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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.) ___2.3, 2.5,  3.7, 3.8, 3.9, 3.11
We also feel that 2.1.1 and 2.1.2 are critical steps and would like to include a schematic that includes primer design, however this may not be pertinent to filming.  Authors we won’t include these but I’ve inserted a text note to refer to the text protocol for details about primer design.

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.) _4.4.1 and 4.4.2 – use a gentle pipetting and spreading technique so as not to damage the cells, however we will have positive plates prepped and ready to be filmed.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? ___On different floors in adjacent buildings attached by a walkway.  1 – 2 minutes travel time.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to generate fluorescent protein fusions in Candida species by using PCR-mediated gene modification to tag a protein at its native genomic locus, thus ensuring stable integration and expression of sequences over time. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Cheryl Gale: This method can be used to generate fluorescently tagged Candida strains and proteins, which facilitates their identification and quantitation for both in vitro and in vivo analyses. 
1.2. Sara Gonia: The main advantage of this technique is that it's fast, compared to conventional cloning approaches, and offers the potential to screen transformants by colony or individual cell-based fluorescence microscopy.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Sara Gonia: Though this method was initially developed to tag proteins in Candida albicans, it can also be applied to other yeast species such as Candida parapsilosis as described in this protocol. 
1.4. Sara Gonia: Generally, individuals new to this method will struggle to obtain transformants that contain correct cassette integrations into the intended gene locus. This problem can be minimized by optimizing conditions and reagents at each procedure step, as highlighted in the protocol.
Protocol (read by voice talent at JoVE):

2. Generation of Fluorescent Protein Cassettes by PCR
2.1. After designing primers according to the text protocol, to prepare 500 (L of a master mix for PCR [1-WIDE], combine 320 µL sterile water, 50 (L of PCR buffer, 20 (L of dNTPs [2-MED/CU-TXT], 40 (L of 25 mM MgCl2, 20 (L of purified plasmid [3-CU], 10 (L of each forward and reverse primers, and 30 (L of Taq polymerase [4-CU].
2.1.1. Talent at bench places reagents, including primers, on bench to make master mix
2.1.2. Talent pipettes up sterile water and adds to a master mix tube, then pipettes PCR buffer and adds to a master mix tube, then pipettes dNTPs from stock tube and adds to master mix tube (TEXT: Refer to text protocol for additional details) 
2.1.3. Talent adds MgCl2 and purified plasmid to master mix tube
2.1.4. Talent adds forward and then reverse primers and finally polymerase to tube
2.2. Vortex the master mix [1A-CU] then aliquot 50 (L into each of ten 0.5 ml PCR tubes [1B-CU].  Then place the tubes into the thermocycler and run the following steps [2-MED/CU-TXT].
2.2.1A. Added shot: CU: Talent vortexes master mix

2.2.1B. Talent aliquots master mix into PCR tubes

2.2.2 Talent places tubes into thermocycler and sets program (TEXT:  5 min at 94 °C; 40 cycles of [45 s at 94 °C, 30 s at 55 °C, and 4 min at 68 °C]; 15 min at 72 °C
2.3. Pool all the products from the 10 PCR tubes into a 1.5 ml tube [1-CU].  Then subject 5 (L of pooled PCR product to agarose gel electrophoresis to verify amplicon size [2-MED/CU] and obtain an estimate of product concentration based on comparison to a DNA ladder [3-LM-TXT].
2.3.1. Talent pools all PCR tubes into one tube

2.3.2. Talent finishes loading agarose gel and turns it on to run

2.3.3. LAB MEDIA JoVE Gel.pptx (TEXT: Use 250 (g of cassette DNA for transformations)  
2.4. Precipitate the DNA by adding 750 (L of 95% ethanol and 50 (L of 3 M sodium acetate to the products [1-CU] and incubate the samples at -20 (C for least 30 minutes [2-WIDE]. 

2.4.1. Talent adds 95% ethanol and sodium acetate to sample

2.4.2. Talent places samples in -20 (C freezer

2.5. Harvest the PCR products by centrifuging the tube at 16,000 x g for 10 min [1-MED]. Carefully remove and discard the supernatant and dry the pellet overnight [2-CU]. Then use 40 (L of TE, pH 8.0 to resuspend the dried DNA cassette pellet [3-CU] and store the sample at room temperature until use [4-MED/CU].
2.5.1. Talent places tubes into centrifuge and sets speed and time
2.5.2. Talent removes supernatant from pellet and places tube on bench next to other tubes to dry
2.5.3. Talent adds TE to dried pellet and resuspends
2.5.4. Talent stores samples in an Eppendorf tube rack and sets on bench at RT
3. Transform Candida Cells with Fluorescent Protein DNA Cassettes 

3.1. On day 1, recover the yeast strain to be transformed from a 15% glycerol frozen stock [1-CU] by inoculating a few scraped crystals into 2 ml of YPAD medium in a glass culture tube with a breathable cap [2-CU].  Incubate the culture at 30 (C with agitation or spinning in a culture tube rotator overnight [3-MED].
3.1.1. Talent opens frozen Candida stock

3.1.2. Talent scrapes crystals into YPAD medium and then puts breathable cap on top

3.1.3. Talent places tubes on rotator and starts rotating
3.2. On day 2, use 50 ml of fresh YPAD to dilute 300 (L of overnight yeast culture in a 125 ml Erlenmeyer flask with a breathable cap [1-CU].  Shake the culture at 30 (C for approximately 3 hours [2-MED-TXT].
3.2.1. Talent adds YPAD to flask then adds overnight culture to flask (TEXT: Final OD600 ~0.6-0.8)
3.2.2. Talent places culture in shaker/rotator set at 30 (C
3.3. Transfer the overnight culture into a 50 mL conical tube [1-CU] and pellet the cells by spinning the tubes in a table top centrifuge at 1500 x g for 5 min [2-MED/CU].
3.3.1. Talent pours overnight culture into 50 ml conical tube
3.3.2. Talent places tubes into table top centrifuge and sets speed and time
3.4. Pour off and properly discard the supernatant and use 5 ml of water to resuspend the cell pellet [1-CU]. Then re-pellet the cells by centrifugation [2-MED-TXT].
3.4.1. Talent pours off supernatant from a tube and adds water and resuspends pellet 
3.4.2. Talent places tubes into centrifuge and starts spin (TEXT: 1500 x g, 5 min)
3.5. Remove and discard the supernatant and use 500 (L of TE Lithium Acetate to resuspend the cells [1-CU-TXT].  Then ttransfer the suspension to a 1.5 ml tube [2-CU].  Centrifuge the tube at 3000 x g for 2 minutes [3-MED].
3.5.1. Talent pours off supernatant and adds TELiAc to pellet and resuspends cells (TEXT:  TELiAc: 10 mM Tris, pH 8.0, 1 mM EDTA, pH 8.0, 0.1 M lithium acetate)
3.5.2. Talent transfers suspension to a 1.5 ml tube
3.5.3. Talent places samples into centrifuge and sets speed and time
3.6. With 250 (L of TELiAc, resuspend the cells [1-CU-TXT].  To prepare a negative control, to a fresh tube, add 5 (L of 10 mg/mL carrier DNA and 150 (L of prepared Candida cells [2-CU].  Incubate the samples at room temperature for 30 minutes [3-MED/CU].
3.6.1. Talent adds TELiAc to cells and resuspends (TEXT: ~300 (L total volume)
3.6.2. Talent adds carrier DNA and Candida cells to control tube
3.6.3. Talent sets samples on bench to incubate

3.7. To each transformation, add 700 (L of PLATE mix.  Pipette the mix up and down gently to mix [1-CU-TXT] and incubate them at room temperature overnight [2-MED/CU].
3.7.1. Talent adds PLATE mix to transformations and pipettes up and down to mix (TEXT: 10 mM Tris, pH 7.5, 1 mM EDTA, pH 8.0, 0.1 M lithium acetate in 50% polyethylene glycol 3350)
3.7.2. Talent sets tubes at RT to incubate
3.8. On day 3, incubate the transformation mixes at 42 (C for one hour [1-WIDE/MED].  Centrifuge the transformations at 16,000 x g for 30 seconds [2-MED] and remove the supernatant [3-CU].  Then use 150 (L of water to resuspend each pellet by ‘very gently’ pipetting up and down so as not to damage the cells [4-CU/ECU].
3.8.1. Talent places transformation mixes at 42 (C

3.8.2. Talent places tubes into centrifuge and sets speed and time

3.8.3. Talent removes supernatant

3.8.4. Talent adds water and very gently resuspends a pellet

3.9. For transformations utilizing auxotrophic marker genes such as URA3, plate each total mixture by pipetting the solutions onto the appropriate selective medium agar, lacking uridine [1-CU] and with sterile glass beads, spread the mixture evenly [2-CU].
3.9.1. Talent pipettes solutions onto agar plates lacking uridine

3.9.2. Talent spreads mixture with sterile glass beads

3.10. For the transformations using the nourseothricin resistance marker gene, NAT1 [1-LM], plate the transformation mixes first onto non-selective YPAD agar [2-CU] and incubate the plates at 30 (C for 6-12 hours to aid in cell recovery before nourseothricin stress is applied [3-WIDE]. 
3.10.1. LAB MEDIA JoVE intro for voiceover.pptx, Editor, use the bottom center panel that has the purple, green, and blue rectangles inside the yeast cell with the bud on the right side

3.10.2. Talent plates transformation mix onto YPAD agar (Author comment: this was not filmed, reuse 3.9.1 and 3.9.2 if necessary, same shot visually)
3.10.3. Talent places plates at 30 (C   

3.11. After partial growth recovery, replica plate the Candida cells onto YPAD containing 400 (g/mL of nourseothricin [1-CU]. [2-CU].
3.11.1. Talent replica plates cells onto YPAD with nourseothricin

3.11.2. Talent plates cells onto YPAD

3.12. If the transformation is successful, colonies should appear within one to three days, with no colonies appearing on negative control plate [1-CU].
3.12.1. Talent points out colonies on transformation plate and then points out the lack of colonies on negative control plate next to it
3.13. For auxotrophic and nourseothricin marker selection, streak putative transformants as single colonies onto fresh selective medium agar plates [1-CU] and incubate the cells at 30 (C to propagate yeast cells that can be screened for successful construction of FP fusions [2-WIDE-TXT].
3.13.1. Talent streaks a single colony onto a selective medium plate

3.13.2. Talent places plates 30 (C (TEXT: Screen transformants according to the text protocol)
4. Results: Generation of GFP and mCherry Fusions to Eno1
4.1. As shown here, the protocol demonstrated in this video [1-MED-WIDE] was used to construct GFP, YFP and mCherry fusions to Eno1 in C. parapsilosis.  The enolase fusion protein is highly expressed and the FPs are bright, therefore transformants were screened by fluorescence microscopy prior to performing diagnostic PCR [2-LM]. 
4.1.1. Added shot: MED-WIDE: Talent inspects colonies at microscope. Editor: The authors added this. Only use if you think it looks okay.
4.1.2. LAB MEDIA Figure 3, Editor, add in the bottom panel, then the middle panel, then the top panel with the VO when each is mentioned.  For ‘the FPs are bright,’ point out the left sides of the panels which are brighter than the right sides.
4.2. In this figure, enolase localization was observed in yeast cells expressing Eno1-fluorescent proteins [1-LM].  The different FP colors were useful to visually distinguish between different yeast strains within a mixture [2-LM].
4.2.1. LAB MEDIA Figure 4A, Editor, add in the panels and then add in the labels from left to right for each set of panels.
4.2.2. LAB MEDIA Figure 4B, Editor, add in the left, then the middle, then the right panel to first show the two colors separately and then as a mixture as mentioned.
4.3. Proteins were isolated from cell lysates and subjected to SDS/PAGE and Western blotting to detect the GFP, YFP, and mCherry tagged enolase fusion proteins.  All the proteins were detected and were of the correct size.  No signal was observed for the untagged parent yeast protein strain [1-LM].
4.3.1. LAB MEDIA Figure 5, Editor, point out lanes 2, 5, and 7 for the the detected and correct sized proteins.  Point out lanes 3 and 4 for the no signal, untagged parent yeast strains.
5. Conclusion (said by authors on camera)
5.1. Sara Gonia: Once mastered, this technique can be done in less than 6 hours/day over three days, excluding final incubation days, if it is performed properly.

5.2. Cheryl Gale: While attempting this procedure, it’s important to remember to invest the time to perform verification checks along the way to insure that DNA, yeast cells, and reagents are optimized. This will increase the chances of a successful transformation.

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 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

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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