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Structural protein is a term originally used by Green et al.(1961) to -- 

desi~~the~~~~c~as~iatedwithmi~idlnumbranes. 

This preparation, isolated utilizing detergents (Green,et al., 1961; middle, -- 

et al., -- 1962; Richardson, Hultin and Fleischer, 1964), is a colorless protein 

fraction which is insoluble at @qsiological p& Wewishtoreporttheremvzd. 

of a similar fraction fraa whole mitochondria using acid extraction. The ex- 

tract,uponneutrdlizati~formsaprecipitatewkichhas similarproperties to 

st.nxturalproteinasdefiuedabove. Thenon-extractableresidueretains the 

typical knitntmbrane" appearance. 

Mal5edal.s and Me- 

Mitochomkia (about 25 nq protein) are extracted with 1.4% acetic acid for 

30 minutes in a volme of 5 ml at 0-4O C. The insoluble residue is remmed by 

centrifugation at 81,000 x g (average) for 1 hour. Afterwashingoncewith5ml 

of l.4% acetic acid the residues are resuspended and analyzed forphospha~ (Chen, 

et al., -- 1965) and protein (Lmry, et al., 1961). A structural protein fraction 

is prepaxed from the acetic acid extract by titration to pH 6.5. At this pH, a 

flocculant precipitate rapidly develops which is sedimented to separate it frun 

soluble proteins. 

Thefractionsobtainedare~~a~izedbyel~~~is usingthe 

mtkd of Takayama, et al.(1966), with the follcwing mdifications: a) a pre- -- 

electm&msis step is added as suggested by Mitchell (1967); b) five-inch gel 

tubes are used; c) Ccunassie Blue is used for staining; d) ribonuclease is used 

ClSEUliIltSMlS-. 
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Samples forelectronmicrosco~wereprepnxlas describedpxviously 

(Fleisck~, Fleischer and Stoeckenius, 1967). Aralditewasusdastheem- 

beddingmdiuninsteadof Epon. Sectionswereviek&inaHitachillCeleCtrCm 

microstate. 

Mitwhondria were prepared as described by Fleisti, et al. (1967) ex- -- 

ceptthaitaPotter-ELvehjemapparatuswasusedinplaceofaWaringbleraderin 

the preparation of liver and kidney mitochordrial. 

ACID EXTRACTION 
OF MITOCHONDRIA 

ORIGIN 

“SPU 

RNAS 

123456 

Fig. 1. polyacrylamidegelelec~resisofbeafheartti~ndriaand 
fra&ic3ns&tainedbythed.dextraCti~prooedure. !Chereare: l-whole 
mikxbondxia; 2 -acidextract; 3 -residue; 4 -soluble fraction; 5 -structural 
protein;and6-structurtiproteinpre~ a~tiRichardson,H~tin 
and Fleischer (1964). Electrapharesis was carried out for 3 l/2 hours at 
2.5 milliamps per tube. 

WewishtothankMr.NiehNie.k?n forpnmidbgthe liverand?Cidneymito- 
chondriaandMr. Ikneth Walti for the rat heart mitmhondria. 
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Tvpical results for the ekctqhresis of the fractions obtained by acid 

extracrtionof~lebeefheartmitachoradriaarepresented inFigure 1. There- 

sidue of the acid extract has a simplified electro@oresis pattern when cmpared 

tothatofwholemihz&ondr iawhiletheextracthas acanplexpattern. The 

structural protein fractioncontains amjorbandwhichmigrates the same as the 

majorccqonentof structural pwteinpreparedbyther~thodofRi~n,Hultin 

and Fleischer (1964). Farthisreason,andbecausethe~fractionsshawsimi- 

Fig. 2. Electmnmi~aphs0ftheresiduefr~on~frrmbeefheart 
mitodmndria by the a&d -action procedure (cf Methods). The acid treat- 
mnthasadisru&iveinfl~onthemi~ i.al strwztwe (cf Fig. 2a). 
!l!hetrilamimrarr~t oftkmmbrawis clearlyvisible (cfFi.g. 2b). 
YIbe cpt.ical magnification in Figs. 2a am3 2b are 10,000 am3 50,000 xespctive- 
ly; the bar represents 0.5 IJ al-ii 0.1 II Iz#pecuvely. 
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larproperties andaccountforalargepcrtionof the pmtein (approx. 45%), the 

mjorelecttmphoretic hamdisdesignated structural protein. Itshouldbe noted 

that the struct~al protein band has been essentially revved frantheresidue. 

El~~micrographsshowtheresiduetobemenSxanous;"~t~r~" 

canclearly beobserved (cf Figure 2). Mzxtbranes are not observed inthe 

struct~al protein fraction. 

Mitochcnrkiafxunseveral souxeswereextractedwithacid. Theresidues 

frambeefkidneyandliw~edlsofoundtobenrmbranous. The anmntofpm- 

tein intheresidue fractionsvarieswidely; it is highest in heart and lowest 

in liver (Tlable I). ~contrastto theamuutofpmkein, the lipidcontent 

sharply increases upon extraction, resulting inremarkably similar ratios of 

phosphonlstcprotein. This is especially significant in light of the variaticn 

observed inthestartingma~ial. In fact, practically all of the lipid phos- 

phorusis retained intheresidueuponextractionas indicabxlbythelasttm 

colmms of Table I. 

Original Residue Lipid Phosphorus 
!Jg P/q Protein 

119; P w J? Per- 
WPWtein lq protein cent calc.a C13S.b 

BeefHeart 18.0 31 41 13 11.3c 

BeefKidney 10.4 32 23 5.4 5.8 

BeefLiver 8.7 35 15 7.3 7.6 

Rat Heart 16.1 33 34 11 

Rat Liver 11.6 36 21 - 

HumanHeart 18.2 32 47 15 13.4c 

aLipidL~wascdlniLatsdforthestartiragrnaterialbymilti- 
~1yirPgthe~tofpho~~pernqresiduebythefractionof 
residueinthewblernibxhondria 

bSee Fleischer et al (1967) --- 
%kis vale does not in&.& 1.4 vg of bound, non-lipid phosphorus 

(Fleischer et al-.(19621 -- 
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Discussion 

These experiments .shm that Sxuctux alprowncanbexx¶medfmmi~ 

choladriawithdiluteacidleavinganinsolubleresiduewhichis~~~ arxl 

retains atrilaminararrangemnt. Practically all of the phospholipid rmains 

with this fraction. Residuesfranseveraldifferentmi tochomkiahavesimilar 

@msphorus to w  ratios even though the percmtage of lipid in the original 

mitochondriavarieswidely. Theseresults suggestthattheresidue fractionis 

abasic vtof thememhrane. Thisisfurkhersubstantiat&lbythecor- 

relationof thepercentresiduewiththedensityofmn&mmes obserwdmqho- 

logically in the different mikxhondria, i.e., itisgrezkestinheartand 

leastinliwr. ~,thereisaninvF3lrsecorrelationbetvlleenthepercent 

of protein in the structural protein fraction and in the residue fraction. 

Thesedataraise aniqortantquestion. What is the localization arid functim 

OfStructwal~? 

Structuralproteinfractions asisolatedbyacidextractionmtainlittle, 

if any, lipid. Yet, RicUxdson, Hultin and Fleischw (1964) found that structur- 

dlproteinasisolatedby~~~usingbile~~spontaneouslybirds 

phospholipid. It is psible that the acid txeatmnt affects the lipid distri- 

bution~these studies andtherefore itrmains FUlOpIlcplfSti~Whe~S~ 

tural protein is in factasscciatedwithphos@olipid inthemitochomkion. 

S~~proteindLsoforms~l~withnucleotides (Richardson, 

Hultin axxl Green, 1963; Mmkres and Wcdward, 1967), and other proteins 

(Griddle, et al., 1962; l3hards and Griddle, 1966a, 196613; mmkres aMi 

l&&ward, 1967). Ime significance of these observati~also-to 

be evaluated. 

~helpfulapproachtothisquestianmightbetocansiderseveral 

levels of organization inmitxxhomkia: altheprimarylevelorthecore 
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of the nrz&mne,nmphologicallyeguatedwiththetrilaminar arrangeman~ 

b) the secondarylevelconsistingof cxmponents associatedwiththepri- 

marylevelt butwhich arenotessential to the trilaminar arrangement; and 

c) theterCarylevelcontainingsolubleproteins. 

The~residuef~theacid~a~~belongstothe~imaryl~. 

Atthepresenttimewecannot evaluatewhetheracidextractedproteins, such 

asstructuralKotein,dlsoformpartoftkislevel. Itisalsounknmn 

whether theprimrylevelis sufficienttomintainthe mtalization 

of the mitochon&ion. A possible role of the secomWy levelwouldbeto 

restraiusoluble cmrpnent.5, therebyextading the influence of thenkm- 

branebeyoxxdthewidthofthetrilaminm arrangement. As discussed above, 

structuralproteinmay fulfill this rolethroughits broadcunplexing 

capabilities. The solubleproteins~~d~bepartofthetertiarylevel. 

This work was supported in part by a U.S.P.H.S. grant @! I2831 and an 

American Heart Association Grant-in-Aid. S.F. is an Established Investiga- 

toroftheAmricanHeartAssociation. W.Z. is a postdoctoral fellow of 

the U.S.P.H.S. Valuable technical assistance was provided by Mcs. Iois 

Klessig and Mr. Alvas Tulloss. 
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