Biol 6102:  Neurobiology





11/06/11
Mechanisms of Learning and Memory

Chapter 25
· What are the changes in the nervous system that underlie learning and memory?

· Types of Learning
· Non-Associative

· Habituation
· Decrement of response to repeated benign stimulus 
· Sensitization

· Increase in responsiveness after noxious stimulus

· Associative

· Classical (Pavlovian) Conditioning

· a learned relationship between two stimuli 

· A conditioned stimulus (CS) can predict the occurrence of an unconditioned stimulus (US)

· Extinction occurs when the CS stimulus is no longer a good predictor of the US

· involves a modification of the response to the CS 

· Example: eyeblink conditioning

· Amnesiacs can perform delay conditioning, but not trace conditioning

· Delay conditioning (CS overlaps after a delay with US)

· Trace conditioning (There is only a memory trace connecting CS and US)

· Instrumental Conditioning (Operant Conditioning)
· a learned relationship between a stimulus and the animal's own behavior 

· involves a modification of the frequency and context  

· Observational 

· Instructional

· Imprinting

· Play

· Others…
· Cellular mechanisms of learning in the mollusc, Aplysia 

· Habituation is correlated with a decrease in synaptic strength
· Sensitization involves enhancement of synaptic transmission
· Due to serotonergic enhancement of transmitter release 

· Serotonin acts on a receptor that activates adenylyl cyclase 

· Produces cAMP which activates cAMP-dependent Protein Kinase (PKA) 

· PKA has at least 3 actions 

· it phosphorylates K+ channels and causes them to close (causing spike broadening) 

· it phosphorylates Ca2+ channels, causing them to open more easily in response to voltage, allowing more calcium to enter for each action potential 

· it directly enhances exocytosis through an unknown mechanism 

· Classical Conditioning uses the same cellular machinery as sensitization

· CS is light siphon stimulus, US is tail shock
· Adenylyl cyclase produces more cAMP when Ca2+ is elevated.

· Thus Adenylyl cyclase acts as a coincidence detector of Sensory neuron activity and serotonin.

· Learning in insects

· Early experiments by von Frisch showed that bees could learn to go to particular colors.

· Seymour Benzer created mutant fruit flies that showed learning defects.  

· Genes coded for signaling components

· Fruit flies (Drosophila melanogaster) can display classical and operant conditioning during tethered flight.

· Synaptic plasticity in the cerebellum
· Three layers in cerebellar cortex 

· Granule cell layer 

· ten billion granule cells

· axons form the parallel fibers
· and some Golgi cells 

· Purkinje cell layer 

· single layer of large Purkinje cell bodies 

· Purkinje cells are GABAergic and are the only output of the cerebellar cortex 

· Molecular layer 

· axons of granule cells (parallel fibers) 

· stellate and basket cells 

· dendrites of Purkinje neurons 

· receives input from 200,000 granule cells 

· each parallel fiber has a small effect on Purkinje cell

· Inputs to Cerebellum 

· Mossy fibers 

· arise from brain stem nuclei and spinocerebellar tract 

· synapse on granule cells 

· Climbing fibers 

· arise from the inferior olivary nucleus in the medulla 

· make strong excitatory synapses on a small number of Purkinje cells – always excite purkinje cell

· Climbing fibers carry the error signal
· The parallel fibers that are active at the same time as the climbing fiber exhibit Long Term Depression (LTD).

· Climbing fiber activation causes strong depolarization and influx of Ca2+.

· Parallel fibers activate metabotropic glutamate receptors, which activate PKC.  

· The coincidence of Ca2+ and PKC leads to a decrease in synaptic strength.
· Marr-Albus theory: Climbing fiber acts as error signal and changes synaptic strength of parallel fibers that are active at that time.

· Eye blink conditioning
· Associative conditioning corrects the timing of the blink

· US= air puff

· CS = tone

· Vestibular Ocular Reflex (VOR) conditioning
· Conditioning corrects the gain of the reflex

· Retinal slip is the error signal – also carried by climbing fibers

· Studies of Hippocampal Long Term Potentiation (LTP) 

· Brain slice preparation
· CA3 to CA1 synapse
· Tetanic stimulation of the Schaffer collaterals potentiates only those synapses that were stimulated
· LTP exhibits features of Hebbian plasticity 
· The Associative properties of LTP are reminiscent of Associative Learning
· Exhibits cooperatively
· Due in large part to the properties of the NMDA receptor
· Influx of Ca2+ activates CaMKII 
· Due to insertion of AMPA receptors into synapse and phosphorylation of existing AMPA receptors
· Long Term Depression (LTD) counterbalances LTP
· If synapses could only strengthen, then it would eventually saturate.
· Could be due to relative Ca2+ sensitivity of kinases and phosphatases
· BCM Theory says that plasticity is bidirectional
· Mechanisms for encoding long-term memory
· Kinases are active for as long as the second messenger is present
· Can be modified to be permanently activated.
· Memory will last until kinases are replaced in cell
· Autophosphorylation can lead to Ca2+ -independent activation of CaMKII – molecular switch hypothesis
· Protein synthesis can lead to more stable changes
· Changes in Gene transcription can lead to more permanent storage
· Phosphorylation of transcription factors such as cAMP response element binding protein (CREB) can lead to upregulation of particular genes
· Can lead to structural changes at synapse

· Mechanisms for Synapse specificity 

· protein tagging

· Prion proteins

· microRNA

· What does the hippocampus do?

· Formation of cognitive maps.

· Place cells

· Grid cells provide input

· Striatum – habitual learning

· Dopamine signals reward
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