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'n{E COmplete Rephcatlon ‘Apparatu's”
Is Complex

When Watson and Crick worked out the double-helix
structure of DNA, they immediately recognized tl}at the
complementary nature of the two strands provided a
simple basis for the faithful duplication of genetic
material. Meselson and Stahl's demonstration of the
semiconservative replication of the E. coli chromo-
some solidified the concept that the two strands of the
double helix unwind and serve as templates for the
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synthesis of complementary strands. Thus, a parental
double helix directs the synthesis of two identical

progeny double helices. Kornberg’s isolation of an
enzyme, DNA polymerase I, capable of synthesizing
DNA in vitro appeared to provide the final link in what
was thought to be an elegantly simple mechanism for
the replication of the genetic material—but such was
not the case. Twenty years later, scientists are still
trying to work out the details of the mechanism of DNA

replication.

DNA replication is complex. It is carried out by 2
multienzyme complex, often called the replication

‘apparatus or the replisome. In eukaryotes, the com-
P n machinery are just begin-

ponents of the replicatio
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Figure 530 Complexity of the E. coli repl:canon appara-
tus. Only those protr:)eins that have been purified (or partially
purified) and studied in vitro are shown. Other gene-prod-
ucts, such as the products of genes dnaj, dnak, dn_aL, anaP,
and dnaT, are known to be required for replication. How-
ever, these gene-products have not yet been identified. (After
A K(;mberg, DNA Replication, Freeman, San Francisco,
1980.

ning to be identified. Even in prokaryotes, DNA repli-
cation requires many different proteins, and the details
of how some of these proteins function in DNA repli-
cation are still being investigated today. For example,
DNA replication in E. coli requires at least two dozen
different gene-products. Many of these gene-products
have been purified and their roles in DNA replication
studied 7 vitro. Figure 5.30 shows the involvement of
some of these E. coli proteins in DNA replication; it is
intended to illustrate the complexity of the replication
process rather than to illustrate the specific roles of the
individual gene-products.

dﬂrit,mamggn_p_lememag strands of the paren-
tal double helix have to be-unwound-and-separated so

that each can serve as a template for the synthesis of a

new daughter strand. Unwinding and movemeént of thie~
replication fork occur processively with the strands

Peing transiently unwound ahead of ‘the fork as it
moves along the chromosome. Three different types of
proteins appear to contribute to unwinding the steands
of double helices. (1) DNA unwinding proteins or
DNA belicases are directly involved in catalyzing the

inwinding of the double helices. In £. cols, two differ-
ent helicases are involved. One helicase, the product
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stranded DNA ted
F.Q.ﬂ_.ﬁgu,r at;g.[;{f;;ded DNA that is saturated with bound
lsel SIg S0 Ess 100 times faster than uncom-
d ;ﬁ'NA' in vitro. Presumably, un-
d single strands of DNA form secondary
gtorrt?c%?; that gioynterfere with the movement qf DNA
polymerases or other components of the rephcatlpn
complex along the molecule in the normal processive
manner. (3) Finally, DNA gyrases, which catalyze the
formation_of negative_supercoils_in DNA (see Fig
5.36), are essential for replication and are believed to
lay a key role in the unwinding process. Supercoiling
has been proposed to help “drive” the unwinding
process, however, we still do not know how this works.
Very recently, it has been suggested that DNA gyrase
may function by removing positive supercoils that
accumulate in front of the replication forks as the
helicases unwind the double helices. In any case, DNA
gyrases are essential for DNA replication and somehow
maintain pre- and postreplicative DNAs in the proper
topological structures.
Nascent DNA strands are then initiated by the use
of RNA primers by the mechanism discussed earlier

(s€e Fig. 5.29). Synthesis of the RNA primers is cata-

lyzed by a Special class of enzymes called primases.
nase activity requires the formation of a complex of
primase and at least six other proteins; this complex is
called ‘the primosome. In addition to primase, the
gnrposome contains prepriming proteins tentatively
csignated proteins i, n, n', and n" plus the products
g rfges EILI%B and dnaC (Table 5.4). The primosome
s ?t‘llit e initial priming reaction for the Jeading
bl 3'ed Strand extended continuously in the over-
Sl 1iﬁ(‘-(cct)lorl) and the repeating priming of the
ynthesi; kazaki_fragments” for the lagging

trand (syntlxeslzgq discontinuously in the overall 3'

to 5’ di i ' ;
i 5 aecon=—but 5/ 10 3 atthe molecular fevel see
€ primosome netions of the individual proteins in
The c are stil} uncertain,
Ty lfar}t €xtension (see Fig. 5.26) of the
“h chains during chromosome replication in

Scanned with CamScanner



E coli is carried out by DNA polymerase III. Unlike
DNA polymerase I of E. coli (which is a single poly-
peptide; see Fig. 5.25), DNA polymerase Ill is a com-
plex_enzyme_containing seven different bolypep-
tides (Fig. 5.31), and all of these polypeptides must be
present for proper replicative function. The 5' to 3’
polymerase activity and the 5' to 3" exonuclease activ-
ity are both present on the a polypeptide of DNA
polymerase IIL. The 3’ to 5" proofreading activity (see
Fig. 5.27) of polymerase III is present on t.hg e poly-
peptide. The functions of the other subunits are _st.ﬂl
uncertain. Subsequent to DNA polymerase Il activity
at the replication fork, DNA polymerase 1 catalyzes the
removal of the RNA primers by the concerfed action of
its 5’ to 3' exonuclease activity and its 5 10 3" poly-
merase activity, and DNA ligase cataly‘zze;s c,f)va}ent cloo-
sure of the resulting single-stranded nick (Flg-zﬁ ):
Several of the components essential for I,)N repl.
lication have been identified genetically, that 1 il Ct‘l’]é
strains carrying mutations (her itable changeli in the
genetic material; see Chapter 11) ﬂlat resu
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inability to replicate DNA under certain conditions
(usually high temperature) have been identified.
When these mutations were characterized genetically
(see Chapters 7 and 8), they were found to identify a
set of genes (designated dnaA, dnaB, etc.) whose
products are required for DNA synthesis i vivo. The
products of some of these genes are known. For
example, dnaE, dnaN, dnaX, and dnaZ code for four
of the seven subunits (polypeptides) of the complete
DNA polymerase III enzyme, and drnaG specifies the
primase. The products and functions of others (see
Table 5.4) are still unknown. Other components of the
replication enzymes (e.g., some of the subunits of DNA
polymerase III) were discovered by biochemical anal-
yses, and the genes that encode these proteins have

still not been identified. -~ 2
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