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ABSTRACT

A partial sequence of a cloned 3.2 Md BamHI fragment from
tobacco chloroplast DNA revealed the occurrence of a putative
gene for ribosomal protein. The putative gene is located on
the left margin of the large single-copy region in the chloro-
plast DNA. The coding region contains 276 bp (92 codons). The
amino acid sequence deduced from the DNA sequence shows 55%
homology with that of E. coli S19 (91 amino acid residues).

INTRODUCTION

Chloroplasts are known to contain circular DNAs of about
10® daltons and their own transcriptional and translational
machineries (1). Chloroplast ribosomes are 70S in size and
closely related to prokaryotic ribosomes. Chloroplast ribosomes
of higher plants contain 23S, 16S, 5S and 4.5S rRNAs which are
coded for by the chloroplast DNA (2). The nucleotide sequences
of rRNA genes from maize and tobacco chloroplasts have been
determined and found to be highly homologous to those from E.
coli (3-7). Chloroplast ribosomal proteins (r-protein) in
higher plants have been analyzed by two-dimentional gel electro-
phoresis and their number in the 30S and 50S subunits (24-26 and
34-36, respectively) were found to be close to that of E. coli
r-proteins (8-10). The primary structure of chloroplast r-
protein L12 from spinach has recently been determined (11).
Chloroplast r-proteins are believed to be encoded in both
nuclear and chloroplast DNAs. Eneas-Filho et al. have reported
that at least 6 r-proteins of the 30S and 5 of the 50S subunits
were made in the isolated chloroplast from pea (10). However,
no genes for r-proteins in chloroplast DNA have been-to our
knowledge - identified and sequenced so far.
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During the course of sequencing a 3.2 Md BamHI fragment of
tobacco chloroplast DNA, we found an open reading frame (ORF)
whose amino acid sequence was similar to that of E. coli r-
protein S19. We present here the structure of a putative r-
protein gene from tobacco chloroplasts.
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Fig. 1. Location, physical map of the cloned 3.2 Md BamHI
fragment (Ba7) from tobacco chloroplast DNA and the strategy for
sequencing part of it. LSU, gene for the large subunit of
ribulose-1,5-bisphosphate carboxylase; P32, gene for the 32
kilodalton thylakoid protein and IR, inverted repeat. (A), DNA
strand which codes for LSU and (B), its complementary strand.
Coding regions are shown by thick lines.
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MATERIALS AND METHODS

Recombinant plasmid pTB7 containing a 3.2 Md BamHI fragment
of Nicotiana tabacum (var. Bright Yellow 4) chloroplast DNA was
constructed as described (12). DNA sequence was determined by
the method of Maxam and Gilbert (13).

RESULTS AND DISCUSSION

Recombinant plasmid pTB7 contains a 3.2 Md BamHI fragment
(designated Ba7) of tobacco chloroplast DNA. Hybridization
experiments indicated that the Ba7 fragment is contained in the
Sal-7, Bgl-4, Pvu-l and Xho-11 fragments on the physical map of
tobacco chloroplast DNA constructed by Seyer et al. (14). The
Ba7 fragment is therefore 'located on the left margin of the
large single-copy region and may contain a part of the left
segment of an inverted repeat.

A physical map of the cloned Ba7 fragment and the strategy
for sequencing part of it are shown in Fig. 1. Fig. 2 shows the
nucleotide sequence of a 480 bp portion which contains an ORF of
276 bp (92 codons). We found that the amino acid sequence

-60 -0 -20 -1
TTCGTCGCCGTAGTAAATAGGAGAGAAAATCGAATTAAATTCTTCGTTTTTACAAAAAAAAAAAAAATAGGAGTAAGCTT
AAGCAGCGGCATCATTTATCCTCTCTTTTAGCTTAATTTAAGAAGCAAAAATGTTTTTTTTTTTTTTATCCTCATTCGAA

1 20 %o 60 80
QIQACACGTTCACTAAAAAAAAATCCCTTTGTAGCCAATCATTTATTAAAAAAAATTGATAAGCTTAACACAAAAGCAGA
CACTGTGCAAGTGATTTTTTTTTAGGGAAACATCGGTTAGTAAATAATTTTTTTTAACTATTCGAATTGTGTTTTCGTCT

100 120 140 160
AAAAGAAATAATAGTAACTTGGTCCCGGGCATCTACCATTATACCCACAATGATCGGTCATACGATTGCTATCCATAATG
TTTTCTTTATTATCATTGAACCAGGGCCCGTAGATGGTAATATGGGTGTTACTAGCCAGTATGCTAACGATAGGTATTAC

100 200 220 2'00
GAAAAGAGCATTTGCCTATTTATATAACGGATAGTATGGTAGGCCACAAATTGGGAGAATTTGCACCTACATTAAATTTT
CTTTTCTCGTAAACGGATAAATATATTGCCTATCATACCATCCGGTGTTTAACCCTCTTAAACGTGGATGTAATTTAAAA

260 280 300 320
AGAGGACATGCAAAAAGCGATAATAGATCTCGTCGT AATATTAATAAAAAAAATCTAGATGCTTATGATTCAGTAGTAG
TCTCCTGTACGTTTTTCGCTATTATCTAGAGCAGC@ETTATAATTATTTTTTTTAGATCTACGAATACTAAGTCATCATC

%0 360 380 400
GAGGCAAACCTTATGCTAAAGAAGAAAAAAACAGAAGTATATGCTTTAGGTGAACATATATCTATGTCTGCTGACAAAGC
CTCCGTTTGGAATACGATTTCTTCTTTTTTTGTCTTCATATACGAAATCCACTTGTATATAGATACAGACGACTGTTTCG

Fig. 2. Nucleotide sequence of the putative gene for CS19 and
its flanking regions. The coding region is boxed. Putative
ribosome binding sites and AT-pairs are underlined.
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Fig. 3. Comparison between the amino acid sequence deduced from
the putative gene for CS19 of tobacco chloroplast and that of E.
coli S19. Homologies are indicated by boxes.

deduced from the DNA sequence shows 55% homology with that
reported for E. coli S19 (15) as shown in Fig. 3. The molecular
weight calculated from the deduced amino acid composition is
10443 which is quite similar to that (10299) of E. coli S19
(15) . Based on the sequence homology, we tentatively identified
this ORF to be a gene for a chloroplast r-protein corresponding
to E. coli S19 and designated gene rpsS or r-protein CS19. A
55% homology seems to be high enough to support the above idea

Table 1 Codon usage in the putative CS19 gene of tobacco
chloroplast (Tc) and in several r-protein genes of E. coli (Ec)

1st 2nd position 3rd
U C A
Tc Ec Tc Ec Tc Ec Tc Ec
Phe 3 9 Ser 2 24 Tyr 1 4 Cys 0 1 U
U Phe 0o 17 Ser 1 21 Tyr 0 13 Cys 0 6 Cc
Leu 3 4 Ser 1 1 Term 1 7 Term 0 1 A
Leu 2 3 Ser 0 2 Term 0 0 Trp 1 4 G
Leu 1 4 Pro 2 4 His 5 4 Arg 3 46 U
c Leu 0 3 Pro 2 1 His 1 9 Arg 0 24 (o]
Leu 1 0 Pro 0 6 Gln 0 8 Arg 0 0 A
Leu 0 67 Pro 0 32 Gln 0 26 Arg 1 1 G
Ile 4 16 Thr 1 32 Asn 5 4 Ser 1 4 8]
a | Ile 2 37 Thr 1 21| Asn 1 32 Ser 1 7 C
Ile 4 1} Thr 4 3] Lys 9 77| Arg 2 1 |a
Met 2 24 Thr 2 2 Lys 1 28| Arg 0 0 G
Val 0 47| Ala 1 75| Asp 3 14 Gly 1 44 u
g | Val 0 8| Ala 1 13} Asp 0 31| Gly. 1 35 (of
val 3 42| Ala 4 42 Glu 3 58 Gly 3 1A
val 0 17} Ala 0 27 Glu 1 15 Gly 0 0 G

Tc: The initiation codon (GUG) is not included. Ec: Includes
the genes for L1l1l, L1, L10, L7/L12, and in N-and/or C-terminal
portions of s7, Ll14, S17, s4, Sl1, L16 and S13 genes (19).
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because the amino acid sequence of r-protein L12 from spinach
chloroplast shows about 50% homology with that of E. coli L12
(11) and 25-62% sequence homologies were found in the a, B and

€ subunits of H+-ATPases between tobacco chloroplast and E. coli
(16, 17).

A sequence AGGAG, which is complementary to the 3' end of
tobacco chloroplast 16S rRNA (--CUCCU--3', ref. 7) and a
putative ribosome binding site, is present -8 to -12 bp upstream
from the initiation codon GTG (see Fig. 2). A marked feature in
the flanking regions is 15 AT pairs before the putative ribo-
somal binding site and 16 AT pairs after the termination codon
TAA (see Fig. 2).

E. coli S19 gene is in the S10 operon which is located at
72 min on the E. coli chromosome and comprises the genes for
si0, L3, L4, L23, L2, L22, S19, S3, L1l6, L29 and S17 (18).
Preliminary sequence analysis indicated that there are ORFs
about 60 bp before and after the putative gene for CS19 (see
Fig. 1). These two ORFs have little homology with any of the r-
proteins encoded in the S10 operon of E. coli.

Table 1 shows the codon usage in the putative CS19 gene and
in several genes for r-proteins in E. coli. The codon usage in
the putative CS19 gene differs from that of E. coli r-protein
genes. We also found differences between the codon usage of
tobacco chloroplast and E. coli genes for the a, B and ¢
subunits of H+-ATPases (16, 17).
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