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ABSTRACT
A region of the Bacillus subtilis chromosome containing dnaB, a gene

essential for the initiation of chromosomal replication in B. subtilis, was
cloned and nucleotide sequence of some 5000bp determined. The region
consists of 4 open reading frames (ORFs) possibly comprising a single
transcriptional unit. Two dnaB mutations, dnaB27 and dnaBl9 were located
within the first ORF which would give rise to a protein of 472 amino acids.
The dnaB27 mutation involves codon at the position of 122 (replacement of
Asp by Asn) close to a DNA binding domain and the dnaBl9 codon 379
(replacement of Ala by Thr) close to a region rich in charged amino acids
which may be alpha helical. The third ORF in the same transcriptional unit
would produce a hydrophobic protein which might be involved in the
DNA-membrane binding function of dnaB gene. No homologous Escherichia coli
genes have been found.

INTRODUCTION
Initiation of chromosomal replication in Bacillus subtilis requires de

novo synthesis of protein and RNA. Many mutants have been isolated in which
the initiation of replication is specifically inhibited at non-permissive
temperatures (initiation mutants) (1). These mutations map to several loci
on the chromosome. The most well studied initiation mutations are those
that map in the dnaB locus between polA and citF at around 250° of the 360°
chromosomal map. Some 16 mutations have been identified at or near the
locus (2-8). All except one, dnaBl9, are located close together and are
assumed to be within a single cistron. A relatively large recombination
index between dnaBl9 and any one of the clustered mutations suggested that
dnaBl9 is located in a second cistron (8). All mutations including dnaBl9
affect initiation of chromosomal replication. In some cases, like in
dnaB27, the effect of the temperature shift is reversible, thus, after
incubation of the mutant cells at non-permissive temperature for a certain
period of time, upon temperature shift down to permissive temperature a new

round of chromosomal replication is initiated. This initiation requires de
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novo synthesis of RNA but not protein (4,6). Some dnaB mutations affect
replication of a temperate phage and a plasmid in addition to chromosomal
replication. Ten mutations abolished induction of prophage SP02 by
6-hydroxyazouracil (7). Another dnaB mutation, dna-1, inhibited replication
of a plasmid pUBl1l and its derivatives at non-permissive temperatures (9).
In contrast, dnaBl9 shows no effect on the plasmid replication (9). These

results indicate that the gene in the dnaB locus plays a key role in the

initiation of replication of the chromosome and of extra-chromosomal

repl icons.
To get further insight into the structure and function of the dnaB gene

and its products, we have cloned DNA fragments which transform the two

distant mutations, dnaB27 and dnaBl9, and fragments in their vicinity.

Determination of the nucleotide sequence of about 5 kbp revealed 4 complete
and 2 partial open reading frames (ORF). The four complete ORFs may
constitute a single transcriptional unit. The most 5' proximal frame of the

4 was identified as the dnaB gene because both dnaB27 and dnaBl9 mutations
fell within this ORF.

MATERIALS AND METHODS
Bacterial strains and plasmids. Bacillus subtilis CRK2000(leu8, trpC.

thyAB) (10), CRK2001(leu8, trpC, thyAB, dnaB27) (6) and BD54(metB5, ile-l,
dnaBl9) (3) were used as sources for DNA and recipients for transformation.
Escherichia coli HB101 and JM105 were used as hosts for plasmid and M13
phage vectors. Plasmid pJHl01 (11) and M13 phage derivatives, M13mpl8 and

M13mpl9, were used for cloning of B. subtilis chromosomal fragments.
Chemicals. a-32P-dCTP (PB10205, 3000Ci/nmnole) and nick translation kit were

purchased from Amersham International plc (Buckinghamshire, England). T4

DNA ligase, restriction endonucleases and M13 sequencing kit were from
Takara Shuzo Co. Ltd. (Kyoto, Japan).
DNA preparation, cloning and transfomation. Chromosomal DNA was prepared
from B. subtilis cells as described previously (12). Construction of a B.
subtilis chromosomal DNA library and isolation of clones, clone pMP66-29 and
pMP33-25, which could transform dnaBl9 mutation will be described elsewhere
(13). Cloning of regions left side of the clone pMP66-29 was carried out as
follows: Southern hybridization of the chromosomal DNA from the dnaB mutants
and wild-type cells by the left end portion of the clone pMP66-29 as the
probe showed that the clone pMP66-29 reacts with a 2.5 kbp EcoRI fragment
(Fig.1). Therefore chromosomal DNA from mutant and wild-type cells were
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digested by EcoRI and fragments corresponding to about 2.5 kbp were

recovered from a low-melting agarose gel. They were inserted into M13mpl9
and phages containing the left end-portion of the clone pMP66-29 were
identified by plaque hybridization. Transformation of B. subtilis cells
with plasmid DNAs was according to Dubnau et al. (14).
Determination of the nucleotide sequence. The detailed map of restriction
sites in the cloned fragments was constructed (Fig. 1). Using these
restriction sites, sub-fragments were recloned in M13mpl8 or in mpl9 to use
for sequence determination. Length and direction of nucleotides sequenced
by the dideoxy chain termination method are shown in Fig. 1.

RESULTS
Cloning of fragments from the dnaB region of the chromosome.

From a B. subtilis DNA bank, constructed in the vector pJH101 (11) two
partially overlapping DNA fragments, clone pMP33-25 and pMP66-29 (see Fig.l)
which could transform dnaBl9 were cloned (13). Experiments with dnaB27 as a
recipient showed that only the clone pMP66-29 had the ability to transform
dnaB27 (Fig.1).

Preliminary determination of the nucleotide sequence of the clone

dnaB27 dnaBl9

clone 66/29

B27-RI 2.5

B19-RI 2.5

819-HI 1.9

RISt DC CPIPIX PS HP1H.PI H PI H "RVRV RI PI RV P1 St D H P SpO HPX RVC H RI

t1 Hlp~r i i. . a_& -* - _ .* -_* -t -4
clone 66/29 *4*_ ** 4 @-e*__ e * 44

or 33/25 e 4_ , 4e 4 * - 4 e,

B27 Rl 2. 5 4-0 , _

Bl9-RI 2.5 .
or HI 1.9 _ _ 4_ 4 44

Figure 1. DNA fragments cloned from the dnaB region, restriction site map
and strategy for sequence determination.
Cloning of various fragments illustrated by open square are described in the
text. Restriction enzyme cleavage sites of each fragment were determined
and constructed on the scaled map (numbers are kbp). Symbols for enzymes
are: C: ClaI, D: DraI, H: HindIII, PI: PstI, PII: PvuII, RI: EcoRI, RV:
EcoRV, Sp: SphI, St: StuI, X: XhoI. Below the map arrows indicate length
and direction of sequences determined by the dideoxy chain termination
method. Approximate positions of mutation sites for dnaB27 and dnaBl9 are
shown.
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pMP66-29 revealed that the left end of the clone pMP66-29 was within a long

open reading frame (ORF). In order to determine the structure of the

complete ORF as well as of the 5'-upstream regulatory region, a complete
EcoRI fragment was cloned using a truncated EcoRI fragment at the left end

of the clone pMP66-29 as a probe. Two fragments, clones B27/RI2.5 and

B19/RI2.5, were cloned from chromosomal DNA of mutants dnaB27 and dnaBl9,
respectively, inserted into M13mpl8 vector (Fig. 1). Attempts to clone the

same fragment from dnaB+ strain, B. subtilis 168 CRK2000, have been failed.
Nucleotide sequence of the dnaB region: identification of putative ORF.

Nucleotide sequence of the wild type DNA was determined using clone
pMP66-29 and pMP33-25, subcloned in M13. The portion further left of the

clone pMP66-29 was determined using DNA cloned from the two mutants. Both

strands were sequenced except for two small non-coding regions which could
be cloned only in one direction in the vector (see strategy in Fig. 1).

Fig. 2 shows the complete nucleotide sequence of 5313 bp covering the

two EcoRI fragments. As mentioned above the sequence of the wild type DNA

begins from nucleotide 630 and the upstream sequence was determined from the

two mutant DNAs. Since the two sequences were found to be identical with

each other, we concluded that they represent the wild type sequence. It is

obvious that only one of the six frames is used as the coding frame in this
region (Fig. 3). Five ORFs in this region, all in one direction 5' to 3'

from left to right, are preceded by initiation codons and sequences

resembling Shine and Dalgarno sites (Fig. 2 and 3). Typical promoters for

the a43 RNA polymerase (15) are found, one upstream from ORF472 and the

other in between ORF281 and a truncated ORF at the right end. That both are

promoters is supported by the fact that these regions containing the

putative promoters were clonable only in one direction in M13 vectors.

Although there is no typical termination signal downstream from ORF281, we

assume that the four ORFs, ORF472, ORF311, ORF213 and ORF281 constitute one

transcriptional unit. An additional promoter-like structure is found
between ORF213 and ORF281 (Fig. 2).

In an extensive search for homologous ORF in E. coli using the NBRF

Protein Data Bank (release 7.0) only the last and truncated ORF showed
significant homology with 5' portion of the ORF for threonine-tRNA
synthetase (thrS) (16).
Identification of dnaB ORF by determining location of mutation dnaB2/ and
dnaBl9.

Two EcoRI fragments, clone B27/RI2.5 and B19/RI2.5, cloned from
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I GAATTCAGCAGAGAAAAAATGCT(;CGCGGCCTCATAAAAGCAT(;'TGAAAAAAGG;CCTG3TTTCA(:TCAAAACGCI TGI\AGACATGTGCTTTGATATTGAAA
GluPheSerArgGluLysMetLeuArgGlyLeu I1 eLysAl aCysGluLysArgProValSerLeuLysThrLeuGluAspMetCysPheAsp IleGluL

10 1 AAGAACTTCGCAATCAAGGCTGCTCCGAGGTGAAGAGTGAGCTCGTCGGAGAAATGGTCATGGACCGGCTGGCTAAGATTGACGAAGTCGCATATGTGCG
YsGluLeuArgAsnGlnGlYCYsSerGluValLysSerGluLeuValGlyGluMetValMetAspArgLeuAlaLys IleAspGluVaIAlaTyrValAr

201I GTTCGCGTCCGTCTATCGGCAGTTTAAAGATATAAACGTCTTTATCGATGAATTAAAAGAC,TTAATAAAGAAAGAGCG3TTiAAA GGC$AiTTWTgPheAlaSerValTyrArgGlnPheLysAsp I1eAsnVa1PheI 1eAspGluLeuLysAspLeulIeLYsLysGluArgwW

30 1 _C CATGTGCAAAATTGGCATTTGATAGATATAAGAAACGGTGTAAAAiGAAAGGTAGAAACAAATTC~GGAGGTTTGAGAATGTATGG
-35 -10 SD ~~~~~~~~~~~MetA-35 10 SD dnaB start

401 CTGACTATTGGAAAGATGTACTGCCTGTAGACCCGTATGTGGTTAAAAGCAGATCGATGCTGCAGGATATTGACAGACAAATTATTACACAACTGTACCA
1aAspTyrTrpLysAspValLeuProVa1AspProTyrValValLysSerArgSerMetLeuGlnAsp IleAspArgGInI lelleThrGInLeuTyrGl

50 I GCCCTTAATCGGCCCTGTTGCATTCTCTCiTTATATGACATTGTfiGGGAGA(;,CTTG/\ACAAAACCGTCTG,TGGGGCGGAGAGTCCACACATAGACAGCTG
nProLeul leGlyProValAlaPheSerLeuTyrMetThrLeuTrpGlYGluLeuGluGInAsnArgLeuTrPGlyGlyGluSerThrHisArgGlnLeu

601 ATGGGGATGACACAGTCCAACTTAAAAACGATC( ATCAGGAACA(G(GAGCA((TCGAG(;(;(;ATCGGA\TTC,>TGAAA(;TATATATGAAAGAATCCGA(GCGGC
MetGlyMetThrGlnSerAsnLeuLysThrl 1eHIisGinGluGinGlYLysLeuGluGlyl leGl yLeuLeuLysValTYrMetLysGIuserGluArgG

A dnaB27
70 1 AGGAGCGCCTCTTTATATATGAACTCCTTCCGCCGCTCAGACCAAATGAATTTTTTGAAGACGGAATGCTGAATGTTTTTCTfi'TATAATAGGGTCGGAAA

InGluArgLeuPhel S eTyrGluLeuLeuProProLeuArgProAsnGluPhePheGluUVG1 YMetLeuAsnVal PheLeuTyrAsnArgValGlYLY
Asn

801 AACGAAATATCAGCAATTAAAACAATTTTTTACGCACCCGGCCATTTCAGAAGATGCGAAGGACATTACGCGTCCGTTTAATCATGCGTTTGAATCGCTG
sThrLysTyrGlnGlnLeuLysGl nPhePheThrHI sProAl a IleSerGluAspAS aLysAspi S eThrArgProPheAsnH I sAl aPheGluSerLeu

901I CAGCCGAGTGAATGGAAGCTCACATCCGATATGGAGGAAACGGTAAGGCTTGCCGAGGGGTCCGAGT/\TACTTCTGTCGGACAGTCTCCGTCCTACACCA
GI nProSerGluTrpLysLeuThrSerAspMetGluGluThrVal ArgLeuAlaGl uGl ySerGluTyrThrSerVa1G1yGI nSerProSerTyrThr I

100 I TAACGGAGGATGTGTTTGATTTTGATTTGTTTTTAGCGGGACTTTCTGAGACGATGATACCGAGAAAAGCGATGACCCAGCAGGTGCGGGACACAATCAA
S eThrGluAspValPheAspPheAspLeuPheLeuAl aGl yLeuSerGluThrMet IS eProArgLysAl aMetThrGlnGlnValArgAspThr I1 eLy

I 101 AAAGCTTTCTTATCTGTACaGAATTGACCCTTTGCAAATaCAAAATG;TT'GTGATGAGCGCAATTGATGAG.CGTGACGTCATTACGACGGAGGCATTAAGA
sLysLeuSerTyrLeuTyrGlyl eAspProLeuGlnMetGl nAsnVal Va1MetSerAaIaleAspGluArgAspVal I 1eThrThrGluAlaLeuArg

120 1 AAAGCGGCGAGCGACTGGTATCAAATTGAAAGAAACGGAC/\GCTGCCCGATTTGGTGGAAAAAACI\CAGCCGGTGCATCTGCGTGAAGGC,GAACAACCGa
LysAlaAlaSerAspTrpTyrGlnlneGluArgAsnGlyGInLeuProAspLeuVaIG1uLysThrGlnProValHIsLeuArgGSuGlyGluGlnProA

1301I CAGAAGAGGATTCTCTGGATGGGAAGCTGATTGCATTGCTGGAGGCGATTTCCCCGAAGAAGCTTCTGCAGGACATTGCTGACGGAACAGAGCCGTCAAA
S aGluGluAspSerLeuAspGl yLysLeul l eAl aLeuLeuGl uAla IS eSerProLysLysLeuLeuGlnAsp I eAl aAspGlYThrGluProSerLy

140 1 AGCTGATCTGAAGATCATAGAAGAAATT/\TGTTCGAACAGAAGCTCGA(iCCAGGCGTCACAAAT(iTGTTAATTTATTATGTCATGCT(GAAAACCGACATG
sAlaAspLeuLys 11el leGluGlul 1ei4tPheGluGlnLysLeuGluProGIyValThrAsnValLeuI 1eTyrTyrValUetLeuLysThrAspmet

A dnaBl9
150 1 AAGCTGTCGAAAAACTATATCCAAAAAATCGCTTCGCATTGGGCACGCAAAAAGGTGAAAACGGTCAGGGAAGCGATGAAGCTCGCAATAGAAGAAAACC

LysLeuSerLysAsnTyrI leGInLysiI eSerHIsTrpA1aArgLysLysVa1LysThrValArgGluA1aMetLysLeuA1aI leGluGluAsnA
Thr

1601I GCCAGTATCTTGAATGGGCTGAGGGAAAAACAAAGTCTTCGAAACG;AAACCAAAAAGTGATTCGTGAAGAAAAGCTTCCTGATTGGATGACAGAAAAGGA
rgGlnTyrLeuGluTrpAl aGluGl yLysThrLysSerSerLysArgAsnG 1nLYsVa I 1eArgGluGluLysLeuProAspTrpMetThrGluLysGl

170 1 AACAGCGTCCGATTCAGAATCCGGACAGC'AGAAGCTGCATCCGCAGGATTT(,GAAGAACAGAAGAAAAAGATGATGGAAGAAATGCAAAAACTGAAAAAA
uThrAlaSerAspSerGluSerGl YGlnGlnLysLeuHI sProGi nAspLeuGluGluGI nLysLysLysMetMetGluGluMetGlnLysLeuLysLys

180 I TACTCTGCCiATTAAAGACAGAGATGCGGGGTGAAGGAATAGATGGAACCAATCGGCCGTTCCCTGCAGGGCGTAACCG'GCAGGCCGGATTTCCAAAAAC
TyrSerAl aTyrwas so MetGluProl 1 eGl yArgSerLeuGlnGlyValThrGl yArgProAspPheGl nLysA

ORF311 start

1901I GTCTTGAACAAATGAAGGAAAAAGTCATGAAAGATCAAGATGTTCAAGCATTTTTGAAGGAAAACGAAG'AAGTGATTGA'CCAAAAAATGATCGAAAAGAG
rgLeuGluGlnMetLysGluLysValMetLysAspGlnAspValGlnAlaPheLeuLysGluAsnGluGluVal I leAspGlnLysMet IleGluLysSe

2001I CTTAAATAAGCTTTATGAATATATCGAACAAAGCAAGAATTGCTCCTATT'GTTCGGAAGATGAAAACTGCAACI\ATTTG,TTGGAGGGCTACCATCCGAAG
rLeuAsnLysLeuTyrGluTyr I 1eGluGlnSerLysAsnCysSerTyrCysSerGluAspGluAsnCysAsnAsnLeuLeuGluGSYTyrHIsProLys

2101I CTTGTTGTCAATGGGAGGTCTATTGATATCGAGTATTACaAATGTCCAt;TCAAACGGAAGCTCGACCAGCAGAAGAAACAACAGTCTCTATAtGAAAAGCA
LeuValValAsnGlyArgSer IS eAspl I eGluTyrTyrGluCysProValLysArgLysLeuAspGlnGlnLysLysGlnGl nSerLeuMetLysSerM

220eTGTATATCCAGCAGGATCTTCTTGGAGCGACGTTCCAGCAAGTTGATATsAGTGACCCArGCAGACTCGCGATGTTTCAhGATGTTACAGACTTCCTGAA
etTyr Il1eGl nGlnAspLeuLeuGl yAIaThrPheGl nGl nVa 1Aspl eSerAspProSerArgLeuAl aMetPheGl nHI sValThrAspPheLeuLy
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230 1 AAGCTATAATGAGACCG;GAAAAGGGAAAGGATTATATTTATACGGGAAAiTTtGGG(;TAGGAAAAACGTTTATGCTCGCTGCAATTGCCAATGA;CTr.GCG
sSerTyrAsnGluThrGIYLYsGIYLysGlyLeuTyrLeuTyrGl yLysPheGl yValGlyLysThrPheMetLeuAlaAjal leAlaAsnGluLeuAla

2401I GAAAAAGAGTATTCCTCCATGATTGTTTATGTGCCTGAAiTTTGTGAGAGA(;CTTAAGAATTCGCTciCAAG,A(:-(.AGACATT(GGAAGAG.AAGCtCAATATG<;
GluLysGluTyrSerSerMetl 1 eValTyrVaIProGl uPheVa IArsGluLeuLysAsnSerLeuGlnAspGlnThrLeuGluGluLysLeuAsnMetV

2501 TAAAGACCACACCCGTATTAATGCTTGATGACATCGGAGCAGAATCAATGACAAGCTGGGTAAGGGATGAGGTCATCGGAACGGTGCTTCAGCACAGAAT
alLysThrThrProValLeuMetLeuAspAsp IIeGlyAIaGIuSerMetThrSerTrpValArgAspGIuVaI I IeGlyThrVa1LeuGlnHIsArgMe

2601 GTCCCAGCAGaTGCCAACGTTCTTTTCTTCTAATTTCTCACCTGACGAGCTGAA(CATCATTTTACGTATTCGCAGAGGGfGAGAAAAAGAAGAAGTAAAA
tSerGlnGinLeuProThrPhePheSerSerAsnPheSerProAspGluLeuLysllsilsPheThrTyrSerGI nArgGIyGIuLysGluG1uVaILYs

2701 GCTGCAAGATTAATGGAGCGGATATTATATTTGGCTGCTCCGATCCGCCTTGACfGG(;AAAAACCG('CGACATCCATAATTGCTGTGGTTCAAAGWQGG
AiaAlaArgLeuMetGluArgI IeLeuTyrLeuAlaAlaProl 1eArqLeuAsPGlYGluAsnArgArglllsPro***

2801 QACfAGGTATGAAACGAAAAACGGCTGTCAAATGGCTGGCAGTGCTTGCA(;GTGCT(GGTTTA('TCTATTG(;GGAAATAAAACaTATTTGAAT(;TATC
SO MetLysArgLysThrAlaValLysTrpLeuAl aValLeuAlaGI yAl aGI yLeuLeuTyrTrpGl yAsnLysThrTyrLeuAsnValSeORF213 start

2901I GCCGAAAGAAATCAGGGTATGGGTATTGTcGTTCGGAGTcTTTGCACC-rTr.TAT(;,T rTATc(:(GGATATCC'ATC(;TCAGfCCCACTTGTTTTATTTCCGCvTG
rProLysGlu I IeArgVa1TrpVaILeuSerPheGIyVaIPheAIaProLeulletPhe lIeGI y leSer I IeValArgProLeuValLeuPbeProVaI

3001 TCTGTTATTTCAATAGCTGGCGGACTTGCGTTTGGCCCGcTTCTCG(GcAc:GcTTTATA(:GTTATTcc,GTTcGATGTGCGcTTCAGCTGTiTCGTTTTTTG
SerVal I 1eSeri leAl aGlyGlyLeuAl aPheGlyProLeuLeuGI yThrLeuTyrThrLeuPheGl ySerMetCysAl aSerAlaValSerPbePheA

3101 CGGCTGGTTTGTTTTCGGCGAAAAAGAACGGGCATTACGAAAGGCTTGAAGCCATACAGAAGCAAATGGAGGATAACGGATTTTCTATATCTTTCTTTT
laAlaGlyLeuPheSerAlaLysLysAsnGlyIIIsTyrGIuArgLeuGluA1 all eGI nLysGlnMetGluAspAsnGlyPhePheTyr IlePheLeuLe

3201I GAGAATCCTGCCGATCAATiTTTGATTTCGTCAG;CTATGCGGCAGGCCTTTCCAAT(;TCAAAGCGCTt;CCGTATTTTGCCGCAACGGCTGTGGGAATCATC
uArgl 1eLeuProl leAsnPheAsPrheValSerTyrAlaAlaGlyLeuserAsnvalLysAlaLeuProTyrPheAlaAlaThrAlaValGlyl I ele

3301 CCTGGGACGATTGCGCTTAATGTGCTGGGTGCGAGCTTTTTGGCTGGCAATCTGCCCGCTTTCTTTATG'GTGCTCGCTTTGTATATCGTGTTTATCTCAT
ProGlyThr I leAlaLeuAsnValLeuGI YAlaSerPheLeuA1 aGlyAsnLeuProAlaPluePheMetValLeuAlaLeuTyr I leValPhel 1eSerL

3401 TGCCGTTCATCTTCAGAAAGAAAATGCAAAACTTGTTCCAAGAATCAAATTAAGATnLG CAATGACCTTTACGTCTATIlnMACATCCCCCATATA
euProPhel lePheArgLysLysMetGlnAsnLeuPheGlnGluSerAsn*** -35 -10

3501 CTTGTAACAGATGCCGTAgGGG§CAAACATGCTTGAAATAATCTTTGAAGATGACCATGATGCAGCCGCTTTTTTACATCTCATTCAGCATTCGGAC
MetLeuGluIlel 1ePheG1uAsPAsPl1isAsPAIaAlaAlaPI:eLeuHIsLeulleGlnHIsSerAspSD ORF281 start

3601I GATCGGAACAATATCATTGTCCGTGAAGGCATACGAAAAATCGGGATTGAAAAAGC:GAAiCCGGCTTTTCCTATTCAG]GTTTTATGGAfiCCG;ATTCTC;G
AspArgAsnAsnIl elleValArgGluGlyl leArgLys l1eGlyl IeGluLYsAlaAsnProAlaPheProl IeGInArgPheMetGluProl IeLeuV

3701 TCAAATTTTTTTTGGAATGCAAAGAAGACGAGCATATGCTGTCATTGATTGAGGAAACGTATTGTTTCACGGACCAGGAjGAACAGCAGjAAATCCTTCj
a LysPhePheLeuGluCYsLysGluAsPGIuHIsMetLeuSerLeulIeGIuGIuThrTyrCysPheThrAspGInAspGluGlnGlnGI nlIeLeuGI

3801 GCTCGCACACArTATTATTaAAr.aAArrfACACATrTTrrCTTTCACrCrncTCAAGcrT TrAc-eAAAcAATPAATTTTst:^A(:-ArT.rAvArA-._ w- .....-,*u.wnvvewrv*wu .,XlwW%v§n Ibufnnsa ,a1 .2%3n 1 %3-l%,a a%,sl
nLeuAlaHIIsSerl lel leGluGlyGluAl aA3pAspLeuProPheGluProLeuLysLeuSerArgLysGlnSer IeLeuAspGluLeuGlnThr Ile

3901 TGTTTAGAGGAAGGAGTATTTTACATTCGCTCCTTTCAGACCTTCCGACTTGGATCATACTATAAGCAGCTGAGAGATATTACAGAAGCAGCGATTGATG
CysLeuGluGluGlyValPheTyr I leArgSerPheGlnThrPheArgjeuGlySerTyrTyrLysGl nLeuArgAspl IeThrGluAlaA1aI IeAspG

4001 AATATAAGATGGAACAGGAATATCAAAACTTTATTCAAACAaTCAGAGACTATGTGGACGCCAAACAGCCGCGAATCAAAAAGTGCATATTGTCCATGAluTyrLysMetGluGlnGluTyrGlnAsnPhel leGInThrLeuArgAspTyrValAspAlaLysGInProArgl I eLysLysValHI 31leVaIHisAs

4101 TGGTTCCTTTACATTATGGGAGCTGCGCTATGTGCCGGAACGGGAAAAAATGAAATACATAGACAGAAGATTT(,TCCGGGATCATCCTATGTATATTGATPGlYSerPheThrLeuTrpGluLeuArgTyrValProGluArgGIuLY3MetLysTyr I IeAspArgArgPheValArgAspflIsProMetTyr I leAsp

4201 TCTCATTTGCTCGCGCCGCTGATTTCCATTGCGCCTGATGAAGMTCGTGCiTTATACCGACCAGCCCGACkACATGATGGCAAGGACCATfCAAAACGVATSerHIlsLeuLeuAlaProLeul leSerI leAl aProAspGluVal ValLeuTyrThrAspGlnProGluHIsMetMetAlaArgThr I leGlnAsnVaIP

4301I TTCAAGAGAGAGTGGAAATcGTCCCGCTGcATGCTTTTTAcAGATGCAGAAATACCCTGAGCATCGAiGAcGGATAGG<;ATGCCGtgGqTCTATTTliheGlnGluArgValGIul eValProLeuHi sAl aPheThrAspAlaGlu I1eProValLYsHIsSerGluGly***

4401 ijSTC22TTTAAAAAAAAGGAAACGCGATCGTG[TGAfTTTTTGGATTGAACAATTfLa[ ACATAGGAGATTAAGAAAGACACAC&TATTGTAAi
-35 -10

GACACGAAGGAATGATACCGGCTCAAAGAGAGGGAAGCCCTGGTGCAAIGCTTCCCAGCTAAGGACCATTCGCTTTACCGCCTTTGACT?CAGCTGTGAi

9994
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4601 CCTCTTGAAAAGGAACAGTAATGGCTGACGGGAACTCCCGTTACAGAGCTTAGAGCCGCAGGTGCCGTGTATTGGCTTTGCGGAAAAAAGGTGGAACCA

4701 CGATTCCGTTTATTCAACCTCGTCCCTTTCATAGGGGGCGGGGTTTTTATATGCAAAAAAAGGAGTGACAAAGAT;T(CAGATATGGTAAAAATCACATTT
SD MetSerAspMntVaILys1eThrPhe

"thrS" start
4801l CCTGATGGAGCAGTCAAGGAGTTTGCGAA'AGGA\ACAACAACAGAAsGA\TATCGCGGCATCCATCAfiTCCGGGATTAAAGAAAAAGTCATTAGCCGGAAAAC

ProAsPGlYAIaValLysGluPheAl aLYsGlyThrThrThrGluAseIeArSaAaSer11Se lYLeuys=LysSerLeuALAQXLysL

4901I TGAACGGAAAAGAAATCGAiTTTGAGAACGCCGAnTCAA\TGAAGACGGTACAiGTGGAAATCATTACAG^AAGGCTCAGAAGAAGGTCTTCAAATTATGCGCCA
euAsnGlyLysGIul leAspLeuArgThrProl_eAsnGluAsPGlYThrValGuIIeI1eThrGluGlySerGluGluGlYLuGIonlMetArjHI

500 I CAGTGCGGCTCACTTGCTGGCTCAAGCGATTAAAtCGCATCTACAAGGfAT'iTTAAATTCGGCGTC(;GTCCGGTTATCGAAAACGGTTTTTACTACGAsTGT A
sSeA 1aAl1aHisLeuLeuA1aGl nA lalIIeLysArg I eTYrLysAs pVa I;,PheG 1yVa I ,G ProVa 1l 1 GlIu,AsnGl yPheTyrTyrAspVaI1

510 I GAAATGGACGAAGCGATTAC.ACCGGAGGATCTGCCG^AAA'TCGAGAAGAAAi/TG;A/^AAAAATCGTTAA\TGCGA ACCTTCCGATCGTTCGAAAAGAAGiTCA
G1 uMetAsPGluAl aI 1e,ijProggluAsLeuProLYs IIegLWa,GIuEleLYsLys IIeValAsnAl aA=LeuProl 1eValArgLy;Gluy

5 201I GCCGTGAAGAAGCGAA\AGC~CG(TTTTGCfG~AAA-CGGCG'ACC.isCC't;AAGCTTGAA\(TATTf;GATGCGATTCCTGAAGGAGAAACCGTTTCGATCTATGA
erArgGl uGluAlaaysAl aArgPheUAGlaIu I 1eGAspAsPLeuLssLeuGl uLeuLeu=AlIa I 1eProGluGl YGI uThrValSerlI1eTyrGI

5301 GCAAGGCGAATTC
uGInGl yiIMPhe

Figure 2. Nucleotide sequence of the dnaB region including two sites of
mutations dnaB27 and dnaBl9.
Nucleotide sequence and amino acid sequence of the putative open reading
frames are shown. *** indicates termination codons. Two nucleotides shown
above the sequence at 760 and 1531 were determined by sequencing relevant
fragments from dnaB27 and dnaBl9 mutant cells, respectively, as shown in
Fig. 1. Changes in amino acids corresponding to these nucleotide changes
are indicated. Putative signals for initiation of transcription (-10 and
-35) and translation (SD) are underlined by thin solid lines. Possible
termination signals of transcription, inverted repeats, are underlined by
open square arrows. The stretch of amino acids characteristic for DNA
binding function is indicated by a thick underline. In the case of "thrS"
gene, amino acids common to E. coli thrS gene are underlined.

chromosomal DNA of mutants dnaB27 and dnaBl9, respectively, were sequenced
(Fig. 1). In addition a HindIII fragment which overlaps with and extends

downstream of the clone B19/RI2.5 was cloned from dnaBl9 chromosome and

sequenced (Fig. 1).
Two base changes were found, one in dnaB27 DNA at nucleotide 760 and

the other in dnaBl9 DNA at nucleotide 1531. No other base changes were

found within the region covered by the three mutant DNA fragments. Both of

the two base changes are located in ORF472. The mutations caused amino acid
changes, one from Asp to Asn at amino acid 122 in dnaB27, and the other from
Ala to Thr at amino acid 379 in dnaBl9. We therefore conclude that ORF472
is the dnaB gene itself.

DISCUSSION
DnaB gene is a key gene involved in the initiation of chromosomal

replication in B. subtilis. Differences in the pleiotropic effects of the
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71 clone 66/29

clone 33/25

B27*RI 2.5

819-R1 2.5

Bl9Hm 1.9

0 1 2 3 5 6 kb

ORF472 (54.8k) ORF311 (36.1k) 0RF213 (23.3k) 0RF281 (33.2k) ("thrS")
(dnaB)

Figure 3. Open reading frames in relation to all possible stop codons in 6
possible reading frames.
Above the scale (numbers are kbp) all possible stop codons are listed in all
reading frames. Frames 1 to 3 are left-to-right orientations. Below the
scale putative open reading frames are indicated. Numbers below each frame
are nucleotide numbers in Fig. 2. Numbers with ORF are number of amino
acids in each frame. Calculated molecular weight of putative protein
products are shown in parenthesis.

two mutations, which lie far apart, on plasmid replication have led to

suggestions that they lie in different cistrons (17). The present results,

based on the cloning and the determination of the nucleotide sequence of the

dnaB region together with the identification of the location of the two

mutations, dnaB27 and dnaBl9, convincingly show that both lie in the same

dnaB gene which is a single ORF coding for 472 amino acids.
The amino acid sequence deduced from the nucleotide sequence shows two

characteristic features. One is a stretch of 19 amino acids, from 80 to 99,
which is homologous with a DNA binding domain common to many known DNA

binding proteins (18)(Fig. 4). The dnaB27 mutation is located near such a

sequence. The second feature is a long stretch at the C-terminal portion of
the protein, from 380 to the terminus. This region is very rich in charged
amino acid and hence hydrophilic and seemingly rich in alpha helix (19).
The dnaBl9 mutation affects the N-side edge of this region. These data
suggest that the protein consists of at least two domains differing in
structure and function.

At the moment there is no genetic evidence supporting the possibility
of involvement of other protein components in the function of dnaB gene
product. However, the apparent polycistronic nature of the transcriptional
unit of the dnaB region suggests such a possibility. In this respect, the
third ORF213 is intriguing because the putative product would be extremely
hydrophobic with a positively charged N-terminal segment common to
Gram-positive signal sequence (20). Binding of the replication origin of
the chromosome has been ascribed to one of the dnaB functions (17). The
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hydrophobic membrane protein like product of ORF213 may be involved in this

function. Furthermore, the second ORF311 codes for an amino acid sequence,
from amino acid 166 to 181, which is identical to the consensus sequence,
LXGXXGXVXGKTXXXXXI, found in putative nucleotide-binding sites of various
proteins (21). Further study is necessary for elucidating possible

functions of other ORFs in the same transcriptional unit with dnaB gene.
The phenotvpes of dnaB mutants of B. subtilis are similar to those of

dnaA mutants of E. coli (6). In both cases initiation but not elongation of

the chromosome is affected. The temperature sensitivity of some of the
mutations is reversible. During incubation of the mutants at non-permissive

temperatures potential for initiation of the chromosomal replication is

accumulated and then used upon the temperature down shift. The accumulated
potential no longpr requires de novo protein synthesis but it is absolutely
dependent on RNA synthesis. From these results dnaB has been assumed to be
a counterpart of E. coli dnaA. We found that there is no homology between

the putative dnaB protein and the E. coli dnaA protein. On the other hand

we have recently reported discovery of a gene at the replication origin of
the B. subtilis chromosome that is highly homologous with E. coli dnaA

(22,23). The gene is named tentatively as "dnaA" with quotation mark.
Although the function of the "dnaA" is not known, indirect evidence is

highly suggestive for the involvement of the gene product in initiation of
the chromosomal replication (23). If there are two initiation genes, dnaA
and dnaB, in B. subtilis, is there any E. coli counterpart for B. subtilis

33 52
x Rep Gln-Glu-Ser-Val-Ala-Asp-Lys-Met-Gly-Met-Gly-Gln-Ser-Gly-Val-Gly-Ala-Leu-Phe-Asn

16 *** 35
A Cro Gl n-Thr-Lys-Thr-Ala-Lys-Asp-Leu-Gly-Val -Tyr-Gl n-Ser-Al a-Ile-Asn-Lys-Al a-Ile-His

169 *** 188
CAP Arg-Gln-Glu-Ile-Gly-Gln-Ile-Val-Gly-Cys-Ser-Arg-Glu-Thr-Val-Gly-Arg-Ile-Leu-Lys

66 *** 85
Trp Rep Gl n-Arg-Glu-Leu-Lys-Asn-Glu-Leu-Gly-Ala-Gly-.Ile-Ala-Thr-I1e-Thr-Arg-Gly-Ser-Asn

117 *** 136
Mat a Lys-Glu-Glu-Val-Ala-Lys-Lys-Cys-Gly-Ile-Thr-Pro-Leu-Gln-Val-Arg-Val-Trp-Cys-Asn

80 99
DnaB Hi s-Gln-Glu-Gln-Gly-Lys-Leu-Glu-Gly-Ile-Gly-Leu-Leu-Lys-Val -Tyr-Met-Lys-Glu-Ser

Helix Helix

Figure 4. Comparison of a putative DNA binding sequence of the DnaB protein
with those of well known DNA-binding domains.
A stretch of 19 amino acids, from 80 to 99, of the DnaB protein is aligned
with DNA-binding domains of various proteins. Amino acids with *** are most
highly conserved amino acids in 25 proteins compared (18). In addition,
other amino acids identical with the DnaB sequence in corresponding
positions are underlined.
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dnaB? We found that E. coli dna genes, dnaA, B, J, K, T, Q and a gene for
RNaseH are not homologous with dnaB. A search for homology with other E

coli genes using the NBRF protein data bank has failed to find the E. coli
counterpart. Preliminary experiments to find dnaB-homologous sequence in E.
coli by Southern blot hybridization using the dnaB gene as a probe revealed
discrete EcoRI bands of some homology. Cloning of the E. coli counterpart
is now underway.

During the preparation of this manuscript, Dr. N. Sueoka communicated
to us personally that they obtained the same results on the nucleotide
sequence of the B. subtilis dnaB gene.
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