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Calcium acts as a universal second messenger in a variety of cells. 
Numerous functions of all types of cells are regulated by Ca2+, thus 
calcium measurement is critical for various biological investiga-
tions. Since the 1920s, scientists have attempted to measure Ca2+, 
but few were successful due to the limited availability of Ca2+ 
probes. The first reliable measurement of Ca2+ was performed by 
Ridgway and Ashley by injecting the photoprotein aequorin into 
the giant muscle fiber of the barnacle. Subsequently, in the 1980s, 
Tsien and colleagues produced a variety of fluorescent indicators. 
Among them Indo-1, Fura-2, Fluo-3 and Rhod-2 have been 
the most valuable dyes for measuring Ca2+ with a fluorescence 
instrument. In recent years, AAT Bioquest has introduced the most 
robust calcium probes: Fluo-8® and Cal-520™, both of which enable 
the high throughput screening of GPCR and calcium channel drug 
discovery targets through the convenient calcium detection. FLIPR® 
and FlexStation® instruments of Molecular Devices, FDSS®/μCELL 
of Hamamatsu and NOVOstar of BMG Technologies have further 
accelerated the high throughput measurement of calcium for GPCR 
and ion channel research.

Fluorescent probes that show spectral responses upon binding Ca2+ 
have enabled researchers to investigate changes in intracellular 
free Ca2+ concentrations by using fluorescence microscopy, flow 
cytometry, fluorescence spectroscopy and fluorescence microplate 
readers. Most of these fluorescent indicators are derivatives of 
BAPTA chelators that incorporate a PET system responsive to 
calcium. There are quite a few factors that need be considered 
when selecting a fluorescent Ca2+ indicator. These include: 

• Spectral Properties: For UV excitation, Indo-1 and Fura-2 are 
widely used. Fura-8™ is a newly developed excitation-ratioable 
calcium dye. Its AM is superior to Fura-2 AM with higher signal/
background ratio in cells. Fluo-8® and Cal-520™ are preferred for 
488 nm excitation while Cal-590™, Cal-630™, Rhod-2 and Rhod-4™ 
are used for red emissions. 

• Measurement Mode: Ion indicators that exhibit spectral shifts 
upon ion binding can be used for ratiometric measurements of 
Ca2+ concentration, which are essentially independent of uneven 
dye loading, cell thickness, photobleaching effects and dye 
leakage. Excitation and emission wavelength preferences depend 
on the type of instrumentation being used, as well as on sample 
autofluorescence and on the presence of other fluorescent or 
photoactivatable probes in the experiment. Indo-1, Fura-2 and 
our newly developed Fura-8™ are primary choices for ratiometric 
measurements while Fluo-3, Fluo-4, Fluo-8®, Cal-520™, Cal-590™, 
Cal-630™, Rhod-2 and Rhod-4™ are predominantly used for single 
wavelength measurements.

• Permeability of Ca2+ Indicators (salt or AM ester): The salt forms 
are typically loaded into cells by microinjection, microprojectile 
bombardment or electroporation, or used for extracellular assays. 
In contrast, the cell-permeant acetoxymethyl (AM) esters can 
be passively loaded into cells, where they are cleaved to cell-
impermeant products by intracellular esterases. 

Cat # Product Name Size Ex 
(nm)

Em 
(nm) Kd 

20500
Cal Green™-1 (equivalent to 
Calcium Green™-1)

10x50 µg 506 531 190 nM

20501
Cal Green™-1 AM (equivalent to 
Calcium Green™-1 AM) 

10x50 µg 506 531 190 nM

21011 Fluo-3 AM *UltraPure grade* 1 mg 506 526 390 nM

21018 Fluo-3, pentaammonium salt 1 mg 506 526 390 nM

21017 Fluo-3, pentapotassium salt 1 mg 506 526 390 nM

21016 Fluo-3, pentasodium salt 1 mg 506 526 390 nM

21064 Rhod-2 AM *UltraPure grade* 20x50 µg 549 578 570 nM

21067 Rhod-2, tripotassium salt 1 mg 549 578 570 nM

21068 Rhod-2, trisodium salt 1 mg 549 578 570 nM

21070 Rhod-5N AM 1 mg 551 577 0.3 mM

21072 Rhod-5N, tripotassium salt 1 mg 551 577 0.3 mM

Table 1. Classic Single Wavelength Fluorescent Calcium Indicators

• Dissociation Constant (Kd): The desired indicators must have 
a proper Kd compatible with the Ca2+ concentration range of 
interest. The Kd values of Ca2+ indicators are dependent on many 
factors, including pH, temperature, ionic strength, viscosity, protein 
binding, the presence of Mg2+ and other ions. Consequently, Kd 
values for intracellular indicators are usually significantly higher 
than the corresponding values measured in cell-free solutions. 

Among the visible light-excitable calcium indicators, Fluo-8®, 
Fluo-4, Fluo-3, Rhod-2 and Rhod-4™ are most commonly used. 
Fluo-8® indicators are widely used in flow cytometry and confocal 
laser-scanning microscopy. More recently, Fluo-8® AM has been 
extensively used for high throughput screening GPCR targets. 
Fluo-8® is essentially nonfluorescent unless bound to Ca2+ and 
exhibits a quantum yield of ~0.15 in the presence of saturating 
Ca2+ and a Kd of 390 nM for Ca2+. Cal-520™ is by far the best 
488 nm-excitable green fluorescent calcium indicator with a 
significantly improved signal/background ratio and intracellular 
retention.  

The long-wavelength Rhod-4™ is a valuable alternative Ca2+ 
indicator to the green fluorescent Fluo-8®, Fluo-4 and Fluo-3 for 
experiments in cells and tissues that have high levels of autofluo-
rescence. Rhod-5N has a lower binding affinity for Ca2+ than any 
other BAPTA-based indicator (Kd = ~320 µM) and is suitable for 
Ca2+ measurements from 10 µM to 1 mM. Like the parent Rhod-2 
indicator, Rhod-5N is essentially nonfluorescent in the absence of 
divalent cations and exhibits strong fluorescence enhancement 
with no spectral shift upon binding Ca2+. Both Fluo and Rhod 
indicators are available as cell-impermeant potassium salts or as 
cell-permeant AM esters. 
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Fluo-8® Calcium Indicators

Fluo-3 and Fluo-4 were the most commonly used visible light-
excitable calcium indicators. However, Fluo-3 AM and Fluo-4 AM 
are only moderately fluorescent in live cells upon esterase hydro-
lysis, and require harsh cell loading conditions to maximize their 
cellular calcium responses. Fluo-8® dyes have been developed to 
improve cell loading and calcium response while maintaining the 
convenient Fluo-3 and Fluo-4 spectral wavelengths of maximum 
excitation @ ~490 nm and maximum emission @ ~520 nm. For cell 
loading, Fluo-8® AM only requires incubation at room temperature 
while Fluo-3 AM and Fluo-4 AM require incubation at 37 oC. In ad-
dition, Fluo-8® AM is 2 times brighter than Fluo-4 AM, and 4 times 
brighter than Fluo-3 AM in cells. AAT Bioquest offers a set of out-
standing Fluo-8® reagents with different calcium binding affinities.

   Key Features of Fluo-8® AM:

   •    Faster, more readily loaded into cells than Fluo-3 AM and 

        Fluo-4 AM. Only room temperature is required.

   •    Brighter, much brighter than Fluo-3 AM and Fluo-4 AM in cells. 

   •    Convenient, almost identical spectra to those of Fluo-4 AM.

Cat # Product Name Size Ex (nm) Em (nm) Kd  

21080 Fluo-8® AM 1 mg 494 517 389 nM

21081 Fluo-8® AM 5x50 µg 494 517 389 nM

21088 Fluo-8®, sodium salt 10x50 µg 494 517 389 nM

21104 Fluo-8FF™ AM 10x50 µg 494 517 10 μM

21102 Fluo-8FF™, potassium salt 10x50 µg 494 517 10 μM

21090 Fluo-8H™ AM 1 mg 494 517 232 nM

21095 Fluo-8H™, sodium salt 10x50 µg 494 517 232 nM

21096 Fluo-8L™ AM 1 mg 494 517 1.9 μM

21098 Fluo-8L™, sodium salt 10x50 µg 494 517 1.9 μM

Table 2.  Fluo-8® Calcium Indicators

Figure 2. U2OS cells were seeded overnight at 40,000 cells per 100 µL per well in a Costar 96-well black wall/clear bottom plate.  The growth medium was removed, and the cells 
were incubated with 100 µL of 4 µM Fluo-3 AM, Fluo-4 AM and Fluo-8® AM (Cat# 21080) in HHBS at 37 °C for 1 hour. The cells were washed twice with 200 µL HHBS, then imaged 
with a fluorescence microscope using FITC channel.

Fluo-3 AM Fluo-4 AM Fluo-8® AM

Figure 1. Carbachol dose responses were measured in HEK-293 cells with Fluo-8® AM 
(Cat# 21080) and Fluo-4 AM. HEK-293 cells were seeded overnight at 40,000 cells/100 
µL/well in a 96-well black wall/clear bottom Costar plate. The growth medium was 
removed, and the cells were incubated with 100 µL of dye-loading solution containing 
Fluo-8® AM or Fluo-4 AM for 1 hour at room temperature. Carbachol (25 µL/well) was 
added by NOVOstar to achieve the final indicated concentrations. The fluorescence 
signals were measured at Ex/Em = 490/525 nm. The EC50 of carbachol measured with 
Fluo-8® AM is about 1.2 µM.

Carbachol Dose (μM)

Fluo-8® AM

Fluo-4 AM



Cal-520™ Calcium Indicators

Cal-520™ provides the most robust homogeneous fluorescence-
based assay tool for detecting intracellular calcium mobilization. 
Cal-520™ AM is a new fluorogenic calcium-sensitive dye with a 
significantly improved signal to background ratio and intracellular 
retention compared to the existing green calcium indicators (such 
as Fluo-3 AM and Fluo-4 AM). The higher signal/background ratio 
and better intracellular retention make the Cal-520™ calcium assay 
a robust tool for evaluating GPCR and calcium channel targets as 
well as for screening their agonists and antagonists. 

Our preliminary in-house research indicated that Cal-520™ AM 
can be readily loaded to a guinea pig heart and stays there for a 
few hours in the absence of probenecid. The calcium signal can be 
readily monitored with Cal-520™ AM while it is difficult to observe 
the calcium signal under the same conditions with other green 
calcium dyes, such as Fluo-3 AM and Fluo-4 AM.

     Key Features of Cal-520™ AM:

 •    Better Intracellular Retention, Cal-520™ AM is better 

retained in live cells than Fluo-3 AM and Fluo-4 AM.

   •    Higher Sensitivity, Cal-520™ AM has much higher signal/

background ratio than Fluo-3 AM and Fluo-4 AM in cells. 

     •    Convenient, Cal-520™ AM has almost identical spectra to 

those of Fluo-4 AM.

Table 4. Fluorescent Cal Calcium Indicators

Cat # Product Name Size Ex (nm) Em (nm) Kd

21131 Cal-520™ AM 1 mg 492 514 320 nM

21141 Cal-520™, potassium salt 1 mg 492 514 320 nM

21136 Cal-520™, sodium salt 1 mg 492 514 320 nM

21142 Cal-520FF™ AM 1 mg 492 514 9.8 μM

21144 Cal-520FF™, potassium salt 10 x 50 µg 492 514 9.8 μM

20501 Cal Green™-1 AM (equivalent to Calcium Green™-1 AM) 10 x 50 µg 506 531 190 nM

20500 Cal Green™-1, hexapotassium salt (equivalent to Calcium Green™-1) 10 x 50 µg 506 531 190 nM

Dye Ex (nm) Em (nm) QY*

Cal-520™ 492 514 0.75

Fluo-3 506 525 0.15

Fluo-4 493 515 0.16

Fluo-8® 490 514 0.16

Table 3. Spectral Comparison of Fluo-3, Fluo-4, Fluo-8® and Cal-520™

*QY = Fluorescence Quantum Yield in the presence of 5 mM calcium citrate. 

Figure 3. ATP-stimulated calcium responses of endogenous P2Y receptor in CHO-K1 
cells incubated with Cal-520™ AM (red curve, Cat# 21131), or Fluo-4 AM (blue curve) 
respectively with probenecid under the same conditions. CHO-K1 cells were seeded 
overnight at 50,000 cells/100 µL/well in a Costar 96-well black wall/clear bottom plate. 
100 µL of 5 µM Fluo-4 AM or Cal-520™ AM in HHBS with 2.5 mm probenecid was added 
into the cells, and the cells were incubated at 37 °C for 2 hours. ATP (50 µL/well) was 
added using FlexSation® to achieve the final indicated concentrations.  

ATP (μM)

Figure 4. ATP-stimulated calcium responses of endogenous P2Y receptors in CHO-K1 
cells incubated with Cal-520™ AM (red curve, Cat# 21131), or Fluo-4 AM (blue curve) re-
spectively, without probenecid under the same conditions. CHO-K1 cells were seeded 
overnight at 50,000 cells/100 µL/well in a Costar 96-well black wall/clear bottom plate. 
100 µL of 5 µM Fluo-4 AM or Cal-520™ AM in HHBS was added into the cells, and the 
cells were incubated at 37 °C for 2 hours. ATP (50 µL/well) was added using FlexSation® 
to achieve the final indicated concentrations.  

ATP (μM)
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Cal-590™ Calcium Indicators

Calcium measurement is critical for numerous biological investi-
gations. Fluorescent probes that show spectral responses upon 
binding calcium have enabled researchers to investigate changes 
in intracellular free calcium concentrations by using fluorescence 
microscopy, flow cytometry, fluorescence spectroscopy and fluo-
rescence microplate readers. Rhod-2 AM is most commonly used 
among the red fluorescent calcium indicators. However, Rhod-2 AM 
is only moderately fluorescent in live cells upon esterase hydrolysis, 
and has very small cellular calcium responses. 

Figure 8. Responses of endogenous P2Y receptor to ATP in CHO-K1 cells. CHO-K1 
cells were seeded overnight at 40,000 cells per 100 μL per well in a Costar 96-well 
black wall/clear bottom plate. 100 μL of 4 μM Cal-590™ AM (Cat# 20510) in HHBS with 
1 mM probenecid were added into the wells, and the cells were incubated at 37 °C 
for 2 hours. The dye loading mediums were replaced with 100 μL HHBS and 1 mM 
probenecid , then imaged with a fluorescence microscope (Olympus IX71) using TRITC 
channel before and after adding 50 μL of 300 μM ATP .

ATP

Figure 6. Fluorescence emission spectra of Cal-590™ in solutions containing 0 to 39 
μM free Ca2+.

Cal-590™ has been developed to improve Rhod-2 AM cell loading 
and calcium response while maintaining the similar spectral wave-
lengths of Rhod-2 AM, making it compatible with TRITC/Cy3® filter 
set. In CHO and HEK cells, the cellular calcium response of Cal-590™ 
is much more sensitive than that of Rhod-2 AM. The spectra of Cal-
590™ is well separated from those of FITC, Alexa Fluor® 488 and GFP, 
making it an ideal calcium probe for multiplexing intracellular as-
says with GFP cell lines or FITC/Alexa Fluor® 488 labeled antibodies.

Cat # Product Name Size Ex (nm) Em (nm) Kd (nM)

20510 Cal-590™, AM 5x50 μg 573 588 561

20511 Cal-590™, AM 10x50 μg 573 588 561

20512 Cal-590™, AM 1 mg 573 588 561

20518 Cal-590™, potassium salt 5x50 μg 573 588 561

20515 Cal-590™, sodium salt 5x50 μg 573 588 561

Table 5. Cal-590™ Calcium Detection Indicators

Figure 7. ATP-stimulated calcium response of endogenous P2Y receptor in CHO-K1 
cells incubated with Cal-590™ AM (red curve, Cat# 20510) and Rhod-2, AM (blue curve) 
under the same conditions. CHO-K1 cells were seeded overnight at the cell density 
of 50,000 cells per 100 μL per well in a 96-well black wall/clear bottom plate. 100 μL 
of 5 µg/mL Cal-590™ AM or Rhod-2 AM with 2.5 mM probenecid was added into the 
cells, and the cells were incubated at 37 oC for 1 hour. ATP (50 μL/well) was added by 
FlexStation® (Molecular Devices) to achieve the final indicated concentrations.

Control 
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Figure 5. The excitation and emission spectra of Cal-590™ in the presence of calcium 
chloride (5 mM). 



X-Rhod-1 is commonly used as a red fluorescent calcium indicator. 
However, X-Rhod-1 is only moderately fluorescent in live cells upon 
esterase hydrolysis, and has very small cellular calcium responses. 
In addition, X-Rhod-1 is mostly localized in mitochondria, thus 
giving low signal/background ratio. Cal-630™ has been developed 
to improve X-Rhod-1 cell loading and calcium response while 
maintaining the similar spectral wavelengths of X-Rhod-1, making 
it compatible with Texas Red® filter set. In CHO and HEK cells, the 

Cat # Product Name Size Ex (nm) Em (nm) Kd (nM)

20530 Cal-630™, AM 5x50 μg 608 626 792

20531 Cal-630™, AM 10x50 μg 608 626 792

20532 Cal-630™, AM 1 mg 608 626 792

20538 Cal-630™, potassium salt 5x50 μg 608 626 792

20535 Cal-630™, sodium salt 5x50 μg 608 626 792

Table 6. Cal-630™ Calcium Detection Indicators

Figure 9. Normalized emission spectra of Cal-520™ (Green), Cal-590™ (Orange) and 
Cal-630™ (Red). 

Figure 10. Fluorescence emission spectra of Cal-630™ in solutions containing 0 to 39 
μM free Ca2+.

Figure 11. ATP-stimulated calcium response of endogenous P2Y receptor in CHO-K1 
cells measured with Cal-630™ AM (Cat# 20530). CHO-K1 cells were seeded overnight at 
the cell density of 50,000 cells per 100 μL per well in a 96-well black wall/clear bottom 
plate. 100 μL of 10 µg/mL Cal-630™ AM with 2.0 mM probenecid was added into the 
cells, and the cells were incubated at 37 ºC for 2 hours. ATP (50 μL/well) was added by 
FlexStation® (Molecular Devices) to achieve the final indicated concentrations.

Figure 12. Responses of endogenous P2Y receptor to ATP in CHO-K1 cells. CHO-K1 
cells were seeded overnight at 40,000 cells per 100 μL per well in a 96-well black 
wall/clear bottom plate. 100 μL of 4 μM Cal-630™ AM (Cat# 20530) in HHBS with 1 
mM probenecid were added into the wells, and the cells were incubated at 37 °C 
for 2 hours. The dye loading mediums were replaced with 100 μL HHBS and 1 mM 
probenecid , then imaged with a fluorescence microscope (Olympus IX71) using TRITC 
channel before and after adding 50 μL of 300 μM ATP .

cellular calcium response of Cal-630™ is much more sensitive than 
that of X-Rhod-1. The maximum emission wavelength of Cal-630™ 
is well separated from those of FITC, Alexa Fluor® 488 and GFP, mak-
ing it an ideal calcium probe for multiplexing intracellular assays 
with GFP cell lines or FITC/Alexa Fluor® 488 labeled antibodies.

Cal-630™ Calcium Indicators
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Rhod-4™ Calcium Indicators

Rhod-2 is the most commonly used red fluorescent calcium 
indicators. However, Rhod-2 AM is only moderately fluorescent 
in live cells upon esterase hydrolysis, and has very small cellular 
calcium responses. Rhod-4™ has been developed to improve the 
cell loading and calcium response while maintaining the spectral 
wavelength of Rhod-2. In CHO and HEK cells, the cellular calcium 
response of Rhod-4™ AM is 10 times more sensitive than that of 
Rhod-2 AM. Our in-house research indicated that Rhod-4™ AM can 

Table 7. Visible Light-Excitable Orange Fluorescent Calcium Indicators

Cat # Product Name Size Ex (nm) Em (nm) Kd  

21064 Rhod-2 AM *UltraPure grade" 20 x 50 µg 549 578 570 nM

21067 Rhod-2, tripotassium salt 1 mg 549 578 570 nM

21068 Rhod-2, trisodium salt 1 mg 549 578 570 nM

21120 Rhod-4™ AM 1 mg 524 551 451 nM

21128 Rhod-4™, sodium salt 5 x 50 µg 524 551 451 nM

21070 Rhod-5N, AM 1 mg 551 577 0.3 mM

21072 Rhod-5N, tripotassium salt 1 mg 551 577 0.3 mM

Figure 13. The excitation and emission spectra of Rhod-4™ in PBS buffer (pH 7.2) in the 
presence of 5 mM calcium chloride.  

Figure 14. ATP-stimulated calcium responses of endogenous P2Y receptors were 
measured in CHO-K1 cells with Rhod-4™ AM (Cat# 21120) and Rhod-2 AM (Cat# 21064). 
CHO-K1 cells were seeded overnight at 50,000 cells/100 μL/well in a Costar 96-well 
black wall/clear bottom plate. The growth medium was removed, and the cells were 
incubated with 100 μL of dye loading solution using Rhod-4™ AM (4 µM, A and B) 
or Rhod-2 AM (4 µM, C and D) for 1 hour in a 37 °C, 5% CO2 incubator. The cells were 
washed twice with 200 μL HHBS, then imaged before (A and C) and after (B and D) 
ATP treatment were taken with a fluorescence microscope (Olympus IX71) using TRITC 
channel.

Figure 15. Carbachol dose responses were measured in HEK-293 cells with Rhod-4™ 
AM (red curve, Cat# 21120) and Rhod-2 AM (blue curve, Cat# 21064). HEK-293 cells 
were seeded overnight at 40,000 cells/100 μL/well in a Costar 96-well black wall/clear 
bottom 96-well plate. The growth medium was removed, and the cells were incubated 
with 100 μL Rhod-4™ AM dye loading solution, or 100 μL Rhod-2 AM dye loading 
solution (5 μM) for 1 hour at room temperature. Carbachol (25 μL/well) was added by 
NOVOstar (BMG Labtech) to achieve the final indicated concentrations. The EC50 of 
carbachol with Rhod-4™ AM was about 0.8 μM.

Recent Citations of Rhod-4™ Calcium Indicators

Caroline Arnold, Anja Feldner, Larissa Pfisterer, Maren Hödebeck, 
Kerstin Troidl, Guillem Genové, Thomas Wieland, Markus Hecker & 
Thomas Korff. RGS5 promotes arterial growth during arteriogen-
esis. EMBO Molecular Medicine (2014) 6,1075-1089. DOI:10.15252/
emmm

Erwann Rousseau, Patrick P. Michel, and Etienne C. Hirsch. The Iron-
Binding Protein Lactoferrin Protects Vulnerable Dopamine Neurons 
from Degeneration by Preserving Mitochondrial Calcium Homeo-
stasis. Mol. Pharmacol., Dec 2013; 84: 888 - 898.

Rhod-4™ AM

Rhod-2 AM

A B 

C D 

Carbachol Dose (μM)

detect calcium transients in stem cell cardiomyocytes that was not 
detected with Rhod-2 AM under the same conditions. The higher 
sensitivity of Rhod-4™ AM might be due to its higher cell loading 
efficiency than that of Rhod-2 AM.
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Ratiometric Calcium Indicators

Fura-2

Fura-2 is a ratiometric fluorescent dye which binds free intracel-
lular calcium. It was the first widely-used dye for calcium imaging, 
and remains very popular. Fura-2 is excited at 340 nm and 380 
nm, and the ratio of the emissions at those wavelengths is directly 

Figure 17. Fluorescence excitation spectra of Fura-2 in solutions containing 0 to 
39 µM free Ca2+.

Fura-8™

Although Fura-2 has been widely used as the preferred excitation-
ratioable calcium indicator, it has certain limitations, e.g., lower 
sensitivity compared to the single wavelength calcium dyes, such 
as Fluo-8® and Cal-520™. AAT Bioquest has recently developed 
Fura-8™ to improve the calcium response of Fura-2. As demonstrat-
ed in Figures 18 and 19, Fura-8™ AM is more sensitive to calcium 
than Fura-2 AM. In addition, Fura-8™ has its emission shifted to 
longer wavelength (Em = 525 nm). Fura-8™ might be also used for 
the flow cytometric analysis of calcium in cells due to its excellent 
excitation at 405 nm that perfectly matches the violet laser line. 

Figure 18. Fluorescence excitation spectra of Fura-8™ in solutions containing 0 to 
39 µM free Ca2+.

    Key Features of Fura-8™:

     •    Fura-8™  responses to calcium the same way as Fura-2 does        

     •    Red-shifted dual excitation wavelengths (354 nm/415 nm)

     •    Better excited at 405 nm for flow cytometric applications

     •    Compatible with common filter sets  

     •    Higher signal/background ratio than that of Fura-2

BTC

Among the ratiometric calcium indicators, Fura-2 and Indo-1 are 
most commonly used. BTC is another excitation-ratioable calcium 
indicator. However, BTC can only be used for high calcium level 
detection due to its low affinity to calcium. In recent years, BTC 
has been increasingly used for monitoring potassium channels 
since BTC demonstrated an excellent fluorescence enhancement 
response upon binding thallium ion that selectively passes through 
potassium channels.

Figure 16.  The chemical structure of BTC AM (Cat# 21054).

correlated to the amount of intracellular calcium. Regardless of 
the presence of calcium, Fura-2 emits at 510 nm. The use of the 
ratio automatically cancels out confounding variables, such as 
variable dye concentration and cell numbers, making Fura-2 one 
of the most appreciated tools to quantify calcium levels. Fura-2 is 
preferred for ratio-imaging microscopy, in which it is more practical 
to change excitation wavelengths than emission wavelengths. 
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Figure 19. ATP dose responses in CHO-K1 cells measured with Fura-2 AM (blue curve, 
Cat# 21021) and Fura-8™ AM (red curve, Cat# 21056) respectively. CHO-K1 cells were 
seeded overnight at 40,000 cells/100 μL/well in a Costar 96-well black wall/clear 
bottom plate. The cells were incubated with Fura-2 AM or Fura-8™ AM calcium assay 
dye-loading solution for 1 hour at room temperature. ATP (50 μL/well) was added by 
FlexStation®.

Fura-8™ AM

Table 8. Ratiometric Fluorescent Calcium Indicators

Cat # Product Name Size
Zero Calcium High Calcium

  Kd  Ex (nm) Em (nm) Ex (nm) Em (nm)

21054 BTC AM 1 mg 464 533 401 529 7 μM

21053 BTC, tetrapotassium salt 1 mg 464 533 401 529 7 μM

21021 Fura-2 AM *UltraPure grade* 1 mg 363 512 335 505 145 nM

21025 Fura-2, pentapotassium salt 1 mg 363 512 335 505 145 nM

21026 Fura-2, pentasodium salt 1 mg 363 512 335 505 145 nM

21055 Fura-8™ AM 1 mg 386 532 354 524 260 nM

21056 Fura-8™ AM 10x50 μg 386 532 354 524 260 nM

21057 Fura-8™, potassium salt 1 mg 386 532 354 524 260 nM

21058 Fura-8™, sodium salt 1 mg 386 532 354 524 260 nM

21032 Indo-1 AM *UltraPure grade* 1 mg 346 475 330 401 230 nM

21040 Indo-1, pentapotassium salt 1 mg 346 475 330 401 230 nM

21044 Indo-1, pentasodium salt 1 mg 346 475 330 401 230 nM

21050 Quin-2 AM 1 mg 353 495 333 495 60 nM

21052 Quin-2, tetrapotassium salt 5 mg 353 495 333 495 60 nM

Figure 20. Fluorescence emission spectra of Indo-1 in solutions containing 0 to 
39 μM free Ca2+. 

Indo-1

In contrast to Fura-2, Fura-8™ and BTC, Indo-1 is the preferred 
emission-ratioable dye for flow cytometry, where it is more practical 
to use a single laser for excitation (usually the 351–364 nm spectral 

lines of the argon-ion laser). The emission maximum of Indo-1 
shifts from ~475 nm in Ca2+-free medium to ~400 nm when the 
dye is saturated with Ca2+ (see Figure 20). While Indo-1 is not cell 
permeant, its pentaacetoxymethyl ester, Indo-1 AM, enters the cell 
where it is cleaved by intracellular esterases to give Indo-1.

Fura-2 AM

8 	 Unless  otherwise specified, all products are for Research Use Only. 
	 Not for use in diagnostic or therapeutic procedures.AssayWise Letters • 2015, 4 (1)
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FLIPR® Calcium Assays

Table 9. Screen Quest™ FLIPR® Calcium Assay Kits

Cat # Product Name Size Ex (nm) Em (nm)

36315 Screen Quest™ Fluo-8® No Wash Calcium Assay Kit 10 plates 490 525

36316 Screen Quest™ Fluo-8® No Wash Calcium Assay Kit 100 plates 490 525

36308 Screen Quest™ Fluo-8® No Wash Calcium Assay Kit *Medium Removal* 10 plates 490 525

36309 Screen Quest™ Fluo-8® No Wash Calcium Assay Kit *Medium Removal* 100 plates 490 525

36320 Screen Quest™ Fura-2 No Wash Calcium Assay Kit 10 plates 340/380 510

36321 Screen Quest™ Fura-2  No Wash Calcium Assay Kit 100 plates 340/380 510

36334 Screen Quest™ Rhod-4™ No Wash Calcium Assay Kit 10 plates 530 590

36335 Screen Quest™ Rhod-4™ No Wash Calcium Assay Kit 100 plates 530 590

36331 Screen Quest™ Rhod-4™ No Wash Calcium Assay Kit *Medium Removal* 10 plates 530 590

36332 Screen Quest™ Rhod-4™ No Wash Calcium Assay Kit *Medium Removal* 100 plates 530 590

Calcium flux assays are preferred methods in drug discovery for 
screening G protein coupled receptors (GPCRs). Cells expressing a 
GPCR of interest that signals through calcium are pre-loaded with 
our proprietary Fluo-8® AM or Rhod-4™ AM which can cross cell 
membrane. Screen Quest™ Calcium Assay Kits provide an opti-
mized assay method for monitoring GPCRs and calcium channels. 
The assay can be performed in a convenient 96-well or 384-well 
microtiter-plate format and easily adapted to automation.

Fluo-8® AM is the brightest calcium indicator available for HTS 
screening. The characteristics of the convenient 488 nm excitation, 
high sensitivity, and 100-250 times fluorescence increases (when it 
forms complexes with calcium) make Fluo-8® AM an ideal indicator 
for the measurement of intracellular calcium.

Rhod-4™ AM is the brightest red calcium indicator available for HTS 
screening. Once inside the cell, the lipophilic blocking groups of 
Rhod-4™ AM are cleaved by non-specific cell esterase, resulting in 
a negatively charged fluorescent dye that stays inside cells, and its 
fluorescence is greatly enhanced upon binding to calcium. When 
cells stimulated with screening compounds, the receptor signals 
the release of intracellular calcium, which greatly increases the 
fluorescence of Rhod-4™. The characteristics of its long wavelength, 
high sensitivity, and >250 times fluorescence increases (when it 
forms complexes with calcium) make Rhod-4™ AM an ideal indica-
tor for the measurement of intracellular calcium.

Screen Quest™ Fura-2 No Wash Calcium Assay Kit provides the 
only ratiometric FLIPR® calcium assay commercially available for 
screening GPCRs and calcium channel targets. The Fura-2 kit uses 
excitation ratio of 340/380 nm, monitoring emission at 510 nm. 

Figure 21. Carbachol dose responses were measured in HEK-293 cells with Screen 
Quest™ Fluo-8® No Wash Calcium Assay Kit (blue curve, Cat# 36315) and Fluo-4 No 
Wash Calcium Assay Kit (red curve). HEK-293 cells were seeded overnight at 40,000 
cells/100 μL/well in a Costar 96-well black wall/clear bottom 96-well plate. The cells 
were incubated with 100 μL of dye-loading solution using Screen Quest™ Fluo-8® 
No Wash Calcium Assay Kit or Fluo-4 No Wash Kit (according to the manufacturer’s 
instructions) for 1 hour at room temperature. Carbachol (50 μL/well) was added by 
NOVOstar (BMG Labtech) to achieve the final indicated concentrations.

Figure 22. ATP dose responses were measured in CHO cells with Screen Quest™ Fura-2 
No Wash Calcium Assay Kit (Cat# 36320). CHO-K1 cells were seeded overnight at 40,000 
cells/100 μL/well in a Costar 96-well black wall/clear bottom plate. The cells were 
incubated with 100 μL of Screen Quest™ Fura-2 No Wash Calcium Assay Kit for 1 hour 
at room temperature. ATP (50 μL/well) was added by FlexStation® (Molecular Devices) 
to achieve the final indicated concentrations.

Carbachol Dose (μM)

Fluo-8® No Wash

Fluo-4 No Wash

ATP (μM)
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