
206 

part of the chromosome in figure 4a is 3-stranded and one 
of the strands corresponds to the region translocated to the 
Y-chromosome. Since the Y-chromosome is not polytenic 
in the salivary glands but heterochromatic and incorporat- 
ed into the centromeric heterochromatin, this strand is 
frequently associated with heterochromatin or with the 
nucleolus (as in fig.4a). Balanced males have polytene 
chromosomes in which 1 of the 2 strands is interrupted at 
the position of  the translocation break point (indicated by 
arrows in fig. 4b). Knowing which part of the chromosome 
is translocated and having the information from the allo- 
zyme pattern, a decision can be made on which part of  the 
chromosome the gene must be situated. With enough 
different translocations a rather precise localization can be 
achieved. 
To make things clear, the existence of autosome-Y translo- 
cations was deduced only from the way of inheritance of  
the marker genes and the enzyme loci. Further evidence 
comes from the salivary gland chromosomes of  male larvae 
(e.g. partial triploidy in fig. 4) and the allozyme pattern of 
male larvae. Yet, no direct cytological proof from mitotic 
metaphase chromosomes exists. Further studies in this 
direction are planned. 
Discussion. In our experience the method works quite well. 
Exceptional or unexpected results did, however, appear in a 
few cases, Autosome-autosome-Y translocations or inser- 
tion of  an intermediate section of  an autosome into the Y- 
chromosome or X-ray-induced inversions proved to be 
responsible for them. However, the normal, unambiguous 
situation described above is frequent enough to allow the 
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exclusion of the exceptions from the experiments. Up to 
now we have examined about 50 different translocations 
involving all 4 autosomes of D. subobscura. We have never 
observed the repression of any of the different enzyme 
genes (Adh, Aph, Est, a-Gpdh,  Hk, Idh, Mdh, Me, Pgm) 
due to the altered position in the heterochromatic Y- 
chromosome. Thus we are rather confident that this trans- 
location technique can be applied not only to species of the 
genus Drosophila (we have unpublished data for D. melano- 
gaster, D.pseudoobscura, D.ambigua, and D.paulistorum) 
but also to other genera of Diptera with a similar organisa- 
tion of  sex-chromosomes. 
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Intramitochondrial inclusions in maturing and senescent muscle cells of rat myocardium 1 
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Summary. Intramitochondrial myelin-like structures were found in ventricular myocardial  cells of  the rat heart. These 
inclusions were found in both the first 2 postnatal weeks and in senescent stages. The origin of such myelin-like structures 
could be related to an age-dependent metabolic change, specifically to an inability to oxidize long-chain fatty acids 
described in both periods. 

The major constituents of  the cardiac muscle cell have been 
the subject of  numerous electron microscopic investiga- 
tions. However, less conspicuous components have received 
little attention. Recent investigations showed the appear- 
ance of  cytoplasmic myelin structures during the first 
2 postnatal weeks and in the senescent periods of  the rat's 
life 2. Also, intramitochondrial inclusions have been found 
in different tissues, and these have been related to the aging 
process 3 to pathological conditions 4, or to metabolic activi- 
ty 5. We describe here an intramitochondrial inclusion that 
could be age-dependent and related to metabolic changes. 
36 male and female Wistar rats aged 4-15 days and 1,3, 12 
and 26-30 months, were used. Anesthesia was induced with 
ether and the hearts were perfused with Karnovsky's mixture 6, 
buffered with 0.2 M collidine. The material was postfixed 
in OsO4, dehydrated and embedded in Epon 812. Ultrathin 
sections for electron microscopy were stained with uranyl 
acetate-methanol and lead citrate and studied in a Philips 
EM-301 electron microscope. 
Myelin-like structures were found in the mitochondrial 
during the first 2 postnatal weeks (young animals). After 
that stage they were not seen in adult animals, but ap- 
peared once again in 2-year-old animals (senescent period). 
These myelin-like structures consist of  highly osmiophilic 

material arranged in lamellae. The lamellae are composed 
of multilayers of osmiophilic bands regularly spaced at a 
distance of  40-50 A (figs a and c). 
These figures are similar in both young and senescent 
animals, and are also similar in form and in time of 
appearance to those previously reported in the cytoplasm 2. 
When they are present within mitochondria there is a 
continuity between the myelin structures and the 2 mito- 
chondrial membranes (fig.b). At high magnification the 
myelin-like structures seem to be formed from the inner 
membrane of the mitochondria (fig. c). 
Mitochondrial structure undergoes drastic changes in rela- 
tion to changing physiological activity; examples are the 
changes during the hibernation cycle of Cylellus lateralis 7, 
or those in cardiac muscle during experimentally induces 
hyperthyroidism 5. In addition, different kinds of intramito- 
chondrial bodies or inclusions have been reported in many 
different metabolic conditions; for example, intramito- 
chondrial bodies have been found in bovine adrenocortical 
cells 8. The number of inclusion bodies in the zona glomeru- 
losa was increased by an uncompensated loss of body 
sodium 9 and by sodium restriction l~ and similar bodies 
appeared more frequently in the corpus luteum during 
early gestation 11. These findings may indicate a relationship 
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a Myelin-like intramitochondrial 
structures. Observe the outline of 
the mitochondria (arrows). Mito- 
chondria (M) Section of muscle 
cell from 4-day-old animals. 
x 75,000. b Myelin-like inclusions 

in continuity with both mem- 
branes of the mitochondria (ar- 
rows). Section of muscle cell 
from 4-day-old animal. • 23,000. 
c The myelin-like structure seems 
to be formed the inner mem- 
brane of the mitochondria. Sec- 
tion of muscle cell from a 
26-month-old animal. • 27,000. 

between these inclusion bodies and the functional activity 
of  the adrenal gland. 
In other studies the formation of  mitochondrial  inclusions 
has been related to aging 3'~2 rather than to a decline of  
mitochondrial  function (respiratory control). Myelin-like 
inclusions found by us in mitochondria in young animals 
between 4 and 15 days and in senescent periods (2-years- 
old) could be related to age. However,  this relationship to 
the aging process is not easy to establish, because the 
inclusions are also found in very early stages (4-15 days) 
which appear to be the same as those found in two-year-old 
animals (fig.c). They could be related to age-dependent  
metabolic change, since they are composed principally o f  
lipids, and they have been described as coinciding with a 
reduction in lipid metabolism. Fetal  and newborn mamma-  
lian hearts have an inability to oxidize long-chain fatty 
acidfl 3 "due to a lack of  major  fatty-acid metabolizing 

14 enzymes . These enzymes are induced in developmental  
15 periods and attain the level of  adult activity during the 1st 

postnatal month. Also, during aging there is a decrease in 
16 17 respiratory capacity ' and a reduction in fatty-acid oxida- 

�9 18 19 tion and in several tricarboxylic acid enzymes ' . We 
looked for these myelin-like structures in the pre-lactation 
period and we could not find any either in mitochondria  or 
in the cytoplasm: they appear only after lactation. This 
agrees with the appearance o f  myelin-like structures when 
there is a drug-induced reduction in fatty acid oxidation 2~ 
Therefore,  all these facts suggest that occurrence of  such 
inclusions is related with physiologic change (reduced lipid 
metabolism) present at different stages o f  the rat's life. 
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