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Background

Adenosine triphosphate (ATP) bioluminescence is a powerful light-producing

phenomenon that occurs in nature in a variety of organisms, withATP bioluminescence

of fireflies one of the most well-known examples. The firefly ATP bioluminescence

reaction has been adapted to the laboratory with a wide range of applications that

include monitoring cellular processes, antimicrobial susceptibility testing, and the

detection of bacterial contamination of environmental surfaces. ATP bioluminescence

occurs through a multistep reaction between firefly luciferase, ATP, magnesium salt,

and oxygen (Scheme 1).[1] As a simplified overview, luciferyl adenylate 2 is first

formed from luciferin 1 andMg2þ-ATP. The luciferyl adenylate 2 is then oxidised with

molecular oxygen to form a dioxetanone cyclic peroxide intermediate 3. Following

intramolecular conversion to produce electronically excited states of oxyluciferin, the

dioxetanone is decarboxylated. Finally, the return of excited oxyluciferin to the ground

state 5 results in emission of visible light. For more detailed insights into the reaction

mechanism, including alternative reactions and different tautomers of oxyluciferin at

varying pH values, readers are referred to additional literature.[2–4]

Different ATP bioluminescence kits are available. The two main types of kits

include flash-based and stable glow-based reagents.[5] Flash-based kits typically have

higher sensitivity but require injection of the luminescence substrate by the instrument

and then immediate measurement of the luminescence signal.[5] In contrast, stable

glow-based kits can be set up on the bench and then transferred to the instrument for

measurement.[5] Other types of kits include swab-based kits for collecting samples

from environmental surfaces that can then be tested for luminescence in a portable

luminometer.

Research Advances Utilising ATP Bioluminescence

Jarrad et al. recently reported the use of ATP bioluminescence as a high-throughput

method to detect the Eagle Effect, a type of bacterial persistence.[6] In their study,

Clostridium difficile bacteria resisted supra minimum inhibitory concentrations of

vancomycin, above optimal bactericidal concentrations of antibiotic. The Eagle Effect

is typically measured through quantification of colony-forming units. However, the

endpoint ATP bioluminescence assay provided an alternative, rapidmeans to assess the

Eagle Effect that did not require subsequent growth of the bacteria. In this study,

BacTitre-GloTM with a simple add–mix–measure format was utilised, which addi-

tionally facilitated the detection of the Eagle effect outside the anaerobic chamber that

was required for growth of C. difficile.

Adenosine triphosphate bioluminescence has also been used to develop a fast

antimicrobial susceptibility test of combinations of antibiotics against carbapenem-

resistant Gram-negative bacteria (CR-GNB).[7] In this study, effective antibiotic

combinations against CR-GNB could be determined within 6 h as opposed to conven-

tional viable plating, which requires 48 to 72 h. This type of assay could facilitate

targeted treatment earlier than when using traditional culture-based assays, thus

potentially improving patient outcomes and reducing health care costs.

A swab-based ATP bioluminescence assay was recently shown to be a useful

tool to measure the efficiency of cleaning procedures in operating rooms in public

hospitals.[8] In this study, the 3MTM Clean-TraceTM Surface ATP swab device,

containing a chemically impregnated reagent, was used to sample a 10� 10-cm test

area. The samples were then immediately analysed with a 3MTM Clean-TraceTM NGi

Luminometer. This assay had the advantage of providing rapid feedback of contami-

nated surfaces, in order to promote immediate remedial cleaning action of critical

surfaces in operating theatres. The ATP bioluminescence assay was recommended as

an additional tool to support traditional culture-based monitoring methods, which are

more time-intensive.

Current methods to detect bacteria on surfaces do not provide information on the

specific identification of the target bacteria. To overcome this limitation, biosensors

are being developed that target specific bacteria. A recently reported biosensor is an

antibody-conjugated gold nanorod-based system.[9] After targeting pathogenic bacteria

with the gold nanorod antibody conjugate, bacteria were lysed via localised heating

with near-infrared irradiation. The released ATP was then detected with an ATP

bioluminescence assay. It could therefore be ascertained whether specific pathogenic

bacteria were contaminating the surfaces under investigation.
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Scheme 1. Firefly bioluminescence reaction to produce light from luciferin, ATP, Mg2þ, and O2.
[1] AMP¼ adenosine monophosphate;

PPi¼ pyrophosphate.
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