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How nerves switch to rapid conduction and how it can go wrong 
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COMMUNICATION BETWEEN 

NERVE CELLS IS EXTREMELY 

RAPID IN HIGHER ANIMALS 

BECAUSE THEIR NERVES ARE 

INSULATED WITH A MYELIN 

SHEATH FORMED BY GLIAL 

CELLS. LOSS OF MYELIN 

UNDERMINES NERVOUS 

SYSTEM FUNCTION, WHICH 

CAN LEAD TO BLINDNESS, 

PARALYSIS OR EVEN DEATH. 

WE STUDY HOW MYELIN 

PERMITS RAPID NERVE 

CONDUCTION AND HOW 

NERVES ARE AFFECTED IN 

DEMYELINATING DISEASES 

OF THE HUMAN NERVOUS 

SYSTEM. 

 

 
 
 

BACKGROUND 

Complex nervous systems require fast 

communication. The speed of nerve 

impulse conduction increases dramatically 

when nerve fibres (axons) are wrapped by 

specialized glial cells with a myelin sheath 

at about the time of birth.  Myelination 

promotes rapid nerve conduction by 

causing the clustering of sodium channels 

at specialized regions of the axon called 

nodes of Ranvier. This causes nerve 

impulses to jump rapidly from node to 

node.  Hence myelin-forming glia have 

played a key role in the evolution of the 

complex mammalian nervous system.  

However, if the glia and/or myelin are 

damaged in the human central nervous 

system (the brain and spinal cord), this 

can cause multiple sclerosis (MS). MS is 

the commonest disease to affect young 

adults and it is estimated that there are 

about 100,000 people with MS in the UK. 

The rest of the human nervous system 

(the peripheral nervous system) can also  

be affected by loss of myelin and we are 

particularly interested in an inherited 

form of myelin loss called Charcot-

Marie-Tooth (CMT) disease. This is the 

commonest inherited neurological 

disease with around 60,000 people 

affected in the UK. 

 

HOW IS THE NODE OF RANVIER 

FORMED? 

 
We are studying two different protein 

products of the Neurofascin gene, one 

neuronal the other glial, which have 

fundamental and essential roles in 

assembling two key domains in 

myelinated nerves: these are the 

nodal complex itself where the sodium 

channels are, and the adjacent 

axoglial junction on either side of the 

node which seals and effectively 

insulates the nerve. We have found 

that these two proteins play key roles 

in establishing nodes.  Although glial 

ensheathment occurs without these 

proteins, it does not lead to the 

formation of nodes.  Hence, these 

nerves cannot increase their rates of 

nerve conduction.  These new findings  

 

 

Fig. 1 The nerve impulse travels from the nerve cell or neuron (on the left) 
and jumps down the axon from node to node until it reaches its target. 

 

 



 

 

help to explain why diseases that 

disrupt the interaction between the 

myelin sheath and the axon cause 

such severe symptoms in patients. 

 

 HOW IS THE DISTANCE 

BETWEEN NODES DETERMINED? 

 

The great Spanish neuroanatomist, 

Santiago Ramón y Cajal (1853-

1934) identified many important 

structures in the nervous system 

and we have now shown that the 

channels of cytoplasm first 

described by him in Schwann cells, 

the myelin-forming glia of the  

vertebrate peripheral nervous 

system, are formed by the 

assembly of adhesive patches 

between the outer surface of the  
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myelin sheath and the Schwann cell 

membrane.  In the absence of Cajal bands 

Schwann cells cannot elongate fast enough 

during nerve growth which decreases the 

distance between nodes and reduces the 

rate of nerve impulse conduction. We have 

discovered that Periaxin is the key protein 

in assembling the adhesive patches.  

Further, our discovery with French 

colleagues of a mutation in the Periaxin 

gene in a type of Charcot-Marie-Tooth 

disease in a Lebanese family demonstrates 

the importance of the Cajal bands to 

human peripheral nerve function. 
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Fig. 2  The upper nerve fibre  
shows normal myelin (green), an 
intact axoglial junction (red) and 
properly located sodium channels at 
the node (blue). In the lower nerve 
taken from a mouse lacking a 
functional Neurofascin gene both 
the node and the axoglial junction 
are disrupted showing that the 
proteins encoded by this gene are 
vital.   

 

Fig. 3 A drawing of a silver-
stained myelinated nerve fibre 
by Ramón y Cajal in the centre 
shows the Cajal bands. The 
reconstruction of the bands 
from optical sections on the 
right shows how these bands 
can act as channels for the 
transport of nutrients and the 
image on the left illustrates 
how the adhesive appositions 
(red) segregate the cytoplasm 

into Cajal bands (green). 
 


