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Mitochondria
In all eukaryotic cells

The structure of the mitochondria
• Double membrane: (inner membrane and outer 
membrare)
The inner membrane separates the mitochondria into two 
spaces:
1-Matrix (the inside of the inner membrane)
2-Intermembrane space (between the two membranes)

note: - 
The inner membrane is 
folded into cristae, the outer 
membrane is smooth

Chloroplasts In the green parts

C hloroplasts are one type 
o f plastids , and there are 
other types of plastids like

ChromoplaSt's (colorful)
They attract insects for 

pollination حيقلت

Leukoplasts 
(amyloplast)

Amylose Storage 

The structure of plastids
•double membrane (outer and inner)
• The fluid inside is called stroma
• Thylakoids membranous sacs piled 
into grana

Intermembrane space 

Peroxisomes
Oxidative organelles 

•They have a single membrane
•They can produce hydrogen 
peroxide H2O2 and convert it to 
water and oxygen 

H2O2 ------> H2O + O2catalaze

A type of peroxisomes is glyoxisomes→ they 
are found in plant seeds, and they convert lipids 
to carbohydrates to have a quicker energy 
source for developing embryos 

...



The endosymbiont theory

 3ب هباشت ءاملعلا وقل هنا ةصقلا لك
 ءارضخلا تاديتس>بلاو ايردنوكوتي4ا

 ةيلخ مهلصا هنا وكحف ايريتكبلاو
 ىرخأ ةيلخ اهتعلتبا ةيريتكب

Similarities between bacterial cells, 
mitochondria, and chloroplasts

طقف ةيلخلا لخاد فعاضتلا

Cytoskeleton
A network of fiber that organizes the cells, structure and activities

Functions of the cytoskeleton

Components of 
the cytoskeleton

Microtubules 

Microfilaments

Intermediate filaments
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Microtubules
•hollow tubes 
•13 columns of tubulin 
•25 nm in diameter (thickest)
•200 nm long

Microtubules functions :-
•Shaping the cell (compression resisting)
 
•Cell motility (flagella and cilia)
 cilia and flagella are locomotor appendages

A dimer (alpha and beta tubulin) 

 طغضلاب اهرثأت عنمب
 )رجفنتب Wو شمكنتب ام (

Loco يعقوم
Motor يكرح

 عقو1ا رييغتل كرحتب
 Bثم يون1ا ناويحلا يز اهسفن ةيلخلا عقوم ءاوس(

)ةيئاوهلا ةبصقلا يف رابغلا يز ةيلخلل سمBم يشا عقوم وا

The type of movement:
Flugella → undulations ةيجوم ةكرح  
Cilia → stroke اًبايإو اًباهذ

They have the same structure :
•Microtubules surrounded by cell 
membrane
• basal body that connects it to the cell 
•Dynein (motor protein) regulate the 
movement 

The pattern of microtubules (in cilia and flagella) 
is (9+2) doublets 
The pattern of the basal body is
(9+0) triplets

 : pattern ينعي فيك
 )2+9( وا )0+9( يز ماقر`ا
 microtubules نم تادحو عست دوجو وه 9 ىنعم
 microtubules بيبانا ث>ث نم نوكتتب ينعي ةيث>ث نوكت نكمم ةدحو لك
 3بوبنأ نم ةيئانث وا
 W وا ةيزكرم microtubules بيبانا دوجو هانعم 0 وا 2 مقر
 )بيكرتلا طسو يف ينعي ةيزكرم(

Triplets تايث>ث 
Doublets تايئانث Notes : 

•Flugella are usually longer than cilia 
• one cell can have only one to a few 
flagella, but cells can have thousands 
of cilia
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pattern is (9+0) triplets 

•chromosome movement in cell division 
 

• organelle movement 
By getting attached to a motor protein, 
and walking along the microtubule 
(vesicle movement)

Microfilaments 
• two intertwined strands of actin 
•7nm in diameter

Microfilaments functions :- 
• maintaining the cell shape (tension resisting) 
By creating a 3-D network called cortex on the 
inner side of the cell membrane

 : لاثم
  ءاعم`ا يف )microvilli( ةيوع4ا ت>مخلا لكش ىلع ظفاحتب

 ةيلخلا ددمت عنمتب
 )ةنورم يطعتب(

• changes in cell shape(motility in pseudopodia )

 ةبذاكلا مادق`ا همسا بيكرت قيرط نع كرحتتب اي>خلا ضعب
 ةيلخلا فارطأ يف microfilaments دوجو ىلع دمتعتب اهكرحت ةيلآ

 يف دوجو4ا actinلا ضابقناو ةبذاك مادقأ لكشتبو ةيلخلا دتمتب
microfilaments ةبذاكلا ادق`ا هاجتاب ةيلخلا مسج بحسب 

 )ةيلخلا فارطأ( فايل`اب ةينغلا ةقطن4ا
  gel اهمسا

=>=> > >
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•Cytoplasmic streaming 

• muscle contraction
Actin and myosin filaments are responsible of 
muscle contraction (by sliding along each other)

 ةكرح هنا وه ايلعف ريصب يللا
 يلختب )ةمسرلاب( 3سوي4ا سوؤر
 اهضعب نم برتقت 3تكWا فايلا

  ةلضعلا ضابقنا وه اذهو

Intermediate filaments 
•8-12nm in diameter (it changes because the proteins change)
• made of several proteins, for example keratin 
• super coiled

Intermediate filaments functions :-
• maintaining cell shape (most stable filaments)
• keeping the nucleus in place (a cage around the nucleus)
• components of the nuclear lamina



Extracellular components and 
connections between cells 

Cell walls
• distinguishes animals cells from plant cells
• is considered extracellular because it’s on the outside of 
the plasma membrane 
• it’s found in plants, prokaryotes fungi, and some protists

Cell wall functions in plants:-
It’s made of cellulose and other 
polysaccharides and proteins 
• maintains the shape of the cell
• protect the cell
• prevent excessive water uptake

layers of the cell wall

Cell walls have holes in them 
(plasmodesmata) to exchange 
substances between cells like 
water, RNA, proteins and solutes 

 طقف  primary cell wall ىلع يوتحتب ةيبشعلا تاتابنلا
 3تقبطلا ىلع يوتحتب ةيبشخلا تاتابنلا

Note

Extracellular matrix
Only an animal cells (a substitution for the cell wall)
Components : 
•collagen
•fibronectin
•proteoglycan

 قرتختب يللا تانيتوربلاو 3جWوكلا 3ب طبرب
   )integrins( اهمسا يمز>بلا ءاشغلا

Extracellular matrix functions :-
Support •

•adhesion
• movement
• regulation (sign translation) 
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Cell junctions 

Membranes are pressed 
together to prevent 
leakage of fluids

Made of intermediate 
filaments, and they hold the 
cells together strongly
(Anchoring) 

Tight

Desmosomes

Gap
Channels between cells, 
the two cells cytoplasm is 
connected
(communicating)
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