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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. Interview statements: Which interview statement filming option is the most appropriate for your group? Please select one.

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


3. Proposed interview filming date: Please indicate the proposed date that your group will self-film interviews:  10/15/2026

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


Current Protocol Length

Number of Steps: 19
Number of Shots: 60 

Interviews 
Authors: Statements have been edited for length and clarity. 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. Chunqing Liu: We investigate whether one animal can provide reliable morphological, RNA, and protein data while reducing animal use and inter-animal variability.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Chunqing Liu: Traditional methods require separate animals for morphological, RNA, and protein analyses; our workflow enables all three, using a single animal. 
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. 
1.1. 
1.2. 
1.3. 
1.3. Yukun Li: This protocol enables paired gene-protein expression, and tissue-morphology measurements from one rat or mouse, using qPCR, Western blotting, and immunohistochemistry analysis.
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. Xinyu Zhu: The protocol yields high-quality biomolecules but in smaller amounts, making careful handling of small brain-tissue punches especially important.
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. Xinyu Zhu: Beyond qPCR and Western blotting, the workflow may support transcriptomic sequencing and other multi-omics analyses when biomolecule quality and quantity permit.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at Dalian Medical University


Protocol  


2. Animal Preparation, Perfusion, and Hemisphere Separation
Demonstrator: Yukun Li, Shanxiang Gao

2.1. To begin, secure the anesthetized Sprague-Dawley rat in the supine position on a surgical board [1-TXT]. Cut the abdominal wall along the midline, from the xiphoid process to the pubic symphysis, and cut both lateral thoracic walls to expose the heart [2]. Perfuse the animal with ice-cold 0.9 percent normal saline at a constant flow rate [4-TXT]. 

2.1.1. WIDE: Talent securing the anesthetized animal in the supine position on a surgical board. TXT: Anesthesia: Sodium pentobarbital, IP
Rats: 80 mg/kg; Mice: 50 mg/kg
2.1.2. CU: Talent surgically opening both the abdominal and the lateral thoracic walls to expose the heart.
2.1.3. Shot of saline perfusion being performed at a constant flow rate and volume. TXT – Saline Perfusion: 100 mL,10 mins for rats ; 30 mL,8 mins for mice


2.2. After euthanizing the animal, open the scalp along the midline to expose the skull [1-TXT]. Use a sterile spatula to gently lift the brain from the cranial cavity [2] and quickly transfer it to a sterile Petri dish on ice [3]. Next, divide it symmetrically into left and right hemispheres, along the sagittal suture, using a sterile RNase-free razor blade [4].
2.2.1. CU: Talent opening the scalp along the midline to expose the skull. TXT: Euthanasia: Decapitation
2.2.2. CU: Talent lifting the whole brain using a sterile spatula 
2.2.3. CU: Talent placing the brain in a sterile Petri dish on ice.
2.2.4. CU: Talent dividing the brain into left and right hemispheres along the sagittal suture using a razor blade.

2.3. Immediately place the left hemisphere in a 15-milliliter tube containing 10 milliliters of ice-cold 4% paraformaldehyde [1] and store at 4 degrees Celsius for subsequent morphological tissue preparation [2]. 
2.3.1. Talent transferring the left hemisphere into 10 milliliters of ice-cold 4% paraformaldehyde in a 15-milliliter tube.
2.3.2. Talent storing the tube containing the left hemisphere at 4 degrees Celsius.


2.4. Place the right hemisphere in a labeled RNase-free cryopreservation tube [1]. Snap-freeze it in liquid nitrogen [2] and store it at minus 80 degrees Celsius for simultaneous RNA and protein extraction [3].
2.4.1. Talent placing the right hemisphere into a labeled RNase-free cryopreservation tube.
2.4.2. Talent snap-freezing the right-hemisphere containing cryotube, in liquid nitrogen. 
2.4.3. Talent transferring the frozen right-hemisphere tube to a minus 80 degrees Celsius freezer.






3. Fixation, Cryosectioning, and Storage of the Left Hemisphere
Demonstrator: Yukun Li, Shanxiang Gao
3.1. After 24 hours, retrieve the left hemisphere stored in 4% paraformaldehyde from 4 degrees Celsius [1]. Next, transfer it to a 15-milliliter tube containing 30% sucrose and continue storing it at 4 degrees Celsius [2]. Replace the sucrose solution every 24 hours until the tissue sinks to the bottom of the tube [3].
3.1.1. Talent removing the tube containing the left hemisphere in paraformaldehyde, from 4 degrees Celsius.
3.1.2. Talent transferring the fixed left hemisphere to a tube containing 10 milliliters of 30% sucrose solution at 4 degrees Celsius.
3.1.3. Talent pipetting out the old sucrose solution, replacing it with fresh solution.

3.2. Remove the dehydrated left hemisphere from the sucrose solution [1]. After removing the excess liquid, mount the tissue on the cryostat specimen stage with optimal cutting temperature embedding medium [2]. Cut serial coronal sections at a thickness of 30 micrometers [3] and collect consecutive sections in a 24-well plate containing sterile 0.01 Molar PBS [4].
3.2.1. Talent removing the dehydrated tissue from the sucrose solution.
3.2.2. Talent mounting the hemisphere on the cryostat stage with optimal cutting temperature medium.
3.2.3. Shot of serial 30-micrometer coronal sections being cut out of the tissue.
3.2.4. Talent averagely distributing coronal sections into 6 wells of a 24‑well plate containing sterile 0.01 Molar PBS.

3.3. Prepare the cryoprotectant solution by stirring continuously until all components are fully dissolved and then keep the solution at 4 degrees Celsius [1-TXT]. Transfer the free-floating sections of the left hemisphere into approximately 2 milliliters of cryoprotectant [2] and finally store them at minus 20 degrees Celsius for subsequent morphological staining [3].
3.3.1. Shot of talent preparing cryoprotectant solution as per recipe and then storing the prepared solution at 4 degrees Celsius. TXT – Refer to the text protocol for Cryoprotectant Solution Composition.
3.3.2. CU: Talent transferring the free-floating sections of the left hemisphere into the cryoprotectant.
3.3.3. Talent storing the left hemisphere suspended in cryoprotectant solution at minus 20 degrees Celsius.

4. Simultaneous RNA and Protein Extraction from Right Hemisphere
Demonstrator: Yuan Tian
4.1. Immediately before starting the RNA extraction, add protease inhibitor cocktail to the lysis buffer, provided with the DNA/RNA/protein kit, at a 1 to 100 dilution, and keep it on ice [1]. Remove the frozen right hemisphere from minus 80 degrees Celsius storage and place it on ice [2]. Collect 9 to 10 milligrams of entorhinal cortex using a sterile RNase-free punch [3]. 
4.1.1. Talent adding protease inhibitor cocktail to the DNA/RNA/protein kit lysis buffer on ice.
4.1.2. Talent transferring the frozen right hemisphere from minus 80 degrees Celsius storage to ice.
4.1.3. CU: Talent collecting a 9- to 10-milligram entorhinal cortex sample from the frozen right hemisphere with an RNase-free punch.


4.2. Transfer the tissue into the 350 microliters of lysis buffer with protease inhibitor cocktail [1] and homogenize it completely on ice using an electric homogenizer [2]. Incubate the 1.5-milliliter microcentrifuge tube containing the homogenate on ice for 10 minutes [3].
4.2.1. CU: Talent transferring the tissue in the lysis buffer with protease inhibitor cocktail.
4.2.2. Talent placing the tissue sample in the electric homogenizer to homogenize it completely.
4.2.3. Talent placing the 1.5-milliliter tube containing the fragment-free homogenate on ice for 10 minutes.

4.3. Next, add 200 microliters of the separation reagent provided with the kit to the homogenate in the 1.5 milliliter microcentrifuge tube[1]. Vortex vigorously for 30 seconds and incubate at room temperature for 3 minutes [2]. Now, centrifuge at 8,000 g for 15 minutes at 4 degrees Celsius to separate the aqueous, interphase, and organic fractions [3].
4.3.1. CU: Talent adding 200 microliters of separation reagent to the homogenate. 
4.3.2. Talent mixing the tube contents by vigorous vortexing.
4.3.3. Talent placing the tube in the centrifuge to separate the aqueous, interphase, and organic fractions.

4.4. Carefully transfer the upper aqueous phase to a new 1.5-milliliter RNase-free tube [1] and mix it with an equal volume of 100 percent ethanol [2]. Load 700 microliters of the mixture onto an RNA purification column provided with the kit [3], and centrifuge at 5,600 g for 1 minute at room temperature [4].
4.4.1. CU: Talent carefully transferring the upper aqueous phase to a fresh 1.5 milliliter RNase-free tube. 
4.4.2. Talent adding an equal volume of 100% ethanol to the same tube.
4.4.3. Talent loading 700 microliters of the mixture onto an RNA purification column from the kit.
4.4.4. Talent placing the RNA spin column into the centrifuge.

4.5. Discard the flow-through and add 500 microliters of RNA wash buffer 1 to the column [1] then centrifuge at 5,600 g for 1 minute at room temperature [2]. Add 500 microliters of RNA wash buffer 2 and centrifuge again under the same conditions [3]. Centrifuge the empty column at 8,000 g for 2 minutes to remove residual ethanol [4]. 
4.5.1. Talent adding 500 microliters of Wash Buffer 1 to the column, after discarding the previous flow through.
4.5.2. Talent placing the RNA spin column into the centrifuge.
4.5.3. Talent adding 500 microliters of Wash Buffer 2 to the column, after discarding the previous flow through.
4.5.4. Talent placing the RNA spin column into the centrifuge.

4.6. Centrifuge the empty RNA spin column at 8,000 g for 2 minutes to remove residual ethanol [4]. Transfer the column to a new RNase-free 1.5-milliliter tube [1]. Add 50 microliters of pre- warmed RNase-free water to the center of the spin-column membrane and incubate for 2 minutes at room temperature [2]. Centrifuge at 8,000 g for 1 minute to elute the RNA [4]. Store the eluted RNA at minus 20 degrees Celsius until further use [5].
4.6.1. Talent placing the empty spin column in the centrifuge for a final long spin to remove residual ethanol. 
4.6.2. Talent transferring the RNA spin column to a fresh RNase free microcentrifuge tube.
4.6.3. CU: Talent adding 50 microliters of pre-warmed RNase-free water to the membrane center.
4.6.4. Talent placing the RNA spin column into the centrifuge.
4.6.5. Talent storing a labeled microcentrifuge tube containing the prepared RNA sample, at minus 20 degrees Celsius.

4.7. Next, retrieve the original tube containing the remaining organic and interphase layers after the aqueous phase has been removed for RNA extraction [1]. Add 750 microliters of isopropanol and incubate the tube at minus 20 degrees Celsius for 30 minutes to precipitate the proteins [2]. Centrifuge at 8,000 g for 10 minutes at 4 degrees Celsius [3], discard the supernatant, and retain the protein pellet intact [4].
4.7.1. Talent retrieving the old tube in which a separate organic phase and interphase are still visible.
4.7.2. Talent adding 750 microliters of isopropanol to the tube before keeping it at minus 20 degrees Celsius.
4.7.3. Talent placing the tube containing the precipitated proteins in the centrifuge.
4.7.4. CU: Talent carefully discarding the supernatant, so that the protein pellet remains intact.

4.8. Add 1 milliliter of 95 percent ethanol to the protein pellet in the 1.5 milliliter microcentrifuge tube and vortex briefly [1]. Centrifuge at 8,000 g for 5 minutes at 4 degrees Celsius [2] and discard the supernatant [3]. Repeat the wash twice, as demonstrated [4]. Air-dry the pellet at room temperature for 5 to 10 minutes until it appears translucent and no residual ethanol is visible [5].
4.8.1. Talent placing the tube containing protein pellet with 1 milliliters of ethanol on the vortex for a few seconds.
4.8.2. Talent placing the tube containing the protein- ethanol mixture in the centrifuge.
4.8.3. Talent discarding the supernatant.
4.8.4. Talent washing the protein pellet with 95% ethanol.
4.8.5. ECU: shot of talent examining a translucent air-dried protein pellet obtained after leaving the tube on the bench for 5 to 10 minutes.

4.9. Add 100 microliters of 5 percent SDS (s-d-s) solution to the dried protein pellet in the 1.5-milliliter microcentrifuge tube [1]. Vortex vigorously for 1 minute and incubate on ice for 10 minutes [2]. Next, centrifuge the protein sample at 8,000 g for 5 minutes at 4 degrees Celsius [3]. Transfer the supernatant to a new tube as the final protein extract [4].
4.9.1. Talent adding 100 microliters of 5% SDS solution to the dried protein pellet.
4.9.2. Talent placing the tube with protein pellet in SDS solution on the vortex for 1 minute, followed by incubation on ice.
4.9.3. Talent placing the tube in a pre-cooled centrifuge.
4.9.4. CU: Talent carefully removing all the supernatant into a new microcentrifuge tube and labeling it as the final protein extract.

5. Downstream Morphological and Molecular Analyses
Demonstrator: Yukun Li, Shanxiang Gao, Yuan Tian
5.1. Process the stored left-hemisphere sections by immunohistochemistry or immunofluorescence to evaluate tissue morphology and cellular markers [1]. Use the extracted RNA from the right hemisphere for quantitative real-time PCR (p-c-r) [2] and the co-extracted protein for Western blotting [3]. 
5.1.1. Shot of talent performing immunofluorescence staining on the left-hemisphere tissue samples. 
5.1.2. Shot of talent setting up qPCR reaction using extracted RNA from the right-hemisphere. 
5.1.3. Shot of talent carrying out SDS PAGE and Western blot analysis from the co-extracted right hemisphere protein samples.














Results



6. Results 

6.1. The co-extraction method recovered less RNA (r-n-a) than the traditional TRIzol (try-zol) method [1]. Despite the lower yield, distinct 28S (twenty-eight-es) and 18S (eighteen- es) ribosomal RNA bands indicated that the RNA remained intact [2]. Single, symmetrical melting curves confirmed specific amplification of the inflammatory genes and reference gene [3]. Co-extracted samples also showed lower Ct (see tee) values under identical RNA input [4].
6.1.1. LAB MEDIA: Figure 3 Video editor: In Figure 3A, please place a box around the blue and yellow mean rows in the RNA concentration column, and use arrows to emphasize the lower value in the blue section.
6.1.2. LAB MEDIA: Figure 3 Video editor: In Figure 3B, please use arrows to highlight the distinct 28S and 18S RNA bands in the co-extraction lanes on the right side of the gel.
6.1.3. LAB MEDIA: Figure 3 Video editor: Please use a circle or a box to highlight the single, symmetrical peak in each green melting-curve graph of Figure 3C.
6.1.4. LAB MEDIA: Figure 3 Video editor: In Figure 3D, please place a box around the blue co-extraction mean row and the yellow TRIzol mean row, and use arrows to emphasize the lower value in the blue section.

6.2. Although the RNA protein co-extraction protocol recovered less total protein than the dedicated protein extraction kit, increasing protein loads produced progressively stronger bands for all examined synaptic and signaling proteins [1]. Under equal-loading conditions, β-tubulin (beta-tubulin) signals remained comparable, while PSD-95 (pee-es-d ninety-five), p-ERK (pee erk), and p-NFκB p65 (pee n-f-kappa-b) showed stronger signals in the co-extracted samples [2]. The high-molecular-weight, low-abundance ULK1 (u-l-k one) protein was also successfully detected [3]. 
6.2.1. LAB MEDIA: Figure 4 Video Editor: In Figure 4C, please highlight both lane groups labeled ‘co-extraction’ and ‘Minute protein extraction’; and use an arrow moving from left to right to show the bands becoming darker.
6.2.2. LAB MEDIA: Figure 4 Video Editor: In Figure 4A, please highlight the darker bands on the left side labeled ‘co-extraction’ using an arrow, and place the central band row labeled ‘beta-tubulin’ in a box.
6.2.3. LAB MEDIA: Figure 4 Video Editor: In Figure 4B, please highlight the upper band row using an arrow, to emphasize successful detection of ‘ULK1’.

6.3. Long-term-preserved brain sections retained robust immunohistochemical labeling of DCX (d-c-ex)-positive newborn neurons, AVP (a-vee-p)-positive secretory cells, and MAP2 (map two)- and NeuN (new- n)-positive neurons, with preserved cellular morphology and fibers [1]. Immunofluorescence also clearly detected GFAP (g-fap)-positive astrocytes, Iba-1(I-b-a)-positive microglia, and FosB (foss bee)-positive activated neurons [2]. 
6.3.1. LAB MEDIA: Figure 5 Video editor: Please highlight Figure 5A, by placing boxes around the four columns of brown-stained tissue images. Use arrows to highlight the brown cell bodies in the two left columns and the brown fiber-like structures in the two right columns.
6.3.2. LAB MEDIA: Figure 5 Video editor: Please highlight Figure 5B, by using arrows to emphasize the branching green cells on the left, branching red cells in the center, and bright green cells on the right.
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