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Background.  

The development of the human brain requires the precise orchestration of multiple cellular events that are 

highly dependent on the microtubule cytoskeleton. During mitosis microtubules are required for the 

separation of sister chromatids, facilitating the faithful transfer of genetic information from one cell to 

another. As they exit the proliferative ventricular zones microtubules provide the necessary force to 

translocate the nucleus, and mediate changes in cell architecture as the nascent neuron adopts a bipolar 

morphology. Once a cell arrives at its anatomical destination microtubules play a critical role in neuronal 

differentiation, facilitating axonal extension and the formation of large white matter tracks such as the 

corpus callosum. The identification of de novo and inherited mutations in genes that encode for tubulins 

and microtubules associated proteins in patients with severe neurodevelopmental disorders underscore 

their critical role microtubules play in brain development (Kielar et al., 2014). More recently, we have 

shown that mutations in an uncharacterised microtubule associated serine threonine kinase (MAST1) 

causes mega-corpus-callosum syndrome with cerebellar hypoplasia and cortical malformations (MCC-CH-

CM) (Tripathy et al., 2018).  

The Microtubule Associated Serine/Threonine (MAST) family of kinases consists of four enzymes (MAST1-

4) that are members of the AGC protein group (Manning, 2002, Pearce et al., 2010), that were first cloned 

from brain, testicular and muscle cDNA libraries. They share a similar domain structure comprised of a 

domain of unknown function 1908 (DUF1908), a kinase domain, and a scaffolding PDZ domain and 

homologues are found in vertebrates, insects and yeast. The human MAST1 is 1570 aa in length and 

contains three conserved domains: the domain of unknown function (duf) 1908, a kinase domain, and a 

PDZ domain, which acts as scaffolding domain (Figure 2). Murine Mast1 has been found to associate with 

microtubules in a MAP-dependent manner and is primarily expressed in postmitotic cortical neurons of the 

developing brain12. The molecular function of MAST proteins are not known. This project will involve the 

characterisation of a new MAST mouse model, with the goal of understanding the molecular and cellular 

mechanisms that underlie the disease state.  
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Hypothesis.  

We hypothesize that MAST mutations: 

1) Perturb the assembly, stability and/or dynamics of microtubules; 
2) Microtubule dysfunction disrupts axonal and neurite formation during neurodevelopment. 
3) Incorrect neuronal circuit formation results in severe epilepsy and intellectual impairment.  

 

Methods 

Characterisation of mouse models, Cerebral Organoid Generation, iPSC culturing, CRISPR-Cas9 genome 

engineering, histological analysis, imaging.  
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Figure 1: Patients with MAST1 mutations. 
Magnetic resonance images of five MCC-CH-
CM patients and a healthy patient in the 
midline sagittal plane.  The corpus callosum 
is indicated (arrowheads). The specific 
MAST1 mutations are shown. Adapted from: 
Tripathy et al. 2018. 
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