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Abstract: Experiments were performed with isolated hu- 
man myelin membrane preparations to analyse factors that 
may modulate association of myelin basic protein (MBP) 
with the membranes and could contribute to demyelinating 
processes. Transfer of membranes (5 mg protein ml-') at 
37°C and pH 7.4 from a hypotonic medium, in which they 
were relatively stable, to one of physiological ionic strength 
produced three major effects: (1) initial dissociation of MBP 
from the membranes by a nonenzymatic process that was 
doubled in the presence of millimolar Ca2'/Mg2'; (2) within 
10 min, the appearance in the medium ofthree major MBP 
fragments (14.4, 10.3, and 8.4 kilodaltons); and (3) progres- 
sive acidification of dissociated MBP and its fragments, 
probably due to deamidation. Between 1 and 6 h a steady 
state was apparent in which protein equivalent to 15% of 
the MBP originally bound to the membranes was found in 
the medium. The three major MBP fragments formed two- 

thirds of this solubilised material and appeared metaboli- 
cally stable for 24 h. The kinetics of peptide formation sug- 
gested that dissociated, rather than membrane-bound, MBP 
was cleaved by myelin-associated neutral proteases. Two- 
dimensional electrophoresis and immunoblotting using two 
monoclonal antibodies indicated that proteolysis occurred 
in the vicinity of residues 35 and 75. Evidence was also ob- 
tained for removal of C-terminal arginines and relatively 
rapid deamidation in the C-terminal half of MBP. These 
modifications of MBP might also occur if extracellular fluid 
gained access to the compacted cytoplasmic space of the 
myelin sheath. Key Words: Myelin basic protein-Physio- 
logical ionic strength-Acidification-Proteases. Glynn P. 
et al. Basic protein dissociating from myelin membranes at 
physiological ionic strength and pH is cleaved into three 
major fragments. J. Neurochem. 48,752-759 (1987). 

A myelin basic protein (MBP) comprises 30% of the 
polypeptides of CNS myelin and is thought to main- 
tain compaction of apposed cytoplasmic faces of 
membranes in the multilamellar sheath (Gregson, 
198 3). However, despite much study, the molecular 
dynamics of MBP interaction with myelin mem- 
branes are poorly understood compared to analogous 
systems such as spectrin in the erythrocyte (Woods 
and Lazarides, 1985). MBP is a focus of clinical inter- 
est as an autoantigenic target in human and experi- 
mental inflammatory demyelinating diseases (Lisak 
et al., 1974; Kies, 1985; Weedon et al., 1986). In addi- 
tion, detection of MBP peptides in cerebrospinal fluid 
may indicate ongoing CNS demyelination (Whitaker, 
1984). How MBP leaves its intracellular location to 

become accessible to autoaggressive lymphocytes 
within the CNS is a long-standing question. Similarly, 
little is known of molecular events in demyelination, 
although vesicular demyelination is observed on incu- 
bating myelinated nerves with Ca2' ionophore (Smith 
et al., 1985). 

In vitro studies with isolated myelin membrane 
preparations allow analysis of factors that modulate 
interaction of MBP with the membrane and could 
contribute to demyelinating processes. Transferring 
myelin membranes at 37°C from hypotonic media in 
which they are relatively stable into media resembling 
extracellular fluid may model some changes following 
pore formation in myelin sheaths by Ca" ionophore. 
On such transfer, myelin membranes, and especially 
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their MBP, disintegrate (Smith, 1977). Myelin-associ- 
ated neutral protease activity is implicated in this deg- 
radation, which is enhanced by Ca2+ (Sato et al., 1982; 
Banik et al., 1985). Even in this simplest experimental 
system, the sequence of events is unclear, as is their 
relevance to normal and pathological catabolism of 
MBP. One approach to the latter question would be 
to determine whether the same MBP catabolites are 
liberated from myelin membrane preparations and 
intact myelinated tissue in vitro and in vivo. Thus, 
this study aimed to define more precisely the conse- 
quences of exposing myelin membranes to media of 
physiological ionic strength and the MBP fragments 
so generated. 

MATERIALS AND METHODS 

Human myelin membrane preparations 
Myelin membranes were isolated from fresh, postmortem 

brain white matter of individuals without neurological dis- 
ease (Norton and Poduslo, 1973). Material floating on 0.8 
A4 sucrose after the second gradient centrifugation was 
washed twice in 10 mMTris-HC1, pH 7.4, and aliquots were 
stored at -30°C in this medium. Polypeptide composition 
of each preparation was assessed by electrophoresis (see 
below). 

Incubation protocol 
Aliquots of myelin membranes were thawed rapidly at 

37"C, washed twice with 10 mM Tris-HC1, pH 7.4, and re- 
suspended to a protein concentration of 7.5 mg ml-' (Lowry 
et al., 1951). Reactions were started by addition of one vol- 
ume of a prewarmed (37°C) solution of 450 mM Tris-HC1, 
pH 7.4, containing 6 mM CaCI2 and 6 mM MgClz to two 
volumes of prewarmed (37°C) myelin membranes. Reac- 
tion mixtures were incubated at 37°C with frequent shaking 
to maintain homogeneous suspensions. At varying times al- 
iquots (generally l .O ml) were withdrawn and membranes 
sedimented by centrifugation (Eppendorf; 4'C; 12 min). Su- 
pernatants and pellets were separated and immediately 
heated (70°C; 10 min) to terminate enzyme activity (Sato et 
al., 1982). Supernatant protein was determined by a Coo- 
massie Blue binding assay (Bradford, 1976). All experi- 
ments were repeated with at least two different batches of 
myelin membranes. 

Polyacrylamide gel electrophoresis (PAGE) 
PAGE in sodium dodecyl sulphate (SDS). Aliquots of su- 

pernatants were mixed with SDS sample buffer (10% SDS/ 
10% sucrose/O.l% bromophenol blue) in a 9:l ratio (vol/ 
vol). Mini gels (1.5 mm thick) of 15% polyacrylamide with 
5% stacking gels (Laemmli, 1970) were made and run in a 
BioRad apparatus. Samples (20 pl) were electrophoresed at 
4°C and 200 V for 45-60 min. Polypeptides were stained 
with 0.25% Coomassie Blue in 50% methanol/lO% acetic 
acid. 

PAGE in acid-urea gels. Supernatant samples were mixed 
with acid-urea sample buffer (0.375 M potassium acetate, 
pH 4.0, containing 6 A4 urea, 20% glycerol, and 0. I % pyro- 
nin Y) in a ratio of I:  1 (vol/vol). Mini gels (0.75 mm thick) 

were prepared with a 15% running gel and 5% stack as de- 
scribed by Spiker ( I  980). Samples ( I  5 pl) were electropho- 
resed at room temperature and 70 V for 3.5 h using 5% ace- 
tic acid as the electrolyte. Polypeptides were stained with 1% 
Amido Black and 0.25% Coomassie Blue in 7% acetic acid 
(Martenson et al., 1981). 

5% PAGE at pH 7.3. The procedure was modified from 
Taber and Sherman (1964) and used mini-slab gels (0.75 
mm thick). In brief, the system consists of a 5% polyacryl- 
amide running gel in 1.9 A4 potassium glycinate (pH 7.3) 
and a 4.3% stacking gel in 0.08 M potassium glycinate (pH 
10.3). Four volumes of desalted sample were mixed with 
one volume of 50% glycerol/O. I % pyronin-Y and 15-pl sam- 
ples electrophoresed at 200 V (constant voltage) for approx- 
imately 75 min. The upper tank contained 38 mMglycine/ 
5 mM Tris (pH 8.3) and the lower 10 mM Tns-HC1 (pH 
8.1). Polypeptides were stained with 0.25% Coomassie Blue 
in 50% methanol/lO% acetic acid. 

Two-dimensional PAGE. This method is described in de- 
tail elsewhere (Chantry and Glynn, 1986). In brief, polypep- 
tides were first separated on the basis of charge by 5% PAGE 
at pH 7.3. Strips of these mini gels were equilibrated with 
a solution of 62.5 mM Tris-HC1, pH 6.8, containing 10% 
sucrose, 0.1% SDS, and 0.03% bromophenol blue, and laid 
lengthwise across a mini gel (1.5 mm thick) of 15% poly- 
acrylamide containing 0.1 % SDS. A short length of plastic 
tubing was inserted alongside the horizontal strip and filled 
with analogous sample (approximately 7 pl) in SDS sample 
buffer. The top of the 15% gel cassette was then filled with 
molten 1% agarose. Electrophoresis was performed as for 
SDS-PAGE and polypeptides were stained with Coomassie 
Blue. 

Immunoblotting with monoclonal antibodies (MAbs) 
to MBP 

Polypeptides were transferred from SDS gels onto nitro- 
cellulose using BioRad apparatus and were stained with 
0.1% Amido Black in 50% methanol/lO% acetic acid (Tow- 
bin et al., 1979). Blots were probed with rat MAbs clones 12 
(0.5 pg IgG ml-I) and 14 (8 pg IgG ml-I) which bind human 
MBP epitopes 84-94 and 38-46, respectively. The prepara- 
tion and characterisation of these MAbs is described in de- 
tail by Groome et al. (1  986) and Hruby et al. (submitted). 
Peroxidase-labelled antibody to rat immunoglobulin 
(Miles-Yeda) was used at a dilution of I :  1,000. Immuno- 
staining was done as described previously by Glynn et al. 
(1982). 

Molecular weight estimations 
Human MBP was isolated from myelin by 0.1 M HCl 

extraction and chromatography on Sephadex G-75 (Dun- 
kley and Carnegie, 1974). It was cleaved with thrombin 
(Deibler et al., 1985a) and cathepsin D (Whitaker and 
Seyer, 1979). Replicate samples of the digests were run on 
the same 15% PAGE in SDS as supernatants from the my- 
elin incubations using both mini and standard (1  6 X 18 cm) 
gels. Plots of mobility versus log molecular weight (M,) for 
the five peptides, 1-170, 45-170, 1-97, 90-170, and 98- 
170, were used to estimate the apparent M, of the major 
peptides in media from myelin membrane incubations. 
Note that throughout the numbering system of Carnegie 
(1971) for human MBP 1-170 is used but with sequence 
corrections described by Deibler et al. (1 985b). 
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RESULTS 
Dissociation of protein from myelin membrane 
preparations at physiological ionic strength 

Transfer of myelin membranes from hypotonic me- 
dium to 160 mM Tris-HC1 (both at pH 7.4) resulted 
in dissociation of protein. At 37"C, protein concentra- 
tion in the medium was 75% maximal after 1 h, en- 
hanced twofold by millimolar Ca2+ and Mg2+, and es- 
sentially the same in native and heat-denatured prepa- 
rations (Fig. la). However, whereas a peptide with the 
same mobility as MBP on SDS-PAGE comprised al- 

6r a 

0-6 

TIME (HOURS) 

FIG. 1. Dissociation of protein from human myelin membrane 
preparations at physiological ionic strength. Myelin membrane 
preparations were washed in 10 mM Tris-HCI, pH 7.4, and resus- 
pended at 7.5 mg protein ml-' in 20 mM Tris-HCI, pH 7.4, with or 
without 10 mM EGTA. Aliquots of membranes were left for 10 
min at 4OC (native) or 7OoC (denatured). Incubations were started 
by addition of 450 mM Tris-HCI, pH 7.4, with or without (for EGTA- 
containing samples) Mga+ and Ca2+, and were sampled at the 
times shown, as described in Materials and Methods. a: Percent- 
age of total myelin protein released into incubation medium. b 
Analysis of solubilised proteins by 15% PAGE in 0.1 YO SDS; mo- 
lecular weight markers represent mobilities of purified MBP (1 8.4 
kd). its dimer (37 kd), and cathepsin D cleavage products (13.5 
and 8.7 kd). 

most all the solubilised protein in the latter case, sev- 
eral smaller peptides were prominent in incubation 
media of native membranes (Fig. lb). Between 1 and 
6 h, the amount of protein in incubation media repre- 
sented approximately 5% of the total protein ( 5  mg 
ml-I), or 15% of the MBP, originally associated with 
the myelin membranes. This proportion was roughly 
50% greater for incubations with myelin membranes 
at protein concentrations of I mg ml-' than at 5 mg 
ml-' (data not shown). 

Peptides generated by action of myelin-associated 
neutral protease on dissociated MBP establishment 
of steady-state conditions and metabolic stability 

The most prominent bands on SDS-PAGE were 
designated A, B, C, and D (Fig. 2a and b). At early 
times, bands A and B were clear doublets whose 
smaller component later decreased. Media from five 
different membrane preparations were each run on six 
SDS gels together with defined MBP fragments (see 
Materials and Methods). The following apparent M, 
values were thus estimated: A, 18.4; B, 14.4 k 0.35; 
C, 10.3 f 0.25; D, 8.4 & 0.35 kilodaltons (kd). A mi- 
nor band, B,  with mobility between B and C ,  was also 
sometimes observed, especially in myelin prepara- 
tions isolated from optic nerve and spinal cord rather 
than brain white matter (data not shown). Coomassie 
Blue binding material with M, greater than band A 
formed 10-20% of the total on gels (Fig. 2b). The most 
prominent single peak in this region, with an apparent 
M, about 37 kd, was immunoreactive with anti-MBP 
MAbs, suggesting it was a dimer of MBP. 

The rate of appearance of bands A-D varied some- 
what among myelin preparations isolated from brain 
white matter of different individuals. However, band 
A was invariably the first peptide in the supernatant 
and its proportional representation declined toward a 
steady-state value of about 33% after a few hours at 
37°C (Fig. 2c). Over the same period, band C usually 
accumulated to reach similar concentrations as band 
A, whereas B and D each comprised about 16% of the 
total soluble peptide with M, < band A (Fig. 2c). 
When detected, band B' generally represented up to 
5% of this total. 

Once formed, the major peptides B, C, and D ap- 
peared relatively stable over 24 h at 37°C (Fig. 3). The 
major changes over this period were a decline in the 
proportion of the parent peptide A and an increase in 
material with M, less than band D. These changes 
were not decreased when the peptides were separated 
from myelin membranes; thus, proteases that them- 
selves dissociate from the membrane at physiological 
ionic strength may selectively degrade band A (rather 
than B, C, and D) into small fragments with M, less 
than band D. This second pathway for degrading 
MBP in myelin membrane preparations may explain 
why, at times when 15% of the original MBP is detect- 
able in the medium as bands A, B, C, and D (Fig. l), 
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FIG. 2. Peptides generated by action of myelin-associated neutral protease on dissociated MBP: establishment of steady-state conditions. 
Myelin membrane preparations were incubated and media sampled at the times shown as described in Materials and Methods. a: Analysis 
of media by SDS-PAGE. b: Densitometric scans of (a). c: Peak areas of individual bands A-D expressed as a percentage of total material 
in the gel with apparent M, G A. 

analysis of the membranes reveals loss of >50% of the 
original MBP (data not shown). 

Peptides generated by action of myelin-associated 
neutral protease on dissociated M B P  evidence for 
microheterogeneity and progressive deamidation 

Acid-urea PAGE of incubation media revealed that 
band A (a doublet) was first formed, followed by 
bands B (also a doublet), C, and D (Fig. 4a). Later, 
there appeared peptides with mobilities greater than 
band D and an intermediate doublet between C and 
D. Peptide mobilities on acid-urea PAGE were deter- 
mined by both size and charge and all the dissociated 
peptides exhibited a progressive acidification or re- 
duced cathodic mobility (Fig. 4a). 

On 5% PAGE at pH 7.3 without SDS, separation of 
MBP peptides was determined by their charge which 
was clearly heterogeneous (Fig. 4b). In this system also 
cathodic mobilities of the peptides were progressively 
reduced. Indeed, after only 7 min of incubation, the 
bulk of material dissociated from the myelin mem- 
brane preparations was more acidic than purified 
MBP (Fig. 4b). The most simple interpretation of the 
increasing acidity of the peptides is that they were be- 
ing deamidated. This suggestion is supported by the 

observation that dansylcadaverine, a competitive in- 
hibitor of brain transglutaminase activity (Miller and 
Anderton, 1986), blocks the decrease in cathodic mo- 
bility of MBP fragments without affecting proteolysis 
of MBP (data not shown). 

Peptides generated by action of myelin-associated 
neutral protease on dissociated MBP: 
characterisation by two-dimensional 
PAGE and immunoblotting 

Two-dimensional separation of MBP peptides on 
5% PAGE followed by SDS- 15% PAGE revealed the 
microheterogeneity and relative charges of individual 
bands A-D (Fig. 5) .  All four peptides and band B’ were 
clearly present after only 7 min of incubation. Band D 
was the most basic peptide whereas C and the smaller, 
transient component of the A doublet were rather 
more basic than the larger A component. After 20 and 
60 min, more material was present on two-dimen- 
sional PAGE and the basicity of C and D, relative to 
A, was accentuated. Material (designated Y) with size 
and basicity intermediate between C and D also accu- 
mulated. 

MAbs to defined epitopes of MBP were used to 
probe two-dimensional immunoblots (Fig. 5 ) .  Clone 
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FIG. 3. Peptides generated by action of myelin-associated neutral 
protease on dissociated MBP: metabolic stability. Myelin mern- 
branes were incubated (37OC; 160 mM Tris-HCI, pH 7.4, with 2 
mM CaCI2, 2 mM MgCI2) for 1 h and then either placed on ice (0) 
or centrifuged to isolate the incubation medium (0). An aliquot 
of this medium was heated (7OOC; 10 min); the remainder was 
reincubated at 37OC (0) as was the sample of unseparated mern- 
branes and medium (0). At 2, 5, and 24 h, aliquots were with- 
drawn from both samples; membranes were removed from (0) by 
centrifugation. Incubation media were heated (7OOC; 10 min) and 
subjected to SDS-PAGE, Coomassie Blue staining, densitometry, 
and peak area analysis as in Fig. 2. Data are expressed relative 
to values for the sample taken after first hour of incubation. The 
sum of C and D is plotted because with increasing time a band of 
intermediate mobility appeared on the gel that blurred distinction 
of C and D in this one-dimensional PAGE system (see also Figs. 
4a and 5). 

12, which binds residues 84-94, reacted with bands A, 
B, B', and C but not D. Conversely, clone 14, which 
recognises an epitope between residues 38 and 46, re- 
acted with bands A, B, B', and D but not C. After 1 h 
of incubation, material of M, between C and D (Y) 
bound both clones 12 and 14. 

Cleavage of purified MBP by human serum prote- 
ases generated two major fragments with M, values 
marginally greater than band C and less than D, re- 
spectively. The larger of these peptides reacted with 
both clone 12 and 14 whereas the smaller bound nei- 
ther (data not shown). Thus serum contamination of 
myelin membrane preparations did not account for 
the associated neutral protease activity. 

DISCUSSION 

When myelin membrane preparations are incu- 
bated at physiological temperature, ionic strength, 
and pH, MBP is degraded in a process that is en- 
hanced by Ca2' (Smith, 1977; Sat0 et al., 1982; Banik 
et al., 1985). The present more detailed examination 

of this phenomenon discerned a sequence of discrete 
events: ( 1) metabolically unchanged MBP dissociated 
from the membrane; (2) within 10 min, three major 
MBP peptides were also present in the medium and 
after a few hours formed two-thirds of the solubilised 
MBP-related material; and (3) over the same period 
dissociated MBP and the three peptides became more 
acidic. 

Electrostatic interactions between basic side chains 
of MBP and acidic myelin phospholipids are major 
contributors to MBP's association with the mem- 
brane (Fraser and Deber, 1984). Thus, nonenzymatic, 
salt-promoted dissociation of MBP from the mem- 
branes is unsurprising (Fig. lb). The order of appear- 
ance of peptides A-D in incubation media (Figs. 2 
and 4) may indicate that dissociated, rather than 
membrane-associated, MBP forms the substrate for 
subsequent enzymatic modifications. This suggests 
that MBP and a neutral protease activity could be co- 
localised at the cytoplasmic face of the myelin mem- 
brane but that MBP would be protected from proteol- 
ysis while anchored to the membrane. A corollary is 
that once extracellular fluid gains access to the com- 
pacted cytoplasmic space of the myelin sheath, MBP 
would dissociate and be degraded. The swelling and 
disruption of myelin that could result might contrib- 
ute to the vesicular demyelination observed when my- 
elinated nerves are incubated with Ca2+ ionophore 
(Smith et al., 1985). In addition, deamidation of the 
dissociated MBP and its derived peptides would re- 
duce the possibility for their reassociation with myelin 
membrane acidic lipids at a time when original ionic 
concentrations were restored. 

FIG. 4. Peptides generated by action of myelin-associated neutral 
protease on dissociated MBP: evidence for progressive deamida- 
tion. Myelin membrane preparations were incubated and media 
sampled at the indicated times as described in Materials and 
Methods. a: Aliquots of media were subjected to 15% PAGE in 
acid-urea. Peptide band assignments for 20-min samples were 
made on the basis of two-dimensional analyses using acid-urea 
gels in the first dimension followed by SDS-PAGE in the second 
(data not shown). b: Aliquots (1.6 ml) of incubation media were 
desalted by chromatography over five volumes of Sephadex G- 
1 O in 1 O mM HCI and then freeze-dried. After dissolving in 0.4 ml 
H20, four volumes of sample were mixed with one volume of 50% 
glycerol, 0.1% pyronin-Y and subjected to 5% PAGE at pH 7.3 
an aliquot of purified MBP was run simultaneously. 
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FIG. 5. Peptides generated by action of myelin-associated neutral protease on dissociated MBP: characterisation by two-dimensional 
PAGE immunoblotting. Individual lanes from Fig. 4b were excised and electrophoresed in 15% gels containing 0.1% SDS. Peptides in 
two-dimensional gels were either stained with Coomassie Blue or transferred onto cellulose nitrate blots which were subsequently probed 
with rat MAbs clones 14 and 12. lmmunoreactive peptides were visualised using peroxidase-labelled anti-rat immunoglobulins followed 
by staining with diaminobenzidine (see Materials and Methods). Y marks the position of a peptide band intermediate between C and D. 

The actual subcellular location and physiological 
role of the neutral protease that degrades MBP in 
these experiments is a matter of speculation. Protein 
kinases and phosphatases that modify MBP in vivo 
appear to be present even in the compacted cytoplas- 
mic space of multilamellar myelin (DesJardins and 
Morell, 1983); thus, a similar subcellular location for 
neutral protease is feasible. Alternatively, the protease 
might be localised in the oligodendrocyte or in the 
loop regions of myelin where there is more cytoplas- 
mic space. 

There are intriguing similarities in the degradation 
of MBP in these experiments and of spectrin in the 
intact erythrocyte. Heterodimers of a- and P-spectrin 
bind cytoplasmic faces of the erythrocyte membrane 
whereas P- (but not a-) spectrin subunits, assembled 
in excess of requirement, are rapidly degraded by a 
cytoplasmic neutral protease (Woods and Lazarides, 
1985). Doublet formation of MBP (band A) on SDS- 
and acid-urea PAGE and the relatively rapid loss of 
the smaller electrophoretic component (Figs. 1, 2, 4, 
and 5 )  suggest the existence of MBP heterodimers and 
a protease that preferentially degrades one type of sub- 
unit. Whether selective proteolysis of MBP plays a 
role during myelination remains to be determined. 

One means of defining the physiological relevance 
of in vitro myelin membrane experiments is to deter- 
mine whether the same MBP catabolites are produced 
in intact myelinated tissue in vitro and in vivo. Thus, 
a major effort of the present study was a preliminary 
characterisation of the MBP fragments. The steady- 

state stoichiometries (Fig. 2c), SDS-PAGE mobilities, 
and immunoreactivities (Table 1) of peptides A-D 
suggest that dissociated MBP is cleaved at two major 
sites. Scission in the vicinity of residue 75 would yield 
N- and C-terminal fragments having mutually exclu- 
sive reactivities with clones 14 and 12, properties sim- 
ilar to bands D and C, respectively (Table 1). Proteoly- 
sis of MBP in the vicinity of residue 35 would generate 
a large C-terminal fragment with apparent M, and im- 
munoreactivity like that of band B (Table 1). Stuphy- 
lococcus aweus V8 protease cleaves aspartate-X 
bonds in this region of guinea pig MBP (Deibler et al., 
1982). This bacterial enzyme also severs a glutamate- 
glycine bond (at positions 1 19-120 in human MBP). 
Analogous double cleavage of MBP dissociating from 

TABLE 1. Properties ofpeptides generated 
by action of myelin membrane-associated 

neutral protease on dissociated MBP 

Immunoreactivity 
with: 

SDS-PAGE Apparent Mr Cathodic 
band (lid) mobility" Clone 12 Clone 14 

A 18.4 - + + + + B 14.4 - 

+ C 10.3 - 

+ D 8.4 + 

- 

- 
- - 

- 

Determined relative to band A after 7 min incubation of myelin 
membranes (Fig. 5).  

J. Neurochem.. Vol. 48, No. 3, 1987 
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myelin membranes would produce a fragment (MBP 
35- 1 19) intermediate in size between C and D that 
would bind both clones 12 and 14 (Fig. 5). 

A N-terminal peptide with the apparent M, of band 
D would be predicted less basic than MBP 1-170; 
however, band D has a higher cathodic mobility than 
band A (Fig. 5) .  To explain the observed charge prop- 
erties of peptides A-D, we suggest the following addi- 
tional modifications, which would make the N- and 
C-terminal portions of MBP relatively more basic and 
acidic, respectively: (1) loss of one or both C-terminal 
arginine residues. Membrane-bound arginine car- 
boxypeptidases exist in several tissues (Barrett, 1977) 
and des-Arg forms of MBP have been isolated from 
CNS tissue (Deibler et al., 1975; Chou et al., 1977). 
(2) Relatively rapid deamidation of specific residues 
in the C-terminal half of MBP. It is notable that after 
only 7 min of incubation the bulk of material dissoci- 
ated from myelin membranes was more acidic than 
purified MBP (Fig. 4b). Glutamines 103 and 147 have 
been suggested as residues that may be deamidated in 
vivo (Chou et al., 1977). Subsequent, slower deamida- 
tion of glutamine residues 3, 8, 74, 81, and 121 and 
asparagines 84 and 92 could produce the acid shift 
demonstrated by all peptides A-D over several hours 
of incubation (Fig. 4a). 

The identities assigned to the major electrophoretic 
species in these experiments need to be validated by 
isolation and chemical characterisation of the pep- 
tides, work that is now in progress. Equally urgent 
however is a demonstration that similar peptides are 
generated under more physiological conditions, a task 
facilitated by their apparent metabolic stability (Fig. 
3). Preliminary experiments on isolated guinea pig op- 
tic nerves suggest that peptides similar to bands A-D 
are liberated on incubation with lysolecithin or Ca2+ 
ionophore. In future histological studies, antibodies to 
the neoantigenic N- and C-termini of bands C and D 
will be used to seek their presence in sections of nor- 
mal and pathological myelinated tissue. 
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