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Introduction
Microtubules from cytoskeleton are formed by tubulin dimers protofilaments, where all heterodimers are bound one to the other

and they are responsible for the shape of eukaryotic cells. Tubulin following the same direction. In presence of Zn2*, tubulin is purified

dimers are formed by two globular proteins called a- and B-tubulin. as a 13 aligned protofilaments sheet, where those protofilaments

Monomers from o- and B-tubulin share 40% amino acid identity are one near the other and all a-tubulin are surrounded by 3-tubulin.

and show similar 3D structure, with three functional domains: the Nevertheless, in microtubules, this sheet is curved and fold to a

carboxy-terminal domain {a binding domain for motor proteins), hollow cylinder shape, the microtubule lattice. Microtubules are
a nucleotide-binding domain (to bind GDP or GTP) and the

taxol binding site (a domain that binds drugs and microtubule

initiated at microtubule organizing centres (MTOC) that are usually
near the cell nucleus. This is the minus-end, while the growing

associated proteins) [1]. ap-Heterodimers form polymers called terminal is the plus-end (Figure 1).

+ end

- end

ap-heterodimer protofilament ap-sheet microtubule

Figure 1: Structure of microtubules.

Microtubules are polimers of 13 protofilaments, formed by polimers of tubulin. Tubulin is a dimer formed by a- and 3-tubuline,
two similar proteins with a carboxy-terminal domain, a nucleotide-binding domain (GDP or GTP) and a taxol binding site.
a-Tubulin will be the minus-end and B-tubulin the plus-end. Growth and shrinkage are performed at the plus-end, as
microtubules are bound to microtubule organizing centers (MTOC) at the minus-end.
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Microtubules are not static structures. In fact, they alternate
between polymerizing and shrinking phases, as in the so-
called “dynamic instability” [2]. Polymerizing depends on the
concentration of free af-heterodimer concentration and on the
presence of GTP or GDP at the plus-end of the microtubule, as the
growth is performed mainly at the plus-end. When the terminal
plus-end B-tubulin contains GTP, further of-heterodimers are
bound to the microtubule and a growth is observed. Nevertheless,
when the terminal plus-end -tubulin is bound to GDP, the structure
of the microtubule changes by turning its structure outside down
and a catastrophe is generated. Then, the tubulin heterodimers are
released to media and the microtubules decrease their length. So,
this signal is the main function of the nucleotide-binding domain:
a GDP-cap in B-tubulin shows a shrinkage, whereas a GTP-cap a
growth of microtubules. Whereas stabilization of microtubules
through the nucleotide-binding domain cannot be externally
controlled by some drugs, several compounds or proteins can
interact on the carboxy-terminal domain or on the taxol binding
site. In this paper, the effect of some tubulin modification or some
compounds bound to tubulin are described for microtubules
stabilization.

Effects of Modifications of Tubulin on Microtubule Stabilization

Carboxy-terminal domain contains amino acids that can be
posttranslational modified. Those modifications can also correlate
with microtubule stability [1]. Thus, by modifying enzymatically
tubulin it is possible to stabilise microtubule. Examples on
posttranscriptional modifications are acetylation on a-tubulin Lys
40, catalysed by histone deacetylase family member 6 (HDAC6) [3]
and Sirtuin type 2 (Sirt2) [4]. By the other hand, acetyl transferase
a-Tatl (or Mec-17) unstabilizates microtubules [5,6].

The loss of C-terminal Tyr 451 in a-tubulin also stabilises
microtubule. This tyrosine can be also enzymatically removed [7]
and released [8]. Detyrosination also protects microtubules from
depolymerizing activity of KIF? or MCAK (kinesin-13 type motor
proteins), thus increasing their stability [9,10]. Polyglutamylation
was first described in brain [11], and it is not restricted to tubulin.
It is observed on both a- and f-tubulin. Enzymes belonging to TTL-
like (TTLL) family are responsible to catalyse polyglutamilation
[12], whereas enzymes of the CCP family hydrolise C-terminal

glutamate residues [13].

It is not clear whereas polyglutamilation stabilises or not
microtubules. Polyglycylation is also performed on both a- and
-tubulin, with unclear results on stabilization of microtubules.
TTLL family are the enzymes responsible of polyglycylation. In
mammals, TTLL3 and TTLL8 are initiate glycylases, whereas
TTLL10 is an elongate glycylase, although it seems that TTLL10
is inactive in humans, indicating that no elongation in glycine is
observed in human [14]. Tubulin phosphorylation mainly takes
place on Ser 172 in $-tubulin [15], catalysed by Cdk1. Polyamination

is catalysed by transglutaminases, especially in Gln 15 of 3-tubulin,
stabilizing microtubules [16]. Tubulin can also palmitoylated [17],
ubiquitinated [18], glycosylated [19], arginylated [20], methylated
[21] and sumoylated [22], although no clear results have been
presented on stabilization or not of microtubules.

Effect of Compounds Binding on Tubulin as Stabilizators

Some compounds are able to bind microtubules, by stabilizing
or destabilizing its structure. As the GTP-cap is very important in
microtubules for their growth, any drug interfering microtubule
dynamics can be a good modulator of tubulin structure [23]. Among
the most known compounds that stabilise microtubules structure,
paclitaxel or taxol is the main one. Paclitaxel-site is a hydrophobic
cleft of the B-tubulin. Several modifications of paclitaxel have also
been performed and even new compound families have been
developed, as lankacidin group antibiotics [24].

The family of laulimalite / pelorusite bind to the interprotofila-
ment, between two adjacent tubulin dimers, through a crosslinking
mechanism [25]. Other compounds that can stabilise microtubules
is triazolopyrimidine [26,27] that bind at the same place as vinblas-
tine. Epothilones (maily epothilone B), davunetine and lithium are
also stabilizing microtubules.

Other compounds such as toxins destabilize microtubules,
inhibiting tubulin growth. Among them, the most known are
vinca alkaloids (vinblastine, vincristine). Vinblastine, colchicine
and eribulin bind to -tubulin subunit at the interdimer interfase,
but the binding is at different sites [25] Vinblastine binds to the
plus-end, perturbing tubuline growth; colchicine substitutes the
B-tubulin when growing; eribulin blocks longitudinal tubulin
contacts. The pesticide rotenone, inhibitor of complex I from the
mitochondrial respiration is another example of destabilizing
compound. Other destabilizing compounds are 1-methyl-4-phenyl-
pyrydinium (MPP+), maytansine and 6-hydroxydopamine [28].

Conclusion

Theuseofdifferentcompoundsorenzymesaffectingmicrotubule
structure can be important cancer and neurodegenerative diseases.
Further drugs and proteins must be studied to regulate microtubule

dynamics.
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