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IT is now fairly clear that so far as staining

reactions  are  an  indication, the ciliate
macronucleus contains a large amount of deso-
xyribose nueleic acid.t This is o maller of
mijor signiticance, for il has been known for
a long time that no chromosomes are formed
in it during division, which is of the amitotic

{ype.  The occurrence, therefore, of a large
guantity  of  desoxyribose nueleie acid in a
nucleus  which  admiltedly  does not  lorm
chromoesomes  deserves an explanation:  for in

other organisms, this has been seen {o occur
only in association with the chromosomes.

Chromosomes  have, however, been reported
to be formed in the macronucleus of Tetra-
Rymena galeit by Painter® and carlier by Hegner
and Holmes? in Balantidiuvm.,  But these would
appear to be exceptions; for normally the divi-
ston of the cilinte macronucleus is by the diveet
amitotic type, without chromosome formation.
In species of Epistylis with which the authors
are particularly well accuainted, it is indisput-
ably so,

The occurrenee of desoxyribose nucleie acid
in the ciliate macronucleus leads one 1o con-
clude that it exists there in a condition and
relationship very different from those in which
it is present in the metazoan nucleus.  Reeent
work® on the behaviour of the nucleus in mito-
sis has shown that the polymerization of the
nucleotides is dependent on the protein frame-
work of the chromosome. In fact, the chro-
mosome  thread  (protein)  controls the poly-
merization of its thymonucleie acid charge, and
if the chromosomes are not formed in the
eiliate macronueleus, it is more than likely that
the reason lies in the extont or nature of its

protein content,  This in turn is related with
the reproduction of the thread, and so  the
division  of the nucleus itwell, It s clear,

therefore, that the whole ¢hain of cvenls and
reactions of mitosis hinge on this central fact
of the protein content of the nucleus; and il
in spite of the presence of one of the esgential
constituents of  {he  chromosome, Les,  desoxys-
ribose nucleie acid, the chromosomes are not
formed by the maeronueleus, it is elear that
the other constituent, d.e., protein, is in some
way deficient.  In facl, one is led {o the pos-
sibility of wvisualising the eilinte macronueleus
as o body which is either partially or complete-
ly Jacking in protein, and that that is respons-
ible for the non-formation of the chromosomaes
by it, and in turn, for its amitolic division,
TIf it is true that the desoxyribose nueleotides
oceur in the macronucleus in an unpolymerized
condition and unrelated to onrotein, then this
would offer the first instance, unique among
animals, where desoxyribo.e nucleie acid exists
outside of and dissociated f{rom ihe chromo-
some thread, But it is also significant that
almost alone among normal nuelei of animals,
the macronueleus of the cilinte is the one that
unquestionably divides by amilosi:

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

cver 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
daughtier individual has a macronucleus much
smaller than that of the parent,  This means,
a period of growlh must follow binary fission
during which the macronucleus must enlarge.
Growilh of the macronuclous must involve the
aadition of material 1o it, which w» have secen,
i« largely desoxyribose nucleie acid, It can
come from one of two sources. The existing nu-
¢leotides in the macronucleus of the daughter
individual must  reproduce; or new  nueleo-
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
eyloplasm, must get converled into those of
the desoxyribose type on their enfry into the
nucleus,

Il the former possibility is admitted, it will
provide the first instance of the rwultiplication
of desoxyribose nucleolides oulside the protein
medium of the chromosome, where only they
are known to do so. This, however, is not sur-
prising, for nucleie acid has been shownd to
possess the inherent properly of self-multipli-
cation, Y

The sceond possibilily is full of interest.
Thal cytoplasmic nucleolides occur in a variety
of animal cells is now fairly well known. That
they contribute to the nucleic acid content of
the chromosome al mitosis is alse clear, and
evidences have been presented for a transfer-
enee of eytoplasmic nucleotides into the nu-
cleus  at  every mitotie  c¢yele, through  the
nuclear membrane during carly prophase, and
more especially at pro-metaphase, when by the
breaking down of the nuclear membrane, the
eyloplasmic and nuelear materials arve in con-
fluence.  So it is not surprising that ribose
nucleotides pass afler every binary fission into
the macronucleus, become converled into those
of the desoxyribose {ype aned o avgment the
nucleie acid content of the macronucleus,  Bub
it s significant thal a siluation analogous to
pro-metaphase oceurs ol no time in the history
of the eilinte macronueleus, for wmever does it
lose its nuclear membrane, nor does ils mate-
rial ever come in direet and open communica-
tion with the eytoplasm.  Henee, if eyloplasmic
nucleotides pass into the nueleus, they must
do so through the nuclear membrane. Painter®
has  recently reported the preseace of large
quantities of ribose nucleotides in the eytoplasm
of cilintes, and the formation of macronuclear
buds and their disorganization in the cyto-
plasm®¢ must release Jarge quantitics of nu-
¢leie acid there.  These would find their way
hack, ultimately, into the nucleus at the time
of s growth,

& There is still a
would refer, e,

final point to which, we
the origin of amitosis of the



