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Abstract

MicroRNAs (miRNAs) are important regulators of gene expression and play a role in many biological processes. More than 700 human miRNAs
have been identified so far with each having up to hundreds of unique target mRNAs. Computational tools, expression and proteomics assays,
and chromatin-immunoprecipitation-based techniques provide important clues for identifying mRNAs that are direct targets of a particular
miRNA. In addition, 3'UTR-reporter assays have become an important component of thorough miRNA target studies because they provide
functional evidence for and quantitate the effects of specific miRNA-3'UTR interactions in a cell-based system. To enable more researchers to
leverage 3'UTR-reporter assays and to support the scale-up of such assays to high-throughput levels, we have created a genome-wide collection
of human 3'UTR luciferase reporters in the highly-optimized LightSwitch Luciferase Assay System. The system also includes synthetic miRNA
target reporter constructs for use as positive controls, various endogenous 3'UTR reporter constructs, and a series of standardized experimental
protocols.

Here we describe a method for co-transfection of individual 3'UTR-reporter constructs along with a miRNA mimic that is efficient, reproducible,
and amenable to high-throughput analysis.

Video Link

The video component of this article can be found at https://www.jove.com/video/3343/

Protocol

Introduction

MicroRNAs have emerged as important regulators of gene expression that modulate the activity of many important biological processes. With
more than 700 human miRNAs identified so far1, it is not surprising that mutations and improper regulation of miRNAs have been linked to
a variety of physiological disorders such as cancer and heart disease2,3. Recent studies have shown that the majority of miRNA regulatory
binding sites are found in 3'UTRs4,5, and some researchers have estimated that there are hundreds of targets per miRNA in the cell6. Given
the biological importance of miRNAs, the large number of miRNAs that exist and the large number of targets for each of them, it is critical that
researchers are able to reliably identify endogenous targets of miRNAs, preferably on platforms amenable to high-throughput studies.

While utilizing computational tools like miRBase, TargetScan, and PicTar1,6,7 is a powerful way to generate lists of putative mRNA targets for any
miRNA, the predictions are not yet accurate enough to be relied upon alone8. Therefore, researchers also leverage a number of experimental
approaches to identify targets de novo or to validate predicted targets. Many teams have relied on high-throughput measures of steady-state
mRNA or protein levels to identify genes for which expression changes when miRNA activity is perturbed4,9,10. Such changes are undoubtedly
biologically meaningful and represent an important first step, however measuring changes in overall expression does not distinguish between
direct effects of a miRNA on a transcript and indirect or downstream signaling effects. Other powerful tools that provide evidence for direct
miRNA-mRNA interactions are chromatin-immunoprecipitation (ChIP) strategies that cross-link argonaute proteins (and thus the RISC complex)
to miRNAs and mRNAs, though identifying the interacting partners does not immediately indicate the functional effects of such a binding
event5,11. Thus, 3'UTR-reporter assays that provide functional evidence for a miRNA's effect on a particular UTR have become an important
component of a thorough miRNA study. Such cell-based assay data taken together with computational target predictions or expression and
proteomics data provides strong evidence that a particular 3'UTR is directly regulated by the miRNA of interest.

In a 3'UTR-reporter assay, the 3'UTR from a gene of interest is fused to the end of a luciferase reporter gene. If the 3'UTR is a target of a miRNA,
the reporter transcript stability and/or its translation efficiency will change with variation in functional miRNA concentration. So unlike transcript-
only based assays, reporter assays help identify effects on both steady state mRNA and protein levels. Reporter systems may also be used to
study the functional effects of mutagenizing a putative miRNA binding site in a 3'UTR to confirm that it is indeed necessary for the interaction8.
And while large-scale studies using expression arrays, proteomics techniques, and argonaute ChIP provide valuable genome-wide data for
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a small number of experimental conditions, cell-based reporter assays are the most amenable to scaling up for the study of miRNA-3'UTR
interactions in hundreds or thousands of conditions as may become necessary for high-throughput screening of small molecules or other library-
based effectors.

Many scientists have applied reporter assay technology to the study of miRNA-3'UTR interactions. However, with the idea that many miRNAs
each target hundreds of different transcripts, it has been difficult for researchers to utilize this powerful approach on a high-throughput scale
because the cloning, validation, and optimization steps for creating thousands of different 3'UTR-reporter vectors are often cost prohibitive. In an
effort to make small- and large-scale 3'UTR-reporter studies accessible to any researcher, we have created a genome-wide collection of human
3'UTRs pre-cloned into the highly-optimized LightSwitch Luciferase Assay System. The reporter system also includes validated control vectors,
a set of more than 700 synthetic miRNA target reporter constructs for use as positive controls, and a series of standardized experimental
protocols.

Using the following protocol, you can ask whether a particular human 3'UTR is a target of your miRNA of interest. The critical steps in this
workflow are experimental design, transfection of reporter constructs and miRNA mimics, luciferase reporter assays, and data analysis. For
experimental design, it is important thoughtfully select a transfectable cell line, experimental and control reporter constructs, and miRNA mimics
and non-targeting controls. Common highly-transfectable adherent cell lines like HT1080, HepG2, HCT-116, Hela, 293, and others often work
well with this protocol.

Important notes on experimental design

The LightSwitch Luciferase Assay System is a fully optimized reporter system that includes GoClone constructs utilizing the RenSP luciferase
gene and LightSwitch Luciferase Assay Reagents. Use all components of the LightSwitch System as recommended to obtain optimal reporter
assay results.

Co-transfection of any oligos/plasmids with SwitchGear GoClone reporter constructs reduces overall luciferase signals in a non-specific manner.
Therefore, it is important to perform the following transfection combinations: reporter only, reporter + non-targeting control miRNA, and reporter +
specific miRNA.

Our empty_3UTR vector (strong promoter, no UTR) provides a very high level of luciferase signal and serves as a positive control for transfection
efficiency, and a synthetic miRNA target reporter vector may serve as a positive control for mimic activity. In addition, we recommend using the
GoClone 3'UTR housekeeping controls and random controls for accurately separating sequence-specific vs. non-specific effects.

Study your protocol and whenever possible make master mixes to decrease the variability in your data due to pipetting error or evaporation.

This protocol uses DharmaFect Duo transfection reagent (Dharmacon).

Day 1

IMPORTANT TIP: Choose your cell line wisely. For best results, use a cell line that is known to be transfectable. We have also found that the
measurable response of a 3' UTR reporter to a miRNA mimic is attenuated in cell lines with high endogenous levels of that particular miRNA. If
you don't know how much miRNA your cell line expresses, try SGG's synthetic microRNA target which indirectly measures the abundance of a
particular miRNA in a cell as well as informing you as to the dynamic range of your assay.

1. Seed cells to yield ≥80% confluence at time of transfection.

1. Seed cells in a 96-well white TC plate in 100µl total volume.
2. In parallel, seed the appropriate number of cells in a clear 96-well plate for assessing confluence.

IMPORTANT TIP 1: Confluence is key to achieving good results in a mimic experiment. For optimal knockdown, cells should be 100% confluent
at time of transfection.

IMPORTANT TIP 2: Use low passage cells for best results. Cells that have been passaged too many times tend to yield noisy transfection data.

Day 2

Prepare GoClonereporter constructs and miRNAs, then transfect into the confluent cells.

2. Prepare Constructs

1. Thaw GoClone constructs (plasmid DNA) at room temperature. Mix well.
2. Centrifuge to remove condensation from the cap.

3. Prepare Micro RNAs

1. Thaw microRNAs (specific mimics and non-targeting controls) at room temperature and centrifuge to remove condensation from the caps.
2. Dilute to a working concentration of 2 µM in RNase-free water.

In addition to an experimental miRNA mimic ALWAYS include a non-targeting miRNA control. Co-transfecting a plasmid and a small RNA oligo
leads to lower signal than transfecting the plasmid alone.
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Include one or more positive controls. Consider using one of the hundreds of synthetic miRNA target reporter vectors in SGG's catalog.

Include one or more negative or non-specific controls. SGG has a range of controls including 3' UTRs of housekeeping genes, random fragments
and/or the empty (no UTR insert) control. The use of one or more of these controls alongside an experimental construct will allow you to
normalize for any non-specific effects attributable to the overexpression of your specific miRNA or the non-targeting control.

4. Prepare Transfections

1. For each transfection combine the following reagents for a single assay:

Mixture 1

Individual GoClone reporter: 3.33 µL

microRNA: Varies*

Serum-free media: to 10 µL

* Effective concentration of miRNA can vary from 10 nM-100 nM. Consult miRNA manufacturer for appropriate concentration.

IMPORTANT TIP: Do not add too much mimic. A reasonable range for mimic concentrations is 10-50 nM in the final 100uL reaction.

Perform at least three replicate transfections for each treatment/UTR combination and include additional volume to allow for pipetting
error.

For example, multiply the single reaction volumes by 3.5 to get enough transfection mix for 3 replicate transfection wells including extra for
pipetting error or evaporation.

For each reporter, set up replicates for the following: reporter only, reporter + non-targeting control miRNA and reporter + specific miRNA.

Set up transfections for the targeting microRNA at the same time as those for a non-targeting control.

2. Make up the DharmaFECT DUO (Dharmacon) mixture as follows for each transfection:

Mixture 2

DharmaFect Duo: 0.15 µL

Serum free media: 9.85 µL

The amount of DharmaFECT Duo to be added may be cell line dependent.

The amounts indicated above are appropriate for HT1080 cells.

Consult the manufacturer's documentation to determine the appropriate amount for your cell line.

Tip: Make a large transfection mixture by multiplying the volumes above by the number of reporters, the number of replicates and the number
of miRNAs to be tested. When calculating the amount of transfection mix to prepare, be sure to include a small amount extra to account for
pipetting errors and evaporation.

3. Allow the DharmaFECT Duo mixture to incubate at room temperature for 5 minutes.
4. After 5 minutes, add 10µL of the DharmaFECT Duo mixture (Mixture 2) to each prepared tube of 10uL plasmid and/or miRNA (Mixture 1).

Each tube should then contain a volume of 20µL per replicate transfection.
5. Incubate each mixture for 20 minutes at room temperature.
6. After 20 minutes, add 80 µL of pre-warmed (37°C), antibiotic-free, complete media per replicate to each tube for a total of 100µL per replicate

transfection. A deep-well block may be used for preparation of many replicates and samples simultaneously. Mix the solution by pipetting up
and down.

7. Remove the seeded plate from the incubator. Verify that cells are at least 80% confluent.
8. Carefully pipet off the media from each well.
9. Add 100µL of the transfection mixture (20uL DNA/reagent mix + 80uL media) to each well.
10. Place plate in incubator overnight.

Don't over-incubate. Most mimics will produce significant results on bona fide targets within 24 hours. The level of repression measurable at 48
hours may be greater, but so will the well to well variability.

Mimic experiments are easier than inhibitor experiments. While most mimics will significantly repress true targets within 24 hours, significant
de-repression attributable to the inhibitor can take 48 hours to be measurable and will almost always be less pronounced than the effect of the
mimic.

Day 3

Note: Luciferase assays may be conducted immediately or the plates may be frozen at -80°C (freezing generally increases cell lysis and
luciferase signal). Freeze and thaw your cells before assaying for best results.
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REMEMBER to let frozen cells thaw to room temperature before adding LightSwitch Assay Reagent.

5. Measure luciferase activity with LightSwitch AssayReagents

1. Remove plate from incubator and bring to room temperature.
2. Prepare LightSwitch Assay Reagents (for LS010 kit, protocols of other kit sizes may be found online):

1. Reconstitute 100X Substrate by adding 100µL of Substrate Solvent to tube of lyophilized Assay Substrate. Protect from light and
minimize time at room temperature. 100X Substrate may be stored at -20C for 2-3weeks. For best results, use freshly reconstituted
substrate.

2. Prepare Assay Solution by thawing 10mL bottle of Assay Buffer in room temperature water bath and add 100µL of reconstituted 100X
Substrate prior to use. Mix well.

3. Use a multi-channel pipettor to add 100µL LightSwitch Assay Solution (buffer+substrate) directly to each sample well (containing 100uL cells
+ media) in a white 96-well plate. If cells were grown in another plate or flask format, transfer samples to a white 96-well plate in 100µL total
volume (media or PBS).

4. Cover plate, protect from light, and incubate for 30 minutes at room temperature. If assaying more than one plate, stagger addition of assay
solution so that each plate incubates for 30 minutes before reading.

5. Read each well for 2 seconds in a plate luminometer (SpectraMax L or equivalent).
6. Calculate the knockdown by calculating luciferase signal ratio for each construct for specific miRNA over the non-targeting control

(luminescence = specific miRNA/non-targeting control). Use the data from housekeeping, random, and empty constructs to control for non-
UTR specific treatment effects.

Representative Results

3'UTR targets in the presence of a targeting miRNA show luciferase knockdown.

The knockdown of 3'UTR-luciferase reporter activity by let-7a was measured in HT1080 cells by co-transfecting 100ng of each reporter construct
with 20nM let-7a mimic or non-targeting control, incubating for 24 hours, then reading the luminescent reporter signal using LightSwitch
Luciferase Assay Reagents.

 

Figure 1. PUNC and ARID3B human 3'UTRs are targets of the let-7a microRNA. Signals from human 3'UTR reporters for the PUNC and
ARID3B genes are significantly knocked down in the presence of the let-7a microRNA mimic while signals for housekeeping and random
sequence UTRs are not.
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Discussion

We have created a genome-wide collection of pre-cloned human 3'UTR-reporter constructs to enable studies of miRNA-3'UTR interactions in
living cells. Here we have shown a reproducible and high-throughput method for co-transfecting miRNA mimics with 3'UTR-reporters using a
luciferase reporter system.

This method relies on researchers using a highly-transfectable cell line and perturbing miRNA activity with an overexpression technique.
Researchers using poorly-transfectable cell lines may consider using our companion lentiviral 3'UTR-reporter collection created in conjunction
with Sigma (Mission 3'UTR Lenti GoClones). Treating the cells with miRNA mimics results in an overexpression-type experiment, and with any
such study, researchers must take into account that this may or may not represent actual physiological conditions. To address overexpression
concerns, researchers may use miRNA inhibitors in addition to mimics to study the interaction with two different types of perturbation12-14.

Once likely miRNA targets are identified, researchers may wish to mutagenize the putative miRNA binding sites to determine whether the sites
are necessary for the functional interaction. They may also wish to scale up to testing hundreds of different potential target UTRs (Boutz). In
addition, if researchers are interested as to whether the miRNA is affecting transcript stability or translation efficiency, luciferase reporter data
may be compared to measures of steady-state transcript levels. Any change in luciferase signal that is not associated with a proportional change
in transcript levels will point to an effect on translation efficiency. Finally, researchers may use reporter vectors create a dose response curve to
compare the relative sensitivity of different UTRs to changes in miRNA concentration14.

Disclosures

The authors are employees of SwitchGear Genomics who make tools and reagents appearing in this article. Production of this article was
sponsored by SwitchGear Genomics.
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