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CELL BIOLOGY 

Dr. Treefa F. Ismail                                                                         4th stage    

---------------------------------------------------------------------------------------------- 

Lecture 2: The Cell                                                                            4/10/2022 

The cell (from Latin cella, meaning "small room") is the basic structural, functional, and 

biological unit of all known organisms.  

A cell is the smallest unit of life. Cells are often called the "building blocks of life".  

Organisms can be classified as unicellular (consisting of a single cell such as bacteria) 

or multicellular (including plants and animals).  

The number of cells in plants and animals varies from species to species, it has been 

estimated that humans contain somewhere around 40 trillion (4×1013) cells. The human 

brain accounting for around 80 billion of these cells.  

Cells consist of cytoplasm enclosed within a membrane, which contains many 

biomolecules such as proteins and nucleic acids. Most plant and animal cells are only 

visible under a microscope, with dimensions between 1 and 100  micrometres. 

 

Cell size 

At 0.1–5.0 µm in diameter, prokaryotic cells are significantly smaller than eukaryotic 

cells, which have diameters ranging from 10–100 µm. 

The small size of prokaryotes allows ions and organic molecules that enter them to 

quickly spread to other parts of the cell. Similarly, any wastes produced within a 

prokaryotic cell can quickly move out.  

However, larger eukaryotic cells have evolved different structural adaptations to enhance 

cellular transport.  

 

Cell shape 

Cells are in various shape and size. It can have the shapes as oval, spherical, rectangular, 

polygonal, spindle shaped, star shaped, rod-shaped or totally irregular. The shape of cells 

sometimes vary according to their function.  

 

Pleomorphism is a term used in histology and cytopathology to describe variability in 

the size, shape and staining of cells and/or their nuclei during their life cycle. This 

property is seen in many bacteria, fungi and in some plant cells. 
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What all living cells have in common is that they are small 'sacks' composed mostly of 

water. The 'sacks' are made from a phospholipid bilayer membrane. This membrane is 

semi-permeable (allowing some things to pass in or out of the cell while blocking others).  

 

So what is in a cell? Cells are 90% fluid (called cytoplasm) which consists of free amino 

acids, proteins, carbohydrates, fats, and numerous other molecules. The cell environment 

(i.e., the contents of the cytoplasm and the nucleus, as well as the way the DNA is 

packed) affects gene expression/regulation, and thus are VERY important aspects of 

inheritance. 

 

The main component of cells are:- 

A- Elements 

• 59% Hydrogen (H) 

• 24% Oxygen (O) 

• 11% Carbon (C) 

• 4% Nitrogen (N) 

• 2% Others - Phosphorus (P), Sulphur (S), etc. 

 

B- Molecules 

• 50% protein 

• 15% nucleic acid 

• 15% carbohydrates 

• 10% lipids 

• 10% Other 

 

Cell classification  

There are two fundamental classifications of cells: prokaryotic and eukaryotic. 

eukaryotic, which contain a nucleus, and prokaryotic, which do not. Prokaryotes 

are single-celled organisms, while eukaryotes can be either single-celled or multicellular. 

The study of eukaryotic cells is typically the main focus of cytologists, whereas 

prokaryotic cells are the focus of microbiologists. 

Prokaryotic cells 

Prokaryotes include bacteria and archaea, Prokaryotic cells were the first form of life on 

Earth. They are simpler and smaller than eukaryotic cells, and lack a nucleus, and other 

membrane-bound organelles.  

The DNA of a prokaryotic cell consists of a single circular chromosome that is in direct 

contact with the cytoplasm. The nuclear region in the cytoplasm is called the nucleoid. 
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Most prokaryotes are the smallest of all organisms ranging from 0.5 to 2.0 µm in 

diameter. 

 

A prokaryotic cell has three regions: 

A- Cell envelope – generally consisting of a plasma membrane covered by a cell 

wall which, for some bacteria, may be further covered by a third layer called 

a capsule. Though most prokaryotes have both a cell membrane and a cell wall. 

• The cell wall consists of peptidoglycan in bacteria, and acts as an additional barrier 

against exterior forces. It also prevents the cell from expanding and bursting 

(cytolysis) from osmotic pressure due to a hypotonic environment. 

• Some eukaryotic cells (plant cells and fungal cells) also have a cell wall. 

B- Cytoplasmic region consisting of a jelly-like region within the cell in which other 

cellular components are found 

C- DNA, the genetic material of the cell; 

  

Prokaryotes can carry extrachromosomal DNA elements called plasmids, which are 

usually circular.  

 

Eukaryotic cells 

Either be unicellular or multicellula, and include animal, plant, fungi, and protozoa cells 

which all contain organelles with various shapes and sizes. These cells are composed of 

the following organelles: 

• Nucleus: The genome and genetic information storage for the cell, containing all the 

DNA organized in the form of chromosomes.  

• Nucleolus: This structure is within the nucleus, usually dense and spherical in shape. 

It is the site of ribosomal RNA (rRNA) synthesis, which is needed for ribosomal 

assembly. 

• Endoplasmic reticulum (ER): This functions to synthesize, store, and secrete 

proteins to the golgi apparatus. 

• Mitochondria: Production of energy or ATP within the cell.  

• Golgi apparatus: its function is package, and secrete the proteins to their destination 

and direct it to the correct place. 

• Lysosome: The lysosome functions to degrade material brought in, from the outside 

of the cell or old organelles by Autophag. 

Autophagy is the process of degradation through lysosomes which occurs when a 

vesicle buds off from the ER and engulfs the material, then, attaches and fuses with 

the lysosome to allow the material to be degraded. 
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• Ribosomes: Functions to translate RNA to protein. 

• Cytoskeleton: This functions to anchor organelles within the cells and make up the 

structure and stability of the cell. 

• Centrioles: Function to produce spindle fibers which are used to separate 

chromosomes during cell division. 

 

 
Structure of a typical animal cell 

 

Cell Membrane (Plasma Membrane)  

All cells, whether prokaryotic or eukaryotic, have a membrane that envelops the cell, 

regulates what moves in and out (selectively permeable), and maintains the electric 

potential of the cell. 

Inside the membrane, the cytoplasm takes up most of the cell's volume. All cells 

(except red blood cells which lack a cell nucleus and most organelles to accommodate 

maximum space for hemoglobin) possess DNA, the hereditary material of genes, 

and RNA, containing the information necessary to  build  various  proteins such 

as enzymes, the cell's primary machinery. There are also other kinds of biomolecules in 

cells. 

The cell membrane, or plasma membrane, is a biological membrane that surrounds the 

cytoplasm of a cell.  

Cell membranes function as a border to prevent the loss of critical cellular material. This 

includes proteins, nucleic acids and carbohydrates and also the building blocks for those 

macromolecules: amino acids, nucleotides and sugars, respectively. In addition, cell 

membranes also prevent the loss of ATP, the cellular currency for energy. 
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It works as a selective filter that allows only certain things to come inside or go outside 

the cell, it act as a body guard for our body. It can maintain a stable and healthy 

environment for the cell.  

In animals, the plasma membrane is the outer boundary of the cell, while in plants and 

prokaryotes it is usually covered by a cell wall.  

 

Its mainly consist of Lipids, Proteins and Carbohydrates 

 

Membrane Lipid 

Cell membrane made mostly from a double layer of phospholipids, both the interior of 

the cell and the area surrounding the cell is made up of water or similar aqueous solution. 

Consequently, phospholipids orient themselves with respect to the water and with each 

other so that the hydrophilic ("water loving") head groups are grouped together and face 

the water, and the hydrophobic ("water fearing") tails turn away from the water and 

toward each other.  

The membrane is semi-permeable, and selectively permeable, in that it can either let a 

substance (molecule or ion) pass through freely, pass through to a limited extent or not 

pass through at all. Cell surface membranes also contain receptor proteins that allow cells 

to detect external signaling molecules such as hormones 

 

 
 

 

At least 10 different types of lipids are commonly found in cell membranes. Each type of 

cell or organelle will have a different percentage of each lipid, protein and carbohydrate. 

Major classes:- 

1-Phospholipids 

2-Glycolipids 

3-Fatty acids 

4-Phosphoglycerides 

5-Sphingolipids 

6-Sterols 
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Hence, the layer is called a phospholipid bilayer, or sometimes a fluid mosaic 

membrane (fluid mosaic model state that the phospholipid bilayer behaves like a fluid 

more than solid. 

Many of the membrane protein retain the ability to undergo lateral motion and are likened 

to icebergs floating within the sea of lipids 

Cholesterol gives membrane firmness and prevent freezing in low temperature. 

 

Membrane proteins 

Embedded within this membrane is a macromolecular structure called the porosome, 

protein  molecules act as channels and pumps that move different molecules into and out 

of the cell.  

Cell surface membranes also contain receptor proteins that allow cells to detect external 

signaling molecules such as hormones. 

 

Types of membrane proteins: 

1) Integral membrane proteins 

Proteins which penetrate the hydrophobic core. These may include integrins, cadherins, 

desmosomes, clathrin-coated pits, caveolaes, and different structures involved in cell 

adhesion. Integral proteins are the most abundant type of protein to span the lipid bilayer. 

 

2) Peripheral membrane proteins 

Peripheral proteins are proteins that are bounded to the surface of the membrane by 

electrostatic interactions and hydrogen bonding with the hydrophilic phospholipid heads. 

Many of these proteins can be found bounded to the surfaces of integral proteins on either 

the cytoplasmic side of the cell or the extracellular side of the membrane. 
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Six major functions of membrane proteins: 

1. Transport:- Transport proteins are used in various ways to move substances back 

and forth across the cell membrane 

2. Enzymatic activity:- When a protein built into the membrane may be an enzyme 

with its active site exposed to substances in the adjacent solution 

3. Signal transduction:- Transmission of molecular signals from a cell's exterior to its 

interior 

4. Cell-cell recognition:- Cell's ability to distinguish one type of cell from another 

When some glycoproteins (proteins bonded to short chains of sugars) serve as 

identification tags that are specifically recognized by other cells 

5. Intercellular joining:- Proteins on adjacent cells hook together, briefly, for cell 

interaction/sharing 

6. Attachment to cytoskeleton and extracellular matrix:- Maintains cell shape and 

stabilizes cytoskeleton 
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Membrane Carbohydrate 

Membrane carbohydrates may be covalently bonded to lipids (forming glycolipids) or 

more commonly to proteins (forming glycoproteins) 

Carbohydrates are important in the role of cell-cell recognition in eukaryotes; they are 

located on the surface of the cell where they recognize host cells and share information, 

viruses that bind to cells using these receptors cause an infection  

. 

 

Functions of Membrane Carbohydrates 

• Membrane carbohydrates play two major roles:  

1- they participate in adhesion and recognition of cells in cell-cell signaling, or 

cell-pathogen interactions.  

2- Additionally, they play a structural function as physical barriers. 

• The blood groups can be identified by the surface carbohydrates in erythrocytes and 

can initiate immune reactions. 

• In the aftermath of an infection, endothelial cells that surround the damaged tissue 

reveal a specific proteins, called selectins, within the plasma membranes of their 

cells. They recognize , and then bind to carbohydrates in the plasma membranes of 

lymphocytes which travel throughout the bloodstream. This is how lymphocytes 

attach to blood vessel walls, and can traverse the endothelium, and then move 

towards the focus of infection. 

• The glycocalyx can also play significant functions for humans. It helps cells interior 

of blood vessels resist the forceful flow of liquid that flows across their surface. 

• It guards microvilli in the gut that absorb nutrients. The glycocalyx can aid to break 

down food to aid in the absorption process by storing digestive enzymes within its 

coat. 

• The various plasma transporters, hormones along with enzymes comprise 

glycoproteins and within these proteins carbohydrate plays a crucial role in the 

physiological function. 
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