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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? We did not include this in the protocol, but it would be valuable to include in the video (see text).
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. Steps 2.2, [3.1.1, 3.3.1, 3.5.1, 3.7.1] also see text (couldn’t find [these] steps in the manuscript or won’t be filmed).
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. There is not a single most difficult step.  Measuring and transferring reagents are the places where most errors would occur.
E.  Will the filming need to take place in multiple locations? No, but will need to be filmed in multiple rooms
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to measure the enterovirus and norovirus concentration in water using reverse transcription-quantitative polymerase chain reaction. (Intro)
This is accomplished by first preparing standard curve reagents containing 2.5 x 103 to 2.5 x 108 genomic RNA copies per milliliter as described in the protocol. (P1, Authors will provide images for this.)
Next, virus particles are concentrated from water samples using ultrafiltration followed by extraction of their nucleic acids. (P2-3, Editor, from slide 3, use the structure on the left as concentrated virus particles and then place the rows of text next to it for the extraction of nucleic acids.)
Then, the viral RNA and 1:5- and 1:25-fold dilutions of the RNA are reverse transcribed using random primers and reverse transcriptase. (P4, Editor, begin with slide 4, then transition to slide 5 then 6, then 7.)
Finally, amplification of viral cDNA is carried out using virus-specific primers and probes in a real time thermal cycler followed by sample genomic copy calculations based on the standard curve.  (P5, Editor, transition through slides 18-27 here, ending with 27.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Shay Fout: The main advantage of this technique over existing standardized methods, like ISO 15216, is that it is designed specifically for water rather than food samples and includes enterovirus detection.
1.2. Author name Nichole Brinkman: This method can provide risk assessors in the environmental microbiology field with occurrence data for determining risk from viruses in drinking and recreational waters.
1.3. Author name Shannon Griffin: Generally, individuals new to this method will struggle with the standardization built into the method.  The method is very detailed and each step must be followed carefully.

1.4.  Author name Jennifer Cashdollar: Visual demonstration of this method is critical, because even slight variations from the standardized steps can have negative consequences.
1.5. **Author name Shay Fout: Demonstrating the procedure will be Nichole Brinkman, Shannon Griffin, Jennifer Cashdollar, and myself, Shay Fout. We are all professional staff members of EPA’s National Exposure Research Laboratory in Cincinnati, OH.

1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Tertiary Concentration and Nucleic Acid Isolation
2.1. After preparing a standard curve according to the text protocol, prepare a centrifugal concentrator (TEXT: 30,000 MW cutoff)  for each sample collected by adding at least 10 ml of 1X PBS and 0.2% BSA to the upper sample chamber. 
2.1.1. WIDE Talent at bench finishes setting up standard curve samples (Fig 4)

2.1.2. MED/CU Talent adds PBS/BSA to concentrators on bench – have standards visible
2.2. After incubating overnight, washing, then adding the samples as outlined in the text protocol, centrifuge each test sample in a swinging bucket rotor at 3,000-6,000 x g and 4°C for 20-30 minutes.  
2.2.1. MED/CU Talent finishes adding samples to concentrators

2.2.2. MED Talent places samples in swinging bucket rotor

2.2.3. [combined with 2.2.2] MED/CU Talent sets speed and time on centrifuge and starts run (have temp visible and set)
2.3. Once the sample has been appropriately concentrated and transferred to a fresh microcentrifuge tube, add 0.15M sodium phosphate buffer (TEXT: pH 7.5) to adjust the final volume to 400 ul ± 2 ul.
2.3.1. CU Talent transfers a concentrated sample to a centrifuge tube Make certain that the video shoot without bubbles is used.
2.3.2. CU Talent adds sodium phosphate buffer from labeled container 

2.4. To extract the nucleic acids, add 200 ul of extraction buffer for a negative extraction control (TEXT: refer to text protocol for recipe) and 200 ul of the tertiary concentrate for each test sample or standard curve dilution to separate microcentrifuge tubes and extract the RNA according to the modifications in the text protocol of the extraction kit manufacturer’s instructions.
2.4.1. CU Talent adds extraction buffer tertiary concentrate to last few tubes then begins to add tertiary concentrate extraction buffer to tubes
2.4.2. CU MED Talent with kit instructions in view transferring sample with extraction buffer to kit column
3. Reverse Transcription
3.1. Following the preparation of primers and probes as outlined in this table (Table 1), prepare RT master mixes 1 and 2 as shown here (Table 2).  Using a multichannel pipette, transfer 16.5 ul of RT master mix 1 into the wells of each PCR plate.
3.1.1. LAB MEDIA Table 1, Editor, begin with this table full screen, then transition to Table 2 when mentioned 

3.1.2. LAB MEDIA Table 2, Editor when bring in this table, convert to a split screen and place side by side with 3.1.3, point out the headings for RT Master Mix 1 and 2 when mentioned
3.1.3. A. MED Talent at bench in pressure clean room preparing RT1 master mix

3.1.3B MED Talent at bench in pressure clean room preparing RT 2 master mix

3.1.3C MED Talent at bench in pressure clean room preparing PCR master mix
3.1.4. CU Talent transfers RT1 master mix from reservoir into wells of PCR plate for reverse transcription
3.2. Next, with elution buffer containing 400 units/ml of RNAse inhibitor, dilute the thawed field and lab fortified sample matrix, or LFSM, samples 1:5 and 1:25 (TEXT: refer to text for blanks and controls). 
3.2.1. CU Talent adds elution buffer to field and lab fortified sample matrix samples to dilute to prepares 1:5 and 1:25 dilutions as defined in comment Show adding 6 µL of the test sample extract to 24 µL of AE buffer with RNase Inhibitor in labeled tube.  Vortex to mix. Repeat for 1:25 dilution?
3.3. Transfer 6.7 ul of the nucleic acids from every test sample, control and standard curve into separate PCR plate wells, using triplicate wells for test samples and controls and duplicate wells for standard curves. 
3.3.1. CU Talent adds samples to plate, Videographer, get enough footage for the entire VO here.
3.3.2. LAB MEDIA Figure S1, Editor, place this side by side with 3.3.1 and point out the Sam for samples, Ext and NTC for controls, and AR for standard curves.  Point out 1A, 1B, and 1C for triplicate samples, B10-B12 and F1-F3 for control triplicate samples, and H1 and H2 for standard curve duplicate samples.
3.4. Add 6.7 ul of elution buffer into no template control, or NTC, wells.  Include 2-8 NTCs per RT plate, using two for the first sample and then two or more for every fourth additional sample, distributing the negative controls throughout the plate.

3.4.1. CU Talent adds elution buffer into NTC wells, distributing throughout the plate; 

3.5. Use a heat resistant plate sealer to seal the PCR plate, making certain that each well is tightly sealed, then mix the samples for 5-10 seconds before briefly centrifuging at ≥ 500 x g.

3.5.1. MED/CU Talent uses plate sealer to seal plate

3.5.2. MED/CU Talent briefly mixes samples

3.5.3. MED Talent places plate onto centrifuge and briefly spins; Editor, try placing this side by side with 3.5.2 when mentioned.

3.6. In a thermocycler, incubate the plate at 99°C for 4 minutes, bring the plate to 4°C, and then briefly centrifuge a second time.   Then carefully remove the plate seal and add 16.8 ul of RT Master Mix 2 to each well.
3.6.1. [added] CU Thermocycler at 99 C dropping to 4 C

3.6.2. MED/CU Talent removes plate from thermocycler that is set at 99 4 degrees C

3.6.3. FREEZE FRAME from 3.5.3 of talent placing plate into centrifuge

3.6.4. CU Talent removes seal and adds Master Mix 2 to each well  

3.7. After resealing the plate and briefly mixing and spinning, place the plate in the thermocycler and run at 25°C for 15 minutes, followed by 42°C for 60 minutes, 99°C at 5 minutes and finally hold at 4°C for up to 8 hours or store samples at -70°C for a longer period (TEXT: 25°C – 15 min; 42°C – 60 min; 99°C – 5 min; 4°C - ≤ 8 hrs).  

3.7.1. CU Talent places plate into thermocycler set at 25 degrees C and starts run.
3.7.2. CU Thermocycler switches temperature from 25 to 42 degrees C
3.7.3. WIDE Talent places samples at -70 degrees C
4. Real Time Quantitative PCR
4.1. In a clean room, prepare qPCR master mixes using the guides for enterovirus, norovirus genogroup I, norovirus genogroup II, murine norovirus, and hepatitis G (TEXT: refer to Tables 3 – 8).
4.1.1. MED Talent at bench preparing qPCR master mixes

4.1.2. LAB MEDIA Tables 3, 4, and  6-8, Editor, briefly show these tables as a split screen with 4.1.1 when mentioned:  Table 3 for enterovirus, Table 4 for norovirus genogroup I, Table 6 for norovirus genogroup II, Table 7 for murine norovirus, and Table 8 for hepatitis G 
4.2. Mix each master mix and briefly centrifuge.  Then as shown in this example, add 14 ul of the PCR master mixes to the appropriate wells of a labeled optical reaction plate, using separate plates for each qPCR assay.
4.2.1. CU Talent mixes master mixes

4.2.2. [combined with 4.2.1] CU Talent briefly centrifuges tubes. Editor, place side by side with 4.2.1
4.2.3. LAB MEDIA Figure S2, Editor, bring in full screen for ‘as shown in this example’, then zoom out and place underneath 4.2.4 (or as an inset if it’s too large)

4.2.4. CU Talent adds master mix to wells of optical reaction plate

4.3. Dispense 6 ul of the appropriate cDNA to the appropriate wells, then mix the samples and briefly centrifuge.
4.3.1. CU Talent dispenses cDNA into appropriate wells

4.3.2. MED/CU Talent mixes plate

4.3.3. [combined with 4.3.2] MED/CU Talent briefly centrifuges

MOVE 4.6 HERE
4.4. Run the hepatitis G qPCR assay on the undiluted and diluted field and LFSM samples before running all other qPCR assays. 
4.4.1. MED/CU Talent adds hepatitis G samples to wells
4.5. Compare the mean Cq value of each sample to the mean hepatitis G Cq value predetermined for each new lot of hepatitis G reagent (TEXT: refer to text protocol).  Use the lowest dilution of field, or LDF, sample that is <1 Cq value greater than the mean hepatitis G Cq value for the enterovirus and norovirus qPCR assays.
4.5.1. LAB MEDIA StdCurve.xlsx (Editor, this is a revised file uploaded on 5/04/15) and Slide 8, Editor, use the table in the StdCurve here and point out the Mean Cq values when mentioned.  Then from slide 8, point out that the Extraction Control is not inhibited, and then point out the samples that do have inhibition that are undiluted. 
4.6. Set up the quantitative PCR thermal cycler software according to the manufacturer’s instructions.  Identify the standard curve samples as standards, and for each standard curve dilution, enter the genomic copy values shown here (Table 9).
4.6.1. MED OVER SHOULDER Talent at thermocycler computer setting up software to add the standard genomic copy values
4.6.2. LAB MEDIA Presentation 1.pptx, Slides 13
4.6.3. LAB MEDIA Method1615PartIIITab9.xlsx

4.7. Run the plate at 95°C for 10 minutes, followed by 95°C for 45 cycles at 15 seconds, then 60°C for 1 minute.  Determine whether each standard curve meets the acceptable values given in this table (Table 10, S3).

4.7.1. LAB MEDIA Presentation 1.pptx, Slide 14, Editor, point out the points on the red graph when mentioned (95 degrees C for 10 minutes, etc.)
4.7.2. LAB MEDIA Method1615PartIIITab10.xlsx, S3, Editor, point out the standard curve values when mentioned here.
4.8. After calculating standard deviation, slope, R2, and % efficiency according to the equations in the text protocol, record the genomic copy, or GC, values calculated by the thermal cycler software for all the test samples based upon standard curves that meet the criteria specified in this table and the mean GC values for each sample (TEXT: rerun samples that don’t meet criteria).

4.8.1. LAB MEDIA StdCurve.xlsx (revised file)
4.8.2. LAB MEDIA Table S4

4.8.3. MED/CU Talent writing results in table S4

4.9. Determine the GC per liter for each test sample using the following equation, where GC is the mean genomic copy number just calculated, the factor ‘199’ is the total dilution factor for the volume reactions that occur during the tertiary concentrations, RNA extraction and RT-qPCR steps, DF is the dilution factor that compensates for inhibition, and D is the volume of the original water sample assayed in liters.

4.9.1. CU Talent writing the results of the calculation on Table S4
4.9.2. LAB MEDIA Equation 6, Editor, place on white background above or below 4.10.1 and point out each part of the equation when mentioned.

4.10. Finally, compute the total GC of lab field fortified blank, or LFB, and lab reagent blank, or LRB, samples by multiplying the mean GC value previously determined by 199 and dividing by 0.3. 

4.10.1. CU Talent computing total GC of LFB and LRB
5. Results: RT-qPCR Determination of Enterovirus and Norovirus in Water
5.1. Overall, virus recovery was determined using paired field LFSM ground water samples from a total of seven sample sets recovered from three public treatment plants and a private well.  Seed levels for the LFSM samples were 3 x 106 MPN of Sabin poliovirus serotype 3 and 5 x 106 PFU of murine norovirus.  

5.1.1. LAB MEDIA Figure 3

5.2. For groundwater samples, the mean poliovirus recovery was 20% with a standard error of 2%, while mean murine norovirus recovery was 30% with a standard error of 3%.  The regular field groundwater sample for each LFSM had no detectable enterovirus or norovirus.

5.2.1. LAB MEDIA Figure 3, Editor, point out the left 20% column when mentioned, then the third, 30% column when mentioned, and the standard errors.  
5.3. LFB and LRB samples were measured using seeded and unseeded reagent-grade water. Poliovirus recovery averaged 44% with a standard error of 1%, while murine norovirus recovery averaged 4% with a standard error of 0.5%.

5.3.1. LAB MEDIA Figure 3, Editor, point out the tall black column when 44% is mentioned, then point out the short right hand column for 4%.  Point out the standard errors when mentioned.
5.4. This figure shows typical standard curves for enterovirus and norovirus GII.  The GII curve meets the standard curve performance criteria with an R2 of 0.987, an overall standard deviation of 0.13, and 103% efficiency.  

5.4.1. LAB MEDIA Figure 4, Editor, point out the line for the gray boxes for enterovirus and the line for the dark gray diamonds for norovirus GII.  Then point out the R2 of 0.987 when mentioned.
5.5. The enterovirus curve meets the method performance criteria with an R2 value of 0.9971, an overall standard deviation of 0.4, and 100% efficiency, but has about a hundred fold less sensitivity, and thus a higher detection limit, than the norovirus curves.
5.5.1. LAB MEDIA Figure 4, Editor, point out the R2 when mentioned. 
6. Conclusion (said by authors on camera)
6.1. Author name Jennifer: After watching this video, you should have a good understanding of how to concentrate and detect waterborne enterovirus and norovirus using RT-qPCR.
6.2. Author name Shannon: Once mastered, this technique can be done in about 8 hours for low turbidity samples.  Samples with higher turbidity may require additional time at the tertiary concentration step.

6.3. Author name Nichole: While attempting this procedure, it’s important to protect samples from contamination with RNase prior to reverse transcription.

6.4. Author name Shay: Don't forget that PCR is a very powerful and useful technique. Precautions such as separation of work and proper control must be used to minimize false positive and negative results.
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.  

See protocol.

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, as well as an introduction to your videographer, closer to your filming date.
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