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This file contains additional experimental results on flagellar dynamics and geometry of C. flexa.

I. VIDEO IMAGING AND ANALYSIS
A. Supplementary Videos

C. flexa sheets were imaged in FluoroDishes (World Precision Instruments FD35-100) by differential interference
contrast (DIC) microscopy using a 40x (water immersion, C-Apochromat, 1.1 NA) Zeiss objective mounted on a Zeiss
Observer Z.1 with a pco.dimax csl camera.

Flagellar characteristics reported in Table I were obtained as follows. Beat frequencies were determined by averaging
over five cycles for each of twenty randomly selected cells. All other measurements are averages over ten randomly
selected cells. The comparatively large wavelength for flag-out sheets may be due in part to the fact that the flagellar
waveform in that state is not sinusoidal, and its wavelength is thus less well defined than in the flag-in state.

FIG. S1. Flagellar dynamics in C. fleza colonies. (a) Snapshot from Video 1, a high speed recording of a flag-in sheet used to
determine flagellar characteristics reported in Table I. Movie is set to play at 17x slower than real time. (b) As in (a), but for
the flag-out state in Video 2. Scale bars are 10 pym.

|conformation| beat frequency f| length 2L | amplitude d| wavelength A| Theoretical single cell swimming speed Us |
flag-in 45+ 4 Hz 265 um| 2.44+0.6 um 943 um 93+ 24 um/s
flag-out 43+ 8 Hz 23+4 pm| 22=£0.7 pum 15£3 pm 67 £ 20 pm/s

TABLE I. Measurements of flagellar characteristics for the flag-in and flag-out sheets in Videos S1 and S2, and the theoretical
prediction of a single cell swimming speed using Resistive Force Theory, assuming a 4um radius cell body with a flagella of
radius » = 0.5 pm and the quantities reported in the table for each state. Uncertainties are standard deviations.



FIG. S2. Collar opening dynamics. Panels show successive images of colony edge as rightmost collar opens. Red arrows indicate
cell body, while black triangles indicate tips of collar microvilli.

The speed of opening of microvilli collars was estimated from Supplementary Movie S2 of [S2], which imaged
the flag-in to flag-out inversion process by DIC microscopy. Figure S2 shows that a collar opens in less than 1s,
considerably less than the time for the inversion process itself to go to completion.

B. Estimating the propulsive force from the flagella

In the fluid mechanical model of C. Fleza rafts, the action of the flagella on the fluid is modelled as a point force
F acting in the direction N. The magnitude F of this force can be approximated using resistive force theory [S1] as

F=2L »— (1-)f (S1)

where 2L is the flagella length, F is the beat frequency, is the projected wavelength in the direction of the traveling
sinusoidal wave (i.e. N), the values of which are listed in Table I, » =4 =In(2L=r) and =2 =In(2L=r) are the
transverse and longitudinal drag coefficients of a cylindrical filament of radius r, and is a coefficient that depends
on the flagella waveform. In the absence of high-resolution imaging of the waveform, the value of is approximated
by assuming a sinusoidal waveform F(X) with wavelength and amplitude d (Table I), as

R 1=2
_ 9 (1+f(x)) “dx (S2)
T, (14 F000) 2 dx

which can be found numerically. In the limiting of 2 d= <1, =2 2(d= )2

C. Measuring colony swimming speeds and sizes

Swimming speeds of C. flexa sheets were measured using Movie S4 from [S2]. The video starts with sheets under
bright illumination, which is then rapidly reduced, triggering colony inversion from flag-in to flag-out. At the beginning
of the movie, nearly all sheets are stuck to the coverslip and immobile, but commence swimming following inversion.
Individual sheets were tracked using the TrackMate Fiji plugin [S3, S4] with the following settings: LoG detector
threshold 0:1 and radius 50 and Simple LAP tracker with max frame gap 200, linking max distance 150, and gap
closing max distance 150. Trajectories were visually inspected, and those from any sheets that remained stuck to the
coverslip were excluded from analysis. Speeds were determined from individual trajectories based on frame-to-frame
displacements.

To measure colony sizes in terms of projected area, each video frame was segmented using Fiji [S3]. Each frame
was first smoothed using the Gaussian blur filter with a 3 pixel radius and then background subtracted using the
Subtract Background function. Segmentation was then performed using the Make Binary function.
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