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ABSTRACT

The complete nucleotide sequence of the 55 ribosomal RNA isolated from the
archaebacterium Thermoplasma acidophilum has been determined. The sequence is: pG
GCAACGGUCAUAGCAGCAGGGAAACACCAGAUCCCAUUCCGAACUCGACGGUUA
AGCCUGCUGCG UAUUG CGUUGUACUGUAUGCCGCGAGGGUACGGGAAGCGCAA
UAUGCUGUUACCAC(U)OH. The homology with the 55 rRNA from another archae-
bacterial species, Halobacterium cutirubrum, is only 60.6% and other 55 rRNAs are even
less homologous. Examination of the potential for forming secondary structure isrevealing.
T. acidophilum does not conform to the usual models employed for either procaryotic or
eucaryotic 5S rRNAs. Instead this 55 rRNA has a mixture of the characteristic features
of each. On the whole this 55 rRNA does however appear more eucaryotic than
eubacterial. These results give further support to the notion that the archaebacteria
represent an extremely early divergence among entities with procaryotic organization.

INTRODUCTION

Thermoplasma acidophilum is considered a genus of uncertain affiliation and is

listed with the mycoplasmas (1). This is inappropriate since the mycoplasmas seem
related to certain Clostridia (2-4) while T. acidophilum is an archaebacterium (5). In
order to explore further the phylogenetic position of this thermoacidophile, we have
determined the complete nucleotide sequence of ifs 55 rRNA. This work was conducted
independently in the USA and Europe. Only at a late stage have we compared our data

and the identical results have been consolidated into a single communication.

MATERIALS AND METHODS

Low molecular weight RNA was isolated from Thermoplasma acidophilum (strain

122-1B2 or strain 122-1B3) cells (6). Fractionation on a BD-cellulose column with a
linear gradient of NaCl (0.425M - 0.6M) containing 10mM MgCI2 gave a crude prepar-
ation of 55 rRNA (7). Final purification was by electrophoresis at 1.0 kV for 7 hours
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ona 40 cm x 20 em x 0.02 cm 8% polyacrylamide slab gel.

Both 5'-(5) and 3'-(8) P in vitro end-labeled 55 rRNA were utilized in
sequence defermination. Sequence analysis in the 5'-region was by partial digestion of
5'-labeled material with nuclease Py or alkali, followed by two dimensional homo-
chromatography (9). The terminal nucleotide was identified by complete digestion with
nuclease Py followed by TLC in the presence of UV markers. Alternatively, aliquots of
5'-labeled RNA were digested with ribonucleases T‘, U2, or A and separated on
DEAE-paper as previously described (10).

In order to sequence the interior regions, both 5'- and 3'-labeled 55 rRNA and a
5'-labeled fragment obtained by partial digestion with RNAse T, were analyzed by rapid
gel sequencing methods. The pyrimidine distinction in the enzymatic method was
enhanced with nucleases from Staphylococcus aureus and Neurospora crassa (11) or
Physarum polycephalum (12). The chemical method (13) was also employed on 3'-labeled
5S rRNA. Sequencing ladders were run on thin (0.02 cm) 20% polyacrylamide gels at
2.7 kv.

The length heterogeneity at the 3'-end was verified by electrophoresis of 3'-
lobeled 55 rRNA on a long 8% polyacrylamide gel [80 cm x 30 cm x 0.02 cm ] for 20
hours at 1.2 kV which gave two bands. A 3'-end analysis of each band was conducted by

digestion with RNAse T, and separation by TLC in the presence of UV markers.
Complete digestion of 3'-labeled material with RNase Ty followed by two dimensional
separation (9) also confirmed the length heterogeneity.

EXPERIMENTAL RESULTS
Sufficient gel ladders were independently obtained by both groups to determine

unequivocably the Thermoplasma acidophilum 5S rRNA sequence given in Figure 1B.

The only heterogeneity identified was at the 3'-terminus, where at least 2 variants were
found which differ by the presence or absence of the terminal uracil. The longer version
is the more abundant (v 10:1). As is usual in 5S rRNA, no post-transcriptionally-

modified nucleotides were encountered in either the gel ladders or in preliminary oligo-

nucleotide cataloging studies (Luehrsen and Woese, unpublished results).

COMPARISON WITH OTHER 5S rRNAs

Limited homology with other published 55 rRNAs is seen. Halobacterium cutirubrum,

another archaebacterium, is the highest at 60.6%. Various eucaryotes show similar
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levels of homology eg. Tetrahymena thermophilia - 57.8%; whereas typical eubacteria

such as Escherichia coli - 44.4% and Bacillus subtilis - 44.8% are somewhat lower.

Two distinct but related models of secondary structure are available for
eubacterial (14), Figure 1A, or eucaryotic cytoplasmic (15), Figure 1C, 5S rRNAs.
We have exam.ined possible pairing schemes in T. acidophilum and the arrangement
shown in Figure 1B is the one which is most consistent with these structures. The
T. acidophilum sequence, like that of H. cutirubrum (16), does not conform to either
model exactly. The most striking exception is that one of the three helices that can be
formed in all other 55 rRNAs cannot be formed in T. acidophilum. Sequence homology
implies that position 29 - 32 would be expected to pair with 46 -49. In fact only two
pairs can be made which would not permit a stable helix unless other factors such as
protein interaction were present in vivo. The loop that would be defined by the missing
helix 111 is however quite typically eubacterial . It contains 13 nucleotides which is
usual (eucaryotic 55 rRNAs contain 12) and includes the common gyGAAC sequence.
Indeed, this entire segment, -UCCCAUUCgGMC- is found exactly in Thermus aquaticus
and Clostridium pasteurianum 5S rRNAs.

In the structural domain containing helical Region IV, the similarity is to the
eucaryotic cytoplasmic 5S rRNAs. In eubacteria this helix is a strongly base-paired
hairpin which defines a small loop (three or four nucleotides). In the eucaryotes this
structure is replaced by two helices separated by an interior loop. Helix 1V is then less
strongly paired and typically defines a larger loop of 9 -12 nucleotides. The additional
helix, region V, can be envisaged as being coaxial with the molecular stalk; helix 1.
The T. acidophilum sequence fits this eucaryotic prototype reasonably well. The loop
defined by helix IV is 11 bases long (assuming that the terminal Ugy- G94, pair does
not form) and the helical region includes the conserved Ug, Ggg base pair. The
supporting helix, V, can be coaxial with helix 1 (which containsa C3, A118 mispair)
but deviates from the eucaryotes in being ten pairs in length.

Since T. acidophilum 5S rRNA does not conform to either structural class, compar-
ative arguments regarding the correctness of Figure 1B are not compelling and this
structure should be regarded as speculative and in any case several alternative models for
5S rRNA have been proposed (17-19). Indeed, as shown, the status of positions 64 and
65 is uncertain. In most 55 rRNA sequences helix Il can be extended to eight pairs if a
singly looped-out nucleotide is proposed. In T. acidophilum this extension can be made
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Figure 1.

The nucleotide sequence of Thermoplasma acidophilum 55 rRNA is shown in an
hypothetical secondary structural arrangement that facilitates comparison with the two
major classes of 55 rRNA. The eubacterial types are represented here by the
Escherichia coli sequence and the eucaryotic cytoplasmic types by the human KB cell
sequence. The secondary structure shown for the E. coli sequence is the usual one (12)
but it has been redrawn to make the comparison easier.
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directly since positions 14 and 15 are complementary to 64 and 65 (17). Nevertheless
this eight base helix might not exist since 64 and 65 are also complementary to 112 and
113. This latter arrangement would allow the extension of helix V to twelve pairs but

would shrink helix |.

DISCUSSION

It is apparent that T. acidophilum 55 rRNA is unusual. How much of this
reflects its thermoacidophilic niche is not clear. Certainly comparison of both primary
sequence and potential secondary structure suggeststhere is at least as much and probably
more similarity to eucaryotic 55 rRNAs than to the usual eubacterial 5S rRNAs. This
is consistent with the notion that there was an extremely early evolutionary divergence
among entities with a procaryotic type of cellular organization resulting in at least two
procaryotic lines of descent; the eubacteria and archaebacteria. The considerable
difference between the 55 rRNAs of the two modern archaebacteria, H. cutirubrum and
T. acidophilum likewise suggests a common ancestor that is remote in time. Finally the
presence of eucaryotic features in these archaebacterial 55 rRNAs (herein and reference
16) joins other recent observations (20, 21) in suggesting that archaebacterial

ribosomes are more similar to eucaryotic ribosomes than are eubacterial ribosomes.
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