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ABSTRACT

The complete structure of the £scherichia coli $10 ribosomal protein operon is presented.
Based on the DNA sequence, the deduced order of the 11 genes in the operon is rpsv, rp/C, rplD,
rplW, rplB, rpsS, rplV, rpsC, rplP, romC, rps@. The estimated transcribed length of the
operon is S18 1base pairs. Putative sequences involved in ribosome binding are discussed. The DNA
sequence data corrects several errors in previously determined protein sequence dete.

INT T

The £scherichia coli $10 operon encodes eleven ribosomal protein genes and maps at 73
minutes on the chromosome ( 1). Previous cloning, restriction mapping, end /» v/tro
transcription and trenslation studies (2,3) have established a physical and genetic map of the
operon. The deduced order of genes within the S10 operon wes rpsv, rp/C, rplD, rplW, rpls,
(rpsS, rpl¥), rpsC, rplP, romC, rpso.

Sequencing and /7 v/{ro transcription studies have defined the structure of the promoter for
the S10 operon and the structure of the first ( 7,25/, and part of the second ( 72/C ), structural
genes of the operon (4). Similar studies have defined the sequence of part of the last gene of the
operon ( 7p5@) end the region between the S10 operon and the adjecent spc operon (S).

This work presents the structure of the internal part of the 510 operon including the rest of
rpl/c and rpsQ and the intervening genes 7p/0, rplW, rpl8, rpsS, rplV, rpsc, rplP, snd
rpme

MATERIALS AND METHODS

Plgsmids. Plasmids pLF4.6 and pLF 1.0, which beer the 4.6%8 and 1.08 £coR1 fregments of
lambds 7/vs3 (6), were obtained from J. Watson ( Carnegie Institute of Washington, Stenford).
Plasmid pN02003, which bears the 1620bp £coR1- Ainc || fragment spaning the end of the S10
operon and the begining of the spc operon (S), was provided by M. Nomura ( University of
California, Irvine).

Sequencing. Insert DNA's from pLF4.6 and pLF 1.0 were sequenced by a combination of the dideoxy
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Eig 1. The nucleotide sequence of the £ ca// $10 operon commencing praximal to it's promoter
region and ending &t the ///nci site in the promoter of the adjacent spc operon. The sequence of
the promoter region, the first structural gene ( 72s./), and the initial 240 residues of 7,2/C, have
been determined previously (4) and are presented here for completeness. The distal 224 residues
have been determined previously (S) and were resequenced in this work. The sequence is displayed
as coding regions which are identified at the transiation initistion codon of each gene. Note that for
rp/w the initistion codon overlaps with the lest codon of 7,2/0, thus the N terminel MET for L23 1s
not indicated. Regions praoximal to translational initiation sites that are complementary to the 3' end
of 16S ribosomal RNA are underlined. The overlined regions are, respectively, the '-35’ and '~ 10’
promoter sequences and the putative transcription termination site.
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Eig. 2. Amep of the S10 operon indicating the order of the genes. Under the map are shown
intergenic distances in base pairs, or as a sequence in the three cases where the translation stop
codon ( underlined) and the transletion start codon (overlined) overlap. The S’ leader region and the
presumed 3' untransiated region are also indicated. Above the genetic map are represented the 11
ribosomal proteins which this operon encodes.

TABLE 1

$10 Operon Ribosome Binding Sites
Gene $D*  Space® Coordinates’
rps)  0GAB 10 59-62
rpic  GAGGT 7 505-509
rplD  TANGGAG 6 1144-1150
rolW  NIGAB 8 1746-1750
rpl8  GGAGG 9 2065-2069
rpsS  GAGS 7 2906-2909
rolV  AGGAGD 5 3199-3204
rpsC GGAG 7 3549-3552
rplP  TANGGAG 8 4259-4265
romc  TAAG--G6TGA 4 4669-4679™
rposQ  AAGB 10 4861-4864

* Nucleotides complementary to the 3' end of 165 RNA

§ The distance between the last nucleotide shown for the S.D.

and the beginning of the initistor ATG

! Refers to nucleotide numbers in Fig. 1

* romc hes two S.D. sequences i.e. TAAB with a spece of 11 and GGTGA with
a space of 4. Either, or both, may have a potential role in ribosome binding.
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TABLE 2
Protein Sequence Discrepencies

Protein Chenge Residue ' Location 9
L23 TRP inserted 80 1996-1998
L2 HIS -> BLY 230 2766-2768

6LY -> HIS 233 2775-2777
$19 ARG inserted 36 3022-3024

ARG deleted 43

ASN -> ASP 43 3043-3045

ASP -> ASN 86 3172-3174
S17 CYS inserted 53 5031-5033

CYS deleted 59*

' Refers to residues starting from the initistor MET, note thet the N terminal
MET is absent in mature L2, $3, 517 and S19. Changes are relative to the
DNA-derived sequence.

9 Refers to nucleotide numbers given in Fig. 1

* Refers to residue numbers in published protein sequences

(7) and chemical degradation (8) methods. Insert DNA from pNO2003 was sequenced entirely by
the dideoxy method. All regions were sequenced by two methods, or on two strands. All restriction
sites were overlapped except the £coR1 sites in 7p/C, rpsS, rpsC end the BamH1 site in rp/0.
The sequences at these sites were, however , consistent with the relevant protein sequences.

he Operon. Figure 1 shows the nucleotide sequence of the S10

operon commencing proxlmal 1o the operon’s promoter (4) and ending at the #//n¢ 1l site in the
vicinity of the promoter for the adjacent spc operon (S). The figure shows the sequence translated
into the open reading frames which encode the 11 ribosomal proteins specified by this operon. The
total transcribed length of the operon (assuming the transcription termination point suggested by
Post &£ 4,5 ) is5181bp.

8 Ribost X 63 of the oron. Figure 2 is 8 map of the operon which details the
sizes of the inter@nic regions. Table 1 shows the extent and location of regions proximal to
tronslation start sites having complementarity to the 3' end of £. co/7 165 ribosomal RNA. Such
sequences are known to have an importent function in ribosome binding (9). The extent, location,
and nature of all the regions of complementarity shown fall within the ranges encountered in other
£ coli ribosome binding sequences (9).

Three of the intergenic regions have overlapping translation stop / transiation start codons (Fig.
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2). Inat leest one operon, the 772 operon (10), this arrangement is typical for genes encoding
subunits of protein complexes whose components are required in equimolar amounts .

gin Sex x ons B squence. All the proteins encoded by the S10 operon
hovebeensemmeed( 11- 20) Differences between these protein sequences and protein sequences
derived from the DNA sequencs are shown in Table 2. The DNA sequence data at the points of
difference was exhaustively rechecked and all the discrepencies (except an undetected TRP residue
and 8 BLN -> GLU change) can be accounted for by a misassignment of position in the protein
sequence.

CONCLUSIONS

The dats presented above complete the full physical description of the structure of the £. co// $10
operon. This information should serve as & firm basis for the further study of the expression and
regulation of the operon. Furthermore, the data will add to compilations of sequence banks for the
study of the nature of codon usage and ribosome binding sites and correct a number of errors in
previously published protein sequences.
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