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Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Yes _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____YES____  
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.): 2.1-2.4; 2.6; 2.7; 3.1-3.5; 3.8; 4.6__________________________________________

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.) ___2.6-2.7________________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____  
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 describe the fabrication of a flow-through tryptic microreactor that performs fast enzymatic digestion of proteins for enabling protein identification with an electrospray ionization mass spectrometer. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Jingren Deng: The method can help elucidate the amino acid sequence of isolated and purified proteins to support downstream characterization of structure and function.
1.2. Nicole Smith: The main advantage of this protocol is that it is fast, cost-effective and prone for integration into workflows that make use of microfabricated platforms.
Protocol (read by voice talent at JoVE):  
2. Preparation of the Capillary Microreactor

2.1. To begin, use a glass capillary cleaver to cut the larger glass capillary tube to a length of 7 to 8 cm [2.1.1 - MED - TXT], and the smaller one to a length of 3 to 5 cm.  [2.1.2 - CU -TXT] Use a microscope to verify that both capillary ends have a clean, straight cut, without any protruding burrs. [2.1.3 - SCOPE]
2.1.1. Talent uses glass cleaver to cut the longer tube. (TEXT: Capillary 1: 100 µm ID x 360 µm OD)
2.1.2. Talent uses glass cleaver to cut the shorter tube. (TEXT: Capillary 2: 20 µm ID x 90 µm OD)
2.1.3. *Film as written
2.2. Insert the smaller capillary about 6 mm into one end of the larger one. [2.2.1 - SCOPE] Then, use a Q-tip to apply a small droplet of glue around the junction of the capillaries and let the glue cure overnight at room temperature. [2.2.2 - ECU]
2.2.1. *Film as written
2.2.2. *Film as written
2.3. Next, cut the inserted capillary to a length of about 10 to 15 mm. This end will act as the electrospray ionization emitter.[2.3.1 - CU]
2.3.1. *Film as written
2.4. Insert the opposite end of the larger diameter capillary into a 1/32” PEEK (pronounced: P-E-E-K) tube that has been precut to between 4 and 5 cm in length and connect it to a PEEK union.[2.4.1 - CU] Then, insert and tighten a 5 cm long piece of 1/16” PTFE (pronounced: P-T-F-E) tubing into the opposite end of the union.[2.4.2 - CU]
2.4.1. *Film as written
2.4.2. *Film as written
2.5. In a clean dry 2 mL glass vial, weigh out 4 mg of C-18 (pronounced: see-eighteen) particles [2.5.1 - MED] and then add 0.5 mL of isopropanol. [2.5.2 - CU] Close the vial, place it in an ultrasonicator bath, and sonicate to disperse the particles evenly in the solution.[2.5.3 - MED]
2.5.1. *Film as written
2.5.2. *Film as written
2.5.3. *Film as written
2.6. Next, use a 250 µL syringe to draw up 200 µL of the C-18 slurry.  Insert the syringe into the 1/16” PTFE tubing and dispense the slurry slowly into the large capillary.[2.6.1 - CU]
2.6.1. Talent draws up the slurry, inserts syringe into the tubing and just begins to dispense the slurry into the capillary.
2.7. Observe under the microscope [2.7.1 - MED] as the capillary fills with particles until 2 to 3 mm of particle packing has been achieved.  The smaller capillary tube retains these particles in the microreactor through a Keystone effect.   [2.7.2 - SCOPE]
2.7.1. Talent looks into microscope as they inject the capillary.

2.7.2. Capillary fills as talent injects the slurry into the large capillary.
2.8. Finally, rinse the microreactor with 50 µL of a 50:50 solution of water and acetonitrile followed by 50 µL of a solution containing 49 microliters of water mixed with 1 microliter of acetonitrile. [2.8.1 - MED/CU]
2.8.1. Talent finishes injecting 50/50 solution and switches to the 49/1 solution and begins injection.
3. Experimental Setup

3.1. Disconnect the capillary microreactor from the PEEK union and connect it to a PEEK Tee. [3.1.1 - CU] Then, insert a 2 cm long platinum wire, insulated with a 1/32” PEEK sleeve to provide a leak-free connection, into the side-arm of the PEEK Tee.  [3.1.2 - CU]
3.1.1. *Film as written
3.1.2. *Film as written
3.2. Connect a half a meter long sample transfer capillary to the opposite end of the PEEK Tee.  Use a 1/32” PEEK sleeve to provide a leak-free connection.[3.2.1 - CU - TXT]
3.2.1. *Film as written (TEXT: 50 µm ID x 360 µm OD)

3.3. Secure the PEEK Tee on the XYZ-stage and position the electrospray ionization emitter about 2 mm away from the mass spectrometer inlet capillary.[3.3.1 - MED]
3.3.1. *Film as written
3.4. Then, connect the platinum wire to the electrospray ionization power supply source of the mass spectrometer.  [3.4.1 - MED/CU] Also, connect the opposite end of the sample transfer capillary to the stainless steel union, using a 1/16” PEEK sleeve to provide a leak-free connection.[3.4.2 - CU]
3.4.1. *Film as written
3.4.2. *Film as written
3.5. Next, connect a 4 to 5 cm long piece of 1/16” PTFE tubing to the opposite end of the stainless steel union.  [3.5.1 - CU]
3.5.1. *Film as written
3.6. Input the tandem MS data acquisition parameters, as described in the accompanying text protocol, into the software package that controls the MS instrument.  Save them as a method file to ready the setup for performing the analysis. [3.6.1 - SCREEN - TXT][3.6.2 - MED Over the Shoulder - TXT]
3.6.1. *Film as written (TEXT: *See accompanying text protocol for acquisition parameters.)

3.6.2. Talent enters the parameters into the control software as described. (TEXT: *See accompanying text protocol for acquisition parameters.) (Video Editor: Use 3.6.2 only if 3.6.1 is unable to be obtained.)
3.7.  Nicole Smith: “The LTQ-MS system is fitted with a modified ESI source that includes a home-built XYZ-stage which enables interfacing of the mass spectrometer to various sample input approaches.”[3.7.1 - INT]
3.7.1. Interview Style: Author saying the above line.

4. Sample Loading, Proteolytic Digestion, and Elution for MS Analysis

4.1. Load a 250 µL syringe with an aqueous solution of 50 mM ammonium bicarbonate dissolved in 2% acetonitrile. [4.1.1 - MED - TXT] Then, connect the syringe to the microreactor and place it onto the syringe pump.  [4.1.2 - CU]
4.1.1. *Film as written (TEXT: 50 mM NH4HCO3 in H2O/CH3CN (98:2 v/v))

4.1.2. *Film as written

4.2. Rinse the microreactor at 2 µL/min for 5 minutes to prepare it for analysis. [4.2.1 - CU - TXT] Then, load the protein sample of interest into a 250 µL syringe and infuse the sample solution at 2 µL/min for 5 minutes.[4.2.2 - MED - TXT]
4.2.1. Talent sets the flow rate and starts the syringe pump. (TEXT: 2 µL/min for 5 min)
4.2.2. Talent loads the protein into the syringe, places it onto the syringe pump, and starts the flow. (TEXT: 2 µL/min for 5 min)

4.3. Next, place a 250 µL syringe loaded with a 5 µM trypsin solution onto the syringe pump and infuse it over the adsorbed protein on the microreactor at 2 µL/min for 1 to 3 minutes.[4.3.1 - CU - TXT]
4.3.1. Talent replaces syringe on syringe pump with one containing trypsin, switches connections, and starts the flow. (TEXT: 2 µL/min, 1-3 min)

4.4. Jingren Deng: It is critical that one freshly thaws and prepares the trypsin solution before each experiment.  This will ensure that the proteolytic enzyme retains its activity at the operational pH of the microreactor, which is a pH of about 8. [4.4.1 - INT]
4.4.1. Interview Style: Author saying the above line.

4.5. Load another 250 µL syringe with an aqueous solution consisting of 0.01% trifluoroacetic acid added to 2% acetonitrile.[4.5.1 - MED - TXT]  Use this solution to quench the proteolytic digestion process by rinsing the microreactor at 2 µL/min for 5 minutes. [4.5.2 - CU - TXT]
4.5.1. *Film as written (TEXT: Trifluoroacetic acid 0.01% in H2O/CH3CN (98:2 v/v))

4.5.2. Talent loads the syringe, switches connections, and infuses the microreactor. (TEXT: 2 µL/min, 5 min)
4.6. Then, switch to a syringe filled with 0.01% trifluoroacetic acid added to 50% acetonitrile [4.6.1 - CU - TXT] and turn on the MS data acquisition process and the electrospray ionization voltage to about 2000 V.[4.6.2 - MED]
4.6.1. *Film as written (TEXT: Trifluoroacetic acid 0.01% in H2O/CH3CN (50:50 v/v)fluor
4.6.2. *Film as written
4.7. Use the acidified solution to start eluting the protein digest from the microreactor at 300 nL/minute for 20 to 30 minutes. [4.7.1 - ECU - TXT] Acquire mass spec data using the data acquisition parameters provided in the accompanying text protocol. [4.7.2 - MED]
4.7.1. Close-up shot of microreactor during the elution. (TEXT: 300 nL/min for 20-30 min)
4.7.2. Talent observes as sample finishes.
5. Data Processing

5.1. Process the LTQ-MS raw files using a minimally redundant protein database by first uploading the raw data in the search engine. [5.1.1 - SCREEN]
5.1.1. Screen capture video as talent loads the raw files into the search engine.

5.2. Then, set the parent and fragment ion mass tolerances to 2 and 1 Daltons, respectively, and use only fully tryptic fragments with up to two missed cleavages for the search. [5.2.1 -SCREEN]
5.2.1. Screen capture video as talent performs the above steps in the order that they are listed.

5.3. In addition, set the high and medium-confidence false discovery rates to 1% and 3%, respectively, and do not allow for posttranslational modifications unless specifically looking for particular modifications. [5.3.1 - SCREEN]
5.3.1. Screen capture video as talent performs the above steps in the order that they are listed.

5.4. Finally, filter the data to select only the high-confidence peptide matches.  [5.4.1 - SCREEN]
5.4.1. Screen capture video as talent performs the above step.
6. Results: Mass Spectrometry Protein Detection using a Flow-through Microreactor. 
6.1. Shown here is a mass spectrum comprised of tryptic peptides that were generated from a protein mixture that was subjected to proteolysis in the microreactor. [6.1.1 - LM] These labels represent the most intense tryptic peptide ions and provide their sequence and corresponding protein identifier. [6.1.2 - LM]
6.1.1. Figure 3 (Video Editor: Remove red labels)

6.1.2. Figure 3 (Video Editor: Show red labels) 
7. Conclusion (said by authors on camera) 
7.1. Jingren Deng: This microreactor provides an easy-to-implement experimental setup for performing enzymatic digestion of proteins and enables MS analysis and identification in less than 30 minutes. 
7.2. Nicole Smith: While attempting this procedure, it’s important to remember that preserving the cleanliness of vials and instrumentation that comes in contact with the solutions is critical for avoiding sample contamination. 
7.3. Jingren Deng: Following this procedure, other mass spectrometry data acquisition methods can be used to enable a better characterization of the generated peptides and answer additional questions related to the structure of proteins.
7.4. Nicole Smith: After its development, this technique paved the way for researchers in the field of proteomics to develop faster protocols for the analysis of proteins, and explore the development of novel microfluidic platforms that enable the high-throughput exploration of biological samples.
7.5. Nicole Smith: This technique is limited to the analysis of rather simple protein mixtures that generate 25 to 50 peptides.  These peptides can be analyzed by simple infusion experiments and do not necessitate liquid chromatographic separation prior to MS analysis.

7.6. Nicole Smith: Don't forget that working with organic solvents can be extremely hazardous and precautions such as avoiding open flames 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, .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.
3.6.1.1. Data acquisition paramaters_figure1.tif

3.6.1.2. Data acquisition parameters_figure2.tif

3.6.1.3. Data acquisition parameters_figure3.tif

5.1. Data processing parameters_video1,avi

5.2. Data processing parameters_video2,avi

5.3. Data processing parameters_video3,avi

5.4. Data processing parameters_video4,avi
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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