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Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ____N______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____N_____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_2.5; 3.7; 4.3; 5.3; 6.3_____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?

To make sure that cleavage by Prescission Protease is complete as monitored by SDS-PAGE. If not, extended incubation with more enzyme is required.   

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
The overall goal of this procedure is to prepare large oligomeric DNA-binding proteins such as Mgm101 (pronounced M – G – M – one – oh – one) using the Maltose Binding Protein, or MBP, tagging strategy.  (Intro).
This is accomplished by first cloning the MGM101 open reading frame downstream of MBP in the pMAL-c2E (pronounced “P – mal (rhymes with “pal”) – C – two – E) vector for expression in E. coli  (P1)

  Use 50433_Chen_Figure 3.
The MBP-Mgm101 fusion protein is then purified from E. coli by amylose affinity chromatography (P2)

  Use 50433_Chen_Schematic (2) show column, 
  And 50433_Chen_Drawing1 then show fusion protein coming out of the column.
Mgm101 is then released from MBP by proteolytic cleavage and separated from MBP by cation exchange chromatography. (P3)

  Use 50433_Chen_Drawing2 (animate Proteolytic cleavage of MGM101) 
  And 50433_Chen_Drawing3 (Animate separation of MGM101 and MBP)
Finally, the Mgm101 rings are purified to homogeneity by size exclusion chromatography.  (P4)

  Use 50433_Chen_Drawing4
Ultimately, ~0.8 mg of soluble Mgm101 from one liter of bacterial culture can be used for biochemical and structural characterization of this protein, which is important for DNA repair in mitochondria. (P5)

  Use 50433_Chen Figure 8
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Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1. Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. [Xiaowen Wang] Hi, I am Xiaowen Wang. I am a Research Scientist from the laboratory of Dr. Xin Jie Chen in the Department of Biochemistry and Molecular biology at SUNY Upstate Medical University. The main advantage of using a maltose binding protein tagged version of Mgm101 is that this version is less toxic, more soluble, and more stable than the non-tagged version. As a result, we can obtain a high level expression of the native Mgm101 proein in E.coli. [Sara Wierzbicki] Hi, my name is Sara Wierzbicki. I am a Senior Research Support Specialist from the laboratory of Dr. Xin Jie Chen at SUNY Upstate Medical University. Here, my colleague, Xiaowen Wang and myself will demonstrate the expression and purification of the Mgm101 protein. [insert advantage].   

1.2. Video Editor: The post-shoot shotlist returned by the authors had Sara Wierzbicki’s statement included as part of 1.1 as above. Presumably it was slated separately and therefore it might be 1.2. 
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

Protocol Text:
Video Editor: Post shoot, the authors returned a marked up version of a draft of the shotlist rather than a marked up version of the final shotlist. The shots listed in the draft had some differences from those listed in the final version. The author said they used the draft during the shoot. If the actual footage doesn’t always match up with what’s listed below, then it may be that the videographer was using the final version while the author was making notes on the draft version. The version below is the draft version returned by the authors (with the author’s revisions incorporated) with occasional references to what was in the final version. Good luck ( Peggy
2. Construction of MBP-Mgm101 fusion protein
2.1. The following experiment is performed using an MBP-Mgm101 fusion protein, generated as follows.

2.1.1. Title screen – Construction of the MBP-Mgm101 fusion protein

2.2. Begin generating the fusion protein by using PCR to amplify the mature Mgm101 coding sequence. Do not include the first 22 amino-terminal residues of Mgm101, which are known to be cleaved after importing into mitochondria. 
2.2.1. 50448_Chen_Figure3 (Editor, show only Mgm101 rectangle)
2.3. The amplified MGM101 is then placed downstream of the malE sequence, which encodes the maltose binding protein, or MBP, in a modified version of the expression vector pMAL-c2E. 

2.3.1. 50448_Chen_Figure3 (Editor, show tan, black and green rectangles with labels)
2.4. This generates the MBP-Mgm101 fusion with a linker containing a cleavage site for the PreScission protease.

2.4.1. 50448_Chen_Figure3 (Editor, show tan, black and green rectangles with labels)
2.5. The plasmid is first constructed by selecting E. coli transformants without the blue/white selection. The resulting plasmid pMAL-c2E-MGM101 is then introduced into the E. coli strain BL21-CodonPlus(DE3)-RIL (pronounced B- L – two – one – codon – plus – D – E – three – R – I – L) and grown on LB plates that contain ampicillin and chloramphenicol .

2.5.1. MED: 50448_Chen_Figure3 (Editor, animate insertion of the tan, black and green rectangles into the larger grey rectangle
2.5.2. MED:  Talent streaks plate [probably not filmed]
3. Expression, induction, cell lysis and DNase I treatment
3.1. Begin by inoculating fresh 10 ml of supplemented LB medium with the E. coli transformants.  Incubate at 37°C overnight with shaking at 200 rpm. (Text overlay:  LB medium w/ 0.2% glucose, 100 g/ml ampicillin, 50 g/ml chloramphenicol)
3.1.1.  MED: Talent picking colonies [probably not filmed]
3.1.1. MED:  Talent inoculates LB
3.1.2. MED:  Talent places culture in incubator
3.2. The next day, inoculate 2 liters of the supplemented LB medium with 10 ml of the pre-culture. Grow the cells at 37°C with shaking. 
3.2.1. CU:  Talent inoculates LB with preculture.

3.2.2. MED:  Talent places 2 liter culture into incubator
3.3. When the OD600 reaches 0.5, induce expression of the MBP-Mgm101 fusion protein by adding IPTG at a final concentration of 0.3 mM. (Text overlay: (IPTG=Isopropyl-D-1-thiogalactopyranoside). Grow the cells with shaking at 30°C for 5 hours. 
3.3.1. CU:  Talent adds IPTG

3.3.2. MED:  Talent places the cultures back in incubator
3.4. After five hours have passed, transfer the cultures to 500 ml centrifuge bottles. Collect the cells by centrifugation. (TEXT: 5,500 x g; 4°C, for 10 mins.). 
3.4.1. MED:  Talent places the cultures in CF
3.5. After discarding the supernatant, add 30 ml of lysis buffer containing protease inhibitors and resuspend the cell pellet by pipetting up and down. 
3.5.1. CU:  Talent resuspends the pellet in lysis buffer

3.6. Next, sonicate the cell suspension on ice for 20 seconds using an ultrasonic processor at 50% duty cycle.  Allow the cells to cool on ice for 30 seconds, then repeat the sonication and cooling steps two additional times.
3.6.1. CU:  Talent sonicates the cell suspension

3.6.2. TBD: Cool down on ice for 30 seconds before next round of sonication

3.7. Keeping the suspension on ice, add 1 ml of a 2mg/ml DNAse 1 stock. Rock the cell lysate at 4°C for 2 hours. 
3.7.1. CU:  Talent adds DNAase 1
3.7.2. MED:  Talent places the lysate on a rocker and turns it on
3.8. After 2 hours have passed, adjust the final salt concentration to 500 mM by adding 4 ml of 5M NaCl to 36 ml lysate. 
3.8.1. TBD:  Talent adds NaCl to increase salt concentration

3.9. Then, to remove the cell debris, centrifuge at 10,000xg at 4°C for 30 minutes. Transfer the supernatant to a fresh tube. At this point, a 20 microliter aliquot can be used to monitor the efficiency of lysis by sonication on a SDS-PAGE gel. 
3.9.1. TBD: One may take an aliquot of 20 microlitter of supernatant for monitoring the efficiency of lysis by sonication on a SDS-PAGE gel [This was added by the author in the post-shoot revisions. I moved it to the VO, where it seems to belong. I don’t know if it was filmed, but if it was filmed, I think it goes at the end of this step.]
3.9.2. MED:  Talent places the sample in the CF [This may be 3.9.1]
3.9.2  CU:  Talent transfers the supernatant to a fresh tube [probably not filmed]
3.9.3  MED:  Talent loading an SDS page gel (RESUE SHOT- take a couple of minutes of footage here) [probably not filmed]
4. Purification on amylose column 
4.1. Next the cell lysate is passed on an amylose column to purify the MBP-Mgm101 fusion protein.
4.1.1. Title screen

4.2. Begin by adding 1.5 ml of a 50% slurry of amylose resin to a 15 ml conical tube. Then to equilibrate it, add 13 ml of lysis buffer and centrifuge at 2,000 x g for 5 minutes. Repeat this wash 4 more times. Then, resuspend the resin in 0.75 ml of lysis buffer. Add the equilibrated amylose slurry to the cell lysate. Rock gently at 4°C overnight.
4.2.1. A.
TBD:
Talent adds lysis buffer to the amylose resin

4.2.1.
B.
MED:
Talent places the sample in the CF and aspirates the supernatant 

by pipetting after centrifugation.

4.2.1.
C.
MED:
Talent adds 0.75 ml of lysis buffer into the amylose resin to make 

a 50% slurry

4.2.2. CU:  Talent adds equilibrated amylose to cell lysate

4.2.3. CU:  Talent places tube on rocker
4.3. The next day, load the lysate-amylose resin mix onto an Econo-Column chromatography column installed in a cold room.  Open the stopcock to allow the unbound proteins to pass into a collection tube via gravity filtration. 

4.3.1. MED:  Talent loads lysate resin mix onto the column 

4.3.2. CU:  Talent opens stopcock and allow the solution to flow through into collection tube
4.4. Next, wash the amylose resin, by adding 300 ml of wash buffer I.  Once it has passed through, repeat the wash with 150 ml of wash buffer II.
4.4.1. CU:  Talent adds 300 mL of wash buffer I and allows it to flow through 
4.4.2. CU:  Talent adds 150 mL of wash buffer II
4.5. Now, add 5 ml of elution buffer to the column. After 10 mins of incubation, collect the eluate in a 50 mL conical tube. Repeat this process 4 more times. Collect all the eluates in the same tube. 

4.5.1. SHOT TBD- Collect the eluate in a 50 ml Falcon tube (Note from authors: “shooting was missing, which may not be critical”. If there is no footage for step 4.5 (the final shotlist version had four shots listed), then don’t use the 4.5 VO and use 4.6-ALT for VO instead of the 4.6 VO for the next step.)
4.6-ALT.  After adding elution buffer and collecting the eluate as described in the text protocol, determine the yield and purity of MBP-Mgm101 by loading an aliquot of the eluate on an SDS-PAGE gel.
4.6. To determine the yield and purity of MBP-Mgm101, load an aliquot of the eluate on a SDS-PAGE gel.   

4.6.1. CU:  Talent loading PAGE gel (Film whole thing – more of the footage will be used elsewhere)

4.7. After the gel has run, perform Coomassie staining. A major single band of ~70 kDa should be visible. 

4.7.1. CU:  Talent adds Coomassie to a gel and places on rocker
4.7.2. 50448_Chen_Figure 4
5. PreScission protease cleavage and cation exchange chromatography

5.1. Add 50 units of PreScission protease to the MBP-Mgm101 eluates and place in a dialysis tube with dialysis buffer. Allow the cleavage to proceed overnight at 4°C. 

5.1.1. CU:  Talent adds protease to eluates

5.1.2. CU:  Talent places the sample in a dialysis tube

5.1.3. TBD Talent turn on dialysis

5.2. Run an SDS-PAGE gel as before to assess the efficiency of cleavage.  A complete cleavage should give rise to two bands of 42 and 28 kDa, which correspond to MBP and Mgm101 respectively.
5.2.0.  Use 4.6.1 Talent loading PAGE gel
5.2.1. 50448_Chen_Figure5A

5.3. Load the cleaved MBP-Mgm101 by multiple injections on a Bio-Scale Mini Macro-Prep High S cartridge connected to a Bio-Rad Biologic DuoFlow FPLC system.

5.3.1. TBD:  Injecting the samples into the FPLC system. 

5.4. Start the cation exchange chromatography by applying a step salt gradient of 5 mM, 300 mM, 500 mM, 750 mM and 1000 mM of NaCl that is created by mixing Buffer A and Buffer B.  Set the flow rate at 0.5ml/min.  Collect 2 mL fractions in a fraction collector. Typically, Mgm101 elutes at 500 mM of salt.

5.4.1. TBD:  After chromatography, 2 ml fractions are collected in a fraction collector.
5.4.2. 50448_Chen_Figure6

5.5. Combine the fractions for the Mgm101 peak and check the purity of the protein on a SDS-PAGE gel. The Mgm101 peak should show a single band of ~28 kDa   

5.5.1. USE 4.6.1 talent loading gel

5.5.2.  50448_Chen_Figure5B
6.  Size exclusion chromatography

6.1. After combining the protein fractions from cation exchange chromatography, dialyze the protein in GF equilibration buffer at 4°C overnight.

6.1.1. Use 5.1.3. Note from authors: “Do not show the lable of “Dialysis Buffer” on the beaker in 6.1.1, since the label should be “Gelfiltration Buffer”.”
6.2. The next day, transfer the protein to a VIVASPIN 15R Ultrafiltration spin column and spin at 3,000 x g at 4°C to concentrate the protein.

6.2.1. CU:  Talent transfers the protein to a spin column

6.2.2. MED:  Talent places column in centrifuge

6.3. Once the volume is reduced to ~1 ml, load Mgm101 on a calibrated Superose 6 prep grade column equilibrated with the chromatography buffer.
6.3.1.  CU:  Talent loads Mgm101 on superpose 6 prep grade column

6.4. Start the size exclusion with the chromatography buffer run at a flow rate of 0.5 ml/min. Large polygomeric proteins elute in early fractions whereas small proteins elute in late fractions. The Mgm101 rings elute at ~400 kDa.

6.4.1. TBD: Talent injects the sample and starts FPLC 

6.4.2.  50448_Chen_Figure 7

6.5. Collect the fractions of the purified Mgm101 peaks using a fraction collector. Load aliquots of the fractions on a 12% SDS-PAGE gel in order to check the final quality of the protein. 
6.5.1. Use 5.4.1
6.5.2. CU: Use 4.6.1
6.6. Next, concentrate the protein with a VIVASPIN 6 by centrifugation at 3,000xg at 4(C.  Then, quick-freeze the protein aliquots in microcentrifuge tubes by submerging them in liquid nitrogen for 2 minutes.  Store the samples at -80(C.  
6.6.1. CU:  Talent concentrates the protein 

6.6.2. CU:  Talent freezes sample

6.6.3. MED:  Talent places the tubes at -80
6.7. Within 6-12 months, use the Mgm101 samples for ssDNA-binding assay and for structural visualization by transmission electron microscopy.  
6.7.1. LAB MEDIA: 50448_Chen_Figure8

6.7.2. LAB MEDIA: 50448_Chen_Figure9

7. Analysis of purified MGM101
7.1. The results of the electrophoretic mobility shift assay demonstrates that the purified Mgm101 has a robust binding activity to ssDNA. The ssDNA probe is increasingly retained in the wells of a native polyacrylamide gel by the oligomeric Mgm101 as Mgm101 is added at a concentration greater than 400 nM.    

7.1.1. LAB MEDIA: 50448_Chen_Figure 8

7.2. These electron micrographs show the higher order structural organization of Mgm101. The freshly prepared Mgm101 exists as distinct rings with a diameter of 20 nM, which can be revealed by negative stain transmission microscopy. After several weeks of storage at 4(C, Mgm101 forms supramolecular helical filaments.   

7.2.1. LAB MEDIA: 50448_Chen_Figure 9

5. Conclusion (said by authors on camera

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
Video Editor: The conclusion section was returned from the authors misnumbered as 5.1-5.6.
5.1. [Xiaowen Wang]: Once mastered, this technique can be completed within one week. Thanks for watching.
5.2. [insert author name]: While attempting this procedure, it’s important to remember to [insert response].
5.3. [insert author name]: Following this procedure, other methods like [insert response] can be performed in order to answer additional questions like [insert response].
5.4. [insert author name]: After its development, this technique paved the way for researchers in the field of [insert response]  to explore [subdivision of field, disease, natural phenomenon] in [model organism, patient demographic, organ system].
5.5. [insert author name]: After watching this video, you should have a good understanding of how to [restate overall goal of the procedure mention specific steps].
5.6. [insert author name]: Don't forget that working with [reagent, pathogen, instrumentation] can be extremely hazardous and precautions such as [insert response]  should always be taken while performing this procedure.   
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 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.  

Insert your media filenames here.

2.2.2 – 50448_Chen_Figure3.ppt – The construction of MBP-MGM101 fusion

2.5.1 – 50448_Chen_ExpressionPlasmid.ppt – The physical map of pMAL-c2E-MGM101 

4.7.2 – 50448_Chen_Figure4.tif – SDS-PAGE showing the MBP-Mgm101 after purification by amylose affinity chromatography 

5.2.1 – 50448_Chen_Figure5a.tif – SDS-PAGE showing the cleavage of MBP-Mgm101

5.4.2 – 50448_Chen_Figure6.tif – Chromatogram showing the elution of Mgm101 on a cation exchange column

5.5.2 – 50448_Chen_Figure5b.tif – SDS-PAGE showing Mgm101 the cleavage of MBP-Mgm101

6.4.2 – 50448_Chen_Figure7.tif – Chromatogram showing the elution of Mgm101 oligomeric rings on a size exclusion chromatography column.

6.7.1 – 50448_Chen_Figure8.tif – Electrophoretic Mobility Shift Assay assay showing the binding of Mgm101 to ssDNA.

6.7.2 – 50448_Chen_Figure9.tif – Single particle imaging of Mgm101 by negative stain transmission electron microscopy
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.

( 2010, Journal of Visualized Experiments


