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The nucleotide sequence of the cDNA clone pSTV34 is reported. It codes for the 86 COOH-terminal amino

acids of the protein coding for the small subunit of the ribulose bisphosphate carboxylase and has a 3’

non-translated region 195 base pairs long. In the coding region this clone is 72% homologous with the
corresponding cDNA clone from Pisum sativum.

Plant Nicotiana

1. INTRODUCTION

To understand the molecular events that control
gene expression during cellular differentiation, it is
essential to have a molecular hybridization probe
that can be used to quantify, characterize, and
isolate the corresponding RNA or DNA sequences.

To understand the mechanism that regulates the
expression of the gene coding for the small subunit
of ribulose-1,5-bisphosphate carboxylase (review
[1,2]) in callus cultures obtained from protoplasts
cultivated in various physiological conditions, we
used a cDNA probe corresponding to the mRNA
of this small subunit. The construction of this
probe, its identification by the hybridization—
translation procedure, and the results obtained
through its use have been reported [3]. Those
results suggested that expression of this gene is
regulated at the level of transcription. To complete
the identification of this probe we report here the
sequence of 556 base pairs of the insert in our clone
(pSTV34), and we compare it with the same type of
probe constructed from Pisum sativum [4].
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2. MATERIALS AND METHODS

2.1. Materials

Restriction enzymes were purchased from BRL
(Gaithersburg) and used according to the technical
data sheets provided with the products. Alkaline
phosphatase (calf intestine) was purchased from
Boehringer (Mannheim) and the polynucleotide
kinase from BRL. The reverse transcriptase was a
gift from Dr Beard (Life Science Inc., USA).
[¥-*PJATP (3000 Ci/mmol) and [a-**P]dCTP
(3000 Ci/mmol) were obtained from the
Radiochemical Centre (Amersham).

2.2. Preparation of plasmids

The plasmid pSTV34, carrying sequences
homologous to the mRNA coding for the small
subunit of the ribulose bisphosphate carboxylase
from Nicotiana sylvestris, was constructed and
isolated as in [3]. The plasmid was then purified by
the clear-lysate technique [5], followed by CsCl
equilibrium centrifugation, isobutanol treatment
and alcohol precipitation.

2.3. DNA sequencing
Plasmid pSTV34 was digested with appropriate
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restriction endonucleases to obtain fragments each
containing a part of the inserted sequence. These
fragments were fractionated on 0.8% agarose or
6% polyacrylamide slab gels, and recovered by
electrophoretic elution {6]. Fragments with stag-
gered ends produced by BamHI digestion were fill-
ed in with reverse transcriptase [7], the appropriate
non-radioactive deoxynucleotides, and [o-*P]
dCTP. The other fragments were alkaline-
phosphatase-treated and 5’-end-labelled with
[y-**P]ATP and polynucleotide kinase [8].

After strand separation or additional cleavage
with restriction endonucleases, the singly labelled
fragments were sequenced by the Maxam and
Gilbert procedure [8] with slight modifications [7].
Products of the chemical degradation reactions
were separated on 0.05 X 30 x 40 cm polyacryl-
amide slab gels with acrylamide concentrations of
8% or 12%. After electrophoresis the gels were fix-
ed in 10% acetic acid, dried and autoradiograph-
ed, mostly without intensifying screens to improve
band resolution. The sequences were determined
on both strands.

3. RESULTS

Before analysis, the plasmid pSTV34 was first
mapped with various restriction endonucleases. As
it was obtained by inserting a blunt-ended ds-
¢DNA into the unique repaired Sa/l site of
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pBR322, the insert is flanked by two generated
Tagql sites. In addition to these Tagl sites, there are
two other internal Tagl sites, together with two
Hinf sites, two EcoRII sites, two Alul sites, four
Ddel sites, and single cleavage sites for Avall,
EcoRl, Hael, Haell, Haelll, and Xholl. In fig.1,
we report only the restriction sites which were
useful in developing our DNA sequencing
strategies.

The complete nucleotide sequence together with
the deduced amino acid sequence is given in fig.2.
The insert in plasmid pSTV34 consists of 556
nucleotides. The first 258 at the 5'-end are a se-
quence coding for 86 amino acid residues. The C-
terminal codon, for a tyrosine residue, is followed
by the translation termination TAA codon and a
195-nucleotide-long untranslated region with a
103-nucleotide-long tail of poly(A).

We estimated in [3,9] by agarose-gel elec-
trophoresis under denaturing conditions that the
mRNA coding for the small subunit consisted of
about 1000 nucleotides. It is clear from these
results that the cloned ¢cDNA is not the full length,
but corresponds to ~60% of the total mRNA. We
deduce that it covers the complete 3’ -untranslated
region and 71% of the region coding for the
mature 12000 M, small subunit peptide [10].

The 3 -untranslated region, which is very rich in
T residues (46% of the total, with 17% of the total
being T residues in TA sequences) does not contain
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Fig.1. Strategy for sequencing the smali-subunit cDNA clone. (2) Restriction map of the pSTV34 ds-cDNA inserted into

the pBR322 unique repaired Sa/l site, generating two Tagl sites (marked I* in the figure). This map shows only the

restriction endonuclease sites used for the labelling and the sequencing. The rectangular box, drawn to scale in base

pairs, represents the cDNA insert; the dotted lines represent the pBR322 sequences. (b) The arrows indicate both the

direction of sequencing and the length of the sequence obtained from that particular site with 3’-end-labelled (0—0)
or 5'-end-labelled (#——e) fragments.
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Y K P E

370 210 30 130 350 ELLS 380 398
TEAMATBTTACTTAGCTTLTTTTTTTITCT TCTTCCCACAMRATTGATTTATSTTICCTACTTTCTATICOGTRTATE

258 Hgh e wg g 58
TTITTGGATTCCTACCAAGTTATGAGAAC TRATARTARTTATGATT T66CRCTTTETTTST-PoLY (Mw 03

Fig.2. Nucleotide sequence and the corresponding amino

acid sequence of pSTV34 ¢cDNA insert. The nucleotide

numbering system from the 5’-to-3' end is the same as

in fig.1. The encoded amino acid sequence deduced from

the nucleotide sequence by using the genetic code is

indicated below the nucleotide sequence. The TAA
terminator codon is boxed.

the classical AATAAA sequence but 3 times the se-
quence TAA, 26 base pairs away from the poly(A)
tail.

The sequence of the insert was further compared
to the corresponding sequence established in [4]
for the Pp cDNA clone of P. sativum. The amino
acid sequences corresponding to the coding regions
show considerable overall homology (72%;
fig.3A,B). They have two major regions in com-
mon, one ending 6 amino acid residues before the
C-terminus and containing 12 amino acids, and the
other, containing 16 amino acids, ending 47 from
the C terminus. A similar homology is observed
between our insert (fig.3A) and the C-terminal
portion of the amino acid sequence of the smalil
subunit of Spinacea oleracea [11] (fig.3C).

In contrast to these striking similarities in the
coding regions, there are far fewer homologies in
the 3’ -untranslated region. The 2 clones have very
different nucleotide distributions and sequence
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lengths (195 nucleotides for pSTV34 and 260 for
P20 cDNA). Except for a sequence of 6 nucleotides
including the stop codon (TAAGTT) at the 5'-end
and a sequence of 7 nucleotides (TGTTTGT) at the
3’-end of pSTV34 and 7 nucleotide residues away
from the 3’-end of Py cDNA, the homologous se-
quences (1 of 12 nucleotides, 3 of 7 nucleotides,
and 26 of 6 nucleotides) are scattered throughout
this 3’ -untranslated non-coding region.

4, DISCUSSION

The pSTV34 clone was first identified by
estimating the M, of the hybrid selected mRNA
and by characterizing on SDS-polyacrylamide
slab gels the polypeptide translated from this
mRNA [3]. The identity of the clone, with > 70%
homology between its coding region and the cor-
responding sequence in P. sativum [4], is now con-
firmed without ambiguity. Furthermore, this
region shows the same amount of homology with
the C-terminal portion of the amino acid sequence
directly determined for the small subunit of
Spinacea oleracea [11].

In contrast with the homogeneity in the coding
regions, the 3’-untranslated regions are very dif-
ferent in the two clones, except for a common
region of 12 nucleotides, 51 nucleotides upstream
from the poly(A) tail in Nicotiana sylvestris and
173 nucleotides upstream from the poly(A) tail in
P. sativum [4].

Another noteworthy feature is that the hexa-
nucleotide AATAAA involved in the polyadenyla-
tion signal [12] is missing. However, as it is
reported for an mRNA of zein [13], the AATAAT
sequence present 22 nucleotides upstream the start
of the poly(A) tail, may be considered as a variant
of the classical AATAAA sequence.

Nevertheless, even though the insert in pSTV34

Fig.3. Comparison of the amino acid sequences deduced from the nucleotide sequence of the pSTV34 clone from

Nicotiana sylvestris (A), the carboxy-terminal fragment of the Py cDNA clone [4] from Pisum sativum (B) and Spinacea

oleracea (C) [11]. The fragments were aligned starting from the carboxy-terminal amino acid. The hatched areas are
the homologous regions.
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is not a full-length copy of the mRNA coding for
the small subunit and does not contain any se-
quence region coding for the transit peptide as is
the case for the 2 clones reported for P. sativum
(P20 cDNA [4], 13 amino acids; pSS15 [14], 100
amino acids), this clone will undoubtedly be a
useful tool.

We have already used it as a probe to study the
expression of the gene coding for the small subunit
during cellular differentiation of protoplast
cultures [3], and succeeded in detecting gene pro-
ducts which, depending on the state of differentia-
tion, are often present only in minute quantities.
With the help of this probe, we have also succeed-
ed in isolating genomic fragments from Nicotiana
sylvestris. Structural investigations are now in
progress.
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