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A basic replicon of the plasmid pSC101 is composed of three genetic elements:

the replication origin (ori); the rep gene encoding the replication initiator protein,
Rep; and the par region required for stable maintenance of the plasmid in growing
bacterial cells. The replication of pSC101 requires DnaA and IHF encoded by the
host cell, and the DnaA binding site (DnaA box) and IHF binding site (IHF box) is
located in the ori. Furthermore, the ori region contains three directed repeat
sequences (DR-1 to DR-3) and two inverted repeat sequences (IR-1 and IR-2). The
Rep exists in two forms of monomer and dimer in vivo. The monomer and dimer
bind to three DRs and two IRs, respectively. The Rep monomer bound
noncooperatively to three DRs and induced bending of the DNA helix axis in the
same direction (about 100°). It is well known that IHF also strongly bends DNA at
the IHF box in the ori. An AT-rich region between IHF box and DR-1 enhanced
DNA bending by not only IHF but also the Rep protein. These Results suggest that
these two DNA binding proteins and the DNA element cooperatively function for
DNA bending in the replication origin. Furthermore, a Rep mutant (Rep'HF) which
can replicate in IHF-deficient host cells bent DNA more strongly than did the wild

type Rep but required both enhancer regions, par and IR-1, in addition to “core-ori
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” as a minimal essential ori, whereas only one of these two enhancer was necessary

for the wild type Rep-dependent replication.
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Fig. 1. The model of Rep-origin interaction.
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Fig.2 DNA bending induced by Rep.

The permuted fragments, 196bp in size, were prepared from
pBend DR-1~DR-3 digested with Bg/ [l (lane 1), Spe | (lane 2),
Pvu Il (lane 3), Nru | (lane 4) or Bam HI (lane 5) and were 5'end-
labeled. The reaction mixture contains 5 fmol of labeled DNA
fragments and guanidine-treated Rep (9.3ng).
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Fig.3 DNasel footprints of DnaA and IHF on the linear ori
fragment.

The 5'end-labeled DNA fragment (A; upper strand) and (B; lower
strand) was incubated with various amounts of DnaA, IHF or both
and then cleaved with DNasel. A+G, G, C+T, C cleavage reaction of
the same fragment were shown on the left side lanes in both (A) and
(B).

(A) Lanes 1 to 18, IHF/DNA molar ratios are O (lanes 1 and 8 to 13),
2 (lane 2), 5 (lane 3), 7 (lane 4), 10 (lane 5), 40 (lane 6), 60 (lane 7)
and 20 (lanes 14 to 18). DnaA/DNA molar ratios are O (lanes 1 to 8),
3.75 (lanes 9 and 14), 7.5 (lanes 10 and 15), 15 (lanes 11 and 16),
30 (lanes 12 and 17) and 60 (lanes 13 and 18).

(B) Lanes 1 to 20, IHF/DNA molar ratios are 0 (lanes 1 and Sto 14),
2 (lane 2), 5 (lane 3), 7 (lane 4), 10 (lane 5), 20 (lane 6 and 15 to 20),
40 (lane 7) and 60 (lane 8). DnaA/DNA molar ratios are O (lanes 1 to
9 and 15), 3.75 (lanes 10 and 16), 7.5 (lanes 11 and 17), 15 (lanes
12 and 18), 30 (lanes 13 and 19) and 60 (lanes 14 and 20).
Positions of DnaA box, IHF box and three direct repeats (DR-1, DR-
2, DR-3) are shown on the left side. The DNasel sensitive sites by
addition of DnaA only, IHF only or both DnaA and IHF are presented
as arrows with DnaA, IHF and DnaA+IHF.
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Fig.4 KMnO4 oxidation assay.

Supercoiled pYUK101 (0.4 pmol) were incubated with various
combinations of DnaA (12 pmol), IHF (4 pmol), Rep monomer (12
pmol) and Rep dimer (12 pmol). The protein-bound DNA was
treated with KMnO4, denatured with NaOH and used as a template
for the primer extension. Positions of DnaA box, IHF box and DR-1
are shown on the left side and combinations of proteins are shown
on the top. KMnO4 sensitive sites are presented as arrows.
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Fig. 5 DNA bending induced by guanidine-treated Rep'HF and RepWild,

To prepare a set of permuted DNA fragments, Bg/ |l (lanes 1 and 2), Spe | (lanes 3 and 4),
Pvu |l (lanes 5 and 6), Nru | (lanes 7 and 8) and Bam HI (lanes 9 and 10) were used.

Ten fmol of 5'end-labeled DR-1~DR-3 DNA fragment was incubated with 18.5ng of RepWild

(lanes 1,3,5,7 and 9) or 18.5ng of Rep!HF (lanes 2,4,6,8 and 10) at 25°C for 10min, then
subjected to 10% acrylamide gel electrophoresis. The bending angles of DNA were calculated

from the migrations of each protein-DNA complex.
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Fig. 6 Ligation of Rep-bound DR DNA fragments.

The DNA fragment prepared from pBend DR-1~DR-3 with

Xho 1 digestion was blunt-ended with cold dATP,dGTP,dTTP and

[ @ -32P]dCTP using Klenow polymerase and incubated with T4 DNA
ligase without Rep (lane 2), with Rep¥id(lane 3;148ng, lane 4;185ng,
lane 5;222ng) or Rep'HF (lane 6;148ng, lane 7;185ng, lane8;222ng).
The reaction mixtures were deproteinized and subjected to

5% acrylamide gel electrophoresis. Self-ligation DNA, dimer

DNA, trimer DNA, monomer DNA were indicated at the right side.
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Fig. 7 Ori activity in the absence of IHF.

Schematic structures of ori are shown at the left side. The transformation efficiencies of the first two plasmids
were summarized from the published data (4,10) and our unpublished results (11). Plasmid DNA (30ng) was

introduced into YK1100 (himA*himD*) or YK2920 (himA himD) carrying pMIK6 (rep*) or pAMO1 (rep'™tF).
Cells were plated on duplicate agar plates supplemented with 30 g /ml of ampicillin. The plates were incubated
at 37°C overnight. The data are the mean number (x105) of transformants per wg of donor DNA.
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