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ABSTRACT  Mautants of plasmid pNT7 that can coexist with
plasmid pMB9 in growing bacteria have been isolated. These
mutants show altered incompatibility properties and increased
copy numbers. Each mutant has a single base change at or near
the center of one of the three palindromes in the region that spec-
ifies two RNA species: a larger one (primer transcripts) that pro-
vides a primer for DNA replication and a smaller one (RNA I) that
is the incompatibility-specific inhibitor of primer formation. In
vitro transcription studies show that the single base changes affect
both the ability of RNA I to inhibit primer formation and the sen-
sitivity of primer formation to inhibition by RNA I. RNA I hy-
bridizes to the primer transcript, and the rate of hybridization is
reduced by the single base changes. Based on analyses of inhibition
of in vitro primer formation by RNA I and of in vivo properties
of the mutant plasmids, we conclude that incompatibility between
two plasmids can be attributed to inhibition of primer formation
on one of the plasmids by the RNA I of the other. Inhibition of
primer formation by RNA I appears to be the mechanism that
determines the copy number of pNT7 and its derivatives.

Transcription of ColE1 DNA by Escherichia coli RNA poly-
merase in vitro starts at two sites in the region required for
maintenance of the plasmid. Transcription from one of these
sites yields products (primer transcripts) that extend beyond the
origin of DNA replication. ‘Approximately one-third of these
products form a stable hybrid with the template DNA during
the course of transcription and can be cleaved by RNase H to
give a 555-nucleotide-long primer for DNA replication (1).
Transcription from the other site proceeds on the opposite
strand and terminates close to the primer initiation site to yield
an RNA (species I or RNA I) about 108 nucleotides long (2). In
the presence of added RNA I, an increased fraction of transcripts
that pass the origin do not form a hybrid with the template DNA
and thus primer formation is suppressed. Primer formation is
not inhibited by RNA I once the hybrid has been formed, nor
is it affected by the species I RNAs of plasmids that belong to
several other incompatibility groups (3).

Here we report that a change of a single base in the region
that specifies both RNA I and the primer transcripts can affect
the inhibitory activity of RNA I and the sensitivity of primer
formation to the small RNA. Such a change can alter both the
incompatibility and copy number.

MATERIALS AND METHODS

Bacterial and Plasmid Strains. E. coli K-12 strain N100 is
identical to W3102 recA3 (4). NT101 is a thy~ derivative of
N100. Plasmids pNT7 (1), pMB9 (5), and pBR322 (6) belong to
the ColE1 incompatibility group; pST10 (3) is compatible with
ColE1. pNT31 was constructed by inserting a 785-base-pair (bp)
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Taq 1 fragment that carries the chloramphenicol acetyltrans-
ferase gene of Tn9 (7) into the unique Tagq I site in the B-lac-
tamase gene of pNT7. The transferase gene is transcribed from
the promoter of the B-lactamase gene (data not shown).

Isolation of Mutants. Plasmid pNT7 is readily lost from grow-
ing bacteria when the bacteria carry pMB9 (see below and also
ref. 8). To isolate mutants of pNT7 that are insensitive to pMB9,
a culture of N100 carrying pNT7 was grown to 3 X 10® cells per
ml at 37°C in 5 ml of L broth; chloramphenicol (100 xg/ml) and
N-methyl-N’-nitro-N-nitrosoguanidine (20 ug/ml) were added,
and incubation was continued overnight. Plasmid DNA from
these cells was used to transform N100 carrying pMB9 (about
6 % 10° cells) (9). L broth (5 ml) was added to the transformation
mixture and incubated overnight at 37°C. The culture was di-
luted 1:25 into broth containing ampicillin (25 ug/ml) and tet-
racycline (10 pg/ml) and incubated overnight. About 30% of
the cultures prepared in this way grew to saturation overnight;
none did so when unmutagenized pNT7 was used (30 cultures
tested). A culture showing full growth was diluted 1:10* into
broth containing both drugs and incubated overnight. Bacteria
in each culture were purified by single-colony isolation on a
plate containing both drugs. DNA preparations from the bac-
teria were used to transform N100 to ampicillin resistance. All
plasmids thus isolated showed altered incompatibility proper-
ties (see Table 2). These include pNT51, pNT52, and pNT57
through pNT62. By using mutagenized pMB9 to transform
N100 carrying pNT7, mutants of pMB9 that do not readily ex-
clude pNT7 were also isolated. One of these is pNT91.

Measurement of Plasmid Copy Number. The copy number
was determined essentially as described (10). NT101 bacteria
carrying a plasmid (monomer) were exponentially grown in a
medium containing 1% Tryptone, 0.3% NaCl, 0.1% glucose,
and 2 ug of [*H]thymine per ml. DNA was extracted and hy-
bridized to denatured pNT7 DNA that had been fixed on mem-
brane filters. The average size of a replicating E. coli chromo-
some was taken to be 3.5 X 10° daltons [1.4 times the size of
the unreplicating chromosome (11)], and the plasmid molecules
were assumed to be in the unreplicating form.

Transcription of Plasmid DNA and Cleavage of the Tran-
scripts by RNase ITI. General conditions used for transcription
studies (1) and preparation of RNase III (12) have been
described.

RESULTS

Base Changes in Mutant DNAs. The locations of mutations
in plasmids were determined by exchanging a restriction frag-
ment of the parent plasmid DNA with the corresponding frag-
ment of a mutant plasmid DNA. Mutant DNA was cleaved by
Pst I and BstEIl, and the smaller fragment was ligated to the
larger fragment of pNT31 DNA or vice versa (Fig. 1). In each

Abbreviation: bp, base pair(s).
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four different point mutations. Each is present at or near the

center of one of three palindromes in the region that specifies

RNA I and the primer transcripts. The mutations in pNT59,

Taql pNT52, and pNT60 have been named incl, inc3, and inc4, re-
spectively. Plasmid pNT51 has two mutations, incl and inc2.

The nucleotide sequence of pMB9 in the region that specifies

Avall Taql . RNA I was found to be identical to that of pBR322 (15) and to

/ L differ from that of pNT7 at one position in palindrome 1. We

S Origin refer to the pNT7 sequence as inc* and call this difference inc9.

g An inc9 derivative (pNT73) of pNT7 was constructed by re-

/ ~ placing a Hpa II segment of pNT7 by the corresponding seg-

’ S~ ment of pBR322 that contains the inc9 allele. Plasmid pNT91

- Haelli~~~_ BstEl was found to be an inc2 mutant of pMB9.

1 =y Effect of Species I RNAs on Primer Formation. We ex-
amined the effect of the species | RNAs made by pNT7 and six
representative mutants on primer formation on each plasmid.
Experiments were performed under conditions that permitted
initiation of transcription selectively from the primer promoter

pstl Avall Awvall

FiG. 1. Restriction map of pNT7. Heavy line, region derived from

ColE1; thin line, portion derived from Tn3 transposon (1). Relevant
restriction sites are indicated. In the upper part, arrows indicate the
three major sites of transcription initiation and the direction of elon-
gation, and an arrowhead indicates the origin of DNA replication. The
arcs inside the circle indicate the two restriction fragments on which
the mutations were found. Below is shown a portion of the genome with
arrows indicating the 5’ — 3’ orientation of fragments used for nu-
cleotide sequence determination.

case, the resultant plasmid containing the smaller Pst I-BstEII
segment of mutant DNA showed the mutant property (data not
shown). To delimit the altered region further, Ava II-BstEII
fragments containing the primer promoter (Fig. 1) were isolated
from the mutant DNAs and ligated to the appropriate fragment
obtained from pNT31 DNA through partial Ava II digestion
followed by complete BstEII digestion (Fig. 1). Characteriza-
tion of the resultant plasmids showed that the mutations were
in the Ava II-BstEII segment which contains the primer pro-
moter and specifies RNA I (data not shown).

By determining the nucleotide sequences of the Ava II-

(Fig. 3), thus eliminating any effect due to RNA I synthesized
de novo. Representative electrophoretograms are presented in
Fig. 3. The results are summarized in Table 1. At a given RNA
I concentration, the extent of inhibition of primer formation
depended on the exact combination of template DNA and RNA
I. Single base change can alter both the sensitivity of primer
formation to RNA I (compare the values within a column of
Table 1) and the activity of RNA I (compare the values across
a row). Inhibition with homologous mutant pairs was always
weaker than that with the wild-type pair (compare the values
along a diagonal from the upper lefthand corner). When the
template DNA and RNA I differed at two positions, the inhi-
bition generally was poor; when they differed at three positions,
the inhibitory effect was always small.

Interaction Between Primer Transcripts and RNA L. The
finding that the region of plasmid DNA which specifies RNA
I also determines sensitivity of primer formation to the RNA
suggests that RNA I inhibits primer formation by interacting
with the homologous region of the primer transcript or the tem-

BstEIl segments of eight mutant plasmids (Fig. 2), we identified plate DNA. However, because RNA I is not degraded by RNase
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TACTGTCCTTCTAGTGTAGCCGTAGTCGGGCCACTACTTCAAGAACTCTGTAGCACCGTTTGTGCCATCATCGCTCTGCTAATCCGGTTACCAGTGGCTGCTGCCAGTGG-
ATGACAGGAAGATCACATCGGCATCAGCCCGGTGATGAAGTTCTTGAGACATCGTGGCAAACACGGTAGTAGCGAGACGATTAGGCCAATGGTCACCGACGACGGTCACC-
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F1G. 2. Nucleotide sequences. The nucleotide sequences of the Ava II-BstEIl region (Fig. 1) of the mutants were determined as follows. The
whole plasmid DNA was cleaved completely by Alu I. The resultant fragments were labeled with [y-32PJATP and polynucleotide kinase and then
cleaved by Ava II and BstEIl. A 142-bp Alu I-BstEII fragment and a 157-bp Ava II-Alu I fragment were isolated and their nucleotide sequences
were determined (13). Each mutant DNA was found to have a single base change in this region except for pNT51 which had two such changes. The
change present in pNT52 recurred in pNT61 and pNT62; that in pNT57 was also found in pNT58 and pNT59. The alterations were confirmed by
determination of nucleotide sequences of the complementary strands of four representative strains (pNT51, pNT52, pNT59, and pNT60) as follows.
The DNAs of pNT51 and pNT52 were cleaved with Hae III and end-labeled. After cleavage with FnuDII, a 160-bp fragment was isolated and its
sequence was determined. The DNAs of pNT51, pNT59, and pNT60 were cleaved with FrnuDII, end-labeled, and then cleaved with Hae I to generate
a 160-bp fragment whose sequence was determined. The sequences of the region that specifies RNA I of pMB9 and pNT91 were similarly determined.
The locations of the mutations in these plasmids are indicated with the pNT7 sequence (14) of the region that specifies both RNA I and the first
220 nucleotides of the primer. Open arrows, major sites of transcription initiation and direction of elongation; solid arrow with bar, site at which
most RNA I'tra.nscripts terminate; solid arrows, major palindromes in regions pertinent to the present report; dot in arrow, unpaired nucleotide
within a palindrome. Palindromes I, II, I, and IV .specify stem and loop structures I, I, II, and IV of the primer transcript and structures I', IT’,
and III' of RNA L. The sequences that specify the stem of structure IV are indicated by a and 8.
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Fig. 3. Effect of RNA I on primer formation. RNA synthesis was initiated with RNA polymerase (3 units/ml), plasmid DNA (10 ug/ml), ur-
idylyl(3’,5")uridine (500 uM), GTP and CTP (10 &M each), and [a-32P]ATP (2 uM, 400 Ci/mmol) in the presence or absence of RNA I (1 ug/ml).
After 10 min at 30°C, rifampicin (10 ug/ml) was added to block new initiation, and incubation was continued for 10 min. Because of the absence
of added UTP, synthesis of primer RNA was arrested after synthesis of about 30 nucleotides (3). After addition of UTP (40 uM) and RNase H (1.5
units/ml) and adjustment of concentrations of ATP, GTP, and CTP to 200, 40, and 40 uM, respectively, incubation was continued for 30 min. After
termination of the reaction (1), an appropriate amount of [a->*PJAMP-labeled runoff transcripts (342 nucleotides) from the B-lactamase promoter
(1) made on Rsa I fragments of pNT7 was added. This was used to monitor the recovery of labeled RNAs. RNA from an equal volume of each reaction
mixture was analyzed in a 3% polyacrylamide/urea gel (1). Synthesis of RNA I was not detected (data not shown). The inc allele of the RNA I present
in each reaction is indicated by a number or by wt (i.e., inc*). Thus 1, 1,2, and 2,9 indicate inc1 RNA I, incl inc2 RNA I, and inc2 inc9 RNA I, re-
spectively. No addition of RNA I is indicated by “no.” The Roman numeral VIII indicates the position of the primer RNA (species VIII) and V and

VII indicate those of the read-through transcripts (species V and VII) (1).

H added to the transcription mixture (1), hybridization of RNA
I to the template DNA is unlikely. Rather, the following results
with RNase III, which cleaves double-stranded RNA, indicate
formation of hybrids between RNA I and the primer. Although
neither the pNT7 primer transcript nor RNA [ is sensitive to

Table 1. Inhibition of primer formation by RNA I

Template DNA
RNAI inc* incl inc3 incd inc9 incl inc2
inc* 1.00 0.33 0.11 023 0.38 0.09
incl 0.39 0.21 0.07 013 0.23 0.14
inc3 0.13 0.04 0.39 0.07 0.08 <0.02
incd 0.33 0.14 0.07 020 0.29 0.06
inc9 0.34 0.13 0.11 0.18 029 0.07
inclinc2  <0.02 003 <002 <0.02 0.02 0.15
inc2inc9 <0.02 <002 <0.02 <0.02 0.03 0.12

The relative strength of inhibition of primer formation by RNA I
measured with various combinations of template DNAs and species
I RNAs. This table is based on the results of about 300 reactions like
those of Fig. 3. For each reaction, the radioactivity in a gel slice con-
taining the primer RNA was measured and then normalized to that
in a slice containing the reference (partial B-lactamase) RNA. The con-
centration of RNA I required to reduce the yield of primer by 50% was
calculated from the extent of inhibition observed at three or four dif-
ferent concentrations of RNA I (0.05-4 ug/ml, depending on the ac-
tivity). The values presented here are the inverse of the RNA I con-
centration at 50% inhibition. These are expressed relative to the value
for pNT7 RNA I acting on pNT7 primer formation (0.2 ug/ml of RNA
1 for 50% inhibition). Means of triplicate determinations that varied
within +30% of each mean are presented.

RNase III when alone, both can be cleaved at several specific
sites when mixed together (Fig. 4).

To examine the rate of hybridization of pNT7 primer to var-
ious species I RNAs, RNA I and labeled primer were incubated
together for various times and then any hybrids formed were
cleaved by RNase III. Results (Fig. 4B) show that the wild-type
RNA I hybridized rapidly with pNT7 primer whereas incl inc2
RNA I hybridized slowly. Hybridization .of inc3 RNA I was.
slower than that of the wild-type RNA I but much faster than
that of incl inc2 RNA L. An intermediate rate was also observed
with the incl and inc4 species I RNAs (data not shown). These
results indicate that a single base change can alter the rate of
hybrid formation and that the rates observed with various spe-
cies I RNAs correlate with their inhibitory activity.

Copy Number and Incompatibility of Mutant Plasmids. By
use of DNA*DNA hybridization, we found that the numbers of
monomeric molecules of pNT51 (incl inc2), pNT52 (inc3),
pNT59 (incl), pNT60 (inc4), and pNT73 (inc9) per chromosome
in exponentially growing bacteria were about 220, 50, 60, 90,
and 45, respectively, whereas the copy number of pNT7 was
about 30 (data not shown). The correlation of increased copy
number with decreased sensitivity of primer formation to ho-
mologous RNA I suggests that the copy number is determined
by the inhibitory activity of RNA L.

The results described above suggest that in vivo replication
of plasmid is susceptible to RNA I just as is in vitro primer for-
mation. When two plasmids are present in a cell, any difference
in susceptibility to the species I RNAs present in the cell ought
to result in a difference between the rates of replication of the
two. In the extreme, it is possible that one type of plasmid will
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FiG. 4. Cleavage of RNA I (A) and primer (B) by RNase III. (A)
pNT7 primer (unlabeled) was synthesized as in Fig. 3 except that the
concentrations of ATP, GTP, and CTP were kept at 40 uM each
throughout the reaction. After incubation to the completion of tran-
scription (40 min), purified [y-32JATP-labeled RNA I (0.01 ug/ml) was
added and incubation was continued for 30 min. RNase III (60 units/
ml) was then added and the mixture was incubated for 10 min at 30°C
(lane c). Lane b shows labeled RNA I treated with RNase III in the
absence of primer; lane a shows untreated RNA I. RNA was analyzed
in a 10% polyacrylamide/urea gel. Arrow, cleavage product containing
about 20 nucleotides. (B) Primer was synthesized as in A with [a-
32pP]ATP (40 uM, 1 Ci/mmol) and then incubated with various species
I RNAs (2 ug/ml) as indicated. RNase III was added at 10, 30, 60, or
180 min after addition of RNA I and incubation was continued for an
additional 10 min. RNA was analyzed in a 3% polyacrylamide/urea
gel. Species I RNA used are indicated in the figure. Arrow, cleavage
product containing about 460 nucleotides. Weak spots above those of
species VIII RNA were formed by species V RNA or its cleavage prod-
ucts. Although the hybrids were cleaved at several specific sites, only
the shortest products of RNA I that retained the original 5’ end (in A)
and the shortest products of the primer that had the original 3’ end
(in B) are seen. When RNase III treatment was carried out at 250 mM
KCl, the hybrid molecules were cleaved predominantly at approxi-
mately 70 bp from the 5’ end of the primer. Around that site there is
a 5-bp sequence that is also found near the RNase III cleavage sites of
some other RNAs (16-18).

be lost because its replication is suppressed by the RNA I of the
other plasmid. To test such a possibility, we performed the in-
compatibility experiments described in Table 2. In the trans-
formation tests, a reduction in the efficiency of transformation
due to the presence of a resident plasmid indicates exclusion
of the incoming plasmid by the resident. A greater reduction
of the efficiency resulting from selection for both resident and
incoming plasmids reflects exclusion of the resident. The seg-
regation tests reveal the relative strengths of the two exclusion
phenomena.

As bacteria which originally carry two plasmids grow, both
plasmids continue to coexist, a particular plasmid is lost, or
either plasmid is lost. All three situations are found in the results
presented in Table 2. Both plasmids continued to coexist if only
one of them was incl inc2 or inc3. In these cases, the RNA I
of one plasmid inhibited primer formation on the other only
slightly. The inc* plasmid was lost selectively when the incl,
inc4, or inc9 plasmid was present. In all these cases, both the
inc* and inc™ species I RNAs inhibited inc* primer formation
more than inc™ primer formation. Thus, when one copy of an
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Table 2. Incompatibility tests

Relative efficiency  Plasmid retained
of transformation, after 20 generations,
% %
Plasmid For Fr A B A
A B Aonly AandB only only andB
inc* pNT31 14 9% 16 24 60
incl inc2 inc* 95 90 0 0 100
incl 78 10* 100 0 0
inc3 98 83 2 0 98
incd 75 20* 73 0 27
inc9 70 63* 97 0 3
inc* pNT36 95 92 0 0 100
incl inc2 incl inc2 12 14* 5 10 85
incl 90 80 0 0 100
inc3 89 90 0 0 100
inc* pMB9 0.005 0.005 0 100 0
incl inc2 inc9 109 110 0 0 100
incl 40 30 5 37 58
inc3 87 48 2 8 90
inc4d 29 17* 10 30 60
inc9 10 10* 0 100 0
inc* pNTI1 114 80 0 0 100
inc9 inc2 inc9 90 80 0 0 100

To determine the efficiency of transformation, about 6 x 10° cells
of N100 carrying plasmid B were transformed with 0.01 ug of plasmid
A (pNTY7 or a derivative) except that 0.6 ug of pNT7 was used to trans-
form N100 (pMB9). Plasmid DNA in bacteria and the purified DNA
were monomeric. After the standard treatment for transformation,
bacteria were spread on plates containing one or two appropriate drugs
to select for the incoming plasmid only (A) or both incoming and res-
ident plasmids (A and B). Tetracycline (10 ug/ml) was used to select
for pMB9 or pNT91, chloramphenicol (20 ug/ml) for pNT31 or its incl
inc2 derivative (pNT36), and ampicillin (25 ug/ml) for other plasmids.
After incubation for 18 hr at 37°C, the visible colonies were counted.
The number of transformants of the plasmid carrying bacteria was
then divided by the number of transformants obtained in a similar
experiment with N100 bacteria. The relative competence of each re-
cipient culture was estimated by transformation with pST10, which is
compatible with ColE1. The values shown have been corrected for the
relative competence of the recipients. For the segregation test, a sam-
ple of the transformation mixture was diluted with L broth containing
both drugs and incubated overnight. A sample that contained about
100 bacteria was then diluted into L broth without drugs and incu-
bated. After about 20 generations of growth, bacteria were spread on
a plate lacking drugs and the colonies that grew were replica-plated
onto plates with either or both drugs. About 200 colonies per plate were
examined. The fractional values for each class of resistant bacteria are
calculated. In column B, blank indicates use of the same plasmid
shown immediately above.

* Colony sizes were irregular.

inc” plasmid enters a cell carrying many copies of the inc* plas-
mid, the inc™ plasmid can replicate more often than the inc*
plasmid, and, finally, replication of the inc* plasmid will be
blocked by the inc™ RNA 1. The third situation, in which either
one or the other plasmid is eventually lost, occurs when both
plasmids have an identical inc genotype. A remarkable case is
the incompatibility of the plasmids with the incl inc2 genotype
which are compatible with all other plasmids tested. Thus,
these plasmids form a new incompatibility group of their own.

The results of incompatibility tests involving plasmids with
heterologous genetic backgrounds are not easy to explain. Both
the exclusion of pNT73 (inc9) by pMB9 (inc9) and the stronger
exclusion of pNT7 (inc*) by pMB9 than by pNT73 show that
some factor in addition to RNA I influences incompatibility. The
factor of pMB9 did not have a significant effect when the plas-
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mid had the inc2 mutation or when pNT7 had the incl inc2
mutations. The factor could modify expression of the effect of
inhibition of primer formation by RNA I.

DISCUSSION

Several mutants of pNT7 that have altered incompatibility and
increased copy number have been isolated. In each plasmid,
a mutation is present in the region that specifies RNA I and a
portion of the primer transcripts. The results of in vitro exper-
iments show that a single base change can simultaneously affect
the inhibitory effect of RNA I on primer formation and the sen-
sitivity of primer formation to inhibition by RNA 1. The copy
number of a given plasmid appears to be determined by inhib-
itory activity of RNA I on primer formation on the plasmid and
the incompatibility between two plasmids can be attributed to
inhibition of primer formation on one of the plasmids by RNA
I of the other. Several recent reports have described mutations
that affect the copy numbers of ColE1 (19), pMBS8 (20), or
CloDF13 (21) and are located in the region of each plasmid
which specifies RNA 1.

RNA I interacts with the primer transcripts to form an
RNA-RNA hybrid. Because the rate of hybrid formation cor-
relates well with the extent of inhibition of primer formation,
we believe that this interaction is fundamental to the effect of
RNA I on primer formation. The rate of hybridization can be
reduced by a mutation at or near the center of any of three pal-
indromes. This suggests that interaction of the loop portions of
all three stem-and-loop structures of RNA I with the primer
transcript is required for inhibition of primer formation and that
the initial step of the interaction may involve the pairing of bases
in the loop portions of the structures in RNA I with comple-
mentary sequences in the primer transcript. Thus, except for
the inc9 transcripts (discussed below), changing of a possible
G-C pairing between the primer transcript and RNA I to any
other combination at the site of mutation greatly reduces the
inhibition of primer formation. However, a possible A-U pairing
is not always more effective than the G+U or A*C combinations
at causing inhibition. For example, the homologous incl/incl
combination is slightly less inhibitory than the heterologous
incl/inc* combination. Some alterations of the structures of the
transcripts by the mutation seem to modify the interaction. In
contrast, there are cases in which structural changes of the tran-
scripts seem to have a primary effect on the interaction. The
inc9 mutation, located at a joint of the loop and the stem, may
be such a mutation because the homologous inc9/inc9 combi-
nation, which can form a G+C pair at the inc9 site, is less in-
hibitory than the homologous inc*/inc* combination which can
form an A-U pair. We suspect that the previously described
copy number mutations of ColE1 (19) and pMB8 (20) and the
cop3 mutant of CloDF13 (21) exert their effect by preventing
the proper formation of folded structures.

How does the interaction of RNA I with the primer transcript
result in inhibition of primer formation? It seems likely that the
interaction prevents formation of a structure necessary for ef-
ficient primer formation. Such a structure may involve a se-
quence in the region of the primer transcript that is comple-
mentary to RNA I and a second sequence of the transcript
further downstream. For example, the primer transcript has a
30-nucleotide sequence in palindrome III (a region) that is
highly complementary to a sequence 70 nucleotides down-
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stream (B region) (Fig. 2). Base pairing between these se-
quences would result in formation of structure IV (Fig. 2), which
is more stable than structure III. Obviously, hybridization of
RNA I to the primer transcript will block formation of structure
IV. This could explain the effect of RNA I if formation of struc-
ture IV is somehow involved in primer formation.

In fact, such a mechanism is suggested by the analysis of
pNT7 mutants in which either a part or whole of the a or B re-
gion is deleted (data not shown). These mutants replicate poorly
in vivo. The efficiency of in vitro primer formation on these
mutants is low because of poor hybrid formation between
primer transcripts and template DNA. Possibly, structure IV
facilitates formation of a structure that is required for primer
formation which involves sequences further downstream.

It may be worthwhile to comment on the possibility of in-
volvement of RNase III in ColE1 DNA replication in vivo (22)
or in initiation of ColE1 DNA synthesis in vitro (20). We have
found that cell extracts (23) prepared from three RNasellI-de-
ficient strains can support normal formation of early replicative
intermediates (data not shown). Recently, in vivo ColE1 DNA
replication has been shown to be independent of the presence
of active RNase III (ref. 24; G. Selzer, personal communication).

We thank G. Selzer and Y. Sakakibara for comments on the
manuscript.
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