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Synapse-specific plasticity governs the identity of overlapping
memory traces
Date:
Source:
Summary:

Share:

July 13, 2018
Japan Science and Technology Agency
Each memory is stored in a specific population of neurons called engram cells. When a memory
is linked with another to generate an associative memory, two memory traces overlap. At the
same time, individual memories maintain their own identities. Using two overlapping fear
memories in mice, researchers show that synapse-specific plasticity guarantees both storage
and identity of individual memories. They also show that memory traces no longer exist in the
brain after complete retrograde amnesia.
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Mice were exposed to two auditory fear conditioning, separated by five hours. Both memories were
encoded by shared neurons in the lateral amygdala while they were encoded by different neurons in the
auditory cortex. Mice showed freezing behavior in response to 7kHz and 2kHz tones. Induction of optical

long term depotentiation (LTD) to synapses specific to 7kHz fear memory, erased only that memory (test 3)
without affecting the other memory (test 4) that was stored in shared neuron ensemble.
Credit: Kaoru Inokuchi, Kareem Abdou

Memories are formed through long-term changes in synaptic efficacy, a process
known as synaptic plasticity, and are stored in the brain in specific neuronal
ensembles called engram cells, which are activated during corresponding events.
When two memories are associated, cell ensembles corresponding to each memory
overlap. However, each memory has its own identity. How the brain stores and defines
a specific memory identity when two memories interact and are encoded in the shared
ensemble was elusive. Here, a research team led by Dr. Kaoru Inokuchi at the
University of Toyama shows that synapse-specific plasticity represents specific
memory entities, and that synaptic plasticity between specific engram assemblies is
both sufficient and crucial for information storage.
We exposed mice to auditory fear conditioning, in which a tone was associated with a foot shock. Synaptic
plasticity between the auditory cortex (AC) and the medial part of medial geniculate nucleus (MGm) neuron
terminals and the lateral amygdala (LA) neurons mediates this association. After complete retrograde amnesia,
optogenetic stimulation of the activated ensemble terminals of the AC and the MGm in the LA failed to induce
fear memory recall, indicating that the memory engram no longer existed in that circuit. This result was
correlated with the resetting of synaptic strength and functional connectivity between engram assemblies.
Next, mice were fear conditioned to two different tones, separated by 5 hours. Therefore, the two memory
traces interacted and overlapped in LA. Complete retrograde amnesia of a given fear memory did not affect the
linked fear memory encoded in the shared ensemble, indicating that memories are stored in specific synapses.
Then, we addressed the question of how each memory reserves its individual identity within the shared
ensemble. We used optical long-term depression (LTD) to depotentiate the synaptic efficacy in synapses
specific for certain memory. Depotentiation of the plasticity at synapses specific to one memory deconstructed
the specific connectivity between engram assemblies, thereby affected the recall of only that memory without
influencing the linked memory in the same population of neurons. Thus, sharing of engram cells underlies the
linkage between memories, while synapse-specific plasticity guarantees the identity and storage of individual
memories.
Our findings demonstrate that synapse-specific plasticity is necessary and sufficient for associative fear
memory storage, and it guarantees uniqueness to the memory trace, advocating the plasticity as a substrate
for the fear memory engram. Furthermore, we achieved selective and total erasure of fear memory from an
engram network without affecting other memories stored in the shared ensemble by resetting the plasticity in a
synapse-specific manner. This leads to better understanding of the mechanisms underlying memory storage,
and may give insight into therapeutic ways to treat post-traumatic stress disorder.
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Neurons Devoted to Social Memory Identified

Oct. 5, 2016 — Mice have brain cells that are dedicated to storing memories of other mice, according to a new
study. These cells, found in a region of the hippocampus known as the ventral CA1, store "social ... read more

Flipping a Light Switch Recovers Memories Lost to Alzheimer's Disease Mice

Mar. 16, 2016 — Light stimulation of brain cells can recover memories in mice with Alzheimer's disease-like
memory loss, according to new research. The rescue of memories, which changed both the structure of
neurons ... read more 
Been There? Done That? If You Are Sure, Thank Your 'Memory Cells'
June 9, 2015 — The witness on the stand says he saw the accused at the scene of the crime. Is he sure? How
sure? The jury’s verdict could hinge on that level of certainty. Many decisions we make every day are ...
read more 
Brain Learning Simulated Via Electronic Replica Memory
May 18, 2015 — A new study shows how a new way of controlling electronic systems endowed with a memory
can provide insights into the way associative memories are formed by mimicking synapses. Scientists are ...
read more 
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