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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
3.6., 3.7., 4.1., 5.1., 5.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

Yuji Matsukawa: This device can be used to fix a sample to a vertical microscope stage to allow observation of the influence of gravity and floating on a sample of interest [1].

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

Yuki Ide: Attachment of this device to the stage allows the observation of sample dynamics in the vertical plane and permits the observation of temperature-dependent sample behaviors [1].

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





Section - Protocol
Aluminum Plate Fabrication
To fabricate the aluminum plates, use a laser processing machine to cut a 101-millimeter hole in the center of a 150- x 200- x 2-millimeter aluminum plate to be used as the forefront plate [1].

WIDE: Talent cutting plate Author NOTE: The plates were cut off-site so we just shot the plates with a ruler for reference. 
Make claws at eight points around the outside of the plate to allow two rubber bands to be affixed across the length or the width of the plate [1].
Shot of notches in plate/notches being indicated
Next, cut a 130-millimeter hole in the center of a 150- x 200- x 5-millimeter aluminum plate to be used as the middle upper plate [1] and make eight notches to allow the placement of two rubber bands across the length or width of the plate [2].
Shot of hole/hole being indicated
Shot of notches in plate/notches being indicated
Then cut a 130-millimeter hole in the center of a 150- x 200- x 4-millimeter aluminum plate to be used as the middle lower plate [1] and cut 30-millimeter hole in the center of a 150- x 200- x 1.5-millimeter aluminum plate to be used as the base plate [2].
Shot of hole/hole being indicated
Shot of hole/hole being indicated
Aluminum Pedestal, Pressed Cork Disc, and Silicone Rubber Heater Fabrication
To fabricate the pedestals, cut a 30-millimeter hole in the center of a 100-millimeter-diameter, 3-millimeter-thick aluminum plate [1] and make a 42-millimeter-wide by 30-millimeter-deep notch on one side of the plate [2].
WIDE: Talent cutting hole Author NOTE: The pedestal was cut off-site so we just shot the plates with a ruler for reference.
Shot of notch/notches being indicated
Then cut a 30-millimeter hole in the center of a 100-millimeter-diameter, 4-millimeter-thick aluminum plate [1] and drill three 3-millimeter holes 25-millimeters from the center of the place and spaced 120 degrees from each other [2].
Talent cutting hole in plate Author NOTE: The pedestal was cut off-site so we just shot the plates with a ruler for reference.
Shot of center hole and three holes 25-mm from center of plate 120° from each other Video Editor: please emphasize center hole then three holes when mentioned
For fabrication of the pressed cork discs, use a water jet cutting machine to make cut a 20-millimeter hole in the center of a 100-millimeter-diameter, 2-millimeter-thick pressed cork disc [1] and make one 42-millimeter-wide by 30-millimeter-deep [2] and one 4-millimeter-wide by 5-millimeter-deep notch into each side of the disc [3].
Talent cutting disc Author NOTE: The disc was cut off-site so we just shot the plates with a ruler for reference.
Shot of center hole and 42- x 30-mm notch Video Editor: please emphasize hole and notch when mentioned
Shot of 4- x 5-mm notches/notches being identifed
Next, cut a 20-millimeter hole in the center of a 100-millimeter-diameter, 1-millimeter-thick pressed cord disc [1] and make one 42-millimeter-wide by 30-millimeter-deep [2] and one 4-millimeter-wide by 40-millimeter-deep notch into each side of the disc [3].
Shot of hole/hole being identified
Shot of 42- x 30-mm notch/notch being identified
Shot of 4- x 40-mm notch/notch being identified
Then cut a 42-millimeter-wide by 30-millimeter deep pressed cork plate from a 100-millimeter diameter disc [1].
Shot of hole cut cork
To fabricate a silicone rubber heater, cut a 20-millimeter hole in the center of a 100-millimeter-diamer, 2.5-millimeter-thick silicone rubber disc with a built-in Nichrome wire [1].
Shot of hole in disc Videographer: Important shot
Then stack the fabricated parts as demonstrated [1-TXT], fixing the appropriate pieces with screws or adhesive as required [2a-2].
Talent stacking parts Videographer: Important shot TEXT: See text for full microscope stage assembly details　Author NOTE: TAKE 4
Talent inserting screw(s) Videographer: Important shot Added shot 3.7.2 a screws in back of stage 
[bookmark: _Hlk4341551]System Configuration
[bookmark: _GoBack]Use a dedicated cable to incorporate the rubber heater and the “HEATER” of the controller case to connect the microscope stage to the system [1] and control the current of the rubber heater [2]. NOTE: Original steps 4.1 and 4.2 swapped order. 
Talent selecting Wi-Fi 
Talent connecting heater to stage 
Current being controlled 
[bookmark: _Hlk4341570]After building the system, connect the thermistor wire to the “SENSOR” terminal on the controller case [0-1-TXT] and receive the temperature signal measured by the thermistor [2].  

Added shot 4.1.0 connect stage 
WIDE: Talent connecting thermistor to SENSOR Videographer: Important step TEXT: See text for full system building details 
Talent receiving temperature signal Videographer: Important step
Use the knob on the controller to change the set temperature [1] and use the controller to equip a Wi-Fi signal [1].
Temperature being set
NOTE: changed to 4.1.1
Then transfer the measured temperature, set temperature, and time information at measurement from the controller to the server via the internet [1-TXT].
Talent setting data to server, with monitor visible in frame TEXT: Measurement cycle time: 5 s; Data transfer cycle time: 1 min
Operation Method
To analyze a sample, place the sample on the microscope stage perpendicular to the ground surface [1] and use the four lengthwise claws to secure the sample with two rubber bands [2-3].
Rubber band(s) being placed Videographer: Important step 
WIDE: Talent placing sample onto stage Videographer: Important step NOTE: swapped 5.1.1 with 5.1.2 rubber bands being placed should come first.
Added shot: sticking sensor into sample
Use the controller to set the temperature to 40 degrees Celsius [1] and check the temperature on the display [2].
Temperature being set Videographer: Important step NOTE: Shot 5.2.1 5.2.2 5.3.1 and 5.3.2 in one take. Take 2 is the temperature leveling out at 40.0
Shot of temperature on display Videographer: Important step
Then press the knob to start temperature control [1]. The blue LED (L-E-D) will light up, indicating the initiation of the heat supply [2].
Knob being pressed
Shot of LED lighting up
5.4.1 Added shot: Wide of entire device


Section – Results
Results: Representative Temperature Distribution and Signal Responsiveness and Diatom Motion Analysis 

In these figures, representative temperature distributions of the rubber heater are shown [1]. The surface temperature of the rubber heater was uniform at each temperature [2].

LAB MEDIA: Figure 2
LAB MEDIA: Figure 2: JoVE Video Editor please emphasize uniform signal in each image

Here an example of the responsiveness of the measured temperature to set the temperature changes is shown [1].

LAB MEDIA: Figure 3

The orange line indicates the set temperature [1] and the blue line shows the change of the sample temperature [2].

LAB MEDIA: Figure 3: JoVE Video Editor please emphasize orange line
LAB MEDIA: Figure 3: JoVE Video Editor please emphasize blue line

If the equipment is assembled correctly, the overshoot of the measured value to the setting change is typically small and the tracking is quick [1].

LAB MEDIA: Figure 3

In this experiment, the temperature-dependent vertical motion of diatoms was successfully recorded [1] allowing the locus of the vertical motion of the diatoms to be detected [2].

LAB MEDIA: Figure 4
LAB MEDIA: Figure 4: JoVE Video Editor please emphasize blue lines and dots 

The effects of thermal convection on the vertical floating phenomenon of the diatom cells could then be visualized by direct observation [1].

LAB MEDIA: Figure 4: JoVE Video Editor please sequentially add/emphasize temperature text under each image and/or emphasize each entire image


Section - Conclusion
Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Yuji Matsukawa: When the sensor is disconnected from the sample or if the microcontroller does not operate properly, check whether the current to the heater has been cut off from the microcontroller [1].
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Yuki Ide: Using this method, the effect of temperature changes on the vertical movement of an organism in water can be observed [1].
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Yuki Ide: As the structure of the part of the stage that attaches to the microscope is complicated, future studies will address simplification of the structure [1]. 
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Yuji Matsukawa: To cool samples to lower than room temperature requires a complicated cooling device, which is also under consideration for future work [1].
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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