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The rpIJB-rp.vl ¥ gene clumr of tha maize thloroplast gtnamc hus been mnpped and sequenced, The derived umino neid sequence of the St# protein

shaws o 7-fald repeat of 4 hydrophilic heptapeptide demain, S K Q B F R K, in'the N-terptinal rngmn Such a sequence id ubsent in the Evoli

. SIB and in the chloroplist S18 of the lower plant liverwort, In tebueea and rice chioroplast S18 (0% present 2 and 4 times. repectively, Thus a

. long Neterminal repent (resembling in composition the large C-wwrminal heplapeptide repeat in the eukurynuc pol 1) appears te be gharacieristic
ef monagal cereal S18,

© Chieroplust genome: Ribosemal protein: rps18erpidd: RNA binding motil: Zew moys

l. INTRODUCTION

Chioroplast ribosomes contain over 80 proteins (1] 3

which are encoded in two compartments in the plant
cell, The completely sequenced plastid genomes of two

angiosperms (tobacco and rice) -each encode 21 -

. proteins [2,3). A similar number is also found-in the
completely sequenced genonte of a nonvascular lower
plant {4], indicating thus a 2:1 distribution of this group
of genes between the nuclear-and chloroplast DNA in
land plants.

Each of the identified r-protein sequences in the
chloroplast DNA is a homolegue of a corresponding
Escherichia cofi t-protein by the criteria of degree of se-
quence identity [2-4,5] and the ALIGN score (reviewed
in [6]). In general, they have the same/similar chain
lengths [6] as the homologous bacterial proteins [7].

However, there are a few exceptions to this rule; e.g.

L22 and $18 which are considerably longer than their

counterparts in E. coli [6]. In the case of S18, thereis
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also a remarkable difference in length within the group
of higher plants: tobacco and rice (dicot versus mono- -
cot), respectively, 101 and 159 amino acid residues .
(2,3).

In this paper we present the nucleonde sequence of

the rp/33-rps18 gene cluster in maize chloroplast DNA
-and discuss the occurrence of a heptapeptide repeat.
which first occurs.in the tobacco S18 sequence and is -

repeated serveral fold in the rice and maize sequences.

2. MATERIALS AND METHODS

. Materials '
Rcsmctlon endonucleases, T4 DNA ligase, Klenow fragment of E.

‘cofi DNA polymerase I, bacterial alkaline phosphatase and nuclease
© Bal 31 were purchased from Boebringer Mannheim, The T7 sequencs
: Ing kit, pT7T3-18U and pT7?T3.19U were from Pharmac:a and

{a-*S1dATP was bought from Amersham,

2.2. Methods

Plasmid DNA was isolated by the alkaline lysis mezhod and
putified by CsCl gradient centrifugation {8), The DNA fragment con-
taining #p/33 and rps18 was isolated by digesting maize BamlO clone
(pZinc528-2) with EcoR1 and BunH1, separated by agarose gel elec-
trophoresis and electroelution (Biotrap: Schleicher & Schiill). Small
scale isolation of DNA fragments was also done using QIAGEN-tip
20 columns (DIAGEN) and’ Gene Cleanil Kit (Bio-10] Inc.). The |
EcoR1/8amH] fragment was cleaved with appropriate restriction en- .
zvimes or progressively digested with nuclease Bal 31 (1-6 min, 30°C)
and the resulting fragments were cloned into the multlple cloning site
of pT7T3-18U/19U,

DNA was sequenced by the dideoxy chain termination method us-
ing double-strand as well as single-strand templates [9). Oligo-
nucleotide primers were synthesized on a DNA Synthesizer (Applied
Biosystems, Model 380A) and purified by reversed phase HPLC
separation. Sequence ahgnments. home‘cg:, comparisons and secon-
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dary structure predictions were porformed on u VAX BE00/YMS
compuler wiing the UWGCO xulte of pregrama [14].

The pZmes23-3 clone Is from a library of malxe ehlumplau PNA
{5,11]

3. RESULTS AND D!SCUSS!ON

"The Bam10 fragment of maize chloroplast DNA is a
3.8 kbp segment in the large single copy region (LSC) at
the map coordingates 39-43 kbp [I1]. We previously
determined by sequencing that the:rp33 gene is laeated

near the 43 kbp end of Bam10. By analogy with the rice’
genome [3] the rpsl8 gene is expected downstream of

rpf33 on this fragment, There is a single EcoRl site in
Baml0, and the 1.3 kbp long fragment produced by
EcoRl digestion, covering the map coordinates 41.7
kbp to 43.0 kbp was subcloned (Fig. 1), Further sub-
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clones and deletion clones produced bi! gradual Bal il
diﬂestian rogether with suitable synthetic sligonucien-
tide primers (based on previous sequelwe infarmation),

- were.used for sequencing.

3l !demmmnmr of LJJ and S18 seguence
Computer- analysis of the nucleotide sequence
(Fig. 1) showed 1wo open reading frames (ORF). The
20} .bp long ORF near the BamHI1 (43 kbp) site begins
with the start codon ATG and ends with the amber stap
condon TAG. It encades a polypeptide of 66 amino acid
residues (M, = 7331.1) which reveals (Fig. 2) identity of
89%, 74% dnd 637 to the chloroplast r-protein 132 se-
quences of rice [3), tobacco (2] and liverwort [4]),
respectively; 58% 10 the cyanclle L33 of Cyanophera
paradoxe [12] and 37% to £, coli L33 [7,13].
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GGATCCAAAAT*GAAGAATAnAACAATAGGTAT!AOAATTAAG?TAAGTEGATCCAA#A‘GGﬁﬁ&GGﬁGGTTCATGCCCAAGGGCAknﬂk L1}
33
TGTTAGAATCCGAGTTATTTTBGAATGTATTAGTTGTﬂTTFGAAAGGGTACCAATAAGGhnTCGhCGGGGATTTCTAGATATAGTACTEA 130
® I R I L g ¢ | '8 ¢ R %X € T N K T I 8 'R 8 1T 9.
AaucathcCCACAATACGCCCGGACAArTAcAnTTAAGAAAATrTYG1ccrTATTGTCGCaAGCArAccA:TCATAﬁTcAAATAAAGAA 27
K R H T P G L. KL R X F &€ R Y C.R X it T T H N K
ATAQGAGCATCGTCTG1fCCATTTTTCCAAAGAﬁCAQAﬁAGAGTAACAACTTCTTATTAﬁATATATAOAAEATAGATAGAATACTAAATA- a60
[ . . .
CAAATCAﬁCTCATCTGATTTTAGGT&GAThTTATTTCATATGTATAOACCGTTTfTATTTTTATATATTIGGATTTTTTATATTTTTATA: 450
X TAGTnTATTTTGATTTAATCAATTTATATACTATATTTTGATTTAATC‘!ATAATATATGGACCAAAcAAAGACTACTTCTTCTCGTTCT §$0
ccATCAAAAATTAaTAAhAcAAAEAAAchnTTrrTTTTTTTCAAATTTTAAAATﬁa__AATAAATCATGTATArATCTAAACAACCTTr 830
. Lpaié MY ! 5§ K QP F
TCGTAAATCTAAGCAACCCTT TCOTAAATCCAARCAAACTTTTCATAAATCT AAGCAALCTTTICOTAAATTCARACAACSTTTTCATAN R0
R & 3 K QP F RK'S X Q TFHIEKTSEIKXKGQGPFUREKF K K
‘TCTAAGCAACCTTTTCCTAAATCCA!ACAACCTTTTCdTAGECGTTCTCCAGTACGCCCOPGOGATCCAATTCRTTATACAAACATGAG 510
Q P R K 8 X @ P F R R R 1 P QD '
TTTAATTAATCGATTTATTAcTcﬁACAacuAAAAATATTATCTAGACDnaTAAATAGATTAACCTTGAAACAACAA:GATTAATTACTCT - 800
! N R E g c K. I L & R I N R L T L K g -Q R
TGCTATAAAAC&GGCTCGTATTTTATCTTTCTTACCATTTCCTAACTATGAGAATEAGAAGCAATTTCAAGCCCKGGCA&TTTCAATAAT 980
I R 4 R I L 8 F 1L Ff R ¥ bl P g F B Q A 1
TﬁCTGGTCCTAGACACAGAﬂAAAATAGACATATTCCTC&ATTAACACAAAAGTTCAA1TCCAATCOAQACTTAAEA‘ACTCCAACCAGAA 1080
TGFR“HKNRHlF‘QleGNiNSNRNl.HH N @ N
TITAAGAAACAACQATgGAAACTTAAGrTCCGATTGTTGTTGTTTTATTCGAAAGACTCABACTCATATATAAACTAAAGTAATCCAATT 1170
R N N 1L s & D
——
TGGATTCTTCTGTTTGTTATAAEAAAcAAAAATCGGAAAAAATAAATAGTTTTTTTATTTATT:CAACAchchchATchrnccncT, 1280
TAATCTTAATTTATTGTATCTTCFCGGAnTTL((TFTr(GG ' 130t

' Fig, 1. Map posltlon. sequencing strategy and nucleotide sequence of the rplli. rpslB gene cluster, located in het Bam10 fragment [11] of maize

‘chloroplast DN A, The coding (filled) and noncoding regions, restriction sites: used for subcloning, and the extent and direction of each fragment

sequenced are shown. The nucleotide sequence and the deduced amino acid seqience are glven below (Shine-Dalgarno sequences are underlined
and two putative termmanon stem-loops are shown overlined). :
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Fig. 2. Comparison between the deduted aming acid ssquences of Zeu mays chioroplast r-protein St8 and L33 and {he corresponding pi-otelns from

tice (Oriza sativa: os), tobaceo {Nicotiana iabracum: nt}, liverworl (Marchaniia polymaorpha: mp), Cyanophora paradoxa (cp) and Escherichia colt

{er). ldentical amino acids are marked by ﬂstensks. and are boxed when Invariant in all 6 sequences. The N terminal ulnmm: af E. coli SiB is
acetylnied [M]

The five organelle-encoded L33 sequences are of ap-
proximarely the same size (64-66 residues) whereas the
~ eubacterial L33 is significantly shorter (55 residues in-
cluding fMet), mainly due to & 11 residue deletion ‘hear
the N-terminal region (Fig. 2).

The second ORF, starting with ATG and endmg with
TGA, consists of 513 bp (171 codons) and encodes r-

‘. protein S18. The predicted 170-residuc long protein (M;
= 20 601.5) shows (Fig. 2), in the homologous region,

sequences of rice [3], tobacco [2], liverwort [4], Cyano-

phora paradoxa [12) and E. coli [14], respectively.

The two ORFs of L33 and S18 are separated by a 333
bp long spacer sequence which displays a high AT-

-content (30%:) normally found in the noncoding regions

of the chloroplast genome [5). The sequence
downstream of rpsl8 contalns two stretches of dyad
symmetry which can be folded into stem-loop. struc-
tures, indicating prokaryotic type [14] termination
mgnals

identity of 92%, 72%, 64%, 51% and 35% to the SI8

Table |

Selected amino acid residues in S18 sequences
pS18 . " Length (AA) Acidic . Basie Net charge  Phe  Pro
‘ C (D+E) H+K+R) : - F P
Maize 170 & 47 +4] 1310
Rice : 168 6 43 +37 12 it
Tobacco 101 7 26 S +19 -7 4
Liverwort - 75 4 19 +13 2 3
Cyanelle . . 7 § 14 + 9 2 4
E. coli C 74 5 19 +14. 3 2

Data from: maize, this paper; rice [3]; tobacco [2]; liverwort [4]: eyanelle [12]; E. cafi [14).

fMet included in all except E. colf where the protein is characterlzed D, Asp; E, Glu; H, His;
‘ K,Lys; R, Arg.
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3.2, Chain Ierigth inerease in higher plent $18
The S18 protein of £, ¢oli [7,13] and the derived se-
quences from ¢yanelle and of the lower plant liverwort

“are of approximately the same size (71-75 resicucs)
while those of the three higher plants are considerably

longer (Fig. 2, Table 1), The maize sequence is the
longest one reparted so far. This increase in size arises
from variable length overhangs at both N- and C-
termini. Both overhangs are particulnry lang for the
- two mohocot ¢ercal plants. rice and maize. .
_ Inspection of the amino acid abudance in the six Sls
‘sequcnccs (Table 1) revealed that they apparently
belong to two classes. The bacterial, cyanelle and liver-
‘wort 318 sequences are similar in the humbers of acidic
and basic amino acids, phenylalanine and proline. The
two monocot $18 sequences on the other hand show a

large, dxspropornonar.c increase in basic residues and in.
phenylalanine and proling, The $18 sequence of tobac-.

¢o (a dicot plant) has an intermediate posmon between
the two classes.

The increase in the basic residues is represented in

both the N- and C-terminal overhangs whereas the in-
crease in proline and phenylalanine arises almost entire-
ly in the N-terminal overhang

:3 3 Hepmpeptfde repear in higher plams

The N-terminal overharg in maize S18 can be traced
entirely 1o a 7-fold repeat of a heptapeptide with the
consensus sequence S K Q P F R K. This sequence is ab-
sent in the S18s from the lower organisms. It is
represented twice In tobacco and 6 times in rice S18
(Fig. 3). Secondary structure predictions show absence
of a-helix and B-sheet in this domain. '

The nucleotide sequence of this heptapeptide cading -

region also appears to be conserved, In maize it has the
consensus sequence: TC CAAA/GCAACCTTTTCGT-
AAA, ‘

Repeat sequences of varying lengths are found in
some ribosomal proteins, the best known case being the
‘four large (86 amino acids) repeats in het mRNA cat-
ching . domain: of E. coli r-protein S1 [16). Also in
spinach a repeat sequence has been found in the nuclear
encoded chloroplast r-protein L21 [17]. This repeat is

196

absent in the orgnnellc cncoded L21 of thc lower pIant.
liverwort,

The eukaryotic DNA-dependen; RNA polymerase,
pol I, contalns the many-fold repent of a heptapeptide,

- YSPTSPS, at its C-terminal domain (CTD), which
~is essential for the polymerase function (18], The $18

repeat has_a resemblance to the latter in size and in the

~ content of certain amino acids (P, S/T, and F/Y). The

S18 repeat does not appear to resemble the conserved
RNA-binding octapeptide motif (RNP-CS) found in
many RNA-binding proteins (19]. :

The high sequence conservation of the $18 repeat
(also on nucleotide level) would imply an as yet unkown
function for this domain. It has been shown that se-
quential aromatic amino acids and positively charged
residues are limportant in.the binding to single-stranded
nucleic acids, through intercalation  of the aromatic
residues with the nucleotide bases and the interaction of
the positively charged groups with the negatively charg-
ed phosphodiester backbone [19,20]. Also proline
seems to be involved in possible RNA binding motif.

- Serine/threonine, proline and one aromatic residue are
~common in the heptapeptide repeats in pol I1 and §18.
"Whether the repeats in chloroplast 818 have a specific

function (i.e. binding to mRNA or single-sttand regions
of rRNA/chloroplast DNA) and, indeed, whether the
repeats are actually present in the S18 protein from
chloroplast ribosornes remains to be seen
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