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Flat-field correction

Flat-field correction was applied to each image to ensure that fluorescence
intensities were spatially unbiased. We imaged Alexa Fluor 488 dye in K-PEM
over several concentrations and plotted fluorescence versus concentration for
each pixel. We calculated the slope, which we confirmed to be linear in the range
of concentrations used, by least squares fitting. These values were used to
normalise the fluorescence intensity of kinesin-clamp images after subtracting a
background (K-PEM only) image.
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Image registration

Some stage-drift occurred during the kinesin-clamp experiments, particularly for
the low ADP conditions. We corrected for this using a rigid image registration
algorithm1. The stabilised X-rhodamine microtubule segments (from the
fluorescence controls) were used to register both channels. Registrations used
the starting frame in a stack as the reference image.
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Quantification of trail intensities

The stepped tip function for approximating the fluorescence profile of
microtubules with trails was defined as follows
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where 𝑎 ≤ 𝑏, 𝐼! ≤ 𝐼! ≤ 𝐼!"#$ and 𝐼! and 𝐼! denote the intensity of fluorescence at
points 𝑎 and 𝑏, respectively (Supplementary Fig. 3a).
We generated a theoretical point-spread function (PSF) for our imaging
conditions (fluorophore - Alexa Fluor 488; objective – 100x NA 1.3, 1.25x
additional magnification), averaged its cross-section to mimic the procedure
used for generating our kymographs and approximated it with a Gaussian curve
𝑓 with standard deviation 𝜎!"# .
We normalised this PSF (∫ 𝑓 = 1) before convolving it with the stepped tip
function, leading to the analytical expression
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We then fit this convolved tip function to microtubule fluorescence intensity
profiles by least squares.
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Robust fitting

The parameters of the stepped tip function are only meaningful when a trail is
present. When microtubules have short trails or no trail at all, parameter
estimates are sensitive to small fluctuations in the signal (Supplementary Fig.
3b). Similarly, at blunt microtubule tips 𝐼! = 𝐼! = 𝐼!"#$ , reducing the equation
above to
Υ ∗ 𝑓 𝑥 = 𝐼!"# + 𝐼!"#$ − 𝐼!"# 𝐹 𝑥 − 𝑎 .
This has fewer parameters than the stepped tip function, meaning that trail
length (𝑏 − 𝑎) is ill defined at blunt microtubule tips. Blunt-ended microtubules
are thus liable to over fitting to noise (Supplementary Fig. 3c).
Relaxing 𝜎!"# to a free parameter 𝜎!"#$% provides a measure of how tapered
microtubule tips are2:
𝐺 𝑥 = 𝐼!"# + 0.5 𝐼!"#$ − 𝐼!"#
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We used this function as a ‘counter fit’ to ensure robust fitting of the stepped tip
function; if 𝜎taper < 500 nm, we classified the tip as blunt and trail parameters
were not extracted (Supplementary Fig. 3d). For microtubules with 𝜎taper ≥ 500
nm the stepped tip function was used. Results were in fact insensitive to the
value of 𝜎taper , (Supplementary Fig. 3e).
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Normalisation to fluorescence controls

The intensity profile for each segment of the fluorescence controls (2-colour
barcoded stabilised microtubules) were approximated using the function
𝐻 𝑥 = 𝐼!"# + 0.5 𝐼!"#$ − 𝐼!"#
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which is analogous to function 𝐺 but encompasses both ends of the microtubule,
where 𝑎! and 𝑎! are the coordinates of the microtubule tips and 𝜎1 and 𝜎2 are the
respective standard deviations (Supplementary Fig. 4b). Microtubule intensity is

given by 𝐼∗ = 𝐼!"#$ − 𝐼!"# for each of the three functions. Comparing the intensity
of dynamic microtubules with fluorescence controls established that only
individual microtubules (and not microtubule bundles) were quantified
(Supplementary Fig. 1, 4c). The reason why dynamic microtubules were slightly
more intense than fluorescence controls is unclear. We suspect that Alexa Fluor
488 labelled tubulin incorporates more efficiently into GTP-microtubules than
GMPCPP-microtubules.
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