[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #:  61292
Scriptwriter Name: Anastasia Gomez 
Project Page Link: https://www.jove.com/account/file-uploader?src=18694108

Title:   Paper-Based Preconcentration and Isolation of Microvesicles and Exosomes

Authors and Affiliations:

Dohwan Lee1,*, Kyung Wook Wee1,*, Hyerin Kim1,*, Sung Il Han1, Seungmin Kwak1,2, Dae Sung Yoon3, Jeong Hoon Lee1

1Department of Electrical Engineering, Kwangwoon University, Seoul, Republic of Korea
2Korea Institute of Science and Technology (KIST), Seoul, Republic of Korea
3School of Biomedical Engineering, Korea University, Seoul, Republic of Korea

*These authors contributed equally. 


Corresponding Authors: 

Dae Sung Yoon	(dsyoon@korea.ac.kr)
Jeong Hoon Lee	(jhlee@kw.ac.kr)
[bookmark: _Hlk25233958]

Email Addresses for Co-authors: 

Dohwan Lee		(ldh8917@gmail.com)
Kyung Wook Wee	(kyungwook.wee@ni.com)
Hyerin Kim		(hr.kim0406@gmail.com)
Sung Il Han		(sihan624@gmail.com)
Seungmin Kwak	(smkwak17@naver.com)





Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Yes
If Yes, can you record movies/images using your own microscope camera?
Yes  

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


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Hyerin Kim: In this protocol, we describe a simple method to fabricate a paper-based device called the Exo-Pad, which is designed for the effective enrichment and isolation of extracellular vesicles. 

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

1.2. Hyerin Kim: The Exo-PAD is a simple device that can preconcentrate and isolate extracellular vesicles without the use of any chemicals or bulky machines while showing higher recovery rates than conventional methods.

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



1.3. 

Protocol
2. Device Fabrication
2.1. Begin by defining the region to be printed with printer software [1]. The design should have 12 wax-patterned layers in which the diameters of the circular sample areas gradually narrow from 5 to 2 millimeters [2]. Then, print hydrophobic wax on the designated regions on both sides of the cellulose paper [3].
2.1.1. WIDE: Establishing shot of talent at the computer designing the region to be printed
2.1.2. LAB MEDIA: Figure 1 A.
2.1.3. Talent picking up and looking at the freshly printed design. 
2.2. Place the wax-printed paper in a laboratory oven for 80 seconds at 120 degrees Celsius [1], then cut the wax-printed paper with a cutter to make individual Exo-PAD devices [2]. Drop 5 and 2 microliters of permselective membrane onto the sample areas in the leftmost and rightmost layers, respectively [3]. Videographer: This step is difficult and important!
2.2.1. Talent placing the paper in the oven. 
2.2.2. Talent cutting the paper into individual devices. 
2.2.3. Talent dropping membrane onto the leftmost and rightmost layers.
2.3. Place the layers coated with the permselective membrane on a hot plate at 70 degrees Celsius for 30 minutes to evaporate the solvent [1]. Then, seal the outermost surface of the coated layer facing the buffer solution with pressure-sensitive tape, leaving a small hole [2]. Videographer: This step is important!
2.3.1. Talent placing the device on a hotplate. 
2.3.2. Talent sealing the coated layer with tape and leaving a small hole. 
2.4. Fold the Exo-PAD device back and forth along the white lines to convergently connect all sample areas [1].
2.4.1. Talent folding the device back and forth.
3. Enrichment and Spatial Focusing of Microvesicles and Exosomes
3.1. Pipette 15 microliters of the microvesicle and exosome sample in the convergent sample areas and wait a few seconds to ensure complete wetting [1-TXT]. Place two acrylic chambers at both ends of the Exo-PAD [2] and clamp it securely with small binder clips to prevent unfolding [3].
3.1.1. Talent loading the sample onto the device. TEXT: 3 x 1011 particles/mL in 0.1 X PBS with 0.05% Tween 20
3.1.2. Talent placing acrylic chambers on the ends of the Exo-PAD. 
3.1.3. Talent clamping the Exo-PAD.
3.2. Fill the chambers with 110 microliters of 0.1 X PBS [1] and insert two silver electrodes [2], then use a current-voltage source measurement system to apply 30 volts to the electrodes for 20 minutes [3]. Videographer: This step is difficult and important!
3.2.1. Talent adding PBS to the chambers. 
3.2.2. Talent inserting the silver electrodes. 
3.2.3. Talent programming the current-voltage source.
3.3. To isolate the enriched microvesicles and exosomes, separate the folded Exo-PAD from the acrylic chambers [1] and unfold the device to isolate the enriched particles from the other layers [2]. Punch out the sample areas in layers 8 and 9, where the microvesicles and exosomes are enriched, for downstream analysis [3]. Videographer: This step is important!
3.3.1. Talent removing the device from the acrylic chambers. 
3.3.2. Talent unfolding the device. 
3.3.3. Talent punching out the appropriate sample areas. Videographer: Obtain multiple usable takes of this shot because it will be reused in 5.1.1.





Results
4. Results: Analysis of Enriched Microvesicles and Exosomes  
4.1. A time-lapse migration assay of fluorescently labeled microvesicles and exosomes was performed in order to optimize the operation time for maximum recovery of the enriched particles [1]. The fluorescence intensities in all sample areas were quantified with ImageJ software [2].
4.1.1. LAB MEDIA: Figure 2 A. 
4.1.2. LAB MEDIA: Figure 2 B.
4.2. Before the enrichment process, microvesicles and exosomes were dispersed in all sample areas with a gradual decrease in the intensity [1]. After 10 minutes of processing, the particles migrated electrokinetically [2] and an instant preconcentration plug appeared on layer 7 [3].
4.2.1. LAB MEDIA: Figure 2 A. Video Editor: Emphasize the 0 min row. 
4.2.2. LAB MEDIA: Figure 2 A. Video Editor: Emphasize the 10 min row. 
4.2.3. LAB MEDIA: Figure 2 A. Video Editor: Emphasize the 10 min row and the layer 7 image (7th from left).
4.3. When the time reached 20 minutes, microvesicles and exosomes [1] were strongly focused on layers 8 and 9 and enriched fivefold [2], based on the fluorescence intensities [3].
4.3.1. LAB MEDIA: Figure 2 A. Video Editor: Emphasize the 20 min row.
4.3.2. LAB MEDIA: Figure 2 A. Video Editor: Emphasize the 20 min row and the layer 8 and 9 images.
4.3.3. LAB MEDIA: Figure 2. Video Editor: Include B here and emphasize the part of the plot with the red background, layers 8 and 9. 
4.4. The integrity of the enriched microvesicles and exosomes in layer 8 was investigated with SEM [1]. Significantly more nondamaged particles were observed after the enrichment process [2]. The size distribution of the enriched microvesicles and exosomes was also analyzed [3].
4.4.1. LAB MEDIA: Figure 3 A. 
4.4.2. LAB MEDIA: Figure 3 A. Video Editor: Emphasize the After image. 
4.4.3. LAB MEDIA: Figure 3 B. 
4.5. Subsequently, the actual concentration of the enriched microvesicles and exosomes on the sample areas in layers 6, 8, and 10 was analyzed [1]. In layer 8, the microvesicles and exosomes were preconcentrated by a factor of 5.58 [2], but no noticeable preconcentration was observed in the other layers [3].
4.5.1. LAB MEDIA: Figure 3 C. 
4.5.2. LAB MEDIA: Figure 3 C. Video Editor: Emphasize the layer 8 bars. 
4.5.3. LAB MEDIA: Figure 3 C. Video Editor: Emphasize layer 6 and 10 bars.




Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Hyerin Kim: To ensure reproducibility of this procedure, precisely follow the protocol for oven incubation time and temperature during device fabrication and device operation time because those are the optimized conditions.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2.1 and 3.2.3.

5.2. Hyerin Kim: The Exo-PAD can also be used to separate and isolate extracellular vesicle from protein-rich samples, such as serum or plasma, by using carbonate buffer.

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

5.3. Hyerin Kim: This protocol can provide an efficient sample preparation tool with preconcentrating and isolating capabilities required for clinical research such as diagnosis, drug delivery, immunotherapy and other therapeutics.

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






 2020, Journal of Visualized Experiments		Page 11 of 11
image1.png




