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ABSTRACT
The primary structure of the E.coli rpoC gene (5321 base pairs) coding

the /8'-subunit of BNA polymerase as well as its adjacent segment have been
determined. The structure analysis of the peptides obtained by cleavage of
the protein with cyanogen bromide and trypsin has confirmed the amino acid
sequence of the #'-subunit deduced from the nucleotide sequence aziaJlysis.
The 16'-subunit of E.coli RNA polymerase contains 1407 amino acid residues.
Its translation is initiated by codon GUG and terminated by codon TAA. It
has been detected that the sequence following the terminating codon is
strikingly homologous to known sequences of °-independent terminators.

INTRODUCTION

The primary structure determination of E.coli DNA-dependent BNA polymer-

ase is necessary for understanding the mechanism of its activity. Recently
we determined the complete amino acid sequences of its o.-/1/ andfl-subunits

/2/. The primary structure of the f-subunit containing 1342 amino acid

residues was established by uBing parallel research of the protein amino

acid sequence and the nucleotide sequence of its structural gene. Combin-

ation of protein and nucleotide chemistry methods greatly enhanced the

reliability of the analysis. At present this approach was successfully ap-

plied in the sequencing of the A' -subunit of RNA polymerase. The DNA frag-

ments containing the rpoC gene fragments and adjacent sequences were cloned

in pBR-322. Their sequences were determined from both complenentary chains

by the modified Maxam-Gilbert procedure /3/. The amino acid sequence of the

B'-subunit deduced from the nucleotide sequence was compared and appeared
to be in complete accord with structures of the peptides obtained by cleav-

age with cyanogen bromide and trypsin. The A'-subunit of E.coli RNA polymer-
ase comprises 1407 amino acid residues. TheA '-subunit sequence detenrination
completes the study of the primary structure of the E.coli RNA polymerase
core-enzyme. Recently the sequence of the rpoD gene was also detemined /4/.
Thus, the primary structure of the whole RNA polymerase holoenzyme is now
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available pe-mitting investigation of its function.

TEALS AD METHODS

The EcoR I, Taq I, Bsp I, Sal I restriction endonucleases were isolated

according to /5/. Endonucleases Hpa II, Alu I, Sau3A I, Hinf I were purchas-

ed from "P.L. Biochemicals"t. Polynucleotide kinase was isolated according to

/6/. The T4-DNA ligase was from the Institute of Biochemistry and Physiology

of Micro-organisms, USSR Academy of Sciences. The E.coli strain containing

pJC 703 plasmid /7/ was the gift of Dr. J. Collins (FRG). The phagerifd 47

was provided by Prof.R.B. Xhesin (fG, USSR Academy of Sciences, Moscow).
The EcoR I DNA fragment of E.coli containing the middle part of the

rpoC gene was generated by EcoR I endonuclease from rifd47 phage DNA and

isolated by preparative electrophoresis in agarose gel /8/. EcoRI-SalI DNA

fragment containing the C-terminal part of the rpoC gene was obtained simil-

arly from the pJC703 plasmid. Cloning of the fragments was carried out with

plasmid pBR-322 aB an acceptor and E.coli HB 101 as a host /9/. Recombinants

were selected by restriction analysis of isolated plasmids. The first frag-

ment was inserted in pBR-322 split with EcoRI,the second one was inserted

in a large fragment of pBR-322 split with EcoRI and SalI. In this case the
rTc

Ap Tcs clones were selected and their plasmids were characterized by splitt-
ing with EcoRI and Sa1I. The recovery of DNA fragments fromthe corresponding

recombinant plamids, their preparation for structural analysis and the anal-

ysis itself were described earlier. The conditions for ,'-subunit cleavage

with cyanogen bromide, isolation and analysis of the corresponding peptides

have also been given /10/. Tryptic hydrolysis of the citraconylated and

carboxymethylatedfl'-subunit and establishment of the peptide structure were

carried out by the methods we used for the,A-subunit analysis /2,11/.

rpoC rpo B

EcoRI A 4, D 4F4, C 4G4 E 4

Sal I t T ' t t
KdM

Fig. 1. EcoRI and SalI restriction endonuclease cleavage map of the
E.coli DNA region containing the structural genes /rpoB and
rpoC / of thefland A' subunits of RNA polymerase. The HindIII
cleavage region is also denoted in fragment EcoRI. The fragments,
for which the primary structure is established, are hatched.

4036



Nucleic Acids Research

EcoRI
H44tI - so ILI JJKrD44 F-*4 Alul

0 ~~ A ~ ~L~L4ABsp
D H i L01-."E A.- HpalI

H| , ,*,BA.,L Taq I
< F*p=| D <.~i A Sau3AI
4800 4900 5000 5100 5200 5300 5400 5500 5600 5700 5800 5900

EcoRI
A B_0a. . . . . .-I6GI AluI
c B t3~~~~~~~~~~~sp

:A;,<|NE K F < , HpaII

_4 C4 * E B SQu3

6000 6100 6200 6300 6400 6500 6600 6700 6800 6900 7000 7100

EcoRI

_________Ta3A
7200 7300 7400 7500 7600 7700 7800 7900 8000 8100 8200 8300

Hindm
EB Din I

A I .Sau3AI

8400 8500 8600 8700 8800 8900 9000 9100 9200 9300 9400

Fig. 2. The scheme for detenuining the sequences of fragments EcoRI- and
EcoRI-A - HindIII. The restriction subfragments are represented
by rectangles. The arrows designate lengths of the detenained
subfragments of complementary chains.

RESULTS AND DISCUSSION

The rpoBC operon coding for8 - andfi '-subunits of E.coli RNA polymerase
is located near 88 min on the genetic map of the bacterium. The positions
of the splitting sites of several restriction endonucleases on the DNA in

this region were established and given in Fig 1. We detenmined the primary
structures of the EcoRI-G, EcoRI-C and EcoRI-F fragments containing the
complete rpoB (,6-subunit) gene and a proximal part of the rpoC (,B'-subunit)
gene /2/. For sequencing the rest of the operon, the fragments EcoRI-A -

SailI and EcoRI-D were cloned in pBR-322 plasmid. The recombinant plasmid,
containing the first of them, was split with EcoRI and HindIII to obtain
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4130-4210 CTG CTG TCG 66T TAA AAC CCG GCA GCG BAT TGT GCT AAC TCC GAC GGG A6C AAA TCC 6TG AAA GAT TTA TTA AAG TTT CTG1-8 Met-Lys-Asp-Leu-Leu-Lys-Phe-Leu-

4211-4291 AAA GCG CAG ACT AAA ACC GAA GAG TTT BAT GCG ATC AAA ATT BCT CTG GCT TCG CCA BAC ATG ATC CGT TCA TGG TCT TTC
9-35 Lys-A Ia-CIln-Thr-Lyfs-Thr-G Iu-G Iu-Phe-Asp-A | -Il1e-Lys- Ie-Ala-Leu-A I -Ser-PrO-AsD-lEet-l I-Arg-Ser-Trp-Ser-Phe-

6292-6372 GGT BAA 6TT AAA AAM CCG BAA ACC ATC AAC TAC CGT ACG TTC AAA CCA GAA CGT BAC BOC CTT TTC TGC GCC COT ATC TTT
36-62 Clyt-Glu-V I -Lys-Lys-Pro-G Iu-Thr-Ilie-Asn-Tyr-Ar2-Thr-Ph*-Lys-Pro-C lu-Ara-Asp-G Iy-Leu-Phe-Cys-A I-Arg- Ie-Phe-

4373-4453 666 CCG BTA AAA BAT TAC BAB TBC CTB TBC GBT AAM TAC AAG CGC CTB AAA CAC CST BGC BTC ATC TGT GAG AAG TGC GGC
63-89 Cly-Pro-Val -Lys-Asp-Tyr-Glu-Cys-Leu-Cys-Cy-Lys-Tyr-Lys-__rg-Leu-Lys-His-Arg-Glyv-Va-I le-Cs-Glu-Lys-Cys-GIy-

4454-4534 BTT BAA GTG ACC CAB ACT AAA GTA CGC CBT BAB CBT ATG 66C CAC ATC GAA CTG BCT TCC CCG ACT BCG CAC ATC TGG TTC
90-116 Vl-CGlu-V-Thr-CGIln-Thr-Lys-VI -Arg-Ar_-Glu-Ar-Mlet-GIy-His-Ile-Glu-Leu-AIa-Ser-Pro-Thr-Al_-is- IIe-Trp-Phe-

4535-4615 CTG AAA TCG CTG CCG TCC COT ATC GOT CTG CTG CTC GAT ATG CCG CTG CGC GAT ATC GAA CGC GTA CTG TAC TTT GAA TCC
*117-143 Leu-Lis-Ser-Leu-Pro-Ser-Arg-l le-G_-Leu-Leu-Leu-Asp-_et-Pro-Leu-Arg-Asp-lle-Glu-Arg-Vl-Leu-Tyr-Phe-Glu_Ser-

4616-4696 TAT GTG GTT ATC GAA GGC GGT ATG ACC AAC CTG GAA CGT CAG CAG ATC CTG ACT GAA GAG CAG TAT CTG GAC GCG CTG GAA
144-1 70 Tyr-VIl-Vl-I Ie-GIu-GlIy-G Iy-met-Thr-Asn-Leu-Glu-Arg-G In-Gln- Ile-Leu-Thr-Glu-Glu-GlIn-Tyr-Leu-Asp-Als-Leu-G Iu-

4697-4777 BAG TTC GOT BAC GAA TTC GAC GCG AAG ATG GBG GCG BAA GCA ATC CAG GCT CTG CTG AAG AGC ATG BAT CTG GAG CAA GAG
171-197 Clu-Ph_-G__y-Asp-G_u-Phe-Asp-Al-Lys-__et-GIy-Al-Glu-Ala-IIe-_In-A_I-Leu-Leu-Lys-Ser-_et-Asp-Leu_Glu-GIn-GIu-

4778-4858 TGC GAA CAB CTG CGT GM GAG CTG AAC GM ACC AAC TCC GAA ACC AAG COT AAA AAG CTG ACC AAG COT ATC AAA CTG CTG
198-224 Cys-G Iu-GlIn-Leu-Arg-GlIu-G Iu-Leu-Asn-G Iu-Thr-Asn-Ser-G Iu-Thr-Lys-Arg-Lys-Lys-Leu-Thr-Lys-Arg- I Ie-Lys-Leu-Leu-

4859-4939 GAA GCG TTC GTT CAB TCT GOT AAC AAA CCA GAG TGO ATG ATC CTG ACC GTT CTG CCG GTA CTG CCG CCA BAT CTG CGT CCG
225-251 Glu-Al -Phe-V I-Gln-Ser-GIy-Asn-Lys-Pro-Glu-Trp-Het-lIe-Leu-Thr-V I-Leu-Pro-V I-Leu-Pro-Pro-Asp-Leu-Arg-Pro-

4940-5020 CTG GTT CCG CTG GAT GBT GGT CGT TTC GCG ACT TCT GAC CTG AAC GAT CTG TAT COT CGC GTC ATT AAC CGT AAC AAC CGT
252-278 Leu-Val-Pro-Leu-Asp-Gly-Gly-Arg-Phe-Ala-Thr-Ser-Asp-Leu-Asn-Asp-Leu-Tyr-Arg-Arg-Val-l _-Asn-Arg-Asn-Asn-Arg-

5021-5101 CTG AAA CGT CTG CTG GAT CTG GCT GCG CCG GAC ATC ATC GTA CGT AAC GAA AAA CGT ATG CTG CAG GAA GCG GTA GAC GCC
279-305 L_u-Lys-Arg-Leu-Leu-Asp-Leu-Ala-Ala-Pro-Asp-l e-le-Val-Ar-Asn-Gly-Ly_-Arg-Het-Leu-Gln-Glu-Ala-Val-Asp-Ala-

5102-5182 CTG CTG GAT AAC 6GT CGT CGC GGT CGT GCG ATC ACC GGT TCT AAC AAG CGT CCT CTG AAA TCT TTG GCC BAC ATG ATC AM
306-332 Lou-Leu-Asp-Asn-Gly-Arg-Arg-GIy-Arg-Ala-Ie-Thr-Gly-Ser-Asn-Lys-Arg-Pro-Leu-Lys-Ser-Leu-AIa-Asp-Het-IIe-Lys-

5183-5263 GST AAA CAG GGT CGT TTC CGT CAG AAC CTG CTC GOT AAG CGT GTT GAC TAC TCC GOT CGT TCT GTA ATC ACC GTA GGT CCA
333-359 GC -Lys-GI_n-CGIy-Arg-Phe-Arg-GIn-Asn-L_u-Leu-Gy-Lys-Arg-Va-Asp-Tyr-Ser-GIy-Arg-Ser-Val-Ile-Thr-V_-CGly-Pro-

5264-5344 TAC CTG CGT CTG CAT CAG TGC GGT CTG CCG AAG AAA ATG GCA CTG GAG CTG TTC AAA CCG TTC ATC TAC G6C AAG CTG GAA
360-386 Tyr-L*u-Arg-Leu-Nis-Gln-Cys-GIy-Leu-Pro-Lys-Lys-het-A I-Leu-GIu-Leu-Phe-Lys-Pro-Phe-lIe-Tyr-CIy-Lys-Leu-Glu-

5345-5425 CTG CGT GGT CTT GCT ACC ACC ATT AAA GCT GCG AAO AAA ATG GTT GAG CGC GAA BAA GCT GTC GTT TGG GAT ATC CTG GAC
387-4133 Leu-Arg-G Iy-Leu-Ala-Thr-Thr-Ile-Lys-Al-Aa-Lys-Lys-et_-VaI-CGlu-Arg-Gu-CGlu-Al-V_ -VaI-Trp-Asp-IIe-Leu-Asp-

5426-5506 GAA GTT ATC CGC GM CAC CCG GTA CTG CTG AAC CGT GCA CCG ACT CTG CAC CGT CTG GGT ATC CAG GCA TTT GM CCG GTA
414-1140 G Iu-VaI -Ilie-Arg-G lu-H;is-Pro-VaI -Lou-Leu-Asn-Arg-Ala-Pro-Thr-Leu-H;is-Arg-Leu-G Iy-Ilie-G In-A I-Phe-G Iu-Pro-ValI-

5507-5587 CTG ATC GAA GGT AAA GCT ATC CAC CTG CAC CCG CTG GTT TGT GCG GCA TAT AAC GCC GAC TTC GAT GGT GAC CAG ATG GCT
661-467 L*u-IIe-GIu-Gly-Lys-A a-IIe-GIn-Leu-H;s-Pro-Leu-VaI-Cys-A I-A I-Tyr-Asn-Ala-Asp-Phe-Asp-GIy-Asp-G n-met-A -

5588-5668 GTT CAC GTA CCG CTG ACG CTG GMA GCC CAG CTG GM GCG CGT GCG CTG ATG ATG TCT ACC AAC AAC ATC CTG TCC CCG GCG
468-494v6l-Mis-Val-Pro-Leu-Thr-Leu-Glu-AIa-GIn-Leu-Glu-AIa-Arg-AIa-Leu-6et-Met-Ser-Thr-Asn-Asn-lIe-Leu-Ser-Pro-A -

5669-5749 AAC GGC GAA CCA ATC ATC GTT CCG TCT CAG GAC GTT GTA CTG GGT CTG TAC TAC ATG ACC CGT GAC TGT GTT AAC GCC AA
495-521 Asn-GIy-CGIu-Pro-IIe-Il_-Val-Pro-Ser-GIn-Asp-Val-Va-Leu-GIy-Leu-Tyr-Tyr-1et-Thr-Ar-Asp-Cys-V_I-Asn-AI*-LYS-

5750-5830 GGC GAA GGC ATG GTG CTG ACT GGC CCG AAA GAA GCA GMA CGT CTG TAT CGC TCT GGT CTG GCT TCT CTG CAT GCG CGC GTT
522-548 CGly-Glu-Gy-_et-v -Leu-Thr-GIy-Pro-Lys-CGIu-Ala-GIu-Ar_-Leu-Tyr-Arg-Ser-G Iy-Leu-AIa-Ser-Leu-is-AI-Arg-V -

5831-5911 AAA GTG CGT ATC ACC GAG TAT GAA AAA GAT GCT AAC GGT GAA TTA GTA GCG AAA ACC ABC CTG AAA GAC ACG ACT GTT GGC
549-575 Lys-V -Arg-Ile-Thr-Glu-Tyr-CGIu-Lys-Asp-Ala-Asn-GIY-CGlu-Leu-Va -AI-Lys-Thr-Ser-Leu-Lys-Asp-Thr-Thr-Va-CGIy-

5912-5992 CGT GCC ATT CTG TGG ATG ATT GTA CCG AAA GGT CTG CCT TAC TCC ATC GTC AAC CAG GCG CTG GGT AAA AAA GCA ATC TCC
576-602 A-Ala-Ile-Leu-Trp-let-l e-VaI-Pro-Lys-Gly-eu-Pro-Tyr-Ser-l e-Val-Asn-Gln-Al-Leu-Gly-Lys-Lys-Ala-lle-Ser-

5993-6073 AAA ATG CTG AAC ACC TGC TAC CGC ATT CTC GGT CTG AAA CCG ACC GTT ATT TTT GCG GAC CAG ATC ATG TAC ACC GGC TTC
603-629 Lys-et-Lu-Asn-Thr-Cys-Tyr-Arg- le-Leu- y-Leu-Lys-Pro-Thr-VI-Ile-Phe-Ala-Asp-GIn-1e-_et -Tyr-Thr-GIy-Ph-

6074-6156 GCC TAT GCA GCG CGT TCT GGT GCA TCT GTT GGT ATC GAT GAC ATG GTC ATC CCG GAG AAG AAA CAC GAA ATC ATC TCC GAG
630-656 Ala-Tyr-Ala-Ala-Arg-Ser-GIy-AIa-Ser-VaI-CGIy-Ile-Asp-Asp-et_-V-Ile-Pro-CGIu-Lys-Lys-H;is-CGIu-Ie-1e-Ser-GIu-

6155-6235 GCA GAA GCA GAA GTT GCT GAA ATT CAG GAG CAG TTC CAG TCT GGT CTG GTA ACT GCG GGC GAA CGC TAC AAC AAA GTT ATC
657-683 Aa-Glu-Ala-Glu-Val-Al.-Glu- le-G n-GIu-Gln-Phe-Gln-Ser-GIy-Leu-VaI-Thr-Ala-G y-Glu-Arg-Tyr-Asn-Lys-V l-I e-

6236-6316 GAT ATC TOO GCT GCG GCG AAC GAT CGT GTA TCC AAA GCG ATG ATG GAT AAC CTG CAA ACT GAA ACC GTG ATT AAC CGT GAC
684- 710 Asp- IlIe-T rp-A 1a-A a-Als-Asn-Asp-Arg-Va I-Ser-Lys-A Ia-met -Met-Asp-Asn-Leu-GlIn-Thr-CGlu-Thr-V -Ilie-Asn-Arg-Asp-

6317-6397 GGT CAG GAA GAG AAG CAG GTT TCC TTC AAC AGC ATC TAC ATG ATG GCC GAC TCC GGT GCG CGT GGT TCT GCG GCA CAG ATT
711-737 Gly_Gln-Glu-Glu-Lys-G_n-Val-Ser-Phe-Asn-Ser-l_ e-Tyr-_et-_et-Al-Asp-Ser_Gly-Ala-Arg-Gly-Ser-A_-Ala_Gln-_ le-

6398-6678 CGT CAG CTT GCT GGT ATG CGT GOT CTG ATG GCG AAG CCG GAT GGC TCC ATC ATC GAA ACG CCA ATC ACC GCG AAC TTC CGT
738-764 Arg-G In-Leu-Ala-G_y-_et-Arg-_y-Leu-_et_-A_-Lys-Pro-Asp-G_y-Ser-Ile-lIe-Glu-Thr-Pro-Il_e-Thr-Aa-Asn-Phe-Arg-

6679-6559 GMA GGT CTG MC GTA CTC CAG TAC TTC ATC TCC ACC CAC GGT GCT CGT AM GGT CTG GCG GAT ACC GCA CTG MA ACT GCG
765-791 Glu-G -Leu-Asn-Val-Leu-Gln-7yr-Phe-lo-Ser-Thr-His-Gly-Ala-Arg-Lys-Gly-Leu-Al -Asp-Thr-Ala-Leu-Lys-Thr-Al -

6560-6640 AAC TCC GGT TAC CTG ACT CGT CGT CTG GTT BAC GTG GCG CAB GAC CTTG GTG GTT ACC GAA GAC GAT TGT GOT ACC CAT GAA
792-818 Asn-Ser-CG _-Tyr-Leu-Thr-Ar_-Arg-Leu-Va-Asp-Va-Ala-CGln-Asp-Leu-Va_-Va-Thr-CIu-Asp-Asp-Cys-GIy-Thr-H;is-CGIu-

6641-672 GGT ATC ATG ATG ACT CCG GTT ATC GAG GGT GOT GAC GTT AAA GAG CCG CTG CGC GAT CGC GTA CTG GGT CGT GTA ACT GCT
819-845 Gly-_le-_et-_et-Thr-Pro-Val-_le-Glu-Gly-Gly-Asp-Val-Lys-Glu-Pro-Leu-Ar_-Asp-Ar_-Val-Leu-Gly-Arg-Val-Thr-Al_-

6722-6802 GAA GAC GTT CTG AAG CCG GGT ACT GCT GAT ATC CTC OTT CCG CGC AAC AC6 CTG CTG CAC GAA CAG TGG TGT GAC CTG CTG
846-872 C_lu-As_-VaI-Leu-Lys-Pro-GIy-Tre-AIa-Asp-Ile-Leu-VaI-Pro-A-Asn-Tre-Leu-Leu-Ns-CGIu-CGln-Trp-Cys-Asp-Leu-Leu-
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6803-6883 GAA GAG MC TCT GTC GAC GCG GTT MA GTA CGT TCT GTT GTA TCT TGT GAC ACC GAC TTT GOT GTA TGT GCG CAC TGC TAC
873-899 Glu-G u-Asn-Ser-V I-Asp-Ala-VaI-Lys-VaI-Arg-Ser-VaI-VaI-Ser-Cys-Asp-Thr-Asp-Phe-GIy-V-I-Cys-Ala-His-Cys-Tyr-

6886-6964 GOT CGT GAC CTG GCG CGT GOC CAC ATC ATC AAC AAG GOT GAA GCA ATC GGT GTT ATC GCG GCA CAG TCC ATC GGT GAA CCG
900-926 Gly-Arg-Asp-Leu-Ala-Arg-Gy-Hi s-lle-Ile-Asn-Lys-Gly-Glu-Ala-Ile-CIy-VaI-Ile-Ala-Al-GIn-Ser-Ile-CGIy-Glu-Pro-

6965-7045 GOT ACA CAG CTG ACC ATG CGT ACG TTC CAC ATC GOT GOT GCG GCA TCT CGT GCG GCT GCT GAA TCC AGC ATC CAA GTG MA
927-953 Gly-Thr-Gln-Leu-Thr-_et-Arg-Thr-Phe-His-le-Gly-Gly-Ala-AIa-Ser-Arg-Ala-Ala-Ala-Glu-Ser-Ser-Ile-GIn-VaI-Lys-

7046-7126 AAC AM GGT AGC ATC AAG CTC AGC AAC GTG AAG TCG OTT GTG AAC TCC AGC GGT AAA CTG GTT ATC ACT TCC CGT AAT ACT
954-980 Asn-Lys-Gly-Ser- le-Lys-Leu-Ser-Asn-Val-Lys-Ser-Val-Val-Asn-Ser-Ser-G_y-Lys-Leu-Val-l_e-Thr-Ser-Arg-Asn-Thr-

7127-7207 GMA CTG AAA CTG ATC UAC GAA TTC GOT CGT ACT AAA GMA AGC TAC AAA GTA CCT TAC GGT GCG GTA CTG GCG AAA GGC GAT
981-1007 CGu-Leu-Lys-Leu-Ile-Asp-GIu-Phe-GyI-Arg-Thr-Lys-Glu-Ser-Tyr-Lys-VaI-Pro-Tyr-Gy-AIa-VaI-Leu-AIa-Lys-Cly-Asp-
7208-7288 GGC GAA CAG GTT GCT GGC GGC GMA ACC GTT GCA AAC TGG GAC CCG CAC ACC ATG CCG GTT ATC ACC GAA GTA AGC GGT TTT
1008-1034 Gly-Glu-Gln-Val-Ala-Gly-GIvCGIu-Thr-VaI-Ala-Asn-Trp-Asp-Pro-Hi_s-Thr-et-Pro-VaI-Ie-Thr-Glu-Val-Ser-CGIy-Phe-

7289-7369 GTA CGC TTT ACT GAC ATG ATC GAC GGC CAG ACC ATT ACG CGT CAG ACC GAC GAA CTG ACC GGT CTG TCT TCG CTG GTG GTT
1035-1061 Val-Arg-Phe-Thr-Asp-net-lle-Asp-Gly-Gln-Thr-l le-Thr-Arg-Gin-Thr-Asp-Glu-Leu-Thr-Gly-Leu-Ser-Ser-Leu-Val-Val
7370-7450 CTG GAT TCC GCA GAA CGT ACC GCA GGT GGT AAA GAT CTG CGT CCG GCA CTG AAA ATC GTT GAT GCT CAG GGT AAC GAC GTT
1062-1088 Leu-Asp-Ser-Ala-G u-Arg-Thr-Aa-GI I-GIy-Lys-Asp-Leu-Arg-Pro-AIa-Leu-Lys-IIe-VaI-Asp-AIa-GIn-Cy-Asn-AspVal-
7451-7531 CTG ATC CCA GGT ACC GAT ATG CCA GCG CAG TAC TTC CTG CCG GGT MAA GCG ATT GTT CAG CTG GAA GAT GGC GTA CAG ATC
1089-1115 Leu-lle-Pro-Gl_y-Thr-Asp-_et_-Pro-Ala-GIn-Ty-Phe-Leu-Pro-CGy-Lys-Ala-le-VaI-CGln-Leu-Glu-Asp-GIv-VaGl-n-le-

7532- 7612 AGC TCT GGT GAC ACC CTG GCG CGT ATT CCG CAG GAA TCC GGC GGT ACC AAG GAC ATC ACC GGT GGT CTG CCG CGC GTT GCG
1116-11642 Ser-Ser-Gly-Asp-Thr-Leu-Ala-Arg-le-Pro-In-CGlu-Ser-Gly-Gly-Thr-Lys-Asp-lle-Thr-Cly-Cly-Leu-Pro-Ar_-Val-Ala-
7613-7693 GAC CTG TTC GMA GCA CGT CGT CCG AAA GAG CCG GCA ATC CTG GCT GAA ATC AGC GGT ATC GTT TCC TTC GGT AAA GAA ACC
11163-1169 Asp-Leu-Phe-Glu-Ala-Ag-Arg-Pro-Ly--Glu-Pro-Ala-Ile-Leu-Ala-Glu-_ le-Ser-Gly- le-Val-Ser-Phe-Gly-Lys-Glu-Thr-
7694-7774 AAA GOT AAA CGT CGT CTG GTT ATC ACC CCG GTA GAC GGT AGC GAT CCG TAC GAA GAG ATG ATT CCG AAA TGG CGT CAG CTC
1170-1196 Lys-CGly-Lys-Ar_-Arg-Leu-VaI-_II-Thr-Pro-Va-Asp-GIy-Ser-Asp-Pro-Tyr-CGIu-CGIu-et-Ie-Pro-Lys-Trp-Arg-GIn-Leu-
7775-7855 AAC GTG TTC GAA GGT GAA CGT GTA GAA CGT GGT GAC GTA ATT TCC GAC GGT CCG GAA GCG CCG CAC GAC ATT CTG CGT CTG
1197-1223 Asn-VaI-Phe-Glu-Gly-Glu-Arg-VaI-CGlu-Ar_-Gy-Asp-VaI-Ile-Ser-Asp-Gly-Pro-CGIu-Aa-Pro-i_s-Asp-Ile-Leu-Arg-Leu-
7856-7936 CGT GGT GTT CAT GCT GTT ACT CGT TAC ATC GTT AAC GAA GTA CAG GAC GTA TAC CGT CTG CAG GGC GTT AAG ATT AAC GAT
1724-1250 Ag-GIy-Va I-H;s-Ala-VaI-Thr-Arg-Tyr-IIe-VaI-Asn-Glu-VaI-Gln-Asp-Val-Tyr-Arg-Leu-GIn-CGy-Va -LYS-Ile-Asn-Asp-

7937-8017 AAA CAC ATC GAA GTT ATC GTT CGT CAG ATG CTG CGT AAA GCT ACC ATC GTT AAC GCG GGT AGC TCC GAC TTC CTG GAA GGC
1251-1277 Lys-H;is-_le-Gu-vaI-Ile-Val-Arg-GIn-_et-Leu-Arg-Lys-A a-Thr-lIe-Val-Asn-A a-Gy-Ser-Ser-Asp_Phe Leu Gly-
8018-8098 GAA CAG GTT GMA TAC TCT CGC GTC MAG ATC GCA AAC CGC GAA CTG GAA GCG AAC GGC AAA GTG GGT CCA ACT TAC TCC CGC
1278-1304 CGIu-Gln-VaI-CGu-Tyr-Ser-Arg-VaI-Lys-Ile-Ala-Asn-Arg-Glu-Leu-Clu-Ala-Asn-GIy-Lys-VaI-Cy-Ala-Thr-Tyr-Ser-Arg-
8099-8179 GAT CTG CTG GGT ATC ACC MAA GCG TCT CTG GCA ACC GAG TCC TTC ATC TCC GCG GCA TCG TTC CAG GAS ACC ACT CGC GTG
1 305- 331 _Asp-Leu-Leu-GI_y-_le-Thr-Ly_s-Ala-Ser-Leu-Ala-Thr-GI_u-Ser-Phe-I le-Ser-Ala-AIa-SerPheGIn-CGIu-Thr-Thr-Arg-V___
8180-8260 CTG ACC GMA GCA GCC GTT GCG GGC AAA CGC GAC GAA CTG CGC GGC CTG AAA GAG AAC 6TT ATC GTG GGT CGT CTG ATC CCG
1332-1358Leu-Thr-Glu-Ala-A0a-Val-Ala-G y-Lys-Arg-Asp-Glu-Leu-Arg-Gly-Leu-Lys-Glu-Asn-VaI- Ie-VaI-G y-Arg-Leu-IIe-Pro-
8261-8341 GCA GGT ACC GGT TAC GCG TAC CAC CAG GAT CGT ATG CGT CGC CGT GCT GCG GGT GM GCT CCG GCT GCA CCG CAG GTG ACT1359-1385 Ala-Gly-Thr-Gly-Tyr-Ala-Tyr-is-Gn-Asp-Ar_-_et-Arg-Ar_-Arg-Ala-Ala-Gly-Glu-Ala-Pro-Al_-Al_-Pro-Gln-V_l-Thr-
8342-8426 GCA GS SAC GCA TCT GCC AGC CTG GCA GM CTG CTG MC GCA GGT CTG GGC GGT TCT GAT MC GAr TMA TCGTTAATCCGCAAA1386-1407 Ala-Glu-Asp-AI-Ser-Ala-Ser-Leu-A I-G u-Leu-Leu-Asn-Ala-Gly-Leu-Gly-Gly-Ser-Asp-Asn-GIu-Ter
8427-8532 TMCGTAAAACCCGCTTCSC OGTTTTTTATGGGGGGAGTTTAGGGAMAGAGCATTTGTCAGAATATTTAAGGAATTTCTGAATACTCATMATCAATGTAGAGA
8533-8639 TGACTMATATCCTGAAACTGACTMAACTAATTGAGTCAAACTCGGCMGGATTCGATACTATTCCTGTGTAACTTTCTTAAGGAACGAGMTGAAACAGGAAGTGGA
8640 - 8 7 46 AAAGTGGCGACCTTTTCGACATCCrGATGG TGATATTCGTGATTTATCATTTCTTGATGCTCATCAGGCTGTCTACGTTCAGCATCATGAGGGCAAAGAGCCTTTAG

7 47 -8 8 53 AGTATCGCTTTTGGGTTACCTACTC TCTTCACTGCTTCACAAAAGATTATGAACATCAGACGAACGAAGAAAAACAATCGTTAATGTACCACGCGCCTAAAGAATCT
88 5X- 8 9 60 CGTCCCTTCTGCCAGCACCGTTATAACTTAGCGCGCACACAC TTMAAAAGAACTATTTTGGCGCTGCCAGAAAGCAACG TTATTCATGCCGGIGTATGGTAGC TATGC
8961- 9 0 67 CGTGATTGAGGTGGACTTAGACGGAGGAGATAAGGCATTTTACTTTGTTGCGTTCAGGGCTTTCAGGGAAAAGAAAAAACTCCGTTTGCATGTAACTAGCGCTTATC
90 6 8 -9 174 CCATTTCTGAAAACAGAAAGGTAAATCAGTGAAATTTTTCACCATTGCCTACAACTTATTGAGAAATAAGCAGC TTCCTCAGCCCTCAAAATAACAAAACCCACC T

9 175 -9 2 81 TAAGGTGGGTTTCGCCAGAGAATTATCTCTGGTATTCAGAACGCCATTACCGGAC TTTGCCTTGACCTTGCCATAATCGCAGGTTGCGGGAT6rTCTGAATTTCTTCA
92 82 -9 3 88 GTCTGCTGCATCCTGGAAGATGAGAACATGTG TTCTTATTTTCGTCTCTATCATAGTTGAGTATTTACTCTCTTACAATCAGATCTCTTTCATTGC TCAACAGGCGA
93 89 -94X50° TGGCTTCAGACTTTGCATTACGGAATTTTTGA^GGGCAGGGCGA"C GAGG"GAAGCTT

Fig. 3. T!he nucleotide sequence of the rpoBC operon segment containing
the total structural rpoC gene and the total amino acid sequ-
enoe of the B'-subunit of E.ooli RNA polymerase. The nu¢leotide
sequence of the complementaxy DNA ehain,equivatLent to the seque
nce of mNA, is given. Numeration of nucleotides corresponds to
the comnplete rpoBC operon. The restriotion EooRI cleavage sites
divid-ing fra_gments EcoRI-G, EcoRI-D and EooRI-A - HindIII axe
situated between nucleotides 4709-4710 and 7145-7146. The
-underlined amino acid sequences are those the structures of
vhich havre been dete-nnned from analysis of corresponding peptid-
es. C* = 5-Methyrlcytosine. Inverted sequence repetitions enter-
ing into the propo>sed transcripntion teRninator, are framed.
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Table 1 Frequencies of codon usage in translation of
rpoB and rpoC genes.

mo acid Codon Frequency of codon usage

rpoC rpoB

Arg CGA 0 1
CGC 24 28
CGG 0 0
CGU 75 61
AGA 0 0

Leu CUA 0 0
CUC 7 15
CUG 125 99
CUU 3 6
UUA 3 1
UUG 1 6

Ser UCA 1 0
UCC 27 31
UCG 5 3
UCU 24 23
AGC 14 15
AGU 0 2

Thi' ACA 1 3
ACC 46 34
ACG 7 6
ACU 23 17

Pro CCA 9 10
CCC 0 0
CCG 45 38
CCU 3 8

Ala GCA 33 22
GCC 11 9
GCG 52 29
GCU 28 19

Gly GGA 0 0
GGC 28 35
CGG 2 2
GGU 85 69

Val GUA 32 32
GUC 7 14
GUG 16 24
GUU 58 41
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Table 1 /continuation/

Amino acid Codon Frequency of codon usage

rpoC rpoB

Lys AAA 62 56
AAG 25 24

Asn AAC 47 48
AMU 1 3

Gln CAA 3 8
CAG 47 50

His CAC 17 18
CAU 4 1

Glu GM 83 89
GAG 26 33

Ap GAC 47 61
GAU 34 30

Tyr UAC 27 29
UAU 7 14

Cys UGC 8 2
UGU 7 5

Phe UUC 26 33
UU 9 11

Ile AUA 0 0
AUC 75 66
AUG 17 18

Met AUG 35 37
GIJG 1 0

Trp UGG 9 4

an EcoRI-A-HindIII fragment. After isolation of the fragment and an EcoRI-D
fragment from the second recombinant plasmid, each of them was split with

several restriction endonucleases listed in Fig 2.. The resating mixtures

of comparatively small subfra ents were texrninally labelled with 32p
using T4 polynucleotide kinase and yA32PTP. Isolated individual sub-

fragments were subjected to separation and then single strands were sequenced
by the modified 2/ XazuaM.ilbert technique /13/. Practically the whole

stru.cture waa detemnined from both complementary strands. The complete
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structures of the fragments were deduced on the basis of overlapping of the

subfragment sequences*).
For the protein structure analysis the isolatedA '-subunit was cleaved with

cyanogen bromide /10/. It was also digested with trypsin after the citra

conic anhydride modification of lysine residues /14/. The determined peptide

sequence comprises as much as 40% of the A'-subunit whole structure.

The N-terminal amino acid sequence Met-Lys-Asp-Leu-Leu-Lys-Phe-Leu of

the fl'-subunit was detemined by means of an automatic sequencing technique

/10/.
The determined primary structure of the nucleic acid and the protein is

presented in Fig 3. The,8'-subunit consists of 1407 amino acid residues,that
corresponds to a molecular weight of 155,162,5. Its translation is initiated
by GUG (4187-4189) codon. The Shine-Dalgarno sequence, GGAG (4176-4179),
which is complementary to the 3'-end of 16S ribosomal RNA, is located at a

distance of 9 nucleotides from the codon. Temnination of the translation is

brought about by the amber codon TAA.
It is noteworthy that in the interval 8433-8458 close to the terminating

codon there is a thymidine cluster which is preceded by a sequence of

hyphenated dyad symmetry. The structure of the site is strikingly similar
to the known structures of the f-independent transcription terminator /15/.
It was established recently /16/ that termination, in the case of the rpoBC

operon transcription, really occurs close to the end of the rpoC gene.

Therefore this sequence could possibly be the transcription terminator of

the rpoBC operon.

The amino acid composition of the fl-subunit is Asp 81, Asn 48, Thr 77,
Ser 71, Glu 109, Gln 50, Pro 57, Gly 115, Ala 124, Cys 15, Val 108, Met 36,
Ile 92, Leu 139, Tyr 34, Phe 35, His 21, Lys 87, Arg 99, Trp 9. Thus the
'-subunit is a basic protein containing 207 basic and only 190 acidic

amino acids. In the polypeptide strands of the ,8'-as well as , -subunits
one can observe regions of strong clustering of basic amino acids. In the

'-subunit these sequences are located in intervals: 74-81, 213-222, 1167-
1174 and 1366-1377 (Fig 3). It is of interest that theoa-subunit does not

*) It should be noted that in the case of restriction endonuclease Taq I
not all of the potential sites of splitting are effective. There is the

sequence TOGWAT (7308-7311 b.p.) in the fragment which could not be digested
with the enzyme. Similar examples have already been described /2/. Methy-
lation of A residues in this sequence has been proposed to be responsible
for the effect.
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contain similar clusters. Probably at least a few such sequences participate

directly in the contacts between HNA polymerase and DNA, and/or RNA.

Table 1 represents the frequencies of the codon usage in thef'-subunit

structure. They are analogous to those of the rpoB gene and other bacterial

genes.

After publication of our data on the study of the structure of the EcoRI-

HindIII fragment containing the C-terminal part of the rpoC gene /17/ a

paper by Squires et al. /18/ appeared which also described the sequence of a

considerable part of the fragment. The comparison of these two structures

shows some differences and among them deletion of A (7584) and insertion of

T between C (7717) and A (7718) are the most important. They lead to a

complete change of the amino acid sequence between Lys (1132) and Thr (1178).

It should be noted that the analysis of the corresponding peptides confirmed

our data.

Another difference, leading to substitution of Val (1384) in the present-

ed sequence for Gly in the sequence determined by Squires et al., is an

inversion of dinucleotide TG (8337-8338). The other differences concern the

residues situated after the translation terminator.

Detennination of the nucleotide sequence of the rpoC gene and amino acid
sequence of the E.coli RNA polymerase A'-subunit completes the analysis of

the core-enzyme primary structure.
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