FIGURE LEGENDS
FIGURE 47.1 Classical conditioning. In the procedure introduced by Pavlov, the production of saliva is monitored continuously. Presentation of meat powder (US) reliably leads to salivation, whereas some “neutral” stimulus such as a bell (CS) initially does not. With repeated pairings of the bell and me at powder, the animal learns that the bell predicts the food and salivates in response to the bell alone. Modified from Rachlin (1991).

FIGURE 47.2 Model of short-term heterosynaptic facilitation of the sensorimotor connection that contributes to short-term sensitization in Aplysia. (A1) Sensitizing stimuli activate facilitatory interneurons (IN) that release modulatory transmitters, one of which is 5-HT. The modulator leads to an alteration of the properties of the sensory neuron (SN). (A2 and A3) The enhanced synaptic input to the motor neuron (MN) (A3) results from enhanced sensory input, partly due to two mechanisms. First, the same peripheral stimulus can evoke a greater number of action potentials in the presynaptic SN (i.e., enhanced excitability). Second, each action potential fired by an SN produces a stronger synaptic response in the MN(i.e., synaptic facilitation). (B) Model of a SN that depicts the multiple processes for short-term facilitation and changes in excitability that contribute to short-term sensitization. 5-HT released from facilitatory neurons binds to at least two distinct classes of receptors on the outer surface of the membrane and leads to the transient activation of two intra cellular second messengers, DAG and cAMP, and their respective kinases (PKC and PKA). These kinases affect multiple cellular processes, the combined effects of which lead to changes in excitability and enhanced transmitter release when subsequent action potentials are fired in the sensory neuron (see text for additional details). Modified from Byrne and Kandel (1996).

FIGURE 47.3 Simplified scheme of the mechanisms in SNs that contribute to long-term sensitization. Sensitization training leads to cAMP-dependent regulation of CREB1. Serotonin also leads to activation of MAPK, which regulates CREB2. Whereas CREB1 acts as an initiator of gene transcription, CREB2 acts as a repressor of gene transcription. The combined effects of activation of CREB1 and suppression of CREB2 lead to regulation of the synthesis of at least 10 proteins, only some of which are shown. ApTBL is believed to activate latent forms of TGF-β, which can then bind to receptors on the SN. TGF-β activates MAPK, which may act by initiating a second round of gene regulation by affecting CREB2-dependent pathways. Serotonin can also increase the release of the peptide sensorin, which binds to autoreceptors leading to further activation of MAPK. Increased local synthesis and subsequent release of sensorin can also be evoked by 5-HT, through the PI3 kinase and type II PKA, respectively. Because increased synthesis of sensorin requires elevation of postsynaptic calcium, a retrograde signal is also postulated. In addition to the retrograde signal, 5-HT-induced postsynaptic signaling also leads to an increased number of glutamate receptors.

FIGURE 47.4 Model of classical conditioning of a withdrawal reflex in Aplysia. (A) Activity in a sensory neuron (SN1) along the CS+ (paired) pathway is coincident with activity in neurons along the reinforcement pathway (US). However, activity in the sensory neuron (SN2) along the CS– (unpaired) pathway is not coincident with activity in neurons along the US pathway. The US directly activates the motor neuron, producing the UR. The US also activates a modulatory system in the form of the facilitatory neuron, resulting in the delivery of a neuromodulatory transmitter to the two sensory neurons. The pairing of activity in SN1 with the delivery of the neuromodulator yields the associative modifications. (B) After the paired activity in A, the synapse from SN1 to the motor neuron is selectively enhanced. Thus, it is more likely to activate the motor neuron and produce the conditioned response (CR) in the absence of US input. Modified from Lechner and Byrne (1998).

FIGURE 47.5 Model of associative facilitation at the Aplysia sensorimotor synapse. This model has both a presynaptic and a postsynaptic detector for the coincidence of the CS and the US. Furthermore, a putative retrograde signal allows for the integration of these two detection systems at the presynaptic level. The CS leads to activity in the sensory neuron, yielding presynaptic calcium influx, which enhances the US-induced cAMP cascade. The CS also induces glutamate release, which results in postsynaptic calcium influx through NMDA receptors if the glutamate release is paired with the US-induced depolarization of the postsynaptic neuron. The postsynaptic calcium influx putatively induces a retrograde signal, which further enhances the presynaptic cAMP cascade. The end result of the cAMP cascade is to modulate transmitter release and enhance the strength of the synapse. Modified from Lechner and Byrne (1998).

FIGURE 47.6 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/cominputs) and an intracellular recording electrode in the stratum pyramidale (the cell body layer). Also indicated is the mossy fiber projection from granule cells of the dentate gyrus (DG) to the pyramidal neurons of the CA3 region. Adapted from Barrionuevo and Brown (1983).

FIGURE 47.7 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, 100Hz 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. Modified from Nicoll et al. (1988).

FIGURE 47.8 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. Modified from Nicoll et al. (1988).

FIGURE 47.9 Events leading to some forms of LTP and LTD. The schematic depicts a postsynaptic spine with various sources of Ca2+. The NMDA receptor channel complex admits Ca2+ only after depolarization removes the Mg2+ block in the presence of bound glutamate. Calcium may also enter through the ligand-gated AMPA receptor channel or voltage-gated calcium channels (VGCC), which may be located on the spine head or dendritic shaft. Calcium pumps (P), located on the spine head, neck, and dendritic shaft, are hypothesized to help isolate Ca2+ concentration changes in the spine head from those in the dendritic shaft.

FIGURE 47.10 Schematic representation of possible loci for cellular changes involved in the enhancement of synaptic efficacy. The efficacy of a synapse can be potentiated through at least sixmechanisms. First, there could be an increase in the fraction (release probability) of available presynaptic vesicles that undergo exocytosis. For example, in mechanism 1, two out of four available vesicles are released (i.e., 50%release probability), in contrast to the normal synapse, where only one out of four vesicles is released (i.e., 25% release probability). Second, there could be an increase in the number of release sites at the presynaptic neuron (mechanism 2). Third, the synapse could be potentiated through an increase in the number of vesicles available for release. For example, at a release site with eight vesicles, two of them will be exocytosed (instead of one) (mechanism 3), even if the release probability (25%) is the same as at the normal synapse. Fourth, there could be an increase in the sensitivity of the preexisting receptors to presynaptically released neurotransmitter or a greater conductance of the channel (mechanism 4). Fifth, there could be an increase in the number of functional receptors (illustrated as an increase from two active receptors at the normal synapse to four at the potentiated synapse; mechanism 5). Finally, the synapse could also be potentiated through coordinated presynaptic and postsynaptic morphological changes, such as the growth of new synaptic contacts between the same pair of neurons (mechanism 6). Adapted from Wang, Ko, and Kelly (1997).

FIGURE 47.11 Autoassociation network for recognition memory. The artificial circuit consists of six input pathways that make strong connections to each of six output neurons. The output neurons have axon collaterals that make synaptic connections (numbered 1–36) with each of the output cells. (A) A pattern represented by activity in the input lines or axons (a, b, c, d, e, f) is presented to the network. A 1 represents an active axon (e.g., a spike), whereas a 0 represents an inactive axon. The input pathways make strong synapses (•) with the postsynaptic output cells. Thus, output cells (u, v, w, x, y, z) generate a pattern that is a replica of the input pattern. The collateral synapses were initially weak and do not contribute to the output. Nevertheless, the activity in the collaterals that occurred in conjunction (assume minimal delays within the circuit) with the input pattern led to a strengthening of a subset of the 36 synapses. (B) A second presentation of the input produces an output pattern that is an amplified, but an otherwise intact, replica of the input. An incomplete input pattern can be used as a cue to retrieve the complete pattern.

