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Cells are the fundamental structural and functional units of all living organisms. The 
word "cell" was first coined by Robert Hooke in 1665 when examining cork tissue under 
an early microscope. All living organisms are composed of one or more cells, and the 
cell is the smallest unit of life capable of independent functioning. This concept forms 
the foundation of cell theory, which states that all living things are composed of cells, 
cells are the basic unit of structure and organization in organisms, and all cells arise 
from pre-existing cells through cell division. 

Types of Cells 

There are two fundamental types of cells: prokaryotic and eukaryotic. Prokaryotic cells, 
found in bacteria and archaea, lack a membrane-bound nucleus and organelles. They are 
typically smaller (0.5–5.0 micrometers) and simpler in organization. Eukaryotic cells, 
found in animals, plants, fungi, and protists, possess a distinct nucleus enclosed by a 
nuclear membrane and contain various membrane-bound organelles. Eukaryotic cells are 
generally larger (10–100 micrometers) and more complex. 

Cell Membrane Structure 

The cell membrane, or plasma membrane, is a semi-permeable barrier that surrounds the 
cell and regulates the passage of substances between the cell's interior and external 
environment. It is composed primarily of a phospholipid bilayer interspersed with 
proteins and cholesterol molecules. The phospholipid bilayer consists of hydrophilic 
(water-loving) heads facing outward and hydrophobic (water-repelling) tails facing 
inward. 

Embedded within and attached to the phospholipid bilayer are various proteins 
performing diverse functions: transport proteins facilitate movement of substances 
across the membrane; receptor proteins bind signaling molecules; recognition proteins 
identify cells as "self"; and enzymatic proteins catalyze chemical reactions. This 
structure is described by the fluid mosaic model, which portrays the membrane as a fluid 
structure with proteins embedded in or attached to it. 

Major Cellular Organelles and Their Functions 

The nucleus is the membrane-bound organelle containing the cell's genetic material 
(DNA) and is the site of transcription and gene expression. The nucleolus within the 
nucleus synthesizes ribosomal RNA (rRNA) and assembles ribosomal subunits. 

Mitochondria, often called the cell's powerhouse, are sites of aerobic respiration where 
glucose and other nutrients are oxidized to release energy in the form of adenosine 



triphosphate (ATP). Mitochondria possess their own DNA and ribosomes, suggesting an 
evolutionary origin from free-living prokaryotes. 

The endoplasmic reticulum (ER) exists in two forms: rough ER (studded with ribosomes) 
involved in protein synthesis, and smooth ER (lacking ribosomes) involved in lipid 
synthesis and detoxification. The Golgi apparatus receives proteins from the rough ER, 
modifies them, and packages them into vesicles for transport. 

Lysosomes are membrane-bound organelles containing hydrolytic enzymes that digest 
cellular waste and foreign materials. Chloroplasts, found in plant cells, are sites of 
photosynthesis where light energy is converted to chemical energy in glucose 
molecules. The cytoskeleton is a network of protein filaments providing structural 
support, enabling cell movement, and facilitating transport of materials within the cell. 

Cell Division 

Cell division occurs through two main mechanisms: mitosis and meiosis. Mitosis 
produces two identical daughter cells and occurs in somatic (body) cells, enabling 
growth and tissue repair. The process includes four phases: prophase (chromosome 
condensation), metaphase (chromosome alignment), anaphase (chromosome 
separation), and telophase (nuclear envelope reformation). 

Meiosis, occurring in germ cells (sex cells), produces four non-identical daughter cells 
with half the chromosome number of the parent cell. This process is essential for sexual 
reproduction and introduces genetic variation through crossing over and independent 
assortment. 

Cellular Transport 

Substances move across the cell membrane through passive and active mechanisms. 
Passive transport, including diffusion and osmosis, requires no energy. Diffusion is the 
movement of molecules from high to low concentration, while osmosis specifically refers 
to water movement across semi-permeable membranes. 

Active transport requires energy (ATP) to move substances against their concentration 
gradient. The sodium-potassium pump exemplifies active transport, maintaining ionic 
gradients essential for nerve impulse transmission and muscle contraction. 

Significance and Applications 

Understanding cell structure and function is fundamental to comprehending how 
organisms develop, maintain homeostasis, respond to environmental changes, and 
reproduce. This knowledge underpins modern medical treatments, biotechnology 
applications, and our understanding of genetic diseases. Recent advances in cell biology 
have enabled development of immunotherapies, gene editing technologies like CRISPR, 
and regenerative medicine approaches. 
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