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Abstract

Not all experiences learned or experienced can be stored in the brain as long-term
memories. The formation of long-term memory requires repetitive learning and protein
synthesis. Our research focuses on understanding the proteins and nerve cells involved in long-
term memory formation. To explore this topic, | took several approaches: First, | screened brain
nerve cells to identify neurons that require protein synthesis for long-term memory formation.

Second, | looked for proteins and signaling pathways in these neurons



that contribute to long-term memory formation. Finally, we studied the states and synaptic
outputs of these neurons during the process of long-term memory formation. The ultimate goal is
to fully understand how the brain encodes and decodes long-term memory. This will be
accomplished by testing how memory-related proteins regulate neurons and affect memory
formation. Studying the neural and protein molecular mechanisms of long-term memory
formation, including inhibition, enhancement, and storage, as well as the yin-yang and gian-kun
modulations in the brain, could help the brain select the memories it needs to store. If these
mechanisms are understood, we have the opportunity to manipulate (enhance or inhibit) memory

formation.

Research Method

The model animal we used is the fruit fly, and by studying the basic functioning of the
fruit fly's microbrain, we can understand the principle of memory formation in the human brain.
Fruit flies are innately sensitive to smell and can produce aversive memories by learning to
associate odors with electric shocks. This is similar to the associative classical restraint learning
discovered by Russian psychologist Ivan Pavlov, i.e., experiments in which puppies salivate at
the sound of a bell. In the experiment, we used a device called a T-type memory trainer to make
the fruit flies smell two different odors. When given the first odor (Odor 1), they were given an
electric shock, while when given the second odor (Odor 2), they were not given an electric
shock. When the fruit flies were asked to choose between the two odors, most of them would run
to the second door because they remembered the previous experience. Through a single session
of training, fruit flies can develop different types of memory, including short-term memory
(STM), medium-term memory (MTM), and anti-stupor memory (ARM). After ten repetitive

training sessions with intermittent breaks (as in a 10-minute break in the middle of a class), they



can produce long-term memory (LTM), remembering more than a week's worth of time.
However, if they are trained in an intensive sequence ten times without breaks, they will not be
able to develop LTM. Long-term memory requires protein synthesis, which was inhibited by

feeding the fruit fly protein synthesis inhibitor cycloheximide (CXM) (Tully et. al. 1994).
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