FIGURE LEGENDS
FIGURE 10.1 Features of the vertebrate stretch reflex. Stretch of an extensor muscle leads to the initiation of action potentials in the afferent terminals of specialized stretch receptors. The action potentials propagate to the spinal cord through afferent fibers (sensory neurons). The afferents make excitatory connections with extensor motor neurons (E). Action potentials initiated in the extensor motor neurons propagate to the periphery and lead to the activation and subsequent contraction of the extensor muscle. The afferent fibers also activate interneurons that inhibit the flexor motor neurons (F).

FIGURE 10.2 Excitatory (EPSP) and inhibitory (IPSP) postsynaptic potentials in spinal motor neurons. Idealized intracellular recordings from a sensory neuron, interneuron, and extensor and flexor motor neurons (MNs). An action potential in the sensory neuron produces a depolarizing response (an EPSP) in the extensor motor neuron. An action potential in the interneuron produces a hyperpolarizing response (an IPSP) in the flexor motor neuron.

FIGURE 10.3 Single-channel recording of ionotropic receptors and their properties. (A) Experimental arrangement for studying properties of ionotropic receptors. (B) Idealized single-channel currents in response to application of ACh.

FIGURE 10.4 Determination of the shape of the postsynaptic response from single-channel currents. (A) Each trace represents the response of a single channel to a repetitively applied puff of transmitter. Traces are aligned with the beginning of the channel opening (dashed line). (B) The addition of 1000 of the individual responses. If a current equal to 4 pA were generated by the opening of a single channel, then a 4-nA current would be generated by 1000 channels opening at the same time. Data are fitted with an exponential function having a time constant equal to 1/a (see text). Reprinted with permission from Sakmann (1992). American Association for the Advancement of Science, © 1992 The Nobel Foundation.
FIGURE 10.5 Voltage dependence of the current flowing through single channels. (A) Idealized recording of an ionotropic receptor in the continuous presence of agonist. (B) I–V relation of the channel in A. (C) Equivalent electrical circuit of a membrane containing that channel. γSC, single-channel conductance; IL, leakage current; ISC, single-channel current; gL, leakage conductance; gsyn, macroscopic synaptic conductance; EL, leakage battery; Er, reversal potential.

FIGURE 10.6 (A) I–V relation of the NMDA receptor. (B) Equivalent electrical circuit of a membrane containing NMDA receptors.

FIGURE 10.7 Features of AMPA and NMDA glutamate receptors. (A) AMPA receptors: (left) in the absence of agonist, the channel is closed, and (right) glutamate binding leads to channel opening and an increase in Na+ and K+ permeability. AMPA receptors that contain the GluR2 subunit are impermeable to Ca2+. (B) NMDA receptors: (left) in the absence of agonist, the channel is closed; (middle) the presence of agonist leads to a conformational change and channel opening, but no ionic flux occurs because the pore of the channel is blocked by Mg2+; and (right) in the presence of depolarization, the Mg2+ block is removed and the agonist-induced opening of the channel leads to changes in ion flux (including Ca2+ influx into the cell).

FIGURE 10.8 Potentiation of GABA responses by benzodiazepine ligands. (A) Brief application (bar) of GABA leads to an inward Cl− current in a voltage-clamped spinal neuron. (B) In the presence of diazepam, the response is enhanced significantly. From Bormann (1988).
FIGURE 10.9 Dual-component glutamatergic EPSP. (A) The excitatory postsynaptic current was recorded before and during the application of APV at the indicated membrane potentials. (B) Peak current-voltage relations are shown before (▲) and during (() the application of APV. Current-voltage relations measured 25 ms after the peak of the EPSC (dotted line in (A)); before (●) and during (○) application of APV are also shown. Reprinted with permission from Hestrin et al. (1990).
FIGURE 10.10 Dual-component IPSP. (A) Intracellular recordings from a pyramidal cell in the CA3 region of the rat hippocampus in response to activation of mossy fiber afferents. With the membrane potential of the cell at the resting potential, afferent stimulation produces an early (E) and late (L) IPSP. With increased hyperpolarization produced by injecting constant current into the cell, the early component reverses first. At more negative levels of the membrane potential, the late component also reverses. This result indicates that the ionic conductances underlying the two phases are distinct. (B) Plots of the change in amplitude of the early (measured at 25 ms) and the late (measured at 200 ms, dashed line in A) response as a function of membrane potential. Reversal potentials of the early and late components are consistent with a GABAA-mediated chloride conductance and a GABAB-mediated potassium conductance, respectively. From Thalmann (1988).
FIGURE 10.11 Dual-component cholinergic excitatory-inhibitory response. (A) Control in normal saline. Ejection of ACh produces a rapid depolarization followed by a slower hyperpolarization. (B) In Na+-free saline, ACh produces a purely hyperpolarizing response, indicating that the depolarizing component in normal saline includes an increase in gNa. (C) In Cl-free saline, ACh produces a purely depolarizing response, indicating that the hyperpolarizing component in normal saline includes an increase in gcl. Reprinted with permission from Blankenship et al. (1971).
FIGURE 10.12 Fast and slow synaptic potentials. (A) Idealized experiment in which two neurons (1 and 2) make synaptic connections with a common postsynaptic follower cell (Post). (B) An action potential in neuron 1 leads to a conventional fast EPSP with a duration of about 30 ms. (C) An action potential in neuron 2 also produces an EPSP in the postsynaptic cell, but the duration of this slow EPSP is more than three orders of magnitude greater than that of the EPSP produced by neuron 1. Note the change in the calibration bar.

FIGURE 10.13 Ionotropic and metabotropic receptors and mechanisms of fast and slow EPSPs. (A, left) Fast EPSPs are produced by binding of the transmitter to specialized receptors that are directly associated with an ion channel (i.e., a ligand-gated channel). When the receptors are unbound, the channel is closed. (A, right) Binding of the transmitter to the receptor produces a conformational change in the channel protein such that the channel opens. In this example, the channel opening is associated with a selective increase in the permeability to Na+ and K+. The increase in permeability results in the EPSP shown in the trace. (B, left) Unlike fast EPSPs, which are due to the binding of a transmitter with a receptor-channel complex, slow EPSPs are due to the activation of receptors (metabotropic) that are not coupled directly to the channel. Rather, coupling takes place through the activation of one of several second-messenger cascades, in this example, the cAMP cascade. A channel that has a selective permeability to K+ is normally open. (B, right) Binding of the transmitter to the receptor (R) leads to the activation of a G-protein (G) and adenylyl cyclase (AC). The synthesis of cAMP is increased, cAMP-dependent protein kinase (protein kinase A, PKA) is activated, and a channel protein is phosphorylated. The phosphorylation leads to closing of the channel and the subsequent depolarization associated with the slow EPSP shown in the trace. The response decays due to both the breakdown of cAMP by cAMP-dependent phosphodiesterase and the removal of phosphate from channel proteins by protein phosphatases (not shown).

FIGURE 10.14 Temporal and spatial summation. (A) Intracellular recordings are made from two idealized sensory neurons (SN1 and SN2) and a motor neuron (MN). (B) Temporal summation. A single action potential in SN1 produces a 1-mV EPSP in the MN. Two action potentials in quick succession produce a dual-component EPSP, the amplitude of which is approximately 2 mV. (C) Spatial summation. Alternative firing of single action potentials in SN1 and SN2 produce 1-mV EPSPs in the MN. Simultaneous action potentials in SN1 and SN2 produce a summated EPSP, the amplitude of which is about 2 mV.

FIGURE 10.15 Modeling the integrative properties of a neuron. (A) Partial geometry of a neuron in the CNS revealing the cell body and pattern of dendritic branching. (B) The neuron modeled as a sphere connected to a series of cylinders, each of which represents the specific electrical properties of a dendritic segment. (C) Segments linked with resistors representing the intracellular resistance between segments, with each segment represented by the parallel combination of the membrane capacitance and the total membrane conductance. Reprinted with permission from Koch and Segev (1989). Copyright © 1989 MIT Press. (D) Electrical circuit equivalent of the membrane of a segment of a neuron. The segment has a membrane potential V and a membrane capacitance Cm. Currents arise from three sources: (1) m voltage-dependent (vd) conductances (gvd1–gvdm)/(2) n conductances due to electrical synapses (es) (ges1–gesn), and (3) n times o time-dependent conductances due to chemical synapses (cs) with each of the n presynaptic neurons (gcs1,1–gcsn,o). Evd and Ecs are constants and represent the values of the equilibrium potential for currents due to voltage dependent conductances and chemical synapses, respectively. V1–Vn represent the value of the membrane potential of the coupled cells. Reprinted with permission from Ziv et al. (1994).
