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Glycogen, and on the Formation of Pigment by its Host.

By
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It has been shown in previous studies that Sacculina
elaborates fatty material in its roots at the expense of its
host, and 1t has been stated that the livers of infected crabs
show a more constantly abundant supply of fat in the liver
than normal crabs. Since the maturing ovary of the normal
female crab also stores a fatty material in the form of yolk,
and since at this time also the female shows an abundant
supply of fat in the liver, and, moreover, exhibits charac-
teristic changes in the blood, which becomes loaded with
yellow lipochrome (lutein) and fatty material, the suggestion
was advanced that the Sacculina roots played the same part
in the metabolism of infected crabs as is normally played by
the ovary of a maturing female crab, and that the alterations
in the secondary sexual characters of infected crabs followed
as a consequence of this fat-forming activity of the Sacculina
roots.

It is proposed in this study to attempt to get a clearer con-
ception of the activity of the Sacculina roots and of the effect
they exert on the storage of food material 1n the host by the use
of two chief methods: firstly, by employing certain micro-
<chemical reagents for the detection of different fat combina-
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tions and of glycogen ; secondly, by quantitative chemical
methods for the estimation of the proportions of fat and
glycogen present in the livers of normal and of infected crabs.
The histological work was done in conjunction with Mr. J. J.
Conybeare, B.A., New College, Oxford, in Dr. Scott’s labora-
tory, and we are indebted to Dr. Scott for much help. In the
quantitative chemical estimations of fat and glycogen, Dr.
Ramsden has given me much invaluable advice, and some of
the earlier experiments were done in his laboratory. The
rest of the work was carried on at the Marine Biological
Laboratory at Plymouth, and I am indebted to the Director
and staff for their constant attention to my needs.

At the end will be found a summary of the physiological
action of Sacculina on its host.

1. Micro-cHEMICAL MEernops.

Besides ordimary fat stains, e. g. scarlet R. and Sudan 3,
two principal micro-chemical methods have been used for
detecting and distinguishing fat—the Nile blue sulphate
method and Weigert’s method. These two methods are not
only useful for detecting fat, but they also throw light on the
nature of the fat or lipoid concerned, as has been shown by
Professor J. Lorrain-Smith and W. Mair (“ Fats and Lipoids
in Relation to Methods of Staining,” ¢Skandinavischen
Archiv fir Physiologie,” Bd. xxv, 1912, See this paper for
details of method and reference to literature).

In the Nile blue sulphate method, sections of the tissue
(preserved in formalin 6 per cent.) are cut on the freezing
microtome and stained overnight in a saturated watery solu-
tion of the stain. These are differentiated in 2 per cent. acetic
acid, washed in water and mounted in gum. By this method
neutral fat is stained red, fatty acid blue, while a mixture of
neutral fat and fatty acid is stained purple of various degrees
according to the amount of the two constituents present. The
rationale of this stain, as explained by Lorrain-Smith and
Mair, is “that in the watery solution of the stain there is a
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combination of two kinds of dye, one the original basic oxazine
dye which unites with fatty acid to form a blue compound, and
the other a derivative of the base, a red oxazone not basic in
character, but soluble in liquid fat and giving tta red colour.”

In Weigert’s bichromate haematoxylin method sections pre-
served in formalin and cut on the freezing microtome are
subjected to the action of saturated potassium bichromate for
periods varying from 12-120 hours at a temperatnre of about
37° C. They are then washed and stained in hematoxylin
overnight and subsequently differentiated in Weigert’s borax
ferricyanide solution.

The staining of the fat or hpoid by the hmmatoxylin
depends on the- formation of a compound of the fat with
chromium oxide which forms a lake with the heematoxylin.
This compound is, however, only formed by fats m which an
unsaturated grouping of the component atoms occurs, and the
more of such unsaturated groupings are present the quicker
does the bichromate form the compound which is stained by
the heematoxylin. The length of time, therefore, that the
sections have to remain in the bichromate is a measure of the
degree to which the fats or lipoids present are saturated or
unsaturated.

The employment of the Nile blue sulphate method has given
results of more importance for our inquiry than the Weigert
method.

We may consider first the proof that the ova of the normal
female crab in the course of becoming ripe take up fat from
the blood, first of all in the form of neutral fat-globules, and
then convert them into yolk-globules with a different staining
reaction,

Sections of a practically mature yellow or dark pink ovary
stained with the Nile Blue method will show principally ripe
eggs containing large yolk-globules which are stained purple.
A small cytoplasmic zone round the nucleus 1s stained blue ;
the nucleus 1s colonrless except for a very dark blue nucleolus.
In a less ripe ovary eggs are seen which, in addition to the
purple staining yolk-globules, contain much smaller globules
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in a peripheral cytoplasmic area, and these globules stain
bright red, showing that they consist of neutral fat. If an
ovary be taken at the period when it has recently started to
form yolk—a period which can be recognised by the vpale-
yellow colour of the ovary—the eggs can be detected in a
very interesting period of their growth. On one side of the

eggs small globules can be seen, lying in a pale-blue cyto-
plasmic area, which stain bright red, while on the other side
of the egg these red-staining globules pass througl a tran-
sitional zone into purple-stained yolk-globules of much larger
size.  The nucleus, with its colourless nucleoplasm, dark-blue
nucleolus and surrounding area of blue cytoplasm, divides
the two sorts of globules. As the egg increases in size, the
pwrple yolk-globnles go on growing at the expense of the red
fat-globules, until the latter are confined to a small peripheral
area surrounding the egg, and to some extent are to be seen
1 the cytoplasmic area round the nucleus. Quite young eggs
which have not begun to store yolk consist merely of the
nucleas surrounded by a blue-staining granular cytoplasm.
It 1s clear from the observation of these stages that the young
eggs take up fat from the blood, and deposit it at first in the
form of neutral fat (red-staining globules), and that these
neutral fat-globules are worked up into the purple-staining
vitellin or yolk-globules probably by the action of the
cytoplasm in the region of the nucleus.

In one case, as the result of a pathological change, the
reverse of this process was observed, viz. the breaking-down
of the yolk-globules into neutral fat again. This was found
i a female infected with a Sacculina which had died before
coming to the exterior. "The ovary of this female consisted
partly of very yvoung eggs in process of growth, and partly
of degenerating masses of eggs which had nearly reached
maturity, but in which the yolk-globules were being broken
down to form masses of red-staining neutral fat. In certain
places this process of degeneration had gone so far that
nothing remained of the eggs except accumulations of neutral
far.
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It must be vemarked that in the crustacean ovary there are
no nurse-cells which elaborate the yvolk and pass it on to the
eges ; the latter, on the contrary, are bathed in the blood and
tuke up the fat directly from it.

The Weigert method of staining the eggs did not shed any
important additional ight on the nature of the yolk-globules.
After treatment with the bichromate for eighteen hours, the
volk-globules were intensely stained with the hemotoxylin
after treatment with potassium ferricyanide. Tt can only be
said that the yolk-globules are acted on by the bichromate
more rapidly than the neutral fat-globules in the liver.

The treatment of frozen sections of crab’s liver and of
sacculina roots with Nile Blue gives very clear pictures of the
abundant presence of fat in the liver-cells and in the cells
of the Sacculina roots. The cytoplasm and nunclei of the
cells in both cases stain blue, while the large neutral fat-
droplets in the liver-cells are picked ont 1 brilliant red, and
the smaller fat-droplets in the Sacculina roots are stained
with a magenta tinge. The slight difterence in the red
colour of the liver fat and of the Sacculina tat probably
indicates a slight ditference in chemical composition between
them, but it is not nearly so marked as the difference between
the neutral fat of the liver and the yolk-globules of the
mature ova. The Weigert method also indicates a very
slight difference in the composition of the fat of the two
cases, since the Sacculina fat-droplets are slightly more
rapidly acted on by the bichromate than is the case with the
liver fat. The difference is, however, so slight that it may
merely be due to the smaller size of the fat-globules in the
Sacculina roots.

It is possible, therefore, to show by conclusive micro-
chemical tests that the Sacculina roots take up fatty material
from the blood of the host, which 1s laid down at first princi-
pally, at any rate, as neutral fat. Now, we have seen that
the ova in the course of their growth take up fat from the
blood in the form of neutral fat, so that the statement made
in previous studies that the Sacenlina roots are abstracting a
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fatty material from the blood similar to that which the ova
absorb in a normal female i1s shown to be accurate.

16 1s not known in what form the fat is present in the blood
of crabs. Although analysis shows fat to be there it 1s impos-
sible to detect the presence of neutral fat in the undecomposed
blood, so that we must presume that it is combined with some
other substance in the blood, and is split off by the ova or by
the Sacculina roots and deposited as neutral fat within these
tissues.

2. Ox Movrring AxD THE Foryartion oF PIGMENT.

We have now to examine the effect exerted by Sacculina on
pigmentation, moulting, and the glycogen-metabolism con-
nected with moulting.

In previous work (2 and 3) Robson and I have shown that
the blood of male crabs, especially in the periods leading
up to a moult, becomes charged with a pink lipochrome, the
destination of which is the skin. It wasshown that this pink
lipochrome was accompanied with a very small quantity of
fat as compared with the yellow lipochrome present in the
blood of females with ripening ovaries. Nevertheless, 1
hazarded the opinion that this pink lipochrome with its
accompanying fat was used in the skin as reserve material
from which the new skin might in part be formed. If, how-
ever, frozen sections of the skin underlying the hard shell of
a crab be treated with fat staining reagents, it is found that
practically no fat can be detected. Although no fat is present
there are large masses of reserve material in the dermis in the
form of irregularly shaped refringent clumps which stain
intensely with neutral red. These deposits, as is well known,
consist of glycogen—a fact which can be most easily demon-
strated by extracting with boiling water and adding lodine
solution, when the reddish-brown colour characteristic of
glveogen is obtained.

Now, if the skin be macerated with strong potash solution
and the quantity of ether-soluble substances 1s estimated, it
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is found that although a very rich yield of orange-coloured
lipochrome is obtained, yet the percentage in weight of these
cther-soluble substances 1s very small, viz. about 1'5 per cent.
Counsidering the intense coloration of the ethereal solution,
it is certain that the greater part of this 1°5 per cent. consists
of lipochrome, so that there can be very httle actual fat in the
skin—a deduction which histological examination amply con-
firms.

We may conclude, therefore, that fat is not used to any
extent as a reserve material for the formation of thie new
skin, but that lipochrome is employed for the formation of
the new skin pigment, and that the principal reserve material
for the formation of fresh tissue is glycogen. We can, there-
fore, readily explain the occurrence of the pink lipochrome in
the blood of crabs soon about to moult, and the fact that this
pink Lipochrome is not accompanied to any great extent with
fat, as is the case in the yellow blood of the female at the time
of maturity. Inher case there is a large mobilisation of fat and
of lipochrome for the ovaries, but in the case of the moulting
crab only lipochrome is required for the skin and not fat.

Hitherto, in dealing with the lipochrome pigment found in
the blood, liver and skin of the crab, we have merely called
attention to the existence of two modifications of this pigment
—the red, characteristic especially of the blood of males, and
the yellow, characteristic especially of the blood of females
maturing the ovary. It is convenient at this point to enter
more fully into the nature and reactions of these two pig-
ments, and to trace their functions in the organisim.

The most illuminating account of the two pigments has
been given by Miss Newbigin (4) in her account of the
pigments of the salmon, published in the ‘Scottish Fishery
Reports.’

It appears that the two pigments, the red tetronerythrin
and the yellow lutein, which can be abstracted from the
muscles and ovary of the salmon, are identical in their
reactions with those found in the Crustacea, and that their
behaviour in the organism is very similar in the two cases.
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Whatever the exact chemical relation between the two pig-
meuts may be, and whether or no the oune can be converted
into the other in the organism, it 1s clear that the red
tetronerythrin is a distinet body from the yellow lutein, and
that where the two occur together in an admixture they can
be separated by appropriate chemical means. Miss Newbigin
has shown that 1f excess of sodium chloride is added to an
extract of salmon muscle made by boiling the muscle with
alcohol and caustic soda, a red precipitate is thrown down,
while the yellow pigment rematns in solutiou. The red
precipitate dissolves in ether to form a yellow fluid, but in
absolute alcohol 1t forms a red fluud. In the dry state it
gives a blue colour with nitric or sulphuric acid, and this is
considered the typical lipochrowe reaction.

The yellow pigment contained in the caustic filtrate differs
from the red in several particulars. It does not give the blue
lipochrome reaction with nitric or sulphuric acid, so that its
inclusion in the category of lipochromes is mnot strictly
correct, though its frequent occurrence with lipochrome and
its similar solubility in ether and alcohol have led to its being
commonly called a lipochrome pigment. Miss Newbigin
remarks, in relation to the yellow pigment: *“In the sahnon
the pigment occurs in the muscle, the ovary, and in large
amount in the liver. It is always in close association with
fat, and its solubility seems to depend upon that of the
associated fat. It does not apparently form compounds with
the alkalies or alkaline earths,” like the red pigment.

By applying these methods for the separation and detection
of the two pigments in the crab, 1t is possible to make out the
following points :

It the shell of a Carcinus is boiled with 60 per cent. caustic
potash to which some alcohol 1s added, a reddish-yellow
extract is obtained, and on adding excess of sodinm chloride
to this, a pink precipitate is formed which gives all the
characteristic lipochrome reactions. The filtrate, however, is
quite colourless, and does not show the presence of any yellow
pigment.
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We must conclude from this that all the green and
black pigment in the shell of Carcinus is formed from the red
lipochrome, tetronerythrin, and that the yellow lutein does
not occur in this situnation. The fact that the green and
black colours in the shell of Carcinus is formed from tetron-
erythrin in combination with some other substance is shown
also in the familiar fact that boiling for some time in water
converts all the pigment in the shell to a bright red, and this
red pigment can be extracted with alcohol and shown to be
tetronerythrin.

The liver of Carcinus yields a very large quantity of the
yellow lutein, and either none, or else a mere trace, of the red
tetronerythrin. Nevertheless it seems certain that the seat of
formation of the tetronerythrin is the hiver, since flecks of it
can be often detected in this organ, quite distinct from the
pale yellow of the general coloration.

In the blood both pigments may occur together, but, as has
been already pointed out, a great excess of yellow lutein is
characteristic of the maturing female, and a great excess of
red tetronerythrin is characteristic of individuals approaching
the period of a moult, especially the males. The ovary of the
female during its early stages of growth and pigmentation
contains almost entirely lutein, but towards the end, when the
eggs are ripe, a considerable amount of tetronerythrin is
deposited in them as well.

The fact that the adult female in preparing for reproduc-
tion is constantly mobilising fatty material accompanied with
the yellow lutein, whereas the adult male simply forms tetron-
ervthrin for the skin, gives us a simple explanation of the
difference in external coloration which distinguishes the
adult males from the adult females in Carcinus. 'This dis-
tinction lies in the fact that the shell of the adult male is
always redder than that of the adult female, especially at the
joints of the appendages and on the under-surface, and this
difference can obviously be accounted for by the excess of red
pigment present in the male’s blood, and its replacement in the
female by the yellow lutein which is destined for the ovary.































































