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4 |INTRODUCTION

Cell-based and biochemical assay formats

Promega offers an extensive range of products for analyzing
complex cellular and biochemical processes. These cell-based
and biochemical assays are used in pure and applied research,
as well as in the identification and characterization of drugs in
the pharmaceutical industry. In addition to the existing assays
for investigating cell viability, cytotoxicity and apoptosis, there
are now new assays for analyzing G protein coupled receptors
signaling pathways and epigenetic changes. Researchers can
use these to analyze how cells react to growth factors, cytokines,
hormones, mitogens, radiation, effectors and other signaling
molecules. In the development of new drugs, such assays are
indispensible for investigating the effectiveness and toxicity of
active-substance molecules before investing in expensive ani-

mal experiments or clinical studies.

Add-mix-measure — the simple assay format

The add-mix-measure format makes our cell-based and bio-
chemical assays particularly easy to use. Most of the assays are
homogeneous and can be added to cells directly, without any
washing or centrifugation steps. This minimizes potential
sources of error. Furthermore, this format readily lends itself to
automation.

GloMax™ 96
microplate
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Multiplexing: combining different assays to produce
more results

It is often helpful for scientists to be able to obtain multiple
data points from a single sample. It is therefore an advantage if
an assay is suitable for multiplexing —the analysis of more than
one parameter in a single sample. For example, researchers may
initially use a fluorescence assay for measuring cytoxicity or cell
viability. They can then perform a luminescent caspase assay or
reporter gene assay on the same sample. Multiplexing saves
time, sample material, cell-culture reagents, and scarce or
expensive test compounds. It also improves the quality of the
data and simplifies interpretation of the results.

High-sensitivity assays

Most of Promega’s assays are based on luminescence or fluo-
rescence. In multiplexing, in particular, these two assay types
are combined with one another in order to obtain as much
information as possible from a sample. The fluorescent assays
are based on profluorescent dyes which have been linked to
recognition sequences for specific enzymes or enzyme classes.
The fluorescent dye is released depending on the activity of the
enzymes relevant. Luminescent assays, on the other hand, are
based on the luciferase reaction of the firefly Photinus pyralis.
In such assays, the luciferase reaction can be used in a variety of
ways for detecting, with a very high degree of sensitivity, a
large number of cellular processes. The luminescent assays can
be subdivided into three basic assay types:

- Type I: Measurement of luciferase expression

* Type Il: Measurement of ATP content
« Type Ill: Measurement of luciferin release
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INTRODUCTION

Promega’s three basic assay types based on the luciferase reaction:

Type I:

Measurement of luciferase expression

The measurement of luciferase expression
is the basis of all reporter gene assays or
GPCR assays. The level of luciferin expres-
sion is determined by the strength or satu-
ration state of the promoter. The assay
reagent combines an excess of luciferin and
ATP and therefore the expressed luciferase
is the limiting factor.

Type lI:

Measurement of ATP content

In ATP-dependent assays, the ATP content
in a sample is measured. Here, ATP is the
limiting factor. It is determined indirectly
via the luciferase reaction. This principle is
used in the determination of cell viability
and in the measurement of kinase activi-
ties, for example. The assay reagent con-
tains an excess of Ultra-Glo™ Luciferase
and luciferin.

Type lll:

Measurement of luciferin release

The luciferin-generating assays contain a
pro-luciferin with enzyme recognition
sequences, such as DEVD tetrapeptide for
determining caspase-3/7 activity. Only
after the substrate has been released the
luminescence signal is generated by the
relevant enzyme. The assay reagent con-
tains modified luciferin and an excess of
Ultra-Glo™ Luciferase and ATP.
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Il Cell viability, cytotoxicity, apoptosis and inflammation

In many areas of bioscience, the investigation and determina-
tion of cell viability, cytotoxicity, apoptosis and inflammation
are among the most important methods used. Cell-based
assays are routinely used nowadays in the development of new
therapeutic agents and in the identification of potential drug
candidates.

ApPOLIVE-GLO™

CasPASE-3/7 CELLTITER-GLO®-AssAY

There is now a range of different cell-based assays for detecting
cell viability, cytotoxicity, apoptosis and inflammation. These
use both metabolic and non-metabolic markers. Combining
different assays (multiplexing) makes it possible to analyze
more than one parameter in a sample. This simplifies interpre-
tation of the data and enables the user to differentiate

between necrosis and apoptosis, for example.
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Cell-based assays at a glance
for cell viability, cytotoxicity, apoptosis and inflammation

CELL VIABILITY, CYTOTOXICITY, APOPTOSIS AND INFLAMMATION
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RealTime-Glo™ MT Cell Viability Assay Reducing capacity 300 min <100 cells/well 96/384/1536 Luminometer
of the cells in 96-well fromat
CellTiter-Glo® Assay ATP 10 min 10 living cells 96/384/1536 Luminometer
CellTiter-Glo® 2.0 Assay ATP 10 min 15 living cells 96/384/1536 Luminometer
(384-well)
CellTiter-Glo® 3D Assay ATP 30 min ND all common 3D- Luminometer
microtissues formats
CellTiter-Fluor™ Assay Live-cell protease 0.5-3h 40 living cells 96/384/1536 Fluorometer,
AFC 400,,/505,
CellTiter-Blue® Assay Resazurin reduction by 1-4h 400 living cells 96/384/1536 Fluorometer,
reducing equivalents resorufin 560,,/590,
CellTiter 96® AQ,.... One Solution Assay MTS reduction by reducing 1-4h 1,000 living cells 96/384 Spectrophotometer
equivalents Abs 490 nm
BacTiter-Glo™ Assay ATP 5 min 10 living bacteria 96/384 Luminometer
CellTox™ Green Assay DNA 15 min ND 96/384/1536 Fluorometer,
(485-500,,/520-530,,)
CytoTox-Glo™ Assay Dead-cell protease release 15 min 10 dead cells 96/384/1536 Luminometer
CytoTox-Fluor™ Assay Dead-cell protease release 0.5-3h 10 dead cells 96/384 Fluorometer,
R110 485,/520,
CytoTox-ONE™ Assay LDH release 10 min 200 dead cells 96/384 Fluorometer,
resorufin 560,,/590,
Viral ToxGlo™ Assay ATP 10 min 15 living cells 96/384/1536 Luminometer
(384-well)
Caspase-Glo® 3/7 Assay Caspase-3/7 activity 0.5h 100 apoptotic cells 96/384/1536 Luminometer
Apo-ONE® Caspase 3/7 Assay Caspase-3/7 activity 1-18h 625 apoptotic cells 96/384/1536 Fluorometer,
R110,499./521,,
Caspase-Glo® 8 Assay Caspase-8 activity 0.5h ~1,000 apoptotic cells 96 Luminometer
Caspase-Glo® 9 Assay Caspase-9 activity 0.5h ~1,500 apoptotic cells 96 Luminometer
Caspase-Glo® 2 Assay Caspase-2 activity 0.5h Enzyme preparation 96/384/1536 Luminometer
Caspase-Glo® 6 Assay Caspase-6 activity 0.5h Enzyme preparation 96/384/1536 Luminometer
Caspase-Glo® 1 Assay Caspase-1 activity 1h ND 96/384 Luminometer
MultiTox-Glo Assay Viability + cytotoxicity; 0.5h 40 living cells, 96/384/1536 Fluorometer,
live- + dead-cell protease 10 dead cells AFC 400,,/505,,,
Luminometer
MultiTox-Fluor Assay Viability + cytotoxicity; 0.5-3h 40 living cells, 96/384/1536 Fluorometer,
live- + dead-cell protease 10 dead cells AFC 400,/505,,
R110 485,/520,
Apolive-Glo™ Multiplex Assay Viability + apoptosis; 1-3h ~40 living cells, 96/384 Fluorometer,
live-cell protease 100 apoptotic cells AFC 400,/505,,
+ caspase-3/7 Luminometer
ApoTox-Glo™ Triplex Assay Viability, cytotoxicity + 1-3h ~40 living cells, 96/384 Fluorometer,
apoptosis 100 apoptotic cells AFC 400,,/505,
live- + dead-cell protease + R110 485.,/520x,
caspase-3/7 Luminometer
One-Glo™+ Tox Assay Viability + reporter gene 0.6-3h ~40 living cells 96/384 Fluorometer,
expression; AFC 400,,/505,,
live-cell protease + luciferase Luminometer
activity
Mitochondrial ToxGlo™ Assay Mitochondrial toxicity; 0.6—3h ND 96/384 Fluorometer,

dead-cell protease + ATP;
(Crabtree effect, galactose
medium)

R110 485,/520,
Luminometer
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lla Cell viability

Are the cells in my cell culture multiplying or not? This is usual-
ly the first question asked when cells are exposed to substances
or other influences in an experiment. This question can be
answered by measuring various parameters. One well-known
method is to measure reducing equivalents in a cell culture
sample. This value is proportional to the number of living cells
in the medium. A further option is to measure the ATP content
in living cells, which can be indirectly detected by means of the
luciferase reaction. A new method to monitor cell viability in
real time is based on a luminescent biosensor that generates
more information about the mode of action of a treatment

with regard to time and dose dependence. In order to distin-
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guish whether a reduced cell viability is due to apoptosis or
necrosis, it is recommended to determine membrane integrity
and/or caspase activity by multiplexing.

RealTime-Glo™ MT Cell Viability Assay

CellTiter-Glo® Luminescent Cell Viability Assay

CellTiter-Glo® 2.0 Cell Viability Assay

CellTiter-Glo® 3D Viability Assay

CellTiter-96°® AQ,.... One Solution Cell Proliferation Assay (MTS)
CellTiter-Blue® Cell Viability Assay

CellTiter-Fluor™ Cell Viability Assay

BacTiter-Glo™ Microbial Cell Viability Assay
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RealTime-Glo™ MT Cell Viability Assay

Cell-based

Applications

Monitor cell viability in real time to determine onset of toxici-
ty, analyze potency versus efficacy over time and analyze differ-
ential cell growth, multiplexing with other assays

Assay description

The RealTime-Glo™ MT Cell Viability Assay is a non-lytic, homoge-
neous, bioluminescent method to determine in real time the
number of viable cells in culture by measuring the reducing
potential of cells and thus metabolism (MT). The reagent is stable
and nontoxic to cells for up to 72 hours. No cell washing, removal
of medium or further reagent addition is required to determine
the number of viable cells. The bioluminescent assay provides a
greater signal-to-background ratio and higher sensitivity in less
time compared to colorimetric or fluorometric viability assays
that are based on the reducing potential of cells. The assay is
compatible with automated and high-throughput protocols.

Assay principle

The assay involves adding NanoLuc® luciferase protein sensor
and a cell-permeant pro-furimazine substrate to cells in culture.
Viable cells reduce the proprietary pro-substrate to generate a
substrate for NanoLuc® luciferase. This substrate diffuses from
cells into the surrounding culture medium, where it is rapidly
used by the NanoLuc® enzyme to produce a luminescent signal.
The signal correlates with the number of viable cells, making the
assay well suited for cytotoxicity studies. Real time measure-
ments can be performed by adding reagents when cells are plat-
ed, when test compound is added to the cells or at any time point
when cell viability measurements are needed.

Assay features

Assay type Luminescent

Markers Reducing capacity of the cell

Applications Cell viability in real time, onset of toxicity,
analyze potency versus efficacy over time

Cell type Cell lines and 3D culture (spheroids)

Implementation Homogeneous, non-step assay

Time required  10—60 minutes (after adding the reagent)

Sensitivity < 100 cells/well in 96-well format, < 10 cells/
well in low-volume 384-well format
Robustness Reactions are scalable in 96-, 384- and

1,536-well plates

g with

Multiplexin
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Dead Cell

RealTime-Glo™ utilizes NanoLuc® luciferase and a novel pro-furi-
mazine substrate to determine the number of viable cells through
measurement of the reducing capacity of the cell.

Cytotoxicity: CellTox™ Green

Time(h) | = 9.8

0.86

1+ e % X

0.38

0.25

0.17

LR 2

Time (h) |

MCEF cells (500 cells/well) dosed with etoposide, RealTime-Glo™ MT
Cell Viability reagents and CellTox Green in media. Fluorescence and
luminescence measured on Tecan M200 with Gas Control Module
(37C/5% CO,) every 1h for 72 h.
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CellTiter-Glo® Luminescent Cell Viability Assay
Cell-based

Applications
Cell viability; proliferation; cytotoxicity.

Assay description

CellTiter-Glo® is the most sensitive cell-based assay for detect- HeHT

ing cell viability. It is therefore particularly suitable for use in Oxyluciferin

studies on primary cells. Notable features of the assay include _°\©[5>_<Nj/°'

the ease and speed with which it can be performed and the N s A A AA
reproducibility of the data (Z’ factor > 0.63 in a 1536-well for- o AA

Ultra-Glo™

z A
X . o ATP Goooovcccccccccccsee @ AA A
mat), as well as the extremely wide linear measurement range tuciferase Mg . A
of 10-50,000 cells.

Ho s. N COOH

LT .
Assay principle Luciferin L R
The assay is based on the measurement of ATP content in an
ATP-dependent luciferase reaction. ATP content is a measure of
the metabolic activity of cells. Conversion of luciferin by a
recombinant luciferase (Ultra-Glo™ Luciferase) produces oxy- + Measurement of ATP content

« Based on an ATP-dependent luciferase reaction

luferin and light. The light signal can be measured both in a - Aereyie et f bHe o s

luminometer and with the aid of a CCD camera and is propor-
tional to the number of living cells. The assay reagent is added
directly to the cells and leads to lysis of the cells.

Excellent linearity and sensitivit
Assay features y y

Assay type Luminescent (glo-type; T,, > 5h) ]
Markers ATP E_
Applications Cell viability, proliferation, cytotoxicity g
Cell type Cell lines and primary cells g
(adherent or in suspension) .§.
Implementation Homogeneous, one-step assay |
Time required 10 minutes
Sensitivity 10 living cells (96-well format) T S
Linearity 10-50,000 cells Cells/well
Robustness High Z’ factor

Dilution series of Jurkat cells in 96-well plates. The number of living
cells, from 10 to 50,000 cells per well, is directly proportional to the
measured luminescence signal (R = 0.99).
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CellTiter-Glo® 2.0 Cell Viability Assay

Cell-based

Applications
Cell viability; proliferation; cytotoxicity.

Assay description

The CellTiter-Glo® 2.0 Assay is based on the original CellTiter-Glo®
Assay chemistry that detects ATP as indicator for cell viability but
with improved storage convenience for easy implementation.
The CellTiter-Glo® 2.0 Assay is provided as a single ready-to-use
reagent that can be stored at 4°C for up to 1 month with >90%
activity remaining or at room temperature for 1 week with >85%
activity remaining. The assay is designed for use with multiwell
plate formats, making it ideal for automated high-throughput
screening (HTS), for cell proliferation and cytotoxicity assays. The
system detects as few as 15 cells/well in a 384-well format in
10 minutes after adding reagent.

Assay principle

The homogeneous assay procedure involves adding the single
reagent (CellTiter-Glo® 2.0 Reagent) directly to cells cultured in
serum-supplemented medium. Cell washing, removal of medi-
um and multiple pipetting steps are not required. The “add-
mix-measure” format results in cell lysis and generation of a
luminescent signal proportional to the amount of ATP present.
The amount of ATP is directly proportional to the number of
cells present in culture. The CellTiter-Glo® 2.0 Assay generates a
“glow-type” luminescent signal, which has a half-life generally
greater than 3 hours, depending on cell type and medium used.
The extended half-life eliminates the need to use reagent injec-
tors and provides flexibility for continuous or batch-mode pro-
cessing of multiple plates with excellent Z’-factor values for
screening applications.

Assay features

Assay type Luminescent (glow-type; T., > 3 h)
Markers ATP

Applications Cell viability, proliferation, cytotoxicity
Cell type Cell lines and primary cells

(adherent or in suspension)

Implementation One-step assay with flexible storage capability

Time required 10 minutes

Sensitivity 15 living cells (384-well format)
Linearity 15-50,000 cells
Robustness High Z’ factor: 0.81 in 384-well format

CellTiter-Glo® 2.0 Reagent has increased stability at 22°C
and 4°C for convenient every day use

Enhanced stability: Decrease of enzyme activity
< 20% at following storage conditions

22°C 4°C
CellTiter-Glo® 12 hours 3.5 days
CellTiter-Glo® 2.0 1 week 4 month

' Luminescence (RLU)

B CellTiter-Glo® 2.0 Assay ;
. @ CellTiter-Glo® Luminescent Cell Viability Assay

Samples of reagent were placed at various temperatures for differ-
ent lengths of time and then frozen at -80°C. Once all samples were
collected, they were thawed and assayed by mixing 1:1 with 2mM
ATP in water. Luminescence was recorded after 10 minutes .

Performance with various cells & media

Cell Luminescence Signal Half-Life
type | (RLU x 10°) (hours)
Medium CellTiter-Glo® | CellTiter-Glo® | CellTiter-Glo® | CellTiter-Glo®
Reagent 2.0 Reagent Reagent 2.0 Reagent
Memo, |MCF7 |4.06 6.40 7.30 4.81
DU145 |8.42 12.45 7.00 5.13
McCoy’s |U20S |[5.98 9.27 7.14 5.07
5A
F12 CHO [5.86 8.76 6.97 4.99
RPMI HCT116 | 6.75 10.86 7.53 4.95
Jurkat |12.80 21.10 7.41 5.33
U397 |13.51 20.86 7.07 5.33
DMEM | HEK293|6.21 10.07 7.27 4.83
Hela 5.80 9.01 7.02 4.88
HepG2 | 6.52 10.34 7.27 4.83

10,000 cells were plated for 24 hours, mixed 1:1 with reagent, and
the luminescence was read over time.

*100,000 cells were plated for suspension cells
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CellTiter-Glo® 3D
Viability Assay
Cell-based

Applications
Cell viability; proliferation; cytotoxicity in 3D microtissues.

Assay description

Cells assessed in 3D culture models frequently provide more
physiologically relevant data than cells studied in standard 2D
formats. Thus, there is a need for convenient and effective
assays explicitly validated for 3D microtissues. CellTiter-Glo® 3D
is a bioluminescent ATP detection assay for measuring cell via-
bility with an optimized protocol and an improved formulation
that has been in particular designed to measure the viability of
3D microtissues. This single-component liquid reagent has sig-
nificant lytic capacity, exhibits high ATP recovery, and can be
used to measure the viability of microtissues grown in a variety
of 3D culture models, including ECM-independent (e.g. hanging
drop), ECM-dependent (e.g. Matrigel™), and synthetic scaffolds
(e.g. Alvetex™).

Assay principle

The CellTiter-Glo® 3D Assay is an improved reagent formulation
of CellTiter-Glo® for bioluminescent detection of ATP with a
more effective lysis. The “add-mix-read” protocol and single-
component liquid format make this novel cell viability assay a
simple and convenient reagent for assaying the viability of 3D
microtissues. After adding the reagent directly to the cells and
an incubation of 30 min, a stable luminescence signal can be
measured with a half-life of > 4 h.

Assay features

Assay type Luminescent (glow-type; T,, > 4 h)
Markers ATP
Applications Cell viability, proliferation,

cytotoxicity in 3D microtissues

3D microtissues Hanging drop microtissues, Matrigel™,

Alvetex™, collagen-matrix

Implementation Homogeneous, one-step assay

Time required 30 minutes

CellTiter-Glo® 3D Viability Assays applied on microtissues

GravityTRAP™ plate, Hanging Drop: cell seeded
oo vs luminescence and ATP recovery

a¥ . W CellTiter-Glo 3D
| @ conventional assay

Luminescence (RLU x 10°)
N W A U1 Oy O

ATP (nM)
cells seeded | diameter (um) | CellTiter-Glo® 3D | conventional assay
6,000 716 1,327 290
2,250 533 1,079 262
1,125 468 799 206
563 355 539 134

HCT116 cells (RPMI +10% FBS) were grown by the hanging drop
method for 4 days. The bright field image was taken in a Gravity-
TRAP™ plate (InSphero).

Sensitivity comparison of different viability assays applied
to 3D microtissues

HCT116 colon cancer spheroids

CellTiter-Glo® 3D alamar Blue MTT

Human liver microtissues

CellTiter-Glo® 3D alamar Blue MTT

400 HCT116 colon cancer cells were seeded into a 96-well
GravityPLUS™ hanging-drop plate (InSphero AG) and incubated for
4 days. Spheroids (~340 pm) and human liver microtissues (~200 pm)
were assayed according to each of the assay manufacturer’s protocols.
The total assay times for the CellTiter-Glo® 3D, alamarBlue®, and MTT
assays were 30 minutes, 3 hours, and 8 hours, respectively.
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CellTiter 96® AQ,.... One Solution Cell Proliferation Assay (MTS)

Cell-based

Applications
Cell viability; proliferation; cytotoxicity.

Assay description

CellTiter 96® AQ,....One Solution Assay (MTS) is based on a colori-
metric method for determining numbers of living cells and is
suitable for measuring cell viability, proliferation and indirectly
also cytotoxicity. One advantage that this one-step assay has
over MTT assays is that the MTS formazan product is water-
soluble. Consequently, no extraction steps using organic
solvents are required. Unlike conventional colorimetric assays,
the MTS assay can also be used for blood lymphocytes.
Furthermore, the assay reagent has greater storage stability at

4°C than conventional reagents.

Assay principle

Detection of cell viability using MTS is based on the reduction
of the tetrazolium salt MTS to water-soluble formazan dye by
metabolically active cells. The assay reagent additionally con-
tains an electron transfer reagent (ETR), phenazine ethosulfate
(PES). PES is reduced intracellularly by reducing equivalents such
as e.g. NADH or NADPH and outside the cell leads to the reduc-
tion of MTS to intensely-coloured formazan. The absorbance of
the formazan at 490 nm can be measured in the 96-well plate
directly, with no additional treatment steps required. The read-
out is directly proportional to the number of living cells in cul-
ture.

Assay features

Assay type Absorbance assay (Abs 490 nm +/- 40nm)
Markers Reducing equivalents

such as e.g. NADH/NADPH
Applications Cell viability, proliferation, cytotoxicity
Cell type Cell lines, plants, yeasts,

blood lymphocytes

Implementation Homogeneous, one-step assay
1-4 hours

1,000 living cells (96-well format)

Time required

Sensitivity

NAD* NADH

ETR >-< ETR

reduced
MTS &.A FORMAZAN

Conversion of MTS to formazan
by metabolically active cells

Comparison between MTT and MTS assays

~ Absorbance (490 nm)

Cells (x 103)/well

Determination of the cell viability of PBMCs (Peripheral blood
mononuclear cells) in a 96-well plate using MTT and MTS respec-
tively. The MTS assay exhibits at an identical cell count significant-
ly higher absorbance values than the MTT assay.

Abbreviations:

MTS: 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium

PES: phenazine ethosulfate

MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

13
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CellTiter-Blue® Cell Viability Assay
Cell-based

Applications
Cell viability; proliferation; cytotoxicity; multiplexing.

Assay description

CellTiter-Blue® Assay is a fluorescent, cell-based assay for deter-
mining cell viability, proliferation and cytotoxicity. In contrast
to comparable assays, the assay reagent resazurin is highly
purified and is nontoxic to the cells, so flexible incubation
times are possible. The assay can be performed in combination
with other cell-based assays (e.g. Apo-ONE® Homogeneous
Caspase-3/7 Assay) on the same cells (multiplexing).

Assay principle

Detection of cell viability is based on the blue indicator dye
resazurin, which is converted intracellularly by metabolically
active cells into resorufin, which is pink and fluorescent. The
assay reagent is added directly to the medium. The formation
of the resorufin can be detected either in a fluorometer (recom-
mended as the most sensitive method 560¢,/590¢,) or in a spec-
trophotometer (ELISA reader, 570 nm).

Assay features

Assay type Fluorescent (560¢,/590,)
Markers Reducing equivalents such as e.g. NADH
Applications Cell viability, proliferation, cytotoxicity,
multiplexing
Cell type Cell lines (adherent or in suspension)
Implementation Homogeneous, one-step assay
Time required 1-4 hours
(Incubation for up to 22 hours possible)
Sensitivity 400 living cells (96-well format)
<Robustness High Z’ factor

NAD* NADH

Reduction reaction

Resazurin Resorufin
0, o O Na* O (0} O Na*
O o
U
[0} -
I

Conversion of resazurin to resorufin
by metabolically active cells

Flexible incubation times

" Fluorescence (5606/590¢n)

Cells (x 103)/well

Jurkat cells were seeded in a 96-well plate and incubated for
4 hours and 22 hours respectively using the CellTiter-Blue® Assay.
After 4 hours, sensitivity is at 400 cells/well and the signal exhibits
a linear correlation to the cell count over the entire measurement
range. Where incubation is extended to 22 hours, the detection
limit rises to about 50 cells/well; however, the assay no longer
exhibits a linear correlation for cell counts in excess of
12,500 cells/well.

[na]
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CellTiter-Fluor™ Cell Viability Assay
Cell-based

Applications
Cell viability; cytotoxicity; multiplexing with other cell-based
assays.

Assay description

CellTiter-Fluor™ Assay is a fluorescent, cell-based assay for
determining cell viability. The assay is particularly suitable for
multiplexing, as the cells remain intact. The assay is frequently
used for normalizing data, i.e. to compensate for differences
between individual wells and plates. The CellTiter-Fluor™ Assay
is also very well suited to automation.

Assay principle

The assay is based on the measurement of a conserved and
constitutive protease activity, known as live-cell protease,
which is active only in living cells. Such activity is measured
using the pro-fluorogenic, cell-permeable peptide substrate
glycylphenylalanyl-aminofluorocoumarin (GF-AFC), which is
converted intracellularly into the fluorescent product AFC. The
fluorescence signal generated is proportional to cell viability
and correlates with other cell-viability measurements, such as
measurements of ATP or of reducing equivalents.

Assay features

Assay type Fluorescent (380—400,,/505;.,)

Markers Live-cell protease

Applications Cell viability, cytotoxicity, multiplexing
with other cell-based assays

Cell type Cell lines (adherent or in suspension)

Implementation Homogeneous, one-step assay
0.5-3 hours

40 living cells (96-well format)

Time required

Sensitivity

GF-Amino-Fluoro-Coumerin

GF-AFC

y

. GF-AFC
Live-CELL PROTEASE

N

380, /505,

« Conversion of cell-permeable GF-AFC
by the live-cell protease
« The live-cell protease is inactive extracellularly

Excellent correlation between ATP-based
and live-cell-protease-based cell viability measurements

uminescence (RLU)

1,750 2,250 2,750

~ ATP-based assay |

GF-AFC fluorescence (RFU) |

CellTiter-Fluor™ Assay exhibits a very good correlation with estab-
lished methods for detecting cell viability, as can be seen here with
the ATP-based CellTiter-Glo® Assay for example.

15
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BacTiter-Glo™ Microbial Cell Viability Assay

Cell-based

Applications

Viability of Gram-positive, Gram-negative bacteria and yeasts;
simple determination of growth curves; activity determination
and screening of antimicrobial substances.

Assay description

BacTiter-Glo™ Microbial Cell Viability Assay is a luminescent
assay for determining the viability of bacteria in culture by
measuring ATP levels. This unique one-step assay is suitable for
high-throughput screening. It is characterized by exceptionally
high sensitivity and a wide linear measuring range. The assay is
compatible with commonly used media and solvents.

Assay principle

The assay is based on measurement of ATP levels and thus cor-
relates with the number of metabolically active cells. The for-
mulation of the assay reagent leads to lysis of the bacteria. ATP
is released as a result, and the quantity is determined via an
ATP-dependent luciferase reaction. Signal readings can be
obtained after just a 5 minute incubation with the assay
reagent.

Assay features

Assay type Luminescent (glow-type; T,,,> 0.5 h)
Markers ATP
Applications Measurement of the viability of bacteria

and yeast

Bacteria/Yeasts Gram-positive bacteria,

Gram-negative bacteria, yeast

Implementation Homogeneous, one-step assay

Time required 5 minutes

Sensitivity 10 bacteria (1,000 times more sensitive
than optical density measurement)
Robustness High Z’ factor

Excellent sensitivity and linearity

—x?
2

' signal/background

’ E. coli

. S. aureus

' A P aeruginosa |
. B. cereus

Correlation between bacterial count and lumi-
nescence signal. Depending on the bacterial
strain, as few as 10 cells can be detected.

The BacTiter-Glo™-Assay is compatible
with commonly used media and solvents

=) 1o’ | MH: Mueller Hinton Il Broth
i ! LB: Luria Bertani :
TSB: Trypticase Soy Broth i
YPD: Yeast Peptone Dextrose !

10°

Ethanol Isopropanol DMSO Metanol

The compatibility of the BacTiter-Glo™ Assay was tested in differ-
ent media and in relation to various solvent additives, using ~ 1 x
10 moles of ATP.
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lIb Cytotoxicity

The term “cytoxicity” stands for the potential to damage cells
and initiate cell death. It is applied, for instance, to both chem-
ical and biological compounds as well as to immune cells (e.g.
cytotoxic T cells). Cytotoxic activity leads to a reduction in cell
viability and initiates cell death through necrosis and/or apop-
tosis. Cell viability assays are frequently used in order to detect
the cytotoxic potential of a substance, for example. If, however,
you want to differentiate between necrotic and apoptotic
processes, further assays that are based on the detection of
other markers are required.

Necrosis is measured by means of cell membrane integrity
tests. Typical characteristics of necrosis include the rapid loss of
cell membrane integrity and the release of cytoplasmic con-
tent. In the case of apoptosis, by contrast, membrane integrity
is retained and these cells are cleared in vivo by phagocytes.
When interpreting data sets, one should keep in mind that
phagocytes are absent in the cell culture, and that apoptotic
cells also lose their membrane integrity. The loss of membrane
integrity in apoptotic cells is termed secondary necrosis and

H
AAF-N s N__ COOH
T
N S
Dead-cell
protease activity

HN S N__ COOH
AAF + \©i >—< j/ +ATP+0,
N S

&

Luciferase
Mgz*l 584
LIGHT
bis-AAF-R110
DeAD-CELL
PROTEASE

Dead-Cell
Protease €

R110
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takes place at a later point in time compared to primary necro-
sis, which proceeds rapidly. The choice of an optimum treat-
ment period is therefore crucial and should be empirically
determined by performing a time curve. Depending on the
compound and its concentration, various phenomena can be
observed, i.e. cell death will be induced via necrotic and apop-
totic pathways.

The cytotoxicity assays described below are based on the
detection of cytosolic enzymes (lactate dehydrogenase (LDH);
dead-cell protease) which have been released into the culture
medium following membrane damage, an image-based method

for real-time monitoring of cytoxicity and a ATP-based method.

CellTox™ Green Cytotoxicity Assay

CytoTox-Glo™ Cytotoxicity Assay

CytoTox-Fluor™ Cytotoxicity Assay

CytoTox-ONE™ Homogeneous Membrane Integrity Assay (LDH)
ViralTox-Glo™ Assay

O Na* (o) (o} O Na*
w Diaphorase ﬁ D/
RESAZURIN N

N
VR 1
NAD* NADH
OH (o] o
I \_/ 1
CHB-(IZ-COOH LDH > CH,- C- COOH
H PYRUVATE
LACTATE .
NADP- ADP

Wi

CeLLTox GREEN '

i
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CellTox™ Green Cytotoxicity Assay
Cell-based

Applications
Real-time cytotoxicity measurements; membrane damage;
multiplexing with other assays.

Assay description

The CellTox™ Green Cytotoxicity Assay measures changes in mem-
brane integrity that occur as a result of cell death. The assay sys-
tem uses a proprietary asymmetric cyanine dye that is excluded
from viable cells but preferentially stains the DNA from dead
cells. The CellTox™ Green Dye is non-toxic to cells, and the signal
remains constant after exposure of 72 hours, making it ideal for
determining toxic effects of treatments throughout an extended
exposure or as an endpoint determination. CellTox™ Green can be
multiplexed with other spectrally distinct measures of cell health
to provide mechanistic information relating to cytotoxicity.

Assay principle

When the dye binds DNA, released from cells, its fluorescence
properties are substantially enhanced. Viable cells produce no
appreciable increases in fluorescence. Therefore, the fluores-
cence signal produced by the binding interaction with dead cell
DNA is proportional to cytotoxicity. The CellTox™ Green Dye is
well tolerated by a wide variety of cell types and is essentially
nontoxic. The dye can be diluted in culture medium and deliv-
ered directly to cells at seeding or at dosing, allowing “no-step”
real-time measures of cytotoxicity. The dye also can be diluted
in assay buffer and delivered to cells as a conventional endpoint
measure after an exposure.

Assay features

Assay type Stable fluorescence signal over 72 h
(485-500,,/520—5305,,)

Markers DNA

Applications Real-time cytotoxicity measurements;
membrane damage; multiplexing with
other assays.

Cell type Cells

Implementation Add assay reagent directly to cells prior to

plating or with dosing media to perform
kinetic cytotoxicity measurements, or add
diluted dye directly to cell culture wells as
an endpoint add-mix-measure assay.

Time required 15 minutes incubation

tiplexin
MU\ ‘P ® 3D

Assay Principle: CellTox™ Green binds DNA of cells
with impaired membrane integrity

Viable Cell ; Nonviable Cell

Low Fluorescence High Fluorescence

Multiplex for more informative data per well
Multiplexing with CellTiter-Glo®

® CellTox™ Green Assay
W CellTiter-Glo® Assay

" Fluorescence (RFU)
Luminescence (RLU)

W Cellliter-Glo®3D |
- ® CellTox™ Green

" Luminescence (RLU)
Fluorescence (RFU)

HCT116 cells were cultured in InSphero GravityPLUS™ 3D Cell
Culture system for 4 days to form ~350 pm microtissues. Samples
were treated with CellTox™ Green and panobinostat for 48 hr. After
recording fluorescence, an equal volume of CellTiter-Glo® 3D was
added, the plate was shaken for 5, and the luminescence was
recorded after 30 min incubation.

[11b]
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CytoTox-Glo™ Cytotoxicity Assay
Cell-based

Applications
Cytotoxicity; membrane damage; multiplexing with other

H
|
AAF_NUS N~ COOH
assays. >‘< j/
y N s

Dead-cell
Assay description protease activity
CytoTox-Glo™ Assay is a luminescent cell-based assay for deter- HN S\ Ny CooH

L. . . . . . AAF + \©: >—< j/ +ATP +0,
mining cytotoxicity. The assay is particularly suitable for multi- N s
plexing, as the cells remain intact. It is frequently used for nor- L“C‘f:/’\ase
gz+
malizing data, i.e. to compensate for differences between indi-
vidual wells and plates. The CytoTox-Glo™ Assay correlates very .
IGHT

well with other cytotoxicity measurements such as LDH detec-

tion and DNA staining.

Assay principle

The principle of the CytoTox-Glo™ Assay is based on measure-
ment of the activity of dead-cell protease, which is released
into the medium following cell membrane damage. Using a

luminogenic peptide substrate Ala-Ala-Phe-aminoluciferin . .
The CytoTox-Glo™ Assay correlates very well with established

(AAF-aminoluciferin), which cannot pass through the cell mem- methods for determining membrane integrity

brane, dead-cell protease activity is measured indirectly via a

downstream luciferase reaction. The reagent is added directly \
r'=0.993 r=0.9973

to the cells. A readout for the assay can be obtained after just

&
" DNA-staining

Fluorescence (RFU x 10°)

5
4
3
2
1

15 minutes. The luminescent signal is a measure of the number

Lactate dehydrogenase
Fluorescence (AU x 10%)
o

of damaged cells. If in a further step a lytic reagent is then

added, a value can also be determined for the total cell count

Dead-cell protease Dead-cell protease

(total lysis). This value is suitable for normalization. S e G N N e

Assay features

Assay type Luminescent (glow-type)
Markers Dead-cell protease
Applications Cytotoxicity, membrane integrity,
multiplexing with other cell-based assays
Cell type Cell lines ‘
Implementation Homogeneous, one-step assay
Time required 15 minutes ; T T -
Sensitivity 10 dead cells (96-well format) """"""" SR """"""""" """"""""""" """"

10,000

Increased sensitivity and larger measurement range
with CytoTox-Glo™
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CytoTox-Fluor™ Cytotoxicity Assay
Cell-based

Applications

Cytotoxicity; membrane damage; multiplexing with other
assays.

Assay description

CytoTox-Fluor™ Assay is a fluorescent assay for determining
cytotoxicity. It measures the proportion of dead cells in a cell
culture sample. This assay is frequently used for multiplexing
and is a component of the following multiplexing assays:
MultiTox-FluorAssay, ApoTox-Glo™-Triplex Assay,

Mitochondrial ToxGlo™ assay.

Assay principle

The assay is based on the detection of dead-cell protease,
which is released following membrane damage. The fluoro-
genic cell-impermeable dye bis-Ala-Ala-Phe-rhodamine-110
(bis-AAF-R110) is specifically recognized by the dead-cell pro-
tease and converted to fluorescent rhodamine-110. The meas-
ured fluorescent signal is a measure of the number of damaged
cells in culture. A readout of the fluorescent signal can be
obtained 0.5—3 hours after the assay reagent has been added.

Assay features

Assay type Fluorescent (485,/520,)

Markers Dead-cell protease

Applications Cytotoxicity, multiplexing
with other cell-based assays

Cell type Cell lines

Implementation Homogeneous, one-step assay

Time required 0.5-3 hours

Sensitivity 10 dead cells (96-well format)

[11b]

R Dead-Cell
bis-AAF-R110 —88 ™ > R1o
Protease
DEeAD-CELL
PROTEASE
—
Excellent sensitivity

| Assay incubation time
' @ 2hours i
{0 1hour

| A 0.5 hour

10 cells

Limit of detection

1,000 10,000 100,000

Cells/well

Sonicated Jurkat cells were seeded in a 96-well plate and dead-cell
protease activity determined using the CytoTox-Fluor™ Assay.
The assay is linear up to 100,000 cells. The detection limit lies at
just 10 cells.

Multiplexing of the CytoTox-Fluor™ Assay
and the Caspase-Glo® 3/7 Assay

" Fluorescence (RFU)
Luminescence (RLU)

12.50 25.00

Besides damaging the cell membrane, staurosporine induces acti-
vation of caspase-3/7 and thus activation of apoptotic processes.
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CytoTox-ONE™ Homogeneous Membrane Integrity Assay (LDH)
Cell-based

Applications

Cytotoxicity; membrane damage; multiplexing with other o o O Nar %CEOD/O'N”
LI, N

assays.

N w % Resazurin ¥
o

Assay description NAD*E fNADH

. CH,- c COOH CH,- C - COOH
CytoTox-ONE™ assay can be used to measure both the cytotoxic

H PYRUVATE
effect of substances on cellular systems and cell-mediated Lacrate T [
cytotoxicity (e.g. immune response). Where cells are damaged
3

by these processes, the cell membrane loses its integrity and
cytosolic proteins, for example, such as lactate dehydrogenase
(LDH), pass into the extracellular space. This assay can be com-

bined with other assays, such as CellTiter-Glo®-Assay or Apo- Sensitivity and linearity of the CytoTox-ONE™ Assay
ONE®-Caspase-3/7-Assay, in the same experimental setup.

Assay principle
LDH activity in a coupled enzymatic reaction is measured as a

gauge of cell damage. The assay reagent contains lactate, cgmp,ete,ys,,i

NAD™, resazurin and the enzyme diaphorase. In the first step, Control

lactate is oxidized to pyruvate by the LDH. Here, the reducing

i~
5
)
2
Y
-}
)
1\
i
)
L9
3
e
8
)
g

equivalents are initially transferred to NAD* and then in the
second step, with the aid of the diaphorase, to the fluorogenic
dye resazurin. The fluorescent signal of the resorufin that is

produced is proportional to the quantity of LDH released and

After treatment of L929 cells with Triton X-100 (complete lysis) and
with PBS (control), the CytoTox-One™ reagent was added. The reac-
tion was terminated after 10 minutes and the absorbance measured
in a fluorometer.

thus to the number of damaged cells.

Assay features

Assay type Fluorescent (560,,/590;,)

Markers LDH Multiplexing

Applications Cytotoxicity; multiplexing [ : Z);:Toozgmfm

Cell type Cell lines = T

Implementation Homogeneous, two-step assay | ;5

Time required 10 minutes i‘_:

Sensitivity 200 dead cells (96-well format) : % g
= =

Determination of membrane integrity and caspase activation in a
sample after treatment of HepG2 cells with tamoxifen. Depending
on the tamoxifen concentration, apoptosis and necrosis are induced.
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Viral ToxGlo™ Assay
Cell-based

Applications

Monitoring viral-induced cytopathic effect (CPE) and the corre-
sponding tissue culture infective dose (TCID50); determination
of potential antiviral potency or off-target toxicity of test com-
pounds.

Assay description

The Viral ToxGlo™ Assay is a simple, quantifiable method of deter-
mining viral-induced cytopathic effects (CPE) in host cells caused
by lytic virions. The assay measures cellular ATP as a surrogate
measure of host cell viability. When CPE occurs due to viral
infection, ATP depletion can be measured and correlated with
viral burden. The amount of ATP detected is directly proportion-
al to the number of viable host cells in culture and can be used
as a simple method to quantify viral-induced CPE. The system
detects as few as 15 cells/well in a 384-well format in 10 min-
utes after reagent addition and mixing and is designed for use
in multiwell formats, making it ideal for automated high-
throughput screening.

Assay principle

The homogeneous “add-mix-read” assay is added directly to host
cells following viral treatment. A “glow-type” luminescent signal
is generated that is proportional to the amount of ATP present
and to number of cells. Cell washing, multiple pipetting steps and
visual assessment are not required to detect CPE. Luminescent
signal is very stable with a half-life generally >5 hours dependent
on cell type and medium used. No fluorescence interference
results in high signal to background and delivers excellent Z' val-
ues in screening applications.

Assay features

Assay type Luminescent (glow-type; T,, > 5 h)

Markers ATP

Applications Monitoring CPE and the corresponding TCID50;

determination of potential antiviral potency or
off-target toxicity of test compounds.

Virus lytic virus, that induce cytophatic effects

Implementation Homogeneous, one-step assay

Time required 10 minutes

Sensitivity 15 living cells (384-well format)

Robustness High Z’ factor; scalable from 96- to 1536-well
plate formats.

Calculation of antiviral potency

3 @ On-Target Antiviral
& | A Off-Target Cytotoxicity
]
)
A
g ®
i§ o
LS
3 ~
: ®
@
5 4

Enhanced Luminescence implicates
antiviral potency of test compound

. On-Target Antiviral :
| A Off-Target Cytotoxicity

Luminescence (RLU)

A. A. Half-log (3.16-fold) dilutions of Ribavirin were added to either
MDCK cells with 100 TCID50 of H1N1 (on-target) or MDCK cells only
(off-target) for 72 hours.

B. Twofold serial dilutions of Ribavirin were added to replicate wells
of a 96-well plate containing BHK-21 cell monolayers. Either 100
TCID50 of Dengue virus (Serotype 2) or medium alone were imme-
diately added to two series of replicates to determine antiviral effi-
cacy (on-target) and cytotoxicity (off-target), respectively, for 96
hours. For both panels, after incubation, ATP Detection Reagent was
added and luminescence measured.

Experimental data was provided by Southern Research Institute,
Birmingham, AL, and is used with permission.
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lic Apoptosis

Apoptosis, “programmed cell death”, is a multi-step process for
the removal of the body’s own cells. In contrast to cell death
through necrosis, apoptosis is a physiological process which is
set in motion by external factors (extrinsic) or intracellular
influences (intrinsic). Apoptotic cells shrink, with distinguishing
features including caspase activation and DNA fragmentation
into characteristic lengths. The cell membrane remains intact
during these processes. The formation of bulges and blebs in
the cytoplasmic membrane (membrane blebbing) leads to the
emergence of “apoptotic bodies”, which are phagocytosed by
macrophages or adjacent cells. Unlike necrosis, apoptosis does
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not therefore trigger an inflammatory response, and adjacent
cells remain intact. Caspases play a key role in apoptosis as
“initiator” and “effector” caspases. The detection of these
makes it possible for apoptotic processes to be analyzed in
detail.

Overview of caspase assays

Caspase-Glo® 3/7 Assay

Apo-One® Homogeneous Caspase-3/7 Assay
CaspACE™ FITC-VAD-FMK In Situ Marker

g
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Overview of caspase assays

Caspases play a key role in apoptosis. They are activated via a
variety of signaling pathways, some of which are currently still
under research. It is generally accepted that activation of the
initiator caspase, caspase-8, is induced via the superfamily of
death receptors. Caspase-8 subsequently activates the effector
caspases -3, -6 and -7, and these in turn cleave numerous cellu-
lar protein substrates, which ultimately cause the death of the

[lic]

cell. The “intrinsic” apoptosis pathway is triggered e.g. by ultra-
violet light, viral infection or damage to the cell membrane. As
a consequence, cytochrome c is released into the cytosol. These
events activate the initiator caspase, caspase-9, and this in turn
in the next step activates the effector caspases -3, -6 and -7.

Caspase Biological relevance Assay name Assay substrate Assay optimization through
the addition of inhibitors

Caspase-9 is activated by binding to
cytochrome c.

Caspase-2* Involved in stress-induced and Caspase-Glo® 2 Assay Z-VDVAD-aminoluciferin « Caspase-3/7 inhibitor
wn TRAIL-mediated apoptosis. (Ac-DEVD-CHO)
% « Proteasome inhibitor (MG-132)
v | Caspase-8 Receptor-mediated apoptosis (activat- || Caspase-Glo® 8 Assay Z-LETD-aminoluciferin + Proteasome inhibitor (MG-132)
e ed e.g. by Fas-Ligand, TNF-a).
° Caspase-9 The mitochondria are damaged by Caspase-Glo® 9 Assay Z-LEHD-aminoluciferin + Proteasome inhibitor (MG-132)
E oxidative stress, viral infection, etc.
-"é and cytochrome c is released

Primary effector caspases in the apop-
tosis pathway. They can be activated
by caspase-8 or caspase-9. This trig-

Caspase-3/7

gers apoptosis through proteolysis of
anti-apoptotic proteins (ICAD, Bcl-2
proteins, PARP, etc.).

Caspase-Glo® 3/7 Assay

Apo-One® Homogeneous
Caspase-3/7 Assay

Z-DEVD-aminoluciferin

Z-DEVD-R110-DVED-Z

Caspase-6* Plays a role in neurodegenerative dis-

eases, such as Alzheimer’s or

w
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w
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Huntington’s.

Caspase-Glo® 6 Assay

« Caspase-3/7 inhibitor
(Ac-DEVD-CHO)

Z-VEID-aminoluciferin

« Proteasome inhibitor (MG-132)

Note:

* The Caspase-Glo® 2 and Caspase-Glo® 6 Assays are recommended only for detecting the activity of purified enzyme preparations!
The Caspase-Glo® 3/7, 8, 9 Assays can be used directly in cell culture or with purified enzyme preparations.

The functioning of some assays can be optimized by adding inhibitors.

You will find more detailed information on this in the relevant technical guides at www.promega.com.
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Caspase-Glo® 3/7 Assay

Cell-based/Biochemical

Applications
Apoptosis; multiplexing with other cell-based assays; inhibitor
screening.

Assay description

Caspase-Glo® 3/7 Assay is an extremely sensitive test system for
determining apoptosis in cell culture or in enzyme prepara-
tions. The activity of the effector caspases, caspases -3 and -7,
is measured through cleavage of a proluminescent substrate.
This contains the tetrapeptide DEVD as a recognition sequence.
Caspase-3 and caspase-7 activity are detected as a result, with
an excellent signal-to-background ratio. Caspase-Glo® 3/7
Assay is quick and easy to perform. It can be flexibly configured
for cell cultures or enzyme preparations in the desired format
(cuvette, 6- to 1536-well plates).

Assay principle

The assay is based on measurement of caspase-3/7 activity via
the tetrapeptide DEVD. In this detection process, two enzymat-
ic steps occur in immediate succession: the Caspase-Glo® 3/7
reagent contains a substrate for caspase-3 and -7 (Z-DEVD-
aminoluciferin), which is cleaved and releases aminoluciferin.
The aminoluciferin serves as a substrate for the thermostable
and particularly robust Ultra-Glo™ Luciferase, which catalyses a
luciferase reaction with an extended half-life (glow-type
luciferase reaction).

Assay features

Assay type Luminescent (glow-type)
Markers Caspase-3 and -7
Applications Apoptosis, multiplexing with other

cell-based assays

Cell type/Sample  Cell lines, primary cells,

enzyme preparations

Implementation Homogeneous, one-step assay
0.5-3 hours

100 apoptotic cells (96-well format)

Time required

Sensitivity

Robustness High Z’ factor; excellent signal-to-back-

ground ratio

" Luminescence (RLU)
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2-DEVD-N COOH NN
O™

DEVD-Aminoluciferin
Caspase-3/7 C

Aminoluciferin
Z-DEVD +HN \O:S N__ COOH
a8l
N S
l

LIGHT

Wide linear measurement range from 20 to 10,000 cells

'@ antifas |
2 Control

Jurkat cells were treated for 4.5 hours with anti-Fas mAb in order to
induce apoptosis. After the Caspase-Glo® 3/7 Assay reagent was
added to the 96-well plate, the signal reading was taken after an
incubation time of 1 hour. The values for 0-625 cells are shown in the
detail enlargement.

High stability of the luminescence signal

[eXee]o}] 0.001

Recombinant caspase-3 was incubated in a 96-well format for
0.5—6 hours with Caspase-Glo® 3/7 Assay reagent. The lumines-
cent signal is stable for several hours. The assay is linear over at
least five orders of magnitude.



26 CELL VIABILITY, CYTOTOXICITY AND APOPTOSIS | APOPTOSIS [lic]

Apo-ONE® Homogeneous Caspase-3/7 Assay
Cell-based

Applications

Apoptosis; multiplexing with other cell-based assays; inhibitor e .

screening. %"’*mm:iw“
N Z-DEVD-R110-DVED-Z

Assay description ‘ >

Apo-ONE® Homogenous Caspase-3/7 Assay is a fluorescent cell- 2-DEVD + *

based assay for determining caspase-3 and caspase-7 activity. ,

This assay is also suitable for multiplexing.

Assay principle Sensitivity

Apo-ONE® Homogeneous Caspase-3/7 Assay uses a fluorescent
marked substrate (Z-DEVD-R110-DVED-Z) for detecting active
caspase-3 and -7 in a wide variety of starting materials.

Coupling rhodamine 110 to the caspase substrate allows a sub-

stantially higher degree of sensitivity to be achieved than in
comparable fluorescent assays (approx. 600 apoptotic cellsin a

Fluorescence

96-well format). The fluorescence signal in this case is propor-

tional to the quantity of activated caspases. We recommend

. 2,000 ,000 ,000 ,000
using a 96-well or 384-well format. : = -

Cells/well |

Assay features Jurkat cells were treated for 4.5 hours with anti-Fas

mADb in order to induce apoptosis. Following addition

Assay type Fluorescent (499,./521.) of the Apo-One®-Assay reagent to the 96-well plate,
Markers Caspase-3 and -7 the signal reading was taken after an incubation time
Applications Apoptosis, multiplexing with other of 1 hour.

cell-based assays

Multiplexing:
Cell type/Sample  Cell lines, primary cells, Determination of two end points in a sample
enzyme preparations e

Implementation Homogeneous, one-step assay '§ E
i N

Time required 1-18 hours i @\ 3
& o

Sensitivity ~ 600 apoptotic cells (96-well format) :E_ %
Robustness High Z’ factor; excellent signal-to-back- g §
. S g

ground ratio § §

P i

400 800 1,200 1,600 2,000

Staurosporine (nM)

@ Apo-ONE® - Determination of cell viability and apoptosis in
I cellmiter-Blue®  a sample. The cell viability of Jurkat cells treated
~ with staurosporine was determined using Cell-
Titer-Blue® reagent (5 hours) Caspase activity
was subsequently determined using Apo-One®

Assay reagent (1 hour)
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CaspACE™ FITC-VAD-FMK In Situ Marker
Cell-based

Applications

In situ detection of apoptotic cells in a flow cytometer or under ’ -
Flow cytometric analysis

a fluorescence microscope. of apoptotic Jurkat cells

Assay description

CaspACE™ FITC-VAD-FMK In Situ Marker is designed for fast and
direct in vivo detection of caspase activity and can be combined Uil
with other markers (e.g. antibodies) for double staining. It is a

fluorescent analog of the pan-caspase inhibitor Z-VAD-FMK feciedcel

(carbobenzoxy-valyl-alanyl-aspartyl-[O-methyl]-fluoromethyl-

ketone). The carbobenzoxy group is replaced by the fluorescent W—_

dye fluorescein isothiocyanate (FITC). This marker is cell-perme-
able and is delivered direct to the cells.

.. —— anti-Fas (-); FITC-VAD-FMK (+)
Assay prmuple anti-Fas (+); FITC-VAD-FMK (+)
The cell-permeable FITC-VAD-FMK marker binds irreversibly in a
Jurkat cells were treated with anti-Fas mAb for 4 hours in order to
induce apoptosis and then stained with CaspACE™ FITC-VAD-FMK In
supplied as a 5 mM stock solution in DMSO. The reagent is Situ Marker (final concentration 10puM). The fluorescence profiles
were determined by flow cytometry.

stoichiometric ratio to all activated pan-caspases. The marker is

added to the cells directly and incubated for 20 minutes. The
cells can then be analyzed in a flow cytometer. Where the

analysis is to be carried out using a fluorescence microscope,
Fluorescence microscopic analysis

however, subsequent fixing with formalin will be required. o e el

DAPI FITC-VAD-FMK

Assay features

Assay type Fluorescent A
Markers Pan-caspases
Applications Apoptosis, can be combined with
antibody labeling
Cell type Cell lines, primary cells
Implementation Add directly to the medium
Time required 0.5—1 hours B.
Sensitivity 4,000 apoptotic cells

In situ marking with CaspACE™ FITC-VAD-FMK corresponds to the
flow cytometric analysis shown above. Jurkat cells were analyzed
under a fluorescence microscope. A: untreated cells and B: cells
treated with anti-Fas. Nuclear staining with the DAPI stain confirms
activation of apoptosis (condensed chromatin and fragmented nucle-
us) of the FITC-VAD-FMK-marked cells.

27
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Ild Inflammation

Inflammasomes are protein complexes induced by diverse
inflammatory stimuli. Innate immune cells respond to patho-
gens and other danger signals with inflammasome formation

and conversion of procaspase-1 zymogen into catalytically acti-

[id]

ve caspase-1. Caspase-1 activation results in: 1) the processing
and release of cytokines IL-1% and IL-18 and 2) pyroptosis, an
immunogenic form of cell death.

Caspase-Glo® 1 Inflammasome Assay
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Caspase-Glo® 1 Inflammasome Assay

Cell-based/Biochemical

Applications

Determination of inflammasome activity by inducers or
inhibitors in cells or cell culture media; assay purified caspase-1
activity; multiplexing with other assays.

Assay description

The Caspase-Glo® 1 Inflammasome Assay is a homogeneous,
bioluminescent method to selectively measure the activity of
caspase-1, a member of the cysteine aspartic acid-specific pro-
tease (caspase) family and an essential component of the
inflammasome.

Assay principle

The Caspase-Glo® 1 Inflammasome Assay provides a luminoge-
nic caspase-1 substrate, Z-WEHD-aminoluciferin, in a lytic
reagent optimized for caspase-1 activity. A single addition of
this reagent results in cell lysis, substrate cleavage by caspase-
1 and generation of light. The coupled-enzyme system reaches
a steady-state between caspase cleavage of the substrate and
luciferase conversion of aminoluciferin. These simultaneous
reactions generate a stable luminescent signal, which is pro-
portional to caspase activity. Inclusion of the proteasome inhi-
bitor MG-132 in the reagent eliminates nonspecific proteaso-
me-mediated cleavage of the substrate, enabling sensitive mea-
surement of caspase-1 activity.

Assay features

Assay type Luminescent (glo-type; T1/2 > 3h)

Markers Caspase-1 activity

Applications Determination of inflammasome activity
or purified caspase-1 activity.

Cell type Cells or medium from cultured cells in

multiwell plates. No lysate preparation or
multiple pipetting steps required.

Implementation Homogeneous, one-step assay

Time required 1 hour (after adding the reagent)

Specific Activity The selective caspase-1 substrate (Z-
WEHD) and Inhibitor (MG-132) enable
direct detection of caspase-1 activity. The
kit also includes a caspase-1-specific inhi-
bitor (Ac-YVAD-CHO inhibitor) to confirm

specific activity in parallel samples.

Robustness Reactions are scalable in 96- and 384- plates
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Caspase-Glo® 1 Inflammasome Assay can monitor released
caspase-1 in culture medium

Luminescence (RLU)

Pam3CSK4 Pam3CSK4 R848

culture medium

Signal-
background
ratio

. W no-cell control
. W vehicle control
M treated cells :
W treated cells + YVAD-CHO Inhibitor

THP-1 cells were differentiated for 2 days with 20nM phorbol-12-
myristate-13-acetate (PMA), followed by treatment with either
Pam3CSK4 (2 ug/ml) or resiquimod (R848, 20 uM) for 2 hours. Half of
the culture medium (50 ul/well) was transferred to a second plate,
50 pl/well of Caspase-Glo® 1 Reagent or Caspase-Glo® 1 YVAD-CHO
Reagent was added and luminescence was measured.

Caspase-Glo® 1 can be multiplexed with CellTox™ Green

" Luminescence (RLU)

CHO

Nigericin

CellTox™ Green
Cytotoxicity Assa;

M no-cell control
[ vehicle control
W treated cells

THP-1 cells were added to plates at 5 x 10° cells/ml in 100 ul of medi-
um and differentiated with PMA (20nM, 3 days) in 96-well plates
followed by treatment with flagellin (1pg/ml, 1 hour) or nigericin
(20uM, 2 hours). Half of the culture was transferred to a separate
plate, and Caspase-Glo® 1 Reagent or Caspase-Glo® 1 YVAD-CHO
Reagent was added to each well. Luminescence was recorded after
30 minutes. The original plate with the cells and half of the culture
medium was then assayed using the CellTox™ Green Cytotoxicity
Assay.
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lle Multiplexing

The demand for higher throughput in current biomedical
research has had a major impact on the use of cell-based
assays. It is becoming increasingly important to be able to com-
bine assays with one another. Such multiplexing of cell-based
assays, as it is known, allows the efficient analysis of more than
one parameter in an experimental setup. Various combinations
of assays are feasible here, provided the assay chemistry is
compatible and the detection signals can be distinguished
from one another. The measurement and linking of multiple
parameters renders data meaningful and reproducible.

Depending on the combination, one assay can serve as an inter-

Reagent 1

ATP

[lle]

nal control for another assay. This approach saves time, sample
materials and expensive test compounds. Multiplexing conse-
quently makes it possible to gain an improved understanding
of complex cellular processes.

MultiTox-Fluor Multiplex Cytotoxicity Assay

MultiTox-Glo Multiplex Cytotoxicity Assay

Apolive-Glo™ Multiplex Assay

ApoTox-Glo™ Triplex Assay

ONE-Glo™ + Tox Luciferase Reporter and Cell Viability Assay
Mitochondrial ToxGlo™ Assay

s

Reagent 2

ATP
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Overview of cell-based assays that can be combined

To multiplex two or more assays, the assays must meet certain fit into the same well or be easily separated. Furthermore, some
criteria: the signals must be spectrally or temporally distinct, of the multiplexing examples in the table are using modified
the assay chemistries must be compatible, and the assays must protocols. Please contact our technical service for guidance!

Cell Viability Assay

1st Assay Information obtained by multiplexing 2nd Assay

RealTime-Glo™ MT Cell Viability Assay CellTox™ Green Cytoxicity Assay Cell viability and cytotoxicity (membrane integrity)
CytoTox-Fluor™ Cytotoxicity Assay Cell viability and cytotoxicity (protease release)
NAD/NADH-Glo™ Assay Cell viability and measurement of NAD* and NADH
NADP/NADPH-Glo™ Assay Cell viability and measurement of NADP* and NADPH
Reporter assays Cell viability and reporter gene activity
RNA isolation Cell viability and RNA analysis

CellTiter-Fluor™ Assay CellTiter-Glo® Assay, CellTiter-Glo®2.0 Assay Viability

Fluorescence CytoTox-Glo™ Assay Cytotoxicity

Live-Cell-Protease-Activity (available as MultiTox-Glo™ Multiplex Assay)

(Gly-Phe-AFC) CytoTox-Fluor™ Assay

400,,/505, (available as MultiTox-Fluor™ Multiplex Assay)
Caspase-Glo® 3/7 Assay Apoptosis
(available as Apolive-Glo™ Multiplex Assay)
GSH-Glo™ Assay Oxidative Stress
P450-Glo™ Assay Cytochrom P450

CellTiter-Blue® Assay CytoTox-ONE™ Assay Cytotoxicity

Fluorescence

(Resazurin to Resorufin) Apo-ONE® Caspase 3/7 Assay Apoptosis

560:/590c,

1st Assay Information obtained by multiplexing 2nd Assay

CellTox™ Green Assay CellTox™ Green Assay can be combined

Fluorescence with all available Glo-Assays

(DNA-dye)

485-500,,/520~530x,

CytoTox-ONE™ Assay CellTiter-Glo® Assay, CellTiter-Glo®2.0 Assay Viability

LDH-Release, Fluorescence CellTiter-Blue® Assay

(Resazurin to Resorufin) Caspase-Glo® 3/7 Assay Apoptosis

560;,/590;,, Apo-ONE® Caspase 3/7 Assay

CytoTox-Fluor™ Assay CellTiter-Glo® Assay, CellTiter-Glo®2.0 Assay Viability

Fluorescence Caspase-Glo®3/7 Assay Apoptosis

Dead-Cell Protease-Activity ONE-Glo™ Assay Single Reporter System

(bis-AAF-R110) GSH-Glo™ Assay Oxidative Stress

485,,/520¢,

1st Assay Information obtained by multiplexing 2nd Assay

Apo-ONE® Caspase 3/7 Assay CellTiter-Blue® Assay Viability

Fluorescence CytoTox-ONE™ Assay Cytotoxicity

Caspase-Activity Caspase-Glo® 8 and 9 Assay Apoptosis

(z-DEVD-R110) EnduRen™ Live Cell Substrate Live Cell Substrate

499,,/521,,

Multiplexing Assay

Assay Information obtained by multiplexing

MultiTox-Fluor™ Multiplex Assay Caspase-Glo® 3/7 Assay Apoptosis
Fluorescence (available as ApoTox-Glo™ Triplex Assay)

Cell Viability and Necrosis

CellTiter-Fluor™: 400,,/505;,, GSH-Glo™ Assay Oxidative Stress

CytoTox-Fluor™: 485,/520k,
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MultiTox-Fluor Multiplex Cytotoxicity Assay

Cell-based

Applications
Simultaneous determination of cell viability and cytotoxicity in
the same well.

Assay description

Multitox-Fluor Multiplex Cytotoxicity Assay is a fluorescent cell-
based assay for simultaneously determining cell viability and
cytotoxicity in the same well. The assay is a combination of the
CellTiter-Fluor™ and the CytoTox-Fluor™ Assays.

Assay principle

The assay is based on the simultaneous determination of live-
cell protease activity and dead-cell protease activity. Both are
forms of protease activity that deliver significant information
about cell viability and cytotoxicity. The assay reagent contains
two different fluorogenic peptide substrates: the cell-permeable
GF-AFC for determining cell viability and the cell-impermeable
bis-AAF-R110 for determining cytotoxicity. For further details,
see CellTiter-Fluor™Assay and CytoTox-Fluor™ Cytotoxicity
Assay.

Assay features

Assay type Fluorescent
(AFC 400,,/505,,, R110 485,,/520;,)
Markers Live-cell protease; dead-cell protease
Applications Simultaneous measurement of cell
viability and cytotoxicity in the same well
Cell type Human cell lines (adherent

or in suspension)

Implementation Homogeneous, one-step assay
0.5-3 hours
40 living cells; 10 dead cells

(96-well format)

Time required

Sensitivity

Measurement signals can be differentiated by their
distinct fluorescence spectra.

Optimal results are achieved through the use of filters for excitations
at 400 nm (AFC) and 485 nm (rhodamine 110).

Multiplexing with other assays

e
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1 10 100
Staurosporine (UM)

. Dead cells (R110 fluorescence)

: Living cells (AFC fluorescence)

WV  Caspase-3/7 (luminescence)

Detection of the cell viability and cytotoxicity of LN-18 cells treated
with staurosporine, using MultiTox-Fluor reagent and Caspase-Glo®
3/7 reagent. With rising staurosporine concentration, cell viability
decreases while caspase activity increases.
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MultiTox-Glo Multiplex Cytotoxicity Assay

Cell-based

Applications

Sequential determination of cell viability and cytotoxicity in
the same well.

Assay description

Multitox-Glo Multiplex Cytotoxicity Assay is a cell-based assay for
sequentially determining cell viability and cytotoxicity in the
same well. The assay is a combination of the CellTiter-Fluor™
and CytoTox-Glo™ Assays.

Assay principle

The assay is based on the sequential determination of live-cell
protease activity and dead-cell protease activity. Both are forms
of protease activity that deliver significant results about cell
viability and cytotoxicity. The assay reagent contains two
different peptide substrates: the fluorogenic cell-permeable
GF-AFC for determining cell viability and the luminogenic cell-
impermeable AAF-aminoluciferin for determining cytotoxicity.
For further details, see CellTiter-Fluor™ and CytoTox-Glo™
Assays.

Assay features

Assay type Fluorescent (AFC 400,/505¢,); lumines-
cent (glow-type)

Markers Live-cell protease; dead-cell protease

Applications Sequential measurement of cell viability
and cytotoxicity in the same well

Cell type Human cell lines

(adherent or in suspension)

Implementation Homogeneous, two-step assay
0.5 hours
40 living cells; 10 dead cells

(96-well format)

Time required

Sensitivity

MultiTox-Glo Multiplex Cytotoxicity Assay
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® GF-AFCsubstrate (viability) EC_ = 8.5 nM
© AAF-Glo™ substrate (cytotoxicity) EC, =76nM

Comparable ECs, values through parallel measurement of live-cell
and dead-cell protease. Jurkat cells were treated with the alkaloid
camptothecine for 24 hours. Cell viability and cytotoxicity were
determined using MultiTox-Glo. The EC,, values determined are com-
parable.

Low variation in measurement results & a high signal-to-
noise ratio lead to excellent Z’ factors
lonomycin-treated

Vehicle control

Cytotoxicity Viability

" Fluorescence (RFU)
Luminescence (RLU)

Viability

|« GF-AFC substrate (viability) Z'= 0.85
* AAF substrate (cytotoxicity) Z'= 0.75

Low dispersion of individual measurements using the MultiTox-Glo
reagent. In this trial, 5x10° cells in a 384-well plate were treated
for 2 hours with the cytotoxic agent ionomycin (50 uM) and the
vehicle control, respectively. The MultiTox-Glo reagent was added
as described in Technical Bulletin #TB358. The results show a low
variation in the individual measurement results and a very good
signal-to-noise ratio. This is also expressed in the excellent
Z’ factors of >0.5.
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Apolive-Glo™ Multiplex Assay
Cell-based

Applications
Sequential determination of cell viability and apoptosis in the

Induction of apoptosis by staurosporine
same well.

Assay description
Apolive-Glo™ Multiplex Assay enables the measurement of cell
viability and apoptosis in the same well. In this way, the quali-

ty fluorescence (RFU)

ty of the data is significantly improved compared with that of a
single-parameter assay. At the same time, it reduces the outlay
in terms of time and cost.
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Assay principle

The assay is a combination of the CellTiter-Fluor™ Cell Viability

® Viability (GF-AFC substrate) EC_, = 463 M :
V' Apoptosis (Caspase-Glo® 3/7 substrate) EC,, = 491 nM
bility is determined through live-cell protease activity using the

Assay and the Caspase-Glo® 3/7 Assay. In the first step, cell via-

peptide substrate GF-AFC. In the second step, apoptosis is
Jurkat cells were treated with staurosporine for 6 hours, and cell via-

determined by measuring caspase-3/7 activity. bility and apoptosis were determined using the ApolLive-Glo™
Multiplex Assay. With rising staurosporine concentration, cell viabili-

ty decreases while caspase 3/7 activity increases.
Assay features

Assay type Fluorescent (AFC 400,,/505;,); lumines-
cent (glow-type)

Markers Live-cell protease + caspase-3/7

Applications Sequential measurement of cell viability
and apoptosis in the same well

Cell type Cell lines (adherent or in suspension)

Implementation Homogeneous, two-step assay

Time required 1-3 hours

Sensitivity 40 living cells;

100 apoptotic cells (96-well format)
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ApoTox-Glo™ Triplex Assay
Cell-based

Applications
Sequential determination of cell viability, cytotoxicity and

Induction of primary necrosis by ionomycin
apoptosis in the same well; cell death research.

Assay description

ApoTox-Glo™ Triplex Assay is a novel multiplex analysis system
for determining viability, cytotoxicity and apoptosis of cell lines
in a single well. The triplex assay measures the three parame-
ters in two steps by means of fluorescence and luminescence.

Viability fluorescence (RFU)
Apoptosis luminescence (RLU)
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Assay principle

The assay is a combination of the Multitox-Fluor™ Multiplex 3 : : 5
Cytotoxicity Assay and the Caspase-Glo® 3/7 Assay. In the first e 3
part of the assay, cell viability and cytotoxicity are determined |

by measuring two protease activities: live-cell protease and

dead-cell protease. In the second step, apoptosis is determined

by measuring caspase-3/7 activit Treatment of Jurkat cells with ionomycin for 6 hours leads to a reduc-

y 8 P Y- tion in cell viability with no caspase-3/7 activation. However, cell-

membrane damage due to the release of dead-cell protease is

Assay features observed. (rise in the cyfcot.oxmlty cu.rve). The da.ta supports the
assumption that ionomycin induces primary necrosis.

) (GF-AFC) EC,, = 6.89 uM
V' Apoptosis (caspase-3/7) EC,, = N.D. :
| @ Cytotoxicity (bis-AAF-R110) EC,, = 6.87 uM

Assay type Fluorescent (AFC 400,,/505,,,
R110 485.,/520¢,); Luminescent (glow-
type)

Markers Live-cell and dead-cell protease;

Induction of apoptosis by camptothecin
caspase-3/7 =g ey

Applications Sequential measurement of cell s N
viability,cytotoxicity and apoptosis %— %

Cell type Cell lines (adherent or in suspension) K S
Implementation Homogeneous, two-step assay g g
Time required 1-3 hours AN i
Sensitivity 40 living cells; 10 dead cells; 'S :E;
100 apoptotic cells (96-well format) ‘?S,. %

H |

g

Log_  [camptothecine], M

@ Viability/cytotoxicity reagent (viability) ‘
| @ Viability/cytotoxicity reagent (cytotoxicity) |
| @ Caspase-Glo® 3/7 reagent (apoptosis) i

Treatment of K562 cells with camptothecin for 48 hours.
Camptothecin leads to a dose-dependent reduction in cell viability
without damaging the cell membrane. A dose-dependent induction
of apoptosis is observed.
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ONE-Glo™ + Tox Luciferase Reporter and Cell Viability Assay

Cell-based

Applications
Determination of firefly luciferase reporter gene activity and
cell viability in the same well.

Assay description

ONE-Glo™ + Tox Luciferase Reporter and Cell Viability Assay is an
assay with 2 pipetting steps for simultaneously determining
firefly luciferase reporter gene expression and cell viability in
the same well. Using this assay significantly simplifies and

improves the interpretation of reporter gene expression data.

Assay principle

The assay is a combination of the CellTiter-Fluor™ Cell Viability
Assay and the One-Glo™ Luciferase Assay System. In the first
step, cell viability is detected by measuring live-cell protease
activity. Here, conversion of the pro-fluorogenic substrate GF-
AFC into fluorescent AFC is measured. In the second step,
luciferase reporter gene activity is determined using 5’-fluo-
roluciferin as a luciferase substrate. Reporter assays using 5’-
fluoroluciferin have greater stability and increased tolerance to
media components.

Assay features
Assay type Fluorescent (AFC 400,,/505.,);
luminescent (glow-type)

Markers Live-cell protease;
luciferase reporter gene

Applications Luciferase reporter gene activity
+ cell viability

Cell type Cell lines
Implementation Homogeneous, two-step assay
Time required 0.6—3 hours

HO\QS SN +ATP+O,
28\
N N

COOH
5’-fluoroluciferin

Firefly [ Mg
luciferase

©. S 5N +AMPPP,
hast
F N NNo

+CO,+ LIGHT

Oxyfluoroluciferin

5'-fluoroluciferin as a substrate for the firefly luciferase reaction

Multiplexing for improved interpretation
of reporter gene data

384-well 5x103 cells
@
[ L X ) o0 ®0

Reporter luminescence (RLU) x 105

| @ Viability |
i Reporter |

GloResponse™ NFAT-RE-luc2P HEK293 reporter gene cells (384-well
plate) were treated in the presence of PMA with increasing concen-
trations of ionoymcin. Up to a specific concentration of ionomycin,
the two substances cause stimulation of NF-AT-dependent luciferase
gene expression. Higher concentrations of ionomycin have a cytotox-
ic effect on the cells and result in diminished reporter gene expres-
sion.

[lle]
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Mitochondrial ToxGlo™ Assay
Cell-based

Applications
Predicting mitochondrial toxicity; drug screening; suitable for
HTS.

Assay description

Mitochondrial ToxGlo™ Assay is a cell-based assay for predicting
mitochondrial toxicity which may arise e.g. as a result of treat-
ment with xenobiotics. The assay is performed directly in the
cell culture plate. ATP content and membrane integrity are
measured. Combining the two data sets makes it possible to
differentiate between mitochondrial dysfunction and non-
mitochondrial cytotoxic mechanisms.

Assay principle

The assay is based on the sequential measurement of two bio-
markers. In the first step, cell membrane integrity is deter-
mined by measuring dead-cell protease activity in the medium.
For this purpose, a fluorogenic peptide substrate (bis-AFF-R110)
is used which cannot permeate the cell membrane, and which
therefore does not generate a signal in living cells (cf. CytoTox-
Fluor™ Cytotoxcicity Assay). In the second step, the ATP content
of the cell is determined. The ATP detection reagent leads to
lysis of the cells, and the ATP content is measured in a luciferase
reaction (cf. CellTiter-Glo® Assay). In order to increase the mito-
chondrial response, the cells should be cultured in a galactose-
containing medium with no glucose supplement.

Assay features

Assay type Fluorescent (R110 485,,/520;,);
Luminescent (glow-type)

Markers Dead-cell protease, ATP

Applications Mitochondrial toxicity

Cell type Cell lines in galactose medium

Implementation Homogeneous, two-step assay
0.6—3 hours

High Z’ factor

Time required

Robustness

CELL VIABILITY, CYTOTOXICITY AND APOPTOSIS | MULTIPLEXING

Mitochondria

Mitochondrial

DNA
Fat & sugar

“Intermediate products”

Mitochondria use oxygen in order to generate most (90—95 %) of the
ATP for multicellular organisms. Both oxygen consumption and ATP
content are therefore a good measure of mitochondrial activity.
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® ATP (galactose) EC,,=23nM

| ® ATP(glucose) EC, = ND

| & Oytoxicity (glucose) EC,=ND |
| & Gytoxicity (galactose) EC,=ND

Mitochondrial responsiveness/toxicity e.g. in K562 cells treated with
oligomycin* in a glucose- or galactose-containing medium.
Mammalian cells generate ATP both via mitochondria (oxidative
phosphorylation) and via non-mitochondrial reaction pathways (gly-
colosis). In the glucose-free medium, the cells are “forced” to gener-
ate the ATP via oxidative phosphorylation. Mitochondrial toxicity can
be determined only in a galactose-containing medium.

*Oligomycin is a well-known inhibitor of mitochondrial H*-ATP syn-
thase and leads here to a reduction of ATP content but not damage
to the cell membrane (cytotoxicity).

37



38 CELL METABOLISM

Il Cell Metabolism

Cancer is a disease of uncontrolled cell growth that requires
cancer cells to alter metabolic pathways to survive and prolifer-
ate. The principal mechanisms underlying this metabolic repro-
graming by oncogenes and tumor suppressor genes is still
poorly understood. Nicotinamide adenine dinucleotides (NAD",
NADH, NADP* and NADPH) are fundamental co-factors of cellu-
lar energy metabolism. These dinucleotides are essential for
macromolecule biosynthesis and the maintenance of the cellu-
lar redox potential. In addition NAD-dependent signaling path-
ways (e.g., mono- and poly- ADP ribosylation, protein deacety-
lation) are involved in regulating other processes linked to can-
cer development, including epigenetic regulation, cell cycle pro-

[

gression, DNA repair, and circadian rhythm. The central role of
NAD*, NADH, NADP* and NADPH in cellular energy metabolism
and signaling makes them important target-independent
nodes that link the metabolic state of cells with energy home-
ostasis and gene regulation. Rapid, easy-to-use assays for
measuring these dinucleotides would provide a convenient tool
for investigating their role in these processes.

Promega offers three new bioluminescence assays for rapid and
sensitive measurement of redox defining co-factors NAD*, NADH,
NADP* and NADPH.

\
NAD(P)H-Glo™ Detection System — detects NADH and NADPH (Biochemical assay)
NAD(P)H NAD(P)
U Luciferin Detection
Reagent
@ LIGHT
REDUCTASE  LUCIFERIN
SUBSTRATE
J

NAD*/NADH-Glo™ Assay — detects NAD and
NADH in cells (Cell-based or biochemical assay)

NAD CycCLING

ProDUCT SUBSTRATE

NAD CYCLING
ENZYME

[NADH| [NAD|
REDUCTASE LUCIFERIN
SUBSTRATE

NADP*/NADPH-Glo™ Assay — detects NADP
and NADPH in cells (Cell-based or biochemical

assay)
NADP CyCLING

ProDuCT SUBSTRATE

NADP CycCLING
ENzZYME

NADPH| NADP|

REDUCTASE
SUBSTRATE

LUCIFERIN
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NAD(P)H-Glo™ Detection System

Biochemical

Applications

Monitoring the activity of enzymes that produce or use
NAD(P)H; measuring NAD(P)H production or consumption in
high-throughput screen formats.

Assay description

The in vitro enzyme-based NAD(P)H-Glo™ Detection System is a
homogeneous, bioluminescent assay that quantitatively moni-
tors the concentration of the reduced forms of NADH and
NADPH, and does not discriminate between them. The oxidized
forms, NAD* and NADP-, are not detected and do not interfere
with quantitation. The assay is rapid, requiring only a 40- to 60-
minute incubation, has a broad linear range and high signal to
background ratio. The NAD(P)H-Glo™ Detection System detects
0.1pM to 25pM NAD(P)H. Reactions are scalable and can be
performed at low volumes in 96-, 384- and 1536-well plates.

Assay principle

In the presence of NAD(P)H, a reductase enzyme reduces a prolu-
ciferin Reductase Substrate to form luciferin. Luciferin then is
quantified using Ultra-Glo™ Recombinant Luciferase, and the
light signal produced is proportional to the amount of NAD(P)H
in the sample. The reductase and luciferase reactions are initiat-
ed by adding an equal volume of a single reagent, which con-
tains reductase, proluciferin reductase substrate and Ultra-Glo™
Recombinant Luciferase, to a NAD(P)H-containing sample.

Assay features
Assay type Luminescent (glow-type; T., > 2 h)
Markers NADH, NADPH

Applications Monitoring the activity of enzymes that pro-
duce or use NAD(P)H.
Sample Enzyme preparations

Implementation Homogeneous, one-step assay with flexible
storage capability

Linearity Detects 0.1 uM to 25 uM NAD(P)H

Sensitivity The limit of detection is < 0.1 uM NADH, with
a maximum assay window (i.e., signal-to-
background ratio) of 250. The system detects
1pM with a signal higher than five fold over

background.

Robustness 7’ factor > 0.7
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NAD(P)H™ Detection System Assay-Principle

NAD(P)H NAD(P)+

Luciferin Detection

N Reagent

( REDUCTASE)

REDUCTASE LUCIFERIN
SUBSTRATE

LIGHT
(Ultra-Glo™
rLuciferase + ATP)

The luminescent NAD(P)H-Glo™ Detection System is more
sensitive than alternative fluorescent methods

NADP+ NADPH

U > 0-KETOGLUTARATE

ISOCITRATE

& Direct Fluorescence
| @ NAD(P)H-Glo
B Resazurin Fluorescence

" Signal-to-Background Ratio

Isocitrate dehydrogenase (IDH) at the indicated concentrations was
incubated with 100 .M NADP and 100 pM isocitrate for 30 minutes.
The manufacturer’s protocol for each of the fluorescent assays was
followed using 100l of the reaction for the direct fluorescence
NADH detection method and 50pl for the indirect fluorescence
NADH detection method (diaphorase conversion of resazurin).
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NAD'/NADH-Glo™ Assay | NADP'/NADPH-Glo™ Assay

Cell-based/Biochemical

Both assays are using the same technology (see Figure):

« Convert oxidized dinucleotides to reduced forms using
Cycling Enzymes (Dehydrogenases)

« Cycling Enzymes provide specificity for nonphosphorylated
or phosphorylated

« Cycling reaction increases sensitivity

« Cycling enzyme, reductase, and luciferase reactions occur in
one reagent

In the following section, only NAD‘/NADH-Glo™ Assay is

described, since assay principle and assay features are equal to

NADP*/NADPH-Glo™ Assay.

Applications

Monitoring changes in cellular levels of total NAD* and NADH;
determining NAD"/NADH ratios; monitoring the effects of
small molecule compounds on NAD* and NADH levels in enzy-
matic reactions or directly in cells in high-throughput formats.

Assay description

The NAD*/NADH-Glo™ Assay is a bioluminescent, homogeneous
single-reagent-addition assay for detecting total oxidized and
reduced nicotinamide adenine dinucleotides (NAD* and NADH,
respectively) and determining their ratio in biological samples
or in defined enzyme reactions. Cycling between NAD* and
NADH by the NAD Cycling Enzyme and Reductase increases
assay sensitivity and provides selectivity for the nonphosphory-
lated NAD* and NADH compared to the phosphorylated forms
NADP* and NADPH. The NAD/NADH-Glo™ Assay detects 10nM
to 400nM NAD' or NADH. The simple add-mix-read protocol
and scalable assay chemistry make the NAD*/NADH-Glo™ Assay
well suited to monitor effects of small molecule compounds on
NAD* and NADH levels in high-throughput screen formats.

Assay principle

The NAD Cycling Enzyme, Reductase and luciferase reactions
are initiated by adding an equal volume of NAD*/NADH-Glo™
Detection Reagent, which contains NAD Cycling Enzyme and
Substrate, Reductase, Reductase Substrate and Ultra-Glo™
Recombinant Luciferase, to an NAD'- or NADH-containing sam-
ple. An NAD Cycling Enzyme is used to convert NAD* to NADH.
In the presence of NADH, the provided reductase enzyme
reduces a proluciferin reductase substrate to form luciferin.

Assay Principle of NAD/NADH-Glo™ Assay
and NADP/NADPH-Glo™ Assay

NADP/NAD NADP/NAD
CYCLING CYCLING
ProDUCT SUBSTRATE

NADP/NAD
Cycling
Enzyme

NADH
Luciferin Detection

Reagent
@ > LIGHT
(Ultra-Glo™

rLuciferase + ATP)

REDUCTASE LUCIFERIN
SUBSTRATE

Schematic diagram of the sample preparation protocol
for measuring a) NAD* and NADH and b) NADP* and
NADPH individually.

CELLS IN PBS
(5om) NAD* NADP*
NADH NADPH

NAD* NADP*

NADH NADPH
Add sopl of base solution +
1% DTAB to lyse cells.

LYSED CELL SAMPLE

(100p)
To MEASURE To MEASURE
NAD*/NADP* NADH/NADPH
(50 pl) (50 pI)
Add 25pl of 0.4N HCI. Heat at 60°C for
Heat at 60°C for 15 minutes.
15 minutes.
NAD* NADP* Pt nBe
Naed  NpegH NADH NADPH
Incubate at room Incubate at room
temperature for temperature for
10 minutes. Add 25 pl 10 minutes. Add 50 pl
of Trizma® base to of HCI/Trizma® solution
each well of to each well of
acid-treated samples. base-treated samples.
MEASURE MEASURE
NAD*/NADP* NADH/NADPH
USING THE USING THE

NAD/NADH-GLo™/
NADP/NADPH-GLO™ AssAY.

(1]
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Luciferin then is quantified using Ultra-Glo™ Recombinant
Separate measurement of cellular A. NADP*/NADPH and

Luciferase, and the light signal produced after an incubation of
B. NAD'/NADH from a single cell sample.

30—60 minutes is proportional to the amount of NAD* and
NADH in the sample. Detergent present in the reagent lyses

cells, allowing detection of total cellular NAD* and NADH ina =2/~ '+« [

H Acid (NADPY)
M Base (NADPH) |

multiwell format with addition of a single reagent. An accesso-
ry protocol is provided to allow separate measurements of
NAD* and NADH, and calculation of the NAD* to NADH ratio.

Assay features

Assay type Luminescent (glow-type)
Markers NAD* and NADH Cell Number |
Applications Monitoring changes in cellular levels of

total NAD* and NADH; determining e

NAD*/NADH ratios; monitoring the
effects of small molecule compounds on

W Acid (NADY)

M Base (NADH) |

NAD* and NADH levels in enzymatic reac-
tions or directly in cells in high-through-
put formats.

Cell type/Sample  Cells and Enzyme preparations

Implementation Homogeneous, one-step assay with flexi-

ble storage capability. The luminescent

Cell Number

format avoids fluorescent interference
due to reagents and test compounds Linear range and specificity
sometimes seen in fluorescent assays. of the NAD/NADH-Glo™ Assay

Detects 10nM to 400 nM NAD* or NADH. e

Linearity and

Sensitivity The assay detects 100nM with a signal g
higher than fivefold over background and g
an assay window (maximum signal-to- §
background ratio) of > 100. 5

Robustness Z’ factor » 0.7

Individual purified nicotinamide adenine dinucleotides were
assayed following the protocol described in Section 3.C. NADH,
NADPH, NAD* and NADP* stocks were prepared freshly from powder
(Sigma Cat.# N6660, N9910, N8285 and N8035, respectively) and
diluted to the indicated concentrations in phosphate-buffered
saline (PBS). Fiftymicroliter samples at each dinucleotide concentra-
tion were incubated with 50ul of NAD/NADH-Glo™ Detection
Reagent in white 96-well luminometer plates.
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IV Oxidative stress

Glutathione is the most important and most powerful antioxi-
dant in a cell. Glutathione is also involved in phase Il biotrans-
formation. It can occur in the reduced form as a monomer
(GSH) or in the oxidized form as a dimer (GSSG). The ratio of
reduced GSH to oxidized GSSG is an indicator of oxidative
stress, which can lead to apoptosis or cell death. Acute degen-
erative diseases such as stroke, arteriosclerosis, diabetes,
Alzheimer’s disease and Parkinson’s disease can develop as a
result of this. Findings concerning the effects of glutathione
levels on cellular signaling pathways offer new methods for
intervention in ageing processes and the treatment of degener-
ative diseases.

Glutathione consists of the three amino acids glutamic acid,
cysteine and glycine. Besides functioning as the main compo-
nent of the reductive pool, GSH probably constitutes the most
important reserve of the amino acid cysteine.

For protection from oxidative stress caused e.g. by reactive
oxygen species (ROS), glutathione is oxidized and switches
from its reduced monomeric form to its oxidized dimeric form
GSSG. Two molecules of GSH are regenerated from GSSG by
glutathione reductase, with energy being consumed in the

Physiological
compounds,
xenobiotics

Phase | enzymes
(e.g. CYP450)

Metabolism l

Phase Il enzymes
GSH transferase
—

Detoxification,
elimination

(V]

process. 98% of glutathione in the body occurs in the reduced
form GSH.

Promega offers two assays for analyzing GSH and one assay for
the detection of H,O,-levels:

1. GSH-Glo™ Glutathione Assay for quantitatively determining
reduced GSH.

2. GSH/GSSG-Glo™ Assay for measuring total glutathione levels
(GSH+GSSG) and for measuring oxidized GSSG. The GSH:GSSG
ratio serves as an indicator of the redox status of a mammalian
cell or tissue. It depends on the cell type used and under physi-
ological conditions normally lies between 50:1 and 100:1.
Changes in the GSH:GSSG ratio allow more specific conclusions
to be drawn about possible stress conditions and toxicity mech-
anisms in the cell or cell group.

3. ROS-Glo™ H.,0, Assay for the detection of reactive oxygen

species (H,0,) in cells.
GSH-Glo™ Glutathione Assay

GSH/GSSG-Glo™ Assay
ROS-Glo™ H,O, Assay

GSH biosynthesis

GSH pooll

Endogenous/
exogenous stimulus

ROS level T

\ @‘*‘

Balance

<

N
i

Cell death,
disease
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ROS-Glo™ H,0, Assay

Cell-based/Biochemical

Applications

Measure changes in hydrogen peroxide (H,0,) levels directly in
cell culture samples; measure the activity of enzymes that gen-
erate or eliminate H,0,; identify small molecule inhibitors or
inducers that alter reactive oxygen species (ROS) levels either in
cells in culture or in enzyme assays.

Assay description

The ROS-Glo™ H,0, Assay is a homogeneous, fast and sensitive
bioluminescent assay that measures the level of H,0,, a reac-
tive oxygen species (ROS), directly in cell culture or in defined
enzyme reactions. The ROS-Glo™ H,0O, Substrate reacts directly
with H,0,, obviating the need for horseradish peroxidase (HRP)
as a coupling enzyme and thus eliminating false hits associat-
ed with HRP inhibition. The assay can be used to screen com-
pounds in both cell-based and enzyme-based formats (96- to
384-well plate formats). Multiplexing with a real-time cytotox-
icity assay (CellTox™ Green Cytotoxicity Assay), in the same well
or with a viability assay, results in more informative data.

Assay principle

The homogeneous assay is performed following a simple two-
reagent-addition protocol that does not require sample manip-
ulation. A H,0, substrate is incubated with sample and reacts
directly with H,0, to generate a luciferin precursor. Addition of
ROS-Glo™ Detection Solution converts the precursor to luciferin
and provides Ultra-Glo™ Recombinant Luciferase to produce
light signal that is proportional to the level of H,0, present in
the sample. The assay can be completed in less than 2 hours
after reagent addition.

Assay features

Assay type Luminescent (glow-type), two-step assay,
obviating the need for HRP

Markers H.0,

Applications Measure changes in H,0, levels directly in

cell culture samples.

Cell type/Sample Cell lines and enzyme preparations,

low molecular weight substances

Time required 2 hours

Robustness Easily scalable from 96- to 384-well plates

GLUTATHIONE ASSAYS

ROS-Glo™ H,0,
Assay-Principle

N
H,0, SUBSTRATE /@[ \>—CEN
[¢]
O\B
i l Reaction with H,O,
(o]

LUCIFERIN
PRECURSOR ROS-Glo™ Detection
Solution
N S
Joss
s N o
LUCIFERIN l iy
ROS induction e

in cultured cells

Luminescence (RLU)

Menadione (log uM)

K562 cells were treated with menadione and the ROS-Glo™ H,O,
Assay was used to determine ROS production. Menadione resulted
in a concentration-dependent ROS increase.

Multiplex with real-time CellTox™ Cytotoxicity Assay
"M CellTox™ Green Gytotoxicity Assay
ROS-Glo™ H,0, Assay d

" Luminescence (RLU)
Fluorescence (RFU)

HepG2 cells were plated at 2,000 cells/well in a 384-well plate and
incubated overnight. The cells were then treated with either 100uM
menadione, 100pM pyrogallol or 200ug/ml digitonin and incubated
at 37°Ciin 5% CO, for 2 hours. 1X CellTox™ Green Dye and 25uM H,0,
Substrate were added to the cell culture at the time of dosing. After
incubation the CellTox™ Green fluorescence signal was first meas-
ured and afterwards H,0, levels using ROS-Glo™ .
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GSH-Glo™ Glutathione Assay
Cell-based

Applications
Quantification of reduced glutathione (GSH) in cells or tissue
extracts as an indicator of cell viability; screening of drugs for

regulating GSH levels in cells, tissues or blood samples.

Assay description

The GSH-Glo™ Assay is a sensitive, luminescent two-step assay,
which is suitable for HTS applications and provides a simple
and fast alternative to conventional colorimetric and fluores-
cence-based methods. Since the cells are not transferred, the
loss of glutathione is minimal compared with that in conven-
tional assays. Interference by oxidized glutathione (GSSG) or
reducing agents is eliminated.

Assay principle

The assay couples the glutathione S-transferase (GST) reaction
to the luciferin reaction. In the process, GST detaches a non-
functional group from a luciferin derivative and couples this to
the reduced glutathione. The freed luciferin enters the
luciferase reaction. The light signal generated in this reaction is
directly proportional to the level of GSH in the cell. The sample
medium has to be removed, but there is no need for the labori-
ous task of removing proteins from the lysate. A stable lumines-
cent signal can be detected in less than 60 minutes with an
excellent signal-to-noise ratio.

Assay features

Assay type Luminescent (glow-type)

Markers GSH

Applications Quantification of reduced glutathione
(GSH)

Sample material Cells, tissue extracts or blood samples

Implementation Homogeneous, two-step assay

Time required 45 minutes

Schematic representation
of the GSH-Glo™ Glutathione Assay

/@N>—</Nj/ COOH Step 1:
fo) S S « Lysis of mammalian cells
|

0=5=0 T in the presence.of luciferin-
NT and glutathione S-trans-

NO
2 ferase
« Generation of luciferin as a

CH, function of the GSH con-
GSH centration

GLUTATHIONE S-
TRANSFERASE
GS-R

COOH :
[0 654 S
HO s s « Detection of luciferin via

+ATP +0, R X
o the luciferase reaction
gty « Light signal is proportional
to the concentration of GSH
: in the cell
Luciferase

LIGHT

Measurement of reduced glutathione in Hela cells

' Luminescence (RLU X 109)

Using the GSH-Glo™ Assay, GSH levels were determined in untreated
Hela cells and after the addition of GSH, GSSG and GSSG treated with
the reducing agent TCEP.

The GSH-Glo™Assay measures only reduced glutathione (GSH) and is
not affected by the presence of oxidized glutathione (GSSG). The
addition of a reducing agent (e.g. TCEP) enables measurement of
total glutathione content due to the conversion of GSSG to GSH.
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GSH/GSSG-Glo™ Assay
Cell-based

Applications
Determination of the GSH/GSSG ratio in cells as an indicator of
oxidative stress; quantification of total glutathione (reduced

and oxidized) in cells as an indicator of cell viability.

Assay description
The assay enables quantification of three parameters:

1. Total glutathione (GSH + GSSG)
2. Oxidised glutathione (GSSG)
3. Ratio of GSH to GSSG

Since the cells are not transferred, the loss of GSH and GSSG is

minimal compared with that in conventional assays.

Assay principle

The GSH/GSSG-Glo™ assay can readily be adapted for 96-well

and 384-well formats.

Total glutathione and GSSG are determined in two parallel

reactions. The GSH level can be calculated by subtracting the

GSSG level from the total glutathione level.

1. In the first mixture, after addition of the total glutathione
reagent, total cellular glutathione (GSSG and GSH) is conver-
ted into GSH.

2. In the parallel second mixture, after the addition of the oxi-
dized glutathione reagent, the cellular GSH is first blocked.
The GSSG remains intact and is then reduced to GSH.

In both runs, the remaining GSH is coupled to the luciferase

reaction. The glutathione-S-transferase (GST) in the reagent

detaches a non-functional group from a luciferin derivative and
couples this to the reduced glutathione. The freed luciferin
enters the luciferase reaction, the light signal being directly
proportional to the level of GSH in the cell. In order to determine
the level of reduced glutathione (GSH), the GSSG level is sub-

tracted from the total glutathione level.

GLUTATHIONE ASSAYS

Total glutathlone measurement
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Top: 5,000 cells/well were treated with a series of dilutions of mena-
dione (60 minutes, 37°C). After measurement of GSSG, the data was
normalized against a viability measurement using CellTiter-Glo™
(CTG) in order to compensate for the influence of toxic effects due to
menadione and of experimental fluctuations. Menadione has a toxic
effect in concentrations >49 uM where incubation times are longer.
Below: Determination of the GSH/GSSG ratio by measuring GSSG
and total glutathione in A549 cells. It can be seen that, at higher con-
centrations, the menadione has a significant effect on the redox sta-
tus of the cells.

Assay features

45

Assay type Luminescent (glow-type)
Markers Total glutathione and GSSG
Applications Determination of the GSH/GSSG ratio

Sample material Cells, tissue extracts or blood samples

Implementation Homogeneous, two-step assay

automatable

Time required 45 minutes
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V Epigenetic assays

“Epigenetics” is the term used to refer to changes in gene
expression caused by mechanisms which are not determined
by the DNA sequence. These regulatory mechanisms can switch
individual genes and/or gene segments on and off without any
change in the DNA sequence. Higher-level expression patterns
emerge, which can be passed onto daughter cells. Some of the
most important epigenetic regulatory mechanisms are DNA
methylation, RNA interference and the modification of his-
tones.

One of the goals of current research is to gain an understand-
ing of the epigenetic regulatory processes during cellular differ-
entiation. This knowledge will form the basis for new therapeu-
tic concepts (“epigenetic therapy”) for the treatment of cancer,
e.g. myelodysplastic syndrome, as well as for the diagnosis of
cancer and hereditary diseases.

Deacetylation

Condensed chromatin:

| I Repression of transcription

The histone-deacetylases (HDACs) are a promising therapeutic
target in the treatment of tumors.

HDACs and the NAD*-dependent sirtuins (class Il histone-
deacetylases) are histone-modifying enzymes which catalyze
the deacetylation of lysine residues in histones and thereby
influence their activity. They play an important role in numer-
ous biological processes. As anti-cancer agents, HDAC
inhibitors arrest the cell cycle in tumour cells, contribute
toward tumour differentiation and induce apoptosis. The devel-
opment of new HDAC-selective inhibitors is a key research topic
in both pure and applied research.

HDAC-Glo™ 2 Assay

HDAC-Glo™ Class Ila Assay

HDAC-Glo™ I/Il Assay & HDAC-Glo™ I/1l Screening Systems
SIRT-Glo™ Assays and Screening Systems

UDP-Glo™ Glycosyltransferase Assay

Acetylation

Relaxed chromatin:

| Activation of transcription

Activation of histone-deacetylases (HDACs) causes lysine residues to be deacetylated at the N-terminal
end of the histones. The associated change in the charge of the lysine residue means that the DNA

is no longer accessible for transcription and the chromatin is condensed. The enzyme histone acetyl-
transferase (HAT) reverses this process, neutralizing the lysine residues through acetylation and

rendering the DNA accessible for transcription.
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Histone deacetylases (HDACs) classes from higher eukaryotes

HDAC1

HDAC2 HDAC-Glo™2 Assay

Tl

Class
HDAC3

HDACS8

HDAC7

HDAC9

| HDAC-Glo™ HDAC-Glo™ /11
| Class lla Assay 2 Assay

Class lla

HDAC5

HDAC4

HDAC10

Class IlIb

HDAC6

hSirtl

|

hSirt2

IEfTiE) SIRT-Glo™

A
Class Il hSirta ssay

hSirt5

hSirté

hSirt7

Jioat

Class IV HDAC11

- catalytic domain class | m catalytic domain class Il
catalytic domain class Il Zink Finger
- catalytic domain class Il (inactive) - Coiled Coil Region

catalytic domain class IV

Members of HDAC families. (Left) Schematic representation (Modified from: Hess-Stumpp, H. et al. (2007) MS-275, a potent
of domain structure of HDAC enzymes. (Right) Corresponding orally available inhibitor of histone deacetylases--the develop-
cell-based/biochemical assays for the determination of HDAC ment of an anticancer agent. Int J Biochem Cell Biol. 2007;39
activity. (7-8):1388-1405. )
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HDAC-Glo™ 2 Assay

Cell-based/Biochemical

Applications

Determination of HDAC inhibitor potency using purified
enzymes, extracts or cells directly in culture plates; selectively
profile HDAC inhibitors with purified enzymes; correlation of
HDAC inhibitor potency with cellular fate in same-well multi-
plexed viability assays; determination of off-target HDAC
effects of compounds.

Assay description

The HDAC-Glo™ 2 Assay is a single-reagent addition, homoge-
neous, luminescence assay that selectively measures the relative
activity of HDAC2 enzyme from cells, extracts or recombinant
sources. The assay uses an isoenzyme-selective, acetylated, live-
cell-permeant, luminogenic peptide substrate that can be
deacetylated by HDAC2 activity. A maximum signal is generated
in as little as 20 minutes with persistent, “glow-type” steady
state signal half-life. The assay provides 100-fold or better sensi-
tivity than comparable fluorescence methods

Assay principle

HDAC2 enzyme deacetylates the luminogenic substrate,
Boc-K(Me,)GGAK(AC)-aminoluciferin, making the peptide sensi-
tive to a specific proteolytic cleavage event. Deacetylation of the
peptide substrate is measured using a coupled enzymatic system
in which the protease in the Developer Reagent cleaves the pep-
tide from aminoluciferin, which is quantified in a reaction using
Ultra-Glo™ Recombinant Luciferase. The three enzymatic events
occur in a coupled, nearly simultaneous reaction that is propor-
tional to deacetylase activity.

Assay features

Assay type Luminescent (glow-type)
Markers HDAC2
Applications Determination of HDAC inhibitor potency

using purified enzymes, extracts or cells
directly in culture plates

Cell type/Sample Cells or extracts, enzyme preparations

Implementation Homogeneous, one-step assay
Time required 20-30 minutes
Robustness Easily scalable from 96- to 384-well plate

formats

HDAC-Glo™ 2 Assay Principle

Boc-K(MEe)GGAK(AG}  PAC2 3V o k(me,)GGAK-
AMINOLUCIFERIN AMINOLUCIFERIN
Developer
Reagent
Luciferase
LIGHT —— . AMINOLUCIFERIN
ATP, Mg

A. Activity Measurement of Purified HDAC2 Enzyme

HDAC2-mediated luminescent signal is proportional to deacetylase
activity and is persistent (A) in a biochemical assay and (B) in a cell-
based lytic assay. Enyzmatic steady state (between deacetylase,
developer enzyme and luciferase) is typically achieved within 20 min-
utes and has a half-life of ~ 60—90 minutes.



HDAC-Glo™ Class lla Assay

Cell-based/Biochemical

Applications

Determination of HDAC inhibitor potency using purified
enzymes, extracts or cells directly in culture plates; selectively
profile HDAC inhibitors with purified enzymes; correlation of
HDAC inhibitor potency with cellular fate in same-well multi-
plexed viability assays; determination of off-target HDAC
effects of compounds.

Assay description

The HDAC-Glo™ Class lla Assay is a single-reagent-addition,
homogeneous, luminescence assay that selectively measures
the relative activity of HDAC class Ila enzymes (HDAC4, 5, 7, 9)
from cells, extracts or recombinant sources. The assay uses an
isoenzyme-selective, acetylated, live-cell-permeant, lumino-
genic peptide substrate that can be deacetylated by HDAC
Class lla enzymes. A maximum signal is generated in as little as
20 minutes with persistent, “glow-type” steady state signal
half-life. The assay provides 100-fold or better sensitivity than
comparable fluorescence methods.

Assay principle

HDAC Class lla enzymes deacetylates the luminogenic sub-
strate, Boc-K(Me,)GGAK(TFA)-aminoluciferin, making the pep-
tide sensitive to a specific proteolytic cleavage event.
Deacetylation of the peptide substrate is measured using a
coupled enzymatic system in which the protease in the
Developer Reagent cleaves the peptide from aminoluciferin,
which is quantified in a reaction using Ultra-Glo™ Recombinant
Luciferase. The three enzymatic events occur in a coupled, near-
ly simultaneous reaction that is proportional to deacetylase
activity.

Assay features

Assay type Luminescent (glow-type)

Markers HDAC class lla enzyme (HDAC4, 5, 7, 9)

Applications Determination of HDAC inhibitor potency
using purified enzymes, extracts or cells
directly

Cell type/Sample Cells or extracts, enzyme preparations

Implementation Homogeneous, one-step assay

Time required 10-20 minutes

Robustness Easily scalable from 96- to 384-well plate

EPIGENETIC ASSAYS

HDAC-Glo™ Class lla Activity Assay Principle

Boc-K(ME,)GGAK(TFA)- oG R GRS VY o K(ME,)GGAK-

AMINOLUCIFERIN ~  AMINOLUCIFERIN
Developer
Reagent
Luciferase
LIGHT &—————— AMINOLUCIFERIN
ATP, Mg**

A. Activity Measurement of Purified HDAC4 Enzyme
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The HDAC-mediated luminescent signal is proportional to deacety-
lase activity and is persistent in (A.) in a biochemical assay and (B.)
cell-based lytic assay. Enyzmatic steady state (between deacetylase,
developer enzyme and luciferase) is typically achieved within 10 min-
utes for biochemical assays and within 15—20 minutes for cell-based
lytic assays, with a half-life of approximately 60—90 minutes after
steady state is achieved.
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HDAC-Glo™ I/1l Assays & Screening Systems

Cell-based

Applications
Determination of HDAC class | and Il enzyme activity;
screening of HDAC inhibitors in living or lysed cells.

Assay description

The HDAC-Glo™ I/1l Assay determines the activity of HDAC class
I and Il enzymes from cells, extracts or purified enzyme frac-
tions. The assays are 10 to 100 times more sensitive than com-
parable fluorescent measurements and require fewer individ-
ual steps and only small quantities of enzymes for a very good
signal-to-noise ratio. The luminescent HDAC assays can be com-
bined with fluorescent cell-based assays in order to determine
viability and cytotoxicity simultaneously.

Assay principle

The assay is based on the enzymatic coupling of HDAC activity
to the luciferase reaction. The reagents contain a cell-perme-
able peptide substrate which consists of an acetylated lysine
peptide sequence derived from histone 4 and which is coupled
to aminoluciferin. After deacetylation of the lysine residue by
HDAC enzymes, the peptide is cleaved from aminoluciferin by a
developer enzyme. The aminoluciferin serves as a substrate for
the Ultra-Glo™ Luciferase. The HDAC-mediated luminescent
signal is proportional to the deacetylase activity.

The cell permeability of the peptide substrate enables real-time
measurement of HDAC inhibition and subsequent analyses of

the mixture. A deacetylated substrate is available as a control.

Assay features

Assay type Luminescent (glow-type)

Markers HDAC enzyme activity

Applications Determination of HDAC class | and Il
enzyme activities

Cell type Lysed or non-lysed cell lines

(primary, adherent or in suspension)

Implementation Homogeneous, one-step assay,
automatable

15—-45 minutes

Time required
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Primary cardiomyocytes and U937 cells were seeded in 96-well
plates. A serial dilution of apicidin was added and incubated for 24
hours at 37°C. In one half of the plate HDAC-Glo™ /Il Assay reagent
was added, and in the other half ApoTox-Glo® Multiplex reagent.
Fluorescence and luminescence were measured in a multireader.

This data shows that HDAC I/11 can be inhibited in both cell types, but
with differing consequences. Where HDAC inhibition occurs, differ-
entiated cardiomyocytes are less susceptible in terms of their ability
to survive, whereas cancer cells react very sensitively. HDAC
inhibitors are therefore of interest as a target group for cancer drugs.
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SIRT-Glo™ Assays and Screening Systems

Biochemical

Applications
Determination of sirtuin enzyme activity; screening of SIRT
inhibitors.

Assay description

Determination of the enzyme activity of NAD*-dependent (class
Il histone deacetylase) sirtuins (SIRT 1-6). This assay is available
as a biochemical assay.

Assay principle

The assay is based — like the HDAC assay — on enzymatic cou-
pling of SIRT activity to the luciferase reaction. The reagents
contain a cell-permeable luminogenic peptide substrate which
contains the lysine peptide sequence derived from p53 and
which is coupled to aminoluciferin.

Assay features

Assay type Luminescent (glow-type)

Applications Determination of SIRT 1-6 enzyme

activities

Starting material Purified enzymes

Implementation Homogeneous, one-step assay,

automatable

Time 15—-45 minutes
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EX-527 —a potent and very specific SIRT inhibitor — was serially dilut-
ed in SIRT-Glo buffer or HDAC-Glo buffer. Recombinant SIRT1 (Enzo)
or HDAC1 (Enzo) enzyme was diluted and added to the EX-527 dilu-
tion series. The mixtures were incubated for 30 minutes at room
temperature. SIRT-Glo™ Assay reagent or HDAC-Glo™ I/l Assay
reagent was added and after 30 minutes measured in the luminome-
ter.

This data shows that sirtuin inhibitors do not also inhibit HDAC I/II
enzymes —even through there are exceptions. HDAC I/Il enyzmes are
typically inhibited by compounds which act as chelating agents for
zinc from the active centre of the enzyme. These compounds in turn
do not inhibit sirtuins, as the latter use a mechanism for deacetyla-
tion that requires NAD" as a cofactor.
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UDP-Glo™ Glycosyltransferase Assay

Biochemical

Applications

Profiling glycosyltransferase (GT) specificity for different UDP-
sugars; screening library compounds for effects on GT enzyme
activity; detection of chemical compound glucuranidation dur-
ing drug discovery.

Assay description

The UDP-Glo™ Glycosyltransferase Assay is a bioluminescent assay
for detecting the activity of GTs that use UDP-sugars as donor
substrates and release UDP as a product. Glycosylation reac-
tions catalyzed by GTs are central to many biological processes,
including cell:cell interactions, cell signaling and bacterial cell
wall biosynthesis. The assay is highly sensitive and robust
which is essential for measuring the activity of different UDP-
sugar utilizing GTs covering the majority of GT classes.
Therefore, the UDP detection assay allows significant savings of
enzyme usage in GT reactions. The assay is fast, simple, and
homogenous, it does not require antibodies, nor custom made
substrates.

Assay principle

The UDP-Glo™ Glycosyltransferase Assay is a homogeneous, single-
reagent-addition method to rapidly detect UDP formation in GT
reactions. GTs transfer sugar from a UDP-glycosyl donor to an
acceptor molecule like peptide, protein and lipids. In a GT reac-
tion, the UDP moiety is released as a product, after which an
equal volume of UDP Detection Reagent is added to simultane-
ously convert the UDP to ATP and generate light in a luciferase
reaction. The light output is proportional to the concentration
of UDP from low nM to 20 pM UDP. The assay is intended for
use with purified or immunoprecipitated GTs.

Assay features

Assay type Luminescent, homogeneous one-step assay
Markers ubpP

Applications  Profiling GT specificity for different sugars
Sample Native or purified (tagged or affinity bound to beads) GTs

Time required 60 minutes

Sensitivity 0.1-0.5 pmol of UDP with a more than two
fold difference over background
Robustness Reactions are scalable in 96-, 384-

and 1536-well plates

UDP-Glo™ Glycosyltransferase Assay princible

Simple “Add and Read”:
No radioisotopes.

No product separation.
No HPLC

96-well plate

25 ul GT reaction
(UDP-sugar donor + Acceptor substrate + GT)
30-60 min incubation

25 pl UDP D
60 mi

ion Reagent
bation

Record Luminescence

ubpP

UDP UDP Detection .
Reagent

Q-7
—_— -
One Step:
UDP'~ Conversion of UDP

to ATP then to light

Reaction
Products

UDP-forming
Reaction

UDP Detection Assay

GT Glycosyltransferase

uD P-~ UDP-Sugar substrate
‘ Clycosyltransferase substrate

UDP-Glo™ Glycosyltrans-
ferase Assay is especially
suitable for screening of
selective and potential
glycosyltransferase
inhibitors.

O-GlcNAc Transferase
reaction (25 pl)

50 UM OGT peptide substrate
100 pM UDP-N-Acetylglucosamine
2.5ng OGT
0-500 pM inhibitors
60 min incubation

25 ul UDP D ion Reagent
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OGT-Inhibitors dose response
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VI Cell signaling pathways

The study of cell signaling pathways is of particular importance
to the understanding of cellular processes. These involve numer-
ous proteins and secondary messengers which translate extracel-
lular information via signaling cascades and relay it into the cell
interior. Cellular processes such as proliferation, differentiation
and apoptosis are controlled in this way. Signaling cascades are
generally induced through the binding of extracellular ligands,
such as growth factors, cytokines, neurotransmitters or hor-
mones, to the relevant cell receptors. G-protein-coupled recep-
tors (GPCRs) constitute one of the largest families of receptors
within the human genome. More than half of all the active sub-
stances that have been launched on the market are targeted at
these. The main class of GPCRs influences cellular levels of cAMP,
a secondary messenger which influences numerous effector sys-
tems and, inter alia, gene transcription. Following treatment of
cells with GPCR modulators, cAMP levels in cells can be deter-
mined using the cAMP-Glo™ Assay. The secondary messenger
cAMP activates protein kinase A (PKA), which in turn via protein
phosphorylation assists signal transduction. Protein phosphory-
lation is the most common post-translational modification lead-
ing to the transduction and amplification of primary signals. Both

kinases and phosphatases therefore play a key role in many sig-

CELL SIGNALING PATHWAYS 53

naling pathways. The activities of purified kinases and ATPases
can be determined using the ADP-Glo™ or Kinase-Glo® Assays.
The phosphodiesterases (PDEs) are a further important group
involved in signal transduction. They regulate signal transduction
through degradation of the secondary messengers cAMP and
cGMP. The activity of purified PDEs can be determined using the
PDE-Glo™ Phosphodiesterase Assay. GTPases play a major role in
various cellular functions such as cell signaling, cell proliferation,
cell differentiation, cytoskeleton modulation, and cell motility.
GTPases are an important part of cell signaling since they are act-
ing as molecular switches that cycle between an activated GTP-
bound state and an inactive GDP-bound state. Deregulation or
mutation of these proteins has considerable consequences

resulting in multiple pathological conditions.

cAMP-Glo™ MaxAssay

ADP-Glo™ Kinase Assay

ADP-Glo™ Max Assay

Kinase-Glo® Luminescent Kinase Assay
AMP-Glo™ Assay

PDE-Glo™ Phosphodiesterase Assay
GTPase-Glo™ Assay
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cAMP-Glo™ Max Assay (GPCR signaling pathway)

Cell-based/Biochemical

Applications

High-throughput analysis of library compounds to identify
modulators of GPCR activity; quantitation of cAMP levels in
broad range of cell types.

Assay description

The cAMP-Glo™ Max Assay is a homogeneous, bioluminescent
and high-throughput assay to measure cyclic AMP (cAMP) lev-
els in cells. Compounds that modulate GPCRs coupled with
adenylate cyclase typically alter intracellular cCAMP levels. The
cAMP-Glo™ Max Assay monitors cAMP levels in cells in
response to the effect of agonists, antagonists or test com-
pounds on G protein-coupled receptors (GPCRs). The assay is
based on the principle that cyclic AMP (cAMP) stimulates pro-
tein kinase A (PKA) holoenzyme activity, decreasing available
ATP and leading to decreased light production in a coupled
luciferase reaction. This improved version combines the lysis
and cAMP reaction buffers into the cAMP-Glo™ ONE Buffer.

Assay principle

Cells are induced with a test compound for an appropriate peri-
od of time to modulate cAMP levels. After induction, cells are
lysed, and the cAMP released stimulates protein kinase A in the
reagent. The Kinase-Glo® Reagent is then added to terminate
the PKA reaction and detect the remaining ATP via a luciferase
reaction. The half-life for the luminescent signal is greater than
4 hours providing ample time to read the plates and eliminat-
ing the need for luminometers with reagent injectors.

Assay features

Assay type Luminescent (glo-type; T1/2 > 4h)

Applications Quantitative determination of cAMP
content

Cell type Cell lines

Implementation Homogeneous, two-step assay,
improved protocol: Lysis and cCAMP
detection steps combined (cAMP-
Glo™ ONE Buffer).

30 minutes

> 200 (with cAMP), >15 (on cells)
Reactions are scalable in 96-, 384-,

1,536-well plates

Time required

Signal-to-background

Robustness

Representation of cAMP formation in the cell
and the assay principle of the cAMP-Glo™-Assay

Ligand

Inactive
adenylate cyclase Active

adenylate cyclase

G-protein coupled
receptor

QGTP

“ G-protein ey

Phosphorylated
protein kinase A
substrate

cAMP cAMP
: 1 ‘: H: ’
ATP . .

‘ Active Inactive protein kinase A

Luciferin protein kinase A holoenzyme

+0,

Protein kinase A
Luciferase substrate

Oxyluciferin
+AMP
+

LIGHT

Determination of cAMP content after treatment
of cells with GPCR modulators

" Luminescence (RLUX 10%)

Antagonist-dependent dose-effect curve based on the example of
the dopamine D1 receptor. D293 cells stably expressing the
dopamine D1 receptor (5,000 cells/well) were treated in the pres-
ence of 100 nM dopamine (agonist) with various concentrations of
the test substance SCH23390 (antagonist). In the control mixture,
the substance alprenolol was used. IC,, values obtained correlate
with competitive radioactive binding assays.
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ADP-Glo™ Kinase Assay

Biochemical

Applications

Determination of the effects of kinase activators or inhibitors;
identification of selective active substances against the target
kinases; determination of the activity of immunoprecipitated
kinases.

Assay description

The universal ADP-Glo™ Kinase Assay family is used for detecting
kinase activities and ATPases and has proven particularly
successful with difficult kinases such as receptor tyrosine kinas-
es. The ADP-Glo™ Assay is a simple, fast and highly sensitive in
vitro method for which no radioactivity is required and which
can be carried out with any kinase substrate (lipid, peptide, pro-
tein or sugar). In this assay, the ATP can be added to the kinase
reaction over a very broad linear range of concentrations
(micromolar to millimolar). This makes it possible to distin-
guish between competitive and noncompetitive inhibitors.
High signal-to-noise ratios can thus be achieved even at low
ATP-to-ADP conversion (0.2 pmol ADP) and enable automation
and miniaturization of the assay at optimal Z' values > 0.7.

Assay principle

The ADP-Glo™ Assay is performed in two steps. In the first step,
addition of the ADP-Glo™ assay reagent terminates the kinase
reaction and depletes the ATP remaining in the reaction mixture.
In the second step, the ADP which has been produced by the
kinase activity is converted into ATP. This newly synthesized ATP
provides a limiting factor for the subsequent luciferase reaction.
The stable light signal is directly proportional to the kinase activ-
ity.

Assay features

Assay type Luminescent (glow-type)

Applications Quantitative determination of kinase
activity

Sample material Purified kinases

Implementation Homogeneous, two-step assay

Time required 60—90 minutes

Sensitivity Detection even at very low enzyme

concentrations: 0.2 pmol ADP

" Luminescence (RLU x 10) |

Easy to perform:

Kinase or ATPase reactiorx

ADP-Glo™ reagent

Step 1: ATP depletion

CELL SIGNALING PATHWAYS
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* Luminescence

Step 2: ADP detection

Kinase detection reagent

) — el

The ADP-Glo™ Kinase Assay is suitable for detecting a
wide variety of kinases, irrespective of the substrate class

Tyrosine kinase
Poly Glu,-Tyr, (peptide)

" Luminescence (RLUX 10%)

Lipid kinase
Phosphatidylinositol
(lipid) oo

Serine-threonine kinase
Peptides + dsDNA
(activator)

Hexokinase
Glucose (sugar)

Luminescence (RLU x 103)

Determination of various kinase activities using the ADP-Glo™

Kinase Assay
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ADP-Glo™ Max Assay

Biochemical

Applications
Determination of ATP-depleting enzymes with high K., values
for ATP.

Assay description

ADP-Glo™ Max Assay is a further development of the ADP-Glo™
Kinase Assay. Whereas in the ADP-Glo™ Kinase Assay up to 1
mM ATP can be used, the ADP-Glo™ Max tolerates concentra-
tions up to 5 mM ATP and is therefore particularly suitable for
enzymes with high K, values for ATP, such as ATPases.

Assay principle

The assay principle and method of implementation of the ADP-
Glo™ Max Assay are identical to those of the ADP-Glo™ Kinase
Assay.

(vi]

Assay features

Assay type Luminescent (glow-type)

Applications Quantitative determination of
ATP-depleting enzymes
with a high K, value for ATP

Purified kinases, ATPases

Sample material

Implementation Homogeneous, two-step assay
60—90 minutes

Detection even at very low enzyme

Time required

Sensitivity

concentrations

Kinase-Glo® Luminescent Kinase Assay

Biochemical

Applications
Screening and identification of kinase inhibitors; differentiation
of ATP-competitive and non-competitive inhibitors.

Assay description

The Kinase-Glo® Luminescent Kinase Assay family is used for
determining the activity of purified kinases by quantifying the
levels of ATP remaining in the reaction mixture. The assays in
this family are homogeneous, easy to perform and non-
radioactive. Furthermore, any kinase substrate (peptide, pro-
tein, lipid or sugar) can be used in this universal assay format.
Kinase-Glo® Assays are miniaturizable and suitable for high-
throughput methods, having long signal stability (T.,, > 5h) and
excellent Z’ values. The Kinase-Glo® platform consists of three
assay formats, which can be used to determine the kinase acti-
vities within defined ATP concentration ranges:

Kinase-Glo® Assay: 10 pM ATP

Kinase-Glo® Plus Assay: 100 uM ATP

Kinase-Glo® Max Assay: 500 LM ATP

Assay principle

The addition of the Kinase-Glo® reagent terminates the kinase
reaction. ATP which has not been consumed by the kinase is con-
verted by Ultra-Glo™ Luciferase into a stable light signal. This
signal is inversely proportional to the kinase activity.

Assay features

Assay type Luminescent (glow-type)

Applications Quantitative determination of kinase
activities on the basis of residual ATP

content

Sample material Purified kinases

Implementation Homogeneous, one-step assay

Linearity Linear up to an ATP concentration
of 500 pM ATP

10-15 minutes

Time required
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AMP-Glo™ Assay

Biochemical

Applications

Quantitatively monitor the concentration of AMP in a bioche-
mical reaction; screen library compounds for effects on target
enzymes in high-throughput formats

Assay description

The AMP-Glo™ Assay is a homogeneous assay that generates a
luminescent signal from any biochemical reaction that produ-
ces AMP as a reaction product. This versatile system can mea-
sure the activity of a broad range of enzymes, such as cyclic
AMP-specific phosphodiesterases, aminoacyl-tRNA syntheta-
ses, DNA ligases and ubiquitin ligases or enzymes modulated
by AMP. The stable luminescent signal allows batch-mode pro-
cessing of multiple plates. The assay can be used to determine
the AMP produced either in the presence or absence of ATP as a
substrate.

Assay principle

The assay contains two reagents: one to terminate the AMP-
generating enzymatic reaction and simultaneously remove ATP
and convert AMP produced into ADP, and a second reagent that
converts the ADP to ATP followed by conversion of the ATP into
a luminescent signal using the luciferin/luciferase reaction. The
assay also is well suited for monitoring AMP produced in bio-
chemical reactions catalyzed by enzymes that do not use ATP as
a substrate, such as cAMP-dependent phosphodiesterases
(PDE) and bacterial DNA ligases.

Assay features

Assay type Luminescent (glo-type)
Applications Quantitative determination of AMP
Sample type Ubiquitin ligases, cyclic AMP-specific phos-

phodiesterases, aminoacyl-tRNA syntheta-
ses, DNA ligases, poly(A) deadenylases,
demethylases (indirect method)

Implementation

Homogeneous, two-step assay

Time required

2 hours

Signal Strength at
Low Substrate

Conversion

Determination of enzyme activity that
more closely mimics physiological condi-

tions—suited for low-activity enzymes

Robustness

Minimal false hits and Z" values greater
than 0.7, reactions are scalable in 96-,
384-, 1,536-well plates

CELL SIGNALING PATHWAYS

Substrates for enzymes that do not use ATD.

cAMP
RNA
NAD
Other substrates
+/- additional compounds

AMP-GLo™ AMP DETECTION
REAGENT | SOLUTION
fMI': _— LIGHT
A ATPdepletion Luciferase

reaction

Other substrates
+/- additional compounds

No Interference by ATP or cAMP

" Luminescence (RLU)

@ Amp |
W AMP+100 UM ATP
A AMP+10 UM AMP |

Titration of purified AMP. Reactions were assembled with the indi-
cated concentrations of pure AMP in a low-volume, 384-well plate.
AMP was titrated alone, with 100pM ATP or with 10puM cAMP.
Data were collected using a plate-reading luminometer. Each point
represents the average of four separate reactions.
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Phosphodiesterases

Cyclic nucleotide phosphodiesterases (PDEs) occur in differ-
ent tissues and organs and hydrolyze the second-messenger
signaling molecules cAMP and cGMP. Due to this ability, PDEs
are involved in innumerable cellular processes and have been
linked to various disease patterns such as asthma and auto-
immune disorders. The availability of selective PDE inhibitors
has facilitated the study of the effects of cyclic nucleotide sig-
naling. This has made it possible to investigate the role of
PDEs in cellular or tissue changes.

7N

cNMP NMP
Phosphorylated P
protein kinase A
substrate
} cNMP cNMP
. Active Inactive protein kinase A
Luciferin protein kinase A holoenzyme
+0,
Protein kmase A
substrate
Luciferase
Oxyluciferin
+AMP
an cNMP = cAMP or cGMP
NMP = AMP or GMP
LIGHT

Assay features

Assay type Luminescent (glow-type)

Applications Quantitative determination

of phosphodiesterase activities

Sample material Purified phosphodiesterases

Implementation Homogeneous, three-step assay

Time required 1 hour

Suitable for HTS;
excellent signal-to-background ratio

Robustness

(vi]

PDE-Glo™ Phosphodiesterase Assay

Biochemical

Applications

Determination of cyclic nucleotide phosphodiesterase activity.

Assay description

PDE-Glo™ Phosphodiesterase Assay is a robust and reliable assay
for determining the activity of purified PDEs. The assay is opti-
mized for the use of both cAMP-specific and cGMP-specific
phosphodiasterases. This simple and sensitive assay can be
performed in less than 60 minutes. In addition, its miniaturiz-
ability, long signal stability and excellent signal-to-noise ratio
make it ideal for use in automated high-throughput measure-
ments.

Assay principle

The PDE-Glo™ Phosphodiesterase Assay comprises the addition
of three different reagents to the reaction mixture. In the first
step of the assay, the phosphodiesterase reaction is terminated
by the addition of the PDE-Glo™ termination buffer. The PDE
detection solution contains inactive protein kinase A (PKA)
holoenzyme, a PKA substrate and ATP. The binding of cyclic
nucleotide monophosphates (cNMPs) to the inactive PKA
holoenzyme causes a conformational change in which the
holoenzyme releases its catalytic sub-units, which then cat-
alyze the transfer of the terminal phosphate of ATP to a PKA
substrate, consuming the ATP in the process. The residual
quantity of ATP can now be determined using the luciferase-
based Kinase-Glo® reagent. Since the phosphodieterases can
hydrolyze cAMP and cGMP to AMP and GMP respectively, the
quantity of cyclic nucleotide monophosphate decreases. The
less cyclic nucleotide monophosphate is present in the reaction
mixture, the less PKA can be activated and the less ATP con-
sumed, so the latter is now available for the Ultra-Glo™
Luciferase reaction. The result is increased bioluminescence.
This luminescence is thus directly proportional to the residual
quantities of ATP, which in turn are inversely proportional to
PDE activity.
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GTPase-Glo™ Assay

Biochemical

Applications

Measure the effects of protein modulators, such as GAP and GEF
proteins, on GTPase activity; can be used for high-throughput
applications..

Assay description

GTPase-Glo™ Assay measures intrinsic GTPase activity, GAP-sti-
mulated GTPase activity, GAP activity and GEF activity, which
are components of GTPase cycle. GTPase, GAP and GEF activity
is inversely correlated to the amount of light produced. A highly
active GTPase hydrolyzes more GTP, reducing the amount of
ATP produced from GTP and reducing light output. A less active
GTPase hydrolyzes less GTP, leaving a larger amount of GTP to
be converted to ATP and producing more light.

Assay principle

The GTPase-Glo™ Assay is a simple "add and read" method for
measuring GTPase activity by detecting the amount of GTP
remaining after GTP hydrolysis in a GTPase reaction. The remai-
ning GTP is converted to ATP using the GTPase-Glo™ Reagent, fol-
lowed by ATP detection using a proprietary thermostable lucife-
rase (Ultra-Glo™ Recombinant Luciferase) and luciferin substrate
to produce bioluminescence. The kit contains optimized reaction
buffers, GTPase/GAP Buffer and GEF buffer, for performing
GTPase/GAP reactions or GEF reactions, respectively.

Assay features

Assay type Luminescent (glo-type)

Markers GTPase activity, GAP-stimulated GTPase
activity, GAP activity and GEF activity

Applications Measure the effects of protein modula-

tors, such as GAP and GEF proteins, on
GTPase activity; can be used for high-
throughput applications.

Implementation

Homogeneous, two-step assay

Time required

GTPase reaction: 60—120 minutes;
GTPase detection: 35—40 minutes
(after adding the reagent)

Sensitivity Excellent signal-to-noise ratios at low
enzyme concentrations
Robustness Reactions are scalable in 96-, 384- and

1,536-well plates

CELL SIGNALING PATHWAYS

The GTPase cycle and schematic of the GTPase-Glo™ Assay
Active state

GTPase
GTP

GDP P PP
PP

E GTPase Cycle m

GTP (P)
PP P GTPase
GDP
P P

Inactive state

fieey

GTPase Reaction\-.-
SR4ReE

/GTPase-GIo"" Reagent

W are
A cop

@ ATP

Detection Reagent @ Luminescence

Diagram showing GTPase in active and inactive phases in relation
to GDP, GTP. B. A diagram of the GTPase-Glo™ Assay. Following the
GDP producing reaction, GTPase-Glo™ Reagent converts the remai-
ning GTP to ATP. Then Detection Reagent is added, converting the
ATP to a luminescent signal.

Stimulation of GTPase activity by GAP proteins

Luminescence

No-enzym control

No-enzym control
Ran + RanGAP

Ran®°"+ RanGAP

Ras + NF1-333

A. Reactions contain 2puM of wildtype or mutant Ras (RasG12V)
plus 1pM of NF1-333 (GAP protein) in GTPase/GAP Buffer.
B. Reactions contain 2pM of wildtype or mutant Ran (RanE70A)
plus 1pM of RanGAP (GAP protein) in GTPase/GAP Buffer. Lower
luminescent signals indicate higher GTPase activities in the reac-
tion.
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VIl Metabolism of drugs — ADME assays

Phase | and Il enzymes

ADME/Tox stands for the absorption, distribution, metabolism
and excretion of pharmaceutically active compounds in the
human body. Metabolic enzymes can be readily detected in
cell-based and biochemical assays, but the detection threshold
can be limiting. Sensitivity of luminescence is therefore highly
advantageous when detecting small enzyme quantities. For the
measurement of ADME parameters, Promega offers a variety of
highly-sensitive cell-based and biochemical assays which are
based on the detection of cytochrome P450 activity, UDP glu-

curonosyltransferase activity, monoamine oxidase (MAO) activ-

ity or the plasma membrane protein P-glycoprotein (PgPp).

P450-Glo™ CYP450 Assay Systems
P450-Glo™ CYP450 Screening Systems
Pgp-Glo™ Assay

MAO-Glo™ Assay Systems

UGT-Glo™ Assay

P450-Glo™ Cytochrome Luciferin 1o}
substrate P450 +ATP + 0O, =
Luciferase
Oxyluciferin \ £
LIGHT 4+ AMP + PPi + CO,
Phasel
Oxidation
Reduction
Hydrolysis
Phase ll

Conjugation

ADP + Pi

P-glycoprotein
ATPase

Phase lll

Active
trapsportation

Luciferase l

Oxyluciferin
+AMP + PPi + CO,

ATP —> ATP + Luciferin + O,

LIGHT
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Cytochrome P450 enzymes — Phase |

The cytochrome P450 system (CYP450) plays an important
role in the metabolism of drugs. The enzymes of the cyto-
chrome P450 superfamily are expressed mainly in the liver
and function as monooxygenases. Based on homologies in
the amino acid sequence, the superfamily of cytochrome
P450 genes can be subdivided into 36 gene families, which in
turn are divided into subfamilies. The CYP3A subfamily is the

P450-Glo™ CYP450 Assay Systems
Biochemical & Cell-based

Applications

Determination of recombinant CYP450 activity in membrane
fractions derived from heterologous expression systems, such
as Sf9 cells and E.coli; determination of native CYP450 activity
in microsomal fractions derived from tissues (e.g. HLMs:
human liver microsomes); identification and characterization

of CYP-inducing and -inhibiting drugs in cells.

Assay description

All CYP450 assays exhibit excellent sensitivity, low background-
signal strength and a wide dynamic range. The assays can be
used biochemically for cell-free CYP inhibition studies, and
some can also be used for cell-based CYP induction. The advan-
tage of the non-lytic assay is that it can be combined with other
detection methods, e.g. the cells can be tested for viability
using the CellTiter-Glo® Luminescent Cell Viability Assay.

Assay principle

In the luminescent CYP450 assays, the luciferase substrate is
modified so as to be specifically recognized and metabolized by
the CYP450 isoenzymes. In this first step of the reaction, luciferin
is released, and this is then converted in the luciferase reaction in
the second step. The luminescence produced is proportional to
the CYP450 activity. For a nonlytic assay format, the cell super-
natant can be measured. Alternatively, a stable luminescence sig-
nal can be measured by adding the detection reagent directly to
the cells (lytic assay).

METABOLISM OF DRUGS — ADME AssAys 61

most important of these. At least 50 to 60 per cent of all thera-
peutically used drugs are CYP3A substrates. To determine the
induction and inhibition of CY450 enzyme activities, a variety
of methods are used. Luminescent assays have the advantage
over known radioactive and LC/MS methods that, given com-
parable IC;, and EC,, values, they are quicker and easier to per-
form.

Assay features

Assay type Luminescent (glow-type)
Markers CYP450 enzymes
Applications Determination of cytochrome P450

enzyme activity

Sample material Native and recombinant fractions,

primary liver cells

Implementation Homogeneous, two-step assay

20-60 minutes

Time required

Luciferin
CcYpP detection
enzymes

N\ reagent
- >_ R ——m LIGHT
HO S

P450-Glo™ substrate
(proluciferin)
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% luminescence

Primary hepatocytes from a 40-year-old donor were treated with
different CYP3A4 inhibitors, and enzyme activity determined by
means of the cell-permeable CYP3A4 substrate luciferin-IPA. To this
end, the cells were incubated for 15 minutes in a suspension culture
with the aminoluciferin substrate.

Azamulin, ICSO =122 UM
Ketoconazole, IC, = 0.26 uM ;
Troleandomycin, IC_ = 3.99 uM e
Clotrimazole, IC, = 0.24 yM

" %activity

@ Quinide, IC = 0.1 uM |
o | Dextromethorphan, Ic, —67yM
[ J Bufumlol IC, =227 yM

tional to the CYP activity.
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Recombinant CYP2D6 was used to investigate the effect of various
substances on the activity of the liver enzyme. Active CYP2D6 con-
verts its substrate luciferin-ME EGE, luciferin is produced and this
serves in turn as a substrate for the firefly luciferase in the second
step of the reaction. The light signal produced in this case is propor-

P450-Glo™ CYP3A4 Assay with Luciferin-IPA BCA & CBA, inhibition and induction Luc-1PA
1A2 P450-Glo™ CYP1A2 Induction/Inhibition Assay BCA & CBA, inhibition and induction Luc-1A2
2C9 P450-Glo™ CYP2C9 Assay BCA & CBA, inhibition and induction Luc-H
4A11 (4A1,2,3) Luciferin-4A and Luciferin Detection Reagent BCA & CBA, inhibition and induction Luc-4A

2D6 (1A1, 1A2) P450-Glo™ CYP2D6 Assay BCA, inhibition Luciferin-ME EGE

2C19 (1A1, 1A2) P450-Glo™ CYP2C19 Assay BCA, inhibition Luciferin-H EGE

1A1, 1B1, 3A7 P450-Glo™ CYP1A1 Assay BCA, inhibition Luciferin-CEE

1A1, 1B1, 3A7 P450-Glo™ CYP1B1 Assay BCA, inhibition Luciferin-CEE
A2,2C8/9,2J2,4A11,4F3B,19|| P450-Glo™ CYP2C8 Assay BCA, inhibition Luciferin-ME

3A7 Luciferin-3A7 and Luciferin Detection Reagent BCA, inhibition Luciferin-3A7

4F2, 4F3 Luciferin-4F2/3 and Luciferin Detection Reagent BCA, inhibition Luciferin-4F2/3

4F12 Luciferin-4F12 and Luciferin Detection Reagent BCA, inhibition Luciferin-4F12

2J2, 4F12 Luciferin-2)2/4F12 (Ester) and Luciferin Detection Reagent with Esterase BCA, inhibition Luciferin-2J2/4F12 (Ester)
Many CYPs Luciferin-MultiCYP (Ester) and Luciferin Detection Reagent with Esterase BCA, inhibition Luciferin-MultiCYP (Ester)

* BCA: Biochemical assay; CBA: Cell-based assay.

P450-Glo™ CYP450 Screening Systems

Biochemical

Applications
Screening of drugs to determine their capacity to regulate
CYP450 activity.

Assay description
The P450-Glo™ Screening Systems include, in addition to the rel-
evant cytochrome P450 assay, a membrane preparation con-

taining recombinant human cytochrome P450 enzyme, P450
reductase (and, for CYP2C9 and CYP3A4, cytochrome b5), and,
as a negative control, a membrane fraction devoid of P450
activity. They thus include all the components needed for a
complete assay. Screening systems are available for the follow-
ing human CYP450 isoforms: CYP1A2, CYP2C9, CYP2Ds,
CYP2C19 and CYP3AA4.
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P-glycoprotein ATPase — Phase |

P-Glycoprotein (Pgp) is a 170 kDa integral plasma membrane
protein which, as an ATP-dependent efflux pump (ABC trans-
porter), actively exports xenobiotic substances. Pgp, which is
also known as MDR1 or ABCB1, plays an important role in
multiple resistance to cytostatic agents (multi-drug resist-
ance, MDR) and drug-drug interactions. Various compounds
interact with Pgp and stimulate or inhibit its ATPase activity.
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Cl) Vi _ ‘ P-glycoprotein
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ATP-binding
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ATP  ADP I N
+Pi (o) o~
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test compound

Plasma membrane

Ultra-Glo™
Luciferase  Oxyluciferin +

Luciferin + ATP AMP, PPi, CO, LIGHT

Stimulation of Pgp ATPase activity

The diagram shows the increase in Pgp activity after stimulation with
Verapamil in comparison to basal activity.
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Pgp-Glo™ Assay Systems

Biochemical

Applications
Screening of drugs for stimulating and inhibiting P-glycoprotein
ATPase activity.

Assay description

The Pgp-Glo™ Assay System includes all the reagents required to
perform the luminescent P-glycoprotein ATPase detection
assay. The assay is used in drug screening and active substance
screening and in the study of various factors affecting P-glyco-

protein enzyme activity.

Assay principle

The assay is based on the ATP-dependent firefly luciferase reac-
tion, which is used to measure the direct conversion of ATP. In
the first step, a treated/untreated Pgp membrane fraction is
incubated with the Pgp-Glo™ Assay buffer and a non-limiting
concentration of ATP (5 mM).

In the second step, the Pgp ATPase reaction is terminated after
addition of the ATP detection buffer and the remaining ATP is
detected as a luciferase-dependent luminescent signal.
Reduction of the signal is proportional to Pgp activity.
Substances which stimulate Pgp ATPase activity consequently
generate significantly lower luminescence signals than sam-
ples which have no effect or an adverse effect on Pgp ATPase
activity.

Assay features

Assay type Luminescent (glow-type)
Markers Pgp activity
Applications Determination of P-glycoprotein

ATPase activity

Sample material Native and recombinant membrane

fractions

Implementation Homogeneous, two-step assay

40-50 minutes

Time required
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Monoamine oxidases — Phase |

After CYP450 enzymes, monoamine oxidases (MAOs) are the
next most important phase | biotransformation enzymes.
Monoamine oxidases (MAOs) catalyze the oxidative deami-
nation of a large number of biogenic and xenobiotic amines.
Direct measurement of MAO activity is essential for investigat-
ing the inhibition of monoamine oxidase by potential drugs.
The MAO-Glo™ Assay offers an additional safety mechanism
when selecting new active-substance candidates.

Monoamine
oxidase Luciferase
MAO substrate ——— ety lester _— LIGHT
(+ Esterase)

luciferase

Measurement of MAO-B activity

 Activity (%)

. m Clorgyline |
¢ Phenylethylamine
! Depreny! i
o Dopamine

! A Serotonin

Microsomes with MAO-B were incubated with various concentra-
tions of known substrates and inhibitors for 1 hour. Following the
addition of 50 pl luciferin detection reagent, readings were obtained
for the samples using a GloMax™ 96 microplate luminometer. (See
Technical Bulletin #TB345).

[vi]

MAO-Glo™ Assay Systems

Cell-based & Biochemical

Applications

Determination of native and recombinant MAO activity;
screening of drugs for regulating MAO activity in native and
recombinant fractions.

Assay description

MAO-Glo™ Assay is a luminescence-based homogeneous
method for quantifying monoamine oxidase (MAO) activity
and can be used in place of time-consuming analytical meth-
ods such as HPLC. The very high level of sensitivity of the lumi-
nescent signal means that less MAO enzyme is needed than is
the case with HPLC or fluorescence-based methods.
Furthermore, the possibility of fluorescence interference is
ruled out from the outset.

Assay principle

In the first step of the MAO™ Assay, the MAO enzyme and the
test substance are incubated with the luminogenic MAO sub-
strate. The substrate is a derivative of luciferin, which is con-
verted by the selective MAO activity into methyl ester luciferin.
Adding the luciferin detection reagent terminates the MAO
reaction, and the converted methyl ester luciferin is converted
into luciferin by the esterase contained in the reagent. The
luminescent signal is directly proportional to the level of MAO
activity.

The assay includes a luminogenic MAO substrate and two reac-
tion buffers for determining monoamine oxidase A (MAO-A)
and monoamine oxidase B (MAO-B)

The MAO-Glo™ Assay with MAO-A additionally contains human
recombinant monoamine oxidase A enzyme for selectively
determining activity levels.

Assay features

Assay type Luminescent (glow-type)
Markers MAO-A and MAO-B enzymes
Applications Determination of MAO activity

Sample material Native and recombinant fractions

Implementation Homogeneous, two-step assay
40-50 minutes

Very good Z’ factor even in 384-well

Time required

Automatable

format.
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UDP-glucuronosyltransferase — Phase Il

UDP-glucuronosyltransferase (UGT) is an important member
of the family of human phase Il metabolizing enzymes and is
found mainly in the liver. UGT transfers glucuronosyl groups
from UDP glucoronic acid (UDPGA) to small and hydrophobic
molecules. In this way, the UGT-mediated reaction converts

UGT-Glo™ Assay

Biochemical

Applications
Screening of drugs for regulating UGT activity in native and
recombinant fractions.

Assay description

The UGT-Glo™ Assay is used for detecting the activity of trans-
ferases from various sources, such as from UGT microsomes or
UGT fractions derived from mammalian tissue. Suitable appli-
cations for the assay include investigating UGT inhibition by
chemicals and pharmaceutically active substances. The UGT-
Glo™ Assay contains two different pro-luciferin substrates.
Firstly, the UGT multi-enzyme substrate, which is compatible
with many UGTs, and secondly, the UGT1A4 substrate. The lat-
ter reacts specifically with the IGT isoform UGT1A4. The UGT-
Glo™ screening systems additionally contain UGT1A4 or
UGT2B7 microsomes and control membranes.

Assay principle

As a result of the UGT activity, a pro-luciferin substrate is con-
jugated with UDP. Upon addition of D-cysteine, residual uncon-
jugated pro-luciferin is cyclized into luciferin, which is then
converted by luciferase into light. UDT-conjugated pro-luciferin
does not react with D-cysteine and therefore does not con-
tribute to the luminescence. Higher levels of UGT activity con-

sequently lead to a greater decrease in luminescence.

Assay features

Assay type Luminescent (glow-type)
Markers UGT enzyme
Applications Determination of UGT activity

Sample material Native and recombinant fractions

Implementation Homogeneous, two-step assay

< 2 hours

Time required

xenobiotic and endogenous substances into more soluble and
thus more easily excretable substances. UGTs modify many
active pharmaceutical substances and may therefore be
involved in drug-drug interactions.

Conversion of the UGT multi-enzyme substrate
by the UGT enzyme
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VIIl Protease assays

Proteases perform an extremely wide variety of functions in Cell-based Proteasome-Glo™ Assays
organisms. In the proteasome complex in eukaryotic cells, for Proteasome-Glo™ Assays

example, they are responsible for degrading proteins that are Calpain-Glo™ Protease Assay
defective or are temporarily no longer needed. The protease DUB-Glo™ Protease Assay (DUB/SENP/NEDP)
calpain is involved in many Ca**-dependent regulatory process- DPPIV-Glo™ Protease Assay

es in a cell. Deubiquitinating proteases play a significant role in

protein regulation. Dipeptidyl peptidase (DPPIV) is a serine

exopeptidase which performs functions in the immune system,

for example, and plays a role in diseases such as cancer and dia-

betes. DPPIV is already being used as a therapeutic target in the

treatment of type Il diabetes.

Ubiquitin

Protein to be
degraded

Proteasome

Ubiquitin-
protein complex

Introduction % \ ;
of the complex into the proteasome %
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The proteasome

The proteasome is the most important extralysosomal pro-
tease of the eukaryotic cell. The 20S subunit contains three
proteolytically active centres with chymotrypsin-like, trypsin-
like and caspase-like activity. These three activities are of key
importance to the homeostasis of the cell and to the mainte-
nance of cellular metabolism (degradation of tumor suppres-
sors, cell cycle, etc.). Proteins which are to be degraded are
marked with a polyubiquitin chain, recognized by the protea-
some and processed. The use of proteasome inhibitors induces
growth inhibition and apoptosis in a range of human tumor
cell lines and is consequently of great interest in the develop-
ment of new cancer therapies.
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Using the Proteasome-Glo™ Cell-Based Assay, a titration of untreated
U266 cells (human myeloma cells from plasma) was performed in a
96-well-plate. To do this, a serial dilution of U266 cells in cell culture
medium was created (100 pl/well), the cells incubated for 1.5 hours
at 37°C and the various Proteasome-Glo™ Cell-Based Assays per-
formed. 10 minutes after addition of the reagent, the light signal was
measured in a luminometer. The light units detected are proportion-
al to the protease activity of the proteasome in the cells.
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Cell-Based Proteasome-Glo™ Assay
Cell-based

Applications

Measurement of chymotrypsin-like, trypsin-like and caspase-
like activity of the proteasome in cells; screening of substance
libraries and measurement of proteasome-regulated protein

degradation in cells.

Assay description

The Proteasome-Glo™ Cell-Based Assay is a homogeneous assay
for independently measuring the individual protease activities
associated with the proteasome complex in cultured cells. The
assay is based on luminogenic proteasome substrates. The sim-
ple “add-mix-measure” format means that the reagent can be
added directly to the cells.

The Proteasome-Glo™ Cell-Based 3-Substrate System offers the
facility for measuring all three proteasome activities in a single

run.

Assay principle

The peptide substrates contained in the Proteasome-Glo™ Cell-
Based Assay reagent for measuring chymotrypsin-like, trypsin-
like and caspase-like activities are Suc-LLVY-aminoluciferin
(succinyl-leucine-leucine-valine-tyrosine-aminoluciferin), Z-
LRR-aminoluciferin ~ (Z-leucine-arginine-arginine-aminolu-
ciferin) and Z-nLPnLD-aminoluciferin (Z-norleucine-proline-
norleucine-aspartate-aminoluciferin). The protease activities
can be measured either individually, or in a single run using the
Proteasome-Glo™ Cell-Based 3-Substrate System.

The appropriate reagent is added directly to the cells and amino-
luciferin is released by the specific proteasome activity. In the
subsequent luciferase reaction, a stable luminescent signal that
correlates with the enzyme activity is generated after 5 to 10

minutes.

Assay features

Assay type Luminescent (glow-type)

Applications Determination of chymotrypsin-like,
trypsin-like and caspase-like activity of

the proteasome in cells.

Sample material Cell lines

Implementation Homogeneous, one-step assay

Time required 30 minutes
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Calpain

Calpains belong to the family of Ca**-activated cysteine pro-
teases. They modulate the biological activity of their sub-
strates by targeted proteolysis and are involved in the regula-
tion of numerous Ca*-dependent cellular processes. Their
physiological role, however, is not yet fully clear. Calpains
play a role in the pathogenesis of various diseases, such as
Alzheimer’s disease, and in various heart and brain disorders.

Sensitivity of the Calpain-Glo™ Protease Assay compared
with fluorescent calpain assays
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A calpain | titration was performed in a 96-well plate. Either the
Calpain-Glo™ Protease Assay, a Suc-LLVY-AMC fluorescent sub-
strate or the FRET-based substrate H-Lys-(FAM)-EVYGMMK(Dabcyl)-
OH was used. Luminescence or fluorescence was determined at
various times after the reagent had been added. The results were
shown as a signal-to-noise ratio. The detection limit was defined as
a signal-to-noise ratio of >3.

The bioluminescent assay had a detection limit of 5pM within
12 minutes, whereas the FRET-based fluorescent assay reached a
detection limit of 200 pM after 30 minutes. The assay with the flu-
orescent Suc-LLVY-AMC substrate, by comparison, exhibited a limit
of 30 nM after 60 minutes. In comparison to fluorescent assays , no
accumulation of the calpain-cleaved product is necessary in the
Calpain-Glo™ Protease Assay in order to obtain a measurable sig-
nal.
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Calpain-Glo™ Protease Assay

Biochemical

Applications
Screenings for measuring calpain activities;
identification of calpain inhibitors in a multiwell format.

Assay description

The Calpain-Glo™ Protease Assay is a fast and extremely sensi-
tive luminescent assay for measuring the protease activities of
calpains I and II. The assay is particularly suitable for rapidly-
autolyzing enzymes like calpain. Due to its exceptionally high
reaction speed and sensitivity, the test system can be used in
high-throughput screening for calpain activities and calpain
inhibitors.

Assay principle

The Calpain-Glo™-Protease Assay contains a luminogenic suc-
cinyl calpain substrate (Suc-LLVY-aminoluciferin) in a buffer
system optimized for calpain and luciferase. Proteolysis of the
calpain substrate gives rise to aminoluciferin, which is convert-
ed by the Ultra-Glo™ Luciferase. The stable light signal associ-
ated with the reaction is proportional to the calpain activity.
The sensitivity of this assay is unusually high, as it does not
depend on accumulation of the calpain-cleaved product. Its
immediate conversion by the Ultra-Glo™ Luciferase means that
maximum sensitivity is attained just 5 to 10 minutes after
incubation with calpain.

Assay features

Assay type Luminescent (glow-type)

Applications Quantitative determination of the

protease activities of calpain | and Il

Sample material Enzyme preparations

Linearity Linear over 4 logs
of calpain concentration
Sensitivity 1,000 times more sensitive than fluoro-

metric assays (detection of calpain |
activity at concentrations < 5pM)

Implementation Homogeneous, one-step assay

10-30 minutes

Time required




Vil

DUB proteases

These proteases can reverse protein modifications by ubiqui-
tin and ubiquitin-like proteases and are therefore an impor-
tant component of the complex mechanism of post-transla-
tional protein regulation in eukaryotes.

DUB-Glo™ Protease Assay compared with fluorescent
assays for UCH-L3

0.0001 0.001

L] Ub-AMC, 30 minutes i
| & Z-RLRGG-aminoluciferin, 30 Minuten
LA Z-RLRGG-aminoluciferin, 9o minutes
¢ Z-RLRGG-AMC, 90 minutes !

A titration of human recombinant UCH-L3 was performed in a 96-
well plate. Either the DUB-Glo™ Protease Assay, a ubiquitin-AMC
fluorescence substrate (250nM) or Z-RLRGG-AMC fluorescence
substrate (40 M) was used. Luminescence or fluorescence was
determined at various times after the reagent had been added. The
results were shown as a signal-noise ratio. The detection limit was
defined as a signal-to-noise ratio of > 3. The detection limit of the
DUB-Glo™ Protease Assay lies between the ubiquitin-AMC sub-
strate (more sensitive) and the Z-RLRGG-AMC substrate (lower sen-
sitivity).
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DUB-Glo™ Protease Assay
(DUB/SENP/NEDP)

Biochemical

Applications

Screening of inhibitors of deubiquitinating (DUB) proteases;
characterization of the ubiquitination/deubiquitination of pro-
teins.

Assay description

The DUB-Glo™ Protease Assay (DUB/SENP/NEDP) is a lumines-
cent, one-step assay which measures the activity of numerous
deconjugating enzymes, including deubiquitinating (DUB),
de-SUMOylating (SENP) and deneddylating (NEDP) proteases.

Assay principle

The DUB-Glo™ Protease Assay reagent contains a luminogenic
Z-RLRGG-aminoluciferin substrate with the C-terminal pen-
tapeptide of ubiquitin, RLRGG. This reagent is optimized for the
enzyme-coupled measurement of protease and luciferase
activity. After the DUB-Glo™ reagent has been added directly to
the sample, the substrate Z-RLRGG is cleaved from aminolu-
ciferin by active ubiqutin and ubiquitin-like proteases. In a sub-
sequent reaction, the cleavage product luciferin is converted by
the Ultra-Glo™ Luciferase into a stable light signal which is pro-
portional to the DUB, SENP or NEDP1 activity.

Assay features

Assay type Luminescent (glow-type)

Quantitative determination
of DUB/SENP/NEDP activity

Enzyme preparations

Applications

Sample material

Implementation Homogeneous, one-step assay

Linearity Linear over 2—3 logs of deconjugating
protease concentration

10-30 minutes

Time required
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DPPIV-Glo™ Protease Assay

Biochemical

Applications
Determination of DPPIV enzyme activities;
kinetic studies of DPPIV inhibitors.

Assay description

The DPPIV-Glo™ Protease Assay is a luminescent one-step assay
that measures the enzyme activity of the serine protease
dipeptidyl peptidase IV (DPPIV). DPPIV cleaves N-terminal
dipeptides from polypeptides with L-proline or L-alanine at the
penultimate position. This robust and sensitive assay was
developed for using with purified enzymes.

Assay principle

The DPPIV-Glo™ Assay contains the proluminescent DPPIV sub-
strate, Gly-Pro-aminoluciferin, in a buffer system optimized for
DPPIV and luciferase activity. After the DPPIV-Glo™ reagent is
added, the peptide substrate is cleaved from aminoluciferin by
active DPPIV proteases. The luciferin produced in the process is
converted in a subsequent luciferase reaction into a stable light
signal. The luminescent signal is directly proportional to the
DPPIV activity.

Assay features

Assay type Luminescent (glow-type)
Applications Quantitative determination

of DPPIV activity
Sample material Enzyme preparations
Linearity Linear over 3 logs of DPPIV activity
Implementation Homogeneous, one-step assay

Time required 30 minutes
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In Vitro Toxicology and Cellular Fate Determination Using Promega
CellBased Assays; Randy Hoffman; Promega Notes 82, 19-22; 2002

CellTiter-Glo® Luminescent Cell Viability Assay: Fast Sensitive and
Flexible; Terry Riss* Rich Moravec’, Michael Beck’, Rita Hannah?, Karen
Wilson® and Robert Swanson?®; Promega Notes 81, 2-5; 2002

Peer-reviewed publications

Gupta, P.B, Onder, TT,, Jiang, G., Tao, K., Kuperwasser, C., Weinberg, R.A.
and Lander, E.S.; Identification of selective inhibitors of cancer stem by
high-throughput screening. Cell 138, 645-659; 2009

Notes: The authors of this study describe a proof-of-concept screen to use
mammary epithelial cells that have been induced to undergo an epithelial
to mesenchymal transition (EMT) as model cells to identify agents that
may be selectively toxic against ,epithelial cancer stem cells“ (CSCs). They
induced the transformed breast cancer cell line HMLER to undergo a me-
senchymal transition using shRNA directed against the E-cadherin gene.

Hahn, C.K,, Ross, K.N., Warrington, .M., Mazitschek, R., Kanegai, C.M.,
Wright, R.D,, Kung, A.L,, Golub, T.R. and Stegmaier, K.; Expression-based
screening identifies the combination of histone deacetylase inhibitors
and retinoids for neuroblastoma differentiation; Proc. Natl. Acad. Sci.

USA 105, 9751-9756; 2008

Notes: The authors designed a high-throughput gene-expression screen
to identify compounds that induce a neuroblastoma gene signature in
BE(2)-C cells. They used the CellTiter-Glo® Luminescent Cell Viability Assay
in a 96-well format to assess the effects of ATRA and a variety of inhibitors
of histone deacetylase on BE(2)-C cell viability.

Lin, H., Lee, E., Hestir, K., Leo, C., Huang, M., Bosch, E., Halenbeck, R., Wu, G.,
Zhou, A,, Behrens, D., Hollenboguh, D., Linnemann, T,, Qin, M., Wong, J.,
Chu, K., Doberstein, S.K. and Williams, L.T.; Discovery of a cytokine and its
receptor by functional screening of the extracellular proteome; Science
320, 807-11; 2008

Notes: The authors of this study created a cDNA library representative

of the extracellular proteome (secreted proteins and the extracellular
domains of transmembrane proteins). Each cDNA was individually trans-
fected into 293T cells. The CellTiter-Glo® Assay was used to screen for
secreted factors from the cell lines expressing the cDNA that affected
viability of twelve cell lines.
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CellTiter-Glo® 2.0 Cell Viability Assay

Promega articles

A Novel Luminescent Cell Viability Assay with Greatly Enhanced Storage
Stability; Kevin Kershner, Michael P. Valley, Dan F. Lazar, James Unch, Kevin
R. Kupcho, Andrew L. Niles, Poncho L. Meisenheimer, and James J. Cali;
2013

CellTiter-Glo® 3D Viability Assay

Promega articles

Validating Performance of Cytotoxicity Assays Applied to 3D Cell Culture
Models; Terry L. Riss, Michael P. Valley, Andrew L. Niles, Kevin R. Kupcho,
Chad A. Zimprich, Matt B. Robers, James J. Cali, Jens M. Kelm, Wolfgang
Moritz, and Dan F. Lazar; Promega Corporation, Madison, WI. and
2InSphero AG, Ziirich, Switzerland; 2013

A Bioluminescent Cell Viability Assay Optimized for 3D Microtissues;
Michael P. Valley, Chad Zimprich, James J. Cali, and Dan F. Lazar; Promega
Corporation 2013

Design and Validation of Bioluminescent Assays for 3D Cell Culture
Models; Terry L. Riss, Michael P. Valley, Chad A. Zimprich, Andrew L. Niles,
Kevin R. Kupcho and Dan F. Lazar; Promega Corporation 2013

CellTiter-96® AQ,.... One Solution Cell Proliferation Assay
Promega articles

A HTS System for Screening Antiviral Compounds Using the CellTiter®
96 AQ,...; One Solution System; Thomas Fletcher, III*, Roger Ptak?,

Stacy Bartram®, Susan Halliday*, Robert Buckheit, Jr.}, Rich Moravec® and
Terry Riss?*; Promega Notes 75, 13—16; 2000

Technically Speaking: Cell Viability Assays; Robert Deyes; Promega Notes
81, 32-33; 2002

Citation Note: HaloTag® Techology, P450-Glo® CYP2C8 Assay, and
Beta-Glo® Assay; Terri Sundquist; Cell Notes 21, 17 and 27; 2008

Monitoring Viability During Gene-Directed Enzyme Prodrug Therapy
with the CellTiter-Glo Assay and Human Neural Progenitor Cells;
Elizabeth E. Capowski and Clive N. Svendsen; Cell Notes 20, 6—8; 2008

The Predictive Nature of High-Throughput Toxicity Screening Using a
Human Hepatocyte Cell Line; Norman L. Sussman*, Monika Waltershield®,
Terolyn Bulter', James J. Cali?, Terry Riss?, and James H. Kelly*; Cell Notes 3,
7—-10; 2002
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Peer-reviewed publications

Tonello, F, Seweso, M., Marin, O., Mock, M., and Montecucco, C.;
Screening inhibitors of anthrax lethal factor. Nature 418, 386; 2002
Notes: This brief communication discusses substrates of anthrax lethal
factor that can be used for high-throughput screening of potenzial
inhibitors. The CellTiter® Aqueous Cell Proliferation Assay was used to
assess the effect of selected inhibitors on cytotoxicity of lethal factor
in RAW264.7 cells.

CellTiter-Blue® Cell Viability Assay
Promega articles

Automating Promega Cell-Based Assays in Multiwell Formats;
Tracy Worzella and Brad Larson; Promega Notes 85, 25-27; 2003

Introducing the CellTiter-Blue® Cell Viability Assay; Terry Riss and
Rich Moravec; Promega Notes 83, 10-13; 2003

The CellTiter-Blue® Cell Viability Assay: Monitoring Cell Viability Using
a Fluorescent Redox Indicator Dye; Rich Moravec and Terry Riss;
Cell Notes 5, 12—14; 2003

Peer Reviewed Publikationen

Nakagawa, T., Shimizu, S., Watanabe, T., Yamaguchi, O., Otsu, K.,
Yamagata, H., Inohara, H., Kubo, T., Tsujimoto, Y. (2005) Cyclophilin
D-dependent mitochondrial permeability transition regulates some
necrotic but not apoptotic cell death; Nature 434, 652-658

Notes: In this study, the role of Cyclophilin-D (CypD) in the mitochondrial
permeability transition (mPT) response was investigated using
CypD-deficient mice. The CellTiter™ Blue Cell Viability Assay was used to
measure the viability of mouse embryonic fibroblasts (MEF) and hepato-
cytes isolated from normal and CypD-deficient mice after exposure to
various apoptotic stimuli and H,0,.

Niles, A.L., Moravec, R.A. and Riss, T.L. (2009) In vitro viability and cyto-
toxicity testing and same-well multi-parametric combinations for high-
throughput screening; Current Chemical Genomics 3, 33—41

Notes: The authors review the use of in vitro cytotoxicity testing in drug
discovery to characterize the toxic potenzial of new chemical entities (nce)
at the earliest stages of profiling.

Cecchi, C., Pensalfini, A., Baglioni, S., Fiorillo, C., Caporale, R., Formigli, L.,
Liguri, G. and Stefani, M. (2006) Differing molecular mechanisms appear
to underlie early toxicity of prefibrillar HypF-N aggregates to different
cell types. FEBS J. 273, 2206-2222.

Notes: The CellTiter-Blue® Cell Viability Assay was used to monitor via-
bility of Hend murine endothelial cells and IMR9O0 fibroblasts in the pre-
sence of various concentrations (0.02, 0.2, 2.0 or 20 pm) of the N-terminal
domain of the prokaryotic hydrogenase maturation factor (HypF-N).

CellTiter-Fluor™ Cell Viability Assay
Peer-reviewed publications aus Protokoll

Niles, A.L. et al. (2007) A homogeneous assay to measure live and
dead cells in the same sample by detecting different protease markers;
Anal. Biochem. 366, 197-206.

Zhang, J-H. et al. (1999) A simple statistical parameter for use in
evaluation and validation of high-throughput screening assays;
J. Biomol. Screen. 4, 67-73.
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BacTiter-Glo™ Microbial Cell Viability Assay
Promega articles

BacTiter-Glo™ Assay for Antimicrobial Drug Discovery and General
Microbiology; Frank Fan, Braeden Butler, Terry Riss and Keith Wood;
Promega Notes 89, 25-27; 2005

Quantitate Microbial Cells Using a Rapid and Sensitive ATP-Based
Luminescent Assay; Frank Fan, Braeden Butler, Terry Riss and Keith Wood;
Promega Notes 88, 2—4; 2004

Determining Microbial Viability Using a Homogeneous Luminescent
Assay; Frank Fan, Braeden Butler, Terry Riss, and Keith Wood;
Cell Notes 10, 2-5; 2004

ATP Measurement as a Means for Directly Estimating Active Biomass;
Silvana Velten, Frederik Hammes, Markus Boller and Thomas Egli;
Promega Notes 97, 1-17; 2007

Application of the BacTiter-Glo™ Assay for Rapid Enumeration and
Screening of Antimicrobial Compounds for Mycobacterium avium
Complex Bacteria; Alice Yuroff', Frank Fan?, Braeden Butler* and
Michael Collins*; Promega Notes 98, 8—10; 2008

Peer-reviewed publications

Bosshard, F., Berney, M. and Scheifele, M. (2009) Solar disinfection (SODIS)
and subsequent dark storage of Salmonella typhimurium and Shigella
flexneri; J. Microbiology 155, 1310-17

Notes: In this study, the effect of solar disinfection on Shigella flexneri
and Salmonella typhimurium in drinking water samples was evaluated.

A variety of viability indicators were used to investigate the effectiveness
of the disinfection method, including measurement of cellular ATP levels.
The BacTiter-Glo Assay was used for ATP detection.

Martinez, A, Bradley, A.S., Waldbauer, J.R., Summons, R.E. and Delong,
E.F. (2007) Proteorhodopsin photosystem gene expression enables
photophosphorylation in a heterologous host; Proc. Natl. Acad. Sci. USA
104, 5590-5595

Notes: Photorhodopsins (PRs), retinal-binding membrane proteins that
catalyze light-activated proton efflux across the cell membrane, are
found in many marine bacteria. These authors screened a fosmid library
of planktonic DNA, looking for PR-expressing clones. The BacTiter-Glo™
System was used to measure light-induced changes in ATP levels.

Berney, M., Weilenmann H.U., and Egli, T. (2006) Flow-cytometric study of

vital cellular functions in Escherichia coli during solar disinfection (SODIS);
Microbiology 152, 1719-1729

Notes: The BacTiter-Glo™ Microbial Cell Viability Assay was used to assess

total ATP levels in Escherichia Coli strain K-12 MG165 cultures.

Cytotoxicity

CellTox™ Green Cytotoxicity Assay
Promega articles

An Image-Based Method for Real-Time Monitoring of Cytotoxicity Using
CellTox™ Green Dye and the Essen Bioscience IncuCyte™ FLR Live Content
Imaging System; Tracy Worzella, Andrew Niles, Lyndsey Helley, Michael
Conley and Terry Riss, 2013

Events Using Multiplexed Assays; Alisha Truman and Brad Hook, Promega
Corporation, 2013

Gain More Informative Data by Multiplexing a Fluorescent Real-Time
Cytotoxicity Assay with Luminescent, Fluorescent or Colorimetric Viability
Assays; Brad Hook, Mark Bratz and Trista Schagat, 2013
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Real-Time Cytotoxicity Analysis; Tracy Worzella, Andrew Niles, Thomas
Hengstl, Michael Fejtl, Christian Oberdanner and Jessica Merlino, 2013

Measuring Cytotoxicity in Real Time with a Highly Stable Green Dye;
Niles, A., Worzella, T., Zhou, M., McDougall, M. and Lazar, D., 2013

Peer-reviewed publications

Kinetic measurement of cytotoxicity using CellTox™ Green Cytotoxicity
Assay on the IncuCyteTM FLR or ZOOM; Essen BioScience, 2013

CytoTox-Fluor™ Cytotoxicity Assay
Promega articles

High-Throughput Automation of Multiplexed Cell-Based Assays for
Viability and Cytotoxicity; Tracy Worzella*, Michael Busch* and Andrew
Niles?; Cell Notes 20, 26—29; 2008

Using Protease Biomarkers to Measure Viability and Cytotoxicity; Andrew
Niles, Michael Scurria, Laurent Bernad, Brian McNamara, Kay Rashka,
Deborah Lange, Pam Guthmiller and Terry Riss; Cell Notes 19, 16—20; 2007

Peer-reviewed publications

Zhang et al. (1999) A simple statistical parameter for use in evaluation and
validation of high-throughput screening assays; J. Bio. Mol. Screen. 4, 67.73

CytoTox-Glo™ Cytotoxicity Assay
Peer-reviewed publications

Niles, A.L. et al. (2007) A homogeneous assay to measure live and
dead cells in the same sample by detecting different protease markers;
Anal. Biochem. 366, 197-206

Zhang, J.H., Chung, T.D. and Oldenburg, K. (1999) A simple statistical para-
meter for use in evaluation and validation of high-throughput screening
assays; J. Bio. Mol. Screen. 4, 67—73

CytoTox-ONE™ Homogeneous Membrane Integrity Assay
Promega articles

Automating Promega Cell-Based Assays in Multiwell Formats;
Tracy Worzella and Brad Larson; Promega Notes 85, 25-27; 2003

Introducing the CytoTox-ONE™ Homogeneous Membrane Integrity Assay;
Terry Riss and Rich Moravec; Promega Notes 82, 15-18; 2002

Frequently Asked Questions: CytoTox-ONE™ Homogeneous Membrane
Integrity Assay; Abigail Farfan and Trista Schagat; Cell Notes 6, 19-20; 2003

Introducing the CytoTox-ONE™ Homogeneous Membrane Integrity Assay;
Terry Riss and Rich Moravec; Cell Notes 4, 6—9; 2002

CytoTox-ONE™ Homogeneous Membrane Integrity Assay: A Tool for
Automated Cytotoxicity Research; Randy Hoffman; Cell Notes 4, 10-11;
2002

Peer-reviewed publications

Chen, J., Douglas, G.C., Thirkill, T.L,, Lohstroh, P.N., Bielmeier, S.R., Narotsky,
M.G., Best, D.S., Harrison, R.A., Natarajan, K., Pegram, R.A., Overstreet,

JW. and Lasley, B.L. (2003) Effect of bromodichloromethane on chorionic
gonadotrophin secretion by human placental trophoblast cultures;
Toxicol. Sci. 76, 75—82
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Notes: The effects of bromodichloromethane (BDCM), a byproduct of
water disinfection processes, on trophoblast cells isolated from term
human placentas were investigated. The CytoTox-ONE™ Homogeneous
Membrane Integrity Assay was used to assess cell membrane integrity
and LDH release after trophoblasts were exposed to BDCM for 24 hours.

Cox, S., Cole, M., Mankarious, S., and Tawil, N. (2003) Effect of tranexamic
acid incorporated in fibrin sealant clots on the cell behavior of neuronal
and nonneuronal cells. J. Neurosci. Res. 72(6), 734-746

Notes: The CytoTox-ONE™ Homogeneous Membrane Integrity Assay
was used to assess the cytotoxic effects of tranexamic acid (t-AMCHA)
on neural human normal progenitor (NHNP) or normal human dermal
fibroblasts (NHDF) cells.

Kato, A., Okaya, T., and Lentsch, A.B. (2003) Endogenous IL-13 protects
hepatocytes and vascular endothelial cells during ischemia/reperfusion
injury; Hepatology 37(2), 304-312

Notes: Mouse hepatocytes (AML-12 cell line) were assayed for cytotoxicity
to 1 mmol/L hydrogen peroxide with and without 20ng/mL IL-13 using
the CytoTox-ONE™ Homogeneous Membrane Integrity Assay.

assays; J. Bio. Mol. Screen. 4, 67—73

ViralTox-Glo™ Assay
Promega articles

Determine Viral-Induced Cytopathic Effect Using a Luminescent Assay;
Andrew Niles, Jim Noah, Lynn Rasmussen and Dan Lazar, 2013

Apoptosis

Caspase-Glo® 3/7 Assay
Promega articles

Technically Speaking: Cell-Based Caspase Assays Analyzing the Data;
Martha O’Brien; Promega Notes 87, 33—36; 2004

Correlation of Caspase Activity and ChemoResponse in Epithelial
Ovarian Cancer Cell Lines; Ayesha B. Alvero and Gil Mor; Promega Notes
87,15-17; 2004

Detecting UV Irradiation-Induced Apoptosis with the Caspase-Glo® 3/7
Assay; Ronald Lai; Promega Notes 85, 19—-20; 2003

Automating Promega Cell-Based Assays in Multiwell Formats;
Tracy Worzella and Brad Larson; Promega Notes 85, 25-27; 2003

Citation Note: HaloTag® Techology, P450-Glo® CYP2C8 Assay and
Beta-Glo® Assay; Terri Sundquist; Cell Notes 21, 17 and 27; 2008

Peer-reviewed publications

Straszewshi-Chavez, A., Visintin, I.P,, Karassina, N., Los, G., Liston, P.,
Halaban, R., Fadiel, A. and Mor, G. (2007) XAF1 mediates tumor necrosis
factor-a-induced apoptosis and X-linked inhibitor of apoptosis cleavage
by acting through the mitochondrial pathway; Journal of Biological
Chemistry 282, 13059-13072.

Notes: The authors sought to determine the mechanism by which first-
trimester trophoblasts resist FAS ligand-induced apoptosis but remain
sensitive to TNFa-mediated apoptosis. First trimester trophoblasts express
XAF1 [X-linked inhibitor of apoptosis (XIAP)-associated factor 1], which
may be involved in regulating their response to proapoptotic signals. The
authors created HaloTag™-XAF1 fusion constructs and transiently trans-
fected the first trimester trophoblast cell line (3A). Cells were labeled with
the HaloTag™ TMR ligand, and XAF1 was shown to localize to the cyto-
plasm. 3A cells transiently transfected with the fusion construct were also
separated into cytoplasmic and mitochondrial fractions. The fractions
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were labeled with HaloTag™ TMR ligand. Expression of the fusion peaked
at 48 hours after transfection in both mitochondrial and cytoplasmic
fractions. TNFo-treatment of 3A cells induced translocation of endoge-
nous XAF1 to the mitochondria. The authors used the Caspase-Glo®
Assays to demonstrate activation of caspase-3 and caspase-9 in response
to expression of XAF-1.

Apo-ONE® Homogeneous Caspase-3/7 Assay
Promega articles

Apo-ONE™ Homogeneous Caspase 3/7 Assay: Rapid Apoptosis Detection
in High-Throughput Applications; Jean Humpal-Winter, Andrew Niles and
Michael Bjerke; Promega Notes 79, 33—35; 2001

Automate the Apo-ONE® Homogeneous Caspase-3/7 Assay on the
Eppendorf epMotion® 5075 TMX; Dagmar Bracht and Sylvia Baranowski;
Eppendorf Instrumente GmbH, Hamburg, Germany; 2009

Automating Promega Cell-Based Assays in Multiwell Formats;
Tracy Worzella and Brad Larson; 2003

In Vitro Toxicology and Cellular Fate Determination Using Promega
CellBased Assays; Randy Hoffman; Promega Notes 82, 19—-22; 2002

Technically Speaking: Cell Viability Assays; Robert Deyes; Promega
Notes 81, 32—33; 2002

Peer-Reviewed Artikel

Niles, A.L.,, Moravec, R.A. and Riss, T.L. (2009) In vitro viability and cyto-
toxicity testing and same-well multi-parametric combinations for high-
throughput screening; Current Chemical Genomics 3, 33—41

Notes: The authors review the use of in vitro cytotoxicity testing in drug
discovery to characterize the, D.C. (2004) Argininosuccinate synthase
expression is required to maintain nitric oxide production and cell viabili-
ty in aortic endothelial cells; J. Biol. Chem. 279(18), 18353—-18360

Notes: In this study, the effect of arginosuccinate synthase (AS) on nitric
oxide (NO) signaling was explored in bovine aortic endothelial cells.
Expression of arginosuccinate synthase was knocked down using in-vitro-
transcribed siRNAs. Using the CytoTox-ONE™ Homogeneous Membrane
Integrity Assay and the Apo-ONE® Homogeneous Caspase-3/7 Assay, it
was found that reduction of AS leads to the induction of apoptosis.

Bruno, I.G., Jin, W., Cote, G.J. (2004) Correction of aberrant FGFR1 alterna-
tive RNA splicing through targeting of intronic regulatory elements;

Hum. Mol. Genet. 13(20), 2409-20

Notes: Human U251 glioblastoma cell lines treated with antisense mor-
pholino oligonucleotides were assessed for viability and apoptosis by mul-
tiplexing the CellTiter-Blue® Cell Viability and Apo-ONE® Homogeneous
Caspase-3/7 Assays on single cell cultures. Cell viability was measured 4
hours after the addition of the CellTiter-Blue® Cell Viability Reagent to the
cultures. Next, apoptosis measurements were performed on the same cell
cultures by adding Apo-ONE® Homogeneous Caspase-3/7 Assay reagent
to the cultures. Caspase-3/7 activity was then measured 12 hours later.

CaspACE™ FITC-VAD-FMK in situ Marker

Promega articles

CaspACE™ FITC-VAD-FMK In Situ Marker as a Probe for Flow Cytometry
Detection of Apoptotic Cells; Francis Belloc, Olivier Garnier, Catherine
Boyer and Francis Lacombe; Promega Notes 76, 10—13; 2000

CaspACE™ FITC-VAD-FMK In Situ Marker for Apoptosis: Applications for
Flow Cytometry; Matt Sylte!, Martha O’Brien?, Thomas J. Inzana® and
Chuck Czuprynski'; Promega Notes 75, 20—-23; 2000
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CaspACE™ FITC-VAD-FMK In Situ Marker as a Probe for Flow
Cytometry Detection of Apoptotic Cells; Francis Belloc, Olivier Garnier,
Catherine Boyer and Francis Lacombe; 2000

A Herpes Simplex Virus Type 2 Protein (ICP10 PK) Inhibits Caspase-3
Activation in Hippocampal Neurons; D. Perkins, E.F.R. Pereira and
L. Aurelian; Cell Notes 2, 7-8; 2001

Akt-Mediated Survival of Oligodendrocytes Induced by Neuregulins;
Ana |. Flores and Wendy B. Macklin; 2001

Peer-reviewed publications

Rouet-Benzineb, P, Rouyer-Fessard, C., Jarry, A., Avondo, V., Pouzet, C.,
Yanagisawa, M., Laboisse, C., Laburthe, M. and Voisin, T. (2004) Orexins
acting at native OX1 receptor in colon cancer and neuroblastoma cells or
at recombinant OX1 receptor suppress cell growth by inducing apoptosis;
J. Biol. Chem. 279, 45875—45886

Notes: Human colon cancer (HT29-D4) cells were analyzed for activated
caspases using the CaspACE™ FITC-VAD-FMK In Situ Marker. HT29-D4 cells
(7 x 105) were cultured in the presence or absence of 1M orexins, pepti-
de growth inhibitors. Cells were washed, and bound CaspACE™ FITC-VAD-
FMK In Situ Marker was visualized by confocal microscopy.

Qi, H., Li, T-K., Kuo, D., Nur-E-Kamal, A,, Liu, L.F. (2003) Inactivation of
Cdc13p triggers MEC-1-dependent apoptotic signals in yeast; J. Biol.
Chem. 278, 15136-15141

Notes: Apoptosis in yeast cells was detected using the CaspACE™ FITC-
VAD-FMK In Situ marker. Yeast cells were stained with the marker at room
temperature, washed and resuspended. FACS analysis of cells was per-
formed with excitation at 488nm and emission of 520-550nm.

Vaudry, D., Rousselle, C., Basille, M., Falluel-Morel, A., Pamantung, T.F,
Fontaine, M., Fournier, A, Vaudry, H., and Gonzalez, B.J. (2002) Pituitary
adenylate cyclase-activating polypeptide protects rat cerebellar granule
neurons against ethanol-induced apoptotic cell death; Proc. Natl. Acad.
Sci. USA 99, 6398

Notes: The effects of pituitary adenylate cyclase-activating polypeptide
(PACP) on ethanol induced caspace activation in cultured granule cells was
measured using the CaspACE™ FITC-VAD-FMK In Situ Marker.

Multiplexing

Multitox-Fluor Multiplex Cytotoxicity Assay
Promega articles

Multiplexing Cell-Based Assays: Get More Biologically Relevant Data;
Kyle Hooper; 2011

Using Protease Biomarkers to Measure Viability and Cytotoxicity; Andrew
Niles, Michael Scurria, Laurent Bernad, Brian McNamara, Kay Rashka,
Deborah Lange, Pam Guthmiller and Terry Riss; Cell Notes 19, 16—20; 2007

Multiplexed Viability Cytotoxicity And Apoptosis Assays For Cell-Based
Screening; Andrew Niles?, Tracy Worzella*, Michael Scurria®, William Daily?,
Laurent Bernad? Pam Guthmiller, Brian McNamara®, Kay Rashka?,
Deborah Lagne* and Terry L. Riss*; Cell Notes 16, 12—15; 2006

MultiTox-Fluor Multiplex Cytotoxicity Assay Technology; Andrew L. Niles?,
Richard A. Moravec’, Michael Scurria’, William Daily?, Laurent Bernad?,
Brian McNamara®, Anissa Moraes®, Kay Rashka*, Deborah Lange* and

Terry L. Riss*; Cell Notes 15, 11-15; 2006

Monitor the Ratio of Live and Dead Cells Within a Population MultiTox
Fluor Multiplex Cytotoxicity Assay; Andrew L. Niles, Richard A. Moravec,
Michael Scurria, William Daily, Laurent Bernad, Brian McNamara,

Pam Guthmiller, Kay Rashka Deborah Lange, Michele Arduengo and
Terry L. Riss; Promega Notes 94, 22—-26; 2006
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Peer-reviewed publications

Niles, A.L., Moravec, R.A. and Riss, T.L. (2009) In vitro viability and cyto-
toxicity testing and same-well multi-parametric combinations for high-
throughput screening; Current Chemical Genomics 3, 33—41

Notes: The authors review the use of in vitro cytotoxicity testing in drug
discovery to characterize the toxic potenzial of new chemical entities (nce)
at the earliest stages of profiling.

Grenier, AL, Abu-lhweij, K., Zhang, G., Ruppert, S.M., Boohaker, R., Slepkov,
E.R., Pridemore, K., Ren, J.J.,, Fliegel, L. and Khaled, A.R. (2008) Apoptosis-
induced alkalinization by the Na+/H+ exchanger isoform 1 is mediated
through phosphorylation of amino; Am. J. Physiol. Cell Physiol. 295,
(883—-(C896

Notes: The authors wanted to examine the role of plasma membrane pro-
tein Na+/H+ exchanger isoform 1 (NHE1) in apoptosis. API cells, a NHE1-
deficient Chinese hamster ovary cell line, was cotransfected with wild-
type NHE1 or mutant NHE1 constructs and destabilized yellow fluores-
cent protein (YFP). Cells were plated at a density of 1 x 10* cells/well in a
96-well plate with or without FBS. To induce apoptosis in the cells, serum
was withdrawn for 24 hours. The ratio of dead-to-live cells was measured
using the MultiTox-Fluor Multiplex Cytotoxicity Assay. Cell death was also
determined by examining the loss of YFP fluorescence under a micro-
scope.

Niles, A.L., Moravec, R.A., Hesselberth, P.E., Scurria, M.A., Daily, W.J. and
Riss, T.L. (2007) A homogeneous assay to measure live and dead cells in
the same sample by detecting different protease markers;

Anal. Biochem. 366, 197-206

Notes: The authors of this paper describe an assay that uses protease
biomarkers to assess cell viability and cell death simultaneously in a
population of cells. The assay detects an ubiquitous protease activity that
is associated with live cells and a second protease activity that is asso-
ciated with cells that have lost membrane integrity. The readouts are
either fluorescent or fluorescent and luminescent. The assay can be
performed in multiplex with other assays, such as caspase assays, to gain
additional information on the cell population, and it is amenable to
high-throughput screening.

Multitox-Glo Multiplex Cytotoxicity Assay
Promega articles

High-Throughput Automation of Multiplexed Cell-Based Assays for
Viability and Cytotoxicity; Tracy Worzella, Michael Busch and Andrew
Niles; Cell Notes 20, 26—29; 2008

Using Protease Biomarkers to Measure Viability and Cytotoxicity; Andrew
Niles, Michael Scurria, Laurent Bernad, Brian McNamara, Kay Rashka,
Deborah Lange, Pam Guthmiller and Terry Riss; Cell Notes 19, 16—20; 2007

Measure Relative Numbers of Live and Dead Cells and Normalize Assay
Data to Cell Number; Andrew Niles, Michael Scurria, Laurent Bernad, Brian
McNamara, Kay Rashka, Deborah Lange, Pam Guthmiller, Tracy Worzella
and Terry Riss; Cell Notes 18, 15-20; 2007

Measuring Cell Health and Viability Sequentially by Same-Well Multi-
plexing Using the GloMax®-Multi Detection System; Halina Zakowicz,
Trista Schagat, David Yoder and Andrew Niles; Promega Notes 99, 25-28;
2008

Luminogenic Enzyme Substrates: The Basis for a New Paradigm in Assay
Design; Poncho L. Meisenheimer’, Martha A. O’Brien* and James J. Cali?;
Promega Notes 100, 22—26; 2008
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Niles, A.L., Moravec, R.A. and Riss, T.L. (2009) In vitro viability and cyto-
toxicity testing and same-well multi-parametric combinations for high-
throughput screening; Current Chemical Genomics 3, 33—-41

Notes: The authors review the use of in vitro cytotoxicity testing in drug
discovery to characterize the toxic potenzial of new chemical entities (nce)
at the earliest stages of profiling.

Niles, A.L.,, Moravec, R.A.,, Hesselberth, P.E., Scurria, M.A,, Daily, W.J. and
Riss, T.L. (2007) A homogeneous assay to measure live and dead cells in
the same sample by detecting different protease markers; Anal. Biochem.
366, 197-206

Notes: The authors of this paper describe an assay that uses protease bio-
markers to assess cell viability and cell death simultaneously in a popula-
tion of cells. The assay detects an ubiquitous protease activity that is
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Viability and proliferation

poduct ] ouniy Cataog No.

RealTime-Glo™ MT Cell Viability Assay 100 reactions G9711
10 x 100 reactions G9712
1,000 reactions G9713
CellTiter-Glo® Luminescent Cell Viability Assay 10ml G7570
10x10ml G7571
100ml G7572
10 x 100ml G7573
CellTiter-Glo® Cell Viability 2.0 Assay 10ml G9241
100ml G9242
500 ml G9243
CellTiter-Glo® 3D Viability Assay 10ml G9681
10x 10ml G9682
100ml G9683
CellTiter 96® AQ,..., One Solution Cell Proliferation Assay 200 assays G3582
1,000 assays G3580
5,000 assays G3581
CellTiter-Blue® Cell Viability Assay 20ml G8080
100ml G8081
10 x 100ml G8082
CellTiter-Fluor™ Cell Viability Assay 10ml G6080
5x10ml G6081
2 x50ml G6082
10ml G8230
BacTiter-Glo™ Microbial Cell Viability Assay 10x 10ml G8231
100ml G8232
10 x 100ml G8233
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Cytotoxicity

pogut oy Catalog No

CellTox™ Green Cytotoxicity Assay 10ml G8741
100ml G8742
500ml G8743

CellTox™ Green Express Cytotoxicity Assay 200l G8731

CytoTox-Fluor™ Cytotoxicity Assay 10ml G9260
5x10ml G9261
2 x50ml G9262

CytoTox-Glo™ Cytotoxicity Assay 10ml G9290
5x10ml G9291
2 x50ml G9292

CytoTox-ONE™ Homogeneous Membrane Integrity Assay 200—-800 assays G7890
100—4,000 assays G7891

CytoTox-ONE™ Homogeneous Membrane Integrity Assay, HTP 1000-4,000 assays G7892

Viral ToxGlo™ Assay 10ml G8941
10x 10ml G8942
100ml G8943

Apoptosis

poduct ] ouniy Catalog No.

Caspase-Glo® 2 Assay 10ml G0940
50ml G0941
Caspase-Glo® 3/7 Assay 2.5ml G8090
10ml G8091
10x10ml G8093
100ml G8092
Caspase-Glo® 6 Assay 10ml G0970
50ml G0971
Caspase-Glo® 8 Assay 2,5ml G8200
10ml G8201
100ml G8202
Caspase-Glo® 9 Assay 2.5ml G8210
10ml G8211
100ml G8212
Apo-ONE® Homogeneous Caspase-3/7 Assay 1ml G7792
10ml G7790
100ml G7791
Apo-ONE® Homogeneous Caspase-3/7 Buffer 100ml G7781
CaspACE™ FITC-VAD-FMK in situ Marker 50pl G7461
125pl G7462
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Inflammasome

Quantity Catalog No.

Caspase-Glo® 1 Inflammasome Assay 10ml G9951
5x10ml G9952
Multiplexing
Multitox-Fluor Multiplex Cytotoxicity Assay 10ml G9200
5x10ml G9201
2 x50ml G9202
Multitox-Glo Multiplex Cytotoxicity Assay 10ml G9270
5x10ml G9271
2 x50ml G9272
Apolive-Glo™ Multiplex Assay 10ml G6410
5x10ml G6411
Apotox-Glo™ Triplex Assay 10ml G6320
5x10ml G6321
ONE-Glo™ + Tox Luciferase Reporter and Cell Viability Assay 1 plate E7110
10 plates E7120
Mitochondrial ToxGlo™ Assay 10ml G8000
100ml G8001

Cell Metabolism

poaut oy Catalog No

NADP/NADPH-Glo™ Assay 10ml G9o081
50 ml G9082
NAD/NADH-Glo™ Assay 10ml G9071
50 ml G9072
NAD(P)H-Glo™ Detection System 10ml G9061
50 ml G9062

Oxidative stress

Quaniiy Catlog o

ROS-Glo™ H,0, Assay 10ml G8820
50ml G8821
GSH-Glo™ Glutathione Assay 10ml V6911
50ml V6912
GSH/GSSG-Glo™ Assay 10ml V6611
50ml V6612
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Epigenetic assays

poauet oy Catalog o

HDAC-Glo™ 2 Assay 10ml G9590
HDAC-Glo™ Class lla Assay 10ml G9560
HDAC-Glo™ I/11 Assay 10ml G6420
5x10ml G6421
100ml G6422
HDAC-Glo™ I/11 Screening Systems 10ml G6430
5x10ml G6431
SIRT-Glo™ Assays 10ml G6450
5x10ml G6451
100ml G6452
SIRT-Glo™ Screening System 10ml G6470
5x10ml G6471
SIRT-Glo™ Control Substrate 35ul G6460
UDP-Glo™ Glycosyltransferase Assay 200 assays V6961
400 assays V6962
4,000 assays V6963
UDP-Glo™ Glycosyltransferase Assay + UDP-GIcNAc 200 assays V6971
400 assays V6972
UDP-Glo™ Glycosyltransferase Assay + UDP-GalNAc 200 assays V6981
400 assays V6982
UDP-Glo™ Glycosyltransferase Assay + UDP-Glucose 200 assays V6991
400 assays V6992
UDP-Glo™ Glycosyltransferase Assay + UDP-Galactose 200 assays V7051
400 assays V7052
Ultra Pure UDP-GIcNAc, 100mM 50pl V7071
250l V7072
Ultra Pure UDP-GalNAc, 100mM 50ul V7081
UDP-GalNAc, 100mM 250l V7082
Ultra Pure UDP-Glucose, 100mM 50pl V7091
250l V7092
Ultra Pure UDP-Galactose, 100mM 50pl V7171
250l V7172
Hela Nuclear Extract opl G6570
Nicotinamide 30pl G6540
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poguct oy Cataog No.

cAMP-Glo™ Max Assay 2 plates V1681
20 plates V1682
10 x 20 plates V1683
ADP-Glo™ Kinase Assay 1,000 assays V9101
10,000 assays V9102
100,000 assays V9103
ADP-Glo™ Max Assay 1,000 assays V7001
10,000 assays V7002
Kinase-Glo® Luminescent Kinase Assay 10ml V6711
10x 10ml V6712
100ml V6713
10 x 100ml V6714
Kinase-Glo® Max Luminescent Kinase Assay 10ml V6071
10x 10ml V6072
100ml V6073
10 x 100ml V6074
Kinase-Glo® Plus Luminescent Kinase Assay 10ml V3771
10x 10ml V3772
100ml V3773
10 x 100ml V3774
AMP-Glo™ Assay 1,000 assays V5011
10,000 assays V5012
PDE-Glo™ Phosphodiesterase Assay 1,000 assays V1361
10,000 assays V1362
GTPase-Glo™ Assay 1,000 assays V7681
10,000 assays V7682

Metabolism of drugs — ADME assays

poduct ] ouniy Catalog No.

P450-Glo™ CYP3A4 Assay with Luciferin-IPA 50ml V9002
P450-Glo™ CYP2C9 Screening System 1,000 assays V9790
P450-Glo™ CYP2C9 Assay 50ml V8792
P450-Glo™ CYP3A4 Screening System with Luciferin-PPXE 1,000 assays V9910
P450-Glo™ CYP1A2 Induction/ Inhibition Assay 50ml V8422
P450-Glo™ CYP2C8 Assay 50ml V8782
P450-Glo™ CYP2C19 Assay 50ml V8882
P450-Glo™ CYP2D6 Assay 50ml V8892
P450-Glo™ CYP3A4 Screening System 1,000 assays V9800
P450-Glo™ CYP1A2 Screening System 1,000 assays V9770
P450-Glo™ CYP1A1 Assay 50ml V8752
P450-Glo™ CYP1B1 Assay 50ml V8762
P450-Glo™ CYP1A2 Assay 50ml V8772
P450-Glo™ CYP3A4 Assay 50ml V8802
P450-Glo™ CYP3A7 Assay 50ml V8812
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Metabolism of drugs — ADME assays (continued)

poaut oy Catalog o

P450-Glo™ CYP3A4 Assay (Luc -PFBE) Cell-Based/Bio 50ml V8902
P450-Glo™ CYP3A4 Assay with Luciferin PPXE 50ml V8912
P450-Glo™ CYP3A4 Screening System with Luciferin-IPA 1,000 assays V9920
P450-Glo™ CYP2D6 Screening System 1,000 assays V9890
P450-Glo™ CYP3A4 Assay with Luciferin-IPA 10ml V9001
P450-Glo™ CYP2C9 Assay 10ml V8791
P450-Glo™ CYP3A7 Assay 10ml V8811
P450-Glo™ CYP1A1 Assay 10ml V8751
P450-Glo™ CYP1B1 Assay 10ml V8761
P450-Glo™ CYP1A2 Assay 10ml V8771
P450-Glo™ CYP3A4 Assay (Luc -PFBE) Cell-Based/Bio 10ml V8901
P450-Glo™ CYP2C19 Screening System 1,000 assays V9880
MAO-Glo™ Assay 200 assays V1401
UGT-Glo™ Assay 200 assays V2081
UGT-Glo™ Assay 1,000 assays V2082
Pgp-Glo™ Assay System with P-glycoprotein 10ml V3601

Protease assays

poduct ] ouniy Cataog No.

Proteasome-Glo™ Chymotrypsin-Like Cell-Based Assay 10ml G8660
5x10ml G8661
2 x 50ml G8662
Proteasome-Glo™ Trypsin-Like Cell-Based Assay 10ml G8760
5x10ml G8761
Proteasome-Glo™ Caspase-Like Cell-Based Assay 10ml G8860
5x10ml G8861
Proteasome-Glo™ 3-Substrate Cell-Based Assay System 10ml G1180
50ml G1200
Proteasome-Glo™ Chymotrypsin-Like Assay 10ml G8621
50ml G8622
Proteasome-Glo™ Trypsin-Like Assay 10ml G8631
50ml G8632
Proteasome-Glo™ Caspase-Like Assay 10ml G8641
50ml G8642
Proteasome-Glo™ 3-Substrate System 10ml G8531
50ml G8532
Calpain-Glo™ Protease Assay 10ml G8501
50ml G8502
DUB-Glo™ Protease Assay (DUB/SENP/NEDP) 10ml G6260
50ml G6261
DPPIV-Glo™ Protease Assay 10ml G8350
50ml G8351




GENOMI . .
ESSENTIALS Genomic Essentials

Nucleic acid purification, enzymes, RNase inhibitors,
reverse transcription, PCR, real-time PCR, markers,
cloning systems, transfection

Cellular & Biochemical Assays

Viability, apoptosis, cytotoxicity, oxidative stress,

cell signaling, kinases, epigenetics, real-time analysis,
3D-culture assays, cell metabolism, drug discovery,
reporter gene assays

Protein Analysis

Protein expression and purification, live cell labeling and
imaging, protein interaction assays, antibody labeling and
purification, antibody fragmentation, Western Blotting, ELISA,
reagents for mass spectrometry

Genetic Identity

Preprocessing and differential extraction,

STR amplification and analysis, DNA isolation,
human-specific DNA quantitation,
automation for genetic identity

Instruments

* Nucleic Acid Extraction Instruments Maxwell®
for molecular diagnostic, research or forensic

» GloMax® Discover and Explorer Multimode Systems
for detection of luminescence, fluorescence,
absorbance, BRET and FRET

» Nucleic acid and protein quantitation ‘!%)
using the Quantus™ Fluorometer )
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