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	1.  Video/Animation:

Video Title: Eukaryotic Transfection


	A) Begin this video with the typical Educational Video opening graphic.  Use the shots mentioned below to form parts of the 4 panel backdrop.
1) 1373@9:27-9:41
2) 675@13:02-13:12
3) 5048@3:22-3:25
4) 1555@3:56-4:10

B) Animation-Show an animation of the progression of DNA being inserted into a cell, moving to the nucleus, then produces mRNA (shown as a red strand) which moves to the cytoplasm to produce a protein (shown as red hexagon).*Aspects of this will be reused.
C)Animation-Next RNA is inserted into the cell using the same insertion animation, however this time it’s a smaller double stranded RNA molecule (as in red), unwinds, complexs with a protein(Shown as the RISC protein in green), and interferes with mRNA in the cell (use the mRNA strand from 1B in a similar manner to the blue mRNA strand in the example shown in 1C to stop protein production.(X-Out the protein when the mRNA is broken by the siRNA complex.)
D) Video- Use the shots mentioned below to form parts of the 4 panel backdrop.
1) 1373@6:33-6:45
2) 675@10:48-10:53
3) 2468@3:30-3:43
4) 2468@5:02-5:08

	Transfection is the process of inserting genetic material, such as DNA and double stranded RNA, into mammalian cells. (A)  The insertion of DNA enables the expression, or production, of proteins using the cells own machinery.(B) Whereas insertion of RNA is used to down regulate the production of a specific protein by stopping translation which is how cells make proteins.(C) This powerful tool has allowed researchers better study gene function and expression, protein function, and genetic mutations.(D)

	2. Video/Animation


	A) Zoom in on the square from 1.D.4 and re-run the clip from the beginning.
B)2468@3:54-3:56 followed by 3621@2:42-2:46 and then 675@13:09-13:13
C) Animation/Video – The word “Transfection “ appears on the screen and is then subdivided into the 2 groups and then videos pop from each type showing the accompanying videos as described below:
Chemical: 
1) Animation from 5A
2) Animation from 5B
3)Animation from 5C
Physical: 
1.) 3621@2:42
2.)1614@10:32-10:40
	No single transfection reagent or method works for all cell types.(A) Fortunately, many methods and reagents have been developed in the past few decades to facilitate transfection of a wide variety of cells.(B)  These methods can be separated into two main groups: chemical and physical transfections.(C) 

	3. Animation/Video
	A) Animation - Zoom in on the chemical video shots used in 2C to form a 3 panel backdrop.

B) Add Labels to animations from 3A as they are mentioned by the voice talent. 5A should be labeled Lipid Based, 5B should be Calcium Phosphate, 5C should be labeled with Cationic Polymers
	In this video, we will focus on the different chemical delivery systems, as they have become increasingly common in recent years.(A) These methods include lipid based approaches, calcium phosphate mediated transfection, and the use of cationic polymers to name a few. (B)

	4. Animation

Section Title: Principle Components of Transfection

Lower Thirds Graphic:
Chemical Transfection 
	A)Start with the animation from 3.B. Then with the 2nd sentence add arrows pointing to the carrier molecules.
B)New Animation - A strand of DNA is surrounded with + signs and condenses the DNA surrounding it with + charges.

	The underlying principles of all the chemical transfection methods are similar. They all make use of carrier molecules to overcome the negative charge of the cell-membrane barrier. (A) First, the positively charged chemicals complex with the nucleic acids in order to package them for cellular delivery.(B)

	5. Animation

Lower Thirds Graphic:
Transfection Complex
	A)Animation showing liposome formation with DNA
B)Animation showing CaPO4 complexing with DNA and condensing it.
C) PEI –DNA complexing.
	In lipid transfection, cationic lipids form a liposome which then combines with nucleic acids to form a “transfection complex”.(A)  Whereas calcium phosphate simply condenses the DNA and gives it a net positive charge.(B)  Additionally, cationic polymers such as polyethyleneimine condense the DNA into positively charged particles.(C)

	6. Animation

Lower Thirds Graphic:
Attachment
	A) Show all 3 complexes moving towards a single large cell by charge interactions.
	The next step in chemical mediated transfection is attachment of the positively charged complexes to the negatively charged cell membrane through simple electrostatic attraction.(A)

	7. Animation

Lower Thirds Graphic:
Endocytosis
	A) Each complex is taken in by endocytosis. (Can do 1 at a time or all together, but do into 3 separate endosomes.)

	Then, the complex enters the cell.  This is thought to occur mainly by endocytosis. Endocytosis is a process by which molecules are taken into a cell inside membrane bound vesicles called endosomes.(A)

	8. Animation 

Lower Thirds Graphic:
Endosomal Escape
	A) DNA/siRNA in endosome breaks free and enters cell cytoplasm. 
B)siRNA complexes with a protein in the cytoplasm and binds to mRNA (could reshow animation from 1C for this part.)
C)DNA moves into the nucleus of the cell. (could reshow part of the animation from 1B for this part)
	Once inside the cell, the nucleic acids must escape from the endosome by a process that is still unknown. Once outside the endosome, the nucleic acids will find themselves in the cell’s cytoplasm.(A)  The cytoplasm is the site of action for the small interfering RNA, or siRNA where it reduces the production of protein by interfering with a part of the cell’s normal protein producing machinery, the mRNA.(B) The DNA, however, must be delivered to the nucleus where the cell’s machinery is able to make mRNA and then protein from it.(C) 

	9. Animation

	A) Show DNA in the nucleus and label each example as stable or transient. (only look at the DNA part of the image. Don’t need to show it going into the cell, just start with it in the nucleus.)
B) Have the cell with the stable transfection replicate into 4 other cells and show the same red-integrated DNA in each cell.
C) Then replicate the cell with the transient DNA and show it staying only in once cell and the DNA in that cell disappears once the last cell replicates showing that it disappears over time even in the one cell it is located in.
	Transfected DNA can exist either stably or transiently.(A) Stable transfections occur when DNA is integrated into the genomeic DNA and is able to persist following cell replications.(B) Transient transfections occur where the DNA is not incorporated into the genome and expression of the coded protein is  lost over a limited time of 24-96 hours.(C)

	10. Animation/Video

Lower Thirds Graphic:
Reporter Systems
	A) Animation – Unroll a DNA strand to show the reporter gene sequences.

B) Animation – Shrink animation from 10A into the nucleus of a cell and slowly turn the cell green.

C)920@13:18-13:22 then 10:16-10:22
D)3232@10:42-10:52 then 13:18
	The efficiency of DNA transfection is typically measured through reporter systems that are tethered to the inserted gene.(A)  These are systems that can be easily measured often by directly measuring the reporter protein itself, such as in the case of green fluorescent protein(B), or by its enzymatic activity using a colorimetric assay as in the case of a luciferase enzyme reporter.(C) Stable DNA transfection is best measured by genomic analysis such as RT-PCR.(D)

	11. Video

	A)1669@9:16 for a few seconds and then 9:27-9:33 
B) 2766@7:44 *Highlight lanes 5 and 6 and place an arrow to the area where the bands are missing.
C) 2766@7:44 *Add a square around the GAPDH signal.
	To measure the success of siRNA silencing, the targeted protein levels in each sample can be determined by Immunoblot. (A) Successful siRNA transfection should decrease the expression of the target protein within the cells while levels of the housekeeping gene, GAPDH, remain stable.(B)

	12. Video
Section Title: Transfection Methods

Lower Thirds Graphic:
Cells

	A)1373@5:34-5:46
B) 1373@6:33-6:45
C) 5048@3:22-3:25
D)1555@3:56-4:10
	To maximize transfection efficiency, cells should be maintained in log phase growth and be between 40 and 80% confluent, at the time of transfection.(A)  In order to accomplish this, cells in culture should be harvested the day before… (B) counted…(C) and seeded into a multi-well plate at a concentration that will yield the correct level of confluencey at the time of transfection. (D)

	13. Animation

Lower Thirds Graphic:
Complex Formation

	A) Two labeled vials are mixed and then zoomed in on to form the complexes.

	Next, the chemical reagents and nucleic acids are mixed and given time to form the nucleic acid-reagent complexes. For each chemical delivery system the specific concentrations of each component must be optimized.(A) 

	14.Video 

Lower Thirds Graphic:
Transfection

	A) 1373@9:27-9:41
B)1373@9:41-9:49
C)1427@3:32-3:47
	The nucleic acid-reagent complexes are then added to the plated cells(A) and incubated often overnight to give plenty of time for the complexes to attach to the cells and mediate transfection.(B)  After 24 hours, the media should be removed and replaced with fresh culture media.(C)

	15. Video 
Section Title: Applications 

Lower Thirds Graphic: RNAi and DNA Co-Transfection

	A)2468@5:02-5:08
B)2468@6:20
C)2468@6:40 
D)2468@7:25
E) 2468@7:37
	Co-transfection can allow a researcher to study the effect of missense mutations on the function of cellular proteins.(A)  Here, RNAi was transfected into HeLa cells in order to downregulate the endogenous BRCA1 protein which causes a reduction in the number of GFP positive cells.(B) At the same time a mutant BRCA1 protein was also transfected and produced by the cell.(C)  If the mutated protein was fully functional it caused a recovery in the number of GFP positive cells(D), but if the mutation negatively affected function, then the number of GFP positive cells stayed low.(E) 

	16. Video
Section Title: Applications 

Lower Thirds Graphic: The Gene Gun

	A)675@13:02-13:12
B)2090@0:16-0:19
C)675@10:48-10:53
D)675@15:37
	As an alternative to chemical transfection methods, a researcher, shown here, uses a biolistic gene gun to fire gold particles (A) laced with DNA at cells in culture. (B) Cells which end up with the small DNA coated bullets within their cytoplasm (C)have a good chance for becoming transfected.(D)

	17. Video
Section Title: Applications 

Lower Thirds Graphic: Electroporation

	A)4415@0:19- 0:32
B)3621@2:36-2:46
	Another alternative method for transfection is electroporation.  Electroporation is the use of electrical current to damage the cell’s membrane allowing DNA or RNA to enter the cell for a short time before the cells have time to repair. (A) Here, tweezer electrodes are placed around a mouse brain and short pulses of electricity are passed through the brain to initiate ex-vivo transfection of the injected RNAi molecules within the blue solution.(B)

	18.  Conclusion:
Animation/Graphics
	Multipaneled graphic of various steps throughout the procedure.
	You’ve just watched JoVE’s video on transfection. Remember pain is transient, but glory is stable.  As always, thanks for watching!
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