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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N  
2. Does your protocol include software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 2.1.2, 2.3, 3.1, 3.6
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Step 3.3: Optimizing {nk} is critical for the sampling efficiency. Please start several independent optimization simulations during this step and select the set of {nk} that achieves the most broadened energy distributions. 
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Jian Yin: An enhanced QM/MM method overcomes sampling issues in normal QM/MM simulation. The SITS-QM/MM method accelerates selected samplings for the QM region and can capture the chemical reaction pathways without defining reaction coordinate. In this protocol, we successfully captured chemical reaction pathways of double proton transfer and revealed a deuterium substitution effect on the transfer mechanism of porphycene in water. The protocol can be used to explore halogen or deuterium substitution in hit identification in drug discovery [1].

1.1.1. INTERVIEW: Jian Yin says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Liangxu Xie: The main advantage of the SITS-QM/MM method is that we don’t need to define prior reaction coordinates or introduce any bias towards certain pathways when exploiting reaction mechanisms. The robust sampling enables us to identify possible reaction pathways starting from reactants. The method can be easily extended to higher level QM methods and could become an important tool to investigate the reaction mechanism for chemical reactions in solution [1]. 

1.2.1. INTERVIEW: Liangxu Xie says the statement above in an interview-style shot, looking slightly off-camera.



Section - Protocol
2. Pre-sits and Opt-sits
2.1. To begin this procedure [1], initiate the pre-sits by setting runtype as 100, temp0 as 300, templow as 260, temphigh as 1300 and step as 120,000 in the input file. Then issue the appropriate command as shown here [2]. 
2.1.1. Shot of talent at computer looking at the software.
2.1.2. SCREEN: 60040_SCREEN_1. Talent enters 100 for runtype, enters 300 for temp0, enters 260 for templow, enters 1300 for temphigh, enters 160 for ntemp, scrolls down and enters 120000 for step. Talent enters “:wq” to save the pre-sits.inp file to return back to the screen and enters the command. 
2.2. During the pre-sits stage, monitor the energy of each term to calculate the mean values. Use the grep Linux command to extract the energy [1]. 
2.2.1. SCREEN: 60040_SCREEN_2. Show up to 0:50. Talent enters the command and the line -30802 -26.8846 -13888.3 appears. 
2.3. To modify the average energies in the MD input file, calculate the average energies based on the output of the previous command line, and modify the vshift line in the input file with the newly generated averages [1]. 
2.3.1. SCREEN: 60040_SCREEN_2. Show from 0:50 to 2:00. Talent enters pre-sits and opt-sits commands, then scrolls down and changes runtype to 0. Talent enters vshift0, vshift1 and vshift2 lines. Talent scrolls to step and enters 960000. Talent scrolls down to pre-sits lines and changes them to opt-sits lines. Talent enters “:wq” to return back to the screen.
2.4. Initiate opt-sits and the QM4D (pronounced Q M four D) program by typing the command to start the optimization step [1]. 
2.4.1. SCREEN: 60040_SCREEN_2. Show from 2:00 to end. Talent enters the opt-sits command. 
2.5. Next, plot the energy propagation with the “grace” program and make sure the energy fluctuation can cover the lowest and the highest ends of the temperature range [1].
2.5.1. SCREEN: 60040_SCREEN_3. Show up to 1:49. Talent enters pre-sits and opt-sits commands, copies and pastes the second grep ener1 command and updates part of the command. Talent enters the xmgrace command and moves the grace: ener0-pre and ener1-opt window on screen to show the energy fluctuation. Talent expands the window.   
2.6. After optimization, save the final  (pronounced N K) values of the opt-sits step into a new file, which is named as nk.dat in this protocol [1]. 
2.6.1. SCREEN: 60040_SCREEN_3. Show from 1:49 to 2:09. Talent selects Print setup, changes the device to EPS and clicks Accept. Talent selects Print. 
3. Running Production Simulations and Data Analysis
3.1. To prepare the MD input file, set runtype as 1 in the new input file to start the production simulation step. Specify the file name of the stored  file as nkfile nk.dat in the input file. The number of time steps was set as 6,400,000 in the present systems [1]. 
3.1.1. SCREEN: 60040_SCREEN_4. Show from 0:52 to 1:29. Talent scrolls up to runtype and enters 1. Talent enters 1 for nkrest and enters nk.dat for nkfile. Talent scrolls down and enters 6400000 for step. 
3.2. Liangxu Xie: The simulation time is system dependent so change the simulation step based on your specific demands. Select a proper number of time steps to ensure multiple transitions between different states for your own system [1]. 
3.2.1. INTERVIEW: Liangxu Xie says the statement above in an interview-style shot, looking slightly off-camera.
3.3. Initiate the production MD simulation by issuing the appropriate command to start MD simulations [1]. Video Editor: The authors have indicated that this step is important (questionnaire question 4).  
3.3.1. SCREEN: 60040_SCREEN_4. Show from 1:29 to end. Talent scrolls down and enters the sits commands in the file lines. Talent enters “:wq” and several lines of text appears on the screen. Talent enters the qm4d command.
3.4. To monitor the bond forming and breaking process during the production phase, use the grep command to check the distance changes of H1-N1 (pronounced H one and N one) and H1-N2 along the simulation time. The same operation can be conducted for H2-N3 and H2-N4. Then plot the distance propagation using the accumulated distance value during the production simulations [1]. 
3.4.1. SCREEN: 60040_SCREEN_5. Show up to 3:10. Talent enters the grep and xmgrace commands. Talent moves Grace: dist-H1-N2 window onto the screen and expands it. The Grace: Set Appearance window appears, talent selects circle and none as type and clicks Apply. Talent highlights the second set, selects circle and none as type and clicks Apply. Talent exits the Grace: dist-H1-N2 window.
3.5. Extract the reaction coordinates and the energy terms from the production output file generated by QM4D by grep command [1]. 
3.5.1. SCREEN: 60040_SCREEN_5. Show from 3:13 to 3:33. Talent enters the less script command and several lines of text appear on the screen. Talent highlights the #extract and #reweight lines.
3.6. Organize the data in four columns and write them into the data file at each time frame [1]. 
3.6.1. SCREEN: 60040_SCREEN_5. Show from 3:33 to 4:00. Talent enters the bash script and less sits commands and four columns of data appear on the screen. Talent highlights the four top numbers in each column.
3.7. Calculate the free energy by issuing the appropriate command [1].
3.7.1. SCREEN: 60040_SCREEN_5. Show from 4:00 to 4:08. Talent enters the command. 
3.8. Finally, to project the free energy on the two-dimensional landscape, type the appropriate command [1].
3.8.1. SCREEN: 60040_SCREEN_5. Show from 4:08 to 4:17. Talent enters the command and four columns of data appear on the screen.





[bookmark: _GoBack]Section – Results
4. Results: Isotopic Effect on Double Transfer Process in Porphycene
4.1. The single deuterium substitution effect on double proton transfer process in porphycene was examined in the current protocol [1]. 
4.1.1. LAB MEDIA: Figure 1 – Video Editor: Show both figures A and B and highlight H1 in figure A and D1 in figure B.
4.2. The potential energy of the QM sub-system and the water during the pre-equilibrium and optimization steps were checked to make sure the energy of the QM region has been broadened to a wider energy range without affecting the energy of the environment [1].
4.2.1. LAB MEDIA: Figure 2 – Video Editor: Show both figures A and B and highlight figure B.
4.3. The representative distance and angle changes, and the projected free energy changes were used to characterize the deuterium substitution effect on the geometry and proton transfer process of porphycene [1]. 
4.3.1. LAB MEDIA: Figures 3 – Video Editor: Highlight both figures A and B. 



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Jian Yin: (Step 3.2) The SITS-QM/MM method achieves enhanced sampling in the energy space. The specified temperature range should achieve a broadened energy distribution [1].
5.1.1. INTERVIEW: Jian Yin says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Liangxu Xie: This method not only captures the double reaction channel in proton transfer, but also has the potential of identifying reaction products from known reactant states without prior reaction mechanisms [1].
5.2.1. INTERVIEW: Liangxu Xie says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Jian Yin: This protocol acts as a starting point to investigate the chemical reaction mechanisms in a condensed environment. Higher level QM methods can be readily combined with the SITS-QM/MM method to exploit more complex systems in the future [1].
5.3.1. INTERVIEW: Jian Yin says the statement above in an interview-style shot, looking slightly off-camera.
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