2 —
o Malt SHERMAN 4.5 —
» Malt EULER 5.0 _—
Maltase - Ferment MICHAELIS 6.1—6.8 —
Invertase Ferment SORENSEN 4.4—4.6 —_
” Ferment MICHAELIS 4.2 —_
Pepsin —_ MICHAELIS 14 —
Trypsin — | MICHAELIS 9.7 —_
Protein Aspergillus
splitting enzyme “orizae Oxapa 507 -

Table 21. pH value of 2 9% solution of substrate used

in this experiment

Substrate pH value Remarks (Toluene was added as an antiseptic)

There seems to be an inclination of decrease of

Starch (potato) 6.40—7.30 PH value of starch paste as a consequence of its
preservation
Soluble starch There seems to be almost no decrease in the pH
ol otato 6.10—6.co value of soluble starch as a consequence of its
(p ) preservation
" There seems to be no change in the pH value:
Dextrine 6.40—6.30 of the aqueous solution by its preservation
Maltose 6.20~6.00 »
Sucrose 6.30—6.20 »

Distilled water 6.20 -




Table 22,

Relation between the enzymic power and the pH value changing. 1.

(16 houra action)

(February 9. 1926)

Starch Soluble starch
Enzyme pH value of
¥
°“§‘i{ati°13f’°“ N/too IIK | Nj1o TIK |KMnO, solutios Nftoo TIK | N/10 IIK [KMnO, solution
solution 19.2 hrs. Vis- solution solution (Value deducted]  Vis- solution, solution, |(Value deducted
permeation) cosity 1 drop, 1 drop, } maltase cosity I drop, 1 drop, 1 maltase
for 2 c.c. for 2 cc. | power) (c.c.) for 2 c.c. for 2 c.c. power) (c.c.)
B B B B
Control 6.15 5.823 Shade 1 Shade 2 o155 (—) 1.477 Shade 1 Shade 2 0.25( — )
B VB VO v
I 6.65 1.508 Tint 1 Shade 2 6.00 (5.50) 121D Tint 2 Shade 2 6.15 (5.55)
B No OR
I 6.70 2.501 ” Shade 2 6.15 (5-30) 1.284 color Shade x 7.40 (6.45)
I 6.65 3.287 Shade I » 6.35 (5.30) 1.268 » » 7.50 (6.35)
R
v 6.60 4490 ” » 5:25 (4.45) 1.251 ” Shade 2 7.25 (6.35)"
V+VI 6.70 4.120 ” » 3.85 (3.45) 1.196 » ” 4.40 (3.90)
RV
VIL+VII 6.75 | 3483 ” " 230 (190) | 1335 | Vg | Sade s | 260 (219)
B , VB
IX+X 6.70 3.943 Tint 2 » 1.90 (1.65) 1.223 ’ Shade 2 1.90 (1.55)

122

ol11 1{aSIIn



XI

X1I

X111

X1V

XV

XVI

XVII

XVIII

XI1X

XX

XXI4-XXII

6.;;0
6.40
6.50
6.50
6.30
6.55
6.60
6.65
6.45
6.20

6.25

4.332

3.442

3356

3535

4.010

3.411

4.01I0

3.587

3411

3.403

3643

B

B

B

B

»

Shade 1

”

Tint 2
Shade 1
Tint 2

Shade 1

»

b

»

2.co (1.75)
1.96 (1.50)
1.70 (1.35)
.75 (1.35)
545 (4-55)
4.95 (4.20)
320 (2.70)
1.76 (1.40)
3.10 (2.65)
175 (1:55)

175 (1.40)

1.229

1.225

1.253

1.184

1.190

1.179

1.204

1.239

1.188

1.237

1.214

Tint 2

”

Tint 1

”

Shade 2

RV
Shade 2

OR
Shade 2

VR
Shade 2

RV
Shade 2

v

Shade 2 .

BV
Shade x

VB
Shade 1

2.00 (1.65)
2.10 (1.60)
r.75 (1.30)
1.80 (1:30)
7.80 (6.80)
7-15 (6.30)
420 (3.60)
3.00 (2.60)
4.60 (4.05)

2.85 (2.55)

2.36 (1.95)

(ASVISVIQ-1{0X, 40 FYALVN THI NO SAIANLS
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Table 23. Relation between the enzymic power and the pIlI value changing. 2. @
Soluble starch + Dextrine Dextrine Maltose Sucrose >
Enzyme
pvae || Moo I Mo IIK K40, selaion Km0, solain | cao, saton | KataO, s
solution 1scosity j maltase power) |  maltase power) (el (cc)
1 drop 1 drop (c.c.) (c.c.) o
C B B _
ontrol 6.15 1.477 Shade 1 Shade 2 045( —) o70 ( — ) 7.20 ( 0) o050 (0)
I 6.65 —_ —_ — —_ 4.65 (3.60) 7-90 (0.70) 0.80 (0.30)
I 6.70 vy | NO o IVELL L | 635 (529) 5.50 (4.15) 8.55 (1.35) -
111 6.65 — _— — —_ 570 (4.15) 895 (4.15) 0.70 (0.20)
v 6.60 nagg (MO VR 2 | 685(575) 5.30 (3.95) 8.50 (1.30) —
V+VI 6.70 —_ —_ — _— 4.40 (3.45) 7.75 (0.55) 0.60 (0.10) 2
VII+VIII 6.75 1.108 Nocolor VShade I 3.75 (3.05) 3.75 (2.80) 7.75 (0.55) — 7]
X+X 6.70 — o v — 3-10 (2.30) 7.45 (0.25) 0.55 (0.05) §
XI 6.40 1.149 Ocolor Shade 1 4.00 (3.45) 325 (2.45) 7.40 (0.20) — 5
XIT 6.40 — — — — 3.15 (2.20) 7.90 (0.50) 0.55 (0.05) ©
X111 6.50 trr [N e | Vepade 1 |35 (250) 2.30 (1:49) 7.60 (0.40) —
X1v 6.50 — — — — 2.80 (1.85) 7.70 (0.50) o50 ( 0)
XV 6.30 1.149 Nocolor Vl’{rint 2 7.00 (5.80) 5.50 (4.05) 8.70 (1.50) —
XVI 6.55 —_ - — —_ 5.20 (3.90) 8.40 (1.20) 0.55 (0.05)
NVIL 6.60 L179 N°COIO, Vslflade 2 5.50 (4.70) 430 (3.25) 7.90 (0.70) -
XVIII 6.65 — - — —_ 2.80 (1.95) 7.55 (0:35) o050 (0)
XIX 6.45 1.186 Nocolor VSIIEade 2 4.85 (4.10) 4.20 (3.20) 7.85 (0.65) —
XX 6.20 — — —_ — 2.80 (2.05) 7.30 (0.10) 0.85 (0.35)
XXI+XXII 6.25 1.145 BTint 2 Vshade 2 4.10 (3.45) 315 (1.25) 7 60 (0.40) —




Table 24.

Relation between the enzymic power and changes of the pH value in enzyme solution
(February 6. 1926)

Enzyme pfili avl:;l;l:t:f ‘ Starch | " Soluble starch

(Rate of 19.2 | pH value | pH value | Viscosity | Nf1oolIK | Nfro IIK | KMnO, | pH value | pH value | KMnO,

solution hours permea-; before after after solution, | solution, | solution before after solution
tion) action action action 1 drop 1 drop (c.c.) action action (c.c)
Control 6.15 6.30 6.30 4.972 BShacie . %hade 2 0.25 6.10 6.10 0.25
I 6.65 6.70 7.10 1.272 ” RS\IImde . 9.15. 6.10 7.40 8.20
B4 6.70 — 7.30 1.448 ” VSh ade 1 9.30 _— 6.00 10.30
111 6.65 —_ 7.00 2.146 ” ” 8.45 — 6.c0 10.35
v 6.60 —_ 7.10 2.365 ” » 7.95 —_ 6.co 10.60
V4VI 6.70 — 7.10 2.845 ” ” 6.80 —_ 6.10 8.75
VII4VIII 6.75 — 7.20 3.026 » ” 4.05 —_ 6.10 4.70
IX+X 6.70 6.75 7.10 2.837 » ? 3.05 6.10 6.00 4.00
XI 6.40 — 7.00 2.903 » ” 4:35 — 6.00 4.60
XI1I 6.40 —_— 6.90 2.835 » » 3.75 — 6.00 4-30
XIIX 6.50 — 7.20 3.327 ” ” 3.25 —_— 6.10 345
X1V 6.50 —_ 7.00 2.884 » ”? 2.55 — o.10 3.40
Xv 6.30 — 6.90 3.499 » » 6.80 — 6.40 10.20
XVI 6.55 — 6.80 3.282 » ” 7.60 —_ 6.6> 9.90
XVI1 6.60 — 6.90 3.054 » » 5.80 —_ 6.10 8,00
XVIII 6.65 — 7.00 2.976 ” ” 4.30 — 7.30 5.20
XIX 6.45 — 6.90 2.825 ” ” 5.35 —_ 7.40 6.80
XX 6.20 —_— 6.90 2.919 ” » 3.30 — 7.30 4.90
XXI+4 XXII 6.25 6.40 6.80 3.007 ” 4 4.55 6.10 6.00 4.65

“EISVLSVICI\IfO}I,, J0 HINLVN HHI NO SHIANIS
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(Continued)
Enzyme pH value of Dextrine Maltose Sucrose
outer pH.value | pH value | KMnO, | pH value | pIf value | KMnO, | pH value | pH value | KMnO,
. . before after solut’on before after solution before after solution

solution solution action action (c.c.) action action (cc.) action action (c.c.)
Control 6.15 6.00 7.20 0.85 6.00 6.10 7.75 6.00 7.30 0.55
I 6.65 6.45 . 7.30 4.25 6.35 6.60 9.05 6.60 6.90 0.65

1I 6.70 C— . 7.00 7.50 —_ 6.70 10.35 — —_ —
111 6.65 — 6.75 7.25 — 6.50 10.85 — 7.30 1.10
v 6.60 — .20 6.05 — 6.90 9.75 — — —
V+VI 6.70 C— 6.85 5.45 —_ 7.00 8.25 —_ 7.10 0.80

VII4VIII - 6.75 —_ . 6,50 5.45 —_ 6.25 8.30 — —_ —_
IX4+X 6.70 -6.50 6.55 5.I5 6.40 6.40 8.35 6.70 6.90 0.75

X1 6.40 — 6.50 5.55 —_ . 6.60 8.40 — —_ —
XIT 6.40 —_ 6.40 5.20 — 6.70 8.25 — 6.85 0.80

X111 6.50 — 7.40 3.45 — 6.40 8.35 — —_— —
X1v 6.50 — . 6,50 4.35 — 6.50 8.40 - 7.35 0.55

XV 6.30 - 6.80 6.25 — 6.45 10.70 — — —
XVI 6.55 — 6.30 7.05 — 6.20 10.25 — 7.60 2.30

XVII " 6.60 — 6.45 6.25 —_— 6.50 9.10 —_ — —
XVIII 6.65 —_ 7.00 475 — 6.30 8.25 —_ 7.35 0.55

XIX 6.45 — 6.40 6.50 —_ 6.20 9.05 — — —_
XX 6 20 — 6.40 5.35 —_ 6.20 8.25 -— 7.40 0.65

XXI+XXII 6.25 6.10 6.40 4.50 6.10 6.20 8.45 6.10 -— —_

g€
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Comparison of the enzymic power between the permeated

Table 25.
and the original enzyme solution
For 15 hours For 40 hours
Enzyme
ey Starch S;:;‘:E%f Maltose | Sucrose | Starch Ss(ziurgf Maltose | Sucrose
solution vis. | EMnO, [ KMnO, KMnO, | KMnO, | KMnO, { KMnO, | KMnO, [ KMnO,
cosit solution | solution | solution | solution | solution | solution | solution ( solution
Y (c.c.) (c.c.) (c.c.) (cc) | (cc) {c.c.) (c.c.) (c.c.)
a 1.819 4.80 8.25 ,8.05 0.95 7.70 9.95 8.90 1.45
b 13.716 1.75 4.40 7.80 o.80 430 7.90 8.40 0.80
c Above
(Control) { 70.846 0.15 0.20 7.45 o.80 0.I5 0.20 7.45 0.80
Table 26. Method of dialysis
o Dialysis
: ‘¢ K oji- Diastase”
Membrane enzyme Solvent (c.c.) | Toluene (c.c.) m:r:\aa‘;i Nl;r;;}i)s]re:f
substance (g.) (cm2)
1) Airbladdel o5 ot (20) 2 58.38 3
’ 10 24 8.38
2) .5 alcohol (50) ° 593 3
Intestine Distilled
3 membrane| Lo water (100) 3 9392 !
10 9
49 7 1.0 n]cohol/( 100) e 9392 2
. Distilled
5) Bladder 1.5 wat:;l(xeso) 4 138.23 1
10 9,
6) » 1.5 alcohol/‘zlso) o 138.23 1




Table 27. Renewal of the outer solution

Period 1 II 111
N;‘l::l];f;ﬂlof 1 23 45| 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25
Number of days 2 4 71013 16 18 22 25 28 31 34 37 41 45 49 53 57 63 73 95 Ioz Io9 116 126

allowed for dialysis

Hours of diffusion

48 48 72 72 72,

72 48 96 72 72 72 72 72 96 96

96 g6 g6 144 240 328 168 168 168 240

Table 28. Change of volume of the inner solution

Volume of
enzyme sol.

Total days of dialysis
(Volume increase of
inner residual solu-

Volume of inner
residual sol.

Total increase of
volume of inner
residual solution

Mean value of in-
crease per 100 square
cm. of dialysis

(Jan. 18. 1927, c.c.) tion ceased almost) (c.c)) (c.c.) meng);;m?c.gx) one
1) Air-bladder
" 150 28 223 73 1.490
(Dist. water) 440 140 2615
Air-bladd
g (10 56 alco. sol.) 150 34 217 67 1125
3) Intestine-memb. 500 2
: s 113 xs) 0554
(D.lst. water) 416 146 2.637
Oy | 5 )
5) Bladder 1
. 50 149 (not ceased yet) 895 745 3.617
(Dist. water) 1520 1220 5-923
6) Bladder- 150 149 (not ceased yet) 625 475 2.306

(ro 94 alco. sol.)

0S¢
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Table 29. Power of carbohydrate-splitting enzyme in the outer solution

Part of the 2nd time renewal (20 hours reaction; KMnO, soiution, c.c.)

. Asvisvia-1od,, 30 FYALVN THL NO SHIANILS

Outer solution Air bladder Intestine membrance Bladder Control
Sub- 1 2 3 4 5 6 . Original
strate (Kind (Distilled (0 9 alcohol| (Distilled [(10 94 alcoho!] (Distilled [(10 9 alcohol| Distilled o 98 aleohol T w0
s . . water solution .
of enzyme) water) solution) water) solution) water) solution) . solution
Potato starch
(Diastase) 10.90 9.15 10.20 2.30 7.50 1.90 0.15 0.15 —
Maltose
(Maltase) 1LI0 11.00 11.05 9.00 9.50 9.10 8.50 8.50 —
Sucrose
(Invertase) 2.60 2.60 2.60 1.40 1.75 1.45 1.50 1.50 —
pH value
(Brom-thymolblue) 6.60 6.95 6.85 _ 6.80 6.85 6.75 6.00 6.60 7.15
(Continued)
Part of the 8th time renewal (45 hours reaction)
Outer Air bladder Intestine membrane Bladder Control
solution L 2 3 4 5 6 (Distilled water)
Sub- . KMnrO : KMnO . KMnO : KMnO, . KMnO, - KMnO, . KMnO
strate chs]:y solution cX;iSt_y solution chlist-y solution chlf’t-y solution chlist_y solution c‘ofslist-y solution c‘olsjist.y solution
(ce) |-, (c.c.) (c.c.) (c.c.) (c.c.) (c.c.) (c:c.)
Potcsttngh‘ 1062 °| .13.70 | 2315 | 1210 | 2274 | 1080 | 4467 | o085 | 3.838 230 | 5.543 | o.50 — 0.20
Maltose — 13.40 - 12.10 —_ 12.50 —_ 7.50 —_ 13.60 —_ 6.65 — 7.60
4
Sucrose - 5.55 —_ 2.70 — 2.35 —_— 1.60 f— 3.30 —_ 1.70 — 1.40

16§




Part of the 12th time renewal (21.5 hours reaction, 20 c.c.

(Continued)

enzyme solution and 2 c.c. of toluene were mixed)

of 2 9% solution of substrate, 5 c.c. of

Outer Air bladder Intestine membrane Bladder Control Original
solution (Distilled water) substrate
1 2 3 4 5 6
.. | KMnO .. |KMnO .. | KMnO .. | KMnO . KMnO .. | KMnO . KMnO KMnO
:ltﬁ:te V}i' solution Vl?{ solution Xxst solution c\o,‘isg solution V‘.St' solution chxst- solution chlist- solution | solution
COSIty | (c.c,) | oMY (ce) || (ce) sy (c.c.) COSY Y (o) |OFY (e Y (ec) (c.c.)
Potato -
starch 1.127| 1165 | raiyo| 1085 | r.r3x| 1063 | 1.198| 6.55 1.470{ 1.90 | 1482} 145 — 0.25 0.25
Maltose — 10.00 — 11.05 —_ 8.60 — 8.45 _— 7.95 — 7.90 — 6.80 —
Sucrose — 335 —_ 2.35 —_ 2.90 — 1.20 — 0.85 —_— 0.80 — 0.80 —_
Glucose — 2.65 | — 270 | — 240 | — 3.00 — 2.45 — 2 6o — 14.20 14.15
@) @) ® ® ® @)
pH value (6.15) (6.50) (6.30) (6.40) (6 20) (6.45) (6.c0) -

zS¢
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76 hours reaction

Outer . .
solution Air bladder Intestine membrane Bladder Contral Original
(Distilled water)]  substrate
1 2 3 4 5 6
Sub- KMnO, KMnO, KMnO, KMnO, KMnO, KMnO, KMnO, KMnO,
strate solution (c.c.) | solution (c.c.) | solution {c.c.) | solution (c.c.) | solution (c.c.) | solution (c.c.) | solution (c.c.) | solution {c.c.)
Potato starch 12.00 12.30 10.50 8.30 3.25 2.95 0.25 —
.
Maltose 12,20 12.70 10.70 8.60 8.10 7.90 7.50 —_—
Sucrose 4.90 3.40 5.10 1.30 0.80 0.80 o.80 —_
Glucose 14.35 14.60 14.20 13.75 13.60 14.10 13.50 14.15
(Continued)

Part of the 17th time renewal (95 hours reaction, 25 c.c. of 2 9% solution of substrate, 5 c.c. of

enzyme solution and 2c.c. of toluene were mixed)

Air bladder Intestine membrane Bladder
Outer Control
luti -

solution . 2 3 B 5 6 (Distilled water)

. KMnO . KMnO . KMnO . KMnO . KMnO . KMnO . KMnO
Vfist' solution Vl.s{ solution cV1§t- solution V:t solution CZ;St solution ch'st. solution inst- solution

COSY 1 (e oSy 1 (e.c) osity (cc) | 1 (ce) Y| (ec) oS 1 (e S | (ec)

I;?;:g’l ra3s .50 !.‘29! 1040 | 1618 8.30 1.883 6.45 7-492 1.90 | 14.071 1.35 [>73.096| o0.15

(JASVISVIa-Ifod,, 40 FUNIVN HHI NO SAIANIS
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{Continued)

Part of the 25th time renewal (25 c.c. of 2 % solution of substrate, 5 c.c. of enzyme solution and

2

soluble starch, maltose and sucrose decomposition, and 67 hrs. for starch saccharification)

2 c.c. of - toluene were mixed, time used for reaction was 20 hours for starch liquefaction, 45 hrs. for

Outer Air bladder Intestine membrane Bladder Control
solution I 2 3 . 4 5 6 (Distilled water)
. KMnO . KMnO . KMnO . KMnO . KMnO . KMnO . KMnO
Sub- chlist- solution chist_ solution chlist. solution chlxst solation cX;ft solution cX;ft solution c‘g;f; solution
strate Y (ee) S (el Y (ee) Y (c.c) Y1 (el Y1 (ce) Y (e
Potato starch| 19.472 7.05 | 21.970 6.95 | 12.102 7.40 | 1L.249 9.30 9.773 7.40 | 12.193 1.25 10172 | o.15
So]ubl:iarch . 10.00 - 11.20 — 11.10 — io.so —_ 10.60 — 0.94 — 0.30
Maltose —_— 10.25 —_ 11.20 —_— 10.30 —_— 0.80 — 9.60 —_ 8.00 —_— 7.70
Sucrose -—_ 1.55 — 1.20 —_ 2.40 —_ 1.35 —_— 2.50 —_ 1.50 — 0.80
On inner residual solution
Irmer. Air bladder Intestine membrane Bladlder Control
solution|™ " 2 3 4 P 5 (Distilled water)
7 KMnO . KMnO . KMnO . KMnQO . KMnO . KMnO, . KMnO,
Sub- chliSt- solutio;x cV‘iSt‘ solution (Xlst solution c\chst solutior; c‘ohist- solution CZS‘lSt solution c‘c/;slxst solution
strate oSty (c.c.) osity (c.c.) sty (c.c.) Y {c.c.) Sty (c.c.} y (c.c.) 4 (c.c.)
Potato starch] 2.453 13.70 4.798 13.50 1.101 14.32 1.127 13.90 1.147 13.20 1.185 12.00 — 0.15
Soluble
o s‘tarch - 13.80 — 13.30 — I415 - 14.65 — 13.30 — 1435 — 0.30
Maltose —_ 12.25 —_ 13.30 —_— 12.30 — 13.15 — 13.30 — 13.80 — 7.70
Sucrose — 9.60 — 7.20 — 13.50 —_ 9.40 — 14.20 —_ 9 40 — 0.80

1413
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Comparison of starch liquefaction.

(Viscosity)

Air bladder

Intestine membrane

Bladder

Distilled water

10 9§ alcoholic

Distilled water

1o 95 alcoholic

Distilled water

10 9 alcoholic

solution water solution solution water solution solution water solution
Outer solution 1980 2.306 1.401 2.051 1.340 3.015
Inner residual
solution 1.¢65 1.086 1.056 1.078 1.086 1.127

Table 30. Power of protease in the

outer solution

(Casein remained, g.)

Air bladder

Intestine membrane

Bladder

Distilled water

10 9 alcoholic

Distilled water

10 9§ alcoholic

Distilled water

10 9¢ alcoholic

solution water solution solution water solution solution water solution
Outer solution 0.3990 0.3985 0.3g80 0.3596> 0.4c05 0.3950
Pepsin Inner 0.3870 6 6< 03710 0,278
residual solution ©-3935 3 .3555 ©.3555 371 :37¢5
Outer solution 0.370% 0.3680 0.3740 0.3740 0.4085 0.3730
Trypsin Inner . -
0.3690 0.3655 0.3645 0.3580 0.3625 0.3615

residual solution|

“EISVJ.SVICI-IfO}I,, J0 FYNIVN AHL NO SHIANLS
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Table 31.

Power of lipase in the outer solution

(1/10 normal NaOH solution, c.c.)

Air bladder Intestine membrane Bladder
Distilled water | 1o 9 alcoholic | Distilled water | 10 9§ alcoholic | Distilled water { 30 9§ alcoholic Control
solution water solution solution water solution solution water solution ontro
Outer solution 0.75 0.75 0.75 075 0.75 0.75 0.75
Inner residual 0.8 0.00 .80 o 0.80 3
solution - 9 . .05 . 0.85 0.75

Table 32.

Change of pH value of the outer and inner solution

Change of pH value of control solution

pH

; 10 9¢ alcoholic | Original enzyme Time of the
Distlled water water solution i Time of the
6.00 6.00 7.28 Jan. 22. 1927-

May 2. 1927

9s¢€
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STUDIES ON THE NATURE OF “KOJI-DIASTASE’ 357
Change of pH value of the outer solution
Repeated num- Air bladder Intestine membrane Bladder
ber of renewal Date of
I 2 3 4 5 6

of the outer (Distilled |(1094 alco-| (Distilled |(109g alco- | (Distilled |(109% alco-

measurement water  |holic water water holic water| water holic water

splution solution) | solution) | solution) | solution) | solution) | solution)
2nd Jan, 22. 1927 7.00 6.95 6.95 6.90 6.95 6.85
oth Feb. 12, » 6.65 6.70 6.70 6.50 6.45 6.55
” Feb. 21. ” 6.85 6.90 6.90 6.60 6.55 6.70
12th »oonon 6.25 6.60 6.40 6.50 6.30 6.55
» ”oo2q. 7 6.35 6.75 6.55 6.65 6.40 6.70
13th »ooro» 6.25 6.60 6.25 6.50 6.25 6.55
” ? 28 6.50 6.75 6.50 6.60 6.45 6.65
14th »oo2 9 6.20 6.60 6.20 6.50 6.15 6.40
” Mar. 4. 7 6.30 6.70 6.40 6.60 6.20 6.55
15th no»o» 6.10 6.55 6.15 6.50 6.10 6.30
» » 8 6.20 6.65 6.25 6.60 6.20 6.45
16th »orom 6.10 6.40 6.15 6.40 6.10 6.25
» P12, 7 6.20 6.55 6.25 6.50 9.20 6.35
17th »oo» o» 6.10 6.35 6.10 6.40 6.10 6.25
» » 16, ” 6.15 6.50 6.20 6.50 6.20 6.35
18th voo»on 6.10 6.25 6.10 6.40 6.10 6.25
» ” 22, 7 6.10 6.35 6.15 6.45 6.15 6.35
1cth nooron 6.10 6.20 6.10 6.40 6..10 6.20
» Apr. 1. ” 6.10 6.30 6.25 6.55 6.20 6.35
20th nowo» 6.10 6.20 6.10 6.40 6.10 6.20
» ?oo23. 7 6.10 6.25 6.15 6.55 6.10 6.20
21th oo 6.10 6.20 6.10 6.40 6.10 6.20
22th S 6.10 6.20 6.10 6.40 6.10 6.20
» May. 7. ” 6.10 6.25 6.20 6.55 6.20 6.30
23th voono» 6.20 6.15 6.20 6.35 6.15 6.20
24th " o147 6.15 6.10 6.15 6.35 6.15 6.20
25th Y24, 7 6.10 6.10 6.15 6.30 6.20 6.15




Change of pH value of the inner solution

Air bladder Intestine membrane Bladder
I 2 3 4 5 6
Original enzyme solution 7.25 7.25 7.25 7.25 7.25 7.25
Inner solution (Afther” 25 renewals
of the outer solution) 6.15 6.10 640 645 625 6.30
Table 33. Percentage of ash in purified “Koji-Diastase”
“Moto-Koji” | Mean value of | Total
“«Koji-Diastase” No. 2 No. 3 No. ¢ No. 5 No. 6 mean
. (Kataoka) | No. 2—No. 6 value
Ash (%) 11.387 11.532 10811 8.857 12.611 4.785 11.050 10,006

8%¢
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Table 34. Distribution of ash ingredient in the outer and inner solutions

Air bladder Intestine membrane Bladder (Sum) and mean
I 2 3 4 5 6 (Distilled | (10 94 alcoholic
(Distilled | (10 94 alcoholic | (Distilled | (10 9¢ alcoholic | (Distilled | (1o 94 alcoholic
water) water solution) water) water solution) water) water solution) water) water solution)
Original () (g) (g) (g) (g) () () (g)
“Koji-Diastase”
enzyme 0.16575 0.16575 0.11050 0.22100 0.16575 0.16575 0.44200 0.35250
substance
1
(5 renewals, 0.20685 0.21454 0.22351 (0.64490)...0.21497
wanted 13 days)
II
(10 renewals, 0.07026 0.05146 0.03864 (0.16036)...0.05812
wanted 29 days)
III
(10 renewals, 0.04185 0.03423 0.02146 (0.09740)...0.03247
wanted 81 days)
Residue of
“Koji-Diastase”
sﬁ%g:lie, 0.01307 0.02830 0.04408 (0.08447)...0.02816
after the
dialysis

ASVISVIA-I[OY,, 40 TUNLVN FTHL NO STIANLS
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Table 35.

Relation between the ash content and the diastase enzymic power in the inner solution

Air bladder Intestine membrane Bladder
Inner residual Control
solution 1. (Distilled {2. (10 9§ alcoholic| 3. (Distilled [4. (1o 95 alcoholic| 5. (Distilled 6. {10 9 alcoholic| “O™™
water) water solution) water) water solution) water) water solution)
Ash (g.) 0.00649 0.00658 0.00468 0.02362 0.01945 0.02463 -—_
Viscosity 1.924 1;503 1.310 1.005 1.036 0.995 21.015
Starch KMnO
solutio: (é.c.) 7-35 9.30 9.40 13.90 14.00 I5.15 0.15
Soluble starch
(KMnO, solution, c.c.) 1o40 12.15 12'_30 I4.50 13.90 1525 035
(Continued)
(Starch liquefying action, viscosity)
~ ‘t'ime allowed for reac-
tion (Sec.) o
: 1 I (o] 60 0 1440
Toner (Control) 5 3 45 75 9 4
residual solution
1 (Distilled water sol.) 15.821 12.990 14.619 15.025 14.928 13.909 13.198 11.817 1.924
-2 (10 9¢ alcoholic water sol.)) 15.821 I1.188 4005 1.807 1.330 1.264 1.294 1.320 1-503
3 (Distilled water sol.) 15.821 17.503 18.416 — 15.868 12,761 10.771 9.131 1310
4 (10 95 alcoholic water sol.)l  15.821 17.162 8.568 4.102 2.701 2.061 1.594 1.289 1.005
5 (Distilled water sol.) 15.821 15.381 5.929 2.791 1.827 1.574 1.350 1.228 1.036
6 (1o 94 alcoholic water sol.) 15.821 11.756 1.888 1.269 1.218 1.223 1.041 0.986 0.995

09¢
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Table 36. Quantitative analysis of the main constituents of ash in “Koji-Diastase”
Mineral matter
(g)| Ash | Fe,O5 | AL,O, | MnO CaO MgO SO, P,0, | K,0 Na,O SiO, Cl
Enzyme substance
Original enzyme substance] 0.I5go | 0.0120 | 0.0115 | 0.0043 | ©0.0351 | 00172 | 0.0126 | 0.0340 | 0.0210 | 0.0045 | ©0.005 0.0059
(s renew?llszjlgvzacgfedlxs days) 0.0993 | ©.0025 [ 0.0022 | 0.0025 | 0.022T | 0.0119 | 0.0087 | 0.0246 | 0.0153 | 0.0033 | 0.0003 | 0.0047
Dialyzate 1I
(10 renewals, wanted 0.0347 | 0.0015 | 0.0018 | 0.0013 | 0.0059 | 0.0038 | 0.0042 | 0.0c69 | 0.0058 | o.colq4 | 0.0001I | 0.0015
29 days)
Inner residual solution
(after 25 renewals, wanted | 0,05I0 | 0.0141 | 0.0136 | 0.0014 | 0.0128 | 0.0029 | 0.0006 | 0.0048 | 0.0205 | © 0.0002 | O
- 123 days)
(Continued) percentage
Mineral matter
Ash Fe,O5 | Al,O, | MnO Ca0 MgO SO, | PO, K,0 | Na,O SiO, Cl
Enzyme substance
Original enzyme substance 100 7.547 7.233 2.704 | 22.075 | 10.841 7894 | 21.384 | I3.208 2.830 0.314 3.711
Dialyzate I 100 2.518 2.216 2.518 | 22.256 | 11.984 8.761 | 24.773 | 15.408 3.323 0.302 4:532
Dialyzate 1I 160 4.323 5.187 3.746 | 17.003 | 10951 | 12.104 | 19.585 | 16.715 4.035 0.288 44323
Inner residual solution 100 27.647 | 26.667 2.745 | 2598 5.686 1.176 9.412 0.g80 o 0.392 o

,ASVISVIA-I{0Y,, 40 ®YNLVN FHI NO STIANLS-
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Table 37.

MITSUJI ITO

splitting power of dialyzate

Influence of mineral matter upon the carbohydrate-

Starch Soluble starch Maltose Sucrose
. KMnO KMnO KMnO KMnO
Viscosity solution (é.c.) solution (c{c.) solution (é.c.) solution (é.c.)
Control 1 >73.096 o.15 0.20 7.50 0.80
a) 28.426 0.20 0.40 7.80 0.80
b) 1.352 0.75 0.50 7.75 0.80
Control 2 34.248 0.15 0.20 7.70 o.80
<) 28.305 0.20 0.90 7.60 0.80
d) 1.706 0.55 0.95 7.85 0.80
Control 3 44.284 0.15 o.75 7.75 0.80
Control 4 2.805 0.15 0.40 7.50 o.8o
Control I
(Substrate) >73.096 0.15 0.20 7.50 0.80
(Continued)
In case of digestion for 40 hours
Starch Soluble starch Maltose Sucrose
. KMnO KMnO KMnO
KMnO, solution (c..) solution (cd‘c.) solution (c4.c.) solution (cfc.)

Control 1 015 0.20 7.50 0.80
a) 0.15 0.45 8.00 0.75
b) 0.90 0.65 7.8% 0.7%
Control 2 0.15 0.45 7.9% 0.80
c) 0.20 2,00 7.90 0.80
d) 185 1.55 8.05 o.80
Control 3 0.15 1.35 8.05 0.85
Control 4 0.15 0.40 7.65 0.80
Control 0.15 0.20 7.50 o.80




Table 38. Protein reaction of the purified original “Koji-Diastase”

and other enzyme substances

. Enzyme substance “Koji- ]'_;g(s(tgis-e” “Malt-  |“Germinated | “Taka- . Artificial,
Kind ) Diastase” (KATAOKA’s Diastase” | unhulled " . " “Pepsinum” | “mixed Y

of reaction (No. 2-No. 6) “Moto-Koji”) (Beer) rice- Diastase Diastase chemicals'
BIURET + + + + + + +
Xanthoprotein + + + + + + +
MirLoNn + (+) + + + + (+)
ADAMKIEWICZ + + + + + + +
NEUBAUER and ROHDE + + + + + +
PLS - - - - - - -
MoLiscH + + + + + + +
LI1EBERMANN (and COLE) + (+) (+) + + +
HopkINs and COLE + + + (-)
REICHER (+) + . (+)
Paury’s Diazo + + + + + (+)
Ninhydrin + + + + + + +
PIRIA (+) . - (+)
MORNER (+) . +)
Kn~ors + + + + + + (=)

(ASVISVIA-1f0Y,, 40 FYNIYN FAHL NO SIIANIS
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Table 39. Protein reaction

(a) Precipitation reaction

Kind of reaction

Dialyzate of the
enzyme substance

Dialyzate of the
enzyme substance

Inner solution
(Dialyzed

Remarks

No. 1 No. 2 enzyme substance)
Boiling reaction
(in neutral) - - -
Boiling reaction
(in”acidic) - - +
Perhaps the precipitation of
Boiling reaction + + + dialyzate seems to depend
(in basic) upon its ash ingredient
The degree of clarity in the
NaCl or Na,SO, - - (+) outer solution seems to be
accelerated by boiling
HELLER’S test - -— - )
: . The degree of clarity in the
Acg'l%‘:(%?\land —_ - (+) outer solution seems to be
2 Je accelerated by boiling
Picric acid — - (+) »
In this case the reaction is
. . not clear, as this observation
Phosphotungstic acid +) (+) (+) is perfo;med for a short
time
Basic lead acetate + + + -_—
Sulpho-salitylic acid (-) (-) (+) EE—

Yot
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(b) Colour reaction

(Continued)

Kind of reaction

Dialyzate of the
enzyme substance

Dialyzate of the
enzyme substance

Inner solution
(Dialyzed enzyme

No. 1 No. 2 substance)

BIURET + + +
Xanthoprotein -+ + +
MILLON + + (+)
ADAMKIEWICZ + + (+)
NEUBAUER and R(-)HDE + + +
PbS - - -
MoLIscH + +
T1EBERMANN (and CoLE) + +
Horkins and CoLr (+) (+) +
REICHER (+) (+) “
PAuLY’s Diazo + + +
Ninhydrin + + +
PIr1A (+) (+) (+)
MORNER (+) (+) (+)
Knors -+ + (+)

ASYISVIA-1{0Y,, 40 FMNLVN THI NO SAIANIS
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Table 4o0. Classification of various nitrogenous substances in “Koji-Diastase”

and in its hydrolysis products

99¢

~ Percentage of nitrogen Percentage of nitrogen for total
for enzyme substance nitrogen of enzyme substance
Kind of
nitrogen (a) (b) © @) (a) (b) (c) (d)
Total-N 4.670 4.407 6.736 4.670 100 100 100 100
Protein-N -—_ —_ —_ 0.438 — — —_ 9.358
Ammonia-N" [} o o o o o o o
Total Amide-N o o o o o o o o
Humin-N 0.355 o.560 1171 0,167 7.602 12.707 17.384 3576
Diamino acid~N 2.4cL 1.40% 2.232 2.018 51.413 31.7g0 33.135 62.484
Total-N of mono-
amiro acid 1721 2.400 3.c68 1.145 36.852 51-459 45548 24.518
Amino-N of mono-
amino acid 1.508 1.679 1.892 - 32.291 38.c08 28.088 -

oLl 1[aSLIN



T able 41. Total nilrogenous substance in every separated enzyme substance
“Koji-Diastase” Total Nitrogerous Non-nitrogenous Ash Total
enzyme substance nitrogen substance substance Remarks
0 0
(day) (%) (%) (glocose, ) | %) *%)
“Koji-Diastase”, original
K (Ncl:1 za-lfro’- %r)]gma 6.036 37.725 49.225 11.050 98.000 —
“Koji-Diastase”, original
(KATAOKA’S “M’oto-Koji”) 4670 20.188 58.750 4.785 92.723 —_—
Artificial, “mixed chemicals” Precipitate in the case
4.132 25.823 50.8g0 17.6co 93.313 of 63.3.9¢ of alcoholic
(2 of E in study IV) concentration
Air bladder dialyzate T “XKoji- Diastase” substance
(watcr solution 4 4.815 30.094 45.330 14.990 g0.414
10 94 alcoholic solution) (No. 2-No. 6)
Intestine membrane 11
dialyzate I 4.737 29.606 43-117 15.670 88.343 »
”
)
(B]adder (},mlyzate I) 5.424 33.900 31.810 17.1g0 72.900 »
Al(r bla.dder”dla.lyzate II 4.013 25.081 62.5c0 7.821 95.402 ”
Intesti(ne membﬁme dialyzate I1 3,651 22.810 50.667 8.143 00.629 ”
?ladde’ dialyzate 11 4969 31.056 53.430 8.495 92.981 »
Water dialyzate 111
(Air bladder, Intestine 2.353 14.706 67.488 8.157 90.351 ”
membrane, Bladder)

(ASYISYIA-1{0Y,, 40 HYNIVN HHL NO SIIANIS
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I0 94 alcoholic dialyzate III

" ) 2.537 15.856 67.389 8.413 g1.530
(
Inner residual solution 1
7.719 48.244 45.043 6.728 1c0.015 »
(Air bladder, watersolution)
Inner residual solution 2 y
ir bladder, 10 9§ alcoholic 080 0.499 43.580 5911 99.99
(Air bladd 9 alcoholi 8.08 5 8 9 ?
solution)
Inner residual solution 3
(Intestine membrane, water 6.476 40.497 53.217 6.289 100.003 »
solution)
Inner residual solution 4
(Intestine membrane, 10 9% 6.442 40.265 55.042 4694 100.001 ”
alcoholic solution)
Inner residual solution 5
7.321 45-759 50,121 4.122 102,002 ”
Bladder, water)
Inner residual solution 6 . ”
(Bladder, 10 9§ alcoholic 6.208 39.365 55.888 4735 100.388

solution)

89¢
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Table 42. Carbohydrate reaction in “Koji-Diastase” and other diastase enzyme substance

R «Koji- » . o e . Inner solution
Kind .Emyr::bstance D‘icltzgls:a” (Il{)i?;isl::’s D‘:gﬁal.;e » Gﬁ;‘;:lllrl)f.etg d , A‘l;lt;:f]enéi]:, D.:lll);;itlz of (31121;31 fél Remarks
of reaction (No. 2~No. 6) “Moto-Koji”) rice-Diastase”| chemicals substance substrnce)
MOLISCH + + + + + -+ + Carbohydrate
MoLiscH and UDRANSKI -+ + + -+ + Aldohexose
Naphtoresorcin + + e - + ”
NEUMAN + + + + + . »
Indigo-Carmin (+) + o o v . ¥
Picric acid (+) (+) . . »
SELIWANOFF - - - (+) . - - Ketose
PINOFF - - (+) (+) (+) - - »
BORCHARDT - - e s o - - »
Phloroglucin (+) (+) (=) + v Pentose
BiaL’s Orcin + + + + +. (-) ”
Furfurol + + + + (+) ”
TorLLENs and OsHIMA + + + + oo e Methy! pentose
Diazo-ber:lzc<)i(siulphonic (+) (+) _ (+) + Glucose
UDRANSKI and BAUMANN (-) (=) - (+) + »
Maltosazone (=) (=) (+) - . Maltose

ASVISVIA-1{0,, 40 @AMALVN HAHI NO SHIANILS
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Table 43. Content of carbohydrate in every separated enzyme substance of “Koji-Diastase”

«Koji-Diastase”
enzyme substance
(dry)

Carbohydrate
(after hydrolysis,
as glucose,9%)

Reducing sugar

(before hydrolysis, as

glucose, 9¢)

Non reducing substance
beside carbohydrate,
substance of protein-like
& ash (difference, 9%)

Remarks

«Koji-Diastase” enzyme substance,

original (No.2-No. 6) 49-225 1.040 2.000 -
Acitcial, mined chemicls” | 000 e o 633 % of
it miaed chemiel” | - i the s of
il rmixed S’ | 0o - i e e
I | e
(Inte(s)tfir;;;l;r:bsr:tgz;)anlzéallyzate 43.117 2.080 11.657 »
(Bisader menbrage) Dityste | 1530 "
(Aianzl;Lr(rliegbIs)tizrll};zeatﬁ of 62.500 2.900 4.598 ”
(nstine menbrare) Diyste | g007 roco s :
(Bladder membrane) Dialyzate 53.430 9.310 7.019 ”

of enzyme substance IT

o’¢
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{Water) Dialyzate of enzyme

substance* III 67.488 1.250 9.649 ”
(10 9¢ alcohol solution)
Dialyzateoof enzyme substance 111 67.389 1.761 8.470 ”
Inner solution (Dialyed
enzyme substance) x 45-043 14.576 o ”
” 2 43589 7.200 [¢) ”
? 3 53.217 17.038 ° ”
” 4 55:042 9-899 o ”
» 5 50.121 24976 o ”
» 6 55.888 7.360 o ”

Table 44. Elemental composition of purified “Koji-Diastase”

“EISVJ.SVIG-II'O}I” J0 FYALVN dHL NO SAIANIS

Enzyme substance (dry) (CO,%) C (%) [(H,0,9%) H(%) | N (%) | O (%) | Ash(%) Remarks
Polished rice “Koji” made from

#Xoji-Diastase” No, 2 (WATANABE)| —— — | 115.758 6.431 | — _— 11.384 ard class rice of “Asahigawa”

» No. 3 ( ” ) | 156.630] 42.725 |120.600 6.700 5.505 | 32.538 | 11.532 »

» No. 4 ( ” ) | 140.660| 40.824 [150.948 | 8.886 5736 | 33.743 | 0811 ”

» No. 5 ( » ) | 152.546| 41.611 | 150.750 8.375 7.327 | 33.730 8.857 ”

” No.6 ( ” ) | 158.716| 43.204 | 120.708 | 6.706 | 5.775 | 31.564 | 12.661 ”

» No. 2-No. 6 ( » ) | 154.665| 42.189 | 133.560 7.420 6036 | 33.305 | 11.050 »

“Moto-Koji” for Japanese

#Moto-Koji- Diastase” (KATAOKA) | 183.458 50.043 |169.974 | 9443 | 4.670 | 31059 | 4.785 “Sake” brewing made from

148

3rd class rice of “Banshu”




372 MITSUJL ITO
Table 45. Elemental composition of enzyme substances
Air ‘bladder Intestine
Dry (1) . (2) Holi (3)
Distilled water 10 9¢' alcoholic Distilled water
water solution
Original enzyme . _
substance L5 L5 10
Enzyme Dialyzate I —_ (1.3798) — - (1.3691)
” 1L — (0.8983) — — (0.6319)
substance »” 1II — (0.5141) — — (0-42133)
(gram Inner residual _ _
) solution 0.09653 0.1I129 0.07445
“Koji” extract ¥ —_ — - — —
Original enzyme _ < .
ubstance 11.050 11.050 11.050
Ash Dm,l)yzate ﬁ : : : : :
17 II[ i — . — .
) Inner residual _ _ .
solution - -
“Koji” extract — 0.357 — _ ©.357
Original enzyme _
Substance 42.189 —_ 42.189 42.189
c Dialyzate 1 — (39647) — — (38.527)
i II - (43577) — — (40.548)
(%) S esidnd! - - = =
o idual
I'm:;] ;gs (; nua 49.32%1 {49.805) 50.288 47.330 (47.660)
#Koji” extract 48.162 — 48.162 48.162 —
Original enzyme __
substance 7420 - 7420 7-420
H Dialyzate I — ( 7.665) —_ —_ ( 6.201)
» 11 —_ ( 7.348) —_ — ( 8.791)
(%) » oI — P —_ —_ —
0 Inn;rﬂ:gségual 6.807 ( 6.754) 6.701 6.895 ( 6.952)
«Koji"” extract 8.917 — 8.917 8.917 —
Origimal enzyme .
cubstance 6.036! —_ 6.036 6.036
N Dialyzate I — ( 4815) — — ( 4-737)
» Ir — ( 4013) — — ( 3:651)
(%) » I —— — — - —
i ° Inner residual
solution 7.719 ( 7.900)  8.080 6.476 ( 6.459)
i “Koji” extract 0.622 —_ 0.622 0.622 —
ool
i O o™ | 33305 — 33305 33.305 -
Dialyzate 1 — (32.883) — — (34.865)
O H 11 . (37.241) —_— -— (38.867)
: (0/) ” 11X - - - - -
Lo Inner residual
| solution 29.425 (20.223)  29.020 33010 (33.438)
! «Koji” extract 41.0942 — 41.942 41.942 -
I

‘

* To 765 grams of polished rice was added !Tsoo ¢.c. of 20 9 alcoholic water solution s
1150 c.c. of filtrate were obtained after 3 days of steeping; and 152 grams (air dry) of
“Koji” extract was obtained. ’
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separated from “Koji-Diastase” by means of dialysis

373

membrane Bladder Total, average
(4) () (6) Disti :
. . tilled 10 9§ alcoholic
10 94 alcoholic . 10 94 alcoholic 15 0 N
wat?ar solution Distilled water water solution water water solution
2.0 1.5 —_ 1.5 40 — 5.0
— - (1.2996) — — (4.0485) —
- — (0.4548) — — (1.9850) —
—_ —_ (0.25323) — 0.43168 (1.18866) 0.75698
0.50322 047180 — 0.52055 0.64278 (1.77784) 1.135C6
11.050 11.050 —_ 11.050 11.050 — 11.050
- - - - - (15927) —
— — — — - ( 8.078) —
— - - - —  (8275) —
— —_ —_ — — ( 4.800) —
— - 0.357 — - 0357 -
42.189 42.189 —_ 42.189 42.189 —_— 42.189
—_ — (37.966) — — (38.603) —
- — (40.9020) — — (47.682) —
—_ — — — 40.480  (40.620) 40.760
47.990 49.780  (49.136)  44.308 48.813  (48.185) 47.557
48.162 48.162 —_ 48.162 48.162 — 48.162
7.420 7-420 —_ 7.420 7-420 — 7-420
- — (7.916) ~— - (7.261) —
— — ( 8.599) — —  (8246) —
_— —_ — —_ 6.110 ( 6.150) 6.190
7.0c9 7.008 ( 7.065) 7.121 6.903 ( 6.923) 6.944
8.917 8.917 — 8.017 8.917 —_ 8.917
6.036 6.036 — 6.036 6.036 — 6.036
—_ —_ ( 5424) — - ( 4.992) —
—_ — ( 4.969) — — ( 4.211) —
—_ — — — 2.353 ( 2.445) 2-537
6.442 7.321  { 6.81c) 6.298 7.172 ( 7.056) 6.940
0.622 0.622 — 0.622 0.622 —_ 0.622
33.305 33305 —_ 33.305 33.305 - 33-305
- — (31.564) — — (33.104) —
— -— (37017) — — (37.708) —
— — —_ — 42.882 (42.555) 42.228
33.865 31.760 (35.519) 30.268 31401 (32.726) 34.051
41.042 41.942 _— 41.042 41.942 ' — 41.942




Table 46. Enzyme-like

action of the “mixed chemicals”

Starch
Todine reaction c.c. of KMnO,
Appearance Viscosity solution used
1 drop 2 drops 5 drops 10 drops for titration
YO YO (e} OR
3) Tint 2 Shade 1 | Shade 1 | Shade z | Lransparent 1.067 525 (2.70)
Y Y oYy
b) No color Tint 2 Normal Normal Transparent 1071 7.95 (5.60)
tones tones
OR OR OR
<) » Tint 2 Shade 1 Shade 2 Transparent 1.087 3.85 (1.90)
B B
d) Shade 1 | Shade 2 | Shade 2 | Shade 2 - 1104 260 (035)
C) » » 2 ”» — 1.210 2.50 (0'25)
B
f) Shade 2 " » » Transparent 1.323 o0bo (030)
B s ” 2]
8) Shade 1 ’ ’ — 1.344 0.20 (—0.05)
h) ® Shade 2 7 » ” — 2.591 0.20 ( —~0.05)
i) » ” ” » —_— 1.272 0.50 (0.25)
) ” » » » — 1.231 .40 (0.15)
k) » 9 ” » — 1.347 2.05 (—0.30)
]) ”» » ” ” — 2.550 0.20 (—0.15)
BV ” » » —
) Tint 2 - 1.450 0.20 (—0.10)
n) Shade 2 » » ” Opaque 3.368 2.05 (~0.15)
(SuCl());gczle) " " ” ” — >73.846 0.20 (0)
Control — _ —_ — — — (0.10)

{Ferric sulphate)

Vi<
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(Continued)

Soluble starch

Maltose

Sucrose

Control

Todine reaction

c.c. of KMnO,
solution used

c.c. of KMnO,
solution used

c.c. of KMnO,
solution used

“Mixed

” -

chemicals”, only

(1 drop) for titration for titration for titration
a) B Shade 2 2.10 (—o0.50) 10.05 (o) 3.00 (—o0.15) 2.45 (o)
b) » 2.35 (—0.50) 9.40 (—0.45) 270 (—o0.25) 2.35 (0)
c) » 2,05 (0.05) 9.35 (~—o0.10) 2.55 (o) 185 (o)
d) » 2.10 (—0.20) 9.50 (—o0.25) 2.75 (—o.10) 2.15 (o)
€) » 2.10 (—0.20) 9.40 (-o0.35) 2.65 (—o0.20) 2.15 (o)
f) » 0.25 (=0.10) 7.65 (~o0.1I5) 0.0 (o) o020 (o)
g) » 0.20 (—o0.10) 775 (o) 0.80 (—0.05) 015 (0)
h) » 0.25 (—0.05) 7.45 (—0.30) 080 (—o.05) 035 (0)
i) ” 0.25 (—0.05) 7.65 (—o0.10) o.o (—c.05) 015 (o)
j) » 0.30 (o) 7.75 (o) 0.85 (o) 015 (0)
k) ” 2.10__(—0.30) 9.55 (—0.30) 2.70 (—0.25) 2.25 (o)
1) » 0.25 (=—0.15) 7.70 (—o.15) 0.90 (—0.05) 0.25 (o)
m) » o025 (—o.10) 7.60 (~—o0.20) 0.95 (o) 0.20 (o)
n) » 2,10 (~o0.15) 9570 (0) 2.70 (—o0.10) 210 (0)
(S(Sgrsltt:g:e) » 025 (0) 7.0 (0) 0.80 (0) —_
Control — (o.10) (o.10) (o.10) (0.10)

(Ferric sulphate)

(ASYISVIA-1{0Y,, 40 FYAIYN FHL NO SAIANIS
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Table 47. Enzyme-like action of the “mixed chemicals”

9¢

c.c. of KMnO, solution used for titration
Stach Maltose swese | e oy
a) 7.60 (5.00) 2.20 (—0.50) 9.40 (—0.50) 2.85 (—o0.35) 2.50 (o)
b) 8.00 (5.65) 240 (—o0.05) g.60 (—o0.25) 2.85 (—o0.10) 2.25 (o)
<) 735 (540) | 215 (o.10) 9.45 (o) 2.55 (o) 185 (o)
d) 540 (3.15) 2.25 (-o0.10) 9.55 (—0.20) 2,75 (—~0.10) 2.15 (o)
e) 5.10 (2.85) 2.25 (—o0.10) 9.60 (—o0.15) 2.65 (—0.20) 2.15 (o)
f) 190 (1.60) 0.25 (0.15) 7.80 (o) ogo (o) 0.20 (o)
g) 2.85 (2.60) 0.20 (—o0.15) 7.75 (o) 080 (-o.cs5) 015 (o)
h) 0.20 (-0.05) 0.25 (—0.10) 7.55 (—0.20) 0.80 (—0.03) o.15 (0)
i) o.70 (0.45) 0.30 (—c.05) 775 (o) 0.80 (—0.05) 0.15 (o)
i) 0.70 (0.45) 0.30 (—0.05) 7.75 (o) 0.85 (o) o.15 (o)
k) 2.75 (0.50) 2.20 (—o0.15) 9.75 (o) 2.70 (—o0.15) 2.15 (o)
1) 0.20 (—o0.15) 030 (—o0.15) 7.70 (—o0.15) 0.95 (o) 0.25 (o)
m) 1.55 (1.25) 0.30 . (~o0.10) 7.80 (o) 0.95 (0) o.20 (0)
n) 2.05 (—0.20) 2.25 (—o.15) 9.75 (0) 2.70 (—o0.15) 2.25 {0)
(Sgg:tt:a(,)tle) 020 (o) " 030 (o) 7.70 (o) 0.80 (o) _
(Fe"%‘;‘l;‘;lmte) (0.10) (0.10) (0.10) (0.10) (0.10)

OlLl 1{NS1IK
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Table 48. Negative results for producing enzymic power by

means of the “mixed chemicals”

A . B
. . . .c. of the . . Viscosit; c.c. of the
Tod t Vis. | €% © d t Y
odine reaction 18 KMnO, sol, Todine reaction (Minute, KMnO, sol.
. used for used for
one drop | 4 drops cosity titration | one drop | 4 drops second) titration
B B B B
(1| “Shade 1 | Shade2 | 3739 1.20 Shade 1 | Shadez| 5835 1.05
(2) ”» ” 6.476 1.20 » ” 7.979 I.10
VB , BV » .
Starch (3) Shade 1 ’ 2667 130 Shade 1 3194 120
(4) » » 5.827 1.50 ” » 8.558 1-40
B v B
()} “Tint 1 | Shadez| 8792 1.05 Tint 1 ” 7.754 1.00
(6) ” » | 10.601 10.5 » » 7.559 0.95
B B B B
()| “Shader | Shade 1| — 185 Shade 1| Shadez| — 135
(z) 3 ” — 1.70 ” ” — 1'45
“ BV B BV BV
Soluble | (3)| “ghade 1 | Shade 2 - L.50 Shade 1 [ Shade 2 - .30
starch v v
{4)1 “Shade 1 ” — 1.40 Shade » . 140
B B
(5)| “Shade 1 ” - 1.50 Shade 1 " - .40
\% \% A% v o
()| ‘Shade 1 | Shade z| 150 Shade r | Shadez | 130
Cont‘rol 1
c}(,;f\ff;‘fﬂn, - - 1.009 1.20 — — 1.026 o5
distill. water)
Control 2
(Eggalbumin, - — — — — - _ 0.25
dist)l. water)
Control 3
(Edestine, — — — — — — — —
distill. water)
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(Continued)
C Control (Starch, only)
Todine reaction Vis- ]c('&:cf):sh(ﬁ' Iodine reaction Vis- I&&ﬂgﬂ tsl(lﬁ.
cosit used for cosit used for
one drop | 4 drops Y titration one drop | 4 drops ostty titration
B B B B
()| “Shade 1 | Shade z | 853 1.00 Shade 1 | Shade 2 | 7873 030
(2) ” » 8.583 I.10 » ” 5.348 0.25
BV
Starch (3) Shade 1. ” 5.559 1.20 » ” 2.923 0.25
(4) »o i 8.656 1.40 » » 5.200 0.20
B v
(5) Tint 1 ” 8.375 1.00 ” Shade 2 | 4193 0.25
(6) ” » 8.174 0.90 BS\;mde . ” I1.241 0.25
B B B B .
()| “Shape 1 | “Shadez | — 1.35 Shade 1 | Shadez| — 0:35
(2) ” ” _— 1'45 ” 2» - 0.32
RV BV BV BV
Soluble | (3)| “Shade 1 | Shade 2| — 130 Shade 1 | Shadez| 025
starch v . v
’ ® Shade 1 ” - 1.15 Shade 1 ” —_ 0.20
B B
() Shade 1 " - | 135 Shade 1 ” — 0.40
v v v v
()| Shade 1 | Shade2| — 115 Shade 1 | Shadez| 030
Control 1
(“Mixed
chemicals”, - - Lo1s 1.05 - - - -
distill. water)
Control 2
(Eggalbumin, —_ - —_ — — — —_ —
dislill. water)
Control 3
(Edenstine, —_ -_— — 0.25 — —_— —_ —
distill. water)




Table 49. Negative results for producing enzymic power by means of the “mixed chemicals”
A B C Starch only
Iodine | Vis | ‘.’ggﬂﬁiﬁ;““o‘f Iodine | Vis. | 0253;‘;153’“0 Todine | Vis- | ‘.’Sfo‘]‘t‘lfi;MnQ Todine | Vis-
reaction | cosity (Dlzfg;i?&e) for | reaction cosity (leéz;et?g(f) for | yeaction cosity (lecfg;etlss;e) for reaction cosity
VB VB VB B
I Normal 4.103 0.35 Normal 4.646 -0.10 Normal 4437 0.25 Normal | 31.897
tone tone tone tone
2 » 2.981 015§ » 2.944 0.I5 ” 3.258 ~0.30 ” 31.842
3 7 4.312 0.35 ” 4.578 0.05 " 4:361 -0.25 » 38.585
4 » 2.831 0.05 ” 2.839 ~0.05 ? 3.179 -0.10 » 23.344
5 » 4.636 -0.05 » 4.628 -0,20 ” 5.169 -o.10 » ] 10.0092
B B B B
6 Shade 1 | 523% =025 Shade 1 | 5682 -0.30 Shade 1 | 4091 -o.15 Shade 1 | 3355
7 ” 2.667 -o.lo ? 3.270 -0.32 Bs\{mde .| 2461 o » 4.267
B
8 » 1.405 0.05 ? 1.448 -0.15 Ghade 1 | 1473 0.15 ” 1.491
BV BV BV
9 Shade 1 | 4297 ° Shade 1 | 4472 ~0-30 Shade 1 | 9393 0.20 " 7.122
\'
10 ” 4.070 0.05 ” 5.280 ~-0.30 Shade 1 2.708 0.50 Bs‘{la.de I 9.655
BV
11 » 9.155 -0.25 » 11.206 -0.35 Shade I 7.046 0.40 BShade [ | 17:022
B B RV »
12 Shade 1 | 5200 -0.23 Shade 1 5.846 -0.25 Shade 1 | 495° 0.25 12.193
(2) ” 1.296 ~0.20 ” 1.323 -0.30 Shade 1 1.307 -0.20 ” 1.450
(6) ” 1.286 -0.05 » 1.286 ~0.10 » 1.286 -0.15 ” 1.216
A v v ' \Y
(9) | ‘Shadey | 344 020 Shade 1 | 1340 -5 Shade 1| 1340 ° Shade 1 | 1274
BV BV BV - BV
(12) Shade 1 1.221 o Shade 1 1.223 o Shade 1 1.216 0.05 Shade 1 1,218

“HSVlSVl(I-]fO}I,, JO TANIVN AHL NO SAIANILS
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Table 50. Starch saccharification of the “mixed chemicals”

The case of reaction for 20 hrs. (c.c. of the KMnO, solution)

A B C D E Control (Starch only)
1 2.15 2.30 2.30 2.30 2.70 o.15
2 2.35 2.30 2.50 2.30 2.60 0.15
3 2.00 2.25 —_ 2.35 2.40 0.15
4 2.35 2,25 2.45 2.25 2.0 0.30
5 2.35 2.20 2.45 2.35 2.65 | 0.20
6 2.60 2.45 — 2.50 2.95 0.30
7 2.50 2.30 2.55 2.65 2.85 0.40
Control
(*“Mixed chemicals”, 2.35 2.30 -2.30 2,20 1.80 —
only)
The case of reaction for 140 hrs.
A B C
Vis. | BMnO, ] RMoO g ) KMnO,
it solution it solution it solution
cosity {c.c.) Cosity - (c.c.) cosity (cc.)
1 1.621 2.15 2.185 2.45 1.350 2.85
2 2.728 ‘2.45 2.472 2.40 1.846 2.85
3 2.146 2.30 2.144 2.40 _ —
4 5.662 2.60 5.836 2.50 1.286 2.60
(5) 1.345 2.45 1.337 2.45 1.342 2.45
(6) 1.557 2.50 1.573 2.70 —_ —_
() 1.255 2.60 1.225 2.70 1,143 | 285
Control
(“Mixed chemicals”, _ 2.40 — 2.35 — 2.35
only)
(Continued)
D ) E Control (Starch, only)
vis. | RMnO, 1y [ RMnO, )y KMRO,
cosity solution cosity solution cosity solution
(cc.) (cc.) (cc.)
1 1.936 2,40 1.143 9.10 31.408 0.15
2 2.728 2.35 I.141 9.40 38.995 o.15
3 1.924 2.40 1.221 8.15 6.912 o.15
4 8.390 2.40 2.723 8.g0 9.450 0.35
(5) 1.374 2.70 2.272 9.50 1.327 0.30
(6) 1.553 2.70 1.237 9.10 1.723 0.35
7) 1.275 2.50 1.065 8.30 1.204 0.40
Control — 2.30 — 1.80 — —




The case of reaction for 24 hrs. (c.c. of the KMnO, solution)

Table 51. Diastase enzymic activity of the “mixed chemicals”

A B D E { F4 ’ F—- F+4 - ¥’ G Control (Starch, only)
1 2.00 2.10 2.10 2.80 1.85 3.00 2.70 2.55 2.20 o.15
2 2.10 2,00 2.40 3.20 2,00 3.10 240 2.60 2.30 0.20
(1) 2.80 3.80 2.60  4.40 2 20 3.30 3.10 2.80 2.30 0.35
Control
(“Mixed chemicals”, 1.95 2.10 2.10 2.10 1.80 2.80 2,70 2.65 2.10 —
only)
The case of reaction for 118 hrs.
A B D E F4-
. c.c. of the . c.c. of the . c.c. of the . c.c. of the . c.c. of the
Vis | Kvno, | V& | Kvmo, | V| Kmno, | V® | Kmno, | V' | Kwmo,
solution solution solution solution solution
. used for . used for . used for . used for - used for
cos:ty titration cos:ty titration | SOSIY titration cosity titration cosity, titration
1 5.914 2.10 4.£67 2,00 4.649 2,20 1.101 7.50 3.209 1.90
2 4.927 2.20 4.155 2.40 4.602 2.6o 1.338 7.10 3.880 2.10
(1) 1.398 2.90 1.396 2.80 1.398 2,80 1.333 7.20 1.376 2.80
Control
(*Mixed chemicals”, | 1.000 2.00 1.009 2.15 1.006 2.15 1.014 2.15 1.co8 1.80
only)

“SISVLSVICI-I[O}I,, J0 FYALYN FHL NO SAIANILS
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(Continued)

F— Fq-— ¥ ‘ G Control (Starch, only)
- c.c. of the . c.c. of the . c.c. of the . cc. of the . c.c. of the
Vis- | kvmo, | V& | Kmno, | V& | ®Kmno, | V¥ | Kmmo, | V¥ | Kwmo,
solution solution solution solution solution
cosit used for cosit used for cosit used for cosit used for cosit used for
y titration Y titraiton osity titration ostty titration osity titration
I 1.841 3.35 1.060 3.40 3.561 2.75 1.538 2.50 26.774 0.25
2 1.630 3.20 2.974 3.40 3.088 2.75 1.628 2.50 7-344 0.20
(1) 1.299 3.30 1.377 3.10 1.406 2.90 1.373 2.80 1.391 0.40
Control 1.015 2.85 1.015 2.95 1.004 2.70 1.011 2.10 —_ —

The case of reaction for 400 hrs.

(For iodine .reaction, Sample taken 2 c.c.,, and used N/20 LIK solution)

zg¢

oIl 1I[OSLIW

A B D E E+
Todine reaction |5 ~| Iodine reaction |3'§ ~| Iodine reaction |38 ~| Todine reaction |3'§ ~| Iodine reaction |3 § ~
4 ‘ E5d EER EER] 259 S53
1 drop | 3 drops (4§ ~| 1 drop |3 drops |4 '8~| 1 drop |3 drops [%'§~] t drop | 3 drops [% S| 1 drop | 3 drops [ G
B B B B B B B (0] B B
! Shade 2| Shade 2| 3°° | Shadez | Shadez| 34° | Shade2| Shadez| 34° | Tint2 | Shadez|'3%° | Shade2| Shadez| 2*°
\' BV | RV v BV BV BV VB BV VB
2 Shade 2| Shadez| 3'3° | Shade 1| Shade2| *75 | Shade1| Shadez 260 | ‘Shade 1 Shade 1 1360 Shadez | Shadez| 34°
OR
B B B B B B VB B B
(1) Shade 2| Shadez 250 Shader | Shade2. 29% | Shadez| Shadez| 295 | Tint 1 ]ig?]tzn 1499 | ‘Shadez | Shadez| 3'5°
Control YO .
(<Mixed - _ oy . |YO
chemicals”, 1\tIormaI —_ 2,00 —_— — 2,20 — 2.20 | Tint 1 2.5 | Ghade s —_— 1.80
ones
only)




(Continued)

F— Fi — F’ G Control (Starch, only)
Todine reaction | § ~| Todine reaction |5 § ~| Iodine react'on (5§ ~| Todine reaction |8 ~| Todine reaction | § ~
ER £5 4 CER 528 R
1 drop | 3 drops ¢ 3~| I drop |3 drops [(2'g ™| 1 drop | 3 drops iz @~ 1 drop | 3 drops 4 § 1 drop | 3 drops |i4 @~
VB B RV VR B B VB B " B B
r Shade 1| Shadez| 35 | Shade1| Shadez| 5*'5 | Shadez | Shadez| 275 | Shade1| Shadez| *75 | Shace 2| Shadez| ©'°
2 v BV 20 BV BV o BV BV o RV BV 28 B B
Shade 2| Shadez| #2° | Shade2| Shade2| 45° | Shadez| Shadez| 3'%° | Shadez| Shadex| *°° | Shadez| Shadezl ©¥©
(1) VB B VB B B B BV B 2.20 B B
Shadex | Shadez| 435 | Shader| Shadez| 435 | Shadez| Shadez| 375 | Shadez| Shadez| 3° | Shadez| Shadez| 45
oY oy oY .
Control Tint 1 - 2.85 - - 275 Shader| 265 | Shader| 2.05 - - -

“E{SVLSVIG-IIO}I,, 40 TANIVN HHL NO SHIANIS
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Table 52, Comparison of starch liquefying power between the

MITSUJI ITO

“mixed chemicals” and the natural enzyme solution

\‘ime allowed. for
Enzyme \\1r(e1'€lfgtc1)tré) 1 5 10 5 20 25 3°
solution
~
Polished rice “Koji” 4.579 1.650 5.442 1.183 1.120 1.030 1.025
Red rice “Koji” 5.360 4.461 4-499 4.248 4.¢77 3.888 3.574
Germinated unhulled rice 3.405 3.497 3.020 2.183 1.071 1.812 2.853
Artificial, “mixed chemicals” | 3.558 4.117 5.066 3.126 2.457 2.187 1.574
(Continued)
e vt
Enzyme T (Minute) 35 40 45 59 55 6
solution \
Polished rice «Koji” 1.010 1.010 1.013 1.003 1.005 1,005
Red rice ¢“Koji” 3.308 3.0654 2.792 2.581 2.335 2.002
Germinated unhulled rice 1.518 I.411 1.356 1.274 1.269 1.239
Artificial, “mixed chemicals” | 1.437 1.345 | I.244 1.259 1.269 1.259




STUDIES ON THE NATURE OF ‘“‘KOJI-DIASTASE”

385

Table 53. Precipitation phenomena of various chemicals by alcohol
pH c.c. of the g5 9
Substance (Brom o e o alcohol used for
thymol 0 turbiding of 1o c.c.
blve) of each solution
Mga((IjA(zét)izc‘ ;\g&‘;k 3.8 2.049 25 0.51225 9.1 (45.26)
Ca,(PO,),, SK & Co. 3.7 0.94 20 0.18838 4.9
(Acetic acid)

K,PO,, Merck 7.6 2.12 25 0.53000 | 1.61963 1§.3 (61.43)
Na,S0,, Koyima Co. 5.0 1.42 20 0.28400 25.2
“Eul&(zléle”t,icsirclg{dy)o 4.15 1.05 10 0.10500 <100

Dextrine, Merck 6.30 10.00 20 2.00000 14.1 (55.57)
Maltose, Merck 6.10 10.00 20 2,00C0 go0.0

Glycogen, Sankyo 7.00 10.00 10 1.00000 | §.00000 6.5

Glucose, Merck 6.25 10.CO 20 2.00600 >go.0

Sucrose, Merck 6.25 10.00 20 2.06000 >90.0

Peptone, Merck 6.60 10.00 35 3.50000 6.4 (37.07)
Glycocoll, Merck 5.90 10.C0 10 2.00000 13.2 (54.05)
Asparagine, Merck 3.80 5.C0 30 1.50000 |7.15750 <(20.0

«-alanine, Kahlbaum 5.80 10.00 1o 1.00000 <20.0

Tyrosine, Merck ) 8.25 1.05 15 0.15750 —
(Ammoniumhydroxide)




Table 54. Fractional precipitation of the “mixed chemicals” by alcohol

‘Concentration of

Non precipitated

Original,
alcohol used for matter in 85 9
precipitation of “mixed 63.30 71.25 8o.40 85.00
. T alcohol solution of
‘“mixed chemieals”,
3 A4
fractionally (9%) chemicals the “mixed chemicals”
“«Mixed chemicals”,
17.413 2 9420 0.8280 0.7835 0.6320 12,2275
precipitated (g)
Ash of “mixed
9.301 17.600 — — —_ 3.592

chemicals” (9)
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