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Abstract 

The dentate gyrus (DG) of the hippocampus is essential for contextual and spatial memory 

processing. While lesion or silencing of the DG impairs contextual memory encoding and 

recall, overly activated DG also prevents proper memory retrieval. Abnormally elevated 

activity in the DG is repeatedly reported in amnesic mild cognitive impairment (aMCI) 

patients or aged adults. Although the correlation between memory failure and abnormally 

active hippocampus is clear, their causal relationship or the underlying nature of such 

interfering activity is not well understood. Using optogenetics aided by a carefully controlled 

adeno-associated virus infection system, we were able to examine the differential effects of 

abnormally activated hippocampus on mice motor behavior and memory function, depending 

on the extent of the stimulation. Optogenetic stimulation of massive proportion of dorsal DG 

cells resulted in memory retrieval impairment, but also induced increase in general 

locomotion. Random additional activity in a sparse population of dorsal DG neurons, 

however, interfered with contextual memory recall without inducing hyperactivity. Our 

findings thus establish the causal role of elevated DG activity on memory recall failure, 

suggesting such aberrant DG activity may contribute to amnesic symptoms in aMCI patients 

and aged adults. 
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1. Introduction 

The dentate gyrus of the hippocampus is well known for its contribution to processing of 

contextual memories and to discrimination between different contexts (O'Reilly & 

McClelland, 1994; Gilbert, Kesner, & Lee, 2001; Leutgeb, Leutgeb, Moser, & Moser, 2007; 

Hernández-Rabaza et al., 2008; Hunsaker & Kesner, 2008). Neurons in the DG are activated 

in response to contextual learning, reactivation of which is sufficient for retrieval of that 
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