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Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ____N______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___Y (3.6-3.17)______

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___All steps not crossed out___

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
Important to show the following (but can be short for each):

Focus on P1

  Cell Seeding

  Making particles

  Transfection

P2 Very Brief  (~30 sec)

Microscopy show loading/use and then show ready made image

Flow cytometry show loading/use and then show ready made data

P3 Some parts focused, some parts very brief/deleted see below

Nanosight (Can show ready made segments, some of the text/software does not need to be videotaped).

1. Introduction (Schematic Overview and Interview)

0. Schematic Overview (read by voice talent at JoVE):
0.1. The overall goal of this procedure is to perform and evaluate gene delivery experiments using non-viral polymeric nanoparticles.
0.1.1. Title screen
0.2. This is accomplished by first transfecting cells with gene delivery particles.

0.2.1. 50176_Green_Overview (Show squiggly line particles being deposited on the 96 well plate)
0.3. The transfection efficiency is then evaluated by microscopy and high-throughput flow cytometry analysis.

0.3.1. 50176_Green_Overview (Show the fluorescent cells (top right) and flow plots (middle center and right)
0.4. Next, the nanoparticle size distribution, concentration, and plasmids per particle are determined using a nanoparticle tracking analysis instrument.
0.4.1. USE shot 3.1.1:  Pan the nanosight system or talent setting up nanosight for use
0.4.2. 50176_Green_Overview (Show bottom 2 plots)
0.5. Ultimately this method allows for nanoparticle size characterization and transfection efficacy using nanoparticles.

0.5.1. 50176_Green_Overview (Show bottom 2 plots)
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1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. [Jordan] The main advantage of using biodegradable polymeric nanoparticles for gene delivery is that they can be safer and more effective than other gene transfer methods.   

1.2. [Ron] The primary advantage of nanoparticle tracking analysis over existing methods, like Dynamic Light Scattering, is that nanoparticle tracking analysis directly gives number average distribution and particle concentration.   

1.3. [Nupura]: This method can help answer key questions in the non-viral gene delivery field, such as the number of plasmids per particle, which is important for co-expression studies.  
Protocol (read by voice talent at JoVE):

2. Cell Seeding and transfection

2.1. The following protocol is demonstrated using human retinal endothelial cells, or HRECs, as model cells and poly(beta-amino ester)s, or PBAEs, as model polymers.  Note that culture conditions and solvents may need to be adjusted depending on the cells and polymers used.

2.1.1. Title screen

2.2. 24 hours before transfection, use a multichannel pipette to seed HRECs into clear tissue culture-treated flat-bottom 96-well plates at a concentration of 25 to 50 cells/µL.  This will give 70-80% confluency on the day of transfection. (Text overlay: Prepare replicate plates for each condition to subsequently analyze both efficacy and toxicity)

2.2.1. MED: Talent seeding cells using a multi channel pipette and a reservoir.

2.2.2. LAB MEDIA: 50176_Green_HRECs (Show the cells at appropriate confluency for transfection)
2.3. Prepare and label clear non-tissue culture-treated 96-well plates to serve as master plates to prepare and dilute the PBAEs and DNA.  Two identical plates will be prepared: one for evaluating toxicity, and one for evaluating transfection efficiency.  

2.3.1. CU:  Talent labeling plate/lids

2.4. Thaw the poly(beta-amino ester), or PBAE,  polymer and  pEGFP-N1 DNA stock solutions at room temperature 

2.4.1. MED:  Talent removes above items from freezer

2.4.2. CU:  Talent places the above items on bench to thaw
2.5. Once thawed, use a 12-channel pipette, to prepare a well containing 50µL of 0.06 mg/mL DNA in 25 mM sodium acetate buffer for each condition. (Text overlay:  Sodium acetate buffer pH=5.2)

2.5.1. CU:  Talent pipettes DNA into wells

2.5.2. LAB MEDIA:  50176_Green_MasterPlateLayout   (Highlight top blue rows)
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2.6. Next, on the same plate, dilute the PBAE polymers to 10 mg/mL in sodium acetate buffer.  (Text overlay: Stock polymers are 100 mg/mL in DMSO) Then further dilute the PBAE polymers in to polymer weight to DNA weight ratios of 30 and 60 in 50 µL of sodium acetate buffer. 
2.6.1. LAB MEDIA:  50176_Green_MasterPlateLayout   (Highlight polymer row)
2.6.2. LAB MEDIA:  50176_Green_MasterPlateLayout   (Highlight bottom two rows)

2.7. For nanoparticle formation, use a 12-channel pipette to combine the 50 µL of diluted PBAEs with the 50 µL of diluted plasmid DNA.  Mix vigorously by pipetting up and down. Then, let the mixture incubate at RT for 10 minutes to allow self-assembly.  
2.7.1. CU:  Talent transfers PBAEs to the DNA solution, pipettes up and down to mix, then covers the plate and sets aside for incubation
2.8. Following self-assembly, use a 12-channel pipette to add 20 µL of the nanoparticle solution, drop-wise, to each well of the seeded cells containing medium.   Transfect 4 wells per condition as shown in this diagram.
2.8.1. CU:  Talent adds nanoparticle solution, drop-wise to seeded cells with medium

2.8.2. LAB MEDIA: 50176_Green_Transfection plate 
2.9. For each plate, reserve at least 4 wells for each of the negative and positive controls. Negative control consists of untreated cells and positive controls consist of cells transfected with a commercially available reagent such as Lipofectamine 2000 or FugeneHD. Incubate the plates with the transfected cells at 37˚C for four hours. 

2.9.1. LAB MEDIA:  LAB MEDIA: 50176_Green_ Transfection plate (Editor highlight white wells for “negative” and blue wells for “positive”

2.10. After the incubation, use the 12-channel pipette to remove the medium from the cells and replace it with 100 µL/well of fresh HREC medium (EGM-2MV).  Incubate for an additional 24-48 hours.

2.10.1. CU:  Talent aspirates medium

2.10.2. CU: Talent adds fresh medium

2.10.3. MED:  Talent places 2 plates in incubator

2.11. The next day, remove one plate from the incubator.  Evaluate cell transfection and toxicity by fluorescence microscopy and quantify the cell toxicity using the CellTiter 96® AQueous One assay as described in the accompanying text.
2.11.1. MED:  Talent removes one of the two plates from the incubator
2.11.2. MED:  Talent looking through eyepieces of scope to examine cells
2.11.3. LAB MEDIA:  50176_Green_Figure1A (GFP Fluorescence Image)
2.12. After 48 hours, remove the other plate from the incubator.  Assess transfection efficiency by fluorescence microscopy and flow cytometry as described in the accompanying text. 
2.12.1. MED:  Talent removes second plate from incubator

2.12.2. MED:  Talent places plate in loading port of the flow cytometer 

2.12.3. CU:  Show a few seconds of equipment running focused on sampling from the plate

2.13. Use the toxicity and transfection data acquired here to determine the optimal concentrations of PBAEs to use for the nanoparticle tracking experiments that follow.

2.13.1. MED:  Talent at computer, analyzes data
3. Nanoparticle sizing and plasmid per particle calculations.

3.1. The Nanosight NS500 is a nanoparticle tracking analysis instrument that can provide information on the size distribution of a nanoparticle sample by tracking the diffusion of individual nanoparticles.

3.1.1. MED and CU:  Pan the nanosight system or talent setting up nanosight for use

3.2. Prior to use, prime the fluidics system of the nanosight. 

3.2.1. MED:  Talent pushing buttons on the instrument to prime the fluidics system

3.3. In a 0.5 mL microcentrifuge tube, prepare the PBAEs and plasmid DNA for analysis as before at the optimal concentrations determined in the previous section of this video.  
3.3.1. CU:  Talent combines PBAEs and DNA in a microfuge tube
3.4. Following self-assembly, dilute the nanoparticle solution 100-fold in PBS in a new 1.5mL tube to obtain a final volume of at least 500 µL.  This will yield a nanoparticle concentration in the appropriate range for nanoparticle tracking analysis.
3.4.1. CU:  Talent dilutes the nanoparticle solution in a 1.5 mL tube

3.5. Next, load the sample into the Nanosight.  Be sure not to introduce air bubbles. 

3.5.1. CU:  Talent loads sample and fluid moves up tube

3.6. Visually check to make sure there are between 20 – 100 particles on the screen. An ideal number for nanoparticle tracking is approximately 50 particles.

3.6.1. SCREEN: Show a “BAD” run

3.6.2. MED:  Talent examines particles on screen and shakes head “no” (There are way too many or too few)
3.7. If there are too many or too few, flush the NS500, adjust the dilution into PBS, and re-load the sample.

3.7.1. CU:  Talent flushes system by pressing software button.

3.7.2. CU:  Talent adjusts dilution in PBS
3.7.3. CU:  Talent reloads sample

3.8. If the number of particles on the screen is between 20-100, capture videos.
3.8.1. SCREEN: Show an “ideal run”  

3.8.2. MED:  Talent observes the appropriate number of particles on the screen and nods head “yes” and begins capture.
3.9. Once the videos are captured, proceed to the processing stage by opening a video file in the same software. Then, once the file is open, increase the screen gain.
3.9.1. SCREEN:  Talent opens video file
3.9.2. SCREEN:  Talent increases screen gain in software.
3.10. Select the auto adjust for the image parameters by clicking the appropriate boxes. If a particle on the screen is recognized by the software, it will be marked with a red cross.   

3.10.1. SCREEN:  Talent selects auto adjust by clicking appropriate boxes:  as boxes are clicked the particles that are recognized are indicated by red crosses.
3.11. Once all the particles are marked, click the process button in the software to process the video file.  The particle size distribution, size averages, and particle concentration will then be displayed.

3.11.1. SCREEN:  Talent clicks the process button and the above parameters are displayed.

3.12. To verify that the particle count is accurate, repeat this procedure using the same sample, diluted by 2X in PBS.   

3.12.1. MED:  talent repeats process:  show half the number particles on the screen

4. Representative Data: 

4.1. HRECs were transfected with the EGFP-PBAE nanoparticles as shown in this video.   

4.1.1. Title screen

4.2. To visually assess transfection efficiency, fluorescence microscopy image was performed.   These images show the fluorescence, bright-field, and merged images of the transfected cells.  As seen in the merged image, a majority of the cells express EGFP, and maintain normal morphology. 
4.2.1. 50176_Green_Figure1

4.3. To quantify the transfection efficiency, flow cytometry was performed.  As can be seen in this figure, after gating on the live population, the untransfected population did not contain EGFP positive cells.
4.3.1. 50176_Green_Figure3B
4.4. However, 71.6% of the treated cells were positive for EGFP.
4.4.1. 50176_Green_Figure3C
4.5. Nanosight nanoparticle tracking analysis was then used to determine the nanoparticle size distribution and concentration. For this analysis it is important that the particle size distribution is monodisperse. 

4.5.1. 50176_Green_Figure6A (Editor note: Reprinted from Small, 8, Bhise, N.S., Shmueli, R.B., Gonzalez, J., and Green, J.J. A novel assay for quantifying the number of plasmids encapsulated by polymer nanoparticles, 367-373, Copyright 2012, with permission from Wiley-VCH.)
4.5.2. Using this information, the average number of plasmids per particle can be calculated by dividing the concentration of plasmids in solution by the particle concentration determined by the NS500. The number of plasmids per particle is a distribution that reflects the particle size distribution within the sample. There will be larger particles with a plasmids per particle value greater than the average as well as smaller particles with a lower plasmids per particle value than the average. 
4.5.3. 50176_Green_Figure6B (Editor note: Reprinted from Small, 8, Bhise, N.S., Shmueli, R.B., Gonzalez, J., and Green, J.J. A novel assay for quantifying the number of plasmids encapsulated by polymer nanoparticles, 367-373, Copyright 2012, with permission from Wiley-VCH.)
5. Conclusion (said by authors on camera)
5.1. [Nupura]: While attempting this procedure, it’s important to remember to not allow degradable polymers to stay in aqueous solvent too long before adding the nanoparticles to cells. When using the Nanosight, make sure dilution is appropriate for sizing.

5.2. [Ron]: After watching this video, you should have a good understanding of how to transfect adherent cell types with non-viral gene delivery polymers and measure transfection efficacy as well as particle size distribution.

5.3. [Jordan]: Don't forget that working with human cells is biohazardous. Always wear personal protective equipment and work in a biosafety cabinet while performing this procedure.   

Provided Media

50176_Green_Overview

50176_Green_HRECs (Show the cells at appropriate confluency for transfection)*
50176_Green_Figure 1  GFP Fluorescence Image

50176_Green_Figure 3B  FACS Gating
50176_Green_Figure 3C
50176_Green_Figure 5D:  Particle Tracking

50176_Green_Figure 6A

50176_Green_Figure 6B
50176_Green_ “Master Plate” Layout

50176_Green_Transfection layout
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

( 2010, Journal of Visualized Experiments


