
Introduction to cell biology 
Characteristics common to all cells 
➔ Arise from pre-existing cells 
➔ DNA stored in chromosomes 
➔ Proteins synthesised on ribosomes 
➔ A selectively permeable plasma membrane encloses every 

cell that allows nutrients to enter the cell and wastes to leave 
the cell 

➔ Subcellular components are suspended in cytosol 
 
Cells vary in size from 10-100micro meters (x10^-6), vary in sizes 
due to different functions and environments 
➔ Nerve and muscle cells can be a meter long! 
➔ Most cells and organelles cannot be seen macroscopically 

and require a microscope 
 
Prokaryotic cell - bacteria 
➔ Nucleoid: DNA concentrated in the center but not enclosed by a 

membrane 
➔ Little or no internal structures or organelles 
➔ Ribosomes found outside of the nucleoid region that synthesize proteins 
➔ Plasma membrane encloses cytoplasm and then there is a rigid cell wall 

after the PM 
➔ Glycocalyx: Outer coating on the cell wall consisting of a capsule or 

slime layer  
➔ A capsule which has a protective role 
➔ Fimbriae: Attachment to other bacteria 
➔ Flagella: Locomotion, filament is attached to a ‘motor’ via a ‘hook which 

rotates and crosses through the cell wall and the plasma membrane 
allowing the flagella to rotate, bend and flex thus propelling the cell  

 
Eukaryotic cells - Animals, plants and fungi 
Endomembrane system: 
➔ Nucleus:  

● Membrane enclosed phospholipid bilayer (so contains an inner 
and outer membrane) with pores to allow movement out of 
mRNA and ribosomes etc.  

● Contains majority of cell DNA wrapped around histones to form 
nucelosomes, collectively known as chromatin 

● Contains the nucleolus in the center where rRNA (ribosomal RNA) is made 
and ribosomes form, only present before replication  

➔ Endoplasmic reticulum: Continuous with the nucleus 
● Rough: Contains ribosomes to make proteins to insert in the ER which are 

destined for secretion or membrane bound organelles.  



● Smooth: Does not contain ribosomes and is tubular shaped. Synthesis and 
transport of nutrients e.g. lipids, hormones, stores calcium and plays a role in 
detoxification 

➔ Golgi apparatus: Recieves proteins from the RER in a vesicle and fuses with the 
membrane to enter on the cis side undergo modifications as it moves to the trans 
side. Transported in a vesicle either to an organelle or to the plasma membrane for 
secretion. Some vesicles also transport certain proteins back to the ER.  

➔ Lysosomes: Contain active hydrolytic enzymes and fuse with either food vacuoles or 
damaged organelle to digest  

Other components: 
➔ Ribosomes: Made up of a small and large subunit, exist in the cytosol or bound to the 

ER 
➔ Mitochondria: Contain an outermembrane and inner membrane in folds known as 

cristae, in the center is matrix  
● Contains free ribosomes and mitochondrial DNA 
● Respiratory digestive enzymes for the citric acid cycle in the inner membrane 

and matrix 
➔ Chloroplasts (plastids): Found only in plants and 

algae and are the site of photosynthesis to produce 
glucose 

● Bound by an outer and an inner membrane  
● Contains thylakoids: a 3rd internal membrane 

network containing photosynthetic apparatus 
● Also contains chloroplast DNA, ribosomes, 

stroma and granum  
➔ Cytoskeleton: Interconnecting protein structure within the cytoplasm, made of: 

microtubules, microfilaments and intermediate filaments 
● Maintains cell shape 
● Faciliates cell movement 
● Facilitates movement of components within the cell e.g. vesicles 

 

Microfilaments Intermediate filaments Microtubules 

➔ Two intertwined 
strands of actin  

➔ Maintains cell shape 
as can bear tension 

➔ Muscle contraction 
➔ Cell motility  
➔ Cell division 

(cleavage furrow 
formation) 

➔ Many proteins e.g. 
keratin supercoiled 
into thick cabels 

➔ Maintains cell shape 
➔ Anchorage of 

nucelus and certain 
other organelles 

➔ Formation of nucelar 
lamina 

➔ Hollow tubes with 
tubulin molecules 
forming a 
surrounding wall 

➔ Maintenance of cell 
shape 

➔ Cell motility 
➔ Chromosome 

movements in cell 
division 

➔ Organelle 
movements 



  
 

 
Vesicles contain a motor protein which attaches to the microtubule 
network to follow and find the golgi. ATP induces a conformational 
change which allows the motor protein to move along.  
 
 
➔ Cilia and flagella: Contain microtubules with small motor proteins to enable the cilia 

and flagella to bend and flex upon conformational ATP induced change.  
● A basal body is a protein structure found at the base, it is formed from a 

centriole and several additional protein structures, and is, essentially, a 
modified centriole. 

 

Plant cells Animal cells 

Cellulose cell wall: protects cell and 
maintains shape 

Lacks a cellulose cell wall 

Central vacuole: Storage and breakdown of 
waste products 

No central vacuole 

Chloroplasts: Photosynthetic organelle No chloroplasts 

Do not contain centrioles Contain centrioles 

 
Microscopy 
Three parameters 
➔ Magnification of an image 
➔ Resolution (clarity) of an image 
➔ Contrast: Difference in brightness between light and dark in the image 

 
Types 
➔ Light microscopes (LM) 

● Used to visualise whole cells and large subcellular organelles e.g. nucleus 
● Can view cell movement and functions in real time 
● Generally low quality 



 
➔ Fluorescence microscope 

● Used to visualise whole cells and large subcellular organelles e.g. nucleus 
● Can view cell movement and functions in real time 
● Black background with fluorescent colours.  

 
➔ Transmission  electron microscope (EM):  

● Use electromagnets to focus a beam of electrons through the specimen, 
resolution is 2nm (very high quality) 

● Used to study internal  cell structure, organelles, proteins and nucleic acids 
● Kills cells 

 
➔ Scanning electron microscope (SEM): 

● Cells/tissue is coated with gold and a scan excites electrons on the cell 
surface which can be detected, resolution is 10nm) 

● Used to study cell surface and generate 3D images 
● Kills cells 

 
Cell fractionation 
➔ Homogenize cells and then centrifuge homogenized cells to separate for size and 

density 
➔ Centrifugation is conducted 4 times with the supernatant layer being removed and 

re-centrifuged 
➔ This process first isolates larger organelles and then reduces to smaller components 

1. 1000g for 10 minutes - Gives pallet rich in nuclei and cellular debris 
2. Supernatant poured and spun at 20,000 g for 20 mins and pellet rich in 

mitochondria and (chloroplasts if plant) 
3. 800g for 60 mins giving pellet rich in microsomes 
4. 150,000g, 3 hours for pellet rich in ribosomes 
5. Ribosomes are then the part studied 

 
Cell membrane structure 
➔ Plasma membrane, forms a barrier to regulate movement of molecules into and out 

of the cell 
➔ Eukaryotic cells have membrane bound organelles with a similar structure to outer 

membrane 
➔ Fluid mosaic model: The membrane is a mosaic of protein molecules floating in a 

phospholipid bilayer (7-8nm thick) 
● Hydrophilic head and hydrophobic tail which orient themselves in the 

phospholipid bilayer 
● Glycerol molecule attaches head to tail, phosphate group in the middle and a 

phosphate-linked group on top (other small molecules can be attached here) 
● Fatty acids make up the hydrophobic tail and rarely ‘flip flop’ as unstable 

position and the hydrophilic head can’t pass through the hydrophobic tails.  
 
➔ Fluidity of the plasma membrane: 



● Saturation of hydrocarbon tails: More double bonds = more fluid (because it is 
unsaturated and puts ‘kinks’ in the tails making pack less tightly and the 
membrane is less stable) while saturated fatty acids are straight chained 

- For plants and animals in cold temperatures they must have 
unsaturated lipid tails so their membrane can maintain fluidity 
otherwise the fat sticks together. 

● Cholesterol: Acts as a fluidity buffer and helps to stabilize the PM, the more 
cholesterol, the less fluidity. For animals in cold temperatures they must have 
cholesterol between the lipid tails to keep the fats apart and sticking together. 
 

Proteins 
● Transmembrane proteins/integral: have hydrophobic and hydrophilic regions 

therefore are amphipathic and span part or the entire bilayer 
● Peripheral proteins: Can associate with the phospholipids themselves or can with 

integral proteins 
○ Glycoprotein: protein attached to carbohydrate structure 
○ Proteins can anchor to cytoskeleton to maintain shape and size of the cell and 

anchor organelles in place 
 
Membrane proteins 
➔ Enzymes e.g. in the cristae of the mitochondria to catalyse ATP production 
➔ Receptors detect signalling molecules and produce a signal transduction cascade 
➔ Cell to cell recognition proteins: Glycoprotein complex can be bound to other proteins 

on a different cell for the cells to communicate whilst they are docked  
➔ Proteins can associate with cytoskeleton inside the cell anchoring cytoskeletal fibres 

in place, maintaining cell structure. Alternatively can associate with ECM collagen 
fibres to anchor a cell in a particular place in a tissue, also allows a cell to navigate 
through a tissue 

➔ Intercellular joining 
➔ Transport of molecules through the lipid bilayer 

 
Extracellular matrix components: cell makes it themselves 
➔ Main component is collagen which is intertwined with a proteoglycan complex (core 

protein with radiating carbohydrates) 
➔ Fibronectin links protein embedded in the cell membrane with the collagen fibres to 

anchor a cell in a particular place in a tissue, also allows a cell to navigate through a 
tissue 

➔ Integrins: Proteins in the cell membrane that detect changes in the ECM and 
communicate back to the cell through a signalling cascade 

 
Synthesis of membrane components and their orientation 
➔ Phospholipids synthesized in the endoplasmic 

reticulum as when the vesicle comes off the inner is on 
the outside and outer is on the inside so when it fuses 
it opens  



➔ For a protein to be embedded in the membrane it must first be orientated correctly 
when being made in the ER e.g. for a glycoprotein carbohydrates must be on the 
inside of the vesicle so when it reaches the cell membrane it can be on the outside 
and act as a receptor or a docking protein.  

➔ Often it is on the intermembrane area, with the part that is destined to be attached to 
the cell facing the outside while the outer part is on the inside of the vesicle 

 
Cell junctions 
 
Animals 
Tight junctions: Watertight junction between cells made of claudins and occludins 
proteins.  
➔ Prevent fluid from moving across a layer of cells 
➔ Exist in the epidermis of the skin to hold keratinocytes together 

 
Desmosomes: Provide strong adhesions between cells. Disc like protein structures 
on the cell wall connected to the intermediate filaments which anchor desmosomes 
in position. 
➔ Found in muscle cells 

 
Gap junctions: Channel between cells for communication and movement of ions, 
sugars and amino acids 
➔ 6 connexin proteins to form a connexon - diameter of 2 nanometers 

 
Plants 
Plasmodesmata: Span the cell wall to facilitate communication and 
allows small proteins and RNA to move through  
➔ Specific to plants yet similar in function to gap junctions 

 
Membrane transport 
 
Passive membrane transport: 
➔ Molecules move passively from high to low concentrations 
➔ No ATP required 
➔ Diffusion: Small nonpolar/hydrophobic molecules (O2, CO2, lipids) can diffuse 

through the cell membrane down their concentration gradient 
● Osmosis: Diffusion of water across the membrane 

➔ Facilitated diffusion: Large polar/hydrophilic molecules (Water, ions, glucose) 
required transport proteins to move across 

● Channel proteins 
● Carrier proteins: Receptor on the protein and upon molecule binding the 

conformational change occurs  
 
Active membrane transport: 
➔ Molecules move across the membrane against their concentration gradient 
➔ Energy in the form of ATP  



➔ Provide selectivity  
➔ Can increase the rate of transport but the rate of transport is limited by the number of 

proteins (saturation) 
➔ Carrier proteins: 

● Na/K pump: Ensures low internal concentration of sodium and high internal 
concentration of potassium  

1. 3 Na+ molecules enter the carrier protein  
2. ATP donates a phosphate group which binds to the carrier protein and causes 

a conformational change 
3. 3Na+ molecules are released into the extracellular matrix and 2 K+ molecules 

enter the carrier protein 
4. The phosphate group dissociates causing a conformational change 
5. 2K+ molecules released back into the cell allowing 3Na+ molecules to enter 

again 
 
Transport of large molecules across the cell membrane 
➔ Exocytosis: Molecule taken to the PM in a vesicle which fuses and releases into the 

ECM 
➔ Endocytosis 

● Phagocytosis: Cell digestion of food, bacteria, dead cell organelles etc  
● Pinocytosis: Cell drinking, liquid enters a cell by the budding of small fluid 

filled vesicles on the cell membrane 
● Receptor mediated endocytosis: When specific molecules act on receptors on 

the PM, the membrane invaginates to form a membranous vesicle and 
ingests it into the cell 

 
Structure and composition of proteins 
➔ >50% of the weight (excluding liquid) in our cell is proteins 
➔ Diverse array of functions which are consistent with their complex and unique 3D 

structures 
➔ Amino acid monomers linked by peptide bonds, 1 or more chains fold into a complex 

globular shape to form a protein.  
 
Functions: 
➔ Enzymes: Selective catalysts that control the rate of metabolic reactions 
➔ Defensive: Aid in the immune system (antibodies)  
➔ Storage: Stores protein and amino acids to provide for growth 
➔ Transport: Sit on the PM transporting molecules into/out of the cell 

● Haemoglobin also acts as a transport of oxygen to the tissues 
➔ Hormones: Coordinate/regulate an organism's activity  
➔ Receptors: Detect molecules outside of the cell and communicate to the inside of the 

cell 
➔ Contractile/motor proteins: Facilitate movement of cells e.g. flagella, actin/myosin 
➔ Structural proteins: Cytoskeleton, maintain cell size and anchor organelles in 

position, also in the extracellular matrix (collagen) 



➔ Gene regulatory proteins: Bind to DNA and determine whether genes will be 
expressed as a functional protein, allows cells to respond to their environment and 
differentiate into specific cell types.  

 
Structure of amino acids 

 
Side chain determines the properties of each of the 20 amino acids 
3 distinct groups: 
➔ Nonpolar: Hydrophobic 
➔ Polar: Hydrophilic 
➔ Charged: Hydrophilic 

◆ Acidic: Negatively charged (at pH 7) 
◆ Basic: Positively charged (at pH 7) 

 
 
 
 

Protein synthesis 
1. Synthesis of mRNA from DNA 
2. mRNA exits the nuclear envelope and enters the cytoplasm 
3. Ribosome clamps the mRNA and polypeptide is produced 
➔ Sequence of amino acids (as received by DNA nucelotide information) with the 

differing chemical nature of their side chain determines the folding and final 3D shape 
and function 

 
Primary structure: 
➔ Linear arrangement of amino acids in a polypeptide chain 
➔ Peptide  bonds link the carboxyl group of one amino acid to the amino group of the 

next, one at a time, through a dehydration reaction (H2O released) 
➔ Forms through the repetitive backbone 

 
Secondary structure: 
➔ Alpha helices (found in transmembrane proteins) and beta pleated sheets (core of 

globular proteins) 
➔ Hydrogen  bonds form between regions of the repetitive backbone : The O- (of the 

carboxylic acid) and H+ (of the NH2) collectively stabilize the structure  
● Between antiparallel strands in beta sheet 
● Between every 4th amino acid in alpha helix 

➔ R groups can also interfere with the hydrogen bonds if they are too large or 
negatively charged as they can push the peptide strands away  

➔ Beta sheets are particularly strong e.g. spider webs, stronger than a thread of steel! 
 
Tertiary structure: 
➔ Overall 3D conformation of the polypeptide chain  
➔ Stabilized by interactions between side chains 

● Hydrogen  bonds: Polar side chains 



● Hydrophobic/vdW interactions: Non-polar side chains 
● Ionic bond: Charged groups 
● Disulphide bond: Strongest covalent bond between two cysteine amino acids 

with their sulfur groups interacting 
 
Quaternary structure: 
➔ Two or more polypeptides held together by side chain  interactions 
➔ Collagen and haemoglobin are examples 

 
Chaperonin 
➔ Assist in protein folding by providing the optimum environment for polypeptides to 

spontaneously fold  
➔ Protects the polypeptide from degradation from enzymes 
➔ Some chaperonins together with other systems check correct folding has occurred 

and either refold or mark for destruction if there are issues.  
 

1. Cap comes away from chaperonin and an unfolded polypeptide 
enters the cylinder from one end 

2. The cap attaches and a conformational change creates a 
hydrophilic environment suitable for the folding 

3. The cap comes off and the correctly folded protein is released 
 
 
Denaturation of a protein 
➔ Destruction of the secondary, tertiary and quaternary structure through breaking of 

hydrogen, ionic, hydrophobic and disulphide bonds.  
➔ Heat: Breaks weak bonds 
➔ pH: Changes the charge of R groups (ionization patterns) 
➔ Reducing agents: Reduce disulphide bonds to S-H bonds 
➔ Organic solvents: Disturb hydrophobic and hydrophilic interactions 
➔ Detergents: Disrupt hydrophobic interactions 

 
Some denatured proteins can return to their functional shape if the denaturing agent is 
removed due to spontaneous folding as well as the linear sequence which determines the 
shape is still constant 
 
Hydrolysis of a polypeptide  
➔ Opposite of formation with a dehydration reaction, a H2O molecule is instead added 

to break the peptide bond through a hydrolysis reaction 
 
Enzymes 
 
Exergonic reactions: Reactant energy is greater than product 
therefore free energy is released overall 
➔ Activation energy is required to break bonds for the reaction to 

occur 



➔ Energy released upon new bond formation 
➔ Usually a catabolic reaction: Large -> small molecules with a release of energy 

 
Endogenic reactions: Reactant energy is less than the product 
therefore free energy is required to be input 
➔ Very high Ea required to break bonds 
➔ Small amount of energy is released from unstable transition 

state to products  
➔ Products contain a large amount of the energy that was put in 
➔ Usually anabolic reaction: Small -> large molecules 

 
Energy profile 
➔ Activation energy distorts bonds causing them to become weaker and they reach 

their transition state (destabilized) 
➔ Allows new bonds to form between other molecules and energy is released in the 

products 
 

Enzymes in reactions: 
➔ Energy of reactants and products as well as the overall 

release of energy remains constant however, Ea lower as an 
enzyme stresses/contorts bonds resulting in less energy being 
required to break them 

➔ Enzymes act as catalysts and increase the rate of reaction 
without being used up 

➔ The specific 3D structure of the enzyme determines its activity 
➔ Majority of enzymes are proteins apart from ribosomes 

 
The catalytic cycle of an enzyme: 

1. Substrates enter active site and are held there by weak interactions 
with the amino acids. Enzyme substrate complex forms as the enzyme 
clasps down on the substrates (induced fit) 
➔ Weak interactions are usually hydrogen and ionic 
➔ Active site is generally very small, the rest of the enzyme 

ensures the amino acids that bind to the substrate are oriented 
correctly, overall shape of the enzyme also allows it to clasp 
down on the substrate once it binds.  

2. Enzyme orients the substrates so the reacting molecules are held close 
together as the bonds are stresses and contorted, weakening and destabilizing them so they 
reach the transition state, enzyme also provides a favourable microenvironment to facilitate 
the reaction (e.g. pH) 
3. New bonds form giving rise to the products 
4. Products released from the active site 
5. Active site is now available for new substrates 
 
Nomenclature 
➔ Names end in -ase and describe the reaction catalysed 


