
Cell Structure
Cell Theory
• Cells were first observed in 1665 by Robert Hooke and he called them cellulae (small 

room).
• It wasn’t until 1838 that their importance was recognised.

• “are aggregats of fully individualised, independent, separate beings, namely the cells 
themselves.”

• Cells have 3 principles:
1. All organisms composed of 1 or more cells and the process of metabolism and 

heredity occur within them.
2. They are the smallest living things and basic units.
3. Cells arise only by division of previously existing cells.

• This means that although life occurred spontaneously initially but today its been stated 
that cells do not originate spontaneously - they come from previous cells.

Cell size is limited
• The rate of diffusion (spreading of something more widely) depends on 4 variables:

1. Surface area.
2. Temperature.
3. Concentration gradient of diffusing substance.
4. Distance in which diffusion will occur.

• As the size of the cell increases --> takes longer 
for for diffusion to occur (from outside to inside 
the membrane).

• Larger cells require more energy and produce 
more waste - which can cause problems when 
it’s trying to leave the membrane --> why 
smaller cells have more advantage.

• The surface area-to-volume ratio says 
that the volume of a cell will increase 
much more rapidly 
than the 
surface area 
of the cell if 
the radius 
was to 
increase. 



• All substances enter and exit via the cell surface.
• Because small cells have more surface area per unit of volume than large ones, control 

over cell contents is more effective when cells are relatively small.

The Resolution Problem
• The only cell that the human eye can see is the egg.
• Resolution - the minimum distance 2 points can be apart for out eyes to be able to 

determine them as 2 separate points.
• The distance of that is a minimum of 100 µm - any smaller than that and our eyes cannot 

distinguish that they are 2 separate points.

Types of Microscopes
• First microscope used a glass lens.
• Then it was light microscopes (can operate 

with visible light).
• It uses 2 magnifying lenses to highly 

magnify and clear it.
• Compound microscopes - use several lenses 

to magnify.
• They can resolve structures which are 

separated by at least 200 µm.

• We cannot use another magnifying stage to the 
microscope because the light beams reflecting 
from the two images start to overlap each 
other.

• The only way for the two light beams can get 
closer together and still be resolved is if their 
wavelengths are shorter. 

• So instead of using light we can use a 
beam of electrons which has a much 
shorter wavelength.

• The electron microscope can resolve 
objects only 0.2 nm apart.

• Another kind of electron microscope is the 
scanning electron microscope.

• Beams electrons onto the surface of the 
specimen and with the electrons reflecting 
back from the surface, together with the 
other electrons that the specimen itself 
emits as a result of the bombardment, are 
amplified and transmitted to a screen where 
the image can be viewed and 
photographed.

• The images can be viewed in 3D.



• All cells have a different general plan of cellular organisation, however there are some 
similarities:

1. Nucleus region containing genetic material.
2. Cytoplasm.
3. Ribosomes to synthesise proteins.
4. Plasma membrane.

Nucleus
• Every cell has DNA.
• In prokaryotes it’s typically in the nucleoid region.
• In eukaryotes they are contained in a nucleus --> surrounded my double membrane 

(nuclear envelope).
• The DNA contains information (genes) that codes for the proteins synthesised.

Cytoplasm
• Basically the fluid filling up the cell: sugars, amino acids and proteins.
• If uses this stuff to carry out its day to day activities.
• Organelle - the macromolecular structure in the cytoplasm which has a specific function.
• Cytosol - organic molecules and ions in solution (cytoplasm).

Plasma Membrane
• Encloses the cell and separates its contents from its surroundings.
• It’s a phospholipid bilayer (2 layers) about 5-10 nm which has proteins imbedded in it.
• The proteins are responsible for interacting with the environment.

• Transport proteins - move molecules and ions in and out.

• Receptor proteins - can cause change within the cell if they come in contact with 
neighbouring cells and also be able to identify particular cells.

• This is very important in multicellular organisms as they need to distinguish between 
different cells to form tissues.



Prokaryotic Cells
• In comparison to eukaryotes they do not have: nucleus, internal membrane system or 

numerous membrane-bounded organelles.
• They are the smallest organisms.
• Consist of cytoplasm surrounded by plasma membrane and encased in a rigid cell wall.
• Some photosynthesise, some break down components and other cause disease.

• 2 main types of prokaryotes: bacteria and archaea.

• Although they lack membrane bounded organelles (like eukaryotes), they contain 
ribosomes (which synthesise proteins).

• The plasma membrane in prokaryotes sometimes acts as some organelles do in 
eukaryotes:

• The photosynthesis which in eukaryotes occurs in inner membranes of the 
chloroplast, it happens with multiple foldings of the plasma membrane in prokaryotes.

Peptidoglycan in Bacteria Cell Walls
• Bacteria have are surrounded by a strong cell wall composed of peptidoglycan.
• They help in:

• Protecting the cell.
• Maintaining its shape.
• Prevent excessive uptake or loss of water.

• The cells strength lies within the peptidoglycan and if it’s destroyed by antibiotics it can 
no longer protect the cell.

• Archaea on the other hand lack peptidoglycan.
• A difference between bacteria and archaea is that the chemical structure of their lipids is 

distinctly different.
• Archaea seem to be more closely related to eukaryotes based on DNA replication and 

protein synthesis.



Prokaryotes Locomotion
• They move by flagella.
• They are protein fibres that extend out 

from the cell.
• Can reach a speed of 70 cell lengths per 

second.
• It transfers protons across the plasma 

membrane to power the movement of 
the flagellum.

• The motor proteins are powered by a 
proton gradient, are anchored in the 
plasma membrane.

Eukaryotic Cells
• Far more complex.
• Main difference is compartmentalisation.
• Endomembrane system - composed of the different membranes that are suspended in 

the cytoplasm, surrounding the organelles.
• Central vacuole - stores proteins, pigments and waste material in plant cells.
• Cytoskeleton - basically the skeleton of a cell which supports the cell.

• Although some protists and animals cells lack a cell wall - fungi, plants and many protists 
have a strong cell wall composed of cellulose or chitin.

Nucleus as information centre
• Largest organelle and contains the genetic information in DNA.
• In animal cells its typically located in the middle.
• Usually a cell contains 1 nucleus however some fungi can have 2 or more.
• Red blood cells lose their nucleus after they mature.
• Nucleolus - region where synthesis of ribosomal RNA is taking place.

Nuclear envelope

• The structure in which surrounds the 
nucleus.

• It is made up of 2 phospholipid bilayer 
membranes.

• Nuclear pore - the hole and complex 
structure allows small molecules to 
disuse freely between the nucleoplasm 
and cytoplasm while controlling the 
passage of proteins and RNA protein 
complexes.



Chromatin: DNA packing
• DNA is present in both prokaryotic and eukaryotic cells.
• They are organised in a single circular chromosome.
• DNA is organised in a complex structure with proteins (histone) called chromatin.

Nucleolus: Ribosomal subunit manufacturing
• Ribosomes essentially carry out the protein synthesis process.
• So in order to synthesis the protein we first have to make the ribosomes.
• By transcribing (DNA --> RNA) RNA molecules, the cell rapidly generates large numbers 

of the molecule needed to produce ribosomes.
• Everything comes together in the nucleus during the ribosome production.

• This is what causes the dark stain in the nucleus called the nucleoli.

• Each ribosome is composed of 2 subunits: ribosomal RNA (rRNA) and proteins.
• The subunits join to make a functional ribosome only when they are synthesising protein.

• This process involves:
1. Messenger RNA (mRNA) - carries out coding information of the DNA.
2. Transfer RNA (tRNA) - carries amino acids.

• The ribosomes use the information in the mRNA’s information and use the amino acids 
to synthesise the protein.



The Endomembrane System
• This is only in eukaryotic cells.
• It is composed of different membranes that are suspended in the cytoplasm - essentially 

for compartmentalisation.
• The largest internal membrane is the endoplasmic reticulum (ER).
• It weaves in sheets through the interior of the cell, creating a series of channels between 

its folds.

Rough ER
• Gets its name as if has ribosomes all over its surface --> synthesises proteins and 

glyoproteins.
• Appears to be composed of flattened sacs.
• The proteins which are synthesised by the cell are destined to be exported from the cell 

or embedded on the plasma membrane.
• The sequence in which the protein is made determines what kind of protein it will be and 

where it will stay: either associated with the ER or remain in the cytoplasm.
• The glycoproteins on the surface of the cell are these proteins, they can be modified to 

become that by an addition of shot-chain carbohydrates.
• The ER also produces membranes.

Smooth ER
• It’s referred to as smooth because it has relatively few ribosomes on it’s surface.
• It contains:

• Enzymes which catalyse carbohydrate and lipid synthesis (production).
• Steroid hormones are stored here.

• It also stores calcium ions - in muscle cells is uses it for muscle contraction.
• The ratio of RER to SER depends on the cell’s function:

• Cells that carry out lipid synthesis (testes, intestine, brain) --> more SER.
• Cells that synthesise proteins (antibodies) --> more RER.

• Another major function of SER is to modify certain substances to make then less toxic.
• The liver for e.g. has a lot of SER so it can process a variety of chemicals.

Golgi apparatus
• Basically a flattened sac of membranes.
• Function is to distribute molecules synthesised at one location and used in another.
• Has a front and back: cis face (near the ER) and trans face (discharge in secretory 

vesicles).

• The proteins and lipids made in the ER are passed through the Golgi apparatus through 
vesicles and modified:

• It adds short sugar chains to become glycoproteins and glycolipids.
• They are then collected at the cisternae (which is a collecting vessel) --> eventually 

distributing the newly synthesised molecules.



Lysosomes
• They are small vesicles all around the cell which carry digestive enzymes - to break 

down the things that are harmful to the cell.
• They are membrane bounded
• Are derived from the Golgi apparatus.
• Have within them the enzymes which catalyse the breakdown of: proteins, nucleic 

acids, lipids and carbohydrates.

• After broken down they either recycle them (for new organelles) or get rid of them
• Usually operates at a low pH (acidic).

• The cell brings in food vesicles via phagocytosis and they fuse with the lysosomes 
because they have digestive enzymes to help the food to break down.

Peroxisomes
• Are very similar to lysosomes as they both look the same and have digestive enzymes.
• Peroxisomes specialise in breaking down lipids (fats).
• As they grow larger they divide to produce new peroxisomes.

• They can also form from the ER-derived vesicles.
• 32 genes are involved in maintenance of peroxisomes - mutations can cause diseases.
• Peroxides contain enzymes which break down the harmful chemical Hydrogen Peroxide.

Hydrogen Peroxide --> Water + Oxygen

Vacuoles in Plants
• Vacuoles means blank space.
• Its function is water balance and storage of both useful molecules (sugars, ions and 

pigments) and waste products.
• Tonoplast - membrane surrounding the vacuole.
• It also has the function of cell growth - when the cell grows it essentially expands the 

vacuole.

Mitochondria
• Takes the food we eat and makes energy in the form of ATP.
• The cells itself use this energy.
• ATP - energy storing molecule.
• Major components: outer and inner membrane with matrix (fluid) inside.
• It’s about the size of bacteria.
• Contain their own DNA - contains its own genetic information specifying its proteins for 

its unique functions - acts as a cell within a cell.
• Intermembrane space - space lying between the outer and inner membrane.

• When the cell divides it doesn’t divide the mitochondria, instead they divide themselves 
and shared between the new cells.

• This is made possible by the genes in the nucleus - cannot grow in a cell without one.





Chloroplast
• Usually in eukaryotic cells that carry out photosynthesis.
• This allows them to manufacture their own food.
• It contains a pigment called chlorophyll 

--> gives it the green colour. 
• Similar to mitochondria they posses 2 

membranes but they also have closed 
compartments of stacked membranes 
called grana.

• Stroma - the matrix fluid.
• The enzymes used to synthesise 

glucose during photosynthesis are 
found in the stroma.

• They have their own DNA.



The Cytoskeleton
• Composed of 3 different fibres:

1. Actin filament.
2. Microtubules.
3. Intermediate filaments.

Actin filaments 
(microfilament)
• Long strands of +ve and -ve of the protein 

actin.
• They are 2 chains of them and form a long 

tube-like structure.
• Give structure to the cell, strength, 

movement and cell division - they are 
contractile.

Microtubule
• Biggest out of the three.
• A ring of 13 proteins called tubulin in a hollow tube.
• Function is to transport materials in the cytoplasm.

Intermediate filaments
• Most durable element of cytoskeleton - tough fibrous molecules twined together in an 

overlapping arrangement.
• Acts as guide wires - for e.g. to stop the nucleus from moving around in the cytoplasm.
• Prevents collision within the cell.

Extracellular Structures and Cell Movement
• Cell movement is tied to microfilaments (actin proteins) and microtubules.
• Intermediate filaments is there and acts as a tendon - preventing excessive stretching 

and movement.
• Actin filaments are responsible for the 

shape of the cell.

• The attachment of actin filaments literally 
allows the cells to crawl (this is like 
extending their pseudopods or ‘false 
feet’).

• Others just use flagella or cilia for 
locomotion.

• In eukaryotes the flagellum is different.
• Consists of a circle of 9 microtubule pairs 



surrounding 2 central microtubules.
• Cilia - same structure (9+2) as flagella but are more numerous.
• They are both a fundamental component of eukaryotic cells.

Plant cell walls

• Plants, fungi and protists have a cell wall which protects them.
• Cell wall in plants is composed of polysaccharide cellulose.
• Cell wall in fungi is composed of chitin.
• There is a primary and secondary walls in plants - the secondary is added later.

Animal cells secrete and extracellular matrix

• All animals lack cell walls.
• Instead there is a mix of glycoproteins which make up the extracellular matrix.
• Cells do not sit alone - they are surrounded by material (ECM).

Cell-to-Cell Interactions
• Even though all cells are derived from a single fertilised cell with the same genetic 

information, they all function based on their tissue type.
• It works by turning on the specific set of genes that encode the functions of that type of 

cell.


