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Application Overview
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Presenter
Presentation Notes
The Dual-Luciferase System has been around since 1996 and generated thousands and thousands of applications. In this section, we’ll discuss the use of synthetic promoters to aid signaling pathway analysis..



3

What signaling pathway does my protein use?

You’ve identified a novel GPCR 
receptor.  
• Which pathway does it use for 

signal transduction?
• Which G protein does it utilize?

Synthetic promoter 
constructs can help you 
identify which pathways 

are involved

Presenter
Presentation Notes
Okay, let’s look at a scenario where reporters can speed your work.  Let’s say you’ve identified a new receptor.  In this case, a seven transmembrane domain GPCR  and you want to know which signaling pathway this receptor uses.  You also want to know which G protein does it couple with to transmit the signal. 

Luciferase reporters with a minimal promoter preceded by multiple copies of pathway-specific response elements can be a simple means of deciphering the signaling pathway….
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Investigate signal transduction pathways
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The reporter assay 
activation can tell you 

which signaling pathway is 
responding to activation of 

your receptor of interest

Now you can use 
inhibitors, siRNA, 

etc., to define which 
factors are involved

Presenter
Presentation Notes
Let’s say you have a cell line already expressing your GPCR of interest.  All you need  to do is transfect the cells with different signal pathway reporter constructs and test to see which one reponds to your treatment.  If you don’t have a cell line expressing the reporter, you can always express it from a common mammalian expression vector. 
Once you’ve identified the signaling pathway, you can begin to dissect the components of the pathway with by various means like siRNA knockdown or small molecule inhibitors like U0126 which blocks MEK1 mediate activation of MAPK.

You can see how this has applications as a simple means of following any signaling pathway.  You can use known receptors and transcription factor response element genes and even screen for small molecule inhibitors to block various steps in the pathway, analyze control points, etc.

To help you perform this type of analysis, we have created a series of pGL4 vectors ready for transcription factor response element insertions…
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Easily create response element reporters
• Response elements for 
many transcription factors 
are known

• Response elements can 
be placed upstream of a 
minimal promoter to 
create synthetic reporter 
constructs for monitoring 
signal transduction

RapidResponse™ versions available

Presenter
Presentation Notes
The pGL4 vectors designed for this work carry a minimal promoter downstream of the multiple cloning site.  You simply construct your response element repeats, typically by use of complementary overlapping oligonucleotides, and insert them in the vector.  Now you have an indicator of a signaling pathway activation.  

We have 6 vectors altogether for you to use in construction.  You can choose normal or RapidResponse™ luc2 with or without a selectable marker.

We went ahead and designed so signaling pathway vectors that are commonly employed in research…
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Tools to speed your research

Pre-designed,
ready-to-use
response 
element pGL4
Vectors

RE minP luc2P

HEK 293 HygR cell line
made with the pGL4 vectors

Response Element Signaling Pathway
pGL4 
Vector

cAMP cAMP/PKA pGL4.29

NFAT
Nuclear Factor of 
Activated T-cells

Ca2+/Calcineurin pGL4.30

NF-κB NF-κB pGL4.32

Serum 
Response MAP/ERK pGL4.33

Serum 
Response
Factor

RhoA pGL4.34

GloResponse™

HEK 293 cell lines:
• cAMP RE
• NFAT RE
• NF-κB RE

Dose response curve
GloResponse NFAT-RE-luc2P

HEK293 Cell Line

Presenter
Presentation Notes
We have five popular response element signaling vectors for cAMP, NFAT, NF-kappaB, Serum response and Serum response factors.  These are supplied ready-to-use, no cloning necessary.  

To make you research progress even faster, we have made stably transfected cell lines with three of the these vectors.  You can use the endogenous receptor in these cells or transfect your receptor of interest to set up your own reporter cell line.

I’d like to tell you of an example of how researchers are utilizing signaling pathway vectors
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• Genetic analysis for SNPs 
and deletions in B-cell 
lymphomas

• Large number of hits on the 
NF-κB regulator, A20

• Examined the ability of wild-
type and cancer-associated 
A20 mutants to control 
NF-κB activity.

• Utilized the pGL4.32 
[luc2P/NF-κB-RE/Hygro] 
Vector to assay NF-κB 
activity.

Kato, M., et al. (2009) Nature 459, 712-716.

Case Study: A20 addition controls lymphoma 

Presenter
Presentation Notes
This paper is an example of how response element vectors are used.  In this example, the authors found many b-cell lymphomas had mutations in the gene A20, a regulator of the NF-kappaB pathway.  

The authors examined the ability of wildtype and cancer-associated A20 mutants to control NF-kappaB activity.

In this work, the authors used the NF-kappaB response vector pGL4.32.
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A20 expression stops NF-κB pathway

KM-H2 lymphoma cells stably transfected with
pGL4.32[luc2P/NF-κB RE/Hygro] Vector 
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Case Study:
Kato, M., et al.

Presenter
Presentation Notes
The authors discovered that the KM-H2 lymphoma had an autocrine constitutive NF-kB pathway.  The cell line also does not express A20 as it has mutation in both chromosomal copies.  Stable transfectants with the pGL4.32 give a consistent level of luciferase activity, the cells proliferate.

The A20 wildtype protein was introduced into the cells using a tet on/off expression system.  Addition of tetracycline caused a decrease in luciferase activity, decrease in viability and an increase in apoptosis.

Conversely, expression of a mutant lymphoma A20 with the tet on/off system had no effect. 

Thus, eliminating the NF-kB control by A20 can cause a normal b-cell to become a lymphoma.
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How the authors determined the cell state

Assay for 
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with an
Annexin V Assay
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measuring reducing 
potential

Assay for luciferase
activity with

Luciferase assay 
requiring production 

of cell lysate
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Flow cytometry

96-well assays
Spectrophotometer

96-well assays
Luminometer3 Separate Assays

3 Separate sets of cells

Case Study:
Kato, M., et al.

Presenter
Presentation Notes
Another point of interest was the fact that the authors had to use three separate assays on three separate sets of cells to determine the affect of A20 on the NF-kB pathway.  They used an annexin 5 assay for apoptosis which required flow cytometry. 
The used a colorimetric cell viability assay that required a plate reading spectrometer and a set of cells to assess the luciferase activity.

I wish they’d called our technical services department, we could have saved them some work…
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The assays could have been streamlined…

NF-κB
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A20
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Live-Cell
Protease

Apo-ONE™
Caspase-3 Assay

SubstrateONE-Glo™
Luciferase
Substrate

Measure 
AFC fluorescence
380-400nmEx/505nmEm

GF-AFC
CellTiter-Fluor™

Reagent

GloMax®-Multi+ Detection System or 
GloMax-Multi Detection System

Add CellTiter-Fluor Reagent
Mix & incubate 30 minutes

ONE-Glo™
Assay Buffer

Measure 
Luminescence

Incubate 1 hour
Measure 
R110 fluorescence
485nmEx/520nmEm

Add ONE-Glo/
Apo-ONE Reagent

Assay for apoptosis
with

Apo-ONE™ 
Caspase-3 Assay

Assay for 
remaining viable 

cells with
CellTiter-Fluor™ 

Assay

Assay for luciferase
activity with
ONE-Glo™ 

Luciferase Assay 
System

Measure viable cell number, 
apoptosis & luciferase activity 
• on the same cells
• in the same well 
• in the same experiment

Case Study:
Kato, M., et al.

Presenter
Presentation Notes
Promega could have streamlined the assessment of cell health by multiplexing several cell-based assays.  You can multiplex fluorescent assay s with luminescent assays.  You could done all three measurement on the same cells.  First you can assess the live cells with the CellTiter-Fluor™ Assay.  The assay measures the activity of the Live-Cell Protease.  The assay takes about a half-hour and can be incorporated up stream of the reporter assay.  Next, you could have added the substrate from our ApoONE Caspase-3/7 assay to the ONE-Glo Luciferase Assay system buffer and measured the luminescence from the reporter gene followed by the Rhodamine 110 fluorescence from the ApoONE Assay.  All three assays from the same wells with the same cells.

If you have questions about multiplexing cell-based assays like viability assay with reporter assay, contact our tech serv department.
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More Information
pGL4.29 [luc2P/CRE/Hygro] Vector 
Product Protocol

pGL4.30 [luc2P/NFAT-RE/Hygro] Vector 
Product Protocol

pGL4.32 [luc2P/NF-κB-RE/Hygro] Vector 
Product Protocol

pGL4.33 [luc2P/SRE/Hygro] Vector 
Product Protocol

pGL4.34 [luc2P/SRF-RE/Hygro] Vector 
Product Protocol

GloResponse™ CRE-luc2P HEK293 Cell Line
Technical Bulletin

GloResponse™ NFAT-RE-luc2P HEK293 Cell Line
Technical Bulletin

GloResponse™ NF-κB-RE-luc2P HEK293 Cell Line
Technical Bulletin

Shultz, S., et al. (2008) Expanding applications of 
bioluminescence technology: Predictive bioassays for 
TNFα biologicals potency and dose-standardization 
studies. Promega Notes 100, 19-21.

Schumacher, M., Dicato, M. and Diederich, M. (2008) 
Improved response ratio for NF-kB inhibition analysis using 
new luciferase reporter vector (pGL4.32 [luc2P/NF-kB-
RE/Hygro]). Cell Notes 21, 18-19.

Paguio, A., et al. (2006) Using luciferase 
reporter assays to screen for GPCR 
modulators. Cell Notes 16, 22-25.

Schagat, T., Paguio, A. and Kopish, K. 
(2007) Normalizing genetic reporter assays: 
Approaches and considerations for 
increasing consistency and statistical 
significance. Cell Notes 17, 9-12.

pGL4.23-pGL4.28
citations from 

HighWire Press®

pGL4.29-pGL4.34
citations from

HighWire Press®
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pGL4
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