transformation (Table 1). This effect can
be achieved by either homologous
mouse type C replicating viruses or het-
erologous viruses capable of replicating
in such cells 8).

The increased levels of Moloney sar-
coma specific RNA might be achieved by
increased rates of transcription of the
MSYV genome or decreased rates of deg-
radation of the sarcoma specific RNA. In
addition, as a secondary effect, increases
of sarcoma RNA may occur by gene am-
plification of the MSV genome. Within
an S+L— mink cell infected with helper
virus the presence of helper virus re-
verse transcriptase may increase the
copy number of integrated MSV or the
pseudotype MSV rescued by helper vi-
rus may be superinfecting surrounding
S+L— mink cells and thereby increase
the copy number.

Whatever the molecular explanation,
the results observed in cells exogenously
infected with Moloney sarcoma virus
and superinfected with the replicating
type C viruses suggests a hypothesis con-
cerning a similar possible phenomenon
in cells that might be carrying latent on-
cogenic information not acquired by ex-
ogenous infection. Thus, it is possible
that a usually nontransforming type C vi-
rus might act in vivo in a similar manner
by leading to an increase in RNA from
potentially oncogenic normal cellular or
viral genomes during the replication of
the nontransforming type C virus. Such a
model would predict that some forms of
leukemia or lymphoma caused by type C
viruses (particularly those characterized
by a long latent period and involving rep-
licating but nontransforming viruses)
might be due to effects on the levels of
RNA of cellular genes by the replicating
type C viruses rather than to a direct ef-
fect of a transforming gene of the viruses
themselves on the growth potential of
the cell.

PauL T. PEEBLES
EDWARD M. SCOLNICK
Laboratory of Tumor Virus Genetics,
National Cancer Institute,
Bethesda, Maryland 20014
RicHARD S. Howk
Meloy Laboratories,
Rockville, Maryland 20850
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On Competitive Innervation of Goldfish Eye Muscles

The report by Scott (/), appears to
contradict the conclusions we drew from
similar experiments published in 1970
and 1972 (2—4). If her interpretation is
correct, Scott’s result would also throw
doubt on other experiments on competi-
tive reinnervation done by us (5), as
well as on similar experiments she cites,
done by others.

The question is whether the function
of regenerated foreign nerve terminals in
a multiply innervated striated muscle can
be repressed when the muscle accepts
further regenerating synapses from its
embryologically  appropriate  nerve.
When Scott repeated our procedure on
goldfish eye muscles she observed be-
havioral repression of the function of for-
eign nerves supplying the superior
oblique muscle in about the same propor-
tion of cases we did, about one third
of the animals. The behavioral test in-
volves measurement of static ocular
counterrotation in response to tilting the
whole animal head up and head down. In
Scott’s experiment, electrical stimu-
lation of both appropriate and in-
appropriate nerve trunks resulted in
strong contraction of the superior
oblique muscle, in apparent refutation of
our conclusion that the foreign in-
nervation had become ineffective in caus-
ing muscle contraction.

Regeneration of the antagonistic inferi-
or obligue muscle is a problem in these
experiments, as Scott points out. The be-
havioral method we used, however, can
detect defects in coordination due to si-
multaneous contraction of antagonists
(3, p. 139), and this cannot explain our re-
sults. We also checked all fish by dis-
section for regenerated muscles and
found them in only two cases (2, p. 47;
4,p. 153).

Why then should tests of innervation
by the use of natural reflex activation of
the oculomotor system give results that
are incompatible with those from tests
by electrical stimulation of motor

nerves? We think it likely that the dis-
crepancy arises because static vestibulo-
ocular reflexes and direct electrical stim-
ulation of muscle nerves in fact test the
function of two separate classes of
muscle fibers.

In a recent paper (6), we have de-
scribed two patterns of innervation corre-
sponding to the two kinds of muscle fi-
bers found in these muscles. The larger
fibers, comprising the bulk of the oblique
muscles (7), have elongated nerve end-
ings that come from a small number of
parent nerve fibers and spiral round the
fiber almost from one end to the other.
These muscle fibers would contract al-
most synchronously along their whole
length when an action potential was
propagated along the extended nerve
ending, and they appear to be designed
to produce strong and rapid con-
tractions. The smaller fibers, whose ul-
trastructure suggests that they are in-
volved in tonic contraction, are very
densely multiply innervated by nerve fi-
bers that run transversely across the
muscle fibers at intervals of about 50
um and supply a nerve terminal to each
one they cross.

It is now known that the static ocular
reflexes are a function of the smaller ton-
ic muscle fibers (8). In a test of in-
nervation by electrical stimulation of the
nerve trunk, however, the bulk of the
muscle tension would come from the
larger muscle fibers. Large fibers will al-
so be the main contributors to any
sample of junctional activity gathered by
an intracellular microelectrode because
they are easier to penetrate and hold.
The majority of small muscle fibers are
S mwm or less in diameter, and it must be
very hard to record from inside them.

If the above is true, Scott’s results
may mean that there is selective com-
petitive innervation of the population of
small, multiply innervated muscle fibers,
which leads to repression of previously
functional foreign synapses, but that
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there is no effective competitive repres-
sion of innervation of the large muscle fi-
bers that are normally innervated from a
very few motoneurons. This would rec-
oncile the conflict between the behavior-
al and electrophysiological methods of
testing muscle reinnervation and is con-
sistent with our original suggestion that
multiple innervation, with a possibility of
mutual interaction between _closely
spaced foreign and correct synapses on
one muscle fiber (9), is the preréquisite
for competitive repression of transmis-
sion from foreign nerve terminals.

The physiology of the proposed re-
pressive process and its recognizable ul-
trastructural features, if any, are still un-
known.

R. F. MARK, L. R. MAROTTE
Department of Behavioural Biology,
Research School of Biological Sciences,
Australian National University,
Canberra City, A.C.T. 2601, Australia
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Several lines of evidence indicate that
Mark and Marotte’s newly proposed hy-
pothesis cannot reconcile the dis-
crepancy between the apparent repres-
sion of foreign innervation observed in
behavioral tests and the demonstration
of functional foreign innervation on rein-
nervated muscle fibers in the goldfish (7).
In additional tests of eye rotation behav-
jor (2) 1 have observed that the dis-
appearance of reversed reflexes is not al-
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ways the ultimate outcome of appropri-
ate nerve regeneration, despite what has
been previously suggested (3). In some
animals both reversed and normal reflex-
es occur, and these results indicate that
both the foreign and the original nerve
can drive the superior oblique muscle in
the intact animal. It has not yet been
demonstrated with physiological experi-
ments (4) that only the slow fibers of fish
extraocular muscles are involved in the
production of static eye rotation. My be-
havioral observations [like those of Mark
and co-workers (3)] cannot distinguish
between the two types of muscle fibers.
They do, however, indicate that what-
ever fibers are responsible for the ob-
served behavior can be functionally in-
nervated by both foreign and appropriate
nerves.

Since the two populations of fibers are
anatomically separate within the superi-
or oblique muscle, I have been able to re-
cord extracellularly from small popu-
lations composed exclusively of one type
of fiber, and my data show that both fast
and slow muscle fibers can become, and
remain, innervated by both foreign and
appropriate nerves.. In addition, I have
recorded with a single intracellular elec-
trode the activity of both foreign and ap-
propriate synapses in individual fibers for
periods of up to 7 months after the initial
surgical nerve cross; the mean quantal
content of excitatory junctional poten-
tials from foreign synapses is not signifi-
cantly different from that of excitatory
junctional potentials in control fibers. I
found no evidence of functional repres-
sion of foreign innervation on either pop-
ulation of muscle fibers (2). These data
are consistent with a recent report of con-
tinued functioning of both foreign and ap-
propn’aie innervation on perch gill
muscle (5), the fibers of which are poly-
neuronally, multiterminally innervated
and do not spike. These characteristics
suggest that perch gill muscle fibers are
similar to the slow fibers in goldfish supe-
rior oblique muscle. It therefore appears
that the presence of dense innervation of

single fibers is not sufficient to guarantee
repression of foreign synapses following
reinnervation by the appropriate nerve.
There is also strong evidence against re-
pression of foreign innervation on focally
innervated mammalian muscles (6). Al-
though there is evidence of functional
displacement of foreign innervation on
newt (7) and salamander (8) muscle, with-
out morphological data it cannot be con-
cluded that this represents synaptic re-
pression as it was originally defined (3).
In studies of synaptic interactions it
seems important to apply the term ‘‘syn-
aptic repression’’ only to a competitive
situation that results in loss of function in
synapses that retain normal morphologi-
cal characteristics. The gradual reduc-
tion of the number of terminals on single
muscle fibers that occurs during em-
bryonic development (9) is not synaptic
repression as defined above. Function-
less but apparently intact synapses have
been produced without interneuronal
competition in animals treated with
botulinum toxin (/0), and may occur in
animals suffering from certain heredi-
tary disorders, such as motor end-plate
disease (I7). True synaptic repression,
however, has not been demonstrated.
SHERYL A. SCOTT
Department of Neurosciences,
McMaster University Medical Center,
Hamilton, Ontario L8S 4J9, Canada
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