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The sequence of the 1173 nt 12S kinetoplast ribosomal RNA from
Leighmania tarentolae was determined from the maxicircle DNA
sequence, and the 5' and 3' ends localized by primer runoff and
S1 nuclease protection experiments. The gene was shown to be free
of introns by S1 nuclease analysxs. A partial secondary structure
model of the 12S RNA molecule is presented which is equivalent in
certain respects to the corresponding portions of the Bscherichia
colj 23S ribosomal RNA model. Domain II of the E, colj model is
completely missing in the kinetoplast model with the exception of
several phylogenetically conserved stems and one loop. There is a
striking conservation of the functionally important peptidyl-
transferase region except for the deletion of a few stems and
loops. The 12S RNA is the smallest large subunit ribosomal RNA
described to date,

JINTRODUCTION

The 95 and 12S RNA species are the major stable non-polyadeny-
lated RNAs transcribed from the maxicircle DNA in the single
mitochondrion of the kinetoplastid protozoa (for reviews see 1-5).
These RNAs have been proposed to be unusually small mitochondrial
ribosomal RNAs (rRNAs) (2, 6-8). However, mitochondrial ribosomes
have not been isolated from kinetoplastid protozoa, and the
unusual properties of small size and order of transcription
(large to small rRNA instead of small to large rRNA) have raised
questions as to the ribosomal nature of these RNAs. We have
recently presented a complete secondary structure model for the
kinetoplast 9S RNA (9), based on the Escherichia coli 16S rRNA
model (10, 11), which clearly establishes the 9S RNA as the small
subunit mitochondrial rRNA of the kinetoplastid protozoa.

In this paper we present the sequence of the 125 mitochondrial

RNA from Leishmania tarentolae and a partial secondary structure
model that conforms well to portions of the E. coli 23S rRNA
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model (12)., The secondary structure model includes the E, coli
equivalents of domains II and V, and portions of domains IV and
VI. The model is supported by several compensatory base pair
changes in the Trypaposoma brucei 125 RNA sequence which
preserves the base pairing of the proposed helices. A complete
secondary structure model for this unusually small large subunit
rRNA must await additional cross~species and cross-strain com-
parisons, as the regions not presented appear to be extremely
diverged from the comparable regions of the E, coli model.

MATERIALS AND METHODS
Cloning

Cloning of the 120 DNA fragment, which contains the 12S rRNA
gene, and DNA isolation procedures have been described elsewhere
(13-15). Subcloning of the insert into M13 mp7, mp8, or mp9 was
carried out using standard procedures (16-20). All restriction
and DNA modification enzymes were purchased from Bethesda Re-
search Laboratories (BRL), and New England Biolabs. Enzyme reac-
tion conditions were as recommended by the manufacturer.
DEA Sequencing

The entire 120 DNA insert was sequenced (the region en-
compassing nt 1582-2415 was presented in ref, 9, and the region
encompassing nt 2213-6561 was presented in ref. 21) using the
dideoxy chain termination method (22-24) with modifications of
the gel technology as described by Garoff and Ansorge (25) and de
la Cruz et al (21). Universal sequencing primers were used for
all clones (New England Biolabs 15-mer). Klenow fragment of DNA
polymerase was obtained from Boehringer Mannheim or BRL. Sequence
data was compiled using the DB data base management system of
Staden (26, 27). The sequence presented here was determined in
both orientations and across all restriction enzyme sites, with a
minimum of three individual clones for each nt position,
RNA jsolation

T. brucei strain 366D cells were grown as the procyclic forms
as described (28). Total cell RNA from these cells was isolated
according to Chirgwin et al (29) and treated as described (30)
with RNase-free DNase I (31). L. tarentolae kinetoplast RNA
(kRNA) was isolated as described (30).
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Irapscript Mapping

The 5' terminal ends of the L. tarentolae and T. brucei 12§
RNAs were mapped by the primer-runoff technique (32) and by
direct dideoxy sequencing using the RNA as template (33). The 12§
RNA primer (17-mer labeled "S4 primer" in Fig. 1) was synthesized
according to Ita et al (34). Reverse transcriptase was purchased
from BRL. Annealing conditions were: 65° C for 15 min., followed
by 37° ¢ for 15 min., and finally room temperature for 20 min.
Runoff (primer extension) reactions contained 1-3 ug RNA (total
cell RNA in the case of T, brucei; total kinetoplast RNA in the
case of L. tarentolae) and 0.5 pmol of S4 primer in a volume of
50 ul.

The 3' end of the [, tarentolae 12S RNA was mapped by Sl
nuclease protection analysis (35, 36), using in vitro labeled
antisense RNA generated from clones in pSP62-PL (RiboprobeTH,
Promega Biotec, Inc.) (9, 37, 38).

Sl-nuclease analysis for introns

The presence of intervening sequences in the 12S RNA gene was
assayed by S1 nuclease protection experiments (35, 36). The 120
insert fragment which contains almost the complete 12S RNA gene
(the EcoRI/Sau3A end fragment of the 120 insert; nt 1-1585 in
Fig. 1) was gel isolated from a 120/Sau3A digestion, The DNA
fragment (0.5 ug) was heat denatured (100° C, 8 min, in water),
followed by quick cooling on ice., Total kinetoplast RNA (100 ug)
was added and the mixture adjusted to 40 ul in 40 mM NaCl, 27 mM
Tris-HC1, pH 8.3, 5 mM MgCl,, and 4 mM DTT. Annealing of the RNA
and DNA was carried out as described above. A 20 ul aliguot was
diluted with 430 ul S1 nuclease buffer, 10 units of S1 nuclease
(BRL) was added and incubated at 37° C for 1 hr, The sample was
ethanol precipitated and electrophoresed in a 1.2% non-denaturing
agarose gel, blotted onto Schleicher and Schuell BA83 nitro-
cellulose paper (39) and probed with nick-translated (40) 120
insert.

RESULTS

Sequence of the 125 RNA Gepe
The DNA sequence of the first 1665 nt of the 6.56 kb pLt120

insert from the maxicircle of L. tarentolae is shown in Fig. 1.
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Pig. 1: Nucleotide sequence of the Leishmania tarentolae 12S RNA
gene a?d flanking regions (sense strand; nt 1-1665 of the pLT120
insert).

The first 1665 nt of the L, tarentolae 120 insert sequence in
shown., The T. brucei 125 RNA gene sequence (41) is shown below
the L, tarentolae sequence in an alignment generated by the Los
Al amos SEQA program and modified to accommodate the secondary
structure model shown in Pig. 4. Relevant restriction enzyme
sites are indicated (see text). The ends of the [, tarentolae 12S
and 9S RNAs were determined as described in the text. The S4
primer box is the sequence selected for the oligonucleotide
primer complementary to the 1258 RNA for use in the 5' end runoff
and sequencing experiments, Subscripts: a) 5' end localization of
the I, brucei 12S RNA as published by Eperon et al (41). b) 5°'
end of the T, brucei 12S RNA as determined in this paper (see
text).
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The published T. brucei 125 RNA gene sequence (41) is shown
beneath the L, tarentolae sequence in an alignment determined by
computer analysis (Los Alamos SEQA program) and modified slightly
to accommodate the secondary structure model shown below.
Localization of the 5' and 3' ends of the 12S RNA

The 5' end of the L, tarentolae 12S RNA was determined by
primer runoff using an oligonucleotide primer (labeled "S4
primer" in Fig. 1). The single runoff product was sized on a
sequencing gel next to a DNA sequencing ladder of a clone of the
128 gene that was also primed with the S4 primer (Fig. 2A). The
5' end of the RNA was mapped to the location indicated in Fig. 1.
Localization of the 5' end was confirmed by direct dideoxy chain
termination sequencing using the S4 primer on the RNA template
(Fig. 2B). The 5' end of the T, brucei 12S RNA was localized to
the position shown in Fig. 1 by primer runoff analysis using the
same primer (results not shown; available upon request), the
sequence of which is conserved between these two species (41).
Our localizatjion for the 5' end of the T. brucei 12S RNA is 15 nt
3' of the end identified by Eperon et al (41).

The 3' end of the L, tarentolae 12S RNA was previously deter-
mined by S1 nuclease protection analysis using 32p_1abeled anti-
sense RNA transcribed by SP6 RNA polymerase from the pSP62-~BC3
hybrid plasmid (9). The 12S RNA protected a 201 nt fragment (see
Fig., 3 of reference 9) which represents the distance from the
TaqI site (Fig. 1, nt 1409) to the 3' end of the RNA (3' arrow in
Fig. 1). A minor 222 nt protected fragment was probably due to 3'
end run-on transcription of the 12S RNA gene (in vivo) on the
maxicircle DNA, This minor fragment vanished, together with the
201 nt fragment, with the use of template plasmid DNA truncated
at the SphI site located at nt 1196 (results not shown, see Fig.
3 of reference 9). We have not verified whether the 3' end of the
T. brucei 12S RNA is coincident with the L, tarentolae localiza-
tion, but it is highly unlikely that the published localization
(41) is correct since it overlaps the 5' end of the 9S RNA gene
by almost 60 nt (9).

Lack of introns in the 12S RNA

The above Sl-protection experiment also established the absence

of introns at the 3' end of the 12S RNA gene. The absence of
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