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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) 
Nothing complex, but the very last step involves observing bacteria placed in a magnetic field, and this is seen in our microscope.  
Can you record movies/images using your own microscope camera? (Y/N). Yes.  
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) 
No. 
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.) 
3.5, 4.1, 4.2, 4.3, 4.4
.

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.) 
It is critical to control the O2 concentration in the medium, which is why all dissolved O2 needs to be removed first by bubbling N2 in the medium. Steps 3.6, 3.8, 3.10 are thus critical to ensure success of the protocol. When performing 3.10, one needs to make sure that air does not re-enter the bottle. To do so, the second needle must be removed as soon as the pressure in the bottle reaches atmospheric pressure, i.e. when gas stops flowing out of the bottle. 

E.  Will the filming need to take place in multiple locations? (Y/N) 
One step includes autoclaving some solutions. We are hoping this can be done in the same lab as the rest of the procedure, however depending on the availability of instrumentation and date of shootings, it might not, in which case this step would have to be filmed in a different building. Alternatively, we could consider removing this step from the script, as autoclaving is a very standard procedure, so I think showing the bottles coming back from the autoclave would work as well.  
Addendum: We see that the script has been written so that the autoclave will not be shown, so no need to worry about any of this. All can be done in one single location.


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. Dennis Bazylinski (or Cécile Fradin if Dr. Bazylinski is not available): This method allows growing different freshwater magnetotactic bacteria of the genus Magnetospirillum, in controlled oxygen conditions.  It is an essential first step for any reproducible research on these species [1-MED].
1.1.1. Dennis speaks towards camera (looking just off-camera), interview style.
1.2. Lucas Le Nagard: Magnetotactic bacteria have very specific oxygen requirements, which is why they developed a magnetic navigation system.  It is thus very important   to control the amount of oxygen available to them [1-MED].
1.2.1. Lucas speaks towards camera (looking just off-camera), interview style.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Cécile Fradin (this statement can be removed if Dr. Bazylinski is not available and Dr. Fradin has to read the first statement): Though this method was designed to grow a few specific freshwater magnetospirillum strains, it can be modified to accommodate the precise oxygen and nutrient requirements of other magnetotactic bacteria species [1-MED].
1.3.1. Cécile speaks towards camera (looking just off-camera), interview style.


Protocol: (read by voice talent at JoVE)
[bookmark: _Hlk519004290]Installation of the N2 Station
Safely install a nitrogen gas tank close to a bench on which there is enough space to set up the nitrogen station [1-MED or WIDE].
Talent secures the nitrogen tank close to a bench.
Connect a piece of tubing to the tank that is long enough to reach the area where the station will be built [1-MED-over the shoulder].  If necessary, apply Teflon tape at the output of the tank to avoid any leakage [2-CU].
Talent connects a piece of tubing to the tank. Author note: Please show the Teflon tape shot before the shot in which the tubing is connected to the tank. I believe the Teflon tape shot was labeled 2.2.1 by the videographer, and the “tubing” step was labeled 2.2.2.
Tubing as talent applies Teflon tape at the output of the tank.
To build a station capable of bubbling five bottles of medium at the same time, cut four pieces of tubing of approximately 5 centimeters in length [1-MED-over the shoulder].
Talent cuts four pieces of tubing ~5 cm in length.
Assemble the pieces of tubing in a line with three three-way T-shaped plastic fittings [1-CU].  Connect one end of this line to the piece of tubing at the output of the Nitrogen tank through an extra T-shaped fitting [2-MED-over the shoulder].  Add a 90 degree elbow fitting at the other end [3-CU].
Talent assembles the pieces of tubing in a line with three-way T-shaped plastic fittings.
Talent connects one end of this line to the piece of tubing at the output of the nitrogen tank through an extra T-shaped fitting.
90 degree elbow as talent adds it to the other end. 
Use tape to attach the structure to a horizontal metal rod placed approximately 30 centimeters above the bench [1-MED-over the shoulder].  Connect five pieces of tubing of approximately 20 centimeters in length to the free outputs of the installed fittings [2-CU].
Talent uses tape to attach the structure to a horizontal metal rod placed approximately 30 centimeters above the bench.
Five pieces of tubing as talent connects them to the free outputs of the installed fittings.
Remove the pistons from five 1.0 milliliter plastic syringes and cut the larger end of these syringes, keeping only the graduated part [1-MED].  Fill these syringes with cotton, taking care not to pack too tightly [2-CU].
Talent removes the pistons from five 1.0 milliliter plastic syringes and cuts the larger end of these syringes, keeping only the graduated part.
Syringes as talent packs it with cotton.
Insert the syringes in the 20 centimeter long vertical pieces of tubing. Turn the gas on and use soapy water to ensure that there is no leakage when nitrogen is flowing [1-MED-over the shoulder].
Talent inserts the syringes in the 20 centimeter long vertical pieces of tubing.
Added shot: Talents uses soapy water to ensure that there is no leakage. 
[bookmark: _Hlk519004315]Remove the caps of five 25 Gauge needles and insert these needles into 10 centimeter pieces of thin tubing [1-CU].
25 G needles as talent removes the caps and insert these needles into the 10 centimeter pieces of thin tubing.
Tubing as talents adjusts the needles so that they tightly fit.
Attach the prepared needles to the syringes of the nitrogen station [1-MED-over the shoulder].  Ensure that nitrogen is flowing through all five lines and keep the station on stand-by [2-MED].
Talent attaches the prepared needles to the syringes of the nitrogen station.
Talent inspects the nitrogen station and checks that nitrogen is flowing through all five lines.
[bookmark: _Hlk519004452]Growth Medium Preparation
Prepare a 10 milliMolar ferric citrate solution by adding 0.245 grams of ferric citrate to 100 milliliters of distilled deionized water [1-MED].  Heat and stir to dissolve, until an orange, clear solution is obtained [2-CU].
Talent adds 0.245 grams of ferric citrate to 100 mL of distilled deionized water.
Solution as talent dissolves the ferric citrate.
Added shot: solution after all the ferric citrate is dissolved. 
Autoclave the solution using a standard cycle of at least 15 minutes exposure at 121 degrees Celsius before storing the sterilized stock solution at room temperature in the dark [1-MED-over the shoulder].
Talent covers the sterilized solution to keep it from light and leaves it at room temperature.
[bookmark: _Hlk521512386][bookmark: _Hlk519004465]To prepare 5 bottles of liquid growth medium for MSR-1, add the chemicals listed in the text protocol to a beaker containing 300 milliliters of distilled deionized water [1-CU].
3.3.0 Added shot: Talent adds mineral solution by the flame. 
Beaker containing 300 mL of water as talent adds some of the chemicals.  
Addition of the sterile ferric citrate and mineral solutions must be performed under the flame of a Bunsen burner, using sterile techniques [1-MED-over the shoulder].
Beaker under the flame as talents adds the ferric citrate solution.
Lucas Le Nagard: Sterile techniques are essential in order to avoid contamination of the culture by other bacterial species [1-MED].
Lucas speaks towards the camera (looking just off-camera), interview style.  
After the addition of all chemicals, adjust the pH to 7.0 with 1 Molar sodium hydroxide solution [1-MED-over the shoulder].  Dispense the freshly prepared medium into 125 milliliter serum bottles, pouring 60 milliliters of medium in each bottle [2-CU].
Talent adjusts the pH of the media.
125 mL serum bottles as talent pours 60 mL of medium in each bottle. 
Bubble nitrogen into the medium for 30 minutes to remove the dissolved oxygen, using the small tubing connected to the nitrogen station [1-MED-over the shoulder].  Place a butyl-rubber stopper on top of each bottle, leaving a small opening to allow the excess gas to exit the bottle [2-CU].
[bookmark: _Hlk519004479]Talent bubbles nitrogen into the medium. Author note: 3.7.1 and 3.7.2 were combined in one single shot.
Bottle as talent attaches the butyl-rubber stopper on top. 
After 30 minutes, crimp-seal each bottle with the prepared stopper and an aluminum seal.  The aluminum seal ensures that the bottle remains sealed during the rest of the protocol [1-ECU].
Stopper on the bottle as talent crimp-seals it with aluminum seal.  
Disconnect the needles and the thin tubing from the nitrogen station and replace them with clean needles [1-MED].  Adjust the valves of the nitrogen tank so that a gentle continuous flow of gas exits the tank [2-MED-over the shoulder].
Talent disconnects the needles and the thin tubing from the nitrogen station and replaces them with clean needles.  
[bookmark: _Hlk519004491]Talent adjusts the valves of the nitrogen tank to obtain a gentle continuous flow of gas. 
Now, insert one of the needles connected to the nitrogen tank into a bottle of medium, through the rubber stopper [1-CU].  Immediately insert another clean needle into the same bottle [2-ECU].  
Bottle with rubber stopper as talent attaches one of the needles into the bottle. Author note: 3.10.1 and 3.10.2 were combined in one single shot. This shot overlapped a little bit with 3.11.1, which was still filmed

Stopper as talent inserts another needle there.
Repeat this step for the other bottles and let nitrogen flow for about 30 minutes to replace the air in the bottles by nitrogen [1-WIDE or MED].
Talent continues to insert the needles into the bottles.
[bookmark: _Hlk519004501]After 30 minutes, disconnect one bottle from the nitrogen station by removing the corresponding needle [1-MED-over the shoulder].  Wait for a few seconds until the pressure in the bottle of medium decreases to atmospheric pressure and remove the second needle [2-CU].  Repeat this step for all remaining bottles [3-WIDE or MED].
Talent disconnects one bottle from the nitrogen station by removing the corresponding needle. Author note: 3.12.1 and 3.12.2 were combined in one single shot
Bottle as talent removes the second needle.
Talent continues to remove the needles from the bottles.

[bookmark: _Hlk519004514]To prepare 120 milliliters of semi-solid growth medium for MSR-1, cover the beaker with aluminum foil and autoclave the solution prepared as described in the text protocol [1-MED-over the shoulder].
Talent covers the beaker with aluminum foil.
Just before the end of the autoclave cycle, prepare a fresh 4% cysteine solution and adjust the pH to 7.0 with a 5 molar NaOH solution, as described in the text protocol [1-MED].
Talent dissolves the L-cysteine into solution.  Use labeled containers.
[bookmark: _Hlk519004528]Added shot: Talent adjusts the pH to 7 
[bookmark: _Hlk519005708]After autoclaving, let the medium cool down to 50 to 60 degrees Celsius and bring the beaker under the flame of a Bunsen burner [1-MED-over the shoulder].  Remove the aluminum foil and quickly add the chemicals listed in the text protocol using sterile techniques, while gently stirring [2-CU].
Talent brings the beaker under the flame.
Beaker as talent removes the aluminum foil and quickly adds the chemicals while stirring.
[bookmark: _Hlk519004559]Add 1.2 milliliters of filter-sterilized cysteine solution [1-MED].  
[bookmark: _Hlk519004568]Talent adds 1.2 mL of filter-sterilized cysteine solution.  Continue action in next shot.
Solution cysteine is added and it turns colorless.
After the addition of all chemicals, transfer the warm medium into 16 milliliter sterile screw-cap Hungate tubes [1-MED-over the shoulder].  Transfer 12 milliliters of the medium into each tube and seal the tubes [2-CU].
Talent opens the screw-cap tubes. Author note: 3.17.1 and 3.17.2 were combined in one single shot
Tubes as talent transfers 12 mL of medium into each tube. 

[bookmark: _Hlk519004578][bookmark: _Hlk519006681]Inoculation of Magnetotactic Bacteria (MTB)
To inoculate strains MSR-1, AMB-1 and MS-1 in liquid medium, flame the tops of the oxygen and fresh medium bottles by applying ethanol on the stoppers and passing them through the flame of a Bunsen burner [1-MED-over the shoulder]. 
Talent applies ethanol on the tops of the bottles and passes them through the flame.
[bookmark: _Hlk515126395][bookmark: _Hlk519004588]Using a sterile syringe and a needle, extract 1 milliliter of oxygen from the oxygen bottle and transfer it into the fresh medium bottle [1-MED]. 
Talent extracts 1 mL of oxygen from the oxygen bottle and transfers it into the fresh medium bottle.
[bookmark: _Hlk519004597]If using the inoculum from another culture grown in a glass bottle, flame both bottles [1-MED-over the shoulder].  Then, inoculate 1 milliliter of the older culture into the fresh medium [2-CU].  Incubate the culture at 32 degrees Celsius and inoculate it into fresh medium after 4 to 7 days [3-MED].
Talent applies ethanol on the tops of the bottles and passes them through the flame.
Talent inoculates 1 mL of older culture into the fresh medium.
Talent places the glass bottle into the incubator. 
[bookmark: _Hlk519004610]To inoculate MSR-1 in oxygen gradient semi-solid medium, verify that the tube of fresh medium displays a well-defined OAI, materialized by a pink to colorless interface, about 1 to 3 centimeters below the surface of the medium [1-CU-TXT].
Tube of fresh medium showing a well-defined OAI as an interface about 1-3 cm below the surface.  TEXT Overlay: OAI = Oxic-anoxic interface
If the inoculum is coming from another oxygen concentration gradient semi-solid culture, harvest the bacteria by aspirating 50 microliters of the culture with a sterile pipette tip placed on the band formed by the bacteria [1-MED-over the shoulder-TXT]. Slowly inoculate these bacteria at the OAI in the fresh medium, avoiding disturbing the interface [1-CU].  
Talent pipettes 50 microliters of the culture with a sterile pipette tip placed on the band formed by the bacteria.  TEXT Overlay: See text for frozen culture Author note: Steps 4.5.1 and 4.6.1 were combined.
[bookmark: _Hlk519004626]Seal the tube and let the bacteria grow between 25 degrees Celsius and 30 degrees Celsius [2-MED].  
[bookmark: _Hlk519004638]OAI as talent inoculates the bacteria there. 
Talent places the sealed tube into the incubator.
To ensure that the bacteria are both magnetic and motile, place a drop of culture on a microscope coverslip, flip the coverslip and install it on an O-ring resting on a glass slide.  Ensure that the drop does not touch the bottom slide [1-CU].
Microscope coverslip as talent flips the coverslip and installs it on an O-ring resting on a glass slide. 
Place the hanging drop under a microscope and focus on an edge of the droplet [1-MED].  Place the south pole of a magnet close to that edge and watch the bacteria swim towards the edge [2-CU].  Flip the magnet to make them swim in the opposite direction [3-MED].
Talent places the hanging drop under the microscope.
Magnet as talent places the south pole of the magnet to the edge of the slide.
Talent flips the magnet.
Results:  Growing Magnetotactic Bacteria 
Shown here are bottles of liquid media before inoculation and after bacterial growth.  Turbidity in the second bottle indicates that bacteria are growing [1-LM].
58536_liquid_medium.eps
This 2 times accelerated movie shows the expected result of a hanging drop experiment for a motile and magnetic magnetotactic bacteria culture.  The bacteria initially swim towards the edge of the droplet when a magnetic field is applied [1-LM].
58536_hanging_drop_20x_phase.avi – Video editors, please show this video from 6 to 30 seconds.  The beginning can be cropped if necessary to fit the narration.
When the field direction of the magnet is reversed, the bacteria swim away from the edge where the magnetic field is applied [1-LM].
58536_hanging_drop_20x_phase.avi – Video editors, please continue this video from 30 seconds.  The ending can be cropped if necessary to fit the narration.
Shown here are tubes of semi-solid medium before inoculation and after bacterial growth.  As expected, a band of bacteria forms at the oxic-anoxic interface and migrates over time as oxygen is consumed and the interface moves up [1-LM].
58536_semi_solid.eps – Video editors, please highlight the red arrow as “oxygen is consumed and the interface moves up” is narrated.
Shown here is a representative electron micrograph of a magnetic spirillum [1-LM].  The flagella are indicated by the black arrows… [2-LM], while the red arrows show the magnetosomes [3-LM].
58536_TEM.eps
58536_TEM.eps – Video editors, please highlight the black arrow
58536_TEM.eps – Video editors, please highlight the red arrow

Conclusion (said by authors on camera)
Cécile Fradin: While attempting this procedure, it’s important to remember that MTB require specific oxygen levels for growth and magnetosome production.  This protocol shows how to achieve controlled microaerophilic conditions optimized to culture magnetospirillum strains MSR-1, AMB-1 and MS-1 [1-MED]. 
Cécile speaks towards camera (looking just off-camera), interview style.
Lucas Le Nagard: Following this method, high concentrations of healthy and highly magnetic bacteria can be obtained.  Therefore, experiments that require large quantities of cells can be performed, such as magnetosome extraction, genomic and genetic studies, or observation of collective motion by microscopy [1-MED]. 
Lucas speaks towards camera (looking just off-camera), interview style.
Dennis Bazylinski: The culture of magnetic bacteria has paved the way for scientists to systematically and reproducibly explore the fascinating biochemical and physical properties of these organisms, and to design new applications involving either complete cells or isolated magnetic crystals [1-MED].
Dennis speaks towards camera (looking just 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.  

58536_liquid_medium.eps
58536_hanging_drop_20x_phase.avi  
58536_semi_solid.eps 
58536_TEM.eps


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.
 2017, Journal of Visualized Experiments
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