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Abstract

1. The proteolytic action of papayotin is activated by X-ray irradiation with 60 r and 1000
r, and inhibited with 200 r and 400 r. 2. The influences of X-rays upon papayotin are direct and
remain unchanged for definite periods of time. 3. The proteolytic action of papayotin show wavy
phenomena which correspond to the time and dose of the X-ray irradiation. 4. The proteolytic
action of papayotin is considered to be inhibited by the decomposition products (polypeptides) of
substrate only in the presence of some other factors.
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Introduction.

It is recognized that the cell is the ultimate unit of life and that
wIthin the cells are many kinds of enzymes. the lives of the cells
depend upon the catalytic action of enzymes which the cells con
tain. Chemical changes that do not take place in case of inanimate
objects can ~e stimulated by the enzymes in the cells.

There are many conditions effecting enzymes, which are the
essential causes for cell functions. The first is the peculiarity
that exists between enzymes and substrates, as E. Fischer says,
"Das Enzym muB zum Substrat passen wie der SchliiBel zum
SchloB" .

The second is the striking influences by the conditions of sur
roundings. Each enzyme has the most optimum pH, which varies
according to the origins1

)- 6), the kinds of substrate and coexisting
substances7), especially the kinds of salt contained in buffer solution,
even in the same kind of enzymes.

The third is as follows. The activity of enzymes is influenced
by temperature. The rate of enzyme reaction increases with tem
perature, and it attains to the maximum value at the optimum
temperature. Above the optimum temperature the rate decreases
with further rises in temperature; that is, in this range of tempera
ture the inactivation of the enzyme by heat is the predominant
factor. At the lower temperatures than the optimum value, it is
the catalyzed reaction that is chiefly affected.

The fourth is that the enzyme action is activated or inhibited
by the existence of some substances, and even in the same substance
it depends upon the concentration and the coexisting substance.
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The fifth is the infl uence of physical conditions, in which X-rays,
visible lightS) 9) 10), ultraviolet-raysll) 1~) 13) 14), ultrashort-waves15) 16) 17),

pressure and heat are included. Above all, many experiments
concerning X-rays have hitherto been performed, and many reports
have been published1S)--22), but they were performed by the simple
dose of X-rays and they were not systematic with regard to X-ray
dose. Moreover they were done under the conception of X-rays
as monistic nature. Recently Takeda30) and his co-workers have
considered that X-rays have a dualistic nature. Thus, the author
has performed the following experiments without use of the simple
dose based upon conventional thought, believing that the experi
ments should be systematic concerning the X-ray dose.

I. The Experiment concerning the Effect
of X.rays upon Papayotin.

1. Methods.

I have used papayotin (1 : 80, Merk) as enzyme, pure gelatin
as substrate, Soerensen's phosphate buffer solution (pH 5.3) as buffer
and trichloracetic acid as remover of proteins; and divided it into
five groups, namely unirradiated one, irradiated with 60 r, 200 r,
400r and 10aOr. The quantities of non-protein nitrogen of each
group have been measured.

As to the conditions of X-ray application, secondary voltage is
160 K.V., electric current 3.0 mA, T.S.D. 35 cm.

2. The effect oj X-ray irradiation upon
mixed solution.

Weighing 0.05 gr of papayotin powder preserved in a sul
phuric acid desicator, I have mixed it with each 5.0 cc of the
above-mentioned buffer and substrate solution in a sterilized test
tube, and after adding a drop of toluene to it, the test tube is stop
pered with sterilized cotton and irradiated. During the definite time
in the experiment the test tubes have been set in an incubator (37°C)
and shaken every hour. At the end of a definite time the reac
tion mixture in each test tube was poured into an Erlenmeyer
flask, and boiled for 5 minutes. After that 5.0 - 10.0 cc of 10 %
trichlorace6c acjd was added to it, and then the sediment was
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filtered off. The amount of nitrogen of the filtrate was measured
by Kjeldahl's method. The results of the experiment, as shown
in Table I. indicate the remarkable increase of the non-protein
nitrogen (activation of papayotin) in the groups of 60 rand 1000 r,
and a little decrease of the non-protein nitrogen in the cases of 200 r
and 400 f, i~ comparison with controls.

Table I.

80 x Papa yotin
pH 5.3 Buffer

0.05 gr
5.0cc

2.0% Gelatin 5.0cc
Toluene 1 drop

-- --

- Time 6 hours 12 hours 24 hours 48 hours 72 hours
X-ray dose -

~-
-~, mgr mgr mgr mgr m~r

Control 8.056 8.546 9.807 10.858 11.208

60r 11.077 11.488 12.399 13.169 13.590

2eO r 8.002 8.406 9.667 10.858 11.068

400r 8.036 8.516 9.747 9.978 11.098

1000r 11.208 1I. 909 12.329 12.E09 13.730

3. The e.ffect of the direct irradiation upon
papayotin powder.

Since W. Roman9) reported the activation or dehydrase which
was directly applied with visible light, I performed the following
experiments for the purpose of examining the effect of direct X-ray
irradiation on papayotin. After the irradiation of the enzyme sub
strate mixture, the non-protein nitrogen of the first group was mea
sured immediately, after 6 hours and after 12 hours respectively.

The second group was examined by the following method: the
papayotin powder was directly irradiated and it was mixed im
mediately with the substrate, and then the non-protein nitrogen in
the mixed solution was measured at the above-mentioned time.

The third group was examined as follows: the papayotin
powder was mixed with substrate six hours after the direct irradia
tion of it, and then the non-protein nitrogen was measured im
mediately and after 6 hours.

The doses of the applied X-rays were 60 r, 200 r, 400 rand
1000 r. The results (the amount of non-protein nitrogen) are shown
in Tables 1I, Ill. IV and V,

3
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Table 11.
80 x Papayotin
pH 5. 3 Buffer
60 r Irradiation

0.1 gr
5.0 cc

2.0 % Gelatin
Toleune

10.0 cc
1 drop

Group I Immediately I 6 hours 12 hours
mgr mgr mgr

Control (papayotin and substrate mixture) 12.329 16.952 18.914

1. Irradiated mixture of papayotin and 12.469 18.353 20.665
substrate.

2. Substrate was mixed with papayotin 12.329 18.213 20.665
immediately after direct irradiation.

3. Substrate was mixed with papayotin 12.329 18.2136 hours after direct irradiation.

Table Ill.
80 xPapayotin 0.1 gr
pH 5. 3 Buffer 5.0 cc
200 r Irradiatio:l

2.0% Gelatin
Toluene

10.0 cc
1 drop

18.353

12 hours
"_--7__mg_r _

18.914

18.353

IImmediatel y I 6 ~hours

mgr mgr
_.---"--

12.329 16.952

12.118 16.EOI

12.329 16.631

12.329 16.631

Group

Control (papayotin and substrate mixture)

1. Irradiated mixture of papayotin and
substrate.

2. Substrate was mixed with papayotin
immediately after direct irradiation.

3. Substrate was mixed with papayotin
6 hours after direct irradiation.

Table
80 x Papayotin O. I gr
pH 5. 3 Buffer 5.0 cc
400 r Irradiation

IV.
2.0 % Gelatin
Toluene

10.0 cc
1 drop

18.213

18.213

16.531

16.391

16.531

12.329

12.329

12.188

Group
I

Immediately I 6 hours 1 12 hours
mgr mgr mgr "

Control (papa y-o-ti-n-a-n-d-su-b-s-tr-a-te-m-i-x-tu-r-e-)- 1:2-.329-1-16-.9SZ---18.913

I . Irradiated mixture of papayotin and
substrate.

2. Substrate was mb~ed ~ith pal?ayotin
immediately after duect Irradiation.

3. Substrate was mixed with papayotin
6 hours after direct irradiation.
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80 x Papayotin O. 1 gr
pH 5. 3 Buffer '5 .0 cc

1000 r Irradiation

2.0 % Gelatin
Toluene

10.0 Cc

1 drop

Group
!IQ"lmediatelY• 6 hours

mgr mgr
12 hours

mgr

12.329 16.952Control (papayotin and substrate mixture)

1. Irradiated mixture of papayotin and
substrate.

2. Substrate was mixed with papayotin
immediatelY after direct irradiation.

3. Substrate was mixed with papayotin
6 hours after direct irradiation.

12.469

12.329

12.329

18.493

18.353

18.353

18.914

20.874

20.874

4. The amount of polypeptide in the mixture solution
after the irradiation.

There are two methods, direct and indirect, to determine the
amount of polypeptides. The direct method adopted by Schweri
ner2'.l) , Hulse and Strauss':..4) consists in determining the difference
between both quantities of free amino acids before and after the
hydrolysis of the sample. The latter, adopted by Hahn and Wolf,
consists in determining the difference between both amounts of
filtrate·N from each separation of protein by trichloracetic acid and
by phosphotungstic acid. Neither method is very satisfactory for
the following reasons. In the former, as Becher and Hermann23)

report, the amino nitrogen obtained after the hydrolysis contains
not only pure amino nitrogen but also the amino nitrogen from
oxyproteinic acid. hippuric acid and phenylacethylglutamin. In
the latter, as Becher and Thelen26) report, a number of investiga
tions must be performed in order to solve the following problem,
namely, whether or not the difference really shows the higher de
composition products (polypeptides) from protein, and whether or
not the nitrogen from some other substances exists in the difference,
etc.

But Shikata27
) performed many experiments on this subject and

concluded that the indirect method could be an index enough to
find the change of the quantity of polypeptide, and therefore I
employed the indirect method.

5
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Table VI.
80x Papayotin 0.05gr 2.0% Gelatin 10.0cc
pH 5. 3 Buffer 5.0 cc Toluene 1 drop
Remover of the protein 5.0 % phosphotungstic acid

, 5.0 % trichloracetic acid

~I 6 hours 12 hours 124 hours 148 hour. In hoursX-ray dose mgr mgr mgr mgr mgr

Control 1.975 I 2.045 2.087 I 2.129 I 2.171

to r 2.031 2.087 2.129
!

2.157 I 2.227
I

200r 1.933 2.003 2.059 2.087
I 2.129I
i

400r 1.947 2.003 2.045 2.115 2.129

1000 r 2.003 2.059 2.101 2.157 2.241

After removing the protein from the mixed solution by means
of 5.0 %phosphotungstic acid 2.0 cc as well as 5.0 %of trichloracetic
acid 2.0 cc I measured the total quantity of nitrogen of that filtrate;
and determined the quantity of polypeptide by the difference.
Thus the amounts of polypeptide obtained from the same mixed
solution as in section 2, do not increase markedly in the course
of hours as shown in Table VI.

As to the change of the quantity of SH-radical in the mixed
solution of enzyme and substrate before and after the irradiation,
Yamamoto28) and his co-workers reported that no change of SH
radical was found in the experiment on cathepsin by means of
nitroprusside rea'ction and polarography.

5. The wavy phenomena which take place in the enzyme
action after irradiation.

The same mixed solution of substrate and enzyme as in
section 2 was divided into the following two groups: unirradiated
group {control) and irradiated group (60 r). The amount of the
nitrogen was measured by the same method as in section 2 im
mediately, and after the elapse of 1, 3, 6, 12, 24, 48 and 72 hours
respectively. Thus the increasing rate of each group in the unit
hours was observed. The amount of non-protein nitrogen of both
solution is increasing in the course of hours, but the rate in the unit
is sometimes increasing and sometimes decreasing, that is to say,
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t, wavy phenomena" appear in the irradiated solution, while the
rate of the controls is only decreasing.

Table VII.
80 x Papayotin

pH 5. 3 Buffer

0.05 gr

5.0 cc

2.0 % Gelatin

Toluene

5.0 cc

1 drop

~
Control 60r I Control COrI

Time Total I Rate Total I Rate Total I Rate Tlota I Rate
mgr mgr mgr mgr mgr mgr mgr mgr

--Im-
9.807\ 9.e07 12 hours 1°.648[ !11. 882mediately 0.168 0.562 0.013 I 0.031

1 hour 9.975 10.369 24 hours 10.8011 12.259
0.069 0.238 1°.003 1°.003

3 hours 10.183 11.082 48 hours 10.886 12.329 1

0.062 0.068 ,0.002 1°.023
6 hours 10.369 11.288 72 hours 10.928 12.889\

0.046 jO.099 I
i i

11. Discussion.

In reference to the stimulating action of X-rays upon the func
tions of organisms, E. A. Schmidt 2S ) reported (8. Kl. W. 1910,
No. 21, p. 972) that the growth of sugar peas irradiated by a small
dose of X-rays is several times faster than that of unirradiated
ones.· Hastz'ngs, Becton and Wedd reported that a small dose of
X-rays accelerated growth of silkworms; Kornicke obtained the
same results with dried seeds. V. Hoffmann30

) observed similar
results with silkworms and with cats. Schmidt recognized in his
study on vital staining that X-ray irradiation promotes the absorp
tion of pigments in some organizing cell; Halbersfadter and Woljs
berg~n) reported the same result. Fujinami 32) recognized that the
phagocytic function of reticrocyte irradiated with 60 r was accele,,
ated; Girden:r;>,) reported that the sense of hearing was improved by
irradiation with a small dose of X-rays. From the above-men
tioned reports it can be concluded that the functions of organisms
are stimulated by irradiation with a small dose of X-rays, but it
cannot be determined whether the effect of X-rays on enzyme
activity is direct or indirect.

Hoffmann recognized that 50% H. E.O. X-rays inhibit the growth
of the eggs and tadpoles of frogs, and stop the growth of cats and
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rabbits. David34
) reported that a large dose of X-rays upon adrenal

which was isolated by an operation caused a marked inhibition of
the adrenalin secretion. These reports indicate that a large dose
of X-rays seems to have inhibiting effect upon the functions of
organisms.

jungling3j
) holds that there are activating and inhibiting factors

in the cells of organisms, and that a small dose of X-rays accelerates
the activating factors, while a moderate dose accelerates the in
hibiting factors. Thus in the former experiment, activation of
function takes place; in the latter, the inhibition of the function
occurs.

From this point of view, the results of the irradiation with 60 r,
200 rand 400 r in this experiment are explained almost perfectly.
The larger the dose of X-rays becomes, the more the inhibition
of the proteolytic action of papayotin occurs, and finally with a
certain large dose it should be stopped by the destruction of pa
payotin itself according to the usual conception.

Combining jungling's opinion mentioned above and Michael's
conceptiona6

) that enzymes have the nature of the equilibrium
displacement, the author has formed the following opinion which
seems to justify the results in the case of 1000 r. In general, the
enzyme is the complex of active and non-active factors and in the
irradiation with a large dose the active factor is destroyed and be
comes non-active, while, on the other hand, the non-active factor
is destroyed and becomes active, according to the equilibrium dis
placement. ]. Bodnar and j. Villanyi 37 ) performed an experiment,
in which the amylase solution was boiled (lOO°C) to destroy its
activity and evaporated to dry, but by extracting it with water
active amylase was obtained again. From this result they inferred
that such phenomena might be caused by replacing the active
factor of amylase with the inactive factor by heat and vice versa.
This influence explains, to some degree, "the results of the irradia
tion with 1000 r, but further study is necessary to confirm the results
completely. At present none of them can be determined.

It is questionable whether or not the X-rays effect directly on
papayotin itself, for the indirect effects are considered to act on the
other coexisting substances in reaction solution, namely on gelatin.
To answer this question, the experiments were performed, the
results of which are shown in Tables 11, III and IV. From these
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results it can be inferred that the action of X~rays is direct on
papayotin, because a small dose of X-rays (60 r) has no effect on
gelatin and causes no increase of SH~radical in reaction solution.
It is also confirmed that the enzyme action is activated or in
hibited by X-ray irradiation; thus the X-rays have a dualistic
nature.

. Meischer, David, Gabriel and Turano recognized the wavy phe
nomena of erythema and the expansion of skin blood~vessels in the
parts of the irradiation with X-rays. fVatermann reported that wavy
change of oxidation-reduction-potential in the serum of a patient
was recognized after the X-ray irradiation, and Mittmeier demon
strated that the curve of agglutinine production in the rabbits
irradiated showed the wavy phenomena. In my experiments on
the proteolytic action of papayotin, as shown in Table VII, the
amount of increaEe of the non-protein nitrogen per hour was largest
at the beginning of the reaction. After that it became gradually
less but again increased in the range of the 6th and 12th hours;
thereafter it diminished, then increased for the third time between
the 48th and 72nd hour. Such change of the quantity of non~protein

nitrogen in the proteolysis by papayotin, namely, activation of the
proteolysis by 60 r, inhibition by 200 r as well as 400 r and again
activation by 1000 r, is considered to be a kind of wavy pheno
menon and to be caused. by the X-ray irradiation.

There are many reports38) 39) as to the relation between the
quantity of the decomposition products of substrates and the acti
vity of enzymes. In this experiment the amount of polypeptides
in the reaction mixture was measured and compared with the un
irradiated controls. As shown in Table VI, the quantity of poly
peptides increased in the case of 60 rand J000 r, and decreased in
the case of 200 rand 400 r.

Generally the enzyme action diminishes according to the in
crease of the decomposition products of substrate. However, in this
experiment the action of papayotin increased by the irradiation
with 60 r as well as J000 r inspite of the presence of the larger amount
of polypeptides. It is now an open question why, in my experi
ments, the larger amount of polypeptide did not lower the pro
teolytic action of papayotin. I think that the inhibiting action
of polypeptide on papayotin activity might be effected by the
presence of some other unknown factors.

9
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Conclusion.
1. The proteolytic action of papayotin is activated by X-ray

irradiation with 60 rand 1000 r, and inhibited with 200 rand 400 r.
2. The influences of X-rays upon papayotin are direct and

remain unchanged for definite periods of time.
3. The proteolytic action of papayotin show wavy pheno

mena which correspond to the time and dose of the X-ray irradia
tion.

4. The proteolytic action of papayotin is considered to be in
hibited by the decomposition products (polypeptides) of substrate
only in the presence of some other factors.

My sincere thanks are due to Prof. T: Takeda and Assist. Prof. 1If. Yama
moto for suggesting this investigation and also for their constant advice.
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