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S-al protein mnbeisolated frcmmitochmdriabyextraction 

with acid leaving most, if not all, of the phospholipid in the rmbranous 

residue (Zahler, Saito and Fleischer, 1968). On the otkr hand, the re- 

sults of Richaxdson, Hultin and Fleischex (1964) shcw that isolated struc- 

tural protein cunbines with ml 'mchordrialphoqholipid. Thequestionre- 

mainswhethers- al protein is associated with @ospholipid in the 

mkochmkion. It is possible that acidification of the mitochorhia 

causes alte.rationand/orredistributionofthe lipidtitherefore such 

stkiiesmaynotberelevanttitk asscciationof lipidwithproteinwith- 

inthemitcchndrion. Wewishtorepxtanindepemkntprocedureusing 

urea fortheextractionof structwalmtein. &k&mnousresidues from 

ureaardacid extractionofheart,kidneyandliversubni tmolmr&ial vesicles 

have the same lipid mntent. Thesestudiesareccmpatiblewiththeview 

that strwtuml protein is not associated with lipid in the mitochondrion. 

Materials and Metimds 

All operations unless otherwise specified were carried out at 0 - 4O C. 

et al. (1967) exept that 0.01 M N-2-kq&myethylpiperazine-N'-2-ethanesul- -- 

fonic acid, @I 7.55, in 0.25 M sucrose was used as buffer: A Potter-El&- 

t Ch l&e fran Niigata diversity; Department of Ana-, Nii$atdi Japan. 
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jemhaTpgenizerwasusedinplaceofaWaringBlenderinthepreparation 

ofliverandkidneymi klckmdria*. 

suhnimial vesicles were prepared fran mitockmdria (2-10 mj 

protein/ml 0.25Msucrose) withtheuseofaFrenchPressureCellata 

pressure of 2000 pounds per square inch (&m&an Instrument Co., Inc., 

Silver Sprhg, XL) (Fleischer, Fleischer and Stoeckenim, 1967). m 

wsre sedimdd for one how at 134,000 x g (average) and resuspended in 

0.25 M sucrose. 

Extraction of vesicles with urea: Vesicles, (5-20 ny protein in 0.75 ml 

0.25 M sucrose )weremix&with4.75ml8Murmatromtemperature. The 

mixture was placed in the co+d for 30 minutes, then sedimnted at 45,000 rpn 

for15Orninutes intheSW50 rotor inthSpincoPreparativeUltracentrifuge. 

The pellet was resuspended in 0.25 M sucrose. 

Extractionofvesicleswithacid: Vesicles (5-15 nq protein) in 4.4 ml 

0.25 M sucrose) were mixed hqether with 1.1m.l of 7% acetic acid. After 

30 minutes, the mixture was .53dimnted in tk SW50 rotor at 45,000 rpn for 

6Ominutes. Theresiduewasresuspendedin0.25Msucrose. 

The supernatantfrcm~oracid~~~~didlyzedvs100~1- 

mm of 5 nW Tris.HI-0.25 m mTA, pH 8.0. The dialyzate fmn urea ex- 

traction was sedimmkd at 45,000 qxn for 60 minutes in a #50 rotor. The 

brcwnbutWmwasr~andresuspendedforanalysis. Theresultingsuper- 

natantwas acidified to @i 6.5. After 3Ominu&s, thewhiteprecipitate 

waswllectedbycentrifugingintheclinicazcentrifugeand~resuspended 

for analysis. 

The fra~~~characterizedbypolyacsylamidegelel~is 

adelectKunmicroswpy aspreviouslydescribed(Zahler,SaitoandFleisch- 

err, 1968) and analyzed for $mqhrus (C&n et al., 1965) and pmtein 

&wry, et al., 1951). -- 
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!mBLEI 

Cmparisonof~ 'kxh.mdria,Vesicles andExtractedVesicles 

Mitoch0~i.a 
w WY+ 

16.6 

12.2 

8.6 

Vesicles urea Residue* ACidResidue* 

w p/w+ &protein vgPpJng+ %protek lJgp&l+ 

17.8 

16.4 

17.2 

40 31 

33 35 

25 35 

59 31 

57 35 

52 36 

ReSUltS 

titocbxxbiacanbedisruptedinto mallvesicleswiththeuseofthe 

E!cenchP.Kessuxecell. Suhni~~ialvesiclesfranheart,ki~ardliVer 

mitccho~iahavehig~~s~rus taproteinratios thantheoriginalmito- 

chm&ia,ardtheratios appmachthe samsvalues (cf Table I). Further,a 

four-fold range of amcentratim (2.5 tolOny/ml) duringvesiculatiangives 

essentially the saw *sphorus to protein ratio. when these vesicles are 

extracted, the pbqkmus to protein ratio of ti-xz residue (pellet) is nearly 

tw-foldhigkrtbninthestartingmaterial (Tat&I). Similarratiosare 

ol$kned for the residues fran heart, kidney akl liver vesicles. It is signi- 

ficantthatbothths acidandureamtkds give the same ratios. 

Patterns obtain& by plyacrylamide gel elm is oftheresidues 

fJmlbeefhartsuhni- ialvesiclesextractedwitheitkracidorurea 

appearVerySimilar. mepatte?msforkefhBrtsuhi tochmdrial vesicles 

and derive3 fractim are &mm in Fig. 1. The major band pmkusly desig- 

natedas cstnctmal E"tein (Zahler, Fleischer, ti Saito, 1968) is missing 

in ths extract& resw. The~~frtimasisolatedby 
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EXTRACTION OF VESICLES 

Fig. 1. mlyacrylamidegel electro&oresis of beef heart suhnitochoxxbial 
vesicles and fractions cbtAned by urea and acid extraction. They are: 
1) sukmi bchondrial vesicles; 2) the residue after mea extraction; 
3) the residue after acid extraction; 4) structural protein isolated 
frcxntheureaextract;and5) structuralpmteinisolatedfruntheacid 
extract. Electmphoresis was carried out for 3-l/2 hours at 2.5 milli- 
per tube. Ribnuclease has been added to each tube so thatrelativembili- 
ties canbemasured forcharacterizationofthe bands. 

bothpmrxduresisshownforcunparison. Roth p-ocedures axe thexefore qual- 

lyeffectiveinl?smvings tructural protein associated with the mEarbranes. 

lXmaybenotedinTableIthatthepfmxntpmteinrmaining inthere- 

siduefractimisgm~greaterwithacidextraction. Theureapmceduregives 

~valuesbecauseoftechnical~l~aris~franthedensityofthe 

7Murm. Forthisreasontheacidextractionproc&uregivesamrereliable 

d.istr~on of pratein. The percent proa recweredintheresidue frae 
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!?ig* 2. El~microgra~of: a] Beef heart !mhni~~~veSides; 
b) theurea-extractedresidue; a&c) theacid-extrackAresidue. !I%e 
trilaminararr~tisvisible heachpreparation. Theopticalmagni- 
fication is 50,000; the bar represents O.lmicmn. 
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tionfranureacanbeincreasedbyusinghi~ concentrationsofmateridL 

for extraction. 

StructurdlprotRincanbeiso~~f~theacidfllpernatanteither 

by direct neutralization to pH 6.5 or by dialysis vs buffer. The isolation 

ofstructurdlproteinfrantheurea~a~is~tmxeacatq?lexsince 

it contains unsedi.mmte3 residue. Theextract is firstdialyz&vsdilute 

buffer, pH 8.0, to remwe the urea and a brown pellet is remvedbycentri- 

fugation. At the concentrationused, structuralproteinrmains in solu- 

tion and is precipitated by titration to pH 6.5. 

Thestructuralproteinfractionsisolatedbybothproceduresarevery 

similar in solubility pmperties and electqhretic mbility (Fig. 1). 

-ever, the strmtural protein isolated franthe ureaextractgives two 

closely spaced bands. Thisisprobablycausedbyoxidationof sulfhy&yl 

groups during storage. Theextractableproteinofheart,kidneyandliver 

vesicles amxmts to 40 - 45% basedon thepxcentprotein in theresidue. 

Strwt~alproteinisthepredcminant cxmpnatinthese extracts. 

Electron micrographs of sukxnitocho&ial vesicles fran beef heart 

mitmhondria and the derived meaand acid residues are shown in Fig. 2. 

The trilaminarappearanceis readily observable inallthreepreparaticms. 

Discussion 

Mitochmdria fmn a variety of sources have been found by lipid analysis 

to contain different aunts of phospholipid (Fleischer et al., 1967). In -- 

wholemitochomk ia thephosphxxs tipmteinratio reflwtswater soluble 

phosphorus (inorganicphosphate,nucleotides etc.) aswellas phxplmlipid. 

~~~iafranheart,kidneyandliveraredi~inarrench 

Pressurecelltofomsuln&to&ondr ial vesicles the phosphorus to protein 

ratios are very simihr (16-18 ug P/~zJ protein, cf Table I). As ampared 

with the original mitochndrion the plmqhorus to protein ratio of vesicles 

is abetter indexofphospholipidcontent,andis indicativeofasimilar 

lipidamtentinthesepreparations. 
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The extraction of su&ito&ondrial vesicles with acid or urea rsa-wves 

structural protein leaving a mxbranous residue with a high phosphorus to 

protein ratio. Ontheotherhandthestructuralproteinfraction~~ 

little phosphorus. These data are in good agreement with previous results 

(Zahle.r, Saito and Fleischer, 1968) for the acid extraction of whole rnito- 

clxmdria. Theagreenkantof the phosphorus toproteinratios andthe simi- 

larity of the electrophoresis patterns lead to the conclusion that the re- 

sidue fran urn &action has the sama cmposition as the residues fran 

acid &action of either vesicles or whole mitochomMa. Sinceextraction 

with urea produces the sme results as with acid, it is unlikely that re- 

distribution of Lipid occurs. Further,thecaqlexofstructum.lprotein 

WithmitochandridLp~s~lipid, preparedaccordingtoRi chardson,Hultin 

and Fleischer (1964), is not dissociated by urea (S. Fleischer, unpublished 

studies). Thisevidenceclearlyindicatesthatstructuralproteinisnot 

associated with lipid in the mitochon&ion. 

Finally, the residues frcm acid and urea extraction retain the tri- 

laminar arrangemnt characteristic of mambranes. Thus, it is clear that 

structuralproteinisnotr~~to~~thes~~~eofthe~ 

braneas observedbyelectmnmicroscopy. In light of these results the 

suggestionthatstmcturalproteinperfoms a structural role in themem- 

brane will have to be reevaluated (Green et al., 1961; Criddle et al., 1962; -- 

Richardson, Hultin and Green, 1963). 
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