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44 GENERAL SKETCH OF T'HE CELL

microsomes in certain cases. In many Protozoa, for example, a fine
alveolar structure may be seen in the living protoplasm; and Flem-
ming as well as many later observers has clearly seen fibrillar struc-
tures in the living cells of cartilage, epithelium connective-tissue, and
some other animal cells (Fig. 9). Mikosch, also, has recently described
granular threads in living plant-cells.

Almost equally conclusive is the beautifully regular arrangement
of the fibrillz in ciliated cells (Fig. 17, Engelmann), in muscle-fibres
and nerve-fibres, and especially in the mitotic figure of dividing cells

Fig. 18.— Cells of the pancreas in Amphibia. [MATHEWS.]

A-C. Necturas; D. Rana. A and B represent two slages of the *loaded” cell, showing
gymogen-granules in the peripheral and fibrillar structures in the basal part of the cell. C shows
cells after discharge of the granule-material and invasion of the entire cell by fibrille. In D por-
tions of the fibrillar material are coiled to form the mitosome (" paranucleus ” or * Nebenkern ").

(Figs. 21, 31), where they are likewise more or less clearly visible
in life. A very convincing case is afforded by the pancreas-cells
of Necturus, which Mathews has carefully studied in my laboratory.
Here the thread-work consists of long, conspicuous, definite fibrillae,
some of which may under certain conditions be wound up more or
less closely in a spiral mass to form the so-called Nebenkern. In all
these cases it is impossible to regard the thread-work as an accidental
coagulation-product.  In the case of echinoderm eggs, I have made
(’gg) a critical com parison of the living structure, as seen under powers












48 GENERAL SKETCH OF THE CELL

in life, the network is loose and open, and appears to consist of more
or less completely separate threads (Fig. 9). In the cells of colum-
nar epithelium, the threads in the peripheral part of the cell often
assume a more or less parallel course, passing outwards from the
central region, and giving the outer zone of the cell a striated appear-
ance. This is very conspicuously shown in ciliated epithelium, the
fibrillze corresponding in number with the cilia as if continuous with
their bases (Fig. 17).1 In nerve-fibres the threads form closely set
parallel fibrillze which may be traced into the body of the nerve-cell;
here, according to most authors, they break up into a network 1n
which are suspended numerous deeply staining masses, the ‘ chromo-
philic granules” of Nissl (Fig. 20).2 In the contractile tissues the
threads are in most cases very conspicuous and have a parallel course.
This is clearly shown in smooth muscle-fibres and also, as Ballowitz
has shown, in the tails of spermatozoa. This arrangement is most
striking in striped muscle-fibres where the fibrillae are extremely well
marked. According to Retzius, Carnoy, Van Gehuchten, and others,
the meshes have here a rectangular form, the principal fibrillee having
a longitudinal course and being connected at regular intervals by
transverse threads; but the structure of the muscle-fibre is probably
far more complicated than this account would lead one to suppose,
and opinion is still divided as to whether the contractile substance
is represented by the reticulum proper or by the ground-substance.

" Nowhere, perhaps, is a fibrillar structure shown with such beauty as
in dividing cells, where (Figs. 21, 31) the fibrille group themselves
in two radiating systems or’asters, which are in some manner the
immediate agents of cell-division. Similar radiating systems of fibres
occur in amceboid cells, such as leucocytes (Fig. 49) and pigment-
cells (Fig. 50), where they probably form a contractile system by
means of which the movements of the cell are performed.

The views of Biitschli and his followers, which have been touched
on at p. 25, differ considerably from the foregoing, the fibrille being
regarded as the optical sections of thin plates or lamellee which form
the walls of closed chambers filled by a more liquid substance.
Biitschli, followed by Reinke, Eismond, Erlanger, and others, inter-
prets in the same sense the astral systems of dividing cells which
are regarded as a radial configuration of the lamelle about a central
point (Fig. 10, 5). Strong evidence against this view is, I believe,

1 The structure of the ciliated cell, as described by Engelmann, may be beautifully demon-
ctrated in the funnel-cells of the nephridia and sperm-ducts of the earthworm.

2 The remarkable researches of Apathy ('o7) on the nerve-cells of leeches have revealed
the existence within the nerve-cell of networks far more complex and definite than was
formerly supposed, and showing definite relations to incoming and outgoing fibrillee within
the substance of the nerve-fibres.





















































































































DETAILS OF MITOSSS 3?

of the spindle as usual. As will be shown in Chapter V.,the divisions
by which the germ-cells are matured are in many cases of this type ;
but the primary rings here in many cases represent not two but four
chromosomes, into which they afterward break up.

Fig. 37.— Heterotypical mitosis in spermatocytes of the salamander. [FLEMMING.]

b ; 3 3 i i
. Prophase, chromosomes in the form of scattered rings, each of which represents two
d.|_1:|ghtﬁ_r-_+_-]1mm&5nme5 Joined end to end. A, The rings ranged about the equator of the spindle
and dividing : the swelli ;

e 1 CHings indicate the ends of the chromosomes. ¢, The same viewed from the
v.pmdu.--pulul, L E)::ngr.-nm (Hermann) showing the central spindlie, asters, and centrosomes, and
the contractile mantle-fibres attached to the rings (one of the latter dividing).

o o
2. Bivalent and Plurivalent € ftromosontes

_ Ihe last paragraph leads to the consideration of certain varia-
tions in the number of the chromosomes. Boveri discovered that the
Species Ascaris megalocephala comprises two varieties which differ in
no visible respect save in the number of chromosomes, the germ-nuclei
of one form (* variety bivalens " of Hertwig) having two chromosomes,











































































[z CELL-DIVISION

2. Division of the Clvomosomes

In developing his theory of fibrillar contractility, Van Beneden
expressed the view —only, however, as a possibility —that the
splitting of the chromosomes might be passively caused by the con-
tractions of the two sets of opposing spindle-fibres to which each is
attached.! Later observations have demonstrated that this sugges-
tion cannot be sustained; for in many cases the chromatin-thread
splits before division of the centrosome and the formation of the
achromatic figure — sometimes during the spireme-stage, or even in
the reticulum, while the nuclear membrane is still intact. Boveri
showed this to be the case in Ascaris, and a similar fact has been
observed by many observers since, both in plants and in animals.

Fig. 54.— Nuclel in the spireme-stage.
A. From the endosperm of the lily, showing true nucleoll. [FLEMMING.]
B. Spermatocyte of salamander. Segmented double spireme-thread composed of chromo-
meres and completely split. “l'wo cenlrosomes and central spindle at 5. [HERMANN.]
. Spireme-thread completely split, with six nucleoli. Endosperm of Fritillaria. [FLEM-
MING.]

The splitting of the chromosomes is therefore, in Boveri's words,
“ an independent vital manifestation, an act of veproduction on the part
of the chromosomes.” 2

All of the recent researches in this field point to the conclusion
that this act of division must be referred to the fission of the
chromatin-granules or chromomeres of which the chromatin-thread
is built. These granules were first clearly described by Balbiani
('76) in the chromatin-network of epithelial cells in the insect-
ovary, and he found that the spireme-thread arose by the linear
urraﬁp;::mf:m of these granules in a single row like a chain of bacte-
ria8 Six years later Pfitzner ('82) added the interesting discovery

187, p. 279. 288, p. 113 B See '81, p. 635,
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early observers. There are some cases (e.g. echin.nderm eges) i."
which it is always a single large spherical body (Fig. 58), :rmr:l this
condition appears to be characteristic of the very young ovarian eggs
of most animals. As a rule, however, the number of nucleoli in-
creases with the growth of the ovum, until, in such forms as Amphibia
and reptiles, they may be numbered by hundreds. : .

In a large number of cases the nucleoli are of two quite dlstlncf
types, which Flemming has distinguished as the principal nucleolus

Fig. 50.— Ovum of the cat, within the ovary, directly reproduced from a photograph of a
Preparation by DAHLGREN. [Enlarged 235 diameters.] The ovum lies in the Graafian follicle
within the discus proligerus, the latier forming the immediate follicular investment (caromna
radiafe) of the egg. Within the corona 15 the clear zoma pelincida or egg-membrane. (.
Fig. gz.)

( Hmaﬁfr::-rrfa-rrmx} and accessory nucleoli” (Nebennncieoli ). These
differ widely in staining-reaction ; but it does not yet clearly appear
whether they definitely correspond to the plasmosomes and karyo-
somes of tissue-cells (p. 34).  The principal nucleolus, which alone
Is present in such eggs as those of echinoderms, often stains deeply
with chromatin-stains, yet ‘differs more or less widely from the
chromatin-network,! and in some cases at least it does not contribute

1 G List, *g6, Montgomery, '98, 2, and Obst., 'gg.





























































































































































































































































































































































































254 REDUCTION OF THE CHROMOSOMES

In the first of his classical cell-studies Boveri ('87, 1) reached the
same result through a careful study of Ascaris megalocephala, showin

that each tetrad appears in the germinal vesicle in the fur;n of fnugr
parallel rods, each consisting of a row of chromatin-granules (Fig. 117
A—f} He believed these rods to arise by the double Inngitudinai
splitting of a single primary chromatin-rod, each cleavage being a

Fig. 126.— Tetrad-formation in an insect, Amasa. [PAULMIER.]

A. Resting spermatogonium with single plasmosome and two chromatin-nucleoli. 5. Equa-
torial plate of dividing spermatogonium; twenty large and two small chromosomes, . Final
spermatogonium-division. -/ Prophases of first maturation-division. D. E. Synapsis, with
single chromatin-nucleolus. %, Segmented split spireme. . /. Formation of the tetrad-rings.
A, [. Concentration of the rings to form tetrads.

preparation for one. of the polar bodies. In his opinion, therefore,
the formation of the polar bodies differs from ordinary mitosis only
in the fact that the chromosomes split very early, and not once, but
twice, in preparation for two rapidly succeeding divisions without an
intervening resting period. He supported this view by further obser-
vations in 1890 on the polar bodies of Sagitta and several gastero-
pods, in which he again determined, as he believed, that the tetrads






































































































































































































































































































































































































































































































416 INHERITANCE AND DEVELOPMENT

anim'als hla:stnmercs may almost exactly correspond in origin and
relative position, yet differ widely in their relation to the resulting
embryo. Thus we find that the cleavage of polyclades, annelids, and
gasteropods (Fig. 188) shows a really wonderful agreement in form,
yet the individual cells differ markedly in prospective value. In all
of these forms three quartets of micromeres are successively formed
according to exactly the same remarkable law of the alternation of the
spirals ;1 and, in all, the posterior cell of a fourth quartet lies at the
hinder end of the embryo in precisely the same geometrical relation
to the remainder of the embryo; yet in the gasteropods and annelids
this cell gives rise to the mesoblast-bands and their products, in the
polyclade to a part of the archenteron, while important differences
also exist in the value of the other quartets. The relation of the
part to the whole is therefore of a highly subtle character, the pro-
spective value of a blastomere depending not merely upon its geomet-
rical position, but upon its relation to the whole complex inherited
organization of which it forms a part. The apparently simple con-
clusion stated in Driesch’s clever aphorism thus leads to further prob-
lems of the highest complexity. It should be here pointed out that
Driesch does not accept Hertwig's theory of the interaction of blasto-
meres as such, but, like Whitman, Morgan, and others, has brought
forward effective arguments against that too simple and mechanical
conception. That theory is, in fact, merely Schwann's cell-composite
theory of the organism applied to the developing embryo, and the
general arguments against that theory find some of their strongest
support in the facts of growth and development? This has been
forcibly urged by Whitman (’93), who almost simultaneously with the
statements of Driesch and Hertwig, cited above, expressed the con-
viction that the morphogenic process cannot be conceived as merely
the sum total or resultant of the individual cell-activities, but operates
as a unit without respect to cell-boundaries, precisely as De Bary con-
cludes in the case of growing plant-tissues (p. 393), and the nature
of that process is due to the organization of the egg as a whole.
While recognizing fully the great value of the results attained
during the past few years in the field of experimental and specula-
tive embryology, we are constrained to admit that as far as the
essence of the problem is concerned we have not gone very far
beyond the conclusions stated above; for beyond the fact that the
inherited organization is involved in that of the germ-cells we remain
quite ignorant of its essential nature. This has been recognized by
no one more clearly than by Driesch himself, to whose critical
researches we owe so much in this field. At the climax of a recent
elaborate analysis, the high interest of which is somewhat obscured by

1 Cf. p. 368. 2 Cf. pp. 388-394.















NATURE AND CAUSES OF DIFFERENTIATION 421

determinate cleavage, essentially like that of the snail, the nuclei may
be shifted about by pressure without altering the end-result. Neither
can they lie in the form of the dividing mass as some authors have
assumed ; for in Crampton's experiments the half or quarter blasto-
mere does not retain the form of a half or quarter sphere, but rounds

Fig. 191. — Double embryos of frog developed from eggs inverted when in the two-cell stage,
[0. SCHULTZE.]

A. Twins with heads turned in opposite directions. A, Twins united back to back. € Twins
united by their ventral sides. . Double-headed tadpole.

off to a spheroid like the egg. But if the limiting conditious lie
_nu{thcr in the nucleus nor in the form of the mass, we must seek them
in the cytoplasm ; and if we find here factors by which the tendency
of the part to develop into a whole may be, as it were, hemmed in, we
shall reach a proximate explanation of the mosaic-like character of
cleavage shown in the forms under consideration, and the mosaic
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