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THE CILIATE MACRONUCLEUS
By B. R. SESHACHAR anp K. V. SRINATH

(University of Muysore, Central College, Bangalore)

IT 1s now fairly clear that so far as staining
reactions are an indication, the ciliate
macronucleus contains a large -amount of deso-
xyribose nuclelc acid.l This is a matter of
major significance, for it has been known for
a long time that no chromosomes are formed
in 1t during division, which is of ihe amitotic
type. The occurrence, therefore, of a large
quantity of desoxyribose nucleic acid in a
nucleus which admittedly does not form
chromosomes deserves an explanation: for in
other organisms, this has been seen to occur
only in association with the chromosonies.

Chromosomes have, however, been reported
to be formed in the macronucleus of Tetra-
hymena galeii by Painter2 and earlier by Hegner
and -Holmess in Balantidium. But these would
appear to be exceptions; for normally the divi-
sion of the ciliate macronucleus is by the direct
amitotic type, without chromosome formation.
In species of Epistylis with which the authors
are particularly well acquainted, it is indisput-
ably so. _

The occurrence of desoxyribose nucleic acid
in the ciliate macronucleus leads one to con-
clude that it exists there in a condition and
relationship very different from those in which
it i1s present in the metazoan nucleus. Recent
work?* on the behaviour of the nucleus in mito-
s1s has shown that the polymerization of the
nucleotides 1s dependent on the protein frame-
work of the chromosome. In fact, the chro-
mosome thread (protein) controls the poly-
merization of its thymonucleic acid charge, and
if the chromosomes are not formed in the
ciliate macronucleus, it is more than likely that
the reason lies in the extent or nature of its
protein content. This in turn is related with
the reproduction of the thread, and so the
division of the nucleus itself. It is clear,
therefore, that the whole chain of events and
reactions of mitosis hinge on this central :fa.ct
of the protein content of the nucleus; and if,
in spite of the presence of one of the essential
constituents of the chromosome, i.e., desoxy-
ribose nucleic acid, the chromosomes are not
formed by the macronucleus, it is clear that
the other constituent, i.e., protein, is in some
way deficient. In fact, one is led to the pos-
sibility of visualising the ciliate macronucleus
as a body which is either partially or complete-
ly lacking in protein, and ,that that 1s respons-
ible for the non-formation of the chromosomes
by it, and in turn, for its amifotic division.

If it is true that the desoxyribose nucleolides
occur in the macronucleus in an unpc}l}‘merlze.d
condition: and unrelated to protein, then this
would offer the first instance, unique among
animals, where desoxyribosze nucleic acid exists
outside ©f .and dissociated from the chromo-
come thread. But it is also significant that
almost alone among normal nuclei of animals,
the macronucleus of the ciliate 1s the onc that
unquestionably divides by amitosi..

The growth and reproduction of the macro-
nucleus offer other interesting points, What-

ever the condition in Tetrahymena,? the macro-
nucleus of most ciliates, and particularly of
Epistylis, divides at every binary fission, by a
simple process of constriction, and each
daughter individual has a macronucleus much
smaller than that of the parent. Thig means,
a period of growth must follow binary fission
durihg which the macronucleus must enlarge.
Growth of the macronucleus must involve the
acdition of material to it, which w. have seen,
1s largely desoxyribose nucleic acid. It can
come fromn one of two sources. The existing nu-~
cleotides in the macronucleus of the daughter
individual must reproduce: or new nucleo-
tides, manufactured in the cytoplasm, must
find their entry into the nucleus through the
nuclear membrane. In the one case it-would be
a mulliplication of desoxyribose nucleotides
within the nuclear membrane: in the other,
the ribose nucleotides, manufactured in the
cytoplasm, must get converted into those of
the desoxyribose type on their enfry into the
nucleus. _

If the former possibility is admitted, it will
provide the first instance of-the rmultiplication
of desoxyribose nucleotides outside the protein
medium of the chromosome, where only they
are known to do so, This, however, is not sur-
prising, for nucleic acid has been shcwn3 to
possess the Inherent property of. sc¢lf-multipli-
cation, .

The second possibility is full of interest.
That cytoplasmic nucleotides occur in 3 variety
of animal cells is now fairly well known. That
they contribute to the nucleic acid content of
the chromosome at mitosis is alss clear, and
evidences have been presented for a transfer-
ence. of cytoplasmic nucleotides into the nu-
cleus at every mitotic cycle, through the
nuclear membrane during early prophase, and
more especially at pro-metaphase, when by the
breaking down of the nuclear membrane, the
cytoplasmic and nuclear materials are in con-
fluence. So it -is not surprising that ribose
nucleotides pass after every binary fission into
the macronucleus, become convertcd into those
of the desoxyribose type and so augment the
nucleic acid content of the macronucleus. But
1t is significant that a situation analogous to
pro-metaphase occurs at no time in the history
of the ciliate macronucleus, for never does it
lose ifs nuclear membrane, nor does its mate-
rial ever come in direct and open communica-
tion with the cytoplasm. Hence, if cytoplasmic
nucleotides pass into the nucleus, they must
do so through the nuclear membrane. Painter®
has recenlly reported the presence of large
guantities of ribose nucleotides in the cytoplasm
of ciliates, and the formation of macronuclear
buds and their disorganization in the cyto-
plasm=% must rclease large quantitics of nu-
cleic acid therc. These would find their way
back, ultimatcly, into the nucleus at the time
of ils growth,

There 1s still a final point to which we
would refer, i.¢, the origin of amutosis of the
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macronuclcus. It is to be assumed that in a
normal nucleus capable of mitogis, a definite
profein-nucleic acid ratio exists, and should be
maintained. It is only on the basis of this
assumption that the interaction between these
two substances makes mitosis possible. Quan-
titative studies have shown that the chromo-
some which i3 more or less entirely a nucleo-
protein, contains a 40:60 ratio of nucleic acid
and protein.7 Therefore it would seem neces-
sary that a certain basic protein equipment
would be required for the building of a chro-
mosome, Any disturbance of this protein-
nucleic acid ratio must have a deterrent effect
on mitosis and must produce a condition when
mitosis does not occur at all or is so disturbed
that it degenerates into amitosis. On this view
we may find an answer to the behsviour of the
ciliate macronucleus. Of the two substances
which alone are known to form the chromo-
somes, one of them, i.e., desoxyrihose nucleic
acid, is present in it. And yet no chromosomes
are formed. The reason probably is, as set out
earlier, the protein-nucleic acid ratio has been
upset, with the result that the chromosomes
are not formed, ard no mitosis occurs.

Why and how this ratio is upset may now
be briefly examined. The behaviour of the
conjugating ciliate immediately after syngamy
appears to provide an answer, The synkaryon
is capable of mitosis and divides a number of
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times. A distribution of the resulting nuclei
among the daughter individuals takes place so
that each comes to possess .the normal nuclear
equipment. Concomitant with this is the en-
largement of some of the nuclei to become the
macronuclei, while the others that do not en-
large, remain as the micronuclei, It is signifi-
cant that the nuclei which do nct enlarge
retain the faculty for mitotic division, while
those that do, lose it,

We would regard this enlargement as a pro-
cess of acquisition of cyioplasmic nucleotides.
On this basis, it is clear that against a known
and fixed protein equipment of the original
small nucleus, the addition of enormous quan-
tities of nucleotides has s¢ overloaded it with
nucleic acid that the functional ratio between
it and the profein has been upset, with the
result that the macronucleus h2s been dis-
possessed of its wvital attributes of chremosome
formation and mitosis.
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