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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________
B.   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 steps___steps 2.8, 3.2 3.3, 3.5, and revised 4.3 and 4.4__
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __Formation of the stable protonation-bound cluster ion is the crucial step (P1). The crucial step will be performed one day before to make sure all instrumental conditions are optimal.

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to apply the Cooks kinetic method to determine the gas phase acidity of a cysteine-polyalanine peptide. (Intro)

This is accomplished by first generating proton-bound cluster ions. (P1)
Editors, please show the first line of the text flow chart in addition to a still from the end of 4348_SCREEN_2.8.1 (Alternatively, the screen capture video as a whole can be shown).

The second step is to perform the collision-induced dissociation bracketing experiment. (P2)
Editors, please show the second line of the text flow chart in addition to figure 2.

Next, the selected reaction monitoring experiment is performed. (P3)
Editors, please show the third line of the text flow chart in addition to a still from the end of 4348_SCREEN_4.5.1 (Alternatively, the screen capture video as a whole can be shown).

The final step is to analyze the data collected from the selected reaction monitoring experiments. (P4)
Editors, please show the fourth line of the text flow chart in addition to Figure 4a.

Ultimately, the kinetic plot is used to generate the value of the gas-phase acidity. (P5)
Editors, please Figure 4b

Authors, please verify the associated visuals I directed the editors to use for each point are suitable and indicate if you had something more fitting in mind.

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Jianhua Ren:  The main advantage of this technique over existing methods, like titration experiments conducted in solutions, is that solvent effects can be eliminated.   
1.1.1. MED:  Jianhua speaks toward camera.
1.2. Bhupinder Padda:  This method can help answer key questions in the field of Bio-Organic Chemistry, such as: how acidic is a peptide in a solvent-free environment?  
1.2.1. MED:  Bhupinder speaks toward camera.
1.3. Yuan Tian: The implications of this technique extend toward diagnosis of effective acid-base properties of amino acid residues located in the interior of proteins, because solvent effects are eliminated.  
1.3.1. MED:  Yuan speaks toward camera.
1.4. Patrick Batoon:  Generally, individuals new to this method will struggle because the optimal mass spectrometry conditions are difficult to master without visual demonstration.
1.4.1. MED:  Patrick speaks toward camera.
1.5. Ashish Sawhney:  Though this method can provide insight into the intrinsic acid-base properties of peptides, it can also be applied to other systems, such as peptide-mimicking polymers and oligonucleotides.
1.5.1. MED:  Ashish speaks toward camera.
1.6. Jianhua Ren:  We first had the idea for this method, when we wanted to study conformational effects on the acid-base properties of helical peptides.
1.6.1. MED:  Jianhua speaks toward camera.

Protocol (read by voice talent at JoVE):
2. Mass spectrometry measurement 1: proton-bound cluster ion formation
2.1. Begin this protocol with preparation of sample solutions for the cysteine polyalanine peptide, and six halogenated carboxylic acids as described in the written protocol accompanying this video.
2.1.1. MED:  Talent works at bench to prepare the sample solutions.  TEXT Overlay (as “cysteine polyalanine peptide” is narrated):  A3CH: AlaAlaAlaCys-(NH2)
2.2. The first step of the mass spectrometry measurement is to generate stable proton-bound cluster ions of the peptide with a reference acid.
2.2.1. BROLL:  Mass spectrometer instrument.
2.3. Set the instrument in the negative ion MS mode with the electrospray ionization needle voltage at –4.5 kilo Volts; the capillary voltage at about –35 Volts; and the drying gas temperature to maintain at 150 °C. 
2.3.1. MED-over the shoulder:  Talent sets the instrument in the negative ion MS mode with the ESI needle voltage at at –4.5 kilo Volts, the capillary voltage at about –35 Volts, and the drying gas temperature to maintain at 150 °C. 
2.4. Set the first and third quadrupole, or Q1 and Q3, peak width to the calibrated scale.  The peak width is an instrument parameter that can be used to adjust the resolution of the peaks.  The “calibrated scale” setting allows display of narrow peaks for better peak separation.  The capillary voltage and the drying gas temperature can be adjusted to enhance the observed ion abundances.
2.4.1. CU:  Screen as talent sets Q1 and Q3 peak width to the calibrated scale.
2.4.2. BROLL from 2.2.1
2.5. Infuse about 0.5 mL of the sample solution of difluoroacetic acid peptide into a 1 mL Hamilton syringe and connect the syringe to the electrospray ionization, or ESI, needle inlet using PEEK tubing.  
2.5.1. MED:  Talent infuses 0.5 mL of the sample solution of difluoroacetic acid peptide into a 1 mL Hamilton syringe.  Match action in next shot.  
2.5.2. CU:  Hamilton syringe as talent infuses 0.5 mL of the sample solution of peptide-DFAH.
2.5.3. CU:  Syringe as it is connected to the ESI needle inlet using PEEK tubing.
2.6. The syringe is then placed onto the syringe pump.  Turn on the syringe pump to infuse the sample solution into the ESI needle with the flow rate at 10 μL/min.
2.6.1. MED:  Talent places the syringe onto the syringe pump.
2.6.2. MED-over the shoulder:  Talent turns on the syringe pump and infuses the sample solution into the ESI needle with the flow rate at 10 μL/min.
2.7. Turn on the ESI needle voltage to activate the ESI process.  Then, turn on the detector.  A mass spectrum display should be observed in the profile mode.  If the display is in the centroid mode, switch to the profile mode. 
2.7.1. SCREEN:  Screen capture movie as talent turns on the ESI needle voltage to activate the ESI process.  Talent turns on the detector and a mass spectrum display appears in the profile mode.
2.8. [bookmark: _GoBack]Watch the proton-bound cluster ion formation by monitoring the peak at m/z 428 (pronounced “m over z 428”). Change the peak width from the “calibrated” scale to the “1.5” scale.  The signal abundance of the cluster ion can be adjusted by fine tuning the instrument. Change the capillary voltage from “-35” to “-25” Volts to maximize the abundance of the peak at m/z 428. 
2.8.1. SCREEN:  Screen capture movie of the peak at m/z 428. Talent changes the peak width from “calibrated” to “1.5” and changes the capillary voltage from “-35” to “-25” to maximize the peak abundance.
2.9. Talent:  A crucial step in this procedure is formation of the stable protonation-bound cluster ion.  To ensure success, this part of the protocol is performed one day before the rest of the procedure to make sure all instrumental conditions are optimal.
2.9.1. MED:  Demonstrating talent looks up from workspace and speaks toward camera.
3. Mass spectrometry measurement 2: the collision-induced dissociation (CID) bracketing experiments
3.1. The next step is to perform the collision induced dissociation, or CID, bracketing experiment.  (Note to editor: I recorded multiple takes for “CID” in all places it occurs, please ask authors which pronunciation they prefer)
3.1.1. Title Card.
3.2. Once the abundance of the cluster ion reaches the desired value, around 100 milli Volts, switch the instrument to the MS/MS mode.  In this mode, Q1 functions as a mass filter to isolate the cluster ion, Q2 functions as the collision cell, and Q3 functions as the mass analyzer.
3.2.1. MED-over the shoulder:  Talent switches the instrument to the MS/MS mode.
3.2.2. BROLL from 2.2.1
3.3. Set the collision gas pressure at 0.5 milli Torr and the collision energy at 17 electron Volts.  Three peaks should be observed in the mass spectrum display window. 
3.3.1. SCREEN:  Screen capture movie as talent sets the collision gas pressure at 0.5 milli Torr and the collision energy at 17 electron Volts.  3 peaks appear in the mass spectrum window.
3.4. The peak at m/z 428 corresponds to the cluster ion.  The two peaks at m/z 332 and m/z 95 correspond to the deprotonated peptide, and the deprotonated difluoroacetic acid, respectively.  The minor peak at m/z 298 is a secondary fragment from the deprotonated peptide.  
3.4.1. LAB MEDIA:  Figure 3a.  Editors, please highlight each peak as narrated.  
3.5. Acquire a CID spectrum for 2 minutes.
3.5.1. SCREEN:  Screen capture video as talent starts acquisition of the CID spectrum.
3.6. Perform similar CID experiments and acquire a CID spectrum for the sample solution of the peptide with bromoacetic acid.
3.6.1. LAB MEDIA:  Figure 3b.  
3.7. Then, perform similar CID experiments and acquire the CID spectra for the sample solutions of the peptide with all other reference acids.  The resulting CID spectra will be qualitatively similar, but the mass over charge values and the relative peak heights will be different. 
3.7.1. MED/WIDE:  Multiple takes as talent works at the spectrometer.  Shot will be reused once.
4. Mass spectrometry measurement 3: the kinetic method
4.1. The last step is to acquire the selected reaction monitoring, or SRM, spectra.
4.1.1. Title Card. 
4.2. Switch the spectrum display to centroid and set the instrument in the SRM mode.  Keep the collision gas pressure at 0.5 milli Torr.
4.2.1. SCREEN:  Screen capture movie as talent switches the spectrum to centroid and sets the instrument in the SRM mode.  Talent checks that the collision gas pressure is set to 0.5 milli Torr.
4.3. Keep m/z 428 as the isolated ion by the first quadrupole, and fill in four m over z values, to be monitored by the third quadrupole, filling in each m over z value four times.  The four m over z values are 95 for deprotonated difluoroacetic acid, 298 for the fragment of the peptide ion, 332 for the peptide ion, and 428 for the cluster ion. Then change the polarity from positive to negative.
4.3.1. SCREEN:  Screen capture movie as talent keeps m/z = 428 for Q1 and fills in the following four m/z values for Q3, four times: m/z = 95, m/z = 298, m/z = 332, and m/z = 428. Talent changes the polarity from “pos” to “neg”.
4.4. Set the collision energy to four different values of electron Volts, including 11.7, 17.6, 23.4, and 29.3.  The set of the voltages is repeated four times for the corresponding ions to be monitored by the third quadrupole.  
4.4.1. SCREEN:  Screen capture movie as talent sets the collision energy to four different values of electron Volts four times:  11.7, 17.6, 23.4, and 29.3
4.5. Acquire the spectra for 5 minutes.  Perform similar measurements for the peptide with all other reference acids.
4.5.1. SCREEN:  Screen capture movie as talent begins to acquire the spectra for 5 minutes.
4.5.2. Shot 3.7.1 – Talent works at spectrometer.
5. Data analysis
5.1. Copy the values of the ion intensities from all the SRM spectra onto an Excel worksheet.   Calculate the CID product ion branching ratios measured for all six proton-bound clusters at all four collision energies.  
5.1.1. SCREEN:  Screen capture movie as talent copies the values of the ion intensities from all the SRM spectra onto an Excel worksheet.  
5.1.2. SCREEN:  Screen capture movie as talent calculates the CID product ion branching ratios for all 6 proton-bound clusters at all four collision energies.  TEXT overlay: ln([A¯]/[Ai¯]
5.2. Plot the values of branching ratio against the difference in gas phase acidity values.  This will give four plots corresponding to the data at four collision energies.
5.2.1. SCREEN:  Screen capture movie as talent plots the values of branching ratio against the difference in gas phase acidity.  TEXT overlay: ln([A¯]/[Ai¯] vs. ΔacidHi – ΔacidHavg
5.3. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Extract the values of the slopes and the intercepts by linear regression of the four plots.  In this case, the slopes are positive values and the intercepts are negative values.  Give the symbol “X” to the slopes and the symbol “Y” to the intercepts.  
5.3.1. SCREEN:  Screen capture movie as talent extracts the values of the slopes and the intercepts by linear regression of the four plots.  Talent gives the symbol “X” to the slopes and the symbol “Y” to the intercepts.
5.4. Multiply the values of Y by -1 and use the symbol prime to represent positive values in order to allow the y-axis to display positive values.  This conversion is optional as long as the corresponding values are used to make the plot for the next step.
5.4.1. SCREEN:  Screen capture movie as talent multiplies the values of Y by -1 and uses Y’ to represent the positive values on the y-axis.
5.5. Plot the values of prime against the values of X.  Linear regression of the plot yields a slope of 1.706 and an intercept of -0.536.  The slope corresponds to the difference in gas phase acidity.
5.5.1. SCREEN:  Screen capture movie as talent plots the values of prime against the values of X.  Linear regression of the plot yields a slope of 1.706 and an intercept of -0.536.  TEXT overlay:  m = ΔacidH – ΔacidHavg.  
5.6. The value of average gas phase acidity is known to be 330.5 kcal/mol, which is determined by the set of the selected reference acids.  The value of the gas-phase acidity of the peptide is then obtained from the slope.  (Note to editor: I recorded multiple takes for “kcal” in all places it occurs, please ask authors which pronunciation they prefer)
5.6.1. SCREEN:  Screen capture movie as talent determines the average gas phase acidity from the selected reference acids.  Talent obtains the value of gas-phase acidity of the peptide from the slope.  TEXT overlay: ΔacidH(A3CH) = 332.2 kcal/mol
Authors, please verify that ΔacidHavg is written out correctly in 5.6 as average gas phase acidity and edit if incorrect.
6. Results: CID Spectra and thermo-kinetic plots
6.1. The CID bracketing experiments provide information on the relative acidities of the peptide compared to the selected reference acids.  Two representative CID spectra of the cysteine polyalanine peptide, with two reference acids, difluoroacetic acid and bromoacetic acid, are shown here.
6.1.1. LAB MEDIA:  Figure 3 
6.2. In this spectrum, the ion abundance, represented by the peak height, of the peptide ion is weaker than that of deprotonated difluoroacetic acid, whereas in the other spectrum, the ion abundance of the peptide ion is stronger than that of deprotonated bromoacetic acid.  The two spectra suggest that the gas-phase acidity of the peptide is in the range between these two reference acids.
6.2.1. LAB MEDIA:  Figure 3.  Editors, please zoom into the 3a as the first part of the 1st sentence is narrated.  Then, do the same for 3b as the second part of the 1st sentence is narrated. 
6.3. The quantitative value of the gas-phase acidity of the peptide is determined from the quantitative CID experiments.  The thermo-kinetic plots for the dissociation of the proton-bound clusters of the peptide with the six reference acids are shown here. 
6.3.1. LAB MEDIA:  Figure 4a.  
6.4. Linear regression of the plots according to the thermo-kinetic relationship between the gas-phase acidity and the CID product ion branching ratio gives the value of the gas-phase acidity of the cysteine polyalanine peptide, which is 332.2 kcal/mol.
6.4.1. LAB MEDIA:  Figure 4b.  Editors, please superimpose Figure 1B (an equation) onto Figure 4.  Then, as it is narrated, add the TEXT overlay:  ΔacidH(A3CH) = 332.2 kcal/mol.      


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj



7. Conclusion (said by authors on camera)
7.1. Jianhua Ren:  Once mastered, this technique can be done in about five hours if it is performed properly.  While attempting this procedure, it’s important to remember to first check the performance of the mass spectrometer.  One may perform an auto-tune, if necessary.
7.1.1. MED:  Jianhua speaks toward camera.
7.2. Bhupinder Padda:  Following this procedure, other methods like molecular modeling can be performed in order to answer additional questions like the most possible conformations of the peptides.
7.2.1. MED:  Bhupinder speaks toward camera.
7.3. Yuan Tian:  After its development, this technique paved the way for researchers in the field of mass spectrometry to explore a variety of molecular systems in terms of thermochemical properties.
7.3.1. MED:  Yuan speaks toward camera.
7.4. Ashish Sawhney:  After watching this video, you should have a good understanding of how to use the mass spectrometry method to measure gas phase acidities.
7.4.1. MED:  Ashish speaks toward camera.
7.5. Patrick Batoon:  Don't forget that working with chemicals can be extremely hazardous and precautions such as wearing safety glasses and gloves should always be taken while performing this procedure.   
7.5.1. MED:  Patrick speaks toward camera.

       

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, 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.

Figures:

SchematicFig 

Figure 2

Figure 3 – authors, please also include combined version of 3 without the a and b labels.

Figure 3a – authors, please also include a separate version of 3a without the a label.

Figure 3b – authors, please also include a separate version of 3b without the b label.

Figure 4a – authors, please also include a separate version of 4a without the a label.

Figure 4b – authors, please also include a separate version of 4b without the b label.

SCREEN Capture Movies:

4348_SCREEN_3.3.1:  Screen capture movie as talent sets the collision gas pressure at 0.5 milli Torr and the collision energy at 17 electron Volts.  3 peaks appear in the mass spectrum window.
4348_SCREEN_3.5.1:  Screen capture video as talent starts acquisition of the CID spectrum.
4348_SCREEN_4.2.1:  Screen capture movie as talent switches the spectrum to centroid and sets the instrument in the SRM mode.  Talent checks that the collision gas pressure is set to 0.5 milli Torr.
4348_SCREEN_4.3.1:  Screen capture movie as talent keeps m/z = 428 for Q1 and fills in the following four m/z values for Q3, four times:  m/z = 428, m/z = 332, m/z = 298, and m/z=95.
4348_SCREEN_4.4.1:  Screen capture movie as talent sets the collision energy to four different values of electron Volts simultaneously:  11.7, 17.6, 23.4, and 29.3
4348_SCREEN_4.5.1:  Screen capture movie as talent begins to acquire the spectra for 5 minutes.
4348_SCREEN_5.1.1:  Screen capture movie as talent copies the values of the ion intensities from all the SRM spectra onto an Excel worksheet.  
4348_SCREEN_5.1.2:  Screen capture movie as talent calculates the CID product ion branching ratios for all 6 proton-bound clusters at all four collision energies.  
4348_SCREEN_5.2.1:  Screen capture movie as talent plots the values of branching ratio against the difference in gas phase acidity.  
4348_SCREEN_5.3.1:  Screen capture movie as talent extracts the values of the slopes and the intercepts by linear regression of the four plots.  Talent gives the symbol “X” to the slopes and the symbol “Y” to the intercepts.
4348_SCREEN_5.4.1:  Screen capture movie as talent multiplies the values of Y by -1 and uses Y’ to represent the positive values on the y-axis.
4348_SCREEN_5.5.1:  Screen capture movie as talent plots the values of prime against the values of X.  Linear regression of the plot yields a slope of 1.706 and an intercept of -0.536.  
4348_SCREEN_5.6.1:  Screen capture movie as talent determines the average gas phase acidity from the selected reference acids.  Talent obtains the value of gas-phase acidity of the peptide from the slope.

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, as well as an introduction to your videographer, closer to your filming date.
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