
Plant Physiol. (1966) 41, 1323-1329

Ribosomal Ribonucleic Acids of Chloroplastic
and Mitochondrial Preparations

Clifford J. Pollard, Alan Stemler, and David F. Blaydes'
Department of Botany and Plant Pathology, Michigan State University,

East Lansing, Michigan

Received February 7, 1966.

Summarv. RNA prepared from fractions of chloroplasts and mitochondria sedi-
mented at rates characteristic of ribosomal RNA. A predominance of the 18S species
was frequently observed in preparations from chloroplasts from romaine lettuce and
enidive. The usual distribuition, a preponderance of the 28S species, was observed
in stuidies on tomato and spinach chloroplasts and mitochondria from mulshroom
iand cauiliflower. Comparisons of the base composition of RNA from organelles
with their cytoplasmic ribosomal couinterparts revealed that the 18S component from
romaine lettuice chloroplast was different. A marginally significant difference was
observed in the 28S particle from muishroom mitochondria preparations whereas
distinct differences, reflected in all the bases, wvere seen when the 18S component
of cauiliflower mitochondria preparations was compared with cytoplasmic RNA.

It has become evident in recent years that cell-
tular organelles suich as chloroplasts and mitochon-
(dria possess genetic information. This is based
on traditional genetic sttudies and is stupported by
(lemonstrations of uniqtue species of D'NA in these
particles. Evidence from both approaches has been
reviewed recently (17). The existenc2 of inde-
pendent structures for the biosynthesis of protein
(lerived from these organelles wouild give f.urther
stupport to theories concerning the auLtonomotus na-
tuire of the organelles. At present, information on
the nature of the nutcleic acids of the protein-syn-
thesizing apparatus of suibcellular particles, espe-
cially with respect to mitochondria, is fragmentary.
Thuis Brawerman (3) has reported on the uniquieness
of whole ribosomal ribonuicleic acids from Etuglena
chloroplasts. On the other hand, Odintsova, et al.
(15) couild find no major differences in base com-
position between whole cytoplasmic and whole
chloroplastic ribosomal ribonuicleic acids from
higher plants.

The ability of isolated mitochondria from var-
iouis sources to incorporate labelled amino acids
into protein has been amply docuimented (6, 18, 21).
The latter 2 reports have emphasized that the small
amounts of RNA invariably fotund associated with
mitochondria are probably indigenouts to the mito-
chondria. In a preliminarv report Truman and

1 Present address: Department of Botany, University
of West Virginia, Morgantown. West Virginia.

Korner (23) suiggested that mitochondlrial RNNA
may be uinuisual since extraction of rat-liver mito-
chondria yielded a ribonuicleic acid with an S valuie
of 8.39; this is intermediate between that of ribo-
somal and soluble RNA. To our knowledge no
other investigations on the natutre of mitochon(drial
ribonutcleic acids have been reported.

In this paper we report techniqtues for the iso-
lation of the 18S and 28S species of ribosomal
ribontucleic acids from chloroplasts and from mito-
chondria. In adldition, a comparison of the base
composition of the cytoplasmic ribonuicleic acid
components with those from chloroplasts aindl from
mitochond(ria is given.

Materials and Methods

Preparia tio n of Subcellila r Pa rticlcs. Green
leaf blades, utsulally 200 to 400 g portions, torn
from romaine lettuce (Lactuca sati-za, v-ar. longi-
foli(o) and endive (Cichloriumat endivia) were ulsed
to prepare chloroplast fractions. The shre(dded
tisstue, chilled to 50, was homogenized in a WVaring
Blelndor with 3 to 5 voltumes of soluitioln A (0.25 Mi
sulcrose, 0.01 J\r MgCI2, 0.05 M Tris pH 7.8) at
one-third to one-half line voltage for QO seconids.
The resullting slulrry was filtered throuigh 4 layers
of facial tissuie previously wetted with solultion A.
Centrifugation of the filtrate at 1,000 X g for 10
minuites restulted in the sedimentation of chloro-
plasts as wtell as large nuiclear particles and a few
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intact nuiclei. The residlue was resuspenided in solu-
tioIn A bv thorotigh shakinlg. Nuclei, nutclear par-
ticles and heavy chloroplasts were theni sedimenite(d
by centrifugationi at 50 to 100 X fy for 5 minuttes.
Chloroplasts, essenitially free of nulclear particles as
jud(Iged by the absence of particles staininig with
acetocarmine, were then sedimentedI at 1,000 X g.
These were washed once 1bv resuispendillg in solution
A anid recentrifuiginig at 1,000 X q for 5 minuttes.

Solution A xxvas also uised in the preparation of
mitochondrial fractions. The fruitilg b)odies of
the funiiguis (Psalliota c(ailpcstris ) or the enitire
cauliflower head (Brassica ole1rucc. var. otovttis)
wxvas first chilled in ice water. The mutshrooml caps
were then trimmed so that the ouiter suirface andl
the gills were discar(le(l. Florets voil of chloro-
phyll were trimmed from caulifloNx-er and ulsed as
startinlg material in the preparationi of mitochonidrial
fractions from cauiliflower. The chillecd tissuie was
homogeniized with soluition A andl the slturry- filtered
as in the preparation of the chloroplast fractioins.
The filtrate w-as centrifLuged at 1,500 X fq for 15
minulltes and the residule (liscarde(l. The suipernatant
soluition wvas then centrifuiged at 15,0(H-) X q for 15
minultes to sediment the mitochonidrial fraction.
The pellet wN-as resuispenided in soluitioni A and
collected by recentrifulgation at 15,0W)0 X q for 15
miinutes. After 3 or 4 suich washiings the resultiing
pellet was uised. Approximately 400 g of tisstue
xvere uised for the preparatioin of mitochondrial frac-
tioIns from mushrooms whereas 150 to 200 g of
trimmedl floret tissuie from cauliflower -vere em-
ploved.

Coin(litioins for the isolatioin of cytoplasmic
rilbosomes were ouitlined in a previous communica-
tion (16t). The only essential modification em-
ploved in the present experiments was the uise of
soluitioii A as the homogenizing mediulm. Briefly,
a microsomal fraction wvas prepared by centrifulging
post-mitochoindrial suipernatant soluitionis at 105,000
X g. After deoxycholate treatment, ribosomes were
collected by recentrifuigatioin at 105,00() X g. The
ribosomal subunits extracte(I from ch1oroplast frac-
tions wx ith deoxycholate xvere separated on S to 20 %
sutcrose denisitv gradients prepare(d xith a solution
of 1 X 10)-4 ri magnesium chloride anId S X 10 M\
Tris buffer pH /7.4. A Spitnco 25.1 rotor cenitrifupged
at 23,0{)() rpimi for 4 houirs was ulse(d to effect the
separatioin. It is important to note that midribs,
trimmecl of all chlorophyll-containing areas except
vascular btuidles, xvere tisedI in the preparati,)n of
cytoplasmic ril)osomes from romailne lettuice.

E.i-tracti()on. .Scpa(ira tioii (o zd Hx'drolxsis of Ribo-
nucleic .4ci(l. Cytoplasmic ribosomal RNA was
extracted by homogeinizing ribosomes in the cold
,with 2 % sodiuim dodecvl suilfate (SDS ) and( eqluii-
librating the soluition with an equial volume of 80 %
phenol. The aquieouis phase was removed after
centrifugationl andl the nulcleic acid precipitated in
the cold by the a(lditioni of ain equLal volume of
absolute ethainol. The enitire proceduri-e was re-
peate(l to effect fuirther p.irification.

RNA from chloroplast fractions aln(l mitochon-
drial fractions from cauiliflower wx as extracted by
a combination of 2 techniqlues. The cellular frac-
tions were first homogenize(d wvith a soltution (10-15
ml) containing 0.28 Mi Li.So,, 2 X 10- M\ acetate
buffer, pH 5.0, 2 X 1(1-3 xiMgCl, 1 % SDS and
100 lug//ml bentonite (1 3 ). The mixtuire was thenl
eqluilibratedl with an equial volume of 80 % phenol
by shaking at room temperatuire for 5 minultes.
After coolinig to 5G the phases xvere sepatrated by
cenitrifuigationi at 10,000 X g in the col(l. The
nucleic acidls xvere precipitatedl from the col(d aque-
otis phase by the addition of anl eqlual voluime of
ethanol; they were theni collected by centrifLigationi.
The secoin(l stage of purification conisiste(l of (lis-
soluitioni of the nuicleic acids isolated from the first
step in a soluitioni of 4 % phenolphthalein (liphospliate
and 1 % SDS a(ldjusted to pH 6.0 (5-10 ml). The
solution was shakeni with an equal voluime of 8x0 %°
phenol, chilled and the phases separated by cenl-
trifuigation. Nuicleic acids xvere precipitate(d from
the aquieouis layer by the addition of an eqliial
voluime of ethanol. The precipitate wxas dissolved
in coldl 3 xvi soditum acetate pH 6.0 (5-8 ml') and
alloxxed to staincl in an ice bath for at least 1 0
minultes. The insolu1ble RN.A\ wias then collecte(d
by centrifuigationi. This part of the isolation wxas
basedI on the work of Kirby (9.). The reslltin1g
RN.A was of high apparent optical pirity ( ()
260 280 = 2.0-2.15) and( was virtuially free of 1)\A
contamination as indicatedl by the absence of a
reaction with dliphenylamine. It wxas not feasible
to employ the techniquies oultlined above for the
extractioni of RNA from mulshroom mitochond(rial
fractions since impturities xxhich interferre(d wvith
the sedimentation of RNA on suicrose density grad-
ients contaminated the RNA thuis prepare(l. .Ac-
cordlingly, a ribosomal fractioin was first extractedI
from mitochondria xvith (leoxycholate as is uisuially
dlone x-ith the microsomal fractioni (16). The RN\--
was then extracted by the same techniquie employed
xx'ith cvtoplasmic RN.-\.

Separation of the ribonuicleic aci(ds \vas effecte(d
1b suicr-ose densit,y gradient centrifugation. Linear
gradients (5-20 % suicrose) were prepare(d in 0.15
Ai NaCI, 0.015 'M so(litim citrate, pH 7.0 and cein-
trifuiged for 13 to 16 hou rs at 23,000 rpm xvith a
Spinlco 25.1 rotor. Hydrolysis, chromatography and
estimation of bases were performed as given by
Bendich (2). The base analvses xvere (loIne onl
pooledI samples takeni from areas of the suicrose
gra(lients containing the puLrified RNA species.
Each ainaly sis represeints 4 or more isolations of
the orgalnelle and( of the RNA species lin (qLueStioin.
Proteiin xas dletermiine(d with the biuiret reairent
(11).

Results

Clulor-oplazsts. Since the validity of these stti(lies
rests oni the demonstration that relatively puire or-
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ganelles were being sttudied we wotuld like first. in
the case of both organelles, to cite experimental
evidence to support this contention: A) Cytological
examination with the light microscope revealed that
whole chloroplasts and chloroplast fragments com-

prised the bulk of the material used in these stuidies.
Particles of the size of mitochondria were virtuially
absent. Ntuclei and nuclear fragments were not
present as judged by the absence of particles stain-
ing ith acetocarmine.

B) It w,as not possible to use biochemical
markers such as enzymes of the electron transport
chain to assess mitochondrial contamination of
romaine letttuce chloroplasts since activity of these
enzymes could niot be detected even in mitochondrial
preparatioins from romaine lettuce. It may be possi-
ble, however, to extrapolate from our findings with
spinach preparations. In these stuidies fractions of
chloroplasts and mitochondria were prepared from
spinach leaves with soltution A. The mitochondrial
fraction was a 10,000 X g pellet of the post-chloro-
plast stupernatant solution. Spinach mitochondria
had the ability to oxidize malate with the con-

comitant reduiction of diphosphopyridine ntucleotide
cotupled to the reduction of 2, 6 dichlorophenol
indophenol in the presence of cyanide. Cytochrome
C cotuld also serve as a final electron acceptor.
Spinach chloroplasts, on the other hand, were void
of these enzymatic activities. That the absence of
enzymatic activity was not dtue to the inhibitors in
chloroplast was shown by mixing experiments.
Chloroplasts added to the reaction mixtture did not
inhibit the oxidation of malate by the mitochondrial
preparations. These experiments suggested that
there was no contamination of spinach chloroplasts
by mitochondria.

C') Otur final argument, based on our experi-
mental data, rests on the nature of RNA extracted
from romaine letttuce chloroplast fractions. In the
many published papers on cytoplasmic ribosomal
RNA and in our own experiments, a predominance
of the 28S species was ustually noted. WN ith romaine
lettuice chloroplast fractions in only 3 otut of more

than 30 experiments has this relationship held.
In the majority of the cases, the amotunt of the
18S species exceeded that of the 28S species. In
some cases, stuch as the one shown in figure 1, the
RNA species from romaine lettuice chloroplast frac-
tions were present in approximately equal amounts.
The cuirves in figure 1 represent RNA extracted
from celltular fractions isolated from the same leaf
tissue. Note that the pattern of distribuition of
RNA from the mitochondrial fractioni was similar
to cytoplasmic ribosomal RN\-A. Conceivably this
is indicative of the uniquieness of romaine chloro-
plastic RNA. Uniexpectedly, the bulk of the RNA
of romaine lettuce chloroplasts was not extracted
by a combiinatioin of freezing and thawing and
homogenization in the presence of soditum deoxy-
cholate. \We have routinely employed a soluition
containiing 0.001 Mt magnesiuim chloride, 0.01 -I so-

ditum acetate and 0.5 % soditum deoxvcholate to
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FIG. 1. Sedimentation profiles of ribosomal RNA from
romaine lettuce leaf cellular fractions. 20 to 5 % Linear
sucrose gradients. Centrifugation for 16 hours witl
Spinco 25.1 rotor. Five drop fractions. x - - - x - - -

x - --x, Cytoplasmic; o o - - - o - - - o, mito-
chondrial; * - - -, chloroplastic.

puirify cytoplasmic ribosomes and in some instances,
to extract ribosomes from mitochondrial fractions.
Whether the homogenization was done with a Ten-
broeck all-glass hand homogenizer or with aluimina
and sand in a Waring blendor did not appear to
make any difference since only a small amotunt of
ribosomes was set free from romaine chloroplast
fractions. The quantity of ribosomes released in
this manner varied from virtuially none to 8 % of
the total RNA of the chloroplast fraction. The
released ribosomes proved to have a sedimentation
pattern resembling that of cytoplasmic ribosomes.
This is illustrated in figure 2. WVe shall refer to
the high molecular weight peak and the low molecu-
lar weight peak as the 60S and the 40S suibuinits,
respectively, although the sedimentation constants
have not been determined. No significance is at-
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FIG. 2. Sedimeintation patterns of ribosomes and ribo-
somal RNA from romaine lettuce. o - o - -- o - - - o,
Cytoplasmic ribosomes; * - -* - - - 0 - - 0, ribo-
somes extracted from chloroplasts by deoxycholate;
x - - - x - - x - - - x, ribosoma?l RNA extracted from
chloroplasts after deoxycholate treatment. 20 to 5%
sucrose gradients. Ribosomes centrifuged for 4 hours;
ribosomal RNA centrifuged for 16 hours 25.1 rotor at

23,000 rpm in each instance. Eight drop fractions for
ribosomes. Five drop fractions for ribosomal RNA.
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tached to the comparative rates of se(limentatioin
since the experiments were donie at (lifferenit times.
Attention is (lirected to the fact that in each instance
the 60S sutbunit predominiates. Suich a distributioni
of ribosomes wotuld be expecte(l to give rise to
RNA whose profile would be similar to that given
by cytoplasmic ribosomal RNA or the RNA from
the mitochondrial fractioni illtustrated in figulre 1.
That is, 60S ribosomes give rise to 28S RNA and
40S ribosomes give rise to 18S RNA (8).

UpoIn extraction of the chloroplast residuie re-
maining after deoxycholate treatment with sodiuim
(lo(lecy-l stilfate-phenol soluitions, ribosomal RNA
sedimenitiig with the profile shown in figuire 2
was obtained. Observe that this profile is charac-
teristic of romaine lettutce chloroplastic ribosomal
RNA. \Ve interpret these (lata to mean that de-
oxycholate treatment remove(l contaminating ribo-
somes only. Assuming this interpretatioin is correct,
then a quant-itative assessmelnt can be made of the
(legree of conitamiinatioin of romaiine chloroplasts.
Since, in our experimenits, deoxvcholate removed
from virtlually none to 8 % of the total RNA, then
ouir preparatioins of chloroplastic RNA are at least
9)2 % pLure.

The inability to extract ribosomes from romaine
lettuice chloroplasts and the inability to (letect ac-
tivitv of enzymes of the respiratory chain in
lettuice mitochondrial preparations are probably
relatedI an(l, thouigh siigullar-, are inot atv pical of
the kintds of resuilts that may be obtainied writh
materials from higher plants. It is possible that
polyphenols an(d latex, perennilal anathemas to plant
biochemists ancl stilstances that are known to be
present in lettuice, comlinedI with proteiins (Itiring
the isolations. In the case of mitochonl(lria, this
couldl have le(d to an inactivation of the eu7z mes.
In the case of chloroplasts, a protective coating
impermeable to deox)ycholate couldl have been
forme(l. Romaine lettiuce chloroplast fractions coIn-
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FLIG. 3. Co-sedimenitationl of 32P-labelled pea ribosomal
RNA with romaine lettuce cliloroplastic ribosomal RNA.
20 to 5 % linear sucrose gradient centrifuged at 23,000
rpm for 16 houirs; Spinco 25.1 rotor. Five drop fractions
collecte(l. 0 * 0, Radioactixvity; o o o, OD.

tained 100 to 118 microgramils of ribosornal RNX\-\
per milligram of total chlorophyll. Siubstances in-
terfering with the biuiret reaction in lipid-extracted
preparationis ma(le it impossible to (lo proteini (leter-
minations. Therefore, the RNA values couldl( not
be expressed in terms of protein colntelnt.

Figuire 3 (lenonstrates resuilts obtaine(l w-hen
approximately equial quantities of RNA from ro-
maine lettuice chloroplast fraction and 3tI- labelled
pea rilbosomal RNA were se(limeinte(d together oln a
suicrose gradient. Optical measuiremenlts were made
oIn the fractions andl they were theni (Irie(d aand(
coilnte(l in a liqtuid( scintillation couniiter. ()Iantita-
tive recover- of illtraviolet absorbing material and(
of radioactivity from the gra(lieint x-as obtained.
Since it has been showxn by Tso and(I S(qires (24)
that pea ribosomal RNA conisists of an 18S anda1-
28S particle, Nwe have employede-(l P labelled pea
rihosomal R\NA as markers in (leterimning the se(li-
mentation values of the R\NA species reporte(d ill
this paper. Our concerni for (leterminling the se(li-
mentationi v-alle xx as based on1 reports that chloro-
plast ribosomes have somewrhat lowxer sedimentationi
values than microsom1al particles (1 3 4. 12). Fig-
tire 3 reveals that ribosomal RNA of romainie lettuice
chloroplast fractions have se(limelntatioln values
similar, if nlot i(lentical, to pea ribosomal RNA.
In general, se(limenitationi profiles of RNA\ of
chloroplast preparations from certLain planlts suichl
as spinach, tomatoes and xvater cress have resembled
the tisuial patterni observed xx ith cytoplassmic ribo-
somal RNA. However there wx as a predomillance
of the 18S XNA comilponlenJt in the m<tajority of
preparations froIml chloroplasts from ro-lminle lettuice,
en(dive and Canada thistle. This pattern xw as also
observed by Ynidkin and(l Davis (26) in the R-NA
extracted from memlbran-les of Bacillus mcqgatCroior1
KM\. TheV sulggeste(d that (legra(lative enzynmes
conVert 23S RNA to 16S RNA. A possibly More
reasonable explaniatioin would be the preferential
(lestruiction of the larger RNA componenit (Irinr
preparatioln silnce the RNA species (liffer in base
compositioni and are co(le(l from (lifferenit loci Ol
the DNA molecuile (25). Althotugh nlot seeni ill
the experimenit illutstrate(d by figtire 1, R.NA of
4 to 5S prestlmal)ly corresponidinig to transfer RNA
was presenlt in a nuimber of preparatioins of chloro-
plastic RNA. It iisilally comprise(l less thani 2 %c
of the total RN-.-\.

As showxn in table I, the base conmpositioln of
the 28S RNA componient from the cytoplasmii of
romnaiie lettuice resembled the chloroplastic counter-
part althouigh a possibly significant dliffereince wvas
observedl in the g ?anine conitenit. Note, hoxxever,
that the stand(lar(d deviation xxas fairly high for
gtianinie in the cytoplasmic species. A greatter (lif-
ferelnce xwas mIanifest in the tiracil cointenit of the
18S species. It should( be pointe(d oult that these
differenices were of the mnagnitulde of differences
that may be foulndi betwxeei the 18S and(I 28S RINLA.
from a given organismn ( l

Hlitochoiidria. In the pr ,seut stii(lies, the prol)-
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Table I. Base Composition of RNA fromn Romaine Lettuice Suhbclluilar Fractions

RNA Number of Moles percent*
species analyses Guanine Adeniine Cvtosine Uracil

28S Cytoplasmic 3 35.6 + 1.1 21.8 0.4 23.5 + 2.1 18.9 l 0.2
28S Chloroplastic 3 33.0 ± 0.4 22.3 ± 1.2 25.5 ± 0.5 19.2 0.2
18S Cytoplasmic 3 30.8 ± 0.3 23.0 ± 0.8 22.2 ± 0.7 23.8 ± 0.6
18S Chloroplastic 3 31.5 ± 1.0 24.6 ± 0.6 23.3 + 0.9 20.5 + 0.0

* Values are means and standard deviations.

Table II. Effect of Washing on the RNA and Protein Content of Cauliflower Mllitochondria

Times wvashed Total protein, mg Total R-NA, Ag RNA/Protein*

IX 31.5 1220 31.4
4X 25.4 540 21.2
5X 22.6 500 22.1
6X 22.6 470 20.8

* Micrograms RNA per milligram protein.

Table III. Base Composition of RNA of Psalliota campestris Stbcellull(ar Fractions

Moles percent*
RNA species Number of analyses Guanine Adenine Cytosine Uracil

28S Cytoplasmic 3 30.3 ± 0.1 24 9 ± 0.0 21.4 ± 1.1 23.2 + 0.4
28S Mitochondrial 4 32.3 ± 0.9 24.3 ± 1.3 21.3 ± 1.0 22.8 ± 0.7
18S Cytoplasmic 4 29.4 + 0.6 24.6 ± 0.9 22.2 ± 1.1 23.8 ± 1.3
18S Mitochondrial 3 29.7 + 0.0 25 4 + 0.9 21.4 ± 1.0 23.5 ± 0.4

* Values are meanls and standard deviations.

lem of contamination by cytoplasmic ribosomes was
difficult to assess. The uise of glucose-6-phospha-
tase (5) as a marker for microsomal contamination
was not possible since the activity of the enzyme
was low even in the microsomal fractions from
cauliflower and mushroom.
We stubmit 2 lines of evidence to support our

contention that the RNA extracted from mitochon-
dria was contained in mitochondria. A) It has
been demonstrated in otur laboratory that it is vir-
tuially impossible to isolate undegraded cytoplasmic
ribosomal RNA from beef and pork liver obtained
from local markets. Yet the mitochondrial pellet
isolated from such tissue readily yielded a ribo-
somal pellet after treatment with deoxycholate.
This pellet in tuirn yielded 28S and 18S RNA. We
interpret this to indicate that compartmentation of
mitochondrial ribosomal RNA serves to protect it
from auitolytic degradation by cytoplasmic ribo-
nutcleases. B) The purification of mitochondria
was accomplished by washing and recentrifuging the
particles with the homogenizing mixture. Nuclear
contamination, as assessed by staining with aceto-
carmine, was virtutally nil. The mitochondrial par-
ticles showed sutccinic dehydrogenase activity and
were found to contain coenzyme Q, criteria which
established their identity. As has been shown by
Truman and Korner (23) and confirmed by the

data in table II, repeated washing of mitochondria
resutlts in particles with a constant RNA: protein
ratio. -Note that 4 to 6 washings restulted in a loss
of only 38 % protein buit about 62 % of the RNA
was lost, as compared with the first washing.
Valutes of 28 to 32 uLg of RNA per mg protein
were obtained with other washed preparations of
cauliflower mitochondria. By way of comparison,
beef-liver and mushroom mitochondria gave values
of 18 and 15, respectively. Truman and Korner
(22) reported that rat-liver mitochondria contained
13.8 ug RXNA per mg protein, a valuie very similar
to those reported by others for rat-liver mitochon-
drial R-NA. WVhen co-sedimented with marker 32p
labelled pea ribosomal R'NA, our preparations of
mitochondrial RNA gave patterns similar to that
shown in figure 3. This is otur justification for
designating RN\A from mitochondrial preparations
as 28S and 18S particles. The earlier report of
the existence of mitochondrial ribosomal RNA of
S value of 8.39 (23) can probably be explained as
due to lack of adequate magnesium in the isolation
medium. In most experiments small quantities of
transfer RNA (4-5S) were also observed.
A small and perhaps marginally significant dif-

ference was found in the guanine content of the
28S R\NA components from the mtushroom (table
III). Since the higher value for guanine in the
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Table INT. Bosc Composition of RA' A fronm Cautliflower Sz!lwccll/il(u) Frac/ins

RNA species

28S Cvtoplasmic
28S Mitochondrial
18S Cvtoplasmi-
18S NM itochonririal

Number of aeaalv ses

4

4

3

3

33.1 +- 0.4
33.3 + 0.9
32.6 -t 0.3
29.9 A- 0.0

MIoles lperceIlt
Adenine Cx tosille

24.1 +- 1.5
23.4 +- 0.8
25.2 -+ 0./
22.9 0.4

23.1 + 1.4
24.4 A- 1.4

20.5 0.3

23.8 +- 0O

\aluelt-es are miieanlsiand stain hr(l (levi atiOls.

niitoclionidrial componenit xvas nlot reflected in a

differenice in anv other base and(I slince the stalliard
(leviations were rather high, this is a (lu.bioUs dis-
tinctioin. No differences were seen in the 18S com-

poinenits. For some tulnexplaiine(l reason, the base

composition of the cytop'asmic ribosomal ribonticleic
acids from mtishrooms (differ significantly from

values reported earlier (16). This discrepancy is

probably not attributable to a lack of precision in

the estimation of the base compositioIn of RNA
sliIce the valtues for cauiliflowser cytoplasmic RNA
agree with values reporte(l earlier. This (liscrep-

ancv does nlot affect the comparisoni mna(le in table
III, siince comparisonis wvere ma(le l)etw een cvto-

plasmic RNA and RNA from mitochon(lrial frac-
tionis from the same soturce. It is possible that
ftuingi resemble bacteria in that muitation cain resuilt
in detectable changes in the base compositioin of the
D1NA (7) which in tturIn wvouild be reflecte(d in the
base composition of the ribosomal RNA.

The 28S componeints from cauiliflowxer exhibited
no differences in base composition ( table ITN).
The base compositioins of the 18S compoinent-s are

iineqluivocally- differenit, thlis (IiffereInce being re-

flected in all of the bases.

Discussion

Recenitly, ribosome-like particles were (lemotn-
strated in chloroplasts and(I mitochondria of swiss
chard (Beta vulgaris var. cicla) by- electroni micro-
scopy, (10, 20). In many mitochondria the particles
were sparse, poorly definie( or absenit. In short,
the accumulated evidence s ipports the existenice of
ribosoines in these particles. That chloroplast ribo-
somes are capable of proteiin synthesis was clemon-
strated recently by Spencer (19).
We have indicated in certaini inistainces that the

base composition of the ribosomal R-NA from the
sibecellular particles wvas significantly different from
cytoplasmic ribosomal R.NA thereby- inferrinig that
they were unique. Two bases iln(lerlie these claims:
ani appreciatioin for the dlegree of precision of the
method of estimation of bases as performed uinder
ouir coniditionis and conignilzanice of the maginitud(le of

(lifferences that may be foulndl between the 2 cv-to-
plasmic ribosomal RINA species of an organism.

These are known to be distinctlv different from
each other. Buttressinig the differences fouind in
base composition were celrtaini trenids seein in this

study that Nvere also seeni in a previous studv onl
plant ribosomal RNA (16 ). Usually the guiainine
conlteint, predominant in 1)oth coimipoilelnts, was higlher
in the 28S species than in the 18S species. Also
there w-as ofteni anl increase(l am )tnt of uiracil in

the 18S componient.
The experimenits in the presenlt paper xNvcrC per-

formed xvith the belief that filn(ings of (lifferenices
in base compositionl betwveen cytoplasmic RNA anid
RNAk of the orgalnelles xwould(1 fuirtlher- affirm the
atutonomouis niatuire of the organelles. The (liffer-
ences foulnd(I probably reflect (lifferenices in the
DNA cistrons from wxhence they w-ere code(d (25).

After the completionl of thi' manuscript, E. Bal-
tulS andl(l J. Quertier ( 13iochim. Biophys. Acta 119,
192 (1966) reported sexveral fiidiings on Acclhib-
larwl chloroplastic RN\A similar to thle restults re-

portedI here. Chloroplast ribosomal RNA had sedli-
mentation constanits of 18S anid 28S. There xvas

also a preponderance of the 18S RNA suibu-init ill
chloroplasts whereas the subunits occLurre(l in equal
amoulnts in non-chloroplastic RNA.
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