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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
5. Will the filming need to take place in multiple locations? N 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

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


1.1. Zeming Zheng: This protocol can be used to generate a non-random mouse model for testing and quantifying the reactivation of the inactive X-linked Mecp2 chromosome in the brain of a living mouse [1].

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

1.2. Zeming Zheng: This model can be easily modified to study Xi reactivation in other X-linked disease models, such as, DDX3X syndrome [1].

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

Introduction of Demonstrator (Said by you on camera):

1.3. Piotr Przanowski: My name is Piotr Przanowski. I am a post doc in Sanchita Bhatnagar’s laboratory, and I will be demonstrating the procedure with Zeming Zheng [1].

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

Ethics title card: (for human subjects or animal work, does not count toward word length total)

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


Section - Protocol
2. Mouse Preparation

2.1. Begin by positioning the anesthetized mouse in a stereotactic platform [1-TXT] with the incisors hooked in the bite bar of the snout restrainer [2].

2.1.1. WIDE: Talent placing mouse into restrainer Videographer: More Talent than mouse in shot TEXT: ketamine 140 mg/kg + xylazine 10 mg/kg
2.1.2. CU: Incisors being hooked onto bite bar

2.2. Tighten the nose clamp while keeping the mouse’s head on a level plane [1] and adjust the height of the ear bars to reach the caudal portion of the ear canal to keep the head immobilized [2].

2.2.1. CU: Nose clamp being tightened
2.2.2. CU: Ear bars being adjusted 

2.3. Then disinfect the head with alternating wipes with a topical antiseptic and 70% ethanol [1].

2.3.1. CU: Head being wiped
3. Pharmacological Inactive X Chromosome (Xi) Reactivation
3.1. When the mouse is ready, use a sterile scalpel to make a 0.75-centimeter horizontal incision in the mid-scalp [1] and use a 0.45-millimeter burr to drill two symmetrical holes above the right and left cortical hemispheres 2 millimeters from the sagittal suture and the lambdoid suture, at the approximate middle of the parietal bone [2].
3.1.1. WIDE: Talent making incision Videographer: More Talent than mouse in shot
3.1.2. CU: Hole(s) being drilled

3.2. Firmly attach a 10-microliter syringe to the stereotactic platform [1] and load 1- microliters of freshly-prepared chemical inhibitor into the syringe [2-TXT].

3.2.1. MED: Talent attaching syringe to platform
3.2.2. CU: Inhibitor being aspirated TEXT: See text for all reagent preparation details 

3.3. Advance the needle into the first burr hole while keeping the needle perpendicular to the skull [1].

3.3.1. CU: Needle being inserted into burr hole

3.4. When the needle traverses the skull [1], zero out the coordinates on the stereotactic digital display [2] and advance the tip of the needle until it reaches a depth of 2.5 millimeters [3].

3.4.1. ECU: Shot of needle traversing skull
3.4.2. MED: Talent zeroing coordinates
3.4.3. CU: Needle being advanced 

3.5. Withdraw the needle 0.5 millimeters to a depth of 2 millimeters [1] and slowly inject the entire 10-microliter volume of the solution over a period of 1 minute [2].

3.5.1. CU: Needle being withdrawn
3.5.2. CU: Solution being delivered

3.6. After all of the inhibitor has been delivered, leave the needle in the brain for another minute [1] before withdrawing the needle [2].

3.6.1. MED: Talent setting timer
3.6.2. CU: Needle being withdrawn

3.7. Repeat the injection into the second burr hole using vehicle only as a control [1] and close the skin over the incision [2].

3.7.1. CU: Needle being inserted into second burr hole
3.7.2. CU: Sutures or skin glue being placed

3.8. Then transfer the mouse from the stereotactic apparatus onto a 37-degree Celsius heating pad with monitoring until full recovery [1].

3.8.1. MED: Talent placing mouse onto pad Videographer: More Talent than mouse in shot

4. Brain Harvest

4.1. At the end of the dose regimen, secure the mouse on a dissecting pad [1-TXT] and use scissors and forceps to make a lateral incision through the integument and the abdominal wall just beneath the rib cage [2].

4.1.1. WIDE: Talent securing mouse TEXT: Euthanasia: CO2 asphyxiation
4.1.2. CU: Incision being made

4.2. Carefully separate the liver from the diaphragm [1] and cut through the diaphragm along the entire length of the rib cage to expose the pleural cavity [2].

4.2.1. CU: Liver and diaphragm being separated
4.2.2. CU: Diaphragm/ribs being cut

4.3. Use the scissors to make an incision to the posterior end of the left ventricle [1] and immediately inject the right heart chamber with approximately 15 milliliters of PBS over a 2-minute period [2]. 

4.3.1. CU: Incision being made
4.3.2. CU: Heart being injected w/ PBS

4.4. A successful perfusion will result in a liver color change from red to pale pink [1].

4.4.1. CU: Liver turning pinkish

4.5. When all of the PBS has been delivered, perfuse the heart with approximately 10 milliliters of 4% paraformaldehyde in PBS over 2 minutes [1].

4.5.1. CU: PFA being injected

4.6. After harvesting the head, use scissors to make a midline incision in the scalp to expose the skull [1] and place one tip of the scissors into the foramen magnum [2] to facilitate the creation of a lateral incision in the skull toward the eye [3].

4.6.1. CU: Skin incision being made
4.6.2. CU: Tip being inserted into foramen magnum
4.6.3. CU: Bone incision being made

4.7. Make a similar incision on the other side of the skull, keeping the end of the scissors as superficial as possible [1], and cut the region of the skull between the eyes and above the nose of the mouse [2]. 

4.7.1. CU: Bone incision being made
4.7.2. CU: Skull being cut between eyes/above nose

4.8. Use forceps to gently peel the cranial bones from the brain hemispheres [1] and use a spatula to elevate the brain [2].

4.8.1. CU: Bones being peeled
4.8.2. CU: Brain being elevated

4.9. Carefully dissect the cranial nerve fibers that fix the brain to the skull [1] and place the brain into a plastic dish [2].

4.9.1. CU: Fibers being dissected
4.9.2. MED: Talent placing brain into dish

4.10. Then excise the cerebellum and olfactory bulbs [1].

4.10.1. CU: Tissue being excised

5. Cryo-Sectioning 

5.1. To obtain sections of the brain tissue, first fix the brain in a 15-milliliter tube filled with 4% paraformaldehyde in PBS at 4 degrees Celsius overnight [1].

5.1.1. WIDE: Talent placing brain into tube, with PFA container visible in frame 

5.2. The next morning, rinse the brain tissue at least 3 times for 5 minutes at 4 degrees Celsius in fresh PBS per wash [1].

5.2.1. MED: Talent placing tissue into PBS, with PBS container visible in frame

5.3. After the last wash, remove the front of each hemisphere with scissors and forceps [1] and place the samples into labeled cryomolds front-side down [2].

5.3.1. CU: One hemisphere being cut
5.3.2. CU: Tissue being placed into mold, with label visible in frame

5.4. Submerge each tissue in optimal cutting temperature medium [1] before snap freezing the samples in liquid nitrogen in a 10-millimeter plastic Petri dish for minus-80 degree Celsius storage at [2].

5.4.1. CU: OCT being added to mold
5.4.2. CU: Tissue being frozen

6. Xi Reactivation Determination

6.1. To determine Xi reactivation, immerse 5-6-micrometer brain tissue sections in antigen retrieval solution for 5 minutes on a 100-degree Celsius heat block [1-TXT].

6.1.1. WIDE: Talent placing sections into solution, with solution container visible in frame TEXT: See text for tissue section acquisition/preparation details

6.2. At the end of the incubation, wash the slides with four, 5-minute washes at room temperature with fresh PBS per wash [1] before immersing the slides in blocking solution [2].

6.2.1. MED: Talent adding slide(s) to PBS, with PBS container visible in frame
6.2.2. CU: Blocking solution being added to slide(s), with blocking solution container label visible in frame

6.3. After 20 minutes at room temperature, wash the slides three times for 5 minutes in fresh wash buffer per wash [1] and stain the tissue samples with the appropriate primary antibodies at 4 degrees Celsius overnight [2-TXT].

6.3.1. MED: Talent adding slide(s) to wash buffer, with wash buffer container visible in frame
6.3.2. CU: Antibod(ies) being added to slide(s), with antibody container labels visible in frame TEXT: See text for Ab target/concentration details

6.4. The next morning, wash the slides four times with wash buffer for a total of 30 min at room temperature in fresh wash buffer per wash [6.4.1]. Incubate the tissue samples 1-2 h with the appropriate secondary antibodies at room temperature in the dark [6.4.2-TXT]. Repeat the wash step, washing four times with wash buffer for a total of 30 min at room temperature [6.4.1A].

6.4.1. [Added Shot]: CU: Talent adding slide(s) to wash buffer, with wash buffer container visible in frame.
6.4.2. [Added Shot]: CU: Antibod(ies) being added to slide(s), with antibody container labels visible in frame. TEXT: See text for Ab target/concentration details
6.4.1A. Reuse 6.4.1

[bookmark: _GoBack]6.4A. 	Image the slides on a fluorescence microscope [6.4.3], adjusting the contrast and brightness to allow quantification of the number of GFP-positive cells for both drug- and vehicle-treated mouse brain hemispheres [6.4.4].

6.4.3. MED: Talent placing slide onto microscope stage
6.4.4. LAB MEDIA: Figure 2E



Section – Results
7. Results: Representative Xi-Mecp2 Validation and Pharmacological Reactivation 

7.1. To demonstrate the feasibility of the non-random X chromosome inactivation mouse model for inactive X chromosome reactivation studies [1], the genotypes of female transgenic mouse embryonic fibroblasts were confirmed by genotyping-PCR [2] and flow cytometry [3]. 

7.1.1. LAB MEDIA: Figures 1B and 1C
7.1.2. LAB MEDIA: Figures 1B and 1C: JoVE Video Editor please emphasize 217 bp band in XistΔ:Mecp2/Xist:Mecp2-Gfp lane in Figure 2B
7.1.3. LAB MEDIA: Figures 1B and 1C: JoVE Video Editor please emphasize red peak in Figure 2C

7.2. As assessed by PCR, the expression of the GFP (G-F-P)-tagged methylene-CpG (C-P-G)-binding protein 2 gene, or Mecp2 (M-E-C-P-two), [1] was reactivated by drug but not vehicle treatment [2].

7.2.1. LAB MEDIA: Figure 1D: JoVE Video Editor please emphasize MECP2-GFP Drug band
7.2.2. LAB MEDIA: Figure 1D: JoVE Video Editor please emphasize MECP2-GFP Vehicle band

7.3. Non-random X chromosome inactivation mouse model embryonic fibroblasts also expressed nuclear GFP after drug but not vehicle treatment [1], demonstrating that X chromosome inactivation factor inhibitors reactivate inactivated X chromosome-linked Mecp2 in mouse embryonic fibroblasts [2].

7.3.1. LAB MEDIA: Figure 1E: JoVE Video Editor please emphasize green data box and Xist:Mecp2-GFP/Y image column
7.3.2. LAB MEDIA: Figure 1E

7.4. Drug treatment reactivates inactivated X chromosome-Mecp2-GFP in about 30% of cells in drug-infused brain hemispheres [1], whereas no reactivation is detected in vehicle-infused hemispheres [2].

7.4.1. LAB MEDIA: Figure 2D: JoVE Video Editor please emphasize Drug treated image row
7.4.2. LAB MEDIA: Figure 2D: JoVE Video Editor please emphasize Vehicle image row

7.5. Microtube associate protein 2-positive neurons are also GFP positive in drug-treated hemispheres, indicative of inactivated X chromosome-Mecp2-Gfp expression [1].

7.5.1. LAB MEDIA: Figure 2E: JoVE Video Editor please add/emphasize arrows/cells indicated by arrows in Merge image 

Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Zeming Zheng: (Step: 3.5.) The drug regimen will be dependent on the target and the efficacy of the small molecule inhibitors, so optimize the dose and treatment in vitro before testing in vivo [1]. 
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Zeming Zheng: The non-random mouse model can be utilized to test different drugs either individually or combination of drugs. In fact, we and others have identified several druggable X chromosome inactivation factors [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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