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1. Introduction 

In contrast to the lipid components of myelin, 
relatively little research has been done so far on the 
protein portion, due to the difficult task of gently 
extracting myelin proteins from their lipid matrices. 
Most of the procedures involve extraction of part of 
myelin proteins, either with chloroform-methanol 
mixtures [ 1] or with dilute acids [2]. Only recently, 
the extraction of total protein of myelin with a mix- 
ture of phenol-formic acid-water and subsequent elec- 
trophoretical analysis in the same system has been 

reported [3,4]. 
In this paper we describe 1) how total protein of rat 

brain myelin is extracted by the use of sodium dode- 
cylsulphate (SDS) and 2) how these extracts are 
examined by electrophoresis on analytical polyacryl- 
amide gels giving three predominant bands. We also 

show that this method, developed by E.M.Shooter 
and his associates [5], can be transferred to a pre- 

parative scale, thus allowing the quantitative separation 

of all protein components of myelin. 

2. Materials aud methods 

Brains of mature rats were homogenized in 0.32 M 
sucrose, the resulting suspension was centrifuged at 
5,000 rpm for 20 min in rotor R30 (Beckman Instru- 
ments). The sediment was washed twice with 0.32 M 
sucrose under identical conditions of centrifugation. 
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The pellet finally obtained was homogenized in 0.88 
M sucrose and centrifuged at 25,000 rpm for 2 hr in 
the SW 25.1 rotor (Beckman Instruments). Material 
floating on 0.88 M sucrose was subjected to osmotic 
shock, then washed three times at low speed with 
water (R30, 5,000 rpm, 20 min), followed by a second 
high-speed centrifugation in 0.88 M sucrose. This 
process of three-fold washing and single high-speed 
distribution was repeated twice, first with 0.80 M 
sucrose, then with 0.75 M sucrose. Material forming 
a pellet during the second 0.88 M sucrose step was 
called A, material floating on 0.88 M, 0.80 M or 0.75 

M sucrose was called B, C, or D, respectively. 
Extraction of proteins from myelin fractions A, B, 

C, and D was performed by homogenization in 0.1% 
SDS-O.01 M tris (pH 7.4); separation from traces of 

insoluble material was done by centrifugation at 
40,000 rpm for 2 hr in the R40 rotor (Beckman 
Instruments). 

For analytical polyacrylamide gels the following 
solutions were prepared: 
for the resolving gel: 

I) 12 g acrylamide, 0.32 g N,N’-methylenebis- 
acrylarnide (BIS), 6 ml 1 N HCl, 4.75 g tris, 

0.1 g SDS, 0.06 ml N, N, N’, N’-tetramethyl- 
ethylenediamine (TEMED), 3.75 mg potassium 
ferrocyanide, made up to a total of 50 ml with 
water. 

II) 70 mg Ammonium persulphate in 50 ml water. 
III) 6 ml 1 N HCl, 4.75 g tris, 0.06 ml TEMED, 0.1 

g SDS in a total of 100 ml. 
for the stacking gel: 

IV) 2.5 g acrylamide, 0.6 g BIS, 18 g sucrose, 3.07 
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ml 1 M phosphoric acid, 0.68 g tris, 0.01 ml 
TEMED, 0.i g SDS, 0.5 mg riboflavin in a total 
of 100 ml. 

V) 3.07 ml 1 M phosphoric acid, 0.68 g tris, 0.01 
ml TEMED, 0.1 g SDS in a total of 100 ml. 

Tubes of 5 mm inner diameter and 130 mm length 
were filled with 1.2 ml of a mixture of equal volumes 

of solutions I and II. Solution III (0.2 ml), layered 
over the resolving gel solution, served for obtaining 

a horizontal surface. Solution III was then decanted 
and replaced with 0.2 ml of solution IV, over which 
0.2 ml of solution V was carefully layered. After poly- 
merization, the gels were loaded with 0.2-0.4 ml of 
SDS extracts of myelin (0.6-0.8 mg protein/ml). Com- 

position of upper buffer: 6.32 g tris, 3.94 g glycine, 

1 .OO g SDS, in 1,000 ml. Lower buffer: 12.1 g tris, 
50 ml 1 N HCl, 1 .OO g SDS, in 1,000 ml. The initial 
current of 0.1 mA per tube was gradually increased 
to 1 mA per tube at the end of the run. Gels were 
stained with 0.1% amidoblack in 10% acetic acid and 
destained in 10% acetic acid. 

The chemical composition of the preparative gel 
was identical to that of smaller-sized analytical gels. 
The inner diameter of the tube was 24 mm, the length 
of resolving gel was 105 mm, that of the stacking gel 
10 mm. The column was loaded with 20 ml myelin 
extract (12- 16 mg myelin protein). The current was 
gradually increased from 3 mA to 18 mA. Fractions 
were taken at 20 min intervals for analysis on ana- 
lytical gels. 

3. Results and discussion 

SDS extracts of myelin preparations A, B, C, and 
D originating from the last three phases of the isola- 
tion scheme were analyzed for proteins by electro- 
phoresis on 12% polyacrylamide gels (fig. 1). The 
increase in purity of myelin from preparations A to 
D is reflected by an increase in three major bands in 
the lower part of the gels. These bands are called L, 
M, and U (for low, middle, and up). A rapid decrease 
from gels A to D of most of the numerous bands in 
the upper gel portion, with the exception of some 
minor bands at the location X, was also observed. The 
question whether the protein bands near X are repre- 
sentative of myelin or are residual impurities cannot 
yet be answered. Bands L, M, and U, however, are 
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Fig. 1. Polyacrylamide gel electrophoresis of SDS extracts of 
rat brain myelin fractions. A, B, C, and D represent mem- 
brane fractions of increasing purity. 12% polyacrylamide, tris- 
glycinate system, pH 8.9,0.1% SDS in samples, gels, and buf- 

fers. 

truly of myelin origin. Tracings of gel D give, upon 
integration, 93% for L + M + U. This result taken in 

conjuction with the known predominance in myelin 
of lipids over proteins indicates a rather pure myelin 
preparation. 

In the SDS-polyacrylamide gel system, the mole- 
cular weight of proteins is reflected by the rate of 
migration [6]. Based on the results of Mehl and 

Halaris [4] who also observe three bands for.rat 
brain myelin, we can assume that fraction U represents 
larger molecular weight proteolipid protein, whereas 
L and M are smaller molecular weight basic proteins. 

Treatment of membranes with SDS generally leads 
to extraction of total proteins regardless of their 
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Fig. 2. Electrophoretical analysis of rat brain myelin proteins. Protein fractions L, M, and U were isolated from crude myelin by 
SDS extraction and subsequent separation on a preparative polyacrylamide gel column. For details see fii. 1. 

charge and structural involvement with other mem- 
brane components [7]. Therefore, a procedure for 

the preparative separation of myelin proteins L, M, 
and U has been accomplished by enlarging the dimen- 
sions of the polyacrylamide gels applied. The results 
of this electrophoretic separation are shown in fig. 2. 
To the left is the electrophoresis of the SDS extract 
of the starting material (SM), in this case a crude mye- 
lin preparation. To the right are purified fractions, L, 
M, and U. Each fraction is essentially devoid of conta- 
mination by other fractions. Remixing fractions L, M, 
and U gives the corresponding composite gel patterns. 

Analysis of fractions L, M, and U for lipids is entirely 
negative; all lipids leave the polyacrylamide column 
with the front. 

In summary: purification steps for the preparation 
of myelin can be followed by analytical gel electro- 
phoresis of SDS extracts. Rat brain myelin gels show 
three predominant bands (L, M, U). These can be 

separated on a preparative scale*. Thus total protein 
of myelin isolated as pure proteinSDS complexes, can 
be studied [lo] . 
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