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The genes for ribosomal proteins L23 and L33 onsiituii an aperon {rpin8G) in £, coli. but in plant chloroplasts L33 is encaded by the ehlaroplust
DNA and L28 seems (o be ansaded by the nuelear genome, A 13 kDa protein wis isainted from the 50 $ subunit of vobaceo chloroplist riboxomes
and i1s Neterminal amino acid sequence was determined. A <DNA for this prolein was cloned and anslyzed, The cDNA encodes u |51 amino acid
protein consisting of u predieted Leansit-peptide of 74 umino acids and u mature protein of 77 amino nekds, The mature protein is homolngous to
E. coli LI8B, henee we named it chloroplast L28 (CL28). This is the lirst repeel on the presence of an £ coli L28-like protein in unother organism.

Chloroplast; Ribosamal protein; CL18; Tobaces

i. INTRODUCTION

Chloroplast ribosomes are 70 S in size similar to these
of E. coli and contain 3-3 different rRNAs and about
60 ribosomal protein species (reviewed in [1.2]}. Deter-
mination of the entire chloroplast DNA sequence and
analysis of chloroplast ribosomat proteins revealad the
presence of 21 chloroplast lec! for rhosomal proteins
in tobacca [3-5), including rp/33 encoding the ribosomal
protein L33 {(CL33). This gens has been losalized in the
large single copy region of tobacco chloroplast DINA,
based on its homalogy to E. cofi L33 [3]. However no
ORF corresponding to £, coli ribosomal protein L28
has been found in tobacco chloroplast DNA, although
in £ coff the genes encoding L28 and L33 occur to-
gether in a single operon (rpmB(Q) [6]. Since E. coli
mutants missing L28 are viable [7]. it is possible that
chloroplast ribosames lack an E. cofi L28-type protein.
The primary structure of L28 has only been reported in
E. cofi [8].

To check whethier the gene encoding chloreplast L28,
if there is one, is encoded by the nuclear genome, we
have attempted to isolate the corresponding chloroplust
ribosomal protein from tobacco leaves and to clone its
cDNA. Sequence anaiysis revealed in fact the presence
of an E. cali L28-type protein in tobacco chloroplast
ribosomes, suggesting that L28 has a function in ribo-
somes.
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2, MATERIALS AND METHODS

2.1, lsolation of rikosonud prowein CLIS

Chloroplust ribosomal subunits were prepared from mature to-
Baced leaves (Nicatiana rubncum var. Bright Yellow 4) by u previously
ceparted method [9). Ribasomil proteins were fractionated by reverse-
phase chromalagriphy (Phamuweisn FPLC PRO-RPC HR&/10) fol-
lowed by SDS-polyacrylamide gel eleciraphoresis (detnils will be pub-
lished clsewhere). Alter Geing elecirablotied on a polyvinglidene di-
fluoride membrane, the protelns were sinined with Coomuassic R350
stain (Pharmacia). A 15 KDa protein band was ¢ut out and its N»
terminal amino acid sequenee was determined with a gaz.phase pros
tein sequsnser (Applied Biosyitems 470A-120A).

1 CAAMAACAAGATTTY TOAAGEAAAAMANTTAAAACTITAAGAATTEGAALE AAAAATES
Oy

al gucmwni'aucauu'n'rhn::rcnan&nccm‘rnr‘rnmau'ruéncmcumi‘
T H VvV A G £ LR QG Fr YN s 85 KR TPFPs z2

121  CAGTOACAAAAAGGOCTTCITTACCACACTLOAAACTCACTTCAGAGTTEACTTTTATAL
VT KnathPues Kt o & KL s P veT 42

181 CTTCCEAATTSAGTCCTCTCAMBATITCAAD  ACCCATITTATATCTTCATEAGCTCCAT
$ QL E 0L KIS BTHNFIENRS E APL 8
241 TTTCTATICCTI TCAAGCCTICTCTILACCCTCTTOCTCEYAOAATITGOCCE ITEACTE
B v » F X P K L B F V A R R X & FPF TOO
301 CGAACAAQTEEANCAGGOCAAACAATCTETCTCACTCAAMCEACAATACAAAAAAGTTUS
K K & R R A H % ¥ S 1t 8 HAKTENTLG G 10
381 AMTTTETAMACCTTCAATACAAGAGAATTTOGTCORATGEAGGEAALCGETACCTGAAAG
P Y HL@vY R RI auweEAaAoRHARY YR L 122

434 TOAGGTTOTCAACAAAGRCEATAAMACCATTOACAAMAATGCACTTAATGCTATALCTA
R LETNTAI KTTIZKHKHNBOGTLDO AWV AR 142

4B} AGAAGGCTGOGATTGATCTTAGCAAGAAGTAGAACCTTAOACATTATAGEATCTTIGTTT
L AG1DLSEKTEK ®

$41  OTTCACTAATTTTCATGECTEAAAANPAGEACTTAATATTITTTOOCATIGETITTICAT
401 TTATTOATTATATGCTITTCATAATATTACTTTCCAAGAATATATTCATEAACTACTTIC
#81  CAGGATTAAAA

181

FFig. 1. Nucleotide angd derived amino acid sequences of u eDNA

encoding Lobaeco chloroplast ribosomal protein CL2R. The triangle

indicutes the processing site. The asterisk represenis the stop codon,

The conssrved sequence flanking the start ceden in disot plants is
underlined.
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Fig. 2. Comparisan of the predisted amino acid sequencs of lobacco chioroplast ribosomal protein CL28 (CL28) with that of £ cali ribosomal
protein £28 (EL28). Asterisks indicate identical amnine acids. The N-terminal amino acid sequence of the 178 pratein is shown above CL28.

2.2, Clening el seyucncing af the cONA encading CL28 sizer bused on the amino acid sequence (RIXPFTGKK). Screening of

A M tabncum lcal ¢cDNA library was coastrueled by Dr. R.F. the library was carried oul accarding to the inslruction manual frem
Whittier using & ¢DNA syathesis kit in Agt10 {Amersham). An al- Ameorsham (cDNA synthesis kit Agt10) and [10]. The hybridization
igonutlcatide probe (8HTT{TC)TTICCIGT(AG)AAIGGI(GCYAT)- temperature was 44°C. Recombinant ADNA was prepared by a mini-
IATIC-3'y was synthesized using an Applicd Biosystems 318A synthe. lysate method (11}, The insert was digested with EroRl and subsloned
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Fig. 3. Hydropathy plots of tobucco CL28 and &. cofi L28, Hydropathy was calculeied with an 11-point window according to Kyte and Doolitile
[16],
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into the Dlusseript plusmid, SK+ (Strawgene). The nueleotide se-
quence wug determined by the dideaxy ehain temination method {13)
using deazu-sequenuse sequenting itk {United Swies Biachemicul).

3. RESULTS AND DISCUSSION

3.1, Isofatian of ribosamal pratein CL2S

Reverse-phase chromatography of 30 S ribosomal
proteins from 1obuacco leaves produced at least {2 sharp
peaks (detuils will be published elsewhere). The fourth
peak was resolved further into 4 bands by SDS-PAGE.
A 15 kDu protein (band 17B) ou the membrane was
subjected to protein microsequencing. Twenty-one
amino acids of the N-terminus were analyzed and 19 of
these residues were clearly identified (Fig. 2).

3.2, Sequence af the CL2E ¢cDNA

A cDNA clone was isalnted using un oligonucleatide,
which was synthesized based on the N-terminal amino
acid sequence of the 15 kDa protein. This eDNA was
sequenced and contains an insert of 671 bp with a read-
ing frame of 151 amino acid residuas (Fig. 1). This
reading frame contains three possible initintion codons
{residues 1. 4 and 15). The first ATG codon accurs in
the sequence AAAAATGGC, which matches the con-
sensus sequence flanking functional start cedons in
dicot plants [13]. This suggests that the first ATG codon
is the functional initiation codon. The 21 amino acids
in the 15 kDa protein which were determined by umino
aeid sequencing match the predicted sequence of resi-
dues 75-95. Thus, the mature protein is 77 amino acids
long. The preceding peptide is probably 74 amino acids
in length, of which 38 are hydrophobic (51%) and 9 are
basic (12%). This motif is similar to the amino acid
composition of other transit peptides [14], suggesting
that the preceding sequence is a transit peptide.

The size of the predicted mature protein is the same
as that of E. cofi 128 {77 amino acids). It is a busic
protein (12 lysine residues out of 77) and has a caleu-
lated molecular weight of 8924, Discrepancies between
observed and calculated molecular weights are often
found in ribosomal proteins (e.g. (4]). The mature pro-
tein has 36% amino acid identity to £. cofi L28 (Fig. 2)
and their hydropathy profiles are similur (Fig. 3).
Therefore, we conciude that the chloroplast protein is
a homologue of E.coli L28 and designate it CL28.

The function of L28 is not clear because mutants
which lack L2B are viable in £. coli [7]. The primary
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structure af L28 has only been reported in £, coli (8]
The tobaeco CL28 sequence is the second report of this
protein. Rat and yeast L28Bs have no homology with
E. coli L2B. Based on the conserved structure between
E. coli L28 and tobaceo CL28, L28 is thought to have
a function as yet unglear in ribosomes. In £, cofithe L28
gene (rpmB) is cotranscribed with the L33 gene (rpinS)
[6). In land plants the CL33 gene is lacated in the ¢chlo-
roplast genome [1] while the CL28 gene is in the nucleus.
This suggests a chloroplast to nucleus gene relocation
during evolution (e.g. [15]).
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