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5° LEZIONE: REPORTER GENE ASSAYS: LUCIFERASE ASSAY

Genetic reporter systems have contributed greatly to the study of eukaryotic gene expression and regulation. The use of reporter gene technology has allowed characterization of promoter and enhancer elements that regulate cell, tissue and development-defined gene expression.
Reporters can be assayed by detecting endogenous characteristics, such as enzymatic activity or spectrophotometric characteristics, or indirectly with antibody-based assays. In general, enzymatic assays are quite sensitive due to the small amount of reporter enzyme required to generate the products of the reaction. A potential limitation of enzymatic assays is high background if there is endogenous enzymatic activity in the cell (β-galactosidase). Antibody-based assays are generally less sensitive, but will detect the reporter protein whether it is enzymatically active or not. 

Fundamentally, an assay is a means for translating a bio-molecular effect into an observable parameter. While there are theoretically many strategies by which this can be achieved, in practice the reporter assays capable of delivering the speed, accuracy and sensitivity necessary for effective screening are based on photon production (bioluminescence).
Bioluminescence is a form of chemiluminescence that has developed through natural selection. There are many distinct classes of bioluminescence derived through separate evolutionary histories. These classes are widely divergent in their chemical properties, yet they all undergo similar chemical reactions, namely the formation and destruction of a dioxetane structure. The classes are all based on the interaction of the enzyme luciferase with a luminescent substrate luciferin. The luciferases that have been used most widely in high-throughput screening are beetle luciferases (including firefly luciferase), Renilla luciferase and aequorin. The beetle luciferases are the most versatile of this group, and the number of new applications is rapidly expanding.
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Firefly luciferase (Photinus pyralis)
Firefly luciferase is by far the most commonly used bioluminescent reporter. This monomeric enzyme of 61 kDa catalyzes a two-step oxidation reaction to yield light, usually in the green to yellow region, typically 550–570 nm. The first step is activation of the luciferyl carboxylate by ATP to yield a reactive mixed anhydride. In the second step, this activated intermediate reacts with oxygen to create a transient dioxetane that breaks down to the oxidized products, oxyluciferin and CO2. Upon mixing with substrates, firefly luciferase produces an initial burst of light that decays over about 15 seconds to a low level of sustained luminescence. This kinetic profile reflects the slow release of the enzymatic product, thus limiting catalytic turnover after the initial reaction.

The popularity of native firefly luciferase as a genetic reporter is due both to the sensitivity and convenience of the enzyme assay and to the tight coupling of protein synthesis with enzyme activity. The gene encoding firefly luciferase, luc, is a monomer that does not require any post-translational modifications; it is available as a mature enzyme directly upon translation from its mRNA. It has been shown that catalytic competence is attained immediately after release from the ribosome. Hence, the luciferase assay provides a nearly instantaneous measure of total reporter expression in the cell.

Renilla Luciferase (Renilla reniformis)
Renilla luciferase is a 36 kDa monomeric enzyme that catalyzes the oxidation of coelenterazine to yield coelenteramide and blue light of 480nm. The host organism, Renilla reniformis (sea pansy), is a coelenterate that creates bright green flashes upon tactile stimulation, apparently to ward off potential predators. The green light is created through association of the luciferase with a green fluorescent protein. In particular, the Renilla luciferase does not require calcium in the luminescent reaction. The reporter gene for Renilla luciferase, Rluc, like that for firefly luciferase, is a cDNA. As a reporter molecule, Renilla luciferase provides many of the same benefits as firefly luciferase. Historically, the presence of nonenzymatic luminescence, termed autoluminescence, reduced assay sensitivity; however, improvements in assay chemistry have nearly eliminated this problem. In addition, the simplicity of the Renilla luciferase chemistry and, more recently, improvements to the luciferase substrate have enabled the quantitation of Renilla luciferase from living cells, in situ or in vivo.

An ideal genetic reporter should: 
· express uniformly and optimally in the host cells;
· only generate responses to the effectors that the assay intends to monitor (avoid anomalous expression)

· have a low intrinsic stability to quickly reflect the transcriptional dynamics.

Single-Reporter Assays

Assays based on a single reporter provide the quickest and least expensive means for acquiring gene expression data from cells. However, because cells are inherently complex, the quantity of information gleaned from a single-reporter assay may be insufficient for achieving detailed and accurate results. Thus one of the first considerations in choosing a reporter methodology is deciding whether the speed and depth of information from a single reporter is sufficient or whether a greater density of information is desired.

Dual-Reporter Assays

The most commonly used dual-reporter assay is based on combining the chemistries for Firefly and Renilla luciferases. These luciferases use different substrates and thus can be differentiated by their enzymatic specificities. The method comprises adding two reagents to each sample, with a measurement of luminescence following each addition. Addition of the first reagent activates the firefly luciferase reaction; addition of the second reagent extinguishes firefly luciferase and initiates the Renilla luciferase reaction. 

Generally the benefits of a dual assay can improve experimental efficiency by: 
· reducing variability that can obscure meaningful correlations; 
· normalizing interfering phenomena that may be inherent in the experimental system 
· normalizing differences in transfection efficiencies between samples.
Intracellular luciferase is typically quantified by adding a buffered solution containing detergent to lyse the cells and luciferase substrates to initiate the luminescent reaction. The luminescence will slowly decay due to side reactions, causing irreversible inactivation of the enzyme. The luciferase may be quantified to as few as 10–20 moles per sample or less, which corresponds to roughly 10 molecules per cell. These assays are convenient for reporter gene applications because sample processing is not necessary prior to reagent addition. Simply add the reagent and read the resulting luminescence.
In a system where a second reporter is used, a "control" vector (e.g, β-galactosidase vector) can be used to normalize for transfection efficiency or cell lysate recovery between treatments or transfection experiments. Typically, the control reporter gene is driven by a constitutive promoter and is co-transfected with "experimental" vectors. The experimental regulatory sequences are linked to a different reporter gene so that the relative activities of the two reporter gene products can be assayed individually. Control vectors can also be used to optimize transfection methods. Gene transfer efficiency is typically monitored by assaying reporter activity in cell lysates or by staining the cells in situ to estimate the percentage of cells expressing the transferred gene.

In general, bioluminescence reporters are preferred when experiments require high sensitivity, accurate quantitation or rapid analysis of multiple samples. 
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Coupled enzyme reaction of the Beta-Galactosidase Assay. The amount of β-galactosidase present in a sample correlates with the amount of luminescence generated by that sample. In the reaction, 6-O-β-galactopyranosyl-luciferin is cleaved by β-galactosidase to yield luciferin, which is then catalyzed by luciferase in the presence of cofactors to yield light.
LA NOSTRA ESPERIENZA: NFkB GENE REPORTER ASSAY
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Le cellule piastrate ad una densità di 200.000 cells/pozzetto vengono trasfettate con il vettore pNFkB-LUC che ci permette di valutare l’attività trascrizionale del fattore trascrizionale NFkB mediante dosaggio dell’attività luciferasi (firefly) e il vettore pRL-TK (luciferasi renilla), come controllo interno che ci permetterà di minimizzare la variabilità tra i campioni dovuta all’efficienza di trasfezione e agli eventuali trattamenti effettuati sulle cellule.

Il metodo utilizzato per la trasfezione di entrambi i vettori nelle cellule è quello del calcio fosfato.
Vengono trasfettati per ogni pozzetto le seguenti quantità di vettori: 
· 3 ug pNFkB-LUC 

· 80 ng pRL-TK vector
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Protocollo per la preparazione dei lisati cellulari

1. Aggiungere 4 volumi di acqua ad 1 volume di 5X Passive Lysis Buffer per preparare 1X work solution di buffer lisante.
2. Rimuovere il mezzo di crescita dalle cellule, lavare con 1 ml PBS 1X buffer, facendo attenzione a non staccare le cellule. Rimuovere bene il lavaggio dalle cellule.

3. Aggiungere un volume di 1X PLB tale da ricoprire le cellule (300 µl per petri). Muovere la petri più volte in modo che l’intera superficie venga ricoperta dalla soluzione lisante.

4. Incubare a RT per 2 minuti, muovendo ogni tanto la Petri.
5. Grattare con un puntale da p1000 l’intera superficie della Petri, trasferire il lisato cellulare in una eppendorf da 1,5 ml e mettere il campione in ghiaccio.
6. Vortexare il campione per 10/15 secondi, e centrifugare a velocità max (12000 rcf) per 2 minuti a 4° C. 
Firefly and Renilla Luciferase assay (Dual Luc assay) 
(Metodo luminometrico)
1. Selezionare dai protocolli “promega” del luminometro il programma Dual LUC 0 ING.
2. 10 µl di lisato sono trasferiti in un nuovo tubo.
3. Aggiungere 50 µl di LARII nel tubo. SENZA FARE BOLLE!!!!
4. Leggere nel più breve tempo possibile il campione.
5. Al termine della lettura aggiungere 50 ul di Stop and GLO reagent .SENZA FARE BOLLE!!!!.
6. Leggere nel più breve tempo possibile il campione
7. Al termine sul display compariranno le due letture e il rapporto tra le due intensità luminose misurate. 
N.B. Se il luminometro non è connesso alla stampante, scrivere le letture!!!
Per ottenere un valore di attività luciferasica normalizzato per l’efficienza di trasfezione, in modo che l’attività luciferasica guidata dal promotore NFkB diventi un valore comparabile tra i vari campioni e le varie condizioni sperimentali analizzate, si deve dividere la lettura ottenuta della luciferase firefly per quella della luciferase renilla. 
	Lettura NFkB-Firefly
	Lettura Renilla
	NFkB Luc/Renilla

	
	
	

	
	
	


BOX: Calcium Phosphate-Mediated Transfection


A precipitate containing calcium phosphate and DNA is formed by slowly mixing a HEPES-buffered phosphate solution with a solution containing calcium chloride and DNA. These DNA precipitates are then taken into eukaryotic cells by an endocytic-type mechanism.
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