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APPLICATION NOTE #3
Improving Whole-Cell Patch-Clamp of Drosophila Brain Neurons With the ez-gSEAL Pressure Controller

Ellena v. McCarthy

Department of Cellular and Molecular Physiology

Yale School of Medicine

Introduction

Whole-cell patch-clamp of neurons in the intact brain of adult Drosophila melanogaster fruit flies is technically challenging for a number of reasons. First, the intact brain of the fly is extremely small and difficult to work with in comparison to mammalian brain slices. Second, it is covered by a connective tissue/glial sheath, which must be overcome to access the cells of interest. Third, the cells of interest are frequently deep within the brain tissue. Fourth, the cells of interest are frequently extremely small, with diameters less than 5 microns. The ez-gSEAL has been invaluable in increasing the yield of quality recordings, by helping to overcome the third and fourth obstacles to whole-cell recording from adult fly brains.

Method

Whole adult fly brains were prepared and mounted in patch rig essentially identical to a mammalian slice rig, according to Cao and Nitabach, 2008. MultiClamp 700B amplifier and pClamp9 software were used for recording. Glass pipettes were made from borosilicate glass (outer diameter 1.5mm, inner diameter 0.86 mm) and pulled on a PP-830 puller from Narishige, followed by fire polishing using a Narishige forge. Pipette resistances were between 13-17 megaOhms.

Results

A whole-cell current-clamp recording from a small lateral ventral circadian clock neuron genetically tagged to express red fluorescent protein is shown in Figure 1. 
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Figure 1. Representative whole-cell current-clamp recording of small lateral ventral circadian clock neuron showing spontaneous rhythmic oscillation of resting membrane potential. A) 300 second recording B) Magnification of the last 60 seconds of the recording in A.

The optimal ez-gSEAL Pressure Controller protocol to achieve gigaseals was as follows: set pressure at 40 mmHg (P1) before entering bath, changed pressure to -40 mmHg (P2) once the cell was contacted by the electrode, and then released the pressure to 0 mmHg once the seal reached greater than 1 GOhm. After achieving a stable gigaseal, the membrane was broken into using the following ramp protocol:

1st Step: -100 mmHg

Peak P: -250 mmHg

Ramp T: 5 s

Interval: 5 s

Number: 1

Incr P: -10 mmHg

These parameters first stepped the pressure to -100 mmHg and then ramped up the pressure to -250 mmHg. The entire ramp was 5 sec in duration.  The ramp was interrupted by pressing P3, the holding pressure, as soon as the membrane was broken. If break-in was not achieved on the first try, this protocol was repeated, incrementally increasing the ramp duration (Ramp T). If a clean gigaseal was achieved, break-in was successful at almost every attempt.

Discussion

The use of consistent positive pressure delivered by the ez-gSEAL Pressure Controller was invaluable in allowing penetration of the preparation to the depth required to access the small lateral ventral circadian clock neurons, which are in the accessory medulla region of the fly brain. Because these neurons are so small, high-resistance pipettes with very small tip diameters are required. Therefore, once a gigaseal is formed, it can be difficult to break in, and the difference between the amount of negative pressure required to break in and the amount that would damage the seal are close together. Consequently, with mouth or syringe delivery of suction, a slight error in delivering too much suction will ruin the recording. Accordingly, the highly repeatable delivery of suction to break in provided by the ez-gSEAL Pressure Controller substantially increases the yield of good recordings obtained from this difficult electrophysiological preparation. In addition, the capability of the ez-gSEAL to deliver a ramp of pressure, as described above, is a significant improvement over a square pressure step (i.e., -200 mmHg for 500 ms), as it decreases the chance of interruption to the gigaseal.
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