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”'__Théftéﬁhnique of.po]yacrylémidetgel electrophoresis: has-been sUc;’.
ceszd]]y applied to a vafiety of pfob]ems.over the_past several yéaré.
: Recently;:a-methbd'has bééh described (AMES, 1973) Whichvemp1oys a dis- |
cohfinuou§.sbs buffer sysiem (LAEHHLI, 1970) in_a'thin.sTéb'bo]yacky]amide o
" gel electrophoresis apparatus (REID and BIELESKI, 1968; STUDIER, 1973)
for the resolution of'bacteriaf“membrane, perip]éSéfc‘and soluble proteins.
- We report hefé:the advantages of this mefhod fof'féSo]ution'and comparative’
_aha1ysis of proteins from whole brain homogenatesga_ : | o

CS7B]/6J.norma1’énd‘quaking mutant mice (Jackson Laboratories, Bak"

Haber; Maine); 1]‘weeks.d1d, were -anaes thetized thh‘ether and~de¢api-:
‘tafed. “The whole brain (incTuding‘o]fa;toryfbu]bé’and medulla) wés

removed and rinsed in 0.9% NaCl -solution and blotted dry. Each brain
(approxihateiy 0.4 g) was homogeﬁized in 4 ml of saﬁﬁle.bﬁffer (0.064 M .

Tris, pH 6.8; S%-g]ytefo1§"5% g-mercaptoethanol; 2% SDS) with a Potter

' tefloh'homogenizeri Al ml a]iquot of .each homdgénéie was then diluted -
with 3vm1.of Samp]é.buffer and heated in boiling water fbrfz min (during
‘which tfmevthe’soldtion_Secomes tota]ly tfansparent);  This solution was -
- then centrifuged (Sorvall centrifuge; 5 min at IOOO'x_g), the pe}]et dis-
| carded, and the supernatant retained for use. Proiéin determindtion o
(GEIGER andeESSMAN,‘1972) revea]ea that 10 ﬁ] of“éach.supernatant cdn_

. tains_approximately' ~ﬁg,of protein. Two very similar types of electro-

'5'_'phoretic systems were used.

~ The first system'(ngfer S¢ientifit instruménts, San Francisco)
séndWicﬁéSja_O;75 mm thick slab gel. between two g]a$$;p1ates'(3p'cm.]ong,
18 cm Wide), which i;;then‘vertica11y mountedvon,avlucite stport |
equipﬁed with a'contihuoﬁs—f]ow'coo]ing‘Syétem.and‘béth Qppér and']owér 5

electrode buffer.resérvdirs.
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~ The technique,-using an Upper_S% étacking.ge1;and'a Tower 9%

- separating gel, is'essentié]]y'that of STUDIER'(1973),'asfmodifiéd by

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

was app1ied'to the separating gel for 8 h (pre-rdn)jbefdré pduring the
stackfng;gei. A lucite or teflon "comb" of the:sahe tﬁicknéss as the
gel, with teeth 0.8 cm wide was idserted into’ﬁhe sfackingvgél after
pouriné._ Foiiowing ge]'po]ymerization, removal'bf tHese teeth pro-
vided wells for loading the samples. Brain saﬁpfé‘voidmes were 10 y1
per well. A ser1es of mo]ecu]ar weight standards vere 1nd1v1dua11y
added (5 ug in 10 ul each) to " two of the we]]s, the mo]ecu]ar we1ght
ass1gnment5'are accord1ng to WEBER and OSBORN (]969): B—ga]actos1dase
(worthingtdn; 13OK), phosphorylase a (Worthington; 94K), bovine serum .
albumin (Sigma; GSK%, g]ufamic dehydrogénase'(Sigma;»53K), and cyto-
chrome ¢ (Sigma; 12.4K). With the exception of Bhga]acfosidase, these
' gave a linear semiflogarithmic p1qt of molecular wéight x§;_relatiye
mobility in the regioh:12,4K-94K; A sebarate wef] contained a tracking

dye (0.1% brom phenol b7ue, Allied Chemica] Cdrpﬁ) in sample buffer; no

~ tracking dye was uséd‘in any of the brain samples. Voltages were-app]iedv dd

as fo]]oWS' 10 min at SOV 10 min at 300V, and 4 h at 650V. Gel heat1ng

was no prob]em at these vo]tages since pre runn1ng had 1owered the cur-
rent to under 40 mA through both ge]s After the run, -gels were removed
from betweenlthé.QIaSS p1étes; §tainéd with Coomass;e_br1]11ant b1ue,

}' and destained sequéntia]]y kFAIRBANKS,_STECK and:HALLACH, 1971). A gel
:‘which was run using this first'syStem is shown in Fig. 1. Qver 80'band$

were observed. “Two_normal (N1, N2) and two quaking (Q1, Q2) mouse brain

- protein patterns are compared side by side.
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The. geT length'and'pre—running'conditionS»ot:this‘system enab]e
the 1ower mo]ecu]ar we1ght region (< 20K) of the. prote1n patterns to-
be we11 reso]ved and several d1st1nct d1fferences in band 1ntens1t1es
have been_noted (arrows, F1g. J). The markedly decreased 1ntens1t1es of
- bands in the quaking mutant oatterns relative to‘fhe.corresponding.bands
in the normal'patterns (seen more clearly in thefortginal-oel‘than in
" the photograohic'reproduction) are interpreted by-quto be the result
of the genetlc defect assoc1ated wwth the mutant, wh1ch has been shown
to exh1b1t extensive hypomye]1nat1on of the centra] nervous system
(SIGMAN- DICKIE'and APPEL 1964; SANORAJSKI FRIEDE and REIMER ]970)
v"Th1s 1nterpretat1on 1s further supported by a prev1ous e1ectrophoret1c

'study (GREGSON and OXBERRY 1972), wh1ch found decreases 1n 3 prote1n

bands of isolated myelln fractions from quak1ng mutants

Durlng the addltlon of the molecular weight” standards to the gel,
a:small amount (0t5 ug each) of the B-ga]actos1dase, phosphory]ase'g
and bovine serum albumin soilled over.into-sample Wells N1 and Q2, pro-
- viding internafvmarkerS“in those wells (asterisks,7fig' 1). These
-_1nterna1 markers showed approxxmate]y the same mob1]1ty whether run in
the standard the norma], or the quaking samp]es we can 1nfer then,
that other SDS- soluble ce]] const1tuents (11p1ds, DNA RNA, etc ) do |
‘not 1nf1uence the re]atlve protein mobilities. A further argument
that ]ipid:TeVe1s do not influentekprotein migrat1onvf0110ws from the
a"faot thatvquaking.mfce have.reduced ]eVeis of.brain']ipid, and,yet,
band’mobi]ities of internal markers and Other_proteins'appear to bev'
the same in norma] and mutant samples. An unexpeoted‘findingnis that"'

one of the Tow mo]ecular we1ght bands (arrow #4), wh1ch is a]most
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negiigibie in the normai potternl shows inCreaseddintenSity'in the :
mutant. Further ana]ySis of this difference may . lead to a more defini-
| tive biochemica1 characterization of the hypomyeiinating disorder

Though the myeiin basic proteins of bovine brain (EYLAR and
v THOMPSON 1969, OSHIRO and EYLAR, 1970; LONDON, 197]) and rat bra]n
| (AGRAWAL gt;gl;, 1972) are known to be of'comparab]e'moiecuiar weight,
.the‘assignment of‘the'iow_noiecuiar weight proteins'(errows)-seen in
this.ge]'as'Myeiin.proteins'w0u1d require‘further-éna}ysis (isoiation
and electrophoresis of a purified myeiinffractiOn,dond combaratiVe amino
acid analysis); “In thisfstudy, we assume that (a).proteinSIOf corres-
'ponding molecular weights bind the stain'equiveientiu from samp]e to -
sample, and (b) the observed intensities of the stained bands are pro-
portional to the amount of" protein present in each band p o ' ’ ' :

The second system uses non-commercial apparqtus which has short, |
thin (10 ¢m long, 12 cm‘wide,'O 8‘mn thick) po]yacryiémide siah gels
}(AMES 1973), With a discontinuous SDS buffer system (LAEMMLI 1970)
as in the first system No cooiing_or pre-running was used. In addi- L‘i ;
tlon to the previous]y used moiecuiar weight standards, catalase . B -
(Sigma; 60K), ovalbumin (Sigma 43K), d- amino acid. ox1dase (WOrthington,
- 37K), ‘and histidine binding protein J (courtesy of G.. °F. Ames ; 25. 5K)
 were also used A mixture containing approx1matley 50 pg of each pro-
_Htein in 1 ml of sample buffer (LAEMMLI, 1970) was heated in bOiling
water for 2 min and-is ul of that mixture was then éppiied t0'a.singie
well. rBrain samples N1~and'Q1 (10 41 each) were_apoiied to‘the'gel;
in addition, 10 u1 of 1:1 dilutions of both N1' and_Q]' with sample
buffer LSB-A (0.064 M Tris, pH 6.8; 9% g]yterdit 5%;é-mer¢aptoethonoi;



2% SDS;; 0 0017 brompheno] blue) were app]ied»tovthe_gelﬂ The gel.was
run for 1. 5 h at 30 ‘mA constant current Staining and destaining were-
' performed aS’beforea, A gel which was run using thisASytemdis*shown in
'Fig. 2. In bothvpatterns of the normaI'Samples’(Nt, N]'), a thin band‘
atdabout‘ASK (arrow) is c]ear]y visible wh1ch is not apparent in the :
‘mutant prote1n patterns (Q1, Q! ). | | |

Aga1n we attr1bute th1s decrease of norma] prote1n to the aberrant
- genetic expre551on of the mutant A semllogar1thm1c plot of mo]ecu]ar
weight vs. reTativevmobtllty was llnear ln-the reg1on 25K-94K..'

The first'systen, which produced the gel shown in ng. 1, had
greater resolution and lower background'between bands . .Differences
| between‘norhal and mutant~patternshin the low'molecufar weight'region,
vnot‘apparent“in Fig- 25 are easily distinguishabTe tn Fig ]..'Greater
reso]utuon (separat1on) does. not a]ways mean that v1sua1 d1fferences
w111 be enhanced A s1ngle band- d1fference between norma1 and mutant
-at 45K, shown in F1g. 2, is not apparent in Fig. T, where this band is
reSOIVed into 4 componentS' In such cases of-low-band intensities;
denSItometer scans wou]d probab]y give more accurate compar1sons than
‘visual inspection. o | | |

We conc]ude that the app11catlon of this e]ectrophoret1c method
.to the ana]ys1s of bra1n prote1ns has severa] advantages

(1) Reproduc1b111ty Bra1n prote1n patterns from d1fferent animals
of the same stra1n were 1dent1ca1 when run.on the same slab ge] | |

(2) Reso]ut1on Over 80 bands were observed per sample on the 1ong
vge]s,

(3) Sens1t1v1ty Even with a system'as'compiex'asfwholepbrain,
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| protein patterns from hormaiiénd mutant mice shoﬁed rép}oducib]e-dif-
ferences. Compariﬁons are possible with asllittiéias-lo ug of-protein
per well.: Subcellular fractionationibrfbrain'dissection into specific
anatomicaiiaprts could further enhance sensitivity;
(4) Mo]éﬁuiar weight'determinatidn.. Withih a widg mo]ecu]ak
weight range; standard§ have the same realtive, 1ihé§é]y—re]éted
‘mobilities (both in the same siab and from slab tovSTab).' Protein
mobi]ities'apbear to,be'm01écu1ar'weight dependeﬁt”éhq ihdepeﬁdent'
of cell constituents soluble in SDS. Brain-protéin bands can thefe-.' s
fore be assigned'moiecﬁlér weights; o |
‘(5) Mutant studies. Byfcomparing-protein pétté?ns'of'varibus'
regions.of'the bréin from norméifand mutant mice, OneVCan identify
which region and which.major.protein bands are affetted'byvthevmufa;'
tion in'question; E : | ‘ ,

- (6)-Variab]e resolution of specific moleéﬂ]ar:weigﬁt regioﬁsQ‘ By
altering the éysteh dimensions and e]eCtrdphoresiQigonditions, one can
“spread out" regions ofinterest and""tompress"'othéfs; A multitude
of parameters (pH; ionic Strength, temperatdre, ge] pore éize, appiied'
current andvvoitage; stacking gel-separating géi intekfaée, reagent
purity, pre-funning, etc,)_have,been found to be significant in the
lénger gels (S. Jf Fliesiér; Unéub]iShed); i |

(7) Facile comparative analysis. In contrast'to gels run in
cylindrical tubes, slab gels are poiymerizéd, run, stained and déstaihed
as a single uniﬁ. Rrofein patterns, as a result, exhibit_more»uniform |
mobility from ﬁe]] to well and fewer staining/destaihing ariifacfs.

~Slab gels can also be dried onto a sheet of filter paper (Maizel, ]971);3
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In this form, gel storage, photography and autOradidgraphy,are greatly |

simplified.
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‘Fig. 1.>”Pﬁotdgraphd6f an SDSfacrylamide's1ab'ge]}(BO ém_long) aftér.  ,.
.eiegtrophqrésis of whole braih'homogehatés; 'Arrow$;(+) indicate band
:differences betﬁeen normal and quaking mutant mice. Asteri#ks (f) indi-
cate'presence'of.molecular weight standards as 1nterha1 markers.

~ Symbols: .05 origin; Nl:ahvaZ, brain homogehatééffibm two differenﬁ
‘normal C57B1/6J mice; Q1‘aﬁd Q2, bfain homogenatészfrom two different |
quaking mutaﬁt'C57B1/6J mice; MN,ﬁmO]eéulah weight:sfandards. Molecular
‘weight standards: _130K; B-ga]actosidase; 94K, phoéphory]ase a; 68K,
bovine serum a]bUmin;v53K,“§1utamaté dehydrogenasg;lf2.4k, cytochrome g.
Sample pfebaration énd electrophoresis procédure§ aré deScribéd in the

text.
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Fig. 2. Photograph of an SDS-po]yacrylamide slab ge]j(io cm Tong) after

e]ectrophoresisvof whoTe brain homogenates of CS781/6J,norma1'and quaking

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

Symbols: 0, origin; N1, brain homogenate from norméT,moQée;.Nl', al:l
dilution of N1 with sample buffer (LSB-A--see text); Q1, brain homogenate
~from quakinQ'mutant mouse; Q1', a 1:1.dilution of Q1 with samp]e buffer
LSB-A; M, molecular weight sfandards. MO]ecu1arAwe1th standards:

130K, B-galactosidase; 94K, phosphorylase a; 58K, bb?fné serum albumin;
GOK, cata]asé; 53K, glutamate dehydrogenase;}43K, 0va1bumin; 37K,

D-amino acid oxidase; 25.SK, histidine4binding proﬁeihid;_1274K, cyto-
chrome c. Sample préparation and e]ecirophorésis procedures are

described in the text.
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