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A commonly used laboratory Sulfolobus strain has been unambiguously identified as Sulfolobus acidocaldarius
DSM639. The 5S rRNA gene from this strain was cloned and sequenced. It differs at 17 of 124 positions from
the identical 5S rRNA sequences from Sulfolobus solfataricus and a strain apparently misidentified as S.
acidocaldarius. Analysis of the transcripts from the 5S rRNA gene failed to identify any precursor extending a
significant distance beyond the 5' or 3' boundary of the 5S rRNA-coding sequence. This result suggests that
the primary transcript of the 5S rRNA gene corresponds in length (within 1 or 2 nucleotides) to the mature 5S
rRNA sequence found in 50S ribosomal subunits.

Members of the genus Sulfolobus are aerobic or facultatively
aerobic representatives of the sulfur-dependent hyperthermo-
philic archaebacteria (16). They can grow autotrophically on
elemental sulfur or heterotropically on organic compounds.
Because of their phylogenetic position within the archae-
bacterial kingdom, their hyperthermophilic growth character-
istics, and their relative ease of cultivation, these organisms
have been subjected to intense molecular and physiological
characterization. Three prototype species have been used
in most studies: Sulfolobus solfataricus PI (DSM1616), Sulfolo-
bus acidocaldarius (DSM639), and Sulfolobus shibatae B12
(DSM5389).
The genomes of these organisms contain single-copy rRNA

genes. The 16S and 23S rRNA genes are genetically linked and
cotranscribed to produce a primary transcript approximately 5
kb long (2a, 3, 4, 9). The 5S rRNA gene is not linked to the 16S
and 23S rRNA genes and is transcribed separately. It has been
reported that the 5S rRNA sequences from the two species S.
solfataricus and S. acidocaldarius are identical, whereas the S.
shibatae 5S rRNA sequence differs from the S. solfataricus and
S. acidocaldarius 5S rRNA sequences at 4 of 124 positions (1,
12, 15). The 16S rRNA gene from an organism identified as S.
solfataricus has been cloned and sequenced (9). We have used
this same strain (obtained from N. Pace, Indiana University) to
initiate studies on transcription, nucleolytic processing, and
assembly of the rRNAs into ribosomal particles. By the criteria
of 16S and 23S rRNA gene sequences, our laboratory strain is
identical to that employed by Olsen et al. (9). We suggest that
their identification of the strain as S. solfataricus was probably
incorrect.

Strain identification. There is considerable confusion about
the species identification of the Sulfolobus strains employed by
ourselves and others. To resolve this ambiguity, we have
compared by Southern hybridization genomic DNA from our
laboratory strain with genomic DNA from authentic S. acido-
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caldarius (DSM639). Figure 1 illustrates the results of one
Southern hybridization with an 859-bp Sau3AI fragment iso-
lated from a library of our laboratory strain as the probe. This
fragment contains 849 bp of sequence 5' to the start of the 16S
rRNA gene and the first 10 bp of the 16S rRNA gene. This
probe hybridizes to fragments of identical size from parallel
digestions of genomic DNA from the two strains. Similar
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FIG. 1. Southern hybridization analysis of genomic DNAs.
Genomic DNA was prepared from our laboratory strain and from
authentic S. acidocaldarius (DSM639; lanes denoted by *). The DNAs
were digested as follows: BamHI and XbaI (lanes A and B), Hindll and
KpnI (lanes C and D), PstI and NsiI (lanes E and F), SmaI (lanes G and
H), and Sau3AI (lanes I and J). Following agarose gel electrophoresis
and transfer to a nylon membrane, the DNAs were probed with an
859-bp Sau3AI fragment labeled by the random primer method. The
probe fragment was originally isolated from a genomic library prepared
from our laboratory strain. The probe consists of 849 bp of 5' gene
sequence flanking the 16S rRNA gene and the first 10 nucleotides of
the 16S rRNA-coding sequence. The approximate sizes (in kilobase
pairs) of the genomic DNA fragments are indicated on the left, and the
positions of molecular length standards (in kilobase pairs) are indicated
on the right. The SmaI enzyme cleaves genomic DNA very infrequently
because of the high AT DNA content. The large fragment complemen-
tary to the probe transfers poorly to the nylon membrane. Experimental
procedures used were described by Maniatis et al. (7).
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FIG. 2. Nucleotide sequence of the 5S rRNA gene and predicted secondary structure of the 5S rRNA. (A) A 1,027-nucleotide PstI-XbaI
fragment from a XGEM11 library isolate was subcloned into plasmid pGEM-3ZF(+) and sequenced (13). The 5S rRNA gene sequence (underline)
and major restriction sites (overlines) are indicated. The positions of putative box A and box B promoter elements are indicated (0). (B) The
predicted secondary structure of the S. acidocaldarius 5S rRNA is illustrated. Positions of nucleotide substitutions which differ from the nucleotides
in the published S. solfataricus and S. shibatae 5S rRNA sequences are indicated (*). (C) Nucleotide substitution positions and the substituted bases
in the respective sequences are listed. Species abbreviations are as follows: Sso, S. solfataricus; Ssh, S. shibatae; and Sac, S. acidocaldarius.
Nucleotides that differ from those in the S. solfataricus 5S sequence are indicated (0). (D) The sequence of the oligonucleotide (oligo) probe oPDI
and its complementarity to the 5S rRNA gene sequences from S. solfataricus (Sso) and S. acidocaldarius (Sac) are indicated. The mismatches to
the S. acidocaldarius sequence are indicated (0).
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FIG. 3. Nuclease SI mapping of the 5S rRNA gene transcript. Protection of end-labeled DNA fragments (about 30 ng; 5 x 104 cpm) from S1

nuclease digestion by total cellular RNA (10 ,ug; isolated from mid-log-phase cells) was used to locate the positions of the 5' and 3' ends of the

5S rRNA transcripts (2). (A) The genomic restriction map of the region containing the 5S rRNA gene is illustrated. Restriction enzyme sites and
their positions within the sequence presented in Fig. 2 are as follows: X, XbaI (position 1022); H, HindIII; P, PstI; S, SacI (409); B, BamHI (632);
N, NsiI (845). The 5S rRNA-coding region (solid box) is indicated. The SacI-BamHI and BamHI-NsiI restriction fragments used to locate the 5'

and 3' transcript ends, respectively, are schematically indicated along with the nuclease-resistant products. (B) Autoradiograms illustrating (i) the

protected products (PROD.) with the SacI-BamHI fragment 5' end labeled on the minus strand at position 626, and (ii) the protected products
with the BamHI and BamHI-NsiI fragment 3' end labeled on the minus strand at position 626. The molecular length ladders were generated by

the A and A+G reactions of Maxam and Gilbert (8). The length (in nucleotides [n]) of the major protected fragment and the end position within

the nucleotide sequence of Fig. 2 are indicated.

results were obtained with a number of different DNA probes
and a number of different restriction enzymes. If the two
DNAs were from different species, we would have expected to
see at least some restriction site polymorphism. We conclude
that our laboratory strain is identical to authentic S. acidocal-
darius (DSM639).

This conclusion is supported by the work of Kurosawa and
Itoh (6), who recently published the 16S rRNA sequence for S.
acidocaldarius ATCC 33909. Their sequence is 99.9% identical
to the 16S rRNA sequence we determined and to the 16S
rRNA sequence reported by Olsen et al. (9). In addition, they
partially sequenced the 16S rRNA gene from S. solfataricus
DSM1616 and demonstrated that it was only 91% identical to
the 16S rRNA sequences from S. acidocaldarius ATCC 3309
and DSM639.
5S rRNA gene. It has been reported that the 5S rRNA

sequences from the two species S. acidocaldarius and S.
solfataricus are identical (1, 15). An attempt to clone the 5S
rRNA gene sequence from our laboratory strain of S. acido-
caldarius with a 20-mer oligonucleotide sequence (oPD1)
complementary to the 3' end of the published 5S rRNA
sequences was unsuccessful; the only probe-related sequence

in the genome was shown to lack the adjacent BamHI restric-
tion site (predicted from the published 5S rRNA sequences)
and to exhibit no sequence similarity to 5S rRNA outside the
probe binding site. In addition, primer extension analysis with
the oligonucleotide using total cellular RNA as template failed
to yield any detectable extension products.
An attempt to clone the 5S rRNA gene using agarose

gel-purified 5S rRNA end labeled with pCp and RNA ligase
(5) was successful. The probe hybridized to unique sequence
DNA and was used to identify a phage clone from a AGEM11
genomic library. The 5S rRNA gene was subcloned as an

1,137-nucleotide PstI-XbaI fragment, and its nucleotide se-

quence was determined (Fig. 2A). By phylogenetic compari-
son, the 124-nucleotide 5S rRNA-encoding gene was located

from positions 540 to 663. A partial genomic restriction map
and the location of the 5S gene are illustrated in Fig. 3.
The 5S rRNA gene sequence exhibits 17 nucleotide differ-

ences from the published S. solfataricus and "S. acidocal-
darius" sequences and 18 nucleotide differences from the
related S. shibatae sequence (Fig. 2B to D). All of these
sequences can be folded into the secondary structure typical of
5S rRNA. The positions of nucleotide substitution between the
three sequences do not significantly alter the secondary struc-
ture of the 5S rRNA molecule. When substitutions occur in
helical regions, they are most often compensatory; substitu-
tions in loops or bulges tend to elongate the duplex region in
the S. acidocaldarius structure. Comparison of the oPD1
20-mer sequence with the experimentally determined SS gene
sequence indicates that there were 4 mismatched base pairs.
One mismatch is the 3'-terminal T residue of oPD1, which
explains the failure of the oligonucleotide to prime a product
in the primer extension assay (see above).
The strain used by Stahl et al. (15) for 5S rRNA sequence

determination was obtained from T. Langworthy (University of
South Dakota, Vermillion) and was believed to be S. acidocal-
darius. Our 5S sequence indicates that this strain was appar-
ently not S. acidocaldarius but was almost certainly, on the
basis of the 5S rRNA sequence reported, S. solfataricus.
Mapping of 5S rRNA gene transcripts. The positions of

putative transcription initiation and termination sites and of
mature rRNA end sites have been localized by a combination
of primer extension assays (data not shown) and S1 nuclease
protection assays (2, 7). To characterize the 5' end of the 5S
rRNA gene transcript, a 194-nucleotide SacI-BamHI fragment
was 5' end labeled on the minus strand at nucleotide position
626, within the SS rRNA gene (Fig. 3). The product protected
from S1 nuclease digestion by total cellular RNA was 86 to 88
nucleotides long and corresponds to a 5' transcript end site at
or near nucleotide position 540. No longer protection products
were detected. The 3' end of the 5S rRNA gene transcript was
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located by using a 224-nucleotide BamHI-NsiI fragment, 3'
end labeled on the minus strand at nucleotide position 626.
The Si nuclease-resistant products were 38 or 39 nucleotides
long and correspond to a 3' transcript end at or near nucle-
otide position 663. Again, no longer protection products were
evident.
By phylogenetic alignment, the mature 5S rRNA-coding

sequence extends from nucleotide positions 540 to 663. These
positions are at or immediately adjacent to 5S transcript end
sites mapped by Si nuclease protection. Because longer pro-
tection products were not observed, the 5S rRNA gene tran-
script is probably not processed at either the 5' or 3' end but
rather is equal in length to the mature form that is assembled
directly into 50S subunits. The G residue at position 600 is
located within a promoter-like box B element that is preceded
at an appropriate distance by a box A element. A related
promoter containing the same conserved sequence elements
and driving the expression of the single 16S-23S rRNA operon
in S. shibatae has been extensively characterized by site-
directed mutagenesis and in vitro transcription analysis (10).
The T-rich sequence immediately downstream of the 5S
rRNA-coding sequence is characteristic of archaebacterial
transcription termination signals (11, 14).
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