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Presentation outline 

• Overview of cytotoxicity assays for multi-well plates 
• Live cells 

• Dead cells 

• Apoptotic cells 

• Biochemical markers of cell stress 

• Multiplexing assays to get more information 

• Genetic reporter assays to detect stress response pathways 
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How do I choose the most appropriate assay? 

First decide what you want to measure 

• Number of living cells (viability assay) 

• Number of dead cells (cytotoxicity assay) 

• Apoptosis vs. necrosis  

• Determine events leading up to apoptosis  

Presenter
Presentation Notes
The choice between measuring the number of viable cells or the number of dead cells may not matter if all you need to determine is the difference between a “no treatment” negative control and a “toxin-treated” positive control on the same plate.If you are interested in determining the mechanism of cell death, the timing of the assay and dose of test compound become more important, especially if you want to be able to distinguish between apoptosis and necrosis.



Understanding how the assays work 

Understanding: 
• what the assay is measuring 
• how the reagent chemistry works 

 

Will help you predict: 
• assay limitations  
• potential for artifacts 
• compatibility for multiplexing 
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Methods for measuring cytotoxicity 

Overview of assays to measure viable cells 
• MTT / MTS / Resazurin 
• Protease marker 
• ATP 

Assays to detect dead cells 
• LDH release 
• Protease release 
• DNA staining 

Assays to measure apoptotic cells 
• Caspase activity 

Multiplex assays to measure early markers of cytotoxicity 
• Viable, dead & apoptotic cells 
• Extrinsic & intrinsic apoptosis pathways 
• Mitochondrial toxicity 
• Oxidative stress 
• Proteasome activity 

Luciferase reporters of cell stress pathways leading to cytotoxicity 
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Common metabolic indicators of cell viability 

• Indicator dyes (MTT / MTS / Resazurin): NADH in metabolically 
active viable cells can reduce tetrazolium compounds into brightly 
colored formazan products or reduce resazurin into fluorescent 
resorufin.  

• Protease marker: Aminopeptidase activity present only in viable 
cells can be measured using a cell permeable fluorogenic substrate. 

• ATP is present in all cells and has been established as a valid marker 
of cell viability.  ATP is measured using a beetle luciferase reaction 
to generate light. 
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Metabolic indicators of cell viability 

Dead Cell Viable Cell 

Tetrazolium 
Reagent 

Tetrazolium Substrate        No Rxn 
X 

Formazan 

Tetrazolium Reagents 
• MTT 
• MTS 
• XTT 
• WST-1 

 
 

Active  
Metabolism 

 

NADH     NAD+ 

Marker  
is absent 



Metabolic indicators of cell viability 

Dead Cell Viable Cell 

Resazurin 

Resazurin Substrate        No Rxn 
X 

Resorufin 

Redox Indicators 
• Resazurin 

 

Marker  
is absent 

Active  
Metabolism 

 

NADH     NAD+ 
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Metabolic indicators of cell viability 

Dead Cell Viable Cell 

GF-AFC 

GF-AFC Substrate        No Rxn 
X 

AFC 

Enzyme Substrates 
• Protease Substrates 

 
 

Marker  
is absent 

Active  
Metabolism 

 

aminopeptidase 



ATP assay for cell viability 

ATP 

Dead Cell 

ADP 

Viable Cell 

Light No Reaction 

Luciferin + 
Luciferase 

CellTiter-Glo  
Reagent 

X 

• Lysis Solution 
• ATPase Inhibitors 
• Luciferin 
• UltraGlo Luciferase 

ATP 

Presenter
Presentation Notes
The CellTiter-Glo Luminescent Cell Viability Assay is a homogeneous method to determine the number of viable cells in culture.  Detection is based on using luciferase to measure the amount of ATP from viable cells. The CellTiter-Glo  Reagent does 3 things upon addition to cells in culture. It lysis cells to release ATP, inhibits of endogenous ATPase, and provides the luciferin and a proprietary luciferase necessary to measure ATP resulting in light output.The unique properties of the proprietary luciferase enabled the development of a robust and stable reagent and creation of “single addition” homogeneous assay conditions that inhibit endogenous ATPases and generate a “glow” reaction with a ~5 hour half-life.The CellTiter-Glo Reagent is prepared by reconstituting a lyophilized Substrate with Assay Buffer. Because the luciferase reaction is enzymatic and affected by temperature, for maximum consistency among large numbers of plates, it is recommended to equilibrate the plates to ambient temperature before adding Reagent.The Reagent is added directly to the culture wells using a 1:1 ratio of Reagent to culture medium. The contents of the well are mixed and after a 10 minute stabilization period, the signal is recorded using a standard plate reading luminometer or CCD imaging device. The luminescence is a stable “glow-type” signal exhibiting a half-life of approximately 5 hours.Additional technical information is available on the following web location. http://www.promega.com/tbs/tb288/tb288.html



Advantages & disadvantages of viability assays 

Assay Advantages Disadvantages 
MTT / MTS Widely used 

Inexpensive 
1-4 hour incubation 
Interference by reducing compounds 
2 step protocol (MTT) 
Toxic to cells 
Limited sensitivity 

Resazurin Inexpensive 
Fluorescent readout 
Good sensitivity 

1-4 hour incubation 
Interference by reducing compounds 
Toxic in some cases* 
Fluorescence interference 

Protease 30 min protocol 
Better sensitivity than resazurin 
Cells remain viable 
Good choice for multiplexing 

 
Fluorescence interference 

ATP 10 min protocol 
Best sensitivity 
No interference by fluorescent 
compounds 
Stops reaction immediately 

 
Lytic protocol dictates sequence for 
multiplexing 
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Methods for measuring cytotoxicity 

Overview of assays to measure viable cells 
• MTT / MTS / Resazurin 
• Protease marker 
• ATP 

Assays to detect dead cells 
• LDH release 
• Protease release 
• DNA staining 
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• Caspase activity 

Multiplex assays to measure early markers of cytotoxicity 
• Viable, dead & apoptotic cells 
• Extrinsic & intrinsic apoptosis pathways 
• Mitochondrial toxicity 
• Oxidative stress 
• Proteasome activity 

Luciferase reporters of cell stress pathways leading to cytotoxicity 
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Assays to detect dead cells 

The functional definition of cell viability is based on whether the outer 
membrane is intact 

Membrane integrity and thus dead cells can be detected by:  

• Measuring activity of marker enzymes that leak out of dead cells 
into the culture medium  

• Observing staining of cytoplasmic or nuclear content by vital dyes 
that can only enter dead cells 
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Loss of membrane integrity defines a “dead” cell 

Trypan blue is not 
permeable to live cells. 
 
Dead cells that have lost 
membrane integrity take 
up dye and stain blue. 

Trypan blue staining to determine percent viability may be the 
most common “assay” used in cell culture labs.  
 



LDH release assay to detect dead cells 

Dead Cell Viable Cell 

Fluorescence No Reaction 

CytoTox-ONE™ 
Reagent* 

X 

• Lactate 
• NAD+ 

• Diaphorase 
• Resazurin 

*US Patent 6,982,152 B2 17 

Enzymes 
retained in 
live cells 

Presenter
Presentation Notes
The CytoTox-ONE™ Membrane Integrity Assay is a homogeneous fluorescent method that uses coupled enzymatic reactions to measure the release of LDH from damaged cells as a indicator of cytotoxicity.The assay estimates the number of non-viable cells present in a mixed population of living and dead cells.  The CytoTox-ONE™ Reagent does not damage living cells, making it possible to do the assay in the presence of both living and dead cells. This is an improvement over the colorimetric version of this kit (CytoTox 96 Assay) which does not have a homogeneous protocol.



Lactate Pyruvate 

  

LDH 

Diaphorase 
Resazurin Resorufin  

Necrotic  
cell  

LDH 

NAD+ NADH 

LDH  assay chemistry 

Presenter
Presentation Notes
The CytoTox-ONE™ Reagent contains excess substrate (lactate and NAD+) to drive the LDH reaction and produce NADH. The Reagent also contains the enzyme diaphorase to catalyze the conversion of resazurin into the fluorescent resorufin.The LDH-release assay has been available as a colorimetric version for several years as the original CytoTox 96 Non-Radioactive Cytotoxicity assay.The CytoTox-ONE™ Assay differs from the original CytoTox 96 Assay that used the INT tetrazolium compound.  By substituting the indicator dye resazurin, and developing reaction conditions at a neutral pH that  are osmotically compatible with living cells, The CytoTox-ONE™ Assay can be done in a homogeneous format directly in culture wells.



0 40 80 120 160

Tamoxifen (µM)

0

2

4

6

8

10

12

(T
ho

us
an

ds
)

Fl
uo

re
sc

en
ce

LDH-Release Assay Time Course
Tamoxifen Treated HepG2 Cells

0hr

0.5hr

2hr

6hr

24hr

814AA
See:  Assay & Drug Devel Tech 2(1): 51, 2004 

Stability of released enzyme activity in culture  
medium becomes a limitation 

Cells are all dead 
at 2 hr treatment 
with 150µM Tamox 

LDH activity in 
medium decreases 
after 24 hours 

Presenter
Presentation Notes
Some assay strategies test only one concentration for each compound in a primary screen.  Compounds may be toxic at different concentrations depending on the length of exposure to cells.The concentration of toxin and the duration of exposure factor into the cytotoxic effect.The longer the duration of tamoxifen exposure, the lower the IC50 value in this cytotoxicity assay done by measuring membrane integrity (i.e. release of LDH).30µM Tamoxifen caused maximum release of LDH at the 24 hour time point, whereas at 0.5, 2 and 4 hours, 30µM did not cause membrane damage or result in release of LDH.The lower plateau value at 24 hours is the result of LDH activity having a half-life of ~9hours in culture medium.



Protease release assay to detect dead cells 

Dead Cell 

“Dead Cell” 
Protease 

Viable Cell 

R110 
Fluorescence 

485/520nm 

• Impermeable 
substrate can not 
enter viable cells 
 

• “Dead” Cell 
protease remains 
active after cell 
death 
 

• The only signal is 
from “Dead” Cells 
 

Active “Dead Cell” Protease 

No signal  
from  

viable Cells 

bis-AAF-R110 
(no added enzymes) 

bis-AAF-R110 

bis-AAF-R110 

X 



DNA dye staining to detect dead cells 

Dead Cell Viable Cell 

Dye is excluded 
from live cells 

DNA dye only 
stains nucleus 
of “dead” cells 
or debris 

Non-permeable 
DNA dye 
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Staining of dead 
cells results in a 
fluorescent signal. 



Advantage of DNA staining = signal stability 

• DNA staining of dead cells produces a fluorescent signal that lasts 
much longer than the signal from enzyme release assays. 

• When marker enzymes are released from dead cells, enzymatic 
activity diminishes over time in culture medium (~9hr half-life) 

• Promega’s new DNA staining dye overcomes the major 
disadvantage of enzyme release assays. 

• CellTox Green product will be commercially available soon 
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Promega’s DNA dye is not toxic to cells 

Incubation of DNA dye with cells for 72 hours has no effect  
on viability measured using the CellTiter-Glo ATP Assay  

DNA dye does not effect IC50 of model compounds in 72hr co-incubations. 
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Multiplexing DNA staining and ATP assays 
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Add DNA dye  
when seeding cells 

Add CellTiter-Glo® 

Reagent 

Record  
fluorescence  
from dead cells 

Record  
Luminescence 
from live cells 

Incubate  
72hr 



Advantages & disadvantages of assays to detect 
dead cells 

Assay Advantages Disadvantages 

LDH 
release 

Widely used and accepted 
 
Absorbance or fluorescent options 

Limited sensitivity 
 
Limited half-life of LDH in medium 

Protease 
release 

Designed for multiplexing 
More sensitive than LDH 
Fluorescent reagent is simpler than 
formulation for LDH assay 
Fluorescent or luminescent options 

Limited half-life of protease marker 
 
Fluorescence interference (fluorescent 
format only) 

DNA 
Staining 

Non-toxic / real time assay 
Staining persists for 72 hours 
Good choice for multiplexing 

Fluorescence interference 
 
Less sensitive than amplified protease 
release assay 
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Methods for measuring cytotoxicity 

Overview of assays to measure viable cells 
• MTT / MTS / Resazurin 
• Protease marker 
• ATP 

Assays to detect dead cells 
• LDH release 
• Protease release 
• DNA staining 

Assays to measure apoptotic cells 
• Caspase activity 

Multiplex assays to measure early markers of cytotoxicity 
• Viable, dead & apoptotic cells 
• Extrinsic & intrinsic apoptosis pathways 
• Mitochondrial toxicity 
• Oxidative stress 
• Proteasome activity 

Luciferase reporters of cell stress pathways leading to cytotoxicity 
26 



Assays to detect apoptotic cells 

• Apoptosis is a form of programmed cell death that can be triggered 
by a variety of signal transduction pathways 

• Caspase family members are involved in upstream signal 
transduction events as well as the systematic dismantling of 
structural and functional components of the cell. 

• Caspase-3 is the predominant “executioner” protease in apoptotic 
cells and is considered a “universal” marker of apoptosis  

• Caspase-3 activity can be easily measured using homogeneous  
fluorescent or luminescent multi-well plate assays 

27 
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AMC, R110 and aminoluciferin substrates for 
measuring caspase activity 

Presenter
Presentation Notes
Sensitivity is a hallmark of bioluminescence.  It is widely appreciated, for example, that luciferase provides a hundred fold or more sensitivity than GFP as a reporter.However, people often limit this realization to reporters, not realizing that it applies equally to other assay formats.  Here’s an example of a different type of bioluminescent assay, where the luminescence signal is coupled to modification of the luciferin substrate.  In this particular example, the luciferin has been modified to measure cellular apoptosis…



Bioluminescent protease assay chemistry 

Z-Peptide- 

Z-Peptide-   + 

Protease 

Luciferase 

2 

Light 

ATP, Mg++ 

Oxygen 

Peptide-aminoluciferin  
is not a substrate  
for luciferase 

Presenter
Presentation Notes
A luciferin derivative (aminoluciferin) has the caspase 3/7 peptide recognition sequence (DEVD) attached at the amino end. When DEVD is cleaved off by caspase 3 or 7, aminoluciferin becomes a substrate for luciferase in the presence of ATP, Magnesium, and Oxygen. 



Luminescent caspase assay 

Necrotic Cell Viable Cell 

Caspase-Glo®  
Reagent 

Reagent      No Rxn 
X 

Reagent       No Rxn 
X 

Apoptotic Cell 

Reagent Luminescence 

• Lysis Solution 
• Z-DEVD-aminoluciferin 

• Stable Luciferase  
• ATP 

Inactive 
Caspase 

Inactive 
Caspase 

Active 
Caspase 

Presenter
Presentation Notes
The Caspase-GloTM Assay is a homogeneous method to detect caspase-3/7 activity in multiwell plates.  Detection is based on cleavage of a  “DEVD” peptide-amino-luciferin substrate by apoptotic cells (or a purified caspase preparation).The Luminescent signal is proportional to the quantity of active DEVDase activity present and reflects the rate of caspase activity.  This assay is more sensitive than the fluorescent Apo-ONE Assay.Viable cells do not contain active forms of the executioner caspases, thus do not generate fluorescent signal.Cells that die as a result of a rapid trauma resulting in necrosis do not have the time to process caspase zymogens into active caspases and therefore do not generate fluorescent signal.



Fluorescent caspase assay for apoptosis 

Dead Cell Viable Cell 

X-DEVD-Fluor 
Reagent 

Reagent      No Rxn 
X 

Reagent       No Rxn 

X 

Apoptotic Cell 

Reagent Fluorescence 

• Caspase Substrate  
• Lysis Solution 

Inactive 
Caspase 

Inactive 
Caspase 

Active 
Caspase 
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Presenter
Presentation Notes
The Apo-ONE® Assay is a homogeneous method to detect caspase-3/7 activity in multiwell plates.  Detection is based on cleavage of a pro-fluorescent “DEVD” peptide-rhodamine 110 substrate by apoptotic cells. The fluorescent signal continues to accumulate over time, so increased incubation periods up to 18 hours may result in improved signal to background ratios and greater sensitivity.Viable cells do not contain active forms of the executioner caspases, thus do not generate fluorescent signal.Cells that die as a result of a rapid trauma resulting in necrosis do not have the time to process caspase zymogens into active caspases and therefore do not generate fluorescent signal.



Comparison of luminescent and fluorescent 
protease assay sensitivity  

Luminescence is 50-1000-fold more sensitive than fluorescent assays 
Low background & long linear range of response 

Same “DEVD” protease substrate, but three different ”R” groups 



Methods for measuring cytotoxicity 

Overview of assays to measure viable cells 
• MTT / MTS / Resazurin 
• Protease marker 
• ATP 

Assays to detect dead cells 
• LDH release 
• Protease release 
• DNA staining 

Assays to measure apoptotic cells 
• Caspase activity 

Multiplex assays to measure early markers of cytotoxicity 
• Viable, dead & apoptotic cells 
• Extrinsic & intrinsic apoptosis pathways 
• Mitochondrial toxicity 
• Oxidative stress 
• Proteasome activity 

Luciferase reporters of cell stress pathways leading to cytotoxicity 
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Multiplexing is… 

Multiplexing requirements: 

• Assays must be biologically & 
chemically compatible 

• Signals must be spectrally distinct 

Gathering more than 
one set of data from 

the same sample 

Assay #1 

Assay #2 

34 

Presenter
Presentation Notes
The last term I’d like to define is multiplexing…Multiplexing is simply gathering more than one metric from each sample. These are the primary considerations & requirements…  The assays must be biologically compatible; for example, the timing of the cellular processes or markers you are trying to measure must be compatible; also, the first …The assay chemistries must be compatible (for example, we know that if you multiplex one of our second generation viability assays with a Glo reporter assay you’ll produce a very counterproductive black precipitate).  The assays must produce signals that can be separated.  (You generally can’t do two luciferase-based assays in the same well at the same time).  And, the two assays must fit into the available volume of the well. [Alternatively, you could take a portion of the medium and do one assay and do another assay on the remaining medium, but of course this isn’t the most efficient way of multiplexing, not the ideal]



Why do multiplexing? 

Multiplexing gives a more complete picture 
of what’s happening in the sample 
• Reduces cell culture effort to do more than one assay on the 

same sample of cells 

• Can confirm results with two independent methods  

• Can normalize assay signal to viable (or total) cell number 
• Correct for cell dispensing errors 
• Differential growth of cells & edge effects 
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Multiplex detection of viable, dead and apoptotic cells 
to determine mechanism of cell death 

Primary necrosis                             Apoptosis 
(No caspase activity)                          (Secondary necrosis) 

  



Detecting off-target toxicity by multiplexing 
MultiTox-Fluor followed by HDAC-Glo  

Cardiomyocytes (Primary)                      U937 (Transformed Cancer Cells) 

[24hr compound exposure] 



Intrinsic and extrinsic apoptotic pathways terminating 
with activation of Caspase-3 → Apoptosis 

http://www.imgenex.com/emarketing/103006_lymphoma/apoptosis-pathway.jpg 

Caspase-3 executioner protease 
is a “universal” marker of 
apoptotic cell death 
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Multiplex assay of signaling and executioner 
caspases 

Caspase-Glo® 8 
Reagent + 
(Z-DEVD)2-R110 

Incubate 

Record  
Fluorescence 

Record  
Luminescence 
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Combining fluorogenic and luminogenic protease substrates together 

Presenter
Presentation Notes
Homogeneous dual assay protocol to measure caspase-8 using a luminescent Caspase-Glo™ 8 substrate [Z-LETD-aminoluciferin] and caspase-3 using a fluorescent Apo-ONE® substrate [(Z-DEVD)2-R110] simultaneously in the same sample wells.  The luminescent protease assay format provides the sensitivity to enable measurement of caspase-8 from the number of cells typically used in 96 well format.  As expected, the activity of the upstream signaling caspase (caspase-8) diminishes before the executioner caspase (caspase-3).



Mitochondrial toxicity can be detected by using 
controlled culture conditions  

*Marroquin, L. D. et al (2007) Circumventing the Crabtree Effect: Replacing Media Glucose with Galactose Increases 
Susceptibility of HepG2 Cells to Mitochondrial Toxicants. Toxicol. Sci.97, 539-547. 

• Cells cultured in medium with galactose instead of glucose to 
eliminate production of ATP from glycolysis* (ATP production 
comes from mitochondrial oxidative phosphorylation) 
 

• Expose cells to treatment less than 4hr 
 

• Measure membrane integrity and ATP using sequential 
multiplex protocol 
 

• Decrease in ATP without change in cell viability suggests 
mitochondrial toxicity 
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Mitochondrial ToxGloTM Assay  
Multiplex membrane integrity and ATP content 

bis-AAF-R110 

Substrate 

ATP Assay 

Reagent 

Incubate  
30 min 

Incubate 

Record  
Luminescence 

Incubate  
10 min 

Record  
Fluorescence 

Treat cells  
30 min - 4hr 
(glucose free) 

No toxicity at  
this exposure period 

Primary Necrosis 

Expected Assay Profiles 

MitoTox 
Without necrosis 

MitoTox with necrosis 



Oxidative stress marker assay 

• Reduced glutathione (GSH) serves as an antioxidant in cells 
 

• Low levels of GSH are associated with oxidative stress 
 

• GSH can be measured with a luminescent assay using Glutathione S 
Transferase (GST) and luciferase 

 

• Fluorescent cell viability assays can be sequentially multiplexed with 
the luminescent GSH assay  
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How the GSH-Glo™ Assay works 

• Glutathione S Transferase transfers GSH to nitrotoluine group and 
converts pro-luciferin to luciferin in a GSH dependent reaction 

• Luciferase reaction generates light proportional to the amount of 
GSH in cells 

43 

Presenter
Presentation Notes
How the GSH-Glo Assay WorksThe assay is based on the conversion of a luciferin derivative into luciferin in the presence of GSH. The reaction is catalyzed by a glutathione S-transferase (GST) enzyme supplied in the kit. The luciferin formed is detected in a coupled reaction using Ultra-Glo™ Recombinant Luciferase that generates a glow type luminescence that is proportional to the amount of glutathione present in cells.Detection of GSH using the GSH-Glo™ Glutathione Assay is the result of the combination of two chemical reactions. First cells are lysed in the presence of the proluminogenic Luciferin-NT substrate and glutathione S-transferase; GSH in the cells drives the formation of luciferin. Next, the Luciferin Detection Reagent is added, and the Ultra-Glo™ Luciferase acts on the luciferin, releasing light as a by product of the reaction. The amount of light released is proportional to the concentration of reduced GSH in the cells. 1. The GSH-Glo™ Reaction. The first reaction involves the generation of luciferin from a luminogenic substrate, catalyzed by GST in the presence of glutathione. The recommended substrate concentration is the apparent Km of the GST enzyme, which results in a strong signal that varies depending on the concentration of glutathione in the sample. The assay is compatible with cells, tissue or blood samples.2. The Luciferin Detection Reaction. The luciferin produced in Step 1 of the GSH-Glo™ Assay is detected as a luminescent signal generated by the luciferase enzyme. Step 2 is initiated by adding an equal volume of Luciferin Detection Reagent, which simultaneously stops the GSH-Glo™ Reaction and initiates a luminescent signal that is directly proportional to the amount of luciferin formed in Step 1. The GSH-Glo™ Assay uses a proprietary stabilized luciferase (Ultra-Glo™ Luciferase) to produce reaction conditions that generate a stable “glow-type” luminescent signal. The half-life of the luminescent signal from the GSH-Glo™ Assay is greater than 2 hours, eliminating the need for strictly timed luminescence detection.



Multiplexing GSH levels with measuring viability 

MultiTox-FluorTM 

Reagent 

GSH-GloTM 

Buffer, 30min 

Incubate 37°C 

Record  
Fluorescence 

Record  
Luminescence 

Remove medium 

GSH-GloTM 

Reagents, 15min 

Presenter
Presentation Notes
HepG2 cells were plated in 96- and 384-well formats and exposed to various amounts of compounds.  CellTiter-Fluor™ was added and the live cell protease  fluorescent signal was measured followed by addition of GSH-Glo(TM) Reagent and luminescence was measured.



Proteasome activity as protein turnove marker 

• The proteasome is responsible for most turnover of cytoplasmic 
proteins 

• The proteasome is a therapeutic target for cancer 

• Proteasome inhibitors (e.g. Velcade) selectively induce apoptosis in 
cancer cells 

• Proteasome-GloTM Assays provide adequate sensitivity to enable 
cell-based assays in HTS format 

• Multiplexing proteasome and caspase assays can provide 
information on mechanism of toxicity leading to apoptosis 
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Multiplexing proteasome and apoptosis assays 
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Caspase-3 activity is absent after 1.5 hrs 
treatment with proteasome inhibitor;  
but increases after 4.5 hours incubation 

Presenter
Presentation Notes
Sequential homogeneous addition of Proteasome-GloTM Reagent to measure proteasome activity in cells using luminescence, followed by addition of Apo-ONE® Reagent to measure apoptosis (caspase-3) in the same well using fluorescence. Epoxomicin inhibits the proteasome at 1 hour without induction of caspase activity. At 4.5 hours, epoxomicin above 0.4µM induces apoptosis. 



Methods for measuring cytotoxicity 

Overview of assays to measure viable cells 
• MTT / MTS / Resazurin 
• Protease marker 
• ATP 

Assays to detect dead cells 
• LDH release 
• Protease release 
• DNA staining 

Assays to measure apoptotic cells 
• Caspase activity 

Multiplex assays to measure early markers of cytotoxicity 
• Viable, dead & apoptotic cells 
• Extrinsic & intrinsic apoptosis pathways 
• Mitochondrial toxicity 
• Oxidative stress 
• Proteasome activity 

Luciferase reporters of cell stress pathways leading to cytotoxicity 
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Stress response pathways leading to cytotoxicity 

• Stress response pathways are toxin activated signal transduction 
events that modulate transcription factors to trigger expression of 
cytoprotective genes to enable the cell to attempt to restore 
homeostasis.* 

• Triggering cell response pathways occurs at lower toxin doses or 
exposure times than what is needed to directly trigger necrosis or 
apoptosis. 

• If stress cannot be overcome to re-establish homeostasis, the result 
is induction of apoptosis and removal of the cell. 

 

 

*Simmons, S.O. et al., Cellular stress response pathway system as a sentinel ensemble in toxicological screening. Tox. Sci. 111(2): 
202-225, 2009. 
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Luciferase reporters of cell stress pathways leading 
to cytotoxicity 

• Luciferase reporter assays are ideal to measure effects of 
compounds on expression of stress pathway genes.  

• Reporter assays can help identify the cellular mechanisms used to 
adapt to a perturbation, gaining insight into the mechanism of 
toxicity caused by the compounds. 

• Promega has developed luminescent reporter gene assays directed 
at the major pathways involved in cellular stress.   

• Several vectors and stable cell lines are available from Promega as 
“Latest Research Materials” 
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Stress and toxicity pathway vectors 

50 

Pathway/Response Transcription Factor Name 
Antioxidant Nrf2 pGL4/ARE 

DNA damage p53 pGL4/p53 
ER stress ATF6 pGL4/ERSE 
ER Stress ATF4 pGL4/ATF4 
ER stress Xbp1 pGL4/Xbp1 

Heavy metal stress MTF1 pGL4/MRE 
Heat shock HSF1 pGL4/HSE 

Hypoxia Hif1α pGL4/HRE 
p38/JNK AP1 pGL4/AP1 

Xenobiotic stress AhR pGL4/XRE 
Inflamation NFκB Cat # E8491 

Osmotic stress NFAT5 pGL4/NFAT5 

All constructs with pGL4.27 backbone [luc2P/minP/HygR] 

Presenter
Presentation Notes
Slide needs 



Examples of major stress response pathways 

 

Oxidative Stress Response: Signaling pathway that leads to Nrf2 
transcription factor binding to antioxidant response elements (ARE) 
that induce expression of genes to neutralize Reactive Oxygen Species 
(ROS) and to limit oxidative damage to cellular components. 

 

Heat Shock Response:  HSF-1 activates expression of Hsp70 & Hsp27 
chaperones that bind to and facilitate refolding of denatured proteins. 
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Examples of major stress response pathways (cont.) 

 

p53-mediated DNA Damage Response: A genotoxic response pathway 
mediated by the p53 transcription factor to arrest the cell cycle, 
regulate DNA repair, and if the damage is too great, mediate 
apoptosis. 

 

ER Stress Response:   ATF6 directs transcription of endoplasmic 
reticulum (ER) specific chaperones and slowing of general protein 
synthesis to enable ER to refold unfolded proteins. 
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Oxidative stress response / ARE-luc2P (Nrf2)  

ARE D,L-sulf tBHQ 
S/B 116 152 

EC50 (uM) 19.6 NA 
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Data collected 18 hrs post compound addition (pREBFB25/HEK293) 
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DNA damage stress response / p53-luc2P (p53) 
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Doxorubicin Etoposide Nutlin-3 Mitomycin c 

S/B 10.9 4.3 6.6 7.5 

EC50 (uM) 0.8 13 1.5 NA 

Data collection 18 hrs post-treatment for all except mitomycin c (40 hrs) 
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ER stress response / ERSE-luc2P (ATF6)  
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Data collected 23 hrs post addition of tunicamycin (pREBFB28/HeLa) 



Several stress response reporters can be tested 
in parallel 
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Protocol to profile a compound against RE panel 
 
• Add each DNA to FuGENE® HD in Opti-MEM I® 

 
• Add cells to transfection complexes 

 
• Dispense cells into 96-well plate, with each RE in its own column  

 
• Incubate overnight 

 
• Treat cells 18 hr with varying doses of the compound of interest 

 
• Multiplex assays for cell viability and reporter induction 



Multiplex cell viability & cell stress reporter genes 

CellTiter-FluorTM 

Reagent 
(GF-AFC) 

ONE-GloTM 

Reagent 

Incubate 37°C 
15-30 min 

Incubate 

Record  
Fluorescence 

Record  
Luminescence 

HepG2 cells treated 18 hrs 
Tunicamycin selectively stimulates  

ATF6 Response Element 
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Excellent multiplexing partners for  
live cells or dead cells 

CellTiter-Fluor™ Assay 
• Reaction occurs within living cells.  
• Live cell protease is inactive outside cells. 
• AFC fluorescence is proportional to live cells 

CytoTox-Fluor™ Assay 
• Rhodamine 110 substrate cannot enter cells. 
• Reaction occurs in the culture medium. 
• Rhodamine110 fluorescence is proportional  

to dead cells. 

LIVE CELL 
PROTEASE 

DEAD CELL 
PROTEASE 

DEAD CELL 
PROTEASE 

LIVE CELL 
PROTEASE 

GF-AFC 

AFC 

bis-AAF-Rhodamine 110 

Rhodamine 
110 

DEAD CELL 
PROTEASE 

Read about the development 
of these assays: 
Niles, A.L., et al. (2007) 
Analytical Biochemistry  
366, 197-206. 
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Multiplexing 
luminescent &  
fluorescent assays 

CellTiter-Glo® 
Luminescent  
Cell Viability 

Assay 

CytoTox-Fluor™ 
Cytotoxicity 

Assay 

CellTiter-Fluor™ 
Cell Viability 

Assay 

MultiTox-  
Fluor 

CytoTox-Glo™ 
Cytotoxicity 

Assay 
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CellTiter-Glo® 
Luminescent  
Cell Viability 

Assay 

GSH-Glo™ & 
GSH/GSSG-Glo™ 

Assays 

P450-Glo™ 
Cell-Based 

Assays 

Glo 
Reporter 

Assays 

Will 
Work 

Will 
Work 

ApoLive- 
Glo™ 
(3/7) Caspase-Glo® 

Assays 

Will 
Work 

All possible with the 
GloMax®-Multi & -Multi+  
Detection  Systems 
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Summary 

• There is a variety of multi-well plate assay options available to 
detect more than just whether cells are alive or dead 

• Biochemical and cell-based assays are available to detect cell stress 
events (e.g. oxidative stress, mitochondrial toxicity, proteasome, 
etc.) 

• Luciferase reporter gene assays and stable cell lines have been 
developed to study effects on the major stress pathways leading to 
cytotoxicity  

• Multiplex detection of cell viability in combination with luciferase 
reporters or other biochemical marker assays provides powerful 
tools to study the mechanisms leading up to cytotoxicity 
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Product names for assays described today 
Assay Technology Promega Product Name 
MTT CellTiter 96® Non-Radioactive Cell Proliferation Assay 
MTS CellTiter 96® AQueous One Solution Cell Proliferation Assay 
Resazurin CellTiter-Blue® Cell Viability Assay 
Protease marker CellTiter-Fluor™ Cell Viability Assay 
ATP CellTiter-Glo® Luminescent Cell Viability Assay 
LDH CytoTox-ONE™ Homogeneous Membrane Integrity Assay 
Protease release CytoTox-Fluor™ Cytotoxicity Assay 
DNA staining CellTox-Green (Inquire; under development) 
Caspase-3/7 activity Caspase-Glo® 3/7 Assay 
Caspase-8 activity Caspase-Glo® 8 Assay 
Caspase-9 activity Caspase-Glo® 9 Assay 
Mitochondrial toxicity Mitochondrial ToxGlo™ Assay 
Oxidative stress GSH/GSSG-Glo™ Assay 
Proteasome activity Proteasome-Glo™ Chymotrypsin-Like Cell-Based Assay 
Live+Dead+Apoptotic ApoTox-Glo™ Triplex Assay 
Stress response pathways Luciferase reporters of cell stress pathways (Inquire in Latest 

Research Materials section of promega.com) 61 



Questions Welcome 
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