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Summary. — The dnad gene encoding the initiator protein of DNA replication was isolated from the obli-
gate intracellular bacterium, Rickettsia prowazekii. Comparison of the deduced amino acid sequence of R.
prowazekii DnaA with other bacterial DnaA proteins revealed extensive similarity. However, the rickettsial
sequence is unique in the number of basic lysine residues found within a highly conserved portion of the
putative DNA binding region, suggesting that the rickettsial protein may recognize a DNA sequence that
differs from the consensus DnaA box sequence identified in other bacteria. Consensus DnaA box sequences,
found upstream of many bacterial dnad genes, were not identified upstream of rickettsial dnad gene. In
addition, gene organization within this region differed from that of other bacteria. The putative start of tran-
scription of the rickettsial dnad gene was localized to a site 522 nucleotides (nt) upstream of the DnaA start

codon.
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Introduction

Rickettsia prowazekii, the etiologic agent of epidemic ty-
phus, is an obligate intracellular parasitic bacterium that grows
only within the cytoplasm of a eukaryotic host cell. As might
be expected, this organism is well adapted to exploit this rich
intracytoplasmic environment (Weiss 1982; Winkler, 1990).
However, the rickettsiae exhibit a relatively slow generation
time of 8 — 12 hrs. Such slow growth may have evolved to
maximize the number of rickettsiae produced within a host
cell (Winkler, 1995). Whatever the mechanisms may be that
control rickettsial growth, replication of the genome is an
essential process that must be completed prior to cell divi-
sion. In Escherichia coli, the timing of DNA replication and
cell division is controlled at the initiation step of DNA repli-
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Abbreviations: aa = amino acid; EDTA = ethylenediamine tetraa-
cetate; nt = nucleotide; ori = origin of replication; ORF = open
reading frame; PCR = polymerase chain reaction; p.1. = post in-
oculation; SDS = sodium dodecy! sulfate

cation. In order to examine this critical process in the rickett-
siae, we have begun the isolation and characterization of genes
coding for components involved in the initiation of chromo-
somal replication in R. prowazekii.

In E. coli, the dnad gene codes for the initiator protein
DnaA, a protein indispensable for normal chromosomal rep-
lication (Skarstad and Boye, 1994). DnaA binds to 9 bp long
recognition sites within oriC opening up the DNA for for-
mation of the replication complex. In addition, it also serves
as a versatile transcriptional regulator that can function as
a repressor, activator or transcriptional terminator (Messer
and Weigel, 1997). DnaA is highly conserved among bac-
terial species and a similar organization of specific genes
contiguous to dnad is observed in many species as well
(Skarstad and Boye, 1994). Often the chromosomal origin
of replication (orf) is found in this region (Ogasawara and
Yoshikawa, 1992). However, variations of this common gene
arrangement have been identified (Old et al., 1993; Margo-
lin et al., 1995). This study addresses the unique character-
istics of this gene in the obligate intracytoplasmic bacteri-
um R. prowazekil.
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ysis of this sequence revealed a large open reading frame  proteins, the conserved aa found between this codon and
(ORF) of 1,392 nt that begins with a GTG and terminates  the next probable translational start at position 14811483
with a TAA and codes for a protein exhibiting 44% iden-  and the fact that the GTG codon is used as the initiating
tity to E. coli DnaA. The GTG codon was designated as  codon in other bacterial dnad genes (Skovgaard and
the start codon based on best fit alignment with other DnaA  Hansen, 1987). Although not completely matching the

CTACTTGTATTTCGTGTAAAGCTATTTTCTACTAACAACATAGAAAGTTCATCCATAGTAAATTTTATTTTAGGATATAATTTCAAAAAATATTTAGAAA
AAAAATCTTTTGGTGGGAGTTTGTTTAATAAATTTGCTGCATGAGTAATAAGCAATTTCCCCTTACTATTTGTTATTAGTTTTGTTAATGTTTCCGCACG
TCTAGATACGATATTTGCGTTCGGTGACGTATGATCATAAGGAATTGTATCATAGCTTGGAAAGTAATAAATATTGTCATTTGAAGAAAAAAATAACGCT
TGCTTATATAATTGCAATGCCTCTTCTTCATTACTCACACTTAAAATGAAATCTTGATTAAGATTCTTAGTAAAATTATCAATTACATAGAAACATTTGG
CAGTTGCCGGAAATTTTTGTTGGATQAETCTACAGGAGCTTATATTTTTGCTATTTTGCGTAATTTGTCAATTATTTCGGGATCTAGATAAGAAGGTGCA
<---Mfd
GAAGGTTTATTATTAATCCAATTATAAAGATCATTATCATTTTGATCAAGTATTAAAGTATAACTTTTAAGTTTCTTTTCATCCATTGAAGATAAGTACT
TTTCGGCAAAGCGACCAAGTATATAATCCATTTCTCTGCAACCACGCTTTTTACTACGATAAAAAAGTTTLLLLLGTAAAGCbLLlllATTTAATTTATT

CATCTATAACATCTTGCAAAATTTTTTTATAATAATATTATTAAAAT&&TAAGGTTCTATGAACATCATTTTCAATGATATAGAﬁCCTAGATACCGAAAT

CATTTTAAAATACTTGAATAATTAAGCACTCTAATAACCATTCTACATTGGGAAAGTTCTATTAACTTTTATTATCAATAATAGAAAAAAACGTAAATAT
M
HindIII
GTTGGTTCAAAATATCTGTTCTACAAAAGCTTATAATATGCTAATTTTAAATAATAATGCTTTTCTTGTAGATGTTAGAACACAAGAAGAATGGAAACAA
L VvV Q NI C S T XK AYDNMTZLTITUL N N N A F L v DV RT Q E E W K Q
GTTGGGATACCTCATTTAGATAATAAGAATAAAGTAATTTTTCTAAGTTTGCAATTGAATAAAAACTTTGAAGATAATTTTTTATCTATTATTAACGAGA
v ¢ I P HL DNIKNI KV I FL S L QL N KN F E DN F L S I I N E K
AAATAGATACAGCCATATTTTTTCTGTGTCGTTCAGGATATAGGTCATTCATTGCAGCAAATTTTATAGCTAATATTGGTTATAAAAATTGTTATAATAT
I pTaAaTITFTFILTCRSGJ YU RSP FIAANTFTIANTIGYZEKNTCZYN I
AAGTGACGGTTTTGAAGGTAATAATCAAGATAAAGGCTGGAAACAAAATAACTTACCGTGGCAGTTTTAAGTGAGCACTAATCAAATACCTTTAACAGAT
s pe FEGNUNJO QDT EKSGUWZ XK QNN NTZLZPWAOQF*MSTNOQTIZPTILTD
DnaA -——==—- >
CAGGGTGATAATTATGTAAATGTCTGGAGTTACGTTGCTCAAGATCTTTACAATCATTACGGTGAAACTCTATATAATAGTTGGTTTAGTAAGGTCAATT
Q G DN Y V NV WS YV A QDIL Y N H Y G E T L Y N S W F S8 KV N F
TTATAGAGTCTTCATTAAATACCGTTATTCTGTGTGCACCTACTAATTTTATTAGAGATTGGATAAAATCCAAATATGCTATGGTCATATTGCAACTATT
I E S $ L N TV I L C A P TNFTIRDW I K S K Y aM v I L Q@ L F
CCAACATTATAATAATGCTATTAAGTCAATTGAAATAATTACTAAAGAGTTACCTGGAACAACACAAGCAGTGATAGAATCACCTACTAAGACTTTTGCC
Q H Y NN A I K S I E I I TK E L P G T T Q A V I E S P T KT F A
GATATCGGCAACAGTGCACTAAATTCAGAAAATATCGTTTCAACACTTGATGTACGTTTTACTTTCGATAATTTTGTGGTTGGAGTACCAAATGAACTAG
D I ¢ N S A L NS EWN I VS TULDVRTFTF D NP V V GV P NE L A
CTTATGCAGCAGCAAGAGCTGTGGCAGAATCATCAGGGGCAGTGTTTGAATCTAATCCACTTTTTCTATATGGCGGAGTTGGACTCGGTAAAACTCATTT
Yy A A AR AV AE S S GA UV FE S NP L F L ¥ G 6V 6 L G KT H L
AATGCATGCAATTGGTTGGTACATCAAACAAAATAACCCAAGGCGCAAAGTAATATACATGTCAGCAGAAAAATTTATGTATCAGTTTGTTAAAGCTCTG
M H A I ¢ W Y I K Q N N PRURI KV I Y MS A E K FM Y Q F V KA L
CGTAATAAAGAAGTAATTTTATTTAAAGAGAAATTCCGATCAGTTGACGTACTAATGATTGATGACATTCAATTTATCTGCGGTAAAGATAGTACACAGG
R N K E V I L F K E K F R S V DV L M I D DI Q F I C G KD 8 T Q E
AAGAATTTTTCCACACTTTTAATACATTGATTGATAATAACCGTCAAATGGTTATTTCTTGCGATAGGTCACCTTCAGATCTAGATAATATTGAAGATCG
E F F H T F N T L I D NNU®ROQMV I S ¢ DR S P S DL D NI E DR
CATCAAATCTCGCCTTGGATGGGGCTTAGTTGCAGATGTGCATAGTACTACTTATGAATTACGCCTCGGCATTCTAGAATCTAAAATCGAGCAAATGAAT
I K $ R L G W GG L V A DV H S TTYEL R L 6 I L E S K I E Q M N
GTTAAAATACCAAAAGATGTGATAAATTTTTTAGCATCTAAAATTGTTTCAAACGTTAGAGAACTTGAAGGAGCTTTAAATAAAGTGATTGCTCATTCTA
v K I P K bV I N F L A S K I V s N VR E L E G A L N K V I A H 8 N
ATTTTACTTTAAAAGCAATTACGCTTGAAAATACACAAAATATTTTGCGAGATTTATTGCGTTCTAATGAAAGGATAATTACTGTTGAAGATATTCAAAA
F T I, K A I T L E N T Q N I L R DL L R 8 N E R I I T V E D I Q K
AAAAGTAGCTAGTCGTTATAATATTAAATTATCTGATATGTATTCTTCACGCAGGTTGCGAGAAGTCGCAAGACCACGTCAAATCGCTATGTATCTTAGT
K vV A § R Y N I KL 8 D M Y 8 S5 R R L R E V A R P R QI A M Y L S
AAAACATTAACGCCGAAAAGTCTTGCAGATATTGGTAAAAAATTCGGTAAAAAAGATCATACTACGGTTATGCATGCTATTAAGAAAGTAGAAGAATTAC
K T L T P K S L A D I G K K F G K K D H T T V M H A I K KV EE L L
TCGAAAATGATATAGAATTACGTGAGGAAATTAATTTGTTAATGAAAATATTGCAAAATTAAATACGCATAATATATTCATGTATAACACGATTTGATAG
E N DI EL REE I NLIL MKTIILQN *
CAATTTCCAGTTTTAAAAAACTAAAGTTATTTAGTTTGAAATTGTTTTGCTTGATCAAGTATTCAAATAACATGATAATGTTGAACGTGCACTCTAGATC
TATGAAACTAGAACCTCCACATACATGATATAGATAATATATACAAAACGACCTACAAAATGAAGTTTTTATTCTCTGCTCGAGCGCTAATGAATTAATA
TATAAAAAGAAATTATAAATAATGTACATTTTATAGGATCAC 2942

Fig. 1
Nucleotide sequence of the R. prowazekii dnaA gene
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The predicted amino acid sequence is given in sigle lctter code. The start and orientation of DnaA and Mfd are indicated. The sequence complemen-
tary to the Mfd start codon is underlined The putative promoter region sequences are indicated by double underlines while the transcriptional start site
nucleotides are shadowed. The nucleotide sequence reported in this paper was submutted to the GenBank databasc and assigned Acc. No. U55213.
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R prowazekii

Consensus

inien*kkillrelkithkdieghskkpeitka*hiyay*lrnf*el*tve**kiig*kt*s**lysin*i.drdrnndkeinnlite*mnkikkn
..idelieivakvtgvpreeilsns*nvkalta*rig*yvaknylks**rt*aek*.n*s*pv*vdsvk*vkdsllkgnkglkalidevigeisrralsg
vtidn*qktvaey*kikvadllskr*srsvarp**m**akakel*nh**pe**da*gk****xx*]h*cr*j, eqlreeshdikedfsn*irtlss
vtidn*gktvaey*kikiadllskr*srsvarp**mk*a*akel*nh**pe*x*dakgr*kkxdkhkcr*ji, eqlreeshdikedfsn*irtlss
vtidn*qgktvaey*kikvadllskr*srsvarp**mk*a*akel*nhx*pe**dakg****x*x**h*cr*ji.eqlreeshdikedfsn*irtlss
vtidn*gktvaey*kikvadllskr*srsvarp**mk*a*akel*nh**pe**da*xgrk*x*sxk]h*cr¥i eqlreeshdikedfsn*irtlss
vtidn*gktvaey*kikvadllskr*srsvarp**l**akakel*nh**pekkda*gr*k*k+k]lh*cri, eqlreeshdikedysn*irtlss
vtian*gktvaey*kikvadllsrr*srsvarp**m**amakel*nh**pe**da*sk*kkkk*]h*cr*ji, eqlrkenhdikedfsn*irtlsv
vsvdn*qrtvaey*kikisdllskr*srsvarp**vi*akskel*nh**pe**dmrgk*xk****1h*cr*i nelkesdadiredykn*lrtltt
vtien*gkvvaey*rikvsdlksks*arsvtrp**ik*akakel*nri*pe**rak d****x*In*crev.pkfreqdnsiqgedwan*irtlsa
aapet*itivagh*qlkveellsns*rrevsla**vg*y*mrgh*dl**pr¥*eakgkk*****myscd¥i.tqlggkdwetsqtlts*shriniagqgapes
vtpkgvldkvaev*kvtpdemrsas*rrpvsqa**vg*y*mrqg*nl**prasdrrgrkrkkrsmy*iequv.ekklssdpgiasqvagkirdlilqidsrrkr
isaat*mtataey*dttieelrgpgktralags**i**ykcrel*dla*pkriqga* *k*kkkkmy*qrri, lsemaerrevidhvke*ttrirqrskr
isaat*maataey*dttveelrgpgktralags**i**y*crel*dl*xapkkkga* **xkkk*my*kqr*i.lsemaerrevidhvke*ttrirgrskr
istaa*mavtaey*ettveelrgpgktralags**i**ymcrel*dlx*pk**ga* ****xkrrdvrerr....saarwpsavrcsttsgthhahppargtlsset
itigd*gkivgqy*nvriedfsakk*tksiaypk*it*yksrel*df*¥pkhkeekghkkkwkxkih*he*i.skdlkedpifkqgeven*ekeirnv
itike*qrvvggg*nikledfkakk*tksvafp**i**y*sremrkdsk*pkkkeekgkkkikkkih*he*i. sklladdegqlgghvkeikeqlk
itpel*lhatgey*nltleeltsks*trtlvta**i**y*irel*em¥*pkrrqulghkkski**ih*dr*i, relmaerrtiyngvte*tneikrkqrga
itsta*mgatady*gltvedlcgts*gralvta**it*y*kcrel*dl**pk*kglkgrkk*xkkkmh*dr*i.rnlmaerrsiynqvte*tnrikng
vried*qrvvakh*nvsrgelvsnr*trvivkp**jktyksktl*prkfpex*rrhgkxkkkkkklh*yr*j eelisadtklsheiel*krline
itidd*gkataeh*gmkgadllser*nravarp**akturakglety**pdrkkrregksx*xsk*h*yrri.ealraedsalshdlet*trklrg
fdpyllienvcrr*nvpvdsvlsen*kaelvrv*dvcnyilrekykmgfgq**ki*. k*n*s**va*vkrv.akmiekddslgdiits*vi
fdpyllienvcrr*nvpmdsvlisen*kaelvrv*dveny*lrgkynmgfqg**ki* k*s*ss*Im*vkrv.akmiendsslrdvits*vi
Invkk*kevvsek*gisvnaidgka*sksivta*hi**y*tkeilnht*ag**eekghkhkk*dskinker*ji. emmlkkdkqlkktvdi*knkiltk
itpkk*kgivads*nitikammsks*vsnvmga**l+**yfcrtlldepftr¥*tekgrk*****mnsvk*v.eahistnkefkhlvnairrkiegr

itved*gkkvasr*niklsdmyssr*lrevarp**i**y*sktl*pk**ad**kk*gkk*****mh*ik*v.eellendielreeinl*mkilgn

————— I~=rmm=~fmm=—mc—e——oRe====s-RQ-AM-L--~ T-~SL--IG--F-GROHTTV-~A—~K-——-===-==---c—e L =m—mra——————

Fig. 2
Comparison of DnaA domain IV amino acid sequences (carboxy-terminal end) of 26 bacterial DnaA proteins
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The GCG program PILEUP (Devereux et al, 1984) was used to gencrate the alignment. Stars indicate aa that match the consensus sequence shown at the bottom. Gaps introduced to maximze alignment
arc indicated by dots. Consensus bascs arc shown in uppercase letters and represent 2 basc that 1s found 1n at Icast 20 of the 26 sequences. The DnaA domain region is as defined by Ogasawara ez al. (1991).
Rickettsial lysine residucs are double underlined. Numbers refer to the last aa of each protem. The sequence of M. smegmats 1s shown only to aa 469. The following sequences [Acc. No.] were obtaincd
from the GenBank data base: B. burgdorferi [L14948), T marttima [U241451, E. coli[J01602], S. typhimurium [M17352], . marcescens [M17353], B mirabilis [M58352), ¥ harveyi [L47617], B. aphidicola
[MB0817], P putida [X14791}, H. influenzae [LA5631), Synechocystis {L36958], P marinus [U44977], M. leprae [L39923), M. tuberculosis [X92504] M. smegmatis [U17833), S. aureus [D89066],
B. subnlis [X02369], M. luteus [M34006}, S. coelicolar [M82836], R. melitot [L39265], C. crescentus [U01667}, M. pneumoniae [U34816}, M. genitalium [U39734}, M. capricolum [D90426), S. citr

[219108].
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E. coli-like ribosomal binding site, AGGAGGT, (Shine and
Dalgarno, 1974), there is a purine-rich sequence, GT-
GGCAG, appropriately placed upstream of this start co-
don. Translation of the ORF would produce a protein of
463 aa with M, of 52,972, a size comparable to E. coli
DnaA (Skarstad and Boye, 1994). Codon usage in the
R. prowazekii dnad gene is similar to that of other charac-
terized R. prowazekii genes in its preference for (A+T)-
rich codons (Winkler and Wood, 1988; Andersson and
Sharp, 1996). Restriction mapping revealed that the rick-
ettsial insert of pMW833 was only 2.0 kb rather than the
expected 5 — 8 kb and that one of the predicted terminal
HindIH sites of the insert had been deleted.

Homology of the R. prowazekii dnad gene product to
known DnaA proteins

Comparison of the rickettsial DnaA sequence to that of
other characterized DnaA proteins revealed extensive ho-
mology. The highest level of overall identity was with
E. coli, other enteric species and Pseudomonas putida
DnaA proteins which exhibited approximately 44.5% iden-
tity to R. prowazekii DnaA. The lowest level of identity,
approximately 28.5%, was seen with Mycoplasma species.
R. prowazekii DnaA adheres to the domain organization
observed by Ogasawara ef al. (1991) with domains 1 and
2 exhibiting the least similarity to other DnaA proteins
while domains 3 and 4, which contain the ATP and DNA
binding motifs, respectively, are highly conserved. How-
ever, it is unique among DnaA proteins in the number of
basic lysine residues found surrounding a highly conserved
stretch of amino acids, GRDHTTYV, located in DNA-bind-
ing domain IV (Fig. 2). One amino acid within this region
of E. coli DnaA, Thr 435, has been shown to be involved
in sequence-specific DNA binding activity (Sutton and
Kagun, 1997).

Gene organization surrounding R. browazekii dnad

In order to determine if the gene organization surround-
ing the R. prowazekii dnad gene was similar to that ob-
served in other characterized bacteria, additional clones
hybridizing to the rickettsial dnad PCR amplified probe
were identified in a Lambda Zapll clone bank. DNA se-
quence analysis of these clones resulted in additional up-
stream sequence (Fig. 1). Interestingly, no clones contain-
ing downstream sequence were obtained. This was also
true for the original dnad clone, pMW833. Restriction
mapping revealed that the rickettsial insert of pMWS833
was only 2.0 kb rather than the expected 5 — 8 kb and that
one of the predicted terminal HindlII sites of the insert
had been deleted. This suggests that there is a sequence
downstream of rickettsial dnad gene that cannot be cloned

in this E. coli system. Using the sequence data presented
in this paper and additional upstream sequence obtained
form their R. prowazekii genome sequencing project, An-
dersson and Andersson (1997) recently identified the mfd
gene analog (Fig. 1). Our data identify an additional ORF
of 123 aa just upstream of dnad gene. However, this ORF
shows no significant homology to any known gene prod-
uct. This information demonstrates that the gene organi-
zation of the R. prowazekii dnad region differs from that
of other characterized dnad genes.

Localization of the rickettsial dnad transcriptional start site

The RNase protection assay was used to localize the start
of the rickettsial dnaA transcript (Fig. 3). The antisense probe
used in this assay spanned nt 567-1010 (444 rickettsia-spe-
cific nt) in Fig. 1. An approximately 260 nt long fragment
of the probe was protected localizing the start of the tran-
script to a region 520 nt upstream of the DnaA start codon,
The primer extension analysis (F ig. 4) identified A at posi-
tions 748 and 749 as the first bases of the detected dnad
RNA. Appropriately positioned upstream of these A are se-
quences (TATTAT and TTGCAA) homologous to E. coli
consensus promoter -10 (TATAAT) and -35 (TTGACA)re-
gions.

1 234

» -600

w .400
- .300
™ -200

RNase protection assay identifying the rickettsial dnad transcript
Lanc 1: undigested full-length probe; lanc 2: total RNA from rickettsia-in-
fected 1929 cells; lane 3: single-stranded RNA ladder with sizes indicated;
lanc 4: RNA from mock-infected 1.929 cells.
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Fig. 4
Primer extension assay of the draA transcript

Oligonucleotide DW96 was uscd as the cxtending primer. DNA sequenc-
ing rcactions, for molccular size markers, arc shown on the left This
scquence was generated using smglc-stranded M13mp18 as template and
the -40 umversal primer. The two T mugrating at the same positions as
the primer cxtension products correspond to sizes of 95 and 96 nt. This
would place the start of transcription for the rickettsial RNA at the two nt
mdicated in Fig. 1.

Discussion

While certainly not the slowest growing bacterium, the
R. prowazekii generation time of 8 — 12 hrs is surprising
considering the cytoplasmic environment in which this or-
ganism grows. Presumably this slow growth has evolved to
maximize the number of rickettsiae produced from each host
cell (Winkler, 1995). Whatever may be the reasons for this
extended generation time, the timing of DNA replication
remains a critical process in rickettsial growth. The point
of control for this process in other prokaryotes is at the ini-
tiation of chromosomal replication which involves the initi-
ator protein DnaA and its interaction with the ori. Thus, we
focused our initial studies on the isolation and characteriza-
tion of the rickettsial dnad gene analog.

Isolation of the R. prowazekii dnad gene revealed
a gene organization unlike any previously described. Gene
organization surrounding the dnad gene in other bacteria
is highly conserved and usually includes ori C (Ogasa-
wara and Yoshikawa, 1992). However, ORFs linked to the
rickettsial dnad gene do not resemble any gene products
associated with the dnad gene in other bacteria. Unfortu-
nately, comparisons could be made primarily only for se-

quences upstream of rickettsial dnad gene. We were una-
ble to isolate clones containing the region immediately
downstream of the gene suggesting that this region is le-
thal when introduced into E. coli. Additional efforts are
underway to isolate downstream fragments and identify
the genes present in this region.

Isolation of the rickettsial dnaA gene also permitted the
comparison of the deduced product to that of character-
ized initiator proteins. DnaA is a highly conserved pro-
tein especially in the carboxy-terminal half of the mole-
cule (Skarstad and Boye, 1994; Messer and Weigel, 1996).
Sequences associated with ATP and DNA binding are eas-
ily identified. However, the rickettsial DNA binding se-
quence exhibited some unique characteristic that may af-
fect the binding of this protein to DNA. The large number
of positively charged lysine residues within one of the high-
ly conserved areas of this region is especially striking. This
raises the possibility that rickettsial DnaA may recognize
a DNA sequence different from the consensus DnaA-box
sequence identified for other characterized DnaA proteins.
Thus, examining the rickettsial genome for consensus
DnaA binding sites as a method for identifying DnaA-reg-
ulated genes or the ori may not be productive. Certainly,
no consensus DnaA boxes, which are commonly found
upstream of many dnad genes, could be identified up-
stream of the rickettsial gene. In addition, we have been
unsuccessful in isolating an autonomous replicating se-
quence of the rickettsial genome that can replicate in E. coli
suggesting that the rickettsial ori C differs, possibly in its
binding of E. coli DnaA, from the E. coli ori C. The isola-
tion of the rickettsial dnad gene now provides a means
for expressing and purifying sufficient quantities of this
protein or appropriate peptides for use in binding assays
that would identify rickettsial target sequences. Such stud-
jes are essential for the isolation and characterization of
the R. prowazekii origin of replication and subsequent un-
derstanding of the critical replication events occuring dur-
ing intracytoplasmic growth of this unique bacterium.
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