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Abstract 

We have determined the nucleotide sequence of the plastid psbL gene from bell pepper. This gene has 
an ACG as a first codon. Isolation of RNA from pepper leaves and ripe fruits and subsequent sequencing 
of the psbL cDNA revealed that this ACG codon is post-transcriptionally edited into an A U G  initia- 
tion codon in both leaves and fruits. These data indicate that the RNA editing machinery which exists 
in chloroplasts is still functional in chromoplasts from ripe fruits. 

During plant development the plastid compart- 
ment is undergoing important structural and bio- 
chemical changes. During fruit ripening in pepper 
or tomato, for example, chloroplasts differentiate 
into non-photosynthetic chromoplasts. This tran- 
sition is characterized by the degradation of chlo- 
rophylls, the accumulation of large amounts of 
carotenoids and a structural reorganization (for a 
review, see [21). 

We have chosen bell pepper (Capsicum an- 
nuum) as a model system to study chromoplast 
differentiation. We have previously shown that 
changes in both nuclear and plastid gene expres- 
sion are involved in this developmental process 

[2, 9, 10, 12]. We could demonstrate that plastid 
genes are transcribed in chromoplasts and that 
the transcriptional activity of chromoplasts is not 
significantly different from that of chloroplasts 
from mature green fruits [2, 9]. Furthermore, the 
mRNAs for all the plastid genes tested are de- 
tected in chromoplasts [2, 9]. However, in con- 
trast to chloroplasts, chromoplasts do not have 
significant translational activity in bell pepper as 
shown by two different methods, i.e. either by 
incubating isolated organelles in the presence of 
radiolabelled methionine or by in vivo protein la- 
belling and subsequent organelle isolation [2, 9]. 
Thus, these data indicated the prevalence of a 

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under the 
accession number X65570. 
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GATCAATATCAGCAATGCAGT TCATCCAACGATAAACT TAAT CCGAAT TATAGAGCTACGACACAATCAAACCCGAACGA 

S I S A M Q F I Q R T T Q S N P N E 

3 ' end psbF psbL 160 

ACAAAATGTTGAATTGAATCGTACCAGTCTCTACTGGGGGTTATTACTCATTTTTGTACTTGCTGTTTTAT TTTCCAATT 

Q N V E L N R T S L Y W G L L L I F V L A V L F S N Y 

223 

AT T TCT TCAAT TAAGAAAAAGAAAGAGAATAAATAAGAT TCT C T TAGCTCAT TCGGAAGGATC 

F F N ; ; 
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Fig. 1. Nucleotide sequence of the bell pepper psbL gene, its flanking regions and the 3' end of the psbF gene. The C which is 
post-transcriptionally edited into U is indicated by a thick arrow. Differences with the corresponding sequence from tobacco are 
indicated by thin arrows. 

post-transcriptional/translational control of plas- 
tid gene expression in this system. 

RNA editing is a post-transcriptional process 
first observed in the case of trypanosome mito- 
chondrial mRNAs [1] and then in the case of a 
number of mRNAs (for a review, see [ 3 ]), includ- 
ing various plant mitochondrial mRNAs [4-6]. 
More recently, Hoch et al. [7] and Kudla et al. 
[8] have reported RNA editing in the case of the 
maize rpl2 and tobacco psbL plastid mRNAs (in 
both cases, an ACG codon is converted into an 
A U G  initiation codon). 

In order to examine the possible involvement of 
RNA editing in the expression of plastid genes 
during chromoplast differentiation, we have 
cloned a 223 bp Sau3A DNA fragment from the 
bell pepper plastid genome, containing the 3' end 
of the psbF gene and the entire psbL gene (Fig. 1). 
When compared with the corresponding region of 
the tobacco plastid genome, only two base sub- 
stitutions are observed in the bell pepper se- 
quence, both of which are located in the 
3'-flanking region of psbL (Fig. 1). Bell pepper 
psbL has an ACG as a first codon as is the case 
of tobacco. Using a synthetic oligonucleotide 
complementary to the RNA (spanning position 
76 to 105 in Fig. 1) and which was radiolabelled 
in the presence of [7-32p]ATP and polynucle- 
otide kinase, we have performed an RNA gel blot 
analysis of the psbL transcript during the differ- 
entiation of chloroplasts into chromoplasts 
(Fig. 2). These experiments revealed that the psbL 

Fig. 2. RNA gel blot analysis of the psbL transcript during the 
chloroplast to chromoplast transition in bell pepper fruits. 
Total RNAs were isolated from a fruit at the green mature 
stage (lane 1), from an almost entirely red fruit (lane 5) and 
from fruits at three intermediate stages of ripening (lanes 2 -  
4). Identical amounts of total RNA (7/~g) were separated by 
formaldehyde/agarose (1.2% w/v) gel electrophoresis, trans- 
ferred to a Hybond-N (Amersham) membrane and subse- 
quently hybridized to a radiolabelled oligonucleotide specific 
for the psbL transcript (see in the text). A faint hybridization 
signal corresponding to a larger transcript is also visible in 
each lane of the original autoradiograph. The additional band 
seen in the lower part of the autoradiograph (smaller than 
1 kb) is due to a previous hybridization experiment using the 
same blot but a different probe. 

transcript level does not significantly change dur- 
ing this developmental process, as already ob- 
served for other plastid transcripts (e.g. the rbcL 
transcript [9]). Using the same oligonucleotide 
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Fig. 3. Comparison of sequencing gel autoradiographs showing the 5' end of the bell pepper psbL gene (A) and the correspond- 
ing cDNA from leaves (B) and ripe fruits (C). The editing position is indicated by an asterisk. The beginning of the coding re- 
gion is shown by an arrow. 

and poly(A)+RNA isolated from bell pepper 
leaves and from ripe fruits, we have sequenced the 
cDNA corresponding to the 5' end of the psbL 
gene. As expected, the leaf cDNA sequence was 
edited to convert the ACG codon into an A U G  
initiation codon (Fig. 3). This conversion even 
occurs in non-photosynthetic chromoplasts from 
ripe fruits (Fig. 3) in which the psbL gene prod- 
uct (a photosystem II 3.2 kDa polypeptide) is un- 
likely to be synthesized (as discussed above 
[8, 9]). Furthermore, this polypeptide has no 
function in chromoplasts since the photosynthetic 
membrane system is disorganized and progres- 
sively disappears [8, 11]. 

These data suggest that the editing machinery 
is still functional in non-photosynthetic plastids 
and exclude the involvement of editing as a post- 
transcriptional control mechanism during the dif- 
ferentiation of chloroplasts into chromoplasts, at 
least as far as psbL is concerned. Since we did 
not determine if other transcripts are edited in 
chromoplasts, we cannot exclude the involvement 
of RNA editing in the regulation of expression of 
other genes. However, our data indicate that 
RNA editing is not a general mechanism of reg- 

ulation. As proposed for plant mitochondria [ 5 ], 
it seems more likely that RNA editing acts only 
as a correction mechanism in plastids. 
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