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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  

Can you record movies/images using your own microscope camera? (Y/N)______N/A___  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: 

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____N___ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Patrick Lewis: This method is a useful tool to introduce students to the concepts governing enzyme reactions. 
1.2. Patrick Lewis: The main advantage of this technique is that it is suitable for students with very little wet lab experience, providing robust results for the students to observe and interpret.   
Protocol: (read by voice talent at JoVE)
2. Enzyme Extraction
2.1. To begin the protocol, label a 15 mL tube suspension [1-MED/WIDE]. Crush one lactase tablet, containing 200 mg of enzyme, into an even powder using a mortar and pestle [2-CU].
2.1.1. Talent writes suspension on tube, if possible, show the text on the tube 

2.1.2. Focus on the tablet as talent crushes it and capture the resulting even powder for a beat
2.2. Place the resulting powder into the labeled tube and resuspend it in 10 mL of 100 mM phosphate buffered saline, or PBS [1-CU]. Vortex the solution for 1 min to maximize the enzyme extraction [2-MED]. 
2.2.1. Talent transfers powder into tube, focus on the tube’s contents as talent adds PBS and resuspends the solution

2.2.2. Talent vortexes the solution 
2.3. Next, transfer 1 mL from the suspension to a 1.5 mL tube…and spin the sample for 1 min at 10,000 x g to sediment the solid particles [1-MED]. Transfer 500 μL of the supernatant to a clean 1.5 mL tube labelled Lactase Extract [2-MED].
2.3.1. Talent transfers suspension to tube, places it in the centrifuge, and enters the settings, if possible, capture the settings in the shot

2.3.2. Side view, talent transfers supernatant to tube, if possible, capture the tube label in the shot 
3. Observing the Colorimetric Reaction

3.1. Place 390 μL of 100 mM PBS into a 1.5 mL tube labelled Reaction A. [1-MED] Then add 100 μL of 5 mM ONPG solution and mix well by vortexing [2-MED-TXT].

3.1.1. Talent places PBS in tube, capture label of tube in shot, if possible
3.1.2. Over the shoulder, talent carefully adds ONPG solution and vortexes the tube, TEXT: CAUTION! Handle ortho-Nitrophenol-beta-D-galactopyranoside (ONPG) with care
3.2. Add 10 μL of extract into the reaction A tube and vortex the contents [1-MED]. 
3.2.1. Talent adds extract to tube and vortexes again 
3.3. Observe the reaction mixture often for 5 minutes and note any colorimetric changes to the solution [1-MED].
3.3.1. Talent observes reaction, capture the solution changing color  

4. Measuring Enzyme Activity

4.1. Set up two 1.5 mL tubes, one labelled Reaction B, one labelled Control [1-MED/CU]. Add 390 μL of 100 mM PBS to the reaction B tube…400 μL of 100 mM PBS to the control tube…and then add 100 μL of 5 mM ONPG to each tube [2-MED].
4.1.1. Over the shoulder, talent labels tube as described in VO 
4.1.2. Talent adds reagents as listed in VO 
4.2. Mix the contents by vortexing [1-MED]. Add 10 μL of lactase extract to the reaction B tube, mix by vortexing and allow the reaction to proceed for 1 min at room temperature [2-CU]. 
4.2.1. Side view, talent vortexes tubes 

4.2.2. Talent adds lactase to B tube (capture label in shot), and vortexes tube, then sets the tube aside and sets timer for 1 min 
4.3. Once 1 min has elapsed, add 500 μL of 1 M sodium carbonate to both tubes to inhibit the lactase enzyme by increasing the pH, stopping the reaction [1-MED].
4.3.1. Talent turns off timer and adds sodium carbonate to tubes 
4.4. Transfer 500 μL from each tube into clean spectrophotometer cuvettes and measure the absorbance at 420 nm [1-MED]. 
4.4.1. Over the shoulder, talent transfers reaction to cuvette and places cuvette in spectrophotometer, then enters wavelength/settings
5. Effect of Temperature on Enzyme Activity

5.1. Set up three control tubes and three reaction tubes and label them 4 °C, Room Temp, and 37 °C [1-MED]. 
5.1.1. Side view, talent labels tubes 
5.2. Following the addition of the enzyme extract, incubate one tube on ice…one at room temperature…and one at 37 °C in a pre-heated water bath for one minute[1-MED]. 
5.2.1. Talent places one tube on ice, one at room temperature, and one in the heat bath 
5.3. Then stop the reaction by adding 500 μL of 1 M sodium carbonate to each tube [1-CU]. 
5.3.1. Talent adds sodium carbonate to each tube
5.4. Measure the absorbance at 420 nm for each tube [1-MED]. Record the values, subtracting the control value from the reaction value in each case [2-WIDE].
5.4.1. Side view, talent places cuvettes in spectrophotometer 
5.4.2. Talent observes and documents values from spectrophotometer 
6. Results: Analysis of Enzymatic Activity Based on Temperature 
6.1. Using the protocol the control remains clear while the reaction solution, containing extract from the lactase tablet, turns yellow as ONPG is hydrolyzed releasing ortho-nitrophenol [1-LM]. 
6.1.1. Figure 4.tiff. Figure 4A only. Show the entire figure with all text. When “control” is said, add an arrow pointing at the cuvette in the picture that is clear for a  beat. When “reaction solution” is said, add an arrow pointing at the cuvette on the right. 

6.2. Following analysis of samples using the spectrophotometer, production of ortho-nitrophenol is lowest when the reaction is incubated on ice, and highest when the reaction is carried out at 37 °C [1-LM].

6.2.1. Figure 4.tiff. Figure 4B only. Show the entire figure with all text. When lowest is said add an arrow pointing at the column for ice bucket for a beat. When highest, is said, add an a arrow pointing at the column above 37 °C. 
7. Conclusion (said by authors on camera)
7.1. Patrick Lewis: While attempting this procedure, it’s important to remember to have the reactions at the appropriate temperature prior to adding the enzyme extract.[Step 5.1]
Provided Media

Insert your media filenames here.

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.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.

( 2017, Journal of Visualized Experiments


