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CORRESPONDING AUTHOR: Savannah E. Sanchez

Title: Phage Phenomics: Physiological approaches to characterize novel viral proteins
Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No  (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) No 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 steps by their protocol number. Steps 2.4-2.8 of the section titled “Preparation of the Multi-phenotype Assay Plates (MAPs)”. Also, steps 5.5-6.3 of sections “Continuous culture set-up” and “Running continuous cultures for metabolomics”. (Authors, please describe the steps here and renumber according to THIS document)
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. Section 3 is difficult due to the multiple steps and to ensure success each step has been efficiently optimized and organized. In steps 7.2.2-7.2.4, the difficulty is in maintaining a sterile environment, which we overcame by implementing strict sterilization steps such as the use of a biosafety cabinet

E.  Will the filming need to take place in multiple locations? (Y/N) No If yes, how far apart are the locations? _____

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
0. Conceptual Narrative:

0.1. The overall goal of the following experiment is to screen for, and characterize, phage genes with unknown functions. 
0.1.0. Intro
0.2. First, putative phage viral open reading frames, called “ORFs” are expressed in E. coli. 
0.2.0. 52854_SchematicOverview - top panel (show DNA lift out of phage and then go into bacteria)
0.3. Clones of the phage-ORF-expressing-E. coli are inoculated into Multi-phenotype Assay Plates, or “MAPs”, which contain growth medium and various substrates. Bacterial growth is then monitored over time by spectrophotometry.   
0.3.0. 52854_SchematicOverview [P1] (Show green layer of cells being added to medium and substrates)
0.4. As a second method of analysis, phage-gene expressing E. coli are grown in either continuous culture or by serial batch culturing.  The resulting growth metabolites are then collected and sent for metabolomic analysis by Gas Chromatography–Time of Flight Mass Spectrometry.  
0.4.0. 52854_SchematicOverview P2 (Show tubes, add arrows, then add graph)
0.5. The resulting data offers a phenotypic profile associated with expression of a single putative phage open reading frame.
0.5.0. 52854_SchematicOverview (P4- highlight each of the subsections (e.g. “No Growth” briefly)
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1. Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. [Savannah E Sanchez] The main advantage of this technique over homology-based methods is that it provides real time observations of protein function without requiring sequence-based knowledge or similarity to known proteins.[1.1.1-MED]
1.1.1. Interview style

1.2. [Savannah E Sanchez]: This method can help answer key questions in the fields of  microbiology, virology, and systems biology.   For example: how does the phenotypic profile of a microbial community in the lung of a patient with Cystic Fibrosis change as the disease progresses? [1.2.1-MED]
1.2.1. Interview style

1.3. [Savannah E Sanchez] This method was initially developed to elucidate the function of unknown viral proteins. It can also be applied to studies looking at the link between microbial genotypes and phenotypes, and in examining bacteriophage-host interactions across biomes. [1.3.1- MED]
1.3.1. Interview style
Protocol (read by voice talent at JoVE):

2. Preparation of Multi-phenotype Assay Plates (MAPs)
2.1. Begin this procedure by labeling sterile 96-well micro-titer plates with the E. coli clone identification number and MAP schematic type, which indicates the substrates that are being tested against in the assay. [2.1.1.-MED-TXT]
2.1.1. Talent writes the information on one or two plates (15-30s of footage) Text overlay: Prepare the Multi-phenotype Assay Plate (MAP) substrates, basal medium, pre-growth medium and buffer, & bacterial cell-suspensions in advance as described in the accompanying document. 
2.2. Aseptically transfer sterile water into a liquid reservoir. [2.2.1-CU] Then, using a multi-channel pipette, transfer 60 µL of water into each well of the micro-titer plate. [2.2.2- MED]
2.2.1. Talent transfers sterile water into liquid reservoir

2.2.2. Talent, using a multi-channel pipette transfers water into the first row or two of the plate.

2.3. Next, aseptically transfer 3X basal medium into a liquid reservoir, then using a multi-channel pipettor, transfer 50 µL into each well of the micro-titer plate. [2.3.1-CU]
2.3.1. Talent transfers basal medium into a liquid reservoir and transfers to microtiter plate
2.4. Using the same technique, pipette 50 µL of each basal medium used in the MAP schematic. [2.4.1-MED]
2.4.1. Talent transfers basal medium into a liquid reservoir and transfers to microtiter plate

2.5. Next, transfer 30 µL of each substrate into the appropriate well. [2.5.1-CU]

2.5.1. Talent transfers substrate into the first few wells
2.6. Then, using a multichannel pipettor, transfer 10 µL of bacterial cells into each well. Be sure to change tips before re-introducing the pipette back into the culture stock. [2.6.1-MED]
2.6.1. Talent transfers bacterial cells into a row of wells, changes the tips and then transfers bacterial cells into the next set of wells
2.7. Cover each plate with an adhesive plate film. Firmly press the film atop the wells of the plate and along the edges to create an even and tight seal. [2.7.1-CU]  Using a sterile razor blade, remove any excess film from the edges of the micro-titer plate. [2.7.2-CU]
2.7.1. Talent covers plate with adhesive film and firmly presses to create an even and tight seal.
2.7.2. Talent uses a razor blade to remove excess film from the edges of the microplate

3. MAP Optical Density Measurements
3.1. Place the prepared MAP in the “Input” sleeve of a multi-plate spectrophotometer. [3.1.1-MED]
3.1.1. Talent places plates in the input sleeve of a multi plate spectrophotometer.
3.2. Open the plate reader software and create a protocol to measure the absorbance every 30 minutes, for a total of 32 hours, with 60 seconds of shaking between reads.  [3.2.1-MEDOTS-TXT]
3.2.1. Talent opens plate reader and inputs parameters for measurement.  You do not need to be able to see what they are typing – though include it in the shot if possible. (TEXT: OD600 nm) (Author will provide a screen shot as an alternative to this)
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3.3. Set the temperature in the apparatus to 37 °C. [3.3.1-MED] Once the MAP has equilibrated to the set temperature, start the protocol. [3.3.2- MEDOTS]
3.3.1. Talent sets the temperature of the apparatus to 37C -combine this shot with the shot below if appropriate
3.3.2. Talent, at spec, starts the protocol SCREEN
3.4. After 32 hours, remove the MAP from the “Output” sleeve of the plate reader. [3.4.1- MED] Label each data file with the E. coli clone identification number, date, and the MAP schematic type.[3.4.2- SC]
3.4.1. Talent removes the MAP from the output sleeve of the plate reader

3.4.2. SCREEN CAPTURE: Talent labels each data text file with the E. coli clone id number, date and the MAP schematic type- this should match the label written on the plate in shot 2.1.1] (Shot not filmed, but author will provide screen shot for alternative options)
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3.5. Analyze the data as described in the accompanying document to assess growth and biologically relevant growth parameters. [3.5.1- MED]
3.5.1. Talent, seated at computer analyzes data SCREEN
4. Continuous culture set-up

4.1. [Savannah E Sanchez] “For metabolite analysis, cells can be grown by either continuous or serial-passage batch culturing to maintain growth at a steady state. Here we will demonstrate a continuous culture.”  [4.1.1-MED-TXT]
4.1.1. Savannah looks up from setting up the work area and says the above line.  TEXT:  See the accompanying document for serial-passage batch culturing
4.2. Sterilize the components of a 75 mL continuous culture reactor and a 2L feeding bottle as described in the accompanying document. [4.2.1-MED-TXT]
4.2.1. Talent places the components of the continuous culture system in the autoclave.  Text overlay: also see the document for instructions on building the continuous culture apparatus. Here we will demonstrate a continuous culture
4.3. Following sterilization, place all of the autoclaved materials into a biological safety cabinet and turn the ultraviolet light on while the medium cools. [4.3.1-MED]  Once the medium has cooled, add 0.1% L-arabinose and 100 μg per mL ampicillin to 75mL of 0.5X LB broth [4.3.2-CU] and transfer it to the continuous reactor.  [4.3.2-MED]
4.3.1. Talent places the autoclaved materials into the hood and turns on with the UV light on.

4.3.2. Talent adds arabinose and ampicillin to the LB broth

4.3.3. Talent transfers broth to the reactor 
4.4. Unwrap the continuous culture reactor cap and screw it onto the reactor. Avoid touching the sampling tube. [4.4.1-CU] Unwrap the feeding bottle cap and screw it onto the feeding bottle. Avoid touching the sampling tube. [4.4.2-MED]
4.4.1. Talent unwraps the continuous culture reactor cap and screws it onto the reactor

4.4.2. Talent unwraps the feeding bottle cap and screws it onto the feeding bottle

4.5. Keeping the 18-in. tubing attached to port ε sterile, un-wrap the 18-inch tubing and peristaltic pump tubing adaptor. [4.5.1-MED]
4.5.1. Talent unwraps 18 inch tubing and peristaltic pump tubing adaptor

4.6. Fit one end of the 18-inch tubing onto one end of the peristaltic pump tubing adaptor. [4.6.1- CU] Fit the other end of the peristaltic pump tubing adaptor to the 18-inch tubing attached to port ε of the feeding bottle cap. [4.6.2-CU]
4.6.1. Talent attaches one end of the 18 inch tubing to the peristaltic pump tubing adaptor  (combine this shot with the next shot if possible)

4.6.2. Talent attaches other end of peristaltic pump tubing adaptor to 18 inch tubing attached to port ε of the feeding bottle cap

4.7. Attach 0.22 µm filter units onto ports β and δ of the continuous culture reactor. [4.7.1-CU]  Attach a 0.22 µm filter unit on the adaptor of port α, and to that, attach the 18-inch tubing. [4.7.2-MED]
4.7.1. Talent screws attaches the 0.22 micron filter units onto ports β and δ of the continuous culture reactor

4.7.2. Talent screws attaches a filter unit onto the adaptor of port α then the free end of the 18 inch tubing to the .22 micron filter unit
5. Running continuous cultures for metabolomics
5.1. In the biosafety hood, inoculate the continuous culture reactor with 100 µL of an overnight culture of E. coli, prepared as described in the accompanying document. [5.1.1-MED]
5.1.1. Talent, working in the hood, inoculates the continuous culture reactor.
5.2. Tighten the reactor and feeding bottle lids [5.2.1- MED] and then move the system into a 37 °C incubator equipped with a magnetic stir plate and mini peristaltic pump. [5.2.2-MED]
5.2.1. Talent checks connections and tightens the reactor and the feeding bottle lids.  

5.2.2. Talent places the reactor into a 37 degree incubator and sets it next to the magnetic stir plate near a mini peristaltic pump setup. Do not use tke1 or tk2
5.3. Fit the peristaltic pump tubing adaptor into the peristaltic pump.  The tubing from the feeding bottle goes into the pump and leads out to the reactor. [5.3.2-CU]
5.3.1. Talent attaches the peristaltic pump tubing adaptor to the peristaltic pump.  Talent points to the tubing from the feeding bottle, starting at the “in” side” and then points to the tubing on the “out” side.   

5.4. Set the pump to: “FAST.” Then to start it, switch to “FORWARD”. Check to ensure that medium begins to flow through the tubing. [5.4.1-CU]
5.4.1. Talent sets the peristaltic pump to “Fast”.   Then switches to “Forward” and checks to see the fluid flowing through the tubing

5.5. Place the reactor on the magnetic stir plate and begin mixing. Allow the continuous culture reactor to equilibrate for 24 hours before sampling. [5.5.1-MED]
5.5.1. Talent places the reactor on the stir plate and turns it on.  

5.6. The next day, to sample the continuous culture, screw a 5 mL luer lok syringe onto port γ and withdraw 4.5 mL of culture.[5.6.1-CU]
5.6.1. Talent screws a syringe onto the port and withdraws 4.5 ml of culture. (do 2 takes from slightly different angles)
5.7. Use 500 µL of the culture to measure the optical density at 600 nm. [5.7.1-MED]  Then, use the remainder of the aliquot to make four 1 mL cultures at an OD 600 of 0.35 in 1.7 mL microfuge tubes.   [5.7.2-CU]
5.7.1. Talent measures OD

5.7.2. Talent makes 4 dilutions of 1 mL cultures in microfuge tubes
5.8. To prepare the samples for gas chromatography-time of flight mass spectrometry or “GC-TOFMS”, centrifuge the cells at 16,900 x g for 2 minutes to pellet them. [5.8.1-MED]
5.8.1. Talent places microfuge tubes into centrifuge and closes the lid.

5.9. After the spin, decant the supernatant. [5.9.1-MED] Then, wash with 500 µL of PBS. Perform this wash step a second time. [5.9.2- CU-TXT]  
5.9.1. Talent decants the supernatant

5.9.2. Talent washes the cells with PBS (Text:  Repeat centrifugation & PBS wash)

5.10. Decant the supernatant a final time, [5.10.1-CU] and then submerge the microfuge tubes containing pelleted cells in liquid nitrogen until the bubbling stops. [5.10.2 – CU from above] Store the samples in a -80 °C freezer.  [5.10.3-MED]
5.10.1. Talent pours out supernatant (or removes with pipettor)

5.10.2. Talent submerges tubes in liquid nitrogen until the bubbling stops

5.10.3. Talent opens the freezer and places samples inside

5.11. Repeat the sampling every 12 hours for 4 days. [REUSE PREVIOUS] After all of the samples have been collected, ship 3 samples per clone on dry ice to a metabolomics core facility for sample processing, analysis and normalization of GC-TOFMS. [5.11.1-MED-TXT] 
5.11.1. REUSE SHOT 5.6.1

5.11.2. Talent places samples on dry ice (Text: Send for analysis by GC-TOFMS)

6. Representative analysis of unknown phage genes: 
6.1. To obtain viral open reading frames, seawater was collected from Starbuck Island, and Caroline Atoll, of the southern Line Islands below the coral boundary layer.
6.1.1. 52854_Collection site (Please provide an image of your collection site or a map)
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6.2. Viral DNA was obtained from the sample, amplified, sequenced, and bioinformatically filtered to remove open reading frames with annotated function. The remaining open reading frames were synthesized and expressed in E coli. 
6.2.1. 52854_Figure3
6.3. Bacterial growth under 72 carbon-specific conditions was assessed for 47 clones using MAPs.  The resulting data were then used to categorize the clones as “expected growth”, “gain of function”, “loss of function”, and “no growth” phenotypes. 
6.3.1. 52854_Figure3 (Highlight each category as it is mentioned)
6.4. To test the hypothesis that clones harboring functionally similar proteins have metabolomics profiles, median metabolite abundances were determined for 84 clones grown in continuous culture by GC-TOFMS.
6.4.1. 52854_Figure6 (no animation)
6.5. The resulting data were then used to hierarchically cluster [6.5.1] the clones based on their relative metabolite abundances, which are indicated by color.  The most abundant metabolites are shown in red, while the least abundant are shown in dark blue. [6.5.2].
6.5.1. 52854_Figure6 – highlight the branched structures at the top of the figure
6.5.2. 52854_Figure6 – highlight the abundance indicator at top of figure
6.6. Preliminary metabolomics analysis revealed that while structural and metabolic genes do not clearly separate from one another, those genes exhibiting similar effects on the host do correlate.
6.6.1. 52854_Figure 6 (no animation)
6.7. For example, the annotated Capsid gene clusters closely with the putative metabolic genes  highlighted in this study, EDT2440 and EDT2441. Investigations using a publicly available transmembrane topology and signal peptide predictor program showed evidence that both putative metabolic genes harbor a single transmembrane domain.
6.7.1. 52854_Figure6 (Highlight the capsid, EDT2440 and EDT2441 columns)
6.8. Interestingly, 5 out of the 9 clones in the first cluster group have predicted transmembrane domains using the same topology. 
6.8.1. 52854_Figure6 (highlight the first 9 columns)
6.8.2. Taken together, these data suggest that this method is able to provide information on clone-metabolite profiles, potential clones with related functions, and clone-metabolite outliers. 
6.8.3. 52854_Figure6 (no animation)
7. Conclusion (said by authors on camera)
7.1. [Savannah E Sanchez]: “While attempting this procedure, it’s important to remember that the methods presented are heavily influenced by bacterial physiology.” 
7.1.1. Interview style (Combine this shot with 7.2.1 if possible)
7.2. [Savannah E Sanchez]: “Considerations need to be made to ensure independent, clonal groups are experimented with; contamination is prevented; and that a single variable is being tested using appropriate controls.”
7.2.1. Interview style 
7.3. [Savannah Sanchez]: “Following this procedure, other methods like genetic and biochemical validation experiments can be performed in order to address additional questions regarding the specific or pleiotropic function of unknown proteins.”
7.3.1. Interview style
Provided Media
52854_SchematicOverview

52854_Collection site (Authors please provide an image of your collection site or a map of its location)
52854_Figure3

52854_Figure6
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.

( 2010, Journal of Visualized Experiments


