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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. Filming location: Will the filming need to take place in multiple locations?   No
4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No

Current Protocol Length
Number of Steps: 18
Number of Shots:  52 



























Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Chen-I Hsu: SPIN4 is a bone development regulating histone reader. SPIN4 mutations cause overgrowth but its pathogenic role remains unclear.	Comment by Kathyayani  Sridharan: Authors: We have refined your response to meet the 20-word limit and journal style guidelines. Please confirm this version accurately captures your intended meaning.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research contexts or systems in which this protocol can be applied.
1.2. Chen-I Hsu: This protocol can be adapted and applied to study binding substrates of histone binding proteins across all species. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Chen-I Hsu: Fast and targeted validation of the binding substrates of histone binding proteins.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the most important consideration or challenge when performing this protocol.
1.4. Chen-I Hsu: The conditions required for expression and purification of each candidate histone binding proteins may vary. 
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Are there any additional methods or analyses that can be performed following this procedure?
1.5. Chen-I Hsu: Histone mass spectrometry following native mono-nucleosome pulldown would give the full scope of histone PTMs. 
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Histone Peptide Array 
Demonstrator: Chen-I Hsu 
2.1. To begin, prepare the blocking buffer by weighing five grams of bovine serum albumin, or BSA (B-S-A) [1]. Dissolve into hundred milliliters of BC150 (B-C-one-fifty) Protein Storage Buffer [2]. Then, use a hydrophobic pen to outline the reaction area on the peptide array to conserve the reagents [3]. Place filter papers moistened with water in a fifteen-centimeter petri dish [4]. 
2.1.1. WIDE: Talent weighing 5 g of BSA.
2.1.2. Talent dissolving BSA in 100 ml buffer.
2.1.3. Talent outlining the reaction area on array with marker.
2.1.4. Talent placing moist filter papers in petri dish.
2.2. Position the arrays on moistened filter papers [1] and add three-hundred microliters of blocking buffer to each array area carefully [2]. Cover and incubate the petri dish at room temperature for one to three hours [3].
2.2.1. Talent placing the arrays on filter paper.
2.2.2. Talent adding blocking buffer to the array.
2.2.3. Talent incubating the covered plate at room temperature.
2.3. Prepare one micromolar of recombinant FLAG-tagged Spindlin 4 or FLAG-SPIN4 (Flag-Spin-four) protein and 1X FLAG (one-X-flag) peptide control, each in blocking buffer [1]. Move the reagents and petri dish containing array to a cold room to reduce undesired background and improve the signal-to-noise ratio [2].
2.3.1. Talent preparing 1 µM FLAG-SPIN4 and 1X FLAG peptide solutions.
2.3.2. Talent moving the array plate and reagents to cold room.
2.4. Next, remove the excess blocking buffer from the arrays [1]. Add the FLAG-SPIN4 protein or FLAG peptide control onto each block [2]. Cover and incubate the petri dish overnight in the cold room [3].
2.4.1. Talent removing excess buffer from the arrays.
2.4.2. Talent adding desired proteins and control to the arrays.
2.4.3. Talent covering the plate for overnight incubation.
2.5. Add fifty milliliters of peptide array-wash buffer to a wash box [1]. Then, discard the protein solution from the array [2] and transfer them into wash buffer with reaction side up [3].
2.5.1. Talent adding 50 ml wash buffer to a wash box.
2.5.2. Talent discarding the protein solution.
2.5.3. Talent transferring the arrays to wash buffer with reaction side up. Videographer: Obtain multiple reusable takes of 2.5.2 and 2.5.3 as these will be used later in the protocol
2.6. Wash the arrays five times- perform the first two washes for one minute each, followed by three subsequent washes of five minutes each [1]. Rinse the arrays with blocking buffer to remove residual detergents [2].
2.6.1. Talent washing the arrays in wash buffer. 
2.6.2. Talent rinsing the arrays with blocking buffer. Videographer: Obtain multiple reusable takes of 2.6.1 and 2.6.2 as these will be used later in the protocol
2.7. Place the arrays back into the petri dish [1]. Add three hundred microliters of anti-FLAG antibody to each block and incubate at room temperature for one hour [2-TXT]. Discard the protein solution, transfer the arrays to the wash buffer and repeat the washes as demonstrated earlier [3].
2.7.1. Talent placing the arrays in petri dish.
2.7.2. Talent adding primary antibody and incubating at room temperature. TXT: Primary Ab: 1:2000 dilution Videographer: Obtain multiple reusable takes of 2.7.2 as these will be used later in the protocol
2.7.3. Reuse 2.5.2, 2.5.3, 2.6.1 and 2.6.2
2.8. Add three hundred microliters of secondary antibody to each block and incubate at room temperature for one hour [1-TXT]. Discard the protein solutions and wash the array five times as demonstrated earlier [3].
2.8.1. Reuse 2.7.2. TXT: HRP-conjugated goat anti-mouse IgG; 1:6000 dilution
2.8.2. Reuse 2.5.2, 2.5.3, 2.6.1 and 2.6.2
2.9. Place the arrays inside a transparent sheet protector [1] and add one milliliter of Enhanced Chemiluminescence, ECL (E-C-L) substrate ensuring even coverage [2]. 
2.9.1. Talent placing the arrays inside a transparent sheet protector.
2.9.2. Talent adding 1ml ECL covering the arrays’ surface.
2.10. Remove trapped air bubbles [1]. Capture chemiluminescent and bright-field images using digital imager [2]. Quantify the signal intensity using peptide array software and online analysis tools [3], then interpret the results [4]. 
2.10.1. Talent smoothing out air bubbles.
2.10.2. SCREEN: Image of the array being captured. 
2.10.3. SCREEN: Signal analysis using software tools and result interpretation.
3. Modified nucleosome pulldown
3.1. To prepare 2X (two-X) bead blocking buffer, dissolve one-gram of BSA into ten milliters of BC150 lysis buffer via vortexing [1]. Transfer FLAG-SPIN4-WT (Wildtype) and the FLAG-SPIN4-D82H (Dee-eighty-two-etch) mutant beads containing equimolar protein concentrations into separate one-point five milliliter tubes [2]. To the WT sample, add equal volume of negative control beads [3-TXT]. Add appropriate amount of BC150 lysis buffer to adjust all samples to uniform volumes [4]. 
3.1.1. Talent dissolving 1 g BSA in 10 ml buffer.
3.1.2. Talent adding protein samples to two separate 1.5 ml tubes.
3.1.3. Talent adding negative control to wild type sample. TXT: 100mM 1X FLAG peptide
3.1.4. Talent making up the volume in all tubes to be identical.
3.2. Add an equal volume of 2X bead blocking buffer to each tube to make up the final volume to one milliliter [1] and incubate overnight on a tube rotator set at four degrees Celsius and twenty rpm (R-P-M) [2].	Comment by Kathyayani  Sridharan: Authors: Based on your reply to our question, “We fill the tube to 1mL blocking buffer for 1.5mL tube“, we have added this point into the narration. Please specify if this is appropriate.
3.2.1. Talent adding bead blocking buffer to each tube.
3.2.2. Talent incubating the tubes on rotator.
3.3. To initiate nucleosome binding thaw on ice appropriate volume of 1X (one-X) mononucleosomes, based on required nucleosome-to-SPIN4 molar ratio [1-TXT]. For initial optimization, calculate one-to-one molar ratio of 1X nucleosome to SPIN4 protein [2]. 
3.3.1. Talent thawing the nucleosomes on ice. TXT: Extracted from HEK293FT cells
3.3.2. Talent calculating the required volume of nucleosome.
3.4. In a fifteen milliliter tube, mix 1X nucleosome with an equal volume of 2X bead blocking buffer [1]. Combine the mixture with pre-blocked beads [2] and incubate on a tube rotator for complexation [3-TXT]. 
3.4.1. Talent mixing the nucleosome solution with bead blocking buffer.
3.4.2. Talent combining nucleosome and bead solutions in 15 ml tubes.
3.4.3. Talent incubating the mixture on a rotator. TXT: 4 °C, 20 rpm, 4 hrs 
3.5. Centrifuge the mixture and discard the supernatant carefully [1-TXT]. Resuspend the beads in one milliliter of BC150 lysis buffer [2] and transfer to one-point-five milliliter tubes [3].
3.5.1. Talent centrifuging the mixture. TXT: 3,000 × g, 4 °C, 3 min
3.5.2. Talent resuspending the beads in lysis buffer.
3.5.3. Talent transferring the mixture to 1.5 ml tubes.
3.6. To wash the beads, centrifuge at three thousand × g (G) for one minute and aspirate the supernatant [1] Resuspend the pellet in one milliliter of BC150 lysis buffer [2]. Agitate the tube occasionally for uniform distribution of beads and repeat the washes for a total of three times [3].
3.6.1. Talent centrifuging the tubes and aspirating the supernatant.
3.6.2. Talent resuspending the pellet in lysis buffer. Videographer: Obtain multiple reusable takes of 3.6.1  and 3.6.2, as these will be used later in the protocol
3.6.3. Talent agitating the tubes gently to suspend the beads evenly.
3.7. Perform two additional washes as demonstrated earlier [1-TXT] and place on the tube rotator at twenty rpm, four degree Celsius for ten minutes [2]. Resuspend the beads in nine column volumes of BC150 lysis buffer [3].
3.7.1. Reuse shots 3.6.1 and 3.6.2. TXT: Centrifuge: 3000 rpm, 1 min; Resuspend: 1ml lysis buffer
3.7.2. Talent placing the sample on a rotator.
3.7.3. Talent resuspending the beads in 9 CV lysis buffer.
3.8. Mix one sixty microliters’ beads from each sample with forty microliters of 5X Laemmli (five-X-LEM-lee) buffer [1], and heat at ninety-five degree Celsius for five minutes for denaturation [2]. Perform a FLAG peptide elution of the protein-nucleosome complex for cleaner results with reduced background [3]. Centrifuge at three thousand × g, room temperature, for five minutes [4]. Finally perform silver staining and Western blotting to validate and detect the modified histone-SPIN4 binding [5].
3.8.1. Talent mixing beads with dye.
3.8.2. Talent heating the tubes in a heating block.
3.8.3. Talent performing FLAG peptide elution
3.8.4. Talent centrifuging the tubes containing mixture.
3.8.5. WIDE: Talent loading samples on SDS-PAGE gels with silver staining and Western blot transfer equipment on the workbench.


Results
4. Results 
4.1. In the present study, equimolar concentrations of FLAG-tagged SPIN4-WT and D82H mutants were screened against three eighty four histone post-translational modifications, or PTMs (P-T-M) [1]. Binding substrates were identified via array coordinates [2], and the relative affinities for histone H3 (H-three) lysine four or H3K4 (H-three-K-four)-me1 (monomethyl) [3], H3K4-me2 (dimethyl) [4] and H3K4-me3 (trimethyl) peptides were digitally quantified [5].
4.1.1. LAB MEDIA: Figure 1B Video editor: Please emphasize the array sheets labelled “FLAG- SPIN4” and “FLAG- SPIN4D82H” sequentially.
4.1.2. LAB MEDIA: Figure 1B: Video editor: Please emphasize the spots on the array sheets labelled “FLAG- SPIN4” and “FLAG- SPIN4D82H” and the table showing the columns “Spot #” and “PTMs”. 
4.1.3. LAB MEDIA: Figure 2: Video editor: Please emphasize the blue and red bars in figure 2A sequentially.
4.1.4. LAB MEDIA: Figure 2: Video editor: Please emphasize the blue and red bars in figure 2B sequentially.
4.1.5. LAB MEDIA: Figure 2: Video editor: Please emphasize the blue and red bars in figure 2C sequentially.
4.2. SPIN4 binding to histone PTMs was further validated in their native state as mononucleosomes using Mono-nucleosome pulldown assay, silver staining [1] and western blotting analyses [2].
4.2.1. LAB MEDIA: Figure 4: Video editor: Please emphasize the band labelled “Histones” in the lanes labelled “FLAG- SPIN4” and “FLAG- SPIN4D82H” sequentially in figure 4A.
4.2.2. LAB MEDIA: Figure 4: Video editor: Please emphasize the lanes labelled “FLAG- SPIN4” and “FLAG- SPIN4D82H” sequentially in figure 4B.
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