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Title: Forward Genetic Approaches in Chlamydia trachomatis
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ____Y_(will use images instead - LD)____
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____N_____
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 2.3, 2.4, 3.5, 3.6, 3.7, 3.9, 3.10
D.  What is the single most difficult aspect of this procedure?  Chemical mutagenesis because it is the most time consuming step compared to the rest of the procedures.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to perform genetic analysis in Chlamydia trachomatis, by carrying out chemical mutagenesis and determining genotype-phenotype associations (Intro).
This is accomplished by first generating Chlamydia trachomatis mutant strains using chemical mutagenesis. (P1, Editor, begin with the left panel of the structure with the gray circle with the N and the round red circles, then bring in the lightening bolt at the top right.  Include the red circle outside the blob. )
Next, all chemical-generated mutations are identified by whole genome sequencing followed by reference-guided genome assembly (P2, Editor, scroll to the gray oval with the white circles inside, then zoom in on one of the oarge circles with the dots and show the right hand panel with the lines and green squares).
Then phenotype-genotype associations in the mutant strains are identified (P3, Editor, zoom back out from the panel with the green squares and show the red dot below it that says mutant ‘C’ RifR).
Finally, the phenotype-genotype associations are confirmed by generating recombinant strains and analyzing them  (P4, Editor, bring in the yellow spot and the blob with the gray circle, then place the yellow and red circles along the surface as shown.  Then transition in the circle with the yellow, red, and orange circles.  Quickly transition to all orange circles as in the bottom middle panel, then zoom in on an orange circle to show the bottom right panel with the green squares.).

Ultimately results can be obtained showing that a mutation in a particular Chlamydia gene leads to a phenotype of interest through a combination of classical chemical mutagenesis approaches and Next Generation Sequencing (P5, Editor, bring in Figure 4 first and then Figure 3 with the VO, ‘leads to a phenotype of interest…’).
Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name Bidong Nguyen: There are currently no methods available for gene-replacement in Chlamydia and molecular genetic tools for its study are in their infancy.  This method does not require transformation with recombinant DNA or the development of molecular genetic tools, yet achieves the same goal: that is, an assignment of function to individual gene products.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Chemical Mutagenesis

2.1. To prepare cultured cells, seed approximately 1 x 106 Vero cells per 25 cm2 in 3 ml of DMEM supplemented with 10% FBS. Incubate at 37°C with 5% CO2.  
2.1.1. WIDE Talent at hood plates cells - have medium labeled and visible

2.1.2. WIDE Talent places cells into incubator; B need a version for 2.6.2 below; C need another version for 3.4.2 below; D need another version for 3.8.1
2.2. When the cells reach confluency, ~24 hours later, aspirate the medium and infect the cells with Chlamydia at a multiplicity of infection of 5 in a total volume of 3 ml of DMEM/FBS containing 200 ng/ml of cyclohexamide. 

2.2.1. LAB MEDIA Cells at confluency

2.2.2. MED Talent aspirates medium from cells

2.2.3. CU Talent adds medium with Chlamydia to cells
2.3. To begin mutagenesis at 18 hours post infection, under a chemical hood, prepare 20 mg/ml of ethyl methanesulfonate, or EMS, in PBS with calcium chloride and magnesium chloride.  EMS is a potent mutagen and carcinogen.   Therefore, refer to the text protocol for its disposal.

2.3.1. CU Talent adds EMS to PBS with CaCl2 and MgCl2

2.4. Aspirate the medium from the Vero cells and wash them once with 3 mL of PBS with MgCl2 and CaCl2. Then add 3 ml of EMS solution and incubate for one hour in the fume hood at room temperature (TEXT: include non-mutagenized control).  
2.4.1. MED/CU Talent aspirates medium from Vero cells
2.4.2. CU Talent adds PBS w/MgCl2 and CaCl2 from labeled bottle
2.4.3. CU Talent adds EMS to cells 
2.5. After the incubation, remove the EMS and place it in a container of 1M NaOH to inactivate the mutagen before washing the cells three times (TEXT: PBS/MgCl2/CaCl2) to remove any residual EMS.
2.5.1. CU Talent pipettes EMS from cells into a labeled container of 1M NaOH
2.5.2. CU Talent adds PBS to cells
2.5.3. CU Talent transfers wash to NaOH container
2.6. Then, add 6 ml of DMEM/10%FBS with 200 ng/ml of cyclohexamide and 25 μg/ml of gentamicin, and incubate at 37°C with 5% CO2 for 48-72h. Inclusions appear devoid of bacteria about 3-6 hours after mutagenesis.  At 72 h, ~10% of inclusions are filled with bacteria while the rest remain empty.  
2.6.1. MED/CU Talent adds medium with antibiotics to cells
2.6.2. WIDE Use 2.1.2B here
2.6.3. LAB MEDIA Image of inclusions 3-6 hrs after incubation then 72 hr after incubation
2.7. To extract elementary bodies, or Ebs, by hypotonic lysis, completely aspirate the medium, add 1 ml of H2O and rock for 10 minutes to dislodge the cells.  Lyse the cells by pipetting up and down at least 10 times.  
2.7.1. MED/CU Talent aspirates medium

2.7.2. CU Talent adds water to cells

2.7.3. WIDE/MED Talent places cells on rocker 
2.7.4. CU Talent pipettes up and down to lyse the cells
2.8. After collecting the lysate in a microfuge tube, add 0.25 ml of 5X sucrose phosphate glutamate buffer, or SPG, to a 1X final concentration.  Store at -80° C.
2.8.1. CU Talent adds 5x sucrose phosphate glutamate buffer
2.8.2. WIDE Talent places tube(s) in freezer; B need another version for 3.13.3 below
3. Clonal Isolation of Chlamydia trachomatis Mutant Strains by Plaque Purification
3.1. Set confluent monolayers of Vero cells in 6-well plates by seeding ~0.4 x 106 cells in 3 mL of DMEM/10% FBS per well.  Allow the cells to form a homogenous monolayer over the next 24 h.

3.1.1. MED/CU Talent seeds Vero cells in 6 well plates

3.1.2. LAB MEDIA Image of homogeneous monolayer of cells 

3.2. Next, thaw on ice a stock solution of mutagenized Chlamydia. Then prepare 6 tubes of 10-fold serial dilutions in a total volume of 200 μl per dilution in DMEM/10%FBS and set them on ice (TEXT: refer to text protocol for details). 
3.2.1. CU Talent places a stock tube of mutagenized Chlamydia on ice

3.2.2. CU Talent picks up 5th tube and transfers solution into 6th tube - have all tubes labeled with dilutions

3.2.3. CU Talent places tubes on ice 

3.3. Use 3 ml per well of PBS to wash the Vero cells twice.  Then add 3 mL of DMEM to each well for 6-well plates and 100 μl of the bacterial dilutions in duplicate.  Swirl the plate to ensure even mixture. 

3.3.1. CU Talent adds PBS to Vero cells

3.3.2. CU Talent adds DMEM to cells - have medium labeled and visible

3.3.3. MED/CU Talent swirls plate to mix well

3.4. Spin the infected plates at 2700 x g for 30 min at 15°C, then incubate them at 37°C in a humidified, 5% CO2 incubator for 1-2 hours.

3.4.1. WIDE/MED Talent places plates into centrifuge; B need another version for 3.10.2 below
3.4.2. WIDE Use 2.1.2C here

3.5. In the meantime, prepare 0.54% agarose in DMEM by first combining the following ingredients and mixing well (TEXT: 18.9 mL cold 2X DMEM, 4.2 mL FBS, 0.42 ml 100X NEAA, 0.042 ml 200 μg/ml cyclohexamide, 0.021 ml 50mg/ml gentamicin). 
3.5.1. MED Talent at bench combining the first set of ingredients for agarose - Videographer, please frame for a bulleted list on one side 

3.6. Then mix in 18.9 ml of hot sterile 1.2% agarose in water, stirring to prevent clumps.  Keep the mixture warm in a 55° C water bath.
3.6.1. CU Talent mixes in hot 1.2% agarose in water and stirs to prevent clumps
3.6.2. MED Talent places agarose solution in water bath set at 55(C
3.7. Aspirate the bacterial suspension from the dishes and add 6 mL of the warm agarose solution.  Allow it to solidify completely at room temperature outside the hood (TEXT: ~15 min).  Then in the biosafety hood with the lids removed, dry the plates for an additional 15 minutes. 
3.7.1. MED/CU Talent aspirates bacterial solution from dishes
3.7.2. CU Talent adds warm agarose solution to wells
3.7.3. MED/CU Talent places lids on plates to sit
3.7.4. MED Talent places plates down in biosafety hood and removes lids to dry plates
3.8. When the plates have dried, incubate them at 37°C in a CO2 incubator for 7-10 days.  Plaques should be visible with the aid of a dissecting microscope. One day prior to isolating mutants, seed 1 x 104 Vero cells in 100 μl per well in a 96-well plate.  The cells will be confluent within 24 h. 
3.8.1. WIDE Use 2.1.2D here

3.8.2. LAB MEDIA Figure 3

3.8.3. CU Talent adds Vero cells to 96-well plate
3.9. Under a dissection microscope, mark the plaques to be picked and then use a sterile, 1 ml barrier pipette tip to collect plugs of plaques.  Resuspend the plaques in 100 μl of DMEM supplemented with 10% FBS, 400 ng/ml cyclohexamide, and 50 μg/ml gentamicin. 

3.9.1. CU or LAB MEDIA Talent marks plaques or image of plaques marked

3.9.2. CU Talent picks plugs

3.9.3. CU Talent transfers a plug to medium and resuspends
3.10. To expand the mutant strains, overlay the suspension onto confluent monolayers of Vero cells.  Spin the plates at 2,700 x g, and 15°C for 30 minutes before incubating.
3.10.1. CU Talent adds suspension to the wells of Vero cells

3.10.2. WIDE/MED Use 3.4.1B here
3.11. Harvest EBs when >50% of the cells are infected, which can occur as early as 48 hours post infection and as late as 14 days.  This quantity of infected cells allows enough viable bacteria to be stored.
3.11.1. LAB MEDIA/SCREEN of plate of cells with  >50% cells infected
3.12. To extract EBs by hypotonic lysis of infected cells, after aspirating the medium, add 160 ul of sterile water and incubate at room temperature for 10 minutes.  Use barrier tips to disrupt the cells by pipetting up and down several times to ensure complete lysis.
3.12.1. CU Talent adds sterile water to wells
3.12.2. MED/CU Talent pipettes cells to cause lysis
3.13. Finally, transfer 160 ul of each lysate to microfuge tubes, add in 40 ul of 5X SPG, and store at -80°C until ready to assay and screen mutants for phenotypes of interest (TEXT: refer to text protocol for details).
3.13.1.  CU Talent transfers lysates to microfuge tubes

3.13.2. CU Talent adds SPG from labeled tube or bottle

3.13.3. WIDE Use 2.8.2B here

4. Representative Chlamydia Mutagenesis Results-(second to last section)
4.1. Exposure to mutagen leads to inclusions that appear devoid of bacteria, presumably due to bacterial cell death. Typically, serovar LGV-L2 will completely lyse infected cells within 48 hours post infection, but treatment with mutagens can extend this cycle to >90 h and  ~10% of inclusions are expected to recover.  In our experiments, infected Vero cells treated with 20 mg/ml of EMS led to a 99% decrease in the recovery of infectious progeny compared to untreated controls.  As seen in this figure, mutagen treatment also led to the emergence of plaques with altered morphologies, including small plaques.
4.1.1. LAB MEDIA Figure 3A
4.2. Other morphologies include plaques that appear granular, clumpy, or honeycomb shaped, as shown here.
4.2.1. LAB MEDIA Figure 3B
4.3. The doses of EMS used in these studies can lead to between 3 to 30 mutations per Chlamydia genome, as assessed experimentally by NGS.  Although gradient purified EBs are largely free of host cell material, host DNA is also detected and comprises about 10-15% of genomic preps. 
4.3.1. LAB MEDIA Figure 4
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
5.1. Author name Bidong Nguyen: Following this procedure, screens for phenotypes such as impaired replication in tissue culture cells, loss of biochemical activities, or altered bacterial morphologies, can be performed in order to answer additional questions like what bacterial factors are required for the formation and maintenance of Chlamydia pathogenic vacuoles.
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 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.  

JOVE figure 1.ai

JOVE figure 2.ai

JOVE figure 3.ai

figure 4 WGS for JOVE new.ai
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.

�Do you have a folder with all these?
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