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Reporter genes have been used exten-
sively to study cellular physiology, as they
offer a simple means to observe changes
in genetic transcription. Some of the first
applications of reporter genes (more than
a decade ago) include the characterization
of cis-acting genetic elements, such as pro-
moters and enhancers. More recent adap-
tations of reporter genes have
grown to include the monitoring
of various genetic “switches”
inside cells linked to intracellular
signaling networks. In this con-
figuration, reporter genes serve as
beacons of intracellular responses
to stimuli. One such widely used
application uses reporter genes to
screen drug compound libraries
for their effects on a specific tar-
get.Various reporter genes have
emerged over the years, with the
most popular being luciferases
and green fluorescent protein
(GFP). However, their uses gen-
erally dif fer and depend upon
experimental requirements and
preferences. GFPs are typically
used to visualize proteins (through
imaging or microscopy) at the subcellular
level. Luciferases, on the other hand, are
commonly used to measure relative
changes in gene transcription. While both
reporters can monitor changes in tran-
scription, luciferases are generally pre-
ferred because of their greater sensitivity
and faster turnover rates.

Leading to luciferase
Firefly and Renilla (originally isolated from
the soft coral commonly known as sea
pansy) luciferase reporters are widely used
to monitor transcriptional changes in cell
biology and drug discovery applications
because they are highly sensitive, flexi-

ble, and easily quantified (Figure 1). One
frequent application includes measurement
of agonist and antagonist induction of
endogenous G-protein coupled receptors
(GPCRs), currently estimated to be the
most widely screened target class in drug
discovery. In this assay, the genetic switch
controlling luciferase activity is coupled to

the target receptor via a signal transduction
pathway. One such pathway involves cyclic
adenosine monophosphate (cAMP)
response element binding protein (CREB),
which is regulated by changes in intracel-
lular cAMP levels. A luciferase gene placed
proximally to cAMP response element
(CRE) sites can thus be used to function-
ally monitor GPCR activation. When cells
expressing the receptor are treated with a
functional agonist, the resulting increase in
cAMP levels leads to greater expression of
the reporter gene. Conversely, antagonists
can be identified by their ability to block
increased reporter expression in the pres-
ence of agonist.

Even though luciferases embody all the
advantages of sensitivity, flexibility, and
ease of use, traditional luciferase reporters
require assay times of several hours. While
the problem of decreased assay efficiency
may be obvious, perhaps of greater concern
is the potential for secondary effects—
generally characterized as nonspecific acti-
vation through an alternate signaling
pathway—during the assay that mask
reporter response and lead to a false pos-
itive or negative result. To further improve
reporter performance, Promega has devel-
oped Rapid Response Reporter Vectors,
which encode destabilized firefly or Renilla

luciferases with half-lives that are reduced
by more than 60% (see the table). As a result,
the time required to achieve maximum
induction of reporter expression can be
decreased by up to 75%, thereby reducing
the risk of secondary effects and improv-
ing assay efficiency. Furthermore, these
destabilized reporters often display a greater
magnitude of response, enabling mea-
surement of smaller relative changes in tran-
scription than their nondestabilized
predecessors.

Reporter stability
When performing reporter assays, mea-
surements are made on the total accumu-
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This just in
Researchers rely on reporter systems to analyze gene 
expression in cell-based assays.
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Figure 1. Glowing results. Researchers rely on luciferase (left) to help them identify cellular responses to stimuli (right). 
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lation of reporter protein within cells. This
accumulation occurs over the intracellular
lifetime of the reporter, which is determined
by both protein and mRNA stability. If
transcription is changing during this life-
time, the resulting accumulation of reporter
will reflect a collection of different tran-
scriptional rates. The longer the lifetime,
the greater the collection of different tran-
scriptional rates pooled into the reporter
assay. This pooling process has a “damp-
ening effect” on new transcriptional events,
making changes in transcriptional rate
more difficult to detect. This effect can be
remedied by reducing the half-life of the
reporter. Rapid Response Reporter Vectors
consist of two plasmids encoding destabi-
lized firefly luciferases and two encoding
destabilized Renilla luciferases. Each
reporter type contains either a PEST pro-
tein degradation sequence (lucP+, 1) or an
mRNA (containing AU-rich repeats, AREs)
and two protein (CL1 and PEST) degra-
dation sequences (lucCP+, 2–5). PEST,
which was originally isolated from the C-
terminal region of mouse ornithine decar-
boxylase, is a 40-amino-acid sequence
containing multiple proline (P), glutamate
(E), serine (S), and threonine (T) residues
flanked by positively charged residues
such as lysine (K), arginine (R), or histi-
dine (H). Originally isolated from yeast, the
18-amino acid CL1 sequence has been
shown to increase the rate of protein degra-
dation. The ARE mRNA degradation
sequence is based on the 3′-untranslated
region of Herpesvirus saimiri small nuclear
RNA. AREs are present in the 3′-untrans-
lated regions of many early-response genes

and have been demonstrated to promote
mRNA degradation. Each of the vectors
contains a multiple cloning site for insert-
ing regulatory elements of interest. The
availability of two vec-
tor configurations with
distinct reporter deg-
radation sequences
allows researchers to
determine which re-
sponse rate and cor-
responding reduction
in signal intensity are
appropriate for their
experimental design.

Detecting
results faster
To determine whether
reducing reporter sta-
bility also reduced the
time required for max-
imum response, Pro-
mega researchers
cloned a DNA frag-
ment containing the CRE sequences into
the firefly-based vectors. Cells were trans-
fected and induced with isoproterenol
hydrochloride (ISO, an agonist for endoge-
nous beta-adrenergic receptors); and
luciferase expression was measured.The
data shows that the time for maximum
induction of reporter expression for the
destabilized firefly reporters, hlucP+ and
hlucCP+, was reduced compared with that
of the hluc+ control (Figure 2). Similar
results have been seen with the Renilla-
based reporters. Moreover, the magni-
tude of the response was greater for the

destabilized reporters. The firefly-based
reporters display at least a 102% increase
in magnitude of response, while the
Renilla-based reporters exhibit response

levels that increased by more than 67%.
Because the Rapid Response Reporters are
destabilized, less reporter is available to
produce luminescence. Consequently,
light intensity in the reporter assay is
reduced (see the table). This reduction
varies based on the cell line and destabi-
lized reporter used and whether stably or
transiently transfected cells are used.
Firefly and Renilla luminescent assays
generate very low background signal;
thus, the reporter expression levels are
generally sufficient for most experimen-
tal conditions. Furthermore, a wide range

of luminescent assays are avail-
able that allow researchers to
select the optimal chemistry
for experimental preferences
and objectives.

In practice
To demonstrate that the desta-
bilized reporters do not show
bias to physiological condi-
tions, Promega researchers
compared the Rapid Response
Reporters with their nonde-
stabilized counterparts using a
CRE-ISO model system. Vec-
tors containing CRE and hluc+,
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Figure 2. Time to achieve maximum induction. A DNA segment containing
multiple cAMP response elements (CREs) was cloned into firefly-based
Rapid Response Reporter Vectors (hlucP+ and hlucCP+) and into a control
vector containing the hluc+ reporter gene. Reporter gene expression was
induced 24 h post-transfection and assayed. Induction was calculated by divid-
ing the relative light units obtained from induced wells by the relative light
units obtained from noninduced wells. 

Comparing destabilized and nondestabilized reporters

Firefly reporters Renilla reporters

Vector Nondestabilized Destabilized Nondestabilized Destabilized

Reporter protein hluc+ hlucP+ hlucCP+ hRluc+ hRlucP+ hRlucCP+
Half-life (h) 3.4 1.0 0.6 3.0 1.0 0.4
Time to maximal
induction (h)a 6.0 3.0 1.5 8.0 4.5 3.0
Relative signal
intensityb 1.0 0.5–2.0 0.02 1.0 0.03–0.18 0.006–0.01
aData determined using the CRE-ISO model system in 293 cells.
bRelative signal intensities are averaged from CHO and 3T3 cells.
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hlucP+, or hlucCP+ were transfected into
HEK293 cells and incubated with increas-
ing concentrations of ISO. Luciferase activ-
ity was measured at 2, 4, and 6 h post-ISO
addition. Data from the 2-h time point for
hlucP+ and hlucCP+ are highly similar to

the data from the 6-h time point for hluc+,
demonstrating equivalent pharmacologi-
cal responses from the cells. By using
destabilized reporter systems, researchers
can measure cellular responses faster and
with greater sensitivity to changes in tran-
scriptional rate. This allows better coupling
of reporter response to transient cellular
events, which reduces the risk of sec-
ondary events interfering with experi-
mental results. The faster response rate
can also enable higher assay throughput
in screening applications. Furthermore, the
magnitude of response is greater, allowing
quantitation of smaller relative changes in
transcription than with nondestabilized
reporters. These destabilization sequences
also appear to have a neutral bias under
physiological conditions, indicating that
they are a viable substitute for their non-
destabilized counterparts.
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