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• In the previous lectures we talked about Histology, Histopathology and how to 

prepare samples to see them using microscopy. 

• Now we’ll talk about Cytology (Cell Biology) 

• The First question that will come to your minds is: 

 

 

 

✓ Tissues are composed of cells and extracellular material, so in general we need to 

look at microscopic images and interpret these images into what they are as Cells 

and Cell parts. 

 

Remember that Cells are: the smallest structural and functional units, (it’s the 

smallest structure able to live). 

• The first and most important characteristic of the cell             It is ALIVE (it’s 

able to do biologic processes) 

✓ We have minimum requirements for a structure to call it a cell:  (these 

components are found in all cells)  

1- Plasma membrane. 

2- Cytoplasm. 

3- Genetic material .(Whether it’s surrounded -covered- by a membrane or not) 

 

❖ The cell that has a genetic material that is not surrounded by membrane             

Prokaryotic Cell (Before nucleus). 

❖ The cell that has a genetic material that is surrounded by membrane             

Eukaryotic Cell (True nucleus) 

 

➢ So, in general our cells are made of :  

Plasma membrane – Cytoplasm – Nucleus.  

 

 

 

What is the relationship between Histology 

and Cytology? 
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❖ Nucleus:  

• Nucleus is composed of Chromatin (which is the genetic material ), covered 

with membrane (Nuclear Envelope). 

• Chromatin is swimming within Nucleoplasm (Nuclear Matrix). 

**Extra: Nucleoplasm            includes chromosomes + nucleolus  

 **Nuclear matrix is the network of fibers found throughout the inside of a 

cell nucleus.  

• We have a special structure within the nucleus which is the Nucleolus. 

➢ The Functions of the Nucleus: 

1- It’s essential for the vitality and division of 

the cell, WHY?  

• Because it has the genetic information 

that is transcribed into RNA (So the 

Nucleus is the area where the RNA is 

made), then this RNA will be translated in 

the cytoplasm into Proteins. 

So, DNA is the genetic code that is 

translated, in the end, into proteins, and the messenger is the RNA. 

2- It’s the site of storage of genetic information. 

3- It’s the site of formation of the three types of RNA. 

 

▪ The Nuclear Envelope (Nuclear membrane), is composed of two membranes 

(Outer membrane & Inner membrane) and between them there is (narrow) 

Perinuclear space .  (peri → means around) 

▪ In certain regions you’ll find that the outer membrane fuses with the inner 

membrane to form Gaps (Pores) for controlled communication between the 

Nucleus (inside) and the Cytoplasm (outside). 

 

 

 

➢ To Exchange material such as  

1- RNA 

So, Why do we need these Pores? 

 



`3 | P a g e  
 

2-  Some of the proteins that are produced within the cytoplasm are 

transported into the nucleus (Example: Histones, Ribosomal Proteins) 

❖ Histones: Proteins that are founded in the nucleus, and the DNA (the 

genetic material) is wrapped around them in order to fit inside of the 

nucleus and take part in the formation of chromosomes. 

 

 

 

➢ No, we only need this in Cell Division (Only during preparation for cell 

division) 

• So, when the cell is dividing, some of the chromosomes will go to the first 

daughter cell and the others will go to the second daughter cell. 

• In Normal cases, when the cell is functioning, it needs to transcribe this DNA into 

RNA by an enzyme called Polymerase, so the DNA has to be accessible for the 

Polymerase (it should be Diffused) so that the RNA can be transcribed. 

• So, if you look inside the Nucleus you’ll find certain areas where the chromatin is 

condensed whereas in other areas the chromatin will be diffused. 

✓ The Dense chromatin is called            The Heterochromatin (Hc) 

✓ The loose  chromatin is called            The Euchromatin (Ec) 

In the cells that aren’t active in 

producing Proteins, we see the amount 

of Heterochromatin is Greater than the 

amount of Euchromatin. 

In cells that are active in producing 

Proteins, we see the amount of 

Euchromatin is Greater than the amount 

of Heterochromatin. 

➢ Nucleus is Spherical in shape and this shape is maintained by a mutual of 

Fibers of Intermediate Filaments just below the inner membrane of the 

nucleus (Nuclear Lamina) 

❖ Nuclear (Fibrous) Lamina: a meshwork of intermediate filament proteins 

called lamins providing mechanical support to stabilize the nuclear 

envelope. 

So, Do we need the chromatin to be 

condensed all the time? 
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• So, the main function of the Nuclear Lamina              Structural support for the 

Nucleus. 

 

➢ We said that the inner and outer membranes of the nuclear envelope fuse 

together forming Pores, additionally those pores are kept open by channels 

of proteins called Nucleoporins. 

➢ Nucleoporins: Protein complexes 

associated with the nuclear 

envelope, they make up the nuclear 

pore complex, where the inner and 

outer nuclear membranes fuse. 

     *For Further Knowledge(not included): 

Nuclear pore complexes or NPCs contain the 

machinery that regulates most bidirectional 

transport between the nucleus and the 

cytoplasm.  

NPC proteins = nucleoporins  

 

❖ Chromatin: 

• Chromatin is made of DNA 

• We said that we have 2 types of chromatin within the nucleus: 

1- The active chromatin            Euchromatin (the loose or diffused chromatin)→pale  

2- The inactive chromatin             Heterochromatin (the highly condensed 

chromatin)→dark 

Albumin is a protein synthesized in the liver whereas Keratin is a protein 

synthesized in the skin. 

Observing the liver cells, we would find the genes coding for albumin synthesis in 

the Euchromatin structure, but the genes that code for keratin would be in the 

Heterochromatin structure because liver cells are not active in keratin synthesis. 

➢ Functions of the Chromatin: 

1- Carries genetic information 

2- Directs protein synthesis 
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           Look at the nucleus , it is a basophillic area that attracts the hematoxylin stain  so 

it must be blue, but this cell is highly active→  most of its chromatin is Euchromatin 

(not condensed), and this is why it is lightly stained (because the cell is highly active). 

➢ A special type of Heterochromatin is The Bar Body (sex chromatin) 

❖ Bar Body: An inactive X chromosome in a female somatic cell appears as a 

small dense mass of heterochromatin (often seen clearly in epithelial cells). 

Nuclear 

Envelope 

Euchromatin 

Heterochromatin 

The 

Nucleolus 

The 

Nucleus 

Comparison between Light microscope & Electron microscope 
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           Remember that in female cells we 

have XX chromosomes whereas in male 

cells we have XY chromosomes 

           So, in Females we have 2X 

chromosomes but the cell needs only one of 

these chromosomes, so it will hide (coil) the 

other X chromosome. This coiled 

chromosome will be inactive in the form of 

a very dense or very highly coiled 

chromosome. (VERY DARK). 

 

 

❖ Nucleolus: 

• It’s a special spherical dark basophilic 

mass in the nucleus, it’s not surronded 

by a membrane and it’s rich in rRNA 

and Proteins. 

• We can distinguish it easily because of 

its Spherical shape. 

➢ The Function of the nucleolus: 

Formation and assembly of ribosomal 

subunits. 

Remember that the ribosomes (which 

are the sites of protein synthesis) are 

made of 2 subunits (Large & Small subunits), each subunit is made of proteins 

and rRNA, so the RNA needed for the production of the subunit is made in the 

Nucleolus while the proteins needed for the production of the subunit are made 

in the Cytoplasm and then they are transported into the nucleus (specifically into 

the Nucleolous) so that they are assembled with the rRNA into the subunits. 

 

❖ Cell membrane: 

• A very thin membrane that surrounds the cell, it’s also called The Plasma 

membrane or Plasmalemma. 

Nucleolus 
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• Its thickness is around 7.5-10 nm so we cannot resolve it (determine its structure) 

using the Light microscope. 

•  Consequently, using the Electron microscope we can see the plasma membrane 

clearly as 2 dark lines seperated by a light one (3 layers), and we call this 

appearance            Trilaminar Appearance 

Remember that in the electron microscopy we don’t 

use hematoxylin for staining instead we put the sample 

in a jar filled with Metals, then some parts of the cell 

will take the metal (the metal will precipitate in this 

area, so we call this area Electron Dense , and we call it 

electron dense because it prevents the passage of 

electrons. This area will appear dark because the 

electrons didn’t reach the detector whereas other areas will not take the metal 

and they allow the passage of electrons and they will appear light (Electron loose) 

•  when we look at the picture of the membrane we can see that it is composed of 

three layers (Trilaminar appearance) : 

➢ One layer is Electron dense→ then a layer that is Electron loose→ then another 

layer that is Electron dense 

✓ Previously we learned that the cell membrane is a bilayer, but that was just a 

Model (it’s not seen), it’s an explanation of what we see in Electron microscopy 

and other techniques. 

Scientists used another 

technique called Freeze 

Fracture technique, in this 

technique they separated the 

two parts of the membrane, 

then when the scientists did 

biochemical analysis on these 2 

layers, they found that these 

layers are made up of 

Phospholipids, so they 

suggested that model. 
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The accepted model of the membrane is that it’s a bilayer (2 Layers) of 

Phospholipids, where in the outside and inside surfaces we have hydrophillic 

regions whereas in the middle we have the hydrocarbon chains (hydrophobic). 

 what we saw in the Electron micrograph (the middle layer that didn’t take the 

stain) is in fact the Hydrocarbon Chain 

           In General, the cell membrane is made of : 

1- Phospholipid molecules: arranged in 2 layers. 

2- Protein molecules: membrane proteins can be: 

a- Peripheral proteins 

b- Integral proteins 

3- Carbohydrate molecules: membrane carbohydrates may be attached to 

proteins→: Glycoproteins, or the may be attached to lipids →Glycolipids.  

● they form the surface or cell coat called: Glycocalyx. 

 

 

 

1- Protection of the cell. 

2- It’s important in Cell recognition and Adhesion.  

❖ Different types of cells will have different types of carbohydrate 

attachments. 

What is the importance (Function) of 

Glycocalyx? 
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           Notice that the type of the hydrocarbon tails in phospholipids affects the Fluidity 

of the plasma membrane, For Example: if the carbon chain has a double bond it creates 

a kink where the double bond is located→this in general increases the Fluidity of the 

membrane. 

 

➢ Look at these pictures, this is how the the surface or the cell coat (which is called: 

Glycocalyx) appears on the microscopes. 

 

 

 

 

If you look closely at the top of the cell you can notice that it’s not smooth it 

looks like (Fingerlike projections), those fingerlike projections are called: 

Microvilli 

Fluid Viscous 

Unsaturated hydrocarbon tails with 

kinks 
Saturated hydrocarbon tails 

Electron 

microscopy 

Light 

microscopy 

The border of 

the cell (Cell 

membrane) 

Glycocalyx 
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➢ They increase the surface area of the cell. 

Above the microvilli there is another layer, and when we stain this layer with a 

special stain called the PAS stain, we found that it is stained with magenta color,  

this magenta color indicates that this area is positive for the PAS, and PAS is a 

stain used for staining carbohydrates. In conclusion, we know that this area 

contains Carbohydrates and we call this layer: The Glycocalyx 

**PAS stands for → Periodic Acid- Schiff stain. 

 

 

The proteins that are 

embedded in the membrane 

are produced within the 

Rough Endoplasmic 

Reticulum. 

 Ribosomes on the rough 

endoplasmic reticulum will 

produce proteins that will be 

secreted outside the cell or 

embedded within the plasma 

membrane. 

First, those proteins will pass 

through Golgi Apparatus, then 

in Golgi they will mature by 

the addition of the glyco parts. 

Notice that Golgi apparatus has 2 faces (sites): 

1- A receiving site (Cis Face): this site is close to the ER, and it receives vesicles. 

2- A shipping site (Trans Face): vesicles leave from this site. 

 

➢ Plasma membrane also functions to Eat (Endocytosis). 

What is the importance of microvilli?? 

 

Cis 

Face 

Trans 

face 
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• We have 3 types of Endocytosis: 

1- Phagocytosis (Cellular Eating): in this process the cell eats (Engulfs) large 

particles.   

2- Pinocytosis (Cellular Drinking): the cell engulfs water and small particles. 

3- Receptor-mediated endocytosis: we need a receptors (membrane proteins) to 

phagocytose or pinocytose materials.  
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❖ Cytoplasm: 

• Cytoplasm consists of : 

1- Organelles : They are specialized structures, essential for vital processes of the 

cell. Organelles may be Membranous (surrounded by membranes) or they may 

be Non-membranous (not surrounded by membranes). 

2- Inclusions: They aren’t essential for vitality of cells, and they may be present or 

absent. Examples: Lipids, Glycogen, Pigments like Melanin & lipofuscin. 

3- Cytoskeleton. 

➢ Examples on Membranous Organelles: 

Cell membrane – Mitochondria – Endoplasmic Reticulum – Golgi apparatus – Lysosomes 

– Secretory vesicles. 

➢ Examples on Non-membranous Organelles: 

Ribosomes – Centrioles  

❖ Mitochondria:  

• Mitochondria is the power-house in our cells. 

• We cannot see it using the Light microscope.  

• Mitochondrial Proteins are highly Acidophilic (Pink), so if a cell has a large 

number of mitochondria such as muscle cells we’ll find that the cytoplasm is 

highly pink (very intensely Acidophilic), and this is an indication that the cell have 

large number of mitochondria. 

• Each mitochondrion is Rod-shaped. 

 

 

 

 

 

• The mitochondrial wall is composed of 2 membranes (Outer & Inner membrane). 

(Both membranes can be seen using Electron microscopy)  

• The Outer mitochondrial membrane is smooth whereas the inner mitochondrial 

membrane is folded to form cristae.  
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• The cavity is filled with mitochondrial matrix, which contains enzymes and it also 

contains its own DNA. 

➢ The Functions of the mitochondria: 

1- Generation of ATP which is the source of energy for the cell. 

2- They can form their own proteins and undergo self-replication. 

 

❖ Endoplasmic Reticulum: 

• It’s a system of communicating 

membranous tubules, vesicles, and 

flattened cisternae. 

• There are 2 types : 

1- Rough ER (rER) 

2- Smooth ER (sER) 

 

❖ Rough Endoplasmic Reticulum: 

• It’s a membranous sheet of flattened tubules & vesicles with ribosomes on the 

surface, it’s the site for the synthesis of proteins ( for Secretion , Embedding 

within the membrane, or staying in the vesicles such as Lysosomes). 

➢ Lysosome: it’s a sac filled with proteins (Enzymatic Proteins -Digestive Enzymes-

hydrolytic enzymes) which are produced in the Rough endoplasmic reticulum. 

• it appears under the Light microscope as an Intense Basophilia, whereas it 

appears under the Electron microscope as Interconnected flat Cisternae and 

tubules associated with ribosomes. 

➢ Functions of the Rough ER: 

1- Synthesis of proteins by ribosomes on its outer surface. 
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2- Transfer vesicles transfer the formed protein to Golgi. 

❖ Smooth Endoplasmic Reticulum: 

• Membranous tubules and vesicles, with no ribosomes on the surface, and it’s not 

involved in protein synthesis.  

• We cannot see them under Light microscope whereas under Electron microscope 

it appears as interconnected tubules with various shapes and sizes and not stack 

of flattened cisternae. 

➢ Functions of the Smooth ER: 

1- Synthesis of lipids and cholesterol.  

2- Metabolism of lipids and glycogen. 

3- Synthesis of steroid hormones such as Cortisone. 

4- Helps muscle contraction by acting as calcium pump. 

5- Detoxification of drugs and toxins. 

6- Storage of ions, For example: for calcium ions.(related to muscle contraction). 

**Extra notes:  

Endocytosis was discussed briefly in the lecture and slides → for further knowledge you 

can go back to the reference book. 

 

“ You don’t have to be brilliant to be a doctor. You have to be hard working and 
have good character.  

That’s what makes good doctors” 

 

 


