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Running title: Electrophoretic Analysis of Brain .Proteins 

.1 



· .. -3- . 

The ·technique of polyacrylamide gel electrophoresis has,·been suc~ 

cessfully appJied to a variety of problems over the past several years. 

Recently,arnethod has been described (Ar.lES, 1973) which employs a dis

con~inuous SDS buffer system (LAEf.:nU, 1970) in a thin slab polyacrylamide 

gel electrophoresis apparatus (REID and BIELESKI, 1998; STUDIER, 1973) 
.. 

for the resolution of bacterial membrane, periplasmic and soluble proteins. 

We report here the advantages· of this method for resolution ~nd comparative 

arialysis of proteins from whole brain homogenates •.. 

C57Bl/6J normal and quaking mutant mice (Jackson Laboratories, Bar 

Harbo~f Maine), 11 weeks old, were anaesthetized with ether and'detapi

tated. The whole brain (including' olfactory bulbs·and medulla) was 

removed and rinsed in 0.9% NaClsolution and blotted ,dry. Each brain 

(approximately 0.4 g) was homogenized in 4 ml of sample buffer (0~064 M 

Tris, pH 6.8; 5% glycerol ~5% B-mercaptoethanol ;2~s 5DS) \.!i th a Potter 

teflon homogenizer. A lml aliquot of,each homogenate was then diluted 

with 3 ml of sample buffer and heated in boiling water for 2 min (during 

which time the solution ~ecomes totally t~ansparent); This solution was 

then centrifuged (Sorvall c~ntrifuge; 5 min at lOaD x g), the pellet dis

carded, and the supernatant retained for use. Protein determination 

(GEIGER and BESSr·1AN, 1972) revealed that 10 III of each supernatant con-

tai ns approximately llgof protein. Two very s imllar types of e 1 ectro-

phoretic systems were used. 

The first system (Hoefer Scientific Instruments, San Francisco) 

sandwiches a 0~75 mm thick slab gel betvJeen two glass plates (30 cm long, 

18 cm wide), which is then vertically mounted on a lucite support 

equipped with a continuous-flow cooling system and both upper and lower 

electrode buffer reservoirs. 
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The technique, using an upper 5% stacking gel and a 100er 9% 

separating gel, is essentially' that of STUDIER (1973), 'as modified by 

AMES (1973). In addition, we made a single modification. Voltag~ (300V) 

was applied to the separating gel for B h (pre-run) before pouring the 

s tacki nggel. A 1 ucite or teflon "comb ll of the same thickness as the 

gel, with teeth O.B cm wid~ was inserted into the stacking gel aftei 

pouring. Following gel polymerization, removal of these teeth pro-

vided wells for loading the samples. Brain sample volumes were 10 ~l 

per well. A series of molecular weight standards were individually 

added (5 ~gin 10 III each) to ,two of the \'/ells; the molecular \~eight 

assignments are according to WEBER and OSBORN (1969): a-galactosidase 

(l~orthington; l30K), phosphorylase ~ (Horthington; 94K) , bovine serum 

albumin (Sigma; 6BK), glutamic dehydrogenase (Sigma; 53K) , and cyto~ 
t 

chrome f. (Sigma; 12.4K). Hith the exception ofe-galactosidase, these 

gave a -linear semi-logarithmic plot of molecular weight vs. relative 

mobility in the region12.4K-94K; A separate \'/ell contained a tracking 

dye (0.1% brom phenol b'ue, Allied Chemical Corp.) in sample buffer; no 

tracking dye was used in any of the brain samples. Voltages were applied 

as follows: 10 min at SOY, 10 min at 300V, and 4 hat 650V.Gel heating 

was no probl~rn at these voltag~$ sihce pre~running had lowered the cur

rent to under 40 rnA through both gels. After the run,gels were removed 
.i 

from betv-/een the glass plates, stained with Coomassie brilliant blue, 

and destained sequentially (FAIRBANKS, STECK and ~JALLACH, 1971). A gel 

which was run using this first System is showri in Fig. 1. Over BO bands 

were observed. Two, normal (Nl, N2) and two quaking (Ql, Q2) mouse brain 

protein patterns are compared side by side. 



-5-

Thecgel length and pre-running conditions of this' system enable 

the lower molecular\'/eight region « 20K) of the protein patterns to 

b~ well~resolved, and several distinct differences in band intensities 

have beennoted (arrows, Fig. 1). The markedly decreased i ntens; ti es of 

. bands in the quaking mutant patt~rns r~lative to the corresponding bands 

in the normal patterns (seen more clearly in the .original gel than in 

the photographic reproduction) are interpreted by us. to be the result 

of the genetic d~fect associated with the mutant, which has been shown 

to exhibit extensive hypomyelination of the central nervous system 

(SIGMAN, DICKIE and APPEL, 1964; SAMORAJSKI, FRIEDE and REIMER, 1970). 

This intetpretation is further suppotted by ~ previous electrophoretic 

study (GREGSON and OXBERRY, 1972), which found decreases in 3 protein 

bands of isolated myelin fractions from quaking mutants. 

During the addition o'f the molecular weight standards to the gel, 

a small amount (0.5 ugeach) of the 6-galactosidase, phosphorylase a 

and bovine serum albumin spilled ov~r into sample wells N1 and Q2, pro

viding internal markers in those wells (asterisks, Fig. 1). These 

internal markers sho\'Jed approximately the same mobility whether run in 

the standard, the normal, or the quaki ng sampl es. We can infer, then, 

that other 50S-soluble cell constituents (lipids, DNA, RNA, etc.) do 

not influence th~ relative protein mobilities. A further argument 

that lipi~ levels do not influence protein migration follows from the 

fact that quaking mice have reduced levels of brain lipid, andyet, 

band mobil i ti es of i nterna 1 markers and other proteins appear to be 

the same in normal and mutant samples. An unexpected finding is that 

one of the low molecular weight bands (arrow #4), which, is almost 
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negligible in. the normal pattern, shows increased intensity in the 
. . 

mutant. Further analysis of this difference may lead to a more defini-

tive biochemical characteri.zationof the hypomyelinating disorder. 

Though the myelin basic proteins of bovine brain (EYLAR and 

THOMPSON, 1969; OSHIRO and EYLAR, 1970; LormoN, 1971) and rat brain 

(AGRAWAL et ~, 1972) are know'n to be of comparable molecular weight, 

the assignment of the low molecular 'tleight proteins (arrO\'/s) seen in 

this gel as myel in proteins \'/ou1d require further analysis (isolation 

and electrophoresis of a purified myelin fraction, and comparative amino 

acid analysis). In this study, we assume that (a) proteins of corres

ponding molecular weights bind the stain equivalently from sample to 

sample, and (b) the observed intensities of the stained bands are pro

portional to the amount of protein pr~s~ntin each band. 

The second system uses non-commercial apparatus which has short, 

thin (10 cm long, 12 cm wide, 0.8·mm thick) polyacrylamide slab gels 

(AMES, 1973), wi th a discontinuousSDS buffer system (LAEt1HLI, 1970) 

as in the first system. No cooling 6r pre-running was used. In addi

tion to the previously used molecular weight standards, catalase 

(Sigma; 60K) , ovalbumin (Sigma; 43K) , d-amino acid oxidase (Worthington; 

37K), and histidine-binding protein J (courtesy of G.F. Arnes; 25.5K) 

were also used .. A mixture containing approximat1ey 50 J.1g of each pro

tein in 1 ml of sample buffer (LAEMMLI, 1970) was heated in boiling 

water for 2 min and 15 J,J1 of that mixture was then applied toa single 

well. ··Brain samples N1andQ1 (10 J,J1 each) were applied to the gel; 

in addition, 10 J,J1 of 1:1 dilutions of both N1 I and Ql I with sample 

buffer LS8-A (0.064 M Tris, pH 6.8; 9% glycerol; 5% e-mercaptoeth~no1; 

'w 
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2%505; O~OOlr bromphenol blue) were applied to the gel. The gel was 

run for 1 .5h at 30 rnA constant current. Staining and destaining were 

performed as before. Agel which was run using this sytem is shown in 

Fig. 2. In both patterns of the normal samples (Nl, tn'), a thin band 

atabout45K(arrow) 'is clearly visible which is nO,tapparent in the 

fuutant protein patterns (Q1 ,Q1 '). 

Again, we attribute this decrease of normal protein to the aberrant 

gen~tic expression of the mutant. A semi logarithmic plot of molecular 

weight;~ relative mobility \lIaS linear in the Y'egion 25K-94K. 

The first system, which produced the gel shown in Fig. l, had 

greater resolution and lower background between bands. Differences 

between normal and mutant patterns in the low molecular weight region, 

not apparen~in Fig. 2, are easily distinguishable in fig. 1. Greater 

resolution (separation) does not always mean that vis'ual differences 

will be enhanced. A singl~'band difference between normal and mutant 

at 45K, shown in Fig. 2, is not apparent in Fig. 1, where this band is 

resolved into 4 compone~ts. In such cases of low band intensities, 

densitometer scans \'Iould probably give more accurate comparisons than 

visual inspection. 

We conclude that the app1 ication of this electrophoretic method 

to the analysis of brain proteins has several advantages: 

(1) Reproducibility. Brain protein patterns from different animals 

of the same strain were identical when run on the same slab gel; 

(2) Resolution. Over 80 bands were observed per sample on the long 

ge 1s; 

(3) Sensitivity. Even with a system as complex as whole brain, 
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protein patterns from normal and mutant mice sho~lE~d reproducibledif

ferences. Comparisons are possible with as little as 10 11g of protein 

per well.· S~bcellu1ar fractionation or brain dissection irtto specific 

anatomical aprts could further enhance sensitivity; 

(4) Molecular weight determination. Hithin a wide molecular 

weight range, standards have the same rea1tive, linearly-related 

mobil i ti es (both in the same sl ab and from slab to sTab). Protei n 

mobilities appear to .be molecular \'/eight dependent and independent 

of cell constituents soluble in SOS. Brain protein bands can there

fore be assigned molecular weights; 

(5) Mutant studies. By comparing protein patterns of various· 

regions of the brain from normal .and mutant mice, one can identify 

which region and which major prote.in bands are affected by the muta

tion inquestiory; 

(6) Variable resolution of specific molecular weight regions. By 

altering the system dimensions and electrophoresis conditions, one can 

tlspread out" regions of interest and "compress" others. A multitude 

of parameters (pH, ionic strength, temperature, gel pore size, applied 

current and voltage, stacking gel-separating gel interface, reagent 

purity, pre-running, etc.) have been found to be significant in the 

16nger gels (S. J. Fliesler, unpublished); 

(7) Facile comparative analysis. In contrast to gels run in 

cylindrical tubes, slab gels are polymerized, run, stciined and destained 

as a single unit. Protein patterns, as a result, exhibit more uniform 

mobility from well to well and fewer staining/destaihing artifacts. 

Slab gels can also be dried onto a sheet of filter paper (Maizel, 1971). 
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In this form, gels torage, photography and autoradiography are grea tly 

simplified~ 
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Fig. 1. Photograph of an SDS-acrylamide slab gel (30 cm long) after 

electrophoresis of \'/hole brain homogenates. Arrows (-+) indicate band 

differences between normal and quaking mutant mice. Asterisks (*) indi

cate presence of molecular weight standards as internal markers. 

Symbols: Q,origin; Nl and N2, brain homogenates from two different 

normal C57Bl/6J mice; Ql and Q2, brain homogenates from t\'IO different 

quaking muta~t C57Bl/6J mice; MW, molecular weight standards. Molecular 

weight standards: l30K, e-galactosidase; 94K, phosphorylase £.; 68K, 

bovine serum albumin; 53K, glutamate dehydrogenase; l2.4K, cytochrome £.. 

Sample preparation and electrophoresis procedures are described in the 

text. 

\. 
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Fig. 2.. Photograph of an· 50S-polyacrylamide slab gel (10 cm long) after 

electrophoresis of whole brain homogenates of C57Bl/6J normal and quaking 

mutant mice. Arrow(+) indicates band (~ 45K) not apparent in the mutant. 

Symbols: 0, origin; Nl, brain homogenate from normal mouse; Nl', a 1:1 

dilution of Nl with sample buffer (LSB-A--see text); Ql, brain homogenate 

. from quaking mutant mouse; Ql', a 1:1 dilution of Ql with sample buffer 

LSB-A; NH, molecular weight standards. Molecular weight standards: 

130K, a-galactosidase; 94K, phosphorylase ~; 68K, bovine serum albumin; 

60K, catalase; 53K, glutamate dehydrogenase; 43K, ovalbumin; 37K, 

D-amino acid oxidase; 25.5K, histidine-binding protein J; l2.4K, cyto

chrome c. Sample preparation and electrophoresis procedures are 

described in the text. 

\. 
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