
JOURNAL OF BACTERIOLOGY, OCt. 1976, p. 28-34
Copyright © 1976 American Society for Microbiology

Vol. 128, No. 1
Printed in U.S.A.

Characterization of the Hybridization Between Purified 16S
and 23S Ribosomal Ribonucleic Acid and Ribosomal

Deoxyribonucleic Acid from Escherichia coli
PATRICK P. DENNIS* AND DOUGLAS H. NORDAN

Department of Microbiology, University ofBritish Columbia, Vancouver, British Columbia,
Canada V6T 1W5

Received for publication 10 May 1976

An assay to distinguish specifically between 16S and 238 ribosomal ribonu-
cleic acid (rRNA) has been developed. The assay involves hybridization of
radioactive rRNA to deoxyribonucleic acid (DNA) from Xilv5 transducing phage,
which carries an rRNA transcription unit. Radioactive 16S or 23S rRNA can be
specifically and completely competed from hybrids by using highly purified
nonradioactive 16S or 23S competitor RNA, respectively. The preparation and
purification of 16S rRNA and 23S rRNA are described in detail. The hybridiza-
tion assay is extremely sensitive and efficient; 65 to 70% or more of the input
radioactivity hybridizes to specific DNA in the absence of homologous competi-
tor RNA, and at saturation virtually all of the specific DNA sequences are
hybridized to rRNA. The results indicate that: (i) the 16S rRNA and 23S rRNA
prepared as described are greater than 99% pure; (ii) 16S rRNA and 23S rRNA
hybridize with equal efficiency and in equal molar amounts to Xilv5 DNA; (iii) at
saturation, about one molecule of 16S and one molecule of 23S rRNA are
hybridized per genome equivalent of Xilv5 DNA; (iv) essentially no cross-hybrid-
ization occurs between 16S and 23S rRNA; and (v) the sequence homology
between 16S and 23S rRNA is negligible.

Genes coding for the ribonucleic acid (RNA)
components of the ribosome in Escherichia coli
are organized into transcription units (14). The
primary RNA transcript from these units con-
tains an adenosine 5'-triphosphate, sediments
at 30S, and has a molecular mass of about 2.0 x
106 daltons. Treatment with ribonuclease Ill in
vitro releases species that are slightly larger
than, but contain, the entire sequences of 23S
ribosomal RNA (rRNA), 16S rRNA, and 5S
rRNA (4,7,8,12). In addition to the 5S rRNA
fragment, several other low-molecular-weight
species are released from the 30S precursor (7).
Two of these presumably represent the precur-
sors of glutamic acid-accepting transfer RNA
(tRNA2GIU) and isoleucine-accepting transfer
RNA (tRNA1Ile), which map in the spacer re-
gion between the 16S and 23S rRNA genes on
separate rRNA transcriptional units (10, 18).
The gene order and the direction of transcrip-
tion within these units have been demonstrated
to be promotor, 16S rRNA, tRNA, 23S rRNA,
and 5S rRNA (10).
The cotranscription of 16S and 23S rRNA

suggests that the early stages of assembly of
the 30S and 56S ribosomal subunits in vivo are
closely related. To facilitate the study of the
early events relating to ribosome assembly, we
have developed specific assays for 16S rRNA

and 23S rRNA. In this paper the assays are
described in detail. They involve hybridization
of radioactive rRNA to specific DNA from Xilv5
transducing phage, which carries a complete
copy of an rRNA transcription unit (18). Large
amounts ofhighly purified nonradioactive com-
petitor 16S or 23S rRNA completely and specifi-
cally eliminate the hybridization of radioactive
16S or 238 rRNA, respectively, to the Xilv5
DNA. In contrast to earlier observations (1, 11),
the results reported here indicate that 16S
rRNA and 23S rRNA do not cross-hybridize and
that the sequence homology between 16S and
23S rRNA is negligible.

MATERIALS AND METHODS
Bacterial growth. The bacterial strain used for

the preparation of 16S and 23S rRNA was NF314, a
leu- derivative of rifampin-sensitive Escherichia
coli B strain AS19. The growth medium was mini-
mal AB (13) supplemented with 0.4% vitamin-free
Casamino Acids and 0.2% glucose. Cultures were
started by a 104-fold dilution of a fresh, stationary-
phase culture and grown at 37°C; growth was moni-
tored as absorbance at 460 nm (A440). At an A460 Of
0.10, a 100-ml portion of a 1-liter culture was re-
moved and labeled with [3Hluracil (specific activity,
25 Ci/mmol; 3 ,uCi/ml). When the A460 of the radio-
active culture reached 0.4, nonradioactive uracil (50
jig/ml) was added. When the culture reached an A460
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of 0.80, rifampin was added to a final concentration
of 20 jAg/ml for 30 min. The cultures were cooled to
00C and harvested by centrifugation. The radio-
active and nonradioactive cell pellets were used for
preparation of radioactive and nonradioactive 16S
and 23S rRNA.

Purification of 16S and 23S rRNA. A method
similar to that described by Smith et al. (16) was
used to purify 16S and 235 rRNA. All operations
were performed at 0°C unless specified otherwise.
The cell pellets were suspended in 1/20 volume of
buffer I [10mM tris(hydroxymethyl)aminomethane
(Tris)-hydrochloride (pH 7.4); 30 mM NH4Cl; 10 mM
MgC12; and 6 mM 2-mercaptoethanol] and disrupted
with a French pressure cell. After the addition of
deoxyribonuclease I (1 jAg/ml), the lysates were cen-
trifuged at 15,000 x g for 30 min to remove unbroken
cells and cellular debris. Ribosomal particles were
pelleted from the supernatants by centrifugation
(6OTi rotor; 50,000 rpm; 5.0 h; 500). The pellets were
then dissolved in buffer II (same as buffer I except
with 0.3 mM MgCl2) and dialyzed for 2 h against 100
volumes of buffer II to dissociate ribosomes into free
50S and 30S subunits. The 50S and 30S subunits
were then separated by zone sedimentation on 35-ml
10 to 30% sucrose density gradients (SW27 rotor;
24,000 rpm; 12 h; 500) in buffer II (Fig. 1A). The
gradients were collected from the top, and the A2,0
was monitored continuously with a Gilford 2400 re-
cording spectrophotometer. The peak fractions con-
taining the 30S and 50S ribosome subunits were
collected separately. The subunits were precipitated
by adjusting the Mg2+ concentration to 10 mM and
adding 0.7 volume of ethanol. After several hours at
0C, the subunits were pelleted by centrifugation
(10,000 rpm; 10 min), redissolved in a small amount
of buffer II, and resedimented on buffer II-sucrose
gradients as described above (Fig. 1B and C). The
peak fractions containing the subunits were again
collected and concentrated by ethanol precipitation.
The purified subunits obtained were suspended in

TAE buffer (0.1 M Tris-hydrochloride [pH 8.11, 10
mM sodium azide, 1 mM ethylenediaminetetraace-
tate) and extracted with TAE-saturated phenol at
room temperature as described previously (12). The
NaCl concentration of the aqueous phases contain-
ing the RNA were adjusted to 0.2 M, and the RNA
was precipitated with 2 volumes of ethanol at -20°0
for 12 h. The RNA precipitates were pelleted by
centrifugation (10,000 rpm; 10 min) and suspended
in 2x SSC buffer (0.3 M NaCl, 30 mM sodium cit-
rate). The solutions were extracted twice with ether
to remove most of the residual phenol and subse-
quently subjected to zone sedimentation through 35-
ml 6 to 30% sucrose density gradients in 2x SSC
(SW27 rotor; 24,000 rpm; 18 h; 5°0). The peak frac-
tions containing whole-length RNA molecules from
the 16S and 23S regions of the respective gradients
were collected (Fig. 1D and E). The peak at the top
of the gradients results from the residual phenol in
the gradients. In addition, some breakage, espe-
cially of the 23S rRNA, which occurs during prepa-
ration of the subunits and phenol extraction, is ap-
parent.
The RNA from the peak regions of the gradient

was precipitated with ethanol, dissolved in 2x SSC,

and stored at -800C. The concentrations of the RNA
solutions were determined spectrophotometrically
assuming that anA260 of 1.0 was equivalent to 50 ,ug/
ml. The specific activities of the 3H-labeled 16S and
23S rRNA preparations were 4.8 x 105 cpm/,jg and
were determined by spotting measured portions on
nitrocellulose membrane filters and counting in a
liquid scintillation counter.

Preparation of AilvS DNA. Bacteriophage X and
Ailv5 were prepared by heat induction of E. coli
strains N01374 (F- trkA401 kdpABC5 lac- gal- spc'
strr fUSr XC1857S7, obtained from M. Nomura) and
NF955 (C600 thi- leuB- ilvC- strr XC185757 b515 Xxis6
XC1857S7 ilv5, obtained from N. Fiil), respectively.
The Xilv5 transducing phage was separated, accord-
ing to density, from the helper phage by CsCl equi-
librium centrifugation (9). The DNA was phenol
extracted from the purified phage particles (19).

For the hybridization experiments, the DNA was
denatured with alkali and immobilized on nitrocel-
lulose membrane filters as described previously (3).
The concentration of the DNA was 5 jig/filter and
was determined prior to denaturation in 2x SSC
assuming that A260 of 1.0 was equal to a concentra-
tion of 50 j,glml.
RNA-DNA hybridization assay. The hybridiza-

tion assay employed was a modification of the Gil-
lespie-Speigleman method (6) as described previ-
ously (12). The DNA filters were incubated in 1.2 or
2.0 ml of 2x SCC containing 3H-labeled RNA for 18
to 20 h at 6700. The filters were removed from the
hybridization vials, washed extensively with 2x
SSC, treated with ribonuclease, washed again,
dried, and counted in a liquid scintillation counter.

In competition-hybridization experiments, var-
ious amounts of nonradioactive, highly purified 16S
or 23S rRNA were added to each assay as competi-
tor. For simplicity, the amount of nonradioactive
competitor RNA added to each assay is given in
microgram-equivalents of 16S rRNA or 23S rRNA.
A microgram-equivalent of 168 rRNA is 0.37 ,ug and
corresponds to about 620 fmol; a microgram-equiva-
lent of 23S rRNA is 0.63 jig and also corresponds to
about 620 fmol (16). Thus, these values (i.e., a mi-
crogram-equivalent of 168 rRNA and a microgram-
equivalent of 23S rRNA) represent equimolar
amounts of the two RNA species.

RESULTS
Hybridization of 16S and 23S rRNA to Xilv5

DNA. The Xilv5 transducing phage carries an
rRNA transcriptional unit (2). This unit con-
tains 16S, 23S, and 5S rRNA genes and a gene
coding for tRNA,Ie (10; unpublished data). The
length of the double-stranded phage DNA is
about 46,000 base pairs; the combined length of
mature 16S and 238 rRNA is about 4,500 bases.
Thus, about 5% of the phage DNA is comple-
mentary to the 16S and 23S rRNA sequences.
The hybridization of increasing amounts of

3H-labeled 16S or 238 rRNA to an excess of
Ailv5 DNA is illustrated in Fig. 2. In both in-
stances, the amount of radioactivity associated
specifically with Ailv5 DNA increases in propor-
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FIG. 1. Purification of 16S and 23S rRNA. The
sucrose density gradient profiles of ribosome sub-
units and rRNA extracted from purified subunits are
illustrated. The bars over the peaks indicate the ma-
terial recovered from each gradient: (A) initial sepa-
ration of30S (peak in fraction 15) and 50S (fraction
23) ribosomal subunits; (B) rerun of the 30S sub-
units obtained from material collected from gra-
dients identical to those for (A); (30S peak in fraction
15); (C) rerun of 50S subunits obtained from mate-
rial collected from gradients identical to those for (A)
(50S peak in fraction 23); (D) sedimentation profile
of 16S rRNA extracted from 30S subunits obtained
from gradients identical to those for (B) (16S peak in

tion to the input RNA concentration. Under
these assay conditions (i.e., 20 ,g of Xilv5 DNA
per assay), between 80 and 85% of the 3H-la-
beled 16S and 23S rRNA enters into RNA-DNA
hybrids (Table 1). The hybridization efficiency
is related to the concentration of specific DNA
such that, at an infinite DNA concentration,
virtually all of the radioactivity enters into hy-
brids (3). Thus, 16S rRNA and 23S rRNA ap-
pear to be equally efficient in forming RNA-
DNA hybrids.
Competition-hybridization of 16S and 23S

rRNA. A small but constant amount of :H-
labeled 16S or 23S rRNA was incubated with 10
,ug of Xilv5 DNA in the presence of 0 to 12 ,ug-eq
ofhomologous and heterologous 16S or 23S non-
radioactive competitor (Fig. 3). Competition
with 12 ,ug-eq of the homologous competitor
results in about 95% competition. Double-recip-
rocal plots of these data extrapolate to values of
1.0 on the ordinate and indicate that, at infinite
homologous competitor concentrations, compe-
tition is virtually 100% (Fig. 4). From these
curves it can also be seen that 5.3 gg-eq of
homologous 16S rRNA or 23S rRNA competitor
per assay results in 90% competition of the
hybridization of 3H-labeled RNA. This means
that RNA is present in somewhat less than 10-
fold excess over specific DNA sequences and
that 0.53 ,g-eq of 16S or 23S rRNA are hybrid-
ized to the 10 ,ug of Xilv5 DNA. Further analy-
sis of the competition curves indicates that at
saturation the 10 jig of Ailv5 DNA will hybrid-
ize 0.575 to 0.580 ,ug-eq of 16S and 23S rRNA
(see Addendum in Proof). This represents equi-
molar amounts of the two rRNA species and,
as expected, accounts for one 16S and one 23S
rRNA hybridized per genome-equivalent of
Xilv5 DNA or 5 to 6% of the total nucleotide
sequences of the transducing phage DNA.

Heterologous competition experiments were
also performed. A small amount of 3H-labeled
16S or 23S rRNA was hybridized to Xilv5 DNA
in the presence of 0 to 12 ,ug-eq of heterologous
nonradioactive 23S or 16S rRNA, respectively
(Fig. 3). No evidence of competition by heterolo-
gous RNA was observed even at a 20-fold excess
of competitor (i.e., 12 ,ug-eq) over ribosomal
DNA sequences. This observation clearly estab-

fraction 17); (E) sedimentation profiles of23S rRNA
extracted from 50S subunits obtained from gradients
identical to those for (C) (23S peak in fraction 24).
The A260-absorbing material at the top of the RNA
gradients (D and E) represents primarily residual
phenol. The material sedimenting in the 14S to 18S
region of the 23S rRNA gradient is at least 98%
partially degraded 23S rRNA and about 1 to 2%
16S rRNA as determined by hybridization competi-
tion (data not included).
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FIG. 2. Hybridization of 3H-labeled 16S and 23S
rRNA to X and Xilv5 DNA. Purified 3H-labeled 16S
rRNA and 23S rRNA isolated from sucrose gradients
identical to those illustrated in Fig. ID and E were
used for hybridization. The specifc activity of the
RNA species was 4.8 x 105 cpmlpg. (A) Hybridiza-
tion of3H-labeled 16SRNA to an excess ofXilv5DNA
is illustrated; an input of5O p. corresponds to 1.46 x
103 cpm (5.09 fmol of16S rRNA). (B) Hybridization
of 3H-labeled 23S RNA to an excess of Xilv5 DNA is
illustrated; an input of 50 pl corresponds to 2.65 x
103 cpm (5.43 fmol of23S rRNA). Each assay was in
2 ml of 2 x SSC and consisted of radioactive input
RNA and six filters containing DNA; two of the
filters contained 5 pg (167 fmol) each of X DNA and
four contained 5 pg (167 fmol) each of Xilv5 DNA.
The 20 Mg of Xilv5 DNA per assay (667 fmol) thus
represents about a 30-fold excess ofspecificDNA over
specific RNA at the highest input RNA concentra-
tion. The average radioactivity per X DNA filter (-)
and per Xilv5 DNA filter (a) is illustrated. The ra-
dioactivity associated with the four Xilv5 filters per

TABLE 1. Hybridization efficiency of16S and 23S
RNA to Xilv5 DNA

Radioactivi- Hybridiza-
rRNA dinaciutyra- tya in hy- tionb effi-dRNAIoativitra brids ciency (%)
16S 1,460 1,236 85
23S 2,650 2,200 83

a The input radioactivity and the radioactivity in
hybrids are for an input of 50 ,ul of 3H-labeled RNA.
The radioactivity in hybrids was obtained from the
Xilv5 hybridization curves corrected for nonspecific X
DNA hybridization. The radioactivity in hybrids is
four times that illustrated in Fig. 2 and accounts for
the fact that each assay contained four identical
Xilv5 DNA filters.

b The hybridization efficiency is dependent upon
the amount of specific Xilv5 DNA per assay. In this
experiment, each assay contained 20 ,ig of Xilv5
DNA. At an infinite DNA concentration, virtually
100% of the specific input RNA will hybridize. At 10
j,g of Xilv5 DNA per assay, only about 65 to 71% of
the specific RNA hybridizes (see the legends of Fig.
3 and 5).

lishes that 16S rRNA and 23S rRNA do not
cross-hybridize and strongly argues against ex-
tensive sequence homology between the two
major species of rRNA.
The purity of the 16S and 23S rRNA prepara-

tions used in these experiments was examined
by nearly saturating Xilv5 DNA with either 16S
or 23S rRNA and competing with 0 to 32 ,ug-eq
of heterologous nonradioactive 23S or 16S
rRNA, respectively (Fig. 5). The DNA is nearly
saturated, as evidenced by the 60% reduction in
radioactivity hybridized when a small, but con-
stant, amount (about 1.2 ,ug-eq) of cold homolo-
gous competitor is included in the assay. Inclu-
sion of up to 32 ,ug-eq of nonradioactive heterol-
ogous competitor in the assays results in no or
at most a 4% reduction in radioactivity hybrid-
ized. In this area of the competition curves,
further addition of 0.15 to 0.20 ,ug-eq of homolo-
gous competitor results in about a 5% reduction
in radioactivity hybridized (Fig. 3). Thus, it is
clearly apparent that cross-contamination of
the 16S and 23S rRNA preparation is negligibly
small and less than 1%.

DISCUSSION
Purification of 16S and 23S rRNA. For the

preparation of uncontaminated 16S and 23S
rRNA, precautions must be taken (i) to elimi-
nate messenger RNA (mRNA) from the ribo-
somes, (ii) to obtain 30S subunits that are free
from 50S subunits, and (iii) to obtain 50S sub-
units that are free from 30S subunits. The

assay varied by less than ±+5% of the average values
shown.
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FIG. 3. Competition-hybridization with 16S and
23S rRNA. (A) Hybridization of 3H-labeled 16S
rRNA to Xilv5 DNA in the presence of homologous
16S (a) and heterologous 2-3S (a) competitor RNA.
(B) Hybridization of 3H-labeled 23S rRNA to Xilv5
DNA in the presence of homologous 23S (a) and
heterologous 16S (a) competitor RNA. Hybridiza-
tions were done in the presence of 0 to 12 pg-eq of
competitor RNA. A microgram-equivalent of 16S
rRNA is 0.37 pg (620 fmol) and that of23S rRNA is
0.63 pg (620 fmol); these values represent equimolar
amounts of the two rRNA species and were deter-
mined from their respective molecular weights (17).
The input radioactivities per assay were 2.7 X 103
cpm (9.40 fmol) for 3H-labeled 16S rRNA and 9.9 x

103 cpm (20.2 fmol) for 3H-labeled 23S rRNA. Each
assay was in 1.2 ml of2 x SSC and consisted of one
filter containing 5 pg of DNA (167 fmol) and two
filters each containing 5 pg of Xilv5 DNA (total of
333 fmol). Thus, in the absence of competitor RNA,
Xilv5 DNA is present in 15- to 30-fold molar excess
over specific RNA. Similarly, at the highest competi-
tor concentration, the 12 pg-eq of competitor RNA
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FIG. 4. Competition of 3H-labeled 16S rRNA and

3H-labeled 23S rRNA from RNA-DNA hybrids by
homologous RNA. The homologous competition data
from Fig. 3 are replotted as the reciprocal ofpercent
radioactivity competed from hybrids versus the recip-
rocal of microgram-equivalents of homologous com-

petitor rRNA: (A) competition of 3H-labeled 16S
rRNA; (B) competition of3H-labeled 23S rRNA. The
curves extrapolate to a value on the ordinate equiva-
lent to the reciprocal of the percent radioactivity com-
peted from hybrids at an infinite homologous compet-
itor RNA concentration. The light, dashed line indi-
cates the competitor concentration (5.30 pg-eq or 3.28
pmol) required to obtain 90% exclusion of the 3H
radioactivity from the RNA-DNA hybrids.

(7.45 pmol) represents a 20-fold molar excess over
Xilv5 DNA. Three separate assays, each containing
two Xilv5 DNA filters, were used to determine the
zero competitor points. All of the other values are
averages of the data from two filters from a single
assay. The total radioactivity hybridized per assay in
the absence of competitor rRNA was 1,916 cpm for
3H-labeled 16S rRNA and 7,060 for 3H-labeled 23S
rRNA and correspond to a hybridization efficiency of
71%.
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FIG. 5. Competition hybridization with heterolo-
gous rRNA. (A) Hybridization of 3H-labeled 16S
rRNA to Xilv5 DNA in the presence of a constant
amount ofhomologous 16S competitorRNA and 0 to
32 pg-eq of heterologous 23S competitor RNA (U).
(B) Hybridization of 3H-labeled 23S rRNA to Xilv5
DNA in the presence ofa constant amount ofhomolo-
gous 23S competitorRNA and 0 to 32 pg-eq ofheter-
ologous 16S competitorRNA (U). The input radioac-
tivity for the 3H-labeled 16S rRNA was 5.25 x 103
cpmlassay (18.3 fmol) and that for the 3H-labeled
23S rRNA was 9.60 x 103 cpmlassay (19.6 fmol).
Each assay consisted ofone filter containing 5 pg of X
DNA (167 fmol) and two filters each containing 5 pg
of Xilv5 DNA (total of 333 fmol). In the absence of
homologous competitor (-), 3,720 cpm of 3H-labeled
16S rRNA hybridized (71% efficiency) and 6,231
cpm of23S rRNA hybridized (65% efficiency) specifi-
cally to Xilv5 DNA filters. Addition of a constant
amount ofhomologous competitor (about 1.2 pg-eq or
about 800 fmol per assay) nearly saturated the DNA
and resulted in a 66% reduction of 3H-labeled 16S
rRNA hybridization and a 57% reduction of 3H-la-
'led 23S rRNA hybridization (defined in the legend

mRNA contamination can be eliminated by a
30-min treatment with the antibiotic rifampin
prior to harvesting of the cells (15). The 238
rRNA extracted from 50S subunits has a tend-
ency to break near the middle to produce two
half molecules that sediment between 14S and
188. Thus, the RNA extracted from 30S sub-
units contaminated with a small amount of 50S
subunits and isolated from the 16S region of a
sucrose gradient will almost certainly contain
significant 23S rRNA contamination. Like-
wise, after dissociation of 70S ribosomes into
subunits, the 30S subunit may dimerize and
cosediment with 50S subunits. The RNA ex-
tracted from these 50S subunits and isolated
from the 23S region of a sucrose gradient will
contain some 168 rRNA. To avoid these diffi-
culties, ribosome subunits were purified by two
successive rounds of zone sedimentation
through sucrose density gradients. The RNA
species were phenol extracted from the purified
subunits and reisolated after another zone sedi-
mentation through sucrose. The resulting prep-
arations of 16S and 23S rRNA were judged to be
greater than 99% pure. The RNA isolated from
the 14 to 188 region of the 23S rRNA gradient
was found to be at least 98% partially degraded
23S rRNA.

Hybridization of 16S and 23S rRNA to Xilv5
DNA. In the presence of a constant and excess
amount of Xilv5 DNA, the amount of radioac-
tive 16S or 23S rRNA entering into RNA-DNA
hybrids is proportional to the amount of input
RNA (see reference 3 for a complete discussion).
At 10 ug of Xilv5 DNA per assay, 65 to 70% of
the input radioactivity hybridizes; at 20 ug per
assay, the hybridization efficiency increases to
80 to 85%; and at an infinite DNA concentra-
tion, virtually all of the input radioactivity
would hybridize. Thus, the efficiency of hybrid-
ization of both 16S rRNA and 23S rRNA and
also of mRNA (3) to specific DNA carried on X
transducing phages is extremely high accord-
ing to the assay described. It is also clearly
evident that, at saturation of the DNA, equi-
molar amounts of 16S rRNA and 23S rRNA are
hybridized, and virtually all of the specific sites
on the DNA are hybridized to rRNA.
The fidelity of 16S and 23S rRNA hybridiza-

tion is demonstrated by competition with ho-
mologous and heterologous rRNA. Homologous
competitor RNA is 100% efficient in displacing
radioactivity from hybrids, whereas heterolo-
gous competitor RNA exhibits no competitive

ofFig. 3). The abscissa gives the microgram-equiva-
lents ofheterologous competitorper assay in the pres-
ence ofa constant amount ofthe homologous competi-
tor.
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properties even at a 20-fold molar excess over
available DNA sites (Fig. 3). Presumably,
these general relationships are valid whenever
the specific RNA hybridizing to the denatured
DNA lacks sequence homology with other RNA
molecules in the hybridization mixture. In the
present case, the data clearly illustrate that
16S rRNA and 23S rRNA do not compete for the
same binding sites within the rRNA transcrip-
tional unit and therefore do not cross-hybridize.
From these experiments, it is concluded that
the amount of sequence homology between 168
and 23S rRNA is negligibly small.
These observations are in contrast to earlier

reports of cross-hybridization between 16S and
23S rRNA from E. coli (1, 11). The simplest
explanation for the difference is that the earlier
preparations of 16S and 238 rRNA were cross-
contaminated for the reasons discussed above.

In this regard, Fellner and Ebel (5) presented
a ribonuclease Ti fingerprint of 23S rRNA from
E. coli, which shows little similarity to the
corresponding 16S rRNA fingerprint. In addi-
tion, the nucleotide sequences of several of the
products representing about 10% of the 23S
rRNA sequence were determined and compared
with known 16S sequences. Again, no signifi-
cant homology of the two rRNA species was
apparent.
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ADDENDUM IN PROOF
A figure illustrating the saturation of Xilv5 DNA

with 16S or 238 rRNA sequences has not been in-
cluded. However, these saturation profiles can be
obtained directly from the competition data illus-
trated in Fig. 3 as follows. The amount of 16S or
23S rRNA hybridized to Xilv5 DNA at a given ho-
mologous competitor concentration is equal to the
product: [homologous competitor concentration] x
[1 - (percentage radioactivity computed from hy-
brids)]. In this experiment, the concentration of
radioactive rRNA was negligibly small and has con-
sequently been ignored in the calculation.

This method of obtaining a saturation profile is
more sensitive than the usual method of adding in-
creasing amounts of radioactive RNA to a constant
amount ofDNA, because the amount of input radio-
activity in each assay remains small and constant;
consequently, the nonspecific binding of radioactiv-
ity to the DNA filters remains reproducibly low.
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