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Abstract

Luminescent reporter gene assays provide a simple,
fast, non-isotopic, and highly sensitive alternative to
the popular radioactive chloramphenicol
acetyltransferase (CAT) assay. This paper describes
a reporter gene assay in which cells were transfected
with the firefly luciferase gene, which was quanti-
fied using an enhanced flash luciferin substrate
and the TopCount Microplate Scintillation and
Luminescence Counter. Co-transfection with the
ß-galactosidase gene may be included to control for
inter-assay transfection efficiency. Both of these
luminescent reporters can be quantified without
reagent injection devices. The signal decays only
slightly during the time required to read a microplate,
and can be easily corrected for the decay by tandem
processing on TopCount.

Introduction

The use of reporter genes is a fundamental tool of
molecular biologists. Reporter genes have proven to
be essential to the understanding of gene regulation
and as a measure of transfection efficiency. The
important features of a good reporter gene are:
(1) that it encode a protein which is not normally
present in mammalian cells, and (2) that the encoded
protein is biologically active when translated so that
its activity can be measured. The most popular gene
for the study of transient gene expression in mamma-
lian cell culture lines is the chloramphenicol
acetyltransferase (CAT) gene. However, recent ad-
vances in bioluminescent chemistries have provided
alternatives that are more sensitive, non-isotopic,
and much less time consuming.

Two highly sensitive alternatives to the CAT gene
are the luciferase gene from the firefly Photinus
pyralis and the ß-galactosidase gene from Escherichia
coli. Both of these genes have been sequenced, are

foreign to mammalian cells, and are biologically
active without post-translational modification.

The high quantum efficiency of luciferase enables
detection of less than 0.01 attomoles of luciferase,
making it possible to scale down the assay to the
96-well microplate format.1,2 Although the luciferin/
luciferase reaction is often thought of as a flash
chemistry, recent advances have extended the pho-
ton kinetics by the use of coenzyme A as a substrate
in the oxidation of luciferin.3 The resulting enhanced
flash eliminates the need for elaborate reagent
injection devices.

Co-transfection with a second reporter gene is often
performed to normalize transfection efficiency
between assays. The ß-galactosidase gene is ideal for
this application. Chemiluminescent substrates for ß-
galactosidase are sensitive enough to allow detec-
tion at low transfection efficiency, are available in
compatible plasmid vectors, and are easily adaptable
to the microplate format.4 In addition, both the
luciferase and ß-galactosidase may be extracted us-
ing the same cell lysis buffer.

This paper begins by demonstrating the sensitivity
of the TopCount for measuring luciferase and
ß-galactosidase with commercially available sub-
strates. The remainder of the paper describes a high
throughput luciferase reporter gene assay performed
in 96-well microplates with the Promega® Lucif-
erase Assay System and TopCount. All reagents are
added to the microplate outside the instrument. We
have measured the decay of the luminescence that
occurs during the reading of a plate, and have used
software features of TopCount to correct automati-
cally for this slight decay.
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Methods

TopCount
TopCount procedures for Single Photon Counting
(SPC) normalization should be performed before
running protocols in the SPC mode for luminescent
applications. A background protocol using the ap-
propriate black microplate should be run and stored
for future use.

Black 96-well microplates were used in this study
instead of white microplates, because they minimize
background and optical crosstalk, and because they
do not phosphoresce - a critical quality for lumines-
cent chemistries that decay. Because they do not
phosphoresce, black microplates do not require a
count delay for dark adaptation, thereby allowing
immediate quantification following substrate addi-
tion. White microplates may be used with glow
chemistries, such as the Lumigen and Tropix sys-
tems, provided that a count delay of approximately
three minutes is included in the protocol.

Enzyme Activity Measurements
Luciferase: Into a black LitePlate (Packard) or black
MicroFLUOR® (Dynatech®, Chantilly, Virginia)
96-well microplate 5 µL per well of serially diluted
(1:10 in PBS/0.2% BSA) luciferase (Sigma,
St. Louis, Missouri) was pipetted in triplicate. 50 µL
of the Promega (Madison, Wisconsin) luciferin sub-
strate was added, and the plate was then counted after
one minute (time interval required to add substrate to
all wells using a multichannel pipet, seal the plate
with TopSeal-ATM, and load onto TopCount).

ß-galactosidase: 5 µL per well of serially diluted
(1:10 in PBS/0.2% BSA) ß-galactosidase (Sigma)
was added in triplicate. 50 µL of Lumi-Gal® 530
(Lumigen®, Inc., Southfield, Michigan) was added,
the plate was incubated for one hour at 37 oC, and
then counted on TopCount. The Galacto-LightTM

system by Tropix®, Inc. (Bedford, Massachusetts)
may also be used.

Luciferase Reporter Gene Assay
The Promega Luciferase Assay System kit and cell
extracts were generous gifts of Dr. Keith Wood,
Promega Corporation. Briefly, a mouse fibroblast
cell line, 3T3, was grown to near confluency in a
60 mL culture dish in Dulbecco’s Modified Eagles
medium (DMEM) supplemented with 10% serum.
The cells were transfected with the Promega
GeneLightTM reporter vector, pGL-Control, which
contains an SV40 promoter, SV40 enhancer, and the
gene coding for firefly luciferase. The transfection

was performed using Transfectam® (Promega), a
synthetic cationic lipid with lipospermine headgroups,
according to the manufacturer’s
instructions.

Expression of the luciferase reporter gene was quan-
tified using the Promega Luciferase Assay System
and TopCount. Cell extracts were prepared 24 hours
after transfection. Cells were washed twice in PBS
buffer, then lysed using 0.5 mL of Cell Culture Lysis
Reagent (part of the Promega kit) at room tempera-
ture for ten minutes. Cells were scraped free from the
culture dish, transferred to a microfuge tube and
centrifuged for ten seconds. The cell extract was
removed and stored frozen at -70 oC until assayed.

Cell extracts (20 µL) were added to the wells of a
black LitePlate or black MicroFLUOR 96-well
microplate in triplicate. Serial dilution at 1:2 was
performed using Cell Culture Lysis Reagent con-
taining BSA (1 mg/mL). 50 µL of Luciferase Assay
Substrate was added, and the plate was counted on
TopCount using the Reporter Gene protocol (see
appendix). TopCount’s temperature was set at 19 oC.

Decay Correction
The signal from the luciferase reporter is nearly
constant during the time required to read a microplate
in TopCount. Since reporter gene assays are usually
performed as screening assays, this decay usually
will be insignificant. Nevertheless, to accommodate
assays requiring stringent quantification, we have
used software features of TopCount to record
the time delay (dTime) between successive well
measurements and to automatically correct for the
small decay.

Luciferase luminescence was automatically normal-
ized to correct for decay with the tandem processing
feature of TopCount and a spreadsheet program.
TopCount data files are stored as comma delimited
ASCII files. The spreadsheets used for tandem pro-
cessing were created using Quattro Pro® 2.0 (Borland®

International, Inc., Scotts Valley, California). Tan-
dem processing and the spreadsheets are described in
the appendix to this paper.

The decay curves were generated by counting a
single replicate 12 times using the decay curve
protocol (see appendix). This protocol uses a count
time of 0.2 minute/well for 12 consecutive well
measurements to span a time interval of approxi-
mately 2.4 minutes, which is slightly longer than the
time required for TopCount to count all 96 wells with
a count time of 0.01 minute/well.
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purified luciferase was assayed. The response was
linear from 10-14 to 10-17 moles of luciferase. The
detection limit, defined as the background plus two
standard deviations of the background, was 10-20

moles (Figure 1).

The reaction between ß-galactosidase and Lumi-Gal
530 is less sensitive, but the signal is stable for hours.
The response was linear for three decades, 103-100

mU/mL, and the detection limit was 10-4 mU/mL
(Figure 2).

Reporter Gene Assay
Cell extracts from a luciferase reporter gene assay
were prepared and quantified on TopCount
(Figure 3). The signal was linear for the entire range
of cell extract dilutions (up to 1:256). The curve
labeled “corrected” in Figure 3 is corrected for the
small decay of the luminescence that occurs during
reading of a plate. The correction appears very small
on the logarithmic scale.

To measure the decay of the luminescence, three of
the cell extract dilutions from Figure 3 were counted
five times over a 16 minute period. The decay of
the luminescence was essentially linear for several
minutes and independent of enzyme concentration
under the conditions of the Promega Reporter Gene
Assay (substrate in excess). The slopes of the decay
curves for the three dilutions (undiluted, 1:4, and
1:16) were -0.040, -0.037, -0.037, respectively. Thus,
the signal half-life was approximately 12 minutes.

Figure 1.
The dynamic range and detection limit for luciferase were
measured using the enhanced flash type chemiluminescent
substrate from the Luciferase Assay System kit. Serial
enzyme dilutions (1:10) and substrate were added to a black
microplate and counted on TopCount.

Figure 2.
The dynamic range and detection limit for ß-galactosidase
were measured using the glow type chemiluminescent
substrate, Lumi-Gal 530. Serial enzyme dilutions (1:10) and
substrate were added to a black microplate and counted on
TopCount.

The slope of the decay was calculated, and this value
was used to correct for the decay of luminescence
during the reading of a microplate in a reporter gene
assay. The Counts Per Second (CPS) data were
normalized to one by dividing each CPS datum of
the decay curve by the CPS at time 0, and the slope
of the normalized count rate versus the time delay
(dTime) was determined. The corrected CPS (Fig-
ures 3 and 4) were calculated using the formula:

corrected CPS = raw CPS ÷ [1+(slope x dTime)]

The time interval between addition of the lumines-
cent substrate and the subsequent counting on
TopCount should be the same for decay curves and
reporter gene samples. One minute was used for
these experiments.

Results

Enzyme Assay Sensitivity
Reporter gene assays can be scaled down to the
microplate format (20 µL of cell extract is sufficient)
because of the high quantum efficiency of the
luciferin/luciferase reaction and the sensitivity of
TopCount. TopCount has a dynamic range of six
decades; the photomultiplier tubes can count at rates
up to 3 X 107 CPS, and the instrument background
is approximately 30 CPS (empty black microplate).

To test the sensitivity of TopCount for luciferase
reporter gene assays, a 1:10 dilution series of
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Decay correction is illustrated in Figure 4 with a
microplate containing multiple replicates of a cell
extract. The same volume from a common stock of
cell extract was pipetted into all 48 wells on the left
side of the plate. The CPS data are plotted as a
function of the time delay. The raw, uncorrected data
are shown along with the corrected results, which
were automatically calculated by tandem process-
ing. From the slope of the regression line, the decay
from the reading of the first well to the reading of the
last well was 11%, which would introduce an error
of ±5.5%. This error could be significant compared
to pipetting error. The coefficient of variation of
the 48 replicates was 2.4%, which we attribute to
pipetting error.

Conclusion

Simple, fast, non-isotopic, and highly sensitive re-
porter gene assays are now possible with the combi-
nation of the TopCount Microplate Scintillation and
Luminescence Counter and the new enhanced flash
luciferase Reporter Gene Assay System from
Promega. The extended photon emission kinetics of
the Promega substrate enables luminometer quanti-
fication without the use of reagent injection devices,
thus eliminating problems due to clogging, incom-
plete mixing, limitations on injection volumes, and
reagent waste.3 The high quantum efficiency of the
luciferin/luciferase reaction enables the detection of
less than 0.01 attomoles of luciferase.1,2

 
Variations

in inter-assay transfection efficiencies may be
normalized by co-transfection with a compatible
plasmid containing the ß-galactosidase gene.

The luminescence from the Promega Reporter Gene
Assay System is nearly constant during the time
required to read a microplate in TopCount; the signal
decays only about 11%. Assays requiring stringent
quantification can be accommodated using
TopCount’s ability to record the time delay between
successive well measurements to correct for the
small decay. The tandem processing feature in the
TopCount software can be programmed to automati-
cally interface with commercially available spread-
sheet or data reduction software packages to effect
this correction.
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Figure 3.
Reporter Gene Assay. Cell extracts were serially diluted
(1:2) in triplicate, Luciferase Assay System substrate was
added, and samples were counted in a black microplate on
TopCount. The uncorrected ( • ) curve represents raw CPS
data, and the corrected ( o ) curve represents the CPS
corrected for luminescent decay. The difference between the
two curves appears very small on the logarithmic scale.

Figure 4.
Luminescence Decay Correction. The same volume of a
stock of cell extract was pipetted into 48 wells of a black 96-
well microplate. The luciferin substrate was added to all wells
simultaneously (within one minute), then counted on
TopCount. The uncorrected ( • ) curve represents raw CPS
as a function of the relative time that the well was read
(dTime). The corrected (o) curve represents corrected CPS
calculated from the uncorrected data and the slope from a
decay curve (slope =  -0.0514). Variability is probably due to
pipetting error; the coefficient of variation was 2.4%.
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To correct CPS for signal decay due to different
reading times for different microplate wells, two
spreadsheets containing auto-executing macros were
written and placed in a spreadsheet directory. An
example is presented using Quattro Pro which was
installed on TopCount in the C:\QPRO subdirec-
tory. The first spreadsheet, SLOPE.WQ1, automati-
cally processes data from the decay curve protocol to
calculate the rate, or slope, of signal decay with time.
The second spreadsheet, CORRECT.WQ1, uses the
slope (imported from the first spreadsheet via a
linker function) to automatically calculate the

corrected CPS for the sample data acquired with the
reporter gene protocol.

A batch file to call up the Quattro Pro spreadsheets
was placed on another directory, C:\TC-BATCH. A
single batch file can be used for both spreadsheets.

Counting Protocols

The TopCount default settings should be changed as
shown in Table 1 for the reporter gene and decay
curve protocols.

Appendix

Setting up TopCount for Tandem Processing

Table 1.
TopCount default setting changes for the reporter gene and decay curve protocols.

F3-Count Conditions Decay Curve Reporter Gene
Data Mode? SPC SPC
Count time? 0.2 minutes 0.01 min./well
Count Delay? 0 minutes 0 minutes
Background Subtract? plate from library plate from library
Counts/well? 12
Plate Map? one sample in well C3
Printer & Disk File Outputs? CPS (counts per second)

dTime (the time between
successive well measurements)

F5-Printer Output Decay Curve Reporter Gene
Print Cells? No No

F6-Disk File Output Decay Curve Reporter Gene
Protocol Data? (leave blank) (leave blank)
Data File Name? DECAY.DAT REPORT.DAT
Drive & Path? C:\QPRO C:\QPRO
Count Data? View\Edit View\Edit

Output Style? linear linear
Selected Cells? 1-CPS, 2-dTime, 1-position, 2-CPS,

3-{CR-LF} 3-dTime, 4-{CR-LF}
Data Line? Sample Sample
Data Column Header? No No

F9-Select Application Decay Curve Reporter Gene
Program Name? DK-BATCH DK-BATCH
Drive & Path? C:\TC-BATCH C:\TC-BATCH
Command String? SLOPE.WQ1 CORRECT.WQ1
Run Application? Plate Plate
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CORRECT.WQ1

The printer output is instructed not to print the cells,
because the spreadsheets will provide a hardcopy of
the data. It is important to enter the "selected cells"
(disk file output) exactly as indicated in Table 1,
since the spreadsheets are instructed to look for data
imported into specific columns. Do not use the
“.BAT” file extension for DK-BATCH (select appli-
cation); TopCount is preset to look for a batch file.

Creating the Batch File

Create a directory on TopCount named C:\TC-
BATCH in which to store the batch file. The batch
file is selected as the program name (DK-BATCH)
in the select application section of the TopCount
protocols. This batch file contains three lines:

@echo off
CD\QPRO
Q %1

On line 3, the “Q” is the command to open Quattro
Pro, and “%1” is a DOS command which references
the file (SLOPE.WQ1 or CORRECT.WQ1) named
in the command string (select application section).

Quattro Pro Spreadsheet Macros

The two macros required to correct results for signal
decay are listed below. Consult the Reference Manual
for the specific spreadsheet program being used for
further details regarding the programming and use of
macros.

SLOPE.WQ1

{/ File;ImportNumbers}
{CLEAR}
C:\QPRO\DECAY.DAT~
{GOTO}c1~
+a1/$a$1~
{/ Block;Copy}~
{DOWN}.
{LEFT}
{END}
{DOWN}
{RIGHT}~
{HOME}
{/ Regression;Reset}
{/ Regression;Independent}b1.b12~
{/ Regression;Dependent}c1.c12~
{/ Regression;Output}d1.h12~
{/ Regression;Go}
{/ Print;OutputPrinter}
{/ Print;Block}a1.h15~

{/ Print;Go}
{/ File;Save}
{CLEAR}
C:\QPRO\SLOPE2.WQ1~
r{BREAK}
{/ System;Exit}

{HOME}
{/ File;ImportNumbers}
{CLEAR}
C:\QPRO\REPORT.DAT~
{GOTO}d1~
+([C
{BACKSPACE}
c:\qpro\slope2.wq1]$f$8*c1)+1~
{/ Block;Copy}~
{DOWN}.
{LEFT}
{END}
{DOWN}
{RIGHT}~
{RIGHT}
+b1/d1~
{/ Block;Copy}~
{DOWN}.
{LEFT}
{END}
{DOWN}
{RIGHT}~
{HOME}
{/ Print;OutputPrinter}
{/ Print;Block}a1.e96~
{/ Print;Go}
{/ File;Save}
{CLEAR}
C:\QPRO\CORRECT2.WQ1~
r{BREAK}
{home}
{/ System;Exit}
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