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Cell Cycle

• The term cell cycle describes the events that lead to completion of 
cell division and formation of two daughter cells as a result of
mitosis.

• The Resting phase (Go)(i.e. Gap zero) represents the time spent by a 
cell prior to preparation for active division.

• Some cells will enter the Go and may even remain in this phase, a 
state in which the cells are viable functional but are non-
proliferative e.g. neuronal cells.

؟ ةمهم cell cycle لا شيل
 ايلاخ جاتحن حر ايلاخلا تتام و ينعم injury وأ damage راص ول هنلأ
 cell cycle لا قيرط نع يجيتبف ةديدج

ءاهنا / لامكإ

 ) ةيبصعلا ايلاخلا يز ( مسقنتب ام اهنلأ  G 0 لا ةلحرمب اهتايح لوط يضقتب ايلاخ يف
 interphase لا تايلمع يف ولخدي يعاد يف امف

 interphase لا لبق ام يلا ةلحرلما يه



2 phases : 

1)

2)

 ريصب ام و ، ةطسوتم ةلحرم
ماسقنلاا نم عون يأ اهيف

ماسقنا يف ريصب نوه

resting phase لا ربتعت

↑



Cell Cycle

The cell cycle is divided into 2 main phases:
1. Mitotic phase (M phase)
2. Interphase which is subdivided into:

• Gap 1 (G1 phase)
• Synthesis phase (S phase)
• Gap 2 (G 2 phase)

• The high variability of cell cycle times is due to the variability of the G 1 phase of the 
cycle.

 تافلاتخا اهيف phase رثكا و ةنيعم تاعاس دخاتب phase لك *
G1 phase لا يه



Cell Cycle Phases

In rapidly dividing cells, the cell cycle takes about 24 hours e.g.
hematopoietic & cancer cells.

Events for each phase:
G1 phase: 
• The duration of this phase is about 6-12 hours.
• During this phase, RNA and proteins needed for cell division are 

synthesized.
• Active RNA & protein synthesis.

ةعاس 24 طقف دخات نكمم cell cycle لا مدلل ةنوّكلما ايلاخلاب وأ ةيناطرسلا ايلاخلاب *

مسقنت ىتحل رهش 12 ل رهشا 6 نم دخات نكمم دبكلا ايلاخً لاثم ، ايلاخلا ينب cell cycle لاب تافلاتخا يف *

phase لوطا يه
Q : which of the following takes the longest 
time to complete ? G1 phase

 يشمن ردقن ناشع Proteins لا و RNA لا جتننب
 mitosis لل لصونل phase ل phase نم

 ةمهم يهف regulation لاب رود اهلا proteins لا +



Cell Cycle Phases

S phase:
• The duration of this phase lasts about 6 to 8 hours. 
• DNA is replicated (chromosomes are duplicated to become tetraploid).
• These events result in the formation of two sister chromatids attached at the centromere.
G2 phase:
• The duration of this phase lasts about 4 to 5 hours. 
• It is a preparatory phase for M phase. So, DNA repair occurs in this phase. 
• Also, RNA & protein synthesis are taking place as well as cytoplasmic enlargement. Most 

of the proteins synthesized are cytosolic proteins (needs to synthesize enough proteins for 
2 cells).

DNA & RNA لا عّنصتب ةلحرلما ياهب  diploid همسا داه و تاموسوموركلا نم جوز 23 ينعي ، 46 تاموسوموركلا ددع
 انع ريصبف تاموسوموركلا لودهل replication لمعن حر S phase لاب نكل

tetraploid اهيمسنب ) 23 , 23 , 23 , 23 (

 mitosis لا لبق ام يلا ةيزيهجتلا ةلحرلما



23 chromosome 23 chromosome 

2 sister chromatids

S phase لاب ريصتب ةيلمعلا ياه *



Cell Cycle Phases

M phase: 
• It is the shortest phase taking about one hour.
• During this phase, the 2 sister chromatids segregate and move to the 

opposite poles of the mitotic spindle i.e. segregating one of the two 
sister chromatids to each daughter cell.

• The later cells either enter into G0 (Resting, undividing, dormant or gab 
zero phase) or reenter the cell cycle again when there is need for cell 
growth & repair.

ةلحرم عرسا

sister chromatids2 لا ولصفني حر ةلحرلما ياهب

 وكرحتي حر و
 دعبا هاجتاب
cell لاب ةطقن : G 0 لا ءامسأ

 و G0 لاع حورت نكمم وأ cell cycle لا ةيلمع يف لخدت عجرت نكمم مسقنتب يلا ايلاخلا ينعي
 division اهلريصي و interphase لاع حورت يرورض شم نكل ، اهلغش لغتشت و functional اهلضت



 ةلحرم لوا ربتعت
 نكل cell cycle لاب

 mitosis لاب شم

 ةلحرم لوا ياه
 mitosis لاب

 يش لك انعمج نوه
 aggregated ونوكب

together in the 
nucleus 

 لا نع لوؤسم ةيلخلا اوج دوجوم centriole همسا داه
organizing of microtubules يف ةدوجوم يه يلا 

ةيلخلا

 مهدنع نوكي حر ينتيلخلا لوده
 لا سفن و تاموسوموركلا ددع سفن

structure
...



 نوه لحارلما ليصافت بتكا حر

: Prophase لا يشأ لوأف ، سب تبترت نوكتب تاموسوموركلاب لخدتن حر ام ةلحرلما ياهب)١ centriole يف ريصي و مسقني حر centrioles 
 prophase لاب ىفتخا interphase لاب دوجوم ناك يلا nuclear envelope لا يشا يناث

2

٢(: Metaphaseلا قيرط نع طسولاب بترتت حر تاموسوموركلا نوه centromeres لا لوده هنا ثيحب ،  تاموسوموركلا تعبت 
centromeres ولمعب attachment لا عم spindle fibers لا نم ةياج يلا microtubules لا تعبت centrioles ، اعبط ً

 رخلآا بطقلا ىلع يناتلا و بطق ىلع دوجوم دحاولا centriole لا

٣(: Anaphaseلك centriole لا هاجتاب تاموسوموركلاب ودشي وشلبي حر يننتلاا لوده نم poles ) لاف ، مهتعبت ) باطقلأا centromere 
 راص هضرب ، centrioles لا هاجتاب ةدودشم تاموسوموركلا ريصتب و ،  مهلصفت حر ضعب عم تاموسوموركلا ةطبار تناك يلا
 cell لا طسوب pinching يف

٤(: Telophase لا هنا ةدحو لوا ينتلغش ريصب نوه pinching ريصي لضب ينعي لمتكب constriction ضعب نع ولصفني ام ينبل
 ةلحرلما ياهب ينبي عجرب prophase لاب ىفتخا يلا nuclear envelope لا هنا ةلغش يناث

 structure لا سفن و تاموسوموركلا ددع سفن مهدنع ينتيلخ جتنب و mitosis ريصب يش رخآ *







Control of cell cycle
(The molecular basis for cell cycle regulation)

• A family of proteins called cyclins governs the transition of a 
cell from one phase to another.

• The concentration of different cyclins increases & decreases 
during different phases of the cell cycle, and hence their name.

• The cyclins act by activating certain cyclin-dependent protein 
kinases (CDKs) that phosphorylate substrates essential for the 
passage of the cell from one phase to another.

مهتعبت concentrations لا ريغتب

 proteins لا لوده cell cycle لل regulation لمعتب تانيتورب يف انيكح ام يز
ةطقنل ةطقن نم كرحتن انودعاسب cyclins مهمسا



phases لا ينب concentrations لا فلاتخا فوشن سب ، ظفح شم



complex لل phosphorylation راص

 لمعي حوري حر phosphorylated complex لا داه و
phosphorylation ل target proteins



Control of cell cycle
• The cell cycle is initiated by the binding of a growth factor to growth 

factor receptor on the plasma membrane of the cell.

• The growth factor receptor undergoes autophosphorylation on tyrosine 
residues (have intrinsic protein-tyrosine kinases (TRKs) in their cytosolic 
domains) and becomes active protein tyrosine kinase that can catalyze 
phosphorylation of certain target proteins (receptor substrates) on 
tyrosine residues.

• Phosphorylated target proteins mediate an intracellular signal that 
finally induces the production of cyclins.

 growth factor لا طابترلا ةعباتلا cascade of phosphorylation لا قيرط نع ريصب
 growth factor receptor لاب

I



 cell cycle لل activation لمعب طبتري الم growth factor لا وه اهساسا ؟ اهساسا وش وأ cell cycle لا شلبتب فيك

 حطس ىلع طبترب يجيب
 ىلع ةيلخلا

Growth factor 
receptor 

 يف ريصب طبتري الم
autophosphorylation 

receptor لل



Control of cell cycle
• Cyclin D increases late in the G1 phase. It activates and forms a complex with CDK4 and 

CDK6 (these two kinases are also synthesized during G1 in cells undergoing active division).

• The dephosphorylated Rb protein binds to & inactivates a protein called transcription 
factor E2F.

• The cyclin D-CDK4/CDK6 complex catalyzes phosphorylation of the retinoblastoma (Rb) 
protein.

• When the Rb protein is phosphorylated by CDK4 or CDK6 it becomes separated from E2F
which becomes now active.

• E2F is required for the transcription of genes that code for proteins needed for progression 
from G1 to S phase (traverse the G1-S restriction point).

نيدوجوم phase يأب و مهئامسا وظفحا ، ينمهم cyclins لا

Retinoblastoma 

S ىلإ G1 لا ةلحرم نم انلوحتب تانيتورب عنصتب تانيجل transcription لمعن ىتحل هجاتحنب transcription factor لا داه

 Rb لل phosphorylation لمعب cyclin D لا رود يجيب نوهف ، inactive نوكب E2F لا عم Rb لا داه
 activated ريصب و E2F لا كرتي حر يلاتلابف

I



S phase لا ىلا G1 لا ةلحرم نم انلوحي حر



Control of cell cycle
• Other cyclins CDKs are involved in different aspects of cell 

cycle progression.
• Cyclin E & CDK2 forms a complex in late G1.
• Cyclin E rapidly degraded, and the released CDK2 then forms 

a complex with cyclin A.
• This sequence is necessary for the initiation of DNA synthesis 

in S phase.
• The B cyclins are produced late in the G2 phase. 
A complex between cyclin B & CDK1 is rate limiting for the 

G2/M transition in eukaryotic cells.

S phase لاب DNA synthesis لا شلبن ىتحل يرورض Cyclin A لا عم CDK2 لا طابترا

Mitosis لا ىلإ G2 phase لا نم انلقني ناشع مهم Cyclin B لا عم CDK1 لا طابترا

 شلبنب mitosis لا لصون ام لوا هنلأ rate limiting ربتعت
interphase لا لحارلم عجرن ردقن حر امف ماسقنا





Restriction point

• In the cell cycle there is a restriction point 
(in late G1) at which the cells become 
committed to enter the S phase and to 
complete the cycle independent on the 
presence of growth factors.

• If cultured mammalian cells are removed 
from medium containing growth factors to 
one lacking growth factors before they have 
passed the restriction point, the cells do not 
enter the S phase.

هعبت receptor لاب طبترم growth factor لا نوكي مزلا ةطقنلا ياه لبق

 receptor لاب growth factor لا طابترا ىلع ةدمتعم لطبتب ةطقنلا ياه دعب نكل

I



Cell cycle check points
• DNA, chromosome, chromosome segregation integrity is continuously monitored 

throughout the cell cycle in 4 check points.

• DNA damage is detected in G1 & G2 phases.

• Completeness of replication is detected late in the S phase.

• Proper chromosomal segregation machinery is detected in the M phase.

• Cells will not progress through the phase of the cycle in which defects are detected. In 
some cases, if the damage cannot be repaired, such cells undergo programmed cell death 
(apoptosis). 

شيتفت طاقن

مامت يشام يش لك اذإ كيشتب

 لا وا حيحص تمسقنا تاموسوموركلا اذإ دكأتنب

 Apoptosis لمعي حر repair هلراص ام اذإ و repair هلريصي مزلا لكاشلما نم عون يأ يف ناك اذإ phases لاب يشمت حر ام ايلاخلا



 عوضوم ىلع زكرن تكح ةروتكدلا *
 اهيلع ياج و Growth factors لا

ناحتملااب لاؤس





Apoptosis

• Apo = off, ptosis = falling

• The cells carry in their nucleus genetic program for 
suicide that can be turned on to get rid of a specific 
cell, so it is called cell suicide or programmed cell 
death.

 Apoptosis ىلع يوتحي هناً اينيج جمربم ينعي



Apoptosis
It can be induced by several stimuli as follows:
Receptor mediated apoptosis results from the interaction of a 

ligand with a specific transmembrane receptor, the most important 
are the Fas receptor and tumor necrosis factor receptor 1 (TNFR).

• Radiation, hypoxia, free radicals and chemical agents as 
chemotherapy produce DNA damage.

• These changes produce activation of p53 which produces arrest of 
cell cycle and allows for DNA repair or activate the apoptotic 
pathway through activation of the apoptotic gene i.e. Bax gene.

External things cause DNA damage: 

CDK لل inhibition لمعبف cell cycle لل arrest لمعب P21 لا و
P21 همسا ينات ينتوربل activation لمعي حر  P53 لل activation ريصي سب

 و ةلحرلم ةلحرم نم لقتنن ناشع ينيرورض CDK لا هنا انيكح و
 يشإب وطبتري حر ام cyclins لا CDK يف نوكي ام الم

 P21 ل induction يف ريصب طسوتم damage لا ناك اذإً لاثم damage لا  بسح phase ب فقون حر
 ام و لئاه damage لا ناك اذإ امأ ، cell cycle لا فقوتب و CDK لل inhibition لمعي يجيب نيدعب

BAX gene لا طيشنت قيرط نع Apoptotic pathway لا طشنتبف حلصتب

L



Apoptosis
• Loss of protein Bax function as a result of gene mutation is associated with 

cancer development e.g. gastric adenocarcinoma.

• Bcl-2 is an antiapoptotic protein that acts through binding with protein 
Bax and produces its inactivation.

• Increased level of Bcl-2 is associated with cancer development.

• In normal cells, both Bax and Bcl-2 are present in balance (the ratio of 
apoptosis inhibitors to apoptosis stimulators makes death decision).

 و دوجوم شم Bax لا و damaged نوكت ةيلخلا الم ريصب cancer لا
 ماسقنلااب ةرمتسم و damaged ةيلخلا لضتبف DNA repair يف ام

 Apoptosis لل inhibition لمعب

q



Apoptosis 
Mechanism of apoptosis:
• Apoptosis is initiated by activation of certain proapoptotic protein factors that 

results in the following cascade:
1. Release of cytochrome c from the mitochondria to the cytosol.

2. The release of cytochrome c produces an activation cascade that leads to 
activation of caspases (group of enzymes that split cellular proteins).

• They derive their name from the “c” from cysteine amino acid present in the 
catalytic site of the enzyme and caspase refers to their unique ability to cleave the 
substrate after aspartic acid residue.

Caspases لل activation لمعي حر داه و activation cascade لمعي حر هجورخ و cytochrome C لا علطتب mitochondria لاب ةحتف يف ريصب يش لوا

تانيتوربلل ريسكت لمعتب تاميزنا ةعومجم

 ةروتكدلا تكح
 ريتك مهم شم

 نع فرعن
 ةيمستلا



Apoptosis 
3. Caspases produce activation of endonucleases that split 

DNA, termed caspase activated Dnase (CAD).

• CAD produces a series of DNA fragments varying in length by 
approximately 200 bp (nucleosomal fragments and their
multiplies), these fragments have characteristic ladder 
appearance on gel electrophoresis (it is a diagnostic test).

ملسلا يز

[

I



 DNA repair لا قيرط نع هحلصن ردقنب ام

 لاب pores لمعي حر زفحتي سب
mitochondrial membrane 

 لا ماقرا *
caspases 

ينمهم شم

Eg


