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SCOPE .AND COK1TNTS: Hitochondri<t from mammalian cells synthesize 

protein. To charactcri;~e this system, high molecular weight RNA 

ancl rjbcso;:,a] components fror.1 ni tochoncria of rat, nouse and 

hru0an sources were invcstiBat~d. Novel ribosomal RNA and 

riboscmal conponents· were· found in these- organisms which are unique 

cor.11H1rcd nith their counterparts in th(; cytoplasm or bacteria 

and confo::r.1a ti on. The lti"iA has sedimentation coefficients of 15 

and 13 S, f~lectropho:retic nobilit:i.es of about. 21 and 12.5 SE 

and 20.5 and 11.0 SE for rodent and hunan ceJls respectively, 

and a hiz,h A+U content. The nitocl:on<lrial ribo,-;omal RNA v.'as 

transcrihed fror.1 the mitochc•ndrial ImA si.nce its synthesis was 

inhibited by e~·h:Ldium bromide, These findings st:pport the 

hypothesis that r.titoehonJria ori~in.'.1.ted from an nutonomous 

proka:ryotic ancestor which established a sy111biotic relationship 

in primitive eukaryotic cells resultinz in the contet:lporary 

eukaryotic cell in which the original prokaryotic symbiont lost 

part of its auton01!1y. 

ii 

http:nobilit:i.es
http:confo::r.1a
http:Freetr.nn


TABLE OF CONTEi':<TS 

Page 


Chapter I Introduction 1 


II II Method and :Materials 38 


Ii III Results 63 


11 IV Discussion 128 


II v Sur.1uary 162 


11 
 VI Biblio~raphy 164 


iii 



Figure 

1. 	 Relation between sedimentation constant and distance 

moved of rat liver cyt--Rl~As in a convex ·sucrose" den·sity 

gradient. 


2. 	 Relation betm?('H no] ccular wcizht and se<linH'ntation 

distance. of rat 1i. ver C) t-RNA:o; in a convex sucrose 

gradient. 50 


3. 	 Rc1ation li0twccn sedir·1ent2tion constant, r.10lecular 

wei3ht and clcctrophC'ret·ic r;c0ility of rc1t liver 

cyt-RNAs on an agarose-polyacrylamide gel electrophoresis. 54 


4. 	 Gel re1:1ovin3 apparatus in cross section. 57 


5. 	 Fract:ionat:ion of L cell r,dt-RNA on a convex sucrose 

density gradient. 65 


6. 	 Lo~·:-powcr vj eu of i~cr;atively stnined, five tines 

washed rat liver rnitocho:<c'.rLl. 71 


7. 	 I.ow-pm,7 er view of negatively stajncd crude rat liver 
r.d tochonclr:i a. 	 73 


8. 	 Low-pm;er vi.c\·c of nq;ativ-:•]y stained crude rat liver 

r.1i tochondria. 74 


9. 	 Low-poucr vieu of negativc·ly stciined crude rat liver 

mitoclionc\ri a. 75 


10. 	 Low-pm·1cr view of ne~atively staine<l, five times 

washed rat liver rr,itochondria. 76 


11. 	 Higher-power view of negatively stainec!, five 

tirries waslwd rat liver mi tochondrion. 77 


12. 	 Higher-power view of ne~atlvely st&incd, five 

tir;ies washed rat liver r.titochont'rJon. 78 


13. 	 lligh·-p0·wer view of rn'r;ativcly stained, five tit:ies 

washed rat liver t'1i tcchon.:1r ion. 79 


iv 



Figure 	 Page 

14. 	 Separation of 3II-labellf'd rat livf'r mit-RNA on a 

convex sucrose cif'nsity gradient. 83 


15. 	 Separation of 32r-labcJlcd rat liver mit-RNA on a 

convex sucrose density gradient. 84 


16. 	 Fractionation of 311-labelkd rat liver i·1it-RllA on a 

convex sucrose density sradicnt. 86 


J7. 	 Re-centrifur,at:ion of H:it-P..N;\ 1 fracti.ons on com'C'X 

sucrose density gradients. 87 


18. 	 Separ.atioh of L cell mit-~IA, extracted by vo2i!ication 

2 of l:irby's 1:1c~thod 1 on a Jj!l('<lT sucro,;c' density 

gradient. 89 


19. 	 Sernr2tio:1. of L ce11 mit-R:;/" '"ztr2ct e(l i,y tlr ·not 

rhenol-SJJS rr1ctl10d, o:i a. linear sucrose' derisity gr-adient. 90 


20. 	 Sucrose rlensity gradient centrifu~ation of L cell 

mi t-Rl';A extracted by the hot phcnol-SDS r.1ethod. 92 


21. 	 Sucrose density gra,\ient ccntdfu~;ition of ~EA fr(lm 

L cell rd tocho11dri<i e:-:Ln-1ctecl by tlw hot phcnol-SDS 

Il~C t.J1od, 93 


22. 	 Ge) E.:lC>ct1'01'110resis of rrnA fro; 1 rat 1iver nitochondric1 

extracted by the first r:10clificaUon of Kirby's rncthml, 95 


23. 	 Scparaticm of L cell cyt-rRl;A and rat Jjvt:r nit-l~:·:A 


on aGarose-polyacrylamide gel. 96 


Gel electrophoresfa of r,~iA fron L ceJ 1 ;,;:i tochondriG: 

extracted hy the cold phcnol-SDS ncthod. 97 


25. 	 Gel elcrtrophorcsis of RNA fro~ L cell mjtocho~Jria 


ext r:H: tt.:cl by the hot phcnol-SDS nethod. 


26. 	 GeJ elcctrophore::d s cf RHA isolated by the hot pheno:!_

SDS raethod froc1 tl!C rcitochondrial and nuclear fractioll·.> 

separated by isopycnic gradient centrifu~ation. 100 


27. 	 Gel electrophoresis of 1nit-RNAs from mouse L cell and 

rat liver. 103 


28. 	 Gel electrophoresis of nit-RNA from rat h<~p2trn.~a cell::;, JOl1 

29. 	 Separation of r.1it-R:L\s from !",crnsc L eel 1 and fror:1 h1wian 
Kn cell 011 &garose-polyac;:-yl;nidc gel. JCJ(1 

v 



Fi::;urc 	 Page 

30. 	 Gel electrophoresis of r:tit-·P,t!As from mouse L cell, 

rat Jiver an<l human KH cells on agarose-polyacryla111idc 

gel. 


31. 	 HAK colrnnn chromatography of mouse L cell mit-IUJA. 110 


32. 	 Gel electrophoresis of mouse L cell nucleates obtained 

from fractions eluted fror;i NAK colu:;m. 113 


33. 	 Sucrose density gradient ccntrifu~aUon of r:dtochonclrial 

lysate from rat liver. 122 


34. 	 Separ<1tion of rat liver rfbosomal fraction o:·, a sucrose 

density fradient. 123 


35. 	 Gel electrophoresis of RNA c:.;:treicted frora rat liver 

mitochc.n<lrlal ribosomal cor:iponents. 125 


36. 	 Sucrose density gra<lient centrifugation of witochondrial 

Triton-DOC lysatc of uouse L cell. 126 


37. 	 Elect:rophoretic profile of Rfo\ synthesj zed by isolc.ted 

rat livc:r r.d.tochonclri<l. 138 


vi 



LIST OF TABLES 

Table 	 Page 

1. 	 Physical and chemi.cal properties of nitochondrial 

and nuclear. mJAs fron various organisms. 7 


2. 	 RNA content of mitochondria from different tissues. 25 


3. 	 Recovery of enzymatic activities of malate 

dehy<lr:ogenasc, cytochror.ie oxi<lasc', glucosc-6
phosphatase and acid phosphatase during purification 

of rat liver mitochondria, 68 


Analysis of nit-P.NAs on agarose-polyacrylamidc gel 

electrophoresis. 102 


5. 	 Elution of radioactive nucleates from NAK colur:ms. 111 


6. 	 The nucleotide composition of rRNA from rat liver, 

rat hcpcitoma cell and mouse L cell cytoplasn and 

rai tochondr ia. 116 


7. 	 Nucleotide composition of fractions of rat liver 

T'litocliondrial lli:~A. 118 


8. 	 Physical properties an<l chePical composition of 

the different r,1alT'J::alian 1;'.ft-rRl~,\ cxaninec1. 131 


9. 	 S and SE v~lucs of uit-rilllA isolated froo different 

species. 142 


10. 	 S val tl'~s of rd tochomirLd riboso:.1cs isolated fror'! 

different spPcies. 152 


vii 

http:cytochror.ie


c 

A 

cpm 

cyto. 

cyt-Rl\A 

cyt-rIUIA 

DNase 

DOC 

EDTA 

G 

f; 

mifr~A 

Hi to. 

M-D:-1A 

mi t-P-i~A 

mit-rR?JA 

µ 

nm 

IU'i"A 

RNase 

rRNA 

LIST 	OF ABHRI:VIATim~s 

= 	 adenylatc 

= 	 cytidylate 

counts per minute 

cytoplasrn 

= 	 cytoplasmic ribonucleate 

cytoplasmic ribosomal ribonuclcate 

deoxyribonucleate 

= 	 deoxyribo~ucJease 

dem:ycholate 

ethylene di<:mine tetra acetate 

= gtwnylc-:tc 

= grari 

== messenger ribonucleate 

mitochondrin 

citochondrial <leoxyribonucleatc 

= mitc..chondrial rib0nuclcnte 

= r.iitochoncrial ribosorr.21 ribonuclcate 

micron ~ lxlo-6 meter 

= cano neter = lxlo-9 Heter 

= rilJOnuclcate 

= ribonuc1.ease 

ribosomal rihonuclcate 

viii 

http:ribosorr.21


SDS 

STINS 

Tris 

tRNA 

u 

UTP 

u.v. 

TD RNA 

= sodium dodccyl sulphate 

sodium tri-isopropyl naphthalene sulphonate 

== tris (hydrcxyncthyl) Cimino nethane 

transfer ribonuclcatc 

= uridylate 

= uridinc triphosphatc 

ultra violet 

= temperature dependent RNA 



ACKNOWLEDGErfENTS 

I sincerely thank the following people for contributions 

to this thesis: 

Dr. K.B. Fre<:.man for his support, guidance and critical 

insight during this investigation and in preparation of this 

mariuscrip t, 

Dr. R.S. Nitra for skilled hcJp in soi;1e of the 

expe.riI0ents and for many st:irnu1at:ing discussions, 

Dr. R.H. Hall, Dr. A.D. Dinr,le, Dr. L. Prevec and 

Dr. I.D, SpC'nser for useful suggestions throughout the research 

prozr['.nme, 

Nr. S. Fubunachi and N:c. J. Monnhan for helpful <liscu~sions, 


Hrs. Y. Bartoov for clrawing the figures, 


Miss. n. McFarlane for typin~ the manuscript. 


I an deeply indebted to the Resc2rch Unit in Biochemistry, 

Biophysics and HolccuJ Rr BioloE~Y of Hd!as tcr University and the 

Ont<lrio Governue:nt for the rn..·rn-d of fello~-Iships covering the 

period of the research herein. 

x 



I IN'J'RODl'C1IOl-i 

The bic;i:cncsis of mi toc;wnt'.ri a and chJ oroplas ts has 

intrigued bio1c,zists since their discovery. In particuJar the 

1:1on•ho] Ofi cal grounds thot ni Lochonc'.r:i.;-i represented nocifiE't'. 

of invcs tisati0n inc1·i c2 tcli tLa t r:~i tochonc'.ria an:: scni.-<rutonnr:o;_ic; 

organf'] J 0s. 

su:_~r,cstjons t11al the r:1c: 1brm1·::i11:_; st:ructt:re of r:jtoc1w1H~rj2 .""ri.r;cs 

rienbr.:rncs of nitochordria w:i.th [ 31i]cf:olir,e ar;d t.bcn fcllov·cci the 

fate of the JabcJ in ni. toch:inc'.1·-i a aftn: tLc ::0tll"uS1>ora \'C'H.' 

transferred t.o a cultnrr· n•f.:di.t1n contrd.rii.t~r nor.-r<h:loactive cLoline 

w110rc t Ley ::; rcF for scvc·rr-1 z,cner;l t i0ns. I:lcc tron-micros copic 

radioautosraphy of isoJatcd nitocl:orH'd;i sho~-:cc1. tliat the distriln;-

ti on of r <HH c"o c t:i vi ty i ri 1,~ 1. to ch om! r i.<1 f 0 lJ o;: cd 2 r o:i.s s or< 

1 
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distribution over I»:1ny generations, su~>;f'.c,tjnr, tlwt newly fon:1cc1 

r.iitoclwnc1ria were procluced by the c',ivisj on of prc-cxistinz. 

mitochondria.· Sir.dlar results .:erf' oLtoJncd when this r.rntant 

was gro~nl on a 02diun relatively deficient in ch0line (Luck 1964). 

Mi tochom'.r:i ,, fro:n thcsf'. c0lls co11tainecl J PSS l irid than norr.wJ and 

therefore hncl a higher clensjty. l!eavv and Uz,ht nitoclionc1da \;ere 

scpar.ah1c by isopycni.c sucrose crn::;ity :-;rncli 0nt ccntri fuzaU on. 

After tr:.·~nsfcr CJf the cP11s fr0m n chol:inC>-T)oor to a cho1ine-Tich 

tr«"dj\11~1, the lipid content of the i;dtochonc:rla increased 

subr.t;inU alJ y. An;ilysis of the mi tuchonilr:i al pq)l)L:J tj ol's lwforP, 

<luring, &nd <iftcr tliC>y h.:id reacquired tl:c:ir normal phospholipid 

cont0nt revealed tbf' presence of only one mitochondria] popu]c>,tjon. 

If ne1: nitrlf'ltondria <H"OSf' ?.<:. :.1.\>y_cl. or from other r1c·r:1hranous structures, 

on<:· •.·ould expect a popul;itj on of heavy 1 ipj cl-poor rd.tochonclri Ci ,.n;c: 

also a populnticm of lip,ht lipid-replete rnitochonclrin after tra;:isf<or 

to <"' hiz.h-·cholinc r·t::diu;.~. 

These f'::perfr:r:nts, hm:ever, do not jnc1icate anytldnf. a'bnnt 

the processes invoJvecl jn tl1c Lioei:ncsis of nitnchont!ri<>, in 

prirticuL:ir they providC' nr"ithcr thf' inforrn1tion on where in thP cr·ll 

the f,CnC's for ni tochom1rin1 proteins DTE: ] oc<t tf'd nor ~.;Jif're thesC' 

prote:Lrs <ire syn th< sized. 'fhc ('Xperjmcn ts arc lli'Verthe] f'SS 

SUf;f,estive thrtt mito::honclri.<1 cc>ulc1 be autonor.10us bccnuse their 

incrcnse depends on T're-existint; Ftitocho11dria, Hhat then is thf' 

evidence for autono~v? 
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__.._,Cvtonl;isndc....J._ Inheritance__ _________________ ---·-----

The phcnoncnon of cy top1 nsr;1ic irh2rj t;;ncc, 'h·h.ich ho.s been 

established for dccmlcs [revi(·\1et: bv llil1di:> (1964)], sui::~cster: 

thnt cytop1asrdc organelles mi;:;ht possess a genetic systei.t 

indep~ndent of Ll1c nuclear one. 

The 11 petiten mut<:mt in yeast and the J:Ok:-:_ t:1Utant of 

±~~:u_~-_<?.SP·2.!'~. both lad~ respiratory al1i1 i ty whic!i is c~prc-sscd 

phenotypicallv in <lcsencrate rnitochondri;il profilPs and in the 

Joss of cytochrrnr:e a a3, b <J.nd cl (~litchell £, Nitchell, 1952; 

Shcrnan £, Slonim;l:i, 1964). TJ·,e pattern of cytoplD.smj c inhcri tance 

of resplratory-dcficicr.t r.cutants in 2~eu_r_o~;-~_r.a is reflP:::tE·G by the 

phenompnon cf maternal inherit:ince. "Nale"and"fer:'.ale"haploid ce:ll 

(conid:i.a and proto~Jerit:hec:i<t) unite to fom cliploi..:l zygotes. An 

impo-rtant chciractc-ristic of this matin~ is tlwt the c:rtoplnsr.1 of 

ti1e re.ale cells <iyipcars to be either ph::sica1ly or pltysj0Josic:1l1y 

exclndccl from the zygote. The
1

'fcD;:ile 11 gan~te contributes both 

nucleus <'ind cy~orilasn tc the zygntc wh-ere;is tht' r.talc contributes 

only the n~cleus. Attcr sporulntion haploid ceJls are ol•tnine~. 

inhcriti.lnce. '•.11cn <1 fc-nalc with a cyt0riJ~1sI:lic r.mtati.on is crosscci 

with ri norr:1t:l r.rnlf', all the spor£'s .::in~ r11:r<ints. On th.: othAr hnr,d, 

a cross bcti;:cen a uut2nt r.1 ale and wild-tyre f£n'cile results in 

1torr.1al h2ploicl spon~s, since the nlinon-.al cy torlasrn. h.as been 

excluded fror: the z7f,:::-tc ('IitchelJ & :utchell. 1_()52). 

http:nlinon-.al
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Mtrlt.i~1ly in st:1J:.J0 for;: in dthr:r th•c h;iploid or diploid state. 

1'herc are tv'o vc<i~:t natin:~ typ0s, n .:rn<l a. Crosses bet\1ecn n 

and a hop Joie~ co] ls rvsult jn a clirloid z::;;otc, \.1liich rnay 1riultipl;' 

ns a dinloi,1 
• Cndcr cert<Jit:. culrurnl condiUons diploid c€'lls 

sporul<~tc. Durinr, this process the two r.1ciotic clivisions result 

in the fo1ration of four hap}oic: spores, the tctrad. The four cclJs 

individt:c:Llv. Thus tl:e p3.ttcrr· of pc11cti.c propa;:ation r.:<ty be 

dircctlv \ktcruinrocl hv an<:]vsis of the four spores. When a 

chro:·1c-so;·12J I'.lltant is cror~s0d with n wild-type cell of opposite 

r:aU1·,s type, the dipJoid zyf,otc t·:ou]l; LP rwrr.utl if the nut<ltion 

was recessive or \.>ould hnve the defect :if the mutation '"'2S c'.o~linnnt. 

Afte:r sporuJ at.ion, tPo cf the cc] ls of the tetracl Foulcl 1.c the 

\!:i J <l-typP and t\.JO \:oulcl lw rcutants. 

\,'hcr1 yo0st ccJJs <:ire cxror-;0fl to rn::rifl.1vinc, rcsp:irCJtory

defj cicnt YJul ;:rnt;:~ (r'cti tc) c.:rn he j :~c:uc2d. Tb0 pc ti tcs <'.re of t\~o 

general types, st~prcssive n~J neutral. If a neutral petite is 

2rc :i.11 nnn·,,,]. f.fter sporul:it:ion a11 t1ic: l12ploic: ce]]s nrC' nlso 

norr1J.l strain producer, c1 iploid eel ls that are almost all petites,, 

and al 1 cc] ls of the tctrad .:ire aJso pcti tcs (Ephrussi, 1953). 

Cyt0pJ asr.d ::. petites thcrcforc do not fo11oc !·!cnc1eli<in se~rc;;ntior: 

but rather clci1~~nc! on trcmsfcr of n cytoplasuic hcrec!itary factor 

that is now thou~:ht to be riitocho:i-1da1 D:JA. 

http:st:1J:.J0
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i.s im:cc<l non-nuclcnr \·:as obtDin0..:1 by \:df,ht & Lcdcrhcrr~ (J<J57) on 

a strain of yca~it (Var. ellipsoideus) vhr·rc h0ploic: cc11 fusion occur~; 

wjthout nuclear fu~d.01,. This proc'.uces hctcrol:arvons in vidch ni.•clci 

of cnch parentol st:rajn (!~:ir.t to~;cthcr i11 a coni1:10n cytopL:ism. 

DurinG suLscqucnt vc:;ctCJ.ti ve {!;roPth ho::1ol:aryon ccJ 1s raay ag;rin be 

procluced, bcadn(~ t11e haploid nuc1ci of the orir:innl po.rental 

st raj ns. Jn crosses hetwcr>n st r2i 11s r'arb,_d \;i th \:ild-typc anc1 

transferred fror;i associati.on vi th on,, f,<'r'.etic.::illy r:w.rkcc! ni:c] cus 

to <inothc'r, an incl.icntion t::at the Btipprc2,<.ivc charocter \·:as 

tra11:-;fcrri1hlc r·ven where tr<insnissi.on of nuclcnr r:erws did not 

tal:P. pbcc. 

Cytoplasnic inheri tcince nl thou/;h cJ oselv ] inked to 

abnorrwliti.rf; in rl:itochonc1rL:i docs not (iirr·ctJy c1rTonstrate tlwt 

it is the r.dtochondria th2t posf',css the cytoplasr:iic fenctic 

infonwtion. Th·.: relation bet1-:ccn c:rtoplM::nic inlir·ritRncc 2ncl the 

autononot1s nature of nitochnndria has bccc11 rrwst conclusivelv 

est<ihlif;lic('. bv t1w dec1onstration that nitochoncria cont<dn <l 

uni quc tync of D;:A. 

El~t!:i_c_h~~l_c1_!_j _<1:}__]2_1_:.0_. _(>f:- D:I.~)_ 

The presence of DKA in mitochondria of a wide vRri~tv of 

invertebrate anC vertebrate tissue was dc~onstrated bv ~lectron 

microDcopy C:ass, ;~2ss & Afzelius, 1965), by autoradior,:r:1phy of 

cell labc:lJed Hit11 tritiDted thymicline (Cuttes [: Guttcs, 1964; 

http:abnorrwliti.rf
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by jsolaticm frmn r1itoc11orv'd:1 of uniq:it_' IC;\ i-10Jcculcs diffcdH;; 

in buoyant dcnsi ty fr0m nuclear DI!A of the scn~c species (Tab] c 1). 

The <liffcrencc in buoyant density implies n difference in base 

r<l.tios uhicL h.J.~; been confirmed by c!irrct annlysis. Estinatcs of 

the nolocular size of nitochondri2] I>I;A der-•:-ndcd on tPo tcchnioucs, 

mc2.surcncnt of the contour ln113th of circu)nr m;A r:>olccule~_; seen 

in th(' clf'ctron ai.cnJ:;copy, r:nd neasurc11cnt of the ratc of 

As slJCo':~n iP 'L1hh~ 1 the. rnoJocuJ.o-:r VPi;d1ts of rd tochonc'.rial D::A 

fro,·: nJ1 vcrt·01:ratcs so far n:ar:dnPc~ zroup around Jxl0 7 daltons. 

Thc·y cin: ci rcuJ ;:ir nnd li;i,ve a contour lPnf th of D1·-ciut 5 p. On tllc 

othr:r hand, f l!T1~'. i s uc:h ns yr cis t, l~:._1_t_r_o_:-:_i'_<:'._r~~, un j cc lh:lnr cul: arvo t vs 

such .'.ls ]:~e-~_r_~:_l1~'~'._e_n.'.~-' nnd various pl;111ts a11 secu to lwve suhst.:inti;-i] Jy 

] nrgcr r.iitocltc:ndr:i al Dil;\ rnolccules uhich nrc non-circul:ir \:i1en 

isolaLed. It seem; quit"C' liLely that aJ1 r.citochondrL1J ]);;,\s cire 

circu]<.r but that tltC' ]<11''.':t:r tfH' ntilcC'U](, the !::ore ciffjcult it is 

to fitH~ cnmdtion~. vhich vill allo>: isolation \;iUwut dai..a~~(', It 

hv r.d tochondrinJ u;;/, of plnr, Ls, funzi an<l lot·.'er cukaryotu' are 

considel.'ably rrr_ntcr tl>an that of V(·rtcbr;-;_tcs ;rnc1 

cchinodc:rrns. A J.:-irr,e y1orporlio:1 of the r,;itochonclrial [>Cnor:1.:.· 

appe,irs to hav 1.:: br:c-n 10st l•v the v0rtf'b:-i1tP ] jnc dur.i n~~ cvol ution~;-y 

dcvclop:~;cnt. It wcnld he of jnt~·rrst to 1:.r.U\' the size of mitochondrial mu1. of 

invcrtcLr;itJ!S h• see :if it is 
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Soncnshein: [, !lolt (1%8) l. 686 
 1. 700 A 26 Lil L 37 

Evans (]%6) 1. 686 L ;no A ~6 l;J_ oc 26 

l~t~':!1-~..r:a_[. r <'C_ili~ 


~Cclr.o.n et ;i] • (196() 1. G9l 1.707 
 A 32 /18-- --· 
}\ £1\" & Pnnn~\7nlt (1%5) l. (190 A 31 3 


I'nrai'1cci l..'.r <1urclin 


Suy·aria & Pree~ (1%5) 1.706 1.693 A Lf 7 34 


~l~et~al1=~~ena ~·,Eif ?nn.is 


s ~rni.n CL 


Suyar1 a (J_%ri) 1. 68l1 
 1. 688 A 211 30 L10 
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Parsons < Dicl:son (1%5) l.6n 1. 685 A 12 25
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Gu~rir.eau ct "1 (J%8)Co,....Lfl 

/l:.•er8 ct nl. (J ')(;.S) 

Tc~...,nri ct ~1. (1966) 

Cornea et al. (1966)--·

Sinclair e:: nl. (1%7) 

;·fous t.:icchi et al. (1966)--· --

Sacch_aE_0].:'1_,~~i::.:~~-irJ-~~_!:i_:-_:::-;;.?n-
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Hollcnber~ et al. (1969) 
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]J 

c 

1.685 1. 700 A 

1. ()32 1.697 A 

1. 683 1. G99 A 

1. 683 l.699 73.5 A 

D 

1.701 l. 712 A 

23 

26 

25 

23 

~I+ 

21 

11~ 

24 

25 

23 

23 

23 

10 

42 

23 

33 

39 30?.C 

70~~L > 40 

Lfl S(5)&L 

Jlf 

35 20 

39 

41 

38 L 10 

l;Q 

40 

C(27)E,L 

~ 

53 L 66 



-------------------

tcmrmDER~iATA--~----------

Sea urchin 

Pi:'.o et al. 

(~}_ctu.:'2_) 

(19G7;196S) J_. 7011 1. 69!1 E6.C 84.0 J\ l: /~ 311 cc (!1.45) 

n 
~-' 1;3 36 

OSTncI:THYES--------

C::rp 

Van trur.:z,cn et al.--- - (196fl) 1.703 l. 697 /\ 

B 

l;l1 

i'13 

38 

36 

N·iPEIDIA 
-----~----

Frog !2:.?!'0___1:1}z!-ens) 

I'mrid (19G5; 1966) and 

1-:0 ls tenho lnc r,_, Dawid 

(]_%7) l. 702 l. 702 0"uO 88.5 A !1J f1J Tcr,oc(S.6) 10 

D 116 117 

To~<l (X e~_<?_:.~Y-.:c;_l_.1_?:_VJ_:=?) 

as for froP 1. 701; 1. 702 87.3 88 A L; 5 43 

BIRDS·--- l) Lf !1 116 TCE,OC ( 5. 4) 10 

chick 

I'.abinowitz ct al..___ -- (1%5) 1. 707 1. 698 A 48 39 



Dorst et al.- (196 7 .li_E._~) 1. 70'., 1. 701 90.0 ('  r::
L1 I • .:J A !:9 !; 2 

B 51 l+!r C(S.35) 11 

"P• iz,eon• 

Borst et al.- - (196 7~) 1. 707 1. 71.ID /I 118 Lrl 

Duck 

Borst et nl.--- - (196 7.'.:_) .?.nd 

Kroon ct al.- "'"-
(1966) l. 711 1. 7r:o A 52 lrl C(S.l) 

;.y,:-l7'fALS----------
P.nbhi t 

Borst et al.--- - (1967E) 1.703 l. 70l A l+li I+ 2 

Guj_nea pi:; (liver) 

Corneo et nl.--- (1S'66) 1. 700 1. 700 A /1 l 41 

:Dorst & Ruttenbers (1966) l. 702 l. 700 A 1,3 /fl C(S.6) 

House (J.iver) 

l~roon 0t al.... ___ (1%6) 1. 701 l. 701 J\ !;2 /f 2 C(5.l) 

Sinclair [, Stevens (1966) l.699 1. 699 j\ 1~n /f 'J c (/f. 96) 0 
_, • 

i:;
..,! 

}·louse (brnin) 

D11 J~uv et- al.-- (J 966) 1. 70~- 1.70'2 A l: 2 1~ 3 
f-' 
0 



1-fouse (L cells) 

?~ass (1968; 1%%) 1. 698 1. 703 81+. 7 r7 A 3S1 l~ l1 C(Lf. 7) EtCD 9.l 

t "''_)(> 1~3 

c /11 lf Ii 

Rat (livBr) 

Schneider &. I~t:ff (1965) 1.701 l.70J 85.G r• ~ 
u/ A !12 /fl; 

c LtO li2 

Sinclair et ::11.---- -- (196 7) c(5 .1) 10 

~lwep (heart) 

Lroon c ':.---
._, 1 
'"-~ --. (1966)- 1. 703 1. 704 87 87 A L, 11 L1l1 c(5. l1) 

J) 43 4J 

Ox 

Kroon (1966) 1. 702 1. 7()1~ A lfJ 1,5 C(S.3) 

I:urann 

Cornco et aL- -- --- (196 7) 1. 700 /\ 41 

Chanr liver cells 

Ii m:s on r 

" Vinos rad (1 f_l(,/) 1.706 1.700 A Li 7 I,] c 

Koch &. S tol~s tac: (1%7) l.GL2 J..GS'9 A 29 1,0 

,._. ,._. 



Leul~er.1ic leukocvtes 

Clayton & Vino~rnd (1967; 1.700 l. 689 
J%9) 

lLcLn cells 
/ 

Corneo -~-~ ~:!:.· (1%8) anc[ 


~a~loft et al. (1967) an~ 


Vesco [, I'crn~;;?n (1969) 1. 707 1. 700 


'..'olstcnholr::e et ~.l. (1%8) 1. 707 1.693 L 1.19 ~ax. 

~:ells & Dirnstiel (1%7) 1.692 

~ells & Birnstiel (19G7) 1.692 

S\·!Cf't 11otato 

Suvnma & Donn0r (1960 1.7()(; 1.692 

Pe.'.l.nut 

BrciC:cnhach ct al. (1% 7) 1. 7l6 1.705 



SSC 0.15 N :\n.Cl and 0.015 :r sodium 

citrate. rill 7 .O. 

3 The guanire + cytosine r:10Jes % vD1ues verc calculated: (A) fron the density values using the 

formula of Sc~tilc\l~!'.':rnt et al. (19C2), (J;) fror.1 the Tr.i va:'._up.s us1nr the f"or·:ruln of :iarmur [, Doty (l9G2) 

and (C) frm~ dirrct Rnalvsis. 

1+ These svialiols v:cre. used for the shape of H-DI~A. L = linear. C · circular, CD = circul.nr dimer, 

TC = twisted circle, OC onrn c~rcle and CC = close circle 

The nuclear m:A of l"li~her rl<mts nay contain up to 6% metlwl-C. The rf'n] ;-iccment of C bv n'ethyl-C 



indefinite. In vcrtehrat" Liver tlwre arc on ClVera~c !~or 5 

r:ioleculc.s !1L·r r11itochondr:ion(Horst et_ ~-:i.l·, 19G7'.l) hut in so.;1p strair1s 

of yeo<;t the v.:-iluc may he considrr;ihly greater (Fukt:hara, 19G7). 

It is gcncr.<illy ass1n-w<l that all thE:' m;A I'lolccules in one r;li tochon

drion are ic;cnUc.1.1. This ass:i.-1ption is based p2rtly on the n.'1.rrm1 

D'.~A .:rnr~ pc.rtJy upon n~nntlli-ation characteristics of alkali c1e1wtun:d 

nitodwnclrinl D:.:J\. 1·U tochon<lr:ial m:A is a double-stranded "P.o}eculc 

w:i th the w;u.s.l i1'r,tso11-Cri.d: b0sc pa:i.rin:::; the two str0nds <Jr(' rend i1y 

diSSl)c.i.ated i.n aJkali ;iu<l the rate of conp]etcncss of renilttir2ti(m 

can be u:;cd as ci r11cnf;urc of the r:~o1 ecul ar coraplc:d ty of the nix rure. 

i,'fth i:d toc:honc1ri;il J)~;A fror.1 Xc•nonus J ncvis there \·ms no clct•.~ct;:iblf' 
---·---.J---~ ------

r:10leculr:r hetcroz;en<d ty (D<uid [, \!0] s tcnhoJr.w, 19G8) <ind co1«1pari son 

of the kinetics of r0n.:i tur.:i ti on of chj ck 1 i ver rni tochondrL~iJ D:TA 

with tlwse of ot1wr D:~A's of various si;:e Jed 1\orst et <i.1. (J9(;7\-J) 

to concJude thrit only one predc1r::i1wr~t specio:s of r.litocbonclrinl 

If this asstc.pti.on js correct nncl then°forP in V£'rtebrate:3 

a] J S r1i cron t:i t nchondrj ~l n:~:\ I:lo] ccv1 C'S ;ire idcr~ tj ca], the;1 th~ 

ar11ount of r;enC'ti.c infon1:ition contained in nitochondr:ial D?~A raust 

be rrcatly liL:ited, Five wicrons corresponds to 15,000 base pairs, 

or a po]ccuV-n: ,.7ci;~ht of al·onl 107 cl::ilto~1s. This amount of m:A 

c011lcl n0t possibly pro\·i(1<' CP01·c,h irfon1e;tion for the fornati071 of 

all rnitochcndri<i1 cor~poner;ts. Tn cor~p:irison, the fCn01:·.c cf 

http:asstc.pti.on
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th(' r,ii toc:11ot!driol IC.'\ codes for rrptcins j t can cocic onJy for 

5000 anino acids, or for about 30 proteins of moJ0cular wci3ht of 

20, 000 each, wld ch j s ah out 10~; of the kno~:n 11i tochoncld al protc:i ns. 

Insuffjcient f'._cnetic infonaation for conp]Ptc rd.tochonc1r:ial autonnny 

At 1-hi s rn.i nt the quf'c>t:i on of tli<' or:i ;.in of t1i0 r.d t ochorn'.ri ;i). 

ap11.::irc:.tus? If thr·y co, \:hz1t if; tlit! natu1:c of this replication? 

l\ep]j c;1t:i c>n of :Ii t0c11nndrial JJ:: \- --···---------- ---·-------------------~--- ~ ----~-

dcuonstrates that c~Jls of protista and animals r'ny iH::nrpor:;.te 

http:iH::nrpor:;.te
http:ochorn'.ri
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(Hmmo]ou, J'errol!.h1 [ SJ.on·ins\:i, 1S'CL: T~z,Linor.:]tz, Getz[, SFlft, 

] 96(;; l~.1hir,01,'_i tz ~~- _<:'.}:•, 19G9). Snith !:_t _Cl)_. (J c;c,g) h:1vc studied 

in sync:hronizecI cultures of yeast. ?litoc]l(lnrlria] JJ:~J\ syi~th.~sis ,,,:--,s 

stcpwi sc, DS Fas nt'clear D:JA synthe~d s, hut it occurred c;:ir] ier 

The <lf'r:onst.t-;1tion tb<.!t isolatc·d rnitochonclria fro:--: vcrtel)r<:LPS 

Dnd invcrtclJrat£'s ca:1 incorpcrnt£' c:co::yribonuclPoti.:~cs into D~:1\ 

Pars8ns l Si~rson, 1967, J96C; Winlcrsh0r~cr, 1966, 1SG8) ]raves 

l:ittlc doui.t thc:.t n_,p1ication of nitochondrL1l D:<f. occtffs with:in 

the l<' i tt'chnnd d_2. This js further sh0Fn Ly t1~c c1 Petron nj croscopic 

de;10v;tr;-1tion of tltc prese•:ce of rcplicRUn~~ forked rio]ccu)es of 

circ1_1J;ir rdtocho11c1r:iaJ m:A, isoJatu1 fror.1 rat Jivcr 1nitochonc!i--i2 

f, no] cc11lc in the process of rcpl i e<lti n::; \·:oul('. therefore consist 

eucn' circ]e have nn 

identical len[th. Tlds fj_n:aug also suzgcsts that the 11<1.turc cf the 

conc]usivc cvic;cncc h;is been obtained hy in.icc~in: [ 3lI]bromodcu::v

uridjnc into rats. Hitochon,1riRJ Di:i\ \,'ns isolatC'd fron rot liver 

http:J'errol!.h1
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a lir,ht <11:c1 hcilvy str.:rnc:, the hC'nvy sLralld bcji's radioactive (Gro:.;s 

& Ra11inowitz, 19G9). Studies with ( 3H]brc;r.:onridinc have also shoun 

that DNA synt11c::ds in :iso]atccl mitocliornlritt is by a semiconservative 

t:iC'ckmism (f~orol & Sinp;;on, 1968). 

D1':/\. Po 1v1~1cr['tsr: 
.... -·-· - - -~ ~ --· . -- ---- -· -· 

Rep) ic2tion of nitochonc'.ri.11 D:1A i p.:1cPenccnt of rcp.U ce!U on 

of nt!cl e2r ri::.\ rc:o1dres that r•itoc!iondri<l contci.:in their mm Jl;;;\ 

-polyncrase. D:;f, ]•o]yrcc:rasc acUvity 112s 11C'cn founcl in purj_fied 

iso]<Jtcd r2t li.vc;· mitochondria (P0cson:~ & Simpson, 19G7) and :in 

parU.2lly pur:i.f:iPd 1:1i.tochonc'.r:i<Jl Di':/1 polycicrnsc from ro.t Jiver WilC· 

shm:n to be. different :i.11 its cn7Yl1~1Uc properties, a1~d bchnvior on 

DE/\E- ccJ lulos c ch ron:i tosr .:-2phy than the res rec ti v0 D:JA polyPc:rasc 

fron t11c nucJ e:us (ralf & Ch 1 ih, 1968; Ecvcr & Sinpson, 1908). The 

mitoC'l1on<1ria1 and nucJear cnzvncs of vcast have different scdiL:ent.:i

whctl~c·r the C'n:-:vn<: isol.'.ltcd fr01.1 tlk ni tochor:c;ria is involvcd in the 

Plore so;sit:ivc to t11C inliihi tiP;~ effect of cthidim1 brcw:id0 th~u 

the nuc:lc;-ir crn:y1'1c C·lc.rcr & SiPpson, 1969), esrccia1Jy in vicv of 

the fact tkot ethic' i.uu brord.c1c is n very potPnt a~ont nroc'.ucin~: 

cytoplasn:ic petite <'tutant:> in yc0:;t (SJonfr•s1·.i, Perrodin c Croft, 

1960) . 

http:nitochonc'.ri.11
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n::/, is rcplicalc:c.'. in the· r.iitochon1~ri [c in CJ SC'i~.lconscrvativt..· wav. 

Is uitocl1on{:rial D'.U, tro.n;;cribcd <md t11c n;iA LrausJated in the 

i:1i t 0chorn:~ia? 

'l'his hos 

21.so he( n shm.T, for n1:i tochor1lcl ·i.3 f:con ci va ·i ety of tissePs, for 

l~roon _c_t_ ..'.'..1_., lCJf; I anc: South [, i''.2h] er, 1968; ;~cul.crt, J:clsc & 

. ,.
1 ,, chc.r'1ctcrizur~ by i_ ts independence on· the presence of four 

nuclf:ns.i.c:e triphos)11l<JU!S ;;nc its resistance to /\ctino:-,;ycin IJ un]css 

sl10F tlt2t ui tocl1on•.:ria of: rat sJ..c1ct<1l nusr.Je rrc capa11le of prc.tcin 

ecwiva1lcnt rate of inc.ot;1oration of radio-'ictivc lcucir:0 into 

r.i.itoc.ho:H'.rial find r:dcrosor.121 protein, in _yi:_~. The inc:cpendcnce 

of thf' ni tochorn;ri a] protein synthcsi ;d.nf', sys tcm was further provcc.' 

euLaryotic cc.1Js to animals act! rLrnts <1re cap0bJc of protein 
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it js 1101.' clc;1 r tlwt mit:ochornJri::i. do sy11thcsiz1: protein (112lucr & 

Frf'€':'1<lll, 19C9). In order to cleten1 ivc ,,,:1cthf'r the protr>i 11 

synthesizing systc11 of r.dtochonc~rici is k1rdcally different fror;, 

found th<it, li~·r· in bacteria, chloramphenicol inhibits protein 

\ll1 r·c ldcrn F~ l.cr1ri~ n::,c r, 1 c; Ci 6; ,\s Jn,·011 [, Cork, J 9 (;8) of .'.l_'_c_l_l"?J~~:~1_ry_.~ 

J')'_r_~_f__ri_i::_;_:.Ls. Cbr.cr, 1%0) rrnd of yc0,_:t (l:i11tershrr~cr, J965), but 

do:::·s not idtiLi.t: protdn [~yntht"}J.s by rytorlas;.~·ic rilJosrn:f's of 

protdn syntllc;;is 11y isoJ.atcd r.·itochondria (I»c.-:ttie -~~~- i'l.·, 1907; 

dru~~.s is r.r;t Urd ud to st ;.ic'i( ;-; .i..12 _y_j_t_1~'.'. 0;1Jy. 

Cl<ir1:-\!;:i.lkPr L L:i1'.n2n0 (FJU,) h;l\'<.:' shmm that ch1nr;r~phc1d cPl 

http:J')'_r_~_f__ri_i::_;_:.Ls
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b, .;:ind q. They su;:c;0st0d t!1<1t thP sPlcctivc effect of chJorai:plienicol 

was on rid tochonc7d al protein synthcs:i.~>. This <isst::::ption is consistf'Ht 

with the observciUon tl1<it C1.crifl;1vine i;.;}iich inc!11ccs cytopL:rnnic 

r.rntaUon in ye<lst also prevents the fonwtio11 of c;'toc111·0:--:e ao3 211<.1 

b (~:~;-;co & Surinara, 1965). I2:_ ~:!::~t2_, cycJn11c:drddc h;:;s ,..,_ vcr~' 

pro np1_,11 Cf!c: j n h.il 1 i tnn· (·ffcc t on tltc in corro r ;: ti on of rad io~tc tivc 

ar1in0 <tcids in ;:i]] the cc]l fractior;; of rat Jjver (J~cntti.P, EJGC; 

i;;orl:crs ~;hoFcc1 thet cyclohcx:ii:ddc li;is tlw snaJlcst effect C'n the 

synthl'sis of tl:c lc<rnt-solubJe r:1itochout:riol protein. 

rnitochont'TiiJJ f':Cl'trdn synth0sj7in;:- S\'Slr.:1 .1 cine] of tf~(' cytnrlasrdc 

respccti,:c-ly in<licatcs th;it the t\:o systens are 1,asica]}y diff0rE.'r.t. 

Bcfo:·e considcdn~ the ori;:-j11 of thj_s djffercncP it jE; ,.;ord1 l10ti1~~-, 

that t1F1 rJienn;:CllO•l of s2lective irJi:ir•i.tiOll of thC' tFO rrotejn 

1syn thc-:d zin:-· s:-I;. t£-r-:;. vj thin cells b;: chJ n~-.:::-;pJic::·d col ;:n1c: c:·clohf':d_ni c. e 

has l•cc11 t;se,1 to invcsti~<itf: i;.;}dc::i of thP. ni.tochonclrin] prc\tei11;:: z.re 
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pn1tc:ii;.s arc synt11c~:dzcd in tltc rlitoc:10rc1::-i 2 a11<l that they arc 

:i m~ol 11bJ e anc1 pr0b21 ly 1oca tee: in tl1c crir; u~] r·1cn]·,rrmcs. So far 

none of tl1c~·1 has bc0n identified vit:h knm.111 nitochorn~ri;i1 proteins. 

These. results arc in a,-:rec;-rtcnt \:ith the 1ir;ij ted inforn;ation in 

r:d tocho:1z'.ri<ll m:A, ancl azain reflect the fact that nitochondria 

cannot be orunwlJes \-:jtJi rm .::liso]utc autonor.:y. 

The results frol'l t:1H: al,o\·c lines of investigation inclic2tc 

tlwt L'itcch.•nc1da posse~;~; n:·JA vhich tlicy rcpHrn.tc ;rnd transfer 

to nuv tYi..toc1wnr1 ria t1ws prcscrvinc; their ~cncti.c cont:inuity. The 

infon.iCJ.U.on in ti1e m;A is nol cnou:;;:ht to fjvc nitochonc.~ria a 

cor:~n lete auto1wr.1y but nrol1abJ;· is sufficient to nai ntain thci r 

scp<ir:ttc r,0r~c:t:ic- j c'.er, ti ty wi tld n the ctil·::iryotic eel l. In order to 

unC:crstnncl the ft:11cti.on of nitocl1or,,;rio.l ]l;\A it is ncccs[;<:ry to 

C.ctc:nii1w. those co:0.11oncnts of r.ij tochonc'.ri:i dwsc svnthe:ds is 

directly C.r:11l'11l!ent on this unir;uro n;~A. 1."jth this v.ier.." in nind 

or.c should cowdcler the fact that tlic' r:;itochorn1rial protein 

synt.hesizi.nt: systc-1'.1 is c.liffcrc;~t. fron tht> cy toplasr:ic onP. anc'. 

rcsedilcs tl1f' k1c.tcri::i} sv::tcn as far as t11c i.nld.bi.tion of these 

systc::cs (,v ch1or2·1pl 1 cnicol but n0t by cvclohe:dnic!c. It is kr.mm 

that th<:~ tvo ,,,cJ.l C.efincd rrotc:in syntli~sizinz systems, in the 

eukaryotic cytop 1 nsr.: and i11 proLar: otf's, operate basicD.l ly on the 

SRP.c principle, anc1. th<1t both syste;-.s consist of the sorw type of 

the foJ.Jm:iil~ n,:,.jor COlilponcnts; ril-OSOf.'('3 Containin;:j !107~ protein anJ 

http:synt.hesizi.nt
http:ft:11cti.on
http:auto1wr.1y
http:infon.iCJ.U.on
http:rcpHrn.tc
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prop;igat-ion a!ld ten'lin<.tiou factors. lhcre an· sr.iall differences 

in operation bcl\-:ec11 the tuc• sy.:>tC'i:is which prolrnbly derives fro:·1 

the dif f crenccs in spcci f j_c C0i'1pone:nts. '.i'he 01~cs ti ons tlw t now 

ari[>C in rcsrcct to the r.1 :Ltochonc'rJ...,l sy.:;tC?r:; arP: first, whether 

tLis systC'r.1 is .:ilso ribosor.wl differing in on]y specific details 

fir:_;t possibiJit:v is correct tltc1, doe:; the mitochondrial system 

rcsc1~b]c: the l:Dct:erlo.l one, as iN~jcated by th•~ cl1lor<tr:plicnico] 

inliih:i Uon, or is it unique? Thi.n:., co nitoclrnndr:i2 synthcsi;;:c t11c 

coi"tpor:r·nts of tlw protdn synt'lic::dzin~; systcr:1 or <:<TC they irtNirtc~d 

fror:: the cvtopl<'s1:? 'ihcsc CTucstiC>ns >·:ere tlic basis of the 

investi;ation rcrortc<l here. Since. there arc n<ir:y ilE:pcc:ts of the 

prc,toi n synthf':si zi n;; sys t cr1 t h:1 t cou] cl he s tw.lied it \'ilS nccess.:iry 

to focus on th~ r1<1jor coriron(·nts of thi.s S?Stcr<: t11c r·;_J-oscnf's .::.nd 

conl;:ii11 ril•osrir.:c,c; ;me: rr::A. 2. If they co conta:in ribosPr';cs <.nd 

r~::;,\ <'.re thc•sf' diffcre1~t fror,1 the cytop].'.lsr1ic onc·s, s:irci]D.r to the 

boctE:ri;il ones or cn:-iplctcly t>.rd_c'uc·. 3. lf thf'v cont~ti.n ur.~qHc 

on thP nature of ril,oso~:ics <md their I'l!A fro;n cubnyotic and 

prol:<trvnti c cc] 1s, is nf'cc-~;s~·rv (foi- rcvi<·\v: D.1rnc] l, l9GE·; 

http:ribosor.wl
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C]ick t Tint, 19(i7; J.f'nvcr [,Ley, 1970). Eu1,aryotic cells cont.iin 

rihosc•nes \.,•Jd ch j 11 monnncr ic fon1 hav•? <J sccjr:enta ti on C•lns t<IPt: of 

about 80 S. The IC:Clftl:\:;1 crJc rihosor:1c crin be sepnrated into t1,;o 

sulJuni ts 1:i th SL'cLincntnt:LPn cons t<1.nts of 60 and l,Q S. The 60 S 

ribosoi.:al subunit 1d1cn extrac tcd fron anir:wl cc] ls \Ii th cold phenol 

yiclcls 2f; nnc1 5 S HlJA. The 28 S R::A 1,:hcn lH'<Jtcd scpar2tcs jnto 

19C8). m:A cxtr;1ctcci frcllt (,O s riho~>o:.1:11 SlilH 1nits of rl.:mt cells 

with cclc: phenol scJiw,nts at 25 S. The 40 S suhuni ts of lioth 

plcnt:s and <J:··in:.i]s cont<Jhied 18 S Ri·~A. I'roLnyotic c:0JJs co'lt<>in 

a 70 S ribosor:c::iJ r.1ono~1cr v:J1j ch c3n he separatecl into sn <1ri'1 30 S 

5 S P::As. Tlw 30 S suln1nHs vie.le! lG S El\;\, Loening (19GS) 

slim1cd thnt in aninnls, diile thf' sr:1allcr rPJi.i\ comrcl'f'11t (18 S) 

is c:rn:n:.on to 311 of thcr: nnd has ci nolccuJvr 1:ci131tt of n. 7xJ0 5 

clalton~;) t11e hifllcr rm~,~. conponc11t (28 S) h;:i.s E'\C•lved \,;j th ('i1Ch 

r.iajor step of chorci<Jte evolution fror:1 ohout J..!1:,10G daltons ir:. 

sc3 ur.:hins to l. 75:"1.0 5 in hur,<.ans. 

In orclcr to i J:\'('::; U sn tP i rhcthcr r·,i toc110nc~rio con tni n 

cont.-dn r~~JA or not. During the 12st: fc1: years, a ]arzc ma1Ler of 

rf'ports lWVf' Cippc<:1n~d on r:d.tochom'rial rmA. In the process of 

cell fracti.0Pati•'n by <liffercnt:ia1 ce:1tl:ifllfilt:ion, nitochondri« are 

isol atcd Cl.ft er 11ucJ.ci l·ut befcr<" the r.iicrosor1rtJ fr<ictioP which 

contains cytoi1J;::.suic ri.hosor.1es, ~rnd as such <11>:v rd.tochon:'.rial }~::A 

http:11ucJ.ci
http:c:rn:n:.on
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cont<·,:•ln.-ction (:Jovil~off, 1957). l\ut rq10.atul wa·:;hinz-. of thf' 

mitochomlri c:il pellet nnd its trc~iltr~.cnt ,.,,.j th rihcHrncle<esc to free 

it frorr. r:d.crosoF1al R~lA contm: 1inot:i.on hc:x2 hc<::·n pcrfon:iccI by srvcral 

values of m:A contf'nt1' of rd tocl1om1ria fror'l varim.:s sN:rces 

obtainc,<..; b~' di ffcrcnt authnrs. 

l -"' ,.
' ~ 

than that found . for yc:1st, pL::nt or tur·otir cell 

that 1 f of fresh rat livPr contn:ins"llxl0 1 0 mitochondria, 5x10 9 

r.iitod1c•iH:r:ia conlnin 1 i'1;'; rdtoc:Lrnc:ri_a} proteJn (;:as~, r:asr~ [, Jicnn:b:, 

19(,0). l.f Fd.tochow'ria contdn rn10Go;:1cs th0n it is f"OSsi\:.lc to 

f0tmc' in 5::10 9 r.d.tochorH1ri:i frc:-1 rat liver is rl:.J:A thrl' a 

r.i:itoc:1onr_:rion cont.1ins J.J2::J0-17 g of rI'.:·:A. If t'.10 r:infriun r~olccu1;:n-

inc dnlton:; tl1en tlic nu;·:h~r of ril··osor·cs/mitocbonr1rinn = 

= 792. Thi.s aF1om1t of ril.osorics 1wr njtoc};nnr1rj_cr1 is s1·,alJ with 

co;:ipari.son to 10 ,000 ribos0;11cs per E. cc~_lj_ c..:11 \d th nn averare sizP 

ca1cu1."! t cc'. r\' carrier; t t~ r 
" I 

(1967) ho'.ccvcr it sccr:·s t\1 i,,_. c.;l~ffidcpt. for c'.l'tcctioi-i. 

http:f"OSsi\:.lc
http:contm:1inot:i.on
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n:JA Content of U·i tochondri.a Fro;.1 lHffprcnt Tissue,; 

Anount 
(Pl'./nl r:d tocho1'r1ri.2] 

}~rfcrcncc _______ _p_ro_t_c_~_r)___ ---·-

I:o0c'v11, Rd s f:. i:orl: (1 %1) ] I;. 0 

" 13.8 

II J 3. 4 

" J 3. 0 

" 12.0 

l~cLr;•n, Cohn, r;r~rnd t [v Sir:1rson (lS' .Sc.) 	
,. 

JO.O 

L<1irc!, ::ygnarcl, P.js c. f,<JJ.'ton (1953) 	 " 9.6 

" 9.0 

II 7.0 

O'J'.ri~cn & I'.o.lf (1%7.':1_) 	 " 6.6 

Dns c. Hul-hcr_icc (196!,) 	 Scccllinc:s of 

_y_i_'\!1!:1_ -~i_r_:_c..}:i_:s_:i_s_ 

CnuJifloucr 21.0 

Yeast 

Asd tcs ce] ls 5!;. 0 

Nnss (1%9_~_) 	 L ct>lls 38.0 
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livcr were uncn1wi nd ns; (1;011c1i, 1950) . The nitnchowlr:i rt 1 rihonuC'lco

protein pArticlc'.s shoFcd o sit:nificmit1y ldr;Ler I:.!J/\ content and rate 

of rrotcjn synthesis conparct1 to those of int:ict rdtocl1clllJ:da. The 

demonstrat·io11 th;it c1:1oropJasts co11tain<:·<'. dbosoncs hy T.yttJ0tc'n 

(1962) e11coura;;('cl fllr.-tl,cr i11vcsti1:;at:ion. Kibo.sc1r.1c-li.kt• rort:icl0s 

\.'('re succcssful]y c1r,1·wn:3tr2ter1 in electron micrographs of mitochondria 

for VP,rtchratc <ird invertcLratE on.c:ni ~ ..:•s (/,r,(:rc< [, :·t:irino;:;d, ] 9C5; 

}}f:.'rt'h3rc1., 19C'.!; T.uck, 196!;; Swift, J 965; SFift £, Ac'.2:-1s, 1966; 

S\-;jft _c_:_~ _?~!_·, J.9(,!1; SPift, t<:binct.::itz «. C2tz, ]<)U!: Patson & 

Alcldc~:-'f» 1961{). After suj table fb:ation, p0rticl,·s ddch hi.ml 

urenyJ. ions, as do cytopl0s:-dc ri1>osones,, can he. seen uithin the 

r.li.tochorn:ria] r~<lldx area. The stc:ti.ni11g can be; ahoJ.isI1cc! hy prior 

trcatnf'nt \··ith pancreatic rit-onuc.Jen:~e (IUfase). The riJ;osor;c-lil:c 

parUc1cs seen in nitochon~~rL1 by elf'ctror: nicroscopy ap11e;-,r to be 

s1~;i] lPr in r10s t or::;:nlis;11s th<ln the 80 S ribosrn'"\PS in the cytonL·sn. 

Tl:cir size su;;r.;est.s tlwt t1:cv nav bn i:iorc closely related to the 

70 S bactcria1 rihosor.·.-'.s. The '.1aucit:y o' these rib0sor,1r:-·lii:e 

particles h:1s, ho:-:cver, r,v1dc their isoL1tion ciifficult, <mr.! the 

results ohtai ned nrc in C(JHL rovcr[;y. 

Veubcrt (l9GG) fai J cd to isolate ni tochor:c'.-rial rn~Ut. fro:·c 

rat liver vhich lE:cl him to favour the idea thQt stn.:ctun·s other 

tlwn clm;sicrd ril,osor~cs ac.c01mt0c1 for r1i tochonclri<d protein 

synthcsjs, On the other hand 'l'ruP1a11 (J963) anrl El:1ev (l9Cl1; J96G) 

isol<:itcd ri11osor.1al partich's fror,1 rat 1i\-er and ro;uscle 111itc.chonrlrin 

;ind found tktt their E<2di1'1cntnt:icn cunst.:rnt i.n st:crosc c:cnsjty 
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gradients an,l therefore their size W&S not cistin01dsh<lhJc fr01:1 

the cy toplas::.1ic riboson~.'.11 r.10nomcrs mid sub uni ts. 

(1966) also reported 30 S raitochoncirial ri boso:ws an cl 28 auci 18 S 

rRi\J\ fron chi cl: cnhryo hcarl 2nd liver mid concluded that rd tochondri <:d. 

ribosor0 cs .::ire ic~cnti.cal with the cytopl<isr:ic ones. It should be 

Pentioiwd, hm,'cvcr, that t11c results obtained by Rabino1-.1itz, 

Truvan and EJa~v could be czrlained on the basis of cytoplasni.c 

ribosrn1<l conta. ination as \dlJ lw c:liscus~;c(: bclo1:. 

SincE' the presence of nitochorn'.rit1 l rf1,osorc0s and rIG'.A are 

charac~erizc the rI·'.J:/I first am~ onJy then to look for th<' nc1re 

conplcx r i..bosoF.es. 

Isolation of Hi tocliomirial Ri.bc1so:1cs ci.nd r'.'~;:\ - 1'rolilcP1s ci.nd 

with the T·cil(lcLonc'ria1 fraction if in tlte process of the cfdl 

r.iitoc:horn:r~.a. Also, fror: the fil.ct t.hnt tlHc 1''itnchonc1rii11 outer 

ri1c~hra11e li.:is r·:ost of th:· enzyr 1._o c:ctivit:ic:-~ clwri1ct0rist.ic of tLc 

http:clwri1ct0rist.ic
http:i..bosoF.es
http:riboson~.'.11
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lhr::se poss:ihilitic·s anc\ t11f"' LJct tlnt s1~<tll a1,1n1111ts of rihosonc-J.H·e 

par ti elf's r..'erc SC('ll in electron mic..ro;_;raphs of nitoclionziria indici1 LE. 

the rc<:l chmr;cr of cor,tm.iinatio:1 of t11c r·,i.toc11onc'.dal fraction ':itli 

cytonl.:ismic ribosor:·tPS wLich vdsht r:1.:-,r,k the identification of the 

'lhe'l'i' arc t.Jirpc nct!wrls th:it· one cn1\ use to avojd possibility 

of c:ytoplosn:ic contn:dnation: a) To dcvclori a tecLnioue for tlH' 

J.soJation of pure r.1itoc11on('ria free of cytop]asi.:ic riboso:"cs am'. 

which the cnzvnc will not penetrate tlw rdlo~l:onh:ia and then to 

inncti.v<ite tho cnzvne before isolation of r.litochondr:ial dbosoccs 

wi tli ri racli oncU vc precursor. In tld s case tl1e lnheJ 1hir of oth0r 

ncthod rerttiires a Jone; pcrioll of investir;ati.on it sec·ps to be tlw 

only \·:ety to o:ito.jn a clear cut result, hccnusc only in this '\·7ay can 

di_r_i:'_c_t}J_, the; t is frcr.1 a prqio.ra ti on of pure r;:itoc11onr:ria. On the 

other h.:i.r,d j n thP second nnd the thi.rd ap;•roetclws th(c nature of 

mi.tocl1omlric.l ribosor10s ar.<l rn.~~,\ is <lctcrnined inr1.ircctJv and there----·- ____.,__ 

native vd tocho11(1ri al ribo~~or:1os or rl~:;t.. Second, sonc of the 

http:prqio.ra
http:o:ito.jn
http:investir;ati.on
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obtained from the inrlJrect 1-:(·tl10ds shou]d be cicccpted on1v 1·:hcn tlH'Y 

arc in asrcc~ent with the direct one. 

Rat liver was chooscn as tl~c sourcP of mi toc110T)dri<.i to 

purify c:-~tcm;jvf'Jy. nat liver contajns a larr,e nu;:;bcr of mitochordrja 

and it is therefore po~sible to sacrifice suhstanti~l x:ourts of 

thF,! for the sal:f' c'f purjfyin,--; the rest. (•[ t}ic tPn indirect 

r.1cthoc1~; thr' sc·concl one was chosen.. There j s no ceruiin 1>oy to 

of r1] tocl101~c1ria] or cytO]'las:-iic F~I:\. On th<c othPr hand, l'erry 

(1963) shm:cc~ th;:-,t J0u levels of Ac ti non'.ycin D seJ cct5.vcly suppn:sscc~ 

the synthesis of nuclear rl~I:A. i:uc]car rr;:.:A is a precursor of 

cytorJn.;;nic ri::JA ancl the only one \·~hich v:oulc1 be extractr'c~ Fith 

f.1itochonc:rj oJ rt:l:A in nothods which cxtrA.ct rn;;..\ and not r::Hl~A. 

of n;L\ coci 11~: for the R::A is Sr.icill(·r tk:>.n t11at for cyto;1J asnic rr::·:A 

the non:ia1 rat Jjvcr tiss~1c cind also bcc:'lll~;(' the cP.lls vould Get R 

honor;encous c:·~r,osure to the m1tilJ int ic. 

2. Paucjtv 
--.---..-~- ..... -~ 

http:cxtrA.ct
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ar:iount: of Rl:A in the rti tochonc:rinl fraction. In on: er to overcot'.C 

this pro1ilcn mi tochonc1r.ial rP_~:A hns to br. l.::'bcJJ c<l ~:ith a r2dioacth-c 

prccnrsor, anc:! isol:-1tf'<l in tltc prcsf'ncc of co] d cy toplas•aic rB}~A 

c2rrier to give sufficit>11t r.;atcrial to uork with. 

thn·v r.-iLorn:c] (as cs. One of Ll'.0:1 j s c=icj c: ril•onuclf'asc ar~c'. h0s p:: 

\·.'itr1 r.L optii:tur' at G.O and 9.0 rcspcctiv::Jv. De Dm-e ~'_1:_ _a_l-_., (19~;5) 

report cC: tliat c.c.ic1 ril,onuc] cases a]or.z, wi tl1 a ?,roup of <icicl 

hycin1J ;i~~f's nrc .::~:socic1ted not ui tb r.d tochondr:i <: hut \·:i th the 

Jysoso1H:s F1tich usua] ly contc-;,1in2t:c the r.:ituc).onr:ri <'l pc}] ct. 

Since fht' ai::t of tlilc~ invcst.i:_·0tion is to i~o.10.l(' r.dtnchor~-

dr·i ci] rL·:A it is jr-port:mt to rcr1ovc m1r!/or jpactivntc th•·~;c 

rilwnnclc2scs in th0 I'r0cess of isol;_,t·io« 0f th.' R;7A. There :-ire <'

fe~: ;i.pproachcs tiwt. one can w;c to nir-,inizc tl1c J;Hase CJ.ctivi ty: 

rt) Since for the ciirt'Ct stucv of u:i tocl:onc:rL1l rl-~li!.\ t!1c 

fore th 0 r::i tochm'cl-r:Lal a1 kal inc r_;.:nf'C' could b€· inactive if ad cli c 

pl1 is usc(i c.urir:.[: the isolation of I~~:A. 

parti<:.J1y i.nhildted hy the pl1<'1:0l u::ich c1cnaturcs ;i;;d cxtrC1cts 



31 

D('.CC'ssciry to furtl•cr cle:nntlll'(' thf' J:l!ases \·:it.Ji the c'.f't:erf:ent s0cJiur~ 

docecyl sulphate (Sl!S) or to .::itsorli the mi;ises, Fhich are 11A.sic 

protd ns t'i th sodit:1.1 1'\:i~ncsi t 1r:1 li tlwflurosi J ic<:te (Ma ca 1oic~) or 

vith altl''linti:"t sjlicatc (Dcntonite) t·:Lich arc nq~at:ivcly chaq;e<l 

(StcrnJey & Bock, 19(i5; for revieH BarloP C. ~-\athias, 19C6). SJJS is 

c) P.dc~j tj 011 of 1:on-J aheJ led c.::rricr r.::A vi lJ ninird ze the 

chance of the r1itochonc!r:i0l }:l';;\ clcgraclation J-yv these l:t:ases. 

to 1·e e:·:tr[lctcc! unc'.cr rl'ilc: conditions such 0s a lonz phenol 

cxtracti\ln at a loF tc1~:rcrature. 

4. Isolation Mct~ocls 

The r:ost st1itc.111J.c ncthod for isolntion of the pos~;ibl£' 

mi tochonc:d <::l rl'...1'\;\ (r~:i t-rR::.\) sC'cns to be: nethoc! 1 of l'.i rhy (196.':i), 

This r.1ctl~oc! Pould lw·:c· to l·c r 1 oc1 ificr~ to Of' rerfonied at !1°C 

discussed abc'Vf'., For a quicl· cxtracUon nethod tlte hot phenol 

method of Pcn;:1an (lCJ(16) can h0 used. Ju this met!1cd the possibility 

r.li tochonr1ri'1] frnction i::, hi ~;Lcr 1cccrnse a] 1 r:uclcalcs ccm be 

extracted by it, ci•crcfore, results obtained by th~ hot phenol 
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the coJcl pli 0 nnl c:ztrr.ctior; nctliocl. For b(1l:L f.lC'tho<ls SJJS js 

inclm'.cd to disn:pt rdtochor.c~ri<:il rc:--1tr;rncs auc to inhihit ICases. 

CharactPriznlion of '.·iit-rT~:rA 

J.'o prove that rdt--r}:;:A arc unict.:c· species, <lifferent fror:i 

cyt-·rW~A, the nlivs1cnl and chenical properties of the l~~rAs nust 

\·-ould, in <eddi ti on lo thC' crn 1par:i son \d th the propcrti PS of 

is ribosor.<cd-_t_y_P_C:. rz::A, that is, \.·iict!:cr j t is indt•cd hifh no]ecular 

wci~;ht l:~~A corislstin:.3 of t\:o srecies or not. In i1(ldi ti on nucl coth~c 

or b0sc: conpositi(m is t~ie no'.;t direct 11H0 thoc: of c11cp;:i_ca] 

chnracterizntion ;md n:ir.:;ht further dii->tinpd.sh the Rl\'As. 

Th0 fol] ovin~!. four r.:cthocs will he w·;ecl to (ictcrriinc the 

phy:>iccil and chcnical prorc.rtics of nit('C-1tor:.c'.rL11 n.::A: 

tuhe hv a ccntrifur-nl force throu~'.h a sucrose density p·~1c1ient. 

1'h'.' setlin~ntati0n const<1nt cf a r"'olcC't:]e w5JJ on its 

structure). The J0rr,er an(: n;orc. comnn.ct the noJcculrs .'."ire the 

fc;,su·r the\· \d 11 sec!inent. to the l>c1tto·:: of the tube. If the 

molccuL-u· Feight of a stnndarcl I~:;/\. molc·cule is knoh'n and j ts shri.pe 

is nssu1.1cd to [Jc sfrdlar un<.11~r i_c!u1t:ic<il conditions, to the tested 

one t1J('11 t_J.c nolecu1;cr wcjvht of tlic lott.c·r c.:rn Le dct<'nlincc~. 

http:comnn.ct
http:dii->tinpd.sh
http:inclm'.cd
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1\.:o di ffercnt typE>s of ~;ucro~;c_• dcnsi ty r,radi<··nts can be cr.iplcwe(1: 

a lin<'ar gradient lil.__e the one used l)y G:iU,ort (1963) and cxponcntir:l 

r,radif'nt like tlif! one used by ?:oll (196 7). In the cxroncntial 

t;raclicnt, l'ut not in the linear one sccJir;0ntation j s isoLinetic 

along the tubP rind the sedi.r.101:tation constc'nt (S) of the mo1ccuJ es 

are linearly related to their sediracntation distance (X): 

Gif'r.:-r (1958) arid Spirjn (1961) have d•nonstrat0d that a Jo0aritlir.dr 

of tlic 110Jccttlf's resultecl it~ an f':-lpiriccil linear rc]ationshi1': 

(2) 

Thus from (1) ;:incl (2) :it is cl ear that the lofC<W:i thr.dc pJ ot of 11 

(3) 

This pl1eno1'.:cnon r:wl:es the c:-:poncn tial gradient <i useful tool for 

an unt:nm·m Rl~A nolecuJc cornparcc~ \dth a st<HHlard one via int.::r

polat:ion, assuuin~ that these J~;;As hetve a sir.:ilar confornntion it~ 

soJution. 

Locninz; (1967) shoved that clf'ctrorhorcsis jn a polyacryJ;;1,lidc 

ge.l of low conccntratjon (2.0 to 2.)1:) c<i.n l•c ur:cc1 to ser<J.rate t1w 

h:o type::; of c_vt- rr:.;;f. fror,1 cj ffcrr'nt organism. In this tcchdque 

t11c ner,<1ti vely charscd I'.:L\ no 1ecuJ cs arc forced to mir,ra tf' throu~_:h 

http:Jo0aritlir.dr


r.d;.:r<ition ratf' of the i:olcct1l0s ir thP z:;cJ <1.S h1 the s1wrosc c;cn·dty 

r;racicnt tcclrn·ique wi.1 l dercrn1 on their si?.e cind slwpc hut \!ith an 

op;:rnsite effect. The sr:n.ller the r:tol0culP ar~l~ the Clore coic:rrict it 

is the f;ister it t.:ill rd;.;rate tl1rou~h the gc] porC'S, \.'hen COrlf'i.lYCc1 

under the Sal \E' COill!i ti 011 i·i. th S t211c!ard m:.J\ r.1olecuJ0s Whose 

r10Jrcular i:cir-br: is Lncn:n and nssun:ino; ci sinilvr shape tl1e niolecular 

\.;eight can he clcterninet;. .0r.cnl!St' thr'. m10unt of the l:tlrf'lleci 

of e0ch sJict' c'.ct.cri:lnc-d. Lut, since t1H' Jm.· cunccntraUon of the 

p0Jyacryl2oi<ic gc] cr:1ploycd by Locnin; (1967) is too soft: for 

adc!i ti on of 2~~arosc c'.oes not cf feet the scpo.rali nn rrcirert ic~ of 

cor:::;t[lnts .-.m: the Jnrcirithr: of the r:oh·cu]ar i:d;::ht of thP r.:::\ 

nolccules is Jjr:c<n:ly reJo.tfcl to thf' d:istancr: Pi~:r3LN: (J.oc11i1''.:; E. 

In::,lc, 1%7; Locnirr,, l'JGS). 

incrc:nsi.nr~ co11ccntr0 tion of l:;:ie,] sol ut·ior,. Tl:c chro;-12to;o;r<whlc 

prorerti.cs of thC' rnolecuJ cs 0;1 HAK colu[m is dcncnc:ent on tt1e size, 

chc;il:i.cal co::tp0s:ition (C+C c01•tept) nnd th·- sh2pc of thr· nolccule.s. 

The lar~;cr the nnJcculC's, th(· lm:cr their G+C: cont0nt is and the 

http:prorerti.cs
http:incrc:nsi.nr
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n'.crni_d_\\~~ a hfr:her c0nccntr<1ti_on of }(;:iC} for c·]utinn (I:llcr., )9C6; 

liersliev t Lur:-':i, 1960; ~-l<:nc!cll E. llcn:;l;c·y, J960; Sc·uobi (, Chen~', 

1962). Thus, trC~A c]utcs l'C'forc rf::':A (Os,:n:.:i f, Sih<ttrini, J9G7); the 

sl·i0htly before, ;,ut jn the J::ittP.r case not scp.:iro.tcd fror1, the 

l<trr.cr rr.:lA (Os;-,;a (, Sihatan:i, 1967; tllcn, 1966); 'b2cteri<>.l rP-l·:A 

elutcs sli1,11t1y h:>f ore, but 11ert scpar2tPd fron mn; ti'l<J.] i2n rP.;Yf. 

(Osap~; [, S:ik:tan·i, ]9(;7). 1'lw effect of h<:::c C'C>i'lposition nnc: 

SC'COJ1(1ci1·y strt:cturc hove also bt'cn c::ardncd, Several cl<Js:.cs of 

accorc1inz. to thr:i.r pattern of c)ut:i0n fr0n aAr cohn.~n. /\ possH;lc 

rr.?:A prC'cursor (Q 1) and n:;/\-J ikc 1~11/\ rrccur::;cir (Q 2) elute uith 

NaCl solnUon after rm·:.'\ (Yoshib;r.m _c_!:_ .:i)_., 1961;), These species 

arC' forn....,c: only i11 the nuclcu~~ (Hi] J.j n::: & J).:irJ.hoJi, 1970) uut in 

addition the nuc]C'us and tlic cytoplasr; contain n::A-likc R?'!/\ (Tll FC~/\) 

\:liicli crrn he clutcc1 only at hif'.hcr tC<]l('raturc~:; (Lll•·m & Shcrh'lan, 

196/1) or pjth SDS (UJc'1:1, l9(JrJ), TL·is m;;; has a G+C content of 

<t1iout 50? U. c. n::A-lih:) conpared to an avc·ra~c of c,5;·: for rRI:A 

(rlJ c1;; [, Sher.i clan, 19(,!,), The prop('rt"if~s of the TD i:;.A rcse>.1blc 

Vesco r Peru~,1211, 19G8). It is rapicny Jarif'llcd p_;;,\, has a G+C 

content of <:tt'out 50~~ arn: a sccHm:nt<> t:' 01~ r<1 tc of lC-18 S and its 

syntr1•·sis iE resistai:t to lo·"" concentration of Actinm1ycin D (LlJcr:i, 

1966). Since D"fi\-J ike R2~P. br(~-; 1:ot11 a lm-:cr G+C content and protabJy 

a nore opcD structure thnn rr?:A, it is not possii·lP to distir1_1~uish 

the c:-:tcnt t0 i·:hich e.:ch of tl1<>sc c!tor;:ctcri.stics occounts for 'its 

http:cl<Js:.cs
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thcct the basic: hircdn;-; to :r1\I~ c0lur'ns is due to ionic forces, as 

the n02atively ch"r-:;e<l phosphorous h0cl:!io11f· of the J·:l'!t\ mo]ccule?s 

bj mi to tllf' pos i U vcly chilr_:;ecl ncthyJ atcd albur~·in no] ccuJ cs 

(l!nn(!cll E: Jlcrshey, 1960), but tlwt hyclrop110bic interactions 

involving titc bases are prohal,ly 2lso h1port<1nt (J:llc:.1 (, P.11ol:e, 

1969). 

If the· physical charactcristi.c of t~1e nresurcd nit-rI~t;A ':ill 

be un:ic:ue in cnnpadsor; 1· 1ith t11(' cytoplasid.c one, tlwrc wil1 be stiJl 

cytop]asrdc El:,\ con::anin.:-int <'!nc! its uninue phvsicn.l p:ropcrt:ies ad.sf' 

tool: pl<:1cc c1urh1;.; c;;traction. In order to c;:.:i:'i:tn0 t11is pos<;ib:ility 

the nuclcoticiC' COr!ejlOSi t::.o,n of the nXA sl1oulcl he dctendncd, 

(L'0.v:i.c1son [. Si;wllio, 1952) c:nd J,y eJutfon fro:~ POi.'E'X 50-E+ co];.c:1 n 

Results o1Jt<'..i11cd frc,e al] t1l0 di Uercnt chornct f:d zRtj on 

or not, and '\.:ill yield nn cr;t:fr.-:[1tic1n of its rac•lf'culD:-- '\7P.j'.:'.ht and 

shnpe conparcd ~·d tlt the C?t-rR?:A. 

http:rac�lf'culD:--'\7P.j'.:'.ht
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Ch.'"tr act~ ri ;~ <t t j on of Iii to ch nnci r i.'.11 1~ ibos onu·s ci ncl l'-1.boso::wl Sub uni ts 

In order to fjn<l td1ether rd tochondric:i possess a uni<JUE' 

class of riJ.osomes and ribosomal subunits, tl~e latt"'r wiJl be 

characterized hy de terminin:; their sec1jmc:n ta ti on cons t2n ts on 

isok-irH'tic sucrose density fraclicnt cor:iparccl with the cyto)'J asr:dc 

ones. 

In order to dcternirie "'11et11cr r:d t-rR:';A is transcdhed fro.-. 

mitncliOT't1ricil m:A or fror:i tlte nuclear n::A, hvhridjzatjon stucliE's C.tl' 

be to use 211 inhibitor which would act spcd.fic;iJ Jy on rr.:i toclwnc>ria] 

D~:J\ or on trw m1tochom1 ri<tl RJ:A polyr.~ernse. Eth:LJ1un brord.c:c at 

COJlCl'ntrat:i.om~ less tkm 5.4 ]Jg/i:l h<!S a 3rc;itcr affjnity to thC' 

mitochonc:ric1l circular D:,;.\ tkrn to the nuclear ff:t, (naacr E: 

Vinci:;rar:, 19(if;). It also jnhildts the rat 1iv<:::r riitochon('rial 

n::.i\ r>olvr1era;,l' more than tl;e nuc.1f'ar D:,:A no1vi~1.erasr: in vitro (ffov~r 
• ... • W ---- ------·- T 

& Si:'l.rison, J 969). ,'\ tld rel possHd Ji ty is to :i.Pves ti:;a tr: Fhothi:-, r 

iso];ited 1dtochondria o.re ablC' to syntlu':c~ize mit··rHKc\ anfl to sPr. 

brm·ic\e. 

http:COJlCl'ntrat:i.om


1. Grcwth of Tissue Culture Cells 

a. House L cells derived frori [;1rlc·'s orir;innJ fihrohJnst linP 

(S;;.11ford' r.<1rlP E. I.:il'.C'ly' ) 9L+8)' verc :-;rovn in susr0nsi0n j n Jo!·l iJ- Is 

foetal calf sf'run 2.nd ]/~ (v/v) anti-·PPLO (r.1ycoplas;:a) 2~;cnt. 

chn:,J:_ cardno.w (l.r~:Je, )965). 


by lJr. S. H<i.k h"<)f.' Dr. N. GrceH, St. Louis, ~~issourL Cells \:ere 


groPn in suspe1!~;io~1 in JoLlik 's rwdification of mini1~um csse1:t:ia1 


riediu1; (1-'.ct;:.le, 19~/)) Fiti1 5~'. (v/v) horse scrum. 


cul turr; in S·vin' s r.:.::c'.i t•r: but \.·ere ad<~r t~:c'. to grm; in suspcr..:; ion in 

").... 

The nitocho:!drial fraction \-ns prt=Tarec: fro;:i. li Vi?YS of 

38 
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Iiuclci c:ncl cell dr:hris \·:f:re cci~trifu;_:;E:'cl at J ,000 x r; for 10 ranutc:> 

at 2°C:, Tfie r.uclcnr supc:1-rcaUnit fro.ction i<ns laycr('d over A 20 to 

(,) sno :: ['. fnr 1 () J.'int:U•s. Thl' f] 11ffv l<:ve:::- \'2S dcc11:t:c·c;. j_ 11 iJ 1 l 

x f~ for JS r;1;:uLcc; ,-i.t 2°C. 



for J hours at Jf5,000 x Bav en ~ Jinc.ar O.S·-1.f;L ~l secrose dc11~cdt.Y 

grac'.icnt jn 2 r 1:'! tris-LCJ, 2 ~·[ l!J'l'1\, rF 7,!; esin,r; the S\! Id rotor 

of t11c lJoch:an ~!od-cJ L2 ul trac<~ntr:i. fn;::c. Thf' bul1: of t11e fr2c ti n!l 

\•as reco·/crcd <.s a hnnd 2t nLcn:r l. 35 ~f sucrose arti Fas dE'Si'.;n.:i.tE:cl 

c. Isolation of LL C'ell rdt(1ch01~r_'rL1 

su;~pcndcc! in JO n1 of thi;; ncdh:1: anc1 disruptPc; Ly hrnnozeniz.::itior. 

t;ith ::en l'ltra·-1urrn:{ hcno;:':r·nizc·r for SS s0cnrn1 s .:it 70 voJts. 

Hi toclwn1ir i ~ '.:>:>re j_sol2tcd as c1csc1·-l_bcd for thosf> of L cells. 

c1. r~~c·l.-: ti on of rc; t lier cc to,.; a ni toc>onc2rj a 
... --- - - • -- - - - - - - - - -- - - - - - .! -~ - - - -·--- -- - - ~ - • -- -- ----- - -

J\liouL l.f;.:]0~ rt•:lls \·:c·rf> l.·.'a'>~lf'c1 thrice Pith 0.25 '.·! sucrc:-;c, 

dct.;crHicd for thc·;~r:: of L CC'1Js. 
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not l'scd. Instc.:id forr1v0r-coatcc.i -:-:rids 1,'(:t"c alJowecl to float on 

top of a drop of r.itochom'.ri;1l suspcnsjon jn iso}Ption necliuL1 (5 r.cf': 

protc:in/nl) for l r:inute. The' c:ccss of trw mitochonc.'r:ial suspension 

,.72s rc11ovc<l i1i th il fi J tcr paper m1c1 thf' r,rid allowed to float on 

ton of a 2?'. (w/v) pot<lssiur' phosrhotunr:,stntc solution, rE 6.2, for 

2 1"ii:.utc3. The excE'ss phosphotungstatc solution W.'.lS removed Pi th a 

a. !'_r_cp_::'_ra_~_j_::m__o_f: _r.3:.t__l.i_ve:y_ !·'LL_o_c_[1_c_:_n~_~r__:t_a_l _::-_!'_i_b_o_s_o_r~_o_l__(r_0_c_t~i_n_1~ 

The r.d.tc•clwndrial frnction obt&ined fror~ JS f. of r.:it liver 

containin~: d1out 100 rnr, protein i;2s c.usrern'.ui in 6 nl of 10 1-C[ td~:-J:CJ, 

50 ::i:'-! KCl, (, 1-::! i·f;:Cl2, pll 7.fi (TiJ; l,uffL,r) :-1.'.lde 0.5/, (v/v) P:ith 

:;:m'.5.w' <!coxycholt1t:c (iJ\lC) Dncl iJ.S:·; (v/v) 1-:_itli Triton X1C•f1 , .\fU·r 30 

h. Prcp~rotion of L cp]] rnit0chon~ri~l-1i~oso~al fractio~ 
-·--- -·-. - --- . ----·----- - - - --- - - --· - - ----- - - --·----·-· - ·------ - . --- -- --- --·---
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pcJlet \-'Z<S susrci1C~•'.C in 1.n r.:J of Tl'.I[ Luffcr .:1.I'.cl \'as li'<:l(~(' o.s1: (H/v) 

with !lOC ;end 0.57' (v/v) '.'jti1 'l'riton XlOO. ,~.ftcr a Jn ninute 

accorc'.in::; to tl1c n'ctltoc; oui:JiJtr•t; Ly }'err:·· and l~e1Jcy (19C<-:). C<:lJs 

frozen saJi.11e solution c:1ns:ist:i1~~ of OJ;;; (,.:/v) ;:&Cl, r.O~? (,1/v) rcJ: 

To a r<:11et of 5:d0 7 cells 1 nl of hynotonjc r,cr1irn:1 ccnt<:d11i1~;:: '} ri>l 

ccotci.fl•.:--.ui vt 27 ,ncn :-: f, for J() ni_nutt:·s 0t 2"C. Thr se~ljr'J'nt 

http:ccotci.fl�.:--.ui
http:accorc'.in


43 

intrnperitc)ncal i_njcction of four J(l() 0 rnts •dt!i tot;iJ of JO r:tCi 

of 32J'j neutralized Hith tr:is or 5 I:<Ci of f5-3ll}orotic acid 42 hours 

before the r;its Fcrc kil.lec!. Durin;', that pc_,r:Lotl t!tc rats Fcre 

starved. The r;dtoclinr1clrial I~:-:A of tlH.~ cljffert:'r•t tissue culture 

lirws was l;J[:c} lu' usi.nz ::\ 10 t:il.ies concer.tr;itt'ci cell suspension 

(.:ihout 2-l;;:]OC ccl1s/nl). Aliol1t l;O nl of ccJls vere l<lhcllcc! with 

]959) v;~1 s t1scd. ,\11 J;cibr.U·in~ of the cl-iffC'rcr•t t:issue c11lt.1irc 

to prc\'c:Pt tile synthesis of cytopla:-;:lic rHH'c;orcol--I'.:~J\ (Perry, l~J(,3). 

inj('ltion of n J50 g rot Ffth 2 pC:j of [6- 111 c]orotlc ndc' for 20 

tiw r< t 1-jllcd, 

3 . 0:: J ns u- l J s Ir~ l for '.' r· h c u rs . 

6. E:-: tro.c ti c1n of JUl•or:ucl c,--: tcs 

i. I~;it ]:ivtr rdt-rR~'-J\ '\'<'S f::tr:::cli::•t1 bv ;[eti10cl l of rirl·V 



livor u;is c;:tractf·,~ for 1 hour at 2."i°C \:i th 20 r1J of 0.5;~ (\·)v) of 

c!isoc:iur:l n:irh th;1] ccc-l, 5-cl i su] 111:011a t.:· ;incl 2(1 n l of rl 1 crwl-crC'so] 

ni:v:ture (JflO f; of frcs:1 uisti llPl! phcno], !+2 c] of fresl1 distil] eel 

n--cr<esol, 33 nJ of douhle-distiJ1cd \'atcr .:ind 0.3 g of 8-hyc1rc1xv 

quinolinc). Thr: ;:i<iu,·ou:~ J <:yf'r wos acidcd to J volrn.1e of phcr10]

crcsol r.1h:turc rn2rlc 8~:: (F/v) \Ji th sodiun tri-j sopropyl naph th<tJ enc 

phase was rPcovf~r1.!cl and r':---f'xtrvctf<.; vitl! 0.5 vo11n'1cs of plH'1;c,]

cn•sol r.ixture for 30 r1inutcs Dt /~°C. Cyt0plos11j c ribosonn] r::1\ 

with so<l:ium bcn?:ontc witlt the incrc<:sc jn vohn:1c nc:::;Jcctcd. The 

solution v:<is kept for 1 hour ::lt 0°C <ir;J c0ntrifu::_:c<l at ]1),0()0. x f 

for 10 r'inutc~; to n·c0vcr the golc:ti11ous p<>J let of I:J:A, Tlic» JCA 

was \."2sl1C>cl tFicc \d t11 a cede~ solution of 3~~ (1.;/v) i'7aCJ, 10~:. (v/v) 

I'l-cre;;ol anc: 2n~, (1·:/v) soc1irn·; hcPc:n.:-1te, 0ncc with ]~:: (<)v) :7aCJ 

i!l 7S~' (v/v) cth?n0l, onc0 vit1i 75~'. (v/v) cthano] nncl tPJce 1dth 

-'..'.0°C. The yic·lc; of R~JA r.::1s 10 r;(.. Jn m:e e:-:r0rir1ont r.itocho;H=ri::iJ 

FJ~J\ \·:as isnl<'ted hy this rtt't:1oc! in t~10 ahsPnce of carrier 

cytoplasr.1ic n::A fron Id tnchonc1rin i.soJ [' t0d frnp ] 00 r<its. 

In th0 Sf'Conrl r.1otlific<it:ion, th(' nitochon11riD:l 1wl1et vns 

http:volrn.1e
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act:tatc, pE L1.8 (nccliuri1 n), ,.;h:ic:h cnnt'1:i_1wc' l r:;:; r:it lin~r cyt-rL~'./\/1~1. 

Aftf'.r] r:1in11tc, l volu::-e of phenol-en-sol r:h~turc, nacie s~; (F/v) 

with f;Tn:s, Fas ac!c:cd and the r:L:turc stirrPcl for ] hour nt· 25°C. 

The ;wucous ]<wcr F<ts rc--e;.:trnctcd once: ~d.th 0.5 volune of 

plH'no1-crcso] pj;.;turc <'Jr,d tlif' PJ~/\ \''.lS recovered as ('.f:scribccl <ibovc. 

Kirhy 11ctl·oc1. 

In the third r:odific;:ition tl1c rdtocl.onc1 ri_ril pel] ct F<is 

suspcm12d in JO n1 of n'!'diu::1 A at 0°C then 2jsrunle(1 1dth 10 r:d of 

n1cct-iu1. D at 25°C, c0Etrdr,i1~:'. l n~ of L eel] cvt-rr:;:,\. lifter l 

nin11tc'., 1 volui"f' of phcnoJ-crC'sol r::ixtt:rc, r~;:lC1c f:~'. (1,,/v) vith 

STI:-;~;, \._'0s ac1c:0c'. and the 1:-i::turc stirred for l hour ;-it l+°C. The 

nnucous la:"er Pa.s rc-c;:tr;;cted for l hour 1:ith J volune of phcr:0l

crcf>ol nL-;tLfff'. at L, 0 c. The acruem12, J2_yr·r H2s r·,c.r~,-. 3~: (1:/v) F:ith 

turlddi ty c•ccur0c1 [a1,out Jo:; (v/i:)]. ,\ftf'r 1 hour cit O"C the 

150'.} r•] of ll,f)] lf tr:is-ltc1, pl. 7.Ci (tris luffcr) usi.n: 0 r;;irj1~·,: 
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folJ.o'-.'C'd by c:nothcr ccntrifuz·atj_on 2s aJ--·ovc. Tl10 final pe] J f't of 

fron <>rwut 2::.108 CC'lJ~_; by the cold phenol-SDS tccltniciu'c', 'J,hv 

uit11 ~;';-r;,s to ·p~LLc'.1 5 11] of (1.s;: (1-/v) of c:isodirn.1 r1aphtlwlcnc--J, 5

as clcscriLcd a]Jovc for the col\l phcncl-SDS tL·chnJque. 

fro:·1 7.:do'J tissue cu] turc ccJ ls l~y tlic 1,•r_'tLc'c; of 1'c11can (1 <)((). 

buffer contaidn:; 0.5 ~-1 i<aCl, 0.05 :·r :rs;Cl2, 0.01 ~! tds-J:c:1, pE 7.L,, 

voln-:c of 1.3 r:]. 011c voltr.-.1c of \ii'tcr s2tur::itccl phcno] ~-:as <>c'dcc'. 

rmd hcAted tc' C:0°C for 2 r:1in11t:Ps. /'.. ftcr Ct>c>J h:;_; to roon tf'r->pcraturc 

an ccn:nJ_ vo]tn~~c of c!,lorof0n1 cr>nUiini.nr: J~: (v/v) h:o;ic-·1:·1 alcolw] 

was 3(1cl cd f o 1101-;c·cl t-. v h cat in;,--: ace ,1 _Ln to 60° C for 2 r.d nut c ~:; • .\f tc1· 

ccntri fv~ation 2 t 1, OOU ;.: g for 5 r::Lnutes, the lacer ch1 orofon:

http:cr>nUiini.nr
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diJoroForn--i::;oar:yJ .'.1-lcohol <it GP°C for 2 nin·_itcs \!CH~ r.1ac1c. The 

an ucous lnycr \·:os rcr1 ovcd ;:i_r1d tl1c !~'.~/\ (ai•uu t 0 • .'.i to 1. 0 Df;) vas 

secli11~entcd overnir;bt by the addition of 2 voluices of 95~'. (v/v) 

ethanol at -20°C. This r..cthod involved a hot phcnol-S!JS c::traction 

anJ will be so dcsi~nntcd. 

For use this r~~A j s ccntd fu;-;cc: :md dissolved in I~SB 

buffer to a conccntrntion of 1 r';c,/~11, The 1~?-:A cc:_1lc1 be re;•r-cc:ipitotcc1 

\d th 2 volur.cs of ethanol and ston1 d 2t -20°C. In sor:e c:·:pcrir:-,cnts 

disruptcc h-1 the presence of L ceJl cyt-rr:>:A es carrier by the 

addition of 1 volu1:1c of rict1 itrr1 D o.s ('.escrihcr~ in the co] c1 phcno]-~)JlS 

teclm~_quc. It ~ 1as inportaict to add to the phcnoJ-crcsol r1ixturc 

to the_ vo1 u;1c- of" tl-:c sucrose r,raci cnt fracl ion. This dilut cJ t1w 

sucrose conccrtr3tjon in the <lriucous layer a1~cl avoi(1 N~ ;:i rc\'crs21 

of the phnscs. 'l'hc ;nit-rR:JA vas isoL1ted ;:iccorc!in<; to the· cold 

phcnol-SDS nethod. 

(19~5), an<l stored as a drictl pm1dcr at -20°C, Cyt-rR::A froD L 

celJs uas isol<ite<l fror.~ a post-rnitod1onc1ri<il supernatant frv.cti_c,r. 

The JC~A uas c:~tn1cte:<l fjrst ~:ith an cot'.al volume of pl1cnol--crcsol 

rlixture, rc-o:tr.J.ct0r_: with 0.5 vo]twtc of phc1 r10l-crcsol r.'h:turc 

http:volur.cs
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Sucrose c'.ensity r,reclic:nts fron 15 to l:O~~ sucrose jn 0.1 P 

sodiur: acet2te pL 6.0 \.,'ere J'l'f"J'crcd as clc:~crihcd by ~:ol1 (19f7). 

' 1Jincar1y rc_1 c: t cc to tlwi r dis t;rnc:c novcc: fron tl1c r·cn:tscus 

dcscdl•C'r.i hy Gilbert (1963). Ccntdfur:;2tioP p:1s for 16 hours at 

') 0 °c l t 7 ') (j' r: () " ~ 
.... < ~ ' J ~.. L~ a"\/• 

The optic;il clcnsi ty Flt 2(0 r,;1 of cccii fract-i on \··as rc·ac! in ,, 
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Figure l. 	 Relation hct;vcen sediPcntai.ion co11stant and di.stance moved of 
rat Jiver cyt-PJ!As in convex sucrose density gradient. 
A r.1ixture of 200 µ;; of rn.t liver cyt-rE!:A and tm:A t,•ere scpar<!ted 
on a 15 to l,0% convex sucrose <lensi ty gm.client by centrifur;ation 
for 11 hours at 2°C at 180,000 x Bav in t~c SB 283 rotor of the 
Intern::itionol Il-60 uJ tr~:ccntrifuge. The values 28, 18 and 4 S 
were tic.cu for the se:di1:1cntaticn constant of the cyt-rPJ:A large 
and Sl;i.-ilJ co111poncnts and tll:~A rcsrc:ctivcly O.:.irby, 19G5). 
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Figure 2. 	 Relation LeLl:cen nolecular weight &Pd scdi~cntation distance of 
rat liver cyt-RHAs in conV('X sucrc,se gradient. 
A m:i,:<turc of 200 )Jg of rat liver c:1t-rit!~A <iucl tP,NA i1cn: separated 
on 15 to 40~ convex sucrose gradient as described for Figure 1. 
The values l.75x10E:', 0.7xJ0 5 and 2.5xl04 claJtons vere used for 
the molecular weiL;ht of the cyt-r!:NA Jaq:;e and sna11 conponents 
and tViJJ\ rcspectively (LoenL1~, 19(18). 
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was <le tE'nnined. 

k ie~_s·_]J-:.1:1._l_~r (1-~~E.L~l U..'_'.irl3 

Mitochondrial Hi'U·.. , isolate<l from 8:-:108 L cells by the cold 

phenol-SDS technique, was analyze.cl on a HA!~ co] umn according to Osawa 

and Sibatani (1967). liyflo supcrcel P<1~; \n1shcd with 0.1 N HCl, ll:;;_O 

unti 1 neutral, 0 .1 N HaOH, 2nci cigain \-:i.tL 1! 20 until neutral and ciricd. 

HethyJ ated albumin wns prepared Ly di ssolvin;; 5 g of bovine serur.i 

allnmdn fraction V in 500 r.11 of absolute metlinnol to which 11.2 nl of 

12 N HCl was added. The so]utjon was kept in the dark for 3 d.'1ys <'.t 

25°C and \-;as shai~en from time to t:ir.1e. The r;ietlty] atcd 2lbunln scdin.::;!1t 

was W<1shccl twice with ab:-:ol ut~! I'."lcthaaol ;md twice with 1'ero:dde-free 

ether (djstilled over ferro~ul.rhate), dried and stored at -20°C. 

Thirty g of wasl1Q<l lly flo supcrcel was st1spern1ecl in 150 ul 

of 0.1 H buffered saline (O.l N I:acl, 0.05 ~,I sodiur.1 phosphate, pll 6,7) 

boiled for 1 ninutf' then cooled to 35°C. Ten t:1l of 1/~ (w/v) methyLiteJ 

albur:;in wns added, stir.red and thE.n poured quickly to mnke a 160 x 22 

1,w,1 column which •·:2s jac.Letcd and heated to 35c-C. After the Hilh settled 

do'.m a layer of 0.5 en of llyflo seperce] suspC'nded in O. J H buffered 

sal i.ne 'ms added, to serve as i1 r::echan:i.cal harrier to the i;;crk1r1g 

portion of the column. The bed vol uoc of the column was al:out 6fl iril 

and the lioui.d displacer:ient: volume v:as about 511 ml. The colun;n was 

washed wi tli 100 ml of 0. l H buffered saline then J oadcd with 2.bout 

4 mg of IC/\ dissolved in 40 I'.11 of 0.1 N buffen•d sc;.linc. Reservoirs of 

!100 nl of 1.2 H NaCl 0.05 M sodium phosphate, pE 6. 7 and 

£00 1al of 0.1 H l!;.Cl, 0.05 :·1 socli:.;;n 

http:analyze.cl
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tlw opt:ic21 c:ensit.y at 25!~ nr, vas rccnnlcc; cc,i1t:Lnuously by an 

ISC:O l \.' 2nc:Jv;:cr l[oc'el 222 nncl 2n ISCO chnrt H'cor<ler ~'.oc'.cl J 70. 

raclin:,c ti v_i_ ty. 

(]96(::). To assure penetration of th(' cyt-r}~;.;;\ ir,to the polyncn·Je.·

hut iw:.. affect tl:e ~~cpm~aticn propcrl"iN; rif the poly.'.lcrvl;:::--ic:c. 

runnh1; liuff0r in orc:r,r to jnnctiv;itc• !'C';;~-3ih1e !'.::asr:. ;\ so!i:tinr. 

cont<d nin;~ 4. J b~' (i-'/'1) .:!cry1<n'i de, 0. 22~· (i-:/v) r:C' thyl C'Pc1iis;H::ryl:mi (1f', 

2 t.fr:cs concentratc:c.l reservoir 1iuffEr i·::is l:ept <:rt 0°C for 30 ninutcs. 
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<t~:arnsr>. The solut.i on \.,'as rourc(l into plu:c~;c~d f'lccl ropl;oresis 

tu1lcs, G x 65 rn:~, allowed to ~olidi fy for 3 l~0t·rs one~ used 

soJution in 5(1 \d of I~Sli Luffcr or in n.CJJ or 0.11; so(~iu•< acet;i.tc, 

pl~ 6. O, t·.'ClS ;:i:ipJ ieci to thr~ previous bottor.t surf;;cc· of thf' gel. 1:0 

difference in clectropliorctir r:oh:i]ity \·.'<if~ SCPJ~ \·:lH'n tlic 1::~A 

[ 3 rJ~, · •... t" · \t t "" 1 L, 4 '~· ,. , 

a;~.1i ns t a 10\10 fnlcl VPl u:-:c· of 

c.c:i il Clilt.10niut;' fon:<1t:c pli 6. 7 in t\-:o stq'e> of l; hours c;--,clt. '1hc 

!1,:,CJ 2 , 10 n:! tris-l:CJ , pll 7. !1 ancJ tl•c1~ ,,ppJ :i eel to ti1c r,cl. 

lnc;tnwc;1t Co. :·!cc!E,J 100!;, Non.10J1y [; tuhr·~; t"Prt- nm. Ice coJc' 

ini Uallv ~:11!C: the u;•per clicnhcr i'.'.l'~ at 25cC init:i nlly. The 

rcscn·c,j1· bufL~r co11U:incc'. JC:~ f; of tyjs, 9.3 ;; of UJT,\ ape; 55 r: 

ClGC~CU to tli<: buffer to a co;1ccntratio1; of CJ.25/: (F/V) bcfol"l' t]:p 

e.lcctronl1cirf'Si s. 

~+ ~Jcocffi ci en t of t lie 2f., 18 ;rnC: I, C 

http:acet;i.tc
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Figure 3. Rel<1t:ion between scdir1ent;:i ti.on c:ons tant, T'1olecu] ar we isht a.nd 
electrophorct-tc r-cohility of rat liver cyl-R:JAs on ar::arose
polyacrylc:r,iclc eel. A r:ix Lure of 30 µ::; of rat liver cyt--r!~i\A 

and tl-1.il.i\ \•:er~' scpar2tcc1 l1y eJcctniplwresis in a 2.2~~ acrvl<cc1lcl.:, 
and o.2s;~ D.ga;:osc gel. Ele;~tro;1ho1·cs-1s \';JS for 2.5 hours at 
l10 Volts/er·,, 5 n;,~Jtubc in 6.5 CT'.l tu1>cs. 
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the scdi;:1cntatinn c-ocffjciC'nt <!Pd the r 10Jcc"];ir \.'Pi~ht of nitoc11un

f'.. ,\n.1lvsis of Hj tc,c-l:onc'rj al L i.bosrn1cs liv :;ucrosc Dcr.si tv Gr2c.;i f·r:.t: 
----·- - -J' - - -- - ---- - -- -- - - --~- - - - ---- -- - -- - --~---- --·- ------- --- ---- --- ·----- - --- --- --- --- - - --- -

with 12 nl of t]·f' Lf:nvy sucroc.;e sn.lution a(;,;u'. c!ro11\.;isc. 

the SC(1l''<'nt0tion r:•tc of ni.tochn1-crj:1l ritc'';cir·.-·s, 0.1 r~] of 



56 

were cligcsted ovcrrd"ht uith 0.5 c11 of \.'C!tPr m'cl 0.5 nl of ::cs 

soldiil izer and thrn countccJ ui th 10 r.:l n<1pl1tltaJ cnc-t'.io:.::rnc 

scinti 11 a tic'n solvent c011t::1ini:1i"; 15. 5~~ (\·:/\') r:t•phtha} enc recrys ta11 i zc·<l 

fron alcohol, O.G:~ (1·'/v) of 7,5 dip'rtcnylo~:azo]c nm: 0.0275~~ (w/v) 

of l ,lf-his [2-(L1-r.1cthyl-S-rhcr:ylc::a::0Jy)] Let:zcne in srectrorit:2.lity 

The ;::;els \'ere sliced in J. nn \·:id~hs wit!1 the device sho~'P 

1 hour on l"'hat1'<m 3 :·!:[ p<tpcr o.ncl count1•cl jn tile toluene scintillo.U01' 

overni~;ht 1:ith 0.5 nJ Fatcr a<'l; 0.5 r.·1 o.'.: :·:c:c soluhnizcr. Tei; r:l 

of n::ipht11a] cnf'-·dio::;1ne sciI~t j 1 laU on flu"ld \·:as o.c~df'cl, tl:e. \'ials 

sk1Lcr: for 1 hotcr anc'. ther. counted. Over 92.~, of the cour1ts 1:ere 

extractccl frc•ii: the slice as dctcn~;iw~t'. by rcr•ov:it:~ tlic' slice fron 

the scintillat:icn fluid and recot~ntin,c~. 

c. Froni Jo1-.c,l.1cc f:l'.A ellutctl fror.i <l ~L\K colu1"n 

of TH'Pnvas (JrJC7). To 2.5 i::] of c,ac!t fr<1ctj0n, 10 nJ. of a snlution, 

Then l r:ll of l~:. (\1/v) of cctyltri1rictr~yl 

inct1k1tL'C for 7 1wurs at 1;°C. J..'hc L1solubJc cely1trimcthyJm.1r--:01iirn:i 

salt of the nncJ Ci'.'ttl' Has co11Pctc,1 en ;; ~.'l!atr1;:.r1 931+ i\1! r;J nss fihcr 

http:l!atr1;:.r1
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Fir,ure 11. Gel renoving np-paratus in cross section. Sc.ale 1: 1. 
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hours bv nr.Jcii nz. 0. 5 r1] of XCS soh•ld li ;:er and 0. 5 1·~] toh:er·:f'. 'i.'cn 

d. Co1_:n ti_ w~ 
-·--. -- ---

i'f;1rk 1 count.er rc;~·,cctivcly. Con«:ct:ions ior 14 c--counLs in the 

i1 t O"'C. ;:t:c}cnt i c'.t-,~ FCH' c;c;-.:1r;• t l'(: r·:· descending paper: chromatography 

nucJf-ot.ic;cs \:ere Juc<ilec: r·y ultrc1-·v.iolct ]anp, Ct!t out 2ml counte( 

»zitli tb: to1t:e11c-h:i:;cc] sci1~t iJJ.aUci• sc:Jvr:nt. ::o counts Fcrc fouric'. 

http:count.er
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+ 
Puclrotic~c co;~positicn on a Do,.,cx 50-·J\ colurm hy t1'e 1:ictl·oc! of 

L:1tz and Conb (J'.J6J). 

a. ;\Pa1v t :L c;:] 1'1f~ C10,:s 
----- -- .J: _"____ ----- - - - - ~---- 

(Alh::m.: 2nd FrJ:re:it, 1947). 

st:-inc~ard. 

Inor~DPic p110spl1atr- \·,-is r'c2s1;rpc' o.cu'r<l:i1 1 ~ to Chr:n _:_t~ _c:_l_. 

(195(,). 

b. fnzv~atic activitJrs 

activitv va~ ~0;icurc~ lv- ' 

XlOO in 0.3 .1'1 sucrost', .\unit of <:H:tivity is c:efinC'c1 as tl r nF\ount 

per uinute in ci cuvnt with o. l.O CF Jisht path cont:iininf '2.7 nl 

of solution. 
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nm'. T.:1znrcw (J lJ 51). A solution of 1 I p;! cytnchnll;c c f ror:i horse 

of sodit:P1 di thion:i t< cryst;:ils. ThE' solution uas shaker~ tmU 1 a 

decrease ji1 c;bsorpUon at 550 nrr. F.:1s ohsr~rvcc1. Thro tdtoc.':.011clrl0 

GJ_ l1C (lS c- (-,--7; ;-t ()S ~"'\ 11 :1 t ;J ~; (' (l:C J. 1 • J. 9) 

Hct'.it!1·1 C: 0.25 n st:crosc, 2r:-'.'[ LDT.~, p!'. 7,Lf, 

Tris buffrr: ().(;] :; tris-H1, p}f 7.0. 
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)\.._)l)
pr-. buffer: 50:1': ;:acl, 

0.1 :1 J-,uffercd S-'.lli_r~e: O.J i'i LaCl, l).05 :r sor::iur; phospb2tr~, pf: G.i. 

(J9G7). Af,arosc \.'ns ol>t2inccl frvL! J;2t:sch <tncl Lonb Co. Ltc'.., Toronto, 

Ont. J:vcrv bc<tch \:as 1wt suiU2hJc. Lot 9fi2506 i:.-:J.s usu: for a11 

nit:i1:tn essential r::ct'.irn:;, fcct.-i1 ca] f scruri 0ncJ ar:ti-PI'LO <:f,C'nt 

obta:incc1 fcC'rt Sfr;r.ia Ci1crdcaJ Ce-q•., St. Louis, lro. t--Jz;:J\ (strip:rcc) 

http:Sfr;r.ia
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Corp., 1'oronto, Onlurio. YC'0st rj1Jonuclc·'1tf' \'r,r-; olitnincd fro;< tlh~ 

British Dru~; J:c>t!sf's Ltd., Poole, [nglm1d. 

Corp., Toronto, Or:t.. 



In 0rde1· to unclerst21•d hoP r~.:Lt:oc 1 ionc1-ci a r.;,::intain thcj_r 

fC!1ctic iclcr.tity and to \:l12t (:cr,~·cc they ha\'(~ ciut(lnomy Pithin the 

the site of svntlic·s i ;:, of r•it·ochm:(~ri al cni por·cnts. It is of 

, 
co!1c1:rncu, 

(ci) If r'i tcch0n·lj·j :1 fru·· rJZl. ·;-.;il :i ;11, cells contain ribosomes 
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For the initi<il stt:tiie::; it sf'ci-,ul th;it Cl lo~'.ical .:ipf'ro2cb 

i;:ould be to isol.'1lP Clncl purify rd toc11onc_1d ;_; fro~' rat liver os 

at S,C'•OO :~('for JO r:inutcs 1?ach, j11 0.3 :-1 sncrosc, 7r-t'.i LJ''i'A, pH 7.2. 

c:t 2t 2m: H, S. Also Rfl.-\ extracted by the n0dification 1 of 

Kiri,y's technic;ue fron L ceJls rdtocl1om-ri;_i] fracUon, purificc by 

fHF1 J l to } i~ S ;ind f'C01'. .'.'.t aliont 21 S (FipirP 5), 'i'hcSC' rcsul ts 

ve1-.~ in n~rt:'Prcnt vi th tl•oso c.f Kzi1d1,n~--jtz !_'~~- :2:.~· (J9f,(1) for ci:id

e:111iryo and of Trui·,2n (1903) aw~ IJ«6v (JSC-1;; 19(iC) for r.-it Jivcr 

nnd heart. They cr.ncJuc1ed thnt cis far nf; tl1e scc~incnt,,,t·ior constilnt 

und.istir1cuishahle fro::i tlie cytoplas::·ic ones. J\t that point tl1c 

follouinf ouf'stior. aro2.c. i:2s thr: ohst:·r1cd rP?;A in this anc1 previous 
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Figure 5. 	 Fractionation of L cell mit-TI:'JA on a convex sucrose density gradient. RNA of 2. 7xl0 8 cells 

was labelled with 1 uCi of [5- 3H)uridin~/rnl for 36 hours at a cell density of 2.5xl0 5 /rnl. 
m:A was c:~tr::?.cte<l from ni '.:.ochonclria which were purifiec'. by isopycnic gradient centrifu~ation 
by the modification 1 of Kirby's method in the presence of 14 c labelled rat liver cyt-rru:A 
as described in the method. ~1A (200 ug) t1ns centrifu~ed on 0.3-1.4 M isokinetic sucrose 
densitv ~radicnt at 180,000 x Zav for 11 hours at 2°C in SB 283 rotor of the International 
1'-60 ':..!ltrncentrifu~e and the radioactivit:.r of each fraction was <letennined as described 
in the mct~1c<l. 
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dc~~cribcd jn the' ifcthod::; section. 'l\:o factors \·:ore con::;iclcrcd 

iq,ortanl to o1•tai;1 riurc .-:itochondria. 1he first v:,1s the rc:-10vnl 

of as n1uc11 as po::;si11f' of the cm~oplasr.1ic reU cul t11~ and ril,oso::12s 

before t11e ri:itochondrin \.'ere srdi;~,t~ntcd for the first tir::c, so th<1t 

gr~lc'i.cr<l so that ou centrift:r;<:tio;-. the r.d tochorn'ric-. l111t 110t· r;uci1 of 

[. 1~;.Lif (1%7~1) 

2s a h.inc1ir-;1ic;cl cr.it<'·riori fnr t)1e rur_ificz:tirJi~ cf t:h:· L'it:o:.::hcn1,_:rl.1. 
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\·.'itt ~'._~__,'._]_., l~;c,r,), cyt:och:or:e o:dc1ust·, Jl"'C'atcc'. ill niLnc1mrH'.ria1 

In 'i'alolf' 3 the sncc-if:ic activiUcs c,f ti'cs ...~ 0nzvncs <JS Fc]l 

On th<" c:iscontiuuous st•cro';c c~ensi tv :·.rac'.ii·r:t f; tel' the 

spun c1 0'.~1-, ~:itJ; th£' r~itocLonc'r:L..,_. ThE' 2ctivit:ics of the cytosc:-:·e 

Thf' cruc'.c r~i tcc11or.<'r inl po 110t s ti 11 containec'. lvsosc:·:cs 

1. C' 

" 

rcflcctcc in 1-J1c (1iffcrrcr:t enzy:·1c octivit:ics ns follows: 



--

Table 3 

Recovery of Enzymatic Activities of Malatc Dehydro3enase, Cytochrome oxidase, Glucose-6-Phosphatase 

and Acid Phosphatase During Purification of Rnt Liver Mitochondria 

Enzymes 

~falate Cytochrome Glucose-G Acid1itochondrial purification 
oxidase phosphatase phosphatasedehy<lro~enaseprocedure I 
 I


I 
 units/mg T 
i
units/mgunits/mg units/mf, 

% "' Of %proteinprotein protein protein lolo 

I

_:omogenate 0.210 I 100.01.095 100.0 I 0.748 100.0100.0 1.150 

0,013 I ., "' ..J • .t..1. 2l15 58.5 60.5 I 0.842 57.71.350Ai 
1-:uclei I
l~ I 


I 

30.0lf8. 2 
 i.1~15 0.21150.8 1.842 56.8Supernatent A 1.908 I
I


I 
 I 100.0r;raci.ent 100.0 100.0 100.0 

35% "~ 20% 
x 


41.0l18. l 0. ll19 o. 720 
 0.0620.634 11.0 71.4~ Supernatent B 

I
;1 I 

I 


crude m!tochon<lria 2.015 I l18. 2 2.980 0.878 27.4 0.375 I 78.571. 5 

I I 
 I
t'. I I
I 
 I 


1.1 0.172 /1, 5
x Nuclei B 2.680 s.o 3.560 10.0 0.293 
cJ-> I I I I 
 I I 

oj
...-j, 

-Lt 



Crude Mitochondria 

,-?>Wei.sh .L 

-""'Vas~ 2 

_,,, Wash 3 

~~lfash 4 
O• 

~21> Hash 5 

!Wash 6 

l 
Pure mitochondria 

Total recovery 

0.548 

1.940 

1.1+05 

0.667 

2.180 

5.520 

2.060 

5.5 

7.1 

1.4 

0.7 

1.4 

8.0 

15.7 

109 .1 

1.517 

3.050 

0.800 

0.667 

2.990 

I 

15.4 

11.1 

0.8 

0.7 

o.o 

o.o 

20.7 

70.7 

1.555 

0.915 

2.640 

2.525 

3.480 

1.648 

0.156 

20.5 

4.3 

3.4 

3.5 

3.1 

3.1 

1.57 

132 .1 

0.559 

0.318 

0.557 

0.183 

0.488 

0.202 

0.016 

49.5 

10.2 

4.9 

1. 7 

2.9 

2.6 

1.03 

118. 3 
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none of th' cvtr>cb·o:1c o;:id.::isc ;1 ctivi ty. }'ro1;alil;1 after tlic fot:rth 

l·.·a::;h the rdtochorn~ria st.:~rtcc to l:rc.::il· up and tbc soluhJ.c r'iLoc11or.t:r:i<ll 

r;atri:: but no cytocliror.c o::id.s.sc act:ivitv vas lost bcunisc it is 

l\ft('r the fjrst tFo ,.~,sldii;;s nost of the acic1 phosphat.::i::;c: 

ct _<i_-1_., 1SG7). 1his rossild li ty wos su'lportcd by tlie electron 

dt'i:.::;c bc.di(:S ore l':ilochorn.~ria \·:hich lwvC> lor;L their outer ne:·1br;;~w 

(l 9( :-.) • 

nature of thC' fi1H} fC'l)ct 2nd to SC'C H1Jctller this pclJ,-.t l·.·ao~ 

ni tocllcm· r.f <:t :i :· -;:Li ch C 
. 

<l ;- · 
. 

(~ r~ (' '

http:o::id.s.sc
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Fir,ure 6. 	 Lm1-pm.;er vieP of negatively stained, five tines ,.·ashed rat Hver 
m:i_tochondria . Althouz,h all the structtffc present are tlcrived frm". 
m:ltochom'ria , only few intact mit:ochon<'ria C·O c<i11 be seen . 
i'1itochondriri, usually, are l .': ckinr, outer nc:mlira1:cs (0) anc'. t heir 
inner nc;·~l1ranes ( I) shop a clc11sc ~cr, ner r:i<.lt.ri:-; . 1· ~af'.nific2t:Lon : 
7 ,000 ,. 

http:r:i<.lt.ri
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ncrUclc,; (X) prcserit. Fic_J1cr r'a[n.l.fici1Uo11°; <trc prcsc-11tcd ir. 

purf' i'itocLm:<'r:ia. The irre;cuJi1r pi0ces of r..cdiranc s1wi.·in[; 

0 

nrn-:erous projc-c:U.c;1 of 'JO f. l.nol1-Jikc suJ-mdts ;,_t t~1e ed[CR ;ire 

fifurcs clc~irly shol' that t1,c· f:in;-;J 1:1itoc:honc~ri?l pr·llct i.-.·as nc;:::rJ.y 

fron ] f. of liver. The chr!'lica1 «na]ys:is of the purifi0c1 

)J0 IJ:'.,\ '•Cl" f,jC• (lf r:dtoclionc'r[a]
• ' c 

(Ta1,Je ::'). Rot ]ivcr r:itocl•orc'rjn cont;-iin or~Jv 0.727': 0f the. ~:ot~·J 
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Figure 7. 	 Low-power vie\.; of negatively stained crude rat liver mi t ochondria . 
Host of t he sr..all particles in tl: e background are inner m :d outer 
mitclchondrial fragments but endoy)las1;1ic reti.culum (E) and uniden t
ifi c<1 particles (X) are present . Nagnificc1tion : 10, 000 X. 



Figure 8. Low-power view of negatively stained crude rat liver mitochondria. 

Legend as in Figures 6 and 7. Magnification: 43,000 X. 
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Figure 9. Low-power vicP of nq;atjvely stairied cru<ie rat liver r~itochon(lria . 


Legand 0s in Figures 6 and 7. Magnification: 53,000 X. 
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Figure 10. Low-power view of negatively stained five times washed rat liver 
rnitochonc'!r:ia. Le3cnd 2s in Fi311re 6. Hagnification : 25,000 X. 
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Fi;;un~ 11. 	 Higher-power view of negatively stained, a five times waslwcl 
rat liver mitochondrion. Legend as in riz,ure 6. The outer 
menbrane of the r,iitochonclrion shown hP-re is partly detached . 
Hagnification: 90,000 X. 
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Figure 12. 	 Highcr-:-'ower vieF of nezatively stained a five ti n,es uashed 
r at liver nitochondrion. Lq~ en as in Figure 6. Hitochonc'.riril 
inner mcr.ibranes are coated with projecting knoh- ·like subun its 
(K) which are best seen lyinr; in the pJan c of the object at 
the eclge of the pircces of r1E-mbrar:e . Hncnifica tion : 90, 000 X:. 
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Figure 13. 	 High-power view of negatively stained a five times washed rat 
liver mitobhondrion . Legend as for Figure 12. The dimens ion 

. 	 0 

of the head 	of the knob-like subunits is 90A and the stem is 
0 	 0 

approxfmately 35-liOA wi<le and l~SA long. Magnifi.cation: 
175,000 x. 
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res rec ti vc l:y (n:~vj c:r;o11, l'J(O). 

cytochro:-:e o;~j,!2c;c acUdty, oDly 0,0721:: of the toL1l liver n;:,'\ 

In cnlr·r tn rlr'tcct sucl' a sr:wll 

" ':'he cn·c'.rc 1·:itc·cl101,c:ri[:] fr.01ct~ol1 h:clc:tcc-~ [rn 1 :':-:HF' ce}~s 

is~:i t li t: i c ci i r cc t 
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2. J s0l<· ti c11 0f i-.·:,\ 

po1ys.?:.cc1io.ridcs. 

to a fina] co1~cci1tration of :>bout 3f(.. (v/v) jn order to p1·cdfit<1tc 

fo]J.t,·,.:, tl~c !<::.\ isol;ctcG. fron to th sotirccs 11~:cl typica] 2:.'. an;.' J [, S 

cvt-rr::,\. 1 t ~.'0.S us cc' as 2 c2rd.er to isoJ ;• tcd ni t··E:·:A <n1c! hc11ce 

stucUe:::;. 



82 

Mo<li ficaU on l and I. of ri1 l'Y rs r·1ctl:oc1 ar:d the cold plH'nol-Sr1S 

of these nctl:oC:s c~crended on the a11alysis of t<ic properties of the 

Sucrose dcndty f,raci:[cnt ccntrifu;~aUon of R~:A isolclted frun 

purifjcd rat liver nitoclimH:ria \dth 1~o<lific2tio1, 1 of I:irl1v's 

15 ( ( 37P) lahcl] cd m:A). 1hcrc \·:ere tFo r:2.j or rac'.ioac tivc~ rcn1:s 

fro;~~ C c1ctcrnin:ctior:s 2nc1 frc1·1 tc.·.'C' c'.j ff0rent extractions of rlit--1~~:/.. 

is selcctively rccovercci. If t:1c 15. J 2nd 12. 8 S arc ni t··rT~~:As 
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Fir;ttre JI;. 	 Separatioa of 3ll-J<i1Jclled rat liver mit-R?\A on a co:-i-.,rex 
sucrose dcnsi ty grad:i ent. m;A of fot1r rats wns labelle<l 
by intrpcritoneal injection of a total of 5 mCi of 
[S- 3I1)0rotnte 2l; hours bcforC' the rats were kilJE'cl. mJ;\ 
was c:·:tracte<l from tl1e purified r;:i tochonclria with 2 e of 
carrier rat liver by r::c.c~ification l of l:irby's method <.G 
described in the Hct:10ds. m~A (l+OO µg) was ccntr:ifuged 
on arc isol:i11etic sucrose density gradient and the E2co 
and the radfoact:ivity of L'.ach fraction were determined, 



0 

c 
E 
' CJ) 
+-c 
:.:> 
0 
0-

-.o 
'

"'O 
c 
0 

.s:::. 
0 
0-

Figure 15. 	 Separation of 32P-labelled rat liver mit-PNA on a conve~ 
sucrose density gradient. RN~ of four rats was labelled 
by intraperitoneal injection of A tot,..,_l of 10 r.1Ci of 
32p1 48 hours before the rats were killed. RNA was 
extracted from thi: puri ficrJ rnitnc11011c1ria by modification 
2 of Kirby's r.:cthod 2s closcribcd in the r.1othocls. Sttcros<~ 

density [radient centd fuz;2.ticm of lf00 JJ~ of R~iA i-.rCJ.s 2.s 
described in Figure 14. 
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ccntrLfu'."'.at:ir•n, it: _is star•Je. 

to n-cresol. ln order to rccovf'r t 1:f' P?lA t\-o vciltn1cs of colc~ 

ethanol 1·;cre atklc<l. The prccini tatc 0ht;:i11Cl~ 1-:os n<dn1v c~isodit:r~ 

the cct:f'rgent hy fi]tcrir(; tLe L::t.-t'€•tfT£:rnt s01uti.on throw:h 2. 

eluted fra.c.tion 1 7_th t1·'0 voJu:-·cc, of cnJC: ct'h:!nol. Fhen the I~?~A 

http:s01uti.on
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Figure 16. 	 Fractionation of 2n-labclled rat liver mit-RNA on a convex sucrose density ~radient. 

Mit-~~A was extracted and analyzed on a sucrose density ~radicnt as described in 
Figur<" 15. RNA frorn the four fractions as inc!icatec.l of 3 parnllel gradients was 
precipitated with two volur.ics of ethanol after H<l<l:i.tion of r1cre carrier cyt-rRNA. 
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obtained from fractions of sucrose density gradients (Figure 16) were re-centrifuged 
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Fisurc 18. 	 Scpnrati0n of L cell mit-~~A, cxtract~d by modification 
2 of Kirbv's ncthod, on a linear st1crosc density ?,rnc1ie.nt. 
m;A of 2xl0 8 cells was labelled with 10 J.JCi of [5- 3II)urldinc/r.1l 
for L~ hours at a celJ deusity of 5:d0G/ml in the prescr:ce of 
0.1 J.Jfl ActinoQycin D/ml. RNA was e~trncted hy raodlfication 2 
of Kir1•y's nict:hod in the pres,;nce of L eel] cyt-rRl:A. RI·:A 
(200 pg) was centrifuged oa a l.i.near secro::-e. d12n-:;ity grndicnt 
for 16 hours at 75,000 x g 3 v at 15°C. 
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Figure· 19. 	 Separation of L cell mit-RNA, extracted by the hot phcnol-SDS method, on linear 

sucrose r~ensity gradient. ~retl1ods ,.,ere as for Figure 18 except that R..l<\A of 5.lrx10 8 


cells were extracted by the hot phcnol-SDS cethod. 
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sedimented at 21 S (Fi~ures 20 ~n<l 21). The percentage of the 21 S 

component from the total labelle<l nucleic acid extracted by this 

method varied froM one experiment to another (Figures 19-21). In 

this meLl1od of extraction (Figures 17, 20 and 21) the cytoplasmic 

carrier rRNA was usually r.10re de.graded vhen compared with the same 

RNA extracted with the nodificd Kirby metliod (Figures lli, 15 and 18). 

Figure 21 also shows that if cells were labelled in the presence 

of J..O pg of ethiclium bro1:-.ide, in addition to 0.1 µg of Actino:itycin 

D/1:11 the synthesis of the 15.0 and 12.5 S IWA was inhibited cor~pletdy 

~hile that of the heterodispcrsc and 4 S ru;A was only partially 

inhibited. 

The difference in the radioactive profile obtained fron the 

hot phenol-SDS ncthocl and t·hat of the cold phenol-SDS I:1ethoc! sur,gest:s 

that the latter method extract mit-E_PJJA specifically. The fact that 

this Rm\ consists of t-;.-o corriponent.s of high mol(~cular weir,ht, 

found in any type of rRl1A (Locninp:, 1968), strengthens tf:is suzgE..stion. 

It shouJcl b0 noted that the S valHes calculated here for 

mit-rl:l'l.i\ are based on the 28.0 and 18.0 S values for thE· cyt-rRN'A 

cmnponents as marker, these values were used by Kirby (1965). But 

these valtws vary from one investigator to another, for exan:ple, 

under essentially iclentical conditions of analysis, the sedimentation 

coefficients report·ed for the faster sedimenting rRNA component of 

both rahi"i:it rcticulocyt12s anrl. rat liver vary from 24.5 to 30 S 

(Click & Tint, 1967). 
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Figure 20. 	 Sucrose density gradient C(•ntrifu~ation of L ccl 1 
mit-m:A e:ztracted by the hot phcr.ol-SDS method. Legend as 
for Figure 19 except RNA was extracted from l.8x108 cells 
in the presence of L cell cyt-R~;A, 
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Figure 21. 	 Sucrose density gradient centrifugation of RNA from L cell mitochondria extracted by the 

hot phcnol-SDS method. ~ethods arc as described for Figure 20. In one case cells were 
labelled in the µresence o:: 1 ug and in another of 2 µr, cthidiun bromide/ml in addition 
to 0 .1 µg of Actinomycin D/ml. 0, L cells cyt-P.SA; e, mi t-RIJA; o, mi t-Rl\A from cells 
labelled in the presence of 1 µp, ethidiur1 bror:1ide/ml; 0, mi t-lrnA from eel ls labelled in 
the presence of 2 ug cthi<liun br01:iide/ml. 
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Hit-RNA fro:n rat liver extracted hy the first 

or second modification of KirLy's Llethod or the cold phenol-SUS 

method with r<1t liver cyt-rRNi\ as carrier, failed to enter the 

gel properly though the rat liver cyt--rR1l1\ penetrated an(i 

separated as expected (Figure 22). Mit-R~iA extracted with the 

cold phenol-SDS method in the presence of L cell cyt-rR~A as 

carrier, penetrated the gel and separated to two major components 

with avercigc TnobiHtics of 20.9 <mcl 12.11 SE compared with the 

28.0 and lS.O SE cyt-rRNA, as sho1m in Figure 23. Because of 

the lfr1it of accuracy valecs of 21 an<l 12.5 SE will be used in 

subsequent discussion for rat liver r.Iit-m1A. The ratio of the 

21 SE compont:nt to the 12. 5 SE component averaged 1. 23 ± 0. 03 as 

calculat('d fron l1 0lcctrophoretic runs and from 1 extraction of 

House L cell mi t-m~A. Nit-P,N.'\ from L cell extri'lcted with the 

cold phenol-SDS method separated on the gel to two major 

components with average wobilities of 20.8 ± 0.2 and 12.4 ± 0.1 

SE as calcuJ atcd frora 6 electrophoretj_c runs and fro;n 3 extractions 

(Fj~ure 24). Again values of 21 and 12.5 SE wlll be used for 

further dif;cussi.01t because of the limit of the accuracy. The 

ratio of the 21 SE co~pon~nt to the 12.5 SE component avera~ed 

to 2.08 ± O.JfJ as calculateC: from 6 clectrophoretic runs nnd 

fro:~t 3 extractionc;. As can be seen frow Figure 24 the synthesis 

of rilit-1-:.I·:A were: comp]etcly inhibited uhcn cells \.:ere labelled in 

the presr>nce of 1.0 iii:; cf ethi.cliu:a 1ironlde in addition tc the presence 
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Figure 22. 	 Gel eJectrophorcsis of R;JA fro:-:i rat liver mitochondria 
extracted by the first modification of Kirby's method. 
Rl~A was labcllPd and extracted from mitochorn~ria as 
describNl in Fisure S. m·:A (30 \Jg) was clectrophoresed 
as described in the methods. 
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Figure 23. 	 Separat.ion of L cell cyt-rPJ(A and rat liver mi t-fG:~A on agarose-polyacrylamide gel. 
PSA from rat liver mitochondria labellP.cl with 32p. was extracted bv the cold uhenol-SDS

1. 	 - • 
r.iethod in the presence of L cell cyt-rR:\A. [ 14 c] labcll0d L cell cyt-rRlJA was added 
and subjected to simultaneously electrophoresis with the mit-RNA·. 
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Gel e]cctrophores:is of lZi':A from L ccll 111itochondria 
extractec: by the coJc! phenol-SDS method. RNA was 
labelled and D:tractcd fror.1 mitochoncriil of l. 3:·:108 

cells in the presence of cyt-rRI!A as described in 
the r.:cthod. In one case mitochonclr i2 l K}:A was 
label] c<l :i 11 the presence of 1 irr, of ethidiuFl brornide/r.· 1 
in adJi ti on to 0 .1 Pt:i of Actino!'!ycin D/nl. Cyt-rR::A 
l<1bclli:•d with (2- 11'C]uri<line was added as a r1,"lrkcr to 
tbc Swctple of n:i.t··Rl!A labelled in the allf;cnce of 
ethi<lium bronide. The r.1i t-RNA labelled in the presence 
of cthidirnn bromide V-'as subjected to elcctrophores:i.s 
scpara te ly. 0, \.y t--rr.;·:A; o, mi t-Rl\A; 6, r:ii t-n.;,!A 
from cc] l.s labelled in the prc.3ence of ethicliu:-,1 l>romide. 
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Total nucleates isolated with the hot ph2110l-SDS method 

have the 21 and 12.5 SE peaks but in addition a major peak at 

about 18-19 SE appeared as shown in Figure 25. Further investiga

tion showed that the 18-19 S corc1ponent is DNA which originated
E 

from nuclear fragments found in the crude mitochondrial fraction. 

R.i.~A extracted from n.i tochondria which had been purified by 

isopycnic sucrose density gradient step did not have this peak as 

shown in Figure 26. The 18-19 SE component was present in the 

nuclear pellet obtained at the botto~ of the tube on isopycnic 

centrifusation (Fi::;ure 26). The 18-19 Si: cor.1ponent was rcr;;oved 

by incubatinr, the mitochondrial fraction at 4°C for 4 hours or 

at 37°C for 10 minutes with 10 pg of RNase-free m1asc/ml. This 

component was found to be resistant to pancreatic RNasc and to 

0. 3 N KOH \·'hen compared with the 21 and 12. 5 SE components. The 

synthesis of the 18-19 SE co111ponent was resistant to the incubation 

of the cells with ethidium bromide (1.0 ).Jg/ml), The ratio of the 

21 SE cor.1poncnt to the 12.5 SE component when extracted with the 

hot phenol-SDS 111ethod was siuilar to the ratio obtained for tltcse 

components uhen e:·: tracted by the cold phenol··SDS method and 

averaged 2.13 ± 0.38 calculated from 10 electrophoretic runs an<l 

from l1 extractions. 

Because of the discrepancy between the sedimentation 

values of mit-Rl;A obtained from sucrose density gradient analysis 

and the mobility values obtained fron the agarosc-polyacrylami<lc 

gel electrophoresis analysis, an attenpt was made to correlate the 

con;ponents. L ceJJ. mi t-RNt\ conpoacnts purified on sucrose dcnsi ty 
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Figure 25. 	 Ge] electrophoresis of RNA from L cell mitochondria 
extr~cted hy the hot phenol-SDS Llethod. RilA was 
labelled and extracted fror:t l.'1itochondrial fraction 
as described in Figure 20 and subjected to 
elcctropr10rcsis as described in Fir,ure 23. Thf~ 

cytoplnsrd.c rT~~A i;rns subjected to clectrcphoresis 
in n par<1llel tube. 
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Figure 26. 	 Gel electrophoresis of RNA isolated by the hot phenol-SDS 
method frorn the r:1itoc!10nddnl and nuclear fractions 
separated by isopycnic gradient centrifugation. The 
crecle mitochonclri;;;J fractj on fror:i uhi ch the R~iA \·:as 
extracted and s1ilijcctcd lo electrophoresis in Figure 25 
wns purified by isopycnic grcdicnt centrifugation and 
R2-IA extracted by the hot phenol-SDS Dethod fron the 
resultin~ mitochondrial band and nuclear pellet. 
Electrophoresis wns as described in Figure 23. 
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gradients were electrop!t0resecl on agarosc-polyacrylamide gels. 

The results indicated t11at the 12.5 S coinponent ran at 12.5 SE 

and the 15 S co~ponent at 21 SE and the 21 S peak which appeared 

when total nucleate were extracted with the hot phenol-SDS 

method (Figure 20) ran at 18-19 s . Clearly the 21 S cor.1poncnt
E 

was DNA, the possible nature of the retardation of the 15 S 

component will be considered in the Discussion. 

These results, as with those obtained from the sucrose 

density gradient analyds, indicated tlwt r.1it-RllA isolated 

indirectly from D. crude mitochondrial fraction 0f L cells, 

labelled in the presence of 0.1 µg of Actinomycin D/nl, migrated 

on agarose-polyacrylam:i.de gel electrophoresis at about the sar:1e 

SE valt1Ps as <lid nit-RNA isolated directly fror.1 the pure 

mitochondrial fraction of rat liver. This fact was further 

confirmed by runnin3 L cell mit-RNA labelled with ( 3IJ]uriclinc, 

isolated vith the 1rnt phenol-SJlS Plethocl and then treated with 

D~1asc simultaneously with rat liver [ 3 2 r]-JalH~llPd r.iit--m~A 

isolate:d \.Jith the coJd phcnol--SDS method. As shm·:u in Fiijurc 

27, the 21 and the 12. 5 SE components of the two RNAs coincided. 

The on1y reruarlrnb1 e difference between the rat liver and L cell 

mit-PJiA was the ratio of the 21 SE to 12.5 SE component as shown 

in Table lf. 

cells was isolated by the cold phenol-SD$ method and analyzed 

on agarose-rolyacryhu,ddc gel eJectrophoresis. Two m2.jor 

co:uponcnts \\'ere Otl tai~(,d at 20. 8 an<l 12 .1 SE as shmm in Fi;:;ure 28 

http:agarose-polyacrylam:i.de
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Figure 27. 	 Gel electrophoresis of mit-m~As from mouse L cell and rat liver. RNA from L cell 
mitochondria was labelled and extracted as described in Fi~ure 20. Before 
electrophoresis the extract was incubated with 10 µg D~fase/ml as described in the 
methods. :·Iit-Rl\A from rat liver ~,'as lnbcllec and extracted as described in Fi~ure 23. 
The two mi t-l<.l\As were electrophoresed sir1Ul tancously. 



Table 4 

Analysis of Mit-RNAs on Agarose-Polyacrylamide Electrophoresis 

Source of Nit-RNA 
labelling isotope 
P~Ii\ extraction method 

Mouse 
y cell~ 

3n 
cold phenol-

SDS 

:--rouse 
L cell 

311 
hot phenol-

SDS 

Rat liver 
32p 

cold ;ihenol-
SDS 

Rat 
!1epat or.:a cell 

32p 

cold phenol-
SDS 

Human 
f'T',..., cell 

l4c 

hot phenol
sr::s 

N11mber of electrophoretic 
runs (no. of experfa1ents) 

6 (3) 10 (4) 4 (1) 2 (1) 7 (1) 

Means SE of the larger 
rni t-r~ ..\ component .1. 1 S.D.- 20.8 ± 0.2 21.0 ± 0.2 20.9 20.8 20.4 ± 0.3 

!-1ean Sry
J;, 

mi t-P-1·~!~ 
of the smaller 
component .._ 1 S .D.- 12.4 ± 0.1 12.1 ± 0.4 !.2.4 12.1 11. 2 ± 0.2 

~ieD.n of the relative amount 
of the incorporation of the 
rad:l..onctive isotope of the 
larger to the smaller mit-
RNA component ± 1 S.D. 2.08 ± 0.36 2.13 ± 0.38 1. 23 ± 0.03 1. 34 1.8 ± 0.09 
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0 3 ~ 

FNA of l.6xl0° cells wns labelled with 50 µCi of [ LPJP1/rnl 
for 4 hours at a ce.11 density of SxlOS/ml in suspension 
mediun1 containin(:: 0 .1 r.i!! .Nall2P01f in the presence of 0.1 J.Jg 
of Actin0r,1ycin D/t1'.l. Rl1i\ was extracted by the cold 
phcnol-SJ)S t1cLhoJ anci analyzed (30 J,Jg) on agarosc-polyacrylanide 
gels. 
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that is close to if not the same as other rodent i;1i t--RNA. The 

ratio of the 21 SE component to the 12.l SE component was 1.34. 

Human KB cell 7'lit-Rl'JA, Hit-RNA lnl>elled with ( 14c)uridine was 

isolated fr0r.1 hunan KL cells with the hot phenol-SDS method, 

Simultaneously electrophoresis with L cell mit-lli1A showed 

components of 20.4 ± 0,3 and 11.2 ± 0.2 SE as calculated fro1:1 

1 e>Ytraction of the mit-RN.i\ and frc.1m 7 clec:trophoretic runs (Figure 

29). Because of the lirai t of ciccuracy vciJ ues of 20. 5 and 11. 0 SE 

rcsrcctively will be used. The ratio between the 20.5 SE conponent 

and the 11.0 SE conponent is 1.18 ~: 0.09 calculated frora 1 

extraction of the mit-Rl·:A and from 7 electrophoretic runs • 

.£9..E:1.f'..§l!_!~_()_I2.• An :tttc::ipt at simultaneous electrophoresis of 

[ 3H]-labelle<l tc:ouse L cell mi t--Rl~J\, [ 32r)-labelled rat 1iver mi t-Rl:A 

and [ 14 c]-labellcc~ hnman KB cell mit-RNA on one gel was ma(le ns 

shown in Figure 30. Th011gh the gel was overloacleJ a clear 

separation was obtained between the rodC'nt r.ij t-lmA and the human 

The analytical results from aearose-polyacrylami<le gel 

electrophoresis of rnit-RlJA, from the different tissues examined, 

are stttrh'":l<::rizecl in Table l,. Two pClints should be eniphasized. 

First, all rodent mit-RJJA whether e:·:tracted from the purified 

mitoch()ndrial fracti0n, like in rat liver, or from a crude 

mitochondrial fraction, when cells were labelled in the presence 

of Actinoinycin D, or •<hether extracted by the cold or the hot 

phenol-SDS method, the RRA contained two major co;nponents with 

mobilities of 21 and 12. 5 SE. On the other hand hun1an KB cell 
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Figure 30. Gel electrophoresis of rnit-Rl':As from 1:.ouse L cell, rat 
liver and htww11 KH cells on ngarose-·polyacrylar.iide gel. 
Nit-Rl<As fr0F1 L cell, lZB cell and rat liver \>'£;re 

lebelled end extracted as described in Figures 27, 29 
and 23 respe~tively. These RK"'.s were electrophoresed 
sir.1Ul taneously and the radioactivj ty was detendnecl • 

.A? KB cell mit-RNA; 0, rat liver mit-R1\A; 
0, L cc-11 mit-10TA. 



-
0 

0 

222 ND WW E£Zt:U: Uh! • WSLL& L 

0.o-O..,o I J " 3 ) 

'-mr o~;rnin (cm .2 
coD•_,~.~nl"(:l 
f-' 

i KB ce s
i,., l ' ' ,., ...,. ~rom i ~~ d human 11 on 
•-·- 'ivor an .
" mit--IU\As from mous ,_,Figure 30. ho res -r~s 0.1.. , '- e T 

· CC 1 -, ' rat -'
Gel electrop. lamide sc_._. 
'-'b - olvacry""'arose P 

0 



109 

mit-IB!A migrated faster at 20.5 and 11.0 SE. Secon~ly the ratio 

of the larger component to the smaller one in all tissue is just 

above 1 except for L cell where this ratio found to be over 2, 

whether the RIJA \>.'as extracted by the cold or hot phenol-SDS method. 

d. Chromat!?f,rarl_iy on H./\.K columns 

The elution profile of L cell mit-RNA, extracted with the 

cold phe>nol-SDS ncthod, is shm-m in Fir;ure 31. The bulk of the 

radioactivity was eluted with a peak at 0.95 N l·~aCl compared with 

cyt-rfil!A which eluted at 0.89 H. No tRNA or DNA would be 

expected when ill1A is extracted with the cold phcnol-SDS ncthod, 

but a sriall "n:·~A" peak was eluted at 0. 66 H llaCl. A sinilar rmA 

peak has bec-n observed by Dilline & Barbiroli (1970), which they 

thought vas ti DNA-like RNA. Since 100/; of the radioactivity was 

recovered fro:n the colur:m after elution of 150 fractions and since 

no 1'1C-Ssen~er FrnA (rn.Rl~A) is expected when rEEA is extracted 

with the cold phenol-SDS method, no attenpt was made to elute 

mRNA which sticks to the column acJ can he eluted with SDS 

(Ellem, 1966) or with i ncr,"ai:in0 a1:1ount of heat and therefore is 

called tenperature dependent RNA ·(TD RNA) (Ellcm & Sheri.d:m, 196!+), 

The recovery cf Rfo\ in various fraction::; as well as thP. result of 

MAI~ column chror.wtography of r.d t-R:,;A extracted t:ith the hot phcnol

SDS method is given in Table 5. Althcugh the ar.10unt of r.iitochondrial 

high molecular ve:ight m;A was extracted with both methoc.ls was about 

the same, 130>000 counts per minute (cpm) from the hot method and 

116 ,000 qna for the cold method, 58. 5;~ of the Rl~A extra:::.ted with 

the hot method rernai.ned on the colu;;:n. This corresponc.ls to the 

http:corresponc.ls
http:methoc.ls
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Figure 31. 	 HAK column chromatography of mouse L cell mit-RNA. Rt:A of 8xl0 8 cells was labelled as 
described in Figure 20. R..~A was extracted fro1"!1 the crude mitochondrial fraction by the 
cold phenol-SDS nethod in the presence of cyt-rP.iJA. Rl\TA (4 n~g) was chromatographcd and 
the E2st1 and the radioactivity of each fract:ion were determined as outlined in the methods. 



Table 5 

Elution of Radioactive Nucleates From MAK Columns 

Recovery (p~r cent of total) 

Extraction method to tl~~A tR!iA to DNA DNA to Hit. RNA Mit. 11."JA after left on 
Hit. R:.'JA the column 

Cold phenol-
sodium dodecyl sulfate 2. (, 9.0 G.4 70.8 11.1 0 

Hot phenol-
sodium dodecyl sulfate 2.9 2.9 1. 3 5.8 6.1 20.8 1.5 58.5 

Note: 	 Each column fraction refers to the portion eluted by increasing concentrations of NaCl and is 

delineated by a particular nucleate. Thus the columns to tRNA, to DNA and to Mi t-fil;A refer to the 

percentage of counts eluting up to these compounds starting from the previous compound, A total 

of 194,000 cpm for the cold phenol-SDS extracted R.~A and 554,000 cpm for the hot phenol-SDS 

extracted R..~A were ~pplie<l chromatographe<l. 
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heterodisperse TD RlJA or mRNA that i.s synthesized by marru'T!alian 

cells in the presence of low concentration of Actino~ycin D 

(Penman, Vesco & Penman, 19G8) and can be eluted only by drastic 

treatments as nentioncd above, 

In order to prove that the major peak obtz.ined on the HAK 

column is mit-RNA, fractions from the gradient were collected, 

dialyzed, lyophilyzed then characterized by agarose-polyacrylamide 

gel electrophoresis as shown in Figure 32, The characteristic 

21 and 12, 5 SE RNA species are seen in rJ~A obtained from fractions 

105-115 and a 19 S peak was seen from nucleate obtained from 
E 

fraction 78-83. The latter observation indicates that this 

radioactive peak could be DNA. A bacl:ground radioactivity was 

observed on the gel (fraction 105-115). This could have arisen 

either fron difficulty of the RNA penetrating the gel or to some 

degradation durin3 the cany steps in handling. 

Since the analysis of cit-RNA by sucrose density gradient 

and by agarose-polyacrylamic1e gel electrophoresis indicated that 

the molecular size of this Fl~A is smaller than that of the cyt-rRNA, 

the result ohtainecl by the NAK colur.m d1cn; 1-:iit-El~A was ·eluted- in 

a higher NaCl concentration than the cyt-r~1A, was unexpected, 

Characteristics other than the rnoleculnr size of the 11iit-RNA .:ire 

probably responsible for its stronser adsorption to the column, 

and their nature will be considered in the Discussion. However, 

the above three analytical methoc'.s which characterized the 

physical properties of the mit-RNA indicate that the 15 and 13 S 

or the 21. 0 and 12. 5 SE Rl-7A components are probably the nd t-r!;.!-;A 
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species for the following reasons: 

1. They are extracted with the cold phenol-SDS method which is 

specific for ribosomal RNA even tliough mit-tRi·iA, DNA or hetcro

disperse IDJA, wl1ich were also extracted by the hot phenol-SDS 

method, ~ere present in the crude mitochonrlrial fraction. 

2. Ribosomal RNA isolated from any organism, so far reported, 

consists of 2 st2ble, well defined large and small components 

(Loening, 1968). 

3. These co1nponents were eluted fror'l a Nl1.K column at a NaCl 

concentration at t-~hich rfU:lA is expected. 

The only strong argw1ent against the possibility that 

these RHA coP1ponents arc not mit-rRNA is that perhaps they 

actually e.re cyt-rREA contar:linants which in the process of 

isolation of r.i:i.tochondrial fraction undergo physical chan~es 

like degradation which in turn yield the observed results. In 

order to eliminate this possibility the nucleotide corapositio~ of 

these fu"l"A co::lponents were e':amined. If these RNA components 

ori3inated fron cyt-rRNA, they have to contain the same nucleotide 

composition hit if their nucleotide composition is different than 

that of the cyt-rR.l!A then mit·-rRHA arc unique species not derived 

frow cyt-rREA. 

e. Nucleot1 c~~:__cor.~:Ei.t_~~-

The nucleotide composition of mit-IDIA labelled with [ 32p] 

and extracted with either nodification 1 or 2 of Kirby's method 

or 	with the cold phc::nol-SDS method was detenained by paper 

·electrophoresis. The results from the analysis of rat liver 
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and mouse L cell mit-RHA co1"p2red with the nucleotide c01nposition 

of the cyt-rill{A from these tissues obtained by Kirby (1965) and 

Lane & Tamaoki (1961) are given in Table 6. The deterr:i.inati.on of 

the nucleotide cowposition by [ 32P]-labelled mit-rRNA was 

satisfactory because the result with direct nucleotide analysis 

of cold rat liver mit-rIUJA obtained tdth a Dowex 50-H+ column 

according to Katz & Comb (1963) was almost identical (Table 6). 

It is obvious from these results that the nucleotide composition 

of mit--PJ,:A is fundaP.1entally different fro~a that of the cyt-rRNA and 

therefore mit-lWA, cannot derive froP.1 it. Hit-rRl~A fron mouse 

I. cells and rat liv2r and rat hepato::1a contain more ader.ylate 

+ uridylatc and less guanylate+ cytidylatc th.'m cyt-rRXA. On 

the other hand there are different nucleotide compositions"for the 

3 mi t--rmMs. The higher values of G and C and lower values of 

A and U in rat liver m:it-rR~lA could be due to cytoplasrn,ic 

contamination. As shown in Table 7 the 19-8 S fraction (fro~ 

Figure 16) did have values that approached closer to those of 

the tissue culture cells than that of the bulk mit-rRl:A used 

in that experiment. However they were still not the same, leavin~; 

the possibility that mit-rRNA varies from species to species and 

from normal to malignant tissue. Differences in labelling 

techniques (48 hours for rat liver, 4 hours for tissue culture 

cells) or the contamination of tissue culture mit-rRNA with rnill~A 

could also account for the results. 

The main conclusion from Table 6 is that mit-rRNA is nnt 

derived fror.1 cyt-rRNA. 

http:deterr:i.inati.on


Table 6 

The Nucleotide Composition of rRNA From Rat Liver, Rat Hepatoma Cell 

and Mouse L Cell Cytoplasm and Mitochondria 

Nucleotide (moles %) 

- 28 s 

- 18 s 

Mouse L cell cytoplasm 

- 28 s 

- 18 s 

Rat liver mitochondria 

- 32p (5) 

Source of rRNA Uridylate Cy tidy lateAdenylate I Guanylate 

(A) (G) (C)( ) No. of extractions (U) G+C 

Rat liver cytoplasm I 
17.0 17.8 32.233.0I 
18.0 

16.0 

19.3 

23.2 ± 1.0 

- unlabelled I 22.4 

Rat hepatoma cell mitochondria 

32. lf 29 .819.8 62.2 
I 

II 

17.5 35.3 30.8 66.1I

I 


23.0 

30. 3 ± 1. 2 

29.2 

29.8 

21.l ± 2.5 

24.3 

27.5 57.3 

25.3 ± 1.5 46.4 

21•• 0 48.3 

65.2 



- 32p 27.5 40.916.4 24.531.5 

Mouse L cell_mitochondria 

- 32p 26.3 34.1 17.4 22.2 39.6 

Note: 	 The values for the rat liver cyt-rRl~A are fron Kirby (1965) and those for L cell cyt-rfu~A from 

Lane & Tsmaoki (1967). Analysis of mitochon<lrial P\l'JA by paper chromatography (Lane, 1963) gave 

identical results to those given above which were obtained by paper electrophoresis. 



Tahle 7 

Nucleotide Composition of Fractions of RRt-liver Hitochonc1ria.1 


RNA Separated Ry St:.crose Density Gradient Centrifugation 


RNA labelled with 321'. isolated by the second no<lifica tion of the method of 
1 

Kirby, fractionated on a sucrose density ~radicnt and the nucleotide 

composition determined. The nucleotide cornpositlon of original R!JA and the 

calculated recovery using the percentat;e of RNA in each fraction are also 

given. 

Nucleotide (moles i~) 

RNA 
Fraction percent of total uridylate adenylate guanylate cytidyfote 

orir.;:i.nal Rl\'A 23.5 29.6 20.1 26.8 

39-25 s 28.5 22.t. 27.9 23.0 26.7 

25-19 s 25.5 21. 3 27.6 23.5 27.6 

19-8 s 39.9 22, Lf 30.9 19.9 26.7 

8-1 s 6.2 24.3 32.6 19 .o 24.0 

Recovery 22.2 29.3 21. 7 26.8 
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The molecular weight of the 21.0 nnd 12.5 SE mit-rRNA 

components was calculated to be 0. 9Gx1_0 6 and 0. 33xl06 dal tons 

respectively, cor.1par0<l with 1. 7xl0 6 and 0. 70xl06 dalt011s of the 

28.0 and 18.0 SE cyt-rRNA markers rcspectivf'ly. This calculation 

was done accordinB to the interpolation method of Loening (1968) 

and Peacock & Dinzman (1968), based on the fact that the logarithm 

of the molecular weight of the RNA is linearly related to the 

distance of its mo1)ility in the agarose-polyacryl<mide gel 

electrophoresis (Fir,ure 3). On the other hand the r.10lcculnr 

weight of the 15.3 and 12,8 S rnit-rRNA components was calculated 

from their scdimento:ition distance to be 0.49xl0 6 and 0.33x10fi 

daltons resp2ctfveJy. these data were obtained-by interpolating 

the molecnl:ir weight of mit-rRt~A conpare<l t-rith those of the 

cyt-rP.NJ\ h2~~(~d on the fact that the log2rithn of the molecular 

weight of the R~IA being linearly related to the logarithm of the 

distance of its sedivicntation in the convex sucrose density 

gradient (Figure 2). The possible explanation for the discrepancy 

between the sedir,1entation and the nobi 1i ty results, in the case 

of the larger mit-rllilA con~onent, vill be considered in the Discussion. 

5. Mitochond1ial Ribosomes 

Having established the presence of a ribosomal-type of 

IU-IA in mitochondria, it was necessary to show the presence of 

mitochondrial ribC'sones and that the r.iit-rRNA could be extracted 

from them. Hi tochonclri al ribosomes were isolated after JyEJis of 

http:cyt-rP.NJ
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mitochondria with DOC and Triton-XlOO and r-.:·~A was extracted frorn 

ribosomal peaks by the cold phenol-SDS method. The rational and 

and the problems were as follows: 

Since mitochondrial ribosoliles could be attached to the 

mitochondrial inner membrane or located in the mitochondrial 

matrix it \iaS necess,qry to dissolve this membrane without affecting 

the complex structure of rnitochonarial ribosomes. In addition 

in order to Llaintain the native structure of the ribosomal 

complex the ribosor.1es have to be isoletted in a buffer with the 

ri13ht ionic strength and ratio of n10novalent ions to divalent 

ones (for review, Peten1an, 1968). An initial indication that 

mitochondria contain ribosome-like particJ es would be the 

presence in Ditochon<1ria1 lysates of part:icles which sediment in 

sucrose density gradients in the range of kncwn r.10nomeric 

ribosoncs. Fron a variety of isolntion buffers which were 

tried for the Lrnla tion of nitochon<lrial ribosomes only the TKH 

buffer was successful. It was important that this buffer had 

a ratio of 10 tietwcen the monovalent to the divalent ions, a 

high concentration of Mg 2+ (6m:I). The p1csence of GrnlI Hg 2+ in 

the lysing r.1 edium c'luscd a probh·u, sir.c2 r:g 2+ concentrations 

over 2mH form insoluble oomp_rexes with 0.57. (w/v)of soditl:."1 DOC 

which is usually used for isolation of cytoplasnic ribosomes, 

In order to ovcrcowe this problem it was found that if the 

mitochondrial fraction was first dissolved uith 0.5% (w/v) 

Triton XlOO nnd then made O.s;; (w/v) with sodium DOC then the 

insoluhle maz,nesiurn DOC co::1pJ ex did not form. 
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As with mit-RI~A, it was necessary to identify the 

mitochon<lrial ribosomes by labelling and excluding cytoplasmic 

contamination either by isolating pure mitochondria from rat 

liver or labellinz L cells in the presence of 0.1 µg Actinomycin 

D/ml. 

Ribosomes of rat liver were labelled by the intraperitoneal 

injection of four 100 g rats with a total of 5 mCi of [5- 3H]orotic 

acid 118 hours before the rats m~re killed, The ribosomes of 

about 2x10 5 mouse L cells "t-:ere labelled with 10 µCi of [5- 3!!Juridine/rnl 

for 4 hours at a cell density of 5x10 6/rnl. 

In the process of isolating mitochondrial ribosomes, the 

Rl'fase inhibitors Hacaloic! and SDS were not used because of their 

possible effect on ribosonal proteins. The SDS especially 

would disrupt ribosomes. Thus,· althou3h the characteristic 

sedimentation coefficient of mitochondrial ribosomes might not be 

affected by one or two nicks in the rRNA, it r.1ight not be possible 

to obtain nati\·e mit-rR1\A from the ribosomes. 

Rat liver nitochondrial ribosomes 

In FiBure 33 the sedimentation profile of a nitochondrial 

The sedimentation profile of the dialyzed [ 3H]-labelled mitochondrial 

ribosor:1es on a convex 5-20% sucrose-TKH density gradient in the 

presence of [ 14c]-L cell cytoplasmic ribosorr.es is shown in 

Figure 34. Two najor components were observed, and their 

sedinentation coefficient were calculated by interpolation to be 

55 and 35 S conparcd with the 76, 60 and 40 S L cell cytoplasmic 

http:ribosorr.es
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Figure 34. 	 Separation of rat liver riboso~al fraction on sucrose density gradient. Rat liver 
ribosomal fraction was obtained from fractions 20-35 of the centrifugation of the 
mitochondrial lysate on the sucrose density zradient as described in Figure 33. The 
fractions were combined, dinlyzed and recentrifu~ed on 5-20% sucrose density gradient 
in the presence of l 4 c labelled L cell cytoplasmic ribosomes and subunits as described 
in the methods. The sedir.ientation coefficient of L cell cytoplasmic ribosomes and 
subunits t:cre linearly related to th~ir sedinentation distance ('A). 
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mono!ller .:;nd native subunits rcspeclivcly according to Perry & 

Kelley (1968). 

RNA was extracted fro!11 the 55 and the 35 S components 

with the coJd phenol--SDS method then analyzed on ar,arosc

polyacryl~1ide gel electrophoresis. The results are shown 

in Figure :?5. Five species of high P10lccular weir.ht RNA Kere 

detec tcd from the 55 S ribosomal component: 27.. 3, 16. 7, ll1. 2, 

12.4 and 10. 7 SE' only two of these species ll;.7. and 10. 7 SE were 

found in the 35 S ribosomal conponent. The relationship between 

these Rl~A species and the mitochondrial ribosonal PJ-JA isolated 

directly from the ~itochondrial fraction is not yet understood 

but it is possible that these species represent a specific 

degradation pattern of nit-rPJ~A which took pl.'.lce in the process 

of analyzing the mi tochonclrial ribosomes. 

L cell Mitochon2rial ribosomes 

A mitochondrial lysate from 1. Gxl.08 cells labelled in the 

presence of 0.1 pg Actinomycin D/nl was analyzed on 5-20% 

convex sucrose-TKM density gradient. The result is shown in 

Figure 36. The sedimentation constants of the three conronents 

obtalned were calculatPd to be 55, 35 and 24 S by interpolation, 

using the linear relationship obtained beb1ecn the sedimentation 

coefficient of L cell cytoplas~ic ribosomes and ribosomal subunits 

and their scdi1aentation distance (Figure 3l1). There were not 

enow;h counts for extraction of P.~;A from these components. The 

finding that the amount of the smaller components of this profile 

is larger than the 55 S one could be due to tl1e E'ffect of Actinonycin 
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Figure 36. 	 Sucrose density gradient centrifugation of mitochondrial Triton-DOC lysate of mouse 
L cell. ~ibonucleoproteins of l.6xl08 cell were labelled in the presence of 0.1 µg 
of Actinol'lycin D/ml as described in the r.iethod. Crude r:'.i tochon<lrial fraction was 
isolated, lysed an<l centrifuged on 5-20% sucrose-TD[ buffer density gradient as 
described in the me~hod. 
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D since hi3h molecular weight sped.cs from the polysome region 

which arc normally present in a control ce11 seem to degrade to 

smaller conponents in its presence. Thus, it is possible that 

the 211 S comp onen t, which is missing from the ribosomal profile 

of rat liver mitochondria, is an artifact of the sane effect. 

These results indicate that in the range of known nonomeric 

ribosomes, the 55 S component was the largest obtained either 

directly or indirectly from mitochondria of rat liver and mouse 

L cell respectively. Thus sur,gesting that the 55 S component might 

be a unique monorceric form of mitochondrial ribosomes and the 

35 and 24 S components the ribosomal subunits. 



IV DISCUSSIOU 

The results show that manmalian mitochondriR possess 

species of higher molecular weight RXA the1t are probnbly ribosomal. 

A conclusive demonstration of i:iitochondrial ribosomes was not 

possible but parti_clcs that could be riboso1~1es on the basis of 

their size were denonstrate<l. These results taken in conjunction 

with those of others for mit-rFU\A from many species raise several 

questions of biological importance. The results presented here 

will be considered first and then the implicaticn of this nncl other 

work on the autonomy, origin and evolution of mi tochondri<i 

and mitochondrial DNA ancl rRNA in partlcular will be consi.dered. 

The rHI~A extracted fron the mitochondrial fraction is 

clenrly disti~guished as a species distinct frorn cyt-rRNA by its 

sedimentation rate, electroyihoretic nobility and nucleotide 

composition. These characteristics do not cstnblish whether the 

}~NA is non:ial constituent of nitochondria or a contaminant. The 

best evic1ence that t1H:se are con:]tituents of 1:1itochoncria is their 

presence in highly-purified rat liver mitochondria. This finding 

precludes their oris in from nuclei lysoso;i:es' encop1.'.1smic 

i:eticulura or cytc,plasnic ritosones as these cellular cor11poncnts 

were e:·:cludcd by the enzyr;iatic .'.lnd electron r.dcroscopic criteria. 

128 
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Althot:gh the fu'IA could be from an unidentified particle that 

co-sediments with mitochondria, this is Mghly unlikely in 

view of the demonstration of mitochondrial DNA and protein synthesis. 

Mitochondria, themselves, therefore contain these distinctive 

species of rRNA. This finding supports the denonstration of 

distinctive rR..~A species in crude nitochondrial fractions of 

tissue culture cells utilizing ActinoDycin D to suppress the 

synthesis of cytoplasmic rENA. The RNA species obtained from 

the crude ndtochonclrial fraction of Actinomycin D-treated mouse 

L cells, hunan KB cells and rat hepatoma cells arc similar to 

those obtainPd by others from Actinomycin D-treated hamster (B!lK-21) 

cells (Dubin, 1967) and huTJan (HeLa) cells (Vesco [, Penman, 1969). 

In both of the latter cases only a hroad peak of P..NA sedimenting 

at about 17 S was observed on sucrose density gradient centrifu~ation 

but a separation into 21 and 12 SE species was seen on electrophoresis 

of HeLa cell mit-rJ~A (Vesco £, Penman, 1969) and that of hamster cells 

(Dubin & Hontenecourt, 1970). These co;:iponents could be an artifact 

of drug treatment because they are only clearly seen under these 

conditions, although Vesco & Penman (1969) and Knight (1969) did 

identifv then in control ce] 1 cultui·es. A more serious problem is 

that the mitochondrial fractions obtained from cell cultures are 

not pure. Contanination fror:1 other cellular fractions, viruses or 

mycop1asma is possible. RNA species rich in A and U have been 

identified in tissue culture cells infected with n1ycoplasma and 

their sediMentation constant has been reported as 14-20 S (Levine 

~ _?l., 1% 7; 1968) and 16 and 23 S (Markov !.:i ~l · , 1969). In the 
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experiments reported here this was probably not the case because 

there was no disturbance of RNA synthesis as reported by Levine 

~_al. (1968) and because the cells were grown in the presence of 

an anti-mycoplaf,ma drug. As stated above the finding of 

distinctive RliA species in hi~hly purified rat liver mitochondria 

is the strongest evidence that the 15 and 13 S (21 and 12 SE) rPJ-:A s 

of tissue culture cells are' truly mitochondrial. Their presence 

in tissue culture cells is therefore pro~ably not due to mycoplasma, 

an artifnct of <lru;; treatnent or contardnation of the mitochondrial 

fraction. 

The linioue 1Jature of Mammalian Hit--rPJ:~A------'-----------------------

The RNll isolated from mammalian mitochondrial fractions 

from different cells is considered to be ribosomal since it 

possesses properties which are coITTnon to all known rRNA. They all 

consist of two hish r.10lccular weight co1!iponents, a larger and a 

smaller one, which are precipitated with molar concentration of 

salt and are eluted from a H..t\K coltunn with a high concentr<'ltion of 

NaCL Hmlcver, maP::nalian ni t-rP-:lA has unique physical and chemical 

properties and shows certain inconsistencies between its physical 

properties and app2.rent molecular weir,ht when compared to other rRNA. 

mit-rRNA 

The physical properties and the G+C content of the high 

rr.olecular weight FJ~A isolated from different n1af'\malian r.1itochon<lria are 

surr:r:i:.:rizcd in T<.thle 8. AJ 1 roccnt ni tochon<lri a contained R::A 



Table 8 

Physical Properties and Chemical Composition of the Different Mammalian Mit-rRNA Examined 

Source of mi t-rR...~A rat liver rat liver L cell hepatot'la cell KB cell 

32p 14c3u or 32p 3HcoldLabellinE isotope 

the nature of mit-rRNA 
determination indirectly indirectly indirectlydirectly directly 

extraction method of 
rTINA mocification 1 of modification cold phenol-SDS cold phenol-SDS I hot phenol-SDS 

Kirby's nethod of Kirby's 
method 

modification 2 of hot phenol-SDS 
Kirby's method 

cold phenol-SDS 

S Values 15. 3; 12. 8 15.0; 12.5 

21.0; 12.5 21. 0; 12. 0 20.5; 11.021.0; 12.5SE Values 

Elution concentration 
with NaCl from MAK 
column 0.95 M 

G+C (moles %) 46.8 48.3 39.6 40.9 
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se<linentin['. at 15 and 13 S on a sucrose~ censity gradient and 

migrating at 21 and 12.5 SE in aza1ose-polyacrylamide gels. These 

species were found regardless of the approach, direct or indirect, 

used for the isolation of the mu., the method of e:,;:traction or the 

radioactive precursor. Mit-rllilA isolated frora hun~n KB cells migrates 

faster at 20.5 and 11.0 SE and therefore is sligl1tly sl'.laller or 

more coup.:"cc.t than its counterpart frora rodent sources. Thus, the 

s0dincnl<ltion coefficient and the SE values of r.wmma1ian I'lit-rRl-IA 

are smaller than those of any other rP,NA (Click [, Tint, 1967; 

Loenit;g, 1968). 

The molecular weight of the smaller component was 0.33xlOG 

daltons calculated both fru;-;i scdimentatic11 and electrophorctic 

studies. On the other hand the <liscrcpo.ncy between the S and SE 

values of the larger mit-·rR?,;A co;i:ponfmt is reflected in its 

molecular wciGht bdng 0.49xlOG and 0.96xlOC da.ltons fror<1 sedincn

tntion and elcctrophoretic studies r~spcctivcly. This discrepancy 

scc1'1s to be unique to mi t-rREA since animal cyt-rl~NA and hacterial 

rRNA maintain the sat:'.e relative size on se<lii:ientation and 

electrophoresis (Loenin~ & Ingle, 1967; Locoing, 1969). 

L cell mit-rRnA eluted from a N.li.."K column at 0.95 N ~!nCi 

comparu.1 with rIU'iA from E. coli and the cytopl:rnm wiiich elute at 

0.75 and 0.85 ti and 0.89 M NaCl respectively (Osawa & Sibatani, 

1967). The stren~th of binding of rRNA frou ~· _c~_li and the 

cytoplasm is directly related to their r:10lecul<lr weights but in 

contrast mit-rm~A binds more strongly than m<in1;ialian cyL-rRNA 

althourh its colccular weisht is smaller than that of bacterial 
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rRNA. Thus, the inconsist~ncy bet\;een tlie binding of the mit-rIDlA 

to a HAK colur:m and its r.1ol:c::cular weight is another reflection of 

the unique nature of rait-rRNA. 

The G+C content of rodent mit-rRt"\IA is about 20% lower than 

that of its cytoplasmic counterpart (Table 6). It is A+U rich 

while rPJlAs fror.: most organis:n are G+C rich (Amaldi, 1969). 

In order to explain the inconsistent behavior of mit-rRNA 

in physical analy~i :; , a hyputhu:;is is presented below which 

accounts for thh: bc-:lwvior o.-i the basis of a un:ique conformation 

of r.ianm1alinn mit-rRnA c0mpared with that of cyt-rPJ-~A or bacterial 

rRNA. 

b. Conforma ti on of r:iammal inn r.1i t-rRr~A 

Information about ths conformation of mit-rPu.""IA was obtained 

indirectly from the hydrodynamic studies used to deterrr,ine its 

molecular weight. The movement of molecules on seJimentation or 

electrophoresis depends on ci1eir mol~cular veight and on their 

conforrwtion. In order to interpolate the nolecular wei[;ht of 

unknown nolcculcs frora standard ones, as done in these studies, 

it is assu~ed that their confonaations arc identical. If these 

confornations differ, then striking discn.'p<lncies arise. For 

example, tobacco nosaic virus RI'iA and bacteriophnge R17 RlJA 

differ in molecub.r weight by a factor of two but have the same 

sedimentation coefficient when neasured under identical conditions 

(Gesteland t Boedtker, 196l.). Cyt-rRl'~A was chosen as starnlard 

here, since having a similar biological function as mi t-·rRNA 

it should have n similar confonui tion. However, from the 



discrepnncy of tlie rnolcculo.t wejt;ht of the larr,E·r cornponcnt of 

rodent r:ii t-rRNA deterndned by scdir.ientation an<l electrophoresis, 

it seems that this assumption is wrong. The discrepancy can be 

explained if mit-rRIJA has a more. open conformation than that of 

cyt-rP,NA or bacted al rlli"\IA, An op.:;n conformation of mit-rRNA 

molecuJ ('S would slo"7 the movcCTent of mi t-rRNA both on se<lir.1enta ti on 

and electrophoresis cor.1pared with that of the standard cy t-rRHA. 

This would cciuse ;in over-c·stjmation cf the molecular weight of 

mit-rENA calculated fror:1 rel mobility and an undcr-estir.~ation when 

calculated fron sedirn<:rit2tion 1 r('sulting in the observed discrepancy. 

Fur th er support for an open conformation of mi t-r}~~A 

is obtained fron its nuclC'otide composition, In contrast to most 

rPJ'IA uhich is G+C rich C\rr.aldi, J 969), rodent r.lit-rm;A is A+U 

rich (Table 6). Since the s tr•1cture of the RNA molecule is 

largely dependent on its base pairinz. and since the mcltinz 

tenpcrature, T , of poly (A+U) is about JO"C lm:cr than poly (G+C)
fil 

(Cox, 1966), it is possible that under the conditions of analyzing 

mi t-rR~~A it has a lower proportiun of its bases hydrogen bonded 

and thus possesses a r:lore open conformation th.2.n the s ta!1dard 

cyt-r!li'~A. I11d2ed Loening (1969) repcrted that the relative 

mobility .and scdir:":cntation of rRHA with a low content of G+C 

residues decreased in a lou ionic strength buffer compared with 

that of rlli'\A rich in G+C, possibly because in the lower ionic 

strength buffer the A--U base pairs nelt n:ore readily. 

The unique nucleotide cor:1pos:ttion of mit-rRNA and hence its 

suggested <;tructrn:c can c:-:pJni.n its stronr,er bindine to the HAI~ 
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column althou~h its r:1olecular size is smaller tkm that of cyt-rRNA. 

A similar phenomenon wns observed in the chro11wtographic behavior 

of DNA-like PJ~A which has a lower content of G+C (50%) thnn cyt-rRNA 

(65%) (Ellem, 1966). DNA-like lliJA although sedimenting around 

16 to 18 S, binds stron1jly to a MAK column a11d can be eluted only 

at high tc1::peratures (Ellern & Sheridan, 196!_.) or \d th SDS (Ellcm, 

1966). The stronr,er binding of mit-rRNA and DNA-like Ri'JA than 

cyt-rI'.NA, althou[;h the latter is lcirger, indicates that the binding 

of W·iA to MAK col unn is due not only to ionic forces (Hcindell & 

Hershey, 1960) but that hydrophobic interaction involvins the 

bases and the confon-:1ation of the m,1A rnolccules are also ir.1portant 

(Ellem, 1966; ElJen [, Rhode, 1969). Thus on the basis of size, 

mit-rlmA should elute before cyt-r:r:J-:A but its base composition and 

suggested open structure make it adhere nore strongly un~er the 

conditions of the chromatOf'.raphy (35°C and 0.1 to 1.2 11 NaCl). 

The latter characteristics appeared t<• be nore ir.;portant because 

mi t-rmtl\ eluted after the cy t-rru~A. liowever, although mi t-rP.l'\A 

has a lm.rer G+C content thnn TD RNA it elutes n~ore easfly. This 

suggests that mit-rmJA rmst Le relatively more folded than TD Ri'J;\ 

and that its secondary structure is generally like other rPJ~A. 

c. H<?__l '?cula_~ we i~,_1_'..!:___5>_f_ro_9ei:i_!:--E'.:.~:.-t-rJ::_?iA 

The possibility that mit-rWlA under the conditions of 

the physical analysis possesses a more open conformation than that 

of the standard c.yt-rRNA, ra:l scs doubts about the nccuracy of the 

calculated mol~cular weights of its components. From the strong 

binclinr.; of L cell rnit-rRNA to the HAl~ colur.~n it seens that both 

http:cyt-rI'.NA
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components of the I'lit-rJmA possess this unique confon1ation. 

However, there is a discrep8ncy in the n10J ccvlar weight of the 

larger coraponent only,whcn calculated from sedimentation rate 

and clectrophoretic nobility. Therefore, either the smaller 

component possesses, under the conditions of these analytical 

methods, a similar confonnation to that of the standard cyt-rRl:A 

or for some unl:nown reason, :its unique conforr.iation does not 

effect its sedimentation rate or clectrophoretic r1obility. In 

any event it sccr.1s that 0.33xl0 6 daltons is the nolecular WE'ight 

of the smaller component of rodent mit-rRl:A. 

If the relative amount of the two mi t-rRNA components -v;as 

known then the mo] ecular t·1cigh t of the larger cor1poncn t could be 

calculated from that of the smaller one assuming an equDl 8olar 

proportion as occurs for aJl ribosomes (Click & Tint, 1967). 

Hm1ever the ratio of radioactivity in the two components varied 

from 1.23 to 2.13 for rodent nit-rRNA (Table 4) indicating that 

factors in addition to the size of the RNA affected the ratio 

under the comli tions of labcllin[;. Since these factors are 

unmeasurable this approach c:tn not be used. An exact r.ieasure of 

the n;olecular weight must use tedmiq..:cs not depenclent on 

conformation. The best approach would be to completely denature 

the RNA with fonnaldchydc (Doe<ltker, 1968) or dimethylsulfoxide 

(Strauss £...S. ~l., 19(8) and annlyze by sedir.1cntation or clectrophorr·sis. 

In order to assess th~ c!egrcP of rni tocho11drie1l autonomy it 
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is important to investigate whether mit-rPJiA is transcribed from 

mitochondrial DNA or from nuclear DNA and then transferred to 

mitochondria. Ethidium brrnaide at a concentration less thein 5.4 

µg/ml has a grc<>ter affinity for the circular DNA molecules of 

mammalian nitochondria than to the nuclear linear m.;rA (Eauer & 

Vinograd, 1968), and inhibits almost specifically rat liver mito

chondri<il IJ:U1 polyi;ierase in vi trc. (Heyer f, Simpson, 1969). 

If m:L t-rRNA is trnnscribed from the r.li tochondrial DW\ its syn thesis 

shou]cl be inhibited by low concentr2tions of ethi<lium bromide. 

Ethidium bromicie at 1.0 µg/ml conpletely inhibited specifically 

the synthesis of 1ait-rRNA of L cells in suspension culture sli01dng 

that it was transcribed from mitochondrial DNA. A selective 

inhibition of the synthesis of mi t-rR11A of BcLa cells by ethidiuu 

bro~,d de was also observed by Zylber ~-~ al. (1969). 

In another experiment reported elsewhere (Fukamachi, 

Bartoov, Mitra & Freeman, 1970) isolated rat liver mitochondria 

(2 P1g mi tochor:drial protein/r.11) were incub:t te<l for l hour at 

30°C with ribonuclcosi<le triphosphat:es using [ 3E]CTP (15 ]..:Ci/fill) 

as the radioactive precursor. One saG~le contained 0.33 µg/ml 

of ethidiun bro~ide and another one was the control. The results, 

shown in Fizurc 37, cle:irly indicate that the 21 and 12 SE mit-rRl1A 

components isolated by the cold phenol-SDS method were.transcribed 

from mi tochonclrial D:~A since they were synthesized in mitochondria 

in a DNA-dependent ~recess, 

Other investigators have r.iade use of DNA--RKA hybridization 

to show dir-ectly the location of the genes for mi t-rRNA. \:ood E. 

http:protein/r.11
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Fisurc 37. Electrophoresis profile of RNA synthesi?ed by isolated 
rat ljver mitochondria. Mitochondria were isolated fron 
livers of hooded rats using 0.25 H sucrose, 2m~1 LDTA, 
pH 7. 2 as the iso]a ti on r;1edium. RNA was lahclled with 
[3ll]UTP for 1 hour at 30°C, extracted with the cold 
phenol-SDS f'.lethod, Electrophoresis on Cl8<"trose-polyacryl
amide geJ_ i.;as in the presenr:e of L cell [ 11+c] cyt-rRNA as 
described in the r.1ethods. a, L cell cyt-rm:A; O, mit-m~A; 

t:., mi t-R~~A synthesized in the presence of ethidium 
bromide (0.33 i:g/ml). 
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Luck (1969) have shoi:m th;:it mit-rl\l'L\ frow Neur_o~ora hybridizes 

specifically with t'.litochor"<lrial DHA. The extent of hybriclizaUon 

at a saturation level of rFJ,lA was 6.1% for the larger rR:~A 

component and 2.8% for the snaller component. As the two types 

of RNA have molecular weisht roughly in the ratio of 2 to 1 these 

values ir.lply that there arc an equal number of gen(S ,.for each 'type 

of Ri~A on the mi tochondri<ll DNA. From the molecular W('.ight of 

mitochonc'rial D>lA (C.6xl0 7 daltons) they concluded thnt the genes 

for the 25 and 19 S rR::1A are repeated at least four tirnes in tiw 

mitochondrfa.l DiJA. In yeast, \Iintersbcrger (1967) and Winters

berger & Viehhauser (1968) shoued that mi t-rP-J~A hybridizes 

specifically with rai tochoncrial DR'\ while the cyt-rRNA did not. 

Nit-rFUJA from Tet!_~1)~~'_1_ _E)'Jif_or~,~~~ (Suyama, 1967) and from 

Xenopus_ J-aev~::_ (Swanson & Dawid, 1970) were shown to hyLridize 

with 11itochoudrial D:IA. In these studies it h2s been firmly 

est<tblisl.ecl that the cyt-rR;,\!A docs not compete with the mit-rRt~A 

for sites on the mitocl:ondrial m1A and there is therefore no 

sequence h01,10logy between the two types of rRNA. It is rauch less 

clear whether the rnit-rR~A h~".s any se(~u2nce honology with the 

nuclear DNA. It is in fact almost inpossihle to answer this 

question with certainty. Unless there are redundant sequences 

in the nuclear mM. which are con>plimentary to the mi t-rRilA, 

it would be tech1:icclly diffj cult to detect any hor.10lot>,y. Although 

Wintersberger & Vichhauser (1968) have reported some degree of 

specific binding of mit-rRNA to yeast nuc:JC'ar DNA, it mist be 

remeE1bcrcd that the C'Xtreme cor.1plexi ty of nuc] car m:A cou] d res1:]_ t 
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in limited homology without any biological sir,nificance and that 

mit-rRlIA is likeJy to be cont;tminatc<l ~dth cyt-rRNA. The reality 

of cyt-rRNA contaI'lination is emphasized by the observation that 

yeast mit-rR17A t-1hich had been purified by hybridization with 

mitochondrial DUA hybridized very poorly with yeast nuclear DNA 

(Fukuhara ~ a!.., 1969). 

No specific hybridizatior. studies betwec~n r.1i tochondrial 

Dl'U1. of r.-iamr:ials and their rPJ\A have been done, however, in HeLa 

cells Attardi & }.ttardi (1969) shOi.;cd that mit-RNA species with 

sedimentation coefficiPnt between 9-JS S hybridized with ~itochondrial 

DKA while no cyt-rR:'U1. species hybridized with it. 

Borst & Aaij (1969) showed that mitochoncrial DNA can be 

separated by alkaline CsCl equilibrium centrifugation into its 

cor:1plencntary strands. This phenonenon indicates that the"hcavy'' 

strand of the rai tochondrial DNA contains large c.r:iounts of 

thyr.tidylate and guanylate which on centrifugation in alkaJinc 

CsCl gradients possess a high 2cnsity (Sober, 19GC). Mit-lli~A 

fron rat liver hybridizes t-;ith the "'heavy"strand only. They 

01 l l • 1 J ''h d • h 1 fIIcone 1uccc t12t 22:: .::ivo on y t.1e eavy stran is t e ter:p ate or 

mit--R:,lA synthesis. Althour,h this hybridization study was done on 

the overall tPitocl:ondrial R'JA syntJ-i.:.si.;.:ed in a period of 6 hours 

in 1 month old rats, it seer.is from the results reported here vith 

mit-rRNA fron1 rat liver that it i,·ould contain high amounts of 

adenylate and cytidylate and thus be cor,1p1-imentary to thc'
1

heavy11 

mitochon<lrfal D:JA strand, 
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Ni_t_:-rl\?'l~~- -~~Erte_~_j.E__t_!l_e_~i t~~_E_ture 

While this invcstieation was in progress, mit-rRNA was 

iso].:ited fro~1\ a variety of species from different families. A 

sununary of these findings and those rep or te<l here (mostly published 

by Bartoov et El·' 1970) is presented in Table 9. As can be seen 

from this table there is a lack of agreer.1ent on the exact 

sedir.ientation coefficient of mit-rlrnA fron the same organism. 

Generally, however, the sedimentatj on ccefficient of mit-rRliA 

fr ..1m fungi resemble th;:it of bacterial rm~A being about 23 and 

16 S. On the other hand mit-rl:ilA fror.i pro tis ta and an5.malia 

possess sRaller components than bacterial rHl'::A. It is possible 

that mit-rRNA of the higher organisms Night be smaller, as is the 

DNA. There is a phylogenetic discontinuity in the size of 

mitochondrial DNA (Table 1). In I~t>uro_syora the DNA has a r1olccular 

weight of 66x106 daltons (1-:0od & Luck, 1969) but fo Xer~Ep~s 

(Wolstenholrae and Dmlid, 1968) an<l in L cells (Nass, 1969) it is 

9xl06 daltons. It is also possible that there is a phylogenic 

dccreas~ in the size of mit-rRNA within the aninal kingdom since 

mi t-rPJ:lA fron X2nC?.r_l1E_ sedir.,cnts on sucrose density gradients at 

18 and 13 S (St.;anson & Dauid, 1970) and rat liver mit·-rI::,lA 

sedin:ent at 15 and 13 S. Human KB cell mit-rRi'!A might be smaller 

than the rodent mit--rPu\A as juc:ged by e]ectrophoretic mobility. 

This contrasts with an increase in molecular weight of the larger 

rR.:JA of the animal cytoplasn \-:hi.ch seeu to evolve with each major 

step of animal evolution from about l.l;xl05 daltons in sea urchins 

to l. 75xlOG daltons i11 rnarn,.,.1als (T.oenin~, 1968). 



S and SE Values of Nit-rRNA Isolc.t:ed , from Different Species 

Orr,anis~ & Refercnce Mito. 

S Values 

Cy to. 
E. 

coli -r-ri to. 

SE Values 

Cy to. 
E. 

coli 

G+C% Content 

Xi to. Cy to. 

Protista. 

Eur,lcn_a gracilis z 
·-

Krawiec & Eisenst.'.'ldt (1970) 

Tctra~ixmena pvriformis 
(Strain ST) 

Suyar.~a (1967) Chi et al.- (1970) 

Ne:_t:_rospora crass a 

Kuntzel & Noll (1967) 

;Jure et al. (1967)-

14 

11 

21 

14 

21 

16 

23 

16 

(17.7) 

(lb.) 

(18) 

25 

19 

26 

17 

25 

16 

25.6 

16 

23 

16 

16 

23 

27.4 

27.9 

30.6 

37 

54.4 

43.2 

49.2 

49 

..... 
~ 
t,.;> 



--

---

--

--

Wood & Luck (1969) and 

Rifkin et al. (1967) 

Snccharomvces ceccvisine------·-
Uintersber2er (1967) 

llogcrs et al. (1967) 

Leon & ~1ahler (1968) 

Steinschmeider (1969) 

FaUl!l.an et al. (1969) 

Forrester et al. (1970) 

Stegeman et al. (1970) 

25 

19 

23 

16 

22.4 

17.8 

23 

16 

25 

16 

22 

15 

21 

15 

28 35 50 

18 

23 

16 

2lh6 22.6 

16.2 16.9 

25 

17 

28 

19 

26 23 26 47 

17 16 

25 23 26 

17.5 16 26 

25 26 23 

17 19 16 

....... 
~ 
w 
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~er~ill~s nidulans 

Edelman ~ al. (1970) an<l 23.5 26.5 32 51 

Verma et al (1970 15.5 17.0 16.0 

Dawid (1969) and 18-19 28 21 28 45 62 

Swanson & Dawid (1970) 13 18 13 18 

Hammals 

Rat liver 

Rendi & Warner (1960) 23 

16 

Kroon & Aaij (1968) 23 28 

(16) 18 

Rakhimbekova .£._~ al. (1969) 24 

15 18 28 

Bartoov et al. (1970) and 15 28 21.0 28 46.5 63.7 

reported here 13 18 12.5 18 



Mouse L cells 

Dartoov et al. (1970) and--
reported here 

Earns tcr BHK-21 cells 

Dubin & Brown (1967) and 

Dubin (1969) and Dubin and 
Hontenecourt (1970) 

Hur.ian IleLa cells 

Knight (1969) 

Vesco & Penman (1969) and 

Zylber ~a-!_. (1969) 

Human KB cells 

Reported here 

15 

12.5 

(27) 

17 

27 

18 

28 

18 

28 

18 

28 

18 

21.0 

12.5 

21 

12 

20.5 

11.0 

28 

18 

28 

18 

28 

18 

39.6 

38 

41. 7 

43.3 

61. 6 

46.9 

!lir,her Plants 

Baxter & Bishop (1968) 2 species 25 23 
he tween 
16-25 16 16 low 



Cauliflower 

Pollard e~ al. (1966) 28 28 57.7 56.2 

18 18 53.7 53.l 
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The results reported here arc not in agreement with two 

other reports on the natur(;: of ;-a<immalim1 nitochondrial R:JA, 

Kroon and Aaij (1963) repurted a 23 S species isolated from 

mitochondria of rcgencratinz rat liver. Since there is a danger 

of bacterial conta~ination in regenerating liver it is possible 

that the 23 S m~A originated from bacterial rRNA. Attarcli & 

Attcn-di (1969) found in lleL;:i cell r1itoc11on(lria 21 S and 9-15 S 

components on sucrose density gradient centrifugation. The 

latter, which had :i peak at 12 S, hybridized with mitocl1onc1rial DJ.\A 

but the 21 S component did not. One interprct.:ltion of their result 

is that the 21 S peal~ is not mitochondrial and the 9-15 S JL"i;\ is 

the same PJ:~A as seen here but is partly dcr,radcd. The 21 S peak 

could be a viral contamiriant, der,raded cyt-rR?~A or r.1ay be the same 

as the 21 S compouent seen here. The latter appeared to be D::A 

in nvclei or nuc1ear frar,nents contal'linatinf, the crude l:litochondria 

and could lie rer10vcd by isopycnic gradient centrifug.::i ti on or DlJase 

treatoent of the r;itochonclrial fraction. Attardi & Attardi 

(1969), hmvE:ver, lrnd used both these trcatm0nts. 

Table 9 also in<lica tcs that all mi t-rI~XAs are A+V rich 

whereas rRlrA from most sr'2cies is G+C rich (Analdi, 1969). 

Maml'lalian Mitochordrial Ribosomes 

The paucity of TPi tochondrial riboso:nes which ,,-as observed 

frolll the electron microscopic studies was one of the probler.i.s that 

this 1nvestif'ation faced as was described in che Introduction. 
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From the ai~ount of RNA in pure rat liv0r vd.tocl:ondria and the 

approximate molecular wei;jht. of mit-rRr:A it is possible to estimate 

the nu..·uber of ribosomes present in a rat liver mitochondrion more 

accurately. Pure rat liver mi tochonc'.ri.:i contain· 3 pg miA/mg 

mitochondrial protein. If 90% of this amount is mit-rRNA, as 

was found in all organisms so far investigated (Darnell, 1968) and 

1 mg mitochondrial protein contain 5xl0 9 r.litochondria (lfass, 

Nass & llennix, 1965) then a mitochon<lrion contcdns 54xl0-17 g of 

rRNA. The total molecular weight of the mit-rRNA averages 

1.05xl05 daltons. Then thP. number of rat liver mitochondrial 

l'l·I
ribosomes /r:li t:ochor;,d rion = _::.:, == 310

N 


. where N - Avoeadro' s number 


W - amount in g of rRl~A/nlitochondrion 


N - Holecul<:r weigh L of mi t-rPJ'iA. 

For a cor::par-ison the nu1:1bcr of ribosor.1es in one !'._. _coli 

cell vith an av0rage size e~ual to a rat liver mitochondrion (l.O 

to 3.0 µm) is 27,000. This is calculated from the average dry 

weight of .!'._. col!_ being 33xl0- 14 g (Carpenter, 196 7), 2.5~~ of the 

dry wei3lit being R:IA of which 90/; is rRNA (Tissicres & Watson, 

1958), giving 7.4x10-14 g rRNA/cell. The mo]ncular weight of 

_!!. _coli rmJJ\ is l.66x10 5 daltons (Click & Tint, 1967) and 

therefore the number of bactf!rial ribos0mes/cell is 27,000, Thus 

an autonomous organisr1 the size of a mitochonclrion contains SG 

times more ribosomes in order to carry out its reouirement for 

protein synthesis. This probably reflects the fact that mitochondria 

do not synthesize all of their proteins and also that the turnover 
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of mitochondria is slow compared to bacteria. 

Since mitochondrial P..NA in rat liver is only O. 721~ of 

the total cell P~,lA and since 90/~ of this RNA is cyt-rRHA it can 

be roughly estimated that in liver there arc about 100 to 200 

times more cytoplasmic ribosomes than mitochondrial ones. In 

order to obtaln a more accurate estimation as to the arwunt of 

mitochondrial ribosones in 1 g of fresh liver in comparison to the 

cytoplasmic ones the following calculation can be made. One g 

of fresh liver contains 23. 2 mg of microsonal Rl'JA (Snuckh·r, 

1961:;). If the nolecular wcdght of rat liver cyt-r1~NA is equal 

to 2 .L15xl0(, daltons (Loening, 1968) then the nur.iber of cytoplas;:dc 

ribosomes in 1 g of rat liver is 5.67xl01 5 • On the other hand 

1 g of fresh rat liver cnntains llxl010 mitochondria (Nass, Nass 

& Hennix, 1965). Since the number of ribosomes within rat liver 

mitochondria was calculated to be 310 then the nmnber of Mitochondrial 

rihosor.ws per 1 g of rat liver equal to 3.4xl013 • The amount of 

cytoplasmic ribosomes is then 165 times more than the mitochondrial 

ones in rat liver. This cnlculation emp}1asizes the paucity of 

mitochondrial ribosorr:es and rRNA and hence the problem of cytoplastr:ic 

contanination whi.ch can easily r.ta.:<k the mitochondrial ribosomes 

and rRNA. 

The Unique Seclil.lentRt:i on Coefficient of NaP11;;alian Mitochondrial 

Ribosomes 

The presence of rr-:::A of unique size in n&:"lmalian mi tochonclria 

sugr.est0.c! that th0ir. riboscA1.1cs POtcld also be unique. The preliP1inary 

http:rihosor.ws
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results indicated that the monor.:eric forn of mar.lf:ialian Tllitochon<lrial 

ribosomes sedimented at 55 S and the ribosor,1.s.l sub uni ts at 35 and 

24 S. The fact that the 55 and 35 S cornponcnts· were. found in both 

the ctl.recl and the in<llrcct approa.;hcs and especially their 

presence in highly purified rat Jiver mitochondria is strong 

evidence that they cire truly mitochondrial and not due to an 

artifact of tlrug treatment or contar:dnation of the nd.tochon<lrial 

fraction. On the other hand the 2L1 S corr.ponent found by the 

indirect approach in L cell mitochondria is cor..pletely n::issit~f fror1 

the sedimentation profile of rat liver mitochondrial riboscr.1es 

when centrifuged on a sucrose density gradient. 

These rC>sults arc not in agreement with those obtained 

early by Truman (1.963), I:laev (196!1, 196G) and Rabinowitz ~ al. 

(1966). These investigators isolated riboson~al particles fror.J. 

mitochonJria of rat liver, rat muscle and chick embryo heart 

respccUveJ.y which were identical in their sedfr1entation coefficient 

to those of the cytoplas:-:1. It scer.1s that the nitochondrial 

fractions in the nbove e:-:perir1ents \,Yere contaninated with cytoplasnic 

ribosones which nasked the identity of the mitochondri~l ones. 

Recently 55 S mitochondrial ribosomes were demonstrated 

in rat liver by pulse lnbelling with [ 14 C]leucine (O'Brien & 

Kalf, 1967~ & _!::; Ashwell & Work, 1970). Incubation in the presence 

of chl.ormnphenicol inhibited the incorporation of [ 14c] leucine 

into growing polypeptide chains associated with the 55 S peak and 

partially protected agninst the purorciycin-induced rele;?.se of the 

peptide chains from the. rihosoiiics as it does in bacteria (Cannon, 

http:rele;?.se
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1968; i·7eber & De Moss, 1969). Thus, the. 55 S component seems to 

be the r.10nor.ieric form of rat liver mitochondrial ribosomes. 

A 60 S r.ionomeric fort'-l of Xc~~1s _la~v~ mi tochonclrial 

ribosomes and 43 and 32 S subunits were obtained by Swanson & 

Dawid (1970). They showed that the 60 S p2.rticle is active in 

polypeptide synthesis nnd accounted for the hulk of polypeptide 

synthesizing activity recovered from a fractionated mitochondrial 

extract. They isola te<l 21 and 13 S rR."JA from the l1J and 32 S 

particles respcctive1y. The attempt to isolate rR.i.'\lA from the 

mitochondrial riLos0~1al particles obt8ined fron rat liver in this 

investigation \·:as not successful (Figun~ 35). The Rl\A isolated 

seemed to be degr2dcd althout;h the largest R:,TA species ::isolated 

from the 55 S particle was 22 SE and the largest RNA species of 

the 35 S particles was 14 SE. These SE values are similar to 

those of rriit-rrJ'~A co!T1poncnts isolated directly from the 

mitochondrial fraction, but the relationship between these species 

of m:A r.t0lccules and thf' ri1iosm1aJ particles is not clear. 

The S values oht;iine<l from mi todwndrial ribosomes of 

different species 'by other investir:at0rs are ·presented in Table 10. 

Although thcr0 are conflicting results on the exact S values of 

mitochondrial rihosomcs and subunits it secns that generally the 

overall results are in paraJlel to those ohtair:ed for the :nit-rEJ;A, 

The mitochondrjal riho3or.es oLtetined fror. fungi arc of the bacterial 

type t.:hi.lP : aninal mitochon~ria which contain 5 µ 

circular DNA and saaJ 1 rK.J.\, also cont~in src1all 55-60 S ribosomes. 

http:t.:hi.lP
http:riho3or.es


Table 10 


S Values of Mitochondrial Ribosomes Isolated from Different Species 


Organism & Reference Isolation medium Method of lysing S Values 
mitochondria ~!i to. Cyto. E. coli 

Te!:_ra11_yme_na pvriformis 

Chi f, Suyama (1970) 

peurosrora crassa 

Kuntzel & Noll (1967) 

Kuntzel (1969~) and 

Kuntzel (1969_!?_) 

and 

lOmM Tris-HCl 

0.1 H KCl (p!l 7.4) 

10-2 H .MgCl2 

10- 3 M MgCl2 

10-4. M }fgCl2 

lo-4 or 10- 5 EDTA 

lOmM Tris-HCl 

0.1 M Nl14Cl 

lOmM MgCl2 (pH 7. 5) 

Triton X-100 
or 

DOC (0.5%) 

Triton X-100 

(1. o:o 

(l/~) 

M 

p 

M 

M 

s 

M 

s 

p 

80 

115 

80 

70 

55 

73 

50; 37 

103; 134 

160; 186 

80 

70 

70 

60; 40 

77 

60; 37 

108; 140 

169; 197; 215 

70 

50; 30 

!-' 
\..J'I 
IV 



Rifkin et al.-- (1967) lOmM Tris-HCl DOC (0.5i~) M 

2rn1 !"IgC 12 s 

50m}1 KCl (pII 7.6) 

Candida utilis 

Vignais et al.-- (1969) lOmM Tris-HCl DOC (0.5%) H 

lOmN Mr,Cl2 (pH 7.6) s 

p 

Candida krusei--------
Kaempfer (1969) M 

s 

Saccharamvces cerevisiae 

Schmitt (1969) .20mM Tris-HCl Initially DOC (1.25%) M 

5mM MgS04 then Triton X-100 (0.5%) s 

50nu.'1 KCl (pH 7. 4) 

Stegeman et al. (1970) .50mH Tris-HCl Tri ton X-100 

lOmM MgCl2 (2 %) M 

lOmM KCl (pH 7.5) 

81 81 

60; 45 61;47 

77-80 80 

52-54 60; 36 

32-34 

115 120; 154 

76 80 70 

53; 35 

80 so 70 

60; 38 60; 38 

75 80 

...... 
~ 
w 



- --- -- --- - ---

Xenon us laevis oocvtes 

Swanson & Dawid (1970) lOmM Tris-HCl Sonication H 60 87 

LfOm.c'-i KCl lf3: 32 60: 40 

lOr.1N i:-!gCl2 

6r.1M Mercaptoethanol 

House liver 

Georgatsos et al. (1968) 50•r.H Tris-HCl DOC (1 ;~) M 78 73 

25rnM KCl 55 

S:n.i.'1 MgCl2 (pll 7.6) 

Mouse L cells------
Reported here lOTr.M Tris-HCl DOC (0.5%) Triton X-100 M 55 76 

SOmM KCl (0.5 i~) s 35;24 60; 40 

6m}1 MgCl2 (pH 7. 6) 

Rat liver---
Truman (1963) 30mM Tris-HCl DOC (0. 3%) M 77 

80nrl KCl s 411 

5mM M8Cl2 (pH 7.6) p 120 

Elaev (1964) 50mM Tris-HCl DOC (1%) }1 83 83 ,_. 
l.Jl 

25mM KCl s 511; 45 54; 45 ~ 



9mN MgCl 

0.2H Sucrose (p!I 7.6) 

Elaev (1966) 5JmH Tris-HCl DOC (1. 25-1. 5%) H 83 

25mH KCl s 63; 46 

lOmN MgCl2 

0.2 H sucrose (pH 7.6) 

O'Brien & Kalf (1967) lmH Tris-HCl DOC (0.5%) M 55 78 

50~[ KCl 40; 30 

5mH HgCl2 (pII 7.6) 

Ashwell & Work (1970) lOrnX Tris-HCl Any of the following M 50-55 80 70 

10m.}..f KCl Brij-58 (0.2%) 50; 30 

lOnt"'! Nr;Ac (pH 7. 6) DOC (0.1%) Triton X-100 (O .1%) 

Nonident, NP 40 (o.5;~) 

Results reported here lOmM Tris-ECl DOC (0.5%) + 

50mH KCl Triton X-100 (0.5%) M 55 

6r.1M MgCl2 (pH 7. 6) s 35 

Beef~~ and Rabbit liver M 52-55 

O'Brien (1969) 5mH MgCl2 + ? 1,0 
~ 

l..!l 
Vi 



Human HeLR cells 

Perlman & Penman (1970) 

H == Ribosomal monomer 

S == Ribosomal subunits 

P ·- Ribosomal polysomes 

lOmM Tris-HCl DOC-Tirij-58 

0.1 M NaCl (1 %) 

lOm.N Hr,Cl2 (pH 7. 4) 

0.25M Sucrose 
RNase treated (1 ug/ml) 

5m1'f EDTA treated 

Cells incubated with 
0.04 µg/ml of 
Actincraycin D 

Actinomycin + 50mN EDTA 

M 95 74 

s 55 

s 35 

s t,5 

s 35 
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H~t_ochond rii!_1=__P ro_t_~_:t_~:i__sy_!l__thc__?_j zl_!l?, --~X_E;_!:_e!~ 

This investieation has been lir:lited to the characterization 

of the two major components of n;ammalian mitochondrial protein 

synth~s:lzing sys tern, rihos0111es and rPJ-IA. However, while this 

work was in progress characterization of oci12r components of this 

system like ribosomal proteins, tIUJA and acylating enzymes was 

acconplished by others. As with rni t-rm::A and ribosomes reported 

here. these nitochondrial components m:c unique co1:1parcd with their 

counterparts in the cytoplasm or from bacteria (for review, 

Rabinowitz & Swift, 1970). It was also sho~n that the uniaue 

mitochondrial ribosonal proteins "-re synthesized on the cytoplasmic 

riboso1:1es and that mitochondria of yeast, rat liver and hur.1an 

HeLa cells contain !i_ -for111ylrnethjonyl-tRKA which is not present in 

the cytoplasm but is involved in the initiation of protein synthesis 

in bacteria (SDith & Marcker, 1968; Galper & Darnell, 1969). Thus, 

it scew; that ni.aJt;malian mitochondria possecs a unique protein 

synthe.sizinz, syster-i dd.ch is completely different from the cytoplasnic 

one and resembles that of the bacteria in only a few chnracteristics. 

Therefore, these findines raise the possibility of mitocl1ondrial 

autonomy and control with respect to the proteins they synthesize. 

Mitochondr_i_~-- 03::.f:a:~_ism~'unc_t:i.on~l___g_ell OE_gan_e_!_l_~? 

The observations that mitochondria contain DNA, a protein 

synthesizing system and that they increase in number by growth and 

division (see Introduction) indicate: that r.d.tochondriR possess 

a certain dezn~c of 2utonor.1y. From ~·:here did the mitochondrial 

http:2utonor.1y
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autonor:1y derive? Arc mitochondria orgauclJ cs that have evolvecl 

soue degree of autonomy for their replication or role in the 

eukaryotic cell or did mitochondria originate fron autonomous 

organisr:is (bacteria) which established a symbiotic relationship 

in the eukaryotic cell and subsequently lost some of their 

orieinal autonomy? The pres<.'nce of mitochondria gave the new type 

of eukaryotic cell an advci.ntage in energy metabolism. 

The results obtained in this investigation and by other 

investigators mentioned above strongly suggest that mitochomiria 

originatE:'d frorJ a prokm:yotic ancestor, since the components of 

the mj tochondrial protein synthesizing sys tcr:1 like rRNA, ribosor'les, 

tRNAs and acylating enzymes all are remarkably different than 

their counterparts in the cytopl;ism. If mitochondria l•:cre just a 

functioning organelle in the cell it would be expected that the 

translation Eechanism ~ould have the same components as that of the 

cytoplasmic protein synthcsizinr, system. Moreover the sensitivity 

to chloranphenicol and insensitivity to cyclohe:dnide llhich is 

the reverse in the cytoplasm indicat,_;s that these t1rn systems are 

different from eacl1 other. 

The fact that the mitochondrial protein synthesi~ing system 

exhibit sir.iilaritics to the bacterial system such as the sensitivity 

to chloramphenicol, the presence of ~--formylmethionyl-tPJJA, and 

the nature of mitochondrial ribosones and rP.i.~.A of fungi (Table 9 

and 10 respectively) indicates that rnitoc~ondria originated from a 

common ancestor to contemporary tacteria. The question now arises 

if nitochoncria origin{l.tcd from a bacterial ancestor how did thev 
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evolve to the present s tu te whe!l:'e in .manunalian cells ~the.y haye 

lost over 99~ of their original DNA? 

Mitochondrial Evolution and Autonomv---------_____;______________ --·--...4

The data gathered about the mrA, rRNA and ribos01ties of 

mitochondria fron different species of different families in 

Tables 1, 9 and 10 respectively, provide a basis for exar:d.ning 

the evolution of mitochondria. 

From Table 1, there are at least two different classes of 

mi tochonclrial D:~A. Hi tochondrial DNA in pro tis ta, fungi and 

perhaps higher plants is linear, being about 5xl07 daltons. It 

is linenr either naturally or because of shearing of large circles 

durine isolation. This Dr!A contains about 10 r:iole percent less 

G+C than the nuclear mlA, which contains between 35-!15 r;:ole percent 

in every eu!wryotic cell. This may not apply to hir,her plants. 

Animal cells possess a different type of mitochondrisl m;A which 

is smaller in size being about lxl07 daltons and is usually 

circular in fern of average circumference of 5 µm. This type of 

mitochondrial D:lA does not differ significantly fron the nuclear 

DNA in respect to its G+C content. Hit-rRNA and rihosomes 

(Table 9 and 10 respectively) also exist in t>rn classes. Fungi 

possess mi t-rRNA and ribosomes which are similar in size to their 

bacterial counterparts. Anii:wls possess a unique smaller class of 

mit-rRl<A and rib0somes. Within the anfrwl king<lon1 the higher the 

animal in the evolutionary scale the smaller is the rP-.NA. 

All mit-rfil~A have a 15 molP percent lmrcr content of G+C than their 



160 

counterparts in the cyt0pl2srt. Thus, mitochondria of aniri~al cells 

possess smaller DNA, ribosor.1es and rRNA tha.n those of fungi and 

possibly plants. The larger DNA codes not only for the larger 

rR.'1A and perhaps more copies of it but probably also for more 

mitochondrial proteins. It secr.1s, therefore, that mitochondria of 

animal cells possess less autonomy than those of p]ants or fungi. 

Fror.i the point of view of evolution two hypotheses could 

expluin these t1.;o tyre::: of raitochonclria. These are, first, a 

unique symbiotic relationship followed by branched evolution and 

second the establishnent of two symbiotic relationships follo;,,cd 

by evolution to maintair. t\·:o types of r.1itochon<lria. 

It follows frorc1 the first hypothesis that after the initial 

invasion, DlJA and much autonomy was lost fron the aerobic 

mitochondrial ancestors and n synibiotic forn similar to thnt 

observed in fungi at present evolved. In this symbiotic form, 

mitochondria nanagec! tc maintain their original rRNA and ribosomes, 

which apparently are simiJar in some resrects to those of the 

contemporary bacteria. At some point, still early in the 

evolutionary process, there \:as further loss of mitochondrial D:\A; 

the decrease in D~A could have been either of redundant genes or 

the transfer of unique structural genes to the nucleus. This 

reDrrangcment of the old symbiotic forrn as seen in present day 

fungi resulted in more co-operation between the mitochondria and 

the cell an<l led to the present day an:i1:ial cell and mitochondria. 

The ne;..:er synbiotic forr.i v.iir,ht have been the cause or the result 

of the successful evolution of the animal cnll frora the primitive 
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protista cell. This trend of 1.osing_; r;d.tochondriaJ autono1i1y as 

a function of further evolutionary development is seen within the 

animal kingdom where ultimately human mit-rPJ/i\ is the smallest 

reportr:cl. This phenomenon of decreasing size of mi t-rrJ·IA is in 

contrast to the increase of the large cnP;ponent of the cyt-rP~'IA 

in hir,hcr aninal cells (Loening, 1968), The unique character of 

mitochondria of prot:ista, '·1ld.ch possess Ill:JA of the fungal· type· arid 

rRNA and ribosoncs of the animal type p£.;rhaps reflect its 

position in the evolutionary scale uhich is ]ower th<m the animal 

kingdow (~hittaker, 19G9). 

According to the second hypothesis two differe!1t invas:i onn 

of mitochondrial ancestors into the enkaryotic ce]l occured, one 

leadin1; to the form s:ii:<:i.lnr to tlnt of fungi and another lC'a<1frig 

to the form similar to that of anii:1als. 



V S lT!-f."\IARY 

Hit;hly purified mltoclJVndria containing 3. 0 µg of Vi'~A/nli 

of mi tochonc!rial protein uere prepal"(!<l fron rat liver by 

<liffc:1·c·utial centrift1;;at:ion. These m:tt:ochonc~ria ·were free of 

cytoplasr:i.ic contctPinntion as judg0d hy enzyn.1tic and el<.'ctron 

• • d" T>"A 1 b 11 l • 3 ')P . ["J)m1croscop1c stu 1cs. r'"'"'"' n e ec. w1tn1 
~ i or ~ '. orot:::te, 

was isolated from these mitochondria by a phenol-detergent 

extraction mC'thod. The RNA sedimented at 15 and 13 S on suc:rose 

density gradient and m:i~ratcd on agarose-po]yacrylar,dde gel at 

21 and 12.5 SE. Identical results ~ere also obtained fron ro~cnt 

tissue culture cells (:.·at hepatoma cind L cells) which were 

lci.bclled witli 32P., [ 3H] or [ 11'C] uridirte in the presence of IJ .1 i1g
1 

Actir.C'>';ycin D/ml t'-' s1.1r'1·ess the syuthcsis of cytopJ<isnic rlboso~wJ 

R.\iA, Fror1 the sedim::mtRtlon rates, electrophorctic rnobili ty anc 

relat:ive <'1:-tlCrllnts of the tv·o ru;A conpont"';nts jt was conc]u<lcd that they 

are the mi tochonc1rial riboso:u:l1 ImA species. The synthesis of 

mitod1ondrL:·d R~~A v:as found to he sensjtivp to ethic1ium brm;lide 

was synthcsizccl on rr:it<'chondrial D~lA. The hig'.1 rr.ol<.cular. we.ir;ht 

RNA isolated fr01;1 all t:be: rocient mitochon('ria possesses a low 

content of G+C which is about 20 nolr:s percent lm-:er th::m the 

cytop lasi;d.c r:ihosomal KIIA. I:uHan KB cell t:il tochondrial R~:A 

1:1.i grated on re ls f;~ster thC1n tl1a t of rodents ha\·i.n~ val u0s of 

J62 

http:cytoplasr:i.ic
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20.5 and 11.0 SE. L cell mitochondria] riboso::w.l RNA 'Was found to 

bind to MAK colu~n stronger than its cytoplasmic counterpart and 

·Was eluted with 0.95 nnd 0.$ H NaCl respccUvely. 

:Mitochondria] ribc,somal components, labelled with [ 3li]orotate, 

were detected in tbe highly purified rat liver mitochondria lysed 

with deoxycholate and Triton XlOO. They had sedimentation 

coefficient of 55 at'd 35 S. The L cell mitochondrial fractic'n 

lnbelled in the presc;.1ce of 0.1 µz Act:inor:«ycin D/ml had in 

addition a cor.1pon.:mt that sedimu1ted at 211 S. 
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