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Microscopy
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Resolution
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Magnification
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Epifluorescence microscopy
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Figure 3. Typical light path in an 
epifluorescence microscope. Notice that the 
both excitation and emission are controlled by 
the dichroic, which reflects excitation light 
(shorter wavelengths) onto the sample and 
passes the resulting emission light (longer 
wavelengths) through the filter and on to the 
detector (the viewer or the camera).
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Lens
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Lens
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Ways to carry out the fluorophore
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Labeling

14



Labeling
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Direct immunofluorescence
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(+) Pros

•Direct labeling results in shorter 
sample staining time and a simpler 
workflow
•Offers the best solution for specific 
targeting if multiple antibodies to 
multiple targets are raised in the 
same species
•Avoids any cross-reactivity between 
secondary antibodies

(-) Cons

•Fluorophore signal relies on the 
finite number of fluorophores that 
can be attached to a single antibody, 
and consequently, can limit 
detection to high-abundance targets
•Workflow can be less flexible 
(fewer colors may be available), 
more expensive, and, if 
commercially labeled direct 
conjugates are unavailable, more 
difficult



Indirect immunofluorescence
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(+) Pros

•Offers greater sensitivity because 
more than one secondary antibody 
can bind to each primary antibody, 
resulting in signal amplification
•Commercially produced 
secondary antibodies are relatively 
inexpensive, and are available in a 
wide spectrum of colors

(+) Pros

•Potential for cross-reactivity; 
when performing multilabel
experiments, indirect labeling 
requires the use of primary 
antibodies that are not raised in 
the same species
•Secondary antibody may react 
with endogenous immunoglobulin 
in tissue samples, which can result 
in higher background fluorescence



Fixation of the sample
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(+) Pros

•Cells are preserved at a certain 
time point
•Cells become permeable to large 
molecules
•Gross cellular structures are 
protected and stabilized
•Targets are easier to image when 
they are not moving

(-) Cons

•Protein conformation may be 
changed by fixation
•Most enzymes are inactivated
•Soluble contents of the cell can 
be lost
•Dynamic processes give more 
functional information



Fixation & permeabilization
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Formaldehyde is the most commonly used fixative; it works by chemically
bonding adjacent macromolecules, such as proteins, together. Most available
formaldehyde preparations are actually paraformaldehyde (PFA, polymeric
formaldehyde) dissolved in water or a buffer. The free methanediols in the
resulting solution are reactive with amine groups on proteins and other cellular
structures that contain nitrogen. PFA also solubilizes some lipids in cellular
membranes. PFA is commonly diluted to 3.7–5% v/v and is applied to cells for
10–15 minutes.

The permeabilization step removes more cellular membrane lipids to allow
large molecules like antibodies to get inside the cell. Triton® X-100 and NP-40
are detergents commonly used at 0.1–0.5% (v/v, in PBS) for permeabilization. A
permeabilization time of 10–15 minutes is a good starting point, but if that
isn’t working well for your target you might need to try a shorter time or a
different detergent. These detergents will also permeabilize the nuclear
membrane, so they are suitable for a variety of target locations.



Blocking the antibody
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The most common types of blocking solutions for ICC are 3% (w/v) bovine
serum albumin in PBS and/or a 10% (v/v) solution of heat-inactivated species-
specific serum in PBS, where the serum species matches the species of the
secondary antibody. For example, if you are using a mouse anti–rabbit IgG
secondary antibody, chose normal heat-inactivated mouse serum to make your
blocking reagent.



Live-cell imaging
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(+) Pros

●Cellular enzymes and other cytosolic 
biomolecules remain in the cell
●Can observe dynamic cellular processes 
as they happen
●Cellular structures can be studied in 
their native environment, so you get less 
experimental artifact
●Cellular biomolecules and structures 
can be tracked over time
●Interactions between cells can be 
observed

(-) Cons

●Cells must be kept in their natural 
physiological ranges for pH, 
temperature, and osmolarity
●Must have a specific way to label your 
target—whether it is a molecule, a 
cellular function, or a cellular state—and 
illuminate it with minimum toxicity
●Living cells are not generally 
permeable to large molecules (i.e., 
antibodies)
●Moving objects can be more difficult to 
keep in focus
●Interrogation techniques can be 
harmful to living cells



Live-cell imaging
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Spontaneous contractions in mouse 
embryonic stem cell–derived 
cardiomyocytes, transduced with 
CellLight® Actin-GFP.

Live-cell fluorescence imaging (red 
and green channels) capturing mitotic 
division in HeLa cells. Cells were 
transduced with CellLight® Histone 
2B-GFP and Mitochondria RFP.



Bright field & fluorescence microscopy
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Application – nuclear staining
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Application – cytoskeleton labeling
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Application - morphology
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Application – multiple labeling
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Application – cell signaling
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Application – cell signaling
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Application – cell death
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Using techniques together
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Fluorescence microscopy
Phase contrast microscopy



Wound healing
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Problems facing the obtention of the
images in fluorescence microscopy
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Treatment options
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Photobleaching
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Bleed-Through
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Background noise
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Photoxicity
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Uneven illumination
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Masking the images
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Post-processing – analysing the results
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