Supplementary infor mation:

Description of the model which describes how tau may separate microtubules:

We first consider that microtubules are aligned arghnized in arrays as in axons. Each
microtubule in these arrays can undergo thermélisidn in the direction perpendicular to its
axis. The constant of diffusion is (Hamon et al12; Yu and Carlsson, 2004):
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whereT is the temperaturélg the Boltzmann constant; andR, the length and radius of
microtubulesy, the viscosity of the axoplasm.
We consider that two adjacent microtubules may @ggr from each other via thermal
diffusion. When the separation distance betweertwlo microtubules is shorter thag the
range of the excluded volume interactions, microte® are irreversibly attracted and
bundling occurs. Such scenario happens in the abs#rtau.
However, in the presence of tau, tau cross-bridgesh can be formed at the interface
between approaching microtubules can prevent mibtdés from bundling. The range of tau
cross-bridgesy. (about 20 nm) is indeed significantly larger thaé trange of excluded
volume interactionst, (about 5 nm). During the time that the separatitance between
two microtubules ranges from to r, tau diffuses on the surface of the two approaghin
microtubules and has the possibility to form a stbgdge. The average timé&c, during
which microtubules crosses the distange,, is:
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We thus need to consider the average tifgger, Which is required for the formation of a tau
cross-bridge when two microtubules are sufficiesthse to each othefgimerdepends on the
diffusion constant of tau on microtubuldy,; the microtubule length and radiusand R;
the number of tau molecules per microtubiNg, and the size of the interacting domain of
tau (~rc). We then obtain after some algebra:
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To efficiently prevent microtubule bundling, theng required to form tau cross-bridges in
between approaching microtubul€kime, has to be shorter the that time required for
microtubules to cross the distamger, T..

Thus, at the limitTgime<Tc:
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The number of tau proteins requires to preventotudrule bundling is then defined by the
following equation:
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Many experimental values are lacking to obtain angitative estimation of the critical
tau:tubulin molar ratio required to prevent bunglifror example, the transverse diffusion
constant of parallel microtubules in axons is uninoln addition, the number of tau cross-
bridges necessary for blocking microtubule diffassremains also to be estimated. Due to
these limitations, we only used scaling laws foe @malytical approach and normalized
values of the diffusion coefficient in the numetiapproaches.

Critical tau:tubulin ratio in the polymer brush model:
In the polymer brush model (Brittain and Minko, Z00Q for a polymer of radius,, here that
of tau, the minimal number of polymer molecules ahihallows an effective steric hindrance

scales like:
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for a microtubule cylinder of radiuR As there are 1650 tubulin dimers per um of
microtubules and by using = 12.5 nm anR = 12.5 nm. The result leads to about 1 tau
molecule for 6 tubulins.

Description of the numerical simulation:

The numerical simulation used in this study is dapgation of a previous model that we
developed to describe the diffusion of mMRNAs onrotigbules (Chernov et al., 2009). N
microtubules were allowed to diffuse in a squareaaas indicated in figure 5. At the
beginning of the simulations, microtubules were bgemneously distributed in a defined
square area. Simulations were then performed uainigast 90 000 iterations. For each
iteration, the microtubules move in random direttiy 0.3 nm step, which corresponds to an
explored area of 27 000 frat the end of the simulation. In a similar way thffuses in 2D
on the surface of cylindrical microtubule with dateve diffusion coefficient,Diay/Dwr,.
Using equation (1) with L = 500 nm, R = 12.5 nns B7°C and) = 0.044 Pa.s for molecules
of few hundreds of nanometers in the cytoplasmalfdicells (Kalwarczyk et al., 2011) P

= 4.6 10° pm?/s. As B, the measured diffusion constant of tau along atitules, is about
0.15 um?/s, Dia/Dut = 3.2. However, the viscosity of axoplasm is not knoand axonal
microtubules can be longer than 500 g,¢(Dur = 15 for L = 4 pm) Dy, /Dyt ratios ranging
from 2 to 20were then used for the numerical simulations (sped 5).

When the distance separating two tau moleculeseasuirface of two different microtubules
is less thanr; (15 nm unless stated otherwise), cross-bridgesfamed and prevent
microtubules from further approaching to each othdowever, in the absence of tau-cross-
bridges, when the separation distance between s is shorter, (5 nm), interacting
microtubules form irreversibly bundles due to shariged excluded volume interactions.
The number of tau molecules, N, required to prevantrotubule bundling should be
considered as arbitrary because many experimeatahyeters are lacking like the diffusion
constant of microtubules. The point of such analisrather to understand the mechanism of
microtubule separation and the impact of tau diffiasgnd the length of the tau cross-bridges
on the efficiency of this mechanism.
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