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In women, as at sea-level, the values are about 11 per cent. lower than for
men, but greater irregularity is observed.

Graphic representations and tables of the results are given. To render
possible a complete survey of the alveolar gas pressures and the hamoglobin
percentages recorded for acclimatised persons at varying atmospheric pressures
and heights above sea-level, the values previously published* are included in

the graphs.

In conclusion, I wish to express my cordial appreciation of the kind help
and hospitality received during the investigation. My thanks are specially
due to Dr. Mary Lapham, of Highlands, Dr. Stokes and Mr. J. Tull, of
Waynesville, and to Dr. George Purefoy and Messrs. Taylor and Johnstone
(U.S. Weather Bureau), of Asheville.

My sincere thanks are also due to Dr. J. S. Haldane for his advice and for
the loan of standardised instruments, and to Prof. Yandell Henderson, of

Yale University, for the further loan of apparatus.

Constancy of the Optimum Temperature of an Enzyme under
Varying Concentrations of Substrate and of Enzyme.

By Arraur ComproN, Imperial Cancer Research Fund.

(Commumca,ted by Sir J. R. Bradford, K.C.M.G., Sec. R.S. Received
June 10,—Read June 25, 1914.)

In a recent papert a new enzymic relation is recorded. For the enzymic
hydrolysis of salicin—by the enzyme which Gabriel Bertrand and the author}
have named salicinase—it is found that, in an action of fixed duration,§ the
temperature of greaﬁest activity of the ferment is always the same, whatever
the dilutions of substrate and of enzyme adopted for the determination. In

‘other words, the duration of the action being constant, the optimum tem-
perature of the ferment is independent of the concentration both of the
substrate and of the enzyme. The observation is suggestive: if true of one
enzyme it may be true of all, and possibly becomes the enunciation of a
general law. Herein, for the moment, lies its main interest.

* ¢Phil. Trans.,’ B, vol. 203, pp. 351-371.

+ Arthur Compton, ¢ Roy. Soc. Proc.,’ B, vol. 87, p. 245 (1914).

1 Gabriel Bertrand and A. Compton, ‘Comptes Rendus,” vol. 157, p. 797 (1913).
§ For the variation of the optimum temperature of an enzyme with the duration

of the enzyme action, see Gabriel Bertrand and A. Compton, ‘Comptes Rendus,’
vol. 152, p. 1518 (1911) ; ¢ Ann. Inst. Past.,’ vol. 26, p. 161 (1912).
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In the present paper further experimental evidence for this hypothesis iy
given, in the case of another hydrolytic enzyme, the maltase of Aspergillus
oryze (taka-diastase).

For the extract of Aspergillus oryze used, the Imperial Cancer Research
Fund is indebted to Messrs. Parke, Davis and Co., who placed at my
disposal one of their most active preparations.  This preparation, after being
freed from insoluble constituents and purified by a technique to be detailed
elsewhere, consists of a white powder, entirely soluble in water, whose
activity in maltase is double that of the original preparation.

The maltose used was Kahlbaum’s. It was purified by successive
recrystallisations from water, the mother liquor impurities being removed
after each recrystallisation by pressing the crystals in an hydraulic press
between several layers of clean dry linen. Eventually, after powdering in a
mortar and drying for about a week in vacuo over sulphuric acid, a specimen
of pure maltose, containing one molecule of water of crystallisation, was
obtained. It gave an optical activity [«]% = 41304° ‘and its reducing
power, determined by Bertrand’s method,* was as set out in Table I.

Table I.

Weight of maltose. ‘Weight of copper.

mgrm. mgrm,
20°0 210
40°0 420
600 62 °0
80°0 830

100°0 108 *5

These numbers, allowing for the molecule of water of crystallisation present,
correspond exactly with those given by Bertrand (ibid.).

That the optimum temperature of the ferment is independent of the
concentration of the substrate is shown by the following experiments :—Four
series of eight clean Jena glass test-tubes were prepared containing respec-
tively 360, 180, 90, and 60 mgrm. of maltose dissolved in 4 cm.® of water
which had been specially purified by redistillation under diminished pressure.
Then into each tube was introduced in portions of 1 cm.? a solution of the
enzyme, prepared a half to one hour previously, containing 10 mgrm.
per em.?.  The substrate concentrations in the four series of tubes are M/5,
M/10, M/20, and M/30. The tubes, after being closed with clean sterile
corks, were plunged into water-baths kept at known temperatures. After

* ¢Bull. Soc. Chim.,’ (3), vol. 35, p. 1285 (1906).
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16 hours’ incubation the tubes were withdrawn, the corks removed, and
each rapidly washed with 1 cm? of water, the washings being carefully
added to the contents of the corresponding tube. The tubes were next
heated for five minutes in boiling water to stop the enzyme action, they
were then cooled, and the contents of each diluted to a known volume, such
that 20 cm.® of the diluted mixture corresponds to 36 mgrm. of maltose.
The proportion of maltose hydrolysed was estimated by the increase of
reducing power as determined by the method of Bertrand (¢bid.). The
numbers obtained are recorded in Table II.

If the percentage of maltose hydrolysed be plotted against the mean tem-
perature of the experiment these numbers give the series of curves
represented by fig. 1.

Each curve shows a maximum at or about the same point, +47°. Hence,
under the conditions of the experiment, the optimum temperature of the
ferment is constant, and independent of the variations in the concentration
of the substrate.

That the optimum temperature is also independent of the concentration of
the enzyme is shown by the following experiments :—Four solutions of the
enzyme were prepared containing 10, 30, 60 and 100 mgrm. dissolved in 10 cm®.
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Table 11.

Temperatures at the
beginning and end of each
experiment.

Maltose hydrolysed per cent. with the following substrate
concentrations.

M/10. M/20. M/30.

=
=
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Table 111

Temperatures at the
beginning and end of each
experiment.

Maltose hydrolysed per cent. with the following enzyme
concentrations in grammes per cm.?

|
|

2x 1074 6x 1074, 12x 1074, 20 x 1074 |

17:3-175
176
270

27 -3-27 -
343

34 5-34 4

35°0-35"°1
410

42 *4-42
470

49 +8-49 -

49 *7-50 -
50°0

51 *5-52

52 °1-52

52 '3-52

53 +3-53 *

55 -2-55
552

[“13

S

OINENDS Sb

<
1

32°8

.
1
I
i

[
ot
™o
@
[
B

=

—
{ )—‘l ~T !
2l
|
T o
ISR}
@ S

DO =
S Ko
2 i 0o
@OO\! I
D
<
w
o
®
)

—

— 734
— 619

NIRRT

@

Bl

86 169




262 Dr. J. Joly.

of water, which, after standing from a half to one hour, were introduced in
portions of 1 em.? into four series of test-tubes containing 90 mgrm. of maltose
dissolved in 4 cm.® of water. The concentration of the substrate in this
experiment is M /20, while the enzyme concentration varies between 2 x 107+
and 20x107* grm. per cm3 After 16 hours’ incubation, the action was
stopped, and the quantity of maltose hydrolysed in each tube was determined
as before. The numbers obtained are set out in Table III.

On plotting the percentage of maltose hydrolysed against the mean tem-
perature of the experiment the curves of fig. 2 are obtained.

Here, again, each curve shows a maximum in the same region of temperature,
+47° Consequently, the optimum temperature of the enzyme is independent
of the enzyme concentration.

Thus it is found, for the maltase of Aspergillus oryzee—as for the salicinase
of sweet almonds—that the optimum temperature of the ferment is indepen-
dent alike of the concentration of the substrate and of the concentration of

the enzyme.

A Theory of the Action of Rays on Growing Cells.
By J. Jory, Se.D., F.R.S.

(Received May 28,—Read June 25, 1914.)

The recent accessions to our knowledge of the nature of - and X-rays
bring the treatment, by these rays, of malignant and morbid growths, into
continuity with the treatment of lupus, ete., by the Finsen light or by other
actinic radiation.

The pathological effects of the shorter and more penetrating waves have
been described by experienced observers as stimulative of the morbid growth
when the administered radiation is feeble in intensity and as inhibitive of
growth when the radiation is sufficiently intense. Here there is plainly an
effect produced by the short waves upon the growing cell, and the question
arises if from this and allied observations we cannot gain some insight into
the nature of the activity which characterises the malignant and morbid cell.

The well ascertained facts of photo-electricity show that, in all cases, the
phenomena of direct light effects classed under that head are ascribable to the
expulsion of electrons as a result of the vibratory energy communicated from
the ether. The loss of electrons is attended by ionisation of the atomic or
molecular systems from which they are derived, the abstraction of the



