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• In G1 phase of the cell cycle, many of the DNA

replication regulatory processes are initiated.
 
• Initiation of DNA replication in eukaryotes

begins with the binding of the origin
recognition complex (ORC) to origins of
replication during the G1 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

• The ORC complex then serves as a platform
for forming much more complicated pre-
replicative complexes (pre-RCs).

• The pre-RC formation involves the ordered
assembly of many replication factors
including:

• the origin recognition complex (ORC) ,
• Cdc6 protein (cell division cycle 6),
• Cdt1 protein (Chromatin licensing and DNA

replication factor 1), and
• minichromosome maintenance proteins

(Mcm2-7) (heterohexamer of the six MCM
proteins (MCM2-7).
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• ORC, Cdc6, and Cdt1 are all required to load

the six protein minichromosome maintenance
(Mcm 2-7) complex onto the DNA. (It is
thought that the Cdc6p-Cdt1 complex uses
ATP hydrolysis to thread DNA through the
central hole of the MCM doughnut).

 
• Pre-RCs formed during the G1 phase are

converted to the initiation complex during cell
cycle transition from G1 to S by the action of
two kinases: cyclin-dependent kinase (CDK)
and Dbf4-dependent kinase (DDK). i.e. Once

Eukaryotic helicase loading
●    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.(The initiation of DNA replication is
directed by specific DNA sequences called
replicators).

●   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, Cdt1.

● This assembly of proteins triggers ATP

• Eukaryotic helicase loading does not lead to
the immediate unwinding of origin DNA.
Instead, helicases that are loaded during G1 are
only activated to unwind 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 cells enter S phase. Once
activated, DDK targets the loaded helicase,
and CDK targets two other replication
proteins. Phosphorylation of these proteins

• Importantly, Cdc45 and GINS strongly
stimulate the Mcm2-7 ATPase and helicase
activities and together form the Cdc45–
Mcm2-7–GINS (CMG) complex, which is
the active form of the Mcm2-7DNA helicase.

 

B-Synthesis of the two DNA strands:

• DNA polymerase III enzyme is responsible
for the synthesis of both new DNA strands.
The enzyme synthesizes the new DNA strands
only in the 5\→3\ direction, and it cannot
start DNA synthesis without the presence of
RNA primers.

 

•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).
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•Synthesis of the DNA strand:
• DNA polymerase III synthesizes DNA in the

5\→3\ direction by using deoxyribonucleotide
triophosphate (d ATP, d GTP ,d CTP & d ATP)
to form the new strands in a complementary
sequence to that of the parent DNA
according to base paring rule. The first
added deoxyribonucleotide triphosphate will
form phosphate diester bond with the OH at
the 3\ end of the RNA primer with removal
of pyrophosphate .The next added
deoxyribonucleotide triphosphate form
phosphodiester bond with the previously added

•DNA synthesis in two different
directions:

•Leading strand: The strand that is
being copied in the direction of the
advancing replication fork is called the
leading strand and is synthesized continuously.
It is complementary to the parent strand
that has the direction of 3\→5\

 

Leading strand
Lagging strand

•Lagging strand: The strand that is
being copied in the direction away from the
replication fork is synthesized
discontinuously, with small fragments of DNA
being copied near the replication fork. It is
complementary to the parent strand that
has the direction of 5\→3\ These short
stretches of discontinuous DNA, termed
Okazaki fragments, are eventually
joined (ligated) to become a single, continuous
strand. The new strand of DNA produced by
this mechanism is termed the lagging strand.
(Many RNA primers are needed for

•Excision of RNA primers and their replacement by DNA

• DNA polymerase III continues to synthesize
DNA on the lagging strand until it is becomes
very close to the next RNA primer. When this
occurs, DNA polymerase I excise the
RNA primer (has a 5` exonuclease activity
)and the gap filled by DNA nucleotides. DNA
ligase enzyme connects the DNA fragments.

 

•Proofreading of newly synthesized DNA:
• To ensure replication fidelity, DNA polymerase

III has, in addition to its 5\→3\ polymerase
activity, a “proofreading” activity (3`→5
` exonuclease). As each nucleotide is
added to the chain, DNA polymerase III
checks to make certain the added nucleotide is,
in fact, correctly matched to its complementary
base on the template. If it is not, the 3\→5\
exonuclease activity corrects the mistake.

 

Notes
• Nucleoside triphosphates have three

phosphoryl groups that are attached via the 5`-
hydroxyl of the 2`-deoxyribose. The
phosphoryl group proximal to the deoxyribose
is called the α-phosphate, whereas the middle
and distal groups are called the β-phosphate
and the γ-phosphate, respectively.

• DNA Is Synthesized by Extending the 3` End
of the Primer: the hydroxyl group at the 3`
end of the primer strand attacks the α-
phosphoryl group of the incoming nucleoside
triphosphate. The leaving group for the
reaction is pyrophosphate, which is composed
of the β-phosphate and γ-phosphate of the
nucleotide substrate.

Hydrolysis of Pyrophosphate Is the Driving Force for
DNA Synthesis

• The addition of a nucleotide to a growing polynucleotide chain
of length n is indicated by the following reaction:

 
 
• But the free energy for this reaction is rather small. What, then,

is the driving force for the polymerization of nucleotides into
DNA? Additional free energy is provided by the rapid
hydrolysis of the pyrophosphate into two phosphate groups by
an enzyme known as pyrophosphatase.

 

• All DNA polymerases require a primer with a
free 3`-OH. They cannot initiate a new DNA
strand de novo. How, then, are new strands
of DNA synthes is started? To accomplish
this, the cell takes advantage of the ability of
RNA polymerases to do what DNA
polymerases cannot: start new RNA chains de
novo.

• Although the leading-strand DNA polymerase
can replicate its template as soon as it is
exposed, synthesis of the lagging strand must
wait for movement of the replication fork to
expose a substantial length of template before
it can be replicated. Each time a substantial
length of new lagging-strand template is
exposed, DNA synthesis is initiated and
continues until it reaches the 5` end of the
previous newly synthesized stretch of lagging
–strand DNA.

• Eukaryotic cells also have multiple DNA polymerases. Of these, three are
essential to duplicate the genome: DNA Pol δ, DNA Pol ε, and DNA Pol
α/primase.

• Each of these eukaryotic DNA polymerases is composed of multiple
subunits. DNA Pol α/primase is specifically involved in initiating new
DNA strands. This four-subunit protein complex consists of a two-subunit
DNA Pol α and a two-subunit primase.

• After the primase synthesizes an RNA primer, the resulting RNA
primer:template junction is immediately handed off to the associated DNA
Pol α to initiate DNA synthesis. Because of its relatively low processivity,
DNA Pol α/primase is rapidly replaced by the highly processive DNA
Pol δ and Pol ε. The process of replacing DNA Pol a/primase with DNA
Pol δ or Pol ε is called polymerase switching and results in three different
DNA polymerases functioning at the eukaryotic replication fork.

• DNA Pol δ and ε are specialized to synthesize different strands at the
replication fork, with DNA Pol ε synthesizing the leading strand and
DNA Pol δ the lagging strand.

• Processivity, the average number of bases a pol will extend before falling off a template.

 1/2/3 ب مهيمسن انك polymerases لاو prokaryotics نع يكحن انك انحا new strand لل synthesis لاب
ريغ مهبيترتو نيفلتخم مهمدختسنب يللا polymerase’s لا سب lagging و leading يفو  هقيرطلا سفنب ينبنيو أدبملا سفن  Eukaryotic s لاب لاه

Delta EpsilonAlfa primase نيتفيظو هلا سب دحاو ميزنا داهو

DNA Polemerase alfa primase 

 subunits  4 هلا

22 PrimasePolymerase alfa

 لا لمعي primase  alfa لا ام لوا
)primer  ( RNA  Nucleotide ملسي حر 
 لل DNA nucleotide لا ءانب تعات ةفيظولا

polymerase alfa لا هبشب داهو DNA 
polymerase 3 لا يف prokaryotes 

يوش لوسك   Polymerase alfa
 هعضو لدعم ينعي noprocessivity هدنع
 لمكي حر ام كيهل ءيطب nucleotides لل
 ل اما هتفيظو ملسي حرو لماك strand لا لك

Polymerase delta

Polymerase epsilon Leading strand

Lagging strand

 polymerase switching اهيمسنب دحاول دحاول دحاو نم ياه ميلستلا ةيلمع
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The end replication 
problem 

Telomeres and Telomerases

By
Dr. Walaa Bayoumie El Gazzar

  سداسلا فلملا ةيادب
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 Telomers لل هعجارم ياه
21 ديلاس هيناتلا ةرضاحملا نم

 DNA لا هنا  انفرعو
sequences لا يف 

telomer هزيمم 
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Telomeres and Telomerases
• Telomeres: Telomeres are complexes of noncoding

DNA plus proteins located at the ends of linear
chromosomes.

• Its name is derived from the Greek nouns telos "end" and
merοs "part".

• Their DNA consists of thousands of repeats of a six-
nucleotide sequence 5 ` -TTAGGG -3 ` at the 3 ` end of each
DNA strand.

• The 3 ` end overhangs the 5 ` end by a few hundred
nucleotides long. The overhanging end folds back on itself
and binds proteins that protect it from recombination.

• They maintain the structural integrity of the chromosome,
preventing attack by nucleases, and allow repair systems
to distinguish a true end from a break in dsDNA.
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 اهمادق يفامو هلصفنم ةعطق يف نوكي ريصب ام
strand ؟ هيل ينات

 nucleus لا يف single strand يا هنلا
  nucleases هرسكتب تاميزنا يف

recombination 

 لمعي هنا لصفنملا ءزجلا داهل يكحنب حورنب  كيه ناشع
folding هنا نيبي ام ناشع هلاح ع single نامكو 

 لمعت ناشع هيف كسمت هنيعم تانيتورب بيجنب
complete masking 

 يا فوشبrepair   system مسجلاب انع هنا هتركف
DNA داه هنا هركفبف فارطا هلا break لاب 

DNA molecule لا هقزليو هحلصب ف end 
هبنج يللا عات end لاب داه موسوموركلا عات

ريصي نكمم
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Telomere shortening:
• Eukaryotic cells face a special problem in replicating the ends of their

linear DNA molecules. Following removal of the RNA primer from the
extreme 5'-end of the lagging strand, there is no way to fill in the
remaining gap with DNA.

• Consequently, in most normal human somatic cells, telomeres shorten
with each successive cell division which may not be a problem after a few
cell cycles because telomeres do not contain expressible genes.

• Once telomeres are shortened beyond some critical length, the cell is no
longer able to divide and is said to be senescent.

• In germ cells and other stem cells, as well as in cancer cells, telomeres do
not shorten and the cells do not senesce. This is a result of the presence
of a ribonucleoprotein, telomerase, which maintains telomeric
length in these cells. Cells that no longer divide or will divide only a few
number of times do not express telomerase

؟ ينتهجاو نيو ياه ريصقتلا ةلكشم فرعن مهم

shortening اهلريصي cancer لا تيرايو ؟هيل telomer shorting مهلريصي هنا مهلحومسم شم ايلاخلا لوده

 templet لا لوطب هنا هلمعيب يللا ؟ لمعيب وش telomerase همسا ميزنا علطب نيج مهدنع  هنا shortening اهلريصب ام ايلاخلا ياه هنا ببسلا
14 ديلاس ؟ فيك وضرب سب template لا عات 3' لا لوطن حر فيك ضئاف انع انحا هليشنيو primer لا طحنب امل يلاتلاب

 لا هنا همهم هطقن فرعن مهم
neuron مسقنت لا

 ينيطعب يللا نيجلا اهيف له بيط
؟ telomerase لا
 هلريصب ام نكل نيجلا  اهيف ها

expression لا هنلا DNA
مسجلا لكب هسفن 
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 ينبي ردقب ام DNA polymeraseلا هنا انقفتا
nucleotides  de  novo مزلا رفصلا نم 

 داه ليشا سب نوه بيط هلبق primer يف نوكي
 £ينبي دقي حر ام ؟ هلحم ينبن حر فيك primer لا
 يضاف لضيح يلاتلاب
 non هيف هنا انيكح telomer لا هنلا هيل  انعم قرفي حر امو

coding sequence ونتسا سب يداع اهنم رسخن ردقنب 

🤚

 

 نوه ولاعت

👈

 هحيار DNA ضورفملا ياه شم
 daughter cells لا نم هدحول
 ب لخدت اهدب ول هنلا ءيس اهظح فسلال

cell division 

 لمعت اهدب اهانعم
replication

 لا لصفتو
strands

 هنلا رصقي عفنب ام DNA لا هنا لصون ام دحل  نامكو نامك telomer لا رصقي  حر هيلاتتملا تاماسقنلاا عمو ءزج صقان DNA تدخا  strand لا كيهو
 senescent لاب لخدتبو no more cell division اهلريصب هيلخلا ياه اهتعاس هيف coding لا قطانملل انلصو

 يللا رصقيبو قوف نم ءزج دقفنب هرم لك
رصقي حر وضرب تحت

 leading اهصن strand لك هنا انقفتا  
 lagging اهصنو
 هلكشم هيف يللا هوه اًمياد lagging لا
 حر ام primer لا ليشن امل هنلا رصقيبو
nucleotides هلادب طحن
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Telomerase:

• Telomerase is a reverse transcriptase ( uses an
internal RNA strand as a template for synthesis of
a complementary DNA strand).

• Its activity depends on the presence of an RNA
molecule in its structure, which is
complementary to the TTAGGG repeat.

• Telomerase recognizes the single stranded 3`
terminus and uses its RNA molecule as a
template to elongate the parental strand then
this parental strand is used as a template for
synthesis of the telomere of the lagging strand
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 لا هوه رضخا هنول يللا داه
telomerase هوهو 

 نع ةرابع
Ribonucluoprotien

 RNA  هبيكرت يف لخاد ينعي
(AAUCCC)

Complementary ؟ نيمل
 انحا كيهو  Telomer لا
 template لا لوطن ردقنب

 لوطن هناب اهلابق لغتسنو
Telomerلا

reverse transcriptase enzyme ب telomerase لا يمسنبو reverse transcription  هيمسنب داه
telomerase لا بيكرتب لخادلاRNA لا ع اهيف اندمتعا DNA لا ةعانص هنلا
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