Antimycoplasmal Antibiotics and

Hybrid Sterility in Drosophila paulistorum

Abstract. Male hybrids between the Santa Marta and Mesitas strains of
Drosophila paulistorum are sterile. The sterility can be partially alleviated by
treatment of the Santa Marta mothers with the antimycoplasmal antibiotics tylosin
tartrate and tetracycline hydrochloride. The proportions of hybrid males in which
there are mature motile spermatozoa are higher in the progenies of drug-treated
mothers than in the controls. Electron microscopy reveals mycoplasma-like bodies
in the untreated controls, but not in the sons of the treated females. The myco-
plasma-like symbionts appear to be implicated in the production of the sterility in

the hybrid males.

Crosses between semispecies of Dro-
sophila paulistorum produce sterile male
hybrids in the F, and in backcross gen-
erations (I). In some crosses, such as
between Santa Marta females and Mesi-
tas males, the factor responsible for the
sterility can also be transmitted by in-
jection (2) and partially suppressed by
heat shocks (3). Santa Marta larvae
were grown on media with the antibiot-
ics toyocamycin nucleoside and gliotoxin
(100 upg/ml). Adult females obtained
from such larvae were crossed to
Mesitas males; among their sons, the
proportion of males with motile sper-
matozoa was higher than in the pro-
genies of untreated mothers (4).

Ultrastructural analysis was made of
the testes of sterile hybrid males. Sper-
matid bundles undergo degenerative
changes involving disarrangement of the
axial filament complex and the associ-
ated mitochondrial derivatives (5).
Bodies resembling mycoplasma are seen
within and between the degenerating
spermatid bundles, intra- as well as ex-
tracellularly, and elsewhere inside the
testicular membrane (Figs. 1 and 2).
Each mycoplasma-like body is enclosed
in a membrane and shows a central
reticular network and peripheral ribo-
some-like granules. Testes of fertile
nonhybrid males of Drosophila pauli-
storum have similar mycoplasma-like
inclusions, but far less numerous ones.

Fig. 1. Cross section of a sperm bundle in
the testis of a sterile hybrid. Arrangement
of the axial filament complex and flanking
mitochondrial derivatives is normal. Clus-
ters of mycoplasma-like bodies are ob-
served between and within the spermatid
bundles (X 23,500). Fig. 2. Clusters
of mycoplasma-like bodies in the lumen
of the testis of a sterile hybrid (X 27,500).
Fig. 3. Developing spermatids in the testes
of a tylosin-treated F, hybrid showing dis-
turbances of the radial symmetry in the
axial filament complex. No mycoplasma-
like structures are visible (X 20,000).
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Attempting to test the possible causal
relations between the presence of myco-
plasma-like bodies and the sterility of
the hybrid males, we have examined the
effects of other antibiotics, namely, tylo-
sin tartrate (Lilly: Tylan) and Achromy-
cin (Lederle: tetracycline hydrochlo-
ride). Tylosin is effective against avian
and mammalian mycoplasma in broth

cultures (6), against a mycoplasma con-
taminant in a murine leukemia tissue
culture (7), and against the arthropod-
borne mycoplasma-like causative agent
of the plant disease aster yellows (8).
A solution of tylosin (100 pg/ml) in
water was prepared; 0.3 ml was added
to each 250-ml culture bottle of drosoph-
ila food, namely, Ohba’s medium (8
percent) which consists of distilled
water, agar, dry dead yeast, and Tego-
sept, an antimold agent (9). The Santa
Marta females and Mesitas male flies
were put on this drug-impregnated
medium. Their progenies were kept on
this food through three larval instars
and pupation until the hatching of the
hybrid F, adults. Thereafter all subse-
quent generations were raised on the
ordinary drug-free drosophila culture
medium devised by Spassky (10). Tetra-
cycline was administered in precisely
the same way that tylosin was; it was



Table 1. The effects of tylosin tartrate and
tetracycline on hybrids between the Santa
Marta (SM) and Mesitas (M) strain of
Drosophila paulistorum. Samples of 100 males
were dissected in each generation in each
experiment.

Percentage of males
with motile sperm

Cross
Tylo- Tetra- Con-
sin  cycline trols
FofSM 22 X MJd 0 40 0
BC; (SM X M)
F;, 2?2 X MJd 35 20 8-10

effective against the mycoplasma-like
structures associated with plants in-
fected with mulberry dwarf disease (11)
and against aster yellows disease (8).
Table 1 reports the percentages of the
males in the F; and in the first back-
cross generation showing motile sperm
upon dissection. In the controls, the
mothers of these males had developed
as larvae on food free of antibiotics, and
in the experimental series the mothers
were given antibiotics in their food.
Treatment with tetracycline, but not
with tylosin, results in the appearance
of motile sperm in a part of the F,
generation hybrid males. Both tetra-
cycline and tylosin increase the fre-
quency of motile sperm in backcross
males. To test the fertility of the males,
30 cultures were made with eight fe-
males and eight males from each experi-
ment reported in Table 1. No fertile
cultures were obtained in the control
experiments or in the F; hybrids treated
with tylosin. In the other experiments,
where many males had motile sperm,
some of them were also fertile. How-
ever, the backcross males in the control
experiments were all sterile, although
some of them had motile sperm, as
reported (4, 12).

Ultrastructurally, no mycoplasma-like
inclusions were observed either in the
F,; or in the backcross males whose
mothers were raised on the food that
contained the antibiotic. However, the
F, males treated with tylosin do show
some disturbances in the symmetry of
the axial filaments in the spermatids
(Fig. 3). Males from the other treated
series are not distinguishable (by elec-
tron microscopy) from the control
males. The evidence is, therefore, con-
sistent with the supposition that there
is a causal relation between the presence
of numerous mycoplasma-like bodies
and the sterility of the hybrid males
(13). The possibility cannot however be

ruled out that the mycoplasma-like
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bodies are symbionts which thrive par-
ticularly in the cytoplasm derived from
the degenerating spermatids in the hy-
brid males. On the other hand, the
presence and the rate of multiplication
of the mycoplasma may be genetically
controlled; discord between the geno-
type of the host and the symbiont may
allow the latter to multiply excessively
and result in the sterility of the males.
The enhancement of fertility in hybrid
males whose mothers had been treated
with antibiotics known to inhibit the
multiplication of mycoplasma provides
additional support for the hypothesis of
causal relationship.
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Tubules of Globoid Leukodystrophy:

A Right-Handed Helix

Abstract. Morphologic similarity between the cytoplasmic tubules of globoid
leukodystrophy and Gaucher’s disease (as demonstrated by thin sectioning, nega-
tive staining, and shadowing techniques) and their resemblance to negatively stained
beef cerebroside are presented as evidence favoring the accumulation of cerebro-
sides in globoid cells. The tubules of globoid leukodystrophy have a 60-angstrom
periodic banding similar to the tubules of Gaucher’s disease. A right-handed helical
twisting of the tubules is observed in both diseases.

Information concerning the nature
of the metabolic abnormality in any of
the leukodystrophies may help to eluci-
date myelin metabolic pathways. The
leukodystrophies are a heterogeneous
group of genetically determined dis-
orders of myelin metabolism. Each spe-
cific type has characteristic chemical
alterations which are reflected in its
morphology.

Globoid cell leukodystrophy (Krabbe’s
disease) is inherited as an autosomal
recessive condition affecting . infants
usually in the first year of life. Pro-
gressive motor regression and mental
deterioration become fatal within 1 or
2 years. Extensive demyelination is
characteristically associated with the ac-
cumulation of a large number of globoid
cells in the white matter of the brain.

The significance and origin of the

globoid cells is not clear and has been
the subject of extensive histochemical
and biochemical studies (/). One hy-
pothesis regarding the underlying enzy-
matic abnormality is that a deficiency
of cerebroside sulfotransferase causes a
block in the conjugation of cerebroside
with sulfate to form sulfatide (2). This
results in an increase in the ratio of
cerebroside to sulfatides. More recently
a deficiency of the enzyme galactose
cerebrosidase has been reported in the
tissues and leukocytes of patients with
Krabbe’s disease (3). This supports
the idea that cerebroside is stored but
not that sulfatide synthesis is blocked.

Three recent papers (4, 5) disclosed
the presence of tubular structures in
the cytoplasm of globoid cells. Two of
them (4) described only straight to
slightly arched polygonal structures

SCIENCE, VOL. 169



