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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
Can you record movies/images using your own microscope camera? (Y/N) N/A
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.

2. Does your protocol include software usage? (Y/N) Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.1, 3.2, 3.3, 3.4, 3.5, 3.6

4. 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.)
3.7, 3.8
5. Will the filming need to take place in multiple locations? (Y/N) N

If yes, how far apart are the locations? 


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. Wen-Lian Hsu: We demonstrate how to use our newly developed software, Auto-CHO, for hierarchical and programmable one-pot oligosaccharide synthesis. Auto-CHO includes algorithms on expanded building-blocks with relative reactivity values predicted through machine learning [1].

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

1.2. Wen-Lian Hsu: The Auto-CHO software provides a valuable guideline for building block selection and a hierarchical blueprint for the multiple one-pot synthesis of more complex glycans through fragment composition[1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
[bookmark: _GoBack]

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

1.3. Chung-Yi Wu: The implications of this technique extend toward therapy of cancers or infectious diseases by carbohydrate-based therapeutics [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Cheng-Wei Cheng: Before using Auto-CHO, please make sure the Java Runtime Environment has been installed in the PC or Mac [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Yixuan Zhou: The visual demonstration of Auto-CHO software manipulation and the relative reactivity value determination experiment will help chemists follow the protocol and proceed with the experiment quickly [1].
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Authors, the introduction of the demonstrator section is not needed since Dr. Zhou and Dr. Cheng will be introduced with on-screen text as they speak in the introduction.







Section - Protocol
Videographer, please get some B-roll of the authors working at the computer for the video editors to use throughout the video, as needed.
2. Auto-CHO Software Manipulation
2.1. To perform software initialization of the Java Runtime Environment, go to the Auto-CHO (Auto C-H-O) website and download the software according to the operating system. Currently, Auto-CHO supports Windows, macOS, and Ubuntu. The latest PDF user guide is provided on the Auto-CHO website [1-TXT].
2.1.1. LAB MEDIA: 59987_1.2.mp4. Video editors, please show 0:02-0:15. TEXT: See text for web address
2.2. For Windows users, unzip the Auto-CHO_Windows.zip (Auto C H O Windows dot zip) and double-click on Auto-CHO.jar (Auto C-H-O dot J-A-R) in the Auto-CHO_Windows folder to start the program [1-TXT].
2.2.1. LAB MEDIA: 59987_1.2.mp4. Video editors, please show 0:16-0:40. TEXT: See text when using other operating systems
2.3. Input the desired glycan structure. Choose to draw a glycan structure or read an existing structure file [1].
2.3.1. Talent working at the computer.
2.4. To input by drawing, click on Edit Glycan by GlycanBuilder or the area of Click Here to Edit the Synthetic Target to draw and edit the query structure by GlycanBuilder. Linkage and chirality information should not be ignored. Click on the Globo-H (Glo-bo H), SSEA-4 (S-S-E-A-4), or OligoLacNAc (Oligo Lac Nac) buttons to display the examples.
2.4.1. LAB MEDIA: 59987_1.3.mp4. Video editors, please show 0:02-0:23. Please use a zoom bubble to highlight the action being performed and try to correlate with the narration. Also emphasize the box labeled “Click Here to Edit the Synthetic Target” as narrated.
2.5. [bookmark: _Toc525927892]Close the GlycanBuilder dialog to complete editing [1].
2.5.1. Working at the computer, talent closes the dialog.
2.6. [bookmark: _Toc525927890]Define the search parameters in the “Parameter Settings” tab to get reasonable search results. Click on the OK button to enable the new settings [1].
2.6.1. LAB MEDIA: 59987_1.4.mp4. Video editors, please show 0:02-0:20. Please use a zoom bubble to highlight the action being performed and try to correlate with the narration
2.7. The default setting is to search the experimental library only. If it is desired to search both the experimental and virtual libraries, select the Virtual Building Block Library tab. Select Use Experimental and Virtual Libraries and apply Filtering to display virtual building blocks with certain criteria [1]. 
2.7.1. LAB MEDIA: 59987_1.5.mp4. Video editors, please show 0:02-0:22. Please use a zoom bubble to highlight the action being performed and try to correlate with the narration.
2.8. Experimental and virtual building blocks can work together to enhance the searching ability of Auto-CHO. Currently, Auto-CHO provides more than 50,000 virtual building blocks with predicted RRVs in the library [1-TXT].
2.8.1. LAB MEDIA: 59987_1.5.mp4. Video editors, please show 0:23-0:38. TEXT: RRV = relative reactivity value
2.9. Check one or multiple desired virtual building blocks that the user would like to use for searching [1].
2.9.1. LAB MEDIA: 59987_1.5.mp4. Video editors, please show 0:39-0:48. 
2.10. Click on the Show Selected Virtual BBL(s) (building blocks) button to show only the selected virtual building blocks. Click on the Show Filtered Virtual BBL(s) button to show only virtual building blocks with certain criteria defined by the user. Click on the Show All Virtual BBL(s) button to show all available virtual building blocks and reset the filter [1].
2.10.1. LAB MEDIA: 59987_1.5.mp4. Video editors, please show 0:49-1:07. Please use a zoom bubble to highlight the action being performed and try to correlate with the narration. As the last sentence is narrated, please emphasize the “Show All Virtual BBL(s)” button.
2.11. Select the Query Structure tab and click on the Search Building Block Library button to find the one-pot synthetic solutions for the query structure. Then, confirm the parameter settings [1].
2.11.1. LAB MEDIA: 59987_1.6.mp4. Video editors, please show 0:02-0:15. 
2.12. Search the result viewer. The search result is shown in the Result Visualization tab. The reducing end acceptors of different residue numbers are displayed in the Reducing End Acceptor column [1]. 
2.12.1. LAB MEDIA: 59987_1.7.mp4. Video editors, please show the frame of this video at 0:36. Please emphasize the tab labeled “Results Visualization” and the column labeled “Reducing End Acceptor” as narrated. 
2.13. Next, select a reducing-end acceptor. Solutions are displayed on the Synthetic Solution List. Fragments are shown in the Fragment List to suggest how many fragments should be used in the synthesis [1].
2.13.1. LAB MEDIA: 59987_1.7.mp4. Video editors, please show the frame of this video at 0:36. Please emphasize the column labeled “Solution” and the cell labeled “Fragment” as narrated. 
2.14. The system provides detailed information of each fragment, including the RRV of the fragment, computational yield, as well as which protecting group should be deprotected for use of the fragment in the one-pot reaction [1]. 
2.14.1. LAB MEDIA: 59987_1.7.mp4. Video editors, please show the frame of this video at 0:36. Please emphasize the cells labeled “Frag.’s RRV”, “Yield” and “deprotection” as narrated. 
2.15. The building blocks used to assemble the selected fragment… [1] and the fragment connection information are also displayed [2].
2.15.1. LAB MEDIA: 59987_1.7.mp4. Video editors, please show the frame of this video at 0:36. Please emphasize the cells labeled “BBL’s RRV” and “BBL Type.” 
2.15.2. LAB MEDIA: 59987_1.7.mp4. Video editors, please show the frame of this video at 0:36. Please emphasize the cells labeled “Fragment Connection.” 
2.16. For experimental building blocks, view and check chemical structures of the selected building blocks in the Chemical Structure of Building Block region… [1], and see the detailed information Building Block Browser [2].
2.16.1. LAB MEDIA: 59987_1.7.mp4. Video editors, please show the frame of this video at 0:36. Please emphasize the top right window with the chemical structure in it. 
2.16.2. LAB MEDIA: 59987_1.7.mp4. Video editors, please show the frame of this video at 0:36. Please emphasize the bottom right window with the table.
3. RRV Determination Experiments
3.1. YiXuan Zhou: All of the following demonstrated operations require anhydrous operation technology [1].
3.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
3.2. In a 10 milliliter round-bottom flask, combine the two thioglycoside donors, absolute methanol, and Drierite in DCM [1-TXT]. Then, stir at room temperature for 1 hour [2].
3.2.1. Talent combines the two thioglycoside donors, absolute methanol, and Drierite in dichloromethane in a 10 mL round-bottom flask. Videographer, the authors consider this an important point for visualization. TEXT: DCM = dichloromethane 
3.2.2. Flask as it stirs at room temperature. Videographer, the authors consider this an important point for visualization.
3.3. Take a 30 microliter aliquot of this mixture and inject the mixture into high performance liquid chromatography in three separate injections [1]. Measure the coefficient between the absorption and concentration of the donor molecule under the baseline separation conditions [2-TXT].
3.3.1. Talent injects a 30 microliter aliquot into the HPLC. Videographer, the authors consider this an important point for visualization.
3.3.2. Talent performs the measurement on the HPLC. Videographer, the authors consider this an important point for visualization. TEXT: See text for separation conditions 
3.4. Add a solution of 0.5 Molar N-Iodo-succinimide (N i-oh-doh suhk-sin-nih-mide) in acetonitrile into the reaction mixture, followed by addition of a 0.1 Molar trifluoromethanesulfonic (trahy flohr-oh meth-eyn suhl-fon-ik) acid solution [1-TXT]. Stir the mixture at room temperature for 2 hours [2].
3.4.1. Talent adds 0.5 Molar N-Iodosuccinimide in acetonitrile into the reaction mixture, followed by addition of a 0.1 Molar trifluoromethanesulfonic acid solution. Videographer, the authors consider this an important point for visualization. TEXT: See text for volumes
3.4.2. Mixture stirs at room temperature. Videographer, the authors consider this an important point for visualization.
3.5. Next, dilute the reaction mixture with 4 milliliters of DCM [1]. Filter and wash the reaction with saturated aqueous sodium thiosulfate containing 10% sodium hydrogen carbonate [2-TXT].
3.5.1. Talent dilutes the reaction mixture with 4 mL of DCM. Videographer, the authors consider this an important point for visualization.
3.5.2. Talent washes the filtered reaction with saturated aqueous sodium thiosulfate containing 10% sodium hydrogen carbonate. Videographer, the authors consider this an important point for visualization. TEXT: 2x with 5 mL volume each 
3.6. Now, extract the aqueous layer three times with 5 milliliters of DCM [1]. Combine all organic layers and wash with 5 milliliters of brine [2]. Then, dry the combined layers with approximately 200 milligrams of anhydrous magnesium sulfate [3]. 
3.6.1. Talent extracts the aqueous layer with DCM. Use labeled containers whenever possible to aid in viewer clarity. Videographer, the authors consider this an important point for visualization.
3.6.2. Talent washes the combined layers with 5 mL of brine. Videographer, the authors consider this an important point for visualization.
3.6.3. Combined layers as talent dries with 200 mg of anhydrous magnesium sulfate. Videographer, the authors consider this an important point for visualization.
3.7. Shake the mixture mildly for 30 seconds and filter it through a funnel with a fluted filter paper in order to remove the magnesium sulfate [1]. Then, collect the filtrate in a 25 milliliter round-bottom flask [2]. Remove the solvent using a rotary evaporator [3].
3.7.1. Funnel with fluted filter paper as talent filters the shaken mixture through. Videographer, the authors consider this an important point for visualization.
3.7.2. 25-mL round-bottom flask as talent collects the filtrate there. Videographer, the authors consider this an important point for visualization.
3.7.3. Talent places the flask on a rotary evaporator. Videographer, the authors consider this an important point for visualization.
3.8. Dissolve the residue in 1 milliliter of DCM [1]. Take a 30 microliter aliquot of this mixture and inject it into high performance liquid chromatography in three separate injections [2]. Measure the concentrations of the remaining donors by HPLC under the same separation conditions [3-TXT].
3.8.1. Talent dissolves residue in 1 mL of DCM. Video editors, the authors consider this an important point.
3.8.2. Syringe as talent injects the mixture onto the HPLC. Video editors, the authors consider this an important point.
3.8.3. Talent measures the concentrations of the remaining donors by HPLC. Video editors, the authors consider this an important point. TEXT: See text for separation conditions
3.9. Measure the relative reactivity. Based on the relative reactivity value of Dr4 (D r four), the relative reactivity value of Dx1 (D x one) is 3 [1-TXT].
3.9.1. Talent performs the calculation of the relative reactivity using Dx1 vs. Dr4, kx1/kr4 = 0.0932. Show calculation. TEXT: Dx1 vs. Dr4, kx1/kr4 = 0.0932  





Section – Results
4. Results: The [2 + 1 + 3] One-pot Synthetic Strategy for SSEA-4 
4.1. The Auto-CHO search result based on default parameter settings indicates SSEA-4 can be synthesized by a [2 + 1 + 3] (two plus one plus three) one-pot reaction [1].
4.1.1. LAB MEDIA: Figure 3. Video editors, the authors also uploaded the powerpoint file so that you can manipulate the image. Please see page 5 of SSEA-4.pptx for this figure. 
4.2. When a trisaccharide reducing end acceptor is selected [1], the program shows four potential solutions for the query [2]. The first solution has one fragment, and its calculated yield is about 94% [3]. 
4.2.1. LAB MEDIA: Figure 3 – Video editors, please emphasize the highlighted chemical with the arrow pointing to it in the leftmost column. Simultaneously emphasize the portion of the chemical with the box around it labeled “1” in the top center of the figure.
4.2.2. LAB MEDIA: Figure 3 – Video editors, please emphasize the column labeled “Solution” on the bottom center of the figure.
4.2.3. LAB MEDIA: Figure 3 – Video editors, please emphasize the highlighted cell with “1” under the “number of fragments” column and the highlighted cell with 94% in the ”Frag.Yield” column. Simultaneously emphasize the portion of the chemical with the box around it labeled “2” in the top center of the figure. 
4.3. The fragment can be synthesized by two building blocks [1]. The RRV of the first disaccharide building block is 1462 and the RRV of the second monosaccharide is 32.0 (thirty two point zero) [2]. 
4.3.1. LAB MEDIA: Figure 3 – Video editors, please emphasize the chemical fragment labeled “3” in the bottom center of the figure. 
4.3.2. LAB MEDIA: Figure 3 – Video editors, please emphasize “1462” and “32.0” as narrated in the bottom center of the figure. 
4.4. The chemical structure of the first suggested BBL used in the one-pot reaction is also shown [1] 
4.4.1. LAB MEDIA: Figure 3 – Video editors, please emphasize the chemical structure labeled “4” in the top right of the figure. 
4.5. The one-pot experiment shows that SSEA-4 can be successfully synthesized in 43% yield by this suggestion [1]. SSEA-4 can be synthesized by three units suggested by Auto-CHO [2]. 
4.5.1. LAB MEDIA: Figure 4. Video editors, the authors also uploaded the powerpoint file so that you can manipulate the image. Please see page 12 of SSEA-4.pptx for this figure.  
4.5.2. LAB MEDIA: Figure 4 – Video editors, please emphasize the area within the dashed lines in the top right of the figure.
4.6. These units include: sialyl disaccharide building block 1… [1], monosaccharide building block 2… [2], and reducing end acceptor 3 [3]. 
4.6.1. LAB MEDIA: Figure 4 – Video editors, please emphasize the chemical labeled “1” on the left side of the figure.
4.6.2. LAB MEDIA: Figure 4 – Video editors, please emphasize the chemical labeled “2” in the top center of the figure.
4.6.3. LAB MEDIA: Figure 4 – Video editors, please emphasize the chemical labeled “3” on the right side of the figure.




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Cheng-Wei Cheng: For parameter settings, we suggest to set parameters with stricter criteria at the beginning. For the selection of the building block library, we suggest to search the experimental library only at first [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Wen-Lian Hsu: Through this demonstration, we hope more important glycans, such as tumor associated carbohydrate antigens, can be synthesized by the one-pot approach for further studies [1].

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Chung-Yi Wu: Following this procedure, synthesis of such antigens can be performed in order to design carbohydrate-based cancer vaccines [1].

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.4. Dr. Yixuan Zhou: We also hope that artificial intelligence and computer algorithms can facilitate automated glycan synthesis to benefit disease treatment and prevention [1].

5.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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