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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? Y
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. Please upload all screen captured files to your project page. Ok, we will ensure this is completed before the videographer visit.
3. Which steps from the protocol section below are the most important for viewers to see? 
4.5., 4.6., 5.2., 5.6.- 5.8.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The most technically challenging aspect is the popliteal lymph node harvest, because of the small size of the lymph node and it being embedded in fat tissue in the popliteal fossa, which is hard to distinguish from the node itself. With practice and experience, this becomes relatively straightforward, but for the inexperienced researcher, the use of a powerful cold-light source and/or a stereoscope may aid the process. Furthermore, it is pivotal to follow the stepwise procedure to expose and enter the popliteal fossa, without disturbing the surrounding tissue architecture, as this may otherwise impair identification of the lymph node.
5. Will the filming need to take place in multiple locations? Y, different locations 5 min walking apart


Section - Introduction	Comment by Bridget Colvin: Authors: The Introduction is limited to 150 words total.	Comment by Søren Degn: 139 words total, excluding ethics statement
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. Søren Degn: This physiologically relevant chimeric model of spontaneous autoreactive germinal centers allows the linking of cellular localization in vivo with downstream molecular analyses [1].

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

1.2. Søren Degn: The main advantage of the mixed chimeric model of autoreactive germinal centers is its modular and versatile nature, allowing the interrogation of virtually any desired cellular subset or molecular pathway [1].

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

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

1.3. Thomas Wittenborn: The physiological relevance of this model of autoimmune disease development enables novel insights that may aid the advancement of new therapies [1].

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

1.4. Thomas Wittenborn: This bone marrow chimera model can be used in immunology, immunooncology, and stem cell research. The photoactivation component has broad usage, as it links tissue localization with downstream cell analyses [1].

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

1.5. Cecilia Hagert: The bone marrow preparation and reconstitution and in vivo labelling and tissue explantation steps are all technically complex procedures that lend themselves well to visual demonstration [1].

1.5.1. 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)

1.6. Procedures involving animal subjects have been approved by The Animal Experiments Inspectorate of the Danish Veterinary and Food Administration, under the Ministry of Environment and Food of Denmark.



Section - Protocol
2. Bone Harvest	Comment by Søren Degn: Note: several of these steps have been modified/combined. 

2.1. To extract the donor 564Igi (five-six-four-eye-G-eye) mouse femur and tibia, after removingremove the skin from one hind limb [1-TXT] and pop out the knee and ankle joints by pulling on the foot forcefully [2]. 
2.1.1. WIDE: Talent removing skin Videographer: More Talent than mouse in shot TEXT: Euthanasia: Anesthesia + cervical dislocation	Comment by Søren Degn: This text should be displayed before action 2.1.1. is shown
2.1.2. CU: Knee and ankle joints being popped

2.2. Grab the leg at the hip and pull the foot forcefully [1] before proceeding Proceed to break the ankle joint [2].	Comment by Søren Degn: This is already performed in step 2.1.2.

2.2.1. CU: Hip being grabbed and foot being pulled Videographer: Can split action into separate shots as necessary
2.2.2. CU: Joint being broken

2.3. Then pull the foot toward the body while holding on to the tibia, thereby stripping the tendons and muscles from the tibia [1].

2.3.1. CU: Foot being pulled/bone being stripped

2.4. Break the knee joint to release the tibia [1] and pull the bone toward the body while holding on to the femur to strip the tendons and muscles from the femur [2].

2.4.1. CU: Joint being broken
2.4.2. CU: Tibia being pulled/femur being stripped

2.5. Then make an incision at the hip joint and cut the tendons [1] before pulling the femur out of the hip socket [2].

2.5.1. CU: Incision being made
2.5.2. CU: Femur being pulled 

2.6. After removing the contralateral hind limb bones in a similar manner, carefully rub the bones with a coarse paper towel to remove any remaining muscle and connective tissue [1-TXT] and rinse the stripped bones in ice-cold bone marrow buffer [2-TXT].

2.6.1. CU: Bone(s) being rubbed TEXT: Extract contralateral bones in same manner
2.6.2. CU: Bone(s) being placed into buffer, with buffer container label visible in frame TEXT: See text for all reagent/medium preparation details

2.7. Then use Dumont #7 forceps to transfer the bones to a container of fresh bone marrow buffer on ice [1-TXT].

2.7.1. MED: Talent adding bones to dish TEXT: Repeat bone harvest for PA-GFP donors

3. Bone Marrow Cell Extraction

3.1. To extract the bone marrow cells, rinse a mortar in ice-cold bone marrow buffer [1] and use a 10-milliliter serological pipette to replace the wash buffer with 10 milliliters of fresh, ice-cold bone marrow buffer [2].

3.1.1. WIDE: Talent rinsing mortar
3.1.2. MED: Talent adding buffer to mortar, with buffer container visible in frame

3.2. Use the forceps to transfer the bones to the mortar [1] and use a pestle to crush and grind the bones to release the bone marrow [2].

3.2.1. MED: Talent adding bone(s) to mortar
3.2.2. CU: Bones being crushed

3.3. Use the 10-milliliter pipette to collect the bone marrow extract [1] before passing the bone marrow solution through a 70-microliter micrometer cell strainer into a 50-millliter conical tube on ice [2].

3.3.1. CU: Extract being aspirated	Comment by Søren Degn: Combined to single shot
3.3.2. CU: Extract being added to strainer

3.4. Then rinse the mortar with an additional 10 milliliters of fresh ice-cold bone marrow buffer to ensure a complete recovery of the cells [1-TXT].

3.4.1. MED: Talent adding buffer to mortar TEXT: Repeat bone marrow extraction for PA-GFP donors

4. Bone Marrow Recipient Reconstitution

4.1. To prepare the donor suspensions, mix the appropriate volumes of photoactivatable-GFP and 564lgi donor marrow in a 50-milliliter conical tube [1] and pellet the cells by centrifugation [2-TXT].

4.1.1. WIDE: Talent adding cells to tube, with both cell containers visible in frame
4.1.2. MED: Talent adding tube(s) to centrifuge TEXT: 10 min, 200 x g, 4 °C

4.2. Resuspend the mixed cell pellet at a concentration of 1 x 108 cells/milliliter of ice-cold bone marrow buffer concentration [1] and transfer the cells to a precooled 1.5-milliliter microcentrifuge tube on ice [2].

4.2.1. CU: Shot of pellet if visible, then buffer being added to cells, with buffer container label visible in frame	Comment by Søren Degn: Pellet visible, shot included – split into two shots: 1) pellet visible, then 2) buffer being added.
4.2.2. MED: Talent adding cells to tube

4.3. Next, confirm a lack of response to toe pinch in the anesthetized, CD45.1 (C-D-forty-five-point-one) recipient mouse [1-TXT] and flick the tube of donor bone marrow cells to ensure an adequate resuspension [2].

4.3.1. ECU: Toe being pinched TEXT: Anesthesia: 4% -> 3.75% isoflurane
4.3.2. CU: Tube being flicked

4.4. Load 200 microliters of bone marrow mix into one 0.3-milliliter, 30-gauge insulin syringe [1] and, with the recipient on its side, gently stretch the skin above and below the eye to slightly ‘pop the eye out’ [1].

4.4.1. CU: Syringe being loaded
4.4.2. CU: Skin being stretched/eye being popped	Comment by Søren Degn: Steps 4.4.2 – 4.6.2 have been combined into a single shot.

4.5. Carefully insert the tip of the syringe at an approximate 30-degree angle into the front of the eye socket, taking care to avoid the eye and the surrounding tissue [1].

4.5.1. CU: Syringe being inserted

4.6. When the tip of the needle touches the bone underlining the eye socket, retract the needle about 0.5 millimeters [1] before using steady pressure to slowly inject the donor bone marrow [2-TXT].

4.6.1. ECU: Needle reaching bone then being retracted
4.6.2. CU: Cells being delivered TEXT: No bleeding/leakage and no-to-very-minor bulging should be observed

4.7. Then return the mouse to its cage with ad libitum antibiotic water with monitoring until full recovery [1-TXT].

4.7.1. MED: Talent placing mouse into cage TEXT: Repeat for each recipient

5. Popliteal Lymph Node Labelling and Harvest

5.1. To label the popliteal lymph node, dilute 2 microliters of phycoerythrin-labeled rat anti-mouse CD169 (C-D-one-sixty-nine) antibody in 18 microliters of PBS [1] and add two, 10-microliter droplets of the antibody onto a piece of plastic paraffin film [2].

5.1.1. WIDE: Talent adding antibody to PBS, with PBS and antibody containers visible in frame
5.1.2. CU: Drop(s) being added to film

5.2. Load each droplet into a single 0.3-milliliter insulin syringe with a 30-gauge needle [1] and inject 10 microliters of antibody into either the footpad of the anesthetized recipient animal [2-TXT].

5.2.1. CU: Droplet being aspirated
5.2.2. CU: Antibody being injected into footpad TEXT: Repeat for the other leg. Alternative: Inject into hock

5.3. Before harvesting the lymph node, place a square coverslip on a flat surface [1] and use a vacuum-grease loaded 5-milliliter syringe to trace the edges of the coverslip with grease about 1-2 millimeters from each edge [2].

5.3.1. MED: Talent placing coverslip onto flat surface
5.3.2. CU: At least one edge being traced

5.4. Fill the vacuum grease chamber with ice-cold bone marrow buffer [1] and transfer the chamber to a cold, flat surface [2].

5.4.1. CU: Chamber being filled with buffer	Comment by Søren Degn: Order should be switched?
5.4.2. MED: Talent placing chamber onto cold, flat surface

5.5. To access the popliteal lymph nodes, use straight fine scissors to make an incision in the skin just below the knee pit of the euthanized, recipient animal [1] and extend the cut upward along the hamstring-line almost to the hip joint [2].

5.5.1. CU: Incision being made	Comment by Søren Degn: Combined into a single shot.
5.5.2. CU: Incision being extended

5.6. Using Dumont #5 or #7 forceps, pull each of the exposed flaps of skin outward to expose the tissue in the popliteal fossa [1] and use the forceps to carefully enter the fossa just medial to the popliteal vein [2].

5.6.1. CU: At least one flap being pulled
5.6.2. CU: Fossa being entered

5.7. Open and close the forceps along the axis of the leg to expose the underlying popliteal lymph node [1] before using the thumb and index finger to pinch the quadriceps muscle from the front side proximal to the knee to pop the lymph node out of the fossa [2].

5.7.1. CU: Tissue being dissected
5.7.2. CU: Muscle being pinched/LN being popped	Comment by Søren Degn: Steps 5.7.1 / 5.7.2 – 5.8.1 have been combined into a single shot.

5.8. Slide the forceps beneath the lymph node to liberate the node from the surrounding tissue [1] and place it in the vacuum grease chamber [2-TXT].

5.8.1. CU: LN being grasped
5.8.2. CU: LN being placed into chamber TEXT: Repeat for contralateral side

5.9. After the second lymph node has been collected, place a second coverslip onto the vacuum grease rim [1] and press down gently to close the chamber, taking care to extrude all of the air bubbles [2]. 

5.9.1. CU: Coverslip being placed
5.9.2. CU: Coverslip being pressed

6. Single Splenic Germinal Center Identification

6.1. To identify the germinal centers in harvested spleen tissue samples, place the vacuum imaging chamber onto the stage of a two-photon fluorescent microscope stage [1-TXT] and use a 3.5-milliliter plastic transfer pipette to place a drop of distilled water on top of the upper coverslip [2].

6.1.1. WIDE: Talent placing chamber onto stage TEXT: Protocol similar for LN tissue sample imaging
6.1.2. CU: Drop being placed onto coverslip

6.2. Lower the objective until the point of contact [1] and use the transmitted light to focus on the top of the tissue [2].

6.2.1. CU: Objective being lowered
6.2.2. MED: Talent at microscope, focusing on top of tissue

6.3. Switch to dark mode and two-photon excitation [1] and tune the laser to 940 nanometers [2].

6.3.1. MED-over the shoulder: Talent at microscope, switching to dark mode and 2-photon excitation, with monitor visible in frame

6.3.2.  SCREEN: To be provided by Authors: Laser being tuned	Comment by Bridget Colvin: Authors: Please upload all screen captured files to your project page.	Comment by Søren Degn: Screen captured files have been uploaded. For all these videos some degree of editing is required.

6.4. Locate the individual white-pulp areas bordered by the CD169 staining near the surface of the tissue [1] and identify the periarteriolar lymphoid sheath by the second harmonics generation associated with the central arteriole [2].

6.4.1. SCREEN: To be provided by Authors: Shot of white-pulp areas, then shot of PALS Video Editor: please emphasize white-pulp area(s) and PALS when mentioned 

6.5. In the zone between the periarteriolar lymphoid sheath and the marginal zone, identify the presence of highly autofluorescent, activated tingible-body macrophages and, using these landmarks, draw a region of interest around a single germinal center area [1].

6.5.1. SCREEN: To be provided by Authors: Shot of macrophage(s) Video Editor: please emphasize macrophages when mentioned as necessary, then ROI being drawn around germinal center area

6.6. Then set up a Z-stack of around 100-150 micrometers in depth, starting from the surface of the tissue and using a step size of about 3 nanometers before switching to an 830-nanometer excitation wavelength [1].

6.6.1. SCREEN: To be provided by Authors: Z-stack being setup, then wavelength being switched

6.7. Shut off or dim all of the channels to prevent photodamage to the detectors and image the stack [1].

6.7.1. SCREEN: To be provided by Authors: Channel(s) being shut off/dimmed, then stack being imaged

6.8. Then switch back to the 940-nanometer excitation wavelength and reopen the channels, scanning through the stack to confirm an efficient photoactivation and an absence of photodamage throughout the image stack [1].

6.8.1. SCREEN: To be provided by Authors: Wavelength being switched, channels being opened, then stack being scanned
	Comment by Søren Degn: Here, we have uploaded two versions: the first video is quite short with mediocre image quality, whereas the latter video is very long (8 minutes) but has much better image quality. Potentially version 2 could be used, if sped up/truncated for the middle section.
Section – Results
7. Results: Representative Germinal Center Photoactivation 

7.1. Serotyping of the mixed bone marrow chimeras reveals normalized B cell numbers at 6 weeks post reconstitution [1], with a low frequency of 9D11 (nine-D-eleven)-positive circulating B cells derived from the 564Igi compartment [2].

7.1.1. LAB MEDIA: Authors: please upload the graph from Figure 1A to your project page without the arrows: JoVE Video Editor: please emphasize cells within square-ish gate 	Comment by Søren Degn: This has been done.
7.1.2. [bookmark: _GoBack]LAB MEDIA: Figure 1B: JoVE Video Editor: please emphasize cells within square gate 

7.2. Within the total lymphocyte gate, there is a low frequency of residual recipient-derived cells [1], about 6% of which are CD45.1-derived, indicating an overall degree of chimerism of about 94% [2].

7.2.1. LAB MEDIA: Figure 1C
7.2.2. LAB MEDIA: Figure 1C: JoVE Video Editor: please emphasize cells in Q1 quadrant
7.2.3. LAB MEDIA: Figure 1C

7.3. There is a virtually complete chimerism in the B cell compartment and a dominance of photoactivatable-GFP bone marrow-derived B cells [1], a consequence of the heavy negative selection of 564Igi-derived B cells [2].

7.3.1. LAB MEDIA: Figure 1D: JoVE Video Editor: please emphasize cells in Q3 quadrant
7.3.2. LAB MEDIA: Figure 1D

7.4. As observed, in vivo labeling with CD169 facilitates a robust visualization of the marginal zone [1].

7.4.1. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize red signal in Figure 4A and/or MZ text

7.5. The second harmonics signal is apparent in collagen-containing structural elements and major vessels, including the central arteriole of the periarteriolar lymphoid sheath [1] and highly autofluorescent, activated tingible-body macrophages associated with germinal center activity [2].

7.5.1. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize blue signal in Figure 4A
7.5.2. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize white arrowheads in Figure 4A

7.6. Taken together, these data allow the identification of a region of interest that likely contains a single, photoactivatable germinal center [1].

7.6.1. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize green signal in Figure 4B

7.7. Downstream flow cytometric evaluation further confirms the presence of normalized B cell compartment numbers [1], a spontaneous germinal center population [2], and a subset of photoactivated germinal center B cells [3].

7.7.1. LAB MEDIA: Figure 5: JoVE Video Editor: please emphasize cells within gate in Figure 5D
7.7.2. LAB MEDIA: Figure 5: JoVE Video Editor: please emphasize cells within gate in Figure 5E
7.7.3. LAB MEDIA: Figure 5: JoVE Video Editor: please emphasize cells within gate in Figure 5F



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Thomas Wittenborn: It is important to restrict the total turn-around time for the explanting, photoactivation, and tissue processing steps for the downstream analyses to 4-6 hours to ensure a sufficient cell viability (Step: 5.5->) [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Thomas Wittenborn: The photoactivated cells can be flow-sorted and subjected to single cell sequencing to characterize the B cell receptor repertoire of a single germinal center, for example [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Cecilia Hagert: The mixed chimera model has allowed the exploration of autoreactive germinal center biology at a new depth. For example, providing insight into how the process of epitope spreading unfolds [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.4. Cecilia Hagert: Note that the light sources for two-photon microscopy are very powerful, pulsed class IV lasers that can severely damage the eyes [1].
8.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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