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Mycoplasmas (Mollicutes) Have a Low Number of rRNA Genes
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DNA from Mycoplasma, Ureaplasma, Acholeplasma, and Spiroplasma species digested by restriction
endonucleases was hybridized with probes consisting of portions of the rrnB rRNA operon of Escherichia
coli and the rRNA operon of Mycoplasma capricolum. The results indicate the presence of only one or two
sets of rRNA genes in the genome of Mollicutes linked in the procaryotic fashion, 16S-23S-5S.

The small genome size (5 x 108 to 1 x 109 daltons) of the
mycoplasmas constituting the class Mollicutes and the low
guanine-plus-cytosine content of their DNA (13) led Ryan
and Morowitz (9) to predict long ago a low number of copies
of rRNA genes in these organisms. Recent studies by
Sawada et al. (11), employing the Southern procedure (12) to
detect hybridization of labeled Mycoplasma capricolum
rRNA species with DNA fragments produced by restriction
endonuclease digestion supported the presence of two sets
of rRNA genes in this mycoplasma. Our studies (1) with a
similar blotting analysis of mycoplasmal DNA digests with a
cloned portion of one of the rRNA gene sets of M. caprico-
lum and of the rrnB rRNA operon of Escherichia coli also
indicated a low number (one or two) of rRNA genes in
several mycoplasmas. It seemed of interest to extend the
investigation on the number of rRNA genes to other species
of the class Mollicutes, a broad class of wall-less procaryotes
containing organisms of diverse genetic makeup (13), proba-
bly arising along different lines of evolutionary descent (17).
The Mycoplasma and Acholeplasma species were grown

in a modified Edward medium (8), except for Mycoplasma
pneumoniae, which was grown in Hayflick's medium (5).
Ureaplasma urealyticum (serotype not determined) was
cultivated in a similar medium supplemented with 7 mM
urea, and the spiroplasmas were grown in the medium of
Saglio et al. (10). The organisms were harvested and washed
as described before. DNA was prepared by the method of
Marmur (6). Plasmids were isolated by the method of
Clewell (3). Digestion by restriction endonucleases (New
England Biolabs, Beverly, Mass.) was performed at 37°C for
2 h in buffer mixtures recommended by the manufacturer.
Digested DNA was electrophoresed on 0.8% agarose slab
gels as described before. DNA fragments from gels were
transferred to nitrocellulose sheets by the method of South-
ern (12).

Plasmid pKK3535 containing the intact rRNA operon rrnB
of E. coli (2) was digested by EcoRI to give three fragments,
designated probes 2, 3, and 4 in Fig. 1. The fragments were
eluted from the gel by the method of Vogelstein and Gillespie
(15) and were used as probes after being nick translated as
described below. An additional probe was obtained by
digestion of pKK3535 with AvaI, resulting in a 4,500-base-
pair (bp) fragment containing 127 bp of the 23S rRNA region,
all the 5S rRNA, and the region of the terminators (probe 5 in
Fig. 1). Another plasmid (pGG1; probe 1 in Fig. 1) carrying
the 5' end of the rrnB rRNA operon of E. coli (4) and plasmid
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pMC5 (Fig. 1) carrying a 4.8-kilobase (kb) insert of M.
capricolum DNA coding for the 5S, 23S, and part of the 16S
rRNAs (1) were also included in the battery of probes
employed. The probes were nick translated with a-32P to a
level of 2 x 108 to 4 x 108 cpm/,ug of DNA (16). Hybridiza-
tion with the labeled probes was done by the method of
Pollack et al. (7).
Table 1 summarizes the hybridization data obtained with

EcoRI-digested DNA. In some cases, additional restriction
enzymes were used to clarify and support data obtained with
EcoRI. Thus, digestion of the Mycoplasma orale DNA with
BgIII yielded on hybridization with pMC5 and probe 4 one
6.8-kb band only. When the DNA was digested by both
EcoRI and BglII, a single 5.0-kb hybridization band was
observed with probe 4, supporting the conclusion that M.
orale has a single set of rRNA genes. The EcoRI-digested
Mycoplasma pneumoniae and Spiroplasma citri DNA gave
only one hybridization band with the probes used (Table 1).
Since the size of the chromosomal segment hybridized may
suffice to accommodate two rRNA gene sets arranged in
tandem, the DNA of these mollicutes was digested with
BglII and PstI. The hybridization data obtained failed,
however, to provide a definite answer, so that the estimated
number of rRNA operons in these organisms was left at one
or two. The results obtained with Mycoplasma gallisepticum
A5969 (Table 1) are more difficult to interpret, as the
hybridization tests produced the bands presented schemati-
cally in Fig. 2. These results can be explained by assuming
that M. gallisepticum possesses two rRNA operons, which
differ somewhat in their nucleotide sequence, presumably at
the 16S region, a difference responsible for the presence of
an EcoRI restriction site in only one of the operons.
The organisms examined by us belong to different families

and genera within the class Mollicutes and are genetically
unrelated to each other, as indicated by DNA base composi-
tion and hybridization studies (13). Nevertheless, our data
show that they resemble each other in carrying a low number
of rRNA genes. Although the relatively small number of
species tested so far cautions against sweeping generaliza-
tions, a tentative conclusion stating that the genomes of the
mollicutes contain only one or two rRNA gene sets or
operons appears justified. Our present hybridization data
with EcoRI-digested M. capricolum DNA support the con-
clusion of Sawada et al. (11) that this organism carries two
sets of rRNA genes. In our earlier experiments, we failed,
apparently for technical reasons, to observe the 20-kb hy-
bridization band with probes pMC5 and pGG1, leading to the
erroneous conclusion that M. capricolum carries only one
rRNA gene set (1).
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TABLE 1. Number and size of chromosomal segments of various mollicutes hybridizing with different probes of RNA genesa
Size ofNo. of Estimated no.

Organism Probe designation hybridization chromosomal of rRNAsegmentbands hybrdized (kb) operons

Mycoplasma orale (ATCC 23714) pMC5 1 5
1 2 5;6.6 1
3 1 5
4 1 5

Mycoplasma capricolum (ATCC 27343) pMC5 2 4.8;20
1 3 1,4.8;20 2
2 3 1;4.8;20
3 2 4.8;20
4 2 4.8;20
5 2 4.8;20

Mycoplasma pneumoniae (strain FH and Mi29-B16) pMC5 1 9
1 1 9
2 1 9 lor2
3 1 9
4 1 9

Mycoplasma arginini (G-230) pMC5 2 4;7
1 4 4;4.2 7;7.2 2
3 2 4;7
4 2 4,7

Mycoplasma gallisepticum (strain A5%9) pMC5 3 8;8.2(weak);9
1 3 8;8.2;9(weak)
2 3 8;8.2;9(weak) 2
3 3 8;8.2(weak);9
4 2 8;9

Mycoplasma gallisepticum (strain S6) pMC5 1 8.0
1 1 8.0 1
4 1 8.0
5 1 8.0

Acholeplasma laidlawii (oral strain) pMC5 2 5;2; 8.8
1 4 4.8;5.2;8.0;8.8 2
3 2 5.2;8.8
4 2 5.2;8.8

Achoieplasnia axanthum pMC5 2 6.4;7.0
1 4 2.0;6.4;7.0;8.0 2
5 2 6.4;7.0

Acholeplasma granularum pMC5 2 6.9;9.6
1 4 6.9;9.0;8.4;9.6 2
5 2 6.9;9.6

Ureaplasma urealyticum pMC5 4 2.5;6.2;8.2;12.0
1 2 2.5;6.2 2
4 2 8.2;12.0
5 2 8.2;12.0

Spiroplasma citri (Maroc R8A2) pMC5 1 13
1 1 13
2 1 13 lor2
3 1 13
4 1 13

Spiroplasma sp. B31 (serogroup IV) pMC5 2 5.6;6
1 3 5.6;6;10.4 2
3 2 5.6;6
4 2 5.6;6

Spiroplasma sp. BC-3 (serogroup 1-2) pMC 1 4.1
1 2 1.1;4.1 1
4 1 4.1
5 1 4.1

Spiroplasma sp. MQ-1 (serogroup VII) pMC5 1 7 1
1 2 7;1.6
4 1 7
5 1 7

a The DNA of the mollicutes was digested with EcoRI before hybridization with the probes. For probe designationi see Fig. 1.
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FIG. 1. Probes used to study rRNA genes in mollicutes.

Our findings, that the different probes consisting of con-
secutive and defined portions of the rrnB rRNA operon of E.
coli (Fig. 1) hybridized well with the DNA fragments carry-
ing the corresponding rRNA genes of all mollicutes tested by
us, support the existence of a marked sequence homology
along the entire rRNA operon of E. coli and the presumed
rRNA operons of the mollicutes. Furthermore, our data
indicate that the rRNA genes in the operon are linked
together in all the mollicutes tested by us. Moreover, restric-
tion mapping of the two rRNA gene sets of M. capricolum
done by us (unpublished data) showed that the rRNA genes
in this organism are linked in the typical procaryotic fashion,
that is, 5'-16S-23S-5S-3'. In contrast, in the wall-less archae-
bacterium Thermoplasma acidophilum, previously included
in the class Mollicutes, the rRNA genes appear unlinked,
with large spacers separating them (14).
Our data show clearly that every mollicute tested by us

has different flanking sequences adjacent to its rRNA oper-
on(s), as the EcoRI-digested DNA of each of the tested
species yielded a species-specific and highly reproducible
hybridization pattern. The ability to identify a mycoplasma
according to its hybridization pattern with highly labeled
rDNA probes, such as pMC5, can be used to detect and
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FIG. 2. Schematic presentation of the hybridization bands of
EcoRI-digested M. gallisepticum A5969 DNA with various probes
of rRNA genes and the possible cleavage sites in or adjacent to the
proposed two rRNA operons of this organism.

identify mycoplasmas in contaminated cell cultures (S. Ra-
zin, M. Gross, M. Wormser, Y. Pollack, and G. Glaser, In
Vitro, in press).
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