	Sound Bite #
	Visuals
	Text

	1.  Video:

Video Title: The Western Blot


	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)2359@3:25
2)2083@9:22
3)2359@4:48
4)2897@10:41

	Western Blotting is a powerful technique utilized by many researchers to identify the presence of specific proteins in an electrophoretically-separated sample using antibodies.(A)  

	2. Animation
Section Title: Principle Stages of Immunoblotting


	A) Three paneled montage appears with the first image taken from 2B and labeled with text overlay for “Western Transfer”, the second taken from 3A and labeled  “Antibodies”, and the 3rd from 6A and is labeled “Detection”.
B)Animation taken from the SDS-PAGE video of proteins moving through gel (Animation 12B) as described in the Storyboard.



	There are 3 principal stages of this technique that are essential for a quality outcome: Electroblotting, Immunoblotting, and Detection. (A)  Before these  stages are attempted, SDS-PAGE, in which denatured proteins are separated by  size in a polyacrylamide gel, must be performed (B).   

	3. Lower Thirds Graphic:
Western Transfer /Electroblotting 
	A) 2359@3:25
B) The proteins are seen moving through the gel sideways and becoming stuck to a membrane which is then peeled away to show the proteins on it following the transfer.	Comment by Aaron Kolski-Andreaco: The 
	Electroblotting, is also known as the Western “transfer” and requires a specialized apparatus for transferring protein from an acrylimide gel to a thin membrane (A).  During the transfer, an electic field is used, to move proteins through the gel, where they become trapped on a membrane due to charged and hydrophobic interactions (B). 

	4. Animation

Lower Thirds Graphic:
Antibody Binding
	A)Animation of antibodies falling onto a membrane.

B) One of the antibodies is zoomed in on and is removed from its antigen. The antigen binding fragments are labeled.  Text overlay appears that reads Fab region.

C) The antigen is then labeled and is brought back together with the Fab region.



	Immunoblotting uses antibodies to “probe” the membrane for specific proteins.(A)  Antibodies are large Y-shaped proteins that contain two fragments, also known as the Fab regions, which bind to other proteins. (B) The Fab region defines the specific epitope, or specific portion of a protein, to which an antibody will bind.(C) 	Comment by Aaron Kolski-Andreaco: Most epitopes are conformational.    

	5. Animation/Video


	A) The secondary antibodies disappear from 3D and the image zooms out slowly to show the whole protein.
B) Antibodies of a different color representing polyclonal antibodies appear and bind to many different parts of the protein.
C) Show an antibody attaching to a protein with 3D structure in a linear region, and also attaching when it is denatured.
D) Show an antibody attaching to a protein with 3D structure in a folded region, but not attaching when it is denatured.

	Monoclonal antibodies are antibodies that recognize a single epitope  and are the preferred antibody type used for immunoblotting due to their specificity. (A)  In contrast, polyclonal antibodies, are a series of different antibodies that target many epitopes on the same antigen – or protein for which an antibody has specificity. (B) Monoclonal antibodies that recognize a linear epitope are preferred as that ensures the epitope can be found on a denatured, or linearized, protein.(C)  This is important because many antibodies only recognize conformational epitopes, which means that they recognize proteins in their native 3D state only.(D) 	Comment by Aaron Kolski-Andreaco: verboseness	Comment by Aaron Kolski-Andreaco: have you explained background in the context of westerns yet?  

	6. Animation
Lower Thirds Graphic:
Detection
	A) Highlight the Fc regiono f the antibody.
B) The Fc region on the antibody is pointed out and secondary antibodies float down and bind to it.

	In addition to Fab fragments, antibodies contain an Fc region, which is specific to the animal that produced the antibody (A).  In immunoblotting, this region is mainly utilized as the epitope for a secondary antibody – an antibody which recognizes the first antibody that has bound to the protein you are trying to detect (B) 

	7. Animation 

	A)Start with animation from 5A and add an enzyme linked to the end of the secondary antibody.  Show 2 different secondary antibodies with 2 different colored “enzymes”.  The one on the left is labeled colorimetric and the one on the right is labeled chemiluminescent.
B)Starting with 6A, add separate solutions that covers the antibodies and have the colorimetric enzyme change the color of the solution and the chemiluminescent one create flashes of light.

	In order to produce an observable signal, antibodies are often linked, through their Fc region, to a reporter enzyme, such as alkaline phosphatase or horseradish peroxidase.  (A)  These reporter enzymes produce signals by reacting with substrates to cause color changes or produce light changes.(B)

	8. Video 

	A)2445@7:34-7:58	Comment by Aaron Kolski-Andreaco: These are just bar graphs.   It would be nice to show actual westerns here. 

	These changes can then be quantified using densitometry.  Densitometry is the technique used to measure the density of a protein band using image analysis software to calculate the size of each band and normalize it to a control band.(A)  

	9. Video
Section Title: Electroblotting

	A)2359@3:48-3:57
B)2359@3:40-3:48
	For a successful western transfer, the gel is first equilibrated in transfer buffer for 15 minutes. (A) Depending on the type of membrane used, it may  need to be hydrated at this time (B).   	Comment by Aaron Kolski-Andreaco: The PVDF vs Nitrocellulose distinction is a bit to detailed in terms of specific nformation for this video.   

	10. Video

	A)1916@4:28-4:33
B)1916@4:33-4:38
B)2083@7:42 (Point an arrow towards the bubble on the bottom center of this membrane when it’s mentioned)

	Next, the gel transfer sandwich is carefully prepared in transfer buffer to prevent bubbles from being trapped within the system.  (A) Bubbles trapped in the sandwich can be forced out by rolling over them with a small pipette. (B) Even small bubbles can interrupt the transfer of proteins causing incomplete transfer as can be seen on the lower part of this membrane.(C)

	11. Video
	A)1916@4:39-4:51

	Once assembled, additional transfer buffer is poured into the transfer chamber and it is run at 20-30 mA for 2-3 hours (A). Transfer buffer contains methanol which enhances the binding of the proteins to the membrane (B)

	12. Video

	A)2359@4:31-4:53
	Once the proteins are transferred to the membrane, the quality of the transfer can be checked using a non-specific protein stain such as Ponceau S.  This offers a quick and reversible detection of protein bands.(A)

	13. Video 

Section Title:  Immunoblotting
	A) 2899@3:55-4:15	Comment by Aaron Kolski-Andreaco: An animation might be justified here.   Visuals need to be mapped more specifically to this block of text.   
	The first step of immunoblotting is to cover the remaining areas of the membrane with a dilute solution of proteins.  This step is called blocking and is performed, in order to “block” nonspecific binding of the antibody to the membrane.  Typically, the blocking solution consists of either bovine serum albumin or non-fat dry milk dissolved in a buffered saline solution.  This step is usually  done for 1 hour to overnight on a shaker.(A)

	14. Video

	A) 2083@7:56-8:10
	The next step is to incubate the membrane with the primary antibody diluted in the blocking solution.  This step can take from 30 minutes to overnight and should be performed with gentle agitation.(A)  

	15. Video

	A) 2083@8:10-8:20
B) 2083@8:20-8:27
C) 2083@8:27-8:34
	Then, the membrane is thoroughly rinsed to reduce nonspecific background staining(A)and the secondary antibody is added in blocking buffer to the membrane.(B)  After a short incubation, the membrane is again thoroughly rinsed.(C)

	16. Animation/Video
Section Title:  Detection and analysis
	A) Reuse the secondary antibody animation showing the antibody with the enzyme complexed onto it.
B)2359@6:30-6:36
C)2445@8:35
D)2359@6:57-7:10	Comment by Aaron Kolski-Andreaco: Please find a gel or plan a simple motion graphic on a western blot figure where we can illustrate how band sizes are determined relative to ladder sizes.  
	Secondary antibodies are detectable thanks to the reporter enzymes that are tethered to them (A).  Upon addition of the correct substrate,(B) colorimetric or chemiluminescent changes can be imaged and then measured using densitometry techniques (C).  In addition, the protein ladder provides a valuable size reference so that each protein’s linear size can be estimated based on how far it has migrated in the gel relative to the size markers in the ladder.  Observing the size of proteins detected via immunoblotting is a good way to verify that the antibody is recognizing the correct protein(D) 	Comment by Aaron Kolski-Andreaco: I think this should  have been  explained a little bit more – particularly with respect to verifying that your signal is coming from a protein of the correct size.  

	17. Video 
Applications Subsection:

Lower Thirds Graphic:
Antibody Staining


	A)Fly by screens of the following still images.. Have the final image (2899@5:50) fly by then take up the whole screen for part B:
 2961@7:55
 2083@9:22
 2359@7:17
2897@10:41
2784@11:22
B) 2899@5:50 (Highlight the HIF-1 row by outlining the western image during the first sentence.  Then highlight the b-actin row with the 2nd sentence.  Finally, highlight the normoxia column for the first half of the 3rd sentence and the hypoxia column for the 2nd half.)
	There are thousands of commercially available primary antibodies which allows for the detection and quantification of specific proteins within a sample.(A)  Here a researcher uses an antibody for HIF-1α to measure the amount of this oxygen responsive transcription factor in cell cultures to screen for hypoxia. They also used an antibody for beta-actin to act as a loading control. As you can see, the cells cultured in normal oxygen conditions produced far less HIF-1 than those cultured in low oxygen conditions.(B) 

	18. Video Applications Subsection:

Lower Thirds Graphic:

Analysis of Protein Complexes
	A) 2164@9:00-9:11
B) 2164@0:42-0:52
C) 2164@0:52-1:04
D) 2164@10:30-10:40 (Show the vertical (yellow) lines (10:35-10:40) with the words “vertical line”.  Then highlight the left most , center, and right columns when individually mentioned.)

	The combination of 2-D gel electrophoresis and immunoblotting can provide valuable information into the presence of protein complexes.(A) Here, samples were first run by protein complex size,(B) and then denatured so each individual protein in the complex could be  separated by their individual size.  (C)Antibodies for 3 different proteins show 3 unique complexes containing different numbers of these proteins with each complex arranged in a vertical line. The left most column contains beta-2 and MCP-21 as well as another protein not shown by these markers, the center column shows a complex that contained all 3 proteins, and the right column contained only beta-2 and MCP-21.(D)

	19.Video 
Applications Subsection:

Lower Thirds Graphic:
Visualization of
Protein-Protein Interaction 
	A)2961@0:10-0:15
B)2961@0:29-0:38
C)2961@0:38-0:40
	Immunoblotting can also be used to visualize protein-protein interactions.(A)  This is performed by first transferring proteins from a gel onto a nitrocellulose membrane and then probing that membrane with additional proteins.(B) Immunoblotting is then used to detect the if the added proteins complexed with any of the proteins that were immobilized on the membrane.(C)

	20.  Conclusion:
Animation/Graphics
	Multipaneled graphic of various steps throughout the procedure.
	You’ve just watched JoVEs video on immunoblotting. You should now understand how to transfer proteins to a membrane, probe the membrane with antibodies, and detect the signal. As always, thanks for watching!

	
	
	

	
	
	



