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Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No.  
B.   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 steps using the step numbers listed in this document. 2.3-2.5 (making the injection aperture); 2.8-2.9 (position of wires); a shot of step 3 showing prepared solutions and syringes; Step 4 (starting the injection correctly); 5.4-5.5 (switching primary syringes to sulfide syringes).
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. Starting the injection without introducing air bubbles in the tube (bubbles will affect the growth of the chimney). For this we make sure both syringes are injecting before beginning (4.1), we fill the tubing with water before adding the reservoir solution to flush out air from the tube (4.2), and we transfer the tube from the water syringe to the injection syringe quickly so no bubbles form (4.5).
E.  Will the filming need to take place in multiple locations? (Y/N) No. 

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Conceptual Narrative:
The overall goal of the following experiment is to simulate natural chimneys precipitated at submarine hydrothermal vents of early Earth using chemical garden experiments to generate the self-assembling structures on a small scale. (Intro)
(P1) This is achieved by first preparing two solutions.  One solution simulates the composition of early Earth seawater and one solution simulates an alkaline hydrothermal fluid produced by water-rock reactions. (Video Editor: Use the beaker from DAM ID 189.  Fill the beaker part way full with “liquid” with the first half of the 2nd sentence and label it as “Early Earth Seawater”.  Then with the last part of the 2nd sentence show a syringe on screen such as DAM ID 3875 and label it as “Alkaline Hydrothermal Fluid”.)
(P2) Next, an apparatus is set up so that the hydrothermal like fluid can be injected into a reservoir of the simulated ocean, under an anoxic atmosphere.  (Video Editor: Clear the screen and show the vial in the top left of DAM ID 347 and flip it so it is upside down as used in the experiment.  Then, show the beaker on screen and pour the liquid into the vial so it’s most the way full. With the last 4 words, poke the needle from the bottom right side of DAM ID 2490 into the top of the vial (the wide part that is typically the bottom).  Show only the bottom right portion of the screen with the needle/catheter and tubing (not the butterfly part in the top left) and instead write the word “Nitrogen” at the end of the tubing.)
(P3) As a third step, electrodes are set up to measure the voltage between hydrothermal and ocean solutions during the injection. (Video Editor: Add wires (a red and black line is fine) to the vial as shown in the video. (Step 2.9-2.10)) 
(P4) Finally, the hydrothermal like solution is slowly injected into the base of a vial containing the simulated ocean solution, mimicking the natural seepage of vent fluid out of the ocean crust and into the surrounding seawater. (Video Editor: Stick the syringe from P1 into the bottom of the vial and slowly inject the liquid by moving the plunger.  During this process, animate the formation of a chimney in the liquid as seen in step 5.1.2.)
(P5) The results show that a mineral precipitate forms at the interface of the ocean and hydrothermal solutions, and this develops into a self-assembling chemical garden structure resembling a natural hydrothermal chimney. (Video Editor: Show Figure 10, emphasize arrows with “develops”.)
Beaker ID 189        
       Syringe ID 3875              
Vial ID 347

Catheter/Syringe ID 2490
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B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. MIKE: Hydrothermal chimneys are natural chemical gardens and also chemical reactors. They form when iron-magnesium silicate ocean crust reacts with seawater, which produces an alkaline, reducing fluid that titrates back into the ocean. On the early Earth, alkaline vents would have formed chimneys of metal sulfides and double layered hydroxides that could have harnessed these geochemical gradients to fuel the emergence of life. (Videographer: Split into 2 statements if necessary) Last two takes are best
1.2. LAURIE: This technique allows us to simulate the growth of a hydrothermal chimney under different planetary conditions and also lets us investigate the effects of specific parameters on reactions in the system.
1.3. IVRIA: Originally we were studying chemical gardens that grew from crystals in test tubes, and we had the idea for this method which incorporates the voltage measurement when we wanted to find a way to measure gradients across the chemical garden membrane. 
1.4. LILY:  Those new to this method might struggle with getting the wires correctly positioned for a good voltage measurement, and with troubleshooting in the beginning of the injection so that a nice chimney structure will grow. 
Protocol (read by voice talent at JoVE):  
2. Setup for Injection Experiments
2.1. Begin by using a glass cutter [2.1.1 - MED] to cut the bottom off of a 100 mL clear glass crimp top serum bottle for use as the injection vial.  [2.1.2 - CU] Also, collect a 20 mm septum, 20 mm aluminum crimp seal, and a 0.5 to 10 µL plastic pipette tip.  [2.1.3 - CU]
2.1.1. Talent picks up glass cutter and bottle. We picked up the cut and uncut bottles; the glass cutter is a big instrument in a different room 
2.1.2. *Film as written

2.1.3. Talent sets out remaining items next to the cut bottle.

2.2. Using a 16 gauge syringe needle, carefully puncture a hole through the center of the septum, [2.2.1 - CU] then remove and discard the needle in the appropriate sharps waste container. [2.2.2 - MED]
2.2.1. *Film as written

2.2.2. *Film as written

2.3. Next, insert the pipette tip into the needle hole and push the pipette tip through the septum so that it pokes out the other side.[2.3.1 - CU]
2.3.1. *Film as written

2.4. Crimp-seal the septum with the pipette tip onto the injection vessel to make a watertight seal. [2.4.1 - CU] When sealed, pull the pipette tip further through the septum so that it protrudes to the outside. [2.4.2 - CU]
2.4.1. *Film as written

2.4.2. *Film as written

2.5. Then, affix a one-sixteenth inch inner diameter, clear, flexible, and chemical-resistant tube to the pipette tip. [2.5.1 - MED] Slide the tubing up onto the pipette tip in order to create a watertight seal. [2.5.2 - CU] Ensure that the tubing is long enough to reach from the injection vial to the syringe pump. [2.5.3 - MED]
2.5.1. Talent holds up a length of tubing and brings it towards the pipette tip.

2.5.2. Talent slides tubing over tip to create the seal.

2.5.3. Talent stretches the tubing to check that it is long enough.
2.6. Next, clamp the injection vials on a stand inside a fume hood, so that the injection will feed in from the bottom of the vial.  [2.6.1 - MED]
2.6.1. Talent clamps injection vials onto stand in hood.

2.7. Cut two lengths of insulated wire so that they are long enough to reach from inside the reaction vessels to the data logger. Leave a little bit of slack in the wires for positioning. [2.7.1 -MED]
2.7.1. Talent pulls a length of wire between the two connection points, adds length for extra slack, and cuts the wires. 
2.8. Next, strip about 3 mm of insulation from the end of each wire that will be located inside the reaction vial. [2.8.1 - CU] At the other ends that will be connected to the multimeter leads, strip about 1 cm of the wire. [2.8.2 - CU] [2 takes for alternate pronunciations of “multimeter”]
2.8.1. *Film as written take 4 good
2.8.2. *Film as written take 2 bad
2.9. Insert one wire, the wire that will be inside the chemical garden, close to the opening of the pipette tip to ensure contact with the injection solution, but not so far that it will clog the injection flow [2.9.1 - CU] and then secure both ends of the wires in place using tape. [2.10.3 - CU]
2.9.1. *Film as written

2.10.3
[moved] *Film as written

2.10. Then, place the outside wire so that it will contact the solution reservoir but not the chemical garden precipitate.  [2.10.1 - CU] Next, attach the free ends of the wires to the data logger. [2.10.2 - MED] [2.10.3 - CU]
2.10.1. *Film as written

2.10.2. *Film as written

2.10.3. [moved] *Film as written

2.11. To keep the head space above the solution reservoir anoxic, set up nitrogen gas lines. [2.11.1 - MED] Split the gas feed from a nitrogen source tank into several tubes, so that there is one feed for each injection vial. [2.11.1 - CU]  [2.11.3 - CU]
2.11.1. Talent connects the first line to the nitrogen tank. Indicates the primary N2 tube in the hood
2.11.2. Talent splits the gas feed at a junction by connecting multiple tubes. Inserts the primary N2 tube and two split tubes to the N2-split bottle
2.11.3. Talent inserts the tube into the headspace.  
3. Preparation of solutions for chemical garden growth:

3.1. Prepare 200 mL of the reservoir solution, also known as the ocean simulant, for each reaction vial by first bubbling deionized water with nitrogen gas for about 15 minutes per 100 mL. This ensures that the experiment will remain anoxic throughout the injection. [3.1.1 - MED]
3.1.1. Talent adds water to vial and begins bubbling nitrogen gas through the liquid.
3.2. Then, weigh out and add 25 mM of iron-2-chloride-tetrahydrate and 75 mM of                    iron-3-chloride-hexahydrate to the water.  Stir the mixture gently to dissolve the cations without introducing oxygen into the mixture. [3.2.1 - CU]
3.2.1. *Film as written
3.3. After the cations are dissolved, immediately resume light bubbling of the solution with nitrogen gas while the injections are prepared. [3.3.1 - CU]
3.3.1. *Film as written

3.4. Choose any two of the primary injection solutions from the table shown here, and prepare 10 ml of each solution. [3.4.1 - MED - LM]Then, fill a 10 mL syringe to the 7 mL mark with each of the solutions, cap them, and set them aside.[3.4.2 - MED]
3.4.1. Talent prepares one of the solutions (LABMEDIA: Table 1) Shows prepared solution with label.
3.4.2. *Film as written
3.5. Next, prepare 20 mL of 50 mM sodium sulfide in the fume hood as the secondary injection. [3.5.1 - MED - TXT] Fill two 10 mL syringes to the 7 mL mark with this solution, replace the needle caps, and set them aside. [3.5.2 - CU]
3.5.1. Talent prepares solution. (TEXT: CAUTION: Always keep sulfide-containing solutions and syringes in the fume hood.) 
3.5.2. *Film as written 
4. Starting the primary injection: 

4.1. Secure the primary injection syringes onto a programmable syringe pump that is located inside the fume hood. [4.1.1 - MED] Set the injection rate to 1 mL/min and turn on the pump until both syringes begin to drip into the waste beaker.  Then, stop the injection. [4.1.2 - CU]
4.1.1. *Film as written

4.1.2. *Film as written
4.2. Next, insert the syringes containing deionized water into the two plastic injection tubes, and inject so that the water fills the clear tubing up to the aperture where it enters the main reservoir. [4.2.1 - CU] Then, place the syringes on the stand, above the injection vials. [4.2.2 - MED]
4.2.1. *Film as written

4.2.2. *Film as written

4.3. Then, carefully pour 100 mL of the iron-containing reservoir solution into each vial. [4.3.1 - CU]
4.3.1. *Film as written
4.4. Carefully create an airtight seal over the vials using Parafilm and insert a nitrogen feed into each vial. [4.4.1 - CU] Adjust the flow of the nitrogen gas lines as desired to keep the experiment anoxic for the duration of the injections. [4.4.2 - MED]
4.4.1. *Film as written

4.4.2. *Film as written

4.5. Next, bring the water filled syringes one at a time down next to the primary injection syringes. Carefully slide off the plastic injection tubing, and immediately transfer it directly onto one of the primary injection syringe needles, taking care not to puncture the wall of the tubing. [4.5.1 - CU] 

4.5.1. *Film as written

4.6. Then, set the syringe pump to run at 2 mL/hr for 3 hours and start the injection. [4.6.1 - CU]  At the same time, start the recording of the membrane potential. [4.6.2 - CU]
4.6.1. *Film as written 

4.6.2. *Film as written

5. Starting the secondary injection:

5.1. Hit stop on the syringe pump after three hours, [5.1.1 - CU] once the chemical garden structures have formed. [5.1.2 - CU]
5.1.1. *Film as written

5.1.2. Close up view of the chemical garden structures at this point.

5.2. Carefully remove the primary injection syringes from the syringe pump, but leave them connected to the tubing so the structures are not disturbed.  [5.2.1 - CU] Set them on the stand above the level of the fluid in the vials so that the fluid does not flow back into the syringe. [5.2.2 - MED]
5.2.1. *Film as written

5.2.2. *Film as written

5.3. Next, secure the secondary injection syringes, which in this case consist of sodium sulfide, to the syringe pump and prime the needle until both begin to drip. [5.3.1 - CU] Dispose of the sulfide solution in a special hazardous waste container. [5.3.2 - CU]
5.3.1. *Film as written

5.3.2. *Film as written avoid drippage on take 1
5.4. Then, remove the syringes one at a time from the syringe pump and transfer the tubing from the primary injection syringe to the sodium sulfide containing syringe. [5.4.1 - CU]
5.4.1. *Film as written

5.5. Re-program the syringe pump to inject the solution at 2 mL per hour, and hit start and inject the sodium sulfide solution at this rate for 3 hours. [5.5.1 - CU - TXT]
5.5.1. *Film as written (TEXT: CAUTION: Glassware that has been in contact with sodium sulfide will release toxic H2S gas when placed in acid. Keep acid baths inside the fume hood.) 
6. Results: Formulation of Chemical Gardens via the Injection Method
6.1. Once the primary injection solution is fed into the reservoir solution, a chemical garden precipitate begins to form at the fluid interface and this structure continues to grow over the course of the injection.
6.1.1. Figure 4 (Video Editor: Cycle through the images twice placing the next image and time stamp on top of the previous image.  Time this to end with the voice over. Add a static label to the side of the image (left or right) stating “1st Injection: 0.1 M NaOH + 10 mM K2P4O7”) 
6.2. Under environmental scanning electron microscopy, the primary precipitates formed in the presence of alanine appeared more rounded and amorphous, whereas pure iron-oxyhydroxide precipitates, as well as those containing pyrophosphate, appeared more crystalline.

6.2.1. Figure 9(.ppt file) (Video Editor: Show images side by side. Add the label “Fe(II/III)-hydroxide” to A, “Fe(II/III)-hydroxide + Alanine” to B, and “Fe(II/III)-hydroxide+ K2P4O7” to C.  Highlight B when alanine is mentioned, A when “pure iron-oxyhydroxide precipitates” is mentioned, and C when “those containing pyrophosphate” is mentioned.)  
6.3. Following the primary injection, the potential tended to peak immediately around 0.45 to 0.55 V and then decreased for about an hour before stabilizing around 0.1 to 0.2 V for the rest of the primary injection.
6.3.1. Figure 11B (Video Editor: Show the first part of the graph from 0-3.25 hours (just before the big jump)

6.4. When the primary syringes were switched to the secondary syringes containing sodium sulfide, the chemical garden continued to grow, except that visible new growths were now black iron sulfide. Rather than contributing to the existing walls, the black sulfide portions of the chemical garden appeared to branch off and grow separately. 

6.4.1. Figure 7b (Video Editor: Start by showing the Primary injection image (Figure 7b top) on the left half of the screen. Label it as “Primary Injection”.  On the right half of the screen show the image (Figure 7b bottom) from after the secondary injection and label it as “Secondary Injection”. Add an arrow pointing to the black iron sulfide in the image on the right when it is mentioned.)

6.5. As soon as the sulfide injection solution reached the chemical garden, the membrane potential immediately jumped to about 0.9 V.

6.5.1. Figure 11B (Video Editor: Start by showing the image as it was seen in 6.3.1, then show the entire graph with the words “chemical garden”. 
7. Conclusion (said by authors on camera) 
7.1. IVRIA: Sodium sulfide solutions release hydrogen sulfide gas which is extremely hazardous.  When using sodium sulfide it is important that you always keep open sodium sulfide and sulfide-containing solutions inside a fume hood and dispose of sulfide solutions in a special hazardous waste container. 

7.2. LILY: There are many possible combinations of solutions that can be used to form chemical gardens.  It is also possible to vary the injection rate to form structures faster or slower, and switch syringes at any time for a secondary injection as long as a stable structure has already formed. 

7.3. MIKE: The hydrothermal chimneys we make  in the laboratory, much like their counterparts on the early Earth, are porous inorganic membranes containing catalysts of iron-nickel sulfides and oxyhydroxides which generate electron and proton gradients. 
7.4. LAURIE: This type of experiment can simulate different geological environments, but can also be relevant for materials science research, since there is a lot of interest in manipulating the growth of self-assembling inorganic membranes and structures that could catalyze specific reactions.

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.  

Insert your media filenames here.

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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