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Introduction

In an earlier paper (21) one of the authors showed that thereis a
marked difference in the action of the salts of the alkali metals upon
the fire-holding capacity of tobacco, even when the salts have
similar anions. For instance, the carbonates of potassium,
rubidium, and caesium promote the combustion of tobacco to a
very much greater extent than the carbonates of sodium and
lithium. The chlorides of sodium, lithium, and potassium retard
the combustion, but the chloride of potassium is not nearly so
effective as the chloride of sodium or lithium. In general, the
salts of potassium, rubidium, and caesium are much more favor-
able to combustion than those of sodium and lithium.

It has been known for a long time that potassium is an essential
element for the higher plants. Numerous attempts have been
made to replace potassium by sodium, and, while apparently sodium
can fulfil some of the functions of potassium, attempts to replace
potassium entirely by sodium have been unsuccessful. The fact
that potassium seems to have such a marked property of promoting
the combustion of tobacco, and sodium does not, suggests that this
particular property of potassium may have a relation to certain
functions in the plant, which cannot be fulfilled by sodium. These
facts suggested that a study of the effect of the alkali salts upon
oxidase activity might be of interest. The work reported In
this paper was done in 1917. More extended studies were
planned, but, since it has been impossible to carry them out com-
pletely at the present time, it seemed wise to report the results

obtained.
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Historical

BERTRAND (5) was the first investigator to point out that the
salts of metals influence oxidase activity. He showed that man-
ganese salts greatly increase the oxidase activity of preparations
from alfalfa. GrssarD (15) found that the formation of melanin
from tyrosin is increased in the presence of salts of the metals.
BAacH (4) substantiated GEessArRD’s results, and showed that
aluminum sulphate, salts of calcium, magnesium, manganese,
and zinc increase melanin formation from tyrosin. The effect of
the salts is to increase the further change of the oxidation product
rather than to activate the taking up of oxygen. Aluminum
salts hasten the formation of purpurogallin from the yellow
oxidation product of the action of oxidase upon pyrogallol. BAcH
believed that the oxidation process is retarded by the accumula-
tion of the primary oxidation products, and that the salts act
to release them. WoLrr (32) found that the oxidation of tyrosin
by tyrosinase from Russula delica is increased by the addition
of small quantities of disodiumphosphate. PoropkoO (26), Aso (3),
ALSBERG (2), and EwART (11) have shown that salts of the metals
give a blue color with guaiacum. Poropko and EwarT believed
these salts to be inorganic oxidases. Poropko pointed out that
those metals which form salts of two degrees of oxidation are par-
ticularly active. ALSBERG, and also EwART, confirmed PORODKO’S
observation and found that the chlorides of many of the met-
als give a blue color with guaiacum. ALSBERG attributed an
important part in the reaction to the chlorine. EWART further
found that the chlorides, nitrates, and sulphates of the same metal
are not necessarily equally powerful in their action. Apparently
the chlorides are more active than the sulphates. Various salts
were found to act as sensitizers or retardants to oxidase activity.
Potassium chloride, potassium iodide, potassium bromide, and
potassium fluoride retard or even prevent the browning of pounded
apple pulp.

Numerous investigators have shown that oxidase activity 1s
affected by changes in reaction of the medium. BERTRAND (6)
showed that the action upon guaiacol of laccase from Rhus succe-
danea is inhibited by o.002 M concentration of sulphuric acid.
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WoLrr found tyrosinase from Russula delica most active In a
solution neutral to phenolphthalein, and ABDERHALDEN and GUG-
GENHEIM (1) found that tyrosinase is destroyed by o.o16 N hydro-
chloric acid, and greatly retarded by o.016 N sodium hydroxide.
Rosk (28) showed that the decrease in oxidase activity, as observed
in the Bunzell apparatus, is due to an increase in the hydrogen ion
concentration of the medium. REED (27) found oxidase activity
in potatoes and apples inhibited even by low hydrogen 1on con-
centrations; and likewise BunzeLL (9) found the action of oxidase
retarded with increasing hydrogen ion concentrations.

Methods

All but one of the experiments described in this paper were made
with portions of apple bark which had been dried at 35—40° C.
for 2—3 hours, ground fine enough to pass through a 4o-mesh wire
sieve, and stored air dry in zinc-capped Mason jars. One experi-
ment was made with solutions of precipitated oxidase separated
from aqueous extracts of healthy bark and of diseased bark by the
addition of about 10 volumes of alcohol. In order to obtain the
precipitated oxidase, 2 gm. of bark were allowed to stand In a
beaker with 10 cc. of water and 5 drops of toluol for 1 hour. The
extract was then squeezed out through moist cheesecloth on coarse
filter paper. The beaker was washed with five 1 cc. portions of
water and the filter paper finally with two more. There was then
added 50 cc. of 93 per cent alcohol to the filtrate (concentration of
alcohol about 70 per cent) and the whole allowed to stand for
10 minutes. The flocculent precipitate which had formed was
collected on a hard filter by gentle suction with a filter pump.
There was then added 150 cc. more alcohol to the filtrate (con-
centration of alcohol now about go per cent) and the whole
allowed to stand for 1 hour, since precipitation was slow, before
this second fraction was collected on the filter with the first.
The precipitate was dissolved in water and used immediately, as
described later. .

The stock solutions of all of the salts tested were made to a
concentration of 0.5 N. Potassium chloride, manganese chloride,
ferrous chloride, and ferric chloride were used also in the additional
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concentrations of o.1 N and o.or N. Since there was always
5 cc. of water in the apparatus, the final concentration of the salt,
there was o.1 N for o.5 N solutions and o.02 and o0.002 N for
0.1 N and o.o1 N solutions used. ,
Oxidation was measured in centimeters of mercury rise by
means of the simplified BunzeLL apparatus (8). The shaking ma-
chine was run at the rate of 106 complete excursions per minute. All
experiments were run for 3 hours, readings being taken every 15 min-
utes, and a final reading the following morning. When bark was used,
the mixtures in the apparatus contained o.1 gm. of bark, 1 cc. of
salt solution, and 4 cc. of 1 per cent pyrogallol solution or salt
and pyrogallol with bark omitted, the second combination serving
as a control on the first. Preliminary experiments had shown that
during the time in which these experiments were run the auto-
oxidation of the pyrogallol was usually not more than the equivalent
of 0.15 cm. mercury rise. In the experiment with precipitated
oxidase, the precipitate from 2 gm. of bark was dissolved in 20 cc.
of water, and 2 cc. of the solution, containing the dissolved precipi-
tate obtained from o.2 gm. of bark, were put in each apparatus,
together with the usual amount of pyrogallol and water. All tests
were run in duplicate. Two controls were run with each experi-
ment, one containing only water, the other bark (or oxidase solu-
tion), pyrogallol, and water, but without the addition of salts.
~ The figures for Py given in table VII were obtained by means of

the apparatus described by Rosk (28).

Discussion

The chlorides in general retard oxidase activity. The chlorides
of potassium, sodium, and lithium depress markedly the oxidation
of pyrogallol by bark (table I). Similar results were obtained with
all the other chlorides tested. except ferrous chloride (table VI).
Ferrous chloride in 0.1 N concentration with bark and pyrogallol
showed 1.7¢9 cm. mercury rise, and with pyrogallol alone 1.45 cm.,
compared with the control of pyrogallol and bark as 1.00cm.
Since ferrous chloride is readily oxidized when exposed to the
air, it is quite probable that the oxygen absorption for the most
part represents that absorbed in the oxidation of ferrous chloride.
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Results

T he results of the experiments are shown in tables I-VII and
figs. 1—5.

TABLE I

ErreEcT OF 0.1 N KCI, NaCl, Axp LiCl oN OXIDATION OF PYROGALLOL BY POWDERED
HEALTHY APPLE BARK; TEMPERATURE 23.2-23.6° C.*

S —

e — i e ——— ~—. — e S—— R —

NO BARK BARK
T T T T T e e e e P T i ]
KCl Na(Cl LiCl Check KCl NaCl LiCl
May 21
$2:.30. ..., 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B2 AR R v 0.03 0.13 0.00 0.03 0.06 0.07 0.03
E00. %5 0.03 0.13 0.00 0.08 0.05 0.11 0.03
R % A 0.08 0.20 0.00 0.23 0.15 0.18 0.1I5
5 3005 555 0.05 0.17 0.02 0. 25 0.15 0.18 0.15
K e o5 0.05 0.13 0.00 0.33 0.15 0.21 0.15
200 Lok 0.07 0.18 0.00 0.38 0.15 0.24 0.10
- ) . PRORE '0.08 0.19 0.05 0.43 0.10 0.27 0.2I
T e 0.08 0.19 0.04 0.45 0.10 0.31 0.25
AR TP, 0.07 0.17 0.05 0.45 0.25 0.30 0.25
0 S 0.05 0.16 0.05 0.50 0.23 0.32 0.206
) AR 0.00 0.10 0.06 0.65 0.26 0.36 0.20
B R s aiaris 0.10 0. 20 0.05 0.68 0.28 0.35 0.32
May 22
T T R e 0.00 0.00 0.00 I.25 0.80 0.74 0.77

nl 2 Itn tables I-V manometer readings in cm. of mercury corrected against an apparatus containing
only water.

o ‘ .s 0 'ij,_ ERENERAD
' | Tl | : I :
: H :

| 23 & Aam 10

F1c. 1.—Effect of KCI, NaCl, and LiCl on oxidation of pyrogallol by powdered
healthy apple bark: A, control (bark and pyrogallol); B, KCl+bark and pyrogallol;
C, NaCl+bark and pyrogallol; D, LiCl+bark and pyrogallol.
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TABLE IV
EFFECT OF 0.10 N POTASSIUM TARTRATE, SODIUM OXALATE, AND Ca(NO;), oN

TEMPERATURE 29.2-30.2° C.

NO BARK

ROSE, KRAYBILL, & ROSE—OXIDASE ACTIVITY
OXIDATION OF PYROGALLOL BY POWDERED HEALTHY APPLE BARK;
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F1G, 4.—Effect of potassium tartrate on oxidation of pyrogallol with and without

bark (healthy): A, control (bark and pyrogallol); B, potassium tartrate+bark and

pyrogallol; C, potassium tartrate+pyrogallol.
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