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ABSIBAc
The complete structure of the Escheric/8 co/f S10 ribosonal protein operon is presented.

Based on the DNA seqene, thedduce order of the genes in the opron is rpsJ, rpiC, rp/D,
rp/W, rpiB, rpsS, rp/i, r,psC, rpiP, rpmC, rpsO. The estimated transribed length of the
operon is 5181 base pairs. Putative sequences lnvolwd in ribosome binding ae discussed. The DNA
seqence data corrects several errors in previously determined protein sequnce data.

INTRODUCTION
The Eschericbie coli S10 operon encodes eleven ribosomal protein genes and maps at 73

minutes on the chromosome (1 ). Previous cloning, restriction mapping, and In vitro
transcription and translation studies (2,3) have established a physical and geetic map of the

operon. ThededucedorderofgeneswithintheS1Ooperonwasrpsd, rp/C, rp/D, rpiW, rpiD,
(rpsS, rp/V), rpsC, rpiP, rpmC, rpso

Sequening and in vitro transcription studies have defined the structure of the promoter for
the S0 operon and the structure of the first ( rpsJ), and part of the second ( rpoC), structural

gensof the operon (4). Similar studies have defined the sequeneof part of the last gene of the

operon ( rpsO) and the region between the 810 operon nd the adjacent spc operon (5).
This work presents the structure of the Internal part of the S10 operon Including the rest of

rp/C and rpsO and the Interveninggm rp/D, rp/W, rp/B, rpsS, rp/V, rpsC, rp/P, and

rpmC

MATERIALS AND METHODS
Pimnids. PlasmidspLF4.6 and pLF 1.0, which ber the 4.63 and 1.O Fco R I fragments of
lambda fus3 (6), we obtained from J. Watsn ( Carnegie Institute of Washinglt, Stanford).
Plasmid pN02003, which bears the 1 620bp EcoR 1- i/inc 11 fragment spaning the end of the S 0

operon and the begining of the spc opron (5), was provided by M. Nomura (University of

California, Irvine).
Siausngn Insert DNWs from pLF4.6 and pLf 1.0 were seque d by a combination of the dideoxy
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poJ .1

TCASTCOTAATSSSTCTSBSSASTAATCATTTTCSTTTATAASATAATTSBSATCTUSTCTC ATA CAB AAC CAA AGA ATC COT ATC CBC CTO ABA BCB TTT BAT CAT CAT
MeNt Aln Aon Oln Arg 11. Bog Ile Brg Lou Lys Al. Pho Asp HsI Bog

CTB ATC BAT CAB B3CA AC CB BAAG ATC BTC BAB ACT BCC ABAG CBC ACT BAT SCG CAB OTC CO' BAT CCO ATC CCG CTO CCG ACA CBC ABA BAB CBC
Lou Ile Asp SBn Ala Thr Ala Blu II* Val Blu Thr- Ala Lys Bog Thr Bly Ala Bln Val Bog Sly Pro Ile Pro Lou Pro Thr- Brg Lys Blu Bog

TTC ACT OTT CTO ATC TCC CCS CAC OTC ABC BAA SAC GCA CDC BAT CAB TAC ABA ATC CAT ACT CAC TTA CST CTA OTT SAC ATC OTT BAA CCA BCC
Pho Thr- Va1 Lou Ile Sor PrBo-H1s VBl Bon Lyo Asop Bia Byg Asp Sln Tyr Blu 11e Brg Thr H1s Lou Brg Lou Val Asop Ile Val Blu Pro Thy

B AAA55 ACC OTT BAT ACT CTB ATB CBT CTB BAT CTO ACT 8CC BAT ITS SAC BTB CAB ATC SAC CTB BAT TAATCABBTCATTOABCBATTAOASASTTGAABCA
61u Lys Thr Vol Asop Sla Lou Met Brg Lou Asop Lou Ala Sla Bly Vol Asop Vol Slb Ile 5yr Lou Sly BOO

Met Ile Sly Lou Vol Sly Lys Lys Vol Sly Met Thr Bog Ile Ph. Thr Alu Asp Sly Vol Sor Ile Pro Vol Thr- Vol Ile 51u Vol 51u Al. Bon
STOASTT BAT TTA OTC BAT ABA ABA OTO BAT ATG ACC CAT ATC TTC ACA GABA GABC SOC OTT TCT ATC CCA ATA ACC ATA ATC ABA OTT BAA SCA SAC

Bog Vol Thr Slb Vol Lys Asop Lou Sla Bon Asop Sly Tyr Arg Ala Ile Sln Val Thr Thr Sly Al. Lys Lys Al. Bon Bog Vol Thr Lys Pro Blu
CAC OTT ACT CAB STT ASS SAC CTG OCT SAC BAT SAC TAC COT ACT ATT CAB STO ACC ACC BAT ACT ABA BAA ACT ABC CAT STO ACC AA5 CCT ASS

Al. Sly Hls Pho Al. Lys Al. Sly Vol 51u Sla Sly Brg Sly Lou Trp Alu Ph. Brg Lou Ala Alu Sly 51u 51u Phu Thr Vol Sly Sin Sor Ile
ACT SAC CAC TTC ACT ASS ACT ABC STA ABA ACT SAC CAT BAT CTO TBA GABA TTC COT CTG ACT BAA ABC ABA BAA TTC ACT STA BAT CBS SAC ATT

Boo Vol 51u LSou Plh. Al. Aop Vol Lys Lys Vol Asop Vol Thr- Sly ThrOuroo Lys Gly Lys Sly Phe, Al. Oly Tho Vol Lys Arg Trp ABA Pho Brg
SAC OTT ASS CTO TTT ACT GABC OTT ABA BAA OTT BAC ATA ACT SAC ACC TCT ABA BAT BAA BAT TTC GCA GOAT ACC OTT ABA CAC TBA ABC TTC CAT

Thr 51n Asop Sla Thr H1s Sly ASon S.,- Lou S..r H1s Aro Vol Pro- Sly Sor Ile Sly Sln Ason Sbn Tho- PrB Sly Lyo Vol Pho Lys Sly Lyo Lys
ACC CAB SABC ACT ACT CAC BAT SAC TCC TTS TCT CAC CAC OTT CCA BAT TOT ATC GOT CBS SAC CAB ACT CCG GGC BAA OTG TTC BBASWAB AA BAAA

Mot Sba Sly Alm Not Sly Boo Alu Brg Vol Thr Vol Aln Boo- Lou Asop Vol Vol Syg Val Asop Ala Alu Brg Boo Lou Lou Lou Vol LysSOly Sba
STA CAC BAT CAB ATO GOT ABC GSA CAT STA ACC OTT CAB SAGC CTT SAC TAT STA COCOBTT SA ACT SABA COO ABC COT CTO CTB OTT BBS BAT ACT
1000

rplD LA
Vol ProBSly Sba Thr Sly Sor Asop Lou 11e Vol Lys Pro Sba Val Lys Sba Met Alu Lou Vol Lou Lys Asop Sbe Oln Bor Al. Lou
OTC COS BAT ACA ACC BAT ABC SAC CTG ATC OTT ASS CCA ACT GTO BBGS COTAAQOW TACAATB GAA TTA OTA TTO ABA SAC ACO CAB ABC SCO CTO

Thr- Vol 5Ow Alu Thr Thr Pho Sly Ar Asop Phu soo 51u Sba Lou Vol H1s Oln Val Vol Vol Sla Tyr Al. Ala Sly Sla Arg Sbn Oly Tho- Arg
ACT OTT TOO GAA ACT BOO TTC BAT CAT OAT TTC ABC GAA CSO COT OTT CAC CAB OTT SOTT OTT ACT TAT BOCA ACT BAT OCT CAT CAB GOAT ACT CAT

A1. Sbn LyS Thr Bog Sla 01. Vol Thy Sly Bor Sly Lys Lys Pro Trp Brg Oln Lys Oly Thr Aly Bog Sla Arg Bor Oly Bor Ile Lys ABA Pro-
ACT CAB BBS ACT COT ACT ABA BOTA ACT BAT TOO BAT ABA ABA COO TBA COO CAB ABA BBC ACC ABC COT BOO COT TOT OAT TOT ATC BAA ASAC COO

Ile Typ Brg Bar Sly Sly Val Thr Ph* Al. Sla Brg Pro Sbn Asop His Boy Oln Lyo Va1 Bon Lys Lys Not Tyr Ar-g Oly Al. Lou Lys Boo- Ile
ATC TBA CAT TOT BAT SOC BTO ACC TTT ACT ACT COT COB CA BSAC CAC ABT CAB BAA OTT SAC BAAG ASS ATG TAC CAC ABC ACO CTO ABA ABC ATC

Lou Soy Alu Lou Va1 Brg Oln Asop Brg Lou Ile Vol Val 01. Lyo Pho SOr Vol Alu Sla Pro Lys TOr Lys Lou Lou Sla Bln Lyo Lou Lys Asop
COT TOO GAA CTO SOBA COAT CAB BAT COAT CTA ATC OTT OTC GSA BAAS TTC TOT OTA BAA 000 COO ABA ACT BAAG CTO CTO OCA CAB ABA CTO ABA ABC

1500

Not Sba Lou 51. Asop Vol Lou Ilb Ile Thr Sly Slu Lou Asop 01. Boo Lou Pho Lou Sba Sl. Brg Soo Lou 01s Lys Vol Asop Vol Bog Asop Sba
ATO ACT CTO ABA BAT OTB COT ATC ATC ACC BAT BBS CTO BA GAA ABC CTB3 TTC CTG ACT BOB COO SAC COT CAC SAA OTT SAC ATA COO BAT ACA

o-plW L23
Thr Sly Ile Asop Pyo Vol Sor Lot Ile Sba Ph. Asop Lys Vol Vol Not Thy Ala Asop Sba Vol Lys 01n Vol 01u 51u Not Lou Sba Ile Brg
ACTSMTSATCOS CCOSSTT ABCCTS ATCOACCTTCSAC AAASOTC AT ATOSACTAOCTBGATAOCTSTT'AACAAOTTAGASBGMATO CTOACA TO ATTOCGT

Al. A0l. Bog Lou Lou Lys Vol Lou Arg Sba Pyo His Vol Sac 51. Lyo Sba Soy Tho- Ala Not Sbu Lys Sor Bsn Thy Ile Vol Lou Lys Vol Sba
ASS ABS COAT CTB COT ABA OTO COT CAT GCA CCOB CAC OTT TOT ABA ABA GCO TOT ACT ACO ATO GAA BAA TOO SAC ACC ATC OTA CTC BAA OTT OOT

19000

Lyo Asop Sba Thr Lys Sba Sbu Ile Lys Sba A1. Val 01n Lys Lou Pho Slu Val Alu Val 51u Vol Vol Boo Tho- Lou Vol Vol Lys Sly Lys Vol
AABSAC SOS SOC ASS SOSCA SMTC ASS ACT ACT STO CAB ABA COT TTT ABA OTC BAA ATC GSA OTC OTT SAC ACC CTA GTA OTT ABA ABA ABA GTT

Lyo Arg His Sly 910 Brg Ile Sly Brg Brg Sor Asop Trp Lyo Lys Sba Tyo- Val Thr Lou Lyo Alu Sly 031n Boo Lou Sop Ph. Val ALy Sly Sba
ABA COT CAC SOB CAB COT ATC BAT COT COT SOC 05 TSO BAA BAA ACT TAC OTC SOC COT ABA GBA SAC CAB SAT CTO SABC TTC ATT SAC ABC ACT

o-plS L2
01. Not A1. Vol Vol Lys Cyo Lyo Pro Thy 5or Pyo Sly Brg Bog 010 Val Vol Lyo Vol Vol ASon Pro- 01. Lou 01s Lys
SSSTASATCSSSASWTAATACA ATO SCA OTT OTT BBS TOT BAA COO ACA TOT COO BAT COT CAC CAC OTA ATT AAA OTO OTT ABC OCT GAB CTO CAC ASA

Sly Lyo Pro Ph. Sla Pro Lou Lot Sbl Lys Boo 5or Lyo goy Sl1y Sly Brg Boo Boo Boo Sly Brg I1. Tho- Thr Bog 010 Ile Sly Sly Sly 01s
SMAC ABB CT TTT ACT COO TT0 COT OMSAABB ABC SAC BAA TOO SOT BAT COT SAC SAC SAT SOC COT STC ACC ACT. OAT OAT ATC BAT BAT SAC CAC

Lyo iElaS Tyr Bog Ile Vol Asop Pho Lys Bog Boo Lys Asop Sly Ile Pro- Sba Vol Vol 51. Aoo Lou Sbl Tyr Asop Pyo Boo Brg 5ySbrBlaAo
ASS 0A0 ACT TAC COT SOT OTT SA TTC BAA CAC SAC BAA EAC SET ATC COO SBC OTT OTT OSA COT OTT SAB TAC BAT COO SAC CAT TOO SOS SAC

Ile Sla Lot Voli Lot Tyr Lyo Asop Sly 01u Bog Bog Tyr Ile Lot Sba Poo Lyo Sly Lou Lys Sba Sly Sop Sbn Ile Sbn Soy Sly Vol Asop Sba
ATCOGECS T OTT CTE TAC BAA EAC MOT ESA COO COT TAC ATC CTE 500 CCT ASS SAC COT BBS-ACT SW ACSCAASTT CBS TOT SOC OTT BAT ACT

Ale Ile Lyo ProSEly Boo Thy Lou Pro Not Bog Bon Ile Pr-o Vol Sly Soy Thr Vol 010 Boo Vol Olu Not Lyo Pro Sly Lys Ely Sly 010 Lou
ECA ATC AAA COB EET SAC BOO CTO OCO ATE CEO AAC ATC CCS OTT SET TOT ACT OTT CAT SAC ETA OM ATE AAA 0C5 SOT ASS SAC SOT 0C0 COT

A1. Arg 5oy BOo Ely Thr Tyr- Vol EIn Ile Vol Sba Bog Som Ely Ala Tyr Vol Thr Lot Srg Lot Bog 5or Sly Slu Not Bog Lyo Vol 01u Ala
SOCA COT TOO OCT SOT ACT TAC OTT CAS ATC STT SOT COT BAT ISOT ACT TAT ETC A00 CTO COT CTO COT TOT SOT OMA ATO COT BAA OTA OSA SOB

2500

Asop Cy Arg Sbe Thy Lou Ely El. Vol Ely Boo Ala El. H10 Not Lot Bog Vol Lot Ely Lyo Sba Ely Ala A1. Bog Typ Bog Sly Vol Bog Pro
WCTOO CET ECA ACT CTh 00 BAA OTT EEC SAT ACT EAS CAT ATO COT COO ETT COT SOT ASS OCA SOT ACT OCA COO TOO COT SOT OTT COT COO

Thr Vol Bog Ely Thy Al. Not Boo Pro Val Asop 010 Pro 01s Ely Ely Ely 51u Sly Bog Boo Ph& Sly Lyo 01s Pro Vol Thy Pro Trp Sly Vol
SOC OTT CAC SET SOC ACE ATO ABC COO ETA EAC CAC COB CAT MET SOT MET Eam SOT COT SAC TTT SOT BBS CAC CCO OTS ACT CCO TM SEC ETT

ypoO SI9Sbn Thr Lyo Ely Lyo Lys Thr Bog gar Aon Lyo Bog Thr Asop Lys Pho, lb Vol Brg Bog Bog Soy Lyo Not Ph.o Bog Eor
C ACSC SEAT AAE ASS SAC COO SEC SAC AA- COT ACT BAT ASS TTC ATC OTA COT CAC COT SAC BAAA TAATTTTASASSSTBASCC ATO CCA COT TOT

2900-
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Lou Lys Lys Sly Pro Ph. Ile Ap Lou His Lou Lou Ly- Lys Val lu Lys Ala Val 5lu Sor sly Asp Lys Lye Pro Lou Arg Thr Trp Ser Arg
CTC AM AM MT CCT TTT ATT AC CTo CAC TTr CTS AS ASM ISSTA MA OCS ITS GM SAC GM OAC AAM AAM CCC CTO COC ACT TIe TCC COT

3000

Ar, Iow Thr 1l Ph- Pro Son et Ile Sly Lou Thr Ile Ala Val Hi ASn Sly Arg SIn Hi Val Pro Val Phe Val Thr Asp 5lu "at V-1 Sly
CIT TC ACM ATC TTT CCT AAC ATS ATC IT TTS ACC ATC ACT OTC CAT AT SOT CST CAB CAC OTT CCI STA TTT ITA ACC SAC USA ATO OTT SOT

3100
rplV L22

Hil Lye Lou Sly lu Ph. Ala Pro Thr Arg Thr Tyr Arg Sly Hi Ala A1 Asp Lye Lys Ala Lys Lye Lys "ot lu Thr
CAC AAA CTS SIT SM TTC SCA CCI ACT CIT ACT TAT CDC SIc CAC ACT ACT SAT AAAMAAC AA AAA TAABOTAROA5OAAAS ATS SAA ACT

11- Ala Lye Hil Ar" Hi Ala Arg Mr br Ala Oln Lye Val Ar, Lou Val Ala Asp Lou le Arg Sly Lye Lys Val S r Oln Ala Lou Asp Ile
ATC ACT AMA CAT CIC CAT ACT CIT TCT TCT OCT CAlS ITT COC CTT ITT ACT SAC CTS ATT CAC SIT AAS AMS IT TC CAM ACT CTS MAT ATT

3S00

Lou Thr Tyr Thr Aen Lys Lye Ale Ale Vol Lou Val Lye Lye Val Lou S1u Sor Ale Il Ala Son St& 5lu Hil Sn Asp Sly Ale Asp Ile Asp
TTh ACC TAC ACC AAC AAA WSc ACT ITS CTO TC AAS AMA OTT CTO OM TCT ACC ATT ACT AAC ACT OM CAC AAC SAT SOC ACT SAC ATT SAC

3400

Asp Lou Lye Val Thr Lye Ile Ph- Val Asp 0lu Sly Pro Bar Pot Lye Arg Ile "ot Pro Arg Ale Lye Sly Arg Ale Asp Arg Ile Lou Lye Arg
OAT CTO AAA OTT AC AAA ATT TTC OTA SAC OM SOC CCO AOC ATO AAS CeC ATT ATS CCe COT ACA AAA GOT COT GCA MAT CBC ATC CTO AAS CeC

S500

rpsC S3
Thr SMr Hi l1- Thr Vol Val Vl SMr Asp Arg "ot Sly Oln Lys Vol Hi Pro Rsn Bly Il1 Arg Lou Sly le Vol
ACC AOC CAC ATC ACT OTO OTT BTO TCC BAT CAC TSABACTCTOAAMCTAeCA ATO eST CAM AMA STA CAT CCT AAT SOT ATT COC CTO GOT ATT GTA

Lye Pro Trp ASn Br Thr Trp Phe Ala ASn Thr Lye 51u Ph- Ale Asp ASn Lou Asp M r Asp Ph- Lye Vel Arg Oln Tyr Lou Thr Lye 0lu Lou
AAA CCA TeO AAC TCT ACC Tee TTT WC SAC ACC AAA OM TTC ACT S AAC CTS SAC SIC GAT TTT AAA STA COT CAS TAC CTO ACT AAM OM CTO

3700

Ale Lys Ale SMr Vol SMr Arg le Vol Ile1 lu Arg Pro Ala Lye Mr Ile Arg Vol Thr Il1 Hi Thr Ala Arg Pro Sly Ile Vol I1- Sly Lys
ACT AAA ACO TCC OTA TCT COT ATC OTT ATC SAO COT CCO ACT AAM ASC ATC CIT eTA ACC ATT CAC ACT ACT CBC CCO SOT ATC OTT ATC SOT AAA

3750

Lye Sly 0lu Asp Val 0lu Lys Lou Arg Lys Vol Val Ale ASp Il. Ala Sly Vol Pro Ala Oln Il1 Aen le Ale 0lu Val Arg Lys Pro 0lu Lou
AAA SOT BAA SAC eTA OM AAA CTO COT AAM OTC OTA OSSAC TC OCT SAC OTT CCT ACA CAM ATC AAC ATC 0CC OM OTT COT AAS CCT SAA CTG
seoo

Asp Ale Lye Lou Vol AOl Asp SMr Ile Thr SMr Sln Lou Blu Arg Arg Val Not Ph. Arg Arg Ale Hot Lye Arg Ale Vol Oln Asn Ale Met Arg
SAC SCA AAA CT6 OTT ACT MAC ASC ATC ACT TCT CAM CTOSAA COT CeC BTT ATG TTC COT COT OCT ATO AAS COT OCT STA COO AAC OCA ATG COT

3900

Lou Sly Ale Lye ely Ile Lys Vol 0lu Val SMr Sly Arg Lou Oly Sly Al e0u l1e Ale Arg Thr B1.u Trp Tyr Arg Slu Sly Prg Vel Pro Lou
CTO Sc ACT AMA SOT ATT AAA OTT MS OTT AeC SOc COT CTO ScOACOW c eAM ATC GCA COT ACC MS TSG TAC CGc GAA SOT CAC OTA CCO CTO

4000

Hi Thr Lou Arg Ale Asp Ili Asp Tyr ASn Thr Sr 5lu Ale His Thr Thr Tyr Sly Val le Sly Vel Lye Vol Trp I1- Ph. Lye Sly Slu Ile
CAC ACT CTO COT ACT SOC ATC SAC TAC AAC ACC TCT OAM CO CAC ACC ACT TAC SOT 01A ATC SAC OTT AAA GTB TMG ATC TTC AAA GOC SA ATC

4100
rplP L16

Lou Sly Sly Not Ale Ale Vol 5lu Sln Pro Slu Lye Pro Ale Ale Sln Pro Lys Lye Sln Sln Arg Lye Bly Arg Lye Not
CTO GST SIT ATO OCT ACT OTT MAA CAA CCO GM AAA CCO ACT ACT CAM CCT AAA AAM CAM CAM COT AAA Oc COT AAA TAAOGASCOTCACTO ATO

4200

Lou Sln Pro Lys Arg Thr Lye Ph. Arg Lys Not His Lye Sly Arg ASn Arg Sly Lou Ale Sln Sly Thr Aep Vol Sor Ph. Sly SMr Pho Sly Lou
TTA CAA CCA AAM COT ACA AAA TTC COT AAA ATO CAC AMA SOC COT AAC CAC SOT CTS OCO CAM GOT ACG OAT OTT ASC TTC BGC AMC TTC BGT CTG

4300

Lys Ale Vel Sly Arg Sly Arg Lou Thr Ala Arg Sln Ile lu Ale Ale Arg Arg Ale Not Thr Arg AOl Vol Lye Arg Sln Gly Lyo Ile Trp Ilo
AAA OCT OTT GGC COT GGT COT CTG ACT 0CC CGT CAM ATC SMA GCA GCA COT CGT OCT ATG ACC CGT GCA OTT AAG COT CAA GGT AAG ATC TGG ATC

4400

Arg Vol Ph. Pro Asp Lye Pro Ili Thr Slu Lys Pro Lou A01 Vol Arg Not Gly Lys Gly Lye Sly Asn Vol lu Tyr Trp Val A01 Lou Ile Sln
COT STO TTC CCO SAC AAA CCG ATC ACT GM AAS CCG CTO ACA GTG COT ATO GOT AAM SOT AAA MOT AAC GTG GM TAT TGG OTT GCC TTG ATT CAG

4500

Pro Sly Lye Val Lou Tyr Blu Not Asp Sly Vol Pro Blu Olu Lou Al Org Slu Ale Ph. Lye Lou Ale Ale Ale Lys Lou Pro le Lye Thr Thr
CCI SOT AAA OTC CTO TAT OM ATO Sc SOT OTT CCO GM MG CTO 0CC COT SMAA CA TTC AAS CTO WCA CA eCe AAA CTO CCO ATT AAA ACC ACC

4600
rpoC L29

Ph. Vol Thr Lys Thr Vol Not Not Lys Ale Lye Blu Lou Arg Blu Lys SOr Vol Blu Blu Lou Aen Thr Blu Lou Lou Asn Lou Lou Arg 0lu
TTT BTA ACT AAe ACS OTO ATO TA ATO AAA CA AAASAC CTO COTMSA AAe ABCOTTM AA GAS CTO AAC CC GAGTO CTO AAC CTO CTOCOT GAG

4700

Sln Pho Son Lou Arg Not Sln Ale Ale SMr Sly Sln Lou Oln in SMr His Lou Lou Lye Sln Vol Arg Arg Asp Vol Ale Arg Vol Lys Thr Lou
CAM TTC AAC CTO COT ATO CAM ACT ICA AMT SOC CAM CTS CAA CAM TCT CAC CTO TTS AAM CAA OTS COT CeC SAT OTC AC CAcC OTT AAM ACT TTA

4@00
rpoS 017

Lou ASn Slu Lye Ale Sly Ale Not Thr ASe Lys Ile Arg Thr Lou Sln Sly Arg Vol Vol SMr Asp Lye Not 1.u Lye M r 11- Vol Vol Ala
CTO AAC MS AAM -SCe SIT CS TA ATO ACC SAT AAA ATC CST ACT CTO CAA SOT COC OTT OTT ABC SAC AAA ATG SAM AAA TCC ATT OTT OTT OCT

4900

Ile lu Arg Pho Vol Lye Hil Pro Ile Tyr Sly Lye Ph- Ile Lye Arg Thr Thr Lys Lou Hil Vol His Asp 0lu Aen ASn Slu Cys Sly Ile Sly
ATC MSA COT TTT eTe AAA CAC CCe ATC TAC SIT AAA TTC ATC AAS COT ACS ACC AAA CTO CAC eTA CAT SAC GAG AAC AAC SAA TAC SOT ATC MeT

5000

Asp Vol Val lu Ile Arg 0lu Cy* Arg Pro Lou Mar Lye Thr Lye Mar Trp Thr Lou Vol Arg Vol Vol 0lu Lye A01 Vol Lou
SAC ITO OTT GM ATC CeC OM TIC CIT CCe CTO TCC AAS ACT AAA TCC TMO ACe CTO OTT CeC OTT STA MS AAA OCe OTT CTO TAA TACAMTACACT

_ ~~~~~~~5100

CTCTCAATACORATAAACe@CTCASAAATBAGCCOTTTATTTTTTCTACCCATATCCTTGAAGCOSTOTTATAATOCC CCCTCOATATOOSSATTTTTAACOACCTOATTTTCeBeTCTCAGTA
5200

OTA"TTWA

Fb,g1. The nucleoticd sequ of th E. coil SI 0 o cmme&ing proximal to It's promoter
regMind endng at the N/cII site In the promoter of the adjacent spc on. The sAuencA of
the promoter region, the first structural ge ( rps a),and the Initial 240 resiues of rp/C, hae
been de mined previously (4) and are presented here for conplete s. The distal 224 residu
have ben determined prwiusly(S) ard ware resequed In this work. The sequene s displayed
as codng regios which are idntified at t transltin Initiation codon of each gne. Note that for
rplW the Initiation codon overlaps with the lst codon of r,p/D, thUS the N terminal MET for L23 Is
not lndcte Regions proxmal to transidona Initiation sites that are complenentary to the 3' end
of 16S ribohoml RNAare uderlinmd The ovrlined regn are, re vely, the '-35' and '- 10'
promotr uweno and the putative tr cription termination site.
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S10 L3 L4 L23 L2 S19 L22 S3 L16 529S17= ~ ~ ~~=

rps0
rpsJ rplC rplD rplW rpl8 rpsS rplV rpsC rplP rpmC t

472 735\ /l3\ -'A\S)E /19\/l7\/2k\ /15\ 1A5AT

TAATO

FiLg2. A map of the Si0 opron ndicating the order of the genms. Under the map are shown
intereic distls in base pairs, or as a uquenc* in the thre whe the tranlation stop
codo (underlined) and the trnlation start don (ovwerlined) owrlap. The S' la region and the
presumad 3 untranslated region are aso indicatd Above the gentc map are represented the I1
ribosomal proteins which this opern enodes.

TABLE 1
SI 0 Opon Ribosome Binding Sites

[Oe S.D.* Spac Cwrdlnotest

rp/sJ 03 10 59-62

rpAC (00T 7 505-509
rp/D TMOM0 6 1144-1150

rplW AOO 8 1746-1750

rp/8 0GW30 9 2065-2069
rpsS 0O3 7 2906-2909
rp/V A0AG0 5 3199-3204
rp,sC 03 7 3549-3552
rp/P TMAAO 8 4259-4265
rpmC TMO-OMTA 4 4669-4679M
rpsO MAO 10 4861-4864

* Nucw tUds complementary to the 3 end of 16S RNA
5 The distance betwen the la nuclaotide shown for the S.D.
and the beginning of the initiatr ATO
Refersto nuclaoide numbers in Fig. 1

*rpmC ha two S.D. sequnCes i.e. TMO with a space of 11 ada OTOA with

asp of 4. Either, or both, may hwe a potential role.in riboome binding.
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TABLE 2
Protein Sequence Discrepencies

Protein Chag Residue Location q

L23 TRP inserted 80 1996-1998

L2 HIS-) OLY 230 2766-2768

OLY-> HIS 233 2775-2777
S19 ARO inserted 36 3022-3024

ARO deleted 43*
ASN -> ASP 43 3043-3045
ASP -> ASN 86 3172-3174

S17 CYSinserted 53 5031-5033

CYS deleted 59*

Refers to residues starting from the initiator MET, note that the N terminal
MET is absent in mature L2, S3, S1 7 and SI 9. Changes are relative to the
DNA-derived sequence.

I Refers to nucleotide numbers given in Fig. 1
* Refers to residue numbers in published protein sequenes

(7) and chemical degration (8) methods. Insert DNA from pN02003 was sequenc entirely by
the didxy method. All regions were sequenced by two methods, or on two strands. All restriction
sites were overlapped except the EcoR 1 sites in rp/C, rpsS, rpsC and the BemHl site in rp/D.
Th sequenres at these sites were, however, consistent with the relevant protein sequencs.

RESULTS AND DISCUSSION
The Structure and Ormisation of the ODenon. Figure 1 shows the nuleotide seq of the S10
operon commencing proximal to the operon's promoter (4) and ending at the H/nc II site in the

vicinity of the promoter for the adjacent spc operon (5). The figure shows the sequence translated
into the open reading frames which encode the 11 ribosomal proteins specified by this operon. The

total trascribed length of the operon (assuming the transcription termination point suggested by
Post at &I,5 ) is5181bp.
The Ribosome Binding Sites of the S10 ODeron. Figure 2 is a map of the operon which details the
sizes of the intergenic regions. Table 1 shows the extent and location of regions proximal to

translation start sites having complementarity to the 3' end of E. co/i 16S ribosomal RNA. Such
sequenes are known to have an important function in ribosome binding (9). The extent, location,
and nature of all the regions of complenentaity shown fall within the ranges encountered In other
£ co/i ribosmne binding sequnres (9).
Three of the intergenic regions have werlapping translation stop / translation start codons (Fig.
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2). In at least one operon, the trp operon ( 10), this arrangement Is typical for ges encoding
subunits of protein complexes whos components are required in equimolar amounts .
pron M=rrctigns Bdon the DNA S All the proteins encoded by theS10 opwron
have been qnced (11-20). Differences between these protein sequeces and protein seques
derivd from the DNA sequence are shown In Table 2. The DNA seqsu data at the points of
diffrnc was exhaistlvely rechecked and all the diwCrepencies (except an undetected TRP residue
and a OLN -> OLU cag) can be accounted for by a misassignment of position in the protein

CONCLUSIONS

The data psnted abowe complete the full physical description of the structure of the f. co/e S10
opron. This Information should ser as a firm basis for the further study of the expression and
regulation of the operon. Furthermore, the data will add to compilations of seqsue banks for the
study of the nature of codon us and rlbmme binding sites and correct a number of errors In
previously published protein sequces.
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