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Luciferase-based bioluminescence is a technique used for 
non-invasive analysis of molecular functions in living cells. New 
recombinant luciferase and advanced CCD (Charge Coupled Device) 
cameras allow the detection of bioluminescent signals at submicron 
resolution. These recombinant luciferase proteins have the potential to 
facilitate great advances in the study of membrane dynamics at both 
the subcellular and whole organism levels.

Bioluminescence is the emission of light generated by the 
enzymatic catalysis of a chemical substrate. This is different than 
fluorescence which is the emission of light generated by the absorption 
of photons. While the brightness of a fluorescent body correlates with 
its molar extinct coefficient (ability of a molecule to absorb photons) 
and quantum yield (ability of a molecule to emit photons), brightness 
of bioluminescent body correlates with a concentration of the substrate 
and efficiency of the bioluminescent enzyme in catalyzing the substrate.

Fluorescence microscopy is widely used to analyse functions of 
molecules in living cells. Genetically engineered fluorescent proteins 
that are fused to a protein of interest via recombinant DNA techniques 
can determine subcellular localization of a protein of interest. From 
a membrane science and technology point of view, recombinant 
fluorescent proteins have been used to study membrane-associated 
processes in living cells such as endocytosis [1], morphological changes 
of the Golgi complex [2], and protein clusters in the membrane [3]. It 
is difficult to use fluorescent proteins for in vivo analyses because it is 
difficult for the excitation light to reach a fluorescent protein located in 
cells buried deep within a tissue or organism. Moreover, background 
fluorescence is relatively high because many tissues contain molecules 
that naturally fluorescence. Also, the working distance of most 
compound microscope objectives is very small (millimeters). Therefore, 
the use of fluorescent proteins in living cells is restricted to in vitro 
experiments except in special cases [4,5]. 

Luciferase-based bioluminescence, on the other hand, has been 
widely used for various experiments in whole organisms. A luciferase 
substrate is small and permeable to the plasma membrane, so that it 
is readily delivered to target cells even when these cells are located 
inside of a tissue or an intact organism. Moreover, because many 
cells do not naturally generate light, bioluminescence assays do not 
suffer from the background noise which complicates similar analyses 
using fluorescence. A drawback of using traditional luciferase-based 
bioluminescence is that the total number of photons emitted is 
normally too low to detect with a conventional microscope and CCD 
camera. This fact makes microscopic detection of bioluminescence a 
challenge in vitro [6]. 

Advances in both microscopy and the luciferase gene itself are 
removing these challenges. Until recently, luciferase from firefly 
(Lampyridae) was the only commercially available luciferase for the 
bioluminescence assay. Recently luciferase from different families 
has been isolated and commercialized. The commercialized luciferase 
genes include the click beetle (Elateridae), sea pansy (Renillidae), 
and marine copepod (Metridinidae) luciferase. The beetle luciferase 
provides two homologous clones that emit green (544 nm) and red 
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(611 nm) light (Promega, WI), which allows one to simultaneously 
monitor two biological activities in a cell. Sea pansy (Renilla luciferase, 
Promega) and marine copepod (Gaussia luciferase, Marker Gene 
Technologies, OR) luciferase provide brighter bioluminescence signals 
than firefly luciferase. Especially, Gaussia luciferase is reported to 
emit 100 fold brighter signals than firefly luciferasein living cells [7]. 
The smaller molecular sizes of Renilla (36k Da) and Gaussia (20k Da) 
luciferase as compared to that of firefly luciferase (61k Da) provide an 
additional benefit to those trying to avoid size constraints inherent in 
some biological systems. The substrate of Renilla and Gaussia luciferase 
is coelenterazine, which is structurally different from luciferin, the 
substrate of firefly and click beetle luciferase. Unlike firefly luciferase 
that emits green light (~ 560 nm) during the enzymatic catalysis of 
luciferin, Renilla and Gaussia luciferase emits cyan light (~ 480 nm) 
during the enzymatic catalysis of coelenterazine. 

One potential problem with Renilla and Gaussia luciferaces lies in 
this cyan light emission. The cyan light often scatters in tissues of an 
analysed organism due to its short wavelength. This makes the number 
of photons reaching the detector low during in vivo experiments. To 
counter this problem a recombinant Renilla luciferase was developed 
that makes the catalysing coelentazaline emit green light (535 nm). The 
recombinant Renilla luciferase is calculated to transmit light more than 
10 fold in vivo as compared to the originally cloned Renilla luciferase 
[8,9]. 

Another technological development to aid in the detection 
of bioluminescence in living cells is bioluminescence microscopy 
(Olympus, Japan; ATTO, Japan) which uses simplified optics to 
reduce the loss of photons and an EM (Electron Multiplying)-CCD 
camera which amplifies electron signals received by each sensor while 
minimizing the read-noise. Quantum efficiency (ability to convert light 
to electron signals) of EM-CCD is drastically improved (over 90% for 
500 – 600 nm light), compared to that of conventional CCDs (~ 50% 
for 500 – 600 nm light). Furthermore, the microscope is enclosed in a 
dark box to ensure that no external light is in the system. As the result 
of the technological implementations, the microscopy allows taking 
bioluminescence image with short exposure time at a submicron 
resolution [10-12].

Further modifications to both the luciferase protein and its 
placement within the cell indicate even more versatility for this system. 
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A Gaussia luciferase protein targeted to the plasma membrane was 
used to monitor luciferase-tagged T cells accumulating in a tumor in 
a whole organism noninvasively [13]. These investigators found that 
the luciferase signal was enhanced by localizing the luciferase to the 
plasma membrane rather than inside the cell which allowed them to 
detect the small groups of cells. Another recently developed use for 
luciferase, called the luciferase complementation assay, was used to 
detect a hormone-dependent protein interaction in living cells [14]. The 
luciferase complementation assay utilizes a luciferase that has been split 
into N- and C-terminal domains. These domains are not enzymatically 
active when expressed alone or together; however if these domains 
are genetically fused to proteins, via recombinant DNA techniques, 
which interact with each other, their enzymatic activity is restored. The 
complementation assay has been used to discover a membrane-protein 
complex [15,16], mitochondria fusion [17], and SNARE interactions 
that are involved in vesicle fusion in living cells [18]. Split luciferase 
complementation assays using Renilla and Guasian luciferase also have 
been developed [6,19].

In the very near future, combining the new recombinant luciferase 
and microscopy techniques described here could reveal living cell 
membrane dynamics in a transgenic organism at various scales, from 
subcellular to whole organism, in both in vitro and in vivo settings. New 
luciferase clones have been commercialized in many countries, while 
bioluminescence microscopy has been commercialized in Europe and 
Japan only. It is going to be available in the US later in 2012.
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