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The fact that central nerve tissue is encephalitogenic has been 
known since the observation of a post-injection reaction of some 
rabies victims to the Pasteur vaccine that contained nerve tissue 
(Brostoff, 1977). Subsequently the encephalitogenic agent in 
central nerve tissue was traced to a component of the myelin 
sheath, and a protein was finally isolated that in the presence of 
complete Freund's adjuvant, was a potent encephalitogen in 
certain animal species. The encephalitogenicity of the myelin 
basic protein and the study of experimental allergic 
encephalomyelitis as a model for multiple sclerosis has meant 
that structural, functional and immunological features of the 
protein have been studied in some depth (Carnegie & Dunkley, 
1975; Braun & Brostoff, 1977; Rumsby & Crang, 1977). 

Myelin basic protein in the central nervous system is detected 
in myelin from both brain and spinal-cord tissue. In myelin from 
the peripheral nervous system a P, protein resembles the myelin 
basic protein of the central nervous system in almost all respects 
(Braun & Brostoff, 1977). Myelin basic protein is not a major 
component of central nerve tissue until myelination commences 
(e.g. Adams & Osborne, 1973). Polyacrylamide-gel electro- 
phoresis of myelin (e.g. Waehneldt & Mandel, 1972) and 
immunocytochemical methods (Sternberger et al., 1978; Hart- 
man et al., 1979) with nerve tissue have been applied to define 
the location of myelin basic protein in the myelin sheath. More 
recently, immunocytochemical methods have been applied with 
particularly good effect to detect myelin basic protein in the 
cytoplasm of oligodendrocyte cell bodies and their processes 
and to show that the protein is present in the oligodendrocyte 
compartment before the onset of myelination (Sternberger et al., 
1978; Hartman et al., 1979). This specific localization of myelin 
basic protein on the oligodendrocyte-myelin-sheath compart- 
ment has revealed that some processes from oligodendrocytes 
are over 30pm long (Sternberger et al., 1978). 

Myelin in the central nervous system contains two major 
protein components, the proteolipid protein and the myelin 
basic protein, which together account for about 80-85% of the 
total protein of the membrane system (Rumsby & Crang, 1977; 
Boggs & Moscarello, 1978a; Rumsby, 1978). Of these two main 
protein species myelin basic protein accounts for about 30% of 
the total protein of myelin. The ratio of myelin basic protein to  

proteolipid protein varies depending on the region of the central 
nervous system (Carnegie & Dunkley, 1975). Central nerve 
tissue is rich in myelin basic protein because myelin represents a 
major part of the white matter. There is some 9 g of myelin basic 
protein in a human brain. The protein can be easily recovered 
from central nervous tissue and purified by chromatographic 
procedures (Deibler et al., 1972; Banik & Davison, 1973). 
However, myelin basic protein is rather unstable and is readily 
degraded into polypeptide fragments of lower molecular weight 
during isolation, during purification and on storage. 

Several methods of assay give molecular weights for myelin 
basic protein in bovine and human central nerve tissue of 18 300 
and 18500 respectively (Carnegie & Dunkley, 1975). The 
bovine protein contains 169 amino acid residues, and its 
extremely basic nature is due to the presence of 18 arginine, 13 
lysine and 10 histidine residues. The isoelectric point of the 
protein is above pH 10.6. The complete amino acid sequence of 
myelin basic protein from bovine, rat and human species has 
been elucidated (Carnegie, 1971; Brostoff et al., 1974; Dunkley 
& Carnegie, 1974). Points of interest are a proline-rich sequence 
at residues 96-101, an absence of thiol groups and the fact that 
the basic amino acid residues are spaced throughout the 
polypeptide chain, leaving some short sections of amino acids 
that lack charged residues and that may be more hydrophobic in 
character. The N-terminus is acetylated, and arginine- 107 may 
occur in free, monomethylated or dimethylated forms (Braun & 
Brostoff, 1977). Additionally, the protein can be isolated in a 
phosphorylated condition. Protein kinases in myelin and nerve 
tissue can phosphorylate specific serine and threonine sites in the 
myelin basic protein molecule (Braun & Brostoff, 1977; 
Carnegie et al., 1974). Such sites can be dephosphorylated by 
the action of phosphoprotein phosphatases (Carnegie & 
Dunkley, 1975). In myelin basic protein isolated from guinea-pig 
brain tissue some 50% of the purified protein is unphosphory- 
lated (Deibler et al., 1975); the remaining protein molecules are 
in various states of modification. Generally, not more than 2mol 
of phosphate/mol of protein has been detected. The effect of this 
micro-heterogeneity in myelin basic protein structure on the 
biological role of the protein is not at all clear. Phosphorylation 
will alter the net charge on the protein molecule, but will not 
fully counteract the overall strongly basic nature of the protein. 
Methylation of the arginine at residue 107 may be important in 
determining the conformation of the polypeptide around this 
region of the molecule (Braun & Brostoff, 1977). 
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Myelin from the central nervous system of rats, mice and 
rodents of some suborders (Carnegie & Dunkley, 1975) 
contains an additional myelin basic protein of lower molecular 
weight. This small myelin basic protein, often the more prevalent 
form, has an internal section of polypeptide chain 40 residues 
long deleted to give a mol.wt. of about 14000. The genetic 
relationship of the two forms of myelin basic protein has been 
discussed (Carnegie & Dunkley, 1975). Barbarese et al. (1977) 
have found precursor forms of both small and large myelin basic 
protein molecules in central nerve tissue. The myelin basic 
protein precursor molecules have an extra sequence of poly- 
peptide chain of mol.wt. about 3000 attached to the N-terminal 
amino acid. The myelin basic protein precursors are present in 
the tissue in only low concentration, and their functional 
relationships with the major forms of myelin basic protein are 
not yet clear (Barbarese et al., 1978). 

The precise conformation adopted by myelin basic protein in 
aqueous solution is still not fully clear. Physical methods of 
study have revealed the presence of little a- or /-?-structure in the 
protein in solution (reviewed in Rumsby & Crang, 1977; Boggs 
& Moscarello, 1978~; Moscarello, 1976; Rumsby, 1978), and, 
though some workers suggest that the protein is in the form of a 
prolate ellipsoid with an axial ratio of 10: 1, others favour a more 
open random-coil structure. Importance has been placed on the 
triproline sequence (residues 99-101) near the centre of the 
polypeptide chain; this is thought to provide a sharp bend in the 
molecule (Eylar et al., 1974; Chapman & Moore, 1978). From 
n.m.r. spectroscopy it has been suggested that the polypeptide 
chain at residues 85-1 16 is in a more structured form 
(Chapman & Moore, 1976, 1978), and these authors emphasize 
that residues 81-1 18 are invariant in different species. Because 
of its basic nature, myelin basic protein aggregates in solution 
under alkaline conditions above p H 8  (Liebes et al., 1975; 
Walker & Rumsby, 1978) even at very low ionic strength. 
Chapman & Moore (1976, 1978) have noted that the initial 
pH-induced aggregation of myelin basic protein appears to 
occur through interaction of the central structured region of the 
polypeptide chain. Covalent probe labels such as 2,4,6-trinitro- 
benzenesdphonic acid and l-duoro-2,4-dinitrobenzene reacting 
with myelin basic protein under mild conditions rapidly label 1 1  
of the 13 lysine residues (Walker & Rumsby, 1978), and eight of 
the 13 lysines can be acetylated under conditions of low 
temperature and pH (Steck et al., 1976). Tyrosine and 
tryptophan residues in myelin basic protein and also largely 
exposed to the solvent environment (Jones & Rumsby, 1975). 
Such observations re-emphasize the open structure that the 
protein seems to adopt in solution. The open structure of myelin 
basic protein makes it highly susceptible to  proteolytic attack, 
and enzymic dissection of the protein has been used to examine 
the encephalitogenicity of different parts of the protein mole- 
cule. Hashim (1978) has reviewed this aspect of the bio- 
chemistry of myelin basic protein in depth. 

The picture of myelin basic protein in free solution that arises 
from the physical studies to date is of a molecule having two 
randomly orientated sections of polypeptide chain extending out 
from a folded, more-ordered, centre section. It should be 
emphasized that the structure of the protein in situ may be 
significantly different, and, indeed, when the protein is dissolved 
in organic solvents or interacts with anionic detergent and acidic 
lipids, the a-helical content of the polypeptide chain is increased 
(e.g. Anthony & Moscarello, 1971; Liebes et al., 1975). 

An area of current interest in research on myelin basic protein 
concerns the location and role of the protein in the 
oligodendrocyte-myelin-sheath compartment in the central 
nervous system. Myelin basic protein has been found to interact 
preferentially with acidic lipids such as cerebroside sulphate, 
phosphatidylserine and phosphatidylinositol (Demel et al., 
1973), all of which occur in myelin, though some interaction 
with zwitterionic lipids such as phosphatidylcholine may occur 
through the involvement of non-ionic forces as described by 

Smith (1978, 1979). After interaction with lipid monolayers 
sequences of the polypeptide chain along the N-terminal region 
of myelin basic protein (between residues 20 and 113) are 
protected from proteolytic attack (London et al.. 1973). The 
authors suggest that hydrophobic sections of the protein chain 
penetrate into the lipid phase. Thermal analyses on the 
interaction of myelin basic protein with a variety of acidic lipid 
species (as liposomes) are consistent with the idea that parts of 
the protein chain penetrate into the hydrocarbon region of a lipid 
bilayer when this is in a liquid-crystalline condition (Boggs & 
Moscarello, 19786); lipids in myelin are believed to be in a liquid 
crystalline state (Rumsby, 1978). The preferential interaction of 
myelin basic protein with lipid through ionic forces may be 
located along the C-terminal region of the protein (Jones & 
Rumsby, 1977). 

Different approaches indicate that myelin basic protein may 
be localized on the cytoplasmic side of the oligodendro- 
cyte-myelin-sheath compartment, and this is an important point 
to establish in view of the role of this protein as the antigen in 
experimental allergic encephalomyelitis (Rumsby, 1980). Thus 
immunocytochemical observations have identified myelin basic 
protein in the cytoplasm of oligodendrocytes and their processes 
(Sternberger et al., 1978; Hartman et al., 1979). Further, in an 
intact dorsal-root system, myelin basic protein is not labelled by 
externally applied covalently reacting probes (Poduslo & Braun, 
1975). The Shiverer-mutant mouse lacks the main dense line 
(cytoplasmic apposition of compact myelin) in electron micro- 
graphs of myelin, and this is correlated with a virtual absence of 
myelin basic protein (Privat et al., 1979; Dupouey et al., 1979). 
Finally, myelin basic protein has been shown to be synthesized 
on free ribosomes in central nervous tissue (Campagnoni et a/., 
1980). All these studies indicate that myelin basic protein is 
localized at the cytoplasmic apposition in compact myelin 
lamellae, and the protein may play a role in initiating the 
compaction of lamellae at myelination (Davison, 1970) and in 
maintaining the proximity and firm association of membrane 
surfaces at the apposition. The early detection of myelin basic 
protein in oligodendrocytes just before myelination is consistent 
with this role for the protein. Hypo-osmotic swelling studies 
(McIntosh & Robertson, 1976; Rumsby & Fish, 1980) have 
revealed that lamellae in compact myelin separate readily at the 
external apposition but remain firmly opposed at the cyto- 
plasmic apposition. Details of how myelin basic protein 
maintains the integrity of the cytoplasmic apposition in compact 
myelin are not clear. The protein may interact with adjacent 
membrane surfaces in monomeric form (Rumsby, 1978) or as a 
dimer (Golds & Braun, 1978; Smith & McDonald, 1979). 

It is also not a t  all clear how myelin basic protein is 
transported from presumed sites of synthesis near the oligo- 
dendrocyte cell body along processes to compact myelin 
(Rumsby, 1978). During myelination a movement of myelin 
basic protein from oligodendrocytes to myelin around axons has 
been noted immunocytochemically (Hartman et al., 1979), and 
Tabira & Webster (1979) have suggested that myelin basic 
protein may be associated with microtubules in the oligo- 
dendrocyte-myelin-sheath compartment. Mechanisms involved 
in myelinogenesis have yet to be elucidated (Rumsby, 1978; 
Braun, 1980). 

Thus one possible role for myelin basic protein in the central 
nervous system is to  stabilize the cytoplasmic apposition in the 
compact multilamellar myelin sheath and perhaps even to 
initiate the compaction process. It has been noted that myelin 
basic protein, in common with other basic proteins, will bind 
calmodulin to  inhibit calmodulin-induced activation of phos- 
phodiesterases (Grand & Perry, 1979). However, no precise 
physiological significance can yet be attributed to this 
observation for myelin basic protein (Grand & Perry, 1980a,b). 
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Brain-specific proteins in demyelination 
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brain cell types and cellular elements and for investigating the 
intrathecal synthesis of immunoglobulins. 

Changes in myelin proteins in multiple-sclerosis brain 
The pathological events in demyelinating lesions in multiple- The biochemistry of the central area and rim of the plaque 
sclerosis brain appear to be oligodendrocyte degeneration, (demyelinated zone) is well documented (Table 1) (Newcombe 
inflammatory changes and phagocytic activity followed by et al.,  1980). Myelin basic protein (mol.wt. 18000), which is 
pronounced astroglial proliferation. Analysis of the changes in highly susceptible to  proteolytic digestion, is diminished by 80% 
the electrophoretic profile of proteins during demyelination in the plaque, and there is a concomitant appearance of a 
provides a means for identifying marker proteins of different high-molecular-weight peptide component (mol.vd. approx. 

Table 1. Membraneproteins in human brain 

I 
Low-molecular- 
weight protein 

(mo1.w approx. 
14000) 

Control white matter 3.23 
Multiple-sclerosis normal-appearing 4.29* 

white matter 
Plaque rim 4.55 
Plaque 6.05 

Concn. of membrane protein (mg/100mg of protein) 
h 

Myelin Wolfgram Non-myelin 
Myelin My elin protein component 
basic proteolipid (-*-- (mol.wt. approx. 

protein protein W1 w 2  50000) 
14.25 17.20 3.70 3.05 1.85 
11.84. 15.80 4.66. 2.67 2.08 

2.01 3.44 
10'30} 3.1 1 13.80 { i:;; 4.3 1 

\ 

Non-myelin 
component 

(mol.wt. approx. 
65 000) 

2.43 
1.82. 

1.34 
1.13 

Values significantly different from those for control white matter. 
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