IMAGING CA2+ FLUX THROUGH SINGLE N-TYPE VOLTAGE-GATED CA2+ CHANNELS EXPRESSED IN XENOPUS OOCYTES. 
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The introduction of patch-clamp recording revolutionized our ability to study the functioning of individual ion channels. Nevertheless, patch-clamp recording suffers some limitations. Channels must be physically accessible to the pipette and seal formation may disrupt local cellular architecture; recordings are obtained from only one channel at a time; and it is difficult to change solution in the pipette. 
We describe the potential of fluorescence microscopy as an advantageous adjunct to study single ion channel activity. Visualization of Ca2+ influx through individual N-type Ca2+ channels transiently expressed in Xenopus oocytes was carried out using confocal microscopy to image along the scan line in the plane of the membrane. Step depolarizations (
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20 - +30 mV) delivered by a two electrode voltage clamp produced local (< 0.6 m) calcium signals representing stochastic openings of multiple discrete channels along the scan line. Single channel calcium transients (SCCATs) as brief as 10 ms could be resolved, and we were able to determine channel lifetime and latency distributions. 
Confocal fluorescence imaging thus provides temporal information on channel gating similar to that obtained by patch-clamp recording. Moreover, optical imaging provides spatial information from multiple channels, involves minimal disruption and is applicable to channels that are not accessible to a patch pipette. We believe that optical single-channel recording will find many applications for study of the numerous voltage- and ligand-gated channels that have appreciable Ca2+ permeability.
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