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Long-term imaging of neural calcium dynamics
reveals an increase in associative
representations in the hippocampus of mice
acqauiring a bi-conditional learning task.
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Although the rodent perirhinal cortex and hippocampus have a key role in object recognition and
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spatial cognition respectively, their role in associative memory is less well understood. Previous studies
have identified perirhinal neurons that represent objects and hippocampal neurons that represent
conjunctions of spatial and sensory stimuli, but how these representations develop with learning and
are evoked in contexts with conflicting information remains unknown. To study the role of neural
ensembles in associative memory, we recorded perirhinal and hippocampal neural calcium dynamics
using a miniature fluorescence microscope in freely behaving mice as they learned a task requiring
mastery of a bi-conditional rule. This behavioral task involved two visuo-tactile stimuli that were
independently presented in two contextually distinct tracks. On each track, only one of the two stimuli
were rewarded, thus requiring the mouse to associate stimuli with context. Mice readily learned to
perform this task well above chance even when rapidly alternating between the two contexts.
Pharmacological inhibition of dorsal hippocampus and perirhinal cortex in trained mice impaired their
performance of the task, consistent with a role of the medial temporal lobe in context-dependent
associative memory retrieval. In trained mice, we found an increase in hippocampal cells that encoded
stimulus-context associations, while in the perirhinal cortex stimulus representations were invariant to
location, context and reward contingency. Together, the invariant coding in perirhinal cortex and the
associative coding in hippocampus may jointly support an animal’s ability to recognize stimuli reliably
across different contexts while responding in a context specific manner.
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