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Reporter Assay Basic Concepts

cstrayer
Sticky Note
In order to understand reporter assay design, we must understand underlying principles of reporters (the genes & proteins & assays) – what they are and how they can be used, focusing on luciferase… [we’re going to discuss primarily cell-based, plate-based assays]
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What is a Reporter?

• Genetic reporters are indicators of gene expression 
or cellular events coupled to gene expression

• Reporters can mark any gene product
• Transcriptional Fusion – reports on transcriptional and  

post-transcriptional regulatory inputs & events

• Translational Fusion – reports on post-translational 
regulatory inputs & events

• Reporters may be used in cells, tissues, or whole 
organisms
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Basic Reporter Assay Principle

REPORTER
ASSAY

Fo
ld

 E
xp

re
ss

io
n

Figure 1

REPORTER
CONSTRUCT

TREATMENT

cstrayer
Sticky Note
A reporter construct is made and transfected into the cell of interest; the transfection can be either transient or stable. The reporter construct consists of GOI sequences which control expression of the reporter gene (shown in orange). In a typical use, cells may be treated in some way to result in induction via the GOI sequences (here, showing a transcription factor binding to a GOI promoter). The level of reporter transcript, enzyme and reporter activity is directly proportional to the activation of the reporter gene construct – in this case, we might would see an increase in reporter assay signal for treated vs untreated.
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Transcriptional Fusion to the Reporter Gene
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cstrayer
Sticky Note
If the GOI sequences used in the reporter construct are from the promoter, then regulation of reporter expression and activity are a function of changes in transcription
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Transcriptional Fusion To The Reporter Gene
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cstrayer
Sticky Note
Reporter construct could be made using 3’-UTR sequences from the GOI, using a constitutive promoter to drive transcription. An example would be to study miRNA regulation. The regulation of the reporter construct would occur at the post-transcriptional or translational level (reduced mRNA stability or reduced translation). The reporter activity would go down, compared to controls.
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Translational Fusion To The Reporter Gene
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cstrayer
Sticky Note
Or, the reporter could be made as a translational fusion to GOI protein-coding sequences (CDS). This would be used to study post-translational regulatory events, for example, translocation, or regulated changes in protein stability
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Reporters Can Be Used For A Variety Of Applications

Gene expression:
 Transcription and post-

transcriptional regulation 
• Promoters/response elements

• Enhancers

• 5’- and 3’-UTRs

• Transcriptions factors

• RNA binding proteins & miRNAs

 Post-translational regulation
• Protein stability

• Protein localization

• Protein:protein interactions

Cellular Events:
 Receptor activation/signaling

• Receptor ligands, agonists & 
antagonists

• Nuclear receptors

 Pathway analysis
• Defining pathways

• Protein:protein interactions

 Disease/Immune responses
• Cellular response to infection

• Cellular response to therapy

• Infectious agent replication/response 
to therapy
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Reporter Assay Design Considerations
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cstrayer
Sticky Note
The most important consideration is the first in the workflow… the design of the reporter construct, and choice of the most appropriate luciferase reporter…
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Properties Of A Good Reporter

• Enzyme - signal amplification

• Active upon synthesis - no processing or assembly

• No endogenous analog (protein or substrate) – low background

• Convenient assay

• Quantitative, sensitive & wide dynamic range 

β-galCAT GFP luciferase

cstrayer
Sticky Note
To make the best decisions in reporter choice, one must understand what the important properties of a reporter are…these relate to properties of the protein & properties of the assay…PROTEIN:Enzyme is best. No processing required (active upon synthesis), works as a monomer – related to kinetics, and other properties, particularly related to translational fusion reporters. Beta-gal, GFP are problematicASSAY: No endogenous analog or substrate – you don’t want to worry about assay background or confounding effects from endogenous substances in your cells; lower background also contributes to greater sensitivity. This is a limitation for beta-galactosidase, for example.Easy assay – you want fewest steps, reagent additions, for example.Sensitive – want to be able to measure low levels of expression and/or in few cells.Wide dynamic range – don’t want to worry about exceeding the linear range of assay, or worry about the appropriate number of cells or dilution of sample.LUCIFERASE has the best combination of all of these properties…
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bacteria
(Vibrio)

Marine algae (Gonyaulax)

Mushroom (Armillaria)

Lantern fish
(Lampanyctodes) 

Squid (Euprymna)

Bioluminescence In Nature

Jellyfish (Aequorea)Glow worms 
(Arachnocampa)

https://www.youtube.com/watch?v=Fvob6L8q3I8
https://www.youtube.com/watch?v=Fvob6L8q3I8
http://www.glowworm.co.nz/gallery/photo4.html
http://www.glowworm.co.nz/gallery/photo4.html
cstrayer
Sticky Note
Bioluminescence in nature…Widespread in nature - in the land, sea and air… described in > 700 general of organismsConvergently evolved… different proteins/genes in different organismsNational Geographic published a great print and on-line review of bioluminescence in March 2015.
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Bioluminescence In The Lab - Luciferase As A Reporter

Luciferase is the generic name for the class of enzyme 

(the substrate is generically referred to as luciferin)

luciferin Oxidized luciferin
co-factor

luciferase
LIGHTO2+ +

Light signal is read by a luminometer or a CCD camera

Lytic -OR- Live Assay

cstrayer
Sticky Note
The enzymes and substrates vary in different lineages. However, there are some commonalities:The substrate, generically called a luciferin, is a more-or-less simple hydrocarbon - the structures do vary quite a bit, from linear aliphatic to polycyclic aromatic compoundsreaction involves the oxidation of the luciferin (using molecular oxygen)A co-factor (co-substrate) is often required, e.g., ATP or FMNH2For use as a reporter, the production or regulation of the reporter is followed by the product of this reaction, LIGHT – a very quantitative and facile readout – can be measured without disrupting the sample.
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Properties Of A Good Reporter

• Enzyme - signal amplification

• Active upon synthesis - no processing or assembly

• No endogenous analog (protein or substrate) – low background

• Convenient assay

• Quantitative, sensitive & wide dynamic range 

Genetic Reporter.
Reporter as a transcriptional fusion

• Short protein half-life
maximally responsive

Protein Fusion Reporter
Reporter as a translational fusion

• Small, compact protein

• Activity is minimally affected by fusion 

• Protein half-life & localization determined 
by fusion partner

cstrayer
Sticky Note
Additional desirable properties of specific types of reporters
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Promega Optimized Luciferase Reporters

Firefly luciferase - Luc2
61 kDa, ATP-dependent enzyme; utilizes 
beetle luciferin (D-luciferin)

• Sequence optimized 
codon utilization & “cleaned”

• ~200-fold increased signal compared 
to native luc per gene copy number

• Luc2 protein half-life ~ 3 hr

• Further destabilized version, Luc2P, 
~1.5 hr protein half-life

NanoLuc®  - Nluc
19 kDa, ATP-independent enzyme; utilizes 
novel coelenterazine analog (furimazine)

• Sequence optimized 
codon utilization & “cleaned”

• Further ~100-fold increase in signal 
compared to luc/luc2 per protein copy number

• Nluc protein half-life >6 hr

• NlucP destabilized version, ~30 minute 
protein half-life

cstrayer
Sticky Note
Promega’s two best and most popular reporters are engineered luciferases that have specific properties that lend themselves to particular applications. Firefly is most familiar – luc2 is our optimized version. NanoLuc is newer… in many ways it is even better than our optimized luc2.
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Nanoluc® Provides The Brightest Signal, Best Sensitivity
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16

CMV-driven NLuc/Nano-Glo™ Assay
CMV-driven FLuc/ONE-Glo™ Assay

Recombinant NLuc/Nano-Glo™ Assay
Recombinant FLuc/ONE-Glo™ Assay
Recombinant RLuc/Renilla-Glo™ Assay

cstrayer
Sticky Note
NanoLuc is very bright.  How bright you ask??  On the left is an experiment with equimolar amounts of purified, recombinant luciferases produced in E.coli.  As you can see, NanoLuc’s emissions are shifted to the left of both firefly and Renilla luciferase.  Equimolar amounts of NanoLuc are about 100-fold bright than either enzyme in vitro.  The brightness is also apparent in cells.  On the right is an experiment where CMV-driven constructs of NanoLuc and firefly luciferases were expressed in both HeLa and HepG2 cells.  In both cell types, the NLuc produces an ~100-fold brighter signal.  The magnitude of the signal is cell line dependent but the difference between the two enzymes remain consistent. 
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Properties Of A Good Reporter

• Enzyme - signal amplification

• Active upon synthesis - no processing or assembly

• No endogenous analog (protein or substrate) – low background

• Convenient assay

• Quantitative, sensitive & wide dynamic range 

Genetic Reporter.
Reporter as a transcriptional fusion

• Short protein half-life
maximally responsive

Protein Fusion Reporter
Reporter as a translational fusion

• Small, compact protein

• Activity is minimally affected by fusion 

• Protein half-life & localization determined 
by fusion partner

cstrayer
Sticky Note
Let’s consider firefly luciferase and NanoLuc as Genetic Reporters…
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Destabilized Reporters Gives The Best Dynamic Response
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cstrayer
Sticky Note
Remember that an important feature of a genetic reporter is short reporter half-life, in order to provide the best responsiveness.  This experiment demonstrates that concept.We made constructs using different versions of reporters, with shorter (P versions) or longer (non-P version) protein half-life (the constructs labeled Fluc and FlucP are using Luc2). In the experiment on the top we used a fixed concentration of inducer and measured the response of the reporters as a function of time, and also plotted out the magnitude of the response (by fold induction). As you can see, both NlucP and FlucP show responses to stimuli sooner than the stable forms; not only that, note the dramatic difference in the magnitude of the response (Note the vertical axis in this graph is log scale).  The panel on the bottom right a similar experiment, same constructs & inducer, but this shows a dose-response curve and the results are plotted out in raw RLU. This shows the uninduced expression level (low inducer) and the change as dose increases to maximum response. The non-P version of Nluc gives the brightest initial signal, but again a lower fold response. NlucP’s initial signal will be lower, but again you can see the much greater fold response (and initial signal for NlucP is still greater than for either Fluc versions).Note that many other commonly-used reporters, like FPs, beta-gal, and some other luciferases, may have protein half-life 10x as long. As with Nluc (more stable version) this gives you good initial sensitivity because of accumulation in the basal state – but you loose responsiveness.
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Nlucp Is Most Sensitive For Weakly Induced Responses
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Experimental details: transient transfection of 
Hela cells w/ Hsf1 inducible constructs; 
addition of 500 nM 17-AAG at time zero.

Relative Response

NlucP > FlucP > Fluc, Nluc

cstrayer
Sticky Note
This slide shows a similar experiment using another signaling pathway construct, a heat-shock response element (HSE) driving reporter expression. Treatment of the cell with the heat-shock mimetic, 17-AAG [17-(allylamino)-17-demethoxygeldanamycin), activate the hsf1 transcription factor which in turn activate the HSE.  In this figure, you can see that both the NlucP and FlucP show a measurable response to the stimuli.  NlucP responds the earliest for reasons we mentioned earlier.  What would have been your assessment of this compound had you chosen these conditions and time frame and used either Fluc or Nluc?  You may have erroneously concluded that 17-AAG had no effect on this promoter.
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Summary Of Choices For Genetic Reporter

Brightness/Sensitivity

Nluc > NlucP > Fluc > FlucP

Relative Response

NlucP > FlucP > Fluc > Nluc

New users – NanoLuc® is the best choice

If I’m already are using Firefly should I switch to NanoLuc?

Note that Nluc and Fluc CAN be multiplexed as dual primary reporters

Not necessarily – Fluc is still a great reporter!
 Excellent signal:background

 Excellent dynamic range

 Great in vivo reporter

 Well developed system 

Yes if you are having problems with sensitivity!
 Poor transfection

 Weak promoter

 Weak responses

 Detection limitations

cstrayer
Sticky Note
So, the bottom line is that NlucP gives the best combination of brightness/sensitivity and responsiveness. For genetic reporters this is usually the best choice. If you’re starting a new project, this is a good default choice. However, Fluc (luc2) or FlucP (luc2P) are still great reporters.
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Properties Of A Good Reporter

• Enzyme - signal amplification

• Active upon synthesis - no processing or assembly

• No endogenous analog (protein or substrate) – low background

• Convenient assay

• Quantitative, sensitive & wide dynamic range 

Genetic Reporter.
Reporter as a transcriptional fusion

• Short protein half-life
maximally responsive

Protein Fusion Reporter
Reporter as a translational fusion

• Small, compact protein

• Activity is minimally affected by fusion 

• Protein half-life & localization determined 
by fusion partner

cstrayer
Sticky Note
Now, lets consider Protein Fusion Reporters…
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Nanoluc® Is Localized Based On The Protein Partner

NLuc-Nrf2 NLuc-b2 ARNLuc-MLS Calreticulin- NLuc-KDEL

Mitochondria ER Anchored Nucleus Cell-Surface

NanoLuc® by itself is uniformly distributed in cells

Fusion of NanoLuc to POI or localization tag 
confers expected spatial pattern

unfused Nluc

cstrayer
Sticky Note
We know that unfused NLuc is distributed throughout the cell.  We wanted to see if you could fuse it to other proteins and have NLuc follow it to its cellular location.  As you can see, it does. We can send it to the mitochondria (notice the punctate pattern characteristic of mitochondrial localization), we can anchor it to the ER, we can send it to the nucleus or to the outer membrane. For more, please see - http://www.promega.com/products/reporter-assays-and-transfection/reporter-assays/nanoluc-luciferase-redefining-reporter-assays/imaging/
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Nanoluc® As A Protein Fusion Reporter 

23

NanoLuc® fused to a protein-of-interest takes on the fusion partner’s stability profile
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Unstressed Cell
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DNA Damage

NLuc
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p53 stabilization by MDM2

cstrayer
Sticky Note
In this example we’ve used the p53 model to test NanoLuc as a reporter of protein stability.  p53 is known to turn over rapidly in unstressed cells due to it’s interaction with mdm2 (murine double mutant), which targets it for destruction via the ubiquitin/proteasome system.  Under conditions of stress, p53 is phosphorylated and no longer binds mdm2 resulting in an increase of p53 half-life and therefore increase in protein levels in the cell…For this experiment, the Nluc was fused to the C-terminus of p53, the construct was transfected into HEK293 cells. The control was cells transfected with Nluc only. 20 hours post transfection cells were treated for 6 hours with increasing dose of etoposide (topoisomerase inhibitor), and then assayed.  As you can see in the right panel, there is a dose-dependent increase in reporter signal in the cells expressing the p53-nluc fusion.  No change in the reporter signal in the control cells.  
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Nanoluc® Is The Best Choice for a Protein Fusion Reporter
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cstrayer
Sticky Note
There’s no doubt that NanoLuc is the best option when you want to make a translational fusion for any application.
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What Elements To Include In A Genetic Reporter Fusion?

Elements to include are guided by the experimental question

PromoterEnhancer

Gene-of-interest

5’ UTR 3’ UTR

Exon1 2 3 4 5

cstrayer
Sticky Note
So you’re planning your reporter construct, and looking at your gene of interest… We often get the question “which sequences should I clone into the reporter vector?”. The answer depends on the question you’re trying to answer…
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What Elements To Include In A Genetic Reporter Fusion?

Reporter GenePromoter

To study transcriptional regulation, you might include only the proximal promoter…

~1kb upstream of, & including, the transcriptional start site (+1)

Response Element constructs more precisely define the experiment

RE  min
P Reporter GeneRE  RE  

PromoterEnhancer

Gene-of-interest

5’ UTR 3’ UTR

Exon1 2 3 4 5

cstrayer
Sticky Note
Typically, if you’re trying to see how your expression of your GOI is regulated you might clone in the proximal promoter…. *(For efficient initiation include TATA box & transcriptional start site from your GOI; if you are cloning into a promoterless reporter vector there are no such sequences).To further refine the experiment you could clone in only the response element you are interested in; for example if you are trying to study the interaction of a transcription factor & its cognate binding site; or if you’re trying to define a signaling pathway…. We have vectors that have a minimal promoter, so you can just include the isolated RE (or multimers of the RE to increase the fold change).
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Distal promoter/enhancer sequences
• May mask more relevant proximal elements
• Heterologous regulatory elements from adjacent genes may be captured

Untranslated regions (UTR)
• May add post-transcriptional regulatory effects - change translation efficiency or 

mRNA stability 

Intron
• If spanning from promoter to 1st intron, necessitates inclusion of 5’UTR and 

possibly CDS - introduces related regulator considerations 
• May introduce splicing artifacts

Coding sequence (CDS)
• In-frame fusion introduces another level of regulation
• Out-of-frame insertion will greatly decrease reporter translation from start codon, 

and therefore decrease signal

Including Other Elements From The GOI 
May Have Other Effects – Intended Or Not

PromoterEnhancer

Gene-of-interest

5’ UTR 3’ UTR

Reporter CDS

cstrayer
Sticky Note
There are a lot of additional options for configuring the reporter construct , as we referred to in the beginning. We are often asked “how far upstream should I clone?” and “what will happen if I include transcribed sequences from my GOI?”…Adding sequences from the GOI to a reporter is a double-edged sword…Cloning “extra” sequences can confound the experiment…But maybe you want to monitor multiple regulatory elements, more than one step...Considerations:Too much promoter may confuse the experiment; usually the most relevant sequences are proximalUTRs change the experiment - you will not only be looking at transcriptional effects, but post-transcriptional regulation…First intron may contain transcriptional regulatory elements… but they are tricky to incorporate into reporter construct without introducing other points of regulationIf coding sequence is included, this also changes the experiment. In-frame = translational fusion and you add layers of regulation (not to mention generally decreasing luc activity); out-of-frame may result in decreased translational initiation at the (now) downstream ATG of luc CDS, and possibly NMD of the reporter transcript.There are potential drawbacks to cloning in “too much” GOI sequences…On the other hand, you may want to see the more than one input at a time…for example, what if you think a treatment affects expression of your GOI, but not sure how? If you have only the promoter cloned into the reporter, but the treatment regulates the native GOI through a 5’UTR, the experiment won’t reveal it. You have to decide what you want the reporter system to do, & decide on component parts (more refined, but with less variability) or show every possible input. One major advantage of reporters as an experimental tool is that you CAN control & specifically define the system!
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Brighter luciferase reporter facilitates knock-ins

cstrayer
Sticky Note
For more information about the partnership of Promega and Horizon Discovery, please see - http://www.promega.com/resources/webinars/worldwide/archive/making-ultrasensitive-endogenous-nanoluc-luciferase/ 
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Reporter Assay Design Considerations
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cstrayer
Sticky Note
The two most important controls to consider are background, and the type of normalization…
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Controls To Determine Assay Background Are Crucial

Like any quantitative assay, you need to determine the background in the assay to 
know if signal from experimental samples is significant…

Background signal is inherent in all instruments
• Electrical noise from current running through the detection device

• Varies between instruments; varies depending on gain/sensitivity setting

Background signal can be contributed by assay chemistry
• Coelenterazines have some chemiluminescence

• Varies depending on assay

Background controls are not necessary in every experiment – Perform this control the first time you 
adopt a new assay or change detection parameters (instrument, gain setting, assay chemistry) 

Background Control – Process several replicates of samples without luciferase in 
them - untransfected cells, medium-only wells, or lysis 
buffer only – plus detection reagent

(This is NOT the same as an untreated reporter control)
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Example Of Determining Acceptable Assay Threshold 

Minimum Detectable Level (MDL)
 Measure signal for background controls (control sample without reporter, plus reagent) 
 Determine average and standard deviation
 MDL would be Ave + 3SD

Average background = 200 +/- 23 

R
LU

s

MDL = 269 

Typical Signal is often 104 to 106

Signal from ALL samples must be > MDL!

Replicates = 223, 189, 220, 166, 200

vehicle drug

Significant 
signal

BG

cstrayer
Sticky Note
Generally, one would hope the S:B ratio is at least a few-fold. In practice, the S:B ratio in luciferase assays is usually measured in orders of magnitude… if that’s the case, then you don’t need to do background subtraction. If your S:B is low, you may need to background-subtract.Note that you need to have significant S:B for the uninduced control – so you can measure (accurately) the fold change.
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Normalization Assay Is An Important Control

Several parameters in a cell-based reporter experiment can cause 
variation or artifacts in reporter signal

• Starting cell number  - pipetting variation, problems with clumping/dispersion 

• Transfection efficiency  - related to cell density

• Ending cell number  - cytotoxic effect of treatment; detached cells lost in media 
transfers or washing steps

Normalization Methods:

• Co-Reporter

• Cell Health Assay

• Protein Assay

Luc2-expressing cells
seeded unevenly - 5K to 25K cells/well

“Raw” reporter signal

Normalized reporter signal

cstrayer
Sticky Note
A co-reporter is really most important for genetic reporter assays, e.g., gene expression. Not so much for protein fusion assaysStarting cell number and transfection efficiency can vary among replicates within an experimental group, generally decreases precision of the experiment, confidence; variation in ending cell number (due to cytotoxicity, or possibly proliferative effect) would be a problem between treated and control experimental groups – false positive or negatives!
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Normalization Using A Co-reporter

Co-reporter, or normalization reporter:
• A second, compatible reporter gene is co-transfected with the primary 

reporter plasmid. Driven by a “constitutive” promoter 

• Controls for cell number AND transfection efficiency. Can also serve as a 
control for specificity of effect

• Measured along with primary reporter using a dual reporter assay

When is a co-reporter less important?
 Repeat measures assay (timecourse, live assay)

Variation in transfection efficiency & starting cell number less important

 Stable transgenic reporter cell line
No variation in transfection efficiency; Variation in seeding density can still be an issue

* Cell Health Assay still may be advisable to control for variation in seeding density & cytotoxicity

cstrayer
Sticky Note
A co-reporter is important for genetic reporter assays, e.g., gene expression. Perhaps not as much for protein fusion reporters; however, it depends on the type of experiment.
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Co-Reporter Options

• Renilla luciferase (Rluc) is often used as a control with Fluc as the primary 
reporter. Use Dual-Glo® or Dual-Luciferase® Reporter (DLR) assay.

• Fluc and Nluc can be combined – either can be used as the primary or co-
reporter. Use NanoDLR® assay. 

• TK, SV40, CMV, PGK promoters are most often used. TK or PGK are good 
default choices. Provide low-level expression, least likely to be affected by treatments.
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• Reporter vector ratios
(primary:co-reporter)

− 10:1 to 100:1 is typical
− Depends on promoters 

and reporters used, etc

cstrayer
Sticky Note
Rluc and Nluc CANNOT be combined.Vector ratio depends on many variables… the strengths of the promoters used for the primary and co-reporter. If Nluc is used as a co-reporter, even larger ratios can be used, perhaps up to 1000:1 (Fluc:Nluc)
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Normalization Using A Cell Health Assay

Cell Health Assay
• Measures cell viability &/or cytotoxicity 

• Controls for cell number only 

• Measured using a compatible assay multiplexed with the 
reporter assay. Sequential assay in same plate. Fluorescent, 
non-lytic viability assay, performed upstream of reporter assay

• Examples:

− CellTiter-Fluor™

− CellTox-Green™ 

Luc2-reporter with Bright-Glo reporter assay 
multiplexed with CellTiter-Fluor viability assay

cstrayer
Sticky Note
The next bonus slide gives more detail about multiplexing cell-based assay…
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Multiplexing is…

Multiplexing requirements:

• Assays must be biologically & 
chemically compatible

• Signals must be spectrally 
distinct

• Assays must fit in the available 
volume of the well

Gathering more than 
one set of data from 

the same sample

Assay #1

Assay #2

cstrayer
Sticky Note
Lets define the term… Multiplexing is simply gathering more than one metric from each sample. These are the primary considerations & requirements…  The assays must be biologically compatible; for example, the timing of the cellular processes or markers you are trying to measure must be compatible; also, the first …The assay chemistries must be compatible (for example, we know that if you multiplex one of our second generation viability assays with a Glo reporter assay you’ll produce a very counterproductive black precipitate).  The assays must produce signals that can be separated.  (You generally can’t do two luciferase-based assays in the same well at the same time).  And, the two assays must fit into the available volume of the well. [Alternatively, you could take a portion of the medium and do one assay and do another assay on the remaining medium, but of course this isn’t the most efficient way of multiplexing, not ideal]
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Cell Culture Considerations

Cell confluence
• Pre-confluent cultures generally best for transfection… 

…however, cells may become confluent by the time of treatment

– Pre- and post-confluent cells may have different metabolic states – and 
respond differently to treatment

– Cell density per se can influence response to treatment
Passage number 

 Use a low passage number and minimize variation in passage 
number used for experiments

As passage number increases, cells may change character:

– Differences in transfection efficiency

– Differences in response to treatments

• Consider bulking up a low passage, freeze aliquots, thaw for each experiment

cstrayer
Sticky Note
Cells that are post-confluent often are called contact-inhibited. They are post mitotic, they often change in morphology, metabolism, etc. Even with pre-confluent cultures, variation in cell density can cause variation in response to treatment.NOTE: If all samples will get the same construct(s), one can do transient transfection in a larger flask(s), then harvest and seed evenly into high density plate (at desired density) for experiment – better control of cell density, & reduces well-to-well variability in experiment.
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Transfection – Reporter Gene Dose

It may be necessary to titrate the amount of reporter gene transfected –
ideally, to approximate physiological levels.

Excessive expression may… 
• Overwhelm endogenous regulatory factors or protein partners

• Produce a high basal signal that masks small changes in expression

• Cause ectopic effects of protein fusion - localization, stability, PTM, protein-protein 
interactions, etc.

• Excess normalization reporter may interfere with expression of the primary reporter

To keep the total DNA mass constant use a transfection carrier DNA 
Transfection carrier DNA = a standard cloning plasmid, e.g., pGEM, pUC, etc. Avoid 
a plasmid that has eukaryotic promoters or expression cassettes, e.g., pcDNA3.1. 
Eukaryotic sequences could interfere with the experiment (e.g., compete for cellular 
transcriptional machinery).

cstrayer
Sticky Note
This is certainly a concern for protein fusion reporters, where their regulated activity or localization depends on endogenous factors… but this can also be a concern in genetic reporter experiments; e.g., if a miRNA target transcript is in excess of the miRNA/RISC. Remember that you don’t need millions of RLUs… you just need a significant S:B (as discussed earlier, vis, MDL). Balance the technical and biological considerations.This is not an issue in stable transgenesis, where low gene copy number is an intrinsic property of the approach.
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Reporter Assay Choice – Lytic Assays

For most cell-based, plate-based reporter experiments a lytic, endpoint assay is 
the best choice:

• 96-well plate a homogenous, Glo assay is best – Bright-Glo® or Nano-Glo®

• Low-density plate you’ll need to make a lysate – you can still use that lysate 
with a Glo assay.

Considerations: 

• Signal brightness

• Signal duration

• Process # steps; Injectors?

• Single vs Dual assay

Fluc

cstrayer
Sticky Note
If you are using a low-density culture format that can’t be used directly in your plate-reader (e.g., 24-well plates), you can make a lysate with a lysis buffer compatible with the reporter assay – for example, Glo Lysis Buffer.Signal intensity/brightness and signal duration are inversely correlated. Assays that are designed to stretch out the signal duration will produce a lower signal; assays designed for maximum signal will not last as long.The consideration in signal duration pertains mostly to the time it takes to read all samples – if you have 1 plate (96 samples) and read each well for 1 second, then the elapsed time between the first and last sample reads is perhaps 3 minutes. If the signal half-life is ~40 minutes (as for Bright-Glo), then the signal decay between the first and last sample reads is insignificant.
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Lytic vs Live Reporter Assay

Lytic Live

Sensitivity +++ +

Repeat-measures x 

Preserves sample
(propagation) x 

Multiplex-capable


(upstream)



(upstream or downstream)

Compatible with
plate-reader  

Imaging-compatible x 

cstrayer
Sticky Note
Many advantages of live assays:Repeat measuresvariability among samples & normalization not an issueNon-destructive spatial patterns preservedpropagation, sub-culture possiblesecondary assay possibleFewer samplesPrimary disadvantage of live assay…Less sensitive than lytic assay – in a lytic assay the reaction is well controlled; pH, buffering, co-factors, etc. A lytic assay is usually one or two orders of magnitude more sensitive than a live assay.
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Reporter Assay Choice – Live Assays

Substrates are reasonably soluble, cell-permeable & stable

Several options for timing of addition - Add substrate to culture at 
beginning (seeding or media change, with drug, or at end of experiment

Firefly luciferase assays

NanoLuc® luciferase assays

• Nano-Glo® Live Cell Assay System 

• Chemiluminescence can be a consideration

• beetle luciferin, Luciferin-EF, VivoGlo™ Luciferin

• Chemiluminescence is not an issue

furimazine

D-luciferin

cstrayer
Sticky Note
Depending on product, the solution as provided may be diluted directly into culture media. For other products one may need to make a stock solution (according to the product use recommendations). For repeat measures or propagation of the cells, make sure it’s sterilized before adding to the culture.For Fluc substrate for live-cell assay, typical f.c. is from 0.1 – 1 mM.For Nluc substrate, follow recommendations for dilution in the product use instructions.
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Luminometer Parameters & Plate Choice

• White is preferred – better signal

• Black eliminates cross-talk

• Clear-bottom plates can be used for 
viewing cultures prior to assay

• Opaque plates gives better signal (for 
white), and less cross-talk (both W or B)

White or Black Plates? Solid or Clear-bottom? 

• No filters or wavelength setting!

• No need to block excitation light

• Filters reduce signal

• 0.5 - 1 sec integration for Glo assays

• Increasing integration won’t 
increase sensitivity

Luminometer

cstrayer
Sticky Note
What is the consequence of using Black for luminescence? Lower signal/sensitivity; however, no cross-talk. If strong signal, no problem. If lum signal varies much more than 2 logs between samples, then Black may be better (no cross-talk – cross-talk in white plates generally 0.1 -0.5%; Note that one can purchase black plates with white wells.)We have a brief article with some specific recommendations for specific plates - http://www.promega.com/resources/pubhub/which-plates-to-choose-for-fluorescence-and-luminescence-measurements/ Can I leave the plate lid on when placing it in the instrument? NO!  if you want to preserve sterility of the culture, it is possible to purchase gas-permeable, transparent film that you can use to seal the plate, & which should be compatible with the plate-reader.
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