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How Can One Choose the Best Method for Measuring FRET in a
Microscope with My Biological System?
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Which method is the best for imaging FRET? This is a common question. It is simply
answered if you have only one possibility for measuring FRET. However, even in this
case it is best to be aware of the pitfalls, as well as the advantages, for the different
methods. It can be difficult to quantify FRET in cells because of experimental artifacts
and complexities in determining the necessary photophysical parameters. There are many
reasons for these difficulties: photobleaching, distributions of distances, varying relative
angles between the donor and acceptor, aggregation of the labeled macromolecules, lack
of information about relative concentrations of the complementary FRET pairs in
different locations, stability of the image during data acquisition, less that 100% labeling
of the donor and acceptor, spatially varying index of refraction, pH and ionic strength,
different extents of static or dynamic quenching. Every effect contributes uniquely and to
a different extent to the various methods of FRET measurements. In this lecture we will
give an overview of several methods commonly used for measuring FRET in a
fluorescence microscope. They will be demonstrated, evaluated and compared on two
systems: intermolecular FRET between CFP and YFP hybridized to integrins and integrin
associated proteins in C. elegans, and measurements on photosynthetic systems in algae
and intact plants under stress. These two examples are chosen because they demonstrate
different and complementary experimental difficulties. Each method of measurement has
advantages and disadvantages in the various measurement circumstances.

The efficiency of energy transfer is measured in either in steady state or time-resolved
fluorescence measurements. Each mode of measurement can be carried out in several
ways. Steady state fluorescence is most common because this corresponds to the
equipment usually available in most laboratories. Time-resolved measurements are
presently located in select laboratories, mostly where the investigators have experience
with fluorescence lifetime measurements; however, the equipment is becoming available
commercially, and it is expected that these methods of fluorescence lifetime imaging,
FLI, will rapidly become more common.

We will present a very brief illustrative overview of the basic mechanism of FRET,

emphasizing the different pathways of de-excitation from the excited state, which clearly
demonstrate the coupling between the physical photophysical mechanisms.. Using this as
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a background as an introduction to the practical measurements, we will discuss a number
of common effects that can interfere significantly with a straightforward analysis of a
FRET measurement. The advantages and disadvantages of the methods as well as the
experimental peculiarities of each method will be discussed and demonstrated. and out
the necessity of measuring in different ways if this is possible.
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