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Applications for Ratiometric Imaging

Application Note

Background

Ratiometric imaging is a quantitative fluores-
cence application that provides a way to mea-
sure the concentration of specific intracellular
targets. Many cell biologists are interested in
ratiometric imaging approaches in the context
of studying the dynamics of cytosolic calcium
within cells. Calcium is an important second
messenger, as cytosolic calcium concentrations
play a critical role in regulating a wide range

of cellular functions. Calcium can trigger the
activity of many enzymes that in turn transduce
the calcium signal and thereby cause a variety
of biological responses. Examples include
muscle contraction or the process of exocytosis.
The movement of relative calcium concentra-
tions among cells is one mechanism for the
coordination of cell activities.

Ratiometric imaging approaches make use of
physiological fluophores, which show different
fluorescent behavior when being bound to their
target molecules. Here, the dual-excitation
ratiometric calcium indicator Fura-2 provides an

example of ratiometric imaging applications. The

fluophore, which reversibly binds to cytosolic
calcium, shifts its absorption maximum towards
lower wavelengths upon binding to calcium.
Thus, the spectral characteristics of Fura-2
change in a way that leads to increases in
fluorescence emission (usually measured at 510
nm) at approximately 340 nm excitation and

decreases in emitted light at 380 nm excitation.
Therefore, Fura-2 has to be excited by alter-
nating between light at 340 nm and 380

nm because at these two wavelengths the
difference in fluorescence emission between
bound and free fluophore is at its maximum.
Subsequently, the ratio between the two
fluorescence intensities measured at the two
excitation wavelengths can be calculated. The
major advantage of ratiometric imaging ap-
proaches is the ability to normalize for changes
in fluorescence intensities that are unrelated to
changes in target concentrations. The temporal
and spatial distribution of the measured fluores-
cence intensity can fluctuate, typically due to
an unequal distribution of the fluophore within
the specimen, uneven cell thickness, or noise
introduced by the imaging system itself, such
as variations in the illumination intensity.

Figure 1. Different excitation spectra of Fura-2 relating to
different calcium concentrations in solution.
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Example Procedure

Neuronal activity can induce profound increases in cytosolic calcium concentration.
These activity-dependent calcium signals have fast kinetics and can mediate
synaptic transmission, the process by which neuronal information is communicated
among neurons. The dynamic of intracellular calcium can also be used as a marker
in order to monitor neuronal activity.

The following example outlines a typical ratiometric imaging approach in embryonic
chicken neurons using the calcium indicator Fura-2. Cultured cells were incubated
in a concentrated cell-permeable Fura-2-AM solution. Neuronal activity was elicited
by electrical stimulation and the spatiotemporal dynamics of the resultant calcium
responses were visualized over time. During image acquisition, the excitation wave-
lengths alternated between 340 and 380 nm while corresponding emission light
signals were measured at 510 nm with a CCD-based camera.
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Corresponding pairs of 340/380 raw images were divided pixel by pixel.
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The resultant ratio image sequence provides a qualitative representation of the
intracellular calcium concentration changes. Spatiotemporal changes in fluorescence
intensities are shown in false colors, warm colours indicate high intensity values.

Fura-2 on sensoric chicken neurons (embryonic, day 11)

More sophisticated methods for ratiometric calculations include the subtraction of
background fluorescence intensities. Therefore, the average fluorescence inten-
sity within an unstained region of the specimen was determined for each image.
Then, this value was subtracted from every image on a pixel-by-pixel basis. In
order to extract the absolute calcium concentration from the ratio image sequence,
elaborate calibrating procedures can be used.
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