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Observations on the Structure, Derivation
and Nature of Melanin.

E. MEIROWSKY, L. W. FREEMAN &
R. B. FISCHER.

Indiana University School of Medicine,
Indianapolis, Ind.

Developments in enzyme and cellular
chemistry have clearly demonstrated that the
nucleus is the center of metabolism of nu-
cleoproteins. The most intense production of
nucleoprotein appears to take place in the
nucleolus, and the material diffuses to, and
through, the nuclear membrane into the eyto-
plasm. As shown by DuBuy and his co-
workers, the melanin of the S91 melanoma
contains approximately 209% nucleic acids.
This would lead to the suspicion that melanin
is closely allied to, or identical with, nucleo-
proteins, especially when the morphological
picture is taken into account.

A series of color slides of pertinent cells
will be presented, enlarged 540 times, which
give a pictorial representation of the follow-
ing pattern: Melanin first appears in the
nucleolus and spreads to the linin framework
of the nucleus. It appears in intranuclear
vacuoles and finally involves the entire nu-
cleus and the membrane. It leaves the nucleus
by way of the chromidial derivatives.

We are of the opinion that this demonstra-
tion clearly indicates that the source of mel-
anin formation is within the nuclear mate-
rial. It appears that the life history of the
melanin—as demonstrated—closely parallels
that of chromatin and that nucleoprotein is
replaced by melanoprotein.

It can be noted from the pictures to be pre-
sented that melanized nuclei show a consider-
able variation in size, by measurement, from
7 X T micra up to 16 X 36 micra. This raises
the question as to whether these larger nuclei
result from further growth of the melanized
chromatin, or from propagation of individual
melanin granules.

Their main features, so far observed, in-
clude the characteristics of membranes, an
inner body showing amitotic division; “X”
bodies which could not be identified, which,
however, are an apparatus of propagation,
connected with the process of budding and of
buckling of the membrane. This process leads
to buds connected with the mother-body by
fine strands or a solid stem. These buds also
show the “X” structure and may undergo
severance from the mother body; free buds
whlch_no longer can be differentiated from
melanin granules; and cloudy masses spread-
ing from melanin granules in which new
granules make their appearance.

In general, the youngest buds are colorless
and show all transitions to deep coloring, just
as described by Smith in his cultures of the
pigmented epithelium of the eye. We have,
on occasion, succeeded in differentially stain-
ing the body and the bud by neutral red as a
basic dye and light green as an acid dye. The
buds have been seen to stain acidophilic with
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light green. Supravital staining with borax-
methylene blue applied to unfixed specimens
by Scott’s method often shows the young
buds to be colorless. These young buds ap-
pear to be without a membrane and as they
develop, they stain blue and a membrane
makes its appearance.

The most striking feature of all of these
buds is the presence of the “X’ structure.
Entirely the same buds with “X” structures
are also found, in very great numbers, sepa-
rated from melanin granules freely in the
specimen.

While further work is warranted, in order
to understand the foregoing observations in
their entirety, we believe that the outstand-
ing features of melanin granules in mel-
anomas and mammalian choroids are com-
patible with those of a living, dividing, and
budding structure derived from living, divid-
ing and budding nuclear material.
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Melanin occurs in the cytoplasmic granules
of the melanoblasts of the Harding-Passey
and Cloudman S91 mouse melanomas, and
also, of course, in the phagocytes of these
tumors. In both tumors, cells occur in which
all, or nearly all, of the visible eytoplasmic
granules are melanized. Colorless granules
of similar size occur in amelanotic or par-
tially amelanotic cells of the S91 tumor and
also in the derived Algire partially amelan-
otic S91 A melanoma. Some colorless granules
usually occur in the perikaryon of the Hard-
ing-Passey melanoblast. The S91A amelan-
otic melanoma sometimes contains cells in
which the cytoplasmic granules are very
slightly melanized.

The cytoplasmic granules (melanized and
non-melanized) are the only structures which
stain with Janus Green B in the absence of
nuclear staining by this dye. The granule
staining is reversibly dependent upon oxygen
tension. No other structures resembling
mitochondria are visible in the cells. On alka-
line hydrolysis, both melanized and non-
melanized granules yield solutions with
strong ultraviolet absorption at 2580A, and
contain organic phosphorus and pentose.
Centrifugally isolated eytoplasmic granules
of amelanotic melanoma cells possess en-
zymic activities characteristic of mitochon-
dria of other origin (e.g., from liver, kidney,
heart). Aerobically, these activities include
the eytochrome oxidase and succinic oxidase
systems. Anaerobically, the cytoplasmic
granules possess glycolytic activities also
comparable to those of typical mitochondria.
Centrifugally isolated melanized granules
from both Harding-Passey and S91 mela-
nomas possess not only all of the enzymiec ac-
tivities found in the amelanotic granules, but
also dopa oxidase activity. On the basis of
the foregoing morphologie, chemical and en-
zymic data it is concluded that the melanized
and non-melanized granules of these mouse
melanomas are mitochondria.

Mitochondria are fundamental structures
in both animal and plant cells, and in plants
it is now well established that they derive
from pre-existing mitochondria, possess a
complex hereditary system (chondriogenes),
and are capable of mutation. In mutant states
plant mitochondria display abnormal en-
zymic activities. Self-duplication of these ab-
normal mitochondria results in development
of neoplasia. Plant mitochondria may be spe-
cifically modified by certain viruses that re-
sult in neoplasias very similar to those caused
by mutant chondriogenes. The behavior of
normal, mutant or virus-modified mitochon-
dria may also be affected by specific nuclear
genes.
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