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Replication initiation in eukaryotes 



⑪سكتنيجلا



ةرضاحلما نع ةلغش مك يكحا يدب ، ةيفاعلا مكيطعي
 حينم اهومهفت يش مها ةبعص شم سب ةريتك تامولعم اهيف ةرضاحلما ةًيادب •
) Replication initiation in prokaryotes ( لبق يلا ةرضاحلما ينب و اهنيب وزيمت مهم •
 ) مهلك مهتعمج انا و ( لماك مسلاا نودب راصتخلاا وظفحا تكح ةروتكدلا ، ةدوجولما تاراصتخلال ةبسنلاب •
 لضفا لكشب ةمولعلما لصوت ناشع تاديلاسلا بيترتب يوش رّيغا حر •
 ينقفوم

❤



• 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 replication.

• The subunits of this complex are encoded by
the ORC1, ORC2, ORC3, ORC4, ORC5 and ORC6 genes.

DNA synthesis

Growth

Cell cycle

نوه replication لا ةيلمع شلبتب

 G2 , M ينتلحرم يجيب اهدعب و G1 لا ةلحرم اهقبست s-phase لا *

replication هلمعن اندب يلا ناكملل recognize لمعبmultisubunit proteins وه ينعي complex هنا امب

 multiple origin of replication انع eukaryotic cells لا يف *

ORC
 G1 phase لا يف active ريصتب ORC لا *

 prokaryotes لاب OriC هنع يكحن انك وركذتتب
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• 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).

• Pre-RC assembly during G1 is required for
replication licensing of chromosomes prior to DNA
synthesis during S phase.

 ) pre-RCs ( وه يلا رتكا دقعم بكرم لمعن ناشع platform لكشتب ORC لا *

: pre-RCs لا داه نوكتب وش نم بيط

 كباش
ATP هعم

ةروصلا وفوشت الم لأه  
رتكا روملاا حضوتب

*

 ريتك داه
مهم

 6 نم نوكم
polypeptide chains  

ينفلتخم

( 2-7 ) : 2,3,4,5,6,7
٦ مهددع

Pre-replicative complex ( pre-RC ) : 
( ORC + Cdc6 + Cdt1 + Mcm2-7 ) 

-

↳

I

L

-

L

....-



 حر يلا ناكلما ( origin of replication لا داه
 حر يلا ناكلما وه و ) هدنع نم ةلسلسلا حتفن
ATP لا عم ORC لا هيف طبتري

 حر يلا ثادحلاا لك هيف ريصتب يلا ناكلما وه و ( replicator هيمسنب ينعم ناكم يف كسم
) اهنع يكحن

 6 subunits 

ًادج مهم

ATP لا عم طبترب cdc6 يجيب

 و ORC لا عم ةدحو
Cdc6 لا عم ةدحو

Heterohexamer
  Mcm(2-7) لا نم copies 2 انع يجيب
Cdt1 عم ةطبار

6 subunits 
ring ينلماع

 و prokaryotes لاب DnaC لا يز نوه Cdt1 لا *
 prokaryotes لاب DnaB لا يز Mcm(2-7) لا

ضعبب ينكسام

helicase لا يز

 لا ينعي ( DNA لا ىلع loading راص ام اسل نوه
Mcm(2-7) لا قوف هتاسل DNA هيف طبر ام (

 لاب وطبر Cdt1 لا و Mcm(2-7) لا
ORC

 راصف مهعم Cdc6 لا دوجوم هضرب و
pre-RCs لا بكرم انع

 hydrolysis يف راص نوه
Cdc6 لا تعات ATP لل

 اسل سب هيف تكبش و DNA لا ىلع Mcm(2-7) لل loading انع راص نوه كوربم
active شم

Head to head dimer

single strand DNA ل تناك prokaryotes لاب امنيب strands of DNA 2 لل circling لمع نوه وظحلاتب اذا

G1 phase لاب هلك داه *
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active ريصب S-phase لاع حوري الم
 هولخب kinases 2 يف كانه هنلا ؟ شيل بيط

active 

 activation ولمعب ينميزنلاا لوده
 phosphorylation لا قيرط نع

) kinases مهمسا نم (

Mcm(2-7) لا ىلع رشابم لكشب لغتشب داه

 : ةينات تانيتورب ىلع لغتشب داه
Cdc45 لولاا
GINS يناتلا و

C M G 
Cdc45

Mcm(2-7)
GINS

لغشلا شلبنب لأه و active ةلاحب نوكب داه

ينتفيظو هلا :   CMG complex  
helicase .١
ATPase .٢

ضعب نع strands 2 لا لصف

ةفيظولا ياهب موقن ردقن ناشع
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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 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 to the initiation of DNA replication.

• Formation of an initiation complex, which includes helicase activity,
unwinds the DNA double helix at the origin site.

 ةمسرلاع يلا يز حرش هلك نوه *



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 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 Cdt1 from the
origin.



• 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 results in
the Cdc45 and GINS proteins binding to the Mcm2-7
helicase.

active ريصب s-phase لاع حوري الم انيكح



• 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.

 : تاراصتخلاا

(ORC):Origin recognition complex

(Pre-RC):pre-replication complex

(Cdc6):cell division cycle 6
(Cdt1):chromatin licensing and DNA 
replication factor 1
(Mcm2-7):minichromosome maintenance

(CDK):cyclin-dependent kinase 

(DDK):Dbf4-dependent kinase 
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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.

 : ةطقن لوا تناك و steps of DNA replication in prokaryotes لا نع انيكح ةيضالما ةرضاحلماب
 ةيناتلا ةطقنلا لمكن حر لأه و

 لاب ريصب فيك يكحن حر ام اعًبط *
eukaryotes دقعم هنلا 

new 2 strands ينبي شلبب

 : ينتلكشم هدنع DNA polymerase ||| لا
 ) مادقل شيل فرعن حر ( ’3 ل ’5 هاجتاب ريغ يشمب ام .١
  primer هلطحن مزلا هدحول ءانب شلبي فرعب ام .٢

 ’3 نوكي هفرط مزلا parent strand لاب *
 هنلا ’3 ل ’5 هاجتاب نوكي يشما الم ناشع
هاجتلاا سكعب ينبنب

3’ 5’

Primer

5’ 3’

 و primer لاب طبرب DNA Polymerase ||| لا يجيب
 هلغش شلبب

Parent strand ( ةيلصلاا ةلسلسلا  )

New strand ( اهينبن اندب يلا ةلسلسلا )

ينبنب هاجتلاا داهب

#.....



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).

  لا ناشع primer انلعنصتب يلا يه RNA primase لا
||| DNA polymerase هدنع نم هلغش شلبي 



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.

A. Acyclovir functions as the analog of what deoxynucleoside?

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.

 ةروتكدلا هايا انتطعا لاؤس داه *
ضعب عم وطبترب Nucleotides لا فيك و Guanine لا لكش ينفراع ونوكت هنا ةدمتعم هتركف





• 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.

جمدن / طبرن




