	Sound Bite #
	Visuals
	Text

	1. Animation/Video
	A) Start video with new logo for JoVE Science Education as in Aaron’s centrifuge prototype.   General spectrophotometer shots mentioned in the list at the bottom of the script should make the 4 panel backdrop and the new Science Education logo should be used.   

B) Transition to world map view and populate it with close caption graphic insets that have general spectrophotometer shots added from the general shot list.   


	The spectrophotometer is a ubiquitously used instrument in biological, chemical, clinical and environmental research.  


	2. Animation
	Simple illustration of a sample solution with equally space spots to represent the solute.  Animate a beam of light shining through the cuvette, and is emitted from the other side as a less intense beam.

(See page 1 of SpecStoryboard for description of animation)

	Spectrophotometry is the quantitative measurement of how much a chemical substance absorbs light by passing a beam of light through the sample using a spectrophotometer.


	3. Animation
	Using the above illustration, zoom into the cuvette and highlight each solute molecule as “the concentration of solute in the sample” is narrated.
(See page 2 of SpecStoryboard for description of animation)
	By measuring the intensity of light detected, this method can be used to determine the concentration of solute in the sample.


	4. Section Title: Spectrophotometry Concepts 
	
	The beam of light that is radiated toward the sample is made up of a stream of photons.  

	5. Animation
	See page 3 of SpecStoryboard for description of animation. 
	When photons encounter molecules in the sample, the molecule may absorb the photon, reducing the number of photons in the beam of light and decreasing the intensity of the detected signal.

	6. Animation
	Page 3 of SpecStoryboard animation can continue as an inset as the following equation is brought on screen and the variables are highlighted as narrated.  At (A), highlight the T.  At (B), highlight I.  At (C), highlight I0.  Also, the slash should be a horizontal fraction line.
T=I/I0

	Transmittance is the fraction of light that passes through the sample (A).  The intensity of light passing through the sample (B) is compared to the amount of light passing through a blank (C), which is a solution identical to the sample solution except that it does not contain the solute under investigation.



	7. Animation
	Page 3 of SpecStoryboard animation can continue as an inset as the following equation is brought on screen; highlight A as absorbance is narrated.  The slash should be a horizontal fraction line.
A=-logT=-log I/I0

	Absorbance is defined as the amount of photons that are absorbed by the sample.  



	8. Animation
	Page 3 of SpecStoryboard animation can continue as an inset as the following equation is brought on screen.  As absorbance is narrated, highlight the A and as concentration is narrated, highlight the c.
A=ε . l . c 


	From the absorbance, the concentration of the sample solution can be determined from the Beer-Lambert Law, which states that there is a linear relationship between the absorbance and concentration of a sample.  



	9. Section Title: Components of a Spectrophotometer/Video/Animation
	Transition from section title to shot of traditional spectrophotometer with a shared housing for components (A).  Slowly zoom into the exterior housing and transition to the animation in which represents the interior of the housing (B).

A.  899@8:19 – Older version of spectrophotometer – Use still and zoom into
B. See page 4 of SpecStoryboard for image.


	Although the spectrophotometer consists of multiple components, the different components are generally found inside a shared exterior housing in most modern biological laboratories.  



	10.  Animation
	C. Animation (See page 4 of SpecStoryboard for image):  Starting from the left and moving right, zoom in and slide along on each component as narrated.  The first illustration is of a light bulb.  3 arrows representing light should emanate from this light bulb (labeled “light source”) to meet a lens (illustrated from the side view and labeled “Collimator”).  Then those 3 arrows should start to angle toward a central point as they approach a prism, which can be pictured as a 3-D triangle (and labeled “Monochromator”).  Out of the prism, a rainbow should emanate from a central point and spread out until it hits a black bar (labeled “Wavelength Selector”).  This black bar should have a whole in the middle through which whatever color of the rainbow that hits it can go through.  This single color should continue as a straight line to a cuvette.  Before it reaches the cuvette, the light beam should be labeled as “I0.”  The cuvette should be a rectangular container filled with a liquid solution.  The beam of light should continue through the cuvette and sample solution, but upon exiting the solution, the color should loose intensity.  As it emanates from the solution it should be labeled “I.”  Then the light beam should hit a black bar (labeled “detector”), that is connected to a digital display that has numbers on it (for example, 0.50).  
D. The illustration of the display can alternatively be eliminated and substituted with a transition back out to the exterior of the spectrophotometer showing a CU of the display 899@8:22-8:28 

	Each spectrophotometer includes a light source…
…a collimator, which is a lens or focusing device that transmits an intense straight beam of light…
…a monochromator to separate the beam of light into its component wavelengths…
…and a wavelength selector, or slit, for selecting the desired wavelength.  The wavelengths of light used in spectrophotometers discussed in this video are in the ultraviolet and visible range. 

The spectrophotometer also includes some sort of sample holder…
…a photoelectric detector, which detects the amount of photons that are absorbed…

And a screen to display the output of the detector.  

	11.  Video
	1610@4:45-4:51 – Screen shot as talent clicks run sample and a protein absorbance peak appears.


	Newer spectrophotometers are directly coupled to a computer, where the experiment parameters can be controlled and results are displayed.



	12.  Section Title - Operating a spectrophotometer
	Transition from section title to:

3474@1:56-2:03 – Gloved hand pipettes solution into a plastic cuvette and then places into cuvette holder of spectrophotometer.

Alternatively, spilt the screen between the footage and the section title.
1. 
	When performing spectrophotometry, be sure to take appropriate precautions, such as wearing gloves, depending on the type of biological or chemical solutions you are working with.


	13.  Video
	2699@00:56-1:03 – Wide shot as talent approaches spectrophotometer, turns on, and sits down.

	Before measuring the UV-visible spectrum of a sample, turn on the machine and allow the lamps and electronics to warm up.


	14.  Video
	1610@3:36-3:43 – Talent holds a labeled tube and displays it to camera.

	Prepare a blank of the same solution but without the analyte, having the same pH and similar ionic strength; a necessary step as the cell and solvent can scatter some light.  


	15.  Video
	A)  3949@5:49-5:54 – Plastic cuvettes
B) 3949@6:14 – 6:22 – Talent uses pipette to load cuvette – this shot should be re-centered and zoomed to eliminate reagents on the edge of the shot.


	Traditional spectrophotometer sample holders are designed to hold plastic and quartz cuvettes (A).  Proceed to pipette the blank solution into the cuvette (B).



	16.  Video
	3949@8:49-8:54 – CU of spec as talent carefully inserts the cuvette into the spec.
Supplementary shot - 3949@7:32-7:37 - Side view of spec as talent places the cuvette into the spec.  (talent’s hand blocks the cuvette a little)


	After wiping any fingerprints and spills off the outside of the cuvette, properly insert the cuvette in the sample holder and close the door to the cuvette compartment.



	17.  Animation
	JoVE amateur scientist (used in centrifuge video) near a spectrophotometer with cuvette door open.  The scientist presses button on the spectrophotometer and bright light comes out of the compartment and ignites the distressed scientist’s arms and eyes on fire.  
	Always remember to close the door as UV radiation emitted from an open spectrophotometer can damage the eyes and skin.



	18.  Video
	A)  3949@7:37 – Zoomed in display as talent sets the button to 600 nm – this is a short shot can be frozen.

B) Animation from #3

C) 3949@7:39-7:41 – Zoomed in display as talent presses button and “Setting Blank” appears on screen – freeze shot for narration.


	Set the desired wavelength or wavelength range to be transmitted at the sample (A), which depends on the optimal wavelength of light that the analyte absorbs (B).  Proceed to perform the blank measurement (C).


	19.  Video
	(A) 899@8:51-9:07 – Shot as standard curve is generated by plotting the change in absorbance of the standards against the micromoles of the standards on the x-axis.  We will need to alter this by removing the 660 label on the absorbance axis and the “of tyrosine” on the micromoles axis.  Speed up video to correlate with narration.
(B) 899@9:19-9:37 – Shot of standard curve as a dotted line appears from a given absorbance value, to the diagonal line, and straight down to the micromoles axis.  We will need to alter this by removing the 660 label on the absorbance axis and the “of tyrosine” on the micromoles axis.  Also the 660 (Test 3) label and the tyrosine (Test 3) should be removed.  Speed up video to correlate with narration.

	Depending on the type of spectrophotometric experiment you are performing, it may be necessary to generate a standard curve prior to sample measurement (A), from which the concentration of your sample analyte can eventually be determined (B).



	20.  Video
	A) 1610@4:24-4:34 – Microcentrifuge tube as it is placed on a vortexer and gently vortexed.
B) 3949@7:16 – 7:21 – Talent uses pipette to load cuvette – this shot should be re-centered and zoomed to eliminate reagents on the edge of the shot.

	To perform the sample measurement, equilibrate the sample to the appropriate temperature and ensure the sample is homogenous by mixing it gently without introducing bubbles (A).  Pipette the sample into the cuvette (B).


	21.  Video
	3949@8:49-8:54 – CU of spec as talent carefully inserts the cuvette into the spec.
Also use this supplementary shot, ending with the setting of the wavelength in the last 2 sec of shot: 
3949@7:32-7:38 - Spec as talent places the cuvette into the spec and then CU shot of display as talent sets wavelength.  
	Carefully insert the wiped cuvette into the sample holder and perform the absorbance measurement at the desired wavelength.


	22.  Video
	3949@8:04-8:13 – MED-over the shoulder as talent looks at display and records abs.

2565@3:50-3:58 – MED-over the shoulder shot of talent at computer analyzing absorbance data

	After performing the absorbance measurement on your sample, proceed to the appropriate calculation for your experiment; for example determination of concentration or the rate of enzyme activity.



	23. Section Title - Applications
	
	The spectrophotometer is used on a daily basis in many biological research laboratories.



	24.  Video
	A) 3645@4:50-5:00 – Talent loads cells into cuvette, places cuvette into spec and measures OD600.  The video seems a little choppy where the different shots were put together; please edit this for a smoother transition.
B) Illustration from page 5 of SpecStoryboard.  Animate the points on the curve appearing and then a connecting line forming.

	One common application of the spectrophotometer is the measurement of cell density (A).  Cell density measurement is useful in generating logarithmic growth curves for bacteria, from which the optimal time for induction of recombinant protein can be determined (B).



	25.  Video
	A) 3803@10:29-10:42 – screen shot - absorbance is used to monitor an enzymatic reaction by the disappearance of a reaction intermediate at 452 nm over time.  
B) 3803@10:42-10:51- Screen shot - fitting of data to equation.


	The spectrophotometer can also be used to measure chemical reaction rates.  In this example, absorbance is used to monitor an enzymatic reaction by the disappearance of a reaction intermediate at 452 nm over time (A).  The rate of this enzymatic step can be calculated by fitting the data to the appropriate equation (B).



	26.  Video
	1610@1:18-1:29 – Talent loads sample onto Nanodrop and shuts door.  The shot zooms in to see the vertical path of sample that forms.

Alternative shot - 2565@00:21-00:40 – Nice footage of the nanodrop that zooms appropriately as sample is added to pedestal and the column is formed.  


	Recently, introduction of micro-volume spectrophotometers has eliminated the necessity for sample holders.  Such spectrophotometers use surface tension to hold the sample.



	27.  Animation
	See page 6 of “SpecStoryboard.pptx”

Rich looking DNA molecules floating in a microcentrifuge tube.  Zoom into the tube to show the molecules floating around.

 
	Micro-volume spectrophometers are optimal for measuring quality and concentration of expensive samples of limited volume, such as biomolecules including protein and nucleic acids.



	28.  Video
	1610@2:30-2:40 - The absorbance of a protein at 280 nm depends on the content of Trp, Tyr, phenyl and cysteine-cystein disulfide bonds
	The absorbance of a protein at 280 nm depends on the content of aromatic side chains found in Tryptophan, Tyrosine, and Phenylalanine as well as the existence of cysteine-cysteine disulfide bonds.  


	29.  Video
	1610@4:38-4:50 - Protein solution is applied to Nanodrop and absorbance at 280nm is measured on computer.  This shot needs to be altered by bringing a zoom circle over and zooming in on the peak at 280 nm.

	Protein concentration can be determined from its absorbance at 280 nm and its extinction coefficient, which is based on the amino acid composition. 


	30.  Video
	If possible, correlate the narration with each time code below.

A) 2465@2:47 - Screen shot as talent clicks measure and a 260 peak appears.

B) 2465@2:53- Zoom circle is shown over the resulting concentration

C) 2465@2:56 - Zoom circle is shown over the resulting ratios.


	Both DNA and RNA have an absorbance maximum at 260 nm (A) from which their concentration can be determined (B).  The purity of the nucleic acid can also be assessed from the ratio of absorbance readings at specific wavelengths (C).   



	31. Video/Animation
	Multipaneled graphic of general spectrophotometer shots.  Then have the following pop up in each panel as narrated and then go to freeze frame.

A) Animation of photons hitting sample from #5
B) Illustration from #9B of spectrophotometer components.
C) Video from #21 (3949@8:49-8:54 – CU of spec as talent carefully inserts the cuvette into the spec)

D) Video from nanodrop column being formed from #26 (1610@1:18-1:29 – Talent loads sample onto Nanodrop and shuts door.  The shot zooms in to see the vertical path of sample that forms.) – or -  As alternative: Screen shot from #25 (3803@10:29-10:42) 
E)  As “thanks for watching” is narrated, we could have the expensive DNA (from #27) waving or show the 4-paneled screen from A-D.
	You’ve just watched JoVE’s introduction to the spectrophotometer.  In this video we reviewed some basic principles, including spectrophotometry concepts (A) and spectrophotometer components (B).  We also demonstrated step by step operation of the spectrophotometer (C) and discussed its usage in biological research (D).  Thanks for watching (E).  



Good general shots of making solutions for transitions, general statements.
3474@1:56-2:03 – Gloved hand pipettes solution into a plastic cuvette and then places into cuvette holder of spectrophotometer.

3474@3:10-3:15 – Top down view of cuvette compartment as talent places cuvette in spectrophotomer of multiple cuvette holder.

2699@00:56-1:18 – Wide shot as talent approaches spectrophotometer, turns on, and sits down.

2699@2:07-2:28 – Bio-Spec Nano Spec - water blank is pipetted onto pedestal, black is selected, machine closes and performs measurement and lifts up

3949@6:14 – 6:32 – Talent uses pipette to load cuvette, Talent loads cuvette in spectrophorometer, and sets wavelength.

3949@6:32-6:46 – Side view of spec as talent adds liquid to cuvette that is already in spec with a pipette
3949@6:47-6:52- Talent looks at and records absorbance in notebook 

3949@6:53-7:02 – Over-the shoulder shot as talent adds liquid to cuvette that is already in spec with a pipette

3949@7:16-7:31 – Talent uses pipette to add liquid to plastic cuvette from several containers

3949@7:32-7:39 - Side view of spec as talent places the cuvette into the spec, CU as talent sets the wavelength to 600nm and sets blank.

3949@8:04-8:13 – MED-over the shoulder as talent looks at display and records abs.

3949@8:49-9:08 - CU of spec as talent puts the cuvette into it, More recording of abs.  The camera shifts to notebook in this one.

1470@7:21-7:33 and 13:37-13:47 (may be re-used shot) – Shots of a nanodrop being used.

1470@13:52-14:08 RNA curve and ratio 

1471@4:32-4:47 – zooming shot of nanodrop as talent adds sample

1844@7:12-7:18 – Talent puts sample in spec and CU of display

1170@5:30-5:40 – Talent applies (RNA) sample to Nanospectrophotometer 

3961@4:06-4:11 - Talent inserts cuvette into spectrophotometer and closes the lid.

3265@6:03-6:23 – talent loads Nanodrop spectrophotometer and multiple curves shown on screen

3645@4:50-5:00 – Talent loads cells into cuvette to measure OD, places cells into spec and measures OD600
3645@8:08-8:27 – Talent uses quartz cuvette to determine Abs at 260nm

3803@10:29-10:51 – screen shot - absorbance is used to monitor an enzymatic reaction by the disappearance of a reaction intermediate at 452 nm over time and data is fitted to equation.

899 @7:56 – 8:03 – Talent fills cuvette with blue dyed solution for enzyme assay

899@8:19-8:29 – Older version of spectrophotometer, some shots of display too.

899@8:29-8:37 – Talent observes and records absorbance in notebook

3571@7:19-7:50 – MED/WIDE shot of talent placing cuvettes into spectrophotometer and performing measurement.  Shot is a little static, but can be used if needed.

1610@1:18-1:29 – Talent loads sample onto Nanodrop and shuts door.  The shot zooms in to see the vertical path of sample that forms.

2565@00:21-00:40 – Nice footage of the nanodrop that zooms appropriately as sample is added to pedestal and the column is formed.  

2565@2:30-2:43 – Nucleic acid sample is applied to the sample pedestal, arm is closed and sample column is shown.

