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Chemiluminescence
Chemiluminescence is the conversion of chemical energy to light energy. 
Several different chemical reactions, including some enzyme-catalyzed reac-
tions, result in the production of visible light. Chemiluminescence reactions 
occur naturally (bioluminescence) in a wide variety of organisms, including 
beetles, jellyfish, bacteria, and many marine organisms. In addition, there 
are several classes of synthetic chemical structures that upon chemical or 
enzymatic cleavage produce light emission. Chemiluminescent reactions 
are employed in a wide variety of applications, including but not limited to 
biological assays, clinical diagnostic assays, biosensors, hygiene monitoring, 
and commercial low-level lighting.

Principles of Enzyme-activated Chemiluminescence
1,2-Dioxetane substrates emit visible light upon enzyme-catalyzed decom-
position. Chemiluminescent detection of biomolecules with 1,2-dioxetane 
enzyme substrates is extremely sensitive as a result of low background 
luminescence coupled with high-intensity light output (due to enzyme 
cleavage and turnover of a large number of substrate molecules). The energy 
for light emission is generated internally upon dioxetane decomposition. 
In comparison, fluorescence requires an external light source for excita-
tion energy, which must be filtered to discriminate the fluorescent signal 
emission. This limits the sensitivity and introduces complexity into the 
instrumentation and data analysis.

Glow Kinetics of 1,2-Dioxetanes
The decomposition of CDP-Star® substrate is shown in Figure 1. Upon 
dephosphorylation of the substrate by alkaline phosphatase, a metastable 
phenolate anion intermediate is formed that decomposes and emits light 
with a maximum intensity at a wavelength of 475 nm. A delay in reaching 
maximum light intensity results, the length of which depends upon anion 
structure and the surrounding environment. Film or simple instrumentation 
may be used to quantitate the chemiluminescent signal that is produced as 
a steady glow arising from the reaction kinetics of the system.

1,2-Dioxetane Chemiluminescent Substrates
Tropix® 1,2-dioxetane chemiluminescent substrates enable extremely sensi-
tive detection of biomolecules by producing visible light that is detected 
with film or instrumentation. Applied Biosystems offers several different 
enzyme-activated substrates, including CDP-Star® and CSPD® substrates 
for alkaline phosphatase; Galacton,® Galacton-Plus,® and Galacton-Star® 
substrates for β-galactosidase; Glucuron® substrate for β-glucuronidase; 
Glucon™ substrate for β-glucosidase; and NA-Star® substrate for neuramini-
dase. Use of these reagents in immunoassays, enzyme assays, reporter gene 
assays, membrane-based protein detection, and nucleic acid detection on 
membranes or in tube or microplate assay formats offers substantial benefits 
compared to colorimetric, fluorescent, or isotopic detection.

Advantages of 1,2-Dioxetane Substrates
Applied Biosystems offers a wide selection of 1,2-dioxetane enzyme sub-
strates that meet the challenging demands of a broad variety of applications. 
1,2-Dioxetane substrates are non-isotopic and provide high intensity signal, 
low background, high sensitivity, wide dynamic range, rapid results, and are 
compatible with multiple assay formats under physiologically relevant condi-
tions. The high quality, purity, and lot-to-lot consistency of Tropix substrates 
enable excellent reproducibility. In membrane-based assays, multiple film 
exposures can be acquired with standard X-ray film for over 24 hours fol-
lowing substrate addition.

Instrumentation for Chemiluminescent Signal Detection
Luminescent signal quantitation with microplate or tube solution-based 
assays is performed with a luminometer, which measures light being emit-
ted from a sample with either a PMT-based or photodiode detector, or 
with a CCD camera detector. Commercial luminometers include dedicated 
(single-mode) luminescence detection platform, or multi-mode platforms 
that are equipped for luminescence detection. Luminescence can also be 
quantitated with a scintillation counter, with the appropriate counting 
mode selected, or with a fluorometer, without the presence of filters that 
would absorb light emission. Detection with non-luminometer instrumenta-
tion does not provide optimal sensitivity, as these instruments are frequently 
not light-tight, and are not optimized for luminescence detection. For some 
substrates and assays, automatic injection capabilities are required when the 
kinetics of light emission are very rapid.

Signal detection with membrane-based assays, including Western blot-
ting and Southern blotting applications, can be performed with X-ray 
film, photographic film, or with CCD camera-based imaging platforms. 
Phosphorimaging platforms can be used if the appropriate screens, requiring 
sensitivity to visible light emission, are available.

Microplates
Luminescence assays in a microplate format are ideally performed in opaque 
white microplates, including 96-, 384- or 1536-well format, depending on 
assay design and capability, and on instrumentation capability. Black micro-
plates can be used, but a significant absorption of the emitted light can 
reduce sensitivity. For cell-based assays performed in the culture plate, white 
plates with a clear bottom can be utilized, permitting microscopic observa-
tion of cells prior to start of assay. With these plates, a white backing sheet 
is applied to the bottom of the plate prior to reading, to prevent absorption 
of light by the black plate platform. The continuous clear plate bottom can 
introduce well-well signal crosstalk, so wells with anticipated large signal dif-
ferences should not be adjacent. Clear microplates are not appropriate, as 
well-to-well crosstalk will obscure results.

Applications
Alkaline Phosphatase Substrates
CDP-Star® and CSPD® substrates are used in both solution and membrane-
based detection of alkaline phosphatase or alkaline phosphatase conjugates 
as superior alternatives to radioisotopic, colorimetric, or fluorimetric meth-
ods. For immunoassays and DNA probe assays, 1,2-dioxetane substrates 
improve the sensitivity [1,2,5,8,9,10,11] and generate results faster than radio-
immunoassays and colorimetric detection methods. Chemiluminescent 

Figure 1. Light Emission Mechanism of CDP-Star® Substrate.
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detection of biomolecules labeled directly or indirectly with alkaline phos-
phatase (AP) is performed on membranes for Southern, Northern, and 
Western blotting, and DNA sequencing [3,4,9]. These substrates are also 
ideally suited for the detection of placental alkaline phosphatase (PLAP) 
and secreted placental alkaline phosphatase (SEAP) in reporter gene assays 
[6,12]. 1,2-Dioxetane substrates for alkaline phosphatase are used widely in 
immunoassay platforms for analytes, in identification of small molecules and 
viral nucleic acid detection. Additional potential applications include pas-
teurization monitoring, alkaline or acid phosphatase biomarker detection 
(stem cells, tumor markers) and sensitive quantitation of purified protein 
phosphatase activity [13].

β-Galactosidase Substrates
Galacton,® Galacton-Plus,® and Galacton-Star® substrates are widely utilized 
and have become the gold standard for sensitive quantitation of β-galac-
tosidase in reporter gene assays in both mammalian and yeast cells. The 
chemiluminescent assay for β-galactosidase exhibits over three orders 
of magnitude greater sensitivity than colorimetric assays. In addition to 
reporter gene assays, 1,2-dioxetane substrates for β-galactosidase are 
used for β-galactosidase enzyme complementation assays. β-galactosidase 
enzyme complementation has a wide variety of applications, including 
both in vitro detection of biomolecules and cell-based assay systems that 
monitor cellular functions, such as intracellular protein-protein interactions, 
receptor activation, protein translocation, and cell fusion. Additional potential 
applications for chemiluminescent Galacton substrates include measurement 
of β-galactosidase activity in bacteria, for either gene expression monitoring 
or direct coliform detection, and immunoassay detection with β-galactosi-
dase-labeled detection reagents.

β-Glucuronidase Substrate
Glucuron® substrate is a highly sensitive substrate for quantitating β-gluc-
uronidase in reporter gene assays in plants or mammalian cells using the 
bacterial β-glucuronidase (GUS) gene. Chemiluminescent detection with 
Glucuron substrate exhibits greater sensitivity compared to fluorescence 
detection. Reporter gene assays employing Glucuron substrate are simple 
and convenient to perform. Additional potential applications include spe-
cific microbe detection and quantitation of mammalian β-glucuronidase. 
Please inquire regarding availability.

β-Glucosidase Substrate
Glucon™ substrate is utilized for highly sensitive detection of β-glucosidase. 
The use of Glucon substrate provides researchers with another quantitative 
tool for the emerging widespread use of glycosidic enzymes in environmen-
tal and biomedical testing, clinical evaluation, toxicology, and pharmaceutical 
screening. Please inquire regarding availability.

Neuraminidase Substrate
NA-Star® substrate was designed for highly sensitive chemiluminescent 
detection of viral neuraminidase. NA-Star substrate is a sensitive chemilu-
minescent replacement for fluorescent neuraminidase substrates, and has 
been used widely for global monitoring of influenza strains for resistance to 
neuraminidase inhibitors.

Comparison of Chemiluminescent Systems and Substrates 
An important feature of Tropix® alkaline phosphatase substrates is the long-
lived signal, especially on membranes. The chemiluminescent signal from 
CSPD® and CDP-Star® substrate may persist for up to several days on nylon 
membrane[7]. Since film exposure times range from seconds to several hours, 
multiple images may be acquired. Varying the film exposure time enables 
the user to optimize signal-to-noise. Other chemiluminescent systems, such 
as enhanced luminol, generate shorter-lived signals, making multiple film 
exposures difficult.

In solution assays (such as an immunoassay), the kinetics of CSPD and 
CDP-Star substrates are similar. Both substrates exhibit peak light emission 
within 30 minutes after adding substrate solution to a reaction well. Once 
the maximum signal is reached, it will be maintained as long as substrate 
is available (at least 60-90 minutes, depending on the amount of alkaline 
phosphatase present).

Membrane-based Detection Assays 
CDP-Star® chemiluminescent substrate combines high intensity with rapid 
kinetics of light emission. This feature, coupled with up to five-fold higher 
signal intensity compared to CSPD substrate, makes CDP-Star substrate the 
ideal choice when rapid imaging exposures are needed. CDP-Star Substrate 
is used with Nitro-Block-II™ enhancer for nitrocellulose membranes. (see 
Chemiluminescence Enhancers, page 7).

Solution-based Detection Assays
CDP-Star® substrate also produces a higher signal in solution assays. CDP-Star 
substrate with either Sapphire-II™ or Emerald-II™ enhancer produces a signal 
that is nearly five-fold higher than the signal produced by CSPD® substrate 
with enhancer. For five-fold maximum sensitivity, CDP-Star Substrate solu-
tions will provide the highest signal intensity and the greatest sensitivity.
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Description
CDP-Star® and CSPD® chemiluminescent substrates for alkaline phosphatase 
enable light-based detection of alkaline phosphatase and alkaline 
phosphatase-labeled molecules with unparalleled sensitivity, speed and 
ease. Chemiluminescent detection with 1,2-dioxetane substrates for alkaline 
phosphatase offers a highly sensitive alternative to fluorescent, isotopic, and 
colorimetric detection methods.

Membrane-based Applications
Tropix® chemiluminescent substrates exhibit high sensitivity detection of 
biomolecules labeled either directly or indirectly with alkaline phosphatase 
(AP) in membrane-based applications such as Southern, Northern, and 
Western blotting. On membranes, the faster emission kinetics and higher 
light intensity of CDP-Star substrate enable exposure times up to 10-fold 
shorter than CSPD substrate. Exposure times range from 1 second to 15 
minutes with CDP-Star substrate and from 2 minutes to 2 hours with 
CSPD substrate with standard X-ray film. CDP-Star is ideal when quick film 
exposures are desired and in applications that require long film exposures, 
such as single copy gene detection by Southern analysis. Note: With nitro-
cellulose membrane, we recommend the use of CDP-Star substrate with 
Nitro-Block-II™ (see page 8 for substrate formulations with Nitro-Block and 
Nitro-Block-II).

Solution-based Applications
CDP-Star and CSPD substrates (Figure 2) are also used in solution-based 
assays such as immunoassays, nucleic acid probe assays, and direct enzyme 
assays. They are ideally suited for the detection of placental alkaline phos-
phatase (PLAP) and secreted placental alkaline phosphatase (SEAP) in 
reporter gene assays [1, 2]. They are used widely in immunoassay platforms 
for analytes identification, small molecules and viral nucleic acid detection. 
Maximum light levels are reached at approximately 30 minutes and glow 
emission persists for several hours. Emission kinetics are similar for CSPD 
and CDP-Star substrates in solution. Additional potential applications 
include pasteurization monitoring, alkaline or acid phosphatase biomarker 
detection (stem cells, tumor markers) and sensitive quantitation of purified 
protein phosphatase activity [3].

Product Configuration
CDP-Star and CSPD substrates are available as concentrates or as Ready-to-
Use solutions, with or without luminescence enhancers. CDP-Star and CSPD 
Substrate concentrates are supplied at 5 or 25 mM (respectively) in aqueous 
buffer. The recommended working concentration for these substrates is 0.4 
mM for solution-based assays and 0.25 mM for membrane-based assays. 
Ready-to-Use formulations of 0.25 mM substrate for membrane-based 
applications are listed below. Ready-to-Use substrate/enhancer formulations 
for solution-based assays are listed below and described on page 7. The use 
of enhancers is necessary in solution assays for optimal light output and 
sensitivity (see page 7 for enhancers and Ready-to-Use substrate/enhancer 
formulations). 

REFERENCES

1. Bronstein I, Fortin JJ, Voyta JC, Juo RR, Edwards B, Olesen CE, Lijam N, Kricka LJ (1994) 
Chemiluminescent reporter gene assays: Sensitive detection of the GUS and SEAP gene prod-
ucts, BioTechniques 17:172-178.

2. O’Connor KL, Culp LA. (1994) Quantitation of two histochemical markers in the same extract 
using chemiluminescent substrates, BioTechniques 17:502-509.

3. Zhao S, Zhu Q, Somerville RL (2000) The σ(70) transcription factor TyrR has zinc-stimulated 
phosphatase activity that is inhibited by ATP and tyrosine. J Bacteriol. 182(4):1053-1061.

Figure 2. Chemical Structures of CSPD® (Panel A) and CDP-Star® (Panel B) Substrates.

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 CDP-Star® Chemiluminescent Substrate for Alkaline Phosphatase

  5 mM Concentrate 1.0 mL T2304

  5 mM Concentrate 2.0 mL T2305

  5 mM Concentrate 5.0 mL T2306

  5 mM Concentrate 10 mL T2307

  5 mM Concentrate 20 mL T2308

  5 mM Concentrate 50 mL T2309

  5 mM Concentrate 200 mL T2310

  Ready-to-Use (0.25 mM) 50 mL T2145

  Ready-to-Use (0.25 mM) 100 mL T2146

  Ready-to-Use (0.25 mM) 250 mL T2147

  Ready-to-Use (0.25 mM) 100 mL T2218
  with Nitro-Block-II™ Enhancer

  Ready-to-Use (0.4 mM) 100 mL T2214
  with Sapphire-II™ Enhancer

  Ready-to-Use (0.4 mM) 100 mL T2216
  with Emerald-II™ Enhancer

Larger sizes of CDP-Star® are available upon request.

 For Research Use Only. Not for use in diagnostic procedures. 

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 CSPD® Chemiluminescent Substrate for Alkaline Phosphatase

  25 mM Concentrate 25 mL T2044

  25 mM Concentrate 0.5 mL T2040

  25 mM Concentrate 1.0 mL T2098

  25 mM Concentrate 2.5 mL T2041

  25 mM Concentrate 5.0 mL T2042

  25 mM Concentrate 10 mL T2043

  Ready-to-Use (0.25 mM) 50 mL T2141

  Ready-to-Use (0.25 mM)  100 mL T2142

  Ready-to-Use (0.25 mM) 250 mL T2143

  Ready-to-Use (0.25 mM)) 100 mL T2217
   with Nitro-Block™ Enhancer

  Ready-to-Use (0.4 mM) 100 mL T2210
   with Sapphire-II™ Enhancer

  Ready-to-Use (0.4 mM) 100 mL T2212
  with Emerald-II™ Enhancer

Larger sizes of CSPD® are available upon request.

 For Research Use Only. Not for use in diagnostic procedures. 

CDP-Star® and CSPD® Substrates
Alkaline phosphatase chemiluminescent substrates
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Galacton®, Galacton-Plus® and Galacton-Star® Substrates
β-Galactosidase chemiluminescent substrates

Substrates and Enhancers

Description
Galacton®, Galacton-Plus®, and Galacton-Star® chemiluminescent substrates 
(Figure 3) for β-galactosidase provide chemiluminescent detection of 
β-galactosidase and β-galactosidase-labeled molecules. These substrates 
offer significant sensitivity improvement over colorimetric and fluorescent 
detection methods.

Applications
Galacton,® Galacton-Plus,® and Galacton-Star® substrates have been very 
widely used for reporter gene assays in many different organisms, includ-
ing mammals, yeast (including two hybrid assays), bacteria, protozoans, 
fish cells, and frog oocytes. Galacton-Star substrate has been employed in 
β-galactosidase enzyme complementation technology, which provides a 
novel cell-based assay capability for intracellular monitoring of protein-pro-
tein interactions, cell fusion assays, and intracellular protein translocation. 
Additional applications include detection of β-galactosidase conjugates 
in immunoassay and immunodetection formats, and detection of endo-
genous bacterial β-galactosidase for coliform enumeration.

Substrate Selection
Galacton substrate is a first-generation substrate that enables highly sensi-
tive detection of β-galactosidase in reporter gene assays and direct enzyme 
assays. Galacton-Plus® chemiluminescent substrate for β-galactosidase 
provides prolonged emission kinetics and superior sensitivity compared to 
Galacton substrate. Light emission is maintained for several minutes with 
Galacton-Plus substrate, which is necessary when light signal is measured in 
a microplate luminometer without automatic injection capabilities. Figure 
4 shows the kinetics of detection of purified β-galactosidase with Galacton 
substrate and Galacton-Plus substrate. Galacton-Star chemiluminescent 
substrate enables detection in a single-step reaction format. Light emission 
with Galacton-Star substrate typically reaches maximum in 60 minutes and 
exhibits glow kinetics for nearly one hour (Figure 5). Galacton-Star substrate 
provides the most facile detection protocol, requiring only a single reagent 
addition to sample, and in addition, provides the highest sensitivity detec-
tion of β-galactosidase. For new users, the Galacton-Star substrate, included 
in the Galacto-Star and Gal-Screen® reporter gene assay systems, is recom-
mended for all applications. Enhancers and/or accelerators are required for 
optimum performance with each of these substrates, and are provided as kit 
components with each of the β-galactosidase reporter gene assay systems 
(see page 12 for Gal-Screen system; page 14 for Galacto-Star system; page 
16 for Galacto-Light™ system and Galacto-Light Plus™ system; page 21 for 
Dual-Light® system). 

Product Configuration
Galacton and Galacton-Plus substrates are supplied as 100X concentrates. 
Galacton substrate is also available as a component of the Galacto-Light 
system. Galacton-Plus substrate is also available in the Dual-Light and 
Galacto-Light Plus systems. Galacton-Star substrate is supplied as a 10 mM 
concentrate, and is diluted 50-fold for use. Galacton-Star substrate is also 
available in the Galacto-Star and Gal-Screen systems. For reporter gene 
assays, we recommend purchase of the complete systems, so that all neces-
sary reagents and protocol are obtained.
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Figure 4. Detection of β-Galactosidase with Galacton® and Galacton-Plus® Substrates.

Figure 5. Detection of β-Galactosidase with Galacton-Star® Substrate.
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 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Galacton® Chemiluminescent Substrate for β-Galactosidase

 100X Concentrate 2 mL T2094

 100X Concentrate 4 mL T2121

 100X Concentrate 10 mL T2095

 Galacton-Plus® Chemiluminescent Substrate for β-Galactosidase

 100X Concentrate 2 mL T2118

 100X Concentrate 4 mL T2119

 100X Concentrate 10 mL T2120

 Galacton-Star® Chemiluminescent Substrate for β-Galactosidase

 10 mM Concentrate 2 mL T2264

 10 mM Concentrate 4 mL T2265

 10 mM Concentrate 10 mL T2266

 For Research Use Only. Not for use in diagnostic procedures. 

Figure 3. Chemical Structures of β-Galactosidase Substrates.

Tropix catalog.indd   4 3/23/07   12:43:50 PM



5Learn more or order the products on this page at www.appliedbiosystems.com

Glucuron® Substrate
β-Glucuronidase chemiluminescent substrate

Substrates and Enhancers

Description
Glucuron® chemiluminescent substrate enables chemiluminescent detection 
of β-glucuronidase (GUS). Glucuron substrate is a highly sensitive alternative 
to colorimetric and fluorescent detection methods. The superior sensitivity 
achieved with Glucuron substrate makes it the ultimate choice for GUS 
reporter gene assays in plant or mammalian cells.

Applications
Quantitation of glycosidic enzymes has wide-spread application, including 
reporter gene assays, environmental testing, biomedical research, toxicology, 
and pharmaceutical screening. Glucuron substrate can be employed for 
sensitive chemiluminescent detection in these varied/various applications, 
and has primarily been used for GUS reporter gene assays [1]. Measurement 
of GUS activity has been used in a novel bioassay with E. coli to evaluate 
toxicity of metal ions in environmental samples [4]. Additional potential 
applications include specific microbe detection and detection of mammalian 
β-glucuronidase. Mammalian β-glucuronidase activity has been measured 
in assays for mast cell degranulation [2] and to monitor periodontal disease 
[3]. 

REFERENCES

1. Bronstein I, Fortin JJ, Voyta JC, Juo RR, Edwards B, Olesen CE, Lijam N, Kricka LJ (1994) 
Chemiluminescent reporter gene assays: Sensitive detection of the GUS and SEAP gene 
products, BioTechniques 17:172-178.

2. Dreskin SC, Pribluda VS, Metzger H (1989) IgE receptor-mediated hydrolysis of phosphoinositides 
by cytoplasts from rat basophilic leukemia cells, J Immunol. 142:4407-4415.

3. Lamster IB, Holmes LG, Gross KB, Oshrain RL, Cohen DW, Rose LF, Peters LM, Pope MR 
(1994) The relationship of beta-glucuronidase activity in crevicular fluid to clinical parameters of 
periodontal disease. Findings from a multicenter study, J Clin Periodontol. 21:118-127.

4. Mariscal A, Garcia A, Carnero M, Gomez E, Fernandez-Crehuet J (1994) New toxicity 
determination method that uses fluorescent assay of Escherichia coli, Biotechniques 16:888-
892.

Product Configuration
Glucuron substrate is supplied as a 100X concentrate. Please inquire 
regarding availability.

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Glucuron® Substrate

 Tropixcustom (GL005) 100X Concentrate 0.5 mL Tropixcustom

 Tropixcustom (GL010) 100X Concentrate 1.0 mL Tropixcustom

 Tropixcustom (GL025) 100X Concentrate 2.5 mL Tropixcustom

 For Research Use Only. Not for use in diagnostic procedures. 

Figure 6. Chemical Structure of Glucuron® Substrate.
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Glucon™ Substrate
β-Glucosidase chemiluminescent substrate

Description
Glucon™ chemiluminescent substrate enables chemiluminescent detection 
of β-glucosidase. Glucon, is a highly sensitive alternative to colorimetric and 
fluorescent detection methods.

Applications
β-Glucosidase has been used in conjunction with β-glucuronidase in a 
physiologic test for the rapid identification and differentiation of enterococci 
and streptococci [2]. Vectors containing the sequence for β-glucosidase 
have been developed [1]. In addition, thermostable β-glucosidase has been 
cloned and isolated [1] and could provide an extremely sensitive, robust 
reporter assay system that will eliminate background from endogenous 
enzyme activity. Glucon™ substrate can also be used for detection of mam-
malian β-glucosidase activity. 

REFERENCES

1. Gabelsberger J, Liebl W, Schleifer K (1993) Purification and properties of recombinant β-glu-
cosidase of the hyperthermophilic bacterium Thermotoga maritime, Appl Microbiol Technol 
40:44-52.

2. Kirby R, Ruoff K (1995) Cost-effective, clinically relevant method for rapid identification of beta-
hemolytic streptococci and enterococci, J Clin Microbiol 33:1154-1157.

Product Configuration
Glucon substrate is supplied as a 10 mM concentrate. The suggested 
working concentration for solution-based assays is 0.1 mM. Please inquire 
regarding availability.

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Glucon™ Substrate

 Tropixcustom 10 mM concentrate Tropixcustom

 For Research Use Only. Not for use in diagnostic procedures. 

Figure 7. Chemical Structure of Glucon™ Substrate.
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NA-Star® Substrate
Neuraminidase chemiluminescent substrate

Substrates and Enhancers

Description
NA-Star® chemiluminescent substrate enables sensitive detection of neur-
aminidase (NA) activity. This substrate is a highly sensitive replacement 
for the widely used fluorogenic substrate, methylumbelliferyl N-acetyl-
neuraminic acid (MUNANA). NA-Star substrate has been incorporated 
into the NA-Star Influenza Neuraminidase Inhibitor Resistance Detection 
Kit. The NA-Star Influenza Neuraminidase Inhibitor Resistance Detection 
Kit includes everything needed to quantitate neuraminidase activity and 
neuraminidase inhibitor resistance in avian, equine, human (types A and 
B), and porcine influenza viruses. The kit’s fast and easy protocol and con-
venient 96-well plate format make it ideal for monitoring influenza virus 
neuraminidase inhibitor resistance, as well as high-throughput inhibitor 
compound screening.

Applications
NA-Star chemiluminescent substrate has applications in viral research for 
the detection and characterization of viral neuraminidases. NA-Star sub-
strate has been applied to the detection of influenza virus neuraminidase 
activity in clinical isolates providing up to 60-fold higher sensitivity than with 
the fluorescence assay [1]. The chemiluminescent-based detection technol-
ogy provides a wide dynamic range—greater than four orders of magnitude 
of neuraminidase concentration (two orders of magnitude greater than 
fluorescent MUNANA-based assays), enabling accurate quantitation of 
neuraminidase inhibitor resistance levels over a broad range of virus con-
centration and neuraminidase activity without having to test multiple virus 
dilutions.  To date, this substrate has been used primarily for global screening 
of flu strains for neuraminidase inhibitor sensitivity.  Additional applications 
include high throughput screening for identification of new neuraminidase 
inhibitor anti-viral therapeutics, detection of neuraminidase in other organ-
isms, including bacteria.  

The fast and easy protocol enables you to perform assays in less than 1.5 
hours.  Simply incubate your virus samples with dilutions of neuraminidase 
inhibitor, add NA-Star chemiluminescent substrate, incubate, and then 
inject/add the accelerator solution, which triggers light emission from the 
reaction product.  Light signal is measured with a luminometer, including 
multi-mode instruments that include a luminometer mode.  For best 
results, use a luminometer with an automatic injector to add the accelerator 
solution, although a multichannel pipettor can be used if plate is read 
immediately.  

 Product Configuration
The NA-Star Influenza Neuraminidase Inhibitor Resistance Detection Kit 
includes NA-Star chemiluminescent substrate for neuraminidase, all neces-
sary assay reagents, and microplates everything needed for fast, accurate 
quantitation of neuraminidase inhibitor resistance in influenza virus iso-
lates.

REFERENCES
1. Buxton RC, Edwards B, Juo RR, Voyta JC, Tisdale M, Bethell RC (2000) Development of a sensi-

tive chemiluminescent neuraminidase assay for the determination of influenza virus susceptibility 
to Zanamivir, Anal. Biochem. 280:291-300.

2. Boivin G, Goyette N (2002) Susceptibility of recent Canadian influenza A and B virus isolates to 
different neuraminidase inhibitors, Antiviral Res. 54:143-147.

3. Aymard M, Ferraris O, Gerentes L, Jolly J, Kessler N (2003) Neuraminidase assays, 
Developmental Biology 115:75-83.

4. McKimm-Breschkin J, Trivedi T, Hampson A, Hay A, Klimov A, Tashiro M, Hayden F, Zambon M 
(2003) Neuraminidase sequence analysis and susceptibilities of influenza virus clinical isolates to 
Zanamivir and Oseltamivir, Antimicrobial Agents and Chemotherapy 47(7):2264-2272.

5. Mungall BA, Xu X, Klimov A (2003) Assaying susceptibility of avian and other influenza A viruses 
to Zanamivir: Comparisons of fluorescent and chemiluminescent neuraminidase assays, Avian 
Diseases 47:1141-1144.

6. Wetherall NT, Trivedi T, Zeller J, Hodges-Savola C, McKimm-Breschkin JL, Zambon M, Hayden 
FG (2003) Evaluation of neuraminidase enzyme assays using different substrates to measure 
susceptibilitiy of influenza virus clinical isolates to neuraminidase inhibitors: Report of the 
Neuraminidase Inhibitor Susceptibility Network, J. Clin. Microbiol. 41(2):742-750.

7. Mungall BA, Xu X, Klimov A (2004) Surveillance of influenza isolates for susceptibility to neuramini-
dase inhibitors during the 2000-2002 influenza seasons, Virus Research 103:195-197.

8. Hurt AC, McKimm-Breschkin JL, McDonald M, Barr IG, Komadina N, Hampson AW (2004) 
Identification of a human influenza type B strain with reduced sensitivity to neuraminidase inhibitor 
drugs, Virus Research 103:205-211.

9. Jackson D, Barclay W, Zurcher T (2005) Characterization of recombinant influenza B viruses with 
key neuraminidase inhibitor resistance mutations, J. Antimicrobial Chemotherapy 55(2):162-
169.

9. Neuraminidase Inhibitor Susceptibility Network (2005) Evolution of HSNI avian influenza viruses 
in Asia, Emerging Infectious Diseases 11(10):1515-1521.

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 NA-Star® Influenza Neuraminidase  960 assay wells +  
 Inhibitor Resistance Detection Kit 10 x 96-well microplates 4374422

 NA-Star® Influenza Neuraminidase  
 Inhibitor Resistance Detection Reagent Set 960 assay wells 4374348

 NA-Star® Detection Microplates 10 x 96-well microplates 4374349

 NA-Star® Influenza Neuraminidase  
 Inhibitor Resistance Detection Kit Protocol 1 protocol 4375714

 For Research Use Only. Not for use in diagnostic procedures. 

Figure 8. Chemical Structure of NA-Star® Substrate.
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Figure 9. Sensitivity Comparison of Chemiluminescent Assay Detection with NA-Star® 
Substrate to Fluorescent Assay Detection with MUNANA Substrate. Dilutions of Influenza 
Type B (ATCC VR-1535) virus culture supernatant (cultured on MDCK cells) were assayed at different 
temperatures and Signal/Noise (S/N) ratio calculated using uninfected MDCK cell supernatant (Noise).  
The lower limit of detection (S/N = 2) is at least 30-fold lower with the chemiluminescent NA-Star 
assay, and S/N is approx. 50-fold higher with NA-Star assay.  The dynamic range of detection with the 
NA-Star assay with virus samples is three orders of magnitude.
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Chemiluminescent Enhancement
Applied Biosystems has developed macromolecular signal-enhancement 
technology for use with 1,2-dioxetane enzyme substrates in solution-
based assays. Aqueous environments reduce the chemiluminescent signal 
intensity by water-induced quenching. Addition of Tropix® luminescence 
enhancers increases the emission efficiency of light production by partition-
ing the water away from the site of signal production. Tropix enhancers such 
as Sapphire™, Emerald™, Ruby™, Sapphire-II™, and Emerald-II™ enhancers are 
essential components of solution-based assays. Tropix enhancers provide 
signal enhancement with minimal delay of light-emission kinetics. For 
example, adding Sapphire enhancer to chemiluminescent substrate in 0.1 M 
diethanolamine (DEA) (pH 10) increases the chemiluminescent half-time to 
plateau (T1/2) by only 15-20% [1].

Choosing an Enhancer
Sapphire™, Emerald™, Ruby™, Sapphire-II™, or Emerald-II™ Enhancers
Tropix enhancers shift the wavelength of light emission. Sapphire and  
Sapphire-II enhancers slightly shift the light emission maximum from 475 nm 
observed for the dioxetane alone to 461 nm. Emerald and Emerald-II enhancers 
shift the light emission maximum to 542 nm, while Ruby™ enhancer shifts the 
light emission maximum to 620 nm. Although the signal intensity obtained with 
Emerald and Emerald-II enhancers is much greater compared to other enhanc-
ers, use of Sapphire and Sapphire-II enhancers produces a wider dynamic range 
since photodetector saturation is less likely to occur. The Emerald or Emerald-II 
enhancer is the optimum choice for applications requiring maximum signal 
intensity. Applied Biosystems offers an enhancer variety pack to help match the 
best enhancer for your application and instrumentation.

Applications
Tropix enhancers are essential components in immunoassays, nucleic acid 
hybridization assays performed in a microplate or similar format, reporter 
gene assays, and enzyme assays because of improved signal-to-noise per-
formance. Enhancers are included in the ELISA-Light™ system (page 32) and 
reporter gene assay system reagents (pages 10-24). 

Enhancer Variety Pack
Sample Sizes of Sapphire™, Emerald , Sapphire-II™  
and Emerald-II™ Enhancers
Optimizing signal intensity with the appropriate enhancer can be easily 
accomplished with a selection of enhancers. The Enhancer Variety Pack 
contains a sample of Sapphire, Sapphire-II, Emerald, and Emerald-II enhanc-
ers for solution-based applications in convenient 5 mL sizes.

Ready-to-Use Substrate/Enhancer Formulations
CSPD® Ready-to-Use Formulations (with Sapphire-II™ or  
Emerald-II™ Enhancers), CDP-Star® Ready-to-Use Formulations (with 
Sapphire-II™ or Emerald-II™ Enhancers)
Ready-to-Use substrate/enhancer formulations are supplied at 0.4 mM sub-
strate and 1X enhancer in a stable buffer system, eliminating the need for 
substrate dilution buffer preparation and substrate and enhancer dilution. 
Ready-to-Use formulations simplify procedures for immunoassays, nucleic 
acid hybridization assays in microplate formats, enzyme assays, and other 
solution-based assays.

Enhancer Maximum Light 
Emission

S/N

Sapphire-II™ Enhancer 461 nm HIGH

Sapphire™ Enhancer 461 nm MODERATE

Comments: Provides optimum signal-to-noise ratio (S/N) and best dynamic range for highly 
sensitive luminometer measurement

Emerald-II™ Enhancer 542 nm HIGH

Emerald™ Enhancer 542 nm MODERATE

Comments: Provides highest signal intensity for assays performed in black microplates; for 
camera imaging systems requiring high intensity signal

Ruby™ Enhancer 620 nm MODERATE

Comments: Provides wavelength shift that may be compatible with some solid state detectors

Figure 11. Enhancer Comparison for Solution-based Assays.

REFERENCES

1. Erve V, Voyta JC, Edwards B, Kricka LJ, Bronstein I (1993) Influence of reaction conditions on 
the chemiluminescent dephosphorylation of AMPPD, Bioluminescence and Chemiluminescence: 
Status Report p 306-311.

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Sapphire™ 10X Concentrate 25 mL T2011

 Sapphire-II™ 10X Concentrate 25 mL T2113

 Emerald™ 10X Concentrate 25 mL T2002

 Emerald-II™ 10X Concentrate 25 mL T2115

 Ruby™ 10X Concentrate 25 mL Tropixcustom 

 Enhancer Variety Pack 4 x 5 mL Tropixcustom 

 Ready-to-Use Substrate/Enhancer Formulations

    CSPD® Ready-to-Use with Sapphire-II™ 100 mL T2210

    CSPD® Ready-to-Use with Emerald-II™ 100 mL T2212

    CDP-Star® Ready-to-Use with Sapphire-II™ 100 mL T2214

    CDP-Star® Ready-to-Use with Emerald-II™ 100 mL T2216

 For Research Use Only. Not for use in diagnostic procedures. 

Sapphire™, Sapphire-II™, Emerald™, Emerald-II™ and Ruby™ Enhancers
Luminescence enhancers for solution-based assays

Substrates and Enhancers

Figure 10. Chemiluminescence Enhancement.
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Nitro-Block™ and Nitro-Block-II™
Luminescence enhancers for membrane-based assays

Substrates and Enhancers

Chemiluminescent Enhancement on Membranes
Membranes commonly used in nucleic acid and protein detection applica-
tions include nylon, nitrocellulose, and PVDF (polyvinylidene fluoride). The 
signal intensity generated from 1,2-dioxetane substrates varies on each of 
the membranes.

Nylon Membranes
Nylon membranes are essentially “self-enhancing” since the surface contains 
hydrophobic micro-domains compatible with the chemiluminescence pro-
cess. The use of enhancer on these membranes is not recommended.

Nitrocellulose and PVDF Membranes
Nitrocellulose membranes provide an inefficient environment for chemi-
luminescence, resulting in very low signal intensity. Tropix® Nitro-Block™ 
and Nitro-Block-II™ membrane enhancers increase signal intensity on both 
nitrocellulose and PVDF membranes [1]. Nitro-Block and Nitro-Block-II 
enhancers generate a hydrophobic environment on the membrane surface 
that increases the intensity of chemiluminescence. The effects of Nitro-
Block enhancer treatment on nitrocellulose and PVDF membranes are 
shown (Figure 12). Without Nitro-Block enhancer, the signal on nitrocel-
lulose membranes is weak, making detection either impossible or requiring 
extremely long exposure times. With Nitro-Block enhancer, short exposures 
of 10 to 45 minutes are achieved. While PVDF membranes do not require 
the use of Nitro-Block enhancer, exposure times are tenfold faster with 
Nitro-Block enhancer. This permits very short exposure times on PVDF, 
ranging from 15 seconds to 15 minutes for Western blots.

Nitro-Block™ Enhancer Compared to Nitro-Block-II™ Enhancer
Nitro-Block-II membrane enhancer is a modified version of Nitro-Block 
membrane enhancer that has been developed to further optimize the 
performance of chemiluminescent 1,2-dioxetane substrates. Nitro-Block 
or Nitro-Block-II enhancers are required for use with CSPD® substrate on 
nitrocellulose membranes. Nitro-Block-II Enhancer is required for use with 
CDP-Star® substrate on nitrocellulose membranes. The use of Nitro-Block-II 
Enhancer is not necessary with CDP-Star substrate on PVDF membranes.

Ready-to-Use Substrate/Enhancer Formulations
CSPD® Ready-to-Use Substrate with Nitro-Block™, CDP-Star® Ready-to-Use 
Substrate with Nitro-Block-II™
Ready-to-Use formulations for membrane-based applications are sup-
plied with enhancer pre-mixed with substrate for convenience and ease of 
use. The shelf-life for all the Ready-to-Use formulations is one year at 4°C. 
Ready-to-Use formulations with Nitro-Block and Nitro-Block-II Enhancer are 
intended for use with nitrocellulose membranes to increase light intensity. 
Substrate/enhancer formulations for membrane-based applications are sup-
plied at 0.25 mM substrate and 1X enhancer concentrations. Note: prior to 
using Ready-to-Use formulations, a high pH wash of the membrane with 
assay buffer is recommended.

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Nitro-Block™ 20X Concentrate  20 mL T2026

 Nitro-Block-II™ 20X Concentrate  20 mL T2184

 Ready-to-Use Substrate/Enhancer Formulations

    CSPD® Ready-to-Use with Nitro-Block™ 100 mL T2217

    CDP-Star® Ready-to-Use with Nitro-Block-II™ 100 mL T2218

 For Research Use Only. Not for use in diagnostic procedures. 

REFERENCES

1. Bronstein I, Fortin J, Voyta JC, Kricka LJ (1992) Nitro-Block enhancement of AMPPD 
chemiluminescent signal in the detection of DNA, Biotechniques 12: 500-502.

Substrate Enhancer Performance 

Nitrocellulose

CSPD® Substrate Nitro-Block™ or Nitro-Block-II™

CDP-Star® Substrate Nitro-Block-II™ Optimal

PVDF

CSPD® Substrate Nitro-Block™ or Nitro-Block-II™

CDP-Star® Substrate — Optimal

Nylon

CSPD® or CDP-Star® — Optimal

Figure 13. Enhancer Comparison for Membrane-based Assays.
Nitrocellulose

Figure 12. Chemiluminescent Signal Enhancement on Nitrocellulose and PVDF Membranes 
with Nitro-Block™ Enhancer. X-ray images of Western blots detected using CSPD® substrate. 

without Nitro-Block™ with Nitro-Block™

without Nitro-Block™ with Nitro-Block™

PVDF
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Reporter Gene Assays and Reagents

Reporter Gene Assays
Reporter gene assays are invaluable for studying regulation of gene expres-
sion, both by cis-acting factors (gene regulatory elements) or trans-acting 
factors (transcription factors or exogenous regulators). In these assays, the 
reporter gene acts as a surrogate for the coding region of the gene under 
study. The reporter gene construct contains one or more gene regulatory 
elements being analyzed, the structural sequence of the reporter gene, 
and the sequences required for the formation of functional mRNA. Upon 
introduction of the reporter construct into cells, expression levels of the 
reporter gene are monitored through a direct assay of the reporter protein’s 
enzymatic activity. The sensitivity of each reporter gene assay is a function 
of several factors including detection method, reporter mRNA and protein 
turnover, and endogenous (background) levels of the reporter activity. Both 
protein turnover and levels of endogenous background vary with each 
reporter protein and the cell line used. Commonly used detection tech-
niques utilize isotopic, colorimetric, fluorometric, or luminescent enzyme 
substrates and immunoassay-based procedures with isotopic, colorimetric, 
or chemiluminescent end points.

Common Reporter Genes
Below is a list of the most common reporter genes, detection methods for 
the reporter protein, and corresponding detection limits. β-Galactosidase 
and luciferase are among the most widely used reporter genes to date. 
β-Galactosidase is often used in conjunction with other reporter genes to 
normalize transfection efficiency. β-Galactosidase is traditionally detected 
with the colorimetric substrate o-nitrophenyl β-D-galactopyranoside 
(ONPG) [1]. As indicated in table, this colorimetric assay is less insensitive 
compared to many other reporter gene assays. With Tropix™ 1,2-dioxetane 
chemiluminescent substrates for β-galactosidase, the sensitivity is increased 
dramatically [3,4]. 

The assay for chloramphenicol acetyl transferase (CAT) exhibits only 
moderate sensitivity, suffers from a narrow dynamic range, and usually 
incorporates radioisotopes. This reporter gene assay method is now only 
infrequently used. Assays with limited dynamic range, such as CAT, require 
testing of several sample dilutions to verify that sample values are within 
the linear range.

Secreted placental alkaline phosphatase (SEAP) is secreted by cells directly 
into the culture media, and can be assayed simply by taking samples of 
cell culture media. Secreted reporter proteins enable non-destructive assay 
of cell culture medium, preserving cells for additional assays and enabling 
time-course monitoring of gene expression. SEAP is detected with both col-
orimetric and chemiluminescent substrates. Phospha-Light™ Assay System, 
the chemiluminescent SEAP reporter gene assay, exhibits remarkable sen-
sitivity and ease of use. Human growth hormone (hGH), another secreted 
reporter protein, is detected using a radioimmunoassay (RIA) procedure, has 
disadvantages associated with the use of radioisotopes, and exhibits only a 
moderate detection limit. 

Luciferase has become increasingly popular as a reporter gene, especially for 
co-transfection experiments where it is important to normalize transfection 
efficiency. As with the Tropix chemiluminescent reporter gene assays, the 
bioluminescent luciferase assay offers high sensitivity and a simple assay 
procedure. The high level of sensitivity attained with this assay is partly due 
to the lack of luciferase activity in most cell types (see pages 18-22 for lucif-
erase assay systems). Dual-Light® Assay System, a combined reporter gene 
assay system for the sequential detection of luciferase and β-galactosidase, 
enables the user to perform both measurements from a single aliquot of cell 
extract in the same reaction well or tube (see pages 21 and 22 for Dual-Light 
kit), minimizing experimental error.

Reporter Gene Detection Method Detection Limit Advantages Disadvantages

Chloramphenicol Acetyl 
Transferase (CAT)

Isotopic 

ELISA

5x107 molecules 

1x109 molecules

Widely Used 

No Radioactivity

Radioactive  
High Cost  
Low Dynamic Range  
Labor Intensive
Low Dynamic Range  
High Cost/Assay  
Labor Intensive

β-Galactosidase ONPG (Color)
MUG (Fluorescence) 
Gal-Screen® System
Galacto-Star™ System 
Galacto-Light Plus™ System 
and Dual-Light® System (Luminescence)

3x108 molecules
6x105 molecules
3x103 molecules

Widely Used

High Sensitivity  
Wide Dynamic Range  
Simplicity

Poor Sensitivity 
Autofluorescence

Human Growth Hormone Radioimmunoassay 3x108 molecules Secreted into Media Radioactivity  
High Cost/Assay  
Low Sensitivity

Luciferase Luc-Screen® System 
Tropix Luciferase Assay Kit  
Dual-Light® System (Luminescence)

103-104 molecules Assay Simplicity  
High Sensitivity  
Wide Dynamic Range

Protein Instability

β-Glucuronidase MUG (Fluorescence) 
Glucuron® Substrate (Luminescence)

2x108 molecules
5x105 molecules

Autofluorescence 
High Sensitivity  
Simplicity  
Wide Dynamic Range

Protein Quenching

Secreted  
Placental Alkaline 
Phosphatase

pNPP (Color) 
Phospha-Light™ System (Luminescence)

1x108 molecules
3x104 molecules

Secreted into Media 
Secreted into Media  
High Sensitivity  
Wide Dynamic Range

Poor Sensitivity

Introduction

Figure 14. Comparison of Reporter Gene Assays
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Bacterial β-glucuronidase (GUS) is one of the most widely used reporter 
genes in plant genetic research. It is also used to a lesser extent in mam-
malian cells. In plant cells, β-glucuronidase activity is absent or present at 
very low levels. Although GUS is present in mammalian cells, its pH profile is 
dramatically different compared to the transfected bacterial form, enabling 
discrimination between the two [10]. GUS is commonly measured in 
extracts using the fluorescent substrate MUG. Glucuron® chemiluminescent 
substrate (as a component of the discontinued GUS-Light™ reporter gene 
assay system) has been used for highly sensitive detection in GUS reporter 
gene assays in plant [6,7,8], mammalian [4,12], yeast [11] and arthropod cells 
[9]. For information on running GUS reporter gene assays with Glucuron 
substrate, please contact Applied Biosystems Technical Support.

GENERAL REFERENCES

1. Alam J, Cook JL (1990) Reporter genes: application to the study of mammalian gene transcrip-
tion, Anal Biochem 188:245-254.

2 Bronstein I, Martin CS, Fortin JJ, Olesen CE, Voyta JC (1996) Chemiluminescence: Sensitive 
detection technology for reporter gene assays, Clin Chem 42(9):1542-1546.

3. Bronstein I, Fortin J, Stanley PE, Stewart GS, Kricka LJ (1994) Chemiluminescent and biolumi-
nescent reporter gene assays, Anal Biochem 219(2):169-181.

B-Glucoronidase (Glucuron® substrate)

4. Alonso S, Sola I, Teifke JP, Reimann I, Izeta A, Balasch M, Plana-Duran J, Moormann RJ, Enjuanes 
L (2002) In vitro and in vivo expression of foreign genes by transmissible gastroenteritis corona-
virus-derived minigenomes, J Gen Virol 83:567-579.

5. Bronstein I, Fortin JJ, Voyta JC, Juo RR, Edwards B, Olesen CE, Lijam N, Kricka LJ (1994a) 
Chemiluminescent reporter gene assays: Sensitive detection of the GUS and SEAP gene prod-
ucts, BioTechniques 17:172-178.

6. Brouwer C, Bruce W, Maddock S, Avramova Z, Bowen B (2002) Suppression of transgene silenc-
ing by matrix attachment regions in maize: a dual role for the maize 5’ ADH1 matrix attachment 
region, The Plant Cell 14:2251-2264.

7. Denekamp M, Smeekens SC (2003) Integration of wounding and osmotic stress signals 
determines the expression of the AtMYB102 transcription factor gene, Plant Physiology 
132:1415-1423.

8. Diaz I, Vicente-Carbajosa J, Abraham Z, Martinez M, Isabel-La Moneda I, Carbonero P(2002) 
The GAMYB protein from barley interacts with the DOF transcription factor BPBF and activates 
endosperm-specific genes during seed development, The Plant Journal 29(4):453-464.

9. Kimmick MW, Afanasiev BN, Beaty BJ, Carlson JO (1998) Gene expression and regulation from 
the p7 promoter of Aedes densonucleosis virus, J Virol 72(5):4364-4370.

10. Martin, T, Wohner, RV, Hummel S, Willmitzer L, Frommer WB (1992b) The GUS reporter system 
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tiation factor DED1 selectively inhibits translation of a viral mRNA, Proc Natl Acad Sci USA 
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(1998) Highly conserved RNA sequences that are sensors of environmental stress, Mol Cell Biol 
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Reporter Gene Assays and Reagents

Reporter Assay 
System

Reporter 
Enzyme(s)

Key Attributes Substrate Duration of 
Light Emission

Reagent Injection Special Features

Gal-Screen®

see page 12
β-Galactosidase Homogeneous assay does 

not require removal of culture 
medium.

Galacton–Star® 60-90 min (+) Not required Designed for assays on cells cultured in luminometer 
plates for high-throughput screening. Choice of 
reaction buffers for lysis of mammalian or yeast and 
mammalian cells.

Galacto-Star™
see page 14

β-Galactosidase Single step addition of sub-
strate and enhancer

Galacton–Star® 1 hr (+) Not required Useful for high throughput applications. Choice of 
lysis buffer for yeast and mammalian model systems. 
Recommended for all new users. 

Galacto-Light Plus™
see page 16

β-Galactosidase Extended light emission 
and better sensitivity than 
Galacto-Light™

Galacton-Plus® 30-60 min Recommended Established system with high sensitivity.

Galacto-Light™
see page 16

β-Galactosidase First chemiluminescent  
system for detection of  
β-galactosidase

Galacton® Several minutes Required Established system with good sensitivity.

Luc-Screen®

see page 18
Firefly Luciferase Extended-glow homogeneous 

assay does not require 
removal of culture medium

Luciferin 90 min (+) Not required Designed for assays on cells cultured in luminometer 
plates for high-throughput screening.

Luciferase Assay Kit
see page 20

Firefly Luciferase Enhanced signal Luciferin Several minutes Required Lysis buffer compatible with other Tropix® reporter 
systems.

Dual-Light®

see page 21
Firefly Luciferase, 
β-Galactosidase

Detection of luciferase and 
β-galactosidase from same 
cell extract

Luciferin 
Galacton-Plus®

5 min/30 min Required Two assays from one cell extract enables better preci-
sion for normalizing transfection efficiency.

Phospha-Light™
see page 23

Secreted placental 
alkaline  
phosphatase

No cell lysis required CSPD® 1-2 hr (+) Not required Cells remain viable; useful for stable transfectants, 
time course studies, etc.

Figure 15. Selection Guide for Reporter Gene Assay Systems. Applied Biosystems offers several highly sensitive reporter gene assay systems. This chart describes the differences and relative merits of 
each system to help you choose the most appropriate system.

Introduction, continued
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Gal-Screen® Assay System
Homogeneous β-galactosidase reporter gene assay system for mammalian or yeast cells 

Description
The Gal-Screen® assay system combines direct cell lysis with rapid ultra-sen-
sitive chemiluminescent detection of β-galactosidase reporter enzyme. This 
homogeneous assay is ideally suited for screening applications where assay 
automation is required. Gal-Screen system uses Galacton-Star® chemilumi-
nescent substrate and Sapphire-II™ luminescence enhancer. A single reagent, 
providing cell lysis and chemiluminescent enzyme substrate, is added to 
cells in the presence of culture medium with or without phenol red. Light 
emission reaches maximum in 60-90 minutes and remains constant for 
45–90 minutes.

The Gal-Screen system utilizes a simple protocol that can be used with 
either mammalian or yeast cells (Figure 18). A single assay reagent, which 
provides cell lysis and contains all reaction components, is prepared by add-
ing Galacton-Star substrate to Reaction Buffer A or B. The assay reagent is 
added to an equal volume of cells in culture medium in either 96-, 384- or 
1536-well microplates. After an incubation period, light emission is mea-
sured in a luminometer.

Advantages
The Gal-Screen assay provides greater sensitivity than colorimetric or fluo-
rescent assays. With a lower limit of detection of 1 picogram in the presence 
of culture medium (Figure 16), this assay provides excellent sensitivity com-
pared to other reporter systems. Colorimetric reporter gene assays cannot 
rival the dynamic range of the Galacton-Star® substrate in the Gal-Screen 
system. The wide dynamic range spans five orders of magnitude, from pico-
gram to nanogram levels, enabling detection of a wide range of reporter 
enzyme concentration in cells. The assay protocol was developed particu-
larly for use with automation. The Gal-Screen assay protocol is adaptable 
for use in 96-, 384- or 1536-well microplate formats (Figure 19), with either 
mammalian or yeast cells.

Applications
The Gal-Screen assay system is widely used for traditional reporter gene assays 
in transiently and stably-transfected mammalian cells [7, 11], including assays 
for studying viral infectivity and function [8, 12, 15]. It is widely used for reporter 
gene assays in yeast cells [3, 9, 10], including quantitative yeast two hybrid  
analysis [13, 14, 16]. In addition, it has been used for reporter gene assays in 
fish cells [6] and bacterial cells [5]. Gal-Screen assays provide highly sensitive 
detection for β-galactosidase complementation assays used for intracellular 
monitoring of protein-protein interactions [4], protein translocation [17], 
and receptor dimerization/activation [1, 2], including for high throughput 
compound screening for receptor activation [18].

Product Configuration
The Gal-Screen β-galactosidase reporter gene assay system is formatted 
with two alternative Reaction Buffers for lysis of mammalian or yeast cells. 
Reaction Buffer A is for use with mammalian cells, while Reaction Buffer B is 
for yeast or mammalian cells. In comparison on mammalian cells (Figure 18), 
Reaction Buffer A provides a faster time to peak light emission with a shorter 
duration of peak signal, while Reaction Buffer B requires a longer time to 
peak and provides a longer duration of glow light emission.

Figure 17. β-Galactosidase Reporter Gene Assay with Gal-Screen® System.

Add Reaction Buffer.

Incubate 60-90 minutes.

Place plate in luminometer and
measure β-galactosidase light emission.

Seed cells into tissue culture (TC) - treated
luminometer plates and culture or treat as desired.

β-Galactosidase Reporter Gene Assay with Gal-Screen™ System  

Figure 16. Sensitivity of Gal-Screen® Assay Detection. Gal-Screen® assays were performed 
with the indicated amount of purified β-Galactosidase diluted in PBS. Assays were measured on a 
microplate luminometer.
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Kinetics of Gal-Screen™ Assay

The system is available in three sizes:

Gal-Screen® System Standard Size

T1029 – Reaction Buffer A 
T1032 – Reaction Buffer B
• 0.8 mL Galacton-Star® Substrate
•  19.2 mL Reaction Buffer A (for mammalian cells) or 19.2 mL Reaction Buffer B (for yeast or mammalian 

cells)

Gal-Screen® System Large Size 

T1027 – Reaction Buffer A  
T1030 – Reaction Buffer B 
• 4 mL Galacton-Star® Substrate  
•  96 mL Reaction Buffer A (for mammalian cells)  

or 96 mL Reaction Buffer B (for yeast or mammalian cells)

Gal-Screen® System Screening Size

T1028 – Reaction Buffer A  
T1031 – Reaction Buffer B 
• 42 mL Galacton-Star® Substrate  
•  1 L Reaction Buffer A (for mammalian cells)  

or 1 L Reaction Buffer B (for yeast or mammalian cells)

 

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Gal-Screen® System for Mammalian Cells 200 assays T1029

 Gal-Screen® System for Mammalian Cells 1,000 assays T1027

 Gal-Screen® System for Mammalian Cells 10,000 assays T1028

 Gal-Screen® System for Yeast  
 or Mammalian Cells 200 assays T1032

 Gal-Screen® System for Yeast  
 or Mammalian Cells 1,000 assays T1030

 Gal-Screen® System for Yeast  
 or Mammalian Cells 10,000 assays  T1031

 For Research Use Only. Not for use in diagnostic procedures. 

Gal-Screen® Assay System, continued
Homogeneous β-galactosidase reporter gene assay system for mammalian or yeast cells 

Figure 18. Kinetics of Gal-Screen® Assay. Gal-Screen® assays were performed with mammalian 
or yeast cells, with Reaction Buffer A and B. Assays were measured on a microplate luminometer. 
Data is presented as the percentage of the maximum signal.

Figure 19. Gal-Screen® Assay Detection of ψ2BAG∝ Cells. Gal-Screen® assays were 
performed on ψ2BAG∝ cells, which constitutively express β-Galactosidase. Assays were performed 
in several microplate formats, in media either with or without phenol red. Measurements were 
performed on a CCD microplate luminometer.

β-Galactosidase (Gal-Screen® Reporter Gene Assay System;  
for a complete reference list, please see the Applied Biosystems website.)
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Galacto-Star™ Assay System
One-step β−galactosidase reporter gene assay

Description
Galacto-Star™ Assay System is a chemiluminescent reporter assay system 
designed for the rapid, and sensitive detection of β-galactosidase in cell 
lysates. The chemiluminescent assay exhibits over three orders of magnitude 
greater sensitivity compared to colorimetric β-galactosidase assays.

Galacto-Star assay system includes Galacton-Star chemiluminescent β-galac-
tosidase substrate. Automatic reagent injection is not required. Cell lysate is 
mixed with Reaction Buffer containing Galacton-Star substrate and Sapphire-II™ 
enhancer. Light emission from Galacto-Star reaches maximum in 60-90 minutes 
and remains constant for at least 1 hour (Figure 20). After incubation at room  
temperature, the signal is measured in a luminometer.

Advantages
Galacto-Star chemiluminescent assay for β-galactosidase is among the 
most sensitive reporter gene assays available (Figure 21). As few as 10 
femtograms of β-galactosidase (20,000 molecules) are detectable [9]. High 
sensitivity makes this system ideal for detection of weak expression and 
for transfection normalization with other sensitive reporter gene assays. 
Colorimetric, fluorometric, and isotopic assays cannot rival the dynamic 
range of Galacto-Star Assay System, which spans femtogram to nanogram 
levels of protein. Unlike Galacto-Light™ and Galacto-Light Plus™ systems (see 
page 16) which require the sequential addition of substrate and enhancer, 
Galacto-Star Assay System is a one-step assay procedure, following lysate 
preparation, simplifying the detection procedure. The chemiluminescent 
assay is compatible with lysis buffers used with luciferase assays, making it 
ideal for transfection normalization.

Applications
The Galacto-Star system is formatted with a choice of lysis buffers for 
use in mammalian or yeast cells. The Galacto-Star assay system is used 
widely for traditional reporter gene assays in transfected mammalian 
cells [3, 4, 11], and in insect cells [16]. A wide variety of applications 
have been performed, including viral function assays with β-gal-encod-
ing pseudovirions [17] and MAGI cells [6, 8], normalization of siRNA 
transfection [7], and as a reporter read-out for epitope recognition by 
an engineered CTL hybridoma cell line [15]. The Galacto-Star system 
has been used to assay tissue extracts of transgenic mice made with 
β-gal-tagged mouse embryonic stem cells [5, 12]. The system is also  
formatted for use with yeast cells, and is ideally suited for reporter gene 
assays in yeast [10], or the study of protein:protein interactions with the 
yeast two-hybrid system [2, 13]. Galacton-Star substrate has been used for 
reporter gene assays in bacterial cells with modified lysis reagents [18]. 

Two novel applications demonstrated have been a cell death assay, by 
measurement of β-gal reporter enzyme released into culture media [14], 
and a stop codon read-through assay using a constitutively-expressed β-gal-
luciferase fusion construct [1]. 

The Galacto-Star assay system has wide application to assays that use β-gal 
reporter as a read-out for gene expression in many cell types and tissues 
from whole animals, or as a functional read-out for viral function, immune 
cell activation, cell death, and mRNA processing.

Figure 20. Detection of β-Galactosidase with Galacto-Star™ Assay System.

Figure 21. Sensitivity of Galacto-Star™ Assay System.

Remove Culture Medium Add Reaction Buffer

Add Lysis Buffer

Incubate 60-90 min

Place plate in luminometer and
measure β-galactosidase light emission

Seed cells into tissue culture (TC) - treated
luminometer plates and culture or treat as desired

Figure 22. β-Galactosidase Reporter Gene Assay with Galacto-Star™ System.
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β-Galactosidase (Galacto-Star™ Reporter Gene Assay System; for a complete reference 
list, please see the Applied Biosystems website.)
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Galacto-Star™ System Assay System, continued
One-Step β−galactosidase reporter gene assay

Product Configuration

Galacto-Star™ System Standard Size 

T1012 – Mammalian Cells 
T1019 – Yeast Cells 
Capacity: 200 single tube assays  
Capacity: 600 assays with microplate format  
Contents:  
• 1.2 mL Galacton-Star® substrate  
•  60 mL Reaction Buffer Diluent  

with Sapphire-II™ enhancer
•  70 mL Mammalian Lysis Solution  

or 80 mL 5X Z Yeast Lysis Buffer

Galacto-Star™ System Large Size 

T1014 – Mammalian Cells  
T1021 – Yeast Cells 
Capacity: 600 single tube assays  
Capacity: 1,800 assays with microplate format
Contents:  
• 3.6 mL Galacton-Star® substrate
•  180 mL Reaction Buffer Diluent  

containing Sapphire-II™ enhancer
•  210 mL Mammalian Lysis Solution  

or 240 mL 5X Z Yeast Lysis Buffer

Galacto-Star™ System Screening Size

T1013 – Mammalian Cells  
T1020 – Yeast Cells  
Capacity: 15,000 assays with microplate format
Contents:  
• 30 mL Galacton-Star® substrate
•  1.5 L Reaction Buffer Diluent  

containing Sapphire-II™ enhancer
•  1.75 L Mammalian Lysis Solution  

or 2 L 5X Z Yeast Lysis Buffer

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Galacto-Star™ Mammalian Cell Reporter  
 Gene Assay System standard size T1012

 Galacto-Star™ Mammalian Cell Reporter  
 Gene Assay System large size T1014

 Galacto-Star™ Mammalian   
 Cell Reporter Gene Assay System screening size T1013

 Galacto-Star™ Yeast Cell Reporter  
 Gene Assay System standard size T1019

 Galacto-Star™ Yeast Cell Reporter  
 Gene Assay System large size T1021

 Galacto-Star™ Yeast Cell Reporter  
 Gene Assay System screening size T1020

 Galacto-Star™ Reaction Buffer Diluent with 180 mL 
 Galacton-Star® Chemiluminescent Substrate 3.6 mL T1056

 For Research Use Only. Not for use in diagnostic procedures. 
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Galacto-Light™ and Galacto-Light Plus™ Assay Systems
β-Galactosidase reporter gene assay

Description
Galacto-Light™ and Galacto-Light Plus™ assay systems are designed for rapid, 
ultrasensitive β-galactosidase reporter gene assays. These chemiluminescent 
assays exhibit over three orders of magnitude greater sensitivity compared 
to colorimetric β-galactosidase assays and are performed in a fraction of the 
time required for assays for chloramphenicol acetyl transferase (CAT) and 
ELISA-based reporter assays.

Galacto-Light Assay Systems includes Galacton® chemiluminescent β-galac-
tosidase substrate and requires the use of a luminometer equipped with an 
injector. Galacto-Light Plus Assay systems includes Galacton-Plus® substrate 
and may be used in tube luminometers without injectors. For use with a 
microplate luminometer, an automated injector is highly recommended 
for accurate results. Galacton-Plus substrate exhibits prolonged signal emis-
sion compared with Galacton substrate (Figure 23). The Reaction Buffer is 
designed to aid in discrimination of bacterial β-galactosidase reporter activ-
ity from endogenous mammalian activity. This enables sensitive detection 
even in cell lines with relatively high levels of endogenous β-galactosidase 
activity [3].

Advantages
Galacto-Light and Galacto-Light Plus Assay Systems for β-galactosidase 
are among the most sensitive reporter gene assays available. As few as 
2 femtograms of β-galactosidase (2,600 molecules) are detectable with 
Galacto-Light Plus Assay System [3]. High sensitivity allows detection of 
weak expression. Colorimetric, fluorometric, and isotopic assays cannot 
rival the dynamic range of Galacto-Light and Galacto-Light Plus Assay 
Systems, which ranges from femtogram to nanogram levels of protein 

(Figure 24). Galacto-Light Plus Assay System shows up to a five-fold increase 
in signal-to-noise over Galacto-Light Assay System, making it more suitable 
for monitoring lower levels of reporter activity. The assays use a lysis solu-
tion compatible with luciferase assays, making them ideal for transfection 
normalization; both assays are performed rapidly in a luminometer with 
comparable levels of sensitivity. Both assays require addition of two reagents 
following lysate preparation; one reagent addition requires the use of a 
luminometer with an automatic injector for microplate assays. New users 
are recommended to use the Galacto-Star™ or Gal-Screen® Assay Systems, 
which provide simpler assay protocols without the need for injection, while 
providing identical high sensitivity detection. 

Applications
The Galacto-Light and Galacto-Light Plus Assay Systems are widely used 
for traditional reporter gene assays in transfected mammalian cell lines in 
culture [14, 7, 19], primary culture cells [8], tissue extracts from transgenic 
mice [17], frog embryo extracts [10], and Drosophila embryo extracts 
[15]. A variety of applications have been performed, such as viral function 
assays with β-gal-encoding MAGI cells [16], and targeted gene expression 
for gene therapy [6]. These assay systems have also been utilized in yeast 
reporter gene assays, including Schizosaccharomyces [11] and Candida [23], 
and for the study of protein:protein interactions with the yeast two-hybrid 
system [1, 6] and DNA:protein interactions with the one-hybrid system [24]. 
Galacto-Light Plus assay system has been used for reporter gene assays in 
Pseudomonas bacterial cells [20]. 

Several novel applications have been performed with the Galacto-Light 
assay systems, including cytotoxicity, by measurement of β-gal reporter 

Figure 25. β-Galactosidase Reporter Gene Assay with Galacto-Light Plus™ System.

Figure 23. Detection of β-Galactosidase with Galacton® and Galacton-Plus® Substrates.
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Figure 24. Detection of β-Galactosidase with Galacto-Light™ System.
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β-Galactosidase (Galacto-Light™ Reporter Gene Assay System; for a complete refer-
ence list, please see the Applied Biosystems website.)

1. Dunoyer P, Thomas C, Harrison S, Revers F, Maule A (2004) A cysteine-rich plant protein potenti-
ates Potyvirus movement through an interaction with the virus genome-linked protein VPg, J Virol 
78(5):2301-2309.

2. Fulton R, Van Ness B (1993) Luminescent reporter gene assays for luciferase and b-galactosi-
dase using a liquid scintillation counter, BioTechniques 14:762-763.

3. Jain VK, Magrath IT (1991) A chemiluminescent assay for the quantitation of b-galactosidase in 
the femtogram range: application to quantitation of b-galactosidase in lacZ-transfected cells, Anal 
Biochem 199:119-124.

4. Lee SW, Trapnell BC, Rade JJ, Virmani R, Dichek DA (1993) In vivo adenoviral vector-mediated 
gene transfer into balloon-injured rat carotid arteries, Circulation Research 73:797-807.

5. Moessler H, Mericskay M, Li Z, Nagl S, Paulin D, Small JV (1996) The SM22 promoter directs 
tissue-specific expression in arterial but not venous or visceral smooth muscle cells in transgenic 
mice, Development 122:2415-2425.

6. Ozturk-Winder F, Renner M, Klein D, Muller M, Salmons B, Gunzburg WH (2002) The murine whey 
acidic protein promoter directs expression to human mammary tumors after retroviral transduc-
tion, Cancer Gene Therapy 9:421-431.

7. Petersen RK, Jorgensen C, Rustan AC, Froyland L, Muller-Decker K, Furstenberger G, Berge RK, 
Kristiansen K, Madsen L (2003) Arachidonic acid-dependent inhibition of adipocyte differentiation 
requires PKA activity and is associated with sustained expression of cyclooxygenases, Journal 
of Lipid Research 44:2320-2330.

8. Saller RM, Ozturk F, Salmons B, Gunzburg WH (1998) Construction and characterization of 
a hybrid mouse mammary tumor virus/murine leukemia virus-based retroviral vector, J Virol 
72(2):1699-1703.

9. Shaper NL, Harduin-Lepers A, Shaper JH (1994) Male germ cell expression of murine b4-galac-
tosyltransferase, J Biol Chem 40:25165-25171

10. Gove C, Walmsley M, Nijjar S, Bertwistle D, Guille M, Partington G, Bomford A, Patient R (1997) 
Over-expression of GATA-6 in Xenopus embryos blocks differentiation of heart precursors, EMBO 
J 16(2):355-368.

11. Remacle JE, Albrecht G, Brys R, Braus GH, Huylebroeck D (1997) Three classes of mammalian 
transcription activation domain stimulate transcription in Schizosaccharomyces pombe, EMBO J 
16(18):5722-5729.

12. Schafer H, Schafer A, Kiderlen AF, Masihi KN, Burger R (1997) A highly sensitive cytotoxicity 
assay based on the release of reporter enzymes, from stably transfected cell lines, J Immunol 
Methods 204:89-98.

β-Galactosidase (Galacto-Light Plus™ Reporter Gene Assay System; for a complete ref-
erence list, please see the Applied Biosystems website.)

13. Duan D, Yue Y, Engelhardt JF (2001) Expanding AAV packaging capacity with trans-splicing or 
overlapping vectors: A quantitative comparison, Molecular Therapy 4(4):383-391.

14. Graslund T, Li X, Magnenat L, Popkov M, Barbas CF (2005) Exploring strategies for the design 
of artificial transcription factors, J Biol Chem 280(5):3707-3714.

15. Liu QX, Jindra M, Ueda H, Hiromi Y, Hirose S (2003) Drosophila MBF1 is a co-activator 
for Tracheae Defective and contributes to the formation of tracheal and nervous systems, 
Development 130:719-728.

16. Neurath AR, Strick N, Li YY (2002) Anti-HIV-1 activity of anionic polymers: a comparative study 
of candidate microbicides, BMC Infectious Diseases 2:27 (www.biomedcentral.com/1471-
2334/2/27).

17. Ryan AJ, Fisher K, Thomas CP, Mallampalli RK (2004) Transcriptional repression of the CTP:
phosphocholine cytidyltransferase gene by sphingosine, Biochem J 382:741-750.

18. Schumacher S, Laass K, Kant S, Shi Y, Visel A, Gruber AD, Kotlyarov A, Gaestel M (2004) 
Scaffolding by ERK3 regulates MK5 in development, EMBO J 23:4770-4779.

19. Treeck O, Diedrich K, Ortmann O (2003) The activation of an extracellular signal-regulated 
kinase by oestradiol interferes with the effects of trastuzumab on HER2 signalling in endometrial 
adenocarcinoma cell lines, European Journal of Cancer 39:1302-1309.

20. Yarwood JM, Volper EM, Greenberg EP (2005) Delays in Pseudomonas aeruginosa quorum-con-
trolled gene expression are conditional, Proc Natl Acad Sci USA 102(25):9008-9013.

21. Charlton CA, Mohler WA, Radice GL, Hynes RO, Blau HM (1997) Fusion competence of myoblasts 
rendered genetically null for N-cadherin in culture, J Cell Biol 138:331-336.

22. Rossi F, Charlton CA, Blau HM (1997) Monitoring protein-protein interactions in intact eukaryotic 
cells by beta-galactosidase complementation, Proc Natl Acad Sci USA 94:8405-8410.

23. Stoldt VR, Sonneborn A, Leuker CE, Ernst JF (1997) Efg1p, an essential regulator of morpho-
genesis of the human pathogen Candida albicans, is a member of a conserved class of bHLH 
proteins regulating morphogenetic processes in fungi, EMBO J 16(8):1982-1991.

24. Wolf SS, Roder K, Schweizer M (1997) Construction of a reporter plasmid that allows expression 
libraries to be exploited for the one-hybrid system, Biotechniques 20(4):568-574.

Galacto-Light™ and Galacto-Light Plus™ Assay Systems, continued
β-Galactosidase reporter gene assay

enzyme released into culture media [12], and an RNA trans-splicing assay 
performed in primary fetal fibroblasts by measuring reconstitution of β-gal 
activity from partial transcripts [13]. These assays provide highly sensitive 
detection for β-galactosidase complementation assays, and have been 
used for intracellular detection of protein-protein interactions [22] and cell 
fusion [21].

The Galacto-Light™ and Galacto-Light Plus™ assay systems have wide 
application to assays that use the β-gal reporter enzyme as a functional 
read-out, enabling highly sensitive detection in many different types of cells 
and organisms.

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Galacto-Light™ Reporter Gene Assay System standard size T1006

 Galacto-Light™ Reporter Gene Assay System large size T1010

 Galacto-Light™ Reporter Gene Assay System screening size T1008

 Galacto-Light Plus™ Reporter Gene Assay System standard size T1007

 Galacto-Light Plus™ Reporter Gene Assay System large size T1011

 Galacto-Light Plus™ Reporter Gene Assay System screening size T1009

 Galacto-Light™ Reaction Buffer Diluent with 120 mL T1054
 Galacton® Chemiluminescent Substrate 1.2 mL

 Galacto-Light™ Reaction Buffer Diluent with 120 mL T1055
 Galacton-Plus® Chemiluminescent Substrate 1.2 mL

 Light Emission Accelerator (Galacto-Light™) 210 mL T2084

 Light Emission Accelerator-II (Galacto-Light Plus™)  210 mL T2222

 For Research Use Only. Not for use in diagnostic procedures. 

Product Configuration

Galacto-Light™ or Galacto-Light Plus™ System Standard Size

T1006 – Galacto-Light™ System
T1007 – Galacto-Light Plus™ System
Capacity: 200 single tube assays
Capacity: 600 assays with microplate format
Contents:
•  0.4 mL Galacton® (Galacto-Light™) or Galacton-Plus® substrate (Galacto-Light Plus™)
• 40 mL Reaction Buffer Diluent
•  70 mL Light Emission Accelerator (Galacto-Light™) or Light Emission Accelerator-II (Galacto-Light Plus™)

• 70 mL Lysis Solution

Galacto-Light™ or Galacto-Light Plus™ System Large Size

T1010 – Galacto-Light™ System
T1011 – Galacto-Light Plus™ System
Capacity: 600 single tube assays
Capacity: 1800 assays with microplate format
Contents:
•  1.2 mL Galacton® (Galacto-Light™) or Galacton-Plus® substrate (Galacto-Light Plus™)
• 120 mL Reaction Buffer Diluent
•  210 mL Light Emission Accelerator (Galacto-Light™ System) or Light Emission Accelerator-II (Galacto-Light 

Plus™)
• 210 mL Lysis Solution

Galacto-Light™ or Galacto-Light Plus™ System Screening Size

T1008 – Galacto-Light™ System
T1009 – Galacto-Light Plus™ System
Capacity: 15,000 assays with microplate format
Contents:
•  10 mL Galacton® (Galacto-Light™) or Galacton-Plus® substrate (Galacto-Light Plus™)
• 1 L Reaction Buffer Diluent
•  1.75 L Light Emission Accelerator (Galacto-Light™) or Light Emission Accelerator-II (Galacto-Light Plus™)
• 1.75 L Lysis Solution 
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Luc-Screen® Assay System
Extended-glow firefly luciferase reporter gene assay

Description
The Luc-Screen® assay system with extended-glow light emission is 
designed for sensitive detection of firefly luciferase reporter enzyme, 
especially for high throughput screening assays. Luciferase is an ideal 
reporter due to the high sensitivity of detection and the absence of 
endogenous luciferase activity in mammalian cells. Luc-Screen  
conveniently couples in-well cell lysis in the presence of culture medium 
with a high sensitivity assay that exhibits extended-glow light emission 
kinetics. Light signal can be measured between 10 minutes and several hours 
after adding assay reagents. Luc-Screen system is designed for maximum 
assay flexibility in a high-throughput format and can be used in luminom-
eters without automatic injectors.

Luc-Screen system is formulated to provide a convenient and easy-to-use 
firefly luciferase assay that is optimized for use in high-throughput screening. 
Cells are seeded into opaque white tissue culture (TC)-treated microplates 
(not supplied) or clear-bottom/opaque white side TC-treated microplates, 
if desired. The system has two reagents that are added to cells in culture 
medium (with or without phenol red) in microplate wells. Although the 
presence of phenol red causes some decrease in signal intensity, assay 

sensitivity remains unaffected. Cell lysis occurs during an initial 10 minute 
incubation; within this time, light signal reaches plateau. Light emission 
persists with a signal half-life of 4-5 hours, providing flexibility in the time 
between reagent addition and measurement.

Advantages
Luciferase is one of the most sensitive reporter enzymes available. The 
Luc-Screen® system detects fewer than 50 femtograms of pure enzyme in 
culture medium samples (Figure 26). The high sensitivity of Luc-Screen® is 
complemented by a wide dynamic range. A linear signal is obtained with the 
Luc-Screen assay from 50 femtograms to 100 nanograms of pure enzyme in 
culture medium, a dynamic range of six orders of magnitude. 

Applications
The Luc-Screen reporter gene assay system is ideal for high throughput firefly 
luciferase reporter gene expression assays in mammalian cells, and has been 
used for gene expression assays [1], compound screening [3]and large-scale 
promoter function assays [2].

Figure 27. Luc-Screen® Assay: Forskolin Induction of pCRE-Luc Transfected Cells. Cells 
were transfected with a luciferase construct under the control of a cAMP-responsive promoter, and 
were then seeded into a 96-well plate. Several wells were treated with forskolin to induce cAMP and 
stimulate luciferase induction in a screening-like assay. Measurements were performed on a CCD 
microplate luminometer.

Figure 28. Luc-Screen® Reporter Gene Assay.

Figure 26. Sensitivity of Luc-Screen® Assay. Serial dilutions of purified luciferase, prepared in 
DMEM, were used for Luc-Screen assays. Signals were measured on a microplate luminometer.
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Luc-Screen® Assay System, continued
Extended-glow firefly luciferase reporter gene assay

Product Configuration
Luc-Screen® reagents come as two buffers which are added to culture 
medium in a 2:1:1 (culture medium : Buffer 1 : Buffer 2) ratio. Luc-Screen 
system is available in several sizes so that customers can match their needs 
with an appropriate kit.

  ASSAYS PER KIT  BUFFER 1 BUFFER 2

 T1035 200 2 x 5 mL 2 x 5 mL

 T1033 1,000 2 x 25 mL 2 x 25 mL

 T1036 5,000 1 x 250 mL 1 x 250 mL 

 T1034 10,000 2 x 250 mL 2 x 250 mL

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Luc-Screen® Extended-Glow  
 Firefly Luciferase Assay System 200 assays T1035

 Luc-Screen® Extended-Glow  
 Firefly Luciferase Assay System 1,000 assays T1033

 Luc-Screen® Extended-Glow  
 Firefly Luciferase Assay System 5,000 assays T1036

 Luc-Screen® Extended-Glow  
 Firefly Luciferase Assay System 10,000 assays T1034

 For Research Use Only. Not for use in diagnostic procedures. 

Luciferase (Luc-Screen® Reporter Gene Assay System;  
(For a complete reference list, please see the Applied Biosystems website.)

1. Ahmed CM, Wills KN, Sugarman BJ, Johnson DE, Ramachandra M, Nagabhushan TL, Howe JA 
(2001) Selective expression of nonsecreted interferon by an adenoviral vector confers antipro-
liferative and antiviral properties and causes reduction of tumor growth in nude mice, Journal of 
Interferon and Cytokine Research 21:399-408.

2. Coleman SL, Buckland PR, Hoogendoorn B, Guy C, Smith K, O’Donovan MC (2002) Experimental 
analysis of the annotation of promoters in the public database, Human Molecular Genetics 
11(16):1817-1821.

3. Wang X, Miyake H, Okamoto M, Saito M, Fujisawa J, Tanaka Y, Izumo S, Baba M (2002) Inhibition 
of the Tax-dependent Human T-Lymphotrpic Virus Type I replication in persistently infected cells 
by the fluoroquinolone derivative K-37,  Molecular Pharmacology 61(6):1359-1365.
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Luciferase Assay System
Luciferase reporter gene assay system

Description
Luciferase Assay System is a bioluminescent assay system designed for rapid, 
sensitive detection of firefly luciferase expressed by transfected cells. The kit 
incorporates the substrate luciferin and proprietary reagents to enhance 
light emission. This enhanced luciferase/luciferin reaction produces a light 
signal that decays with a half-life of approximately 5 minutes. The assay is 
compatible with the lysis buffer included in Tropix β-galactosidase assay kits, 
making this assay ideal for co-transfections.

Cell lysate is mixed with Substrate A, which contains reagents necessary 
for the luciferase reaction. Light signal from the luciferase enzyme present 
in the extract is measured immediately after the injection of Substrate B, 
containing luciferin.

Advantages
The high sensitivity and absence of endogenous luciferase activity in the 
majority of cell types makes luciferase an excellent reporter enzyme. The 
wide dynamic range of the assay enables accurate measurement of lucif-
erase concentration from the femtogram to nanogram range (Figure 29). 
The wide dynamic range of seven orders of magnitude cannot be rivaled by 
fluorimetric or colorimetric assays for other reporter proteins.

Applications
The Luciferase Assay System provides a traditional flash kinetics luciferase 
assay system for measuring gene expression from a firefly luciferase reporter 
construct in mammalian cells [1, 2]. This assay system requires the use of a 
luminometer with injection capabilities, and the reaction kinetics provide a 
very rapid assay read-out.

Product Configuration

Luciferase Assay System Standard Size

T1000
Capacity: 200 assays 
Contents:
• 20 mL of Luciferase Assay System Substrate A*
• 20 mL of Luciferase Assay System Substrate B*
• 70 mL of Luciferase Assay System Lysis Solution

Luciferase Assay System Large Size

T1002
Capacity: 600 assays 
Contents:
• 3 x 20 mL of Luciferase Assay System Substrate A*
• 3 x 20 mL of Luciferase Assay System Substrate B*
• 210 mL of Luciferase Assay System Lysis Solution

Luciferase Assay System Screening Size

T1001
Capacity: 5,000 assays
Contents:
• 5 x 100 mL of Luciferase Assay System Substrate A*
• 5 x 100 mL of Luciferase Assay System Substrate B*
• 1.75 L of Luciferase Assay System Lysis Solution
*Supplied lyophilized

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Luciferase Reporter Gene Assay System standard size T1000

 Luciferase Reporter Gene Assay System large size T1002

 Luciferase Reporter Gene Assay System screening size T1001

 For Research Use Only. Not for use in diagnostic procedures. 

Luciferase (Luciferase Assay System; for a complete reference list, please see the 
Applied Biosystems website.)

1. Poser S, Impey S, Xia Z, Storm DR (2003) Brain-derived neurotrophic factor protection of 
cortical neurons from serum withdrawal-induced apoptosis is inhibited by cAMP J Neuroscience 
23(11):4420-4427.

2. Singh RP, Dhawan P, Golden C, Kapoor GS, Mehta KD (1999) One-way cross-talk between 
p38MAPK and p42/44MAPK, J Biol Chem 274(28):19593-19600

Figure 30. Luciferase Reporter Gene Assay.

Figure 29. Detection Limit and Dynamic Range of Luciferase Assay Kit.
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Dual-Light® Assay System
Combined firefly luciferase and β-Galactosidase reporter gene assay

Description
Dual-Light® luminescent reporter gene assay is designed for the rapid and 
sensitive detection of firefly luciferase and β-galactosidase in the same 
sample. The use of two reporter genes, one as an experimental reporter 
and the other as a constitutively-expressed transfection control reporter, 
is very widely used and is often necessary to accurately quantitate activity 
from experimental reporter constructs. This assay enables the measure-
ment of firefly luciferase and β-galactosidase in a single aliquot of cell lysate. 
Luciferase is typically used as the experimental reporter, and β-galactosidase 
is typically quantitated from a co-transfected constitutive expression vector 
to determine transfection efficiency. The luciferase measurement is then 
normalized to the β-galactosidase measurement. Light signal from each 
enzymatic reaction is measured sequentially in a luminometer with auto-
matic injectors.

First, luciferase reporter enzyme activity is quantitated with an enhanced 
luciferase reaction. Following a 30-60 minute incubation and addition of a 
light emission accelerator, β-galactosidase reporter enzyme activity is deter-
mined with Galacton-Plus® substrate.

Advantages
Both reporter enzyme measurements are combined into a single sequential 
assay protocol using only one aliquot of extract for greater convenience 
and precision. The entire assay is completed in less than one hour. The wide 
dynamic range (Figure 31) of this dual assay enables accurate measurement 
of firefly luciferase and β-galactosidase concentrations over seven orders of 
magnitude, from the femtogram to nanogram range [9]. 

Applications
Dual-Light® reporter gene assay system has been very widely used for 
reporter quantitation/transfection normalization from transiently trans-
fected mammalian cell lines [1, 5, 6, 7, 8], as well as transfected primary 
cells [2, 3, 4, 10}. In addition, it has been used with a modified lysis buffer 
to quantitate luciferase and β-galactosidase activities from a novel reporter 
fusion construct in yeast cells [11].

Figure 32. Firefly Luciferase and β-Galactosidase Reporter Gene Assays with Dual-Light® System.

Figure 31. Detection of Firefly Luciferase and β-Galactosidase with Dual-Light® System.
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Dual-Light® Assay System, continued
Combined firefly luciferase and β-Galactosidase reporter gene assay

Product Configuration

Dual-Light® System Standard Size

T1003
Capacity: 200 combined assays 
Contents:
• 0.2 mL Galacton-Plus® substrate
• 5 mL Buffer A*
• 22 mL Buffer B*
• 25 mL Light Emission Accelerator-II
• 70 mL Lysis Solution

Dual-Light® System Large Size

T1005
Capacity: 600 combined assays 
Contents:
• 0.6 mL Galacton-Plus® substrate
• 3 x 5 mL Buffer A*
• 3 x 22 mL Buffer B*
• 75 mL Light Emission Accelerator-II
• 210 mL Lysis Solution

Dual-Light® System Screening Size

T1004
Capacity: 4,000 combined assays
Contents:
• 4 mL Galacton-Plus® substrate
• 20 x 5 mL Buffer A*
• 20 x 22 mL Buffer B*
• 500 mL Light Emission Accelerator-II
• 1.4 L Lysis Solution 
*Supplied lyophilized

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Dual-Light® Reporter Gene Assay System standard size T1003

 Dual-Light® Reporter Gene Assay System large size T1005

 Dual-Light® Reporter Gene Assay System screening size T1004

 Dual-Light® Buffer A 5 mL T2176

 Dual-Light® Buffer B  
with Galacton-Plus® Substrate 22 mL/0.2 mL T1053

 Light Emission Accelerator-II 210 mL T2222

 For Research Use Only. Not for use in diagnostic procedures. 

β-Galactosidase/Luciferase (Dual-Light® Reporter Gene Assay System; for a complete 
reference list, please see the Applied Biosystems website.)

1. Babb R, Bowen BR (2003) SDP1 is a peroxisome-proliferator-activated receptor g2 co-activator 
that binds through its SCAN domain, Biochem J 370:719-727. 

2. Bourcier T, Sukhova G, Libby P (1997) The nuclear factor k-B signaling pathway participates in 
dysregulation of vascular smooth muscle cells in vitro and in human atherosclerosis, J Biol Chem 
272(25):15817-15824.

3. Brown, AM, Lemke G (1997) Multiple regulatory elements control transcription of the peripheral 
myelin protein zero gene, J Biol Chem 272(46):28939-28947. 

4. Brown JD, DiChiara MR, Anderson KR, Gimbrone MA Jr, Topper JN (1999) MEKK-1, a component 
of the stress (stress-activated protein kinase/c-Jun N-terminal kinase) pathway, can selectively 
activate Smad2-mediated transcriptional activation in endothelial cells, J Biol Chem 274:8797-
8805.

5. Crowe DL, Chandraratna RAS (2004) A retinoid X receptor (RXR)-selective retinoid reveals that 
RXR-a is potentially a therpautic target in breast cancer cell lines, and that it potentiates antipro-
liferative and apoptotic responses to peroxisome proliferator-activated receptor ligands, Breast 
Cancer Research 6:R546-R555 (DOI 10.1186/bcr913). 

6. Fedele M, Pentimalli F, Baldassarre G, Battista S, Klein-Szanto AJ, Kenyon L, Visone R, De Martino 
I, Ciarmiello A, Arra C et al (2005) Transgenic mice overexpressing the wild-type form of the 
HMGA1 gene develop mixed growth hormone/prolactin cell pituitary adenomas and natural killer 
lymphomas, Oncogene 24:3427-3435.

7. Figueroa C, Vojtek AB (2003) Akt negatively regulates translation of the ternary complex factor 
Elk-1, Oncogene 22:5554-5561. 

8. Hollenberg AN, Susulic VS, Madura JP, Zhang B, Moller DE, Tontonoz P, Sarraf P, Spiegelman BM, 
Lowell BB (1997) Functional antagonism between CCAAT/Enhancer binding protein-a and peroxi-
some proliferator-activated receptor-g on the leptin promoter, J Biol Chem 272(8):5283-5290. 

9. Martin CS, Wight PA, Dobretsova A, Bronstein I.(1996) Dual luminescence-based reporter gene 
assay for luciferase and b-galactosidase, BioTechniques 21(3):520-524.

10. Takemoto, Sun MJ, Hiroki J, Shimokawa H, Liao JK (2002) Rho-kinase mediates hypoxia-induced 
downregulation of endothelial nitric oxide synthase, Circulation 106:57-62. 

11. Williams I, Richardson J, Starkey A, Stansfield I (2004) Genome-wide prediction of stop 
codon readthrough during translation in the yeast Saccharomyces cerevisiae, Nucl Acids Res 
32(22):6605-6616.
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Phospha-Light™ Assay System
Secreted placental alkaline phosphatase (SEAP) reporter gene assay

Description
Phospha-Light™ assay system is a chemiluminescent reporter gene assay for 
the sensitive detection of secreted placental alkaline phosphatase (SEAP). 
SEAP is a reporter protein that is secreted into the cell culture media and 
detected by testing aliquots of media [2]. The SEAP gene product is a 
truncated form of human placental alkaline phosphatase. Detection of non-
secreted placental alkaline phosphatase (PLAP) is also possible [16].

A combination of proprietary Tropix® reagents provides highly sensitive 
detection with the Phospha-Light Assay System. The system incorporates 
CSPD® high performance alkaline phosphatase substrate, Emerald™ lumines-
cence enhancer, and a unique buffer system designed to specifically inhibit 
endogenous non-placental alkaline phosphatase activity.

A sample of cell culture media is transferred to a microfuge tube and diluted 
with Phospha-Light dilution buffer. After heating 30 minutes at 65°C, the 
sample is transferred to a luminometer tube or microplate. Phospha-
Light assay buffer containing differential alkaline phosphatase inhibitors 
(to achieve high sensitivity in media containing non-placental alkaline 
phosphatase) and reaction buffer containing CSPD substrate and Emerald 
enhancer are then added. After a 20-minute incubation at room tempera-
ture, the chemiluminescent signal is measured in a luminometer. The unique 
properties of human placental alkaline phosphatase, including its heat sta-
bility and resistance to L-homoarginine, enable it to be distinguished from  
endogenous non-placental alkaline phosphatase activity.

Light emission kinetics observed with Phospha-Light Assay System reagents 
are shown (Figure 34). The persistent glow of the chemiluminescent signal 
permits the use of simple luminometers without injectors or scintillation 
counters for measurement.

Advantages
Secreted reporter proteins eliminate the need for cell lysis. A population of 
cells can be monitored over time and remains intact for further experimen-
tation. The Phospha-Light assay is one of the easiest and fastest methods for 
optimizing transfection efficiency. This chemiluminescent method allows 
detection of fewer than 10 femtograms of SEAP (Figure 33), which is three 
orders of magnitude more sensitive than colorimetric detection of SEAP. 
The wide linear range of six orders of magnitude of the Phospha-Light assay 
enables accurate intra-assay comparisons without measuring several sample 
dilutions. 

Applications
The Phospha-Light reporter gene assay system has been used widely for 
reporter gene assays to measure gene expression in established cell lines [4] 
and in transfected primary cells [15, 21], including as a gene knockdown/
RNA interference read-out [5]. The Phospha-Light reporter gene assay 
has been used for a wide variety of viral functional assays, including viral 
gene expression assays [8], viral replication [9], viral fusogenicity [1], virus 
neutralization and viral-mediated cell-cell fusion [10], and viral infectivity 
[14]. Use of the SEAP reporter protein is very enabling for in vivo reporter 
gene assays, by assaying serum samples from transgenic, transfected or viral 
vector-infected animals. The Phospha-Light reporter gene assay system has 
been used to measure SEAP levels in sera from transgenic or transfected 
whole animals, including mouse [18], rat [17], marmoset [7], monkey [13] 
and pig sera [12], and in chicken egg allantoic fluid [22]. The mouse SEAP 
protein (mSEAP) has recently been developed for improved SEAP protein 
stability in transgenic mice, and the Phospha-Light™ system has been used 
for sensitive detection of mSEAP [18].

Figure 34. Phospha-Light™ System Light Emission Kinetics.Figure 33. Detection of Placental Alkaline Phosphatase with Phospha-Light™ System.

Figure 35. Secreted Alkaline Phosphatase Reporter Gene Assay with Phospha-Light™ System.

If culture media contains serum, 
seal wells and incubate plate for 30 min. 
at 65ºC, then cool to room temperature

(If serum-free media was used, 
heating is unnecessary).

Place plate in luminometer and
measure SEAP light emission.

Add Assay Buffer and
incubate 5 min.

Seed cells and treat or
culture as desired.

Transfer cell culture supernatant
samples to luminometer

microplate wells.

Add Dilution Buffer. Add Substrate Solution and
incubate 30 min.

Secreted Alkaline Phosphatase Reporter Gene Assay with Phospha-Light™ System
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Phospha-Light™ Assay System, continued
Secreted placental alkaline phosphatase (SEAP) reporter gene assay

Reporter Gene Assays and Reagents

In addition to reporter gene (gene expression) applications, the Phospha-
Light assay system is used to measure SEAP as a functional reporter for 
receptor-ligand binding assays with a SEAP-ligand chimera [20], protease-
mediated secretion [19], and for secretion pathway activity [11]. Finally, the 
Phospha-Light™ assay system has also been used for the cellular measure-
ment of non-placental alkaline phosphatase as a biomarker [4].

Sensitive detection of SEAP or PLAP reporter protein with the Phospha-
Light assay system enables a large number of applications in many areas of 
life science research, including gene expression, viral function assays, vaccine 
development, development of viral vectors and gene delivery methods for 
gene therapy, in vivo gene expression monitoring and novel cellular func-
tional assays.

Product Configuration
Phospha-Light™ System Standard Size

T1015
Capacity: 200 single tube assays (triplicate assays of 66 samples or duplicate assays of 83 samples)
Capacity: 400 assays with microplate format (triplicate assays of 133 samples or duplicate assays of 166 
samples)
Contents:
• 1.0 mL CSPD® chemiluminescent substrate
•  19 mL Phospha-Light™ Reaction Buffer Diluent with Emerald™ enhancer
• 20 mL Phospha-Light™ Assay Buffer
• 5 mL 5X Dilution Buffer
• 50 µL Positive Control Placental Alkaline Phosphatase

Phospha-Light™ System Large Size

T1017
Capacity: 600 single tube assays (triplicate assays of 200 samples or duplicate assays of 250 samples)
Capacity: 1,200 assays with microplate format (triplicate assays of 400 samples or duplicate assays of 
500 samples)
Contents:
• 3.0 mL CSPD® chemiluminescent substrate
•  57 mL Phospha-Light™ Reaction Buffer Diluent with Emerald™ enhancer
• 60 mL Phospha-Light™ Assay Buffer
• 15 mL 5X Dilution Buffer
• 50 µL Positive Control Placental Alkaline Phosphatase

Phospha-Light™ System Screening Size

T1016
Capacity: 10,000 assays with microplate format (triplicate assays of 3,333 samples or duplicate assays 
of 4,166 samples)
Contents:
• 25 mL CSPD® chemiluminescent substrate
•  475 mL Phospha-Light™ Reaction Buffer Diluent with Emerald™ enhancer
• 500 mL Phospha-Light™ Assay Buffer
• 125 mL 5X Dilution Buffer
• 425 µL Positive Control Placental Alkaline Phosphatase 

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Phospha-Light™ Reporter Gene Assay System standard size T1015

 Phospha-Light™ Reporter Gene Assay System large size T1017

 Phospha-Light™ Reporter Gene Assay System screening size T1016

 For Research Use Only. Not for use in diagnostic procedures. 
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ELISA 
Enzyme-linked immunosorbent assays (ELISAs) are used for sensitive analyte 
detection. ELISAs can be formatted in several configurations on a variety of 
solid supports.

A direct sandwich ELISA is often used for the detection of larger molecules 
with multiple antigenic sites, usually a protein. In this format (Figure 36, Panel 
A), a solid support is coated with a capture antibody specific for the pro-
tein of interest; the capture antibody forms an immunocomplex with the 
antigen from the sample; a detector antibody covalently derivatized with 
alkaline phosphatase, specific for a second antigenic site on the captured 
protein, is then added. After washing, substrate with enhancer is added. The 
enzyme-generated signal is proportional to the concentration of antigen. 

A variation of this assay is used to screen hybridomas for the production 
of monoclonal antibodies (Figure 36, Panel B). In this case, the solid phase 
is coated with antigen, hybridoma culture supernatant containing a mono-
clonal antibody is added, and then an enzyme-labeled secondary antibody 
specific for the monoclonal antibody is used to detect the antigen-captured 
monoclonal antibody.

Competitive immunoassays can be set up in two modes (Figure 36, Panel C 
and D). In these assays, a competition occurs between bound and free anti-
gen, or labeled and unlabeled antigen, for available antibody binding sites. 
This type of assay results in an inverse standard curve. A decrease in signal is 
observed for increasing concentrations of antigen.

Chemiluminescent Immunoassays
The use of 1,2-dioxetane enzyme substrates permits the ultrasensitive detec-
tion of analytes by ELISA. The most common enzyme used in conjunction 
with 1,2-dioxetane substrates for ELISA applications is alkaline phosphatase. 
Tropix® 1,2-dioxetane substrates have been used for detecting thyroid-
stimulating hormone (TSH) with a commercially available ELISA employing 
an alkaline phosphatase label [2]. The results obtained with CSPD® substrate 
with Sapphire-II™ enhancer (Figure 37) show a significant improvement in 
signal-to-background performance at all concentrations of TSH compared 
to those obtained with the colorimetric substrate, p-nitrophenyl phosphate 
(pNPP). This benefit can be expected when a colorimetric direct sandwich 
ELISA is converted to 1,2-dioxetane/enhancer chemiluminescence. Sandwich 
immunoassay formats with 1,2-dioxetane substrates have been used for calcula-
tion of antigen-antibody binding constants [10], and quantitation of animal 
and human proteins from plasma and tissue extracts [9,15,18].

Competitive ELISAs can also be highly sensitive with the incorporation of 
1,2-dioxetane substrates [1, 7, 13]. Because the standard curve in a competi-
tive ELISA exhibits maximum signal intensity at the lowest concentrations 
of analyte, it may be necessary to adjust reagent concentrations to optimize 
detection of low analyte concentrations. The sensitivity of chemilumines-
cent detection permits the use of lower concentrations of capture antibody 
and competing antigen.

CDP-Star® substrate with Sapphire-II enhancer or Emerald-II™ enhancer has 
become widely used for immunoassay protein detection applications such 
as detection of viral antigens [14] and plasma proteins [9].

Figure 36. Immunoassay Schemes Employing an Alkaline Phosphatase Label for Detection with CSPD® Substrate.
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Immunodetection Products

Additional Applications

Whole-cell ELISA
Immunoassay detection of surface antigens on whole cells has been demon-
strated with 1,2-dioxetane chemiluminescent detection [19]. β-galactosidase 
enzyme conjugates can also be used with Galacton-Star® substrate with 
Sapphire-II™ enhancer for chemiluminescent immunoassay detection, par-
ticularly for whole cell ELISA applications [12] that may exhibit high levels of 
cellular alkaline phosphatase.

Protein Detection Applications
Anti-phosphopeptide immunoassays with CSPD® or CDP-Star® substrates 
and Sapphire-II or Emerald-II™ enhancers have been developed for quan-
titation of several protein kinase activities. These include PKA, PKC, CAM-KII, 
receptor interacting protein and src kinases [16], WaaP protein tyrosine kinase 
and sugar kinase [22] and p38 kinase [8]. In addition a receptor binding assay 
of a neurotrophic factor to a tyrosine kinase receptor has been demonstrated 
[20].

Nucleic Acid and Nucleic Acid-Protein Interaction Detection 
Applications
DNA probe hybridization assays, DNA:protein interaction assays, and DNA 
aptamer binding assays are often formatted in microplate wells or on other 
solid phases. AP-labeled probes, hapten-labeled probes or antibodies to 
DNA:RNA duplexes [3] can be used to detect hybridization or binding with 
AP-conjugated detection reagents and 1,2-dioxetane substrates. Chemilumi-
nescent enzyme-linked oligonucleotide assay (ELONA) has been used to 
quantitate DNA aptamer binding to protein [6]. CDP-Star substrate is used 
in microplate-based assay systems for detection of viral RNA or DNA by 
immunodetection [17, 21]. In addition, detection of chemical:DNA adducts 
in mammalian tissue extracts has been demonstrated using CDP-Star sub-
strate with Emerald-II enhancer [5].
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Description
cAMP-Screen® Immunoassay System enables ultrasensitive determination 
of cyclic AMP (cAMP) levels in cell lysates. This competitive immunoassay is 
formatted with maximum flexibility to permit either manual assay or auto-
mated high-throughput screening. cAMP-Screen assay utilizes the highly 
sensitive chemiluminescent alkaline phosphatase (AP) substrate CSPD® with 
Sapphire-II™ luminescence enhancer. The Ready-to-Use substrate/enhancer 
reagent generates sustained-glow light emission that is measured 30 minutes 
after addition.

cAMP-Screen immunoassay is formulated to be compatible with automated 
high-throughput screening instrumentation (Figure 38). Cells are seeded into 
plates, cultured, and treated with test compounds as desired. Cell lysates are 
prepared in either the presence or absence of culture media. Lysates are incu-
bated with a cAMP-AP conjugate and an anti-cAMP antibody in a coated 
microplate; the resulting immune complexes are captured in the plate. In 
samples without cAMP, all of the cAMP-AP conjugate is captured on the coated 
surface, resulting in a high signal. In the presence of cAMP, the amount of cAMP-
AP conjugate captured decreases as a result of competition for binding with 
unlabeled cAMP, causing a reduced signal (see Figure 40); signal reduction is 
proportional to the amount of cAMP present in the cell lysate. After washing 
to remove unbound cAMP-AP, the chemiluminescent substrate is added, 
and the resulting glow signal is measured in a luminometer.

Advantages
Chemiluminescent detection with the cAMP-Screen assay provides the 
highest sensitivity of any commercially available cAMP assay. As few as 60 
femtomoles of cAMP can be detected with cAMP-Screen 96-well system. 
cAMP-Screen system is available in both 96-well and 384-well formats. Both 
formats have a wide assay dynamic range with the 96-well version able to 
detect cAMP concentrations from 0.06 to 6,000 picomoles and the 384-well 
version able to detect cAMP concentrations from 0.2 to 200 picomoles 
(without the need for sample dilution or manipulations such as acetyla-
tion). This is especially helpful in cell-based assays, when measuring Gs- or 
Gi-coupled agonist stimulation and/or inhibition.

Assay precision is very high for cAMP-Screen immunoassay. Intra-assay pre-
cision for duplicate samples is typically 3% or less. To ensure optimal plate 
%CVs, it is imperative that the substrate/enhancer be allowed to reach the 
maximum glow signal. Once the substrate/enhancer reaches the glow signal, 

the plate can be read for hours with little or no degradation of the signal. 
This is useful in screening where several plates are compared to each other. 
In addition, the assay exhibits exceptionally low cross-reactivity with other 
adenosine-containing or cyclic nucleotides.

Applications
The cAMP-Screen assay system is designed for quantitation of cellular cAMP 
for functional assays of receptor activation. cAMP-Screen has been used 
with established cell lines for functional measurements with endogenous 
receptors, cell lines with exogenously expressed ligand receptors on the cell 
surface, primary cell cultures, and tissues [1] in response to treatment with 
the appropriate ligands. The cAMP-Screen assay system has been used for 
receptor characterization [5, 7], orphan receptor ligand identification [4], 
and the characterization of novel chimeric receptors [3]. In addition, cAMP-
Screen assay system can be used for high throughput screening assays [2, 8] 
for compounds which stimulate or interfere with these signal transduction 
pathways.
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Figure 38. cAMP-Screen® Assay: Effect of Forskolin and an Antagonist on cAMP Levels. 
cAMP-Screen assays were performed using the indicated concentration of forskolin to induce cAMP 
in the absence or presence of a forskolin antagonist. Measurements were performed on a microplate 
luminometer.

Figure 39. cAMP Immunoassay with cAMP-Screen® System.
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cAMP-Screen® System, continued
Cyclic AMP immunoassay

Product Configurations
cAMP-Screen® Immunoassay System is available in either a 96-well or 384-well plate format. Each kit format is available in several sizes to provide the ideal-size 
kit for evaluation, R&D, or screening. 

Component T1500 T1501 T1502 T1504  

Plate Format 96-well 384-well 96-well 384-well

Assays per Kit 192 768 960 19,200

Assay/Lysis Buffer 25 mL 65 mL 2 x 65 mL 2 L

cAMP Standard 2 mL 5 mL 2 x 5 mL 100 mL

Anti-cAMP Antibody 14 mL 20 mL 2 x 35 mL 500 mL

cAMP-AP Conjugate 100 mL 250 mL 2 x 250 mL 5 mL

Conjugate Dilution Buffer 10 mL 25 mL 2 x 25 mL 500 mL

Wash Buffer  500 mL (1X) 1 L (1X) 2 x 1 L (1X) 5 x 1 L (5X)

CSPD®/Sapphire-II™ RTU 25 mL 25 mL 2 x 65 mL 650 mL Substrate/Enhancer Solution 

Precoated Plates 2 plates 2 plates 10 plates 50 plates

Dynamic Range of cAMP-Screen™ Assay
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 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 cAMP-Screen® 96-Well Immunoassay System 192 assays T1500

 cAMP-Screen® 384-Well Immunoassay System 960 assays T1501

 cAMP-Screen® 96-Well Immunoassay System 768 assays T1502

 cAMP-Screen® 384-Well Immunoassay System 19,200 assays T1504

 Assay/Lysis Buffer 65 mL T2327

 1X Wash Buffer 1 L T2337

 5X Wash Buffer 1 L T2356

 For Research Use Only. Not for use in diagnostic procedures. 

REFERENCES 

(For a complete cAMP-Screen® Immunoassay System reference list, please see the 
Applied Biosystems website.)
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cAMP-Screen Direct® System
Cyclic AMP immunoassay

Description
cAMP-Screen Direct® Immunoassay System enables ultrasensitive quantita-
tion of cyclic AMP (cAMP) levels in cell lysates. With the cAMP-Screen 
Direct assay system, cells are plated directly in the antibody pre-coated 
cAMP-Screen Direct assay plates. The pre-coated plates supplied are clear-
bottom, enabling examination of cells prior to start of cAMP quantitation 
assay. This assay system eliminates the need for a separate cell culture 
plate. This competitive immunoassay is formatted with maximum flex-
ibility to permit either manual assay or automated high-throughput 
screening. cAMP-Screen Direct assay system utilizes the highly sensitive che-
miluminescent alkaline phosphatase (AP) substrate CSPD® with Sapphire-II™ 
luminescence enhancer. The Ready-to-Use substrate/enhancer reagent 
generates sustained-glow light emission that is measured 30 minutes after 
addition.

cAMP-Screen Direct immunoassay system is formatted to be compatible 
with automated high-throughput screening instrumentation (Figure 41). 
Cells are seeded into pre-coated assay plates (clear-bottom, opaque white 
wells), cultured, and treated with test compounds as desired. Cell lysates are 
then prepared in either the presence or absence of culture media, and addi-
tional cAMP-Screen Direct system reagents are added directly to the lysate 
in the culture/assay plate. Lysates are incubated with cAMP-AP conjugate 
and anti-cAMP antibody, and the resulting immune complexes are captured 
on the antibody-coated surface of the plate. In samples without cAMP, all of 
the cAMP-AP conjugate is captured on the coated surface, resulting in a 
high signal. In the presence of cAMP, the amount of cAMP-AP conjugate 
captured decreases, as a result of competition for binding with unlabeled 
cAMP causing a reduced signal (Figure 41); signal is inversely proportional 
to the amount of cAMP present in the cell lysate. After washing to remove 
unbound cAMP-AP, the chemiluminescent substrate/enhancer is added, 
and the resulting signal is measured in a luminometer without reagent 
injection.

Advantages
The cAMP-Screen Direct Immunoassay System offers several advantages 
for high throughput screening applications compared to the original cAMP-
Screen® assay system. With cAMP-Screen Direct system, cells are grown 
directly in the cAMP quantitation assay plate without subsequent lysate 
transfer, eliminating the need for a separate culture plate, thereby reducing 
total assay costs, simplifying automation requirements for assay execution, 
and offering increased intra-assay accuracy. Chemiluminescent detection 
employed by cAMP-Screen Direct assay provides identical sensitivity to the 
cAMP-Screen system, the highest sensitivity of any commercially available 
cAMP assay. As with the cAMP-Screen system, as few as 60 femtomoles 
of cAMP can be detected with cAMP-Screen Direct 96-well system. The 
cAMP-Screen Direct system is available in both 96-well and 384-well formats. 

Both the cAMP-Screen and cAMP-Screen Direct assay formats have a wide 
assay dynamic range with the 96-well version able to detect cAMP con-
centrations from 0.06 to 6,000 picomoles and the 384-well version able to 
detect cAMP concentrations from 0.2 to 200 picomoles (without the need 
for sample dilution or manipulations such as acetylation).

Assay precision is very high for cAMP-Screen Direct Immunoassay System. 
Intra-assay precision for duplicate samples is typically 3% or less. In addition, 
the assay exhibits exceptionally low cross-reactivity with other adenosine-
containing or cyclic nucleotides.

For cells requiring specialized growth surfaces, we do not recommend use 
of cAMP-Screen Direct microplates, or making surface modifications of the 
cAMP-Screen Direct microplates. In this case, the appropriate surface-modi-
fied plates should be used for cell growth, followed by lysate preparation and use 
of cAMP-Screen assay system.

Applications
The cAMP-Screen Direct assay system is designed for quantitation of cel-
lular cAMP for functional assays of receptor activation. cAMP-Screen Direct 
system is designed for use with established cell lines for functional measure-
ments with endogenous receptors, cell lines with exogenously expressed 
ligand receptors, and primary cell cultures [1] in response to treatment of 
cells with the appropriate ligands. cAMP-Screen Direct system is particularly 
suited for high throughput screening applications for identification of 
compounds which stimulate or interfere with receptor function and signal 
transduction.

Figure 41. Sensitivity of the cAMP-Screen Direct® System. cAMP assay performed with the 
cAMP-Screen Direct system. cAMP standards were used in a cAMP-Screen Direct assay plate following 
growth of different densities of HEK293 cells in assay wells. Detection sensitivity of exogenously 
added cAMP is unchanged following growth of cells in assay plate. Signal intensity differences result 
from basal cellular levels of cAMP. Signal was measured with the TR717™ microplate luminometer. 

Figure 42. cAMP Immunoassay with cAMP-Screen Direct® System.
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Product Configurations
cAMP-Screen Direct® Immunoassay System is available in either a 96-well or 384-well plate format. Each kit format is available in several sizes to provide the 
ideal-size kit for evaluation, R&D, or screening.

Component T1505 T1506 T1507 T1508

Plate Format 96-well 384-well 96-well 384-well

Assays per Kit 192 768 960 19,200

Assay/Lysis Buffer 25 mL 65 mL 2 x 65 mL 2 L

cAMP Standard 2 mL 5 mL 2 x 5 mL 100 mL

Anti-cAMP Antibody 14 mL 20 mL 2 x 35 mL 500 mL

cAMP-AP Conjugate 100 mL 250 mL 2 x 250 mL 5 mL

Conjugate Dilution Buffer 10 mL 25 mL 2 x 25 mL 500 mL

Wash Buffer  500 mL (1X) 1 L (1X) 2 x 1 L (1X) 5 x 1 L (5X)

CSPD®/Sapphire-II™ RTU 25 mL 25 mL 2 x 65 mL 650 mLSubstrate/Enhancer Solution

Precoated Plates 2 plates 2 plates 10 plates 50 plates 
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cAMP-Screen Direct® System, continued
Cyclic AMP immunoassay

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 cAMP-Screen Direct® 96-Well  
 Immunoassay System 192 assays T1505

 cAMP-Screen Direct® 384-Well  
 Immunoassay System 768 assays T1506

 cAMP-Screen Direct® 96-Well  
 Immunoassay System 960 assays T1507

 cAMP-Screen Direct® 384-Well  
 Immunoassay System 19,200 assays T1508

 Assay/Lysis Buffer 65 mL T2327

 1X Wash Buffer 1 L T2337

 5X Wash Buffer  1 L T2356

 For Research Use Only. Not for use in diagnostic procedures. 

REFERENCES

1. Zhong, H, L Belardinelli, T Maa, I Feoktistov, I Biaggioni and D Zeng (2004). A2B adenosine 
receptors increase cytokine release by bronchial smooth muscle cells. Am J Respir Cell Mol Biol 
30:118-125.

Figure 43. Quantitation of cAMP Levels. Comparison of the cAMP-Screen Direct® System with 
the cAMP-Screen® System (page 28) for quantitation of cellular cAMP levels. For the cAMP-Screen 
Direct system, SK-N-MC cells were cultured for four days in cAMP-Screen Direct assay plates and 
then treated with compounds. The entire assay was performed in the same microplate. For the cAMP-
Screen® system, SK-N-MC cells were cultured for four days in a standard microplate and treated 
with compounds. Cell lysate was transferred to a cAMP-Screen System plate and assayed. (A) NPY-
mediated inhibition of isoproterenol (10 µM)-stimulated cAMP production. (B) NPY-mediated inhibition 
of forskolin (1 µM)-stimulated cAMP production. 
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Description
ELISA-Light™ Immunoassay System is used for rapid ultrasensitive antigen 
detection in enzyme immunoassays employing an alkaline phosphatase 
label. ELISA-Light system offers an excellent combination of high sensitivity 
and throughput for assays measured in a luminometer.

ELISA-Light System significantly extends the limits of detection of most 
immunoassays compared to colorimetric and isotopic methods. The kit 
contains reagents optimized for chemiluminescent ELISAs employing alka-
line phosphatase labels. The kit is available with a choice of Ready-to-Use 
chemiluminescent substrate formulations containing CSPD® or CDP-Star® 
substrates with a luminescence enhancer (Sapphire-II™ or Emerald-II™ enhanc-
ers). I-Block™ blocking reagent, a highly purified casein screened to effectively 
prevent the nonspecific binding of alkaline phosphatase labeled reagents, 
antibodies and analytes to solid surfaces, is also included.

Applied Biosystems offers several Ready-to-Use substrate/enhancer for-
mulations optimized for specific assays or luminometers. Formulations 
containing Sapphire-II enhancer are suitable for most assays performed 
in tube or microplate luminometers. Formulations containing Emerald-II 
enhancer are recommended for less-sensitive instruments that require more 
intense luminescent signals to detect low levels of enzyme. The specific 
formulation that will provide the highest sensitivity for a specific assay can 
vary. Therefore an ELISA sampler kit containing all four substrate/enhancer 
formulations is available to facilitate assay development.

Applications
The ELISA-Light system is used for a variety of protein detection assays, 
including standard immunoassay formats (see background section), phos-
phopeptide immunoassays for protein kinase activity quantitation [8,16,22], 
receptor binding assays [20], and viral foci imaging with immunodetection 
[11]. 

ELISA-Light system is also useful for nucleic acid detection applications in 
microplate-based detection assays. The system reagents are used for highly 
sensitive DNA probe capture assays, including quantitative detection of 
labeled PCR products [4] and RNA:DNA hybrids [3,17,21] and immunode-
tection of chemical-DNA adducts [5].

Product Configuration

ELISA-Light™ System Standard Size

Capacity: 500-1,300 assays
Contents:
•  100 mL of Ready-to-Use chemiluminescent substrate with enhancer
•  100 mL of 10X Assay Buffer
•  7.5 g of I-Block™ blocking reagent

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 ELISA-Light™ Immunoassay System

 Sampler Kit with 25 mL  
 of each formulation listed below (100 mL total) sampler size T1022

 with 100 mL CSPD® 0.4 mM  
 Ready-to-Use with Sapphire-II™ standard size T1023

 with 100 mL CSPD® 0.4 mM  
 Ready-to-Use with Emerald-II™ standard size T1024

 with 100 mL CDP-Star® 0.4 mM  
 Ready-to-Use with Sapphire-II™ standard size T1025

 with 100 mL CDP-Star® 0.4 mM  
 Ready-to-Use with Emerald-II™ standard size T1026

 ELISA-Light™ System Accessories available separately, see page 44 

 AP-Labeled Secondary Antibody Conjugates

 AP Conjugate, Goat anti-Rabbit IgG 100 µL T2191

 AP Conjugate, Goat Anti-Mouse IgG and IgM 100 µL T2192

 I-Block™ Blocking Reagent 30 g T2015

 Avidx-AP™ Streptavidin-Alkaline  
 Phosphatase Conjugate 1 mL T2016

 For Research Use Only. Not for use in diagnostic procedures. 

REFERENCES 

For a complete list of immunoassay applications with the ELISA-Light™ system and 
CSPD® and CDP-Star substrates please see page 27.
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Introduction to Chemiluminescent Membrane-based Immunodetection

Chemiluminescent Immunodetection
Western blotting is a widely used technique for the immunodetection pro-
teins. Protein samples are separated by polyacrylamide gel electrophoresis 
and electrophoretically transferred to either nitrocellulose, polyvinylidene 
fluoride (PVDF), or nylon membranes. The resulting blot is incubated with 
an antigen-specific monoclonal or polyclonal antibody to form a specific 
antigen-antibody complex. This complex is usually detected with a species-
specific secondary antibody, bearing an enzyme label.

Visualization of an enzyme-labeled secondary antibody can be accomplished 
with colorimetric or chemiluminescent methods. For colorimetric methods, 
enzyme-catalyzed reactions result in the localized deposition of a colored 
product on the membrane. The accumulating product often interferes with 
enzyme activity, limiting sensitivity, and is difficult to remove from the mem-
brane, preventing reuse of the blot. Furthermore, the color usually fades  
and is difficult to photograph. In addition, colorimetric visualization methods 
are not quantitative. For chemiluminescent detection, a chemiluminescent 
substrate solution is added, and the resulting localized light emission is 
imaged either on X-ray film or with a CCD-based imaging platfrom.

Advantages of Chemiluminescence
Western-Light™ and Western-Star™ chemiluminescent Western 
blotting systems offer highly sensitive, rapid, nonisotopic protein detec-
tion [9,12]. Detection is performed on nitrocellulose, nylon, or PVDF 
membranes. With nitrocellulose membranes, an enhancing agent, Nitro-
Block™ or Nitro-Block-II™ enhancer, is added to provide maximum 
sensitivity. Detection of alkaline phosphatase-labeled immunocomplexes is 

performed with the CSPD® substrate (Western-Light System; see page 36)  
or CDP-Star® substrate (Western-Star™ System; see page 34). Following incuba-
tion with substrate, blots are imaged immediately on X-ray film, with exposure 
times ranging from 30 seconds to 45 minutes with CSPD substrate, and from 
1 second to 30 minutes with CDP-Star substrate, providing a hard copy of 
results. CDP-Star substrate provides a five- to ten-fold higher signal intensity 
than CSPD substrate, enabling much shorter exposure times [10]. Detection 
of alkaline phosphatase labels with 1,2-dioxetane substrates, unlike detec-
tion of horseradish peroxidase with enhanced luminol systems, produces 
a chemiluminescent signal with glow kinetics, enabling multiple exposures  
over many hours. Glow kinetics, combined with the high intensity signal 
generated with CDP-Star substrate, makes the Western-Star detection sys-
tem ideal for chemiluminescent phosphor screen and CCD camera imaging 
[17,18].

Biotinylated Secondary Antibodies and Proteins
Immunoblotting can be performed with a biotinylated secondary antibody fol-
lowed by streptavidin-alkaline phosphatase conjugate and CSPD or CDP-Star 
substrate, and often results in increased signal intensity with shorter exposure 
times compared to that obtained with alkaline phosphatase conjugated sec-
ondary antibody. Tropix® chemiluminescent substrates have been used for highly 
sensitive detection of biotin-labeled proteins [12]. Other applications include 
detection of immunoprecipitated biotin labeled proteins [11,13,15] and bioti-
nylated peptide probes.

Detection of Phosphorylated Proteins
Detection of phosphotyrosine or phosphoserine and  
phosphothreonine-containing proteins on immunoblots has been widely 
used for the analysis of protein kinase substrates and activities [14,16]. 
Chemiluminescent immunoblot detection of phosphorylated proteins can 
be performed with the Western-Star or Western-Light chemiluminescent 
detection systems in conjunction with the appropriate anti-phospho-epit-
ope primary antibody. A non-casein blocker should be substituted for the 
I-Block™ blocking reagent, since it is casein and contains phosphorylated 
amino acids. 

Figure 47. Selection Guide for Western Blot Detection Systems. Applied Biosystems offers two 
Western blot detection systems.

REFERENCES

See Western-Light™ and Western-Star™ Immunodetection System sections (pages 35 
and 37) for references. 

Figure 46. Detection with CDP-Star® Substrate vs. CSPD® Substrate.
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1.25 µg) was electrophoretically sep-
arated and transferred to Tropifluor™ 
PVDF and nitrocellulose membrane. 
(B) Blots were detected with the 
Western-Light™ system and CSPD® 
substrate or the Western-Star® 
system and CDP-Star® substrate, 
with enhancer for nitrocellulose and  
without enhancer for PVDF. Blots 
were imaged on Kodak XAR-5 film 
for 30 sec, 20 min after substrate 
incubation.

Figure 45. Western-Light™ and Western-Star™ Systems Immunodetection Procedure.
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Western-Star™ System
Immunodetection

Description
Western-Star™ Immunodetection System is a highly sensitive chemilumines-
cent immunodetection system that provides speed, flexibility, control of film 
exposure time and the ability to use alternative imaging systems. Western-Star 
system incorporates CDP-Star® substrate for detection of secondary anti-
body-alkaline phosphatase conjugates.

Advantages
Western-Star system generates a high intensity chemiluminescent signal 
that persists from hours to days, depending on the membrane type. CDP-
Star substrate provides a five- to tenfold higher signal intensity than CSPD® 
substrate. Images can be generated immediately on X-ray or instant film to 
provide permanent, hard-copy results. In addition, the high signal intensity 
and long-lived signal generated with CDP-Star substrate provides an ideal 
quantitative detection system for chemiluminescent phosphor screen and 
CCD camera imaging systems.

Applications
Western-Star Immunodetection System is used for highly sensitive immu-
noblot detection of proteins, biotinylated proteins [1], and phosphoproteins 
in protein extracts from many sources, including cell cultures and tissues. 
These reagents are compatible with multiple types of membranes, includ-
ing PVDF, nylon and nitrocellulose. Detection is performed directly with 
AP-labeled secondary antibodies, or with indirect detection of biotinylated 
antibodies or biotinylated proteins with a streptavidin-AP conjugate 
(Avidx-AP™, see Reagents and Accessories section, page 44). Western-
Star System has been used for confirmation of protein knockdown for 
siRNA gene expression regulation experiments [4].

Figure 49. Immunodetection with Western-Star™ System.
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Figure 48. Western-Star™ System vs. Enhanced Luminol Detection. Human brain extract 
was electrophoretically separated and transferred to PVDF. Blots were incubated with a monoclonal 
anti-actin, followed by Western-Star™ detection or with a horseradish peroxidase (HRP)-conjugated 
secondary antibody, followed by enhanced luminol substrate detection. Blots were imaged on Kodak 
XAR-5 X-ray film. T = time after substrate incubation and E = exposure time. 
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Western-Star™ System, continued
Immunodetection

Product Configuration

Western-Star™ System Standard Size

T1048
with Goat Anti-Rabbit IgG AP Conjugate
T1046 
with Goat Anti-Mouse IgG+IgM AP Conjugate
Capacity: 30 membrane blots (10 cm x 10 cm)
Contents:
• 100 mL CDP-Star® 0.25 mM Ready-to-Use substrate
• secondary antibody AP conjugate
• 30 g I-Block™ blocking reagent
• 5 mL Nitro-Block-II™ chemiluminescence enhancer
• 150 mL 10X Assay Buffer concentrate
• 30 development folders (14 cm x 19 cm)

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Western-Star™ System   

 with Goat Anti-Mouse IgG+IgM AP Conjugate standard size T1046

 with Goat Anti-Rabbit IgG AP Conjugate standard size T1048

 Western-Star™ System Accessories  (available separately, see page 44)

   Goat Anti-Rabbit IgG AP Conjugate  100 µL T2191

   Goat Anti-Mouse IgG+IgM AP Conjugate 100 µL T2192

   I-Block™ Blocking Reagent 30 g T2015

   Tropifluor™ PVDF Membrane (15 cm x 15 cm)— 
   5 Membranes/Pack 1 pack T2234

   Development Folders (14 cm x 19 cm)— 
   30 Folders/Pack 1 pack T2258

 For Research Use Only. Not for use in diagnostic procedures. 

REFERENCES 

(For a complete Western-Star™ immunodetection system reference list, please see the 
Applied Biosystems website.)
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Western-Light™ System
Immunodetection

Description
Western-Light™ System is a versatile non-isotopic, chemiluminescent immu-
nodetection system that provides speed, sensitivity, flexibility, and control 
of film exposures. Western-Light System incorporates high-performance 
CSPD® substrate for detection of a secondary antibody-alkaline phosphatase 
conjugate.

Advantages
Western-Light System detection generates a chemiluminescent signal that 
persists from hours to days, depending on the type of membrane used. 
This enables an image to be generated on X-ray or instant film to provide a 
permanent hard copy of results. Multiple images may be rapidly and easily 
acquired with excellent control over film exposures. Detection of sub-pico-
gram levels of protein is easily attainable (the ultimate sensitivity depends 
on primary antibody quality). New users of 1,2-dioxetane substrates for 
Western blot detection are recommended to use the Western-Star™ immuno-
detection system for maximum signal intensity and sensitivity.

Applications
Western-Light immunodetection system is used for highly sensitive immu-
noblot detection of proteins, biotinylated proteins, and phosphoproteins in 
protein extracts from many sources, including cell cultures and tissues. These 
reagents are compatible with multiple types of membranes, including PVDF, 
nylon and nitrocellulose. Detection is performed directly with AP-labeled 
secondary antibodies, or with indirect detection of biotinylated antibodies 
or biotinylated proteins with a streptavidin-AP conjugate (Avidx-AP™, see 
Reagents and Accessories section, page 44).

Product Configuration

Western-Light™ System Standard Size

T1047 with Goat Anti-Rabbit IgG AP Conjugate  
T1045 with Goat Anti-Mouse IgG+IgM AP Conjugate 
Capacity: 30 membrane blots (10 cm x 10 cm)
Contents:
• 100 mL CSPD® 0.25 mM Ready-to-Use substrate
• secondary antibody AP conjugate
• 30 g I-Block™ blocking reagent
• 5 mL Nitro-Block™ chemiluminescence enhancer
• 150 mL 10X Assay Buffer concentrate
• 30 development folders (14 cm x 19 cm)

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Western-Light™ System  

 with Goat Anti-Mouse IgG+IgM AP Conjugate standard size T1045

 with Goat Anti-Rabbit IgG AP Conjugate standard size T1047

 Western-Light™ System Accessories (available separately, see page 44)

   Goat Anti-Rabbit IgG-AP Conjugate 100 µL T2191

    Goat Anti-Mouse IgG+IgM AP Conjugate 100 µL T2192

   I-Block™ Blocking Reagent 30 g T2015

   Tropifluor™ PVDF Membrane (15 cm x 15 cm)— 
   5 Membranes/Pack  1 pack T2234

   Development Folders (14 cm x 19 cm)— 
   30 Folders/Pack 1 pack T2258

 For Research Use Only. Not for use in diagnostic procedures. 

Figure 50. Immunodetection with Western-Light™ System.
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Western-Light™ System, continued
Immunodetection
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Figure 51. Western-Light™ Immunodetection with Tropifluor™ PVDF vs. Nitrocellulose. 
Purified human transferrin was electrophoretically separated and transferred to membrane, incubated 
with rabbit anti-transferrin polyclonal antibody, detected using Western-Light™ system, and exposed 
immediately on X-ray film for 15 minutes. As shown, less than 3.6 pg of protein is detectable on both 
Tropifluor PVDF membrane (without Nitro-Block enhancer treatment) and nitrocellulose membrane 
(with Nitro-Block™ enhancer treatment). 

Panel B. Nitrocellulose (with Nitro-Block™ enhancer)

Panel A. Tropifluor™ PVDF

15  7.5  3.8 1.9  0.9  0.5  0.2  0.1 .06 .03 .015  .007  .004

(ng)

15  7.5  3.8  1.9  0.9  0.5  0.2  0.1  .06  .03  .015  .007  .004

(ng)
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Nucleic Acid Membrane-Based Detection Products

Chemiluminescent Nucleic Acid Detection
Traditional nucleic acid detection methods employ radioisotopes such as 
32P, which have several disadvantages. Exposures often require several days 
and labeled probes must be prepared frequently because of radiolytic decay. 
Furthermore, the radiation safety precautions required are inconvenient and 
disposal costs are continually increasing.

Applied Biosystems has developed non-isotopic chemiluminescent tech-
nologies for detecting nucleic acids utilizing enzyme conjugates, such as 
alkaline phosphatase conjugates or alkaline phosphatase-labeled DNA 
probes. As shown, alkaline phosphatase activates the chemiluminescent 
CDP-Star® substrate to produce light. A distinct band is formed since 
dephosphorylated CDP-Star substrate has a strong affinity for hydro-
phobic sites of the membrane. The localized persistent “glow” of light can 
be imaged on X-ray or instant film or with CCD camera-based imag-
ing systems. Film exposures of 5 to 60 minutes are easily performed and  
sub-picogram quantities of labeled DNA can be detected.

Indirect Detection
Nucleic acid detection with CDP-Star or CSPD® chemiluminescent 
substrate is performed with either a direct or indirect alkaline phos-
phatase label with Southern-Star™ or Southern-Light™ systems. Indirect 
detection of biotin-labeled probes is accomplished with a strep-
tavidin-alkaline phosphatase conjugate (Avidx-AP™, see page 44). This  
conjugate is optimized to exhibit minimum nonspecific binding and 
superior sensitivity. Detection of other hapten labels, such as digoxigenin, 
fluorescein or DNP, with the appropriate antibody-alkaline phosphatase 
conjugate, can also be performed successfully.

Alkaline Phosphatase-oligonucleotide Conjugates
The use of oligonucleotides covalently derivatized with alkaline phosphatase 
is currently the most effective method for exploiting the inherent sensitivity 
of dioxetane chemiluminescence. This direct method offers high sensitivity, 
low background, short hybridizations, and relatively rapid film exposures 
[20]. A single copy gene can be detected in 0.25 µg of human genomic 
DNA using an alkaline phosphatase-derivatized oligonucleotide [6,17]. Use 
of CDP-Star substrate reduces exposure times from greater than 12 hours to 
less than 2 hours [17] in many applications.

Other Applications
1,2-Dioxetane chemiluminescent substrates, including CDP-Star and CSPD 
substrates, have also been successfully utilized in sensitive, non-radioactive 
detection in a variety of membrane-based nucleic acid detection methods, 
including:

• Northern blotting [3,13,15,18]
• RNA knockdown detection [10]
• capped mRNA detection [14]
• DNA macroarray hybridization for DNA analysis [12] and gene expression 

analysis [19]
• direct detection of PCR-amplified DNA [2,9]
• SSCP analysis [21], differential display [1]
• plaque hybridization
• gel shift assays [8]
• RNase protection assays [11] 
•  RNA probe detection of RNA binding proteins [22] 

1,2-Dioxetane chemiluminescent substrates have also been employed in a 
chemiluminescent in situ hybridization assay with DIG-labeled probes [16].

Figure 52. Detection of Biotin-Labeled DNA with CDP-Star® Substrate.

Figure 53. Nucleic Acid Labeling Methods for Chemiluminescent Detection.
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Detection System Key Attribute Substrate Detection Scheme Film Exposure Time Special Features

Southern-Star™  
for detection of biotin-
labeled probes
see page 41

Most sensitive  
system for biotin detection

CDP-Star® Streptavidin- 
AP Conjugate  
(Avidx-AP™)

1 min–2 hr Compared to 32P, reduces overnight film exposures to less 
than 2 hr. Applications include: Southern and Northern 
blotting, colony/plaque screening, and direct detection of 
AP-oligo probes

Southern-Light™ 
for detection of biotin-
labeled probes
see page 42

Established  
system with  
good sensitivity

CSPD® Streptavidin- 
AP Conjugate  
(Avidx-AP™)

5 min–10 hr Original system for chemiluminescent Southern blotting. 
Applications include Southern and Northern blotting, colony/ 
plaque screening, and direct detection of AP-oligo probes.

Nucleic Acid Membrane-Based Detection Products

Figure 54. Selection Guide for Southern/Northern Blot Detection Systems. Applied Biosystems offers several Southern blotting systems. High sensitivity in non-radioactive Southern blots is achieved 
by efficient probe labeling and following proper blocking and wash steps as described in protocols. The chart below summarizes the differences and relative merits of each system. Southern-Star® system, 
which provides the highest signal intensity and sensitivty, is recommended to new users for all applications.

Introduction, continued
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Southern-Star™ System
Nucleic acid detection system for biotin-labeled probes

Nucleic Acid Membrane-Based Detection Products

Description
Southern-Star™ nucleic acid detection system is a non-isotopic, chemilu-
minescence-based products for detection of biotin-labeled nucleic acids 
in Southern and Northern blotting with high sensitivity and ease of use. 
Southern-Star detection of biotin-labeled nucleic acid probes incorporates 
CDP-Star® substrate and Avidx-AP™ streptavidin-alkaline phosphatase con-
jugate. Southern-Star system reagents are compatible with other labeling 
systems, including digoxigenin, fluorescein and DNP with the appropriate 
antibody-alkaline phosphatase conjugates, as well as alkaline phosphatase-
labeled oligonucleotides. 

Advantages
CDP-Star substrates the chemiluminescent substrate included in Southern-
Star system, generates a high intensity chemiluminescent signal that may 
persist for 2-3 days on nylon membrane, allowing multiple images to be 
acquired. CDP-Star substrate provides up to a ten-fold higher signal intensity 
than CSPD® substrate (included with the Southern-Light™ system (Figure 
55), and reaches maximum light level more rapidly. Images can be obtained 
immediately on X-ray or instant film to provide permanent, hard-copy 
records. In addition, the high signal intensity and long duration produced by 
CDP-Star substrate makes Southern-Star system detection ideal for chemilu-
minescent phosphor screen and CCD camera imaging systems.

Applications
Southern-Star nucleic acid detection system is used for highly sensitive 
detection of DNA for Southern blotting applications [7], including DNA 
detection and gene expression analysis on DNA microarrays [12,19] and 
direct detection of labeled DNA on membranes. It can also be used for 
additional nucleic acid detection applications, including colony and plaque 
screening, Northern blotting [3,15], RNA knockdown analysis [10], capped 
mRNA detection [14], RNase protection, and gel-shift assays.

Product Configuration

Southern-Star™ System Standard Size

T1040
Capacity: 30 membrane blots (10 cm x 10 cm)
Contents:
• 100 mL CDP-Star® 0.25 mM Ready-to-Use substrate
•  120 µL Avidx-AP™ streptavidin-alkaline phosphatase conjugate
• 30 g I-Block™ blocking reagent
• 150 mL 10X Assay Buffer concentrate
• 30 development folders (14 cm x 19 cm)

T1039
T1040 System with Tropilon-Plus™ Membrane

Southern-Star™ System Small Size

T1042
Capacity: 10 membrane blots (10 cm x 10 cm)
Contents:
• 30 mL CDP-Star® 0.25 mM Ready-to-Use substrate
•  40 µL Avidx-AP™ streptavidin-alkaline phosphatase conjugate
• 7.5 g I-Block™ blocking reagent
• 50 mL 10X Assay Buffer concentrate
• 10 development folders (14 cm x 19 cm) 

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Southern-Star™ Nucleic Acid Detection System for Biotin-Labeled Probes

    with Tropilon-Plus™ Membrane standard size, 30 blots T1039

  standard size, 30 blots T1040

  small size, 10 blots T1042

 Southern-Star™ System Accessories (available separately, see page 44)

    I-Block™ Blocking Reagent  30 g T2015

    Avidx-AP™ Streptavidin-AP Conjugate  1 mL T2016

    Tropilon-Plus™ Nylon Membrane  1 roll T2232

    (30 cm x 200 cm)

 For Research Use Only. Not for use in diagnostic procedures.

Figure 56. Nucleic Acid Detection with Southern-Star™ System.

Figure 55. Southern-Star™ Nucleic Acid Detection with CDP-Star® vs. CSPD® Substrates. 
Yeast S. cerevisiae genomic DNA (EcoRI and Bgl II digested) was electrophoretically separated and 
transferred to nylon membrane. Blots were hybridized with a single copy RPB 1 probe and detected 
with Avidx-AP™ conjugate and 0.25 mM CSPD® (Panel A) or CDP-Star® (Panel B) substrate, 
according to the Southern-Star™ system protocol. Blots were incubated with substrate for 75 min 
and then exposed to X-ray film for 4 min.
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Southern-Light™ System
Nucleic acid detection system for biotin-labeled probes

Description
Southern-Light™ nucleic acid detection system is a non-isotopic, chemi-
luminescence-based product for detection of biotin-labeled nucleic acids 
in Southern and Northern blotting with high sensitivity and ease of use. 
Southern-Light detection of biotin-labeled nucleic acid probes incorporates 
CSPD® substrate and Avidx-AP™ streptavidin-alkaline phosphatase conju-
gate. Southern-Light system reagents are compatible with other labeling 
systems, including digoxigenin, fluorescein and DNP with the appropriate 
antibody-alkaline phosphatase conjugates, as well as alkaline phosphatase-
labeled oligonucleotides. 

Advantages
The convenience, speed, sensitivity, and versatility of chemiluminescent 
Southern blotting makes radioactive methods obsolete. Each component 
of the Southern-Light system is optimized for maximum signal intensity 
and low background, including CSPD high-performance chemiluminescent 
alkaline phosphatase substrate, Avidx-AP streptavidin-alkaline phosphatase 
conjugate, and I-Block™ blocking reagent. The Southern-Light system proce-
dure is able to detect less than 1 pg of target DNA. Most exposures require 
less than 60 minutes and are performed with standard X-ray or instant film. 
Light emission persists for days enabling multiple re-exposures. Additionally, 
membranes are easily stripped and reprobed.

Applications
Southern-Light nucleic acid detection system is used for highly sensitive 
detection of DNA for Southern blotting applications and direct detec-
tion of labeled DNA on membranes. This system can also be used for 
additional nucleic acid detection applications, including colony and plaque 
screening, Northern blotting, RNase protection, and gel-shift assays. The 
Southern-Light system is also useful for detection of biotinylated proteins in 
non-isotopic immunoprecipitation procedures. 

Product Configuration

Southern-Light™ System Standard Size

T1037
Capacity: 30 membrane blots (10 cm x 10 cm)
Contents:
• 100 mL CSPD® 0.25 mM Ready-to-Use substrate
•  120 µL Avidx-AP™ streptavidin-alkaline phosphatase conjugate
• 30 g I-Block™ blocking reagent
• 150 mL 10X Assay Buffer concentrate
• 30 development folders (14 cm x 19 cm)

T1038
T1037 System with Tropilon-Plus™ Membrane

Southern-Light™ System Small Size

T1041
Capacity: 10 membrane blots (10 cm x 10 cm)
Contents:
• 30 mL CSPD® 0.25 mM Ready-to-Use substrate
•  40 µL Avidx-AP™ streptavidin-alkaline phosphatase conjugate
• 7.5 g I-Block™ blocking reagent
• 50 mL 10X Assay Buffer concentrate
• 10 development folders (14 cm x 19 cm)

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 Southern-Light™ Nucleic Acid Detection System for Biotin-Labeled Probes

  standard size, 30 blots T1037

    with Tropilon-Plus™ Membrane standard size, 30 blots T1038

  small size, 10 blots T1041

 Southern-Light™ Accessories (available separately, see page 44)
    I-Block™ Blocking Reagent  30 g T2015

    Avidx-AP™ Streptavidin-AP Conjugate  1 mL T2016

    Tropilon-Plus™ Nylon Membrane  
    (30 cm x 200 cm) 1 roll T2232

 For Research Use Only. Not for use in diagnostic procedures. 

Figure 58. Nucleic Acid Detection with Southern-Light™ System.

Figure 57. Nucleic Acid Detection with Fluorescein-Labeled Probe. Southern-Light™ system 
detection of S. cerevisiae single copy RNA polymerase gene RPB1 using a fluorescein-labeled probe. 
Lanes 1 through 5 contain 2 µg, 400 ng, 80 ng, 16 ng, and 3.2 ng total DNA, respectively. 
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Reagents and Accessories for Chemiluminescence

Reagents and Accessories for Chemiluminescence

AP-Labeled Secondary Antibody Conjugates 
Secondary antibody-alkaline phosphatase conjugates are optimized for 
Western blotting and immunoassay procedures incorporating 1,2-dioxetane 
enzyme substrates. These labeled secondary antibodies provide minimum 
nonspecific binding and are recommended for applications employing 
Tropix chemiluminescent substrates. The conjugates are supplied at approx. 
0.3 mg/mL in a buffered solution containing 50% glycerol. Goat anti-rabbit 
IgG (H+L) exhibits minimum cross-reactivity with human serum proteins. 
Goat anti-mouse IgG+IgM (H+L) exhibits minimum cross-reactivity with 
human, bovine, and horse serum proteins. The recommended initial work-
ing dilution for these labeled antibodies is 1:5,000; the best working dilution 
may need to be optimized for different uses.

Avidx-AP™ Streptavidin-AP Conjugate
Avidx-AP™ conjugate is a streptavidin-alkaline phosphatase conjugate devel-
oped for detection of biotinylated nucleic acids or proteins. The conjugate is 
tested and optimized for low background with chemiluminescent detection 
procedures. Conjugation methods developed at Applied Biosystems result 
in minimal nonspecific binding of conjugate to membranes. Avidx-AP con-
jugate is available as part of Southern-Light™ and Southern-Star™ detection 
systems and is also sold separately, for use with other applications, such as 
immunoassay detection with biotinylated antibodies, microplate detection 
assays for nucleic acids labeled with biotin, or other assays that incorporate 
a biotin label. The suggested working dilution of Avidx-AP conjugate is from 
1:5,000 to 1:20,000.

DEA (Diethanolamine) Buffer Concentrate
DEA is the buffer of choice in applications employing concentrated Tropix® 
substrates for the detection of alkaline phosphatase. DEA buffers provide 
favorable reaction kinetics and greater sensitivity compared to most buffer 
systems. DEA is supplied 99% pure (MW = 105.1 g/mol; density = 1.097 
g/mL). The suggested working concentration is 0.1 M DEA (pH 10) with  
1 mM MgCl

2
.

I-Block™ Protein-based Blocking Reagent
I-Block™ reagent is a highly purified casein-based blocking reagent. The 
reagent provides superior blocking compared to both dried milk and BSA. 
Unlike other casein-based blocking reagents, I-Block reagent is essentially 
biotin-free. I-Block reagent is tested in assays using Tropix substrates and 
alkaline phosphatase conjugates, and is useful as a blocking reagent in 
membrane-based and immunoassay applications. The suggested working 
concentration is 0.2% (w/v) for detection of nucleic acids on neutral or 
positively-charged nylon membranes, and for immunoassays and protein 
detection on membranes (nitrocellulose, PVDF, or neutral nylon). For 
protein detection on positively-charged nylon membrane (such as Tropilon-
Plus™ membrane), a concentration of 3% is recommended. I-Block blocking 
solution is prepared in either Tris- or phosphate-buffered saline buffer with 
heating (40-50°C). 

Tropifluor™ Polyvinylidene Fluoride (PVDF) Membrane
Tropifluor™ PVDF transfer membrane is a 0.45 µm pore-size membrane for 
protein blotting that provides the high binding (125 µg/cm2) and retention 
capacity inherent in PVDF (polyvinylidene fluoride) membranes. The low 
background and resulting superior signal-to-noise performance obtained 
with Tropifluor membrane enables picogram detection levels of proteins 
in immunoblotting applications. Tropifluor membrane is selected to yield 
low background levels with the use of Tropix substrates and conjugates, 
enabling ultrasensitive detection. PVDF membranes exhibit high mechani-

cal strength that enable multiple re-probing. Film exposures using Tropix 
substrates with Tropifluor membrane range from 1 second to 15 minutes. 
The combination of chemiluminescent detection with Western-Light™ or 
Western-Star™ immunoblotting detection systems and the high protein-
binding capacity of Tropifluor membrane provides the greatest sensitivity 
available in Western blotting.

Tropilon-Plus™ Positively Charged Nylon Membrane
Tropilon-Plus™ nylon membrane is a 0.45 µm pore-size, positively-charged 
membrane for nucleic acid blotting. The inherent positive charge offers 
increased binding capacity (>100 µg/cm2) and signal retention in nucleic 
acid detection experiments. In addition, Tropilon-Plus membrane has excel-
lent lot-to-lot consistency with low within-lot binding capacity variances. 

Tropilon-Plus membrane is optimized for chemiluminescent detection using 
Tropix substrates and alkaline phosphatase conjugates. Background levels 
associated with chemiluminescent methods can vary dramatically with 
other nylon membranes. Tropilon-Plus membrane provides a high-intensity 
signal with low levels of nonspecific background. 

Tropilon-Plus membrane offers several advantages compared to neutral 
nylon membrane and other types of positively-charged nylon membranes. 
DNA binding capacity is higher and background signal is lower using the 
Tropilon-Plus membrane.

 APPLIED BIOSYSTEMS ORDER INFO SIZE CAT#

 AP-Conjugate - Goat Anti-Rabbit IgG 100 µL T2191

 AP-Conjugate - Goat Anti-Mouse IgG+IgM 100 µL T2192

 Avidx-AP™ Streptavidin-AP Conjugate 1 mL T2016

 DEA (Diethanolamine) Buffer Concentrate 120 µL T2027

 I-Block™ Blocking Reagent 30 g T2015

 Tropifluor™ PVDF Membrane (15 cm x 15 cm) -  
 5 Membranes/Pack 1 pack T2234

 Tropilon-Plus™ Nylon Membrane (30 cm x 200 cm) 1 roll T2232

 Development Folders (14 cm x 19 cm) -  
 30 Folders/Pack 1 pack T2258

 Assay Buffer (10X) for Immunoassay,  
 Western, and Southern Blotting 150 mL T2187

 For Research Use Only. Not for use in diagnostic procedures. 
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North America

United States and Canada (English)
Tel: 800.327.3002 or 650.638.5800 
Fax: 650.638.5998

United States and Canada (French)
Tel: 800.668.6913 
Fax: 650.638.5875

Press “1” for Reagents and 
Consumables, including Ambion and 
Tropix brand products

Press “2” for Instruments and 
Software

Press “3” for Product Information

Press “4” for Service

Press “5” for Technical Support

Latin America

Argentina
Tel: +54.11.4854.7775  
Fax: +54.11.4857.0884

Brazil
Tel: +55.11.5070.9600  
Fax: +55.11.5070.9694

Mexico
Tel: +52.55.5535.3610  
Fax: +52.55.5566.2308

Europe

Austria
Tel: +43.1.867.35.75  
Fax: +43.1.867.35.72

Belgium
Tel: +0800.77074  
Fax: +32.2.582.18.86

Denmark
Tel: +45.45.58.60.00  
Fax: +45.45.58.60.01

Finland
Tel: +358.9.69.37.94.27  
Fax: +358.9.69.37.94.26

France 
Tel: +33.1.69.59.85.85  
Fax: +33.1.69.59.85.00

Germany
Tel: +49.6151.9670.0  
Fax: +49.6151.9670.5599

Italy 
Tel: +39.039.83891  
Fax: +39.039.838.9492

Netherlands
Tel: +0800.224.7253  
Fax: +31.180.392.409

Norway
Tel: +47.23.16.25.75  
Fax: +47.23.16.25.74

Portugal
Tel: +800206.639 (local only)  
Fax: +800.206.640

Spain
Tel: +34.91.484.6900  
Fax: +34.91.806.1206

Sweden
Tel: +46.8.619.44.00  
Fax: +46.8.619.44.01

Switzerland
Tel: +41.41.799.77.77  
Fax: +41.41.790.06.76

United Kingdom
Applied Biosystems
Tel: +44.1925.825650  
Fax: +44.1925.282502

Ambion
Tel: +44.1480.373.020  
Fax: +44.1480.373.010

European Managed Territories

Africa
Tel: +27.11.478.0411  
Fax: +27.11.478.0349

Czech Republic, Slovakia
Tel: +420.2.3536.5189  
Fax: +420.2.3536.4314

Hungary
Tel: +36.1.471.8989  
Fax: +36.1.471.8980

Poland
Tel: +48.22.866.4010  
Fax: +48.22.866.4020

Russian Federation and CIS 
Tel: +7.495.781.8191  
Fax: +7.495.781.8192

South East Europe
Tel: +385.1.3460.839  
Fax: +385.1.3460.840

Baltics, Middle East, and West Asia
Tel: +44.1925.282481  
Fax: +44.1925.282509

Japan, Eastern Asia, China 
and Oceania

Australia   
Tel: +61.3.9730.8600  
Fax: +61.3.9730.8799

China
Beijing

Tel: +86.10.6410.6608  
Fax: +86.10.6410.6617

Guangzhou  
Tel: +86.20.8760.9229  

Shanghai
Tel: +86.21.6473.6366

Hong Kong 
Tel: +852.2756.6928  
Fax: +852.2756.6968

Japan
Tel: +81.3.5566.6100  
Fax: +81.3.5566.6501

Korea
Tel: +822.592.7238/9  
Fax: +822.599.8713

New Zealand
Tel: +0800.446.416 

Singapore
Tel: +65.6896.2168  
Fax: +65.6896.2147

Taiwan
Tel: +886.2.2358.2838  
Fax: +886.2.2358.2839
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Cell Biology Sales

US (West), Sales Specialist
Jimmy Slack 
Tel:  (858) 964-8152 
James.Slack@appliedbiosystems.com 

US (East), Sales Specialist
Albert S. Faucon 
Tel: (617) 990-6960  
Albert.Faucon@appliedbiosystems.com 

US, Field Applications Specialist
Dr. Carol Khodier 
Tel: (781) 280-5662 
khodiecs@appliedbiosystems.com

Europe, Sr. Sales Manager
Damian Leyland 
Tel: +44-777-8556553 
Damian.E.Leyland@eur.appliedbiosystems.com 

Europe, Sales Specialist
Dr. Cäcilia Simon 
Tel: +49-173-3474608 
Caecilia.Simon@eur.appliedbiosystems.com 

Europe, Sr. Field Applications Specialist
Scott Cribbes, PhD 
Tel: +44-7836-618378 
Scott.Cribbes@eur.appliedbiosystems.com 

Asia Pacific (outside Japan) Sales
Andrew Kyriazis 
Tel: +61 411 469 122 
Andrew.Kyriazis@appliedbiosystems.com 

US Technical Support
Patrick Moore 
Tel: (508)383-7958  
moorepl@appliedbiosystems.com

Information is subject to change without notice.


