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with V. H. an increase of more than 34°/,
. N. .. o e . . 19,

We have previously remarked, that the increased respiratory
exchange at a higher lemperature cannot be aftributed to this,
seeing (hat the determination had not been made, until an equilibrinm
had presumably been established befween internal and external gas-
exchange. Indeed, the O,-consumption and the CO,-elimination in-
creased more considerably than the tidal air.

Our experimental evidence seems {o show that muscular work at
a high temperalure is less economical than at a low temperature,
and also that this difference is more marked with one subject than
with another. _

The increase of gas-exchange parallel to the rise of temperature
was not gradual. but sudden at 21°—22°.

Physiology. — “The influence of the reaction upon the action of
ptyalin”. By Dr. W. B. Riveer and H. v. Trier.

(Comrmunicated by Prof. C. A. PEKCLHARING in the meeting of November 30, 1912).

One of us (v. Tr.) has for some time been studying the effect of
diet on the action of the diastatic enzyme of the saliva, to which
the name ptyalin has been applied. The vesults of other researchers
into this subject are tu some extent conflicting with each other?).
Nor do van Trier’s experiments positively demonstrate an influence
of diet. Though, taking ore with another, they seemed to point to
an influence, occasionally there appeared striking deviations without
our being able to fix upon the cause, so that we did not know
what to make of the results.

This experimentation was conducted as follows: saliva was added
to amylum solutions and after some time the reducing power of
the solutions was determined. This method involves the risk of fluc-
tuations in the reaction of the fluids, e.g. such as are brought
about by the flask-wall or by carbon dioxide from the air, sinee in
approximately neutral fluids without regulating-mixtures the reaction
may be considerably shifted by a trifling disturbance. This would
account for the striking deviations mentioned just now, recent researches
having shown that slight modifications of the reaction markedly
affect the activity of enzymes.

Now if, in proseccting cur experiments, due care being taken all

1) Cf. Hamuarsren's Lehrbuch der physiologischen Chemie.
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the time to obviale any noxious influence of the flask-wall or of the
carbon-dioxide upon the reaction, we should detect unmistakable
influence of the diet, this might be owing to various causative fac-
tors. Iirst of all the concentration of the enzyme might have been
altered by the diet. In the second place the organism might effi-
ciently alier the concentrations of the ions, which are so material
to the action of the enzyme, especially the H- and OH-ions, as well
as the Cl-ions and others. , .

We thought proper, therefore, to cautiously watch the influence
of the H- and OH-ions in order to ascertain by subsequent experi-
ments. whether variations in the activity of the enzyme are to be
attributed to changes in the concentrations of the said ions. Moreo-
ver, an accurate knowledge of the influence or these ions may lead
to a clearver insight into the action of the enzyme.

Previous inquiries into the effect of acids and alkalis on the action
of ‘ptyalin yielded rather contradictory results '), from which it was
supposed that either acids or alkalis acted favourably.

As a rule we used in our investigations the methods employed
by Sorensen*) in his remarkable experiments on enzymic actions.
We adopted the following course:

filtered saliva, designated “‘enzyme” in the following tables, was
made to act at 37° upon 1°/, amylum solutions. After the action of
the enzyme had been arrested by heating it was estimated by the deter-
mination of the reducing power of the digestion-fluid, of the rotatory
power and by reaction with iodine. Various reactions were given
to amylum solations. To obtain them and to maintain them constant
three buffing- or regunlating-mixtures were applied, viz.

1. phosphate-mixtures,

2. cilrate-mixtures,

3. acetate-mixtures. )

The process of digesting lasted 20 minutes for all series of expe-
riments but one.

i

1. Lzperiments with phosphate miztures.
(all the glass vessels had been exposed to steam for 15 minutes.)

Into Eruesmuiser-flasks (Jena-glass), capableof holding 300 c.c. were
placed :

10 c.c. of a phosphoric acid solution 1.485 n., varying amounts
of sodium hydrate 0,5670 n., and water up to 50 c.c. To this 200

1) Cf. HammarsTEN'S Lehrbuch der physiologischen Ghemie.
?) Comptes rendus des travaux du Laboratoire de Carlsberg. 8me Vol. 1r. Li-

viaison 1909,
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c.c. of the amylum solution was added by means of a pipeite. As
a matter of course, all the tests of the same series were made with
the same freshly prepared solution, which was obtained by mixing
25 gr. of dried amylumn with one liter cf water and heating it to
the boiling point, while stirring the fluid and maintaining this tem-
perature for about a minute. After cooling the mixture was made
up to 2 liters ') and filtered through glass-wool or muslin.

The flasks holding the phosphate-mixiures and the amylum, were
first heated to 37° and then mainfamed at this temperature in the
thermostat for at least 20 mmutes previous to the addition of the
enzyme. After the enzyme had been working on for 20 minates, the
flask was dipped into a boiling waterbath and was constantly and
regularly moved, always in the same manner, till a temperaiure of
90° was reached, so that every time the action of the enzyme was
arrested in the same way.

The reducing power of the cooled fluid was deiermined after
BerTranp and was expressed in m. Gr. copper per 100 c.c. of the
fluid. ’

The determination of che reaction was performed electrometrically.
The hydrogen-electrodes were treated after HasseuBacw’s ) shaking
method, and measured by means of mercury-calomel-electrodes with
normal and '/;, n potassium chloride The reaction is expressed in
pa . the negative logarithm of the hydrogen-ions-concentration.

The following tables show the results of the mostimportant series
of experiments.

zst Series of experiments. Enzyme v. T.

LIS IS S == aae——————————— L~
)
Nr. p}s‘g%%%fd NaOH'H20 11\1?;3’ 231;::1; ,RE%;:. Rotation lodine reaction Py
cc. c.c jcc| cc. c.C. Cu minutes
1 10 13.4 2'6.6 200 2 71.10 — — 5.186
2 10 ‘ 13.7 26.3] 200 2 1182.15 — — 5.69
3 10 14 {26 200 2 1212.30 — — 5.80
4 10 15 25 200 2 | 218.95 — - 6.22
5 16 16 |24 200 2 | 214.8 — — 6.40
6 10 18 |22 200 2 | 176.50 — — 6.78

Y) Occasionally 4 liters had to be made.
%) Biochemische Zeitschrift, Bd. 80, p. 317.
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2d Series of experiments. Enzyme R diluted with 3 vol. of water.

3

Phos- Reduc- .
o . INaOH{H,O Amy- | En- ; Rotation
Nr/phoricacid !l Jum | zyme tion Iodine reaction | 2
solution | oo feel ce | oo | MO | minutes 7
c.c Cu
~ | Reduction
1 10 13 |27 200 2 not +192 blue 4,53
perceptible
2 10 13.5 [26.5] 200 2 | 180.10 | 188 |blue, shadeofviolet| 5.33
3 10 14 |26 200 2 | 234.80 | 186 |[violet, shade of blue| 5.86
4 10 14.5 125.5] 200 2 | 244.55 | 185 violet 6.05
5 10 15 (25 200 2 | 235./0 | 186.5 |violet,shade of blue| 6.24
6 10 15.5 [24.5| 200 2 | 223.60 | 188 violet-blue 6.30
7 10 17 |23 200 2 | 179.10 | 191.6 |blue, shade of violet| 6.61
8 10 20 |20 200 2 [ 105.40 | 195 blue 7.01

3d Series of experiments. Enzyme D.
—— e ____]

o0s- educ- .
Nr. pgg’%&%‘gd NaOH)H0 AITn%- z};:lrr]r;e E?Gnr. Rc.)tatlon Iodine reaction | 2py
co. cc fae| oG c.c. Ca  (min utes
1 10 13.2 [26.8] 200 2 1106.45 | 194 blue l 4.90
2 10 13.5 [26.5] 200 2 | 194.50 | 190.3 |blue, shade ofviolet| 5.52
3 . 10 14 |26 200 2 | 251.25 | 190 violet-blue 5.83
41 10 14.5 |25.5{ 200 2 |270.10 | 189.7 |violet,shade ofblue| 6.08
5 10 15 |25 200 2 1271.20 | 188 violet 6.19
6 10 15.5 |24.5| 200 2 1265.55 1 191 |violet, shade:ofblue 6.37
7 10 17 |23 200 2 220,55 | 192 violet-blue 6.61
8 10 20 |20 200 2 | 156.60 | 195 blue 7.03

From these experiments it appears, that the concentration of the

hydrogen-ions exerts a considerable influence upon the action of the
enzyme; further that an increase of ¢y, consequently a decrease of
pa accelerates its activity. until a certain optimum is reached, after
which the action slackens again. We also observe the same beha-
viour with enzymes from different sources, however with a noticeable
difference in (heir activity. From another series of experiments
we gathered that the optimal reaclion lies ai about the same point
in much more dilule phosphate solutions; we also learnt, that all
over the series the action of the enzyme was more vivid. It follows
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then, that phosphate-mixtures are inhibitive to the action; less so in
highly dilute than in the concentrated solutions.

2. Experiments with citrate-miztures. A citrate solution was made
from 275 gr. of pure citric acid (pro analysi), 105 gr. of NaOH
(MERCK’s e natrio pro analysi) and water to 1 liter. 20 c.c. of this
_citrate solution diluted with water to 250 c.c. yielded pg— 4.915.

4th Series of experiments. Enzyme R.
Citrate [NaOH|H,O | Amy-| En- Rggl;C- Rotation ) )
Nr.| solution lum |zyme, ‘= . lodine reaction | py
c.c. cc | ce | ec c.C. Cu minutes
1 1'0 14.7 {25.3 | 200 2 247.60 | 195 bluish-violet }5.99
2 10 19.57/20.43| 200 2 357.15 | 189 reddish-violet [6.49
3 10 19.94/20.06| 200 2 380.15 | 189  |red, shade of violet [6.526
4 10 20.40{19.6 | 200 2 380.65 | 188 reddish-brown [6.62
5 10 21.3 [18.7 | 200 2 396.00 | 187 reddish-brown [6.73
6 10 22.1 17.9 | 200 2 358.65 | 181 |red, shade of violet|7.09
1 10 23 |17.0 | 200 2 183.15 | 197  |blue, shade of violet|7.425
Sth Series of experiments. Enzyme R diluted with 1 vol. of water.
Citrate |NaOH|HO | Amy-| En- | Re%UC |Rotation| o
Nr.| solution lum fzyme | =l i lodine reaction " | H
lc.c. cC | ee e | ce Cu  |minutes
1 5 5.0 140 200 2 81.35 | 202.7 blue 5.80
2 5 8.20 (36.8 | 200 2 [ 139.70 | 200 blue 6.26
3 5 9.78/35.22] 200 2 | 158.10 | 197 |blue,shade of violet}6.55
4 5 10.20 34,80 200 2 | 147.85 | 199.3 iblue,shade of violet|6.74
S 5 10.65 (34.35 200 2 |128.45| 201 . blue 6.85
6 5 10.90 |34.10] 200 2 1107.95 | 202.7 blue 7.046
7 5 11.05 )33.95] 200 2 90.05 | 204 blue 1.11
8 5 11.30 {33.70| 200 2 60.90 | 204.5 blue 71.41
9| 5 11.60 [33.40 200 | 2 |rdonmol 205 blue 7.497

Here again an optimal reaction is educed, which, however, has
slightly shifted towards the neutral point. A decrease of concentra-
tion diminishes this deviation.
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3. xperiments with acetate-miztures. A solutien of sodinm acetate
(170 gr. per liter) was mixed with different quantities of 1 °/, acetic
acid. The following experiments were made: i

6th Series of experiments. Enzyme R. diluted with 3 vol. of water

Acetic Reduc-i
Acetate | acid |H,0 Amy- | En- | = - " Rotation
Nr.| solution |solut- lum |zyme; "~ lodine reaction | Py
c.C ion {ecc.| cc c.c. Ca minutes
u -
c.C. v
1 20 0 130 200 2 47.60 | turbid blue 1.297
2 20 1|29 200 2 |"137.65 | 202 |blue, shade of vinlet|6.65
3 20 2 |28 200 2 | 182.65 | 199 bluish-violet  16.55
4 20 4 |26 200 2 |221.05| 198 bluish-violet  [6.21
5 20 5.6 [24.4| 200 2 122205, 195 violet-blue 6.106
-6 20 T |23 200 2 | 221.55 | 197 “violet-blue 5.98
7 20 12 118 200 2 1200.05| 199 bluish-violet  |5.78
8 20 30 0 200 2 | 118.20 | 200 blue 5.31

Again an optimal reaction is evolved; it is equal fo that of the
phosphate solutions. On either side of it the action of the enzyme
diminishes, first slowly, then rapidly. The oplinial reaction lies in
phosphate solutions at pg = 6.05, as may be seen from~™a graphic
representation of the rveduction as function of the pg. In acetate
solutions we find pg = 6.08, whereas in citrate-experitmenis values
vary according to the concentration. In the 5th series we found an
optimal reaction p; = 654.

All values of p; communicated thus far, were estimated at 18°
They are somewhat different at 37°, the temperature at which the
experiments were made. The reactions of the fluids, that were opti-
mal, have also been determined by us. We found : ’

in the phosphate solutions py = 6.00

in the citrate solutions (10 c.e¢. of citrate 4 series) py=6.86

in the acetate solutions pp= 6.028.

The neutral point lies at 37° al py=6.796.

For purposes of comparing the action of.the various regulating-
mixtures we carried out the following experiment. (p. 803).

It is evident from this test that, the reaction being neutral, the
influence of phosphate is inhibitory; when the reaction is slightly
acid (pr= 6.5; a neutral reaction is not easily obtained with citrate)
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uth Series of experiments. Enzyme R diluted with 1 vol. of water.

Ll ______

Hy0 | Amy- | En- R&g?‘c' Reaction (determined at 18°)
Regulating mixture lum jzyme | e
cc | ce | ce Cu. - Py
a none 50 200 2 | 318.20 | electrometrical determination
not practicable on account of
the lack of electrolytes. Neutral
behaviour to litmus, so
Py +107
b {10 c.c.phosphoricacid|19.4 | 200 | 2 | 245.05 1.07
20.6 c.c. NaOH
¢ |10 c.c.phosphoricacid|23.75] 200 | 2 | 425.15 6.50
16.25 c.c. NaOH :
d 10 c.c. citrate, 20.45| 200 2 221.55 6.468
19.55 c.c. NaOH .

a comparison between citrate and phosphale shows thal inhibition
is much stronger with the former than with the latter.

From the removal of the optimal reaction towards the neutral
point, as well as from the tesls published in this paper, it is appa-
rent, that cifrale inhibits most strongly on the side of the minor
pu’s, and that this impeding action weakens lowards the neutral
point.

The optimal reactions Dbeing identical in phosphate- and acetate-
mixtures, il was likely. that either of them should slacken the action
of the piyalin in the same way. The following test illustrates the
fact thal, if the reactions are the same, both mixtures equally affect
the enzymic action.

Sth Series of experiments. Enzyme R diluted with one vol, water.
e —————————————a—e e e e e oo ]

H,0 | Amylum|Enzyme | Reduction
¢.C. c.c. cc. |mGr.Cu| PH

Regulator

a | 10 c.c. of acetate 35 200 2 489.2 | 5.886
5 c.c. of acetic acid .

b | 10c.c.of phosphoric | 26 200 2 483.5 | 5.886
acid 14 c.c. NaOH

We now passed on to inquire how this influence of lhe reaction
upon the action of ptyalin is to be accounted for. It may indeed be
imagined, that H-ions favour the enzymic action, bui how is il then
that beyond the optimal ¢y they largely impede the activity. Is it
perhaps to be attributed to an injury to the enzyme? In order to
find this out we made the following experiments:

53

Proceedings Royal Acad. Amsterdam. Vol. XV,
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a. 10 c¢. ¢. of phosphoric acid, 13 c. ¢. of sodium hydrate and
27 c¢. c. of water were mixed at room-temperature with a mixtuare
of 25 ¢. ¢. of enzyme R -4 25 c. ¢. of wafer. We examined directly
the activity of this mixture, in which.the enzyme had been diluted
four times. It was subsequenily warmed to and maintained at 37°,
while at various intervals (he action was noted, every {ime by
allowing 2 c¢. c. to act upon mixtares of phosphate and amylum of
the oplimal reaction.

Time (minutes) durin . .

i e e R S o i

1 0 177.55 194.3 6.06 i
2 8.75 179.10 - —

3 16.75 179.10 193.0 6.00

4 41.75 179.10 - -

5 88.75 179.10 193.0 6.075

6 178.75 181.60 — -

1 268.75 179.10 163.0 5.975

The pg of the enzyme-mixture was 5.502.

6. 10 ¢. ¢. of phosphoric acid, 12 c¢. e. of sodium hydrate, 28
¢. ¢. of water. Addition: 25 c¢. ¢. of enzyme R - 25 c. c. of waler,
amylum solutions as in the preceding test; pz of the enzyme-mix-
ture 4.095.

Time (minutes) during

Reduction

Rotation

N whih the eryme MATS gt Cu. | mimotes | 2
1 0 1565.00 201.0 | 5.98
2 18 147.85 201.7 6.04
3 417.5 139.70 199.0 6.02

fresh enzyme-mixture made

?gethsea rsnaem;a)[_lli.nzyme Rand
4 0 162,25 199.3 6.03
5 138 113.10 201.5 6.08
6 313 56.30 203.0 6.03
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Our resulls show that the enzyme is not yet injured at pg= 5.5,
but is gradually injured at p; =—4.095. However, in view of the
relatively short duration (20 min.) of the digeslion-experiments de-
scribed above, the injury is, even in the case of pg —=4.095
only of small account. We conclude, therefore, that the inhibitory
influence . of the H-ions in concentrations beyond the optimal is not
attributable to injury to the enzyme.

In addition we have also tried to ascertain, whether the enzymic
activity is weakened in fluids made slightly alkaline.

¢ 10 c.c. of phosphoric acid, 27 c.c. of sodium hydrate, 13 c.c.
of water. Addition: 25 c.c. of enzyme R - 15 c.c. of water, all the
amylum solutions as in the preceding test, pgz of the enzyme-
mixture, 8.718.

Ne. \which the. ensyme-mixiure| Reduction | Rotation |,
was maintained const. at 37°

1 0 142.20 —_ —
2 29.5 147.35 — 6.02
3 55.5 147.35 - —
4 103.5 147.35 — —
5 255.0 140.70 - —
6 380.5 134.55 — -

Consequently no injury in two hours’ time with a faintly alkaline
reaction, pr = 8.718.

It is obvious, therefore, that in our experimenls injury to the
enzyme cannot have had any influence worth mentioning; on this
account we could not expect the optimal reaction to shift in a
prolonged digestion-test. Researches, each lasting 100 minutes, 5 times
longer than the other experiments, confirmed our supposition.

Further experimentation will have to reveal the relation between
the electric charge of ptyalin to its action, for which the iso-electric
point has to be determined ).

Summary.

For the action of ptyalin the concentvation of the hydrogen-ions is
highly important. In fluids in which the reaction has been deters

1) Cf. MicrAELIS Bioch. Zeilschr, Bd. 85, S. 386, Bd. 36. S. 280.
53%
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mined by phosphate- and acetate-mixtures, we found at pg = 6.00
an optimal reaction to the action of the enzyme. On either side the
action decreases, first slowly, afterwards rapidly. Even at pg =4.5
and 7.5 it is stopped almost completely. At these pz’s injury to
the enzyme is out of the question during the whole time of the test.
The place of the optimal pg does not change even when the digestion-
time is five (imes the ordinary duration. The influence of citrate-
mixtures is much more inhibitory than that of phosphate- and acetate-
mix{ures. The inhibition is energetic especially on the side of the
minor py’s. This accounts for the fact thai in cilrate-mixtures the
optimal reaction has shifted towards the neufral point.

Astronomy. — “On absorption of yravitation and *he moon’s
longitude.” By Prof. Dr. W. pr Srrrer. Part I

(Communicated in the meeting of November 80, 1912).

By absorption of gravitation we mean “the hypotliésis that the
mutual gravitational atlraction of two bodies is diminished when a
third body is traversed by the line joining the first two. If this
absorption exists, it will manifest itself by diminishing the attraction
of the sun upon the moon during alunar eclipse. Therefore, in order
to test the reality of our hypothesis, we must compute the pertur-
bations in the longitude of the moon which are a consequence of
this decrease of attraction, and compare these computed perturbations
with the well known deviations of the observed longitude from that
derived 1n accordance with the rigorous law of NEewroN. NEwcowms,
in the last paper from his hand (M. N. Jan. 1909) has put before
the scientific world the great problem of these deviations or “fluctu-
ations” in the moon’s longitnde. Tney can be represenfed by a
term of long period, for which Nrwcoms finds an amplitude of
12"95 and a period of 275 years (great fluctuation), npon which
are superposed irregular deviations (minor fluctuations), which amount
to not more than == 4" in Nuewcoms’s representation. Mr. I. E. Ross,
Nuwcomn’s assistani, has afterwards represented these minor fluctnations
by two empirical terms having periods of 57 and 23 years and
amplitudes of 2".9 and 0".8 respectively (M. N. Nov. 1911). The
outstanding residuals are very small: after 1850 they seldom reach 1.
In the years before 1850 the minor llucluations are not so well
marked, probably becaunse (owing to the smaller number and greater
uncertainly of the available observalions) too many years have
been combined in each mean vesult.
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