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There Is still much more to be understood about the mechanisms governing the formation of memories. The marine gastropod opisthobranch mollusk, Aplysia, provides a model for studying learning due to its
ability to form long-term and short-term memories in response to a stimulus and its relatively large neurons. In addition, their neural circuitry is made up of less neurons and Is relatively simple in comparison to the
mammalian brain, all of which make it an effective model to study memory. The molecular correlates of learning in Aplysia, are a topic of interest and we are investigating them to better understand the molecular
mechanisms involved in memory formation. It is well established in the scientific literature on memory that certain transcription factors are associated with memory formation such as C/EBP and CREBI. In Aplysia,
CREBI is further processed to produce CREB1a and CREB1[3. These transcription factors turn on genes that will produce mRNA to be transported from the nucleus to the synapses to produce long-term changes
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that occur later during memory consolidation. Therefore, we looked at the changes in C/EBP, CREB1a, and CREB1[3 expression in Aplysia to better understand the molecular correlates of learning.

Learning in Aplysia
In response to an associative learning training task, animals form
memories that a specific food is inedible.
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Figure 1. Animals form memories after receiving 15 minutes of

training. Training included 15 minutes of introducing the animals to

an inedible food. All three groups formed significant memory seen in

the decrease in time to stop feeding behaviors 24 hours after the

training.

« This shows that training with inedible food provides a way to
stimulate memory formation in Aplysia.

Molecular Correlates

CEBP expression increases in the sensory cells of the buccal ganglia after

training, but not lip stimulation.

« C/EBP alone may not be enough to form memories, but it may still
contribute to memory formation along with other molecular correlates.

percentage of the mean value of animals that had been treated with both lip
stimulation and saline. (C) There is a significant interaction between the
treatment with Nitric Oxide and training that produces an increase in CREBla
expression. Significant increases in gene expression of both buccal and
cerebral ganglia were found when animals underwent treatment, except
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Figure 4. Changes in gene expression of the cerebral ganglia in
response to training. Increases in expression of most genes, even
In response to treatments that did not cause memory formation.
C/EBP remains the exception with only a significant increase
during training.

Methodology

Preliminary Results: CREBla Buccal
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Figure 6. CREBla mRNA expression levels in the buccal ganglia.
The level of mMRNA expression was expressed as a percentage of the
mean value of the naive animals. There is no significant difference seen
between the lip stimulation and full training. Overall, the naive group
has lower CREB1a expression than the treated groups.

Preliminary Results: CREBla Cerebral
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Figure 7. CREBla mRNA expression levels in the cerebral ganglia.
The level of MRNA expression was expressed as a percentage of the
mean value of the naive animals. In the short-trained groups, there was
no significant difference seen between the lip stimulation and full
training. The naive group has lower CREB1a expression than the treated
groups.

Future Work

Primers Used for qPCR
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the training and the resulting gene expression would show

Figure 2. Lip stimulation does not produce a significant increase in the
expression of C/EBP in the buccal or cerebral ganglia. Training for 15 mins
produces a significant increase in the expression of C/EBP in the buccal

anglia, not the cerebral ganglia.
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Figure 3. Changes in gene expression of the buccal ganglia in
response to training. Expression levels were measured 2 hrs after
treatment. The levels of MRNA expression were expressed as a
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Figure 5. Training and Lip Stimulation Set up. Feeding responses were
induced in the animals through an associative learning task that included (a)
lip stimulation with a specific food; (b) attempts to swallow the food; (c)
failure of the food to enter the gut. Lip stimulation differed in that the food
was removed before the animal bit down. Each tank had two Aplysia
separated by a barrier.

» The buccal and cerebral ganglia of the trained and naive groups were
excised both 15 mins and 2 hrs after training.

* Five experimental groups: Short train, Long train, Short Lip, Long Lip,
and naive.

» Total RNA was extracted from the cerebral and buccal ganglia and then
RNA concentration was measured using a spectrophotometer. This was
followed by cDNA synthesis and quantification of gene expression by
quantitative polymerase chain reaction (QPCR). The mRNA levels were
then analyzed utilizing the comparative Ct method.

Discussion

The results are preliminary since more data needs to be collected via

gPCR. Therefore, the graphs containing C/EBP expression in the buccal

and cerebral ganglia are not shown.

= Animals that were obvious outliers were not included in the graphs.

= Animals that showed more interest during training followed a
general pattern of higher expression. The opposite was true for those
who were less responsive to the food offered.

The species used, Aplysia fasciata, are nocturnal and learn less

effectively during the day. Therefore, it is of interest to note that there

was an increase in CREB1a expression although the Aplysia received

training and lip stimulation during the day.

a connection between the gene studied and memory
formation.

Acknowledgements

This work was supported by the National Institute of Health’s MARC
U*STAR program at Queens College, CUNY and the BIU/YU 2021
Israel Research Program.

This work was conducted at Bar Ilan University in Ramat Gan, Israel.

References

Briskin-Luchinsky, V., Levy, R., Halfon, M., & Susswein, A. J. (2018). Molecular correlates of separate
components of training that contribute to long-term memory formation after learning that food is
inedible in Aplysia. Learning & Memory, 25(2), 90-99. hitps://doi.org/10.1101/Im.046326.117

Levitan, D., Lyons, L. C., Perelman, A., Green, C. L., Motro, B., Eskin, A., & Susswein, A. J. (2008).
Training with inedible food in Aplysia causes expression of C/EBP in the buccal but not cerebral
ganglion. Learning & Memory, 15(6), 412-416. hitps://doi.oro/10.1101/Im.970408

Schwarz, M., Blumberg, S., & Susswein, A. J. (1998). Social isolation blocks the expression of memory
after training that a food is inedible in Aplysia fasciata. Behavioral Neuroscience, 112(4), 942-951.
https://doi.org/10.1037/0735-7044.112.4.942



https://doi.org/10.1101/lm.046326.117
https://doi.org/10.1101/lm.970408

