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preparation contain the phage, and liquid synthetic mediums in which
lysis has taken place by means of phage.

The globulin which by artificial means contains phage behaves in the
same way as the globulin containing phage, so to speak, ,.by nature”.

It may be that the phage is adsorbed by the globulin or that globulin
and phage are precipitated by equally strong solutions of ammonium
sulphate.

In any case they show that from a mixture of globulins and phage
these two substances cannot be separated by repeated precipitation with
ammonium sulphate or by means of other precipitants.

The method followed in order to obtain the crystalline substance,
considered by STANLEY as the virus of the mosaic disease, is described
by him as follows :

I quote literally from his publication 1).

“The crystalline protein described in this paper was prepared from the
juice of Turkish tobacco plants infected with tobacco-mosaic virus. The
juice was brought to 0.4 saturation with ammoniumsulfate and the
precipitated globuline fraction thus obtained was removed by filtration.
The dark brown globulin portion was repeatedly fractionated with ammo-
nium sulfate and then most of the remaining color was removed by
precipitation with a small amount of lead subacetate at p, 8.7. An
inactive protein fraction was removed from the light yellow colored filtrate
by adjusting to p,; 4.5 and adding 2 % by weight of standard celite.

The celite was removed, suspended in water of p, 8 and the suspension
filtered. The active protein was found in the colorless filtrate. This
procedure was repeated twice in order to remove completely the inactive
protein. Crystallization was accomplished by adding slowly, with stirring,
a solution containing 1 cubic centimeter of glacial acetic acid in 20 cubic
centimeters of 0.5 saturated ammonium sulfate to a solution of the protein
containing sufficient ammonium sulfate to cause a faint turbidity. Small
needles about 0.03 mm long appeared immediately and crystallization
was completed in an hour. Crystallization may also be caused by the
addition of a little saturated ammonium or magnesium sulfate to a solution
of the protein in 0.001 N. acid. Several attempts to obtain crystals by
dialysing solutions of the protein gave only amorphous material. To date
a little more than 10 grams of the activated crystalline protein have been
obtained”.

Although the details are different, I am inclined to think that the prin-
ciple I applied to the isolation of the globulins and to the further treatment
of the phage-containing globulins is the same as that followed by
STANLEY.

1) Isolation of a crystalline protein possessing the properties of Tobacco-mosaic
virus, by W, M. STANLEY. Science, 81, 644—645, No. 2113.
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However, as is apparent from my results, precipitation with ammonium
sulphate cannot be regarded as a method enabling us to separate phages
from globulin. On precipitation of the globulins the phages will always
be carried along.

Even if I had succeeded in crystallizing the phage-containing globulins
either partially or completely and even if these crystals should possess
properties of the phage, yet my opinion would not have changed, since
these crystals would have been obtained as well by precipitation from
the protein solution.

What indeed are protein crystals ? Hardly anything else than another
form in which the colloidal protein presents itself.

Now all crystallographers who studied egg albumin and other protein
crystals agree that optically they present themselves as real crystals.
However, the crystals are composed of colloidal particles and to this fact
they owe the capacity to swell considerably in water, which ordinary
crystals do not possess. Per gram of the substance they contain e.g.
0.22 grams of water!) 2). It is possible that in this water impurities
are to be found.

Even of the most frequently and best studied egg albumin crystals it
has not been proved that they are no mixed crystals, viz. built up of
different colloids 3). They retain all sorts of impurities 4).

Recrystallization repeated six times is not always sufficient to remove
from the crystals impurities which may become perceptible by means of
colloidal gold 5).

It is not my intention to criticize STANLEY's researches. I am not
acquainted with the mosaic disease of tobacco, have never worked with
the virus of this disease and consequently could not reproduce STANLEY's
experiments, but I am inclined to think that neither the nature of the
protein crystals nor the method by which they are formed guarantee that
possible virus properties of the crystals must be ascribed to the crystals
themselves and not to virus particles adsorbed by the colloids of which
they are composed.

It seems advisable, therefore, to be very careful before concluding that
it has been proved that a lifeless substance may possess an important
property of the living matter, viz. that of independent unlimited reproduc-
tion with preservation of the individuality in a heterogeneous medium.
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