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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 04/20/2026


When you are ready to submit your video files, please contact our China Location Producer, Yuan Yue.


Current Protocol Length

Number of Steps:  22
Number of Shots:  55 

Introduction 

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Chunyan Zhou: Our research develops a multi-stage mass spectrometry fragmentation method to identify and characterize complex constituents in Huoxiang Zhengqi oral liquid.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Chunyan Zhou: Traditional tandem MS cannot resolve unknown compound structures; multi-stage mass spectrometry provides deeper fragmentation for comprehensive structural elucidation.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Chunyan Zhou: This protocol enables detailed analysis and structural characterization of more unknown compounds in medicinal herbs and Chinese patent medicines.
Describe the most important consideration or challenge when performing this protocol.
1.4. Chunyan Zhou: Clear understanding of the core structure of the main components is essential for accurate fragmentation and analysis using this protocol.
Are there any additional methods or analyses that can be performed following this procedure?
1.5. Chunyan Zhou: This protocol could enable building a multi-stage mass spectrometry fragmentation database for improved compound identification and comparative analysis.


Protocol  
2. Sample Pretreatment and Ultra-Performance Liquid Chromatography Preparation

Demonstrator: Chunyan Zhou

2.1. To begin, obtain the commercial Huoxiang Zhengqi oral liquid or HXZQ (H-X-Z-Q) [1]. Transfer 0.1 milliliters of HXZQ into a 2-milliliter sample bottle [2]. Add 0.9 milliliters of water into the same bottle [3]. Shake the solution until it is thoroughly mixed [4].

2.1.1. WIDE: Talent opening the packaging of the commercial HXZQ.
2.1.2. Talent transferring 0.1 mL of HXZQ into a 2-mL sample bottle.
2.1.3. Talent adding 0.9 mL of water into the sample bottle.
2.1.4. Talent shaking the sample bottle to mix the solution thoroughly.

2.2. Prepare a 1 milliliter injection syringe and a 0.22 micrometer microporous membrane filter [1]. Filter the solution into a new 2-milliliter sample bottle [2].

2.2.1. Talent arranging a 1 mL injection syringe and a 0.22 m microporous membrane filter.
2.2.2. Talent filtering the solution into a new 2 mL sample bottle.

2.3. For ultra-performance liquid chromatography preparation, start by double-clicking on the Xcalibur software to open it [1]. Click Ready to Download, then click Direct Control [2]. In the pop-up window, click the Pump Module column and set percentage B to 50, percentage C to 0, and percentage D to 0 [3].

2.3.1. SCREEN: Show the Xcalibur software icon being double-clicked to open.
2.3.2. SCREEN: Click Ready to Download and then click Direct Control.
2.3.3. SCREEN: In the pop-up window, select Pump Module and enter 50 for percentage B, 0 for percentage C, and 0 for percentage D.


2.4. Click the Motor button to switch it to the On state [1]. Click More Options, set the flow to 5 milliliters per minute and the time to 180 seconds in the pop-up window [2]. Click Purge, then click OK in the pop-up window [3].

2.4.1. SCREEN: Click the Motor button to turn it On.
2.4.2. SCREEN: Open More Options and enter 5 mL per min for flow and 180 seconds for time.
2.4.3. SCREEN: Click Purge and then click OK in the pop-up window.

3. Mass Spectrometry (MS) Preparation and Full Scan MS Test

3.1. Return to the main software window and click Sequence Setup View [1]. Click Open to import the edited template [2]. Right-click on Method Name and click Open File to open the method file [3].

3.1.1. SCREEN: Click Sequence Setup View in the main window.
3.1.2. SCREEN: Click Open to import the template file.
3.1.3. SCREEN: Right-click Method Name and select Open File.

3.2. In the software main window, set the First mass to 100 mass-to-charge ratio and the Last mass to 1200 mass-to-charge ratio [1]. Click Save to save the method [2].

3.2.1. SCREEN: Enter 100 for first mass and 1200 for last mass in the software main window.
3.2.2. SCREEN: Click Save.

3.3. Click Run sequence, then click OK in the pop-up window [1]. Wait for the sample injection to be completed [2].

3.3.1. SCREEN: Click Run sequence and then click OK in the pop-up window.
3.3.2. Shot of the talent waiting for the sample injection to be completed. 

3.4. Click Roadmap View, then click the Qual Browser icon to open the Qual Browser window [1]. Click Open, select the data file with raw format, and double-click to open it [2].

3.4.1. SCREEN: Click Roadmap View and then select the Qual Browser icon.
3.4.2. SCREEN: Click Open, select the raw data file, and double-click to open it.

3.5. Right-click on the chromatogram window and click Ranges [1]. In the scan filter section, select ESI Full MS, and in the plot type section, choose TIC, then click OK [2]. Observe the total ion chromatogram displayed [3].

3.5.1. SCREEN: Right-click the chromatogram window and select Ranges.
3.5.2. SCREEN: Select ESI Full MS, choose TIC, and click OK.
3.5.3. SCREEN: Display of the total ion chromatogram.

3.6. Click the Pushpin button in the mass spectrum window [1]. In the chromatogram window, click and slide to select a time region with the strongest relative abundance [2]. Observe the corresponding mass spectrum ions and record the mass-to-charge ratio values [3].

3.6.1. SCREEN: Click the Pushpin button in the mass spectrum window.
3.6.2. SCREEN: Click and drag across a peak region in the chromatogram.
3.6.3. SCREEN: Display of corresponding mass spectrum ions.

4. MS/MS (Tandem Mass Spectrometry)

4.1. Open the Instrument Setup window [1]. Locate the parent mass column of the n equals 2 row and enter the previously recorded mass-to-charge ratio value [2]. Click Save to save the method [3].

4.1.1. SCREEN: Open the Instrument Setup window.
4.1.2. SCREEN: Locate the parent mass column of the n = 2 row and enter the mass-to-charge ratio value.
4.1.3. SCREEN: Click Save.

4.2. Return to the software window and click Sequence Setup View [1]. Modify the file name and click Save to save the sequence [2].

4.2.1. SCREEN: Click Sequence Setup View.
4.2.2. SCREEN: Edit the file name and click Save.

4.3. Click Run sequence, then click OK in the pop-up window [1]. Wait for the sample injection to be completed [2]. 
4.3.1. SCREEN: Click Run sequence and then click OK.
4.3.2. Talent observing the system during sample injection.

4.4. Go to the Qual Browser window, click Open, select the raw data file, and double-click to open it [1]. Right-click on the chromatogram window and click Ranges [2]. In the Scan filter section, select ESI Full MS [3]. In the Plot type section, choose TIC and click OK [4] to display the chromatogram [5].

4.4.1. SCREEN: Click Open, select the raw file, and double-click to open.
4.4.2. SCREEN: Right-click chromatogram and select Ranges.
4.4.3. SCREEN: In the Scan filter section, choose ESI Full MS.
4.4.4. SCREEN: In the Plot type section, select TIC, and click OK.
4.4.5. SCREEN: Show the total ion chromatogram of the sample.

4.5. In the mass spectrum window, click the Pushpin button [1]. Select a time region with the strongest relative abundance and observe the mass spectrum ions [2]. Record the mass-to-charge ratio values for the next level of mass spectrometry [3].

4.5.1. SCREEN: Click the Pushpin button.
4.5.2. SCREEN: Select a peak region in the chromatogram.
4.5.3. SCREEN: Display the mass-to-charge ratio values values on the screen. 

5. Multistage Mass Spectrometry Test and Parameter Optimization 

5.1. In the Instrument Setup window, locate the parent mass column of the n equals 3 row and enter the previously recorded mass-to-charge ratio value [1]. Click Save to save the method [2].

5.1.1. SCREEN: Enter the previously recorded mass-to-charge ratio value into the n equals 3 parent mass field.
5.1.2. SCREEN: Click Save.

5.2. Repeat the data viewing procedure demonstrated earlier to complete the sample injection and analysis [1]. Stop the analysis once no stable fragment ions are observed [2].

5.2.1. Reuse 4.2.1 
5.2.2. SCREEN: Display showing the absence of stable fragment ions when the results are opened.

5.3. In Instrument Setup window, go to the act type column and click CID [1], then select PQD or ETD to change the collision mode [2].

5.3.1. SCREEN: In Instrument Setup window, go to the act type column and click CID.
5.3.2. SCREEN: Select PQD.

5.4. In the normalized collision energy column, click 35 and change it to 50 to adjust the collision energy [1].

5.4.1. SCREEN: Edit the collision energy value from 35 to 50.


6. Annotation of Parent and Fragment Ions and Structural Elucidation

6.1. Draw the parent ion and fragmentation ions in drawing software, including the parent ion structure, compound name, and mass-to-charge ratio value [1].

6.1.1. SCREEN: Drawing software showing annotation of parent ion and fragment ions. Also use the cursor to show the parent ion structure, compound name, and mass-to-charge ratio value.

6.2. As an example, examine the fragmentation of the precursor ion with mass-to-charge ratio 623.21 and identify the fragment at mass-to-charge ratio 461.15 in the tandem mass spectrometry spectrum [1]. Calculate the mass difference [2].

6.2.1. SCREEN: Display of spectrum highlighting 623.21 and 461.15 peaks.
6.2.2. SCREEN: Annotation showing 162.06 Da difference.

6.3. Analyze the further fragmentation of the intermediate ion with mass-to-charge ratio 461.15 to generate a product ion with mass-to-charge ratio 315.09 in the MS³ (M-S-cubed) [1]. Calculate the mass difference [2]. Based on the bonding position and linkage analyses of all the fragments, deduce the final structure of the unknown compound with a mass‑to‑charge ratio of 623.21 [3].

6.3.1. SCREEN: Spectrum showing 461.15 to 315.09 transition.
6.3.2. SCREEN: Annotation showing 146.06 dalton difference.
6.3.3. SCREEN: Final annotated structure of the compound.



Results
7. Results 

7.1. The unknown compound with a mass-to-charge ratio of 623.21 lost 1 hexose unit and yielded a fragment ion with a mass-to-charge ratio of 461.15 [1].

7.1.1. LAB MEDIA: Figure 3A. Video editor: Highlight the first structure labelled “Unknown compound m/z = 623.21” and then move to the next structure labelled “Fragment ion m/z = 461.15”

7.2. Tertiary mass spectrometry fragmentation of the intermediate produced neobyakangelicol with a mass-to-charge ratio of 315.09 after the loss of 1 rhamnose unit [1].

7.2.1. LAB MEDIA: Figure 3A. Video editor: Highlight the structure labelled “Fragment ion m/z = 461.15” and then move to the structure labelled “Neobyakangelicol m/z = 315.09”

7.3. Quadrupole mass spectrometry of neobyakangelicol produced a fragment ion with a mass-to-charge ratio of 135.09 [1].

7.3.1. LAB MEDIA: Figure 3A. Video editor: Highlight the structure labelled “Neobyakangelicol m/z = 315.09” and then move to the final structure labelled “Fragment ion m/z = 135.09”

7.4. The structure of the unknown compound was deduced from the multi-stage fragmentation pattern [1].

7.4.1. LAB MEDIA: Figure 3A. Video editor: Show the full left-to-right sequence of structures and arrows in panel A starting from “Unknown compound m/z = 623.21” and ending at “Fragment ion m/z = 135.09”

7.5. The unknown compounds with mass-to-charge ratios of 545.41 [1] and 365.12 were deduced using the same fragmentation method [2].

7.5.1. LAB MEDIA: Figure 4A. Video editor: Highlight the structure labelled “m/z = 545.41”
7.5.2. LAB MEDIA: Figure 4B. Video editor: Highlight the structure labelled “m/z = 365.12”
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