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Memory Classification
• Short-Term

• Working memory (seconds to minutes)
• Phonological (posterior parietal lobe, Broca’s area [frontal])
• Visuospatial (neocortex, mostly frontal lobes)

• Object knowledge
• Spatial knowledge

• Intermediate (minutes to hours)
• Long-Term (hours to days)

• Explicit (Declarative) (medial temporal lobe, neocortex)
• Episodic
• Semantic

• Implicit (Procedural)
• Associative (Conditioning) (amygdala, cerebellum)

• Classical (two stimuli) 
• Operant (behavior and stimuli)

• Non-associative
• Priming (neocortex)
• Skill learning (basal ganglia, cerebellum)
• Habit memory (basal ganglia)
• Habituation
• Sensitization
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Working memory Requires the right amount of dopamine on D1 receptors






Fear Conditioning
• Requires amygdala
• Contextual fear conditioning 

also requires hippocampus
• The mechanism is believed to 

be long-term potentiation (LTP)
• Requires the transcription 

factor CREB for consolidation

TINS Vol. 22, No. 12, 1999



Explicit Memory

• Requires hippocampus as revealed 
by famous clinical cases

• Spatial memory in rodents is a close 
approximation

• Overwhelming evidence suggests 
that long-term potentiation (LTP) 
and long-term depression (LTD) are 
the molecular underpinnings



Hippocampal LTP
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Schematic of a transverse hippocampal brain slice preparation from the rat. Two extracellular stimulating electrodes are used to activate two nonoverlapping inputs to pyramidal neurons of the CA1 region of the hippocampus. By suitably adjusting the current intensity delivered to the stimulating electrodes, different numbers of Schaffer collateral/commissural (Sch/com) axons can be activated. In this way, one stimulating electrode was made to produce a weak postsynaptic response and the other to produce a strong postsynaptic response. Also illustrated is an extracellular recording electrode placed in the stratum radiatum (the projection zone of the Sch/com inputs) and an intracellular recording electrode in the stratum pyramidale (the cell body lay

LTP at the CA3–CA1 synapse in the hippocampus. (A) Test stimuli are delivered repeatedly once every 10 s while the strength of the synaptic connection is monitored. Strength can be assessed by the amplitude of the extracellularly recorded EPSP or, as was done in this example, as the slope of the rising phase of the EPSP, which provides an accurate reflection of its strength. To induce LTP, two 1 s, 100 Hz tetani were delivered with a 20-s interval. Subsequent test stimuli produce enhanced EPSPs. The enhancement is stable and persists for at least 2 h. Examples of extracellulary recorded field EPSPs before (B1) and 90 min after the induction of LTP (B2). In B3 the traces from B1 and B2 are superimposed.er). Also indicated is the mossy fiber projection from granule cells of the dentate gyrus (DG) to the pyramidal neurons of the CA3 region.

Features of LTP at CA3–CA1 synapses in the hippocampus. A single hippocampal pyramidal cell is shown receiving a weak and strong synaptic input. (A) Tetanic stimulation of the weak input alone does not cause LTP in that pathway (compare the EPSP before and after the tetanus). (B) Tetanic stimulus of the strong input alone causes LTP in the strong pathway, but not in the weak pathway. (C) Tetanic stimulation of both the weak and the strong pathway together causes LTP in both the weak and the strong pathway.



LT
P

Pre-synaptic

Post-synaptic



Associative (Hebbian) postsynaptic LTP) postsynaptic LTP

Nature Reviews Neuroscience 17, 337–350 (2016)



LTD

nature reviews | neuroscience volume 8 | septemb r 2007 | 691
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Figure 2 | Long-term potentiation (LTP) and long-term depression (LTD) in the
hippocampal formation. NMDA-receptor-dependent LTP, also called Hebbian LTP (see
BOX 3) occurs in approximately 50% of interneurons in the stratum radiatum of the CA1
region, at synapses formed by Schaffer collaterals45 (axons of CA3 pyramidal cells). When
measured by whole–cell patch-clamp recording, tetanic stimulation of Schaffer
collaterals has been shown to induce LTD in interneurons of the stratum radiatum33. This
form of LTD spreads to other inputs on the same interneuron. Anti-Hebbian LTP, which is
dependent on Ca2+-permeable AMPA receptors (CP‑AMPARs) and involves mGluR1,
occurs in many interneurons in the stratum oriens and the stratum pyramidale, at
synapses formed by axon collaterals of local pyramidal neurons24,57. Both LTP and LTD
occur in basket cells in the dentate gyrus (DG), at synapses formed by axon collaterals of
granule cells34. LTD that is dependent on either NMDA or CP‑AMPARs occurs in
interneurons in CA3, where it has been studied most intensively at synapses that are
formed by mossy fibres23,65. AMPA, α‑amino‑3-hydroxy‑5-methyl‑4-isoazolepropionic
acid; G, stratum granulosum; H, hilus; L, stratum lucidum; LM, stratum lacunosummoleculare;
M, stratum moleculare; NMDA, N-methyl-d-aspartate; O/A, stratum oriens/
stratum alveus; P, stratum pyramidale; R, stratum radiatum.




Long term plasticity requires 
protein synthesis and 
structural changes

Brain Research, 452 (1988) 57-65
Nature Reviews Neuroscience 5, 45-54 (January 2004)



Epigenetic changes co-occur with synaptic plasticity

Iva B. Zovkic et al. Learn. Mem. 2013;20:61-74
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Figure 1. Epigenetic Mechanism in Memory
Epigenetic regulation of the transcriptional switch: 5HT inhibits miRNA-124
and thus facilitates the activation of CREB-1, which begins the process of
memory consolidation, while piRNA, also activated by 5HT, but with a delay,
leads to the methylation and thus repression of the promoter of CREB-2,
allowing CREB-1 to be active for a longer period of time.



Neurogenesis (new neurons) happens in the 
dentate gyrus throughout the lifespan

Annu Rev Psychol. 2010 ; 61: 111–C3.
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Cell birth and cell death in the dentate gyrus across the lifespan. On postnatal day 1, granule
neurons that were generated embryonically have begun to form the tip of the suprapyramidal
blade of the granule cell layer (GCL). During the first postnatal week, the GCL continues to
be formed from progenitor cells located within the hilus along four general gradients—
caudal to rostral, suprapyramidal to infrapyramidal, suprapyramidal tip through crest to
infrapyramidal tip, and superficial to deep. Thereafter, the production of new granule
neurons tapers off but remains substantial in adulthood until animals reach middle age and
become aged. Alongside neurogenesis, there is substantial death of granule neurons. Cell
death peaks at the end of the first postnatal week as indicated by the presence of pyknotic
(i.e., dying) cells. In adulthood, substantial cell death continues, especially of newborn
neurons located primarily within the subgranular zone (SGZ) or deep within the GCL.



Where are memories stored?



Nature Reviews Neuroscience 16, 521–534 (2015)



Conn's Translational Neuroscience 2017, Pages 693–708

Place cells
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Figure 32.4. Neurons in the medial temporal lobe memory system exhibit spatially specific firing. From the perspective of someone looking down into an enclosure containing a rat, the gray line indicates the path of the rat, and each red dot indicates the location of the rat when the neuron fired an action potential. (A) A place cell in the hippocampus fires action potentials only when the rat is in one particular area of space. (B) A grid cell in the entorhinal cortex, which is intensively connected with the hippocampus, fires when the rat is located within multiple, periodic locations that form a grid pattern.
Figure from Derdikman D, Moser E. A manifold of spatial maps in the brain. Trends Cog Sci 2010;14:561–69.


http://www.sciencedirect.com/science/book/9780128023815


The memory engram

Nature Reviews Neuroscience 16, 521–534 (2015)
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