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Initiator protein 1t can bind independently to two
domains of the vy origin core of plasmid R6K: the
direct repeats and the A+T-rich segment
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ABSTRACT replication and consequently the plasmid copy number. The
) ] . . mechanisms allowingt protein to either activate or inhibit

The T protein of plasmid R6K functions in both replication are not known. In addition to its function in

replication and transcription. Tt autoregulates its own replication,tacts as a transcription factor negatively regulating

synthesis and is required for replication of the R6K vy the expression of its own gengir (7-9). The Tt possesses

origin. Tt performs these functions by binding to sequence-specific DNA binding activity; it recognizes sites of

specific DNA sites arranged as pairs of 6-10 bp different sequence composition and geometry. However, all

inverted repeats (IRs) or as a cluster of seven tandem sequences known to bimshare the TGAGRG nucleotide motif

22 bp direct repeats (DRs) which lack symmetry. The (where R is A or G)Z10).

sites share the TGAGRG nucleotide motif (where R is As demonstrated by several different assaysptein binds

A or G). The DRs and IRs flank the central A+T-rich the seven 22 bp direct repeats (DRs) inytbeigin (8,11-13).

segment of the y origin. In this work we carried out More importantly, a direct relationship betwgeigin function

DNase | and hydroxyl radical protection experiments andrtprotein binding to the DRs has been also demonstfiated (

on various deletion derivatives of the 'y origin com- It was found that G to A transitions at the first and second Gs in

plexed with Tt protein. These experiments revealed the TGAGRG motif of either the 1st or 6th DR resulted in the

binding of T to a novel site embedded within the inability of Tt to bind to the mutated repeiat vitro and the

A+T-rich segment. This interaction manifests primarily concomitant loss gforigin activityin vivo(14). We have recently

by the appearance of the enhanced scissions of DNA shown that these same Gs are protectett pyotein against

by DNase | and hydroxyl radicals.  minteraction with the methylatiorin vivo (15). A positive role for the seven 22 bp DRs

A+T-rich site is independent of Tt binding to the DRs in replication was also demonstrated with deletion mutants of the

and IRs. We propose that Tt protein can recognize y origin that precisely removed some of the DRS.(Although

distinct families of DNA sequences in the  y origin. ay origin lacking one or two DRs remains functional, deletion of

three or more of them inactivated the oridif)(
INTRODUCTION Yet anothermt binding site has been recently discovered in the

enhancer segment of therigin (1). The enhancetsite contains

For many replicons, initiation of DNA replication depends ora pair of inverted half repeats (IRs). Mutational analysis revealed
replicon-specific initiator proteins. These proteins localize the origithat each half site is required fabinding, but the site has no
and allow an ordered series of protein—protein interactions, cidnown function {). Another IR forms a core of th@r gene
minating in the development of the replication fork. Initiator proteineperator to whicht binds, thereby regulating its own expression
also frequently function as transcription factors negatively regulatir{@3). Interestingly, the pattern of protection and cleavage of IRs
expression of their own genes. Localization of the origin anih the enhancer amir gene operator are very similarg,9,13);
repression of transcription depend on sequence-specific bindingtlefistt probably binds both pairs of IRs similarly.
the initiator to DNA. These sequences are frequently called iteronsA+T-rich segments are common among many origins replicat-

This laboratory studies a basic replicon derived from plasmidg via the Cairns model(,18). Their thermodynamical
R6K because it is stably maintained at a defined copy numberinstability is expected to aid in the development of the replication
logarithmically growing cultured). Hence, it has all the features fork. It is of fundamental interest, therefore, to determine which
needed to elucidate the various aspects of regulated initiationprbteins can bind to such segments and, by doing so, may perhaps
replication and plasmid stabilit,@). As shown in Figurg, such  alter their stability. DNadeand hydroxyl radical footprinting data
a replicon is composed ofcis-actingy origin sequence armd  presented in this paper, clearly show thatotein can bind to the
protein encoded by the RGXr gene which can function either A+T-rich segment independently on binding to any other site
in cisor intrans(3,4). Themprotein is bifunctional in replication; within the boundaries of origin (IRs and DRs). The protected
it activates the origin at low a level and inhibits replication at eegion contains a very poor match to the known consensus DNA
high level 6,6). A balance between these two activities issequences af binding sites. Therefore, we propose thbinds
believed to influence the frequency of initiation of DNAto the two families of DNA sequence.
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[ Yorigin H pir | containing varying amounts of purifietprotein. Samples were
treated with 1 U DNadgBoehringer Mannheim), freshly diluted
from stock with the reaction buffer supplemented with 50 mg
BSA/ml. Digestion was allowed to proceed for 30 s &2 he

4= ENHANCER —--——————— CORE ———————— reaction was stopped by the addition of56@0 mM Tris—HCI
. i ST AT—— s P pH 7.5, 20 mM EDTA, 0.1% SDS. Samples were treated with
| e I -l | Ofts [ phenol and DNA was ethanol precipitated. DNaséeavage
s T . W, e products were analyzed on 7 M urea-8% polyacrylamide gels.
Hydroxyl radical footprinting was performed according to the
: , published protocolX1). A 50pl reaction mix contained the same
oMF3E | : reaction buffer which was used for DNds®otprinting (see
£ P above). To each reaction sample0. 800 mM sodium ascorbate
EMF239 | eyl e (Sigma) was added, followed by 0.15% (v/iv) BO, (J. T.
@E@cncm,mnéc?mm Baker Inc.) and @il of a solution of freshly mixed 50 mM
pmrzao & N 5 P Fe(NHy)2(SQy)2 (Sigma) and 100 mM NEDTA (S|gmf':1).
f N SnaBia ;",3—| Cleavage was allowed to proceed for 2 min &C3after which

i i 80l 20 mM thiourea (Sigma) and §00.3 M NaCl were added
AAACATGAGAGCTTAGTACGTA to quench the reaction. The samples were then precipitated with
NN 5

E ethanol using lug glycogen (Boehringer Mannheim) as carrier.
c A Cleavage products were analyzed as described for DNase
- : footprinting.

H A

j—

Purification of tprotein

Figure 1. They origin replicon of plasmid R6KTép) The two components . - . . .
required for replication are indicated, namelycisectingy origin andpir gene The Tt protein was purified according to the previously published

which encodest protein. The thin line between tlyeorigin andpir gene procgd_ure 11). Briefly, ESCh?riChia colifrozen cell paste,
segments indicates that {hie gene can be provideddis or intrans (Middle) containing overproducent protein from vector pPT39L() was

The following segments/binding sites of therigin are indicated: double-  thawed (4C) and suspension adjusted to 100 mM KCI, 5 mM DTT

headed arrows demarcate the core, enhancer and A+T-rich segments; sevs ; tigd
tandem arrowheads indicate 22 bp DRs, head-to-head arrowheads represen d Zqug/ml lysozyme' The IySIS procedure was as desc (

in the enhancer; IHRH{f1 andihf2 sites); and P1 (silent promoter). Restriction he |ysate was CentmuQed at 30 OQO‘OF 30 min and the
sites that pertain to this study are abbreviatetise; E, EcaR (artificial site); supernatant was loaded onto a heparin—Sepharose colursn (0.9
H, Hindlll, N, Nlalll; P, Pst; S SnaB1. (Bottom) Portions of they origin 5 cm), equilibrated with the buffer containing 20 mM Tris—HCI pH
DRs In pME23 and pHIF240. The nileotide Sequence of te sgie DR i, 1 MM EDTA, 1 mM DTT with 100 mM KCI. Proteins were
shown. Il?/lutations in pF:\/IF24O are indicated. Coor(?inates correspong to DNA%IUteC,i V_Vlth 75ml Pf a Ilnegr gradlent of KC (0'1_1'0 M)' Fractions
sequence obtained by Stalketal (23). containingTt protein, identified by SDS—PAGE, were pooled and
loaded onto a hydroxylapatite column (8.8.0 cm) equilibrated
with the buffer containing 20 mM KB@H 7.0, 50 mM KCI and
1 mM DTT. Proteins were eluted with 30 ml of a linear KPO
MATERIALS AND METHODS gradient (0.02—0.50 M). Fractions containing tiharotein, which
DNA templates eluted at0.4 M KPQ, were aliquoted and stored frozen at*Z0

) ) ] ] Purifiedrtprotein was at least 95% pure as determined by Comassie
The construction of plasmids pMF36 (which carries seven 22 e staining of polyacrylamide gels obtained by of SDS-PAGE
DRs), and pMF239 (which carries one of these 22 bp DRs) hggalysis. In some experiments we useprotein extracted from

been describedb(19). The pMF240 (which carries one mutatedeyclusion bodies and purified by an alternative protocol which was
22 bp DR; Figl) was made using a mutant which has three baggscribed elsewherg?).

changes; two indicated in Figuteat 7th, 9th, a third at 21st
position (not indicated) in the first 22 bp DR cre&na1 site. RESULTS
Steps for constructing pMF240 involving a deletiorSaiB1

fragment containing six DRs were identical to those described fBackground information and rationale

the construction of pMF239 except mutglit?7 instead of134 o ] o

was used(9,20). For footprinting analysis, these plasmids werdt has been originally observed in DNafeotprinting assays that

3- or B-end-labeled at the artificiBlcoR| site (coordinate —106), the area of strong protection at coordinates +93 to +246 and
the naturally occurringlindlll site (coordinate +1) ohse site  Periodic enhancements, each in seven DRs, are produged by
(coordinate +78) as describedl), followed by digestion with ~binding to a DNA fragment containing the enfjrerigin (11).

another restriction enzyme indicated in the figure legend. ~ Moreover, another “footprint’ noted in the presence sgems to
lie outside the DR<L(). This second footprint has been localized

within the segment adjacent to DRs that is A+T-rich; the
enhanced DNadeleavage sites at coordinates +15 and +51 form
DNase | footprinting was performed as described,13). the boundary of the protected area. The altered susceptibility of
Samples (5-10 ng) 6fP-end-labeled DNA were incubated atthe A+T rich segment to DNase | cleavage in the preserce of
25°C for 10 min in 2Qul of the following buffer (20 mM Tris—HCI can be caused by one of the several factors or their combination:
pH 7.5, 6 mM MgCGl, 1 mM EDTA, 166 mM K-glutamate) (i) rtprotein may bind to this site independently of binding to the

DNasel and hydroxyl radical protection assays
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other sites. (iiyt binding to the A+T-rich segment may require =
prior occupancy of DRs and/or IRs (positive cooperativity). < J { E !
(i) thinding to the seven DRs and/or IRs may induce a change in 8= i

the conformation of the A+T-rich segment altering its susceptibility 5 ;
to the DNase | cleavage. Because previous experiments showing
enhancements in the A+T-rich region used DNA fragments J
carrying otherr sites, we could not distinguish between these
possibilities {,11). We describe in this paper the exploration of |
these various possibilities. :
Tt protein alters the pattern of DNase cleavage in the [ 5
g %]
ans

Bl .y

A+T-rich segment independently of binding to the DRs
and IRs

Our reference sample was prepared with HeRI-Pst
fragment obtained from plasmid pMF36. This plasmid contains
the entirey origin sequence [nucleotides (nt) —106 to +280; see
Fig.1]. As shown in Figurg, there are several prominent features
in the resulting digestion patterns. First, the area containing | .
cluster of seven 22 bp DRs is protected. A specific phosphodiester | .
bond (the first A in the TGAGRG moaitif) is hypersensitive to
DNase | cleavage in each DRs unit forming a characteristic ladder
of enhancements. Secondly, the two positions (+15 and +51) in
the A+T-rich segment are hypersensitive to cleavage. Thirdly, in
the enhancer segment, protection is evident from nt —71 to —46,
with enhancement at positions —46 and —68. This region contains
IRs motif (Figsl and7). Binding ofrtto this site has been recently
described and it is known that mutating one or both halves of the
IRs abolishedt binding ().

Several strategies, described below, were employed to deter-
mine if 1T binding to the A+T-rich segment is dependent on or
independent of binding to the DRs in the core and IRs in the
enhancer. First, we tested whether the entire DRs cluster is needed b |
for rtbinding to the A+T-rich segment. In these experiments we '
used two constructs in which six out of seven DR units are
deleted. A single remaining DR unit in these constructs is either
wt (pPMF239) or mutated (pMF240); see Materials and Methods
and Figurel. Studies with mutanyt117 indicated that transition  Figure 2. DNase | footprint oft binding to the entirg origin. TheEcaRI-Pst
mutations at the and G positions of the 1st DR prevent  yorigin fragment of plasmid pMF36 (shown in Fig. 1) was labeledttdResite
binding (1. AS shown n Figurd, even when allbut one of the 1 (=54 0Pt The et Tk o o DS (ons) e
DRsare delet_ed_ts“” binds to the A+T-rich region. Furthermore, (-46 and '—68) and A+T-rich region (+15 andg+51) arepindicated by arrows.
the characteristic enhancements at coordinates +15 and +51 can
be seen with both DNA fragments, regardless of whathi&rds
(pPMF239) or does not bind (pMF240) to the single DRs unithe Asd and Hindlll; such a cleavage liberates a fragment
These results suggest that the enhancements at nt +15 and +5t@meaining exclusively the A+T-rich segment ofitloeigin (nt +1
produced in a manner independeritainding to DRs. to + 78; Fig.1). In this case, by differential end-labeling, we

To confirm this conclusion, we next carried out footprintingexamined DNas¢ cleavage pattern on both strands of DNA.
assays with fragments containing only 7 of the 22 bp DRrdependent DNase | cleavage enhancements at positions +15,
(EcaRI-NIalll fragment; nt —106 to +101), or lacking any +35 and +51 are seen in the top strand and in positions + 34 and
remnants of the DR uniE¢dRI-Asd fragment; nt —106 to + 78). +37 in bottom strand (Figl). The nt +16, +18 and +20 on the
Such fragments were obtained from plasmid pMF239 (se&)Fig. bottom strand appear weakly protected against DNase | cleavage.
With each of these two fragments the enhancements at the nt #lbthese data together indicate titan bind to the A+T-rich
and +51 can be clearly seen (Bp.Therefore, we conclude that region in the absence of any other segments gfdrigin.
these enhancements are producedttinding, and that this
binding is independent of binding mfo DRs. i i it

Although the last two templates tested lacked the DRs, they sﬁf;oflecw Sa;’gzlfr?erglyt/droxyl radical footprinting of the
contained IRs in the enhancer (Fiy. Therefore, it was possible
that Tt interaction with the A+T-rich segment depends on th€onsidering the generally low susceptibility of A+T-rich segments
presence of this site. Such a possibility was tested in a series@DNase |, our analysis turned out to be surprisingly productive.
experiments with a fragment lacking the enhancer. A suitabléowever, we wished to obtain independent conformatiomn of
fragment was obtained by cleaving pMF239 plasmid DNA wittbinding to the A+T-rich site by using a reagent that is less selective

A+T-RICH RECHUH
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Figure 3. (Left). DNase | footprint oft binding to the deletion derivatives of therigin (pMF239 and pMF240; see Fig. 1). HmRI-Pst y origin fragment of

each plasmid was labeled at BRI site and recut witRst. The enhancer, A+T-rich region and a single DR unit (iteron) present on these fragments are indicated.
The enhanced cleavage sites in the A+T-rich segment (+15 and +51) and in the wild-type DR (+100) are indicated Rigatjo@slgse | footprint oftbinding

to the fragments labeledEtaR| and recut with eithédlalll or Asd generated from plasmid pMF240 (see Fig. 1). The enhanced cleavage sites in the A+T-rich segment
(+15 and +51) are indicated by arrows.

and smaller than DNase I. This was achieved by choosing hydroX4T-rich segments that are common to many origins replicating
radicals that attack the deoxyribose sugars arrayed along the surfdaesCairns model(7,18).
of DNA (21). This reagent yields greater resolution of the DNA In this work we employed the wild-typeorigin and various
binding reactions than DNasefootprinting which, under most deletion derivatives, dissecting these templates with combina-
circumstances, merely demarcates the DNA sequence that is botiofls of restriction enzymes. Such a series of fragments was
by a protein. employed in sensitive footprinting assays. DNasw&l hydroxyl
Binding assays were carried out with the DNA fragmenfadical footprinting data provide compelling evidence ior
produced by thé\sé-Hindlll cleavage. The representative auto-pinding to a site in the A+T-righorigin segment. At leaist vitro,
radiographs and its densitometric scanning are shown in Figureghis binding is independent afbinding to previously character-
and6 respectively. Itis clear thatlters the susceptibility of specific jzed sites in the core (DRs) and enhancer segmentsyafiigen
backbones to free radicals; the enhanc_ements are seen at nt +15, g)_ It is noteworthy thatt interactions with the A+T-rich
+20, +26, +30, +34, +35, +51 and +54 in the top strand and at nt +42yment are manifested primarily by the appearance of the
+14 - +16, +23, +31, +33 and +34 in the bottom strand. Moreovelynanced cleavages by DNase | and hydroxyl radicals. This is an
weak protection bytcan be seen between the following Coord'n""te%nusual feature, particularly for the latter reagent. The enhanced

16-18, 21-25, 27-29 and 31-33. These data provide indepen Rase 1 and h : P
. - . ! ydroxyl radicals cleavages suggesttthisiding
evidence font binding to the A+T-rich segment in the absence o auses conformational changes in the minor groove of the

otherrtbinding sites. A+T-rich segment33). The best of our knowledge enhanced
strand scission of specific deoxyriboses by hydroxyl radicals has
DISCUSSION been observed only in footprints generated by the binding of a

The interaction oftwith they origin can be monitored by areas reconstituted RNA polymerase (containing t@35 mutant

of protection from and enhancements of DNasgleavage Subunits) to théacUV5 promoter (W. Ross, personal communi-
(11,12). We have originally reported that such signals span a largation). The mechanism of the enhanced susceptibility of DNA
area of they origin core encompassing the cluster of seven DR® the specific cleavage reagents is not known.

and the adjacent A+T-rich segmehii(). Our presentinvestiga-  The A+T-rich segment contains at least two known sites for the
tions of 1 interactions with the latter segment have bee®NA binding proteins: the consensus —35 and —10 hexamers [P1
facilitated by the general interest in elucidating the function of theromoter 23) and Fig.1] andihfl site can binéh vitro purified
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Figure 4. DNase | footprint oft binding to theHindlll-Asd fragment from
plasmid pMF239 (see Fig. 1) labeled'a®81 Hindlll site (left) or 3-OH Asé
site (right). The enhanced cleavage sites (+15 and +5tinfdi|-labeled end)
and (+34 and +37 foksd-labeled end) are indicated by arrows.

+13

RNA polymerase (M.F., data not shown) and IHF protein e
(19,24,25) respectively. The smallest A+T-rich segment testec.

here and shown to birm contains the P1 promoter aifd1.

HOW.ever’ several facts argue_agalnst the possibility .that bmdmlggure 5. Hydroxyl radical footprint oftbinding to theHindlll-Asd fragment

of either of these two proteins could be responsible for th@om plasmid pMF239 (see Fig. 1) labeled @8t Hindlll site (left) or 3-OH
footprinting signals we report here. (i) The footprinting patternasd site (right). Some enhanced cleavage sites are indicated by horizontal
produced by IHF and/or RNA polymerase binding are veryarrows (see Fig. 6 for densitometric scans).

clearly defined and the cleavage patterns differ from the pattern

observed in the presence of highly purifredrotein (L9,24,25

and data not shown). (ii) Both RNA polymerase and IHF protei(82 and Fig.1). (iii) IHF is not required foin vivoandin vitro
interactions with the A+T-rich segment can be monitored by theplication dependent on mutant variants pfotein that inhibit

gel retardation assay, whergabinding cannot19,24,25 and  replication less than wit (6,32). (iv) In the neocarzinostatin
data not shown). (iii) The enhancements in the DRs and A+T-rightotection studies, the IHF protein can bind toiltifie site only
segment are produced at similar concentration(efen though when added first; whem protein was added first IHF could not
those at positions +15 and +51 are weaker). (iv) Similarind toihfl site @4). Thus, the IHF binding to thifl site is
footprinting data were obtained in the presengembtein that occluded bytprotein. This latter result is also consistent with the
was extracted from exclusion bodies and purified by aability of 1t protein to bind the A+T-rich segment. Additional
alternative protocol2and data not shown). The aforementionedexperimentation will be required to support the aforementioned
observations argue against the possibility that the footprint in tineodel.

A+T-rich segment is produced by binding of RNA polymerase, What might be the DNA sequence in the A+T-rich segment to
IHF or a contaminating protein. It should be also mentioned thaihich 1t binds? To answer this question, we first briefly review
the entire A+T-rich origin segment or the part of it to which some facts about other well characterized sequences tomvhich
binds cannot be deleted/substituted without the losspbtigin ~ binds (Fig.7). It was found that enhanced DNase | cleavage sites
function (6,26). This observation remains to be explored tooccur in each of seven 22 bp DRs gt@econdly, double mutant
elucidate whethear binding to the A+T-rich segment is essentialy-117 at positions & Gg abolishest binding to a DR unit when

for they origin activity and whether it facilitates activator and/orit is either isolated or flanked by wt copies of DRédnd Fig.3).
inhibitor function ofrt However, our own data suggest thatay ~ G;7 and G are protected against methylation batkitro andin
inhibit replication through binding to the A+T-rich segment of thevivo (15,27). Because these protected/mutated bases are within
yorigin. The following facts appear to support this notion. (i) IHRhe TGAGRG maotif present in both DRs and IRs it is reasonable
protein permitsy origin replication at otherwise inhibitorg  to assume that a single domainroprotein confers binding to
levels @). (i) IHF reverses the inhibitory effect afby binding these sites. Although the remaining sequences flanking the
to ihfl site in the A+T-rich segment of thyeorigin and not by TGAGRG core are required for tigorotein binding to the 22 bp
binding to the other sitéhf2) that lies to the left the DRs cluster DRs (Fig.3 and data not shown), it is not known which of those




Figure 6. Densitometric scans of the hydroxyl radical footprints shown in
Figure 5 for the fragment labeled &C# Hindlll (Top) and 3-OH Asé
(Bottom). In both panels the profiles of cleavage products of naked DNA
(heavier lines) are shown together with thoge-8fNA complex (lighter lines).
The most prominent enhanced cleavage sites are indicated.

CONSENSUS 22-bp DR ARMCATGAGRGCTTAGTACGTE

ENHANCER iR T CAGAGECTCTAAGGRCTTCTCAGTYS
— —

pir QPERATOR IR AARAACATAAGATAAAMATTOACTCTCATETTAT

+1% +51
» - .
Ty v
A+T-RICH SEGMENT ARGCCTTATATATPICT I T TTTCTTATAARACTTARAACCTTAGA
TTCEAAATATATAAMOAARA AR A RGARTAS TTTTGEAATCT

T BINDING SITE

AAAAAMAAAAAAAAAAAARAMA |

* DMNasel erhancement
¥ O strong enhancoment
¥ OH- weak enhancement

Figure 7. (Top) Consensus binding sites foprotein in they origin replicon.
(Bottom) Summary of the DNase | and hydroxyl radical cleavages in the
A+T-rich segment of the origin.

8
bp are essential. However, 18 out of 22 bp are fully conserved
among all 22 bp repeats (Fg. Six of those 18 bp are not shared 9

with the IRs in thepir gene operator or with the IRs in the
enhancer. At least for the IRs in the enhancer, the pigjacting

stabilizing factor appears to be a second half of IRs. This
conclusion is supported by a recent finding that mutating one

half-site from TGAGAA to GGGGAA, while leaving the other
half site intact, severely decreased the affinity af prtotein for
both halves of the enhancer IRH.(SinceTt binds to sites

Nucleic Acids Research, 1996, Vol. 24, No. 10941

have proposed thatprotomers must be able to assume different
conformations to recognize two types of information, sequence
and geometry of two types of binding sit€318). This
hypothesis is strongly supported by the properties miutant
(mS87N) that can bind DRs but cannot bind IR%.(However,
themiS87N can bind, although somewhat weaker than tetthe
A+T-rich in the presence of the enhancer and DRs (data not
shown).

We searched for a similarity between the consensus sequence
of the 22 bp DRs unit or IRs unit and the A+T-rich segment to
which tbinds. The best match found (13 out of 18 bp, does not
include nt G whose role in binding afto a 22 bp DRs unit has
been established. Moreover, we could not detect any significant
similarity between the two known pairs of IRs and A+T-rich
segment. For this reason it is tantalizing to speculatettinaty
possess domains recognizing distinct families of DNA sequences.
Another possibility is that the overall A+T richness may relax the
stringency of the sequence to whithinds. This seems unlikely
since the aforementioned degenerated DR sequence is far from
the enhancement producedrbginding at the nt +15.

It should be mentioned that the ability of proteins to bind two
families of DNA sequence is not unusual: a bipartite organization
was originally discovered for the Int and A proteins controlling
site-specific recombination df and Mu phages respectively
(28,29). The DNA boxes and 13mers present in A+T-rich
segment of theriC of E.coliseem to independently bind purified
DnaA protein, even though there is no sequence similarity
between these targe8). Genetic and biochemical data indicate
that the Rep IB protein of R1162 plasmid can bind the origin’s
repeats as well as the A+T-rich segment nedbjy (
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