Modern Microbial Genetics, Second Edivion. Edited by Uldzs N, Streips, Ronald E. Yashin
Copyright 0 2002 Wiley=Lisa, Inc.
I5EMNs 0=aT1-3866 50 (Hardback); 0=471=22197-X (Electzonic)

Prokaryotic DNA Replication

WILLLIAM FIRSHEIN

Department of Molecular Biology and Biochemistry, Wesleyan University, Middletown,
Connecticut 08459

L Introduction - ... oo 3
II. General Concepts of DNA Replication ... ....... .. 4
A, Semiconservative Synthesis. ..o oo oL 4

B. The Replicon Model .. ... ... . ... .. ... 5

IT1. Replication Operations .. ... ... ... .. 6
Al Intiation . ... oL 6

B. Elongation ...... ... .. . i 7

1. Fine Details of Elongation ... ... ... .. 8

C, Terminalion . ... .ottt it aee s 12
. Precursors in DNA Replication. .. ... ..., .. 16
1o Introduction. .. ... ..o 16
2, Types of Metabolic Pathways .. ... ... .. 16
3. Multienzyme Complexes ... ................ 18
IV, The Replhcon Membrane Interaction .. ... ....... .. 18
A Intreduction . ..o Lo 18
B. Specilic Orgamisms. .. ... ... oo a e 19
LoE coli oo 19
208 subtilis oo 20
JoPlasmid REK2 ... o o 21
V. General Conelusions ... ..o o oo 2
1. INTRODUCTION the success was made possible after Wat-

son and Crick (1933) proposed that the
structure of DNA exisied as a double helix
of sugar-phosphates held together by two
puring and pyvrimiding base pairs, adenine-
thymine and guanine-cviosine, respeclively.
It was the sequence of these base pairs
that determined the exact composition of
the DNA molecule and the molecular struc-
ture of the gene (storage of genetic informa-
tion).

Ultimately DNA structure must be under-
stood in terms of its function just as function
requires knowledge of structure. Each func-
tion must be resolved and reconstituted in
complete detail in order to connect it to a
structure in the cell, In the case of DNA,
three hierarchical functions—storage of
genetic information, replication of this infor-
mation from generalion 1o generation, and
ultimate control of the functions of cellular
activiies—have been elucidated in exqusite
detail, although owr  understanding  of
those details s far [rom complete, Much of
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Replication of the double helix was pro-
posed by Watson and Crick to be based
upon the separation of two helices which
acted as templates for the precise copying
of complementary strands to form two
progeny double helices according to the se-
quence of the base pars (lermed semi-
conservaliive replication). However, in altemp-
ting o identify the components (enzymes,
control [actors) responsible for this precise
duplication, i1l became obvious that the pro-
cess was interdependent with other related
phenomena such as repair and recombin-
ation of DNA. Some of the enzymes could
be used for all of the processes. In fact there
15 a growing body of knowledge that not
only are the pathways intimately related,
but many of the proteins may be part of a
“superfamily” in which all of them share a
highly conserved DNA-binding motif as de-
termined by X-ray crystallography or elec-
tron microscopy (Engelman, 2000).

The difficulty (and complexity) of eluci-
dating these interactions 1s further under-
scored by two additional characteristics of
the replicative process. First, unlike RNA
and prutciu s}'n]hl::iis. DMA  replication
oceurs al discrete limes during the cell cyvele.
The many components wvolved must be as-
sermbled and disassembled alier each round
of replication. Second, unlike the organelle
involved in protein synthesis (the ribosome)
which s held together with strong forces,
those that maintain the DNA replisome
(the components involved in DNA replica-
tion) mvolve weak electrostatic forces which
can be dissociated under mild salt condi-
tions. Thus in vitro studies that have formed
the bases for understanding many of the -
tricacies of replication are subject to artifacts
because extraction of the replisome from
cells may be disruptive and not represent
the n vivo condition as fully as possible.

Mevertheless, much has been revealed by
classic in vitro studies of prokarvotes using
single stranded DNA viruses that mfect Es-
cherichia coli and sequester many of the
host’s components (Kornberg and Baker,
1992) and recombinant plasmids containing

the beginning (origin) of replication (oriC)
for this and other organisms such as Bacillus
subtilis (Komberg and Baker, 1992; Moriya
et al., 1994),

Il. GENERAL CONCEPTS OF
DNA REPLICATION

A. Semiconservative Synthesis

How could Watsen and Crick’s model be
proven that replication occurred in a senu-
conservative manner? In fact two additional
possibilities existed besides such a mechan-
ism. These mcluded conservative (both
strands replicated simultaneously) or disper-
sive (each strand was fragmented, copied
and joined to form a completely new paren-
tal and progeny strand).

The most important and definitive experi-
ments that proved that DINA was replicated
semiconservatively were carried out by Me-
selson and Stahl (1958). They adapted £ coli
to a growth medium containing NYH,CI
ensuring that every molecule in the cell con-
taining nitrogen (including DNA) would
have the N'¥ heavy density label. When these
cells were shifted to a medium containing
the normal light density N'H,CL, the
resulling progeny double helices aller one
generation consisied of a hybrid density
DMA species containing presumably  one
strand of N'*-DNA and one strand of N'-
DNA. Aller a second generation in light
density medium, the double helices consisted
equally of both the hybrid density species
and a complete Light density species. This 1s
seen in Figure | where the various DNA
species are separated by centrifugation in a
neutral cesium chloride equilibrium density
aradient.

The other hypotheses could not be sup-
ported by these results. Further proof of
the mechanism was obtained by separating
the hybrid density species in an alkaline
cesium chloride density pradient which de-
natured the DNA into two single stranded
forms on the gradient, one consisting of N'*-
DNA, the other of N'*-DNA (Meselson and
Stahl, 1958).



