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When used i a confocal

REVIEW ARTICLE

https://doi.org/10.1038/541596-020-0313-9

M) Check for updates

uantitative confocal

am D. Wrights, Kurt 1. Anderson® and

in cells and tissues. The confocal microscope's ability to bl

is an excellent tool for making quantitative measurements
lock out-of-focus light and thereby perform optical sectioning

through a specimen allows the researcher to quantify fluorescence with very high spatial precision. However, generating
meaningful data using confocal microscopy requires careful planning and a thorough understanding of the technique. In
this tutorial, the researcher is guided through all aspects of acquiring quantitative confocal microscopy images, including
optimizing sample preparation for fixed and live cells, choosing the most suitable microscope for a given application and

ing the mi ions are offered for planning unbiased and rigorous confocal microscope
experiments. Common pitfalls such as photobleaching and cross-talk are addressed, as well as several troubling
instrumentation problems that may prevent the isition of itative data. Finally, guidelines for analyzing
and presenting confocal images in a way that maintains the quantitative nature of the data are presented, and
statistical analysis is discussed. A visual summary of this tutorial is available as a poster (https://doi.org/10.1038/

$41596-020-0307-7).

regular ‘widefield (epifluorescence) microscopes in

resolution, but their main advantage is the ability to
generate high-contrast images through optical sectioning. In a
widefield microscope, the acquired images are a superposition
of sharp features from the focal plane and blurry features from
outside of the focus. A confocal microscope blocks the latter,
resulting in a sharp image from the focal plane alone (Fig 1a,b).
With a high-resolution objective lens, a confocal microscope
can generate optical sections thinner than 1 um without having
to physically slice the sample. It can therefore be used to
quantify the intensities and investigate the spatial arrangement
of fluorescent molecules with high precision, which is useful for
assigning the localization of molecules to specific cellular
compartments or assessing the colocalization of different
molecules. A single confocal image (or ‘slice’) may be sufficient
for quantification if it is representative of the entire thickness of
the sample, but one can also take a series of confocal images
while changing the focus to produce a 3D dataset (or ‘z-stack’),
enabling the reconstruction and quantification of the entire
sample volume (Fig. 1c,d).

The essential component common to all confocal micro-
scopes is one or more strategically placed pinhole apertures.
Figure 2a shows a schematic of the main components and the
lightpath in the classic confocal laser-scanning microscope

C onfocal microscopes offer a modest advantage over

(CLSM). A laser beam is focused into a specimen, where it
excites fluorescent molecules throughout the entire cone of
illumination. The light emitted by these excited fluorescent
molecules (ie. fluorescence) is collected by the objective lens
and focused by a second lens through a carefully aligned pin-
hole. The pinhole ensures that only fluorescence that originates
at the focal point is captured by the detector; fluorescence
emission from above or below the focal plane is blocked. The
name ‘confocal’ derives from the position of the pinhole(s) in
the microscope’s lightpath, in a CONjugate FOCAL plane with
the sample. As the CLSM collects fluorescence from only one
focal point at a time, scanning mirrors are used to sweep the
laser beam across the specimen, generating an image pixel by
pixel. Since you typically must dwell for ~1 ps on each pixel to
collect enough fluorescence, it takes ~1 s to generate a modest
1,024 x 1,024 pixel (1 megapixel) image. To capture fast
dynamics in live specimens, small regions of interest can be
scanned, or a different confocal geometry might be needed. One
such alternative is a spinning-disk confocal microscope (SD),
which illuminates the sample using an array of pinholes
arranged in a special pattern on a disk, creating hundreds of
focused beams (Fig. 2b). The fluorescence is then collected back
through the pinholes (creating the optical section) and detected
using a digital camera—effectively parallelizing multiple con-
focal lightpaths. The disk spins to rapidly sweep the pattern of
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« BRNTIE: 1,376 x 1,032 pixels
* Peltier-cooling CCD chip
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Live cell DIC video
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GCaMP high speed video
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Count and Measure Results

F & & =

EObject Measurements lﬂ@!.‘_iect Filter @Clas: Measurements ﬁ Class Histogram 53l ROT Measurements ERDI Histogram 14k
Area [um’] Perimeter [um] Mean (Radius) [pm] Mean (Gray Intensity Value) Mean (Color Intensity +

1l 8262 34.91 5.06 85937 [

2 76.76 4545 4.41 71097

Count in filter ranges 7 77 7 77 -

Mean 52.44 31.20 384 724 42

Ctandard Neviatinn 49 49 1594 1497 12379 i
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