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摘 要：抗菌药敏感性试验在抗菌药残留检测、细菌性疾病的预防和治疗领域具有重要意义。

传统的抗菌药敏感性试验需要经过细菌培养和菌落计数等过程，耗时且劳力。ATP 生物发光法已

被广泛用于评估食品和医疗卫生中的细菌污染，似乎是一种快速、灵敏的抗菌药敏感性测试替代

技术。本文就 ATP 生物发光法的性能影响因素进行综述，主要综述这些因素如何影响该方法的

检测能力，为临床、环境和食品分析中的抗菌药敏感性分析提供参考。
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Abstract: Antimicrobial susceptibility testing (AST) is of great significance for the detection of 
antibiotic residues, as well as the prevention and treatment of bacterial diseases. Conventional 
methods of AST are time-consuming and labor-intensive due to the processes of bacterial culture 
and colony counting. ATP bioluminescence has been widely employed to assess bacterial 
contamination in food and healthcare and appears to be a rapid and sensitive alternative to 
conventional methods of AST. This review illustrates the influencing factors of ATP 
bioluminescence-based AST in detail. It mainly focuses on how these factors influence the 
detection performance of the method, giving insights into AST in clinical, environmental, and food 
analyses.
Keywords: antimicrobial susceptibility testing; ATP bioluminescence; influencing factors

Antimicrobial agents are common for 

clinically preventing and treating bacterial diseases 

in humans and animals[1-3]. As shown in Figure 1, it 

is the metabolic process of antibiotics after being 

consumed during the entire food chain. However, 

inappropriate use of antibiotics can lead to residues 

in the body of humans and animals, food, medical 

facilities, and the environment, which threatens 

human and animal’s health. However, the presence 

of antibiotic resistance to pathogenic bacteria is 

generally considered a main risk to public health[4].

To avoid the further emergence of antibiotic 

resistance, it is important to monitor antibiotic 

usage clinically and to monitor antibiotic residual 

levels in the body of humans and animals[5-7], 

foods[8], medical facilities[9], and the 

environment[10]. Moreover, it is of great 

significance to monitor the occurrence of antibiotic 

resistance and screen appropriate antibiotics or 

antibiotic combinations against drug-resistant 

bacteria, as this can result in the treatment failure 

of bacterial infection in clinical settings[11]. 

However, traditional antibiotic susceptibility tests 

(ASTs) take 18−24 h, therefore there is a need for 

developing faster and more accurate ASTs. To 

overcome the shortcomings of traditional ASTs, 

researchers have developed ASTs based on ATP 

bioluminescence with shorter detection times and 
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higher sensitivity[11-13].

To promote the development of ATP 

bioluminescence-based ASTs, this review illustrates 

how these influencing factors influence the 

detection capability of ATP bioluminescence-based 

ASTs, which supports a theoretical and practical 

basis for the future research on ATP bioluminescence- 

based ASTs and has important significance for 

ensuring of food safety and public health.

1　　 Principle of the ATP 
bioluminescence-based ASTs

ATP is the primary energy source for the 

metabolism of all living cells. When the growth of 

bacteria is inhibited, the ATP content in bacterial 

cells decreases or disappears immediately[14]. 

Therefore, ATP can be used as a marker of viable 

bacteria. The test principle of the present detection 

system is based on the inhibitory effect of 

antibiotics on bacteria, which reduces the content 

of ATP in the bacteria[13]. As illustrated in Figure 2, 

if there are no antibiotics in the samples, the 

bacteria would grow normally. The luciferin would 

be oxidized to oxyluciferin and emit 

bioluminescence with the role of O2, Mg2+ , and 

ATP (released from live bacteria by benzalkonium 

chloride) [15]. Moreover, the bioluminescence 

intensity corresponds to the content of ATP in live 

bacteria[12]. In contrast, if there are antibiotics in 

the samples (including bacteriostatic and 

bactericidal drugs), the antibiotics would inhibit or 

kill the bacteria, resulting in a decreased content of 

ATP in the bacteria. Furthermore, the decrease in 

ATP is estimated according to the formula (1). 

Inhibition rate= (bioluminescence intensity of 

negative control − bioluminescence intensity of 

samples)/bioluminescence intensity of negative 

control×100%[13]                                                   (1)

Accordingly, the antibiotic residue levels are 

consistent with the inhibition rate. In past years, 

some ATP bioluminescence-based ASTs have been 

developed. For example, an ATP bioluminescence 

Figure 1　The consequences caused by inappropriate usage of antibiotics and its corresponding solutions.
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assay with Geobacillus stearothermophilus 

ATCC12980 as an indicator bacterium was 

developed to detect multiclass antibiotic residues in 

animal derived foods[13]; an ATP bioluminescence 

assay was developed to evaluate antibiotic 

combinations against drug-resistant Pseudomonas 

aeruginosa[12]. Moreover, Puig-Collderram et al. 

indicated that the results of the ATP 

bioluminescence assay correlated with the 

traditional colony count method, and the ATP 

bioluminescence assay was less laborious and 

faster than the traditional colony count method[12].

2　　 Influence factors of ATP 
bioluminescence-based ASTs

As shown in Figure 3, these are the important 

components and influencing factors of ATP 

bioluminescence-based ASTs. Firstly, the target 

analytes (antibiotics or bacteria) are captured from 

samples during the process of sample pre-

treatment. The sample pre-treatment can reduce the 

matrix interferences and improve specificity by 

using a capture probe (e. g., phage, aptamer), and 

thus extend the practicability of the methods. After 

sample pre-treatment, the captured bacteria or 

antibiotics are incubated with antibiotics (for 

captured bacteria), bacteria (for captured 

antibiotics), nutrients, sensitizers, etc. in a 

microbiological culture system. If the bacteria were 

sensitive to antibiotics, they will be killed by them. 

In contrast, the bacteria would survive normally. 

Afterward, the ATP in the surviving bacteria can be 

extracted by ATP extractants (e. g., benzalkonium 

chloride). Moreover, the luciferin will be oxidized 

to oxyluciferin and emit bioluminescence with the 

role of O2, Mg2+, and the extracted ATP. During the 

process of ATP bioluminescence-based ASTs, the 

influencing factors include sample pre-treatment, 

bacteria strains, bacteria concentration, nutrients, 

sensitizers, pH, non-microbial ATP, ATP 

extractants, and luciferase activity. However, how 

these factors influence the performances of ATP 

bioluminescence- based ASTs is shown in detail as 

follows.

2.1　Sample pre-treatment

2.1.1　 For evaluating antibiotic residual 

levels

The sample pre-treatment methods can help 

Figure 2　Schematic diagram for the detection principle of ATP bioluminescence-based ASTs.
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improve the applicability of the methods by 

reducing matrix interferences. The interferences in 

animal matrices, such as impurities and natural 

bacteriostatic substances, are extracted during the 

extraction process, which can lead to false negative 

and false positive results. Some studies eliminated 

impurities by centrifugation[16]. However, these 

measures still cannot completely eliminate natural 

bacteriostatic substances in matrices. In the 

research of Pikkemaat et al. [16], a 0.1 mol/L 

phosphate buffer (pH 6.0) was added to the kidney 

to dilute the interferences and adjust the tissue’s 

pH. Nonetheless, the amount of phosphate buffer 

added to the tissue was small, making the tissue 

unable to mix with the phosphate buffer adequately. 

The detection results might have been better if 

enough phosphate buffer had been added to the 

tissue. It was reported that incubation in a water 

Figure 3　Schematic diagram for the influence factors of ATP bioluminescence-based ASTs.
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bath at 80 ℃ for 10 min can effectively inhibit 

natural antibacterial substances in animal 

matrices[17]. Wu et al. also used a similar method to 

decrease the matrix interferences from matrices[18]. 

If the incubation in a water bath and phosphate 

buffer were operated together, the detection results 

would be better. Thanks to the development of 

specific receptors (e. g., antibodies, aptamer) and 

magnetic nanoparticles, the target analytes are 

captured by specific receptors and can be quickly 

separated by magnetic nanoprobes and external 

magnets, which can reduce matrix interferences 

further and improve the specificity of assays. The 

receptors and magnetic nanoparticles have already 

been used in other antibiotic residue detection 

methods for sample pre-treatment. For example, 

ssDNA was used as the sensing probe integrated 

with a gold nanoparticle, which responds rapidly 

to ampicillin with a low limit of detection 

(0.556 pmol/L) [19]. In future studies, the receptors 

and magnetic nanoparticles incorporated into the 

existing sample pre-treatment methods of ATP 

bioluminescence-based antibiotic residues detection 

methods, the detection results would be better.

2.1.2　 For evaluating the sensitivity of 

pathogenic microorganisms to antibiotics

Unlike antibiotic residue detection, the sample 

pre-treatment of incubation at high temperature is 

not suitable for evaluating the sensitivity of 

pathogenic microorganisms to antibiotics. 

Nonetheless, after bacterial phenotypic 

identification, the samples can be diluted with a 

detection buffer to reduce matrix interference. For 

example, the samples were centrifuged at 2 000×g 

for 10 min to remove the blood corpuscles, and the 

resulting supernatant and bacterial pellet were 

homogenized and then diluted 30 000 times with 

the broth[20]. Urine specimens with pathogenic 

bacteria were diluted with trypticase soy broth and 

were introduced into the detection system by 

Ivančić et al. [21]. Above all, these evaluation 

experiments of pathogenic microorganisms’  

sensitivity to antibiotics need bacterial phenotypic 

identification, which is more complex to operate 

and time-consuming. The introduction of receptors 

and magnetic nanoparticles promotes the sample 

pre-treatment efficiency. The target bacteria can be 

captured by specific receptors, and quickly 

separated by magnetic nanoprobes with external 

magnets, which can not only reduce matrix 

interferents futher, but also perform bacterial 

phenotypic identification. For example, the urinary 

tract infections pathogen species in an artificial 

urine samples with capture antibodies immobilized 

on the carrier, which was then quantified via an 

ATP bioluminescence assay and given personalized 

antibiotic therapy[22]. However, antibodies are 

complicated to prepare, high-cost, and susceptible 

to harsh environments (e. g., pH, temperature, 

organic reagents). Nonetheless, aptamers are easy 

to synthesize, stable to preserve for a long time, 

and have a wider range of potential targets. For 

example, Wang et al. developed a hand-held 

agitator array modified with hyperbranched 

aptamer probes for the specific adsorption 

extraction of Salmonella typhimurium in complex 

water samples[23]. However, the aptamers require 

long incubation times with analytical targets. 

Moreover, the conformation of aptamers is 

inconstant, and thus the target capture rate is 

variable. Compared to antibodies and aptamers, 

phages can be produced on a large scale easily and 

inexpensively in most microbiology laboratories. 

Furthermore, phages can distinguish between live 

and dead bacteria. An ATP bioluminescence assay 

was developed with phage-functionalized magnetic 
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beads for rapid and sensitive detection of Vibrio 

parahaemolyticus in aquatic products by Du et 

al. [24]. The Vibrio parahaemolyticus were captured 

and enriched by phage VPHZ6 coupled to a 

magnetic bead, which shortened detection time and 

improved method sensitivity[24]. Furthermore, Li et 

al. developed a similar ATP bioluminescence assay 

for Staphylococcus aureus detection[25]. The phage-

functionalized magnetic beads brought a tenfold 

increase in sensitivity during detection in skim milk 

and chicken samples, with high recoveries of 

Staphylococcus aureus in samples[25]. However, the 

phages are susceptible to harsh environments (pH, 

temperature, organic reagents). Above all, these 

specific receptors (antibody, aptamer, phages) have 

great potential but some shortcomings. Therefore, 

in future studies, the sensitivity and specificity of 

these specific receptors should be further improved.

2.2　Test bacteria

2.2.1　Bacterial strains type

The sensitivity of different kinds of bacteria to 

antibiotics is different. Moreover, the sensitivity of 

a single bacterial strain to various antibiotics is 

different. Therefore, many research studies were 

conducted to screening antibiotics or antibiotic 

combinations to overcome bacterial infections 

clinically. In general, many researchers commit 

themselves to screen antibiotic or antibiotic 

combinations to overcome urethritis[26] and 

bacteremia[27] clinically. Even with the presence of 

antibiotic resistance, there are still no appropriate 

antibiotics to prevent infections. Therefore, there is 

a need to develop new drugs or new antibiotic 

combinations to fight against bacterial 

infections[28]. Moreover, in the antibiotic detection 

field, researchers focus on screening test bacteria 

that are sensitive to as many antibacterials as 

possible. The commonly used test bacteria are 

Bacillus subtilis, Bacillus cereus, Bacillus 

megaterium, Bacillus stearothermophilus, 

Micrococcus luteus, Escherichia coli, etc. Among 

them, Bacillus stearothermophilus is the most used 

test bacterium for its sensitivity to more antibiotics. 

Moreover, it is environmentally friendly and 

shortens the detection time of assays by growing 

quickly[18,29]. However, Bacillus stearothermophilus 

is insensitive to certain antibiotics (especially 

quinolones). Therefore, it is necessary to improve 

the sensitivity of test bacteria to antibiotics by other 

methods or develop engineered bacteria with 

higher sensitivity to antibiotics.

2.2.2　Bacterial concentration

As we know, bacterial concentration 

influences the therapeutic effect of antibiotics and 

therapeutic time clinically. Furthermore, in the 

antibiotic detection field, the bacterial 

concentration in the detection system is inversely 

proportional to the sensitivity and detection time of 

the method. The higher bacterial concentration 

results in lower sensitivity and a shorter detection 

time, while the lower bacterial concentration results 

in higher sensitivity and longer detection time. 

Moreover, some natural bacteriostatic substances in 

samples can inhibit the growth of test bacteria in 

the detection system and thus produce false 

positive results and longer detection time[5,29-30]. 

For that, some studies increased the concentration 

of indicator bacteria in the kit’s medium to reduce 

the interference of natural bacteriostatic substances 

in samples. For example, the STOP with Bacillus 

subtilis (107 CFU/mL) as an indicator bacterium 

was developed for screening antibiotics in the 

kidney[5]. Based on the STOP, the LAST was 

developed to detect antimicrobial agents in urine by 

increasing the concentration of Bacillus subtilis 

spores (109 CFU/mL) in the kit’s medium to reduce 
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the interference of natural bacteriostatic substances 

in the urine[5]. However, if the study increases the 

concentration of test bacteria in the kit’s medium, 

it would prolong the detection time. Therefore, it is 

crucial to screen the appropriate test bacterial 

concentration in ASTs.

2.3　The nutrients in the medium

The nutrients in medium components are 

related to the recovery of bacteria strains and the 

growth of bacteria, which affects the detection time 

in ATP bioluminescence-based ASTs. A lack of 

nutrients would slow the growth rate of bacteria, 

thus resulting in a longer detection time. Wu et 

al. [18] found that the bacteria growth inhibition 

based-ASTs were sensitive to kinds of antibiotics in 

antimicrobial agent diluents, milk, egg, and honey, 

and the detection time of the method in milk, 

honey, chicken egg, and antimicrobial agents 

diluents were 3, 3.25, 3.5, and 3.75 h, respectively, 

because the milk, chicken egg, and honey are richer 

in nutrients than antimicrobial agents diluents, 

which can promote the growth of bacteria in the 

medium and shorten detection time. Moreover, 

some bacillus strains were used as test bacteria and 

the bacillus spores need germination factors to 

germinate and then grow. Therefore, the Ca2+ used 

in the medium promoted the germination of 

Bacillus stearothermophilus spores[6,30]. 

Furthermore, the medium broth was used to 

prepare samples and thus improve the nutrients in 

the medium. For example, Matsui et al. [20] 

developed a rapid ATP bioluminescence method to 

detect levofloxacin-resistant bacteria in blood 

specimens. The blood specimen was centrifuged 

and then diluted 30 000 times with broth to obtain 

bacterial suspension for ATP measurement[20]. 

Some ATP-Bioluminescence assays were used to 

rapidly identify uropathogenic microbes. And the 

trypticase soy broth was used to dilute urine 

specimens to support enough nutrients for bacterial 

growth[21-22]. However, the existing ASTs still have 

a long detection time. Therefore, it is necessary to 

shorten detection time by improving the nutrient 

conditions in the medium further.

2.4　The sensitizers in medium

No single bacterial strain is sensitive to all 

kinds of antibiotics. Nevertheless, the sensitizers 

can help improve the sensitivity of test bacteria to 

antibiotics. The most common sensitizers are 

trimethoprim (TMP) and chloramphenicol (CAP). 

TMP and CAP are used to improve the 

bacteriostatic effect of sulfonamides and 

tetracyclines through different bacteriostatic 

mechanisms compared to the target antibiotics 

group[18,30]. Moreover, some ASTs use sensitizers 

with the same bacteriostatic mechanism as the 

target antibiotics group. For example, tylosin was 

added to the NK-B&M plate agar medium to 

increase the sensitivity of this test plate to 

macrolides, furthermore, the supplement cloxacillin 

was added into the detection hole to improve the 

bactericidal activity of β-lactams[16]. Similarly, 

gentamicin was used to improve the sensitivity of 

Bacillus stearothermophilus to aminoglycosides[7]. 

Above all, these sensitizers work with antibiotics 

against non-resistant bacteria. When drug-resistant 

or multi-drug-resistant bacteria emerge, such as 

Pseudomonas aeruginosa and Klebsiella 

pneumoniae, it prompted efforts to develop new 

antibiotics to overcome this problem. For that, 

researchers devoted themselves to developing new 

therapeutic strategies against resistant bacteria by 

combining antibiotics with sensitizers, 

nanoparticles, natural products, bacteriophages, 

antibodies, photodynamic therapy, etc. [31-32]. All of 

these sensitizing means have potential but 
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shortcomings. Moreover, the development of 

sensitizers is an ongoing research area, and new 

types of sensitizers may emerge in the future.

2.5　The pH value in the medium

The commonly used antibiotics include β- 

lactams, aminoglycosides, tetracyclines, macrolides, 

sulfonamides, lincosamides, and quinolones. 

Among these antibiotics, the aminoglycosides, 

macrolides, sulfonamides, lincosamides, and 

quinolones have more robust bacteriostasis activity 

in alkaline conditions, while the β-lactams and 

tetracyclines work better in acid conditions. 

Therefore, researchers used different antibiotics to 

overcome urethritis[33] and bacteremia[20] clinically, 

depending on their bacteriostatic activity at the 

optimal pH. Furthermore, in the detection field, the 

detection medium’s pH is responsible for the 

growth of test bacteria and the bacteriostasis effect 

of antibiotics. Therefore, some ASTs use multiple 

Petri dishes at different pH levels for corresponding 

antibiotics. For example, Dang et al. developed a 

two-plate method with the test bacteria Bacillus 

subtilis to screen tetracyclines, sulfonamides, and 

quinolones in shrimp on two Petri plates (pH 6.0 

and 7.5) [34]. The EC four-plate method was 

developed to detect β-lactams, aminoglycosides, 

and quinolones in muscle and kidney with three 

Petri dishes in pH 6.0, 7.2, and 8.0, respectively, 

using Bacillus subtilis as the test bacterium. Above 

all, these ASTs are conducted in vitro. Therefore, 

the cases are different when the ASTs are present in 

vivo. Therefore, the sensitivity of bacteria to 

antibiotics in vivo can be improved not only by 

adjusting pH value.

2.6　The non-microbial ATP interferences

The main purpose of the ATP bioluminescence 

method is to measure the amount of ATP in test 

bacteria. However, non-microbial ATP in the 

sample, such as free ATP and ATP in animal 

somatic cells, is the major factor that affects the 

accuracy and precision of the ATP bioluminescence 

method[35]. Therefore, it is essential to eliminate the 

interference of non-bacterial ATP. To reduce the 

interference of free ATP, some studies used apyrase 

or enzyme combinations to hydrolyze free ATP[36]. 

Furthermore, to improving the activity of apyrase, 

some researchers developed a recombinant Shigella 

flexneri apyrase, which revealed superior activity 

by eliminating the extracellular ATP[37]. 

Nonetheless, Wu et al. [13] showed that the amount 

of ATP in tissue was negligible compared to the 

amount of ATP in indicator bacteria. The reasons 

for this are that ATP is extremely unstable and easy 

to degrade at high temperatures, and the sample 

pre-treatment method of water bath (80 ℃, 10 min) 

seriously degrades the content of ATP in tissues[13]. 

Moreover, the content of ATP in tissues continually 

degrades during incubation at 65 ℃ in the 

incubator. Accordingly, there is no need to 

eliminate non-bacterial ATP in tissues for 

considering the simplification of test operation. 

However, when the ASTs are present in other 

temperatures (e.g., 37 ℃) and without incubation at 

80 ℃ for 10 min, it should reevaluate whether 

there is needed to eliminate non-bacterial ATP in 

samples.

2.7　ATP extractants

The extraction efficiency of bacterial ATP is 

vital for the accuracy of the ATP bioluminescence 

method detection results. Therefore, some 

extraction methods should be able to break the cell 

membrane entirely and release ATP quickly. 

Secondly, ATPase can be denatured and inactivated 

to protect the extracted ATP from being hydrolyzed 

by ATPase. Thirdly, they are no effect on luciferase 
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activity, or the effect is little[38]. ATP can be 

extracted from living organisms by various 

methods, and different ATP extractants are applied 

to specific living organisms. For example, 

trichloroacetic acid (TCA) is suitable for extracting 

ATP from microorganisms (such as Escherichia 

coli and Bacillus subtilis) and somatic cells. 

However, TritonX-100 is only suitable for 

extracting ATP from somatic cells such as whole 

blood cells, erythrocytes, and granulocytes. It was 

reported that cationic surfactant benzalkonium 

chloride (BAC) could break the structure of 

bacterial cell walls and fully release ATP with the 

same extraction effect as TCA[13]. Moreover, it can 

keep ATP stable and not be hydrolyzed by ATPase 

to a certain extent. In addition, it has less effect on 

luciferase activity than TCA does.

However, results showed that Listeria 

monocytogenes was tolerant to BAC[39]. Therefore, 

there is a need to develop new ATP extraction 

methods, which cannot produce resistance to ATP 

extractants easily. It was reported that Au and Ag 

nanoparticles were also used to extract ATP[38]. 

Moreover, results showed that gold nanoparticles 

stabilized with BAC not only extracted ATP 

effectively but also enhanced ATP bioluminescent 

signal intensity depending on metal-enhanced 

bioluminescence[38]. Nevertheless, these methods 

cannot selectively extract ATP from targeted 

bacteria, because they can hardly distinguish 

different sources of bacteria. To that end, Kim et al. 

effectively extracted ATP from targeted bacteria 

following antibody-conjugated gold nanorods and 

photothermal lysis[40]. The introduction of antibody-

conjugated gold nanorods achieved the specific 

recognition of targeted bacteria. The photothermal 

lysis phenomenon is associated with electromagnetic 

radiation of gold nanorods by near-infrared (NIR) 

irradiation. The introduction of photothermal lysis 

avoids the risk of bacterial resistance during ATP 

extraction and processing. Nonetheless, in future 

studies, the electromagnetic radiation ability of 

gold nanorods can be improved further by 

preparing nanohybrids with other photothermal 

nanomaterials, such as Fe3O4 and GO.

2.8　Luciferase activity

It is known that practical applications of 

luciferases are hindered by their delicate nature 

against harsh conditions (e. g., chemical agents, 

temperature)[41]. For instance, ATP extractants, such 

as TCA, TritonX-100, and BAC, have some 

inhibitory effects on luciferase. Moreover, the 

luciferase-luciferin system is required to be 

stored and shipped either between 4 °C and 8 °C 

or -20 °C, which is limited application for point-

of-care and field analysis, especially in remote 

areas or low-resource settings. To solve these 

problems, Hattori et al.[42] isolated a luciferase-LL-

2LLL7L490K with low sensitivity to BAC. It is a 

commercially available enzyme mutant that 

maintains high enzymatic activity in the presence 

of higher concentrations of BAC, ensuring that ATP 

can be extracted effectively. Branchini et al. 

developed a novel luciferase PLG2 to study the 

enhanced catalytic performance of the embedded 

enzyme PpyLit and found that the embedded 

enzyme had two times more catalytic efficiency 

and 1.4 times more bioluminescence quantum yield 

than the original Photinus pyralis enzyme[43]. 

Above all, several attempts were performed to 

improve luciferase activity by genetic mutation or 

site-directed mutagenesis for modifying the 

luciferase enzymes.

Nevertheless, there is still needed to protect 

luciferase activity during the application process of 

luciferase. As we all know, gold nanoparticles 
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provide excellent biocompatibility for enzyme 

immobilization. Therefore, some researchers 

investigated the results of luciferase proximity with 

gold nanoparticles and hybrid gold nanoparticles. 

Results showed that the gold nanoparticles 

improved the activity of luciferases 3-5 times 

higher than that of free enzymes[44]. Moreover, the 

signal stability improved in the presence of 

nanoparticles. To improve the long-term stability of 

enzymes without special storage conditions, some 

studies immobilized reagents (both enzyme and 

substrate) on solid support (such as paper). 

However, a portion of luciferase loses enzyme 

activity after immobilization on a solid support, 

which inevitably increases total assay cost[45]. 

Some researchers developed an innovative freeze-

drying procedure, which enabled luciferase and 

reagents immobilized on paper to show higher 

reproducibility and enzyme stability than 

previously reported methods[45]. To improve the 

luciferase activity on a solid support further, the 

luciferase can be immobilized onto nanosized 

supports. As we all know, metal-organic 

frameworks (MOFs) have been shown as a 

versatile host platform for the immobilization of 

proteins, with the potential to protect proteins in 

harsh conditions. Therefore, some studies 

combined a new luciferase mutant with zeolitic 

imidazolate framework-8 (ZIF-8) to stabilize the 

activity of the luciferase-luciferin system[46]). 

Results showed that the ZIF-8 not only provided a 

five-fold increase in the bioluminescence signal 

intensity but also significantly improved the 

stability of the sensor[41]. However, the 

performances of nanosized supports for luciferase 

should be improved in future study by expanding 

surface area of nanosized supports and improving 

their resistance to harsh conditions.

3　　Perspective

Above all, this review illustrates the 

influencing factors of ATP bioluminescence-based 

ASTs in detail. These ASTs can expand the 

detection spectrum, improve sensitivity, and shorten 

detection time by optimizing the bacterial types, 

bacterial concentrations, and medium components. 

Moreover, their sensitivity can be further improved 

by optimizing the ATP bioluminescence system 

(non-microbial ATP interferences, ATP extractants, 

and activity of luciferase). Additionally, it can 

expand their applicability by optimizing the sample 

pre-treatment method.

The future ATP bioluminescence-based ASTs 

will be developed with higher rapidity, higher 

sensitivity, and easier of operation so that anyone 

can operate them by following the instructions. 

Moreover, the miniaturized test instrument is easy 

to carry around and suitable for on-site monitoring. 

These ASTs can timely monitor the antimicrobial 

residue levels in food, medical care, and the 

environment, and thus timely prevent and manage 

it. Moreover, it can determine whether a particular 

strain of bacteria is developing drug resistance and 

determine the most effective antibiotic treatment 

for a bacterial infection, which promotes the 

development of new drugs and drug combinations. 

It is believed that the ATP bioluminescence-based 

method will be widely used in all fields of people’s 

daily lives, and promote the improvement of 

people’s living standards under the continuous 

advancement and perfection of ATP 

bioluminescence detection technology.
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