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To examine the possible cholinergic nature of the Mauthner cell, freeze-dried sections of goldfish spinal cord were prepared,
enabling access to the Mauthner axons. Profiles of the Mauthner axons were dissected out, weighed, and quantitatively
assayed for activity of choline acetyltransferase. The Mauthner axon was shown to contain significantly less activity than
surrounding tissue containing motor neurons, which are likely to be cholinergic. Because of the relatively small amount of
choline acetyltransferase activity found in the axons, it is tentatively concluded that acetylcholine probably does not serve a
synaptic transmission function in the Mauthner cell, but more study will be necessary before a definite conclusion can be
reached.

INTRODUCTION

The Mauthner cells are a pair of giant neurons found in cyclostomes, larval amphibians, and certain fish.
The two Mauthner cell bodies are located in the brain stem, and their axons run caudally through the spinal
cord. The main function of the Mauthner cells is controlling the reflex response of the locomotion muscles in
the tail (1). The Mauthner cell has been studied extensively because of its large size and distinct function, and is
one of the best characterized neurons in a vertebrate central nervous system (2). An extensive histological study
of the Mauthner cell and surrounding tegmenti was done by Bartelmez (3), using adult and larval teleosts.
Goldfish have been used extensively in studies of the Mauthner cell and were chosen for the present study
because of their ready availability and low cost.

Acetylcholine is one of the most extensively studied neurotransmitters. Its synthesis is catalyzed by the
enzyme choline acetyltransferase (ChAT) and its hydrolysis by acetylcholinesterase (AChE) (4). These enzymes
have been preferred to acetylcholine itself as markers to identify neurons as cholinergic (using acetylcholine as
transmitter), ChAT being more definitive than AChE (5). Although early work employing histochemical
staining for AChE, among other techniques, suggested that the Mauthner cell might be a cholinergic neuron (6),
a recent investigation found no distinguishable ChAT immunoreactivity in the Mauthner cell (2). Such a
negative result could occur if the rat antibody used in the study is specific for a species of ChAT different from
that of the goldfish Mauthner cell (2) or fails to penetrate to its antigenic site on the enzyme molecule (7).
Because of these uncertainties, the present study employed a direct quantitative assay for ChAT enzyme activity
of the Mauthner cell axon. In a cholinergic neuron, both the soma and axon contain acetylcholine and the
enzymes for its metabolism, ChAT and AChE (8,9). The Mauthner axons in the spinal cord were sampled in the
present study because of their large diameter and the technical advantage that each transverse section of spinal
cord contains both Mauthner axons.

MATERIALS AND METHODS

The goldfish used in this study were purchased locally and maintained in a ten-gallon tank at room
temperature. Most fish used were 5 - 6 cm in length. After the fish were anesthetized by immersion in 0.1%
ethyl m-aminobenzoate, brain and spinal cord tissue were isolated and frozen, within 20 min of death, in Freon
cooled to -130 °C with liquid nitrogen (10). Frozen tissue was mounted onto wooden dowels with brain paste
and stored at -80 °C for future sectioning. Transverse sections 20 or 40 µm thick were cut at -20 °C with a
microtome in a cryostat (American Optical Cryo Cut). Alternate sections were saved in aluminum racks for
freeze
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drying or thawed onto microscope slides for staining with thionin
(11) or staining for AChE activity (12). Freeze-dried sections were
stored under vacuum at -20 °C in glass vacuum tubes (Ace Glass
Company).

Identification of the Mauthner axons in freeze-dried sections
was mainly by size and location. They are the largest axons in the
spinal cord, ranging from 45 to 80 µm in diameter (13), and are
located ventrally on either side of the midline. Boundaries within
freeze-dried sections were mapped using a Wild dissecting
microscope with a drawing tube attachment. Boundaries seen in
thionin-stained sections were traced onto each map to aid in
identification of Mauthner axons and the somata of other neurons
present in the spinal cord. The spinal cord sections were dissected
and the exact locations of sample boundaries recorded onto the
maps (Fig. 1) (14). Dry weights of samples were measured using
quartz fiber balances (10), then samples were placed into 400
µL-capacity microcentrifuge tubes for assay of ChAT activity. The
determination of ChAT activity was based on the radiometric
method of McCaman and Hunt (15) using the sodium
tetraphenylboron procedure of Fonnum (16) for the extraction of
[1- 14C] acetylcholine (17).

Contamination of Mauthner axon samples by surrounding
tissue, which averaged 23% of total sample volume, was corrected
for by measuring the areas of the axons and surrounding tissue in

the maps of the freeze-dried sections (Fig. 1). The ChAT activity of the surrounding tissue included in each
axon sample was estimated as the average activity of those samples surrounding the axon sample. The formula
used to calculate the ChAT activity of the Mauthner axon alone was:

Mauthner axon ChAT activity = [(At)(ChATt)-(As)(ChATs)]/(Aa),

where At = total area of dissected sample containing axon, ChATt = ChAT activity of dissected sample
containing axon, As = area of surrounding tissue included in the axon sample, ChATs = estimated ChAT activity
of surrounding tissue included in the same sample with the axon, and Aa = area of axon.

For comparison to the ChAT activities measured in freeze-dried tissue, homogenates of brain and spinal
cord from two goldfish, prepared as one part of tissue by weight to nine parts of 50 mM potassium phosphate
buffer, pH 7.2, were also assayed.

RESULTS
Samples of Mauthner axons were isolated from four transverse sections from each of two fish. Although

both axons were found in each section, in some cases only one was successfully dissected and assayed. Average
data for axons, motoneuron regions, and homogenates are presented in Fig. 2.

DISCUSSION
A limitation of the present data was that the axons were not cleanly isolated from the
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surrounding tissue, which routinely contained relatively high
ChAT activity. The ChAT activity of the axons from the mapped
sections could, however, be corrected for this contamination. The
results support the conclusion of Rhodes et al. (2) that the
Mauthner cell probably is not cholinergic, in that the ChAT
specific activity in the Mauthner axons was much less than the
activity of samples containing the presumably cholinergic motor
neuron somata. Expected values for a cholinergic neuron in
goldfish may be as high as 50 x 10³ µmol/kg dry wt./min (18),
500 times the average for Mauthner axons in the present study.
On the other hand, compared to a tract considered noncholinergic,
namely the goldfish optic tract (18), the average ChAT activity of
the Mauthner axon is somewhat higher, about ten times as high.
Other than possibly being the result of technical errors, the
finding of this small amount of ChAT activity is not readily
explained. It is possible that a relatively small amount of ChAT in
a neuron may not be related to cholinergic synaptic transmission
(8), or it may indicate an accessory role for acetylcholine in
support of some other neurotransmitter. However, it is also
possible that in an axon as large as the Mauthner axon, the
concentration of ChAT is low because a diffuse distribution
throughout the abundant cytoplasm (2) is sufficient to provide an
adequate supply to the axon terminals. Thus, it is not yet possible
to entirely discount a cholinergic character of the Mauthner cell.
Additional evidence might be obtained by assaying the ChAT
activity in the Mauthner cell body since it is not as much larger,
compared to other neurons, as is the axon.
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