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	Text

	1. Video Title:

Performing an Enzyme-linked immunosorbent

assay (ELISA)
Animation and Video
	(A) Start video with JoVE Science Education logo. Shots of ELISAs for 4 panel backdrop: 
(1) 2593@05:21-05:30 CU: 1° Ab being added to plate


(2) 4247@04:00-04:02 CU: blue substrate that turns yellow w/ stop solution

(3) 2593@06:38-06:43 MED: Plate being placed in microplate reader

(4) 3854@07:23-07:32 MED: Wells being selected for reading on plate reader on monitor

(B) 4247@05:55-06:02 CU: PBS + BSA washing AND 2593@05:21-05:30 CU: 1° Ab being added to plate OR 2593@05:46-05:57 CU: 2° Ab w/ HRP being added to plate
(C) JoVE generated animation: enzyme-linked antibodies added to target protein attached to well bottom
(D) JoVE generated animation: Substrate comes in binds to enzyme and yields a color change.  

	The ELISA or enzyme-linked immunosorbent assay is a widely used method for determining the presence or absence of a specific target protein (A) 

Via a series of washing and binding steps (B), an antibody conjugated, or linked, to an enzyme will recognize a target protein at the bottom of a 96 well plate (C). When substrate is added to the sample, an enzymatic reaction will occur, causing a color change that allows the identification and quantification of the target protein (D).



	2. Section title: ELISA: Components and Principles
(Video)


	4084@09:15-09:22 MED: Talent taking instructions and standard out of ELISA kit box


	Before we discuss how to perform and ELISA, let’s get familiar with the equipment and reagents that you will need.

	3.  Video
	(A) 5024@00:25-00:27 JoVE generated animation: 96 well plate with sample being added (TEXT: Clustering/non-specific binding can occur in round/v bottom plates)

(B) inset: 4247@02:17-02:23 MED Talent coating plate with capture antibody

	The setting for an ELISA reaction is typically a 96 well flat bottom plate. The flat bottoms of the wells (A) will help facilitate an even distribution of your experimental sample and your capture and detection antibodies (B).



	4.  Video and Animation
	(A) 2593@04:34-04:54 CU: Loading 96 well plate with coating buffer and nucleosomes (no TEXT)
(B) Multi-paneled graphic showing solutions as mentioned:
(1) MODIFY: 3721@00:16-00:21 JoVE generated animation: “pregnancy test” (e.g. sample should be yellow instead of blue) 

(2) 1555@03:57-03:59 CU: cells being resuspended/mixed in media 
(3) 2540@02:07-02:11 Serum being recovered from density gradient separation (No TEXT)

	ELISAs detect for the presence of specific target proteins in experimental aqueous solutions (A). Urine, cell culture media, and serum are common experimental samples (B).



	5. Animation and Video
	(A) JoVE generated animation: Ab directly identifies an epitope 
(B) inset: 2593@05:21-05:30 CU: 1° Ab being added to plate

	In an ELISA, the antibody that directly binds to the target protein is the primary antibody. It has high affinity, that is, a high ability to bind tightly, for an epitope – a specific region -- of the target protein (A). The primary antibody is usually unlabeled, or un-conjugated (B). 

 

	6. Animation 


	(A) JoVE generated animation from 5(A): Ab directly identifies an epitope 
(B) Non-specific Ab: JoVE generated animation (e.g., Ab binding via constant region) 

	As mentioned, antibodies mostly bind to their target proteins through high affinity binding to a specific epitope (A). However, the experimental sample may contain pieces of cells that express nonspecific binding sites, sites that can bind the constant, or non-epitope specific, region of your detector antibodies. (B). 



	7.  Video and Animation
	(A) 2593@05:08-05:11 CU: Plate with blocking buffer (keep TEXT)
(B) JoVE generated animation: one sample with primary antibody, target protein, secondary antibody with enzyme, and colored substrate and one with secondary antibody with enzyme and colored substrate but NO target protein/primary antibody


	Therefore, addition of a blocking buffer is essential in an ELISA to cover any nonspecific binding sites in your experimental samples (A). Otherwise you may have enzymatic reactions occurring in wells that do not contain target protein, giving you false positive data! (B).



	8. Animation and Video
	(A) JoVE generated animation from 6(B): Ab conjugated to enzyme, binds to 1° Ab:target protein

(B) inset: 2593@05:46-05:57 CU: 2° Ab w/ HRP being added to plate
(C) JoVE generated animation: secondary antibody named donkey-anti-goat (donkey with shirt that has a goat on it with a big red X over the goat)


	The secondary antibody in an ELISA is the antibody used to recognize the primary antibody (A). This antibody is usually conjugated to an enzyme (B). Sometimes the secondary antibody has a funky name. For example, if the secondary antibody was made, or raised, in a donkey to recognize a primary antibody raised in a goat, the secondary antibody would be called a donkey anti-goat antibody (C). 



	9. Animation and Video
	(A) JoVE generated animation 1(D)a: substrate approaches enzyme

(B) JoVE generated animation 1(D)b: substrate binds to enzyme, changes color 
(C) inset: 3854@07:08-07:11 CU: substrate being added to plate AND 4247@07:02 CU: blue reaction in some wells

	A substrate, which binds to the active site of the enzyme linked to the secondary antibody, will also be needed (A). The chemical reaction that occurs when this reaction happens causes the colorless substrate to express a color (B). This so-called colorimetric assay allows the identification and quantification of the presence of the target protein (C).

 

	10. Animation and Video
	(A) JoVE generated animation: stopping of enzymatic reaction (TEXT: Unstopped reactions = artificially elevated protein concentrations)
(B) Inset: 3854@07:17-07:22 CU: Stop solution being added to blue wells

	The enzymatic reaction will continue as long as there is available substrate (A). Therefore after a brief incubation period, a stop solution, which causes yet another color change to indicate the reaction has in fact been halted, is added to the wells (B).



	11. Animation and Video


	(A) MODIFY 5024@00:12-00:15 microplate JoVE generated microplate reader animation (with “amount of colored product in each well” please highlight/indicate the wells will colored sample in the 96 well plate)
(B) Inset: 4247@06:03-06:08 WIDE to CU: Talent brings plate to microplate reader, plate on reader

	A microplate reader will be used to quantify the concentration of the protein of interest in each well (A) by reading the absorbance, that is, the amount of colored product, in each well. The absorbance is proportional to the amount of target protein present (B).



	12. Section Title: Running an ELISA
(Video)


	4084@09:25-09:34 CU: ELISA reagents being taken out of box and set onto counter (no TEXT)


	Now that you have all your equipment ready, let’s run an ELISA!

	13. Video 
	(A) 2593@04:34-04:54 CU: Loading 96 well plate with coating buffer and nucleosomes (no TEXT) 

(B) Inset: Target protein added: MODIFY 4084@00:27-00:29 96 well plate with round antigens added to a few wells (all balls should be same color)
(C) 5024@03:18 96 well plate with standard curve, samples, and positive and negative control wells indicated (with “plate your … controls” please indicate/highlight the positive and negative control wells)

	To perform a standard, or direct, ELISA, first coat the wells of the 96 well plate (A) with your target protein of interest diluted in coating buffer (B). Plate your positive and negative controls at this time as well (C).

	14. Video
	(A) 4247@02:27-02:30 CU: Coated plate incubated O/N 4°C
(B) 4247@02:51-02:53 WIDE: Talent dumping off excess solution

	After incubating the coated plate long enough to give the protein time to completely adsorb, or attach, to the bottom of the plate, usually overnight at 4°C (A), dump off the excess coating solution with a quick flick of your wrist (B).

 

	15. Video and animation
	(A) 3854@06:27-06:30 ECU: Blocking buffer plate PBS/BSA (keep TEXT)
(B) Inset: JoVE generated animation: blocking buffer blocking non-specific binding animation


	Then block any possible non-specific binding or background signal (A) by incubating each well in blocking buffer (B).

	16. Video
	(A) 2593@05:15-05:20 CU: Brisk shaking of plate over sink 
(B) 4247@05:55-06:02 CU: PBS + BSA wash/blocking
	Now dump off the blocking buffer (A) and wash the wells with a brief room temperature incubation in phosphate buffered saline, or PBS (B).



	17. Video
	(A) 4247@05:03-05:08 MED: rack of tubes with standard curve tubes
(B) 5024@01:15-01:19 96 well plate with standards being added to plate
(C) 5024@02:25-02:37 96 well plate with standard curve wells, then graph appears, then line drawn through data points
	While the wells are being rinsed with PBS, prepare dilutions of a known concentration of the target protein to create a standard curve (A). The absorbance of the standard curve wells, which contain known concentrations of the target protein (B), will be used to calculate the concentration of target protein in your experimental sample wells based on a comparison of the absorbance of the sample wells to the absorbance of the standard curve wells (C).



	18. Video and Animation
	(A) 2593@05:21-05:30 CU: 1° Ab being added to plate
(B) Inset: JoVE generated animation 1(C): enzyme-linked antibody recognizing target protein

	Now it’s time to add the detection antibody! (A) In a direct ELISA, only one enzyme-linked antibody that directly recognizes a specific epitope on the target protein is used (B).



	19. Video
	2593@05:31-05:34 CU: Incubate RT w/ plate sealer 

	The plate is then incubated, usually at room temperature, to allow a sufficient amount of antibody to bind to the target protein for later detection and quantification of the protein.



	20. Video
	(A) 3881:07:01-07:03 MED: Talent banging solution off ELISA plate
(B) 4247@05:55-06:02 CU: PBS + BSA wash/blocking


	Once again, the excess antibody is removed (A) and the wells are briefly washed with PBS (B).

	21. Video
	(A) 2593@06:08-06:21 CU: TMB substrate being added to plate
(B) Inset: substrate JoVE generated animation 1(B)2 AND 1(B)3: substrate approaches enzyme, binds, changes color
(C) 3854@07:12-07:17 CU: Plate with substrate being covered with foil (no TEXT)
(D) 4247@07:02-07:07 CU: blue substrate that turns yellow w/ stop solution

	Next, add the substrate to the plate (A) to see which wells contain your target protein (B). Cover the plate to protect the reaction from light (C), and then after a brief incubation, halt the reaction with stop solution (D).


	22. Video
	(A) 3854@07:33-07:37 CU: Plate with yellow wells being loaded onto microplate reader 
(B) 3854@07:23-07:32 MED: Wells being selected for reading on plate reader monitor 
(C) 4247@03:35-03:40 SCREEN: readout of sample absorbances 
	Finally, place your plate in the microplate reader to measure the absorbance or amount of colored solution, in each well (A). You will need to select which wells you want the reader to analyze (B). When the instrument is finished reading the plate, a readout of the absorbance for each well will be displayed (C).



	23. Animation 
	MODIFY 5024@00:29-00:37 (with “very small .. non-specific staining, please highlight/indicate the the far most left data point; with “very high .. sample plate” please highlight/indicate the far most right data point)

	It is important to note that each ELISA kit has a detection limit. That is, only protein concentrations above and below specific limits can be accurately determined. Very small concentrations of protein are usually too close to the background levels of non-specific staining, while very high concentrations may indicate that excess protein or antibody was not properly washed away in that sample well.



	24. Section Title: 

Applications
(Video and Animation)
	 Below section title fade on insets of different applications:
(1) 3010@05:06-05:12 TECAN loading sample onto 96 well plate pre-coated with capture Ab
(2) 3721@00:16-00:39 
(3) JoVE generated animation: enzyme-linked antibodies added, no unbound target protein available

	So why might you perform an ELISA? Let’s take a look at a few common applications.

	25. Subsection Title: Sandwich (indirect) ELISA
(Animation)


	JoVE generated animation: Pregnant researcher, eating sandwich and holding urine sample
	Probably the most common type of ELISA performed is the sandwich, or indirect, ELISA. 



	26. Video
	(A) 2593@05:21-05:30 CU: 1° Ab being added to plate
(B) 3010@05:06-05:12 WIDE: TECAN loading sample onto 96 well plate pre-coated with capture Ab


	In a sandwich ELISA, a 96 well plate is coated first with a primary antibody that recognizes the target protein of interest (A). In this experiment, cell culture media harvested from human antibody-producing cell lines were plated by an automated system onto 96 well plates pre-coated with a primary antibody that recognizes human antibodies (B).



	27. Video
	3010@05:19-29 WIDE: Plate washed then MED: 2° HRP-linked (goat anti-human) Ab added to plate


	After washing away the excess sample with PBS, an enzyme-linked secondary antibody, which, for this experiment, was raised in goat cells and which recognizes a different epitope of the human antibody than the primary antibody, is added.

  

	28. Video
	(A) 3010@05:42-05:48

(B) 3010: Figure 1D

	The absorbance is then measured in the same way as for a direct ELISA (A). For example, in this experiment, this ELISA data will be used to determine which cell lines produce the human antibody with the highest affinity for – that is best ability to bind accurately to – its target protein (B).


	29. Animation
	JoVE generated animation: Pregnant researcher, eating sandwich, dumps urine sample onto test strip


	The over-the-counter pregnancy test is another type of sandwich ELISA.



	30. Animation
	(A) MODIFY: 3721@00:16-00:21 JoVE generated animation: “pregnancy test” (e.g. sample should be yellow instead of blue) 
(B) MODIFY: 3721@00:22-00:26 JoVE generated animation: “pregnancy test” (e.g. sample ball on left should be yellow instead of blue) also, please highlight the yellow balls on green strip with “enzyme-linked”, the pink Y’s linked to the yellow balls on the green strip with “antibodies”, and the red balls with “pregnancy hormone hCG”
(TEXT: hCG = human chorionic gonadotropin)
(C) 3721@00:36-00:40 JoVE generated animation: “pregnancy test”
 
	When the potentially pregnant woman’s urine is added to the test (A), enzyme-linked primary antibodies attached to the test will bind the pregnancy hormone hCG if it is present (B). If the woman is pregnant, a substrate-enyzme reaction will occur when the primary antibodies are recognized by substrate-bound secondary antibodies at the test site, and a colored line will appear (C).


	31. Subsection Title: Competitive ELISA

	
	Another type of ELISA is the competitive ELISA. 

	32. Animation
	(A) JoVE generated animation 24(3) with no enzyme-linked Ab: antibodies binding to target protein (TEXT: Some HIV tests are analyzed by competitive ELISAs)
(B) JoVE generated animation 24(3): enzyme-linked antibodies appear, no unbound target protein available


	If the antibodies of interest are present in the sample, they will bind to the target protein attached to the bottom of the plate (A). Later, when secondary enzyme-linked antibodies that recognize the same protein are added to the plate, the enzyme-linked antibodies will find few to no proteins to bind  -- they will have been “out-competed” by the antibodies of interest in the experimental sample (B).

 

	33. Video
	2593@06:34-06:37 ECU: Plate with some yellow (enzymes stopped) wells (with “do not .. protein” please asterisk or arrow or otherwise indicate some bright yellow wells and add TEXT: NO ANTIBODY!)

	In a competitive ELISA, then, the colored wells indicate the samples that actually do not contain the antibody of interest!



	34. Section Title: Summary
	(A) Multipaneled graphic of general ELISA shots: 
(1) 3854@06:44-06:50 ECU: Adding standard curve samples in duplicate to plate (keep TEXT)
(2) 3881:07:01-07:03 MED: Talent banging solution off ELISA plate
(3) 3854@07:08-07:11 CU: substrate being added to plate

(4) 4247@03:35-03:40 SCREEN: readout of sample absorbances

(B) Transition panels to relevant shots/animation as they are being discussed and then go to freeze frame:
(1) 4084@09:15-09:22 MED: Talent taking instructions and standard out of ELISA kit box

(2) 2532@04:25-04:34 MED: Talent adding plate to plate reader
(3) 3010@05:06-05:12 WIDE: TECAN loading sample onto 96 well plate pre-coated with capture Ab

(C) 3854@07:17-07:22 CU: Stop solution being added to blue wells

	You’ve just watched JoVE introduction to performing an ELISA (A).  In this video we reviewed: what an ELISA is and how it works, what equipment and reagents you will need to perform and ELISA, and some different applications of the assay ​​(B). Thanks for watching and remember not to let your substrate overdevelop (C)!   


