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Abstract
We describe a rapid ultrasensitive dual luciferase (Luc) assay for sequential detection of Cypridina Luc
(CLuc) and Gaussia Luc (GLuc) in supernatant or lysates samples from transfected cells. Our assay is
based on the principle that the bioluminescence of CLuc can be quenched by inhibitors present in the
GLuc assay buffer. The assay is far more sensitive than Fire�y-Renilla dual Luc assays because the
brightness of the CLuc and GLuc reporters is, respectively, 1000-times and 20-times brighter than these
early-generation Luc reporters. Both the CLuc and GLuc reporters are secreted, so there is no need for cell
lysis and assays can be carried out sequentially over several days using the same starting cell
population.  Improved assay sensitivity plus the ability to study gene expression in real time makes this
assay particularly attractive for high throughput screening. 

 

Introduction
Most cells have no intrinsic bioluminescence or luciferase (Luc) activity, making Luc reporter assays
highly speci�c and sensitive. Fire�y Luc (FLuc) and Renilla reniformis Luc (RLuc) are widely used as
reporter genes for research and drug screening. In the most commonly used format, the Fire�y-Renilla
dual Luc assay involves the use of FLuc for monitoring gene expression and RLuc as an internal
normalization control. More recently several Luc enzymes with improved activity have been reported.   

Naturally secreted from the deep-sea copepod Gaussia princeps (1), Gaussia Luc (GLuc) was �rst used in
a sensitive analytical assay in 2002 (2) and was later commercialized for expression in mammalian cells.
GLuc is a monomeric enzyme and is among the smallest Lucs (185 aa,19 kDa). It catalyzes the oxidative
decarboxylation of coelenterazine to produce coelenteramide via an excited state intermediate, which
emits blue light (480 nm) upon relaxation to the ground state. The catalytic properties of GLuc make it an
extremely sensitive detection reporter. Recombinant GLuc produces the highest number of photons/mol
of any Luc (3). The �rst report describing the utility of codon-optimized GLuc for in vivo imaging
demonstrated superior sensitivity over RLuc and FLuc by several orders of magnitude (4). The robust
secretory signal, small size and sensitivity of GLuc, as compared to other bioluminescent reporters, give
GLuc several unique advantages in many assay systems.   

Most reporter assays bene�t from inclusion of an internal control reporter. Cypridina noctilucus Luc
(CLuc; formerly known as Vargula Luc) is an excellent reporter for multiplex assays involving GLuc. CLuc
shares many of the features of GLuc, including secretion, emission of large amounts of light and high
protein stability (5), but CLuc uses a different substrate, namely Cypridina luciferin (6). Both GLuc and
CLuc are inherently stable due to the presence of multiple disul�de bonds (2,7). This feature confers
signi�cant resistance to high temperatures, making these two reporters useful for applications in which
other Lucs are rendered inactive. For example, both proteins maintain activity at 55ºC, a treatment that
inactivates most viruses, or in the presence of 0.1 mM β-mercaptoethanol, a component of many culture
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media (e.g. mouse embryonic stem cell culture media). In practice, this high stability allows the safe
storage of Luc-containing extracts for later assays with minimal loss of activity.  

GLuc is about 10^3 fold brighter than native FLuc or RLuc, whereas CLuc is about 20-fold brighter (Figure
1). The greater GLuc brightness is an obvious advantage for analyzing gene expression in hard-to-
transfect cells or for studying the behavior of weak promoters. The high Luc activity is also an advantage
for high throughput screening applications. The lower limit of detection (LLD) for GLuc has not been
reported. Since the LLD for RLuc is 1.3 amol (1.3 fM) and 0.72 amol (0.72 fM) for FLuc (8), the LLD for
GLuc is expected to be orders of magnitude higher.  

 

Since CLuc and GLuc utilize different substrates, detection of one Luc can be monitored without any
cross-reactivity from the presence of the other Luc in the same sample (Figure 4). When expressed in
mammalian cells, GLuc and CLuc are both secreted into the growth medium. Therefore, the centrifuged
culture medium (supernatant �uid) from transfected cells can be sampled in a repetitive fashion,
providing a simple means to perform time-course experiments. Additionally, the long-term stability of
frozen samples means that a cohort of samples taken from the same culture dish/well at different times
can be assayed together. 

GLuc and CLuc have been used as secreted reporters in recent studies (9,10) in which the two Luc
reporters were assayed in separate samples. A dual Luc assay in which CLuc and GLuc can be
sequentially detected in cell media supernatants would save time and be very attractive as an alternative
to the commonly used Dual Luc assay system that requires sequential detection of intracellular FLuc and
RLuc reporters in the same group of transfected cells (11). A limitation of the latter assay format is that it
involves cell lysis; therefore, time-course experiments require multiple replicate cultures of transfected
cells.  

 

This report describes the use of an improved assay reagent and method, designated UltraBriteTM
Cypridina-Gaussia Dual Luc Assay Reagent (Targeting Systems, El Cajon, CA) for sequential detection of
CLuc and GLuc activities in the same cell medium supernatant sample or cell lysate. Sequential detection
of CLuc and GLuc activities in the same sample is enabled by �rst measuring CLuc, using the CLAR
reagent and then measuring GLuc using the GAR Quench and GloTM reagent. The latter stop-reagent
contains quenchers of CLuc activity and the GLuc substrate (Figure 2). This assay is rapid and sensitive,
and results in e�cient quenching of CLuc. For example, an output of 2 x 106 relative light units (RLU)
was quenched to 1.2 x 104 RLU within 2 min of adding stop reagent (Figure 3). The activity of GLuc
measured sequentially after detection and then quenching of CLuc (Figure 3) is identical to GLuc activity
measured independently with the GAR Quench and GloTM reagent (Figure 4). Thus, the quenching
ingredients included in the GLuc assay buffer are effective both in suppressing CLuc activity and in not
affecting the activity of GLuc. 
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Recently both CLuc and GLuc have also been used as secreted reporters in vivo (12), to study real-time
tumor progression in mice. The UltraBriteTM Cypridina-Gaussia Dual Luc Assay Reagent and assay
system described here can be used to study gene regulation in vivo by simple blood assays without the
need for bioluminescent imaging. 

Reagents
Cells 

HEK293 cells obtained from ATCC and maintained in OptiMEM plus 3% FBS were used in all studies.  

 

Plasmids  

The following plasmids were used; available from Targeting Systems (www.targetingsystems.net), El
Cajon, CA: 

pCMV-GLuc; expressing secreted GLuc under control of a CMV promoter. 

pCMV-VLuc; expressing secreted CLuc under the control of a CMV promoter  

pCMV-RedFLuc; expressing a red-emitting FLuc (emission max 617 nm) under control of a CMV
promoter. 

pCMV-GrRenLuc; expressing a green-emitting brighter RLuc mutant under control of a CMV promoter. 

 

Luciferase assay reagents 

Targeting Systems UltraBriteTM Cypridina-Gaussia Dual Luc Assay Reagent was used for sequential
detection of CLuc and GLuc activities in transfected cells. Individual Luc Assay Reagents from Targeting
Systems (catalogue designation in parentheses) were used to measure FLuc (FLAR-1), RLuc (RLAR-1),
GLuc (GAR-1) and CLuc (CLAR). The latter CLAR (Cypridina Luc Assay Reagent) is catalog #VLAR-2
(Vargula Luc Assay Reagent); Vargula is a former designation for Cypridina. 

 

Equipment
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We used a Berthold Impulse-3 microplate luminometer and an integration time of 2 sec/well. The assay
may be carried out using any microplate luminometer that is equipped to measure chemiluminescence

Procedure
1. Culture conditions 

One day before a transfection experiment, adjust the HEK293 cell concentration by plating the cells so
that they will be nearly con�uent when transfected. Plating 2-5 x 106 cells in a 60-mm culture dish and
incubating 18 h in 5 mL of medium overnight usually achieves the desired density of 60-80% con�uency.  

 

2. Transfection of cells  

The following protocol is for a 60 cm dish of cells (5 mL culture medium). If using 6-well or 12-well plates,
the total medium volume should be 2 mL and 1 mL,  

respectively, and the amount of each reagent should be decreased accordingly.  

 

Plate cells as above to give 60-80% con�uence on the day of transfection. Transfection e�ciency may
decrease if the cells are over- or under-con�uent. 

Change the culture medium (using 4 mL/dish) prior to transfection with up to 1 mL of transfection
complex medium. 

 

Formation of transfection complexes 

To a small sterile tube, pipet 0.6 mL of serum-free high-glucose DMEM and add 2 µg of each plasmid.  

Mix well by �icking the tube to create a slight vortex action (about 12 times).   

Add 8 μL of the Targeting Systems Targefect F-2 transfection reagent.   

Mix well again by �icking the tube 12 times.  

Incubate tube with the transfection reagent-DNA complex for 25 min at 37oC. 

 

Addition of transfection complexes to cells  
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Add 0.6 mL of the transfection complex, drop-wise, directly to the medium and gently swirl the culture
dish to ensure transfection complexes are spread evenly over the entire �eld of cells.  

Incubate for 36-48 h at 37oC 

Use 5-10 μL of cell medium supernatant to measure the CLuc and GLuc activities as outlined below. 

 

3. Determination of Luc activities in transfected cells 

After 36 h, Luc activities are ready for measurement in transfected cells. The endpoint should be
determined on a per-experiment basis. In our studies, a 36 h incubation time yielded su�ciently robust
RLU signals for signi�cant outcome determination. To demonstrate that the assay can be performed
using cell culture media as well as cell lysates, we examined both. However, since the two Luc proteins
are actively secreted, it is usually more advantageous to study gene expression by measuring Luc
activities in supernatant media after centrifugation. 

 

Assay protocols for sequential detection of CLuc and GLuc using the Ultrabrite TM Cypridina-Gaussia
Dual Luciferase Assay Reagent from Targeting Systems (Catalog #DLAR-4SG-1000) 

 

A. Protocol using cell culture medium to measure secreted Luc activity 

Pipette 5-10 μL of cell culture medium, after centrifugation, into tubes or wells of a microtiter plate (white-
walled plates are preferred). The assay can also be performed in microtubes and assessed using a tube
luminometer.  

Add 50 μL of the working CLAR reagent from the UltraBriteTM Cypridina-Gaussia Dual Luciferase Assay
Reagent and measure CLuc activity in a microplate luminometer (we used a Berthold Impulse-3
microplate luminometer and an integration time of 2 s/well). The working CLAR reagent is prepared by
diluting the 100x Cyripdina luciferin (50 μL) to 5 mL using the CLAR Substrate Dilution Buffer. 

Wait 1-2 min (for more e�cient quenching) and then add 50 μL of the working GAR Quench and
GloTM  Reagent. Mix the plate samples gently (swirling by hand if needed) and then measure GLuc
photon release by luminometry. The working reagent is prepared by diluting 50 μL of the 100x GAR
Substrate Solution to 5 mL using the GAR Quench and GloTM Dilution Buffer. 

  

B. Protocol using cell culture lysates to measure intracellular Luc activity 
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1. If performing an assay to assess intracellular Luc, �rst lyse the cells using Targeting Systems Cell Lysis
Buffer (catalog # 5X CLR-01) following steps 2-5 of the instructions below and use 5-10 μL centrifuged
cell lysate instead of cell media. All reagents should be at or close to room temperature.  

 

2. Dilute 5x CLR-01 buffer to 1x using water (4 mL water plus 1 mL 5x lysis buffer). 

3. Aspirate the cell culture medium and wash cells twice with serum-free DMEM. This can be done rapidly
by inverting a plate over a sink (with gently tapping) to remove liquid from all wells. Remaining medium
can be removed by absorption; gently tapping inverted plates on a paper towel. 

4. Add enough lysis buffer to cover cells in a multi-well plate (50 μL/96-well, 300 μL/ 12-well, 800 μL/6-
well plate and 3 mL /10 cm dish).  

5. Shake for 20 min at 400 rpm on an orbital shaker at room temperature.  

6. Using 5-10 µL of Luc-containing cell lysate, follow steps A1-3 above using CLAR reagent from
the UltraBriteTM Cypridina-Gaussia Dual Luciferase Assay Reagent and to measure CLuc activity and
then GLuc activity in the cell lystates. 

Troubleshooting
It is preferable to use low-serum medium, since high serum concentrations can interfere with the assay.
We have used DMEM or OptiMEM1 with up to 3% (v/v) serum for this assay.  

 

Since the GLuc and CLuc signals are very bright, we recommend using small volumes of sample; <25 μL
sample per assay (preferably 5-10 μL).  

 

The working GAR Quench and GloTM  Reagent should be freshly prepared just before use. Once prepared,
the working GAR reagent should be used within 90 min. 

Time Taken
With some practice, it should take 5-10 min to process a plate from reagent additions to �nal readouts of
GLuc activity after quenching CLuc. We typically use an integration time of 2 s/well so it takes about 3
min to read a 96-well plate. Using a multichannel pipette, it takes about 1 min to add reagents to all wells.

Anticipated Results



Page 8/15

Expect at least 99.5% quenching of CLuc RLU activity by the GAR Quench and GloTM reagent. 

 

Expect robust RLU activities of both Gluc and CLuc reporters. We usually observe 20-100 fold
improvement in assay sensitivity compared to Fire�y/Renilla dual Luc assays.  
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Figures

Figure 1

Comparison of Luc reporter activities in HEK293 cells 48 h post transfection. HEK293 cells were grown in
DMEM with 3% serum and transfected with plasmids expressing GLuc, CLuc, FLuc, or RLuc under control
of a CMV promoter, using the Targefect-F1 Reagent (Targeting Systems) as per the manufacturer's
protocols. The expression vectors pCMV-GLuc, pCMV-CLuc, pCMV-FLuc and pCMV-GrRenLuc were also
from Targeting Systems. Cell lysates (FLuc and RLuc) or supernatant medium after centrifugation (GLuc
and CLuc), was assessed for total Luc activity using the GLAR, CLAR, FLAR or RLAR reagents from
Targeting Systems, El Cajon, CA. Data are the means (n = 4)

https://doi.org/10.1038/s41586-021-03886-5
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https://doi.org/10.1038/ncomms4981


Page 10/15

Figure 2

Assay protocol for sequential detection of CLuc and GLuc using the Ultrabrite TM Cypridina-Gaussia Dual
Luciferase Assay Reagent (Catalog #DLAR-4SG-1000) from Targeting Systems. The assay can be
performed using transfected cell media or cell lysates after centrifugation. Cell lysates are prepared using
Targeting Systems Cell Lysis Reagent (5XCLR-1), which is designed for compatibility with the GLuc and
CLuc reporters used here. (Note: VLAR is the original designation for the currently used CLAR.)
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Figure 3

Sequential detection of CLuc and GLuc in cell supernatants using the Ultrabrite TM Cypridina-Gaussia
Dual Luciferase Assay reagent (Catalog #DLAR-4SG-1000) from Targeting Systems. Aliquots of medium
(10 µL) from transfected HEK293 cells were assayed with 50 µL of VLAR reagent to measure CLuc
activity. After 2 min 50 µL of the working GLuc assay component (GAR Quench & GlowTM Reagent) was
added to quench CLuc activity and enable measurement of GLuc activity. Nt refers to non-transfected
(control) cells assayed with either the CLAR (left) or GAR Quench & GlowTM (right) reagent; RLU were 200
and 1,400, respectively. The quenched CLuc signal was 12,000 RLU. Results (top of bars) are means ± SD
(n = 5).
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Figure 4

Measurement of CLuc and GLuc activities in separate samples of cell culture medium. Culture media
aliquots (10 µL) from transfected HEK293 cells were assayed with either 50 µL of CLAR reagent to
measure CLuc activity or with 50 ul of CLAR buffer (no CLuc substrate) plus 50 µL of GAR Quench and
GloTM reagent to measure GLuc activity. Results are the mean ± SD (n = 5).
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Figure 5

Stability of the CLuc bioluminescent signal using the CLAR component of UltraBriteTM Cypridina-Gaussia
Dual Luciferase Assay Reagent (Catalog #DLAR-4SG). Culture medium supernatant (10 µL) after
centrifugation was assayed with 50 µL of CLAR and Luc activity was measured at the indicated times
using a Berthold Impulse 3 microplate luminometer. Results are mean (n=5) ± SD. 
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Figure 6

Stability of the GLuc bioluminescent signal using the GAR Quench and GloTM components of the
UltraBriteTM Cypridina-Gaussia Dual Luciferase Assay Reagent (Targeting Systems, catalog #DLAR-4SG).
At the indicated times, 10 µL of transfected cell culture medium supernatant (after centrifugation), was
assayed with 50 µL of GAR Quench and GloTM reagent and Luc activity was measured using a Berthold
Impulse 3 microplate luminometer. Results are means (n = 4).
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Figure 7

Stability of CLuc samples and the CLuc Assay Reagent over seven days. The two sets of CLuc samples
(CLuc-1 and CLuc-2) are labeled as A_B; A is the number of days the CLuc sample was at 24oC (7, 4 or 0),
and B is the number of days the CLAR was left at 24oC (7, 4 or 0). In contrast, freshly thawed 100x
Cypridina luciferin was added to the CLAR and the CLuc assays were performed at two 10-fold different
dilutions (the tall and short bars that re�ect higher and lower CLuc levels, respectively). We thank Dr. Nigel
Killeen of ATUM (Newark, CA) for these data.


