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MYELIN IS AN ESSENTIAL 

COMPONENT OF THE 

VERTEBRATE NERVOUS 

SYSTEM THAT ALLOWS 

THE RAPID CONDUCTION 

OF NEURAL IMPULSES. ITS 

PROPERTIES HAVE 

FACILITATED THE 

EVOLUTION OF LARGE 

COMPLEX NERVOUS 

SYSTEMS SUCH AS OUR 

OWN, AND ITS 

REGULATION MAY 

REPRESENT AN 

IMPORTANT FORM OF 

NEURAL PLASTICITY. 

DISRUPTION TO MYELIN 

CONTRIBUTES TO MANY 

HUMAN DISEASES 

INCLUDING MULTIPLE 

SCLEROSIS. WE USE THE 

ZEBRAFISH AS A MODEL 

ORGANISM TO STUDY ITS 

FORMATION. 

 

 

The myelin sheath is a plasma membrane 

extension of specialized glial cells that 

wraps around axons. In so doing myelin 

facilitates the rapid conduction of neural 

impulses. The glial cells that make myelin 

are called Schwann cells in the peripheral 

nervous system (PNS) and 

oligodendrocytes in the central nervous 

system (CNS). Although we know much 

about the early development of these glial 

cells we know much less about how they 

interact with axons at later stages of 

development to co-ordinate myelin 

formation.  

 

ZEBRAFISH AS A MODEL ORGANISM 

We use the zebrafish to dissect myelin 

formation. The small size, rapid 

development and remarkable transparency 

of young zebrafish embryos make them 

ideally suited to live cell imaging and 

myelin formation begins from just two 

days after egg fertilization in a small set of 

individually identifiable neurons. The 

combination of these features coupled with 

the availability of transgenic lines that 

drive fluorescent protein expression in 

 

myelin forming glial cells (Figure 1) and/ 

or axons facilitates the observation of 

myelin formation in vivo in the intact 

animal. Such analyses are not feasible in 

more complex vertebrate model 

organisms. 

 

In addition to its unique properties for live 

cell imaging and experimental analysis the 

zebrafish is the pre-eminent vertebrate 

gene discovery model organism. Adult 

males can be treated with a chemical that 

randomly induces single base pair changes 

across the genome of sperm stem cells. 

These mutations are bred to homozygosity 

and can then “screen”  through hundreds 
to thousands of families of such 

mutagenised fish (or more typically their 

young offspring) and search for interesting 

effects of such mutations (Figure 2). 

“Mutants” with interesting phenotypes are 

maintained and analysed and the gene 

disrupted by the mutation is identified 

through genetic mapping, positional 

cloning and other standard techniques. 

The function of the gene is then 

determined by high-resolution cellular 

 

Figure 1. 
Top: Camera lucida drawing of 
a zebrafish embryo at three 
days post fertilization. Head is 
to the left and tail to the right. 
Bottom: Confocal image of a 
single oligodendrocyte taken 
from a live intact zebrafish 
embryo at three days post 
fertilization. The 
oligodendrocyte extends many 
branches from its cell body, 
each of which can make a 
segment of myelin. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and molecular analyses of mutants. 

 

SCREEN TO IDENTIFY GENES 
IMPORTANT FOR MYELINATED 
AXON DEVELOPMENT. 
 
We previously carried out a screen to 

identify mutations that disrupted the 

development of myelinated axons. Our 

screen identified 13 mutations in ten 

different genes, essential for 

myelination. Of the ten mutated genes 

two encoded novel proteins and three 

were zebrafish homologues of genes 

that lead to human diseases when 

disrupted in humans. These data 

underscore the value of the zebrafish as  

 

increase susceptibility to multiple sclerosis 

in humans. Kif1b is a member of a family 

of proteins called kinesins. Kinesins are 

motor proteins that move cargo(es) 

between different parts of the cell. 

Disruption to “intracellular transport” has 

been associated with numerous 

neurodegenerative diseases such as 

Alzheimer’s disease, motor neuron disease 

and Parkinson’s disease to name but a 

few. During our screen for mutations that 

affected myelinated axon development we 

isolated a mutation in zebrafish kif1b. Our 

analysis of kif1b mutants showed that it 

was essential for the growth of the longest 

axons in the nervous system and also for 

the sub-cellular localization of specific 

mRNA molecules to the distal myelinating 

processes of oligodendrocytes (Figure 3). 

Ultrastructural analyses of myelin 

formation revealed ectopic myelin like 

membrane at inappropriate positions in 

kif1b mutant oligodendrocytes, which 

coincided with the ectopic localization of 

the protein products of mislocalised mRNA. 

These observations suggested the 

hypothesis that specific mRNA molecules 

may be localized to sub-cellular 

compartments to prevent unwanted effects 

of their protein products elsewhere in the 

cell. Further analyses of kif1b mutants will 

continue to elucidate its function and 

provide important insights that may need 

to be considered with respect to its role in 

MS. 

 

FUTURE STUDIES. 

Our lab will continue to study myelinated 

axon development in zebrafish with a 

particular focus on imaging myelin 

formation in vivo and dissecting the 

cellular basis of myelin formation. We 

Figure 2. 
Scheme of a genetic screen in 
zebrafish. Adult males are 
mutagenised with a chemical that 
induces random mutations (M). The 
mutations are bred to homozygosity 
and young embryos are screened 
for the effects of the presence of 
two copies of the mutation e.g. loss 
of a myelin marker (red). 

 

 

will also continue our genetic 

dissection of myelin formation and the 

analysis of mutations relevant to 

human disease. 

 

Figure 3.  
In situ hybridization showing 
myelin basic protein (mbp) 
mRNA expression in wildtype 
(left) and kif1b mutant (right) 
embryos. Note that mbp mRNA 
is localized along thin processes 
in wildtype but restricted to the 
cell soma in kif1b mutants.  
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a gene discovery organism and 

highlight its relevance to our 

understanding of human 

myelination.. 

 

FUNCTION OF THE MOTOR 

PROTEIN KIF1B DURING 

MYELINATED AXON 

DEVELOPMENT. 

Disruption of the gene encoding 
kif1b was recently shown 
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