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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No. We do use a microscope to view fixed parasites, which is described in the video, but we could provide pictures for that.

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

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) Yes, we briefly describe use of the online tool ChopChop (http://chopchop.cbu.uib.no/) to design DNA oligo sequences. We could provide screenshots for this part?

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.) ___________________________________________
4.6, 4.13, 5.1, 5.5
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.) ___________________________
Steps 3.4/3.5 can be difficult because the DNA pellet may become dislodged. We just very carefully decant the supernatant.
E.  Will the filming need to take place in multiple locations? (Y/N) No, we will only be using our lab space and the associated tissue culture room, which is in a room connected to our lab.
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. David Cobb: This method can help answer key questions in the biology of the human malaria parasite P. falciparum by helping to uncover protein function through conditional knockdown [1-MED].
1.1.1. David speaks towards camera (looking slightly off-camera), interview style. 
1.2. Heather Kudyba: The main advantage of this technique is that it allows for relatively easy generation of conditional mutants, as compared to previous methods [1-MED].
1.2.1. Heather speaks towards camera (looking slightly off-camera), interview style.    

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving human cells have been approved by the Institutional Review Board (IRB) at the University of Georgia [1-Title Card].
1.3.1. Title Card
Protocol: (read by voice talent at JoVE)
2. Choosing a gRNA Sequence
2.1. To begin, go to CHOPCHOP (pronounced as “chop-chop”) and select Fasta Target.  Under Target, paste the 200 base pairs from the 3 prime end of the open reading frame of a gene, and 200 base pairs from the start of the gene’s 3-prime-UTR [1-SCREEN-TXT]. 
2.1.1. 57747_SCREEN_2.1.1: Screen capture movie as talent navigates to CHOPCHOP and selects Fasta Target.  Under Target, talent pastes the 200 base pairs from the 3 prime end of the open reading frame of a gene and 200 base pairs from the start of the gene’s 3-prime-UTR.  TEXT Overlay: http://chopchop.cbu.uib.no/ 
2.2. Under In, select P. falciparum (pronounced “P. fal-cip-ar-um”), and select CRISPR/Cas9 (pronounced as ““Crisper-Cass-9”) under Using.  Next, click Find Target Sites [1-SCREEN]. 
2.2.1. 57747_SCREEN_2.2.1: Screen capture movie as talent navigates to In, selects P. falciparum, and selects CRISPR/Cas9 under Using.  Next, talent clicks Find Target Sites.  
2.3. Then, select a gRNA (pronounced as “g-R-N-A”) sequence from the options presented, giving preference to the most efficient gRNA that is closest to the site of modification and that has the fewest off-target sites [1-SCREEN]. 
2.3.1. 57747_SCREEN_2.3.1: Screen capture movie as talent selects a gRNA sequence from the options presented.
2.4. Purchase the gRNA sequence and its reverse-complement as Polyacrylamide Gel Electrophoresis-purified oligos.  The gRNA sequence used to target PfHSP70x (pronounced as “P-F-H-S-P-seventy-ex”) can be found in in the text protocol [1-MED-over the shoulder].
2.4.1. Talent enters in the gRNA sequence and its reverse-complement into the website to purchase.
3. Precipitating DNA for Transfection
3.1. Add 40 micrograms each of pMK-U6 (pronounced as “p-M-K-U-6”), pUF1-Cas9 (pronounced as “puff-1-Cass-9”), and pHA-glmS (pronounced as “p-H-A-glim-S”) DNA into a sterile 1.5 milliliter microcentrifuge tube [1-MED-TXT].
3.1.1. Talent adds 40 micrograms each of pMK-U6, pUF1-Cas9, and pHA-glmS DNA into a sterile 1.5 milliliter microcentrifuge tube.  Use labeled containers.  TEXT Overlay: See text for cloning DNA
3.2. Add 1/10th the volume of DNA of 3 Molar sodium acetate in water to the tube and mix it well using a vortex [1-CU].
3.2.1. Tube as talent adds 3 Molar sodium acetate in water from a labeled container.
3.3. Then, add 2.5 times the volume of 100% ethanol to the tube and mix it well using a vortex for at least 30 seconds [1-MED].  Place the tube on ice or at minus 20 degrees Celsius for 30 minutes [2-MED-over the shoulder].  Then, centrifuge the tube at 18,300 x g for 30 minutes at 4 degrees Celsius [3-MED].
3.3.1. Talent finishes up adding the ethanol and mixes the tube with the vortex.
3.3.2. Talent places the tube on ice and starts a timer to count down from 30 minutes.
3.3.3. Talent places the tube into the centrifuge, shuts the lid and turns on.
3.4. Following centrifugation, carefully remove the supernatant from the tube without disturbing the pellet [1-CU].  Add 3 times the volume of 70% ethanol to the tube and mix it briefly using a vortex [2-MED].  Centrifuge the tube at 18,300 x g for 30 minutes at 4 degrees Celsius [3-MED-over the shoulder].
3.4.1. Tube as talent carefully removes the supernatant.
3.4.2. Talent adds 70% ethanol to the tube and vortexes.
3.4.3. Talent places the tube back into the centrifuge, shuts lid and starts run.
3.5. Again, carefully remove the supernatant from the tube without disturbing the pellet [1-CU].  Leave the tube open and allow the pellet to air-dry for 15 minutes [2-MED-over the shoulder].  Store the precipitated DNA at minus 20 degrees Celsius until it is needed for transfection [3-WIDE].
3.5.1. Tube as talent carefully removes the supernatant from the tube without disturbing the pellet.
3.5.2. Talent leaves the tube to air-dry and starts a timer to count-down from 15 minutes.
3.5.3. Talent leaves the tube of DNA in the freezer. 
4. Transfecting RBCs with the CRISPR/Cas9 Plasmids 
4.1. To transfect RBCs, prepare 1x cytomix buffer, as well as incomplete and complete RPMI, as described in the text protocol [1-MED].  Filter-sterilize the buffer using a 0.22 micron filter [2-CU].
4.1.1. Talent labels the prepared 1x cytomix buffer.
4.1.2. Buffer as talent runs it through a 0.22 micron filter. 
4.2. Add 380 microliters of the 1x cytomix to the DNA and vortex to dissolve [1-MED].  Allow the DNA to dissolve in the 1x cytomix for 10 minutes, vortexing every 3 minutes for 10 seconds [2-MED-over the shoulder].
4.2.1. Talent adds 380 microliters of the 1x cytomix to the DNA and vortexes.
4.2.2. Talent vortexes the DNA mixture.
4.3. In a sterile 15 milliliter conical tube, combine 300 microliters of isolated human RBCs in the incomplete RPMI with 4 milliliters of 1x cytomix [1-CU-TXT]. 
4.3.1. 15 mL conical tube as talent combines 300 microliters of isolated human RBCs in the incomplete RPMI with 4 milliliters of 1x cytomix.  TEXT Overlay: See text for isolating RBCs 
4.4. Centrifuge the RBCs at 870 x g for 3 minutes, and then remove the supernatant from the RBC pellet [1-MED-over the shoulder].  Resuspend the RBC pellet with the DNA/cytomix mixture and transfer it to a 0.2 centimeter electroporation cuvette [2-CU].
4.4.1. Talent places the RBCs into the centrifuge, shuts the lid and starts run. 
4.4.2. Tube/cuvette as talent resuspends the RBC pellet and transfers it to the 0.2 cm electroporation cuvette.
4.5. Now, electroporate the RBCs using the conditions listed in the text protocol [1-MED-over the shoulder].
4.5.1. Talent electroporates the cells.
4.6. Following electroporation, transfer the contents from the cuvette to a 15 milliliter conical tube containing 5 milliliters of complete RPMI [1-CU].  Centrifuge the tube at 870 x g for 3 minutes at 20 degrees Celsius, and then decant the supernatant [2-MED].
4.6.1. 15 mL conical tube containing 5 mL of complete RPMI as talent transfers the contents of the cuvette there.  
4.6.2. Talent pulls the tube out of the centrifuge and decants the supernatant.  
4.7. Now, resuspend the pellet in 4 milliliters of complete RPMI and transfer to one well in a 6-well tissue culture plate [1-CU].  Add 400 microliters of a high-schizont (pronounced as “skiz-ont”) culture to the transfected RBCs [2-MED-over the shoulder-TXT].  
4.7.1. Talent resuspends the pellet in 4 milliliters of complete RPMI and transfers to one well in a 6-well tissue culture plate.  
4.7.2. Talent adds 400 microliters of a high-schizont culture to the transfected RBCs. TEXT Overlay: 7-10% schizont parasitemia is ideal
4.8. Maintain all the cultures at 37 degrees Celsius under 3% Oxygen, 3% CO2, and 94% Nitrogen [1-MED].
4.8.1. Talent places the transfected RBCs into the incubator.
4.9. The next day, wash the culture with 4 milliliters of complete RPMI [1-CU].  Centrifuge the culture at 870 x g for 3 minutes and aspirate the supernatant [2-MED].  Resuspend the culture in 4 milliliters of complete RPMI [3-MED-over the shoulder].
4.9.1. Plate as talent washes the cells with 4 mL of cRPMI from a labeled container.
4.9.2. Talent places the centrifuge tubes into the centrifuge, shuts lid, and starts the run 
4.9.3. Talent resuspends the culture in 4 mL of cRPMI
4.10. 48 hours later, wash the culture with 4 milliliters of complete RPMI [1-CU].  Then resuspend the culture in complete RPMI containing 1 micromolar DSM1 to select for the Cas9 plasmid [2-MED-over the shoulder].
4.10.1. Cell culture as talent washes it with 4 mL of cRPMI.
4.10.2. Talent resuspends the culture in cRPMI containing 1 micromolar DSM.  Use labeled containers.
4.11. After this point, replace the culture medium with fresh complete RPMI plus 1 microMolar DSM1 every 48 hours [1-MED].
4.11.1. Talent replaces the culture medium with fresh complete RPMI plus DSM1.
4.12. Continue washing the cultures each day with complete RPMI until parasites are no longer visible by blood smear [1-LM].
4.12.1. 57747_Muralidharan_BloodSmear_parasites –Authors, please upload a figure that demonstrates a blood smear with and without parasites. 
4.13. To make a blood smear, pipette 150 microliters of culture into a 0.6 milliliter centrifuge tube [1-CU].  After pelleting the cells by centrifugation at 1700 x g for 30 seconds, aspirate off the supernatant [2-MED-over the shoulder].
4.13.1. Tube as talent pipettes 150 microliters of the culture there.
4.13.2. Talent pulls the centrifuged tube out of the centrifuge and aspirates the supernatant. 
4.14. Use a pipette to transfer the pelleted cells to a glass slide [1-CU].  Using a second glass slide held at a 45 degree angle to the first slide, smear the blood droplet [2-ECU]. 
4.14.1. Glass slide as talent uses a pipette to transfer the pelleted cells there.
4.14.2. Cells as talent applies a second glass slide at a 45 degree angle and smears the blood droplet.
4.15. Stain the slide using a commercially available staining kit according to the manufacturer’s protocol [1-MED-over the shoulder].  View the parasites using a 100X oil immersion objective [2-MED].
4.15.1. Talent stains the slide.
4.15.2. Talent views the parasites using a 100X oil immersion objective. 
4.16. Beginning 5 days post-transfection, remove 2 milliliters of the culture with RBCs resuspended in the culture medium [1-MED-over the shoulder].
4.16.1. Talent removes 2 milliliters of the culture with RBCs resuspended in the culture medium.
4.17. Add back 2 milliliters of fresh medium and blood at 2% hematocrit [1-CU].  Add fresh blood in this manner once a week until parasites reappear, as determined by thin blood smear [2-WIDE].
4.17.1. Culture as talent adds 2 milliliters of fresh medium and blood at 2% hematocrit to the culture.
4.17.2. Talent looking into the microscope, inspecting the blood smear.
5. Cloning Parasites by Limiting Dilution
5.1. Perform serial dilutions of the parasite culture to achieve a final concentration of 0.5 parasites per 200 microliters [1-MED].  Add 200 microliters of the diluted culture to the wells of a 96-well tissue culture plate [2-CU].
5.1.1. Talent performs serial dilutions of the parasite culture to achieve a final concentration of 0.5 parasites per 200 microliters.
5.1.2. 96-well plate as talent adds 200 microliters of the diluted culture there.
5.2. Maintain the cloning plate until parasites are detectable in the wells [1-MED-over the shoulder].  Every 48 hours, replace the medium in the 96-well plate with fresh medium [2-MED].
5.2.1. Talent places the plate into the incubator.
5.2.2. Talent replaces the medium in the 96-well plate with fresh medium from a labeled container. 
5.3. Once a week, starting 5 days after beginning the cloning plate, remove 100 microliters from each well and add back 100 microliters of fresh medium plus blood [1-CU-TXT]. 
5.3.1. Plate as talent removes 100 microliters from each well and adds back 100 microliters of fresh medium plus blood.  Use labeled containers. TEXT Overlay: 2% hematocrit
5.4. To identify any wells containing parasites, place the 96-well plate at a 45 degree angle for approximately 20 minutes, allowing the blood to settle at an angle within the plate [1-MED-over the shoulder].
5.4.1. Talent places the 96-well plate at a 45 degree angle.
5.5. Then, place the 96-well plate on a light box [1-MED].  Notice that the wells containing parasites contain media that is yellow in color, compared to the pink media of parasite-free wells, due to acidification of the medium by the parasites [2-ECU].
5.5.1. Talent places the plate on a light box.
5.5.2. Wells showing yellow and pink media.
5.6. Using a serological pipette, move the contents of the parasite-containing wells to a 24-well tissue culture plate to allow expansion of the parasitemia [1-MED-over the shoulder].
5.6.1. Talent moves the contents of the parasite-containing wells to a 24-well tissue culture plate.
5.7. Using PCR analysis, check these clonal parasite lines for correct integration [1-MED-TXT].
5.7.1. Talent places the samples for analysis into the PCR.  TEXT Overlay: See text for PCR analysis 
6. Results: Tagging and Conditional Knockdown of PfHsp70x 
6.1. The results of an immunofluorescence assay are shown here, demonstrating the successfully HA-tagging of PfHsp70x [1-LM].  
6.1.1. 57747_Muralidharan_Figure1.ai – Authors, please upload a separate version of 4A and omit the “A” label.
6.2. PfHsp70x-glmS parasites were fixed and stained with DAPI as a nucleus marker… [1-LM], as well as antibodies to HA… [2-LM] and Membrane Associated Histidine Rich Protein 1, a marker of protein export to the host RBC [3-LM].
6.2.1. 57747_Muralidharan_Figure1.ai – Video editors, please zoom into the second panel from the left.
6.2.2. 57747_Muralidharan_Figure1.ai – Video editors, staying zoomed in, please slide over to the third panel from the left.
6.2.3. 57747_Muralidharan_Figure1.ai – Video editors, staying zoomed in, please slide over to the fourth panel from the left.
6.3. A Western blot analysis of PfHsp70x protein level after treatment with glucosamine is shown here [1-LM].  As expected, the protein level decreases during the duration of treatment [2-LM].
6.3.1. 57747_Muralidharan_Figure2.ai – Authors, please upload a separate version of 4B and omit the “B” label.
6.3.2. 57747_Muralidharan_Figure2.ai – Video editors, please highlight the bottom-right band in the figure (48h and α-PfEF1 α).
7. Conclusion (said by authors on camera)

7.1. David Cobb: This technique paves the way for researchers in the field of parasitology to investigate fundamental questions in the biology of the malaria parasite [1-MED].
7.1.1. David speaks towards camera (looking slightly off-camera), interview style. 

7.2. Heather Kudyba: Don't forget that working with P. falciparum can be extremely hazardous and appropriate personal protective equipment should always be worn while performing this procedure [1-MED].   

7.2.1. Heather speaks towards camera (looking slightly off-camera), interview style. 

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.  

LAB MEDIA (LM): Authors, please upload the following figures to http://www.jove.com/files_upload.php?src=17612883
57747_Muralidharan_BloodSmear_parasites –Authors, please upload a figure that demonstrates a blood smear with and without parasites. 
57747_Muralidharan_Figure1.ai – Authors, please upload a separate version of 4A and omit the “A” label.
57747_Muralidharan_Figure2.ai – Authors, please upload a separate version of 4B and omit the “B” label.
SCREEN Capture Movies:

57747_SCREEN_2.1.1: Screen capture movie as talent navigates to CHOPCHOP and selects Fasta Target.  Under Target, talent pastes the 200 base pairs from the 3 prime end of the open reading frame of a gene and 200 base pairs from the start of the gene’s 3-prime-UTR. 
57747_SCREEN_2.2.1: Screen capture movie as talent navigates to In, selects P. falciparum, and selects CRISPR/Cas9 under Using.  Next, talent clicks Find Target Sites.  
57747_SCREEN_2.3.1: Screen capture movie as talent selects a gRNA sequence from the options presented.
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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