[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #:  62550
Scriptwriter Name: Swati Madhu
Supervisor Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=19077798

Title: Quantification of Cellular Densities and Antigenic Properties Using Magnetic Levitation

Authors and Affiliations: 

Lauren Thompson1, Brandy Pinckney1, Shulin Lu2, Mark Gregory2, John Tigges1, Ionita Ghiran2 
 
1Nano Flow Core Facility, Beth Israel Deaconess Medical Center, Harvard Medical School
2Department of Medicine, Division of Allergy and Inflammation, Beth Israel Deaconess Medical Center


Corresponding Authors: 
[bookmark: _Hlk25233958]
Lauren Thompson		lthomps6@bidmc.harvard.edu 


Email Addresses for All Authors: 

lthomps6@bidmc.harvard.edu
bpinckne@bidmc.harvard.edu
slu1@bidmc.harvard.edu
markgregory12@gmail.com
jtigges@bidmc.harvard.edu 
ighiran@bidmc.harvard.edu





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.

☒ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When the take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 


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


Current Protocol Length

Number of Steps:  09
Number of Shots:  18

Introduction
1. Introductory Interview Statements

REQUIRED: 
1.1. Lauren Thompson: This technique allows separation of various cell types and cells undergoing various processes based solely on density, with little to no manipulation in a short period of time.

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

1.2. Lauren Thompson: The main advantages of this method are that it is minimally invasive, requires small volumes, provides fast results, does not depend on classic readouts, and specialized personnel is not required.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	Suggested B-Roll: 2.5.1
OPTIONAL: 
1.3. Lauren Thompson: This technique can be applied for detecting multiple diseases, for example, anemia and sepsis. 

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

Ethics Title Card
1.4. Procedures involving human subjects have been approved by the Institutional Review Board at the Beth Israel Deaconess Medical Center.

Protocol
2. Collection and Preparation of Blood for Positive Rhesus Factor Detection
2.1. To begin, use the one-click lancing device to prick the finger of the rhesus factor positive blood donor [1] and collect 10 microliters of blood in 1 milliliter of DPBS (D-P-B-S) [2]. Videographer: This step is important!
2.1.1. WIDE: Talent pricking the finger of the donor.
2.1.2. Talent collecting the blood in DPBS.

2.2. Add 1 microliter of fluorescent dye in 1-milliliter suspension of the rhesus factor positive cells to fluorescently stain the plasma membrane [1-TXT] and incubate at 37 degrees Celsius for 15 minutes [2].
2.2.1. Talent adding dye in the cell suspension. TEXT: Dye to cell suspension dilution - 1:1000 
2.2.2. Talent placing the tube in the incubator.

2.3. Pellet the cells by spinning at 5,600 x g for 15 seconds [1] and wash the pellet 3 times using 1 milliliter of DPBS [2]. Resuspend the pellet in 1 milliliter of HBSS (H-B-S-S) with calcium and magnesium [3]. 
2.3.1. Talent placing the tube in a centrifuge.
2.3.2. Talent washing the pellet with DPBS.
2.3.3. Talent resuspending the pellet in HBSS++.

2.4. Use the one-click lancing device to prick the finger of the rhesus factor negative blood donor and collect 2 microliters of blood [1].
2.4.1. Talent pricking the finger and collecting the blood.

2.5. To prepare the experimental tube containing only beads, add 174 microliters of HBSS with calcium and magnesium, 1 microliter of IgG (I-G-G) control beads, 1 microliter of heavy beads with a 1.2 gram per milliliter density, and 24 microliters of 500 millimolar gadolinium [1]. 
2.5.1. Talent adding components to a labeled tube.

2.6. To prepare the experimental control tube containing IgG, add 172 microliters of HBSS with calcium and magnesium, 1 microliter of IgG control beads, 1 microliter of heavy beads, 1 microliter of rhesus factor negative blood, 1 microliter of stained rhesus factor positive blood suspension, and 24 microliters of 500 millimolar gadolinium [1].
2.6.1. Talent adding components to a labeled tube.

2.7. To prepare the sample experimental tube, add 172 microliters of HBSS with calcium and magnesium, 1 microliter of anti-RhD (anti-R-H-D) coated beads, 1 microliter of heavy beads, 1 microliter of rhesus factor negative blood, 1 microliter of stained rhesus factor positive blood suspension, and 24 microliters of 500 millimolar gadolinium [1]. Videographer: This step is important!
2.7.1. Talent adding components to a labeled tube. 
3. Cell Analysis Using the Magnetic Levitation Device
3.1. Set up the magnetic levitation device [1] and load 50 microliters of the sample into a capillary tube until the tube is filled [2]. Seal the ends of the capillary tube with a capillary sealant, ensuring that there are no bubbles [3]. Videographer: This step is important!
3.1.1. Talent setting up the device.
3.1.2. Talent loading sample into a capillary tube.
3.1.3. Talent sealing the tube with capillary sealant.

3.2. Place the capillary tube in the capillary holder between the top and bottom magnets [1]. Adjust the stage [2] and focus for optimal viewing [3]. Wait approximately 5 to 20 minutes for the cells and beads to settle at their magnetic equilibrium position [4]. Videographer: This step is important!
3.2.1. Talent placing the tube in the capillary holder.
3.2.2. Talent adjusting the stage.
3.2.3. Talent adjusting the focus.
3.2.4. Settled beads and cells in the capillary tube.


Results
4. Results: Analysis of the Separated Cells 
4.1. Using this protocol, the blood cells were separated depending upon the levitation height using the magnetic levitation device [1].
4.1.1. LAB MEDIA: Figure 2

4.2. Low [1] and high-density beads were used to provide density levitation heights and size references [2]. The polymorphonuclear cells were levitating above the red blood cells at 21 millimolar gadolinium ion concentration [3]. Whole blood cells were levitating at 60 millimolar gadolinium ion concentration [4].
4.2.1. LAB MEDIA: Figure 2A Video editor: Please emphasize the line of beads in the top of the image.
4.2.2. LAB MEDIA: Figure 2A Video editor: Please emphasize the line of beads in the bottom of the image.
4.2.3. LAB MEDIA: Figure 2B Video editor: Please emphasize the red boxes.
4.2.4. LAB MEDIA: Figure 2C

4.3. The red blood cells [1], polymorphonuclear cells [2], and lymphocytes were separated at 40 millimolar gadolinium ion concentration based on their intrinsic densities [3].
4.3.1. LAB MEDIA: Figure 2D Video editor: Please emphasize red cells in the image.
4.3.2. LAB MEDIA: Figure 2D Video editor: Please emphasize green cells in the image.
4.3.3. LAB MEDIA: Figure 2D Video editor: Please emphasize blue cells in the image.

4.4. [bookmark: _Hlk68526270]The rhesus factor antigen was detected on the red blood cells using IgG and anti-RhD antibody-coated beads [1]. The bead-red cell complexes were not generated in the IgG control sample [2], but the fluorescently stained red blood cells captured by the rhesus factor-positive beads were detected [3].
4.4.1. LAB MEDIA: Figure 3
4.4.2. LAB MEDIA: Figure 3A
4.4.3. LAB MEDIA: Figure 3B

4.5. The binding of the anti-Rh-bead to the rhesus factor positive cells created a bead-cell complex in the center at intermittent density [1] of the unbound beads [2] and the negative red blood cells [3]. Further, the complex formation was confirmed by observing the emitted fluorescence [4].
4.5.1. LAB MEDIA: Figure 3C Video editor: Please emphasize cells attached to beads (n=4) in the center of the image.
4.5.2. LAB MEDIA: Figure 3C Video editor: Please emphasize the beads at the top of the image.
4.5.3. LAB MEDIA: Figure 3C Video editor: Please emphasize the cells at the bottom of the image.
4.5.4. LAB MEDIA: Figure 3D 

4.6. The bead-bead complexes formed between the high and low-density beads coated with the antibodies for CR1 (C-R-1) and CD47 (C-D-47) indicate the presence of red blood cell-derived extracellular vesicles [1].
4.6.1. LAB MEDIA: Figure 3E Video editor: Please emphasize bead-bead complex (n=4) in the center of the image.




Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Lauren Thompson: Capping the capillary without introducing bubbles is the most challenging step and requires practice.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	Suggested B-Roll: 3.1.3

5.2. Lauren Thompson: This method could provide insight for hematology, especially focused on red blood cell diseases. 

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