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A tobacco chloroplast DNA sequence possibly coding for a
polypeptide similar to E. coli RNA polymerase f-subunit
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DNA sequencing has revealed a long open reading frame (ORF) in the large single-copy region of tobacco

chloroplast DNA. This ORF consists of 1070 codons and its deduced amino acid sequence shows about

39% homology to that of the B-subunit of E. coli RNA polymerase. This finding raises a possibility that
some of the chloroplast RNA polymerase subunits are coded for by the chloroplast genome.

( Tobacco) Chloroplast DNA sequence

RNA polymerase rpoB gene

1. INTRODUCTION

Chloroplasts in higher plants contain their own
DNA and RNA polymerase. Chioroplast RNA
polymerase in higher plants has been suggested to
be nuclear encoded [1-4]. However, sequences
hybridized with the G-subunit gene (rpoB) of
Escherichia coli RNA polymerase have been found
in Chlamydomonas chloroplast DNA as well as
nuclear DNA [5]. We have sequenced one of the
tobacco chloroplast DNA regions which hybrid-
ized with the E. coli rpoB probe and found an open
reading frame whose amino acid sequence
resembles that of the E. coli @-subunit. This
finding raises the interesting possibility that
chloroplasts in higher plants are an additional site
of synthesis of their RNA polymerase subunits.

2. MATERIALS AND METHODS

Transducing phage A rif*18 was kindly provided
by Dr A. Ishihama and its 6.0% EcoRI fragment
was used as the rpoB probe. Southern blot
hybridization was carried out as described [6]. The
clone bank of tobacco (Nicotiana tabacum var.
Bright Yellow 4) chloroplast DNA and recombi-
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nant plasmid pTB7 are described in [7]. DNA se-
quence was determined as described [8] and
analyzed using the GENETYX program (Software
Development Co., Tokyo).

3. RESULTS AND DISCUSSION

Using the clone bank of tobacco chloroplast
DNA [7], we searched for the chloroplast DNA
regions homologous to the E. coli rpoB by
hybridization with the probe. Recombinant
plasmid pTB7 which contains consecutive 3.0, 3.2,
1.1 and 3.6 kbp BamHI fragments (Bal3, Bal2a,
Ba25 and BalOb, respectively, [7]) was one of the
several clones which gave a weak signal. We se-
quenced portions of the cloned BamHI fragments
in pTB7 and found a 3210 open reading frame on
the same strand as the gene for H*-ATPase a-
subunit (arpA) (figs 1 and 2).

The predicted polypeptide is 1070 amino acid
residues long and 272 residues shorter than the E,
coli #-subunit (1342 residues) [10]. When gaps are
introduced, the amino acid sequence deduced from
ORF 1070 has about 39% homology with that of the
E. coli g-subunit (fig.3). This homology is com-
parable to that (23—68%) of ribosomal proteins
[6].

Recently Lerbs et al. [4] have analyzed in vitro
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Fig.1. Position of the cloned fragment in pTB7 and of

ORF 1970 on the Sa/ll map of tobacco chloroplast DNA.

The arrow indicates the direction of possible
transcription.

translated products of both chloroplast RNA and
poly(A)* nuclear RNA in spinach and suggested
that all chloroplast RNA polymerase polypeptides
are coded for by the nuclear genome [4]. From
their study, ORFio70 could be a pseudogene.
Another possibility is that chloroplasts have two
RNA polymerase species, one coded for by nuclear
genomes and the other by chloroplast genomes
which is expressed in restricted conditions, e.g. in
etiochloroplasts. Two types of RNA polymerase
activity have been isolated from Euglena
chloroplasts [9].

ATGCTCGGGGATGGAAATGAGGGAATAT CTACAATACCTGGATTTAATCAGATACAATTTGAAGGATTTTGTAGGTTCATTGATCAAGGTTTGACGGAAG 100
MLGDGNEGTI STIPGFNQ@TI @FEGFCRFID®QGLTTEE

AACTTTATAAGTTTCCAAAAATTGAAGATACAGAT CAAGAAATTGAATTTCAATTATTTGTGGAAACATATCAATTGGTCGAACCCTTGATAAAGGAAAG 200
LYKFPKITEDTDAQETEFQ@LFVETY@LVEZPLTITZKTEHR

AGATGCTGTGTATGAATCACTCACATATTCTTCTGAATTATATGTATCCGCGGGATTAATTTGGAAAAACAGTAGGGATATGCAAGAACAAACAATTTTT 300
DAVYESLTYSSELYVSAGLIWE KNSR RDMAEEQQTTIF

ATCGGAAACATTCCTCTAATGAATTCCCTGGGAACTTCTATAGTCAATGGAATATATAGAATTGTGATCAATCAAATATTGCAAAGTCCCGOTATTTATT 400
I G NT PLMNSLGTSIVNGIYRTIVINGEILAQSPGTIVYY

ACCGATCAGAATTGGACCATAACGGAATTTCGETCTATACCGGCACCATAATATCAGATTGGGGAGGAAGAT CAGAAT TAGAAATTGATAGAAAAGCAAG 500
RSELDHNGI SVYTGTITITSDWSOGG6RSETLETTDT RZEKAR

GATATGGGCTCGTGTAAGTAGGAAACAAAAAATATCTATTCTAGTTCTATCATCAGCTATGGGTTTGAAT CTAAGAGAAATTCTAGAGAATGTTTGCTAT 600
I W ARV SRKQ@KTSILVLSSAMGLNLRETLENVCY

CCTGAAATTTTTTTGTCTTTTCTGAGT GATAAGGAGAGAAAAAAAATTGGGT CAAAAGAAAATGCCATTTTGGAGTTTTATCAACAATTTGCTTGTGTAG 700
PETFLSFLSDIKERIKIKTIGSKENAILEFY@Q@FACYVG

GTGGCGATCCGGTATTTTCTGAATCCTTATGTAAGGAATTACAAAAGAAATTCTTTCAACAAAGATGTGAATTAGGAAGGATTGGTCGACGAAATATGAA 800
6 DPVFSESLCKEL® KZKTFFQ@@RTCELGRTIGBGRRNMN

CCGAAGACTGAACCTTGATATACCCCAGAACAATACATTTTTGTTACCACGAGATATATTGGCAGCCGCCGATCATTTGATTGGGCTGAAATTTGGAATG 900
RRLNLDTIP@@NNTTFLLPRDILAAADU HLTIGLIEKTFTGHM

GGTGCACTTGACGATATGAATCATTTGAAAAATAAACGTATTCGTTCTGTAGCAGATCTTTTACAAGATCAATTCGGATTGGCTCTGGTTCGTTTAGAAA 1000
6 ALDDMNAHLIKNIKRIRSVYADLLADAFGLALVRLEN

ATGTGGTTCGGGGGACTATATGTGGAGCAATTCGGCATAAATTGATACCGACACCTCAGAATTTGGTAACCTCAACTCCATTAACAACTACTTATGAATC 1100
VVRGGTITCGAI RHKLIPTPAE@NLYTSTPLTTTYES

CTTTTTCGGTTTACACCCATTATCTCAAGTTTTGGATCGAACTAATCCATTGACACAAATAGTTCATGGGAGAAAATTAAGTTATTTGGGCCCTGGAGGA 1200
FF6LHPLSQ@VLDRTNPLTG®IVHGRIKTLTSYLGPGS®SG

CTGACAGGGCGCACTGCTAGTTTTCGGATACGAGATATCCATCCTAGTCACTATGGACGTATTTGCCCAATTGACACATCTGAAGGAATCAATGTTGGAC 1300
L TGRTASFRTIRDIHPSHYGRTICPTITIDTSEGTINYVGIL

TTATTGGATCCTTAGCAATTCATGCGAGGATTGGTCATTGGGGATCTCTAGAAAGCCCTTTTTATGAAATTTCTGAGAGGT CAACCGGGGTACGGATGCT 1400
I S LATHARTIGHWOGSLESPFYETSERSTSGVRML

TTATTTATCACCAGGTAGAGATGAATACTATATGGTAGCGGCAGGAAATTCTTTAGCCTTAAATCAGGATATTCAGGAAGAACAGGTTGTTCCAGCTCGA 1500
YLSPGRDEYYMVAAGNSILALNAG@DTIQQEEQV VPAR

TACCGTCAAGAATTCTTGACTATTGCATGGGAACAGGTTCATCTTCGAAGTATTTTTCCTTTTCAATATTTTTCTATTGGAGCTTCCCTCATTCCTTTTA 1600
YRGEF LTI AWEQVHLRSIFPFQ@YFSITGASLIPEFI

TCGAACATAATGATGCGAATCGAGCTTTAATGAGTTCTAATATGCAACGTCAAGCAGTTCCTCTTTCTCGCTCCGAGAAATGCATTGTTGGAACTGGGTT 1700
EHNDANRALMS SNMARQAVPLSRSETKT CTIUVGT®GL

GGAACGACAAGCAGCTCTAGATTCGGGGGCTCTTGCTATAGCCGAACGCGAGGGAAGGGTCGTTTATACCAATACTGACAAGATTCTTTTAGCAGGTAAT 1800
ERQ@QAALDSGALATI AEREGRVVYTNTDIKTITILLASGN
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GGAGATATTCTAAGCATTCCATTAGTTATATATCAACGTTCCAATAAARATACTTGTATGCATCAAARACTCCAGGTTCCTCGGGGTAARATGCATTAARA 1900
6 DI LSTPLVIY@RSNKNTCMHEKLEGVYPRGKCCI KK
AGGGACAAATTTTAGCGGATGGTGCTGCTACGETTGGETGGCGAACTTGCTTTGGGGAARAACGTATTAGTAGCTTATATGCCGTGGEAGGGTTACAATTC 2000
6 @1 LADGAATVG6G6ELALGKNVLVAYMPWETGYNS
TGAAGATGCAGTACTTATTAGCGAGCGTTTGGTATATGAAGATATTTATACTTCTTTTCACATACGGAAATATGAAATTCAGACT CATGTGACAAGCCAA 2100
EDAVY LT SERLVYEDIYTSFHIRKYETIQ@THVTSAQ
GGCCCTGAAAAAGTAACTAATGAAATACCGCATTTAGAAGCCCATTTACTCCGCAATTTAGATARARATGGAATTETGATGCTGGGATCTTGGETAGAGA 2200
6 PEKVYTNETIPHLEAHRLLRNLDI KNGI VMLGS WVET
CAGGTGATATTTTAGTAGGTAAATTAACACCCCAGGTCGTGAAAGAATCGTCGTATGCCCCGGAAGATAGATTGTTACGAGCTATACTTGGTATTCAGET 2300
6 DI LVGKLTPE@VVKESSYAPEDRLULURAILILEGEGETI @V
ATCTACTTCAAAAGAAACTTGTCTAAAACTACCTATAGETGGCAGGGGTCGOETTATTGATGTGAGGT GGATCCAGAAGAGGGGTGGTTCTAGTTATAAT 2400
STSKET CLKLPI 6G6RGRVIDVRWIQ@KRGGSS YN
CCCGARACGATTCGTGTATATATTTTACAGAAACGTGAAATCAAAGTAGGCGATAAAGTAGCTGGAAGACACGGAAAT AAAGGTATCATTTCCAAAATTT 2500
PETIRVY 1T LK RETI KVYE&EDKVYAGRHSGNKSGIITSKTITL
TGCCTAGACAAGATATGCCTTATTTACAAGATGGAAGATCCOTTGATATGGTCTTTAACCCATTAGGAGTACCTTCACGAATGAATGTAGGACAGATATT 2600
PRQDMPYLG@DGRSVDMNMNVYFNPLGVPSRMNYGAQTITF
TGAATGTTCACTAGGGTTAGCAGGGAGTCTGCTAGACAGACATTATCGAATAGCACCTTTTGATGAGAGAT ATGAACAAGAAGCTTCGAGARAACTTGTG 2700
ECSLGLAGS LLDRHYRTITAPFDERTYEQ EASRIKTLYVY
TTTTCTGAATTATATGAAGCCAGTAAGCAAACAGCGAATCCATGGETATTTGAACCCGAATATCCAGGAAAAAGCAGAATATTTGATGGAAGGACGGGGA 2800
FSELYEASK T ANPUWVFEPEYPGKSRIFDGRTTEGN
ATCCTTTTGAACAACCCGTTATAATAGGAAAGCCTTATATCTTGAAATTAATTCATCAAGTTGATGATAARATCCATGGGCGCTCCAGTGRACATTATGE 2900
PFEEQPV I T GKPYTLKLULIHA@VYDDKTIHGRSSSGHYA
GCTTGTTACACAACAACCCCTTAGAGGAAGAGCCAAACAGGGGGGACAGCGGGTAGGAGAAATGGAGGTTTGGGCTCTAGAAGGGTTTGGEGTTGCTCAT 3000
Lv7TQ@QeePLRGRAKS®GGEG@RVGEMEVWALETGFGVY AH
ATTTTACAAGAGATGCTTACTTATAAATCGGATCATATTAGAGCTCGCCAGGAAGTACTTOGTACTACGATCATTGGGGGAACAATACCTAATCCCGAAG 3100
It eMmtitTVYKSDHIRARQEYLGTTITIIGG6TTPNPETHSD
ATGCTCCAGAATCTTTTCGATTGCTCGTTCGAGAACTACGATCTTTAGCTCTGGAACTGAATCATTTCCTTGTATCTGAGAAGAACTTCCAGATTAATAG 3200
APESFRLLVRELRSLALELNHFLY SEKNFSSTINR
GAAGGAAGCT
K E A

Fig.2. DNA sequence of ORFyp70. The RNA-like strand (strand B) is presented. The deduced amino acid sequence is
shown below the DNA sequence.
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Fig.3. Dot matrix analysis between the deduced amino

acid sequences of ORFig70 and E. coli #-subunit. The

matrix program used for analysis scores a dot for 3 out
of 4 identities.
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