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Reporter systems have a diverse array of applications in the basic and applied sciences. In microbiological research, reporter systems
have served in the analysis of gene expression, protein-protein interactions, microbial quantification and detection, host-pathogen
interactions, drug discovery, and food testing. Consequently, the implementation of these transgenic microorganisms has consider-
ably enhanced our knowledge of microbial transcriptomics, proteomics, and pathogenesis, with significant implications in the
development and evaluation of novel therapeutics and quality control assays. In the present article, we will highlight the reporters

commonly used in microbiological research, and will delve into further detail on the various applications of reporter-labeled strains.

Currently, fluorescence- and luminescence-based reporter systems are typically used for microbial analyses as each provides a readily
measurable and distinguishable phenotype. Of the fluorescent proteins available, the green fluorescent protein (GFP) is frequently used
because it is well-characterized and has a number of convenient inherent properties such as spontaneous fluorescence, high thermal
stability, and resistance to proteases, organic solvents, and detergents.* ™ This particular protein exhibitsa green fluorescent signal upon
exposure to light in the blue to ultraviolet range and does not require the presence of co-factors or substrates for its use, allowing for a
non-invasive mechanism for visualizing pathogenesis, signaling, or protein expression in vivo.”® To date, GFP has been used as a reporter
in a number of eukaryotic and prokaryotic systems for the analysis of gene expression, localization studies, and compound screening
studies, among other applications.

Inluminescence-based reporter systems, a luciferase enzyme is used to generate luminescent light through the oxidation of the substrate,
luciferin, using oxygen and ATP as co-substrates.”® Currently, there are a number of known laboratory-derived luciferase genes available
forresearch use, each of which differsin origin or intracellular stability to support a broad range of hosts. Luminescent reportersare ideal
for microbial studies as they have a number of exceptional featuresincluding high sensitivity, a wide dynamic range, and an instantaneous
measure of total reporter expression. This type of signaling system provides valuable information and is a versatile tool; however, there
are a couple items to note. This system functions as an end-point assay, and cannot be used for assays that have multiple time points.?
Also, luciferase reporters require the addition of substrates for detection, and depending on assay format may require specialized equip-
ment for measurement. Thus, it is imperative to carefully consider which reporter system to use when designing your assay to ensure
that you are using the best reporter for your experiment.

Regardless of the reporter chosen, reporter-labeled strains are very valuable and powerful tools for a wide variety of research applica-
tions. Onanintracellular level, reporter systems have been employed in the analysis of promoter activity and gene expression in microbial
strains. For the analysis of promoter activity, transcriptional fusions can be generated by cloning the promoter region of a gene of inter-
est into a reporter plasmid. Upon the activation of the promoter element, the reporter gene will be expressed.’ This type of reporter
gene fusion is ideal for analyzing and quantifying the activity of a specific promoter under various conditions as well as analyzing the
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effects of promoter modification. For gene expression studies, translational fusions are frequently used. These reporter fusions combine
the genetic sequences of areporter gene with the gene of interest under a single promoter, allowing for the synthesis of a hybrid protein.
These translational fusions are ideal for monitoring protein production, localization, degradation, secretion, or transfer’ Together, reporter
fusion systems are ideal for examining the intricacies of microbial signaling pathways, metabolism, and pathogenesis.

In addition to their use in the analysis of gene expression and protein fate, reporter systems can be used to analyze microbial protein-pro-
teininteractions. Traditionally, these interactions are analyzed using either the classical yeast two-hybrid system or a bacterial two-hybrid
system, each of which relies on the interaction between a known bait and an unknown prey protein to re-establish transcriptional activ-
ity Within the last decade, an innovative approach employing the use of GFP-fragment reassembly was developed as an alternative
method to analyzing protein interactions.** Here, two plasmid vectors are used for the independent expression of translational fusions
containing either bait or prey fused to the N- or C-terminal portions of GFP to allow for the visual detection of protein-protein interac-
tions. This approach has a number of advantages over the classical yeast two-hybrid and bacterial two-hybrid systems, including the
direct detection of the reporter without the use of substrates, the identification of weak protein interactions due to fluorescence accu-
mulation, and the non-invasive analysis of protein interactions in their native biological environment.**

For a broader range of applications, reporter genes can be cloned into expression vectors and subsequently transformed or transfected
into various microbial strains to allow for in vivo visualization and quantification. This general use of reporter-labeled strains is ideal for a
variety of basic and applied studies, including host-pathogen interactions and drug discovery. Here, transgenic microorganisms express-
ing reporter genes provide a unique tool for analyzing the invasion, colonization, competition, localization, and pathogen load of a specific
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microbial pathogen within host cells or tissues under different physiological conditions or stages in the infection cycle.”* Moreover, the

ability to easily visualize and quantify microbial strains allows for an efficient and reliable mechanism to quickly screen a large number of

antimicrobial therapeutics against a specific pathogen, as well as determine the growth inhibitory dose of the drugs in question.***®

Another general application of reporter-labeled strains is their use as positive controls in quality control analyses, such as food testing
procedures. In food safety-related studies, tracking and identifying foodborne pathogensin raw food productsisa matter of public health
and safety. Generally, most foods are complex systems containing diverse microbial populations, so it can be challenging to identify
contaminants and discriminate pathogenic from non-pathogenic strains. The use of reporter-labeled control strains offers an efficient
and reliable method to identify contaminants as well as differentiate control strains from actual food contaminants or the naturally occur-

ring microflora.***’

Moreover, these strains provide a useful tool for predicting microbial growth kinetics during food processing. This
latter type of analysis allows food manufacturers to predict the evolution of food products during storage, manufacturing, or preserva-

tion mishaps to help identify food safety concerns and avoid spoilage.*®

When obtaining strains for reporter-based studies, it isimportant to go to a reliable source that provides authenticated reference stan-
dards. This will ensure that allacquired microorganisms are accurately identified down to the species or strain level, as well as functionally
characterized for any relevant traits. ATCC, for example, offers a number of low-passage, fully-characterized strains for use in a variety
of applications. Though, once the appropriate strainsare acquired, implementing the reporter system can be challenging and time consum-
ing with regard to cloning procedures, transformation or transfection protocols, microbial growth requirements, and strain validation. In
response to this concern, ATCC has developed and successfully transformed expression vectors harboring either GFP or luciferase reporter
genesinto avariety of pathogenic bacterial strains for use in broad-based reporter studies including general imaging studies or the anal-
ysis of bacterial pathogenesis, host-pathogen interactions, drug screening, or food testing. Each of these strains has been thoroughly
examined for reporter expression, vector stability, and compatibility with various fluorescence or luminescence detection technologies.
Moreover, each strain is easily quantifiable and exhibits consistent growth rates and fitness trends as compared to the parent strain.

Overall, reporter systems provide unique and powerful tools for microbiological research. By developing reporter-labeled strains using
authenticated microorganisms, or by acquiring these strains from a reliable source, the scientific community can come one step closer
to understanding a number of complex microbial systems and processes.

Table 1: ATCC GFP-labeled strains

ATCC® No. Species Reporter Parental strain (ATCC® No.)
25922GFP™ Escherichia coli GFP 25922
14028GFP™ Salmonella enterica subsp. enterica serovar GFP 14028
Typhimurium
12022GFP™ Shigella flexneri GFP 12022
10145GFP™ Pseudomonas aeruginosa GFP 10145
15692GFP™ Pseudomonas aeruginosa GFP 15692
o
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Table 2: ATCC luciferase-labeled strains

ATCC® No. Species Serotype Genotype
BAA-2580-PACK™* Escherichia coli 026:H11 stx1+, stx2+, eaeA+
BAA-2581-PACK™* Escherichia coli 045:H2 stx1+, stx2-, eaeA+
BAA-2582-PACK™* Escherichia coli 0103:H11 stx1+, stx2-, eaeA+
BAA-2583-PACK™* Escherichia coli 0111 stx1+, stx2-, eaeA+
BAA-2584-PACK™* Escherichia coli 0121:H19 stx1-, stx2+, eaeA+
BAA-2585-PACK™* Escherichia coli 0145 stx1-, stx2+, eaeA+
BAA-2586-PACK™* Escherichia coli 0157:H7 stx1+, stx2+, eaeA+
BAA-2587-PACK™ Escherichia coli 0157:H7 stx1-, stx2-, eaeA-

*Distributed only within the United States

REFERENCES

1 Cody CW, et al. Chemical structure of the hexapeptide chromophore of the Aequorea green-fluorescent protein. Biochemistry 32:
1212-1218,1993.

2 Bokman SH, Ward WW. Renaturation of Aequorea green-fluorescent protein. Biochemical and biophysical research communications
101:1372-1380, 1981.

3 Ward WW, Bokman SH. Reversible denaturation of Aequorea green-fluorescent protein: physical separation and characterization of
the renatured protein. Biochemistry 21: 4535-4540, 1982.

4 Shimomura O, Johnson FH, Saiga Y. Extraction, purification and properties of aequorin, a bioluminescent protein from the luminous
hydromedusan, Aequorea. Journal of cellular and comparative physiology 59: 223-239, 1962.

5 Prendergast FG, Mann KG. Chemical and physical properties of aequorin and the green fluorescent protein isolated from Aequorea
forskalea. Biochemistry 17: 3448-3453,1978.

6 Tsien RY.The green fluorescent protein. Annual review of biochemistry 67: 509-544, doi:10.1146/annurev.biochem.67.1.509, 1998.

7 Hastings JW. Biological diversity, chemical mechanisms, and the evolutionary origins of bioluminescent systems. Journal of
molecular evolution 19: 309-321, 1983.

8 Brogan ], et al. Imaging molecular pathways: reporter genes. Radiation research 177: 508-513, 2012.

9 Gerlach RG, et al. Rapid Engineering of Bacterial Reporter Gene Fusions by Using Red Recombination. Appl Environ Microbiol 73:
4234-4242,2007.

10 Fields S, Song O. A novel genetic system to detect protein-protein interactions. Nature 340: 245-246, doi:10.1038/340245a0, 1989.

11 Joung JK, Ramm El, Pabo CO. A bacterial two-hybrid selection system for studying protein-DNA and protein-protein interactions.
Proc Natl Acad Sci U S A 97:7382-7387, d0i:10.1073/pnas.110149297, 2000.

12 Wilson CG, Magliery TJ, Regan L. Detecting protein-protein interactions with GFP-fragment reassembly. Nature methods 1: 255-262,
doi:10.1038/nmeth1204-255, 2004.

13 Kessler RL, et al. Stage-regulated GFP Expression in Trypanosoma cruzi: applications from host-parasite interactions to drug
screening. PLoS One 8: e67441, doi:10.1371/journal.pone.0067441, 2013.

14 Hruska Z, et al. Co-inoculation of aflatoxigenic and non-aflatoxigenic strains of Aspergillus flavus to study fungal invasion, coloniza-
tion, and competition in maize kernels. Frontiers in microbiology 5: 122, doi:10.3389/fmicb.2014.00122, 2014.

15 Robinson GM, et al. Application of bacterial bioluminescence to assess the efficacy of fast-acting biocides. Antimicrobial agents and
chemotherapy 55: 5214-5220, doi:10.1128/AAC.00489-11, 2011.

16 Noah CW, et al. Development of green fluorescent protein-expressing bacterial strains and evaluation for potential use as positive
controls in sample analyses. Journal of food protection 68: 680-686, 2005.

17 Ma L, Zhang G, Doyle MP. Green fluorescent protein labeling of Listeria, Salmonella, and Escherichia coli 0157:H7 for safety-related
studies. PLoS One 6:€18083, doi:10.1371/journal.pone.0018083, 2011.

18 Vialette M, et al. Validating the use of green fluorescent-marked Escherichia coli 0157:H7 for assessing the organism behaviour in
foods. Journal of applied microbiology 96, 1097-1104, doi:10.1111/}.1365-2672.2004.02245.x, 2004.

@ 10801 University Boulevard
Manassas, Virginia 20110-2209 J 703.365.2700 % 703.365.2701 9 sales@atcc.org @ www.atcc.org

RLS-112021-v04

©2022 American Type Culture Collection. The ATCC trademark and trade name, and any other trademarks listed in this publication are trademarks owned by the American Type Culture
Collection unless indicated otherwise.

These products are for laboratory use only. Not for human or diagnostic use. ATCC products may not be resold, modified for resale, used to provide commercial services or to manufac-
ture commercial products without prior ATCC written approval.


https://www.atcc.org/products/baa-2580-pack
https://www.atcc.org/products/baa-2581-pack
https://www.atcc.org/products/baa-2582-pack
https://www.atcc.org/products/baa-2583-pack
https://www.atcc.org/products/baa-2584-pack
https://www.atcc.org/products/baa-2585-pack
https://www.atcc.org/products/baa-2586-pack
https://www.atcc.org/products/baa-2587-pack

