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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: __

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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.) ___Authors: please list some specific steps here rather than entire sections.  Please list directly from this document.

2.2 – 2.5, 3.2, 4.1, 5.1, 5.3, 6.3
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) __Y_____ If yes, how far apart are the locations? _ The filming will take place in my lab and also in the conference room which are in the same building only a floor apart. 

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. Experimental Goal (read by voice talent at JoVE):

The overall goal of the functional complementation assay is to elucidate the activity of an enzyme by introducing a functional copy of the corresponding gene into a mutant cell to see if it restores a wild type phenotype in the mutant background. 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Andre Hudson: This method can help answer key questions in a variety of fields, such as biochemistry, genetics, microbiology, plant biology and evolution, among others. 

1.2. Andre Hudson: The main advantage of this technique is that it assesses the activity, function and or role of a particular enzyme under in vivo, physiological conditions as opposed to in vitro conditions, which are often artificial in nature. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Michael Savka: The implications of this technique extend towards identification and or elucidation of the function of uncharacterized enzymes or those that still have putative or predictive functions.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Andre Hudson: Demonstrating the procedure will be Taylor Harkness, an undergraduate student from my laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Preparation of Electro-competent Bacterial Cells for Transformation
2.1. After cloning the dapL, tyrB, murE, and rsh genes according to the text protocol [1-LM], inoculate 50 ml of liquid medium with a single colony of mutant bacterial cells to be transformed with the gene of interest [2-WIDE/MED] and grow overnight [3-WIDE].
2.1.1. LAB MEDIA Editor, scroll through section 1 of the text protocol here that describes the cloning

2.1.2. Talent at bench inoculates a single colony into 50 ml of liquid medium

2.1.3. Talent places culture into incubator and starts shaking; B need another version for 2.2.2 below; 
2.2. On day 2, use the 50 ml overnight culture to inoculate one liter of the appropriate medium [1-MED/CU-TXT] and grow at 30(C to log phase, or to an OD600 of 0.4 – 0.6 [2-WIDE/MED].

2.2.1. Talent inoculates a 1 liter culture with the 50ml overnight culture (TEXT: LB for E. coli; PD for Novosphingobium sp)

2.2.2. Use 2.1.3B here 

2.3. Harvest the cells by centrifugation at 5,000 x g and 4(C for 15 minutes [1-MED], then decant the supernatant [2-CU] and use 500 ml of sterile ice cold distilled water to resuspend the pellet [3-CU].
2.3.1. Talent places tubes of cell culture into centrifuge and sets speed and time with temp visible; B need another version of talent placing tubes in centrifuge and starting spin for 2.4.1 below
2.3.2. Film as written
2.3.3. Talent adds ice cold water to pellet and resuspends

2.4. Centrifuge the cells again [1-MED-TXT] and after decanting the supernatant, use 250 ml of sterile ice-cold 10% glycerol to resuspend the pellet [2-MED/CU].
2.4.1. Use 2.3.1B here (TEXT: 5,000 x g, 4(C, 20 min)

2.4.2. Talent adds sterile ice cold glycerol and resuspend pellet

2.5. After spinning the cells a final time, use 2 ml of 10% glycerol to resuspend the cells [1-CU].  Transfer 50 (l aliquots into microcentrifuge tubes [2-CU] and immediately freeze by placing the tubes in a dry-ice/ethanol bath [3-CU].  Store the cells at -80(C for electroporation [4-WIDE]. 

2.5.1. Talent resuspends cells in 2 ml of glycerol

2.5.2. Film as written

2.5.3. Film as written

2.5.4. Talent places tubes at -80(C
3. Electroporation of Bacterial Cells with Complementation Plasmids
3.1. To carry out electroporation, add 1 ul of recombinant plasmid to a 50 (l aliquot of competent cells and place on ice for 5 minutes [1-CU-TXT].  

3.1.1. Talent adds plasmid to aliquot of cells and places on ice (TEXT: 10 – 50 ng); Editor, use the text note for ‘add 1 ul of recombinant plasmid.’
3.2. Transfer the cells to an electroporation cuvette [1-CU] and set the electroporation apparatus to the following settings:  25(F capacitance, 2.5 kV, and 200 ohm resistance [2-CU].  Then with the cuvette in the device, deliver a pulse [3-CU].
3.2.1. Talent transfers cells to cuvette

3.2.2. Talent sets electroporation settings in order of VO
3.2.3. Shot of cuvette in device as talent delivers pulse; B need another version for 4.1.2 below; C need another version for 5.1.2 below
3.3. Add 1 ml of recovery medium to the cuvette [1-CU-TXT] and transfer the cells to a 15 ml conical tube [2-CU].  
3.3.1. Film as written (TEXT: LB or PD for Novosphingobium)

3.3.2. Film as written

3.4. Allow the cells to recover by incubating the culture in a shaking incubator with gentle rotation for 60 minutes at the appropriate temperature required by the mutant [1-MED-TXT].
3.4.1.  Talent places cells in shaking incubator and starts shaking (180 min, 25-30oC for Novosphingobium)
3.5. To select for transformants, pipette 100 ul of the culture onto medium with agar plates and use a sterile spreader to spread the solution [1-CU]. Then incubate overnight at the appropriate temperature.   Refer to the text protocol for further details [2-WIDE].
3.5.1. Talent pipettes culture onto agar and spreads with sterile spreader

3.5.2. Talent places plates into incubator; B need another version for 4.3.1 below; C need another version for 5.2.2 below; D need another version for 6.2.2 here; Videographer, also see 5.4.1 and 5.4.2 below
4. Transformation of AOH1 to Facilitate Functional Complementation using L,L-diaminopimelate Aminotransferase

The only thing that was changed was that we combined the transformation of steps into one since the procedure is the same for all three complementation examples.
4.1. To perform complementation analysis, transform AOH1 with the empty vector pBAD33 or with DapL expression vectors [1-CU] using electroporation as just demonstrated [2-CU].
4.1.1. Talent pipettes pBAD33 into AOH1 cells with DapL labeled tubes in frame
4.1.2. Use 3.2.3B here
4.2. Plate the transformation mixture on LB agar medium supplemented with 50 (g/mL of DAP, 34 (g/ml of chloramphenicol, and 50 (g/ml of kanamycin [1-CU].
4.2.1. Talent pipettes transformed cells from tube onto plate and spreads, have another plate visible that is labeled with LB and antibiotic names
4.3. Incubate the plates at 30(C for 24 hours before observing the results [1-WIDE].
4.3.1. Use 3.5.2B here
5. Transformation of TKL-11 to Facilitate Functional Complementation using UDP-N-acetylmuramoylalanyl-D-glutamyl-2,6-meso-diaminopimelate Ligase
5.1. With the empty vector pBAD33 or with the MurE expressing vector, transform the TKL-11 mutant [1-CU] using electroporation as demonstrated earlier in this video [2-CU].
5.1.1. Tubes of labeled vectors on ice and talent adds pBAD33 to TKL-11 cells that are on ice

5.1.2. Use 3.2.3C here
5.2. Plate the transformants on LB agar supplemented with 50 ug/ml of thymine and 34 ug/ml of chloramphenicol [1-CU] and incubate the plates at 30(C for 24 hours [2-WIDE] before checking for transformants [3-CU].
5.2.1. Talent plates aliquot of transformed cells onto LB plate with antibiotics – have another plate in frame labeled with medium and antibiotics
5.2.2. Use 3.5.2C here
5.2.3. Talent turns over a plate looking for transformants
5.3. Test for complementation by streaking or plating colonies from both the control and experimental transformations onto two plates of LB medium plus 0.2% arabinose and 50 ug/ml of thymine [1-CU].
5.3.1. Talent streaks a transformed colony onto LB with arabinose and thymine, then starts to streak a second plate; have a pair of plates already streaked and visible in frame

5.4. Incubate one plate at 30(C [1-WIDE] and the other at 42(C for 24 hours [2-WIDE] before assessing the growth phenotype [3-LM-TXT].
5.4.1. Talent places plates at 30(C

5.4.2. Talent places plates at 42(C

5.4.3. LAB MEDIA Figure 6 (TEXT: refer to text for further details)
6. Transformation of mutant Hx699 to Facilitate Functional Complementation of Hypomucoid Phenoptype of Novosphingobium sp. Strain Hx699
6.1. Transform the mutant Hx699 strain and the wild type Rr2-17 strain of Novosphingobium sp. [1-CU] with the pRK290 empty vector or vector containing the native rshNsp gene, in two separate transformation events each, as demonstrated earlier in this video [2-CU].
6.1.1. Talent holds up tubes of Hx99 and Rr2-17 that are labeled and sitting on ice
6.1.2. Talent adds pRK290 to Hx99 cells and gently mixes; have tube with rsh/vector labeled and visible in frame if possible.
6.2. Plate the transformants on potato dextrose, or PD agar supplemented with 10 ug/ml of tetracycline [1-CU], and incubate for at least 72 hours, or until transformants appear [2-WIDE].
6.2.1. Talent plates transformed cells on PD with tet
6.2.2. Use 3.5.2D here
6.3. Then, streak the transformants in an ‘X’ pattern on fresh PD agar plates with tetracycline [1-CU].  After incubating at 30(C for at least 4 days, visually examine the growth phenotype of both plates [2-CU].
6.3.1. Talent streaks a transformant in an X pattern on PD/tet plate
6.3.2. Talent holds up plates and examines for growth
7. Results: Functional Complementation Analysis
7.1. The E. coli double mutant AOH1 harbors a mutation in the dapE gene and a deletion of the dapD gene and won’t grow unless DAP is provided [1-LM].  As seen here, the AOH1 mutant expressing DapLs is able to grow on L,L-DAP-free medium by converting THDP to L,L-DAP in the DAP/lys pathway [2-LM].
7.1.1. LAB MEDIA Figure 1, Editor, for the first sentence, point out DapE above DapF and then DapD in between A and B when mentioned.  
7.1.2. LAB MEDIA Figure 5, Editor, for AOH1 mutants…are able to grow on L,L-DAP-free medium…, in the right hand panel point out the three quadrants that have white streaks in them.  For ‘converting THDP to L,L-DAP’ go back to Figure 1 and point out THDP at the top right and then L,L-DAP on the left just under DapE.
7.2. The MurE enzyme facilitates the addition of m-DAP into the peptidoglycan of Gram negative bacteria.  The E. coli murE mutant, TKL-11 cannot grow at 42(C [1-LM].  In this experiment, only TKL-11 cells transformed with murE grow at 42(C [2-LM].
7.2.1. LAB MEDIA Figure 3A, B, Editor, when mentioned, point out MurE in A and then m-DAP in A and then B.
7.2.2. LAB MEDIA Figure 6, Editor, for ‘expressing murE grow at the non-permissive…’ point out the bottom row of the right hand panel (under 42()
7.3. A mutation in the tyrB gene prevents the synthesis of tyrosine and phenylalanine. [1-LM].  However, as shown here, when the tyrB mutant, DL39 strain expresses the A. thaliana At5g36160 gene, it grows on M9 medium lacking tyrosine and phenylalanine, demonstrating that the enzyme can synthesize tyrosine [2-LM].
7.3.1. LAB MEDIA Figure 2, Editor, for ‘a mutation in the tyrB gene…,’ point out the black boxes near the bottom that say TyrB and then L-tyrosine and L-phenylalanine when mentioned.  
7.3.2. LAB MEDIA Figure 7, Editor, for ‘is able to grow on M9 lacking tyrosine…’ point out the three circles in the bottom of the right hand panel.
7.4. The Hx699 mutant in Novosphingobium sp. harbors a non-functional Rsh protein and produces a hypo-mucoidal phenotype.  However, transformation with the native rsh gene produces more soluble extracellular polysaccharides and a multicellular “X” streak that is hyper-mucoidal. In contrast, when the Hx699 mutant is transformed with an empty vector, it produces a hypo-mucoidal phenotype [1-LM]. 
7.4.1. LAB MEDIA Figure 8 right panel, Editor, for ‘When Hx699 is transformed…’, point out the right side of the panel that shows the ‘X’ overgrown (the hyper-mucoid phenotype of the wild type strain).  For the last sentence, point out the X on the left side.
8. Conclusion (said by authors on camera)
8.1. Andre Hudson: Once mastered, this technique can be done in 24-48 hours if it is performed properly depending on the growth of the model organism used, excluding the cloning, competent cell preparation and transformation steps. 
8.2. Andre Hudson: While attempting this procedure, it’s important to remember the growth requirements of the mutant.

8.3. Andre Hudson: Following this procedure, other methods like traditional in vitro enzymatic characterization can be performed in order to answer additional questions like substrate specificity, temperature and pH optima, enzymatic velocity rates, etc.

8.4. Michael Savka: After its development, this technique paved the way for researchers in the field of biology and many subdivision fields, such as microbiology, to elucidate the in vivo function/role of enzymes from a variety of organisms.

8.5. Michael Savka: After watching this video, you should have a good understanding of how to make electrocompetent bacterial cells, how to transform bacteria using electroporation and how to assess the function of genes/enzymes using functional complementation.
8.6. Michael Savka: Don't forget that working with pathogenic organisms can be extremely hazardous and the necessary precautions should be taken. 
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 – Experimental results of the DapL, MurE, and Rsh complementation of agar plates

6.3-    Experimental results of a representative transformation results showing individual bacterial colonies

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

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.
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