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Introduction

Results

The weakly electric fish Apteronotus leptorhynchus
recognizes and communicates with members of its own species
through its electric organ discharge (EOD)1. It has previously
been shown in songbirds that regions in the forebrain are
involved in habituation to novel intraspecific communication
signals2. Expression of the Egr-1 (early growth response-1)
gene in these regions has been shown, via knockout
experiments in mammals, to be essential for consolidation of
long-term memories3.
A recent study4 has shown that expression of the
Apteronotid homolog of the Egr-1 gene in dorsal forebrain
regions of A. leptorhynchus is correlated with habituation to
novel communication stimuli. Specifically, mRNA expression
of this Egr-1 homolog increased most significantly in the
dorsal magnocellular region of the telencephalon (DDmg)
when the fish were exposed to novel communication signals.
Figure 1. Brain of Apteronotus leptorhynchus showing location of
DDmg.

Figure 3. Spiking frequency in DDmg increases during
presentation of novel stimulus.

Extracellular recordings showed an increase in spiking activity
following onset of stimulation. A latency of approximately 4 minutes
from the beginning of the stimulus can be seen (top panel).

Results
Figure 7. Up state observed with intracellular recording.

A, Intracellular (whole-cell) recording of neuronal membrane
potential from neuron in DDmg region of telencephalon following
novel stimulation, showing Up state response. The duration of this
Up state was approximately 2 minutes.
B, Rate of spiking. Note the absence of activity prior to and
following the Up state.

Figure 4. Extracellular recordings show clusters of spiking.

Conclusions

DDmg

• Stimuli mimicking intraspecific communication signals
initiate response in DDmg cells if the stimulus is novel,
indicating that this region of the telencephalon is associated
with recognition or consolidation of novel stimuli
• The role of Up states may be to maintain neural networks in
a state of sustained activation6, thereby allowing for more
efficient processing of sensory information
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A, Lateral view of brain, with forebrain aimed towards the right.
Arrow points to the left dorsal magnocellular region of the dorsal
telencephalon (DDmg).
B, Transverse section of forebrain stained with cresyl violet.

Recordings from 10 stimulus sets with stimulus EOD frequency
differences of ±5 Hz, ±10 Hz, and ±20 Hz show localized clusters of
spiking activity after the beginning of stimulation.

Objective
The goal of the present study is to determine whether neurons
in the DDmg region of the telencephalon of A. leptorhynchus
respond selectively to unfamiliar communication signals,
which would indicate that neurons in this area may be involved
in the process of recognition or consolidation of novel stimuli.

Figure 5. Intracellular (whole-cell) recording of neuronal
membrane potential showing Up state during stimulation.

Methods
Methods
•
•
•
•
•

Fish were anaesthetized and forebrain was exposed
Pancuronium was used to immobilize fish
Fish were placed in stimulating tank, artificially respirated
Electrodes at head and tail recorded fish’s EOD
Novel stimulus was presented in the form of an artificial
EOD for 20 minutes (see Fig. 2), maintaining a constant
frequency difference with the fish’s own EOD
• Electrophysiological recordings were performed on neurons
in DDmg region with metal or glass electrode

Up states are identified when two stable, alternating levels of
neuronal activity can be distinguished5. The Up state is the more
depolarized state, during which spiking occurs more readily. The
latency for this Up state was 15 minutes from onset of stimulation.
Figure 6. Injection of current fails to produce persistent activity.

References
1. Maler, L., Sas, E., Johnston, S., & Ellis, W. (1991). An atlas of the brain of
the electric fish Apteronotus leptorhynchus. Journal of Chemical
Neuroanatomy, 4(1), 1-38.
2. Jarvis, E. D., Mello, C. V., & Nottebohm, F. (1995). Associative learning and
stimulus novelty influence the song-induced expression of an immediate
early gene in the canary forebrain. Learning & Memory, 2(2), 62-80.
3. Jones, M. W., Errington, M. L., French, P. J., Fine, A., Bliss, T. V., Garel, S.,
. . . Davis, S. (2001). A requirement for the immediate early gene Zif268 in
the expression of late LTP and long-term memories. Nature Neuroscience,
4(3), 289-296.
4. Harvey-Girard, E., Tweedle, J., Ironstone, J., Cuddy, M., Ellis, W., & Maler,
L. (2010). Long-term recognition memory of individual conspecifics is
associated with telencephalic expression of Egr-1 in the electric fish
Apteronotus leptorhynchus. The Journal of Comparative Neurology,
518(14), 2666-2692.
5. Hasenstaub, A., Sachdev, R. N., & McCormick, D. A. (2007). State changes
rapidly modulate cortical neuronal responsiveness. The Journal of
Neuroscience, 27(36), 9607-9622.
6. Sanchez-Vives, M. V., & McCormick, D. A. (2000). Cellular and network
mechanisms of rhythmic recurrent activity in neocortex. Nature
Neuroscience, 3(10), 1027-1034.

Further information
For more information, please contact Paula Adler:
Email: padle085@uottawa.ca
Lab phone: (613) 562-5800 ext. 8096

Figure 2. Sinusoidal stimulus EOD mimics the presence of
another fish.
|--------------20 sec---------------|---------20 sec--------|-------20 sec----->
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