[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 60466
Scriptwriter Name: Brigid Stadinski
Project Page Link: http://www.jove.com/files_upload.php?src=18442178

Title: Culture of Small Colony Variant of Pseudomonas Aeruginosa and Quantitation of its Alginate

Authors and Affiliations: 

Roy Al Ahmar1,*, Brandon D. Kirby2,*, Hongwei D. Yu1,2,3

1Department of Biomedical Sciences, Joan C. Edwards School of Medicine, Marshall University, Huntington, WV, USA
2Progenesis Technologies LLC, Robert C. Byrd Biotechnology Science Center, Huntington, WV, USA
3Department of Pediatrics, Joan C. Edwards School of Medicine, Marshall University, Huntington, WV, USA

*These authors contributed equally.

Corresponding Author: 
Hongwei D. Yu			(yuh@marshall.edu)

Email addresses for Co-authors: 
Roy Al Ahmar			(alahmar@marshall.edu)
Brandon D. Kirby		(kirbyb@marshall.edu) 





Author Questionnaire:

1. 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
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.

2. Does your protocol include 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.1, 2.3, 3.2, 3.3, 3.6, 4.1
4. 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.)
Method 2: Step 2.8 is the most dangerous since it involves the addition of the sample to highly concentrated acid. Proper PPE is required for user safety. The steps after since involve the concentrated acid therefore care is needed when handling samples. 
5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Hongwei Yu: The small colony variant, or SCV technique, allows for selection and growth of small colony variants of Pseudomonas aeruginosa. The method is very definitive and allows for easier selection than normal methods [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera

1.2. Hongwei Yu: This protocol also details a safer, more sensitive ELISA method for alginate quantification as compared to the standard uronic acid carbazole method, enabling direct alginate quantification in samples without culturing or sample manipulation [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera


Introduction of Demonstrator: (Said by you on camera)

1.3. Hongwei Yu: [1] Demonstrating the procedure will be Brandon Kirby, a lab technician [2], and Roy Al Ahmar, a graduate student, from my laboratory [3]. 

1.3.1. Interview style: Author saying the above 
1.3.2. Brandon Kirby looks up from workbench or desk or microscope and acknowledges the camera.
1.3.3. Roy Al Ahmar looks up from workbench or desk or microscope and acknowledges the camera.






Section - Protocol
2. SCV Growth Conditions and Physiological Activation of the Salvage Pathway 
2.1. To detect the small colony variant, or SCV, first streak the P. aeruginosa strain PAO581ΔpyrD (P-A-O-one delta P-Y-R-D) on prewarmed PIA (P-i-A) plates [1-TXT]. Grow the strains at 37 degrees Celsius for 48 hours [2]. 
2.1.1. Talent streaks P. aeruginosa strains on plates. Use labeled containers. Videographer, the authors consider this an important step for visualization. TEXT: PIA = Pseudomonas isolation agar 
2.1.2. Talent places the labeled plates into the incubator. Videographer, the authors consider this an important step for visualization.
2.2. On the growth plate identify a single colony isolate that has the SCV phenotype, characterized by a colony size of 1 to 3 millimeters as opposed to the normal 3 to 5 millimeter colony size [1]. Re-streak the selected colonies to obtain a pure isolate of the SCV [2].
2.2.1. Plate as talent selects the colonies with the SCV phenotype.
2.2.2. Talent re-streaks the colonies on new plates.
2.3. To perform physiological activation of the salvage pathway, use a sterile inoculation loop to pick the SCV colony from the PIA plate [1]. Streak the selected colony on a prewarmed PIA plate supplemented with 0.1 milliMolar uracil [2]. Grow the plate at 37 degrees Celsius for 24 to 48 hours [3]. 
2.3.1. Plate as talent uses a sterile loop to pick the SCV colony from the PIA plate. Videographer, the authors consider this an important step for visualization.
2.3.2. Talent streaks the selected colony on a labeled prewarmed PIA plate supplemented with 0.1 milliMolar of uracil. Videographer, the authors consider this an important step for visualization.
2.3.3. Plate as talent places into the incubator.
3. Uronic Acid Carbazole Assay
3.1. To begin the uronic acid carbazole assay, identify a single colony from a pure culture of desired strain to be tested, and pick the colony using a sterile toothpick [1]. Place the toothpick in a culture test tube containing 5 milliliters of PIB (P-i-B) [2-TXT]. Grow in a shaker incubator at 37 degrees Celsius for 24 hours [3]. 
3.1.1. Plate as talent picks a single colony with a sterile toothpick.
3.1.2. Talent places the toothpick in a culture test tube containing 5 mL of PIB. TEXT: PIB = Pseudomonas isolation broth 
3.1.3. Test tube shaking in incubator –or if not visible- talent placing the tube into the incubator.
3.2. Following incubation, add an aliquot of the cultured PIB broth onto a prewarmed PIA plate [1-TXT]. Using a sterile cell spreader, spread the broth over the plate and grow at 37 degrees Celsius for 24 hours [2]. 
3.2.1. Plate as talent adds an aliquot of the cultured PIB broth onto a prewarmed PIA plate. Videographer, the authors consider this an important step for visualization. TEXT: 150 μL for 15 mm x 100 mm plates, 450 μL for 15 mm x 150 mm plates
3.2.2. Talent spreads the broth over the plate. Videographer, the authors consider this an important step for visualization.
3.3. Using a pipette controller and a sterile 50-milliliter pipette, add 0.85% sodium chloride to the grown-up lawn and collect the sample by scraping the plate using a cell spreader [1]. 
3.3.1. Plate as talent uses a pipette controller and a sterile 50 mL pipette to adds 0.85% sodium chloride to the grown-up lawn and collect sample by scraping the plate using a cell spreader. Videographer, the authors consider this an important step for visualization.
3.4. Aspirate the sample using a fresh 50-milliliter pipet and transfer into a 50-milliliter collection tube [1]. Vortex the sample on high to mix, and place the samples on ice [2].
3.4.1. Talent aspirates the sample and transfers it to a 50-mL collection tube.
3.4.2. Talent vortexes the sample.
3.5. To measure the OD600 (O-D-six-hundred) of the samples, first blank the spectrophotometer using 1 milliliter of 0.85% sodium chloride [1]. Then add 1 milliliter of the sample to a new disposable cuvette and read the OD [2-TXT]. Repeat this step twice to obtain a triplicate of reads for each sample [3]. 
3.5.1. Talent adds 1mL of 0.85% sodium chloride to a new cuvette. Use labeled containers.
3.5.2. Talent places the cuvette with the sample into the spectrophotometer and reads OD. TEXT: OD600 = optical density at 600 nm
3.5.3. Talent adds 1mL of sample to a new cuvette. Talent adds cuvette to spectrophotometer and reads OD.
3.6. Now add 3 milliliters of the sulfuric acid/borate solution into culture tubes and let sit on ice [1-TXT]. Add 350 microliters of the collected sample SLOWLY to the acid mixture in the test tubes [2].  
3.6.1. Talent adds 3 milliliters of the sulfuric acid/borate solution into culture tubes on ice. Use labeled containers. TEXT: See text for preparation of all solutions Videographer and video editors, the authors consider this an important step for visualization.
3.6.2. Tubes as talent SLOWLY adds 350 microliters of the collected sample SLOWLY to the acid mixture in the test tubes. Videographer and video editors, the authors consider this an important step for visualization.
3.7. After briefly vortexing on low, add 100 microliters of 0.1% carbazole in ethanol solution to the acid/sample mixture [1]. Cap the tube and vortex on the medium setting for 5 seconds [2]. Then, place in a dry bath at 55 degrees Celsius for 30 minutes [3]. 
3.7.1. Talent adds 100 microliters of 0.1% carbazole in ethanol solution to the acid/sample mix. Use labeled containers.
3.7.2. Talent caps the tube and vortexes.
3.7.3. Talent places the samples into a dry bath and starts a timer to count-down from 30 minutes.
3.8. After incubation, vortex the tubes briefly on high and allow to cool for 5 minutes [1].
3.8.1. Talent finishes up vortexing tubes and leaves to cool.
3.9. Read the OD530 (O-D-five thirty) of each tube by first blanking the spectrophotometer with 0.85% sodium chloride as a negative control [1-TXT]. Then, add 1 milliliter of the mixture to a clean cuvette and read the OD of the samples at 530 nanometers on a spectrophotometer [2]. 
3.9.1. Spectrophotometer as talent blanks it with sodium chloride. 1 mL of 0.85% Sodium chloride in a cuvette is added to the spectrophotometer and the “Blank” button is pressed. TEXT: OD530 = optical density at 530 nm
3.9.2. Talent places cuvette containing sample to spectrophotometer and presses “Read Sample”.
3.10. Prepare a standard curve by measuring the OD530 of serial dilutions of known concentrations of D-Mannuronic acid [1-TXT]. Repeat twice and extract a linear equation from these readings [2]. 
3.10.1. Talent works at the spectrophotometer to prepare measure the D-Mannuronic acid. Talent fills multiple cuvettes with standard solution and measures absorbance by placing cuvette in spectrophotometerTEXT: See text for concentrations
3.10.2. Talent works at the computer to extract a linear equation from the readings.
3.11. Calculate the concentration of the alginate in each sample using the standard curve and divide the alginate concentration from linear equation by OD600 to obtain the total amount of alginate per OD600 [1].
3.11.1. MED-over the shoulder: Talent calculates the concentration of the alginate in each sample using the standard curve and divide the alginate concentration from linear equation by OD600 to obtain the total amount of alginate per OD600. 
4. ELISA for Alginate Quantitation
4.1. Using a micropipette add 50 microliters of the collected sample to an untreated 96-well plate [1-TXT]. Then, add 50 microliters of ELISA (Eliza) coating buffer to the wells [2]. Incubate the plate at 37 degrees Celsius for 2 hours [3].
4.1.1. Talent uses a micropipette add 50 microliters of the collected sample to an untreated 96-well plate. Videographer, the authors consider this an important step for visualization. TEXT: Obtain samples as before
4.1.2. Talent adds 50 microliters of ELISA coating buffer to the wells. Videographer, the authors consider this an important step for visualization.
4.1.3. Talent places the plate into the incubator. Videographer, the authors consider this an important step for visualization.
4.2. Using a squirt bottle, wash the plate wells twice with PBS-T by filling the wells, and then draining them by flipping the plate over [1-TXT].
4.2.1. Talent washes the plate with a PBS-T using a squirt bottle by filling the wells, and then draining them by flipping the plate over. TEXT: PBS-T = 1x phosphate buffer saline with 0.05% Tween 20
4.3. Add 200 microliters of blocking buffer to the wells with a micropipette and incubate at 4 degrees Celsius overnight [1]. The next day, wash the plate twice with PBS-T as before [2].  
4.3.1. Talent adds 200 microliters of blocking buffer to the wells.
4.3.2. Talent washes the plate with a PBS-T using a squirt bottle.
4.4. Then, add 100 microliters of diluted primary antibody to the wells and incubate at 37 degrees Celsius for 1 to 2 hours [1-TXT]. Following incubation, wash the plate wells 3 times with PBS-T as before [2]. 
4.4.1. Talent adds 100 microliters of diluted primary antibody to the wells. Use labeled containers. TEXT: Mouse anti-alginate monoclonal antibody
4.4.2. Talent washes the plate wells.
4.5. Next, add 100 microliters of diluted secondary antibody to the wells and incubate at 37 degrees Celsius for 1 to 2 hours [1-TXT].
4.5.1. Talent adds 100 microliters of diluted secondary antibody to the wells. Use labeled containers. TEXT: Goat anti-mouse poly-HRP antibody
4.6. After washing the plate again for three times, use a micropipette to add 100 microliters of TMB-ELISA solution [1]. Incubate the plate at room temperature for 30 minutes in the dark by placing the plate into a drawer, or wrapping in foil [2].
4.6.1. Talent adds 100 microliters of TMB-ELISA solution to the wells. Use labeled containers.
4.6.2. Talent places the plate into a drawer, or wraps in foil, to avoid any light exposure that may cause TMB reaction.
4.7. Then, add 100 microliters of stop solution [1]. Use a plate reader to measure the OD at 450 nanometers [2]. 
4.7.1. Talent adds 100 microliters of stop solution. Use labeled containers.
4.7.2. Talent works at a plate reader to measure the OD450.
4.8. Produce a standard curve by measuring the OD450 (O-D-four fifty) of serial dilutions of known concentrations of D-Mannuronic acid [1-TXT]. Repeat the measurements twice and extract a linear equation [2]. 
4.8.1. Talent makes serial dilutions of D-Mannuronic acid. TEXT: OD530 = optical density at 450 nm
4.8.2. Talent measures the OD450 of the serial dilutions.
4.9. Calculate the concentration of the alginate in each sample using the standard curve and divide the alginate concentration from the linear equation by OD600 to obtain the total amount of alginate per OD600 [1].
4.9.1. MED-over the shoulder: Talent works at the computer to calculate the concentration of the alginate in each sample using the standard curve and divide the alginate concentration from linear equation by OD600 to obtain the total amount of alginate per OD600. 






Section – Results
5. Results: Uronic Acid Carbazole Assay, Anti-Alginate mAb-Based ELISA, and Direct Patient Sample Testing
5.1. Shown here are samples of PAO581 (P-A-O-5-8-1) and PAO581-with-mutations in genes regulating pyrimidine de novo biosynthesis grown on PIA and PIA supplemented with 0.1 milliMolar of uracil [1].
5.1.1. Figure 2A-UPDATED.pdf 
5.2. The data show that the presence of uracil in the media results in the conversion of the mutant strain back to mucoidy, as seen by the restored alginate production [1]. 
5.2.1. Figure 2B-UPDATED.pdf – Video editor, please emphasize the grey bars.
5.3. Here, results are shown for the anti-alginate monoclonal antibody based ELISA. Colonies are grown on PIA plates with arabinose for the induction the pBAD (P-bad) promoter in the pHERD20T (P-herd-twenty-T) plasmid [1].
5.3.1. Figure 3-UPDATED.pdf 
5.4. Shown are PAO1 (P-A-O-one)… [1], PAO1 with an in-frame deletion of the algD (alj-D) gene encoding the key alginate biosynthetic enzyme GDP-mannose dehydrogenase… [2], and PAO1 carrying the expression plasmid pHERD20T with the main alginate-specific sigma factor algU (alj-U) [3]. 
5.4.1. Figure 3-UPDATED.pdf – Video editor, please emphasize the black bar and corresponding label.
5.4.2. Figure 3-UPDATED.pdf  – Video editor, please emphasize the small bar labeled “PAO1algD” and the corresponding label.
5.4.3. Figure 3-UPDATED.pdf – Video editor, please emphasize the grey bar and the corresponding label.
5.5. This data compares the non-mucoid levels of alginate measured for PAO1 and PAO1ΔalgD (P-A-O delta alj-D) [1] versus the mucoid levels of alginate measured for PAO1+pHERD20T-algU(P-A-O-one with P-herd-twenty-T alj-U)  [2]. 
5.5.1. Figure 3 – Video editor, please emphasize the black bar labeled “PAO1” and the small bar labeled “PAO1algD” and the corresponding labels.
5.5.2. Figure 3 – Video editor, please emphasize the grey bar and the corresponding label.
5.6. Anti-alginate ELISA was also tested on patients’ sputum samples without prior growth on plates [1]. 
5.6.1. Figure 6-UPDATED.pdf 
5.7. Three CF sputum samples that had growth of mucoid P. aeruginosa show detectable alginate [1] compared with two patient sputum samples that contained either non-mucoid P. aeruginosa [2] or no P. aeruginosa growth [3].
5.7.1. Figure 6-UPDATED.pdf – Video editor, please emphasize the three bars (and corresponding labels) to the left of the graph labeled “Sputum CF1,” “Sputum CF2,” and “Sputum CF3.”
5.7.2. Figure 6-UPDATED.pdf – Video editor, please emphasize the bar and corresponding label for “Sputum Neg 1.”
5.7.3. Figure 6-UPDATED.pdf – Video editor, please emphasize the bar and corresponding label for “Sputum Neg 2.”


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Brandon Kirby: The preparation of the standard curves for the alginate quantification is very crucial as this will allow for precise and accurate measurement of alginate within the sample [1]. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

6.2. Roy Al Ahmar: The acid solutions used in the carbazole method are very dangerous so proper personal protective equipment and precautions must be used to ensure safety [1]. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
6.3. Roy Al Ahmar: After isolating SCVs, further genetic profiling can be done to better understand mutations occurring and the pathogenicity associated with such mutations [1]. 
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
6.4. [bookmark: _GoBack]Brandon Kirby: The ELISA method can be adapted to monitor chronic lung infection in patients with cystic fibrosis. Furthermore, our growth method could help diagnose infections caused by specific SCVs [1].
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
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