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Tubulin Isotype and Its Function

Diao Lei', Liu Mingyi?, Bao Lan'**

('State Key Laboratory of Cell Biology, Institute of Biochemistry and Cell Biology,
CAS Center for Excellence in Molecular Cell Science, Chinese Academy of Sciences, Shanghai 200031, China;
2School of Life Science and Technology, ShanghaiTech University, Shanghai 201210, China)

Abstract Microtubules are the main cytoskeleton in almost all eukaryotic cells and composed of a/f
tubulin. They play critical roles in various cellular processes. The functions of microtubules are regulated by mi-
crotubule-interacting proteins, tubulin post-translational modifications and tubulin isotypes. Previous studies have
reported several isotypes of a/B-tubulin. The expression patterns of tubulin isotypes vary widely among different
tissues and during development stages. Mutations in a variety of tubulin isotypes are able to cause nervous system

diseases. Here, we review the research progress on tubulin isotypes, especially their roles in the regulation of micro-

tubule function, the development of nervous system and related diseases.
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Microtubules undergo polymerization and depolymerization by continuously adding GTP-tubulin dimers and removing GDP-tubulin dimers. The

phenomenon of microtubule from growth to shrinkage is called catastrophe. The transition from shrinkage to growth is called rescue.
Bl WMEDSTREM
Fig.1 Microtubule dynamic instability
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o/ BIE B IC-Bi AP (2 . B: o/ BRIV R 1 19 RS MR, D9 IR DR S R A 4 b, R R TR ARRRC 19 /2 L% 5 GTP/GDPAI
BRI T AR R R R R A
A: several important functional regions are highlighted in the a-tubulin. Loops H1-S2 and H2-S3 located in N-terminal domain, loop M and S9-S10

located in intermediate-domain, and the helices H11, H12 located in the C-terminal domain. The C-terminal tails of a/B-tubulin are schematically drawn
in pink. B: secondary structure for a/B-tubulin. Conserved amino acids are highlighted in cyan. Boxed residues make direct contact with GTP/GDP and
the magnesium ion.
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Fig.2 The heterodimer crystal structure and secondary structrue of tubulin
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The amino acid sequences of all tubulins found in the human and mouse are indicated, starting at the 424th amino acid of TUBA1A and TUBB (TUBBS).
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Fig.3 Heterogeneity of C-terminal tails among tubulin isotypes
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Table 1 Pathogenic mutations of human tubulin isotypes
WEERA A PR RAZL 275 R
Tubulin isotype Disease Mutation Reference
TUBAIA Lissencephaly, olymicrogyria I5L, ES5K, T56M, L70S, P72S, L92V, N101S, E113K, R123C, [40-51]
V137D, S158L, Y161H, 1188L, C200Y, Y210C, R214H, D218Y,
1219V, V235L, 1238V, P263T, R264C/H, A270T, L286F, V303G,
R320H, K326N, N329S, A333V, V3531, G366R, A369T, V371E,
M377V, R390C/H, D396Y, L397P, R402C/H/L, V409A/1, S419L,
R422C/H, M425K, E429Q, G436R
TUBA3E Microissencephaly, global R215C [52]
developmental delay
TUBA4A Amyotrophic lateral sclerosis T145P, R215C, R320C, R320H, A383T, W407X [53]
TUBAS Polymicrogyria with optic nerve 14 base pair deletion [54]
hypoplasia
TUBB Circumferential skin creases E15K, Y222F, M299V, V3531, E401K [55-56]
Kunze type, microcephaly
TUBBI1 Macrothrombocytopenia R318W, F260S [57-58]
TUBB2A Cortical dysplasia, epilepsy N247K, A248V [59]
TUBB2B Polymicrogyria, GI8R, L117P, G140A, S172P, L207P, 1210T, L228P, C239F, A248V,  [37,40,60-63]
microlissencephaly N2568S, F265L, T312M, R380C/S/L, D417N, E421K
TUBB3 Malformations of cortical devel- G82R, F178M, E205K, A302V, M323V, M388V, E288K, P357L, [23,49,64-65]
opment, congenital fibrosis of R62Q, R262C/H, A302T, R380C, E410K, D417N/H, G71R, G98S
extraocular muscle type 3
TUBB4A Dystonia, leukoencephalopathy R2G, A271T, D249N [66-68]
TUBB4B Leber congenital amaurosis R391C, R391H [69]
TUBB6 Facial palsy F394S [70]
TUBBS Oocyte maturation defect R2K, S176L, 1210V, V229A, T238M, R262Q, M3001, M363T, [71-72]
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