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

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations?   No


Current Protocol Length

Number of Steps:  12
Number of Shots:  34

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. This protocol describes a simple technique that can be used to detect the presence and measure the length of glycosaminoglycans, which are molecules of increasingly recognized significance to many biological processes. 
1.1.1. 2.6.1.

1.2. This technique is readily adaptable to most life sciences laboratories. Comparable glycomic techniques often require equipment and expertise only found in glycochemistry research laboratories.  
1.2.1. 2.5.3

OPTIONAL: 
1.3. [bookmark: _Hlk64557480]This technique may be especially useful to researchers who are interested in studying the glycocalyx, a polysaccharide coat that lines the endothelial and epithelial surfaces of the human body. 
1.3.1. 3.1.4



Ethics Title Card
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of Colorado.


Protocol
2. Polyacrylamide gel electrophoresis of isolated and purified glycosaminoglycans
2.1. Start by placing an empty cassette into the PAGE tank [1]. Cast the resolving gel by mixing 10 milliliters of resolving gel solution with freshly prepared 60 microliters of 10% ammonium persulfate in a 15-milliliter tube [2], then add 10 microliters of TEMED (pronounce ‘tea-med’) [3]. Invert the tube gently 2 to 3 times [4]. 
2.1.1. Talent placing cassette into the PAGE tank.
2.1.2. Talent casting resolving gel in 15 milliliter tube.
2.1.3. Talent adding ammonium persulfate to tube.
2.1.4. Talent inverting the tube few times.
2.2. Quickly add 10 milliliters of gel solution to the cassette using a pipette [1]. Overlay with 2 milliliters of deionized, filtered water [2] and allow the resolving gel to polymerize for 30 minutes [3].
2.2.1. Talent adding gel solution to the cassette.
2.2.2. Talent adding water to the cassette.
2.2.3. Shot of the cassette, sitting on the lab bench.
2.3. After the resolving gel has fully polymerized, discard the overlaid water [1]. Cast the stacking gel by mixing 3 milliliters of stacking gel solution with 90 microliters of freshly prepared 10% ammonium persulfate in a 15-milliliter tube [2], then add 3 microliters of TEMED [3] and invert the tube gently 2 to 3 times [4].
2.3.1. Talent discarding the overlaid water.
2.3.2. Talent adding gel solution to 15 milliliter tube.
2.3.3. Talent adding TEMED to the tube.
2.3.4. Talent inverting the tube few times.
2.4. Use a pipette to quickly add the stacking gel solution over the solidified resolving gel until the cassette is filled to the brim [1]. Fully insert the comb included with the setup [2] and allow the stacking gel to polymerize for 30 minutes [3].
2.4.1. Talent adding the stacking gel solution over the solidified resolving gel.
2.4.2. Talent inserting the comb.
2.4.3. Shot of the cassette, sitting on the lab bench.
2.5. Once the gel is polymerized, remove the tape strip from the bottom of the cassette [1], and place the cassette back into the PAGE tank assembly [2]. Fill the upper and lower chambers with respective buffers [3].
2.5.1. Talent is removing strip from bottom of the cassette.
2.5.2. Talent placing cassette into the assembly.
2.5.3. Talent adding buffer to the chambers.
2.6. Dissolve the dried samples of sulfated glycosaminoglycan, or GAG, in the minimum necessary volume of deionized, filtered water [1-TXT] and mix in a 1 to 1 ratio with sample loading buffer [2]. Load the samples and the HS oligosaccharide "ladders" into the gel [3]. 
2.6.1. Talent dissolving dried samples with water. TEXT: maximum 50% of the volume of the wells in the PAGE gel
2.6.2. Talent adding loading buffer in the dissolved sample.
2.6.3. Talent loading samples into the gel.
2.7. Pre-run the gel for 5 minutes at 100 Volts, then at 200 Volts for 20 to 100 minutes, depending on the percent of the resolving gel [1].
2.7.1. Shot of PAGE tank assembly.
3. Silver staining protocol
3.1. Once the run is complete, disassemble the cassette [1] and extract the gel carefully into a clean, medium-large container filled with deionized, filtered water [2]. Then, discard the water [3] and stain the gel in Alcian blue staining solution for 5 minutes [4]. Videographer: This step is difficult and important!
3.1.1. Talent disassembling the cassette.
3.1.2. Talent extracting gel in a water filled container.
3.1.3. Talent discarding the water.
3.1.4. Talent adding Alcian blue dye to the gel.
3.2. Discard the Alcian blue stain [1] and quickly wash 2 to 3 times with deionized, filtered water until most of the Alcian blue staining solution has been removed [2].
3.2.1. Talent discarding the stain.
3.2.2. Talent washing gel with the water.
3.3. Stain the gel in silver nitrate staining solution, in a fresh, clean container for 30 minutes [1]. Then wash 2 to 3 times, for 30 minutes each, in deionized, filtered water to fully remove the silver staining solution [2]. Discard the water [3] and add developing solution [4].
3.3.1. Talent adding silver nitrate solution in the gel.
3.3.2. Talent washing the gel with water.
3.3.3. Talent discarding the water.
3.3.4. Talent adding developing solution to the gel. 
3.4. Carefully observe the gel for the appearance of bands [1]. Depending on the quality of the stain and the mass of the sample loaded, development can take anywhere from a few seconds to several minutes [2]. Videographer: This step is important!
3.4.1. Shot of the gel with container.
3.4.2. Shot of the gel with appearance of bands.
3.5. As soon as the desired bands are visible, immediately discard developing solution [1] and wash the gel briefly with stop solution [2].
3.5.1. Talent discarding the developing solution.
3.5.2. Talent washing the gel with stop solution.


Results
4. Results: Sensitivity and specificity of method of detection of GAGs
4.1. The isolated GAGs were visualized using Alcian blue and silver staining technique, after separation by electrophoresis, in a density dependent fashion [1].
4.1.1. LAB MEDIA: Figure 1.
4.2. Heparan sulfate oligosaccharides of different polymer lengths were identified using the PAGE-based approach when loaded at two different masses, 1 and 0.5 micrograms [1]. The limit of detection of this method, as low as 0.5 micrograms, shows that the technique is highly sensitive in the detection of GAGs of interest [2].
4.2.1. LAB MEDIA: Figure 2.
4.2.2. LAB MEDIA: Figure 2. Video Editor: Emphasize on the 4 columns on right (under 0.5 µg loaded). 
4.3. Unfractionated heparin was least readily detected of the four different oligosaccharides tested, due to a wider distribution of polymer sizes, which correspondingly reduces the density of each individual band [1].
4.3.1. LAB MEDIA: Figure 2. Video Editor: Emphasize on two columns labelled as UFH from both sections. 
4.4. The efficiency of GAG purification from liquid biological samples was assessed using bronchoalveolar lavage samples collected from mice, which originally contained relatively low concentrations of GAGs [1].
4.4.1. LAB MEDIA: Figure 3.
4.5. Additionally, the success of this technique was demonstrated on solid tissue samples as the whole lung homogenate yielded an ample quantity of isolated heparin sulfate [1], with the smallest fragments approximately equaling dp10 in size [2].
4.5.1. LAB MEDIA: Figure 4. 
4.5.2. LAB MEDIA: Figure 4. Video Editor: Emphasize on the column on right (2.7M NaCl)



Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. [bookmark: _Hlk64557540]It is most important to use freshly prepared reagents and to filter every reagent used in this protocol. Reagent quality is critical for the success of this protocol.

5.1.1. [bookmark: _Hlk64557604][bookmark: _Hlk64557559]3.3.1
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