BOX 11.2

DENDRITIC RECORDING

Ever since Santiago Ramón y Cajal looked down a microscope over a hundred years ago and observed that individual nerve cells have complex processes called dendrites neuroscientists have wondered at their properties. How dendrites influence the way neurons process synaptic input remained a mystery until the 1950s and 1960s, when theoretical models were used to explore dendritic function (Box 11.1). Experimental observations of dendritic properties had to wait until the 1970s and 1980s, when the first recordings were made from neuronal dendrites using sharp microelectrodes (Fig. 11.4). Due to their small size, these recordings, while very influential, were rare. Furthermore, because these recordings were performed “blind” (without visual information to guide microelectrode placement), identification of the site of recording was difficult, and recordings were restricted to brain regions where dendrites predominated. 

The application of differential interference contrast optics to visualize neurons in brain slices allowed the possibility to record from neurons under visual control (Takahashi, 1978). This method was significantly enhanced by the introduction of the patch-clamp technique (Edwards, Konnerth, Sakmann, & Takahashi, 1989). Advances in optics, as well as the use of both infrared light, which reduces light scattering, and video microscopy, to enhance contrast, allowed dendrites to be visualized in living brain tissue for the first time (Dodt & Zieglgansberger, 1990). By combining these methods, it was possible to routinely record from dendrites under visual control (Stuart, Dodt, & Sakmann, 1993). This opened the door for direct experimental recordings to be made from dendrites using the power of the patch-clamp technique (Hamill, Marty,Neher, Sakmann, & Sigworth, 1981), allowing their properties and function to be investigated in detail. Using outside out and cell-attached recording, it has been possible to map the density and properties of voltage- and ligand-gated channels in the dendrites of different neuronal types. Furthermore, since both the dendrites and the cell body of neurons can be visually identified simultaneously, whole-cell recordings can be made from multiple locations on the same neuron, allowing the propagation of a variety of voltage signals in dendrites to be directly examined (Fig. B11.2). 

As described in this chapter, these technical developments have led to a number of important discoveries about dendritic function in a variety of neuronal cell types, including direct observations of dendritic membrane properties, the finding that action potentials actively propagate back into the dendrites of many but not all neurons, and the description of a variety of different types of dendritic spikes and how they influence neuronal output. Critical to an understanding of how these dendritic properties influence brain function will be to determine how dendrites work in the intact brain. While we are still some way off achieving this goal, dendritic whole-cell recordings have been obtained in vivo in anesthetized preparations (Waters & Helmchen, 2004), and somatic whole-cell recordings can be obtained in awake, behaving animals (Lee, Manns, Sakmann, & Brecht, 2006). Using these methods, combined with optical techniques (Box 11.3), offers the possibility to observe dendritic activity at high resolution using the patch-clamp technique in the working brain.
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FIGURE B11.2  Examples of dendritic recording. (A) Differential interference contrast image of a cortical layer 5 pyramidal neuron in a living brain slice from rat somatosensory cortex. A patch pipette (asterisk) can be seen recording from the main apical dendrite. (B) Fluorescent image of a simultaneous somatic (blue) and dendritic (green) patch pipette recording from a cortical layer 5 pyramidal neuron. Sources: (A) Adapted from Stuart, et al., 1993; (B) Adapted from Stuart and Sakmann, 1994.
