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Summary. 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
endive. The usual distribution, a preponderance of the 28S species, was observed
in studies on tomato and spinach chloroplasts and mitochondria from mushroom
and cauliflower. Comparisons of the base composition of RNA from organelles
with their cytoplasmic ribosomal counterparts revealed that the 18S component from
romaine lettuce chloroplast was different. A marginally significant difference was
observed in the 28S particle from mushroom mitochondria preparations whereas
distinct differences, reflected in all the bases, were seen when the 18S component
of cauliflower mitochondria preparations was compared with cytoplasmic RNA.

It has become evident in recent years that cell-
ular organelles such as chloroplasts and mitochon-
dria possess genetic information. This is based
on traditional genetic studies and is supported by
demonstrations of unique species of DNA in these
particles. Evidence from both approaches has been
reviewed recently (17). The existence of inde-
pendent structures for the biosynthesis of protein
derived from these organelles would give further
support to theories concerning the autonomous na-
ture of the organelles. At present, information on
the nature of the nucleic acids of the protein-syn-
thesizing apparatus of subcellular particles, espe-
cially with respect to mitochondria, is fragmentary.
Thus Brawerman (3) has reported on the uniqueness
of whole ribosomal ribonucleic acids from Euglena
chloroplasts. On the other hand, Odintsova, et al.
(15) could find no major differences in base com-
position between whole cytoplasmic and whole
chloroplastic ribosomal ribonucleic acids from
higher plants.

The ability of isolated mitochondria from var-
ious sources to incorporate labelled amino acids
into protein has been amply documented (6, 18,21).
The latter 2 reports have emphasized that the small
amounts of RNA invariably found associated with
mitochondria are probably indigenous to the mito-
chondria. In a preliminary report Truman and
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Korner (23) suggested that mitochondrial RNA
may be unusual since extraction of rat-liver mito-
chondria yielded a ribonucleic acid with an S value
of 8.39; this is intermediate between that of ribo-
somal and soluble RNA. To our knowledge no
other investigations on the nature of mitochondrial
ribonucleic acids have been reported.

In this paper we report techniques for the iso-
lation of the 18S and 28S species of ribosomal
ribonucleic acids from chloroplasts and from mito-
chondria. In addition, a comparison of the bhase
composition of the cytoplasmic ribonucleic acid
components with those from chloroplasts and from
mitochondria is given.

Materials and Methods

Preparation of Subcellular Particles.  Green
leaf blades, usually 200 to 400 g portions, torn
from romaine lettuce (Lactuca sativa, var. longi-
folia) and endive (Cichorium endivia) were used
to prepare chloroplast fractions. The shredded
tissue, chilled to 5°, was homogenized in a Waring
Blendor with 3 to 5 volumes of solution A (0.25
sucrose, 0.01 » MgCl,, 0.05 M Tris pH 7.8) at
one-third to one-half line voltage for 90 seconds.
The resulting slurry was filtered through 4 layers
of facial tissue previously wetted with solution A.
Centrifugation of the filtrate at 1,000 X ¢ for 10
minutes resulted in the sedimentation of chloro-
plasts as well as large nuclear particles and a few
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intact nuclei. The residue was resuspended in solu-
tion .\ by thorough shaking. Nuclei, nuclear par-
ticles and heavy chloroplasts were then sedimented
by centrifugation at 50 to 100 X ¢ for 3 minutes.
Chloroplasts, essentially free of nuclear particles as
judged by the absence of particles staining with
acetocarmine, were then sedimented at 1,000 X g¢.
These were washed once by resuspending in solution
A and recentrifuging at 1,000 X ¢ for 3 minutes.

Solution A was alse used in the preparation of
mitcchondrial fractions. The fruiting bodies of
the fungus (Psalliota campestris) or the entire
cauliflower head (Brassica oleracea, var. botrvtis)
was first chilled in ice water. The mushroom caps
were then trimmed so that the outer surface and
the gills were discarded. Florets void of chloro-
phyll were trimmed from cauliflower and used as
starting material in the preparation of mitochondrial
fractions from cauliflower. The chilled tissue was
homogenized with solution A and the slurry filtered
as in the preparation of the chloroplast fractions.
The filtrate was centrifuged at 1,500 X ¢ for 15
minutes and the residue discarded. The supernatant
solution was then centrifuged at 13,000 X ¢ for 15
minutes to sediment the mitochondrial {raction.
The pellet was resuspended in solution A and
collected by recentrifugation at 135,000 X ¢ for 13
minutes. After 3 or 4 such washings the resulting
pellet was used. Approximately 400 g of tissue
were used for the preparation of mitochondrial frac-
tions from mushrooms whereas 150 to 200 g of
trimmed floret tissue from cauliflower were em-
ployed.

Conditions for the isolation of cytoplasmic
rihosomes were outlined in a previous communica-
tion (16). The only essential modification em-
ploved in the present experiments was the use of
solution A as the homogenizing medium. Briefly,
a microsomal fraction was prepared by centrifuging
post-mitochondrial supernatant solutions at 103,000
X g. After deoxycholate treatment, ribosomes were
collected by recentrifugation at 103,000 X ¢. The
ribosomal subunits extracted from chloroplast frac-
tions with deoxycholate were separated on 3 to 20 9,
sucrose density gradients prepared with a solution
of 1 X 10* M magnesium chloride and 3 X 107 u
Tris buffer pH 74. A Spinco 25.1 rotor centrifuged
at 23,000 rpm for 4 hours was used to effect the
separation. It is important to note that midribs,
trimmed of all chlorophyll-containing areas except
vascular bundles, were used in the preparation of
cytoplasmic ribosomes from romaine lettuce.

Extraction, Scparation and Hxydrolvsis of Ribo-
mucleic Acid. Cytoplasmic ribosomal RNA  was
extracted by homogenizing ribosomes in the cold
with 2 9, sodium dodecyl sulfate (SDS) and equi-
librating the solution with an equal volume of 80 9
phenol. The aqueous phase was removed after
centrifugation and the nucleic acid precipitated in
the cold by the addition of an equal volume of
absolute ethanol. The entire procedure was re-
peated to effect further purification.
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RNA from chloroplast fractions and mitochon-
drial fractions from cauliflower was extracted by
a combination of 2 techniques. The cellular frac-
tions were first homogenized with a solution (10-13
ml) containing 0.28 M Li,SO,, 2 X 107 M acetate
buffer, pH 5.0, 2 X 10 n MgCl,, 19 SDS and
100 ug/ml bentonite (13). The mixture was then
equilibrated with an cqual volume of 80 ¢, phenol
by shaking at room temperature for 3 minutes.
After cooling to 5° the phases were separated by
centrifugation at 10,000 X ¢ in the cold. The
nucleic acids were precipitated from the cold aque-
ous phase by the addition of an equal volume of
ethanol: they were then collected by centrifugation.
The second stage of purification consisted of dis-
solution of the nucleic acids isolated from the first
step in a solution of 4 9, phenolphthalein diphosphate
and 19, SDS adjusted to pH 6.0 (5-10 ml). The
solution was shaken with an equal volume of 80 ¢,
phenol, chilled and the phases separated by cen-
trifugation. Nucleic acids were precipitated from
the aqueous layer by the addition of an equal
volume of ethanol. The precipitate was dissolved
in cold 3 M sodium acetate pH 6.0 (53-8 ml) and
allowed to stand in an ice bath for at least 10
minutes. The insoluble RNA was then collected
by centrifugation. This part of the isolation was
based on the work of Kirby (9). The resulting
RNA was of high apparent optical purity (OD
260/280 = 2.0-2.15) and was virtually free of DN A
contamination as indicated by the absence of a
reaction with diphenylamine. Tt was not feasible
to employ the techniques outlined above for the
extraction of RNA from mushroom mitochondrial
fractions since impurities which interferred with
the sedimentation of RNA on sucrose density grad-
ients contaminated the RNA thus prepared. Ac-
cordingly, a ribosomal fraction was first extracted
from mitochondria with deoxycholate as is usually
done with the microsomal fraction (16). The RNA
was then extracted by the same technique employed
with cytoplasmic RNA.

Separation of the ribonucleic acids was effected
by sucrose density gradient centrifugation. Linear
gradients (5-20 9, sucrose) were prepared in (.13
M NaCl, 0.015 v sodium citrate, pH 7.0 and cen-
trifuged for 13 to 16 hours at 23,000 rpm with a
Spinco 25.1 rotor. Hydrolysis, chromatography and
estimation of bases were performed as given by
Bendich (2). The bhase analyses were done on
pooled samples taken from areas of the sucrose
gradients containing the purified RNA species.
Each analysis represents 4 or more isolations of
the organclle and of the RNA species in question.
Protein was determined with the biuret reagent

(11).
Results

Chloroplasts.  Since the validity of these studies
rests on the demonstration that relatively pure or-
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ganelles were being studied we would 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 studies.
Particles of the size of mitochondria were virtually
absent. Nuclei and nuclear fragments were not
present as judged by the absence of particles stain-
ing with acetocarmine.

B) It was not possible to use biochemical
markers such as enzymes of the electron transport
chain to assess mitochondrial contamination of
romaine lettuce chloroplasts since activity of these
enzymes could not be detected even in mitochondrial
preparations from romaine lettuce. It may be possi-
ble, however, to extrapolate from our findings with
spinach preparations. In these studies fractions of
chloroplasts and mitochondria were prepared from
spinach leaves with solution A. The mitochondrial
fraction was a 10,000 X g pellet of the post-chloro-
plast supernatant solution. Spinach mitochondria
had the ability to oxidize malate with the con-
comitant reduction of diphosphopyridine nucleotide
coupled to the reduction of 2, 6 dichlorophenol
indophenol in the presence of cyanide. Cytochrome
C could 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 due to the inhibitors in
chloroplast was shown by mixing experiments.
Chloroplasts added to the reaction mixture 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) Our final argument, based on our experi-
mental data, rests on the nature of RN A extracted
from romaine lettuce chloroplast fractions. In the
many published papers on cytoplasmic ribosomal
RNA and in our own cxperiments, a predominance
of the 28S species was usually noted. With romaine
lettuce chloroplast fractions in only 3 out of more
than 30 experiments has this relationship held.
In the majority of the cases, the amount of the
18S species exceeded that of the 28S species. In
some cases, such as the one shown in figure 1, the
RNA species from romaine lettuce chloroplast frac-
tions were present in approximately equal amounts.
The curves in figure 1 represent RNA extracted
from cellular fractions isolated from the same leaf
tissue. Note that the pattern of distribution of
RNA from the mitochondrial fraction was similar
to cytoplasmic ribosomal RNA. Conceivably this
is indicative of the uniqueness of romaine chloro-
plastic RNA. Unexpectedly, the bulk of the RNA
of romaine lettuce chloroplasts was not extracted
by a combination of freezing and thawing and
homogenization in the presence of sodium deoxy-
cholate. We have routinely employed a solution
containing 0.001 M magnesium chloride, 0.01 M so-
dium acetate and 0.59 sodium deoxycholate to
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F16. 1. Sedimentation profiles of ribosomal RNA from
romaine lettuce leaf cellular fractions. 20 to 59, Linear
sucrose gradients. Centrifugation for 16 hours with

Spinco 25.1 rotor. Five drop fractions. x - - - x - - -
X - - - x, Cytoplasmic; 0 ---0---0 - - - o, mito-
chondrial; ® - - - ® . - _ ®_ chloroplastic.

purify 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 alumina
and sand in a Waring blendor did not appear to
make any difference since only a small amount of
ribosomes was set free from romaine chloroplast
fractions. The quantity of ribosomes released in
this manner varied from virtually none to 8 9, 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. We shall refer to
the high molecular weight peak and the low molecu-
lar weight peak as the 60S and the 40S subunits,
respectively, although the sedimentation constants
have not been determined. No significance is at-
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Fi1c. 2. Sedimentation patterns of ribosomes and ribo-
somal RNA from romaine lettuce. 0 - - -0---0-- -0,
Cytoplasmic ribosomes; ® - - - ® - - _ ® . _ _ ® riho-
somes extracted from chloroplasts by deoxycholate;
X---X---X---Xx, ribosomal RNA extracted from
chloroplasts after deoxycholate treatment. 20 to 59,
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 sedimentation
since the experiments were done at different times.
Attention is directed to the fact that in each instance
the 60S subunit predominates. Such a distribution
of ribosomes would be expected to give rise to
RNA whose profile would be similar to that given
by cytoplasmic ribosomal RNA or the RNA from
the mitochondrial fraction illustrated in figure 1.
That is, 60S ribosomes give rise to 285 RNA and
40S ribosomes give rise to 185 RNA (8).

Upon extraction of the chloroplast residue re-
maining after deoxycholate treatment with sodium
dodecyl sulfate-phenol solutions, ribosomal RNA
sedimenting with the profile shown in figure 2
was obtained. Observe that this profile is charac-
teristic of romaine lettuce chloroplastic ribosomal
RNA. We interpret these data to mean that de-
oxycholate treatment removed contaminating ribo-
somes only. Assuming this interpretation is correct,
then a quantitative assessment can be made of the
degree of contamination of romaine chloroplasts.
Since, in our experiments, deoxycholate removed
from virtually none to 8 ¢, of the total RNA, then
our preparations of chloroplastic RNA are at least
92 9, pure.

The inability to extract ribosomes from romaine
lettuce chloroplasts and the inability to detect ac-
tivity of enzymes of the respiratory chain in
lettuce mitochondrial preparations are prohably
related and, though singular, are not atypical of
the kinds of results that may be obtained with
materials from higher plants. It is possible that
polyphenols and latex, perennial anathemas to plant
biochemists and substances that are known to be
present in lettuce, combined with proteins during
the isolations. In the case of mitochondria, this
could have led to an inactivation of the enzymes.
In the case of chloroplasts, a protective coating
impermeable to deoxycholate could have Deen

formed. Romaine lettuce chloroplast fractions con-
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Frc. 3. Co-sedimentation of 32P-labelled pea ribosomal
RNA with romaine lettuce chloroplastic ribosomal RNA.
20 to 59, linear sucrose gradient centrifuged at 23,000
rpm for 16 hours; Spinco 25.1 rotor. Five drop fractions
collected. ® ® @ Radioactivity; o o o, OD.
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tained 100 to 118 micrograms of ribosomal RNA
per milligram of total chlorophyll. Substances in-
terfering with the biuret reaction in lipid-extracted
preparations made it impossible to do protein deter-
minations. Therefore, the RNA values could not
be expressed in terms of protein content.

Figure 3 demonstrates results obtained when
approximately equal quantities of RNA from ro-
maine lettuce chloroplast fraction and *P labelled
pea ribosomal RN A were sedimented together on a
sucrose gradient. Optical measurements were made
on the fractions and they were then dried and
counted in a liquid scintillation counter. (Juantita-
tive recovery of ultraviolet absorbing material and
of radioactivity from the gradient was obtained.
Since it has been shown by Ts'o and Squires (24)
that pea ribosomal RN A consists of an 188 and a
28S particle, we have employed P labelled pea
ribosomal RN A as markers in determining the sedi-
mentation values of the RNA species reported in
this paper. Our concern for determining the sedi-
mentation value was based on reports that chloro-
plast ribosomes have somewhat lower sedimentation
values than microsomal particles (1,3.4.12). Fig-
ure 3 reveals that rihosomal RNA of romaine lettuce

chloroplast fractions have sedimentation values
similar, 1f not identical, to pea ribosomal RN.\.
In general, sedimentation profiles of RNA of

chloroplast preparations from certain plants such
as spinach, tomatoes and water cress have resembled
the usual pattern observed with cytoplasmic ribo-
somal RNA. However there was a predominance
of the 185 RNA component in the majority of
preparations from chloroplasts from romaine lettuce,
endive and Canada thistle. This pattern was also
observed by Yudkin and Davis (26) in the RN.\
extracted from membranes of Buacillus mmegateriune
KM. They suggested that degradative enzymes
convert 23S RNA to 165 RNA. A possilily more
reasonable explanation would be the preferential
destruction of the larger RN\ component during
preparation since the RN.A species differ in base
composition and are coded from different loct on
the DNA molecule (25). Although not seen in
the experiment illustrated by figure 1, RNA of
4 to 38 presumably corresponding to transfer RN\
was present in a number of preparations of chloro-
plastic RNA. Tt usually comprised less than 2 ¢
of the total RNA.

As shown in table T, the bhase composition of
the 288 RN.A component from the cytoplasm of
romaine lettuce resembled the chloroplastic counter-
part although a possibly significant difference was
observed in the guoanine content. Note, however,
that the standard deviation was fairly high for
guanine in the cytoplasmic species. A greater dif-
ference was manifest in the uracil content of the
18S species. It should be pointed out that these
differences were of the magnitude of differences
that may be found between the 18S and 288 RN A
from a given organism (16).

Mitochondria. Tn the present studies, the prob-
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Table I. Base Composition of RNA from Romainc Lettuce Subcellular Fractions

RNA Number of Moles percent*
species analyses Guanine Adenine Cytosine Uracil
28S Cytoplasmic 3 356 = 11 218 = 04 235 = 21 189 = 02
28S Chloroplastic 3 330 = 04 223 += 12 255 = 05 192 = 02
18S Cytoplasmic 3 308 = 03 230 = 08 222 = 07 238 = 06
18S Chloroplastic 3 315 = 1.0 246 =+ 06 233 = 09 205 = 00
* Values are means and standard deviations.
Table II. Effect of Washing on the RNA and Protein Content of Cauliflower Mitochondria
Times washed Total protein, mg Total RN A, ug RNA/Protein*
1X 31.5 1220 314
4X 25.4 540 21.2
5X 22,6 500 221
6X 226 470 20.8
* Micrograms RN A per milligram protein.
Table III. Base Composition of RNA of Psalliota campestris Subcellular Fractions
Moles percent*
RNA species Number of analyses Guanine Adenine Cytosine Uracil

28S Cytoplasmic 3
28S Mitochondrial 4
18S Cytoplasmic 4
18S Mitochondrial 3

30.3 = 0.1 249 =+ *
323 = 09 243 = =+
294 = 06 246 = 09 222 = 11 238 = 13
29.7 = 0.0 254 = +

1.1 232 = 04
1.0 228 = 0.7

0.0 214
13 213

0.9 214 1.0 235 = 04

* Values are means and standard deviations.

lem of contamination by cytoplasmic ribosomes was
difficult to assess. The use 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 submit 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 our laboratory that it is vir-
tually 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 turn yielded 28S and 185 RNA. We
interpret this to indicate that compartmentation of
mitochondrial ribosomal RNA serves to protect it
from autolytic degradation by cytoplasmic ribo-
nucleases. 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 virtually nil. The mitochondrial par-
ticles showed succinic 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
results in particles with a constant RNA: protein
ratio. Note that 4 to 6 washings resulted in a loss
of only 38 9, protein but about 62 9, of the RNA
was lost, as compared with the f{first washing.
Values of 28 to 32 ug 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 pg RNA per mg protein, a value very similar
to those reported by others for rat-liver mitochon-
drial RNA. When co-sedimented with marker 32P
labelled pea ribosomal RNA, our preparations of
mitochondrial RNA gave patterns similar to that
shown in figure 3. This is our justification for
designating RNA 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
285 RNA components from the mushroom (table
IIT). Since the higher value for guanine in the.
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Table IV. Base Composition of RN A from Cauliflower Subcellular Fractions

Moles percent*

RNA species Number of analyses Guanine Adenine Cytosine Uracil
28 Cvtoplasmic i 31 = 04 241 = 13 231 = 14 196 = 08
28S Mitochondrial 4 333 = 09 234 = 038 244 = 14 186 = 0.7
18S Cvtoplasmic 3 326 == 053 252 = 07 205 = 03 213 = 14
185 Mitochondrial 3 = 04 238 = 0.3 234 + 06

299 = 0.0 229

* \alues are means and standard deviations.

mitochondrial component was not reflected in a
difference in any other base and since the standard
deviations were rather high, this is a dubious dis-
tinction. No differences were seen in the 18S com-
ponents. For some unexplained reason, the bhase
composition of the cytop'asmic ribosomal ribonucleic
acids from mushrooms differ significantly from
values reported earlier (16). This discrepancy is
probably not attributable to a lack of precision in
the estimation of the base composition of RYA
since the values for cauliflower cytoplasmic RN.\
agree with values reported earlier. This discrep-
ancy does not affect the comparison made in table
III, since comparisons were made hetween cyto-
plasmic RNA and RNA from mitochondrial frac-
tions from the same source. It is possible that
fungi resemble bacteria in that mutation can result
in detectable changes in the hase composition of the
DNA (7) which in turn would be reflected in the
base composition of the ribosomal RNA.

The 28S components from cauliflower exhibited
no differences in base composition (table T\7).
The base compositions of the 18S components are
unequivocally different, this difference being re-
flected in all of the bhases.

Discussion

Recently, ribosome-like particles were demon-
strated in chloroplasts and mitochondria of swiss
chard (Beta zulgaris var. cicla) by electron micro-
scopy (10,20). In many mitochondria the particles
were sparse, poorly defined or absent. In short,
the accumulated evidence supports the existence of
ribosomes in these particles. That chloroplast ribo-
somes are capable of protein synthesis was demon-
strated recently by Spencer (19).

We have indicated in certain instances that the
base composition of the ribosomal RNA from the
subcellular particles was significantly different from
cytoplasmic ribosomal RN thereby inferring that
they were unique. Two bases underlie these claims:
an appreciation for the degree of precision of the
method of estimation of bases as performed under
our conditions and congnizance of the magnitude of
differences that may be found between the 2 cyto-
plasmic ribosomal RNA species of an organism.
These are known to be distinctly different from
cach other. Buttressing the differences found in
base composition were certain trends seen in this

study that were also scen in a previous study on
plant ribosomal RNA (16). Usually the guanine
content, predominant in hoth components, was higher
in the 28S species than in the 18S species. Also
there was often an increased amount of uracil in
the 18S component.

The experiments in the present paper were per-
formed with the belief that findings of differences
in hase composition between cytoplasmic RNA and
RN A of the organelles would further affirm the
autonomous nature of the organelles. The differ-
ences found probably reflect differences in the
DNA cistrons from whence they were coded (23).

After the completion of this manuscript, E. Bal-
tus and J. Quertier (Biochim. Biophys. Acta 119,
192 (1966) reported several findings on Acetabu-
laria chloroplastic RN A similar to the results re-
ported here. Chloroplast ribosomal RNA had sedi-
mentation constants of 188 and 28S. There was
also a preponderance of the 18S RNA subunit in
chloroplasts whereas the subunits occurred in equal
amounts in non-chloroplastic RNA.

Acknowledgment

This work was supported by a grant from the Public
Health Service, GM 10731-02.  We acknowledge the
receipt of an All University Research Grant. One of
us (D. F. B.) was the recipient of a postdoctoral fellow-
ship from the National Institutes of Health.

Literature Cited

1. Arr, A. A. axp A. T. Jacexvorr. 1963. Incorpo-
ration of labelled amino acids by chloroplast ribo-
somes. Biochim. Biophys. Acta 76: 286-92.

2. BexpicH, A. 1957. Methods for characterization
of nucleic acids by base composition. In: Methods
in Enzymology. Vol. T11. S. P. Colowick aad N.
0. Kaplan, eds.  Academic Press, New York. p
715-23.

3. BrawerMAN, G. 1963. The isolation of a specific
species of rihosomes associated with chloroplast
development in Euglena gracilis.  Biochim. Bio-
phys.  Acta 72: 317-31.

4. Crark, M. F., R. E. F. Marrtaews, anp R. K.

RarLpH. 1964, Ribosomes and polyribosomes in
Brassica pekinensis.  Biochim. Biophys. Acta 91:
289-304.

5. peDuve, C., B. C. Pressaan, R, Giaxerro, R. WaT-
TI1aUX, Axp F. AppLEnax. 19335, Tissue Frac-



10.

11.

12.

13.

14.

16.

POLLARD ET AL.—CHLOROPLASTIC AND MITOCHONDRIAL RN A

tionation Studies. Intracellular distribution pat-
terns of einzymes in rat-liver tissue. Biochem. J.
60: 604-17.

Freeman, K. B. 1965. Protein Synthesis in Mito-
chondria. IV. Preparation and properties of mito-
chondria frem Krebs IT mouse ascites-tumour cells.
Biochem. J. 94: 494-501.

Gatuse, G. G, N. P. LasHKAREVA, 1. B. ZBARsKY,
axp G. F. Gause. 1964. Deoxyribonucleic acid
base composition in certain bacteria and their
mutants with impaired respiration. Nature 203:
568-99.

Jorrik, W. K. axp Y. Becker. 1965. Studies on
the genesis of polyribosomes. I. Origin and siz-
nificance of the subribosomal particles. J. Mol.
Biol. 13: 495-510.

KirBy, K. S. 1964. Isolation of deoxyribonucleic
acid and ribosomal ribonucleic acid from Esche-
richia coli. Biockem. J. 93: 5C-6C.

Kistev, H., H. Swrrr, axp L. BoGorap. 1965.
Nucleic acids of chloroplasts and mitochondria of
swiss chard. J. Cell Biol. 25: 327-44.

Lavxe, E. 1957. Spectrophotometric and turbidi-
metric methods for measuring proteins. In: Meth-
ods in Enzymology. Vol. III. S. P. Colowick and
N. O. Kaplan, eds. Academic Press, New York.

p 447-54.
Lytreeton, J. W. 1962, Isolation of ribosomes
from spinach chloroplasts. Exptl. Cell Res. 26:
312-17.

McCartHY, B. J. anp B. H. Hover. 1964. Iden-
tity of DNA and diversity of messenger RNA
molecules in normal mouse tissues. Proc. Natl.
Acad. Sci. U. S. 52: 915-22.

Mmcrey, J. E. M. 1965. Effects of different ex-
traction procedures on the molecular characteristics
of bacterial ribosomal ribonucleic azid. Biochim.
Biophys. Acta 95: 232-43.

Opintsova, M. S, E. V. GoLuneva, axp N. M.

SissakiAN. 1964. Chloroplast ribosomes. Nature
204 : 1050-91.
Porrarp, C. J. 1964. The specificity of ribosomal

17.

18.

19.

20.

23.

25.

26.

1329

ribonucleic acids of plants. Biochem.
Res. Commun. 17: 171-76.

Rasivowrrz, M., J. SincLam, L. peSaLLg, R.
HaseLkorN, axp H. H. Swrirr. 1965. Isolation
of deoxyribonucleic acid from mitochondria of
chick embryo heart and liver. Proc. Natl. Acad.
Sci. U. S. 53: 1126-33.

Rocpy~N, D. B, K. B. Freemax, axp J. R. Tara.
1965. The stimulation by treatment in vivo with
tri-iodothyronine of amino acid incorporation into
protein by isolated rat-liver mitochondria. Biochem.
J. 94: 628-41.

SPENCER, D. 1965. Protein synthesis by isolated
spinach chloroplasts.  Arch. Biochem. Biophys.
111: 381-90.

Swrrr, H. 1965. Nucleic acids of mitochondria
and chloroplasts. Am. Naturalist, XCIX: 201-27.

TrumaN, D. E. S. 1964. The fractionation of
proteins from ox-heart mitochondria labelled in

Biophys.

vitro with radioactive amino acids. Biochem. J.
91: 59-64.
Truman, E. E. S, axp A. Korner. 1962. Incor-

poration of amino acids into the proteins of iso-
lated mitochondria. A search for optimum con-
ditions and a relationship to oxidative phosphoryla-
tion. Biochem. ]. 83: 588-96.

TruyaN, D. E. S. axp A. Korxer. 1962. Mito-
chondrial ribonucleic acid and its role in the in-
corporation of amino acids into mitochondrial
protein. Biochem. J. 84: p 40.

Ts’o, P. O. P. anp R. Squires. 1960. Quantita-
tive isolation of intact RNA from microsomal par-
ticles of pea seedlings and rabbit reticulocytes.
Fed. Proc. 18: p 341.

YANKOFSKY, S. AND S. SpIEGELMAN. 1963. Dis-
tinct cistrons for the two ribosomal RNA com-
ponents. Proc. Natl. Acad. Sci. U. S. 49: 538-
44,

Yupkix, M. D. anp B. Davis. 1965. Nature of
the RNA associated with the protoplast membrane
of Bacillus megaterium. J. Mol. Biol. 12: 193-
204.



