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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  
Can you record movies/images using your own microscope camera? (Y/N)__N.A._______  
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: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 
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.) ______________2.5, 3.1, 3.5, 3.11_________________________
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.) __________2.5_________________
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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 protocol is to biochemically characterize tRNA-isopentenyl transferase activity in vitro. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Antonio Chambers: This method is useful for the in vitro detection and characterization of tRNA isopentenyl transferase activity of purified recombinant enzymes.  

1.2. Antonio Chambers: The main advantage of this technique is that it is a simple and direct assay used to detect a covalent RNA modification.   


C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Adam Richardson: Though this method provides insight into tRNA isopentenyl transferase activity, it is potentially adaptable for the biochemical characterization of a wide range of RNA-modifying enzymes.


D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

	N.A.
















Protocol: (read by voice talent at JoVE)

2. Preparing a 20% Polyacrylamide Denaturing Gel 

2.1. The first step in this procedure is to thoroughly clean the glass plates that will be used for casting the gel. [1-WIDE/MED] Wash the plates with soap and water, rinse well with deionized water, [2-MED] and then clean the plates with isopropanol and lint-free wipes. [3-MED/CU]

2.1.1. Talent taking 2 glass plates to the sink (or wherever they will be washed).
2.1.2. Talent washing the plates with soap and water and then rinsing them with deionized water.
2.1.3. Talent squirting isopropanol onto the plates and wiping them with lint-free wipes.

2.2. Next assemble the plates and spacers. [1-MED/CU]

2.2.1. Plates and spacers being assembled and then the assembled plates are set aside.

2.3. Mix the following reagents to make a 100 mL 20% acrylamide, 7.5 M urea, 1x TBE gel: 80 mL of urea gel concentrate, 10 mL of urea gel diluent, and 10 mL of urea gel buffer. [1-MED]

2.3.1. Talent pipetting urea gel concentrate, urea gel diluent and urea gel buffer into a flask/beaker and then swirling the flask/beaker.  

2.4. Add 40 L of TEMED and 800 L of freshly prepared 10% ammonium persulfate to the mixture. [1-CU]

2.4.1. *film as written.

2.5. Draw the gel solution up into a large syringe [1-CU] and dispense the gel solution between the glass plates, tapping on the glass while dispensing the solution to prevent bubble formation. [2-MED]

2.5.1. A large syringe being filled with the gel solution. 
2.5.2. Talent dispensing the gel solution between the plates, while tapping the glass with fingers.
2.5.3.  Added shot: Add comb before the gel solidifies.

2.6. Allow the gel to solidify at room temperature for 30 minutes. [1-MED] 

2.6.1. Talent putting the gel aside at room temperature to solidify. Author comment: Gel was not moved after poured.

2.7. After the gel has solidified, clamp the gel onto a vertical gel apparatus. [1-CU]

2.7.1. Gel being clamped onto gel apparatus. Author note: Apparatus had screws to attach gel. Other apparatuses might require binder clips.

2.8. Fill the upper and lower buffer chambers with 1x TBE. [1-MED]

2.8.1. *film as written.

2.9. Two hours prior to loading the gel, pre-run the gel at 20 mA for 2 hours to allow the buffer boundary to outrun the smallest oligonucleotides. [1-MED-TXT]

2.9.1. Talent connecting the gel apparatus to the power supply, sets the voltage and run time and starts the run.  TEXT:  Pre-run at 20 mA; 2 h

3. RNA Isopentenylation Assay 

3.1. Prepare each reaction for the RNA isopentenylation assay in a final volume of 17 L. [1-MED] Add to each tube 58 mM of Tris-HCl pH 7.2, 1.2 mM of ATP, 5.8 mM of Magnesium Chloride, 0.2 mM of DMAPP, 10 units of RNase inhibitor, 40,000 CPM of internally 32P-labeled RNA, 5.3 M of Mod5, and 1.2 mM of 2-mercaptoethanol.  [2-CU-TXT] 

3.1.1. Talent setting out 4 tubes and reagents on work surface.  (Use appropriate shielding, PPE, etc. for working with radioactivity even though a mock-up is used on filming day)
3.1.2. Reagents being pipetted into one of the tubes in the order narrated.  Please add text overlay as each reagent is narrated. TEXT: 58 mM Tris-HCl pH 7.2; 1.2 mM ATP; 5.8 mM MgCl2; 0.2 mM DMAPP; 10 U RNase inhibitor; 40,000 CPM 32P-RNA; 5.3 M Mod5; 1.2 mM 2-mercaptoethanol.  

3.2. Incubate the reactions at 37 °C for one hour. [1-MED-TXT]

3.2.1. Talent putting all 4 tubes into the 37 °C heat block.  TEXT:  37 °C; 1 h

3.3. After one hour, ethanol-precipitate the RNAs using 2.5 volume of 100% ethanol and 1/10th volume of 3.5 M sodium acetate pH 5.5, [1-CU] and place at -20 °C for one hour or overnight. [2-MED-TXT]

3.3.1. 42.5 L of 100% EtOH and 1.7 L of sodium acetate being added to each tube.
3.3.2. Talent putting the tubes into the -20 °C freezer.  TEXT: -20 °C; ≥ 1 h

3.4. Next centrifuge the RNA samples at 15,400 x g and 4 °C for 20 minutes. [1-MED-TXT]

3.4.1. Talent putting the tubes into the centrifuge and starting the spin. Please get multiple usable takes; shot will be repeated later. TEXT: 15,400 x g; 4 °C; 20 min

3.5. Carefully remove the supernatant and wash each RNA pellet with 500 L of 70% ethanol. [1-CU]

3.5.1. Supernatant from one tube being carefully removed and then 500 L of 70% ethanol being pipetted into the tube.

3.6. Centrifuge the samples at 15,400 x g and 4 °C for 5 minutes. [1]

3.6.1. Use shot from 3.4.1.  

3.7. Carefully remove the supernatant [1-CU] and air-dry the RNA pellets for 15 minutes, or until all ethanol has evaporated. [2-CU]

3.7.1. *film as written for one tube.
3.7.2. All tubes being left with caps off at room temperature for pellets to dry.  

3.8. Next, resuspend each RNA pellet in 10 L of 8 M urea. [1-CU]

3.8.1. 10 L of 8 M urea being added to each tube.

3.9. Add 150 units of Rnase T1 to each sample [1-CU] and incubate at 37 °C overnight. [2-MED]

3.9.1. *film as written.
3.9.2. Talent putting all tubes into the heat block.  

3.10. On the following day, add 2 L of 6x loading buffer to each sample. [1-MED]

3.10.1. Talent adding loading buffer to each sample.

3.11. Load 10 L of each RNA sample on a pre-run, 20% polyacrylamide, 7.5 M urea gel. [1-MED]

3.11.1. Talent loading a sample on a pre-run gel.

3.12. Run the gel at 25 mA for 2 hours. [1-MED-TXT]

3.12.1. Talent connecting the gel apparatus to the power supply, sets the voltage and run time and starts the run.  TEXT:  20 mA; 2 h

3.13. After 2 hours, stop the electrophoresis [1-MED] and remove the gel from the apparatus. [2-CU]

3.13.1. Talent switching the power off.
3.13.2. Gel being taken off the apparatus.

3.14. Break the seal between the two glass plates and carefully remove one of the glass plates, with the gel remaining on either plate. [1-CU]

3.14.1. *film as written, making sure gel does not get torn.

3.15. Place a layer of plastic wrap over the gel [1-CU] and expose on a phosphor screen for 3 hours. [2-MED] 

3.15.1. *film as written.
3.15.2. Talent putting the wrapped gel into the phosphor screen cassette.

3.16. Lastly, image the phosphor screen on a phosphor imager. [1-MED]

3.16.1. *film as written 


4. Results: detection of isopentenylation by Mod5

4.1. This protocol reliably detects isopentenylation of both canonical and non-canonical tRNA residues modified by the S. cerevisiae isopentenyl transferase, Mod5. [1-LM] In this example, Tyrosine tRNA was internally labeled with 32P-adenosine and Mod5 was incubated with the RNAs in the presence [2-LM] or absence of DMAPP. [3-LM] The RNAs were then digested with RNase T1 and resolved on a denaturing polyacrylamide gel. [4-LM]

4.1.1. Show panel B of ‘58100_Figure 2_revised.tif’ (uploaded 5-24-18)
4.1.2. Panel B of ‘58100_Figure 2_revised.tif’ Emphasize DMAPP +
4.1.3. Panel B of ‘58100_Figure 2_revised.tif’ Emphasize DMAPP -
4.1.4. Panel B of ‘58100_Figure 2_revised.tif’

4.2. Mod5 modifies the predicted residue in the presence of DMAPP as indicated by the shifted 10-nucleotide AAA36-38 (Voiceover: pronounced "triple adenosine at nucleoside positions 36 through 38") containing fragment in the tyrosine tRNA. [1-LM] The modified A37 (Voiceover: pronounced “adenosine thirty seven”) residue is indicated with an asterisk. [2-LM]

4.2.1. Panel B of ‘58100_Figure 2_revised.tif’ Emphasize the 10 nt (i6A) band in the DMAPP + lane.  
4.2.2. Panel B of ‘58100_Figure 2_revised.tif’ Emphasize the *A in the UA*AAUCUUG sequence

4.3. Similarly, when the serine tRNA is incubated with Mod5 and DMAPP, [1-LM] a complete shift of the 10-nucleotide AAA36-38 containing fragment is observed. [2-LM] Interestingly, a partial shift of a 7-nucleotide fragment is observed that does not contain the AAA36-38, suggesting that the AAA36-38 sequence and structure are not required for Mod5 in vitro activity. [3-LM]

4.3.1. Panel C of ‘58100_Figure 2_revised.tif’
4.3.2. Panel C of ‘58100_Figure 2_revised.tif’ Emphasize the 10 nt (i6A) band in the DMAPP + lane.
4.3.3. Panel C of ‘58100_Figure 2_revised.tif’ Emphasize the 7 nt (i6A?) band in the DMAPP + lane.




5. Conclusion (said by authors on camera)
5.1. Antonio Chambers: Once mastered, this technique can be done in two, 4-6 hour days, if it is performed properly.
5.2. Antonio Chambers: While attempting this procedure, it’s important to remember to maintain and monitor the integrity of the RNA because RNA degradation could have a significant effect on RNA modification and will confound data interpretation. 
5.3. Antonio Chambers: Following this procedure, mutational studies of your enzyme of interest could be used to determine specific residues or domains required for enzymatic activity. 
5.4. Adam Richardson: After its development, this technique paved the way for researchers in the field of RNA biology to study tRNA isopentenyl transferase activities of prokaryotic and eukaryotic enzymes.
5.5. Adam Richardson: After watching this video, you should have a good understanding of how to carry out the protocol for the detection of isopentenyl transferase activity of your enzyme of interest.
5.6. Adam Richardson: Don't forget that working with radioactivity can be extremely hazardous and precautions such as wearing proper PPE, using adequate shielding, and disposing of radioactivity properly should always be taken while performing this procedure.   

   
Provided Media

4.1-4.3. Panels B and C of ‘58100_Figure 2_revised.tif’ (uploaded 5-24-18)


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 in the email accompanying the finalized script.


 2018, Journal of Visualized Experiments


R
R

ik B e o, ptdpiphc st
Authors and Aftations:
Amo € Chunten A €

R, Oavi . Read’,Thonas . Watr Do
N emtan na o S S

g sy ot Sk M

vt o Dot G
e A o A o Dot S, An

[———
Tl Anin Vi Ay b oot R cprtry T Achty

oassonang Aupor

P S
i s

o —




