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Iv] AND ITS COURSE OF ACTION, 49

dissolved in water, and the solution saturated with magnesinm
sulphate, which again threw down the diastase. The latter was
again dissolved in water and the solution freed from the salt by
dialysis. A mixture of alcohol and ether was then added to
precipitate the enzyme. Prepared in this way it was found to
be associated with a carbohydrate body, araban, yielding ara-
binose on hydrolysis. This substance has been found associated
also with emulsin by Hérissey. Bertrand observed the occur-
rence of arabinose as one of the products of the hydrolysis of
laccase, an enzyme which will be deseribed later.

Wroblewski has described another process for the prepara-
tion of diastase which avoids the use of alcohol till the last
stages. To a malt extract or other aqueous solution of the
impure enzyme, ammonium sulphate was added till a turbidity
leading to a precipitate was reached. This consisted mainly
of the araban, and the diastase was almost entirely left in
solution. After filtration, more of the salt was added to the
filtrate till another precipitate fell. This was composed mainly
of pentosan, but some diastase was mixed with it. It was
filtered off and the filtrate saturated with the salt, when a
third precipitate fell, which was almost pure diastase. This was
dissolved in water and freed from the ammonium sulphate by
dialysis, after which the enzyme was thrown out of solution
by addition of a mixture of alcohol and ether.

Action of diastase on starch.

When a thin starch-paste, preferably containing 1—2 per
cent. of starch and prepared with boiling water, is mixed with
a small quantity of a diastasic extract a definite sequence of
changes can be noticed. In a few minutes the hquid loses
the opalescence due to the suspended starch, which goes into
solution and the whole becomes limpid. A few drops removed
at this stage become blue on the addition of iodine, showing
that the starch is chemically unaltered. After a little longer
interval the iodine reaction changes, a sample removed from the
digestion becoming purple with that reagent. Later the colour
given 1s a deep red-brown. Finally iodine ceases to produce
any colour, Periodical examination with Fehling’s solution

G. F. 4
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v AND ITS COURSE OF ACTION. 55

in six-sided tables or prisms or are agglomerated into warty
lumps. They are soluble slowly in cold, rapidly in hot water;
slightly soluble in cold alcohol, more readily in warm. A
solution of this sngar possesses a specific rotatory power of
(), =+ 52'5°. When heated with a solution of cupric sulphate
in the presence of an excess of caustic alkali, it reduces the
cupric oxide formed, to the cuprous condition. This power 1s
made use of in estimating the quantity of glucose present in a
solution, the latter being i1n a definite proportion to the
amount of cupric oxide reduced.

Glucose when warmed with phenylhydrazine acetate forms
an osazone which crystallises in yellow needles. It is almost
insoluble in water and melts at about 205° C. Glucose is
capable of undergoing aleoholic fermentation by yeast without
previous decomposition. It has the composition CH,,0, and is
represented by the formula [COH — (CHOH),— CH,OH].

Maltose crystallises with difficulty from its watery solution,
the crystals being in the form of fine needles. It is very
soluble in water, but not so readily dissolved by aleohol as is
glucose. Its specific rotatory power is much greater than that
of the latter, being (a), =+ 140°. Its power of reducing cupric
oxide is on the other hand considerably less, being only about
two-thirds that of glucose.

Maltose forms with phenylhydrazine acetate an osazone which
erystallises in fine yellow needles resembling those of glucosazone,
but they are soluble in about 75 parts of water at 100° C. Its
melting point is 205° C.

There is a general agreement among chemists that the
action of vegetable diastase on starch results in the production
of maltose and not glucose. Somewhat conflicting statements
have been made about the action of the animal enzyme.
Musculus says that the vegetable diastase and the animal
ptyalin produce the same sugar. Nasse on the other hand
maintains that saliva forms a third sugar, differing from both
glucose and maltose; he calls it ptyalose, and says its reducing
power is only half that of glucose. The changes that take
place in the liver both during life and after death lead to the
production of glucose in its cells, yet the action of diastase on
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the experiments on which they were founded, but failed to
prepare an osazone melting below 159°, which is several degrees
higher than that of Lintner’s body.

Ling and Baker prepared the latter, and from a consideration
of its behaviour under different conditions came to the con-
clusion that it is not homogeneous.

Brown and Morris made a careful study of it and agreed
with Ling and Baker that it is not a chemical entity, and does
not correspond to Fischer's isomaltose at all. In their paper
they say that it can be further split up by careful fractionation
with alcohol and by fermentation with yeast, in such a way as
to show that it is a mixture of maltose and dextrinous com-
pounds of the maltodextrin or amyloin eclass. The crystallisable
osazone which Lintner deseribes as isomaltosazone, and on which
he bases his views to a very large extent, is only maltosazone
modified in its erystalline habit and melting point by the
presence of small but varying quantities of another substance,
Brown and Morris have shown this by recrystallisation of pure
maltosazone in the presence of the non-crystallisable products of
the action of phenylhydrazine acetate on the maltodextrin ;
they thus obtained an osazone having the properties of
Lintner's body. Ling and Baker endorse this view, but they
think that the substance mixed with the maltose is a simple
dextrin having the formula C,H.0,,+ H.O.

Jalowitz confirms Brown and Morris, showing that pure
maltose, when mixed with varying quantities of dextrin, yields
osazones which not only differ in melting point, but also in their
general appearance and erystalline form. With equal quantities
of maltose and dextrin an osazone is obtained which melts at
150°—155° C., but the melting point alters after several recrys-
tallisations.

Ost also controverts Lintner's views.

The balance of evidence is therefore very much in favour of
the view that the only sugar which results from the action of
diastase on starch is maltose.

The preparation of isomaltose by the action of animal
enzymes has also been suggested, though not very clearly
proved. Indeed it is probable that further investigation will
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CH. vII] CYTASE, ETC. 87

CO groups. These are represented by the cellulose of cotton
fibres.

(2) Those of less resistance to hydrolysis, which contain
active CO groups. These are perhaps best regarded as oxy-
celluloses. They appear to constitute the main mass of the
fundamental tissue of flowering plants, and they exist in
conjunction with lignin in the walls of wood-cells.

(3) Those which hydrolyse with some facility, being more
or less soluble in alkalies and easily decomposed by acids, with
formation of carbohydrates of low molecular weight. Tncluded
among these is the cellulose of the walls of the cells of seeds.

The members of these three groups behave very differently
with hydrolysing agents, and the ultimate products of their
decompositions vary considerably.

The pectose group of the constituents of the cell-wall has
been investigated by many writers, among whom may be
mentioned Payen, Vauquelin, Mulder, Fremy, Kutsch, Vogl,
and Wiesner.

The most recent observations have been made by Mangin,
who has given the fullest account of them and their chief
reactions, According to him they fall into two series, one
comprising bodies of a neutral reaction, while the others are
feeble acids. In each series there are probably several members,
which show among them every stage of physical condition
between absolute insolubility and complete solubility in water,
the intermediate bodies exhibiting gelatinous stages, charac-
terised by the power of absorbing water in a greater or less
degree.

Of the neutral series the two extremes are presented by
Pectose and Pectine. The former is insoluble in water and is
closely associated with cellulose in the substance of the cell-
membranes ; the latter is soluble in water and forms a jelly
with more or less facility. In the other series the two most
noteworthy members are Pectic and Metapectic acids. The
former generally exists in the cell-membranes in combination
with the metals of the alkaline earths, especially calcium ; when
in the free state, it is insoluble in water. Metapectic acid is
soluble in water, but does not form a jelly.
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affected, losing their water and collapsing. The destruction
appeared to be caused by something excreted from the hyphae
and to prepare the way for their subsequent growth.

De Bary then examined the tissues attacked by this
excreted material; he expressed the juice from them, and
discovered that when pieces of the internodes of the stem of
the bean, or fragments of fresh carrot, or of seedling cabbages,
were steeped in it, they underwent rapid destruction, the cells
becoming plasmolysed, and their walls swollen, while later the
middle lamellae were dissolved.

In the sap of the carrot expressed after the fungus had
attacked it De Bary thus discovered the presence of something
having the property of causing cell-walls to swell and of
dissolving a certain portion of them. When the expressed sap
was boiled 1t was found to lose this power. The Hluid which
possessed the peculiarity of dissolving the cell-walls could also
be expressed from the sclerotia of the Peziza, so that the
substance 1n question was a secretion of the fungus and not a
product of the disintegration of the tissue of its host plant.
This substance was the enzyme now under discussion, to which
the name cytase has been given by subsequent observers.

In 1888 this enzyme was discovered by Marshall Ward in a
fungus belonging to the genus Bofrytis, which infests certain
lilies, especially Liliwm candidum, and which presents many
features of resemblance to that investigated by De Bary. The
germinating spores of this Botrytis may be cultivated in a
hanging drop of culture-fluid suspended on a cover-slip over a
moist chamber in such a way as to be easily observed under a
microscope. The spore puts out hyphae which develop into a
mycelium ramifying through the culture-fluid; from this short
branches grow out at right angles to the mass of the mycelium,
and run up to the lower surface of the cover-slip. As each
branch comes in contact with the glass it swells and softens,
and 1ts outer contour becomes surrounded by a glairy film,
which is derived from some deliquescent constifuent of the cell-
wall. In many cases these erect hyphae branch, either at or
near the extreme tip, or further behind. In some cases branches
from the mycelium grow from the surface of the hanging drop
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determined, nor is more said of its action than that it is capable
of softening cellulose cell-walls. In studying this fungus as
cultivated in gelatin media, Arthur has noticed that here and
there upon the sides of the hyphae there is an extrusion of
drops something like those of Ward's Botrytis, and further that
branches of the hyphae originate at the spots where the drops
had been observed. This is to a certain extent a corroboration
of Kean’s statement.

Griiss has detected cytase in the mycelium of Penicilium,

Cytase has been discovered in the higher plants, but so far
as 1s known it has not the wide distribution of diastase. Its
detection is due chiefly to the investigations of Dr Horace T.
Brown, undertaken in some cases jointly with Dr Morris and
with Mr Escombe.

The first experiments which may be discussed were under-
taken by Brown and Morris in connection with a study of the
process of germination of the barley and other cereals. This
work has already been referred to as leading to the discovery of
the secretion of diastase by the epithelium of the seutellum.
It has already been said that cytase as well as diastase is
present in the material formed and exereted by these cells,
though not so much as by those of the aleurone layer.

Brown and Morris have deseribed in detail the changes
which can be noticed in the endosperm immediately underneath
the scufellum. Between the starch-containing cells of the
former and the scutellar epithelium is a comparatively thick
layer of emptied and compressed cells forming a somewhat
transparent band of endosperm tissue, the starch these cells
originally contained having been utilised by the embryo
during its early growth and before it entered upon its resting
period. After 24 to 36 hours’ germination the cell-walls of
this band of tissue are softened and partially dissociated. As
the germination proceeds, a dissolution of the walls of the
starch-containing cells also can be observed, which starts
under the alearone layer and proceeds progressively from the
proximal to the distal regions of the endosperm. No action of
the diastase upon the starch is perceptible so long as these
walls are intact, indeed the diastasic digestion of the starch
follows continuously upon the disappearance of the cell-walls.
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pieces with great readiness. The cell-walls may be seen to
swell up and become differentiated into numerous very thin
laminae, which later break up into spindle-shaped fragments
and ultimately disappear, with the exception of a thin layer
which probably represents the middle lamella. Brown and
Morris found that the parenchyma of different plants did not
all behave in the same way. The artichoke, carrot and turnip
were like the potato in this respect, but the cell-walls of the
beet were affected only slightly, and those of the apple not at
all. ' Nor does cytase attack the thickened cell-walls of the
endosperm of Palms, These facts however need not surprise us
when we remember the probable differences in such cell-
membranes as stated at the commencement of this chapter.

Brown and Morris prepared the eytolytic enzyme by the

same method as they adopted in the case of diastase. They

precipitated an extract of malt by alcohol, dehydrated the
precipitate by absolute aleohol and dried it in a vacuum, This
precipitate contained however both cytase and diastase.

Cytase is destroyed by heating its solution in water to a
~ temperature of 60° C, while diastase is unaffected at this
. point.

The action of eytase is accelerated if the medium in which
it works is made slightly acid with formic or acetic acid.

Cytase only attacks unchanged cell-walls, having no action

on those which have undergone partial lignification or cuti-
~ cularisation.
5 Brown and Morris have shown that the secretion of cytase,
like that of diastase, takes place in the cells which constitute
the aleurone layer and to a less extent in those of the scutellar
epithelium. Their method was the same as in the case of the
diastase and has already been described in a previous chapter.
The secretion of both enzymes seems to be dependent on the
necessity for obtaining nutriment for the embryo; that is, 16
is a phenomenon attending starvation.

In the paper by Brown and Escombe already quoted it has
been shown that the aleurone layer takes a much larger share than
 the scutellum in the formation of cytase. In the earlier stages
of the germination the mealiness of the grain is due almost
Q. F. ' 7
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decantation, and washed with alcohol at the ordinary tempera-
ture, when a yellowish horny substance was obtained, weighing
about one-fiftieth of the original soluble matter. Berthelot
found that a repetition of this treatment considerably impaired
the hydrolytic power of the product. When prepared by a
single precipitation only, between 50 and 100 parts of cane-
sugar could be inverted by one part of the enzyme.

In 1864 Bechamp published the results of some investiga-
tions which considerably extended the state of knowledge of the
distribution of this ferment. Besides existing in yeast, he says
it is present in several moulds and in certain micro-organisms,
though he does not specify them. If these moulds are bruised
in solutions of cane-sugar and the resulting mass filtered, the
filtrate can soon be found to contain glucose. When sufficient
quantity of the mould can be obtained, an extract can be
prepared of it in the same way as Berthelot's extract of yeast,
or the active prineiple can be precipitated from an infusion of
the mould by the method adopted by Payen and Persoz in
the case of diastase. In either case it is found capable of
hydrolysing solutions of cane-sugar of various degrees of con-
centration, but it loses the power if heated to a temperature
of 60°—70° C.

Besides investigating its occurrence in fungi, Bechamp
sought for it in the higher plants. Supposing that the presence
of chlorophyll indicated a radical difference between the nature
- of the ultimate metabolism of the green plants and that of
the colourless fungi, he formed the idea that those parts of
the higher plants which had no chlorophyll would probably
show the same phenomena as the fungi. Acting on this idea,
- he sought for the hydrolysing principle of the moulds in the
- coloured parts of various flowers, Though his fundamental
- position was unsound, he was nevertheless fortunate in his
pursuit of resemblances of behaviour, for he discovered the
. enzyme in the petals of Robinia viscosa, R. pseudo-acacia,
- Papaver Rheas, and some varieties of Rosa; also in the
coloured bracts of Bougainwvilleaw spectabilis. He has described
‘his experiments with the petals of Robinia viscosa in detail.
Taking a quantity of flowers, he bruised the petals and
G. ¥. y 8
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