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The Cell Cycle
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In G, phase of the cell cycle, many of the DNA
replication regulatory processes are initiated. bty ety
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Initiation of DNA replication in eukaryotestbegins with
the binding of the origin recognition complex (ORC) to
origins of replication'during the G, phase of the cell
cycle.

Origin recognition complex (ORC) is a multi-
subunit DNA binding complex (6 subunits) that binds in

all eukaryotes (in"an"ATP=dependent'manner to origins

of replication.

The subunits of this complex are encoded by
the ORC1, ORC2, ORC3, ORC4, ORC5 and ORC6 genes.
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* The ORC complex then serves asta platform for forming
much more complicated pre-replicative complexes
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* The pre-RC formation involves the ordered assembly of
many replication factors including: (- ;e o) Tghe oz oy

v" the origin recognition compiex (ORC) ,

v (Cdc6 protein (eell-division-cyele-6),

v Cdtl protein {Chromatin—licensing—and—DNA
replicationfactor-1)}, and

v minichromosome maintenance proteins (Mcm2-7)

* Pre-RC assembly during G1 is required for

replication licensing of chromosomes prior to DNA
synthesis during S phase.
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Eukaryotic helicase loading
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** Loading of the eukaryotic replicative DNA helicase is
an ordered process that is initiated by the association
of the ATP-bound origin recognition complex (ORC)

with'the replicator(Ihe initiation of DNA replication is
directed by specific DNA sequences called replicators).
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** Once bound to the replicator, ORC recruits ATP-bound

Cdc6 and two copies of the Mcm2-7 helicase bound to
a second helicase loading protein, Cdtl.

** This assembly of proteins triggers ATP hydrolysis by
Cdc6, resulting in the loading of a head-to-head dimer
of the Mcm2-7 complex encircling double-stranded
~origin DNA and the release of Cdc6 and Cdtl from the
~origin.
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* ORC, Cdc6, and Cdtl are all required to (load the six protein
minichromosome maintenance (Mcm 2-7) complex onto the DNA.
(It is thought that the Cdc6p-Cdtl complex: uses ATP hydrolysis to
thread DNA through the central hole of the MCM doughnuE). |
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* Pre-RCs formed during the G; phase are converted to the initiation

complex during cell cycle transition from G; to Stby the action of
F cyclin-dependent kinase (CDK) and Dbf4-dependent
inase (DDK). i.e. ‘Once the pre-RC is formed, activation of the
complex is triggered by two kinases, cyclin-dependent kinase (CDK)
and Dbf4-dependent kinase (DDK) that help transition the pre-RC to

the initiation complex prior&otheinitiation of DNA'replication:

 Formation of an initiation complex, which includes helicase activity,
unwinds the DNA double helix at the origin site.
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directed by specific DNA sequences caied replicators).

** Once bound to trecruits ATP-bound
Cdc6 and two copies o™Nhe Mcm2-7 helicase bound to
a second helicase loadipg”prqtein, Cdtl.

s This assembly of _jfoteins trig@ers ATP hydrolysis by
Cdc6, resulting-ih the loading of a head-to-head dimer
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Eukaryotic helicase loading




* Eukaryotic helicase loading does not lead to the
immediate unwinding of origin DNA. Instead, helicases

that are loaded durmg#
DNA and initiate replication after cells pass from the
' G1 to the S phase of the cell cycle.

* Loaded helicases are activated by two protein kinases:
CDK (cyclin dependent kinase) and ‘DDK (Dbf4-
dependent kinase). These kinases are activated when

bk C cells enter S phase. Once activated, DDK targets the
na27 s “Toaded helicase, and CDK targets two other repllcatlon’m%‘w;
Phasf“"y’d‘ c-»?i-.fi
proteins. Phosphorylation of these proteins results in
the Cdc45 and GINS proteins binding to the Mcm2-7
helicase.




* Importantly, Cdc4d5 and GINS strongly
stimulate the Mcm?2-7 ATPase and helicase
activities and together form the Cdc45-
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'Mcm2-7-GINS (CMG) compiex, which is the

MOf the Mcm2-7DNA helicase.
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B-Synthesis of the two DNA strands:
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“. Henzyme is responsible for
the synthesis of both new DNA strands. The

enzyme
' '
‘in_the 5\->3\ direction, and
primers. 9l e e
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Synthesis of RNA primers:

Primers are short RNA molecules about 5-10
nucleotides in length and are complementary
to a segment of the DNA strand. Primers are
synthesized in the direction of 5\->3\ direction
by primase (RNA polymerase) enzyme using
ribonucleotide triphosphate (ATP, GTP, CTP,
UTP).







The antiviral drug Acyclovir (structure pictured below) is used to treat infections

caused by double-stranded DNA viruses such as herpes simplex virus. Acyclovir
acts at the level of DNA synthesis.
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A. Acyclovir functions as the analog of what deoxynucleoside?

O

B. Acyclovir cannot be incorporated into the DNA unless it is modified by a virally

encoded kinase. Explain why the activity of a kinase is required for Acyclovir to be
incorporated during DNA synthesis.
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Natural substrate Acyclovir




* A. Deoxyguanosine.

* B. Without the triphosphate group, Acyclovir cannot incorporate into
a growing strand of DNA. Kinases phosphorylate their substrate. The
kinase adds the phosphate groups that Acyclovir is missing.
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@ HN N\ @ During viral DNA replication,
| acyclovir is added to
the growing strand rather

Sy N OH
|O< | than GTP. This halts further
elongation of the DNA molecule

\ viral enzyme and stops viral replication.
viral DNA replication

Viral enzymes add
a phosphate group

10 acyclovir.
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Human enzymes add acyclovir monophosphate
two more phosphate
groups, producing human elongation of
. DNA ends

acyclovir triphosphate.  gnzvmes /
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