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FIGURE 11.19 The replication of eukaryotic chromo-
somes. Replication begins from multiple origins of replication, and the
replication forks move bidirectionally to replicate the DNA. Eventually,
all of the replication forks will merge. The net result is two sister chro-
matids attached to each other at the centromere.

CONCEPT CHECK: Why do eukaryotes need multiple origins of replication?
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During the G, phase, ORC binds to the origin.
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CdcE, Cdtl, and MCM helicase assemble onto

the origin to form a prereplication complex (preRC).

MCM helicase binds to the leading strands.
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FIGURE 11.20 Theformation of a prereplica-
tion complex in eukaryotes. This is a simplified model;
more proteins are involved in this process than are shown
here.

During S phase, the preRC is converted to an active replication
site by phosphorylation via protein kinases. Cdcé, Cdtl, and ORC
are released. MCM helicase moves in the 3 to 5’ direction and
DMA replication then proceeds bidirectionally from the origin.

The molecular features of eukaryotic origins of replication
may have some similarities to the origins found in bacteria. At the
molecular level, eukaryotic origins of replication have been exten-
sively studied in the yeast Saccharomyces cerevisiae. In this organ-
ism, several replication origins have been identified and sequenced.
They have been named ARS elements (for autonomously replicat-
ing sequence). ARS elements, which are about 50 bp in length, are
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Eukaryotes Have Many Different DNA
Polymerases

Eukaryotes have many types of DNA polymerases. For example,
mammalian cells have well over a dozen different DNA polymerases
{Table 11.4). Four of these, designated o (alpha), € (epsilon), &
(delta), and y (gamma), have the primary function of replicating
DNA. DNA polymerase v functions in the mitochondria to repli-

TABLE 11.4

Eukaryotic DNA Polymerases

Polymerase Types*  Function

a Initiates DNA replication in conjunction with primase
E Replication of the leading strand during 5 phase

il Replication of the lagging strand during § phase

¥ Replication of mitochondrial DNA

MK L E Replication of damaged DNA

(lesion-replicating

polymerases)

u'lﬁ'l ﬁl E|1:‘|'1\|| I'I'"Pl
6.n

DMA repair or other functions®

*The designations are those of mammalian enzymes.

"Many DMA polymerases have dual functions. For example, DNA polymerases a, &, and £ are
imeohvad in the replication of normal DMA and also play a3 rols in DNA repair. In cells of the
immung system, cartain genaes that encode antibodies (i.e., immunoglobulin genes) undergo a
phenomenon known 25 hypermutation. This incdreases the variation in the kinds of antibodies
the cells can make. Certain polymerases in this list, such as n, may play a role in hyparmutation
of immunoglobulin genes. DMNA polymerase o may play a role in sister chromatid cohasion, a

topic discussad in Chapter 10.
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FIGURE 11.23 Removal of an RNA primer by flap 3
endonncleass,
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Telomeric repeat sequences
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ﬁ‘ FIGURE 11.24 General stractare of telomeric sequences. The telomers DMA conslsts of a tandemly repeated sequence and a
UMIMAT

12- to 16-macleotlde overhang.

TAELE 11.5
Telomeric Repeatl Sequences Within Selacted Organisms

Gioup Examples Telomeric Repeat Sequence
Mammals Humans TTAGGGR
slime molds Physaram, Didprmium TTAGGG
Dictyos sl iz g
Alamentous fung Neurospora TTAGGG
Budding yeast Saccharomyces carevisize Tey a
Oliates Tetrabymenz TIGGGE
FParameoium TIGGEGITIG)
Euplotes TITGGGGE
Higher plants Arabidopsis TITAGGS

DA polymierase cannot ink
thase two nucieotides togsther
without 3 primer.

FIGURE 11.25 The replication problem at the ends of lin-
ear chromosomes. DA polymerase cannot synthesize 3 DNA strand
that 15 complementary to the 3 end because a primer cannod be made
upstream from this slta.
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FIGURE 11.26 The enzymatic action of
telomerase. A short, three-nucleotide segment of RNA
within tédomerase causes 1t to bind to the 3' overhang. The
adizcent part of the RNA 5 usad as a template to make a
short, six-nucleotide repeat of DNA. After the repeat I1s made, telomerase
maves six nucleotides to the right and then syntheslzes another repeat.
This process is repeated many times to lengthen the top strand shown
i this figure. The bottom strand Is made by DNA polymerase, using an
RNA primer 2t the end of the chromosome that Is complementary to the
telomeric repeat sequence In the top strand. DNA polymerase fiils In the

region, which 1 sealed by ligase

Bonne lecture mes grands
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