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On the basis of clear-plaque formation, we detected initiation signals in the terC region of the Escherichia coli chromos-

ome. At least two single-strand initiation signals were identified from the ferC region. The nucleotide sequences of these

two signals were determined. Sequence homologies, variations of the consensus sequence of n’ protein recognition sites,

5-GAAGCGG-3, were found within these signals. A novel conserved sequence was also found within these signals. Their

initiation activities were measured both by the infection growth assay and by the ability to convert the single-stranded
DNA to the duplex replicative form DNA in vivo.
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1. INTRODUCTION

In the replication of the Escherichia coli (E. coli)
chromosome, in addition to DNA chain initiation
occurring at oriC, repeated initiations are also
associated with fork movement to make primer
RNAs for synthesis of the lagging strand. Since
melting of a duplex to a single-stranded form may
occur before DNA chain initiation, DNA chain in-
itiations seem to take place on ss-DINA templates.
Some efforts have been made to identify the primo-
some assembly sites in the oriC region of the E. coli
chromosome. However, these efforts were in vain
because no DNA sequences within the oriC region
or its close vicinity support initiation of DNA syn-
thesis [1,2]. In contrast, some n’ protein recogni-
tion sequences which promote DNA initiation are
located within and clockwise to the asnd gene
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[2,3]. The terC region of the E. coli chromosome
seems interesting for the study of initiation signals
because at least one of the fixed initiation sites is
mapped in the terC region,

It has been proposed [4] that DNA chain initia-
tions on single-stranded templates are directed by
specific sequences in the template strand. These
determinants are called ssi signals. On the s5-DNA
of #X174 [5] and ColE] plasmid [6-10], some ssi
signals, which contain specific DNA sequences
directing the assembly of the primosome [11-13],
have been identified. To select ssi signals,
MI3AE1(1 [14], a M13 deletion mutant, and its
derivatives were used. With these origin-prabe vec-
tors, several ssi signals have been characterized
from phages [4,15,16], plasmids [7,8,17-19], and
bacterial chromosomes {20].

We describe here the identification of ssi signals
in the ferC region of the E. coli chromosome. At
least two ssi signals, designated siz4 and sitB, were
identified.

2. EXPERIMENTAL

M13Alacl83 is an ssi signal-probe vector derived from the
filamentous phage M13 (Nomura, N., personal communica-
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tion), It forms small turbid plaques because a part of the com-
plementary DNA strand origin is deleted. Upon insertion of an
ssi signal into M134/ac183 or its equivalent, the recombinant
phage does form large clear plaques [18,19]. This is the primary
criterion for ssi signals. E. coli chromosomal DNA, prepared
from plasmid pBS34, was digested by several restriction endo-
nucleases and then lipated into M134/ec183. After transfection
to E. cofi RI.108(21), clones that formed clear plaques were
selected. Phage growth was measured by the method described
in [18,19]. The accumulation of phage RFI DNA in E. coli
RL108 cells was estimated by the method of Lambert et al. [22].

3. RESULTS
Plasmid pBS4 carries the chromosomal DNA
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Fig. 1. (A) Nucleotide sequences of the two sit signals. Sequences
homologous to the consensus sequence, 5'-GAAGCGG-37, and
a novel conserved nucleotide sequence between the two sit
signals are underlined with thin and thick lines, respectively. (B)
Possible stem-loop structure of sitB (AG = — 16.5 kcal/mol, ac-
cording to [29]). The number represented on the 5'-end of the
structure corresponds to the nucleotide number shown in (A).
The nucleotide sequence conserved in si2B and phage G4 origin

of complementary DNA strand synthesis is boxed.
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segment {rom the ferC region, a 11.95-kbp Pstl-
restriction fragment [23]. Plasmid DNA, prepared
by alkaline extraction procedures [24], was treated
with a restriction endonuclease, PsiI. After
agarose gel electrophoresis using Sea Plaque
agarose (FMC BioProducts), the chromosomal
DNA was recovered from the gel and then cleaved
with several restriction endonucleases, followed by
ligation into MI13Alac183 with T, DNA ligase.
Transfection to CaClz-treated E. coli RL108 cells
was carried out as in [24] and positive clones were
isolated from clear plaques, Two of them,
designated sitA and sitB, were used for further
studies. By DNA-DNA hybridization, both sitA
and sitB were demonstrated to be located in the
E. coli chromosome-borne segment of pBS4 (not
shown).

Nucleotide sequences were determined by the
chain termination method [25]. As shown in
fig.1A, sitA is composed of 33 ot and sitB of
129 nt. Sequence homologies, the variations of the
5'-GAAGCGG-3' sequence, were found (fig.1A).
This consensus sequence, S'-GAAGCGG-3', has
been observed in the n’ protein recognition sites in
$X174 DNA [26] and in the n’-dependent initiation
signals found in plasmids [1,3]. Judging from the
nucleotide sequences, a stable stem-loop structure
was predicted in sizB (fig.1B).

Both sitA and sitB stimulated the growth of re-
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Fig.2. Infection growth curves. The phage vields are represented
as a function of time (in h) after infection. (O) M13; (%)
M13AJacl183; (A) M134/ec183/sitA; (#) M13Alac183/5itB.
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Table 1

Estimation of functional activities of the sit signals in vivo

Infection growth assay®*  Accumulation

of RFI®
Ch 8h 5 min 60 min
MI134iacl83 1 1.5 x 10? 1 4.8
M134laclB3/sitA 1 1.6 x 10° 1 13.1
MI134lacl83/5itB | 1.3x10° 1 11.2
M13 1 6.6 x 10 1 43.6

® Relative phage growth represented by the ratio to the value at
Oh

® Relative accumulation of RFI DNA represented by the ratio to
the value al 5 min

combinant phages at least 10-fold higher than that
of M13A/ac183 (fig.2 and table 1). To monitor the
effects of these ssi signals on DNA replication in
vivo more directly, the accumulation of RFI DNA
of the recombinant phages was measured. As sum-
marized in table 1, both sit4 and sitB promoted the
accumulation of RFI DNA. These results are con-
sistent with those of the infection growth assay.
Both results indicate that both sitA and sitB,
isolated from the rerC region, can function as ssi
signals on ss-DNA templates.

4. DISCUSSION

Two ssi signals, sit4 and sitB, are isolated and
mapped on the E. coli chromosome-borne segment
of pBS4 (around 31.2 min}. The origin-probe vec-
tor efficiently detects ssi signals from the chromo-
somal DNA. Isolation of the sif signals, ssi signals
from the terC region, is based on clear-plaque for-
mation. This plaque morphology is consistent with
the results obtained both from the infection growth
assay and from the synthesis of RFI DNA in vivo
(table 1).

The nucleotide sequences of two sir signals
(fig.1A) have some interesting features. First,
homologies to the consensus sequence of the n’
protein recognition site [26], 5'-GAAGCGG-3’,
are observed within both of the sit signal se-
quences. This type of sequence homology has been
found in the initiation signals from plasmids [1]
and the E. coli chromosome [3]. These observa-
tions suggest that these sif signals can function as
n’-dependent primosome assembly sites, as do
other ssi signals from plasmids and phages. A novel
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homology is found within siz4 and sitB (fig.1A).
The consensus sequence shows 16 residues out of
22. This high degree of homology, over 70%, may
be significant for the functional activity.

A stem-loop structure has been predicted in
many ssi signals [1,3,8,18,19]. Judging from the
nucleotide sequence of sitB, a stable stem-loop
structure is possible as shown in fig.1B. The secon-
dary structure might be related to the functional ac-
tivity of sitB. In the case of sitd, however, no
stable stem-loop structure can be predicted, though
the functional activities of sitA and sitB are almost
the same (fig.2 and table 1). This can be explained
in two alternative ways: (i) the sitA sequence is part
of the fully functional ssi signal containing a stable
stem-loop structure; (ii) the stem-loop structure is
not always essential for an ssi signal. The latter
might be the case. It is of interest to note that the
loop in the stem-loop of sitB shown in fig.1B has
the same sequence, 5'-AAAGCC-3’, as that found
in the loop of stem-loop I of the phage G4 origin of
complementary DNA strand synthesis. However,
in loop I of phage G4 origin, base substitution and
insertion do not affect the functional activity
seriously (unpublished). This indicates that all the
specific bases in this sequence are not essential for
the functional activity.

Existence of ssi signals in the ferC region implies
possible functions for these signals. They might be
the DNA sequences that direct the assembly of a
primasome, which may function for, most prab-
ably, the synthesis of Qkazaki fragments [27] or for
the reinitiation in the ss-DNA region when replica-
tion is terminated prematurely. A more interesting
possibility is that sir signals might be related to
DNA replication in the absence of de novo protein
synthesis. The same possibility has been suggested
[2] for the function of n’ protein recognition se-
quences located within and clockwise to the asnAd
gene. As sugpested for these sequences, the si?
signals may be involved in the stable DNA replica-
tion, because the fixed initiation sites have been
mapped in the ferC region [28] close to the sit
signals. To identify the relevant DNA-initiating
machinery and the biological function of the sit
signals, protein requirements for these signals to
function remain to be studied.
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