PrizmatiXx innovative Application

Dynamic ratiometric imaging of Ca?* with new LED excitation
light source that offers fast switching and high stability

Manoop Chenchiliyan and his colleagues at Bar-llan University in Israel use calcium imaging to study the
intracellular concentration of free ionized calcium (Ca?*). Ca®* plays a key role in triggering a range of
cellular events such as the contractile activity of muscle cells, neurotransmitter release, and oocyte
fertilization.

“Understanding the spatial-temporal characteristics of Ca?* signals are critically important in gaining the
knowledge of the physiological regulations of the biological systems, which would provide new leads for
pharmacological approaches,” said Chenchiliyan.

In a recent paper, the researchers demonstrated a new excitation light source that uses Prizmatix LEDs
featuring high stability and fast switching to precisely match the excitation spectra of the commonly
used Fura-2 Ca?* indicator.

Monitoring Cellular Ca?* Dynamics

Studying calcium as an intracellular messenger requires quantitative measurements of cytosolic free
Ca? concentrations. Although no single approach exists for monitoring Ca?* changes in all situations,
imaging calcium-sensitive fluorescent indicators is the most widely used technique.
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A new calcium imaging excitation source uses LEDs with high stability and fast switching to precisely
match the excitation spectra of Fura-2.



One type of calcium indicator, known as ratiometric, shifts excitation or emission wavelengths when
calcium is present, allowing the concentration of intracellular calcium to be determined from the ratio of
fluorescence emission or excitation at distinct wavelengths.

Fura-2, one of the most common ratiometric fluorescent Ca®* indicators, has an emission maximum at
510 nm and an excitation maximum that changes from 380 to 340 nm in response to calcium binding.
Historically, a combination of arc lamp and monochromators have been used as the excitation light
source for calcium indicator, but recently different combinations of LEDs such as 350 and 380 nm or 360
and 380 nm have also been used to excite Fura-2.

Using optimal excitation wavelengths

To precisely match Fura-2 excitation, the researchers used a new 340/385-nm excitation light source
based on Mic-LED-340A and Mic-LED-385B LEDs from Prizmatix Ltd., Israel. The LEDs feature high
intensity and stability as well as fast switching between wavelengths. One LED source had peak
wavelength of 343.63 nm with a full width at half maximum of 12.41 nm and the other had a peak
wavelength at 383.80 nm and full width at half maximum of 13.60 nm.

Prior to performing an actual experiment, the researchers used the Prizmatix Spectra-Viewer online
software to simulate the excitation and emission spectra of Fura-2 with Ca®* in free or bound state by
inputting the optics used in the actual experiments. The software can be used to simulate any dual-
LED/ratiometric system.

Dynamic imaging of skeletal muscle cells.

The combined 340/385
nm excitation light was
coupled to the epi-
fluorescence port of a

wide field epi-
fluorescence microscope Camera Pulser
and used to LongEass ' Mic-LED
. . filter ET420Ip. -340A
consecutively excite > \
Dichroic

samples at 340 and 385
nm. The researchers
used the new LED light
source to follow
transient intracellular
free Ca?* concentration
changes in rat skeletal

mirror T411lp,

RMLCC-04LED current
controller

. Beam
Filter cube combiner
Dichroic mirror

Objective |
jective lens 377drip

muscle cells known as
myotubes.

To take full advantage of
the fast LED switching,

the researchers used the
Prizmatix programmable

Sample

A programmable TTL pulse train generator synchronously triggered the
camera and the LED pulses, helping the researcher to track transient
intracellular free Ca2+ concentration changes in rat myotubes with high
temporal resolution. Courtesy of Manoop Chenchiliyan,Bar-llan University.



TTL pulse train generator to synchronously trigger
the camera and the LED pulses, which was critical
for obtaining information about the transient
intracellular free Ca®* concentration changes in rat

myotubes.

After calibration, they were able to linearly
measure intracellular Ca®* levels between
approximately 33 nM to 665 pM with high
temporal resolution using the new LEDs as the
excitation light source. This range of linearity in
Ca?* concentration was sufficient to precisely
measure the intracellular free Ca®* concentration
changes in rat myotubes.

“The light source optimally matches the excitation
wavelengths of either calcium-free or bound
states of Fura-2,” said Chenchiliyan. “Our work
shows that this new light source is a reliable and
efficient alternative to an ordinary arc lamp
excitation source for Fura-2 based ratio-metric
fluorescence microscopy imaging.”
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These images show skeletal muscles stained
with Fura-2 upon excitation with 385-nm LED
light (top) and 340-nm LED light (bottom).
Courtesy of Manoop Chenchiliyan,Bar-llan
University.
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