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Report: Molecular mechanisms of tubulin regulation.

The tubulin heterodimer is the microtubule building block. Microtubules are hollow
cylinders made of parallel protofilaments which alternate cycles of polymerization and
depolymerization in a process known as dynamic instability. GTP bound to the tubulin
subunit is hydrolysed in GDP when tubulin is incorporated in microtubules. This gives rise
to the paradox that the microtubule is mainly composed of GDP-tubulin, which is unable to
polymerize. Our work is aimed at understanding this.

We have solved by MIRAS the crystal structure of a soluble form of tubulin,
complexed with the stathmin-like domain of the protein RB3 (RB3-SLD), a member of the
stathmin family of proteins, which are cellular regulators of tubulin. The complex comprises
2 tubulin molecules and 1 RB3-SLD. The structure allowed us to determine at the molecular
level the regulatory mechanism of stathmin-like proteins, and to demonstrate and visualize
the conformational switch between GDP-tubulin in solution and in protofilaments. In
addition to proteins, tubulin and microtubules are regulated by small molecule ligands, some
of them being of clinical use in particular for cancer therapy. The structure of the tubulin-
colchicine:RB3-SLD complex defines the colchicine site (see Ravelli et al, Nature, in press.
PDB id 1SA0 and 1AS1 — see abstract pasted at the end of this report).

The 3 shifts were devoted to 4 different topics. We tried to get data at better resolution,
mainly from crystals grown in slightly different conditions. One crystal, obtained with
trimethylamine as an additive, looked promising and this will be pursued.

We have already shown that the crystals of tubulin:RB3-SLD complex can be used as
a template to define the binding site of tubulin ligands such as colchicine (see above) or
vinblastine (manuscript in preparation). We are currently limited by the water solubility of
the ligands. To circumvent this, we are developing methods to study low solubility
compounds. We have chosen nocodazole as a model. Nocodazole is a small molecule
supposed to bind at the colchicine site. It 1s widely used by cellular biologists to disrupt the
microtubule network. We have obtained crystals of tubulin:RB3-SLD complex co-



crystallized with nocodazole and collected 3 dataset. The resolution is moderate (at most 4.8
A) and there is no specific signal for nocodazole in the colchicine site. However we have
found some specific signal away from this site. This unexpected result should be confirmed
with higher resolution data.

Taxol and related compounds are another class of tubulin ligands which interfere with
microtubule dynamic. We are developing a structure-based design study of taxoids in
collaboration with Dr. F. Gueritte and colleagues (ICSN - Gif-sur-Yvette). In connection
with this, we collected two datasets, one from a soaked crystal and one from a co-crystal,
obtained with a soluble taxotere derivative. These are at low resolution (below 6A). While
the taxoid was not localized in these structures, the two tubulins in the complex are arranged
slightly differently from the complexes we have studied so far, with a more open angle
between them. We are currently working on the crystallization of tubulin with these taxoids
in order to improve diffraction.

Finally, we are interested in the conformation of GTP-tubulin, the assembly-competent
form of this protein. In a first approach, we crystallized the tubulin:SLD complex where
tubulin is complexed with GTP or with a slowly hydrolysable analog (GMP-CPP). We
collected 4 dataset, the best resolution being 5.5A. While the GTP was hydrolyzed in the
time course of crystalization, the crystals with GMP-CPP seem promising. The data allow us
to determine that one tubulin molecule bears a hydrolyzed GMP-CPP, while the other shows
a signal for a third phosphate on its nucleotide. We now have obtained larger crystals of this
complex and will test them for higher resolution data. Hopefuly, this will put a structural
basis for activation of tubulin by GTP compared to GDP-tubulin.

Abstract of manuscript in press :

Insight into tubulin regulation from a complex with colchicine and a stathmin-like domain

Microtubules are cytoskeletal polymers of tubulin involved in many cellular functions. Their dynamic
instability is controlled by numerous compounds and proteins, including colchicine and stathmin family
proteins. The way microtubule instability is regulated at the molecular level has remained elusive, mainly
because of the lack of appropriate structural data. Here, we present the structure, at 3.5 A resolution, of
tubulin in complex with colchicine and with the stathmin-like domain (SLD) of RB3. It shows the interaction
of RB3—SLD with two tubulin heterodimers in a curved complex capped by the SLD amino-terminal domain,
which prevents the incorporation of the complexed tubulin into microtubules. The comparison with the
structure of tubulin in protofilaments shows changes in the subunits of tubulin as it switches from its straight
conformation to a curved one. These changes correlate with the loss of lateral contacts and provide a rationale
for the rapid microtubule depolymerization characteristic of dynamic instability. Moreover, the tubulin—
colchicine complex sheds light on the mechanism of colchicine's activity: we show that colchicine binds at a

location where it prevents curved tubulin from adopting a straight structure, which inhibits assembly.









