interaction of breaks induced by the
two agents. Merz et al. (10) reported
that in the combination treatment the
interaction of breaks produced by x-rays
with those produced by the chemicals,
or vice versa, increased two-hit aber-
rations to an extent approximately
twice the sum of aberrations induced
by the two agents in separate treat-
ments. In the present study, the num-
ber of bridges in the combination
treatment was 2.4 times the sum of
the separate treatments. This increase
might well be attributed to the inter-
action of breaks if the bridges are
assumed to result from interchanges.
But the similar increase in acentric
fragments arising from the combina-
tion treatment could not be explained
on the very same basis because the
interaction between breaks would ac-
tually reduce the yield instead of in-
creasing it. Therefore, it is highly
doubtful that the interaction of breaks
was the real or major cause for the
increase in the number of bridges.
Additional evidence (unpublished) in
favor of the synergism interpretation
comes from a limited observation on
aberrations at metaphase, particularly
the chromatid breaks which showed
about a nine-fold increase in the com-
bination treatment over the sum of the
two separate treatments (/7).

F. K. S. Koo
Agricultural Bio-Sciences Division,
Puerto Rico Nuclear Center,*
Mayagiiez
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Electrotonic Junctions between Teleost Spinal Neurons:

Electrophysiology and Ultrastructure

Abstract. Electrotonic transmission between spinal neurons is correlated with
distinctive apposition of cell processes involving membrane fusion. In the
same neurons, postsynaptic potentials appear to arise at typical synaptic knobs

where there is an intercellular space.

Although it is now generally believed
that nervous transmission is for the
most part chemically mediated (7) elec-
trical transmission has been described at
several vertebrate and invertebrate junc-
tions (2). The two types of transmis-
sion occur at junctions that appear
morphologically different. In typical
vertebrate synapses where transmission
is known to be chemical, the pre- and
postsynaptic neurons are separated by
a space of about 200 A (3). Thick-
enings of the apposed membranes and
clusters of presynaptic vesicles and
mitochondria further characterize these
junctions. Close apposition of mem-
branes to actual fusion occurs at sev-

A

eral invertebrate junctions where trans-
mission is electrical (4). In smooth
and cardiac muscle, fusions of apposing
membranes have been considered to be
the sites of electrotonic transmission be-
tween muscle fibers (5).

Our studies reveal two modes of in-
direct excitation of spinal electromotor
neurons in Mormyrid electric fish
(Gnathonemus sp., Marcusenius sp.).
Typical postsynaptic potentials result
from stimulation of descending fibers.
Furthermore, a spike directly evoked in
one cell spreads to all the others. These
results are illustrated in Fig. 1, where
responses of pairs of neurons were re-
corded simultaneously. The recordings

o n

5 msec.

Fig. 1. Indirect excitation of electromotor neurons and electrotonic spread between them.
A, C-F, from a pair of cells 0.3 mm apart; B, from a pair of cells 3 mm apart in a
different fish. Upper trace: current applied through one recording electrode in a bridge
circuit, depolarization indicated by an upward deflection. Lower traces: intracellularly
recorded potentials. A4, B, see text. C, D, de- and hyperpolarization of the more rostral
cell of the same pair as in 4 resulted in spread of polarization to the more caudal cell

(superimposed traces show the baseline).

The recording from the rostral cell was

omitted because of excessive bridge imbalance. E, F, when polarizing current was applied

in the more caudal cell, electrotonic spread was recorded in the rostral cell.

The

recording from the caudal cell was omitted. The electrotonic spread was not an artifact,
since the potentials were greatly reduced or absent when one or both electrodes were

just extracellular.
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in A were taken from two neurons a
few cell diameters apart; they show
superimposed traces of sub- and supra-
threshold postsynaptic potentials in
response to spinal stimulation rostral to
the electromotor nucleus. The stronger
stimulus elicited two spikes in each
cell. In B, from cells at opposite ends
of the electromotor nucleus, the more
caudal cell (lower trace) was excited
by current passed through the recording
microelectrode and the resulting activ-
ity propagated to the more rostral cell.
Each cell generated three spikes which
were followed by a small asynchronous
electric organ discharge (arrow). The
generation of multiple-spike responses
to brief stimuli (B) appears to be in-
trinsic to this neuronal membrane and
related, like the spread of excitation be-
tween cells, to synchronization of the
electric organ discharge (6). The trans-
mission between electromotor neurons
is electrotonic as shown in C—F (Fig. 1)
from the same pair of cells as in A4.
Depolarizing current applied in either
cell depolarized the nearby cell (C, E).
Hyperpolarization was also transmitted
in both directions (D, F).

The two modes of indirect excitation
can be ascribed to morphologically dis-
tinct types of junction. Material was
prepared for electron microscopy by a
modification of the method of Palay
et al. for perfusion with OsO. (7).
Numerous areas were observed showing
close apposition between dendrite-like
processes of the electromotor neurons.
Figure 2 shows such a region of close
apposition 8 u long, in which there are
several areas of membrane fusion (A4).
No vesicular elements or mitochondria
are immediately related to these areas,
but a fine fibrillar material dispersed
in the cytoplasm is occasionally organ-
ized with respect to them. Such mem-
brane fusions are considered to be the
morphological substrate for electrotonic
transmission between the electromotor

neurons. Typical synaptic knobs (ar-.

rows, and B) are observed on other
areas of the neurons and provide the
morphological basis for the postsynaptic
potentials.

In conclusion, distinctive appositions
of neuronal processes have been found
which involve membrane fusion and
appear to mediate electrotonic trans-
mission between neurons. These data
are of particular interest because the
cells are in the vertebrate central ner-
vous system and evolved from spinal
motoneurons. Further work on other

19 JULY 1963
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Fig. 2. Electron micrograph of a section (OsO. perfused, Epon embedded) through a
region of apposition between two dendrite-like processes of electromotor neurons. No
intercellular space is apparent in certain areas of close apposition. Typical synaptic
knobs (arrows) are found at the top and bottom of the micrograph (X 25,000). Inset
A: enlargement of area 4. At a the overall width measures about 140 A. At b, where
an intercellular space is apparent, the overall width is about 200 A (X 78,000). Inset B:
enlargement of the synaptic knob of area B. The overall width at ¢ measures about
270 A (x 78,000).
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tissues may verify the correlation be-
tween anatomy and mode of transmis-
sion, and allow either electrical or chem-
ical transmission to be inferred from
the morphology of the junction. This
type of inference would be of particu-
lar importance for such structures as
apical dendrites where direct electro-
physiological evidence is difficult to ob-
tain (8).

M. V. L. BENNETT*, E. ALJURE}

Y. NakaJiMma, G. D. Parras

Departments of Neurology and Anatomy,
College of Physicians and Surgeons,
Columbia University, New York
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Tsetse Fly Puparia: A New Collecting Technique

A glossinologist often needs to collect
tsetse fly puparia for experimental use.
The conventional method is to scratch
tsetse breeding soil and collect the pu-
paria brought to view. This method is
time-consuming, uneconomical, and not
very productive, particularly in an area
with a low incidence of the fly. The
searchers are unable to detect all pu-
paria present in the soil (/). In a second
method for separating tsetse puparia
from the soil, sieves are used. This
method becomes inefficient because of
lumping of the soil, which blocks the
sieves if the soil is slightly moist.

We tried these techniques when seek-
ing puparia of Glossina palpalis (R-D)
on the river Lofa, Western Province,
Liberia, reported to have a low fly pop-
ulation (2), but failed to collect enough
puparia to colonize this species. We
describe, in this report, a new tech-
nique of tsetse puparia collection which
enabled us to obtain over 5000 puparia
from the same locality.

A 4-gal water barrel, a few sheets of
filter paper, and a 2-inch glass vial are
supplied as puparia-colecting kits to two
collectors who work together. The bar-
rel is filled with river water and carried
to the possible breeding sites. Depend-
ing on the depth of breeding soil, about
0.5 to 1.5 inches of topsoil are gathered
from such sites and examined for pu-
paria by pouring the soil into water.
The movement of soil and puparia in
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reverse directions in the water allows
the puparia contained to be separated
out on the surface of the water. If the
soil is poured slowly almost all the pu-
paria are set free to float, but if the
process is carried out rapidly it becomes
necessary to disturb the soil gently by
hand in order to release the puparia
trapped by the mud. The floating pu-
paria are fished out, dried on filter
paper, and stored in the glass vial con-
taining a little sand.

The short exposure of puparia to
water during collection has no bad ef-
fect on the viability of puparia, for 88.5

percent of puparia collected by this

method produced live flies, a 4-percent
higher emergence than that observed
in the case of puparia obtained by hand-
picking in the same area.

This method of puparia collection de-
tects all the puparia in the soil examined
and can be used as a method of con-
trol against this insect.

Z. H. ABEDI
Max J. MILLER
Liberian Institute of the American
Foundation for Tropical Medicine,
Harbel, Liberia
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Transport of Neurohormones from
the Corpora Cardiaca in Insects

Abstract. Evidence from electron
microscope studies of aphid and cock-
roach nerves, and from the bioassay of
extracts of the aortal nerves of cock-
roaches indicates that some neurohor-
mones are distributed from the corpora
cardiaca along nerve axons to their
target organs.

The corpora cardiaca of insects are
small ganglia which are situated im-
mediately behind the brain and con-
nected to it by nerves. From the
corpora cardiaca, nerves have been
traced in various insects to the alimen-
tary canal, salivary glands, aorta, pro-
thoracic gland, and various muscles
1, 2).

Substances produced by neurosecre-
tory cells in the brain have been shown
to pass along nerve axons to the corpora
cardiaca from which they are thought
to be released into the blood (3). In
this respect the protocerebrum-corpus
cardiacum system of insects is consid-
ered to be analogous to the hypothala-
mus-neurohypophysis system of verte-
brates and the X organ-sinus gland
system of crustacea.

Recent work has suggested that at
least some materials may be distributed
from the corpora cardiaca along nerve
axons. In the fly, secretory material
was observed in a nerve passing from
the corpora cardiaca to the esophagus
(4); in the cockroach it has been shown
by ligaturing experiments that material
passes along nerves from the corpora
cardiaca to the subesophageal ganglion
(5); and, in aphids, material staining
with paraldehyde fuchsin and believed
to be secretory material was traced from
the corpora cardiaca along the aortal
nerves and along nerves passing to
muscles (2).

We have therefore studied the nerves
leaving the corpora cardiaca in several

- groups of insects using paraldehyde

fuchsin stain for neurosecretory mate-
rial. Under the compound microscope
no material was found in any of these
nerves, although large amounts were
sometimes present in the brain and
corpora cardiaca.

Extracts of the corpora cardiaca of
the cockroach can cause increased rate
of heartbeat. One active factor is a
peptide which is thought to stimulate
the pericardial cells to release an indol-
alkylamine which, in turn, acts on the

SCIENCE, VOL. 141



