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1. Methods of Calculation of Tubulin Dipole Moment Interactions

Dipole moment contributions of each tubulin dimer are shown as arrows in Figure S1.

Figure S1. This is the configuration which shows how the electric dipole moments that we will
use are disposed. There are two contributions that are associated with each monomer, one related to
the monomer body and the other one related to the C-terminal tail.

Considering one tubulin dimer, the electric dipole moments that are considered to participate
in a non-negligible way are the ones that are associated with the bodies of the two tubulin
monomers, @ and f, and the ones associated with the two C-terminal tails. Due to the absence of a
crystal structure, we adopted a stretched configuration for the C-terminal tails. This is probably the
most statistically significant configuration. In this configuration, the counterions concentrate on the top
of the C-terminal tail, generating an electric dipole moment whose only non-zero component is the
vertical one (see Figure S2).
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Figure S2. A representation of the model that was used to calculate the electric dipole moment for
the C-terminal tails. Charges are uniformly distributed along the length of the C-terminal tail and
each of them is neutralized by a positive counterion that is placed into the medium opposite to a
negative charge, at a distance (d in the figure) that is approximately equal to 1 nm in water. The
violet arrow represents the electric dipole moment.

The center of masses of tubulin dimers in a 78-dimer microtubule were obtained from a previous
model [1]. The model thus contained 6 layers of microtubule rings, each having 13 tubulin dimers.
We were interested in calculating the dipole-dipole interaction energy between the highlighted dimer
in Figure 1 in the main text and all of the remaining dimers in the system. In order to calculate
interaction energy between any two tubulin dimers, the following formula was used,

U = (p1-p2—=3(p1-7)(p2-7)) (1)

drreeqrd
where p; and p2 are the dipole moments of the dimers, r is the distance between them and 7 is the unit
vector pointing from one dimer to the other. €0 is the permeability of free space and ¢ is the dielectric
constant of the protein which is equal to 8.4 for tubulin [2]. A MATLAB script was written to calculate
the interaction energy between the dimer of interest and all the remaining 77 dimers in the system.

For each tubulin dimer, four dipole moment values were summed up into an average dipole
moment that includes; dipole moment of a-tubulin body, -tubulin body, a-tubulin C-terminal tail and
B-tubulin C-terminal tail. The dipole moment values for the bodies were obtained from [3,4]. The dipole
moment values for the tails were obtained using the information about the charge carried by each
C-terminal tail, and assuming that the charges are uniformly linearly disposed along the C-terminal
tail, and that for each charge, a counterion is present that neutralizes it (Figure S1). The
counterions are considered to be at a distance that is equal to the Bjerrum length, that is about 1
nm for what concerns a physiological solution. We made sure that the dipole moment vector is
rotated about the z axis by (471/13) using rotation matrices as we go around the microtubule cylinder.
All of the tubulin sequences used in the calculations were porcine tubulin.
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