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ABSTRACT

The nucleotide sequence of 5S rRNA from Mycoplasma capricolum is
UUGGUGGUAUAGCAUAGAGGUCACACCUGUUCCCAUGCCGAACACAGAAGUUAAGCUCUAUUACGGUGAAGAUAUUA
CUGAUGUGAGAAAAUAGCAAGCUGCCAGUU ... The length is 107 nucleotides long, and the
shortest in all the 5S rRNAs so far known. The sequence is more similar to
those of the gram-positive bacteria than those of the gram-negative bacteria.

INTRODUCTION
The mycoplasmas, that have been well known as one of the smallest self-

replicating organisms (1), have a genome of 0.67 x 109

daltons in size (one-
quarter as large as E. coli) (2), which includes only two rRNA cistrons (3).
These characteristics have often been taken as evidence suggesting that
Mycoplasma is a primitive prokaryote emerged in an early stage of bacterial
evolution (1). As we already pointed out (4,5), the 5S rRNA sequences can be
used for deducing the phylogenic relationships among widely separated
organisms. We have therefore determined the sequence of 55 rRNA from M.

capricolum (= KID, (6)) and compared it to other eubacterial 5S rRNAs.

MATERIALS AND METHODS

The 5S rRNA was purified by the phenol method from the 70S ribosomes of
M. capricolum ATCC 27343 as previously described (3,7). The sequencing of 5S
rRNA was performed mainly by the rapid sequencing procedure of Peattie (8).
The method involves the chemical degradation of RNA, of which the 3' or 5'-

terminus was post-labelled with 32P (8,9), followed by the electrophoresis and
autoradiography of the degradation products. Details of this procedure have
been already described (7). To check the sequences obtained by this method
and the presence of minor bases, the formamide-fragment analysis (10) was also
used. The oligonucleotide fragments (5'-end labelled) were digested with
nuclease P), and the resulted radioactive mononucleotides were chromatographed

on Avicel TLC plates for autoradiographic identification (11).
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RESULTS
(1) Size of 55 rRNA

The 5S rRNA of M. capricolum migrated definitely faster than the 5S rRNA
of B. subtilis (116 nucleotides long) in a 12% polyacrylamide-7M urea gel,

suggesting a shorter chain length of this 5S rRNA.
(2) 5'- and 3'-terminal analyses

When the RNase To-digest of the [3'-32P] 5S rRNA was developed on an
Avicel TLC plate, the main radioactive nucleotide was U* (* radioactive),
while [5'-%2P] 5S rRNA was digested with nuclease P;, p*U was the main,
indicating that the 3'- and 5'-terminal bases were both U.

(3) Sequence analyses by post labelling procedures

The 104 nucleotide sequences from the 3'-terminus of the 5S rRNA were
determined by the method of chemical degradation of [3'-32P] RNA (8). The 3
residures fromAthe 5'-terminal could not be sequenced under these conditions.
To find these missing residues, the partial digest of the [5'-32P] RNA by
RNase A, T1, Phyl or U, was analysed by the electrophoresis. The 106
nucleotide sequences from the 3'-terminus were further confirmed by the
formamide fragment analyses (10,11). No minor bases were found with these
analyses. The primary sequence of M. capricolum 5S rRNA so obtained is
shown in Fig. 1, together with the sequences of E. coli (12) and B. subtilis
(13) 5S rRNAs for comparison.
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Fig. 1. Comparison of the sequences of Mycoplasma capricolum, E. coli and B.
subtilis 5S rRNAs. The squared-off sequences correspond to the helix region
in the secondary structure (Fig. 2), and A,A',B,B',C,C' and D,D' in the lowest
line are symbols for them. aLb, bLc, cLe', c¢'Lb', b'Ld, dLd' and d'La' are
symbols for loop regions (see ref. 4).
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DISCUSSION

The M. capricolum 5S rRNA has the lowest G+C content (42%; G:C:A:U=23:19:
30:28) among the 5S rRNAs yet sequenced. The base composition of 5S rRNA of
this species is close to that of M. hominis (G:C:A:U=22:21:29:28) (16). The
G+C contents of most of the genes in Mycoplasma must be low, because the
average GHC content of the genome DNA is only 25% (14). There exists some
exceptions for this. For example, M. capricolum tRNAs have 53% G+C (16), and
the initiator tRNA of M. mycoides sp. capri has 68% G+C (17). The G+C content
of the 5S rRNA is indeed low as compared with the 5S rRNAs from other
organisms, but is still higher than the average G+C content of the entire
genome of this species.

Total length of M. capricolum 5S rRNA is 107 nucleotides long, the
shortest so far known. Fig. 1 shows the sequence of the M. capricolum 5S rRNA
in comparison with E. coli and B. subtilis 5S rRNAs. Gaps must be inserted
into M. capricolum sequence as shown. This indicates that the M. capricolum
5S rRNA has a long deletion in the 5' half of the b'Ld region. The 3' half of
the b'Ld of the eubacteria is well conserved and probably interacts with 23S

1 rRNA (18) or with the cLe' loop
SAG SUCACA 3 cce (19). The M. capricolum 5S rRNA has
A C G C O0U A UACGGUGAAG sequence in this region,
222&2&22 fgﬁfﬁf EEEH g which is similar to the
UGACCGUCG  rUAUCUC GACA C corresponding sequence of other
? 3 : i g g AA cAAGc eubacterial 5S rRNAs.
0 oc | A G 4 The secondary structure of the
7 g : ng 0 Mycoplasma 5S rRNA (Fig. 2) is more
u ¢ related to those of the gram-
902 g positive bacteria (the 116-N type
A U (4)) than the gram-negative bacteria
é 2 (the 120-N type). For example, the
A A0 regions alLb, B, bLc, C, C' and c'Lb'
GU*AG have the sequences specific to the
G*U 116-N type. The M. capricolum 55
R:G rRNA reveals 63 ~ 70% and 50 ~ 65%
80G*U identities to the gram-positive and
UCA the gram-negative bacterial 5S

rRNAs, respectively, when the
ﬁégéi%éé::cgndafyoz:;uggu:;NKOdel of comparisons were made with the non-

gapped regions. Thus, M. capricolum
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is closer to the gram-positive bacteria than to the gram-negative both in the
secondary structure and in overall nucleotide sequence of the 5S rRNA.
Comparisons of Mycoplasma tRNA sequences (20, 21) with other gram-positive
and negative tRNA sequences also reveal the same relationships. Thus, no

evidence has been obtained for the ancient origin of Mycoplasma.
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