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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)  
NO
Can you record movies/images using your own microscope camera? (Y/N) 
YES
2. Does your protocol include software usage? (Y/N)
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.
YES
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.)
2.7.1 Talent operates on the spectrophotometer, and shows its concentration.
3.3 Add 20 microliters of 5x PBS and 30–35 microliters of 0.1-molar sodium hydroxide to regulate the pH to 8.0 [3], and mix by vortexing [4].
3.4 Add 4 microliters of PNGase F enzyme and mix by vortexing [1]. Then, incubate for 18–20 hours in a 37-degree Celsius water bath.
4.2.3 Talent places the tube into an oven.
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.)
4.1 Prepare the 2-AB (pronounce as 2-aminobenzamide) labeling reagent with 0.7 milligrams of 2-AB, 10.50 microliters of acetic acid, 6 milligrams of sodium cyanoborohydride (NaBH3CN), and 24.50 microltiers of DMSO. Then, add acetic acid, 2-AB, and NaBH3CN into the DMSO in order.
4.2 Next, in a dark room, label the glycans by adding 35 microliters of 2-AB labeling reagent [1]. 
The above two experiments need to avoid light in the whole process, so we choose to use red bulbs in the laboratory, because red bulbs have the longest wavelength and the lowest energy.
5. Will the filming need to take place in multiple locations? (Y/N) NO


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. Yuejin Li: Ultra-performance liquid chromatography (UPLC) is the established technology for accurate analysis of IgG Fc N-glycosylation due to its superior sensitivity, resolution, speed, and its capability to provide branch specific information of glycan species [1].

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

1.2. Yuejin Li: This method is easy to use and has a number of different advantages: relatively low cost of equipment, high reproducibility, robust quantification, the ability to effectively separate glycan isomers, and the possibility of simultaneous analysis of neutral and charged glycans [1].

1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

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

1.3. Yuejin Li: The measurement of protein glycosylation in plasma could be an attractive, minimally invasive biomarker and assist patient stratification for precision medicine.Our previous research found that the association between IgG N-glycosylation and certain diseases,such as hypertension, ischemic stroke and biological ages in han chinese population [1].

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

1.4. Yuejin Li: You know that the method of UPLC is used to test IgG N-glycans, actually, It can test the N-glycans of protein, which is needed in the corresponding protein extraction plate. We believe that the method of UPLC can be applied to the field of Protein post-translational modification [1].

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

1.5. Yuejin Li: The overall experimental process is relatively simple, but the experimental process needs to be standardized. The entire experimental process takes 3 days to operate, and the experimental steps need to be memorized in order to master the experimental skills [1].

1.5.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.




Section - Protocol
All the subjects included in the protocol have been approved by the Ethics Committee of the Capital Medical University, Beijing, China. Written informed consent was obtained from each subject at the beginning of the study.
2. Immunoglobulin G (IgG) isolation
2.1. [bookmark: _Hlk21607814]To prepare the samples, thaw the frozen plasma sample [1], then centrifuge at 80 times g for 10 minutes [2]. Leave the protein G monolithic plate at room temperature for 30 minutes [3]. 
2.1.1. Talent takes the sample out of the freezer.
2.1.2. Talent places the tube in a centrifuge.
2.1.3. Talent places a plate on a surface.
2.2. [bookmark: _Hlk19736537]Transfer 100 microliters of sample into each well of a 2-milliliter collection plate. Add ultra pure water as one control sample [1]. Dilute the samples with 1x PBS by 1:7 volume by volume ratio [2].
2.2.1. Talent adds solutions into wells of a plate.
2.2.2. Talent adds buffer into the wells.
2.3. Clean a 0.45-micron hydrophilic polypropylene filter plate with 200 microliters of ultra-pure water. Repeat the cleaning 2 additional times [1]. Transfer the diluted samples into the filter plate and filter the samples into the collection plate using a vacuum pump with pressure at 266.6–399.9 pascals [2].
2.3.1. Talent cleans a plate.
2.3.2. Talent transfers the samples into the filter plate, then into the collection plate.
2.4. To prepare the protein G monolithic plates, first discard the storage buffer [1]. Clean the monolithic plates with 2 milliliters of ultra-pure water, 2 milliliters of 1x PBS, 1 milliliter of 0.1 molar formic acid, 2 milliliters of 10x PBS, and 2 milliliters of 1x PBS sequentially. Remove the flowing liquid using a vacuum pump [2].
2.4.1. CU: Talent removes buffer in the plates.
2.4.2. Talent adds solution into the plates, and then uses a pump to remove the liquid.
2.5. Using a multichannel pipette, transfer the filtered samples to the protein G monolithic plate for IgG (pronounce as eye-G-G) binding and cleaning [1], then, add 2 milliliters of 1x PBS to clean the monolithic plates, remove the PBS using a vacuum pump, and repeat the cleaning 2 additional times [2].
2.5.1. Talent transfers samples into the plates.
2.5.2. Talent adds buffer into the plates, and uses a vacuum pump to remove the liquid.
2.6. [bookmark: _Hlk20344601]Elute IgG with 1 milliliter of 0.1-molar formic acid and filter the samples into the collection plate by vacuum pump [1], then add 170 microliters of 1 molar ammonium bicarbonate into the collection plate [2].
2.6.1. Talent adds solution to the plate, and starts vacuum pump.
2.6.2. Talent adds solution into the collection plate.
2.7. Detect the IgG concentration using an absorption spectrophotometer at the optimal wavelength of 280 nanometers [1]. Place the extracted IgG in an oven to dry at 60 degrees Celsius for 3 hours [2]. Determine the amount to be observed according to its concentration as described in the manuscript, and preserve it in -80 degrees Celsius [3].
2.7.1. Talent operates on the spectrophotometer, and shows its concentration. Important Step
2.7.2. Talent places the plate into a dry machine.
2.7.3. Talent draws up liquid and put into a freezer.
3. Glycan Release
3.1. Prepare the dried IgG and store the chemicals including 1.33% SDS, 4% Igepal (pronounce as i:po), and 5x PBS at room temperature [1]. Prepare PNGase F (pronounce as Endo-glycosidase-F) enzyme by diluting 250 U enzyme with 250 microliters of ultra-pure water [2].
3.1.1. Talent shows the dried sample and chemicals.
3.1.2. Talent adds water into powder.
3.2. [bookmark: _Hlk21608638]To denature the IgG, add 30 microliters of 1.33% SDS [1] and mix by vortexing [2]. Transfer the sample into a 65-degree Celsius oven for 10 minutes [3]. Then, remove it from the oven and let it cool for 15 minutes [4].
3.2.1. Talent adds solution into the sample.
3.2.2. Talent vortexes the tube.
3.2.3. Talent places the sample into an oven.
3.2.4. Talent takes out the sample, and places it on a surface.
3.3. [bookmark: _Hlk21609022][bookmark: _Hlk21609054]Add 10 microliters of 4% Igepal into the sample [1], and place it on a shaking incubator for 5 minutes [2]. Add 20 microliters of 5x PBS and 30–35 microliters of 0.1-molar sodium hydroxide to regulate the pH to 8.0 [3], and mix by vortexing [4].
3.3.1. Talent adds solution into the sample.
3.3.2. Talent places the tube on a shaker.
3.3.3. Talent adds two solutions into the sample. Important Step
3.3.4. Talent vortexes the tube. Important Step
3.4. [bookmark: _Hlk21641962]Add 4 microliters of PNGase F enzyme and mix by vortexing [1]. Then, incubate for 18–20 hours in a 37-degree Celsius water bath [2].
3.4.1. Talent adds solution into the tube, and vortexes. Important Step
3.4.2. Talent places the tube in a water bath.
3.5. [bookmark: _Hlk21609079]The next day, place the released glycans in an oven at 60 degrees Celsius to dry for 2.5–3.0 hours [1]. Save the released glycans at -80 degrees Celsius until further measurement [2].
3.5.1. Talent places the tube into a dry machine.
3.5.2. Talent laces the tube into a freezer.
4. Glycan Labeling and Purification
4.1. Prepare the 2-AB (pronounce as 2-aminobenzamide) labeling reagent with 24.5 microliters of DMSO, 10.5 microliters of acetic acid, 0.7 milligrams of 2-AB, and 6 milligrams of sodium cyanoborohydride [1].
4.1.1. Talent prepares the reagent. Important Step
4.2. Next, in a dark room, label the glycans by adding 35 microliters of 2-AB labeling reagent [1]. Transfer the labeled glycans to an oscillator for 5 minutes [2], and then, transfer it to the oven for 3 hours at 65 degrees Celsius [3]. After that, transfer it to room temperature for 30 minutes [4].
4.2.1. Talent adds solution into the tube.
4.2.2. Talent places the tube into an oscillator. Important Step
4.2.3. Talent places the tube into an oven. Important Step
4.2.4. Talent takes out the tube from the oven.
4.3. Yuejin Li: The IgG N-glycans were labeled with 2-AB, in order to be detected by the fluorescence detector of UPLC [1].
4.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
4.4. [bookmark: _Hlk20505272]Pretreat a 0.2-micron GHP (pronounce as G-H-P) filter plate with 200 microliters of 70% ethanol, 200 microliters of ultra-pure water, and 200 microliters of 96% acetonitrile at 4 degrees Celsius [1], then remove the waste using a vacuum pump [2].
4.4.1. Talent adds 3 solutions into a filter plate.
4.4.2. Talent uses a vacuum pump to remove the waste.
4.5. [bookmark: _Hlk21644559]To purify the 2-AB labeled glycan, add 700 microliters of 100% acetonitrile to the sample and transfer it to a shaking incubator for 5 minutes [1]. Centrifuge at 134 times g for 5 minutes at 4 degrees Celsius [2].
4.5.1. Talent adds solution into the tube, and places onto a shaker.
4.5.2. Talent places the tube into a centrifuge.
4.6. [bookmark: _Hlk21644663]Transfer the supernatant to a 0.2-micron GHP filter plate for 2 minutes [1] and remove the filtrate using a vacuum pump [2]. Wash the 2-AB labeled glycan with 200 microliters of 96% acetonitrile at 4 degrees Celsius [3] and remove the filtrate using a vacuum pump 5-6 times [4].
4.6.1. Talent transfers the supernatant onto a filter plate.
4.6.2. Talent uses a vacuum to remove the filtrate.
4.6.3. Talent adds solution into the plate.
4.6.4. Talent uses a vacuum to remove the filtrate.
4.7. [bookmark: _Hlk21643370]Elute 2-AB labeled glycan with 100 microliters of ultra-pure water 3 times [1]. Transfer the 2-AB labeled glycan into an oven to dry at 60 degrees Celsius for 3.5 hours [2]. Save the labeled N-glycans (pronounce as N-Glycans) at -80 degrees Celsius until further measurement [3].
4.7.1. Talent adds water into the plate.
4.7.2. Talent places the plate in a dry machine.
4.7.3. Talent places the plate into a freezer.
5. [bookmark: _Hlk13760280]Hydrophilic Interaction Chromatography and Analysis of Glycans
5.1. First, open the software to control the mobile phases [1]. Wash UPLC instruments with 50% solvent B and 50% solvent C at the flow rate of 0.2 milliliters per minutes for 30 minutes [2], then wash with 25% solvent A and 75% solvent B at a flow rate of 0.2 milliliters per minute for 20 minutes [3], then at a flow rate of 0.4 milliliters per minute [4].
5.1.1. Talent operates on the computer.
5.1.2. Talent shows the UPLC instrument, and the solutions.
5.1.3. Talent switches a solution for wash.
5.1.4. SCREEN: Talent adjusts the flow rate.
5.2. [bookmark: _Hlk21643021][bookmark: _Hlk21680924]Dissolve the labeled N-glycans with 25 microliters of a mixture of 100% acetonitrile and ultra-pure water at a 2:1 volume by volume ratio [1]. Then, centrifuge at 134 times g for 5 minutes at 4 degrees Celsius [2], and use a drivepipe to load 10 microliters of the supernatant into the UPLC instruments [3].
5.2.1. Talent adds solution into the plate with the sample.
5.2.2. Talent places the plate into a centrifuge.
5.2.3. Talent loads the sample into the UPLC instrument.
5.3. [bookmark: _Hlk21643148]Separate the labeled N-glycans at flow rate of 0.4 milliliters per minute with a linear gradient of 75% to 62% acetonitrile for 25 minutes [1]. Then, perform an analytical run by dextran calibration ladder glycopeptide column on a UPLC at 60 degrees Celsius [2].
5.3.1. SCREEN: Talent adjusts the flow rate.
5.3.2. Talent adds column on the UPLC instrument.
5.4. [bookmark: _Hlk21643206]Detect N-glycan fluorescence at excitation and emission wave lengths of 330 nanometers and 420 nanometers, respectively [1].
5.4.1. SCREEN: Show an excitation and an emission spectrum.



Section – Results
6. Results: UPLC Chromatogram and Structure
6.1. [bookmark: _Hlk13759770]As shown in this figure, IgG N-glycans were analyzed into 24 initial IgG glycan peaks based on peak position and retention time [1]. The N-glycan structures are available in 24 types through mass spectrometry detection [2].
6.1.1. LAB MEDIA: Figure 1
6.1.2. LAB MEDIA: Table 1
6.2. [bookmark: _Hlk13785268][bookmark: _Hlk13835951]To assess the repeatability and stability of the method, the standard sample was tested in parallel six times [1]. The glycan peaks with relatively small proportions showed high measurement errors of more than 10% of coefficient of variation [2].
6.2.1. LAB MEDIA: Table 2
6.2.2. LAB MEDIA: Table 2 – Video editor: Emphasize the data with mean ≤1.16%.
6.2.3. In addition, the IgG N-glycan profiles combined from 76 individuals indicated that the position of glycan peaks was stable, the shape was similar, and the integration for the samples maintained the same intervals [1].
6.2.4. LAB MEDIA: Figure 2



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

7.1. Yuejin Li: In the present protocol, pH is important for maintaining the stability of IgG and glycan structures, especially for stabilizing terminal sialylation. Therefore, in the step of 3.3, the pH value of the solution must be strictly controlled, and the enzyme can better cut the IgG N-glycans under neutral conditions. In addition, the step of 3.4, shock blending is critical in this protocol. It is improving the activity of the PNGase F enzyme to maximize its efficiency [1].
7.1.1. [bookmark: _GoBack]INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

7.2. Yuejin Li: The method used cannot differentiate glycans released from the Fab and the Fc portions of IgG. Glycans from Fab and Fc are known to be different. With the developments in glycoproteomics, detection techniques can measure the levels of IgG combining N-glycans to explore the role of IgG N-glycans and N-glycosylation in diseases [1].
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

7.3. Yuejin Li: Immunoglobulin G(IgG) N-glycosylation was associated with many chronic inflammatory diseases, such as Rheumatoid Arthritis and Diabetes Mellitus. It can be used as a potential biomarker for disease diagnosis. After this technique development, it provides a new way to explore the pathogenesis of inflammation [1].
7.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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