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1. Confocal Fluorescence Microscopy for 3D Images: Concepts

1.1. Confocal fluorescence microscopy is a specialized imaging technique for localization of a protein or antigen of interest in a cell or tissue sample, by labelling the antigen with an antibody-conjugated fluorescent dye and detecting the fluorescence signal. (1.1.1)
1.1.1. See Storyboard

1.2. [bookmark: _GoBack]It offers higher spatial resolution than widefield fluorescence microscopy, with the help of two pinholes placed at the focal planes of the objective lens, giving it the name ‘confocal’. It enables users to visualize the staining at a subcellular level, such as differentiation between surface membrane staining from intracellular staining. (1.2.1)
1.2.1. See Storyboard

1.3. A confocal microscope follows a similar basic principle as a classic fluorescence microscope (1.3.1). The beam from a light source, usually a laser for confocal, is reflected by a dichroic mirror and focused by an objective lens on the sample. (1.3.2)
1.3.1. See Storyboard
1.3.2. See Storyboard

1.4. This light excites the fluorophores to emit a different wavelength, which travels back through the objective lens and dichroic mirror to a camera or eyepiece. (1.4.1)
1.4.1. See Storyboard

1.5. The enhanced resolution of a confocal microscope is mainly due to the presence of two pinholes, which are very small holes for light to pass through, on the excitation and emission light paths. (1.5.1) The pinholes are strategically placed at the focal plane of the objective lens. Now let’s switch to a side view schematic of the microscope arrangement to review the light path. (1.5.2)
1.5.1. See Storyboard
1.5.2. See Storyboard

1.6. After passing through the excitation pinhole, the excitation light beam has the effect of originating from a focal ‘point’, which enables the objective lens to then focus the light to a ‘point’ on the sample as well. (1.6.1)
1.6.1. See Storyboard

1.7. The emission beam from this focal point converges at the emission pinhole, which allows it to pass through. (1.7.1)
1.7.1. See Storyboard

1.8. Now, during excitation, fluorophores within the light path above and below the focal point are also slightly excited. While the emission light originating from the focal point passes through the pinhole, the emissions from the out-of-focus points converge before or after the emission pinhole, and are hence blocked, resulting in reduced background fluorescence. (1.8.1)
1.8.1. See Storyboard

1.9. The excitation-emission-detection cycle need to be repeated for each imaging point in the region of interest, which can be done in a few different ways. (1.9.1)
1.9.1. See Storyboard

1.10. For example, laser scanning confocal uses galvanometer scanning mirrors, which deflect the excitation light at different angles, hence sweeping the light beam across the specimen in the x-y plane. (1.10.1)
1.10.1. See Storyboard

1.11. Spinning disk confocal uses a disk with an array of pinholes, which rotates to shift the arrangement of the pinholes (1.11.1). This enables users to illuminate multiple small imaging points in the sample each time, gradually covering the whole area as the disk rotates. (1.11.2)
1.11.1. See Storyboard

1.12. As a result of the pinholes, the x-y image at the detector represents a narrow z-plane. Therefore, images can be collected from a series of consecutive z-planes, often referred to as a ‘z-stack’(1.12.1). From these images, an appropriate software can generate a 3D depiction of the fluorescence signal pattern in the sample. (1.12.2)
1.12.1. See Storyboard
1.12.2. See Storyboard (Lab media ‘zstack100x_03 - Movie (Converted) copy’)

1.13. In this protocol you will observe immunostaining of mouse fibroblasts followed by imaging on a confocal microscope, to differentially visualize a cell surface protein and a lysosomal protein. (1.13.1)
1.13.1. Selected shots from protocol TBD


