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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)_________  

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)__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.) __steps 3.4, 3.5, 3.7, 3.8, 4.1, 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.) Step 3.7: To ensure that inclusion bodies are completely dissolved, thoroughly resuspend the pellet by vortexing or pipetting up and down until the pellet is broken into small pieces;
Step 4.1: For different proteins, the refolding conditions (composition of buffer E, incubation time and the final protein concentration) must be optimized.
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) ___NO____ If yes, how far apart are the locations? 

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to refold a chemoreceptor ligand binding domain from inclusion bodies and purify it for use in structural and functional studies.  (Intro)  

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Anna Roujeinikova: To establish what bacterial receptors sense and how, one can use their isolated ligand binding domains to screen against small molecule libraries and to determine their structure with and without ligand. 

1.2. Mayra Machuca: Expression of extracellular ligand binding domains in E. coli often results in their deposition in inclusion bodies. Here we show how milligram amounts of functional protein can be recovered from the inclusion bodies.
Protocol: (read by voice talent at JoVE)
2. Expression of E. coli
2.1. To begin, inoculate 150 mL of sterile LB broth containing 50 (g mL-1 of ampicillin [1-WIDE] with BL21-Cocon-Plus(DE3)-RIPL cells transformed with the pET151/D-TOPO vector for expression of His6-Tlp3-LBD [2-MED/CU-TXT].  Incubate the culture at 200 rpm atnd 37 °C overnight [3-MED-TXT].
2.1.1. Talent at bench opens up flask of LB broth
2.1.2. Talent inoculates broth with cells (TEXT: Amino acid residues 42–291)
2.1.3. Talent places flask into shaking incubator ahd starts shaking (TEXT: orbit diameter, 25 mm)
2.2. Prepare six 2 L Erlenmeyer flasks containing 800 mL of sterile LB broth and 50 µg mL-1 of ampicillin [1-CU]. Inoculate each flask with 20 mL of the overnight culture [2-MED/CU].  Incubate the flasks at 37 °C with continuous shaking at 200 rpm until the OD600 reaches 0.6 [3-MED-TXT]. 
2.2.1. Talent prepares LB flasks with ampicillin

2.2.2. Talent inoculates flasks with the overnight culture

2.2.3. Talent places flasks into shaking incubator and turns it on (TEXT: Freeze a sample pellet for SDS/PAGE)
2.3. At this point, induce protein expression by adding 1 mM IPTG to each flask [1-MED/CU]. Continue incubating the flasks at 37 °C in a shaker at 200 rpm for an additional 4 h [2-MED].
2.3.1. Talent adds IPTG to flasks
2.3.2. Talent returns flasks to shaking incubator
2.4. Harvest the cells by centrifugation at 5,000 x g and 4 °C for 15 min [1-MED].  Then discard the supernatant [2-CU].
2.4.1. Talent places samples into centrifuge and sets speed and time
2.4.2. Talent discards supernatant
3. Isolation and Denaturation of Inclusion Bodies
3.1. Transfer all the cell pellets to a 250 mL beaker and add 100 mL of buffer A [1-CU-TXT]. If frozen, allow the cells to thaw completely, and then resuspend the pellet [2-CU]. Keep the sample on ice unless indicated otherwise [3-MED/CU].
3.1.1. Talent finishes transferring cell pellets to beaker and adds buffer A (TEXT: Refer to text protocol for all buffer recipes)
3.1.2. Talent places pipette into beaker and resuspends pellet
3.1.3. Talent places beaker of suspension on ice
3.2. Next, pass the resuspended cells through a high-pressure homogeniser three times to lyse the cells and ensure complete shearing of the genomic DNA [1-MED/CU].
3.2.1. Talent passes resuspended cells through homogenizer
3.3. Then centrifuge the lysate at 10,000 x g and 4 °C for 15 min [1-MED]. Collect a 1 mL sample of the supernatant and store it at -20 °C for subsequent SDS-PAGE analysis [2-CU]. Then discard the rest of the supernatant and place the pellet on ice [3-CU].
3.3.1. Talent removes the sample from the centrifuge

3.3.2. Talent pipettes one ml sample into microfuge tube

3.3.3. Talent finishes discarding supernatant and places pellet on ice 

3.4. Next, thoroughly resuspend the inclusion bodies pellet in 20 mL of ice-cold buffer B. This facilitates solubilisation of the membrane and membrane proteins [1-CU]. Vortex the sample for 1 – 2 min to aid in resuspension [2-MED/CU].

3.4.1. Talent resuspends inclusion bodies in ice cold buffer B
3.4.2. Talent vortexes suspension
3.5. After centrifuging the sample, thoroughly resuspend the pellet again in 20 mL of ice-cold buffer B by first vortexing the tube for 1 – 2 min [1-MED/CU-TXT]. Ensure that the pellet is broken into small pieces. Then pipet the sample up and down to resuspend it [2-CU]. Centrifuge the sample as before and discard the supernatant [3-MED].
3.5.1. Talent resuspends pellet (TEXT: 10,000 x g and 4 °C for 15 min)

3.5.2. Talent holds tube to show broken pieces then pipets up and down to resuspend

3.5.3. Talent removes tubes from centrifuge and begins to remove supernatant
3.6. If the supernatant is cloudy or colored, centrifuge the sample again [1-MED] and use additional ice-cold buffer B to resuspend it.  Repeat the centrifugation and resuspension until the supernatant is clear and colorless, before pelleting again [2-CU].

3.6.1. Talent removes sample from centrifuge (Author Comment: Repeat shot 3.3.1 for this)
3.6.2. Talent adds additional ice-cold buffer B to pellet and reususpends and solution is clear (Author Comment: Repeat shot 3.5.1 for this)
3.7. Add 20 mL of ice-cold buffer C to the pellet and resuspend it by vortexing the tube for 1 – 2 min [1-MED/CU].   Then, after spinning the sample, add 25 mL of ice-cold denaturing buffer D. Thoroughly resuspend the inclusion bodies pellet by vortexing the tube for 1 – 2 min, or until the pellet is broken into small pieces [2-CU-TXT].
3.7.1. Talent adds buffer C to pellet and vortexes tube

3.7.2. Talent adds buffer D to pellet and dissolves pellet by vortexing (TEXT: 10,000 x g, 4 °C, for 15 min), Editor, use the text note for ‘after spinning the sample’
3.8. Mix the suspension by axial rotation at 30 rpm and 4 °C for 30 – 120 min [1-MED/CU].  Clarify the denatured protein solution by centrifugation at 30,000 x g and 4 °C for 30 min [2-MED].  Then place the supernatant on ice and discard the pellet [3-CU].
3.8.1. Talent places the sample on a rotator at 4 (C

3.8.2. Talent removes sample from centrifuge
3.8.3. Talent places supernatant that’s in a separate tube on ice and discards pellet
4. Protein Refolding
4.1. While stirring 250 mL of buffer E at 500 rpm, add 60 mg of denatured protein mix containing His6-Tlp3-LBD [1-MED/CU]. Incubate the refolding mix at 4 °C with continuous stirring at 500 rpm for 24 – 48 h. The final protein concentration is 0.2 mg/mL [2-WIDE/MED]. 

4.1.1. Talent adds denatured protein mix to buffer E while stirring
4.1.2. Talent sets sample to stir at 4 (C
4.2. After preparing 7 L of precooled buffer A and dialysis tubing according to the text protocol, use a dialysis tubing closure to clamp one end of the dialysis membrane and transfer the dialysis mixture into the tubing [1-MED/CU].  Then clamp the open end and ensure that there are no leaks [2-CU].
4.2.1. Talent clamps one end of dialysis tubing and fills with dialysis mixture
4.2.2. Talent clamps open end and checks for leaks

4.3. Place the dialysis tube in a dialysis bucket with the pre-cooled buffer A [1-MED/CU].  Then add a magnetic stir bar, ensuring that it will not touch the dialysis tubing while stirring [2-CU].
4.3.1. Talent places the dialysis tubing into bucket of pre-cooled buffer A [Shots 4.3.1, 4.3.2, and 4.4.1 combined]
4.3.2. Talent adds magnetic stir bar and ensures it doesn’t touch tubing
4.4. Dialyze the sample at 4 °C with continuous stirring at 500 rpm [1-MED] and change the buffer at least four times over a period of 12 h. After the last buffer change, leave the sample to dialyse overnight [2-WIDE/MED].
4.4.1. Talent starts stirring of the sample
4.4.2. Talent changes buffer and walks away for sample to dialyze overnight
4.5. The following morning, remove the dialysis tube from the bucket and transfer its contents into a 500 mL beaker [1-MED/CU]. Keep the protein solution on ice, unless indicated otherwise [2-MED/CU].

4.5.1. Talent empties tubing into beaker [Shots 4.5.1 and 4.5.2 combined]
4.5.2. Talent places solution on ice
4.6. Filter the protein solution through a 0.43 μm pore size membrane into a 500 mL glass bottle to remove any precipitated protein [1-CU].

4.6.1. Talent filters solution through membrane filter into 500 mL glass bottle
5. Purification of His6-tagged Protein using Immobilized Metal Ion Affinity Chromatography

5.1. After washing, charging, and equilibrating a chelating column according to the text protocol [1-MED/CU], adjust the refolded protein sample obtained to the composition of buffer F by adding 2.5 mL of 1 M Tris-HCl pH 8.0, 25 mL of 5 M NaCl and 2.5 mL of 2 M imidazole stock solutions [2-CU].
5.1.1. Talent finishes equilibrating column
5.1.2. Talent adds Tris-HCl, NaCl, and imidazole to protein sample
5.2. Load the sample onto the column at a rate of 5 mL/min or less and discard the flow-through that contains the unbound proteins [1-MED/CU].  Then wash the column with 50 – 100 mL of buffer F to remove non-specifically bound proteins and discard the flow-through [2-CU].
5.2.1. Talent loads sample onto column with flow through dripping out of column
5.2.2. Talent uses buffer F to wash column
5.3. Elute the His6-Tlp3-LBD with 25 mL of buffer G [1-CU].  Then pool the flow-through fractions containing the protein [2-CU-TXT].
5.3.1. Talent adds buffer G to column to elute protein 
5.3.2. Talent pools fractions with the protein (TEXT: As determined by using the Bradford reagent)
6. His6-Tag Removal Using TEV Protease and Size-exclusion Chromatography of Tip3-LBD
6.1. After preparing buffer H and dialysis tubing according to the text protocol, add His6-tagged TEV protease to the His6-tag protein in the tubing at a final molar ratio of 1 TEV to 8 of protein [1-CU].
6.1.1. Talent adds TEV protease to his-tagged protein in tubing with beaker of buffer H in background
6.2. Place the clamped dialysis tube into the pre-cooled 4 L of buffer H and incubate it at 4 °C with continuous stirring for 2 h [1-MED/CU]. Then change the buffer and continue dialysis overnight to allow the TEV-mediated cleavage reaction to complete [2-MED/CU].
6.2.1. Talent places clamped dialysis tubing into pre-cooled buffer H with stirring at 4 (C
6.2.2. Talent changes buffer and continues the stirring
6.3. After exchanging to buffer I, filtering the protein solution, and adjusting the sample again, load the sample onto a prepared 5 mL HiTrap Chelating HP column [1-CU-TXT].
6.3.1. Talent loads sample onto HiTrap Chelating HP column (TEXT: Refer to text protocol for details)

6.4. At a flow rate of 5 mL/min, collect the flow-through [1-CU] which contains the untagged Tlp3-LBD [2-CU].  Uncleaved protein, the cleaved His6-tag, and His6-TEV are retained by the column [3-CU].

6.4.1. Talent sets flow rate at 5 mL/min

6.4.2. Flow through with untagged protein is seen coming off column with column also in the frame if possible
6.4.3. Shot of column that will contain uncleaved protein, His6 tag and His6-TEV
6.5. Use 5 mL of buffer F to wash the column to allow the untagged protein to flow through, and collect the eluate [1-CU].
6.5.1. Talent adds buffer F to column to wash it and eluate comes off column
6.6. Then, after equilibrating a size-exclusion column and concentrating and clarifying the protein sample according to the text protocol, load the sample onto the pre-equilibrated 26/60 gel filtration column [1-MED/CU].
6.6.1. Talent loads sample onto equilibrated gel filtration column
6.7. Apply buffer A at a flow rate of 4 mL/min and monitor the UV trace for protein elution [1-MED].  Tlp3LBD elutes at a retention volume of 210 – 220 mL [2-MED/CU]. Finally, following chromatography, pool the fractions then measure protein concentration and carry out SDS/PAGE [3-LM-TXT].

6.7.1. Talent applies buffer A to column with UV trace visible on screen if possible
6.7.2. LAB MEDIA Figure 2A 
6.7.3. LAB MEDIA Figure 2B (TEXT: Carry out circular dichroism analysis according to the text protocol)
7. Results: Expression, Refolding, and Purification of Tlp3-LBD
7.1. The protein isolation procedure demonstrated in this video yielded 10 – 20 mg of pure, untagged Tlp3-LBD per 1 L of bacterial culture.  As seen here, the protein eluted from the gel-filtration column as a single, symmetrical peak corresponded to a retention volume of 220 mL with a calculated molecular weight of 29 kDa [1-LM].
7.1.1. LAB MEDIA Figure 2A, Editor, for the last part of the second sentence, use an arrow coming from the side to point out the peak around 220 nm.
7.2. As shown here by SDS/PAGE, inclusion bodies contained predominantly His6-Tlp3-LBD, with an apparent molecular weight of 28 kDa, which is close to the value calculated from the amino acid sequence of 31.8 kDa.  The His6-tag removal, affinity chromatography and gel filtration steps yielded highly pure protein [1-LM].
7.2.1. LAB MEDIA Figure 2B, Editor, for the inclusion bodies, use an arrow coming from above to point out the black band in the IB lane.  For the His tag removal, point out the ‘Untagged Tlp3-LBD band, and for the gel filtration, point out the two gel filtration bands.
7.3. CD spectroscopy using CDSSTR revealed that the secondary structure of His6-Tlp3-LBD was made up of 31% α-helix and 23% β-sheet content.  These were also close to the predicted values of 37% and 26%, respectively, from sequence analysis using the Jpred3 server [1-LM-TXT].
7.3.1. LAB MEDIA Figure 3 (TEXT: (http://www.compbio.dundee.ac.uk/www-jpred/))
8. Conclusion (said by authors on camera)

8.1. Mayra Machuca: This protocol requires a minimum of five days from start to end, and can be paused, if necessary, at three different stages.

8.2. Mayra Machuca: While attempting this procedure, it is important to remember that thorough and complete resuspension of the inclusion bodies pellet in the denaturing buffer by vortexing or pipetting up and down is critical for their complete solubilization.
8.3. Anna Roujeinikova: After watching this video, you should have a good understanding of how to refold and purify the ligand binding domain of the bacterial chemoreceptor Tlp3. The purified protein can be used for binding assays to investigate the ligand specificity of this receptor.
8.4. Anna Roujeinikova: In addition, we have previously shown that the protein obtained by this procedure can be used to produce highly ordered crystals, which paved the way for the studies of the structural basis for ligand specificity.
8.5. Mayra Machuca: This procedure may be generally useful for production of milligram amounts of extracellular ligand binding domains of other bacterial chemoreceptors in soluble and crystalizable forms.
8.6. Anna Roujeinikova: We have successfully used this protocol, in its original or slightly modified form, to refold and purify the ligand binding domains of several other chemoreceptors of this type for crystallographic studies.
8.7. Mayra Machuca:  Please remember that in each separate case, optimization of the protocol, for example, the composition of the denaturing and refolding buffers, and incubation times, will likely be needed.

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.  

Insert your media filenames here.

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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