Supplementary information

Analysis of Unique Motility of the Unicellular Green Alga
Chlamydomonas reinhardtii at Low Temperatures Down to —8°C

1. Motility analysis of Chlamydomonas reinhardtii

Figures S1 to S10 shown below provide detailed data on the following items in addition to the results of

vibrational analysis (FFT) of Chlamydomonas reinhardtii covered in the main text (Figures 5 and 6).

1. Trajectory of cell motility: The trajectory of the central motility of the cell to be analyzed is shown.

However, the trajectory is within an arbitrary observation time range.

2. Changes in the distance traveled by cells relative to the origin over time: The origin was the cell center
position at the start of observation, and the relationship between the elapsed time and the distance between

the origin and the cell was graphed.

3. Approximate curve in 2: The curve in 2 above was fitted with a 5th order function and shown in the

same graph.

4. Difference graph between 2 and 3: This graph shows the difference between the actual motion data and

the 5th order approximation curve.

5. FFT analysis: The FFT analysis of 4 is shown. The analysis results are shown in a wider frequency range

than those published in the main text.
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Figure S1. Analysis of cell motility at room temperature (25.5 °C) using a white LED as a light source

(Figure 5a): (a) Trajectory of cell motility; (b) Change in cell swimming distance over time; (c) Difference

between the measured value and the approximate curve in (b); (d) FFT analysis result of (c)
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Figure S2. Analysis of cell motility at low temperature (0.6 °C) using a white LED as a light source (Figure

5b): (a) Trajectory of cell motility; (b) Change in cell swimming distance over time; (c) Difference between

the measured value and the approximate curve in (b); (d) FFT analysis result of (c)
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Figure S3. Analysis of cell motility at room temperature (26.9 °C) using a red LED as a light source (Figure

5¢): (a) Trajectory of cell motility; (b) Change in cell swimming distance over time; (c) Difference between

the measured value and the approximate curve in (b); (d) FFT analysis result of (c)

(a)

~~
(@)
~—

Distance [um]

25

15

0.5

(b)

Distance [um]

1

(d)

Power

1 1 1 1

1.0

2.0

3.0 4.0 5.0 6.0
Time [s]

7.0

60
y =-0.0049x5 + 0.0857x"* - 0.5193x° + 1.4915x> + 4.8603x + 1.1264
50
40
30 -
20 .
—— Experimental Data
10 ——Fitted Curve
O 1 1 1 1 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Time [s]
1
60 160
120 | 120
80
80 40
40 0 . Y A . . 1 1 1 L
0 2 4 6 8 10 12 14 16 18 20
0 L ! ! ! 1
0 20 40 60 80 100

Frequency [Hz]

Figure S4. Analysis of cell motility at low temperature (6.4 °C) using a red LED as a light source (Figure

5d): (a) Trajectory of cell motility; (b) Change in cell swimming distance over time; (c) Difference between

the measured value and the approximate curve in (b); (d) FFT analysis result of (c)




250
(a) (b) y =-0.3284x5 +3.5109x4 - 14.561x3 + 28.568x2 + 38.39x + 0.0871
— 200 F
s
o 150
30 um 2
o —— £ 100 |
A - —— Experimental Data
——Fitted Curve
0 1 1 1
0.0 1.0 2.0 3.0 4.0
Time [s]
(c) 30 (d) 50
20 40
'g‘ 1.0
= ¥ 30
g 0.0 %
g & 20
% 10 f
o
20 | 10 L\‘
3.0 | 1 L 0 A . k Ao
0.0 1.0 20 3.0 40 0 20 40 60 80 100
Time [s] Frequency [Hz]

Figure S5. Analysis of cell motility at room temperature (25.2 °C) using a green LED as a light source
(Figure 5e): (a) Trajectory of cell motility; (b) Change in cell swimming distance over time; (c) Difference

between the measured value and the approximate curve in (b); (d) FFT analysis result of (c)

8
(a) (b) 5 |2 -0.0035x5 + 0.0677x - 0.4219x3 + 0.9596x2 + 0.5315x + 0.3632
E 6
|
5
g
230
A 2t ——Experimental Data
1 | ——Fitted Curve
0 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0
Time [s]
(C) 1.0 (d) 25 25
05 A P 20T
_EL ' 15
= l 5 15 10 L
g o0 2
S
g &‘ 10 A 5 _/\/\A
2 0 —
=08 ‘ 5 0 5 10
-1.0 L ! L L L 0 -
0.0 1.0 20 3.0 40 50 6.0 0 10 20 30 40 50 60 70
Time [s] Frequency [Hz]

Figure S6. Analysis of cell motility at low temperature (0.4 °C) using a green LED as a light source (Figure
5f): (a) Trajectory of cell motility; (b) Change in cell swimming distance over time; (c) Difference between

the measured value and the approximate curve in (b); (d) FFT analysis result of (c)
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Figure S7. Analysis of cell motility at room temperature (21.4 °C) using a blue LED as a light source (Figure

5g): (a) Trajectory of cell motility; (b) Change in cell swimming distance over time; (c) Difference between

the measured value and the approximate curve in (b); (d) FFT analysis result of (c)
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Figure S8. Analysis of cell motility at low temperature (1.7 °C) using a blue LED as a light source (Figure

5h): (a) Trajectory of cell motility; (b) Change in cell swimming distance over time; (c) Difference between

the measured value and the approximate curve in (b); (d) FFT analysis result of (c)
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Figure S9. Analysis of cell motility in viscous solution (Ficoll 7%, 3.5 mPa-s) at room temperature (24.0 °C)

using a halogen lamp as a light source (Figure 6a): (a) Trajectory of cell motility; (b) Change in cell

swimming distance over time; (c) Difference between the measured value and the approximate curve in

(b); (d) FFT analysis result of (c)
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Figure S10. Analysis of cell motility at low temperature (-4 °C) using a halogen lamp as a light source

(Figure 6b): (a) Trajectory of cell motility; (b) Change in cell swimming distance over time; (c) Difference

between the measured value and the approximate curve in (b); (d) FFT analysis result of (c)




2. The temporal change in average velocity histogram of cells over time
Histograms of the average velocity of cells at each elapsed time in Figure 4a of the main text were created.

The results are shown in Figure S11.
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Figure S11. Histogram of average velocity of cells (Figure 4a): In each histogram, the horizontal axis shows the average

velocity at the center of cell (um/s), and the vertical axis shows the frequency. The time (min) written directly below each




histogram indicates the elapsed time from the start of measurement. The light blue highlighted time period is the same time
period as the light blue highlighted part in Figure 4a (the period from the start until the temperature decreases and rises

again).



