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The human mitochondrial genome contains a 23-nucleotide sequence that is
homologous to a part of the 5S rRNA's of bacteria. This homology, the structure
of the likely transcript, and the location of the sequence relative to the mitochon-
drial rRNA genes suggest that the sequence represents a fiagmentary 5S rRNA
gene.

Mitochondria possess an independent system
of transcription and translation and a small
unique genome. This genome encodes for a few
mitochondrial proteins and also for the tRNA's
and rRNA's that are used in its translation
system (1, 3). A number offeatures of mitochon-
drial metabolism and macromolecular synthesis
resemble those of bacteria, suggesting a pro-
caryotic origin for the mitochondria (16). One
unique feature, however, of the mitochondrial
ribosomes of animal and fungal cells is the
absence of a 5S RNA (5, 15). The 5S rRNA is an
approximately 120-nucleotide species otherwise
universally present in the large subunit of bacte-
rial ribosomes, animal cytoplasmic ribosomes,
and the ribosomes of plant cells (5, 14, 18).
Among these ribosomes, the 5S RNA species
possess a highly conserved sequence and struc-
ture (12, 14). The absence of a 5S species in the
ribosomes of animnal and fungal mitochondria, as
opposed to the high degree of conservation in
other ribosomes, suggests that, rather than being
simply lost, the 5S function may be present in an
unrecognizable form. To test this possibility, I
have searched the sequence of the human mito-
chondrial genome for a sequence homologous to
bacterial 5S rRNA's and report here that a 23-
nucleotide sequence ofthe human mitochondrial
genome is homologous with 5S RNA sequences.
This homology, the probable structure of the
corresponding RNA transcript, and the location
of the sequence in the mitochondrial genome
suggest that it is a 5S RNA gene fragment.

Figure 1 shows a portion of the sequence of
the mitochondrial rRNA genes near the 3' end of
the large rRNA subunit (9); the homologous
sequence is underlined. The figure also shows
the 5S rRNA genes of Bacillus subtilis (17),

Escherichia coli (6), Halobacterium cutirubrum
(19), and human KB cells (cytoplasm) (11). The
5S sequences are aligned to show their corre-
spondence (14, 19), and the human mitochondri-
al sequence has been aligned with them. Twen-
ty-two of 23 nucleotides of the mitochondrial
sequence are identical to those of the B. subtilis
5S rRNA. Spaces have been inserted into the
sequence to align it, as is generally necessary to
align the 5S species, and in consideration of the
fact that the mammalian mitochondrial rRNA's
are about 60%o the size of their bacterial homo-
logs (9). The overall homology between the
human and B. subtilis sequences (including the
inserted spaces) is 68%.
5S RNA species share a common structure

(12-14), and the mitochondrial sequence, if tran-
scribed (see below), shares elements of this
structure as shown in Fig. 2. An important
feature of this structure is the presence, in the
loop, of the sequence GAAC (10, 21). This
sequence is universally present in bacterial 5S
rRNA's, whereas GAUC appears in animal cy-
toplasmic 5S rRNA's (14). An added feature is
the presence ofCCC in the loop; however, it can
be noted that the alignment of the structure with
other conserved portions of the sequence is
altered relative to the universal SS molecule.
To evaluate the likelihood that the homolo-

gous fragment arose by chance, a search was
made of the entire L-strand (primary coding
strand) of the genome. Each GAAC sequence
was scored for the homology to 5S RNA of the
flanking sequences, allowing, as in the case
shown, for short deletions of the 5S sequence.
This search showed that the fragment shown is
unique in its homology. A second, single, simi-
larly homologous sequence was found on the H-
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KB 5'-GTCT-ACGG CCATACCACC CTGAACGCGC CCGATCTCGT -CTCATCTCG GAAGCTAAGC AGGGTCGGGC CTGGT--TAG TACTTGGATG GGAGA--CCG CCTGGGAATA CCGGGTGCTG T-AGGCTI

Bs 5'--MGGTG6 CGATAGCGAA GAGGTCACAC CCGTTCCCAT ACCGAACACG GAAGTTAAGC TCTTCAGCGC C-GATGGTAG TC------GG GGGM1-CCC CCTGTGAGAG TAGGACGCCG CCAAGC--

it 5.......CTCA ACTTAGTATT ATACCCACAC CC-A-CCCA- A--GAACA-G G--G6TTT6 AAGATGGCAG AGCCCG-... .

Ec 5'TGCCTGGCGG CCGTAGCGCG GT6GTCCCAC CTGACCCCAT GCC6AACTCA GAAGTGAAAC GCC6TAGCGC C-GATGGTAG TG------TG GGGTCT-CCC CATGCGAGA TAGGGAACTG CCAGGCAI

Hc 5'-TTMAGGCGG CCATA6CGGT GGGGTTACTC CCGTACCCAT CCCGAACACG GAAGATAAGC CCGCCTGCGT TCCGGT-CAG TACTGGAGTG CGAGC----C TCTGGGAAAT CCGGTTCGCC GCCTACT-

FIG. 1. Sequences of 5S RNA genes and the homologous sequence from the human mitochondrial genome
(underlined). The sequences of the genes for B. subtilis (Bs; 17), E. coli (Ec; 6), H. cutirubrum (Hc; 19), and
human KB (cytoplasmic) (KB; 11) rRNA's are inferred from RNA sequences. The human mitochondrial
sequence (mt) extends from nucleotides 3,186 to 3,248 ofreference 9, and the underlined sequence is the 3' end of
the region identified as the large (16S) rRNA subunit, nucleotides 3,206 to 3,228 of reference 9. The 3'-flanking
tRNALU gene begins at nucleotide 3,230 of reference 9.

strand (located complementary to L-strand resi-
due no. 4116 of reference 1). It, however, lacks
the structure of the 5S-like fragment.
The rRNA genes of the human mitochondrial

genome have been sequenced (9), and this, with
prior mapping utilizing DNA-RNA hybridization
(2, 3), reveals the general organization of the
genes. The small (12S) and large (16S) rRNA
subunits are separated by a tRNA gene and
flanked by tRNA's as well, i.e., tRNA-12S
rRNA-tRNA-16S rRNA-tRNA. The transcrip-
tion of these genes is in the order of small
subunit to large subunit, and this in turn indi-
cates that the general organization is similar to
the rRNA operons of E. coli, i.e., 16S rRNA-
tRNA-23S rRNA-5S rRNA-tRNA (20). Thus,
the position of the 5S-like sequence in the mito-
chondrial genome, as indicated in Fig. 1, is
analogous to its position in that of E. coli; it
immediately precedes the distal tRNA in the
gene cluster at the end of the large rRNA gene
(18).
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Although the 3'-terminal sequence of the 16S
rRNA is not known, it seems likely that the
mitochondrial 5S-like sequence is transcribed as
a part of the large (16S) rRNA and forms the 3'
end of the molecule. This can be inferred from
diverse studies of the organization and transcrip-
tion of the human mitochondrial rRNA's (2, 3,
22) and from the sequence determination of the
3' end of the hamster 16S rRNA (8). It is less
likely that this sequence is an independent spe-
cies. A 3S RNA was identified in hamster cells
as a possible 5S-like species (4), but the corre-
sponding molecule in bovine mitochondria has
been shown to be an anomalously small tRNA
(7). Moreover, when bovine mitochochondrial
RNA labeled with [(y-32P]ATP was hybridized to
a human DNA fragment (a pBR322 clone carry-
ing the endonuclease MboI fiagment 9; refer-
ence 9) that carries the distal part of the 16S
rRNA gene and the adjacent tRNA gene, no
small RNA was recovered other than the tRNA
(E. Chen, B. Roe, and D. Nierlich, unpublished
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FIG. 2. Structures of (A) B. subtilis 5S RNA and (B) the 23-nucleotide sequence from the human
mitochondrial genome. An alternative pairing of the 3'-UGGG sequence would give a 7-nucleotide loop.
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data). In bacteria, the 5S rRNA is produced by
processing a polycistronic transcript that in-
cludes the small and large rRNA's (18, 20). In
the context of the procaryotic origin of the
mitochondrion (16), it seems likely that the
processing site in mammalian mitochondria was
lost, and a highly truncated 5S sequence became
a part of the 16S rRNA.
The sequences of the rRNA genes of murine

(23) and bovine (F. Sanger, personal communi-
cation) mitochondria have also been deter-
mined. These genomes possess sequences simi-
lar to the 5S fragment present in the human.
However, in neither case is the homology to B.
subtilis so striking, and in the case of the mouse
mitochondrion, the corresponding sequence
contains a GAGA rather than a GAAC se-
quence. Among procaryotic and eucaryotic 5S
species, the domains of conserved sequences
have been inferred to reflect essential elements
of structure and function. Thus, the apparent
variability in the 5S-like sequence in the mito-
chondrial genomes necessitates caution in im-
plying function. A further evaluation of the
significance of this 5S-like fragment awaits the
determination of additional mitochondrial rRNA
sequences.
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