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Physiological Effects of Trihydroxy-N-
Methylindol and its Reaction with Copper
lons

TRIEYDROXY-N-METHYLINDOL, & highly fluorescent
substance derived from adrenochrome’~%, sensitizes
the smooth muscles of the cat to the excitatory
(nictitating membrane) and inhibitory (non-pregnant
uterus) actions of adrenaline®.

This substance has & great affinity for copper ions.
The fluorescence of a 2 X 107° solution disappears
in three minutes at laboratory temperature in the
presence of 1 X 107% copper ions (as copper sulphate) ;
it inhibits the oxidation by copper ions of adrenaline
in aqueous golution. A substance has been isolated
and analysed which corresponds to the formula
CH,NO,Cu + H,0 or C,H,N,0,Cu, + 2 H,0
(found: C, 42; H, 36; N, 5-1; C,,H,,N,0,Cu,
requires C, 41-5; H, 3:5; N, 5-4 per cent).

The hypothesis may be put forward that the physio-
logical actions of trihydroxy-N-methylindol (decrease
of bleeding time® and of capillary permeability,
sensitization to adrenaline) are related to its copper-
binding activity in accordance with the general
concept formulated by Lavollay?, Javillier and
Lavollay®, Clark and Geissman®, in order to explain
the ‘vitamin P’-like actions of flavonoids and related
substances.
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‘Y-Protein’: a New Component of the
Muscle Machine

WE have recently shown! that if rabbit muscle
is extracted with a solution of high ionic strength
(potassium chloride > 0-5), the electrophoretic test
(Tiselius-Longsworth, see ref. 2) shows, besides the
proteins already described®-?, a new component that

we have called ‘Y-protein’. At ionic strength 0:40°

and pH 7-4, it moves more slowly than -myosin.

This new protein exists only in extracts of normal
resting muscle. If the muscle has been previously
subjected to contracture by pharmacological means
(monoiodoacetate) or rigor mortis, neither Y -protein
nor 3-myosin can be found in the extracts if potassium
chloride is used for the extraction®. This is due to the
presence of strong linkages between those proteins and
muscle stroma, in the contracted state. These linkages
cannot be broken by potassium chloride, but are broken
by potassium iodide or pyrophosphate solutions?.

We have succeeded in isolating ¥ -protein. Normal
resting muscle is progressively frozen in a — 20° C.
chamber, cut in 50-u slides by use of a freezing-
microtome?, extracted for ten minutes with 5 wvol.
Weber-Edsall solution (0-6 M potassium chloride,
0-04 M sodium bicarbonate, 0:-01 M sodium car-
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bonate ; the addition of 0-3 per cent adenosine-
triphosphate does not affect the amount of Y-protein
extracted). Extraction and the following operations
are carried out in a cold room at + 1° C. After
centrifugation, the liquid is progressively mixed with
saturated ammonium sulphate solution at pH 6-00
(53 c.c. sulphate solution for 100 c.c. extract, which
corresponds to 35 per cent saturation).

The electrophoretic analysis of the precipitate
shows that it contains «-myosin (actomyosin), Y-
protein and some myogenes. [(-myosin remains in
the solution (it is precipitated only at 37-40 per cent
saturation in ammonium sulphate at pH 6-00 ?). The
precipitate containing Y-protein is washed with
ammonium sulphate solution at 35 per cent saturation
and dissolved in 0-1 M potassium chloride at pH 7-6.
The solution, which is rather turbid owing to the
presence of actomyosin, is dialysed against a solution
of u 0-05 (0-016 disodium hydrogen phosphate, 0-002
gsodium dihydrogen phosphate). The actomyosin is
precipitated and Y -protein remains in the solution.

Electrophoretic controls show that only one com-
ponent is present. Its velocity is:

at p. 040, pH 7-40 : — 2-7 X 107 cm./volt/sec.
atw 0-10, pH 7-60 : — 3-4 X 107 em. /volt/sec.

In an extract of whole muscle, in which Y -protein
is present as well as all the other muscle proteins, the
velocity of the Y-protein is much reduced :

aty 0-40 and pH 7-40:2:65 4 0-1 X 107% em. /volt/sec.

Solutions of Y-protein are rather clear, slightly
viscous and do not show double refraction of flow.
Optical properties do not depend on ionic strength
between 0-005 and 0-5.

Y-protein is insoluble in distilled water, fairly
soluble in solutions at p. 0-005, pH 7-4. The fact that
the new protein can be extracted only by using
solutions of at least a hundred times ionic strength
indicates that Y-protein is not free in the musecle
cell, but connected to some part of the insoluble
stroma from which it is liberated by solutions of
high ionie strength.

This property explains why Y-protein has not
been isolated before. It cannot be present in low ionic
strength extracts such as those prepared for isolation
of the proteins of the myogen group or the X-globu-
lins. When extracts of high ionic strength are made,
they are usually prepared to extract the myosins—
which are precipitated by dilution—and Y -protein
is not precipitated in those conditions, being still
soluble at p 0-005 M.

That the binding forces which maintain the
Y-protein in the muscle cell are considerably in-
creased in the contracted state seems to be a proof
that the new protein takes part in the constitution
of the muscle machine.
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