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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No  

Can you record movies/images using your own microscope camera? (Y/N) No
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: No
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.1, 3.2, 3.3, 3.4, 3.6, 3.7, 4.3 

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.6, 3.7 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) Yes. If yes, how far apart are the locations? The two locations (labs) are a few steps apart.
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this toeprinting analysis is to observe the translation initiation complex formation on mammalian mRNAs. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1 . Nehal Thakor: This method can help answer key questions in the field of mRNA translation, such as IRES-mediated translation initiation [1-MED]. 
1.1.1.  Nehal speaks towards camera, looking slightly off center. Interview style.
1.2 . Joe Ross: The main advantage of this technique is that one can perform detailed analysis of translation initiation complex formation on a specific mRNA [1-MED]. 
1.2.1 Joe speaks towards camera, looking slightly off center. Interview style.
*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
Protocol: (read by voice talent at JoVE)
2. Preparation of mRNA
2.1. Assemble the transcription reactions to transcribe RNA from the PCR amplified DNA templates encoding the XIAP IRES RNA (Zye-App-Eye-rus R-N-A) or its mutants [1-MED-over the shoulder-TXT].
2.1.1. Talent has all the tubes labelled and assembled with the reaction mixture. TEXT: Refer to text for reaction conditions and primers.
2.2. Next, add 2 units of RNase-free DNase to remove the DNA template to each 20-microliter reaction of RNA [1-MED-over the shoulder]. Incubate at 37( C for 30 minutes [2-MED-over the shoulder].
2.2.1. Talent starts adding DNase to the tubes.

2.2.2. Talent places the tubes in the incubator.
2.3. Then, dilute the DNase-treated RNA with nuclease-free water to a final volume of 110 microliters [1-MED-over the shoulder]. Next, add 110 microliters of acid phenol to begin RNA purification [2-MED-over the shoulder]. Vortex the samples for 5 seconds… [3-CU] and centrifuge at 20,000 x g for 3 minutes at room temperature [4-MED]. 
2.3.1. Talent starts adding nuclease-free water to the tubes.

2.3.2. Talent starts adding acid phenol to the tubes.

2.3.3. Samples as they are vortexed.

2.3.4. Talent places the tubes in the centrifuge, shuts lid and turns it on. Film centrifuge settings if possible.
2.4. Joe Ross: It is critical to dilute the RNA or cDNA prior to phenol extraction. If the volume is too low, it will be difficult to physically recover the aqueous phase and the final yield will be low [1-MED].
2.4.1. Joe speaks to camera, looking slightly off-center. Interview style.
2.5. Then, carefully transfer 100 microliters of the RNA-containing aqueous phase to a new microcentrifuge tube [1-CU]. Add 10 microliters of 3 Molar sodium acetate, pH 5.5… and mix the samples [2-MED-over the shoulder]. 
2.5.1. Tube, as talent transfers the supernatant into a new tube. Show for one sample only.

2.5.2. Talent adds sodium acetate to one sample and mixes the sample. Other samples in shot if possible.
2.6. Then, add 3 volumes of 100% ethanol to precipitate RNA… and vortex the samples for 5 seconds [1-MED-over the shoulder]. Incubate overnight at -20( C [2-MED].
2.6.1. Talent adds ethanol to one of the tubes and starts vortexing. Other tubes in shot if possible.
2.6.2. Talent places the tubes in the freezer.
2.7. The next day, centrifuge the samples at 20,000 x g for 30 minutes at 4( C… [1-MED] and discard the supernatant [2-CU]. 
2.7.1. Talent places the samples in the centrifuge, shuts lid and turns it on.

2.7.2. Talent discards the supernatant from one tube.
2.8. Then, wash the pellet with 500 microliters of ice-cold 70% ethanol and repeat the centrifugation [1-MED-TXT]. Carefully aspirate as much supernatant as possible without dislodging the pellet [2-CU]. Then, air-dry the pellet for 5 to 10 minutes [3-MED]. Resuspend the pellet in nuclease-free water to final concentration of 0.5 micrograms per microliter [4-CU-TXT].
2.8.1. Talent starts adding ethanol to the tubes. TEXT (as “repeat the centrifugation” is narrated): 20,000 x g, 30 min, 4( C.
2.8.2. One of the samples as talent aspirates the supernatant.

2.8.3. Tubes left on the bench to air-dry.

2.8.4. One of the samples as talent dissolves the pellet in water. TEXT: Store at -80( C, if not used immediately.
3. Toeprinting Assay 
3.1. To begin the toeprinting assay, add 15 microliters of non-nuclease treated rabbit reticulocyte (re-tick-u-lo-site) lysate to each 1.5 milliliter microcentrifuge tube, which represent the wild-type XIAP IRES RNA and its mutants [1-MED-over the shoulder-TXT]. Add RNase inhibitor… ATP… and GMP-PNP to each tube [2-MED-over the shoulder-TXT]. Incubate at 30( C for 5 minutes [3-MED-over the shoulder].
3.1.1.  One of the labelled tubes as talent adds the reagents. TEXT: Refer to text for all solution preparations.
3.1.2. Talent starts adding reagents in described order to one tube. TEXT: 1(L each.
3.1.3. Talents places all the tubes in the incubator. 
3.2. After this, add 1 microliter of the respective RNA to each of the tubes… [1-CU] and incubate at 30( C for an additional 5 minutes [2-MED-over the shoulder]. During the incubation period, add DTT and spermidine to the Toeprinting buffer [3-MED-over the shoulder-TXT]. Then, add 22 microliters of Toeprinting buffer to each of the tubes… [4-CU] and incubate at 30( C for 3 minutes [5-MED-over the shoulder].
3.2.1. Talent starts adding the RNA to the labelled tubes.

3.2.2. Talents places the tubes in the incubator.

3.2.3. Talents adds DTT and spermidine to the toeprinting buffer. TEXT: Final concentration: 2 mM DTT, 0.5 mM spermidine
3.2.4. Talent starts adding toeprinting buffer to the tubes.

3.2.5. Talent places the tubes in the incubator.
3.3. Next, add 0.5 microliters of IRDye (Eye-R-Dye)-labelled toeprinting primer… [1-MED-over the shoulder] and incubate the reaction on ice for 10 minutes [2-CU].
3.3.1. Talent starts adding the primer to the tubes.

3.3.2. Tubes placed on ice.

3.4. Subsequently, add 2 microliters of dNTPs (d-n-t-peas) … 2 microliters of magnesium acetate… and 1 microliter of avian myeloblastosis (mylo-blast-osis) virus reverse transcriptase [1-MED-over the shoulder]. Bring the final volume to 50 microliters with Toeprinting buffer [2-MED-over the shoulder]. Then, allow primer extension to occur for 45 minutes at 30( C [3-MED-over the shoulder].
3.4.1. Talent starts adding the dNTPs, magnesium acetate and reverse transcriptase to the tubes. Show for one tube only.
3.4.2. Talent starts adding the toeprinting buffer to all the tubes.

3.4.3. Talent places the tubes in the incubator/thermal cycler.

3.5. Joe Ross: It is also critical to add magnesium acetate to the toeprinting reaction, without which the reverse transcriptase won’t function optimally [1-MED].
3.5.1. Joe speaks to camera, looking slightly off-center. Interview style.
3.6. After this, add 200 microliters of nuclease-free water [1-MED-over the shoulder]. Add 250 microliters of 25:24:1 (25 to 24 to 1) phenol:chloroform:isoamyl alcohol (phenol-chloroform-isoamyl alcohol), pH 8.0 to begin the purification of cDNA [2-MED-over the shoulder]. After vortexing the samples for 5 seconds, centrifuge the samples at 20,000 x g at room temperature for 3 minutes [3-MED-over the shoulder].
3.6.1. Talent starts adding nuclease-free water to the tubes.

3.6.2. Talent starts adding phenol:chloroform: isoamyl alcohol to the tubes.
3.6.3. Talent places the tubes in the centrifuge, shuts lid and turns it on.
3.7. Next, carefully transfer the aqueous phase containing the DNA to a new microcentrifuge tube [1-CU]. Then, add 3 volumes of 100% ethanol to precipitate the DNA and vortex for 5 seconds [2-MED-over the shoulder]. Incubate overnight at -20( C [3-MED]. 
3.7.1. One of the samples as talent transfers the top phase into the new labelled tube.
3.7.2. Talent adds ethanol to one the of tubes and starts vortexing.
3.7.3. Talent places the samples in the freezer.
3.8. The next day, centrifuge the tubes at 20,000 x g for 30 minutes at 4( C… [1-MED] and discard the supernatant [2-CU].
3.8.1. Talent places the sample in the centrifuge, shuts lid and turns it on.

3.8.2. Talent discards the supernatant from one sample.
3.9. Then, wash the DNA pellet with 500 microliters of ice-cold 70% ethanol… [1-MED-over the shoulder] and centrifuge at 20,000 x g for 15 minutes at 4( C [2-MED-over the shoulder]. Aspirate as much supernatant as possible, taking care not to dislodge the pellet [3-CU]. Then, air-dry the pellet for 5 to 10 minutes [4-MED].
3.9.1. Talent starts adding ethanol to the pellet.
3.9.2. Talent places the tubes in the centrifuge, shuts lid and turns it on.
3.9.3. Talent aspirates the supernatant and discards it. Show for one sample only.
3.9.4. Tubes are left on the bench to air dry.
3.10. Dissolve the DNA pellet in 6 microliters of nuclease-free water [1-CU]. Then, add 3 microliters of formamide loading dye [2-MED-over the shoulder].
3.10.1. Talent adds nuclease-free water and dissolves the pellet. Show for one sample only. 
3.10.2. Talent starts adding loading dye to the tubes.
4. Sequencing Reactions and Gel Electrophoresis
4.1. Use a sequencing kit to prepare a dideoxynucleotide (di-de-oxy-nuc-leo-tide) sequencing ladder with the toeprinting primer and the DNA construct encoding the XIAP IRES RNA [1-MED-over the shoulder]. Then, mix 6 microliters of each sequencing reaction with 3 microliters of the formamide loading dye [2-MED-over the shoulder]. 
4.1.1. Talent places the prepared tubes in a thermal cycler and starts the cycling program.

4.1.2. Talent starts adding the loading dye to each of the sequencing reactions.
4.2. After cleaning and assembling the plates, pour the gel… and insert the comb [1-MED-over the shoulder]. Following the polymerization of the gel, assemble the sequencing apparatus… and fill the reservoirs with 1x (1-ex) TBE [2-MED-over the shoulder]. Then, pre-run at 1500 Volts for 15 minutes until a temperature of 55( C is achieved [3-MED]. 
4.2.1. Talent finalizes pouring the gel and then inserts the comb.

4.2.2. Talent finalizes assembling the apparatus and then fills the reservoir with TBE.

4.2.3. Talent sets the voltage, time and starts the pre-run.

4.3. Heat all of the samples with formamide dye to 85( C for 5 minutes [1-CU]. Then, load 1 microliter of each sample on a 6% polyacrylamide sequencing gel… and run the gel at 1500 Volts for 8 hours [2-CU-TXT]. Finally, read the bands in real time with a fluorescent-based imager [3-LM]. 
4.3.1. Talent places the samples in the heating block set at 85( C.
4.3.2. Talent starts loading the samples on the gel; sets the voltage, time and starts the run. TEXT: Refer to text for gel preparation.
4.3.3. 57519_Ross_Figure_2: Video editor: When VO says “read the bands in real time” show the still image of the gel in the DNA analyzer.
5. Results: Importance of IRES Secondary Structure in the Formation of Translation Initiation Complexes on an Uncapped XIAP IRES RNA.
5.1. This method shows that conformation of RNA is critical for translation initiation complex formation. The reverse transcription of XIAP mRNA-ribosome complex yields typical toeprints +17 to +19 (Plus 17 to Plus 19) nucleotides downstream of AUG [1-LM]. 
5.1.1. 57519_Ross_Figure_1C: Video editor: When VO says “The reverse transcription of XIAP mRNA-ribosome complex” highlight lane 1. When VO says “toeprints +17 to +19 nucleotides” highlight the 17-19 NT from AUG corresponding to lane 1.
5.2. The 5’ PPT (5 prime P-P-T) mutant shows impaired toeprint formation. However, when transcribed with the 5’ (5 prime) cap, initiation complex formation occurs [1-LM].
5.2.1. 57519_Ross_Figure1C: Video editor: When VO says “The 5’ PPT mutant” highlight lane 2. When VO says “when transcribed with 5’ cap” highlight lane 3.
5.3. Similarly, the 3’ (3 prime) PPT mutant also shows impaired toeprint formation. However, transcription with the 5’ cap leads to initiation complex formation [1-LM]. 
5.3.1. 57519_Ross_Figure1C: Video editor: When VO says “the 3’ PPT mutant” highlight lane 4. When VO says “transcription with 5’ cap” highlight lane 5.
5.4. The double PPT mutant harboring both the 5’ PPT and 3’ PPT mutations is able to form the initiation complex without the 5’ cap [1-LM]. 
5.4.1. 57519_Ross_Figure1C: Video editor: When VO says “The double PPT mutant” highlight lane 6.
5.5. Toeprint formation is strongly impaired for the start codon mutant, in the absence of RRL and GMP-PNP and a poly-A tail. The cDNA products are compared with a dideoxynucleotide sequencing ladder [1-LM]. 
5.5.1. 57519_Ross_Figure1C: Video editor: When VO says “strongly impaired for the start codon mutant” highlight lane 7. When VO says “in the absence of RRL and GMP-PNP” highlight lane 8. When VO says “and a poly-A tail” highlight lane 9. When VO says “dideoxynucleotide sequencing ladder” highlight the four lanes labeled A, G, C and T.
5.6. Human beta-globin, or HBB mRNA shows no toeprint in the absence of the 5’ cap. However, the initiation complex is formed on the capped 5’ UTR (5 prime U-T-R) of HBB yielding toeprints +16 to +18 nucleotides downstream of AUG [1-LM]. 
5.6.1. 57519_Ross_Figure1D: Video editor: When VO says “HBB mRNA shows no toeprint” highlight lane 1. When VO says “initiation complex is formed” highlight the toeprints 16-18 NT from AUG in lane 2.
6. Conclusion (said by authors on camera)

6.1. Joe Ross: Once mastered, this technique can be done in 3 days; including preparation of in vitro transcription templates and RNA, if performed properly [1-MED].
6.1.1. Joe speaks to camera, looking slightly off center. Interview style.
6.2. Joe Ross: Following this procedure, other methods like structural probing can be performed in order to answer additional questions like the secondary structure of the wildtype or mutant variants of the IRES [1-MED]. 
6.2.1. Joe speaks to camera, looking slightly off center. Interview style.
6.3. Joe Ross: After its development, this technique has paved the way for researchers in the field of mRNA translation to explore IRES-mediated translation in vitro [1-MED].
6.3.1. Joe speaks to camera, looking slightly off center. Interview style.
6.4. Joe Ross: After watching this video, you should have a good understanding of how to perform toeprinting of mammalian mRNA and to analyze the formation of translation initiation complexes [1-MED].
6.4.1. Joe speaks to camera, looking slightly off center. Interview style.
6.5. Joe Ross: Don't forget that acid phenol, phenol:chloroform:isoamyl alcohol, and acrylamide can be extremely hazardous. Appropriate personal protective equipment should be worn while using these reagents [1-MED].
6.5.1. Joe speaks to camera, looking slightly off center. Interview style.
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

4.3 – 57519_Ross_Figure2 – Still image of the gel in the DNA analyzer. 
4.3 – 57519_Ross_Figure3 – Still image of the DNA analyzer (closed). (Optional image.)

5.1 to 5.5 - 57519_Ross_Figure1C

5.6 - 57519_Ross_Figure1D

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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