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Abstract

Using a fruit-specific cDNA as a probe we isolated and sequenced the two corresponding homologous
genes (Sn-1 and Sn-2) of the bell pepper (Capsicum annuum) genome. Both genes have a single intron
and numerous unusual long inverted repeat sequences. The introns share 879, homology and Sn-2
contains one 450 bp additional sequence with structural features of a transposable element, which is
highly repetitive in the bell pepper genome. Surprisingly, analysis in data banks showed that genes en-
coding the potato starch phosphorylase (EC 2.4.1.1) and patatin contain a similar element, named Alien,
in their 5'-upstream region. Alien elements are characterized by a conserved 28 bp terminal inverted
repeat (TIR), small size, high AT content, potential to form stable DNA secondary structures and they
have probably been inserted in TA target sites. Interestingly, the TIR of the Alien elements shares high
homology with sequences existing in the TIR of extrachromosomal linear pSKIL. DNA plasmid of
Saccharomyces kluyveri. Northern blot analyses detected Sn-I transcripts principally in the red fruit
whereas no Su-2 transcripts were detected in neither of the samples monitored. Western blot analyses
detected a 16.8 kDa Sn protein principally in the ripe red fruit and wounded areas of green unripe fruit.
A comparison of the deduced amino acid sequence of Sn-1 with protein sequences in data banks re-
vealed a significant homology with proteins likely involved in the plant’s disease resistance response.
Analyses at the subcellular level showed that Sn-1 is localized in the membrane of vacuoles.

Introduction and ethylene production and shifts in metabolism

of carbohydrates, organic acids, proteins, etc.
Fruit ripening is a genetically programmed pro- [15]. In many fruits, chloroplasts differentiate into
cess which involves increasing rates of respiration non-photosynthetic chromoplasts with a subse-

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under
the accession numbers X79230 (Srn-1) and 79231 (Sn-2).
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quent degradation of chlorophylls and starch and
extensive structural reorganization [8].

Climacteric and non-climacteric fruits differ in
their ability to produce ethylene autocatalytically
in response to threshold levels of ethylene. Com-
monly referred to as the ripening hormone, eth-
ylene has a cascade effect in climacteric fruits
leading to ‘one rotten apple spoils the whole
bushel’ syndrome [40]. The role of ethylene in the
ripening of climacteric fruits such as tomato has
been demonstrated unequivocally by inhibiting
endogenous ethylene production through the ex-
pression of antisense RNAs that block the accu-
mulation of l-aminocyclopropane-1-carboxylate
synthase [36]. In sharp contrast, bell pepper,
which is also a member of the Solanaceae, has
been classified as a non-climacteric fruit on the
basis of the small changes of carbon dioxide and
ethylene production upon wound stress and dur-
ing fruit ripening [30]. This particular behavior of
bell pepper has prompted us to investigate the
mechanisms involved in its fruit development and
ripening at the molecular level as a possible clue
to explain the differences between climacteric and
non-climacteric fruits. Towards this end we have
characterized the two genes of a family encoding
a fruit-specific protein and we discuss the pos-
sible correlation between their structural features
and their respective expression pattern. We re-
port for the first time the existence in the bell
pepper genome of small highly repetitive se-
quences with structural characteristics of trans-
posable elements.

Materials and methods
Plant material

Bell pepper seeds (cvs. Lamuyo and Yolo Won-
der) were germinated, and plants were grown
under greenhouse conditions. For wounding of
fruits, cuts of 3 cm length were carried out in the
pericarp tissue using a sterilized razor. Samples
of 1cm? were collected every 15h from the
wounded areas.

Isolation of a ripe fruit-specific cDNA

A Agtll cDNA library of ripening fruit (c.v. La-
muyo) was differentially screened with labelled
first-strand ¢cDNA synthesized from poly(A)"*
RNA of'ripe fruits and leaves [ 14]. A fruit-specific
cDNA of 400 bp was then selected. Preliminary
northern blot analysis using the labelled [13]
cDNA probe showed the existence of a transcript
of ca. 700 bp. Therefore we performed a second
screening and a 643 bp cDNA was isolated and
cloned into the Eco RI site of pBluescript KS +
(Stratagene).

Protein expression

After determination of the coding strand by
single-strand hybridization one open reading
frame of 440 bp was identified. The 643 bp cDNA
was then subcloned into the Bam HI/Sal I site of
the pGEX-K@G expression vector [ 19] in frame in
order to produce the protein as a glutathione
S-transferase fusion protein. Induction of the
fusion protein in Escherichia coli was obtained
by addition of isopropyl-thio-f-D-galactoside
(IPTG) 0.25 mM. Bacteria were lysed by sonica-
tion and the proteins were partially purified by
SDS gel electrophoresis and subsequent electro-
elution. Antibodies were then raised by injection
of the proteins into rabbits.

Construction of the genomic library

Lambda Gem-11 (Promega) Bam HI arms were
prepared as described by Kaiser and Murray [23].
Genomic DNA of bell pepper cv. Yolo Wonder
was isolated and purified according to the method
described by Draper and Scott [11]. After partial
digestion with Sau 3Al, restriction fragments of
15-20 kbp were purified on NaCl gradient, ligated
into the lambda arms and packaged using Giga-
pack II Gold packaging extracts (Stratagene) fol-
lowing the manufacturer’s instructions. The re-
sulting library contained 1.8 x 10° recombinants,
representing around ten bell pepper genomes
which were used to transfect ER1647 bacteria.



Screening of the genomic library

Library plates bacteria grown overnight at 37 °C
were transferred in duplicate to 0.45 pm nitrocel-
lulose membranes (Schleicher & Schuell). The
filters were subsequently hybridized in 5x SSC
(Ix SSCis 0.15M NaCl, 0.015M sodium-
citrate), 5 x Denhardt’s solution (1 mg/ml Ficoll,
1 mg/ml polyvinyl-pyrrolidone, 1 mg/ml BSA),
1% SDS, 20 pug/ml salmon sperm DNA and 509,
formamide for 12 h at 42 °C with the **P-labelled
643 bp ¢cDNA. Filters were first washed at 65 °C
in 1 x SSC, 0.1% SDS and then in 0.1 x SSC,
0.19% SDS prior to the autoradiography. Positive
genomic clones were selected after three rounds
of screening.

DNA sequencing

Subfragments of the genomic clones were cloned
into the pBluescript KS™ vector (Stratagene).
Sure (rec A —) (Stratagene) bacteria were used as
the recipient strain. Subsequently, plasmid DNA
was isolated according to the rapid DNA prepa-
ration of Saunders and Burke [37] and used for
double strand sequencing [47] as well as for iso-
lation of DNA inserts. Pairwise and multiple
alignments of sequences were performed using
the BESTFIT and PILEUP (gap penalty of 5.00
and gap length of 0.30) programs, respectively.
Minimum energy folding of sequences was per-
formed using the program FOLD.

Northern hybridization

Total RNAs from roots, shoots, leaves and coty-
ledons, flowers and fruits were extracted accord-
ing to Bogorad et al. [1]. Subsequently, 10 ug of
RNA were separated on 1.1%, agarose-6%, form-
aldehyde gels, transferred to Hybond-N* mem-
branes (Amersham) and hybridized as described
above.
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S1 mapping

For determination of the transcription start and
polyadenylation sites, S1 mapping was carried
out as described [18].

Southern hybridizations

Plasmid and genomic DNAs were digested with
various restriction enzymes. Fragments were
separated on 0.79%, agarose gels, denatured, and
transferred to Hybond-N* membranes. Hybrid-
ization was carried out as indicated above for
genomic library screening.

Immunochemical techniques

Twenty pg of proteins from different plant tissues,
extracted by the phenol method [31], but using
0.1 M LiCl, 1% SDS, 10 mM EDTA and 0.1 M
Tris-HCl pH 8 as extracting buffer were sepa-
rated on SDS-PAGE and transferred to nitrocel-
lulose filters for western blot analyses [42].

Immunogold labelling and electron microscopy

Protoplasts from fresh pericarp tissue of fruits at
the orange stage were obtained according to the
procedure of Veidt ez al. [46] but 0.1 mg/ml cay-
lase M3 (Cayla Laboratories, Toulouse, France)
was added in the enzyme solution and digestion
took place overnight at 28 °C without shaking.
Fixation, permeabilization and subsequent immu-
nolabelling of cell preparations were performed
as described [38], with an additional step of
silver-enhancement using the IntenSE BL Kit
(Amersham) before embedding in Epon. Sections
were made using a Ultracut E microtome (Re-
ichert) and observed on a Hitachi H600 trans-
mission electron microscope.
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Results

Structure and organization of Sn genes

Labelled 643 bp Sn ¢cDNA (see Materials and
methods) was hybridized with restricted pepper
genomic DNA (Fig. 1a). The pattern of the hy-
bridizing genomic restriction fragments suggested
the existence in the pepper genome of more than
a single gene homologous to the Sn cDNA. The
restriction maps obtained from the different ge-
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Fig. 1. Structure of Sn genes. a. Southern hybridizations of
10 pug genomic DNA restricted by Eco RI (E) Styl (S) and
Bam HI (B). The blot was probed with *?P-labelled 643 bp Sn
cDNA. b. Restriction endonuclease site maps of Sw-I and
Sn-2 from genomic clones.” Transtatedsequences -and the
450 bp intronic additional sequence are shown by open and
dashed boxes, respectively. Restriction sites are indicated as
following: H, Hind III; V, Eco RV; P, Spel; N, Ncol; A,
Sna BL.

nomic clones isolated from the library of pepper
nuclear DNA confirms the existence of two Sn
genes, Sn-1 and Sx-2 (Fig. 1b). To investigate the
structure of these genes, we determined their re-
spective nucleotide sequences and compared
them with that of the cDNA (Fig. 2). Importantly,
the 120 bp sequence upstream of the translation
start codons from S»-1 and Sn-2 genes share 919
homology. The coding sequences of either Sn-1
and Sn-2 have a relatively high AT content (ca.
639, ) and although they share high homology with
the cDNA (1009, and 94.59%, respectively) im-
portant differences are found between positions
160 and 220 bp downstream the TAA termina-
tion codon. A similar case of variability of the
3’-untranslated region between a family of genes
has been reported elsewhere [4]. The variation
between the genomic and cDNA clones is ascrib-
able to the utilization of different cultivars for
generating their respective libraries.

Both S»-1 and Sk-2 contain one intron inserted
at 188 bp downstream the translation start codon.
The sizes of the introns are 739 bp and 1130 bp
for Sn-1 and Sn-2 respectively. Their sequences
share 879, homology and the Sk-2 intron has an
additional sequence of 450 bp (position 584 to
1034) with a 17 bp tandemly repeated sequence
(CCATTTAGGGGTTGTTT) at its origin (po-
sition 584 to 618). Introns from both genes have
splice junctions obeying the GT....AG rule of
eukaryotic mRNA introns [3]. The high AT con-
tent (699, and 729 for Sn-1 and Sn-2, respec-
tively) is consistent with that expected for a plant
intron [16].

An important feature of the structure of both
Sn genes is the existence of numerous long in-
verted repeat sequences which are found through-
out the entire gene structure. These sequences are
predicted to potentially participate in secondary
and tertiary interactions forming stable hairpins
in the pre-mRNA. Particularly, sequences located
in the additional sequence of the Su-2 intron
(nucleotide positions 606 to 1034) and in the 3’
end of Sn-2 (nucleotide position 2093 to 2466) are
predicted to form stable secondary structures with
calculated free energies of -412kJ/mol and
—312 kJ/mol, respectively.
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Sn~2 GAGAGAAGAATCAAGAGAGTCATGAAATTGTATCCGCAAGATTCAT TTTAATAAAATTACTCT T TTTTGT TTATTTATTTTTTCTTGCAGT TAT T "CAACACTACGAAATTATGCGATCA

2641

2760

Sn-2 ATTTGCACGCTAGTGGACAGTCTGCTCTCACTCTCTCTACAATGAATCACAATCACTACTATATGACTTARAAAAARTCAATGAAGT TTCGTGTAAGAAGTCTACTACTGCCACGTCTAC

2761

2880

Sn-2 TGAGATCACACTTGTTGGCCCCATCARTCGACGCAATCTCAATGGTTGTGCTTTGGATGGATTCCAATACTTTATC TTTTTGGRGATGACGGAAAGGAAARRATCTCAAATTTCGGCTTT

2881

3000

Sn=2 ARCTACGATCCCTGGGGGAAAGTTTCGATCTATGTTATCAGATGAACTATCTGAAACTGTCTCGAACTTTGGAGAATCTGAGGACTTAAT

3001

+ + 3090

Fig. 2. Nucleotide sequences and predicted amino acid sequence of genomic Sn clones and Sn cDNA. Only different nucleotides
of $n-2 and the cDNA towards Sa-I are presented. The cDNA sequence begins and ends at the nucleotide positions 131 and 1951,
respectively. Deletions in the nucleotide sequence of either Sn-1 or Su-2 are represented by dots. TIRs of the two transposable
elements of Sn-2 are indicated by open arrows and their respective flanking direct repeats are indicated by bold arrows. The ATG
translation start and the termination TAA codons are located at positions 139 and 1743, respectively. The sequence upstream the
translation initiation codon is consistent with Kozak’s consensus [24]. Putative AATAAA or AATAAT consensus polyadenylation
signals [22] are found at positions 1816, 1862 (for either Sn cDNA, Sr-1 and Sn-2) and 1931 (only for the Sn cDNA). Repeated
sequences in the 3'-untranslated region, nucleotide positions 1793 to 1811, 1837 to 1850 and 1887 to 1903, are underlined.

Identification of a new family of transposable ele-
ments

Labelled DNA fragments from the additional in-
tronic 450 bp and 3’ region flanking the termina-
tion codon which have long inverted repeats were
hybridized with digested genomic DNA under
high-stringency conditions (Fig. 3a, b). Results
showing the cross-hybridization of the probes
with many fragments of genomic DNA demon-
strate the existence in the bell pepper genome of
multiple and highly conserved copies of sequences
existing in the additional 450 intronic bp and also
in the 3’ end of Sn-2. Interestingly, these highly
repetitive sequences have the structural features
of unusual inverted repeat transposable elements.
In the case of the 450 bp additional intronic se-
quence of Sn-2, a 428 bp DNA fragment with
potential to form stable hairpin structures has a
28 bp imperfect terminal inverted repeat at its ter-
mini (TIR, position 608 to 636 and 1001 to 1032)
(see Fig. 2) flanked by TA direct repeats; the 3’
end of Sn-2 contains an AT-rich (609) 374 bp
DNA fragment (position 2093 to 2466) with a
16 bp TIR flanked by AT direct repeats. To de-
termine if these sequences are members of larger
families, computer-assisted sequence similarity
searches of the GenBank and EMBL nucleic acid
databases were performed using the two inverted

repeat sequences as queries. To our surprise, this
examination revealed that the 5’ -flanking regions
of the genes coding for the potato starch phos-
phorylase (position -1022 to -303) [9] and
patatin [43] contain a small previously unreported
element with structural and sequence similarities
to the Sn-2 428 bp transposable-like element
(Fig. 4a). These elements have been designated as
Alien family members. The Alien element inserted
in the 5'-flanking region of the patatin gene is
truncated and it lacks the 5'-TIR. Aliens have a
potentialtoform DN A secondarystructures(AG =
—412 Kj/mol and -832 kJ/mol for the Sxn-2 and
starch phosphorylase Alien elements, respec-
tively), they are AT-rich (749, and 769, for the
Sn-2 and starch phosphorylase Alien elements,
respectively), they have small size (428 bp and
719 bp for Sn-2 and starch phosphorylase Alien
elements, respectively), they have TIRs (Fig. 4b),
and they have probably been inserted in TA tar-
get sites. Most importantly, the sequence searches
also revealed that the 28 bp TIR consensus se-
quence of the Alien elements is highly homologe
to a 27 bp sequence repeated eight times within
the 483 bp TIR of the extrachromosomal linear
DNA pSKL plasmid of Saccharomyces kluyveri
(nucleotide position 253 to 280 and 14003 to
14030 of the pSKL plasmid) [21] (Fig. 4a). On
the other hand, analysis in data banks did not
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Fig. 3. Autoradiography of a bell pepper genomic DNA blot
hybridized under standard conditions with a) a probe specific
of Sn-2 intronic sequence (nucleotide position 521 to 777) and
b) the Spel/Hindlll fragment containing the 3’ termination
codon of Sk-2 (nucleotide position 1838-2301). Ten ug of
DNA was restricted with Sty I (S), Hind III (H), Eco RI (E)
or Bam HI (B) and separated by agarose gel electrophoresis.

reveal a significant homology between the trans-
posable element of the 3° end of Sn-2 and any
nucleic acid sequence.

Expression of the Sn genes

Northern blot analysis using the 643 bp cDNA as
probe shows that among the different parts of the
plant monitored, a ca. Sr 700 b transcript is de-
tectable exclusively in flowers and fruits (Fig. 5a).
The relative amount of the transcript observed in
flowers remains low and constant during the early
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fruit development and increases dramatically dur-
ing ripening from mature green to red fruit. Sub-
sequent blots using the Styl/Bam HI fragment
specific from Sn-1 show an identical pattern of
expression to that observed using the cDNA
probe (Fig. 5b). The transcription start and poly-
adenylation sites of Sn-I determined by S1-
nuclease protection experiments are located at
positions 103 and 1972, respectively and the exact
size of the Sn-I major transcript is 692b
(Fig. 6a, b). Results showing the presence of one
alternative transcription polyadenylation site at
position 2138 (see Fig. 6b) indicates the existence
of a minor transcript of nearly 8§58 b. On the other
hand, Sl-nuclease protection experiments using
Sn-2-specific probes did not detect any transcript
in neither of the five samples monitored (data not
shown).

The localization of the transcription start and
polyadenylation sites of Su-/ permitted to us to
characterize their respective flanking regions;
TATA and consensus sequences [20] are present
37 and 61 bp, respectively, upstream to the tran-
scription start site and the high AT content of the
3’-untranslated region (739,) is consistent with
previous reports arguing for the important role of
the high AT content in this region as a mRNA-
destabilizing factor [41].

Predicted amino acid sequence and comparison with
other proteins

The predicted polypeptide from the nucleotide
sequence of the Sn cDNA (see Fig. 2) has 147
amino acid residues with a size of 16.8kDa, a
global charge of —8 and an isoelectric point of
5.8. It has a putative N-glycosylation site at the
level of aminoacids 50 to 52. The amino acid
sequences deduced from the coding sequence of
Sn-1 and S»-2 share 1009, and 909, identity with
respect to that of the cDNA. A hydropathy plot
constructed for the predicted polypeptide of the
cDNA shows that the N-terminal region of the
peptide does not have any significant structural
homology with transit peptide thus totally exclud-
ing a plastidial localization (Fig. 7a).
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Fig. 5. Northern analysis of the Sr transcript in various or-
gans and during fruit development. Ten ug of total RNA iso-
lated (see Material and methods) from roots (R), leaves (L),
flowers (F1), young green unripe fruit (GF) and red ripe fruit
(RF) were hybridized with the radiolabelled a) 643 bp Sn
¢DNA and b) Sty l/Bam HI fragment from Sn-I (nucleotide
position 1711-1993).

A computer search of protein sequence data
bases (Blast NCBI) revealed an identity of 549
of the predicted amino acid sequence with that of
the 691 bp FB7-4 cDNA [33] and an identity of
329, with two major latex proteins expressed in
opium poppy (MLP 15 and MLP 22 [34, 35],
respectively) (Fig. 7b). We must emphasize that
in contrast to Sk-/ whose transcription takes
place during fruit development FB7-4 is expressed
in the basal internodes and roots of tobacco dur-
ing flowering [33].

The computer search analysis has also revealed
the existence of a motif between amino acids 88
to 93 (Ile-Glu-Gly-Asp-Val-Leu) homologous to
sequences described for the major allergen pro-
teins Car b I of hornbeam and Cor a I of hazel
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pollen ([4, 26], respectively) and PR proteins from
potato (pSTH-21 and pSTH-2) and parsley
(PR2) ([27, 29], respectively) (Fig. 7b). It is not-
worthy that this motif is also homologous to an
amino acid sequence of the immunologicaly ac-
tive CD domain of the fish allergen [12].

All of these proteins lack signal peptides, they
are ca. 17 kDa acidic proteins whose pl values
are between 4.0 to 6.0 and circumstantial evi-
dence suggests an important role of some of them
in the plant’s early disease resistance response

[5].

Sn expression is stimulated by wounding

Western blot analysis using the specific antisera
raised against the overexpressed protein encoded
by the Sn cDNA detected a unic band of 17 kDa
in samples corresponding to green and red fruits
(Fig. 8a). As we have noted for the Sn-I tran-
scripts (see Fig. 5), the relative amount of Sn-1
protein dramatically increased during the transi-
tion from mature-green to red fruit. The high ho-
mology of Sn with proteins likely involved in the
protection of the plant prompted us to analyse the
effect of wound stress in the expression of Sn
genes and western blot analyses using samples
from mature green fruits upon wounding were
performed. To our surprise, we observed that the
relative amount of Sn dramatically increased after
15 h of wounding (Fig. 8b) which further strength-
ens the view that Sn is likely involved in the plant’s
resistance response. Independent S1 mapping
analyses using Sn-I- and Sw-2-specific probes
demonstrated that the increase of the relative
amount of Sn is ascribable to the stimulation of
Sn-1 rather than to the induction of Su-2 gene
(data not shown).

Fig. 4. a. Sequence alignments of Alien elements from the promoter regions of the starch phosphorylase gene (phospho), patatin
gene and intron of Sn-2. The positions of the direct repeats are indicated by solid arrows and the TIRs by open arrows. Conserved
nucleotides are indicated by bold letters. For the case of the pSKL plasmid of Saccharomyces kluyveri only the TIRs delimited by
‘§’ are represented, omitting the 14 kb between them. b. Potential hairpin structures formed by the Alien elements of starch

phosphorylase and of Sn-2.
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Localization of Sn protein

Some of the proteins sharing important sequence
and structure homologies with Sn have been lo-
calized in a peculiar kind of secretory vacuoles
[17]. In our attempt to search further possible
links between those proteins and Sn we have in-
vestigated the tissular and subcellular localization
of Sn. Preliminary in situ hybridization experi-
ments using the Sn cDNA as probe and immu-
nogold histochemistry using the Sn antisera
showed that this particular type of cell is princi-
pally localized in the external exocarpic cell lay-
ers (manuscript in preparation). Subsequent im-
munogold cytochemistry using the antisera raised
against the overexpressed protein encoded by the
Sn ¢cDNA showed that Sn-1 is exclusively asso-
ciated to the membrane of a small vacuole which
in many cases is localized close to the plasmale-
mma (Fig. 9). Controls using the gold particle-
labeled IgG alone did not label the vacuoles (data
not shown). The most obvious morphological fea-
ture of the cells containing these small vacuoles
is that the cytoplasm is relatively abundant and
they have numerous vesicles, lipid granules and
organelles.

Discussion

It is well established that fruit ripening is a highly
regulated developmental process requiring ex-

Fig. 6. Determination of Sk-I transcription start (a) and stop
(b) sites by S1 nuclease mapping. In both cases the protected
fragment is indicated by arrows and the radiolabelled Hpa 11
digests of the pBluescript KS ™ were used as markers. a. The
labelled 1045 bp single-strand DNA fragment existing between
the Eco RV and nucleotide position 232 was hybridized with
20 ug of total RNA extracted from ripe red fruit. The probe
was synthesized in presence of a*?P-dCTP by in vitro exten-
sion of an oligonucleotide priming at positions 213 to 232. The
G,A,T and C sequence ladder were obtained from the Sn-/
genomic clone using the same primer. b. Twenty ug of total
RNA extracted from young green fruit (GF), red fruit (RF)
and roots (R) were probed with the 433 bp Sty /Bam HIDNA
fragment (P). This fragment was labelled on the Sty I site in
the presence of «*?P-dCTP and DNA polymerase I large
(Klenow) fragment.
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Fig. 7. Sn amino acid sequence analysis. a. Hydropathic profile displayed using the method of Kyte and Doolittle [25]. b. Amino
acid sequence alignment of the deduced Sn-1 protein with similar polypeptides from tobacco (FB7-4), opium poppy (major latex
protein MLP15), hazel (major allergen protein Cor AI) and potato (pathogenesis-related protein pSTH-21). Bold letters indicate

residues common to the deduced Sn-1 protein.

pression of a large number of genes. Most of the
work describing some ripening-specific genes [39]
and their interactions with DN A-binding proteins
[10, 32] as well as the functional maps of their
respective promoters [44, 45] has been performed
using the climacteric tomato fruit as a model sys-
tem. In view of the scarcity of information con-
cerning the expression of fruit- or ripening-specific
genes of non-climacteric fruits we have analyzed
for the first time the complete structure of a bell
pepper gene family whose levels of the corre-
sponding fruit-specific protein dramatically in-
crease in the ripe stage.

Taken together, the results shown in Fig. 7b
suggest that the Sn protein, FB7-4, the major

latex proteins, some pathogenesis related proteins
and some major allergen proteins likely belong to
the same group of proteins having common
allergenically/antigenically active domains and
which most likely participate in the plant’s early
disease resistance response [5]. A spectacular
wound response of some plants to prevent the
invasion of pathogens into the plant is the stim-
ulation of secretion of some of these proteins [28].
Results in Fig. 8b show that Sn is a wound-
stimulatable protein and its sequence homology
with the latex proteins (see Fig. 7b) as well as its
localization in a peculiar kind of small vacuole of
cells principally localized in the external parts of
the pericarp tissue (see Fig. 9) suggests that Sn is
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Fig. 8. Immunological analysis of samples from (a) flowers
leaves, roots and fruits at various developmental stages and
(b) green fruit after 0 h, 15h and 48 h of wounding. In each
case 10 ug of proteins were subjected to SDS-PAGE, fol-
lowed by immunoblotting using antisera against the overex-
pressed protein encoded by the Sn cDNA.

likely a secretory protein having a role in the pro-
tection of the bell pepper fruit against pathogens.
The analysis of the phenotypes obtained by re-
ducing or increasing the expression of Sn-1 and
Sn-2 will aid us in assigning biological functions
to these genes.

In climacteric plants, ethylene enhances ripen-
ing of mature-green fruits. Ethylene also appears

Fig. 9. Immunocytochemical localization of Sn-1 in proto-
plasts isolated from the pericarp tissue of ripe pepper fruit (see
Materials and methods). a. Exclusive localization of Sn-1 in
the membrane of vacuoles (Bar =1 um). b. Transversal sec-
tion of a typical kind of protoplast producing Sn-1 (cv = central
vacuole, Bar = 10 um). c. Detailed picture of a vacuole con-
taining Sn-1 in its membrane (indicated by arrow in b)
(L =lipid granule, Bar = 1 um).




to function as a wound hormone, being an early,
active response of plants to the perception of
wound stress [2]. Thus, it is not surprising that
wound stress enhances the ripening of climacteric
fruits at the mature-green stage [40]. On the other
hand, on the basis of its response to externally
added ethylene or wound stress, bell pepper has
been classified as a non-climacteric fruit [30].
Surprisingly, results in Fig. 8b show that produc-
tion of Sn, a ripening-stimulated protein, is also
stimulated by wound stress. Moreover, our pres-
ently ongoing experiments have shown that, as we
have noted with Sn, wounding of the green pep-
per fruit also induces the expression of other
ripening-specific genes, some of them participat-
ing in the mechanism of disease resistance re-
sponse, i.e. a gene coding for a thionin (manu-
script in preparation). These results could suggest
that bell pepper has to some extend a climacteric-
like behavior. Obviously further analyses will be
necessary to elucidate the role of ethylene in the
development and ripening of the bell pepper fruit.

Alien forms a unique family of plant small in-
verted repeat transposable elements. Standard
hybridization protocols have been useful in iden-
tifying this new family (Fig. 3) indicating that, in
contrast to the case of the previously reported
Tourist and Stowaway small transposable ele-
ments [6, 7] respectively) Alien elements of bell
pepper share a very high identity over their length.
Although the Alien elements share no significant
sequence similarity with Tourist and Siowaway
transposable elements ([6, 7] respectively) these
families of elements have similar structural fea-
tures, thus suggesting that they were probably
transposed by a similar ‘cut-and-paste’ mecha-
nism. It is noteworthy that Sn-1 possess a 41 bp
fragment (nucleotide position 992 to 1034) at the
same position than the Srn-2 Alien element. This
sequence corresponds to a transposable element
footprint arising from the excision of the Sn-2
Alien element. A similar case of footprints arised
from the excision of small transposable element
has been reported for the Tourist element in the
maize Adhl-C™ allele [6].

Due to the limited coding capacity, the Tourist,
Stowaway and Alien elements almost certainly do
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not encode a transposase specifically recognizing
their TIRs and they were probably mobilized by
a transposase encoded at another chromosomal
locus. TIRs from the Alien elements are strikingly
homologous to sequences existing in the TIR of
the linear DNA pSKL plasmid of Saccharomyces
kluyveri (Fig. 4a). Interestingly, these sequences
have associated a protein which is believed to be
required for autoreplication of the linear DNA
molecule by mechanisms similar to the DNA
molecules of adenoviruses and bacteriophage
329 of Bacillus subtilis [21]. The existence of
these sequences in the genome of higher plants
raises the question about their functional and
evolutionary roles.

The sequences upstream the translation start
codons from S»-1 and Sn-2 share high homology
(see Fig. 2) and thus both genes are expected to
have a similar expression pattern. Nevertheless
we have not detected any Srn-2 transcript in nei-
ther of the samples monitored. It is therefore
tempting to speculate that as we have noted with
Sn-1, Sn-2 is transcribed in the fruit but the
prediceted AG = — 412 kJ/mol hairpin of its Alien
element acts as a mRNA destabilizing agent im-
posing a spatial or temporal pattern of expression
different to that of Su-1. It is particularly inter-
esting that nearly 509, of the small Stowaway
transposable elements are located in the introns
and in the regions flanking the 5’ end of stress-
inducible or stress-stimulatable plant genes [7].

Studies of the possible interaction between the
Sn-2 Alien element and flanking regions likely in-
volved in the control of Sx-2 expression are pres-
ently in progress. Structure of the promoter and
of DNA binding factors of Sk-1 and other genes
that we have identified with enhanced expression
at various stages of fruit development (manuscript
in preparation) will be useful tools in future
studies of gene expression and development in
non-climacteric fruits.
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