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The ‘divided’ gene for chloroplast ribosomal protein S12 consists of 3 exons and the first exon (5"-rps12)

is located far from the second and third exons (3’-rps12) in the tobacco chloroplast genome. Northern blot

hybridization revealed that both 5'-rps12 and 3’-rps12 are transcribed in the chloroplasts. Reverse transcrip-
tion analysis indicated that trans splicing between the 5’-rps12 and 3’-rps12 transcripts occurs in vivo.
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1. INTRODUCTION

Chloroplast ribosomes in higher plants contain
about 60 ribosomal proteins, one-third of which
are known to be encoded by chloroplast DNA. The
gene for chloroplast ribosomal protein S12 (rps12)
was first identified in Euglena chloroplast DNA
[1]. Euglena rps12 consists of 125 codons and has
no intron. A portion of the tobacco rps12 was then
found. This gene was split at least twice [2,3] and
its two exons (from codon 39 to the last codon 123,
3'/-rps12) were located in the large inverted repeats
(IR4 and IRp) of the chloroplast DNA [3]. Recent-
ly we have found the 5'-part of tobacco rpsl2
(from the initiation codon to codon 38, 5'-rps12)
in the large single copy region of chloroplast DNA
[4]. The 5'-rps12 was located 28 kbp downstream
from 3'-rps12 in IR on the same strand, or
86 kbp downstream from 3’-rpsl12 in IR4 on the
opposite strand. We have designated this gene
structure as a ‘divided’ gene [5] and suggested a
trans splicing pathway for the mRNA maturation
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[4]. Here we report the presence of an RNA species
joined between the exon 1 and exon 2 sequences of
tobacco rps12.

2. MATERIALS AND METHODS

Total tobacco chloroplast RNA was prepared
from young leaves as described [6] and treated with
DNase I. Northern blot hybridization was carried
out as in [7]. DNA probes were uniformly 32P-
labeled coding strands synthesized on recombinant
M13 DNA templates [8]. Reverse transcription was
performed as described [9,10] using reverse
transcriptase from avian myeloblastosis virus. A
64-nucleotide SnaBI-Haelll fragment synthesized
on the recombinant M13 DNA template and
uniformly labeled with 3P was used as a primer.
The primer was annealed at 65°C for 30 min to
100 g total tobacco chloroplast RNA in 30 ] of
50 mM Tris-HCl (pH 8.3), 6 mM MgCl; and
50 mM KCl. The base-specific reaction mixtures
contained 5.5 1 DNA/RNA hybrid, 2zl of
0.5 mM ecach of 4 dANTPs, 2 4]l of either 1 mM
ddNTPs, 1 «l reverse transcriptase (8 U), 1 xl of
100mM DTT and 0.3 actinomycin D
(2 mg/ml). Incubation was for 30 min at 42°C.
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After hydrolysis of the RNA, the ¢cDNA was
analyzed by sequencing gel electrophoresis.

3. RESULTS AND DISCUSSION

Tobacco rpsl12 is divided into one copy of
5'-rps12 and two copies of 3'-rpsi2. The 5'-rps12
contains exon 1 of 38 codons and 3’ -rps12 consists
of exon 2 of 78 codons, a 536 bp intron and exon
3 of 7 codons as illustrated in fig.1.

Northern blot hybridization was carried out to
determine whether 5'-rpsi2 and 3'-rps12 are ex-
pressed in the chloroplasts. Total tobacco
chloroplast RNA was electrophoresed in 1.0%
agarose gels and transferred to nylon membrane
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sheets (Biodyne A). The RNA blot was hybridized
with the 197-nucleotide Accl-Hpall fragment con-
taining 5'-rps12 and the 226-nucleotide Hincll
fragment containing exon 2 of 3’-rps12. The
S'-rps12 probe hybridized to 3 major RNA bands
of 2.4, 1.5 and 1.1 kb and several minor bands.
The 3'-rps12 probe hybridized to 2 main bands of
2.4 and 1.5 kb and several faint bands (fig.1).
These results indicate that both rpsl2s are ex-
pressed in the chloroplasts. The major 1.5 and
2.4 kb RNAs are common RNA species hybridized
with both probes.

Reverse transcription analysis was then per-
formed to detect a possible splice junction of the
exon 1 and exon 2 sequences. The 64-nucleotide
SnaBI-Haelll coding fragment (34—98 nucleotides
downstream from the 5'-end of exon 2) was used
as a primer and total tobacco chloroplast RNA as
template. The sequence ladders shown in fig.2
clearly indicate the presence of an RNA species
joined between the exon 1 and exon 2 sequences.
No sequence corresponding to the 18 nucleotides
shown in fig.2 could be found in the entire
155844 bp tobacco chloroplast DNA [5]. The se-
quence ladders diverge little after the junction site
(fig.2), indicating that the major 1.5 and 2.4 kb
RNAs are spliced mRNAs or spliced intermediates.
The faint ladders after the junction site fit the
5’-flanking DNA sequence of exon 2 (see fig.3),
suggesting the presence of a small amount of the
precursor mRNA from 3'-rps12. Based on the
location, 5'-rps12 and 3'-rpsl2 cannot be
transcribed as a single transcript. We therefore
conclude that the two separate transcripts from
5'-rps12 and 3'-rps12 are spliced in frans in the
chloroplasts.

transons 3'-rpsl2 (85aa)

mntron

I TGHNLQEHSVMVRGGRVKDLPGYRYHIVRGTLOAVEVKD OERSKYGV 123aa
TIGGEGHNLOQERSVIIUIRGGRVKDLPGYRYHTIVRGAL DC SEYKDRKHIARSKY6VH] 123aa

Fig.1. Detection of transcripts for CS12. Autoradiographs of RNA blots of total tobacco chloroplast RNA hybridized

with the *2P-labeled 5'-rps12 and 3'-rps12 probes. Size markers are calf liver 28 S and 18 S rRNAs, E. coli 23 S and

16 S rRNAs, tobacco chloroplast 5 S rRNA and E. cofi tRNA-Glu. The lower part indicates the structure of 5'-rps12

and 3'-rps12, the location of DNA probes used and the predicted tobacco CS12 sequence compared with that of the
E. coli S12 (ES12) (74% homology).
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Fig.2. Determination of the splice junction. ¢cDNA

synthesis was carried out in the presence of ddNTP using

a 64-nucleotide SnaBI-Haelll coding fragment as a

primer and total tobacco chloroplast RNA as template.
The arrow indicates the splice junction.

It has been reported that an antiserum against E.
coli ribosomal protein S12 cross-reacts with a 30 S
ribosomal protein from spinach chloroplasts and
that its M; is similar to that of E. coli S12 [11].
Therefore, the trans spliced products are most like-
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ly to function as mRNA for a tobacco S12 protein
(CS12). In vitro trans splicing has been observed
between two separate mRNA precursors prepared
in vitro by SP6 RNA polymerase transcription
112,13]. The tobacco rpsi2 is, to our knowledge,
the first example of genes requiring trans splicing.

We propose to designate the 3’-flanking se-
quence of exon 1 as ‘transon’ 1 and the 5'-flanking
sequence of exon 2 as ‘transon’ 2. The sequence
GTGCGAC at the 5'-end of transon 1 and the se-
quence GTCAACTTTTCC at the 3'-end of tran-
son 2 fit the conserved boundary sequences of
most chloroplast introns [14]. As shown in fig.3, a
long complementary structure (about 70 bp) can
be constructed between transon 1 and transon 2.
This structure, if any, may be necessary for or at
least enhance ¢rans splicing as has been reported in
trans splicing in vitro [12,13].

A divided rps12 structure has also been found in
liverwort chloroplast DNA [15], rice, sugar beet
and broad bean chloroplast DNAs (unpublished).
This suggests that trans splicing is one of the
general processing pathways in chloroplasts of a
variety of plants.
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Fig.3. Possible complementary structure between transon 1 and transon 2. Sequences flanking exons fit the conserved
boundary sequences of most chloroplast introns. Numbers show nucleotides from splice junctions.
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