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ADVANCES IN PLASMID REPLICATION
MECHANISM: A REVIEW

Franco G. Teves

[ntroduction

The replication of duplex helical DNA involves a complex, coordinated
geries of reactions in which new DNA chaing'are initiated and elongated on
each strand of the duplex. Geneticstudies of E. coli and its phage have identified
alarge number of gene products that participate in DNA replication and in some
cages have identified the position of the replication origins. These genetic
studies have provided the framework necessary for the development of
multienzyme replication systems used to determine the sequences, proteins
and enzymatic reactions required for DNA replication.

The steps used to replicate duplex DNA are indicated schematically
in Figure 1. The figure emphasizesthe similarity between replication on duplex
eyes and on rolling circle intermediates. The figure is a combination of
fragmented information from many systems which may not totally hold true for
certain individual systems. Replication eyes are thought to be formed by the
recognition and activation (unwinding) of a chromosomal origin siteby specific
proteins and the synthesis of an RNA primer for the leading strand (1A, Figure
1). Elongation by DNA synthesis of the leading strand proceeds with simultane-
ous unwinding of the duplex ahead of the replication fork (IB). Alternatively,
an initiation site for leading strand synthesis can be created by a site-specific
nick in one strand of the duplex (IIA). If the duplex DNA is circular, elongation
from such a nick leads to a rolling circle intermediate, in which the 5' end of the
displaced strand is at least sometimes linked to the growing 3'terminus (IIB).
Elongation of the leading strand can be facilitated actively by a helicase such as
the rep protein that unwinds in the 3' to 5' direction (IIA and IIB). Helicase
direction is indicated by convention, as the direction of movement of the
helicase on the strand that is not displaced. On the lagging strand, synthesis
proceeds by the synthesis (I and IIB) and elongation (I and IIC) of RNA primers
to form discontinuous fragments which, following removal of the primer and
repair of the gap, are ligated to form a continuous strand. The priming systems
that synthesize these short RNA fragments range from the single bacteriophage
T7 gene 4 protein to at least 7 proteins in the E. coli primosome. In those systems
in which it has been tested, the priming enzymesmove 5'to 3' along the lagging
strand template and have a nucleoside triphosphate-dependent 5' to 3'helicase

?Ictivity to unwind the duplex DNA template ahead of the leading strand (I and
C).
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Figure 1. Duplex DNA replication via replication eye, or
rolling circle intermediates (Noasal, 1983).
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PLASMID INITIATION AND REPLICATION SYSTEMS

ColE] Initiation and Replication
Initiation

Nossal (1983') ment‘ioned that while duplex circular DNA of the ColE1
plasmid can be rephca?;ed in cell-free extracts of E. coli that do not carry the
plasmid-encoded proteins, are not required, genetic studies have shown that

RNA polymerase I and III, as well as the primosome proteins (dnaB, dnaC and
dnaG) are required.

Initiation of replication starts at the H-strand (lagging strand) leading to
the D-loop intermediate containing the newly synthesized L-strand (leading
strand of about 6S (400 bases) according to Tomizawa (1975). Itoh and Tomi-
zawa (1978 and 1982) reported that initiation on the H-strand occurs in vitro
with RNA polymerase, DNA polymerase I and RNase H with DNA origin (RNA-
DNA junction) occuring at the same 3 contiguous nucleotides used int he crude
cell extract. RNase H increases the number of DNA chains initiated and
specifically stimulates synthesis at the normal RNA-DNA junction. Gyrase
enzyme is not required with supercoiled templates but increases the length of
DNA products without increasing the number of chains initiated (Itoh and
Tomozawa, 1978).

More recently, Hillenbrand and Staudenbauer (1982) developed a
system for the initiation of ColE1 DNA replication consisting of the following:
1. DNA polymerase I
2. "priming fraction” which co-purifies with RNA polymerase and DNA
gyrase
3. "discriminating fraction” containing RNase H
4. other polypeptides whose size is about 20,000 D.

They found out that certain plasmids behave differently in the
presence or absence of the discriminatory fraction. There is origin-specific syn-
thesis of the amplifiable plasmids ColE1, pBR322, RSF 1030 and C1oDF13 as
judged by the position of the D-loops in the products. However, there is little
synthesis of the non-amplifiable plasmids pSC101, pKN182, pSEO14 and

PSC138.In the absence of the discriminatory fraction, there is random initiation
of both sets of plasmids.

This system is almost completely inhibited by novobiocin. In extracts,
ColEl replication is sensitive to gyrase inhibitors and mutations in gyrB
(Gellert et al., 1976; Orr and Staudenbauer, 1981).
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Itoh and Tomizawa (1980) constr.u{:ted a smal]
'mj;g 812 bp surrounding the _C°1E1 origin. Two f:ranscri
cfrofxfla gites on opposite strands of this plasmid in a region 450-455 Werg Dag,

ioin. This region is required f Duglg,,. %
upstream from the origin 9 &l 1 or both rep]_icﬁtie‘)
maintenance of the plasmid.

These two transcripts are:

1 transcript from the H-strand (RNA II) vv-hjch the RNage cut
replication origin to make a 555-nucleotide primer gp, q s aty,

9. second transcript, a 108 base RNA (.RNA 1) which is e &
L-strand; this inhibits the synthesis of pNT7 DNA v om th,
RNase H from cutting the primer transcript by iﬂterfer;:evel.lts
the hybridization of the primer transcript to the DNA g Wwith

These authors proposed that the secondary structure of RNA I -
regions upstream from the DNA origin (palindromic region of the H-Stra,nlg
transcript) influences primer formation by RNase H. RNA 1 from one plasnig
inhibits the synthesis of that plasmid and other incompatible plasmigs but
does not inhibit the synthesis of closely related compatible plasmids.

A mechanism of replication similar to that of ColE1 has been shown
for the plasmids RSF1030, C1oDF13, pBR322 and p15A. Although there are
differences in the sequences of these plasmids in the region determining the
primer transcript, in each plasmid there is a potential set of three neighboring
palindromes in the region specifying RNA I (Som and Tomizawa, 1982; Selzer
et al., 1983).

Elongation

Elongation of the 6S L-strand in extracts is dependent on dnaFE anddnaZ
gene products. These defects can be complemented by pol III holoenzyme. L-

strand elongation is blocked by antisera to dnaB but not by mutations in the
dnaG primase.

It has been proposed by Staudenbauer et al. (1979) that dnaB Fna};'
facilitate leading strand synthesis in addition to its role in the SYntheSISISe
primers, analogous to the helicase function of the phage T7 gene 4 and T4g€
41 priming proteins,

: , . nt
Meanwhile, discontinuous synthesis of the new H-strand is deP ende

a—

:ir(l) SEFB’ dl;ict and dnaG proteins (Conrad and Campbell, 1979)- Thet i‘;‘jf .
new L-strand on duple el tos does not It

dnaG protein but would I-l€X super-coiled ColE1 template 4 op

' = g 1€
. . require dnaB, dnaC and dnaG protein if ¢P
1solated H single strand (Boldicke et al., 1981).

8
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The following sites have been identified on each strand of ColE1l
No nura and Ray, 1981; Boldicke et al., 1981):

1. rifampicin-resistant initiation site (rri site) and
9. protein n' (Y) ATPase.

The L-strand. rri site acts to assemble the primosome for discontinuous
synthesis of the lagging H-strand by the reactions described for 0X17455-- RF
p yntheSiB- It has ‘!)een proposed that the H-strand rri site is where continuous
L-strand synthes}s by pol 1 stops and discontinuous synthesis of primosome-
initiated synthesis by pol III begins or that it is required for the initiation of

L-strand synthesis. on the transferred H-strand during mobilization of the
plasmid DNA (Marians et al., 1982).

There is conflicting evidence on the role of RNase III in the replication
of plasmids related to ColEl. Conrad and Campbell (1979) reported that
plasmid RSF1030 synthesis was defective in preparations from E. coli with
mutations in RNase III. However, Tomizawa and Itoh (1981) and Hillenbrand
and Staudenbauer (1982) reported otherwise. In vivo ColE1 replication is not
affected by RNase III mutations (Ely and Staudenbauer, 1981).

When all conditions are not limiting, termination of replication will
proceed to completion.

Host Gene-F Plasmid Replication Interactions in
Escherichia coli

A more recent, specific control of plasmid replication via host gene
interaction was reported by Wada and Yura (1984). It has been shown
previously that replication of F, mini-F and some related plasmids is
specifically inhibited in mafA mutants of E. coli K-12. However, mini-F mutants
have been shown to overcome this replication inhibition. Such mutant plasmids
(pom plasmids for permissive on maf) are obtained spontaneously or after
hydroxylamine or Tn3 insertion mutagenesis.

Outstanding characteristics of these pom mutants are the following:

1. ability to replicate in maf A mutant bacteria
2. increased copy number
3. increased resistance to curing by acridine dye in the maf*host.

If Tn3 is inserted into the incC region of mini-F DNA (region involved
in incompatibility, control of copy number and sensitivity to acridine dye),
the above characteristics will show while other plasmids that carry the Tn3
outside this tandem repeat (incC region), remain wild type.
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Other host-specific functions involved in F replicatig
erase I, RNA polymerase, dnaC gene product) are quite
reported in part A of this paper.

0 (DNA

. VA Dolyy
81milay to th(}ge

Strict control of F plasmid of E. coli K-12 is exerted on th
and partitioning of the plasmid into the two daughter cells go a5
basically a single copy per host chromosome.

e replication
to maingy,

Studies on the Regulation of Replication of Plasmi
By Plasmid-encoded Products

Asstated by Nossal (1983, see part A), plasmid-encoded proteins are not
necessary in plasmid replication control in ColE1. Dong et al. (1985) described
how the gene dosage of the repA2 transcription repressor protein (plasmid-
encoded) regulates transcription of the repAl gene, a gene whose product is
required for the initiation of DNA replication at the plasmid origin.

. Transcription of the repA1 gene of the plasmid NR1 of the IncFII group
18 initiated at two promoters in the 1.1kb Pst1 fragment (Figure 2) (Easton ¢
al., 1981; Rownd et al., 1984), Transcription from the upstream promoter for
RNA-CX is constitutive at a low level, while that from the downstream promoter
for RNA-A isregulated by rep A2 repressor protein encoded by the 5'and OfRNA'
C?( (Wo@le et al., 1985). The copB protein of plasmid R1, although substantlaill}’
different in amino acid sequence from the rep A2 protein of NR1 (Ryder et t,
1981), appears to play a similar role in the regulation of R1 transcription (V€
and Molin, 1982; Molin et al,, 1981). RepA3 which lies between repA2 andrep D
genes (Rosen et al, 1980) and is transcribed by RNA-CX and RNA-A b5 7
identified but no function has been ascribed to it yet.
At the wild ‘type copy number of NR1, transcription from the regu:: ;:n
f;ommer (RNA-A) i5 96% repressed but substantial derepression occuri?d copy
& copy number falls below the normal value. At or above normal P b
number, the basal leve] of repAl mRNA is px:ovide d by transcriptio? from
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yitutive upstream promoter (RNA-CX). An excess of repA2 protein can
coIn Jetely Tepress transcription from the RNA-A promoter but has very little

C(t)f ecfi on COPY number or incompatibility.
e

Dong et al. (1985) concluded that the level of repressor proteinin the cells
. sene-dosage dependent and that the relationship between the rate of tran-
as tion from the regulated promoter and the repressor protein concentration
?cmf)lmction of gene dosage. The authors have shown a quantitative relationship
fe:ween repA2 protein concentration in the cell and the amount of transcription

from the RNA-A promoter.

rep Az inc rep Ay
T — T
1 s Lol 332 ] 262 |
S s S S S
WW'WWWMM\NVHCX
N\M/WWWVV\/\/HA
v B

Figure 2. Structure of NR1 minireplicator plasmids composed
of 3 Pst1 restriction fragments (See text).
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Another plausible work was reported by Schl‘einer ;
interaction between kil and kor genes (plasmid geneg) andethal.’ (198,
expression of the essential rel?hcatlon gene trfA in the R ol elr_ ffet, Oy th,
The broad host-range plasmid RK2 encodes multiple heg 1 :Imd (Ing gy,
nants (kild, kilB1, kilB2, kilC) which are controlleq 1. @l ki dgtreoup)l

b
functions (korA, korB, korC). = RKz‘BDeciﬁedrEi‘

Or
Kil and kor are determinants with significant effects on
control. KorA and korB inhibit the replication of certain RK2 der; : .replicatio
plasmid replication is made independent of the RK2 gene ek V(a)tlves e;;
hand, kilB 1 exerts a strong positive effect on this intera Ction' In the Othe,
plasmid is defective in kilB1, sensitivity to korA and korB isve Dh.anf the banget
a hundred-fold. A mutant RK2 derivative resistant to korA and koy Bced at legg
by Schreiner et al. (1985) to have fused a new promoter to trfA indicwff,ls foung
the targets for korA and korB are at the 5' end of trfA gene. They COn:t Ing thy
trfA-lacZ fusion and found that synthesis B-galactogidase ig inhibited Il')uclt{eda
and korB. Therefore, korA, korB and kilB1l influence RK2 replicati}; n011‘)A
regulating frfA expression. Previously, other workers identified two plasmid log
that are essential for RK2 replication (Meyer and Helsinki, 1977; Figurski ang

Helsinki, 1979; Thomas et al., 1980; Thomas et al., 1981; and Stalker et al,
1981). These loci are: ’

1. oriV = origin of unidirectional replication which is activatedbya
diffusible function encoded elsewhere on the plasmid.

encodes 3 polypeptides, at least one of which is functional
in replication.

2. trfA

1t was suggested by Schreiner et al. (1985) that the complex network of
kil and kor determinants is part of a replication control system for RK2.

Why should replication control be so complex for IncP plasml(_is (F lﬁz
3)? The reason given by them is in relation to the plasmids’ extra?rdlna]gel of
range among Gram negative bacteria. The network may prov1de ‘a
adaptability to allow the plasmids to respond to differences in the varl e
and thus ensure appropriate levels of trfA product for stable mainten?

ous hOStS
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College of Engineering
Forestry Engineering, Electronics and Commu-

Bachelor of Science in Civil Engineering,
anical Engineering and Metallurgical Engineer-

nication Engineering, Electrical Engineering, Mech
ing.

College of Industrial Education

lucation with majors in Automotive, Building Con-

Bachelor of Science in Ir ;
4city, Home Technology, Industrial Arts, Machine

struction, Ceramics, Drafting, El=
Shop, Refrigeration and Air Conc -
College of Physical Education
Bachelor of Science in Physical *
College of Sclence and Matheni:
., Chemistry, Marine Biology, Applied Mathematics,

Bachelor of Science in Biology 1
Mathematics, Physics and Zoology

Developmental High School
Secondary Education in Science Curriculum and REvised Becondary Curriculum-
Ceramics Department

10-month Ceramics Training
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