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1. Introduction 
Memory is perhaps the most crucial component of our cognitive life. We are who we 
are because of what we have learned and what we remember. Yet we know little about 
how memories are formed and stored in the brain. To investigate the molecular and 
cellular events that participate in learning and memory, we have been using 
genetically engineered mice (Mayford and Kandel, 1999). Here I present two topics of 
our latest findings. 
 
2. Do learning and retrieval of a memory activate the same neurons? 
Memories are presumably stored in subgroups of neurons that are activated in 
response to various sensory experiences. We examined a simple question whether 
these cell assemblies might be reactivated during subsequent memory retrieval. To 
this aim, we have developed transgenic mice that allowed active neurons to be labeled 
with different tags during acquisition and retrieval of a memory (Reijmers et al., 
2007). We found neurons in the basolateral amygdala that are activated during 
Pavlovian fear-conditioned learning and are reactivated during memory retrieval. The 
number of reactivated neurons correlated positively with the behavioral expression of 
the fear memory. The data provide experimental evidence for the idea that a 
subpopulation of neurons that was active during memory encoding is reactivated 
during retrieval by partial activation and pattern completion. 
 
3. How can proteins, synthesized in the soma, act on specific synapses that participate 
in a given memory? 
Although we do not have a definitive answer to how memory is “formed”, the most 
generally accepted theory is that changes occur in synaptic strength, and that this 
increased strength forges memory. For a memory to be “stabilized”, it is believed that 
a specific set of newly synthesized proteins are transported into synapses to maintain 
their strength. However, it remains a mystery how they travel to their specific 
destinations that participate in a given memory. To monitor the trafficking of a 
particular protein, AMPA-type glutamate receptor (AMPAR), synthesized during 
learning, we have developed inducible transgenic mice expressing the GluR1 subunit 
fused to green fluorescent protein (GFP-GluR1) (Matsuo et al., 2008). We found 
learning-associated recruitment of newly synthesized GFP-GluR1 to a certain type of 



 

synapse in hippocampal neurons 24 hours after fear conditioning. Our results are 
consistent with “synaptic tagging” model to allow activated synapses to subsequently 
capture newly synthesized protein to maintain the increased synaptic strength. The 
study sheds light on how memory is stabilized at the molecular and cellular level. 
 
4. Conclusion 
We demonstrated that genetically engineered mice are powerful tool to investigate the 
neurobiological basis of cognitive functions in mammals. I hope these studies will 
uncover the secrets of memories. 
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