
Application Note

Optimization of fluorometric 
Caspase-3 assay with Thermo 
Scientific Varioskan® spectral 
scanning

This application note describes opti-
mization of fluorometric Caspase-3 
assay performance with  the spec-
tral scanning feature of the Thermo 
Scientific Varioskan spectropho-
tometer and spectrofluorometer.  
Excitation and emission wave-
lengths producing the strongest dose 
response over Caspase-3 concentra-
tion range were considered to be the 
optimal for the assay. In this study, 
the optimal excitation wavelength 
was 370 nm and the emission wave-
length was 490 nm when the com-
monly used wavelengths are 400 nm 
for excitation and 505 nm for emis-
sion.
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Abstract
In this paper, we present the prin-
ciple of the assay optimization for 
fluorometric Caspase-3 assays. It is 
based on the measurement of fluo-
rescence spectra with the Thermo 
Scientific Varioskan spectral scan-
ning fluorometer. From this spec-
tral data, the optimal assay settings 
for the maximum sensitivity are 
determined, including excitation 
and emission wavelengths. The 
optimization procedure is shown 
with ApoTargetTM Caspase-3 
assay (product number KHZ0012) 
from BioSource International Inc, 
Camarillo, CA.
Caspase-3 belongs to Interleukin-
1ß Converting Enzyme (ICE) 

family of cysteine proteases and 
is present in cells as an inactive 
32 kDa proenzyme. It is activated 
specifically during apoptosis and is 
therefore one of the most impor-
tant markers for apoptotic activity. 
ApoTarget Caspase-3 protease 
assay is based on the recognition 
of the DEVD (Asp-Glue-Val-Asp) 
amino acid sequence linked to 
fluorometric label AFC (7-amino-
4-trifluoromethyl coumarin) by 
Caspase-3. Free AFC has a fluo-
rometric emission maximum at 
505 nm but when AFC is linked in 
the DEVD peptide, this emission 
is quenched by FRET (fluores-
cence resonance energy transfer). 
Fluorescent emission maximum at 
505 nm is restored when AFC is 
cleaved off the DEVD peptide. The 
resulting fluorescence is quantitat-
ed and is proportional to Caspase-
3 activity in the sample.
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Materials and Methods

All reagents were used according 
to the instructions of the manufac-
turer with the following modifica-
tions: For Caspase-3 assay, a puri-
fied recombinant human Caspase-3 
from BioSource (product number 
PHZ0014) was used as a sample. 
A dilution series from 0.1 to 1.0 
IU of Caspase-3 in PBS was pre-
pared and 50 µl of the dilution was 
transferred into the wells of black 
96-well microtiter plate (Thermo 
Scientific Microtiter®). Then 50 
µl of the fluorometric Caspase-3 
substrate DEVD-AFC was added. 
Both emission and excitation spec-
tra were measured after two hour 
incubation. Excitation spectra were 
measured between 320 - 440 nm 
using fixed emissions at 490 nm 
and 505 nm. Emission spectra were 
measured between 400 - 580 nm 
using fixed excitations at 370 nm 
and 400 nm. All these four spectra 
were measured from all Caspase-3 
dilutions and from all time points.

Results and discussion

The four measured spectra of the 
Caspase-3 protease reaction with 
DEVD-AFC are shown in Figure 
1. The most important findings 
from these figures are that both the 
excitation and emission maxima 
are clearly different from the wave-
lengths normally recommended 
for this fluorometric label. AFC 
is commonly measured with 400 
nm excitation and 505 nm emis-
sion, when the maximum values 
are somewhat lower, 370 for the 

excitation (Figures 1A and 1B) and 
490 for the emission (Figures 1C 
and 1D). Another important find-
ing from Figure 1 is that the signal 
level obtained with the 490 nm 
emission is about 10% higher that 
the signal level from 505 nm. Even 
a stronger difference is noticed 
from the figures of the emission 
spectra (figures 1C and 1D). In this 
case, the difference is almost 25% 
and 370 nm excitation gives clearly 
higher fluorescence.

Calibration curves of Caspase-3 
reaction were calculated from the 
spectral data for both fixed excita-
tion and emission wavelengths. 
Resulting calibration curves are 
shown in Figure 2. It is clearly seen 
from the figures that the selection 
of excitation and emission wave-
lengths have a strong effect on the 
generated calibration curve. With 
this Caspase-3 assay, the selection 
of excitation wavelength is more 
important than selection of emis-
sion wavelength because there are 
much stronger changes in the dose 
response when the excitation wave-
length is changed than when the 
emission wavelength is changed. 
Based on the Figures 2A and 2B, 
the excitation wavelength produc-
ing the strongest dose response is 
380 nm with both tested emission 
wavelengths, therefore being opti-
mal selection for the assay. The 
optimal emission wavelength can 
be selected based on Figures 2C 
and 2D and the best choice would 
be 490 nm.

Figure 1. Excitation and emission spectra of the Caspase-3 
assay with DEVD-AFC. Figures 1A and 1B show excitation 
spectra with two different fixed emission wavelengths and 
Figures 1C and 1D are showing emission spectra with fixed 
excitation wavelengths.



Conclusions
Fluorometric assays have tradition-
ally been performed with filter 
instruments and therefore com-
monly recommended excitation 
and emission wavelengths may be 
based on the filter availability in 
addition to the spectral behaviour 
of the label. Rather strong differ-
ences in the assay performance can 
be obtained by using fluorescence 
spectral scanning for optimiza-
tion of the excitation and emission 
wavelengths even with the com-
mercial fluorometric kits. 
With the fluorometric Caspase-3 
assay kit from BioSource Inc, a bet-
ter dose response in the Caspase-
3 assay was achieved when the 
Caspase-3 activity was measured 
using 370 nm excitation and 490 
nm emission wavelengths instead 
of the 400 nm excitation and 505 
nm emission wavelengths that are 
commonly used for the measure-
ment of AFC.  
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Figure 2. Caspase-3 calibration curves from different spectral scannings. Figures 2A and 2B 
present calibration curves with different excitation wavelengths with two emission wave-
length and figures 2C and 2D present the calibration curves with different emission wave-
lengths with two excitation wavelengths.
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