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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees self-record interview statements. JoVE can provide support for this option.

4. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length

Number of Steps:  16
Number of Shots:  37

Introduction

1. Introductory Interview Statements

1.1. [bookmark: _Hlk58925385]Ninos Hermis: This protocol can help enable current researchers, students, and educators to replicate and test origins of life conditions at or near hydrothermal vents.

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

1.2. Gabriel LeBlanc: 3D printing the cooling condenser allows for previously developed experimental methods to be easily modified for temperature control. The digital designs can be easily shared, modified, and printed by any researcher with access to a 3D printer.  

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

1.3. Laurie Barge: This method can be applied towards understanding processes at hydrothermal vents on Earth, but could also be applied to recreating possible vent environments on ocean worlds, such as Jupiter’s moon Europa or Saturn’s moon Enceladus.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Ninos Hermis: The handling of the thermistor and the thermistor software can be a struggle when attempting this protocol for the first time. Also, some knowledge of 3D printers is needed to replicate a condenser. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Gabriel LeBlanc: The method we developed combines a variety of components in a unique way. Visual demonstration allows students and researchers wanting to reproduce or adapt these methods to see how to assemble and operate the experimental apparatus.

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




Protocol
2. Setting up the thermistor
2.1. Begin by placing the thermistor in a stable position on a side bench as close to the fume hood as possible [1]. Insert the USB side of an RS232 adapter cable into the computer USB port [2] and plug the cord into a power socket [3].
2.1.1. WIDE: Establishing shot of talent placing the thermistor on a side bench.
2.1.2. Talent inserting the cable into the computer port.
2.1.3. Place adapter cord into power socket.
2.2. Turn on the power for the thermistor [1] and the thermistor software on the computer [2]. Check the ribbon cables and make sure that they are properly connected to the pins on the RS232 cable pinouts [3]. Videographer: This step is difficult and important!
2.2.1. Talent turning on the thermistor. 
2.2.2. Talent turning on the software on the computer. 
2.2.3. Talent checking the cables.
2.3. Once connected, make sure Output reads 100% in red bars [1]. When the thermistor is flashing frequent interval measurements, change the interval time to 60 seconds. In the Controller Options box, towards the bottom, delete 1 second and change to 60 seconds, then click on the OK button [2].
2.3.1. SCREEN: 2021-02-10 13-21-13.mkv. 0:15 – 0:25. Video Editor: Emphasize the red bars in the output.
2.3.2. SCREEN: 2021-02-10 13-32-23.mkv. 
2.4. Click the oval button next to the company logo labeled Auto-scale [1]. Note the yellow line that shows the temperature readout. Inside the plot area, right-click to adjust the plot to your liking, such as scaling the x and y axes [2].
2.4.1. SCREEN: 2021-02-10 13-38-12.mkv. 
2.4.2. SCREEN: 2021-02-10 13-39-14.mkv.
2.5. Right click in the plot area and click on export to Excel before a new reading starts. Save the temperature and time data in the spreadsheet that has been automatically created by the program [1].
2.5.1. SCREEN: 2021-02-10 13-40-09.mkv. 
2.6. Place the metal thermistor probe into the glass ocean vessel within the condenser. Make sure the probe is set off to the side of the glass [1], then cover the glass with parafilm [2].
2.6.1. Talent placing the probe in the ocean vessel.
2.6.2. Talent covering the glass with parafilm.
3. Setting up the ice bath
3.1. Fill a mid-sized bucket with water up to half-way [1], place the bucket inside a plastic pan [2], and add ice to the water until nearly full [3].
3.1.1. Talent filling a bucket with water. 
3.1.2. Talent putting the bucket in the pan. 
3.1.3. Talent adding ice to the water.
3.2. Place the two plastic cut-off hoses onto either end of the water pump [1]. Note that the vertical pump opening is where water will be poured in to begin priming [2], and the horizontal opening is where the water is ejected [3]. Plug the pump into a power socket but leave the electric connectors open [4].
3.2.1. Talent placing the hoses on both ends of the pump.
3.2.2. Vertical pump opening. 
3.2.3. Horizontal pump opening.
3.2.4. Talent plugging the pump into a power socket.
3.3. Connect the horizontal plastic hose to the higher condenser port, facing the right [1], and make sure that the hose is long enough to reach the ice bucket [2].
3.3.1. Talent connecting the horizontal hose to the condenser port.
3.3.2. Talent making sure that it reaches the bucket.
3.4. Connect another cut-off plastic hose to the left condenser port [1]. Position this hose over the bucket of ice water into which the water will be ejected from the condenser [2].
3.4.1. Talent connecting a hose to the left condenser port.
3.4.2. Talent positioning the hose over the bucket.
3.5. [bookmark: _Hlk61519317]Pour cold water through the hose connected to the vertical opening of the pump [1]. When the pump is full of water, reaching all the way to the condenser port [2], immerse the hose into the ice water bath [3], and immediately connect the electrical connectors [4]. Videographer: This step is difficult and important!
3.5.1. Talent pouring cold water through the hose.
3.5.2. Pump filling with water.
3.5.3. Talent immersing the hose into the ice water.
3.5.4. Talent connecting the electrical connectors. Videographer: This shot may require 2 people.
3.6. Prime the pump to start flowing water through the condenser [1], fill the bucket with ice [2], and place a thermometer in the bucket to check the temperature [3-TXT]. Videographer: This step is important!
3.6.1. Talent priming the pump. 
3.6.2. Talent adding ice to the bucket. 
3.6.3. Talent placing the thermometer. TEXT: Water temperature should reach 0 °C
3.7. Continue adding more ice to maintain the water at a cold temperature [1] and scooping out some of the warmer water [2].
3.7.1. Talent adding more ice to the bucket. 
3.7.2. Talent scooping out water.

4. Prepping for injection
4.1. Wrap a pad around the sulfide syringe [1], and firmly screw on two metal clamps around the pad [2].
4.1.1. Talent wrapping a pad around the syringe. 
4.1.2. Talent screwing on metal clamps around the pad.
4.2. Pour one or two ocean solutions in the prefabricated chimney vessels. Pour one ocean solution into the glass vial within the condenser [1] and the other into the room-temperature vessel with no condenser, making sure to not move the temperature probe [2].
4.2.1. Talent pouring a solution into the glass vial within the condenser.
4.2.2. Talent pouring the solution into the vessel with no condenser.
4.3. Start the injection and begin recording the ocean temperature on the thermistor [1]. Once the water is circulating through the condenser, the thermistor temperature probe will begin to display the fall in temperature within the ocean [2].
4.3.1. Talent starting the injection. 
4.3.2. Temperature probe displaying fall in temperature.


Results
5. Results: Thermal and non-thermal gradient chimneys 
5.1. Once the hydrothermal fluid simulant reached the ocean vial, a mineral precipitate structure began to form that grew thicker and taller for the duration of the injection. More concentrated solutions of sulfide allowed for taller and sturdier mineral precipitates [1].
5.1.1. LAB MEDIA: Figure 5.
5.2. In some cases, no structure was formed, only a liquid sulfide-mineral soup that would eventually settle out as a sediment [1].
5.2.1. LAB MEDIA: Figure 3 D. 
5.3. In thermal gradient chimney experiments with iron sulfide, solid chimney structures generally did not coalesce as well as they did at room temperature [1].
5.3.1. LAB MEDIA: Figure 3 E – H. 
5.4. The chimneys in the temperature gradient were string-like and tenuous in nature [1], whereas non-thermal gradient results had more semi-permanent structures [2]. The same was true when the hydrothermal fluid was heated [3].
5.4.1. LAB MEDIA: Figure 3 E – H.
5.4.2. LAB MEDIA: Figure 3 A – D.
5.4.3. LAB MEDIA: Figure 4. 
5.5. A solid iron sulfide chimney was able to form between a room-temperature hydrothermal solution and cold ocean simulant at higher sulfide and iron concentrations [1].
5.5.1. LAB MEDIA: Figure 5. 
5.6. The effect of a thermal gradient on the growth of iron hydroxide chimneys was also tested. While the room-temperature iron hydroxide experiment produced a robust chimney precipitate, the thermal gradient experiment resulted in a smaller mound of chimney material that did not coalesce vertically [1].
5.6.1. LAB MEDIA: Figure 6. 





Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Ninos Hermis: When attempting the protocol, make sure that the wire ribbons are properly connected to the thermistor, which is essential in monitoring the ocean water simulant.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2.3.

6.2. Gabriel LeBlanc: Following this procedure, a wide range of chemistry and temperature gradients can be explored in order to better understand the role of temperature gradients in the field of chemobrionics.  

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

6.3. Laurie Barge: This technique paves the way to investigate hydrothermal origin of life experiments in a temperature gradient, for example, how temperature could affect the electrochemistry of reactive minerals.

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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