SUPPLEMENTARY FIGURES S1 TO S7 AND LEGEND TO VIDEOS
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Figure S1: Purified recombinant tau proteins usedhis study, as observed after their
migration in a denaturating gel.
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Figure S2: Detection of microtubule bundling fropptioal images of microtubules deposited on
mica.

Microtubules were deposited on mica under indicatmhditions and fixed with 4%
glutaraldehyde at 37°C. Samples were then predarédhmunofluorescence as for fixed cells.
Anti-tubulin antibody was used to detect microtwsulThe mean amplitude of the peaks related
to the fluorescence of isolated microtubules wasrd@ned as described. The amplitudes of the
peaks related to microtubule structures were tleemalized with this value. Large microtubule
bundles have normalized peak intensities highen ttreat of isolated microtubules. When
indicated, the same procedure was used to medseinmd¢an amplitude of the peaks related to
the tau fluorescence intensity using anti-tau aalyb The tau:tubulin fluorescence ratio is then
the ratio of the mean amplitudes related to tautahdlin intensities as described in figure S5.
The use of optical microscopy allows to observeratitoule bundling on large area. However,
owing to the resolution limit of optical microscoggbout 200-300 nm), microtubules may
appear as bundled while in fact they can be isolatiéh a separation distance shorter than the
resolution limit. To discard this hypothesis, etentand atomic force microcopies, which have a
lateral resolution in the nanometer range, werel @secomplementary techniques (figure 1 and
2).
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Figure S3: Elevated ionic strength or concentrabérzwitterions, HEPES or PIPES, impair
microtubule bundling induced by tau2N.

Statistical analyzes of taxol-stabilized microtigsutieposited on mica in the presence or absence
of tau 2N revealed in varying buffers. 10 mM HEPKESH pH 6.8, 30 mM KCI unless stated
otherwise, 20% glycerol, 1 mM EGTA, 4 mM MgCI2, IWwGTP. HEPES and PIPES pH 6.8
were added at indicated concentration. Resultsvean + SD (n=60). See figure S2 for the
description of the method.
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Figure S4: Tau 2N no longer prevent microtubuledbimg at high ionic strength and could not
dissociate preformed microtubule bundles.

A) Taxol-stabilized microtubules were incubatedtle presence of tau 2N (1:15 tau:tubulin
ratio) and then exposed to 1% PEG 35K in the peesen 50 or 100 mM KCI. Interestingly, at
elevated ionic strength, we noticed the presenckarge microtubule bundles while, at lower



ionic strength, tau 2N antagonizes microtubulesdbng under macromolecular crowding
conditions.

B) Microtubule bundles formed under macromolecutapwding conditions cannot be
dissociated by tau 2N afterward.

Atomic force microscopy imaging of microtubules adised on mica in the presence or absence
of PEG 35K 1% for 15 min, as indicated. In one loé tsample, tau 2N was added after
microtubule bundling under macromolecular crowdiigu 2N failed to dissociate previously
formed microtubule bundles. Buffer: 10 mM MES-KOH 6.8, 1 mM EGTA, 4 mM MgGl 1

mM GTP and 30 mM KCI. Tau:tubulin molar ratio: 1:15
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Figure S5: Determination of the tau:tubulin fluaresce ratio in cells

HelLa cells expressing tau constructs at varyingllévere tau ON) were fixed and stained with
anti-tau and anti-tubulin antibodies, as indicatéile then recorded the profile of the
fluorescence intensity along a line crossing midoate structures. The peaks of fluorescence
intensity relative to tubulin and tau were subgdcby their relative background. The two
resulting intensities were then used to determietau:tubulin fluorescence ratio. Three ratios
were determined on different microtubule structufes each cell and the mean value was
reported in figure 3A and D.
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Figure S6: The N-terminal domain of tau limits noieibule bundling under hypertonic
conditions in Hela cells.

A)

Upper panel: Immunofluorescence images of taxaltér@ HelLa cells expressing either
tau 2N or deltaNT after exposure to hypertonic dooras (+ 150 mM NacCl for 6 h).

Anti-tau and anti-tubulin immunofluorescences aepresented in red and green
respectively. We remarked the appearance of micub¢ubundles in control cells due to

|



B)

C)

the hypertonic treatment. In cells expressing tdwa low levels, hypertonicity does not
further increase the occurrence of bundling.

Lower panel: statistical analyzes of the formatdrmicrotubule bundles in HelLa cells
after the hypertonic shock. Hypertonicity leadghe formation of bundles in more than
40 % of control cells. In tau 2N-expressing cefifscrotubule bundling is not further

increase after the hypertonic treatment.

Statistical analyzes of the formation of microtubblundle in HeLa cells expressing Tau
2N at varying tau:tubulin fluorescence ratio. lemgly, after hypertonic treatment, the
occurrence of microtubule bundling is not elevatectells expressing tau 2N at low
tau:tubulin fluorescence ratios.



Bundle

6000 | |

so00l Microtubules |

\L \I I 1] N
|
4000 | \, [ | ow
& i I "\

3000 H\ ‘."-.‘ /AN j-l ‘ \ / LNJ":
\ ] VW |‘ \‘I.‘ | /,

i I "N |
\V N\ dJ \/

2000

Anti-tubulin fluorescence
intensity (a.u)

1000 ¢

0 50 100 150

Position (a.u.)

Figure S7: Detection of microtubule bundles in Hek#s expressing tau (here deltaNT).

A line profile of the anti-tubulin fluorescence waerformed to reveal the putative presence of
microtubule bundles. The peak heights of the midyoke structures was then measured and compared to
average value of the peak of isolated microtub@lee background value was subtracted).When the
heights of the peak related to the putative midyokel bundles exceeds by 60% the average peak rafight
isolated microtubules, we considered that thelmsdiformed microtubule bundles. In the case reptede
above, the peak height related to isolated micudashare in average about 1800 a.u. while thahef t
putative microtubule bundles is higher than 4000 &Ve thus considered that this cell has formed
microtubule bundles.



LEGENDS TO VIDEOS 1 to 4:

Numerical simulations of the spatial distributiohl® microtubules moving on a 300x300 nm?

sectional area. The number of tau molecules andethé&ve tau moblllty,D Lt are indicated in
MT

videos. To have clear view of the bundling eventdy the transverse section of the parallel
microtubules is represented. This is why tau pnstenay appear artificially superposed on
microtubules.

Number of iterations: TOL, the length of the microtubule, is 500 nm. d&bs were recorded by
stacking 16 images every Tterations.




